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MEN- 

MENA,  Juan  de,  one  of  the  Italianizing  Spanish 
poets  of  the  15th  century,  was  born  at  Cordova 
about  1411.  We  are  informed  by  Romero,  to  whom 
we  are  indebted  for  almost  all  we  know  about  his  life, 
that  he  had  attained  the  age  of  twenty-three  before  he 
began  to  give  himself  to  ‘  ‘  the  sweet  labor  of  good 
learning,  ’  ’  pursuing  a  regular  course  of  study  at  Sala¬ 
manca  and  afterwards  at  Rome.  It  was  at  the  latter 
city  that  he  first  became  acquainted  with  the  writings 
of  Dante  and  Petrarch,  which  afterwards  so  powerfully 
influenced  his  own  style.  Having  returned  to  Spain, 
he  became  a  “  veinticuatro,  ”  or  magistrate,  of  his  na¬ 
tive  town,  and  was  received  as  a  poet  with  great  favor 
at  the  court  of  John  II.,  being  made  Latin  secretary 
to  the  king  and  historiographer  of  Castile.  He  died 
suddenly,  in  consequence  of  a  fall  from  his  mule,  in 
1456,  at  Torrelaguna,  where  the  marquis  of  Santillana, 
his  friend  and  patron,  erected  his  monument  and  wrote 
his  epitaph.  De  Mena’s  principal  work,  El  Laberinto 
(“The  Labyrinth”),  sometimes  called  Las  Trescien- 
tas  (“The  Three  Hundred”)  from  the  original  num¬ 
ber  of  its  stanzas,  is  a  didactic  allegory  on  the  duties 
and  destinies  of  man,  obviously  constructed  on  the 
lines  of  the  Divina  Commedia  of  Dante.  The  poet, 
while  wandering  in  a  wood  and  exposed  to  the  attacks 
of  various  beasts  of  prey,  is  met  by  Providence  in  the 
guise  of  a  beautiful  woman,  who  offers  to  guide  him 
safely  through  the  dangers  which  surround  him,  and 
at  the  same  time  to  explain — 1  ‘  as  far  as  they  may  be 
grasped  by  human  understanding  ”  —  the  dark  mys¬ 
teries  of  life  that  weigh  upon  his  spirit.  He  is  then 
led  to  the  spherical  centre  of  the  five  zones,  where  he 
sees  the  three  wheels  of  destiny,  the  past,  the  future, 
and  the  present,  and  the  men  belonging  to  each,  ar¬ 
ranged  in  the  seven  circles  of  planetary  influence.  Op¬ 
portunity  is  thus  afforded  for  a  vast  quantity  of  myth¬ 
ological  and  historical  portraiture ;  the  best  sketches 
are  those  of  the  poet’s  own  contemporaries,  but  the 
work  in  general  is  much  disfigured  with  all  sorts  of 
pedantry,  and  hardly  ever  attains  to  mediocrity  as  a 
poem.  The  Laberinto  was  first  printed  at  Seville  in 
1496;  Nunez  and  Sanchez  accompanied  it  with  com¬ 
mentaries  in  1499  and  1582  respectively ;  and  it  is  still 
regarded  with  a  good  deal  of  reverence  by  the  Spaniards 
as  the  ‘  ‘  magnum  opus  ’  ’  of  their  ‘ ‘  Ennius.  ’  ’  De  Mena 
was  the  author  of  a  number  of  minor  poems,  or  “vers 
de  soci6te,”  written  merely  for  court  circles,  and  having 
neither  general  interest  nor  permanent  value ;  most  of 
them  are  to  be  found  in  the  Cantionero  General.  He 
also  wrote  a  poem  entitled  La  Coronation,  the  subject 
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being  the  “  crowning  ”  of  the  marquis  of  Santillana  by 
the  Muses  and  the  V irtues  on  Mount  Parnassus.  Fi¬ 
nally,  his  Siete  Pecados  Mortales  (“Seven  Deadly 
Sins”)  is  a  dull  allegory  on  the  antagonism  between 
reason  and  the  will  of  man.  Complete  editions  of  the 
poems  of  De  Mena  appeared  in  1528, 1804,  and  1840. 

MENAGE,  Gilles  (1613-1692),  described  by  Bayle 
as  ‘  ‘  one  of  the  most  learned  men  of  his  time,  and  the 
Varro  of  the  17th  century,”  was  the  son  of  Guillaume 
Menage,  king’s  advocate  at  Angers,  and  was  born  in 
that  city  on  August  15,  1613.  A  tenacious  memory 
and  an  early  developed  enthusiasm  for  learning  carried 
him  speedily  through  his  literary  and  professional 
studies,  and  we  read  of  him  practising  at  the  bar  at 
Angers  as  early  as  1632.  In  the  same  year  he  pleaded 
several  causes  before  the  parlement  of  Paris,  and  soon 
afterwards  he  attended  the  “Grand  Tours”  at  Poi¬ 
tiers,  but  after  having  been  laid  aside  by  a  severe  ill¬ 
ness  he  abandoned  the  legal  profession  and  declared  his 
intention  of  entering  the  church.  He  succeeded  in  ob¬ 
taining  some  sinecure  benefices,  and  lived  for  some  years 
in  the  household  of  Cardinal  De  Retz  (then  only  coad¬ 
jutor  to  the  archbishop  of  Paris),  where  he  had  ample 
leisure  for  his  favorite  literary  pursuits.  Some  time 
after  1648  he  withdrew  to  a  house  of  his  own  in  the 
cloister  of  Notre  Dame,  where  his  remarkable  conver¬ 
sational  powers  enabled  him  to  gather  round  him  on 
Wednesday  evenings  those  much  frequented  literary 
assemblies  which  he  called  ‘ 1  Mercuriales.  ’  ’  His  learn¬ 
ing  procured  for  him  admission  to  the  Della  Cruscan’ 
Academy  of  Florence,  but  his  irrepressible  tendency  to' 
caustic  sarcasm  led  to  his  remorseless  exclusion  from 
the  French  Academy.  He  died  at  Paris  on  July  23, 
1692.  Of  the  voluminous  works  of  Menage  (fully  enu¬ 
merated  in  the  Dictionnaire  of  Chauffepi6)  the  follow¬ 
ing  may  be  mentioned :  Origines  de  la  Langue  Fran- 
goise  (1650 ;  greatly  enlarged  in  1694) ;  Diogenes  Laer¬ 
tius  Greece  et  Latine ,  cum  Commentario  (1663,  and 
again  much  improved  in  1692) ;  Poemata  Latina ,  Gal- 
lica,  Grceca,  et  Italica  (1656;  8th  ed.,  1687);  Origini 
della  Lingua  Italiana  (1669) ;  and  Anti-Baillet  (1690). 
After  his  death  a  volume  of  Menagiana  was  published ; 
it  was  afterwards  expanded  into  two,  and,  with  great 
additions,  into  four  in  the  Paris  edition  of  1715. 

MENANDER,  the  most  famous  Greek  poet  of  the 
New  Comedy,  which  prevailed  from  about  the  death 
of  Alexander  the  Great  (323  B.c. )  to  250.  He  was  bom 
at  Athens  in  342,  and  died,  it  was  said,  by  drowning 
in  the  harbor  of  that  city  (Piraeus)  in  291.  His  social 
tastes  induced  him  to  write  plays  rather  for  the  upper 
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classes,  and  to  raise  comedy  to  a  gentility  which  it  had 
hardly  possessed  in  the  hands  of  the  preceding  comic 
poets.  He  was  the  associate,  if  not  the  pupil,  of  Theo¬ 
phrastus,  who  himself  had  been  a  disciple  of  Plato  and 
Aristotle,  and  he  was  the  intimate  friend  and  admirer 
of  Epicurus;  but  he  also  enjoyed  the  more  distin¬ 
guished  patronage  of  Demetrius  and  Phalereus  (who 
was  likewise  a  pupil  of  Theophrastus),  and  of  Pto¬ 
lemy  the  son  of  Lagus.1  His  principal  rival  in  the  art 
was  Philemon,  who  appears  to  have  been  more  popu¬ 
lar  with  the  multitude,  and  for  that  reason  probably 
more  successful.  It  is  said  that  out  of  a  hundred  come¬ 
dies  Menander  gained  the  prize  with  but  eight.  All 
the  extap t  plays  of  Terence,  with  the  exception  of  the 
Phormio ,  are  avowedly  taken  from  Menander ;  but 
some  of  them  appear  to  have  been  adaptations  and 
combinations  of  more  than  one  plot,  although  Terence 
himself  says  in  the  prologue  to  the  Adelphi  (11)  that 
he  copied  the  Greek  model  closely,  “  verbum  de  verbo 
expressum  extulit.  ’  ’  Julius  Caesar  called  Terence  dimi- 
diatus  Menander ,  as  if  two  halves  of  different  plays 
had  been  fitted  into  one.2 * 

The  Attic  New  Comedy,  says  Dr.  Wagner,®  “may 
be  designated  as  essentially  domestic,”  i.  e.,  as  opposed 
to  that  free  discussion  of  the  politics  of  the  day  which 
gave  to  the  Old  Comedy  the  place  which  is  held  by  the 
“leading  articles”  of  a  modern  newspaper.  “The 
stock  characters  were  such  as  the  stern  or  weak  father, 
the  son  whose  follies  are  seconded  by  a  slave  or  a  hungry 
parasite,  the  pettifogger,  active  in  stirring  up  lawsuits, 
and  the  gasconading  soldier  of  fortune.”4  These  and 
cognate  subjects,  which  formed  the  stock-in-trade  of 
Menander’s  plays,  are  summed  up  in  two  well-known 
lines  of  Ovid : 

“  Dum  fallax  servus,  durus  pater,  improba  lena 

Vivet,  duin  meretrix  blanda,  Menandros  erit.” 

It  is  a  good  remark  of  Dr.  Wagner’s5  that  the  last- 
mentioned  of  these,  the  meretrix  blanda  (which  prob¬ 
ably  refers  especially  to  the  Thais),  “holds  the  most 
important  and  conspicuous  part  in  the  New  Attic 
Comedy,  while  married  ladies  are  continually  repre¬ 
sented  as  the  plague  and  bore  of  their  husbands’ 
lives.”  Intrigues  with  these,  generally  through  the 
medium  of  a  clever  confidential  slave,  are  for  the  most 
part  the  very  point  or  pivot  on  which  the  plot  turns. 

The  more  literary  Romans  greatly  admired  Menander 
as  a  poet.  Pliny  ( N.  H. ,  xxx.  1,  \  7)  speaks  of  him 
as  “  Menander  litterarum  subtilitati  sine  semulo  geni- 
tus.”  Propertius,  contemplating  a  visit  to  Athens,6 
anticipates  the  pleasure  of  reading  Menander  in  his 
native  city : 

“  Persequar  aut  studium  linguae,  Demosthenis  arma, 
Libaboque  tuos,  scite  Menandre,  sales.” 

He  elsewhere  speaks  of  him  as  “mundus  Menander,” 
neat,  terse,  and  urbane  ;  and  his  skill  in  depicting  the 
character  of  a  fascinating  Thais  is  alluded  to  here  and 
in  ii.  6,  3: 

“  Turba  Menandreae  fuerat  nec  Thaidos  olim 
Tanta,  in  qua  populus  lusit  Erickthonius.” 

Of  this  comedy,  the  Thais ,  Professor  Mahaffy  remarks7 
that  perhaps  it  was  the  most  brilliant  of  Menander’s 
plays,  “the  manners  and  character  of  that  personage 
being  painted  with  thorough  experience  as  well  as 
genius.  ’  Nevertheless,  only  five  verses  of  this  play 


1  In  allusion  to  this  Pliny  writes  (N.  H.,  vii.  30,  ?  Ill),  “  Magnui 
et  Menandro  in  comico  socco  testimonium  regum  Aigypti  i 
Macedoniee  contigit  classe  et  per  legatos  petito  ;  majus  ex  ips< 
regise  fortunse  prselata  litterarum  conscientia.”  This  seems  to  sa 
that  Menander  had  been  invited  to  the  courts  of  Alexander  an 
Ptolemy,  as  Euripides  had  been  to  that  of  Archelaus,  king  c 
Macedomabut  had  preferred  to  write  comedies  for  the  Attic  stag 

.Thus  the  Andria,  Heautontimorumenos,  and  Hecyra  are  d 
scribed  severally  in  the  tit.uli  prefixed  as  Grsrca  or  lota  Grseca  Me, 
andru.  The  Eurwth.  and  Timorumenos  are  each  based  on  two  plai 
of  Menander,  and  the  Adelphi  was  compiled  partly  from  Menand( 
and  partly  from  Diphilus. 

*  Introduction  to  Terence,  p.  6  (Bell,  1869). 

4  Professor  Jebb,  Primer  of  Greek  Literature,  p.  101. 

Ut  tup.,  p.  7.  6  jy  21  97 

7  Hist.  Class.  Gr.  Lit.,  i.  p.  488.  ’  ' 


have  been  preserved  to  us,  one  of  which  is  that  quoted 
by  St.  Paul  (1  Cor.  xv.  33),  “Evil  communication 
corrupt  good  manners.”  The  same  critic,  in  praising 
Menander’s  style  as  the  purest  model  of  the  New  Attic, 
observes  that  a  remarkable  feature  of  the  New  Comedy 
was  “  its  utter  avoidance  of  rhetoric  ”  (p.489).  The 
influence  which  this  art  had  on  Euripides  is  well  known. 
Sophocles  was  not  wholly  exempt  from  a  kind  of  rheto¬ 
rical  pedantry,  and  the  speeches  in  Thucydides  are  so 
many  exercises  of  the  author  in  that  art.  But,  as 
rhetoric  pertained  essentially  to  public  life,  it  was  likely 
to  have  a  much  less  scope  in  scenes  borrowed  almost 
solely  from  social  and  domestic  experiences. 

Menander,  however,  did  not  neglect  the  other  branch 
of  a  liberal  Attic  education — philosophy.  A  follower 
and  a  friend  of  Epicurus,  whose  summum  bonum  was 
the  greatest  amount  of  enjoyment  to  be  got  out  of  life, 
he  carried  out  in  practice  what  he  advocated  by  pre¬ 
cept;  for  he  was  essentially  the  well-to-do  gentleman,8 
and  moved  in  the  upper  circles  of  Athenian  society. 
“The  philosophers  of  the  day”  (i.e.,  the  schools  and 
universities  in  our  modern  systems  of  teaching)  “  were 
still,”  says  Professor  Mahaffy,9  viz.,  even  during  the 
period  of  the  New  Comedy,  “  the  constant  butt  of  the 
dramatists.”  He  adds  that,  “what  is  still  stranger, 
political  attacks  on  living  personages,  not  excepting 
Alexander  the  Great,  were  freely  and  boldly  made.” 

On  the  whole,  our  estimate  of  the  spirit  and  object  of 
Menander  must  be  formed  rather  from  his  imitator  and 
copyist  Terence  than  from  the  fragments  which  remain, 
about  2400  verses  in  all,  as  collected  by  Meineke  in  his 
Fragmenta  Comicorum  Grsecorum.  For,  as  Professor  Mahaffy 
well  observes,10  the  extracts  made  by  Atlienseus,  our  prin¬ 
cipal  authority,  have  reference  chiefly  to  “  the  archaeology 
of  cooks  and  cookery,”  while  Stobseus  was  a  collector  of 
■yviopai  or  wise  maxims, — “a  most  unfortunate  and  worthless 
kind  of  citation.”  It  follows  that  no  sound  conclusions  as 
to  dramatic  genius,  or  of  the  knowledge  of  human  nature, 
can  be  drawn  from  detached  verses  preserved  without  the 
least  reference  to  these  particular  points.  The  extraordinary 
popularity  of  Menander  must  have  been  due  to  literary 
merit,  if  not  to  great  originality.  Mr.  Mahaffy  observes  on 
this11  that  “  there  is  so  much  of  a  calm  gentlemanly  morality 
about  his  fragments,  he  is  so  excellent  a  teacher  of  the  ordi¬ 
nary  world-wisdom — resignation,  good  temper,  moderation, 
friendliness — that  we  can  well  understand  this  popularity.” 
Copies  of  his  plays  continued  long  in  existence,  and  were 
certainly  known  to  Suidas  and  Eustathius  as  late  as  the  11th 
and  12th  centuries,  if  they  did  not  survive  to  a  yet  later 
period.12 

In  respect  of  language,  Menander  occupies  the  same  posi¬ 
tion  in  poetry  which  his  contemporary  Demosthenes  does  in 
prose.  In  both  the  New  Attic  is  elaborated  with  great 
finish,  and  with  much  greater  grammatical  precision  than 
we  find  in  writers  of  the  Old  Attic,  such  as  Sophocles  and 
Thucydides.  A  considerable  addition  to  the  vocabulary  of 
every-day  life  had  now  been  made,  as  was  indeed  inevitable 
from  the  versatile  character  of  the  language  and  the  genius 
of  the  people  who  used  it.  Many  new  verb-forms,  especially 
the  perfect  active,13  now  occur,  and  indeed  form  a  character¬ 
istic  innovation  of  the  style  of  Plato.  The  earlier  prose  was 
in  its  general  vocabulary  to  a  considerable  extent  poetical, 
and  such  a  concurrence  of  short  syllables  as  in  the  Platonic 
dnoSeSoK ipai<6rcs  (dwoSoKifia^stv)  is  ill-suited  even  to  choral 
metre.  The  Old  Comedy  was  worked  by  men  of  real  genius, 
who  “  were  indeed  giants,  while  the  men  of  Menander’s  day 
only  showed  how  strong  and  thorough  was  the  culture  which 
in  art  and  literature  outlived  the  decadence  of  the  nation.”14 

In  all,  we  have,  as  collected  by  Meineke,  1045  fragments 
of  Menander,  of  which  515  can  be  referred  to  known  plays, 
the  titles  of  those  quoted  from  amounting  to  ninety,  and  in¬ 
cluding  the  Terentian  Andria,  Adelphi,  Eunuclius,  Heautonti- 
morumenos.  These  fragments  contain  about  1650  verses  or 
parts  of  verses,  not  including  a  considerable  number  of 
words  quoted  expressly  as  from  Menander  by  the  old  lexi¬ 
cographers.  Besides  all  these  there  are  not  fewer  than  758 
monostich  verses  separately  preserved  in  MSS.,  though  some 
of  these  are  met  with  in  the  other  and  longer  fragments. 

*  Pliny  calls  Menander  “  diligentissimus  luxuriae  interpres,”  N. 
H.,  xxxvi.  5. 

8  Hist.  Gass.  Gr.  Lit.,  i.  p.  480.  10  Ibid.,  p.  480. 

11  Ibid.,  p.  487.  12  Ibid.,  p.  490. 

13  A  curious  example  Is  ansKrdyKaoi,  the  transitive  perfect  of 
airoKTeiVcu'.  Similarly  we  have  the  unusual  forms  K.ixpy<o-  (frag. 
659),  ti (ioif>r]Ka.  (727),  uvyKCYVKa  (810). 

14  Hist.  Class.  Gr.  Lit.,  1.  p.  490. 
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Many  of  the  fragments  are  obscure,  some  corrupt ;  and  they 
have  been  a  fertile  field  for  critical  acumen  from  the  time 
of  Bentley.  Not  unfrequently  we  come  upon  the  shrewd  or 
original  remark  of  an  observer.  Thus  (frag.  7),  “  A  poor  man 
has  no  relations,  for  no  one  acknowledges  him,  lest  lie  should 
beg.”  Frag.  145,  “  Everything  that  takes  place  is  brought 
about  by  law,  necessity,  or  fashion.”  237,  “  The  gods  do 
not  save  men  through  any  human  means  (prayer  or  sacri¬ 
fices)  ;  if  they  did,  the  human  would  have  more  power  than 
the  divine.”  275,  “  Poverty  is  the  most  easily  cured  of  all 
evils ;  any  friend  can  do  it  by  merely  putting  his  hand  in 
his  pocket.”  397,  “  A  poor  man  who  lives  in  a  large  town 
makes  himself  more  wretched  than  he  need ;  for  he  cannot 
help  comparing  with  his  own  the  luxurious  lives  of  the 
rich.”  435,  “  No  man  realizes  the  extent  of  a  sin  when  he 
commits  it ;  it  is  afterwards  that  he  sees  it.”  460,  “  A  man 
,  is  convinced  not  so  much  by  what  is  said  as  by  the  manner 
of  saying  it.”  474,  “  There  is  one  thing  only  that  hides  vul¬ 
garity,  villainy,  and  every  other  fault, — wealth.  Every¬ 
thing  but  that  is  carped  at  and  criticised.”  517,  “  People  who 
have  no  merit  of  their  own  generally  boast  of  their  birth 
and  their  ancestors.  But  every  living  man  has  ancestors, 
or  he  would  not  be  a  living  man.”  578,  “  Wealth  acts  on  a 
man  as  wind  does  on  a  ship, — it  often  forces  him  out  of  his 
proper  course.”  663,  “Many  a  young  lady  says  a  great 
deal  in  her  own  favor  by  saying  nothing  at  all.”  688,  “  A 
man  who  abuses  his  own  father  is  practising  blasphemy 
against  the  gods.”  In  fact  Menander  is  characteristically  a 
sententious  writer,  like  Euripides,  with  whom  in  the  gen¬ 
eral  style  of  his  writings,  though  not,  of  course,  in  his  some¬ 
what  loose  and  irregular  versification,  he  is  sometimes  com¬ 
pared.  (f.  a.  p.) 

MENCIUS,  the  Latinized  form  of  Mang-tsze,  “Mr. 
Mang,”  or  “  Mang  the  philosopher,”  a  name  in  China 
only  second  as  a  moral  teacher  to  that  of  Confucius. 
His  statue  or  spirit-tablet  (as  the  case  may  be)  has 
occupied,  in  the  temples  of  the  sage,  since  our  11th 
century,  a  place  among  “the  four  assessors”;  and 
since  1530  A.D.  his  title  has  been  “the  philosopher 
Mang,  sage  of  the  second  degree.  ’  ’ 

The  Mangs  or  Mang-suns  had  been  in  the  time  of 
Confucius  one  of  the  three  great  clans  of  Lu  (all  de¬ 
scended  from  the  marquis  Hwan,  711-694  B.C.),  which 
he  had  endeavored  to  curb.  Their  power  had  subse¬ 
quently  been  broken,  and  the  branch  to  which  Mencius 
belonged  had  settled  in  Tsau,  a  small  adjacent  princi¬ 
pality,  the  name  of  which  still  remains  in  Tsau  hsien, 
a  district  of  Yenchau  Shan-tung.  A  magnificent 
temple  to  Mencius  is  the  chief  attraction  of  the  dis¬ 
trict  city.  The  present  writer  visited  it  in  1873,  and 
was  struck  by  a  large  marble  statue  of  him  in  the 
courtyard  in  front.  It  shows  much  artistic  skill,  and 
gives  the  impression  of  a  man  strong  in  body  and  mind, 
thoughtful  and  fearless.  His  lineal  representative  lives 
in  the  city,  and  thousands  of  Mangs  are  to  be  found 
in  the  neighborhood. 

The  dates  of  some  of  the  principal  events  in  Men¬ 
cius’s  life  are  fixed  by  a  combination  of  evidence,  and 
his  death  is  referred  by  common  consent  to  the  year 
289  b.c.  He  had  lived  to  a  great  age, — some  say  to 
his  eighty-fourth  year,  placing  his  birth  in  372  B.  C. ,  and 
others  to  his  ninety-seventh,  placing  it  in  385.  All 
that  we  are  told  of  his  father  is  that  he  died  in  the 
third  year  of  the  child,  who  was  thus  left  to  the  care 
of  his  mother.  She  was  a  lady  of  superior  character, 
and  well  discharged  her  trust.  Her  virtues  and  deal¬ 
ings  with  her  son  were  celebrated  by  a  great  writer  in 
the  first  century  before  our  era,  and  for  two  thousand 
years  she  has  been  the  model  mother  of  China. 

We  have  no  accounts  of  Mencius  for  many  years 
after  his  boyhood,  and  he  is  more  than  forty  years  old 
when  he  comes  before  us  as  a  public  character.  He 
must  have  spent  much  time  in  study,  investigating 
the  questions  which  were  rife  as  to  the  fundamental 
principles  of  morals  and  society,  and  brooding  over 
the  condition  of  the  country.  The  history,  the 
poetry,  the  institutions,  and  the  great  men  of  the  past 
had  received  his  careful  attention.  He  intimates  that 
he  had  been  in  communication  with  men  who  had 
been  disciples  of  Confucius.  That  sage  had  become  to 
him  the  chief  of  mortal  men,  the  object  of  his  untiring 
admiration  ;  and  in  the  doctrines  which  he  had  taught 


Mencius  recognized  the  truth  for  want  of  an  appreci¬ 
ation  of  which  the  bonds  of  order  all  around  him  were 
being  relaxed,  and  the  kingdom  hastening  to  a  general 
anarchy. 

When  he  first  comes  forth  from  Tsau,  he  is  accom¬ 
panied  by  several  eminent  disciples.  He  had  proba¬ 
bly  imitated  Confucius  in  becoming  the  master  of  a 
school,  and  encouraging  the  resort  to  it  of  inquiring 
minds  that  he  might  resolve  their  doubts  and  unfold 
to  them  the  right  methods  of  government.  One  of 
his  sayings  is  that  it  would  be  a  greater  delight  to  the 
superior  man  to  get  the  youth  of  brightest  promise 
around  him  and  to  teach  and  train  them  than  to  enjoy 
the  revenues  of  the  kingdom.  His  intercourse  with 
his  followers  was  not  so  intimate  as  that  of  Confucius 
had  been  with  the  members  of  his  selected  circle ; 
and,  while  he  maintained  his  dignity  among  them,  he 
was  not  able  to  secure  from  them  the  same  homage 
and  reverent  admiration. 

More  than  a  century  had  elapsed  since  the  death  of 
Confucius,  and  during  that  period  the  feudal  kingdom 
of  Chau  had  been  showing  more  and  more  of  the  signs 
of  dissolution,  and  portentous  errors  that  threatened 
to  upset  all  social  order  were  widely  disseminated. 
The  sentiment  of  loyalty  to  the  dynasty  had  disap¬ 
peared.  Several  of  the  marquises  and  other  feudal 
princes  of  earlier  times  had  usurped  the  title  of  king. 
The  smaller  fiefs  had  been  absorbed  by  the  larger  ones, 
or  reduced  to  a  state  of  helpless  dependence  on  them. 
Tsin,  after  greatly  extending  its  territory,  had  broken 
up  into  three  powerful  kingdoms,  each  about  as  large 
as  England.  Mencius  found  the  nation  nominally 
one,  and  with  the  traditions  of  two  thousand  years  af¬ 
firming  its  essential  unity,  but  actually  divided  into 
seven  monarchies,  each  seeking  to  subdue  the  others 
under  itself.  The  consequences  were  constant  warfare 
and  chronic  misery. 

In  Confucius’s  time  we  meet  with  recluses  who  had 
withdrawn  in  disgust  from  the  world  and  its  turmoil ; 
but  these  had  now  given  place  to  a  class  of  men  who 
came  forth  from  their  retirements  provided  with  arts 
of  war  or  schemes  of  policy  which  they  recommended  to 
the  contending  chiefs,  ever  ready  to  change  their  alle¬ 
giance  as  they  were  moved  hy  whim  or  interest.  Men¬ 
cius  was  once  asked  about  two  of  them,  “  Are  they  not 
really  great  men?  Let  them  be  angry,  and  all  the 
rinces  are  afraid.  Let  them  live  quietly,  and  the 
ames  of  trouble  are  everywhere  extinguished.”  He 
looked  on  them  as  little  men,  and  delighted  to  pro¬ 
claim  his  idea  of  the  great  man  in  such  language  as  the 
following : 

“To  dwell  in  love,  the  wide  house  of  the  world,  to  stand 
in  propriety,  the  correct  seat  of  the  world,  and  to  walk  in 
righteousness,  the  great  path  of  the  world ;  when  he  obtains 
his  desire  for  office,  to  practise  his  principles  for  the  good  of 
the  people,  and  when  that  desire  is  disappointed,  to  practise 
them  alone ;  to  he  above  the  power  of  riches  and  honors 
to  make  dissipated,  of  poverty  and  mean  condition  to  make 
swerve  from  the  right,  and  of  power  and  force  to  make  bend, 
— these  characteristics  constitute  the  great  man.” 

Most  vivid  are  the  pictures  which  Mencius  gives  of 
the  condition  of  the  people  in  consequence  of  the  wars 
of  the  states.  “  The  royal  ordinances  were  violated  ; 
the  multitudes  were  oppressed  ;  the  supplies  of  food 
and  drink  flowed  away  like  water.”  It  is  not  wonder¬ 
ful  that,  when  the  foundations  of  government  were 
thus  overthrown,  speculations  should  have  arisen  that 
threatened  to  overthrow  what  he  considered  to  be  the 
foundations  of  truth  and  all  social  order.  “A.shrill- 
tongued  barbarian  from  the  south,”  as  Mencius  called 
him,  proclaimed  the  dissolution  of  ranks,  and  advo¬ 
cated  a  return  to  the  primitive  simplicity, 

“  When  Adam  delved  and  Eve  span.” 

He  and  his  followers  maintained  that  learning  was 
quackery,  and  statesmanship  craft  and  oppression, 
that  prince  and  peasant  should  be  on  the  same  level, 
and  every  man  do  everything  for  himself.  Another, 
called  Yang-chu,  denied  the  difference  between  virtue 
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and  vice,  glory  and  shame.  The  tyrants  of  the  past, 
he  said,  were  now  but  so  many  rotten  bones,  and  the 
heroes  and  sages  were  no  more.  It  was  the  same  with 
all  at  death  ;  after  that  there  was  but  so  much  putrid¬ 
ity  and  rottenness.  The  conclusion  of  the  whole  matter 
therefore  was — ‘  ‘  Let  us  eat  and  drink ;  let  us  gratify 
the  ears  and  eyes,  get  servants  and  maidens,  beauty, 
music,  wine ;  when  the  day  is  insufficient  carry  it  on 
through  the  night.  Each  one  for  himself.”  Against 
a  third  heresiarch,  of  a  very  different  stamp,  Mencius 
felt  no  less  indignation.  This  was  Mo  Ti,  who  found 
the  source  of  all  the  evils  of  the  time  and  of  all  time 
in  the  want  of  mutual  love.  He  taught,  therefore, 
that  men  should  love  others  as  themselves ;  princes, 
the  states  of  other  princes  as  much  as  their  own ;  chil¬ 
dren,  the  parents  of  others  as  much  as  their  own.  Mo, 
in  his  gropings,  had  got  hold  of  a  noble  principle,  but 
he  did  not  apprehend  it  distinctly  nor  set  it  forth  with 
discrimination.  To  our  philosopher  the  doctrine  ap¬ 
peared  contrary  to  the  Confucian  orthodoxy  about  the 
five  relations  of  society;  and  he  attacked  it  without 
mercy  and  with  an  equal  confusion  of  thought.  ‘  ‘  Y  ang’s 
principle,”  he  said,  “is  ‘each  one  for  himself/  which 
does  not  acknowledge  the  claims  of  the  sovereign. 
Mo’s  is  ‘to  love  all  equally,’  which  does  not  acknowl¬ 
edge  the  peculiar  affection  due  to  a  father.  But  to  ac¬ 
knowledge  neither  king  nor  father  is  to  be  in  the  state 
of  a  beast.  The  way  of  benevolence  and  righteous¬ 
ness  is  stopped  up.” 

On  this  seething  ocean  of  lawlessness,  wickedness, 
heresies,  and  misery  Mencius  looked  out  from  the 
quiet  of  his  school,  and  his  spirit  was  stirred  within 
him  to  attempt  the  rescue  of  the  people  from  the  mis¬ 
rule  and  error.  It  might  be  that  he  would  prove  the 
instrument  for  this  purpose.  “If  Heaven,”  he  said, 
“wishes  that  the  kingdom  should  enjoy  tranquillity 
and  good  order,  who  is  there  besides  me  to  bring  it 
about  ?  ’  ’  He  formed  his  plan,  and  proceeded  to  put  it  in 
execution.  He  would  go  about  among  the  different  kings 
till  he  should  find  one  among  them  who  would  follow  his 
counsels  and  commit  to  him  the  entire  administration 
of  his  government.  That  obtained,  he  did  not  doubt 
that  in  a  few  years  there  would  be  a  kingdom  so 
strong  and  so  good  that  all  rulers  would  acknowledge 
its  superiority,  and  the  people  hasten  from  all  quar¬ 
ters  to  crown  its  sovereign  as  monarch  of  the  whole  of 
China.  This  plan  was  much  the  same  as  that  of  Con¬ 
fucius  had  been ;  but,  with  the  bolder  character  that 
belonged  to  him,  Mencius  took  in  one  respect  a  posi¬ 
tion  from  which  “the  master”  would  have  shrunk. 
The  former  was  always  loyal  to  Chau,  and  thought  he 
could  save  the  country  by  a  reformation ;  the  latter  saw 
the  day  of  Chau  was  past,  and  the  time  was  come  for 
a  revolution.  Mencius’s  view  was  the  more  correct, 
but  he  was  not  wiser  than  the  sage  in  forecasting  for 
the  future.  They  could  think  only  of  a  reformed  dy¬ 
nasty  or  of  a  changed  dynasty,  ruling  according  to  the 
model  principles  of  a  feudal  constitution,  which  they 
described  in  glowing  language.  They  desired  a  repe¬ 
tition  of  the  golden  age  in  the  remote  past ;  but  soon 
after  Mencius  disappeared  from  the  stage  of  life  there 
came  the  sovereign  of  Ch’in,  and  solved  the  question 
with  fire  and  sword,  introducing  the  despotic  empire 
which  has  since  prevailed. 

An  inquiry  here  occurs— “  How,  in  the  execution  of 
his  plan,  was  Mencius,  a  scholar,  without  wealth  or 
station,  to  find  admission  to  the  courts  of  lawless  and 
unprincipled  kings,  and  acquire  the  influence  over 
them  which  he  expected?”  It  can  only  be  met  by 
our  bearing  in  mind  the  position  accorded  from  the 
earliest  times  in  China  to  men  of  virtue  and  ability. 
The  same  written  character  denotes  both  scholars  and 
officers.  They  are  at  the  top  of  the  social  scale, — the 
first  of  the  four  classes  into  which  the  population  has 
always  been  divided.  This  appreciation  of  learning 
or  culture  has  exercised  a  most  powerful  influence  over 
the  government  under  both  conditions  of  its  existence ; 
and  out  of  it  grew  the  system,  which  was  organized 


and  consolidated  more  than  a  thousand  years  ago,  of 
making  literary  merit  the  passport  to  official  employ¬ 
ment.  The  ancient  doctrine  was  that  the  scholar’s 
privilege  was  from  Heaven  as  much  as  the  sover¬ 
eign’s  right;  the  modern  system  is  a  device  of  the 
despotic  rule  to  put  itself  in  Heaven’s  place,  and  have 
the  making  of  the  scholar  in  its  own  hands.  The 
feeling  and  conviction  out  of  which  the  system  grew 
prevailed  in  the  time  of  Mencius.  The  dynasties  that 
had  successively  ruled  over  the  kingdom  had  owed 
their  establishment  not  more  to  the  military  genius  of 
their  founders  than  to  the  wisdom  and  organizing 
ability  of  the  learned  men,  the  statesmen,  who  were 
their  bosom  friends  and  trusted  counsellors.  Why 
should  not  he  become  to  one  of  the  princes  of  his  day 
what  I  Yin  had  been  to  Thang,  and  Thai-kung  Wang 
to  King  Wan,  and  the  duke  of  Chau  to  Wfi  ana 
Ch’ang?  But,  though  Mencius  might  be  the  eaual 
of  any  of  those  worthies,  he  knew  of  no  prince  like 
Thang  and  the  others,  of  noble  aim  and  soul,  who 
would  welcome  and  adopt  his  lessons.  In  his  eager¬ 
ness  he  overlooked  this  condition  of  success  for  his  en¬ 
terprise.  He  might  meet  with  such  a  ruler  as  he 
looked  for,  or  he  might  reform  a  bad  one,  and  make 
him  the  coadjutor  that  he  required.  On  the  strength 
of  these  peradventures,  and  attended  by  several  of  his 
disciples,  Mencius  went  for  more  than  twenty  years 
from  one  court  to  another,  always  baffled,  and  always 
ready  to  try  again.  He  was  received  with  great  respect 
by  kings  and  princes.  He  would  notenter  into  the  ser¬ 
vice  of  any  of  them,  but  he  occasionally  accepted  hon¬ 
orary  offices  of  distinction ;  and  he  did  not  scruple  to 
receive  large  gifts  which  enabled  him  to  live  and  move 
about  as  a  man  of  wealth.  In  delivering  his  message 
he  was  as  fearless  and  outspoken  as  John  Knox.  He 
lectured  great  men,  and  ridiculed  them.  He  unfolded 
the  ways  of  the  old  sage  kings,  and  pointed  out  the 
path  to  universal  sway ;  but  it  was  all  in  vain.  He 
could  not  stir  any  one  to  honorable  action.  He  con¬ 
fronted  heresy  with  strong  arguments  and  exposed  it 
with  withering  sarcasm ;  but  he  could  work  no  deliv¬ 
erance  in  the  earth.  The  last  court  at  which  we  find 
him  was  that  of  Lit  probably  in  310  B.c.  The  mar¬ 
quis  of  that  state  had  given  office  to  Yo-chang,  one  of 
Mencius’s  disciples,  and  he  hoped  that  this  might  be 
the  means  of  a  favorable  hearing  for  himself.  So  it 
had  nearly  happened.  On  the  suggestion  of  Yo-chang 
the  marquis  had  ordered  his  carriage  to  be  yoked, 
and  was  about  to  step  into  it,  and  proceed  to  bring 
Mencius  to  his  palace,  when  an  unworthy  favorite 
stepped  in  and  diverted  him  from  his  purpose.  The 
disciple  told  his  master  what  had  occurred,  reproaching 
the  favorite  for  his  ill-timed  intervention ;  Mencius, 
however,  said  to  him,  “A  man’s  advancement  or  the 
arresting  of  it  may  seem  to  be  effected  by  others,  but  is 
really  beyond  their  power.  My  not  finding  in  the 
marquis  of  Lu  a  ruler  who  would  confide  in  me  and 
put  my  lessons  in  practice  is  from  Heaven./’  He  ac¬ 
cepted  this  incident  as  a  final  intimation  to  him  of  the 
will  of  Heaven.  He  had  striven  long  against  adverse 
circumstances,  but  now  he  bowed  in  submission.  We 
lose  sight  of  him.  He  withdrew  from  courts  and  the 
public  arena.  We  have  to  think  of  him,  according  to 
tradition,  passing  the  last  twenty  years  of  his  life  in 
the  congenial  society  of  his  disciples,  discoursing  to 
them,  and  giving  the  finishing  touches  to  the  record 
of  his  conversations  and  opinions,  which  were  after¬ 
wards  edited  by  them,  and  constitute  his  works.  Liv¬ 
ing,  he  may  have  been  a  failure ;  dead,  yet  speaking 
in  them,  he  has  been  a  great  power  among  the  ever- 
multiplying  millions  of  his  countrymen.  Nor  will  any 
thinker  of  the  West  refer  to  them  without  interest  and 
benefit.  Mencius  was  not  so  oracular,  nor  so  self-con¬ 
tained,  as  Confucius ;  but  his  teachings  have  a  viva¬ 
city  and  sparkle  of  which  we  never  weary,  and  which 
is  all  their  own. 

We  will  now  attempt  to  indicate  briefly  the  more  impor¬ 
tant  principles  which  our  philosopher  thought  would  have 
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been  effectual  to  regenerate  his  country,  and  make  an  end 
of  misery  and  heresy  within  its  borders. 

And  first  as  to  his  views  on  government,  and  the  work  to 
he  done  by  rulers  for  their  subjects.  Mencius  held  with 
Confucius — and  it  was  a  doctrine  which  had  descended  to 
them  both  from  the  remotest  antiquity — that  royal  govern¬ 
ment  is  an  institution  of  God.  An  ancient  sovereign  had 
said  that  “  Heaven,  having  produced  the  people,  appointed 
for  them  rulers,  and  appointed  for  them  teachers,  who  should 
be  assisting  to  God.”  Our  philosopher,  adopting  this  doc¬ 
trine,  was  led  by  the  manifest  incompetency  of  all  the  rulers 
of  his  time  to  ask  how  it  could  be  known  on  what  individual 
the  appointment  of  Heaven  had  fallen  or  ought  to  fall,  and 
he  concluded  that  this  could  be  ascertained  only  from  his 
personal  character  and  his  conduct  of  affairs.  The  people 
must  find  out  the  will  of  Heaven  as  to  who  should  be  their 
ruler  for  themselves.  There  was  another  old  saying  which 
delighted  Mencius, — “  Heaven  sees  as  the  people  see ;  Heaven 
hears  as  the  people  hear.”  He  taught  accordingly  that, 
while  government  is  from  God,  the  governors  are  from  the 
people ; — vox  populi  vox  Dei. 

No  claim  then  of  a  “  divine  right  ”  should  be  allowed  to  a 
sovereign  if  he  were  not  exercising  a  rule  for  the  good  of 
the  people.  “  The  people  are  the  most  important  element  in 
a  nation ;  the  altars  to  the  spirits  of  the  laud  and  grain  are 
the  second;  the  sovereign  is  the  lightest.”  Mencius  was 
not  afraid  to  follow  this  utterance  to  its  consequences.  The 
monarch  whose  rule  is  injurious  to  the  people,  and  who  is 
deaf  to  remonstrance  and  counsel,  should  be  dethroned.  In 
such  a  case  “  killing  is  no  murder.” 

But  who  is  to  remove  the  sovereign  that  thus  ought  to  be 
removed  ?  Mencius  had  three  answers  to  this  difficult  ques¬ 
tion.  First,  he  would  have  the  members  of  the  royal  house 
perform  the  task.  Let  them  disown  their  unworthy  head, 
and  appoint  some  better  individual  of  their  number  in  his 
room.  If  they  could  not  or  would  not  do  this,  he  thought, 
secondly,  that  any  high  minister,  though  not  allied  to  the 
royal  house,  might  take  summary  measures  with  the  sov¬ 
ereign,  assuming  that  he  acted  purely  with  a  view  to  the 
public  weal.  His  third  and  grand  device  was  what  he 
called  “the  minister  of  Heaven.”  When  the  sovereign  had 
become  a  pest  instead  of  a  blessing,  he  believed  that  Heaven 
would  raise  up  some  one  for  the  help  of  the  people,  some  one 
who  should  so  conduct  himself  in  his  original  subordinate 
position  as  to  draw  all  eyes  and  hearts  to  himself.  Let  him 
then  raise  the  standard,  not  of  rebellion  but  of  righteous¬ 
ness,  and  he  could  not  help  attaining  to  the  highest  dignity. 
Mencius  hoped  to  find  one  among  the  rulers  of  his  day  who 
might  be  made  into  such  a  minister,  and  he  counselled  one 
and  another  to  adopt  measures  with  that  object.  It  was,  in 
fact,  counselling  rebellion,  but  he  held  that  the  house  of 
Chau  had  forfeited  its  title  to  the  throne. 

What  now  were  the  attributes  which  Mencius  considered 
necessary  to  constitute  a.  good  government  according  to  his 
ideal  of  it?  It  must  be  animated  by  a  spirit  of  benevolence, 
and  ever  pursue  a  policy  of  righteousness.  Its  aims  must 
be,  first,  to  make  the  people  well  off,  and  next,  to  educate 
them.  No  one  was  fit  to  occupy  the  throne  who  could 
be  happy  while  any  of  the  people  were  miserable,  who 
delighted  in  war,  who  could  indulge  in  palaces  and  parks 
which  the  poorest  did  not  in  a  measure  share  with  him. 
Game  laws  received  his  emphatic  condemnation.  Taxes 
should  be  light,  and  all  the  regulations  for  agriculture  and 
commerce  of  a  character  to  promote  and  encourage  them. 
The  rules  which  he  suggested  to  secure  those  objects  had 
reference  to  the  existing  condition  of  his  country,  but  they 
are  susceptible  of  wide  application.  They  carry  in  them 
schemes  of  drainage  and  irrigation  for  land,  and  of  free 
trade  for  commerce.  But  it  must  be,  he  contended,  that  a 
sufficient  and  certain  livelihood  be  secured  for  all  the  peo¬ 
ple.  Without  this  their  minds  would  be  unsettled,  and  they 
would  proceed  to  every  form  of  wild  license.  They  would 
break  the  laws,  and  the  ruler  would  punish  them, — punish 
those  whom  his  neglect  of  his  own  duties  had  plunged  into 
poverty,  of  which  crime  was  the  consequence.  He  would 
be,  not  their  ruler,  but  their  “  trapper.’* 

Supposing  the  people  to  be  made  well  off,  Mencius  taught 
that  education  should  be  provided  for  them  all.  He  gave 
the  marquis  of  Thang  a  programme  of  four  kinds  of  educa¬ 
tional  institutions,  which  he  wished  him  to  establish  in  his 
state — in  the  villages  and  in  the  towns,  for  the  poor  as  well 
as  the  rich,  so  that  none  might  he  ignorant  of  their  duties 
in  the  various  relations  of  society.  But  after  all,  unless  the 
people  could  get  food  and  clothing  by  their  labor,  he  had 
not  much  faith  in  the  power  of  education  to  make  them  vir¬ 
tuous.  Give  him,  however,  a  government  fulfilling  the  con¬ 
ditions  that  he  laid  down,  and  he  was  confident  there  would 
soon  be  a  people,  all  contented,  all  virtuous.  And  he  saw 
nothing  to  prevent  the  realization,  of  such  a  government. 
Any  ruler  might  become,  if  he  would ,  “  the  minister  of  Hea¬ 


ven,”  who  was  his  ideal,  and  the  influence  of  his  example  and 
administration  would  be  all-powerful.  The  people  would 
flock  to  him  as  their  parent,  and  help  him  to  do  justice  on 
the  foes  of  truth  and  happiness.  Pulse  and  grain  would  be 
abundant  as  water  and  fire,  and  the  multitudes,  well  clothed, 
and  well  principled,  would  sit  under  the  shade  of  their  mul¬ 
berry  trees,  and  hail  the  ruler  “king  by  the  grace  of 
Heaven.” 

Secondly,  as  to  Mencius’s  views  about  human  nature. 
His  conviction  of  the  goodness  of  that  encouraged  him  to 
hope  for  such  grand  results  from  good  government,  and  his 
discussion  of  this  subject  gives  his  principal  title  to  a  place 
among  philosophical  thinkers. 

Opinions  were  much  divided  about  it  among  his  contem¬ 
poraries.  Some  held  that  the  nature  of  man  is  neither 
good  nor  bad ;  he  may  be  made  to  do  good  and  also  to  do 
evil.  Others  held  that  the  nature  of  some  men  is  good,  and 
that  of  others  bad ;  thus  it  is  that  the  best  of  men  some¬ 
times  have  bad  sons,  and  the  worst  of  men  good  sons.  It 
was  also  maintained  that  the  nature  of  man  is  evil,  and  what¬ 
ever  good  appears  in  it  is  the  result  of  cultivation.  In  opposi¬ 
tion  to  all  these  views  Mencius  contended  that  the  nature  of 
man  is  good.  “Water,”  he  said,  “will  flow  indifferently  to 
the  east  or  west ;  but  will  it  flow  indifferently  up  or  down  ? 
The  tendency  of  man’s  nature  to  goodness  is  like  the  tendency 
of  water  to  flow  downwards.  By  striking  water  you  may 
make  it  leap  over  your  forehead ;  and  by  damming  and  lead¬ 
ing  it  you  may  make  it  go  up  a  hill.  But  such  movements 
are  not  according  to  the  nature  of  water ;  it  is  the  force  ap¬ 
plied  which  causes  them.  When  men  do  what  is  not  good, 
their  nature  has  been  dealt  with  in  this  way.” 

Mencius  had  no  stronger  language  than  this, — as  indeed 
it  would  be  difficult  to  find  any  stronger, — to  declare  his  be¬ 
lief  of  the  goodness  of  human  nature.  With  various,  but 
equally  felicitous,  illustration  he  replied  to  his  different 
opponents.  Sometimes  he  may  seem  to  express  himself  too 
strongly,  but  an  attentive  study  of  his  writings  shows  that 
he  is  speaking  of  our  nature  in  its  ideal,  and  not  as  it  actu¬ 
ally  is, — as  we  may  ascertain,  by  an  analysis  of  it,  that  it 
was  intended  to  be,  and  not  as  it  had  been  made  to  become. 
In  fact,  his  doctrine  of  human  nature  is  hardly  to  be  distin¬ 
guished  from  that  of  Bishop  Butler,  while  the  Christian 
prelate  is  left  far  behind  so  far  as  charm  of  style  is  con¬ 
cerned. 

Our  author  insists  on  the  constituents  of  human  nature, 
dwelling  especially  on  the  principles  of  benevolence,  right¬ 
eousness,  propriety,  and  wisdom  or  knowledge,  the  last  in¬ 
cluding  the  judgment  of  conscience.  “These,”  said  he, 
“  are  not  infused  into  us  from  without.  Men  have  these  four 
principles  just  as  they  have  their  four  limbs.”  But  man  has 
also  instincts  and  appetites  which  seek  their  own  gratifica¬ 
tion  without  reference  to  righteousness  or  any  other  con¬ 
trol.  He  met  this  difficulty  by  contending  that  human  na¬ 
ture  is  a  constitution,  in  which  the  higher  principles  are  de¬ 
signed  to  rule  the  lower.  “  Some  constituents  of  it  are  noble 
and  some  ignoble,  some  great  and  some  small.  The  great 
must  not  be  injured  for  the  small,  nor  the  noble  for  the  ig¬ 
noble.” 

One  of  his  most  vigorous  vindications  of  his  doctrine  is 
the  following:  “For  the  mouth  to  desire  flavors,  the  eye 
colors,  the  ear  sounds,  and  the  four  limbs  ease  and  rest  ber 
long  to  man’s  nature.  An  individual’s  lot  may  restrict  him 
from  the  gratification  of  them ;  and  in  such  a  case  the  supe¬ 
rior  man  will  not  say,  ‘  My  nature  demands  that  pleasure, 
and  I  will  get  it.’  On  the  other  hand,  there  are  love  be¬ 
tween  father  and  son,  righteousness  between  ruler  and  min¬ 
ister,  the  rules  of  ceremony  between  host  and  guest,  and 
knowledge  seen  in  recognizing  the  able  and  virtuous,  and 
in  the  sage’s  fulfilling  the  heavenly  course ;  these  are  ap¬ 
pointed  (by  Heaven).  But  they  also  belong  to  our  nature, 
and  the  superior  man  will  not  say,  ‘  The  circumstances  of  my 
lot  relieve  me  from  them.’  ”  In  his  preliminary  disserta¬ 
tion  to  the  7th  edition  of  this  encyclopaedia,  Sir  James  Mack¬ 
intosh  has  said  that  in  his  sermons  on  human  nature  Butler 
“taught  truths  more  worthy  of  the  name  of  discovery  than 
any  in  the  same  department  of  inquiry  with  which  we  are 
acquainted ;  if  we  ought  not  to  except  the  first  steps  of  the 
Grecian  philosophers  towards  a  theory  of  morals.”  Mencius 
was  senior  to  Zeno,  the  one  of  those  philosophers  to  whom 
Butler  has  most  affinity,  and  it  does  not  appear  that  he  had 
left  anything  for  either  of  them  to  discover. 

When  he  proceeded  from  his  ideal  of  human  nature  to  ac¬ 
count  for  the  phenomena  of*  conduct  so  different  from  what 
they  ought  to  be  according  to  that  ideal,  he  was  necessarily 
less  successful.  They  puzzled  him,  and  they  made  him  in¬ 
dignant  and  angry  “There  is  nothing  good,”  he  said, 
“  that  a  man  cannot  do ;  he  only  does  not  do  it  ”  But  why 
does  he  not  do  it?  Against  the  stubborn  fact  Mencius  beats 
his  wings  and  shatters  his  weapons, — all  in  vain.  He  men¬ 
tions  a  few  ancient  worthies  who,  ho  conceived,  had  always 
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been,  or  who  had  become,  perfectly  virtuous.  Above  them 
all  he  extols  Confucius,  taking  no  notice  of  that  sage’s  con¬ 
fession  that  he  had  not  attained  to  conformity  to  his  own 
rule  of  doing  to  others  as  he  would  have  them  do  to  him. 
No  such  acknowledgment  about  himself  ever  came  from  Men¬ 
cius.  Therein  he  was  inferior  to  his  predecessor;  he  had  a 
subtler  faculty  of  thought,  and  a  much  more  vivid  imagina¬ 
tion  ;  but  he  did  not  know  himself  nor  his  special  subject 
of  human  nature  so  well. 

Our  limits  will  not  allow  us  to  go  into  a  detail  of  his  views 
on  other  special  subjects.  A  few  passages  illustrative  of  his 
style  and  general  teachings  will  complete  all  that  can  be 
said  of  him  here.  His  thoughts,  indeed,  were  seldom  con¬ 
densed  like  those  of  “the  master”  into  aphorisms,  and 
should  be  read  in  their  connection ;  but  we  have  from  him 
many  words  of  wisdom  that  have  been  as  goads  to  millions 
for  more  than  two  thousand  years.  For  instance: 

“Though  a  man  may  be  wicked,  yet  if  he  adjust  his 
thoughts,  fast,  and  bathe,  he  may  sacrifice  to  God.” 

“When  Heaven  is  about  to  confer  a  great  office  on  any 
man,  it  first  exercises  his  mind  with  suffering,  and  his 
sinews  and  bones  with  toil.  It  exposes  his  body  to  hunger, 
subjects  him  to  extreme  poverty,  and  confounds  his  under¬ 
takings.  In  all  these  ways  itstimulates  his  mind,  strength¬ 
ens  his  nature,  and  supplies  his  incompetencies.” 

“The  great  man  is  he  who  does  not  lose  his  child-heart.” 

“  The  sense  of  shame  is  to  a  man  of  great  importance. 
When  one  is  ashamed  of  having  been  without  shame,  he  will 
afterwards  not  have  occasion  for  shame.” 

“To  nourish  the  heart  there  is  nothing  better  than  to  keep 
the  desires  few.  Here  is  a  man  whose  desires  are  few ;  in 
some  things  he  may  not  be  able  to  keep  his  heart,  but  they 
will  be  few.  Here  is  a  man  whose  desires  are  many  ;  in 
some  things  he  may  be  able  to  keep  his  heart,  but  they  will 
be  few.” 

“  Benevolence  is  the  distinguishing  characteristic  of  man. 
As  embodied  in  his  conduct,  it  may  be  called  the  path  of 
duty.” 

“  There  is  an  ordination  for  everything ;  and  a  man  should 
receive  submissively  what  may  be  correctly  ascribed  there¬ 
to.  He  who  has  the  correct  idea  of  what  Heaven’s  ordi¬ 
nation  is  will  not  stand  beneath  a  tottering  wall.  Death 
sustained  in  the  discharge  of  one’s  duties  may  be  correctly 
ascribed  to  Heaven.  Death  under  handcuffs  and  fetters 
cannot  be  correctly  so  ascribed.” 

“When  one  by  force  subdues  men,  they  do  not  submit  to 
him  in  heart.  When  he  subdues  them  by  virtue,  in  their 
hearts’  core  they  are  pleased,  and  sincerely  submit.” 

Two  translations  of  the  works  of  Mencius  are  within  the  reach 
of  European  readers— that  by  the  late  Stanislaus  Julien,  in  La¬ 
tin,  Paris,  1823-29;  and  that  forming  the  second  volume  of 
Legge’s  Chinese  Classics,  Hong  Kong,  1862.  The  latter  has  been 
published  at  London  (1875),  without  the  Chinese  text.  See  also  E. 
Faber,  The  Mind  of  Mencius,  or  Political  Economy  founded  on  Moral 
Philosophy,  translated  from  the  German  by  A.  B.  Hutchinson 
(London,  1882).  (J-  ^E.) 

MENDELSSOHN,  Felix  (1809-1847).  Jakob 
Ludwig  Felix  Mendelssolin-Bartholdy,  one  of  the 
greatest  composers  of  this  century,  was  the  grandson 
of  Moses  Mendelssohn  noticed  below,  and  was  born  in 
Hamburg  on  February  3,  1809. 

In  consequence  of  the  troubles  caused  by  the  French 
occupation  of  Hamburg,  Abraham  Mendelssohn,  his 
father,  migrated  in  1811  to  Berlin,  where  his  grand¬ 
mother,  Fromet,  then  in  the  twenty-fifth  year  of  her 
widowhood,  received  the  whole  family  into  her  house, 
No.  7  Neue  Promenade.  Here  the  little  Felix  and  his 
sister  Fanny  received  their  first  instruction  in  music 
from  their  mother,  under  whose  care  they  progressed 
so  rapidly  that  the  altogether  exceptional  character  of 
their  talent  soon  became  unmistakably  apparent. 
Their  next  teacher  was  Madame  Bigot,  who,  during  the 
temporary  absence  of  the  family  in  Paris  in  1816,  gave 
them  some  valuable  instruction.  On  their  return  to 
Berlin  they  took  lessons  in  thoroughbass  and  composi¬ 
tion  from  Zelter,  in  pianoforte-playing  from  Ludwig 
Berger,  and  in  violin  playing  from  Henning, — the  care 
of  their  general  education  being  intrusted  to  the  father 
of  the  novelist  Paul  Heyse. 

Felix  first  played  in  public  on  the  24th  of  October, 
1818,  taking  the  pianoforte  part  in  a  trio  by  Woelffl. 
On  April  11, 1819,  he  entered  the  Berlin  Singakademie 
as  an  alto,  and  in  the  following  year  began  to  compose 
with  extraordinary  rapidity.  His  earliest  dated  work 
is  a  cantata,  In  riihrend  feierlichen  Tonen,  completed 
on  January  13,  1820.  During  that  year  alone  he  pro¬ 


duced  nearly  sixty  movements,  including  songs,  piano¬ 
forte,  sonatas,  a  trio  for  pianoforte,  violin,  and  violon¬ 
cello.  a  sonata  for  violin  and  pianoforte,  pieces  for  the 
organ,  and  even  a  little  dramatic  piece  in  three  scenes. 
In  1 821  he  wrote  five  symphonies  for  stringed  instru¬ 
ments,  each  in  three  movements ;  motetts  lor  four 
voices  ;  an  opera,  in  one  act,  called  Soldatenliebschaft  ; 
another,  called  Die  beiden  Pddagogen  ;  part  of  a  third, 
called  Die  wandernde  Combdinnten  ;  and  an  immense 
quantity  of  other  music  of  different  kinds,  some  of 
which,  thought  worthy  of  publication  by  the  editors 
of  his  posthumous  works,  now  stands  before  the  world 
in  evidence  of  the  precocity  of  his  genius.  The  origi¬ 
nal  autograph  copies  of  these  early  productions  are 
now  preserved  in  the  Berlin  Library,  where  they  form 
part  of  a  collection  which  fills  forty-four  large  volumes, 
all  written  with  infinite  neatness,  and  for  the  most  part 
carefully  dated — a  sufficient  proof  that  the  methodical 
habits  which  distinguished  his  later  life  were  formed 
in  early  childhood. 

In  1821  Mendelssohn  paid  his  first  visit  to  Goethe, 
with  whom  he  spent  sixteen  days  at  Weimar,  in  com¬ 
pany  with  Zelter.  From  this  year  also  dates  his  first 
acquaintance  with  Weber,  who  was  then  in  Berlin  su¬ 
perintending  the  production  of  Der  Freischiitz  ;  and 
from  the  summer  of  1822  his  introduction,  at  Cassel, 
to  another  of  the  greatest  of  his  contemporaries,  Lud¬ 
wig  Spohr.  During  this  year  his  pen  was  even  more 
prolific  than  before,  producing,  among  other  works,  an 
opera,  in  three  acts,  entitled  Die  beiden  Neffen ,  oder 
Der  Onkel  aus  Boston ,  and  a  pianoforte  concerto, 
which  he  played  in  public  at  a  concert  given  by  Frau 
Anna  Milder. 

It  had  long  been  a  custom  with  the  Mendelssohn 
family  to  give  musical  performances  on  alternate  Sun¬ 
day  mornings  in  their  dining-room,  with  a  small  or¬ 
chestra,  which  Felix  always  conducted,  even  when  he 
was  not  tall  enough  to  be  seen  without  standing  upon 
a  stool.  For  each  of  these  occasions  he  produced  some 
new  work, — playing  the  pianoforte  pieces  himself,  or 
intrusting  them  to  Fanny,  while  his  sister  Rebecka 
sang,  and  his  brother  Paul  played  the  violoncello.  In 
this  way  Die  beiden  Neffen  was  first  privately  per¬ 
formed,  on  the  fifteenth  anniversary  of  his  birthday, 
February  3,  1824.  Between  the  3d  and  the  31st  of 
March,  in  this  year,  he  composed  his  fine  symphony 
in  C  minor,  now  known  as  Op.  10,  and  soon  after¬ 
wards  the  quartette  in  B  minor,  Op.  3,  and  the  (post¬ 
humous)  pianoforte  sestett,  Op.  110.  In  this  year 
also  began  his  lifelong  friendship  with  Mosclieles,  who, 
when  asked  to  receive  him  as  a  pupil,  said,  “If  he 
wishes  to  take  a  hint  from  me,  as  to  anything  new  to 
him,  he  can  easily  do  so  ;  but  he  stands  in  no  need  of 
lessons.” 

In  1825  Abraham  Mendelssohn  took  Felix  to  Paris, 
where  among  other  musicians  then  resident  in  the 
French  capital  he  met  the  two  most  popular  drama¬ 
tic  composers  of  the  age,  Rossini  and  Meyerbeer, 
and  lived  on  terms  of  intimacy  with  Hummel,  Kalk- 
brenner,  Rode,  Baillot,  Herz,  and  many  other  artists 
of  European  celebrity.  On  this  occasion,  also,  he 
made  his  first  acquaintance  with  Cherubini,  who, 
though  he  rarely  praised  any  one,  expressed  a  very 
high  opinion  of  his  talent,  and  recommended  him  to 
write  a  Kyrie,  for  five  voices,  with  full  orchestral  ac¬ 
companiments,  which  he  himself  described  as  “  exceed¬ 
ing  in  thickness  ”  anything  he  had  attempted.  From 
letters  written  at  this  period  we  learn  that  Felix’s  es¬ 
timate  of  the  French  school  of  music  was  very  far  from 
a  flattering  one ;  but  he  formed  some  friendships  in 
Paris  which  were  pleasantly  renewed  on  later  occa¬ 
sions.  He  returned  to  Berlin  with  his  father  in  May, 
1825,  taking  leave  of  his  Parisian  friends  on  the  19th 
of  the  month,  and  interrupting  his  journey  at  Weimar 
for  the  purpose  of  paying  a  second  visit  to  Goethe,  to 
whom  he  dedicated  nis  quartette  in  B  minor.  On  reach¬ 
ing  home  he  must  have  fallen  to  work  with  greater  zeal 
than  ever;  for  on  the  23d  of  July  in  this  same  year 
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he  completed  his  pianoforte  capriccio  in  F  sharp  minor 
(Op.  5),  and  on  the  10th  of  August  an  opera,  in  two 
acts,  called  Die  Hochzeit  des  Camacho ,  a  work  of  con¬ 
siderable  importance,  concerning  which  we  shall  pres¬ 
ently  have  to  speak  more  particularly. 

No  ordinary  boy  could  have  escaped  uninjured  from 
the  snares  attendant  upon  such  a  life  as  that  which 
Mendelssohn  now  lived.  Notwithstanding  his  over¬ 
whelming  passion  for  music,  his  general  education  had 
been  so  well  cared  for  that  he  was  able  to  hold  his  own, 
in  the  society  of  his  seniors,  with  the  easy  grace  of  an 
accomplished  man  of  the  world.  He  was  already  recog¬ 
nized  as  a  leading  spirit  by  the  artists  with  whom  he 
associated,  and  these  artists  were  men  of  acknowledged 
talent  and  position.  The  temptations  to  egoism  by 
which  he  was  surrounded  would  have  rendered  most 
clever  students  intolerable.  But  the  natural  amiability 
of  his  disposition,  and  the  healthy  influence  of  his  happy 
home-life,  counteracted  all  tendencies  towards  inordi¬ 
nate  self-assertion  ;  and  he  is  described  by  all  who  knew 
him  at  this  period  as  the  most  charming  boy  imagin¬ 
able.  Even  Zelter,  though  by  nature  no  less  repres¬ 
sive  than  Cherubini,  was  not  ashamed  to  show  that  he 
was  proud  of  him  ;  and  Moscheles,  whose  name  was 
already  famous,  met  him  from  the  first  on  equal  terms. 

Soon  after  his  return  from  Paris,  Abraham  Mendels¬ 
sohn  removed  from  his  mother’s  residence  to  No.  3, 
Leipziger  Strasse,  a  roomy,  old-fashioned  house,  con¬ 
taining  an  excellent  music-room,  and  in  the  grounds 
adjoining  a  “  Gartenhaus  ”  capable  of  accommodating 
several  hundred  persons  at  the  Sunday  performances.1 
In  the  autumn  of  the  following  year  this  “garden- 
house”  witnessed  a  memorable  private  performance 
of  the  work  by  means  of  which  the  greatness  of  Men¬ 
delssohn’s  genius  was  first  revealed  to  the  outer  world 
— the  overture  to  Shakespeare’s.  Midsummer  Night's 
Dream.  The  finished  score  of  this  famous  composition 
is  dated,  “Berlin,  August  6,  1826,” — that  is  to  say, 
three  days  after  its  author  had  attained  the  age  of  seven¬ 
teen  years  and  a  half.  Yet  we  .may  safely  assert  that 
in  no  later  work  does  he  exhibit  more  originality  of 
thought,  more  freshness  of  conception,  or  more  perfect 
mastery  over  the  details  of  technical  construction,  than 
in  this  delightful  inspiration,  which,  though  now  nearly 
sixty  years  old,  still  holds  its  place  at  the  head  of  the 
most  brilliant  achievements  of  our  modern  schools. 
The  overture  was  first  publicly  performed  at  Stettin,  in 
February,  1827,  under  the  direction  of  the  young  com¬ 
poser,  who,  with  this  bright  patent  of  artistic  nobility  to 
support  his  claim,  was  at  once  accepted  as  the  leader 
of  a  new  and  highly  characteristic  manifestation  of  the 
spirit  of  modern  progress.  Henceforth  therefore  we 
must  speak  of  him,  not  as  a  student,  but  as  a  mature 
and  experienced  artist. 

Meanwhile  Camacho's  Wedding  had  been  submitted 
to  Herr  General-Musik -Director  Spontini,  with  a  view 
to  its  production  at  the  opera.  The  libretto,  founded 
upon  an  episode  in  the  history  of  Don  Quixote,  was 
written  by  Klingemann,  and  Mendelssohn  threw  him¬ 
self  into  the  spirit  of  the  romance  with  a  keen  percep¬ 
tion  of  its  peculiar  humor.  The  work  was  put  into  re¬ 
hearsal  soon  after  the  composer’s  return  from  Stettin, 
produced  on  April  29,  1827,  and  received  with  great 
apparent  enthusiasm ;  but  for  some  reason  which  it  is 
now  impossible  to  ascertain,  a  cabal  was  formed  against 
it,  and  it  never  reached  a  second  performance.  The 
critics  abused  it  mercilessly ;  yet  it  exhibits  merits  of  a 
very  high  order.  The  solemn  passage  for  the  trom¬ 
bones,  which  heralds  the  first  appearance  of  the  knight 
of  La  Mancha,  is  conceived  in  a  spirit  of  reverent  ap- 
reciation  of  the  idea  of  Cervantes,  which  would  have 
one  honor  to  a  com  poser  of  lifelong  experience.  Even 
the  critics  suborned  to  condemn  the  work  could  not  re¬ 
frain  from  expressing  their  admiration  of  this ;  but  it 

'  After  Mendelssohn’s  death,  this  house  was  sold  to  the  Prus¬ 
sian  Government ;  and  the  “  Herrenhaus  ”  now  stands  on  the 
site  of  the  garden-house. 


had  been  decreed  that  the  opera  should  not  live — and 
it  did  not. 

.  Mendelssohn  was  excessively  annoyed  at  this  injus¬ 
tice,  and  some  time  elapsed  before  his  mind  recovered 
its  usual  bright  tone ;  but  he  continued  to  work  dili¬ 
gently  for  the  cause  of  art.  Among  other  serious  un¬ 
dertakings,  he  formed  a  choir  for  the  study  of  the  great 
choral  works  of  Sebastian  Bach,  then  entirely  unknown 
to  the  public ;  and  in  spite  of  Zelter’s  determined  op- 

osition,  he  succeeded,  in  1829,  in  inducing  the  Berlin 

ingakademie  to  give  a  public  performance  of  the 
Passion  according  to  St.  Matthew ,  under  his  direction, 
with  a  chorus  of  between  three  and  four  hundred  voices. 
The  scheme  succeeded  beyond  his  warmest  hopes,  and 
proved  the  means  of  restoring  to  the  world  great  com¬ 
positions  with  which  we  are  all  now  familiar,  but  which, 
at  that  time,  had  never  been  heard  since  the  death  of 
Bach.  But  the  obstructive  party  were  grievously  of¬ 
fended  ;  and  at  this  period  Mendelssohn  was  far  from 
popular  among  the  musicians  of  Berlin. 

In  April,  1829,  Mendelssohn  paid  his  first  visit  to 
London.  His  reception  was  most  enthusiastic.  He 
made  his  first  appearance  before  an  English  audience 
at  one  of  the  Philharmonic  Society’s  concerts — then 
held  in  the  Argyll  rooms — on  the  25th  of  May,  con¬ 
ducting  his  symphony  in  C  minor  from  the  pianoforte, 
to  which  he  was  led  by  John  Cramer.  On  the  30th  he 
played  Weber’s  Concertstiich  from  memory,  a  proceed¬ 
ing  at  that  time  extremely  unusual.  At  a  concert  given 
by  Drouet,  on  the  24th  of  June,  he  played  Beethoven’s 
pianoforte  concerto  in  E  flat,  which  had  never  before 
been  heard  in  the  country ;  and  the  overture  to  A 
Midsummer  Night's  Dream  was  also,  for  the  first  time, 
presented  to  a  London  audience.  On  returning  home 
from  the  concert,  Mr.  Attwood,  then  organist  of  St. 
Paul’s  Cathedral,  left  the  score  of  the  overture  in  a 
hackney  coach,  whereupon  Mendelssohn  wrote  out 
another,  from  memory,  without  an  error.  At  another 
concert  he  played,  with  Moscheles,  his  still  unpublished 
concerto  in  E,  for  two  pianofortes  and  orchestra.  After 
the  close  of  the  London  season,  he  started  with  Klinge¬ 
mann  on  a  tour  through  Scotland,  where  he  was  in¬ 
spired  with  the  first  idea  of  his  overture  to  The  Isles 
of  Fingal,  returning  to  Berlin  at  the  end  of  November. 
Except  for  an  accident  to  his  knee,  which  lamed  him 
for  some  considerable  time,  his  visit  was  a  highly  suc¬ 
cessful  one,  and  laid  the  foundation  of  many  firm  friend¬ 
ships  and  many  prosperous  negotiations  in  the  time  to 
come. 

The  visit  to  England  formed  in  reality  the  first  di¬ 
vision  only  of  a  great  scheme  of  travel  which  his  father 
wished  him  to  extend  to  all  the  most  important  art 
centres  in  Europe.  After  refusing  the  offer  of  a  pro¬ 
fessorship  at  Berlin,  he  started  again,  in  May,  1830, 
for  Italy,  pausing  on  his  way  at  Weimar,  where  he 
spent  a  memorable  fortnight  with  Goethe,  and  reaching 
Rome,  after  many  pleasant  interruptions,  on  Novem¬ 
ber  1 .  No  possible  form  of  excitement  ever  prevented 
him  from  devoting  a  certain  time  every  day  to  compo¬ 
sition;  but  he  lost  no  opportunity  of  studying  either 
the  countless  treasures  which  form  the  chief  glory  of  the 
great  city  or  the  manners  and  customs  of  modern  Ro¬ 
mans.  He  attended,  with  insatiable  curiosity,  the  ser¬ 
vices  in  the  Sistine  Chapel ;  and  his  keen  power  of  obser¬ 
vation  enabled  him  to  throw  much  interesting  light  upon 
them.  His  letters  on  this  subject,  however,  lose  much 
of  their  value  through  his  incapacity  to  comprehend  the 
close  relation  existing  between  the  music  of  Palestrina 
and  his  contemporaries  and  the  ritual  of  the  Roman 
Church.  His  Lutheran  education  kept  him  in  ignorance 
even  of  the  first  principles  of  ordinary  chanting ;  and  it  is 
amusing  to  find  him  describing  as  enormities  peculiar  to 
the  papal  choir,  customs  familiar  to  every  village  singer 
in  England,  and  as  closely  connected  with  the  struc¬ 
ture  of  the  “  Anglican  chant”  as  with  that  of  “  Grego-. 
rian  music.  ’  ’  Still,  though  he  could  not  agree,  in  all 
points,  with  Baini,  the  greatest  ecclesiastical  musician 
then  living,  he  fully  shared  his  admiration  for  the 
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Improperia ,  the  Miserere ,  and  the  cantus  planus  of  the 
Lamentationes  and  the  Exultet ,  the  musical  beauty  of 
which  he  could  understand,  apart  from  their  ritual  sig¬ 
nificance. 

In  passing  through  Munich  on  his  return  in  October, 
1831,  he  composed  and  played  his  pianoforte  concerto 
in  G  minor,  and  accepted  a  commission  (never  fulfilled) 
to  compose  an  opera  for  the  Munich  theatre.  Pausing 
for  a  time  at  Stuttgart,  Frankfort  and  Diisseldorf,  he 
arrived  in  Paris  in  December,  and  passed  four  pleasant 
months  in  the  renewal  of  acquaintances  formed  in  1825, 
and  in  close  intercourse  with  Liszt  and  Chopin.  On 
February  19,  1832,  the  overture  to  A  Midsummer 
Night’s  Dream  was  played  at  the  conservatoire,  and 
many  of  his  other  compositions  were  brought  before 
the  public ;  but  he  did  not  altogether  escape  disap¬ 
pointments  with  regard  to  some  of  them,  especially  the 
Reformation  symphony,  and  the  visit  was  brought  to  a 
premature  close  in  March  by  an  attack  of  cholera,  from 
which,  however,  he  rapidly  recovered. 

On  the  23d  of  April,  1832,  he  was  again  in  London, 
where  he  twice  played  his  G  minor  concerto  at  the 
Philharmonic  concerts,  gave  a  performance  on  the  or¬ 
gan  at  St.  Paul’s  and  published  his  first  book  of  Lieder 
ohne  Worte.  He  returned  to  Berlin  in  July,  and  dur¬ 
ing  the  winter  he  gave  public  performances  of  his  Refor¬ 
mation  symphony,  his  concerto  in  Gr  minor,  and  his  Wal- 
purgisnacht.  In  the  following  spring  he  paid  a  third 
visit  to  London  for  the  purpose  of  conducting  his  Ital¬ 
ian  symphony,  which  was  played  for  the  first  time,  by 
the  Philharmonic  Society,  on  the  13th  of  May,  1833. 
On  the  26th  of  the  same  month  he  conducted  the  per¬ 
formances  at  the  Lower  Rhine  festival  at  Diisseldorf, 
with  such  brilliant  effect  that  he  was  at  once  invited  to 
accept  the  appointment  of  general-music-director  to  the 
town,  art  office  which  included  the  management  of  the 
music  in  the  principal  churches,  at  the  theatre,  and  at 
the  rooms  of  two  musical  associations.  This  post  he 
willingly  accepted,  and  it  formed  a  stepping-stone  to  a 
far  more  important  one. 

Before  entering  upon  his  new  duties  Mendelssohn 
paid  a  fourth  visit  to  London,  with  his  father,  return¬ 
ing  to  Diisseldorf  on  the  27th  of  September,  1833.  His 
influence  produced  an  excellent  effect  upon  the  church 
music  and  in  the  concert-room ;  but  his  relations  with 
the  management  of  the  theatre  were  not  altogether 
leasant ;  and  it  was  probably  this  circumstance  which 
rst  led  him  to  forsake  the  cultivation  of  the  opera  for 
that  of  sacred  music.  At  Diisseldorf  he  first  designed 
his  famous  oratorio  St.  Paul,  in  response  to  an  applica¬ 
tion  from  the  Oacilien-V erein  at  Frankfort,  composed 
his  overture  to  Dieschone  Melusine ,  and  planned  some 
other  works  of  importance.  He  liked  his  appointment 
and  Would  probably  have  retained  it  much  longer  had 
he  not  been  invited  to  undertake  the  permanent  direc¬ 
tion  of  the  Gewandhaus  concerts  at  Leipsic,  and  thus 
raised  to  the  highest  position  attainable  in  the  German 
musical  world.  To  this  new  sphere  of  labor  he  removed 
in  August,  1835,  opening  the  first  concert  at  the  Gewand- 
haus  on  the  4th  of  October,  with  his  overture  Die  Meer- 
esstille,  a  work  possessing  great  attractions,  though  by 
no  means  on  a  level  with  the  Midsummer  Night's 
Dream,  The  Isles  of  Fingal,  or  Melusine. 

.  Mendelssohn’s  reception  in  Leipsic  was  most  enthu¬ 
siastic  ;  and  under  their  new  director  the  Gewandhaus 
concerts  prospered  exceedingly.  Meanwhile  St.  Paul 
steadily  progressed,  and  was  first  produced  with  tri¬ 
umphant  success,  at  the  Lower  Rhine  festival  at  Diis- 
seldorf,  on  May  22,  1836.  On  October  3  it  was  first 
sung  ip  English,  at  Liverpool,  under  the  direction  of 
Sir  George  Smart ;  and  on  March  16,  1837,  Mendels¬ 
sohn  again  directed  it  at  Leipsic. 

The  next  great  event  in  Mendelssohn’s  life  was  his 
happy  marriage,  on  March  28,  1837,  to  Cecile  Char¬ 
lotte  Sophie  Jeanrenaud.  whose  amiable  disposition, 
surpassing  beauty,  and  indescribable  charm  of  manner 
endeared  her  to  all  who  knew  her.  The  honeymoon  was 
scarcely  over  before  he  was  again  summoned  to  Eng¬ 


land  to  conduct  St.  Paul ,  at  the  Birmingham  festival, 
on  September  20th.  During  this  visit  he  played  on  the 
organ  at  St.  Paul’s  and  at  Christ  Church,  Newgate 
Street,  with  an  effect  which  exercised  a  lasting  influ¬ 
ence  upon  English  organists.  .  It  was  here  also  that  he 
first  contemplated  the  production  of  his  second  oratorio, 
Elijah. 

Passing  over  the  composition  of  the  Lohgesang,  in 
1840,  a  sixth  visit  to  England  in  the  same  year,  the 
scheme  for  the  erection  of  a  monument  to  Sebastian 
Bach,  and  other  events  on  which  space  does  not  per¬ 
mit  us  to  enlarge,  we  find  Mendelssohn  in  1841  recalled 
to  Berlin  by  the  king  of  Prussia,  with  the  title  of 
Kapellmeister.  Though  this  appointment  resulted  in 
the  production  of  Antigone,  (Edipus  Coloneus,  Athalie, 
the  incidental  music  to  the  Midsummer  Night's  Dream, 
and  other  great  works,  it  proved  an  endless  source  of 
vexation,  and  certainly  helped  to  shorten  the  com¬ 
poser’s  life.  In  1842  he  came  to  England  for  the  sev¬ 
enth  time,  accompanied  by  his  wife,  conducted  his 
Scotch  symphony  at  the  Philharmonic,  again  played 
the  organ  at  St.  Peter’s,  Cornhill,  and  Christ  Church, 
Newgate  Street,  and  was  received  with  all  possible 
honor  by  the  queen  and  the  prince  consort.  He  did 
not,  however,  permit  his  new  engagements  to  interfere 
with  the  direction  of  the  Gewandhaus  concerts  ;  and 
in  1843  he  founded  in  Leipsic  the  great  conservatoire 
which  soon  became  the  best  musical  college  in  Europe, 
opening  it  on  April  3,  in  the  buildings  of  the  Gewand¬ 
haus.  In  1844  he  conducted  six  of  the  Philharmonic 
concerts  in  London,  producing  his  new  Midsummer 
Night’s  Dream  music,  and  playing  Beethoven’s  piano¬ 
forte  concerto  in  G  with  extraordinary  effect.  He  re¬ 
turned  to  his  duties  at  Berlin  in  September,  but  hap¬ 
pily  succeeded  in  persuading  the  king  to  free  him  from 
his  most  onerous  engagements,  and  his  delight  at  this 
relief  was  unbounded. 

After  a  brief  residence  in  Frankfort,  Mendelssohn 
returned  to  Leipsic  in  September,  1845,  resuming  his 
old  duties  at  the  Gewandhaus,  and  teaching  regularly 
in  the  conservatoire.  Here  he  remained,  with  little 
interruption  during  the  winter,  introducing  his  friend 
Jenny  Lind,  then  at  the  height  of  her  popularity,  to 
the  critical  frequenters  of  the  Gewandhaus,  and  steadily 
working  at  Elijah,  the  first  performance  of  which  he 
conducted  at  the  Birmingham  festival,  on  August  26, 
1846.  The  enthusiastic  reception  of  this  great  work  is 
well  known.  Unhappily,  the  excitement  attendant 
upon  its.  production  added  to  the  irritating  effect  of 
the  worries  at  Berlin,  made  a  serious  inroad  upon  the 
composer’ s  health.  On  his  return  to  Leipsic  he  worked 
on  as  usual,  but  it  was  clear  that  his  health  was  seriously 
impaired.  In  1847  he  visited  England  for  the  tenth  and 
last  time,  to  conduct  four  performances  of  Elijah  at 
Exeter  Hall,  on  the  16th,  23d,  28th,  and  30th  of  April, 
one  at  Manchester  on  the  20th,  and  one  at  Birming¬ 
ham  on  the  27th.  Again  the  queen  and  prince  consort 
received  him  with  marked  respect, — one  might  almost 
venture  to  say,  affection, — and  all  seemed  prosperous 
and  happy.  But  the  necessary  exertion  was  far  beyond 
his  strength.  He  witnessed  Jenny  Lind’s  first  appear¬ 
ance  at  Her  Majesty’s  Theatre,  on  the  4th  of  May,  and 
left  England  on  the  9th,  little  anticipating  the  trial 
that  awaited  him  in  the  tidings  of  the  sudden  death 
of  his  sister  Fanny,  which  reached  him  oflly  a  few  days 
after  his  arrival  in  Frankfort.  The  loss  of  his  mother 
in  1842  had  shaken  him  much,  but  the  suddenness 
with  which  this  last  sad  intelligence  was  communicated 
broke  him  down  completely.  He  fell  to  the  ground 
insensible,  and  never  fully  recovered.  In  June  he  was 
so  far  himself  again  that  he  was  able  to  travel  with  his 
family  by  short  stages  to  Interlaken,  where  he  stayed 
for  some  time,  illustrating  the  journey  by  a  series  of 
water-color  drawings,  but  making  no  attempt  at  com- 

gosition  for  many  weeks.  He  returned  to  Leipsic  in 
eptember,  bringing  with  him  fragments  of  Christus , 
Loreley,  and  some  other  unfinished  works,  taking  no 
part  in  the  concerts,  and  living  in  the  strictest  privacy. 
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On  the  9th  of  October  he  called  on  Madame  Frege, 
and  asked  her  to  sing  his  latest  set  of  songs.  She  left 
the  room  for  lights,  and  on  her  return  found  him  in 
violent  pain  and  almost  insensible.  It  was  the  begin¬ 
ning  of  the  end.  He  lingered  on,  now  better  now, 
worse,  through  four  weary  weeks,  and  on  the  4th  of 
November  he  passed  away,  in  the  presence  of  his  wife, 
his  brother,  and  his  three  dear  friends,  Moscheles, 
Schleinitz,  and  Ferdinand  David.  A  cross  now  marks 
the  site  of  his  grave  in  the  Alte  Dreifaltigkeits  Kirch- 
hof  at  Berlin. 

Mendelssohn’s  title  to  a  place  among  the  greatest  compos¬ 
ers  of  the  century  is  incontestable.  His  style,  though  differ¬ 
ing  but  little  in  technical  arrangement  from  that  of  his 
classical  predecessors,  is  characterized  by  a  vein  of  melody 
peculiarly  his  own,  and  easily  distinguishable  by  those  who 
have  studied  his  works,  not  only  from  the  genuine  effusions 
of  contemporary  writers,  hut  from  the  most  successful  of  the 
servile  imitations  with  which,  even  during  his  lifetime,  the 
music-shops  were  deluged.  In  less  judicious  hands  the  rigid 
symmetry  of  his  phrasing  might,  perhaps,  have  palled  upon 
the  ear ;  but  under  his  skilful  management  it  serves  only 
to  impart  an  additional  charm  to  thoughts  which  derive 
their  chief  beauty  from  the  evident  spontaneity  of  their 
conception.  In  this,  as  in  all  other  matters  of  a  purely 
technical  character,  he  regarded  the  accepted  laws  of  art  as 
the  medium  by  which  he  might  most  certainly  attain  the 
ends  dictated  by  the  inspiration  of  his  genius.  Though 
caring  nothing  for  rules,  except  as  means  for  producing  a 
good  effect,  he  scarcely  ever  violated  them,  and  was  never 
weary  of  impressing  their  value  upon  the  minds  of  his  pu¬ 
pils.  His  method  of  counterpoint  was  modelled  in  close 
accordance  with  that  practised  by  Sebastian  Bach.  This  he 
used  in  combination  with  an  elastic  development  of  the  so¬ 
nata-form,  similar  to  that  engrafted  by  Beethoven  upon  the 
lines  laid  down  by  Haydn.  The  principles  involved  in  this 
arrangement  were  strictly  conservative ;  yet  they  enabled 
him,  at  the  very  outset  of  his  career,  to  invent  a  new  style 
no  less  original  than  that  of  Schubert  pr  Weber,  and  no  less 
remarkable  as  the  embodiment  of  canons  already  conse¬ 
crated  by  classical  authority  than  as  a  special  manifesta¬ 
tion  of  individual  genius.  It  is  thus  that  Mendelssohn 
stands  before  us  as  at  the  same  time  a  champion  of  conserv¬ 
atism  and  an  apostle  of  progress ;  and  it  is  chiefly  by  virtue 
of  these  two  apparently  incongruous  though  really  perfectly 
compatible  phases  of  his  artistic  character  that  his  influence 
and  example  have,  for  so  many  years,  held  in  check  the 
violence  of  reactionary  opinion  which  a  little  injudicious 
encouragement  might  easily  have  fanned  into  revolution¬ 
ary  fury.  Happily,  this  wholesome  influence  is  still  at 
work  among  us ;  and  in  his  oratorios,  his  symphonies,  his 
overtures,  his  concertos,  and  his  smaller  pianoforte  pieces 
Mendelssohn  sets  before  us  an  example  the  value  of  which  is 
universally  recognized,  and  not  likely  to  be  soon  forgotten. 

Concerning  Mendelssohn’s  private  character  there  have 
never  been  two  opinions.  As  a  man  of  the  world,  he  was 
more  than  ordinarily  accomplished, — brilliant  in  conversa¬ 
tion,  and  in  his  lighter  moments  overflowing  with  spark¬ 
ling  humor  and  ready  pleasantry,  loyal  and  unselfish  in  the 
more  serious  business  of  life,  and  never  weary  of  working 
for  the  general  good.  As  a  friend  he  was  unvaryingly  kind, 
sympathetic,  and  as  true  as  steel.  His  earnestness  as  a 
Christian  needs  no  stronger  testimony  than  that  afforded 
by  his  own  delineation  of  the  character  of  St.  Paul ;  but  it 
is  not  too  much  to  say  that  his  heart  and  life  were  pure  as 
those  of  a  little  child. 

A  complete  list  of  Mendelssohn's  published  compositions— one 
hundred  and  nineteen  in  number,  besides  some  five  and  twenty 
unnumbered  works  of  considerable  importance — will  be  found 
in  the  thematic  catalogue  published  by  Messrs.  Breitkopf  and  Har- 
tel  at  Leipsic,  and  also  in  Grove’s  Dictionary  of  Music  and  Musi¬ 
cians,  vol.  ii.  pp.  308,  309.  Among  his  miscellaneous  writings,  we 
may  mention  a  translation  of  the  Andria  of  Terence,  in  German 
verse,  and  an  immense  collection  of  letters,  posthumously 
printed,  and  calculated  to  give  the  reader  a  far  closer  acquain¬ 
tance  with  his  life  and  character  than  any  biographer  can  hope 
to  convey.  (w.  s.  r.) 

MENDELSSOHN,  Moses  (1729-1786),  philoso¬ 
pher  and  scholar,  well  known  as  Lessing’s  friend  and 
the  prototype  of  his  “  Nathan,”  was  born  on  Septem¬ 
ber  6,  1729,  at  Dessau  on  the  Elbe,  where  his  Jewish 
father  made  a  scanty  livelihood  by  teaching  a  small 
school  and  transcribing  copies  of  the  “law.”  The 
leading  events  of  Mendelssohn’s  career  haVe  been  in¬ 
dicated  elsewhere  (see  Jews,  vol.  xiii.  p.  690).  His 
numerous  writings  include  Ueber  Evidenz  in  metaphy- 
sischen  Wissenschaften  (1763),  which  gained  the  prize 


in  a  competition  in  which  Immanuel  Kant  took  part ; 
Brief e  iiber  die  Empfindungen  (1764);  Phcedon,  oder 
iiber  die  Unsterblichkeit  der  Scele  (1767),  an  argu¬ 
ment  for  immortality,  founded  on  the  nature  of  the 
soul  as  exempting  it  from  the  ordinary  laws  of  change, 
which  has  been  severely  criticised  by  Kant ;  Jerusalem , 
oder  die  religiose  Maclit  und  Judenthum  (1783),  a  spe¬ 
cially  important  contribution  to  the  question  of  Jewish 
emancipation  ;  a  number  of  contributions  to  his  friend 
Nicolai's  Liter aturbriefen  and  Bibliothek  der  schonen 
Wissenschaften ;  one  or  two  tracts  in  Hebrew ;  and 
some  new  German  translations  from  the  Old  Testa¬ 
ment.  The  controversy  which  led  to  the  publication  of 
his  Morgenstunden  (1785-86),  a  reply  to  Jacobi’s  Brief e 
iiber  die  Lehre  Spinoza's,  is  said  to  have  been  more  or 
less  directly  the  cause  of  his  death,  which  took  place 
on  January  4,  1786  (see  Jacobi,  vol.  xiii.  p.  546). 
Of  Mendelssohn’s  three  sons,  the  second,  Abraham, 
settled  as  a  banker  in  Hamburg  and  married  a  Jewess, 
Lea  Salomon  Bartholdy,  who  bore  him  four  children  ; 
these,  by  advice  of  their  mother’s  brother,  himself  a 
conscientious  convert  from  Judaism,  were  educated  as 
Christians,  and  thenceforth  joined  their  mother’s 
second  surname  to  their  own.  The  second  of  them, 
Felix,  is  the  subject  of  the  preceding  notice.  In  later 
life  Abraham  Mendelssohn  was  accustomed  to  say, — 
‘  ‘  When  I  was  young  I  was  the  son  of  my  father ;  now 
I  am  the  father  of  my  son.”  See  The  Mendelssohn 
Family ,  1882. 

MENDOZA,  a  city  of  the  Argentine  Bepublic,  the 
only  town  of  the  province  of  Mendoza,  lies  700  miles 
west-northwest  of  Buenos  Ayres,  at  the  foot  of  the 
Cordilleras,  2510  feet  above  the  sea-level,  in  32°  53/  S. 
lat.  and  68°  45/  W.  long.  It  was  formerly  a  frequent 
stopping-place  on  the  route  across  the  Andes  by  the 
Uspallata  Pass,  and  used  to  rank  as  one  of  the  best- 
built  towns  in  the  country,  but  in  1861  it  was  almost 
completely  destroyed  by  an  appalling  earthquake,  in 
which  the  people,  for  the  most  part  collected  in  the 
churches,  perished  to  the  number  of  32.000. 
Bravard,  a  French  geologist  who  had  often  predicted 
the  catastrophe,  was  one  of  those  who  perished.  Ex¬ 
tensive  ruins  still  mark  the  site  of  the  old  town ;  the 
new  town,  which  has  been  built  at  a  little  distance,  has 
grown  rapidly.  Situated  in  a  richly  cultivated  dis¬ 
trict,  Mendoza  depends  mainly  on  agriculture  and 
fruit-growing. 

The  city  was  founded  in  1559  by  Garcia  de  Mendoza ;  and 
in  1776  it  was  made  the  administrative  centre  of  the  vice- 
royalty  of  La  Plata.  See  Mulhall,  Handbook  of  the  La  Plata 
States,  1875 ;  and  Mrs.  Mulhall,  Between  the  Amazon  and  the 
Andes,  1882. 

MENDOZA,  Diego  Hurtado  de  (c.  1503-1575), 
novelist,  poet,  diplomatist,  and  historian,  was  a 
younger  son  of  the  member  of  the  illustrious  Mendoza 
family  to  whom  the  government  of  Granada  was  in¬ 
trusted  not  long  after  its  surrender,  and  was  born  in 
that  city  about  the  year  1503.  The  marquis  of  San- 
tillana,  so  prominent  a  figure  at  the  court  of  John  II. 
of  Castile,  was  his  great-grandfather.  At  an  early 
age  Mendoza,  who  had  been  destined  for  the  church, 
was  sent  to  Salamanca,  where  he  studied  with  success, 
and  also,  some  time  between  the  years  1520  and  1525, 
produced  his  Lazarillo  de  Tormes,  the  work  upon 
which  his  literary  celebrity  largely  rests.  Having 
persuaded  his  father  to  allow  him  to  enter  the  army, 
he  served  with  the  Spanish  troops  of  Charles  V.  in 
Italy,  and  also  availed  himself  of  opportunities  as  they 
arose  to  hear  the  lectures  of  famous  professors  at  Bo¬ 
logna,  Padua,  and  Rome,  In  1538  he  was  taken  into 
the  diplomatic  service  of  the  emperor  and  sent  as  am¬ 
bassador  to  Venice  ;  there  he  cultivated  friendly  rela¬ 
tions  with  the  Aldi,  and  energetically  set  about  collect¬ 
ing  a  library,  not  only  procuring  copies  of  many  old 
MSS.  in  the  public  library  of  the  city,  but  also  send¬ 
ing  to  Thessaly  and  Mount  Athos  for  new  ones ;  it 
was  from  his  collection  that  the  complete  text  of  J ose- 
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phus  was  first  printed.  For  some  time  he  held  the 
ost  of  military  governor  of  Siena  ;  and,  after  having 
een  present  in  an  official  capacity  in  Trent  at  the  be¬ 
ginning  of  the  oecumenical  council,  he  was  in  1547 
sent  as  special  plenipotentiary  to  Rome,  where  he  con¬ 
tinued  to  act  for  some  years.  In  1554,  shortly  before 
the  abdication  of  Charles,  he  was  recalled  to  Spain,  and 
his  official  career  came  to  an  end.  He  was  never  a 
favorite  with  Philip  II.  ;  and  in  consequence  of  a 
quarrel  with  a  courtier,  in  which  he  had  lost  his  tem¬ 
per  badly,  he  was  finally  banished  from  court  in 
1568.  The  remaining  years  of  his  life,  which  were 
spent  at  Granada,  he  devoted  partly  to  the  study  of 
Arabic,  partly  to  poetical  composition,  and  partly  to 
the  preparation  of  his  history  of  the  Moorish  inspec¬ 
tion  of  1568-70  [Guerra  de  Granada).  He  died  at 
Madrid  (which  he  had  obtained  leave  to  visit  on  some 
business  errand)  in  April,  1575.  . 

Mendoza’s  Lazarillo  de  Tonnes,  though  written  during  his 
college  days,  was  not  published  until  1553,  when  it  was 
printed  anonymously  at  Antwerp.  Next  year  it  was  re¬ 
printed  at  Burgos,  but  ultimately  it  was  taken  exception 
to  by  the  Inquisition,  and  the  Spanish  editions  of  1573  and 
subsequent  years  are  accordingly  considerably  abridged.  It 
is  a  comparatively  short  fragment,  written  in  vigorous  and 
bright  Castilian,  and  was  the  first  example  in  modern  liter¬ 
ature  of  the  “  novela  picaresca  ”  of  which  Le  Sage’s  Gil  Bias 
now  ranks  as  the  most  perfect  specimen.  The  continua¬ 
tions,  first  by  an  anonymous  author  (1555)  and  afterwards 
by  H.  de  Luna  (1620),  are  of  very  inferior  interest.  Of 
Mendoza  as  a  poet  all  that  need  be  said  here  is  that  he  fol¬ 
lowed  the  modern  Italian  models  quite  as  far  as  was  compat¬ 
ible  with  a  due  regard  to  his  Castilian  individuality.  His 
history,  though  of  no  great  bulk,  is,  like  his  novel,  a  work 
of  remarkable  literary  execution.  It  relates  indeed  only  to 
a  comparatively  brief  episode  in  a  chapter  of  events  for 
which  it  is  almost  impossible  to  claim  much  general  atten¬ 
tion,  and  it  is  often  needlessly  erudite  and  sometimes  pro- 
vokingly  obscure.  But  as  a  whole  it  is  singularly  well-in¬ 
formed,  dignified  and  picturesque ;  “  the  style  is  bold  and 
abrupt  but  true  to  the  idiom  of  the  language,  and  the  cur¬ 
rent  of  thought  is  deep  and  strong,  easily  carrying  the 
reader  onward  with  its  flood.  Nothing  in  the  old  chroni¬ 
cling  style  of  the  earlier  period  is  to  be  compared  to  it, 
and  little  in  any  subsequent  period  is  equal  to  it  for  manli¬ 
ness,  vigor,  and  truth”  (Ticknor).  The  first  edition  of  the 
Guerra  de  Granada  did  not  appear  until  1610,  but  was  even 
then  incomplete ;  the  first  perfect  edition  was  that  of  1730. 
The  work  has  frequently  been  reprinted  since. 

MENDOZA,  Inigo  Lopez  de.  See  Santillana. 

MENELAUS,  king  of  Sparta,  was  the  brother  of 
Agamemnon  [q.v. )  and  the  husband  of  Helena  [q.v. ). 
He  was  one  of  the  heroes  of  the  Trojan  horse,  and  re¬ 
covered  his  wife  at  the  sack  of  the  city.  On  the  voy¬ 
age  homewards  his  fleet  was  scattered  off  Malea  by 
a  storm  which  drove  him  to  Crete;  after  seven 
years’  further  wandering  to  Cyprus,  Phoenicia,  Egypt, 
Ethiopia,  Libya,  and  the  country  of  the  Eremoi, 
he  at  last  had  an  interview  with  Proteus  and  ob¬ 
tained  a  favorable  wind  which  brought  him  home 
on  the  very  day  on  which  Orestes  was  holding  the 
funeral  feast  over  iEgisthus  and  Clytaemnestra.  After 
a  long  and  happy  life  in  Lacedaemon,  Menelaus,  as 
the  son-in-law  of  Zeus,  did  not  die  but  was  translated 
to  Elysium. 

MENGS,  Antony  Raphael  (1728-1779),  was  the 
most  celebrated  representative  of  the  eclectic  school 
of  painting  in  the  18th  century,  and  played  a  great 
art  in  the  early  days  of  the  classic  revival.  He  was 
om  in  1728  at  Aussig  in  Bohemia,  but  his  father,  a 
Danish  painter,  established  himself  finally  at  Dresden, 
whence  in  1741  he  conducted  his  son  to  Rome. 
Mengs  early  showed  that  active  intelligence  and  large 
capacity  for  laborious  study  which  secured  him  the 
extraordinary  distinction  which  he  enjoyed  through 
Kfe.  His  appointment  in  1749  as  first  painter  to  the 
elector  of  Saxony  did  not  prevent  his  spending  much 
time  in  Rome,  where  he  had  married  in  1748,  and 
abjured  the  Protestant  faith,  and  where  he  became  in 
1754  director  of  the  Vatican  school  of  painting,  nor  did 
this  hinder  him  on  two  occasions  from  obeying  the 


call  of  Charles  III.  of  Spain  to  Madrid.  There  Mengs 
produced  some  of  his  best  work,  and  specially  the  ceil¬ 
ing  of  the  banqueting  hall,  the  subject  of  which  was 
the  Triumph  of  Trajan  and  the  Temple  of  Glory. 
After  the  completion  of  this  work  in  1777,  Mengs 
again  returned  to  Rome,  and  there  he  died,  two  years 
later,  in  poor  circumstances,  leaving  twenty  children, 
seven  of  whom  were  pensioned  by  the  king  of  Spain. 
Besides  numerous  paintings  in  the  Madrid  gallery, 
the  ascension  at  Dresden,  Perseus  and  Andromeda  at 
St.  Petersburg,  and  the  ceiling  of  the  Villa  Albani 
must  be  mentioned  among  his  chief  works.  In  Eng¬ 
land,  the  duke  of  Northumberland  possesses  a  Holy 
Family,  and  the  colleges  of  All  Souls  and  Magdalen, 
at  Oxford,  have  altar-pieces  by  his  hand.  In  his  writ¬ 
ings,  in  Spanish,  Italian,  and  German,  Mengs  has  put 
forth  his  eclectic  theory  of  art,  which  treats  of  perfec¬ 
tion  as  attainable  by  a  well-schemed  combination  of 
diverse  excellences, — Greek  design  with  the  expression 
of  Raphael,  the  chiaroscuro  of  Correggio,  and  the  color 
of  Titian.  His  close  intimacy  with  Winckelmann — who 
constantly  wrote  at  his  dictation — has  greatly  enhanced 
his  historical  importance,  for  he  formed  no  scholars, 
and  the  critic  must  now  concur  in  Goethe’s  judgment 
of  Mengs  in  Winckelmann  und  seine  Jahrhundert ;  he 
must  deplore  that  so  much  learning  should  have  been 
allied  to  a  total  want  of  initiative  and  utter  poverty  of 
invention,  and  embodied  with  a  strained  and  artificial 
mannerism. 

See  Opere  di  Antonio  BaffaeUo  Mengs,  Parma,  1780 ;  Mengs’ 
Werhe,  iibersetst  v.  G.  F.  Prange,  1786  ;  Zeitschrift  fiir  bildende 
Kunst,  1880 ;  Bianconi,  Elogio  Storico  di  Mengs,  Milan,  1780 ; 
Nagler’s  Kiinstlerlexikon. 

MENHADEN,  economically  one  of  the  most  import¬ 
ant  fishes  of  the  United  States,  known  by  a  great 
number  of  local  names,  “menhaden”  and  “moss- 
bunker”  being  those  most  generally  in  use.  In  sys¬ 
tematic  works  it  appears  under  the  names  of  Clwpea 
menhaden  and  Brevoortia  tyrannus.  It  is  alliea  to 
the  European  species  of  shad  and  pilchard,  and,  like 
the  latter,  approaches  the  coast  in  its  wanderings  in 
immense  shoals,  which  are  found  throughout  the  year 
in  some  part  of  the  littoral  waters  between  Maine  and 
Florida,  the  northern  shoals  retiring  into  deeper  water 
or  to  more  southern  latitudes  with  the  approach  of 
cold  weather.  The  average  size  of  the  menhaden  is 
about  1 2  inches.  Although  it  was  long  known  as  a 
palatable  table-fish,  and  largely  used,  when  salted,  for 
export  to  the  West  Indies,  and  as  bait  for  cod  and 
mackerel,  the  menhaden  fishery  has  been  developed 
to  its  present  importance  only  within  the  last  twenty 
years.  A  large  fleet  of  steamers  and  sailing  vessels 
is  engaged  in  it ;  and  a  great  number  of  large  factories 
have  sprung  into  existence  to  extract  the  oil,  which  is 
used  for  tanning  and  currying,  and  for  adulterating 
other  more  expensive  oils,  and  to  manufacture  the  ref¬ 
use  into  a  very  valuable  guano.  In  the  year  1877 
2,426,589  gallons  of  oil  ana  55,444  tons  of  guano  were 
produced.  An  extensive  business  is  also  carried  on 
in  converting  menhaden  of  a  suitable  size  into  “Amer¬ 
ican  sardines.  ’  ’ 

A  very  complete  account  of  this  fishery  is  given  by  G. 
Brown  Goode  in  “  The  Natural  and  Economic  History  of  the 
American  Menhaden,”  United  States  Commission  of  Fish  and 
Fisheries,  part  v.,  Washington,  1879. 

MENIN,  a  small  Belgian  town,  in  the  province  of 
West  Flanders ;  it  is  traversed  by  the  river  Lys,  which 
there  forms  the  boundary  between  France  and  Belgium. 
The  population  in  1900  was  18,61L  Commercially  and 
industrially  Menin  ranks  high  for  its  size,  possessing, 
as  it  does,  important  manufactures  of  linen,  oil,  soap, 
etc.,  as  well  as  sugar  refineries,  breweries,  and  tanner¬ 
ies,  and  a  good  corn  and  cattle  market.  Tobacco  is 
extensively  grown  in  the  neighborhood,  and  forms  one 
of  the  main  items  of  lawful  trade,  a  good  deal  of  illicit 
traffic  also  being  carried  on  across  the  French  frontier. 

Menin  does  not  appear  to  have  been  in  any  way  worthy 
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of  note  until  the  14th  century.  Philip  II.  caused  it  to  be 
fortified  in  1578.  It  was  taken  by  Turenne  in  1658.  Vauban 
subsequently  surrounded  it  with  elaborate  works,  and  made 
it  one  of  the  strongest  citadels  in  France ;  but  all  its  fortifi¬ 
cations  were  razed  in  1744.  It  belonged  to  the  Netherlands 
in  1815,  and  became  part  of  Belgium  in  1830. 

MENINGITIS  (from  pyviyZ,  a  membrane),  a  term 
in  medicine  applied  to  inflammation  affecting  the  mem¬ 
branes  of  the  brain  (cerebral  meningitis)  or  spinal  cord 
(spinal  meningitis)  or  both. 

Of  cerebral  meningitis  there  are  two  varieties:  (1) 
that  due  to  the  presence  of  tubercle  in  the  membranes 
of  the  brain,  which  gives  rise  to  the  disease  known  as 
tubercular  meningitis,  or  acute  hydrocephalus ;  and 
(2)  simple  or  acute  meningitis,  which  may  arise  from 
various  causes.  Among  the  more  common  are  injuries 
of  the  head,  extension  of  disease  from  contiguous 
parts,  such  as  erysipelas  of  the  scalp  or  caries  of  the 
Dones  of  the  ear,  exposure  to  cold  or  to  extreme  heat, 
the  presence  of  tumors  in  the  substance  of  the  brain. 
It  may  likewise  occur  in  the  course  of  fevers,  rheuma¬ 
tism,  and  inflammatory  affections,  and  also  as  a  result 
of  mental  overwork,  sleeplessness,  and  alcoholic  excess. 
This  latter  variety  of  meningitis  is  less  common  than 
the  former,  but  it  is  on  the  whole  more  amenable  to 
treatment.  The  symptoms  present  such  a  general  re¬ 
semblance  to  those  already  described  in  tubercular 
meningitis  that  it  is  unnecessary  to  refer  to  them  in 
detail  (see  Hydrocephalus),  and  the  treatment  is 
essentially  the  same  for  both. 

Spinal  meningitis ,  or  inflammation  of  the  mem¬ 
branes  investing  the  spinal  cord,  generally  results  from 
causes  of  a  similar  kind  to  those  producing  cerebral 
meningitis, — injuries,  exposure  to  cold  or  sudden 
changes  of  temperature,  diseases  affecting  adjacent 
parts,  such  as  the  vertebral  column  or  the  spinal  cord 
itself,  or  extension  downwards  of  inflammation  of  the 
membranes  of  the  brain.  It  is  said  to  be  most  com¬ 
mon  in  males.  As  in  the  case  of  the  brain,  the  mem¬ 
branes  become  extremely  congested;  exudation  of 
lymph  and  effusion  of  serum  follow;  and  the  spinal 
cord  and  roots  of  the  nerves  become  more  or  less  in¬ 
volved  in  the  morbid  process. 

The  chief  symptoms  are  fever,  with  severe  pain  in 
the  back  or  loins  shooting  downwards  into  the  limbs 
(which  are  the  seat  of  frequent  painful  involuntary 
startings),  accompanied  with  a  feeling  of  tightness 
round  the  body.  The  local  symptoms  bear  reference 
to  the  portion  of  the  cord  the  membranes  of  which  are 
involved.  Thus  when  the  inflammation  is  located  in 
the  cervical  portion  the  muscles  of  the  arms  and  chest 
are  spasmodically  contracted,  and  there  may  be  diffi¬ 
culty  of  swallowing  or  breathing,  or  embarrassed  heart’s 
action,  while  when  the  disease  is  seated  in  the  lower 
portion,  the  lower  limbs  and  the  bladder  and  rectum 
are  the  parts  affected  in  this  way.  At  first  there  is 
excited  sensibility  (hyperaesthesia)  in  the  parts  of  the 
surface  of  the  body  in  relation  with  the  portion  of  cord 
affected.  As  the  disease  advances  these  symptoms 
give  place  to  those  of  partial  loss  of  power  in  the  af¬ 
fected  muscles,  and  also  partial  anaesthesia.  These 
various  phenomena  may  entirely  pass  away,  and  the 
patient  after  some  weeks  or  months  recover;  or,  on 
the  other  hand,  they  may  increase,  and  end  in  perma¬ 
nent  paralysis. 

The  treatment  is  directed  to  allaying  the  pain  and  in¬ 
flammatory  action  by  opiates.  Ergot  of  rye  is  strongly 
recommended  by  many  physicians.  The  patient  should 
have  perfect  rest  in  the  recumbent,  or  better  still  in 
the  prone,  position.  Cold  applications  to  the  spine 
may  be  of  use,  while  scrupulous  attention  to  the  func¬ 
tions  of  the  bladder  and  bowels,  and  to  the  condition 
of  the  skin  with  the  view  of  preventing  bed-sores,  is 
all-important. 

Epidemic  Cerebrospinal  Meningitis. — This  name,  as  well  as 
cerebrospinal  fever,  is  applied  to  a  disease  defined  in  the  No¬ 
menclature  of  Diseases  as  “  a  malignant  epidemic  fever  at¬ 
tended  by  painful  contractions  of  the  muscles  of  the  neck 


and  retraction  of  the  head.  In  certain  epidemics  it  is  fre 
quently  accompanied  by  a  profuse  purpuric  eruption,  and 
occasionally  by  secondary  effusions  into  certain  joints 
Lesions  of  the  brain  and  spinal  cord  are  found  on  dissection.” 
This  disease  appears  to  have  been  first  distinctly  recognized 
in  the  year  1837,  when  it  prevailed  as  an  epidemic  in  the 
southwest  of  France,  chiefly  among  troops  in  garrison.  For 
several  years  subsequently  it  existed  in  various  other  locali¬ 
ties  in  France,  and  mostly  among  soldiers.  At  the  same 
time  in  other  countries  in  Western  and  Central  Europe  the 
disease  was  observed  in  epidemic  outbreaks,  both  among 
civil  and  military  populations.  In  1846  it  first  showed  itself 
in  Ireland,  chiefly  among  the  inmates  of  workhouses  in 
Belfast  and  Dublin.  Numerous  outbreaks  occurred  also 
about  the  same  period  in  many  parts  of  the  United  States. 
In  more  recent  times  the  disease  has  repeatedly  appeared 
both  in  Europe  and  America,  but  it  has  seldom  prevailed 
extensively  in  any  one  tract  of  country,  the  outbreaks  af¬ 
fecting  for  the  most  part  limited  communities,  such  as  gar¬ 
risons  or  camps,  schools,  workhouses,  and  prisons. 

Little  is  known  regarding  the  causation  of  this  disease. 
All  ages  seem  liable  to  suffer,  and,  as  regards  sex,  males  are 
affected  more  commonly  than  females.  Occupation  and  con¬ 
dition  of  life  appear  to  exercise  no  influence.  It  has  been 
observed  to  occur  most  frequently  in  cold  seasons.  The 
question  of  the  contagiousness  of  cerebro-spinal  fever  re¬ 
mains  still  unsettled,  but  the  weight  of  authority  appears  to 
be  in  favor  of  the  theory  of  the  communicability  of  the  dis¬ 
ease.  It  cannot,  however,  be  regarded  as  contagious  in  the 
same  degree  as  some  other  specific  fevers,  such  as  typhus 
fever,  small-pox,  or  scarlatina. 

The  following  are  the  more  prominent  symptoms.  After 
a  few  days  of  general  discomfort  the  attack  comes  on  sharply 
with  rigors,  intense  headache,  giddiness,  and  vomiting. 
Neuralgic  pains  in  the  abdomen,  and  pain  with  spasmodic 
contractions  in  the  muscles  of  the  extremities,  occur  at  an 
early  stage.  The  headache  continues  with  great  severity, 
and  restlessness  and  delirium  supervene,  accompanied  with 
periods  of  somnolence.  The  pains  and  spasms  rapidly  in¬ 
crease,  the  muscles  of  the  neck,  spine,  and  limbs  being  spe¬ 
cially  affected.  The  patient’s  head  is  drawn  backwards  and 
rigidly  fixed,  the  spine  arched,  and  the  arms  and  legs  pow¬ 
erfully  flexed,  the  whole  condition  bearing  a  considerable 
resemblance  to  tetanus.  For  a  time  there  is  greatly  in¬ 
creased  sensibility  of  the  skin,  pain  being  excited  by  the 
slightest  contact.  There  is  more  or  less  fever  present. 
About  the  fourth  day  of  the  disease  an  eruption  on  the  skin 
both  of  the  face  and  body  frequently  appears,  in  the  form 
either  of  purpuric  spots  or  small  clear  vesicles.  Death  may 
take  place  in  from  a  few  hours  to  eight  or  ten  days.  Should 
the  patient  survive  the  immediate  shock  of  the  attack,  se¬ 
rious  complications  are  apt  to  appear  in  the  form  of  destruc¬ 
tive  inflammation  of  the  eyes  or  ears,  inflammation  with 
effusion  into  certain  joints,  and  paralysis  of  limbs;  or, 
again,  recovery  may  take  place  after  a  prolonged  convales¬ 
cence.  The  mortality  appears  to  vary  in  different  epidemics, 
in  some  being  as  high  as  80  per  cent.,  in  others  only  about 
20  per  cent.  Certain  forms  of  the  disease  are  of  malignant 
character  from  the  first,  and  very  rapidly  fatal. 

The  changes  found  after  death  in  cerebro-spinal  fever  are 
intense  inflammation  of  the  membrane  of  the  brain  and 
spinal  cord,  with  effusion  of  serum  or  pus  into  the  ventricu¬ 
lar  and  arachnoid  spaces. 

The  treatment  is  similar  to  that  of  other  febrile  condi¬ 
tions,  but  for  the  special  symptoms  of  pain,  spasm,  etc., 
opium  seems  to  have  been  found  of  eminent  service,  while 
quinine  and  ergot  of  rye  are  also  recommended. 

MENNONITES  is  a  name  borne  by  certain  Chris¬ 
tian  communities  in  Europe  and  America,  denoting 
their  adherence  to  a  type  of  doctrine  of  which  Menno 
Simons  was,  not  indeed  the  originator,  but  the  chief 
exponent  at  the  time  when  the  anti-paedo-baptism  of 
the  congregations  in  which  he  labored  took  permanent 
form  in  opposition  to  ordinary  Protestantism  on  the 
one  hand  and  to  the  theocratic  ideas  of  the  Munster 
type  of  anabaptism  on  the  other.  The  original  home 
of  the  views  afterwards  called  Mennonite  was  in  Zurich, 
where,  as  early  as  1525,  Grebel  and  Manz  founded  a 
community  having  for  its  most  distinctive  mark  bap¬ 
tism  upon  confession  of  faith.  The  chief  doctrines  of 
these  Zurich  Baptists  have  been  already  stated  in  the 
article  Baptists,  vol.  iii. ,  p.  304.  The  main  interest 
of  the  sect  lay  not  in  dogma  but  in  discipline.  Within 
the  communities  evangelical  life  was  reduced  to  a  law 
of  separation  from  the  world,  and  this  separation — 
enforced  by  a  stringent  use  of  excommunication  and 
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the  prohibition  of  marriage  beyond  the  brotherhood — 
involved  not  only  abstinence  from  worldly  vanities  but 
refusal  of  civic  duties  (the  state  being  held  to  be  un- 
Christian) — refusal  to  take  an  oath  or  use  the  sword. 
In  their  revolt  against  the  corruptions  of  the  mediaeval 
church  the  Reformers  neither  denied  the  continuity  of 
the  church  as  an  organization  nor  impugned  the  Chris¬ 
tian  character  of  the  state.  The  new  sect  did  both ; 
and  their  position  thus  appeared  so  radically  subver¬ 
sive  of  the  foundations  of  society  that  it  is  not  sur¬ 
prising,  under  the  imperfect  views  of  toleration  then 
current,  that  they  became  the  objects  of  bitter  persecu¬ 
tion  from  Protestants  as  well  as  from  Catholics.  But 
the  Grebelians  had  no  desire,  like  the  fanatics  of  Mun¬ 
ster,  to  found  a  new  theocracy  in  opposition  to  the 
anti-Christian  state.  They  sought  only  to  withdraw 
from  what  their  conscience  condemned,  content  to  live 
as  strangers  upon  earth,  and  devoting  all  their  energy 
to  preserve  the  purity  of  their  own  communities.  The 
mediaeval  conception  of  separation  from  the  world  as 
the  true  path  of  Christian  perfection  had  leavened  all 
middle-class  society  in  Europe,  and  prepared  many  to 
accept  separatist  views  of  the  church  as  soon  as  they 
were  reached  by  the  impulse  of  revolt  against  Roman 
Catholicism;  the  pursuit  of  holiness  in  a  society  pro¬ 
tected  by  a  strict  discipline  is  an  idea  which  experience 
has  shown  to  have  a  great  attraction  for  one  class  of 
earnest  minds ;  hence,  in  spite  of  persecutions  incom¬ 
parably  fiercer  than  any  of  the  larger  Protestant  bod¬ 
ies  ever  underwent,  the  new  doctrine  and  praxis 
rapidly  spread  from  Switzerland  to  Germany,  Holland, 
and  even  to  France.  Each  community  was  quite  in¬ 
dependent,  united  to  the  rest  only  by  a  bond  of  love. 
There  was  no  sort  of  hierarchy,  but  only  “exhorters” 
chosen  by  the  congregation,  of  whom  the  most  promi¬ 
nent  were  also  “elders”  intrusted  with  the  adminis¬ 
tration  of  the  sacraments — an  organization  so  easily 
kept  alive  or  reproduced  that  the  movement  could 
hardly  be  checked  by  any  persecution  short  of  the  total 
annihilation  which  at  length  was  actually  the  fate  of 
many  of  the  Swiss  communities.  The  remnants  of  the 
Swiss  Mennonites  broke  in  1620  into  two  parties,  the 
stricter  of  which,  the  Ammanites  or  Upland  Mennon¬ 
ites,  were  distinguished  from  the  Lowland  Mennonites 
by  holding  that  excommunication  of  one  party  dis¬ 
solved  marriage,  and  by  their  rejection  of  buttons  and 
the  use  of  the  razor.  Their  persecution  lasted  till 
1710.  A  few  congregations  still  remain  and  keep  them¬ 
selves  quite  distinct  from  Baptist  bodies  of  more  mod¬ 
ern  origin.  In  Germany  the  Mennonites  are  somewhat 
more  numerous;  more  important  are  the  German 
Mennonite  colonies  in  Southern  Russia,  brought  thither 
in  1783  by  the  empress  Catherine,  which  in  turn  have 
recently  sent  many  emigrants  to  America.  America 
indeed,  and  especially  Pennsylvania,  early  became  a 
refuge  for  the  Mennonites  of  Switzerland,  the  Palati¬ 
nate,  and  Holland,  and  is  now  the  chief  home  of  the 
body  (175,000  in  the  United  States  and  25,000  in 
Canada).  The  oldest  congregation  is  that  of  German¬ 
town  (since  1683) ;  the  most  numerous  of  several  divi¬ 
sions  are  the  Old  Mennonites,  corresponding  to  the 
less  strict  of  the  Swiss  sections. 

All  these  communities  in  Europe  and  America  are 
distinguished  by  an  antique  simplicity  combined  with 
antique  prejudices,  by  indifference  to  the  interests  of 
the  greater  world,  while  at  the  same  time  their  indus¬ 
try  and  self-concentration  have  made  them  generally 
well-to-do.  Their  religious  type  has  varied  very  little 
in  the  course  of  centuries,  as  indeed  is  not  surprising, 
their  theology  being  ascetic  rather  than  dogmatic  or 
speculative.  The  Mennonites  of  Holland,  on  the 
other  hand,  have  passed  through  an  interesting  and 
progressive  history. 

It  was  in  Holland  and  tbe  adjoining  parts  of  Low  Ger¬ 
many  that  the  personal  influence  of  Menno  Simons  (1492— 
lo59)J  was  mainly  felt.  He  was  originally  a  priest,  and  was 
pastor  at  his  native  place,  W itmarsum  in  Friesland,  from  1531 
to  1536,  when  convictions  long  ripening  in  his  mind  com- 

*  [Pr-  £has.  Krauth  in  his  Conservative  Reformation,  containin 
Qf.  Vol.  III.,  p.  305. — Am.  Ed.) 


pelled  him  to  resign  his  cure.  At  this  time  the  anti-paedo- 
baptist  societies  in  the  Low  Countries  were  much  agitated. 
The  views  which  had  just  before  received  their  political 
deathblow  at  Munster  (see  Anabaptists)  were  not  extinct, 
and  even  those  who  did  not  share  them  were  by  no  means 
at  one.  Menno  attached  himself  to  the  Obbenites,  who  held 
that  on  earth  true  Christians  had  no  prospect  but  to  suffer 
persecution,  refused  to  use  the  sword,  and  looked  for  no 
millennium  on  earth.  Menno  became  one  of  their  elders, 
and  by  his  wanderings  among  the  scattered  and  oppressed 
communities,  and  especially  by  the  natural  eloquence  and 
religious  power  of  his  numerous  writings,  did  much  to  sus¬ 
tain  the  faith  of  his  associates,  to  confirm  the  type  of  their 
religious  life,  and  to  prevent  startling  aberrations  in  doctrine 
or  discipline.  He  was  not  an  original  thinker ;  but  the  love 
which  all  felt  for  the  man,  and  which  was  kept  alive  for 
generations  by  his  writings,  gave  him  the  place  which  the 
name  of  Mennonites  expresses. 

It  may  be  ascribed  to  the  influence  of  Menno’s  writings 
that  the  Dutch  Mennonites,  though  for  a  time  (since  1554) 
they  broke  into  fractions  on  questions  of  discipline,  and 
especially  on  the  effect  of  excommunication  upon  marriage, 
never  fell  so  far  apart  as  regards  the  type  of  their  religious 
life  as  to  preclude  the  possibility  of  reunion.  The  Water- 
landers  in  North  Holland,  who  held  the  least  strict  doctrine 
of  excommunication,  soon  moved  farther  in  the  direction  of 
liberality,  and  exchanged  the  name  Mennonites  for  that  of 
Doopsgezinden  (Baptist  persuasion).  In  1579  they  refused 
to  condemn  any  one  for  opinions,  even  on  the  incarnation, 
which  the  word  of  Scripture  did  not  pronounce  necessary  to 
salvation.  They  aided  William  the  Silent  with  money,  and 
from  1581  to  16i8  even  accepted  civil  office.  Meantime,  the 
stricter  party  had  undergone  various  divisions,  which,  how¬ 
ever,  in  1627-32  were  reunited  on  the  basis  of  confessions 
essentially  embodying  Menno’s  teachings.  They  too  had 
learned  moderation,  at  least  in  their  views  of  excommuni¬ 
cation,  and  their  antithesis  to  the  state  was  softened  since 
the  cessation  of  persecution  in  1581,  but  especially  since  in 
1672  they  were  recognized  as  citizens.  On  the  other  hand, 
the  adoption  of  a  confession  had  deepened  the  separation 
between  them  and  the  liberal  Doopsgezinden  ;  but  doctrine 
was  never  the  fundamental  principle  of  the  Mennonite  com¬ 
munities,  confessional  ism  took  no  firm  root,  and  the  two 
sections  gradually  approached,  and  through  a  series  of  par¬ 
tial  fusions  became  at  length  finally  united  when  the  Am¬ 
sterdam  congregations  came  together  in  1801.  The  persua¬ 
sion  declined  much  in  numbers  in  the  eighteenth  century ; 
since  then  it  has  increased,  and  has  now  127  congregations 
with  nearly  50,000  members.  The  objection  to  hold  civil 
office  disappeared  in  1795 ;  that  to  carry  arms  in  the  war  of 
freedom  against  Napoleon.  Baptism  on  profession  of  faith 
and  the  refusal  of  the  oath,  tolerance  in  matters  of  doctrine 
without  religious  indifference,  are  the  chief  marks  of  the 
body,  which  in  point  of  theological  culture  and  general  en¬ 
lightenment,  philanthropic  zeal  and  social  importance,  has 
long  stood  very  high. 

Authorities.— The  best  life  of  Menno  Simons  is  Cramer’s,  1837. 
De  Hoop  Scheffer's  article  in  Herzog-Plitt,  R.  E.,  is  excellent; 
only  one  point  of  consequence  in  his  account  seems  to  call  for 
modification,— the  book  against  John  of  Leyden,  said  to  have 
been  published  before  Menno  joined  the  Obbenites,  is  almost  cer¬ 
tainly  spurious.  See  Sepp,  Geschiedkundige  Nasporingen,  i.  (1872), 
p.  128  sq.  The  completest  edition  of  Menno’s  works  is  that  in  folio, 
1686.  Many  of  them  are  known  only  in  bad  Dutch  versions; 
Menno  himself  wrote  in  the  “  Oostersch  ”  or  East  Sea  Dialect  of 
Low  German.  For  the  literature  on  the  Mennonites  in  general, 
see  De  Hoop  Scheffer,  on  whom  the  foregoing  sketch  is  mainly 
dependent. 

MENSHIKOFF,  Alexander  Danilovich  (1672- 
1729),  born  at  Moscow  on  the  17th  of  November  (o.s. ), 
1672,  was  the  son  of  a  poor  man,  who  employed  him 
to  sell  cakes  about  the  streets  of  that  city.  In  this 
humble  occupation  he  attracted  the  attention  of  Le- 
fort,  one  of  Peter  the  Great’s  most  active  co-operators, 
who  was  pleased  with  his  sprightliness,  and  took  him 
into  his  service.  Peter,  soon  afterwards  seeing  the 
youth  at  Lefort’s,  was  also  delighted  with  him,  and 
took  him  to  be  his  page.  Menshikoff  soon  became  in¬ 
dispensable  to  the  czar,  assisting  him  in  his  workshop, 
and  displaying  signal  bravery  in  the  company  of  his 
master  at  the  siege  of  Azoff.  He  formed  one  of  the 
suite  of  Peter  during  his  travels,  and  worked  with  him 
at  Saardam  and  Deptford.  Throughout  his  wars  with 
the  Swedes,  Menshikoff  was  the  companion  of  the 
czar,  and  greatly  distinguished  himself.  For  his  gal¬ 
lantry  at  the  battle  of  the  Neva,  on  the  7th  of  May 
(o.s.),  1703,  he  received  the  order  of  St.  Andrew.  In 
1704  he  was  made  general,  and  at  the  request  of  the 
r  a  special  study  of  Anabaptists,  gives  Menne’s  dates  as  1496-156L 
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czar  created  a  prince  of  tlie  Holy  Roman  Empire. 
His  house  on  the  Vasilii-Ostroff  was  magnificent; 
there  ambassadors  were  received,  and  banquets  were 
given  gorgeous  with  gold  and  silver  plate.  Unfortu¬ 
nately  there  is  a  dark  side  to  the  picture,  and  the  fa¬ 
vorite  was  guilty  of  extortion  to  such  an  extent  as  to 
bring  him  under  his  master’s  censure.  On  the  death 
of  Peter  the  position  of  Menshikoff  became  very  per¬ 
ilous  ;  his  successes  had  raised  about  him  a  host  of 
enemies  eager  for  his  downfall.  The  G-olitzins,  Dolgo- 
roukis,  and  all  those  who  formed  what  may  be  called 
the  Old  Russian  party,  wished  to  proclaim  the  son  of 
Alexis  emperor.  Those,  however,  whose  aggrandize¬ 
ment  was  bound  up  with  Peter’s  reforms — Menshikoff, 
Apraksin,. Boutourlin,  Groloffkin,  and  others — were  in 
favor  of  giving  the  crown  to  Peter’s  widow,  who  ac¬ 
cordingly  ascended  the  throne  as  Catherine  I.  During 
her  reign  the  influence  of  Menshikoff  was  unbounded, 
and  he  virtually  governed  the  country ;  but  the  em- 
ress  died  in  1727,  after  a  reign  of  two  years.  She 
ad  made  a  will,  no  doubt  at  the  instigation  of  the  fa¬ 
vorite,  to  the  effect  that  Peter,  her  grandson,  was  to 
be  czar  under  the  guardianship  of  Menshikoff,  whose 
daughter  Mary  was  to  be  married  to  the  youthful  sov¬ 
ereign.  Under  pretence  of  taking  care  of  the  young 
czar,  Menshikoff  caused  him  to  be  removed  to  his 
house  and  surrounded  him  with  his  creatures.  He  was 
now  at  the  height  of  his  power  ;  foreign  ambassadors 
remarked  that  even  the  great  Peter  himself  was  never 
feared  so  much.  The  young  czar,  however,  showed 
no  affection  for  Mary  Menshikoff,  and  the  girl  was 
equally  apathetic  towards  her  betrothed,  being  in  love 
with  a  member  of  the  family  of  Sapieha  at  the  time 
her  father  had  forced  her  into  the  engagement.  The 
Dolgoroukis  used  the  aversion  of  the  young  prince  to 
his  fiancee  as  a  means  of  creating  dislike  to  the  father. 
A  chain  of  events  was  gradually  leading  to  the  down¬ 
fall  of  the  favorite.  He  was  soon  refused  admittance 
to  the  summer  palace,  whither  the  young  czar  had  re¬ 
tired.  Next  he  was  arrested,  and  so  overpowered  was 
he  at  his  disgrace  that  he  had  an  apoplectic  stroke. 


In  vain  did  he  address  letters  both  to  the  emperor  and 
his  sister.  Shortly  after,  by  order  of  the  czar,  the  fallen 
magnate  departed  from  St.  Petersburg,  but  more  like 
a  nobleman  retiring  to  his  estate  than  a  culprit  going 
into  exile.  The  people  regarded  him  with  dislike,  and 
most  of  them  rejoiced  over  his  fall.  On  his  way  a 
courier  arrived  with  orders  to  take  the  czar’s  ring  of 
betrothal  from  his  daughter  Mary  and  give  her  back 
her  own,  which  had  been  worn  by  Peter  II.  Menshi¬ 
koff  was  not  permitted  to  pass  through  Moscow,  but 
was  conducted  to  Oranienburg,  in  the  government  of 
Riazan,  and  there  placed  under  strict  surveillance. 
Soon  afterwards  the  whole  family  was  banished  to  Si¬ 
beria,  and  arrived  at  Berezoff  towards  the  end  of 
1727.  Menshikoff’s  wife  died  on  the  journey,  and  was 
buried  near  Kazan.  On  the  arrival  of  the  prisoners 
they  were  lodged  in  a  wooden  house,  consisting  of  four 
rooms.  But  Menshikoff  did  not  long  endure  the  hor¬ 
rors  of  exile  in  this  inclement  region.  According  to 
Mannstein,  he  died  (November  12,  o.s.,  1729)  of  an 
apoplectie  stroke,  because  there  was  no  one  at  Bere¬ 
zoff,  as  he  himself  remarked,  who  understood  how  to 
open  a  vein.  The  young  czar  ordered  the  release  from 
exile  of  the  two  remaining  children  of  Menshikoff, — his 
daughter  Mary  had  died  at  Berezoff  in  the  same  year 
as  her  father, — and  restored  some  of  their  property  to 
them. 

MENSHIKOFF,  Alexander  Sergeievich  (1787- 
1869),  great-grandson  of  Peter’s  favorite,  born  in  1787, 
entered  the  Russian  service  as  attache  to  the  embassy 
at  Vienna.  He  accompanied  the  emperor  Alexander 
throughout  his  campaigns  against  Napoleon,  and  at¬ 
tained  the  rank  of  general,  but  retired  from  active 
service  in  1823.  He  then  devoted  himself  to  naval 
matters,  and  put  the  Russian  marine,  which  had  fallen 
into  decay  during  the  reign  of  Alexander,  on  an  effi¬ 
cient  footing.  On  the  outbreak  of  the  Crimean  War 
he  was  appointed  commander-in-chief,  and  suffered  a 
severe  defeat  at  the  Alma.  On  the  death  of  the  em¬ 
peror  Nicholas  in  1855  he  was  recalled,  ostensibly  on 
account  of  failing  health.  He  died  in  1869. 


MENSURATION. 


"l\/f  ENSURATION,  or  the  art  of  measuring,  in- 
IVl  volves  the  construction  of  measures,  the  methods 
of  using  them,  and  the  investigation  of  rules  by  which 
magnitudes  which  it  may  be  difficult  or  impossible  to 
measure  directly  are  calculated  from  the  ascertained 
value  of  some  associated  magnitude. .  It  is  usual,  how¬ 
ever,  to  employ  the  term  mensuration  in  the  last  of 
these  senses ;  and  we  may  therefore  define  it  to  be 
that  department  of  mathematical  science  by  which  the 
various  dimensions  of  bodies  are  calculated  from  the 
simplest  possible  measurements. 

The  determination  of  the  lengths  and  directions  of 
straight  lines,  including  what  are  familiarly  known  as 
problems  in  heights  and  distances,  generally  depends 
on  the  solution  of  triangles,  and  will  be  discussed  in 
the  articles  Trigonometry  and  Surveying.  The 
remaining  portions  of  the  subject  are  the  determina¬ 
tions  of  the  lengths  of  curves,  the  areas  of  plane  or 
other  figures,  and  the  volumes  and  surfaces  of  solids ; 
and  it  is  of  mensuration  as  thus  restricted  that  the 
present  article  will  discuss  some  of  the  more  impor¬ 
tant  problems. 

§  1.  Units  of  Length,  Area ,  and  Volume. — In  mea¬ 
suring  any  magnitude  we  select  some  standard  or 
“  unit  ”  to  measure  by.  Thus  in  measuring  length  we 
take  for  unit  an  inch,  a  foot,  or  a  yard.  From  the 
unit  of  length  we  derive  the  units  of  area  and  volume. 
Thus  we  define  the  unit  of  area  to  be  the  area  of  the 
square  described  upon  the  unit  of  length,  and  the  unit 
-or  volume  to  be  the  volume  of  the  cube  whose  edge  is 
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the  unit  of  length  or  whose  side  is  the  unit  of  area. 
For  example,  if  an  inch  be  taken  as  the  unit  of  length, 
the  square  of  whose  side  is  1  inch  is  the  unit  of  area, 
and  the  cube  whose  edge  is  1  inch  is  the  unit  of  vol¬ 
ume.  The  length  of  a  line,  the  area  of  a  surface,  and 
the  volume  of  a  solid  are  then  expressed  by  the  num¬ 
bers,  whole  or  fractional,  of  units  of  length,  area,  and 
volume  which  they  respectively  contain.  Hence,  if  l 
denote  the  linear  unit,  the  length  of  a  line  which  con¬ 
tains  a  units  is  al,  or  simply  a  since  l  is  unity ;  simi¬ 
larly  the  area  of  a  surface  which  contains  h  units  of 
area  is  bm,  or  simply  h,  where  m  is  the  unit  of  area. 

§  2.  Commensurable  and  Incommensurable  Magni¬ 
tudes. — When  two  magnitudes  have  a  common  mea¬ 
sure,  that  is,  when  another  magnitude  can  be  found 
which  is  contained  in  each  an  exact  number  of  times, 
they  are  said  to  be  “commensurable.”  Thus  a  line 
4  J  and  another  3£  inches  long  are  commensurable ;  for, 
if  £  inch  be  taken  as  unit  of  length,  the  former,  con¬ 
tains  the  unit  nine  times  and  the  latter  seven  times. 
If  no  common  measure  can  be  found,  the  two  magni¬ 
tudes  are  said  to  be  “  incommensurable.  ’  ’  For  instance, 
1  and  s/ 2  have  no  common  measure ;  for  y/2  =  1.4142 
.  .  .  an  interminable  decimal,  and  hence  no  unit,  how¬ 
ever  small,  can  be  found  which  will  be  contained  in 
each  an  exact  number  of  times.  If,  however^  we  take 
\/2  =  1.4,  the  error  will  be  less  than  ;  if  v^2  =  1.414, 
the  error  will  be  less  than  T7yV<r?  etc.  Hence,  by  taking 
a  sufficient  number  of  figures,  we  can  find  a  fraction 
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which  will  differ  from  v^2  by  less  than  any  assignable 
quantity,  and  therefore  we  can  always  find  two  com¬ 
mensurable  magnitudes  that  will  represent  two  incom¬ 
mensurable  ones  to  any  degree  of  accuracy  we  please. 
In  what  follows  we  need  therefore  only  consider  com¬ 
mensurable  lines. 

§  3.  Area  of  a  Rectangle. — Let  the  side  AB  (Fig. 
1)  contain  a  units  and  the  side  BC  b  units  of  length. 
If  we  divide  AB  into  a 

equal  parts,  each  equal  to  A  B 

the  unit  of  length,  and  i  |  " 

similarly  BC  into  b  equal _ 

parts,  and  if  through  the 

(joints  of  division  we  draw 

ines  parallel  to  the  sides _ 

of  the  rectangle,  these 

lines  will  divide  the  rect- - 

angle  into  a  series  of  rect-  I  1  1  I  1  I  _ _ 

angles,  each  of  which  is  D  c 

the  unit  of  area,  since  each  Fig.  1. 

is  a  square  whose  sides  are 

of  unit  length.  As  we  have  a  rows  of  these  rectangles, 
and  b  in  each  row,  the  whole  number  of  rectangles 
will  be  ab.  Therefore 

area  of  ABCD  =  ab  units  of  area 
=  ab. 


PART  I.— PLANE  FIGURES. 


Example. — Let  a  =  36  and  «  =  32°  25'  15",  then 
2  log  a  =  2  log  36  =  3.1126050 
L  tan  a  =  L  tan  32°  25'  15"  =  9.8028622 
therefore  log  area  =  12.9154672  -  10  =  2.9154672; 

hence  area  =  823.127. 

(t5)  When  the  diagonal  c  and  a  its  inclination  to  either  of  the 
sides  are  given. — We  have 

a  =  c  cos  * ,  and  b  =  c  sin  « , 

therefore  area  of  ABCD  =  ab  =  c2  sin  a  oos  a  =  J  c*  sin  2 a  •, 

or  2  area  =  c2  sin  2a , 

and  hence  log  2  area  =  2  log  c  -f-  L  sin  2a  -  10 . 

$  5.  A  square  being  a  rectangle  whose  sides  are  equal,  we 
can  at  once  determine  its  area.  When  one  datum,  which 
must  be  a  length,  is  given  the  square  is  completely  deter¬ 
mined,  and  hence  we  have  only  two  cases  to  consider. 

(a)  When  the  side  is  given. — From  \  4,  a,  we  have  at  once 

area  of  square  =  ab  —  a  X  a  =  a1. 

(/3)  When  the  diagonal  c  is  given. — From  $  4,  0,  we  have 
a1  -f-  a1  =  c2,  or  a2  =  i  c2 ; 
hence  area  of  square  =  a2  =  ic2,  or  2  area  =  c* ; 
and  therefore  log  2  area  =  2  log  c. 

B.  Eight-angled  Triangles. 

|  6.  The  diagonal  of  every  rectangle  divides  it  into  two 
equivalent  right-angled  triangles  (Eucl.  i.  34),  and  hence  the 
area  of  the  right-angled  triangle  ABC  (Fig.  2)  is  equal  to 
half  the  area  of  the  corresponding  rectangle  ABCD. 


Section  I.- 


-Plane  Figures  contained  by  Straight 
Lines. 


,  Fig.  2. 


A.  The  Rectangle. 

%  4.  Let  ABCD  (Fig.  2)  be  a  rectangle,  and  let  AB  =  CD  — 
o,  BC  =  DA  =  b,  AC  =  c,  and 

the  angle  BAG  =  a ;  it  is  re-  ® 

quired  to  find  its  area.  Since  a 
rectangle  is  completely  deter¬ 
mined  when  two  independent 
data,  one  of  which  at  least  is  a 
length,  are  given  connecting  its 
parts,  we  can  determine  its  area 
in  the  following  cases. 

(a)  When  its  length  a  and  its 
breadth  b  are  given. — It  has  al¬ 
ready  been  proved  (§  3)  that 

area  of  ABCD  =  ab ; 

or  the  area  of  a  rectangle  is  equal  to  its  length  multiplied 
by  its  breadth. 

Example. — Let  a  =  12  feet  6  inches  and  6  =  9  inches,  then 

area  of  ABCD  =  12.5  X  .75  =  9.375  square  feet. 

If  we  make  use  of  logarithms  in  the  above  calculation  we 
have 

log  area  =  log  a  -j-  log  6. 
log  a  =  log  12.5  =  1.0969100 
log  6  =  log  .75  =  1.8750613 
therefore  log  area  =  .9719713 ; 

hence  area  =  9.375. 

O)  When  a  side  a  and  the  diagonal  c  are  given. — By  Euclid 
i.  47  we  have 


62  =  c2  -  a2,  or  6  =  ;/  c2  -  a2, 
area  of  ABCD  = 


therefore  area  of  ABCD  =  ab=  a\/  c2  -  a2 ; 

or  log  area  =  log  a  +  £  log  (c  -f  a)  -|-  i  log  (c  -  o) . 

Example—  Let  a  —  238  and  c  =  456,  then 

log  a  =  log  238  =  2.3765770 
i  log  (c  -f  o)  =  £  log  694  =  1.4206797 
i  log  (c  -  a)  =  i  log  218  =  1.1692282 


therefore 

hence 


log  area  =  4.9664849 
area  =  92573.1 

( y )  When  a  side  a  and  a  its  inclination  to  the  diagonal  are 
given. — Since 

b  _ 

a  tan  a  ,  6  =  a  tan  a , 


and  therefore 

or 


area  of  ABCD  =  ab  =  a2  tan  a ; 
log  area  =  2  log  a  -f-  L  tan  a  - 10 . 


C.  Triangles  Generally. 

?  7.  In  every  triangle  there  are  six  elements  to  be  consid¬ 
ered,  namely,  the  three 
sides  and  the  three  angles. 
If  any  three  of  these  six 
be  given,  provided  one  is 
a  length,  the  triangle  is 
completely  determined, 
and  hence  its  area  can  be 
found. 

$  8.  Length  of  Perpen¬ 
diculars  of  a  Triangle. — In 
Fig.  3.  the  triangle  ABC  (Fig.  3) 

let  BC  =  a,  CA  =  6,  AB 
=  c,  AD  the  perpendicular  from  A  on  BC  =  h,  BD  =  x,  and 
CD  =  y. 

Since  BDA  and  CDA  are  right  angles,  we  have 
c2  =  x1  -f-  62 ,  and  62  =  y*  -)-  h2, 

and  therefore 


~  c2  =  J/3  -  x1  =  (y  -)-  x)  (y  -  x)  =  a  (y  -  x) ; 
b1  -  c2 

whence  y  -  x  = -  . 

a 

But  y  -f-  x  =  a,  aDd,  by  solving  these  equations,  we  obtain 


62  +  «2 


Again 


h? 


2  a 


-  u  -  .4  -  M  _  (V  +  «2  -  c2V_  (2«J)J  -  (&2  4-  a2  -  c2)2 

V  2a  /  4a2 

(a  -f-  6  -f-  c)  (6  -j-  c  —  a)  (c  -(-  a  -  6)  (a  -(-  6  -  c) 

—  ; 


hence  h  —  >/(®_(-&-|-c)(^“)_c-«)(c-f-o-6)(a-(-6-o. 

Now  let  a-\-  bf-c  —  28,  then  6-fc-a  =  2(s-a),  c  +  a-6 
=  2  (s  -  6),  and  a  +  6  -  c  =  2  (s  -  c). 

Therefore,  on  substituting  and  reducing,  we  obtain 


h  =  — 


\/ s(s  -  a)  (s  -  b)  (s  -  c) . 


Similarly  the  perpendiculars  from  B  and  C  on  the  opposite 
sides  are  respectively 

2  _ _  2  _ _ 

■yv'  -«)(*-  h)  {s  -  c),  and  —■/  s(s  -a)(s-  b)  (s  -  c). 

$  9.  We  now  proceed  to  investigate  formulae  for  the  area 
of  a  triangle  in  the  following  important  cases. 

(a)  When  the  base  a  and  the  altitude  h  are  given. — Since  a 
triangle  is  equal  to  half  a  rectangle  of  the  same  base  and 
altitude,  we  have  at  once 

area  ABC  =  hah. 
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Example. — "Let  a  =  40  chains  and  h  — 14.52  chains,  then 

area  =  i  X  40  X  14.52  =  290.4  square  chains. 

(0)  When  two  sides  a  and  c  and  the  included  angle  B  are 

given. — From  Fig.3  — — sinB,  and  therefore  h  =  c  sin  B: 
c 

hence  area  =  bah  =  \ac  sinB ; 

or  log  2  area  =  log  a  -f-  log  c  -j-  L  sin  B  - 10. 

Example.— Let  a  =  40,  c  =  30,  and  B  =  30°,  then 
area  =  lac  sinB  =  i  X  40  X  30  X  i  =  300. 

(y)  When  the  three  »ides  a,  b,  c  are  given. — From  $  8 


h=—Vs{3-a){»-b)(s-c), 


and  therefore  area  = 


$ah  —  baX—V s(s -  a)(s  -  b){s  -  c)=V s{s  -a){s-  6)(*  -  c) ; 

or  log area  =  i | log log (s- a)-}- log (s- 6) log (s-c)  J 
Since  2*=a-j-6-j-c,  we  have 

area  of  triangle  =  i  62c2  -f  c2a2 )  -  (a4 

Example  1.— Let  a =13,  6  =  14,  and  c=15,  then 
•»  =  -i(  13  — f- 14  — J— 15)  =  21,  s  -  a  =  21  -  13  =  8, 
3-6=21-14  =  7,  and  s-c  =  21-15  =  6; 

therefore  area  =  V21 X  8  X  7  X  6=84. 

Example  2. — Let  a  =  255,  6  =  238,  and  c  =  221,  then 
log  3=  log  357  =  2.5526682 
log  (s  -  a)  =  log  102  =  2.0086002 
log  (s  -  6)  =  log  119  =  2.0755470 
log  (s  -  c)  =  log  136  =  2.1335389 

therefore  log  area  =  i (8.7703543)  =  4.3851771 ; 
hence  area = 24276. 

(<0  When  any  two  angles  B  and  C  and  the  adjacent  side  a  are 
given. — Since 

c  sin  C  _  a  sin  C 

—  =  — — —  ,  c— - , 

a  sin  A  sin  A 

and  therefore  (by  0) 


?  11.  If  the  parallelogram  be  equiangular  (a  rectangle), 
c=d,  and  area  =  be2  sin  0.  If  it  be  equilateral  (a  rhombus), 
0  =  aQd  area  =  bed.  If  it  be  both  equiangular  and  equi¬ 

lateral  (a  square),  c  =  d  and  0  =  90°,  and  area=ic2  as  before 

(3  5>  /*)• 

E.  Trapeziums. 

?  12.  To  determine  a  trapezium  completely  four  data  are 
necessary  and  sufficient. 

In  the  trapezium  ABCD  (Fig.  5)  let  BC=a,  CD=6,  DA=c, 


AB  =  d,  and  AE  (perpendicular  to  BC)  =  h,  and  draw  AF 
parallel  to  CD,  then 

(a)  area  ABCD  =  area  ABC -(-  area  ADC 

=  ia6.-(-4c6 
.  ,  =t(a  +  c)h; 

or  the  area  is  equal  to  half  the  sum  of  the  parallel  aides 
multiplied  by  the  perpendicular  between  them. 

Again,  area  of  ABF  =  iBF  X  AE  (§  9,  a)  =  b(a-c)h, 

also  area  of  ABF=  Vs(s-  AB)  (s  -  BF)  (s  -  FA)  > 
where  2s  =  AB-|-BF  +  FA; 

2  y _ _ 

hence  h — a_  V  s(s  -  AB)(s  -  BF)(s  -  FA) ,  therefore 

(fi)  area  of  ABCI>==Ka+c)ft===^3”l/*(*-  AB)(*-BF)(*-FA) 

__  g  (—  ^ — f- 6 — ( — c — ( — ci)  ( — | — & — c— cZ)  (#-)-&  —  c~\-d)(ci  —  b  —  c-j-cf)* 

since  AB  =  d,  BF  =  a  -  c,  and  FA  =  CD=  6. 

Thus  we  can  find  the  area  of  a  trapezium  in  terms  of  its 
sides. 

%  13.  If  c=0,  ABCD  becomes  a  triangle,  and  its  area 


area=  iacsin  B—  g- s^n.Bsm C ,  where  A  =  180°  -  (B+C), 

or  log  2  area =2  log  a  +  L  sin  B-(-LsinC-)-LcosecA-30. 

Since  all  the  angles  of  a  triangle  are  given  when  any  two 
are  given,  we  can  find  the  area  of  a  triangle  when  any  two 
angles  and  any  one  side  are  given.  Thus,  when  A,  B,  and 
c  are  given,  we  know  C  also,  and  the  problem  reduces  to  a 
case  of  the  preceding. 

(*)  When  the  three  medians  a,  0,  y  are  given. — If  a,  6,  c  be 
the  three  sides  of  a  triangle,  and  a,  0,  y  the  three  medians, 
i.e.,  the  lines  drawn  from  the  angles  to  the  middle  points  of 
the  opposite  sides,  then  by  well-known  geometrical  propo¬ 
sitions  we  have 

4(a2_j-02_|_y2)==3(a2_f_6*-|-C2)  , 

16(  a2/?2  -I-  0V1  +  y2a2)  =  9(a262  4-  62c*  +  c2a2), 
and  16(a4-|-/34-j-y4)=9(a4-f-644-c4)  . 

Now  (g  9  y) 

area  of  triangle  =  lU2(a262-j-62c2-{-c2a2)  -  («4— (— 64-f-c*)~7 
therefore  =  iV2(  a202  +  /32y2+y2a2)  -  (a4-{-/?4-f  y4), 

D.  Parallelograms. 

?  10.  The  opposite  sides  and  angles  of  a  parallelogram 
being  equal,  three 
independent  data, 
one  of  which  at 
least  is  a  length,  are 
necessary  and  suffi¬ 
cient  to  determine 
it  completely. 

In  the  parallelo- 
gram  ABCD  (Fig.  4)  ® 

let  BC  =  DA  =  a, 

AB  =  CD  =  6,  AC=c,  BD  =  d,  AE  =  6,  the  angle  A  BC  =  a 
and  AOD  =  0. 

Since  the  diagonal  AC  divides  the  parallelogram  into  two 
equivalent  triangles,  we  obtain 

(a)  area  of  ABCD  =  2  area  of  triangle  ABC 

=  2  XbaXh($  9,  a)  =  ah; 

(0)  area  of  ABCD=2area  ABC=2X4a6sin  a  ($9,/?)=a6sin  a ; 

or  log  area  =  log  a  -j-  log  6  4-  L  sin  a  - 10 ; 

(y)  area  of  ABCD  =  2  area  ABC  =  2(ABO-j-CBO) 

=2 1  iBO.AOsin  AOB-f-ABO.COsin  COB  }  =2  {  4BO.ACsin/?  j 

=  iBD.AC  sin  0  =  4cd  sin  0, 
or  log  2  area = logc  -j-  logd  +  L  sin  0  - 10. 


=  iv'(-o-|-64-d)(o-f  6-d)(o+ 6  +  d)(a-6-f  d) . 

Again,  if  c=a,  then  also  b=d,  and  ABCD  becomes  a  parallel¬ 
ogram,  and  its  area  takes  the  indeterminate  form—,  as  it 


should  do,  since  four  sides  do  not  completely  determine  a 
parallelogram. 

F.  Quadrilaterals  Generally. 


§  14.  A  quadrilateral  is  completely  determined  when  five 
independent  data  are  given.  We  consider  the  following 
cases. 

(a)  When  any  diagonal  and  the  perpendiculars  on  it  from  the 
opposite  vertices  are  given. 

The  quadrilateral  ABCD  (Fig.  6)  =ABD-f-BCD 

=  iBD.AE-f  4BD.CF 
=  iBD(AE+CF); 

or  the  area  is  equal  to  half  the  product  of  the  diagonal  and 
the  sum  of  the  perpendiculars. 

If  the  diagonal  BD 
fall  without  the 
figure,  as  in  the  con¬ 
cave  quadrilateral 
ABCD  (Fig.  7),  then 
it  is  clear  that  area 
ABCD  =  *BD(AE  - 
CF). 

(0)  W  hen  the  diago¬ 
nals  and  their  included 
angle  are  given. — In  the  quadrilateral  ABCD  (Fig.  8,  p.  20) 
let  BD  =  h,  AC  =  fc,  and  angle  DEA  =  a,  then 
ABCD  =  ABD-f  BCD 

=  }BD.AE  sin  a-f-£BD.CE  sin  a  (3  10,  y) 
=  -£6(AE-j-CE)  sin  a 
=  bhk  sin  a  ; 

or  the  area  is  equal  to  the  product  of  the  diagonals  and  th® 
sine  of  their  contained  angle. 

A  The  same  result 
holds  when  one  of 
the  diagonals  falls 
without  the  quad¬ 
rilateral,  as  in  Fig. 
7,  as  the  reader  can 
easily  verify. 

(y)  When  the  foter 

_  sides  and  the  angle 

B  F  E  D  between  the  diagonals 

Fig.  7.  are  given. — If  a,  6, 

c,  d  be  the  sides 
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and  a  the  angle  between  the  diagonals  it  can  easily  be 
shown  that 

area  of  quadrilateral  =  J(o2  -b2  c*-d2)  tan  a. 

(<5)  When  the  four  sides  are  given  and  the  opposite  angles  are 
supplementary. — In  Fig.  8  let  AB  =  a,  BC  —  b,  CD  =  c,  DA  =  d, 
AC  —  h,  angle  ABC=a,  A 

angle  CDA  =  0,  and  let 
a  — j—  /3  =  180°,  then 
area  of  ABCD=ABC-(-ADC 
=  £a&  sin  a  -f-  icd  sin  p. 

But 

sin  p  =  sin(180°  -  a)  =  sina, 
therefore 

area  of  ABCD  — £(a&-{-cd) 
sina. 

This  gives  us  the  area  of 
the  quadrilateral  in  terms  of 
the  four  sides  and  one  angle. 

Again  we  have 
a2  -j-  V2  -  2 ab  cos  a=h2  =  (?-\-d2  -  2 cd  cos  p  =  c2  -f-  d2  -j-  2 cd  cos  a, 

therefore 


Fig.  8. 


COS  a  ; 


c 2 

2{ab+cd)  ’ 


1+  cos  a  =(«+6-)~c  ~  <*)(«+&  ~  C+^I  and 
1  2(ab-\-cd) 


1  -  cos  a  : 


(c-j-d-j-a  —  b)(c— f-d  —  a-|-6) 

2(ab-\-cd) 

From  this  we  obtain 

sin2a=(l-}-cos  a)(l  -  cos  a) 

( b  -j-  c  -j-  d-a)(c  -J-  d-\-a  —  b)(d  -j-  a  -f-  b  —  c)(a-(-&  -j-  c  —  d) 

4(a6  cd)2 

Now  let  a  -j-  6  -f-  c  -j-  d  =  2s, 

then  £(a&-|- cd)  sin  a—V (s  -  a)(s  -  b)(s  -  c)(s  -  d) ; 

therefore  area  of  ABCD  =V (s  -  a)(s  -  b)(s  -  c)(s  -d) , 
or  log  area=i|log(s-o)+log(s-6)+log(s-c)+log(s-d)| 

If  d—0,  the  quadrilateral  becomes  a  triangle,  and  its  area 
is  V (s-a)(s-  b){s-c)s  as  before.  In  extracting  the  square 
root  of  sin  a  we  take  the  positive  sign,  since  the  angle  a  is  less 
Jhan  two  right  angles. 

G.  Regular  Polygons. 

§  15.  Since  a  regular  polygon  is  both  equilateral  and  equi¬ 
angular,  a  circle  can  be  inscribed  within  it  and  also  described 
about  it,  and  thus  the  n  straight 
lines  drawn  from  the  common 
centre  of  the  two  circles  to 
the  n  vertices  of  the  polygon 
divide  it  into  n  triangles  equal 
in  every  respect.  Therefore 
the  area  of  the  polygon  is 
equal  to  n  times  the  area  of 
any  one  of  these  triangles. 

|  16.  Radius  of  Inscribed 
and  Circumscribed  Circles. — 

Let  AB  (Fig.  9)  =  a  be  a  side 
of  a  regular  polygon  of  n 
sides ;  let  C  be  the  centre  of 
the  inscribed  and  circum¬ 
scribed  circles,  CD  =  r  the  ra¬ 
dius  of  the  former,  and  CE  =  R  the  radius  of  the  latter. 
The  angle  ACB  is  evidently  equal  to  the  nth  part  of  four 
right  angles,  that  is 


ACB  — 


360° 


and  ACD=£ACB  — 


180° 


Now 

and 

therefore 

and 


AD  =  4=  CDtanACD=rtan^! 

2  n 

AD  =  4=ACsinACD=Rsin^ ; 
2  n 


r=ax  £  cot 


180° 


R  — «X  icosec 


n 

180° 

n 


?  17.  Perimeter  of  Polygon. — The  perimeter  of  the  polygo 

of  n  sides  is  na,  i.  e.,  2 nr  tan  ~8®°  ,  or  2nRsin  -8®°  . 

n  n 

From  this  it  follows  that  the  perimeters  of  the  inscribed  an 
circumscribed  regular  polygons  of  n  sides  of  a  circle  of  radiu 


r  are 


2rwsin*8®!  and  2nr  tan  l8?!  respectively, 
n  n 


§  18.  Area  of  Polygon. 

(a)  In  terms  of  r. — The  area  of  polygon 

180' 

= n ACB = « AD  .  CD = n  x  r2  tan  ^  . 

n 

(p)  In  terms  of  R. — The  triangle  ACB 

= £AC .  CB  sin  ACB = £R2  sin88®!  . 

n 


360° 

and  therefore  area  of  polygon  =  4nR2  sin - 

n 

(y)  In  terms  of  a. — The  triangle  ACB 

=  £ AB  .  CD = ±  x  r = —  X  £a  cot  l8®!  cot  —  , 

2  2  n  4  n 

and  therefore  area  of  polygon  =a2x~  c°t  — -  > 

4  n 


or 


log4area=logn-J-liCot^L-}-21oga-10 . 

n 


From  a  and  p  it  follows  that  the  areas  of  the  inscribed  and 
circumscribed  regular  polygons  of  n  sides  of  a- circle  of  radius 
t  are  i  R0° 

inr 2  sin  - —  and  nr2  tan  - — -  respectively. 
n  n 


§  19.  In  the  formula  (§  18,  y)  for  the  area  of  a  polygon, 

the  factor  —  cot?^-  has  a  definite  value  for  every  value  of 
4  n 

n,  and  hence,  if  we  find  its  value  once  for  all  for  a  large 
number  of  values  of  n,  and  tabulate  the  results,  we  can  find 
the  area  of  a  regular  polygon  of  n  sides  by  multiplying  the 
square  of  its  side  by  the  appropriate  tabular  value. 

Again,  if  a  =  1  we  have 

r=icot—  and  R  =  i  cosec  i8®! ; 
n  n 

and  thus  we  obtain  in  a  similar  manner  the  radius  of  the 
inscribed  and  circumscribed  circles  by  multiplying  the  side 


by  the  appropriate  tabular  value  of  £  cot 


and  £  cosec 
n 


180° 

n 


respectively. 

g  20.  The  following  table  contains  the  values  of-”  cot 

180° 

and  their  logarithms,  and  the  values  of  £  cot  -  and 
1 80° 

£  cosec  — —  for  all  values  of  n  from  3  to  12. 
n 


n 

«COt^ 

4  n 

Logarithms. 

£CO« 

« 

l  cosec 

n 

3 

0.4330127 

1.6365006 

0.28867 

.57735 

4 

1.0000000 

0.0000000 

0.50000 

.70710 

5 

1.7204774 

0.2356490 

0.68819 

.85065 

6 

2.5980762 

0.4146519 

0.86602 

1.0000 

7 

3.6339124 

0.5603745 

1.0383 

1.1523 

8 

4.8284271 

0.6380568 

1.2071 

1.3065 

9 

6.1818242 

0.7911166 

1.3737 

1.4619 

10 

7.6942088 

0.8861640 

1.5388 

1.6180 

11 

9.3656407 

0.9715375 

1.7028 

1.7747 

12 

11.1961524 

1.0490688 

1.8660 

1.9318 

Let  A  denote  the  area  of  a  polygon  of  n  sides  and  A'  the 
corresponding  tabular  value  of  ^  cot  ,  then 
A  =  a2A', 

or  log  A  =  2  log  a-|-  log  A'. 


H. — Length  of  the  Radius  of  the  Inscribed,  Escribed,  and 
Circumscribed  Circles  of  a  Triangle. 

£  21.  (a)  Radius  of  Inscribed  Circle. — Let  O  (Fig.  10)  be  the 

centre  of  the  circle 
inscribed  in  the 
triangle  ABC  and 
touching  the  sides 
in  D,  E,  and  F. 
Join  OA,  OB,  and 
OC.  The  angles 
at  D,  E,  F  are  right 
angles  (Eucl.  iii. 
18).  Let  BC— a, 
CA  =  b,  AB  =  c, 
and  OD  =  OE  = 
OF =r. 

Now  A  B  C  = 
B  O  C  +  COA  + 
AOB 

=  har + £6r  +  £cr = £(a-j-&-}-c)r— rs ; 

whence  r = area  of  ABC = ^(8-a)(8-&)(8~c) . 

s  s 

(p)  Radius  of  Escribed  Circles. — Let  OD  =  OE  =  OF  (Fig.  11) 
=  ra,  then  ABC = ACO  -f  -  ABO  -  BOC 


/ 


MENSURATION. 


21 


and  r„ 


=i6Vf  -  \ara—\{b-\-c-a)ra— ra(s  -  a) , 

.area  of  ABC _ Y s(s-a)(s-b)(s-c) _  ls(s-b)(s-c) 

a- a  9- a  \  s- a 


Similarly 

rb 


-V 


s-b 


ls( s  -  a)(s-  c)  and  r„  =  ^s(s-a){a~b) 


s-c 


(y)  Radius  of  Circumscribed  Circle. — Let  AD  (Fig.  12)  =p 
the  perpendicular  from  A  on  the  side  BC,  and  AE  =  2 It  the 


Fig.  11. 


Fig.  12. 


diameter  of  the  circle,  then  (Eucl.  vi.  C)  we  have 
2RXp  =  bXc, 
therefore  2E  X  ap  =  abc  . 

Now  ap  =  2A,  where  A  denotes  the  area  of  ABC ; 

,  _ abc _  abc 

hence  E=  — = .  .  - 

4A  4>/s(s_a)(s_ft)(s-c) 

Example. — Let  a  =  13,  &  =  14,  and  c  =  15 ;  then  r  will  be 
found  to  be  4,  ra  10i,  r&12,  rc14,  and  E  84. 


Section  II.— Plane  Figures  contained  by  Curved 
Lines. 

A.  The  Circle. 

$  22.  Circumference  of  a  Circle. — If  we  inscribe  in  any 
circle  a  regular  polygon  of  n  sides,  and  also  circumscribe  a 
regular  polygon  of  the  same  number  of  sides,  it  is  clear  that 
the  perimeter  of  the  circle  is  intermediate  between  the 
perimeters  of  the  inscribed  and  circumscribed  polygons, 
and  that  the  difference  between  the  perimeters  of  the  in¬ 
scribed  and  circumscribed  polygons  can  be  made  as  small  as 
we  please  by  sufficiently  increasing  n.  A  similar  statement 
holds  with  reference  to  the  areas  of  the  circle  and  the  in¬ 
scribed  and  circumscribed  polygons.  With  the  above  as¬ 
sumptions  it  is  easily  proved  that  the  circumference  of  a 
circle  bears  a  constant  ratio  to  its  diameter.  Hence  we 
have 

Circumference  =  C  =  constant  X  radius  =  constant  X  r. 

It  is  usual  to  denote  this  constant  by  2j r,  and  therefore 
C  =  2 Tzr  =  nd,  where  d  is  the  diameter  of  the  circle. 

2  23.  Numerical  Value  of  vr. — The  constant  v  being,  as  can 
be  easily  proved,  an  interminable  decimal,  we  can  only 
approximate  to  its  value,  but  this  we  can  do  to  any  degree 
of  accuracy  we  please.  * 

If  s  and  a  denote  respectively  a  side  of  the  inscribed  and 
circumscribed  polygons  of  n  sides,  and  s'  and  o'  a  side  of  the 
inscribed  and  circumscribed  polygons  of  2 n  sides,  it  can 
easily  be  shown  that 

<•>  °=vw^m •  (W  { 7:7  1  ’ 

(y)  =  , 

Yr *  -  (4s')2 

where  r  is  the  radius  of  the  circle. 

If  we  take  r  —  4  we  find,  by  means  of  these  formulfe,  and 
by  assuming  the  value  of  s  when  n  =  6,  that  the  perimeter 
of  inscribed  polygon  of  96  sides  =  3.140  .  ...  ,  and  the  peri¬ 
meter  of  circumscribed  polygon  of  96  sides  =  3.142.  .  .  . 

From  this  we  learn  that  the  circumference  of  the  circle, 
in  this  case  n,  is  greater  than  3.140  ....  and  less  than  3.142 
.  ,  and  therefore  as  far  as  the  second  place  of  decimals 

7r  =  3.14. 

By  taking  greater  and  greater  values  of  n  we  obtain  closer 
and  closer  approximations  to  ir. 

The  preceding  method  for  approximating  to  the  value  of 
7T  is  the  simplest  afforded  by  elementary  geometry,  and  is 


also  the  oldest ;  but  better  and  more  rapid  methods  are  fur¬ 
nished  by  the  higher  mathematics.  The  calculation  of  v 
has  been  carried  to  707  places  of  decimals,  the  following 
being  the  first  20  figures  in  the  result : 

3.14159265358979323846 . 

For  all  practical  purposes  it  is  sufficient  to  take 

*  =  3.14159  or  =  *^. 

113 

2  24.  The  following  table  contains  the  functions  of  ir  that 
are  of  most  frequent  occurrence  in  mensuration : 


Number. 

Logarithm. 

IT 

3.1415927 

0.4971499 

2tt 

6.2831853 

0.7981799 

4tt 

12.5663706 

1.0992099 

1.5707963 

0.1961199 

in 

\tt 

1.0471976 

0.0200286 

0.7853982 

1.8950899 

6 "• 
S7r 

0.5235988 

1.7189986 

0.3926991 

1.5940599 

0.2617994 

1.4179686 

I* 

4.1887902 

0.6220886 

180 

0.0174533 

2.2418774 

1 

7T 

0.3183099 

1.5028501 

4 

1.2732395 

0.1049101 

1 

47T 

0.0795775 

2.9007901 

180 

7 T 

57.2957795 

1.7581226 

6tt2 

V' r 

£ 

Y,r 

Y * 
i 

2j/  jr 

rv 

vi 

loge»r 


Number. 


9.8696044 

0.0168869 

1.7724539 

1.4645919 

0.5641896 

1.1283792 

0.2820948 

1.2407010 

0.6203505 

1.1447299 


Logarithm. 


0.9942997 

2.2275490 

0.2485750 

0.1657166 

1.7514251 

0.0524551 

1.4503951 

0.0936671 

1.7926371 

0.0587030 


§  25.  Units  of  Angular  Measurement. — In  measuring  lines 
we  select  some  line  of  constant  length  as  the  standard  or 
unit ;  similarly  in  measuring  an¬ 
gles  we  require  to  take  some  angle 
of  constant  magnitude  as  unit  an¬ 
gle.  The  right  angle  is  by  its  na¬ 
ture  the  simplest  unit  angle,  but, 
for  convenience,  we  take  the  ^th 
part  of  a  right  angle  for  unit,  and 
call  it  a  degree,  which  is  subdi¬ 
vided  into  sixty  equal  parts  called 
minutes,  and  these  again  into 
sixty  equal  parts  called  seconds. 
For  theoretical  purposes  we  de¬ 
fine  the  unit  angle  to  be  the  angle 
subtended  at  the  centre  of  a  circle 
by  an  arc  equal  to  the  radius.  This 
angle  we  call  a  “radian.”  In  many  treatises  the  radian 
measure  of  an  angle  is  called  the  circular  measure. 

§  26.  The  Radian  is  a  constant  Angle. — Let  OA  (Fig.  13)  = 
arc  AB  =  r,  then  AOB= radian,  and  let  AOD=90° ;  then 

arc  AD= 4  X  2? it  =£ur ; 


and,  since  angles  at  the  centre  of  a  circle  are  proportional 
to  the  arcs  on  which  they  stand  (Eucl.  vi.  33), 

number  of  degrees  in  radian  AOB_  AB__  2  . 
number  of  degrees  in  AOD  AD  4*r  n 

therefore  number  of  degrees  in  radian 

=  90°  X  — =  57°  .2957795  =  constant. 

t r 

$  27.  Number  of  Radians  in  any  Angle. — Let  AOC  (Fig.  13) 
be  any  angle,  AOB  the  radian,  and  AC=s;  then 

number  of  radians  in  AOC _ AC _ s  . 

one  radian  AB  r  ’ 

therefore  number  of  radians  in  AOC=  A- . 

r 


If  AOC  =90°,  then  s  —  far,  and  number  of  radians  =  in-; 
there  are  thus  n  radians  in  two  and  2tt  in  four  right  angles. 

When  r=  1  we  have  number  of  radians  =  s,  and  hence  in 
some  treatises  for  the  number  of  radians  in  an  angle  we  find 
the  length  of  the  arc  given. 

$  28.  To  transfer  from  degrees  to  radians  and  conversely. — 
Let  x  denote  the  number  of  degrees  in  an  angle,  and  9  the 
number  of 

radians  in  tlie  same,  then,  since  — =  — , 

180  7 r 

(a)  6  =  —,  0)  X°  =  ™0. 

W  180  IT 

}  29.  The  following  table  contains  the  values  of  0  for 
values  of  x  up  to  180°,  and  also  for  minutes  and  seconds. 
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Degrees. 

Radian. 

Degrees. 

Radian. 

Degrees. 

Radian. 

Minutes. 

Ra¬ 

dian. 

.0 

Seconds. 

Ra¬ 

dian. 

.000 

1 

.0174533 

61 

1.0646508 

121 

2.1118484 

1 

002909 

1 

0048 

2 

.0349066 

62 

1.0821041 

122 

2.1293017 

2 

005818 

2 

0097 

3 

.0523599 

63 

1.0995574 

123 

2.1467550 

3 

008727 

3 

0145 

4 

.0698132 

64 

1.1170107 

124 

2.1642083 

4 

011636 

4 

0194 

5 

.0872665 

65 

1.1344640 

125 

2.1816616 

5 

014544 

5 

0242 

6 

.1047198 

66 

1.1519173 

126 

2.1991149 

6 

017453 

6 

0291 

7 

.1221730 

67 

1.1693706 

127 

2.2165682 

7 

020362 

7 

0339 

8 

.1396263 

68 

1.1868239 

128 

2.2340214 

8 

023271 

8 

0388 

9 

.1570796 

69 

1.2042772 

129 

2.2514747 

9 

026180 

9 

0436 

10 

.1745329 

70 

1.2217305 

130 

2.2689280 

10 

029089 

10 

0485 

20 

.3490659 

80 

1.3962634 

140 

2.4434610 

20 

058178 

20 

0970 

30 

.5235988 

90 

1.5707963 

150 

2.6179939 

30 

087266 

30 

1454 

40 

.6981317 

WO 

1.7453293 

160 

2.7925268 

40 

116355 

40 

1939 

50 

.8726646 

110 

1.9198622 

170 

2.9670597 

50 

145444 

50 

2424 

60 

1.0471976 

120 

2.0943951 

180 

3.1415927 

60 

174533 

60 

2909 

1 

As  an  example  of  the  use  of  this  table  we  proceed  to  find 
the  value  of  8  when  *=68°  45'  17"  .8. 


When  x  =  68°  9  =  1.1868239, 
*  =  40'  «=  .0116355, 
x=  5'  8=  .0014544, 
*=10"  9=  .0000485, 
*=  7"  9=  .0000339, 
and  when  *  =  0".8  9  =  .0000039 , 
thefefore  when  *  =  68°  45'  17". 8  9  =  1.2000001 . 


4  30.  Combining  the  results  of  44  27  and  28  we  obtain 

(a)  />=_£.,  and  a;=^  .  ±- 

r  tt  r 

W  r=±=!“.A; 

9  n  * 

(y)  s=r9  =  — .  .  rx  . 

180 


4  31.  Length  of  Arcs  of  Circles. — The  following  are  the  more 
important  cases : 

(a)  In  terms  of  the  chord  of  the  arc  and  the  radius  of  the 
circle.— Let  AB  (Fig.  14)=2c,  AC  =  r,  and  AEB  =  s,  then 

AD  =  £  AB  —c  =  r  sin  £C,  whence  C  is  known,  and 
therefore  the  arc  s  is  found  (4  30,  y). 

C/3)  In  terms  of  the  height  of  the  arc  and  the  radius  of  the  circle. 
— Let  DE  =  h  =  height  of  arc,  then 


CD  =  CE-DE=r-fc, 

and  cos  £C=  — =Zz]L 

AC  r 

whence  C  is  found,  and  therefore  s. 

J 


Fig.  14. 


Fig.  15. 


=  4s- 


2.  3.  4.  r*  1  2  .  3  .  4  .  5.  64.  r4 


-  etc. 


Hencfe,  neglecting  powers  of  —  beyond  the  fourth,  we 

obtain  =  *(  1-  — s  approximately. 

In  practice  it  is  sometimes 
more  convenient  to  use  the 
equivalent  form 

s  —  2qA->t(2q-p) . 

4  33.  Area  of  Sector  of  a 
Circle. — Letthesector  be  OAB 
(Fig.  16).  Divide  the  arc  AB 
into  n  equal  parts,  and  draw 
the  chords  of  these.  Let  P 
denote  the  perimeter  of  the 
broken  line  AB,  A  the  area 
of  the  polygon  AOB,  and  p 
the  altitude  of  any  one  of 
the  n  equal  triangles  of  which 
this  polygon  is  made  up. 

Now  in  the  limit,  when  n 
is  indefinitely  increased,  P  becomes  the  arc  AB  —  s,  a  result 
which  we  symbolize  thus — 

LP  =  arc  AB  =  *. 

r»  - — 


Similarly  ^  p  =  radius  —  r . 

Again,  the  area  of  the  sector  is  equal  to  the  area  of  the  poly¬ 
gon  when  the  broken  line  AB  becomes  the  arc  AB,  that  is, 

sector  =T,  A=L  ipXP  =  iL  pxTj  P. 

-B-in=oo  -*-Jn=oo  -B-Jn=a0  -*-<71=00 

=  \rs . 


4  34.  Let  S  denote  the  area  of  a  sector  of  a  circle,  then,  by 
means  of  the  above  result  and  4  27,  we  have 

(a)  S  =  £sr, 

(0)  S  =  £r0.r  =  £r20. 

4  35.  We  proceed  to  find  the  area  of  a  sector  of  a  circle  in 
the  following  additional  cases : 

(a)  When  the  chord  of  the  sector  and  the  radius  of  the  circle 
are  given. — In  Fig.  14  let  AB  =  2c,  and  let  AC  =  r,  then  we 
have 

sin  A^?=A?=_£  ; 

2  AC  r  ’ 

whence  ACB  and  therefore  9  is  known,  and  S  can  be  found 
by  4  34. 

ACB  has  two  values,  the  smaller  one  giving  the  area  of 
the  minor,  and  the  larger  that  of  the  major  conjugate  sector. 

(0)  When  the  chord  and  height  of  the  chord  are  given. — Let 
DE  (Fig.  14)  =  h  and  AB  =  2c,  then 

AC2  =  r2  =  AD2  -f  DC2  =  c2  +  (r  -  h)\  whence 

r  =  c2  ~j~  ,  and  therefore  by  previous  case  the  area  can  be 

2h 

found. 


(y)  When  the  chord  and  angle  subtended  at  the  centre  are  given . 
— Let  AB  (Fig.  14)  =  2c  and  ACB  =  9,  then 


A=sinACB, 


therefore  area  of  sector  =  £r20  =  £ 


sin  £9  ’ 
Vsin  £9  / 


X  9 


4  36.  Area  of  a  Circle. — The  circle  being  a  sector  whose 
arc  is  the  whole  circumference  we  obtain  at  once 


4  32.  Huygens's  Approximation  to  the  Length  of  a  Circular 
Arc. — Let  AB  (Fig.  15)  =  jp  be  the  chord  of  the  arc  AEB, 
and  AE  =  EB = q  that  of  half  the  arc,  then  the  arc  AEB  =  £ 
(8 q  -p)  approximately. 

For,  let  r  denote  the  radius,  s  the  arc  AEB,  and  29  the 

angle  ACB,  then  9  —  Again,  AB  —p  —  2AD  =  2r  sin  9  = 

2r 


2 r  sin  ~ ;  and  similarly  q—2r  sin  — . 
2r  ^  1  4r 


Now 

therefore 


sto5='-|+re-ete-' 


13  + 


2  .  3  .  4  .  rl  2  .  3  .  4  .  5  .  16  .  r* 


-etc. 


area  of  circle  =  £r  X  s  —  £r  X  2*r  =  nr 2. 

An  independent  proof  of  this  proposition  might  be  given  by 
means  of  the  inscribed  and  circumscribed  polygons,  and 
from  the  area  of  a  circle  the  area  of  a  sector  can  be  deduced. 
The  infinitesimal  calculus  affords  a  simple  and  elegant  proof 
(see  4  44). 

4  37.  If  A  denote  the  area,  r  the  radius,  d  —  2r  the  diam¬ 
eter,  and  C  the  circumference  of  a  circle,  we  have 

A  =  nr1 , 

A  =  £  X  2irr  X  r  =  £  Cr 
a_4tt  2r2_C2 
4tt  4n  * 

» _ "4r2 _ ird*  ‘ 

4  4  ’ 

Whence  we  see  that  the  area  of  a  circle  is  obtained  by  mul¬ 
tiplying 

(a)  the  square  of  its  radius  by  n  =  3.14159 , 

(0)  the  radius  by  half  the  circumference , 


(y) 

(i) 
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(y)  the  square  of  the  circumference  by  I_=.07957 , 

4?r 

(<5)  the  square  of  the  diameter  by  i*  =  .78539 . 

§  38.  Again,  from  the  above  formulae  we  deduce 


circle  and  a  sector.  If  y=<p(x)  be  the  equation  to  a  plane 


(«) 

(0) 


r =-A  A  =  .5641896  X  A , 
Vir 


(i=l_A  =  1.1283792  X  A  , 

V  n  _ 

(y)  c=£  j/ttA  =3.5449077  X  A, 

thus  obtaining  radius,  diameter,  and  circumference  from 
area. 

§  39.  Area  of  a  Circular  Ring. — Let  r  and  n  denote  the 
radii  of  the  outer  and  inner 
circles  respectively  (Fig.  17), 
then  the  area  of  the  space  be¬ 
tween  them  B 

=7ir2-irr?  =ir(r-f-n)  (r-n). 

The  circles  need  not  be  con¬ 
centric,  and  the  reader  should 
note  that  the  area  of  the  ring 
is  equal  to  the  area  of  an  el¬ 
lipse  whose  major  and  minor 
axes  are  r-j-n  and  r-n  (see 
§  51). 

§  40.  Area  of  the  Sector  of  an 
Annulus. — Let  angle  ACB  =  6  in  Fig.  17,  then  the  area  of 
ABED 

=  sector  ACB  -  sector  DCE 

=  ir20-£r?0  , 

=  i«(r  +  n)(r-n) . 

Again,  let  AB  =  l,  DE  =  li,  and  CA  -  CD  =  r  -  n  =  h,  then 
r  =  and  n  =  ~  ;  therefore 


Fig.  17. 


area  of  sector 


v  -f-  n - (l  -|-  li)t  and 


=  }9(r  -f-  n)  (r  -  n)  =  ie  A  +  h)  • 

§  41.  Area  of  a  Segment  of  a  Circle. — (a)  When  the  radius  and 
the  angle  subtended  at  the  centre  are  given. — In  Fig.  14,  let  AEB 
be  a  segment  of  a  circle,  then  its  area 

=  6ector  ACB -triangle  ACB. 

.  =  ir20  -  Jr2  sin  0  ( ££  9,  34) 

=  £r2(0-sin0). 

If  the  segment  be  greater  than  a  semicircle  sin  0  is  negative 
and  the  formula  becomes 

$r2(0-)-sin0), 

as  is  also  geometrically  evident. 

We  might  in  a  similar  manner  find  the  area  of  a  segment  of 
a  circle 

(0)  when  the  chord  and  radius  are  given, 

(y)  when  the  chord  and  its  height  are  given, 

((5)  when  the  radius  and  height  of  the  chord  are  given, 

(*)  when  the  chord  and  angle  subtended  by  the  chord  are 
given. 

In  all  these  cases  the  method  of  proceeding  is  obvious,  a 
segment  being  the  difference  between  a  sector  and  a  tri- 

i  42.  Area  of  a  Lune. — Let  ADB  and  ACB  (Fig.  18)  be  two 
segments  of  circles,  then  the 
area  of  the  lune  ADBC 
=  segment  ADB  -  segment 
ACB. 

Hence  if  we  so  choose  our 
data  that  we  can  determine 
the  areas  of  the  two  segments 
we  have  only  to  take  their 
difference  to  find  the  area  of 
the  lune. 

0  43.  Area  of  a  Circular 

Zone. — Let  AB  and  CD  (Fig.  19)  be  two  parallel  chords, 
then  the  area  of  the  zone  ABCD 

=  circle  -  segment  AHB  -  segment  DFC ; 
or  =  segment  AED -f- trapezium  ABCD  -j- segment  BGC 
=  2  segment  AED -f  trapezium  ABCD. 

g  44.  The  Infinitesimal  Calculus  ( q.v .)  furnishes  a 
simple  and  elegant  proof  of  the  formulae  for  the  areas  of  a 


r 

b 

O  N  JX  X 

y' 

Fig.  19. 


Fig.  20. 


curve  referred  to  rectangular  axes,  then  the  area  between 
the  curve,  the  axis  of  x,  and  two  ordinates  corresponding  to 
the  absciss®  a  and  6  is  represented  by  the  integral 
b 

tp(x)dx. 
a 

Let  x  and  y  be  the  coordinates  of  P  (Fig.  20),  then  if  OP 
=  r  the  equation  to  the  circle  is  y2  =  r2-  x2,  and  therefore 

rr  _ 

area  of  quadrant  AOB  =  J  j/r2-  x2dx 


/ 

n. 


rr  r2  .  -  lx  .  x  , - "1  r2  ir  rr2 

=  Ig-sin  7  + -gl/r2-^2  |=^X-2=t, 
o'- 

and  therefore  area  of  whole  circle  =  rrr2. 

%  45.  If  the  equation  to  a  plane  curve  be  given  in  polar 
coordinates,  the  area  bounded  by  two  radii  and  the  curve  is 
equal  to 

i  I  r2d9 , 


if 

J  0! 


where  ei  and  B2  are  the  values  of  6  corresponding  to  the 
limiting  radii. 

For  example,  let  AOP  (Fig.  20)  be  6,  then  area  of  circlo 


r2  /»2t 

=  2)  = 
•J  0 


2nr2 

>  =  — — - = nr2  as  before. 
& 


The  area  of  a  sector  can  be  found  in  a  similar  manner. 

B.  The  Parabola. 

§  46.  Length  of  an  Arc  of  any  Plane  Curve. — If  a  plane 
curve  be  referred  to  rectangular  axes,  then  the  length  of  any 
arc  of  the  curve 


=■=/{ 


>+(! 


2dx 


S 


'+(!) } 


dy 


taken  between  proper  limits,  i.e.,  the  extremities  of  the  arc. 
See  Infinitesimal  Calculus. 

§  47.  Arc  of  a  Parabola. — Let  the  axes  of  coordinates  be  th# 


Fig.  18. 


axis  of  x  and  the  tangent  at  the  vertex  A  (Fig.  21),  then  the 
equation  to  the  parabola  being  y2  =  2mx,  where  m=2a=i 
latus  rectum,  we  have 


,  and  hence 

r  m 


$=arcAP 


-JTI'+s) 


dy 
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therefore 


yiVy\-\-m2  m  ( yi+V  yf  +  mA 

= - 2m - +  ~2  l0g<  V  »  ) 


whole  arc  PAP'  =  -f  m2  -f  m  log*  ^  ^  . 

Since  y|  =  2mxi,  the  formula  may  be  written 

=  ^  taj+7;+  A  log.  (y^s)  ■ 


arc  PAP' 


§  48.  Area  of  a  Parabola. — Taking  the  equation  to  the 
parabola  in  the  form  y2  =  4px,  we  get 


area  of  segment  PAP'  (Fig.  21) 


fX\ 

=2J  2 


2  V pxdx 


=  %p* x$=%x\yi—&  . 

3 P 


Fig.  22. 


From  these  formulas  we  see  that  the  area  of  a  parabolic  seg¬ 
ment  varies  directly  as  the  cube  of  the 
square  root  of  the  abscissa,  and  directly 
as  the  cube  of  the  ordinate,  and  that  it 
is  equal  to  §  rectangle  PQQ'P',  or  § 
triangle  PTP'. 

A  similar  relation  holds  for  the  seg¬ 
ment  cut  off  by  any  chord,  and  thus  the 
area  of  any  parabolic  segment  can  be  de¬ 
termined  in  terms  of  any  data  that  are 
sufficient  to  determine  the  segment.  , 

$  49.  Area  of  a  Parabolic  Zone. — Let  Q 
PM  (Fig.  22)  =  yh  QN  =  y2,  AM  =  xi, 

AN  =  an,  and  let  the  ordinates  be  in¬ 
clined  to  the  axis  at  an  angle  a. 

Area  of  zone  PQQ'P'  =  segment 
PAP'  -  segment  QAQ' 

yf~vl 

-irXsm  «■ 

Now  y?  =  4pxi  and  y|=4_pxa,  therefore  -  fl  ~-y*~  =  v  ana 

4  (asi  -  Xi)  r 

hence  on  substituting  for  p  we  have  area  of  zone 
=  $(*i  “  **)  sina  =  f  (y?-|-yiy2-}-y|)sina. 

\yi~yi /  yi-ryi 

C.  The  Ellipse. 

i 

§  50.  Circumference  of  an  Ellipse. — The  equation  to  the 

ellipse  being  —  -f-  =  1 ,  where  a  and  b  are  the  semiaxes, 

aL  b2 

we  have  and  therefore  (Fig.  23) 

ax  aly 

fa  (  a 2  _  e2x2  )  1 

arc  of  quadrant  AB  =  I  j  ai-x*  |  dx’  where  c*  = 

af-b2 
a 2  ' 

This  integral  may  be  shown  to  be  equal  to  the  series 


rat  i  _  e2  _  1  ■  3e*  1 

2  \  2*  22  .  42  2 


2J  .  42  .  62 


-etc. 


)• 


a  rapidly  converging  series  when  e  is  a  small  fraction 
By  taking  more  and  more 
terms  of  the  above  series  we  „ 

can  approximate  as  nearly 
as  we  please  to  the  circum¬ 
ference  of  an  ellipse.  For 
example,  we  have  quadrant 
AB 

=  —(  1 
2V  4;  2  \  2) 

to  a  first  approximation ; 
hence  whole  circumference 

■=  „  j  (2a)2  +  (26)2  J  inearly>  fig.  23. 

i  51.  Area  of  an  Ellipse. — We  have  at  once 

area = 4  j  ydx4  =  A  . 

J  0  “•/  .1 


fl 

1 — ^ 

k 

v 

c 

m~~7 

Tr - ^ 

Y 

But^J*  V  a 


?-x2dx  is  the  area  of  the  quadrant  of  a  circle  of 


radius  a.  Thus 

area  of  ellipse  =  4  —  AL 
a  4 


($44) 


=  nab . 

The  following  proof  is  worth  the  reader’s  attention.  By  a 
well-known  theorem  in  conic  sections  the  orthogonal  pro¬ 
jection  of  a  circle  on  a  given  plane  is  an  ellipse.  Now,  if  A 
denote  the  area  of  any  plane  figure,  A'  the  area  of  the  pro¬ 
jected  figure,  and  0  the  angle  between  the  planes,  it  can 
easily  be  shown,  by  dividing  the  two  areas  by  planes  in¬ 
definitely  near  to  each  other  and  perpendicular  to  the  com¬ 
mon  section  of  the  planes,  that 

A  cos  0  =  A'. 

In  the  case  of  the  circle  and  ellipse  A —na2  and  cos0= 

a 

hence  area  of  ellipse  =  na2  x  —  =  nab . 

a 

%  52.  Area  of  an  Ellipse  in  terms  of  a  Pair  of  Conjugate 
Diameters. — Let  a'  and  b'  denote  the  semiconjugate  diame¬ 
ters,  and  a  the  angle  between  them,  then  by  an  elementary 
property  of  the  ellipse 

ab  =  a'b'  sin  a ; 

hence  area  of  ellipse  =  na'b'  sin  a. 

D.  The  Hyperbola. 

§  53.  Area  of  a  Segment  of  an  Hyperbola. — The  equation  of 


an  hyperbola  being 


b 2 


=  1 ,  we  have 


y  = - V  x2  -  a2  5  hence  (Fig.  24) 

a 


area  of  the  segment  PAP' 


b  CXl 

=  2-  I  1 

a J  a 


1  x2-a2dx 


=  y  *1 V  x l  -  a2  -  ab  loge(a+A£i_£L2) 

=  xiyi-ab  loge  rj- £0  . 

§  54.  Area  of  a  Sector  of  an  Hyperbola. — The  sector  PAP'C 
is  equal  to  triangle  PCP'  -  segment  PAP' 

=  *iyi  -  |  auyi  -  ab  loge  +  } 

=  «&loge(A  +  2A). 

$  55.  Area  of  a  Zone  of  an  Hyperbola. — In  Fig.  24  the  zone 
PP'Q'Q 

=  segment  QAQ'  -  segment  PAP' 

=  Xipi  -  ab  log*  ^~-{-^^-xiyi-f-a61og«^5--f'y^ 

=  Xiyi  -  xiyi  -  ab  log*  ( f  A  ,  where 
\ayi  -f-  bxi ) 

xi,  yi  and  x2,  y2  are  the  coordinates  of  P  and  Q  respectively. 

If  the  axes  of  coordinates  be  inclined  at  an  angle  a,  we 
multiply  the  above  results  by  sin  a  to  obtain  the  correct 
areas. 


Fig.  24. 


Fig.  25. 


?  56.  Area  bounded  by  an  Hyperbola  and  its  Asymptotes. — 
The  equation  of  an  hyperbola  referred  to  its  asymptotes  is 
of  the  form 


xy  —  c2. 
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.  Let  CM'  (Fig.  25)  =  an,  OM  =  a*,  Q'M'  =  yh  Q  M  =  y3,  then, 
if  a  be  the  angle  between  the  asymptotes, 

f*x\ 

area  of  QMM'Q  =  I  y  sin  a  dx 

J  X% 

=  caSin  afx.  ~=c2*in  a  lo&  (|)=^sinalog< 


since 


xi 


—  and  Xi  =  — 


y  i 


Now 

(«) 


y 2 
2  ab 


,a  __  a  -j-fr.  an(j  g-n  a  __  ^  an(j  therefore 


.  a2  -  j-  b2 

area  =  i  ab  loge  ^  =  £  ab  loge  ^ 

Again,  let  MM'  =  an  -  X2  =p,  then 

c2  —  xiyi  =  xxyi  —  ,  therefore 

y-i  -  yi 


(fl)  QMM'Q'  =  loga(^)  sin  a  = 


pyiy  2 


£  60.  Area  of  a  Polygon  in  terms  of  the  Coordinates  of  its 

Angular  Points. — Let 
the  coordinates  of  P, 
Q,  E  (Fig.  30)  be  (an, 
yi),  (x2,  y2),  and  (x3, 
y3)  respectively,  and 
let  the  axes  be  in¬ 
clined  at  an  angle  a. 
Draw  PL,  QM,  and 
BN  parallel  to  OY, 
then 

LM=OM-OL=£2-an, 
MN=ON-OM=I3-!C2, 
and 

NL=ON-OL=a*-an. 
PQE  ~  PLMQ-)-  QMls  E  -  PLNE. 

PLMQ = PLM  -f  QMP  =  PLM  +  QLM 
= iPL.LM sin  a  -f-  iQM.LM sin  (180° -a)($  9,0) 

—  i(x2-xi)(yi-j~y2)sina. 

QMNB =i(xs-X2)  (y2-f-  y3)  sin  a , 
PLNE=£  (a;3-an)  (y3  +  yi)sina ;  hence 


Now 

But 


Similarly 
and 


3/2  —  3/1 


3/2  —  3/1 


loge^i^sin  a  .  jarea  of  PQB  =  £sina  jyi(a;2-:r3)~{-3/2(£3-2;i)-f-y3(:ci 


Again,  since 

ixiyi  sin  a  =  £c2  sin  a  =  \x2y2  sin  a  , 
we  have  triangle  QCM  =  Q'CM',  and  hence 
the  sector  QCQ'  =  QMM'Q'. 

The  corresponding  results  for  a  rectangular  hyperbola  are 
obtained  by  substituting  in  the  above  formulae  £a2  for  c2  and 
1  for  sin  a. 

Section  III. — Plane  Irregular  Eectilineal,  and 
Curvilinear  Figures. 

A.  Irregular  Rectilineal  Figures. 

?  57.  The  area  of  any  irregular  polygon  can  be  found  by 
dividing  it  into  triangles,  trapeziums,  etc.,  in  the  most  con¬ 
venient  manner,  and  adding  together  all  the  areas.  For 
example, 

ABCDEF  (Fig.  26)  =  CKB  -f  BKHA  +  AHF  +  FGE 
+  EGID  +  DIC. 


,  or  in  the  notation  of  determinants 


=  4  sin  a 

111 

xi  X2  x3 

yi  y3  y3 

j/ 

./I  I 

G^V. 

\K|  H 

1 

1 

Fig.  26. 


FC  G  D 

Fig.  27, 


It:  may  sometimes  happen  that  some  of  the  component 
figures  have  to  be  subtracted  instead  of  added;  for  ex¬ 
ample, 

ABCDE  (Fig.  27)  =  AFHE  +  BCG  -  AFGB  -  EDH. 

?  58.  Again,  the  irregular  rectilineal  figure  P1P2  .  .  .  P8P9 
(Fig.  28)  can  be  broken  up  into  a  series  of  triangles  and 
trapeziums  as  shown  in  the  figure,  and  hence  its  area  can  be 
found. 

‘i  59.  A  figure  made  up  of  straight  lines  may  be  measured 
by  cutting  it  up  into  triangles  by  lines  drawn  from  some 
one  vertex  to  the  others.  For  example  (Fig.  29), 

ABCDEF  =  ABC  +  ACD  -f  ADE  -f  AEF. 

If  the  polygon  be  concave  some  of  the  triangles  will  have 
to  be  subtracted. 


When  the  axes  are  rectangular  sin  a  =  sin  90°  =  1,  and 
the  formula  for  the  area  becomes 

£  {yi{x2  -  x3)  -f-  y2(x 3  -  xi)  -f-  y3{xi  -  x2)  1 
=  £  111 

Xl  X2  X3  . 

y  1  j/2  3/3 

?  61.  The  area  of  any  rectilineal  figure  of  n  sides  can  be 
found  by  taking  any  point  within  the  figure  and  joining  it 
to  the  n  vertices  of  the  figure,  thus  dividing  it  into  n  trian¬ 
gles  the  area  of  each  of  which  can  be  obtained  as  in  the 
preceding  case. 

We  may,  however,  find  the  area  of  the  figure  directly. 

For  example,  in  Fig.  31, 

PQEST  =  PP'T'T  +  TT'S'S  -f  SS'E'E  -  EE'Q'Q  -  QQ'P'P, 
and  in  Fig.  32, 

PQESTU  =  PP'U'U  +  EE'Q'Q  +  TT'S'S  -  PP'Q'Q  -  EE'S'S 
-TT'U'U. 


P'T'  Q'S' 

;Fig.  31. 


tTx.  O  P'R'Q'  T"  S'  U'X 
Fig.  32. 


B.  Irregular  Curvilineal  Figures. 

I  62.  Length  of  any  Curve—  If  we  divide  the  given  arc  into 

an  even  number  of  intervals 
and  regard  these  as  approxi¬ 
mately  circular,  we  can  find 
an  approximation  to  the 
length  of  the  arc  by  means 
of  Huygens’s  formula,  §  32. 
For  example,  if  we  divide 
ABC  (Fig.  33)  into  four  parts 
in  D,  B,  and  E,  and  draw 
the  chords  AD,  AB,  DB,  BE, 
BC,  and  EC,  then 

AD  +  DB  +  BE  -f  EC  +  £(  AD  +  DB  +  BE  -f  EC 
-AB-BC) 

approximately. 

For  other  methods  of  approximation,  see  Bankine’s  Rules 
and  Tables. 

%  63.  Area  of  an  Irregular  Curmlineal  Figure. — For  rough 
approximations  the  following,  called  the  trapezoidal  method, 
may  be  used : 


Fig.  29. 
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Divide  AiAn  (Fig.  34)  into  n  equal  parts,  and  through  the 


points  of  division  draw  the  ordinates,  called  by  surveyors 
offsets,  A1P1,  A2P2,  etc. 

Let  A1P1  =  #1 ,  A2P2  =  S2 ,  etc.,  A„Pn  =  s„,  and 
Ai A2  =  A2A3  =  .  .  .  =  An_  1  A„  =  a. 

Join  P1P2,  P2P3,  etc.,  then  the  area  of  the  polygon  AiAnP„P2Pi 


D 


==  A1A2P2P1  -f~  A2A3P3P2  4~  •  •  •  •  *4"  A„_iAnPnP„_i 

=  ia(»l  — {— *2)— }—  Aa(«2— j— *3)“ I-  •  •  •  •  "I-  £®(sn—  1  “t-  sn)  (§  13,  a) 

=  a{i(«X  +  Sn)  +  *2  +  *3  4-  •  •  •  •  +  *»-l}  ' 

If  we  take  n  sufficiently  great  the  difference  between  the 
area  of  the  polygon  and  the  curvilineal  figure  can  be  made 
as  small  as  we  please,  in  other  words,  the  smaller  we  make 
a  the  more  accurately  will  the  above  formula  represent  the 
area  of  the  curvilineal  figure. 

The  curve  may  either 
be  wholly  convex  or 
wholly  concave  to  the 
line  AiAn,  or  partly  con¬ 
vex  and  partly  concave. 

$  64.  Simpson’s  Buie. — 

Let  AiAn  (Fig.  34)  he  di¬ 
vided  into  an  even  num¬ 
ber  of  equal  parts,  and  as 
before  through  the  points 
of  division  draw  the  or¬ 
dinates  A1P1,  A2P2,  etc. 

Let  A1A3P3P1  (Figs.  35, 

36)  be  a  part  of  the  figure 
thus  divided;  join  P1P3,  and  through  P2  draw  BC  parallel 
to  P1P3  to  meet  A1P1  in  B  and  A3P3  in  C.  Conceive  a  para¬ 
bola  to  be  drawn  through  P1P2P3  having  its  axis  parallel  to 
the  ordinates,  then 


A. 


Aa  2 
Fig.  35. 


A,  Aa  A3 

Fig.  36. 


A1P1P2P3A3  =  trapezium  A1P1DP3A3  zk  parabolic  segment 
P1P2P3 

=  a(si  -}-  S3)  ±  {  St  i(si  -j-  83)  J  —  4®(si  4s2  -f-  S3). 

Now  when  the  points  Pi,  P2,  P3  are  near  each  other  the 
parabolic  curve  will  coincide  very  nearly  with  the  given 
curve;  hence 


Let  the  equation  to  the  curve  PiPpPn  +  i  (Fig.  37)  agree 
with  the  equation  y  =  A  +  Bx  +  Cx2  +  ....+  Kxn  for 
n  +  1  points  between  Pi  and  Pn  4- 1,  then  the  area  of 
the  curvilinear  figure  bounded  by  the  straight  lines  A1P1, 
AiAn  4- 1,  and  An  +  iPn  +  i  and  the  curve  PiPn  +  i  will 
agree  very  nearly  with  the  curvilinear  figure  bounded  by 
the  same  straight  lines  and  the  curve  whose  equation  is 
y  =  A  +  Bz  +  Cx2  +  ....+  Kxn,  and  the  greater  the 
number  of  common  points  the  closer  will  be  the  agreement. 
Let  AiAn+1  be  divided  into  n  equal  parts,  each  equal  to  h, 

then  AiA„_|_i  =« A  Now 
when  x  =  0,  y  =  y\  =  A  ; 

when  x  —  h,  y  =  y2  —  A-]-Bh-\-  C h2  -f-  .  .  .  .  -f-  K h* ; 
when  x  =  2h,  y  =  y3  =  A+B(2ft)-f  C(2A)H" _ +  K(2A)» ; 

when  x  —  ph,  y  =  yp_|_1=A+B(pft)+b(pft)2+.  .  .  .+K(p/i)»  ; 

when  x  =  nh,  y  =  yn+1=A+B(nA)+*C(nA)2+.  . .  .+K(nfc)». 


From  these  n  -\~  1  equations  the  n-J- 1  quantities  A,  B,  .  .  . . 
K  can  be  determined  as  functions  of  3/1, 3/2,  ... .  Hn+p  and  A 
Next  let  Ai  An_j_j  be  divided  into  m  equal  parts  each  equal 

to  h.  Thus  mh  =  nh  and  hence  h=  — 

m 

Now  the  area  of  the  rectangle  ApAp+1PpR  =  APAP+i  X  ApPp. 
But  APPP  =  yp  =  A  +  B( ph)  -j-  C( ph)2  + _ -f  K (ph)n 

=  A  +  +  C/^*V+. .  . .  +  K 

m  \  m  )  \  m  / 

since  h  =  —  ; 

m 

and  ApAp  1 1  =  h  =  —  j 

m 

therefore  area  of  APB 

nh  |  A-f  B nh£-  -f  Cn*A*  £*  -f _ 4-Kw"ft"  ■  -P"  ,  1  * 

m 2  »t3  mn+lj 

Hence  the  area  of  the  whole  figure 


=Lm  m  /—  +  BnhP-  +  Cn2h2 £-+.  .+Kn"fcn-2% i 

AJn^OO  ^p=  1  ^  mi  m3  mn+lj 

n  Sn  } 

mn+ 1J  ’ 


=L 


nh- {  A^+  Bnh%+  Cn2h2S\+ _ +K nnh 

m  m2  m3 


m=ao 

where  Sn  =  ln  -f-  2n  +  3"  +  •  •  4"  mn. 

Now  if  we  take  the  limit  of  each  of  the  terms 


So  Si  Sj  Sn 

m  m2 ’  m3  ’  ’  ’  ’  "  mn+l  ’ 


A1P1P2P3A3  =  $a(si  -j-  4s2  -f-  S3)  very  nearly. 
Similarly  A3P3P5A5  =  $a(s$  -f-  4s«  -j-  S5),  etc. ; 
hence  whole  area  of  figure 

=  4«{si+Sn+2(S3+S5+.  .  .  . +8„_2)+4(S2+S4+  ..  .  .+sn_1)|  ; 

whence  the  rule:  add  together  the  two  extreme  ordinates, 
twice  the  sum  of  the  intermediate  odd  ordinates,  and  four 
times  the  sum  of  the  even  ones,  and  multiply  this  result  by 
one-third  of  the  common  distance  between  the  ordinates; 
the  result  is  the  area, — accurately  if  the  curved  boundary  be 
the  arc  of  a  parabola,  in  other  cases  approximately. 

The  curve  may  either  be  wholly  convex  or  wholly  con¬ 
cave  to  the  line  AiAn,  or  partly  convex  and  partly  concave, 
provided  in  the  latter  case  the  points  of  contrary  flexure 
occur  only  at  the  odd  ordinates,  for  otherwise  the  interme¬ 
diate  arcs  could  not  be  even  approximately  parabolic.  When 
points  of  contrary  flexure  occur  ordinates  may  be  drawn  at 
these  points,  and  the  intermediate  arcs  being  found  sepa¬ 
rately  may  he  added  to  obtain  the  whole  area. 

$  65.  In  the  two  preceding  sections  we  investigated  two 
formulae  for  approximating  to  the  areas  of  curvilinear  fig¬ 
ures.  We  now  proceed  to  consider  the  subject  more  gener¬ 
ally. 


we  obtain  area  of  curvilinear  figure 

=  «&{ A +  !«&+-£ nW -f - +_*_  „»&»}  . 

From  this  general  result  we  can  deduce  “  Simpson’s  Rule  ” 
and  also  another  rule  called  “Weddle’s  Rule.” 

Thus  let  n  =  2 ;  that  is,  assume  that  the  curve  under  con¬ 
sideration  has  three  points  in  common  with  the  curve  whose 
equation  is  y  =  A  -f-  Bs  -f-  Cx2,  i.  e.,  with  a  parabola,  then 

yi==A, 

3/2  ==  A  4-  Bfc  4 -Ch2, 

3/s  =  A  -j-  2Bh  -j-  4Cfc2- 

Now  the  area  is  approximately 

=  2h  {  A  -f  tB2h  -f  \C22h* } 

==  ih  {  6A  -f-  6B h  -f  8C h2 1 

=  {  Vi  +  4i/2  +  2/3 1 ,  Simpson’s  Rule. 

If  we  now  put  n=  6,  we  have  area  of  curvilinear  figure 

=6h  {  A +*  B6I1 + }  C64i2 + i  D63/i3 + |E6W +JF65/:5  44G6«fc6  }  • 

Now  3/1  =  A, 

!/1  =  A  +  BHOi!+  .  .  .  .  +  GW, 

3/7  =  A  4-  B(6 h)  4-  C(6h)2  G(6fc)«. 

From  this  system  of  equations  we  can  determine  A,  B,  C, 
.  .  .  G,  and  substituting  the  values  so  obtained  in  the  above 
expression  we  obtain  the  following  remarkable  formula  for 
the  approximate  area : 

area  =  ^j/i|(j/i4-3/3  +  3/6  +  yr)4-y*  +  5(y*  +  y*  +  !/e)|  • 
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This  formula,  called  Weddle’s  Rule, 
proximation  to  the  curvilinear  area 
that  can  be  obtained  by  any  simple 
rule. 

We  are  now  in  a  position  to  find 
the  approximate  area  of  any  irreg¬ 
ular  plane  figure.  For  the  given 
figure  can  be  divided  into  plane 
rectilinear  and  curvilinear  figures, 
the  areas  of  which  can  be  separately 
determined  by  the  rules  already 
given.  For  example,  APQRS  (Fig. 
38) 

= ABC + APD  -f  BEC  -  DQB  -  ASC. 


gives  the  closest  ap- 


A 


PART  H.  SOLIDS. 

Section  L  Solids  contained  by  Planes. 

A.  Prisms,  Pyramids,  and  Prismatoids. 

§  66.  Volume  of  a  Eight  Prism. — First  let  the  prism  be 
a  rectangular  parallelopiped 
(Fig.  39),  and  let  the  side  AB 
contain  a  units  of  length,  BC 
b  units  of  length,  and  CD  c 
units  of  length.  If  we  divide 
AB  into  a  equal  parts,  BC  into 
b  equal  parts,  and  CD  into  c 
equal  parts,  and  if  through 
the  points  of  division  we 
draw  planes  parallel  to  the 
sides  of  the  parallelopiped, 
these  planes  will  divide  it 
into  a  series  of  parallelepi¬ 
peds,  whose  edges  are  each 
equal  to  the  unit  of  length. 

Each  horizontal  layer  con¬ 
tains  ab  of  these  cubes,  and  since  there  are  c  layers  the 
whole  number  of  cubes  will  be  abc.  But  each  of  these  is 
the  unit  of  volume,  and  therefore 

volume  of  ABCD =abc=ab  X  c=area  of  base  ABC 
X  altitude  c. 


In  the  above  demonstration  we  have  assumed  the  edges  to 
be  commensurable,  but  from  §  2  it  follows  that  the  proof 
will  hold  also  when  the  edges  are  incommensurable.  If  the 
parallelopiped  be  cut  by  a  plane  BGE  it  will  be  divided  into 
two  equal  triangular  right  prisms,  and  hence 

volume  of  right  triangular  prism  =  ^ab  X  c=area  of  its 
base  X  altitude. 


Since  every  prism  can  be  divided  into  triangular  prisms  as 
in  Fig.  40,  we  have  at  once 

volume  of  right  prism  A'ABCDE  =  A'ABC-f-A'ACD 
-f  A'ADE 

= ABC  X  BB' + ACD  X  CG + ADE  X  DD' 

=  (ABC4-ACD+ADE)  x  altitude 
(since  BB'  =  CC'  =  DD'  =  altitude) 

=area  of  base  ABCDE  X  altitude. 


E' 


|  67.  Volume  of  an  Oblique  Prism. — Draw  the  right  section 
A"B"C"D"E"  (Fig.  41),  and  let  A'  denote  its  area  and  A 
the  area  of  the  base  A'B'C'iyE'.  Let  l  denote  the  length  of 
the  prism,  h  its  altitude,  and  a  the  angle  between  the  planes 
A'B'GD'E'  and  A"B"C"D"E". 

Conceive  the  part  above  the  right  section  placed  at  the 
other  extremity  of  the  prism.  Then  we  have  a  right  prism, 
whose  volume  =  A'  X  l  (?  66)  5  but  A' =  A  cos  a,  since  A'  is 
the  projection  of  A  (§  51), 

and  l  =  — —  ;  hence 

cos  a 


volume  =  A'  X  l  =  A  cos  a  X  -A  =  A  X  h ; 

cos  a 

or  the  volume  of  any  prism  is  equal  to  the  area  of  its  base 
multiplied  by  its  altitude. 

?  68.  Surface  of  a  Prism.— Since  the  lines  A''B",  B"C", 
etc.  (Fig.  41),  which  make  up  the  perimeter  of  the  right  sec¬ 
tion,  are  all  in  one  plane  perpendicular  to  the  parallel  edges 
A'A'",  B'B'",  etc.,  they  are  perpendicular  to  these  edges,  and 
are  therefore  the  altitudes  of  the  parallelograms  A'B'B"'A"', 
B'C'C"'B'",  etc., respectively.  The  lateral  surface  of  the  prism 
is  equal  to  the  sum  of  these  parallelograms,  and  therefore 

=  A'A'"  X  A"B”  —  B'B'"  X  B"C"  + . 

=  A'A'"(A"B"  -f-  B"C"  4- . .  ), 

since  A'A'"  =  B'B'"  =  etc.; 

or,  the  lateral  surface  of  any  prism  is  equal  to  the  perimeter 
of  its  right  section  multiplied  by  the  length  of  the  prism. 

If  the  prism  be  right,  that  is,  if  the  faces  be  perpendicular 
to  the  base,  then  its  lateral  surface  is  equal  to  the  perimeter 
of  its  base  multiplied  by  its  length. 

The  whole  surface  of  any  prism  is  obtained  by  adding  to 
I  the  lateral  surface  the  areas  of  its  bases. 

$  69.  If  the  prism  be  regular,  that  is,  if  the  bases  be  regu¬ 
lar  polygons,  then 

area  of  base  =  a1  X  —  cot  AL  (g  18,  y),  where  n  is  the  num- 
'  4  n 

ber  of  sides  each  of  length  a,  and  therefore 

volume  =  a1  X  —  cot  X  h , 

4  » 

where  h  is  the  altitude  of  the  prism. 

Again,  if  the  prism  be  right  and  regular,  then 

its  lateral  surface  =  nah  -j-  2a'1  X  —  cot  . 

4  n 


§  70.  Volume  of  a  Pyramid. — Let  YABC  (Fig.  42)  be  for 
simplicity  a  triangular  pyramid.  Divide  VA  into  n  equal 

portions,  and  through  the  points 
of  section  draw  planes  parallel 
to  the  base  ABC,  and  through  BC 
and  through  the  intersections  of 
these  planes  with  VBC  draw 
planes  parallel  to  VA.  Let  h 
denote  the  altitude  of  the  pyra¬ 
mid,  then  the  distance  of  the  base 
of  the  r*  prism  from  the  ver¬ 
tex  V 

=  rX  —  , 

n 

and,  if  A  denote  the  area  of  ABC, 
we  have 

base  of  r*  prism _ rih2  y  1  _ r2 

A  h*~ U2’ 

since,  by  a  well-known  theorem  in  solid  geometry,  the  areas 
of  sections  of  a  pyramid  made  by  planes  parallel  to  the  base 
are  proportional  to  the  squares  of  their  altitudes. 

Thus  we  have 

ra  i 

base  of  r“  prism  =  —  A,  and  therefore 


its  volume  = 


A  A  xA  (§  67) 
n 2  n 

=^XH. 

ns 


Therefore  volume  of  whole  pyramid 

=jaL  _  11+g  +  ---+’-1+---+’»» 
=‘-'L„=.  x  i ; 


or  the  volume  of  any  pyramid  is  equal  to  one-third  of  the 
area  of  its  base  multiplied  by  its  height. 

From  this  we  see  that  pyramids  on  equal  bases  are  to  one 
another  as  their  altitudes. 

If  the  pyramid  be  regular,  that  is,  if  its  base  be  a  regular 
polygon,  the  perpendicular  through  whose  centre  passes 
through  the  vertex, 

its  volume  =  J  X  a2  X  5-  cot  x  h . 

4  n 


_  _  • 

§  71.  Surface  of  a  Regular  Pyramid. — The  lateral  surface 

of  the  regular  pyramid  VABCDEF  (Fig.  43)  is  equal  to  the 
sum  of  the  areas  of  the  n  congruent  triangles  which  make 
up  the  lateral  surface  of  the  pyramid. 

Now  area  of  triangle  VAB  =  1AB  X  VG ;  hence  whole  lat¬ 
eral  surface  =  i«AB.  V G  =  inal,  where  l  is  the  slant  height 
and  a  the  length  of  the  side  of  the  base. 

Again,  if  VO  =  h  =  altitude  of  pyramid,  we  have 


V  G = V  V02-j-0G2=  J  ft2  +  A  cot2  , 
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therefore  whole  surface = base  -j-  lateral  surface 


=a2  X  —  cot  —  +  bia  J  /i2+—  cot2  — °° 
4  n  \  4  n 


Fig.  43. 

$  72.  The  Prismatoid. — If  we  have  a  polyhedron  whose 
bases  are  two  polygons  in  parallel  planes,  the  number  of  sides 
in  each  being  the  same  or  different,  and  if  we  so  join  the 


Fig.  44. 


vertices  of  these  bases  that  each  line  in  order  forms  a  triangle 
with  the  preceding  line  and  one  side  of  either  base,  the 
figure  so  formed  is  called  a  “  prismatoid,”  and  holds  in  stere¬ 
ometry  a  position  similar  to  that  of  the  trapezium  in  plan¬ 
imetry.  To  make  the  investigation  of  the  volume  of  the 
prismatoid  as  simple  as  possible,  we  take  the  case  where  the 
lower  base  is  a  polygon  of  four  and  the  upper  one  of  three 
sides. 

Let  ABCDEFG  (Fig.  44)  be  the  prismatoid,  of  which  ABC 
or  Ai  is  the  upper  and  DEFG  or  A3  the  lower  base,  and  let 
HLM  be  the  section  equidistant  from  the  bases.  Take  any 
point  P  in  this  section  and  join  it  to  the  corners  of  the  pris¬ 
matoid.  We  thus  divide  the  polyhedron  into  two  pyramids, 
PABC  and  PDEFG,  and  a  series  of  polyhedra  of  which 
CPDE  may  be  taken  as  a  specimen. 

Let  h  be  the  altitude  of  the  prismatoid,  then  ih  is  the 
altitude  of  each  of  the  pyramids  PABC,  PDEFG,  and  hence 
volume  of  PABC  =  %hAlf  and 
volume  of  PDEFG=|/tA3. 

Again  join  PH,  PL,  and  LD,  then 

volume  of  CPDE  =  2  volume  of  CPDL, 
since  DE  =  2HL, 

and  volume  of  CPDL  =  2  volume  of  CPHL, 
hence  volume  of  CPDE  =  4  volume  of  CPHL. 

Now  volume  of  CPHL  =  Jli  X  area  of  HLP,  and  there¬ 
fore  volume  of  CPDE  =  £  hX  area  of  HLP. 

Similarly,  the  volume  of  every  such  polyhedron  is£7tX  the 
area  of  its  own  portion  of  the  middle  section.  Hence,  if  A2 
denote  the  area  of  the  middle  section,  we  have 

volume  of  prismatoid  =  £7tAi  +  ^As-f-f/i  A2 
=  £ft(Ai  -j-  4A2  -j-  As). 

?  73.  Volume  of  the  Frustum  of  a  Pyramid. — Let  A' A'" 
B'B'"C'C'"  (Fig.  45)  be  a  frustum  of  the  pyramid  YA'B'C' 
and  let  Ai  and  A3  denote  the  areas  of  the  ends  A'B'C'j 


A'"B'"C'"  respectively.  Let  VP  <=  x  =  altitude  of  pyramid 
VA'"B'"C'",  and  let  PQ  =  h  *=  altitude  of  frustum. 


Now 


Gt*),=b> whence 


h j/  A3 


Y  Ai  -  ]/  Aj ' 
Again  frustum  =  VA'B'C'  -  VA  "'B'"C'" 

=  $  |  Ai(z-fft)  -  A3x| 

=*Wc£v5)-a<! 


0} 


hy  A3 

Y Ai~y A3J  Vt  Ai  -  j/A3 

=  $h(  Ai  -(-  Y AiA3  -j- As)  ; 
a  formula  which  applies  to  the  frusta  of  all  pyramids,  reg¬ 
ular  and  irregular. 

The  above  result  may  be  otherwise  expressed.  For,  let 
A'B'  =  a\  and  A'''B'"  =  as,  then,  if  A''B''C"be  a  section  equi¬ 
distant  from  the  ends  of  the  frustum,  A''B''  =a2  =  i(ai-j-a3). 
Now  Ai  =pa\  and  As  =pa\  (see  §  70) ; 

hence  A2— area  of  A''B',C',=pa|=<p^^i^-3J2,  which  gives 

4  A2  =pa\  +  2paia3  -f-pa|  =  Ai  -j-  2j/  Ai  A3  -j-  A3  ; 
therefore  volume  of  frustum 

=  »(2Ai +2YMAs  -f  2A3)  =  m  Ax  -f  4A2  +  Aj); 
or  the  volume  of  the  frustum  of  a  pyramid  is  obtained  by 

adding  the  areas  of  the 
ends  to  four  times  the 
area  of  the  middle  sec¬ 
tion,  and  multiplying 
the  sum  by  one-sixth  of 
the  altitude. 

The  above  result  can 
be  obtained  at  once  from 
g  72,  since  A'B'C'A'"B'" 
C'"  is  a  prismatoid  with 
similar  bases. 

§  74.  Surface  of  the 
Frustum  of  a  Regular  Py¬ 
ramid. — In  Fig.  45  let  the 
perimeter  of  A\=p\,  that 
of  A2  =  pi,  and  that  of 
A3  =  ps,  and  let  VD'  = 
h,  VD'"  —  I3,  and  there¬ 
fore  D'D'"  =  VD'  -  VD'"  =  h  -  h  =  l.  The  lateral  sur¬ 
face  of  the  frustum  is  equal  to  the  difference  between  the 
lateral  surfaces  of  the  pyramids  VA'B'C'  and  VA'"B'"C"', 
=  ipih  -  Ipsh  . 

But,  since  ^=^=wai — &l,  we  have  h=  ^  ■  and  ls=  ^ 

I3  as  wa3  ps  pi -p3  pi  -ps 

therefore  lateral  surface  of  frustum 

or  the  lateral  surface  of  the  frustum  of  a  regular  pyramid 
is  equal  to  the  product  of  theslaut  height  and  the  perimeter 
of  the  section  equidistant  from  the  ends. 

Otherwise. — The  top  and  base  being  regular  polygons,  the 
inclined  faces  are  congruent  trapeziums.  Let  /  be  the  height 
of  each  trapezium,  and  let  there  be  n  of  them,  then 

2  V  n  ^  n  )’ 

and  therefore  the  area  of  lateral  surface  =  ~  (pi  -f-j p3)  =  Ipt. 

§  75.  If  h,  the  altitude  of  the  frustum  be  given,  we  de¬ 
duce  the  slaut  height  and  then  proceed  as  before.  Thus,  let 
VP=  7i3,  VQ=  In,  and  using  the  same  notation  as  in  §$  72, 
73,  and  74,  we  have 

hl  -  rtl  which  gives  hi- “l*1  ~h3)-  aih 


=  ll(PizPl)  =  i(l 
\  pi  -ps  J  \ 


area  of  each  face  =  - 


hi  - 113  «i  -  «3 
Again  l\  =h\-{-\a\  cot2 


180° 


«i  -  «3  ai  -  as 
and/^-  /ai  ~a3> 


(~y 


whence  7  is  known,  since  li  is  known  in  terms  of  h. 

When  the  pyramid  is  irreg¬ 
ular  the  lateral  planes  are 
non-congruent  trapeziums,  the 
areas  of  which  can  be  found 
separately  by  $  12,  and  hence 
the  whole  surface. 

$  76.  Volume  of  the  Frustum  of 
a  Triangular  Prism. — Let  A  de¬ 
note  the  area  of  ABC  (Fig.  46)* 
and  let  hi,  hi,  hs  be  the  alti¬ 
tudes  of  A',  B',  C',  respec¬ 
tively  with  reference  to  the 
plane  ABC.  Divide  the  frus¬ 
tum  into  three  pyramids* 
B'A'AC,  B'ABC,  and  B'A'CC', 
by  the  planes  B'AC  and 
B'A'C.  These  three  pyramids. 
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are  respectively  equal  to  BA'AC,  B'ABC,  and  ABCC' ; 
hence  volume  of  frustum  =  i7uA-j-  $hiA-\-hhsA. 

=  JA(/u  -j-  hi  -(-  hs). 

j)  77.  If  the  prism  be  right  or  oblique,  the.  volume  of  a 
frustum  is  equal  to  one-third  of  the  area  of  its  right  section 
multiplied  by  the  sum  of  the  parallel  edges.  For  divide 
the  frustum  *  AA'B'C'  (Fig.  47)  into  two  frusta  by  a  plane 
A"B''C"  of  area  A  at  right  angles  to  the  edges,  then 
AA'B'C'  =  AA"B"C"  +  A"A'B'C' 

=  JA(  AA"  +  BB''  +  CC")  +  JA(  A'A"  4  B'B"  -f  C'C") 

=  JA(AA"  4-  BB"  4-  CC"  +  A'A"  +  B'B"  +  C'C") 

=  4A(AA'+BB'  +  CC').  ...  . 

Again,  since  every  prism  can  be  divided  into  triangular 
prisms,  we  can  find  by  repeated  applications  of  the  above 
proposition  the  volume  of  the  frustum  of  any  prism  what¬ 
ever.  For  example,  if 


Fig.  47.  '  Fig.  48. 

the  base  of  the  frustum  of  a  right  prism  AA'B'C'D'  (Fig. 
48)  be  a  rectangle  12  feet  by  6  feet,  and  the  parallel  edges 
in  order  6,  4,  10,  and  12  feet,  then 

A  =  area  of  base  =  12  X  6  =  72  square  feet. 
Frustum  =  ABCA'B'C'  4-  ADCA'D'C' 

=  h  X  AA(  AA'  -f  BB'  4-  CC')  +  i  X  JA(AA'  4-CC'  +  DD') 
=  JA(2AA'  4-  2CC'  4-  BB'  4-  DD')  =  576. 

§  78.  Volume  of  a 
Wedge. — The  wedge 
(Fig.  49)  being  mere¬ 
ly  the  frustum  of  a 
triangular  prism,  we 
have  at  once 
volume  =  JA(FE 
+  AD  + BC), 
where  A  is  the  area 
of  its  right  sec¬ 
tion;  otherwise,  the 
wedge  may  be  con¬ 
sidered  a  prisma- 
toid  whose  upper  base  is  a  straight  line,  and  hence  its  vol¬ 
ume  =  ^h{AA.i  4"  A3),  since  Ai  =  0. 

B.  Regular  Polyhedra, 

£  79.  The  regular  polyhedra  are  five  in  number,  namely, 
the  tetrahedron,  cube,  octahedron,  dodecahedron,  and  icosahedron, 
whose  solid  angles  are  formed  respectively  by  three  equi¬ 
lateral  triangles,  three  squares,  four  equilateral  triangles, 
three  pentagons,  and  five  equilateral  triangles 

Since  a  regular  polyhedron  admits  of  having  a  sphere  in¬ 
scribed  within  it  and  described  about  it,  it  can  easily  be 
shown  that  the  volume  of  the  polyhedron 


Fig.  49. 
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cos  —  cot2  — 
m  n 


|  —  cos/  —  4— V09^—  -  A 4  | 
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Polyhedron. 

Surface. 

Volume. 

Tetrahedron . 

Cube . 

Octahedron . 

Dodecahedron . 

Icosahedron . 

1.7320508 

6.0000000 

3.4641016 

20.6457788 

8.6608640 

0.1178511 
1.0000000  : 
0.4714043 
7.6631189 
2.1816950 

The  surface  and  volume  of  a  regular  polyhedron  whose  edge 
is  a  is  obtained  by  multiplying  the  surface  and  volume  of  a 
similar  polyhedron  whose  edge  is  1  by  a2  and  a3  respec¬ 
tively. 

Section  II.  Solids  contained  by  Surfaces  which  are 
not  all  Planes. 

A.  The  Cylinder. 

?  80.  Volume  of  a  CylinderiFig.  50). — Inscribe  in  thecylinder 
a  polygonal  prism  of  which  the  number  of  sides  may  be  in¬ 
creased  indefinitely.  Then  in  the  limit  the  base  of  the  prism 
becomes  the  base  of  the  cylinder,  and  the  volume  of  the  prism 
the  volume  of  the  cylinder.  Now  by  §  67  we  have 

volume  of  prism  =  area  of  base  X  altitude, 
hence  volume  of  cylinder  =  area  of  base  X  altitude. 

$  81.  Surface  of  a  Right  Cylinder. — As  above,  in  the  limit 
the  base  of  the  prism  becomes  the  base  of  the  cylinder,  and 
the  surface  of  the  prism  the  surface  of  the  cylinder.  Now 
the  lateral  surface  of  prism 

=  perimeter  of  right  section  X  length 
=  perimeter  of  base  X  length,  in  the  case  of  a  right  prism 
(#  68) ;  hence  lateral  surface  of  right  cylinder  =  circumfer¬ 
ence  of  base  X  length. 


and  from  §  18,  y,  it  follows  that  the  surface  of  the  polyhedron 

=  a2  X  cot  —  , 

4  n 

where  Z  =  the  number  of  faces, 

to  =  the  number  of  faces  in  each  solid  angle, 
n  =  the  number  of  edges  in  each  face, 
and  a  =  the  length  of  each  side. 

The  following  table  contains  the  surfaces  and  volumes  for 
the  five  regular  polyhedra  whose  edge  is  1. 


Fig.  50. 


Fig.  51. 


B.  The  Cone. 


§  82.  Volume  of  a  Cone  (Fig.  51).— Inscribe  within  the  cone 
a  pyramid  of  which  the  number  of  sides  may  be  indefinitely 
increased,  then  in  the  limit  the  base  of  the  pyramid  becomes 
the  base  of  the  cone  and  the  volume  of  the  pyramid  the  vol¬ 
ume  of  the  cone. 

By  §  70  volume  of  pyramid  =  h  base  X  altitude, 
and  hence  volume  of  cone  =  4  base  X  altitude. 

$  83.  Volume  of  the  Frustum  of  a  Cone. — From  §  73  we  find 
that  the  volume  of  the  frustum  of  a  pyramid 
=  $h(Ai  -f-  f/ A1A3  -f  A3) ; 

hence,  since  in  the  limit  the  frustum  of  the  pyramid  becomes 
the  frustum  of  the  cone,  we  have 

volume  of  conical  frustum  =  £ft(Ai  4  V  A1A3  4  A3), 
where  Ai  and  A3  are  the  areas  of  the  terminating  planes  of 
the  frustum. 

Let  the  terminating  planes  be  circles  of  radii  n  and  rs, 
then  volume  of  frustum 

=  W^J-f^nrs  +  irrl)  =  \*h{r\  4  nn  4  r\). 

Again,  by  the  same  section  we  have 

volume  of  frustum  of  pyramid  =  &h(  Ai  +  4A2  +  A3), 
therefore  volume  of  conical  frustum  =  £ir A(rf  +  4 r§  +  r\ ), 
where  n  is  the  radius  of  the  circular  section  parallel  to  the 
terminating  planes  and  equidistant  from  them. 

§  84.  Surface  of  a  Right  Cone.— The  lateral  surface  of  a  reg¬ 
ular  pyramid  is  by  j?  71 

=  4  perimeter  of  base  X  slant  height ; 
hence,  since  in  the  limit  the  surface  of  the  pyramid  becomes 
the  surface  of  the  cone,  the  lateral  surface  of  a  right  cone  is 
equal  to  half  the  circumference  of  its  base  multiplied  by  the 
slant  height. 

Thus  the  lateral  surface  of  a  right  cone  of  slant  height  l 
and  the  radius  of  whose  base  is  r  is  equal  to 
4  X  2 ttt  X  i  =  nri, 

and  whole  surface  =  lateral  surface  -j-  area  of  base 
=  ir  rl  4-  *T2 

=  irr(i  -j-  r)- 

Again,  if  h,  the  altitude  of  the  cone,  be  given,  we  have 
1=  l/  ft.2  — (—  r2, _ 

and  therefore  whole  surface  =  7rr|V  h2  4  r2  4~  r). 

$  85.  Surface  of  the  Frustum  of  a  Right  Cone. — The  lateral 
surface  of  the  frustum  of  a  regular  pyramid  is  equal  to  the 
product  of  the  slant  height  and  the  perimeter  of  its  middle 
section  (§  74) ;  hence  in  the  limit  we  find  that  the  lateral 
surface  of  the  frustum  of  a  right  cone  is  equal  to  the  prod¬ 
uct  of  its  slant  height  and  the  circumference  of  the  section 
equidistant  from  its  parallel  faces. 
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Let  n  and  rs  denote  the  radii  of  the  ends  of  the  frustum, 
and  l  the  length  of  the  slant  height,  then 

ri  =  i(n  +  rs)  —  radius  of  middle  section, 
and  therefore 

lateral  surface  =  2m  X  1  =  2vX  i(n  +  n)XI=  nl(n  +  n), 
and  whole  surface  =  v r\  +  irl(n  +  ri)  +  rrr§. 

If  h,  the  altitude  of  the  frustum,  be  given,  we  have 

t  =  l/fc2  +  (n  —  n)2. 

C. 

2  86.  Surface  of  a 
Spherical  Zone. — Let  AB 
(Fig.  52)  be  a  small  arc 
of  the  sphere,  and  let 
AA',  BB'  be  perpendic¬ 
ular  to  the  axis  XX', 
to  find  the  surface  of  the 
zone  generated  by  the 
arc  AB.  Join  AB,  and 
draw  OP  perpendicular 
to  AB,  BD  parallel  to 
XX',  and  PP'  parallel 
to  AA'  or  BB'.  The 
chord  AB  generates  the 
frustum  of  a  cone,  whose 
lateral  surface 

=  2tPP'  X  AB. 

But  since  the  trian¬ 
gles  ABD  and  OPP'  are  similar, 

AB=  OP 
BD  TP' 

therefore  area  of  conical  frustum  =  2’r.OP.BD  =  2ir.OP.A'B'. 
Similarly  the  area  of  the  frustum  generated  by 
BC  ==  2ir.OQ.B'C'. 

But  in  the  limit  when  the  chords  AB,  BC,  etc.,  are  indefi¬ 
nitely  diminished,  the  perpendiculars  OP,  OQ,  etc.,  become 
each  =  r,  and  hence  by  summing  all  the  areas  we  get  in  the 
limit 

area  of  zone  =  2«r  X  (projection  of  arc  on  axis  of  revolution). 
Hence  the  convex  surface  of  a  segment  of  a  sphere  is  equal 
to  the  circumference  of  a  great  circle  multiplied  by  the 
height  of  the  segment  or  zone. 

j}  87.  Surface  of  a  Sphere. — The  whole  sphere  being  a  zone 
whose  height  is  2r,  we  obtain  at  once 

surface  of  sphere  =  2 nr  X  2 r  —  4* r2 ; 
or  the  surface  of  a  sphere  is  equal  to  four  great  circles. 

The  total  surface  of  the  cylinder  circumscribing  the  sphere 
of  radius  r  is  6«r2,  hence  the  surface  of  the  sphere  ==  §  surface 
of  circumscribing  cylinder. 

§  88.  Surface  of  a  Lune,  a  Spherical  Triangle,  and  a  Spherical 
Polygon. — It  is  shown  in  spherical  trigonometry  that 

(a)  the  area  of  a  lune  included  between  two  great  circles 
of  a  sphere  of  radius  r,  and  whose  inclination  is  6  radians,  is 

2  fir2; 

(0)  the  area  of  a  spherical  triangle  whose  angles  are 
A,  B,  Cis  (A  +  B  +  C-ir)r2 ; 

(y)  the  area  of  a  spherical  polygon  of  r  sides  is 
|  P  -  (r  -  2)ir  |  r2,  where  P  is  the  sum  of  its  angles. 

$  89.  Measurement  of  Solid  Angles. — A  convenient  unit  for 
the  measurement  of  plane  angles  is  the  “  radian.”  If  we  as¬ 
sume  that  each  unit  of  surface  of  a  sphere  subtends  the  same 
solid  angle  at  the  centre,  we  can  deduce  a  very  convenient 
unit  for  the  measurement  of  solid  angles.  This  unit,  which 
has  received  the  name  “  steradian,”  we  define  to  be  the  solid 
angle  subtended  at  the  centre  of  a  sphere  by  a  portion  of  the 
surface  whose  area  is  r2. 

$  90.  Number  of  Steradians  in  an  Angle. — Let  A  be  the  angle 
at  the  centre  of  a  sphere,  and  let  S  be  the  portion  of  the  sur¬ 
face  of  the  sphere  which  it  intercepts,  then 

number  of  steradians  in  A _ S 

1  r2 

For  example,  if  A  be  a  plane  solid  angle,  S  =  a  hemisphere 
=  2nr2 ;  hence  the  number  of  ster¬ 
adians  in  a  plane  solid  angle  = 

S  2jit2 

=  — i-  =  2jt,  and  therefore  the 

Y*  T 

number  of  steradians  in  the  solid 
angle  at  a  point  =  4tr.  This  solid 
angle  is  sometimes  called  a  stere- 
gon. 

Hence,  if  we  can  find  the  surface 
subtended  by  any  solid  angle,  we 
can  always  find  its  magnitude  in 
terms  of  the  unit  solid  angle. 

‘i  91.  Volume  of  a  Sphere. — Let 
ABC  (Fig.  53)  be  the  quadrant  of 


The  Sphere. 


a  circle,  draw  DB  and  DC  tangents  to  it,  then,  if  AD  be 
(joined  and  the  whole  figure  be  conceived  as  rotating  round 
AB,  ABD,  ABC,  and  ABDC  will  generate  a  cone,  a  hemis¬ 
phere,  and  a  cylinder  respectively. 

Now  draw  two  parallel  planes  EFGH  and  E'F'G'H'  very 
near  each  other  and  perpendicular  to  AB,  and  draw  FF'  and 
GG'  parallel  to  AB,  then,  by  £  80, 

volume  generated  by  EHH'E'  =  *EH2  X  EE', 

“  “  EGG'E'  =  irEG2  X  EE', 

“  «  EFF'E'  =  irEF2  X  EE'. 

Thus  volume  generated  by  EFF'E'  +  volume  generated  by 
EGG'E' 

=  tt/EF2  +  EG2)  X  EE'  =  tt(EA2  4-  EG2)  X  EE' 
==tt(AG2)  X  EE'  =  irEH2  X  EE' 

=  volume  generated  by  EHH'E'. 

Therefore  in  the  limit,  when  the  number  of  slices  is  indefi¬ 
nitely  increased,  and  their  thickness  indefinitely  dimin¬ 
ished,  we  have  volume  of  cone  generated  by  AF  +  volume 
of  spherical  zone  generated  by  CG  =  volume  of  cylinder 
generated  by  CH. 

Let  r  =  radius  of  sphere,  h  =  AE  =  height  of  zone  ACGE, 
then 

volume  of  cone  =  faK*  Xh  =  J* fc*,  and 
volume  of  cylinder  =  *t2  X  h, 
therefore  volume  of  spherical  zone  =  *r r2A  -  fah3 

—  J"A(3r2  -  ft2). 

The  height  of  a  hemisphere  is  r, 
therefore  volume  of  hemisphere  =  Jirr(3r2  -  r2)  =  fn-r3  , 
and  volume  of  whole  sphere  ==  far3  , 

a  result  readily  obtainable  by  the  infinitesimal  calculus,  or 
by  inscribing  within  the  sphere  a  series  of  triangular  pyra¬ 
mids  whose  vertices  all  meet  at  the  centre  of  the  sphere,  and 
the  angles  of  whose  bases  all  rest  on  the  surface.  In  the 
limit  the  altitude  of  each  pyramid  becomes  the  radius  of  the 
sphere,  and  the  sum  of  the  bases  of  the  pyramids  the  surface 
of  the  sphere ;  hence 

volume  =  JS  X  r  =  J  X  4jit2  X  r  —  § irr3  . 

The  volumeof  the  circumscribing  cylinder  =nr2  X  2r=2>rr3, 
therefore  volume  of  sphere  =  §  volume  of  circumscribing 
cylinder. 

§  92.  Let  S  denote  the  surface  of  a  sphere  and  V  its  vol¬ 
ume,  then  from  87  and  91  we  have 


(«) 


Us 

2Uir 


3/3 

faXVv; 


(0)  S  =  j/ jt(6V)2  . 

<”v 

formulae  which  give  the  radius  in  terms  of  the  surface  or 
volume,  the  surface  in  terms  of  the  volume,  and  the  volume 
in  terms  of  the  surface. 

$  93.  Volume  of  a  Spherical  Shell. — Let  r  and  n  denote  the 
radii  of  the  two  spheres,  then 


volume  of  shell  =  V  =  -  far 3 

=  |’r(ri  ~  f3) 

==  fa(n  -  r)(rf  fa  nr -j-  r2). 

Now  let  n-r  =  h,  then 

v-M‘(i+7,+q)- 

If  h  be  small  compared  with  n,  then  r/n  is  very  nearly  equal 
to  1,  and  we  have  approximately 

V  =  farlh(  1  +  1  +  1)  =  4tt  r\h. 

Again,  if  h  be  nearly  equal  to  n,  r  is  very  small,  and  r/n  is 
also  very  small,  so  that  we  have  approximately 
V  =  far\h. 


§  94.  Volume  of  a  Spherical  Segment. — Let  CRC'  (Fig.  54) 
be  a  section  of  a  spherical  seg¬ 
ment  whose  altitude  RQ  is  p, 
then,  if  OQ  ==  h,  volume  of  seg¬ 
ment  CRC'  =  volume  of  hemis¬ 
phere  -  volume  of  zone  A  A'C'C 
=  far3  -  fah  |  3r*  -  A2  },  |  91. 

=far3  -  fa (r-p)  {  3r2  -  (r  -p)2 } 
=  J:rp2(3r-p). 

If  we  put  p  =  2r,  we  obtain  as 
before  volume  of  sphere  =  far3. 
Again  if  CQ  =  ai  we  have 
CQ2  =  ai  =  RQ.R'Q  =p(2r-p), 
a\  fa  p2 
whence  r  =  — , 

therefore  volume  of  segment  =  fap(3al  -f-  p2). 

\  95.  Vulv,m  of  a  Spherical  Fruatm, — When  one  of  the  term- 
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Inating  planes  passes  through  the  centre  we  have  already 
found  that  the  volume 

=  iff h(r2  -  ft2) , 

where  ft  is  its  altitude. 

Now  suppose  that  neither  of  the  terminating  planes  passes 
through  the  centre ;  for  example,  to  find  the  volume  of  the 
frustum  BB'C'C. 

Let  RQ  =  p  and  BP  =  q ,  then 

BB'C'C  =  segment  EBB'  -  segment  RCC' 

=  iffg(3a|  +  g2)  -  iffj?(3af  +  p2), 
where  ai  and  ai  are  the  radii  of  the  ends  CC'  and  BB'. 

Let  q-p  =  h  =  height  of  frustum,  and,  since,  from  the 
geometry  of  the  figure, 

=  o|_+_g2  = 

p  q  r> 

we  have  volume  =  i>rftj3(a£-f-  a\ )  — f-  A*  ^  . 

a  result  which  may  also  be  obtained  by  considering  BB'C'C 
as  the  difference  of  the  two  zones  AA'C'C  and  AA'B'B. 

D.  Spheroid. 

3  96.  Surface  of  a  Prolate  Spheroid. — The  prolate  spheroid 
is  the  solid  generated  by  the  revolution  of  an  ellipse  about 
its  major  axis.  If  S  be  the  surface  generated  by  an  arc  of 
the  curve,  then 

S  —  2ffjy  -y  1  -{-  dx,  taken  between  proper  limits. 


In  the  case  before  us 


ah 


(“) 

0) 


S  =  2  ff&2  -j-  2ff  ■—  sin  1  e, 

where  e  is  the  eccentricity  (Infinitesimal  Calculus,  art. 
179). 

3  97.  Surface  of  an  Oblate  Spheroid. — The  oblate  spheroid  is 
the  solid  generated  by  the  revolution  of  an  ellipse  about  its 
minor  axis  (Fig.  55). 

,  b2  1 4-e 

Here  surface  =  Sffa2 -j- ff  -  log«j3^  (Infinitesimal  Cal¬ 
culus,  art.  179) . 

3  98.  Volume  of  a  Spheroid. — We  have  volume  of  prolate 
spheroid 

-  ’f-a  ‘  K1  -  cy =&C(’  -  -  **>*• 

Similarly  volume  of  oblate  spheroid  ==  |ffa26. 

Thus, 

volume  of  prolate  spheroid  ah 2  h 
volume  of  oblate  spheroid  §ff«2& =  a  * 

sphere  described  on  major  axis  fffa3  a2 
prolate  spheroid  =  %nab2  ~  b2 » 

sphere  described  on  minor  axis  fffft3  b2 
” '  oblate  spheroid  =  \-(Pb  a 2  * 

3  99.  Volume  of  a  Segment  of  a  Spheroid. 

(a)  The  prolate  spheroid.— This  segment  is  generated  by 
the  revolution  of  AMP  (Fig.  23,  p.  24)  about  AM,  and  hence 

its  volume  —  ■K^y2dx  —  irL^(2ax-  jc2)cZx=-  (3a  -  h), 

where  A  is  the  origin  and  AM  =  h. 

(0)  The  oblate  spheroid. — The  segment  in  this  case  is  gen¬ 
erated  by  the  revolution  of  BMP  (Fig.  55)  about  BC,  and 
hence 

its  volume  =  nJ'J1  y2dx  =  ff®-J^ (2 bx  -  x2)dx  =^X  ( 36  -  h), 

where  B  is  the  origin  and  BM  =  h. 

3  100.  Volume  of  the  Frustum  of  a 
Spheroid  when  one  of  the  Terminating 
Planes  passes  through  the  centre. 

(a)  The  prolate  spheroid. — The  frus¬ 
tum  in  this  case  is  generated  by  th,e 
revolution  of  BCMP  about  CM  (Fig. 

23). 

Now  volume  generated  by  BCMP  B 
=  volume  generated  by  BCA 

-  volume  generated  by  PMA 

^nab2~l  Xb-^(Sa-h) 

3  a 2 

=  —  X~f(3a2  -  fc2) ,  where 
3  a2 

lc  —  CM  =  height  of  frustum  =  a  -  ft . 

(0)  The  oblate  spheroid. — We  can  show 
in  a  similar  manner  that  the  volume  generated  in  this  case 

=ix1?(36'2'fc2)* 


The  above  formulae  may  be  put  into  another  form.  Thus, 
in  the  case  of  the  prolate  spheroid,  since  the  point  P  lies  on 
the  ellipse  b2x 2  -f-  a2y 2  =  a2b 2,  we  have 

&2<c2  -j-  «2ftj  =  «262  ,  where  b\  =  PM ,  which  gives 

Ic^a^rH) 

b2  ’ 

whence,  by  substitution,  the  volume  of  prolate  frustum 
=  ifffc(2&2  -f  b\) . 

Similarly  we  can  show  that  the  volume  of  the  oblate  frus¬ 
tum 

=  $fffc(2a2-f-a?) , 
where  ai  =  PM  . 

These  formulae  play  an  important  part  in  the  gauging  of 
casks. 

E.  Paraboloid. 

3  101.  Surface  of  a  Paraboloid. — Let  the  equation  to  the 
parabola  be  y2  =  4 ax,  and  let  the  coordinates  of  P  (Fig.  21,  p. 
23)  be  an,  i/I,  then  the  surface  of  the  paraboloid  generated  by 
the  revolution  of  AM  about  AP 

=  */.  S'V1  dx  ^  4  *■ 

“=§*Vo"  {fo  +  a)^-a^}  . 

3  102.  Volume  of  a  Paraboloid. — With  the  same  notation 
we  have 

rxi  s*x\ 

volume=ff|  y2dx  —  4*a  I  xdx=iirX4axiXxi=i^ylXxi^ 
o  */  o 

or  the  volume  of  a  paraboloid  generated  by  the  revolution 
of  a  part  of  a  parabola  between  the  vertex  and  any  point  is 
equal  to  half  the  volume  of  the  circumscribing  cylinder. 

3  103.  If  the  coordinates  of  Q  be  X2,  yi,  then  the  volume 
of  the  frustum  PP'Q'Q 

=  i  ff  { l l2X2  ~  Vi**  }  =  2ffa(x|  -  x\ )  =  iff(2 \\  -f-  y\)h  , 

where  h  =  MN ;  hence,  the  volume  of  the  frustum  of  a  par¬ 
aboloid  is  equal  to  half  the  sum  of  the  areas  of  its  ends  mul¬ 
tiplied  by  its  height. 

F.  Ellipsoid. 

3  104.  Volume  of  an  Ellipsoid. — The  equation  to  the  ellip¬ 
soid  being 


i  £ 

a2  ~  b2  ~  c2 


1, 


the  equation  to  the  elliptic  section  at  the  distance  z  from 
the  origin  is 

*?  _i_  j/2  =  i  _  £ 
a2  ~  b2  c2‘ 

Now,  if  we  draw  an  indefinite  number  of  parallel  planes 
perpendicular  to  the  axis  of  z,  each  slice  will  be  an  infinitely 
thin  cylindrical  plate,  and  accordingly  the  whole  volume  of 
the  ellipsoid 

== f  Adz,  where  A  is  the  area  of  the  elliptic  section. 

But  A  =  ff«6^  1  -  ^  ,  3  51, 

therefore  volume  =  nab^*  ^1  -  ^jdz  =  frabc . 

The  sphere  being  an  ellipsoid  whose  axes  are  all  equal,  we 
obtain  as  before 

volume  of  sphere  =  f ff  a3  =  $  ff  r3. 

G.  Hyperboloid. 

3  105.  Volume  of  an  Hyperboloid. — The  hyperboloid  is  gen¬ 
erated  by  the  revolution  of  the  hyperbolic  segment  ANP 
about  AN  (Fig.  24,  p.  24).  If  the  coordinates  of  P  be  x\,  «/i, 
then 

px\  b2  P  Xl 

volume  of  hyperboloid  =  ff  j  y2dx  =  ff  —  j  (x2-a2)dx 

where  h  =  AN  =  xi  -  a  . 

Again,  since  x\,  y\,  is  on  the  curve,  we  have 

b2  v2 

a2yl  -  b2{a -\-h'2=-  a2b2 ,  which  gives  —  =  gl  - ;  whence 

CL“  rddll  “J-  /I* 

volume  of  hyperboloid  =  X  • 

3  2  a-\~h 
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MENSURATION. 


H.  Solids  to  which  the  “  Prismoidal  Formula ”  applies. 

g  106.  It  was  shown  in  $  72  that  the  volume  of  any  poly¬ 
hedron  bounded  by  two  parallel  planes  and  by  plane  recti¬ 
linear  figures 

=  JA(  Ai  -j-  4A2  -f-  A3), 

where  Ai,  A3,  and  A2  denote  respectively  the  areas  of  the 
two  ends  and  of  the  middle  section. 

We  now  proceed  to  show  that  the  same  formula  deter¬ 
mines  the  volumes  of  all  solids  bounded  by  two  parallel 
planes,  provided  the  area  of  any  section  parallel  to  these 
planes  can  be  expressed  as  a  rational  integral  algebraic  func¬ 
tion  of  the  third  degree  in  x,  where  x  is  the  distance  of  the 
section  from  either  plane. 

Let  <p(x)  =  A  -j—  Bx  -j-  Cx2  -j-  Dx3  -J-  K.c™  denote 

the  area  of  the  section  in  question. 

Now  the  solid  between  the  sections  0(0)  and  $(4)  is  equal 
to  the  solid  between  the  sections  0(0)  and  0(2)  plus  the  solid 
between  the  sections  <p( 2)  and  0(4).  Hence  if  the  prismoidal 
formula  is  to  hold  in  this  case,  we  have 

lh{  0(0)  +  40(2)  +  0(4)} 

—  3*2^  1 0(0)  — j—  40(1)  — (—  <p( 2)  |  -)- h  |  <p{ 2)  -f-  4tf>(3)  +  0(4) }  ’ 

where  h  is  the  distance  between  the  sections  0(0)  and  0(4 ). 
Hence  we  have 

0(0)  -  40(  1)  +  60(2)  -  40(3)  +  0(4)  =  0 . 

Now  0(0)  =  A 

-  40(1)  =  —  4A  -  4B  -  4C  -  4D  -  4E  -  ....  -  4K 
-f-60(2)  =  6A  +  12B+24C-f  48D-f  96E+  .  .  .  +6.2"K 
-40(3)  =  -4A- 12B-36C  -  108D-324E-  .  .  .  -4.3»K 
-f  0(4)=A  +  4B  +  16C4-64D-(-256E-f  .  .  .  +  4»K. 
Therefore  0  =  0+0  +  0-f  0+24E-fPF4-  .  .  .  -j-TK . 

Hence  E  =  F=  .  .  .  .  K  =  0,  and,  therefore,  0(x)  must 
be  a  function  of  the  third  degree  in  order  that  the  prismoidal 
formula  may  apply. 

$  107.  If  we  take  0(x)  =  A  -f-  Bx  -j-  Cx2  -(-  Dx3,  there  will 
be  as  many  possible  varieties  as  there  are  combinations  of 
four  things,  one,  two,  three,  and  four  together,  i.  e., 
2 4  —  1  =  15  varieties.  Corresponding  to  each  of  these  there 
will  be  at  least  one  solid  the  area  of  a  section  of  which  at  a 
distance  x  from  one  of  the  parallel  planes  is  0  (x)=  A  -)-  Bx 
-f-  Cx2  +  Dx3,  and  at  least  one  solid  of  revolution  generated  by 
the  curve  whose  equation  is  of  the  form 

ny2  —  0(x)  =  A  -j-  Bx  -j-  Cx2  -|-  Dx3 . 

As  space  prevents  us  discussing  all  the  cases  that  may  arise, 
we  content  ourselves  by  giving  three  examples  as  illustra¬ 
tions. 

(a)  Volume  of  an  ellipsoid. — Here  0(x)  =  Bx  -j-  Cx2. 

Let  2a,  2b,  and  2c  be  the  axes  of  which  2a  is  the  greatest, 
then  h  —  2a,  Ai  =  0i,  A3  =  0,  and  A2  =  nbc ; 
therefore  volume  =  kh(  Ai  -j-  4A2  +  A3)  =  %a(4nbc)  =  %ndbc, 
which  agrees  with  the  result  in  §  104. 

(/?)  Volume  of  a  sphere. — Here  try2  =  0(x)  =  Bx  -j-  Cx2. 

Let  r  be  the  radius  of  the  sphere,  then  h  =  2r,  Ai  =  0, 
As  =  0,  and  A2  =  nr2,  hence,  as  before  (£  91), 

volume  of  sphere=  ift(Ai4-4A2-|-A3)=^(47TT2)=$Tr3. 

b 

(y)  Volume  of  a  right  circular  cone. — Here  try2  —  0(x)  =  Cx2. 

Let  r  =  radius  of  base  and  h  the  altitude,  then  Ai  =  0, 
A3  =  nr2,  and  A2  =  n (£r)2 ;  hence 

volumeof  cone=|7i  j  Ai-j-lAj-f-As  j  =  hh  j  nr2 -{-nr2  j  =$hnr2. 

In  a  similar  manner  we  can  determine  the  volumes  of  a 
cylinder,  a  prolate  spheroid,  an  oblate  spheroid,  etc. 

§  108.  In  general,  if  in  any  solid  we  have 
0(x)  =A  +  Bx  -f-  Cx2  +  Dx3  , 

where  A,  B,  C,  and  D  are  known  constants,  then,  if  h  be  the 
length  of  the  solid, 

Ai  =  0(0)  =  A, 

M  =  0(ifc)  =  A  +  B (ih)  +  C ( W2  -f  D(Ifc)8  , 

A3  =0(A)  =  A  +  Bft  4-  Ch2  -f  Dh3 , 

'  and  therefore 

volume  of  solid  =ih( Ai  -(-  4A2  +  A3) 

~Ah  +  im2  -j-  JC  h3  -f  ID  A*  . 

I.  Solids  of  Revolution  in  General. 

§  109.  Volume  of  any  Solid  of  Revolution. — Let  P1P2  .... 
Pn  (Fig.  34)  be  the  generating  curve,  and  Ai  ....  An  the  axis 
of  revolution.  Divide  the  curve  into  portions  in  the  points 
P2,  Ps,  etc.,  and  draw  the  chords  and  tangents  of  the  small 
arcs  P1P2,  P2P3,  etc.,  then  it  is  evident  that  the  solid  gener¬ 
ated  by  the  curve  is  greater  than  the  sum  of  the  conical 
frusta  traced  out  by  the  chords  and  less  than  the  sum  of  the 
conical  frusta  traced  out  by  the  tangents.  Hence,  by  in¬ 


creasing  the  number  of  chords,  namely,  by  increasing  the 
points  of  division  of  the  curve,  we  can  niake  the  difference 
between  these  sums  as  small  as  we  please,  and  therefore  by 
this  method  we  can  approximate  as  closely  as  wo  please  to 
the  volume  of  the  solid  generated. 

Assuming  that  the  points  Pi,  P2,  P3  are  so  near  each  other 
that  the  solid  generated  differs  little  from  the  frustum  of  a 
cone,  and  using  the  same  notation  as  in  §  63,  we  have  vol¬ 
ume  generated  by 

TiP2P3  =  ^A,As(.s2  +  4*1  +  «!)  =  J*2AiA>(a£  ■ +  4s%  -f  «|) 

=  i*a(*|  4-4sl+s§) ; 
similarly  the  volume  generated  by 

P3P4P5  =  ^a(s§  -j-  4s|  -(- s|) ; 

whence  the  volume  generated  by  the  whole  curve  P1P2.  .  .  P„ 
=  &na  | s3 +s»+2(s2 -f-Sg  +  . .  .  +5^- j)  +I(®5+3i+  •  •  •  +*«-i)J' » 

or  (since  vs?  =  c*  ,  n =—-  ,  etc.) 

4n  4n 

^  |cl+cn+2(ci+cl+  •  •  •  +Cn-a)+4(c§-l-cf+  .  •  .  +Cn-l)|’ 

a  formula  more  convenient  in  practice,  as  it  is  sometimes 
more  easy  to  measure  equidistant  circumferences  than  equi¬ 
distant  radii. 

J.  Theorems  of  Pappus. 

$  110.  The  following  general  propositions  concerning  sur¬ 
faces  and  solids  of  revolution,  usually  called  Guldin’s  theo¬ 
rems,  are  worth  the  reader’s  attention. 

If  any  plane  curve  revolve  about  any  external  axis  situ¬ 
ated  in  its  plane,  then 

(a)  the  surface  of  the  solid  which  is  thereby  generated  is 
equal  to  the  product  of  the  perimeter  of  the  revolving  curve 
and  the  length  of  the  path  described  by  the  centre  of  grav¬ 
ity  of  that  perimeter ; 

O)  the  volume  of  the  solid  is  equal  to  the  product  of  the 
area  of  the  revolving  curve  and  the  length  of  the  path  de¬ 
scribed  by  the  centre  of  gravity  of  the  revolving  area. 

We  content  ourselves  with  an  example  or  two  of  the  ap¬ 
plication  of  these  theorems,  referring  to  the  article  Infini¬ 
tesimal  Calculus  for  the  proofs. 

Example  1.  To  find  the  surface  and  volume  of  a  circular 
ring. — Let  a  be  the  distance  of  the  centre  of  the  generating 
curve,  in  this  case  a  circle,  from  the  axis  of  rotation,  and  r 
the  radius  of  the  circle,  then 

perimeter  of  generating  curve  =  2 nr , 

area  of  generating  curve  =  nr2 ,  and 
path  described  by  the  centre  of  gravity  either  of  the  perim¬ 
eter  or  area  =  2n a ;  hence 

surface  of  ring  =  2 nr  X  2 na  =  4T2ra,  and] 
volume  of  Ting  =  nr 2  X  2na  =  2n2r2a. 

Example  2. — To  find  the  volume  swept  out  by  an  ellipse 
whose  axes  are  2a  and  2b,  revolving  about  an  axis  in  its  own 
plane  whose  distance  from  the  centre  of  the  ellipse  is  c. 

Here  area  of  generating  curve  =  nab, 
and  path  described  by  centre  of  gravity  of  area  =  2nc;  hence 
volume  generated  =  nab  X  2nc  =  2n2abc. 

Example  3. — A  circle  of  r  inches  radius,  with  an  in¬ 
scribed  regular  hexagon,  revolves  about  an  axis  a  inches 
distant  from  its  centre,  and  parallel  to  a  side  of  the  hex¬ 
agon  ;  to  find  the  difference  in  area  of  the  generated  sur¬ 
faces  and  volumes. 

Here  perimeter  of  circle  =  2 nr, 
and  perimeter  of  hexagon  =  12  X  r  sin  30°  (§  17) 

=  6r; 

also  area  of  circle  —  nr2, 
and  area  of  hexagon  =  3r2  sin  60°  (§  18,  fi) 

—  \V  3r2; 

hence  difference  of  surfaces  generated 

=  4n2ra  - 12 nar  =  4nar(n  -  3) ; 
and  difference  of  volumes  generated 

=  2n2r2a  -3  nr2]/  3  a 
—  nr2a{2n  -  3U3) . 

PART  III.  GAUGING. 

§  111.  By  gauging  is  meant  the  art  of  measuring  the  vol¬ 
ume  of  a  cask,  or  any  portion  of  it.  The  subject  is  one  of 
great  interest  and  practical  importance,  but  space  will  only 
permit  us  to  discuss  it  very  briefly.  If  the  cask  whose  ca¬ 
pacity  we  wish  to  determine  be  a  solid  of  revolution,  then 
its  volume  can  at  once  be  computed,  either  exactly  or  ap¬ 
proximately,  by  the  methods  already  described. 

It  is  usual  to  divide  casks  into  the  following  four  classes 
according  to  the  nature  of  the  revolving  curve: 

(a)  the  middle  frustum  of  a  spheroid  ; 
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(p)  the  middle  frustum  of  a  parabolic  spindle ; 

(y)  two  equal  frusta  of  a  paraboloid,  united  at  their  bases; 

(S)  two  equal  frusta  of  a  cone,  united  at  their  bases. 

Casks  of  the  second,  third,  and  fourth  variety  are  rarely 
met  with  in  practice,  and  we  shall  accordingly  confine  our 
attention  to  the  first  kind,  which  is  considered  the  true  or 
model  form  of  cask. 

Let  ABCD  (Fig.  56)  be  a  section  of  the  cask,  and  assume 
it  to  be  the  middle  frustum  of  a  prolate  spheroid,  then 
its  volume  =  pr(2 b2  -f-  b\ )k , 
where  b  =  OY,  bi  =  AX,  and  k  =  XX'  (g  99). 

YY'  is  called  the  bung  diameter,  and  AB  or  CD  the  head 
diameter. 

An  imperial  gallon  contains  277.274  cubic  inches,  and  there¬ 
fore  the  number  of  gallons  in  the  above  cask 
_*(2  b2  +  bl)k__ 

3X277.274  831.822' 


-(2&2  +  &i)fc 


—(  ~(l  ~t-l\  k ,  where  d  =  2b,  ch  =  26i ; 

\  10o9.1  ) 

whence  we  have  the  rule :  to  the  square  of  the  head  diame¬ 
ter  add  twice  the  square  of  the  bung  diameter,  multiply  the 
sum  by  the  length,  and  divide  the  result  by  1059.1,  and.  the 
answer  is  the  content  in  imperial  gallons. 

Casks,  as  ordinarily  met  with,  are  not  true  spheroidal  frusta, 
but  it  is  better  to  consider 
them  as  such,  calculate 
their  capacity  on  this  as¬ 
sumption,  and  then  make 
allowance  for  the  departure 
from  the  spheroidal  form. 

The  determination  of  the 
proper  allowance  to  be 
made  in  each  case  is  a  mat¬ 
ter  depending  on  the  skill 
and  experience  of  the 
gauger,  and  proficiency  in 
the  art  can  only  be  attained 
by  considerable  practice. 


2  112.  If  the  cask  be  very  little  curved,  we  obtain  an  ap¬ 
proximation  to  its  capacity  by  considering  it  as  made  up  of 
two  equal  frusta  of  a  cone,  united  at  their  bases.  Henc© 
from  §  83  we  have 

volume  of  cask  =  i* h{r\  -j-  nr3  -j-  r|)  nearly. 

Here  we  neglect  thesmall  volumes  generated  by  APY,  Y§D, 
BQY',  and  Y'RC ;  and  therefore  the  volume  is  too  small. 

If  we  put  rm  =  r\  we  obtain 

volume  =  inh{2rl  -j-  r  f ) , 

which  is  a  little  too  large,  and  therefore  the  true  volume 
lies  between  these  two  limits,  and  a  very  close  approxima¬ 
tion  to  it  is  said  to  be  given  by  the  formula 

^h{2rl  +  rl-i(rl-ri)}. 

?  113.  Ullage  of  a  Cask. — The  quantity  of  liquor  contained 
in  a  cask  partially  filled,  and  the  capacity  of  the  portion 
which  is  empty,  are  termed  respectively  the  wet  and  dry 
ullage. 

(a)  Ullage  of  a  standing  cask. — By  means  of  the  method 
applied  in  £  105,  the  following  rule  is  deduced : 

Add  the  square  of  the  diameter  at  the  surface,  the  square 
of  the  diameter  at  the  nearest  end,  and  the  square  of  double 
the  diameter  half-way  between ;  multiply  the  sum  by  the 
length  between  the  surface  and  the  nearest  end,  and  by 
.000472. 

The  product  will  be  the  wet  or  dry  ullage  according  as 
the  lesser  portion  of  the  cask  is  filled  or  empty. 

(/3)  Ullage  of  a  lying  cask. — The  ullage  in  this  case  is 
found  approximately  on  the  assumption  that  it  is  propor¬ 
tional  to  the  segment  of  the  bung  circle  cut  off  by  the  sur¬ 
face  of  the  liquor.  The  rule  adopted  in  practice  is 

ullage  ==  J  content  X  segmental  area. 

(w.  T.*) 


MENTAL  DISEASES.  See  Insanity. 

MENTON  (Ital.,  Mentone),'  a  cantonal  capital  in 
the  department  of  Alpes-Maritimes,  France,  situated 
15  miles  northeast  of  Nice,  on  the  shores  of  the  Medi¬ 
terranean.  The  town,  which  has  a  population  of  about 
9000,  rises  like  an  amphitheatre  on  a  promontory,  by 
which  its  semicircular  bay  (5  miles  wide  at  its  entrance 
and  bounded  on  the  W.  by  Cape  Martin  and  on  the 
E.  by  the  cliffs  of  La  Murtola)  is  divided.  It  is  com¬ 
posed  of  two  very  distinct  portions  ;  below,  along  the 
seashore,  is  the  town  of  hotels  and  of  foreigners,  which 
alone  is  accessible  to  wheeled  vehicles  ;  above,  is  that 
of  the  native  Mentonese,  with  steep,  narrow,  and  dark 
streets,  spread  over  and  clinging  to  the  mountain, 
around  the  strong  castle  which  was  once  its  protection 
against  the  attacks  of  pirates.  Facing  the  southeast, 
and  sheltered  on  the  north  and  west  by  high  moun¬ 
tains,  the  Bay  of  Menton  enjoys  a  delicious  climate, 
and  is  on  this  account  much  frequented  by  invalids 
requiring  a  mild  and  equable  temperature.  The  mean 
for  the  year  is  61°  Fahr.,  exceeding  that  of  Rome  or 
of  Pisa,  and  equalling  that  of  Naples.  #  Frost  occurs 
on  the  average  only  once  in  ten  years  ;  in  one  particu¬ 
lar  year  the  thermometer  did  not  fall  below  46°  Fahr. 
In  the  summer  the  heat  is  never  very  great,  the  tem¬ 
perature  rarely  exceeding  86°  Fahr.  Winter  and  sum¬ 
mer  are  the  most  agreeable  seasons ;  in  autumn  the 
rain  storms  are  accompanied  by  sudden  changes  of 
temperature,  and  in  spring  the  sea  breezes  are  apt  to 
be  violent.  Besides  the  charms  of  its  climate,  Men¬ 
ton  offers  those  of  an  almost  tropical  vegetation. 
Lemon-trees,  olive-trees,  and  pines,  rising  above  each 
other  in  successive  stages,  adorn  the  surrounding 
slopes.  The  district  produces  fqrty  millions  of  lemons 
yearly,  and  this  is  the  principal  source  of  its  natural 
wealth.  The  olive-trees  are  remarkable  for  the  great 
size  they  have  attained  in  the  course  of  the  centuries 
during  which  they  have  continued  to  bear.  Of  their 
wood  a  multitude  of  fancy  objects  are  made  for  sale  to 
strangers. 
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The  origin  of  Menton  is  unknown.  During  the  Middle 
Ages  it  was  successively  occupied  by  the  Saracens,  the  Geno¬ 
ese,  and  the  princes  of  Anjou.  In  the  middle  of  the  14th 
century  it  was  purchased  as  a  single  domain  by  the  Grimal¬ 
dis,  lords  of  Monaco.  During  the  times  of  the  republic  and 
the  first  empire  it  belonged  to  France ;  but  in  1815  it  again 
became  the  property  of  the  princes  of  Monaco,  who  subjected 
it  to  such  exactions  that  in  1848  its  inhabitants,  weary  of 
finding  their  reasonable  demands  put  off  with  empty  prom¬ 
ises,  proclaimed  their  town  free  and  independent,  under 
the  protection  of  Sardinia.  Menton,  with  the  neighboring 
commune  of  Roquebrune,  was  united  to  France  in  1860,  at 
the  same  time  as  Nice  and  Savoy. 

MENTZ.  See  Mainz. 

MENZEL,  Wolfgang  (1798-1873),  poet,  critic, 
and  historian,  was  born  June  21,  1798,  at  Waldenburg 
in  Silesia,  studied  at  Breslau,  Jena,  and  Bonn,  and 
after  living  for  some  time  in  Aarau  and  Heidelberg 
finally  settled  in  Stuttgart,  where,  from  1830  to  1838, 
he  had  a  seat  in  the  Wiirtemberg  “landtag.”  His 
first  work,  a  clever  and  original  volume  of  poems,  en¬ 
titled  StrecJcverse  (Heidelberg,  1823),  was  followed  in 
1824-25  by  a  popular  Geschichte  der  Deutschen  in  three 
volumes,  and  in  1829  and  1830  by  Rubezahl  and  Nar¬ 
cissus,  the  ballads  upon  which  his  reputation  as  a  poet 
chiefly  rests.  In  1851  he  published  the  romance  of 
Furore,  a  lively  picture  of  the  period  of  the  Thirty 
Years’  War;  his  other  very  numerous  writings  in¬ 
clude  Geschichte  Europa' s,  1789—1815  (1853),  and  his¬ 
tories  of  the  German  war  of  1866  and  of  the  Franco- 
German  war  of  1870-71.  From  1825  to  1848  Menzel 
edited  a  “  Literaturblatt  ”  in  connection  with  the  Mor- 
penblatt;  in  the  latter  year  he  transferred  his  allegiance 
from  the  Liberal  to  the  Conservative  party,  and  in  1852 
his  “Literaturblatt”  was  again  revived  in  that  inter¬ 
est.  In  1866  his  political  sympathies  again  changed, 
and  all  his  energies  were  employed  to  oppose  the  “par¬ 
ticularism”  of  the  Prussian  “junkers”  and  the  anti¬ 
unionism  of  South  Germany.  He  died  on  April  23, 
1873.  His  large  private  library  of  18,000  volumes  was 
afterwards  acquired  for  the  university  of  Strasburg. 
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MEPHISTOPHELES— MERCATOR. 


MEPHISTOPHELES,  the  name  of  one  of  the  per¬ 
sonifications  of  the  principle  of  evil.  In  old  popular 
books  and  puppet-plays  the  word  appears  in  various 
forms, — as  Mephistopheles,  Mephistophiles,  Mephis- 
tophilis,  and  Mephostophilis.  In  the  Tragical  History 
of  Dr.  Faustus,  Marlowe  writes  “  Mephistophilis  ” ; 
in  the  Mem/  'Wives  of  Windsor  we  find  “Mephis- 
tophilus.”  The  etymology  of  the  word  is  uncertain. 
According  to  one  theory,  it  may  be  taken  to  represent 
fi7j<puaTo<p'i?nic ;  in  which  case  the  meaning  would  be 
“one  who  loves  not  light.'”  Another  theory  is  that 
the  word  is  a  combination  of  the  Latin  “mephitis” 
and  the  Greek  <p&og,  signifying  “one  who  loves  noxious 
exhalations.  ’  ’  Probably  it  is  of  Hebrew  origin,— from 
"'?P5  a  destroyer,  and  taken  to  mean  a  liar. 

This  view  is  supported  by  the  fact  that  almost  all  the 
names  of  devils  in  the  magic-books  of  the  16th  cen¬ 
tury  spring  from  the  Hebrew.  In  the  old  Faust 
legends  the  character  of  Mephistopheles  is  simply  that 
of  a  powerful  and  wicked  being  who  fulfils  Faust’s 
commands  in  order  to  obtain  possession  of  his  soul. 
Marlowe  attributes  to  him  a  certain  dignity  and  sad¬ 
ness,  and  there  can  be  little  doubt  that  the  Mephis¬ 
tophilis  of  the  Tragical  History  suggested  some  im¬ 
portant  traits  of  Milton’s  Satan.  The  name  has  been 
made  famous  chiefly  by  Goethe,  whose  conception  of 
the  character  varied  at  different  periods  of  his  career. 
In  the  fragment  of  Faust  published  in  1790,  but  writ¬ 
ten  many  years  before,  Mephistopheles  has  a  clearly- 
marked  individuality ;  he  is  cynical  and  materialistic, 
but  has  a  man’s  delight  in  activity  and  adventure,  and 
his  magical  feats  alone  remind  us  that  he  is  preter¬ 
natural.  In  revising  and  extending  this  fragment, 
which  forms  the  chief  portion  of  the  first  part  of 
Faust.  Goethe  treated  Mephistopheles  as  the  repre¬ 
sentative  of  the  evil  tendencies  of  nature,  especially 
of  the  tendency  to  denial  for  its  own  sake,  rather  than 
as  a  living  person.  This  character  Mephistopheles 
maintains  in  the  second  part,  where,  indeed,  the  name 
often  stands  for  a  pure  abstraction. 

See  Julius  Mosen,  Faust ;  Diintzer,  Erlauterungensu  Goethe’s 
Werken :  Faust ;  Vischer,  Goethe’s  Faust. 

MEQUINEZ  (the  Spanish  form  <Df  the  Arabic  Mik- 
ndsa),  a  town  of  Morocco,  the  ordinary  residence  of 
the  emperor,  is  situated  in  a  fine  hilly  country  about 
70  miles  from  the  west  coast  and  35  west-southwest  of 
Fez  on  the  road  to  Sallee,  in  34°  N.  lat.  and  5°  35'  W. 
long.  The  town-wall,  with  its  four-cornered  towers,  is 
kept  in  good  condition ;  and  a  lower  wall  of  wider  cir¬ 
cuit  protects  the  luxuriant  gardens  with  which  the 
outskirts  are  embellished.  In  the  general  regularity 
of  its  streets,  and  in  the  fairly  substantial  character  of 
its  houses,  Mequinez  ranks  higher  than  any  other 
town  in  Morocco ;  but  it  possesses  few  buildings  of  any 
note,  except  the  palace,  and  the  mosque  of  Mulei  Is¬ 
mael,  which  serves  as  the  royal  burying-place.  At  one 
time  the  palace  (founded  in  1634)  was  an  imposing 
structure,  but  the  finest  part  has  been  allowed  to  go  to 
ruin.  In  1 721  Windhus  described  it  as  “  about  4  miles 
in  circumference,  the  whole  building  exceeding  massy, 
and  the  walls  in  every  part  very  thick  ;  the  outward 
one  about  a  mile  long  and  25  feet  thick.”  The  best 
part  consisted  of  oblongs  inclosing  large  open  courts 
or  gardens.  Mortar  or  concrete  was  the  principal 
material  used  for  the  walls,  but  the  pillars  were  in 
many  cases  marble  blocks  of  great  beauty  and  costli¬ 
ness  (A  Journey  to  Mequinez ,  London,  1725).  Most 
of  the  inhabitants  of  Mequinez  are  connected  more  or 
less  directly  with  the  court.  Their  number  has  been 
very  variously  estimated  by  different  travellers.  Gra- 
berg  de  Hemso  gives  56,000  in  1834,  Rohlfs  in  1861 
from  40,000  to  50,000,  and  Conring  in  1880  about 
30,000.  The  town  was  formerly  called  Tikarart.  Ed- 
risi  refers  the  present  name  to  a  Berber  chief,  Meknas. 

MERAN,  a  favorite  health  resort,  and  the  capital 
of  a  district  in  South  Tyrol,  Austria,  is  picturesquely 
situated  at  the  foot  of  the  vine-clad  Kiichelberg,  on 


the  right  bank  of  the  Passer,  about  half  a  mile  above 
its  junction  with  the  Adige,  and  45  miles  to  the  south 
of  Innsbruck.  Meran  proper  consists  mainly  of  one 
long  narrow  street,  called  the  Laubengasse,  flanked 
by  covered  arcades.  In  a  wider  sense,  the  name  is 
often  used  to  include  the  adjacent  villages  of  Unter- 
mais,  Obermais,  and  Gratsch.  The  most  noteworthy- 
buildings  are  the  Gothic  church  of  St.  Nicholas,  with 
its  lofty  tower,  dating  from  the  14th  and  15th  centu¬ 
ries;  the  Spitalkirche,  built  in  the  15th  century,  and 
restored  in  1880;  and  the  quaint  old  Fiirstenhaus,  or 
residence  of  the  counts  of  Tyrol.  The  town  contains 
a  gymnasium,  a  nunnery  and  school  for  girls,  an  insti¬ 
tution  for  sick  priests,  and  several  other  charitable  es¬ 
tablishments.  Meran  owes  its  high  reputation  as  a 
resort  for  consumptive  and  nervous  invalids  to  the 
purity  of  its  air  and  its  comparative  immunity  from 
wind  and  rain  in  winter.  It  stands  in  46°  41 /  N.  lat., 
at  a  height  of  1050  feet  above  the  sea,  and  has  a  mean 
annual  temperature  of  about  54°  Fahr.  Meran  enjoys 
three  seasons,  being  also  visited  in  spring  for  the  whey- 
cure  and  in  autumn  for  the  grape-cure.  The  arrange¬ 
ments  for  the  comfort  of  the  visitors  are  very  com¬ 
plete  ;  and  the  environs  afford  opportunity  for  numer¬ 
ous  pleasant  walks  and  excursions.  The  favorite 

romenade  of  the  inhabitants  is  on  a  massive  dyke, 

uilt  to  protect  the  town  against  the  encroachments 
of  the  Passer.  Nearly  twenty  old  castles  and  chateaus 
are  visible  from  the  bridge  over  the  Passer,  the  most 
interesting  being  Schloss  Tyrol,  an  ancient  edifice 
which  has  given  its  name  to  the  entire  country.  Me¬ 
ran  is  now  frequented  by  about  6500  patients  and  8000 
to  9000  passing  travellers  annually.  In  1900  its  popu¬ 
lation,  including  Obermais  and  Untermais,  amounted 
to  17  951  souls. 

Meran  is  probably  the  representative  of  the  Eoman  Urbs- 
Majensis,  afterwards  known  as  Mairania.  It  became  a  town 
in  1290,  and  down  to  1490  was  the  capital  of  the  counts  and 
dukes  of  Tyrol.  The  town  suffered  somewhat  during  the 
Peasants’  War  in  the  16th  century,  and  subsequently  from 
destructive  floods.  As  a  health  resort  it  has  been  known  for 
about  forty  years.  The  whole  region  in  which  it  lies  is 
singularly  rich  in  historic  interest. 

Authorities— Beda  Weber,  Meran ;  Duringsfeld,  Aus  Meran,  1868; 
Noe,  Der  Fruhling  von  Meran  ;  Stampfer,  Chronik  von  Meran,  1867, 
and  Geschichte  der  Stadt  Meran,  1872 ;  Pircher,  Meran  als  Klimati- 
scher  Kurort,  1870 ;  Plant,  Fuhrer  durch  Meran,  2d  ed.,  1879  Knob¬ 
lauch,  Meran,  5th  ed.,  1881. 

MERCATOR,  Gerardus  (Latinized  form  of  Ger¬ 
hard  Kramer)  (1512-1594),  mathematician  and  geog¬ 
rapher,  was  born  at  Rupelmonde  in  Flanders,  May  5, 
1512.  Having  completed  his  studies  at  Louvain,  he 
devoted  himself  to  geography,  and,  after  being  for 
some  time  attached  to  the  household  of  Charles  V., 
he  was  appointed  cosmographer  to  the  duke  of  Juliers 
and  CWves  in  1 559,  taking  up  his  residence  at  Duisburg, 
where  he  died  December  2,  1594.  One  of  his  earliest 
cartographical  works  was  a  terrestrial  globe  (1541), 
followed  in  1551  by  a  celestial  globe.  In  1552  he  pub¬ 
lished  a  treatise  De  usu  annuli  astronomici  (Louvain), 
and  at  Cologne  in  1569  his  Chronologia,  hoc  est  tem- 
porum  demonstrate  ....  ah  initio  mundi  usque  ad 
Annum  Domini  1568,  ex  eclipsibus  et  observationibus 
astronomicis,  sacris  quoque  Bibliis,  etc.  In  the  same 
year  was  published  the  first  map  on  Mercator’s  well- 
known  projection,  with  the  parallels  and  meridians  at 
right  angles,  for  use  in  navigation.  At  Cologne,  in 
1578,  appeared  his  Tabulae  geographical  ad  men  tern 
Ptolemad  restitutes  et  emendates.  The  work  by  which 
he  is  chiefly  known  is  his  atlas;  published  in  1594  at 
Duisburg,  in  folio,  under  the  title  of  Atlas,  sive  Cos- 
mographicce  meditationes  de  fabrica ■  mundi.  It  con¬ 
tains,  besides  the  maps,  cosmographical  and  other  dis¬ 
sertations,  some  of  the  theological  views  in  which  were 
condemned  as  heretical ;  it  was  completed  by  Hondius 
in  1607.  Several  of  the  maps  had  been  previously 
published  separately,  the  atlas  being  delayed  to  allow 
Ortelius  to  complete  his.  Mercator  also  published  in 
1592  a  Harmonia  Evangeliorum . 
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MERCURIAL  AIR-PUMP.  This  name  is  given 
to  two  distinct  instruments,  one  of  which  is  founded 
°n  statical,  the  other  on  hydrodynamical  principles. 

1.  Hie  Statical  Pump. — The  famous  spiritualist 
v^ifHkor^  ^'ras  the  first  to  conceive  an  air-pump  in 
which  a  mass  of  mercury,  by  being  made  to  rise  and 
fall  alternately  within  a  vertical  vessel,  should  do  the 
work  which  in  the  ordinary  instrument  is  assigned  to 
the  juston.  He  published  a  description  of  his  pump 
in  1 1 22 ,  but  it  is  questionable  whether  his  design  was 
ever  realized.  Of  numerous  subsequent  inventions 
•6  V,i  "  ?ne  which)  in  fact,  has  survived  is  the  ad¬ 
mirably.  simple  and  yet  efficient  instrument  first  de¬ 
scribed  in  1858,  but  constructed  some  time  before,  by 
H,  Geissler,  of  Bonn,  which  at  once,  and  justly,  met 
with  universal  acceptance. 

The  general  scheme  of  Greissler’s  pump  is  shown  in 
h  l%-  1  •  A  and  B  are  pear-shaped  glass  vessels  con¬ 
nected  by  a  long  narrow  india-rub¬ 
ber  tube,  which  must  be  sufficiently 
strong  in  the  body  (or  strengthened 
by  a  linen  coating)  to  stand  an  out¬ 
ward  pressure  of  1  to  U  atmos¬ 
pheres.  A.terminates  below  in  a 
narrow  vertical  tube  c,  which  is  a 
few  inches  longer  than  the  height 
of  the  barometer,  and  to  the  lower 
end  of  this  tube  the  india-rubber 
tube  is  attached  which  connects  A 
with  B.  To  the  upper  end  of  A  is 
soldered  a  glass  two-way  stop-cock, 
by  turning  which  the  vessel  A  can 
either  be  made  to  communicate 
through  s  and  a  hole  in  the  hollow 
cock  with  the  vessel  to  be  exhausted 
(!•)  Fig.  2),  or  through  g  with  the 
atmosphere  (II.,  Fig.  2),  or  can  be 
shut  off  from  both  when  the  cock 
holds  an  intermediate  position. 

The  apparatus,  after  having  been 
carefully  cleaned  and  dried,  is 
charged  with  pure  and  dry  mer¬ 
cury,  which  must  next  be  worked 
backwards  and  forwards  between 
A  and  B  to  remove  all  the  air-bells. 

The  air  is  then  driven  out  of  A  by  lifting  B  to  a  suffi¬ 
cient  level,  turning  the  cock  into  position  II.,  and  let¬ 
ting  the  mercury  flow  into  A  until  it  gets  to  the  other 
side  of  the  stop-cock,  which  is  then  placed  in  the  in¬ 
termediate  posi¬ 
tion.  Supposing 
the  vessel  to  be  ex¬ 
hausted  to  have 
already  been  se¬ 
curely  connected 
with  s,  we  now 
lower  the  reser¬ 
voir  B  so  as  to  re¬ 
duce  the  pressure 
in  A  sufficiently 
below  the  tension 
in  the  gas  to  be 
sucked  in,  and,  by 
turning  the  cock 
into  position  I. , 
cause  the  gas  to 
expand  into  and 
almost  fill  A.  The 
cock  is  now  shut 
against  both  g  and 
s,  the  reservoir 
lifted,  the  gas  con¬ 
tents  of  A  dis¬ 
charged  through 
g,  and  so  on,  until, 


Fig.  1. — Geissler’s 
Mercurial  Air-Pump. 
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Fig.  2.— Arrangements  of  Stop-Cock  in 
Air-Pump. 

. . ,  when  after  an  exhaustion  mercury 

is  let  into  A  the  metal  strikes  against  the  top  without 
interposition  of  a  gas-bell.  In  a  well-made  apparatus 
the  pressure  in  the  exhausted  vessel  is  now  reduced  to 


u  or  of  a  millimetre,  or  even  less.  An  absolute 
vacuum  cannot  be  produced  on  account  of  the  unavoid¬ 
able  air-film  between  the  mercury  and  the  walls  of  the 
apparatus. 

The  great  advantage  of  the  mercurial  over  the  ordinary 

fatt^G^f  1  VVaCUatfS  fa,rmore  completely  than  the 

latter,  that  it  aflords  direct  and  unmistakable  evidence  of 
the  exhaustiveness  of  its  work,  and— last  not  least— that  it 
enables  one  to  transfer  the  gas  sucked  out  to  another  vessel 
without  loss  or  contamination,  so  that  it  can  he  measured 
and  analyzed.  On  account  of  this  latter  feature  more  es¬ 
pecially,  this  instrument  is  highly  valued  as  an  auxiliary  in 
gasometric  researches.  Without  it  the  researches  on  which 
rests  our  present  knowledge  of  the  gases  of  the  blood  could 
not  have  been  carried  out.  The  actual  instrument,  as  con¬ 
structed  for  various  kinds  of  work,  has  of  course  various 
complexities  of  detail  omitted  in  the  above  description. 
P  or  these  the  reader  must  refer  to  handbooks  of  practical 
physiology.  r 

As  it  takes  a  height  of  about  30  inches  of  mercury  to  bal¬ 
ance  the  pressure  of  the  atmosphere,  a  Geissler  pump  neces¬ 
sarily  is  a  somewhat  long-legged  and  unwieldy  instrument 
It  can  be  considerably  shortened,  the  two  vessels  A  and  B 
brought  more  closely  together,  and  the  somewhat  objection¬ 
able  india-rubber  tube  be  dispensed  with,  if  we  connect  the 
air-space  in  B  with  an  ordinary  air-pump,  and  by  means  of 
it  do  the  greater  part  of  the  sucking  and  the  whole  of  the 
lifting  work.  An  instrument  thus  modified  wras  constructed 
by  Poggendorff  (see  his  Annalen,  vol.  cxxv.  p.  151,  1865) 
and  another,  on  somewhat  different  principles,  by  Prof* 
Dittmar  (see  the  “Challenger”  Reports). 

Ev  en  a  Geissler  s  stop-cock  requires  to  be  lubricated  to  be 
absolutely  gas-tight,  and  this  occasionally  proves  a  nuisance. 
Hence  a  number  of  attempts  have  been  made  to  do  without 
stop-cocks  altogether.  In  Topler’ s  pump1  this  is  attained 
by  using  both  for  the  inlet  and  the  outlet  vertical  capillary 
glass  tubes,  soldered,  the  former  to  somewhere  near  the  bot- 
tom,  the  latter  to  the  top  of  the  vessel.  These  tubes,  being 
more  than  30  inches  high,  obviously  act  as  efficient  mercury- 
traps  ;  but  the  already  considerable  height  of  the  pump  "is 
thus  multiplied  by  two.  This  consideration  has  led  Alex- 
ander  Mitscherlick  ( Pogg .  Ann.,  c-1.  420,  1873),  and  quite 
lately  I.  .Neisen  (Z.f.  Instrumentenkunde,  1882,  p.  285)  to  in¬ 
troduce  glass  valves  in  lieu  of  stop-cocks.  As  glass  floats  on 
mercury,  such  valves  do  not  necessarily  detract  from  the 
exhaustive  power  of  the  pump. 

2.  The  Dynamic  Pump.  —This  was  invented  in  18G5 
by  H.  opiengel.  Flie  instrument,  in  its  original  (sim¬ 
plest)  form  (Fig.  3),  consists 
of  a  vertical  capillary  glass 
tube  a  of  about  1  mm.  bore, 
provided  with  a  lateral 
branch  h  near  its  upper 
end,  which  latter,  by  an 
india-rubber  joint  govern¬ 
able  by  a  screw-clamp,  com¬ 
municates  with  a  funnel. 
The  lower  end  is  bent  into 
the  shape  of  a  hook,  and 
dips  into  a  pneumatic 
trough.  The  vessel  to  be 
exhausted  is  attached  to  l , 
and,  in  order  to  extract  its 
gas  contents,  a  properly 
regulated  stream  of  mer¬ 
cury  is  allowed  to  fall 
through  the  vertical  tube. 
Every  drop  of  mercury,  as 
it  enters  from  the  funnel, 
entirely  closes  the  narrow 
tube  like  a  piston,  and  in 
going  past  the  place  where 
the  side  tube  enters  entraps 
a  portion  of  air  and  carries 
it  down  to  the  trough, 
where  it  ca.n  be  collected. 

If  the  vertical  tube,  mea¬ 
suring  from  the  point  where 
the  branch  comes  in,  is  a  few  inches  greater  than  the 
height  of  the  barometer,  and  the  glass,  and  mercury  are 

1  See  Dingier' s  Polytechn.  Journal,  18G2;  an  improved  form  by 
Bessel-Hagen  is  described  in  Wiedemann’s  Annalen,  xii.  425,  18S1. 
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Fig.  3.— Sprengel’s 
Aii;-Pump. 
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perfectly  clean  the  apparatus  slowly  but  surely  pro¬ 
duces  au  almost  absolute  vacuum. 

The  great  advantages  of  Sprengel’s  pump  lie  in  the  sim¬ 
plicity  of  its  construction  and  in  the  readiness  with  which 
it  adapts  itself  to  the  collecting  of  the  gas.  It  did  excellent 
service  in  the  hands  of  Graham  for  the  extraction  of  gases 
occluded  in  metals,  and  since  then  has  become  very  popular  in 
gas-laboratories,  especially  in  Britain.  Many  improvements 
upon  the  original  construction  have  been  proposed.  One  of 
these  which  deserves  mention  is  to  pass  the  mercury,  before 
it  enters  the  “  falling  ”  tube,  through  a  bulb  in  which  a  good 
vacuum  is  maintained,  by  means  of  an  ordinary  air-pump 
or  a  second  “  Sprengel.”  (w.  D.) 

MERCURY  was  the  Roman  god  who  presided  over 
barter,  trade,  and  all  commercial  dealings.  His  nature 
is  probably  more  intelligible  and  simple  than  that  of 
any  other  Roman  deity.  His  very  name,  which  is  con¬ 
nected  with  merx ,  mercator ,  etc. ,  shows  that  he  is  the 
god  of  merchandise  and  the  patron  of  merchants.  In 
the  native  Italian  states  no  merchants  and  no  trade 
existed  till  the  influence  of  the  Greek  colonies  on  the 
coast  introduced  Greek  customs  into  the  cities  of  the 
land.  All  the  usages  and  terminology  of  trade,  and 
all  the  religious  ceremonies  connected  with  it,  were  bor¬ 
rowed  by  the  Romans  from  the  Greeks.  It  was  no 
doubt  under  the  rule  of  the  Tarquins,  when  the  pros¬ 
perity  of  the  state  and  its  intercourse  with  the  outer 
world  were  so  much  increased,  that  merchants  began 
to  ply  their  trade  in  Rome.  Doubtless  the  merchants 
practised  their  religious  ceremonies  from  the  first,  but 
their  god  Mercurius  was  not  officially  recognized  by  the 
state  till  the  year  495  b.c.  Rome  frequently  suffered 
from  scarcity  of  corn  during  the  unsettled  times  that 
followed  the  expulsion  of  the  Tarquins.  #  Various  re¬ 
ligious  innovations  were  made  to  propitiate  the  gods ; 
in  496  the  Greek  worship  of  Demeter,  Dionysus,  and 
Persephone  was  established  in  the  city  (see  Liber), 
and  in  495  the  Greek  god  Hermes  ( q.v .)  was  intro¬ 
duced  into  Rome  under  the  Italian  name  of  Mercurius 
(Livy,  ii.  21 , 27).  Preller  thinks  that  at  the  same  time 
the  trade  in  corn  was  regulated  by  law,  and  a  regular 
college  of  merchants  was  instituted.  This  collegium 
was  under  the  protection  of  the  god ;  their  annual  fes¬ 
tival  was  on  the  Ides  of  May,  on  which  day  the  temple 
of  the  god  had  been  dedicated  at  the  southern  end  of 
the  circus  maximus,  near  the  Aventine  ;  and  the  mem¬ 
bers  were  called  mercuriales  as  well  as  mercatores.  The 
Ides  of  May  was  chosen  as  the  feast  of  Mercury,  obvi¬ 
ously  because  Maia  was  the  mother  of  Hermes,  i.  e. ,  of 
Mercury  (see  Mala.)  ;  and  she  was  worshipped  along 
with  her  son  by  the  mercuriales  on  this  day.  Accord¬ 
ing  to  Preller  this  religious  foundation  had  a  political 
object :  it  established  on  a  legitimate  and  sure  basis  the 
trade  oetween  Rome  and  the  Greek  colonies  of  the 
coast,  whereas  formerly  this  trade  had  been  exposed 
to  the  capricious  interference  of  the  Government  offi¬ 
cials  for  the  year.  Like  all  borrowed  religions  in  Rome, 
it  must  have  retained  the  rites  and  the  terminology  of 
its  Greek  original  (Festus,  p.  257).  Mercury  became 
the  god,  not  only  of  the  mercatores  and  of  the  corn 
trade,  but  of  buying  and  selling  in  general ;  and  it  ap¬ 
pears  that,  at  least  in  the  streets  where  shops  were 
common,  little  chapels  and  images  of  the  god  were 
erected.  There  was  a  spring  dedicated  to  Mercury  be¬ 
tween  his  temple  and  the  Porta  Capena ;  every  shop¬ 
man  drew  water  from  this  spring  on  the  Ides  of  May, 
and  sprinkled  it  with  a  laurel  twig  over  his  head  and 
over  his  goods,  at  the  same  time  entreating  Mercury  to 
remove  from  his  head  and  his  goods  the  guilt  of  all  his 
deceits  (Ovid,  Fasti ,  v.  673  sq.).  The  art  of  the  Roman 
tradesman  was  evidently  like  that  of  an  Oriental  trades¬ 
man  in  modern  times,  and  the  word  mercurialis  was 
popularly  used  as  equivalent  to  ‘ ‘  cheat.  ’  ’  In  the  Latin 

fioets  Mercury  is  often  gifted  with  some  of  the  mani- 
bld  characters  of  the  Greek  Hermes,  but  this  finer  con¬ 
ception  seems  to  have  had  no  real  existence  in  Roman 
religion. 

Roman  statuettes  of  bronze,  in  which  Mercury  is  repre¬ 


sented,  like  the  Greek  Hermes,  standing  holding  the  cadu- 
ceus  in  the  one  hand  and  a  purse  in  the  other,  are  exceed¬ 
ingly  common.  The  caduceus  must  have  been  introduced 
as  a  symbol  of  Mercury  at  a  very  early  time,  for  it  is  found 
on  Italian  coins  as  early  as  the  4th  century  before  Christ, 
and  we  learn  that  several  were  kept  as  sacred  objects  in  the 
adytum  of  the  sanctuary  at  Lavinium  (Dion.  Hal.,  i.  67).  But 
its  foreign  origin  is  shown  by  the  fact  that,  although  it  was 
a  sign  of  peace,  it  was  never  borne  by  the  fetiales,  the  old 
Italian  heralds.  The  very  name  is  derived  from  the  Greek 
KnpvKctov.  Preller’s  view  (Rom.  Myth.)  that  mercuriales  and 
mercatores  are  the  same  guild  is  a  tempting  one,  but  its  truth 
is  very  doubtful.  Mommsen  thinks  that  mercuriales  were  a 
purely  local  guild,  viz.,  the  pagani  of  the  Circus  valley. 

MERCURY,  in  chemistry,  is  a  metal  (symbol  Hg) 
which  is  easily  distinguished  from  all  others  by  its 
being  liquid  at  even  the  lowest  temperatures  naturally 
occurring  in  moderate  climates.  To  this  exceptional 
property  it  owes  the  synonyms  of  quicksilver  in  English 
(with  the  Germans  quecksilber  is  the  only  recognized 
name)  and  of  hydrargyrum  (from  iidup,  water,  and 
apyvpoc,  silver)  in  Graeco-Latin.  This  metal  does  not 
appear  to  have  been  known  to  the  ancient  Jews,  nor  is 
it  mentioned  by  the  earlier  Greek  writers.  Theophras¬ 
tus  (about  300  B.c.)  mentions  it  as  a  derivative  of 
cinnabar.  With  the  alchemists  it  was  a  substance  of 
great  consequence.  Being  ignorant  of  its  susceptibility 
of  freezing  into  a  compact  solid,  they  did  not  recognize 
it  as  a  true  metal,  and  yet,  on  the  authority  of  Geber, 
they  held  that  mercury  (meaning  the  predominating 
element  in  this  metal)  enters  into  the  composition  of 
all  metals,  and  is  the  very  cause  of  their  metallicity. 
When,  about  the  beginning  of  the  16th  century,  chem¬ 
istry  and  scientific  medicine  came  to  merge  into  one, 
this  same  mysterious  element  of  “mercury”  played  a 
great  part  in  the  theories  of  pathology ;  and  the  metal, 
in  the  free  as  in  certain  combined  states,  came  to  be 
looked  upon  as  a  powerful  medicinal  agent,  which  posi¬ 
tion,  on  purely  empirical  grounds,  it  continues  to  hold 
to  the  present  day. 

Mercury  occurs  in  nature  chiefly  in  the  form  of  a  red 
sulphide,  HgS,  called  cinnabar,  which,  as  a  rule,  is 
accompanied  by  more  or  less  of  the  reguline  metal, — 
the  latter  being  probably  derived  from  the  former  by 
some  secondary  reaction.  The  most  important  mer¬ 
cury  mines  in  Europe  are  those  of  Almaden  in  Spain 
and  of  Idria  in  Illyria ;  these  until  lately  furnished  the 
bulk  of  the  mercury  of  commerce,  but  they  are  now 
almost  eclipsed  by  the  rich  deposits  of  New  Almaden 
in  California.  Considerable  quantities  of  mercury  are 
said  to  be  produced  in  China  and  in  Japan  ;  minor  de¬ 
posits  are  being  worked  in  the  Bavarian  Palatinate,  in 
Hungary,  Transylvania,  Bohemia,  and  Peru.  At  Al¬ 
maden  the  ore  forms  mighty  veins  traversing  mica¬ 
ceous  schists  of  the  older  transition  period  ;  in  Illyria 
it  is  disseminated  in  beds  of  bituminous  schists  or  com¬ 
pact  limestone  of  more  recent  date. 

Chemically  speaking,  the  extraction  of  mercury  from 
its  ores  is  a  simple  matter.  Metallic  mercury  is  easily 
volatilized,  and  separated  from  the  gangue,  at  tempera¬ 
tures  far  below  redness,  and  cinnabar  at  a  red  heat  is 
readily  reduced  to  the  metallic  state  by  the  action  of 
iron  or  lime  or  atmospheric  oxygen,  the  sulphur  being 
eliminated,  in  the  first  case  as  sulphide  of  iron,  in  the 
second  as  sulphide  and  sulphate  of  calcium,  in  the  third 
as  sulphurous  acid  gas.  To  the  chemical  mind  a  close 
iron  retort  would  suggest  itself  as  the  proper  kind  of 
apparatus  for  carrying  out  these  operations,  but  this 
idea  is  acted  upon  only  in  a  few  small  establishments, — 
for  instance,  in  that  of  Zweibriicken  in  the  Palatinate, 
where  lime  is  used  as  a  decomposing  agent.  In  all  the 
large  works  the  decomposition  of  the  cinnabar  is  effected 
by  the  direct  exposure  of  the  ore  to  the  oxidizing  flame 
of  a  furnace,  and  the  mercury  vapor,  which  of  course 
gets  diffused  through  an  immense  mass  of  combustion 
gases,  is  sought  to  be  recovered  in  more  or  less  imper¬ 
fect  condensers. 

At  Almaden  this  roasting  distillation  is  effected  in  pris¬ 
matic  furnaces,  which,  by  a  second  upper  (brick)  grating 
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are  divided  into  two  flats,  the  lower  one  serving  for  the  gen¬ 
eration  of  a  wood  fire,  while  the  upper  accommodates  the 
ore,  which  is  introduced  through  an  opening  in  the  dome¬ 
shaped  roof.  To  avoid  an  excessive  dilution  of  the  mercury 
vapor  with  combustion  gases,  part  of  these  are  led  out  lat¬ 
erally  into  a  chimney  and  the  rest  allowed  to  strike  up 
through  the  heap  of  ore.  The  large  mass  of  metalliferous 
vapor  produced  passes  out  through  a  system  of  pipes  in¬ 
serted  laterally  into  the  dome  and  so  arranged  that  they  fol¬ 
low  first  a  descending  and  then  an  ascending  plane,  to  lead 
ultimately  into  a  condensation  chamber  which  communi¬ 
cates  in  its  turn  with  a  chimney.  The  pipes  are  formed  each 
of  a  large  number  of  elongated  pear-shaped  earthenware 
adapters  (called  aludels),  which  are  telescoped  into  one  an¬ 
other  as  in  the  case  of  the  iodine-distillation  apparatus,  the 
joints  being  luted  with  clay.  The  lowest  row  of  aludels, 
which  lie  in  the  line  of  intersection  of  the  two  inclined 
planes,  are  pierced  with  holes  below,  so  that  what  arrives 
as  liquid  mercury  there  runs  out  into  a  gutter  leading  to  a 
reservoir.  What  of  mercury  vapor  remains  uncondensed  in 
the  aludels  passes  into  the  chamber,  the  intention  being  to 
have  it  condensed  there ;  in  reality  a  large  proportion  of 
the  mercury  passes  out  through  the  chimney  (and  through 
the  numerous  leaks  in  the  aludels)  into  the  atmosphere  to 
poison  the  surrounding  vegetation  and  the  workmen.  Simi¬ 
lar  furnaces  to  the  Almaden  ones  are  used  in  Idria  and  at 
New  Almaden  ;  only  the  condensation  apparatus  are  a  little 
less  imperfect.  But  in  all  three  places  the  loss  of  metal  is 
very  considerable;  at  New  Almaden  it  is  said  to  amount  to 
close  upon  40  per  cent. 

The  mercury  obtained  is  purified  mechanically  by  strain¬ 
ing  it  through  dense  linen  hags,  and  then  sent  out  into  com¬ 
merce  in  leather  bags,  or  in  wrought-iron  bottles  provided 
with  screw-plugs,  each  holding  about  75  lbs.  avoirdupois. 

According  to  Balling’s  Metallurgische  Chemie  (Bonn, 
1882),  the  production  of  mercury  in  the  years  named 
was  as  follows : 


Austria,  exclusive  of  Hungary  (1880) .  369  tons. 

Hungary  (1879) .  180  “ 

Italy  (1877) . 55  “ 

Spam  (1873) .  929  “ 

United  States  (1875) .  2054  “ 


Assuming  the  amount  to  be  the  same  from  year  to 
year,  this  gives  a  total  of  3587  tons. 

The  price  of  the  metal  is  subject  to  immense  fluctua¬ 
tions  ;  it  generally  ranges  from  2s.  to  7s.  6d.  a  pound 
avoirdupois. 

Commercial  mercury,  as  a  rule,  is  very  pure  chemi¬ 
cally,  so  that  it  needs  only  to  be  forced  through  chamois 
leather  to  become  fit  for  all  ordinary  applications ;  but 
the  metal,  having  the  power  of  dissolving  most  ordi¬ 
nary  other  metals,  is  very  liable  to  get  contaminated 
with  these  in  the  laboratory  or  workshop,  and  requires 
then  to  be  purified.  For  this  purpose  a  great  many 
chemical  methods  have  been  proposed,  which,  however, 
all  come  to  this,  that  the  base  admixtures  are  sought 
to  be  removed  by  treatment  with  nitric  acid,  oil  of 
vitriol,  or  other  agents  which  act  preferably  on  the  im¬ 
purities.  The  best  of  these  methods  is  that  of  Briihl, 
who  shakes  the  metal  with  a  solution  of  5  grammes  of 
bichromate  of  potash  and  a  few  cubic  centimetres  of 
sulphuric  acid  in  one  litre  of  water,  until  the  red  chro¬ 
mate  of  mercury,  first  produced,  has  disappeared,  and 
its  place  been  taken  by  green  chromic  sulphates.  The 
supernatant  liquor  and  chromic  scum  are  washed  away 
by  a  powerful  jet  of  water,  and  the  clean  metal  is  dried 
and  filtered  through  a  perforated  paper  filter.  The 
only  really  exhaustive  method  is  redistillation  out  of  a 
glass  apparatus.  Unfortunately  the  operation  is  diffi¬ 
cult  of  execution,  as  mercury  “bumps”  badly  on  boil¬ 
ing  ;  but  this  can  be  avoided  by  distilling  the  metal  in 
a  perfect  vacuum.  An  ingenious  apparatus  for  this 
purpose,  in  which  the  distilled  metal  itself  is  made  to 
keep  up  the  vacuum,  was  constructed  lately  by  Leon¬ 
hard  Weber.  A  U-tube,  the  limbs  of  which  are  longer 
than  the  height  of  the  barometer,  is  filled  with  pure 
mercury,  and  inverted,  the  one  limb  being  made  to 
dip  into  a  vessel  with  pure,  the  other  into  another  con¬ 
taining  the  impure,  mercury.  This  second  limb  is ^  in¬ 
flated  above  so  that  the  meniscus  is  about  the  middle 
of  the  bulb.  This  bulb  is  heated,  and  the  consequence 
is  that  the  metal  there  distils  over  into  the  first  limb 
xo  add  to  the  supply  of  pure  metal,  the  impure  rising 


up  in  the  second  by  itself  to  maintain  a  constant  level. 
Dewar  has  modified  the  apparatus  so  that  there  is  no 
need  of  a  supply  of  pure  metal  to  start  with.  Abso¬ 
lutely  pure  mercury  does  not  at  all  adhere  to  any  surface 
winch  does  not  consist  of  a  metal  soluble  in  mercury. 
Hence  the  least  quantity  of  it,  when  placed  on  a  sheet 
of  paper,  forms  a  neatly  rounded-off  globule,  which  re¬ 
tains  its  form  on  being  rolled  about,  and,  when  subdi¬ 
vided,  breaks  up  into  a  number  of  equally  perfect  glob¬ 
ules.  The  presence  in  it  of  the  minutest  trace  of  lead 
or  tin  causes  it  to  “  draw  tails.”  A  very  impure  metal 
may  adhere  even  to  glass,  and  in  a  glass  vessel,  instead 
of  the  normal  convex,  form  an  irregular  flat  meniscus. 

Properties. — The  pure  metal  is  silver-white,  and  re¬ 
tains  its  strong  lustre  even  on  long  exposure  to  ordi¬ 
nary  air.  At  -  38.8°  C.,  le.,  -37.9°  F.  (Balfour  Stew¬ 
art),  it  freezes,  with  considerable  contraction,  into  a 
compact  mass  of  regular  octahedra,  which  can  be  cut 
with  a  knife  and  be  flattened  under  the  hammer.  The 
specific  gravity  of  the  frozen  metal  is  14.39;  that  of 
the  liquid  metal  at  0°  C.  is  13.595  (water  of  4°  C.  =1). 
Under  760  mm.  pressure  it  boils  at  357.3°  C.  (675.1* 
Fahr. )  (Regnault).  At  very  low  temperatures  it  seems 
to  be  absolutely  devoid  of  volatility  (Faraday) ;  but 
from- 13° C.  upwards  (Regnault)  it  exhibits  an  appre¬ 
ciable  vapor  tension. 

The  following  table  gives  the  tensions  “p,”  in  mil¬ 
limetres  of  mercury  of  0°  C. ,  for  a  series  of  Centigrade 
temperatures  “  t,  ”  according  to  Regnault : 

<=  0°  10°  20°  50°  100°  150°  200° 

p  =  . 02  .03  .04  .11  .75  4.27  19.90 

t=  250°  300°  350°  400°  450°  500° 

p  =  75.75  242.1  663.2  1588  3384  6520 

According  to  the  same  authority,  its  average  coefficient 
of  expansion  k,  per  degree  C. ,  is  as  follows  : 

0-100°  C.  0-200°  C.  0-300°  C. 

k  =  .0001815  .0001841  .0001866 

or  1/5510  1/5432  1/5359 


Its  specific  heat  in  the  liquid  state  is  .03332  ;  that  of 
the  frozen  metal  (between  -78°  and  -40°  C. )  is  .0319 
(Regnault).  Its  electric  conductivity  is  bV  of  that  of 
pure  silver  (Matthiesen).  Its  conductive  power  for 
heat  is  greater  than  that  of  water,  and  is  proved  (bv 
Herwig)  to  be  perfectly  constant  from  40°  to  160°  C. 
Its  vapor  density  (air  of  the  same  temperature  and 
pressure  =  1 )  is  6.976  (Dumas),  or  100.93  for  hydro¬ 
gen  =  1.  Hence  its  molecular  weight  (H2  =  2)  is 
201.86.  The  atomic  weight,  by  chemical  methods, 
was  found  =  200.0  (Erdmann  and  Marchand) ;  hence 
mercury -vapor  molecules  consist  of  single  atoms.  Mer¬ 
cury  does  not  appreciably  absorb  any  chemically  inert 
gas. 

Mercury  is  in  constant  requisition  in  the  laboratory. 
It  is  used  for  the  collecting  and  measuring  of  gases, 
in  the  construction  of  thermometers,  barometers,  ana 
manometers,  for  the  determination  of  the  capacity  of 
vessels,  and  many  other  purposes.  In  medicine  it 
is  the  chief  component  of  blue  pills,  and  serves  for  the 
preparation  of  mercurial  ointment,  and  of  “hydrar¬ 
gyrum  cum  creta both  are  obtained  by.  diligently  trit¬ 
urating  the  metal  with  certain  proportions  of  grease 
and  chalk  respectively  until  it  is  “deadened”  i.  e. , 
subdivided  into  invisibly  small  globules  (see  below). 

Alloys. — Mercury  readily  unites  directly  with  all 
metals'  (except  iron  and  platinum)  into  what  are  called 
amalgams.  In  some  cases  the  union  takes  place  with 
considerable  evolution  of  heat,  and  large  modification 
af  the  mean  properties  of  the  components.  Thus,  for 
instance,  sodium  when  rubbed  up  with  mercury  unites 
with  it  with  deflagration  and  formation  of  an  alloy, 
which,  if  it  contains  more  than  2  per  cent,  of  sodium, 
is  hard  and  brittle,  although  sodium  is  as  soft  as  wax 
md  mercury  a  liquid.  Liquid  amalgams  of  gold  and 
silver  are  employed  for  gilding  and  silvering  objects 
cf  copper,  bronze,  or  other  base  metal.  The  amalgam 
is  spread  out  on  the  surface  of  the  object  by  means  of 
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a  brush,  and  the  mercury  then  driven  off  by  the  ap¬ 
plication  of  heat,  when  a  polishable,  firmly-adhering 
film  of  the  noble  metal  remains.  Copper  amalgam, 
containing  from  25  to  33  per  cent,  of  the  solid  metal, 
when  worked  in  a  mortar  at  100°  C. ,  becomes  highly 

Idastic,  but  on  standing  in  the  cold  for  ten  or  twelve 
lours  becomes  hard  and  crystalline.  Hence  it  is  used 
for  the  stuffing  of  teeth.  A  certain  amalgam  of  cad¬ 
mium  is  similarly  employed. 

Oxides. — There  are  two  oxides  of  mercury,  namely,  an 
oxide,  Hg20,  called  mercurous,  and  another,  HgO,  called 
mercuric  oxide.  The  latter  can  be  produced  directly  by 
keeping  the  metal  for  a  long  time  in  air  at  a  temperature 
somewhat  below  its  boiling  point,  when  the  oxide  is  grad¬ 
ually  formed  as  a  red  powdery  solid.  This  solid  has  long 
been  known  as  “  red  precipitate,”  or  as  mercurius  priecipitatus 
per  se.  Priestley  made  the  important  discovery  that  the 
“precipitate”  when  heated  to  dull  redness  is  reduced  to 
metal,  with  evolution  of  what  has  since  been  known  as 
oxygen  gas ;  but  it  was  reserved  for  Lavoisier  to  correctly 
interpret  this  experiment,  and  thus  to  establish  our  present 
views  on  the  constitution  of  atmospheric  air.  The  oxide  is 
easily  prepared  by  heating  any  nitrate  of  the  metal  as  long 
as  nitrous  fumes  are  seen  to  go  off  (when  it  remains  as  a 
scaly  mass,  black  when  hot,  red  after  cooling),  or  else  by 
precipitating  the  solution  of  a  mercuric  salt  with  excess 
of  caustic  potash  or  soda,  when  it  comes  down  as  an  amor¬ 
phous  yellow  precipitate,  which  is  free  of  combined  water. 
Mercurous  oxide,  a  black  solid,  can  be  obtained  only  indi¬ 
rectly,  by  the  decomposition  of  mercurous  salts  with  fixed 
caustic  alkalies.  Both  oxides  are  insoluble  in  water,  but 
dissolve  in  certain,  and  combine  with  all,  aqueous  acids  with 
formation  of  mercury  salts  aud  elimination  of  water.  Thus, 
for  instance, 

Hg*0  -f-  2HNOs  =  HgO  +  Hgiflltfc)*, 

Mercurous  nitrate. 

HgO  +  2HN03  =  H20  +  Hg(N03]2. 

Mercuric  nitrate. 

The  Nitrates. — When  metallic  mercury  is  set  aside  with  its 
own  weight  of  nitric  acid  of  1.2  specific  gravity,  at  ordinary 
temperatures,  the  normal  mercurous  salt  Hg2(N03)2  is  grad¬ 
ually  produced,  and  after  a  day  or  two  is  found  to  have  sep¬ 
arated  out  in  colorless  crystals.  These  are  soluble  (some¬ 
what  sparingly)  in  water  acidulated  with  nitric  acid,  but  are 
decomposed  by  the  action  of  pure  water,  with  formation 
of  difficultly  soluble  basic  salts.  When  this  salt  (or  the 
metal  itself )  is  treated  with  excess  of  nitric  acid,  it  is  oxi¬ 
dized  into  mercuric  nitrate,  Hg(N03)2,  a  white  crystalline 
salt,  readily  soluble  in  water  without  decomposition. 

The  Sulphates. — Cold  aqueous  sulphuric  acid  does  not  act 
upon  mercury,  but  the  hot  concentrated  acid  converts  it 
first  into  mercurous  and  then  into  mercuric  sulphate,  with 
evolution  of  sulphurous  acid. 

Hg2  +  2H2SO4  =  2H20  +  S02  +  Hg2S04, 

HgsSCh  +  2H2SO4  =  2H2O  +  SO2  4-  2HgS04 

Both  salts  form  white  crystalline  magmas.  The  mer¬ 
curous  salt  is  difficultly  soluble  in  water,  and  consequently 
producible  by  precipitation  of  the  nitrate  with  sulphuric 
acid.  The  mercuric  salt,  when  treated  with  water,  is  de¬ 
composed,  with  formation  of  a  yellow  insoluble  basic  salt 
which  has  long  been  knowu'as  turpethum  minerale.  Its  com¬ 
position  is  S03.3Hg0,  when  produced  by  excess  of  hot 
water.  Mercuric  sulphate  is  of  importance  chiefly  as  form¬ 
ing  the  basis  for  the  manufacture  of  the  two  chlorides. 

The  Chlorides. — These  are  both  extensively  used  medicinal 
agents.  The  mercuric  salt,  HgCl2,  known  in  medicine  as 
corrosive  sublimate,  is  prepared  by  mixing  the  sulphate  in¬ 
timately  with  common  salt,  and  subjecting  the  mixture  to 
sublimation,  a  little  binoxide  of  manganese  being  added  to 
oxidize  the  mercurous  salt,  which  is  generally  present  as  an 
impurity.  The  process  is  conducted  in  a  glass  flask  buried 
in  a  hot  sand-bath.  When  the  decomposition  is  accomplished, 
the  sand  is  removed  from  the  upper  half  of  the  flask,  and 
the  temperature  raised  so  that  the  chloride,  HgCL,  pro¬ 
duced  sublimes  up  and  condenses  in  the  upper  part  as  a 
“sublimate.”  The  salt,  as  thus  produced,  forms  compact 
crystalline  crusts,  which,  when  heated,  melt  into  a  limpid 
liquid  before  volatilizing.  It  is  soluble  in  water,  100  parts 
of  which  at  10°,  20°,  100°,  dissolve  6.57,  7.39,  54  parts  of  salt. 
Corrosive  sublimate  dissolves  in  3  parts  of  alcohol  and  in 
4  parts  of  ether.  This  salt,  on  account  of  its  solubility  in 
water,  is  a  deadly  poison.  Mercurous  chloride,  Hg2Cl2,  bet¬ 
ter  known  as  “  calomel”  (from  <caXdy,  fair,  and  /ieXaj,  black,  be¬ 
cause  it  becomes  dead-black  when  treated  with  ammonia, 
mercuric  chloride  yielding  a  white  product),  is  prepared  by 
mixing  corrosive  sublimate  with  the  proper  proportion  of 
metallic  mercury  (HgCL  :  Hg),  or  mercuric  sulphate  with 


salt  and  mercury  in  the  proportions  of  HgS04  :  Hg  :  2NaCI, 
and  subjecting  the  mixture  to  sublimation  in  glass  flasks. 
The  salt  Hg2CL  is  thus  obtained  in  the  form  of  white, 
opaque,  crystalline  crusts,  which,  when  heated,  volatilize," 
without  previously  melting,  into  a  mixture  of  HgCL  and 
Hg  vapor,  which,  on  cooling,  recombine  into  calomel.  For 
medicinal  purposes  the  sublimate  is  reduced  to  an  impal¬ 
pable  powder,  washed  with  water  to  remove  any  corrosive 
sublimate  that  maybe  present,  and  dried.  Being  insoluble 
in  water,  it  acts  far  less  violently  on  the  organism  than 
mercuric  chloride  does.  Its  action,  110  doubt,  is  due  to  its 
very  gradual  conversion  in  the  stomach  into  mercury  and 
corrosive  sublimate.  Finely  divided  calomel  can  be  pro¬ 
duced,  without  trouble,  by  the  precipitation  of  a  solution 
of  mercurous  nitrate  with  hydrochloric  acid  or  common 
salt ;  but  this  preparation  is  liable  to  be  contaminated  with' 
mercurous  nitrate,  and,  even  when  pure,  has  been  found  to 
act  far  more  violently  than  ordinary  calomel  does.  Hence 
its  use  is  not  tolerated  by  the  pharmacopoeias.  Aecording 
to  Wohler,  a  mercurous  chloride,  more  nearly  equivalent  to 
the  sublimed  article,  is  producible  by  heating  corrosive  sub¬ 
limate  solution  with  sulphurous  acid — 

2  HgCL  4-  H2S03  +  H20  =  H2SO4  +  2HC1  -f  IIg2CL. 

The  writer  is  unable  to  say  whether  Wohler’s  calomel  has 
ever  found  its  way  anywhere  into  medicinal  practice. 

The  Iodides. — The  mercuric  salt  Hgl2  is  produced  in  two 
ways,  viz.,  first,  by  mixing  the  two  elementary  components 
intimately,  and  subjecting  the  mixture  to  sublimation,  and, 
secondly,  by  precipitating  corrosive  sublimate  solution  with 
its  exact  equivalent  of  iodide  of  potassium.  In  the  first 
case  the  salt  is  obtained  in  yellow  crystals,  which,  on  the 
slightest  touch  with  a  solid  body,  assume  aud  then  perma¬ 
nently  retain  a  rich  scarlet  color.  The  precipitation  pro¬ 
cess  at  once  yields  the  scarlet  salt.  The  salt  is  insoluble  in 
water,  but  soluble  in  alcohol  aud  in  iodide  of  potassium 
solution.  The  mercurous  salt  Hg^L  is  obtained  by  precipi¬ 
tating  mercurous  nitrate  with  iodide  of  potassium  as  a  dirty- 
green  powder  iusoluble  in  water.  Both  iodides  are  used 
medicinally. 

The  Sulphides. — Mercurous  sulphide,  Hg2S,  does  not  seem 
to  exist.  The  mercuric  salt,  HgS,  exists  in  two  modifica¬ 
tions,  of  which  one  is  amorphous,  and  has  a  black  color, 
while  the  other  is  crystalline  and  red.  The  black  one  is 
obtained  by  precipitation  of  solutions  of  mercuric  salts  with 
excess  of  sulphuretted  hydrogen,  or  by  direct  synthesis. 
The  right  proportions  of  mercury  aud  flowers  of  sulphur 
are  rubbed  together  in  a  mortar  until  the  whole  is  converted 
into  a  jet-black  uniform  powder.  This  preparation  (the 
sethiops  mineralis  of  the  pharmaceutist),  however,  is  apt  to 
he  contaminated  with  uncombined  sulphur  and  mercury. 
Application  of  a  gentle  heat  causes  exhaustive  combination. 
The  red  sulphide,  HgS,  occurs  in  nature  as  cinnabar,  aud 
can  be  produced  artificially  from  the  black.  The  artificial 
preparation,  known  as  vermilion,  is  highly  valued  as  the 
most  brilliant,  stable,  and  innocuous  of  all  mineral  red 
pigments.  Vermilion  can  be  produced  •  from  the  black  sul¬ 
phide  in  two  ways,  viz.,  first,  by  sublimation,  and  secondly, 
by  treatment  of  it  with  fixed  alkaline  sulphide  solution. 
According  to  Brunner,  100  parts  of  mercury  are  mixed  in¬ 
timately  with  38  parts  of  flowers  of  sulphur,  and  the  sethiops 
is  digested,  with  constant  agitation,  in  a  solution  of  25  parts 
of  potash  in  150  parts  of  water  at  45°  C.  (the  water  lost  by 
evaporation  being  constantly  replaced),  until  the  prepara¬ 
tion  has  come  up  to  its  maximum  of  fire  aud  brilliancy, 
which  takes  a  good  many  hours.  Purely  sublimed  ver¬ 
milion  has  a  comparatively  dull  color,  and  must  be  manipu¬ 
lated  with  alkaline  sulphide  solution  to  give  it  the  necessary 
fire.  The  action  of  the  alkaline  sulphide  consists  probably 
in  this,  that  it  dissolves  successive  instalments  of  the  amor¬ 
phous  preparation  and  redeposits  them  in  the  crystalline 
form. 

Mercuric  Derivatives  of  Ammonia. — (1)  Recently  precipi¬ 
tated  oxide  HgO  is  digested,  cold,  in  carbonic-acid-free  am¬ 
monia,  and  the  mixture  allowed  to  stand  for  a  few  days. 
The  liquor  is  then  decanted  off,  and  the  precipitate  washed 
with  alcohol,  and  then  with  ether,  and  dried  over  sulphuric 
acid.  The  product  is  a  yellow  solid  base  (“Millon’s  base”) 
of  the  composition 

N2H6  +  4HgO  4-  H20  =  N2Hg40 . 2H20  -j-  2H20. 

It  is  insoluble  in  alcohol  and  in  ether,  aud  requires  13,000 
parts  of  cold  water  for  its  solution.  It  readily  unites  with 
all  acids,  forming  salts,  which,  as  a  rule,  are  insoluble  in 
water.  Hence,  all  ordinary  salt  solutions,  when  shaken 
with  the  base,  are  decomposed  with  elimination  of  the  base 
of  the  salt.  Thus,  for  instance,  even  such  salts  as  alkaline 
nitrates,  chlorides,  or  sulphates  are  decomposed  with  for¬ 
mation  of  solutions  Of  caustic  alkali. 

1  (2)  A  body  N2Hg4l2  -j-  2H20,  i.  e.,  of  the  composition  of 
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"the  iodide  corresponding  to  the  oxide  in  (1),  is  produced  as 
•a  brown  precipitate  when  ammonia  or  an  ammonia  salt  is 
added  to  a  solution  of  mercuric  iodide  in  iodide  of  potas¬ 
sium  mixed  with  large  excess  of  caustic  potash  or  soda 
(“Nessler’s  reagent”).  In  very  dilute  solutions  of  am¬ 
monia  Nessler’s  reagent  produces  only  a  brown  or  yellow 
coloration,  which,  however,  is  so  intense  that  wWinnnd'h  of 
ammonia  in  about  50  cubic  centimetres  of  liquid  becomes 
clearly  visible. 

(3)  The  chloride  NH2Hg .  Cl  of  the  “  ammonium  ”  NH2Hg 
is  produced  as  an  insoluble  white  precipitate  when  ammo¬ 
nia  is  added  to  a  solution  of  corrosive  sublimate.  This  sub¬ 
stance  is  known  in  medicine  as  infusible  white  precipitate 
in  contradistinction  to  (4). 

(4)  The  fusible  white  precipitate  was  at  one  time  supposed 
to  be  identical  with  (3),  and  is  obtained  by  boiling  it  with  sal- 
ammoniac  solution.  Its  composition  is  NH2HgCl  -j-  NH4CI 
=  N2H6.Hg.Cl2. 

Analysis. — Any  ordinary  solid  mercury  compound,  when 
heated  in  a  sublimation  tube  with  carbonate  of  soda,  yields 
a  sublimate  of  metallic  mercury,  which,  if  necessary,  needs 
only  to  be  scraped  together  with  a  wooden  spill  to  unite 
into  visible  globules.  From  any  mercury-salt  solution  the 
metal  is  precipitated  by  digestion  with  a  piece  of  bright 
copper-foil.  The  precipitated  mercury  forms  a  coating  on 
the  copper,  which  becomes  silvery  on  being  rubbed  with 
blotting-paper.  When  the  quicksilvered  copper  is  heated 
in  a  sublimation  tube,  it  reassumes  its  red  color  with  for¬ 
mation  of  a  sublimate  of  mercury. 

Solutions  of  mercurous  salts  with  hydrochloric  acid  give 
a  white  precipitate  of  calomel,  which,  after  filtration,  is 
easily  identified  by  its  becoming  jet-black  on  treatment 
with  ammonia.  From  mercuric  solutions  hydrochloric  acid 
precipitates  nothing ;  hut  stannous  chloride,  in  its  twofold 
capacity  as  a  chloride  and  a  reducing  agent,  yields  a  pre¬ 
cipitate  of  calomel.  On  addition  of  an  excess  of  reagent 
the  precipitate  becomes  gray  through  conversion  into  finely 
divided  quicksilver.  Sulphuretted  hydrogen,  when  added 
very  gradually  to  an  acid  mercuric  solution,  gives  at  first 
an  almost  white  precipitate,  which,  on  addition  of  more 
and  more  reagent,  assumes  successively  a  yellow,  orange, 
and  at  last  jet-black  color.  The  black  precipitate  is  HgS, 
which  is  identified  by  its  great  heaviness,  and  by  its  being 
insoluble  in  boiling  nitric  and  in  boiling  hydrochloric  acid. 
A  mixture  of  the  two  (aqua  regia)  dissolves  it  as  chloride. 

I  .  (W.  D.) 

Therapeutics  of  Mercury. 

The  use  of  mercury  as  a  therapeutic  agent  is  of 
comparatively  recent  date.  To  the  Greeks  and  Ro¬ 
mans  its  value  was  unknown,  and  the  Arabian  phy¬ 
sicians  only  used  it  for  skin  affections.  It  was  not  till 
the  middle  of  the  16th  century  that  the  special  prop¬ 
erties  of  mercury  were  fully  appreciated,  but  since 
that  time  the  metal  has  continued  to  hold  a  high  though 
fluctuating  value  as  a  medicine.  At  first,  the  metal  in 
a  finely  divided  state  or  in  vapor  was  used  ;  but  very 
soon  its  various  compounds  were  found  to  be  endowed 
with  powers  even  greater  than  those  of  the  metal 
itself,  and  with  the  discovery  of  new  compounds  the 
number  of  mercurial  medicines  has  largely  increased. 

The  preparations  now  in  use  may  be  thus  classified. 
(1)  Of  the  preparations  containing  metallic  mercury 
the  chief  members  are  blue  pill  (pilula  hydrargyri), 
gray  powder  (hydrargyrum  cum  creta),  and  blue  oint¬ 
ment  (unguentum  hydrargyri).  The  first  consists  of 
mercury,  liquorice-root,  and  confection  of  roses  ;  the 
second  of  mercury  and  chalk  ;  the  third  of  mercury, 
suet,  and  lard.  The  power  of  the  three  preparations 
seems  to  depend  on  the  fine  state  of  subdivision  of  the 
mercury  they  contain  ;  mercury  in  its  ordinary  liquid 
state  seems  devoid  of  medicinal  properties.  It  is  thought 
by  some  that  the  fine  subdivision  of  the  metal  leads  to 
the  formation  of  a  little  oxide,  and  that  the  efficacy 
of  the  preparations  in  part  depends  on  this.  (2)  Three 
oxides  of  mercury  are  employed  in  medicine, — the  red, 
from  which  is  made  red  precipitate  ointment  (unguen¬ 
tum  hydrargyri  oxydi  rubri),  the _ yellow,  an  allotropic 
form  of  the  red,  and  the  black  oxide.  The  yellow  and 
black  oxides  suspended  in  lime  water  form  respectively 
yellow  and  black  wash  (lotio  flava  and  lotio  nigra). 
(3)  The  chlorides  of  mercury  form  a  very  important 
group:  calomel  (hydrargyri  subchloridum)  is  a. white 
heavy  powder ;  corrosive  sublimate  (hydrargyri  per- 
chloridum)  is  a  heavy  crystalline  substance.  (4)  Two 


iodides  are  used  medicinally ;  they  are  known  from 
their  color  as  the  green  and  red  iodides.  (5)  Nitrate 
of  mercury  enters  into  the  composition  of  a  powerful 
caustic  known  as  the  acid  nitrate  of  mercury.  It  is, 
also,  the  active  principle  of  citrine  ointment  (unguen¬ 
tum  _  hydrargyri  nitratis).  (6)  In  this  class  only  am- 
moniated  mercury  and  its  ointment,  commonly  known 
as  white  precipitate  ointment,  are  contained.  Of  the 
many  compounds  not  included  in  the  above  classifica¬ 
tion  the  oleate  and  albuminate  are  the  most  important. 

Mercurial  preparations  are  largely  employed  as  external 
applications.  Several  of  them  are  potent  agents  for  the  de¬ 
struction  of  the  lower  forms  of  animal  life,  and  hence  are 
employed  to  destroy  parasites  having  their  habitat  in  skin, 
hair,  and  clothing.  The  white  and  red  precipitate  ointments 
are  specially  effective  in  the  destruction  of  pediculi,  and 
blue  ointment  is  occasionally  used  for  the  same  purpose. 
Corrosive  sublimate  is,  however,  the  most  energetic  of  the 
mercurial  parasiticides,  and  recent  observations  seem  to 
show  that  it  is  superior  to  almost  all  other  substances  as  a 
germ  destroyer.  It  is  sometimes  used  to  get  rid  of  ring¬ 
worm.  It  should  be  remembered  that  corrosive  sublimate 
is  a  powerful  irritant  to  the  skin,  and  also  an  active  poison. 

Acid  nitrate  of  mercury  is  a  caustic,  and  by  it  warts  and 
small  growths  are  sometimes  removed ;  it  is  also  one  of  the 
caustics  occasionally  applied  to  prevent  the  spread  of  lupus. 

In  skin  diseases  mercurial  preparations  are  largely  used, 
especially  in  some  forms  of  eczema.  A  few  grains  of  the 
red  oxide  or  of  ammoniated  mercury  in  an  ounce  of  zinc 
ointment  are  often  found  of  great  service  in  this  ailment ; 
citrine  ointment  is  also  useful.  Calomel  ointment  is  not 
irritating,  but  rather  tends  to  soothe.  It  is  therefore  some¬ 
times  applied  to  irritable  rashes;  in  pruritus  ani  it  is  of 
special  value.  Mercurial  preparations  are  not  usually  found 
of  benefit  in  scaly  eruptions.  In  acne  a  weak  solution  of 
corrosive  sublimate  is  often  most  effective. 

Preparations  of  mercury  are  often  used  to  heal  ulcers,  es¬ 
pecially  those  of  syphilitic  origin.  Black  wash  is  one  of  the 
commonest  applications  for  this  purpose.  The  red  oxide 
ointment  is  at  times  employed  to  stimulate  indolent  ulcers, 
and  it  is  capable  of  removing  exuberant  granulations  (proud 
flesh),  which  sometimes  retard  the  healing  of  wounds. 

Mercury  is  largely  used  externally  to  promote  the  absorp¬ 
tion  of  inflammatory  products,  especially  in  the  neighbor¬ 
hood  of  joints.  The  blue  ointment  is  frequently  employed 
for  this  purpose,  more  rarely  a  plaster  containing  mercury 
or  a  mercurial  liniment.  For  effecting  the  absorption  of 
goitre  (Derbyshire  neck)  the  ointment  of  the  red  iodide  is 
often  relied  on,  especially  in  India,  where  it  is  customary  to 
expose  the  patient’s  neck  to  the  sun  after  rubbing  it  with 
the  ointment.  In  enlargements  of  the  liver  and  spleen  the 
application  of  mercurial  ointment  sometimes  seems  to  pro¬ 
mote  reduction  in  size. 

Taken  internally  in  continued  doses,  mercury  produces  a 
peculiar  effect  known  as  salivation.  First  a  metallic  taste 
is  experienced ;  this  is  followed  by  soreness  of  the  gums,  an 
undue  flow  of  saliva,  and  fcetor  of  the  breath.  Further  ad¬ 
ministration  of  the  drug  may  increase  greatly  the  salivary 
flow,  and  also  lead  to  swelling  of  the  tongue,  ulceration  of 
the  mouth,  and  even  disease  of  the  jaw-bone.  At  the  same 
time  the  blood  becomes  impoverished,  and  feverishness  with 
loss  of  flesh  occurs.  A  single  large  dose— rarely  too  a  single 
small  dose — may  produce  some  of  the  above  symptoms. 
They  may  also  follow  the  inhalation  of  the  metal  or  its 
compounds,  or  their  absorption  through  the  skin.  The 
long-continued  inhalation  of  the  vapor  of  mercury  acts 
likewise  on  the  nervous  system,  causing  a  peculiar  kind  of 
trembling.  Mercurial  tremor  is  sometimes  seen  in  looking- 
glass  makers,  often  in  those  who  work  in  quicksilver  mines. 

Internally  mercury  is  chiefly  given  for  two  purposes— (1) 
to  check  inflammation  and  cause  the  absorption  of  the  pro¬ 
ducts  it  gives  rise  to,  and  (2)  to  antagonize  the  syphilitic 
virus  and  remove  the  evils  it  causes.  Some  years  ago  the 
belief  in  the  power  of  mercury  to  control  inflammation  was 
almost  universal,  and  it  was  largely  administered  in  almost 
all  inflammatory  affections,  but  of  late  it  has  been  much  less 
used,  both  because  it  seems  doubtful  whether  it  has  really 
the  power  it  was  once  supposed  to  have  and  because  of  the 
possibility  of  evil  results  from  its  continued  use.  In  peri¬ 
tonitis  and  iritis  it  is  still  often  employed,  small  doses  of 
calomel  being  given.  Not  unfrequently  too  it  is  adminis¬ 
tered  in  pericarditis  and  hepatitis,  but  in  pneumonia,  pleu¬ 
risy,  and  most  other  inflammatory  affections  its  use  is  now 
discarded  by  many  physicians.  As  an  antidote  to  the  syphi¬ 
litic  poison  it  is  still  held  in  high  esteem,  though  opinions 
vary  much  as  to  the  extent  of  its  power.  There  can  be  but 
little  doubt  that,  given  in  an  early  stage  of  the  disorder,  it 
minimizes  the  secondary  symptoms ;  but  it  cannot  be  relied 
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on  to  prevent  their  occurrence.  It  aids  in  removing  the  sec¬ 
ondary  symptoms,  and  tends  to  the  avoidance  of  tertiary 
manifestations,  which  nevertheless  sometimes  occur  even 
when  mercury  has  been  freely  given.  The  custom  of  giving 
mercury  till  profuse  salivation  is  established  has  long  been 
abandoned ;  the  aim  now  is  so  to  give  it  as  to  prevent  sali¬ 
vation  occurring;  for  this  purpose  blue  pill,  calomel,  and 
corrosive  sublimate  are  given  in  very  small  doses,  but  if  the 
gums  become  tender  the  dose  is  decreased  or  the  adminis¬ 
tration  stopped. 

Mercurial  treatment  is  sometimes  carried  out  by  rubbing 
the  blue  ointment  into  the  skin,  sometimes  by  exposing  the 
patient  to  the  fumes  of  calomel ;  syphilitic  eruptions  are 
often  treated  by  such  fumigation.  More  rarely  mercury  is 
introduced  by  injecting  the  albuminate  or  some  other  prep¬ 
aration  under  the  skin  or  by  means  of  suppositories.  In  chil¬ 
dren  gray  powder  is  generally  used  when  mercurial  treat¬ 
ment  is  required.  Children  bear  mercury  well. 

Blue  pill,  calomel,  and  gray  powder  are  often  used  as 
purgatives,  and  a  power  of  promoting  the  secretion  of  bile  is 
attributed  to  them.  Experimentally  it  has  not  been  proved 
that  they  stimulate  the  liver  functions,  but  there  is  good 
reason  for  believing  that  they  promote  the  expulsion  of  bile 
from  the  body.  Gray  powder  is  especially  valued  as  a  mild 
and  efficient  aperient  for  children,  and  is  often  given  in  the 
early  stage  of  diarrhoea  to  expel  the  irritating  contents  of 
the  bowel. 

The  use  of  calomel  in  tropical  dysentery,  once  very  preva¬ 
lent,  has  within  the  last  few  years  been  abandoned. 

(d.  j.  l.) 

MERGANSER,  a  word  originating  with  Gesner 
{Hist.  Animalium ,  iii.  p.  129)  in  1555,  and  for  a  long 
while  used  in  English  as  the  general  name  for  a  group 
of  fish-eating  Ducks  possessing  great  diving  powers, 
and  forming  the  genus  Mergus  of  Linnaeus,  now  re¬ 
garded  by  ornithologists  as  a  Subfamily,  Mergince,  of 
the  Family  Anatidce.  The  Mergansers  have  a  long, 
narrow  bill,  with  a  small  but  evident  hook  at  the  tip, 
and  the  edges  of  both  mandibles  beset  by  numerous 
horny  denticulations,  whence  in  English  the  name  of 
“Saw-bill”  is  frequently  applied  to  them.  Other¬ 
wise  their  structure  does  not  much  depart  from  the 
Anatine  or  Fuliguline  type.  All  the  species  bear  a 
more  or  less  developed  crest  or  tuft  on  the  head. 
Three  of  them,  Mergus  merganser  or  castor ,  M.  serra¬ 
tor,  and  M.  albellus ,  are  found  over  the  northern  parts 
of  the  Old  World,  and  of  these  the  first  two  also  in¬ 
habit  North  America,  which  has  besides  a  fourth  spe¬ 
cies,  M.  cucidlatus ,  said  to  have  occasionally  visited 
Britain.  M.  merganser,  commonly  known  as  the 
Goosander,  is  the  largest  species,  being  nearly  as  big 
as  the  smaller  Geese,  and  the  adult  male  in  breeding- 
attire  is  a  very  beautiful  bird,  conspicuous  with  his 
dark  glossy-green  head,  rich  salmon-colored  breast, 
and  the  upper  part  of  the  body  and  wings  black  and 
white.  Tnis  full  plumage  is  not  assumed  till  the  sec¬ 
ond  year,  and  in  the  meantime,  as  well  as  in  the  post¬ 
nuptial  dress,  the  male  much  resembles  the  female, 
having,  like  her,  a  reddish-brown  head,  the  upper 
parts  grayish-brown,  and  the  lower  dull  white.  In 
this  condition  the  bird  is  often  known  as  the  “Dun 
Diver.  ”  This  species  breeds  abundantly  in  many  parts 
of  Scandinavia,  Russia,  Siberia,  and  North  America, 
and  of  late  years  has  been  found  to  do  so  in  Scotland, 
usually  making  its  nest  in  the  stump  of  a  hollow  tree 
or  under  a  slab  of  rock.  M.  serrator,  commonly  called 
the  Red-breasted  Merganser,  is  a  somewhat  smaller 
bird ;  and  while  the  fully -dressed  male  wants  the  deli¬ 
cate  hue  of  the  lower  parts,  he  has  a  gorget  of  rufous 
mottled  with  black,  below  which  is  a  patch  of  white 
feathers,  broadly  edged  with  black.  The  male  at  other 
times  and  the  female  always  much  resemble  the  pre¬ 
ceding.  It  is  more  numerous  than  the  Goosander, 
with  a  somewhat  more  southern  range,  and  is  not  so 
particular  in  selecting  a  sheltered  site  for  its  nest. 
Both  these  species  have  the  bill  and  feet  of  a  bright 
reddish-orange,  while  M.  albellus,  known  as  the  Smew, 
has  these  parts  of  a  lead  color,  and  the  breeding 
plumage  of  the  adult  male  is  white,  with  quaint  cres¬ 
centic  markings  of  black,  and  the  flanks  most  beauti¬ 
fully  vermiculated — the  female  and  male  in  undress 
having  a  general  resemblance  to  the  other  two  already 


described — but  the  Smew  is  very  much  smaller  in  size, 
and,  so  far  as  is  known,  it  invariably  makes  its  nest  in 
a  hollow  tree,  as  ascertained  first  by  Wolley  [Ibis,  1859, 
pp.  69  et  sea. ).  This  last  habit  is  shared  by  M.  cucul¬ 
latus,  the  Hooded  Merganser  of  North  America,  in 
size  intermediate  between  M.  albellus  and  M.  serrator, 
the  male  of  which  is  easily  recognizable  by  his  broad 
semicircular  crest,  bearing  a  fan-shaped  patch  of  white, 
and  his  elongated  subscapulars  of  white  edged  with 
black.  The  conformation  of  the  trachea  in  the  male  of 
M.  merganser ,  M.  serrator,  and  M.  cucullatus,  is  very 
like  that  of  the  Ducks  of  the  genus  Clangula,  but  M. 
albellus  has  a  less  exaggerated  development  more  re¬ 
sembling  that  of  the  ordinary  Fuligula. 1  From  the 
southern  hemisphere  two  species  of  Mergus  have  been 
described,  M.  octosetaceus  or  brasilianus,  Vieillot  {N. 
Diet,  d'  Hist.  NatureUe,  ed.  2,  xiv.  p.  222;  Gcd.  des 
Oiseaux,  tom.  ii.  p.  209,  pi.  283),  inhabiting  South 
America,  of  which  but  few  specimens  have  been  ob¬ 
tained,  having  some  general  resemblance  to  M.  serrator , 
but  much  more  darkly  colored,  and  M.  australis,  Hom- 
bron  and  Jacquemont  {Ann.  Sc.  Nat.  Zoologie,  ser. 
2,  xvi.  p.  320;  Voy.  au  Pol  Sud,  Oiseaux,  pi.  31,  fig. 
2),  as  yet  known  only  by  the  unique  example  in  the 
Paris  Museum  procured  by  the  French  Antarctic  expe¬ 
dition  in  the  Auckland  Islands.  This  last  species  may 
perhaps  be  found  to  visit  New  Zealand,  and  should 
certainly  be  looked  for  there. 

Often  associated  with  the  Mergansers  is  the  genus 
Merganetta,  the  so-called  Torrent-Ducks  of  South 
America,  of  which  three  species  are  said  to  exist ;  but 
they  possess  spiny  tails  and  have  their  wings  armed 
with  a  spur.  Whether  they  should  be  referred  to  the 
Mergince  or  the  Erismaturince — the  Spiny-tailed  Ducks 
proper — is  a  question  that  further  investigation  must 
decide.  (a.  n.) 

MERGUI,  a  district  of  British  Burmah,  between 
9°  58'  and  13°  24'  N.  lat.  It  forms  the  southernmost 
district  of  the  Tenasserim  division,  and  is  bounded  on 
the  N.  by  Tavoy,  E.  and  S.  by  Siam,  and  W.  by  the 
Bay  of  Bengal,  with  an  area  of  7810  square  miles. 
Two  principal  ranges  cross  Mergui  from  north  to  south, 
running  almost  parallel  to  each  other  for  a  considerable 
distance,  with  the  Tenasserim  river  winding  between 
them  till  it  turns  south  and  flows  through  a  narrow 
rocky  gorge  in  the  westernmost  range  to  the  sea. 
Amongst  these  mountain  ranges  and  their  subsidiary 
spurs  are  several  fertile  plains,  densely  clothed  with 
luxuriant  vegetation.  Indeed,  the  whole  district,  from 
the  water’s  edge  to  the  loftiest  mountain  on  the  eastern 
boundary,  may  be  regarded  as  almost  unbroken  forest, 
only  73  square  miles  being  under  cultivation.  The 
timber  trees  found  towards  the  interior,  and  on  the 
higher  elevationSj  are  of  great  size  and  beauty,  the 
most  valuable  being  teak,  then-gan  {Hopea  odorata ), 
ka-gnyeng  {Dipterocarpus  tuberculatus ),  etc.  The 
coast-line  of  the  district,  studded  with  an  archipelago 
of  two  hundred  and  seven  islands,  is  much  broken,  and 
for  several  miles  inland  is  very  little  raised  above  sea- 
level,  and  is  drained  by  numerous  muddy  tidal  creeks. 
Southwards  of  Mergui  town  it  consists  chiefly  of  low 
mangrove  swamps  alternating  with  small  fertile  rice 
plains.  After  passing  the  mangrove  limits,  the  ground 
to  the  east  gradually  rises  till  it  becomes  mountainous, 
even  to  the  Danks  of  the  rivers,  and  finally  culminates 
in  the  grand  natural  barrier  dividing  British  Burmah 
from  Siam.  The  four  principal  rivers  are  the  Tenas- 

1  Hybrids  between,  as  is  presumed,  M.  albellus  and  Clangula  glau- 
cion,  the  common  Golden-eye,  have  been  described  and  figured 
(Eimbeck,  Isis,  1831,  300,  tab.  iii. ;  Brehm,  Naturgesch.  alter  fog. 
Deutschlands,  p.  930 ;  Naumann,  Vog.  Deutschlands,  xii.  p.  194,  front¬ 
ispiece  ;  Kjaerbolling,  Jour,  fur  Omilhologie,  1853,  Extraheft,  p.  29, 
Naumannia,  1853,  p.  327,  Omithol.  Danica,  tab.  lv.,  suppl.  tab.  29) 
under  the  names  of  Mergus  analarius.  Clangula  angustirostris,  and 
Anas  ( Clangula )  mergaides,  as  though  they  were  a  distinct  species ; 
but  the  remarks  of  M.  de  Selys-Longcbamps  (Bull.  Ac.  Sc.  Brux¬ 
elles,  1845,  pt.  ii.  p.  354.  and  1856,  pt.  ii.  p.  21)  leave  little  room  for 
doubt  as  to  their  origin,  which,  when  the  cryptogamic  habit  and 
common  range  of  tneir  putative  parents,  the  former  unknown 
to  the  author  last-named,  is  considered,  will  seem  to  be  still  more 
likely. 
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senm,  Le-gnya,  Pakchan,  and  Palouk,  the  first  three 
being  navigable  for  a  considerable  distance  of  their 
course.  Coal  is  found  in  the  district  on  the  banks  of 
the  Tenasserim  and  its  tributaries.  Gold,  copper,  iron, 
and  manganese  are  also  found  in  various  parts  of  the 
district. 

From  the  notices  of  early  travellers  it  appears  that  Mergui, 
•when  under  Siamese  rule,  before  it  passed  to  the  Burmese, 
•was  a  rich  and  densely  peopled  country.  On  its  occupation 
by  the  British  in  1824-5  it  was  found  to  he  almost  depopu¬ 
lated — the  result  of  border  warfare  and  of  the  cruelties  ex¬ 
ercised  by  the  Burmese  conquerors.  At  that  time  the  entire 
inhabitants  only  numbered  10,000;  in  1876  they  had  in¬ 
creased  to  51,846  (26,767  males  and  25,079  females).  Classi¬ 
fied  according  to  religion,  there  were — Buddhists,  48,750; 
Mohammedans,  2533;  Hindus,  353;  Christians  and  others, 
210.  The  district  contains  only  one  town  (Mergui)  with 
more  than  5000  inhabitants.  Only  73  square  miles  of  the 
district  area  were  under  cultivation  in  1876,  but  this  area  is 
steadily  though  slowly  increasing.  The  principal  manufac¬ 
tures  are  sugar-boiling  and  tin-smelting.  Mergui  carries  on 
a  flourishing  trade  with  Rangoon,  Bassein,  and  theStraits  Set¬ 
tlements.  The  chief  exports  consist  of  rice,  rattans,  torches, 
dried  fish,  areca-nuts,  sesamum  seeds,  molasses,  sea-slugs, 
edible  birds’  nests,  and  tin.  The  staple  imports  are  piece 
goods,  tobacco,  cotton,  earthenware,  tea,  and  sugar.  The 
imperial  revenue  in  1876  amounted  to  £18,208.  The  climate 
is  remarkably  healthy,  the  heat  due  to  its  tropical  situation 
being  moderated  by  land  and  sea  breezes.  The  rainfall  in 
1876  amounted  to  165J  inches.  The  prevalent  diseases  are 
simple  and  remittent  fevers,  bronchitis  rheumatism,  and 
small-pox. 

Mergui,  chief  town  of  the  above  district,  is  situated 
on  an  island  at  the  mouth  of  the  Tenasserim  river. 
The  population  (10,731  in  1876-77)  consists  of  many 
races — Takings,  Burmese,  Malays,  Bengalis,  Madrasis, 
Siamese,  and  Chinese.  Considerable  trade  is  carried 
on  with  other  Burmese  ports  and  the  Straits  Settle¬ 
ments.  The  harbor  admits  vessels  drawing  18  feet  of 
water. 

MERIDA,  a  city  of  10,900  Inhabitants  ( 1900),  in  the 
province  of  Badajoz.  Spain,  lies  about  36  miles  by  rail 
eastward  from  Badajoz,  on  the  Madrid  and  Badajoz 
line,  on  a  small  eminence  on  the  right  bank  of  the 
Guadiana.  It  is  connected  by  a  branch  line  of  rail 
with  Llerena  on  the  southeast.  The  population  is 
mostly  agricultural.  The  city  owes  its  interest  entirely 
to  its  Roman  remains,  which  are  numerous  and  exten¬ 
sive.  Of  these  one  ox  the  most  important  is  the  bridge 
of  81  arches  of  granite,  erected  by  Trajan  ;  it  is  2575 
feet  long,  26  feet  broad,  and  33  feet  above  the  bed  of 
the  river ;  it  was  unfortunately  seriously  injured  dur¬ 
ing  the  siege  of  Badajoz  in  1812.  Of  the  colossal  wall 
that  formerly  surrounded  the  town  all  that  remains  is 
a  fine  fragment,  built  of  dressed  stone,  on  the  spot 
formerly  occupied  by  the  castellum,  and  where  the 
provisor  of  the  order  of  Santiago  afterwards  had  his 
residence  (El  Conventual).  In  the  town  are  some 
relics  of  temples  of  Diana,  Mars,  Fortuna,  Jupiter, 
and  others ;  and  the  Arco  de  Santiago,  44  feet  high, 
also  dates  from  Trajan’s  time;  it  has  unfortunately 
been  stripped  of  its  marble  casing.  Of  the  aqueduct 
from  the  laguna  of  Albuera  thirty-seven  enormous  piers 
are  still  standing,  with  ten  arches  in  three  tiers  built 
of  brick  and  granite.  To  the  east  of  the  city  is  the 
circus,  measuring  some  1356  by  335  feet;  the 'eight 
rows  of  seats  still  remain.  Further  eastward  is  the 
almost  perfect  theatre,  and  near  it  are  the  remains  of 
the  amphitheatre,  or,  as  some  prefer  to  call  it,  nauma- 
chia  (Bano  de  los  Romanos. ) 

Augusta  Emerita  was  built  in  25  B.c.  by  the  emeriti  of  the 
fifth  and  tenth  legions  who  had  served  in  the  Cantabrian 
war  under  Augustus.  It  rose  to  great  splendor  and  import¬ 
ance  as  the  capital  of  Lusitania.  During  the  Gothic  period 
it  became  an  episcopal  see,  and  several  provincial  councils 
known  to  history  were  held  there.  It  was  taken  by  Musa  in 
711,  and  reconquered  by  Alphonso  in  1228. 

MERIDA,  the  capital  of  the  Mexican  state  of  Yu¬ 
catan,  stands  in  a  great  plain  in  the  north  of  the  penin¬ 
sula,  on  a  surface  of  limestone  rock,  about  25  miles 
from  the  port  of  Progreso  on  the  Gulf  of  Mexico, 


with  which  it  is  connected  by  a  railway  opened  in  1880. 
It  is  a  well-built  city,  with  broad  streets  and  squares  ; 
and  the  flat-roofed  stone  houses,  after  the  style  intro¬ 
duced  by  the  Spaniards,  giye  a  Moorish  color  to  the 
general  view.  Besides  the  cathedral,  an  imposing  edi¬ 
fice  of  the  16th  century,  the  bishop’s  palace,  and  the 
Government  house  (all  of  which  are  situated  in  the 
principal  square),  the  most  notable  building  is  the 
rranciscan  monastery  (1547-1600),  which  once  har¬ 
bored  within  its  high  and  turreted  walls  no  fewer  than 
two  thousand  friars,  but  has  been  allowed  to  fall  into 
complete  decay  since  their  expulsion  in  1820  For  a 
long  time  Merida  has  had  the  reputation  of  being  one 
of  the  principal  seats  of  culture  in  Mexico ;  and  it  pos¬ 
sesses,  besides  the  ecclesiastical  seminary,  schools  of 
law,  medicme,  and  pharmacy,  a  literary  institute,  a 
public  library,  a  theatre,  and  a  considerable  number  of 
periodical  publications.  Commercially  it  has  shared  in 
the  prosperity  which  Yucatan  in  recent  years  owes  to 
the  development  of  the  Sisal  hemp  trade;  and  its 
manufactures  embrace  cotton  goods,  cigars,  sugar,  and 
rum.  The  population,  estimated  about  1840  as  25,000, 
was  found  in  1900.  to  number  34,630.  The  Mayas 
stdl  form  numerically  the  strongest  element.  Previous 
^9  j  ?  Spanish  conquest  the  site  of  Merida  was  occu¬ 
pied  by  the  Maya  town  of  Tehoo,  which  contained  so 
great  a  number  of  artificial  stone-mounds  that  the 
new-comers  had  abundant  material  for  all  their  build¬ 
ings.  The  foundation  of  the  city  dates  from  1 542,  and 
it  was  made  a  bishopric  in  1561.  Compare  Stephens’ 
Yucatan. 


MERIDEN,  a  city  of  the  United  States,  in  New 
Haven  county,  Connecticut,  18  miles  from  New  Haven 
by  rail.  It  is  a  busy  manufacturing  town  ;  the  popula¬ 
tion  has  increased  from  3559  in  1850  to  7426,  10,495, 
and  24,296  in  1860,  1870,  and  1900  The  Britannia 
Company  alone  employs  upwards  of  1000  hands,  and 
sends  out  every  year  nearly  $3,000,000  worth  of  Bri¬ 
tannia  metal  and  electro- plated  goods ;  and  tin-ware, 
cutlery,  brass-work,  flint  glass,  guns,  and  woollen  goods 
are  also  manufactured  in  the  town.  The  State  reform 
school  had  307  inmates  in  1880.  A  fortified  tavern 
erected  by  Belcher  in  1660  on  the  road  between  Boston 
and  New  Haven  was  the  nucleus  of  Meriden  ;  but  the 
place  was  not  incorporated  as  a  town  till  1866,  and  be¬ 
came  a  city  in  1867. 

MERIMEE,  Prosper  (1803-1870),  novelist,  archae¬ 
ologist,  essayist,  and  in  all  these  capacities  one  of  the 
greatest  masters  of  French  style  during  the  century, 
was  born  at  Paris  on  September  28,  1803,  and  died  at 
Cannes  on  the  23d  of  the  same  month  sixty-seven  years 
later,  having  lived  just  long  enough  to  know  that  ruin 
was  threatening  France.  Not.  many  details  have  been 
published  in  reference  to  his  family,  but  his  father 
seems  to  have  been  a  man  of  position  and  competence. 
Merimee  had  English  blood  in  his  veins  on  the  mother’s 
side,  and  was  always  considered,  at  least  in  France,  to 
look  and  behave  more  like  an  Englishman  than  a 
F rench  m  an.  He  was  educated  for  the  bar,  but  entered 
the  public  service  instead.  A  young  man  at  the  time 
of  the  romantic  movement,  he  felt  its  influence  strongly, 
though  his  peculiar  temperament  prevented  him  from 
joining  any  of  the  coteries  of  the  period.  This  tem¬ 
perament  was  indeed  exhibited  by  the  very  form  and 
nature  of  the  works  in  which  he  showed  the  influ¬ 
ence  of  romanticism.  Nothing  was  more  prominent 
among  the  romantics  than  the  fancy,  as  Merimee  him¬ 
self  puts  it,  for  “local  color,”  the  more  unfamiliar  the 
better.  Merimee  exhibited  this  in  an  unusual  way. 
In  1825  he  published  what  purported  to  be  the  dramatic 
works  of  a  Spanish  lady,  Clara  Gazul,  with  a  preface 
stating  circumstantially  how  the  supposed  translator, 
one  Joseph  L’ Estrange,  had  met  the  gifted  poetess  at 
Gibraltar.  This  was  followed  by  a  still  more  audacious 
and  still  more  successful  super cherie.  In  1 827  appeared 
a  small  book  entitled  La  Guzla  (the  anagram  of  Gazul), 
and  giving  itself  out  as  translated  from  the  Illyrian  of 
a  certain  Hyacinthe  Maglanovich.  This  book,  which 
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has  greater  formal  merit  than  Clara  Gazul,  is  said  to 
have  taken  in  Sir  John  Bowring,  a  competent  Slav 
scholar,  the  Russian  poet  Poushkin,  and  some  German 
authorities,  although  not  only  had  it  no  original,  but, 
as  Merimee  declares,  a  few  words  of  Illyrian  and  a  book 
or  two  of  travels  and  topography  were  the  author’s 
only  materials.  In  the  next  year  appeared  a  short 
dramatic  romance,  La  Jacquerie ,  in  which  all  Me- 
rintee’s  characteristics  are  visible — his  extraordinary 
faculty  of  local  and  historical  color,  his  command  of 
language,  his  grim  irony,  and  a  certain  predilection  for 
tragic  and  terrible  subjects  which  was  one  of  his  nu¬ 
merous  points  of  contact  with  men  of  the  Renaissance. 
This  in  its  turn  was  followed  by  a  still  better  piece,  the 
Chronique  de  Charles  IX.,  which  stands  towards  the 
16th  century  much  as  the  Jacquerie  does  towards  the 
Middle  Ages.  All  these  works  were  to  a  certain  extent 
second-hand,  being  either  directly  imitated  or  prompted 
by  a  course  of  reading  on  a  particular  subject.  But 
they  exhibited  all  the  future  literary  qualities  of  the 
author  save  the  two  chiefest,  his  wonderfully  severe 
and  almost  classical  style,  and  his  equally  classical  solid¬ 
ity  and  statuesqueness  of  construction.  For  the  latter 
there  was  not  much  opportunity  in  their  subjects,  and 
the  former  required  a  certain  maturity  and  self-disci¬ 
pline  which  Merintee  had  not  yet  given  to  himself. 
These  were,  however,  displayed  fully  in  the  famous 
Corsican  story  of  Colombo,  published  in  the  moment¬ 
ous  year  1830.  This,  all  things  considered,  is  perhaps 
M6rim6e’s  best  tale. 

He  had  already  obtained  a  considerable  position  in 
the  civil  service,  and  after  the  revolution  of  July  he 
was  chef  de  cabinet  to  two  different  ministers.  He  was 
then  appointed  to  the  more  congenial  post  of  inspector 
of  historical  monuments.  Merimee  was  a  born  archaeol¬ 
ogist,  combining  linguistic  faculty  of  a  very  unusual 
kind  with  the  accurate  scholarship  which  does  not  al¬ 
ways  accompany  it,  with  remarkable  historical  appre¬ 
ciation,  and  with  a  sincere  love  for  the  arts  of  design 
and  construction,  in  the  former  of  which  he  had  some 
practical  skill.  In  his  official  capacity  he  published 
numerous  reports,  some  of  which,  with  other  similar 
ieces,  have  been  republished  in  his  works.  He  also 
evoted  himself  to  history  proper  during  the  latter 
years  of  the  July  monarchy,  and  published  numerous 
essays  and  works  of  no  great  length,  chiefly  on  Span¬ 
ish,  Russian,  and  ancient  Roman  history.  He  did  not, 
however,  neglect  novel  writing  during  this  period,  and 
numerous  snort  tales,  almost  without  exception  mas¬ 
ter-pieces,  appeared,  chiefly  in  the  Revue  de  Paris.  He 
travelled  a  good  deal,  both  for  his  own  amusement  and 
on  official  errands ;  and  in  one  of  his  journeys  to  Spain, 
about  the  middle  of  Louis  Philippe’s  reign,  he  made 
an  acquaintance  destined  to  influence  his  future  life  not 
a  little — that  of  Madame  de  Montijo,  mother  of  the 
future  empress  Eugenie.  Meriutee,  though  in  man¬ 
ner  and  language  the  most  cynical  of  men,  was  a  de¬ 
voted  friend,  and  shortly  before  the  accession  of  Na- 

Eoleon  III.  he  had  occasion  to  show  this.  His  friend 
libri  was  accused  of  having  stolen  valuable  manuscripts 
and  books  from  French  libraries,  and  Merintee  took 
his  part  so  warmly  that  he  was  actually  sentenced  to 
and  underwent  fine  and  imprisonment.  He  had  been 
elected  of  the  Academy  in  1844,  and  also  of  the  Acad¬ 
emy  of  Inscriptions,  of  which  he  was  a  prominent 
member.  Between  1840  and  1850  he  wrote  more  tales, 
the  chief  of  which  were  Arsine  Guillot  and  Carmen. 

The  empire  made  a  considerable  difference  in  Me- 
rintee’s  life.  He  was  not  a  very  ardent  politician,  but 
all  his  sympathies  were  against  democracy,  and  he  had 
therefore  no  reason  to  object  to  the  Bonapartist  rule, 
especially  as  his  habitual  cynicism  and  his  irreligious 
prejudices  made  legitimism  distasteful  to  him.  But 
the  marriage  of  Napoleon  III.  with  the  daughter  of 
Madame  de  Montijo  at  once  enlisted  what  was  always 
the  strongest  of  Merimee’s  sympathies — the  sympathy 
of  personal  friendship — on  the  emperor’s  side.  He  I 
was  made  a  senator,  and  continued  to  exercise  his  I 


archaeological  functions ;  but  his  most  important  r61e 
was  that  of  a  constant  and  valued  private  friend  of  both 
the  “master  and  mistress  of  the  house,”  as  he  calls 
the  emperor  and  empress  in  his  letters.  He  was  occa¬ 
sionally  charged  with  a  kind  of  irregular  diplomacy, 
and  once,  in  the  matter  of  the  emperor’s  Ccesar,  he 
had  to  pay  the  penalty  frequently  exacted  from  great 
men  of  letters  by  their  political  or  social  superiors  who 
are  ambitious  of  literary  reputation.  But  for  the  most 
part  he  was  strictly  the  “ami  de  la  maison.”  At  the 
Tuileries,  at  Comptegne,  at  Biarritz,  he  was  a  constant 
though  not  always  a  very  willing  guest,  and  his  influ¬ 
ence  over  the  empress  was  very  considerable  and  was 
fearlessly  exerted,  though  he  used  to  call  himself,  in 
imitation  of  Scarron,  ‘  ‘  le  bouffon  de  sa  majesty.  ’  ’  His 
occupations  during  the  last  twenty  years  of  his  life  were 
numerous  and  important,  though  rather  nondescript. 
He  found,  however,  time  for  not  a  few  more  tales,  of 
which  more  will  be  said  presently,  and  for  two  corre¬ 
spondences,  which  are  not  the  least  of  his  literary 
achievements,  while  they  have  an  extraordinary  inter¬ 
est  of  matter.  One  of  these  consists  of  the  letters 
which  have  been  published  as  Lettres  d  une  Inconnue , 
the  other  of  the  letters  addressed  to  Sir  Antonio 
Panizzi,  the  late  librarian  of  the  British  Museum. 
Various,  though  idle  and  rather  impertinent,  conjec¬ 
tures  have  been  made  as  to  the  identity  of  the  incon¬ 
nue  just  mentioned.  It  is  sufficient  to  say  that  the 
acquaintance  extended  over  many  years,  that  it  par¬ 
took  at  one  time  of  the  character  of  love,  at  another  of 
that  of  simple  friendship,  and  that  Merim4e  is  exhib¬ 
ited  under  the  most  surprisingly  diverse  lights,  most 
of  them  more  or  less  amiable,  and  all  interesting.  The 
correspondence  with  Panizzi  has  somewhat  less  per¬ 
sonal  interest.  Merimee  made  the  acquaintance  origin¬ 
ally  by  a  suggestion  that  his  correspondent  should  buy 
for  the  Museum  some  MSS.  which  were  in  the  posses¬ 
sion  of  Stendhal’s  sister,  and  for  some  years  it  was 
chiefly  confined  to  correspondence.  But  M6rim6e  often 
visited  England,  where  he  had  many  friends  (among 
whom  the  late  Mr.  Ellice  of  Glengarry  was  the  chief), 
and  certain  similarities  of  taste  drew  him  closer  to 
Panizzi  personally,  while  during  part  of  the  empire  the 
two  served  as  the  channel  for  a  kind  of  unofficial  di¬ 
plomacy  between  the  emperor  and  certain  English 
statesmen.  These  letters  are  full  of  shrewd  apergus 
od  the  state  of  Europe  at  different  times.  Both  series 
abound  in  gossip,  in  amusing  anecdotes,  in  sharp  lit¬ 
erary  criticism,  while  both  contain  evidences  of  a  cyni¬ 
cal  and  Rabelaisian  or  Swiftian  humor  which  was  very 
strong  in  Merim6e.  This  characteristic  is  said  to  be 
so  prominent  in  a  correspondence  with  another  friend, 
which  now  lies  in  the  library  at  Avignon,  that  there  is 
but  little  chance  of  its  ever  being  printed.  A  fourth 
collection  of  letters,  of  much  inferior  extent  and  inter¬ 
est,  has  been  printed  by  M.  Blaze  de  Bury  under  the 
title  of  Lettres  d  une  autre  Inconnue.  In  the  latter 
years  of  his  life  Merimee  suffered  very  much  from  ill 
health.  It  was  necessary  for  him  to  pass  all  his  win¬ 
ters  at  Cannes,  where  his  constant  companions  were 
two  aged  English  ladies,  friends  of  his  mother.  The 
terrible  year  found  him  completely  broken  in  health, 
and  anticipating  the  worst  for  France.  He  lived  long 
enough  to  see  nis  fears  realized,  and  to  express  his 
grief  in  some  last  letters,  and  he  died  on  September 
23,  1870. 

Merimee’s  character  (which  has  been  unwarrantably  slan¬ 
dered  by  those  to  whom  political  differences  or  his  sarcastic 
intolerance  of  “pose”  in  literature  made  him  obnoxious) 
was  a  peculiar  and  in  some  respects  an  unfortunate  one,  hut 
by  no  means  unintelligible,  and  perhaps  in  a  minor  degree 
not  uncommon.  Partly  by  temperament,  partly  it  is  said 
owing  to  some  childish  experience,  when  he  discovered  that 
he  had  been  duped  and  determined  never  to  be  so  again,  not 
least  owing  to  the  example  of  Beyle,  who  was  a  friend  of  his 
family,  aud  of  whom  he  saw  much,  M4rimee  appears  at  a 
comparatively  early  age  to  have  imposed  upon  himself  as  a 
duty  the  maintenance  of  an  attitude  of  skeptical  indifference 
and  sarcastic  criticism.  He  certainly  succeeded.  Although, 
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as  has  been  said,  a  man  of  singularly  warm  and  affectionate 
feelings,  he  obtained  the  credit  of  being  a  cold-hearted  cynic ; 
and,  although  he  was  both  independent  and  disinterested, 
he  was  abused  as  a  hanger-on  and  toad-eater  of  the  imperial 
court.  Both  imputations  were  wholly  undeserved,  and  in¬ 
deed  were  prompted  to  a  great  extent  by  the  resentment 
felt  by  his  literary  equals  on  the  other  side  at  the  cool  ridi¬ 
cule  with  which  he  met  them.  But  he  deserved  in  some  of 
the  bad  as  well  as  many  of  the  good  senses  of  the  term  the 
phrase  which  we  have  applied  to  him  of  a  man  of  the 
Renaissance.  He  had  the  warm  partisanship  and  amiability 
towards  friends  and  the  scorpion-like  sting  for  his  foes,  he 
had  the  ardent  delight  in  learning  and  especially  in  matters 
of  art  and  belles-lettres,  he  had  the  skepticism,  the  volup¬ 
tuousness,  the  curious  delight  in  the  contemplation  of  the 
horrible,  which  marked  the  men  of  letters  of  the  humanist 
period.  Like  them  he  was  a  man  of  the  world,  and  a  man 
who  without  any  baseness  liked  a  king’s  palace  better  than 
a  philosopher’s  hovel.  Like  them  he  had  an  acute  judgment 
in  matters  of  business,  and  like  them  a  singular  conscious¬ 
ness  of  the  nothingness  of  things.  Even  his  literary  work 
has  this  Renaissance  character.  It  is  tolerably  extensive, 
amounting  to  some  seventeen  or  eighteen  volumes,  but  its 
hulk  is  not  great  for  a  life  which  was  not  short,  and  which 
was  occupied  at  least  nominally  in  little  else.  About  a  third 
of  it  consists  of  the  letters  already  mentioned,  which  will 
always  be  to  those  who  delight  in  personal  literature  the 
most  attractive  part,  and  which,  though  in  a  fragmentary 
fashion,  are  really  important  as  throwing  side  lights  on  his¬ 
tory.  Rather  more  than  another  third  consists  of  the  offi¬ 
cial  work  which  has  been  already  alluded  to — reports,  essays, 
short  historical  sketches,  the  chief  of  which  latter  is  a  his¬ 
tory  of  Pedro  the  Cruel,  and  another  of  the  curious  pre¬ 
tender  known  in  Russian  story  as  the  false  Demetrius.  Some 
of  the  literary  essays,  such  as  those  on  Beyle,  on  Turguenief, 
etc.,  where  a  personal  element  enters,  are  excellent.  Against 
others  and  against  the  larger  historical  sketches — admirable 
as  they  are — M.  Taine’s  criticism  that  they  want  life  has 
some  force.  They  are,  however,  all  marked  by  Merimee’s 
admirable  style,  by  his  sound  and  accurate  scholarship,  his 
strong  intellectual  grasp  of  whatever  he  handled,  his  cool 
unprejudiced  views,  his  marvellous  faculty  of  designing  and 
proportioning  the  treatment  of  his  work.  It  is,  however,  in 
the  remaining  third  of  his  work,  consisting  entirely  of  tales 
either  in  narrative  or  in  dramatic  form,  and  especially  in 
the  former,  that  his  full  power  is  perceived.  He  translated 
a  certain  number  of  things  (chiefly  from  the  Russian) ;  but 
his  fame  does  not  rest  on  these,  on  his  already-mentioned 
youthful  supercheries,  or  on  his  later  semi-dramatic  works. 
There  remain  about  a  score  of  tales  extending  in  point  of 
composition  over  exactly  forty  years,  and  in  length  from 
that  of  Colombo,,  the  longest,  which  fills  about  one  hundred 
and  fifty  pages,  to  that  of  L' Enlevement  de  la  Redoute,  which 
fills  just  half  a  dozen.  They  are  unquestionably  the  best 
things  of  their  kind  written  during  the  century,  the  only 
nouvelles  that  can  challenge  comparison  with  them  being 
the  very  best  of  Gautier,  and  one  or  two  of  Balzac.  The 
motives  are  sufficiently  different.  In  Colombo  and  Mateo 
Falcone,  the  Corsican  point  of  honor  is  drawn  on ;  in  Carmen 
(written  apparently  after  reading  Borrow’s  Spanish  books), 
the  gipsy  character ;  in  La  Venus  d'llle  and  Lokis  (two  of  the 
finest  of  all),  certain  grisly  superstitions,  in  the  former  case 
that  known  in  a  milder  form  as  the  ring  given  to  Venus,  in 
the  latter  a  variety  of  the  were-wolf  fancy.  Arsene  Guillot 
is  a  singular  satire  full  of  sarcastic  pathos  on  popular  moral¬ 
ity  and  religion  ;  La  Chambre  Bleue,  an  18th-century  conte, 
worthy  of  Crebillon  for  grace  and  wit,  and  superior  to  him 
in  delicacy;  The  Capture  of  the  Redoubt  just  mentioned  is  a 
perfect  piece  of  description ;  L’Abbe  Aubain  is  again  satirical ; 
La  Double  Meprise  (the  authorship  of  which  was  objected  to 
Merim6e  when  he  was  elected  of  the  Academy)  is  an  exer¬ 
cise  in  analysis  strongly  impregnated  with  the  spirit  of 
Stendhal,  but  better  written  than  anything  of  that  writer’s. 
These  stories,  with  his  letters,  assure  Merimee’s  place  in  lit¬ 
erature  at  the  very  head  of  the  French  prose  writers  of  the 
century.  He  had  undertaken  an  edition  of  Brantome  for 
the  Bibliotheque  Elzevirienne,  but  it  was  never  completed. 

Merimee’s  works  have  only  been  gradually  published  since 
his  death.  The  latest,  The  Letters  to  Panizzi,  which  have  also 
appeared  in  English,  bears  date  1881.  There  is  as  yet  no 
uniform  or  handsome  edition,  but  almost  everything  is  ob¬ 
tainable  in  the  collections  of  MM.  Charpentier  and  Calmann 
Levy.  (G- SA-) 

MERINO.  See  Sheep  and  Wool. 
MERIONETH  (Welsh  Meirionydd),  a  maritime 
county  of  North  Wales,  is  bounded  N.  by  Carnarvon 
and  Denbigh,  S.E.  by  Denbigh  and  Montgomery,  and 
W.  by  Cardigan  Bay.  It  is  triangular  m  shape,  its 
greatest  length  northeast,  to  southwest  being  45  miles, 


and  its  greatest  breadth  northwest  to  southeast  about 
30  miles.  _  The  area  is  385,291  acres,  or  about  600 
square  miles.  Next  to  Carnarvon,  Merioneth  is  the 
most  mountainous  county  in  Wales.  If  the  scenery  is 
less  bold  and  striking  than  that  of  Carnarvon,  it  excels 
it  in  richness,  variety,  and  picturesque  beauty.  Its 
lofty  mountains  are  interpenetrated  by  dark  deep  dells 
or  smiling  vales.  The  outlines  of  its  rugged  crags  are 
softened  and  adorned  by  rich  foliage.  The  sea  views 
are  frequently  fine,  and  rivers,  lakes,  and  waterfalls 
add  a  romantic  charm  to  the  valleys.  The  highest 
summits  in  the  county  are  the  picturesque  Cader  Idris 
(which  divides  into  three  peaks,— one,  Pen-y-Gadair, 
having  an  altitude  of  2914  feet),  Aran  Fawddwy 
(2955),  Arenig-fawr  (2818),  Moel-wyn  (2566),  Rhobell- 
fawr  (2360).  The  finest  valleys  are  those  of  Dyfi, 
Dysyni,  Talyllyn,  Mawddach,  and  Festiniog.  The  river 
Dyfrdwy  or  Dee  rises  10  miles  northwest  of  Bala,  and, 
after  passing  through  Bala  Lake,  flows  northeast  by 
Corwen  to  Denbighshire.  The  Dyfi  rises  in  a  small  lake 
near  Aran  Fawddwy,  and  expands  into  an  estuary  of 
Cardigan  Bay.  The  Mawddach  or  Maw,  from  the 
north  of  Aran  Fawddwy,  has  a  course  of  12  miles 
southwest,  during  which  it  is  joined  by  several  other 
streams.  The  Dwyryd  and  other  streams  unite  in  form¬ 
ing  the  estuary  of  Traeth  Bach.  The  finest  waterfalls 
are  the  Rhaiadr-y-Glyn  near  Corwen,  Rliaiadr  Du,  and 
Pistyll  Cain,  the  latter  150  feet  high.  The  lakes  are 
very  numerous,  but  small,  the  largest  being  Bala  Lake, 
or  Pimblemere  (in  Welsh,  Llyn  Tegid,  fair  lake),  4 
miles  long  by  1  broad,  and  Llyn  Mwyngil  (lake  in  a 
sweet  nook)  in  the  vale  of  Talyllyn.  Both  are  much 
frequented  by  anglers.  On  account  of  frequent  inden¬ 
tations  the  coast-line  is  about  100  miles  long.  Sandy 
beaches  intervene  between  the  rocky  shores.  Frequent 
shoals  and  sandbanks  render  navigation  very  danger¬ 
ous.  There  are  only  two  harbors  of  importance,  Bar¬ 
mouth  and  Aberdovey. 

A  mountain  tract  of  the  county  15  miles  from  north 
to  south  by  10  from  east  to  west,  stretching  from  the 
coast  inland,  is  of  the  Cambrian  age,  composed  of 
grits,  quartzose,  and  slates,  and  comprising  the  Meri¬ 
onethshire  anticlinal.  This  tract  is  inclosed  on  the 
north,  east,  and  south  by  the  Menevian,  Lingula, 
Tremadoc,  and  Arenig  beds,  which  are  pierced  by 
numerous  dykes  and  intrusive  masses,  mostly  green¬ 
stone.  Rhobell-fawr  is  one  of  the  greatest  igneous 
masses  in  the  whole  area  of  the  Lingula  beds.  The 
Arenig  beds  are  interstratified  with  and  overlaid  by 
accumulations  of  volcanic  ashes,  felspathic  traps,  or 
lava  flows,  which  form  the  rugged  heights  of  Cader 
Idris,  the  Arans,  the  Arenigs,  Manod,  and  Moel-wyn ; 
and  these  are  in  turn  overlaid  by  the  Llandeilo  and 
Bala  beds,  the  latter  including  the  Bala  limestone. 
Extensive  slate  quarries  are  worked  near  Festiniog, 
mostly  underground,  in  strata  of  the  Llandeilo  age, 
giving  employment  to  about  4000  men.  Gold,  lead, 
copper,  and  manganese  have  been  obtained  in  various 
places. 

Climate  and  Agriculture—  The  climate  varies  much  with 
the  elevation,  in  some  places  being  bleak  and  cold,  and  in 
others  remarkably  equable  and  genial.  At  Aberdovey  it  is 
proverbially  mild,  and  the  myrtle  grows  in  the  open  air. 
All  attempts  to  introduce  fruits  have  proved  abortive  in 
most  parts  of  the  county.  The  soil  is  generally  thin  and 
poor,  with  fertile  tracts  in  the  valleys.  A  great  portion  of 
the  moss  has  been  reclaimed  within  late  years. 

According  to  the  agricultural  returns  for  1882,  there  were 
154,406  acres,  or  considerably  less  than  half  the  total  area, 
under  cultivation.  Of  this  as  much  as  119,133  acres  were 
permanent  pasture,  and  13,755  under  rotation  grasses.  Of 
the  17,312  acres  under  corn  crops,  11,232  were  under  oats 
and  4807  under  barley.  Potatoes  occupied  2392  acres,  and 
turnips  only  1496  acres.  The  area  under  woods  extended 
to  15,049  acres. 

The  total  number  of  horses  in  1882  was  6088.  A  breed 
of  ponies  is  peculiar  to  this  county  and  Montgomeryshire. 
The  rearing  of  horned  cattle  and  dairy  farming  are  largely 
carried  on,  but  the  number  of  cattle  (37,643)  is  considerably 
under  the  average  of  Wales  generally.  On  the  other  hand 
the  number  of  sheep  in  1882  was  400,553,  a  larger  number 
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than  in  any  other  county  of  Wales,  and  much  beyond  the 
general  average  in  the  principality.  They  are  a  small  hardy 
breed,  which  grow  heavy  fleeces.  Goats  frequent  the  loftier 
crags. 

According  to  the  latest  return  the  number  of  proprietors 
was  1695,  possessing  303,374  acres,  with  a  gross  annual  value 
of  £183,253.  Of  the  owners  1044,  or  62  per  cent.,  possessed 
less  than  1  acre,  the  average  extent  of  the  properties  being 
189  acres,  and  the  average  value  per  acre  a  little  over  12s. 
There  were  ten  proprietors  who  possessed  over  5000  acres, 
viz.,  Sir  W.  W.  Wynn,  20,295;  R.  J.  L.  Price,  17,718;  T. 
P.  Lloyd,  16,975;  Mrs.  Kirkby,  13,410;  Hon.  C.  H.  Wynn, 
10,504;  A.  J.  G.  Corbet,  9347;  Sir  E.  Buckley,  8738;  W.  E. 
Oakeley,  6018;  W.  O.  Gore,  5497;  and  R.  M.  Rickards,  5701. 

Manufactures. — Woollen  goods  are  manufactured  in  various 
places,  especially  at  Dolgelly.  They  are  principally  coarse 
druggets,  kerseymeres,  and  flannels.  The  knitting  of  stock¬ 
ings  was  a  great  industry  at  the  close  of  last  century,  the 
value  of  the  sales  at  Bala  being  estimated  at  from  £17,000 
to  £19,000  annually. 

Railways. — The  Cambrian  Railway  skirts  the  coast  from 
Portmadoc  to  Aberdovey.  At  Barmouth  Junction  a  branch 
of  the  same  crosses  to  Dolgelly,  where  it  is  joined  by  a 
branch  of  the  Great  Western  Railway.  Another  branch  of 
the  Great  Western  unites  Bala  and  Festiniog,  and  the  latter 
place  has  railway  connection  both  with  Llandudno  Junction 
and  with  Portmadoc. 

Administration  and  Population. — Merionethshire  comprises 
five  hundreds  and  thirty-three  civil  parishes.  It  has  one 
court  of  quarter  sessions,  and  the  number  of  petty  sessional 
divisions  is  six.  Ecclesiastically  it  is  partly  in  the  diocese 
of  Bangor,  partly  in  that  of  St.  Asaph.  The  county  returns 
one  member  to  parliament.  There  is  no  municipal  or  par¬ 
liamentary  borough.  The  towns  returned  in  1881  as  urban 
sanitary  districts  are  Bala  (1653),  Barmouth  (1512),  Dolgelly 
(2457),  Festiniog  (11,272),  and  Towyn  (3363).  Since  1801 
the  population  lias  nearly  doubled.  From  29,506  in  that 
year  it  had  increased  in  1851  to  38,963,  in  1871  to  46,598,  and 
in  1881  to  54,793,  of  whom  27,576  were  males,  and  27,217 
females.  In  1901  to  49, 130 

History  and  Antiquities. — Originally  Merioneth  belonged 
to  the  territory  of  the  Ordovices,  and  under  the  Romans  it 
was  included  in  Britannia  Secunda.  There  are  many  Celtic, 
Roman,  and  mediaeval  remains.  Caer  Drewyn  on  the  Dee, 
near  Corwen,  was  a  British  camp.  There  are  numerous 
cromlechs  in  various  parts  of  the  county,  especially  near 
the  sea-coast.  The  Via  Occidentals  of  the  Romans  passed 
through  Merioneth  from  south  to  north,  and  at  Tomen-y- 
Mur  was  joined  by  a  branch  of  the  South  Watling  Street, 
the  Castell  Tomen-y-Mur  being  supposed  to  be  identical 
with  the  Roman  station  of  Heriri  Mons.  The  immense 
ruin  of  Castel-y-Bere  was  originally  one  of  the  largest  cas¬ 
tles  in  Wales,  but  has  not  been  occupied  since  the  time  of 
Edward  I.  During  the  Wars  of  the  Roses  the  castle  of 
Harlech,  still  a  fine  ruin,  was  held  by  the  Lancastrians, 
and  was  the  last  in  Wales  to  surrender.  Of  ecclesiastical 
remains  the  most  important  is  Cy miner  Abbey,  founded  by 
the  Cistercians  in  1198,  a  very  fine  ruin  containing  archi¬ 
tecture  of  various  periods  from  Norman  to  Perpendicular. 
There  are  numerous  interesting  old  churches. 

MERLIN.  See  Falcon. 

MERMAIDS  and  MERMEN,  in  the  popular  my¬ 
thology  of  England  and  Scotland,  are  a  class  of  beings 
more  or  less  completely  akin  to  man,  who  have  their 
dwelling  in  the  sea,  but  are  capable  of  living  on  land 
and  of  entering  into  social  relations  with  men  and 
women.1  They  are  easily  identified,  at  least  in  some 
of  their  most  important  aspects,  with  the  Old  German 
Meriminni  or  Meerfrau,  the  Icelandic  Hafgufa,  Mar- 

fvgr,  and  Marmennill  (mod.  Marbendill),  the  Danish 
Lafmand  or  Maremind,  the  Irish  Merrow  or  Merru- 
ach,  the  Marie-Morgan  of  Brittany  and  the  Morfor- 
wyn  of  Wales;2  and  they  have  various  points  of  re¬ 
semblance  to  the  vodyany  or  water-sprite  and  the 
rusalka  or  stream-fairy  of  Russian  mythology.  The 
typical  mermaid  (who  is  much  more  frequently  de¬ 

1  The  name  mermaid,  is  compounded  of  the  A.  S.  mere ,  a  lake, 
and  mcegd,  a  maid ;  but  though  mere  wif  occurs  in  Beowulf,  mere- 
maid  does  not  appear  till  the  Middle  English  period  (Chaucer, 
Romaunt  of  the  Rose,  etc.).  In  Cornwall  the  fishermen  say  merry- 
maids  and  merry-men.  The  connection  with  the  sea  rather  than 
with  inland  waters  appears  to  be  of  later  origin.  “  The  Mermaid 
of  Martin  Meer”  (Roby's  Traditions  of  Lancashire,  vol.  ii.)  is  an 
example  of  the  older  force  of  the  word ;  and  such  “  meer-women  " 
are  known  to  the  country-folk  in  various  parts  of  England  (e.  g„ 
at  Newport  in  Shropshire,  where  the  town  is  some  day  to  be 
drowned  by  the  woman’s  agency). 

2  See  Rhys,  “Welsh  Fairy  Tales,”  in  Y  Cymmrodor,  1881, 1882. 


scribed  than  the  merman)  has  the  head  and  body  of  a 
woman,  usually  of  exceeding  loveliness,  but  below  the 
waist  is  fashioned  like  a  fish  with  scales  and  fins.  Her 
hair  is  long  and  beautiful,  and  she  is  often  represented, 
like  the  Russian  rusalka,  as  combing  it  with  one  hand 
while  in  the  other  she  holds  a  looking-glass.  At  other 
times,  like  the  rusalka,  she  is  seen  engaged  in  the 
more  prosaic  occupation  of  washing  or  beating  clothes ; 
but  this,  as,  for  example,  in  Hugh  Miller’s  terrible 
Loch  Shin  legend,  is  a  sign  of  some  impending  calam¬ 
ity.  For  a  time  at  least  a  mermaid  may  become  to  all 
appearance  an  ordinary  human  being ;  and  from  a  very 
striking  Irish  legend  (“The  Overflowing  of  Lough 
Neagh  and  Liban  the  Mermaid,”  in  Joyce’s  Old  Celtic 
Romances )  it  is  evident  that  a  human  being  may  also 
for  a  time  be  transformed  into  a  mermaid. 

The  mermaid  legends,  both  English  and  other,  may 
be  grouped  as  follows.  A.  A  mermaid  or  Vienna  ids 
either  voluntarily  or  under  compulsion  reveal  things 
that  are  about  to  happen.  Thus  the  two  mermaids 
(merewip)  Hadeburc  and  Sigelint,  in  the  Nibelnngen- 
lied ,  disclose  his  future  course  to  the  hero  Hagen, 
who,  having  got  possession  of  their  garments,  which 
they  had  left  on  the  shore,  compels  them  to  pay  ran¬ 
som  in  this  way.  According  to  Resenius,  a  mermaid 
appeared  to  a  peasant  of  Samsoe,  foretold  the  birth 
ot  a  prince,  ana  moralized  on  the  evils  of  intemper¬ 
ance,  etc.  ( Kong  Fredericks  den  andens  Krbnike ,  Co¬ 
penhagen,  1680,  p.  302).  B.  A  Mermaid  imparts 
supernatural  powers  to  a  human  being.  Thus  in  the 
beautiful  story  of  “The  Old  Man  of  (jury  ”  (in  Hunt’s 
Popular  Romances  of  the  West  of  England ,  1871)  the 
old  man,  instead  of  silver  and  gold,  obtains  the  power 
of  doing  good  to  his  neighbors  by  breaking  the  spells 
of  witchcraft,  chasing  away  diseases,  and  discovering 
thieves.  John  Reid,  the  Cromarty  shipmaster,  was 
more  selfish, — his  “wishes  three”  being  that  neither 
he  nor  any  of  his  friends  should  perish  by  the  sea, 
that  he  should  be  uninterruptedly  successful  in  every¬ 
thing  he  undertook,  and  that  the  lady  who  scorned  his 
love  should  scorn  it  no  more.  C.  A  mermaid  has  some 
one  under  her  protection ,  and  for  wrong  done  to  her 
ward  exacts  a  terrible  penally.  One  of  the  best  and 
most  detailed  examples  of  this  class  is  the  story  of  the 
“Mermaid’s  Vengeance”  in  Mr.  Hunt’s  book  already 
quoted.  D.  A  mermaid  falls  in  love  with  a  human 
being ,  lives  with  him  as  his  lawful  wife  for  a  time ,  and 
then ,  some  compact  being  unwittingly  or  intentionally 
broken  by  him ,  departs  to  her  true  home  in  the  sea. 
Here,  if  its  mermaid  form  be  accepted,  the  typical 
legend  is  undoubtedly  that  of  Melusina ,  which,  being 
made  the  subject  of  a  full-fledged  romance  by  Jean 
d’ Arras,  became  one  of  the  most  popular  folk-books 
of  Europe,  appearing  in  Spanish,  German,  Dutch,  and 
Bohemian  versions.  Melusina,  whose  name  may  be  a 
far-off  echo  of  the  Mylitta  (Venus)  of  the  Phoenicians, 
was  married  to  Raymond  of  Lusignan,  and  was  long 
afterwards  proudly  recognized  as  one  of  their  ances¬ 
tors  by  the  Luxembourg,  Rohan,  and  Sassenaye  fami¬ 
lies,  and  even  by  the  emperor  Henry  VII.  Her  story 
will  be  found  in  Baring  Gould’s  Myths  of  the  Middle 
Ages.  E.  A  mermaid,  falls  in  love  with  a  man,  and 
entices  him  to  go  and  live  with  her  below  the  sea  ;  or 
a  merman  wins  the  affection  or  captures  the  person  of 
an  earthborn  maiden.  This  form  of  legend  is  very 
common,  and  has  naturally  been  a  favorite  with  poets. 
Macphail  of  Colonsay  successfully  rejects  the  allure¬ 
ments  of  the  mermaid  of  Corrievrekin,  and  comes  back 
after  long  years  of  trial  to  the  maid  of  Colonsay.3  The 
Danish  ballads  are  especially  full  of  the  theme;  as 
“  Agnete  and  the  Merman,”  an  antecedent  of  Matthew 
Arnold’s  “Forsaken  Merman;”  the  “Deceitful  Mer¬ 
man,  or  Marstig’s  Daughter;”  and  the  finely  detailed 
story  of  Rosmer  Hafmand  (No.  49  in  Grimm). 

In  relation  to  man  the  mermaid  is  usually  of  evil 
issue  if  not  of  evil  intent.  She  has  generally  to  be 

3  See  Leyden’s  “The  Mermaid,”  in  Sir  Walter  Scott’s  Border 
[  Minstrelsy. 
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bribed  or  compelled  to  utter  her  prophecy  or  bestow 
her  gifts,,  and  whether  as  wife  or  paramour  she  brings 
disaster  in  her  train.  In  itself  her  sea-life  is  often 
represented  as  one  of  endless  delights,  but  at  other 
times  a  mournful  mystery  and  sadness  broods  over  it. 
The  fish-tail,  which  in  popular  fancy  forms  the  char¬ 
acteristic  feature  of  the  mermaid,  is  really  of  secondary 
importance ;  for  the  true  Teutonic  mermaid — probably 
a  remnant  of  the  great  cult  of  the  Yanir — had  no  fish¬ 
tail;1  and  this  symbolic  appendage  occurs  in  such 
remote  mythological  regions  as  to  give  no  clue  to 
historical  connection.  The  Tritons,  and,  in  the  later 
representations,  the  Sirens  of  classical  antiquity,  the 
Phoenician  Dagon,  and  the  Chaldaean  Oannes  are  all 
well-known  examples ;  the  Ottawas  and  other  American 
Indians  have  their  man-fish  and  woman-fish  (Jones, 
Traditions  of  the  North  American  Indians,  1830); 
and  the  Chinese  tell  stories  not  unlike  our  own  about 
the  sea-women  of  their  southern  seas  (Dennis,  Folklore 
of  China,  1875). 

Quasi-historical  instances  of  the  appearance  or  cap¬ 
ture  of  mermaids  are  common  enough,2  and  serve,  with 
the  frequent  use  of  the  figure  on  signboards  and  coats 
of  arms,  to  show  how  thoroughly  the  myth  had  taken 
hold  of  the  popular  imagination.3  A  mermaid  cap¬ 
tured  at  Bangor,  on  the  shore  of  Belfast  Lough,  in 
the  6th  century,  was  not  only  baptized,  but  admitted 
into  some  of  the  old  calendars  as  a  saint  under  the 
name  of  Murgen  {Notes  and  Queries,  Oct.  21,  1882); 
and  Stowe  {Annales,  under  date  1187)  relates  how  a 
man-fish  was  kept  for  six  months  and  more  in  the 
castle  of  Orforde  in  Suffolk.  As  showing  how  legen¬ 
dary  material  may  gather  round  a  simple  fact,  the  oft- 
told  story  of  the  sea-woman  of  Edjim  is  particularly 
interesting.  The  oldest  authority,  Joh.  Gerbrandus 
a  Leydis,  a  Carmelite  monk  {oh.  1504),  tells  ( Annales , 
etc.,  Frankfort,  1620)  how  in  1403  a  wild  woman  came 
through  a  breach  in  the  dike  into  Purmerlake,  and, 
being  found  by  some  Edam  milkmaids,  was  ultimately 
taken  to  Haarlem  and  lived  there  many  years.  No¬ 
body  could  understand  her,  but  she  learned  to  spin, 
and  was  wont  to  adore  the  cross.  Ocka  Scharlensis 
( Chronijk  van  Friesland ,  Leeuw.,  1597)  reasons  that 
she  was  not  a  fish  because  she  could  spin,  and  she  was 
not  a  woman  because  she  could  live  in  the  sea;  and 
thus  in  due  course  she  got  fairly  established  as  a  gen¬ 
uine  mermaid.  Vosmaer,  who  has  carefully  investi¬ 
gated  the  matter,  enumerates  forty  writers  who  have 
repeated  the  story,  and  shows  that  the  older  ones  speak 
only  of  a  woman  (see  “Beschr.  van  de  zoogen.  Meer- 
minderstad  Haarlem,”  in  Verh.  van  de  Holl.  Maatsch. 
van  K.en  Wet.,  part  23,  No.  1786).  As  for  the  stuffed 
mermaids  which  have  figured  from  the  days  of  Bar¬ 
tholomew  Fair  downwards,  it  is  enough  to  mention 
that  exhibited  in  the  Turf  Coffee-house,  London,  in 
1822,  and  carefully  drawn  by  Cruikshank  (compare 
Chambers,  Book  of  Days). 

The  best  account  of  the  mermaid-myth  is  in  Baring 
Gould’s  Myths  of  the  Middle  Ages.  See  also,  besides  works 
already  mentioned,  Pontoppidan,  who  in  his  logically  cred¬ 
ulous  way  collects  much  matter  to  prove  the  existence  of 
mermaids ;  Maillet,  Telliamed,  Hague,  1755 ;  Grimm,  Deutsche 
Mythologie,  i.  404,  and  Altdan.  Heldenlieder,  1811;  Waldron’s 
Description  and  Train’s  Hist,  and  Stat.  Ace.  of  the  Isle  of  Man; 
Folklore  Society’s  Record,  vol.  ii. ;  Napier,  Hist,  and  Trad. 
Tales  connected  with  the  South  of  Scotland ;  S6biIlot,  Traditions 
de  la  Haute  Bretagne,  1882,  and  Contes  des  Marins,  1882. 

(h.  a.  w.) 

MEROE,  in  classical  geography  (Strabo,  xvii.  2,  2; 
Pliny,  ii.  73,  v.  10;  Ptol.,  p.  201),  was  the  metropolis 

1  Karl  Blind,  “New  Finds  in  Shetlandic  and  Welsh  Folk-Lore,’’ 
in  Gentleman’s  Magazine,  1882. 

2  Compare  the  strange  account  of  the  quasi-human  creatures 

found  in  the  Nile  given  by  Theophylactus,  Historic,  viii.  16,  pp. 
299-302  of  Bekker’s  ed.  ... 

2  See  the  paper  in  Jour.  Brit.  Arch.  Ass.,  xxxvni.  1882,  by  H.  S. 
Cuming,  who  points  out  that  mermaids  or  mermen  occur  in  the 
arras  of  Earls  Caledon,  Howth,  and  Sandwich,  Viscounts  Boyne 
and  Hood,  Lord  Lyttleton,  and  Scott  of  Abbotsford,  as  well  as  in 
those  of  the  Ellis,  Byron,  Phen6,  Skeffington,  and  other  families. 
The  English  heralds  represent  the  creatures  with  a  single  tail, 
the  French  and  German  heralds  frequently  with  a  double  one. 

*  [Over  the  Hungarians,  quite  as  probably  on  the  Unstrut  as 
I.  4.  232 —Am.  En  1 


of  ^Ethiopia,  situated  on  an  island  of  the  £ame  name 
between  the  Nile  and  the  Astaboras  (Atbara).  The 
island  is  only  an  inaccurate  name  for  the  fertile 
plain  between  the  two  rivers.  This  Meroe,  first  men¬ 
tioned  by  Herodotus  (ii.  29  sq. ),  succeeded  an  older 
Ethiopian  kingdom  of  Napata  lower  down  the  Nile, 
originally  subject  to  and  civilized  from  Egypt,  but 
which  afterwards  became  independent  and  even  sent 
forth  an  Ethiopian  dynasty  to  reign  in  Egypt,  to  which 
the  So  and  Tirhaka  of  the  Bible  belonged  (see  Ethio¬ 
pia).  The  name  of  Meroe  in  the  form  Merawi  is  now 
given  to  Napata.  The  later  Meroe  retained  its  inde- 

Eendence  when  Egypt  fell  under  foreign  sovereigns. 

•iodorus  (iii.  6)  describes  it  as  entirely  controlled  by 
the  priesthood  till  a  native  prince  Ergamenes  destroyed 
the  sacerdotal  caste  in  the  time  of  Ptolemy  II.  Queen 
Candace  (Acts  viii.  27)  was  probably  sovereign  of 
Meroe;  see  Lepsius’s  Letters,  Eng.  tr.,  pp.  196,  206; 
and  comp.  Strabo,  xvii.  1,  54,  for  a  Queen  Candace  in 
Augustus’s  time  when  the  Romans  under  Petronius 
advanced  to  Napata.  Meroe  was  visited  by  Greek 
merchants ;  and  the  astronomical  expedition  of  Era¬ 
tosthenes  determined  its  latitude  with  great  accuracy. 
An  exploring  party  in  the  reign  of  Nero  found  that 
the  country  below  Meroe,  formerly  the  site  of  many 
towns,  had  become  almost  wholly  waste  (Pliny,  vi.  29). 
From  the  6th  to  the  14th  century  of  our  era  the 
Christian  (Jacobite)  realm  of  Dongola  occupied  the 
place  of  the  older  kingdom.  The  ruins  of  Meroe  and 
Napata  were  fully  explored  by  Lepsius  in  1844,  and 
the  monuments  are  pictured  in  his  Denkmaler. 

MERSEBURG,  the  chief  town  of  a  district  of  the 
same  name  in  the  Prussian  province  of  Saxony,  is  sit¬ 
uated  on  the  river  Saale,  10  miles  to  the  south  of 
Halle,  and  17  to  the  west  of  Leipsic.  It  consists  of  a 
quaint  and  irregularly  built  old  town,  with  two  exten¬ 
sive  suburbs,  and  contains  six  churches  and  several 
schools  and  charitable  institutions.  The  cathedral  is 
an  interesting  old  pile,  with  a  Romanesque  choir  of 
the  11th,  a  transept  of  the  13th,  and  a  Late  Gothic 
nave  of  the  1 6th  century.  Among  its  numerous  mon¬ 
uments  is  that  of  Rudolph  of  Swabia,  who  fell  in  1080 
in  an  encounter  with  his  rival  Henry  IY.  It  contains 
two  paintings  by  Lucas  Cranach.  Contiguous  to  the 
cathedral  is  the  Gothic  chateau,  formerly  the  residence 
of  the  Saxon  princes  and  the  bishops  of  Merseburg. 
The  town-house,  the  post-office,  and  the  “standehaus  ’ 
for  the  meetings  of  the  provincial  estates  are  also 
noteworthy  buildings.  The  industries  of  Merseburg 
consist  of  the  manufacture  of  card-board  and  colored 
paper,  dyeing,  glue-boiling,  machine-making,  calico- 
printing,  tanning,  and  brewing.  Its  population  in 
1905  was  20,024. 

Merseburg  (i.  e.,  “  march-town”)  is  one  of  the  oldest  towns 
in  Germany.  From  the  9th  century  down  to  1007  it  was 
the  capital  of  a  countship  of  its  own  name,  and  from  968  to 
1543  it  was  the  seat  of  a  bishop.  In  the  10th,  11th,  and  12th 
centuries  it  was  a  favorite  residence  of  the  German  emperors, 
and  at  this  time  its  fairs  enjoyed  the  importance  afterwards 
inherited  by  those  of  Leipsic.  The  town  was  repeatedly 
visited  by  destructive  conflagrations  in  the  14th  to  the  17th 
centuries,  and  also  suffered  severely  during  the  Thirty 
Years’  War.  From  1656  to  1738  it  was  the  residence  of  the 
dukes  of  Saxe-Merseburg.  The  great  victory  gained  by  the 
emperor  Henry  I.  over  the  Huns  in  933  is  believed  to  have 
been  fought  on  the  Keuschberg  near  Merseburg.4 

MERTHYR  TYDFIL,  or  Merthyr  Tydvil,  a 
parliamentary  borough  and  market-town  of  Glamor¬ 
ganshire,  South  Wales,  is  situated  in  a  bleak  and  hilly 
region  on  the  river  Taff,  and  on  several  railway  lines, 

25  miles  north-northwest  of  Cardiff,  and  30  east-north¬ 
east  of  Swansea.  The  town,  which  consists  princi¬ 
pally  of  the  houses  of  workmen,  is  for  the  most  part 
meanly  and  irregularly  built,  and  at  one  time,  on  ac¬ 
count  of  its  defective  sanitary  arrangements,  was  fre¬ 
quently  subject  to  epidemics  of  great  severity.  Within 
recent  years  great  improvements  have  taken  place,  and 
the  town  now  possesses  both  a  plentiful  supply  of  pure 
water  and  an  excellent  system  of  sewage.  There  are 
2ar  Merseburg.  See  Giesebrecht’s  Gesch.  der  Deutschen  Kaiserzeit 
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also  some  good  streets  with  handsome  shops,  while  in 
the  suburbs  there  are  a  number  of  private  residences 
and  villas  inhabited  by  the  wealthier  classes.  Apart 
from  its  extensive  iron  and  steel  works,  the  town  pos¬ 
sesses  no  feature  of  interest.  It  is  situated  in  the 
centre  of  the  South  Wales  coal  basin,  and  the  rich 
coal-mines  in  the  vicinity  supply  great  facilities  for  the 
iron  industries.  At  Merthyr  Tydfil,  which  is  said  to 
have  received  its  name  from  the  martyrdom  of  a  Brit¬ 
ish  saint  Tydfil,  there  were  smelting- works  at  a  very 
early  period,  but  none  of  any  importance  until  1755. 
From  about  forty  years  ago  until  1875  the  manufac¬ 
ture  of  bar-iron  developed  with  great  rapidity,  but 
since  then  the  production  of  steel  has  largely  taken  its 
place.  The  borough  returns  two  members  to  parlia¬ 
ment.  The  population  of  the  urban  sanitary  district 
in  1871  was  51,049,  and  in  1901  it  was  69.227;  the 
population  of  the  parliamentary  borough,  which  in¬ 
cludes  the  parish  of  Aberdare  and  parts  of  the  par¬ 
ishes  of  Llanwonno  and  Merthyr  Tydfil  and  of  Yainor 
(Brecon),  and  has  an  area  of  29,954  acres,  was  in  the 
same  years  97,020  and  91,347. 

MERY,  Meru  or  Maour,1  a  district  of  Central 
Asia,  situated  on  the  border-land  of  Iran  and  Turan. 

The  oasis  of  Merv  lies  in  the  midst  of  a  desert,  in 
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Neighborhood  of  Merv . 

about  37°  30'  N.  lat.  and  62°  E.  long.  It  is  about  250 
miles  from  Herat,  170  from  Charjui  on  the  Oxus,  360 
from  Khiva,  and  175  from  Gawars,  the  nearest  point 
in  the  newly  acquired  (1881)  Russian  territory  of 
Akhal. 

The  great  chain  of  mountains  which,  under  the  name 

1  Merv  is  the  modem  Persian  name.  The  river  Margus,  now  the 
Murghab,  on  which  was  built  the  ancient  city,  is  derived  from 
Mnrgu,  the  name  of  the  province  as  recorded  m  the  Behistan  in¬ 
scriptions  of  Darius.  Spiegel  connects  the  name  Margu  with  old 
Baetrian  meregho,  bird,  in  allusion  to  the  numerous  swarms  of 
birds  that  gather  there.  So,  too,  the  river  name  Murghab  means 
bird-water.  The  district  appears  to  have  been  known  in  the  5th 
century  as  Marv-i-rud,  so  that  the  river  was  then  the  Marv.  The 
name  Merum  for  the  district  occurs  in  the  Armenian  geography 
ascribed  to  Moses  of  Khorene,  written  probably  in  the  7th  cen¬ 
tury  (ed.  PatkanofF).  Maour  is  the  Uzbek  name,  and  of  com¬ 
paratively  recent  date. 


of  Paropamisus  and  Hindu-Kush,  extends  across  the 
Asiatic  continent  from  the  Caspian  to  China,  and 
forms  the  line  of  ethnic  demarcation  between  the  Tu¬ 
ranian  and  Indo- Germanic  races,  is  interrupted  at  a 
single  point ;  that  point  is  on  the  same  longitude  with 
Merv.  Through  or  near  the  trouee  or  gap,  which  na¬ 
ture  has  created,  flow  northward  in  parallel  courses, 
the  rivers  Heri-rud  (Tejend)  and  Murghab,  until  they 
lose  themselves  in  the  desert  of  Kara-kum — that  large 
expanse  of  waste,  known  also  as  Turcomania,  which 
spreads  at  the  northern  foot  of  the  mountains,  and 
stretches  from  the  lower  Oxus  to  the  Caspian. 

Whether  as  a  satrapy  of  Darius  and  subsequently  as 
a  province  of  Alexander,  whether  as  the  home  of  the 
Parthian  race,  whether  as  a  bulwark  against  the  de¬ 
structive  waves  of  Mongol  invasion,  or  later  as  the 
glacis  of  Persian  Khorasan,  the  valleys  of  those  rivers 
— the  district  of  Merv — have  ever  been  important  out¬ 
posts  on  the  borders  of  Iran.  In  bygone  epochs  their 
banks  have,  under  powerful  rulers,  been  studded  with 
populous  and  flourishing  cities,  which  bore  the  name 
ox  '  Sovereign  of  the  Universe  ’’  ( Merv  Shah-i-jehan), 
and  vied  for  fame  with  ‘  ‘  Balkh,  the  Mother  of  cities  ’  ’ ; 
of  late  times,  with  weakness  or  absence  of  government, 
those  same  banks  have  become  choked  with  fallen  battle¬ 
ments  and  ruins,  the  home  of  the  snake  and  the 
jackal.  Merv  has  soared  to  prosperity  or  fallen 
to  decay  according  to  her  political  status  at  the 
moment,  and  history,  which  repeats  itself,  may 
yet  have  to  sing  her  praises  in  the  future  as  it 
has  done  in  the  past.  All  that  human  life  in 
the  desert  requires  is  there, — water  in  abun¬ 
dance,  and  a  soil  unsurpassed  for  fertility. 
Good  government  is  alone  wanting  to  turn  those 
natural  gifts  to  full  account. 

The  present  inhabitants  of  the  district  are 
Turcomans  of  the  Tekke  tribe,  who,  like  the 
other  tribes  inhabiting  Turcomania,  enjoyed 
until  the  approach  of  the  Russians  virtual  in¬ 
dependence,  and  acknowledged  allegiance  to  no 
one, — a  pastoral  people  who  eked  out  a  miser¬ 
able  existence  by  the  trade  of  passing  caravans, 
and  in  bad  times  pillaged  the  neighboring  and 
equally  barbarous  states,  to  whose  reprisals  they 
were  in  turn  subjected. 

From  the  year  1869,  the  date  of  the  estab¬ 
lishment  of  the  Russian  military  settlement  at 
Krasnovodsk  on  the  east  shore  of  the  Caspian, 
the  wave  of  Russian  conquest  has  gradually 
swept  eastwards  along  the  northern  frontier  of 
Persia  until  it  has  for  the  moment  stopped  at 
the  outermost  border  of  the  Akhal  Turcoman 
country,  which  was  incorporated  in  1881  by 
Russia  as  the  result  of  the  defeat  of  that  tribe 
at  Geok  Tepe.  Among  the  districts  still  farther 
east,  to  which  the  Russians  give  the  name  of 
Eastern  Turcomania,  is  that  of  the  Merv  Tekke 
Turcomans,  kinsmen  of  the  Akhal  Tekkes,  the 
most  recent  of  Russia’s  subjects.  The  district 
of  the  Merv  Tekkes  may  be  taken  to  be  that 
included  between  the  lower  Murghab  below 
Yulutan,  where  the  river  enters  the  plain,  and 
the  Persian  frontier  from  Sarakhs  to  Gawars. 

A  reference  to  the  map  will  show  the  strategical  im¬ 
portance  of  this  district,  situated  at  the  point  of  meet¬ 
ing  of  two  lines,  of  which  one  is  the  strategic  line  of 
Russian  advance  on  Herat  from  Krasnovodsk  to  Sa¬ 
rakhs,  and  the  other  the  strategic  line  of  advance  on 
the  same  place  from  Tashkend  through  Bokhara.  The 
capital  of  the  district  is,  moreover,  the  crossing-point 
of  the  Herat-Khiva  and  Meshed-Bokhara  trade  routes. 

Consequently  this  district,  a  solitary  oasis  in  a  vast 
desert,  guarantees  to  its  possessor  the  command  of  an 
important  avenue  between  north  and  south,  and,  in 
the  event  of  its  falling  into  Russian  hands,  will  give 
that  power  in  addition  a  valuable  link  in  the  chain  of 
connection  between  her  recent  acquisitions  on  the  Per¬ 
sian  frontier  and  those  in  Turkestan,  the  forging  of 
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■which  has  been  persistently  advocated  by  Russian  wri¬ 
ters  for  years  past.  One  of  these,  Colonel  Veniukoff, 
frankly  admits  that  it  is  the  political  results — “  the  con¬ 
solidation  of  friendly  relations  with  the  Turcomans  ” — 
and  not  commercial  interests  merely,  that  are  primarily 
looked  to,  and  openly  states  that  the  forward  move¬ 
ment  in  Central  Asia  “cannot  end  otherwise  than  by 
the  annexation  to  Russia  of  the  whole  of  Turan.” 

Whether  by  design  or  by  the  force  of  circumstances, 
the  recommendations  of  those  writers  have  been  trans¬ 
lated  into  facts,  and  Russia  with  her  advanced  post  at 
Askabad  is  now  within  400  miles  of  Herat,  which  Sir 
Henry  Rawlinson  designates  as  the  key  of  India.  The 
occupation  of  the  Merv  Tekke  country  would  bring 
Russia  to  within  250  miles  of  Herat.  From  Askabad 
she  is  in  connection  with  the  Caspian  by  a  good  line  of 
communication,  part  of  which  (from  the  sea  to  Kizil 
Arvat)  is  by  rail ;  and  hence  facilities  are  offered  for 
bringing 'up  not  only  the  resources  of  the  Caucasus  but 
of  the  whole  of  European  Russia.  While  Russian 
troops  are  within  400  miles  of  Herat,  the  British 
troops  at  Quetta  are  more  than  500  miles  from  Herat.1 

These  remarks  serve  to  explain  the  very  natural  sus¬ 
picion  with  which  Great  Britain  has  regarded  the  oc¬ 
cupation,  one  after  another,  of  important  strategical 
points  along  that  route  by  which  alone  Russia  can 
strike  at  India, — the  same  line  by  which  Napoleon 
meditated  a  Russo-French  invasion  in  the  early  part 
pf  this  century. 

In  the  matter  of  Merv  and  the  neighboring  Turcoman 
districts  diplomacy  has  not  been  idle.  As  early  as  1869, 
when  an  interchange  of  opinions  was  taking  place  between 
the  Kussian  and  British  Governments  with  respect  to  the 
demarcation  of  a  neutral  zone  between  the  two  empires, 
Great  Britain  objected  to  the  Russian  proposal  that  this  zone 
should  be  Afghanistan,  “  because  of  the  near  approach  to 
India  that  would  be  thereby  afforded  to  Russian  troops  from 
the  direction  of  the  Kara-kum,  the  home  of  the  Turcomans, 
of  which  Merv  is  the  central  point.”  In  the  following  year 
a  Russian  diplomatist  remarked  to  the  British  ambassador 
at  St.  Petersburg,  when  discussing  the  Afghan  frontier,  that 
great  care  would  be  required  in  tracing  a  line  from  Khoja 
Saleh  on  the  Oxus  to  the  south,  as  Merv  and  the  country 
of  the  Turcomans  were  becoming  “  commercially  import¬ 
ant.”  About  the  same  time  Russia  intimated  that,  if  the 
amir  of  Afghanistan  claimed  to  exercise  sovereignty  over 
the  Tekkes,  his  pretensions  could  not  be  recognized.  After 
the  Russian  campaign  against  Khiva  in  1873,  and  the 
subsequent  operations  against  the  Turcomans,  the  English 
foreign  secretary,  early  in  1874,  called  attention  “to  the 
fears  expressed  by  the  amir  of  Afghanistan  as  to  the  com¬ 
plications  in  which  he  might  become  involved  with  Russia, 
were  the  result  of  a  Russian  expedition  against  Merv  to  be 
to  drive  the  Turcomans  to  take  refuge  in  the  province  of 
Badghees  in  Herat.”  In  reply  to  this  communication 
Prince  Gortschakoff  repeated  the  assurance  that  the  Impe¬ 
rial  Government  “had  no  intention  of  sending  any  expedi¬ 
tion  against  the  Turcomans,  or  of  occupying  Merv.”  In 
1875  the  operations  of  General  Lomakin  on  the  northern 
frontier  of  Persia  led  to  representations  being  made  by  the 
British  ambassador  at  the  court  of  St.  Petersburg.  To  these 
Russia  replied  that  the  czar  had  no  intention  ot  extending 
his  frontiers  on  the  side  of  Bokhara  or  on  the  side  of  Kras- 
novodsk.  Notwithstanding  the  oft-repeated  assurances  to 
the  contrary,  large  annexations  have  been  since  made  in 
Turcomania  by  the  Russians,  and  these  proceedings,  clearly 
indicating  the  persistent  prosecution  of  a  concerted  plan, 
have  naturally  tended  to  disturb  the  harmonious  relations, 
which  should  subsist  between  the  two  great  civilizing 
powers  of  the  East. 

Settlements  and  Inhabited  Centres.—' Of  towns,  or 
even  villages,  fixed  centres  of  habitation,  there  are 
none,  according  to  Mr.  O’ Donovan,  the  latest  Euro¬ 
pean’  traveller  to  Merv.  The  present  political  and  mil¬ 
itary  capital  of  Merv  is  Koushid  Khan  Kala,  a  tort 
which  serves  rather  as  a  place  of  refuge  against  sudden 
attacks  than  as  a  habitation.  It  is  situated  on  the 


i  Concurrentlv  with  the  consolidation  of  her  position  in  Turco- 
mnnia  Russia  has  of  late  been  showing  less  military  activity  on 
Z  shic  c  f  her  Turkestan  district.  It  is  probable  that  her  re¬ 
cent  exnlorations  at  the  sources  of  the  Oxus  have  demonstrated 
the  impracticability  of  directing  any  offensive  movement  against 
IndiXm  that  side.  Hence  the  line  of  strategical  advance  has 
been  shifted  from  Tashkend  to  Tiflis. 


east  bank  of  the  most  westerly  branch  of  the  Murghab, 
about  25  miles  below  the  dam  at  Porsa  Kala.  In  form 
it  is  oblong,  measuring  If  miles  long  by  f  mile  broad, 
is  constructed  entirely  of  earth,  revetted  on  the  exte¬ 
rior  slope  with  sun-dried  brick ;  the  ramparts  are  40 
feet  high,  and  are  60  feet  at  the  base.  The  fort  is 
built  in  a  loop  of  the  river,  which  protects  it  on 
two  sides;  between  it  and  the  river  is  an  “obah,”  or 
nomad  village  of  huts  and  tents,  some  thousand  in 
number,  disposed  in  rows,  but  there  is  no  town  or  set¬ 
tlement. 

Twenty-five  miles  east  of  Koushid  Khan  Kala  lie 
the  ruins  of  the  Greek  city  of  Antiochia  Margiana, 
showing  traces  of  a  high  civilization.  According  to 
Strabo  (xi.  2)  the  Merv  oasis  at  this  period  was  sur¬ 
rounded  with  a  wall  measuring  1500  stadia  (185  miles). 
Mr.  O’Donovan  found  the  trace  of  the  fort  of  Iskander 
to  have  been  quadrangular,  with  a  length  of  side  of 
900  yards.  This  was  probably  the  fort  built  by  Alexan¬ 
der,  about  328  B.C.,  on  his  return  from  Sogdiana after 
the  capture  of  Bessus.  The  city  was  destroyed  in  666 
A.D.  by  the  Arabs,  who  built  a  new  one,  afterwards 
known  as  Sultan  Sanjar,  about  1000  yards  away,  and 
occupying  an  area,  according  to  Mr.  O’Donovan,  of 
about  600  yards  square.  The  towers  are  still  extant, 
and  inside  can  be  seen  the  ruins  of  a  most  elaborate 
tomb,  in  which  the  supposed  bones  of  Sultan  Sanjar 
are  enshrined.  It  has  always  been  a  place  of  pilgri¬ 
mage  for  the  faithful.  Not  far  to  the  southwest  lies 
the  site  of  the  last  city  of  Merv,  that  which  existed  up 
to  a  hundred  years  ago,  when  it  was  laid  waste  by  the 
Bokharians.  It  bears  the  name  of  its  gallant  defender 
Bairam  Ali. 

These  three  ruins  are  all  that  remain  of  that  which 
flourished  of  yore  as  “  sovereign  of  the  universe.” 

At  the  time  of  the  visit  of  Burnes,  Abbott,  Shake- 
spear  and  Taylour  Thomson,  about  the  fourth  decade 
of  the  century,  Merv  was  under  the  jurisdiction  of 
Khiva,  and  the  administrative  centre  was  at  Porsa 
Kala,  where  the  dam  is  situated.  This  place  is  now 
also  a  waste  of  mud  ruins,  uninhabited. 

Rivers. — The  Heri-rud  (or  Tejend,  as  the  river  is 
named  below  Sarakhs)  runs  a  course  of  some  280  miles 
within  Afghan  borders.  On  reaching  the  Persian 
frontier  it  turns  north  and  forces  a  channel  through  the 
mountain  chain  near  Sarakhs.  Beyond  Sarakhs  the 
river  is  Turcoman  on  both  banks,  runs  close  to  the 
Khelat  mountains,  and  in  the  latitude  of  Askabad 
loses  itself  in  the  marshes  formed  by  the  spring  floods. 
It  is  probably  the  Ochus  of  ancient  geography,  which 
watered  Nissa,  once  the  capital  of  Parthia,  and  joined 
the  Oxus  just  before  the  latter  river  disembogued  into 
the  Caspian  (Rennell’s  Herodotus).  The  Tejend  is  ford¬ 
able  at  all  points  below  Sarakhs  except  in  the  early 
spring  after  the  melting  of  the  snows.  On  the  road 
from  Meneh  to  Merv  the  river  is  sluggish,  50  yards 
wide  and  4  feet  deep  in  February.  The  river-bed  is 
sunk  ]  2  to  15  feet  belcw  the  level  of  the  surrounding 
country,  and  has  immense  quantities  of  driftwood  on 
its  banks ;  trees  and  luxuriant  herbage  clothe  the  im¬ 
mediate  borders.  At  midsummer  the  river  runs  nearly 
dry,  and  does  not  reach  Sarakhs.  The  Kashaf-rud, 
which  flows  near  Meshed,  is  one  of  its  chief  affluents. 

The  Murghab  takes  its  rise  in  the  northern  slopes 
of  the  Paropamisus,  and  runs  parallel  to  the  Heri-rud 
at  a  distance  of  70  miles  from  it.  On  this  river  lies 
the  plain  or  oasis  of  Merv,  irrigated  by  means  of  an 
elaborate  system  of  dams  and  canals  cut  from  the  main 
river.  Beyond  the  limits  of  the  oasis  the  Murghab 
“  hides  its  streams  in  the  sand,”  like  the  Tejend.  The 
river  at  Porsa  Kala  (near  the  principal  dam)  is  80 
yards  wide,  at  Koushid  Khan  Kala  30  to  40  yards  wide. 
In  summer  it  is  much  swollen  by  the  melting  of  the 
snows,  and  its  stream  is  then  barely  fordable.  The 
water  is  yellow  in  color  from  suspended  matter. 

Formerly  a  great  deal  of  the  country,  now  a  waste, 
between  the  two  rivers  was  also  cultivated  by  the 
agency  of  water  derived  from  canals  cut  from  the  Te- 
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jeml.  These  canals  extended  to  Kucha  Kum  in  the 
desert,  rendering  the  journey  between  the  two  rivers 
much  easier  than  in  the  present  day.  From  the  Mur- 
ghab  was  also  cut,  among  others,  the  Kara-i-ab  canal, 
which  ran  for  a  distance  of  40  miles  towards  the  Te- 
jend.  Recent  explorers  affirm  that  there  is  no  rea¬ 
son  why  these  canals  should  not  be  again  filled  from 
those  rivers,  when  the  intervening  country,  “  an  argil¬ 
laceous  expanse”  (O’Donovan),  would  become  cul- 
turable. 

Communication. — Merv  is  surrounded  on  all  sides  by  desert. 
On  the  north,  west,  and  east  this  desert  is  sandy  and  arid ; 
water  is  exceedingly  scarce,  the  wells  being  sometimes  60 
or  70  miles  apart,  and  easily  choked.  To  the  south  of  Merv, 
between  the  rivers  Murgliab  and  Tejend,  there  are  traces 
of  past  cultivation,  of  irrigating  canals,  and  of  considerable 
settlements.  Between  the  Tejend  and  Askabad  the  road 
lies  through  a  populous  well-cultivated  country  (Persian 
territory)  by  way  of  Kahka  and  Lutfabad. 

There  are  no  roads  in  Merv, — nothing  but  mere  tracks. 
Many  wide  and  deep  irrigating  canals  have  to  be  crossed ; 
bridges  are  few  and  bad.  The  inhabitants  cross  by  inflated 
skins. 

The  following  tracks  lead  to  the  Persian  frontier  from 
Merv:  (1)  via  Mahmur  or  Chungul  to  Lutfabad — eight 
days  on  camels ;  (2)  via  Shahidli  to  Mehna — 120  miles ;  (3) 
via  Shahidli  to  Fort  Cherkeshli  and  Meshed,— -for  85  miles 
between  the  Murghab  and  Tejend  there  is  scarcely  any 
water ;  (4)  via  Sarakhs  to  Meshed,  9  or  10  marches  for  camels, 
and,  according  to  Petrusevitch,  withoutwater  between  Merv 
and  Sarakhs — 120  miles. 

To  the  Afghan  frontier  lead  (1)  the  track  via  Sarakhs  and 
up  the  Heri-rud  to  Herat — fit  for  a  coach,  according  to  Sir 
Charles  MacGregor  and  Mr.  Lessar;  and  (2)  a  practicable 
track,  used  by  Abbott  and  Shakespear,  up  the  Murghab  and 
Kushk  rivers. 

To  the  Oxus  in  Bokharian  territory  lead  several  tracks, 
the  chief  of  which  is  that  to  Charjui — nine  marches  for 
camels.  Water  is  scarce. 

To  Khiva  by  the  direct  track  is  360  miles.  Water  is 
scarce. 

Population. — The  Turcomans,  according  to  Sir  Henry 
Bawlinson  and  others,  are  descendants  of  the  Ghuz  or  Ko- 
mani,  a  race  of  Turks  who  migrated  westward  from  their 
homes  in  the  Altai  before  the  Christian  era,  and  pene¬ 
trated  even  to  the  Danube.  From  subsequent  intermix¬ 
ture  with  Persian  and  Caucasian  peoples,  they  exhibit  vari¬ 
ations  from  the  true  Tartar  type.  According  to  Baron  de 
Bode  the  Turcoman  closely  resembles  both  in  appearance 
and  in  speech  the  Nogai  Tartar  and  the  Tartar  of  Kasan  on 
the  Volga. 

They  are  an  independent  race,  as  wild  and  free  as  their 
native  desert,  brave  and  very  impatient  of  control — “Wild 
warriors  in  stormy  freedom  bred  ”  (Moore).  They  have  a 
very  evil  reputation  for  brigandage  and  murder,  so  much 
so  that  the  Bokharians  and  Khivans  have  a  proverb — “  If 
you  meet  a  viper  and  a  Mervi,  commence  by  killing  the 
Mervi  and  then  dispatch  the  viper.”  Of  late  years  a  change 
for  the  better  has  taken  place,  and  recent  travellers  among 
them  state  that  the  Mervis  show  an  inclination  to  lead  a 
more  settled  life  and  to  establish  an  elementary  form  of 
government  (Medjliss),  and  that  it  is  no  longer  accounted 
an  honor  among  them  to  kill  their  neighbors.  Opium 
smoking  and  arrack  drinking  are  apparently  widespread 
vices  (O’Donovan) ;  at  the  same  time  they  are  described  as 
clever  and  intelligent. 

The  Merv  Tekkes  (like  the  Akhal  Tekkes)  are  classed  in 
two  great  divisions, — the  Toktamish  and  the  Otamish. 
Each  of  these  divisions  consists  of  two  clans,  and  each  clan 
is  subdivided  into  families.  The  two  clans  of  the  Tokta¬ 
mish  are  called  Beg  and  Wakil ;  those  of  the  Otamish,  Such- 
muz  and  Bukshi.  The  clans  of  Beg  and  Wakil  are  the  most 
powerful,  and  occupy  that  part  of  the  oasis  which  lies  on 
the  right  or  east  hank  of  the  Murghab.  The  Suchmuz  aud 
Bukshi  have  their  tents  on  the  left  or  west  bank. 

There  is  no  machinery  of  government,  and  no  taxes  are 
levied.  Whatever  government  there  be  is  of  a  patriarchal 
nature.  Each  family  has  a  ketkhoda  (patriarch),  who  repre¬ 
sents  the  family  in  matters  of  policy,  but  can  only  act  in  ac¬ 
cordance  with  the  wishes  of  the  clan.  The  aksakals,  or 
graybeards,  are  also  useful  in  settling  intertribal  disputes, 
but  they  are  tolerated  only  so  long  as  they  do  not  act  in  op¬ 
position  to  the  tribesmen.  For  external  affairs  and  in  time 
of  war  the  ketkhodas  exercise  a  certain  amount  of  power. 
The  authority  of  ketkhodas  and  aksakals  is,  however,  over¬ 
ridden  by  the  laws  of  custom  or  usage  (deb)  and  the  less  re¬ 
spected  laws  of  religion.  The  injunctions  of  deb  are  para¬ 
mount.  It  sanctions  the  alaman,  or  plundering  raid,  and  in 


general  regulates  the  Turcoman’s  daily  life ;  its  prescriptions 
are  more  binding  than  those  of  the  Koran. 

The  Tekkes  marry  young.  The  father  purchases  for  his 
twelve-vear-old  son  a  child-wife  for  500  to  2000  krans  (£20 
to  £80).  A  young  widow  of  twenty-five  is  much  more  val¬ 
uable,  but  a  woman  over  forty  is  not  worth  the  price  of  a 
camel.  On  the  conclusion  of  the  bargain,  the  priest  reads  a 
prayer  from  the  Koran,  aud  the  marriage  becomes  valid. 

The  dress  of  the  men  consists  of  a  long  tunic  of  coarse 
crimson  silk  reaching  below  the  knees,  with  a  white  sash, 
through  which  is  stuck  a  dagger :  an  outer  robe  of  brown 
camel-hair  cloth,  a  huge  sheepskin  hat.  trousers  and  slippers- 
or  amber-colored  knee-boots,  complete  the  costume.  The 
women  are  exceedingly  fond  of  trinkets,  rings,  and  amu¬ 
lets,  which  accompany  their  movements  with  a  sound  as 
it  were  of  bells.  Their  dress  consists  of  the  same  red  silk 
robe  as  the  men  wear,  with  a  sash  round  the  waist,  and 
high-heeled  boots,  red  or  yellow. 

The  religion  is  Suni  Mohammedan;  their  language  Jaga- 
tai  or  Oriental  Turk. 

The  numbers  of  Merv  Tekkes  on  the  Murghab  and  Te¬ 
jend  are  variously  estimated,  but  may  be  stated  approxi¬ 
mately  at  40,000  tents,  including  5000  tents  of  the  Salor 
tribe.  These  40,000  tents  represent  a  population  of  200,000 
to  250,000  souls.  The  Salors  and  Sariks  at  Yulutan  and 
Panjdeh,  higher  up  the  Murghab,  are  given  at  11,000  tents, 
or  some  60,000  souls. 

Products,  Arts,  and  Manufactures. — The  country  in  all 
times  has  heen  renowned  throughout  the  East  for  its  fer¬ 
tility.  Strabo  tells  us  “  that  it  was  not  uncommon  to  meet 
with  a  vine  whose  stock  could  hardly  be  clasped  by  two 
men  with  outstretched  arms,  while  clusters  of  grapes  might 
be  gathered  two  cubits  in  length.”  The  Arab  traveller,  Ibn 
Haukal,  writing  in  the  10th  century,  remarks  that  “the 
fruits  of  Merv  are  finer  than  those  of  any  other  place,  and 
one  cannot  see  in  any  other  city  such  palaces  with  groves  and 
streams  and  gardens.”  A  local  proverb  says,  “  Sow  a  grain 
to  reap  a  hundred.”  All  cereals  and  many  fruits  grow  in 
great  abundance. 

The  Turcomans  possess  a  famous  breed  of  horses, — not 
prepossessing  in  appearance,  being  somewhat  leggy  and  long 
in  the  back  and  neck,  but  capable  of  accomplishing  long 
distances — 50  or  60  miles — for  several  days  in  succession, 
and  with  very  little  food.  Their  great  peculiarity  appears 
to  be  their  hairlessness;  the  coat  is  very  fine,  the  mane  and 
tail  very  scanty.  This  breed  of  horses,  as  well  as  the  wealth 
of  the  Merv  Tekkes  in  camels  and  flocks,  is  fast  disappearing. 

The  Turcomans  are  noted  as  excellent  workers  in  silver 
and  as  armorers,  and  their  carpets  are  superior  to  Persian. 
They  also  make  felts  and  a  rough  cloth  of  sheep’s  wool. 

One  of  the  chief  occupations  of  the  male  sex  is  the  repair 
of  the  dams  and  the  clearing  of  the  canals,  upon  the  effi¬ 
ciency  of  which  their  existence  is  dependent.  The  ser¬ 
vices  of  a  large  number  of  workmen  are  always  held  in 
readiness  for  the  purpose.  In  1878  the  unusual  mass  of 
water  in  the  Murghab  carried  away  the  dam,  and  the  dry¬ 
ing  up  of  some  of  the  canals  nearly  led  to  a  failure  of  the 
crops. 

Climate. — The  position  of  Merv,  in  the  midst  of  sandy 
deserts  in  the  heart  of  Asia,  makes  the  climate  in  the  heat  of 
summer  most  oppressive.  The  least  wind  raises  clouds  of  fine 
sand  and  dust,  which  fill  the  air,  render  it  so  opaque  as  to 
obscure  the  noonday  sun,  and  make  respiration  difficult.  In 
winter  the  climate  is  very  fine.  Snow  falls  rarely,  and  melts 
at  once. 

History. — The  name  Merv,  or  some  similar  form,  occurs 
at  a  very  early  period  in  the  history  of  the  Aryan  race. 
Under  Mouru  we  find  it  mentioned  with  Bakhdi  (Balkli) 
in  the  geography  of  the  Zend  Avesta  ( Vendidad,  fargand  i., 
ed.  Spiegel),  which  dates  probably  from  a  period  anterior 
to  the  conquest  of  Bactria  by  the  Assyrians,  and  therefore 
at  least  one  thousand  two  hundred  years  before  the  Chris¬ 
tian  era.  Under  the  name  of  Margu  it  occurs  in  the  cu¬ 
neiform  inscriptions  of  Darius  Hystaspis,  where  it  is  referred 
to  as  forming  part  of  one  of  the  satrapies  of  the  ancient  Per¬ 
sian  empire  ( Inscriptinnes  Behistani,  ed.  Kossowicz).  It  af¬ 
terwards  became  a  province  (Mapyiavfj)  of  the  Gneco-Syrian, 
Parthian,  and  Persian  kingdoms.  On  the  Margus — the  Epar- 
dus  of  Arrian  and  now  the  Murghab — stood  the  capital  of  the 
district,  Antiochia  Margiana,so  called  after  AntiochusSoter, 
who  rebuilt  the  city  founded  by  Alexander  the  Greats 
About  the  5th  century,  during  the  dynasty  of  the  Sasanids, 
Merv  was  the  seat  of  a  Christian  archbishopric  of  the  Nesto- 
rian  Church.  In  the  middle  of  the  7th  century  the  flood 
of  Arab  conquest  swept  over  tbe  mountains  of  Persia  to  the 
deserts  of  Central  Asia.  Merv  was  occupied  666  a.d.  by 
the  lieutenants  of  the  caliph  Othman,  and  was  constituted 
the  capital  of  Khorasan.  From  this  city  as  their  base,  tbe 
Arabs,  under  Kuteibe  bin  Muslim,  early  in  the  8th  century 
brought  under  subjection  Balkh,  Bokhara,  Ferghana,  anil 
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Kashgaria,  and  penetrated  into  China  as  far  as  the  province 
ot  Kan-su.  In  the  latter  part  of  the  8th  century  Merv  be¬ 
came  obnoxious  to  Islam  as  the  centre  of  heretical  propa¬ 
ganda  preached  by  Mokannah  (Haschem  ben  Hakem),  the 

veiled  prophet  of  Khorasan,”  who  claimed  to  be  the  in¬ 
carnation  ot  the  Deity.  In  874  Arab  rule  in  Central  Asia 
came  to  an  end.  During  their  dominion,  Merv,  like  Sa¬ 
markand  and  Bokhara,  became  one  bf  the  great  schools 
of  science,  and  the  celebrated  historian  Yakut  studied  iu  its 
libraries.  About  1037  the  Seljukian  Turks  crossed  the  Oxus 
from  the  north  and  raised  Toghrul  Beg,  grandson  of  Sel- 
juk,  to  the  throne  of  Persia,  founding  the  Seljukian  dy¬ 
nasty,  with  its  capital  at  Nishapur.  A  youuger  brother  of 
Toghrul,  Daoud,  took  possession  of  Merv  and  Herat.  Toghrul 
was  succeeded  by  the  renowned  Alp  Arslan  (the  great  lion), 
whose  sway  was  so  vast,  that,  according  to  tradition,  no 
fewer  than  twelve  hundred  kings,  princes,  and  sons  of 
kings  and  princes  did  homage  before  his  throne.  Alp 
Arslan  was  buried  at  Merv.  It  was  about  this  time  that 
Merv  reached  the  zenith  of  her  glory.  During  the  reign 
of  Sultan  Sanjar  of  the  same  house,  towards  the  middle  of 
the  11th  century,  Merv  was  overrun  by  the  Turcomans  of 
Ghiiz,  and  the  country  was  reduced  to  a  state  of  misery  and 
desolation.  These  Turcomans,  the  ancestors  of  the  present 
tribes  of  Turcomania,  were  probably  introduced  into  the 
country  by  the  Seljukian  Turks  as  military  colonists. 
They  formed  the  van  of  their  armies,  and  rendered  efficient 
service  so  long  as  the  dynasty  lasted,  aud  afterwards  took 
part  in  The  wars  of  Tamerlane. 

In  1221  Merv  opened  its  gates  to  Toulai,  son  of  Jenghiz, 
khan  of  the  Mongols,  on  which  occasion  the  inhabitants,  to 
the  number  of  700,000  are  said  to  have  been  butchered. 
From  this  time  forward  Merv,  which  had  been  the  chief 
city  of  Khorasan,  and  was  popularly  supposed  to  contain  a 
million  inhabitants,  commenced  to  languish  in  obscurity.  In 
the  early  part  of  the  14th  century  Merv  was  again  the  seat 
of  a  Christian  archbishopric  of  the  Eastern  Church.  On  the 
death  of  the  grandson  of  Jenghiz  Khan  Merv  became  in¬ 
cluded  in  the  possessions  of  Toghluk  Timur  Khan  (Tamer¬ 
lane),  in  1380.  In  1505  the  decayed  city  was  occupied  by 
the  Uzbeks,  who,  five  years  later,  were  expelled  by  Ismail 
Khan,  the  founder  of  the  Suffavean  dynasty  of  Persia. 
Merv  thenceforward  remained  in  the  hands  of  Persia  until 
1787,  when  it  was  attacked  and  captured  by  the  emir  of 
Bokhara.  Seven  years  later  the  Bokhariaus  razed  the  city 
to  the  ground,  broke  down  the  dams,  and  converted  the  dis¬ 
trict  into  a  waste.  About  1790  the  Sarik  Turcomans  pitched 
their  tents  there.  .  When  Sir  Alexander  Burnes  traversed 
the  country  in  1832,  the  Khivans  were  the  rulers  of  Merv, 
the  nomad  population  being  subject  to  them.  About  this 
time  the  Tekke  Turcomans,  then  living  at  Orazkala  on  the 
Heri-rud,  were  forced  to  migrate  northward  in  consequence 
of  the  pressure  from  behind  of  the  Persians.  The  Khivans 
contested  the  advance  of  the  Tekkes,  but  ultimately,  about 
the  year  1856,  the  latter  became  the  sovereign  power  in  the 
country,  and  have  ever  since  resisted  all  attempts  at  re¬ 
conquest. 

Authorities. — Besides  the  standard  travels  of  Wolff,  Ferrier,  Vam- 
bery,  Burnes,  Abbott,  Mouravieff,  and  others,  the  following  works 
and  papers  of  more  recent  date  may  be  consulted  with  advan¬ 
tage  :  Sir  H.  Rawlinson’s  England  and  Russia  in  the  East;  O’ Don¬ 
ovan's  correspondence  with  the  Daily  News,  1880-81 ;  O’Donovan’s 
“  Merv,”  Proc.  Roy.  Geog.  Soc. ;  Col.  Stewart’s  “  Country  of  the 
Tekke  Turcomans,”  Proc.  Roy.  Geog.  Soc.,  with  excellent  map ; 
“ The  New  Russo-Persian  Frontier,  1881,”  Proc.  Roy.  Geog.  Soc.; 
Girard  de  Rialle,  Memoire  sur  l' Asie  Centrale  ;  Sir  H.  Rawlinson, 

“  Road  to  Merv,”  Proc.  Roy.  Geog.  Soc.;  Col.  Baker’s  Clouds  in  the 
East;  Captain  Napier’s  “ Reports,”  Jour.  Roy.  Geog.  Soc.;  Hutton’s 
Central  Asia;  Marvin’s  Merv;  Col.  Potto’s  Steppe  Campaigns;  Sir 
Charles  MacGregor’s  Journey  through  Khorassan;  Boulger’s  Eng¬ 
land  and  Russia  in  Central  Asia;  Captain  Butler’s  Communications 
to  the  Public  Press;  Lessar’s  “  Journeys, ”  Proc.  Roy.  Geog.  Soc. ; 
O’Donovan’s  Merv  Oasis;  Papers  on  the  Turcomans,  etc.,  by  Col. 
Petrusevitch,  Proc.  Imp.  Russ.  Geog.  Soc.,  Caucasus  section ;  Col. 
Grodekoff’s  Journey  from  Tashkend'to  Persia,  1880;  Captain  Kuro- 
patkin’s  Turcomania,  1880;  Col.  Veniukoff’s  Progress  of  Russia  in 
Central  Asia,  1877,  and  other  papers  by  the  same  author,;  Col. 
Kostenko's  “Turkestan,”  Jour.  R.  U.S.Instn.;  Schuyler’s  Turkis- 
tan;  correspondence  on  Central  Asia  presented  to  parliament, 
etc.  (f.  c.  h.  c.) 

MERYON,  Charles  (1821-1868).  The  name  of 
Meryon  is  associated  with  that  spirited  revival  of  etch¬ 
ing  in  France  which  took  place  in  the  middle  of  the 
19th  century, — say  from  1850  to  1865, — but  it  is  rather 
by  the  individuality  of  his  own  achievements,  and  the 
strength  of  his  artistic  nature,  than  by  the  influence 
he  exercised,  that  Meryon  best  deserves  fame.  No 
doubt  his  work  encouraged  others  to  employ  the  same 
medium  of  expression,  and  so  great  was  his  own  per¬ 
fection  of  technique  that  he  may  well  have  been  made 
a  model ;  but,  after  all,  the  medium  he  selected,  and 
in  which  lie  excelled,  was  but  the  accident  of  his  art ; 
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he  was  driven  to  it  m  part  by  stress  of  circumstances 
—by  color  blindness  ;  and,  even  with  color  blindness, 
his  extraordinary  certainty  of  hand  and  his  delicate 
perception  of  light,  aided  by  his  potent  imagination, 
would  have  made  him  a  great  draughtsman  not  alone 
upon  the  copper. 

Charles  Meryon  was  born  in  Paris  in  1821.  His 
father  was  an  English  physician,  his  mother  a  French 
dp-pcer.  It  was  to  his  mother’s  care  that  Meryon’s 
childhood  was  confided.  She  was  supplied  with  money, 
and  she  gave  the  boy  passionate  affection,  if  not  a  wise 
training.  But  she  died  when  he  was  still  very  young, 
and  Meryon  in  due  time  entered  the  French'  navy, 
and  in  the  corvette  “Le  Rhin”  made  the  voyage 
round  the  world.  He  was  already  a  draughtsman, 
for  on  the  coast  of  New  Zealand  he  made  pencil  draw¬ 
ings  which  he  was  able  to  employ,  years  afterwards, 
as  studies  for  etchings  of  the  landscape  of  those  re¬ 
gions.  The  artistic  instinct  developed,  and,  while  ho 
was  yet  a  lieutenant,  Meryon  left  the  navy.  Finding 
that  lm  was  color-blind,  Meryon  determined  to  devote 
himself  to  etching.  He  entered  the  work-room  of  one 
Blery,  from  whom  he  learnt  something  of  technical 
matters,  and  to  whom  he  always  remained  grateful. 
Meryon  was  by  this  time  poor.  It  is  said  that  he 
might  have  had  assistance  from  his  kindred,  but  lie 
was  too  proud  to  ask  it.  And  thus  he  was  reduced  to 
the  need  of  executing  for  the  sake  of  daily  bread  much 
work  that  was  wholly  mechanical  and  irksome.  Reso¬ 
lutely,  though  unwillingly,  he  became  the  hack  of  his 
art,  doing  frequently,  from  the  day  when  he  was  first 
a  master  of  it  to  the  day  when  insanity  disabled  him, 
many  dull  commissions  which  paid  ill,  but  paid  better 
than  his  original  works.  Among  learner’s  work,  done 
for  his  own  advantage,  are  to  be  counted  some  studies 
after  the  Dutch  etchers,  such  as  Zeeman  and  Adrian 
van  de  Velde.  Having  proved  himself  a  surprising 
copyist,  he  proceeded  to  labor  of  his  own,  and  began 
that  series  of  etchings  which  are  the  greatest  embodi¬ 
ments  of  his  greatest  conceptions — the  series  called 
“Eaux-fortes  sur  Paris.”  These  plates,  executed 
from  1850  to  1854,  are  never  to  be  met  with  as  a  set ; 
they  were  never  expressly  published  as  a  set.  But 
they  none  the  less  constituted  in  Meryon’s  mind  an 
harmonious  series.  For  him  their  likenesses  and  their 
contrasts  were  alike  studied ;  they  had  a  beginning 
and  an  end ;  and  their  differences  were  lost  in  their 
unity. 

Besides  the  twenty-two  etchings  “sur  Paris”  char¬ 
acterized  below,  Meryon  did  seventy-two  etchings  of 
one  sort  and  another, — ninety-four  in  all  being  cata¬ 
logued  in  Wedmore’s  Meryon  and  Miry  on' s  Paris; 
but  these  include  the  works  of  his  apprenticeship  and 
of  his  decline,  adroit  copies  in  which  his  best  success 
was  in  the  sinking  of  his  own  individuality,  and  dull 
and  worthless  portraits  chiefly  of  forgotten  celebrities. 
Yet  among  the  seventy-two  prints  outside  his  pro¬ 
fessed  series  there  are  at  least  a  dozen  that  will  aid 
his  fame.  Three  or  four  beautiful  etchings  of  Paris 
do  not  belong  to  the  series  at  all.  Two  or  three 
etchings,  again,  are  devoted  to  the  illustration  of 
Bourges,  a  city  in  which  the  old  wooden  houses  were 
as  attractive  to  him  for  their  own  sakes  as  were  the 
stone-built  monuments  of  Paris.  But  generally  it  was 
when  Paris  engaged  him  that  he  succeeded  the  most. 
He  would  have  done  more  work,  however, — though 
he  could  hardly  have  done  better  work, — if  the  mate¬ 
rial  difficulties  of  his  life  had  not  pressed  upon  him 
and  shortened  his  days.  He  was  a  bachelor,  unhappy 
in  love,  and  yet,  it  is  related,  almost  as  constantly 
occupied  with  love  as  with  work.  The  depth  of  his 
imagination  and  the  surprising  mastery  which  he 
achieved  almost  from  the  beginning  in  the  technicali¬ 
ties  of  his  craft  were  appreciated  only  by  a  few  artists, 
critics,  and  connoisseurs,  and  he  could  not  sell  his 
etchings,  or  could  sell  them  only  for  about  10d.  a 
piece.  The  fact  that  his  own  original  work  was  of 
incalculably  greater  value  than  his  best  copies  of  his 
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most  celebrated  forerunners  had  not  yet  impressed 
itself  upon  anybody.  Disappointment  told  upon  him, 
and,  frugal  as  was  his  way  of  life,  poverty  must  have 
told  on  him.  He  became  subject  to  hallucinations. 
Enemies,  he  said,  waited  for  him  at  the  corners  of  the 
streets ;  his  few  friends  robbed  him  or  owed  him  that 
which  they  would  never  pay.  A  very  few  years  after  the 
completion  of  his  Paris  series,  he  was  lodged  in  the 
madhouse  of  Charenton.  Its  order  and  care  restored 
him  for  a  while  to  health,  and  he  came  out  and  did  a 
little  more  work,  but  at  bottom  he  was  exhausted. 
In  1867  he  returned  to  his  asylum,  and  died  there  in 
1868.  In  the  middle  years  of  his  life,  just  before  he 
was  placed  under  confinement,  he  was  much  associated 
with  Bracquemond  and  with  Flameng, — skilled  prac¬ 
titioners  of  etching,  while  he  was  himself  an  undeni¬ 
able  genius, — and  the  best  of  the  portraits  we  have  of 
him  is  that  one  by  Bracquemond  under  which  the 
sitter  wrote  that  it  represented  “the  sombre  Meryon 
with  the  grotesque  visage.”  And  it  did. 

There  are  twenty -two  pieces  in  the  Eaux-fortes  sur  Paris. 
Some  of  them  are  insignificant.  That  is  because  ten  out  of 
the  twenty-two  were  destined  as  headpiece,  tailpiece,  or 
running  commentary  on  some  more  important  plate.  But 
each  has  its  value,  and  certain  of  the  smaller  pieces  throw 
great  light  on  the  aim  of  the  entire  set.  Thus,  one  little 
plate— not  a  picture  at  all — is  devoted  to  the  record  of 
verses  made  by  Meryon,  the  purpose  of  which  is  to  lament 
the  life  of  Paris.  The  misery  and  poverty  of  the  town 
Meryon  had  to  illustrate,  as  well  as  its  splendor.  The  art 
of  Meryon  is  completely  misconceived  when  his  etchings 
are  spoken  of  as  views  of  Paris.  They  are  often  “  views,” 
but  they  are  so  just  so  far  as  is  compatible  with  their  being 
likewise  the  visions  of  a  poet  and  the  compositions  of  an 
artist.  It  was  an  epic  of  Paris  that  Meryon  determined  to 
make,  colored  strongly  by  his  personal  sentiment,  and 
affected  here  and  there  by  the  occurrences  of  the  moment, — 
in  more  than  one  case,  for  instance,  he  hurried  with  par¬ 
ticular  affection  to  etch  his  impression  of  some  old-world 
building  which  wTas  on  the  point  of  destruction.  Nearly 
every  etching  in  the  series  is  an  instance  of  technical  skill, 
but  even  the  technical  skill  is  exercised  most  happily  in 
those  etchings  which  have  the  advantage  of  impressive  sub¬ 
jects,  and  which  the  collector  willingly  cherishes  for  their 
mysterious  suggestiveness  or  for  their  pure  beauty.  Of 
these,  the  Abside  de  Notre  Dame  is  the  general  favorite ;  it 
is  commonly  held  to  be  Meryon’s  masterpiece.  Light  and 
shade  play  wonderfully  over  the  great  fabric  of  the  church, 
seen  over  the  spaces  of  the  river.  As  a  draughtsman  of 
architecture,  Meryon  was  complete ;  his  sympathy  with  its 
various  styles  was  broad,  and  his  work  on  its  various  styles 
unbiassed  and  of  equal  perfection — a  point  in  which  it  is 
curious  to  coutrast  him  with  Turner,  who,  in  drawing  Gothic, 
often  drew  it  with  want  of  appreciation.  It  is  evident  that 
architecture  must  enter  largely  into  any  representation  of  a 
city,  however  much  such  representation  may  be  a  vision, 
and  however  little  a  chronicle.  Besides,  the  architectural 
portion  even  of  Meryon’s  labor  is  but  indirectly  imagina¬ 
tive  ;  to  the  imagination  he  has  given  freer  play  in  his  deal¬ 
ings  with  the  figure,  whether  the  people  of  the  street  or  of 
the  river,  or  the  people  who,  when  he  is  most  frankly  or 
even  wildly  symbolical,  crowd  the  sky.  Generally  speaking, 
his  figures  are,  as  regards  draughtsmanship,  “landscape- 
painter’s  figures.”  They  are  drawn  more  with  an  eye  to 
grace  than  to  correctness.  But  they  are  not  “  landscape- 
painter’s  figures  ”  at  all  when  what  we  are  concerned  with 
is  not  the  method  of  their  representation  but  the  purpose  of 
their  introduction.  They  are  seen  then  to  be  in  exceptional 
accord  with  the  sentiment  of  the  scene.  Sometimes,  as  in 
the  case  of  La  Morgue,  it  is  they  who  tell  the  story  of  the 
picture.  Sometimes,  as  in  the  case  of  La  Eue  des  Mauvais 
Garmons, — with  the  two  passing  women  bent  together  in 
secret  converse, — they  at  least  suggest  it.  And  sometimes, 
as  in  L’ Arche  du  Pont  Notre  Dame,  it  is  their  expressive 
gesture  and  eager  action  that  give  vitality  and  animation  to 
the  scene.  Dealing  perfectly  with  architecture,  and  per¬ 
fectly,  as  far  as  concerned  his  peculiar  purpose,  with 
humanity  in  his  art,  Meryon  was  little  called  upon  by  the 
character  of  his  subjects  to  deal  with  Nature.  He  drew  trees 
but  badly,  never  representing  foliage  happily,  either  in  detail 
or  in  mass.  But  to  render  the  characteristics  of  the  city,  it 
was  necessary  that  he  should  know  how  to  portray  a  certain 
kind  of  water — river-water,  mostly  sluggish — and  a  certain 
kind  of  sky — the  gray  obscured  and  lower  sky  that  broods 
over  a  world  of  roof  and  chimney.  This  water  and  this  sky 
Meryon  is  thoroughly  master  of ;  he  notes  with  observant 
affection  their  changes  in  all  lights. 


Meryon’s  excellent  draughtsmanship,  and  his  keen  appre¬ 
ciation  of  light,  shade,  and  tone,  were,  of  course,  helps  to 
his  becoming  a  great  etcher.  But  a  living  authority,  him¬ 
self  an  eminent  etcher,  and  admiring  Meryon  thoroughly, 
has  called  Meryon  by  preference  a  great  original  engraver, — 
so  little  of  Meryon’s  work  accords  with  Mr.  Haden’s  view 
of  etching.  Meryon  was  anything  but  a  brilliant  sketcher ; 
and,  if  an  artist’s  success  in  etching  is  to  be  gauged  chiefly 
by  the  rapidity  with  which  he  records  an  impression, 
Meryon’s  success  was  not  great.  There  can  be  no  doubt  that 
his  work  was  laborious  and  deliberate,  instead  of  swift  and 
impulsive,  and  that  of  some  other  virtues  of  the  etcher — 
“  selection  ”  and  “  abstraction  ”  as  Mr.  Hamerton  has  defined 
them — he  shows  small  trace.  But  a  genius  like  Meryon  is 
a  law  unto  himself,  or  rather  in  his  practice  of  his  art  he 
makes  the  laws  by  which  that  art  and  he  are  to  be  judged. 
He  was  a  great  etcher,  and  by  his  most  elaborate  labor  he 
seemed  somehow  to  insure  the  more  completely  for  his 
picture  that  virtue  of  unity  of  impression  which,  it  may 
well  be  admitted,  oftener  belongs  to  rapid  than  to  deliberate 
work.  In  M6rvon’s  etchings  the  hand-work  never  seems  to 
be  in  arrear  of  the  thought.  As  long  as  the  hand-work 
must  continue,  the  thought  and  passion  are  retained. 
Meryon  knows  the  secrets  of  his  craft  as  well  as  did  the  older 
masters  of  it ;  but  he  turns  them  to  his  own  purposes.  He  is 
unexcelled  in  strength  and  in  precision,  nor  is  he  often 
rivalled  in  delicacy.  These  qualities,  and  others  more  dis¬ 
tinctly  technical,  which  it  would  take  too  long  to  insist  on 
here,  students  find  in  hik  etchings.  But  the  incommunicable 
charm  of  Meryon’s  prints  and  their  lasting  fascination  are 
due  to  the  fact  that,  behind  all  technical  qualities,  and  as 
their  very  source  and  spring,  there  lies  the  potent  imagination 
of  the  artist,  poetical  and  vivid,  directing  him  what  to  see  in 
his  subject,  and  how  to  see  it.  (f.  we.) 

MESCHERYAKS,  or  Meschers,  a  people  inhab¬ 
iting  Eastern  Russia.  Nestor  regarded  them  as  Finns, 
and  even  now  part  of  the  Mordvinians  (of  Finnish 
origin)  call  themselves  Meschers.  Klaproth,  on  the 
other  hand,  supposed  they  were  a  mixture  of  Finns 
and  Turks,  and  the  Hungarian  traveller  Reguli  dis¬ 
covered  that  the  Tartarized  Meschers  of  the  Obi 
closely  resembled  Hungarians.  They  formerly  occu¬ 
pied  the  basin  of  the  Oka  (where  the  town  Meschersk, 
now  Meschovsk,  has  maintained  their  name)  and  of 
the  Sura,  extending  northeast  to  the  Volga.  After 
the  conquest  of  the  Kazan  empire  by  Russia,  part  of 
them  migrated  northeastwards  to  the  basins  of  the 
Kama  and  Byelaya,  and  thus  the  Meschers  divided 
into  two  branches.  The  western  branch  became 
Russified,  so  that  the  Mescheryaks  of  the  govern¬ 
ments  of  Penza,  Saratoff,  Ryazan,  and  Vladimir 
have  adopted  the  customs,  language,  and  religion 
of  the  conquering  race ;  but  their  ethnographi¬ 
cal  characteristics  can  be  easily  distinguished  in  the 
Russian  population  of  the  governments  of  Penza  and 
Tamboff.  The  eastern  branch  has  taken  on  the  cus¬ 
toms,  language,  and  religion  of  Bashkirs,  with  whom 
their  fusion  is  still  more  complete.  They  can  be  distin¬ 
guished  from  their  neighbors  only  by  their  more  peace¬ 
ful  character.  This  Baslikir-Mescheryak  branch  was 
estimated  by  Rittich  in  1875  to  number  138,000. 
They  make  6  per  cent,  of  the  population  of  the  gov¬ 
ernment  of  Upa,  and  22  per  cent,  in  the  district  of 
Birsk.  The  number  of  the  western  Mescheryaks  is 
unknown,  and  could  hardly  be  estimated  on  account 
of  their  mixture  with  Russians.  It  is  only  in  the  gov¬ 
ernment  of  Penza  that  they  have  maintained  their 
national  features ;  there  they  make  3  per  cent,  of  the 
population. 

MESCHOVSK.  a  district  town  of  Russia,  in  the 
government  of  Kaluga,  45  miles  to  the  southwest  of 
the  capital  of  the  province.  It  is  an  old  town  sup¬ 
posed  to  date  from  the  13th  century,  and  it  is  often 
mentioned  in  Russian  annals  under  the  names  of 
Mezetsk,  Mezechevsk,  or  Meschorsk.  About  the  end 
of  the  14th  century  it  was  embraced  in  Lithuania,  and 
it  was  ceded  to  the  Moscow  “great  principality”  in 
1494.  It  was  often  pillaged  by  Tartars  in  the  16th 
century,  and  during  the  great  disturbances  of  1610  all 
its  inhabitants  were  killed  by  the  Zaporoghi  Cossacks, 
and  the  fort  was  taken  by  Poles,  who  returned  it  to 
Russia  only  after  the  treaty  of  Deulin,  The  country 
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round  Meschovsk  is  not  fertile ;  but,  from  its  position 
on  old  established  routes  to  the  south,  the  town  has 
become  a  centre  of  considerable  trade.  Its  annual  fair, 
which  takes  place  on  the  grounds  of  the  very  old 
Petrovsk  monastery,  is  important  to  the  surrounding 
districts  for  the  export  sale  of  horses,  grain,  hemp, 
hempseed  oil,  and  coarse  linen,  and  for  the  import 
trade  in  cottons,  woollens,  and  earthen  and  glass  wares, 
the  whole  turn-over  reaching  about  £100, 000.  Popu¬ 
lation,  7400. 

MESHED  (properly  Mesh-hed,  i.e.,  “place  of 
martyrdom,”  “shrine”),  a  city  of  Northern  Persia, 
capital  of  Khorasan,  472  miles  east  of  Tehran,  201 
miles  northwest  of  Herat,  36°  17'  40"  N.  lat.,  59°  25' 
E.  long.,  lies  on  a  plain  watered  by  the  Keshaf-nid,  a 
tributary  of  the  Heri-riid,  and  is  surrounded  by  mud 
walls  4  miles  in  circumference,  with  a  dry  ditch  40 
feet  deep  at  some  points,  which  could  be  flooded  from 
the  neighboring  reservoir  and  watercourses.  Within 
this  inclosure  is  a  strong  citadel,  with  good  walls  25 
feet  high,  residence  of  the  prince  governor  of  Khorasan. 
There  are  five  gates,  from  one  of  which,  the  Bala 
Khiaban,  the  Khiaban  main  street  runs  right  through 
the  city,  forming  a  fine  boulevard  planted  with  plane 
and  mulberry  trees,  and  with  a  stream  of  dirty  water 
running  down  its  whole  length.  In  the  centre  is  an 
open  parallelogram  160  yards  by  75,  encircled  by 
doubled-storied  cloisters,  and  pierced  on  the  long  side 
by  a  high  arched  porch  leading  directly  to  the  great 
mosque,  whose  gilded  dome  rises  above  the  shrine  of 
the  famous  Im&m  Riza.1  The  marble  tomb  of  the 
saint,  which  is  the  most  venerated  spot  in  the  whole 
of  Persia,  and  yearly  visited  by  from  80,000  to  100,000 
pilgrims,  is  surrounded  by  a  silver  railing,  and  ap- 
proached  by  a  flight  of  inlaid  marble  steps.  Eastwick, 
the  only  European  before  O’ Donovan  who  penetrated  as 
far  as  the  parallelogram,  describes  the  mosque  as  large 
enough  to  contain  three  thousand  people.  It  is  flanked 
by  two  gilded  minarets,  one  of  which,  120  feet  high,  is 
extremely  beautiful,  with  an  exquisitely  carved  capital, 
built  by  Shah  Abbas.  The  facade  is  entirely  covered 
with  blue  and  white  enamelled  tiles.  To  the  mosque 
are  attached  as  many  as  two  thousand  attendants  and 
retainers  of  all  sorts,  including  no  less  than  five  hun¬ 
dred  mollahs.  Beyond  the  dome  is  Gauhar  Shah’s 
handsome  mosque,  surmounted  by  an  immense  blue 
dome,  and  also  flanked  by  two  minarets.  In  the  main 
street  is  a  public  kitchen  supported  by  the  enormous 
revenues  of  the  shrine,  where  eight  hundred  devotees 
are  daily  supplied  with  food  gratuitously.  The  only 
other  notable  buildings  in  the  place  are  some  colleges 
and  twenty-two  caravanserais,  one  of  which  is  of  great 
size.  Meshed  does  a  considerable  local  and  transit 
trade  to  the  yearly  value  of  about  600;000  tomans,  and 
its  bazaars  are  always  well  stocked  with  silks,  velvets, 
felts,  cottons,  shawls,  carpets,  lacquer  work,  lambskins, 
hardware,  glass,  china,  and  other  goods  from  South 
Persia,  India,  Turkestan,  and  Russia.  The  European 
trade  is  now  entirely  controlled  by  Russia,  and  Euro¬ 
pean  manufactured  articles  are  mostly  all  from  that 
country.  The  chief  manufactures  are  silk,  satin,  velvet, 
and  checked-cotton  fabrics,  carpets,  shawls,  noted  sword 
blades,  shagreen,  and  turquois  jewellery.  Within  the 
inclosures  are  extensive  cemeteries  far  exceeding  the 
local  requirements,  large  numbers  of  the  faithful  being 
brought  from  all  parts  of  the  Shi'a  world  to  be  buried 
in  the  vicinity  of  Rizd’s  shrine  under  the  belief  that 
their  eternal  salvation  is  thereby  insured. 


1  ‘All  RizA  (or  el-Rida).  the  eighth  imAm  of  the  Shi'a,  is  the  'All 
ibn  MdsA  from  whom  the  party  of  Alides  had  such  hopes  under 
the  caliphate  of  Mamun  (see  Mohammedanism).  He  died  at  Tus, 
818  a.d.,  and  was  buried  by  Mamiin’s  orders  in  the  vicinity  of 
that  town  beside  the  grave  of  HArdn  el-Rashid.  To  the  Alides 
he  was  a  martyr,  being  believed  to  have  been  poisoned  by  the 
caliph.  Ibn  Batiita.  who  describes  both  shrines  (iii.  77  sq.),  tells 
how  the  pious  visitors  to  the  shrine  of  'Ali  ibn  MdsA  used  to  spurn 
with  their  feet  the  tomb  of  Rashid.  In  his  time  a  considerable 
town  had  been  formed  around  the  shrine  under  the  name  of 
Meshhed  el-Rida  and  ultimately  the  new  town  eclipsed  the  older 
city  of  Tils.  ‘ 


Some  10  miles  west  of  Meshed  is  a  powder  factory,  for¬ 
merly  under  Colonel  Dolmage,  where  powder  of  excellent 
quality  is  produced.  The  district,  although  fertile,  does  not 
produce  sufficient  for  the  inhabitants,  so  that  much  grain 
has  to  be  imported  from  KurdistAn  and  NishAphr.  The 
climate  is  very  severe  in  winter,  with  much  snow ;  in  sum- 
mer  it  is  less  sultry  than  might  be  expected,  the  tempera¬ 
ture  ranging  from  76°  F.  to  90°  or  92°  F.,  and  in  exceptional 
years  94°  to  98°  F.  The  population  is  variously  estimated  at 
from  45,000  (Connolly)  and  60,000  (Ferrier)  to  80,000  and 
100,000  (Eastwick).  The  settled  residents,  exclusive  of 
pilgrims  and  foreign  traders,  are  estimated  by  O’Donovan  at 
50,000. 

The  main  caravan  routes  from  Khiva,  Bokhara,  Samar¬ 
kand,  and  Herat  converge  at  Meshed,  whence  lines  of  traffic 
radiate  to  Kuchan  for  the  Atrek  valley  and  the  Caspian,  to 
NishApur  and  Bostam  for  TehrAn,  to  Tabas  for  IsfahAn,  to 
Khaf  for  SistAn  and  KirmAn.  It  thus  occupies  a  position  in 
Northeastern  Persia  analogous  to  that  of  Tabriz  in  the  north¬ 
west. 

MESHED- ALI,  i.e.,  the  shrine  of  the  “martyr” 
Ali,  is  a  town  of  Asiatic  Turkey,  province  of  Baghdad, 
50  miles  south  of  Kerbela,  close  to  the  ruins  of  Kufa, 
and  two  miles  west  of  the  Hindiye  branch  of  the  Eu¬ 
phrates,  the  reputed  burial-place  of  the  caliph  Ali.2 
It  stands  on  the  east  scarp  of  the  Syrian  desert,  and  is 
inclosed  by  nearly  square  brick  walls  flanked  by  mas¬ 
sive  round  towers  dating  from  the  time  of  the  caliphs. 
Under  the  gilded  dome  of  the  great  mosque,  which 
occupies  the  centre  of  the  town,  is  the  shrine  of  Ali, 
which  is  held  by  the  Shi'a  as  at  least  as  holy  as  the 
Kaaba  itself.  Any  Moslem  buried  within  sight  of  the 
dome  being  certain  of  salvation,  large  numbers  of 
bodies  are  yearly  sent  from  all  parts  for  interment 
here.  Besides  the  mosque  with  its  richly  decorated 
fagade,  the  only  noteworthy  building  is  a  good  bazaar 
supplied  from  Baghdad  and  Basra.  The  town  itself, 
which  Lady  Anne  Blunt  describes  as  “an  ideal  East¬ 
ern  city,  standing  in  an  absolute  desert,  and  bare  of 
all  surroundings  but  its  tombs,”  consists  of  narrow 
gloomy  streets  lined  by  houses  closely  packed  together. 
The  locality  is  properly  named  Najaf,  and  gives  its 
name  to  the  neighboring  lake,  a  large  depression  filled 
by  an  eruption  of  the  river,  and  ranging  from  6  to  20 
feet  in  depth.  The  accumulated  treasures  of  the 
shrine  were  carried  off  by  the  Wahhabites  when  they 
captured  this  place  early  in  the.  present  century.  The 

fopulation  is  estimated  at  5000,  including  several 
ndian  Mohammedans  under  the  protection  of  the 
British  resident  at  Baghdad. 

The  aspect  of  the  shrine  in  the  14th  century  is  described 
by  Ibn  Batuta,  i.  414  sq.  A  plan  of  the  town  and  descrip¬ 
tion  of  its  splendor  before  the  WahhAbites  pillaged  it  is 
given  by  Niebuhr.  See  also  Ibn  Jubair,  p.  214 ;  P.  Teixeira, 
Itin.,  cap.  iv. 

MESHED  HOSEIN,  properly  Meshhed  Hosein. 
See  Kerbela,  vol.  xiv.  p.  50. 

MESMER,  MESMERISM.  See  vol.  xv.  p.  279. 
MESOPOTAMIA,  the  _  “  country  _  between  the 
rivers,  ”  is  a  purely  geographical  expression,  gee  Plate 

the  countries  which  it  comprehends  never  vm. 
having  formed  a  self-contained  political  unity.3  It 
was  first  introduced  by  the  Greeks  at  or  after  the  time 
of  Alexander,  but  probably  had  its  origin  in  the  earlier 
Aramaean  name  beth  nahrin  (the  country  between  the 
rivers),  to  which  again  corresponds  the  Biblical  Aram 
Naharayim .4  As  early  as  700  B.C.  “the  country  of 
two  rivers”  is  mentioned  on  the  Egyptian  monuments 
under  the  name  Naharina,  but  no  such  designation 
appears  in  the  cuneiform  inscriptions  (though  the  ter¬ 
ritory  formed  part  of  the  Assyrian  as  it  afterwards  did 
of  the  Persian  empire).  The  most  settled  period  in 

2  Whether  the  place  really  contains  the  grave  of  Ali  was  long 
disputed,  and  the  story  given  in  defence  of  Its  claims  is  doubtless 
apocryphal.  The  dome  was  built  under  the  Abbasids,  and  the 
resting-place  of  the  caliph  unknown  or  concealed  under  the 
Omayyads  (Ibn  Haukal,  p.  163). 

3  Meo-07TOTO/Aia,"mor‘e  exactly  r;  /ueVi}  T S>v  JTOT afiunr,  scil.  X“P“  or 
2vpia. 

4  In  the  more  recent  parts  of  Genesis  Padan  Aram  takes  the 
place  of  Aram  Naharayim.  But  this  perhaps  is  the  name  of  a 
smaller  district  in  the  neighborhood  of  Harran, 
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the  history  of  Mesopotamia  was  probably  under  Per- 
sian-Greek  rule.  Xenophon  applies  the  name  Syria 
to  the  extremely  fertile  district  which  he  traversed 
after  having  crossed  the  Euphrates  at  Thapsacus. 
The  country  beyond  the  Araxes  (Chaboras?)  ne  calls 
Arabia, — a  desert  region  in  which  his  army  had  to 
suffer  great  hardships  until  it  reached  the  “gates  of 
Arabia.”  Even  in  later  times  Mesopotamia  was  in¬ 
cluded  under  the  name  Assyria,  or  was  reckoned  part 
of  Babylonia. 

These  statements  of  Xenophon  already  indicate  a 
demarcation  of  the  territory  afterwards  called  Mesopo¬ 
tamia,  as  well  as  its  division  into  two  sections.  The 
fertile  portion,  inhabited  by  agricultural  Aramaeans, 
stretched  from  the  Euphrates  to  the  Chaboras ;  the 
desert  portion,  the  home  of  wandering  tribes,  extended 
to  the  Tigris.  It  would  be  rash,  however,  to  conclude 
from  this  that  Mesopotamia  designated  the  whole  ter¬ 
ritory  between  the  Euphrates  ana  Tigris ;  indeed  it  is 
possible  that  Aram  Naharayim ,  the  Aram  of  the 
country  of  the  two  rivers,  originally  meant  only  the 
main  portion  of  the  fertile  country  inhabited  by 
Syrians.  In  this  case  the  two  boundary  rivers  must 
have  been,  not  the  Euphrates  and  the  Tigris,  but  the 
Euphrates  and  the  Chaboras.  After  the  final  occupa¬ 
tion  of  the  country  by  the  Romans  (156  a.d.  ),  the 
political  province  of  Mesopotamia  was  practically  con¬ 
fined  to  this  more  limited  district.  Though  in  ordi¬ 
nary  usage  the  Euphrates  and  Tigris  are  considered 
as  the  two  rivers  which  bound  Mesopotamia,  the  one 
bank  of  the  river  cannot  be  geographically  separated 
from  the  other,  and  consequently  narrow  strips  of 
country  on  the  right  bank  of  the  Euphrates  and  on  the 
left  bank  of  the  Tigris  must  be  reckoned  to  the  country 
“between”  the  rivers.  On  the  other  hand,  the 
country  between  the  sources  of  the  Euphrates  and  the 
Tigris  has  from  early  times  been  reckoned  not  to  Meso¬ 
potamia  but  to  Armenia.  In  this  direction  the  Masius 
range  forms  the  proper  boundary,  and  it  is  only  on 
rare  occasions  that  theoretical  geographers  extend  the 
name  Mesopotamia  over  the  more  northern  districts, 
Sophene,  etc.  Purely  theoretical  too,  and  not  to  be 
approved,  is  the  extension  of  the  definition  so  as  to  in¬ 
clude  the  land  of  Babylonia  ('Irak  ’Arabi),  that  is, 
the  country  as  far  south  as  the  confluence  of  the  Eu¬ 
phrates  and  Tigris,  or  even  as  far  as  their  embouchure 
in  the  Persian  Gulf. 

From  what  has  been  said  it  appears  that  Mesopo¬ 
tamia  reaches  its  northern  limits  at  the  points  where 
the  Euphrates  (q.v.)  and  the  Tigris  break  through 
the  mountain  range  and  enter  the  lowlands.  In  the 
case  of  the  Euphrates  this  takes  place  at  Sumeis&t 
(Samosata),  in  that  of  the  Tigris  near  Jeziret  ibn 
’Omar  (Bezabdd)  and  Mosul  (Nineveh).  Consequently 
the  irregular  northern  boundaries  are  marked  by  the 
lowland  limits  of  those  spurs  of  the  Taurus  mountains 
known  in  antiquity  as  Mons  Masius  and  now  as  Karaje 
Dagh  and  Tur  'Abdfn.  Towards  the  south  the  an¬ 
cient  boundary  was  the  so-called  Median  Wall,  which, 
near  Pirux  Shapur,  not  much  to  the  south  of  Hit 
(the  ancient  Is),  crossed  from  the  Euphrates  in  the 
direction  of  Kadisiya  (Opis)  to  the  Tigris.  There  the 
two  rivers  approach  each  other,  to  diverge  again  lower 
down.  At  the  same  place  begins  the  network  of  canals 
connecting  the  two  rivers  which  rendered  the  country 
of  Babylonia  one  of  the  richest  in  the  world ;  there 
tooj  in  a  geological  sense,  the  higher  portion  of  the 
plain,  consisting  of  strata  of  gypsum  and  marl,  comes 
to  an  end ;  there  at  one  time  ran  the  line  of  the  sea- 
coast  ;  and  there  begin  those  alluvial  formations  with 
which  the  mighty  rivers  in  the  course  of  long  ages  have 
filled  up  this  depressed  area.  Mesopotamia  thus  forms 
a  triangle  lying  in  the  northwest  and  southeast  di¬ 
rection,  with  its  long  sides  towards  the  north  and  south¬ 
west.  It  extends  from  37°  30'  to  about  33°  N.  lat.  and 
from  38°  to  46°  E.  long.,  and  has  an  area  of  some 
55,200  square  miles.  The  points  at  which  the  rivers 
issue  from  among  the  mountains  have  an  absolute  alti¬ 


tude  of  between  1000  and  115C  feet,  and  the  plain  sinks 
rapidly  towards  the  southern  extremity  of  Mesopota¬ 
mia,  where  it  is  not  more  than  about  165  feet  above 
the  sea.  As  a  whole  the  entire  country  consists  of  a 
single  open  stretch,  save  that  in  the  north  there  are 
some  branches  of  the  Taurus — the  Nimrud  Dagh  near 
Orfd,,  the  long  limestone  range  of  ’Abd-el  'Aziz,  run¬ 
ning  north-northwest,  and  farther  to  the  east  the  Sin- 
jar  range,  also  of  limestone,  7  miles  broad  and  50  miles 
long,  running  north-northeast.  .  Between  these  two 
ranges — near  the  isolated  basaltic  hill  of  Tell  Kokab 
(Hill  of  Stars) — runs  the  defile  by  which  the  waters 
of  the  Chaboras,  swollen  by  the  Jaghjagha  and  other 
affluents  from  the  Masius,  find  their  way  into  the  heart 
of  Mesopotamia.  The  Khabur  proper,  the  ancient 
Chaboras,  which  rises  in  the  three  hundred  copious 
fountains  of  Ras-’ain  (the  ancient  Rhesaena),  and  ulti¬ 
mately  falls  into  the  Euphrates  near  Karki'siyd,  (Cir- 
cesium),  forms  the  boundary  between  the  two,  or  more 
correctly  the  three,  great  divisions  of  Mesopotamia. 
These  divisions  are  (1)  the  northern  country  to  the 
west  of  the  Khabur,  (2)  the  northern  country  to  the 
east,  and  (3)  the  steppe-land.  In  the  country  to  the 
northwest  of  the  Khabur  we  must  probably,  as  already 
mentioned,  recognize  the  true  ancient  Aram  Naha¬ 
rayim.  Under  the  dominion  of  the  Seleucids  it  bore 
the  name  of  Osrhoene,  or  better  Orrhoene,  and  was 
for  a  time  the  seat  of  a  special  dynasty  which  at  a  later 
date  at  any  rate  was  Arabian  (Abgar).  The  capital 
of  this  kingdom  was  Orfa  (Roha),  the  Edessa  of  the 
Greeks  ana  Romans,  the  Orrhoi  of  the  Syrians;  it 
was  at  a  later  date  a  Roman  colony,  and  bore  also  the 
name  of  Justinopolis.  This  once  flourishing  city  lies 
on  the  small  river  Daisan  (the  ancient  Scirtus).  South 
of  Edessa  lie  the  ruins  of  Haran  (see  vol.  xi.  p. 
406).  In  the  Mongolian  period  Haran  fell  into  decay, 
and  at  present  it  is  a  mere  heap  of  ruins.  A  third 
town  of  this  region  is  Serug  (Gen.  xi.  20) ;  in  the 
Greek  period  it  was  called  Batne,  but  the  Syrians  re¬ 
tained  the  name  Serug,  which  is  still  in  use  (Seriij). 
The  town  lies  between  Harran  and  the  Euphrates,  in 
a  plain  to  which  it  gives  its  name.  On  the  left  bank 
of  the  Euphrates  lay  Apamea  (the  modern  Birejik), 
connected  with  Zeugma  on  the  other  side  by  a  bridge, 
and  farther  south,  at  the  mouth  of  the  Bilechas 
(modern  Belik),  was  the  trading  town  and  fortress 
Nicephorium,  founded  by  command  of  Alexander,  and 
completed,  by  Seleucus  Nicator,  in  memory  of  whose 
victoiy  it  was  named.  From  tne  emperor  Leo  it  re¬ 
ceived  the  designation  Leontopolis.  The  spot  is  now 
known  as  Rakka  (see  below).  Farther  up  the  fruitful 
valley  of  the  Belik  lay  the  town  of  Icnnae  (Cline). 
Farther  south  lay  Circesium  ( Chaboras  of  Ptolemy, 
Phaleg  of  Isidore),  not  to  be  identified,  as  is  usually 
assumed,  with  Carchemish ;  from  the  time  of  Diocle¬ 
tian  it  was  strongly  fortified.  The  site  is  at  present 
occupied  by  a  wretched  place  of  the  name  Karkisiya. 
Carchemish  probably  lay  near  the  bridge  of  Mernbij, 
the  present  Kalat  el-Nejm. 

In  ancient  times  a  highly  flourishing  district  must 
have  stretched  along  the  river  Chaboras  (Khabiir)  to 
its  principal  source  atRas-’ain  (“Fountain-head,”  Syr. 
Rifth'  aina-,  the  Rhesaena  of  Ptolemy),  a  town  which 
was  for  some  time  called  Theodosiopolis,  because  after 
380  a.d.  it  was  extended  and  embellished  by  Theodo¬ 
sius.  Justinian  fortified  it.  The  strip  of  completely 
desert  country  which  now  stretches  along  the  lower 
course  of  the  Khabur  was  called  in  antiquity  Gau- 
zanitis,  and  corresponds  to  the  Gozan  of  2  Kings  xviii. 

6  (Guzana  or  Guzanu  in  the  cuneiform  inscriptions). 

The  country  to  the  east  of  the  upper  Khabur  is  in 
many  respects  similar  to  that  which  has  just  been  de¬ 
scribed.  As  the  watershed  of  the  Tigris  is  not  far 
distant,  the  Masius  range  sends  down  into  Mesopo¬ 
tamia  only  insignificant  streams,  the  most  important 
being  the  Hernias,  the  Mygdonius  of  the  Greeks. 
On  its  banks  was  situated  Nisibis,  the  chief  city  of 
the  district,  which  commanded  the  great  road  at  the 
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foot  of  the  mountains  leading  through  the  steppe, 
which  here  from  the  scarcity  of*  water  comes  close  up 
to  the  edge  of  the  hills.  In  the  old  Assyrian  empire 
Nasibina  was  the  seat  of  one  of  the  four  great  admin¬ 
istrative  officials.  In  the  time  of  the  Seleucids  the 
site  was  occupied  by  the  flourishing  Greek  colony  of 
Antiochia  Mygdonia ;  but  the  new  designation,  trans¬ 
ferred  to  the  river  and  the  vicinity  of  Nisibis  from  the 
Macedonian  district  of  Mygdonia,  afterwards  passed 
out  of  use.  Nisibis  was  an  important  trading  city, 
and  played  a  great  partin  the  wars  of  the  Romans 
against  the  Persians.  Captured  by  Lucullus,  sur¬ 
rendered  by  Tigranes,  recovered  by  Trajan,  again 
abandoned  by  Hadrian,  once  more  occupied  under 
Lucius  V erus,  and  strongly  fortified  by  Severus,  it  was 
at  length  raised  to  be  the  capital  of  the  province,  and 
remained  the  frontier  fortress  of  the  Romans  till  in 
the  time  of  Jovian  it  was  ceded  to  the  Persians. 
After  the  loss  of  Nisibis  the  emperor  Anastasius  in 
507  founded  to  the  northwest  the  fortress  of  Darae  or 
Danis  (the  modern  D&ra),  also  called  Anastasiopolis, 
which  from  the  reign  of  Justinian,  who  increased  its 
strength,  remained  for  a  time  the  residence  of  the  dux 
Mesopotamia 3.  Besides  these  strongholds,  many  forti¬ 
fied  posts  were  established  by  the  Byzantine  empire  in 
this  district.  Antoninopolis  must  be  mentioned  as  an 
important  town ;  this  was  refortified  by  Constantine 
under  the  name  of  Constantia,  and  has  left  its  ruins 
near  Tela  between  Han-an  and  Nisibis.  Mardin  too 
was  a  fortress  of  a  similar  kind,  and  the  town  of  Sin- 
gaia,  at  the  southern  foot  of  the  mountain  of  the 
same  name,  was  an  advanced  post  of  the  Roman 
power. 

The  south  or  steppe  portion  of  Mesopotamia  was 
from  early  times  the  roaming-ground  of  Arabic  tribes ; 
for  Xenophon  gives  the  name  of  Arabia  to  the  district 
on  the  left  bank  of  the  Euphrates  to  the  west  of  the 
Khabur ;  and  elsewhere  it  is  frequently  stated  that  the 
interior  at  a  distance  from  the  rivers  was  a  steppe  in¬ 
habited  by  Arabes  Scenitae  (Tent  Arabs).  Along  the 
banks  of  the  two  great  rivers  ran  a  belt  of  cultivated 
country,  and  the  rocky  islands  of  the  Euphrates  were 
also  occupied  by  a  settled  population.  On  the  Eu¬ 
phrates,  beginning  towards  the  north,  we  must  men¬ 
tion  first  Zaitah  or  Zautha,  southeast  of  Circesium ; 
next  Corsothe,  at  the  mouth  of  the  Mascash;  then 
Anatho  or  Anathan,  the  modern  Ana;  and  finally  Is 
(Hit).  On  the  Tigris  the  point  of  most  importance  is 
Carnae(Ka*vat  of  the  Anabasis),  south  from  the  mouth 
of  the  Great  Zab  near  the  present  Kal’at  Sherkat; 
and  not  far  distant  towards  the  interior  was  Atrte  or 
Hatrae,  also  called  Hatra,  the  chief  town  of  the  Arab 
tribe  of  the  Atreni.  It  was  besieged  without  success 
bv  Trajan  and  Severus;  by  the  4th  century  it  was 
already  destroyed ;  but  the  interesting  ruins,  which  can 
scarcely  be  visited  owing  to  the  plundering  habits  of 
the  Bedouins,  still  bear  the  name  of  El-Hadhr.  They 
lie  in  the  heart  of  the  steppe,  and  were* formerly  well 
supplied  with  water. 

All  these  districts  came  in  640  A.D.,  or  perhaps  a 
little  earlier,  into  the  power  of  the  Arabs,  wno  named 
them  Jezira  (island)  or  Jeziret  Akiir,1  and  divided 
them  according  to  tribes  into  three  portions,  the  land  of 
Bekr,  of  Rebf  a,  and  of  Modhar.  The  district  of  Mod- 
har  ran  along  the  side  of  the  Euphrates,  and  its  chief 
towns  were  Orfa  and  Rakka;  the  district  of  Rebf  a 
comprised  the  plain  of  Mosul  as  far  as  the  country  on 
the  Khabur  (chief  towns  Mosul  and  Nisibis),  and  the 
district  of  Bekr  (Diy&r  Bekr)  the  more  mountainous 
country  to  the  west  of  the  upper  Tigris  (chief  town 
Amid  or  Diarbekr).  In  general  the  Arabs  consider  a 
part  of  the  mountain  territories  which  lie  between  the 
two  rivers  to  belong  to  J ezfra,  as  is  best  seen  from  the 
following  notice  given  by  Abulfeda : 

« El-Jezira  is  the  land  between  the  Tigris  and  the  Eu- 

l  Philostratus  (c.  200  a.d.)  already  reports  that  the  Arabs  called 
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phrates,  yet  many  places  on  the  other  side  of  the  Euphrates, 
which  properly  belong  to  Syria,  are  also  included,  as  well  as 
places  and  even  districts  on  the  east  side  of  the  Tigris.  The 
exact  boundary  line  thus  runs  from  Malatia  by  Sumeis^t, 
Kal'at  er-Rum  (Rum-Kala  of  the  maps),  and  Bire  (Birejik; 
to  the  point  opposite  Membij,  and  then  by  Billis,  Er-Rakka, 
Karkisiyd,  Er-Rahaba  (on  the  right  bank),  and  Hit  to*A*n- 
bar.  Here  the  Euphrates  ceases  to  form  the  boundary, 
which  runs  across  to  the  Tigris  in  the  direction  of  Tekrit, 
and  ascends  the  Tigris  as  far  as  Es-Sinn  (Senna)  to  El-Hadi- 
tha  and  Mosul,  thence  to  Jeziret  ibn  Omar,  then  to  Diarbekr, 
and  so  back  to  Malatia.” 

From  the  Arabic  geographers  and  travellers  we  gain 
the  impression  that  a  great  part  of  Mesopotamia,  with 
the  exception  of  the  southern  steppe  of  course,  must 
at  that  time  have  been  in  a  flourishing  condition ;  the 
neighborhood  of  Nisibis  especially  is  celebrated  as  a 
very  paradise.  In  fact  it  is  only  since  the  Turkish 
conquest  of  the  country  under  Sultan  Selim  in  1515 
that  it  has  turned  into  a  desert  and  gradually  lost  its 
fertility.  As  the  nomadic  Arabs  have  continually 
extended  their  encroachments,  agriculture  has  been 
forced  to  withdraw  into  the  mountains ;  and  this  is  es¬ 
pecially  true  of  the  western  portions  of  Mesopotamia, 
the  district  of  Ras-’ain,  and  the  plain  of  Harr  an  and 
Seruj,  where  huge  mounds  give  evidence  that  the 
whole  country  was  once  covered  with  towns  and  villages. 
Under  the  Turks  El- Jezi'ra  does  not  form  a  political 
unity,  but  belongs  to  different  pashaliks. 

From  this  brief  survey  it  appears  that  Mesopotamia, 
like  Syria,  constitutes  an  intermediate  territory  be¬ 
tween  the  great  eastern  and  western  monarchies, — 
Syria  inclining  more  to  the  west,  and  Mesopotamia  to 
the  east.  In  virtue  of  its  position  it  frequently  formed 
both  the  object  and  the  scene  of  contest  between  the 
armies  of  those  mighty  monarchies,  and  it  is  wonder¬ 
ful  how  a  country  so  often  devastated  almost  always 
recovered.  The  roads,  it  is  true,  which  traversed  the 
territory  were  not  mere  military  highways,  but  the 
main  routes  of  traffic  for  Central  Asia,  Western  Asia, 
and  Europe.  It  is  only  in  modern  times,  and  since 
these  lines  of  commercial  intercourse  have  ceased  to 
be  followed,  that  the  general  condition  of  things  has 
been  so  entirely  altered. 

The  number  of  roads  which  in  ancient  times  trav¬ 
ersed  the  country  was  very  considerable;  the  Eu¬ 
phrates  formed  not  a  barrier  but  a  bond  between  the 
nations  on  either  side ;  at  many  places  there  were  at 
least  boat-bridges  (zeugma)  across.  One  of  the  most 
important  of  the  ancient  crossing-places  must  be 
sought,  where  in  fact  it  still  exists,  at  Birejik,  the  an¬ 
cient  Apamea-Zeugma.  From  this  point  a  great  road 
led  across  to  Edessa  (Orfa) ;  there  it  divided  into  two 
branches,  the  northern  going  by  Amid  (Diarbekr)  and 
the  other  by  Mardin  and  Nisibis  to  Mosul  (Nineveh). 
In  quite  recent  times,  in  order  to  avoid  the  direct 
route  across  the- desert  and  through  the  midst  of  the 
Bedouins,  the  post-road  makes  a  great  circuit  from 
Nisibis  by  Jeziret  ibn  'Omar  to  Mosul.  A  second 
route  crossed  the  Euphrates  somewhat  more  to  the 
south,  and  joined  the  other  via  Harran  and  Rhessena. 
The  principal  crossing  of  the  earlier  times  (Xenophon) 
was  at  Thapsacus.  almost  opposite  Rakka ;  and  it  will 
be  remembered  also  how  important  a  part  Thapsacus 
(Tiphsah)  plays  in  the  Old  Testament.  Sometimes  a 
route  along  the  Euphrates  to  Babylonia  was  followed, 
as  is  still  frequently  done  by  caravans  at  the  present 
day ;  but  even  in  ancient  times  this  course  was  attended 
by  more  or  less  difficulty,  the  country  being  occupied 
by  the  chiefs  of  independent  Arab  tribes,  with  whom 
the  travellers  had  to  come  to  terms. 

The  ancient  condition  of  things  must  consequently 
be  considered  as  essentially  analogous  to  that  of  the 
present  day;  the  central  districts  away  from  the  rivers 
were  occupied  at  certain  seasons,  according  as  they 
yielded  pasture,  by  nomadic  cattle-grazing  tribes,  the 
physical  character  of  the  country  being  then  and  now 
the  same  on  the  whole  as  that  of  the  Syrian  desert, 
which  belongs  not  to  Syria  but  properly  to  Arabia. 
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On  the  banks  of  the  rivers  were  settled  half-nomadic 
Arab  tribes, — tribes,  that  is,  which  were  more  or  less 
on  the  way  to  the  agricultural  stage,  or  which,  having 
become  altogether  agricultural,  had  nevertheless,  owing 
to  frequent  intercourse  with  the  Bedouins,  lost  little 
of  their  original  character,  and  even  maintained  their 
independence.  The  same  movement  takes  place  oyer 
and  over  again :  Arab  tribes  migrating  from  Arabia, 
that  officio  a  gentium ,  gradually  settle  down  wherever 
circumstances  prove  favorable,  and  by  this  very  change 
in  their  mode  of  life  make  their  first  step  towards 
civilization.  In  this  way  a  continual  stream  of  Arabs 
has  flowed  into  the  civilized  countries  of  Mesopotamia. 
On  the  Assyrian  monuments  are  figures  of  Arabs  rid¬ 
ing  on  camels ;  evidently  the  Assyrians  had  carried  on 
war  against  the  Bedouins  settled  in  their  territory. 
At  an  early  period  the  Tai  Arabs  were  the  neighbors 
of  the  Aramaeans,  and  consequently  all  Arabs  bear  in 
Syriac  the  name  of  Tayoye.  The  district  between 
Mosul  and  Nisibis  received  the  name  Bdth  Arbaye 
from  its  being  occupied  by  Arabs.  These  Tai  Arabs, 
whose  original  home  was  Central  Arabia,  are  still  set¬ 
tled  partly  near  Nisibis  and  partly  east  of  Mosul*  but 
they  have  to  some  extent  lost  their  old  noble  Bedouin 
manners.  The  wandering  Arab  tribe  which  at  the 
present  time  is  dominant  in  Mesopotamia  is  the  Sham- 
mar;  they  have  driven  back  the  Aneze,  the  most 
powerful  tribe  of  the  Syrian  desert.  It  is  only  two  or 
three  generations  ago  that  the  Shammar  came  from 
Nejd ;  but  they  have  already  broken  up  into  two  great 
arties.  The  head  of  the  one  division  is  Ferhfin,  who 
as  more  or  less  completely  submitted  to  the  Turks, 
and  has  consequently  obtained  the  title  of  pasha ;  to 
him  adhere  the  Shammar  tribes  between  Mosul  and 
Baghdad,  and  those  also  to  the  east  of  the  Tigris. 
The  head  of  the  tribes  who  roam  over  the  greater  part 
of  Mesopotamia — pasturing  their  camels  and  sheep  to 
the  east  of  the  Chaboras  in  the  colder  season  ana  to 
the  north  in  the  hotter — is  the  chivalrous  Faris. 
These  western  tribes  are  totally  independent  of  the 
Turkish  Government,  and  have  offered  determined 
opposition  to  the  attempts  of  the  authorities  at  Der 
to  force  them  to  a  settled  way  of  life ;  they  still  lay 
the  peasants  of  Mesopotamia  under  contribution  by 
exacting  Khuwwe,  “brother-money,”  or  a  portion  of 
grain.  The  Shammar  live  in  almost  perpetual  feud 
with  their  relations  to  the  east,  and  especially  with 
the  Aneze  on  the  Syrian  bank  of  the  Euphrates,  the 
so-called  Shamiye.  Many  other  Bedouin  tribes  might 
here  be  mentioned ;  but  it  may  be  enough  to  name 
the  Delem  on  the  Euphrates  as  an  example  of  a  tribe 
just  in  process  of  becoming  agricultural.  In  the 
northern  parts  of  Mesopotamia  there  are  a  number 
of  tribes  of  mingled  Kurds  and  Arabs  which  have  to 
a  greater  or  less  degree  abandoned  their  tents  for  fixed 
habitations  and  the  tillage  of  the  ground ;  such  are 
the  Beraziye  near  Orfa,  the  M ill iye  between  Orfa  and 
Mardin,  and  the  Kfkiye  nearer  Mardin  and  also  in 
the  neighborhood  of  Mosul.  It  is  extremely  hard  to 
obtain  trustworthy  statistical  information  about  the 
number  of  the  Bedouins;  the  Shammar  may  have  a 
total  strength  of  some  3500  tents.  In  the  difficult 
contests  which  it  has  to  carry  on  with  those  independ¬ 
ence-loving  tribes,  the  Turkish  Government  acts  in 
general  on  the  principle  divide  et  impera. 

The  Kurdish  element  only  appears  sporadically  in 
the  true  Mesopotamian  plain;  but  the  Yezidis,  who 
form  the  population  of  the  Sinjar  range,  may  be  re¬ 
ferred  to  this  stock.  He  who  encounters  the  uncanny 
figure  of  one  of  these  people  will  hardly  be  able  to  re¬ 
strain  a  slight  shudder,  especially  if  he  remembers  the 
graphic  descriptions  of  the  Yezidi  robbers  in  Morier’s 
Ayesha.  Of  the  old  Aramaean  peasantry  there  are 
no  longer  any  important  remains  in  the  plain,  the 
Aramaeans  having  withdrawn  farther  into  the  Kurd¬ 
ish  highlands,  where,  in  spite  of  their  wild  Kurdish 
neighbors,  they  are  more  secure  from  exactions  of 
every  kind.  The  plain  of  the  northern  country  of  the 


two  rivers  was  at  one  time  richly  cultivated,  and  owed 
its  prosperity  to  this  industrious  people,  who  formerly 
layed  so  distinguished  a  part  as  a  connecting  link 
etween  the  Persians  and  the  Homan  empire  and 
afterwards  between  the  Western  and  the  Arabian 
world,  and  whose  highest  culture  was  developed  in 
this  very  region.  Quite  otherwise  is  it  now.  In  the 
plain  there  are  almost  no  remains  of  the  common 
Aramaean  tongue.  Apart  from  the  scattered  areas  in 
which  Kurdish  prevails,  the  ordinary  language  is  a 
vulgar  Arabic  dialect;  but  both  Kurdish  and  Ara¬ 
maean  (Syriac),  have  exercised  an  influence  on  the 
speech  of  the  Arab  peasant.  Finally  it  must  be  men¬ 
tioned  that  certain  Turcoman  hordes  roam  about  the 
Mesopotamian  territory. 

In  climate  and  in  the  character  of  itS  soil,  as  well  as  in  its 
ethnographic  history,  Mesopotamia  holds  an  intermediate 
position.  In  this  aspect  also  we  must  maintain  the  division 
into  two  quite  distinct  zones.  The  southern  half  consists 
mainly  of  gray,  dreary  flats  covered  with  selenite ;  and  gyp¬ 
sum  everywhere  makes  its  appearance  a  little  below  the  sur¬ 
face  ;  bitumen  is  not  unfrequent,  and  here  and  there  it  rises 
in  petroleum  wells.  In  the  solid  strata  of  gypsum  and  marl 
the  rivers  have  carved  out  valleys,  from  a  quarter  to  half  a 
mile  broad,  and  from  40  to  50  or  even  100  feet  deep,  which 
with  their  arable  soil  contrast  with  the  barren  surface  of  the 
more  elevated  desert  (chol).  Especially  below  Bdlis  there 
are  marl-hills  capped  with  gypsum,  and  alluvial  plains  (so- 
called  hawis)  of  considerable  extent  have  been  formed.  The 
hanks  of  the  rivers  are  there  lined  with  a  luxuriant  growth 
of  tamarisks.  Occasional  swamps  and  small  lagoons  occur ; 
and  the  marl  shows  a  more  or  less  marked  efflorescence  of 
salt.  In  this  part  of  the  country  frost  is  rare  even  in  win¬ 
ter  ;  in  summer  the  heat  is  of  extraordinary  intensity,  and 
during  the  whole  season,  from  May  to  the  close  of  October, 
it  is  but  slightly  modified  by  the  night-dews.  During  the 
sand  storms  which  frequently  blow  from  the  West  Arabian 
desert,  the  temperature  may  rise  to  50°  C.  (122°  Fahr.), 
and  this  same  excess  of  heat  will  then  prevail  through  seven 
degrees  of  latitude  in  the  whole  valley  of  the  Euphrates  and 
Tigris  from  the  Persian  Gulf  to  the  foot  of  the  mountains. 
For,  considering  the  strong  radiation  which  takes  place  over 
what  is  now  the  uniform  surface  of  the  Mesopotamian  soil, 
with  its  almost  complete  absence  of  evaporation,  there  is 
nothing  to  hinder  this  warm  zone  extending  in  summer  to 
the  upper  half  of  the  country.  In  winter,  on  the  other 
hand,  this  latter  region  has  quite  a  different  climate.  From 
the  mild  coasts  of  the  Mediterranean  the  cold  increases  from 
west  to  east.  In  the  spurs  of  the  Taurus,  consequently,  the 
winter  cold  extends  far  to  the  south,  and  the  influence  of 
the  snow-covered  ridges  spreads  far  into  the  Mesopota¬ 
mian  plain.  Snow  and  ice  are  thus  not  unfrequent  in 
the  higher  part  of  the  plain,  and  the  temperature  may 
fall  as  low  as  — 10°  C.  (14°  Fahr.),  especially  if  the  cold 
north  winds  are  blowing.  That  inland  region  too  is  cut 
off  from  the  influence  of  the  mild  air  of  the  Mediter¬ 
ranean  by  the  coast  ranges.  For  this  reason  the  vegetation 
is  of  a  less  southern  character  than  that  of  the  Mediter¬ 
ranean  countries  in  the  same  latitude.  In  the  spring  the 
green  is  soon  parched  out  of  existence.  In  this  way  the 
northern  district  of  Mesopotamia  combines  strong  contrasts, 
and  is  a  connecting  link  between  the  mountain  region  of 
Western  Asia  and  the  desert  of  Arabia.  On  the  other  hand 
the  country  to  the  south  of  Mesopotamia,  or  Tr;ik,  has  a 
warm  climate,  and  towards  the  Persian  Gulf  indeed  the 
heat  reaches  the  greatest  extremes. 

In  Upper  Mesopotamia,  strictly  so  called,  agriculture  has 
suffered  an  extraordinary  decline ;  in  spite  of  excellent  soil, 
very  little  of  the  land  is  turned  to  account.  In  the  western 
district  the  fertile  red-brown  humus  of  the  Orfa  plain,  de¬ 
rived  from  the  lime  of  Nimrud  Ddgli,  extends  to  about  12 
miles  south  of  Harran.  With  a  greater  rainfall,  and  an 
artificial  distribution  of  the  water  such  as  existed  in  olden 
times,  agriculture  would  flourish.  If  spring  rains  are  only 
moderately  abundant,  wheat  and  barley  grow  to  a  great 
height,  and  yield  from  thirty  to  forty  fold.  Eice  is  also 
grown  in  the  richly  watered  hill-encircled  district  of  Seruj 
and  on  the  banks  of  the  Khabur.  Next,  millet  and  sesa- 
mum  are  the  chief  crops, — the  latter  being  grown  for  the 
sake  of  its  oil,  as  the  olive  does  not  succeed  in  this  region. 
The  abundance  of  wheat  may  be  estimated  from  the  fact 
that  during  Layard’s  residence  in  Mosul  a  camel-load  of 
480  lb  was  worth  four  shillings.  Durra  ( Holcus  Sorghum  and 
H.  bicolor),  lentils,  pease,  beans,  and  vetches,  are  also  grown, 
as  well  as  cotton,  safflower,  hemp,  and  tobacco.  Medicago 
saliva  furnishes  fodder  for  horses.  Among  the  fruits  the 
most  noteworthy  are  the  cucumbers,  melons,  and  water- 
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melons,  planted  in  great  abundance  on  the  banks  of  the 
smaller  streams.  The  figs  of  the  Sinjar  mountains  are  cele¬ 
brated  for  their  exceptional  sweetness.  Timber  trees  are 
few ;  plane  trees  and  white  poplars  are  planted  along  the 
streams,  and  a  kind  of  willow  and  a  sumach  flourish  on  the 
banks  of  the  Euphrates.  The  palm-trees  which  appear  on 
the  banks  of  both  the  rivers  farther  south  do  not  come  so 
far  north.  On  account  of  the  hot  dry  summer  the  orange 
does  not  succeed.  Of  the  great  forest  which  existed  (?)  near 
Nisibis  in  the  time  of  Trajan  no  trace  remains ;  but  the 
slopes  both  of  the  Masius  mountains  and  of  the  Jebel '  Abd-el 
’Aziz,  as  well  as,  more  especially,  those  of  the  Sinjar  range, 
are  still  covered  with  wood. 

The  wide  treeless  tracts  of  the  low  country  of  Mesopotamia 
are  covered  with  the  same  steppe  vegetation  which  prevails 
from  Central  Asia  to  Algeria,  but  there  is  an  absence  of  a 
jreat  many  of  the  arborescent  plants  that  grow  in  the 
cockier  and  more  irregular  plateaus  of  western  Asia,  and 
especially  of  Persia.  This  comparative  poverty  and  monot¬ 
ony  of  the  flora  is  partly  due  to  the  surface  being  mainly 
oomposed  of  detritus,  and  partly  to  the  cultivation  of  the 
country  in  remote  antiquity  having  ousted  the  original 
vegetation  and  left  behind  it  what  is  really  only  fallow 
ground,  untouched  for  thousands  of  years.  Endless  masses 
of  tall  weeds,  belonging  to  a  few  species,  cover  the  face  of  the 
country, — large  Cruciferx,  Cynarex,  and  Umbelliferx  disput¬ 
ing  the  possession  of  the  soil  in  company  with  extraordinary 
quantities  of  liquorice  ( Glycyrrhiza  glabra  and  echinata)  as 
well  as  Lagonychi urn  and  the  white  ears  of  the  Imperata.  In 
autumn  the  withered  weeds  are  torn  up  by  the  wind  and 
driven  immense  distances.  Among  the  aromatic  plants, 
which  even  Xenophon  mentions  in  Mesopotamia,  the  first 
place  belongs  to  the  species  of  wormwood  ( Artemisia ),  which 
cover  wide  areas,  and  the  second  to  Labiatx,  such  as  species 
of  thyme  and  Salvia,  which,  however,  become  rarer  in  the 
low  country.  With  few  exceptions  there  are  none  but  cul¬ 
tivated  trees,  and  these  are  confined  to  the  irrigated  districts 
on  the  Euphrates  and  the  Shatt;  a  few  willows,  a  Pyrus, 
tamarisks,  a  Rhus,  a  Rubus,  on  the  banks  of  the  rivers,  and 
the  willow-like  Populus  euphratica,  which  grows  from  Dzun¬ 
garia  to  Morocco,  make  up  the  list  of  the  indigenous  kinds. 
In  the  wide  belt  of  swamp  which  lines  the  Shatt  el-' Arab 
in  the  low  country  of  'Irik  'Arabi  there  are "  boundless 
reaches  of  gigantic  sedge  inhabited  by  a  rich  fauna,  espe¬ 
cially  of  birds,  such  as  pelicans  and  flamingoes.  From  the 
south,  or  in  other  words  from  the  true  desert  and  oasis 
country  of  Arabia,  the  date-palm  spreads  up  the  valley  to 
some  little  distance  above  Baghdad ;  and  especially  along 
the  Shatt  it  yields  rich  crops  of  fruit,  which  are  exported  to 
India.  With  the  exception  of  a  few  truffles,  capers,  liquor¬ 
ice,  and  such  like,  there  are  few  wild  food-plants.  The 
cycle  of  vegetation  begins  in  November.  The  first  winter 
rains  clothe  the  plain  with  verdure,  and  by  the  beginning 
of  the  year  a  number  of  bulbous  plants  are  in  bloom — 
Amaryllidx,  LUiacex,  and  Colchicum.  The  full  summer  de¬ 
velopment  is  reached  in  June ;  and  by  the  end  of  August 
everything  is  burnt  up. 

The  lion  is  said  to  roam  as  far  as  the  Kh^bur ;  but  in  any 
case  it  is  at  least  much  less  frequent  than  in  the  time  of  the 
Assyrians,  when  the  lion -hunt  was  a  recognized  form  of  sport. 
The  wild  ass  too  is  very  rare ;  but  on  the  other  hand  wild 
swine,  hyaenas,  jackals,  cheetahs,  and  foxes  are  extremely 
abundant.  Wolves  are  said  to  exist  in  the  plain,  and  among 
others  a  variety  of  black  wolf  (Canis  lycaon).  Particularly 
numerous  in  the  steppe  are  the  antelope  species ;  and  herds 
of  gazelles  are  frequently  met  with.  Beavers  are  said  to 
have  been  observed  on  the  Euphrates.  Jerboas,  moles,  por¬ 
cupines,  and  especially  the  common  European  rat,  abound 
in  the  desert;  bats  are  numerous;  and  the  long-haired 
desert  hare  is  also  found.  Among  the  domestic  animals  in 
this  steppe  country  the  camel  holds  the  first  place ;  and  next 
come  goats  and  sheep;  but  the  Bedouin  sheep  is  not  the 
ordinary  fat-tailed  variety.  The  common  buffalo  is  often 
kept  by  the  Arabs  and  Turcomans  on  the  Euphrates  and  the 
Tigris ;  and  on  the  Euphrates  we  also  find  the  Indian  zebu, 
which  is  still  more  frequent  in  the  districts  farther  to  the 
south.  Bird-life  is  very  rare  in  the  southern  parts  of  the 
plain ;  though  on  the  Euphrates  there  are  vultures,  owls, 
ravens,  etc.,  as  well  as  falcons  (?  Tinnunculus  alaudarius) 
which  are  trained  to  hunt.  Among  game-birds  are  some 
kinds  of  doves,  francolins,  partridges,  wild  ducks  and  geese, 
and  in  the  steppe,  bustards.  The  ostrich  seems  almost  to 
have  disappeared.  Large  tortoises  are  numerous. 

In  conclusion  it  is  necessary  in  supplement  to  the  article 
Irak  to  say  something  of  the  district  of  Babylonia,  often 
(though  wrongly)  included  under  the  name  Mesopotamia. 
Here  we  have  to  do  with  a  fundamentally  different  region, 
for  it  consists  in  the  main  of  alluvial  formations,  a  few  scat¬ 
tered  reaches  of  sand  only  now  and  then  appearing  in  the 
level  depression  not  filled  up  by  the  alluvium.  The  mass 


of  solid  matter  which  the  rivers  bring  down  and  deposit  is 
very  considerable;  it  has  been  ascertained  that  the  maxi¬ 
mum  proportion  for  the  Euphrates  in  the  month  of  January 
is  Ay,  and  at  other  times  jjjy ;  for  the  Tigris  the  maximum 
is  yyj?y.  As  regards  the  physical  character  of  the  alluvia,  in 
the  most  northerly  portion  the  soil  is  pebbly,  the  pebbles 
consisting  almost  solely  of  variously  colored  flints,  and  occa¬ 
sional  small  fragments  of  gypsum.  This  is  succeeded  by 
a  continuous  formation  of  clayey  soil,  in  part  argillaceous 
and  argillo-calcareous,  but  covered  with  mould  and  sand,  or 
the  more  tenacious  clay  of  frequent  inundations. 

In  general,  the  northern  plains  of  the  interior  have  a 
slight  but  well-defined  southerly  inclination  with  local  de¬ 
pressions.  The  territory  undulates  in  the  central  districts, 
and  then  sinks  away  into  mere  marshes  and  lakes.  The 
clay,  of  a  deep  blue  color,  abounds  with  marine  shells,  and 
shows  a  strong  efflorescence  of  natron  and  sea-salt,  the  latter 
derived  from  the  decomposition  of  vegetable  matter.  When 
the  soil  is  parched  up  the  appearance  of  the  mirage  (sefob) 
is  very  common.  As  extensive  inundations  in  spring  are 
caused  by  both  the  rivers,  especially  the  Tigris,  great  altera¬ 
tions  must  have  taken  place  in  this  part  of  the  country  in  the 
course  of  thousands  of  years.  It  has  been  asserted  that  in 
former  times  the  alluvial  area  at  the  mouth  of  the  river  in¬ 
creased  one  mile  in  the  space  of  thirty  years ;  and  from  this 
it  has  been  assumed  that  about  the  6th  century  b.c.  the 
Persian  Gulf  must  have  stretched  from  45  to  55  miles  farther 
inland  than  at  present.  The  actual  rate  of  increase  at  the 
present  time  is  about  72  feet  per  annum.  For  this  reason 
we  cannot  decide  much  in  regard  to  the  former  physical 
configuration  of  southern  Babylonia ;  but  it  is  at  least  cer¬ 
tain  that  the  Euphrates  and  the  Tigris  reached  the  sea  as 
independent  rivers.  Ritter  estimates  that  in  the  time  of 
Alexander  the  Great  the  embouchures  were  still  separated 
by  a  good  day’s  journey;  and,  though  they  cannot  now  be 
traced,  great  alterations  have  probably  taken  place  in  the 
upper  portions  of  the  rivers  as  well  as  in  the  country  near 
the  mouths.  Assyriologists  tell  us  that  more  than  thirty- 
five  canals  are  known  by  name  from  the  Babylonian  period ; 
but  it  is  extremely  difficult,  or  rather  it  has  proved  hitherto 
impossible,  to  identify  them  either  with  those  actually  ex¬ 
isting  or  with  those  mentioned  in  classical  authors,  in 
the  Babylonian  Talmud,  or  in  Arabian  writers.  To  the 
west  of  the  Euphrates  was  to  be  found  the  Pallacopas 
channel,  and  we  still  have  the  Hindiye  channel  in  the  same 
quarter.  The  country  between  the  rivers  more  particularly 
was  traversed  by  such  secondary  branches.  Beginning 
from  the  Euphrates  we  must  mention  the  Saklawiye  chan¬ 
nel  (Nahr  Ts£),  the  Nahr  Melik,  the  Nahr  Zember&niye,  and 
especially  the  Nahr-en-Nil,  constructed  by  the  famous  Omay- 
yad  governor  Hajjaj.  Eastwards  from  the  Tigris  strikes 
the  great  Nahrawan  channel ;  and  right  through  the  country 
of  the  two  rivers  runs  the  Shatf-el  Hai  from  Kut-el-' Arndra, 
almost  due  south  to  the  Euphrates,  parallel  with  the  Shatt- 
el-Kehr.  Many  of  these  have  been  silted  up ;  from  those, 
however,  which  are  still  maintained  there  is  derived  a  con¬ 
siderable  revenue,  and  by  the  restoration  of  many  of  the  old 
channels,  traces  of  which  are  met  with  at  every  step,  the 
country  might  be  again  raised  to  that  condition  of  high 
civilization  which  it  enjoyed  not  only  in  antiquity  but 
partly  even  in  the  time  of  the  later  caliphs.  The  classical 
writers  are  unanimous  in  their  admiration  of  this  country ; 
and  it  is  at  least  certain  that  nowhere  else  in  the  whole 
world  was  the  principle  of  the  application  of  canals  to  the 
exigencies  of  agriculture  worked  out  so  successfully.  The> 
most  luxuriant  vegetation  was  diffused  over  the  whole 
country ;  and  three  crops  were  obtainable  in  the  year.  It 
is  this  alone  which  makes  it  intelligible  how  this  region  in 
the  most  remote  antiquity  attained  a  high  civilization,  and 
for  centuries  played,  it  may  be  said,  one  of  the  principal 
parts  in  the  history  of  the  world.  In  the  matter  of  civiliza¬ 
tion,  indeed,  no  country  of  the  ancient  world  was  its  equal ; 
a  multitude  of  great  cities  once  flourished  within  its  borders. 
Even  the  Arabic  writers  are  unanimous  in  regard  to  the  ex¬ 
tremely  favorable  influence  which  the  character  of  the 
country  exercised  on  the  intellectual  activity,  spirit,  and 
capacity  of  its  inhabitants.  We  need  not  here  discuss  the 
question  recently  started  as  to  whether  the  Biblical  garden 
of  Eden  is  to  be  sought  in  this  locality,  two  canals  of  the 
Euphrates  and  Tigris  being  identified  with  the  Gihon  and 
Pison  of  Gen.  ii. ;  but  it  is  certain  at  least  that  this  lower 
country  of  the  two  rivers  might  well  pass  in  antiquity  for 
the  ne  plus  ultra  of  civilization,  and  exercised  the  most  pow¬ 
erful  political  and  intellectual  influence  on  the  surrounding 
regions.  The  question  often  raised  as  to  whether  the  Semites 
were  derived  from  this  district  may  also  be  left  untouched. 
From  the  Bible  we  know  that  an  ancient  name  of  the  dis¬ 
trict  was  Shinar,  though  this  has  not  hitherto  been  discov¬ 
ered  in  the  cuneiform  inscriptions.  The  name  Kush  is 
applied  in  the  Bible  to  its  oldest  non-Semitic  inhabitants. 


56 


MESOPOTAMIA. 


The  northern  half  of  the  country  was  called  Akkad,  the 
southern  Sumer.  But  it  must  not  be  forgotten  that  the 
rivers  never  formed  ethnographic  and  political  boundaries ; 
and  thus  Sumer  extended  to  the  coast  of  the  Persian  Gulf 
and  Akkad  as  far  as  the  Lower  Zab,  the  eastern  affluent  of 
the  Tigris.  As  a  less  ancient  designation  of  the  whole 
country  may  be  reckoned  mat  Kalita,  the  country  of  the 
Chaldseans  (Hebr.,  erets  Kasdim) ;  originally  Kalda  is  said  to 
have  designated  central  Babylonia.  Of  still  later  date  is 
the  name  derived  from  the  capital,  the  country  of  Babel 
( erets  Babel),  as  an  equivalent  of  which  mat  Bdbilu  appears 
in  the  cuneiform  inscriptions  (in  the  Darius  lists  Babiru). 
From  this  was  developed  the  Greek  designation  Babylonia, 
Ba/3t iXww'a  (as  early  as  Xenophon).  That  the  country  was 
densely  peopled  may  be  gathered  from  the  fact  that  about 
704  b.c.  eighty-nine  fortified  towns  and  eight  hundred  and 
twenty  smaller  places  in  the  Chaldaean  country  were  cap¬ 
tured  during  one  military  expedition.  Of  separate  districts 
of  the  country  we  may  mention  Karduniash,  the  district  in 
the  vicinity  and  especially  to  the  north  of  Babylon ;  and 
southward  by  the  sea-coast  the  important  country  of  Bit 
Yakin,  governed  by  kings  of  its  own.  At  a  later  date  we 
find  on  the  coast  and  at  the  mouth  of  the  Pallacopas  canal 
the  maritime  town  of  Teredon,  which  is  also  mentioned  by 
the  classical  writers.  Besides  Babylon  and  Borsippa,  the 
larger  cities  were  the  double  city  of  Sippar  (Sefarvayim,  2 
Kings  xvii.  24,  31)  and  Akkad  on  the  left  bank  of  the  Eu¬ 
phrates  on  the  present  Nahr  Ts& ;  Erech,  i.e.,  Warka,  on  the 
left  bank  of  the  Euphrates ;  Ur  on  the  Pallacopas,  not  far 
from  the  place  where  the  Shatt-el-Hai  falls  into  the  Tigris ; 
Nippur,  i.e.,  Tell  Niffer;  Kutha  (2  Kings  xvii.  24),  Kalne 
(Gen.  x.  10),  in  the  north,  Opis  at  the  junction  of  the  Adhem 
(Physcus)  with  the  Tigris.  Huge  mounds  give  evidence  of 
the  extent  of  these  cities.  A  number  of  the  canals  were 
navigable,  and  at  the  same  time,  when  the  bridges  were  de¬ 
stroyed,  they  formed  defensive  moats  against  the  incursion 
of  enemies  from  the  north.  And  the  same  purpose  was 
served  by  the  great  wall  (afterwards  the  Median  Wall  of  the 
Greeks)  which  ran  across  the  country  from  river  to  river  < 
between  the  points  of  their  nearest  approach. 

During  the  period  of  Greek  domination  a  Greek  city, 
Seleucia,  which  afterwards  attained  great  prosperity,  was 
founded  by  Seleucus  I.  in  an  extremely  favorable  situation 
on  the  right  bank  of  the  Tigris.  In  the  south  of  the  country, 
too,  there  was  a  Greek  seaport  town  first  called  Alexandria 
on  the  Tigris  and  afterwards  Antiochia.  After  the  conquest 
of  Babylonia  by  the  Parthians  (130  B.c.)  a  small  Arabian 
kingdom  grew  up  in  those  parts  called  Characene  or  Mesene, 
after  the  town  of  Charse  or  Maisan.  It  was  under  Parthian 
and  for  a  time  under  Boman  supremacy.  The  city  of  Volo- 
gesia,  founded  by  Vologeses  to  the  southwest  of  Babylon, 
near  Ullais,  in  the  neighborhood  of  the  later  Kufa,  was  one 
of  the  capitals  of  the  Parthian  power.  In  the  time  of  the 
Sasanids,  too,  as  well  as  in  that  of  the  Parthians,  the  country 
of  the  lower  Euphrates  and  Tigris  played  a  leading  part ;  it 
formed  in  fact  the  main  centre  of  the  Persian  kingdom. 
The  city  of  Ctesiphon,  founded  by  the  Greeks  on  the  east 
side  of  the  Tigris  opposite  Scfieucia,  was  the  winter  residence 
of  the  Parthian  kings,  and  the  imperial  capital  of  the  Sasa¬ 
nids.  Under  the  name  of  Madain  (The  Cities)  it  continued 
to  flourish  till  the  rise  of  Baghdad  in  the  9th  century.  The 
neighborhood  of  Ctesiphon  was  called  in  the  time  of  the 
Sasanids  Suristdn,  a  translation  of  the  Aramaean  designation 
Beth-Aramaye,  “  country  of  the  Syrians,”  for  the  laud  was 
mainly  occupied  by  Aramaeans.  By  a  notable  substitution 
the  Arabs  afterwards  gave  the  name  Nabat,  i.e.,  Nabataeans, 
to  these  Aramaean  peasantry,  who,  it  may  be  added,  were 
already  found  in  these  parts'at  the  time  of  the  Babylonian 
empire. 

On  the  west  side  of  the  Tigris  the  Arab  kingdom  of  Hira 
formed  the  bulwark  of  the  Sasanid  power.  As  the  result 
maiuly  of  the  battle  of  Kadisiya  (east  of  Hira)  in  635  a.d., 
the  whole  of  this  wealthy  country  fell  into  the  hands  of  the 
Moslems,  and  it  soon  constituted  the  centre  of  their  power, 
especially  when  the  Abbasids,  with  true  political  insight, 
transferred  thither  the  capital  of  the  empire  and  founded 
Baghdad.  The  chief  cities  of  the  older  Arabic  period  were 
Kufa  (in  the  neighborhood  of  the  earlier  Hira  to  the  south 
of  ancient  Babylon)  and  Basra  (or  Bussorah,  q.v.)  in  the 
neighborhood  of  the  earlier  Maisan.  After  these  two  cities 
the  country  was  divided  into  the  Sawdd,  “  rich  arable  dis¬ 
trict,”  of  Basra  and  that  of  Kufa.  Sawdd  was  also  employed 
as  a  name  for  the  whole  country ;  and  more  or  less  identical 
with  this  designation  is  the  name  Trdk  still  in  use.  Some¬ 
times  also  the  term  Sawd  del-'  Irdk  is  employed ;  but  at  a 
later  date  the  country  is  distinguished  as  'Irdk  'Arabi  (Ara¬ 
bian  Irdk)  from  the  Persian  Irdk  'Ajemi  to*the  east,  the 
ancient  Media.  The  Arabian  geographer  Ydkfit  makes  the 
distinction  that  the  country  called  Sawdd  reaches  farther  to 
the  north,  (viz.,  to  the  district  of  the  tipper  Mb), 


Abulfeda  gives  the  boundaries  of  'Irdk  as  follows:  “In 
the  west  of  the  country  lie  El-Jezira  and*  the  desert,  in  the 
south  the  desert,  the  Persian  Gulf,  and  Khuzistdn,  in  the 
east  the  mountain  country  as  far  as  Holwdn  (near  the  prin¬ 
cipal  pass  through  the  Zagrus  range).  Thence  the  boundary 
runs  again  towards  Mesopotamia.  Thus  the  greatest  breadth 
of 'Irdk  is  in  the  north,  and  its  narrow  extremity  is  formed 
by  the  island 'Abbdddn  in  the  Shatt-el-' Arab  (the  united 
Euphrates  and  Tigris)  to  the  south  of  Basra.”  From  what 
has  been  said  it  appears  that  Trdk  extended  far  beyond  the 
country  between  Euphrates  and  Tigris.  Abulfeda  says 
clearly  that 'Irak  lies  on  the  Tigris  as  Egypt  on  the  Nile  ; 
for  according  to  this  view  the  Tigris  flows  through  the  mid¬ 
dle  of  the  country.  'Irak  consequently  lies  between  30° 
and  34°  30'  N.  lat.  and  between  44°  and  48°  30'  E.  long. ;  of 
its  area  it  is  impossible  to  form  an  estimate  under  such 
varying  conditions.  For  some  details  see  Baghdad. 

From  the  union  of  the  rivers  upwards,  in  the  case  of  the 
Euphrates  as  far  as  36°  N.  lat.  (above  Rakka),  in  that  of  the 
Tigris  to  35°  N.  lat.,  the  valleys  are  known  as  ez-zor,  the  de¬ 
pression,  in  opposition  to  the  more  elevated  desert-plateau. 
It  has  been  surmised  that  in  this  name  is  to  be  recognized 
the  Dura  of  the  Old  Testament  (Daniel  iii.  1). 

Very  little  of  the  ancient  condition  of  the  country  has 
been  preserved ;  and  there  are  now  but  few  remains  of 
ancient  buildings,  scarcity  of  stone  having  all  along  led  to 
the  use  of  bricks.  'Irdk  has  played  its  part.  It  is  only  by 
the  expenditure  of  immense  sums,  far  beyond  the  financial 
capacity  of  the  Turkish  Government,  that  the  ancient  canals 
could  be  restored  and  the  swamps  formed  by  them  drained. 
The  whole  land  falls  into  two  unequal  portions, — an  exten¬ 
sive  dry  steppe  with  at  any  rate  a  healthy  desert  climate, 
and  an  unhealthy  region  of  swamps.  There  is  a  good  deal 
more  agriculture  along  the  Euphrates  than  along  the  Tigris ; 
but  swamps,  with  almost  impenetrable  reed  thickets,  com¬ 
posed  of  a  kind  of  Agrostis,  are  at  the  same  time  much  more 
extensive.  The  slightly  more  elevated  districts  are  the 
special  habitat  of  the  date-palm,  which  by  itself  forms  dense 
groves  bordering  the  banks  particularly  on  the  lower  Eu¬ 
phrates,  for  a  distance  of  several  days’ journey.  This  part 
of  the  country  consequently  has  a  somewhat  monotonous  but 
in  its  own  way  imposing  aspect.  A  luxuriant  vegetation  of 
water-plants  is  to  be  found  in  the  swamps,  which  are  the 
haunt  of  numerous  wild  beasts — wild  swine,  lions,  different 
kinds  of  aquatic  animals  and  birds.  The  swamps  are  in¬ 
habited  by  a  wild  race  of  men,  dark  of  hue,  with  many 
negroes  amongst  them.  They  live  in  reed  huts,  and  culti¬ 
vate  rice ;  and  they  weave  straw  mats.  In  the  main  they 
keep  pretty  free  both  of  the  Turkish  Government  and  of 
the  semi-Bedouins  and  Bedouins  of  Irik.  The  Khazael 
especially  who  dwell  to  the  south  of  ancient  Babylon  often 
give  the  Government  trouble,  through  their  passion  for  in¬ 
dependence.  Less  turbulent  are  the  Bedouins  in  the  in¬ 
terior  of  the  country— the  Zobeid,  the  Afaij,  and  the  Abu 
Muhammed ;  but  on  the  other  hand  the  Beni  Lam  (7500 
tents  strong),  who  occupy  the  great  tract  of  country  east  of 
the  Tigris  to  the  south  of  Baghdad,  have  often  been  a  source 
of  great  annoyance  to  the  pashas  of  that  city.  A  still  more 
difficult  task  is  the  management  of  the  Shammar,  who  come 
and  pitch  their  tents  to  the  southeast  of  Baghdad  ;  and  also 
the  Muntefitch  on  the  southern  Euphrates  put  the  whole 
administrative  and  diplomatic  skill  of  the  Turkish  officials 
to  the  test.  The  Turkish  influence  has  here  made  at  one 
time  great  advance  and  at  another  lost  all  the  ground  it 
had  gained, — the  rich  and  powerful  sheikhs  of  the  Munte¬ 
fitch  sometimes  becoming  for  a  season  rulers  over  the  whole 
of  Southern  Trdk  and  even  over  the  town  of  Basra.  The 
present  writer  once  visited  the  great  sheikh  Ndsir  in  his 
camp  near  Suk-esh-Shiyukh ;  and  he  received  the  impres¬ 
sion  of  having  to  do  with  a  very  remarkable  and  astute 
personage. 

The  old  Syrian  population  of 'Irdk  has  almost  entirely 
disappeared the  few  remnants  left  are  distinguished  by  a 
special  religion,  in  regard  to  which  see  the  article  Man- 
da2 ans.  Ethnographically  the  country  is  subject  to  a 
double  influence.  On  the  one  hand  the  connection  with 
Nejd,  the  central  plateau  of  Arabia,  continues  uninter¬ 
rupted  ;  the  emigration  from  that  region  being  mainly  di¬ 
rected  towards 'Irdk  and  Jezira.  In  Baghdad  even,  the 
Agel-Bedouins  from  Central  Arabia  have  a  quarter  of  their 
own.  With  the  earnings  obtained  in  these  rich  districts 
the  emigrants  return  to  their  homes.  But  quite  as  strong 
at  least  is  the  influence  of  Persia.  Persian  customs  are  in 
fashion  ;  in  Baghdad  there  is  an  important  Persian  quarter : 
and  Kerbela  and  Meshed  'Ali  to  the  west  of  the  Euphrates 
may  be  considered  regular  Persian  “  enclaves.”  In  these 
places  are  buried  the  son-in-law  of  Mohammed,  the  caliph 
Ali,  and  his  son  Hosein  (in  Kerbela),  the  chief  saints  of  the 
Shiite  sect:  and  their  tombs  are  not  only  shrines  of  pil¬ 
grimage  to  thv  living,  but  the  dead  are  brought  by  count- 
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less  caravans  from  Persia  to  be  buried  in  ground  which 
they  have  made  holy.  The  neighborhood  of  Kerbela  reeks 
with  the  odor  of  corpses ;  and  from  the  midst  of  them  pes¬ 
tilence  has  otten  begun  its  march.  Throughout  the  whole 
of'Irjik  the  Shiites  have  many  adherents, — for  example, 
the  Khazael  already  mentioned.  Persian  influence  prevails 
on  the  Arab  population  of'Irdk,  and  the  intermingling  of 
the  races  can  still  be  very  clearly  traced ;  in  this  distant 
corner  of  the  Turkish  empire  a  more  international  tone 
prevails  than  in  any  other  district.  And,  however  small 
when  compared  with  former  times  the  commercial  and  in¬ 
tellectual  intercourse  of  various  nations  in  these  regions 
may  be  at  the  present  day,  the  attentive  observer  must 
notice  that  such  intercourse  does  still  exist,  though  within 
restricted  limits.  No  trace,  indeed,  is  to  be  found  of  that 
rich  intellectual  development  which  was  produced  in  the 
time  of  the  caliphs  through  the  reciprocal  action  of  Persian 
and  Arabic  elements.  Still  the  quickwitteduess  of  the  in¬ 
habitants  of  'Ir&k  makes  a  decided  impression  on  the  trav¬ 
eller  passing  through  Asiatic  Turkey ;  and  one  might  ven¬ 
ture  to  prophesy  that  the  country  might  to  some  extent 
recover  its  former  position  in  the  world,  especially  if  Eng¬ 
lish  influence  from  India  were  more  widely  extended,  and 
should  lead  to  the  construction  of  a  railway.  The  trade 
which  passes  through  'Irdk  is  even  now  not  unimportant; 
horses,  for  example,  are  ex*ported  in  considerable  numbers 
from  southern  'Irik  to  India.  But  it  might  be  very  much 
improved,  as  the  country,  it  is  said,  could  support  five  hun¬ 
dred  times  as  many  inhabitants  as  it  actually  contains. 
There  is  also  a  considerable  export  of  dates,  a  fruit  which 
forms  the  chief  sustenance  of  a  great  number  of  the  inhabi¬ 
tants;  and  the  breeding  of  cattle  (especially  buffaloes)  is 
extensively  carried  on.  Only  a  few  steamboats  as  yet  navi¬ 
gate  the  majestic  rivers.  Communication  by  water  is  carried 
on  by  means  of  the  most  primitive  craft.  Goods  are  trans¬ 
ported  in  the  so-called  “  terrades,”  moderately  big  high- 
built  vessels,  which  also  venture  out  into  the  Persian  Gulf 
as  far  as  Kuwet.  Passengers  are  conveyed,  especially  on 
the  Euphrates,  in  the  meshhiif,  a  very  long  and  narrow  boat, 
mostly  pushed  along  the  river  bank  with  poles.  The  Meso¬ 
potamian  “  kelleks  ” — rafts  laid  on  goatskin  bladders — come 
down  as  far  as  Baghdad,  where  round  boats  made  of  plaited 
reeds  pitched  with  asphalt  are  in  use.  At  Basra,  on  the 
other  hand,  we  see  the  “  belem,”  boats  of  a  large  size,  having 
the  appearance  of  being  hollowed  out  of  tree  trunks,  and 
partly  in  fact  so  constructed.  Throughout  'Irdk  in  general 
Indian  influence  is  partially  at  work ;  in  the  hot  summer 
months,  for  instance,  when  the  natives  live  in  underground 
apartments  (serddb),  the  Indian  punkah  is  used  in  the 
houses  of  the  rich.  As  regards  language,  the  local  Arabic 
dialect  has  evidently  been  affected  on  the  one  hand  by 
Persian,  on  the  other  by  the  Bedouin  forms  of  speech. 

See  Ritter,  Die  Erdkundevon  Asien,  2d  ed.  vol.  vii.,  10th  and  11th 
parts,  Berlin,  1843,  1844  ;  Chesney,  Expedition  for  the  Survey  of  the 
Rivers  Euphrates  and  Tigris,  2vols.,  London,  1850;  W.  Ainsworth, 
Researches  in  Assyria,  Babylonia,  and  Chaldxa,  London,  1838;  Fr. 
Delitzsch,  Wo  lag  das  Paradiesf  Leipsic,  1881.  Map:  Kiepert, 
Die  Euphrat-  und  Tigrislander,  Berlin,  1854.  (a.  so.) 

MESSENE,  the  chief  city  of  Messenia,  founded, 
under  the  auspices  of  Epaminondas,  as  a  bulwark 
against  the  Spartans.  After  the  battle  of  Leuctra 
that  general  sent  to  all  the  exiled  Messenians, — in 
Africa,  Sicily,  or  Italy, ^and  invited  them  to  return 
to  the  land  of  their  fathers.  Many  came  with  eager¬ 
ness,  and  in  369  B.c.  the  city  was  built  by  the  com¬ 
bined  army  of  Thebans  under  Epaminondas  and 
Argives  under  Epiteles,  assisted  by  the  Messenians 
themselves.  The  site  was  chosen  in  conformity  with  a 
vision  which  appeared  to  Epaminondas,  and  the  walls 
were  raised  to  the  sound  of  flutes  playing  the  airs  of 
Sacadas  and  Pronomus.  The  citadel  was  erected  on 
the  summit  of  Mount  Ithome,  and  the  city  on  its 
southern  slope  and  in  the  adjoining  valley.  City  and 
citadel  were  inclosed  by  a  wall  47  stadia  in  length. 
Near  the  centre  of  the  city  was  the  agora,  with  a 
famous  spring  called  Arsinoe,  and  various  temples 
and  statues,  amon^  the  latter  an  iron  statue  of  Epam¬ 
inondas.  The  Hierothysion  contained  many  statues 
of  gods  and  heroes,  among  them  a  bronze  statue  of 
Epaminondas.  In  the  gymnasium  were  statues  of 
Hermes,  Hercules,  and  Theseus  by  Egyptian  artists. 
In  the  stadium  was  a  bronze  statue  of  the  great  hero 
Aristomenes,  who  had  a  sepulchral  monument  else¬ 
where  in  the  city.  On  the  summit  of  the  citadel  was 
a  famous  spring  called  Clepsydra,  and  near  it  a  temple 
of  Zeus  Ithomatas,  with  a  statue  by  the  famous  Ar- 


give  artist  Ageladas,  executed  originally  for  the  Mes- 
senian  Helots  who  settled  in  Naupactus  (see  Mes- 
seiga).  It  was  in  honor  of  this  statue  that  the  festival 
of  the  Ithomaea  was  performed. 

The  situation  of  Messene  is  one  of  the  finest  and 
most  romantic  in  the  world.  The  view  of  Mount 
Ithome,  with  its  level  summit  and  its  ancient  and 
mediaeval  ruins,  as  one  issues  from  the  Langadha  Pass 
in  the  Taygetus  mountains,  is  beautiful  beyond  de¬ 
scription.  And  the  view  from  the  summit  of  the 
mountain  itself,  which  rises,  steep  and  rugged,  to  the 
height  of  2631  feet,  and  is  crowned  by  the  ruins  of 
fortifications  of  Cyclopean  workmanship,  is  enchant¬ 
ing,  hardly  equalled  by  any  other  in  Greece.  Near 
the  middle,  of  the  ruins  of  the  lower  city  stands  a 
wretched  village  named  Mavrommati  (Black  Eye),  so 
called  from  the  Turkish  name  of  the  spring  Arsinoe, 
which  still  flows  as  plentifully  as  in  the  old  days. 
These  ruins  are  the  most  imposing  in  Greece,  and  fur¬ 
nish  the  finest  existing  specimen  of  Hellenic  military 
architecture.  Almost  the  entire  circuit  of  the  ancient 
walls  can  be  traced;  and  in  some  places  they  are  stand¬ 
ing  to  their  full  height.  They  are  built  of  large  hewn 
stones  laid  in  beautifully  regular  layers  without  mortar, 
and  are  surmounted  by  towers,  of  which  there  seem  to 
have  been  originally  over  thirty.  Seven  of  these  are 
still  in  a  good  state  of  preservation,  and  bear  testimony 
to  the  thoroughness  of  the  great  enterprise  undertaken 
by  Epaminondas.  Two  gates  can  still  be  distinguished, 
one  on  the  slope  of  Mount  Ithome,  the  other  (the 
northern  or  Megalopolis  gate)  on  the  north  tride.  The 
latter  is  a  dipylon  or  double  gate,  opening  into  a  circu¬ 
lar  inclosure  62  feet  in  diameter.  The  walls  of  this 
inclosure  are  built  with  extreme  care,  and  the  soffit 
stone  of  the  inner  portal,  which  has  been  partly  moved 
from  its  place,  reminds  one  of  the  lintel  of  the  so-called 
treasury  of  Atreus  at  Mycenae.  It  is  18  ft.  8  in.  X  4  ft. 

2  in.  X  2  ft.  10  in.  Within  the  town  several  ancient 
sites  can  still  be  distinguished — the  stadium,  the 
theatre,  and  several  temples. 

MESSENIA  (in  Homer  Messene),  a  state  of  Greece, 
and  the  most  westerly  of  the  three  peninsulas  of  the 
Peloponnesus.  Its  area  is  a  little  over  1160  square 
miles.  It  is  separated  from  Elis  and  Arcadia  on  the 
north  by  the  river  Neda  and  the  Nomian  mountains, 
and  from  Laconia  on  the  east  by  the  lofty  range  of 
Taygetus.  The  other  sides  are  washed  by  the  sea, 
which  indents  its  shores  with  four  gulfs  or  bays, — 
Messenia,  Phoenicus,  Pylus,  and  Cyparissus.  On  its 
southwest  corner  are  the  (Enussae  Islands,  and  oppo¬ 
site  the  bay  of  Pylus  (Navarino)  the  famous  Sphacteria. 
The  interior  is  divided  by  mountain  chains  into  fertile 
plains,  watered  by  rivers,  the  chief  of  which  is  the 
Pamisus  (with  its  tributaries  Leucasia,  Charadrus, 
Amphitus,  and  Aris),  falling  into  the  Messenian  Gulf. 
The  great  valley  of  this  river  is  divided,  near  Mount 
Ithome,  into  two  distinct  parts,  the  plain  or  basin  of 
Stenyclarus  on  the  north,  and  the  plain  of  Macaria,  so 
called  from  its  extreme  fertility,  on  the  south.  The 
climate  is  delightful. 

The  earliest  inhabitants  of  Messenia  were  Leleges, 
whose  capital  was  at  Andania.  After  these  came 
iEolians,  whose  chief  centre  was  at  Pylus.  After 
the  Dorian  conquest  the  country  was  divided  by  Cres- 
phontes  into  five  parts,  whose  chief  cities  were  re¬ 
spectively  Stenyclarus,  Pylus,  Bhion,  Hyamia,  and 
Mesola.  The  towns  of  Messenia  were  not  numerous. 
Homer  mentions  Pylus  (the  seat  of  the  Thessalian  Ne- 
eids),  Amphigeneia  (possibly  the  same  as  Ampheia), 
Dorion,  iEpeia  (possibly  Methone),  (Echalia,  Pharae, 
Antheia  (probably  the  later  Thuria),  Pedasus,  and  Ira 
(the  later  Abia).  Other  important  towns  were  Asine, 
Corone,  Limnae,  Carnasium,  Cyparissia,  and,  finally, 
Messene. 

Of  the  history  of  Messenia  before  the  Dorian  invasion 
little  is  known,  except  a  few  fables  related  by  Pausanias. 
Two  generations  after  the  Trojan  war,  the  country  was  in¬ 
vaded  by  the  Dorians,  who  expelled  the  Neleids  and  con- 
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ferret]  the  sovereignty  upon  Crespliontes,  who  seems  to  have 
been  a  popular  king.  Perhaps  for  this  reason  he  was  put  to 
death  by  the  chiefs  along  with  all  his  sons,  except  /Epytus. 
jEpytus  was  restored  to  the  throne  by  the  Arcadians,  took 
vengeance  for  his  father’s  death,  and  became  very  popular. 
His  line  lasted  through  several  generations.  We  know  lit¬ 
tle  of  the  subsequent  history  of  Messenia  until  the  date  of 
the  Messenian  wars,  waged  against  Sparta.  The  ostensible 
and  immediate  causes  of  these  wars  are  variously  assigned ; 
but  the  true  cause  was  the  cupidity  of  Sparta.  Our  chief 
trustworthy  authority  for  the  history  of  them  is  the  old 
elegiac  poet  Tyrteeus ;  but  so  little  is  known  about  them  that 
it  is  a  matter  of  doubt  in  which  of  them  the  great  hero 
Aristomenes  won  his  fame.  The  date  of  the  first  was  from 
743  to  724,  of  the  second  from  685  to  668,  or,  according  to 
others,  from  648  to  631  B.c.  Ithome  was  the  centre  of  action 
in  the  first,  Eira  in  the  second.  The  result  of  these  wars 
was  the  complete  subjugation  of  Messenia  to  Sparta.  Its 
territory  was  parcelled  out  among  Spartans,  and  its  towns 
handed  over  to  Perioeci  and  Helots.  Many  of  the  inhabi¬ 
tants  took  refuge  in  Arcadia,  but  still  more  in  Italy  and 
Sicily.  A  very  large  number  settled  in  Ehegium,  whose 
chiefs  for  many  generations  were  of  Messenian  stock.  About 
200,000  remained  behind  in  bondage.  After  the  second  war 
a  large  number  of  Messenians  settled  on  the  Sicilian  coast 
at  Zancle,  to  which  they  subsequently  gave  the  name  Mes- 
sana  (see  Messina).  In  464  b.c.  the  Messenian  Helots, 
taking  advantage  of  an  earthquake  at  Sparta,  revolted,  and, 
though  they  were  finally  compelled  to  surrender  in  455,  they 
did  so  only  on  condition  of  being  allowed  to  retire  to  Nau- 
pactus  on  the  Corinthian  Gulf.  This  city  had  been  offered 
them  as  a  residence  by  the  Athenians,  ever  glad  to  favor  the 
foes  of  Sparta.  Here  the  Messenians  remained  for  sixty 
years,  until  the  loss  of  the  battle  of  iEgospotami  deprived  them 
of  the  protection  of  the  Athenians.  They  were  then  driven 
out,  and  had  to  find  homes  in  Cephallenia  and  Zacynthus, 
or  among  their  kinsmen  in  Ehegium  and  Messana.  Some 
even  went  to  Africa,  and  took  up  their  abode  at  Euesperidse 
or  Hesperidse,  afterwards  called  Berenice.  Things  remained 
in  this  condition  until  369  b.c.,  when  Epaminondas,  having 
broken  the  power  of  Sparta,  rent  from  her  Messenia,  and, 
collecting  from  all  quarters  the  descendants  of  the  exiled 
inhabitants,  helped  them  to  found  the  city  of  Messene 
( q.v .).  Sparta  never  gave  up  her  claim  to  Messenia,  and 
made  many  attempts  to  reconquer  it,  but  without  success. 
The  Messenians  maintained  their  independence  until  146  b.c., 
when,  with  the  Achgeans,  they  were  reduced  under  the  power 
of  Eome.  From  that  time  they  fall  into  the  background  of 
history.  In  the  Middle  Ages  the  country,  like  the  rest  of 
the  Poloponnesus,  was  largely  overrun  by  Slavic  tribes,  as 
is  shown  by  the  numerous  Slavic  local  names  occurring  in 
it.  At  the  establishment  of  Greece  as  a  kingdom,  Messenia 
was  constituted  into  a  province,  with  a  governor  or  nomarch 
residing  at  Kalamata  (officially  Kalamai),  the  ancient  Pharse. 
The  country,  though  beautiful  and  fertile,  is  still  in  a  de¬ 
plorably  backward  condition,  and  the  population  is  sparse 
and  semi-barbarous.  Agriculture  languishes,  and  the  roads 
and  bridges  are  few  and  bad.  More  deeds  of  violence  occur 
in  Messenia  than  in  any  other  part  of  Greece.  With  the 
exception  of  Kalamata,  it  contains  no  town  of  importance. 
Navarino,  on  the  Gulf  of  Pylus,  was  the  scene  of  the  de¬ 
struction  of  the  Turkish  fleet  in  1827. 

MESSIAH  (Dan.  ix.  25,  26),  Messias  (John  i.  41; 
iv.  25),  are  transcriptions  (the  first  form  modified  by 
reference  to  the  etymology)  of  the  Greek  Meooiag  (Me¬ 
diae,  Meoetag),  which  in  turn  represents  the  Aramaic 
( meshihd ),  answering  to  the  Hebrew  fTL^Di"!} 

“  the  anointed.”  1  The  Hebrew  word  with  the  article 
prefixed  occurs  in  the  Old  Testament  only  in  the  phrase 
“the  anointed  priest”  (Lev.  iv.  3,  5,  16;  vi.  22  [15]), 
but  “Jehovah’s  anointed”  is  a  common  title  of  the 
king  of  Israel,  applied  in  the  historical  books  to  Saul 
and  David,  in  Lam.  iv.  20  to  Zedekiah,  and  in  Isa.  xlv. 

1  extended  to  Cyrus.  In  the  Psalms  corresponding 
phrases  (My,  Thy,  His  anointed)'2  occur  nine  times,  to 
which  may  be  added  the  lyrical  passages  1  Sam.  ii.  10, 
Hub.  iii.  13.  In  the  intention  of  the  writers  of  these 
hymns  there  can  generally  be  no  doubt  that  it  refers 
to  the  king  then  on  the  throne,  or,  in  hymns  of  more 
general  and  timeless  character,  to  the  Davidic  king  as 

>  1  The  transcription  is  as  in  Teaaovp,  Tea-crip  for  11171,  Onomas- 

tica,  ed.  Lag.,  pp. 247,281.  Baa.  ^  ii.  3.  For  the  termination  os  for 
sn,  see  Lagarde,  Psalt.  Memph.,  p.  vir. 

2  The  plural  is  found  in  Psalm  cv.  15,  of  the  patriarchs  as 
consecrated  persons. 


such  (without  personal  reference  to  one  king) ; 3  but  in 
the  Psalms  the  ideal  aspect  of  the  kingship,  its  re¬ 
ligious  importance  as  the  expression  and  organ  of  Je¬ 
hovah’s  sovereignty,  is  prominent.  When  the  Psalter 
became  a  liturgical  book  the  historical  kingship  had 
gone  by,  and  the  idea  alone  remained,  no  longer  as  the 
interpretation  of  a  present  political  fact,  but  as  part 
of  Israel’s  religious  inheritance.  It  was  impossible, 
however,  to  think  that  a  true  idea  had  become  obso¬ 
lete  merely  because  it  found  no  expression  on  earth  for 
the  time  being;  Israel  looked  again  for  an  anointed 
king  to  whom  the  words  of  the  sacred  hymns  should 
apply  with  a  force  never  realized  in  the  imperfect  king- 
ship  of  the  past.  Thus  the  psalms,  especially  such 
psalms  as  the  second,  were  necessarily  viewed  as  pro¬ 
phetic;  and  meantime,  in  accordance  with  the  common 
Hebrew  representation  of  ideal  things  as  existing  in 
heaven,  the  true  king  remains  hidden  with  God.  The 
steps  by  which  this  result  was  reached  must,  however, 
be  considered  in  detail. 

The  hope  of  the  advent  of  an  ideal  king  was  only 
one  feature  of  that  larger  hope  of  the  salvation  of 
Israel  from  all  evils,  the  realization  of  perfect  recon¬ 
ciliation  with  Jehovah,  and  the  felicity  of  the  right¬ 
eous  in  Him,  in  a  new  order  of  things  free  from  the 
assaults  of  hostile  nations  and  the  troubling  of  the 
wicked  within  the  Hebrew  community,  which  was  con¬ 
stantly  held  forth  by  all  the  prophets,  from  the  time 
when  the  great  seers  of  the  8th  century  B.C.  first  pro¬ 
claimed  that  the  true  conception  of  Jehovah’s  relation 
to  His  people  was  altogether  different  from  what  was 
realized,  or  even  aimed  at,  by  the  recognized  civil  and 
religious  leaders  of  the  two  Hebrew  kingdoms,  and 
that  it  could  become  a  practical  reality  only  through  a 
great  deliverance  following  a  sifting  judgment  of  the 
most  terrible  kind.  The  idea  of  a  judgment  so  severe 
as  to  render  possible  an  entire  breach  with  the  guilty 
last,  and  of  a  subsequent  complete  realization  of  Je- 
lovah’s  kingship  in  a  regenerate  nation,  is  common  to 
all  the  prophets,  but  is  expressed  in  a  great  variety  of 
forms  and  images,  conditioned  by  the  present  situation 
and  needs  of  Israel  at  the  time  when  each  prophet 
spoke.  As  a  rule  the  prophets  directly  connect  the 
final  restoration  with  the  removal  of  the  sins  of  their 
own  age,  and  with  the  accomplishment  of  such  a  work 
of  judgment  as  lies  within  their  own  horizon;  to  Isaiah 
the  last  troubles  are  those  of  Assyrian  invasion,  to 
Jeremiah  the  restoration  follows  on  the  exile  to  Baby¬ 
lon;  Daniel  connects  the  future  glory  with  the  over¬ 
throw  of  the  Greek  monarchy.  The  details  of  the 
prophetic  pictures  show  a  corresponding  variation; 
but  all  agree  in  giving  the  central  place  to  the  realiza¬ 
tion  of  a  real  effective  kingship  of  Jehovah;  in  fact, 
the  conception  of  the  religious  subject  as  the  nation  of 
Israel,  with  a  national  organization  under  Jehovah  as 
king,  is  common  to  the  whole  Old  Testament,  and 
forms  the  bond  that  connects  prophecy  proper  with 
the  so-called  Messianic  psaln  ,s  and  similar  passages 
which  theologians  call  typical,  e. ,  with  such  passages 
as  speak  of  the  religious  relations  of  the  Hebrew  com¬ 
monwealth,  the  religious  meaning  of  national  institu¬ 
tions,  and  so  necessarily  contain  ideal  elements  reach¬ 
ing  beyond  the  empirical  present.  All  such  passages 
are  frequently  called  Messianic;  but  the  term  is  more 
properly  reserved  as  the  specific  designation  of  one 
particular  branch  of  the  Hebrew  hope  of  salvation, 
which,  becoming  prominent  in  post-canonical  Judaism, 
used  the  name  of  the  Messiah  as  a  technical  term 
(which  it  never  is  in  the  Old  Testament),  and  exercised 
a  great  influence  on  New  Testament  thought, — the 
term  “the  Christ”  (<$  xPltyrog)  being  itself  nothing 
more  than  the  translation  of  “the  Messiah.” 

In  the  period  of  the  Hebrew  monarchy  the  thought 
that  Jehovah  is  the  divine  king  of  Israel  was  associ¬ 
ated  with  the  conception  that  the  human  king  reigns 

3  In  Ps.  lxxxiv.  9  [10J  it  is  disputed  whether  the  anointed  one 
is  the  king,  the  priest,  or  the  nation  as  a  whole.  The  second  view 
is  perhaps  the  best. 
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V  rigJlt:  only  If  be  reigns  by  commission  or  ‘ ‘  unction  ’ ’ 
from  Him.  Sucb  was  the  theory  of  the  kingship  in 
Ephraim  as  well  as  in  Judah  (Deut.  xxxiii. ;  2  Kings 
ix.  6),  till  in  the  decadence  of  tbe  northern  state,  Amos 
(ix.  11)  foretold  the  redintegration  of  the  Davidic 
kingdom,  and  Hosea  (iii.  5;  viii.  4)  expressly  associ¬ 
ated  a  similar  prediction  with  the  condemnation  of  the 
kingship  of  Ephraim  as  illegitimate.  So  the  great 
Judaean  prophets  of  the  8th  century  connect  the  sal¬ 
vation  of  Israel  with  the  rise  of  a  Davidic  king,  full 
of  Jehovah’s  Spirit,  in  whom  all  the  energies  of  Je¬ 
hovah’s  transcendental  kingship  are,  as  it  were,  incar¬ 
nate  (Isa.  ix.  6  sq. ;  xi.  1  sq. ;  Micah  v.).  This  con¬ 
ception,  however,  is  not  one  of  the  constant  elements 
of  prophecy;  indeed,  the  later  prophecies  of  Isaiah 
take  a  different  shape,  looking  for  the  decisive  inter¬ 
position  of  Jehovah  in  the  crisis  of  history  without 
the  instrumentality  of  a  kingly  deliverer.  Jeremiah 
again  speaks  of  the  future  David  or  righteous  sprout 
of  David’s  stem  (xxiii.  5  sq. ;  xxx.  9);  and  Ezekiel 
uses  similar  language  (xxxiv.,  xxxvii.);  but  that  such 
passages  do  not  necessarily  mean  more  than  that  the 
Davidic  dynasty  shall  be  continued  in  the  time  of  res¬ 
toration  under  a  series  of  worthy  princes  seems  clear 
from  the  way  in  which  Ezekiel  speaks  of  the  prince 
in  chaps,  xlv. ,  xlvi.  As  yet  we  have  no  fixed  doctrine 
of  a  personal  Messiah,  but  only  material  from  which 
such  a  doctrine  might  by  and  by  be  drawn.  The  re¬ 
ligious  view  of  the  kingship  is  still  essentially  the  same 
as  in  2  Sam.  vii. ,  where  the  endless  duration  of  the 
Davidic  dynasty  is  set  forth  as  part  of  Jehovah’s  plan 
of  grace  to  His  nation. 

There  are  other  parts  of  the  Old  Testament — nota¬ 
bly  1  Sam.  viii.,  xii. — in  which  the  very  existence  of 
a  human  kingship  is  represented  as  a  departure  from 
the  ideal  of  a  perfect  theocracy.  And  so,  in  and  after 
the  exile,  when  the  monarchy  had  come  to  an  end,  we 
find  pictures  of  the  latter  days  in  which  its  restoration 
has  no  place.  Such  is  the  great  prophecy  of  Isa.  xl.- 
lxvi. ,  in  which  Cyrus  is  the  anointed  of  Jehovah,  and 
the  grace  promised  to  David  is  transferred  to  ideal  Is¬ 
rael^  4 4  the  servant  of  J ehovah  ” )  as  a  whole  (Isa.  lv.  3'. 
So  too  there  is  no  allusion  to  a  human  kingship  in 
Joel  or  in  Malachi;  the  old  forms  of  the  Hebrew  state 
were  broken,  and  religious  hopes  expressed  them¬ 
selves  in  other  shapes.  In  the  book  of  Daniel  it  is 
collective  Israel  that  appears  under  the  symbol  of  a 
44 son  of  man,”  and  receives  the  kingdom  (vii.  13,  18, 
22  27).  # 

Meantime,  however,  the  decay  and  ultimate  silence 
of  the  living  prophetic  word  concurred  with  the  pro¬ 
longed  political  servitude  of  the  nation  to  produce  a 
most  important  change  in  the  type  of  the  Hebrew  re¬ 
ligion.  The  prophets  had  never  sought  to  add  to  the 
religious  unity  of  their  teaching  unity  in  the.  pictorial 
form  in  which  from  time  to  time  they  depicted  the 
final  judgment  and  future  glory.  For  this  there  was 
a  religious  reason.  To  them  the  kingship  of  Jehovah 
was  not  a  mere  ideal,  but  an  actual  reality.  Its  full 
manifestation  indeed,  to  the  eye  of  sense  and  to  the 
unbelieving  world,  lag  in  the  future;  but  true  faith 
found  a  present  stay  in  the  sovereignty  of  Jehovah, 
daily  exhibited  in  providence  and  interpreted  to  each 

Seneration  by  the  voice  of  the  prophets.  And,  while 
ehovah’s  kingship  was  a  living  and  present  fact, 
it  refused  to  be  formulated  in  fixed  invariable  shape. 
But  when  the  prophets  ceased  and  their  place  was 
taken  by  the  scribes,  the  interpreters  of  the  written 
word,  when  at  the  same  time  the  yoke  of  foreign  op¬ 
pressors  rested  continually  on  the  land,  Israel  no  longer 
felt  itself  a  living  nation,  and  Jehovah’s  kingship, 
which  presupposed  a  living  nation,  found  not  even  the 
most  inadequate  expression  in  daily  political  life.  Je¬ 
hovah  was  still  the  lawgiver  of  Israel,  but  His  law  was 
written  in  a  book,  and  He  was  not  present  to  adminis- 

i  The  hopes  which  Haggai  and  Zechariah  connect  with  the 
name  of  Zerubbabel,  a  descendant  of  David,  hardly  form  an  ex¬ 
ception  to  this  statement. 


^  He  was  still  the  hope  of  Israel,  but  the  hope 
was  all  dissevered  from  the  present;  it  too  was  to  he 
le^-  un  h°°hs,  and  these  were  interpreted  of  a  future 
^hicn  was  no  longer,  as  it  had  been  to  the  prophets, 
the  ideal  development  of  forces  already  at  work  in  Is¬ 
rael,  but  wholly  new  and  supernatural.  The  present 
was  a  blank,  m  which  religious  duty  was  summed  up 
in  patient  obedience  to  the  law  and  penitent  submis- 
sion  to  the  Divine  chastisements;  the  living  realities 
ot  divine  grace  were  but  memories  of  the  past,  or  vis¬ 
ions  of  the  world  to  come.”  The  scribes,  who  in 
this  period  took  the  place  of  the  prophets  as  the 
leaders  of  religious  thought,  were  mainly  busied  with 
the  law;  but  no  religion  can  subsist  on  mere  law;  ami 
the  systematization  of  the  prophetic  hopes,  and  of 
those  more  ideal  parts  of  the  other  sacred  literature 
which,  because  ideal  and  dissevered  from  the  present, 
were  now  set  on  one  line  with  the  prophecies,  went  on 
side  by  side  with  the  systematization  of  the  law,  by 
means  of  a  harmonistic  exegesis,  which  sought  to 
gather  up  every  prophetic  image  in  one  grand  pano¬ 
rama  of  the  issues  of  Israel’s  and  the  world’s  history. 
The  beginnings  of  this  process  can  probably  be  traced 
within  the  canon  itself,  in  the  book  of  Joel  and  the 
last  chapters  of  Zechariah;2  and,  if  this  be  so,  we  see 
from  Zech.  ix.  that  the  picture  of  the  ideal  king  early 
claimed  a  place  in  such  constructions.  The  full  devel¬ 
opment  of  the  method  belongs,  however,  to  the  post- 
canonical  literature,  and  was  naturally  much  less  regu¬ 
lar  and  rapid  than  the  growth  of  the  legal  traditions 
of  the  scribes.  The  attempt  to  form  a  schematic  es¬ 
chatology  left  so  much  room  for  the  play  of  individual 
fancy  that  its  results  could  not  quickly  take  fixed  dog¬ 
matic  shape;  and  it  did  not  appeal  to  all  minds  alike  or 
equally  at  all  times.  It  was  in  crises  of  national  an¬ 
guish  that  men  turned  most  eagerly  to  the  prophecies, 
and  sought  to  construe  their  teachings  as  a  promise 
of  speedy  deliverance  in  such  elaborate  schemes  of  the 
incoming  of  the  future  glory  as  fill  the  Apocalyptic 
Literature  (q.  v.).  But  these  books,  however  influ¬ 
ential,  had  no  public  authority,  and  when  the  yoke  of 
oppression  was  lightened  but  a  little,  their  enthusiasm 
lost  much  of  its  contagious  power.  It  is  not  therefore 
safe  to  measure  the  general  growth  of  eschatological 
doctrine  by  the  apocalyptic  books,  of  which  Daniel 
alone  attained  a  canonical  position.  In  the  Apocrypha 
eschatology  has  a  very  small  place;  but  there  is  enough 
to  show  that  the  hope  of  Israel  was  never  forgotten, 
and  that  the  imagery  of  the  prophets  had  moulded 
that  hope  into  certain  fixed  forms  which  were  taken 
with  a  literalness  not  contemplated  by  the  prophets 
themselves.  It  was,  however,  only  very  gradually  that 
the  figure  and  name  of  the  Messiah  acquired  the  prom¬ 
inence  which  they  have  in  later  Jewish  doctrine  of 
the  last  things  and  in  the  official  exegesis  of  the  Tar- 
gums.  In  the  very  developed  eschatology  of  Daniel 
they  are,  as  we  have  seen,  altogether  wanting,  and  in 
the  Apocrypha,  both  before  and  after  the  Maccabee  re¬ 
vival,  the  everlasting  throne  of  David’s  house  is  a  mere 
historical  reminiscence  (Si rach  xlvii.  11;  1  Mac.  ii.  57). 
So  long  as  the  wars  of  independence  worthily  occupied 
the  energies  of  the  Palestinian  Jews,  and  the  Hasmo- 
nsean  sovereignty  promised  a  measure  of  independence 
and  felicity  under  the  law,  in  which  the  people  were 
ready  to  acquiesce,  at  least,  till  the  rise  of  a  new  pro¬ 
phet  (1  Mac.  xiv.  41),  the  hope  that  connected  itself 
with  the  house  of  David  was  not  likely  to  rise  to  fresh 
life,  especially  as  a  considerable  proportion  of  the  not 
very  numerous  passages  of  Scripture  which  speak  of 
the  ideal  king  might  with  a  little  straining  be  applied 
to  the  rising  star  of  the  new  dynasty  (comp,  the  lan¬ 
guage  of  1  Mac.  xiv.  4-15).  It  is  only  in  Alexandria, 
where  the  Jews  were  still  subject  to  the  yoke  of  the 
Gentile,  that  at  this  time  (c.  140  B.c.)we  find  the  old- 

*  See  Joel,  vol.  xiii.  p.  715,  and  Stade’s  articles  “Deutero- 
zacharja,”  Z.  f.  A  Tliche  Wiss.,  1881-82.  Compare  Dan.  ix.  2  for 
the  use  of  the  older  prophecies  in  the  solution  of  new  problems 
of  faith. 
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est  Sibylline  verses  (iii.  652  sq. )  proclaiming  the  ap¬ 
proach  of  the  righteous  king  whom  God  shall  raise 
up  from  the  East  (Isa.  xli.  2)  to  establish  peace  on 
earth  and  inaugurate  the  sovereignty  of  the  prophets 
in  a  regenerate  world.  The  name  Messiah  is  still  lack¬ 
ing,  and  the  central  point  of  the  prophecy  is  not  the 
reign  of  the  deliverer,  but  the  subjection  of  all  nations 
to  the  law  and  the  temple. 1 

With  the  growing  weakness  and  corruption  of  the 
Hasmonaean  princes,  and  the  alienation  of  a  large 
part  of  the  nation  from  their  cause,  the  hope  of  a  better 
kingship  begins  to  appear  in  Judaea  also ;  at  first  darkly 
shadowed  forth  in  the  Book  of  Enoch  (chap,  xc.), 
where  the  white  steer,  the  future  leader  of  God’s  herd 
after  the  deliverance  from  the  heathen,  stands  in  a 
certain  contrast  to  the  inadequate  sovereignty  of  the 
actual  dynasty  (the  horned  lambs);  and  then  much 
more  clearly,  and  for  the  first  time  with  use  of  the 
name  Messiah,  in  the  Psalter  of  Solomon,  the  chief 
document  of  the  protest  of  Pharisaism  against  its  ene¬ 
mies  the  later  Hasmonaeans.  The  struggle  between 
the  Pharisees  and  Sadducees,  between  the  party  of  the 
scribes  and  the  party  of  the  Hasmonaean  aristocracy,  has 
been  described  in  Israel  (vol.  xiii.  p.  434  sq.).  It 
was  a  struggle  for  mastery  between  a  secularized  hier¬ 
archy  on  the  one  hand,  to  whom  the  theocracy  was 
only  a  name,  and  whose  whole  interests  were  those  of 
their  own  selfish  politics,  and  on  the  other  hand  a 
party  to  which  God  and  the  law  were  all  in  all,  and 
whose  influence  depended  on  the  maintenance  of  the 
doctrine  that  the  exact  fulfilling  of  the  law  according 
to  the  precepts  of  the  scribes  was  the  absorbing  voca¬ 
tion  of  Israel.  This  doctrine  had  grown  up  in  the 
political  nullity  of  Judaea  under  Persian  and  Grecian 
rule,  and  no  government  that  possessed  or  aimed  at 
political  independence  could  possibly  show  constant 
deference  to  the  punctilios  of  the  schoolmen.  The 
Pharisees  themselves  could  not  but  see  that  their 
principles  were  politically  impotent ;  the  most  scrupu¬ 
lous  observance  of  the  Sabbath,  for  example— and 
this  was  the  culminating  point  of  legality — could  not 
thrust  back  the  arms  of  the  heathen.  Thus  the  party 
of  the  scribes,  when  they  came  into  conflict  with  an 
active  political  power,  which  at  the  same  time  claimed 
to  represent  the  theocratic  interests  of  Israel,  were 
compelled  to  lay  fresh  stress  on  the  doctrine  that  the 
true  deliverance  of  Israel  must  come  from  God  and 
not  from  man.  We  have  seen  indeed  that  the  legal¬ 
ism  which  accepted  Jehovah  as  legislator,  while  ad¬ 
mitting  that  his  executive  sovereignty  as  judge  and  cap¬ 
tain  of  Israel  was  for  the  time  dormant,  would  from 
the  first  have  been  a  self-destructive  position  without 
the  complementary  hope  of  a  future  vindication  of  di¬ 
vine  justice  and  mercy,  when  the  God  of  Israel  should 
return  to  reign  over  his  people  for  ever.  Before  the 
Maccabee  revival  the  spirit  of  nationality  was  so  dead 
that  this  hope  lay  in  the  background ;  the  ethical 
and  devotional  aspects  of  religion  under  the  law  held 
the  first  place,  and  the  monotony  of  political  servitude 
gave  little  occasion  for  the  observation  that  a  true 
national  life  requires  a  personal  leader  as  well  as  a 
written  law.  But  now  tne  Jews  were  a  nation  once 
more,  and  national  ideas  came  to  the  front.  In  the 
Hasmonaean  sovereignty  these  ideas  took  a  political 
form,  and  the  result  was  the  secularization  of  the 
kingdom  of  God  for  the  sake  of  a  harsh  and  rapacious 
aristocracy.  The  nation  threw  itself  on  the  side  of 
the  Pharisees;  but  it  did  so  in  no  mere  spirit  of  punc¬ 
tilious  legalism,  but  with  the  ardor  of  a  national  en¬ 
thusiasm  deceived  in  its  dearest  hopes,  and  turning 
for  help  from  the  delusive  kingship  of  the  Hasmonaeans 
to  the  true  kingship  of  Jehovah,  and  to  His  vicegerent 
the  king  of  David  A  house.  It  is  in  this  connection 
that  the  doctrine  and  name  of  the  Messiah  appear  in 
the  Psalter  of  Solomon.  The  eternal  kingship  of  the 
house  of  David,  so  long  forgotten,  is  seized  on  as  the 
proof  that  the  Hasmonaeans  have  no  divine  right. 

1  In  SSbyll.,  iii.  775,  vr>6v  must  undoubtedly  be  read  for  viov. 


“  Thou,  Lord,  art  our  king  for  ever  and  ever.  .  .  .  Thou 
didst  choose  David  as  king  over  Israel,  and  swarest  unto  him 
concerning  his  seed  for  ever  that  his  kingship  should  never 
fail  before  Thee.  And  for  our  sins  sinners  (the  Hasmo- 
nseans)  have  risen  up  over  us,  taking  with  force  the  kingdom 
which  Thou  didst  not  promise  to  them,  profaning  the 
throne  of  David  in  their  pride.  But  Thou,  O  Lord,  will  cast 
them  down  and  root  out  their  seed  from  the  land,  when  a 

man  not  of  our  race  (Pompey)  rises  up  against  them . 

Behold,  O  Lord,  and  raise  up  their  king,  the  Son  of  David 
at  the  time  that  Thou  hast  appointed,  to  reign  over  Israel 
Thy  servant;  and  gird  him  with  strength  to  crush  unjust 
rulers ;  to  cleanse  Jerusalem  from  the  heathen  that  tread  it 
under  foot,  to  cast  out  sinners  from  Thy  inheritance ;  to 
break  the  pride  of  sinners  and  all  their  strength  as  potter’s 
vessels  with  a  rod  of  iron  (Ps.  ii.  9) ;  to  destroy  the  lawless 
nations  with  the  word  of  his  mouth  (Isa.  xi.  4) ;  to  gather  a 

holy  nation  and  lead  them  in  righteousness . He  shall 

divide  them  by  tribes  in  the  land,  and  no  stranger  and  for¬ 
eigner  shall  dwell  with  them ;  he  shall  judge  the  nations  in 
wisdom  and  righteousness.  The  heathen  nations  shall  serve 
under  his  yoke ;  he  shall  glorify  the  Lord  before  all  the 
earth,  and  cleanse  Jerusalem  in  holiness  as  in  the  begin¬ 
ning.  From  the  ends  of  the  earth  all  nations  shall  come  to 
see  his  glory  a*d  bring  the  weary  sons  of  Zion  as  gifts  (Isa. 
lx.  3  sq.) ;  to  see  the  glory  of  the  Lord  with  which  God  hath 
crowned  him,  for  he  is  over  them  a  righteous  king  taught  of 
God.  In  his  days  there  shall  be  no  unrighteousness  in  their 
midst;  for  they  are  all  holy,  and  their  king  the  anointed  of 
the  Lord  (xptords  svpio^,  mistranslation  of  PIliT  ITtyD).  He 
shall  not  trust  on  horses  and  riders  and  bowmen,  nor  heap 
up  gold  and  silver  for  war,  nor  put  his  confidence  in  a  mul¬ 
titude  for  the  day  of  war.  ‘  The  Lord  is  king,’  that  is  his 

hope . He  is  pure  from  sin  to  rule  a  great  people,  to 

rebuke  governors  and  destroy  sinners  by  his  mighty  word. 
In  all  his  days  he  is  free  from  offence  against  his  God,  for 

He  hath  made  him  strong  by  the  Holy  Spirit . His 

hope  is  in  the  Lord ;  who  can  do  aught  against  him  ?  Strong 
in  deeds  and  mighty  in  the  fear  of  the  Lord,  he  feedeth  the 
flock  of  the  Lord  in  truth  and  righteousness,  and  suffereth 

not  one  of  them  to  stumble  in  the  pasture . So  it  be- 

seemeth  the  king  of  Israel  whom  God  hath  chosen  to  lead 

the  house  Israel . God  hasten  His  mercy  on  Israel 

to  deliver  them  from  the  uncleanness  of  profane  foes.  The 
Lord  is  our  king  for  ever  and  ever.” — Psalt.  Sol.  xvii. 

This  conception  is  traced  in  lines  too  firm  to  be  those 
of  a  first  essay ;  it  had  doubtless  grown  up  as  an  in¬ 
tegral  part  of  the  religious  protest  against  the  Has¬ 
monaeans.  And  while  the  polemical  motive  is  obvious, 
and  the  argument  from  prophecy  against  the  legiti¬ 
macy  of  a  non-Davidic  dynasty  is  quite  in  the  manner 
of  the  scribes,  the  spirit  of  theocratic  fervor  which  in¬ 
spires  the  picture  of  the  Messiah  is  broader  and  deeper 
than  their  narrow  legalism.  In  a  word,  the  Jewish  doc¬ 
trine  of  the  Messiah  marks  the  fusion  of  Pharisaism 
with  the  national  religious  feeling  f  the  Maccabee 
revival.  It  is  this  national  feeling  that,  claiming  a 
leader  against  the  Romans  as  well  as  deliverance  from 
the  Sadducee  aristocracy,  again  sets  the  idea  of  the 
kingship  rather  than  that  of  resurrection  and  individ¬ 
ual  retribution  in  the  central  place  which  it  had  lost 
since  the  captivity.  Henceforward  the  doctrine  of  the 
Messiah  is  at  once  the  centre  ofpopular  hope  and  the 
object  of  theological  culture.  The  New  Testament  is 
the  best  evidence  of  its  influence  on  the  masses  (see 
especially  Matt.  xxi.  9) ;  and  the  exegesis  of  the  Tar- 

Sns,  which  in  its  beginnings  doubtless  reaches  back 
d re  the  time  of  Christ,  shows  how  it  was  fostered 
by  the  Rabbins  and  preached  in  the  synagogues.2  Its 
diffusion  far  beyond  Palestine,  and  in  circles  least  ac¬ 
cessible  to  such  ideas,  is  proved  by  the  fact  that  Philo 
himself  ( De  Proem,  et  roen.,  \  16)  gives  a  Messianic 
interpretation  of  Num.  xxiv.  27  (LXX.).  It  must  not 
indeed  be  supposed  that  the  doctrine  was  as  yet  the 
undisputed  part  of  Hebrew  faith  which  it  became  when 
the  fall  of  tne  state  and  the  antithesis  to  Christianity 
threw  all  Jewish  thought  into  the  lines  of  the  Phari¬ 
sees.  It  has,  for  example,  no  place  in  the  Assumptia 
Mosis  or  the  Book  of  Jubilees.  But,  as  the  fatal 
struggle  with  Rome  became  more  and  more  imminent, 
the  eschatological  hopes  which  increasingly  absorbed 

*  The  Targumic  passages  that  speak  of  the  Messiah  are  regis¬ 
tered  by  Buxtorf,  Lex.  Chald..  s.  v. 
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the  Hebrew  mind  all  group  themselves  round  the  per¬ 
son  of  the  Messiah.  In  the  later  parts  of  the  Book  of 
Enoch  (the  “symbols”  of  chaps,  xlv.  sq.)  the  judg¬ 
ment  day  of  the  Messiah  (identified  with  Daniels 
“  Son  of  Man  ”)  stands  in  the  forefront  of  the  escha¬ 
tological  picture.  Josephus  ( B .  J  vi.  5,  \  4)  testifies 
that  the  belief  in  the  immediate  appearance  of  the  Mes¬ 
sianic  king  gave  the  chief  impulse  to  the  war  that  ended 
in  the  destruction  of  the  Jewish  state  ;  after  the  fall 
of  the  temple  the  last  apocalypses  ( Baruch ,  4  Ezra ) 
still  loudly  proclaim  the  near  victory  of  the  God-sent 
king;  and  Bar  Cochebas,  the  leader  of  the  revolt 
against  Hadrian,  was  actually  greeted  as  the  Messiah 
by  Rabbi  Akiba  (comp.  Luke  xxi.  8).  These  hopes 
were  again  quenched  in  blood  ;  the  political  idea  of  the 
Messiah,  the  restorer  of  the  Jewish  state,  still  finds 
utterance  in  the  daily  prayer  of  every  Jew  (the 
Slimone  Esre ),  and  is  enshrined  in  the  system  of 
Rabbinical  theology  ;  but  its  historical  significance  was 
buried  in  the  ruins  of  Jerusalem.1 

But  the  proof  written  in  fire  and  blood  on  the  fair 
face  of  Palestine  that  the  true  kingdom  of  God  could 
not  be  realized  in  the  forms  of  an  earthly  state,  and 
under  the  limitations  of  national  particularism,  was  not 
the  final  refutation  of  the  hope  of  the  Old  Testament. 
Amidst  the  last  convulsions  of  political  Judaism  a  new 
and  spiritual  conception  of  the  kingdom  of  God,  of 
salvation,  and  of  the  Saviour  of  God  s  anointing,  had 
shaped  itself  through  the  preaching,  the  death,  and 
the  resurrection  of  Jesus  of  Nazareth.  As  applied  to 
Jesus  the  name  of  Messiah  lost  all  its  political  and 
national  significance,  for  his  victory  over  the  world, 
whereby  He  approved  himself  the  true  captain  of  sal¬ 
vation,  was  consummated,  not  amidst  the  flash  of 
earthly  swords  or  the  lurid  glare  of  the  lightnings  of 
Elias,  but  in  the  atoning  death  through  which  He 
entered  into  the  heavenly  glory.  Between  the  Mes¬ 
siah  of  the  Jews  and  the  Son  of  Man  who  came  not  to 
be  ministered  to  but  to  minister,  and  to  give  his  life  a 
ransom  for  many,  there  was  on  the  surface  little  re¬ 
semblance  ;  and  from  their  standpoint  the  Pharisees 
reasoned  not  amiss  that  the  marks  of  the  Messiah 
were  conspicuously  absent  from  this  Christ.  But 
when  we  look  at  the  deeper  side  of  the  Messianic  con¬ 
ception  in  the  Psalter  of  Solomon ,  at  the  heartfelt 
longing  for  a  leader  in  the  way  of  righteousness  and 
acceptance  with  God  which  underlies  the  aspirations 
after  political  deliverance,  we  see  that  it  was  in  no 
mere  spirit  of  accommodation  to  prevailing  language 
that  Jesus  did  not  disdain  the  name  in  which  all  the 
hopes  of  the  Old  Testament  were  gat  hered  up.  The 
kingdom  of  God  is  the  centre  of  all  spiritual  faith, 
and  the  perception  that  that  kingdom  can  never 
be  realized  without  a  personal  centre,  a  representa¬ 
tive  of  God  with  man  and  man  with  God,  was  the 
thought,  reaching  far  beyond  the  narrow  range  of 
Pharisaic  legalism,  which  was  the  last  lesson  of  the 
vicissitudes  of  the  Old  Testament  dispensation,  the 
spiritual  truth  that  lay  beneath  that  last  movement  of 
Judaism  which  concentrated  the  hope  of  Israel  in  the 
person  of  the  anointed  of  Jehovah. 

It  would  carry  us  too  far  to  consider  in  this  place  the  de¬ 
tails  of  the  Jewish  conception  of  the  Messiah  and  the  Mes¬ 
sianic  times  as  they  appear  in  the  later  apocalypses  or  in 
Rabbinical  theology.  See  for  the  former  the  excellent  sum¬ 
mary  of  Schiirer,  NTliche  Zeitgeschichte,  %  28,  29  (Leipsic, 
1874),  and  for  the  latter,  besides  the  older  books  catalogued 

1  False  Messiahs  have  continued  from  time  to  time  to  appear 
among  the  Jews.  Such  was  Serenus  of  Syria  ( circa  720  a.d.). 
Soon  after,  Messianic  hopes  were  active  at  the  time  of  the  fall  of 
the  Omayyads,  and  led  to  a  serious  rising  under  Abu  'Isa  of 
Ispahan,  who  called  himself  forerunner  of  the  Messiah.  The 
false  Messiah  David  Alrui  (Alroy)  appeared  among  the  warlike 
Jews  in  Azerbijan  in  the  middle  of  the  12th  century.  The  Mes¬ 
sianic  claims  of  Abraham  Abulafia  of  Saragossa  (born  1240)  had 
a  cabalistic  basis,  and  the  same  studies  encouraged  the  wildest 
hopes  at  a  later  time.  Thus  Abarbanel  calculated  the  coming 
of  the  Messiah  for  1503  a.d.;  the  year  1500  was  in  many  places 
observed  as  a  preparatory  season  of  penance  ;  and  throughout  the 
16th  century  the  Jews  were  much  stirred  and  more  than  one 
false  Messiah  appeared.  For  the  false  Messiah  Sabbathai,  see 
Vol.  xiii.  p.  691. 


(°f  which  Schoettgen,  Horse,  1742,  and  Bert- 
r  >  Chnstologia  Judseorum,  1811,  may  be  especially  named), 
Weber,  Altsynagogale  Theologie  (Leipsic,  1880).  For  the 
whole  subject  see  also  Drummond,  The  Jewish  Messiah  (Lon- 
(*on>  and  Kuenen,  Religion  of  Israel,  chap.  xii.  For 

the  Messianic  hopes  of  the  Pharisees  and  the  Psalter  of  Solo- 
see  especially  Wellhausen,  Pharisaer  und  Sadducaer 
( trriefswald,  1874).  In  its  ultimate  form  the  Messianic 
hope  of  the  Jews  is  the  centre  of  the  whole  eschatology, 
embracing  the  doctrine  of  the  last  troubles  of  Israel  (called  by 
the  Rabbins  the  “  birth  pangs  of  the  Messiah  ”),  the  appearing 
of  the  anointed  king,  the  annihilation  of  the  hostile  enemy, 
the  return  of  the  dispersed  of  Israel,  the  glory  and  world- 
sovereignty  of  the  elect,  the  new  world,  the  resurrection  of 
the  dead,  and  the  last  judgment.  But  even  the  final  form  of 
Jewish  theology  shows  much  vacillation  as  to  these  details, 
especially  as  regards  their  sequence  and  mutual  relation, 
thus  betraying  the  inadequacy  of  the  harmonistic  method 
by  which  they  were  derived  from  the  Old  Testament 
and  the  stormy  excitement  in  which  the  Messianic  idea 
was  developed.  It  is,  for  example,  an  open  question  among 
the  Rabbins  whether  the  days  of  the  Messiah  belong  to  the 
old  or  to  the  new  world  (Hin  Dbiyn  or  K3H  DblJlH),  whether 
the  resurrection  embraces  all  men  or  only’ the’  righteous, 
whether  it  precedes  or  follows  the  Messianic  age.  Compare 
Millennium. 

We  must  also  pass  over  the  very  important  questions 
that  arise  as  to  the  gradual  extrication  of  the  New  Testa¬ 
ment  idea  of  the  Christ  from  the  elements  of  Jewish  politi¬ 
cal  doctrine  which  had  so  strong  a  hold  of  many  of  the  first 
disciples — the  relation,  for  example,  of  the  New  Testament 
Apocalypse  to  contemporary  Jewish  thought.  A  word, 
however,  is  neccessary  as  to  the  Rabbinical  doctrine  of  the 
Messiah  who  suffers  and  dies  for  Israel,  the  Messiah  son  of 
Joseph  or  son  of  Ephraim,  who  in  Jewish  theology  is  distin¬ 
guished  from  and  subordinate  to  the  victorious  son  of  David. 
The  developed  form  of  this  idea  is  almost  certainly  a  pro¬ 
duct  of  the  polemic  with  Christianity,  in  which  the  Rab¬ 
bins  were  hard  pressed  by  arguments  from  passages  (espe¬ 
cially  Isa.  liii.)  which  their  own  exegesis  admitted  to  be 
Messianic,  though  it  did  not  accept  the  Christian  inferences 
as  to  the  atoning  death  of  the  Messianic  king.  That  the 
Jews  in-the  time  of  Christ  believed  in  a  suffering  and  aton¬ 
ing  Messiah  is,  to  say  the  least,  unproved  and  highly  im¬ 
probable.  See  besides  the  books  above  cited,  De  Wette, 
Opuscula ;  Wiinsche,  Die  Leiden  des  Messias,  1870.  The 
opposite  argument  of  King,  The  Yalkut  on  Zechariah  (Cam¬ 
bridge,  1882),  App.  A,  does  not  really  prove  more  than  that 
the  doctrine  of  the  Messiah  Ben  Joseph  found  points  of  at¬ 
tachment  in  older  thought.  (w.  R.  s.) 

MESSINA,  a  city  and  seaport  at  the  northeast 
corner  of  Sicily,  capital  of  the  province  of  the  same 
name,2  is  situated  on  the  Straits  of  Messina  (at  this 
point  about  4  miles  wide),  8  miles  northwest  of  Reg¬ 
gio  and  130  miles  east  by  north  of  Palermo,  in  38°  15' 
N.  lat.,  15°  30/  E.  long.  The  town  is  built  between  the 
sea  and  a  range  of  sharp  and  rugged  hills,  called  the  Din- 
namare,  3707  feet  at  tneir  highest  point.  It  runs  in  a 
semicircle  round  the  harbor,  and  presents  a  pictur¬ 
esque  appearance  from  the  sea,  as  the  houses  rise  in  tiers 
upon  the  slope  of  a  hill,  and  behind  are  the  wooded 
mountains. 

Messina  is  the  second  town  of  Sicily  in  importance 
and  in  size.  Its  population  was  97,074  in  1850, 1 1 1,854 
in  1871,  and  149,778  in  1901.  It  is  an  archiepiscopal 
see,  and  has  a  university,  founded  by  the  J esuits  in 
1548,  with  a  public  library  of  56,000  volumes. 

The  excellence  of  its  harbor  makes  Messina  an  im¬ 
portant  trading  town.  The  harbor  is  formed  by  a 
tongue  of  low  land  which  runs  out  from  the  shore  in 
the  form  of  a  sickle,  and  incloses  a  round  basin,  open 
to  the  north  only,  where  the  entrance  channel  is  about 
500  yards  wide.  This  basin  is  1  k  miles  in  circumfer¬ 
ence,  and  is  of  such  depth  that  the  largest  vessels  are 
able  to  use  it.  It  is  estimated  that  1300  steamers, 
with  a  total  of  1,000,000  tons  burthen,  and  9000  sail¬ 
ing  ships,  with  a  total  of  500,000  tons  burthen,  enter 
the  port  yearly.  The  exports  of  Messina  consist 
chiefly  of  oranges,  lemons,  raisins,  wine,  oil,  liquorice, 

2  The  province  occupies  the  northeast  corner  of  the  island, 
and  is  60  miles  in  length  by  30  in  breadth.  It  is  chiefly  occupied 
with  mountain  ranges  and  valleys ;  there  are  few  plains.  The 
largest  river  is  the  Alcantara.  The  chief  towns  are  Messina, 
Castroreale,  Mistretta,  Patti,  and  Milazzo.  The  population  in 
1854  was  380,279,  in  1871  420,649,  and  in  1881  467,233- 
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and  hides.  There  is  no  prominent  manufacture ;  but 
silk  stuffs  are  made  in  considerable  quantities.  Many 
of  the  inhabitants  are  engaged  in  fishing,  chiefly  lor 
tunny.  Sword-fish  also  are  captured  with  the  harpoon 
in  the  Straits  during  July  and  August.  Coral  fishery 
is  a  trade  of  the  people.  The  hills  behind  Messina 
produce  a  strong  dark  wine,  inferior  to  that  which  is 
made  in  other  parts  of  the  island. 

Messina  has  tew  buildings  of  importance  or  antiquity. 
The  sieges  and  earthquakes  from  which  the  town  has 
suffered  destroyed  most  of  its  monuments.  After  the 
great  earthquake  in  1783  the  city  was  almost  entirely 
rebuilt.  The  cathedral,  the  principal  building,  is  a 
church  of  the  Norman  period.  It  was  begun  in  1098 
by  Count  Roger  I. ,  and  finished  by  bis  son  Roger  II. 
The  church  is  in  the  form  of  a  Latin  cross, /305  feet 
long  and  145  feet  wide  in  the  transepts.  The  lower 
half  of  the  facade  is  incrusted  with  slabs  of  red  and 
white  marble.  It  has  three  Gothic  portals,  with 
pointed  arches  and  rich  ornamentation,  belonging  to 
the  period  of  the  Anjou  dynasty.  The  nave  contains 
twenty-six  columns  of  Egyptian  granite,  said  to  have 
been  brought  from  an  ancient  temple  of  Poseidon 
which  stood  near  the  Faro.  The  mosaics  of  the  apses 
date  from  the  year  1330.  In  the  choir  are  the  sar¬ 
cophagi  of  the  emperor  Conrad  IY.  (d.  1254),  of 
Alphonso  the  Generous  (d.  1458),  and  of  Antonia, 
widow  of  Frederick  III.  of  Aragon.  In  1254  the 
cathedral  was  seriously  damaged  by  fire ;  in  1 559  the 
campanile  was  burned  down;  in  1783  the  earthquake 
overthrew  the  campanile  and  the  transept.  The  build¬ 
ing  therefore  offers  a  mixture  of  styles, — first  Norman, 
then  Gothic,  then  Early  Renaissance,  finally  Barocco 
and  Modern  Gothic. 

The  history  of  Messina  begins  very  early.  It  is  said  to 
have  been  founded,  on  the  site  of  a  more  ancient  Sicilian 
town,  by  pirates  from  Cumae,  in  732  b.c.  It  took  its  earlier 
name  of  Zancle  (a  sickle)  from  the  shape  of  its  harbor.  The 
number  of  its  inhabitants  was  increased  by  an  influx  of 
Chalcidians  under  Cratsemenes ;  and  in  649  B.c.  the  town 
was  sufficiently  prosperous  and  populous  to  establish  a 
colony  at  Himera.  The  Samians  occupied  Zancle  for  a 
short  time  after  Miletus  had  been  captured  by  the  Persians 
in  494  B.c.  In  the  following  year  the  city  fell  into  the 
hands  of  Anaxilas,  tyrant  of  Ehegium,  who  introduced  a 
population  of  Messenians,  from  Messenia  in  the  Peloponne¬ 
sus  ;  and  they  changed  the  name  of  the  place  to  Messana,  in 
the  Doric  pronunciation,  to  remind  them  of  their  father- 
land.  The  sons  of  Anaxilas  were  expelled  from  the  govern¬ 
ment  of  Messina  in  466  B.c.,  and  a  republic  established ;  and 
this  government  was  continued  until  Messina  fell  into  the 
hands  of  the  Carthaginians  during  their  wars  with  Dionysius 
the  elder  of  Syracuse  (396  b.c.).  The  Carthaginians  destroyed 
the  city;  hut  Dionysius  recaptured  and  rebuilt  it. 
During  the  next  fifty  years  Messina  changed  mastere  several 
times,  till  Timoleon  finally  expelled  the  Carthaginians  in 
343  b.c.  In  the  wars  between  Agathocles  of  Syracuse  and 
Carthage,  Messina  took  the  side  of  the  Carthaginians. 
Agathocles’s  mercenaries,  the  Mamertines,  treacherously 
seized  the  town  in  288  b.c.  and  held  it.  They  came  to  war 
with  Hiero  II.  of  Syracuse,  after  Agathocles’s  death ;  and 
Hiero’s  allies,  the  Carthaginians,  helped  him  to  reduce  Mes¬ 
sina.  The  Mamertines  appealed  for  help  to  Eome,  which 
was  granted,  and  this  led  to  a  collision  between  Eome  and 
Carthage,  which  ended  in  the  First  Punic  War.  At  the  close 
of  that  war,  in  241  B.c.,  Messina  became  a  possession  of  the 
Eomans.  During  the  civil  wars  which  followed  the  death 
of  Julius  Caesar,  Messina  held  with  Sextus  Pompeius ;  and 
in  35  B.c.  it  was  sacked  by  Octavian’s  troops.  After  Octa- 
vian’s  proclamation  as  emperor  he  founded  a  colony  here ; 
and  Messina  continued  to  flourish  as  a  trading  port.  In  the 
division  of  the  Eoman  empire  it  belonged  to  the  emperors 
of  the  East;  and  in  547  a.d.  Belisarius  collected  his  fleet 
here  before  crossing  into  Calabria.  The  Saracens  took  the 
city  in  831  a.d.  ;  and  in  1061  it  was  the  first  permanent 
conquest  made  in  Sicily  by  the  Normans  under  Eoger 
d’Hauteville.  In  1190  Eichard  Cceur  de  Lion  wdth  his 
crusaders  passed  six  months  in  Messina.  He  fell  out  with 
Tancred,  the  last  of  the  Hauteville  dynasty,  and  sacked  the 
town.  In  1194  the  city,  with  the  rest  of  Sicily,  passed  to 
the  house  of  Hohenstaufen  under  the  emperor  Henry  VI., 
who  died  there  in  1197.  At  the  time  of  the  Sicilian  Vespers 
(1282),  which  drove  the  French  out  of  Sicily,  Messina  bravely 
defended  itself  against  Charles  of  Anjou,  and  repulsed  his 
attack.  Peter  I.  of  Aragon,  through  his  commander  Eug- 


giero  di  Loria,  defeated  the  French  off  the  Faro ;  and  from 
1282  to  1713  Messina  remained  a  possession  of  the  Spanish 
royal  house.  In  1571  the  fleet  fitted  out  by  the  Holy  League 
against  the  Turk  assembled  at  Messina,  and  in  the  same 
year  its  commander,  Don  John  of  Austria,  celebrated  a  tri¬ 
umph  in  the  city  for  his  victory  at  Lepanto.  Don  John’s 
statue  stands  in  the  Piazza  dell’  Annuziata.  For  one  hun¬ 
dred  years,  thanks  to  the  favors  and  the  concessions  of 
Charles  V.,  Messina  enjoyed  great  prosperity.  But  the 
internal  quarrels  between  the  Merli,  or  aristocratic  faction, 
and  the  Malvezzi,  or  democratic  faction,  fomented  as  they 
were  by  the  Spaniards,  helped  to  ruin  the  city  (1671-78). 
The  Messinians  suspected  the  Spanish  court  of  a  desire  to 
destroy  the  ancient  senatorial  constitution  of  the  city,  and 
sent  to  France  to  ask  the  aid  of  Louis  XIV.  in  their  resist¬ 
ance.  Louis  dispatched  a  fleet  into  Sicilian  waters,  and  the 
French  occupied  the  city.  The  Spaniards  replied  by  appeal¬ 
ing  to  Holland,  who  sent  a  fleet  under  Euyter  into  the 
Mediterranean.  The  French  admiral,  Duquesne,  defeated 
the  combined  fleet  of  Spain  and  Holland,  but,  notwithstand¬ 
ing  this  victory,  the  French  suddenly  abandoned  Messina 
in  1678,  and  the  Spanish  occupied  the  town  once  more.  The 
senate  was  suppressed,  and  Messina  lost  its  privileges.  This 
was  fatal  to  the  importance  of  the  city,  and  it  never  recov¬ 
ered.  In  1743  the  plague  carried  off  40,000  inhabitants. 
The  city  wTas  partially  destroyed  by  earthquake  in  1783. 
During  the  revolution  of  1848  against  the  Bourbons  of 
Naples,  Messina  was  bombarded  for  three  consecutive  days. 
In  1854  the  deaths  from  cholera  numbered  about  15,000. 
Garibaldi  landed  in  Sicily  in  1860,  and  Messina  was  the  last 
city  in  the  island  taken  from  the  Bourbons  and  made  a  part 
of  united  Italy  under  Victor  Emmanuel. 

Messina  was  the  birthplace  of  the  following  celebrated , 
men;  Dicsearchus,  the  historian  (cir.  322  B.c.);  Aristocles, 
the  Peripatetic  j1  Euhemerus,  the  rationalist  (dr.  316  b.c.)  ; 
Stefano  Protonotario,  Mazzeo  di  Eicco,  and  Tommaso  di 
Sasso,  poets  of  the  court  of  Frederick  II.  (1250  a.d.);  and 
Autonello  da  Messina,  the  painter  (1447-99),  five  of  whose 
works  are  preserved  in  the  university  gallery.  During  the 
15th  century  the  grammarian  Constantine  Lascaris  taught 
in  Messina;  and  Bessarion  was  for  a  time  archimandrite 
there. 

METALLURGY,  a  branch  of  applied  science  whose 
object  is  to  describe  and  scientifically  criticize  the 
methods  used  industrially  for  the  extraction  of  metals 
from  their  ores.  Of  the  large  number  of  metals 
enumerated  in  the  handbooks  of  chemistry,  the  vast 
majority,  of  course,  lie  outside  its  range ;  but  it  is 
perhaps  as  well  for  us  to  point  out  that  in  metallurgic 
discussions  even  the  term  “metallic,”  as  applied  to 
compounds,  has  a  restricted  meaning,  being  exclusive 
of  all  the  light  metals,  although  one  of  these,  namely 
aluminium,  is  being  manufactured  industrially.  The 
following  table  enumerates  in  the  order  of  their  im¬ 
portance  the  metals  which  our  subject  at  present  is 
understood  to  include  ;  the  second  column  in  each  case 
gives  the  chemical  characters  of  the  native  compounds 
utilized,  italics  indicating  ores  of  subordinate  import¬ 
ance.  The  term  “oxide  ”  must  be  understood  to 
include  carbonate,  hydrate,  and  occasionally  (when 
marked  in  the  table  with  *)  silicate. 


Metal. 

Iron . . 

Copper . 

Silver . 

Gold . 

Lead . 

Zinc . 

Tin ./ . 

Mercury . 

Antimony . 

Bismuth  . 

Nickel  and  cobalt 


Character  of  Ores. 

...  Oxides,  sulphide. 
f  Complex  sulphides, also  oxides, 
(  metal. 

|  Sulphide  and  reguline  metal, 
(  chloride. 

...Eeguline  metal. 

(  Sulphide  and  basic -carbon ate, 
1  sulphate,  etc. 

..Sulphide,  oxide.'* 

...Oxide. 

..Sulphide,  reguline  metal. 
...Sulphide. 

...Eeguline  metal. 

...Arsenides. 


Platinum  and  platinum  metalsEeguline. 

Aluminium . Oxide,®  sodio-fluoride. 

We  have  separated  the  last  two  from  the  rest  because 
the  methods  used  for  their  preparation  are  more  of  the 
character  of  laboratory  operations,  and  because  we  do 
not  mean  to  include  these  in  our  general  exposition  of 

1  Aristocles  lived  in  the  second  century  a.d.,  and  was  the  pre¬ 
ceptor  of  the  emperor  Septimius  Severus. 
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metallurgic  principles.  The  history  of  metallurgy,  up 
to  the  most  recent  times,  is  obscure.  It  is  only  since 
about  the  beginning  of  this  century  that  the  art  has 
come  to  be  at  all  scientifically  criticized ;  and  in  the 
case  of  the  most  important  processes  all  that  science 
has  been  able  to  do  has  been  merely  to  put  her  stamp 
upon  what  experience  has  long  found  to  be  right. 
Great  and  brilliantly  successful  scientific  efforts  in  the 
synthetic  line  are  not  wanting,  but  they  all  belong  to 
recent  times.  Science,  by  its  very  nature,  aims  at 
publicity ;  empiricism  at  all  times  has  done  the  reverse ; 
hence  a  history  of  the  development  of  the  art  of 
metallurgy  does  not  and  cannot  exist.  A  few  histori¬ 
cal  notes  on  the  discovery  of  certain  of  the  useful 
metals  are  given  in  the  introduction  to  Metals  ( q.v .) 

General  Sequence  of  Operations. — Occasionally 
metallic  ores  present  themselves  in  the  shape  of  practi¬ 
cally  pure  compact  masses,  from  which  the  accompany¬ 
ing  matrix  or  “  gangue  ”  can  be  detached  by  hand  and 
hammer.  But  this  is  a  rare  exception.  In  most  cases 
the  “ore,”  as  it  comes  out  of  the  mine,  is  simply  a 
mixture  of  ore  proper  and  gangue,  in  which  the  latter 
not  unfrequently  predominates  so  much  that  it  is  not 
the  gangue  but  the  ore  that  really  occupies  the  position 
of  what  the  chemist  would  call  the  impurity.  Hence, 
in  general,  it  is  necessary,  or  at  least  expedient,  to 
purify  the  ore  as  such  before  the  liberation  of  the 
metal  is  attempted.  Most  metallic  ores  are  specifically 
heavier  than  the  impurities  accompanying  tnem,  and 
their  purification  may  be  (and  generally  is)  effected 
by  reducing  the  crude  ore  to  a  fine  enough  powder  to 
detach  the  metallic  from  the  earthy  part,  and  then 
washing  away  the  latter  by  a  current  of  water,  as  far 
as  possible.  In  the  case  of  a  “reguline  ”  ore,  such  as 
auriferous  quartz,  for  instance,  the  ore  thus  concen¬ 
trated  may  consist  substantially  of  the  metal  itself,  and 
require  only  to  be  melted  down  and  cast  into  ingots  to 
be  ready  for  the  market.  This,  however,  is  a  rare  case, 
the  vast  majority  of  ores  being  chemical  compounds, 
which  for  the  extraction  of  their  metals  demand  chemi¬ 
cal  treatment.  The  chemical  operations  involved  may 
be  cla-sified  as  follows : 

1.  Fieri/  Operations. — The  ore,  along  in  general 
with  some  kind  of  “flux,”  is  exposed  to  the  direct 
action  of  a  powerful  fire.  The  fire  in  most  cases  has  a 
chemical,  in  addition  to  its  obvious  physical  function. 
It  is  intended  either  to  burn  away  certain  components 
of  the  ore — in  which  case  it  must  be  so  regulated  as  to 
contain  a  sufficient  excess  of  unburned  oxygen  ;  or  it  is 
meant  to  deoxidize  (“reduce”)  the  ore,  when  the 
draught  must  be  restricted  so  as  to  keep  the  ore  con¬ 
stantly  wrapped  up  in  combustible  flame  gases  (car¬ 
bonic  oxide,  hydrogen,  marsh-gas,  etc.).  The  vast 
majority  of  the  chemical  operations  of  metallurgy  fall 
into  this  category,  and  in  these  processes  other  metal- 
reducing  agents  than  those  naturally  contained  in  the 
fire  (or  wind)  are  only  exceptionally  employed. 

2.  Amalgamation. — The  ore  by  itself  (if  it  happens 
to  be  a  reguline  one),  or  the  ore  plus  certain  reagents 
(if  it  does  not),  is  worked  up  with  mercury  so  that  the 
metal  is  obtained  ultimately  as  an  amalgam,  which  can 
be  separated  mechanically  from  the  dross.  The  purified 
amalgam  is  subjected  to  distillation,  when  the  mercury 
is  recovered  as  a  distillate  while  the  metal  remains. 

3.  Wet  processes. — Strictly  speaking,  certain  amalga¬ 

mation  methods  fall  under  this  head  ;  but,  in  its  ordi¬ 
nary  acceptance,  the  term  refers  to  processes  in  which 
the  metal  is  extracted  either  from  the  natural  ore,  or 
from  the  ore  as  it  is  after  roasting  or  some  other  pre¬ 
liminary  treatment,  by  means  of  an  aqueous  acid  or 
salt  solution,  and  from  this  solution  precipitated — 
generally  in  the  reguline  form— by  some  suitable 
reagent.  . 

Few  methods  of  metal  extraction  at  once  yield  a 
pure  product.  What  as  a  rule  is  obtained^  is  a  more 
or  less  impure  metal,  which  requires  to  be  “refined 
to  become  fit  for  the  market.  We  now  pass  to  the 
individual  consideration  of  the  several  steps  referred  to. 


Comminution  of  Ores. — Assuming  the  ore  to  be  given  in  the 
shape  of  large  lumps,  these  must  first  be  broken  up  into 
small  stones  (of  about  the  size  of  those  used  for  macadamiz¬ 
ing  a  road)  before  they  can  go  to  the  grinding-mill.  This 
formerly  used  to  be  done  by  hand-work ;  nowadays  it  is 
preferably  effected  by  means  of  an  American  invention 
called  the  stone-breaker  (Fig.  1).  This  consists  essentially 
of  two  substantial  vertical  iron  plates ;  one  is  fixed,  the 
other  is  connected  with  an  excentric  worked  by  an  engine 
so  as  to  alternately  dash  against  and  recede  from  the  former  . 
The  lumps  of  ore,  in  passing  through  this  jaw-like  contriv' 


Fig.  1.— American  Stone-Breaker. 


ance,  are  broken  up  into  smaller  fragments  fit  for  the  mill. 
For  the  production  of  a  coarse  powder  revolving  cylinders 
are  often  employed.  Two  cylinders  of  equal  diameter  and 
length,  made  of  iron,  steel,  or  stone,  are  suspended  by 
parallel  axes  in  close  proximity  to  each  other.  The  width 
of  the  slit  between  them  can  be  made  to  vary  according  to 
the  requirements  of  the  case.  The  cylinders  are  made  to 
revolve  in  opposite  directions,  so  that  the  stones  when  run 
into  the  groove  formed  by  their  upper  halves  are  drawn 
between  them  and  are  crushed  into  bits  of  a  size  depending 
on  the  least  distance  between  the  two  surfaces.  Exception¬ 
ally  hard  stones  might  bring  the  machine  to  a  standstill  or 
cause  breakages ;  hence  only  one  of  the  two  axes  of  rotation 
is  absolutely  fixed ;  the  cushions  of  the  other  are  only  held  in 
relatively  fixed  positions,  each  between  a  couple  of  guiding 
rails,  by  means  of  powerful  springs  at  their  backs.  The 
springs  are  made  of  alternate  disks  of  india-rubber  and  sheet- 
iron,  and  yield  appreciably  only  to  very  strong  pressures. 
When  an  exceptionally  hard  stone  comes  on,  they  yield  and 
allow  it  to  pass  through  uncrushed.  Sometimes  two  sets  of 
cylinders  are  arranged  one  above  the  other,  so  that  the  grit 
from  the  upper  falls  into  the  jaws  of  the  lower  set  to  receive 
further  comminution.  The  diameter  of  the  cylinders  is 
from  a  foot  to  a  yard,  their  length  from  9  inches  to  a  yard, 
the  velocity  of  a  point  on  the  periphery  a  foot  to  a  yard  per 
second.  The  quantity  of  ore  reduced  per  hour  per  horse¬ 
power  is  about  5  cubic  feet  for  quartz  or  other  hard  minerals, 
and  about  14  cubic  feet  for  minerals  of  moderate  hardness. 

For  the  production  of  a  relatively  fine  powder  the  pound¬ 
ing-mill  is  frequently  used,  which,  in  its  action,  is  analogous 
to  a  mortar  and  pestle.  The  mortar  is  a  rectangular  trough, 
while  the  pestle  is  replaced  by  a  parallel  set  of  heavy  metal 
or  metal-shod  beams,  which  (by  means  of  a  revolving  cyl¬ 
inder  with  cogs  catching  projections  on  the  beams)  are  lifted 
up  in  succession  and  then  let  fall  by  their  own  weight  so  as 
to  pound  up  the  ore  in  the  trough.  The  ore  is  supplied 
from  a  prismatic  reservoir  with  a  sloping  bottom  leading 
into  a  canal  through  which  the  stones  slide  into  the  trough. 
A  current  of  water,  which  constantly  flows  into  the  trough 
from  below,  lifts  up  the  finer  particles  and  carries  them 
away  over  the  edge  of  the  trough  into  a  settling  tank. 

The  object  pursued  in  powdering  an  ore  is  to  prepare  it 
for  being  purified  by  washing.  But  the  velocity  with  which 
a  solid  particle  falls  through  water  depends  on  its  size  as 
well  as  on  its  specific  gravity — an  increase  in  either  acceler¬ 
ating  the  fall ;  hence,  where  the  difference  in  specific  gravity 
between  the  things  to  be  separated  is  small,  the  washing 
must  be  preceded  by  a  separation  of  the  ore-powder  into 
portions  of  approximately  equal  fineness.  This  is  often 
effected  by  passing  the  ore  through  a  system  of  sieves  of 
different  width  of  mesh  superposed  over  one  another,  the 
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coarser  sieve  always  occupying  the  higher  position.  Some¬ 
times  the  sieves  are  made  to  “  go  dry,”  sometimes  they  are 
aided  in  their  action  by  a  current  of  water  which,  more  ef¬ 
fectually  than  mere  shaking,  prevents  adherence  of  dust  to 
coarser  parts. 

Another  contrivance  is  the  “Drum”  (Fig.  2).  A  long 
perforated  circular  cylinder  made  of  sheet-iron,  open  at 
both  ends,  is  suspended,  in  a  sloping  position,  by  a  revolv¬ 
ing  shaft  passing  through  its  axis.  The  size  of  the  perfor¬ 
ations  is  generally  made  to  increase  in  passing  from  the 
upper  to  the  lower  belts  of  the  cylinder.  While  the  drum 


Fig.  2.— Drum. 


is  revolving,  the  ore,  suspended  in  water,  flows  in  at  the 
upper  end,  and  in  travelling  down  it  casts  off  first  its  finest 
and  then  its  coarser  parts,  the  coarsest  only  reaching  the 
exit  at  the  lower  end.  The  several  grades  of  powder  pro¬ 
duced  fall  each  into  a  separate  division  of  the  collecting 
tank. 

The  drum,  of  course,  is  subject  to  endless  modifications. 
A  very  ingenious  combination  is  H.  E.  Taylor’s  “  Drum 
Dressing  Machine”  (Fig.  3).  It  consists  of  three  truncated 
cone-shaped  drums  D,  fixed  co-axially  to  the  same  hori¬ 
zontal  revolving  shaft,  so  that  the  narrow  end  of  No.  1  pro¬ 
jects  into  the  wider  end  of  No.  2,  and  No.  2  similarly  into 
No.  3.  The  drums  are  not  perforated,  but  are  armed  inside 
with  screw-threads  formed  of  strips  of  sheet  metal  fixed 
edgeways  to  the  drum.  The  ore  grit  to  be  dressed  is  placed 
in  a  hopper  A,  and  from  it,  by  a  worm  B  fixed  to  the  re¬ 
volving  shaft,  is  being  screwed  forward  into  a  short  fixed 
truncated  cone  C  projecting  into  the  revolving  drum  No.  1, 
into  which  it  flows  in  a  constant  current.  The  rotary 
motion  of  the  drum  tends  to  convey  the  ore  along  the  spiral 
path  prescribed  by  the  screw-thread  towards  the  other  end, 
and  from  it  into  drum  No.  2,  and  so  on.  But  the  ore  in 
each  drum  meets  with  a  jet  of  water  E  impelling  it  the 
opposite  way,  and  the  effect  is  that,  in  each  drum,  the  lighter 
parts  follow  the  water,  and  with  it  run  off  over  the  entrance 
edge  to  be  collected  in  a  special  tank,  while  the  coarser  parts 
roll  down  the  spiral  path  toward  the  next  drum  to  undergo 
further  parting.  The  tank  or  pit  for  drum  1  receives  the 
finest  and  lightest  parts,  that  of  drum  2  a  heavier,  that  of 
drum  3  a  still  heavier  portion,  while  only  the  very  heaviest 
matter  finds  its  way  out  of  the  exit  end  of  No.  3  into  a 
fourth  receptacle. 

Of  the  large  number  of  other  ore-dressers,  only  two  need 
be  mentioned  here. 

The  “  Clausthal  Turn-Table  ”  consists  of  a  circular  table, 
the  surface  of  which  rises  from  the  periphery  towards  the 


centre  so  as  to  form  a  very  flat  cone  of  about  170°,  which  is 
fixed  co-axially  to  a  vertical  rotary  shaft.  At  the  apex  of 
the  table,  surrounding  the  shaft,  but  independent  of  its 


motion,  there  is  a  circular  trough  of  sheet  zinc,  divided  into 
two  compartments ;  one  receives  a  stream  of  water  carrying 
the  ore,  the  other  a  supply  of  pure  water.  A  large  annular 
trough  of  sheet  zinc  is  placed  below  the  periphery  of  the 
table,  so  as  to  receive  whatever  may  fall  over  the  edge.  It 
also  is  divided  into  compartments,  as  shall  be  explained 
further  on.  Supposing  the  table  to  be  at  rest,  a  sector  of 
about  60°  of  it  would  be  constantly  run  over  by  the  ore-mud 
out  of  the  first  compartment  of  the  upper  trough.  This 
mud  current  would  suffer  partial  separation  into  heavier 
and  lighter  parts, — rich  ore  resting  in  the  higher  and  poorer 
in  the  lower  latitudes,  and  a  still  poorer  ore  falling  over  the 
periphery  into  the  lower  trough.  The  same  happens  with 
the  moving  table ;  only  each  sector  of  such  partially  analyzed 
ore  undergoes  further  purification  by  passing  through  about 
90°  of  water-shower.  After  passing  this,  it  meets  with  a 
perforated  fixed  water-pipe  going  up  radially  to  about  half 
the  radius  of  the  table.  This  pipe  also  carries  sweeping 
brushes,  so  that  the  belt  of  ore  from  the  lower  latitudes  of 
the  table  is  swept  off  into  the  corresponding  section  of  the 
receiving  trough.  What  of  ore  remains  on  the  higher  lati¬ 
tudes  subsequently  meets  with  a  similar  arrangement  which 
sweeps  it  off  into  its  compartment.  If  the  table  turns  from 
the  left  to  the  right,  and  we  follow  the  process,  beginning  at 
the  left  edge  of  the  ore-mud  compartment,  it  will  be  seen 
that  a  first  sector  of  the  receiving  trough  gathers  the  light 
dross,  a  succeeding  one  an  intermediate  product,  a  third  the 
most  highly  purified  ore.  The  “  intermediate”  is  generally 
run  into  the  ore-mud  trough  of  a  second  table  to  be  further 
analyzed. 

In  the  “  Continuous  Wash-Pumps  ”  (Continuirliche  Setz- 
pumpe)  of  the  Harz,  three  funnel-shaped  vessels  (one  of 
which  is  shown  in  Fig.  4)  are  set  in  a  frame  beside  one 
another,  but  at  different  levels,  so  that  any  overflow  from 
No.  1  runs  into  No.  2  and  thence  into  No.  3.  Each  funnel 

communicates  below 
with  its  own  com¬ 
partment  of  a  com¬ 
mon  cistern.  Into 
each  funnel  a  riddle 
with  narrow  meshes 
is  inserted  some¬ 
where  near  the  upper 
end,  while,  beside  the 
riddle,  there  is  a 
pump  of  short  range, 
which,  by  means  of 
an  excentric,  is 
worked  so  that  the 
piston  alternately 
goes  rapidly  down 
and  slowly  up.  The 
mode  of  working  is 
best  explained  by  an 
example.  At  Brei- 
nigerberg  in  Rhenish 
Prussia  the  appa¬ 
ratus  serves  to  sepa¬ 
rate  a  complex  ore 
into  the  following 
four  parts,  which  we 
enumerate  in  the 
Fig.  4. — Continuous  Wash-Pump.  order  of  their  spe¬ 

cific  gravities — (1) 
galena  (the  heaviest),  (2)  pyrites,  (3)  blende,  (4)  dross.  Sieve 
No.  1  is  charged  with  granules  of  galena,  just  large  enough 
not  to  slip  through  the  meshes,  No.  2  similarly  with  granules 
of  pyrites,  No.  3  with  those  of  blende.  The  crude  ore-mud 
goes  into  sieve  1 ;  the  jerking  action  of  the  pump  al¬ 
ternately  tosses  the  particles  up  into  the  water  and 
allows  them  to  fall ;  the  heaviest  naturally  come 
down  first,  but  what  is  most  striking  is  that  noth¬ 
ing  will  pass  through  the  bed  of  galena  but  what  is 
at  least  as  heavy  as  galena  itself.  In  a  similar 
manner  No.  2  and  No.  3  funnels  sift  out  the  pyrites 
and  the  blende  respectively,  so  that  almost  noth¬ 
ing  but  dross  runs  off  ultimately.  The  apparatus 
is  said  to  do  its  work  with  a  wonderful  degree  of 
precision,  and  of  course  is  susceptible  of  wider  appli¬ 
cation,  but  it  ceases  to  work  when  the  raw  material 
is  a  slime  so  fine  that  the  particles  fall  too  slowly. 

Modes  of  Producing  High  Temperatures. — Most  of 
what  is  to  be  said  on  this  topic  has  already  been  an¬ 
ticipated  in  the  articles  Fuel,  Furnace,  and  Bel¬ 
lows  ;  but  a  few  notes  may  be  added  on  especially 
metallurgic  points. 

Furnace  Materials.— -  In  a  metallurgic  furnace  the 
working  parts  at  least  must  be  made  of  special  materials  capa¬ 
ble  of  withstanding  the  very  high  temperatures  to  which  they 
are  exposed  and  the  action  of  the  fluxes  which  may  be  used. 
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No  practically  available  material  fully  meets  both  require¬ 
ments,  but  there  is  no  lack  of  merely  fire-proof  substances. 

Of  native  stones,  a  pure  quartzose  sandstone,  free  from 
marl,  may  be  named  as  being  well  adapted  for  the  generality 
of  structures ;  but  such  sandstone,  or  indeed  any  kind  of 
fire-proof  stone,  is  not  always  at  hand.  What  is  more  readily 
procured,  and  consequently  more  widely  used,  is  refractory 
brick,  made  from  “  fire-clay.”  The  characteristic  chemical 
feature  of  fire-clays  is  that  in  them  the  clay  proper  (always 
some  kind  of  hydrated  silicate  of  alumina)  is  associated 
with  only  small  proportions  of  lime,  magnesia,  ferrous  oxide, 
or  other  protoxides.  If  the  percentage  of  these  goes  beyond 
certain  limits,  the  bricks,  when  strongly  heated,  melt  down 
into  a  slag.  The  presence  of  free  silica,  on  the  other  hand, 
adds  to  their  refractoriness.  In  fact  the  best  fire-bricks  in 
existence  are  the  so-called  Dinas  bricks,  which  consist  sub¬ 
stantially  of  silica,  contaminated  only  with  just  enough  of 
bases  to  cause  it  to  frit  together  on  being  baked.  Dinas 
bricks,  however,  on  account  of  their  high  price,  are  reserved 
for  special  cases  involving  exceptionally  high  temperatures. 
Amongst  ordinary  fire-bricks  those  from  Stourbridge  enjoy 
the  highest  reputation.  It  follows  from  what  has  just  been 
said  that,  in  a  metallurgic  furnace,  lime-mortar  cannot  be 
used  as  a  cement,  but  must  be  replaced  by  fire-clay  paste. 

In  the  construction  of  cupels,  reverberatory  furnaces,  etc., 
only  the  general  groundwork  is,  as  a  rule,  made  of  built 
bricks,  and  this  groundwork  is  coated  over  with  some  kind 
of  special  fire-proof  and  flux-proof  material,  such  as  bone- 
ash,  a  mixture  of  baked  fire-clay  and  cokes  or  graphite,  or 
of  quartz  and  very  highly  silicated  slags,  etc.  These  bed¬ 
dings  are  put  on  in  a  loose  powdery  form,  and  then  stamped 
fast.  They  offer  the  advantage  that,  when  worn  out,  they 
are  easily  removed  and  renewed.  The  powerful  draught 
which  a  metallurgic  fire  needs  can  be  produced  by  a  chimney, 
where  the  fuel  forms  a  relatively  shallow  layer  spread  over 
a  large  grating ;  but,  when  closely -packed  deep  masses  of 
fuel  or  fuel  and  ore  have  to  be  kept  ablaze,  a  blast  becomes 
indispensable. 

Chimneys. — The  efficiency  of  a  chimney  is  measured  by 
the  velocity  V  with  which  the  air  ascends  through  it,  multi¬ 
plied  by  its  section ;  and  the  former  is  in  roughly  approxi¬ 
mate  accordance  with  the  formula 

Y—k\/2gh(T  -  To)/T0, 

where  h  stands  for  the  height  of  the  chimney,  g  for  the  ac¬ 
celeration  of  gravity  (32.2  feet  per  second),  and  T  and  To 
for  the  absolute  temperatures  (meaning  the  temperatures 
counted  from  -  273°  C.)  of  the  air  within  and  the  air  without 
the  chimney  respectively,  while  k  is  a  factor  meant  to 
account  for  the  resistances  which  the  air,  in  its  progress 
through  the  furnace,  etc.,  has  to  overcome.  In  practice  T  is 
taken  as  the  mean  temperature  of  the  chimney  gases,  which 
theoretically  is  not  unobjectionable ;  but  the  weakest  point  in 


Fig.  5.— Cagniardelle. 

the  formula  is  the  smallness  and  utter  inconstancy  of  the 
factor  k,  which,  according  to  Peclet,  generally  assumes  some 
value  of  the  power  $,  etc.  Yet  the  formula  is  of  some  use 
as  enabling  one  to  see  the  way  in  which  V  depends  on  h  and 
(T  -  To)T/To  coiyointly, — to  see,  for  instance,  how  deficient 
chimney  height  may  be  compensated  for  by  an  increase  of 
tempc>  the  chimney  gases,  and  vice  versa. 

Machines—  Of  the  several  kinds  of  blowers  de¬ 
scribed  under  Bellows  (q.v.),  the  “  fans  ”  are  the  best  means 
for  producing  large  volumes  of  wind  of  relatively  small  but 
steady  pressure ;  “  bellows  ”  are  indicated  in  the  case  of 
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work  on  a  relatively  small  scale  requiring  moderate  wind 
pressure ;  while  the  “  eylinder  blast  ”  comes  in  where  large 
masses  of  high-pressure  wind  are  required.  Two  highly  in¬ 
teresting  blowing-machines,  however,  are  omitted  in  that 
article,  which  may  be  shortly  described  here. 

Tim  “  Water  Blast”  (Wassertrommelgeblase)  is  interesting 
historically,  having  been  used  metallurgically  in  Hungary 
for  many  centuries.  A  mass  of  water,  stored  up  in  a  reser¬ 
voir,  is  made  to  fall  down  continuously  through  a  high 
narrow  vertical  shaft  having  air-holes  at  its  upper  end. 
The  vertical  column  of  water  sucks  in  air  through  these 
holes  and  carries  it  down  with  it  into  a  kind  of  inverted 
tub  standing  in  a  reservoir  kept  at  a  constant  level.  Air 
and  water  there  separate,  the  former  flowing  away  through 
a  pipe  into  a  wind-box,  from  which  it  is  led  to  its  destina¬ 
tion. 

The  “  Cagniardelle  ”  (Figs.  5,  6),  so  called  from  its  in¬ 
ventor  Cagniard  Latour,  also  utilizes  water  to  carry  air,  but 
in  quite  another  way.  By  means  of  a  round  shaft  passing 
through  its  axis,  a  cylindrical  drum  of  sheet-metal  is  sus¬ 
pended  slantingly  in  a  mass  of  water,  so  that  the  lower  end 
is  fully  immersed,  while  of  the  upper  end  the  segment  above 
the  upper  side  of  the  shaft  is  uncovered.  The  space  between 
shaft  and  drum  is  converted  into  a  very  wide  screw-shaped 
canal  by  a  band  of  sheet-metal  hermetically  fixed  edgeways 
to  the  two.  Both  the  top  and  the  bottom  end  of  the  drum 
are  partially  closed  by  flat  bottoms  soldered  or  riveted  to 
the  respective  edges;  the  lower  one  leaves  a  ring-shaped 
opening  between  its  edge  and  the  shaft,  which  serves  for  the 
introduction  of  a  fixed  air-pipe  bent  so  as  to  reach  up  to 
near  the  top  of  the  drpm’s  air-space ;  in  the  upper  bottom 
three  quadrants  are  closed,  the  fourth  is  open.  Supposing 
the  screw-canal,  traced  from  below,  to  go  from  the  left  to  the 
right,  the  drum  is  made  to  revolve  in  the  same  sense,  and 
the  effect  is  that,  in  each  revolution,  the  screw-canal  at  its 
top  end  swallows  a  certain  volume  of  air  which,  by  the  suc¬ 
ceeding  entrance  of  the  water — which,  of  course,  moves 

relatively  to  the  screw — is 
pushed  towards  and  ultimately 
into  the  air-space  at  the  bottom 
end.  The  Cagniardelle  yields 
a  perfectly  continuous  blast,  and, 
as  it  is  not  incumbered  with  any 
dead  resistances  except  the  fric¬ 
tion  of  the  shaft  against  its 
bearings  (which  can  be  reduced 
to  very  little)  and  the  very  slight 
friction  of  the  water  against  the 
screw-canal,  it  utilizes  a  very 
large  percentage  of  the  energy 
spent  on  it.  This  percentage, 
according  to  experiments  by 
Schwamkrug,  amounts  to  from  75  to  84.5 ;  in  the  case  of  the 
cylinder -blast  it  is  60  to  65  per  cent. ;  with  bellows, 
about  40  per  cent. ;  with  the  “  Wassertrommelgeblase” 
10  to  15  per  cent.  Hence  the  “  Wassertrommelgeblase  ” 
stands  last  in  relative  efficiency ;  but  we  must  not  for¬ 
get  that  it  alone  directly  utilizes  native  energy,  while, 
in  the  cylinder  blast,  for  example,  100  units  of  work 
done  by  the  steam-engine  involve  a  vastly  greater  en¬ 
ergy  spent  on  the  engine  as  heat. 

To  maintain  a  desired  temperature  in  a  given  fur¬ 
nace  charged  in  a  certain  manner,  the  introduction  of 
a  certain  volume  of  air  per  unit  of  time  is  necessary. 
But  this  quantity,  in  a  given  blowing-machine,  is 
determined  by  the  over-pressure  of  the  wind,  as 
measured  by  a  manometer,  the  velocity  of  the  wind 
being  approximately  proportional  to  >/M/(B  -f-  M), 
where  M  stands  for  the  height  of  the  mercury -mano¬ 
meter,  and  B  for  that  of  the  barometer.  Hence  the 
practical  metallurgist,  in  adj  usting  his  blast,  has  nothing 
to  do  but  to  see  that  the  manometer  shows  the  reading 
which,  by  previous  trials,  has  been  proved  to  yield  an 
adequate  supply  of  wind. 

Fuel. — In  some  isolated  cases  the  ore  itself,  by  its  com¬ 
bustion,  supplies  the  necessary  heat  for  the  operation  to 
be  performed  upon  it.  Thus,  for  instance,  the  roasting 
of  blackband  iron-stone  is  effected  by  simply  piling  up 
the  ore  and  setting  fire  to  it,  so  that  the  ore  is  at  the  same 
time  its  own  furnace  and  fuel ;  in  the  Bessemer  process  of 
steel-making,  the  burning  carbon  of  the  pig-iron  supplies  the 
heat  necessary  for  its  own  combustion ;  and  a  similar  process 
has  been  tried  experimentally,  and  not  without  success,  for 
the  working  up  of  certain  kinds  of  pyrites.  But,  as  a  rule, 
the  high  temperatures  required  for  the  working  of  ores  are 
produced  by  the  combustion  of  extraneous  fuel,  such  as  wood, 
wood-charcoal,  coal,  coke.  Of  these  four,  wood-charcoal  is 
of  the  widest  applicability,  but  not  much  used  in  Britain  on 
account  of  its  high  price.  High-class  coke  or  pure  anthra¬ 
cite,  volume  for  volume,  gives  the  highest  temperature. 
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Wood  or  coal  is  indicated  when  a  voluminous  flame  is  one 
of  the  requisites.  Obviously  fuel  of  the  same  kind  and 
quality  gives  a  higher  calorific  intensity  when,  before  use, 
it  is  deprived  by  drying  of  its  moisture,  or  when  it  is  used 
in  conjunction  with  a  hot  instead  of  a  cold  blast.  This 
latter  principle,  as  every  one  knows,  is  largely  discounted 
in  the  manufacture  of  pig-iron,  where  nowadays  coal,  with 
the  help  of  the  hot  blast,  is  made  to  do  what  formerly  could 
only  be  effected  with  charcoal  or  coke.  For  further  infor¬ 
mation  see  Fuel  and  Jeon'. 

Chemical  Operations. — In  regard  to  processes  of  amalgama¬ 
tion  and  to  wet-way  processes,  we  have  nothing  to  add  to 
what  was  given  in  a  previous  paragraph ; 1  we  therefore 
here  confine  ourselves,  in  the  main,  to  pyro-chemical  opera¬ 
tions. 

The  method  to  be  adapted  for  the  extraction  of  a  metal 
from  its  ore  is  determined  chiefly,  though  not  entirely,  by 
the  nature  of  the  non-metallic  component  with  which  the 
metal  is  combined.  The  simplest  case  is  that  of  the  regu- 
line  ores  where  there  is  no  non-metallic  element.  The  im¬ 
portant  cases  are  those  of  Gold,  Bismuth,  and  Mercuey 
( q.v .). 

Oxides,  Hydrates,  Carbonates,  and  Silicates. — All  iron  and 
tin  ores  proper  fall  under  this  heading,  which,  besides,  com¬ 
prises  certain  ores  of  copper,  of  lead,  and  of  zinc.  In  any 
case  the  first  step  consists  in  subjecting  the  crude  ore  to  a 
roasting  process,  the  object  of  which  is  to  remove  the  water 
and  carbonic  acid,  and  burn  away,  to  some  extent  at  least, 
what  there  may  be  of  sulphur,  arsenic,  or  organic  matter. 
The  residue  consists  of  an  impure  (perhaps  a  very  impure) 
oxide  of  the  respective  metal,  which  in  all  cases  is  reduced 
by  treatment  with  fuel  at  a  high  temperature.  Should  the 
metal  be  present  in  the  silicate  form,  lime  must  be  added  in 
the  smelting  to  remove  the  silica  and  liberate  the  oxide. 

In  the  case  of  zinc  the  temperature  required  for  the  re¬ 
duction  lies  above  the  boiling  point  of  the  metal ;  hence  the 
mixture  of  ore  and  reducing  agent  (charcoal  is  generally 
used)  must  be  heated  in  a  retort  combined  with  the  neces¬ 
sary  condensing  apparatus.  In  all  the  other  cases  the  re¬ 
duction  is  effected  in  the  fire  itself,  a  tower-shaped  blast  fur¬ 
nace  being  preferably  used.  The  furnace  is  charged  with 
alternate  layers  of  fuel  and  ore  (or  rather  ore  and  flux,  see 
below),  and  the  whole  kindled  from  below.  The  metallic 
oxide,  partly  by  the  direct  action  of  the  carbon  with  which 
it  is  in  contact,  but  principally  by  that  of  the  carbonic  ox¬ 
ide  produced  in  the  lower  strata  from  the  oxygen  of  the 
blast  and  the  hot  carbon  there,  is  reduced  to  the  metallic 
state ;  the  metal  fuses  and  runs  down,  with  the  slag,  to  the 
bottom  of  the  furnace,  whence  both  are  withdrawn  by  the 
periodic  opening  of  plug-holes  provided  for  the  purpose. 

Stdphides. — Iron,  copper,  lead,  zinc,  mercury,  silver,  and 
antimony  very  frequently  present  themselves  in  this  state 
of  combination,  as  components  of  a  very  numerous  family 
of  ores  which  maybe  divided  into  two  sections :  (1)  such  as 
substantially  consist  of  simple  sulphides,  as  iron  pyrites 
(FeS2),  galena  (PbS),  zinc  blende  (ZnS),  cinnabar  (HgS); 
and  (2)  complex  sulphides,  such  as  the  various  kinds  of  sul¬ 
phureous  copper  ores  (all  substantially  compounds  or  mix¬ 
tures  of  sulphides  of  copper  and  iron) ;  bournonite,  a  com¬ 
plex  sulphide  of  lead,  antimony,  and  copper ;  rothgiltigerz, 
sulphide  of  silver,  antimony,  and  arsenic ;  fahlerz,  sulphides 
of  arsenic  and  antimony,  combined  with  sulphides  of  cop¬ 
per,  silver,  iron,  zinc,  mercury,  silver;  and  mixtures  of 
these  and  other  sulphides  with  one  another. 

In  the  treatment  of  a  sulphureous  ore,  the  first  step  as  a 
rule  is  to  subject  it  to  oxidation  by  roasting  it  in  a  reverbe¬ 
ratory  or  other  furnace,  which,  in  the  first  instance,  leads  to 
the  burning  away  of  at  least  part  of  the  arsenic  and  part  of 
the  sulphur.  The  effect  on  the  several  individual  metallic 
sulphides  (supposing  only  one  of  these  to  be  present)  is  as 
follows : 

1.  Those  of  silver  (Ag2S)  and  mercury  (HgS)  yield  sul¬ 
phurous  acid  gas  and  metal ;  in  the  case  of  silver,  sulphate 
is  formed  as  an  intermediate  product,  at  low  temperatures. 
Metallic  mercury,  in  the  circumstances,  goes  off  as  a  vapor, 
which  is  collected  and  condensed  |  silver  remains  as  a  regu- 
lus,  but  pure  sulphide  of  silver  is  hardly  ever  worked. 

2.  Sulphides  of  iron  and  zinc  yield  the  oxides  Fe2C>3  and 
ZnO  as  final  products,  some  basic  sulphate  being  formed  at 
the  earlier  stages,  more  especially  in  the  case  of  zinc.  The 
oxides  can  be  reduced  by  carbon. 

3.  The  sulphides  of  lead  and  copper  yield,  the  former  a 
mixture  of  oxide  and  normal  sulphate,  the  latter  one  of 
oxide  and  basic  sulphate.  Sulphate  of  lead  is  stable  at  a  red 
heat;  sulphate  of  copper  breaks  up  into  oxide,  sulphurous 
acid,  and  oxygen.  In  practice,  neither  oxidation  process  is 
ever  pushed  to  the  end ;  it  is  stopped  as  soon  as  the  mixture 
of  roasting-.product  and  unchanged  sulphide  contains  oxy- 

.  *  Examples  are  given  in  Gold  and  Copper.  See  also  Silver. 


gen  and  sulphur  in  the  ratio  of  O2 :  S.  The  access  of  air  is 
then  stopped  and  the  whole  heated  to  a  higher  temperature, 
when  the  potential  SO2  actually  goes  off  as  sulphurous-acid 
gas  and  the  whole  of  the  metal  is  eliminated  as  such.  This 
method  is  largely  utilized  in  the  smelting  of  lead  (from  ga¬ 
lena)  and  of  copper  from  copper  pyrites.  In  the  latter  case, 
however,  the  sulphide  CU2S  has  first  to  be  produced  from 
the  ore,  which  is  done  substantially  as  follows.  The  ore  is 
roasted  with  silica  until  a  certain  proportion  of  the  sulphur 
is  burned  away  as  SO2,  while  a  corresponding  proportion  of 
oxygen  has  gone  to  the  metal  part  of  the  ore.  Now  it  so 
happens  that  copper  has  a  far  greater  affinity  for  sulphur 
than  iron  has ;  hence  any  locally  produced  oxide  of  copper, 
as  long  as  sufficient  sulphide  of  iron  is  left,  is  sure  to  be  re¬ 
converted  into  sulphide,  and  the  final  result  is  that,  while  a 
large  quantity  of  oxidized  iron  passes  into  the  slag,  all  the 
copper  and  part  of  the  iron  separate  out  as  a  mixed  regulus 
of  CU2S  and  FeS  (“mat”).  This  regulus,  by  being  fused  up 
repeatedly  with  oxidized  copper  ores  or  rich  copper  slags 
(virtually  with  CuO  and  silica),  gradually  yields  up  the 
whole  of  its  iron,  so  that  ultimately  a  regulus  of  pure  sub¬ 
sulphide  of  copper,  CU2S  (“  fine  mat”),  is  obtained,  which  is 
worked  up  for  metal  as  above  explained. 

4.  Sulphide  of  antimony,  when  roasted  in  air,  is  con¬ 
verted  into  a  kind  of  alloy  of  sulphide  and  oxide ;  the  same 
holds  for  iron,  only  its  oxysulphide  is  quite  readily  con¬ 
verted  into  the  pure  oxide  Fe2C>3  by  further  roasting.  Oxy¬ 
sulphide  of  antimony,  by  suitable  processes,  can  be  reduced 
to  metal,  but  these  processes  are  rarely  used,  because  the 
same  end  is  far  more  easily  obtained  by  “  precipitation,”  i.  e., 
withdrawing  the  sulphur  by  fusion  with  metallic  iron,  form¬ 
ing  metallic  antimony  and  sulphide  of  iron.  Both  products 
fuse,  but  readily  part,  because  fused  antimony  is  far  heavier 
than  fused  sulphide  of  iron  is.  A  precisely  similar  method 
is  used  occasionally  for  the  reduction  of  lead  from  galena. 
Sulphide  of  lead  when  fused  together  with  metallic  iron 
in  the  proportion  of  2Fe :  lPbS  yields  a  regulus  (=  lPb)  and 
a  “  mat  ”  Fe2S,  which,  however,  on  cooling,  decomposes  into 
FeS  parts  of  ordinary  sulphide  and  Fe  parts  of  finely  di¬ 
vided  iron.  What  we  have  just  been  explaining  are  only 
two  special  cases  of  a  more  general  metallurgic  proposition. 
According  to  Fournet,  any  one  of  the  metals  copper,  iron, 
tin,  zinc,  lead,  silver,  antimony,  arsenic,  in  general,  is  capa¬ 
ble  of  desulphurizing  or  precipitating  (at  least  partially) 
any  of  the  others  that  follows  it  in  the  series  just  given, 
and  it  does  so  the  more  readily  and  completely  the  greater 
the  number  of  intervening  terms.  Hence,  supposing  a 
complete  mixture  of  these  metals  to  be  melted  down  under 
circumstances  admitting  of  only  a  partial  sulphuration  of 
the  whole,  the  copper  has  the  best  chance  of  passing  into 
the  “  mat,”  while  the  arsenic  is  the  first  to  be  eliminated  as 
such,  or,  in  the  presence  of  oxidants,  as  oxide. 

Arsenides. — Although  arsenides  are  among  the  commonest 
impurities  of  ores  generally,  ores  consisting  essentially  of 
arsenides  are  comparatively  rare.  The  most  important  of 
them  are  certain  double  arsenides  of  cobalt  and  nickel, 
which  in  practice,  however,  are  always  contaminated  with 
the  arsenides  or  other  compounds  of  foreign  metals,  such  as 
iron,  manganese,  etc.  The  general  mode  of  working  these 
ores  is  as  follows.  The  ore  is  first  roasted  by  itself,  when  a 
part  of  the  arsenic  goes  off  as  such  and  as  oxide  (both  vola¬ 
tile),  while  a  complex  of  lower  arsenides  remains.  This 
residue  is  now  subjected  to  careful  oxidizing  fusion  in  the 
presence  of  glass  or  some  other  fusible  solvent  for  metallic 
bases.  The  effect  is  that  the  several  metals  are  oxidized 
away  and  pass  into  the  slag  (as  silicates)  in  the  following 
order, — first  the  manganese,  secondly  the  iron,  thirdly  the 
cobalt,  lastly  (and  very  slowly)  the  nickel ;  and  at  any  stage 
the  as  yet  unoxidized  residue  of  arsenide  assumes  the  form 
of  a  fused  regulus,  which  sinks  down  through  the  slag  as  a 
“  speis.”  (This  term,  as  will  readily  be  understood,  has  the 
same  meaning  in  reference  to  arsenides  as  “  mat”  has  in  re¬ 
gard  to  sulphides.)  By  stopping  the  process  at  the  right 
moment,  we  can  produce  a  speis  which  contains  only  cobalt 
and  nickel,  and  if  at  this  stage  also  the  flux  is  renewed  we 
can  further  produce  a  speis  which  contains  only  nickel  and 
a  slag  which  substantially  is  one  of  cobalt  only.  The  com¬ 
position  of  the  speises  generally  varies  from  AsMe3/2  to 
AsMe2,  where  “ Me”  means  one  atomic  weight  of  metal  in 
toto,  so  that  in  general  IMe  —  zFe-|-2/Co-|-2Ni,  where 
x-\-y-\-z=\.  The  siliceous  cobalt  is  utilized  as  a  blue 
pigment  called  “smalte” ;  the  nickel-speis  is  worked  up  for 
metal,  preferably  by  wet  processes. 

Minor  Reayents. — Besides  the  oxidizing  and  reducing 
agents  naturally  present  in  the  fire,  and  the  “  fluxes  ”  added 
for  the.  production  of  slags,  there  are  various  minor  reagents, 
of  which  the  more  important  may  be  noticed  here.  One — ■ 
namely,  metallic  iron  as  a  desulphurizer — has  already  been 
referred  to. 

Oxide  of  lead,  PbO  (litharge),  is  largely  used  as  an  oxi- 
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dizing  agent.  At  a  red  heat,  when  it  melts,  it  readily  at¬ 
tacks  all  metals,  except  silver  and  gold,  the  general  result 
being  the  formation  of  a  mixed  oxide  and  of  a  mixed  regu- 
lus,  a  distribution,  in  other  words,  of  both  the  lead  and  the 
metal  acted  on  between  slag  and  regulus.  More  important 
and  more  largely  utilized  is  its  action  on  metallic  sulphides, 
which,  in  general,  results  in  the  formation  of  three  things 
besides  sulphurous  acid  gas,  viz.,  a  mixed  oxide  slag  includ¬ 
ing  the  excess  of  litharge,  a  regulus  of  lead  (which  may  in¬ 
clude  bismuth  and  other  more  readily  reducible  metals), 
and,  if  the  litharge  is  not  sufficient  for  a  complete  oxidation, 
a  “  mat”  comprising  the  more  readily  sulphurizable  metals. 
Oxide  of  lead,  being  a  most  powerful  solvent  for  metallic 
oxides  generally,  is  also  largely  used  for  the  separation  of 
silver  or  gold  from  base  metallic  oxides. 

Metallic  lead  is  to  metals  generally  what  oxide  of  lead  is 
to  metallic  oxides.  It  accordingly  is  available  as  a  solvent 
for  so  to  say  licking  up  small  particles  of  metal  diffused 
throughout  a  mass  of  slag  or  other  dross,  and  uuiting  them 
into  one  regulus.  This  naturally  leads  us  to  consider  the 
process  of  “  cupellation,”  which  discounts  the  solvent  powers 
of  both  metallic  lead  and  its  oxide.  This  process  serves  for 
the  extraction  of  gold  and  silver  from  their  alloys  with  base 
metals  such  as  copper,  antimony,  etc.  The  first  step  is  to 
fuse  up  the  alloy  with  a  certain  proportion  of  lead,  which  is 
determined  by  the  weight  of  base  metal  to  be  eliminated, 
and  is  always  sufficient  to  produce  a  lead-alloy  of  low  fusing 
point.  This  alloy  is  heated  on  a  shallow  dish-shaped  bed 
of  bone-earth  to  redness,  and  at  this  temperature  subjected 
to  the  action  of  air.  The  base  metals  (copper,  etc.),  are 
oxidized  away,  the  first  portions  as  an  infusible  scum  con¬ 
taining  little  oxide  of  lead,  the  latter  in  the  form  of  a  solu¬ 
tion  in  molten  litharge.  Lead  is,  in  general,  less  oxidizable 
than  the  other  base  metals ;  hence  the  last  instalment  of 
liquid  litharge  which  runs  off  is  pure,  and  the  ultimately 
remaining  regulus  consists  of  silver  and  gold  only.  These 
latter  may  be  separated  by  nitric  acid  or  boiling  oil  of  vit¬ 
riol,  which  converts  the  silver  into  soluble  salts  and  leaves 
the  gold. 

Oxide  of  iron,  and  also  binoxide  of  manganese,  are  used 
for  the  decarburation  of  pig-iron.  The  oxygen  of  the  re¬ 
agent  burns  the  carbon  of  the  pig  into  carbonic  acid,  while 
the  metal  of  the  reagent  becomes  iron  and  FeO  or  MnO 
respectively,  the  oxides  uniting  with  the  silica  added  as 
such,  or  formed  by  the  oxidation  of  the  silicon  of  the  pig, 
into  a  fusible  slag. 

Iron  pyrites,  FeS2,  is  employed  for  the  preliminary  con¬ 
centration  of  traces  of  gold  diffused  throughout  slags  or 
base  ores.  The  reagent,  through  the  action  of  the  heat, 
gives  up  one-half  of  its  sulphur,  which  reduces  part  of  the 
metallic  oxides  present.  The  gold  and  silver  unite  with 
what  is  left  of  protosulphide  of  iron  (FeS)  into  a  mat,  which 
is  then  worked  up  for  the  noble  metals. 

Fluxes. — Practically  speaking,  all  ores  are  contaminated 
with  more  or  less  of  gangue,  which  in  general  consists  of 
infusible  matter,  and  consequently,  if  left  imheeded  in  the 
reduction  of  the  metallic  part  of  the  ore,  would  retain  more 
or  less  of  the  metal  disseminated  through  it,  or  at  best  foul 
the  furnace.  To  avoid  this,  the  ore  as  it  goes  into  the  fur¬ 
nace  is  mixed  with  “  fluxes  ”  so  selected  as  to  convert  the 
gangue  into  a  fusible  “slag,”  which  readily  runs  down 
through  the  fuel  with  the  regulus  and  separates  from  the 
latter.  The  quality  and  proportion  of  flux  should,  if  pos¬ 
sible,  be  so  chosen  that  the  formation  of  the  slag  sets  in 
only  after  the  metal  has  been  reduced  and  molten ;  or  else 
part  of  the  basic  oxide  of  the  metal  to  be  extracted  may  be 
dissolved  by  the  slag  and  its  reduction  thus  be  prevented  or 
retarded.  Slags  are  not,  as  one  might  be  inclined  to  think, 
a  necessary  evil ;  if  an  ore  were  free  from  gangue  we  should 
add  gangue  and  flux  from  without  to  produce  a  slag,  be¬ 
cause  one  of  its  functions  is  to  form  a  layer  on  the  regulus 
which  protects  it  against  the  further  action  of  the  blast  or 
furnace  gases.  Fluxes  may  be  arranged  under  the  three 
heads  of  (1)  fluor-spar  (which  is  sui  generis ),  (2)  basic  fluxes, 
and  (3)  acid  fluxes. 

Fluor-spar  owes  its  name  to  the  facility  with  which  it 
fuses  up  at  a  red  heat  with  silica,  sulphates  of  lime  and 
barium,  and  a  few  other  infusible  substances  into  homo¬ 
geneous  masses.  It  shows  little  tendency  to  dissolve  basic 
oxides,  such  as  lime,  etc.  One  part  of  fluor-spar  liquefies 
about  half  a  part  of  silica,  four  parts  of  sulphate  of  lime, 
and  one  and  a  half  parts  of  sulphate  of  baryta.  Upon  these 
facts  its  wide  application  in  metallurgy  is  founded. 

Carbonate  of  soda  (or  potash)  may  be  said  to  be  the  most 
powerful  of  basic  fluxes.  It  dissolves  silica  and  all  silicates 
into  fusible  glasses.  On  the  other  hand,  borax  may  be  taken 
as  a  type  for  the  acid  fluxes.  At  a  red  heat,  when  it  forms 
a  viscid  fluid,  it  readily  dissolves  up  all  basic  oxides  into 
fusible  complex  borates.  Now  the  gangue  of  an  ore  in 
general  consists  either  of  some  basic  material  such  as  car¬ 


bonate  of  lime  (or  magnesia),  ferric  oxide,  alumina,  etc.,  or 
of  silica  (quartz)  or  some  more  or  less  acid  silicate,  or  else 
of  a  mixture  of  the  two  classes  of  bodies.  So  any  kind  of 
gangue  might  he  liquefied  by  means  of  borax  or  by  means 
of  alkaline  carbonate ;  but  neither  of  the  two  is  used  other¬ 
wise  than  tor  assaying ;  what  the  practical  metal-smelter 
does  is  to  add  to  a  basic  gangue  the  proportion  of  silica,  and 
to  an  acid  ore  the  proportion  of  lime,  or,  indirectly,  of  fer¬ 
rous  or  perhaps  manganous  oxide,  which  it  may  need  for  the 
formation  of  a  slag  of  the  proper  qualities.  The  slag  must 
possess  the  proper  degree  of  saturation.  In  other  words, 
taking  Si02- f-rt  Me  O  (where  MeO  means  an  equivalent  of 
base)  as  a  formula  for  the  potential  slag,  n  must  have  the 
proper  value.  If  n  is  too  small,  i.e.,  if  the  slag  is  too  acid, 
it  may  dissolve  up  part  of  the  metal  to  he  brought  out  as  a 
silicate;  if  n  is  too  great,  i.e.,  the  slag  too  basic,  it  may  re¬ 
fuse  to  dissolve,  for  instance,  the  ferrous  oxide  which  is 
meant  to  go  into  it,  and  this  oxide  will  then  be  reduced,  and 
its  metal  (iron  in  our  example)  contaminate  the  regulus. 
In  reference  to  the  problem  under  discussion,  it  is  worth 
noting  that  oxides  of  lead  and  copper  are  more  readily  re¬ 
duced  to  metals  than  oxide  of  iron  Fe2C>3  is  to  FeO,  the  latter 
more  readily  to  FeO  than  FeO  itself  to  metal,  and  FeO  more 
readily  to  metal  than  manganous  oxide  is.  Oxide  of  calcium 
(lime)  is  not  reducible  at  all.  The  order  of  basicity  in  the 
oxides  (their  readiness  to  go  into  the  slag)  is  precisely  the 
reverse. 

Most  slags  being,  as  we  have  seen,  complex  silicates,  it  is 
a  most  important  problem  of  scientific  metallurgy  to  de¬ 
termine  the  relations  in  this  class  of  bodies  between  chemi¬ 
cal  composition  on  the  one  hand  and  fusibility  and  solvent 
power  for  certain  oxides  (CaO,  FeO,  SiO,  etc.),  on  the  other. 
Now  the  composition  of  a  silicate  can  be  stated  in  an  infi¬ 
nite  number  of  ways ;  but  there  must  be  one  mode  of  formu¬ 
lation  which  reduces  the  law  to  its  simplest  terms.  The 
mode  adapted  by  metallurgists  is  something  like  the  fol¬ 
lowing.  If  we  start  with  the  quantity  H2CI2  of  muriatic 
acid  or  the  quantity  ILSOtof  sulphuric  acid,  it  is  clear  that 
to  convert  either  into  a  normal  salt  we  require  such  a  quan¬ 
tity  of  base  as  will  convert  the  H2  of  the  acid  completely 
into  water ;  but  the  quantity  of  base  that  does  so  is  that 
containing  one  atomic  weight  of  oxygen.  Hence  it  is  rea¬ 
sonable  to  define  the  quantities  K2O  of  potash,1  NaaO  of 
soda,1  CaO  of  lime,  MgO  of  magnesia,  FeO  of  ferrous  oxide, 
JAl20s(=al0)  of  alumina,  JFe203(=fe0)  of  ferric  oxide,  as 
representing  each  “  one  equivalent  ”  of  base  also  in  refer¬ 
ence  to  silica,  although  silica  has  a  characteristically  indefi¬ 
nite  basicity.  Most  slags  are  alloys  or  compounds  of  sili¬ 
cates  of  AI2O3  or  Fe203,  and  of  silicates  of  protoxides  (CaO, 
etc.),  hence  their  general  composition  is 

n(R0-)-xSi02)-f-OT[(fe  or  al)0-J-xSi02]. 

This  introduction  will  enable  the  reader  to  understand 
the  following  mode  of  classifying  and  naming  composition 
in  silicates. 


Name. 

Formula. 

Oxygen  Ratio. 

X 

I.  Singulo-silicates . 

iSiOa+lMO 

“Base. 

1  : 

Acid. 

1 

i 

II.  Bi-silicates . 

lSiOo  + 1  Mu 

1  : 

2 

1 

III.  Tri-silicates . 

3SiOa+lMO 

1  : 

3 

? 

The  names  are  the  metallurgic  ones ;  scientific  chemists 
designate  Class  I.  as  orthosilicates,  Class  II.  as  metasilicates, 
Class  III.  as  sesquisilicates.  In  the  formulae  M  stands  for 
K2,  Ca,  Fe,  etc.,  or  for  al=§Al,  fe=§Fe,  etc. ;  or,  shortly, 
MO  for  one  equivalent  of  base  as  above  defined.  It  should 
be  possible  to  represent  each  quality  of  a  silicate  as  a  func- 
n 

tion  of  x,  — ,  and  of  the  nature  of  the  individual  bases  that 
m 

make  up  the  RO  and  (fe  or  al)  O  respectively.  Our  actual 
knowledge  falls  far  short  of  this  possibility.  The  problem, 
in  fact,  is  a  very  tough  one,  the  more  so  as  it  is  complicated 
by  the  existence  of  aluminates,  compounds  such  as  AI2O3. 
3CaO,  in  which  the  alumina  plays  the  part  of  acid,  and  the 
occasional  existence  of  compounds  of  fluorides  and  silicates 
in  certain  slags.  The  following  notes  on  the  fusibility  of 
simple  silicates  are  taken  from  Plattner’s  researches. 

Of  the  lime  silicates,  the  tri-silicate  melts  at  2100°  C.,  the 
bisilicate  at  2150°. 

Magnesia  silicates  are  most  refractory.  The  bi-silicate 
and  tri-silicate  melt  in  the  oxyhydrogen  flame  at  2250°. 

Of  manganous  silicates,  the  easily  fusible  bi-silicate  is 
yellow  or  red  ;  the  tri-silicate  is  more  refractory. 

Of  cuprous  (CU2O)  silicates,  the  hi-silicate  is  violet,  and 

1  Few  slags  contain  more  than  traces  of  alkalies. 
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melts  pretty  easily  ;  the  singulo-silicate  is  red,  dense,  and 
rather  refractory. 

Cupric  silicates,  as  slags,  hardly  exist, — the  CuO  being 
always  reduced  to  at  least  CusO. 

Lead  silicates  all  melt  readily  into  yellowish  transparent 
glasses.  But  they  have  no  standing  as  slags. 

As  regards  the  ferrous  silicates,  the  singulo-silicate  (ortho¬ 
silicate)  fuses  at  1790°  (this  is  about  the  composition  of 
iron-puddling  slag) ;  the  bi-silicate  is  less  readily  fusible. 

Ferric  silicates  (unmixed)  do  not  exist  as  slags, — the 
Fe203  being  reduced  in  the  fire  to  IFeO,  although  Fe2(>3 
occasionally  replaces  part  of  the  AI2O3  in  complex  silicates. 

Alumina  silicates  are  all  infusible  in  even  the  hottest 
furnace  fires.  They  begin  to  soften  in  the  oxyhydrogen 
flame  at  about  2400°.  But  certain  aluminates,  for  instance 
the  salt  3Ca0.1Al2C>3  according  to  Sefstrom,  melt  at  furnace 
heats. 

The  fusing-points  of  mixtures  of  two  simple  silicates  can¬ 
not  be  calculated  from  those  of  the  components.  In  many 
cases  it  is  lower  than  either  of  the  latter  two.  Thus  for 
instance  most  magnesia-lime  silicates  fuse, — the  bi-silicate 
combination  (Mg,  Ca)0Si02  most  readily. 

Alumina  silicates  become  fusible  by  addition  of  a  suf¬ 
ficient  proportion  of  silicate  of  lime  at  about  1918°.  The 
singulo-silicate  and  bi-silicate  combinations  melt  into  gray 
glasses.  Magnesia  acts  like  lime,  and  so,  in  a  more  limited 
sense,  do  ferrous  and  manganous  oxides ;  but  their  double 
compounds  with  AI2O3  and  silica  are  more  viscid  when 
fused. 

Plattner’s  work  is  a  bold  attempt  to  deal  synthetically 
with  the  problem  here  presented,  but  it  does  not  go  the 
length  of  even  an  approximate  solution.  No  one  seems  to 
have  done  much  to  continue  it ;  hence  in  the  mean  time  the 
metallurgist  has,  for  his  guidance,  to  rely  on  the  very  nu¬ 
merous  analyses  which  have  been  made  of  slags  actually 
produced  (by  the  rule  of  thumb)  in  successful  metallurgical 
operations.  For  some  of  such  slags  also  Plattner  has  de¬ 
termined  the  fusing  points.  He  found  for  (1)  Freiberg  lead 
slag,  9RO,  3alO,  8SiC>2 ;  oxygen-ratio,  3:4;  melting-point 
at  1317°  C. ;  (2)  Freiberg  crude  slag,  15BO,  3alO,  18SiC>2 ; 
oxygen-ratio,  1:1;  melting-point  at  1331°  C. ;  (3)  Freiberg 
black-copper  slag,  24FeO,  AI2O3, 15Si02 ;  oxygen-ratio,  9:10; 
melting-point  at  1338°  C. ;  (4)  High-furnace  slag,  6CaO, 
3alO,  9Si02 ;  oxygen-ratio,  1:1;  melting-point  at  1431°  C.1 

MdaUurgic  Assaying. — To  assay  an  ore  originally  meant 
to  execute  a  set  of  tentative  experiments  on  a  small  scale  in 
order  to  find  out  the  proper  mode  of  working  it  practically. 
But  nowadays  the  term  is  always  used  in  the  sense  of  an 
analysis  carried  out  to  determine  the  money-value  of  an 
ore.  For  this  purpose,  in  many  cases  it  is  sufficient  to  de¬ 
termine  the  percentages  of  the  metals  for  which  the  ore  is 
meant  to  be  worked.  But  sometimes  nothing  short  of  a 
complete  analysis  will  do.  This  holds  more  especially  of 
ores  of  iron.  As  this  metal  is  cheap,  the  value  of  an  ore 
containing  it  depends  as  much  on  the  nature  and  relative 
quantities  of  the  impurities  as  on  the  percentage  of  metal. 
The  proved  absence  of  sulphur  and  phosphorus  may  be 
worth  more  than  an  additional  5  per  cent,  of  iron,  which 
latter  again  would  perhaps  not  compensate  for  the  proved 
presence  of  a  large  percentage  of  uncombined  silica. 

An  assay  to  be  of  any  value  must  start  with  a  fair  sample 
of  the  object  of  sale.  The  fulfilment  of  this  condition  in 
all  cases  is  difficult.  The  general  method  is,  from  say  a 
given  ship  load  of  ore,  to  take  out  (say)  half  a  ton  of  ore 
from  a  large  number  of  different  places  and  to  crush  this 
large  sample  into  small  fragments  of  uniform  size,  which 
are  well  shovelled  up  together.  From  different  parts  of  this 
ore-heap  a  sample  of  the  second  order — amounting  to,  say, 
20  lb — is  then  drawn,  and  rendered  more  homogeneous  by 
finer  powdering  and  mixing.  From  this  sample  of  the 
second  (or  perhaps  from  one  of  the  third)  order  quantities 
of  1  or  2  lb  are  bottled  up  for  assaying.  At  the  same  time 
the  moisture  of  the  ore  is  determined,  on  a  large  scale,  by 
aome  conventional  method,  such  as  the  drying  of  1  or  2  lb 
in  an  open  basin  at  100°  C.,  and  weighing  of  the  residue  as 
dry  ore.  This  is  done  at  the  sampling  place  by  the  firms 
concerned.  The  assayer  further  pounds  up  and  mixes  his 
sample,  and  then  proceeds  to  determine  the  percentages  of 
moisture  and  metal  in  his  own  way.  He  has  always  the 
choice  between  two  methods,  the  dry  and  the  wet.  For  the 
majority  of  gold  or  silver  ores,  and  for  cobalt  and  nickel 
ores  almost  as  a  rule,  certain  dry-process  tests  are  preferred 
as  the  most  exact  analytically.  In  almost  all  other  cases  it 
may  be  said  that  the  wet  method  is  susceptible  of  the  higher 
degree  of  precision,  yet  even  in  some  of  these  cases  the  old 
dry-process  tests  are  preferred  to  the  present  day.  For 

*  For  further  information  on  slags,  see  Berthier,  TYaite  dee  essais 
par  la  vote  s iche ;  Winkler,  Erfahrungssdtze  iiber  die  BUdung  der 
Schlacken,  Freiberg,  1827  ;  Plattner,  Vorlesungen  iiber  allgemeine 
Hiittenkunde,  i.  28  tq. ;  Percy,  Metallurgy. 


instance,  all  copper  ores  in  the  British  Isles  are  sold  by  the 
result  of  the  Swansea  assay,  a  kind  of  imitation  of  the  pro¬ 
cess  of  sulphureous  copper-ore  smelting;  and  this,  singu¬ 
larly,  is  adhered  to  even  in  the  case  of  such  cupriferous 
materials  as  are  worked  by  the  wet  way,  although  the 
Swansea  assay  is  well  known  to  lose  about  1  per  cent,  of  the 
copper  present.  A  copper-smelter,  therefore,  had  better  buy 
5  per  cent,  than  10  per  cent,  copper-pyrites  cinders,  because 
in  the  first  case  he  pays  only  for  four-fifths,  while  in  the 
latter  he  must  pay  for  nine-tenths  of  the  copper  present.  To 
compensate  for  this  anomaly,  empirical  methods  have  been, 
contrived  for  calculating  prices.  (w.  D.) 

METALS.  The  earliest  evidence  of  a  knowledge 
and  use  of  metals  is  found  in  the  prehistoric  imple¬ 
ments  of  the  so-called  Bronze  and  Iron  ages.  In  the 
earliest  periods  of  written  history,  hotvever,  we  meet 
with  a  number  of  metals  in  addition  to  these  two.  The 
Old  Testament  mentions  six  metals, — gold,  silver, 
copper,  iron,  tin,  and  lead.  The  Greeks,  in  addition 
to  these  and  to  bronze,  came  also  to  know  mercury  ; 
and  the  same  set  of  metals,  without  additions,  forms 
the  list  of  the  Arabian  chemists  of  the  8th  and  of  the 
Western  chemists  of  the  13th  century.  During  the 
1 5th  century  Basilius  V alentinus  discovered  antimony  ; 
he  also  speaks  of  zinc  and  bismuth,  but  their  indi¬ 
viduality  was  established  only  at  a  later  period.  About 
1730-40  the  Swede  Brand  discovered  arsenic  and  cobalt 
(the  former  is  not  reckoned  a  metal  by  modern  chem¬ 
ists),  while  the  Englishman  Ward  recognized  the  in¬ 
dividuality  of  platinum.  Nickel  was  discovered  in 
1 774  by  Cronstedt,  manganese  in  1 774  by  Scheele.  The 
brothers  D’Elhujart,  in  1783,  prepared  tungsten ; 
Hjelm,  in  1782,  isolated  molybdenum  from  molybdic 
oxide,  where  its  existence  had  been  conjecturally  as¬ 
serted  by  Bergmann  in  1781.  Uranium,  as  a  new  ele¬ 
ment,  was  discovered  by  Klaproth  in  1789  ;  but  his 
metallic  “uranium,”  after  having  been  accepted  as  a 
metal  by  all  chemists  until  1841,  was  then  recognized 
as  an  oxide  by  Peligot,  who  subsequently  isolated  the 
true  metal.  Tellurium  was  discovered  by  Muller  von 
Reichenbach  in  1782  (again  by  Klaproth  in  1798)  ; 
titanium,  by  Klaproth  in  1795  ;  chromium,  by  Vau- 
quelin  in  1797  ;  tantalum,  by  Hatchett  in  1801,  and  by 
Ekeberg  in  1802.  Palladium,  rhodium,  iridium,  and 
osmium  (which  four  metals  always  accompanyplatinum 
in  its  ores)  were  discovered,  the  first  two  by  Wollaston 
in  1803,  the  other  two  by  a  number  of  chemists  ;  but 
their  peculiarity  was  established  chiefly  by  Smithson 
Tennant. 

After  Davy,  in  1807  and  1808,  had  recognized  the 
alkalies  and  alkaline  earths  as  metallic  oxides,  the 
existence  of  metals  in  all  basic  earths  became  a  fore¬ 
gone  conclusion,  which  was  verified  sooner  or  later  in 
all  cases.  But  the  discovery  of  aluminium  by  Wohler 
in  1828,  and  that  of  magnesium  by  Bussy2  in  1829, 
claim  special  mention.  Cadmium,  a  by  no  means  rare 
heavy  metal,  was  discovered  only  in  1818,  by  Stro- 
meyer. 

Of  the  large  number  of  discoveries  of  rare  metals 
which  have  been  made  in  more  recent  times  only  a  few 
can  be  mentioned,  as  marking  new  departures  in  re¬ 
search  or  offering  other  special  points  of  interest.  In 
1861  Bunsen  ana  Kirchhoff,  by  means  of  the  method 
of  spectrum  analysis,  which  they  had  worked  out 
shortly  before,  discovered  two  new  alkali-metals  which 
they  called  caesium  and  rubidium.  By  means  of  the 
same  method  Crookes,  in  1861,  discovered  thallium  ; 
Reich  and  Richter,  in  1863,  indium  ;  and  Lecoq  de 
Boisbaudran,  in  1875,  gallium.  The  existence  of  the 
last-named  metal  had  been  maintained,  theoretically, 
by  Mendelejeff,  as  early  as  1871.  The  existence  of 
vanadium  was  proved  in  1830  by  Sefstrom  ;  but  what 
he,  and  subsequently  Berzelius,  looked  upon  as  the 
element  was,  in  1867,  proved  to  be  really  an  oxide  by 
Roscoe,  who  also  succeeded  in  isolating  the  true  metal. 

The  development  of  earlier  notions  on  the  constitu¬ 
tion  of  metals  and  their  genetic  relation  to  one  another 

■  Magnesium  was  discovered  by  Davy  in  1808.  See  vol.  iii.  p. 
464,  and  vol.  vi.,  744,  Am.  ed. 
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forms  the  most  interesting  chapter  in  the  history  of 
chemistry  (see  Alchemy).  What  modern  science  has 
to  say  on  the  matter  is  easily  stated  :  all  metals  prop¬ 
erly  so  called  (i.  e. ,  all  metals  not  alloys)  are  elementary 
substances  ;  hence,  chemically  speaking,  they  are  not 
“constituted”  at  all,  and  no  two  can  be  related  to 
each  other  genetically  in  any  way  whatever.  Our  sci¬ 
entific  instinct  shrinks  from  embracing  this  proposition 
as  final ;  but  in  the  meantime  it  must  be  accepted  as 
correctly  formulating  our  ignorance  on  the  subject. 
All  metallic  elements  agree  in  this  that  they  form  each 
at  least  one  basic  oxide,  or,  what  comes  to  the  same 
thing,  one  chloride,  stable  in  opposition  to  liquid 
water.  This  at  once  suggests  an  obvious  definition  of 
metals  as  a  class  of  substances,  but  the  definition 
would  be  highly  artificial  and  objectionable  on  prin¬ 
ciple,  because  when  we  speak  of  metals  we  think,  not 
of  their  accidental  chemical  relations,  but  of  a  certain 
sum  of  mechanical  and  physical  properties  which  unites 
them  all  into  one  natural  family.  What  these  proper¬ 
ties  are  we  shall  now  endeavor  to  explain. 

All  metals,  when  exposed  in  an  inert  atmosphere  to 
a  sufficient  temperature,  assume  the  form  of  liquids, 
which  all  present  the  following  characteristic  proper¬ 
ties.  They  are  (at  least  practically)  non-transparent ; 
they  reflect  light  in  a  peculiar  manner,  producing  what 
is  called  4 4  metallic  lustre.  ’  ’  When  kept  in  non-me- 
tallic  vessels  they  take  the  shape  of  a  convex  meniscus. 
These  liquids,  when  exposed  to  higher  temperatures, 
some  sooner,  others  later,  pass  into  vapors.  What 
these  vapors  are  like  is  not  known  in  many  cases,  since, 
as  a  rule,  they  can  be  produced  only  at  very  high  tem- 
eratures,  precluding  the  use  of  transparent  vessels, 
ilver  vapor  is  blue,  potassium  vapor  is  green,  many 
others  (mercury  vapor,  for  instance)  are  colorless.  The 
liquid  metals,  when  cooled  down  sufficiently;  some  at 
lower,  others  at  higher  temperatures,  freeze  into  com¬ 
pact  solids,  endowed  with  the  (relative)  non -transpa¬ 
rency  and  the  lustre  of  their  liquids.  These  frozen 
metals  in  general  form  compact  masses  consisting  of 
aggregates  of  crystals  belonging  the  regular  or 
rhombic  or  (more  rarely)  the  quadratic  system.  But 
in  many  cases  the  crystals  are  so  closely  packed  as  to 
produce  an  apparent  absence  of  all  structure.  Com¬ 
pared  with  non-metallic  solids,  they  in  general  are 
good  conductors  of  heat  and  of  electricity.  But  their 
most  characteristic,  though  not  perhaps  their  most 
general,  property  is  that  they  combine  in  themselves 
the  apparently  incompatible  properties  of  elasticity 
and  rigidity  on  the  one  hand  and  plasticity  on  the 
other.  To  this  remarkable  combination  of  properties 
more  than  to  anything  else  the  ordinary  metals  owe 
their  wide  application  in  the  mechanical  arts.  In 
former  times  a  high  specific  gravity  used  to  be  quoted 
as  one  of  the  characters  of  the  genus ;  but  this  no 
longer  holds,  since  we  have  come  to  know  of  a  whole 
senes  of  metals  which  float  on  water.  Let  us  .  ow 
proceed  to  see  to  what  degree  the  mechanical  and 
physical  properties  of  the  genus  are  developed  in  the 
several  individual  metals. 

Non- Transparency. — This,  in  the  case  of  even  the 
solid  metals,  is  perhaps  only  a  very  low  degree  of  trans- 
arency.  In  regard  to  gold  this  has  been  proved  to 
e  so  ;  gold  leaf,  or  thin  films  of  gold  produced  chemi¬ 
cally  on  glass  plates,  transmit  light  with  a  green  color. 
On  the  other  hand  those  infinitely  thin  films  of  silver 
which  can  be  produced  chemically  on  glass  surfaces 
are  absolutely  opaque.  Very  thin  films  of  liquid 
mercury,  according  to  Melsens,  transmit  light  with 
a  violet-blue  color  ;  also  thin  films  of  copper  are  said 
to  be  translucent.  Other  metals,  so  far  as  we  know, 
have  not  been  more  exactly  investigated  in  this  direc¬ 
tion.  . 

Color. — Gold  is  yellow  ;  copper  is  red  ;  silver,  tin, 
and  some  others  are  pure  white  ;  the  majority  exhibit 
some  modification  or  other  of  gray. 

Reflection  of  Light.— Polished  metallic  surfaces,  like 
those  of  other  solids,  divide  any  incident  ray  into  two 


parts,  of  which  one  is  refracted  while  the  other  is 
reflected, — with  this  difference,  however,  that  the  for¬ 
mer  is  completely  absorbed,  and  that  the  latter,  in 
regard  to  polarization,  is  quite  differently  affected.1 
The  degree  of  absorption  is  different  for  different 
metals.  According  to  Jamin,  the  remaining  intensity, 
after  one  and  ten  successive  perpendicular  reflections 
respectively  from  the  metal-mirrors  named,  is  as  fol¬ 
lows  (original  intensity  =1)  : 


Silver. 

Speculum 

Metal. 

Steel. 

1R. 

10  R. 

1R. 

10  R. 

1R. 

10  R. 

Red . 

.929 

■47SL 

.692 

.035 

.609 

.007 

Yellow . 

.905 

mT 

.632 

.010 

.599 

.006 

Violet . 

.867 

.242 

.599 

.006 

.599 

.006 

This  shows  the  great  superiority  of  silver  as  a  reflect¬ 
ing  medium,  especially  in  the  case  of  repeated  reflec¬ 
tion. 

Crystalline  Form. — Most  (perhaps  all)  metals  are 
capable  of  crystallization,  and  in  most  cases  isolated 
crystals  can  be  produced  bv  judiciously  managed  par¬ 
tial  freezing.  The  crystals  belong  to  the  following  sys¬ 
tems  : — regular  system — silver,  gold,  palladium,  mer¬ 
cury,  copper,  iron,  lead  ;  quadratic  system — tin,  potas¬ 
sium  ;  rhombic  system — antimony,  bismuth,  tellurium, 
zinc,  magnesium. 

Structure. — Perhaps  all  metals,  in  the  shape  which 
they  assume  in  freezing,  are  crystalline,  only  the 
degree  of  visibility  of  the  crystalline  arrangement  is 
very  different  in  different  metals,  and  even  in  the  same 
metal  varies  according  to  the  slowness  of  solidification 
and  other  circumstances. 

Of  the  ordinary  metals,  antimony,  bismuth,  and 
zinc  may  be  mentioned  as  exhibiting  a  very  distinct 
crystalline  structure  :  a  bar-shaped  ingot  readily  breaks, 
and  the  crystal  faces  are  distinctly  visible  on  the  frac¬ 
ture.  Tin  also  is  crystalline  :  a  thin  bar,  when  bent, 
“  creaks  ”  audibly  from  the  sliding  of  the  crystal 
faces  over  one  another  ;  but  the  bar  is  not  easily 
broken,  and  exhibits  an  apparently  non-crystalline 
fracture. — Class  I. 

Gold,  silver,  copper,  lead,  aluminium^  cadmium, 
iron  (pure),  nickel,  ana  cobalt  are  practically  amor¬ 
phous,  the  crystals  (where  they  exist)  being  so  closely 
packed  as  to  produce  a  virtually  homogeneous  mass. — 
Class  II. 

The  great  contrast  in  apparent  structure  between 
cooled  ingots  of  Class  I.  and  of  Class  II.  appears,  how¬ 
ever,  to  be  owing  chiefly  to  the  fact  that,  while  the 
latter  crystallize  in  the  regular  system,  metals  of  Class 
I.  form  rhombic  or  quadratic  crystals.  Regular  crys¬ 
tals  expand  equally  in  all  directions;  rhombic  and 
quadratic  ores  expand  differently  in  different  directions. 
Hence,  supposing  the  crystals  immediately  after  their 
formation  to  be  in  absolute  contact  with  one  another 
all  round,  then,  in  the  case  of  Class  II. ,  such  contact 
will  be  maintained  on  cooling,  while  in  the  case  of 
Class  I.  the  contraction  along  a  given  straight  line  will 
in  general  have  different  values  in  any  two  neighbor¬ 
ing  crystals,  and  the  crystals  consequently  become, 
however  slightly,  detached  from  one  another.  The 
crystalline  structure  which  exists  on  both  sides  becomes 
visible  only  in  the  metals  of  the  first  class,  and  only 
there  manifests  itself  as  brittleness. 

Closely  related  to  the  structure  of  metals  is  their 
degree  of  “plasticity”  (susceptibility  of  being  con¬ 
strained  into  new  forms  without  breach  of  continuity). 
This  term  of  course  includes  as  special  cases  the  quali¬ 
ties  of  “malleability”  (capability  of  being  flattened 
out  under  the  hammer)  and  ductility  ”  (capability  of 
being  drawn  into  wire) ;  but  it  is  well  at  once  to  point 
out  that  these  two  special  qualities  do  not  always  go 
parallel  to  each  other,  for  this  reason  amongst  others 

1  This  may  be  the  cause  of  the  peculiarity  of  metallic  lustre. 
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that  ductility  in  a  higher  degree  than  malleability  is 
determined  by  the  tenacity  of  a  metal.  Hence  tin  and 
lead,  though,  very  malleable,  are  little  ductile.  The 
uality  of  plasticity  is  developed  to  very  different 
egrees  in  different  metals,  and  even  in  the  same 
species  it  depends  on  temperature,  and  may  be  modi¬ 
fied  by  mechanical  or  physical  operations.  A  bar  of 
zinc,  for  instance,  as  obtained  by  casting,  is  very  brittle  ; 
but  when  heated  to  100°  or  150°  C.  it  becomes  suffi¬ 
ciently  plastic  to  be  rolled  into  the  thinjnest  sheet  or  to 
be  drawn  into  wire.  Such  sheet  or  wire  then  remains 
flexible  after  cooling,  the  originally  only  loosely  coher¬ 
ing  crystals  having  got  intertwisted  and  forced  into 
absolute  contact  with  one  another, — an  explanation 
supported  by  the  fact  Aat  rolled  zinc  has  a  somewhat 
higher  specific  gravi*  (7.2)  than  the  original  ingot 
(6.9).  The  same  metal,  when  heated  to  205°  C., 
becomes  so  brittle  that  it  can  be  powdered  in  a  mortar. 
Pure  iron,  copper,  silver,  and  other  metals  are  easily 
drawn  into  wire,  or  rolled  into  sheet,  or  flattened  under 
the  hammer.  Put  all  these  operations  render  the 
metals  harder,  and  detract  from  their  plasticity.  Their 
original  softness  can  be  restored  to  them  by  ‘  ‘  anneal¬ 
ing,”  i.  e. ,  by  heating  them  to  redness  and  then 
quenching  them  in  cola  water.  In  the  case  of  iron, 
however,  this  applies  only  if  the  metal  is  perfectly 
pure.  If  it  contains  a  few  parts  of  carbon  per  thou¬ 
sand,  the  annealing  process,  instead  of  softening  the 
metal,  gives  it  a  “  temper,”  meaning  a  higher  degree 
of  hardness  and  elasticity  (see  below). 

What  we  have  called  plasticity  must  not  be  mixed 
up  with  the  notion  of  softness,  which  means  the 
degree  of  facility  with  which  the  plasticity  of  a  metal 
can  be  discounted.  Thus  lead  is  far  softer  than  silver, 
and  yet  the  latter  is  by  far  the  more  plastic  of  the  two. 
The  now  famous  experiments  of  Tresca  ( Comptes 
jRendus,  lix.  754)  show  that  the  plasticity  of  certain 
metals  at  least  goes  considerably  farther  than  had 
before  been  supposed.  He  operated  with  lead,  cop¬ 
er,  silver,  iron,  and  some  other  metals.  Round 
isks  made  of  these  substances  were  placed  in  a  closely 
fitting  cylindrical  cavity  drilled  in  a  block  of  steel,  the 
cavity  having  a  circular  aperture  of  two  or  four  centi¬ 
metres  below.  By  means  of  an  hydraulic  press, 
applied  to  a  superimposed  piston,  a  pressure  oi 
100,000  kilos  was  made  to  act  upon  the  disks,  when 
the  metal  was  seen  to  ‘  ‘  flow  ’  ’  out  of  the  hole  like  a 
viscid  liquid.  In  spite  of  the  immense  rearrangement 
of  parts  there  was  no  breach  of  continuity.  What 
came  out  below  was  a  compact  cylinder  with  a  rounded 
bottom,  consisting  of  so  many  layers  superimposed 
upon  one  another.  Parallel  experiments  with  layers 
of  dough  or  sand  plus  some  connecting  material  proved 
that  the  particles  in  all  cases  moved  along  the  same 
tracks  as  would  be  followed  by  a  flowing  cylinder  of 
liquid.  Of  the  better  known  metals  potassium  and 
sodium  are  the  softest  ;  they  can  be  kneaded  between 
the  fingers  like  wax.  After  these  follow  first  thallium 
and  then  lead,  the  latter  being  the  softest  of  the  metals 
used  in  the  arts.  Among  these  the  softness  decreases 
in  about  the  following  order  : — lead,  pure  silver,  pure 
gold,  tin,  copper,  aluminium,  platinum,  pure  iron. 
As  liquidity  might  be  looked  upon  as  the  ne  plus  ultra 
of  softness,  this  is  the  right  place  for  stating  that, 
while  most  metals,  when  heated  up  to  their  melting 
joints,  pass  pretty  abruptly  from  the  solid  to  the 
iquid  state,  platinum  and  iron  first  assume,  and 
throughout  a  long  range  of  temperatures  retain,  a  con¬ 
dition  of  viscous  semi-solidity  which  enables  two  pieces 
of  them  to  be  “welded  ”  together  by  pressure  into  one 
continuous  mass.  Potassium  and  sodium  might  prob¬ 
ably  be  welded  if  their  surfaces  could  be  kept  clear  of 
oxide. 

According  to  Prechtl,  the  ordinary  metals,  in  regard 
to  the  degree  of  facility  or  perfection  with  which  they 
can  be  hammered  flat  on  the  anvil,  rolled  out  into 
sheet,  or  drawn  into  wire,  form  the  following  descend¬ 
ing  series: 


Hammering. 

Rolling  into  Sheet. 

Drawing  into  Wire. 

Lead. 

Gold. 

Platinum. 

Tin. 

Silver. 

Silver. 

Gold. 

Copper. 

Iron. 

Zinc. 

Tin. 

Copper. 

Silver. 

Lead. 

Gold. 

-Copper. 

Zinc. 

Zinc. 

Platinum. 

Platinum. 

Tin. 

Iron. 

Iron. 

Lead. 

To  give  an  idea  of  what  can  be  done  in  this  way,  it 
may  be  stated  that  gold  can  be  beaten  out  to  leaf  of 
the  thickness  of  -rim  mm.;  and  that  platinum,  by 
judicious  work,  can  be  drawn  into  wire  mm- 

thick. 

By  the  hardness  of  a  metal  we  mean  the  resistance 
which  it  offers  to  the  file  or  the  engraver’s  tool.  Tak¬ 
ing  it  in  this  sense,  it  does  not  necessarily  measure, 
e.  q. ,  the  resistance  of  a  metal  to  abrasion  by  friction. 
Thus,  for  instance,  10  per  cent,  aluminium  bronze  is 
scratched  by  an  edge-tool  made  of  ordinary  steel  as 
used  for  knife-blades.  And  yet  it  has  been  found  that 
the  6ets  of  needles  used  for  perforating  postage  stamps 
last  longer  if  made  of  aluminium  bronze  than  they  do 
if  made  of  steel. 

Elasticity. — All  metals  are  elastic  to  this  extent,  that  a 
change  of  form,  brought  about  by  stresses  not  exceeding  cer¬ 
tain  limit  values,  will  disappear  on  the  stress  being  removed. 
Strains  exceeding  the  “  limit  of  elasticity  ”  result  in  perma¬ 
nent  deformation  or  (if  sufficiently  great)  in  rupture.  Where 
this  limit  lies  is  in  no  case  precisely  known.  According  to 
Wertheim1  (who  has  done  more  for  our  knowledge  of  the 
subject  than  any  one  else)  and  Hodgkinson,  the  real  law 
seems  to  be  pretty  much  as  indicated  by  the  two  curves  on 
the  accompanying  diagram,  where,  in  reference  to  a  metal¬ 
lic  wire,  stretched  by  an  appended  weight,  the  abscissa 
always  means  the  numerical  value  P  of  the  weight,  the 


y 


ordinate  of  the  upper  curve  the  total  elongation  caused  by  P, 
the  ordinate  of  the  lower  curve  that  part  of  the  elongation 
which  remains  when  P  is  removed,  so  that  the  piece  of  the 
ordinate  between  the  two  curves  gives  the  temporary  (“  elas¬ 
tic  ”)  expansion.  From  P  =  0  up  to  a  somewhat  indefinite 
point  (a  or  A)  both  curves  are  nearly  straight  lines,  the  lower 
almost  coinciding  in  its  beginning  with  the  axis  of  abscissae ; 
from  that  point  onwards  these  two  curves  approach  each 
other,  and  at  a  short  distance  from  the  point  of  rupture  they 
rapidly  converge  towards  intersection.  For  any  value  of 
P  which  lies  fairly  on  the  safe  side  of  A,  we  have  approxi¬ 
mately 

X-  l*t 

T 

where  X  means  the  elastic  (or  Substantially  the  total)  expan¬ 
sion,  l  the  length,  and  q  the  square  section  of  the  wire  or 
cylindrical  bar  operated  upon.  The  reciprocal  of  e  (viz.,  E 
=  1/s)  is  called  the  “  modulus  of  elasticity.” 

Wertheim  has  determined  this  constant  for  a  large  num¬ 
ber  of  metals  and  alloys.  He  used  three  methods :  one  was 
to  measure  the  elongations  produced,  in  a  wire  of  given  di¬ 
mensions,  by  a  succession  of  charges;  the  other  two  con¬ 
sisted  in  causing  a  measured  bar  to  give  off  a  musical  note 
by  (a)  longitudinal  and  (6)  transversal  vibration,  and 
counting  the  vibrations  per  second.  The  following  table 
gives  some  of  his  results.  Column  2  gives  the  constant  E 
for  millimetre  and  kilogramme.  Hence  1000/E  is  the  elon- 

1  Annates  de  Chimie  et  de  Physique  [iii.],  vol.  xii. 
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gation  in  millimetres  per  metre  length  per  kilo.  Column  3 
shows  the  charge  causing  a  permanent  elongation  of  0.05 
mm.  per  m'.tre, — which,  for  practical  purposes,  he  takes  as 
giving  the  limit  of  elasticity ;  column  4  gives  the  breaking 
strain.  Values  of  E  in  square  brackets  [  ]  are  derived  from 
vibration  experiments ;  the  rest  from  direct  measurements 
of  elongations.  Numbers  in  round  brackets  (  )  do  not  neces¬ 
sarily  refer  to  the  same  specimen  as  the  other  data. 


Name. 

E. 

For  wire  of  1  Sq.  mm. 
Section,  Weight  (in 
Kilos)  causing 

Permanent 

Elongation 

°f 

Breakage. 

Lead,  drawn . 

1,803 

0.25 

2.1 

“  annealed . 

1,727 

0.20 

1.8 

Tin,  drawn . 

3,923 

0.45 

(2.45) 

“  annealed . 

4,060 

0.20 

Cadmium,  drawn . 

5,757 

2.24 

“  annealed . 

4,777 

Gold,  drawn . 

8,132 

13.5 

27 

“  annealed . 

5,585 

3.0 

10 

Silver,  drawn . 

7,358 

11.3 

29 

“  annealed . 

7,141 

2.6 

16 

Zinc,  pure,  cast  in  mould. 

9,021 

“  ordinary,  drawn . 

8,735 

0.75 

13 

“  “  annealed.. 

[9,467] 

1.00 

Palladium,  drawn . 

11,759 

18 

“  annealed . 

9,789 

under  5 

27 

Copper,  drawn . 

12,449 

12 

40 

“  annealed . 

10,519 

under  3 

30 

Platinum  wire,  medium ) 

thickness,  drawn . J 

I  / 

(Zb) 

“  annealed.. 

15,518 

(14) 

Platinum  wire,  thick,  d’n 

15,987 

34 

“  “  annealed.. 

15,622 

23 

Iron,1  drawn . 

20,869 

32 

61 

“  1  annealed . 

20,794 

under  5 

47 

Nickel,2  drawn . 

3X61 

Cobalt,2  “  . 

2X61 

Aluminium3 . 

7,040 

Aluminium  bronze3 . 

10,700 

Brass4 . 

8,543 

German  silver5 . 

10,788 

The  above  numbers  may  be  assumed  to  hold  for  tempera¬ 
tures  from  15°  to  20°  C.  Wertheim  executed  determina¬ 
tions  also  at  other  temperatures ;  but,  as  his  numbers  do  not 
appear  to  reveal  the  true  relations  between  E  and  tempera¬ 
ture,  we  quote  the  results  of  Kohlrausch  aqd  Loomis,  who 
found  the  following  relations  between  the  modulus  Eo  for 
0°  C.  and  the  value  E t  for  -f-/°  C. : 


Iron :  E«  =  Eo(l  -  .000483  t  -  .00000012/2). 

Copper :  Fa  =  Eo(l  -  .000572  /  -  .00000028/*). 
Brass:  Et  =  E0(l  -  .000485  /-  .00000136/2). 


Tims,  for  these  three  metals  at  least,  the  value  of  E  dimin¬ 
ishes,  when  temperature  increases,  at  pretty  much  the  same 
rate  per  degree  of  temperature. 

Specific  Gravity. — This  varies  in  metals  from  .594  (lithium) 
to  22.48  (osmium),  and  in  one  and  the  same  species  is  a  func¬ 
tion  of  temperature  and  of  previous  physical  and  mechani¬ 
cal  treatment.  It  has  in  general  one  value  for  the  powdery 
metal  as  obtained  by  reduction  of  the  oxide  in  hydrogen 
below  the  melting  point  of  the  metal,  another  for  the  metal 
in  the  state  which  it  assumes  spontaneously  on  freezing,  and 
this  latter  value  again,  in  general,  is  modified  by  hammer¬ 
ing,  rolling,  or  wire-drawing,  etc.  These  mechanical  opera¬ 
tions  do  not  necessarily  add  to  the  density ;  stamping,  it  is 
true,  does  so  necessarily,  but  rolling  or  drawing  occasionally 
causes  a  diminution  of  the  density.  Thus,  for  instance, 
chemically  pure  iron  in  the  ingot  has  the  specific  gravity 
7.844 ;  when  it  is  rolled  out  into  thin  sheet,  the  value  falls 
to  7.6 ;  when  drawn  into  thin  wire,  to  7.75  (Berzelius).  The 
following  table  gives  the  specific  gravities  of  all  metals  (ex¬ 
cept  a  few  very  rare  ones)  according  to  the  most  trustworthy 
modern  determinations.  Where  special  statements  are  not 
made,  the  numbers  may  be  assumed  to  hold  for  the  ordinary 
temperature  (15°  to  17°  or  20°  C.),  referred  to  water  of  the 
same  temperature  (specific  gravity  =1)  as  a  standard,  and 
to  hold  for  the  natural  frozen  metal. 

l  From  Du  Brery.  2  Approximate,  by  H.  St.  Clair  Deville. 

8  From  deflection  of  hammered  bar  of  5  mm.  thickness,  charged 
in  the  middle;  determined  by  W.  Dittmar. 


Name  of  Metal. 

Specific 

Gravity. 

Authority. 

Lithium . 

.594 

.875 

.9735 

1.52 

1.578 

1.743 

1.88 

2.1 

2.5 

2.583  at  4° 
2.67 

over  4° 

4.15 

5.5 

5.9 

6.163 

6.544 

6.728 

6.715  at  16° 
6.81 

6.915 

7  2 

Bunsen. 

Baumhauer. 

(4 

Potassium . 

Sodium . 

Rubidium . 

Bunsen. 

Bunsen  and  Matthiesen. 
Bunsen. 

Setterberg. 

Debray. 

Calcium . 

Magnesium . 

Caesium . 

Beryllium . 

Strontium . 

Aluminium,  pure,  ingot . 

Aluminium,  ord.,  hamm’d. 
Barium . 

Mallet,  1880. 

Clarke. 

Troost. 

Roscoe. 

Lecoq  de  Boisbaudran. 

It 

Zirconium . 

Vanadium,  powder . 

Gallium......] . 

Lanthanum . 

Didymium . 

Hillebrandt  and  Norton 

41  44 

Cerium . 

Antimony . . . 

Marchand  and  Scheerer 
Wohler. 

Kars  ten. 

Chromium . 

Zinc,  ingot . 

“  rolled  out . 

Manganese . 

7.14  to  7.2 

7  29  to  7.299 

Brunner. 

Various  authorities. 

W.  H.  MiHer. 

Richter. 

Berzelius. 

41 

Tin,  cast . 

“  crystalliz’d  by  galv’c ) 
current  from  solutions.  J 
Indium . 

7.178 

7.42 

7.844 

7  6 

Iron,  chem.  pure,  ingot . 

“  thin  sheet . 

“  wrou’t,  high  quality.. 
Nickel,  ingot . 

7.8  to  7.9 
8.279 

8.666 

Richter. 

II 

“  forged . 

Cadmium,  ingot . . 

hammered . 

Cobalt . 

8.546 

8.667 

8.5  to  8.7 

Schroder. 

14 

Molybdenum,  contain’g  4 ) 
to  5  per  cent,  of  carbon  J 
Copper,  native . 

8.6 

8  94 

Debray. 

cast . 

8.92 

Marchand  and  Scheerer 

“  wire  or  thin  sheet. 

“  electrotype,  pure... 

Bismuth . 

8.94  to  8.95 
8.945 

9.823  at  12° 

41  41 

Hampe. 

Holzmann. 

44 

Silver,  cast . 

10.4  to  10.5 

“  stamped . 

10.57 

G.  Rose. 

Lead,  very  slowly  frozen... 
“  quickly  frozen  in] 

cold  water . j 

Palladium . 

11.254 

11.363 

11.4  at  22.5° 

Deville. 

44 

Deville  and  Debray. 

Crookes. 

Thallium . 

11.86 

Rhodium . 

12.1 

Bunsen. 

Ruthenium . 

12.26  at  0° 

Deville  and  Debray. 

H.  Kopp. 

Mercury,  liquid . 

13.595  at  0° 

4<  "  solid . 

14.39  below 

Tungsten,  compact,  by  H2 ) 
from  chloride  vapor  f 
“  as  reduced  by  1 

hydrogen,  powder...  j 
Uranium . 

16.54  t-40° 

19.13 

18.33 

Wohler,  1855. 

Roscoe. 

P61igot,  1868. 

Matthiesen. 

Gold,  ingot . 

19.265  at  13° 

u  stamped . 

19.31  to  19.34 

G.  Rose. 

“  powder,  precipit’d  1 

by  ferrous  sulphate . j 

PI  at, i  n  n  m ,  pn  re . 

19.55  to  19.72 

21.46 

44 

Iridium . 

22.40 

Osmium . 

22.477 

Deville  and  Debray  ,1876 

Thermic  Properties. — The  specific  heats  of  most  metals 
have  been  determined  very  carefully  by  Eegnault.  The 
general  result  is  that,  conformably  with  Dulong  and  Petit’s 
law,  the  “  atomic  heats  ”  all  come  to  very  nearly  the  same 
value  (of  about  6.4) ;  i.  e.,  atomic  weight  by  specific  heat 
=  6.4.  Thus  we  have  for  silver  by  theory  6.4/108  =  .0593, 
and  by  experiment  .0570  for  10°  to  100°  C. 

The  expansion  by  heat  varies  greatly.  The  following 
table  gives  the  linear  expansions  from  0°  to  100°  C.  accord¬ 
ing  to  Fizeau  ( Comptes  Rendus,  lxviii.  1125),  the  length  at  0° 
being  taken  as  unity : 


*  Composition,  ZnCu2  (Wertheim). 

&  Composition,  Zn.CuuNi,  (Wertheim). 


Name  of  Metal. 


Platinum,  cast . 

Gold,  cast . 

Silver,  cast . 

Copper,  native,  from  Lake  Superior . 

“  artificial . 

Iron,  soft,  as  used  for  electro-magnets . 

“  reduced  by  hydrogen  and  compressed . 

Cast  steel,  English  annealed . 

Bismuth,  in  the  direction  of  the  axis . 

“  at  right  angles  to  axis . 

“  mean  expansion,  calculated . 

Tin,  of  Malacca,  compressed  powder . 

Lend  cast  »•  •••  •••  •••  •••  ••»•••  •••  . . . .  •••  •••  •••  •••  ••• 

Zinc.’distiiied,  compressed  powder . 

Cadmium,  distilled,  compressed  powder . 

Aluminium,  cast . 

Brass  (71.5  per  cent,  copper,  28.5  per  cent,  zinc) . 

Bronze  (86.3  per  cent,  copper,  9.7  per  cent,  tin,) 
4.0  per  cent,  zinc) . j 


Expansion 
0°  to  100°. 


.000  907 
.001  451 
.001  936 
.001  708 
.001  869 
.001  228 
.001  208 
.001  110 
.001  642 
.001  239 
.001  374 
.002  269 
.002  948 
.002  905 
.003  102 
.002  336 
.001  879 

.001  802 
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The  coefficient  of  expansion  is  constant  for  such  metals 
only  as  crystallize  in  the  regular  system ;  the  others  expand 
differently  in  the  directions  of  the  different  axes.  To  elimi¬ 
nate  this  source  of  uncertainty  these  metals  were  employed 
as  compressed  powders.  The  cubical  expansion  of  mercury 
from  0°  to  100°  C.  is  .018153  =  ^.Vs?  (Regnault). 

Fusibility  and  Volatility. — The  fusibility  in  different  metals 
is  very  different,  as  shown  by  the  following  table,  which, 
besides  including  all  the  fusing  points  (in  degrees  C.)  of 
metals  which  have  been  determined  numerically,  indicates 
those  of  a  selection  of  other  metals  by  the  positions  assigned 
to  them  in  the  table.  Of  the  temperatures  given,  those 
above  (say)  500°  C.  must  be  looked  upon  as  rough  approxi¬ 
mations. 


Name  of  Metal. 

Fusing  point. 

Authority. 

Mercury . 

-38.8 

B.  Stewart. 

Caesium . 

+26  to  27 

Setterberg. 

Gallium . 

30.1 

L .  deBoisbaudran 

Rubidium . . . 

38.5 

Bunsen. 

Potassium . 

62.5 

95.5 

180.0 

it 

Lithium . 

? 

Indium .  . 

176 

Richter  (?) 

Tin . 

228 

Rudberg. 

Bismuth . 

264 

Thallium . 

290 

Lamy. 

Cadmium . 

320 

Rudberg. 

t< 

Lead . 

325 

Antimony . 

425 

Zinc . 

415 

Person. 

11 

412 

Daniel  1. 

Incipient  Red  Heat . 

Magnesium . 

Aluminium . 

525 

Pouillet. 

Cherry  Red  Heat . 

700 

Pouillet. 

Silver . 

1,040 

Becquerel. 

Gold . 

1,100 

Yellow  Heat . 

1,100 

Pouillet. 

Copper . 

1,200 

Iron,  wrought . 

1,300  to  1,400 

“  chemically  pure . 

higher 

Cobalt . 

1,400 

Nickel . 

1,600 

Uranium . 

? 

Dazzling  White  Heat . 

1,500  to  1,600 

Pouillet. 

Palladium  is  barely  fusible 

at  the  highest  wind-furnace 

heat.  The  following  melt  only  in  the  oxyhydrogen  flame : 

Platinum . . . 

Iridium . 

Rhodium . . . . 

Ruthenium . 

2,000 

Max.  Temp,  of  Oxyhydrogen  Flame 

2,870 

Bunsen.1 

Osmium  does  not  melt  at  2,870°,  i.e.,  is  as  yet  infusible. 

Of  the.  volatility  of  metals  we  have  little  precise  know¬ 
ledge  ;  only  the  following  boiling  points  are  known  numer¬ 
ically  : 


Name  of  Metal. 

Boiling 

Point. 

Authority. 

Mercury . 

357.3 

860 

1,010 

below  1,040 
above  1,040 

Regnault. 

Deville  &  Troost. 

it  it 

Dewar  &  Dittmar 

it  it 

Cadmium . 

Potassium .  . 

Sodium . 

For  practical  purposes  the  volatility  of  metals  may  be 
stated  as  follows : 

1.  Distillable  below  redness  :  mercury. 

2.  Distillable  at  red  heats :  cadmium,  alkali  metals,  zinc, 
magnesium. 

3.  Volatilized  more  or  less  readily  when  heated  beyond 
their  fusing  points  in  open  crucibles:  antimony  (very 
readily),  lead,  bismuth,  tin,  silver. 

4.  Barely  so:  gold,  (copper). 

5.  Practically  non-volatile :  (copper),  iron,  nickel,  cohalt, 
aluminium ;  also  lithium,  barium,  strontium,  and  calcium. 

In  the  oxyhydrogen  flame  silver  boils,  forming  a  blue  va¬ 
por,  while  platinum  volatilizes  slowly,  and  osmium,  though 
infusible,  very  readily. 

Latent  Heats  of  Liquefaction. — Of  these  we  know  little.  The 
following  numbers  are  due  to  Person— ice,  it  may  be  stated, 
being  30  : 


Metal. 

Latent 

Heat. 

Metal. 

Latent 

Heat. 

Mercury . 

Lead . 

2.82 

5.37 

12.4 

Cadmium . 

13.6 

21.1 

28.1 

Silver . 

TWsrmiith . 

Zinc . 

Of  the  latent  heats  of  vaporization  only  that  of  mercury 
has  been  determined, — by  Marignac,  who  found  it  to  be  103 
to  106  units. 


Conductivity. — Conductivity,  whether  thermic  or  electric, 
is  very  differently  developed  in  different  metals ;  and,  as  an 
exact  knowledge  of  these  conductivities  is  of  great  scientific 
and  practical  importance,  much  attention  has  been  given  to 
their  numerical  determination.  The  following  are  the 
modes  in  which  the  two  conductivities  have  been  defined  as 
quantities. 

1.  Thermic. — Imagine  one  side  (I)  of  a  metallic  plate,  D 
units  thick,  to  be  kept  at  the  constant  temperature  ti,  the 
other  (II)  at  fa.  After  a  sufficient  time  each  point  between 
I  and  II  will  be  at  a  constant  intermediate  temperature,  and 
in  every  unit  of  time  a  constant  quantity  Q  of  heat  will  pass 
from  any  circumscribed  area  S  on  I  to  the  opposite  area  S 
on  II,  according  to  the  equation 


l  is  called  the  (internal)  conductivity  of  the  metal  the  plate 
is  made  of.  It  is,  strictly  speaking,  a  function  of  h  and  fa  ; 
but  within  a  given  small  interval  of  temperatures  it  may  be 
taken  as  a  constant. 

2.  Electric. — When  a  given  constant  battery  is  closed  suc¬ 
cessively  by  different  wires  of  the  same  sort,  then,  accord¬ 
ing  to  experience,  the  strength  I  of  the  current  (as  measured, 
for  instance,  by  the  heat-equivalent  of  the  electricity  flowing 
through  the  circuit  in  unit  of  time)  is  in  accordance  with 
the  equation 

A/I=  1-f-rl/s, 

where  l  is  the  length  and  s  the  square  section  of  the  wire, 
while  A  is  a  constant  which,  for  our  purpose,  need  not  be 
defined  in  regard  to  its  physical  meaning ;  r  measures  the 
specific  resistance  of  the  particular  metal.  Supposing  a  cer¬ 
tain  silver  wire  on  the  one  hand  and  a  certain  copper  wire 
on  the  other,  when  substituted  for  each  other,  to  produce 
currents  of  the  same  strength,  we  have 

nhisi—rihlsi , 

whence 

nlr2=sihl{s2h)=k 

where  lc  is  the  computed  value  of  the  ratio  on  the  right- 
hand  side.  Hence,  taking  rj,  the  resistance  of  copper,  as 
unity,  we  have  n=k,  i.e.,  k  gives  us  the  specific  resistance  of 
silver,  that  of  copper  being  taken  =1.  In  this  relative  man¬ 
ner  resistances  are  usually  measured,  silver  generally  being 
taken  as  the  standard  of  comparison.  Supposing  the  rela¬ 
tive  resistance  of  a  metal  to  be  R,  the  reciprocal  l/R  is  called 
its  “  electric  conductivity.”  For  the  same  metal  R  varies 
with  the  temperature,  the  higher  temperature  correspond¬ 
ing  to  the  higher  resistance.  The  following  table  gives  the 
electric  conductivities  of  a  number  of  metals  as  determined 
by  Matthiesen,  and  the  relative  internal  thermic  conduc¬ 
tivities  of  (nominally)  the  same  metals  as  determined  by 
Wiedemann  and  Franz,  with  rods  about  5  mm.  thick,  of 
which  one  end  was  kept  at  100°  C.,  the  rest  of  the  rod  in  a, 
“  vacuum  ”  (of  5  mm.  tension)  at  12°  C.  Matthiesen’s  re¬ 
sults,  except  in  the  two  cases  noted,  are  from  his  memoir  in 
Pogg.  Ann.,  1858,  ciii.  428. 


Relative  Conductivities 

Metals. 

Electric. 

Ther¬ 

mic. 

Copper,  commercial,  No.  3 . 

.774  at  18  8° 

“  No.  2. . 

.721  “  22.6 
.93 

chemically  pure2 . 

Copper . ...’. . 

.748 

Gold,  pure . 

.552  “  21.8 

.548 

“  absolutely  pure2 . 

.73  “  19.0 

Brass . 

.25 

.154 

Tin,  pure . 

.115  “  21.0 

Pianoforte  wire . 

.144  “  20.4 

Iron  rod . 

.101 

Steel . 

.103 

Lead,  pure . 

.0777“  17.3 

.079 

Platinum  . 

.105  “  20.7 

.094 

.073 

German  silver . 

.0767“  18.7 

Bismuth . 

.0119“  13.8 

Aluminium . 

.196  “  19.6 

Mercury . 

.0163“  22.8 

Silver,  pure . . 

1.000  “  0 

1.000 

2  Published  in  1860,  and  declared  by  Matthiesen  to  be  more  ex¬ 
act  than  the  old  numbers. 


»  Bunsen,  Jahresb.f.  Chem.,  1867,  p.  41:  Phil.  Mag.,  xxxiv.  489. 
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Going  by  Matthiesen’s  old  numbers,  we  find  them  to 
agree  fairly  with  Wiedemann  and  Franz’s  thermic  conduc¬ 
tivities,  which  supports  an  obvious  and  pretty  generally 
received  proposition.  Matthiesen’s  new  numbers  for  gold 
and  copper,  however,  destroy  the  harmony. 

Magnetic  Properties. — Iron,  nickel,  and  cobalt  are  the  only 
metals  which  are  attracted  by  the  magnet  and  can  become 
magnets  themselves.  But  in  regard  to  their  power  of  re¬ 
taining  their  magnetism  none  of  them  comes  at  all  up  to  the 
compound  metal  steel.  See  Magnetism. 

Chemical  Changes. 

The  chemical  changes  which  metals  are  liable  to 
may  be  classified  according  to  the  loss  of  metallicity 
involved  in  them.  We  will  adopt  this  principle  and 
begin  with  the  action  of  metals  on  metals,  which,  as 
experience  shows,  always  leads  to  the  formation  of 
truly  metallic  compounds. 

Any  two  or  more  metals  when  mixed  together  in 
the  liquid  state  unite  chemically,  or  at  least  molec- 
ularly,  in  this  sense  that,  although  the  mixture,  on 
standing  (hot),  may  separate  into  layers,  each  layer  is 
a  homogeneous  solution  or  “alloy”  of,  in  general,  all 
the  components  in  one  another.  With  binary  com¬ 
binations  the  following  two  cases  may  present  them¬ 
selves  :  (1)  the  two  metals  mix  permanently  in  any 
proportion ;  or  (2)  either  of  the  two  metals  refuses  to 
take  up  more  than  a  certain  limit-proportion  of  the 
other ;  hence  a  random  mixture  of  the  two  metals  will, 
in  general,  part  into  two  layers, — one  a  solution  of  A 
in  6,  the  other  a  solution  of  B  in  A.  The  first  case 
presents  itself  very  frequently ;  it  holds,  for  instance, 
for  gold  and  silver,  gold  and  copper,  copper  and  silver, 
lead  and  tin,  and  any  alloy  of  these  two  and  bismuth. 
Many  other  cases  might  be  quoted.  A  good  example 
of  the  second  case  is  lead  and  zinc,  either  of  which  dis¬ 
solves  only  a  very  small  percentage  of  the  other.  In 
the  preparation  of  an  alloy  we  need  not  start  with  the 
components  in  the  liquid  state ;  the  several  metals 
need  only  be  heated  together  in  the  same  crucible, 
when,  in  general,  the  liquid  of  the  more  readily  fusible 
part  dissolves  the  more  refractory  components  at  tem¬ 
peratures  far  below  their  fusing  points.  Molten  lead, 
for  instance,  as  many  a  tyro  in  chemical  analysis  has 
come  to  learn  to  his  cost,  readily  runs  through  a  pla¬ 
tinum  crucible  at  little  more  than  its  own  fusing  point. 

A  homogeneous  liquid  alloy,  when  solidified  sud¬ 
denly,  say  by  pouring  it  drop  by  drop  into  cold  water, 
necessarily  yields  an  equally  homogeneous  solid.  But 
it  may  not  be  so  when  it  is  allowed  to  freeze  gradually. 
If,  in  this  case,  we  allow  the  process  to  go  a  certain 
way,  and  then  pour  off  the  still  liquid  portion,  the 
frozen  part  generally  presents  itself  in  the  shape  of 
more  or  less  distinct  crystals  ;  whether  this  happens  or 
not,  the  rule  is  that  its  composition  differs  from  that 
of  the  mother  liquor,  and  consequently  from  that  of 
the  original  alloy.  This  phenomenon  of  ‘ 1  liquation ,  ’  ’ 
as  it  is  called,  is  occasionally  utilized  in  metallurgy  for 
the  approximate  separation  of  metals  from  one 
another  ;*  but  in  the  manipulation  of  alloys  made  to  be 
used  as  such  it  may  prove  very  inconvenient.  It  does 
so,  for  instance,  in  the  case  of  the  copper-silver  alloy 
which  our  coins  are  made  of;  in  a  large  ingot  of  such 
sterling  silver  the  core  may  contain  as  much  as  0. 3  per 
cent,  of  silver  more  than  the  outer  shell. 

The  existence  of  crystallized  alloys,  as  the  phe¬ 
nomenon  of  liquation  generally,  strongly  suggests  the 
idea  that  alloys  generally  are  mixtures,  not  of  their  ele¬ 
mentary  components,  but  of  chemical  compounds  of 
these  elements  with  one  another,  associated  possibly 
with  uncombined  remnants  of  these.  This  notion  is 
strongly  supported  by  the  fact  that  the  formation  of 
many  alloys  involves  an  obvious  evolution  of  heat  and 
a  decided  modification  in  what  one  would  presumeto 
be  the  properties  of  the  corresponding  mixture.  Ine 
case  of  sodium  amalgam  may  be  quoted  as  a  forcible 
illustration.  What  goes  by  this  name  in  laboratories 


is  an  alloy  of  two  to  three  parts  of  sodium  with  one 
hundred  parts  of  mercury,  which  is  easily  produced 
by  forcing  the  two  components  into  contact  with  each 
other  by  means  of  a  mortar  and  pestle,  when  they 
unite,  with  deflagration,  into  an  alloy  which  after 
cooling  assumes  the  form  of  a  gray,  hard,  brittle  solid, 
although  mercury  is  a  liquid,  and  sodium,  though  a 
solid,  is  softer  than  wax.  Similar  evidence  of  chemi¬ 
cal  action  we  have  in  the  cases  of  brass  (copper  and 
zinc),  bronze  (copper  and  tin),  aluminium  bronze  (cop¬ 
per  and  aluminium),  and  in  many  others  that  might 
be  quoted.  There  are  indeed  a  good  many  alloys  the 
formation  of  which  is  not  accompanied  by  any  obvious 
evolution  of  heat  or  any  very  marked  change  in  the 
mean  properties  of  the  components.  But  in  the  ab¬ 
sence  of  all  precise  thermic  researches  on  the  subject 
we  are  not  in  a  position  to  assert  the  absence  of  chemi¬ 
cal  action  in  any  case.  Indeed  our  knowledge  of  the 
proximate  composition  of  alloys  is  in  the  highest  de¬ 
gree  indefinite — we  do  not  even  know  of  a  single  com¬ 
posite  metal  which  has  been  really  proved  to  be  an 
unitary  compound,  and  hence  the  important  problem 
of  the  relation  in  alloys  between  properties  and  com¬ 
position  must  be  attacked  on  a  purely  empirical  basis. 
What  has  been  done  in  this  direction  is  shortly  sum¬ 
marized  in  the  following  paragraphs  : 

Color. — Most  metals  are  white  or  gray ;  so  are  tie  alloys 
of  these  metals  with  one  another.  Gold  alloys  generally 
exhibit  something  like  the  shade  of  yellow  which  one  would 
expect  from  their  composition ;  its  amalgams,  however,  are 
all  white,  not  yellow.  Copper  shows  little  tendency  to  im¬ 
part  its  characteristic  red  color  to  its  alloys  with  white  or 
gray  metals.  Thus,  for  instance,  the  silver  alloy  up  to  about 
30  per  cent,  of  copper  exhibits  an  almost  pure  white  color. 
The  alloys  of  copper  with  zinc  (brass)  or  tin  (bronze)  are 
reddish-yellow  when  the  copper  predominates  largely.  As 
the  proportion  of  white  metal  increases,  the  color  passes 
successively  into  dark  yellow,  pale  yellow,  and  ultimately 
into  white.  Aluminium  bronze,  containing  from  5  to  10 
per  cent,  of  aluminium,  is  golden  yellow. 

Plasticity. — This  quality  is  most  highly  developed  in  cer¬ 
tain  pure  metals,  notably  in  gold,  platinum,  silver,  and  cop¬ 
per.  Of  platinum  alloys  little  is  known.  The  other  three, 
on  uniting  with  one  another,  substantially  retain  their  plas¬ 
ticities,  but  the  addition  of  any  metal  outside  the  group 
leads  to  deterioration.  Thus,  for  instance,  according  to 
Karsten,  copper,  by  being  alloyed  with  as  little  as  0.6  per 
cent,  of  zinc,  loses'  its  capability  of  being  forged  at  a  red 
heat ;  it  cracks  under  the  hammer.  Antimony  or  arsenic 
to  the  extent  of  0.15  per  cent,  renders  it  unfit  for  being 
rolled  into  thin  sheet  or  drawn  out  into  fine  wire,  and  makes 
it  brittle  in  the  heat ;  0.1  per  cent,  of  lead  prohibits  its  con¬ 
version  into  leaf. 

Hardness,  Elasticity,  Tensile  Strength. — In  reference  to  these 
qualities,  we  shall  confine  ourselves  to  some  very  striking 
changes  for  the  better  which  the  metals  (1)  gold,  (2)  silver, 
(3)  copper  suffer  when  alloyed  with  moderate  proportions 
(10  per  cent,  or  so)  of  (1)  copper,  (2)  copper,  (3)  tin,  zinc,  or 
aluminium  respectively.  Any  of  these  five  combinations 
leads  to  a  considerable  increase  in  the  three  qualities  named, 
although  these  are  by  no  means  highly  developed  in  the 
added  metals ;  most  strikingly  it  does  so  in  the  case  of  alu- 
minium  bronze  (copper  and  aluminium),  which  is  so  hard 
as  to  be  very  difficult  to  file,  and  is  said  to  be  equal  in  ten¬ 
sile  strength  to  wrought  iron.  To  illustrate  this  we  give  in 
the  following  table,  after  Matthiesen,  the  breaking  strains 
of  double  wires,  No.  23  gauge,  in  lb  avoirdupois,  for  certain 
alloys  on  the  one  hand  and  their  components  on  the  other. 

Separate  Metals.  AUoys. 

Copper . . . ...25-30 1  Gun  metai  12  per  cent,  of  tin . 80-90 

Tin . less  than  7  | 

Copper . 25-301  standard  (22  carat)  gold . 70-75 

Silver . 40-45  \  Alloy  2  0f  silver,  $  of  platinum... 75-80 

Specific  Gravity. — This  subject  has  been  extensively  inves¬ 
tigated  by  Matthiesen,  Calvert  and  Johnson,  Kuppfer,  and 
others.  In  discussing  the  results  it  is  convenient  to  com¬ 
pare  the  values  (S)  found  with  the  values  (So)  calculated  on 
the  assumption  that  the  volume  of  the  alloy  is  equal  to  the 
sum  of  the  volumes  of  the  components.  Let  pi,  pi,  ps . . . 
stand  for  the  relative  weights  of  the  components,  P  for  their 
joint  weight,  Si,S2,S3 ...  for  their  specific  gravities,  and  we 


1  A  good  illustration  is  afforded  by  the  process  ofFattinsonas  havo 
used  for  concentrating  the  silver  in  argentiferous  lead.  See 
Lead. 


P=Pi+P,+  i 
So  Si  SjT 
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where  the  expression  on  the  right  hand  obviously  means 
the  conjoint  volume  Vo  of  the  components;  but  the  actual 
volume  of  the  alloy  formed  by  their  union  is,  in  general, 
V  =  Vo(l-j-e),  where  e  means  the  expansion  (or,  when  nega¬ 
tive,  the  contraction)  of  unit-volume  of  mixture.  Hence 
the  real  value 

S=So/(l+e) , 

whence 

e=(S0— S)/S. 

Matthiesen’s  investigation  ( Pogg .  Annalen  for  1860,  vol.  cx. 
p.  21)  extends  over  a  large  number  of  binary  alloys  derived 
from  the  metals  named  in  the  following  table.  He  natu¬ 
rally  began  by  procuring  pure  specimens  of  these  metals 
and  determining  their  specific  gravities.  The  results  (each 
the  mean  of  a  number  of  determinations)  were  as  follows : 


Name. 

Specific 
Gravity  S 
at  t°  C. 

t 

Adopted 

Atomic 

Weight. 

Antimony . 

6.713 

14.3 0 

122.3 

Tin . 

7.294 

12.8 

118 

Cadmium . 

8.655 

10.5 

112 

Bismuth . 

9.823 

12.3 

208 

Silver . 

10.468 

13.2 

108 

Lead . 

11.376 

13.5 

207.4 

Mercury . 

13.573 

14.5 

200 

Gold . 

19.265 

12.8 

197 

In  these,  as  in  all  the  subsequent  determinations  for  the 
alloys,  the  weighings  were  reduced  to  the  vacuum,  and  the 
values  for  S  referred  to  water  at  4°  C.  as  unity.  From  eight 
metals  twenty-eight  different  kinds  of  binary  alloys  can  be 
produced;  of  these  twenty-eight  combinations  eighteen 
were  selected ;  in  each  case  the  two  components  were  fused 
together  in  a  variety  of  properly  chosen  atomic  proportions, 
and  the  specific  gravities  of  these  alloys  were  determined. 
The  net  results  are  summarized  in  the  following  table, 
which,  for  each  combination  A,  B,  in  the  first  two  columns 
gives  the  composition  in  multiples  of  the  “  atomic  weights  ” 
given  in  the  table  just  quoted,  while  column  3  gives  the 
values  of  e  as  calculated  by  the  writer  from  Matthiesen’s 
numbers  for  So  and  S.  Hence,  for  example,  in  the  accom¬ 
panying  entries  the  first  line  shows 
that  the  union  into  an  alloy  of 
twice  118  parts  of  tin  and  once  197 
parts  of  gold  involves  an  expansion 
from  1  volume  into  1.004 ;  the  second 
that  the  union  of  once  118  parts  of 
tin  with  four  times  197  parts  of  gold 
involves  a  contraction  from  1  vol¬ 
ume  into  1  -  .028. 


Tin  and  Gold. 


Sn 

Au 

e 

2 

1 

+.004 

1 

4 

-.028 

Bismuth,  Silver. 

Bismuth, 

Gold. 

Lead,  Gold. 

Bi 

Ag 

e 

Bi 

Au 

e 

Pb 

Au 

e 

200  -2 

0  to 

90 

1 

0 

10 

1 

-.004 

1{ 

+  .002 

40 

1 

0 

5 

1 

-.009 

1 

1 

-.003 

20 

1 

-.003 

4 

1 

-.008 

1 

2 

-.006 

8 

1 

-.009 

3 

1 

-.009 

1 

4 

-.007 

4 

1 

-.017 

2 

1 

-.016 

2 

1 

-.035 

1 

1 

-.018 

1 

1 

-.039 

1 

2 

-.004 

1 

2 

-.026 

1 

4 

-.011 

Bismuth, 

Lead. 

Lead,  Silver. 

Gold,  Silver. 

Bi 

Pb 

6 

Pb 

Ag 

e 

Au 

Ag 

e 

60-20 

1 

0 

1 

4 

-.005 

1 

6 

-.004 

J6 

1 

-.003 

1 

2 

-.003 

1 

4 

-.004 

12 

1 

-.005 

1 

1 

0 

1 

2 

-.004 

8 

1 

-.007 

2 

1 

+  .003 

1 

1 

-.002 

4 

1 

-.014 

4 

1 

+.006 

2 

1 

-.0025 

2 

1 

-.024 

10 

1 

+.004 

4 

1 

-.0027 

1 

1 

-.040 

25 

+  .002 

6 

1 

-.0024 

1 

2 

-.031 

-.020 

1 

3 

1 

1 

4 

5 

-.015 

-.010 

Mercury, 

Tin. 

Mercury,  Lead. 

12 

-.004 

1 

1 

50 

0 

Hg 

Sn 

e 

Hg 

Pb 

e 

1 

2 

-.009 

1 

2 

+.002 

1 

1 

-.005 

1 

1 

-.010 

* 

2 

I 

-.007 

2 

1 

-.016 

Antimony  and  Tin. 

Antimony ,  Bismuth. 

Antimony,  Lead. 

Sb 

Sn 

e 

Sb 

Bi 

e 

Sb 

Pb 

e 

12  to  8 

1 

+.002 

2 

1  to  12 

0 

2 

1 

+.008 

4-2 

1 

+  .006 

1 

1 

+.006 

1 

1  to  2 

+.008 

2 

1 

0 

1 

3  to  10 

+.005 

3 

1 

+  .0067 

1 

‘  O 

3S 

0 

5-25 

1 

0 

Tin,  Cadmium. 

Tin,  Bismuth. 

Tin,  Silver. 

Sn 

Cd 

e 

Sn 

Bi 

e 

Sn 

Ag 

e 

6 

1 

+.004 

22 

1 

0 

18 

1 

-.002 

4 

l 

+.005 

4 

1 

-.002 

9 

1 

-.006 

2 

lto8 

0 

3-1 

1 

-  .005 

6 

1 

-.008 

2 

12 

-.001 

1 

2 

-  .005 

3 

1 

-.013 

1 

4  to  60 

0 

2 

1 

-.019 

1 

1 

-  .024 

1 

2 

-.047 

1 

4 

-.038 

Tin,  Gold. 

Tin,  Lead. 

Cadmium,  Bismuth. 

Sn 

Au 

e 

Sn 

Pb 

e 

Cd 

Bi 

e 

50 

1 

0 

6 

1 

+.003 

3 

1-36 

0 

15-6 

1 

-.002 

4 

1 

+.002 

4-2.5 

2 

1 

1 

+.002 

+.004 

2 

1 

1 

1 

0 

+  .0015 

Cadmium,  Lead. 

3 

2 

+.008 

1 

2-4 

+.005 

Cd 

1 

1 

1 

2 

+  .012 
-.015 

1 

6 

+.004 

Pb 

e 

1 

4 

-.028 

6 

1-36 

f  0  to 
l  .0025 

To  make  these  numbers  trustworthy  it  would  be  necessary 
to  determine  their  probable  errors ;  and  this  Matthiesen  has 
not  done.  It  would  appear  that  any  value  of  e  from  0  to 
(say)±  .002  counts  for  nothing,  and  anything  up  to  .004  cer¬ 
tainly  must  be  taken  as  not  proving  much  either  way.  If 
this  is  correct,  then 

(1)  No  contraction  or  expansion  is  proved  in  the  cases  Sb, 
Bi ;  Cd,  Bi;  Cd,  Pb;  Au,  Ag; 

(2)  A  contraction  (from  0 .5  to  4 .7  per  cent.)  is  proved  for 

Sn,  Ag ;  Bi,  Ag ;  Bi,  Au ;  Pb,  Au ;  Pb,  Bi ;  Hg,  Sn ;  Hg,  Pb ; 
Sn,  Bi  (?) ;  Au,  Ag  (?) ;  . 

(3)  An  expansion  (from  .5  to  0  .8  per  cent.)  is  proved  for 
Sb,  Sn ;  Sb,  Pb ;  Sn,  Cd  (?) ;  Sn,  Pb  (?) ;  certain  cases  of  Sn, 
Au  and  Pb,  Ag ; 

(4)  In  the  two  series  Sn,  Au  and  Pb,  Ag,  there  are  cases 
both  of  expansion  and  of  contraction. 

Thermic  and  Electric  Properties. — The  specific  heat  of  an 
alloy,  so  far  as  we  know,  is  always  in  approximate  accord¬ 
ance  with  Dulong  and  Petit’s  law.  Thus  the  specific  heat 
of  CU5AI1  is 

(5  + 1)  X  6.4 
5X63.5  +  1X27’ 

with  about  the  same  degree  of  correctness  as  the  “  constant  ” 
6.4  can  claim  for  itself. 

Expansion. — Matthiesen,  from  numerous  determinations 
made  with  alloys  and  their  components,  concludes  that  the 
expansion  of  an  alloy  (from  0°  to  100°  C.)  is  nearly  equal  to 
the  sum  of  the  expansions  of  its  components.  Supposing, 
for  instance,  one  volume  of  gold  to  expand  (from  0°  to  t)  by 
a,  and  one  volume  of  silver  by  /3 ;  then  an  alloy  of  four 
volumes  of  gold  and  three  volumes  of  silver  expands  by 
(4a-|-30)/7  per  unit. 

Fusibility—  In  the  case  of  an  alloy  the  melting-point  and 
the  freezing-point  are,  in  general,  separated  by  a  greater  or 
less  interval  of  temperature,  and  the  latter  in  itself  may 
have  two  values  as  shown  by  Rudberg,  who  found  that 
when  a  fused  alloy  of  tin  and  lead  is  allowed  to  freeze  the 
thermometer  becomes  stationary  at  two  successive  points,  as 
shown  in  the  following  table,  where  x  means  the  number  of 
atomic  weights  of  tin  united  with  y  of  lead  in  the  given 
case,  and  the  temperatures  are  in  Centigrade  degrees : 


.0 


12 

1 


0 


113  4 

y  . . .  .......Oo  3  111 

First  point . (325°)  280°  240°  187°  187°  210°  (228°) 

Second  point . (325°)  187°  187°  187°  187°  187°  (228°) 

We  see  that  the  first  point  varies  with,  while  the  second, 
within  the  range  of  the  experiments,  proved  independent 
of  the  proportion  in  which  the  two  metals  are  united. 

The  melting-point  of  many  alloys  lies  below  that  of  even 
the  most  fusible  component,  as  illustrated  in  the  following 
tables,  where  the  numbers  mean  parts  by  weight. 
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Tin  and  Lead  ( Rudberg ). 


Per  cent,  of  Tin. 

Per  cent,  of  Lead. 

Melting-point. 

100 

0 

228° 

0 

100 

325 

74 

26 

194 

63 

37 

186 

53 

47 

1% 

36 

64 

241 

16 

84 

289 

Name  of  Alloy. 

Tin. 

Lead. 

Bismuth. 

Cad¬ 

mium. 

Melting- 
point  . 

Newton’s . 

3 

2 

5 

0 

100° 

Rose’s . . . 

3 

8 

8 

0 

95 

Erman’s . 

1 

1 

2 

0 

93.7 

Wood’s . 

2 

4 

7 

1 

70 

(Cadmium) . 

0 

0 

0 

1 

(320) 

All  these  alloys  melt  in  boiling  water. 

The  electric  conductivity  of  alloys  qua  alloys  has  been  in¬ 
vestigated  by  Matthiesen.  He  confined  himself  to  binary 
alloys  derived  from  a  certain  set  of  elementary  metals.  The 
main  results  of  his  researches  are  given  in  Electricity, 
vol.  viii.  p.  48  sqq.  For  the  practical  electrician  it  is  impor¬ 
tant  to  observe  how  very  much  the  conductivity  of  copper  is 
impaired  by  very  minute  admixtures  even  of  metals  that 
are  good  conductors,  and  also  by  non-metallic  contamination, 
especially  with  oxygen  (present  as  Cu30). 

Metallic  Substances  Produced  by  the  Union  of  Metals 

with  Small  Proportions  of  Non-Metallic  Elements. 

Hydrogen ,  as  was  shown  by  Graham,  is  capable  of 
uniting  with  (always  very  large  proportions  of)  certain 
metals,  notably  with  palladium,  into  metal-like  com¬ 
pounds.  But  those  hydrogen  alloys,  being  devoid  of 
metallurgic  interest,  fall  better  under  the  heading 
Palladium. 

Oxygen. — Mercury  and  copper  (perhaps  also  other 
metals)  are  capable  of  dissolving  their  own  oxides  with 
formation  of  alloys.  Mercury,  by  doing  so,  becomes 
viscid  and  unfit  for  its  ordinary  applications.  Copper, 
when  pure  to  start  with,  suffers  considerable  deteriora¬ 
tion  in  plasticity.  But  the  presence  of  moderate  pro¬ 
portions  of  cuprous  oxide  has  been  found  to  correct 
the  evil  influence  of  small  contaminations  by  arsenic, 
antimony,  lead,  and  other  foreign  metals.  Most  com¬ 
mercial  coppers  owe  their  good  qualities  to  this  com¬ 
pensating  influence. 

Arsenic  combines  readily  with  all  metals  into  true 
arsenides,  which  latter,  in  general,  are  soluble  in  the 
metal  itself.  The  presence  in  a  metal  of  even  small 
proportions  of  arsenide  generally  leads  to  consider¬ 
able  deterioration  in  mechanical  qualities. 

Phosphorus. — The  remark  just  made  might  be  said 
to  hold  for  phosphorus  were  it  not  for  the  existence  of 
what  is  called  ‘  ‘  phosphorus-bronze,  ’  ’  an  alloy  of  cop¬ 
per  with  phosphorus  ( i .  e. ,  its  own  phosphide),  which 
possesses  valuable  properties.  According  to  Abel,  the 
most  favorable  effect  is  produced  by  from  1  to  H  per 
cent,  of  phosphorus.  Such  an  alloy  can  be  cast  like 
ordinary  bronze,  but  excels  the  latter  in  hardness, 
elasticity,  toughness,  and  tensile  strength.  See  Phos¬ 
phorus. 

Carbon. — Most  metals  when  in  a  molten  state  are 
capable  of  dissolving  at  least  small  proportions  of  car¬ 
bon,  which,  in  general,  leads  to  a  deterioration  in 
metallicity,  except  in  the  case  of  iron,  which  by  the 
addition  of  small  percentages  of  carbon  gains  in  elas¬ 
ticity  and  tensile  strength  with  little  loss  of  plasticity 
(see  Iron). 

Silicon ,  so  far  as  we  know,  behaves  to  metals  pretty 
much  like  carbon,  but  our  knowledge  of  facts  is  limited. 
What  is  known  as  “cast  iron ”  is  essentially  an  alloy 
of  iron  proper  with  2  to  6  per  cent,  of  carbon  and  more 
or  less  of  silicon  (see  Iron).  Alloys  of  copper  and 
silicon  were  prepared  by  Deville  in  1863.  The  alloy 
with  12  per  cent,  of  silicon  is  white,  hard,  and  brittle. 


When  diluted  down  to  4.8  per  cent.,  it  assumes  the 
color  and  fusibility  of  bronze,  but,  unlike  it,  is  tena¬ 
cious  and  ductile  like  iron. 

Action  of  the  More  Ordinary  Chemical  Agents  on 
Simple  Metals. 

To  avoid  repetition,  let  us  state  beforehand  that  the 
metals  to  be  referred  to  are  always  understood  to  be 
given  in  the  compact  (frozen)  condition,  and  that, 
wherever  a  series  of  metals  are  enumerated  as  being 
similarly  attacked,  the  degree  of  readiness  in  the  action 
is  (so  far  as  our  knowledge  goes)  indicated  by  the  order 
in  which  the  several  members  are  named, — the  more 
readily  changed  metal  always  standing  first. 

Water ,  at  ordinary  or  slightly  elevated  temperatures, 
is  decomposed  more  or  less  readily,  with  evolution  oi 
hydrogen  gas  and  formation  of  a  basic  hydrate,  by  (1) 

e'assium  (formation  of  KHO),  sodium  (NaHO), 
ium  (LiOH),  barium,  strontium,  calcium  (Ba02H2, 
etc.);  (2)  magnesium,  zinc,  manganese  (Mg02H2,  etc. ). 

In  the  case  of  group  1  the  action  is  more  or  less  vio¬ 
lent,  and  the  hydroxides  formed  are  soluble  in  water 
and  very  strongly  basylous  ;  metals  of  group  2  are 
only  slowly  attacked,  with  formation  of  relatively 
feebly  basylous  and  practically  insoluble  hydrates. 
Disregarding  the  rarer  elements  (as  we  propose  to  do 
in  this  section),  the  metals  not  named  so  far  may  be 
said  to  be  proof  against  the  action  of  pure  water  in  the 
absence  of  free  oxygen  (air). 

By  the  conjoint  action  of  water  and  air,  thallium, 
lead,  bismuth  are  oxidized,  with  formation  of  more  or 
less  sparingly  soluble  hydrates  (ThHO,  Pb02H2, 
Bi03H3),  which,  in  the  presence  of  carbonic  acid,  pass 
into  still  less  soluble  basic  carbonates. 

Iron,  as.  everybody  knows,  when  exposed  to  mois¬ 
ture  and  air,  ‘  ‘  rusts,  ’  ’  that  is,  undergoes  gradual  con¬ 
version  into  a  brown  ferric  hydrate,  Fe203a;H20  ;  but 
this  process  never  takes  place  in  the  absence  of  air, 1 
and  it  is  questionable' whether  it  ever  sets  in  in  the 
absence  of  carbonic  acid.  What  is  known  is  that  iron 
never  rusts  in  solutions  of  caustic  alkalies  or  lime 
(which  reagents  preclude  the  presence  of  free  carbonic 
acid),  while  it  does  so  readily  in  ordinary  moist  air 
containing  CO,.  When  once  started  the  process  pro¬ 
ceeds  with  increasing  rapidity,  the  ferric  hydrate  pro¬ 
duced  acting  as  a  carrier  of  oxygen  ;  it  gives  up  part 
of  its  oxygen  to  the  adjoining  metai,  being  itself  re¬ 
duced  to  (perhaps)  Fe304,  which  latter  again  absorbs 
oxygen  from  the  air  to  become  ferric  hydrate  and  so 
on  (Kuhlmann). 

Copper,  in  the  present  connection,  is  intermediate 
between  iron  and  tne  following  group  of  metals. 

Mercury,  if  pure,  and  all  tne  “noble  ’’  metals  (sil¬ 
ver,  gold,  platinum,  and  platinum -metals),  are  abso¬ 
lutely  proof  against  water  even  in  the  presence  of 
oxygen  and  carbonic  acid. 

The  metals  grouped  together  above  under  1  and  2 
act  on  steam  pretty  much  as  they  do  on  liquid  water. 
Of  the  rest,  the  following  are  readily  oxidized  by  steam 
at  a  red  heat,  with  formation  of  hydrogen  gas, — zinc, 
iron,  cadmium,  cobalt,  nickel,  tin.  Bismuth  is  simi¬ 
larly  attacked,  but  slowly,  at  a  white  heat.  Aluminium 
is  barely  affected  even  at  a  white  heat,  if  it  is  pure  ; 
the  ordinary  impure  metal  is  liable  to  be  very  readily 
oxidized. 

Aqueous  Sulphuric  or  Hydrochloric  Acid ,  of  course, 
readily  dissolves  groups  1  and  2,  with  evolution  of  hy¬ 
drogen  and  formation  of  chlorides  or  sulphates.  The 
same  holds  for  the  following  group  (A)  :  [manga¬ 
nese,  zinc,  magnesium]  iron,  aluminium,  cobalt,  nickel, 
cadmium.  Tm  dissolves  readily  in  strong  hot  hydro¬ 
chloric  acid  as  SnCl2 ;  aqueous  vitriol  does  not  act  on 
it  appreciably  in  the  cold;  at  150°  it  attacks  it  more 
or  less  quickly,  according  to  the  strength  of  the  acid, 
with  evolution  of  sulphuretted  hydrogen  or,  when  the 
acid  is  stronger,  of  sulphurous  acid  gas  and  deposition 
of  sulphur  (Calvert  and  Johnson).  A  group  (B), 
comprising  copper,  are,  substantially,  attacked  only  in 
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the  presence  of  oxygen  or  air.  Lead,  in  sufficiently 
dilute  acid,  or  in  stronger  acid  if  not  too  hot,  remains 
unchanged.  A  group  (C)  may  be  formed  of  mercury, 
silver,  gold,  and  platinum,  which  are  not  touched  by 
either  aqueous  acid  in  any  circumstances. 

Hot  (concentrated)  oil  of  vitriol  does  not  attack  gold, 
platinum,  and  platinum-metals  generally ;  all  other 
metals  (including  even  silver)  are  converted  into  sul¬ 
phates.  with  evolution  of  sulphurous  acid.  In  the 
case  of  iron,  ferric  sulphate, _  Fe2(S04)3,  is  produced  ; 
tin  yields  a  somewhat  indefinite  sulphate  of  its  binox- 
ide  Sn02. 

Nitric  Acid  {Aqueous). — Gold,  platinum,  iridium, 
and  rhodium  only  are  proof  against  the  action  of  this 
powerful  oxidizer.  Tin  and  antimony  (also  arsenic) 
are  converted  by  it  (ultimately)  into  hydrates  of  their 
highest  oxides  Sn02,  Sb20JAs205), — the  oxides  of 
tin  and  antimony  being  insoluble  in  water  and  in  the 
acid  itself.  All  other  metals,  including  palladium, 
are  dissolved  as  nitrates,  the  oxidizing  part  of  the 
reagent  being  generally  reduced  to  nitric  oxide,  NO, 
or  sometimes  to  N20?  or  N204.  Iron,  zinc,  cadmium, 
also  tin  under  certain  conditions,  reduce  the  dilute 
acid,  partially  at  least,  to  nitrous  oxide,  N20,  or  ni¬ 
trate  of  ammonia,  NH4.  N03  =  N20 +2H20. 

Aqua  Regia ,  a  mixture  of  nitric  and  hydrochloric 
acids,  converts  all  metals  (even  gold,  the  ‘  ‘  king  of 
metals,”  whence  the  name)  into  chlorides,  except  only 
rhodium,  iridium,  and  ruthenium,  which,  when  pure, 
are  ndt  attacked. 

Caustic  Alkalies. — Of  metals  not  decomposing  liquid 
pure  water,  only  a  few  dissolve  in  aqueous  caustic 
potash  or  soda,  with  evolution  of  hydrogen.  The 
most  important  of  these  are  aluminium  and  zinc,  which 
are  converted  into  aluminate,  A12033(K2  or  Na,)0, 
and  zincate,  ZnO.RHO,  where  R  =  K  or  Na  respec¬ 
tively.  But  of  the  rest  the  majority,  when  treated 
with  boiling  sufficiently  strong  alkali,  are  attacked  at 
least  superficially  ;  of  ordinary  metals  only  gold,  plati¬ 
num,  and  silver  are  perfectly  proof  against  the  re¬ 
agents  under  consideration,  and  these  accordingly  are 
used  preferably  for  the  construction  of  vessels  intended 
for  analytical  operations  involving  the  use  of  aqueous 
caustic  alkalies.*  For  preparative  purposes  iron  is 
universally  employed  and  works  well ;  but  it  is  not 
available  analytically,  because  a  superficial  oxidation 
of  the  empty  part  of  the  vessel  (by  the  water  and  air) 
oannot  be  prevented.  According  to  the  writer’s  ex¬ 
perience  basins  made  of  pure  malleable  nickel  are  free 
From  this  drawback  ;  they  work  as  well  as  platinum, 
and  rather  better  than  silver  ones  do.  There  is  hardly 
a  single  metal  which  holds  out  against  the  alkalies 
themselves  when  in  the  state  of  fiery  fusion ;  even 
platinum  is  most  violently  attacked.  In  chemical 
laboratories  fusions  with  caustic  alkalies  are  always 
effected  in  vessels  made  of  gold  or  silver,  these  metals 
holding  out  fairly  well  even  in  the  presence  of  air. 
Gold  is  the  better  of  the  two.  Iron,  which  stands  so 
well  against  aqueous  alkalies,  is  most  violently  attacked 
by  the  fused  reagents.  Yet  tons  of  caustic  soda  are 
fused  daily  in  chemical  works  in  iron  pots  without 
thereby  suffering  contamination,  which  seems  to  show 
that  (clean)  iron,  like  gold  and  silver }  is  attacked  only 
by  the  conjoint  action  of  fused  alkali  and  air,  the  in¬ 
fluence  of  the  latter  being  of  course  minimized  in  large- 
scale  operations. 

Oxygen  or  Air. — The  noble  metals  (from  silver  up¬ 
wards)  do  not  combine  directly  with  oxygen  given  as 
oxygen  gas  (02),  although,  like  silver,  they  may  absorb 
this  gas  largely  when  in  the  fused  condition,  and  may 
not  be  proof  against  ozone,  03.  Mercury,  within  a 
certain  range  of  temperatures  situated  close  to  its  boil¬ 
ing-point,  combines  slowly  with  oxygen  into  the  red 
oxide,  which,  however,  breaks  up  again  at  higher 
temperatures.  All  other  metals,  when  heated  in  oxy¬ 
gen  or  air,  are  converted,  more  or  less  readily,  into 
stable  oxides.  Potassium,  for  example,  yields  perox¬ 
ide,  KjOa  or  K204 ;  sodium  gives  Naj02 ;  the  barium - 


group  metals,  as  well  as  magnesium,  cadmium,  zinc, 
lead,  copper,  are  converted  into  their  monoxides  MeO. 
Bismuth  and  antimony  give  (the  latter  very  readily) 
sesquioxide  (Bi203  and  Sb203,  the  latter  being  capable 
of  passing  into  Sb204).  Aluminium,  when  pure  and 
kept  out  of  contact  with  siliceous  matter,  is  only  oxi¬ 
dized  at  a  white  heat,  and  then  very  slowly,  into  alu¬ 
mina,  A1203.  Tin,  at  high  temperatures,  passes  slowly 
into  binoxide,  Sn02. 

Sulphur. — Amongst  the  better  known  metals,  gold 
and  aluminium  are  the  only  ones  which,  when  heated 
with  sulphur  or  in  sulphur  vapor,  remain  unchanged. 
All  the  rest,  under  these  circumstances,  are  converted 
into  sulphides.  The  metals  of  the  alkalies  and  alkaline 
earths,  also  magnesium,  burn  in  sulphur-vapor  as  they 
do  in  oxygen.  Of  the  heavy  metals,  copper  is  the  one 
which  exhibits  by  far  the  greatest  avidity  for  sulphur, 
its  subsulphide  Cu2S  being  the  stablest  of  all  heavy 
metallic  sulphides  in  opposition  to  dry  reactions.  See 
Metallurgy. 

Chlorine. — All  metals,  when  treated  with  chlorine 

f  as  at  the  proper  temperatures,  pass  into  chlorides, 
n  some  cases  the  chlorine  is  taken  up  in  two  instal¬ 
ments,  a  lower  chloride  being  produced  first,  to  pass 
ultimately  into  a  higher  chloride.  Iron,  for  instance,  is 
converted  first  intoFeCl2,  ultimately  into  Fe2Cls,  which 
practically  means  a  mixture  of  the  two  chlorides,  or 
pure  Fe2Cl6  as  a  final  product.  Of  the  several  pro¬ 
ducts.  the  chlorides  of  gold  and  platinum  (AuC13  and 
PtCl4)  are  the  only  ones  which  when  heated  beyond 
their  temperature  of  formation  dissociate  into  metal 
and  chlorine.  The  ultimate  chlorination  product  of 
copper,  CuCl2,  when  heated  to  redness,  decomposes 
into  the  lower  chloride,  Cu2Cl2,  and  chlorine.  All  the 
rest,  when  heated  by  themselves,  volatilize,  some  at 
lower,  others  at  higher  temperatures. 

Of  the  several  individual  chlorides,  the  following 
are  liquids  or  solids,  volatile  enough  to  be  distilled 
from  out  of  glass  vessels :  AsC13,  SbCl3,  SnCl4,  BiCl3, 
HgCl2,  the  chlorides  of  arsenic,  antimony,  tin,  bismuth, 
mercury,  respectively.  The  following  are  readily  vol¬ 
atilized  in  a  current  of  chlorine,  at  a  red  heat:  A12C16, 
Cr2Clg,  Fe2Cl6,  the  chlorides  of  aluminium,  chromium, 
iron.  The  following,  though  volatile  at  higher  tem¬ 
peratures.  are  not  volatilized  at  dull  redness :  KC1, 
Nad,  LiCl,  NiCl2,  CoCl2,  MnCl2,  ZnCl2,  MgCl2,  PbCl2, 
AgCl,  the  chlorides  of  potassium,  sodium,  lithium, 
nickel,  cobalt,  manganese,  zinc,  magnesium,  lead,  sil¬ 
ver.  Somewhat  less  volatile  than  the  last-named 
group  are  the  chlorides  (MC12)  of  barium,  strontium, 
and  calcium. 

Metallic  chlorides,  as  a  class,  are  readily  soluble  in 
water.  The  following  are  the  most  important  excep¬ 
tions:  chloride  of  silver,  AgCl,  and  subchloride  of 
mercury.  Hg2Cl2,  are  absolutely  insoluble;  chloride 
of  lead,  PbCl2,  and  subchloride  of  copper,  Cu2Cl2,  are 
very  sparingly  soluble  in  water.  The  chlorides  AsC13, 
SbCl3,  BiCl3,  are  at  once  decomposed  by  (liquid)  water, 
with  formation  of  oxide  (As203)  or  oxychlorides 
(SbCIO,  BiCIO)  and  hydrochloric  acid.  The  chlorides 
MgCl2,  A12C16,  Cr2Cl6,  Fe2Cl6  suffer  a  similar  decom¬ 
position  when  evaporated  with  water  in  the  heat.  The 
same  holds  in  a  limited  sense  for  ZnCl2,  CoCl2.  NiCl2, 
and  even  CaCl2.  All  chlorides,  except  those  of  silver 
and  mercury  (and,  of  course,  those  of  gold  and  plati¬ 
num),  are  oxidized  by  steam  at  high  temperatures, 
with  elimination  of  hydrochloric  acid.  '  v 

The  above  statements  concerning  the  volatilities  and 
solubilities  of  metallic  chlorides  form  the  basis  of  a 
number  of  important  analytical  methods  for  the  sepa¬ 
ration  of  the  respective  metals. 

For  the  characters  of  metals  as  chemical  elements 
the  reader  is  referred  to  the  article  Chemistry  and  to 
the  special  articles  on  the  different  metals.  (w.  D. ) 

METAL-WORK.  Among  the  many  stages  in  the 
development  of  primaeval  man,  none  can  have  been  of 
greater  moment  in  his  struggle  for  existence  than  the 
discovery  of  the  metals,  and  the  means  of  working 


METAL-WORK. 


77 


them.  The  names  generally  given  to  the  three  pre- 
histono  periods  of  man’s  life  on  the  earth — the  Stone, 
the  Bronze,  and  the  Iron  age — imply  the  vast  import¬ 
ance  of  the  progressive  steps  from  the  flint  knife  to 
the  bronze  celt,  and  lastly  to  the  keen-edged  elastic 
iron  weapon  or  tool.  The  length  of  time  during  which 
each  of  these  ages  lasted  must  of  course  have  been 
different  in  every  country  and  race  in  the  world.  The 
Digger  Indians  of  South  California  have  even  now  not 
progressed  beyond  the  Stone  Age;  while  some  of  the 
tribes  of  Central  Africa  are  acquainted  with  the  use 
of  copper  and  bronze,  though  they  are  unable  to  smelt 
or  work  iron. 

The  metals  chiefly  used  have  been  gold,  silver,  cop¬ 
per,  and  tin  (the  last  two  generally  mixed,  forming 
an  alloy  called  bronze),  iron,  and  lead.  The  peculiar¬ 
ities  of  these  various  metals  have  naturally  marked 
out  each  of  them  for  special  uses  and  methods  of 
treatment.  The  durability  and  the  extraordinary  duc¬ 
tility  and  pliancy  of  gold,  its  power  of  being  subdi¬ 
vided,  drawn  out,  or  flattened  into  wire  or  leaf  of 
almost  infinite  fineness,  have  led  to  ita- being  used  for 
works  where  great  minuteness  and  delicacy  of  execu¬ 
tion  were  required ;  while  its  beauty  and  rarity  have, 
for  the  most  part,  limited  its  use  to  objects  of  adorn¬ 
ment  and  luxury,  as  distinct  from  those  of  utility.  In 
a  lesser  degree  most  of  the  qualities  of  gold  are  shared 
by  silver,  and  consequently  the  treatment  of  these  two 
metals  has  always  been  very  similar,  though  the 
greater  abundance  of  the  latter  metal  has  allowed  it 
to  be  used  on  a  larger  scale  and  for  a  greater  variety 
of  purposes. 

Bronze  is  an  alloy  of  copper  and  tin  in  varying  pro¬ 
portions,  the  proportion  of  tin  being  from  8  to  20  per 
cent.  The  great  fluidity  of  bronze  when  melted,  the 
slightness  of  its  contraction  on  solidifying,  together 
with  its  density  and  hardness,  make  it  especially  suit¬ 
able  for  casting,  and  allow  of  its  taking  the  impress 
of  the  mould  with  extreme  sharpness  and  delicacy.  In 
the  form  of  plate  it  can  be  tempered  and  annealed  till 
its  elasticity  and  toughness  are  much  increased,  and 
it  can  then  be  formed  into  almost  any  shape  under  the 
/hammer  and  punch.  By  other  methods  of  treatment, 
known  to  the  ancient  Egyptians,  Greeks,  and  others, 
but  now  forgotten,  it  could  be  hardened  and  formed 
into  knife  and  razor  edges  of  the  utmost  keenness. 
In  many  specimens  of  ancient  bronze  small  quantities 
of  silver,  lead,  and  zinc  have  been  found,  but  their 
presence  is  probably  accidental. 

In  modern  times,  after  the  discovery  of  zinc,  an 
alloy  of  copper  and  zinc  called  brass  has  been  much 
used,  chiefly  for  the  sake  of  its  cheapness  as  compared 
with  bronze.  In  beauty,  durability,  and  delicacy  of 
surface  it  is  very  inferior  to  bronze,  and  though  of 
some  commercial  importance,  has  been  of  but  little  use 
in  the  production  of  works  of  art. 

To  some  extent  copper  was  used  in  an  almost  pure 
state  during  mediaeval  times,  especially  from  the  12th 
to  the  15th  century,  mainly  for  objects  of  ecclesiastical 
use,  such  as  pyxes,  monstrances,  reliquaries,  and  cro- 
ziers,  partly  on  account  of  its  softness  under  the  tool, 
and  also  because  it  was  slightly  easier  to  apply  enamel 
and  gilding  to  pure  copper  than  to  bronze  (see  Fig.  1 ). 
In  the  mediaeval  period  it  was  used  to  some  extent  in 
the  shape  of  thin  sheeting  for  roofs,  as  at  St.  Mark’s, 
Venice;  while  during  the  16th  and  17th  centuries  it 
was  largely  employed  for  ornamental  domestic  vessels 
of  various  sorts. 

Iron. 1 — The  abundance  in  which  iron  is  found  in  so 
many  places,  its  great  strength,  its  remarkable  duc¬ 
tility  and  malleability  in  a  red-hot  state,  and  the  ease 

1  Some  recent  analyses  of  the  iron  of  prehistoric  weapons  have 
brought  to  light  the  interesting  fact  that  many  of  these  earliest 
Specimens  of  iron  manufacture  contain  a  considerable  percent¬ 
age  of  nickel.  This  special  alloy  does  not  occur  in  any  known 
iron  ores,  but  is  invariably  found  in  meteoric  iron.  It  thus  ap¬ 
pears  that  iron  was  manufactured  from  meteorolites  which  had 
fallen  to  the  earth  in  an  almost  pure  metallic  state,  possibly  long 
before  prehistoric  man  had  learnt  how  to  dig  for  and  smelt  iron 
in  any  of  the  forms  of  ore  which  are  found  on  this  planet. 


with  which  two  heated  surfaces  of  iron  can  be  welded 
together  under  the  hammer  combine  to  make  it  speci- 
ally  suitable  for  works  on  a  large  scale  where  strength 
with  lightness  are  required — things  such  as  screens, 
window-grills,  ornamental  hinges,  and  the  like. 

j  n1*  j  j  P^ast^c  state  iron  can  be  formed  and 
modelled  under  the  hammer  to  almost  any  degree  of 
refinement,  while  its  great  strength  allows  it  to  be 
beaten  out  into  leaves  and  ornaments  of  almost  paper- 
like  thinness  and  delicacy.  With  repeated  hammering, 


Fig.  1.— Monstrance  of  Copper  Gilt;  Italian  work  of  the  • 
15th  century. 

drawing  out,  and  annealing,  it  gains  much  in  strength 
and  toughness,  and  the  addition  of  a  very  minute 
quantity  of  carbon  converts  it  into  steel,  less  tough, 
but  of  the  keenest  hardness.  The  large  employment 
of  cast  iron  is  comparatively  modem,  in  England  at 
least  only  dating  from  the  16th  century;  it  is  not, 
however,  incapable  of  artistic  treatment  if  due  regard 
be  paid  to  the  necessities  of  casting,  and  if  no  attempt 
is  made  to  imitate  the  fine-drawn  lightness  to  which 
wrought  iron  so  readily  lends  itseli.  At  the  best, 
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however,  it  is  not  generally  suited  for  the  finest  work, 
as  the  great  contraction  of  iron  in  passing  from  the 
fluid  to  the  solid  state  renders  the  cast  somewhat 
blunt  and  spiritless. 

Among  the  Assyrians,  Egyptians,  and  Greeks  the 
use  of  iron,  either  cast  or  wrought,  was  very  limited, 
bronze  being  the  favorite  metal  for  almost  all  purposes. 
The  difficulty  of  smelting  the  ore  was  probably  one 
reason  for  this,  as  well  as  the  now  forgotten  skill 
which  enabled  bronze  to  be  tempered  to  a  steel -like 
edge.  It  had,  however,  its  value,  of  which  a  proof 
occurs  in  Homer  (11.  xxiii. ),  where  a  mass  of  iron  is 
mentioned  as  being  one  of  the  prizes  at  the  funeral 
games  of  Patroclus. 

_  Methods  of  Manipulation  in  Metal- Work. — Gold, 
silver,  and  bronze  may  be  treated  in  various  ways,  the 
chief  of  which  are  (1 )  casting  in  a  mould,  and  (2)  treat¬ 
ment  by  hammering  and  punching  (French,  repousst). 

The  first  of  these,  casting,  is  chiefly  adapted  for 
bronze,  or  in  the  case  of  the  more  precious  metals  only 
if  they  are  used  on  a  very  small  scale.  The  reason  of 
this  is  that  a  repouss6  relief  is  of  muph  thinner  sub¬ 
stance  than  if  the  same  design  were  cast,  even  by  the 
most  skilful  metal-worker,  and  so  a  large  surface  may 
be  produced  with  a  very  small  expenditure  of  valuable 
metal. 

Casting  is  probably  the  most  primitive  method  of 
metal-work.  This  has  passed  through  three  stages, 
the  first  being  represented  by  solid  castings,  such  as 
are  most  celts  and  other  implements  of  the  prehistoric 
time;  the  mould  was  formed  of  <  lay,  sand,  or  stone, 
and  the  fluid  metal  was  poured  in  till  the  hollow  was 
full.  The  next  stage  was,  in  the  case  of  bronze,  to 
introduce  an  iron  core,  probably  to  save  needless  ex- 

Kenditure  of  the  more  valuable  metal.  The  British 
[useum  possesses  an  interesting  Etruscan  or  Archaic 
Italian  example  of  this  primitive  device.  It  is  a 
bronze  statuette  from  Sessa  on  the  Yolturno,  about  2 
feet  high,  of  a  female  standing,  robed  in  a  close-fitting 
chiton.  The  presence  of  the  iron  core  has  been  made 
visible  by  the  splitting  of  the  figure,  owing  to  the  un¬ 
equal  contraction  of  the  two  metals.  The  forearms, 
which  are  extended,  have  been  cast  separately  and 
soldered  or  brazed  on  to  the  elbows. 

The  third  and  last  stage  in  the  progress  of  the  art 
of  casting  was  the  employment  of  a  core,  generally  of 
clay,  round  which  the  metal  was  cast  in  a  mere  skin, 
only  thick  enough  for  strength,  without  waste  oi 
metal.  The  Greeks  and  Romans  attained  to  the 
greatest  possible  skill  in  this  process.  Their  exact 
method  is  not  certainly  known,  but  it  appears  prob¬ 
able  that  they  were  acquainted  with  the  process  now 
called  d  are  perdue — the  same  as  that  employed  by 
the  great  Italian  artists  in  bronze,  and  still  unimproved 
upon  even  at  the  present  day.  Cellini,  the  great 
Florentine  artist  of  the  16th  century,  has  described  it 
fully  in  his  Trattato  della  Scultura.  If  a  statue  was 
to  be  cast,  the  figure  was  first  roughly  modelled  in 
clay — only  rather  smaller  in  all  its  dimensions  than 
the  future  bronze;  all  over  this  a  skin  of  wax  was  laid, 
and  worked  by  the  sculptor  with  modelling  tools  to  the 
required  form  and  finish.  A  mixture  of  pounded 
brick,  clay,  and  ashes  was  then  ground  finely  m  water 
to  the  consistence  of  cream,  and  successive  coats  of 
this  mixture  were  then  applied  with  a  brush,  till  a 
second  skin  was  formed  all  over  the  wax,  fitting  closely 
into  every  line  and  depression  of  the  modelling.  Soft 
clay  was  then  carefully  laid  on  to  strengthen  the  mould, 
in  considerable  thickness,  till  the  whole  statue  appeared 
like  a  shapeless  mass  of  clay,  round  which  iron  hoops 
were  bound  to  hold  it  all  together.  The  whole  was 
then  thoroughly  dried,  and  placed  in  a  hot  oven,  which 
baked  the  clay,  both  of  the  core  and  the  outside  mould, 
and  melted  the  wax,  which  was  allowed  to  run  out 
from  small  holes  made  for  the  purpose.  Thus  a  hol¬ 
low  was  left,  corresponding  to  the  skin  of  wax  between 
the  core  and  the  mould,  the  relative  positions  of  which 
were  preserved  by  various  small  rods  of  bronze,  which 


had  previously  been  driven  through  from  the  outer 
mould  to  the  rough  core.  The  mould  was  now  ready, 
and  melted  bronze  was  poured  in  ti  l  the  whole  space 
between  the  core  and  the  outer  mould  was  full.  After 
slowly  cooling,  the  outer  mould  was  broken  away  from 
outside  the  statue,  and  the  inner  core  as  much  as  pos¬ 
sible  broken  up  and  raked  out  through  a  hole  in  the 
foot  or  some  other  part  of  the  statue.  The  projecting 
rods  of  bronze  were  then  cut  away,  and  the  whole 
finished  by  rubbing  down  and  polishing  over  any 
roughnesses  or  defective  places.  The  most  skilful 
sculptors,  however,  had  but  little  of  this  after-touch¬ 
ing  to  do,  the  final  modelling  and  even  polish  which 
they  had  put  upon  the  wax  being  faithfully  reproduced 
in  the  bronze  casting. 

The  further  enrichment  of  the  object  by  enamels  and 
inky  of  other  metals  was  practised  at  a  very  early 
period  by  Assyrian,  Egyptian,  and  Greek  metal¬ 
workers,  as  well  as  by  the  artists  of  Persia  and  me¬ 
diaeval  Europe. 

The  second  chief  process,  that  of  hammered  work 
(Greek,  sphyrdata ;  French,  repousse),  was  probably 
adopted  for  bronze-work  on  a  large  scale,  before  the 
art  of  forming  large  castings  was  discovered.  In  the 
most  primitive  method  thin  plates  of  bronze  were 
hammered  over  a  wooden  core,  rudely  cut  into  the  re¬ 
quired  shape,  the  core  serving  the  double  purpose  of 
giving  shape  to  and  strengthening  the  thin  metal. 

A  further  development  m  the  art  of  hammered  work 
consisted  in  laying  the  metal  plate  on  a  soft  and  elastic 
bed  of  cement  made  of  pitch  and  pounded  brick.  The 
design  was  then  beaten  into  relief  from  the  back  with 
hammers  and  punches,  the  pitch  bed  yielding  to  the 
protuberances  which  were  thus  formed,  and  serving  to 
prevent  the  punch  from  breaking  the  metal  into  holes. 
The  pitch  was  then  melted  away  from  the  front  of  the 
embossed  relief,  and  applied  in  a  similar  way  to  the 
back,  so  that  the  modelling  could  be  completed  on  the 
face  of  the  relief,  the  final  touches  being  given  by  the 
graver.  This  process  was  chiefly  applied  by  mediaeval 
artists  to  the  precious  metals,  but  by  the  Assyrians, 
Greeks,  and  other  early  nations  it  was  largely  used  for 
bronze. 

The  great  gates  of  Shalmaneser  II. ,  859-824  B.  c. , 
from  Balawat,  now  in  the  British  Museum,  are  a  re¬ 
markable  example  of  this  sort  of  work  on  a  large 
scale,  though  the  treatment  of  the  reliefs  is  minute 
and  delicate.  The  “  Siris  bronzes,”  in  the  same  mu¬ 
seum,  are  a  most  astonishing  example  of  the  skill  at¬ 
tained  by  Greek  artists  in  this  repouss6  work  (see 
Bronsted’s  Bronzes  of  Siris,  1836.  They  are  a  pair 
of  shoulder-pieces  from  a  suit  of  bronze  armor,  and 
each  has  in  very  high  relief  a  combat  between  a  Greek 
warrior  and  an  Amazon.  No  work  of  art  in  metal  has 
probably  ever  surpassed  these  little  figures  for  beauty, 
vigor,  and  expression,  while  the  skill  with  which  the 
artist  has  beaten  these  high  reliefs  out  of  a  flat  plate 
of  metal  appears  almost  miraculous.  The  heads  of 
the  figures  are  nearly  detached  from  the  ground,  their 
substance  is  little  thicker  than  paper,  and  yet  in  no 
place  has  the  metal  been  broken  through  by  the  punch. 
They  are  probably  of  the  school  of  Praxiteles,  and 
date  from  the  4th  century  B.c.  (see  Fig.  2). 

Copper  and  tin  have  been  but  little  used  separately. 
Copper  in  its  pure  state  may  be  worked  by  the  same 
methods  as  bronze,  but  it  is  inferior  to  it  in  hardness, 
strength,  and  beauty  of  surface.  Tin  is  too  weak  and 
brittle  a  metal  to  be  employed  alone  for  any  but  small 
objects.  Some  considerable  number  of  tin  drinking- 
cups  and  bowls  of  the  Celtic  period  have  been  found 
in  Cornwall  in  the  neighborhood  of  the  celebrated  tin 
and  copper  mines,  which  appear  to  have  been  worked 
from  a  very  early  period.  .  The  existence  of  these  mines 
was  known  to  the  Phoenicians,  who  carried  on  a  con¬ 
siderable  trade  in  metals  with  the  southwest  corner  of 
England  and  the  Scilly  Isles — probably  the  Cassite- 
rides  of  Pliny  and  other  classical  writers. 

The  use  of  lead  Las  been  more  extended.  In  sheets 
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it  forms  the  best  of  afl  coverings  for  roofs  and  even 
spires.  In  the  Roman  <ind  mediaeval  periods  it  was 
largely  used  for  coffins,  which  were  often  richly  orna¬ 
mented  with  cast  work  m  relief.  Though  fusible  at  a 
very  low  temperature,  atd  very  soft,  it  has  great  power 
of  resisting  decay  from  damp  or  exposure.  Its  most 
important  use  in  an  artistic  form  has  been  in  the  shape 
of  baptismal  fonts,  chiefly  between  the  11th  and  the 
14th  centuries.  The  superior  beauty  of  color  and 
durability  of  old  specimens  of  lead  is  owing  to  the 
natural  presence  of  a  small  proportion  of  silver.  Mod¬ 
ern  smelters  carefully  extract  this  silver  from  the  lead 
ore,  thereby  greatly  impairing  the  durability  and  beauty 
of  the  metal. 

As  in  almost  all  the  arts,  the  ancient  Egyptians  ex¬ 
celled  in  their  metal -work,  especially  in  the  use  of 
bronze  and  the  precious  metals.  These  were  worked 


Fig.  2.— One  of  the  Siris  Bronzes. 

by  casting  and  hammering,  and  ornamented  by  inlay, 
gilding,  and  enamels  with  the  greatest  possible  skill. 

From  Egypt  perhaps  was  derived  the  early  skill  of 
the  Hebrews.  Further  instruction  in  the  art  of  metal¬ 
working  came  probably  to  the  Jews  from  the  neighbor¬ 
ing  country  of  Tyre.  The  description  of  the  great  gold 
lions  of  Solomon’s  throne,  and  the  laverof  cast  bronze 
supported  on  figures  of  oxen,  shows  that  the  artificers 
of  that  time  had  overcome  the  difficulties  of  metal¬ 
working  and  founding  on  a  large  scale.  The  Assyri¬ 
ans  were  perhaps  the  most  remarkable  of  all  ancient 
nations  for  the  colossal  size  and  splendor  of  their  works 
in  metal;  whole  circuit  walls  of  great  cities,  such  as 
Ecbatana.  are  said  to  have  been  covered  with  metal 
plates,  gilt  or  silvered. 


Herodotus,  Athenseus,  and  other  Greek  and  Roman 
writers  have  recorded  the  enormous  number  of  colossal 
statues  and  other  works  of  art  for  which  Babylon  and 
Nineveh  were  so  famed.  The  numerous  objects  of 
bronze  and  other  metals  brought  to  light  by  the  exca¬ 
vations  of  the  last  forty  years  in  the  Tigris  and  Eu¬ 
phrates  valleys,  though  mostly  on  a  small  scale,  bear 
witness  to  the  great  skill  and  artistic  power  of  the  peo- 
pie  who  produced  them ;  while  the  recent  discovery  of 
some  bronze  statuettes,  shown  by  inscriptions  on  them 
to  be  not  later  than  2200  B.  c. ,  proves  how  early  was 
the  development  of  this  branch  of  art  among  the  peo¬ 
ple  of  Assyria. 

The  Metal-  Work  of  Greece.  —The  poems  of  Homer 
are  full  of  descriptions  of  elaborate  works  in  bronze, 
iron,  gold,  and  silver,  which,  even  when  full  allow¬ 
ance  is  made  for  poetic  fancy,  show  clearly  enough  a 
very  advanced  amount  of  skill  in  the  woiking 
and  ornamenting  of  these  metals  among  the 
Greeks  of  his  time.  His  description  of  the 
shield  of  Achilles,  made  of  bronze,  enriched  with 
bands  of  figure  reliefs  in  gold,  silver,  and  tin 
could  hardly  have  been  written  by  a  man  who  had 
not  some  personal  acquaintance  with  works  in 
metal  of  a  very  elaborate  kind.  Again,  the  ac¬ 
curacy  of  his  descriptions  of  brazen  houses — such 
as  that  of  Alcinous,  Od.}  vii.  81 — is  borne  witness 
to  by  Pausanias’s  mention  of  the  bronze  temple 
of  Athena  XaXtdoiKog  in  Sparta,  and  the  bronze 
chamber  dedicated  to  Myron  in  648  B.C.,  as  well 
as  by  the  discovery  of  the  stains  and  bronze 
nails,  which  show  that  the  whole  interior  of  the 
so-called  treasury  of  Atreus  at  Mycense  was 
once  covered  with  a  lining  of  bronze  plates.  Of 
the  two  chief  methods  of  working  bronze,  gold, 
and  silver,  it  is  probable  that  the  hammer  pro¬ 
cess  was  first  practised,  at  least  for  statues,  among 
the  Greeks,  who  themselves  attributed  the  in¬ 
vention  of  the  art  of  hollow  casting  to  Theo¬ 
doras  and  Rhoecus,  both  Samian  sculptors, 
about  the  middle  of  the  6th  century  b.c. 
Pausanias  specially  mentions  that  one  of  the 
oldest  statues  he  had  ever  seen  was  a  large  fig¬ 
ure  of  Zeus  in  Sparta,  made  of  hammered 
bronze  plates  riveted  together.  With  increased 
skill  in  large  castings,  and  the  discovery  of  the 
use  of  cores,  by  which  the  fluid  bronze  was 
poured  into  a  mere  skin-like  cavity,  hammered 
or  repouss6  work  (Greek,  spliyrelata)  was  only 
used  for  small  objects  where  lightness  was  desir¬ 
able,  or  for  the  precious  metals  in  order  to 
avoid  large  expenditure  of  metal.  The  colossal 
statues  of  ivory  and  gold  by  Phidias  were  the 
most  notable  examples  of  this  use  of  gold,  espe¬ 
cially  his  statue  ot  Athena  in  the  Parthenon, 
and  the  one  of  Zeus  at  Olympia.  The  nude 
parts,  such  as  face  and  hands,  were  of  ivory, 
while  the  armor  and  drapery  were  of  beaten 
gold.  The  comparatively  small  weight  of  gold 
used  by  Phidias  is  very  remarkable  when  the 
great  size  of  the  statues  is  considered. 

A  graphic  representation  of  the  workshop  of  a 
Greek  sculptor  in  bronze  is  given  on  a  fictile  vase 
now  in  the  Berlin  Museum  (see  Gerhard’s  Trinkschalen , 
plates  xii.,  xiii.).  One  man  is  raking  out  the  fire  in 
a  high  furnace,  while  another  behind  is  blowing  the 
bellows.  Two  others  are  smoothing  the  surface  of  a 
statue  with  scraping  tools,  formed  like  a  strigil.  A 
fourth  is  beating  the  arm  of  an  unfinished  figure,  the 
head  of  which  lies  at  the  workman’s  feet.  Perhaps 
the  most  important  of  early  Greek  works  in  cast 
hronze,  both  from  its  size  and  great  historical  interest, 
is  the  bronze  pillar  (now  in  the  Hippodrome  at  Con¬ 
stantinople)  which  was  erected  to  commemorate  the 
victory  of  the  allied  Greek  states  over  the  Persians  at 
Plataea  in  479  B.c.  (see  Newton’s  Travels  in  the  Le¬ 
vant).  It  is  in  the  form  of  three  serpents  twisted 
together,  and  before  the  heads  were  broken  off  was  at 
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least  20  feet  high.  It  is  cast  hollow,  all  in  one  piece, 
and  has  the  names  of  the  allied  states  engraved  on  the 
lower  part  of  the  coils.  Its  size  and  the  beauty  of  its 
surface  show  great  technical  skill  in  the  founder’s  art. 
On  it  once  stood  the  gold  tripod  dedicated  to  Apollo 
as  a  tenth  of  the  spoils.  It  is  described  both  by  Herod¬ 
otus  and  Pausanias. 

Marble  was  comparatively  but  little  used  by  the 
earlier  Greek  sculptors,  and  even  Myron,  a  rather  older 
man  than  Phidias,  seems  to  have  executed  nearly  all 
his  most  important  statues  in  metal. 

Additional  richness  was  given  to  Greek  bronze-work 
by  gold  or  silver  inlay  on  lips,  eyes,  and  borders  of  the 
dress  ;  one  remarkable  statuette  in  the  British  Museum 
has  eyes  inlaid  with  diamonds,  and  fretwork  inlay  in 
silver  on  the  border  of  the  chiton. 

The  mirrors  of  the  Greeks  are  among  the  most  im¬ 
portant  specimens  of  their  artistic  metal-work.  These 
are  bronze  disks,  one  side  polished  to  serve  as  a  re¬ 
flector,  and  the  back  ornamented  with  engraved  outline 
drawings,  often  of  great  beauty  (see  Gerhard,  Etrus- 
Tdsche  Spiegel ,  1843-67). 

The  Greek  workman,  in  fact,  was  incapable  of 
making  an  ugly  thing.  Whatever  the  metal  or  what¬ 
ever  the  object  formed,  whether  armor,  personal  or¬ 
naments,  or  domestic  vessels,  the  form  was  always 
specially  adapted  to  its  use,  the  ornament  natural  and 
graceful,  so  that  the  commonest  water-jar  was  a  delight 
alike  to  him  who  made  it  and  those  wno  used  it. 

In  metal-work,  as  in  other  arts,  the  Romans  were 
pupils  and  imitators  of  the  Greeks.  Owing  to  the 
growth  of  that  spirit  of  luxury  which  in  time  caused 
the  extinction  of  the  Roman  empire,  a  considerable 
demand  arose  for  magnificent  articles  of  gold  and  silver 
plate.  The  finest  specimens  of  these  that  still  exist 
are  the  very  beautiful  set  of  silver  plate  found  buried 
near  Hildesheim  in  1869,  now  in  the  Berlin  Museum. 
They  consist  of  drinking- vessels,  bowls,  vases,  ladles, 
and  other  objects  of  silver,  parcel-gilt,  and  exquisitely 
decorated  with  figures  in  relief,  both  cast  and  repousse. 
There  are  electrotypes  of  these  in  the  South  Ken¬ 
sington  Museum. 

When  the  seat  of  the  empire  was  changed  from 
Rome  to  Byzantium,  the  latter  city  became  the  chief 
centre  for  the  production  of  artistic  metal-work.  From 
Byzantium  the  special  skill  in  this  art  was  transmitted 
in  the  9th  and  10th  centuries  to  the  Rhenish  provinces 
of  Germany  and  to  Italy,  and  thence  to  the  whole  of 
Western  Europe  ;  in  this  way  the  18th-century  smith 
who  wrought  the  Hampton  Court  iron  gates  was  the 
heir  to  the  mechanical  skill  of  the  ancient  metal¬ 
workers  of  Phoenicia  and  Greece. 

In  that  period  of  extreme  degradation  into  which 
all  the  higher  arts  fell  after  the  destruction  of  the 
Roman  empire,  though  true  feeling  for  beauty  and 
knowledge  of  the  subtleties  of  the  human  form  re¬ 
mained  for  centuries  almost  dormant,  yet  at  Byzantium 
at  least  there  still  survived  great  technical  skill  and 

f  ower  in  the  production  of  all  sorts  of  metal-work, 
n  the  age  of  Justinian  (first  half  of  the  6th  century) 
the  great  church  of  St.  Sophia  at  Constantinople  was 
adorned  with  an  almost  incredible  amount  of  wealth 
and  splendor  in  the  form  of  screens,  altars,  candle¬ 
sticks,  and  other  ecclesiastical  furniture  made  of  mas¬ 
sive  gold  and  silver. 

t  Metal-  Work  in  Italy. — It  was,  therefore,  to  Byzan¬ 
tium  that  Italy  turned  for  metal-workers,  and  especially 
for  goldsmiths,  when,  in  the  6th  to  the  8th  centuries, 
the  basilica  of  St.  Peter’s  in  Rome  was  enriched  with 
masses  of  gold  and  silver  for  decorations  and  fittings, 
the  gifts  of  many  donors  from  Belisarius  to  Leo  III., 
the  mere  catalogue  of  which  reads  like  a  tale  from  the 
Arabian  Nights.  The  gorgeous  Pala  d’Oro,  still  in 
St.  Mark’s  at  Venice,  a  gold  retable  covered  with  deli¬ 
cate  reliefs  and  enriched  with  enamels  and  jewels,  was 
the  work  of  Byzantine  artists  during  the  11th  century. 
This  work  was  in  progress  for  more  than  a  hundred 
years,  and  was  set  in  its  place  in  1106  A.D.,  though 


still  unfinished  (see  Bellomo,  Pala  cT  Oro  di  S.  Marco „ 
1847). 

It  was,  however,  especially  for  the  production  of 
bronze  doors  for  churches,  ornamented  with  panels  of 
cast  work  in  high  relief,  that  Italy  obtained  the  services 
of  ^Byzantine  workmen  (see  Garrucci,  Arte  Cristiana. 
1872-82).  One  artist  named  Staurachios  produced 
many  works  of  this  class,  some  of  which  still  exist, 
such  as  the  bronze  doors  of  the  cathedral  at  Amalfi, 
dated  1066  A.D.  Probably  by  the  same  artist,  though 
his  name  was  spelled  differently,  were  the  bronze  doors 
of  San  Paolo  fuori  le  Mura,  Rome,  careful  drawings 
of  which  exist,  though  the  originals  were  destroyed  in 
the  fire  of  1824.  Other  important  examples  exist  at 
Ravello  (1197),  Salerno  (1099),  Amalfi  (1062),  Atrani 
(1087) ;  and  doors  at  Monreale  in  Sicily  and  at  Trani, 
signed  by  an  artist  named  Barisanos  (end  of  the  12th 
century) ;  the  reliefs  on  these  last  are  remarkable  for 
expression  and  dignity,  in  spite  of  their  early  rudeness 
of  modelling  and  ignorance  of  the  human  figure. 

Most  of  these  works  in  bronze  were  enriched  with 
fine  lines  inlaid  in  silver,  and  in  some  cases  with  a  kind 
of  niello  or  enamel.  The  technical  skill  of  these  By¬ 
zantine  metal-workers  was  soon  acquired  hy  native 
Italian  artists,  who  produced  many  important  works 
in  bronze  similar  in  style  and  execution  to  those  of  the 
Byzantine  Greeks.  Such,  for  example,  are  the  bronze 
doors  of  San  Zenone  at  Verona  (unlike  the  others,  of 
repousse,  not  cast  work) ;  those  of  the  Duomo  of  Pisa, 
cast  in  1180  by  Bonannus,  and  of  the  Duomo  of  Troia, 
the  last  made  in  the  beginning  of  the  12th  century  by 
Oderisius  of  Benevento.  Another  artist  named  Roger 
of  Amalfi  worked  in  the  same  way  ;  and  in  the  year  1 21  y 
the  brothers  Hubertus  and  Petrus  of  Piacenza  cast  the 
bronze  door  for  one  of  the  side  chapels  in  San  Gio¬ 
vanni  in  Laterano.  '  One  of  the  most  important  early 
specimens  of  metal-work  is  the  gold  and  silver  altar  of 
Sant’  Ambrogio  in  Milan.  In  character  of  work  and 
design  it  resembles  the  Venice  Pala  d’Oro,  but  is  still 
earlier  in  date,  being  a  gift  to  the  church  from  Arch¬ 
bishop  Angilbert  II  in  835  a.d.  (see  Du  Sommerard, 
and  D’Agmcourt,  Moyen  Age).  It  is  signed  wol- 
VINIVS  MAGISTER  phaber  ;  nothing  is  known  of  the 
artist,  but  he  probably  belonged  to  the  semi-Byzantine 
school  of  the  Rhine  provinces  ;  according  to  Dr.  Rock 
he  was  an  Anglo-Saxon  goldsmith.  It  is  a  very  sump¬ 
tuous  work,  the  front  of  the  altar  being  entirely  of 
gold,  with  repouss6  reliefs  and  cloisonnee  enamels  ; 
the  back  and  ends  are  of  silver,  with  gold  ornaments. 
On  the  front  are  figures  of  Christ  and  the  twelve 
apostles  ;  the  ends  and  back  have  reliefs  illustrating 
the  life  of  St.  Ambrose. 

The  most  important  existing  work  of  art  in  metal  of 
the  13th  century  is  the  great  candelabrum  now  in 
Milan  cathedral.  It  is  of  gilt  bronze,  more  than  14 
feet  high  ;  it  has  seven  branches  for  candles,  and  its 
upright  stem  is  supported  on  four  winged  dragons. 
For  delicate  and  spirited  execution,  together  with  re¬ 
fined  gracefulness  of  design,  it  is  unsurpassed  by  any 
similar  work  of  art.  Every  one  of  the  numerous 
little  figures  with  which  it  is  adorned  is  worthy  of 
study  for  the  beauty  and  expression  of  the  face,  and 
the  dignified  arrangement  of  the  drapery  (see  Fig.  3). 
The  semi-conventional  open  scroll-work  of  branches 
and  fruit  which  wind  around  and  frame  each  figure  or 
group  is  devised  with  the  most  perfect  taste  and  rich¬ 
ness  of  fancy,  while  each  minute  part  of  this  great 
piece  of  metal-work  is  finished  with  all  the  care  that 
could  have  been  bestowed  on  the  smallest  article  of 
old  jewellery.  Though  something  in  the  grotesque 
ragons  of  the  base  recalls  the  Byzantine  school,  yet 
the  beauty  of  the  figures  and  the  keen  feeling  for 
graceful  curves  and  folds  in  the  drapery  point  to  a 
native  Italian  as  being  the  artist  who  produced  this 
wonderful  work  of  art.  There  is  a  cast  in  the  South 
Kensington  Museum. 

During  the  13th  and  14th  centuries  in  Italy  the 
widespread  influence  of  Niccolo  Pisano  and  his  school 
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encouraged  the  sculptor  to  use  marble  rather  than 
bronze  for  his  work.  At  this  period  wrought  iron 
came  into  general  use  in  the  form  of  screens  for 
chapels  and  tombs,  and  grills  for  windows.  These  are 
mostly  of  great  beauty,  and  show  remarkable  skill  in 
the  use  of  the  hammer,  as  well  as  power  in  adapting 
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Fig.  3. — Boss  from  the  Milanese  Candelabrum. 

the  design  to  the  requirements  of  the  material. 
Among  the  finest  examples  of  this  sort  of  work  are 
the  screens  round  the  tombs  of  the  Scala  family  at 
Verona,  1350-75, — a  sort  of  net-work  of  light  cusped 
quatre-foils,  each  filled  up  with  a  small  ladder  (scala) 


FIG.  4.— Silver  Repousse  Reliefs  from  the  Pistoia  Retable. 

in  allusion  to  the  name  of  the  family.  The  most  elabo¬ 
rate  specimen  of  this  wrought  work  is  the  screen  to 
the  Rinuccini  chapel  in  Santa  Croce,  Florence,  of  1371, 
Vol.  XVI.— 743. 


in  which  moulded  pillars  and  window -like  tracery  have 
been  wrought  and  modelled  hy  the  hammer  with  ex¬ 
traordinary  skill  (see  Wyatt,  Metal-  Work  of  Middle 
Ages).  Ol  about  the  same  date  are  the  almost  equally 
magnificent  screens  in  Sta.  Trinita,  Florence,  and  at 
Siena  across  the  chapel  in  the  Palazzo  Pubblico.  The 
mam  part  of  most  of  these  screens  is  filled  in 
with  quatre-foils,  and  at  the  top  is  an  open 
trieze  formed  of  plate  iron  pierced,  repousse, 
and  enriched  with  engraving. 

.  In  the  14th  century  great  quantities  of  ob¬ 
jects  for  ecclesiastical  use  were  produced  in 
Italy,  some  on  a  large  scale,  and  mostly  the 
works  of  the  best  artists  of  the  time.  The  sil¬ 
ver  altar  of  the  Florence  baptistery  is  one  of 
the  chief  of  these  ;  it  was  begun  in  the  first 
half  of  the  14th  century,  and  not  completed 
till  after  1477  (see  Gaz.  des  Beaux  Arts  Jan. 
1883).  A  whole  series  of  the  greatest  artists  in 
metal  labored  on  it  in  succession,  among  whom 
were  Orcagna,  Ghiberti,  Verrocchio,  Ant. 
Pollajuolo,  and  many  others.  It  has  elaborate 
reliefs  in  repousse  work,  cast  canopies,  and  mi¬ 
nute  statuettes,  with  the  further  enrichment  of 
translucent  colored  enamels.  The  silver  altar 
and  retable  of  Pistoia  cathedral  (see  Fig.  4) 
and  the  great  shrine  at  Orvieto,  are  works  o^ 
the  same  class,  and  of  equal  importance. 

Whole  volumes  might  be  devoted  to  the  mag. 
nificent  works  in  bronze  produced  by  the  Flor¬ 
entine  artists  of  this  century,  works  such  as  the  bap¬ 
tistery  gates  by  Ghiberti,  and  the  statues  of  Ver¬ 
rocchio,  Donatello,  and  many  others,  but  these  come 
rather  under  the  head  of  sculpture.  Some  very  mag¬ 
nificent  bronze  screens  were  produced  at  this  time, 
especially  that  in  Prato  cathedral  by  Simone, 
brother  of  Donatello,  in  1444-61,  and  the  screen 
and  bronze  ornaments  of  the  tomb  of  Piero  and 
Giovanni  dei  Medici  in  San  Lorenzo,  Florence, 
by  Verrocchio,  in  1472. 

At  the  latter  part  of  the  15th  century  and 
the  beginning  of  the  16th  the  Pollajuoli,  Ricci, 
and  other  artists  devoted  much  labor  and  artis¬ 
tic  skill  to  the  production  of  candlesticks  and 
smaller  objects  of  bronze,  such  as  door-knockers, 
many  of  which  are  works  of  the  greatest 
beauty.  The  candlesticks  in  the  Certosa  near 
Pavia,  and  in  the  cathedrals  of  Venice  and 
Padua,  are  the  finest  examples  of  these. 

Niccolo  Grossi,  who  worked  in  wrought  iron 
under  the  patronage  of  Lorenzo  dei  Medici, 
produced  some  wonderful  specimens  of  metal¬ 
work,  such  as  the  candlesticks,  lanterns,  and 
rings  fixed  at  intervals  round  the  outside  of 
the  great  palaces  (see  Fig.  5).  The  Strozzi 
palace  in  Florence  and  the  Palazzo  del  Mag- 
nifico  at  Siena  have  fine  specimens  of  these, 
— the  former  of  wrought  iron,  the  latter  in  cast 
bronze. 

At  Venice  fine  work  in  metal,  such  as  salvers 
and  vases,  was  being  produced,  of  almost  Ori¬ 
ental  design,  and  in  some  cases  the  work  of 
resident  Arab  artificers.  In  the  16th  century 
Benvenuto  Cellini  was  supreme  for  skill  in  the 
production  of  enamelled  jewellery,  plate,  and 
even  larger  works  of  sculpture  (see  Plon’s 
Ben.  Cellini ,  1882),  and  John  of  Bologna  in 
the  latter  part  of  the  same  century  inherited  to 
some  extent  the  skill  and  artistic  power  of  the 

freat  15th-century  artists.  Since  that  time 
taly,  like  other  countries,  has  produced  little 
metal-work  of  real  value. 

Spain. — From  a  very  early  period  the  metal¬ 
workers  of  Spain  have  been  distinguished  for 
their  skill,  especially  in  the  use  of  the  precious 
metals.  A  very  remarkable  set  of  specimens  of  gold¬ 
smith’s  work  of  the  7th  century  are  the  eleven  votive 
crowns,  two  crosses,  and  other  objects  found  in  1858  at 
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Guarrazar,  and  now  preserved  at  Madrid  and  in 
Paris  in  the  Cluny  Museum  (see  Du  Sommerard, 
Alusee  de  Cluny,  1852).  Magnificent  works  in  sil¬ 
ver,  such  as  shrines,  altar  crosses,  and  church  ves¬ 
sels  of  all  kinds,  were  produced  in  Spain  from 
the  14th  to  the  16th  century, — especially  a  number 
of  sumptuous  tabernacles  ( custodia )  for  the  host, 
magnificent  examples  of  which  still  exist  in  the 
eathedrals  of  Toledo  and  Seville.  The  bronze  and 
brought  iron  screens — rejas ,  mostly  of  the  15th  and 


frontals,  retables,  and  other  ecclesiastical  furniture  of 
considerable  size  and  magnificence. 

Dunstan,  archbishop  of  Canterbury  (925-988),  like 
Bernward,  bishop  of  Hildesheim  a  few  years  later,  and 
St.  Eloi  of  France  three  centuries  earlier,  was  himself 
a  skilful  worker  in  all  kinds  of  metal.  The  description 
of  the  gold  and  silver  retable  given  to  the  high  altar 
of  Ely  by  Abbot  Theodwin  in  the  11th  century,  shows 
it  to  have  been  a  large,  and  elaborate  piece  of  work 
decorated  with  many  reliefs  and  figures  in  the  round. 
In  1241  Henry  III.  gave  the  order  for  the 
great  gold  shrine  to  contain  the  bones  of  Ed¬ 
ward  the  Confessor  (see  W.  Burges  in  Glean¬ 
ings  from  Westminster).  It  was  the  work  of 
members  of  the  Otho  family,  among  whom 
the  goldsmith’s  and  coiner’s  crafts  appear  to 
have  been  long  hereditary.  Countless  other 
important  works  in  the  precious  metals 
adorned  every  abbey  and  cathedral  church  in 
the  kingdom. 

In  the  13th  century  the  English  workers  in 
wrought  iron  were  especially  skilful.  The 
grill  over  the  tomb  of  Queen  Eleanor  at  West¬ 
minster,  by  Thomas  de  Leghton,  made  about 
1294.  is  a  remarkable  example  of  skill  in 
welding  and  modelling  with  the  hammer 
(see  Fig.  6). 

The  rich  and  graceful  iron  hinges,  made 
often  for  small  and  out-of-the-way  country 
churches,  are  a  large  and  important  class  in 
the  list  of  English  wrought  iron-work.  Those 
on  the  refectory  door  of  Merton  College, 
Oxford,  are  a  beautiful  and  well-preserved 
example  dating  from  the  14th  century. 

More  mechanical  in  execution,  though  still 
very  rich  in  effect,  is  that  sort  of  iron  tracery 
work  produced  by  cutting  out  patterns  in 
plate,  and  superimposing  one  plate  over  the 
other,  so  as  to  give  richness  of*  effect  by  the 
shadows  produced  by  these  varying  planes. 
The  screen  by  Henry  V.’s  tomb  at  West¬ 
minster  is  a  good  early  specimen  of  this  kind 
of  work. 

The  screen  to  Bishop  West’s  chapel  at  Ely, 
and  that  round  Edward  IV.  ’s  tomb  at  Windsor, 
both  made  towards  the  end  of  the  15th  cen¬ 
tury,  are  the  most  magnificent  English  ex¬ 
amples  of  wrought  iron,  in  which  every  art 
and  feat  of  skill  known  to  the  smith  has  been 
brought  into  play  to  give  variety  and  richness 
to  the  work. 


Fig.  5.— Wrought  Iron  Candle-Pricket;  late  15th  century. 

Florentine  work. 

16th  centuries — to  be  found  in  almost  every  important 
church  in  Spain  are  very  fine  examples  of  metal-work. 
They  generally  have  moulded  rails  or  ballusters,  and 
rich  friezes  of  pierced  and  repousse  work,  the  whole 
being  often  thickly  plated  with  silver.  The  common 
use  of  metal  for  pulpits  is  a  peculiarity  of  Spain;  they 
are  sometimes  of  bronze,  as  the  pairs  in  Burgos  ana 
Toledo  cathedrals,  or  in  wrought  iron,  like  those  at 
Zamora  and  in  the  church  of  San  Gil,  Burgos.  The 
great  candelabrum  or  tenebrarium  in  Seville  cathedral 
is  the  finest  specimen  of  16th-century  metal -work  in 
Spain;  it  was  mainly  the  work  of  Bart.  Morel  in  1562. 

It  is  of  cast  bronze  enriched  with  delicate  scroll-work 
foliage,  and  with  numbers  of  well-modelled  statuettes, 
the  general  effect  being  very  rich  and  graceful.  Espe¬ 
cially  in  the  art  of  metal-work  Spain  was  much  influ¬ 
enced  in  the  15th  and  16th  centuries  by  both  Italy  and 
Germany.,  so  that  numberless  Spanish  objects  produced 
at  that  time  owe  little  or  nothing  to  native  designers. 
At  an  earlier  period  Arab  and  Moorish  influence  is  no 
less  apparent. 

England. — In  Saxon  times  the  English  metal-work¬ 
ers,  especially  of  the  precious  metals,  possessed  great 
skill,  and  appear  to  have  produced  shrines,  altar- 


Mucli  wrought-iron  work  of  great  beauty, 
was  produced  at  the  beginning  of  the  18th 
century,  especially  under  the  superintend¬ 
ence  of  Sir  Christopher  Wren  (see  Ebbetts,  Iron 
Work  of  17 th  and  18 th  Centuries ,  1880).  Large 
flowing  leaves  of  acanthus  and  other  plants  were 
beaten  out  with  wonderful  spirit  and  beauty  of 
curve.  The  gates  from  Hampton  Court  are  the 
finest  examples  of  this  class  of  work  (see  Fig.  7). 

From  an  early  period  bronze  and  latten  (a  variety 
of  brass)  were  much  used  in  England  for  the  smaller 
objects  both  of  ecclesiastical  ana  domestic  use,  but 
except  for  tombs  and  lecterns  were  but  little  used  on  a 
large  scale  till  the  16th  century.  The  full-length  re¬ 
cumbent  effigies  of  Henry  III.  and  Queen  Eleanor  at 
Westminster,  cast  in. bronze  by  the  “cire  perdue” 
process,  and  thickly  gilt,  are  equal,  if  not  superior,  in 
artistic  beauty  to  any  sculptor’s  work  of  the  same  pe¬ 
riod  (end  of  the  13th  century)  that  was  produced  iu 
Italy  or  elsewhere.  These  effigies  are  the  work  of  an 
Englishman  named  William  Torel  (see  Westminster 
Gleanings ).  The  gates  to  Henry  YII.’ s  chapel,  and 
the  screen  round  his  tomb  at  Westminster  (see  Fig.  8), 
are  very  elaborate  and  beautiful  examples  of  ‘ 1  latten  ” 
work,  showing  the  greatest  technical  skill  in  the  found¬ 
er’s  art.  In  Fatten  also  were  produced  the  numerous 
monumental  brasses  of  which  about  two  thousand 
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Fig.  6.— Part  of  the  “  Eleanor  Grill.” 

the  13th  century,  yet  it  was  not  till  the  14th  that 
they  came  into  general  use.  They  are  made  of 
cast  plates  of  brass,  with  the  design  worked 
upon  them  with  the  chisel  and  graver.  All 
those,  however,  to  be  seen  in  English  churches 
are  not  of  native  work — great  quantities  of  them 
being  Flemish  imports  (see  Cotman,  Waller,  and 
Boutell  on  Monumental  Brasses). 

In  addition  to  its  chief  use  as  a  roof  covering, 
lead  was  sometimes  used  in  England  for  making 
fonts,  generally  tub-shaped,  with  figures  cast  in 
relief.  Many  examples  exist :  e.g. ,  at  Tidenham, 
Gloucestershire  ;  Warborough  and  Dorchester, 

Oxon  ;  Chirton,  Wilts  *  and  other  places.. 

Germany. — Unlike  England,  Germany  in  the 
10th  and  11th  centuries  produced  large  and 
elaborate  works  in  cast  bronze,  especially  doors 
for  churches,  much  resemblingthe  contempo¬ 
rary  doors  made  in  Italy  under  Byzantine  influ¬ 
ence.  Bernward,  bishop  of  Hildesheim,  992- 
1022,  was  especially  skilled  in  this  work,  and  was 
much  influenced  in  design  by  a  visit  to  Rome  in 
the  suite  of  Otho  III.  The  bronze  column  with 
winding  reliefs  now  at  Hildesheim  was  the 
result  of  his  study  of  Trajan’s  column,  and  the 
bronze  door  which  he  made  for  his  own  cathedral 
shows  classical  influence,  especially  in  the  compo¬ 
sition  of  the  drapery  of  the  figures  in  the  panels. 

The  bronze  doors  of  Augsburg  (1047-72)  are 
similar  in  style.  The  bronze  tomb  of  Rudolph 
of  Swabia  in  Merseburg  cathedral  (1080)  is  an¬ 
other  fine  work  of  the  same  school.  The  produc¬ 
tion  of  works  in  gold  and  silver  was  also  carried 
on  vigorously  in  Germany.  The  shrine  of  the 
three  kings  at  Cologne  is  the  finest  surviving 
example. 

At  a  later  time  Augsburg  and  Nuremberg 
were  the  chief  centres  for  the  production  of  art¬ 
istic  works  in  the  various  metals.  Herman 
Vischer,  in  the  15th  century,  and  his  son  and  grand¬ 
sons  were  very  remarkable  as  bronze  founders.  The 
font  at  Wittenberg,  decorated  with,  reliefs  of  the  apos¬ 
tles,  was  the  work  of  the  elder  Vischer,  while  Peter 


Fig.  7.— Part  of  one  of  the  Hampton  Court  Gates. 

of  their  metal.  No  examples  probably  surpass  those 
on  the  west  doors  of  Notre  Dame  in  Paris — now  un¬ 
happily  much  falsified  by  restoration.  The  crockets 
ana  finials  on  the  filches  of  Amiens  and  Rheims  are 


Though  a  few  were  made  in  1  and  his  son  produced,  among  other  important  works, 

the  shrine  of  St.  Sebald  at  Nuremberg,  a  work  or 
great  finish  and  of  astonishing  richness  of  fancy  in  its 
design  (see  Doebner,  Chrktliches  Kunstblatt ,  1866,  Nos. 
10-12).  The  tomb  of  Maximilian  I.,  and  the  statues 
round  it,  at  Innsbruck,  begun  in  1521,  are  perhaps  the 
most  meritorious  German  work  of  this  class  in  the  16th 
century,  and  show  considerable  Italian  influence. 

In  wrought  iron  the  German  smiths,  especially  dur¬ 
ing  the  1 5th  century,  greatly  excelled.  Almost  peculiar 
to  Germany  is  the  use  of  wrought  iron  for  grave-crosses 
and  sepulchral  monuments,  of  which  the  Nuremberg 
and  other  cemeteries  contain  fine  examples.  Many 
elaborate  well-canopies  were  made  in  wrought  iron, 
and  gave  full  play  to  the  fancy  and  invention  of  the 
smith.  The  celebrated  15th-century  example  over  the 
well  at  Antwerp,  attributed  to  Quintin  Massys,  is  the 
finest  of  these. 

France. — From  the  time  of  the  Romans  the  city  of 
Limoges  has  been  celebrated  for  all  sorts  of  metal¬ 
work,  and  especially  for  brass  enriched  with  enamel. 
In  the  13th  and  14th  centuries  many  life-size  sepul¬ 
chral  effigies  were  made  of  beaten  copper  or  bronze, 
and  ornamented  by  various-colored  champleve  ’ 
enamels.  The  beauty  of  these  effigies  led  to  their 
being  imported  into  England;  most  are  now  destroyed, 
but  a  fine  specimen  still  exists  at  Westminster  on  the 
tomb  of  William  de  Valence  (1296).  In  ornamental 
iron-work  for  doors  the  French  smiths  were  preemi- 
nent  for  the  richness  of  design  and  skilful  treatment 
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beautiful  specimens  of  a  highly  ornamental  treatment 
of  cast  lead,  for  which  France  was  especially  celebrated. 
In  most  respects,  however,  the  development  of  the 
various  kinds  of  metal-working  went  through  much 
the  same  stages  as  in  England. 

Persia  and  Damascus. — The  metal-workers  of  the 
East,  especially  in  brass  and  steel,  were  renowned  for 
their  skill  even  in  the  time  of  Theophilus,  the  monkish 
writer  on  the  subject  in  the  13th  century.  But  it  was 


(from  Damascus,  the  chief  seat  of  the  export)  was 
used  to  produce  very  delicate  and  rich  surface  orna¬ 
ment.  A  pattern  was  incised  with  a  graver  in  iron  or 
steel,  and  then  gold  wire  was  beaten  into  the  sunk 
lines,  the  whole  surface  being  then  smoothed  and 
polished.  In  the  time  of  Cellini  this  process  was 
copied  in  Italy,  and  largely  used,  especially  for  the 
decoration  of  weapons  and  armor.  The  repouss6  pro¬ 
cess  both  for  brass  and  silver  was  much  used  by  Ori¬ 
ental  workers,  and  even  now  fine  works  of  this  class 
are  produced  in  the  East,  old  designs  still  being 
adhered  to. 

Recent  Metal-  Work. — In  modem  Europe  gene¬ 
rally  the  arts  of  metal-working  both  as  regards  de¬ 
sign  and  technical  skill  are  not  in  a  flourishing 
condition.  The  great  bronze  lions  of  the  Nelson 
monument  in  London  are  a  sad  example  of  the 
present  low  state  of  the  founder’s  art.  Coarse 
sand-casting  in.  England  now  takes  the  place  of 
the  delicate  4  4  cire  perdue  ’  ’  process. 

Some  attempts  have  lateiy  been  made  in  Ger¬ 
many  to  revive  the  art  of  good  wrought-iron  work. 


Fig.  8.— Part’of  Henry  VII.’s  Bronze  Screen. 

during  the  reign  of  Shah  Abbas  I.  (d.  1628)  that  the 
greatest  amount  of  skill  both  in  design  and  execution 
was  reached  by  the  Persian  workmen.  Delicate  pierced 
vessels  of  gilt  brass,  enriched  by  tooling  and  inlay  of 
gold  and  silver,  were  among  the  chief  specialties  of 
the  Persians  (see  Fig.  9). 

A  process  called  by  Europeans  “damascening” 


Fig.  9.— Brass  Vase,  pierced  and  gilt ;  17th  century  Persian  work. 

The  Prussian  gates,  bought  at  a  high  price  for  the  South 
Kensington  Museum,  are  large  ana  pretentious,  but 
unfortunately  are  only  of  value  as  a  warning  to  show 
what  wrought  iron  ought  not  to  be.  Some  English 
recent  specimens  of  hammered  work  are  more  hope¬ 
ful,  and  show  that  one  or  two  smiths  are  working  in 
the  right  direction. 

Literature. — Prehistoric:  Worsaae,  Nordislce  Oldsager  i 
Kjobenhavn,  1854 ;  Perrin,  Etude  prehistorique — Age  du  bronze , 
1870.  Classical:  Layard,  Nineveh  and  Babylon,  1853; 
Lane’s  and  Wilkinson’s  works  on  Ancient  Egypt;  Pliny, 
Natural  History,  book  xxxiv. ;  Brondsted,  Den  Fikoronishe 
Cista,  1847 ;  Daremberg,  Dictionnavre  des  Antiquites,  “  Ccela* 
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tnra,”  in  course  of  publication ;  Gerhard,  various  mono¬ 
graphs,  1843-67 ;  Muller,  Etrusker,  etcJ,  and  other  works ; 
Ciampi  Dell'  Antica  Toreutica,  1815.  Medieval  :  Digby 
Wyatt,  Metal- Work  of  the  Middle  Ages,  1849;  Shaw,  Orna¬ 
mental  Metal-Work ,  1836  ;  Drury  Fortnum,  S.  K.  M.  Handbook 
of  Bronzes,  1877 ;  King,  Orfevrerie  et  outrages  en  metal  jlu 
moyen  Age,  1852-4 ;  Hefner- Alteneck,  Serrurerie  du  moyen  Age, 
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vingienne,  1864,  and  Orfevrerie  du  XIIIme  Steele,  1856 ;  Bor¬ 
deaux,  Serrurerie  du  moyen  dge,  1858;  Didron,  Manuel  des 
oeuvres  de  bronze  et  d'orf&orerie  du  moyen  dge,  1859  ;  Du  Som- 
merard,  Arts  au  moyen  dge,  1838-46,  and  Muste  de  Cluny, 
1852 ;  Durand,  Tresor  de  Veglise  de  Saint  Marc  a  Venise,  1862 ; 
Albert  Way,  Gold  Retable  of  Basle,  1843 ;  Eico  y  Sinobas, 
Trabajos  de  metedes,  1871 ;  Blanchard,  Portes  du  Baptistere  de 
Florence,  1858  ;  Bock,  Die  Goldschmiedekunst  des  Mittdalters, 
1855,  and  Kleinodien  des  Heil.-Riknischen  Reiches ;  Jouy,  Les 
gemmes  et  les  joyaux,  1865 ;  Liibke,  Works  of  Peter  Visscher, 
1877 ;  Adelung,  Die  Thiiren  zu  S.  Sophia  in  Novgorod,  1824 ; 
Wanderer,  Adam  Krafft  and  his  School,  1868 ;  Nesbitt,  “  Bronze 
door  of  Gnesen  Cathedral,”  Arch.  Jour.,  vol.  ix. ;  Eossi,  Tre 
porte  di  bronzo  di  Pisa  ;  Digot,  articles  in  Bulletin  Monumental, 
vols.  xii.-xvi. ;  Catalogue  of  works  of  art  in  metal  exhibited 
in  1861  at  Ironmongers’  Hall;  Texier,  Dictionnaire  d’ Orfev¬ 
rerie,  1857;  Virgil  Solis,  Designs  for  Gold-  and  Silver-Smiths, 
1512  (facsimile  reproduction,  1862).  Practical  Treatises  : 
Theophilus,  Diversarum  Artium  Schedula ;  Cellini,  Trattati 
dell'  Orehceria  e  della  Scultura ;  Vasari,  Tre  Arti  del  Disegno, 
part  ii.,  Milanesi’s  ed.,  1882;  Gamier,  Manuel  du  cisdeur, 
1859.  (j.  h.  M.) 

METAMORPHOSIS.  This  lerm  has  been  em¬ 
ployed  in  several  distinct  senses  in  biology.  During 


the  early  part  of  the  century  it  was  constantly  used  to 
include  the  current  morphological  conceptions,  as,  for 
instance,  of  the  parts  of  a  flower  as  modified  or  “meta¬ 
morphosed  ’  ’  leaves,  or  of  the  segments  of  a  skull  as 
modified  vertebrae.  It  is  still  frequently  employed  to 
denote  that  progressive  change  from  the  general  to  the 
special  undergone  by  all  developing  tissues  and  organs 
(see  Biology,  Embryology),  but  in  this  sense  is 
conveniently  superseded  by  the  term  ‘  ‘  differentiation.  ’  ’ 
In  the  process  of  animal  development,  two  types  are 
broadly  distinguishable,— a  foetal  type,  in  which  de¬ 
velopment  takes  place  wholly  or  in  greater  part  either 
within  the  egg  or  within  the  body  of  the  parent,  and 
a  larval  type,  in  which  the  young  are  born  in  a  condi¬ 
tion  more  or  less  differing  from  that  of  the  adult, 
while  the  adult  stage  again  is  reached  in  one  of  two 
ways,  either  by  a  process  of  gradual  change,  or  by  a 
succession  of  more  or  less  rapid  and  striking  transfor¬ 
mations,  to  which  the  term  metamorphosis  is  now 
usually  restricted.  Metamorphosis  is  generally  re¬ 
garded  as  having  been  brought  about  by  the  action  of 
natural  selection,  partly  in  curtailing  and  reducing  the 
phases  of  development  (an  obvious  advantage  in 
economy  of  both  structural  and  functional  change), 
and  partly  also  in  favoring  the  acquirement  of  such 
secondary  characters  as  are  advantageous  in  the  strug- 
le  for  existence.  Freshwater  and  terrestrial  animals 
evelop  without  metamorphosis  much  more  frequently 
than  marine  members  of  the  same  group,  a  circum¬ 
stance  which  has  been  variously  explained.  For  de¬ 
tails  of  metamorphoses  see  the  articles  on  the  various 
groups  of  animals  ;  see  also  Balfour’s  Comparative 
Embryology ,  1880-81. 
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THE  term  metaphysic,  originally  intended  to  mark 
the  place  of  a  particular  treatise  in  the  collection 
of  Aristotle’s  works,  has,  mainly  owing  to  a  misunder¬ 
standing,  survived  several  other  titles,— such  as  ‘  ‘  First 
Philosophy,’’  “Ontology,”  and  “Theology,”  which 
Aristotle  himself  used  or  suggested.  Neo-Platonic 
mystics  interpreted  it  as  signifying  that  which  is  not 
merely  “after”  but  “beyond”  physics,  and  found  in 
it  a  fit  designation  for  a  science  which,  as  they  held, 
could  not  be  attained  except  by  one  who  had  turned 
his  back  upon  the  natural  world.  And  writers  of  a 
different  tendency  in  a  later  time  gladly  accepted  it  as 
a  convenient  nickname  for  theories  which  they  regarded 
as  having  no  basis  in  experience,  in  the  same  spirit  in 
which  the  great  German  minister  Stein  used  the  anal¬ 
ogous  title  of  ‘  ‘  metapolitics  ’  ’  for  airy  and  unpractical 
schemes  of  social  reform.  A  brief  indication  of  the 
contents  of  Aristotle’s  treatise  may  enable  us  to  give  a 
general  definition  of  the  science  which  was  first  dis¬ 
tinctly  constituted  by  it,  and  to  determine  in  what 
sense  the  subjects  which  that  science  has  to  consider 
are  beyond  nature  and  experience. 

For  Aristotle,  metaphysic  is  the  science  which  has 
to  do  with  Being  as  such,  Being  in  general,  as  distin¬ 
guished  from  the  special  sciences  which  deal  with 
special  forms  of  being.  There  are  certain  questions 
which,  in  Aristotle’s  view,  we  have  a  right  to  ask  in 
regard  to  everything  that  presents  itself  as  real.  We 
may  ask  what  is  its  ideal  nature  or  definition,  and 
what  are  the  conditions  of  its  realization  ;  we  may  ask 
by  what  or  whom  it  was  produced,  and  for  what  end  ; 
we  may  ask,  in  other  words,  for  the  formal  and  the 
material,  for  the  efficient  and  the  final  causes.  of  every¬ 
thing  that  is.  These  different  questions  point  to  dif¬ 
ferent  elements  in  our  notion  of  Being,  elements  which 
may  be  considered  in  their  general  relations  apart  from 
any  particular  case  of  their  union.  These,  therefore, 
the  first  philosophy  must  investigate.  But,  further, 
this  science  of  being  cannot  bo  entirely  separated  from 


the  science  of  knowing,  but  must  determine  at  least 
its  most  general  principles.  For  the  science  that  deals 
with  what  is  most  universal  in  being  is,  for  that  very 
reason,  dealing  with  the  objects  which  are  most  nearly 
akin  to  the  intelligence.  These,  indeed,  are  not  the 
objects  which  are  first  presented  to  our  minds ;  we 
begin  with  the  particular,  not  the  universal,  with  a 
irpurov  jjp.lv  which  is  not  npurov  tpvaei ;  but  science 
reaches  its  true  form  only  when  the  order  of  thought 
is  made  one  with  the  order  of  nature,  and  the  partic¬ 
ular  is  known  through  the  universal.  Yet  this  conver¬ 
sion  or  revolution  of  the  intellectual  point  of  view  is 
not  to  be  regarded  as  an  absolute  change  from  error  to 
truth  ;  for  Aristotle  holds  that  nihil  est  in  inteUectu 
quod  non  prim  in  sensu ,  in  the  meaning  that  in  sense 
perception  there  is  already  the  working  of  that  dis¬ 
criminative  intelligence1  which,  beginning  in  sense 
perception,  with  the  distinction  of  particular  from  par¬ 
ticular  can  rest  only  when  it  has  apprehended  things 
in  their  universal  forms  or  definitions.  Looking  at 
knowledge  formally,  the  highest  law  of  thoughtj  the 
law  of  contradiction  (or,  as  we  might  call  it,  to  indi¬ 
cate  Aristotle’s  meaning  more  exactly,  the  law  of  de¬ 
finition  or  distinction),  is  already  implied  in  the  first 
act  of  perception  by  which  one  thing  is  distinguished 
from  another.  Looking  at  it  materially ,  the  reason 
of  man  is  to  be  conceived  as  potentially  all  that  is 
knowable  ;  i.e.,  objects  are  so  related  to  it  that  for  it 
to  know  them  in  their  essential  definitions  is  only  to 
know  itself.  The  aim  of  science,  in  this  view,  is  to 
break  through  the  husk  of  matter,  and  to  apprehend 
things  in  their  forms,  in  which  they  are  one  with  the 
mind  that  knows  them.  Hence  also  it  follows  that  in 
rising  to  the  most  universal  science,  the  science  of 
Being  in  general,  the  mind  is  not  leaving  the  region 
of  immediate  experience,  in  which  it  is  at Lome,  for  a 
far-off  region  of  abstractions.  Rather  it  is  returning 
to  itself,  apprehending  that  which  is  most  closely  re- 
1  Avpa/utt  KpiriKi i,  Anal.  Post.,  ii.  996. 
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lated  to  itself, and  which  therefore,  though  it  is  late  in 
being  made  the  direct  object  of  investigation,  is  yet 
presupposed  in  all  that  is,  and  is  known. 

Metaphysic,  then,  is  the  science  which  deals  with 
the  principles  which  are  presupposed  in  all  being  and 
knowing,  though  they  are  brought  to  light  only  by 
philosophy.  Another  trait  completes  the  Aristotelian 
account  of  it.  It  is  theology,  or  the  science  of  God. 
Now  God  is  vdrjmg  vor/oeuc,  pure  self-consciousness,  the 
absolute  thought  which  is  one  with  its  object,  and  He 
is  therefore  the  first  cause  of  all  existence.  For,  while 
the  world  of  nature  is  a  world  of  motion  and  change, 
in  which  form  is  realized  in  matter,  this  process  of  the 
finite  can  be  explained  only  by  referring  it  back  to  an 
unmoved  mover,  in  whom  there  is  no  distinction  of 
matter  and  form,  and  who  is,  therefore,  in  Aristotle’s 
view,  to  be  conceived  as  pure  form,  the  purely  ideal 
or  theoretic  activity  of  a  consciousness  whose  object  is 
itself.  Such  a  conception,  however,  while  it  secures 
the  independence  ana  absoluteness  of  the  unmoved 
mover,  by  removing  him  from  all  relation  to  what  is 
other  than  himself,  seems  to  make  his  connection  with 
the  world  inexplicable.  We  can  on  this  theory  refer  the 
world  to  God,  hut  not  God  to  the  world.  Hence  Aris¬ 
totle  seems  sometimes  to  say  that  God  is  the  first  mover 
only  as  He  is  the  last  end  after  which  all  creation  strives, 
and  this  leads  him  to  attribute  to  nature  a  desire  or  will 
which  is  directed  towards  the  good  as  its  object  or  end. 

Aristotle  then  brings  together  in  his  metaphysic 
three  elements  which  are  often  separated  from  each 
other,  and  the  connection  of  which  is  far  from  being 
at  once  obvious.  It  is  to  him  the  science  of  the  first 
principles  of  being.  It  is  also  the  science  of  the  first 

grinciples  of  knowing.  Lastly,  it  is  the  science  of 
od,  as  the  beginning  and  end  of  all  things,  the  abso¬ 
lute  unity  of  being  and  thought,  in  which  all  the  dif¬ 
ferences  of  finite  thought  ana  existence  are  either  ex¬ 
cluded  or  overcome. 

To  some  this  description  of  the  contents  of  Aris¬ 
totle’s  treatise,  and  especially  the  last  part  of  it,  may 
seem  to  be  a  confirmation  of  all  the  worst  charges 
brought  against  metaphysic.  For  at  both  extremes 
this  supposed  science  seems  to  deal  with  that  which 
is  beyond  experience,  and  which  therefore  cannot  be 
verified  by  it.  It  takes  us  back  to  a  beginning  which 
is  prior  to  the  existence  as  well  as  to  the  consciousness 
of  finite  objects  in  time  and  space,  and  on  to  an  end 
to  which  no  scientific  prophecy  based  upon  our  con¬ 
sciousness  of  such  objects  can  reach.  In  the  former 
aspect  of  it,  it  , has  to  do  with  notions  so  abstract  and 
general  that  it  seems  as  if  they  could  not  be  fixed  or 
tested  by  reference  to  any  experience,  but  must  neces¬ 
sarily  be  the  playthings  of  dialectical  sophistry.  In 
the  latter  aspect  of  it,  it  entangles  us  in  questions  as 
to  the  final  cause  and  ultimate  meaning  of  things, 
questions  involving  so  comprehensive  a  view  of  tne 
infinite  universe  in  which  we  are  insignificant  parts 
that  it  seems  as  if  any  attempt  to  answer  them  must 
be  for  us  vain  and  presumptuous.  On  both  sides, 
therefore,  metaphysic  appears  to  be  an  attempt  to 
occupy  regions  which  are  beyond  the  habitable  space 
of  the  intelligible  world — to  deal  with  ideas  which  are 
either  so  vague  and  abstract  that  they  cannot  be  fast¬ 
ened  to  any  definite  meaning,  or  so  complex  and  far- 
reaching  that  they  can  never  by  any  possibility  be 
verified.  For  beings  like  men,  fixed  within  these 
narrow  limits  of  space  and  time,  the  true  course,  it 
would  seem,  is  to ^ ‘ cultivate  their  gardens,”  asking 
neither  whence  they  come  nor  whither  they  go,  or 
asking  it  only  within  the  possible  limits  of  history  and 
scientific  prophecy.  To  go  back  to  the  beginning  or 
on  to  the  end  is  beyona  them,  even  in  a  temporal, 
still  more  in  a  metaphysical,  sense.  That  which  is 
KfjuTov  <t>wei  escapes  us  even  more  absolutely  than  the 
prehistorical  and  pregeological  records  of  man  and  his 

1  What  is  said  here  as  to  the  intelligence  is  partly  taken  from 
the  De  Anrma.  The  necessary  qualifications  of  the  above  general 
statement  of  Aristotle’s  views  will  be  given  subsequently. 


world.  That  which  is  vorarov  (pvcrei  escapes  us  even 
more  absolutely  than  the  far-off  future  type  of  civiliza¬ 
tion,  which  social  science  vainly  endeavors  to  antici¬ 
pate.  Our  state  is  best  pictured  by  that  early  An¬ 
glican  philosopher  who  compared  it  to  a  bird  flying 
through  a  lighted  room  “between  the  night  and  the 
night.  ’  The  true  aim  of  philosophy  is,  therefore,  it 
would  seem,  to  direct  our  thoughts  to  the  careful  ex¬ 
amination  and  utilization  of  the  narrow  space  allotted 
to  us  by  an  inscrutable  power,  and  with  scientific  self- 
restraint  to  refrain  from  all  speculation  either  on  first 
or  on  final  causes. 

The  main  questions  as  to  the  possibility  and  the 
nature  of  metaphysic,  according  to  Aristotle’s  concep¬ 
tion  of  it,  may  be  summed  up  under  two  heads.  We 
may  ask  whether  we  can  in  any  sense  reach  that  which 
is  heyond  experience,  and,  if  so,  whether  this  “be¬ 
yond”  is  a  first  or  a  last  principle,  a  precondition  or  a 
final  cause  of  nature  and  experience,  or  both.  The 
former  question  branches  out  into  two,  according  as 
we  look  at  metaphysic  from  the  objective  or  the  sub¬ 
jective  side,  or,  to  express  the  matter  more  accurately, 
according  as  we  consider  it  in  relation  to  those  natural 
objects  which  are  merely  objects  of  knowledge,  or  in 
relation  to  those  spiritual  objects  which  are  also  sub¬ 
jects  of  knowledge.  We  shall  therefore  consider 
metaphysic,  first,  in  relation  to  science  in  general,  and, 
secondly,  in  relation  to  the  special  science  of  psy¬ 
chology.  The  latter  question  also  has  two  aspects;  for, 
while  the  idea  of  a  first  cause  or  principle  points  to 
the  connection  between  metaphysic  and  logic,  the  idea 
of  a  last  principle  or  final  cause  connects  metaphysic 
with  theology.  We  shall  therefore  consider  in  the 
third  place  the  relation  of  metaphysic  to  logic,  and  in 
the  fourth  place  its  relation  to  religion  ana  the  phi¬ 
losophy  of  religion. 

1.  The  Relation  of  Metaphysic  to  Science. — The 
beginnings  of  science  and  metaphysic  are  identical, 
though  there  is  a  sense  in  which  it  may  be  admitted 
that  the  metaphysical  comes  before  the  scientific  or 
positive  era.  The  first  efforts  of  philosophy  grasp  at 
once  at  the  prize  of  absolute  knowledge.  No  sooner 
did  the  Greeks  become  dissatisfied  with  the  pictorial 
synthesis  of  mythology  by  which  their  thoughts  were 
first  lifted  above  the  confusion  of  particular  things, 
than  they  asked  for  one  universal  principle  which 
should  explain  all  things.  The  Ionic  school  sought  to 
find  some  one  phenomenon  of  nature  which  might  be 
used  as  the  key  to  all  other  phenomena.  The  Eleatics, 
seeing  the  futility  of  making  one  finite  thing  the  ex¬ 
planation  of  all  other  finite  things,  tried  to  find  that 
explanation  in  the  very  notion  of  unity  or  being  itself. 
We  need  not  underestimate  the  speculative  value  of 
such  bold  attempts  to  sum  up  all  the  variety  of  the 
world  in  one  idea,  but  it  is  obvious  that  they  rather 
give  a  name  to  the  problem  than  solve  it,  or  that  they 
put  the  very  consciousness  of  the  problem  in  place  of 
the  solution  of  it.  Science  is  possible  only  if  we  can 
rise  from  the  particular  to  the  universal,  from  a  sub¬ 
jective  view  of  things  as  they  immediately  present 
themselves  to  us  in  perception  to  an  objective  deter¬ 
mination  of  them  through  laws  and  principles  which 
have  no  special  relation  to  any  particular  set  of  events 
or  to  any  one  individual  subject.  But  this  is  only  one 
aspect  of  the  matter.  To  advance  from  a  conception 
of  the  world  in  ordine  ad  individnum  to  one  in  ordine 
ad  universum ,  and  so  to  discount  and  eliminate  what 
is  merely  subjective  and  accidental  in  our  first  con¬ 
sciousness  of  the  world,  is  the  beginning  of  knowledge. 
But  little  is  gained  unless  the  universal,  which  we 
reach  through  the  negation  of  the  particulars,  is  more 
than  their  mere  negation ;  unless  it  is  a  law  or  prin¬ 
ciple  by  means  of  which  we  can  explain  the  particu¬ 
lars.  Now  the  defect  of  early  philosophy  was  that  its 
universal  was  “the  one  beyona  the  many,”  not  the 
“one  in  the  many,” — in  other  words,  that  it  was  not 
a  law  or  principle  by  which  the  particulars  subsumed 
under  it  could  be  explained,  but  simply  the  abstrac- 
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fcion  of  an  element  common  to  them.  But  the  process 
of  knowledge  is  a  process  that  involves  both  analysis 
and  synthesis,  negation  and  reaffirmation  of  the  par¬ 
ticulars  with  which  we  start.  If  we  exaggerate  the 
former  aspect  of  it,  we  enter  upon  the  via  negativa  of 
the  mystics,  the  way  of  pure  abstraction  and  negation, 
which  would  open  the  mind  to  the  ideal  reality  of 
things  simply  by  shutting  it  to  all  the  perceptions  of 
sensible  phenomena.  And,  if  we  follow  out  this 
method  to  its  legitimate  result,  we  must  treaty  the 
highest  abstraction,  the  abstraction  of  Being,  as  if  it 
were  the  sum  of  all  reality,  and  the  Neo-Platonic 
ecstasy  in  which  all  distinction,  even  the  distinction 
of  subject  and  object,  is  lost  as  the  only  attitude  of 
mind  in  which  truth  can  be  apprehended. 

In  the  philosophy  of  the  Socratic  school  we  find  the 
first  attempt  at  a  systematic  as  opposed  to  an  abstract 
theory — the  first  attempt  to  bring  together  the  one 
and  the  many,  and  so  to  determine  the  former  that  it 
should  throw  light  upon  the  latter.  Yet  even  in  Plato 
the  tendency  to  oppose  the  universal  to  the  particular 
is  stronger  than  the  tendency  to  relate  them  to  each 
other,  and  in  some  of  his  dialogues,  as,  e.g.}  in  the 
Phcedo,  we  find  a  near  approach  to  that  identification 
of  the  process  of  knowledge  with  abstraction  which  is 
the  characteristic  of  mysticism.  Aristotle,  therefore, 
had  some  ground  for  taking  the  Platonic  principle  that 
“  the  real  is  the  universal  ”  in  a  sense  which  excludes 
the  reality  of  the  individual.  Yet,  though  he  detected 
Plato’s  error  in  opposing  the  universal  to  the  par¬ 
ticular,  and  though,  at  the  same  time,  he  did  not  en¬ 
tirely  lose  sight  of  the  truth  which  Plato  had  exagger¬ 
ated,  that  the  particular  is  intelligible  only  through  the 
universal,  Aristotle  was  not  able  to  escape  the  influ¬ 
ence  of  that  dualism  which  had  marred  the  philosophy 
of  his  predecessor.  Hence  the  effect  of  his  protest 
against  a  philosophy  of  abstraction  was  partly  neutral¬ 
ized  by  his  separation  between  the  divine  Being  as 
pure  form  and  nature  as  the  unity  of  form  and  matter, 
and  again  by  his  separation  of  the  pure  reason  which 
apprehends  the  forms  of  things  from  the  perceptions 
of  sense  which  deal  with  forms  realized  in  matter. 
And  after  Aristotle’s  time  the  tendency  of  philosophy 
was  more  and  more  to  withdraw  from  contact  with  ex¬ 
perience.  The  Neo-Platonic  philosophy  and  the 
Christian  theology  which  was  so  strongly  influenced  by 
it,  contained,  indeed,  an  idea  of  the  reconciliation  of 
God  and  nature,  and  hence  of  form  and  matter,  which 
must  ultimately  be  fatal  to  dualism,  and  therefore  to 
the  method  of  mere  abstraction.  But  the  explicit 
meaning  of  the  philosophy  of  the  Middle  Ages  was 
still  dualistic,  ana  the  mode  in  which  the  Aristotelian 
formulae  were  wrought  into  the  substance  of  Christian 
doctrine  by  the  scholastics  tended  more  and  more  to 
conceal  that  idea  of  the  unity  of  opposites  which  was 
involved  in  Christianity.  Hence  mediaeval  realism 
presented,  in  its  most  one-sided  form  the  doctrine  that 
*‘the  real  is  the  universal,”  meaning  by  the  universal 
nothing  more  than  the  abstract.  And  as  a  natural 
consequence,  the  modern  insurrection  of  the  scientific 
spirit  against  scholasticism  took  its  start  from  an 
equally  bald  and  one-sided  assertion  of  the  opposite 

grinciple,  that  “the  real  is  the  individual,”  meaning 
y  that  the  individual  of  immediate  perception.  If 
Platonism  had  dwelt  too  exclusively  on  one  aspect  of 
the  process  of  knowledge,  viz. ,  that  it  seeks  to  rise 
above  the  particular,  the  sensible,  the  subjective,  to 
the  universal,  the  intelligible,  the  objective,  as  if  in 
the  latter  alone  were  reality  to  be  found,  modern  men 
of  science  learnt  from  their  first  nominalistic  teachers 
to  regard  the  universal  as  nothing  more  than  an  ab¬ 
breviated  expression  for  the  particulars,  and  science 
itself  as  a  mere  generalization  of  the  facts  of  sensible 
perception.  But  this  view  of  scientific  knowledge,  as 
a  mere  reaffirmation  of  what  is  immediately  given  in 
sense,  is  as  imperfect  as  the  opposite  theory,  which 
reduces  it  to  the  mere  negation  of  what  is  so  given. 
An  ideal  world  utterly  and  entirely  divorced  from  the 


phenomenal,  and  an  ideal  world  which  is  simply  a  re¬ 
petition  of  the  phenomenal,  are  equally  meaningless. 
The  processes  of  science  have  both  a  negative  and  a 
positive  side  ;  they  involve  a  negation  of  the  particular 
as  it  is  immediately  presented  in  sense,  but  only  with 
a  view  to  its  being  reaffirmed  with  a  new  deter¬ 
mination  through  the  universal.  The  fact  as  it 
is  first  presented  to  us  is  not  the  fact  as  it  is ;  for, 
though  it  is  from  the  fact  as  given  that  we  rise  to  the 
knowledge  of  the  law,  it  is  the  law  that  first  enables  us 
to  understand  what  the  fact  really  means.  Our  first 
consciousness  of  things  is  thus,  not  an  immovable 
foundation  upon  which  science  may  build,  but  rather 
a  hypothetical  and  self-contradictory  starting-point  of 
investigation,  which  becomes  changed  and  transformed 
as  we  advance. 

The  nominalism  of  scientific  men  in  modem  times  is 
due  to  two  special  causes,  one  of  which,  has  already 
been  mentioned.  It  is  partly  due  to  the  traditions  of 
a  time  when  mediaeval  realism  was  the  great  enemy  of 
science.  The  Baconian  protest  against  the  “anticipa¬ 
tion  of  nature  ”  was  a  relative  truth  when  it  was  urged 
against  a  class  of  writers  who  supposed  that  true  theo¬ 
ries  could  be  attained  without  regard  to  facts  ;  the 
Baconian  assertion  of  the  necessity  of  attending  to 
axiomata  media  was  the  necessary  correction  of  the 
tendencies  of  mystics,  who  supposed  that  philosophy 
could  attain  its  end  by  grasping  at  once  at  absolute 
unity,  and  contented  themselves,  therefore,  with  a 
unity  which  did  nothing  to  explain  the  differences. 
But,  when  the  former  was  turned  into  the  dogmatic 
assertion  that  the  mind  is,  or  ought  to  be,  passive  in 
the  process  of  knowledge,  as  having  in  itself  no  prin¬ 
ciple  for  the  explanation  of  things,  and  when  the  latter 
was  turned  into  the  dogmatic  assertion  that  science 
can  only  proceed  from  part  to  part  and  never  from  the 
whole  to  the  parts,  these  relative  truths  became  a 
source  of  error.  And  this  error  was  confirmed  and  in¬ 
creased  by  the  mistaken  views  of  those  who  first 
tried  to  correct  it.  For  these,  admitting  that  scientific 
truth  is  entirely  derived  from  external  experience,  only 
ventured  to  assert  the  existence  of  a  priori  knowledge 
alongside  of,  and  in  addition  to,  that  which  is  a  pos¬ 
teriori.  In  other  words,  they  sought  in  inner  experi¬ 
ence  a  basis  for  those  beliefs  which  outward  experience 
seemed  unable  to  support.  But  this  basis  was  soon 
found  to  be  treacherous.  Introspection,  observation 
of  the  inner  life  as  opposed  to  ana  distinguished  from 
the  outer  life,  could  be  only  an  observation  of  the  facts 
of  the  individual  consciousness  as  such ;  and  to  base 
religion  and  morality  on  such  a  foundation  was  to 
treat  God  and  right  as  subjective  phenomena,  which 
do  not  necessarily  correspond  to  any  objective  reality. 
Nor  was  this  conclusion  really  evaded  by  the  assertion 
of  the  self-evidencing  necessity  of  such  ideas  and 
beliefs,  or  of  the  principles  upon  which  they  are 
founded.  For  this  necessity,  as  a  subjective  phe¬ 
nomenon,  might  be  accounted  for  otherwise  than  by 
the  supposition  of  their  objective  validity.  Such 
skepticism,  further,  was  favored  by  the  progress  of 
science,  which,  as  it  advanced  from  physics  to  biology 
and  sociology,  became  more  and  more  inconsistent 
with  the  idea  of  an  absolute  breach  between  inner  and 
outer  experience,  and  narrowed  the  sphere  which  had 
been  hitherto  reserved  for  the  former.  Man,  it  was 
urged,  is  but  apart  in  a  greater  whole,  not  exempted 
from  the  law  of  action  and  reaction  which  connects  all 
parts  of  that  whole  with  each,  other.  His  individual 
life  contains  only  a  few  links  in  a  chain  of  causation 
that  goes  back  to  a  beginning  and  onward  to  an  end  of 
which  he  knows  nothing.  And,  as  Spinoza  says,  vis 
qua,  unaqueeque  res  in  existendo  perseverat  a ■  causis  ex¬ 
tends  infinite  superatur.  Hence  to  treat  ideas  which 
are  only  states  of  the  individual  consciousness  as  the 
explanation  of  the  world,  instead  of  treating  them  as 
phenomena  to  be  explained  by  its  relation  to  that 
world,  seemed  to  be  an  absurdity.  The  particular 
beliefs  and  tendencies  of  the  mind  were  to  be  regarded, 


88 


METAPHYSIC. 


not  as  ultimate  facts  in  reference  to  which  everything 
is  to  be  interpreted,  but  rather  as  facts  which  are 
themselves  to  he  referred  to  more  general  causes  and 
laws.  It  thus  appeared  that  the  attempt  to  divide 
truth  into  an  a  posteriori  and  an  a  priori  part,  the 
latter  of  which  should  find  its  evidence  in  an  inner  ex¬ 
perience  as  the  former  in  an  outer  experience,  is  an 
illusive  process.  If  the  a  priori  is  reduced  to  the 
level  of  the  a  posteriori  it  becomes  impossible  to  base 
on  the  a  priori  any  beliefs  that  go  beyond  the  range 
of  subjective  experience.  If  the  self  and  the  not-self 
are  taken  simply  as  different  finite  things,  which  we 
can  observe  in  turn,  their  relations  must  be  brought 
under  the  general  laws  of  the  connection  of  finite 
things  with  each  other ;  and  the  phenomena  of  mind 
must  be  treated,  like  the  phenomena  of  matter,  as 
facts  to  be  accounted  for  according  to  these  laws. 

But  this  of  itself  indicates  a  way  of  escape  both  from 
the  introspective  theory  and  from  the  empiricism  to 
which  it  is  opposed.  For  it  suggests  the  question — 
What  is  the  source  of  those  very  laws  which  guide  the 
procedure  of  science  in  accounting  for  facts,  psychologi¬ 
cal  facts  among  others  ?  When  a  scientific  psychologist 
of  the  modern  school  attempts  to  show  how  by  habitu¬ 
ation  of  the  individual  and  the  race  the  necessity  of 
thought  expressed  in  the  law  of  causation  was  produced 
in  the  minds  of  the  present  generation  of  men,  it  is 
obvious  that  his  whole  investigation  and  argument 
presuppose  the  law  whose  genesis  he  is  accounting 
for.  A  glaring  instance  of  such  circular  reasoning  is 
found  in  the  writings  of  the  most  prominent  representa¬ 
tive  of  the  school  in  the  present  day.  Mr.  Spencer 
begins  by  laying  down  as  a  first  postulate  of  science 
that  necessity  of  thought  must  be  taken  as  a  criterion 
of  truth.  It  is  by  the  continual  aid  of  this  postulate 
that  he  constructs  his  system  of  nature,  and  finally  his 
psychological  theory  of  the  development  of  conscious¬ 
ness  in  man.  Yet  the  main  object  of  this  psycho¬ 
logical  theory  seems  to  be  to  account  for  the  very 
necessities  with  which  the  author  starts.  Obviously 
such  a  philosophy  contains  elements  of  which  the 
author  is  imperfectly  conscious;  for  it  involves  that 
mind  is  not  only  the  last  product  but  the  first  presup¬ 
position  of  nature,  or,  in  other  words,  that  in  mind 
nature  returns  upon  its  first  principle.  But  to  admit 
this  is  at  once  to  lift  the  conscious  being  as  such  above 
the  position  which  he  would  hold  as  merely  a  finite 
part  of  a  finite  world.  It  is  to  assert  that  nature  has 
an  essential  relation  to  a  consciousness  which  is  devel¬ 
oped  in  man,  and  that  in  the  growth  of  this  conscious¬ 
ness  we  have,  not  an  evolution  which  is  the  result  of 
the  action  of  nature  as  a  system  of  external  causes  upon 
him ,  but  an  evolution  in  which  nature  is  really  “coming 
to  itself,”  i. e. ,  coming  to  self-consciousness,  in  him. 

Now  it  was  Kant  who  first — though  with  a  certain 
limitation  of  aim — brought  this  idea  of  the  relativity 
of  thought  and  being  to  the  consciousness  of  the 
modern  world.  In  the  Critique  of  Pure  Reason , 
thought,  indeed,  is  not  set  up  as  an  absolute  prius,  in 
relation  to  which  all  existence  must  be  conceived,  but  it 
is  set  up  as  the  prius  of  experience,  and  so  of  all  exist¬ 
ences  which  are  objects  of  our  knowledge.  Experience 
is  for  Kant  essentially  relative  to  the  conscious  self ; 
it  exists  through  the  necessary  subsumption  of  the 
forms  and  matter  of  sense  under  the  categories,  as,  on 
the  other  hand,  the  consciousness  of  self  is  recognized 
as  essentially  dependent  on  this  process.  On  this 
view,  the  a  priori  and  a  posteriori  factors  of  experience 
do  not  really  exist  apart  as  two  separate  portions  of 
knowledge.  If  they  are  severed,  each  loses  all  its 
meaning.  Perceptions  in  themselves  are  void ;  cate¬ 
gories  in  themselves  are  empty.  We  do  not  look  out¬ 
wards  for  one  kind  of  truth  and  inwards  for  another, 
nor  do  we  even,  by  an  external  process,  bring  facts 
given  as  contingent  under  principles  recognized  as 
necessary ;  but  the  a  priori  is  the  condition  under 
which  alone  the  a  posteriori  exists  for  us.  Even  if  it 
is  allowed  that  the  facts  of  inner  and  outer  experience 


contain  a  contingent  element  or  matter,  given  under 
the  conditions  of  time  and  space,  yet  neither  time  nor 
space  nor  the  facts  of  experience  conditioned  by  them 
exist  for  us  except  as  elements  of  an  experience  which 
is  organized  according  to  the  categories. 

This  is  the  essential  truth  which  Kant  had  to 
express.  It  is  marred  in  his  statement  of  it  by  the 
persistent  influence  of  the  abstract  division  between 
contingent  matter  given  from  without  and  necessary 
principles  supplied  from  within,  a  division  essentially 
inconsistent  with  the  attempt  to  show  that  the  con¬ 
tingent  matter  is  necessarily  subsumed  under  these 
principles,  and  indeed  exists  for  us  only  as  it  is  so  sub¬ 
sumed.  But  Kant  himself  puts  into  our  hands  the 
means  of  correcting  his  own  inadequacy,  when  he 
reduces  the  inaccessible  thing  in  itself,  which  he  at 
first  speaks  of  as  affecting  our  sensibility  and  so  giving 
rise  to  the  contingent  matter  of  experience,  to  a 
noumenon  ( voovpevov )  which  is  projected  by  reason 
itself.  The  Dialectic  exhibits  the  idea  of  thought  as 
not  only  constituting  finite  experience  but  also  reach¬ 
ing  beyond  it,  though  as  yet  only  in  a  negative  way. 
The  mind  is,  on  this  view,  so  far  unlimited  that  it 
knows  its  own  limits ;  it  is  conscious  of  the  defects  of 
its  experience,  of  the  contingency  of  its  sensible  matter, 
and  the  emptiness  and  finitude  of  its  categories ;  and 
by  reason  of  this  consciousness  it  is  always  seeking  in 
experience  an  ideal  which  it  is  impossible  to  realize 
there.  Thought  measures  experience  by  its  own 
nature,  and  finds  it  wanting.  It  demands  a  kind  of 
unity  or  identity  in  its  objects  which  it  is  unable  to 
find  in  the  actual  objects  of  experience.  It  is  this 
demand  of  reason  which  lifts  man  above  a  mere  ani¬ 
mal  existence,  and  forces  him  by  aid  of  the  categories 
to  determine  the  matter  of  sense  as  a  world  of  objects ; 
yet  as  this  finite  world  of  experience  can  never  satisfy 
the  demand  of  reason,  the  consciousness  of  it  is  imme¬ 
diately  combined  with  the  consciousness  of  its  limited 
and  phenomenal  character.  The  student  of  the  Critique 
of  Pure  Reason  cannot  but  recognize  the  strange 
balance  between  the  real  and  the  phenomenal  in  which 
it  ends,  allowing  to  man  the  consciousness  of  each  so 
far  as  to  enable  him  to  see  the  defects  of  the  other, — 
so  that  by  aid  of  the  pure  identitv  of  reason  he 
can  criticize  and  condemn  the  “blindness”  or  unre¬ 
solved  difference  of  experience,  and  by  means  of  the 
concreteness  and  complexity  of  experience  lie  can  con¬ 
demn  the  “empty”  identity  of  reason. 

In  order,  however,  to  understand  the  full  bearing  of 
Kant’s  criticism  of  knowledge,  and  at  the  same  time 
to  find  the  meeting-point  of  the  opposite  currents  of 
thought  which  alternately  prevail  in  it,  it  will  be  neces¬ 
sary  to  consider  the  subject  a  little  more  closely.  The 
lesson  of  the  Critique  may  be  gathered  up  into  two 
oints.  In  the  first  place,  it  is  a  refutation  of  the  or- 
inary  view  of  experience  as  something  immediately 
given  for  thought  and  not  constituted  by  it.  In  the 
second  place,  it  is  a  demonstration  of  the  merely 
phenomenal  character  of  the  objects  of  experience, 
i.  e. ,  the  demonstration  that  the  objects  of  experience, 
even  as  determined  by  science,  are  not  things  in  them¬ 
selves.  Both  these  results  require  to  be  kept  clearly 
in  view  if  we  would  understand  the  movement  of 
thought  excited  by  Kant.  _  On  the  one  hand  Kant  had 
to  teach  that  what  is  ordinarily  regarded  as  real,  the 
world  of  experience,  is  transcendently  ideal,  i.  e. ,  is 
determined  as  real  by  a  priori  forms  of  thought.  On 
the  other  hand  he  had  to  teach  that  the  world  so  deter¬ 
mined  is  empirically  and  not  transcendentally  real,  i.  e. , 
its  reality  is  merely  phenomenal.  With  the  former 
lesson  he  met  the  man  of  science,  and  compelled  him  to 
renounce  his  materialistic  explanation  of  the  world  as 
a  thing  which  exists  in  independence  of  the  mind  that 
knows  it.  The  world  we  know  is  a  world  which  exists 
only  as  it  exists  for  us ,  for  the  thinking  subject ;  hence 
the  thinking  subject,  the  ego,  caunot  be  taken  as  an 
object  like  other  objects,  an  object  the  phenomena  of 
which  are  to  be  explained  like  other  phenomena  by 
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their  place  in  the  connection  of  experience.  Having, 
however,  thus  repelled  scientific  materialism  by  the 
proof  that  the  reality  of  experience  is  ideal,  Kant  re¬ 
fuses  to  proceed  to  the  complete  identification  of  reality 
with  ideality,  and  meets  the  claims  of  the  metaphysi¬ 
cian  with  the  assertion  that  the  reality  of  experience 
is  merely  phenomenal.  Hence  he  rejects  any  idealism 
that  would  involve  the  negation  of  things  in  them¬ 
selves  beyond  phenomena,  or  the  identification  of  the 
objects  of  experience  with  these  things.  The  reality 
we  know  is  a  reality  which  exists  only  for  us  as  con¬ 
scious  subjects,  but  this,  though  it  is  the  only  reality 
we  can  know,  is  not  the  absolute  reality. 

It  is,  however,  to  be  observed  that  the  nature  of 
this  opposition  between  phenomena  and  things  in 
themselves  seems  to  change  as  we  advance  from  the 
Analytic ,  where  the  existence  of  such  things  is  presup¬ 
posed,  to  the  Dialectic ,  where  the  grounds  of  that  pre¬ 
supposition  are  examined.  At  first  the  opposition 
seems  to  be  between  what  is  present  in  consciousness 
and  what  is  absolutely  beyond  consciousness.  The 
matter  of  experience  is  regarded  as  given  externally 
in  the  affections  of  the  sensible  subject, — affections 
caused  by  an  unknown  thing  in  itself,  of  which,  how¬ 
ever,  they  can  tell  us  nothing.  On  the  other  hand,  the 
form  of  experience,  the  categories  and  principles  of 
judgment  which  turn  these  affections  into  objects  of 
knowledge,  are  not  pure  expressions  of  the  real  nature, 
the  pure  identity,  of  the  subject  in  itself,  but  only 
products  of  the  identity  of  the  self  in  relation  to  the 
sensibility  and  its  forms  of  time  and  space.  Hence, 
on  both  sides  we  must  regard  experience  as  merely 
phenomenal;  alike  in  relation  to  the  noumenal  object 
and  in  relation  to  the  noumenal  subject,  which  lurk 
behind  the  veil  and  send  forth  into  experience  on  the 
one  side  affections  which  become  objects  through  their 
determination  by  the  unity  of  thought,  and  on  the  other 
side  an  identity  of  thought  which  becomes  self-conscious 
in  relation  to  the  objects  so  determined  by  itself. 

Kant,  however,  having  thus  answered  the  question 
of  the  possibility  of  experience  by  reference  to  two 
things  in  themselves  which  are  out  of  experience,  is 
obliged  to  ask  himself  how  the  consciousness  of  these 
two  things  in  themselves,  and  the  criticism  of  experi¬ 
ence  in  relation  to  them,  is  possible.  And  here,  obvi¬ 
ously,  the  opposition  can  no  longer  be  conceived  as  an 
opposition  between  that  which  is  and  that  which  is 
not  in  consciousness.  For  the  things  in  themselves 
must  be  present  to  consciousness  in  some  fashion  in 
order  that  they  may  be  contrasted  with  the  phe¬ 
nomena.  If,  therefore,  phenomena  are  now  regarded 
as  unreal,  it  must  be  because  we  have  an  idea  of  reality 
to  which  the  reality  of  experience  does  not  fully  cor¬ 
respond.  In  the  Analytic  Kant  had  been  speaking  as 
if  the  real  consisted  in  something  which  is  not  present 
to  the  conscious  subject  at  all,  though  we,  by  analysis 
of  his  experience,  can  refer  to  it  as  the  cause  of  that 
which  is  so  present.  Now  in  the  Dialectic  he  has  to 
account  for  the  fact  that  the  conscious  subject  himself 
is  able  to  transcend  his  experience,  and  to  contrast  the 
objects  of  it  as  phenomenal  with  things  in  themselves. 

Now  it  is  obvious  that  such  an  opposition  is  possible 
only  so  far  as  the  thought,  which  constitutes  experience, 
is  at  the  same  time  conscious  of  itself  in  opposition  to 
the  experience  it  constitutes.  The  reason  why  experi- 

Ce  is  condemned  as  phenomenal  is,  therefore,  not 
ause  it  is  that  which  exists  for  thought  as  opposed 
to  that  which  does  not  exist  for  thought,  but  because 
it  imperfectly  corresponds  to  the  aetermination  of 
thought  in  itself.  In  other  words,  it  is  condemned  as 
unrealj  not  because  it  is  ideal,  but  because  it  is  imper¬ 
fectly  ideal.  And  the  absolute  reality  is  represented, 
not  as  that  which  exists  without  relation  to  thought, 
but  as  that  which  is  identical  with  the  thought  for 
which  it  is.  In  the  Dialectic,  therefore,  the  noumenon 
is  substituted  for  the  thing  in  itself,  and  the  noume¬ 
non  is,  as  Kant  tells  us,  tne  object  as  it  exists  for  an 
intuitive  or  perceptive  understanding,  i.e. ,  an  under¬ 


standing  which  does  not  synthetically  combine  the 
given  matter  of  sense  into  objects  by  means  of  cate¬ 
gories,  but  whose  thought  is  one  with  the  existence  of 
the  objects  it  knows.  It  is  the  idea  of  such  a  pure 
identity  of  knowing  and  being,  as  suggested  by 
thought  itself,  which  leads  us  to  regard  our  actual  em¬ 
pirical  knowledge  as  imperfect,  and  its  objects  as  not, 
in  an  absolute  sense,  real  objects.  The  noumena  are 
not,  therefore,  the  unknown  causes  by  whose  action 
and  reaction  conscious  experience  is  produced  ;  they 
represent  a  unity  of  thought  with  itself  to  which  it 
finds  experience  inadequate.  This  higher,  unity  of 
thought  with  itself  is  what  Kant  calls  reason,  and  he 
identifies  it  with  the  faculty  of  syllogizing.  Further, 
he  finds  in  the  three  forms  of  syllogism,  a  guiding 
thread  which  brings  him  to  the  recognition  of  three 
forms  in  which  the  pure  unity  of  reason  presents  itself 
to  us  in  opposition  to  the  merely  synthetic  unity  of 
experience,  a  psychological,  a  cosmological,  and  a 
theological  form.  In  each  of  these  cases  the  empir¬ 
ical  process  of  knowledge  is  accompanied,  guided,  and 
stimulated  by  an  idea  which  nevertheless  it  is  unable 
to  realize  or  verify.  In  psychology  we  have  ever 
present  to  us  an  idea  of  the  identity  of  the  self,  which 
is  never  realized  in  our  actual  self-consciousness, 
because  the  self  of  which  we  are  conscious  is  mani¬ 
fold  in  its  states  and  because  it  stands  in  relation 
to  an  external  world.  The  idea  of  simple  identity 
is,  therefore,  something  we  may  set  before  us, 
as  the  goal  of  an  ideal  psychology,  to  which  we 
may  approximate  in  so  far  as  we  can  trace  unity  of 
faculty  through  all  the  differences  of  mental  phe¬ 
nomena,  but  to  which  we  can  never  attain  owing  to  the 
nature  of  the  matter  with  which  we  deal.  Again,  in 
our  scientific  attempts  to  explain  our  external  expe¬ 
rience,  the  unity  of  reason  takes  the  form  of  an  iaea 
of  the  world  as  a  completed  infinite  whole,  which  con¬ 
tains  all  the  objects  known  to  us  and  all  other  possible 
objects;  but  this  cannot  be  realized  in  an  experience 
which  is  conditioned  by  space  and  time,  and  is,  there¬ 
fore,  ever  incomplete.  The  idea  of  totality  is,  there¬ 
fore,  an  ideal ,  which  guides  and  stimulates  our  scien¬ 
tific  progress,  without  which  such  a  thing  as  science 
coula  not  exist,  but  which  at  the  same  time  can  never 
be  realized  by  science.  Lastly,  the  unity  of  reason 
takes  a  third  form  in  which  identity  and  totality  are 
combined, — as  the  idea  of  a  unity  in  which  all  differ¬ 
ences,  even  the  difference  of  subject  and  object,  are 
transcended, — the  idea  of  a  unity  of  all  things  with 
each  other  and  with  the  mind  that  knows  them.  This 
idea  also  is  one  which  science  can  neither  surrender 
nor  realize.  It  cannot  surrender  it  without  giving  up 
that  striving  after  unity  without  which  science  would 
not  exist;  and  it  cannot  realize  it,  for  the  difference 
between  the  world,  as  it  is  presented  to  us  in  actual 
experience,  and  the  subjective  determination  of  our 
thinking  consciousness  cannot  be  overcome.  We  can, 
indeed,  use  the  idea  that  the  world  is  an  organic  whole, 
determined  in  relation  to  an  end  which  consciousness 
sets  for  itself,  as  an  heuristic  principle  to  guide  us  in 
following  the  connection  of  things  with  each  other; 
but,  as  we  cannot  by  means  of  any  such  idea  anticipate 
what  the  facts  of  external  experience  will  be,  so  we 
cannot  prove  that  for  a  mind  other  than  ours  the  unity 
of  things  which  we  represent  in  this  way  might  not 
take  a  quite  different  aspect.  Indeed  we  have  reason 
to  think  it  would;  for,  wnile  we  always  think  of  a  de¬ 
signing  mind  as  using  materials  which  have  an  exist¬ 
ence  and  nature  independent  of  the  purposes  to  which 
they  are  put,  the  absolute  mind  must  be  conceived  as 
creating  the  materials  themselves  by  the  same  act 
whereby  they  are  determined  to  an  end.  We  must 
conceive  it,  in  short,  as  an  intuitive  understanding  for 
which  end  and  means,  objective  and  subjective,  are  one, 
or,  in  other  words,  as  an  intelligence  whose  conscious¬ 
ness  of  itself  is  or  contains  the  existence  of  all  that  is 
object  for  it. 

This  new  view  of  the  things  in  themselves  as  nou - 
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mena  or  ideals  of  reason  involves  a  new  attitude  of 
thought  towards  them  different  from  that  dogmatic 
attitude  which  is  provisionally  adopted  in  the  Analytic. 
Accordingly,  we  now  find  Kant  speaking  of  them,  not 
as  things  which  exist  independently  of  their  being  con¬ 
ceived,  but  as  “problematical  conceptions”  of  which 
we  cannot  even  determine  whether  they  correspond  to 
any  objects  at  all.  They  are  “limitative”  notions 
which  nave  a  negative  value,  in  so  far  as  they  keep 
open  a  vacant  space  beyond  experience,  but  do  not 
enable  us  to  fill  that  space  with  any  positive  realities. 
They  are  like  dark  lanterns  which  ca6t  light  upon  the 
empirical  world,  and  show  what  are  its  boundaries,  but 
leave  their  own  nature  in  obscurity.  All  that  we  can 
say  of  the  noumenal  self  or  subject  is  that  it  corre¬ 
sponds  to  the  unity  implied  in  all  knowledge,  but  whe¬ 
ther  there  is  such  a  self,  independent  of  the  process 
of  empirical  synthesis  and  the  self-consciousness  which 
accompanies  that  process,  we  cannot  tell.  All  that  we 
can  say  of  the  noumenal  reality  of  the  objective  world 
is  that  it  corresponds  to  the  idea  of  the  objects  of  ex¬ 
perience  as  a  completed  whole  in  themselves  apart  from 
the  process  whereby  we  know  them,  but  whether  there 
is  any  such  real  world  independent  of  the  process  of 
experience  it  is  impossible  to  say.  Lastly,  all  that  we 
can  say  of  God  is  that  He  corresponds  to  the  idea  of 
the  unity  of  all  things  with  the  mind  that  knows  them, 
— an  ideal  which  is  involved  in  all  knowledge,— but 
whether  the  realization  of  this  idea  in  an  intuitive 
understanding  is  even  possible  we  have  no  means  of 
determining,  however  we  may  suspect  that  understand¬ 
ing  and  sensibility  are  1  ‘  branches  springing  from  the 
same  unknown  root.”  The  Criticism  of  Pure  Reason 
ends,  therefore,  in  a  kind  of  seesaw  between  two  forms 
of  consciousness — a  thinking  consciousness,  which 
transcends  experience  and  sets  before  us  an  idea  of  ab¬ 
solute  reality,  hut  which  cannot  attain  to  any  knowledge 
or  even  certitude  of  any  object  corresponding  to  this 
idea,  and  an  empirical  consciousness,  which  gives  us  true 
knowledge  of  its  objects,  but  whose  objects  are  deter¬ 
mined  as  merely  phenomenal  and  not  absolutely  real. 

The  equipoise  thus  maintained  between  the  empir¬ 
ical  and  the  intelligible  world  is,  however,  in  the  Cri¬ 
tique  of  Practical  Reason ,  overbalanced  in  favor  of 
the  latter.  What  the  theoretical  reason  could  not  do 
“ in  that  it  was  weak  through  the  flesh,”  through  its 
dependence  on  the  very  empirical  consciousness  which 
it  sought  to  transcend,  is  possible  to  the  practical  rea¬ 
son,  because  it  is  primarily  determined  by  itself.  In 
our  moral  consciousness  we  find  ourselves  under  a  law 
which  calls  upon  us  to  act  as  beings  who  are  absolutely 
self-determined  or  free,  and  which,  therefore,  assures 
us  that  our  intelligible  self  is  our  real  self,  and  conclu¬ 
sively  determines  our  empirical  self  in  contrast  with  it 
as  phenomenal.  Thus  the  moral  law  gives  reality  to 
the  intelligible  world ;  or,  as  Kant  expresses  it,  ‘  ‘  the 
idea  of  an  intelligible  world  is  a  point  of  view  beyond 
the  phenomenal  which  the  reason  sees  itself  compelled 
to  take  up,  in  order  to  think  of  itself  as  practical.  ’  ’ 
In  other  words,  the  moral  law  presupposes  freedom  or 
determination  in  the  rational  being  as  such,  and  makes 
him  regard  himself,  not  merely  as  a  link  in  the  chain 
of  conditioned  existences  in  time  and  space,  but  as  the 
original  source  of  his  own  life.  The  blank  space  be¬ 
yond  the  phenomenal  thus  begins  to  be  filled  up  by 
the  idea  of  a  free  causality  which  again  postulates  a 
world  adequate  and  conformable  to  itself.  And  the 
man  who,  as  an  empiric  individuality,  is  obliged  to 
regard  himself  as  an  individual  being  determined  by 
other  individual  beings  and  things  is  authorized  as  a 
moral  being  to  treat  this  apparent  necessity  as  having 
its  reality  in  freedom,  and  to  look  upon  himself  as  the 
denizen  of  a  spiritual  world  where  nothing  is  deter¬ 
mined  for  him  from  without  which  is  not  simply  the 
expression  of  his  own  self-determination  from  within. 
“  Thus  we  have  found,  what  Aristotle  could  not  find, 
a  fixed  point  on  which  reason  can  set  its  lever,  not  in 
any  present  or  future  world,  but  in  its  own  inner  idea 


of  freedom, — a  point  fixed  for  it  by  the  immovable 
moral  law,  as  a  secure  basis  from  which  it  can  move 
the  human  will,  even  against  the  opposition  of  all  the 
owers  of  nature.  ’  ’ 1  Starting  from  this  idea  of  free- 
om,  therefore,  Kant  proceeds  to  reconstruct  for  faith 
the  unseen  world,  which  in  the  Critique  of  Pure  Rea¬ 
son  he  had  denied  as  an  object  of  knowledge.  Nor  is 
he  content  to  leave  the  two  worlds  in  sharp  antithesis 
to  each  other,  but  even  in  the  Critique  of  Practical 
Reason,  and  still  more  in  the  Critique  of  Judgment , 
he  brings  them  into  relation  to  each  other,  and  so  gives 
to  theoretical  reason  a  kind  of  authority  to  use  for  the 
explanation  of  the  phenomenal  world  those  ideas  which 
of  itself  it  might  be.  inclined  to  regard  as  illusive. 

In  all  this,  however,  it  is  difficult  to  avoid  seeing  a  par¬ 
tial  retractation  of  Kant’s  first  view  as  to  the  irreconcil¬ 
able  opposition  of  the  phenomenal  and  the  noumenal. 
For,  in  the  first  place,  the  moral  imperative  is  addressed 
to  a  self  which  is  at  one  and  the  same  time  regarded  in 
both  characters,  and  which  is  called  upon  to  subsume 
under  the  moral  law  acts  which  otherwise  derive  their 
character  and  meaning  from  the  relations  of  the 
phenomenal  world.  That  the  particular  nature  of  men 
as  phenomenal  individuals  can  be  the  means  of  realizing 
the  universal  law  of  reason  is  implied  in  all  Kant’s 
statements  of  the  latter,  and  particularly  in  his  con¬ 
ception  of  men  as  constituting  together  a  ‘ 1  kingdom 
of  ends;”  for  it  is  difficult  to  conceive  this  kingdom 
otherwise  than  as  an  organic  unity  of  society,  in  which 
each  individual,  by  reason  of  his  special  tendencies 
and  capacities,  has  a  definite  office  to  fulfil  in  realizing 
the  universal  principle  that  binds  all  the  members  of 
the  kingdom  to  each  other.  The  svmmum  bonum, 
again,  is  said  to  consist  in  the  union  of  happiness  with 
goodness,  i.e .,  of  the  empirical  conditions  of  man’s 
individual  life  as  a  sensible  subject  with  the  pure  self- 
determination  of  the  intelligible  self ;  and  God  is  pos-j 
tulated  as  a  Deus  ex  machina  to  bind  together  these 
two  unrelated  elements, — a  conception  which  shows 
the  difficulty  into  which  Kant  has  brought  himself  by 
defining  them  as  unrelated.  Still  more  obvious  is  the 
effort  of  Kant  to  get  beyond  the  dualism  of  his  first 
view  of  things  in  the  Critique  of  Judgment.  For  in 
that  work  he  maintains  that  the  consciousness  of  the 
beautiful  and  the  sublime  is  or  involves  a  harmony  of 
the  understanding  or  the  reason  with  sense  ;  and,  what 
is  still  more  important,  he  points  out  that  the  idea  of 
organic  unity,  without  which  we  cannot  explain  the 
phenomena  of  life,  contains  in  it  a  possibility  of  the 
reconciliation  of  freedom  and  necessity,  of  the  intel¬ 
ligible  and  the  phenomenal.  This  idea,  he  argues,  we 
are  authorized  by  our  moral  consciousness  to  apply  to 
the  whole  course  of  the  things  in  the  phenomenal 
world,  and  so  to  regard  it  as  a  process  to  realize  the 
moral  ideal.  No  doubt  he  again  partially  retracts  this 
view  when  he  declares  that  we  must  treat  the  idea  of 
final  causality  as  merely  a  subjective  principle  of  judg¬ 
ment,  which,  even  in  the  case  of  living  beings,  is  to  be 
regarded  only  as  necessary  for  us  as  finite  intelligences. 
But  such  saving  clauses,  in  which  Kant  recurs  to  the 
dualism  with  which  he  started,  cannot  hide  from  us 
how  near  he  has  come  to  the  renunciation  of  it. 

When  we  regard  Kant  in  this  way  as  asserting  from 
one  point  of  view  an  absolute  limit  which  from  another 
point  of  view  he  permits  us  to  transcend,  it  becomes 
obvious  that  his  philosophy  is  in  an  unstable  equilib¬ 
rium,  which  cannot  but  be  disturbed  by  any  one 
who  attempts  to  develop  or  even  to  restate  his  ideas. 
Hence  we  need  not  wonder  that  those  who  take  in 
earnest  his  denunciations  of  any  attempt  to  transcend 
experience  generally, — like  Professor  Huxley, — reject 
as  worthless  all  Kant’s  later  work;  and  that,  on  the 
other  side,  those  who  take  in  earnest  his  ideas  of  free¬ 
dom,  of  organic  unity,  of  an  intuitive  understanding, 
and  of  a  summurn  bonum  in  which  freedom  and  neces¬ 
sity  meet  together,  are  compelled  to  break  through 
the  arbitrary  line  which  he  arew  between  knowledge 
1  Kant,  i.  63S  (Rosenkranz’s  edition). 


METAPHYSIC. 


91 


and  belief.  In  favor  of  the  former  course  it  is  easy  in 
many  places  to  appeal  to  the  letter  of  Kant.  In  favor 
of  the  latter  it  need  only  be  pointed  out  that,  in  Kant’s 
view,  all  experience  rests  upon,  or  is  in  its  develop¬ 
ment  guided  by,  those  ideas  which  yet  he  will  not  per¬ 
mit  us  to  treat  as  sources  of  knowledge.  Hence  the 
principles  of  t\ve  Critique  cannot  legitimately  be  used 
against  metaphysic,  except  by  those  who  are  prepared 
to  admit  the  ideas  of  reason,  up  to  the  point  to  which 
he  admits  them,  as  ideas  that  limit  and  direct  our  ex¬ 
perience, — while  rejecting  all  use  of  them  to  cast  light 
upon  that  which  is  beyond  experience.  In  other  words, 
they  must  maintain  the  possibility  of  a  purely  negative 
knowledge,  of  the  knowledge  of  a  limit  by  one  wno  yet 
cannot  go  beyond  it.  They  must  show  liow  we  can 
have  an  ideal  of  knowledge  which  enables  us  to  criti¬ 
cise  experience  without  enabling  us  to  transform  it ; 
they  must  show  how  ideas  of  the  supersensible  can  so 
far  be  present  to  our  thought  as  to  make  visible  the 
boundaries  of  the  prison  of  sense  in  which  we  are 
confined,  without  in  any  way  enabling  us  to  escape 
from  it. 

Is  this  possible?  We  may  gather  up  the  Kantian 
antithesis  in  the  assertion  that  experience  is  the  im¬ 
perfect  realization  of  an  ideal  of  knowledge,  derived 
from  reason,  with  materials,  derived  from  sense  and 
understanding,  the  nature  of  which  is  such  that  they 
can  never  be  brought  into  correspondence  with  the 
ideal.  But  this  ideal,  in  all  its  three  forms,  as  we 
have  seen,  is  simply  the  idea  of  a  pure  unity  or  iden¬ 
tity  in  which  all  differences  are  lost  or  dissolved — 
whether  they  be  the  differences  of  the  inner  or  of  the 
outer  life,  or  finally  the  difference  of  inner  and  outer, 
subjective  and  objective,  from  each  other.  Kant’s 
view  therefore  is,  in  effect,  this,  that  thought  carries 
with  it  the  consciousness  of  an  identity  or  unity,  to 
which  our  actual  experience  in  none  of  its  forms  fully 
corresponds.  On  the  other  hand,  Kant  does  not  hesi¬ 
tate  equally  to  condemn  the  identity  of  thought  as 
empty  ’  ’  and  subjective,  because  it  does  not  contain 
in  itself  nor  can  evolve  from  itself  the  complex  matter 
of  experience.  But  this  alternate  condemnation  of 
experience  as  unreal  from  the  point  of  view  of  the 
ideas,  and  of  the  ideas  as  unreal  from  the  point  of 
view  of  experience,  seems  to  show  that  both  are  un¬ 
real,  as  being  abstract  elements,  which  have  no  value 
save  in  their  relation  to  each  other,  and  which  lose  all 
their  meaning  when  separated  from  the  unity  to  which 
they  belong.  According  to  this  view,  ideas  and  ex¬ 
perience,  noumena  and  phenomena,  if  they  are  opposed, 
are  also  necessarily  related  to  each  other.  If  our  em¬ 
pirical  consciousness  of  the  world  of  objects  in  space 
and  time,  as  determined  by  the  categories,  does  not 
correspond  to  the  unity  or  identity  of  thought  which 
is  our  ideal  of  knowledge,  yet  that  idea  of  unity  or 
identity  is  set  up  by  thought  in  relation  to  experience, 
and  cannot,  therefore,  be  essentially  irreconcilable  with 
it.  The  two  terms  may  be  opposed,  but  their  oppo¬ 
sition  cannot  be  absolute,  seeing  that  they  are  in 
essential  relation  to  each  other.  It  is  a  great  logical 
error  not  to  discern  that  a  negative  relation  is  still  a 
relation,  i.e.,  that  it  has  a  positive  unity  beyond  it. 
This  positive  unity  may  not,  indeed,  be  consciously 
present  to  us  in  our  immediate  apprehension  of  the 
relation  in  question,  but  it  is  necessarily  implied  in  it. 
Now  it  is  just  because,  in  his  separation  ot  noumena 
and  phenomena,  Kant  omits  to  note  their  essential 
relativity  that  he  is  forced  to  regard  the  former  as  a 
set  of  abstract  identities  of  which  nothing  can  be 
known,  and  the  latter  as  the  imperfect  products  of  a 
synthesis  which  can  never  be  completed  or  brought  to 
a  true  unity.  .  Yet  the  value  of  nis  whole  treatment 
of  the  ideas  of  reason  in  relation  to  our  intellec¬ 
tual  and  moral  experience  arises  from  the  fact  that 
in  practice  he  does  not  hold  to  this  abstract  sepa¬ 
ration  of  the  two  elements.  Ideas  absolutely  incom¬ 
mensurable  with  experience  could  neither  stimulate 
nor  guide  our  empirical  synthesis ;  they  could  not 


even  be  brought  into  any  connection  with' it.  When, 
therefore,  Kant  brings  them  into  this  connection,  he 
necessarily  alters  their  meaning.  Hence  the  pure  ab¬ 
stract  identity  which  excludes  all  difference  is  changed, 
11I  ffs  application,  into  the  idea  of  an  organic  unity, 
of  which  the  highest  type  is  found  in  self-conscious- 
ness,  with  its  transparent  difference  of  the  subjective 
and  objective  self.  It  would  be  absurd  and  meaning¬ 
less  to  say  that  science  seeks  to  reduce  experience  to  an 
abstract  identity,  in  which  there  is  no  difference,  unless 
for  this  were  tacitly  substituted  what  is  really  an  en¬ 
tirely  different  proposition,  that  science  seeks  to  find  in 
the  infinitely  diversified  world  of  space  and  time  that 
unity  in  difference  of  which  self-consciousness  has  in 
itself  the  pattern.  It  is  in  reference  to  the  former 
kind  of  identity — the  abstract  oneness  of  formal  logic — 
that  Kant  proves  that  it  is  impossible  for  experience 
to  be  made  adequate  to  ideas.  But  it  is  only  of  the 
latter  kind  of  identity — the  oneness  of  self-conscious- 
ness— that  it  can  be  said  that  it  furnishes  a  guiding 
principle  to  scientific  investigation  or  an  ideal  of  knowl¬ 
edge.  The  same  confusion  is  still  more  evident  in 
Kant’s  account  of  our  moral  experience,  in  dealing 
with  which  he  directly  attempts  to  get  synthetic  prop¬ 
ositions  out  of  the  pure  identity  of  reason,  in  other 
words,  to  draw  definite  moral  laws  out  of  the  logical 
principle  of  non-contradiction.  Whatever  success  he 
attains  is  gained  by  substituting  for  the  formal  prin¬ 
ciple  of  self-consistency  the  positive  idea  of  consistency 
with  the  self  and  again  by  conceiving  this  self  as  a 
concrete  individual,  the  member  of  a  society,  and  so 
standing  in  essential  relation  to  other  selves.  The 
pure  abstraction  from  all  the  external  results  of  action 
and  from  all  motives  of  desire,  which  at  the  beginning 
of  the  Metaphysic  of  Ethics  Kant  declares  to  be  essen¬ 
tial  to  morality,  is  modified  and  indeed  transformed 
as  we  go  on,  by.  the  admissions  that  other  rational 
beings  are  not  external  to  us  in  any  sense  that  ex¬ 
cludes  their  good  from  being  an  end  of  our  endeavor, 
and  that  the  desires  are  not  irrational  and  immoral 
except  in  so  far  as  they  are  directed  to  the  pleasures 
of  the  sensuous  individual  (which  in  a  conscious  being 
they  never  entirely  are).  Both  in  the  speculative  ana 
in  the  practical  sphere,  therefore,  the  absolute  oppo¬ 
sition  of  the  ideal  or  noumenal  to  the  empirical  disap- 
ars,  as  soon  as  Kant  attempts  to  apply  it.  For  in 
th  the  abstract  identity  of  formal  logic,  which  is 
really  the  meaning  of  the  noumenon  as  absolutely  op¬ 
posed  to  and  incommensurable  with  experience,  gives 
way  to  the  unity  of  self-consciousness, — a  unity  which 
is  so  far  from  being  absolutely  opposed  to  the  difference 
of  the  empirical  consciousness  that  it  necessarily  im¬ 
plies  it.  For  self-consciousness  presupposes  the  con¬ 
sciousness  of  objects ;  though  it  is  opposed  to  that 
consciousness,  it  is  essentially  correlated  with  it,  and 
therefore  its  opposition  cannot  be  regarded  as  abso¬ 
lute,  or  incapable  of  being  transcended. 

These  considerations  may  throw  some  light  on  the 
relation  of  the  Analytic  and  Dialectic  of  Kant,  and  on 
the  nature  of  the  opposition  of  noumenon  and  phenom¬ 
enon  as  it  is  presented  in  the  latter.  In  the  deduc¬ 
tion  of  the  categories,  Kant  pointed  out  the  essential 
relation  of  the  objective  world  of  experience  to  what 
he  called  the  “transcendental  unity  of  apperception 
i,  e. ,  he  pointed  out  that  the  unity  of  consciousness  is 
implied  in  all  its  objects.  This  unitv,  he  further 
showed,  must  be  conceived  as  “capable  of  self-con¬ 
sciousness  ;  ’  ’  but  it  actually  becomes  conscious  of  self 
only  in  relation,  though  also  in  opposition,  to  the 
other  objects  determined  by  it.  Now  it  is  this  con¬ 
sciousness  of  itself  in  opposition  to  other  objects  which 
is  the  source  of  Kant’s  *  ideas  of  reason,”  of  the  dis¬ 
satisfaction  of  the  mind  with  its  empirical  knowledge, 
even  in  its  scientific  form,  and  of  the  demand  for  a 
higher  kind  of  knowledge  to  which  experience  is  not 
adequate.  That  a  standard  is  set  up  for  experience  by 
which  it  is  condemned  is  simply  a  result  of  the  further 
development  of  that  unity  which  is  implied  in  expe- 
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rience— a  result  of  the  progress  of  thought  from  con¬ 
sciousness  to  self-consciousness,  and  of  the  contrast 
between  the  former  and  the  latter.  The  problem  with 
whicli  Kant's  Dialectic  attempts  to  deal,  and  which  it 
treats  as  insoluble,  is,  therefore,  simply  the  problem 
of  raising  consciousness  to  the  form  of  self-conscious¬ 
ness  ;  in  other  words,  of  attaining  to  a  knowledge  of 
the  world  of  experience  as  not  merely  a  “synthetic,” 
and  therefore  imperfect,  unity  of  things  external  to 
each  other,  but  as  an  organic  unity  of  transparent 
differences,  aself-differentiating,  self-integrating  unity, 
such  as  sterns  to  be  presented  to  us  in  pure  self-con¬ 
sciousness.  Nor  can  this  problem  be  regarded  as  in¬ 
soluble  ;  for  the  unity  of  self-consciousness  is  identical 
with  the  unity  of  consciousness  ;  it  is  only  that  unity 
become  self-conscious.  Hence  the  point  of  view  at 
which  consciousness  and  self-consciousness  seem  to  be 
absolutely  opposed  to  each  other, — the  highest  point 
of  view  which  Kant  distinctly  reaches, — can  be  re¬ 
garded  only  as  a  stage  of  transition  from  the  point  at 
which  their  relative  difference  and  opposition  is  not 
yet  developed  to  the  point  at  which  they  are  seen  to 
be  the  factors  or  elements  of  a  still  higher  unity. 

The  later  philosophy  of  Germany,  from  Kant  to 
Hegel,  is  little  more  than  the  development  of  the  idea 
just  stated  in  its  twofold  aspect.  In  the  first  place,  it 
is  an  attempt  to  show  what  is  involved  in  the  idea  of 
thought  or  self-consciousness  as  in  itself  an  organic 
whole,  a  many-in-one,  a  unity  which  expresses  itself 
in  difference,  yet  so  that  the  difference  remains  trans¬ 
parent,  and  therefore  is  immediately  recognized  as 
expression  of  the  unity.  In  the  second  place,  it  is  an 
attempt  to  bridge  over  the  difference  between  thought 
or  self-consciousness  and  the  external  world  of  expe¬ 
rience,  and  to  show  that  this  opposition  also  is  subor¬ 
dinated  to  a  higher  unity.  Or,  to  put  it  more  di¬ 
rectly,  the  idealistic  philosophy  of  Germany  seeks,  on 
the  one  hand,  to  develop  a  logic  or  metaphysic  which 
bases  itself,  not,  like  formal  logic,  on  the  idea  of  bare 
identity,  but  on  the  idea  of  self-consciousness ;  and, 
on  the  other  hand,  to  show,  in  a  philosophy  of  nature 
and  spirit,  how,  by  means  of  this  logic,  the  oppo¬ 
sition  of  thought  to  its  object,  or  of  tne  a  priori  to 
the  a  posteriori  in  knowledge,  may  be  transcended. 
In  the  third  and  fourth  sections  of  this  article  some¬ 
thing  more  will  be  said  of  the  manner  in  which  this 
task  was  fulfilled.  Here  only  a  few  words  are  neces¬ 
sary  to  sum  up  the  results  reached,  and  to  give  more 
distinctness  to  the  new  ideal  of  knowledge  which  those 
results  suggest.  We  have  seen  that  Kant’s  critical 
attitude  involved  two  things, — on  the  one  hand,  the 
assertion  that  the  existence  we  know  is  necessarily 
existence  for  thought,  and,  on  the  other  hand,  the 
denial  that  that  which  exists  for  our  thought  is  abso¬ 
lute  reality,  a  denial  which  again  involves  the  presence 
to  our  thought  of  an  ideal  of  knowledge,  by  which  our 
actual  knowledge  is  condemned.  This  ideal,  however, 
was  falsely  conceived  by  Kant  as  an  identity  without 
any  difference,  and,  in  this  sense,  he  does  not  hesitate 
to  apply  it  even  to  self-consciousness  itself.  For,  in  a 
remarkable  passage,1  he  attempts  to  prove  that  the 
consciousness  of  self  is  not  a  knowledge  of  the  self,  by 
a  simple  reference  to  the  duality  of  the  self  knowing 
and  the  self  known,  arguing  that  the  ego  “  stands  in 
its  own  way,”  just  because  it  exists  only  for  itself  i.e., 
because  in  knowing  itself  it  presupposes  itself.  Kant 
evidently  thinks  that  to  know  the  real  self  it  would  be 
necessary  to  apprehend  it  in  simple  identity  as  purely 
an  object  without  reference  to  a  subject,  or  purely  a 
subject  without  reference  to  an  object.  Yet  to  this  it 
seems  sufficient  to  answer  that  such  an  object  or  sub¬ 
ject  would  lose  its  character  as  object  or  subject  and 
become  equivalent  to  mere  being  in  general,  and  that, 
as  such  being  is  a  mere  abstraction,  to  know  it  cannot 
be  the  ideal  of  knowledge.  If  therefore  there  be  a 
unity  or  identity  of  thought  which  is  not  realized  in 
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experience,  and  in  reference  to  which  we  can  regard 
experience  as  an  imperfect  form  of  knowledge,  it  can¬ 
not  be  found  in  this  abstract  identity  of  being.  In 
truth,  as  we  have  seen,  it  is  found  in  that  very  idea 
of  self-consciousness  which  Kant  is  criticizing.  J ust 
because  we  are  self-conscious,  and  therefore  oppose  the 
unity  of  the  conscious  self  to  the  manifoldness  of 
the  world  in  space  and  time,  do  we  seek  in  the 
world  of  space  and  time  for  a  transparent  unity  which 
we  cannot  at  first  find  there.  But,  when  this  is  seen, 
we  find  in  Kant  himself  the  partial  solution  of  the 
difficulty.  Self-consciousness  presupposes  conscious¬ 
ness  ;  for,  while  the  apprehension  of  objects  in  con¬ 
sciousness  is  possible  only  in  relation  to  the  unity  of 
the  self,  yet  it  is  only  in  relation  to  and  distinction 
from  these  objects  that  we  are  conscious  of  that  unity. 
Hence  the  two  opposites,  self  and  not-self,  are  bound 
together,  and  presuppose  a  unity  which  reveals  itself 
in  their  opposition,  and  which,  when  made  explicit, 
must  reconcile  them.  If,  therefore,  self-consciousness, 
in  its  first  opposition  to  consciousness, .  gives  rise  to  an 
ideal  of  knowledge  to  which  our  empirical  knowledge 
of  objects  is  inadequate,  this  arises  from  the  fact  that 
not  only  empirical  knowledge  but  also  the  ideal  to 
which  it  is  opposed  is  imperfect,  or  that  they  both 
point  to  a  unity  which  is  manifested  in  their  difference, 
and  which  is  capable  of  containing  and  resolving  it. 
In  other  words,  the  opposition  of  science  to  its  ideal, 
which  Kant  has  stated  in  his  Antinomies ,  is  not  an 
absolute  opposition,  but  one  the  origin  and  end  of 
which  can  he  seen. 

This  opposition  reaches  its  highest  point  in  the  con¬ 
trast  between  the  transparent  unity  of  self-conscious¬ 
ness,  in  which  the  difference  of  knower  and  known  is 
evanescent,  and  the  essential  manifoldness  and  self¬ 
externality  of  the  world  in  space,  in  which  the  differ¬ 
ences  seem  to  be  insoluble.  We  must,  indeed,  think 
of  self-consciousness  as  having  life  in  itself  and  there¬ 
fore  as  differentiating  itself  from  itself  ;  but  this 
differentiation  is  held  within  the  limit  of  its  unity,  it 
is  a  separation  of  movements  which  are  separated  only 
as  they  are  united.  On  the  other  hand,  the  world  in 
space  presents  itself  as  the  sphere  of  external  deter¬ 
mination,  in  which  things  are  primarily  disunited  and 
act  only  as  they  are  acted  on  from  without,  and  in 
which  this  external  influence  never  goes  so  far  as  to 
destroy  their  reciprocal  externality.  In  this  sense  it 
is  that  the  opposition  of  mind  and  matter  was  taken 
by  Descartes,  and  it  is  a  survival  of  the  same  mode  of 
thought  that  leads  many  even  now  to  draw  absolute 
lines  of  division  between  a  priori  and  a  posteriori,  be¬ 
tween  ideas  and  facts,  between  spiritual  and  natural. 
Kant  and  Fichte  give  a  new  aspect  to  the  difficulty  by 
showing  that  the  difficulty  is  one  of  reconciling  con¬ 
sciousness  and  self-consciousness,  and  that  in  con¬ 
sciousness  there  is  already  present  the  unity  which  is 
manifested  in  self-consciousness,  as,  on  the  other  hand, 
it  is  only  through  consciousness  and  in  opposition  to 
it  that  self-consciousness  is  possible.  And  Fichte 
made  a  further  step  when  he  attempted  to  show  that 
the  categories  and  the  forms  of  perception,  time  and 
space,  which  Kant  had  taken  as  inexplicable  facts, 
are  implied  in  this  contrast  of  consciousness  and  self- 
consciousness.  The  error  that  clings  to  Fichte’s 
speculations  is,  however,  that  he  treats  consciousness 
merely  as  a  necessary  illusion  which  exists  simply  with 
a  view  to  self-consciousness,  and  hence  is  led  to  regard 
self-consciousness  itself— because  it  is  essentially  re¬ 
lated  to  this  necessary  illusion — as  a  schema  or  image 
of  an  unknowable  absolute.  In  fact,  in  the  end  Fichte 
falls  back  upon  the  abstract  identity  in  which  Kant  had 
found  his  noumenon,  and  so  ends  his  philosophy  with 
mysticism.  Even  Schelling,  though  ne  saw  that  the 
absolute  unity  must  be  one  that  transcends  the  differ¬ 
ence  of  self  and  not-self,  did  not  finally  escape  the 
tendency  to  merge  all  difference  in  absolute  oneness. 
On  the  other  hand,  it  was  the  endeavor  of  Hegel  to 
proceed  in  the  opposite  way, — not  to  lose  self-con- 
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sciousness  or  subjectivity  in  a  mere  unity  of  substance, 
but  rather  to  show  that  the  absolute  substance  can  be 
truly  defined  only  as  a  self-conscious  subject.  And 
just  because  he  did  this  he  was  prepared  to  take  a 
further  step,  and  to  regard  the  external  world,  not  as 
Fichte  regarded  it,  as  merely  the  opposite  or  spirit, 
nor  as  Scnelling  regarded  it,  as  merely  the  repetition 
and  co-equal  of  spirit,  but  rather  as  its  necessary 
manifestation  or  as  that  in  and  through  which  alone 
it  can  realize  itself.  His  doctrine  therefore  might  be 
summed  up  in  two  propositions, — first,  that  the.  ab¬ 
solute  substance  is  spiritual  or  self-conscious,  and, 
secondly,  that  the  absolute  subject  or  spirit  can  be 
conceived  as  realizing  itself  only  through  that  very 
world  of  externality  which  at  first  appears  as  its  op¬ 
posite.  In  both  respects  Hegel’s  philosophy  reverses 
the  via  negativa  of  mysticism,  and  teaches  that  it  is 
only  through  the  exhaustion  of  difference  that  the 
unity  of  science,  of  which  the  mind  contains  in  itself 
the  certitude,  is  to  be  realized.  For  mind  or  spirit, 
viewed  in  itself,  is  conceived  as  a  self-differentiating 
unity,  a  unity  which  exists  only  through  opposition  of 
itself  to  itself.  And  it  is  but  a  necessary  result  of  such 
a  conception  that  spirit  can  fully  realize  its  unity  only 
through  a  world  which  in  the  first  instance  must  pre¬ 
sent  itself  as  the  extreme  opposite  of  spirit.  Hence 
the  process  of  thought  in  itself,  which  is  exhibited  in 
the  logic,  ends  in  the  opposition  to  thought  of  a  world 
which  is  its  negative  counterpart.  And  the  ‘ 1  absolute 
spirit”  of  Hegel  is  thus,  not  pure  self-consciousness, 
but  that  more  concrete  unity  of  self-consciousness  with 
itself  which  it  attains  through  and  by  means  of  this 
world. 

The  effect  of  this  view  upon  the  relation  of  meta¬ 
physic  to  science,  which  we  are  at  present  considering, 
is  noticeable.  It  does  not,  as  is  often  supposed, 
supersede  science  by  an  a  priori  construction  of  the 
universe,  nor  does  it  leave  the  results  of  science  un¬ 
changed  and  simply  provide  for  it  a  deeper  foundation. 
The  latter  was  the  point  at  which  Kant  and  Fichte 
stopped  ;  for,  while  they  showed  the  relativity  of 
experience  to  the  principle  of  self-consciousness,  they 
conceived  that  the  function  of  metaphysic  is  completed 
in  showing  the  phenomenal  character  of  the  objects  of 
science,  and  in  reserving  a  free  space  beyond  the  phe¬ 
nomenal  world  for  “Goa,  freedom,  and  immortality.” 
Schelling,  on  the  other  hand,  as  he  did  not  adopt  this 
merely  negative  view  of  the  relation  of  spirit  to  nature 
or  of  a  priori  to  empirical  truth,  was  obliged  to  rein¬ 
terpret  the  latter  by  the  former.  As,  however,  he  did 
not  recognize  any  distinctions  which  were  not  merely 
quantitative,  he  was  led  to  apply  the  same  easy  key 
to  every  lock,  and  to  think  that  he  had  explained  all 
the  different  forms  of  existence,  organic  and  inorganic, 
when  he  had  merely  pointed  out  a  certain  analogy  be¬ 
tween  them.  The  metaphysic  of  Hegel,  whatever  may 
be  said  of  the  actual  philosophy  of  nature  produced 
by  its  author,  contains  no  necessity  for  any  such  arbi¬ 
trary  procedure.  In  his  Logic ,  indeed,  he  attempts  to 
give  us  in  abstracto  the  movement  of  thought  in  itself, 
from  its  simplest  determination  of  being  as  qualitative 
or  quantitative,  through  the  reflective  categories  of 
substance  and  cause,  up  to  its  full  consciousness  of 
itself  in  its  organic  unity. 1  And  in  so  doing  he  of 
course  gives  us  an  account  of  the  various  categories 
which  science  uses  in  the  interpretation  of  nature. 
He  further  attempts  to  show  that  the  highest  cate¬ 
gories  of  science  are  in  themselves  imperfect  and  self¬ 
contradictory, — in  other  words,  that  they  mark  a  stage 
of  thought  which  falls  short  of  that  unity  of  being  and 
knowing  after  which  science  is  striving,  and  which  is 
the  presupposition  as  well  as  the  goal  of  all  intelli¬ 
gence.  But,  while  he  does  this,  he  clearly  acknowl¬ 
edges  two  things, — on  the  one  hand  that  nature  is 
essentially  different  from  pure  self-consciousness,  and 

i  This  subject— the  progress  of  thought  from  lower  to  higher 
categories  and  methods — will  be  more  fully  discussed  m  the 

third  section. 


that  therefore  logic  can  never  by  direct  evolution  of  its 
categories  anticipate  the  investigations  of  science,  and, 
m  the  second  place,  that  the  final  interpretation  of 
nature  through  the  highest  categories  presupposes  its 
interpretation  by  the  Tower  categories,  and  cannot  be 
directly  achieved  without  it.  In  other  words,  science 
must  first  determine  the  laws  of  nature  according  to 
the  principles  of  causality  and  reciprocity,  ere  philos¬ 
ophy  can  be  in  a  position  to  discover  the  ultimate 
meaning  of  nature  by  the  aid  of  higher  principles. 

The  philosophy  of  nature,”  says  Hegel.  takes  up 
the  material  which  physical  science  by  direct  dealing 
with  experience  has  prepared  for  it  at  the  point  to 
which  science  has  brought  it,  and  again  transforms 
this  formed  material  without  going  back  to  experience 
to  verify  it.  Science  must,  therefore,  work  into  the 
hands  of  philosophy,  in  order  that  philosophy  in  its 
turn  may  translate  the  lower  universality  of  the  under¬ 
standing  realized  by  science  into  the  higher  universality 
of  reason;  and  may  show  how  in  the  light  of  this  higher 
universality  the  intelligible  world  takes  the  aspect  of 
a  whole  which  has  its  necessity  in  itself.  The  philo¬ 
sophic  way  of  looking  at  things  is  not  a  capricious 
attempt,  once  in  a  way  for  a  change,  to  walk  upon  one’s 
head  after  one  has  got  tired  of  walking  upon  one’s 
feet,  or  to  transform  one’s  work-a-day  face  by  painting 
it  over ;  but,  just  because  the  scientific  manner  of 
knowing  does  not  satisfy  the  whole  demand  of  intelli¬ 
gence,  philosophy  must  supplement  it  by  another 
manner  of  knowing.  ’  ’ 2 

The  result  then  may  be  briefly  expressed  thus. 
Kant  and  his  successors  showed  the  relativity  of  the 
object  of  knowledge  to  the  knowing  mind.  He  thus 
pointed  out  that  the  ordinary  consciousness,  and  even 
science,  are  abstract  and  imperfect  modes  of  knowing, 
in  so  far  as  in  their  determination  of  objects  they  take 
no  account  of  a  factor  which  is  always  present,  to  wit, 
the  knowing  subject.  For  their  purposes,  indeed,  this 
abstraction  is  justifiable  and  necessary,  for  by  it  they 
are  enabled  within  their  prescribed  limits  to  give  a 
more  complete  view  of  these  objects  in  their  relation 
to  each  other  than  if  the  attempt  had  been  made  to 
regard  them  also  in  relation  to  the  knowing  subject. 
At  the  same  time  the  scientific  result  so  arrived  at  is 
imperfect  and  incomplete,  and  it  has  to  be  reconsidered 
in  the  light  of  a  philosophy  which  retracts  this  pro¬ 
visional  abstraction.  For  it  must  be  remembered  that 
the  fact  that  science  looks  at  things  only  in  their  rela¬ 
tion  to  each  other,  and  not  to  the  knowing  mind,  nar¬ 
rows  the  points  of  view  or  categories  under  which  it 
is  able  to  regard  them,  or.  in  other  words,  limits  the 
questions  which  the  mina  is  able  to  put  to  nature. 
Just  because  science  does  not  treat  its  objects  as  essen¬ 
tially  related  to  the  mind,  it  is  unable  to  rise  to  what 
Hegel  calls  the  point  of  view  of  reason,  or  of  the 
“notion  ” ;  i.e. ,  it  is  obliged  to  treat  objects  and  their 
relations  merely  under  a  set  of  categories,  the  highest 
of  which  are  those  of  causality  and  reciprocity,  and  it 
is  incapable  of  attaining  to  the  conception  of  their 
organic  unity.  In  other  words^  it  is  able  to  reach 
only  a  synthetic  unity  of  given  differences,  and  it  cannot 
discover  a  principle  of  unity  out  of  which  the  differ¬ 
ences  spring  and  to  which  they  return.  Now  phi¬ 
losophy  goes  beyond  science  just  because,  along  with 
the  idea  of  the  relativity  of  things  to  the  mind,  it 
brings  in  the  conception  of  such  a  unity.  Its  highest 
aim  is,  therefore,  not  merely,  as  Kant  still  held,  to 
secure  a  place  for  the  supersensible  beyond  the  region 
of  experience,  but  to  reinterpret  experience,  in  the 
light  of  a  unity  which  is  presupposed  in  it,  but  which 
cannot  be  made  conscious  or  explicit  until  the  relation 
of  experience  to  the  thinking  self  is  seen, — the  unity 
of  all  things  with  each  other  and  with  the  mind  that 
knows  them. 

2.  Relation  of  Metaphysic  to  Psychology. — It  has  al¬ 
ready  been  shown  that  the  doctrine  that  the  thinking 
subject  is  presupposed  in  all  objects  of  knowledge — • 

• a  Hegel,  vii.  p.  18. 
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or,  in  other  words,  that  existence  means  existence  for 
a  conscious  self— is  not  to  be  taken  in  a  psychological 
sense.  The  idea  that  all  science  is  based  on  psychology, 
and  that,  therefore,  metaphysic  and  psychology  are 
identical,  cannot  be  retained  by  any  one  who  has  en¬ 
tered  into  the  full  meaning  of  the  Kantian  criticism. 
It  is,  however,  so  natural  a  misinterpretation  of  it, 
and  it  is  so  much  favored  by  the  letter  of  the  very  book 
in  which  it  was  first  decisively  refuted,  that  it  will  be 
useful  to  point  out  more  directly  the  fallacy  involved 
in  it,  especially  as  this  will  place  us  in  a  better  position 
to  determine  the  true  relation  of  the  two  parts  of  phi¬ 
losophy  thus  confounded. 

The  misunderstanding  first  took  a  definite  form  in 
the  introduction  to  Locke’s  Essay,  in  which  he  pro¬ 
poses  to  provide  against  any  undue  application  of  the 
intellectual  powers  of  man  to  problems  which  are  too 
high  for  them,  by  first  examining  and  measuring  the 
powers  themselves.  Stated  in  this  way,  it  is  obvious 
that  the  proposal  involves  an  absurdity  ;  for  we  have 
nothin"  to  measure  with,  except  the  very  powers  that 
are  to  be  measured.  To  see  round  our  knowledge  and 
find  its  boundary,  we  must  stand  outside  of  it,  and 
where  is  such  a  standing-ground  to  be  found?  We 
cannot  by  knowing  prescribe  limits  to  knowledge,  or, 
if  we  seem  to  be  able  to  do  so,  it  can  only  be  because 
we  compare  our  actual  knowledge  with  some  idea  of 
knowledge  which  we  presuppose.  In  this  way  the 
ancient  skeptics — and  modem  writers  like  Sir  W. 
Hamilton  and  Mr.  Spencer  who  have  followed  them — 
turned  the  duality  involved  in  the  idea  of  knowledge 
against  its  unity,  and  argued  that,  because  we  cannot 
know  the  object  except  as  different  from  and  related 
to  the  subject,  we  cannot  know  it  as  it  is  in  itself.  Ob¬ 
viously  in  this  argument  it  is  involved  that  in  true  or 
absolute  knowledge  the  objectmust  not  be  distinguished 
at  all  from  the  subject, — to  which  the  easy  answer  is 
that  without  such  distinction  knowledge  would  be  im¬ 
possible.  The  skeptic  argument,  therefore,  lands  us 
in  the  unhappy  case  pictured  in  the  German  proverb  : 
“If  water  chokes  us,  what  shall  we  drink?”  The 
object  cannot  be  known  if  it  is  distinguished  from  the 
subject,  and  it  cannot  be  known  if  it  is  not  distinguished 
from  the  subject.  Obviously  the  one  objection  is  as 
good  as  the  other,  and  both  combined  only  show  that 
the  idea  of  knowledge  involves  distinction  as  well  as 
unity,  and  unity  as  well  as  distinction.  The  skeptic 
insists  on  one  of  these  characteristics  to  the  exclusion 
of  the  other,  and  condemns  our  actual  knowledge  be¬ 
cause  it  contains  both.  In  Kant  there  is  undoubtedly 
some  trace  of  the  same  fallacy,  in  so  far  as  the  idea  by 
contrast  with  which  he  condemns  the  objects  of  expe¬ 
rience  as  phenomenal  is  the  idea  of  an  abstract  identitv  ! 
without  any  difference  ;  but  we  have  seen  that  with 
him  this  abstract  identity  is  on  the  point  of  passing 
into  an  altogether  different  idea, — the  idea  of  self-con¬ 
sciousness  as  the  type  of  knowledge. 

It  appears,  then,  that  the  idea  of  measuring  our 
powers  before  we  employ  them  rests  on  a  paralogism  ; 
for  what  is  really  meant  is  that  we  abstract  one  of  the 
elements  of  the  idea  of  knowledge,  and  then  condemn 
knowledge  for  having  other  elements  in  it.  It  is  pos¬ 
sible  to  criticise  and  condemn  special  conceptions  as  j 
not  conforming  to  our  idea  of  knowledge  ;  but  it  is  not 
possible  to  criticise  the  idea  of  knowledge  itself ;  all 
we  can  do  is  to  explain  it.  It  is  possible  to  see  the 
limited  and  hypothetical  character  of  certain  of  our 
ideas  or  explanations  of  things,  because  we  are  con- ! 
scious  that  in  developing  them  we  have  left  out  of  ■ 
account  certain  elements  necessary  to  the  whole  truth  ;  1 
but  this  criticism  itself  implies,  as  the  standard  to 
which  we  appeal,  a  consciousness  of  truth  and  reality, 
a  consciousness  which  we  cannot  further  criticise. 
Here,  therefore,  we  come  upon  what  must  seem  to  all 
who  think  it  admissible  to  question  the  very  possibility 
of  knowledge  an  inevitable  reasoning  in  a  circle.  We 
can  answer  objections  only  by  means  of  the  very  idea 
which  thejr  dispute.  But  the  answer  is  nevertheless  a 


good  one  ;  for  the  objector  also  stands  within  the  very 
circle  which  he  seeks  to  break,  and  has  no  means  of 
breaking  it  except  itself.  As  soon  as  he  speaks,  he  can 
be  refuted  by  his  own  words  ;  for  his  doubts  also  pre¬ 
suppose  that  unity  of  the  intelligence  and  the  intel¬ 
ligible  world  which  he  pretends  to  deny. 

The  error,  however,  cannot  be  fully  corrected  until 
we  consider  what  gives  it  plausibility.  The  confusion 
of  the  metaphysical  with  the  psychological  problem  is 
due  to  the  fact  that  the  being  who  is  the  subject  of 
knowledge,  for  whom  all  exists  that  does  exist,  appears 
to  be  one,  and  only  one,  of  the  many  objects  of  knowl¬ 
edge.  When  we  say  that  existence  means  only  an 
existence  for  a  thinking  self,  we  seem  to  be  identify¬ 
ing  the  whole  world  with  the  feelings  and  ideas  of 
men,  i.  e. ,  with  certain  phenomena  that  belong  to  the 
life  of  a  class  of  beings  which  only  forms  a  part  of  that 
world, — phenomena,  moreover,  that  are  not  exactly 
the  same  in  any  two  of  that  glass  of  beings.  If  we 
are  to  escape  this  difficulty  it  is  obvious  that  we  must 
be  able  to  separate  the  conscious  self  or  subject,  as  it 
is  implied  in  all  knowledge,  from  the  nature  of  man 
as  a  being  who  ‘  ‘  though  formally  self-conscieus  ’  ’  is 
yet  “  part  of  this  partial  world,”  i.e.,  one  of  the  objects 
which  we  know  along  with  and  in  distinction  from 
other  objects,  and  in  whom  “the  self-consciousness 
which  is  in  itself  complete2  and  which  in  its  complete¬ 
ness  includes  the  world  as  its  object,”  is  only  progress¬ 
ively  realized.1  Metaphysic  has  to  deal  with  conditions 
of  the  knowable,  and  hence  with  self-consciousness  as 
that  unity  which  is  implied  in  all  that  is  and  is  known. 
Psychology  has  to  inquire  how  this  self-consciousness 
is  realized  or  developed  in  man,  in  whom  the  conscious¬ 
ness  of  self  grows  with  the  consciousness  of  a  world  in 
space  and  time,  of  which  he  individually  is  only  a  part, 
and  to  parts  of  which  only  he  stands  in  immediate 
relation.  In  considering  the  former  question  we  are 
considering  the  sphere  within  which  all  knowledge 
and  all  objects  of  knowledge  are  contained.  In  con¬ 
sidering  the  latter  we  are  selecting  one  particular 
object  or  class  of  objects  within  this  sphere, — although 
no  doubt  it  must  make  a  great  difference  in  our  treat¬ 
ment  of  this  object  that  we  have  to  consider  it  as 
existing  not  only  for  us  but  for  itself.  If  nature 
“becomes  self-conscious  in  man,”  it  is  impossible  to 
treat  man  merely  as  one  among  the  other  objects  of 
nature.  But  it  is  not  less  true  that  he  is  one  of  those 
objects,  and,  in  this  point  of  view,  the  department  of 
science  and  philosophy  that  deals  with  his  life  is  as 
distinct  from  metaphysic — which  deals  with  the  con¬ 
ditions  of  all  knowing  and  being — as  is  astronomy  or 
physics.  In  both  cases  we  have  before  us  objects 
which  we  may  consider  in  themselves  apart  from  their 
relations  to  the  conscious  subject,  and  in  both  cases  we 
must  take  cognizance  of  these  relations  if  we  would 
have  a  complete  and  final  view  of  those  objects.  It  is 
possible  to  have  a  purely  objective  anthropology  or 
psychology — which  abstracts  from  the  relation  of  man 
to  the  mind  that  knows  him— just  as  it  is  possible  to 
have  a  purely  objective  science  of  nature.  Such  a 
natural  science  of  man,  however,  will  necessarily 
abstract  at  the  same  time  from  the  fact  that  in  man  is 
manifested  that  universal  principle  in  relation  to  which 
all  things  are  and  are  known.  In  other  words,  it  will 
omit  that  distinctive  characteristic  of  man’s  being  in 
virtue  of  which  he  is  a  subject  of  knowledge  and  a 
moral  agent.  Hence  the  abstraction  in  this  case  is 
more  likely  to  lead  to  positive  error,  more  likely  to 
produce  not  only  an  imperfect  but  a  distorted  view  of 
the  object.  Inorganic  nature,  if  we  take  it  in  itself,  is 
not  untruly  viewed,  under  the  categories  of  causality 
and  reciprocity,  as  a  collection  of  objects  externally 
determined  by  each  other  ;  the  error  lies  only  in  taking 
it  as  if  it  could  exist  in  itself.  Even  organic  beings 
do  not  suffer  much  injustice  in  being  brought  under 
such  categories  ;  for,  though,  as  living  and  still  more 
as  sensitive  beings,  they  involve  in  themselves  and  in 
i  Hume,  voi.  i.  p.  131  (Green's  edition). 
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their  relation  to  the  world  a  kind  of  unity  of  differences 
to  which  the  categories  of  external  relation  imper¬ 
fectly  correspond  yet  they  are  not  such  unities  for 
themselves,  but  only  for  us.  In  other  words,  the  prin¬ 
ciple  through  which  they  are  and  are  known  is  still 
external  to  them.  Hence  also  they  are  determined  by 
outward  influences,  though  these  influences  act  rather 
as  stimuli  to  what  we  may  call  the  self-determined 
movement  of  their  own  life  than  as  mechanical  or 
chemical  forces  which  change  it.  But  in  man,  in  so 
far  as  he  is  self-conscious, — and  it  is  self-consciousness 
that  makes  him  man, — the  unity  through  which  all 
things  are  and  are  known  is  manifested ;  and  there¬ 
fore  he  is  emancipated,  or  at  least  is  continually  emanci¬ 
pating  himself,  from  the  law  of  external  influence. 
Nature  and  necessity  exist  for  him  as  that  from  which 
his  life  starts,  in  relation  to  which  he  becomes  con¬ 
scious  of  himself,  against  which  has  to  assert  himself, 
and  in  the  complete  overcoming  of  which  lies  the  end 
of  all  his  endeavor.  Nature  is  the  negative  rather 
than  the  positive  starting-point  of  his  existence,  the 
presupposition  against  which  he  reacts  rather  than 
that  on  which  he  proceeds ;  and,  therefore,  to  treat 
him  simply  as  a  natural  being  is  even  more  inaccurate 
and  misleading  than  to  forget  or  deny  his  relation  to 
nature  altogether.  A  true  psychology  must,  however, 
avoid  both  errors :  it  must  conceive  man  as  at  once 
spiritual  and  natural ;  it  must  find  a  reconciliation  of 
freedom  and  necessity.  It  must  face  all  the  difficulties 
involved  in  the  conception  of  the  absolute  principle  of 
self-consciousness, — through  which  all  things  are  and 
are  known, — as  manifesting  itself  in  the  life  of  a  being 
like  man,  who  “comes  to  himself”  only  by  a  long 
process  of  development  out  of  the  unconsciousness  of 
a  merely  animal  existence. 

This  problem  first  presented  itself  in  a  distinct  form 
in  the  discussions  of  tne  Socratic  school  as  to  the  nature 
of  knowledge,  discussions  which  turn  mainly  upon  the 
■relation  of  the  conscious  to  the  unconscious  element  in 
thought.  Socrates,  by  his  method  more  than  by  any 
direct  statement,  drew  attention  to  the  fact  that  all 
particular  judgments  in  morals  involve  or  presuppose 
a  universal  principle.  At  the  same  time  he  pointed 
out  that,  so  far  from  this  universal  principle  being  known 
to  those  who  are  continually  making  such  judgments, 
they  are  not  even  conscious  of  its  existence.  They 
constantly  use  general  terms  whose  meaning  they  have 
never  even  thought  of  defining.  The  beginning  of  a 
rational  life  for  them  must  therefore  lie  in  their  becom¬ 
ing  conscious  of  their  ignorance,  i.e.,  conscious  that 
they  have  been  all  along  judging,  and  therefore  acting, 
on  untested  and  even  unknown  assumptions.  They 
must  bring  the  unconscious  universal  to  the  light  of 
day  and  define  it,  for  until  that  is  done  it  is  impossible 
to  live  a  moral,  that  is,  a  rational  life.  “Virtue  is 
knowledge,  ”  i.e.,  it  is  acting,  not  according  to  opinions, 
or  particular  judgments, — whose  universalis  unknown, 
and  which  therefore  may  be  regarded  as  expressing 
merely  the  impulses  qr  habits  of  the  individual, — but 
in  view  of  a  universal  principle  determined  by  reason. 

The  onesidedness  of  this  view — which  absolutely 
condemns  as  vice  all  the  virtue  that  is  not  based  on 
conscious  principle — was  partly  corrected  by  another 
part  of  the  doctrine  of  Socrates,  who*taught  that  knowl¬ 
edge  is  something  that  must  be  evolved  from  within 
the  mind,  and  not  merely  communicated  to  it  from  with¬ 
out.  For  this  implies  that  the  moral  principle  may  be 
present  in  men’s  minds,  and  may  rule  their  thoughts 
and  actions,  long  before  they  become  directly  conscious 
of  it.  They  are  rational  although  they  have  never 
thought  about  reason,  and  they  do  not  wait  for  scien¬ 
tific  ethics  to  judge  and  act  morally,  any  more  than 
they  wait  for  logic  to  reason  correctly.  It  is  this  line 
of  thought  which  is  universalized  and  mythically  ex¬ 
pressed  by  Plato  in  his  doctrine  of  “reminiscence. 
According  to  this  myth,  we  were  conscious  of  ideas  or 
universals  in  our  pre-natal  state  ;  we  forgot  them  m 
the  shock  of  birth  into  this  mortal  life  ;  but  in  feeling 


or  sharing  the  rapture  of  the  poet  or  the  lover  we 
recall  them  as  identified  or  confused  with  individual 
objects  which  “are  like  them,  or  partake  in  them.” 
The  same  explanation  is  given  of  the  practical  skill  of 
the  general  and  the  statesman,  and  even  of  the  “right 
opinion  ’  ’  which  guides  the  ordinary  good  man.  Such 
opinion  is  neither  knowledge  nor  ignorance :  not 
knowledge,  for  general  principles  or  ideas  are  not  in 
it  present  to  the  mind  as  ideas,  and  therefore  the  par¬ 
ticular  cannot  be  distinctly  subsumed  under  them  ; 
yet  not  ignorance,  for  the  ideas  are  after  all  present, 
though  wrapped  up  in  the  particulars  or  confused  with 
them.  Nay,  in  the  Thecetetus,  Plato  endeavors  to 
show  that  the  pure  particular  without  the  universal, 
sensations  without  ideas,  cannot  enter  into  our  con¬ 
sciousness  at  all,  and  that  therefore  the  lowest  point  to 
which  a  conscious  being  can  descend  is  “opinion.” 
in  which  particular  and  universal,  sensible  ana  intelli¬ 
gible,  are  mingled  together.  In  other  words,  no  con¬ 
scious  being  can  apprehend  the  particular  except 
through  the  universal,  though  that  universal  may  be 
present  only  in  consciousness  and  not  to  it.  The  task 
of  philosophy  is  therefore  only  to  make  men  ‘ '  recol¬ 
lect  themselves,”  i.e.,  to  make  self-conscious  that  uni¬ 
versality  of  thought  in  which  all  rational  beings 
“partake,”  or  which,  in  the  language  of  later  philos- 
opny,  constitutes  reason.  The  imperfection  of  Plato’s 
view  lay,  however,  in  this,  that,  while  he  clearly  rec¬ 
ognized  that  the  condition  of  all  consciousness  of  the 
particular  is  the  universal,  he  did  not  see  with  equal 
clearness  that  the  universal  has  a  meaning  only  in  re¬ 
lation  to  the  particular.  And  this  tendency  to  sepa¬ 
rate  universal  from  particular  is  naturally  accompanied 
by  a  tendency  to  set  the  subjective  against  the  objec¬ 
tive,  and  to  regard  the  world,  not  as  the  manifestation 
of  reason,  but  as  a  dualistic  world,  in  which  reason  is 
chained  to  a  lower  principle — a  world  which  can  at 
best  only  give  a  hint  or  suggestion  to  the  mind  to  en¬ 
able  it  to  recollect  itself  ana  recover  for  itself  its  own 
treasures.  Thus  the  false  method  of  introspection, 
the  “high  priori  road”  of  mysticism,  was  at  least 
opened  up  by  Plato,  if  he  did  not  altogether  forsake 
tne  narrower  and  harder  way  to  the  spiritual  world 
through  nature  and  experience. 

The  great  step  in  advance  taken  by  Aristotle  was 
due  to  his  seeing  the  danger  of  this  tendency.  Those, 
however,  who  have  maintained  that  Aristotle  is  the 
great  a  posteriori  philosopher, — as  Plato  is  the  great 
a  priori  philosopher, — have  entirely  mistaken  the 
bearing  of  Aristotle’s  criticism  of  the  Platonic  theory. 
As  strongly  as  Plato  does  Aristotle  maintain  that  rea¬ 
son  is  Swayei  ndvra  ra  votjtci,  and  that,  therefore,  the 
apprehension  of  truth  by  the  mind  is  not  a  mere  ex¬ 
ternal  communication  of  it  to  the  mind,  but  rather  is 
the  mind  coming  to  a  consciousness  of  itself.  As 
firmly  as  Plato  does  he  declare  that  truth  in  its  high¬ 
est  form  is  self-evidencing,  i.e .,  that  the  principles  of 
science,  the  laws  of  nature,  when  once  they  have  been 
discovered,  are  seen  to  be  true  by  their  own  light. 
His  statements  to  this  effect  have  been  neglected  or 
explained  away,  because  they  were  supposed  to  be  in¬ 
consistent  with  his  still  more  frequently  reiterated 
assertions  that  it  is  only  from  experience  and  by  in¬ 
duction  that  the  truth  of  things  can  be  discovered. 
Writers  of  a  later  day, — who  came  to  Aristotle  with 
an  idea  of  a  fixed  opposition  between  a  priori  and  a 
posteriori,  and  who  held  that  the  only  possible  alterna¬ 
tives  were  either  to  divide  knowledge  between  the  two 
or  to  explain  away  one  of  them,— could  not  compre¬ 
hend  that  Aristotle  might  be  in  earnest  both  in  assert¬ 
ing  that  knowledge  is  derived  from  experience  and  in 
asserting  that  it  is  an  apprehension  by  reason  of  that 
which  is  identical  with  itself  and  needs  no  extraneous 
evidence.  But  Aristotle  started  with  no  such  fixed  op¬ 
position.  On  the  contrary,  any  one  who  reads  the  last 
chapter  of  the  Posterior  Analytics  will  see  that  he  had 
no  difficulty  in  maintaining  that  knowledge  begins  in 
the  apprehension  of  to  saff  esaarov  in  sense  perception. 
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and  that  it  proceeds  from  many  perceptions  to  expe¬ 
rience,  and  from  many  experiences  to  science  ;  while 
at  the  same  time  he  declared  that  the  principles  of 
science  have  their  evidence  in  themselves.  And  the 
meaning  of  this  declaration  is  shown  in  the  De  Anima, 
where  we  find  him  speaking  of  knowledge  as  the  reali¬ 
zation  in  the  ‘ 1  passive  reason  ’  ’  of  man  of  an  “  active 
reason  ’  ’  which  is  eternal  and  unchangeable,  and  which 
in  the  consciousness  of  itself  includes  the  knowledge 
of  all  things.  Of  this  realization,  indeed,  there  is  in 
man  only  the  potentiality  or  capacity,  but  just  because 
this  is  a  pure  or  universal  capacity,  because,  as  Aris¬ 
totle  puts  it,  it  has  no  quality  or  determination  of  its 
own  to  stand  between  it  and  its  objects,  it  is  a  capacity 
in  which  the  absolute  reason  can  realize  itselfia  ca¬ 
pacity  of  knowing  all  things.  Here  we  have  Plato’s 
myth  of  reminiscence  freed  from  the  metaphor  of 
memory,  and  reduced  to  scientific  terms ;  for  that 
myth  simply  meant  that  the  evolution  of  knowledge  is 
the  development  of  the  mind  to  the  consciousness  of 
itself,  and  of  all  that  is  potentially  in  it.  Only,  by  the 
combination  of  this  doctrine  with  the  idea  of  the  neces¬ 
sity  of  induction,  Aristotle  at  the  same  time  guards 
against  the  purely  subjective  interpretation  to  which 
in  Plato  it  was  liable.  For  the  process  by  which  the 
mind  “comes  to  itself”  is  conceived  as  a  process  by 
which  at  the  same  time  it  rises  from  the  particular  to 
the  universal,  from  the  yvfopipa  yplv  to  the  yvupipa 
ai rAof,  from  the  bare  apprehension  of  the  facts  of  ex¬ 
perience  to  the  knowledge  of  them  through  their  prin¬ 
ciples  or  laws. 

Yet  Aristotle  was  as  little  able  as  Plato  to  work  out 
fully  a  theory  of  the  relation  between  the  universal 
and  the  individual  reason  ;  and  the  cause  of  this  fail¬ 
ure  was  in  both  cases  substantially  the  same.  In 
Plato’s  philosophy,  the  ideal  tended  to  divorce  itself 
from  the  phenomenal  world  in  such  wise  that  the  lat¬ 
ter  was  regarded  only  as  suggesting  or  partaking  in 
the  former,  but  not  as  entirely  explicable  by  it.  It 
was  not  merely  that,  to  the  mind  of  the  individual  in 
its  progress,  the  veil  was  only  gradually  lifted  from 
the  rationality  of  the  world,  but  that  in  the  world 
there  was  an  irrational  element  from  which  the  mind 
could  save  itself  only  by  flight  into  the  region  of  ab¬ 
straction.  And,  though  Aristotle  by  his  doctrine  of 
the  essential  relation  of  ideas  to  experience,  or  of  the 
development  of  the  mind  to  the  acquisition  of  knowl¬ 
edge  of  the  world,  seemed  to  be  on  the  way  to  correct 
this  error,  yet  he  too  shrinks  from  regarding  the  phe¬ 
nomenal  world  as  in  itself  intelligible.  To  him  also  an 
irrational  matter  mingles  with  things,  and  is  in  them  a 
source  of  contingency  and  imperfection.  Chance  is 
not  merely  the  reflection  upon  the  world  of  our  imper¬ 
fect  knowledge,  but  a  fact  of  experience,  and  there  is 
therefore  a  region  in  which  our  best  science  cannot  rise 
above  generality  to  universality.  In  this  way  there 
remains  for  Aristotle  an  absolute  a  posteriori ,  a  reality 
which  cannot  be  understood,  and  which  we  can  scarcely 
conceive  as  existing  at  all  for  the  divine  intelligence. 
At  this  point  the  Aristotelian  philosophy  appears  to 
stand  between  two  alternatives,  either  that,  in  the 
sense  of  pantheism,  the  finite  world  and  its  contin¬ 
gency  is  an  illusion,  or  that  it  is  contingent  only  for 
the  growing  intelligence  of  man,  which  fully  under¬ 
stands  neither  itself  nor  the  world  which  is  its  object. 
Aristotle,  however,  does  not  choose  either  horn  of  the 
dilemma,  and  leaves  us  therefore  with  an  unresolved 
dualism  between  thought  and  its  object ;  and  this 
again  necessarily  involves  a  dualism  between  the  active 
reason,  which,  as  he  asserts,  realizes  itself  in  man,  and 
the  passive  reason  which  constitutes  his  nature  as  a 
finite  being. 

In  the  Middle  Ages  the  Platonic  and  Aristotelian 
idea  that  the  apprehension  of  objective  truth  is  one 
with  the  evolution  of.  the  mind  to  self-consciousness 
seemed  to  be  entirely  lost.  Knowledge  of  the  finite 
world  was  regarded  as  indifferent,  and  knowledge  of 
the  infinite  was  conceived  to  be  something  given  on 


authority,  and  in  reference  to  which  the  mind  was 
confined  to  an  attitude  of  passive  reception  or  implicit 
faith.  No  greater  slavery  of  the  spirit  can  be  con¬ 
ceived  than  that  in  which  even  the  truths  of  religion 
and  morality — the  truths  that  regard  the  inmost  life  of 
the  spirit  itself — were  taken  as  a  lesson  to  be  learned 
by  rote  from  the  lips  of  a  teacher.  Yet  the  conscious¬ 
ness  that  such  truth,  if  it  was  to  be  received  by  the 
mind,  still  more  if  it  was  to  transform  the  mind,  could 
not  be  entirely  foreign  to  it,  found  a  voice  in  the  scho¬ 
lastic  philosophy.  And  the  compromise  or  truce  be¬ 
tween  faith  and  reason  expressed  m  the  saying  of  An¬ 
selm  credo  ut  intelligam, — according  to  which  reason 
was  to  confine  itself  to  the  analysis  and  demonstration 
of  the  data  received  in  implicit  fgith  from  the  church, 
— prepared  the  way  for  the  recognition  that  the  two  are 
not  essentially  at  variance.  The  mind  that  proceeds  from 
veneratio  to  delectatio ,  from  awe  and  submission  to  the 
doctrine  to  enjoyment  and  appreciation  of  it,  must 
already  in  its  awe  and  submission  have  the  begin¬ 
nings  of  an  intelligent  appreciation.  Anselm’s  saying 
might  be  understood  simply  as  meaning  that  we  must 
have  spiritual  experience  ere  we  can  understand  the 
things  of  the  spirit.  And  in  this  sense  it  was  adopted 
by  the  Reformers  to  express  an  idea  almost  the  oppo¬ 
site  of  that  with  which  the  scholastics  had  associated 
it, — the  idea  that  the  direct  apprehension  of  spiritual 
truth  as  entering  into  the  inner  life  of  the  subject,  as 
identified  with  nis  very  consciousness  of  self,  is  the 
basis  of  all  knowledge  of  it.  In  the  Protestant  church 
of  the  period  after  the  Reformation,  we  find  a  growing 
tendency  to  insist  on  the  subjectivity  of  religion,  in  the 
same  exclusive  and  one-sided  way  in  which  the  medi¬ 
aeval  church  had  insisted  on  its  objectivity.  In  some 
extreme  representatives  of  Protestantism  this  went  so 
far  as  to  lead  to  a  disregard,  almost  to  a  rejection,  of 
all  objective  doctrine,  and  a  reduction  of  theology  to 
an  account  of  the  religious  consciousness.  On  the 
other  hand,  while  religion  was  thus  made  subjective, 
science  claimed  to  be  purely  objective,  and  the  follow¬ 
ers  of  Bacon  seemed  to  adopt  towards  nature  the  same 
attitude  of  passive  receptivity  which  the  mediaeval 
Christian  was  taught  to  hold  towards  the  church. 
While  man  was  to  learn  everything  from  himself  in 
religion,  he  was  to  learn  nothing  from  himself  in  sci¬ 
ence.  His  aim  must  be  to  exclude  subjective  idola ,  in 
other  words,  to  accept  the  facts  as  they  were  given, 
and  keep  himself  out  of  the  way.  The  inevitable  re¬ 
sult  of  this  difference  of  view  as  to  the  nature  of 
knowledge  in  these  two  different  regions  was,  however, 
on  the  one  hand  a  withdrawal  of  religion  from  all  con¬ 
nection  with  finite  interests,  and  especially  from  the 
attempt  to  connect  religious  principles  with  the  knowl¬ 
edge  of  the  finite  world,  and,  on  the  other  hand,  an 
increasing  tendency  in  those  who  represented  finite 
science  to  regard  religion  as  something  merely  subjec¬ 
tive  and  even  individual,  as  a  feeling  which  could  not 
be  translated  into  thought  or  made  the  basis  of  any 
knowledge  of  the  objective  world. 

The  opposite  principles  of  certitude  which  were  thus 
set  up  for  religious  truth  and  truth  of  science  need  only 
to  be  brought  together  and  contrasted  to  betray  that 
they  rest  upon  opposite  abstractions,  neither  of  which 
expresses  the  complete  nature  of  truth  or  knowledge. 
On  the  one  hand  the  truths  of  religion  were  main¬ 
tained  just  because  they  were  not,  or  were  not  merely, 
objective,  but  were  capable  of  being  tested  by  inner 
experience,  and  identified  with  the  self-consciousness 
of  the  individual.  On  the  other  hand  the  truths  of 
science  were  maintained  because  they  were  not,  or 
were  not  merely,  subjective,  but  were  capable  of 
being  verified  in  objective  experience.  It  was  rightly 
seen  on  the  one  side  that  mere  subjective  feelings  or 
opinions  have  no  validity  for  any  one  but  the  subject 
of  them,  and  on  the  other  side  that  what  is  merely  ob¬ 
jective  or  externally  given  can  have  permanent  value 
and  interest  for  the  intelligence  only  as  it  ceases  to  be 
mere  isolated  and  unrelated  fact — nay,  that,  even  when 
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science  has  discovered  law  and  order  in  nature,  it  still 
wants  the  highest  value  and  interest  so  long  as  that 
law  and  order  are  not  seen  as  standing  in  essential  re¬ 
lation  to  the  intelligence  itself.  The  idea  of  truth  or 
knowledge  as  that  which  is  at  once  objective  and  sub¬ 
jective,  as  the  unity  of  things  with  the  mind  that 
knows  them,  enables  us  to  understand  the  condemna¬ 
tion  which  the  religious  mind  passed  upon  a  merely 
external,  dogma,  and  even  its  lack  of  interest  in  a  sci¬ 
ence  which  presented  itself  as  an  account  of  merely 
objective  or  external  facts.  And  it  enables  us  also  to 
understand  the  way  in  which  scientific  men  insisted 
upon  objective  fact  as  the  basis  of  all  knowledge,  and 
the  disrespect  which  ,  they  felt  for  a  religion  which 
seemed  to  admit  that  it  had  no  such  support.  What 
is  wanted  to  clear  up  the  confusion  on  both  sides  is  the 
growth  of  the  perception  among  scientific  men  that 
the  objectivity  which  they  are  seeking  cannot  be  mere 
objectivity  (which  would  be  unmeaning),  but  an  objec¬ 
tivity  that  stands  in  essential  relation  to  the  intelli¬ 
gence,  and,  on  the  other  hand,  the  growth  of  the  per¬ 
ception  among  religious  men  that  the  subjectivity  of 
religion  only  means  that  Grod,  who  is  the  objective 
principle  by  whom  things  are,  and  are  known,  is  spi¬ 
ritual,  and  can  therefore  be  revealed  to  the  spirit. 
When  these  two  corrections  have  been  made,  it  must 
become  obvious  that  the  religious  consciousness  is  not 
the  consciousness  of  another  object  than  that  which  is 

{jresent  in  finite  experience  and  science,  but  simply  a 
ligher  way  of  knowing  the  same  object.  And  in  this 
it  is  also  involved  that  the  two  ideas  of  a  priori  and  a 
posteriori ,  of  that  which  is  evolved  from  within  and 
that  which  is  given  from  without,  are  not  essentially 
opposed  to  each  other,  but  that  the  a  posteriori  is  sim¬ 
ply  the  first  form  of  a  consciousness  which  in  its  ulti¬ 
mate  development  must  become  a  priori. 

In  that  philosophy  of  compromise  which  was  initiated 
by  Descartes,  one  part  of  knowledge  was  regarded  as 
innate,  or  developed  from  within,  and  another  part  as 
empirical,  or  imparted  from  without.  In  the  second 
period  of  the  history  of  modern  philosophy  this  com¬ 
promise  was  broken,  and  the  names  of  Locke  and 
Leibnitz — though  with  some  hesitation  on  both  sides 
— represent  respectively  the  theories  that  all  knowledge 
is  a  posteriori  and  that  all  knowledge  is  a  priori.  Tne 
compromise  seemed  to  be  renewed  with  Kant,  but  the 
form  in  which  it  was  renewed  pointed,  as  has  been  al¬ 
ready  shown,  to  something  more  than  a  compromise, 
for  his  doctrine  was  that  the  a  posteriori  element,  the 
facts,  exist  for  us  only  under  a  priori  conditions,  or, 
in  other  words,  that  what  is  usually  called  a  posteriori 
is  in  part  a  priori.  The  criticism  of  this  view  need 
not  be  repeated.  It  is  sufficient  .here  to  say  that  if,  as 
Kant  shows,  the  elements  are  inseparable  or  organi¬ 
cally  united,  it  is  impossible  to  allege  that  so  much  be¬ 
longs  to  the  one  and  so  much  to  the  other.  Further¬ 
more  the  consciousness  of  an  essential  difference  in  the 
elements  of  knowledge  is  possible  only  so  far  as  that 
difference  is  transcended  by  the  unity  of  knowledge. 
We  can  distinguish  the  a  priori  from  the  a  posteriori 
only  on  condition  that  we  can  transcend  the  distinct  ion, 
and  this  means  that  the  distinction  itself  is  not  abso¬ 
lute,  but  that  there  is  a  point  of  view  from  which  the 
a  posteriori  may  be  regarded  as  a  priori ,  and  that 
which  is  given  from  without  to  the  spirit  may  be  re¬ 
ferred  to  its  own  self-determined  development. 

Now  it  is  just  here  that  we  come  upon  the  turning- 
point  of  the  philosophical  controversy,  in  the  form 
which  it  has  taken  in  modern  times.  The  problem 
may  be  expressed  thus — In  what  sense  can  we  apply 
the  idea  of  development  to  the  human  spirit?  Are 
we  to  treat  that  development  as  merely  a  determina¬ 
tion  from  without,  or  as  an  evolution  from  within,  or 
as  partly  the  one  and  partly  the  other  ?  In  a  sense  all 
writers  of  the  present  day  would  admit  that  this  last 
is  the  case.  For,  on  the  one  hand,  even  the  Darwinian 
theory  accounts  for  development  by  aid.  of  what  we 
may  call  the  a  priori  tendency  of  the  individual  to 
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maintain  itself  in  the  struggle  for  existence,  though  it 
supposes  that  the  condition  or  medium  in  which  the 
individual  is  placed  determines  the  direction  in  which 
that  development  proceeds.  And,  on  the  other  hand, 
no  one  now  would  adopt  the  Leibnitzian  theory  that 
the  individual  is  a  monad,  whose  self-development  is 
entirely  conditioned  by  itself  in  such  a  sense  that  all 
the  relations  which  it  has  to  other  existences  are 
merely  apparent,  and  that  the  coincidence  of  its  life 
with  the  life  of  the  world  is  the  result  of  a  pre-estab¬ 
lished  harmony.  On  both  sides,  therefore,  the  idea 
of  self-determination  would  be  admitted,  though  the 
tendency  of  the  Darwinians  would  be  to  regard  this 
self-determination  as  something  merely  formal;  and 
on  both  sides  it  would  also  be  admitted  that  the  self- 
determination  does  not  exclude  a  determination  from 
without,  though  extreme  opponents  of  Darwin  might 
be  inclined  to  reduce  this  determination  to  a  mere 
stimulus  or  external  condition  of  the  development  of 
the  nature  of  the  subject  to  which  the  stimulus  is 
applied.  The  question,  however,  remains  whether, 
after  all,  this  opposition  of  without  and  within  is  an 
absolute  one,,  or  whether  there  is  any  point  of  view 
from  which  it  may  be  transcended.  'To  Aristotle  it 
seemed  possible  to  answer  this  question  in  the  affirma¬ 
tive,  because  he  conceived  that  the  reason  of  man  is 
a  pure  or  universal  Mva/uic,  the  evolution  of  which  to 
complete  self-consciousness  is  one  with  the  process 
whereby  the  objective  world  comes  to  be  known.  Yet, 
as  Aristotle,  admitted  the  existence  in  the  world  of  a 
material  principle  which  was  essentially  different  from 
the  ideal  principle  of  reason,  he  was  obliged  to  limit  his 
statement  as  to  the  possible  unity  of  the  subjective 
and  the  objective  consciousness,  and  to  say  merely  that 
‘  ‘  in  things  without  matter  the  knower  is  identical  with 
the  known.  ’  ’  But  this  would  immediately  lead  to  the 
conclusion  that  the  pure  development  of  reason  must 
be  secured  by  abstraction  from  all  finite  and  material 
objects,  rather  than  by  a  thorough  comprehension  of 
them.  The  freedom  of  the  spirit,  on  this  theory, 
must  be  a  negative  and  not  a  positive  freedom,  a  free¬ 
dom  won,  not  by  overcoming  the  world,  but  by  with¬ 
drawing  ourselves  from  its  influence.  It  remained, 
therefore,  for  modern  philosophy  to  work  out  the  Aris¬ 
totelian  idea  that  the  rational  being  as  such,  in  spite 
of  its  necessary  relation  to  and  dependence  on  an  ex¬ 
ternal  world,  is  never  in  an  absolute  sense  externally 
determined.  And,  as  we  have  already  seen,  the  Kant¬ 
ian  philosophy  brought  this  problem  within  the  reach 
of  solution,  in  so  far  as  it  showed,  first,  that  objective 
existence  can  have  no  meaning  except  existence  for  a 
thinking  self,  and,  secondly,  that  existence  for  a  think¬ 
ing  self  means  existence  the  consciousness  of  which  is 
“  capable  of  being  combined  with  the  consciousness  of 
self.”  Add  further  to  these  propositions  what  was 
shown  by  Kant’s  successors,  that  that  only,  can  be 
combined  with  the  consciousness  of  self  which  is  essen¬ 
tially  related  to  it,  and  we  arrive  at  an  idealistic  theory 
of  the  world,  which  enables  us  at  once  to  understand 
the  relative  value  of  the  distinction  between  self-deter¬ 
mination  and  determination  from  without,  and  at  the 
same  time  to  see  that  its  value  is  only  relative.  If  it 
be  true  that  nothing  exists  which  is  not  a  possible 
object  of  consciousness,  and  again  that  there  is  no 
possible  object  of  consciousness  which  is  not  essentially 
related  to  self-consciousness,  then  the  phenomena  of 
the  external  world,  which  at  first  present  themselves 
under  the  aspect  of  contingent  facts,  must  be  capable 
of  being  ultimately  recognized  as  the.  manifestation  of 
reason;  and  the  history  of  the  conscious  being  in  his 
relations  with  that  world  is  not  a  struggle  between  two 
independent  and  unrelated  forces,  but  the  evolution 
by  antagonism  of  one  spiritual  principle.  It  is  on  this 
view,  tne  same  life  which  within  us  is  striving  for 
development,  and  which  without  us  conditions  that 
development.  And  the  reason  why  the  two  terms,  the 
self  and  the  not-self,  thus  appear  to  be  independent 
of  each  other,  or  to  be  brought  together  only  as  they 
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externally  act  or  react  upon  each  other,  lies  in  this, 
that  the  object  is  imperfectly  known,  and  the  subject 
is  imperfectly  self-conscious.  This,  however,  does  not 
make  it  less  true  that  in  self-consciousness  is  to  be 
found  the  principle  in  reference  to  which  the  whole 
process  may  be  explained,  and  therefore  that  the  self- 
conscious  subject,  as  such,  lives  a  life  which  belongs  to 
him,  not  merely  as  one  object  among  others,  but  as 
having  in  himself  the  principle  from  which  the  life 
and  being  of  all  proceeds. 

From  this  point  of  view,  as  has  been  already  in¬ 
dicated,  the  relative  value  of  a  theory  of  human  de¬ 
velopment,  such  as  that  which  might  be  based  on  the 
ideas  of  Darwin,  would  not  be  denied.  The  conscious 
being  may  be  regarded  simply  as  an  externally  deter¬ 
mined  object,  and  the  incorrectness  of  this  assumption 
will  not  entirely  destroy  the  value  of  the  results  at¬ 
tained,  especially  if,  as  is  often  the  case  with  those  who 
seek  to  construct  a  natural  science  of  man,  the  assump¬ 
tion  itself  is  not  very  strictly  adhered  to,  but  corrected 
by  the  tacit  admission  of  other  conceptions  somewhat 
inconsistent  with  it.  But,  at  the  same  time,  it  would 
require  to  be  pointed  out  that  such  a  science  is  neces¬ 
sarily  abstract  and  imperfect,  as  it  omits  from  its  view 
the  central  fact  in  the  life  of  the  object  of  which  it 
treats.  It  can  do  nothing  to  account  for  man’s  con¬ 
sciousness,  or  his  capacity  of  becoming  conscious,  of 
the  influences  by  which  he  is  supposed  to  be  deter¬ 
mined;  or,  to  put  it  from  the  other  side,  it  takes  for 
granted  that  the  objects  that  influence  man  are  in¬ 
telligible  objects,  “  capable  of  being  combined  with  the 
consciousness  of  self,”  without  seeing  how  much  is 
involved  in  this  assumption.  Now  it  is  evident  that 
the  consciousness  of  an  influence  cannot  be  explained 
by  the  influence  itself,  nor  even  by  that  taken  together 
with  the  nature  of  the  sensitive  beings  subjected  to  it. 
It  is  evident  also  that  an  influence  mediated  by  con¬ 
sciousness  is  notj  strictly  speaking,  an  external  in¬ 
fluence,  but  that  it  is  already  transformed,  and  in  pro¬ 
cess  of  being  further  transformed,  by  the  development 
of  the  self  to  which  it  is  present.  For  the  dawn  of 
consciousness,  in  which  the  external  object  first  comes 
into  existence  for  us  as  opposed  to  the  self,  is  at  the 
same  time  the  beginning  of  the  process  by  which  its 
externality  is  negated  or  overcome.  _  Self-consciousness 
is  that  which  makes  us  individuals  in  a  sense  in  which 
individuality  can  be  predicated  of  none  but  a  self-con¬ 
scious  being.  For,  in  determining  himself  as  a  self, 
the  individual  at  the  same  time  excludes  from  himself 
every  other  thing  and  being,  and  determines  them  as 
external  objects.  He  emancipates  himself  from  the 
world  at  the  same  time  that  he  repels  the  world  from 
himself.  _  Yet  this  movement  of  thought,  by  which 
his  individuality  is  constituted,  is  also  that  by  which 
he  is  lifted  above  mere  individuality,  for,  in  becoming 
conscious  of  self  and  not-self  in  their  opposition  ana 
relation,  he  ceases  to  be  simply  identified  with  the  one 
to  the  exclusion  of  the  other.  His  finite  individuality 
is  regarded  by  him  from  a  universal  point  of  view,  in 
which  it  has  no  less  and  no  more  importance  than  any 
other  individuality ;  or  in  which  its  greater  or  less  im¬ 
portance  is  determined  only  by  its  place  in  the  whole. 
On  this  universality  of  consciousness  rests  the  possi¬ 
bility  of  science  and  of  morality.  For  all  science  is 
just  a  contemplation  of  the  world  in  ordine  ad  uni- 
versum  and  not  in  ordine  ad  individuum ;  and  all 
morality  is  just  action  with  a  view  to  an  interest  which 
belongs  to  the  agent,  not  as  this  individual,  but  as  a 
member  of  a  greater  whole,  and  ultimately  of  the  abso¬ 
lute  whole  in  which  all  men  and  all  things  are  included. 

In  this  nature  of  the  conscious  subject  lies  also  the 
possibility  of  metaphysic  in  the  sense  of  Aristotle,  as 
that  science  which  goes  back  to  a  npurov  <pvoet ,  a  begin¬ 
ning  which  is  prior  to  the  existence  in  consciousness 
of  the  individual  self,  and  onward  to  an  end  in  which 
the  divisions  of  the  finite  consciousness  are  transcended, 
—as  including,  in  short,  ontology,  or  metaphysic 
in  the  narrower  sense,  on  one  side,  and  theology,  or 


the  philosophy  of  religion,  on  the  other.  In  truth, 
these  two  extremes  of  science  are  necessarily  bound 
together  :  we  can  only  go  back  to  the  beginning  if  we 
can  go  on  to  the  end  ;  we  can  only  recover  the  first 
unity  if  we  can  anticipate  the  last.  Or,  to  free  the 
subject  more  definitely  from  the  associations  of  time, 
we  cannot  apprehend  the  unity  which  is  involved  or 
presupposed  in  all  the  differences  of  our  conscious  life 
except  in  so  far  as  we  can  look  at  our  individual  exist¬ 
ence  from  the  point  of  view  of  the  whole  to  which  it 
belongs.  This  will  become  evident  if  we  consider  the 
nature  of  the  limits  which  have  to  be  transcended  by 
such  a  science.  The  individual  conscious  subject,  as 
he  finds  himself  at  first,  is  but  one  being  in  a  world 
that  stretches  out,  apparently  without  limits  on  _  every 
side  of  him.  Of  the  things  by  which  he  is  imme¬ 
diately  surrounded  he  sees  but  a  small  part,  and  the 
influences  which  he  receives  from  them  are,  as  he 
knows,  like  the  wave  that  breaks  upon  a  shore  from 
an  unknown  ocean,  only  the  last  partial  expression  of 
impulses  that  come  from  regions  beyond  his  ken. 
Again,  he  finds  himself  as  onem  a  changing  series  of 
beings,  of  which  he  knows  only  the  last  preceding 
terms,  and  he  is  aware  that  in  a  few  years  he,  as  one 
of  this  series,  will  cease  to  be.  He  is  thus  to  himself 
a  definitely  limited  being,  and  though  his  knowledge' 
of  himself  and  his  world  maybe  gradually  widened  so 
as  to  reach  some  little  way  back  into  the  past,  and  an¬ 
ticipate  a  little  of  the  future,  or  may  go  outwards  in 
space  to  embrace  a  widening  circle  of  existence  around 
him,  yet  he  always  stops  at  a  limit,  of  which  he  is  con¬ 
scious  that  it  is  no  absolute  limit,  but  simply  an  arbi¬ 
trary  halting-place  where  vision  grows  indistinct  and 
imperfect.  When  he  reflects  upon  himself  from  this 
point  of  view,  he  is  forced  to  regard  himself  as  but  a 
fragment,  and  a  fragment  of  an  unknown  whole,  by 
which  his  whole  being  is  determined  to  be  what  it  is. 
His  highest  knowledge  seems  to  be  but  a  conscious¬ 
ness  of  his  ignorance,  his  highest  freedom  a  determi¬ 
nation  by  motives  the  ultimate  meaning  of  which  is 
hid  from  him. 

So  far  there  seems  to  be  no  room  for  any  metaphys¬ 
ical  knowledge,  any  knowledge  of  ourselves  and  our 
world  which  is  other  than  relative  and  in  ordine  ad 
individuum.  But  further  reflection  shows  that  in  this 
very  consciousness  of  limit  there  is  implied  a  con¬ 
sciousness  of  that  which  is  beyond  limit.  While  we 
proceed  from  part  to  part,  beginning  with  ourselves 
and  our  immediate  surroundings,  and  following  out 
lines  of  connection  that  lose  themselves  in  the  distance, 
we  are  guided  by  a  consciousness  of  the  whole  as  a 
unity  through  which  the  parts  are  determined.  Nay, 
it  is  just  the  presence  of  this  consciousness  that  makes 
us  capable  of  what  seems  the  piecework  of  our  knowl¬ 
edge,  in  which,  by  the  aid  of  the  principle  of  causality, 
we  connect  particular  with  particular,  and  so  gradu¬ 
ally  extend  the  sphere  of  light  into  the  encompassing 
darkness.  For  that  principle  simply  means  that  the 
limited  external  object  does  not  sufficiently  explain  to 
us  its  own  existence,  and  that  therefore  we  are  forced 
to  explain  it  by  a  reference  to  something  beyond  it. 
It  means,  in  other  words,  that  we  cannot  rest  in  that 
which  is  not  a  self-bounded,  self-determined  whole. 
The  application  of  the  category  of  external  determina¬ 
tion  has  therefore  an  essential  reference  to  the  higher 
category  of  self-determination.  The  mere  endlessness 
of  space  and  time  has  no  meaning  except  in  opposi¬ 
tion,  yet  in  relation,  to  the  true  infinity  of  which  we 
find  the  type  in  self-conscious  thought.  Or,  to  put  it 
in  the  Kantian  form  in  which  it  is  already  familiar  to 
us,  the  consciousness  of  the  objective  world  in  space 
and  time  stands  in  essential  relation  to  the  unity  of 
self-consciousness.  And  if  when  we  regard  the  former 
exclusively  we  are  forced  to  view  ourselves  as  insignifi¬ 
cant  and  short-sighted  finite  beings  in  an  infinite  uni¬ 
verse,  when  we  regard  the  latter  we  are  enabled  to  see 
that  in  all  this  universe  there  is  revealed  only  that 
spiritual  principle  which  we  find  also  in  ourselves.  In 
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tins  way  a  new  light  is  thrown  on  our  first  conscious- 
i1688  of  ignorance.  The  strivings  of  our  reason  after 
knowledge  can  no  longer  be  regarded  as  strivings  after 
an  unknown  goal,  but  rather  after  a  goal  which  it  has 
rescribed  for  itself.  The  narrow  limits  of  our  in- 
lvidual  life  are  not  removed,  but  they  cease  to  be  for 
us  the,  limits  of  a  narrow  circle  of  definition  within  a 
formless  infinite.  They  become  the  limits  of  a  sphere 
within  a  sphere,  a  sphere  which  is  defined  by  the  idea 
of  knowledge  or  self-consciousness  itself,  and  in  which 
therefore,  however  we  may  wander,  we  are  everywhere 
at  home.  In  religious  language,  the  sphere  is  not  a 
mere  universe,  but  God,  who  is  without  us  only  as  He 
is  within  us.  so  that  ‘  ‘  by  the  God  within  we  can  under¬ 
stand  the  God  without.  ” 

.  Again,  as  this  consciousness  takes  man  beyond  his 
immediate  existence,  and  enables  him  to  determine  it 
in  relation  to  an  absolute  unity  of  all  things  in  God, 
so  it  enables  him  to  go  back  to  a  unity  which  is  behind 
or  prior  to  that  existence.  For,  if  the  individual  can 
look  at  himself  as  he  looks  at  others,  and  at  others 
as  he  looks  at  himself  i.  e. ,  from  a  point  of  view  which 
is  unaffected  by  his  individuality,  and  in  which  that 
individuality  is  for  him  only  what  it  is  for  impartial 
reason,  he  can  have  nothing  in  him  which  binds  his 
consciousness  to  his  individuality  as  mere  individuality : 
as  therefore  he  can  go  beyond  himself  to  apprehend 
the  whole  in  which  his  individuality  has  a  place,  there 
is  nothing  to  prevent  him  from  going  back  upon  him¬ 
self,  and  upon  the  conditions  which  are  prior  to  his 
own  individual  being.  He  is  not  tied  to  his  immedi¬ 
ate  life,  and  can  go  below  it  just  as  he  can  rise  above  it. 

“  0  God,  I  think  Thy  thoughts  after  Thee,”  said 
Kepler.  In  reading  the  “thoughts”  written  in  the 
planetary  system,  Kepler  was  discovering  the  meaning 
of  that  which  is  simpler  and  more  elementary  than  the 
existence  of  man,  as  a  cycle  of  mechanical  relations 
are  simpler  and  more  elementary  than  self-conscious¬ 
ness.  Yet  it  was  a  true  feeling  that  led  him  to  con¬ 
nect  this  descent  into  the  mechanical  world  with  God. 
For  it  is  only  in  virtue  of  the  same  faculty  which  en¬ 
ables  us  to  rise  to  the  absolute  life  which  includes  and 
subordinates  our  own  that  we  can  so  free  us  from  the 
image  of  our  own  conscious  life  as  to  apprehend  and 
fix  in  thought  the  simpler  relations  of  purely  physi¬ 
cal  existence.  But  the  same  faculty  of  going  back 
upon  ourselves  has  a  still  deeper  manifestation.  Not 
only  can  we  abstract  from  ourselves  so  as  to  under¬ 
stand  the  inorganic  world,  we  can  also  abstract  from 
ourselves  so  as  to  understand  the  conditions  which 
are  prior  to  the  thought,  and  therefore  to  the  exist¬ 
ence,  of  any  objective  external  world  at  all,  the  univer¬ 
sal  conditions  of  the  knowable  and  therefore  also  of 
reality.  In  doing  so,  to  use  Hegel’s  metaphor,  which 
is  but  an  extension  of  Keplers,  we  are  “thinking 
what  God  thought  and  was  before  the  creation  of  the 
world,”  i. e. ,  we  are  thinking  the  spiritual  unity  pre¬ 
supposed  in  all  knowledge,  and  therefore  in  all  ob¬ 
jects  of  knowledge — the  consciousness  in  relation  to 
which  everything  is,  and  is  known. 

3.  The  Relation  of  Logic  to  Metaphysic. — The  ordi¬ 
nary  view  of  logic  is  based  on  two  presuppositions 
which  tend  to  separate  it  almost  entirely  from  meta¬ 
physic  :  it  is  based  on  the  presupposition  of  an  oppo¬ 
sition  or  at  least  a  merely  external  relation,  between 
thought  and  its  object,  and  again  of  an  opposition,  or 
merely  external  relation,  between  the  form  or  method 
and  the  content  or  matter  of  thought.  The  intelli¬ 
gence  is  regarded  as  dealing  with  an  object  which  is 
iven  to  it  externally,  and  to  which,  therefore,  it  can 
e  true  only  if  it  leaves  it  unchanged  and  introduces 
into  it  nothing  of  its  own.  Truth,  to  use  a  well-known 
definition,  is  the  agreement  of  our  conceptions  with 
their  objects,  and  in  bringing  about  this  agreement  all 
the  concessions  must  be  on  the  side  of  thought.  Con¬ 
formably  to  this  view,  the  processes  of  thought  must 
be  purely  analytic:  i.e.,  thought  may  break  up  the 
given  idea  of  the  object  into  its  constituent  elements, 


and  again  out  of  those  elements  it  may  recompose  the 
idea  in  its  unity,  but  it  can  add  nothing  and  take 
nothing  away.  It  is  like  an  instrument  which  alter¬ 
nately  dissects  a  solid  mass  into  smaller  parts  and  again 
mechanically  presses  them  together,  but  which  never 
penetrates  and  dissolves  the  hard  matter,  still  less  fuses 
it  into  a  new  form  by  bringing  it  into  contact  with  new 
chemical  elements. 

This  conception,  like  much  of  the  philosophy  of 
which  it  is  a  specimen,  is  a  kind  of  exaggerated  cari¬ 
cature  of  one  aspect  of  the  philosophy  of  Aristotle. 
Aristotle  is  the  great  analytic  philosopher.  He  first 
laid  down  boundaries  in  that  continuous  domain  of 
science  which  Plato  had  first  surveyed.  Not  that  he 
ever  completely  lost  sight  of  the  unity  or  continuity  of 
the  different  sciences  which  he  thus  distinguished. 
His  unrivalled  speculative  genius  is  shown  nowhere 
more  clearly  than  in  those  not  unfrequent  utterances 
of  speculative  insight  into  the  unity  of  things  different, 
by  which,  as  at  a  stroke,  he  makes  his  own  landmarks 
and  all  landmarks  to  disappear.  Yet  such  utterances 
generally  stand  by  themselves,  and  do  not  alter  the 
general  analytic  spirit  of  his  philosophy.  They  are 
not  so  developed  as  to  show  distinctly  the  merely  rela¬ 
tive  character  of  the  divisions  and  distinctions  which 
are  set  up,  or  the  limits  of  the  sphere  within  which 
they  hold  good.  Hence  it  was  easy  for  minds  which 
possessed  something  of  Aristotle’s  keenness  of  under¬ 
standing  without  his  speculative  depth  to  neglect  such 
expressions,  or  to  explain  them  away.  Ana  this  pro¬ 
cess  of  degradation  was  the  more  rapid  as  the  philoso¬ 
phy  of  Aristotle  soon  ceased  to  be  studied  in  his  own 
writings,  and  became  a  traditionary  possession  of  the 
schools.  In  this  way  we  may  partly  explain  how  logic 
came  to  be  regarded  by  mediaeval  philosophy  as  a  form 
of  thought  which  could  be  altogether  separated  from 
the  matter,  and  by  the  application  of  which  that  matter 
could  be  in  no  way  affected  or  changed.  But  for  such 
a  view,  indeed,  it  is  difficult  to  conceive  how  the 
schoolmen  could  have  ventured  to  apply  any  logical 
processes  at  all  to  the  sacred  matter  of  dogma,  xhe 
idea  of  externally  adding  anything  to  the  faith  once 
delivered  to  the  saints  was  excluded  by  the  principle 
of  authority ;  and  the  idea  of  developing  out  of  that 
faith  anything  that  was  not  immediately  contained  in 
it  had  not  yet  presented  itself  to  any  one.  Hence  the 
business  of  thought  seemed  to  be  purely  formal  and 
analytic,  and  it  was  only  on  the  plea  of  its  being  such 
that  its  activity  could  be  tolerated  at  all.  Nor  was 
this  view  of  logic  at  once  changed  by  the  revolt  against 
scholasticism.  The  first  philosophical  exponents  of 
the  modern  scientific  movement,  while  they  rejected 
the  matter  of  dogma  as  fictitious,  or  at  least  as  tran¬ 
scending  the  sphere  of  positive  knowledge,  and  while 
they  substituted  in  its  place,  as  the  object  oi  investiga¬ 
tion,  the  facts  of  experience,  did  not  realize  any  more 
than  the  schoolmen  that  the  form  and  method  of 
knowledge  could  be  other  than  analytic  of  given  matter. 
Bacon,  their  protagonist,  was  above  all  solicitous  to 
guard  against  any  subjective  anticipatio  naturae;  nor 
did  he  see  that  the  questions  which,  in  his  theory  of 
forms,  he  proposed  that  science  should  ask  of  nature 
themselves  involved  any  preconceived  theory  regarding 
it.  Conscious,  as  every  true  scientific  man  must  be,  that 
the  study  of  nature  involves  a  constant  self-abnegation, 
a  patient  self-distrustful  course  of  experiment  and  ob¬ 
servation,  he  and  his  followers  did  not  realize  the 
presuppositions  that  make  the  inquiry  possible,  and 
by  which  it  must  be  guided.  Still  less  aid  they  recog¬ 
nize  that  the  separation  between  the  mind  and  its 
object  which  they  took  for  granted  can  only  be  a  rela¬ 
tive  division,  i.e.,  a  division  on  the  basis  of  a  unity, 
and  that  therefore  the  self-abnegation  of  the  mind  in 
its  investigation  of  facts  cannot  be  an  absolute  self- 
abnegation,  but  is  only  the  first  step  on  the  way  to  the 
discovery  that  the  facts  are  intelligible,  and  so  essen¬ 
tially  related  to  the  intelligence.  Hence  to  them  logic 
still  seemed  a  mere  analytic  process,  the  end  and  aim  of 
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which  was  understood  to  be  that  a  world,  existing  in 
itself  out  of  relation  to  thought,  should  be  reproduced 
in  a  more  or  less  imperfect  image  in  thought.  And, 
when  it  came  to  be  suspected  by  a  less  naive  phi¬ 
losophy  of  experience  that,  after  all,  certain  presuppo¬ 
sitions,  not  given  in  experience  itself,  were  involved  in 
the  scientific  interpretation  of  it,  various  expedients 
were  devised  to  reduce  these  presuppositions  in  an  in¬ 
direct  way  to  empirical  truths, — expedients  of  which 
Mill’s  attempt  to  base  the  law  of  causality  upon  an 
inductio  per  enumerationem  simplicem  may  be  taken  as 
the  type. 

u  When  we  go  back  to  Aristotle, — who  was  the 
“founder  of  logic”  in  the  sense  that  he  was  the  first 
who  treated  logical  method  as  a  separate  branch  of 
science, — we  find  that  his  division  of  logic  from  meta¬ 
physic  is  by  no  means  so  definite  and  complete  as  it 
was  made  by  some  of  his  successors.  The  verification 
of  the  highest  principle  of  thought,  the  law  of  contra¬ 
diction,  is  treated  by  him  as  the  business  of  metaphysic. 
And,  though  he  separates  the  idea  of  truth  from  the 
idea  of  reality,  and  regards  the  former  as  involving  a 
relation  of  thought  to  a  reality  which  is  determined  in 
itself  independent  of  that  relation,  yet  he  does  not 
regard  this  independence  as  by  any  means  absolute. 
Truth  is  defined  by  him  as  a  connection  or  distinction 
of  ideas  which  corresponds  to  a  union  or  separation  of 
things,  but  does  not  necessarily  so  correspond.  This 
definition,  however,  holds  good  only  in  so  far  as  things 
are  not  scientifically  known,  or  in  so  far  as  things  not 
essentially  related  are  brought  together  Kara  ovn(ie[3riK6(;. 
Where  necessity  comes  in,  and  is  apprehended  by 
reason,  the  case  is  different.  For  in  that  case  we  have 
not  merely  an  external  synthesis,,  but  an  essential 
identity,  i. e. ,  a  unity  of  elements  which  can  neither  be, 
nor  be  known,  apart  from  each  other.  In  relation  to 
the  principles  of  science,  therefore,  Aristotle  holds 
that  error,  i.  e. ,  a  connection  of  ideas  not  correspond¬ 
ing  to  a  connection  of  things,  is  impossible,  and  that 
the  only  alternatives  are  knowledge  and  ignorance. 
Either  we  possess  the  idea  or  we  do  not  possess  it ;  as 
Aristotle  otherwise  expresses  it,  in  thought  we  are 
either  in  contact  with  the  things  or  not  in  contact  with 
them ;  there  is  no  third  possibility.  The  meaning  of 
Aristotle  becomes  clearer  when  we  remember  that,  ac¬ 
cording  to  his  view,  the  intelligence,  in  apprehending 
the  indivisible  unity  of  elements  in  the  object,  is  at  the 
same  time  apprehending  the  unity  of  the  object  with 
itself.  The  mind  cannot  be  deceived  in  regard  to  that 
which  forms  a  part  of  its  consciousness  of  itself.  In 
freeing  the  essential  conception  of  the  object  from  the 
contingency  of  matter,  science  has  freed  the  object 
from  that  which  made  it  foreign  to  intelligence,  and 
the  relation  of  thought  to  things  ceases  to  be  one  of 
correspondence,  and  becomes  one  of  identity. 

The  legitimate  inference  from  this  view  of  the  rela¬ 
tion  of  the  intelligence  to  the  intelligible  world  would 
seem  to  be  that  the  partial  separation  of  thought  from 
its  object,  and  its  imperfect  correspondence  with  it  is 
characteristic  of  our  first  empirical  consciousness  of 
things,  and  of  the  progress  from  that  consciousness  to 
science,  but  that  in  completed  science  the  division 
ceases.  The  esse  of  things  is  not  their  percipi ,  but 
their  intdligi.  But,  if  this  be  taken  as  the  truth, 
then  it  can  no  longer  be  supposed  that  the  process  by 
which  scientific  knowledge  is  attained  consists  simply 
in  an  analysis  of  the  object  as  it  is  given  in  immediate 
perception.  On  the  contrary,  it  must  be  held  that,  if 
our  thought  has  to  submit  itself  to  the  object,  and  to 
be  brought,  into  conformity  with  it,  by  a  process  of 
induction,  it  is  equally  true  that  in  this  process  the 
object  also  must  be  changed,  that  it  may  be  brought 
into  conformity  with  the  principle  of  thought.  The 
genesis  of  science,  according  to  this  view,  is  not  merely 
an  analysis  of  given  facts,  put  a  process  of  vital  trans¬ 
formation  by  which  consciousness  on  the  one  side  and 
the  object  on  the  other  are  brought  into  unity  with 
each  other,  ihe  idea,  indeed,  of  an  empty  process,  a 


process  in  which  the  activity  of  the  mind  is  merelj 
formal,  is  one  which  will  not  stand  the  slightest  exam i 
nation.  A  mind  without  categories,  if  such  a  thing 
were  conceivable,  would  have  no  questions  to  ask  in 
relation  to  the  object  presented  to  it,  and  could  there¬ 
fore  get  no  answers.  Those  who  make  a  pretence  of 
approaching  a  subject  in  an  absolutely  receptive  atti¬ 
tude,  and  without  any  presuppositions,  only  show  that 
they  are  unconscious  of  the  categories  by  which  their 
thought  is  ruled;  and  they  will  be  most  slavishly 
guided  by  these  categories  just  because  they  are  un¬ 
conscious  of  them.  The  schoolmen,  when  they  ap¬ 
plied  their  logical  principles  to  the  matter  of  Chris¬ 
tian  dogma,  did  not  recognize  that  they  were  doing 
more,  than  analyzing  and  bringing  out  clearly  the 
meaning  of  that  dogma.  But  the  effect  of  their  work 
was  to  turn  the  system  of  divinity  into  a  collection  of 
insoluble  puzzles ;  for  the  doctrine  was  a  doctrine  of 
reconciliation  between  divine  and  human,  infinite  and 
finite,  universal  and  particular,  and  the  principle  of 
their  method  was  to  treat  all  these  oppositions  as  ab¬ 
solute.  In  like  manner  it  might  be  shown  that  the 
analysis  of  social  phenomena  which  was  made  in  the 
last  century  was  inadequate  and  superficial,  just  be¬ 
cause  of  the  latent  assumption  of  individualism  on 
which  it  proceeded,  and  that  the  greater  success  of 
writers  like  Comte  and  Spencer  does  not  arise  merely 
or  mainly  from  their  being  more  careful  observers  of 
the  phenomena  of  social  life,  but  in  great  part  from 
the  fact  that,  rather  by  the  unconscious  movement  of 
opinion  than  by  any  distinct  me ta physic,  their  minds 
have  become  possessed  by  more  adequate  categories. 

The  idea  that  the  process  of  thought  is  merely  for¬ 
mal,  or  analytic  of  given  matter,  is,  however,  an  error 
that  has  a  truth  underlying  it.  This  is  the  truth  ex¬ 
pressed  by  Aristotle  in  his  much  misunderstood  com¬ 
parison  of  the  intelligence  of  man  to  a  tabula  rasa , 
upon  which  nothing  at  first  is  written,  and  again  in 
his  assertion— already  quoted — that  the  mind  is  a 
pure  dvva/u f,  without  any  distinguishing  quality  of  its 
own  which  could  prevent  it  from  apprehending  the 
real  nature  of  other  things.  In  other  words,  self-con¬ 
scious  reason  is  not  a  special  thing  in  the  world,  but 
the  principle  through  which  all  things  are,  and  are 
understood ;  and  hence,  as  regards  the  distinction  of 
things  from  each  other,  it  is  in  the  first  instance  un¬ 
determined  and  indifferent,  and  therefore  open  to  be 
determined  in  one  way  or  another,  according  to  the 
object  to  which  it  is  directed.  But  this  simply  means 
that  the  conscious  subject,  as  such,  is  not  bound  to  his 
own  individuality,  but  can  regard j  things,  nay,  in  a 
sense,  must  regard  them,  from  a  point  of  view  which 
is  independent  of  it.  This  is  what  makes  possible  the 
self-restraint  and  self-abnegation  prescribed  to  the 
scientific  man,  whose  whole  duty,  as  it  is  often  said,  is 
to  keep  himself  out  of  the  way  and  let  the  objects 
speak,  to  lay  aside  all  subjective  idola  and  prejudices 
that  stand  between  him  and  the  reality  of  things. 
This  at  first  sight  may  seem  to  be  equivalent  to  the 
assertion  that  the  mind  ought  to  be  in  a  state  of  sim¬ 
ple  passivity  or  receptivity  towards  objects.  What  is 
really  meant,  however,  is  not  that  the  intelligence 
should  go  out  of  itself,  or  cease  to  be  itself,  that  it 
may  know  its  object,  but  simply  that  it  should  show 
itself  in  its  universality,  or  freedom  from  the  limits 
of  the  individual  nature.  The  self-abnegation  of. 
science  is  an  endeavor,  so  to  speak,  to  see  the  object 
with  its  own  eyes,  but  this  it  can  do  only  in  so  far  as 
the  consciousness  for  which  the  object  is  is  that  con¬ 
sciousness  in  relation  to  which  alone  all  objects  are, 
and  are  understood.  .  Or,  to  put  it  in  another  form, 
the  conscious  self  in  its  scientific  self-abnegation  does 
not  give  itself  up  to  another,  and  become  purely  pas¬ 
sive  ;  it  only  gives  up  all  activity  which  is  not  the  ac¬ 
tivity  of  that  universal  thought  for  which  and  through 
which  all  things  are.  Hence,  when  it  has  so  abnega¬ 
ted  itself,  its  most  intense  constructive  activity  is  just 
beginning,  though,  just  so  far  as  the  self-abnegatioq 
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has  been  real,  that  constructive  activity  has  become 
one  with  the  self-revelation  of  the  object.  As,  how¬ 
ever,  it  is  only  through  the  constructive  activity  of 
thought  that  there  exists  for  us  any  object  at  all,  so  it 
is  only  through  its  continued  activity  that  the  concep- 
^lor*  of  the  object  is  changed,  till  it  is  completely  re¬ 
vealed  and  known.  And  this  activity  involves  a  con¬ 
tinuous  synthesis,  by  which  an  ever  wider  range  of 
facts  is  brought  together  in  an  ever  more  definite 
unity,  until  the  mind  has,  if  we  may  use  the  expres¬ 
sion,  exhausted  its  store  of  categories  upon  the  world, 
and  until  the  world  has  completely  revealed  itself  in 
its  unity  with  itself  and  with  the  mind. 

To  combine  these  two  ideas — on  the  one  hand  that 
science  begins  in  a  self-abnegation  by  which  the  mind 
renounces  all  subjective  prejudices,  and  thereby  at¬ 
tains  a  purely  objective  attitude,  and  on  the  other 
hand  that  this  purely  objective  attitude  is  not  a 
mere  attitude  of  reception,  but  one  in  which  the 
mind  is  continually  transforming  the  object  by  its 
own  categories,— to  see  that  the  universality  of  the 
mind  in  knowing  is  not  mere  emptiness,  and  that  its 
activity  is  synthetic  just  when  it  is  most  free  from  all 
presuppositions  extraneous  to  the  nature  of  its  object 
— is  one  of  the  greatest  difficulties  of  the  student  of 
metaphysic.  Universality  at  first  looks  so  like  emp¬ 
tiness,  and  a  universal  activity  so  like  a  merely 
formal  activity,  that  it  is  no  wonder  that  the  one 
should  be  mistaken  for  the  other.  But  if  we  make 
such  a  confusion,  we  may  soon  be  forced  to  choose  be¬ 
tween  a  sensationalism  that  makes  knowledge  impos¬ 
sible  and  a  mysticism  which  makes  it  empty.  The 
pure  identity  of  thought  with  itself  which  is  involved 
in  the  process  of  analysis  is  put  on  the  one  side,  and 
the  manifold  matter  of  experience  which  is  the  object  of 
thought  on  the  other,  and  between  these  opposites  no 
mediation  is  possible.  If  we  take  our  stand  upon  the 
latter,  we  are  forced  to  reject  all  mental  synthesis  as 
invalid,  because  it  involves  a  subjective  addition  to 
the  facts ;  if  we  take  our  stand  on  the  former,  we  are 
compelled  to  regard  all  objective  experience  as  irra¬ 
tional,  because  it  does  not  correspond  to  the  pure 
identity  of  thought 

In  Aristotle’s  view  of  logic  it  cannot  be  said  that 
this  difficulty  is  clearly  solved,  though  he  seems  to 
have  seen  the  error  of  both  extremes.  On  the  one 
hand  he  often  recognizes  the  synthetic  character  of  the 
process  of  induction,  as  when  he  speaks  of  the  uni¬ 
versal  idea  or  law  as  a  central  principle,  in  which  we 
must  find  the  key  to  all  the  difficulties  suggested  by 
different  aspects  of  a  given  subject.  Yet  in  other 
places  we  trace  the  influence  of  a  merely  analytic  con¬ 
ception  of  that  process  as  a  process  in  which  the 
universal  is  to  be  reached  by  abstracting  from  the 
peculiarities  of  individuals.  And  this  conception  of 
it  is  favored  by  Aristotle’s  metaphysical  theory,  ac¬ 
cording  to  which  the  forms  of  things  in  the  finite 
world  are  manifested  in  a  resisting  matter,  a  matter 
which  prevents  them  from  being  perfectly  or  univer¬ 
sally  realized.  For,  in  so  far  as  this  is  the  case,  the 
facts  will  not  be  entirely  explained  by  the  knowledge 
of  the  form,  and  the  knowledge  of  the  form  must  be 
obtained,  not  by  combining  all  the  facts,  but  rather  by 
abstracting  from  them.  Again,  in  Aristotle’s  account 
of  the  process  of  thought  m  the  Prior  Analytics ,  he 
regards  it  as  a  formal  deductive  process  ;  and,  though 
in  the  Posterior  Analytics  he  attempts  to  give  a  syn¬ 
thetic  meaning  to  the  syllogism  by  treating  it.  as  the 
method  in  which  the  properties  of  a  thing  may  be 
proved  of  it,  or  combined  with  it,  through  its  essen¬ 
tial  definition,  yet  this  adventitious  meaning  bestowed 
upon  the  syllogistic  process  does  not  alter  its  essential 
nature.  The  ultimate  source  of  this  inadequate  view 
of  the  process  of  thought  seems  to  lie  in  Aristotle’s 
imperfect  conception  of  the  unity  or  identity  which  is 
for  him  the  type  of  knowledge.  For,  though,  both  in 
the  Metaphysic  and  the  De  Anima,  he  defines  that 
identity  as  self-consciousness  or  as  a  consciousness  of 


objects  which  is  identical  with  self-consciousness,  yet 
he  does  not  seem  clearly  to  distinguish  between  a 
UIi1-tA1j-Jhlch  ^ere  no  difference  and  a  unity  in 
which  difference  is  transcended  and  reconciled.  This 
seems  to  be  shown  by  his  description  of  the  principles 
which  reason  apprehends  as  individua  or  indivisible 
unities,  rather  than  unities  which  imply,  while  they 
transcend,  difference.  Yet,  in  this  definition  of  the 
unity  of  knowledge  as  self-consciousness,  Aristotlo 
has  implicitly  admitted  that  there  is  a  duality  or  dif¬ 
ference  in  the  unity  itself,  and  this  might  have  been 
expected  to  modify  his  conception  of  the  relation  of 
consciousness  to  its  objects.  For,  as  self-consciousness 
is  not  simple  like  a  chemical  element,  but  only  in  the 
sense  that  it  is  an  indissoluble  unity  of  opposites,  it 
might  have  been  anticipated  that  one  who  had  realized 
self-consciousness  as  the  principle  of  knowledge  would 
be  able  to  regard  the  opposition  between  the  con¬ 
sciousness  of  self  and  the  consciousness  of  the  world 
as  itself  also  capable  of  being  conceived  as  a  unity. 

This  misconception  of  Aristotle  may  be  shown  in 
another  way.  In  the  Metaphysic  we  find  him  laying 
down  what  is  called  the  logical  law  of  contradiction  as 
the  ultimate  principle  of  knowledge.  The  meaning 
of  this  principle,  however,  as  Aristotle  states  it,  is 
simply  that  thought  in  its  essence  is  definition  or  dis¬ 
tinction.  If  as  Heraclitus  says,  everything  at  once  is 
and  i3  not,  if  we  cannot  attach  any  definite  predicates 
to  things  by  which  they  may  be  distinguished  from 
each  other,  then,  as  Aristotle  argues,  thought  is  chaos, 
and  knowledge  is  impossible.  If  determination  be  not 
negation,  if  the  assertion  of  A  be.  not  the  negation  of 
not- A,  then  there  is  no  meaning  in  words.  The  criti¬ 
cism  to  be  made  on  this  view  is  obviously,  not  that  it 
is  a  false  statement  of  the  law  of  thought,  but  that  it 
is  an  imperfect  statement  of  it. .  Thought  is  undoubt¬ 
edly  distinction  ;  and,  if  all  distinction  be  confounded, 
no  meaning  can  be  apprehended  or  expressed.  But 
thought  is  also  relation  and  connection  of  the  things 
distinguished,  and  this  aspect  of  it  is  equally  import¬ 
ant  with  the.  other.  Aristotle  shows  his  one-sided¬ 
ness — a  one-sidedness  which  throws  him  into  oppo¬ 
sition  to  Plato,  but  which  enables  him  to  correct  Plato 
only  by  falling  into  the  opposite  error— when  he  ex¬ 
clusively  fixes  his  attention  on  the  4  4  differentiating  ’  ’ 
aspect  of  knowledge,  and  takes  no  notice  of  the  “inte¬ 
grating  ’  ’  aspect  of  it.  It  is  easy  to  see  that  this  exclu¬ 
sive  attention  to.  one  side  of  the  truth  may  lead  in 
many  ways  to  a  distorted  view  both. of  the  world  and 
of  the  intelligence  that  apprehends  it.  If  Heraclitus 
be  interpreted,  as  simply  denying  the  right  of  thought 
to  introduce  its  definiteness  into  the  flux  of  sense, 
nothing  but  absolute,  skepticism  can  come  out  of  his 
philosophy ;  and  Aristotle  was  right  in  maintaining 
that  it.  is  only  as  the  flux  is  brought  to  a  stand,  ana 
the  universal  is  fixed  as  a  permanent  and  definite  ob¬ 
ject  of  thought,1  that  knowledge,  becomes  possible. 
But,  on  the  other  hand,  if  distinction  be  taken  as  ab¬ 
solute,  if  the  definite  assertion  of  a  thing  be  taken  as 
a  negation  of  all  relation  to  what  it  is  not,  if  the  fixity 
of  thought  be  taken  as  an  abstract  self-identity  which 
excludes  all  the  movement  of  finite  things  wherein 
they  show  their  finitude  and  pass  beyond  themselves 
into  other  things,  then  knowledge  will  he  equally  im¬ 
possible.  Our  consciousness,  on  such  a  theory,  would 
be  disintegrated  into  parts  which  would  owe  no  con¬ 
nection  with  each  other  ;  nor  would  it  be  possible  for 
us  to  think  of  things  as,  in  spite  of  their  differences, 
hound  together  into  the  unity  of  one  world.  The  law 
of  contradiction  or  distinction,  therefore,  is  likely  to 
lead  to  serious  misconceptions,  unless  it  be  comple¬ 
mented  by  a  law  of  relation — a  law  expressing  the 
truth  that  there  is  a  unity  which  transcends  ail  dis¬ 
tinction.  For  all  intelligible  distinction — all  distinc¬ 
tion  of  things  in  the  intelligible  world — must  be  sub¬ 
ordinate  to  their  unity  as  belonging  to  that  world,  and 
therefore  essentially  connected  with  each  other  and 

1  r/pffirjiTavTOi  tov  Kadokov  iv  rfj  An.  Post.,  ii.  19. 
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with  the  intelligence.  In  such  a  world,  in  other 
words,  there  can  be  no  absolute  distinctions  or  differ¬ 
ences  (not  even  between  being  and  not-being)  ;  for 
distinction  without  relation  is  impossible,  and  a  con¬ 
ception  held  in  absolute  isolation  from  all  correlated 
conceptions  ceases  to  have  any  meaning.  This  does 
not,  of  course,  imply  a  negation  of  the  law  of  con¬ 
tradiction  within  its  own  sphere,  but  it  does  imply 
that  that  sphere  is  limited,  and  that  there  is  no  abso¬ 
lute  contradiction.  All  opposition  is  within  a  pre- 
supposed  unity,  and  therefore  points  to  a  higher  recon¬ 
ciliation,  a  reconciliation  which  is  reached  when  we 
show  that  the  opposition  is  one  of  correlative  ele¬ 
ments. 

The  great  step  in  logical  theory  which  was  taken  by 
the  idealistic  philosophy  of  the  post-Kantian  period 
was  simply  to  dissipate  the  confusion  which  had  pre¬ 
vailed  so  long  between  that  bare  or  formal  identity, 
which  is  but  the  beginning  of  thought  and  knowledge, 
and  that  concrete  unity  of  difference,  which  is  its 
highest  idea  and  end.  It  was,  in  other  words,  to  cor¬ 
rect  and  complete  the  conceptions  of  thought  as  ana¬ 
lytical,  and  as  externally  synthetical,  by  the  conception 
of  it  as  self-determining,  to  show  that  it  is  a  unity 
which  manifests  itself  in  difference  and  opposition,  yet 
in  all  this,  even  when  it  seems  to  be  dealing  with  an 
object  which  is  altogether  external  to  it,  is  really  de¬ 
veloping  and  revealing  itself.  This  new  movement  of 
thought  might,  in  one  point  of  view,  be  described  as 
the  addition  of  another  logic  to  the  logic  of  analysis 
and  the  logic  of  inductive  synthesis  which  were  al¬ 
ready  in  existence.  But  it  was  really  more  than  this  ; 
for  the  new  logic  was  not  merely  an  external  addition 
to  the  old  logics,  it  also  put  a  new  meaning  into  these 
logics  by  bringing  to  light  the  principles  that  were  in¬ 
volved  in  them.  At  the  same  time  it  broke  down  the 
division  that  had  been  supposed  to  exist  between  logic 
and  metaphysic,  between  the  form  or  method  of 
thought  and  its  matter.  It  showed  that  thought  it¬ 
self  contains  a  matter  from  which  it  cannot  be  sepa¬ 
rated,  and  that  it  is  only  by  reason  of  this  matter  that 
it  is  able  to  ask  intelligent  questions  of  nature,  and  to 
get  from  nature  intelligible  answers.  A  short  space 
must  be  devoted  to  explain  this  relation  of  the  three 
logics  to  each  other. 

The  analytic  logic  fairly  represents  our  first  scien¬ 
tific  attitude  to  the  world,  in  which  we  concentrate  our 
attention  upon  the  facts  as  they  are  given  in  experi¬ 
ence,  with  no  thought  of  any  mental  synthesis  through 
which  they  are  given.  To  ourselves  we  seem  to  have 
to  do  with  an  object  which  is  altogether  independent 
of  our  thought,  and  what  we  need  in  order  to  Know  it 
is  to  keep  ourselves  in  a  purely  receptive  attitude.  All 
we  can  do  is  to  analyze  what  is  given,  without  adding 
anything  of  our  own  to  it.  It  nas,  however,  already 
been  pointed  out  that  this  apparent  self-abnegation  is 
possible  only  because,  in  abnegating  our  individual 
point  of  view,  we  do  not  abnegate  the  point  of  view 
that  belongs  to  us  as  universal  or  thinking  subjects. 
In  other  words,  the  objectivity  of  knowledge  thus  at¬ 
tained  is  not  the  ceasing  of  the  activity  of  our  thought, 
but  rather  of  all  that  interferes  with  that  activity.  We 
seem  to  abstract  from  ourselves,  but  what  we  do  ab¬ 
stract  from  is  only  the  individuality  that  stands  be¬ 
tween  us  and  the  world.  The  scientific  observer  who 
has  thus  denied  himself,  however,  is  not  necessarily 
conscious  of  the  meaning  of  what  he  has  done.  The 
immediate  expression  of  his  consciousness  is  not  ‘  ‘  I 
think  the  object,”  but  “it,  the  object,  is”;  and  the 
more  intensely  active  he  is  the  more  his  activity  is  lost 
for  him  in  the  object  of  it.  His  whole  work  is,  for 
himself,  only  the  analysis  of  given  facts,  and  for  the 
rest  he  seems  to  have  nothing  to  do  but  to  take  the 
world  as  he  finds  it.  The  voice  of  nature  to  which  he 
listens  is  for  him  not  his  own  voice,  but  the  voice  of  a 
stranger,  and  it  does  not  occur  to  him  to  reflect 
that  nature  could  not  speak  to  any  one  but  a  con¬ 
scious  self.  His  business  is  to  determine  things  as 


they  present  themselves,  to  enumerate  their  qualities, 
to  measure  their  quantities-  and  his  logic  accordingly 
is  a  logic  governed  by  the  idea  of  the  relative  compre¬ 
hension  and  extension  of  the  things  which  he  thus 
names  and  classifies.  Such  an  analytic  logic  seems 
to  be  all  that  is  necessary,  because  the  only  predicates 
by  which  things  are  as  yet  determined  are  those 
which  are  involved  in  their  presence  to  us  in  per¬ 
ception,  and  as  perceived  they  seem  to  be  at  once 
given  in  all  their  reality  to  the  mind  that  apprehends' 
them. 

A  step  is  taken  beyond  this  first  naive  conscious¬ 
ness  of  things,  whenever  a  distinction  is  made  be¬ 
tween  appearance  and  reality,  or  whenever  it  is  seen 
that  the  things  perceived  are  essentially  related  to  each 
other,  and  that  therefore  they  cannot  be  known  by 
their  immediate  presence  to  sense,  but  only  by  a  mind 
which  relates  that  which  is,  to  tnat  which  is  not,  im¬ 
mediately  perceived.  If  “the  shows  of  things  are 
least  themselves,”  we  must  go  beyond  the  shows  in 
order  to  know  them;  we  must  seek  out  the  permanent 
for  that  which  is  given  as  transient,  the  law  for  the 
phenomenon,  the  cause  for  the  effect.  The  process  of 
thought  in  knowledge  therefore  is  no  longer  lost  in  its 
immediate  object,  but  is,  partly  at  least,  distinguished 
from  it.  For  just  in  proportion  as  the  reality  is  sepa¬ 
rated  from  the  appearance  does  the  knower  become 
conscious  of  an  activity  of  his  own  thought  in  deter¬ 
mining  things.  From  this  point  of  view  nature  is  no 
longer  an  object  which  spontaneously  reveals  itself  to 
us,  out  rather  one  which  hides  its  meaning  from  us, 
and  out  of  which  we  must  wring  its  secret  Dy  persist¬ 
ent  questioning.  And,  as  this  questioning  process  ob¬ 
viously,  has  not  its  direction  determined  purely  by  the 
object  itself,  it  becomes  manifest  that  the  mind  must 
bring  with  it  the  categories  by  which  it  seeks  to  make 
nature  intelligible.  To  ask  for  the  causes  of  things,  or 
the  laws  of  things,  presupposes  that  the  immediate 
appearance  of  them  does  not  correspond  to  an  idea  of 
reality  which  the  mind  brings  with  it,  and  by  which  it 
judges  the  appearance.  Nature  is  supposed  to  be 
given  to  or  perceived  by  us  as  a  multitude  of  objects 
in  space  passing  through  successive  changes  in  time; 
and  what  science  seeks  is  to  discover  a  necessity 
of  connection  running  through  all  this  apparently 
contingent  coexistence  and  succession  and  binding 
it  into  a  system.  Science,  therefore,  seems  to  question 
nature  by  means  of  an  idea  of  the  necessary  inter¬ 
dependence  and  connection  of  all  things,  as  parts  of 
one  systematic  whole  governed  by  general  laws— an 
idea  which  it  does  not  get  from  nature,  but  which  it 
brings  to  nature.  Hence  the  logic  in  which  this  pro¬ 
cess  of  investigation  expresses  its  consciousness  of  itself 
will  be  a  synthetic  logic,  a  logic  built  on  certain  prin¬ 
ciples  which  are  conceived  to  be  independent  of  expe¬ 
rience,  and  by  the  aid  of  which  we  may  so  transform 
that  experience,  so  penetrate  into  it  or  get  beyond  it, 
as  to  find  for  it  a  better  explanation  than  that  which 
it  immediately  gives  of  itself.  The  Posterior  Analytic , 
in  which  Aristotle  brings  in  the  idea  of  cause  to  vivify 
the  syllogistic  process,  or  supply  a  real  meaning  to  it, 
may  already  be  regarded  as  a  first  essay  in  this  direc¬ 
tion.  And  the  theory  of  inductive  logic,  as  explained 
by  Bacon  and  his  successors  down  to  Mill,  is  a  con¬ 
tinuous  attempt  to  determine  what  are  the  principles 
and  methods  on  which  experience  must  be  questioned, 
in  order  to  extract  from  it  a  knowledge  which  is  not 
given  in  immediate  perception. 

It  was,  however,  Hume  who  first  brought  into  a 
clear  light  the  subjectivity  of  the  principles  postulated 
m  this  logic,  and  especially  of  the  principle  of  causality, 
which  is  the  most  important  of  them.  In  thus  con¬ 
trasting  the  subjectivity  of  the  principles  of  science 
with  the  objectivity  of  the  facts  to  which  they  are  ap¬ 
plied,  it  was  his  intention  to  cast  doubt  on  the  science 
which  is  based  on  the  application  of  the  former  to  the 
latter.  The  principles,  he  maintains,  are  not  legiti¬ 
mately  derived  from  the  facts,  therefore  they  cannot 
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legitimately  be  used  to  interpret  them.  They  are  due 
to  the  influence  of  habit,  which  by  an  illegitimate  pro¬ 
cess  raises  frequency  of  occurrence  into  the  universality 
and  necessity  of  law,  and  so  changes  a  mere  subjective 
association  of  ideas  into  an  assured  belief  and  expec¬ 
tation  of  objective  facts.  The  answer  given  by  Kant 
to  this  skeptical  criticism  of  science  involved  a  rejection 
of  that  very  opposition  of  subjective  and  objective  upon 
which  it  was  based.  Without  necessary  and  universal 
principles,  the  experience  of  things  as  qualitatively 
and  quantitatively  determined  objects,  coexisting  in 
space  and  passing  through  changes  in  time  (or  even 
the  determination  of  the  successive  states  of  the  sub¬ 
ject  as  successive),  would  itself  have  been  impossible. 
Hence  necessity  of  thought  cannot  be  derived  from  a 
frequent  experience  of  such  objects.  It  is  true  that 
the  determination  of  things  as  permanent  substances 
reciprocally  acting  on  each  other,  according  to  univer¬ 
sal  laws,  goes  beyond  the  determination  of  them  as 
qualified  and  quantified  phenomena  in  space  and  time. 
But  both  determinations  are  possible  only  through  the 
same  a  priori  principle,  and  we  cannot  admit  the  former 
determination  without  implicitly  admitting  the  latter. 
As,  therefore,  it  is  through  the  necessity  and  univer¬ 
sality  of  thought  that  objects  exist  for  us,  even  before 
the  application  to  them  of  the  principles  of  scientific 
induction,  and  as  the  application  of  those  principles 
is  only  a  further  step  in  that  a  priori  synthesis  which 
is  already  involved  in  the  perception  of  these  objects, 
we  have  no  reason  for  treating  the  former  kind  of  syn¬ 
thesis  as  objectively  valid  which  does  not  equally  apply 
to  the  latter. 

This  vindication  of  the  principles  of  induction  has, 
however,  a  further  consequence,  which  was  not  clearly 
seen  by  Kant.  It  is  fatal  to  the  antithesis  of  the 
“given  ”  and  the  “known,”  of  what  is  perceived  and 
what  is  conceived,  of  natura  materialiter  spectata  and 
natura  formaliter  spectata ,  which  he  still  admitted. 
For  that  antithesis  really  rested  on  the  idea  that  there 
is  no  universal  and  necessary  principle  of  determina¬ 
tion  of  things  involved  in  the  apprehension  of  them  as 
qualified  ana  quantified  phenomena  in  space  and  time. 
So  soon,  therefore,  as  it  is  seen  that  there  is  such  a 
principle,  and  that  the  first  determination  of  things  as 
objects  of  perception  is  due  to  the  same  a  priori  syn¬ 
thesis  which  determines  them  in  the  second  place  as 
objects  of  experience,  the  ground  for  that  contrast 
between  reality  and  appearance  on  which  the  theory  of 
induction  rested  is  taken  away.  Kant,  indeed^  finds  a 
new  meaning  for  that  contrast  by  interpreting  it  as  re¬ 
ferring,  not  to  the  opposition  between  things  as  they 
are  given  and  things  as  they  are  known,  but  to  a  sup¬ 
posed  opposition  between  things  as  they  are  given  and 
known  in  experience  and  things  as  they  are  in  them¬ 
selves  out  of  experience.  This  new  antithesis  of  reality 
and  appearance,  however,  only  means  that  the  former 
antithesis  has  broken  down,  and  that  therefore  the 
ideal  of  knowledge  based  upon  it  has  yielded  to  a  new 
ideal.  The  so-called  things  in  themselves  are  nou- 
mena,  the  objects  of  an  intuitive  or  perceptive  under¬ 
standing,  i.  e. ,  objects  in  which  the  contrast  of  percep¬ 
tion  ana  conception,  of  given  and  known,  is  trans¬ 
cended.  We  can  make  Kant’s  theory  consistent  only 
by  supposing  him  to  mean  that  the  conception  of  the 
world  as  a  system  of  substances  determining  each  other 
according  to  universal  laws  does  not  yet  satisfy  the 
idea  of  knowledge  which  reason  brings  with  it.  In 
other  words,  just  as  science  from  the  point  of  view 
of  necessary  law  found  something  wanting  in  the  con¬ 
ception  of  the  world  as  a  mere  complex  of  quantified 
and  qualified  phenomena  in  space  and  time,  so  philos¬ 
ophy,  in  view  of  a  still  higher  ideal  of  knowledge, 
may  condemn  the  conception  of  the  world  as  a  system 
of  objects  determined  by  necessary  laws  of  relation  as 
itself  inadequate  and  imperfect.-  And  we  have  seen 
that  this  higher  ideal  is  that  which  is  involved  in  the 
unity  of  self-consciousness.  Unfortunately  Kant  was 
unable,  as  Aristotle  had  been  unable,  to  distinguish 


this  idea  from  the  idea  of  an  abstract  identity  in 
which  there  is  no  room  for  even  a  relative  difference 
of  perception  and  conception,  and  therefore  the  per¬ 
ceptive  understanding  was  named  by  him  only  to  be 
rejected. 

If,  however,  we  correct  this  inadequacy  of  Kant’s 
statement,  as  his  later  works  enable  us  partly  to  cor¬ 
rect  it,  we  see  that  it  involves  a  new  idea  of  knowledge 
and  a  new  logic, — a  logic  governed  by  the  idea  of 
organic  unity  and  development,  just  as  the  analytic 
logic  had  been  governed  by  the  idea  of  identity,  and 
as  the  inductive  logic  had  been  governed  by  the  idea 
of  necessary  law.  For,  if  the  unity  of  self-con¬ 
sciousness  be  our  type  of  knowledge,  truth  must  mean 
to  us,  not  the  apprehension  of  objects  as  self-idem 
tical  things,  distinguished  from  each  other  in  quan¬ 
tity  and  quality,  nor  even  the  determination  of  such 
things  as  standing  in  necessary  relations  to  each 
other.  It  must  mean  the  determination  of  the 
world  (and  of  whatever  in  it  is  in  any  sense  an  inde¬ 
pendent  reality,  so  far  as  it  is  so  independent)  as  a 
unity  which  realizes  itself  in  and  through  difference,  a 
unity  which  is  indeed  determined,  but  determined  by 
itself.  In  a  view  of  the  world  which  is  governed  by 
this  category,  correlation  must  be  reinterpreted  as  or¬ 
ganic  unity,  and  causation  as  development.  Its  logical 
method  must  be  neither  analytical  nor  synthetical,  or 
rather  it  must  be  both  at  once,  i.  e. ,  it  must  endeavor  to 
exhibit  the  process  of  things  as  the  evolution  of  a  unity 
which  is  at  once  self-differentiating  and  self-integrat¬ 
ing,  which  manifests  itself  in  difference,  that  through 
difference  it  may  return  upon  itself.  Further,  as  this 
logic  arises  simply  out  of  a  deeper  consciousness. of 
that  which  was  contained  in.  the  two  previous  logics, 
so  it  first  enables  us  to  explain  them.  In  other  words, 
the  advance  from  the  analytic  to  the  inductive  logic, 
and  again  from  the  inductive  to  what  may  be  called 
the  genetic  logic,  may  itself  be  shown  to  be  a  self-de¬ 
termined  development  of  thought,  in  which  the  first 
two  steps  are  the  imperfect  manifestation  of  a  principle 
fully  revealed  only  in  the  last  step.  The  consciousness 
of  self-identical  objects,  independent  of  each  other  and 
of  thought,  is  thus  only  the  beginning  of  a  process  of 
knowledge  which  reaches  its  second  stage  in  the  deter¬ 
mination  of  these  objects  as  essentially  related  to  each 
other,  and  which  finds  its  ultimate  end  in  the  knowl¬ 
edge  of  the  correlated  objects  as  essentially  related  to 
the  mind  that  knows  them.  Or  if,  in  this  last  point 
of  view,  things  are  still  conceived  as  having  a  certain 
relative  independence  of  the  mind,  it  can  only  be  in  so 
far  as  they  are  in  the  Leibnitzian  sense  monads,  or 
microcosms, — i.e. ,  in  so  far  as  they  are  self-determined, 
and  so  have,  in  the  narrower  circle  of  their  individual 
life,  something  analogous  to  the  self-completed  nature 
of  the  world,  when  it  is  contemplated  in  its  unity  with 
its  spiritual  principle. 

Such  a  genetic  logic  is  inconsistent  with  any  absolute 
distinction  between  the  a  priori  and  a  posteriori  ele¬ 
ment  in  knowledge.  For  here  the  a  priori  is  not 
simply  a  law  of  necessary  connection  to  be  applied  to 
an  external  matter,  but  a  principle  of  organic  develop¬ 
ment,  a  principle  which,  from  the  very  nature  of  it, 
cannot  be  applied  to  a  foreign  matter.  To  treat  the 
world  as  organic  is  to  apply  to  it  a  category  which  is 
inconsistent  with  its  being  something  merely  given  or 
externally  presented  to  thought.  The  relation  of 
things  to  thought  must  itself  be  brought  under  the 
same  category  of  organic  unity  which  is  applied  to  the 
relation  of  things  to  each  other  in  the  world,  otherwise 
the  externality  of  the  world  to  the  thought  for  which 
it  is  will  contradict  the  conception  of  the  world  as 
itself  organic.  Hence  the  distinction  of  a  priori  and 
a  posteriori ,  so  far  as  it  is  maintained  at  all,  must 
shrink  to  something  secondary  and  relative.  It  can 
be  maintained  only  as  a  distinction  of  thought  from  its 
object,  which  presupposes  their  ultimate  unity.  From 
this  point  of  view  logic  may  be  said  to  deal  with  the  a 
priori ,  in  so  far  as  it  treats  the  general  conditions  and 
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methods  of  knowledge  without  reference  to  any  partic¬ 
ular  object.  Logic  must  exhibit  abstractly  the  process 
by  which  the  intelligence  establishes  its  unity  with 
the  intelligible  world  ;  or,  to  put  it  in  another  way,  it 
must  demonstrate  that  the  being  of  things  can  be  truly 
conceived  only  as  their  being  for  thought.  It  is  lim¬ 
ited  to  the  a  priori ,  in  the  sense  that  it  ends  with  the 
idea  that  the  esse  of  things  is  their  intelligi ,  and  does 
not  consider  how  this  real  intelligence  or  intelligible 
reality  manifests  itself  in  the  concrete  world  of  nature 
and  spirit. 

In  this  sense  logic  cannot  be  separated  from  meta¬ 
physic  if  metaphysic  be  confined  to  ontology.  They 
are  simply  two  aspects  of  one  science,  which  we  may 
regard  either  as  determining  the  idea  of  being  or  the 
idea  of  knowing.  The  process  of  knowing  is  never 
really  a  formal  process ;  it  always  involves  the  applica¬ 
tion  of  certain  categories,  and  these  categories  are 
simply  successive  definitions  of  being  or  reality.  We 
cannot  separate  the  category  from  the  movement  of 
thought  by  which  it  is  evolved  and  applied,  nor  the 
transition  from  lower  to  higher  categories  from  changes 
of  logical  method.  Hence  a  logic  divorced  from  meta- 
physic  inevitably  becomes  empty  and  unreal,  and  a 
metaphysic  divorced  from  logic  reduces  itself  to  a  kind 
of  dictionary  of  abstract  terms,  which  are  put  in  no 
living  relation  to  each  other.  For  such  a  logic  and 
such  a  metaphysic  must  rest  on  the  assumption  of  an 
absolute  division  between  being  and  thought,  the  very 
two  terms  the  unity  of  which  it  must  be  the  utmost 
object  of  both  logic  and  metaphysic  to  prove  and  to 
produce. 

4.  The  Relation  of  Metaphysic  to  Philosophy  of  Re¬ 
ligion. — The  possibility  of  a  “first  philosophy,”  as 
we  have  already  seen,  is  essentially  bound  up  witn  the 
possibility  of  what  we  may  call  a  last  philosophy.  It 
is  only  in  so  far  as  we  can  rise  above  the  point  of  view 
of  the  individual  and  the  dualism  of  the  ordinary 
consciousness — in  so  far,  in  other  words,  as  we  can 
have  at  least  an  anticipative  consciousness  of  that  last 
unity  in  which  all  the  differences  of  things  from  each 
other  and  from  the  mind  that  knows  them  are  explained 
and  transcended— that  we  are  able  to  go  back  to  that 
first  unity  which  all  these  differences  presuppose.  The 
life  of  man  begins  with  a  divided  consciousness,  with 
a  consciousness  of  self  which  is  opposed  to  the  con¬ 
sciousness  of  what  is  not-self,  witn  a  consciousness  of 
a  multiplicity  of  particulars  which  do  not  seem  to  be 
bound  together  by  any  one  universal  principle.  Such 
division  and  apparent  independence  of  what  are  really 
parts  pf  one  whole  is  characteristic  of  nature,  and  in 
spirit  it  is  at  first  only  so  far  transcended  that  it  has 
become  conscious  of  itself.  A  conscious  difference, 
however,  as  it  is  a  difference  in  consciousness,  is  no 
longer  an  unmediated  difference.  It  is  a  difference 
through  which  the  unity  has  begun  to  show  itself,  and 
which,  therefore,  the  unity  is  on  the  way  to  subordi¬ 
nate.  And  all  the  development  of  consciousness  and 
self-consciousness  is  just  the  process  through  which 
this  subordination  is  carried  out,  up  to  the  point  at 
which  the  difference  is  seen  to  be  nothing  but  the 
manifestation  of  the  unity.  Just  so  far,  therefore,  as 
this  end  is  present  to  us — so  far  as  we  are  able  to  look 
forward  to  the  solution  or  reconciliation  of  all  the  di¬ 
visions  and  oppositions  of  which  we  are  conscious,  and 
to  see  that  there  is  an  all-embracing  unity  which  they 
cannot  destroy — is  it  possible  that  we  should  look  back 
to  the  beginning  or  first  unity,  and  recognize  that  these 
divisions  and  oppositions  are  but  the  manifestations  of 
it.  Thus  the  extremes  of  abstractness  and  of  concrete- 
ness  of  thought  are  bound  up  together.  The  freedom 
ot  intelligence  by  which  we  get  rid  of  the  complexity 
ot  our  actual  life,  and  direct  our  thoughts  to  the  sim¬ 
plest  and  most  elementary  conditions  of  being  and 
knowing,  is  possible  only  to  those  who  are  not  limited 
to  that  hie,  but  can  regard  it  and  all  its  finite  concerns 
irom  the  point  of  view  of  the  infinite  and  the  universal, 
in  this  sense  it  is  true  that  religion  and  metaphysic 


spring  from  the  same  source,  and  that  it  is  possible  to 
vindicate  the  rationality  of  religion  only  on  metaphys¬ 
ical  principles.  The  philosophy  of  religion  is,  in  fact, 
only  the  last  application  or  final  expression  of  meta- 
physic  ;  and,  conversely,  a  metaphysic  which  is  not 
capable  of  furnishing  an  explanation  of  religion  con¬ 
tradicts  itself. 

This  last  remark  affords  us  a  kind  of  criterion  of  a 
true  metaphysic.  Can  it  or  can  it  not  explain  religion  ? 
If  it  cannot  it  must  be  equally  unable  to  explain  its 
own  possibility,  and  therefore  implicitly  it  condemns 
itself.  Thus  a  pantheistic  system,  which  loses  the 
subject  in  the  absolute  substance,  cannot  explain  how 
that  subject  should  apprehend  the  substance  of  which 
it  is  but  a  transitory  mode,  nor,  on  the  other  hand, 
can  it  explain  why  the  substance  should  manifest  itself 
in  and  to  a  subject.  And  the  same  criticism  may  be 
made  on  all  theories  in  w  hich  the  first  or  metaphysical 
unity  is  abstractly  opposed  to  the  manifoldness  and 
contingency  of  things.  Not  only  of  Spinoza,  but  also 
of  Kant,  of  Fichte,  and  even  of  Schellingj  it  might 
with  some  truth  be  said  that  their  absolute  is  like  the 
lion’s  den,  towards  which  all  the  tracks  are  directed, 
while  none  come  from  it.  It  is  essential  that  the  first 
unity  should  be  such  as  to  explain  the  possibility  of 
difference  and  division,  for,  if  it  is  not,  then  the  return 
to  unity  out  of  difference  is  made  as  accidental  as  the 
difference  itself.  When  Aristotle  represented  the 
Divine  Being  as  pure  self-consciousness,  pure  form 
without  matter,  he  found  himself  unable  to  account 
for  the  existence  of  any  world  in  which  form  was  re¬ 
alized  in  matter.  When,  therefore,  he  speaks  of  the 
process  of  the  finite  world  by  which  it  returns  to  God, 
and  attributes  to  nature  a  will,  which  is  directed  to  the 
good  as  its  final  cause,  his  theory  seems  to  be  little 
more  than  a  metaphor  in  which  the  analogy  of  con¬ 
sciousnesses  applied  to  the  unconscious.  For,  if  the 
Divine  Being  is  not  manifested  in  the  world,  any  ten¬ 
dency  of  the  world  to  realize  the  good  becomes  an  in¬ 
explicable  fact.  A  similar  difficulty  is,  as  we  saw, 
involved  in  Kant’s  confusion  of  the  bare  identity  of 
understanding  with  the  absolute  unity  of  knowledge. 
Reducing  the  unity  of  self-consciousness  to  such  a 
bare  identity,  Kant  could  not  be  expected  to  see,  what 
Aristotle  had  not  seen,  that  pure  self-consciousness  is 
essentially  related  to  anything  but  itself.  Hence  the 
various  attempts  which  he  made  in  his  ethical  works 
and  in  his  Criticism  of  Judgment  to  find  a  link  of  con¬ 
nection  between  the  noumenal  and  the  empirical  were 
necessarily  condemned  even  by  himself  as  the  expres¬ 
sions  of  a  merely  regulative  and  subjective  principle 
of  knowledge.  #  Even  Fichte,  who  found  in  the  thought, 
which  is  for  him  the  prius  of  all  existence,  a  principle 
of  differentiation  and  integration  which  explained  how 
self-consciousness  in  us  should  be  necessarily  correlative 
with  the  consciousness  of  a  world,  was  unable  to  free 
himself  from  the  Kantian  opposition  of  a  noumenal 
identity  in  wdiieh  there  is  no  difference  to  a  phenomenal 
unity  which  is  realized  in  difference.  Hence  by  him 
also  the  return  out  of  difference  is  regarded  as  an  im¬ 
possibility,  or  as  a  processus  in  infinitum ,  and  the  abso¬ 
lute  unity  as  that  which  is  beyond  all  knowledge  and 
only  apprehended  by  faith. 

If  we  look  to  completely  elaborated  theories,  and 
disregard  all  tentative  and  imperfect  sketches,  it  may 
fairly  be  said  that  all  that  has  as  yet  been  done  in  the 
region  of  pure  metaphysic  is  contained  in  two  works, 
in  the  Metaphysic  of  Aristotle  and  the  Logic  of  Hegel. 
And  up  to  a  certain  point  the  lesson  which  they  teach 
is  one  and  the  same,  viz. ,  that  the  ultimate  unity  which 
is  presupposed  in  all  differences  is  the  unity  of  thought 
with  itself, ,  the  unity  of  self-consciousness,  and  that  in 
this  unity  is  contained  the  type  of  all  science,  and  the 
form  of  all  existence  ;  in  other  words,  I  =  I  is  the  for¬ 
mula  of  the  universe.  The  difference  between  these 
two  works  has,  however,  already  been  indicated.  With 
Aristotle,  because  he  neglects  the  essential  relation  of 
self-consciousness  to  consciousness,  or  of  the  conscious 
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self  to  the  world  of  objects  in  space  and  time,  the  unity 
of  self-consciousness  tends  to  pass,  as  it  did  pass  with 
the  Neo-Platonists,  into  a  pure  identity  without  differ¬ 
ence.  In  the  Hegelian  logic,  on  the  other  hand,  self- 
consciousness  is  interpreted  as  a  unity  which  realizes 
itself  through  difference  and  the  reconciliation  of  dif¬ 
ference — as,  in  fact,  an  organic  unity  of  elements, 
which  exist  only  as  they  pass  into  each  other.  In 
other  words,  it  is  shown  that  the  differentiating  move¬ 
ment  by  which  the  subjective  and  the  objective  self  are 
opposed  and  the  integrating  movement  by  which  they 
are  reunited  are  both  essential.  Hence  we  cannot  think 
of  the  conscious  self  as  a  simple  resting  identity,  but 
only  as  an  active  self-determining  principle ;  nor  can  we 
think  of  its  self-determination  as  a  pure  affirmation  of 
itself,  without  any  negation,  but  only  as  an  affirmation 
which  involves  a  double  negation,— an  opposition  of 
two  elements  which  yet  are  essentially  united.  Each 
factor  in  this  unity,  in  fact,  is  necessarily  conceived  as 
passing  beyond  itself  into  the  other  ;  the  subject  is  sub¬ 
ject  only  as  it  relates  itself  to  the  object,  the  object  is 
object  only  as  it  relates  itself  to  the  subject.  It  is  this 
tension  against  each  other  of  elements  which  yet  are 
correlated  and  indissolubly  united,  this  self-surrender 
to  each  other  of  elements  which  yet  are  maintained  in 
their  distinction,  which  constitutes  the  organic  unity 
of  thought  in  itself,  and  separates  it  from  the  mere 
abstract  unity  of  mysticism.  When,  however,  the 
concrete  or  self-differentiating  character  of  the  unity 
of  self-consciousness  is  apprehended  in  this  way, — so 
that  it  is  impossible  to  confuse  its  indivisible  unity 
with  the  simplicity  of  that  which  is  one  merely  be¬ 
cause  it  has  no  differences  in  it, — the  problem  of  the 
relation  of  pure  self-consciousness  to  the  world  in  space 
and  time  ceases  to  be  insoluble.  Thought,  as  it  is 
seen  to  have  difference  in  itself,  is  no  longer  irrecon¬ 
cilable  with  the  world  of  difference;  nor  is  it  necessary 
to  introduce  a  foreign  vikv  to  make  their  connection  in¬ 
telligible.  For,  as  thought  is  a  principle  of  difference 
as  well  as  of  unity,  of  analysis  as  well  as  of  synthesis, 
and  as  it  cannot  realize  itself  in  its  unity  except  through 
the  utmost  development  of  difference,  abstract  self- 
consciousness,  witn  its  transparent  or  merely  ideal 
difference,  cannot  be  its  ultimate  form.  On  the  con¬ 
trary,  the  consciousness  of  self  is  possible  only  in  dis¬ 
tinction  from,  and  in  relation  to,  a  world  of  objects. 
In  other  words,  the  unity  of  the  thinking  subject  pre¬ 
supposes,  not  merely  the  opposition  of  the  subjective 
and  the  objective  self,  but  also  the  opposition  of  the 
self  in  its  pure  self-identity  to  a  world  of  externality 
and  difference.  The  pure  intelligence,  which  is  the 
priiis  of  all  things,  must  not,  therefore,  be  regarded 
— as  Aristotle  regarded  it — as  merely  theoretical,  but 
also  as  practical.  It  must  be  conceived  as  a  living 
principle,  a  principle  which  only  in  self-manifestation 
can  be  conscious  of  itself,  and  to  the  very  nature  of 
which,  therefore,  self-manifestation  is  essential.  In 
this  way  Hegel— just  because  he  grasped  the  concrete 
character  of  the  unity  of  thought  in  itself— was  enabled 
to  understand  the  necessary  unity  of  thought  or  self- 
consciousness  with  the  world,  and  to  heal  the  division 
of  physics  from  metaphysic,  which  Aristotle  had 
admitted. 

Schelling  and  others  who  have  raised  objections  to 
the  Hegelian  method  have  specially  directed  their 
criticisms  against  this  transition  from  logic  to  the 
philosophy  of  nature,  from  pure  self-consciousness  to 
the  external  world  in  space  and  time.  In  doing  so, 
they  have  practically  fallen  back  upon  the  Aristote¬ 
lian  theory,  with  its  opposition  of  God,  as  pure  form, 
to  the  finite  world.  Hut  this  in  effect  is  to  deny  that 
“the  real  is  the  rational”  or  intelligible,  and  to  intro¬ 
duce  into  the  world,  as  the  ground  of  its  distinction 
from  reason,  a  purely  irrational  or  contingent  element. 
A  modern  follower  of  Schelling’s  later  positive  phil¬ 
osophy  only  draws  the  necessary  consequence  from 
this  view  when  he  teaches  the  pessimist  creed  that  the 
highest  good  is  the  negation  or  extinction  of  the  finite. 


Nor  can  we  wonder  that  the  same  writer  who  denies 
that  the  absolute  self-consciousness  is  essentially  re¬ 
lated  to  or  manifested  in  the  world  should  proceed  to 
reduce  this  self-consciousness  to  a  mystic  identity 
which  comes  out  of  itself  and  becomes  self-conscious 
only  by  an  inscrutable  act  of  will.  The  fact,  indeed, 
that  those  who  deny  the  possibility  of  a  rational  transi¬ 
tion  from  self-consciousness  to  the  world  are  forced  by 
the  logic  of  their  position  to  reduce  self-consciousness 
to  an  abstract  identity  may  be  regarded  as  a  kind  of 
indirect  proof  that  the  principle  of  self-consciousness, 
truly  conceived,  does  involve  that  transition.  Another 
step  in  the  same  direction  may  be  made  if  we  consider 
how  the  Cartesian  philosophy  treated  the  same  oppo¬ 
sition,  which  it  also  regarded  as  absolute.  By  Des¬ 
cartes  mind  and  matter,  thought  and  extension,  are 
defined  as  abstract  opposites,  every  quality  of  each 
finding  its  contradictory  counterpart  in  a  quality  of 
the  other.  Mind  is  a  pure  self-determined  unity, 
whjch  is  as  it  knows  itself  and  knows  itself  as  it  is, 
which  lias  no  discretion  of  parts  or  capacity  of  division 
or  determination  from  without.  Matter  is  essentially 
discrete  or  infinitely  divided ;  it  is  a  pure  passivity; 
and  all  of  its  determination  comes  to  it  from  without. 
The  world  is  therefore,  as  it  were,  “cut  in  two  with  a 
hatchet,”  divided  into  two  unrelated  existences,  which 
are  held  together  only  by  the  will  of  God.  Spinoza 
cuts  the  knot,  and  avoids  the  arbitrariness  of  this  so¬ 
lution,  by  treating  extension  and  thought  as  two  at¬ 
tributes  separated  only  in  respect  of  our  intelligence, 
but  each  expressing  fully  the  absolute  substance.  And 
something  like  the  same  view  has  been  revived  in 
recent  times,  by  writers  like  Lewes  and  Mr.  Spencer, 
who  speak  of  feelings  and  motions  as  two  opposite 
“aspects”  of  the  same  fact.  When  we  ask,  however, 
for  whom  these  attributes  or  aspects  are  a  unity,  it  be¬ 
comes  clear  that  the  intelligence  which  is  regarded  as 
standing  on  one  side  of  the  dualism  must  also  be  taken 
as  transcending  it,  and  relating  the  two  sides  to  each 
other.  Moreover,  the  correspondence  of  tbe  two  at¬ 
tributes  upon  which  Spinoza  insists  and  their  contra¬ 
riety  upon  which  Descartes  insists,  when  taken  to¬ 
gether,  give  us  the  idea  of  a  correlative  opposition, 
i.e.,  of  an  opposition  of  elements  which  yet  are  neces¬ 
sary  to  each  other.  If,  therefore,  they  cannot  be 
simply  identified  as  Spinoza  identifies  them,  yet  they 
need  no  external  bond  such  as  Descartes  introduces  to 
combine  them ;  for  they  cannot  exist  apart  from  eacb 
other.  Their  opposition  is  held  within  the  limits  of 
their  unity,  and  is  no  absolute  contradiction,  but  rather 
an  opposition  which  exists  only  as  it  is  transcended. 
In  other  words  it  is  an  abstract  opposition,  i.e.,  it  is 
an  opposition  of  elements  which  seem  to  be  irrecon¬ 
cilable  till  it  is  observed  that  they  are  correlative,  that 
each  exists  or  has  a  meaning  only  as  it  relates  itself  to, 
or  passes  out  of  itself  into,  the  other,  and  that  each, 
held  in  its  abstraction  and  separation  from  the  other, 
loses  all  the  meaning  that  it  seemed  to  have.  For,  as 
in  an  organic  body  each  member  or  organ  lives  only  in 
tension  against  the  others,  yet  only  as  continually  re¬ 
lating  itself  to  the  others,  so  the  utmost  opposition  of 
mind  to  matter,  of  the  intelligence  to  the  intelligible 
world,  presupposes  their  unity,  and  is  only  the  realiza¬ 
tion  of  it. 

There  is  here,  however,  something  more  than  an 
ordinary  case  of  correlation,  for  in  this  unity  of  oppo¬ 
sites  mind  appears  twice,  once  as  one  of  the  opposites, 
and  again  as  the  unity  which  transcends  the  opposi¬ 
tion.  This  ambiguity  becomes  most  obvious  in  the¬ 
ories  like  that  of  Mr.  Spencer,  who  speaks  of  “two 
consciousnesses,”  which  cannot  be  resolved  into  each 
other,  but  yet  which  strangely  form  inseparable  parts 
of  one  and  the  same  consciousness.  What,  however, 
is  really  involved  in  such  a  statement  is  that  the  ex¬ 
ternal  world,  which  in  the  first  instance  presents  itself 
as  absolutely  opposed  in  nature  to  the  subject  whose 
object  it  is,  is  yet  one  with  that  subject,  and  that 
therefore  the  antagonism  of  mind  to  its  object  is  only 
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the  last  differentiation  through  which  it  realizes  its 
unity  with  itself.  In  Hegel’s  language,  that  which 
presents  itself  as  other  than  mind  is  its  other — “an 
other  which  is  not  another,”  whose  difference  and 
opposition  to  itself  it  overreaches  and  overcomes.  We 
must,  therefore,  regard  the  independence  and  exter¬ 
nality  of  nature,  its  indifference,  and  even,  as  it  seems, 
opposition,  to  the  development  of  the  moral  and  intel¬ 
lectual  life  of  man,  as  merely  apparent.  For  man,  in 
this  point  of  view,  is  not  merely  one  natural  being 
;  .rnong  others,  but  the  being  in  whom  nature  is  at  once 
completed  and  transcended.  If,  therefore,  at  first  he 
appears  to  stand  in  merely  accidental  and  external  re¬ 
lations  to  the  ether  existences  among  which  he  finds 
himself,  yet  the  whole  process  of  his  life — the  process 
by  which  he  comes  to  know  the  external  world,  and 
by  which,  reacting  upon  it,  he  makes  it  the  means  to 
the  realization  of  an  individual  and  social  life  of  his 
own — is  the  negation  of  this  contingency  and  exter¬ 
nality.  In  all  this  process  he  is  showing  himself  to  be 
a  being  who  can  only  know  himself  as  he  knows  the 
objective  world,  and  who  can  only  realize  himself  as 
he  makes  himself  the  agent  of  a  Divine  purpose,  to 
which  all  things  are  contributing. 

Such  an  idea  of  man’s  relation  to  the  world  is  neces¬ 
sarily  involved  in  any  theory  that  goes  beyond  that 
subjective  idealism  or  sensationalism  which  denies  to 
him  every  object  of  knowledge  except  his  own  states 
of  feeling,  and  every  end  of  action  except  his  own 
pleasures  and  pains.  .  Recent  speculation,  indeed,  has 
suggested  a  compromise  by  which  this  dilemma  is  sup¬ 
posed  to  be  evaded,  and  mankind  are  represented  as 
forming  an  organic  unity  in  themselves,  though  they 
are  still  conceived  as  standing  in  an  external  and  acci¬ 
dental  relation  to  nature,  the  forces  of  which  hy  their 
knowledge  and  skill  they  have  subdued  and  are  more 
and  more  subduing  to  their  service.  Such  a  com¬ 
promise  we  find  in  the  philosophy  of  Comte,  the  first 
writer  who,  starting  from  an  apparently  empirical 
basis,  was  able  to  break  through  the  individualistic 
prejudices  of  the  school  of  Locke.  In  the  latter 
volumes  of  his  Positive  Philosophy ,  still  more  in  his 
Positive  Politics,  Comte  so  far  transcends  individual¬ 
ism  as  to  deny  the  externality  of  men  to  each  other, 
and  to  declare  that  “  the  individual,  as  such,  is  an  ab¬ 
straction,”  and  that  in  reality  he  cannot  be  separated 
from  the  social  organism,  which  is  thus  not  merely  an 
extraneous  condition  of  his  development,  but  essential 
to  his  very  existence  as  man.  Thus  individual  men 
exist  only  through  the  universal— through  the  spirit 
of  the  family,  of  the  nation,  of  humanity,  which  mani¬ 
fests  itself  in  them  as  a  principle  of  life  and  develop¬ 
ment.  Yet  this  organic  unity,  according  to  Comte,  is 
in  contact  with  a  world  which  in  relation  to  it  is  exter¬ 
nal  and  contingent.  Nature  has  not  its  final  cause  in 
man5  but  on  the  contrary  is,  at  first,  rather  his  enemy  ; 
and  it  is  to  humanity  itself  that  the  praise  is  due  if  to 
a  certain  extent  the  enemy  has  been  turned  into  a  ser¬ 
vant.  The  unity  of  life  which  manifests  itself  in 
humanity  cannot  therefore  be  considered  as  a  universal 
principle,  as  the  principle  of  the  whole  universe,  but 
simply  as  the  principle  of  the  limited  existence  of  man, 
which  is  hemmed  in  on  every  side  by  external  and,  in 
the  main,  unknown  conditions.  If  humanity  therefore 
is  an  organism,  it  is  an  organism  existing  in  a  medium 
which  in  reference  to  it  is  inorganic,  i.  e. ,  in  a  medium 
which  has  no  essential  relation  to  the  life  which  ani¬ 
mates  man. 

It  is  obvious,  however,  that  this  theory  is  an  illogi¬ 
cal  attempt  to  find  a  standing-ground  between  two  op¬ 
posite  philosophies, — between  the  philosophy  which 
treats  man  merely  as  a  natural  individual  placed  among 
other  individual  beings  and  things,  and  which  there¬ 
fore  regards  his  relation  to  them  as  something  acci¬ 
dental  and  external,  and  the  philosophy  which  treats 
him  as  a  spiritual  subjeet,  a  conscious  and  self-con¬ 
scious  being,  and  regards  him  therefore  as  having  no 
merely  external  relations  either  to  other  men  or  to 


nature.  Comte  shrinks  from  regarding  the  world 
without  us  as  the  manifestation  of  that  spiritual  prin¬ 
ciple  which  is  also  within  us,  which  constitutes  our 
very  nature  as  individual  men,  and  therefore  connects 
us  with  the  world  at  the  same  time  that  it  separates 
us  from  it.  Yet  he  recognizes  the  existence  in  us  of  a 
principle  which  is  so  far  universal  that  it  constitutes  a 
community  between  all  men.  He  thinks  that  the  in¬ 
dividual  can  transcend  himself,  so  far  as  to  see  all 
things,  not  indeed  from  a  Divine  point  of  view,  sub 
specie  ceternitatis,  but  from  the  point  of  view  of  uni¬ 
versal  humanity,  and  that  in  conformity  with  this 
theoretical  consciousness,  he  can  live  a  practical  life 
of  altruism,  i.  e. ,  a  life  in  which  he  identifies  his  own 
good  with  the  good  of  humanity.  But  the  philosophy 
that  has  gone  so  far  must  logically  go  further.  It  is 
impossible  to  treat  humanity  as  an  organism  without 
extending  the  organic  idea  to  the  conditions  under 
which  the  social  life  of  humanity  is  developed.  The 
medium  by  aid  of  which,  or  in  reacting  against  which, 
the  organized  being  maintains  itself  is  an  essential  part 
of  its  life  ;  it  remains  organic  only  in  so  far  as  it  can 
mould  itself  to  its  conditions,  and  its  conditions  to 
itself.  This  is  true  even  of  the  animal  organism  in 
relation  to  its  small  circle  of  conditions,  which,  how¬ 
ever,  is  part  of  a  larger  circle  to  which  the  animal  has 
no  relation.  But  a  conscious  being  is  a  universal 
centre  of  relations  ;  there  is  nothing  which  it,  as  con¬ 
scious,  cannot  make  part  of  its  own  life.  Hence  the 
application  of  the  organic  idea  to  it  involves  its  appli¬ 
cation  to  the  whole  world.  And,  if  the  recognition  of 
a  universal  principle  manifested  in  humanity  naturally 
led  Comte  to  the  idea  of  the  worship  of  humanity,  the 
recognition  of  a  universal  principle  manifested  in  man 
and  nature  alike  must  lead  to  the  idea  of  the  worship 
of  God. 

The  rationality  of  religion,  then,  rests  on  the  possi¬ 
bility  of  an  ultimate  synthesis  in  which  man  and  nature 
are  regarded  as  the  manifestation  of  one  spiritual  prin¬ 
ciple.  For  religion  involves  a  faith  that,  in  our  efforts 
to  realize  the  good  of  humanity,  we  are  not  merely 
straining  after  an  ideal  beyond  us,  which  may  or  mav 
not  be  realized,  but  are  animated  by  a  principle  which 
within  us  and  without  us  is  necessarily  realizing  itself, 
because  it  is  the  ultimate  principle  by  which  all  things 
are,  and  are  known.  This  absolute  certitude  that  we 
work  effectually  because  all  the  universe  is  working 
with  us,  or,  in  other  words,  because  God  is  working 
in  us,  can  find  its  explanation  and  defence  only  in  a 
philosophy  for  which  “the  real  is  the  rational,  and 
the  rational  is  the  real.  ”  And  such  a  philosophy,  be¬ 
ginning  with  the  Kantian  doctrine  that  existence 
means  existence  for  a  spiritual  or  thinking  subject, 
must  go  on  to  prove  that  that  only  can  exist  for  such 
a  subject  which  is  the  manifestation  of  thought  or 
spirit ;  and,  conversely,  that  spirit  or  intelligence  is 
essentially  self-manifesting,  or,  in  other  words,  that  it 
cannot  be  conceived  except  as  standing  in  essential  re¬ 
lation  to  an  external  and  material  world.  Finally,  if 
nature  be  thus  regarded  as  a  necessary  manifestation 
of  spirit,  it  can  be  opposed  to  spirit  only  in  so  far  as 
spirit  in  its  realization  becomes  opposed  to  itself.  In 
other  words,  nature  must  be  regarded  as,  from  a  higher 
point  of  view,  included  in  spirit.  Nature  exists  that 
it  may  show  itself  to  be  spiritual  in  and  to  man,  who 
transcends  it  yet  implies  it,  who  finds  in  it  the  neces¬ 
sary  basis  of  his  thought  and  action,  but  only  that  he 
may  build  upon  it  a  higher  spiritual  life. 

“  Nature  is  made  better  by  no  mean 
But  nature  makes  that  mean :  so  over  the  art 
Which,  you  say,  adds  to  nature  is  an  art 
Which  nature  makes.” 

Only  the  order  of  precedence  suggested  by  these  words 
must  be.  inverted.  For,  as  nature  only  is  for  spirit  so 
the  spiritual  energy  which  reacts  upon  nature  is  that 
which  manifests  for  the  first  time  what  nature  in 
reality  is.  It  is  the  consciousness  of  this, — i.  e. ,  of  the 
identity  of  that  which  is  realizing  itself  within  and 
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without  us, — the  consciousness  that  the  necessity 
which,  is  the  precondition  of  our  freedom  is  the  mani¬ 
festation  of  the'  same  spirit  which  makes  us  free — 
which  turns  morality  into  religion.  For  it  is  this 
alone  which  enables  us  to  regard  the  realization  of  the 
highest  ends  of  human  life  as  no  mere  happy  acci- 
dent,  or  as  a  conquest  to  be  won  by  the  cunning  of 
man  from  an  unfriendly  or  indifferent  destiny,  but  as 
the  result  towards  which  all  things  are  working. 

In  this  philosophy,  which  finds  its  most  adequate 
expression  in  the  works  of  Hegel,  there  are  two  things 
which  may  be  distinguished— the  general  idealistic  view 
ot  the  world,  and  the  dialectical  movement  of  thought 
in  which  Hegel  develops  and  expresses  it.  And  there 
are  perhaps  many  at  the  present  time  who  are  pre¬ 
pared  to  accept  the  former,  but  who  yet  suspect,  or 
even  reject,  the  latter.  And  no  doubt  there  is  much 
in  Hegel’s  Logic  and  Philosophy  of  Spirit ,  and  still 
more  in  his  Philosophy  of  Nature ,  which  there  is  rea¬ 
son  to  regard  with  distrust.  In  clever  hands  that  are 
not  checked  by  a  sufficient  consciousness  of  the  whole, 
the  Hegelian  dialectic  may  be  made  into  the  means  of 
producing  a  seeming  proof  of  anything.  Nor  is  it 
always  easy  to  determine  how  far  Hegel  himself  was 
tempted  by  an  impatient  consciousness  of  the  univer¬ 
sality  of  his  method  to  employ  it  in  cases  where  the 
conditions  of  its  successful  application  were  wanting. 
Sometimes  he  seems  to  forget,  what  he  himself  teaches, 
that  science  must  first  have  generalized  experience  and 
determined  it  by  its  finite  categories,  ere  it  is  possible 
for  philosophy  to  give  its  final  interpretation.  Yet, 
when  we  realize  the  nature  of  that  interpretation,  and 
of  the  transformation  of  science  which  philosophy  by 
means  of  it  proposes  to  effect,  it  becomes  clear  that 
the  dialectic  of  Hegel  is  no  extraneous  addition  to  his 
idealism,  but  is  part  and  parcel  of  the  same  movement 
of  thought.  For  this  dialectic  rests  on  the  idea  that 
thought  or  self-consciousness  finds  in  its  own  organic 
unity  the  ultimate  key  to  all  difficulties  in  regard  to 
the  objects  of  thought  and  their  relations  to  each  other 
and  to  the  mind.  Self-consciousness,  as  has  been  al¬ 
ready  shown,  is  implicitly  the  whole  web  of  categories 
which  it  throws  over  the  world,  and  by  aid  of  which  it 
makes  the  world  intelligible.  All  these  it  contains  in 
itself  ;  andj  as  it  proceeds  to  determine  the  meaning 
of  things,  it  simply  produces  its  store,  and  exhausts 
itself  on  the  object.  Now,  if  it  be  idealism,  in  the 
strict  sense  of  the  word,  to  make  thought  or  self- 
consciousness  the  principle  and  ultimate  explanation 
of  all  that  exists,  it  is  obvious  that  we  cannot  separate 
idealism  from  such  a  dialectic  as  this,  which  is  nothing 
more  than  the  mind’s  consciousness  of  its  own  move¬ 
ment  or  process  of  self-affirmation.  If  to  find  thought 
in  things  be  more  than  an  empty  word,  then  the  move¬ 
ment  or  process  which  thought  is  must  explain  at  once 
the  transition  from  thought  to  what  in  opposition  to  it 
we  call  ‘ ‘  things,  ’  ’  and  must  give  us  the  means  of  recon¬ 
ciling  that  opposition.  In  other  words  the  same 
movement  by  which  thought  determines  itself  as  self- 
conscious,  i.e.,  as  a  unity  realized  through  difference, 
must  also  be  conceived  as  the  explanation  of  the  dif¬ 
ference  between  pure  thought  and  the  world,  and  as 
the  solution  of  that  difference  in  the  idea  of  absolute 
spirit. 

Such  idealism  has  a  close  relation  to  Christianity ; 
it  may  be  even  said  to  be  but  Christianity  theorized. 

It  has  often  been  asserted  that  Hegel’s  philosophy  of 
religion  is  but  an  artificial  accommodation  to  Christian 
doctrine  of  a  philosophy  which  has  no  inherent  rela¬ 
tion  to  Christianity.  If,  however,  we  regard  the  actual 
development  of  that  philosophy  it  would  be  truer  to 
say  that  it  was  the  study  of  Christian  ideas  which  first 
produced  it.  What  delivered  Hegel  from  the  mysti¬ 
cism  in  which  the  later  philosophies  of  Fichte  and 
Schelling  tended  to  lose  themselves,  and  led  him,  in 
his  own  language,  to  regard  the  absolute  “not  merely 
as  substance  but  as  subject,’’ — what  made  him  recog¬ 
nize  with  Fichte  that  the  absolute  principle  is  spiritual, 


and  yet  enabled  him  with  Schelling  to  see  in  nature, 
as  the  opposite  of  spirit,  the  very  means  of  its  realiza- 
tion,  -was  his  thorough  appreciation  of  the  ethical 
and  religious  meaning  of  Christianity.  In  the  great 
Christian  aphorism  that  “  he  who  loseth  his  life  alone 
can  save  it  he  found  a  key  to  the  difficulties  of  ethics, 
a  reconciliation  of  hedonism  and  asceticism.  For  wliat 
this  saying  implies  is  that  a  spiritual  or  self-conscious 
being  is  one  who  is  m  contradiction  with  himself  when 
he  makes  his  individual  self  his  end.  In  opposing  his 
own  interest  to  that  of  others,  he  is  preventing  their 
interests  from  becoming  his  ;  all  things  are  his  and  his 
only,  who  has  died  to  himself.  But  if  this  be  the 
truth  of  morality,  it  is  something  more,  for“mo- 
rahty  is  the  nature  of  things.”  We  cannot  separate 
the  law  of  the  life  of  man  from  the  law  of  the  world 
in  which  he  lives.  And,  if  it  is  the  nature  of  things, 
av  n 1S  the.nature  of  spirit,  that  he  who  loseth  his  life 
shall  save  it,  the  world  must  be  referred  to  a  spiritual 
principle,  and  the  Christian  doctrine  of  the  nature  of 
(rod  is  only  the  converse  of  the  Christian  law  of  ethics, 
lo  Hegel,  starting  from  this  point,  a  new  light  was 
thrown  on  the  Fichtean  treatment  of  the  idea  of  self, 
and  the  Fichtean  proof  that  the  consciousness  of  self 
implies  a  relation  to  an  object  which  is  opposed  to  the 
self,  and  which  yet  from  another  point  of  view — since 
an  object  exists  only  for  a  subject — cannct  be  anything 
but  an  element  of  its  own  life.  It  was  seen  that  this 
movement  of  thought  is  no  mere  fluctuation  between 
contradictory  positions,  to  be  terminated  finally  by  an 
ipse  dixit p f  faith,  but  that  the  unity  of  the  opposite 
elements  is  apprehensible  by  the  intelligence,  and  that 
indeed  it  is  its  presence  to  the  intelligence  which  makes 
the  consciousness  of  opposition  possible.  It  was  in 
this  sense  that  Hegel  could  say  that  that  unity  of  op¬ 
posites  which  had  been  called  unintelligible  by  previous 
writers  was  just  the  very  nature  of  the  intelligence, 
and  that  only  a  view  of  the  world  guided  by  this  idea 
could  be  properly  intelligible,  while  every  other  view 
must  contain  in  it  an  unsolved  contradiction,  an  ele¬ 
ment  that  remains  permanently  impervious  to  thought. 

The  great  oojection  to  a  metaphysic  like  this,  at  least 
an  objection  which  weighs  much  in  the  minds  of  many, 
is  that  which  springs  from  the  contrast  between  the 
claim  of  absolute  knowledge  which  it  seems  to  involve 
and  the  actual  limitations  which  our  intelligence  en¬ 
counters  in  every  direction.  If  the  theory  were  true, 
it  is  felt  we  ought  to  be  nearer  the  solution  of  the 
problems  of  our  life,  practical  and  speculative,  than 
we  are ;  the  riddle  of  the  painful  earth  ought  to  vex 
us  less ;  we  ought  to  find  our  way  more  easily  through 
the  entanglement  of  facts,  and  to  be  able  to  deal  with 
practical  difficulties  in  a  less  tentative  manner.  Yet 
there  is  really  no  antagonism  between  such  a  doctrine 
and  a  consciousness  of  the  limitation  of  our  faculties ; 
nay  rather,  it  is  only  on  such  a  theory  that  a  rational 
distrust  of  ourselves  can  be  based.  When  Aristotle 
meets  the  warning  that  we  should  think  finite  and  hu¬ 
man  things  since  we  are  finite  and  human  with  the 
answer  that  we.  ought  rather,  so  far  as  in  us  lies,  to 
rise  to  what  is  immortal  and  divine,  he  is  not  denying 
the  limits.of  man’s  knowledge  and  power ;  on  the  con¬ 
trary,  he  is  rather  pointing  to  the  very  principle  which 
makes  us  conscious  of  those  limits ;  for  it  is  just  be¬ 
cause  there  is  in  man  a  principle  of  infinity  that  he 
knows  his  finitude,  and,  conversely,  it  is  just  in  the 
consciousness  of  this  finitude  that  he  rises  above  it.  A 
rational  humility  is  possible  only  to  one  who  has  in 
himself  the  measure  of  his  own  weakness,  and  who, 
if  he  “  trembles  like  a  guilty  thing  surprised,”  is  yet 
conscious  that  he  is  trembling  before  himself.  This 
truth  is  often  expressed  by  Kant  with  special  relation 
to  the  moral  consciousness,  as  where  he  contrasts  the 
limitation  of  man,  as  a  sensible  being,  occupying  an 
infinitesimal  space  in  the  boundless  world  of  sense, 
with  his  freedom  from  all  limitation  as  a  personal  self, 
a  member  of  the  truly  infinite  world  of  intelligence. 
But  it  is  not  necessary  to  adopt  Kant’s  abstract  divi- 
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eion  of  the  sensible  from  the  intelligible  world  to  see 
that  the  consciousness  of  the  greatness  of  the  problem 
which  has  to  be  solved  in  human  life  and  thought  is 
deepened  and  widened  by  that  very  idea  of  philosophy 
which  yet  gives  us  the  assurance  that  the  problem  is 
not  insoluble,  and  even  that,  in  principle,  it  is  already 
solved.  (e.  c.  ) 

METAPONTUM,  or  Metapontium  (the  first  form 
is  that  generally  found  in  Latin  writers,  but  Thucydides, 
Strabo,  and  other  Greek  authors  employ  the  lat¬ 
ter  form),  was  a  city  of  Magna  Graecia  situated  on 
the  Gulf  of  Tarentum,  near  the  mouth  of  the  river 
Bradanus,  and  distant  about  24  miles  from  Tarentum 
and  14  from  Heraclea.  It  was  founded  by  an  Achaean 
colony  about  700  B.C.,  though  various  traditions 
existed  which  assigned  it  an  earlier  origin.  But  ac¬ 
cording  to  the  only  historical  account  it  was  a  joint 
foundation  from  Sybaris  and  Crotona,  to  which,  as 
usual  in  similar  cases,  was  joined  a  body  of  fresh  set¬ 
tlers  from  the  mother  country,  under  the  command  of 
a  leader  named  Leucippus.  The  object  of  its  establish¬ 
ment  was  without  doubt  to  strengthen  the  Achaean 
element  in  Magna  Graecia,  as  opposed  to  the  increas¬ 
ing  power  of  the  Tarentines,  but  at  the  same  time  to 
occupy  a  territory  which  was  remarkable  for  its  fertility. 
It  was  to  this  cause  that  Metapontum  owed  the  great 
prosperity  to  which  it  attained  at  an  early  period,  and 
appears  to  have  continued  to  enjoy  for  several  cen¬ 
turies,  though  it  never  assumed  a  prominent  place  in 
historj'.  It  was,  however,  one  of  the  cities  that  played 
a  conspicuous  part  in  the  political  troubles  arising  from 
the  introduction  of  the  Pythagorean  principles  into 
the  cities  of  Magna  Graecia,  and  it  was  there  that  the 
philosopher  himself  ended  his  days.  His  tomb  was 
still  shown  there  in  the  time  of  Cicero. 

At  the  time  of  the  Athenian  expedition  to  Sicily 
(415  B.c. )  Metapontum  appears  to  have  been  an  opu¬ 
lent  and  powerful  city,  whose  alliance  was  courted  by 
the  Athenians  ;  but  they  contented  themselves  with  a 
very  trifling  support.  In  332  B.c.,  at  the  time  of  the 
expedition  of  Alexander,  king  of  Epirus,  into  Italy, 
it  was  one  of  the  first  cities  to  espouse  his  cause,  and 
enter  into  an  alliance  with  him  ;  and  they  appear  to 
have  in  like  manner  lent  an  active  support  to  Pyrrhus 
at  a  later  period.  Down  to  this  time,  therefore,  Meta¬ 
pontum  seems  to  have  retained  its  position  as  one  of 
the  principal  cities  of  Magna  Graecia,  and  there  is  no 
evidence  of  its  having  suffered  materially  from  the  es¬ 
tablishment  of  the  Lucanians  in  its  immediate  neigh¬ 
borhood.  Nor  have  we  any  account  of  the  precise 
period  at  which  it  passed  under  the  dominion  of  Borne, 
or  the  conditions  under  which  it  became  subject  to  t  he 
great  republic.  But  it  was  the  Second  Punic  War 
which  gave  the  fatal  blow  to  its  prosperity.  After  the 
battle  of  Cannae  in  216  B.c.  it  was  among  the  first 
cities  in  the  south  of  Italy  to  declare  in  favor  of  Han¬ 
nibal,  and  after  the  fall  of  Tarentum  in  212  B.c.  it 
not  only  received  a  Carthaginian  garrison,  but  became 
for  some  years  the  headquarters  of  Hannibal.  Hence, 
when  the  defeat  of  Hasdrubal  at  the  Metaurus  (207 
B.  c. )  compelled  him  to  abandon  this  part  of  Italy,  and 
withdraw  into  the  fastnesses  of  Bruttium,  the  whole 
mass  of  inhabitants  of  Metapontum  abandoned  their 
city,  and  followed  him  in  his  retreat. 

Prom  this  time  Metapontum  sunk  into  a  poor  and 
inconsiderable  town -  though  it  was  still  existing  as 
such  in  the  days  of  Cicero,  it  soon  fell  into  complete 
decay,  and  Pausanias  tells  us  that  in  his  time  nothing 
remained  of  it  but  a  theatre  and  the  circuit  of  the 
walls.  All  remains  of  these  have  since  disappeared, 
but  the  site  is  still  marked  by  the  ruins  of  a  temple, 
which  occupy  a  slight  elevation  on  the  right  bank  of 
Cie  river  Bradanus,  about  2  miles  from  its  mouth. 
The  surrounding  plain,  so  celebrated  in  ancient  times 
for  its  fertility,  is  now  desolated  by  malaria,  and  almost 
uninhabited  ;  and  the  remains  of  the  city  itself,  between 
the  site  of  the  teniple  and  the  sea,  are  in  great  part 
buried  in  the  alluvial  deposits  of  the  neighboring  rivers. 


Some  excavations  were  carried  on  upon  the  sp'ot  by 
the  Due  de  LuynesHn  1828,  and  the  results  of  his  re¬ 
searches  were  published  by  him  in  a  special  work 
( Metaponte ,  fob,  Paris,  1833). 

METASTASIO  (1698-1782).  Pietro  Trapassi,  the 
Italian  poet  who  is  better  known  by  his  assumed  name 
of  Metastasio,  was  born  in  Borne,  January  6,  1698. 
His  father,  Felice  Trapassi,  a  native  of  Assisi,  came  to 
Borne  and  took  service  in  what  was  termed  the  Corsi¬ 
can  regiment  of  the  papal  forces.  He  subsequently 
married  a  Bolognese  woman,  called  Francesca  Galasti, 
and  established  himself  in  business  as  a  sort  of  grocer 
in  the  Via  dei  Cappellari.  Two  sons  and  two  daughters 
were  the  fruit  of  this  marriage.  The  eldest  son,  Leo- 
poldo,  must  be  mentioned,  since  he  played  a  part  of 
some  importance  in  the  poet’s  life.  Pietro,  while  quite 
a  child,  showed  an  extraordinary  talent  for  improvisa¬ 
tion,  and  often  held  a  crowd  attentive  in  the  streets 
while  he  recited  impromptu  verses  on  a  given  subject. 
It  so  happened  that,  while  he  was  thus  engaged  one 
evening  in  the  year  1709,  two  men  of  high  distinction 
in  Boman  society  passed  by  and  stopped  to  listen  to 
his  declamation.  These  were  Gian  Vincenzo  Gravina, 
famous  for  legal  and  literary  erudition,  famous  no  less 
for  his  dictatorship  of  the  Arcadian  Academy,  and 
Lorenzini,  a  critic  of  some  note.  Gravina  was  at  once 
attracted  by  the  boy’s  poetical  talent  and  by  his  charm 
of  person  ;  for  little  Pietro  was  gifted  with  agreeable 
manners  and  considerable  beauty.  The  great  man 
interested  himself  in  the  genius  he  had  accidentally 
discovered,  and  made  Pietro  his  protege,  and  in  the 
course  of  a  few  weeks  adopted  him.  Felice  Trapassi  was 
glad  enough  to  give  his  son  the  chance  of  a  good  edu¬ 
cation  and  introduction  into  the  world  under  auspices 
so  favorable.  Gravina,  following  a  fashion  for  which 
we  may  find  precedents  so  illustrious  as  that  of  Me- 
lanchthon,  Hellenized  the  boy’s  name  Trapassi  into 
Metastasio  ;  and  this  name  remained  with  him  for  life. 
Gravina  intended  his  adopted  son  to  be  a  jurist  like 
himself.  He  therefore  made  the  boy  learn  Latin  and 
begin  the  study  of  law.  At  the  same  time  he  culti¬ 
vated  his  literary  gifts,  and  displayed  the  youthful 
prodigy  both  at  his  own  house  and  in  the  Boman 
coteries.  Metastasio  soon  found  himself  competing 
with  the  most  celebrated  improvisatori  of  his  time  in 
Italy.  Days  spent  in  severe  studies,  evenings  devoted 
to  the  task  of  improvising  eighty  stanzas  at  a  single 
session,  were  fast  ruining  Pietro’s  health  and  over¬ 
straining  his  poetic  faculty.  At  this  juncture  Gravina 
had  to  journey  into  Calabria  on  business.  He  took 
Metastasio  with  him,  exhibited  him  in  the  literary 
circles  of  Naples,  and  then  placed  him  under  the  care 
of  his  kinsman  Gregorio  Caroprese  at  a  little  place 
called  Scalea.  In  country  air  and  the  quiet  of  the 
southern  sea-shore  Metastasio’s  health  revived.  It  was 
decreed  by  the  excellent  Gravina  that  he  should  never 
improvise  a  line  again.  His  great  facility  should  be 
reserved  for  nobler  efforts,  when,  having  completed 
his  education,  he  might  enter  into  competition  with 
poets  who  had  bequeathed  masterpieces  to  the  world. 

Metastasio  responded  with  the  docility  of  a  pliant 
nature  to  his  patron’s  wishes.  At  tbe  age  of  twelve, 
while  attending  to  classical  and  legal  studies,  he  trans¬ 
lated  the  Iliad  into  octave  stanzas  ;  and  two  years  later 
he  composed  a  tragedy  in  the  manner  of  Seneca  upon 
a  subject  chosen  from  Trissino’s  Italia  Liberata — 
Gravina’s  favorite  epic.  It  was  called  Gimtino. 
Gravina  had  it  printed  in  1713  ;  but  the  play  is  lifeless; 
and  forty-two  years  afterwards  we  find  Metastasio 
writing  to  his  publisher,  Calsabigi,  that  he  would  will¬ 
ingly  suppress  it.  Caroprese  died  in  1714,  leaving 
Gravina  his  heir ;  and  in  1718  Gravina  also  died. 
Metastasio  inherited  from  the  good  old  man  a  property, 
consisting  of  house,  plate,  furniture  and  money,  which 
amounted  to  15,000  scudi,  or  about  £4000.  At  a 
meeting  of  the  Arcadian  Academy,  amid  the  tears  and 
plaudits  of  that  learned  audience,  he  recited  an  elegy 
on  the  patron  who  had  been  to  him  so  true  a  foster* 
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father,  and  then  settled  down,  not  it  seems  without  real 
sorrow  tor  his  loss,  to  enjoy  what  was  no  inconsiderable 
fortune  at  that  period.  Metastasio  was  now  twenty. 
lAirinff  the  last  four  years  he  had  worn  the  costume 
ot  abbe,  having  taken  the  minor  orders  without  which 
rt  was  then  useless  to  expect  advancement  in  Rome. 
His  romantic  history,  personal  beauty,  charming  man¬ 
ners,  and  distinguished  talents  made  him  fashionable. 
I  hat  before  two  years  were  out  he  had  spent  his 
money  and  increased  his  reputation  for  wit  will  sur¬ 
prise  no  one.  He  now  very  sensibly  determined  to 
quit  a  mode  of  life  for  which  he  was  not  born,  and  to 
apply  himself  seriously  to  the  work  of  his  profession. 
Accordingly  he  went  to  Naples,  and  entered  the  office 
of  an  eminent  lawyer  named  Castagnola.  It  would 
appear  that  he  articled  himself  as  clerk,  for  Castag¬ 
nola,  who  was  a  stern  master,  averse  to  literary  trifling, 
exercised  severe  control  over  his  time  and  energies 
While  slaving  at  the  law,  Metastasio  did  not  wholly 
neglect  the  Muses.  In  1721  he  composed  an  epithala- 
mium,  and  probably  also  his  first  musical  serenade, 
Endimwne,  on  the  occasion  of  the  marriage  of  his 
patroness  the  Princess  Pinelli  di  Sangro  to  the  Mar- 
chese  Belmonte  Pignatelli.  But  the  event  which  fixed 
his  destiny  was  the  following.  In  1722  the  birthday 
of  the  empress  had  to  be  celebrated  with  more  than 
ordinary  honors,  and  the  viceroy  applied  to  Metastasio 
to  compose  a  serenata  for  the  occasion.  He  accepted 
this  invitation  with  mingled  delight  and  trepidation ; 
for  Castagnola  looked  with  no  favor  on  his  clerk’s 
poetical  distractions.  It  was  arranged  that  his  author¬ 
ship  should  be  kept  a  profound  secret.  Under  these 
conditions  Metastasio  produced  Gli  Orti  Esperidi. 
Set  to  music  by  Porpora,  it  won  the  most  extraordi¬ 
nary  applause.  The  great  Roman  prima  donna, 
Marianna  Bulgarelli,  called  La  Romanina  from  her 
birthplace,  who  had  played  the  part  of  Venus  in  this 
drama,  was  so  enraptured  with  the  beauties  of  the 
libretto  that  she  spared  no  pains  until  she  had  dis¬ 
covered  its  author.  Asked  point-blank  whether  he 
had  not  written  the  words  of  the  successful  play,  Me¬ 
tastasio  was  obliged  to  answer,  Yes!  La  Romanina 
forthwith  took  possession  of  him,  induced  him  to  quit 
his  lawyer’s  office,  and  promised  to  secure  for  him  fame 
and  independence,  if  he  would  devote  his  talents  to  the 
musical  drama.  It  was  thus  that  the  opera,  already 
partially  developed  by  the  Caesarean  poet,  Apostolo 
Zeno,  attained  perfection.  The  right  man  had  been 
found  for  maturing  this  form  of  art  which  the  genius 
of  the  age  demanded,  but  which  was  still  but  incom¬ 
plete.  In  La  Romanina’s  house,  Metastasio  became 
acquainted  with  the  greatest  composers  of  the  day, — 
with  Porpora,  from  whom  he  took  lessons  in  music  ; 
with  Hasse,  Pergolese,  Scarlatti,  Vinci,  Leo,  Durante : 
Marcello,  all  of  whom  were  destined  in  the  future  to 
set  his  plays  to  melody.  Here  too  he  studied  the  art 
of  singing,  and  learned  to  appreciate  the  style  of  such 
men  as  Farinelli.  His  singularly  pliant  genius  dis¬ 
cerned  the  conditions  which  the  drama  must  obey  in 
order  to  adapt  itself  to  music  in  the  stage  it  then  had 
reached.  Gifted  himself  with  extraordinary  facility  in 
composition,  and  with  a  true  poetic  feeling,  he  found 
no  difficulty  in  producing  plays  which,  while  beautiful 
in  themselves,  judged  merely  as  works  of  literary  art, 
became  masterpieces  as  soon  as  their  words  were  set  to 
music,  and  rendered  by  the  singers  of  the  greatest 
school  of  vocal  art  the  world  has  ever  seen.  Reading 
Metastasio  in  the  study,  it  is  impossible  to  do  him 
justice.  Our  only  chance  of  rendering  him  a  portion 
of  his  due  is  to  approach  these  lyrical  scenes — so  pas¬ 
sionate  in  their  emotion,  so  cunningly  devised  for 
musical  effect — with  the  phrases  of  Pergolese  or  Pae- 
siello  ringing  in  our  ears,  and  to  imagine  how  a  Fari¬ 
nelli  or  a  Caffariello  voiced  those  stanzas  which  demand 
for  their  artistic  realization  the  “linked  sweetness 
long  drawn  out”  of  melodies  as  the  Italian  school  de¬ 
veloped  them.  In  short,  Metastasio  is  a  poet  whose 
poetry  leapt  to  its  real  life  in  the  environment  of 


music.  The  conventionality  of  all  his  plots,  the  ab¬ 
surdities  of  many  of  his  situations,  the  violence  he 
does  to  history  in  the  persons  of  some  leading  charac- 
ters,  his  damnable  iteration  ”  of  the  theme  of  love 
in  all  its  phases,  are  explained  and  justified  by  music, 
lie  can  still  be  studied  with  pleasure  and  profit.  But 
our  only  chance  of  understanding  the  cosmopolitan 
popularity  he  enjoyed  is  by  remembering  that  at  least 
one  half  of  the  effect  he  aimed  at  has  been  irrecover¬ 
ably  lost. 

Metastasio  resided  with  La  Romanina  and  her  hus- 
band  in  Borne.  The  generous  woman,  moved  by  an 
anection  halt  maternal  half  romantic,  and  by  a  true 
artist  s  admiration  for  so  rare  a  talent,  adopted  him 
more  passionately  even  than  Gravina  had  done.  She 
took  the  whole  Trapassi  family— father,  mother, 
brother,  sisters— into  her  own  house.  She  fostered 
the  poet  s  genius  and  pampered  his  caprices.  Under 
her  mfluence  he  wrote  in  rapid  succession  the  Didone 
Abbandonata,  Catone  in  Utica,  Ezio,  Alessandro  nelV 
J_ndie,  Semiramide  Riconosciuta,  Siroe,  and  Artaserse. 
these  dramas  were,  set  to  music  by  the  chief  com- 
posers  of  the  day,  and  performed  in  the  chief  towns 
of  Italy.  Every  month  added  to  Metastasio’s  renown. 
But  meanwhile  La  Romanina  was  growing  older  ;  she 
had  ceased  to  sing  in  public  ;  and  the  poet  felt  him¬ 
self  more  and  more  dependent  in  an  irksome  sense 
upon  her  kindness.  He  gained  300  scudi  (about  £60) 
for  each  opera;  this  pay,  though  good,  was  pre¬ 
carious,  and  he  longed  for  some  fixed  engagement. 
Abandoning  .himself  gradually  to  despondent  whims 
and  fancies,  it  became  clear  that  some  change  in  his 
condition  was  desirable.  And  the  opportunity  for  a 
great  change  soon  presented  itself.  In  September, 
1729,  he  received  the  offer  of  the  post  of  court  poet  to 
the  theatre  at  Vienna,  with  a  stipend  of  3000  florins. 
This  he  at  once  accepted.  La  Romanina  unselfishly 
sped  him  on  his  way  to  glory.  She  took  the  charge 
of  his  family  in  Rome,  and  he  set  off  for  Austria. 

In  the  early  summer  of  1730  Metastasio  settled  at 
Vienna  in  the  house  of  a  Spanish  Neapolitan,  Niccolb 
Martinez,  where  he  resided  until  his  death.  This 
date  marks  a  new  period  in  his  artistic  activity.  Be¬ 
tween  the  years  1730  and  1740  his  finest  dramas,  Adri¬ 
ano,  Demetrio,  Issipile,  Demofoonte ,  Olimpiade, 
Cleinenza  di  Tito,  Acliille  in  Sciro ,  Temistocle,  and 
Attilio  Regolo,  were  produced  for  the  imperial  theatre. 
Some  of  them  had  to  be  composed  for  special  occa¬ 
sions,  with  almost  incredible  rapidity — the  Acliille  in 
eighteen  days,  the  Ipermnestra  in  nine.  Poet,  com¬ 
poser,  musical  copyist,  and  singer  did  their  work  to¬ 
gether  in  frantic  haste.  The  impress  of  the  peculiar 
circumstances  under  which  they  were  created  is  still 
left  upon  them,  not  only  in  negligence  of  style,  but 
also  in  an  undefinable  quality  which  marks  them  out 
as  products  of  collaboration.  But  what  must  always 
surprise  us  is  that  they  should  be  as  good  as  they  are. 
Metastasio  understood  the  technique  of  his  peculiar 
art  in  its  minutest  details.  The  experience  gained  at 
Naples  and  Rome,  quickened  by  the  excitement  of 
his  new  career  at  Vienna,  enabled  him  almost  in¬ 
stinctively,  and  as  it  were  by  inspiration,  to  hit  the 
exact  mark  aimed  at  in  the  opera. 

At  Vienna  Metastasio  met  with  no  marked  social 
success.  His  plebeian  birth  excluded  him  from  aristo¬ 
cratic  circles.  But,  to  make  up  in  some  measure  for 
this  comparative  failure,  he  enjoyed  the  intimacy  of 
a  great  lady,  the  Countess  Althann,  sister-in-law  of 
his  old  patroness  the  Princess  Belmonte  Pignatelli. 
She  had  lost  her  husband,  and  had  some  while  occu¬ 
pied  the  post  of  chief  favorite  to  the  emperor.  Me¬ 
tastasio’s  liaison  with  her  became  so  close  that  it  was 
even  believed  they  had  been  privately  married.  From 
his  letters  to  his  friend  La  Romanina,  and  to  the 
great  singer  Farinelli,  who  reigned  .supreme  at  the 
court  of  Madrid,  we  learn  the  little  details  of  the 
poet’s  life  in  its  wearisome  monotony,  and  come  to 
comprehend  his  character,  at  once  generous  and  timid, 
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selfish  and  amiable,  prudent  almost  to  excess  of  cau¬ 
tion,  and  personally  cold  in  contradiction  with  the 
fervor  of  his  sentimental  muse.  The  even  tenor  of 
this  dull  existence  was  broken  in  the  year  1734  by  the 
one  dark  and  tragic  incident  of  his  biography.  It  ap¬ 
pears  that  La  Romanina  had  at  last  got  tired  of  his 
absence.  _  Little  satisfied  with  his  friendly  but  some¬ 
what  reticent  communications,  impatient  to  see  him 
once  again,  inquisitive  perhaps  about  the  terms  on 
which  he  lived  with  his  new  mistress,  she  resolved  to 
journey  to  Vienna.  Could  not  Metastasio  get  her  an 
engagement  at  the  court  theatre  ?  The  poet  at  this 
juncture  revealed  his  own  essential  feebleness  of  char¬ 
acter.  To  La  Romanina  he  owed  almost  everything 
as  a  man  and  as  an  artist.  But  he  was  ashamed  of 
her  and  tired  of  her.  He  vowed  she  should  not  come 
to  Vienna,  and  wrote  dissuading  her  from  the  pro¬ 
jected  visit.  The  tone  of  his  letters  alarmed  and  irri¬ 
tated  her.  It  is  probable  that  she  set  out  from  Rome, 
but  died  suddenly  upon  the  road.  Nothing  can  be 
said  for  certain  about  her  end,  or  about  the  part  which 
Metastasio  may  have  played  in  hastening  the  catas¬ 
trophe.  All  we  know  is  that  she  left  him  her  fortune 
after  her  husband’s  life  interest  in  it  had  expired,  and 
that  Metastasio,  overwhelmed  with  grief  and  remorse, 
immediately  renounced  the  legacy.  This  disinterested 
act  plunged  the  Bulgarelli-Metastasio  household  at 
Rome  into  confusion.  La  Romanina’ s  widower  mar¬ 
ried  again.  Leopoldo  Trapassi,  and  his  father  and 
sister;  were  thrown  upon  their  own  resources.  The 
poet  m  Vienna  had  to  bear  their  angry  expostulations 
upon  his  ill-timed  generosity,  and  to  augment  the 
allowances  he  made  them. 

As  time  advanced  the  life  which  Metastasio  led  at 
Vienna,  together  with  the  climate,  told  upon  his 
health  and  spirits.  From  about  the  year  1745  onward 
he  writes  complainingly  of  a  mysterious  nervous  ill¬ 
ness,  which  plunged  him  into  the  abyss  of  melancholy, 
interfered  with  his  creative  energy,  and  constantly  dis¬ 
tressed  him  with  the  apprehension  of  a  general  break¬ 
down.  He  wrote  but  little  now,  though  the  cantatas 
which  belong  to  this  period,  and  the  canzonet  Ecco 
queljiero  istante,  which  he  sent  to  his  friend  Farinelli, 
rank  among  the  most  popular  of  his  productions.  It 
was  clear,  as  his  latest  and  most  genial  biographer, 
Vernon  Lee,  has  phrased  it,  that  “what  ailed  him  was 
mental  and  moral  ennui.”  In  1755  the  Countess  Al- 
thann  died,  and  Metastasio  was  more  than  ever  re¬ 
duced  to  the  society  which  gathered  round  him  in  the 
bourgeois  house  of  the  Martinez.  He  sank  rapidly 
into  the  habits  of  old  age ;  and,  though  his  life  was 
prolonged  till  the  year  1782,  very  little  can  be  said 
about  it.  On  the  12th  of  April  he  died,  bequeathing 
his  whole  fortune  of  some  130,000  florins  to  the  five 
children  of  his  friend  Martinez.  He  had  survived  all 
his  Italian  relatives. 

During  the  long  period  of  forty  years  in  which  Metastasio 
may  be  almost  said  to  have  overlived  his  originality  and  cre¬ 
ative  powers  his  fame  went  on  increasing.  In  his  library 
he  counted  as  many  as  forty  editions  of  his  own  works. 
They  had  been  translated  into  French,  English,  German, 
Spanish,  even  into  Modern  Greek.  They  had  been  set  to 
music  over  and  over  again  by  every  composer  of  distinc¬ 
tion,  each  opera  receiving  this  honor  in  turn  from  several 
of  the  most  illustrious  men  of  Europe.  They  had  been 
sung  by  the  best  virtuosi  in  every  capital,  from  Madrid  to 
St.  Petersburg,  from  London  to  Constantinople.  The  critics 
of  all  nations  vied  in  raising  Metastasio’s  credit  to  the  skies. 
There  was  not  a  literary  academy  of  note  which  had  not 
conferred  on  him  the  honor  of  membership.  Strangers  of 
distinction  passing  through  Vienna  made  a  point  of  paying 
their  respects  to  the  old  poet  at  his  lodgings  in  the  Kohl- 
markt  Gasse.  Letters  of  congratulation,  adulation,  sym¬ 
pathy,  respect,  condolence,  poured  in  upon  him.  And  yet, 
during  the  whole  of  this  long  period,  he  was  gradually  out¬ 
living  the  artistic  conditions  upon  which  that  fame  was 
really  founded.  It  has  been  already  pointed  out  that  Me- 
.astasio  cannot  rank  as  a  poet  in  the  unqualified  sense  of 
tnat  word,  hut  as  a  poet  collaborating  with  the  musical  com¬ 
poser  and  performer.  His  poetry,  furthermore,  was  intended 
jor  a  certain  style  of  music— for  the  music  of  omnipotent 


vocalists,  of  thaumaturgical  soprani.  With  the  changes 
effected  in  the  musical  drama  by  Gluck  and  Mozart,  with 
the  development  of  orchestration  and  the  rapid  growth  of 
the  German  manner,  a  new  type  of  libretto  came  into  re¬ 
quest.  Metastasio’s  plays  fell  into  undeserved  neglect 
together  with  the  music  to  which  he  had  linked  them’ 
Farinelli,  whom  he  styled  “  twin-brother,”  was  the  true  ex¬ 
ponent  of  his  poetry ;  and,  with  the  abolition  of  the  class  of 
singers  to  which  Farinelli  belonged,  Metastasio’s  music  suf¬ 
fered  eclipse.  It  was  indeed  a  just  symbolic  instinct  which 
made  the  poet  dub  this  unique  soprano  his  twin-brother 
The  musical  drama  for  which  Metastasio  composed  and 
in  working  for  which  his  genius  found  its  proper  sphere  has 
so  wholly  passed  away  that  it  is  now  difficult  to  assign  his 
true  place  to  the  poet  in  Italian  literary  history.  Compared 
with  Shakespeare,  or  even  with  Eacine,  he  hardly  merits 
the  title  of  a  dramatist.  His  inspiration  was  essentially 
emotional  and  lyrical.  Instead  of  creating  characters,  he 
created  situations  for  the  display  of  very  varied  feelings, 
for  aii  the  feelings  in  fact  to  which  melody  allies  itself. 
Lut  in  doing  this  he  showed  a  capable  playwright’s  faculty. 
His  personages  act  and  react  upon  each  other.  Their 
characters,  though  not  in  harmony  with  history  or  fact,  are 
clearly  traced  and  cleverly  sustained.  Each  of  the  dramatis 
person®  is  an  emotion  incarnate  and  consistent,  admirably 
fitted  for  musical  effect  and  contrast.  The  clash  and  com¬ 
bat  of  passions  are  vividly  presented,  with  the  smallest  pos¬ 
sible  expenditure  of  rhetoric,  in  the  dialogues  intended  for 
recitative.  The  climax  of  emotion  is  cadenced  in  appro- 
priate  stanzas,  with  simple  but  effective  imagery,  at  the 
close  of  each  important  scene.  The  chief  dramatic  situa¬ 
tions  are  expressed  by  lyrics  for  two  or  three  voices,  em¬ 
bodying  the  several  contending  passions  of  the  agents 
brought  into  conflict  by  the  circumstances  of  the  plot.  The 
total  result  is  not  pure  literature,  but  literature  supremely 
tit  for  musical  effect.  Language  in  Metastasio’s  hands  is 
exquisitely  pure  and  limpid.  Of  the  Italian  poets,  he  pro¬ 
fessed  a  special  admiration  for  Tasso  and  for  Marini.  But 
he  avoided  the  conceits  of  the  latter,  and  was  no  master 
over  the  refined  richness  of  the  former’s  diction.  His  own 
style  reveals  the  improvisatore’s  facility.  Of  the  Latin 
poets  he  studied  Ovid  with  the  greatest  pleasure,  and  from 
this  predilection  some  of  his  own  literary  qualities  may  he 
derived.  The  pedantic  rules  of  Aristotelian  poetics  never 
touched  an  artist  who  felt  his  real  vocation  to  be  the  inter¬ 
pretation  of  music.  For  historical  propriety,  for  the  psy¬ 
chology  of  character,  for  unity  of  plot,  for  probability  of 
incident,  he  had  a  supreme  disregard.  It  was  indeed  his 
merit  to  have  discarded  all  these  considerations.  His  poetry 
was  the  twin-sister  of  Italian  melody,  and  he  was  right  in 
trusting  entirely  to  music  and  action  on  the  stage  to  render 
his  conceptions  vital  What,  therefore,  he  gained  during 
his  own  lifetime,  while  the  musical  system  to  which  he 
subordinated  his  genius  was  yet  living,  he  has  since  lost 
when,  as  now,  he  must  be  studied  by  readers  who  have  only 
a  taint  and  dim  conception  of  that  perished  art.  For  sweet¬ 
ness  of  versification,  for  limpidity  of  diction,  for  delicacy  of 
sentiment,  for  romantic  situations  exquisitely  rendered  in 
the  simplest  style,  and  for  a  certain  delicate  beauty  of 
imagery  sometimes  soaring  to  ideal  sublimity,  he  deserves 
to  be  appreciated  so  long  as  the  Italian  language  lasts. 

There  are  numerous  editions  of  Metastasio’s  works.  That  bv 
Calsabigi,  Pans,  l/o5,  9  vols.  8vo,  published  under  his  own  super¬ 
intendence,  was  the  poet  s  favorite.  Another  of  Turin,  1757,  and 
a  third  of  Pans,  1/80,  deserve  mention.  The  posthumous  works 
were  printed  at  Vienna,  1795.  The  collected  editions  of  Genoa 
180..,  and  Padua,  1811,  will  probably  be  found  most  useful  by  the 
general  student.  Metastasio’s  life  was  written  bv  Alnivi  A«i«i 
1783;  by  Charles  Burney,  London,  1796 ;  and  by  otlierf  bnt  hv 
far  the  most  vivid  sketch  of  his  biography  will  be  found  in  Ver¬ 
non  hce  s  Studies  of  the  lfhth  Century  in  Italy,  London  1880  a  work 
which  throws  a  flood  of  light  upon  the  d4velopmenTof  Italian 
dramatic  music,  and  upon  the  place  occupied  by  Metastasio  in 
the  artistic  movement  of  the  last  century  y  (  j  a  s ) 


METCALFE,  Charles  Theophilus  Metcalfe, 
Baron  (1785-1846),  a  distinguished  administrator, 
was  born  at  Calcutta  on  January  30,  1785;  he  was 
the  second  son  of  Thomas  Theophilus  Metcalfe,  then  a 
major  in  the  Bengal  army,  who  afterwards  became  a 
director  of.  the  East  India  Company,  and  was  created 
a  baronet  in  1802.  Having  been  educated  at  Eton 
where  he  read  extensively,  he  in  1800  sailed  for 
India  as  a  writer  in  the  service  of  the  Company.  After 
studvmg  Oriental  languages  with  success  at  Lord 
Wellesley  s  college  of  Fort  William,  he,  at  the  age  of 
sixteen,  received  an  appointment  as  assistant  to  Lord 
Cowley,  then  resident  at  the  court  of  Sindhia  ;  in  1802 
he  became  assistant  in  the  office  of  the  chief  secretary  • 
in  1803  he  was  transferred  to  that  of  the  governor- 
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feneral,  and  in  1806  to  that  of  the  commander-in-chief. 
)n  August  15,  1806,  he  became  first  assistant  to  the 
resident  at  Delhi,  and  in  1808  he  was  selected  by  Lord 
Minto  for  the  difficult  post  of  envoy  to  the  court  of 
Ranjit  Sinh  at  Lahore;  here,  on  April  25,  1809,  he 
successfully  concluded  the  important  treaty  securing  the 
independence  of  the  Sikh  states  between  the  Sutlej  and 
the  Jumna.  Four  years  afterwards  he  was  made 
principal  resident  at  Delhi,  and  in  1819  he  received 
the  appointments  of  secretary  in  the  secret  and  politi¬ 
cal  department,  and  of  private  secretary  to  the  gov¬ 
ernor-general  (Lord  Hastings').  From  1 820  to  1 823  Sir 
Charles  (who  succeeded  his  brother  in  the  baronetcy 
in  1822)  was  resident  at  the  court  of  the  nizam, 
but  in  the  latter  year  he  was  compelled  by  the  state  of 
his  health  to  retire  from  active  service  ;  in  1825,  how¬ 
ever,  he  was  so  far  restored  as  to  undertake  the  resi¬ 
dency  of  the  Delhi  territories.  Two  years  afterwards 
he  obtained  a  seat  in  the  supreme  council,  and  in  Feb¬ 
ruary,  1835,  after  he  had  for  some  time  been  governor 
of  Agra,  he,  as  senior  member  of  council,  provision¬ 
ally  succeeded  Lord  William  Bentinck  in  the  governor- 
generalship.  During  his  brief  tenure  of  office  (it  lasted 
only  till  March  28,  1836)  he  originated  or  carried  out 
several  important  measures,  including  that  for  the 
liberation  of  the  press,  which,  while  almost  universally 
popular,  complicated  bis  relation  with  tbe  directors  at 
home  [to  such  an  extent  that  he  withdrew  from  the 
service  of  the  Company  in  1838.  In  the  following 
year  he  was  appointed  by  the  Melbourne  administra¬ 
tion  to  the  governorship  of  Jamaica,  where  the  diffi¬ 
culties  created  by  the  recent  passing  of  the  Negro 
Emancipation  Act  had  called  for  a  high  degree  of  tact 
and  ability.  Sir  Charles  Metcalfe’s  success  in  this 
delicate  position  was  very  marked  (see  vol.  xiii.  p.  561), 
but  unfortunately  his  health  compelled  his  resignation 
and  return  to  England  in  1842.  Six  months  afterwards 
he  was  appointed  by  the  Peel  ministry  to  the  governor- 
generalship  of  Canada,  and  his  success  in  carrying  out 
the  policy  of  the  home  Government  was  rewarded  with 
a  peerage  shortly  after  his  return  in  1845.  He  died 
at  Malsnanger,  near  Basingstoke,  September  5,  1846. 
See  J.  W.  Kaye’s  Life  and  Correspondence  of  Charles 
Lord  Metcalfe,  London,  1854. 

METELLUS,  the  name  of  the  most  important 
family  of  the  Roman  plebeian  gens  Csecilia.  They  rose 
to  distinction  during  the  Second  Punic  War,  and 
Naevius  satirized  them. 

Quintus  CLecilius  Metellus  Macedonicus,  prae¬ 
tor  148  B.c.  in  Macedonia,  defeated  Andriscus  in  two 
battles,  and  forced  him  to  surrender.  He  then  super¬ 
intended  the  conversion  of  Macedonia  into  a  Roman 
province.  He  tried  unsuccessfully  to  mediate  between 
the  Achaean  league  and  Sparta,  but,  when  the  Achaeans 
advanced,  he  defeated  them  easily  near  Scarpheia ; 
Mummius  soon  after  superseded  him,  and  returning 
to  Italy  he  triumphed  m  146. .  Consul  in  143,  he 
reduced  Northern  Spain  to  obedience.  In  131  censor 
with  Q.  Pompeius  (the  first  two  plebeian  censors),  he 
proposed  that  all  citizens  should  be  compelled  to 
marry.  He  was  a  moderate  reformer,  and  was  con¬ 
sidered  the  model  of  a  fortunate  man ;  before  his 
death  in  115  three  of  his  sons  had  been  consuls,  one 
censor,  and  the  fourth  was  a  candidate  for  the  consul¬ 
ship. 

Quintus  C^ecilius  Metellus  Numidicus,  whose 
reputation  for  integrity  was  such  that  when  he  was 
accused  of  extortion  the  jury  refused  to  examine  his 
accounts,  was  selected  to  command  against  Jugurtha 
in  109  B.C.  He  subjected  the  army  to  rigid  discipline, 
and  aimed  solely  at  seizing  Jugurtha  himself;  he 
defeated  the  king  by  the  river  Muthul,  and  next  year, 
after  a  difficult  march  through  the  desert,  took  his 
stronghold  Thala.  Marius,  however,  accused  Metellus 
of  protracting  the  war,  and  received  the  consulate  for 
107.  Metellus  returned  to  Rome  and  triumphed. 
Saturninus,  whom  as  censor  he  tried  to  remove  from 
the  senate,  passed  in  100  an  agrarian  law,  inserting 


a  provision  that  all  senators  should  swear  to  it  within 
five  days.  All  complied  but  Metellus,  who  retired  to 
Asia.  After  Saturninus  was  killed,  he  returned,  but 
died  shortly  after  under  suspicion  of  poison. 

Quintus  Gecilius Metellus  Pius,  so  called  from 
his  efforts  to  restore  his  father  Numidicus,  commanded 
in  the  Social  War,  defeating  Q.  Pompgedius  (88  B.c.). 
bulla  on  departing  gave  him  proconsular  command 
over  South  Italy.  When  Marius  returned,  the  soldiers, 
who  had  no  confidence  in  Octavius,  wished  Metellus 
^  ®nt  re^!sed.  Metellus  retired  to 
Africa  and  afterwards  to  Liguria,  resuming  his  former 
command  on  Sulla’s  return.  In  86  he  gained  a 
decisive  victory  over  Norbanus  at  Faventia.  In  Sulla’s 
proscriptions  he  pleaded  in  favor  of  moderation.  Con¬ 
sul  in  80  with  Sulla,  he  went  to  Spain  next  year 
against  Sertorius,  who  pressed  him  hard  till  the 
arrival  of  Pompeius  in  76.  Next  year  Metellus 
defeated  Sertorius’ s  lieutenant  Hirtuleius  at  Italica 
and  Segovia,  and  joining  Pompeius  rescued  him  from 
the  consequences  of  a  check  at  Sucre.  From  this  time 
Sertorius  grew  weaker  till  his  murder  in  72.  Metellus 
had  previously  set  a  price  on  his  head.  In  71  he 
returned  to  Rome  and  triumphed.  He  was  an  upright 
man,  of  moderate  ability. 

Quintus  C^ecilius  Metellus  Pius  Scipio,  son  of 
Scipio  Nasica,  was  adopted  by  the  preceding.  He 
was  accused  of  bribery  in  60  b.c.,  and  defended  by 
Cicero.  In  August,  52,  Pompeius  procured  him  the 
consulate.  Scipio  in  return  supported  Pompeius,  now 
his  son-in-law.  On  war  being  resolved  on,  Scipio  was 
sent  to  Syria.  His  extortions  were  excessive,  and  he 
was  about  to  plunder  the  temple  of  Artemis  at  Ephesus 
when  he  was  recalled  by  Pompeius.  He  commanded 
the  centre  at  Pharsalus,  and  afterwards  went  to  Africa, 
where  by  Cato’s  influence  he  received  the  command. 
In  46  he  was  defeated  at  Thapsus ;  in  his  flight  to 
Spain  he  was  stopped  by  a  corsair,  and  stabbed  him¬ 
self.  His  connection  with  two  great  families  gave  him 
importance  ;  but  he  was  selfish  and  licentious,  and  his 
violence  drove  many  from  his  party. 

Quintus  Cjecilius  Metellus  Celer,  praetor  63 
B.c.,  was  sent  to  cutoff  Catiline’s  retreat  northward. 
Consul  in  61,  his  personal  influence  prevented  the 
holding  of  the  Compitalia,  which  the  senate  had  for¬ 
bidden  and  the  tribunes  permitted.  He  opposed  the 
agrarian  law  of  the  tribune  L.  Flavius,  and  stood  firm 
even  though  imprisoned ;  the  law  had  to  be  given  up. 
He  also  tried,  though  fruitlessly,  to  obstruct  Caesars 
agrarian  law  in  59.  He  died  that  year  under  suspicion 
of  poison  given  by  his  wife  Clodia. 

METEMPSYCHOSIS,  the  transmigration  of  the 
soul,  as  an  immortal  essence,  into  successive  bodily 
forms,  either  human  or  animal.  This  doctrine,  famous 
in  antiquity,  and  one  of  the  characteristic  doctrines  of 
Pythagoras,  appears  to  have  originated  in  Egypt. 
This  indeed  is  affirmed  by  Herodotus  (ii.  123) :  “The 
Egyptians  are,  moreover,  the  first  who  propounded  the 
theory  that  the  human  soul  is  immortal,  and  that  when 
the  body  of  any  one  perishes  it  enters  into  some  other 
creature  that  may  be  horn  ready  to  receive  it,  and  that, 
when  it  has  gone  the  round  of  all  created  forms  on  land, 
in  water,  and  in  air,  then  it  once  more  enters  a  human 
body  born  for  it ;  and  this  cycle  of  existence  for  the 
soul  takes  place  in  three  thousand  years.” 

Plato,  in  a  well-known  passage  of  the  Phcedrus , 
adapts,  as  was  his  wont,  the  Pythagorean  doctrine  to 
his  myth  or  allegory  about  the  soul  of  the  philosopher. 
That  soul,  he  says,  though  it  may  have  suffered  a  fall 
in  its  attempt  to  contemplate  celestial  things,  still  is 
not  condemned,  in  its  first  entrance  into  another  form, 
to  any  bestial  existence,  but,  according  to  its  attain¬ 
ments,  f.e.,  to  the  progress  which  it  has  made  in  its 
aspiration  for  celestial  verities,  it  passes,  in  nine  dis¬ 
tinct  grades,  into  the  body  of  some  one  destined  to 
become  a  philosopher,  a  poet,  a  king,  a  general,  a 
seer,  etc.  ;  or,  rf  very  inferior,  it  will  animate  a  sophist 
or  an  autocrat  (ripawot).  Plato  extends  the  cycle  of 
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existence  to  ten  thousand  years,  which  is  subdivided 
into  periods  of  a  thousand  years,  after  the  lapse  of 
which  the  souls  undergo  judgment,  and  are  admitted 
to  everlasting  happiness  orcondemned  to  punishment.1 
It  is  after  the  period  of  a  thousand  years,  he  adds,  that 
the  human  soul  comes  into  a  beast,  and  from  a  beast 
again  into  a  man,  if  the  soul  originally  was  human. 

Pythagoras,  who  was  said  to  have  travelled  in 
Egypt,2  brought  this  fantastic  doctrine  into  Magna 
Graecia,  and  made  it  a  prominent  part  of  his  teaching. 
He  declared  that  he  had  himself  been  Euphorbus,  the 
son  of  Panthus,  in  the  time  of  the  Trojan  War,  and 
had  successively  inhabited  other  human  bodies,  the 
actions  of  all  which  he  remembered.3  Closely  con¬ 
nected  with  his  theory  of  metempsychosis  was  his 
strict  precept  to  abstain  from  animal  food,  even  from 
eggs,  from  some  kinds  of  fish,  and  (for  some  unknown, 
probably  symbolical,  reason)  from  beans.4  There  can 
be  no  doubt  that  the  Egyptian  custom  of  preserving 
the  mummies  of  cats,  crocodiles,  and  some  other  crea¬ 
tures  had  its  origin  in  the  notion  that  they  had  been 
inhabited  by  souls  which  might  some  day  claim  these 
bodies  for  their  own.  We  cannot  suppose  that  Plato 
or  the  later  Greeks  really  believed  in  the  transmigra¬ 
tion  of  souls,  though  there  are  many  allusions  to  it, 
generally  of  a  somewhat  playful  character.  Thus  Me¬ 
nander,  in  the  play  called  The  Inspired  Woman 5 
(B£o<popovft£vr/),  supposes  some  god  to  say  to  an  old 
man,  Crato,  “When  you  die,  you  will  have  a  second 
existence ;  choose  what  creature  you  would  like  to  be, 
dog,  sheep,  goat,  horse,  or  man.”  To  which  he  re¬ 
plies,  “Make  me  anything  rather  than  a  man,  for  he 
is  the  only  creature  that  prospers  by  injustice.  ’ 

Absurd  and  fantastic  as  such  a  doctrine  as  metem¬ 
psychosis  appears  at  first  sight  to  be,  it  was  in  reality 
a  logical  deduction  from  primitive  ideas  about  the  na¬ 
ture  of  the  soul.  It  is  necessary  to  explain  these  ideas 
(which  have  important  bearings  on  other  questions)#in 
order  to  show  that  metempsychosis  was  almost  a  nec¬ 
essary  corollary  to  the  belief  that  the  soul  was  the  vital 
or  animating  principle, — that  the  one  distinction  be¬ 
tween  organic  and  inorganic  was  the  existence  in  the 
former  of  a  ifrvxh- 

The  difference  between  a  dead  body  and  a  living 
body — or  rather,  one  principal  difference — was  that  the 
living  animal  breathed  ;  and  it  was  observed  that,  as 
soon  as  the  breath  left  the  body,  not  only  did  warmth 
and  motion  cease,  but  the  body  began  to  decay.  Life, 
therefore,  was  breath,  an  opinion  tacitly  expressed  by 
the  Greek  and  Roman  vocabulary,  animus ,  anima 
(avejxos),  rpvxv,  nvevfia ,  spiritus.  But  breath  is  air,  and 
air  is  eternal  and  imperishable  in  its  very  nature. 
Therefore  the  “soul,”  or  portion  of  air  which  gave 
animation  to  the  body,  did  not  perish  at  the  dissolu¬ 
tion  of  the  body,  but  it  was  returned  to  the  element 
of  which  it  was  composed,  and  out  of  which  it  came. 
It  followed  that,  from  the  countless  millions  of  ‘  ‘  souls  ’  ’ 
emancipated  from  bodies  in  all  time,  and  still  flitting 
about  invisibly  in  space,  the  air  must  literally  swarm 
with  souls, — a  doctrine  taught  by  Pythagoras.6  Hence, 
any  creature,  human  or  bestial,  that  first  drew  the 
breath  of  life,  might,  so  to  say,  swallow  a  soul,  i.  e. , 
take  in  with  the  act  of  respiration  the  very  same  par¬ 
ticles  of  air  which  had  animated  some  former  body. 
For,  although  the  soul  was  air,  and  returned  to  its 
kindred  element,  it  was  supposed  to  retain  a  peculiar 
character  in  intelligence  (<pg6vt/c Tig),  remembrance  of  the 
past,  and  knowledge  and  experience  gained  in  some 
former  existence.  Any  creature  which  first  breathed 


1  P.  249  A.  Comp.  Rev.  xx.  2, 13;  Virg.,  2En.,  vi.  745,  “Donee 
longa  dies,  perfecto  temporis  orbe,  concretam  exemit  labem,”  etc. 

?  Diogen.  Laert.,  viii.  1, 3 ;  Lucian,  Gallus,  g  18  sq.,  where  the'doc- 
of  metempsychosis  and  the  stories  about  the  preexistence 
of  Pythagoras  are  wittily  satirized. 

3  Lucian,  Gates,  gg  4, 6;  Diodor.  Sic.,  x.gg  9, 10;  Hor.,  Od.,i.  28,10, 

habentque  Tartars  Panthoiden  iterum  Oreo  demissum.” 

-  Gallus ,  19,  33.  For  fanciful  reasons  for  the  prohibition  of 
beans,  see  Lucian,  Vitarum  Audio ,  3  5. 

6  Frag.  222,  Meineke. 

®  Diogen,  Laert.,  viii.  1,  2  32,  tC vai  iravra  top  depa  i pv\ujp  efin\€(t>v» 


might  or  might  not  inhale  this  or  that  soul,  just  as  a 
net  thrown  into  the  water  may  catch  this  or  that  fish, 
or  no  fish  at  all.  But  if  no  “soul”  was  inhaled  the 
creature  was  believed  for  that  reason  to  die ;  and  the 
different  degrees  of  intelligence  observed  in  different 
men  and  animals  led  to  the  notion  that  there  must 
have  been  a  difference  in  the  souls  that  first  animated 
them.  Even  the  belief  that  the  soul,  especially  near 
the  time  of  dissolution  from  the  body,  could  foretell 
future  events  was  based  on  the  notion  of  intelligence 
and  consciousness  resulting  from  experiences  of  the 
past.7 

As  all  the  science  of  modern  times  cannot  say  pre¬ 
cisely  what  life  is,  nor  how  it  first  came  upon  this  earth, 
it  is  not  wonderful  that  so  obvious,  though  wholly  erro¬ 
neous,  an  explanation  should  have  presented  itself  to 
primitive  man  when  first  he  began  to  inquire  into  the 
causes  of  things.  The  extension  of  life,  by  the  same 
term,  ipvxh,  to  plants  and  apparently  non-breathing 
things,  which,  however,  had  birth,  growth,  and  death, 
was  a  development  of  a  philosophic  age,  and  we  are 
not  surprised  to  find  Aristotle  recognizing  one  form  of 
life  as  vegetable.,  Qvtikov.8  The  irrational  confusion  of 
“soul ”  with  sentient  bodily  functions,  the  attribution 
to  spirits  (eld o?ia)  of  motion,  speech,  or  other  muscular 
and  material  action,  though  still  common,  while  metemp¬ 
sychosis  is  derided  or  forgotten,  is  in  reality,  perhaps, 
a  less  excusable  superstition. 

The  Romans  inherited  the  doctrine  of  metempsy¬ 
chosis  from  Ennius,  the  poet  of  Calabria,  who  must 
have  been  familiar  with  the  Greek  teachings  which 
had  descended  to  his  times  from  the  cities  of  Magna 
Graecia.  In  his  Annals ,  or  Roman  history  in  verse, 
Ennius  told  how  he  had  seen  Homer  in  a  dream,  who 
had  assured  him  that  the  same  soul  which  had  ani¬ 
mated  both  the  poets  had  once  belonged  to  a  peacock, 
a  story  that  might  seem  to  indicate  Indian  traditions. 
The  Pavo  Pythagoreus  and  the  Somnia  Pythagorea 
are  referred  to  by  Persius  and  Horace,  as  well  as  by 
Lucretius.9 

Theories  suggesting  element-worship  naturally  led 
to  the  notion  that  air  and  ether  (upper  air)  were  di¬ 
vine. 10  Hence  every  soul,  as  being  but  a  portion  of  it, 
was  in  itself  divine,  and  therefore  immortal.  We  thus 
see  that  the  doctrine  of  the  immortality  of  the  soul, 
whether  attained  by  a  sound  or  a  vicious  course  of 
reasoning,  was  an  inevitable  conclusion  for  early  think¬ 
ers..  Pantheism  taught  that  all  the  universe  was  per¬ 
vaded  by  a  divine  mind,  and  Virgil  cites  the  opinion 
of  some,  that  the  intelligence  of  bees  was  due  to  a 
portion  of  this  universal  mind  residing  in  them,  a  view 
closely  allied  to  the  doctrine  of  metempsychosis.11  A 
divine  thing  might  be  polluted,  but  not  destroyed ; 
hence  the  notion  of  purifying  souls  by  airing  them 
or  burning  away  a  material  defilement  is  enlarged 
upon  by  Virgil  in  the  6th  book  of  the  AEneid  (724  sq. ). 

METEOR,  METEORITE.  The  term  meteor,  in 
accordance  with  its  etymology  (yeTEopog),  meant  origi¬ 
nally  something  high  in  the  air.  It  has  been  applied 
to  a  large  _  variety  of  phenomena,  most  of  them  of 
brief  duration,  which  nave  place  in  the  atmosphere. 
Disturbances  in  the  air  are  aerial  meteors,  viz. ,  winds, 
tornadoes,  whirlwinds,  typhoons,  hurricanes,  etc.  The 
vapor  of  water  in  the  atmosphere  creates  by  its  forms 
and  precipitations  the  aqueous  meteors,  viz.,  clouds, 
fogs,  mists,  snow,  rain,  hail,  etc.  The  effect  of  light 
upon  the  atmosphere  and  its  contents  causes  certain 
luminous  meteors,  viz.  ,  rainbows,  halos,  parhelia,  twi¬ 
light,  mirage,  etc.  Discussion  of  all  these,  and  of  like 
phenomena,  belongs  to  Meteorology  (g.t>.). 

»  Diodor.  Sic.,  xviii.,  g  1.  «  Ethics,  lib.  i.  13 

9  Pers.,  Sat.  vi.  9;  Hor.,  Epist.  ii.  1,  52;  Lucret.,  i.  124. 

10  i  5ios  aidrjp,  Prometheus  exclaims,  iEsch.,  Prom.,  88. 

11  Georg,  iv.  219— 

His  quidam  signis,  atque  hsec  exempla  secuti, 

Esse  apibus  partem  divinse  mentis  et  haustus 

AEtherios  dixere ;  deum  namque  ire  per  omnes 

Terrasque  tractusque  maris  caslumque  profundum 
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Another  class  of  luminous  meteors,  known  as  shoot¬ 
ing  or  falling  stars,  fireballs,  bolides,  etc.,  have  their 
place  in  the  upper  parts  of  the  atmosphere.  But  by 
reason  of  their  origin  from  without  they,  and  the  aero¬ 
lites  or  meteorites  which  sometimes  come  from  them, 
belong  properly  to  astronomy.  The  term  meteor  is 
often  used  in  a  restricted  sense  as  meaning  one  of  these 
latter  phenomena.  The  present  article  will  treat  of 
them  alone. 

The  most  remarkable  of  the  meteors  (and  the  most 
instructive)  are  those  which  are  followed  by  the  falling 
of  stones  to  the  earth.  These  have  since  the  begin¬ 
ning  of  the  present  century  attracted  so  much  attention, 
and  the  phenomena  have  been  so  frequently  examined 
and  described  by  scientific  men,  that  they  are  very  well 
understood.  The  circumstances  accompanying  the  fall 
of  stones  are  tolerably  uniform.  A  ball  of  fire  crosses 
the  sky  so  bright  as  to  be  visible,  if  it  appears  in  the 
daytime,  sometimes  even  at  hundreds  of  miles  from 
the  meteor  j  and  if  it  appears  in  the  night  it  is  bright 
enough  to  light  up  the  whole  landscape.  It  traverses 
the  sky,  generally  finishing  its  course  in  a  few  seconds. 
It  suddenly  goes  out,  either  with  or  without  an  apparent 
bursting  in  pieces,  and  after  a  short  period  a  loud  de¬ 
tonation  is  heard  in  all  the  region  near  the  place  where 
the  meteor  has  disappeared.  Sometimes  only  a  single 
stone,  sometimes  several  are  found.  For  some  falls 
they  are  numbered  by  thousands.  About  three  thou¬ 
sand  were  obtained  from  the  fall  of  L’Aigle  in  1803, 
scattered  over  a  region  about  7  miles  long  and  of  less 
breadth.  A  like  number  was  obtained  from  the  fall 
of  Knyahinya  on  June  9,  1866.  At  Pultusk  a  still 
larger  number  were  collected,  scattered  over  a  larger 
space,  by  a  fall  in  January,  1868.  Fron  the  Emmet 
county  (Iowa)  fall,  May  10,  1879,  a  similarly  large 
number  have  been  secured. 

These  meteors  leave  behind  them  in  the  air  a  cloud 
or  train  that  may  disappear  in  a  few  seconds,  or  may 
remain  an  hour.  They  come  at  all  times  of  day,  at  ail 
seasons  of  the  year,  and  in  all  the  regions  of  the  earth. 
They  come  irrespective  of  the  phases  of  the  weather, 
except  as  clouds  conceal  them  from  view. 

Let  us  describe  one  or  two  of  these  meteors  more  in 
detail.  On  the  evening  of  the  2d  of  December,  1876, 
persons  in  or  near  the  State  of  Kansas  saw,  about 
eight  o’clock  in  the  evening,  a  bright  fireball  rising 
from  near  where  the  moon  then  was  in  the  western 
sky.  It  increased  in  brilliancy  as  it  proceeded,  becom¬ 
ing  so  bright  as  to  compel  the  attention  of  every  one 
who  was  out  of  doors.  To  persons  in  the  northern  part 
of  the  State  the  meteor  crossed  the  southern  sky  going 
to  the  east,  to  those  in  the  southern  part  it  crossed  the 
northern  heavens.  To  all  it  went  down  near  to  the 
horizon,  a  little  to  the  north  of  east,  the  whole  flight 
as  they  saw  it  occupying  not  over  a  minute. 

The  same  meteor  was  seen  to  pass  in  nearly  the  same 
way  across  the  heavens  from  west-southwest  to  east- 
northeast  by  inhabitants  of  the  States  of  Nebraska, 
Iowa,  Missouri,  Wisconsin,  Illinois,  Michigan,  Ken¬ 
tucky,  Indiana,  Ohio,  Pennsylvania,  and  West  Vir¬ 
ginia.  But  besides  this  there  were  heard  near  the 
meteor's  path,  four  or  five  minutes  after  its  passage, 
loud  explosions  like  distant  cannonading,  or  thunder, 
or  like  the  rattling  of  empty  wagons  over  stony  roads. 
So  loud  were  these  that  people  and  animals  were  fright¬ 
ened.  East  of  the  Mississippi  river  these  explosions 
were  heard  everywhere  within  about  60  miles  of  the 
meteor’s  path  ;  and  in  Bloomington,  Indiana,  sounds 
were  heard  supposed  to  come  from  the  meteor  even  at 
a  distance  of  nearly  150  miles  from  it.  Over  Central 
Illinois  it  was  seen  to  break  into  fragments  like  a  rocket, 
and  over  Indiana  and  Ohio  it  formed  a  flock  or  cluster 
of  meteors  computed  to  be  40  miles  long  and  5  miles 
broad.  The  sky  in  New  York  State  was  wholly  over¬ 
cast.  Persons  in  Ohio  and  Pennsylvania,  who  from 
their  situation  could  look  over  the  cloud  last,  saw  the 
meteor  passing  on  eastward  over  New  York,  rrom 
many  places  in  the  State  itself  came  accounts  of  rat- 
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tling  of  houses,  thundering  noises,  and  other  like 
phenomena,  which  at  the  time  were  attributed  to  an 
earthquake. 

At  one  place  in  Northern  Indiana  a  farmer  heard  a 
heavy  thud  as  of  an  object  striking  the  ground  near 
his  house.  The  next  morning  he  found  on  the  snow 
a  stone  of  very  peculiar  appearance  weighing  three- 
quarters  of  a  pound,  which  from  its  character  there  is 
every  reason  to  believe  came  from  the  meteor.  By 
putting  together  the  various  accounts  of  observers,  the 
meteor  is  shown  to  have  become  first  visible  when  it 
was  near  the  northwest  corner  of  the  Indian  Territory 
at  an  elevation  of  between  60  and  100  miles  above  the 
earth.  From  here  it  went  nearly  parallel  to  the  earth’s 
surface,  and  nearly  in  a  right  line,  to  a  point  over  Cen¬ 
tral  New  York.  During  the  latter  part  of  its  course 
its  height  was  30  or  40  miles.  It  thus  traversed  the 
upper  regions  of  the  air  through  25°  of  longitude  and 
5°  of  latitude  in  a  period  of  time  not  easily  determined, 
but  probably  about  two  minutes.  A  part  of  the  body 
may  have  passed  on  out  of  the  atmosphere,  but  prob¬ 
ably  the  remnants  came  somewhere  to  the  ground  in 
New  York,  or  farther  east. 

A  somewhat  similar  meteor  was  seen  in  the  evening 
of  July  20,  1860,  by  persons  in  New  York,  Pennsyl¬ 
vania,  New  England,  etc.,  which  first  appeared  over 
Michigan,  at  a  neight  of  about  90  miles.  The  light 
was  so  brilliant  as  to  call  thousands  from  their  houses. 
It  passed  east-southeast,  and  over  New  York  State, 
at  a  height  of  about  50  miles,  broke  into  three  parts 
which  chased  each  other  across  the  sky.  At  New  York 
city  it  was  seen  in  the  north,  while  at  New  Haven  it 
was  in  the  south.  At  both  places  the  apparent  altitude 
was  well  observed,  and  its  true  height  proved  to  be 
about  42  miles  above  the  earth’s  surface  between  the 
two  cities.  It  finally  disappeared  far  out  over  the  At¬ 
lantic  Ocean.  It  is  doubtful  whether  any  one  heard 
any  sound  of  explosion  that  came  from  this  meteor, 
and  no  part  of  it  is  known  to  have  reached  the  ground. 
The  velocity  was  at  least  10  or  12  miles  per  second,  or 
fifty  times  the  velocity  of  sound.  These  two  meteors 
were  evidently  of  the  same  nature  as  those  which  have 
furnished  so  many  stones  for  our  museums,  except  that 
the  one  was  so  friable  that  it  has  given  us  but  one 
known  fragment,  while  the  other  was  only  seen  to 
break  in  two,  not  even  a  sound  of  explosion  being 
known  to  have  come  from  the  meteor. 

Next  to  the  stone-producing  meteor  is  the  fireball, 
or  bolide,  which  gives  generally  a  less  brilliant  light 
than  the  former,  but  in  essential  appearances  is  like  it. 
The  meteor  of  July  20,  1860,  above  described,  though 
unusually  brilliant,  was  one  of  this  class,  and  represents 
thousands  of  bolides  which  have  been  seen  to  break 
in  pieces.  The  bolides  leave  trains  of  light  behind 
them  just  as  the  stone  meteors  do  ;  they  travel  with 
similar  velocities  both  apparent  and  actual,  and  in  all 
respects  exhibit  only  such  differences  of  phenomena  as 
would  be  fully  explained  by  differences  in  size,  cohesion, 
and  chemical  constitution  of  stones  causing  them. 

Next  to  the  bolide  is  a  smaller  meteor  which  appears 
as  if  one  of  the  stars  were  to  leave  its  place  in  the 
heavens,  shoot  across  the  sky,  and  disappear— all  within 
the  fraction  of  a  second.  Some  meteors  of  this  class 
are  as  bright  as  Venus  or  Jupiter.  Some  are  so  small 
that  though  you  look  directly  at  the  meteor,  you  doubt 
whether  you  see  one  or  not.  In  the  telescope  still 
smaller  ones  are  seen  that  are  invisible  to  the  naked 
eye.  Meteors  comparable  in  brightness  to  the  planets 
and  the  fixed  stars  are  usually  called  shooting  stars. 

These  various  kinds  of  meteors  differ  from  all  other 
luminous  phenomena  so  as  to  stand  in  a  group  entirely 
alone.  Though  they  have  been  sometimes  regarded 
as  separable  among  themselves  into  three  or  four  dif¬ 
ferent  species,  and  for  purposes  of  description  may 
still  be  so  divided,  yet.  they  all  seem  to  have  a  like 
astronomical  character,  and  the  differences  are  only 
those  of  bigness,  chemical  constitution,  velocity,  etc. 
There  appears  to  be  no  clear  line  of  distinction  be- 
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tween  the  stone-producing  and  the  detonating  meteors, 
nor  between  those  heard  to  explode  and  those;  seen  to 
break  in  pieces,  nor  between  these  and  the  simple 
fireballs,  nor  between  the  fireball  and  the  faintest 
shooting  star. 

Altitudes  of  Meteors. — The  first  important  fact  about 
the  meteors  is  the  region  in  which  they  become  visible 
to  us.  In  hundreds  of  instances  observations  have 
been  made  upon  the  luminous  path  of  a  meteor  at  two 
or  more  stations  many  miles  apart.  When  such  sta¬ 
tions  and  the  path  are  properly  situated  relatively  to 
each  other,  observations  carefully  made  will  show  a 
parallax  by  which  the  height  of  the  meteor  above  the 
earth,  the  length  and  direction  of  the  path,  and  other 
like  quantities  may  be  computed.  The  general  result 
from  several  hundred  instances  is  that  the  region  of 
meteor  paths  may  be  in  general  regarded  as  between 
40  and  80  miles  above  the  earth’s  surface.  Some  first 
appear  above  80  miles,  and  some  descend  below  40 
miles.  But  an  altitude  greater  than  100  miles,  or  one 
below  25,  except  in  the  case  of  a  stone-furnishing 
meteor,  must  be  regarded  as  very  doubtful.  Thus  the 
meteor  paths  are  far  above  the  usual  meteorological 
phenomena,  which  (except  auroras  and  twilight)  have 
not  one-tenth  of  the  heignt  of  the  meteors.  But  with 
reference  to  all  other  astronomical  phenomena  they 
are  very  close  to  us.  The  comets,  for  example,  are 
wellnigh  a  millionfold,  and  even  the  moon  is  a  thou¬ 
sandfold,  more  distant  from  us. 

Velocities  of  Meteors. — When  the  length  of  a  lumin¬ 
ous  path  is  known,  and  the  time  of  describing  it  has 
been  observed,  it  is  easy  to  compute  the  velocity  in 
miles.  Unfortunately  the  large  meteors,  describing 
long  paths,  come  at  rare  intervals,  and  unexpectedly, 
and  it  is  a  happy  accident  when  one  is  observed  by  a 
person  accustomed  to  estimate  correctly  short  intervals 
of  time.  On  the  other  hand,  the  total  time  of  visi¬ 
bility  of  the  shooting  stars,  which  come  so  frequently 
that  they  may  be  watched  for,  is  usually  less  than  a 
second.  It  is  not  easy  to  estimate  correctly  such  an 
interval,  where  the  beginning  and  ending  are  not 
marked  by  something  like  a  sharp  click.  Hence  all 
estimates  and  computations  of  velocities  of  meteors 
are  to  be  received  with  due  regard  to  their  uncertainty. 
We  may  only  say  in  general  that  the  velocities  com¬ 
puted  from  good  observations  are  rarely  if  ever  under 
8  or  10  miles  a  second,  or  over  40  or  50  miles,  and  that 
some  have  far  greater  velocities  than  others.  The 
average  velocity  seems  to  be  nearly  30  miles. 

What  makes  the  Luminous  Meteor. — The  cause  of 
a  meteor  is  now  universally  admitted  to  be  something 
that  enters  the  earth’s  atmosphere  from  without,  with 
a  velocity  relative  to.  the  earth  that  is  comparable  with 
the  earth’s  velocity  in  its  orbit,  which  is  19  miles  per 
second.  By  the  resistance  it  meets  in  penetrating  the 
air  the  light  and  other  phenomena  of  the  luminous 
train  are  produced.  Under  favorable  circumstances, 
portions  of  these  bodies  reach  the  earth’s  surface  as 
meteorites. 

Meteoroids.— A  body  which  is  travelling  in  space,  and 
which  on  coming  into  the  air  would  under  favorable  cir¬ 
cumstances  become  a  meteor,  may  be  called  a  meteoroid. 

The  meteoroids  are  all  solid  bodies.  It  would 
hardly  be  possible  for  a  small  quantity  of  gas  out  in 
space  to  retain  such  a  density  as  would  enable  it  on 
coming  into  the  air  to  go  10  or  100  miles  through  even 
the  rare  unper  atmosphere,  and  give  us  the  clear  line 
which  a  snooting  star  describes.  Even  if  a  liquid  or 
gaseous  mass  can  travel  as  such  in  space,  it  would  be 
instantly  scattered  on  striking  the  air,  and  would  ap¬ 
pear  very  unlike  a  shooting  star  or  bolide. 

Numbers  of  Meteors. — Of  the  larger  meteors  there 
fre  mean  or  eight  per  annum  which  in  the 
last  fifty  years  have  furnished  stones  for  our  collec¬ 
tions.  A  much  larger  number  have  doubtless  sent 
down  stones  which  have  never  been  found.  Thus 
Daiibree  estimates  for  the  whole  earth  an  annual 
number  of  six  or  seven  hundred  stone-falls. 


But  of  the  small  meteors  or  shooting  stars  the  num¬ 
ber  is  very  much  larger.  Any  person  who  should  in 
a  clear  moonless  night  watch  carefully  a  portion  of  the 
heavens  would,  in  the  mean,  see  at  least  as  many  as 
eight  or  ten  shooting  stars  per  hour.  A  clear-sighted 
and  practised  observer  will  detect  somewhat  more  than 
this  number.  Dr.  Schmidt  of  Athens,  from  observa¬ 
tions  made  during  seventeen  years,  obtained  fourteen 
as  the  mean  hourly  number  on  a  clear  moonless  night 
for  one  observer  during  the  hour  from  midnight  to  1 
A.M.  A  large  group  of  observers,  as  has  been  shown 
by  trial,  would  see  at  least  six  times  as  many  as  a 
single  person.  By  a  proper  consideration  of  the  dis¬ 
tribution  of  meteor  paths  over  the  sky,  and  in  actual 
altitude  in  miles,  so  as  to  allow  for  mists  near  the 
horizon,  it  appears  that  the  number  over  the  whole 
globe  is  a  little  more  than  ten  thousand  times  as  many 
as  can  be  seen  in  one  place.  This  implies  that  there 
come  into  the  air  not  less  than  twenty  millions  of 
bodies  daily,  each  of  which,  under  very  favorable  con¬ 
ditions  of  absence  of  sunlight,  moonlight,  clouds,  and 
mists,  would  furnish  a  shooting  star  visible  to  the 
naked  eye.  Shooting  stars  invisible  to  the  naked  eye 
are  often  seen  in  the  telescope.  The  numbers  of 
meteors,  if  these  are  included,  would  be  increased  at 
least  twentyfold. 

How  densely  Space  is  filled  with  Meteoroids. — By 
assuming  that  the  absolute  velocity  of  the  meteors  in 
space  is  equal  to  that  of  comets  moving  in  parabolic 
orbits  (we  have  good  reason  to  believe  that  this  is 
nearly  their  true  velocity),  we  may  prove  from  the 
above  numbers  that  the  average  number  of  meteoroids 
in  the  space  that  the  earth  traverses  is,  in  each  volume 
equal  to  that  of  the  earth,  about  thirty  thousand.  In 
other  words,  there  is  in  the  average  to  every  portion 
of  space  equal  to  a  cube  whose  edge  is  about  210 
miles  one  meteoroid  large  enough  to  make  a  shooting 
star  bright  enough  to  be  visible  to  the  naked  eye. 
Such  meteoroids  would,  upon  an  equable  distribution, 
be  each  in  round  numbers  250  miles  from  its  near 
neighbors.  All  these  numbers  rest  upon  Dr.  Schmidt’s 
horary  number  fourteen,  and  for  a  less  practised  ob¬ 
server  and  a  less  clear  sky  they  would  be  correspond¬ 
ingly  changed.  How  much  they  would  need  to  be 
altered  to  represent  other  parts  of  space  than  those 
near  the  earth’s  orbit  is  a  subject  of  inference  rather 
than  of  observation. 

Motion  in  Space. — The  meteoroids,  whatever  be 
their  size,  must  by  the  law  of  gravitation  have  motions 
about  the  sun  in  the  same  way  as  the  planets  and 
comets,  that  is,  in  conic  sections  of  which  the  sun  is 
always  at  one  focus.  The  apparent  motions  of  the 
meteors  across  the  sky  imply  tnat  these  motions  of  the 
meteoroids  relative  to  the  sun  cannot  as  a  rule  be  in 
or  near  the  plane  of  the  ecliptic.  For  if  they  were 
there,  since  the  motion  of  the  earth  is  also  in  the 
ecliptic,  the  motion  of  the  meteoroids  relative  to  the 
earth  would  be  in  the  same  plane.  This  would  involve 
that  all  the  meteor  paths  as  seen  on  the  sky  would  if 
produced  backward  cross  the  ecliptic  above  the  hori¬ 
zon.  In  fact  there  is  no  tendency  of  this  kind.  Hence 
the  meteoroids  do  not  move  in  orbits  that  are  near  the 
ecliptic  as  the  planets  do,  but  like  the  comets  they 
may  and  usually  do  have  orbits  of  considerable  in¬ 
clinations. 

Numbers  through  the  Night. — There  are  more  me¬ 
teors  seen  in  the  morning  hours  than  in  the  evening. 
If  the  meteors  had  no  motion  of  their  own  in  space, 
the  earth  would  by  its  motion  receive  the  meteors  only 
on  the  hemisphere  that  was  in  front.  There  would  be 
no  meteors  seen  in  the  other  hemisphere.  On  the 
other  hand,  if  the  meteors  had  such  large  velocities  of 
their  own  as  that  the  earth’s  velocity  might  be  neg¬ 
lected  in  comparison,  and  if  the  directions  of  the  me¬ 
teors’  motions  were  towards  all  points  indiscriminately, 
then  as  many  would  be  seen  in  one  part  of  the  night 
as  another.  In  fact  there  are  about  three  times  as 
many  seen  in  the  morning  hours  as  in  the  evening. 
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The  law  of  change  from  evening  to  morning  gives  a 
means  of  proving  that  the  mean  velocity  of  meteors  is 
so  great  that  they  must  in  general  be  moving  in  Jong 
orbits  about  the  sun.  In  this  respect  also  the  mete¬ 
oroids  resemble  comets,  and  are  unlike  planets,  in  their 
motions.  Of  the  stone-furnishing  meteors  more  are 
seen  in  the  day  than  in  the  night,  and  more  in  the 
earlier  hours  of  the  night  than  in  the  later.  This  is 
probably  due  to  the  fact  that  more  persons  are  in  a 
position  to  see  the  stone-falls  at  the  periods  of  greater 
abundance. 

Star  Showers.  — While  the  average  number  of  shoot¬ 
ing  stars  for  a  single  observer  at  midnight  may  be  re¬ 
garded  as  tolerably  constant,  there  have  been  special 
epochs  when  many  more  have  been  seen.  In  certain 
instances  the  sky  has  been  filled  with  the  luminous 
trains,  just  as  it  is  filled  by  descending  snowflakes  in  a 
snow-storm,  making  a  veritable  shower  of  fire.  One 
of  the  best-observed,  though  by  no  means  the  most 
brilliant,  of  these  showers  occurred  on  the  evening  of 
the  27th  of  November,  1872.  Some  of  the  observers 
of  that  shower,  counting  singly,  saw  at  the  rate  of 
eight  or  ten  thousand  shooting-stars  in  the  course  of 
two  hours.  The  distances  of  the  meteoroids  in  the 
middle  of  the  swarm  which  the  earth  then  passed 
through,  each  from  its  nearer  neighbors,  would  be  30 
or  40  miles. 

The  following  quotations  show  the  impression  made 
by  star-showers  in  times  past : 

“  In  the  year  286  [of  the  Hegira]  there  happened  in  Egypt 
an  earthquake  on  Wednesday  the  7th  of  Dhu-l-Ka'  dah,  last¬ 
ing  from  the  middle  of  the  night  until  morning ;  and  so- 
called  flaming  stars  struck  one  against  another  violently 
while  being  borne  eastward  and  westward,  northward  and 
southward,  and  no  one  could  bear  to  look  toward  the 
heavens  on  account  of  this  phenomenon.” 

“  In  the  year  599  [of  the  Hegira],  on  the  night  of  Satur¬ 
day,  on  the  last  day  of  Muharram,  stars  shot  hither  and 
thither  in  the  heavens,  eastward  and  westward,  and  flew 
against  one  another  like  a  scattering  swarm  of  locusts,  to 
the  right  and  left ;  people  were  thrown  into  consternation, 
and  cried  to  God  the  Most  High  with  confused  clamor.” 

“  These  meteors  [November  12,  1799]  might  be  compared 
to  the  blazing  sheaves  shot  out  from  a  firework.” 

“  The  phenomenon  was  grand  and  awful ;  the  whole 
heavens  appeared  as  if  illuminated  with  skyrockets.” 

November  13, 1833.  “  Thick  with  streams  of  rolling  fire ; 
scarcely  a  space  in  the  firmament  that  was  not  filled  at 
every  instant.” 

“  Almost  infinite  number  of  meteors ;  they  fell  like  flakes 
of  snow.” 

November  Meteors  or  Leonids. — These  quotations  all 
refer  (except  possibly  the  first)  to  a  shower  which  has 
appeared  in  October  and  November  of  many  different 
years  since  its  first  known  occurrence  on  the  13th  of 
October,  902  a.d.  Dates  of  these  showers  are  given 
in  the  following  table  : 

Oct.  13,  902.  Oct.  17,  1101.  Oct.  28,  1602.  Nov.  13,  1833. 

Oct.  15,  931.  Oct.  19,  1202.  Nov.  9,  1698.  Nov.  14,  1866. 

Oct.  14,  934.  Oct.  23,  1366.  Nov.  12, 1799.  Nov.  14,  1867. 

Oct.  15,  1002.  Oct.  25,  1533.  Nov.  13,  1832.  Nov.  14,  1868. 

On  several  years  after  1833,  and  before  and  after 
1866-68,  there  were  unusual  numbers  of  those  meteors 
seen  on  the  mornings  of  November  13,  14,  and  15, 
though  perhaps  they  would  have  been  unnoticed  had 
there  not  been  special  watching  for  them.  It  will  be 
seen  that  all  these  showers  are  at  intervals  of  a  third 
of  a  century,  that  they  are  at  a  fixed  day  of  the  year, 
and  that  the  day  has  moved  steadily  and  uniformly 
along  the  calendar  at  the  rate  of  about  a  month  in  a 
thousand  years.  The  change  of  twelve  days  in  the  17th 
century  is  due  to  the  change  from  old  to  new  style. 

The  only  explanation  of  this  periodical  display  that 
is  now  seriously  urged,  and  the  one  which  is  univer¬ 
sally  accepted  by  astronomers,  is  that  there  is  a  long 
thin  stream  of  meteoroids,  each  of  which  is  travelling 
about  the  sun  in  a  conic  section.  These  conic  sections 
are  all  nearly  parallel,  and  have  nearly  the  same  major 
axis,  extending  out  about  as  far  as  to  the  orbit  or 
Uranus,  and  each  requiring  the  common  period  ox 


thirty-three  and  a  quarter  years.  The  length  of  the 
stream  is  such  that  the  most  advanced  members  are  six 
or  eight  years  ahead  of  the  hindermost,  and  they  all 
cross  the  earth’s  orbit  with  a  velocity  of  about  26  miles 
a  second.  Since  the  earth  plunges  through  the  group 
nearly  in  the  opposite  direction,  the  velocity  with 
which  they  enter  the  air  is  44  miles  a  second.  One  of 
the  facts  which  have  greatly  aided  us  in  arriving  at 
this  explanation  is  that  these  meteors  in  all  the  years 
and  through  all  hours  of  the  night  cross  the  sky  as  we 
look  at  them  in  lines  which  diverge  from  a  point  near 
the  centre  of  the  sickle  in  the  constellation  Leo ;  hence 
the  paths  in  the  air  are  parallel.  This  implies  that 
their  velocities  relative  to  the  sun  are  all  parallel  and 
equal  to  each  other.  The  radiation  from  Leo  has 
given  to  them  the  name  Leonids. 

Orbit  of  the  Leonids. — This  orbit,  common  to  all  the 
Leonid  meteors,  is  inclined  to  the  ecliptic  at  an  angle 
of  17°  (or  rather  163°,  since  the  motion  is  retrograde), 
has  a  major  axis  of  10.34,  a  periodic  time  of  33.27 
years,  and  a  perihelion  distance  a  little  less  than  unity. 

The  above  orbit,  and  that  alone,  explains  the  several 
appearances  of  the  November  meteors,  the  annual  and 
the  thirty-three  year  periods,  the  radiation  from  Leo, 
and  the  change  of  day  of  the  month  in  the  course  of 
the  centuries.  This  it  does  so  completely  that  the 
result  has  never  been  questioned  by  astronomers. 
Shortly  after  the  publication  by  Professor  Adams  in 
1867  of  the  last  link  in  the  chain  of  the  proof  of  this 
orbit,  there  was  also  published  the  definitive  orbit  of 
the  comet  1866  I.  That  the  comet  was  running  almost 
exactly  in  the  orbit  of  the  meteors  was  at  once  recog¬ 
nized.  In  fact,  the  comet  is  itself,  in  a  sense,  a  mete¬ 
oroid,  and  the  principal  member,  so  far  as  we  know, 
of  the  group.  Leonids  had  been  seen  in  1863,  two 
years  and  two  months  in  advance  of  the.  comet,  while 
those  of  1866  were  ten  months  behind  it.  Those  of 
later  years  (a  few  Leonids  were  seen  even  in  1870) 
were  extended  along  the  line  of  the  comet’s  path  be¬ 
hind  it.  The  leaders  of  this  long  file  of  meteoroids 
had  passed  up  beyond  the  orbit  of  Jupiter  long  before 
those  which  brought  up  the  rear  had  crossed  that 
planet’s  orbit  going  down  towards  the  sun.  The  thick¬ 
ness  of  the  stream  is  less  than  the  ten-thousandth  part 
of  its  length.  In  the  densest  part  that  we  have  re¬ 
cently  passed  through — namely,  that  traversed  in  1833 
—the  density  of  the  stream  may  be  expressed  by  say¬ 
ing  that  each  meteoroid  must  in  the  mean  have  been 
10  or  20  miles  from  its  nearest  neighbors. 

What  makes  this  Comet  and  these  Meteors  describe 
the  same  Orbit  about  the  Sun  f— Its  path  might  have 
been  inclined  to  the  ecliptic  at  any  angle  instead  of 
163°.  Or,  with  this  inclination,  its  plane  might  have 
cut  the  earth’s  orbit  at  any  other  place  than  where  the 
earth  is  on  the  14th  of  November.  Or,  happening  to 
have  these  two  elements  in  common,  it  might  have 
passed  the  earth’s  orbit  nearer  the  sun  or  farther  away 
from  it  than  the  earth  is.  Or,  having  these  three 
things  in  common,  it  might,  by  a  slight  difference  in 
velocity,  have  had  a  periodic  time  much  more  or  much 
less  than  thirty-three  years.  Or,  with  all  these  in 
common,  it  might  have  crossed  the  earth  s  orbit  at  a 
far  different  angle  than  the  meteors.  These  several 
independent  elements  for  the  comet  and  the  meteors 
are  substantially  identical,  and  this  identity  proves  al¬ 
most  beyond  doubt  that  between  the  two  either  there 
is  now  an  actual  or  else  there  has  been  in  the  past  a 
causal  connection.  That  there  is  now  any  physical 
connection  is  thoroughly  disproved  by  the  immense 
magnitude  of  the  stream,  and  by  the  isolation  and  dis¬ 
tances  from  each  other  of  the  individual  components. 
It  seems  difficult  to  find  any  cause  that  should  bring 
into  such  a  strangely-shaped  group  bodies  that  had 
originally  orbits  distributed  at  random.  Hence  we  are 
apparently  forced  to  conclude  that  these  meteoroids 
have  something  common  in  their  past  history.  In  fact 
they  seem  to  have  been  once  parts  of  a  single  body, 
and  these  common  elements  are  essentially  those  of  the 
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parent  mass.  By  some  process  not  yet  entirely  ex¬ 
plained  they  have  become  separated  from  the  comet, 
thrown  out  of  the  control  of  its  attractive  power,  and 
so  left  to  travel  each  one  in  its  own  orbit.  If  the  cause 
of  separation  was  not  too  violent,  each  new  orbit  would 
necessarily  be  but  slightly  different  from  that  of  the 
comet.  Very  small  variations  in  velocity,  and  hence 
in  periodic  time,  would  in  the  course  of  ages  scatter 
the  several  individuals  along  the  orbit  even  to  the 
length  of  many  hundreds  of  millions  of  miles. 

The  Meteor  Group  is  not  the  Comet's  Tail. — These 
meteoroids  must  be  carefully  distinguished  from  the 
comet’s  tails.  The  former  follow  or  precede  the  comet 
exactly  in  the  comet’s  path;  the  particles  that  com¬ 
pose  the  latter  are  driven  off  by  the  sun’s  repulsion 
directly  away  from  the  comet’s  path.  The  meteoroids 
and  the  comet  have  orbits  with  nearly  common  ele¬ 
ments  ;  the  orbits  of  the  particles  of  the  tail  have  ele¬ 
ments  that  are  unlike  each  other,  and  unlike  those 
of  the  comet.  The  meteoroids  are  undoubtedly  solid 
masses ;  the  tails  are  pulverulent  or  gaseous. 

Twin  Comets  of  1366. — The  comet  1866  I.  is  prob¬ 
ably  not  the  only  one  that  has  been  connected  with  the 
November  meteors.  In  1366,  a  few  days  after  the 
earth  went  through  the  meteor  stream,  a  comet  ap¬ 
peared  in  the  northern  heavens,  and,  passing  directly 
in  the  line  of  the  stream  so  close  to  the  earth  as  to 
describe  an  arc  of  90°  in  a  single  day,  disappeared  in 
the  constellation  Aquarius.  Immediately  upon  its  dis¬ 
appearance  a  second  comet  was  seen  in  the  north, 
which  followed  nearly  in  the  same  path.  The  Chinese 
accounts  are  not  sufficiently  exact  to  furnish  independ¬ 
ent  orbits  for  them,  but  both  comets  were  undoubtedly 
members  of  the  Leonid  stream.  The  comet  1866  I. 
may  be  identical  with  one  of  them. 

The  Andromeds  and  Biela’s  Comet. — Mention  has  been  made 
of  the  star  shower  of  November  27,  1872.  The  periodical 
comet  known  as  Biela’s,  which  makes  three  revolutions  in 
twenty  years,  passes  very  near  the  earth’s  orbit  at  a  longi¬ 
tude  corresponding  to  November  27,  but  by  reason  of  its 
direct  motion  the  node  has  had  considerable  motion  in  longi¬ 
tude  as  the  result  of  perturbations.  Meteors  having  the 
same  orbits  as  Biela’s  comet  would  have  a  radiant  in  the 
constellation  Andromeda,  that  is,  would  cross  the  sky  in 
lines  diverging  from  a  point  in  that  constellation.  They 
might,  however,  be  at  dates  after  or  even  before  November 
27. 

Unusual  numbers  of  meteors  were  seen  December  7, 1798, 
by  Brandes.  A  like  abundance  was  seen  December  7,  1838 ; 
and,  as  they  had  been  expected,  and  radiation  was  now 
looked  for,  they  were  found  to  diverge  from  a  point  in  An¬ 
dromeda.  Hence  they  have  been  called  Andromeds.  Since 
1852  Biela’s  comet  itself  has  been  entirely  lost.  The  star 
shower  of  November  27,  1872,  previously  referred  to,  had  a 
radiant  in  Andromeda,  and  in  every  way  appeared  as  though 
its  meteors  had  once  been  parts  of  Biela’s  comet.  A  sprinkle 
three  days  earlier,  on  the  night  of  November  24,  had  the 
same  radiant,  and  came  from  a  less  dense  outlying  parallel 
stream.  A  small  comet  was  seen  in  the  southern  sky  by 
Pogson  in  the  direction  opposite  to  the  radiant  shortly  after 
the  shower.  Biela’s  comet  had  been  found  in  1845-46  to  be 
in  two  parts,  which  at  its  next  return  to  perihelion  in  1852 
had  separated  to  eight  times  their  former  distance.  But  the 
meteor  streams  of  1872  could  hardly  have  been  separated 
from  the  comet  so  recently,  and  the  Pogson  comet  if  of  the 
same  origin  must  also  have  left  the  parent  mass  at  an  earlier 
date  than  1845.  No  ordinary  perturbations  would  in  a  short 
period  have  so  changed  the  orbits.  The  parts  of  the  small 
stream  traversed  by  the  earth,  December,  1838,  and  Decem¬ 
ber,  1798,  were  far  from  the  comet,  and  these  fragments 
must  have  been  thrown  off  much  earlier. 

The  Perseids  and  the  Comet  1862  III.— There  is  a  third  epoch 
when  meteors  appear  in  unusual  numbers,  viz.,  the  9th  to 
11th  of  August.  This  “  sprinkle,”  as  it  may  be  called,  has 
been  seen  constantly  at  the  time  named  for  nearly  fifty 
years,  and  there  are  on  record  accounts  of  similar  appear¬ 
ances  in  the  earlier  years  before  its  annual  character  had 
been  discovered.  Some  observers  have  thought  that  there 
were  evidences  of  a  variation  having  a  long  period,  but  the 
proof  seems  as  yet  unsatisfactory,  and  the  display  may  be 
regarded  as  tolerably  constant  from  year  to  year.  On  every 
10th  of  August,  we  may  confidently  expect  a  display  of 
meteors  that  shall  be  at  least  four  or  five  times  as  numerous 


as  those  of  ordinary  nights.  The  radiant  is  in  the  constel¬ 
lation  Perseus,  and  hence  the  name  Perseids. 

The  comet  1862  III.,  which  has  a  period  of  more  than  a 
hundred  years,  passes  close  to  the  earth’s  orbit,  nearly  cut¬ 
ting  it  at  the  place  of  this  shower,  and  has  a  velocity  and  di¬ 
rection  corresponding  to  this  radiant.  Hence  a  connection 
of  the  Perseid  meteors  with  this  comet  is  presumed,  like 
that  which  the  Leonids  and  Andromeds  have  with  the  comet 
1866  I.  and  Biela.  The  meteors  are  distributed  along  this 
orbit  more  regularly  than  along  either  of  the  other  two,  and 
at  the  same  time  the  breadth  of  this  group  is  a  hundred 
times  greater  than  that  of  the  Leonids.  We  must  for  the 
present  regard  it  rather  as  a  meteor  ring,  the  meteoroids 
being  scattered  along  the  entire  conic  section  which  the 
comet  describes.  This  ring  has  an  inclination  of  113°  with 
the  ecliptic. 

Meteors  of  April  20-21 — Lyraids. — About  the  20th  of  April 
there  have  been  several  quite  brilliant  star  showers,  the 
earliest  on  record  having  been  in  the  year  687  b.c.  On  that 
day  meteors  have  been  observed  which  radiated  from  Lyra, 
and  to  these  the  name  Lyraids  has  been  given.  The  comet 
1861  I.  passes  near  the  earth’s  orbit  in  that  longitude,  and 
any  meteors  having  such  a  connection  with  it  as  is  proved 
for  the  Leonids  with  comet  1866  I.  would  also  radiate  from 
Lyra. 

Again,  at  several  other  periods  of  the  year,  meteors  have 
been  seen  in  unusual  numbers  which  seem  to  be  connected 
with  certain  comets. 

Meteor  Radiants. — We  have  thus  definite  proof 
that  the  earth  at  certain  epochs  plunges  through  meteor 
streams,  and  that  these  streams  travel  along  the  same 
track  as  certain  comets.  The  question  is  at  once  asked 
— Do  not  the  sporadic  meteors,  those  which  are  seen 
on  any  and  all  nights  of  -the  year,  belong  to  similar 
streams?  An  immense  amount  of  labor  has  been 
spent  in  observing  the  paths  of  meteors,  and  classify¬ 
ing  them,  so  as  to  detect  and  prove  the  existence  of 
radiant  points.  As  many  as  a  thousand  such  radiants 
have  been  suggested  by  the  different  investigators. 
Some  of  these  are  duplicates,  some  will  prove  to  be 
accidental  coincidences;  but  a  goodly  number  may 
reasonably  be  expected  to  endure  the  test  of  future  ob¬ 
servations.  Such  will  show  the  existence  of  meteor 
streams,  and  perhaps  will  be  connected  with  comets 
that  are  now  known,  or  that  may  hereafter  be  dis¬ 
covered. 

The  radiants  have  been  spoken  of  as  if  they  were 
points  in  the  heavens.  This  is  so  nearly  true  as  to  jus¬ 
tify  all  the  conclusions  that  have  been  deduced  above. 
But  in  fact  a  radiant,  even  in  the  star  showers  in  which 
it  is  most  sharply  defined,  must  be  regarded  as  a  small 
area.  The  apparent  meteor  paths  when  produced 
backward  do  not  exactly  meet  in  a  point.  If  they  be 
treated  as  proceeding  from  a  small  area,  it  does  not 
appear  that  this  is  a  long  narrow  one.  Hence  it  may 
be  shown  that  the  paths  of  the  meteors  in  the  air  are 
not  exactly  parallel  either  to  a  line  or  to  a  plane.  This 
can  hardly  be  due  to  a  want  of  parallelism  of  the  paths 
before  the  meteoroids  meet  the  earth,  but  is  rather  due 
to  their  glancing  as  they  strike  the  air.  These  facts 
add  not  a  little  to  the  difficulties  to  be  evercome  by  the 
energetic  observers  and  investigators  who  are  trying  to 
deduce  order  out  of  an  apparent  chaos. 

Meteorites. — The  fragments  which  fall  immediately 
after  the  disappearance  of  large  meteors  have  been 
carefully  collected  and  preserved  in  mineralogical  mu¬ 
seums,  and  have  been  studied  with  special  interest. 
The  largest  collections  in  Europe  are  in  Vienna,  Paris, 
London,  and  Berlin,  some  of  these  representing  over 
three  hundred  localities.  In  the  United  States  there 
are  large  collections  at  New  Haven,  Amherst,  and 
Louisville. 

In  several  respects  these  fragments  differ  at  first 
sight  from  terrestrial  rocks. 

They  are  when  found  almost  always  covered  in  part  or 
entirely  with  a  very  thin  black  crust,  generally  less  than 

of  an  inch  in  thickness.  This  crust  may  have  a 
bright  lustrous  surface,  or  it  may  be  of  a  lustreless 
black.  It  has  evidently  been  melted,  yet  so  rapidly  as 
not  to  change  in  the  least  the  parts  of  the  stone  im¬ 
mediately  adjacent.  Streaks  showing  the  flow  of  the 
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melted  matter  are  often  seen  on  the  surface.  Upon 
some  surfaces  are  what  appear  to  be  deposits  of  the 
melted  matter  that  has  flowed  off  from  the  others. 
Some  surfaces  are  only  browned,  showing  an  ap¬ 
parently  recent  fracture,  and  some  cracks  are  found  in 
stones  which  are  not  yet  completely  broken  in  two. 

The  surfaces  very  often  have  small  cup-like  cavities, 
sometimes  several  inches  in  diameter,  sometimes  like 
deep  imprints  in  a  plastic  mass  made  by  the  ends  of 
the  fingers,  and  sometimes  still  smaller.  These  “  cu- 
pules  ’  ’  have  not  only  various  sizes  in  different  stones, 
but  even  in  the  same  stone  differ  considerably  from 
one  surface  to  another.  They  appear  in  meteorites 
.  that  are  almost  exclusively  iron,  as  well  as  in  those 
mainly  destitute  of  that  metal,  and  they  may  be  re¬ 
garded  as  a  characteristic  of  meteorites. 

The  meteorites  have  usually  metallic  iron  as  one  of 
their  component  parts.  Native  iron  is  very  rare  in¬ 
deed  among  terrestrial  minerals,  and  its  presence  in 
the  meteorites  is  therefore  characteristic.  Sometimes 
the  iron  forms  the  principal  part  of  the  body,  giving  it 
the  appearance  of  a  mass  of  that  metal.  Sometimes 
it  forms  only  a  connected  framework  which  is  filled  in 
with  mineral  matter.  Sometimes  particles  of  iron  are 
scattered  through  a  stony  mass  ;  and  a  few  meteorites 
are  said  to  be  destitute  of  metallic  iron  altogether. 
The  metallic  iron  is  always  accompanied  with  nickel. 

The  stony  meteors  when  broken  or  cut  through  have 
usually  a  grayish  interior,  and  often  exhibit  a  peculiar 
globular  structure.  From  the  small  rounded  grains 
that  give  it  this  appearance,  the  name  chondrite  (from 
x6v6poQ ,  a  ball)  has  been  applied  to  this  kind  of  mete¬ 
orite.  Sometimes  the  irregular  fragments  are  com¬ 
pacted  into  a  kind  of  breccia. 

The  pieces  as  we  find  them  are  always  apparent  frag¬ 
ments  of  some  larger  mass,  and  there  is  no  structural 
appearance  which  would  indicate  that  the  mass  might 
not  be  a  fragment  of  a  still  larger  one.  In  some  of 
the  falls  fragments  picked  up  at  a  distance  of  miles 
from  each  other  fit  together  in  their  simply  browned 
surfaces,  showing  that  they  were  true  fragments  re¬ 
cently  separated.  In  some  cases  surfaces  of  the  stones 
are  partially  polished.  In  some  a  cross  section  of  the 
stone  exhibits  thin  black  lines  as  though  the  melted 
matter  of  the  surface  had  been  forced  into  the  crevices 
of  the  partially  broken  stone. 

The  stones  when  seen  to  fall,  if  at  once  picked  up, 
are  usually  too  warm  to  be  taken  in  the  hand.  But 
cases  are  on  record  in  which  the  stones  were  exces¬ 
sively  cold.  They  sometimes,  on  striking  the  ground, 
penetrate  into  it  from  1  to  3  feet.  In  extreme  cases 
large  ones  have  struck  much  deeper  into  soft  earth. 
Sometimes  they  are  broken  to  pieces  by  the  impact 
with  the  hard  earth. 

The  stones  are  usually  not  very  large.  Although 
the  light  of  the  meteor  is  such  as  sometimes  to  be 
seen  over  a  region  1000  miles  in  diameter,  and  the  de¬ 
tonation  gives  phenomena  suggestive  of  an  earthquake 
over  many  counties,  yet  a  stone  exceeding  100  ft)  is 
quite  exceptional  in  our  collections.  The  total  weight 
secured  at  any  fall  has  rarely  if  ever  amounted  to  a 
thousand  pounds.  The  average  weight  of  nine  hundred 
and  fifty  perfect  specimens  of  the  Pultusk  fall  in  the 
Paris  museum  is  67  grammes,  or  less  than  2\  oz.  One 
of  the  Hessle  meteorites  in  the  Stockholm  museum 
weighs  less  than  1  grain.  INI  any  of  the  Emmet  county 
meteorites  (May  10,  1879)  are  not  much  larger, 
though  the  largest  specimen  of  that  fall  weighs  nearly 
500  lb. 

Meteors  traversing  the  Atmosphere. — We  can  now 
get  a  very  good  idea  of  the  history  of  that  part  of  a 
meteorite’s  life  between  its  entrance  into  the  air  and 
its  arrival  at  the  earth.  It  is  entirely  invisible  until  it 
has  reached  that  height  at  which  the  density  of  the 
air  is  enough  to  create  considerable  resistance.  Up  to 
that  time  it  moves  almost  exclusively  in  obedience  to 
the  sun’s  attraction.  The  earth’s  attraction  may  be 
neglected,  especially  during  the  passage  through  the 


air.  Since  the  velocity  is  a  hundred  times  that  of 
sound,  the  elasticity  of  the  air  is  impotent  to  remove 
it  from  in  front  of  the  meteorite,  or  to  prevent  a  high 
degree  of  condensation.  Perhaps  the  air  is  liquefied 
immediately  in  front  of  the  stone.  Heat  is  developed 
in  it  enormously,  and  the  stone  being  pressed  closely 
against  the  hot  air  is  melted,  with  an  intense  light. 
The  condensed  air  charged  with  the  melted  matter  is 
pushed  aside,  and  left  behind  nearly  in  the  wake  of 
the  meteor  to  form  the  train.  The  brightness  of  the 
train  rapidly  diminishes  behind  the  meteor,  so  that 
the  light  of  the  meteor  and  the  train,  modified  by 
irradiation,  make  the  whole  appear  to  a  distant  eye  of 
the  shape  of  a  pear  or  candle-flame.  The  stone  being 
a  poor  conductor  of  heat,  and  itself  rigid,  is  not  heated 
in  the  interior  either  by  condensation  or  conduction, 
and  may  reach  the  ground  with  its  surface  only  heated, 
while  the  interior  is  as  cold  as  it  had  been  out  in 
space. 

If  the  stone  is  a  small  one  it  will  soon  be  used  up  by 
this  intense  fire.  Until  its  front  surface  is  rounded  by 
the  flame,  the  irregular  resistance  may  cause  such  a 
stone  to  glance.  But  if  the  stone  is  larger  it  will  lose 
velocity  less  rapidly.  As  it  comes  down  into  the  re- 

Jfion  where  the  air  is  more  dense,  it  will  in  spite  of 
oss  of  velocity  meet  greater  resistance.  The  air  pressed 
hard  against  it  burns  it  unequally,  forming  cupules 
over  its  surface.  The  pressure  of  the  air  cracks  the 
stone, — perhaps  scaling  off  small  fragments,  perhaps 
breaking  it  into  pieces  of  more  uniform  size.  In  the 
latter  case  the  condensed  air  in  front  of  the  meteor 
being  suddenly  relieved  will  expand,  giving  the  ter¬ 
rific  explosion  which  accompanies  such  breaking  up.  In 
either  case  a  fragment  may  have  still  velocity  enough 
to  burn  on  for  an  instant  in  its  new  path  and  then 
come  invisibly  to  the  earth,  covered  with  a  coating, 
the  greater  part  obtained  after  the  principal  explosion. 
In  the  latter  part  of  the  course  the  original  velocity 
has  almost  all  disappeared,  so  that  the  sound  travels 
faster  than  the  meteor.  The  air’s  resistance  exceeds 
the  earth’s  attraction,  and  the  stones  strike  the  ground 
only  with  the  force  of  a  spent  cannon-ball.  It  is  no 
doubt  in  violent  disruption  that  some  of  the  fractures 
are  made  in  such  a  way  as  to  give  the  rubbed  and 
polished  surfaces. 

Trains  of  Meteors. — The  smaller  meteors  generally 
have  no  perceptible  train.  Only  in  exceptional  cases 
do  the  trains  of  ordinary  shooting  stars  remain  visible 
longer  than  a  fraction  of  a  second.  An  unusual  num¬ 
ber  of  the  Leonids  have  a  bluish  train.  But  the 
brighter  shooting  stars  and  the  larger  meteors  some¬ 
times  have  trains  that  endure  for  minutes,  and.  in  ex¬ 
treme  cases  for  an  hour.  Such  trains  are  at  first  long 
narrow  lines  of  light,  though  much  shorter  than  the 
track  of  the  meteor.  They  begin  at  once  to  broaden 
in  the  middle  and  to  fade  away  at  one  or  both  ends. 
Presently  they  become  curved,  sometimes  with  two  or 
three  convolutions.  The  white  cloud  floats  slowly 
away  among  the  stars,  coiling  up  more  and  more, 
and  finally  fades  out  of  sight.  The  cause  of  all 
this  seems  to  be  as  follows.  The  heated  air  charged 
with  the  debris  of  the  meteor  is  by  the  meteor’s  im¬ 
pact  driven  off  horizontally,  causing  the  narrow  train 
to  spread  into  a  cloud.  The  currents  of  air  differing  in 
direction  at  different  altitudes  twist  the  cloud  into  its 
varied  fantastic  forms.  Attempts  to  obtain  the  spec¬ 
trum  of  the  trains  have  been  made,  and  sodium  and 
magnesium  lines  have  been  thought  to  be  detected  in 
them.  The  observation,  however,  is  one  that  is  not 
easy  to  make  or  confirm.  The  trains  have  often  colors 
other  than  white,  and  in  the  case  of  the  brighter  me¬ 
teors  different  colors  are  seen  in  the  different  parts  of 
the  train. 

Magnitude. — Some  computations  have  been  made 
of  the  size  of  the  shooting-star  meteoroids  from  the 
mechanical  equivalent  of  the  light  developed  by  their 
disintegration.  If  all  the  energy  of  the  meteor  is 
changed  into  light,  then  these  computations  would  be 
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conclusive.  But  a  part  is  spent  in  disintegrating  and 
burning  the  stone,  a  part  in  heating  the  air,  and  a 
part  in  giving  motion  to  portions  of  air.  A  com¬ 
putation  based  on  the  light  developed  gives  only  a 
lower  limit  to  the  size. 

It  seems  probable  that  the  larger  meteors  might  be 
safely  regarded  as  weighing  on  entering  the  air  only  a 
lew  hundreds  or  at  most  a  few  thousands  of  pounds. 
The  smallest  visible  shooting  stars  may  be  equal  in 
size  to  coarse  grains  of  sand,  and  still  be  large  enough 
to  furnish  all  the  light  exhibited  by  them.  The 
largest  shooting  stars  furnish  matter  enough  to  fill 
with  thin  trains  cubic  miles  of  space,  but  this  need  not 
require  a  very  large  mass. 


Meteoric  Irons. — There  have  been  found  at  various  times 
on  the  surface  of  the  earth  masses  of  metallic  iron  combined 
with  nickel.  These  have  been  so  like  the  irons  which  have 
been  known  to  fall,  both  in  their  structure  and  in  composi¬ 
tion,  that  they  have  been  without  hesitation  classed  among 
the  meteoric  irons.  A  mass  of  this  character  weighing  1635  lb, 
found  in  Texas,  is  in  the  Yale  College  Museum.  The  Char- 
cas  (Mexico)  iron  in  the  Paris  museum  is  about  the  same 
size.  A  ring-shaped  mass  somewhat  smaller,  from  Tuc¬ 
son,  is  in  the  United  States  National  Museum  in  Washing¬ 
ton.  A  still  larger  mass  is  in  the  British  Museum,  and 
many  other  large  masses  are  in  public  collections  or  private 
possession. 

Widmannstdtten  Figures. — If  in  any  of  the  meteoric  irons, 
whether  seen  to  fall  or  found  on  the  earth,  a  section  is  cut 
and  polished  and  then  etched  with  acids,  a  series  of  pecu¬ 
liar  lines  are  developed  which  are  known  as  Widmannstat- 
ten  figures.  The  lines  of  iron  unattacked  by  the  acid  con¬ 
sist  of  an  irregular  grouping  of  parallel  rulings  often  lying 
along  the  faces  of  a  regular  octahedron.  The  exhibition  of 
these  figures  and  the  combination  of  iron  with  nickel  have 
been  usually  considered  conclusive  evidence  of  the  me¬ 
teoric  origin  of  any  iron  mass. 

Nickel  Iron  of  Ovifak. — In  1870  Baron  Nordenskiold,  in  his 
voyage  to  Greenland,  found  on  the  shore  of  the  island  of 
Disco  fifteen  iron  masses,  the  largest  of  which  weighed  20 
tons,  all  in  an  area  of  half  an  acre.  In  the  basaltic  rocks  not 
far  distant  other  iron  masses  were  found  imbedded  in  the  ba¬ 
salt.  The  presence  of  nickel  with  the  iron,  and  the  develop¬ 
ment  of  lines  like  the  Widmannstatten  figures,  were  at  once 
accepted  as  proof  of  their  meteoric  origin,  in  spite  of  the 
combination  with  basalt.  A  more  complete  examination 
has,  however,  established  the  terrestrial  origin  of  these 
irons,  and  given  reasons  to  hope  for  new  discoveries  of  rela¬ 
tions  existing  between  the  earth  and  the  meteors.  The  ad¬ 
ditional  discovery  of  small  particles  of  metallic  iron  in 
certain  other  igneous  rocks  proves  that  the  union  of  the  Ovi¬ 
fak  irons  with  basalt  is  not  exceptional. 

Chemical  Constitution  of  the  Meteorites. — No  new  element 
has  been  found  in  the  meteorites.  Three  elements  most 
widely  distributed  and  most  important  among  the  meteor- 
ites— iron,  silicon,  and  oxygen — are  also  most  abundant  in 
our  earth.  Daubree  gives  the  following  lists  of  elements, 
arranged'  somewhat  in  the  degree  of  their  importance,  in 
meteorites  (Maskelyne  adds  lithium  and  antimony) : 


Iron. 

Magnesium. 

Silicon. 

Oxygen. 

Nickel. 

Cobalt. 

Chromium. 

Manganese. 


Titanium. 

Tin. 

Copper. 
Aluminium. 
Potassium. 
Sodium. 
Calcium. 


Arsenic. 

Phosphorus. 

Nitrogen. 

Sulphur. 

Chlorine. 

Carbon. 

Hydrogen. 


Minerals  in  Meteorites. — Among  the  minerals  in  the  me¬ 
teorites  there  are  several  which  occur  in  the  rocks  on  the 
earth.  Among  these  are  cited  by  Daubree  peridote,  pyrox¬ 
ene,  enstatite,  triclinic  felspar,  chromite,  magnetic  pyrites, 
iron  oxide,  graphite,  and  probably  water.  Several  minerals, 
however,  are  found  which,  so  far  as  now  known,  are  pe¬ 
culiar  to  the  meteorites :  metallic  nickel-iron,  phosphide  of 
iron  and  nickel  (schreibersite),  sesquisulphide  of  chromium 
and  iron  (daubr6elite),  sulphide  of  calcium  (oldhamite),  and 
chloride  of  iron  (lawrencite). 

Meteorites  ot  different  falls  are  in  general  unlike ;  but 
there  are  many  instances  in  which  the  stones  of  two  falls 
are  so  similarly  constituted  tha*  ;t  is  not  easy  to  distinguish 
them. 


f°ur  falls  (Alais,  Cola  Bokkeweld,  Kaba,  and  Orgeuil) 
the  stones  contain  little  or  no  iron.  In  these  carbon  ap¬ 
pears  not  as  graphite  but  in  union  with  hydrogen  and  oxy¬ 
gen,  and  also  with  soluble  and  even  deliquescent  saline 
matters.  I  he  combinations  are  such  as  to  suggest  the  exist¬ 


ence  of  humus  and  organic  remains.  But  after  careful 
search  nothing  of  this  kind  has  been  detected  in  them.  In 
general  the  meteorites  show  no  resemblance  in  their  mechani¬ 
cal  or  mineralogical  structure  to  the  granitic  and  surface 
rocks  on  the  earth.  One  condition  was  certainly  neces¬ 
sary  in  their  formation,  viz.,  the  absence  of  free  oxygen 
and  of  enough  water  to  oxidize  the  iron  and  other  elements. 
Perhaps  it  is  to  this  fact  that  are  due  the  resemblances 
between  these  minerals  and  those  of  the  deepseated  rocks 
of  the  earth  in  the  formation  of  which  free  oxygen  and  wa¬ 
ter  were  also  not  present. 

Gases  in  Meteorites. — The  meteoric  stones  and  irons  when 
reduced  to  fine  particles  and  placed  in  the  vacuum  of  a 
Sprengel  air-pump  give  off  small  quantities  of  gases  which 
may  be  reasonably  presumed  to  have  been  occluded  by  the 
irons  at  some  time  in  their  earlier  history.  Professor  Gra¬ 
ham  found  hydrogen  in  meteoric  irons.  Professor  Wright 
has  shown  that  a  moderate  heat  drives  off  from  the  stony 
meteorites  carbonic  acid  and  carbonic  oxide  with  a  small 
amount  of  hydrogen.  As  the  heat  increases  the  proportion 
of  hydrogen  (and  even  some  nitrogen)  increases  till  at  a  full 
red  heat  the  hydrogen  given  off  is  by  far  the  largest  por¬ 
tion.  From  the  irons  similar  gases  are  given  off,  but  the 
carbon  compounds  are  not  so  large  a  component  as  hydro¬ 
gen.  The  spectra  seen  in  the  tails  of  comets  are  not  strik¬ 
ingly  like  those  of  any  of  these  gases.  But  it  is  impossible 
to  reproduce  in  the  laboratory  the  conditions  under  which 
the  matter  of  comets’  tails  is  giving  off  its  light.  We  cannot 
therefore  say  that  these  gases  may  not  be  the  important 
parts  of  the  cometic  coma  and  tails. 

Meteoroid  as  Part  of  a  Comet. — Assuming  that  the  me¬ 
teorite  and  meteoroid  once  formed  an  integral  part  of 
a  comet,  not  a  little  information  is  given  us  of  the  nature 
of  this  mysterious  hody.  There  is  room  also  for  specula¬ 
tion. 

First,  the  comet  may  be  a  single  hard  body  which  comes 
from  the  cold  of  space  into  the  heat  of  the  sun,  and  there 
has  fragments  broken  off,  just  as  a  stone  is  shattered  in  a 
hot  fire.  The  nucleus  of  some  of  the  comets  must  be  very 
small  because  invisible  in  the  telescope,  and  an  impulse 
that  would  raise  a  stone  on  the  earth  only  a  few  inches 
would  send  it  permanently  away  from  such  a  comet.  The 
exposure  of  new  surfaces  to  the  heat  of  the  sun  might  give 
occasion  for  the  development  of  gas  to  form  the  comet’s 
tail. 

Or,  secondly,  the  comet  may  be  a  tolerably  compact  ag¬ 
gregation  of  small  bodies  not  in  contact,  each  one  being  of 
the  size  of  a  meteoroid,  and  kept  near  to  the  rest,  not  by 
cohesion,  but  by  their  combined  attraction.  The  total  mass 
being  small,  some  members  of  the  group  near  the  comet's 
perihelion  passage  can  be  by  the  sun’s  perturbing  action 
thrown  out  into  orbits  quite  independent  of  the  comet 
itself,  and  yet  such  as  relative  to  the  sun  shall  resemble 
that  of  the  main  group.  Perturbations  resembling  tidal 
waves  might  be  preparing  other  members  to  be  cast  off  at 
the  next  perihelion  passage  of  the  comet. 

In  either  case,  if  we  suppose,  as  seems  probable,  that  the 
comet  came  from  outside  the  solar  system,  and  that  a  dis¬ 
turbance  by  a  large  planet  changed  the  original  hyperbolic 
orbit  into  an  ellipse,  the  comet  must  have  passed  that 
planet  as  a  very  compact  group,  if  not  in  a  single  mass,  else 
the  disturbance  that  changed  the  orbit  would  have  scattered 
the  group  beyond  the  power  of  a  future  recognition  of  the 
common  origin  of  the  fragments. 

Meteoroids  as  Fuel  of  the  Sun— The  idea  has  been  held  by 
distinguished  physicists  that  the  meteoroids  in  falling  into 
the  sun  furnish  by  their  concussion  a  supply  for  the  heat 
which  the  sun  is  constantly  sending  off  into  space, — that 
they  are  in  fact  the  fuel  of  the  sun.  Such  a  view,  however, 
receives  but  little  support  from  facts  which  we  know  about 
meteors.  The  meteoroids  of  the  August  and  two  Novem¬ 
ber  periods  are  evidently  permanent"  members  of  the  solar 
system  moving  in  closed  orbits.  The  same  is  by  inference 
highly  probable  for  most  of  the  other  meteoroids,  and  may 
be  true  of  all  of  them.  Permanent  members  of  the  solar 
system,  however,  if  they  ever  fall  into  the  sun,  do  so  only 
after  a  long  period  of  perturbation.  If  any  meteoroids  come 
from  stellar  spaces  and  have  any  uniform  or  random  dis¬ 
tribution  of  velocities  or  directions,  only  a  very  small  por¬ 
tion  of  these  would  hit  the  sun’s  surface.  The  far  greater 
portion  would  go  on  in  hyperbolic  orbits.  But  the  earth 
receives  the  impact  of  its  portion  of  these  foreign  meteor¬ 
oids,  both  in  their  inward  and  outward  course,  and  in  addi¬ 
tion  encounters  a  full  share  of  the  permanent  members  of 
the  solar  system,  of  which  the  sun  receives  very  few  or 
none.  It  is  not  hard  to  show  that  a  supply  of  meteoroids  to 
the  sun  sufficient  to  make  good  its  daily  loss  of  heat  would 
require  that  the  twenty  million  meteoroids  which  the  earth 
daily  encounters,  even  if  all  were  from  stellar  space,  should 
have  an  average  weight  of  hundreds  of  tons.  The  facta  do 
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Hot  warrant  the  admission  of  any  such  magnitude  even  for 
the  large  meteors,  much  less  for  the  ordinary  and  small 
shooting  stars.  Whatever  be  the  source  of  the  sun’s  heat, 
all  the  meteoroids  of  which  we  know  anything  are  totally 
inadequate  to  supply  the  waste. 

The  literature  of  meteors  and  meteoroids  is  very  much 
scattered.  It  is  mainly  contained  in  the  scientific  journals 
and  in  transactions  of  learned  societies.  The  series  of  valu¬ 
able  Reports  of  the  Luminous  Meteor  Committee  of  the 
British  Association  contains  not  only  the  record  of  an  im¬ 
mense  amount  of  original  observations,  but  also  year  by 
year  a  digest  of  most  of  the  important  memoirs. 

Meteoric  science  is  a  structure  built  stone  by  stone  by 
many  builders.  In  this  article  no  attempt  has  been  made 
to  assign  to  each  builder  the  credit  for  his  contribution. 

(H.  A.  N.) 

METEORA,  a  remarkable  group  of  rock-built  mon¬ 
asteries  in  Thessaly,  in  the  northern  side  of  the  valley 
of  the  Peneus,  not  quite  20  miles  northeast  of  Triccala, 
and  in  the  immediate  vicinity  of  the  village  of  Kala- 
baka,  Stagus,  or  Stagoi  (the  ancient  iEginium).  From 
the  Cambunian  chain  two  vast  masses  of  rock  are 
thrust  southward  into  the  plain,  surmounted  by  a 
number  of  huge  isolated  columns  from  85  to  300  feet 
high,  “some  like  gigantic  tusks,  some  like  sugar- 
loaves,  and  some  like  vast  stalagmites,”  but  all  con¬ 
sisting  of  iron-gray  or  reddish-brown  conglomerate  of 
gneiss,  mica-slate,  syenite,  and  greenstone.  On  the 
summit  of  these  rocky  pinnacles — accessible  only  by 
aid  of  rope  and  basket  let  down  from  the  top,  or  in 
some  cases  by  a  series  of  almost  perpendicular  ladders 


climbing  the  cliff  to  the  mouth  of  a  tunnel — stand  the 
monasteries  of  Meteora  (rd  M ereupa).  At  one  time 
they  were  twenty-four  in  number  ;  but  Holland  (1812) 
and  Hughes  (1814)  found  them  reduced  to  ten  ;  at 
Curzon  s  visit  (1834)  there  were  only  seven :  and  in 
1853  not  more  than  four  of  these  were  inhabited  by- 
more  than  two  or  three  monks.  Meteora  par  excel¬ 
lence  is  the  largest  and  perhaps  the  most  ancient.  The 
present  building  was  erected,  according  to  Leake’s 
reading  of  the  local  inscription,  in  1388  (Biornstahl, 
the  Swedish  traveller,  had  given  1371 ),  and  the  church 
is  one  of  the  largest  and  handsomest  in  Greece.  St. 
Barlaam’s  and  St.  Stephen’s  (the  latter  founded  by 
the  emperor  John  Cantacuzene)  are  next  in  import¬ 
ance.  The  decorations  of  the  churches  contain  a  large 
amount  of  material  for  the  history  of  Byzantine  art, 
not  much  inferior  in  value  to  the  similar  treasures  at 
Athos. 

Unless  the  identification  with  the  Ithome  of  Homer  he  a 
sound  one,  there  is  no  direct  mention  of  the  rocks  of  Mete¬ 
ora  in  ancient  literature,  and  Professor  Kriegk  suggests  that 
this  may  simply  be  due  to  the  fact  that  they  had  not  then 
taken  on  their  present  remarkable  form.  iEginium,  how¬ 
ever,  is  described  by  Livy  as  a  strong  place,  and  is  fre¬ 
quently  mentioned  during  the  Roman  wars ;  and  Stagus 
appears  from  time  to  time  in  Byzantine  writers. 

See  Holland,  Travels  in  the  Ionian  Isles,  etc.,  1815 ;  Hughes,  Trav¬ 
els  in  Greece  and  Albania,  1830 ;  Curzon,  Visit  to  Monasteries  in  the 
Levant,  1849 ;  Leake,  Northern  Greece;  Professor  Kriegk  in  Zeitsckr. 
£  allg.  Erdk. ,  Berlin,  1858 ;  Tozer,  Researches  in  the  Highlands  oj  Twr - 
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"ITETEOROLOGY,  in  its  original  and  etymological 
ItJ.  sense,  included  within  its  scope  all  appearances 
of  the  sky,  astronomical  as  well  as  atmospherical,  but 
the  term  is  now  restricted  to  the  description  and  ex¬ 
planation  of  the  phenomena  of  the  atmosphere  which 
may  be  conveniently  grouped  under  weather  and  cli¬ 
mate.  These  phenomena  relate  to  the  action  of  the 
forces  on  which  the  variations  of  pressure,  temperature, 
humidity,  and  electricity  of  the  atmosphere  depend, 
but  in  an  especial  sense  to  the  aerial  movements  which 
necessarily  result  from  these  variations. 

In  the  more  exact  development  of  meteorology,  the 
scientific  investigation  of  climate  long  preceded  that 
of  weather.  Humboldt’s  work  on  Isothermal  Lines , 
published  in  1817,  must  be  regarded  as  the  first  great 
contribution  to  meteorological  science.  The  import¬ 
ance  of  this  inquiry  into  the  distribution  of  terrestrial 
temperature  it  is  scarcely  possible  to  overestimate,  for, 
though  the  iso  thermals  were  necessarily  to  a  considerable 
extent  hypothetical,  there  cannot  be  a  doubt  that  they 
presented  a  first  sketch  of  the  principal  climates  of 
the  globe.  Dove  continued  and  extended  the  investi¬ 
gation,  and  in  his  great  work  On  the  Distribution  of 
Heat  on  the  Surface  of  the  Globe ,  published  in  1852, 
gave  charts  showing  the  mean  temperature  of  the  world 
for  each  month  and  for  the  year,  together  with  charts 
of  abnormal  temperature.  To  this,  more  than  to  any 
other  work,  belongs  the  merit  of  having  popularized 
the  science  of  meteorology  in  the  best  sense,  by  enlist¬ 
ing  in  its  service  troops  of  observers  in  all  parts  of  the 
civilized  world. 

In  1868  another  series  of  important  charts  were 
published  representing  by  isobanc  lines  the  distribu¬ 
tion  of  the  mass  of  the  earth’s  atmosphere, and  by  ar¬ 
rows  the  prevailing  winds  over  the  globe  for  the  months 
and  the  year.  By  these  charts  the  movements  of  the 
atmosphere  and  the  immediate  causes  of  these  move¬ 
ments  were  for  the  first  time  approximately  stated,  and 
some  knowledge  was  thereby  attained  of  some  of  the 
more  difficult  problems  of  meteorology.  It  was  shown 
that  the  prevailing  winds  are  the  simple  result  of  the 
relative  distribution  of  the  mass  of  the  earth’s  atmos¬ 


phere,  in  other  words,  of  the  relative  distribution  of 
its  pressure,  the  direction  and  force  of  the  prevailing 
winds  being  simply  the  flow  of  the  air  from  a  re¬ 
gion  of  higher  towards  a  region  of  lower  pressure, 
or  from  where  there  is  a  surplus  to  where  there  is 
a  deficiency  of  air.  It  is  on  this  broad  and  vital 
principle  that  meteorology  rests,  which  is  found  to 
be  of  universal  application  throughout  the  science, 
in  explanation,  not  only  of  prevailing  winds,  but 
of  all  winds,  and  of  weather  and  weather  changes 
generally.  One  of  the  more  important  uses  of  the 
principle  is  in  its  furnishing  the  key  to  the  climates 
of  the  different  regions  of  the  earth ;  for  climate  is 
practically  determined  by  the  temperature  and  mois¬ 
ture  of  the  air,  and  these  in  their  turn  are  dependent 
on  the  prevailing  winds,  which  are  charged  with  the 
temperature  and  moisture  of  the  regions  they  have 
traversed.  The  isobaric  charts  show  further  that  the 
distribution  of  the  mass  of  the  earth’s  atmosphere 
depends  on  the  geographical  distribution  of  land  and 
water  in  their  relations  to  the  sun’s  heat  and  to  radia¬ 
tion  towards  the  regions  of  space  in  different  seasons. 

In  1882  Loomis  published  a  map  showing  the  mean 
rainfall  of  the  globe.  This  map  and  others  that  have 
been  constructed  for  separate  countries  show  conclu¬ 
sively  that  the  rainfall  of  any  region  is  determined  by 
the  prevailing  winds  considered  in  relation  to  regions 
from  which  they  have  come,  and  the  physical  configu¬ 
ration  and  temperature  of  the  part  of  the  earth’s  sur¬ 
face  over  which  they  blow.  The  maximum  rainfall  is 
precipitated  by  winds  which,  having  traversed  a  large 
breadth  of  ocean,  come  up  against  and  blow  over 
a  mountainous  ridge  lying  across  their  path,  and  the 
amount  deposited  is  still  further  increased  if  the  winds 
pass  at  the  same  time  through  regions  the  temperature 
of  which  constantly  becomes  colder.  On  the  other 
hand,  the  rainfall  is  unusually  small,  or  nil ,  when  the 
prevailing  winds  have  not  previously  traversed  some 
extent  of  ocean,  but  have  crossed  a  mountain  ridge 
and  advance  at  the  same  time  into  lower  latitudes,  or 
regions  the  temperature  of  which  is  markedly  higher. 

While  the  observational  data  for  the  determination 
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of  the  geographical  distribution  of  the  prime  elements 
of  climate,  viz.,  the  pressure,  temperature,  moisture, 
and  movements  of  the  atmosphere,  and  the  rainfall, 
were  being  slowly  but  surely  collected,  the  great  im¬ 
portance  of  the  study  of  weather  came  gradually  to  be 
recognized.  Additional  impetus  was  given  to  this 
branch  of  study  from  its  intimate  bearings  on  the  emi¬ 
nently  practical  question  of  storm  warnings.  Syn¬ 
chronous  weather  maps,  showing  the  weather  over  a 
considerable  portion  of  the  earth’s  surface,  were  con¬ 
structed,  and  some  advance  was  made  in  tracing  the 
progress  of  storms  from  day  to  day.  Unquestionably 
one  of  the  first  problems  of  meteorology  is  to  ascertain 
the  course  storms  usually  follow  and  the  causes  by 
which  that  course  is  determined,  so  as  to  deduce  from 
the  meteorological  phenomena  observed,  not  only  the 
certain  approach  of  a  storm,  but  also  the  particular 
course  that  storm  will  take.  The  method  of  practically 
conducting  this  large  inquiry  in  the  most  effective 
manner  was  devised  by  the  genius  of  Leverrier,  and 
begun  to  be  carried  out  in  1858  by  the  daily  publica¬ 
tion  of  the  Bulletin  International ,  to  which  a  wea¬ 
ther  map  was  added  in  September,  1863.  This  map 
showed  graphically  for  the  morning  of  the  day  of  pub¬ 
lication  the  atmospheric  pressure,  and  the  direction 
and  force  of  the  wind,  together  with  tables  of  temper¬ 
ature,  rainfall,  cloud,  ana  sea  disturbance  from  a  large 
number  of  places  in  all  parts  of  Europe.  From  such 
weather  maps  forecasts  of  storms  are  framed  and  suit¬ 
able  warnings  issued ;  but  above  all  a  body  of  infor¬ 
mation  in  a  very  handy  form  is  being  collected,  the 
careful  study  and  discussion  of  which  is  slowly  but 
gradually  leading  to  the  issue  of  more  exact  and  satis¬ 
factory  forecasts  of  weather,  and  to  a  juster  knowledge 
of  those  great  atmospheric  movements  which  form  the 
groundwork  of  the  science. 

The  most  cursory  glance  is  sufficient  to  show  that 
the  ever-changing  physical  phenomena  with  which  it 
is  the  business  oi  meteorology  to  deal  are  all  referable 
to  the  action  of  the  sun,  it  being  evident  that  if  the 
sun  were  blotted  out  from  the  sky  a  cold  lifeless  uni¬ 
formity  would  rapidly  take  possession  of  the  whole 
surface  of  the  globe.  Meteorological  phenomena  nat¬ 
urally  group  themselves  into  two  great  classes, , — those 
dependent  on  the  revolution  of  the  earth  on  its  axis, 
and  those  dependent  on  its  revolution  round  the  sun 
taken  in  connection  with  the  inclination  of  its  axis  to 
the  plane  of  its  orbit.  The  science  thus  divides  itself 
into  two  great  divisions,  the  first  comprising  diurnal 
phenomena  and  the  second  annual  phenomena. 

Diurnal  March  of  Phenomena. 

Temperature. — Of  the  daily  changes  which  take 
place  in  the  atmosphere,  the  first  place  must  be  as¬ 
signed  to  those  which  relate  to  temperature,  seeing 
that  on  these  all  other  changes  are  either  directly  or 
indirectly  dependent.  Observations  of  the  tempera¬ 
ture  of  the  air  are  therefore  of  the  first  importance  in 
meteorology.  A  perfectly  accurate  observation  of  the 
temperature  of  the  air  is  unquestionably  among  the 
most  difficult  to  make  of  all  physical  observations,  the 
difficulty  being  to  eliminate  the  effects  of  radiation  of 
surrounding  objects.  The  nearest  approach  yet  made 
to  the  solution  of  this  important  problem  of  physical 
inquiry  was  made  by  Dr.  Joule  in  a  communication  to 
the  Philosophical  Society  of  Manchester  (November 
26,  1867,  Proc.,  \o\.  vii.  p.  35).  But  the  manipula¬ 
tive  skill  and  time  demanded  by  the  method  there 
detailed  render  it  quite  unsuitable  for  general  adoption 
anywhere  in  collecting  tbe  observational  data  required 
in  the  determination  of  this  important  element  of 
climate.  It  is  therefore  necessary  to  fall  on  some 
method  which,  while  it  gives  results  that  can  only  be 
regarded  as  approximate,  secures  the  essential  element 
of  uniformity  among  the  observations. 

Fig.  1  represents  Stevenson’s  louvre-boarded  box  for  the 
thermometers,  which  is  now  very  widely  used  for  tempera¬ 
ture  observations.  The  box  is  made  of  wood,  and  louvred 


all  round  so  as  to  protect  the  thermometers  inside  from  ra¬ 
diation,  and  at  the  same  time  secure  as  free  a  circulation  of 
air  as  is  consistent  with  a  satisfactory  protection  from  radi¬ 
ation.  The  box  is  painted  white,  both  inside  and  outside, 
and  screwed  to  four  stout  wooden  posts,  also  painted  white, 
firmly  fixed  in  the  ground.  The  posts  are  of  such  a  length 
that  when  the  thermometers  are  hung  in  position  the  bulbs 
of  the  minimum  thermometer  and  hygrometer  are  exactly 
at  the  same  height  of  4  feet  above  the  ground,  the  maxi¬ 
mum  thermometer  being  hung  immediately  above  the  mini¬ 
mum  thermometer.  This  thermometer  box  is  placed  over  a 


Fig.  1.— Thermometer  Box. 


plot  of  grass,  and  in  a  free  open  space  to  which  the  sun’s  rays 
have  free  access  during  as  much  of  the  day  as  surrounding 
conditions  admit  of.  It  will  be  observed  that  the  thermo¬ 
meters  are  suspended  on  cross-laths  in  the  centre  of  the  box 
and  face  the  door,  which  should  always  open  to  the  north. 
It  is  not  possible  to  overestimate  the  importance  of  seeing 
that  uniformity  of  height  above  ground  and  method  of  pro¬ 
tecting  the  thermometers  are  secured,  since  in  no  other  way 
is  it  possible  to  obtain  results  from  different  places  which 
shall  be  comparable  with  each  other  and  thus  supply  satisfac¬ 
tory  materials  for  the  investigation  and  development  of  com- 
parative  climatology. 

A  desired  uniformity  is  yet  far  from  being  attained 
among  the  meteorological  systems  of  different  countries. 
Thus  in  Russia  the  box  for  the  protection  of  the  ther¬ 
mometers  is  made  of  zinc,  on  the  supposition  that 
such  a  box  follows  more  closely  the  changes  of  tem¬ 
perature  of  the  air  than  a  box  of  wood.  Owing  to 
these  international  diversities  of  observation,  it  is  ex¬ 
tremely  desirable  that  steps  were  taken  to  ascertain, 
by  Joule’s  method  of  observing,  the  approximate  er¬ 
rors  peculiar  to  each  sort  of  thermometer  box,  in  order 
that  the  temperatures  of  different  countries  may  be 
compared  together  in  a  more  satisfactory  manner  than 
has  yet  been  possible. 

Interchanges  of  temperature  among  bodies  take 
place  by  conduction,  convection,  and  radiation.  In 
meteorology  the  most  important  illustrations  of  con¬ 
duction  are  the  propagation  downwards  through  the 
earth’s  strata  of  tbe  changes  of  the  temperature  of  the 
surface  as  it  is  heated  during  the  day  and  cooled  dur¬ 
ing  the  night,  and  the  propagation  of  the  same  changes 
of  temperature  through  tbe  lowest  stratum  of  the  air 
which  rests  on  the  surface.  Since  sand  and  light  loose 
soils  are  much  worse  conductors  of  heat  than  clay  and 
dense  soils,  it  follows  that  loose  soils  and  tracts  of  sand 
are  subject  during  the  day  to  higher  temperature  and 
during  the  night  to  lower  temperature  near  the  sur¬ 
face  tban  dense  soils,  and  that  frosts  and  extreme  tem- 
eratures  do  not  penetrate  so  far  into  loose  as  into 
ense  soils.  It  is  on  these  differences  that  some  of  the 
more  striking  features  of  climates  depend.  As  snow  is 
one  of  the  worst  conductors  of  heat,  owing  to  the  quan¬ 
tity  of  air  filling  the  interstices  among  the  ice  crystals, 
it  protects  the  soil  it  covers  by  setting  a  limit  to  the 
depth  to  which  the  severe  frosts  of  the  surface  pene- 
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trate,  and  by  arresting  the  escape  of  the  heat  of  the 
■soil  upwards  to  the  air. 

The  communication  of  heat  from  one  part  of  the 
earth  to  another  by  convection  is  seen  on  a  grand  scale 
in  the  winds  and  in  the  currents  of  the  ocean.  It  is 
seen  also  in  the  ascending  and  descending  currents  of 
the  atmosphere  everywhere,  which  have  their  origin 
in  the  daily  and  unequal  changes  of  temperature  to 
which  the  surface  of  the  earth  is  subject.  The  direct 
and  beneficial  effect  which  results  from  atmospheric 
and  oceanic  circulation  is  a  more  equable  distribution 
of  temperature  over  the  globe,  thus  moderating  the 
rigors  of  the  polar  regions  and  the  heat  of  the  tropics. 

An  interchange  of  heat  is  constantly  going  on  among 
bodies  exposed  to  each  other,  whatever  be  their  tem¬ 
perature.  This  mode  by  which  heat  is  communicated 
from  one  body  to  another  is  called  radiation.  Radiant 
heat  proceeds  in  straight  lines,  diverging  in  all  direc¬ 
tions  from  the  source,  is  only  in  a  limited  degree  in¬ 
fluenced  by  the  air  through  which  it  passes,  and  is  not 
diverted  from  the  straight  course  by  the  wind.  The 
intensity  is  proportional  to  the  temperature  of  the 
source,  and  is  greater  according  to  the  degree  of  incli¬ 
nation  of  the  surface  on  which  the  rays  fall.1 

If  then  a  body  be  placed  in  the  presence  of  other 
bodies,  some  colder  and  some  warmer  than  itself,  it 
will  from  this  mutual  interchange  of  temperature 
receive  more  heat  from  the  warmer  bodies  than  it  ra¬ 
diates  to  them,  and  consequently  becomes  warmer  ; 
but  it  will  receive  less  heat  from  the  colder  bodies  than 
it  radiates  to  them,  and  its  temperature  consequently 
falls.  This  is  precisely  the  condition  in  which  the 
earth  is  placed  in  space.  When  a  part  of  the  surface 
is  turned  towards  the  sun,  that  part  of  the  surface  re¬ 
ceives  more  heat  than  is  radiated  from  it ;  and  the 
temperature  consequently  rises  most  in  that  region 
which  for  the  time  is  perpendicular  to  the  sun’s  rays, 
and  least  round  the  annulus  where  the  inclination  of 
the  surface  is  greatest.  On  the  other  hand,  since  the 
hemisphere  turned  from  the  sun  radiates  more  heat 
than  it  receives  from  the  cold  regions  of  space,  the 
temperature  there  falls.  Owing  to  the  essentially  dis¬ 
tinct  conditions  under  which  the  earth  is  placed  with 
respect  to  radiation,  the  subject  falls  naturally  to  be 
divided  into  two  heads,  solar  radiation  and  terrestrial 
radiation. 

Solar  Radiation. — Of  the  sun’s  rays  which  arrive 
at  the  earth’s  surface,  those  which  fall  on  the  land  and 
solid  bodies  generally  are  wholly  absorbed  by  the  thin 
surface  layer  exposed  to  the  heating  rays,  the  temper¬ 
ature  of  which  consequently  rises.  Whilst  the  tem¬ 
perature  of  the  surface  increases,  a  wave  of  heat  is 
propagated  downwards  through  the  soil.  The  inten¬ 
sity  of  the  daily  wave  of  temperature  rapidly  lessens 
with  the  depth  at  a  rate  depending  on  the  conductivity 
of  the  soil,  until  at  about  4  feet  below  the  surface  it 
ceases  to  be  measurable.  Part  of  the  heat  of  the  sur¬ 
face  layer  is  conveyed  upwards  through  the  air  by  the 
convection  currents  which  have  their  origin  in  the 
heating  of  the  lowermost  stratum  of  air  in  direct  con¬ 
tact  with  the  heated  surface  of  the  land. 

Altogether  different  is  the  influence  of  the  sun’s 
rays  on  water.  In  this  case  the  sun’s  heat  is  not  all, 
indeed  very  far  from  all,  arrested  at  the  surface,  but 
penetrates  to  a  considerable  depth.  The  depth  to 
which  the  influence  of  the  sun  is  felt  has  been  shown 
by  the  observations  made  during  the  cruise  of  the 
“  Challenger  to  be,  roughly  speaking,  about  500  feet 
below  the  surface  of  the  sea.  The  rate  at  which,  in 
perfectly  clear  water,  this  heat  is  distributed  at  differ¬ 
ent  depths  is  a  problem  that  has  not  yet  been  worked 
out.  Since  water  is  a  bad  conductor,  the  heat  thus 
distributed  does  not,  as  takes  place  with  respect  to 
land,  penetrate  to  still  lower  depths  by  conduction,  but 
only  by  different  densities  prevailing  at  the  same 
depths,  whether  these  different  densities  be  due  to  dit- 

i  The  intensity  decreases  as  the  degree  of  inclination  becomes 
greater.— Am.  eds. 


ferent  temperatures  or  different  degrees  of  salinity. 
Thus  one  of  the  more  important  distinctions  between 
land  and  water  surfaces  in  their  bearings  on  climate  is 
that  nearly  all  the  sun’s  heat  falling  on  land  is  arrested 
on  the  surface,  whereas  on  water  it  is  at  once  diffused 
downwards  to  a  great  depth.  In  examining  tempera¬ 
tures  of  the  sea  taken  at  different  depths,  it  is  surpris¬ 
ing  to  note  the  rapidity  with  which  changes  of  temper¬ 
ature  are  felt  at  considerable  depths,  especially  in  cases 
when  the  temperature  of  the  air  rises  rapidly,  accom¬ 
panied  with  strong  sunshine. 

In  shallow  water  the  sun’s  heat  raises  the  tempera¬ 
ture  much  higher  than  that  of  deep  water,  this  being 
obvious  from  the  consideration  that  nearly  the  whole 
of  the  sun’s  heat  which  falls  on  the  surface  is  utilized 
in  raising  the  temperature  of  the  shallow  layer  of 
water ;  in  other  words,  it  is,  so  to  speak,  concentrated 
through  a  small  depth  of  water  instead  of  being  dif¬ 
fused  through  a  great  depth. 

Surface  Temperature  of  the  Sea. — The  importance 
of  a  knowledge  of  this  datum  of  meteorology  will  be  at 
once  recognized  when  it  is  kept  in  view  that  three - 
fourths  of  the  earth’s  surface  is  water,  that  the  tem¬ 
perature  of  the  air  resting  on  this  surface  is  in  close 
relation  to  the  temperature  of  the  surface,  and  that 
the  latter  has,  through  the  intervention  of  the  winds, 
direct  and  important  bearings  on  the  temperature  of 
the  air  over  large  portions  of  the  land  surfaces  of  the 
globe.  During  the  years  1859-63  Captain  Thomas, 
while  engaged  on  the  survey  of  the  islands  on  the 
northwest  of  Scotland,  made  observations  of  the  tem¬ 
perature  of  the  surface  of  the  sea  every  hour  of  the 
day  at  all  seasons,  and  with  sufficient  frequency  for  the 
determination  of  the  diurnal  range  of  the  temperature 
of  the  surface.  The  daily  minimum,  0.17°  below  the 
mean,  occurred  near  6  A.M.  ;  the  mean  was  reached 
about  11  A.M. ,  the  maximum,  0.13°  above  the  mean, 
between  3  and  4  p.m.,  and  the  mean  again  shortly  be¬ 
fore  2  A.M.  Thus  the  daily  oscillation  of  the  tem¬ 
perature  of  the  surface  of  the  sea  amounted  on  the 
northwest  of  Scotland  only  to  0. 3°.  In  lower  latitudes 
the  amount  of  the  daily  fluctuation  is  somewhat  larger, 
but  everywhere  it  is  comparatively  small,  if  care  be 
taken  to  make  the  observations  properly,  or  at  a  dis¬ 
tance  from  land,  where  the  influence  of  the  heated  or 
cooled  land  is  not  allowed  to  vitiate  the  results. 

During  the  voyage  of  the  “Challenger”  a  complete 
system  of  meteorological  observations,  including  the 
temperature  of  the  surface  of  the  sea,  was  made  every 
two  nours  as  part  of  the  scientific  work  of  the  cruise. 
These  are  now  being  discussed,  and  the  writer  of  this 
article  is,  by  permission  of  the  Lords  Commissioners 
of  H.  M.  Treasury,  allowed  to  use  such  of  the  results 
as  have  been  already  arrived  at. 

The  diurnal  march  of  the  temperature  of  the  surface 
of  the  North  Atlantic  has  been  determined  from  ob¬ 
servations  made  on  one  hundred  and  twenty-six  days 
from  March  to  August,  1873,  and  in  April  and  May, 
1876,  the  mean  latitude  of  all  the  points  of  observation 
being  nearly  30°  N. ,  and  the  longitude  42°  W.  The 
following  variations  from  the  mean  show  the  phases 
of  this  diurnal  oscillation  : 


2  a.m.  -  0.24° 
4  “  -0.33° 
6  “  -0.29° 
8  “  -0.12° 


10  a.m.  0.06° 
Noon  0.24° 
2  p.m.  0.47° 
4  “  0.47° 


6  p.m.  0.26° 

8  “  0.02° 

10  “  -0.19° 

Midnight  -0.35° 


Thus  in  mid- Atlantic,  about  30°  N.  lat.,  where  the 
sun’s  heat  is  strong,  and  at  the  time  of  the  year  when 
the  sun  is  north  of  the  equator,  the  diurnal  fluctuation 
of  the  temperature  of  the  surface  is  only  0.80°.  It  is 
highly  probable  that  nowhere  over  the  ocean  does  the 
mean  daily  fluctuation  of  the  temperature  of  the  sur¬ 
face  quite  amount  to  a  degree.  This  small  daily  fluc¬ 
tuation  is  a  prime  factor  in  meteorology,  particularly 
in  discussions  relating  to  atmospheric  pressure  and 
winds. 

Temperature  of  Air  over  the  Open  Sea. — The  fol¬ 
lowing  shows  the  daily  march  of  the  temperature  of 
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the  air  over  the  North  Atlantic  on  a  mean  of  the  same 
one  hundred  and  twenty-six  days  for  which  the  tem¬ 
perature  of  the  sea  has  been  given  : 

10  a.m.  0.78° 

Noon  1.45° 

2  p.m.  1.80° 

4  “  1.56° 


2  A.M.  - 1.13° 
4  “  -1.40° 
6  “  -1.41° 
8  “  -0.21° 


6  P.M.  0.73° 

8  “  -0.30° 

10  “  -  0.80° 
Midnight  - 1.02° 

The  amplitude  of  the  daily  fluctuation  of  the  air  is  thus 
3.21°,  or  nearly  four  times  greater  than  that  of  the  sea 
over  which  it  lies.  During  the  same  months  the  ‘  ‘  Chal¬ 
lenger  ’  ’  was  lying  near  land  on  seventy-six  days.  The 
observations  made  on  these  days  show  a  greater  daily 
range  of  temperature  of  the  air  than  occurred  out  in 
the  open  sea.  The  minimum,  — 2.05°,  occurred  at  4 
A.M.,  and  the  maximum,  2.33°,  at  noon,  thus  giving  a 
daily  range  of  4. 38°.  The  occurrence  of  the  maximum 
so  early  as  noon  is  doubtless  occasioned  by  the  greater 
strength  of  the  sea  breeze  after  this  hour,  this  main¬ 
taining  a  lower  temperature.  Part  of  the  increased 
range  of  the  temperature  of  the  air  as  compared  with 
that  of  the  sea  was  no  doubt  due  to  the  higher  tem¬ 
perature  during  the  day  and  the  lower  during  the  night 
on  the  deck  of  the  “Challenger”  as  compared  with 
that  of  the  air.  But,  after  making  allowance  for  this 
disturbing  influence,  it  is  certain  that  the  temperature 
of  the  air  has  a  considerably  larger  daily  range  than 
that  of  the  sea  on  which  it  rests.  The  point  is  one  of 
no  small  interest  in  atmospheric  physics  from  the  im¬ 
portant  bearings  of  the  subject  on  the  relations  of  the 
air  and  its  aqueous  vapor  to  solar  and  terrestrial  radi¬ 
ation. 

The  hourly  deviations  from  the  mean  daily  tempera¬ 
ture  of  the  air  at  two  places,  one  near  the  equator  and 
the  other  in  the  north  temperate  zone,  and  noth  near 
the  sea,  viz.,  Batavia  (6°  8'  S.  lat.,  106°  48'  E.  long., 
mean  temperature  78.7°)  and  Rothesay  (55°  50/  N.  lat., 
5°  4/  W.  long.,  mean  temperature  47.3°),  are  these : 


Batavia. 

Rothesay. 

Batavia. 

Rothesay. 

1 

A.M. 

-3.2 

-1?7 

1  P.M. 

+5.7 

+2°4 

2 

4  4 

-3.6 

-2.0 

2  “ 

+5.6 

+2.7 

3 

44 

-4.0 

-2.1 

3  “ 

+5.2 

+2.8 

4 

it 

-4.3 

-2.2 

4  “ 

+4.3 

+2.6 

5 

<4 

-4.7 

-2.2 

5  “ 

+3.3 

+2.1 

6 

44 

-4.9 

-2.0 

6  “ 

+1.9 

+1.5 

7 

44 

-4.3 

-1.5 

7  “ 

+0.6 

+0.9 

8 

44 

-2.2 

-0.9 

8  “ 

-0.4 

+0.2 

9 

44 

-0.5 

-0.2 

9  “ 

-1.2 

-0.4 

10 

44 

+2.8 

+0.5 

10  “ 

-1.8 

-0.8 

11 

it 

+4.4 

+1.2 

11  “ 

-2.3 

-1.2 

Noon 

+5.4 

+1.9 

Midnight -2.8 

-1.5 

The  times  of  the  four  phases  of  the  daily  temperature 
at  Batavia  are — minimum  about  5.50  A.M.,  mean  8.45 
a.m.,  maximum  1.20  P.M.,  and  mean  7.40  P.M.  ;  while 
for  Rothesay  the  same  times  are  4.30  A.M.,  9.15  A.M., 
3  P.M.,  and  8.20  P.M.  At  Batavia,  where  the  days  and 
nights  are  nearly  equal  during  the  year,  there  is  little 
variation  in  these  times  through  the  months  ;  but  at 
Rothesay,  where  the  days  are  much  longer  in  summer 
than  in  winter,  there  is  considerable  variation  in  the 
times  of  occurrence  of  these  phases.  The  following 
table  shows  the  times  of  the  phases  for  a  number  of 
selected  places  in  the  northern  hemisphere  for  the  two 
extreme  months,  January  and  July. 

During  the  night  in  summer  the  temperature  falls 
continuously  from  the  effects  of  terrestrial  radiation  till 
the  earliest  dawn,  when  the  daily  rise  in  the  tempera¬ 
ture  sets  in  owing  to  the  heat  reflected  from  the  upper 
strata  of  the  atmosphere,  which  have  begun  to  be 
heated  and  lighted  up  by  the  rays  of  the  morning  sun. 
It  will  be  observed  that  the  time  of  the  daily  mini¬ 
mum  temperature  occurs  earliest  in  high  latitudes  and 
latest  in  low  latitudes.  During  winter,  on  the  other 
hand,  the  minimum  temperature  takes  place  in  sev¬ 
eral  regions  some  time  before  dawn.  At  this  season 
the  two  chief  causes  on  which  changes  of  temperature 
depend  are  the  sun  and  the  passage  of  cyclones  and 
anticyclones  ;  and  it  is  probable  that  those  cases  where 


January. 

July. 

Min. 

Mean 

Max. 

Mean 

Min. 

Mean 

Max. 

Mean 

A.M. 

A.M. 

P.M. 

P.M. 

A.M. 

A.M. 

P.M. 

P.M. 

Sitka . 

6.0 

9.40 

10.0 

1.30 

6.35 

3.40 

7.40 

0.50 

7.30 

Toronto . 

6.20 

1.50 

9.40 

3.50 

8.15 

3.45 

8.10 

Philadelp’ia 
Havana . 

6.50 

10.0 

2.40 

8.45 

5.0 

8.40 

3.10 

8.0 

8.50 

Archangel... 

6.0 

10.40 

1.30 

9.0 

2.40 

8.36 

2.50 

Rothesay . 

5.30 

10.10 

2.30 

8.0 

3.30 

9.0 

3.15 

8.50 

Oxford . 

7.20 

10.10 

2.0 

7.0 

3.40 

8.45 

3.10 

8.25 

Madrid . 

6.50 

10.5 

2.40 

8.35 

4.40 

8.50 

2.50 

8.35 

Geneva . 

6.0 

10.0 

2.0 

8.0 

3.15 

8.15 

2.50 

8.10 

St.  Bernard.. 

4.30 

8.25 

0.55 

6.45 

3.0 

8.10 

1.20 

7.50 

Bogoslovsk.. 

5.30 

9.25 

1.30 

8.15 

3.40 

7.35 

2.5 

8.4 

Petroalex- 1 
androvsk  / 

6.50 

9.50 

2.35 

7.45 

4.30 

8.20 

2.40 

8.25 

Tiflis . 

7.10 

9.50 

2.25 

7.50 

5.0 

9.5 

3.10 

8.15 

Calcutta . 

6.30 

9.35 

2.30 

8.20 

5.30 

8.45 

0.40 

7.30 

Bombay . 

6.0 

9.10 

2.10 

8.5 

5.30 

9.0 

1.30 

6.30 

Madras . 

5.40 

8.0 

0.40 

6.45 

5.0 

8.45 

1.25 

6.50 

the  minimum  occurs  markedly  before  the  dawn  are, 
where  not  occasioned  by  purely  local  disturbing  causes, 
due  to  the  mean  diurnal  times  of  occurrence  of  the 


changes  of  temperature  which  accompany  the  great 
atmospheric  disturbances  of  cyclones  and  anticyclones. 

In  July  the  daily  maximum  temperature  occurs  gen¬ 
erally  from  2  to  4  p.m.  At  places,  however,  near  the 
sea,  which  are  within  the  immediate  influence  of  the 
sea  breeze,  and  in  places  at  some  distance  from  the  sea, 
such  as  Calcutta,  where  the  wind,  being  essentially  a 
sea  wind,  attains  its  greatest  daily  velocity  and  the  sky 
at  the  same  time  is  much  clouded, _  the  maximum  oc¬ 
curs  nearly  two  hours  earlier.  In  high  situations,  such 
as  the  St.  Bernard  hospice,  the  highest  daily  tempera¬ 
ture  also  occurs  nearly  two  hours  sooner  than  on  the 
plains  below.  In  the  winter  months  the  maximum  is 
about  an  hour  earlier  than  in  the  summer. 

In  investigating  the  daily  curves  of  temperature,  Sir 
David  Brewster  drew  several  interesting  conclusions 
from  them.  By  dividing  the  daily  curve  of  tempera¬ 
ture,  deduced  from  the  mean  of  the  year,  into  four 
portions,  at  the  points  representing  the  two  daily 
means  and  the  two  extremes,  he  showed  that  the  four 
portions  approximate  to  parabolas,  in  which  the  tem¬ 
peratures  are  the  abscissae  and  the  hours  the  ordinates. 
The  correspondence  between  the  observed  and  calcu¬ 
lated  results  is  so  close  that  the  difference  did  not  in 
any  case  exceed  a  quarter  of  a  degree  Fahrenheit.  This 
interesting  result  is  true  for  places  at  which  the  hori¬ 
zon  is  open  all  round,  so  that  no  shadows  of  hills,  trees, 
or  buildings  fall  on  the  places  where  the  thermometers 
are  kept  during  the  day.  If  a  hill  rises  to  the  north 
of  the  place,  by  which  the  sun’s  rays  are  never  ob¬ 
structed,  it  exercises  little,  if  any,  influence  on  the  ob¬ 
servations  ;  but  if  one  or  more  hills  obstruct  the  rays 
of  the  sun  after  it  has  risen  above  the  horizon,  such 
obstruction  affects  the  temperature  while,  and  for  some 
time  after,  the  position  in  which  the  thermometer  is 
placed  is  shaded  from  the  sun.  __ 

Brewster  further  made  the  important  remark  that 
the  mean  of  observations  made  at  any  pair  of  hours 
of  the  same  name,  such  as  8  A.M.  and  8  p.m.,  and  9 
a.m.  and  9  p.m.,  etc.,  does  not  differ  much  from  the 
mean  temperature  of  the  day.  The  pairs  of  hours 
which  approximate  closest  to  the  true  daily  mean  are 
9  a.m.  and  9  p.m.,  10  A.M.  and  10  p.m.,  3  a.m.  and 
3  P.M.,  and  4  A.M.  and  4  P.M.  The  mean  of  four 
hours  at  equal  intervals  from  each  other  gives  a  result 
still  closer  to  the  true  mean  temperature. 

In  organizing  any  system  of  meteorological  observation, 
by  which  it  is  intended  to  develop  the  climatology  of  the 
country,  the  determination  of  the  hours  of  observation  is  a 
question  of  the  first  importance.  If  only  two  observations 
be  made  daily,  the  best  hours  are  9  A.M.  and  9  P.M.,  or  10 
a.m.  and  10  p.m.  ;  and  if  there  be  four  observations  the 
best  hours  are  3  and  9  a.m.  and  3  and  9  p.m.,  or  4  and  10 
a.m.  and  4  and  10  p.m.  If  there  be  three  observations  the 
best  hours  are  9  a.m.  and  3  and  9  p.m.,  or  10  a.m.  and  4 
and  10  p.m.  ;  but  in  these  cases  it  is  essential  that  the  obser- 
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vations  of  a  minimum  thermometer  be  added  to  the  tem¬ 
perature  observations.  These  hours  are  further  strongly- 
recommended  by  the  consideration  that  they  are  approxi¬ 
mately  coincident  with  the  diurnal  phases  of  atmospheric 
pressure,  an  exact  knowledge  of  which  lies  at  the  root  of 
nearly  all  climatological  inquiries.  The  three  equidistant 
hours  which  have  been  adopted  in  several  countries,  viz.,  6 
A..M.  and  2  and  10  p.m.,  are  only  good  as  regards  the  tem¬ 
perature,  not  as  regards  atmospheric  pressure.  With  respect 
to  two  daily  observations,  the  hours  8  A.M.  and  1  p.m., 
which  have  been  adopted  in  some  countries,  are  singularly 
unsuitable  for  the  furnishing  of  the  observational  data 
required  in  the  development  of  the  climatologies  of  these 
countries  ;  and,  what  is  still  more  serious  in  a  science  where 
international  co-operation  is  so  imperatively  demanded, 
these  observations  cannot  be  used  with  any  satisfaction  in 
such  deeply  important  inquiries  as  the  comparative  clima¬ 
tologies  of  Europe. 


The  times  of  occurrence  of  the  highest,  lowest,  and 
mean  daily  temperatures,  and  the  amount  of  the  daily 
range  of  temperature,  are  in  a  great  degree  influenced 
by  the  covering  or  want  of  covering  of  the  earth’s 
surface  on  which  the  air  rests.  When  the  ground  is 
covered  with  vegetation,  the  whole  of  the  solar  heat 
falls  on  the  vegetable  covering  ;  and,  as  none  falls  im¬ 
mediately  on  the  soil,  its  temperature  does  not  rise  so 
high  as  happens  where  there  is  no  vegetable  covering 
to  shade  the  surface  from  the  sun.  The  temperature 
of  plants  exposed  to  the  sun  is  not  so  high  as  that  of 
exposed  soil  in  the  vicinity.  As  regards  forests,  the 
four  diurnal  phases  of  temperature  occur  later  than  in 
the  open  country,  and  the  maximum  and  minimum  are 
less  decided  ;  and,  since  the  maximum  temperature  of 
the  air  in  forests  falls  short  of  the  maximum  in  the 
open  to  a  considerably  greater  extent  than  the  mini¬ 
mum  under  trees  is  above  the  minimum  in  the  open, 
it  follows  that  the  mean  temperature  of  the  air  in 
forests  is  less  than  that  of  the  open  country  adjoining. 
The  reason  of  the  difference  is  that  the  chilling  effects 
of  nocturnal  radiation  penetrate  lower  down  among  the 
trees  than  do  the  heating  effects  of  solar  radiation ; 
and  as  the  soil  is  not  heated  directly  by  the  sun  its 
temperature  is  lower,  and  consequently  that  of  the  air 
over  it  is  also  lower.  A  cleared  space  in  a  forest, 
sheltered  by  the  surrounding  trees,  but  open  to  the 
sun,  has  a  warmer  and  moister  atmosphere  in  spring 
and  summer  and  very  much  moister  in  autumn  than 
prevails  in  the  open  country  adjoining,  and  has  also 
the  diurnal  differences  of  range  peculiar  to  a  warmer 
and  moister  atmosphere. 

One  of  the  most  important  elements  of  climate  is 
disclosed  by  the  difference  between  the  hour  of  lowest 
and  the  hour  of  highest  mean  temperature  respectively, 
or,  as  it  is  usually  expressed,  Dy  the  daily  range  of 
temperature.  We  have  seen  that  as  regards  the  sea 
in  the  northwest  of  Scotland  the  difference  is  only  0.3° 
and  in  the  Atlantic  about  30°  N.  lat.  0.8°,  and  that 
probably  the  diurnal  range  of  temperature  of  the  sur¬ 
face  of  the  sea  nowhere  amounts  to  a  degree.  In  the 
same  part  of  the  Atlantic  the  daily  range  of  the  tem¬ 
perature  of  the  air  resting  on  the  ocean  is  3.2°,  and  on 
the  sea  near  land  4.4°.  On  advancing  on  the  land, 
the  daily  range  of  temperature  rapidly  increases,  and 
the  rate  of  increase  is  greatly  augmented  when  an 
inland  position  is  arrived  at  to  which  any  sea-  breezes 
that  may  prevail  do  not  extend. 

The  true  daily  range  of  temperature  is  stated  by 
observations  made  with  maximum  and  minimum  ther¬ 
mometers.  Generally  speaking,  the  amount  of  the 
range  increases  as  the  latitude  is  diminished,  and  as 
the  distance  from  the  sea  is  increased,  but  above  all  it 
increases  in  proportion  to  the  dryness  of  the  climate. 

The  differences  of  this  vital  element,  of  climate  are  strik¬ 
ingly  shown  in  the  meteorology  of  India.  In  the  Report  for 
1880  the  following  are  the  mean  daily  ranges  of  March  of 
that  year  at  a  few  places:  at  Goa  5.4°,  Bombay  11.2  ,  Kur- 
rachee  23.5°,  Jacobabad  37.4°,  and  Pachbudra  (lat.  25°  55 
N  long.  72°  18'  E.)  41.3°.  In  the  last  case,  undoubtedly 
’  of  the  greatest  mean  daily  ranges  of  temperature 


one 


meteorology  has  yet  recorded,  the  mean  of  the  days  was 

103.4°  and  of  the  nights  62.1°.  As  March  is  altogether 


within  the  season  of  the  northeast  monsoon,  the  general 
drift  of  the  wind  over  Western  India,  where  these  are  situ¬ 
ated,  is  from  the  interior  towards  the  sea,  subject  as  regards 
Bombay  and  Goa  to  the  influences  of  the  land  and  the  sea 
breeze.  On  the  other  hand,  in  June,  when  the  southwest 
monsoon  has  fairly  set  in,  the  following  are  the  mean  daily 
ranges  of  temperature  at  the  same  places:  at  Goa  5.6°, 
Bombay  8.2°,  Kurrachee  10°,  Jacobabad  27.6°,  and  Pach¬ 
budra  24.1°.  These  show  in  a  striking  manner  the  power¬ 
ful  influence  of  the  moister  atmosphere  spread  over  India 
by  the  southwest  monsoon,  under  which  the  daily  range  of 
temperature  falls  at  Kurrachee  from  23.5°  to  10°,  and  in  the 
excessively  arid  climate  of  Pachbudra  from  41.3°  to  24.1°. 
In  these  dry  climates  of  the  basin  of  the  Indus,  whilst  the 
rainfall  both  in  March  and  in  June  is  practically  nil,  yet  the 
relative  humidity  of  the  atmosphere  is  widely  different. 
Thus  the  humidities  for  March  and  June  respectively  at  4 
p.m.,  when  the  temperature  is  nearly  the  maximum  for  the 
day,  are  48  and  77  for  Kurrachee,  18  and  30  for  Jacobabad, 
and  11  and  36  for  Pachbudra.  It  is  not  so  much  the  amount 
of  cloud  that  determines  the  degree  of  fierceness  of  the  sun’s 
heat  in  these  climates  as  the  relative  humidity,  or  the  dry¬ 
ness  of  the  air,  as  pointed  out  by  Strachey  in  1866.  Thus 
at  Jacobabad  less  than  half  the  amount  of  cloud  appears  in 
the  sky  in  June  as  compared  with  March,  but  the  relative 
humidities  are  30  and  18,  and  the  daily  range  of  tempera¬ 
ture  27.6°  and  37.4°.  If  we  except  the  dry  arid  wastes  of 
Persia  and  Arabia,  there  is  perhaps  no  other  region  of  the 
globe  where  the  daily  range  of  temperature  approaches  that 
of  the  valley  of  the  Indus.  Thus  in  the  dry  climates  of 
such  places  as  Sacramento  (California)  in  summer  it  amounts 
only  to  about  30°,  at  Madrid  to  27°,  and  Jerusalem  24°.  In 
central  districts  in  the  south  of  England  it  is  about  20°; 
farther  north  it  falls  to  15°;  and  in  the  islands  in  the  north, 
whose  climate  is  strictly  insular  in  its  character,  the  sum¬ 
mer  daily  range  is  only  10°.  In  Arctic  regions,  such  as 
Spitzbergen  and  Boothia  Felix,  the  range  in  winter  varies 
from  0.0°  to  1.0° ;  in  May,  when  the  sun  has  reappeared  and 
continues  to  rise  and  set,  it  rises  to  14° ;  but  in  July,  when 
the  sun  does  not  set,  the  range  sinks  to  10°. 

But  maximum  and  minimum  thermometers  not  only 
show  the  mean  daily  range  of  temperature,  they  are 
also  of  great  utility  in  giving  observations  for  the  deter¬ 
mination  of  mean  temperature.  The  mean  tempera¬ 
ture  may  be  accepted  as  the  mean  of  the  twenty-four 
hourly  observations  of  the  day.  If  with  such  a  sys¬ 
tem  of  observation  daily  readings  of  the  maximum 
and  minimum  thermometer  be  compared,  the  value  of 
the  latter  observations  in  questions  of  mean  tempera¬ 
ture  may  be  arrived  at.  Double  series  of  observations 
of  this  description  have  been  made  at  many  places. 
The  following  shows  a  comparison  of  the  mean  of 
maximum  and  minimum  daily  temperatures  with  means 
from  observations  made  twenty-four  times  daily,  the  for¬ 
mer  exceeding  the  latter  means  in  nearly  all  cases  : 


r - 

Spring. 

Summer. 

Autumn. 

Winter. 

Year. 

Batavia . 

Calcutta . -  ... 

Peking . . . 

Nerchinsk . 

Barnaul . 

Ekaterinburg . 

Tiflis . 

St.  Petersburg . 

Valentia . 

Greenwich . 

Rothesay . 

-0.3 

1.0 

0.6 

0.1 

0.5 

0.5 

0.5 

0.6 

0.4 

0.7 

0.4 

-0.2 

0.7 

0.6 

0.3 

0.5 

0.7 

0.5 

0.6 

0.5 

0.8 

0.3 

-0.2 

0.7 

0.6 

0.6 

0.7 

0.7 

0.5 

0.3 

0.1  . 
0.6 

0.3 

-0.2 

0.9 

0.7 

1.0 

0.8 

0.6 

0.4 

0.1 

-0.1 

0.0 

0.3 

-0.2 

0.8 

0.6 

0.5 

0.6 

0.6 

0.5 

0.4 

0.2 

0.4 

0.3 

These  results  show  remarkable  uniformity,  and  it 
may  be  inferred  from  them  that  mean  temperatures 
deduced  from  maximum  and  minimum  observations 
are  about  half  a  degree  above  the  true  mean  tempera¬ 
ture.  In  general  climatological  inquiries,  observations 
with  these  thermometers  have  the  strong  recommenda¬ 
tion  of  supplying  from  observations  taken  once  a  day 
the  data  for  the  determination  of  the  mean  tempera¬ 
ture  and  mean  daily  range  of  localities ;  to  which  falls 
to  be  added  the  further  advantage  of  giving  results 
more  uniformly  comparable  for  different  places  than 
could  be  afforded  by  observations  made  with  a  common 
thermometer  at  any  single  hour  or  pair  of  hours  daily. 

Daily  Variation  of  the  Humidity  of  the  Air. — The 
gaseous  envelope  surrounding  the  earth  is  composed 
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of  two  atmospheres,  quite  distinct  from  each  other, — 
an  atmosphere  of  dry  air  and  an  atmosphere  of 
aqueous  vapor.  The  dry  air,  which  consists  of  oxygen 
and  nitrogen,  is  always  a  gas,  and  its  quantity  remains 
constant ;  but  the  aqueous  vapor  does  not  continue 
permanently  in  the  gaseous  state,  and  the  quantity 
present  in  the  air  is,  by  the  ceaseless  processes  of 
evaporation  and  condensation,  constantly  changing. 
If  the  aqueous  vapor  remained  permanently  and  un¬ 
changed  in  the  atmosphere,  or  were  not  liable  to  be 
condensed  into  cloud  or  rain,  the  mixture  would  be¬ 
come  as  complete  as  that  of  the  oxygen’  and  nitrogen 
of  the  air.  The  equilibrium  of  the  vapor  atmosphere, 
however,  is  being  constantly  disturbed  by  every  change 
of  temperature,  by  every  instance  of  condensation,  and 
by  the  unceasing  process  of  evaporation.  Since  dry 
air  further  materially  obstructs  the  free  diffusion  of 
the  aqueous  vapor,  it  follows  that  the  law  of  the  in¬ 
dependent  pressure  of  the  vapor  and  of  the  dry  air  of 
the  atmosphere  holds  good  only  approximately.  The 
aqueous  vapor,  however,  constantly  tends  to  approach 
this  state.  Since,  then,  the  independent  and  equal 
diffusion  of  the  dry  air  and  the  aqueous  vapor  is, 
owing  to  these  disturbing  causes,  never  reached,  the 
important  conclusion  follows  that  the  hygrometer  can 
never  indicate  more  than  the  local  humidity  of  the 
place  where  it  is  observed.  Hygrometric  observations 
can  therefore  be  regarded  only  as  approximations  to  a 
true  indication  of  the  quantity  of  aqueous  vapor  in  the 
atmosphere  over  the  place  of  observation.  It  is, 
however,  to  be  added  that,  while  in  certain  cases  the 
amount  of  vapor  indicated  is  far  from  the  truth,  yet 
in  averages,  particularly  long  averages,  a  close  ap¬ 
proximation  to  iho  real  amount  is  reached  if  the  hy¬ 
grometer  be  at  all  tolerably  well  exposed  and  carefully 
observed. 

Aqueous  vapor  is  constantly  being  added  to  the  air 
from  the  surfaces  of  water,  snow,  and  ice,  from  moist 
surfaces,  and  from  plants.  The  rate  of  evaporation 
increases  with  an  increase  of  temperature,  because  the 
capacity  of  the  air  for  vapor  is  thereby  increased.  The 
atmosphere  can  contain  only  a  certain  definite  amount 
of  vapor,  according  to  the  temperature  ;  when  there¬ 
fore  the  air  has  its  full  complement  of  vapor,  or  when, 
in  other  words,  it  is  saturated,  evaporation  ceases. 
Thus  the  rate  of  evaporation  is  greatest  when  the  air 
is  driest  or  freest  from  vapor,  and  least  when  the  air  is 
nearest  the  point  of  saturation.  Since  currents  of  air 
remove  the  moister  and  substitute  drier  air  over  the 
evaporating  surfaces,  evaporation  is  much  more  rapid 
during  wind  than  in  calm  weather.  As  air  expands 
under  a  diminished  pressure,  its  temperature  conse¬ 
quently  falls,  and  it  continues  to  approach  nearer  to 
the  point  of  saturation,  or  become  moister  ;  and,  as  it 
contracts  under  an  increased  pressure,  its  temperature 
rises  and  it  recedes  from  the  point  of  saturation  or  be¬ 
comes  drier.  Hence  ascending  currents  of  air  become 
moister  with  every  addition  to  the  ascent,  and  de¬ 
scending  currents  drier  as  they  continue  to  descend. 
Thus  as  winds  ascend  the  slopes  of  hills  they  become 
moister,  but  when  they  have  crossed  the  summit  and 
flow  down  the  other  side  they  become  drier  in  pro¬ 
portion  to  the  descent,  and  all  the  changes  may  be 
experienced  from  extreme  dryness  to  saturation  in  the 
same  mass  of  air,  which  all  the  time  has  practically 
had  its  amount  of  aqueous  vapor  neither  added  to  nor 
diminished. 

In  an  atmosphere  of  air  and  aqueous  vapor  per¬ 
fectly  mixed,  the  elastic  force  of  each  at  the  surface  of 
the  earth  is  the  pressure  of  each.  In  this  case  the 
elastic  force  of  aqueous  vapor  would  be  the  pressure 
of  the  whole  vapor  in  the  atmosphere  over  tne  place 
of  observation.  This  pressure  is  expressed  in  inches 
of  mercury  of  the  barometer.  If  we  suppose  the 
total  barometric  pressure  to  be  30.000  inches,  and  the 
elastic  force  of  vapor  to  be  0.745  inch,  the  pressure  or 
weight  of  the  dry  air,  or  air  proper,  would  be  29.255 
inches,  and  of  the  aqueous  vapor  0,745  inch.  From 


this  it  follows  that  the  elastic  force  of  vapor  may  be 
regarded  as  indicating  the  quantity  of  aqueous  vapor 
in  the  air  at  the  place  of  observation,  or  it  may  be 
designated  the  absolute  humidity  of  the  air. 

The  diurnal  variation  in  the  elastic  force  of  vapor  in 
the  air  is  seen  in  its  simplest  form  on  the  open  sea. 
Grouping  together  all  the  hygrometric  observations 
made  on  board  the  “Challenger”  on  the  North  At¬ 
lantic  at  a  distance  from  land,  from  March  to  July, 
1873  (eighty-four  days),  we  have  for  that  time  a  mean 
elastic  force  of  0.659  inch,  and  the  following  diurnal 
variation  : 
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Hence  the  minimum  (-.020  inch)  occurs  at  the 
hour  when  the  temperature  of  the  surface  of  the  sea 
and  air  resting  over  it  falls  to  the  daily  minimum  ;  it 
then  rises  to  the  mean  a  little  after  9  a.m.,  and  to  the 
daily  maximum  (+.020  inch)  at  2  P.M.,  when  the  sea 
and  air  are  also  near  the  daily  maximum,  and  falls  to 
the  mean  shortly  before  9  p.m. 

Treating  the  observations  made  near  land  by  the 
“  Challenger  ”  during  the  same  months,  the  following 
is  the  diurnal  variation  disclosed  : 
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The  disturbance  induced  by  proximity  to  land  in  the 
distribution  of  the  aqueous  vapor  in  the  lower  strata 
of  the  atmosphere  is  very  striking.  The  maximum 
and  minimum  no  longer  follow  the  corresponding 
phases  of  the  temperature  of  the  surface  of  the  sea 
and  of  the  air.  The  disturbing  agents  are  the  sea 
and  land  breezes  and  their  effects.  Under  the  influ¬ 
ence  of  the  land  breeze  the  time  of  the  minimum  hu¬ 
midity  is  delayed  till  about  6  a.m.  ;  and  under  the  in¬ 
fluence  of  the  sea  breeze  and  its  effects  the  amount  of 
the  aqueous  vapor  shows  a  secondary  minimum  from 
noon  to  2  p.m.  It  is  to  be  here  noted  that  this  midday 
minimum  occurs  at  the  hours  of  the  day  when  the 
surface  of  the  land  is  most  highly  heated,  the  ascending 
current  of  heated  air  rising  from  it  therefore  strong¬ 
est,  and  the  resulting  breeze  from  the  sea  towards  the 
land  also  strongest.  Now  it  does  not  admit  of  a  doubt 
that  the  diminution  in  the  amount  of  the  aqueous 
vapor  noted  on  board  the  ‘  ‘  Challenger  ’  ’  near  the 
shore  points  to  an  intermixture  with  the  air  forming 
the  sea  breeze  of  descending  thin  air- filaments  or  cur¬ 
rents  to  supply  the  place  of  the  masses  of  air  removed 
by  the  ascending  currents  which  rise  from  the  heated 
surface  of  the  land.  At  Batavia,  on  the  north  coast 
of  Java,  and  at  Bombay,  the  aqueous  vapor  is  also 
subject  to  a  secondaiy  minimum  during  the  warmest 
hours  of  the  day. 

During  the  summer  months  this  secondary  minimum 
is  best  marked  at  inland  places  such  as  Peking,  Nert- 
chinsk,  Barnaul,  Tiflis,  and  Ekaterinburg,  but  the 
time  of  its  occurrence  is  about  two  hours  later  than  it 
is  over  the  North  Atlantic.  Over  all  these  places  at 
this  season  the  ascending  current  from  the  heated  land 
in  the  interior  of  Asia  is  very  strong.  On  the  other 
hand  the  lowering  of  the  amount  of  aqueous  vapor 
scarcely  if  at  all  appears  as  a  feature  in  the  summer 
climate  of  St.  Petersburg,  and  not  at  all  in  that  of 
Sitka,  where  the  sea  breeze  is  equally  not  a  constant 
feature  of  the  climate  of  the  district. 


In  the  excessively  dry,  rainless,  and  hot  climate  of  Alla¬ 
habad,  in  April  the  diurnal  minimum  of  the  aqueous  vapor 
occurs  from  11  A.M.  to  6  p.m.,  the  time  of  absolute  minimum 
being  2  and  3  p.m.  During  all  other  hours  of  the  day  the 
amount  of  the  vapor  is  above  the  mean,  a  secondary  mini¬ 
mum  occurring  from  1  to  4  a.m.  At  Allahabad,  at  this 
time,  the  absolute  maximum  vapor  pressure  occurs  at  8 
a.m.  Quite  similar  to  this  is  the  diurnal  distribution  of 
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the  aqueous  vapor  in  July  at  Lisbon  and  Coimbra,  the  mini¬ 
mum  occurring  from  10  a.m.  to  8  p.m.  At  this  time  of  the 
year  the  climate  of  this  part  of  the  peninsula  is  hot  and  dry 
and  the  rainfall  insignificant  in  amount.  As  this  region 
lies  between  the  high  atmospheric  pressure  so  characteristic 
a  feature  of  the  meteorology  of  the  Atlantic  in  summer  and 
the  comparatively  low  pressure  over  the  continents  south¬ 
ward  and  eastward,  the  winds  are  almost  wholly  north¬ 
westerly.  In  this  connection  it  is  instructive  to  note  that 
the  time  of  maximum  vapor  pressure  is  from  4  to  7  a.m., 
when  the  velocity  of  the  wind  is  near  the  minimum,  and 
the  chief  minimum  vapor  pressure  from  noon  to  4  p.m., 
when  the  velocity  of  the  wind  and  ascending  currents  reach 
the  daily  maximum.  These  results  show  that  the  dimi¬ 
nution  in  the  vapor  pressure  during  the  hours  when  tem¬ 
perature  is  highest,  which  characterizes  the  climates  of 
large  tracts  of  the  globe,  is  due  to  descending  air-filaments 
or  currents,  which  necessarily  accompany  the  ascending 
currents  that  rise  from  the  heated  land. 

At  Geneva  during  the  summer  months  the  vapor  curve 
exhibits  two  daily  minima  very  strongly  marked,  the  one 
shortly  before  sunrise  and  the  other  from  2  to  4  p.m.,  and 
two  maxima,  one  from  8  to  11  a.m.,  and  the  other  fron 
6  to  10  p.m.  ;  and  with  these  the  diurnal  variations  of  cloud 
are  in  accordance.  The  peculiarly  marked  features  of  the 
vapor  curve  at  Geneva  are  probably  due  to  the  size  of  the 
lake,  which  is  large  enough  to  give  rise  to  a  decided  breeze 
during  the  day  from  the  lake  all  round  its  shoresand  during 
the  night  to  a  breeze  from  the  land  all  round  upon  the  lake. 
On  the  setting  in  of  the  breeze,  the  mass  of  air  composing  it, 
having  been  for  some  time  resting  on  the  lake,  is  rather 
moist,  and  thus  one  of  the  daily  maxima  is  brought  about 
from  8  to  11  a.m.  As  the  breeze  continues  the  air  supplying 
it  is  necessarily  drawn  from  the  higher  strata  of  the  atmos¬ 
phere  more  copiously  than  in  different  situations ;  and, 
having  thus  acquired  increased  dryness  in  the  descent,  and 
having  blown  over  the  lake  for  too  short  a  distance  to  ma¬ 
terially  influence  its  moisture,  the  air  becomes  constantly 
drier,  till  the  minimum  from  2  to  4  p.m.  is  reached.  The 
lake  breeze  thereafter  begins  to  diminish  in  force,  and  the 
air  consequently  becomes  moister  till  the  maximum  vapor 
pressure  of  the  day  occurs  when  the  lake  breeze  dies  away 
and  the  land  breeze  has  not  yet  sprung  up.  In  the  winter 
months,  when  these  breezes  do  not  prevail,  the  curve  of 
diurnal  vapor  pressure  shows  only  one  maximum  and 
minimum. 

The  relative  humidity  of  the  atmosphere  must  not 
be  confounded  with  its  vapor  pressure  or  absolute 
humidity.  The  relative  humidity,  or,  as  it  is  more 
frequently  called,  the  humidity,  of  the  air  is  the  degree 
of  its  approach  to  saturation.  Complete  saturation  is 
represented  by  100  and  air  absolutely  free  of  vapor 
by  0,  the  latter  state  of  things  never  occurring  in  the 
atmosphere,  a  humidity  of  10  being  of  rare  occurrence 
even  in  such  arid  regions  as  those  of  Arabia.  The 
great  significance  of  this  element  of  climate  is  in  its 
relations  to  the  diathermancy  of  the  air,  and  conse¬ 
quently  to  solar  and  terrestrial  radiation.  It  is  sup¬ 
posed  that  perfectly  dry  air  would  allow  rays  of  heat 
to  pass  through  it  with  at  most  only  a  very  slight  in¬ 
crease  to  its  temperature  therefrom.  Let,  however,  a 
little  aqueous  vapor  be  added  to  it,  a  partial  obstruc¬ 
tion  to  the  passage  of  radiant  heat  is  offered,  and  the 
temperature  of  the  mixture,  or  common  air,  is  sen¬ 
sibly  raised.  Hence,  other  things  being  equal,  the 
less  the  amount  of  vapor  the  more  are  the  effects  of 
radiation  felt,  or  the  greater  the  heat  of  the  days  and 
the  cold  of  the  nights.  The  mere  amount  of  vapor  in 
the  air  does  not  determine  the  degree  of  radiation,  but 
it  is  the  amount  of  vapor  together  with  a  certain  tem- 

Jierature — in  other  words,  the  absolute  and  relative 
mmidity  of  the  air  taken  together — that  determines 
the  heating  power  of  the  sun  and  the  degree  of  cold 
produced  by  terrestrial  radiation. 

The  diurnal  variation  of  the  relative  humidity  is 
very  different  from  that  of  the  vapor  pressure,  and 
presents  features  of  the  simplest  character.  The  fol¬ 
lowing  are  the  diurnal  variations  from  the  mean  hu¬ 
midity  80  over  the  North  Atlantic,  from  the  “Chal¬ 
lenger  ”  observations  in  1873  : 
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Thus  the  maximum  humidity  occurs  from  midnight  to 
4  a.m.,  or  when  the  daily  temperature  is  at  the  mini¬ 
mum,  and  the  minimum  humidity  at  2  P.M.,  when  the 
temperature  is  at  the  maximum,  the  curve  of  hu¬ 
midity  being  thus  inverse  to  that  of  the  temperature. 
With  two  slight  modifications  this  is  the  diurnal  hu¬ 
midity  curve  for  all  climates  and  seasons.  In  the  calm 
which  intervenes  in  the  morning  between  the  land  and 
the  sea  breeze  the  humidity  continues  high,  or  even 
increases,  though  at  the  time  the  diurnal  increase  of 
temperature  has  already  set  in.  The  other  modifica¬ 
tion  is  seen  in  the  humidity  curves  for  Nertchinsk  and 
Barnaul  during  winter,  these  curves  being  not  inverse 
but  coincident  with  the  daily  curves  of  temperature. 
In  the  climates  of  Central  Asia  in  winter,  the  amount 
of  vapor  is  very  small,  and  the  increase  to  the  relative 
humidity  during  the  day  is  probably  occasioned  by  the 
more  active  evaporation  from  the  snow  during  the  day 
and  the  stillness  of  the  air  favoring  the  accumulation 
of  aqueous  vapor  near  the  surface  of  the  earth. 

Next  to  the  winds,  the  aqueous  vapor  of  the  atmos¬ 
phere,  in  the  diverse  ways  in  which  in  different  locali¬ 
ties  it  is  distributed  through  the  hours  of  the  day, 
plays  the  most  important  part  in  giving  to  the  dif¬ 
ferent  parts  of  the  globe  its  infinitely  diversified  cli¬ 
mates. 

Dew. — Dew  is  deposited  over  the  earth’s  surface  on 
comparatively  clear  and  calm  nights.  As  the  cooling 
by  terrestrial  radiation  continues,  the  temperature  of 
objects  on  the  surface  is  gradually  lowered  to  the  dew¬ 
point,  and  when  this  point  is  reached  the  aqueous 
vapor  begins  to  be  condensed  into  dew  on  their  sur¬ 
faces.  The  quantity  deposited  is  in  proportion  to  the 
degree  of  cold  produced  and  the  quantity  of  vapor  in 
the  air.  Dew  is  not  deposited  in  cloudy  weather,  be¬ 
cause  clouds  obstruct  the  escape  of  heat  by  radiation, 
nor  in  windy  weather,  because  wind  continually  renews 
the  air  in  contact  with  the  surface,  thus  preventing  the 
temperature  from  falling  sufficiently  low.  _  When  the 
temperature  is  below  32°,  dew  freezes  as  it  is  deposited, 
and  hoar-frost  is  produced.  The  dew-point  practically 
determines  the  minimum  temperature  of  the  night, — 
because  if  the  temperature  falls  a  little  below  the  dew¬ 
point  the  liberation  of  heat  as  the  vapor  is  condensed 
into  dew  speedily  raises  it,  and  if  it  rises  higher  the 
loss  of  heat  by  radiation  speedily  lowers  it.  This  con¬ 
sideration  suggests  an  important  practical  use  of  the 
hygrometer,  it  being  evident  that,  oy  ascertaining  the 
dew-point  the  approach  of  frost  or  low  temperature 
likely  to  injure  vegetation  may  be  foreseen  and  pro¬ 
vided  against. 

Diurnal  Oscillations  of  the  Barometer. — The  gen¬ 
eral  character  of  the  daily  oscillations  of  atmospheric 
pressure  is  shown  by  the  two  curves  of  Fig.  2.  The 
solid  line  gives  the  mean  oscillations  for  Bombay  and 


Fig.  2— Daily  Oscillations  of  Atmospheric  Pressure. 

the  dotted  line  that  for  Vienna,  these  two  curves  being 
to  a  large  extent  typical  of  diurnal  barometric  oscilla¬ 
tions  in  tropical  and  temperate  regions  as  regards  the 
two  maxima  and  minima  and  the  time  of  their  occur- 

rence.  „  ,  . 

A  series  of  twelve  maps  ox  the  globe  were  prepared 
for  June,  showing,  for  all  stations  whence  observations 
have  been  obtained,  the  deviations  at  noon,  2  P.M.,  4 
p.m.,  etc.,  Greenwich  mean  time,  from  the  mean  daily 
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pressure;  and  four  lines  were  drawn  indicating  the 
ositions  of  the  two  daily  maxima  and  minima  at  these 
ours.  For  fully  30°  north  and  south  of  the  equator 
the  lines  of  maxima  and  minima  run  north  and  south, 
but  in  higher  latitudes  these  directions  are  changed, 
and  the  changes  are  chiefly  conspicuous  as  regards  the 
a.m.  maximum  and  the  P.M.  minimum.  Thus,  for 
example,  at  6  P.M.  (G.  M.  T.)  the  line  of  P.M.  mini¬ 
mum  is  for  the  latitude  of  London  near  16°  W.  long.  ; 
in  30°  N.  lat.  it  is  in  35°  W.  long. ,  in  which  the  line 
runs  south  as  far  as  30°  S.  lat. ;  its  course  thence  turns 
south  westwards  to  near  the  Falkland  Islands  60°  W. 
long.  Hence  in  June  the  p.m.  minimum  occurs  about 
three  hours  earlier  in  the  Falkland  Islands  than  to  the 
southwest  of  Ireland,  thus  showing  in  a  striking 
manner  the  influence  of  season  on  this  phenomenon. 
In  the  middle  and  higher  latitudes  in  summer,  prox¬ 
imity  to  the  sea  delays  the  time  of  occurrence  of  the 
a.m.  maximum  and  the  P.M.  minimum ;  whilst  in  con¬ 
tinental  situations  the  a.m.  maximum  occurs  much 
earlier  than  in  lower  latitudes,  and  the  P.M.  minimum 
nearly  as  late  as  at  places  near  the  sea.  In  cases  where 
the  lines  of  maxima  and  minima  cross  a  region  such  as 
Southern  and  Western  Europe,  whose  surface  is  diver¬ 
sified  by  large  tracts  of  land  and  sheets  of  water,  the 
deflections  are  of  a  remarkable  character. 

The  retardation  of  the  time  of  occurrence  of  the 
A.  M.  maximum  is  greatest  in  situations  which,  while 
eminently  insular  in  character,  are  at  the  same  time 
not  far  from  an  extensive  tract  of  land.  Of  this  Hol¬ 
land  presents  the  best  example  in  Europe ;  and  there 
the  a.m.  maximum,  which  at  Paris  occurs  at  8  A.M., 
does  not  occur  at  Utrecht  till  9.30  a.m.,  at  Amster¬ 
dam  till  12.30  P.M.,  and  at  Helder  till  2  P.M.  There 
is  thus  as  regards  the  same  diurnal  phenomenon  in  J une 
a  difference  of  six  hours  between  Paris  and  Helder. 
Sicily  and  the  south  of  Italy  on  the  one  hand  and 
Madrid  on  the  other  present  also  the  most  striking 
contrasts.  Again,  at  Sitka  (56°  50/  N.  lat.,  135°  W. 
long.),  which  has  one  of  the  most  truly  insular  climates 
in  the  world,  the  A.M.  maximum  is  delayed  to  2.30 
p.m.  ;  whereas  at  Astoria,  ten  degrees  to  southward,  it 
occurs  at  9.30  A.M.,  and  at  Fort  Churchill,  in  Cali¬ 
fornia,  as  early  as  7  a.m.  There  is  thus  as  regards 
the  same  phenomenon  a  difference  of  7h  30m  between 
Sitka  and  Fort  Churchill. 

From  hourly  observations  made  in  this  month  at  the 
base,  the  top,  and  two  intermediate  points  on  Mount 
Washington  (N.  H.)  it  was  found  that  the  time  of 
occurrence  of  the  a.m.  maximum  at  the  base  of  the 
mountain,  which  is  2898  feet  above  the  sea,  was  8 
a.m.  ;  at  4059  feet,  10  a.m.  ;  at  5533  feet,  11  a.m.  ; 
and  at  the  top,  6285  feet,  noon.  Hence,  as  regards 
the  time  of  occurrence,  the  influence  of  an  isolated 
mountain  like  Mount  Washington  brings  about  a  result 
similar  to  what  is  observed  in  insular  situations.  But 
the  analogy  is  even  closer.  In  insular  climates  the 
minimum  in  the  early  morning  is  very  greatly  in  excess 
of  that  in  the  afternoon  ;  and  the  same  relation  is  ob¬ 
served  on  the  top  of  Mount  Washington,  where  the 
former  is  — 0.020  inch  and  the  latter  y 0.004  inch. 
Again  in  continental  climates  the  minimum  in  the 
early  morning  is  much  the  smaller  of  the  two,  and  the 
same  relation  was  observed  at  the  base  of  the  moun¬ 
tain,  where  the  observed  minima  were  respectively 
0.006  inch  and- 0.020  inch.  The  differences  presented 
by  the  daily  curve  of  pressure  at  the  top  as  compared 
with  that  at  the  base  of  the  mountain  have  their  ex¬ 
planation  in  the  effects  which  follow  the  diurnal  range 
of  temperature.  As  the  temperature  is  at  the  mini¬ 
mum  at  the  time  of  least  pressure  in  the  morning,  the 
atmosphere  is  more  condensed  in  the  stratum  between 
the  base  and  the  top,  and  consequently  the  barometer 
at  the  top  reads  relatively  lower.  As  the  temperature 
continues  to  rise  during  the  day,  the  stratum  of  air 
above  the  base  of  the  mountain  expands,  thus  placing 
more  air  above  the  barometer  at  the  top,  so  that,  while 
at  the  base  pressure  begins  to  fall  at  8  a.m.,  at  the  top 


it  continues  to  rise  till  noon,  simply  from  the  mechani¬ 
cal  upheaval  of  the  air  owing  to  the  hjgher  tempera¬ 
ture.  In  the  afternoon,  when  the  minimum  at  the 
base  falls  to  —0.020  inch,  it  is  only — 0.004  inch  at  the 
top,  this  relatively  higher  pressure  at  the  top  being 
due  to  expansion  from  temperature.  The  peculiar 
feature  of  the  pressure  curve  at  the  top  is  essentially  a 
temperature  effect. 

The  diurnal  oscillations  of  the  barometer  occur  alike 
over  the  open  sea  and  over  the  land  surfaces  of  the 
globe.  The  atmosphere  over  the  open  sea,  as  already 
shown,  rests  on  a  floor  or  surface  subject  to  a  diurnal 
range  of  temperature  so  small  as  to  render  that  tem¬ 
perature  practically  a  constant  both  day  and  night. 
This  consideration  leads  to  the  vital  and  all-impor¬ 
tant  conclusion  that  the  diurnal  oscillations  of  the  ba¬ 
rometer  are  not  caused  by  the  heating  and  cooling 
of  the  earth’s  surface  by  solar  and  terrestrial  radia¬ 
tion  and  by  the  effects  which  follow  these  diurnal 
changes  in  the  temperature  of  the  surface,  but  that 
they  are  primarily  caused  by  the  direct  and  immediate 
heating  by  solar  radiation,  and  cooling  by  nocturnal  radi-  * 
ation  to  the  cold  regions  of  space,  of  the  molecules  of 
the  air,  and  of  its  aqueous  vapor.  These  changes  of 
temperature  are  instantly  communicated  through  the 
whole  atmosphere  from  its  lowermost  stratum  resting 
on  the  earth’s  surface  to  the  extreme  limit  of  the 
atmosphere,  which  the  flight  of  meteors  proves  to  be 
not  less  than  500  miles.  There  are  important  modi¬ 
fications  affecting  the  amplitude  and  times  of  occur¬ 
rence  of  the  four  prominent  phases  of  the  phenomena 
observed  over  land  surfaces,  the  temperature  of  which 
is  being  superheated  during  the  day  and  cooled  during 
the  night ;  but  it  is  particularly  to  be  noted  that  the 
barometric  oscillations  themselves  are  independent 
of  any  changes  of  temperature  of  the  floor  on  which 
the  atmosphere  rests. 

Let  us  first  look  at  the  phenomena  in  the  simplest 
form  as  found  in  the  Pacific,  or  in  the  midst  of  the 
largest  water  surface  of  the  globe.  The  following  are 
the  mean  variations  of  pressure  from  observations 
made  on  board  the  “  Challenger,”  September  1  to  12, 
1875,  in  mean  latitude  1°  8'  S.  and  long.  150°  40/  W., 
the  mean  being  29. 928  inches  : 


Inch. 

Inch. 

Inch. 

2  a.m.  — 0.012 

10  a.m.  0.032 

6  P.M.  —0.028  1 

4  “ 

—0.022 

Noon  0.006 

8  “  0.004  ; 

6  “ 

0.003 

2  P.M.  — 0.043 

10  “  0.013  i 

8  " 

0.028 

4  “  —0.055 

Midnight  0.012 

The  most  striking  feature  in  these  oscillations  is  the 
amplitude  of  the  range  from  the  A.M.  maximum  to  the 
p.m.  minimum,  amounting  to  0.087  inch,  and  the  ra¬ 
pidity  of  the  fall  from  10  a.m.  to  2  p.m.  The  same 
feature  appears  in  all  means  deduced  from  observations 
made  at  least  12°  on  each  side  of  the  equator. 

From  October  12  to  22,  1875,  in  mean  lat.  35°  US., 
long.  134°  35'  W.,  the  mean  atmospheric  pressure  was 
30.298  inches,  and  the  difference  between  the  a.m. 
maximum  and  the  P.M.  minimum  was  only  0.036  inch; 
and  from  July  12  to  19,  1875,  in  mean  lat.  36°  16'  N. 
and  long.  156°  1U  W.,  the  mean  pressure  was  30.328 
inches,  and  the  difference  between  the  a.m.  maximum 
and  p.m.  minimum  was  only  0.025  inch.  Thus,  with 
a  mean  pressure  in  the  Pacific  about  lat.  35°-36°  N. 
and  S.  much  greater  than  near  the  equator,  the  oscil¬ 
lation  is  much  less,  being  in  the  North  Pacific  less 
than  a  third  of  what  occurs  near  the  equator.  Simi¬ 
larly,  this  oscillation  is  small  (or  even  smaller)  in  the 
high-pressure  areas  in  the  North  and  South  Atlantic 
as  compared  with  the  same  oscillation  near  the  equator. 

It  is  well  known  that  aqueous  vapor  absorbs  the  heat 
rays  of  the  sun  considerably  more  than  does  the  dry 
air  of  the  atmosphere;  how  much  more  physicists 
have  not  yet  accurately  determined.  Consequently  air 
heavily  charged  with  aqueous  vapor  will  be  heated  di¬ 
rectly  by  the  sun’s  rays  as  they  pass  through  it  in  a 
greater  degree  than  comparatively  dry  air  is.  Now  it 
is  shown  further  on  that  the  prevailing  surface  winds 
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outflow  in  every  direction  from  the  areas  of  high  mean 
pressure  in  the  Atlantic  and  Pacific  about  lat.  36°  N. 
and  S.  Since,  notwithstanding,  the  pressure  contin¬ 
ues  high,  it  necessarily  follows  that  the  high  pressure 
is  maintained  by  an  inflow  of  upper  currents,  and  as 
the  slow  descending  movement  of  the  air  connects  the 
inflowing  upper  currents  with  the  outflowing  prevail¬ 
ing  winds  of  the  surface,  it  follows  that  the  air  over 
high-pressure  areas  is  very  dry,  and  that  it  is  driest 
where  pressure  is  highest  and  the  high-pressure  area 
best  defined.  Hence  over  the  best-defined  anticyclo- 
nic  regions  the  air  will  be  least  raised  in  temperature 
through  all  its  height  by  the  heat  rays  of  the  sun. 

On  the  other  hand,  between  these  high-pressure 
areas  of  the  great  oceans  there  is  a  belt  of  compara¬ 
tively  low  pressure  towards  which  the  north  and  south 
trades  pour  their  vapor  unceasingly.  The  atmosphere 
of  this  belt  of  low  pressure  is  thus  highly  saturated 
with  aqueous  vapor  which  rises  in  a  vast  ascending 
stream  of  moist  air  to  the  higher  regions  of  the  atmos¬ 
phere.  These  equatorial  regions  thus  present  to  the 
sun  a  highly-saturated  atmosphere  reaching  to  a  very 
great  height.  It  is  in  these  regions  therefore  that  the 
atmosphere  will  be  most  highly  heated  by  the  sun’s 
heat  rays  as  they  pass  through  it.  One  of  the  most 
striking  facts  of  meteorology  is  the  suddenness  with 
which  this  barometric  oscillation  increases  in  ampli¬ 
tude  on  entering  on  these  parts  of  intertropical  re¬ 
gions;  and  the  rapidity  with  which  its  amplitude  di¬ 
minishes  on  advancing  on  the  high-pressure  regions 
of  the  horse  latitudes  is  equally  striking.  The  fol¬ 
lowing  are  the  mean  oscillations  in  the  middle  re¬ 
gions  of  the  four  great  oceans  about  lat.  36°  from  the 
A.M.  maximum  to  the  P.M.  minimum  about  the  time 
of  the  year  in  each  case  when  the  sun  is  highest  in  the 
heavens:  South  Pacific,  0.036  inch;  North  Pacific, 
0.025  inch  ;  South  Atlantic,  0.024  inch ;  and  North  At¬ 
lantic,  0.014  inch.  These  amplitudes  diminish  as  the 
ocean  becomes  more  land-locked  with  continents,  or  as 
the  anticyclonic  region  becomes  better  defined  and 
currents  of  air  are  poured  down  more  steadily  from 
the  higher  regions  of  the  atmosphere. 

If  the  temperature  of  the  whole  of  the  earth’s  at¬ 
mosphere  were  raised,  atmospheric  pressure  would  be 
diminished,  for  the  simple  reason  that  the  mass  of  the 
atmosphere  would  thereby  be  removed  to  a  greater  dis¬ 
tance  from  the  earth’s  centre  of  gravity.  Quite  differ¬ 
ent  results,  however,  would  follow  if  the  temperature  of 
only  a  section  of  the  earth’s  atmosphere  were  simul¬ 
taneously  raised,  such  as  the  section  comprised  between 
long.  20°  and  60°  W.  The  immediate  effect  would  be  an 
increase  of  barometric  pressure,  owing  to  expansion 
from  the  higher  temperature;  and  a  subsequent  effect 
would  be  the  setting  in  of  an  ascending  current  more 
or  less  powerful,  according  to  the  differences  between 
the  temperature  of  the  heated  section  and  that  of 
the  air  on  each  side.  These  are  essentially  the  condi¬ 
tions  under  which  the  morning  maximum  and  after¬ 
noon  minimum  of  atmospheric  pressure  take  place. 

The  earth  makes  a  complete  revolution  round  its 
axis  in  twenty-four  hours,  and  in  the  same  brief  inter¬ 
val  the  double-crested  and  double-troughed  atmos¬ 
pheric  diurnal  tide  makes  a  complete  circuit  of  the 
globe.  The  whole  of  the  diurnal  phenomenon  of  the 
atmospheric  tides  is  therefore  rapidly  propagated  over 
the  surface  of  the  earth  from  east  to  west,  the  move¬ 
ment  being  most  rapid  in  equatorial  regions,  and  there 
the  amplitude  of  the  oscillations  is  greater  than  in 
higher  latitudes  under  similar  atmospheric,  astronomi¬ 
cal,  and  geographical  conditions.  Owing  to  the  ra¬ 
pidity  of  the  diurnal  heating  of  the  atmosphere  by 
the  sun  through  its  whole  height,  some  time  elapses 
before  the  higher  expansive  force  called  into  play  by 
the  increase  of  temperature  can  counteract  the  vertical 
and  lateral  resistance  it  meets  from  the  inertia  and  vis¬ 
cosity  of  the  air.  Till  this  resistance  is  overcome,  the 
barometer  continues  to  rise,  not  because  the  mass  of 
atmosphere  overhead  is  increased,  but  because  a  higher 


temperature  has  increased  the  tension  or  pressure. 
When  the  resistance  has  been  overcome,  an  ascending 
current  of  the  warm  air  sets  in,  the  tension  begins  to 
be  reduced,  and  the  barometer  falls  and  continues  to 
fall  till  the  afternoon  minimum  is  reached.  Thus  the 
forenoon  maximum  and  afternoon  minimum  are  sim¬ 
ply  a  temperature  effect,  the  amplitude  of  the  oscilla¬ 
tion  being  determined  by  latitude,  the  quantity  of 
aqueous  vapor  overhead,  and  the  sun’s  place  in  the 
sky. 

All  observations  show  that  over  the  ocean,  latitude 
for  latitude,  the  amplitude  of  the  oscillations  is  greater 
in  an  atmosphere  highly  charged  with  aqueous  vapor 
and  less  in  a  dry  atmosphere.  It  is  also  to  be  noted 
that  in  very  elevated  situations,  particularly  in  tropi¬ 
cal  regions,  the  amplitude  is  greater  proportionally  t  o 
the  whole  pressure  than  at  lower  levels.  This  is  what 
is  to  be  expected  from  the  law  of  radiant  heat  by  which 
more  of  the  heat  rays  of  the  sun  is  absorbed  by  the  air, 
and  particularly  by  its  aqueous  vapor,  mass  for  mass,  in 
the  higher  than  in  the  lower  strata. 

When  the  daily  maximum  temperature  is  past,  and 
the  temperature  has  begun  to  fall,  the  air  becomes 
more  condensed  in  the  lower  strata,  and  pressure  con¬ 
sequently  at  great  heights  is  lowered.  Owing  to  this 
lower  pressure  in  the  upper  regions  of  the  air,  the  as¬ 
cending  current  which  rises  from  the  longitudes  where 
at  the  time  the  afternoon  pressure  is  low  flows  back  to 
eastward,  thus  increasing  the  pressure  over  those  longi¬ 
tudes  where  the  temperature  is  now  falling.  This  at¬ 
mospheric  quasi-tidal  movement  occasions  the  P.M.  in¬ 
crease  of  pressure,  which  reaches  the  maximum  from 
9  P.  M.  to  midnight,  according  to  latitude  and  geo- 

fraphical  position.  This  maximum  is  therefore  caused 
y  accessions  to  the  mass  of  the  atmosphere  overhead, 
contributed  by  the  ascending  currents  from  the  longi¬ 
tudes  of  the  afternoon  low  pressure  immediately  to 
westward. 

As  midnight  and  the  early  hours  of  morning  advance 
these  contributions  become  less  and  less  and  at  length 
cease  altogether,  and  pressure  continues  steadily  to 
fall.  But  between  the  time  when  the  increase  of  pres¬ 
sure  from  the  overflow  through  the  upper  regions  of 
the  atmosphere  ceases,  and  the  time  when  pressure 
increases  from  the  heat  rays,  direct  or  indirect,  of  the 
returning  sun,  or  during  the  hours  of  the  night  when 
the  effects  of  nocturnal  radiation  are  the  maximum, 
pressure  is  still  further  reduced  from  another  cause. 
Radiation  towards  the  cold  regions  of  space  takes  place, 
not  only  from  the  surface  of  the  globe, hut  also  directly 
from  the  molecules  of  the  air  and  its  aqueous  vapor. 
The  effect  of  this  simultaneous  cooling  of  the  atmos¬ 
phere  through  its  whole  height  is  necessarily  a  dimi¬ 
nution  of  its  tension.  Since  this  takes  place  at  a  more 
rapid  rate  than  can  be  compensated  for  by  any  mechan¬ 
ical  or  tidal  movement  of  the  atmosphere  from  the 
regions  adjoining,  owing  to  the  inertia  and  viscosity  of 
the  air,  pressure  continues  to  fall  to  the  morning  min¬ 
imum.  This  minimum  is  thus  due,  not  to  the  removal 
of  any  of  the  mass  of  air  overhead,  as  happens  in  the 
case  of  the  afternoon  minimum,  but  to  a  reduction  of 
the  tension  or  pressure  of  the  air  consequent  upon  a 
reduction  in  the  temperature  through  radiation  from 
the  aerial  molecules  towards  the  cold  regions  of  space. 
In  the  open  ocean  the  morning  minimum  is  largest  in 
the  equatorial  regions,  and  it  diminishes  with  latitude  ; 
but  the  rate  of  diminution  with  latitude  through  anti¬ 
cyclonic  and  other  regions  is  generally  less  and  more 
uniform  than  in  the  case  of  the  afternoon  minimum. 

The  amplitude  and  times  of  occurrence  of  the  phases 
of  the  diurnal  barometric  tides  are  subject  to  great 
modifications  over  the  land.  The  amplitude  of  the 
oscillation  from  the  morning  maximum  to  the  afternoon 
minimum  is  greatest  where  the  atmosphere  is  driest 
and  the  sky  clearest,  and  least  where  tne  atmosphere 
is  highly  saturated  and  the  sky  more  frequently  and 
densely  covered  with  clouds,  being  thus  generally  the 
reverse  of  what  is  observed  to  take  place  over  the  open 
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sea.  The  meteorology  of  India  affords  the  most  striking 
illustrations  of  this  remark.  At  Bombay  in  April 
during  the  dry  atmosphere  and  clear  skies  of  the  north¬ 
east  monsoon,  the  oscillation  is  0.118  inch;  but  in 
J uly  during  the  humid  atmosphere  and  clouded  skies 
of  the  southwest  monsoon  it  falls  to  0.067  inch.  In 
the  Punjab,  where  the  air  is  drier,  it  is  much  greater, 
rising  in  exceptional  years,  such  as  1852,  to  0. 187  inch. 
The  much  greater  amplitude  of  this  oscillation  on  land 
as  compared  with  the  open  sea  is  entirely  due  to  the 
heating  of  the  earth.  By  this  heating  of  the  surface 
the  lower  strata  of  the  air  become  also  highly  heated, 
and  the  tension  is  increased  ;  and,  since  the  air  does 
not  expand  freely,  vertically,  and  laterally,  from  its  in¬ 
ertia  and  viscosity,  the  barometer  rises.  When,  how¬ 
ever,  the  resistance  is  overcome,  the  ascending  current 
which  sets  in  is  stronger  owing  to  its  higher  tempera¬ 
ture.  Since  this  higher  temperature  which  has  its 
origin  in  the  superheated  surface  is  in  addition  to  the 
direct  heating  of  the  air  by  the  heat  rays  of  the  sun 
as  they  pass  through  it,  the  morning  maximum  and  the 

afternoon  minimum  over  land  are  both  more  _ 

extreme  than  oyer  the  open  sea.  It  follows 
that  this  oscillation  is  much  larger  over  land, 
and  largest  in  climates  where  insolation  is 
strongest. 

In  places  already  referred  to  where  the 
morning  maximum  is  greatly  retarded,  such 
as  Helder,  Sitka,  Yalentia,  and  Falmouth,  the 
afternoon  minimum  in  the  summer  months 
is  singularly  small, — so  small  indeed  that  it 
does  not  fall  SO’  low  as  the  mean  pressure 
of  the  day.  This  peculiarity  in  the  diurnal 
barometric  tide  is  in  all  probability  due  to  their 
insular  position  to  the  westward  of  a  more 
or  less  extensive  tract  of  land,  by  which 
a  tidal  overflow  is  propagated  through  the  upper 
regions  from  the  continental  towards  the  insular 
situations.  This  tidal  overflow  receives  its  impulse 
from  the  ascending  current  from  the  land,  which  rises 
sooner  and  stronger  from  inland  than  from  insular  situ¬ 
ations.  On  the  other  hand,  on  the  open  sea,  and  away 
from  land  in  regions  where  the  morning  maximum  and 
afternoon  minimum  are  both  small,  the  minimum  al¬ 
ways  falls  below  the  mean  of  the  day,  and  the  time  of 
occurrence  of  the  maximum  is  not  retarded  as  is  the 
case  in  insular  situations.  A  map  of  deviations  from 
the  daily  mean  pressure  of  the  morning  minimum  in 
summer  shows,  as  regards  the  middle  and  higher  lati¬ 
tudes,  that  it  is  greatest  near  the  sea,  and  least  in  in¬ 
land  continental  situations.  Indeed  in  the  interior  of 
the  Old-World  continent  the  dip  in  the  curve  in  the 
early  morning  is  so  small  that  the  minimum  does  not 
fall  below  the  daily  mean  pressure,  but  at  most  places 
remains  considerably  above  it.  The  same  relations  are 
seen  in  Northwestern  Europe,  where  the  morning 
minimum  is -0.020  inch  at  Valentia  and  Falmouth, 
-  0.018  inch  at  Helder,  and  -  0.012  inch  at  Amsterdam, 
whilst  at  Kew  it  is  only-0.002  inch.  From  its  com¬ 
pact  form  and  relations  to  the  surrounding  ocean,  the 
Spanish  Peninsula  well  illustrates  the  peculiarities  of 
this  phase  of  the  pressure.  The  deviations  from  the 
daily  mean  pressure  of  the  morning  minimum  are  at 
Lisbon -0.022  inch  and  Coimbra -0.011  inch,  but  at 
Madrid  in  the  interior +  0.009  inch, — pressure  in  the 
last  case,  just  as  happens  in  the  interior  of  Asia,  not 
falling  so  low  as  the  daily  mean. 

The  larger  minimum  near  the  sea  arises  from  the 
higher  temperature  there  during  the  night  as  compared 
with  more  inland  situations,  from  which  results  a  tidal 
overflow  through  the  upper  regions  from  the  sea  to¬ 
wards  the  land,  as  the  temperature  of  the  latter  falls 
lower  than  the  sea  during  the  night.  The  effect  of 
this  overflow  is  to  reduce  the  pressure  over  those  re¬ 
gions  whence  it  proceeds,  and  to  increase  it  in  those 
regions  oyer  which  it  advances.  The  shallowing  of 
the  morning  minimum  is  greatest  in  the  higher  lati¬ 
tudes  of  continental  climates  and  most  complete  at 


great  elevations,  where  in  some  cases  the  minimum 
vanishes,— in  other  words,  where  the  amount  of  aque¬ 
ous  vapor  is  small  and  the  time  is  short  during  which 
no  part  of  the  atmosphere  overhead  is  touched  by  the 
sum  s  rays.  Since  the  peculiarity  is  observable  in  the 
curves  over  nearly  the  whole  continent,  appearing  even 
in  the  low  latitudes  of  Calcutta  and  Madras,  it  might 
be  suggested  whether  we  have  not  evidence  here  of  a 
vast  tidal  movement  propagated  through  the  higher 
regions  towards  that  trough-like  section  of  the  atmos¬ 
phere  as  it  moves  westwards  over  the  continent  where 
the  temperature  of  the  lower  strata  of  the  air  is  about 
the  minimum  of  the  day  and  pressure  also  about  the 
minimum. 

Reference  has  been  made  under  Atmosphere  to  the 
smallness  of  the  range  from  the  a.m.  maximum  to  the 
p.m.  minimum  in  the  North  Atlantic  during  summer. 
This  phase  in  the  diurnal  distribution  of  pressure  is 
represented  in  Fig.  3,  which  shows  for  J une  the  mean 
amount  of  the  oscillation  by  lines  of  10,  20,  40,  60, 
80,  and  100  thousandths  of  an  inch,  or  0;010  inch, 


Fig.  3.— Oscillations  of  Barometer  for  June. 

0.020  inch,  etc.  This  abnormality  begins  in  March, 
attains  the  maximum  in  J  une,  and  terminates  in  Oc¬ 
tober.  It  is  thus  confined  to  the  warmer  months  of 
the  year,  and,  unlike  most  meteorological  phenomena, 
is  not  cumulative,  but  follows  the  sun,  so  that  its  max¬ 
imum  occurs  in  June,  and  not  in  July  as  that  of  the 
temperature  of  the  air,  or  in  August  as  the  tempera¬ 
ture  of  the  sea.  The  smallness  of  this  range  over  the 
North  Atlantic,  which  is  less  than  occurs  in  any  other 
ocean  in  the  same  latitude,  is  to  a  large  extent  caused 
by  the  small  dip  in  the  diurnal  curve  of  the  afternoon 
minimum. 

If  the  map  of  the  distribution  of  pressure  over  the 
globe  for  July  be  examined  (Fig.  17)  it  is  seen  that 
this  part  of  the  Atlantic  is  occupied  by  a  well-defined 
area  of  high  mean  pressure, — higher  indeed  than  occurs 
at  any  season  over  any  ocean  ;  and  it.  is  shown  below 
that  out  of  this  area  the  surface  winds  blow  in  all 
directions.  But,  since  air  is  constantly  being  drained 
out  of  this  region  by  the  wind  without  diminishing  the 
pressure,  it  follows  of  necessity  that  the  high  pressure 
must  be  maintained  by  accessions  of  air  received  from 
above  through  the  upper  currents.  Now  the  regions 
whence  such  accessions  can  come  are  the  upper  cur¬ 
rents  which  have  their  origin  in  the  ascending  currents 
that  rise  from  the  heated  plains  of  Africa,  Europe, 
the  belt  of  calms,  and  the  two  Americas  surrounding 
the  North  Atlantic.  It  is  evident  that  the  major  por¬ 
tion  of  each  day’s  overflow  of  air  from  the  continents 
through  the  upper  regions  of  the  air  upon  the  Atlantic, 
whether  this  overflow  takes  place  by  convection  cur¬ 
rents  or  from  a  tidal  movement  similar  to  what  has 
been  already  described,  will  take  place  during  mid 
afternoon.  In  other  words,  the  overflow  will  occur 
about  the  time  of  the  afternoon  minimum  of  the 
Atlantic,  thus  diminishing  the  dip  of  this  minimum, 
and  so  producing  the  abnormally  small  range  now 
under  examination.  It  is  in  favor  of  this  view  that 
the  abnormality  follows  the  sun’s  course  and  is  not 
cumulative,  and  is  felt  also  on  both  sides  of  the 
Atlantic,  even  although  the  weather  on  the  east  side 
is  dry  and  all  but  rainless,  and  on  the  west  moderately 


WIND  FORCE.] 


METEOROLOGY. 


129 


moist  and  characterized  by  a  rather  copious  rainfall. 
It  is  also  full  of  significance  that  the  peculiarity  is 
most  strikingly  seen  in  that  part  of  the  ocean  of  the 
globe  which  is  closely  hemmed  in  by  large  masses  of 
land. 

Influence  of  the  Moon  on  Atmospheric  Pressure. — 
Fifteen  years’  hourly  observations  nave  been  made  at 
Batavia  and  discussed  by  the  late  Dr.  Bergsma  in  their 
relation  to  the  lunar  day,  which  was  assumed  in  the 
calculations  to  commence  with  the  time  of  the  upper 
transit  of  the  moon.  The  result  of  the  inquiry  is  that 
atmospheric  pressure  at  Batavia  has  a  lunar  tide  quite 
as  distinctly  marked  as  the  ordinary  diurnal  barometric 
tide,  except  that  its  amplitude  is  much  less.  The  four 
phases  are  these  : 

1st  max.  -f  -  0.0022  inch,  at  lunar  hour  1 

1st  min.  —  0.0021  “  “  “  7 

2d  max. +  0.0025  “  “  “  13 

2d  min.  —  0.0024  “  «  “  19 

The  lunar  tide  has  the  important  difference  that  its 
phases  follow  the  moon’s  apparent  course  much  more 
closely  than  the  ordinanr  diurnal  fluctuations  of  the 
barometer  follow  that  of  the  sun.  The  two  maxima 
occur  about  the  1st  and  13th,  and  the  two  minima 
about  the  7th  and  19th,  whereas  these  four  daily 
phases  of  the  diurnal  barometric  fluctuation  occur  with 
respect  to  the  sun’s  apparent  course  from  one  to  six 
hours  later.  _  It  is  interesting  to  note  that  in  the  higher 
latitudes  in  inland  situations  during  winter,  or  at  times 
and  in  situations  where  the  disturbing  influences  of 
temperature  and  humidity  tend  towards  a  minimum, 
the  times  of  occurrence  of  the  four  phases  of  the  daily 
oscillation  of  the  barometer  approximate  to  those  of 
the  daily  lunar  atmospheric  tide. 

Since  a  distinct  lunar  tide  is  traced  to  the  attractive 
influence  of  the  moon,  it  follows  that  the  attractive 
influence  of  the  sun  will  enter  as  one  of  the  several 
causes  which  determine  the  phases  and  amplitude  of 
the  diurnal  barometric  curve.  It  also  follows  from  the 
much  less  attractive  influence  of  the  sun  than  that  of 
the  moon  on  the  earth’s  atmosphere  that  the  effects 
of  the  sun’s  attraction  on  the  pressure  will  be  wholly 
concealed  by  the  much  larger  effects  of  the  other 
forces  concerned  in  determining  the  diurnal  oscillation, 
except  in  the  case  or  cases  where  the  variation  in  the 
fluctuation  is  small  at  1  and  7  A.M.  and  1  and  7  P.M. 
Now  at  places  north  of  lat.  45°  N.  the  variation  at  1 
A.M.  is  small  during  the  winter,  and  it  is  a  singular 
fact  that  some  years  ago  Rykatchew  of  St.  Petersburg 
drew  the  attention  of  meteorologists  to  the  existence 
at  these  northern  stations  of  a  faintly-marked  third 
maximum  ;  and  it  is  further  of  importance  to  remark 
that,  at  many  places  where  on  the  mean  of  years  the 
third  maximum  is  scarcely  or  not  at  all  marked,  it 
appears  in  the  mean  of  some  of  the  separate  years. 
Thus,  though  it  does  not  appear  in  the  mean  of  the 
twenty  years  ending  1873  at  Greenwich  for  January, 
it  appears  in  nine  of  the  individual  years.  It  is  highly 

Kronable  that  this  maximum,  which  may  be  named 
ykatchew’s  maximum  from  its  discoverer,  is  due  to 
the  attractive  influence  of  the  sun,  its  amplitude  and 
time  of  occurrence  being  in  accordance  with  such  a 
supposition. 

Diurnal  Variation  of  the  Force  of  the  Wind. — 
During  the  three  and  a  half  years’  cruise  of  the 
‘  Challenger,”  ending  with  May,  1876,  observations 
of  the  force  and  direction  of  the  wind  were  made 
on  1202  days,  at  least  twelve  times  each  day, — 650  of 
the  days  being  on  the  open  sea  and  552  near  land. 
The  observations  of  force  were  made  on  Beaufort’s 
scale  0-12,  being  the  scale  of  wind-force  observed  at 
sea.  The  mean  diurnal  force  of  the  wind  on  the  open 
sea  and  near  land  respectively  is  shown  in  Fig.  4, 
where  the  figures  on  the  left  are  Beaufort’s  scale,  and 
those  on  the  right  the  equivalents  in  miles  per  hour. 
The  solid  line  shows  at  the  different  hours  of  the  day 
the  mean  force  on  the  open  sea,  and  the  dotted  line  the 
mean  force  near  land. 
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As  regards  the  open  sea  it  is  seen  that  the'  diurnal, 
variation  is  exceedingly  small,  there  being  two  ap¬ 
parent  slight  maxima,  about  midday  and  midnight 
respectively.  On  examining,  however,  the  separate 
means  for  the  North  and  South  Atlantic,  North  and 
South  Pacific,  and  the  Southern  Ocean,  there  is  no 
uniform  agreement  observable  among  their  curves,  the 
slight  variations  which  are  met  with  being  different  in 
each  case.  It  follows  therefore  that  the  force  of  the 
winds  on  the  open  sea  is  subject  to  no  distinct  and 
uniform  diurnal  variation.  The  difference  between 
the  hour  of  least  and  greatest  mean  force  is  less  than 
a  mile  per  hour. 

Quite  different  is  it,  however,  with  the  winds  encoun¬ 
tered  by  the  ”  Challenger  ”  near  land,  the  force  of  the 
wind  there  giving  a  curve  as  pronouncedly  marked  as 
the  ordinary  diurnal  curve  of  temperature.  The  mini¬ 
mum  occurs  at  2  to  4  a.m.  and  the  maximum  from 
noon  to  4  p.m.,  the  absolute  highest  being  at  2  p.m. 
The  curves  constructed  for  each  of  the  five  oceans 
from  the  observations  near  land  give  one  and  the  same 
result,  or  a  curve  closely  accordant  with  the  curve  of 


Fig.  4.— Diurnal  Force  of  Wind  at  Sea  and  near  Land. 

diurnal  temperature.  The  differences  between  the 
hours  of  least  and  greatest  force  are  as  follows  :  South¬ 
ern  Ocean  6}  miles,  South  Pacific  4£  miles,  South  At¬ 
lantic  3f  miles,  and  North  Atlantic  and  North  Pacific 
3  miles  per  hour. 

In  the  case  of  each  ocean  the  velocity  of  the  wind 
on  the  open  sea  is  considerably  in  excess  of  that  near 
land,  but  in  no  case  does  the  maximum  velocity  near 
land,  attained  about  midday,  reach  the  velocity  of  the 
wind  on  the  open  sea.  The  650  daily  observations  on 
the  open  sea  give  a  mean  hourly  velocity  of  17£  miles, 
whereas  the  552  near  land  give  a  velocity  of  only  12  j 
miles  per  hour.  The  difference  is  .greatest  at  4  A.  M. , 
when  it  amounts  to  upwards  of  6  miles  an  hour,  but 
is  diminished  by  the  rising  temperature  till  at  2  P.M. 
it  is  less  than  3  miles  an  hour. 

At  Mauritius,  which  is  situated  within  the  southeast 
trades,  the  minimum  velocity  of  the  wind  is  9.7  miles  per 
hour,  occurring  from  2  to  3  a.m.,  from  which  it  rises  to  the 
maximum  18.5  miles  from  1  to  2  p.m.,  the  influence  of  the  sun 
being  thus  to  double  the  wind’s  velocity.  At  Batavia,  situ¬ 
ated  in  a  region  where  the  mean  barometric  gradient  is 
much  smaller,  the  differences  are  still  more  decided.  From 
1  to  6  a.m.  85  per  cent,  of  the  whole  of  the  observations  are 
calms,  whereas  from  noon  to  2  p.m.  only  1  per  cent,  are 
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calms.  In  all  months,  the  minimum  velocity  occurs  in  the 
early  morning,  when  the  temperature  is  lowest,  and  the 
maximum  from  1  to  3  p.m.,  when  the  temperature  is  highest, 
the  mean  minimum  and  maximum  velocities  being  to  each 
other  as  1  to  21.  At  Coimbra  the  mean  maximum  hourly 
velocity  is  five  times  greater  than  the  minimum  hourly 
velocity  in  summer,  whereas  in  winter  it  is  only  about  a 
half  more.  At  Valentia,  in  the  southwest  of  Ireland,  one 
of  the  windiest  situations  in  Western  Europe,  the  three 
summer  months  of  1878  gave  a  mean  hourly  velocity  of 
13.3  miles  per  hour,  the  minimum  oscillating  from  10  to  11 
miles  an  hour  from  9  P.M.  to  6  a.m.,  and  the  maximum  ex¬ 
ceeding  16  miles  an  hour  from  11  a.m.  to  5  p.m.  The  abso¬ 
lute  lowest  hourly  mean  was  10  miles  at  11  p.m.,  and  the 
highest  18  miles  at  1  p.m.,  the  velocity  about  midday  being 
thus  nearly  double  that  of  the  night.  Many  observations 
might  be  added  to  these,  including  those  published  by  Hann, 
Koppen,  Hamberg,  and  others,  which  go  to  establish  the 
fact  that  the  curves  of  the  diurnal  variation  of  the  velocity 
of  the  wind  generally  conform  to  the  diurnal  curves  of  tem¬ 
perature.  The  curves  are  most  strongly  marked  during  the 
hottest  months ;  and  the  maximum  velocity  occurs  at  1  p.m. 
or  shortly  thereafter,  being  thus  before  the  time  of  occur¬ 
rence  of  the  maximum  temperature  of  the  day,  and  the 
minimum  in  the  early  morning,  or  about  the  time  when 
the  temperature  falls  to  the  lowest.  The  rule  also  holds 
good  with  all  winds,  whatever  be  their  direction.  The  ex¬ 
ceptions  to  this  rule  are  so  few  and  of  such  a  kind  that  they 
are  probably  to  be  attributed  to  causes  more  or  less  of  a 
local  character. 

Hann  has  shown,  for  a  number  of  places  in  Northern 
Europe,  that  with  a  clear  sky  the  velocity  is  doubled  from 
the  minimum  to  the  maximum,  with  a  sky  half  covered 
the  velocity  is  three-fourths  greater,  and  with  a  sky  wholly 
covered  the  velocity  is  only  a  half  more.  On  the  other 
hand,  at  the  strictly  inland  situation  of  Vienna,  with  a  clear 
sky  the  velocity  is  double,  and  with  a  sky  half  covered  it 
is  two-thirds  greater,  but  with  a  covered  sky  the  diurnal 
variation  in  the  wind’s  velocity  becomes  irregular  and 
faintly  marked.  Hann  has  also  examined  the  winds  at 
Vienna,  and  found  that  winds  of  a  velocity  not  exceeding 
30  kilometres  an  hour  show  a  mean  diurnal  increase  from 
11  kilometres  at  6  a.m.  to  16.8  at  1  p.m.,  but  that  winds  of 
velocity  exceeding  30  kilometres  an  hour  exhibit  only  a 
faintly  marked  and  irregular  increase  of  velocity  during 
the  day. 

In  offering  an  explanation  of  this  remarkable  fact 
regarding  the  diurnal  variation  in  the  velocity  of  the 
wind  in  all  climates,  it  is  to  be  remarked  that  the 
minimum  velocity  occurs  when  terrestrial  radiation 
and  its  effects  are  greatest,  but  the  increase  of  the  ve¬ 
locity  closely  follows  the  sun,  and  the  maximum  is 
reached  nearer  the  time  the  sun  crosses  the  meridian 
than  perhaps  any  of  the  other  maxima  or  minima  of 
meteorology,  which  are  dependent  on  the  sun’s  diurnal 
course.  It  is  also  to  be  noted  that  the  winds  over  the 
open  sea  are  practically  uninfluenced  by  solar  and  ter¬ 
restrial  radiation,  for  there  the  diurnal  curve  of  varia¬ 
tion  in  the  force  of  the  wind  is  all  but  a  straight  line. 
On  nearing  land,  however,  the  wind’s  force  exhibits  a 
diurnal  curve  of  variation  as  distinctly  marked  as,  and 
bearing  a  close  resemblance  to,  the  analogous  curve-of 
temperature ;  while  on  the  land  itself  these  features 
become  still  more  decidedly  pronounced.  Lastly,  the 
amount  of  the  diurnal  variation  of  the  temperature  of 
the  surface  of  the  sea  is  less  than  a  degree,  whereas 
over  all  land  surfaces  the  diurnal  variation  of  the  tem¬ 
perature  is  large,  even  where  the  ground  is  covered  by 
vegetation,  and  enormously  large  over  sandy  wastes. 

From  this  it  follows  that,  so  far  as  concerns  any 
direct  influence  on  the  air  itself,  solar  and  terrestrial 
radiation  exercise  no  influence  on  the  diurnal  increase 
of  the  velocity  of  the  air  with  the  increase  of  its  tem¬ 
perature, — or,  if  any  influence  at  all,  such  influence 
must  be  altogether  insignificant,  as  is  conclusively 
shown  by  the  wind  observations  of  the  “Challenger” 
over  each  of  the  five  great  oceans  of  the  globe.  The 
same  observations  show  that  on  nearing  land  the  wind 
is  everywhere  greatly  reduced  in  force.  The  retarda¬ 
tion  is  greatest  during  the  hours  when  the  daily  tem¬ 
perature  is  at  the  minimum ;  and  it  is  particularly  to 
be  noted  that,  though  the  temperature  rises  consider¬ 
ably,  no  marked  increase  in  the  velocity  sets  in  till 
about  9  a.m. ,  when  the  temperature  has  begun  to  rise 


above  the  daily  mean.  From  this  time  the  increase  is 
rapid  (see  Fig.  4);  the  maximum  is  reached  shortly 
after  the  period  of  strongest  insolation ;  and  the  ve¬ 
locity  falls  a  little  (but  only  a  little)  during  the  next 
three  to  five  hours,  according  to  season,  latitude,  and 
position,  and  falls  again  to  near  the  minimum  shortly 
after  the  hour  when  the  temperature  is  at  the  mean. 
Even  at  the  maximum,  the  velocity  near  land  falls 
considerably  short  of  the  velocity,  which  is  steadily 
maintained  over  the  open  sea  by  night  as  well  as  by 
day. 

The  period  of  the  day  when  the  wind’s  velocity  is 
increased  is  practically  limited  to  the  hours  when  the 
temperature  is  above  the  daily  mean,  and  the  influence 
of  this  higher  temperature  is  to  counteract  to  some 
extent  the  retardation  of  the  wind’s  velocity  resulting 
from  friction  and  from  the  viscosity  of  the  air.  The 
increase  in  the  diurnal  velocity  of  the  wind  is  in  all 
probability  due  to  the  superheating  of  the  surface  of 
the  ground  and  to  the  consequent  ascensional  move¬ 
ment  of  the  air,  tending  to  counteract  the  effect  of 
friction  and  of  viscosity  between  the  lowermost  stratum 
of  the  air  and  the  ground.  It  is  of  importance  in  this 
connection  to  keep  in  view  the  fact  that  in  cloudy 
weather  a  temperature  much  higher  than  might  have 
been  supposed  is  often  radiated  from  the  clouds  down 
upon  the  earth’s  surface,1  which  accounts  for  the 

fmenomenon  of  the  diurnal  variation  in  the  wind’s  ve- 
ocity  occurring  frequently  also  in  cloudy  weather.  On 
the  other  hand,  during  the  night,  when  terrestrial 
radiation  is  proceeding,  the  temperature  of  the  surface 
falls  greatly,  and  instead  of  an  ascensional  movement 
in  the  lower  stratum  of  the  air  there  is  rather  a  ten¬ 
dency  towards  a  descensional  movement  (if  the  wind 
be  light  there  is  an  actual  movement)  of  the  lowest 
air  stratum  down  the  slopes  of  the  country ;  and  since 
the  friction  between  the  wind  and  the  surface  of  the 
earth  is  thereby  increased  the  diurnal  velocity  of  the 
wind  falls  to  the  minimum  during  these  hours  (see 
also  p.  161). 

Among  the  most  marked  exceptions  to  the  general 
rule  of  the  diurnal  distribution  of  wind  force  may  be 
cited  the  bitterly  cold  furious  blasts  of  wind  encoun¬ 
tered  in  narrow  valleys  in  such  mountainous  regions 
as  the  Alps  during  clear  and  comparatively  calm  nights. 
These  are  simply  the  out-rush  of  the  cold  air  poured 
into  the  upper  oasins  of  the  valleys  by  the  descensional 
currents  from  the  slopes  which  the  chilling  effects  of 
terrestrial  radiation  set  in  motion.  On  the  other  hand, 
the  air  of  the  valleys  becomes  heated  and  expands 
during  the  day,  thus  giving  rise  to  a  warm  wind  blow¬ 
ing  up  the  valleys,  which,  on  account  of  the  vapor  it 
carries  with  it  from  the  lower  levels,  frequently  covers 
the  higher  slopes  and  tops  of  the  mountains  with  cloud 
and  drizzling  rain. 

Diurnal  Variation  in  the  Direction  of  the  Wind. — 
In  all  climates  near  seas  and  other  large  sheets  of  wa¬ 
ter,  where  the  distribution  of  atmospheric  pressure  is 
tolerably  equable,  or  the  barometric  gradient  small, 
and  the  sun  heat  moderately  strong,  land  and  sea 
breezes  are  of  daily  occurrence.  In  such  places  a 
breeze  from  the  sea  gradually  sets  in  in  the  morning, 
which  gradually  rises  to  a  stiff  breeze  during  the  heat 
of  the  day  and  again  towards  evening  sinks  to  a  calm. 
Soon  after  this  a  breeze  sets  in  from  the  land,  blows 
strongly  seaward  during  the  night,  and  dies  away  in 
the  morning,  giving  place  to  the  sea  breeze  as  before. 
These  breezes  are  occasioned  by  the  surface  of  the  land 
being  heated  in  a  much  higher  degree  than  that  of  the 
sea  during  the  day ;  the  air  over  the  land  being  thereby 
made  lighter  ascends,  and  its  place  is  supplied  by  the 
cooler  air  of  the  sea  breeze  drawn  landward,  and  partly 
also  by  descending  currents,  as  shown  by  the  humidity 
observations  of  the  “Challenger,”  which  indicate  in¬ 
creasing  dryness  when  the  sea  breeze  is  strongest. 
Again  during  the  night  the  temperature  of  the 
land  and  of  the  air  over  it  falls  below  that  of  the 
1  Journal  of  Scottish  Meteoroloffical  Society,  vol.  ii.  p.  280. 
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eea,  and  the  air  of  the  land  thus  becoming  heavier 
and  denser  flows  over  the  sea  as  a  land  breeze.  As 
the  best-marked  and  most  frequently  occurring  cases 
of  the  sea  breeze  begin  some  distance  out  at  sea  and 
gradually  approach  the  land,  it  is  very  probable  that, 
as  suggested  by  Blanford,  the  ascending  heated  air 
flows  seaward  as  an  upper  current,  and  that  the  in¬ 
creased  barometric  gradient  thus  caused  largely  ac¬ 
counts  for  these  breezes. 

Sea  and  land  breezes  are  thus  determined  by  the  relative 
positions  of  the  land  and  its  coasts,  subject  to  a  further 
modification  arising  from  the  rotation  of  the  earth.  Thus 
on  the  coast  of  the  Gulf  of  Lyons  the  sea  breeze  from  the 
south  veers  to  southwest  and  dies  away  as  a  west  wind, 
while  the  land  breeze  from  the  north  gradually  veers  to 
northeast  and  dies  away  as  an  east  wind.  On  the  coast  of 
Algeria,  on  the  other  hand,  the  sea  breeze  veers  from  north 
to  northeast  and  dies  away  in  the  east,  whereas  the  south 
land  breeze  veers  to  southwest  and  dies  away  in  the  west. 
Sea  breezes  also  occur  in  such  unsettled  climates  as  that  of 
Scotland,  when  the  weather  conditions  are  favorable.  These 
conditions  are  presented  when  an  anticyclone  overspreads 
the  country,  with  its  accompanying  fine  settled  weather, 
small  variation  in  the  distribution  of  atmospheric  pressure, 
clear  skies,  and  consequently  strong  sunshine.  Under  these 
conditions  the  following  are  the  veerings  of  the  wind  off 
the  coast  of  Berwickshire.  In  the  morning  the  wind  is 
northwest  till  about  10  a.m.,  when  it  veers  to  north,  falling 
all  the  time  till  finally  it  sinks  to  a  calm.  A  little  before 
noon  it  springs  up  from  northeast  or  east,  veers  to  southeast 
from  2  to  3  p.m.,  where  it  continues  till  7  p.m.,  about  which 
time  it  veers  to  south  and  then  southwest,  diminishing  in 
force  and  finally  sinking  to  a  calm.  About  sunset  it  springs 
up  from  west,  veering  to  northwest  during  the  night,  where 
it  continues  till  the  following  morning.  The  wind  thus 
virtually  makes  the  round  of  the  compass,  is  strongest  from 
northwest  and  southeast  and  weakest  at  northeast  and  south¬ 
west,  being  thus  strongest  when  its  course  is  perpendicular 
to  the  line  of  coast. 

The  observations  made  by  the  “Challenger”  in  the  re¬ 
gion  of  the  northeast  trades  in  1873  show  a  small  diurnal 
variation  in  the  direction  of  the  wind,  the  variation  being 
from  E.  47°  5'  N.  at  2  to  6  a.m.  to  E.  56°  N.  at  10  a.m.  to  2 
p.m.,  the  variation  being  thus  8°  55'  towards  north  during 
the  hottest  hours  of  the  day.  At  Mauritius  observatory, 
which  is  several  miles  from  the  sea,  the  daily  period  in  the 
direction  of  the  wind  is  from  E.  22°  15'  S.  at  4  A.  M.,  being 
the  most  southerly  point,  to  E.  7°  S.  at  1  p.m.,  and  thence 
back  to  E.  22°  15'  S.  at  4  a.  m.  The  diurnal  variation  is  15° 
15',  and  thus  the  influence  of  the  sun  impresses  on  the 
wind  at  this  observatory  a  more  truly  easterly  character. 

At  the  Austrian  naval  station  at  Pola,  near  the  head  of  the 
Adriatic,  the  daily  variation  in  the  direction  of  the  wind  is 
well  marked.  Starting  from  a  point  east  of  south  at  5  a.m., 
it  gradually  veers  round  to  westward,  the  most  westerly 
point,  almost  due  west,  being  reached  at  5  to  6  p.m.,  after 
which  it  gradually  shifts  back  to  its  starting-point  in  the 
morning.  Here  we  have  evidently  a  diurnal  wind-system 
different  from  that  of  the  land  and  the  sea  breeze.  Pola  is 
situated  near  the  southwestern  extremity  of  the  peninsula 
of  Istria,  and  the  direction  early  in  the  morning  of  east  by 
south  is  the  direction  the  wind  would  take  if  a  small  anti¬ 
cyclone  overspread  the  peninsula ;  and  the  direction  from 
the  west  in  mid  afternoon  is  the  direction  the  wind  would 
have  at  Pola  if  the  peninsula  were  occupied  by  a  small  cy¬ 
clone  with  the  lowest  pressure  in  the  centre.  Now  the  in¬ 
fluence  of  solar  radiation  is  to  form,  through  the  ascending 
current  from  the  heated  land,  a  diminution  of  pressure  over 
the  land, — in  other  words,  what  is  essentially  a  cyclone. 
On  the  other  hand,  during  the  night  the  influence  of  ter¬ 
restrial  radiation  is  to  generate,  through  the  cooling  of  the 
land  and  the  air  resting  above  it,  a  relatively  higher  at¬ 
mospheric  pressure  in  the  interior  of  the  peninsula  with  its 
characteristic  system  of  outblowing  winds. 

At  Coimbra,  in  July,  1878,  the  diurnal  variation  of  the 
wind’s  direction  was  from  W.  49°  37'  N.  at  2  to  6  a.m.  to  W. 
33°  15'  N.  at  4  to  6  p.m.,  the  amount  of  the  variation  being 
thus  16°  22'  in  the  direction  of  west.  At  Valentia,  in  the 
southwest  of  Ireland,  during  the  summer  months  of  1878 
the  diurnal  variation  of  the  wind’s  direction  was  from  W. 
by  S.  at  7  to  9  a.m.  to  S.W.  by  W.  at  5  to  7  p.m.  The  varia¬ 
tion  was  thus  from  a  point  nearly  south  to  a  point  nearly 
southwest,  or  through  nearly  45°  in  the  direction  of  west. 
On  the  other  hand,  at  Aberdeen  during  the  same  months 
of  1878,  the  diurnal  variation  of  the  wind’s  direction  was 
from  S.W.  at  6  to  7  a.m.  to  S.  by  E.  at  12  to  4  p.m.,  the  varia¬ 
tion  being  thus  56°  from  southwest  in  the  direction  of  east 
through  south.  Attention  is  here  drawn  to  the  exa  'tly  op¬ 


posite  ways  in  which  the  diurnal  veering  or  shifting  of  the 
wind  takes  place  at  Valentia  and  Aberdeen,  but  particularly 
to  the  important  circumstances  that  in  each  case  the  diur¬ 
nal  changes  in  the  wind’s  direction  which  actually  occur 
are  precisely  those  that  would  take  place  on  the  supposition 
that  during  the  hottest  hours  of  the  day  an  ascensional 
movement  of  the  air  sets  in  from  the  heated  lands  of  the 
British  Islands,  and  that  an  in-draught  takes  place  all 
round,  which  with  the  descending  currents  makes  good  the 
loss  caused  by  the  up-draught.  Thus  then  both  the  diurnal 
increase  in  the  wind’s  velocity  and  the  change  in  its  direc¬ 
tion  which  observation  shows  to  take  place  during  the  hot¬ 
test  hours  of  the  day  are  traced  to  the  same  cause,  viz.,  the 
heating  of  the  surface  by  the  sun,  the  heating  of  the  low¬ 
est  stratum  of  air  resting  on  the  surface,  and  the  ascen¬ 
sional  movements  which  are  the  necessary  result. 

It  is  instructive  to  note  that  at  Nukuss,  at  some  distance 
to  the  south  of  the  Sea  of  Aral,  where  the  summer  direc¬ 
tion  of  the  wind  is  northerly,  the  north  component  is  at 
the  daily  maximum  at  4  p.m.,  having  shifted  into  this  di¬ 
rection  from  northeast,  where  it  is  at  9  a.m.  Much  or 
nearly  everything  remains  to  be  done  in  working  out  this 
problem  in  its  practical  details  as  one  of  the  important  ele¬ 
ments  of  climatology,  with  the  view  of  arriving  at  some 
definite  knowledge  of  the  influence  of  physical  configura¬ 
tion  and  different  vegetable  coverings  of  the  surface  on  ra¬ 
diation  and  on  the  velocity  and  direction  of  the  wind. 

Diurnal  Variation  in  the  Amount  of  Cloud. — Mists 
and  fogs  are  visible  vapors  floating  in  the  air  near  the 
surface  of  the  earth,  and  clouds  are  visible  vapors  at 
a  considerable  height.  These  forms  of  visible  vapor 
are  all  produced  by  whatever  lowers  the  temperature 
of  the  air  below  the  dew  point, — such  as  radiation 
from  the  molecules  of  the  atmosphere  towards  the 
cold  regions  of  space,  the  simple  expansion  of  the  air 
of  ascending  currents,  the  mixing  of  cold  air  with  air 
that  is  warm  and  moist,  and  the  cooling  of  the  air  in 
contact  with  the  surface  of  the  earth  when  its  tem¬ 
perature  has  been  lowered  by  nocturnal  radiation. 

The  forms  of  clouds  are  endless.  Since  clouds  are 
subject  to  certain  distinct  modifications  from  the  same 
causes  which  produce  other  atmospheric  phenomena, 
the  face  of  the  sky  may  be  regarded  as  indicating  the 
operation  of  these  causes,  just  as  the  face  of  man  in¬ 
dicates  his  mental  and  physical  states.  Hence  the  im¬ 
portance  of  the  study  of  clouds,  and  hence  the  necessity 
of  a  nomenclature  of  clouds  as  the  basis  of  accurate 
and  comparable  observations.  An  adequate  nomen¬ 
clature  of  clouds  is  still  a  desideratum.  Luke  Howard’s 
classification,  which  continues  to  hold  its  ground  as  a 
provisional  nomenclature,  was  proposed  by  him  in 
1803,  and  by  it  clouds  are  considered  as  divided  into 
seven  kinds.  Of  these,  three  are  simple  forms,  the 
cirrus ,  the  cumulus ,  and  the  stratus ;  and  four  inter¬ 
mediate  or  compound,  the  cirro-cumulus ,  the  cirro- 
stratus,  th o  cumulo- stratus,  and  the  cumulo-cirro-stra- 
tus,  nimbus,  or  rain  cloud. 

The  cirrus  cloud  consists  of  wavy,  parallel,  or  di¬ 
vergent  filaments,  which  may  increase  in  any  or  all 
directions.  It  is  the  cloud  of  the  least  density,  the 
greatest  elevation,  and  the  greatest  variety  of  figure. 
It  is  probable  that  the  particles  composing  it  are  mi¬ 
nute  crystals  of  ice  or  snow-flakes.  The  cirrus  is 
intimately  connected  with  the  great  movements  of  the 
atmosphere ;  and  it  is  solely  from  the  movements  of 
the  cirrus  that  we  have  any  direct  knowledge  of  the 
upper  .currents  of  the  atmosphere.  In  recent  years 
much  has  been  done,  particularly  by  Professor  Hilde- 
brandsson  of  Upsala  and  ClementJjey,  in  investigating 
the  relations  of  this  cloud  to  storms  and  other  changes 
of  weather. 

The  cumulus  is  the  name  applied  to  those  convex  or 
conical  heaps  of  clouds  which  increase  upwards  from  a 
horizontal  base.  They  are  generally  of  a  very  dense 
structure,  are  formed  in  the  lower  regions  of  the  atmos¬ 
phere,  and  are  carried  along  by  the  aerial  current 
next  the  earth.  They  form  the  tops  of  the  ascending 
currents  which  rise  from  the  heated  ground,  and  have 
a  diurnal  period  so  well  marked  that  they  are  often 
named  the  ‘  ‘  cloud  of  the  day.  ’  ’  The  form  of  stratus 
comprehends  those  mists  and  fogs  which  in  the  calm 
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evening  of  a  warm  summer  day  make  their  appearance 
in  the  bottom  of  valleys  and  over  low-lying  grounds, 
and  sometimes  spread  upwards  over  the  surrounding 
country  like  an  inundation  ;  they  have  an  equally  well 
marked  daily  period,  and  are  frequently  called  the 
“ cloud  of  night.”  The  cirro-cumulus  is  made  up  of 
small  roundish  masses,  lying  near  each  other,  and 
quite  separated  by  intervals  of  sky.  It  may  be  con¬ 
sidered  as  formed  from  the  cirrus  by  the  fibres  of  that 
cloud  breaking,  as  it  were,  and  collapsing  into  round¬ 
ish  masses,  thus  destroying  the  texture  out  retaining 
the  arrangement  of  that  cloud.  This  singularly  beau¬ 
tiful  cloud  is  commonly  known  as  a  mackerel  sky  and 
is  of  most  frequent  occurrence  during  dry  warm  sum¬ 
mer  weather.  The  cirro-stratus  consists  of  horizontal 
masses  thinned  towards  the  circumference,  bent  down¬ 
wards  or  undulating,  and  either  separate  or  in  groups. 
Since  this  cloud  has  great  extent  and  continuity  of 
substance,  but  little  perpendicular  depth  or  thickness, 
it  is  the  cloud  which  most  frequently  fulfils  the  con¬ 
ditions  for  the  phenomena  of  coronae,  solar  and  lunar 
halos,  parhelia  or  mock  suns,  and  paraselenae  or  mock 
moons.  The  cumulo-stratus  is  formed  by  the  cirro- 
stratus  blending  with  the  cumulus,  or  spreading  under¬ 
neath  it  as  a  horizontal  layer  of  vapor.  The  cumulo- 
cirro-stratus,  or  nimbus,  is  the  well-known  rain-cloud, 
which  consists  of  a  cloud  or  system  of  clouds  from 
which  rain  is  falling.  At  a  considerable  height  a  sheet 
of  cirro-stratus  cloud  is  extended,  under  which  cumu¬ 
lus  clouds  drift  from  windward;  these  rapidly  increas¬ 
ing  unite  and  appear  to  form  one  continuous  gray  niiiss 
from  which  the  rain  falls.  The  breaking  up  of  the 
lower  gray  mass  indicates  that  the  rain  will  soon  cease. 
When  a  rain-cloud  is  seen  at  a  distance,  cirri  appear 
to  shoot  out  from  its  top  in  all  directions ;  and  it  is 
observed  that  the  more  copious  the  rainfall  the  greater 
is  the  display  of  cirri.  The  cirrus,  cirro-cumulus, 
cirro-stratus,  cumulo-stratus,  and  nimbus  are  connected 
more  or  less  closely  with  the  great  atmospheric  move¬ 
ments  of  the  cyclone  and  anticyclone.  In  what  follows 
here  only  the  amount  of  sky  covered  will  be  taken  into 
account,  and  not  the  species  of  cloud  covering.  _ 

The  diurnal  variation  in  the  amount  of  cloud  in  the 
sky  on  the  open  sea  is  very  small.  The  following  are 
the  means  of  two  hundred  and  seventy-seven  days 
observations  on  board  the  “Challenger,”  stated  in 
percentages  of  sky  covered  : 

2  A.M.  59  10  A.M.  58  6  P.M.  57 

4  “  59  Noon  56  .  8  “  57 

6  “  62  2  p.m.  58  10  “  57 

8  “  62  4  “  59  Midnight  57 

Two  maxima  are  here  indicated,  the  one  about  or 
shortly  after  sunrise  and  the  other  in  the  early  part 
of  the  afternoon ;  and  two  minima,  the  one  at  noon 
and  the  other  from  sunset  to  midnight.  The  differ¬ 
ence  between  the  extremes  is  only  6  per  cent,  of  the 
sky. 

At  Batavia  the  daily  maximum  is  from  6  to  11  P.  M.,  and 
the  minimum  from  8  to  11  A.  M.,  the  extremes  being  52  per 
cent,  at  9  A.  M.,  and  69  per  cent,  at  7  P.  M. a  difference  of 
17  per  cent.  Of  four  daily  observations  at  Mauritius,  the 
maximum  is  50  per  cent,  at  1  P.  M.,  and  the  minimum  38 
per  cent,  at  6  a.  m.  At  Coimbra,  observations  of  clouds  have 
been  made  five  times  daily,  and  six  years’  results  give  the 
maximum  63  per  cent,  at  9  p.  M.,  and  the  minimum  52  per 
cent,  at  9  a.  m.  At  this  place,  during  July  and  August,  the 
greatest  amount  of  cloud  occurs  at  6  p.  M.,  and  in  these 
months  the  rainfall  at  Coimbra  is  very  small.  The  mini¬ 
mum  is  more  pronounced  at  9  a.m.  than  at  any  other  period ; 
in  winter  this  phase  occurs  about  four  hours  later.  At  the 
continental  situation  of  Vienna,  during  the  warm  months 
of  the  year  the  maximum  is  at  2  P.  M.,  with  a  secondary 
maximum  about  6  A.  M.,  and  the  minimum  from  10  p.  M.  to 
2  a.  m.  ;  but  during  the  cold  months  the  maximum  is  at  6 
A.  m.  and  the  minimum  during  the  evening  and  night.  In 
the  Rocky  Mountains,  the  chief  maximum,  57  per  cent.,  is 
at  3  p.  m.,  with  a  secondary  one  30  per  cent.,  at  5  a.m.;  and 
the  chief  minimum  20  at  3  a.  m.  and  a  secondary  one  29  at 
11  p.  M.  At  Helsingfors  the  maximum  of  cloud  occurs  from 
10  a.m.  to  2  P.M. ,  and  the  minimum  from  10  P.M.  to  2  A.M. 

Much  yet  remains  to  be  done  with  regard  to  the 


determination  of  the  diurnal  variation  of  cloud,  but 
from  the  above  one  or  two  deductions  of  a  general 
character  may  be  drawn.  A  maximum  occurs  in  the 
morning  and  continues  till  shortly  after  the  sun  has 
risen,  and  this  maximum  is  more  decidedly  pronounced 
over  the  open  sea  than  over  land.  Its  appearance  is 
without  a  doubt  due  to  the  general  cooling  of  the  atmos¬ 
phere  through  its  whole  height  by  terrestrial  radiation, 
and  its  disappearance  to  the  heating  of  the  air,  which 
commences  about  sunrise.  Then  follows  one  of  the 
diurnal  minima,  which  continues  till  midday,  or  a  little 
later ;  in  other  words,  it  continues  till,  owing  to  the 
diurnal  heating  of  the  air  by  the  sun,  the  ascending 
current  has  fairly  set  in.  The  period  of  this  ascending 
current  marks  the  second  maximum  which  during  the 
warmer  months  is  larger  than  the  morning  maximum 
over  land.  The  cumulus  is  the  characteristic  cloud  of 
this  maximum.  These  clouds  are  merely  the  summits 
of  the  ascending  currents  which  rise  from  the  heated 
land,  where  the  aqueous  vapor  is  condensed  in  cloud 
by  the  expansion  which  takes  place  with  increase  of 
height.  . 

These  cumulus  clouds  throw  a  not  unimportant  light 
on  the  behavior  of  the  ascending  currents  which  rise 
from  the  surface  when  heated  by  the  sun,— inasmuch 
as  they  point  to  the  fact  that  the  current  ascend¬ 
ing  from  the  surface  is  broken  up  and  thereafter 
grouped  into  separate  well-defined  ascending  currents, 
which  are  marked  out  and  overtopped  by  these  cu¬ 
muli  ;  and  further  it  is  probable,  from  their  well- 
defined  position,  that  the  air  composing  the  ascending 
currents  is  not  only  warmer  but  also  more  humid  than 
the  air  in  the  clear  interspaces  at  the  same  heights. 
It  may  also  be  regarded  as  highly  probable  that  it  is 
down  through  these  clear  interspaces  that  the  de¬ 
scending  air-filaments  shape  their  course  in  their  way 
to  take  the  place  of  the  air-molecules  that  ascend  from 
the  heated  surface  of  the  earth. 

The  secondary  minimum  occurs  from  about  sunset 
onwards  during  the  time  of  the  P.M.  maximum  of  at¬ 
mospheric  pressure.  In  a  highly-saturated  atmos¬ 
phere,  which  is  so  characteristic  a  feature  of  many 
tropical  climates  at  certain  seasons,  this  time  of  the 
day  is  remarkable  for  the  amount  of  cloud ;  and  it  is 
during  those  seasons  and  hours  that  heat-lightning, 
or  lightning  without  thunder,  attains  its  annual  and 
diurnal  maximum  period,  which  is  from  six  to  eight 
hours  later  than  that  of  thunderstorms.  The  morning 
maximum,  shortly  before  and  after  sunrise,  has  two 
quite  distinct  and  characteristic  clouds  accompanying 
it.  One  of  these  is  the  cumulo-stratus,  which  is  a 
consequence  of  the  cooling  of  the  atmosphere  through 
all  its  height  by  nocturnal  radiation.  As  the  coloring 
of  the  cloudlets  is  often  singularly  fine,  it  has  been  a 
favorite  theme  with  poets  ot  all  ages  and  climes.  The 
other,  which  results  from  the  cooling  of  the  surface  of 
the  earth  by  terrestrial  radiation  and  hence  of  the 
lower  stratum  of  the  atmosphere,  is  quite  different, 
being  a  low  creeping  mist,  appearing  first  in  low-lying 
situations,  and  gradually  extending  upwards  as  the 
temperature  falls.  Fog  is  a  well-known  form  of  this 
cloud,  having  its  diurnal  maximum  in  the  morning 
and  early  part  of  the  day.  . 

Diurnal  Variation  in  the  Amount  of  the  KatnfalL — 
From  the  sixteen  years  during  which  hourly  observa¬ 
tions  of  the  rainfall  were  made  at  Batavia,  Dr.  Bergsma 
has  given  a  table  showing  the  diurnal  variation,  of 
which  the  following  shows  how  much  per  cent,  of  the 
total  daily  amount  fell  every  two  hours : 


Midt.  to  2  a.m. 
2  a.m.  “  4  “ 

4  “  “6  “ 

6  “  “8  “ 


8.7 

6.4 

6.1 

5.2 


8  A.M.  to  10  A.M.  5.5 
10  “  “  Noon  6.3 

Noon  “  2  P.M.  9.5 
2  P.M.  “  4  “  12.2 


4  P.M.  to  6  P.M.  13.5 

6  “  “8  “  10.5 

8  “  “  10  “  7.4 

10  “  “  Midt.  8.7 


The  diurnal  curve  of  rainfall  is  thus  very  distinctly 
marked  at  Batavia.  The  minimum  is  from  6  to  10 
a.m.  and  the  maximum  from  2  to  6  P.M., — 10.7  per 
cent,  falling  during  the  four  hours  ending  10  A.M.,  but 
25.7  per  cent,  in  the. four  hours  ending  6  P.M. 
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The  observations  were  arranged  and  averaged  by  Dr. 
Bergsma  with  the  view  of  seeing  bow  far  the  phases  of  the 
moon  influence  the  rainfall.  The  results  from  the  eight 
phases  of  the  moon,  beginning  with  new  moon,  showing  the 
mean  amount  of  rain  in  twenty-four  hours  during  the  seven¬ 
teen  years  ending  1880,  are  these :  0.243, 0.236,  0J.93,  0.181, 
0.212,  0.183,  0.189,  and  0.203,  and  daily  mean  0.205  inch. 
The  influence  of  the  moon’s  phases  on  the  rainfall  at  Ba¬ 
tavia  is  thus  quite  decided  from  these  seventeen  years ;  for, 
while  the  mean  daily  rainfall  is  0.205  inch,  it  rises  at  full 
moon  to  0.243  inch,  from  which  time  it  gradually  falls  to 
0.181  inch  at  the  third  octant,  rises  to  0.212  inch  at  the 
fourth  octant,  falls  again  to  0.183  inch  at  the  fifth  octant, 
and  finally  rises  to  the  maximum  at  the  time  of  new  moon. 

,  At  Coimbra,  where  the  rainfall  has  been  observed  every 
two  hours  for  the  six  years  ending  1881,  the  means  show  a 
minimum  of  3.08  inches  from  midnight  to  2  A.M.,  a  maxi¬ 
mum  of  4.03  inches  from  2  to  4  a.m.,  a  second  minimum  of 
3.20  inches  from  10  a.m.  to  noon,  and  a  second  maximum 
from  2  to  4  P.M.  These  four  phases  of  the  rainfall  are  pretty 
nearly  accordant  with  the  four  phases  of  the  barometric 
pressure,  the  maximum  periods  being  near  the  times  of 
minimum  pressure,  and  the  minimum  periods  near  the 
times  of  maximum  pressure.  The  rainfall  at  Philadelphia 
shows  a  decided  maximum  at  6  p.m.  and  minimum  at  3 
a.m.  At  Vienna  during  the  summer  half  of  the  year  there 
are  three  maxima  and  three  minima  in  the  curve  of  the 
daily  rainfall,  the  chief  maximum,  which  is  nearly  double 
of  each  of  the  other  two,  occurring  from  2  to  4  p.m.,  and  the 
chief  minimum  from  3  to  6  a.m.  At  this  place  the  number 
of  hours  of  rain  has  been  recorded,  showing  two  maximum 
periods,  the  first  from  2  to  8  a.m.  and  the  second  from  4  to 
7  p.m.  Since  the  time  of  maximum  amount  indicates  a 
number  of  hours  for  the  fall  under  the  mean  of  the  day,  it 
follows  that  the  showers  from  2  to  4  p.m.  are  often  very 
heavy.  At  Prague  the  chief  maximum  is  from  2  to  6  p.m. 
and  the  minimum  from  1  to  6  a.m.  At  Zechen  the  maxi¬ 
mum  is  from  2  to  7  p.m.,  with  a  secondary  maximum  from 

5  to  8  a.m.,  and  the  minimum  from  midnight  to  4  a.m.  At 
Bern  the  maximum  fall  is  from  7  p.m.  to  midnight.  Twenty- 
one  years’  observations  at  Calcutta  show  the  maximum 
occurrence  of  rainfall  during  the  rainy  season  from  June  to 
October  to  be  from  11  a.m.  to  6  p.m.,  the  absolute  maximum 
being  from  2  to  3  p.m.  and  the  minimum  from  9  p.m.  to  1 
a.m.  ;  and  during  the  hot  dry  season  from  March  to  May 
the  maximum  is  from  5  to  9  p.m.,  and  the  minimum  from 
midnight  to  9  a.m. 

The  data  already  collected  show  the  general  occur¬ 
rence  of  a  diurnal  maximum  from  about  11  A.M.  to  6 
p.m. ,  and  this  feature  of  the  curve  is  particularly  well 
seen  in  the  rainfall  of  continental  climates  during  the 
summer  half  of  the  year.  A  marked  diminution  of 
the  rainfall  is  very  generally  observed  from  about  sun¬ 
set  to  midnight,  when  the  diurnal  amount  of  cloud  in 
many  climates  falls  to  the  minimum,  and  the  evening 
maximum  of  atmospheric  pressure  takes  place.  The 
time  of  the  morning  minimum  pressure  from  about  2 
to  6  A.M.  is,  curiously,  strongly  marked  in  some  places 
with  an  increase,  while  in  others  it  is  as  strongly 
marked  with  a  diminution,  in  the  rainfall.  The 
“  Challenger”  observations  show  that  the  occurrence 
of  rain  on  the  open  sea  is  inversely  as  the  temperature, 
684  days’  observations  giving  96  cases  from  9  to  4  P.M., 
and  135  from  midnight  to  2  A.M.,  these  being  the  mini¬ 
mum  and  maximum  periods. 

Diurnal  Variation  of  Thunderstorms. — It  has  just 
been  remarked  that  a  prominent  feature  of  the  diurnal 
rainfall  in  continental  climates  during  the  summer 
months  is  the  increased  rainfall  from  about  11  A.M.  to 

6  p.M. ,  and  the  Vienna  observations  point  to  unusually 
heavy  falls  occurring  at  these  hours.  This  is  caused 
by  the  rains  which  accompany  the  thunderstorms  of 
these  regions.  The  following  table  gives  for  the  hours 
of  the  day  the  times  of  occurrence  of  thunderstorms  at 
Ekaterinburg  in  the  Ural  Mountains  during  the  four¬ 
teen  years  ending  1872. 

Hence  the  thunderstorms  at  this  place  have  a  diurnal 
period  as  strongly  marked  as  any  other  meteorological 
phenomena,  and  in  this  respect  Ekaterinburg  is  fairly 
representative  of  extratropical  continental  climates  dur¬ 
ing  summer.  For  the  fourteen  years  no  thunder  oc¬ 
curred  during  the  six  months  from  October  to  March. 
The  mean  of  the  six  hottest  months  shows  the  maxi¬ 
mum  to  take  place  from  3  to  4  P.M.  and  the  minimum 


from  4  to  5  a.m.,  these  being  the  times  of  occurrence 
of  the  two  minima  of  pressure.  At  this  season,  how¬ 
ever,  the  morning  minimum  pressure  is  but  faintly 
marked  in  such  climates  as  those  of  Siberia.  During 
the  twelve  hours  from  9  a.m.  to  9  p.m.,  when  the  tem¬ 
perature  is  above  the  daily  mean, '717  of  the  whole 
number  occurred,  thus  leaving  only  139  for  the  twelve 
hours  when  the  temperatue  is  below  the  daily  mean. 
The  great  majority  ot  the  thunderstorms  occur  during 
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the  part  of  the  day  when  the  ascensional  movement 
of  the  air  from  the  heated  ground  takes  place,  and 
they  attain  the  maximum  when  the  temperature  and 
this  upward  movement  are  also  at  the  maximum. 
Owing  to  the  westerly  winds  from  the  Atlantic  which 
prevail  over  Europe  and  western  Siberia  during  sum¬ 
mer,  the  maximum  rainfall  of  the  year  occurs  over  this 
extensive  region  in  this  season ;  and  the  importance 
and  significance  of  the  inquiry  into  this  element  of 
climate  lie  in  the  fact  that  the  greater  portion  of  the 
summer  rains  is  discharged  over  these  regions  by  the 
thunderstorm.  The  “Challenger”  observations  on 
the  open  sea  show  the  maximum  occurrence  of  thunder¬ 
storms  to  be  from  10  P.M.  to  8  a.m.,  22  being  observed 
during  these  ten  hours  and  10  during  the  other  four¬ 
teen  hours  of  the  day,— a  result  which  suggests  that 
over  the  ocean  terrestrial  radiation  is  more  powerful 
than  solar  radiation  in  causing  vertical  disturbances  in 
the  equilibrium  of  the  atmosphere. 

Atmospheric  vapor  and  ascending  currents  thus 
plav  an  important  part  in  the  history  of  these  thunder¬ 
storms.  Where  the  climate  is  dry  and  rainless,  like 
that  of  Jerusalem  in  summer,  thunder  is  altogether 
unknown.  On  the  other  hand,  where  during  a  par 
ticular  season  an  anticyclone  with  its  vast,  descending 
current  in  the  centre  remains  over  a  region,  as  hap¬ 
pens  over  the  centre  of  the  old  continent  during  the 
winter,  over  that  region  thunder  is  equally  unknown 
during  that  season.  Further,  in  such  places  as  Lisbon 
and  Coimbra,  where  the  summer  rainfall  is  small  and 
its  occurrence  infrequent,  thunderstorms  become  less 
frequent,  and  the  hours  of  their  occurrence  are  later 
in  the  day  than  they  are  before  and  after  the  dry  sea¬ 
son. 

The  thunderstorms  at  Mauritius  call  for  special  notice. 
There  are  two  maxima  in  the  diurnal  curve,  the  larger  from 
noon  to  4  p.m.  and  the  smaller  from  3  to  6  a.m.,  which  are 
near  the  times  of  the  barometric  minima ;  and  two  minima, 
from  9  p.m.  to  1  a.m.  and  from  8  to  10  a.m.,  these  being 
near  the  times  of  the  barometric  maxkna.  But  the  impor¬ 
tant  point  as  regards  the  thunderstorms  of  Mauritius  is  that 
for  twelve  years  none  were  recorded  in  June  and  July,  one 
only  in  August,  one  in  September,  and  three  in  October. 
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The  annual  period  of  the  thunderstorms  of  this  island  ex¬ 
tends  from  near  the  end  of  October  to  the  middle  of  May, 
or  during  the  time  of  the  greatest  rainfall,  practically  none 
occurring  during  the  rest  of  the  year.  But  rain  continues 
to  fall  during  the  four  months  of  no  thunder,  the  mean 
monthly  rainfall  being  then  about  2  inches,  falling,  how¬ 
ever,  in  September  to  1.37  inches.  During  these  four 
months,  therefore,  there  is  in  the  air  the  aqueous  vapor, 
and,  these  being  dry  months,  there  is  the  condition  of  as¬ 
cending  currents.  There  appears,  however,  to  be  then 
wanting  another  element  which  seems  essential  to  the  elec¬ 
trical  manifestations  of  the  thunderstorm,  viz.,  the  condi¬ 
tions  which  give  masses  of  descending  cold  air  along  with 
the  ascending  current  of  warm  moist  air.  During  the 
months  when  thunder  is  of  no  unusual  occurrence  the  high 
pressure  of  Asia  repeatedly  advances,  as  Dr.  Meldrum  has 


in  other  words,  the  thunderstorms  of  this  climate  are  essen¬ 
tially  winter  phenomena.  Further,  of  the  twenty-three 
hours  in  which  they  occurred,  only  three  were  at  a  time  of 
the  day  when  the  sun  was  above  the  horizon,  viz.,  twice  in 
March  and  once  in  September  ;  in  other  words,  the  thunder¬ 
storms  of  Stykkisholm  are  nocturnal  phenomena.  It  is  in¬ 
structive  to  observe  that  in  the  north  and  northwest  of 
Scotland  thunder  occurs  most  frequently  during  the  night 
and  in  winter,  whereas  in  central,  southern,  and  eastern 
districts  it  occurs  most  frequently  during  the  day  and  in 
summer, — the  thunderstorms  in  the  former  case  approxi¬ 
mating  in  type  to  those  of  Iceland  and  in  the  latter  to  those 
of  Ekaterinburg.  A  little  reflection  shows  that  in  North¬ 
western  Europe  it  is  during  winter  and  during  night  that 
warm  moist  ascending  and  cold  dry  descending  currents  are 
most  frequently  brought  into  close  proximity  during  the 


pointed  out,  close  on  Mauritius ;  and  so  frequently  is  this 
the  case  that  he  considers  the  belt  of  calms  between  the 
two  trade  winds  to  stretch  in  a  slanting  direction  from 
Madagascar  to  Ceylon.  As  long  as  this  state  of  things 
occurs  with  more  or  less  frequency,  the  conditions  of  a  de¬ 
scending  cold  current  of  large  volume  are  provided,  and 
thunderstorms  occur.  But  during  June,  July,  August, 
and  September,  when  atmospheric  pressure  is  low  in  Cen¬ 
tral  Asia,  and  there  is  an  unbroken  increase  of  pressure 
from  Asia  southwards  to  Mauritius,  and  while  Mauritius 
remains  in  the  heart  of  the  southeast  trades,  the  conditions 
of  descending  cold  currents  of  any  considerable  volume  are 
not  present,  and  thunder  is  there  unknown  at  that  season. 

Now  in  situations  which  afford  the  three  conditions  of 
aqueous  vapor,  ascending  currents,  and  descending  cold 
currents,  whilst  the  diurnal  and  annual  periods  are  quite 
distinctly  marked,  the  phenomena  are  more  uniformly  dis¬ 
tributed  through  the  hours  of  the  day  and  months  of  the 
year  than  elsewhere.  Pola  and  Fiume,  at  the  head  of  the 
Adriatic,  being  shut  in  and  encompassed  by  lofty  Alps,  are 
illustrations.  At  Fiume  the  greater  maximum  occurs  from 
11  a.m.  to  4  p.m.  and  the  smaller  from  2  to  4  A.M.,  and  the 
minima  from  10  p.m.  to  1  A.M.  and  5  to  9  a.m.  While 
during  the  twelve  hours  the  temperature  is  above  the 
mean  of  the  day  from  May  to  September  the  number  of 
the  thunderstorms  here  was  245  for  the  nine  years  ending 
1879,  the  number  during  the  twelve  hours  the  temperature 
is  under  the  mean  was  185.  The  comparatively  large  num¬ 
ber  during  the  colder  hours  of  the  night  is  no  doubt  due  to 
the  warm  moist  atmosphere  of  this  confined  sea  and  the 
close  proximity  of  the  Alps. 

There  is  still  another  set  of  conditions  favoring  the  develop¬ 
ment  of  thunderstorms  in  certain  climates  which  the  obser¬ 
vations  made  at  Stykkisholm  in  the  northwest  of  Iceland 
illustrate.  During  the  fourteen  years  ending  1879  there 
occurred  here  twenty-three  thunderstorms,  but  there  was 
only  one  in  the  six  warm  months  from  April  to  September ; 


great  Atlantic  storms  of  the  season ;  and  it  is  at  the  changes 
of  wind,  humidity,  and  temperature  accompanying  the  pas¬ 
sage  of  the  centres  of  the  cyclones  that  the  thunder-peals 
are  heard.  On  the  other  hand,  in  the  east  and  south  of 
Scotland  it  is  during  the  hot  months  of  the  year  that  these 
ascending  columns  of  warm  moist  air  and  descending 
columns  of  cold  dry  air  are  most  frequently  brought 
together,  and  there,  accordingly,  thunder  with  the  heavy 
rains  which  accompany  it  is  of  most  frequent  occurrence 
from  11  a.m.  to  5  p.m.  from  May  to  September.  These  es¬ 
sentially  different  types  of  thunderstorms  have  been  classed 
by  Mohn  as  heat  thunderstorms  and  cyclonic  thunder¬ 
storms. 

Given  an  initial  difference  of  electric  potential,  it  is 
easy  to  understand  from  the  effects  which  follow  the 
sudden  extraordinary  condensations  of  the  aqueous 
vapor  that  take  place  how  the  most  violent  thun¬ 
derstorms  are  produced.  The  difficulty  is  to  aocount 
for  the  production  of  the  initial  difference  of  electric 
potential, — how,  for  example,  in  the  same  great  aerial 
current  of  the  southwest  monsoon,  this  difference  of 
potential  is  produced  in  the  molecules  of  aqueous 
vapor  at  Calcutta  hut  not  in  the  aqueous  vapor  at  Mau¬ 
ritius.  It  is  to  the  physicist  that  meteorologists  still 
look  for  the  explanation. 

Diurnal  Period  in  the  Occurrence  of  the  Whirlwind, 
Waterspout,  Dust  Storm,  and  Tornado. — Whirlwinds, 
waterspouts,  dust  storms,  and  tornadoes  are  essentially 
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the  same,  differing  from  each  other  only  in  their  dimen¬ 
sions,  their  intensity,  or  the  degree  in  which  the 
moisture  is  condensed  into  visible  vapor,  while  the 
hailstorm  and  the  rainstorm  are  simply  the  manner 
and  degree  of  the  precipitation  accompanying  them. 
In  several  important  respects  they  differ  widely  and 
radically  from  cyclones  (see  Atmosphere,  vol.  iii. 
;  31.)  The  largest  tornadoes  are  of  so  decidedly  smaller 
imensions  when  compared  with  the  smallest  cyclones 
as  to  admit  of  no  shading  of  the  one  into  the  other. 
Cyclones  occur  at  all  hours  of  the  day  and  night, 
whereas  whirlwinds  and  tornadoes  show  a  diurnal 

g^riod  as  distinctly  marked  as  any  in  meteorology. 

inally,  cyclones  take  place  under  conditions  which  in¬ 
volve  unequal  atmospheric  pressures  or  densities  at  the 
same  heights  of  the  atmosphere,  due  to  inequalities  in 
the  geographical  .  distribution  of  temperature  and 
humidity  ;  but  whirlwinds  occur  where  for  the  time  the 
air  is  unusually  warm  and  moist,  and  where  conse¬ 
quently  temperature  and  humidity  diminish  with 
height  at  an  abnormally  rapid  rate.  Cyclones  are  thus 
phenomena  resulting  from  a  disturbance  of  the  equi¬ 
librium  of  the  atmosphere  considered  horizontally, 
but  whirlwinds  and  tornadoes  have  their  origin  in  a 
vertical  disturbance  of  atmospheric  equilibrium. 


The  atmospheric  conditions  which  appear  invariably  to  pre¬ 
cede  the  formation  of  the  tornado  are  violent  contrasts  of 
temperature  and  humidity  immediately  to  the  north  and 
south  of  the  path  to  be  traversed  by  the  storm.  It  is  highly 
interesting  to  observe  from  Fig.  5  that  the  region  of  most 
frequent  occurrence  of  tornadoes  iB  the  region  where  a  large 
number  of  the  cyclones  of  the  United  States  appear  to  origi¬ 
nate  (and  the  same  region  Loomis  has  shown  to  be  remark¬ 
able  for  violent  contrasts  of  temperature  occurring  within 
limited  spaces  and  times),  and  that,  as  appears  in  the  regions 
of  the  Alleghames,  they  decrease  in  frequency  with  height. 

Fig.  6  shows  the  waterspout  in  different  aspects.  A 
black  cloud  covers  the  sky,  from  which  a  projection  is 
let  down  in  the  form  of  an  inverted  cone,  as  at  A, 
which  continues  to  increase  and  extend  downwards.’ 
The  sea  immediately  beneath  is  soon  thrown  into  vio¬ 
lent  agitation,  showing  that  the  whirling  movement 
which  began  in  the  clouds  has  extended  to  the  sea,  and 
is  doubtless  continuous  throughout,  though  the  portion 
of  the  column  from  A  downwards  is  not  yet  made  ap¬ 
parent  by  the  condensation  of  its  contained  vapor  into 
cloud.  As  the  whirling  movement  of  the  column  be¬ 
comes  more  intensely  developed,  the  increased  rapidity 
of  the  gyrations  brings  about  increased  rarefaction  of 
the  air  within,  with  the  inevitable  result  of  increased 
condensation  of  the  vapor  into  cloud  downward.  The 


Fig.  6.— Forms  of  Waterspouts. 


Among  the  most  remarkable  of  the  tornado-swept  regions 
of  the  globe  are  certain  portions  of  the  United  States ;  and 
to  the  examination  of  these  the  meteorological  service  of 
the  States  has  given  special  attention  by  a  systematic,  care¬ 
ful,  and  minute  observation  of  the  attendant  phenomena 
and  the  destructive  effects.  The  tornadoes  of  the  last 
eighty-seven  years,  numbering  about  six  hundred,  have 
been  classed  under  the  different  States  where  they  are  re¬ 
ported  to  have  occurred,  and  Fig.  5  shows  this  relative  dis¬ 
tribution  over  the  States.  The  areas  of  greatest  frequency 
are  at  long  distances  from  each  other.  That  part  of  the 
great  basin  lying  west  of  the  Mississippi,  including  the  States 
of  Iowa,  Missouri,  Kansas,  and  Nebraska,  is  the  region  in 
which  tornadoes  are  most  frequent.  Tornadoes  occur  at  all 
seasons,  being  most  frequent,  however,  from  April  to  Sep¬ 
tember,  and  least  frequent  in  December  and  January. 

The  hour  of  occurrence  of  one  hundred  and  sixty-two  of 
the  tornadoes  is  given  in  the  official  report  as  follows : 


Midt.  to  2  a.m.  2 

2  a.m.  “  4  “  5 

4  “  “6  “  3 

6  “  “  8  “  4 


8  A.M.  to  10  A.M.  1 
10  “  “  Noon  7 

Noon  “  2  p.m.  13 
2  p.m.  “  4  “  47 


4  P.M.  to  6  P.M.  52 

6  “  “8  “  17 

8  “  “  10  “  7 

10  “  “  Midt.  4 


Thus  the  diurnal  period  of  tornadoes  is  analogous  to  the 
period  for  temperature,  wind  velocity,  and  thunderstorms. 


protrusion  of  the  cloud  and  its  extension  downwards 
are  thus  not  due  to  the  descent  of  vapor  from  the 
clouds,  but  to  the  visible  condensation  of  the  vapor  of 
the  spirally  ascending  air-currents  arising  from  an  in¬ 
creasing  rarefaction  due  solely  to  the  accelerated  rate 
of  the  gyrations,  the  condensation  being  analogous  to 
that  of  the  cloud  seen  in  exhausting  an  air- pump. 

Under  each  of  the  columns  of  Fig.  6  the  surface  of 
the  sea  is  seen  to  be  more  or  less  heaped  up,  as  well  as 
in  violent  agitation,  showing  that  atmospheric  press¬ 
ure  immediately  under  the  gyrating  columns  is  less 
than  it  is  all  round.  On  land,  when  the  tornado  passes 
directly  over  a  dwelling-house  or  other  closed  building, 
it  often  happens  that  the  whole  building,  walls  and 
roof,  is  thrown  outward  with  great  violence,  the  wreck¬ 
age  presenting  the  appearance  of  a  sudden  explosion, 
proving  that  atmospheric  pressure  outside  the  build¬ 
ing  was  instantaneously  and  largely  reduced,  and  the 
building  shattered  to.  fragments  by  the  expansion  of 
the  air  within.  It  is  in  this  way  that  the  tornado  does 
some  of  its  most  dreadful  work. 

The  wind  of  the  tornado  reaches  a  velocity  probably 
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never  equalled  in  cyclones.  During  the  Ohio  tornado 
of  February  4,  1842j  large  buildings  were  lifted  entire 
from  their  foundations,  carried  several  rods  through 
the  air,  and  then  dashed  to  pieces,  some  of  the  frag¬ 
ments  being  carried  distances  of  7  and  8  miles ;  and 
large  oaks  nearly  7  feet  in  girth  were  snapped  across 
like  reeds.  This  tornado  swept  on  its  course  at  the 
rate  of  34  miles  an  hour,  and  at  one  place  did  its  fear¬ 
ful  work  in  the  brief  space  of  a  minute.  The  tornado 
which  passed  over  Mount  Carmel  (Illinois),  June  4, 
1877,  swept  off  the  spire,  vane,  and  gilded  ball  of  the 
Methodist  church,  and  carried  it  bodily  15  miles  to 
northeastward.  The  velocity  of  the  ascending  cur¬ 
rents  which  kept  this  heavy  object  suspended  in  the 
air  for  15  or  20  miles  must  have  been  very  great. 

Of  the  tornadoes  the  progressive  courses  of  which 
were  recorded,  310  advanced  towards  N.E.,  38  towards 
S.E.  16  towards  E.N.E.,  14  towards  E.,  7  towards 
N.N.E.,  5  towards  E.S.E.,  and  3  towards S.S.E.  The 
course  is  thus  always  towards  some  easterly  direction, 
the  great  majority  neing  towards  the  northeast.  The 
velocity  of  their  onward  movement  varied  from  .12  to 
60  miles  an  hour,  the  average  being  30  miles  an  hour. 
The  time  occupied  in  passing  a  particular  spot  varied 
from  10  seconds  to  half  an  hour,  the  mean  time  being 
nearly  six  minutes  and  a  half.  The  width  of  the  path 
of  destruction  marked  with  debris  and  other  relics  of 
the  violence  of  the  tornado  varied  from  40  to  10,000 
feet,  the  average  being  362  yards.  The  direction  of 
the  whirling  movement  of  the  tornado  was  invariably 
from  right  to  left,  or  the  opposite  of  the  movement  of 
the  hands  of  a  watch,  resembling  in  this  respect  the 
vorticose  movement  of  cyclones  in  the  northern  hemi¬ 
sphere.  The  passage  of  the  tornado  cloud  is  often 
described  as  accompanied  with  remarkable  noises, 
which  observers  variously  characterize  as  terrible,  deaf¬ 
ening,  a  terrific  crash,  the  roar  of  a  thousand  trains  of 
cars,  or  the  uproarious  din  of  innumerable  pieces  of 
machinery. 

The  usual  position  of  the  gyrating  columns  of  cloud 
is  vertical ;  but  occasionally  a  curving  form  or  slanting 
direction  is  assumed.  It  is  probable  that  to  these  latter 
forms  many  stationary  or  slowly  moving  dangerous 
squalls  are  to  be  referred,  which  spring  up  with  un¬ 
expected  suddenness  in  lakes  and  arms  of  the  sea  in 
mountainous  regions. 

The  dust  storm  of  India,  Arabia,  and  Africa  is  a 
well-marked  type  of  the  whirlwiud.  Previous  to  the 
outbreak  of  a  dust  storm  the  air  is  unusually  calm  and 
sultry,  just  as  happens  in  the  case  of  the  tornado. 
The  simplest  form  of  the  dust  storm  is  that  of  a  tall 
aerial  column  of  sand  moving  onwards,  and  drawing 
into  itself,  as  it  whirls  round  in  its  course,  dust  and 
other  light  bodies  within  the  sweep  of  the  strong  air- 
currents  which  blow  along  the  surface  of  the  ground 
and  converge  vorticosely  round  the  base  of  the  column. 

A  form  commonly  seen  is  shown  in  Fig.  7,  which 
represents  several  dust  columns  grouped  together,  each 
whirling  independently  round  its  own  axis  with  incurv¬ 
ing  air-currents  at  the  base,  while  the  whole  group  of 
columns  is  borne  bodily  forward,  and  presents  striking 
aspects  as  the  forms  and  relative  positions  of  the 
columns  are  changed.  The  importance  of  the  obser¬ 
vations  made  on  dust  storms  as  leading  to  a  correct 
understanding  of  the  whirlwind  consists  in  this  that  it 
affords  conclusive  evidence  that  there  is  a  strong  inflow 
of  the  air  along  the  surface  of  the  ground  all  round 
vorticosely  towards  the  base  of  the  whirlwind,  and  that 
these  same  inflowing  air-currents  afterwards  ascend 
through  the  air  along  the  central  axis  of  the  whirlwind, 
carrying  with  them  the  evidence  of  their  ascent  in  the 
visible  solid  particles  of  dust,  sand,  and  other  light 
objects  they  whirl  up  with  them  in  their  ascending 
course. 

Owing  to  the  extreme  dryness  of  the  air-currents  in¬ 
volved  in  the  dust  storm,  the  rarefaction  generated  by 
the  rapidity  of  the  gyrations  is  insufficient  to  produce 
condensation  of  the  aqueous  vapor  in  the  interior  of 


the  column.  Quite  different,  however,  is  it  with  water¬ 
spouts  and  tornadoes,  where,  in  the  great  majority  of 
cases,  the  air  near  the  surface  before  being  drawn  into 
the  ascending  vortex  is  of  a  high  temperature  and  near 
the  point  of  saturation.  From  the  extreme  rarefaction 
to  which  these  air-currents  are  subjected,  owing  to 
their  sudden  ascent  in  a  rapidly  gyrating  column,  ex¬ 
cessive  condensation  follows,  with  an  aqueous  precipi¬ 
tation  at  times  so  astonishing  that  it  can  only  De 


Fig.  7.— Dust  Storm. 


fittingly  described  as  an  aerial  torrent  of  solid  water, 
or  an  aerial  avalanche  of  hail  and  ice. 

Certain  tracts  of  the  ocean  included  within  what 
may  be  called  permanent  anticyclones,  or  where  atmos¬ 
pheric  pressure  is  higher  than  all  round,  are  character¬ 
ized  by  an  absence  or  comparative  absence  of  rain. 
These  regions  are  also  remarkable  for  clear  skies  and 
strong  sun  heat.  Similarly  small  anticyclonic  areas 
occurring  between  or  in  the  vicinity  of  cyclones  are 
characterized  by  dry  air  and  clear  skies,  and  it  is  under 
these  conditions  that  the  strongest  sun  heat  is  felt. 
When,  as  repeatedly  happens  in  the  warmer  months  of 
the  year,  anticyclones  remain  practically  stationary  for 
some  time,  the  lowermost  strata  of  the  air  become  ab¬ 
normally  heated, — thus  bringing  about  a  vertical  dis¬ 
turbance  of  the  equilibrium  of  the  atmosphere  out  of 
which  whirlwinds  originate.  It  is  under  these  condi¬ 
tions  that  white  squalls  or  fair-weather  whirlwinds 
occur,  the  originating  cause  of  this  special  form  being 
the  great  dryness  of  the  air  due  to  its  place  in  the  anti¬ 
cyclone,  and  the  abnormally  rapid  diminution  of  tem¬ 
perature  and  humidity  with  height,  owing  to  the  strong 
insolation  through  the  clear  dry  atmosphere.  The 
clouds  accompanying  the  white  squalls  are  at  a  great 
height,  but  the  commotion  and  boiling  of  the  sea  under 
them  and  following  them  as  they  drift  onwards  show 
that  the  squalls  are  true  whirlwinds,  the  vapor  column 
of  the  waterspout  not  being  formed  solely  on  account 
of  the  extreme  dryness  of  the  air  which  ascends  the 
columns.  The  white  squall  accompanies  fine  weather, 
and  its  appearance  is  sudden,  its  duration  brief,  and  its 
destructive  power  at  times  so  dreadful  that  it  has  been 
known  to  strip  a  ship  of  every  sail  and  mast  in  a  few 
seconds,  and  leave  it  rolling,  a  helpless  log  amidst  the 
tremendous  sea  which  follows  it.  In  sailing  through 
such  regions  a  close  lookout  should  be  made,  particu¬ 
larly  when  the  weather  looks  singularly  fine,  the  skies 
beautifully  clear,  the  air  calm  or  nearly  so,  and  the 
temperature  and  moisture  of  the  air  on  board  of  the 
vessel  noticeably  high. 

Diurnal  Period  of  Hail, — The  hail  here  referred  to 
is  round,  hard,  and  compact,  and  in  the  form  of  clear 
or  granular  ice,  the  hailstones  sometimes  being  found 
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when  broken  across  to  be  composed  of  alternate  layers 
of  these  two  states  of  ice.  The  following  figures  show 
the  number  of  times  it  has  occurred  during  the  differ¬ 
ent  hours  of  the  day  at  Coimbra  during  the  last  six 
years : 

Midt.  to  2  a.m.  0  8  a.m.  to  10  a.m.  3  4  p.m.  to  6  p.m.  3 

2  a.m.  “  4  “  1  10  “  “  Noon  20  6  “  “  8  “  1 

4  “  “  6  “  2  Noon  “  2  p.m.  15  8  “  “  10  “  0 

6  “  “  8  “  12  p.m.  “  4  “  13  10  “  “  Midt.  0 


A  diurnal  period  is  thus  well  marked  at  Coimbra,  where 
forty-eight  out  of  the  fifty-nine  cases  have  occurred  from 
10  a.m.  to  4  P.M.  This  period  is  essentially  the  same 
as  those  calculated  for  a  large  number  of  places  in  rep¬ 
resentative  climates,  care  having  been  taken  to  limit 
the  inquiry  to  the  particular  hail  described  above.  The 
important  point  to  be  noticed  in  the  diurnal  period  of 
hail  is  that  the  time  of  maximum  is  about  two  hours 
earlier  than  the  maximum  period  of  thunderstorms. 
The  maximum  period  for  the  thunderstorm  is  when 
the  ascending  current  from  the  heated  land  is  at  its 
greatest  force  for  the  day ;  but  the  maximum  period 
for  hail  is  some  time  before  the  ascending  current  has 
fully  established  itself,  or  at  that  time  of  the  day  when 
the  vertical  disturbance  of  the  atmosphere  is  greatest, 
— in  other  words,  when  atmospheric  temperature  and 
Vapor  fall  with  height  at  a  much  greater  rate  than  the 
normal.  In  the  higher  latitudes  hail  falls  almost  ex¬ 
clusively  during  the  warmer  months  of  the  year.  In 
regions  where  the  summer  climate  is  practically  rain¬ 
less  no  hail  falls  ;  and  where  the  rainfall  is  small  and 
at  distant  intervals  few  cases  of  hail  occur.  Thus  at 
Coimbra,  where  little  rain  falls  in  summer,  hail  was 
recorded  as  having  fallen  only  once  in  the  six  years 
during  the  four  dry  hot  months  from  June  to  Sep¬ 
tember. 

All  hail  is  probably  connected  immediately  with 
whirlwinds,  more  or  less  developed  ;  and  it  is  when  the 
hailstorm  is  one  of  the  phenomena  attendant  on  the 
tornado  or  on  a  great  thunderstorm  that  it  assumes  its 
most  destructive  form.  The  theory  of  the  formation 
of  hail  has  been  stated  by  Ferrel  in  his  Meteorological 
Researches  for  the  use  of  the  Coast  Pilot ,  part  ii.  p. 
85.  The  vapor  carried  aloft  by  the  gyrations  of  the 
tornado  is  below  a  certain  height  condensed  into 
cloud  and  rain,  but  above  that  height  into  snow. 
Let  the  raindrops  formed  below  be  carried  up  into 
the  snow  region  by  the  powerful  ascending  currents 
of  the  tornado  and  be  kept  suspended  there  a  little 
while,  and  they  become  frozen  into  hail.  If  now  these 
be  thrown  quite  outside  the  gyrations  of  the  tor¬ 
nado,  they  fall  to  the  earth  as  a  shower  of  compact 
homogeneous  hailstones  of  clear  ice  of  ordinary  size. 
If,  however,  they  are  caught  in  the  descent  and  carried 
in  towards  the  vortex  by  the  inflowing  currents  on  all 
sides,  they  are  again  rapidly  carried  aloft  into  the 
freezing  region.  A  number  of  such  revolutions  of  as¬ 
cent  and  descent  may  be  made  before  they  fall  to  the 
earth.  While  high  up  in  the  snow  region,  the  hail¬ 
stones  receive  a  coating  of  snow  ;  but,  while  traversing 
the  region  lower  down  where  rain  yet  unfrozen  is 
carried  up,  they  receive  a  coating  of  solid  ice.  Thus 
alternate  coatings  of  snow  and  ice  are  received,  and  the 
number  of  each  sort  indicates  the  number  of  revolutions 
described  before  the  hailstones  fell  to  the  ground. 
When  the  nucleus  is  composed  of  compact  snow,  as  is 
generally  the  case,  the  hailstone  had  its  origin  high  up 
in  the  snow  region  as  a  small  ball  of  snow,  or  soft  hail 
( Graupel  in  German  and  grdsil  in  French) ;  but  when 
it  is  composed  of  clear  ice  throughout  it  was  formed  in 
the  rain  region,  carried  up  into  the  snow  region  and 
there  frozen,  and  immediately  afterwards  fell  to  the 
ground. 


Monthly,  Annual,  and  Irregularly  Recurring 
Phenomena. 


The  Temperature  of  the  Sea— Figs.  8  and  9,  repre¬ 
senting  the  distribution  of  the  temperature  of  the  sur¬ 


face  water  of  the  ocean  for  the  two  extreme  months 
February  and  August,  are  reproduced  chiefly  from 
1  he  Wind  and  Current  Charts  for  the  Pacific,  Atlantic , 
and  Indian  Oceans,  published  by  the  British  Admi¬ 
ralty  in  1872. 

In  February  (Fig.  8)  the  temperature  of  the  surface  of  the 
sea  falls  to  the  annual  minimum  over  the  northern  hemi¬ 
sphere,  and  rises  to  the  maximum  in  the  southern  hemi¬ 
sphere.  The  course  of  the  isothermals  more  closely  follows 
the  latitudes  in  the  Pacific,  Indian,  and  South  Atlantic 
Oceans ;  but  the  divergence  from  the  latitudes  is  great  and 
striking  over  the  North  Atlantic.  The  wider  and  more 
open  the  ocean  the  more  does  the  distribution  of  the  tem¬ 
perature  approach  the  normal ;  and  the  more  confined  the 
ocean  the  greater  is  the  divergence  from  the  normal.  The 
key  to  the  anomalous  distribution  of  the  temperature  of  the 
ocean  is  furnished  by  the  charts  of  the  distribution  of  atmos¬ 
pheric  pressure  and  the  prevailing  winds  of  the  globe.  So 
far  as  observation  has  gone  it  would  appear  that  the  surface 
currents  are  practically  altogether  caused  by  the  prevailing 
winds  over  the  respective  oceans,  subject  to  such  deflections 
in  their  courses  as  are  occasioned  by  the  land. 

In  the  southern  hemisphere  the  currents  on  the  west  side 
of  the  Indian  Ocean  flow  southwards  along  the  east  coast  of 
Africa,  and,  since  the  currents  here  pass  from  lower  to 
higher  latitudes,  the  temperature  along  the  whole  extent  of 
this  coast  is  raised  considerably  above  the  normal.  On  the 
other  hand,  since  the  currents  on  the  west  coast  of  Africa 
flow  from  south  to  north — in  other  words,  from  higher  to 
lower  latitudes — the  ocean  currents  which  impinge  on  this 
coast  have  a  temperature  much  under  the  normal.  The 
winds  and  currents  on  the  coasts  of  South  America  are  pre¬ 
cisely  analogous  to  those  of  Africa,  and  the  distribution  of 
the  temperature  of  the  sea  is  also  similar.  The  tempera¬ 
ture  of  the  ocean  on  the  east  coast  of  that  continent  is  for 
the  same  latitudes  everywhere  higher  than  on  the  west 
coast.  Even  in  the  smaller  continent  of  Australia  the  same 
law  holds  good. 

In  the  northern  hemisphere  a  different  distribution  of 
the  temperature  of  the  sea  is  seen  at  this  season.  In  the 
Atlantic  the  temperature  is  very  much  higher  on  the  west 
of  Europe  than  on  the  east  of  America.  On  the  east  of 
America  from  Wilmington  to  Boston  occur  the  most  rapid 
transitions  in  the  mean  temperature  of  the  ocean  anywhere 
on  the  globe,  the  temperature  falling  in  that  short  distance 
from  70°  to  30°,  whereas  on  the  eastern  side  of  the  Atlantic 
these  isothermals  pass  Cape  Yerd  Islands  and  Spitzbergen 
respectively.  In  the  winter  months  the  prevailing  winds 
of  the  east  side  of  North  America  are  northwesterly,  whilst 
in  the  central  and  eastern  portion  of  the  Atlantic  they  are 
southwesterly,  thus  pouring  along  the  east  coast  of  America 
the  icy  currents  of  the  Arctic  regions,  but  over  the  central 
Atlantic  and  along  the  western  shores  of  Europe  the  warm 
waters  of  southern  climates.  The  easterly  and  southeast¬ 
erly  winds  of  Scandinavia  in  winter  lower  the  isothermals 
along  these  coasts.  A  striking  feature  of  the  winter  iso¬ 
thermals  of  the  Atlantic  is  the  singularly  high  temperature 
along  the  centre  stretching  from  Spitzbergen  towards  the 
southwest  and  extending  in  a  modified  degree  as  far  south 
as  the  West  Indies.  In  the  Pacific  this  feature  of  the  mid¬ 
ocean  temperture  is  much  less  pronounced,  and  the  excess 
of  temperature  on  the  west  of  America  over  what  occurs  in 
the  same  latitudes  of  Eastern  Asia  is  not  so  great  as  the 
difference  observable  between  the  two  sides  of  the  Atlantic. 

The  highest  mean  temperature  in  February  (85°)  occurs 
in  the  Indian  Ocean  to  the  southwest  of  Sumatra,  and  there 
is  a  patch  the  temperature  of  which  is  84°  to  the  north  of 
Madagascar.  The  highest  means  in  the  Atlantic  are  82°  in 
the  northeast  angle  of  the  Gulf  of  Guinea,  and  81°  off  the 
northeast  coast  of  Brazil.  In  the  Pacific  the  highest  are  83° 
to  the  north  of  the  Fiji  Islands  and  81°  near  the  Marshall 
IsiBiiicIs* 

In  August  (Fig.  9)  the  southern  half  of  the  Eed  Sea  shows 
a  mean  temperature  of  90°,  being  the  highest  mean  recorded 
for  the  ocean  anywhere  at  any  season.  Patches  showing  a 
summer  mean  of  85°  occur  in  the  Chinese  Sea  to  the  east  of 
Tonquin,  in  the  Bay  of  Bengal  to  the  east  of  Southern  India, 
about  Socotra,  and  to  the  west  of  Central  America.  But 
the  most  extensive  regions  of  high  temperature  are  in  the 
west  of  the  Pacific  between  long.  165°  E.  and  the  Philippines 
northward  nearly  to  Japan  and  southward  to  New  Guinea, 
and  the  Gulf  of  Mexico  and  the  adjoining  part  of  the  At¬ 
lantic  as  far  east  as  long.  57°  W.  A  patch  of  remarkably 
low  temperature  occurs  in  the  Pacific  a  little  to  the  west  of 
Galapagos,  where  the  mean  is  only  70°,  being  10°  lower 
than  what  occurs  anywhere  else  near  the  equator  at  this 

season.  . 

The  influence  of  currents  is  strongly  expressed  m  the 

temperature  of  all  the  oceans.  In  the  south  of  Asia  the 
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monsoons  are  S.  W.,  S.,  and  S.  E.  Under  the  impulse  of 
these  monsoonal  winds  an  extensive  surface  drift  of  the 
waters  of  the  equatorial  regions  is  carried  northwards  to¬ 
wards  Southern  Asia,  and  consequently  very  high  tempera¬ 
tures  characterize  these  seas  in  summer.  It  is  instructive 
to  note  the  effect  on  the  temperature  of  the  sea  resulting 


from  the  region  of  high  atmospheric  pressure  in  the  North 
Atlantic  at  this  season.  Out  of  this  anticyclonic  region  the 
winds  blow  in  all  directions,  giving  rise  to  surface  currents 
flowing  in  the  same  directions.  Thus  to  the  west  of  Africa 
the  winds  and  currents  are  from  north  to  south  ;  and  hence 
the  temperature  of  this  part  of  the  ocean  is  abnormally  re- 


Fig.  8. — Isothermals  of  the  Surface  of  the  Sea  for  February. 


duced.  On  the  other  hand,  on  the  west  side  of  this  high- 
pressure  area,  the  prevailing  winds  and  currents  are  from 
south  to  north,  and  it  will  be  seen  that  the  temperature  of 
the  whole  of  the  region  swept  by  the  southerly  winds  is 


abnormally  raised.  On  the  north  side  of  the  area,  the  winds 
and  currents  are  westerly  as  far  as  about  long.  35°  W.,  and 
over  that  space  the  isothermals  follow  the  parallels  of  lati¬ 
tude.  Farther  to  eastward  and  northward  the  prevailing 


Fig.  9. — Isothermsfls  of  the  Surface  of  the  Sea  for  August. 


winds  become  southwesterly,  thus  propelling  northwards 
along  the  western  shores  of  Europe,  by  oceanic  surface 
drifts,  the  warmer  waters  of  southern  latitudes.  Mean¬ 
while  the  currents  of  cold  water  and  ice  drifts  from  the 
Arctic  regions  keep  the  temperature  off  America  to  the 
north  of  Newfoundland  at  a  figure  considerably  lower  than 
is  observed  in  any  other  region  in  the  same  latitudes.  In 


August  similar  relations  exist  as  in  January  between  the 
east  and  west  coasts  respectively  of  South  Africa,  South 
America,  and  Australia,  all  of  which  are  readily  explained 
by  the  charts  of  mean  atmospheric  pressure  and  the  result¬ 
ing  prevalent  winds. 

One  of  the  most  striking  facts  of  ocean  temperature  is 
that  the  temperature  of  the  Southern  Ocean  from  about  50° 
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to  60°  S.  lat.  is  practically  the  same  in  January  and  August, 
a  circumstance  due  chiefly  to  the  magnificent  icebergs  of 
that  ocean. 

The  Temperature  of  the  Land. — In  regions  where 
the  rainfall  is  distributed  through  all  the  months  of 
the  year,  and  where  snow  covers  the  ground  for  only  a 
small  part  of  the  year,  the  mean  temperature  of  the 
soil  nearly  equals  that  of  the  air.  But  when  the  year 
is  divided  into  wet  and  dry  seasons,  and  when  snow 
lies  during  a  considerable  portion  of  the  year,  the 
mean  annual  temperature  of  the  soil  may  be  above  or 
below  that  of  the  air.  The  greatest  difference  be¬ 
tween  the  temperature  of  the  soil  and  that  of  the  air 
occurs  where  the  surface  of  the  ground  is  covered 
during  several  months  with  snow.  Snow  is  a  bad 
conductor  of  heat,  and  thus  obstructs  the  free  propa¬ 
gation  of  the  cold  produced  by  radiation  downwards 
into  the  soil,  and  the  escape  of  heat  from  the  soil  into 
the  air.  In  this  way,  over  a  considerable  portion  of 
the  Russian  empire,  the  temperature  of  the  soil  is 
considerably  in  excess  of  that  of  the  air.  Thus  at  a 
place  120  miles  south  of  Archangel  the  temperature 
of  the  soil  is  10°  higher  than  that  of  the  air ;  and  at 
Semipalatinsk  it  is  9°  higher. 

The  daily  changes  of  temperature  only  affect  the 
soil  to  depths  of  about  4  feet.  The  precise  depth 
varies  with  the  degree  of  the  sun-heat  and  with  the 
nature  of  the  soil.  Similarly  the  heat  of  summer  and 
the  cold  of  winter  give  rise  to  a  larger  annual  wave  of 
heat  propagated  downwards,  the  amplitude  of  which 
diminishes  with  the  depth  till  it  ceases  to  be  per¬ 
ceptible.  Principal  Forbes  showed  from  observations 
on  the  Cal  ton  Hill,  Edinburgh,  that  the  annual  varia¬ 
tion  is  not  appreciable  lower  than  40  feet  below  the 
surface,  and  that  under  25  feet  the  change  of  tem¬ 
perature  through  the  year  is  small.  The  depth  at 
which  the  annual  variation  ceases,  or  where  the  tem¬ 
perature  remains  constant,  is  a.  variable  depending  on 
the  conductivity  and  specific  heat  of  the  soil  or  rock, 
but  particularly  on  the  difference  between  the  summer 
and  winter  temperatures.  The  rate  at  which  the  an¬ 
nual  wave  of  temperature  is  propagated  downwards  is 
so  slow  that  at  Edinburgh,  at  a  depth  of  24  feet,  the 
highest  annual  temperature  does  not  occur  till  Janu¬ 
ary  4,  and  the  lowest  till  about  July  13,  thus  reversing 
the  seasons  at  this  depth.  At  Greenwich,  at  a  depth 
of  25£  feet,  these  phases  of  the  annual  temperature 
occur  on  November  30  and  June  1. 

Professor  Everett  in  the  Report  of  the  British  Association 
for  1879  has  summarized  the  results  of  the  observations  of 
underground  temperature.  The  temperature  of  the  surface 
of  the  ground  is  not  sensibly  influenced  by  the  flow  of 
heat  from  below  upwards,  but  is  determined  by  atmos¬ 
pheric  and  astronomical  conditions.  The  temperature 
gradient  is  defined  as  the  rate  of  increase  of  the  tempera¬ 
ture  downwards,  and  it  may  be  taken  as  averaging  one 
degree  Fahrenheit  for  every  50  or  60  feet,  the  exact  rate  in 
particular  cases  being  very  variable.  Thus  the  temperature 
gradient  of  the  soil  is  about  five  times  steeper  than  the 
temperature  gradient  of  the  air.  The  temperature  gradient 
is  steepest  beneath  gorges  and  least  steep  beneath  ridges ; 
and  hence  the  underground  annual  isothermals  are  flatter 
than  the  uneven  surfaces  above  them.  This  is  the  case 
even  with  the  uppermost  isothermal  of  the  soil,  and  the 
flattening  increases  as  we  pass  downwards  until  at  a  con¬ 
siderable  depth  they  become  horizontal.  Where  the  sur¬ 
face  of  the  ground  and  the  isothermal  surfaces  beneath  it 
are  horizontal,  the  flow  of  heat  is  vertical,  and  the  same 
quantity  of  heat  flows  across  all  sections  which  lie  in  the 
same  vertical.  In  this  case  the  flow  across  a  horizontal 
area  of  unit  size  is  equal  to  the  product  of  the  temperature 
gradient  by  the  conductivity,  if  the  latter  term  be  used  in 
an  extended  sense,  so  that  it  includes  convection  by  the 
percolation  of  water,  as  well  as  conduction  proper;  and, 
hence,  in  comparing  different  strata  in  the  same  vertical, 
the  gradient  varies  in  the  inverse  ratio  of  the  conductivity. 

Since  the  effects  of  the  cold  generated  by  nocturnal  radia- 
tion  mostly  accumulate  on  the  surface  of  the  earth,  but  the 
effects  of  solar  radiation  are  spread  to  some  height  by  as- 
cending  currents  from  the  heated  ground,  it  might  be  ex¬ 
pected  that  the  annual  temperature  of  the  surface  layers  of 
the  soil  would  be  lower  than  that  of  the  air  resting  over 


them.  Observations  prove  that  such  is  the  case.  Springs 
which  have  their  sources  at  greater  depths  than  that  to 
which  the  annual  variation  penetrates  have  a  constant 
temperature  throughout  the  year,  and  if  they  do  come 
from  a  depth  considerably  greater  than  this  they  may  be 
regarded  as  giving  a  very  close  approximation  to  the  mean 
annual  temperature  of  the  place.  The  temperature  of  cel¬ 
lars  is  also  very  near  the  mean  annual  temperature  of  the 
locality ;  at  any  rate  this  temperature  may  be  secured  for 
cellars  anywhere. 

Distribution  of  Temperature  in  the  Atmosphere  — 
Of  the  larger  problems  of  meteorology,  the  distribution 
of  temperature  in  the  atmosphere  over  the  land  sur¬ 
faces  of  the  globe  was  the  first  that  received  an  ap¬ 
proximate  solution  (by  Humboldt).  But  as  regards 
the  ocean,  which  comprises  three-fourths  of  the  earth’s 
surface,  the  question  of  the  monthly  and  annual  distri¬ 
bution  of  temperature  in  the  atmosphere  over  it  can 
scarcely  yet  be  said  to  have  been  seriously  looked  at. 
The  isothermals  of  the  temperature  of  the  atmos¬ 
phere  which  cross  the  oceans  continue  still  to  be 
drawn  essentially  from  observations  made  on  the  islands 
and  along  the  coasts  of  these  oceans.  The  first  step 
towards  the  solution  of  this  vital  problem  in  climatology 
and  other  branches  of  meteorology  is  the  construction 
of  charts  of  mean  monthly  temperature  of  the  surface 
water  of  the  sea  over  all  parts  of  the  ocean  from  which 
observations  for  the  purpose  are  available.  In  prose¬ 
cuting  this  line  of  inquiry,  excellent  work  has  been 
done  by  the  Meteorological  Office  as  regards  parts  of 
the  Atlantic  between  the  tropics  and  the  ocean  to  the 
south  of  Africa,  and  also  by  the  Dutch,  French,  and 
G-erman  meteorologists.  With  such  charts  it  would 
not  be  difficult,  by  a  careful  comparison  during  the 
same  intervals  of  time  between  the  temperature  of  the 
surface  of  the  sea  and  that  of  the  air  resting  over  it, 
to  construct  monthly  charts  of  the  temperature  of  the 
atmosphere  over  the  oceans  of  the  globe. 

In  tbis  connection  the  whole  of  the  observations  of  the 
temperatures  of  the  air  and  sea  made  on  board  the  “  Chal¬ 
lenger”  have  been  examined,  and  sorted  into  one  hundred 
and  seventy-four  groups  according  to  geographical  posi¬ 
tion,  and  the  differences  entered  on  a  chart  of  the  route  of 
the  expedition.  In  the  Southern  Ocean  between  latitudes 
45°  and  60°  the  temperature  of  the  sea  was  lower  than  that 
of  the  air,  the  mean  difference  being  1.4°.  The  temperature 
of  the  air  is  here  higher  owing  to  the  prevailing  W.N.W. 
winds,  and  that  of  the  sea  lower  owing  to  the  numerous 
icebergs.  To  south  of  lat.  60°  S.  the  sea  was  nearly  2.0° 
warmer  than  the  air,  the  result  in  this  case  being  due  to 
the  open  sea,  which  keeps  up  a  higher  surface  temperature, 
and  to  an  increased  prevalence  in  these  higher  latitudes  of 
southerly  winds,  thus  lowering  the  temperature  of  the  air. 

The  period  during  which  the  temperature  of  the  sea  ex¬ 
ceeded  that  of  the  air  was  from  June,  1874,  to  March,  1875, 
or  during  that  part  of  the  cruise  from  Sydney  to  New 
Zealand,  and  through  the  East  India  Islands  to  Hong 
Kong,  and  thence  to  the  Admiralty  Islands.  During  the 
whole  of  this  time,  except  when  passing  the  north  of  Aus¬ 
tralia,  the  sea  was  much  warmer  than  the  air,  the  general 
excess  being  from  2°  to  3°,  rising  even  near  Tongatabu  to 
upwards  of  4°.  The  climate  of  the  southern  part  of  this 
extensive  region  at  the  seasons  visited  has  a  large  rainfall, 
much  cloud,  and  consequently  a  comparatively  small  evap. 
oration  and  sunshine.  In  June,  when  the  “  Challenger  ” 
passed  the  north  of  Australia,  the  climate  was  very  dry, 
the  sunshine  strong,  and  the  evaporation  large,  and  there 
the  sea  was  slightly  colder  than  the  air.  In  the  Atlantic 
between  lat.  20°  N.  and  20°  S.  the  sea  was  everywhere 
warmer,  the  mean  excess  being  about  a  degree ;  and  in  the 
Pacific  between  lat.  30°  N.  and  30°  S.  the  sea  was  also 
warmer,  the  mean  excess  being  a  degree  and  a  half. 

On  the  other  hand,  in  the  Atlantic  from  lat.  40°  to  20°  N. 
the  sea  was,  on  the  mean,  half  a  degree  colder  than  the  air. 
This  region  is  remarkable  for  the  high  pressure  which  over¬ 
spreads  it,  for  the  winds  and  currents  which  flow  out  in  all 
directions,  for  its  clear  skies,  strong  sunshine,  and  conse¬ 
quently  large  evaporation,  by  which  the  temperature  of  the 
surface  of  the  sea  is  lowered,  and  that  of  the  air  resting  on 
it,  being  open  to  the  heating  influence  of  the  sun,  is  raised. 
Similarly  in  the  North  Pacific  from  lat.  40°  to  30°  the  tem¬ 
perature  of  the  surface  of  the  sea  was  half  a  degree  lower 
than  that  of  the  air. 

These  remarks  apply  only  to  the  observations  made 
strictly  on  the  open  sea.  Near  land  very  great  differences 
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were  observed  which  varied  with  season.  Thus  at  Hong 
Kong  during  the  latter  half  of  November,  1874,  the  sea  was 
3.7°  warmer  than  the  air,  the  low  temperature  of  the  air  at 
this  season  being  caused  by  the  lower  temperature  of  the 
land,  and  the  northerly  winds  which  then  prevail ;  on  the 
other  hand,  at  Valparaiso  in  November  and  December  of  the 
following  year  the  sea  was  5.8°  colder  than  the  ah'  during 
the  three  weeks  the  “  Challenger  ”  was  there,  the  difference 
being  due  to  the  cold  oceanic  current  which  sweeps  north¬ 
wards  past  that  coast,  and  the  rapid  increase  in  the  tem¬ 
perature  of  the  air  at  that  time  of  the  year.  These  results 
will  help  us  in  gaining  some  knowledge  of  the  tempera¬ 
ture  of  the  air  over  the  oceans  of  the  globe  in  February  and 
August,  taken  in  connection  with  a  careful  examination  of 
the  sea  temperature  of  these  months  represented  in  Figs.  8 
and  9. 

The  distribution  of  temperature  over  the  surface  of 
the  globe  is  shown  by  Figs.  10  and  11,  which  represent 
the  temperature  of  the  two  extreme  months  January 
and  July  for  the  eleven  years  1870  to  1880.  The 
region  of  highest  temperature,  which  may  be  regarded 
as  comprised  between  the  north  and  south  isothermals 
of  80°,  forms  an  irregularly  shaped  zone,  lying  in 
tropical  and  partly  in  subtropical  countries.  On  each 
side  of  this  warm  zone  the  temperature  diminishes 
towards  the  poles,  and  the  lines  snowing  successively 
the  gradual  lowering  of  the  temperature  are,  roughly 


speaking,  arranged  parallel  to  the  equator,  thus  show¬ 
ing  in  an  unmistakable  manner  the  predominating 
influence  of  the  sun  as  the  source  of  terrestrial  heat. 
While  this  decrease  of  temperature  corresponds  in  a 
general  way  to  what  may  be  called  the  solar  climate, 
there  are  great  deviations  brought  about  by  disturbing 
causes. 

Among  these  disturbing  causes  the  unequal  distri¬ 
bution  of  land  and  water  holds  a  prominent  place.  In 
January  the  earth  presents  to  the  perpendicular  rays 
of  the  sun  the  most  uniform  surface,  or  the  largest 
water  surface,  and  in  July  the  most  diversified  surface, 
or  the  greatest  extent  of  land.  Hence  the  zone  of  the 
earth’s  surface  comprised  between  the  isothermals  of 
80°  is  less  irregular,  and  also  spreads  over  an  area  more 
restricted,  in  January  than  in  July.  In  July  the  areas 
inclosed  by  the  isothermals  of  80°  and  90°  are  much 
larger  in  the  Old  World  than  in  the  New,  it  being  the 
former  which  presents  the  larger  land  surface  to  the 
perpendicular  rays  of  the  sun ;  and  in  January,  the 
summer  of  the  southern  hemisphere,  the  most  exten¬ 
sive  area  of  high  temperature  occurs  in  Africa  and  the 
least  in  Australia,  the  high -temperature  area  of  South 
America  being  intermediate.  In  contrast  to  this  the 
belt  of  temperature  exceeding  80°  is  of  least'  breadth 
where  it  crosses  the  Pacific  and  Atlantic  Oceans,  the 


Fig.  10.— January  Isothermals  of  the  Surface  of  the  Globe. 


absolute  minimum  breadth  being  in  July  in  the  Pacific, 
the  largest  ocean,  where  the  disturbing  influence  of 
the  land  is  least. 

During  the  cold  months  of  the  year,  when  the  sun’s 
heat  is  least  and  the  effects  of  terrestrial  radiation 
attain  the  maximum,  the  greatest  cold  is  over  the 
largest  land  surfaces  which  slant  most  to  the  sun. 
Thus  the  lowest  mean  temperature  that  occurs  any¬ 
where  or  at  any  season  on  the  globe  is  — 55.8°  at  Wer- 
chojansk  flat  67°  34'  N.,  long.  133°  bV  E.)  in  North¬ 
eastern  Siberia.  In  Arctic  America  the  lowest 
isothermal  is  — 40.0°.  During  the  winter  the  ocean 
everywhere  maintains  a  higher  temperature  in  all 
regions  open  to  its  influence,  as  is  seen,  not  only  in  the 
higher  latitudes  to  which  the  isothermals  push  their 
way  as  they  cross  the  Atlantic  and  Pacific,  but  also 
in  their  irregular  courses  over  and  near  the  Mediter¬ 
ranean,  Black,  Caspian,  and  Baltic  Seas,  Hudson’s 


Bay,  the  mouth  of  the  St.  Lawrence,  the  American 
lakes,  and  all  other  large  sheets  of  salt  and  fresh  water. 
The  disturbing  influence _of  sheets  of  water  on  the  tem¬ 
perature  in  all  seasons  is  very  strikingly  shown  when 
the  isothermals  are  drawn  for  every  degree,  these 
marking  out  the  prominent  features  of  local  climates, 
a  knowledge  of  which  is  of  so  great  importance  to  the 
agriculturist,  the  horticulturist,  and  the  invalid.  Figs. 
12  and  13  represent  charts  of  temperature  of  this  de¬ 
scription  for  the  British  Islands  for  1870-1880  from 
the  Jour,  of  Scot.  Meteor.  Soc.,  vol.  vi.  In  the 
winter  of  the  southern  hemisphere  the  depressing  in¬ 
fluence  of  the  land  on  the  temperature  is  but  slightly 
felt,  owing  to  the  small  extent  of  the  land  surfaces  and 
the  comparatively  low  latitudes  to  which  they  extend 
southwards.  In  the  southeast  of  Australia  and  in  the 
basin  of  the  La  Plata,  a  lower  temperature  prevails  in 
the  interior. 
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Another  prominent  disturbing  cause  operating  on 
the  mean  temperature  is  to  be  found  in  the  seasonal 
areas  of  low  and  high  mean  pressure  in  their  connec¬ 


tion  with  the  prevailing  winds.  Of  these  the  most 
marked  is  the  system  of  low  pressure  about  Iceland 
during  the  winter  months  (see  Fig.  14).  Since  this 


Fig.  11.— July  Isothermals  of  the  Surface  of  the  Globe. 


region  of  low  pressure  gives  to  Western  Europe  its 
prevailing  southwest  and  south  winds,  and  to  North 


America  its  northwest  winds  in  winter,  it  is  plain  that 
the  temperature  of  Western  Europe  is  thereby  abnor- 


Fig.  12.— Mean  Temperature  of  the  British  Inlands  in  January. 


Fig.  13.— Mean  Temperature  of  the  British  Islands  in  July. 

mally  raised  by  the  simple  fact  of  its  prevailing  winds 
coming  from  the  ocean  and  from  lower  latitudes,  and 
that  the  temperature  of  North  America  is  abnormally 
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lowered  by  its  prevailing  winds  coming  from  the  Arctic 
regions  and  from  land.  The  opposite  action  of  these 
two  winds,  which  are  part  and  parcel  of  the  same 
atmospheric  disturbance  about  Iceland,  is  shown  from 
the  fact  that,  while  the  mean  temperature  of  the  south 
coast  of  Hudson’s  Bay  in  January  is  — 20°,  in  the  same 
latitude  in  the  Atlantic  to  the  west  of  Scotland  it  is  as 
high  as  44°,  or  64°  higher.  A  similar  though  less 
striking  result  accompanies  the  low-pressure  area  in 
the  north  of  the  Pacific  in  winter. 

Another  area  of  low  mean  pressure  which  power¬ 
fully  affects  the  temperature  is  the  low  barometer 
which  overspreads  the  interior  of  Asia  during  the 
summer  months  (see  Fig.  17).  Since  from  this  disposi¬ 
tion  of  the  pressure  the  prevailing  winds  of  Europe 
and  Western  Asia  are  northwest  and  west,  and  over 
Eastern  Asia  southeast  and  east,  it  follows  that  the 
temperature  is  abnormally  raised  on  the  eastern  side 
and  depressed  on  the  western  side  of  the  continent  by 
the  direction  from  which  they  severally  receive  their 
prevailing  winds.  This  is  well  shown  by  the  course 
of  the  summer  isothermals  of  80°,  70°,  60°,  and  50° 
across  the  Old  Continent. 

Since  the  strongest  insolation  occurs  where  the  air 
is  driest,  the  hottest  summer  climates  are  met  with  in 
those  tropical  and  subtropical  regions  where  no  rain 
falls.  The  most  extensive  of  the  rainless  regions  dur¬ 
ing  the  summer  months  is  perhaps  that  which  extends 
from  the  Punjab  westwards  through  Persia,  Arabia, 
and  North  Africa  to  Spain.  This  is  the  region  where 
the  hottest  climates  of  the  globe  are  to  be  encountered. 
Similarly  no  rain  falls  at  this  time  of  the  year  in  Lower 
California  and  the  States  adjoining,  and  this  feature 
of  the  climate,  taken  in  connection  with  the  relatively 
low  temperature  of  the  coast  due  to  the  winds  and 
ocean  cuiTents  from  the  north  which  sweep  past  it, 
results  in  sharp  contrasts  of  temperature  within  short 
distances  such  as  have  no  parallel  in  any  other  climate. 

Of  the  areas  of  seasonal  high  mean  pressure,  the 
high  barometer  of  Central  Asia  in  winter  stands  out  in 
characteristic  prominence  (see  Fig.  14).  Now,  since 
the  prevailing  winds  which  necessarily  form  a  part  of 
this  feature  are  south  and  southwest  over  Russia  and 
Western  Siberia,  the  temperature  of  these  inland 
regions  is  considerably  higher  than  would  otherwise  be 
the  case.  On  the  other  hand,  since  the  prevailing 
winds  are  northwest  in  Eastern  Asia,  the  temperature 
of  these  regions  is  thereby  abnormally  depressed.  It 
is  this  consideration  chiefly  which  explains  how  it  is 
that,  while  the  mean  January  temperature  in  latitude 
60°  and  longitude  120°  E.  is  *—30°,  in  the  same  latitude 
but  in  longitude  43°  E.  the  mean  temperature  is  10°, 
or  40°  higher*  even  though  both  regions  are  equally 
continental  in  their  character. 

The  t  high  mean  pressure  in  the  summer  in  the 
Atlantic  between  Africa  and  the  United.  States  has 
with  its  system  of  winds  the  most  decided  influence  in 
bringing  about  the  abnormal  distribution  of  the  tempera¬ 
ture  of  that  and  adjoining  regions.  Since  on  its  west 
side  the  prevailing  winds  are  necessarily  southerly, 
the  temperature  of  that  region  is  abnormally  raised, 
and,  on  the  other  hand,  since  on  its  east  side  the  winds 
are  northerly  the  temperature  of  the  region  is  abnor¬ 
mally  depressed.  The  result  of  these  two  opposite 
winds  is  seen  in  the  slanting  direction  of  the  isothermal 
of  80°  across  the  Atlantic,,  which  slanting  direction  is 
continued  far  into  the  interior  of  North  America  for 
the  reasons  already  stated. 

These  important  bearings  of  cyclonic  and  anti- 
cyclonic  areas  on  temperature  and  climate  may  be  thus 
summarized.  The  temperature  is  abnormally  raised 
on  the  east  sides  of  cyclonic  areas,  and  abnormally  de¬ 
pressed  on  the  west  sides ;  but,  on  the  other  hand, 
temperature  is  abnormally  raised  on  the  west  sides  of 
anticyclonic  areas  and.  depressed  on  their  east  sides. 
In  the  southern  hemisphere  these  directions  are  re¬ 
versed. 

Another  set  of  influences,  powerfully  affecting  the 


temperature,  come  into  play  where  the  surface  of  the 
laud  rises  above  the  sea  into  elevated  plateaus,  lofty 
peaks,  or  mountain  ranges.  Thus  it  has  Deen  observed 
on  Ben  Nevis  and  other  mountains  that  the  wind  during 
the  day  in  summer  exhibits  an  ascensional  tendency  due 
to  the  circumstance  that  the  temperature  of  the  surface 
of  the  mountain  is  heated  in  a  much  greater  degree 
than  the  air  strata  at  the  same  levels  all  around  it.  An 
ascensional  current  consequently  rises  from  the  moun¬ 
tain,  which  is  maintained  at  a  steadily  stronger  rate 
than  at  lower  levels,  because  the  drain  from  the  up¬ 
draught  is  easily  supplied  from  the  free  surrounding 
atmosphere.  It  is  the  strong  insolation  at  high  eleva¬ 
tions  in  the  summer  months  which  explains  the  exces¬ 
sively  high  day- temperatures  encountered  in  the  Rocky 
Mountains ;  and  from  the  same  conditions,  viz. ,  the 
rarity  and  purity  of  the  atmosphere,  by  which  terres¬ 
trial  radiation  is  but  little  checked,  come  the  low  tem¬ 
peratures  of  the  nights  of  these  climates  in  the  same 
season.  From  this  cause  it  follows  that  the  elevated 
lands  in  the  interior  of  continents  tend  to  reduce  mean 
atmospheric  pressure  in  summer  to  a  greater  extent 
than  would  otherwise  be  the  case.  In  winter,  on  the 
other  hand,  the  temperature  of  elevated  regions  in  the 
interior  of  continents  is  very  much  colder  than  that  of 
the  surrounding  atmosphere  at  the  same  heights,  be¬ 
cause  in  such  regions  the  air  is  exceedingly  dry  and 
rare,  and  consequently  radiation  to  the  cold  regions  of 
space  but  little  checked.  Hence  down  the  slopes  of 
these  high  lands  there  are  poured  in  all  directions  de¬ 
scending  currents  of  very  cold  air,  which  intensify  the 
rigors  of  the  winters  experienced  on  the  low  lands 
round  their  base,  where  accordingly  the  lowest  mean 
winter  temperatures  occur.  These  elevated  lands  thus 
materially  add  to  the  high  atmospheric  pressure  of  the 
interior  of  continents  during  the  cold  months  of  the 
year. 

But  it  is  ocean  streams  and  ocean  currents  which 
produce  the  greatest  abnormalities  in  the  distribution 
of  the  temperature  of  the  air,  and  a  glance  at  Figs.  10 
and  11  will  show  that  it  is  in  the  North  Atlantic  where 
this  cause  is  most  strikingly  seen.  The  increase  thus 
accruing  to  the  winter  temperature  is  greatest  about 
the  north  of  Norway..  It  is  also  very  great  in  the 
British  Islands ;  thus,  if  no  more  heat  were  received 
than  is  due  to  their  position  on  the  globe  in  respect 
of  latitude,  the  mean  winter  temperature  of  Shetland 
would  be  3°  and  that  of  London  17°.  But  mainly 
owing  to  the  heat  given  out  by  the  Gulf  Stream  and 
other  warm  currents  of  the  Atlantic  their  mean  winter 
temperatures  are  respectively  about  39.5°  and  39°, 
Shetland  being  thus  benefited  36.5°  and  London  .22°. 
The  chart  of  the  winter  temperature  of  the  British 
Islands  well  illustrates  the  influence  of  the  surround¬ 
ing  ocean  in  maintaining  a  higher  temperature.  It 
will  be  seen  that  the  southwest  of  Ireland  is  7°  warmer 
than  the  east  coast  of  England  in  the  same  latitudes. 
The  strong  drift  current  from  near  Behring’s  Strait 
southward  along  the  coast  of  America  has  a  powerful 
influence,  particularly  in  lowering  the  summer  tem¬ 
perature  of.  that  coast, — thus  bringing  about,  in  con¬ 
junction  with  the  dry  rainless  climate  of  the  interior, 
what  are  perhaps  the  most  violently  contrasted 
climates,  within  narrow  limits,  as  regards  their  tem¬ 
perature.  The  deflections  of  the  iso  thermals  near  the 
Baltic,  Mediterranean,  Black,  and  Caspian  Seas  and 
the  freshwater  lakes  of  America  all  point  to  the  dis¬ 
turbing  influence  of  these  sheets  of  water  on  the  tem¬ 
perature.  . 

The  height  and  direction  of  mountain  ranges  is  an 
important  element  in  determining  climate.  If  the 
ranges  are  perpendicular  to  the  prevailing  winds  and 
of  a  considerable  height,  they  drain  the  winds  of  much 
of  their  moisture,  thus  causing  to  places  to  leeward 
colder  winters  and  hotter  summers,  by  partially  re¬ 
moving  their  protecting  screen  of  vapor,  and  exposing 
them  more  completely  to  solar  and  terrestrial  radiation. 
Of  this  Norway  and  Sweden  and  the  British  Islands 
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form  excellent  illustrations.  It  is  this  that  makes  the 
most  important  distinctions  among  climates  in  regions 
near  each  other,  as  respects  both  animal  and  vegetable 
life.  With  regard  to  the  decrease  of  temperature  with 
height,  very  much  yet  remains  to  be  done  before  an 
approximation  to  the  law  of  decrease  can  be  stated. 
During  the  five  months  observations  were  made  on 
Ben  Nevis  in  the  summer  of  1881  the  difference  be¬ 
tween  the  mean  temperature  at  sea-level  adjoining  and 
at  the  top  of  the  Ben,  4406  feet  above  the  sea,  was 
15.7°,  which  shows  a  mean  decrease  of  1°  Fahr.  for 
every  280  feet  of  elevation.  The  actual  differences 
from  day  to  day  varied  from  1.4°  to  23.2°.  As  Ben 
Nevis  forms  a  peak,  and  is  in  the  very  middle  of  the 
strong  winds  from  the  Atlantic,  it  is  highly  probable 
that  this  rate  of  decrease  is  a  close  approximation  to 
the  true  decrease  of  the  temperature  of  the  air  during 
the  summer  months  in  that  part  of  the  British  Islands. 
When  observations  are  made  on  elevated  plateaus  of 
some  extent,  the  rate  of  decrease  deduced  from  the 
observations  will  be  less  than  the  true  rate  in  the  free 
atmosphere  in  summer  and  greater  in  winter.  The 
rate  is  thus  a  variable  quantity,  varying  with  latitude, 
situation,  dampness  or  dryness  of  the  air,  calm  or 
windy  weather,  and  particularly  with  the  season  of  the 
year.  One  degree  Fahrenheit  for  every  300  feet  is  the 
rate  of  decrease  generally  assumed. 

Amount  of  Aqueous  Vapor. — It  is  scarcely  possible 
to  overestimate  the  importance  of  a  knowledge  of  the 
horizontal  and  vertical  distribution  in  the  atmosphere 
of  its  aqueous  vapor,  for  it  may  be  truly  said  that  it 
forms  one  of  the  prime  factors  in  all  the  larger  prob¬ 
lems  of  atmospheric  physics.  A  first  rough  approxi¬ 
mation  to  the  geographical  distribution  of  the  vapor 
of  the  atmosphere  was  published  by  Mohn  in  1875  in 
his  Grundzuge  der  Meteorologie,  p.  84,  in  which  vapor- 
pressure  curves  are  drawn  for  the  globe  for  January 
and  J uly.  These  leave  much  still  to  be  done,  not  only 
in  a  further  discussion  of  observations  already  made, 
but  also  in  improvement  of  the  methods  of  observation 
and  in  the  tables  for  their  reduction.  The  chief  point 
of  interest  in  Mohn’s  vapor  curves  is  their  striking 
resemblance  to  the  isothermals  of  the  same  months, 
and  they  also  suggest  that  this  line  of  inquiry  is  yet 
destined  to  make  large  contributions  to  our  knowledge 
of  the  unceasing  changes  which  occur  in  the  pressure, 
temperature,  cloud,  rain,  and  movements  of  the  at¬ 
mosphere. 

Still  less  is  known  of  the  vertical  distribution  of 
aqueous  vapor.  It  decreases,  like  temperature,  with 
the  height,  and  if  the  statement  generally  made  be  at 
all  correct,  that  half  of  the  whole  vapor  of  the  atmos¬ 
phere  is  contained  in  the  lowest  6000  feet,  and  that 
at  20,000  feet  high  there  is  only  about  a  tenth  of  what 
is  at  the  earth’s  surface,  the  rate  of  decrease  with 
height  proceeds  at  a  greatly  more  rapid  rate  than  is 
consistent  with  the  supposition  that  it  forms  an  inde¬ 
pendent  vapor  atmosphere  existing  under  its  own  pres¬ 
sure.  The  establishment  of  an  increased,  number  of 
high-level  stations,  and  a  more  systematic  inquiry  than 
has  yet  been  attempted  into  the  upper  currents  of  the 
atmosphere,  are  much  needed  in  the  further  develop¬ 
ment  of  this  branch  of  meteorology.  In  carrying  out 
the  inquiry,  invaluable  assistance  will  be  obtained  from 
observations  of  the  diurnal  range  of  the  barometer 
and  from  well-devised  methods  of  observing  the  effects 
of  solar  radiation  at  the  earth’s  surface. 

Amount  of  Cloud. — In  Scotland,  which  lies  com¬ 
pletely  within  the  region  swept  by  the  southwesterly 
winds  from  the  Atlantic,  and  presents  a  well-defined 
mountain  range  lying  across  the  track  of  these  winds, 
the  clouds  have  a  distinct  annual  period.  In  the  west, 
at  places  quite  open  to  these  westerly  breezes,  the 
amounts  of  cloud  in  spring,  summer,  autumn,  and 
winter  are  respectively  67,  69,  71,  and  74,  and  the 
annual  mean  70. 1  In  the  east,  in  such  districts  as  East 

1  In  this  section  the  amount  of  cloud  is  stated  in  percentages 
of  the  sky  covered  with  cloud. 


and  Mid  Lothian,  which  have  extensive  ranges  of  hills 
between  them  and  the  Atlantic,  the  proportions  are 
59,  63,  62,  and  60,  and  the  annual  mean  61.  Thus 
about  a  tenth  more  of  the  sky  is  covered  with  cloud  at 
the  western  as  compared  with  the  eastern  situations, 
and  the  distribution  of  cloud  differs  materially  in  west- 
ern  and  eastern  climates.  In  the  west,  winter  is  the 
cloudiest  season,,  but  in  the  east  it  is  summer,  and 
these  are  respectively  the  months  when  most  rain  falls 
in  the  several  climates.  Everywhere  spring  is  the 
season  when  the  sky  is  clearest.  In  England,  owing 
to  the  protection  afforded  by  Ireland  and  Wales  to  the 
west  and  the  comparative  absence  of  ranges  of  hills, 
the  amount  of  cloud  is  less  than  in  Scotland,  and  it  is 
more  equally  distributed  over  the  country.  The  min¬ 
imum  amount  occurs  in  spring,  and  the  maximum  in 
winter  and  autumn. 

Some  of  the  best  illustrations  of  the  seasonal  variation  in 
the  distribution  of  cloud  are  afforded  by  the  Old  Continent. 
These  variations  are  the  simple  consequence  of  the  systems 
of  wind  caused  by  the  high  winter  and  low  summer  pressures 
of  that  continent.  In  Eastern  Siberia  the  prevailing  winds 
in  winter  are  N.W.  or  continental,  and  in  summer  S.E.  or 
oceanic;  and  accordingly  at  Ajan,  Nertchinsk,  and  Blago- 
weshtchensk  the  mean  amounts  of  cloud  in  these  two  seasons 
are  18  and  44.  On  the  other  hand  in  Western  Siberia  and 
Eastern  Europe  the  prevailing  winds  in  winter  are  S.W.,  or 
from  lower  to  higher  latitudes,  and  in  summer  N.W.,  or 
from  higher  to  lower  latitudes.  Kazan  may  be  taken  as 
fairly  representing  this  extensive  region,  and  there  the 
amounts  of  cloud  for  the  four  seasons  beginning  with  winter 
are  71,  48,  44,  and  62.  As  the  N.W.  winds  of  summer  rise 
over  the  Ural  mountains  in  their  course,  condensation  of  the 
aqueous  vapor  is  increased,  and  hence  over  this  region  the 
cloud  in  winter  and  summer  is  nearly  the  same,  the  mean 
amounts  at  Bogoslovsk,  Ekaterinburg,  and  Zlatoust  being 
respectively  53  and  52.  At  Tiflis  and  Kutais,  situated  on 
the  high  ground  which  lies  between  the  Black  Sea  and  the 
south  of  the  Caspian  Sea,  the  means  for  winter  and  summer 
are  53  and  55.  On  the  eastern  coast  of  the  Black  Sea  the 
westerly  winds  of  summer  are  accompanied  with  the  annual 
maximum  cloud,  the  winter  and  summer  amounts  at  Redut- 
Kale  being  59  and  69.  In  Central  Siberia,  to  which  the  S.W. 
winds  of  winter  do  not  extend,  and  to  the  north  of  latitude 
55°,  the  amount  of  cloud  is  much  diminished,  and  the  cloud¬ 
iness  of  summer  is  nearly  the  same  as  that  of  winter. 

In  India,  in  all  regions  which  lie  open  to  the  summer 
monsoon,  the  minimum  amount  of  cloud  occurs  during  the 
winter  and  the  maximum  in  summer, — the  mean  amounts 
being  19  and  74  at  Calcutta,  16  and  86  at  Bombay,  48  and  71 
at  Colombo,  and  25  and  90  at  Rangoon.  At  Trincomalee,  on 
the  east  coast  of  Ceylon,  and  thus  exposed  to  the  rains  of 
the  N.E.  monsoon  of  winter,  and  largely  protected  from  the 
rains  of  the  S.W.  monsoon  of  summer,  the  amounts  of  cloud 
in  these  seasons  are  52 and  59.  At  Darjiling  (6912  feet)  and 
Chakrata  (7022  feet  high),  both  on  the  Himalayas,  whither 
the  summer  monsoon  penetrates,  the  mean  amounts  are  re¬ 
spectively  53  and  86,  and  43  and  73.  At  Leh,  in  Kashmir, 
the  amounts  are  59  and  51,  the  excess  being  thus  in  winter. 
In  the  Punjab  and  to  westwards,  or  those  regions  in  Southern 
Asia  to  which  the  summer  monsoon  does  not  extend,  the 
cloud  in  winter  is  everywhere  greater  than  in  summer. 
Thus  the  amounts  are  24  and  18  at  Mooltan,  38  and  25  at 
Peshawar,  27  and  19  at  Jacobabad,  and  at  Quetta,  in  Balu¬ 
chistan,  5500  feet  high,  42  and  14.  Similar  relations  as  to 
cloud  obtain  in  Australia  and  the  other  continents  where 
high  pressures  rule  in  the  interior  during  the  cold  months 
and  low  pressures  during  the  warm  months  of  the  year. 
The  maximum  cloud  occurs  with  winds  from  the  sea  and 
winds  advancing  into  the  colder  regions  of  higher  latitudes, 
and  the  minimum  with  winds  which  have  traversed  an  ex¬ 
tensive  track  of  land  and  winds  advancing  into  the  warmer 
regions  of  lower  latitudes.  As  the  subj  ect,  however,  is  essen¬ 
tially  one  with  rainfall,  it  is  not  necessary  to  prosecute  it 
further. 

The  other  atmospheric  movements  on  which  the 
amount  of  cloud  depends  are  the  ascending  and  de¬ 
scending  currents  of  the  atmosphere,— the  ascending 
currents  with  clouded  skies  occurring  in  the  belt  of 
calms  and  over  cyclonic  areas  and  regions,  and  the 
descending  currents  with  comparatively  clear  skies  over 
anticyclomc  regions.  The  region  of  maximum  vapor 
and  densest  cloud-screen  on  the  globe  is  the  equatorial 
belt  of  calms  between  the  trades,  which  has  an  annual 
movement  northward  and  southward  with  the  sun  as 
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already  explained.  To  ascensional  movements  is  to  be 
ascribed  part  of  the  cloudiness  of  the  southern  and 
eastern  sides  of  the  winter  cyclonic  regions  of  the 
North  Atlantic  and  North  Pacific,  and  of  the  cyclonic 
regions  of  low  summer  pressure  in  the  interior  of  Asia 
and  other  continents.  On  the  other  hand  the  com¬ 
paratively  small  amount  of  cloud  in  the  anticyclonic 
regions  of  the  Atlantic  and  Pacific  Oceans,  and  in  the 
high-pressure  regions  of  the  interior  of  Asia  and  other 
continents  during  the  cold  months  of  the  year,  is  due 
to  the  vast  down-currents  which  occupy  the  centres 
of  the  anticyclones,  and  which  become  relatively  drier 
as  they  descend  owing  to  the  increasing  pressure  to 
which  the  air  is  subjected. 

Distribution  of  Atmospheric  Pressure. — The  impor¬ 
tance  of  a  knowledge  of  the  distribution  of  atmospheric 
pressure,  or  of  the  mass  of  the  atmosphere,  over  the 
globe  in  its  varying  amounts  from  month  to  month  is 
self-evident.  Observations  teach  us  that  winds  are 
simply  the  movements  of  the  atmosphere  that  set  in 
from  where  there  is  a  surplus  towards  where  there  is 
a  deficiency  of  air ;  and  observations  also  teach  that 
isobaric  maps  [i.  e.,  maps  showing  the  relative  distri¬ 
bution  of  mean  pressure)  and  maps  showing  the  pre¬ 


vailing  winds  are  in  accordance  with  each  other.  Since 
prevailing  winds  to  a  large  extent  determine  the  tem- 
erature  and  rainfall  of  the  regions  they  traverse,  iso- 
aric  maps  may  be  considered  as  furnishing  the  key  to 
the  more  important  questions  of  meteorological  in¬ 
quiry.  At  the  time  of  the  first  publication  of  isobaric 
maps  of  the  globe  in  1868,  it  was  impossible  to  do 
more  than  present  the  subject  in  its  broad  general 
features,  owing  to  the  scantiness  and  quality  of  the 
materials  then  existing.  But  since  then  meteorological 
stations  have  been  largely  multiplied  in  all  parts  of  the 
civilized  world,  and  the  general  adoption  of  the  issue 
of  storm  warnings  has  necessitated  the  use  of  more 
accurate  barometers  and  uniform  methods  of  observ¬ 
ing.  Since  there  is  thus  now  the  means  of  a  more 
exact  representation  of  this  fundamental  datum  of 
meteorology,  we  have  prepared  a  new  set  of  isobaric 
maps,  showing  the  distribution  of  the  earth’s  at¬ 
mosphere  and  the  prevailing  winds  for  January  (Fig. 
14),  July  (Fig.  17),  and  the  year.  They  have  been 
constructed  from  mean  values  calculated  for  the 
same  eleven  years  (1870-80  inclusive)  a3  the  iso¬ 
thermal  maps  Figs.  10  to  13,  pressure  of  30.0  inches 
and  upwards  being  represented  by  solid  lines,  and 
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of  29.9  inches  and  under  by  dotted  lines,  while  tbe 
arrows  show  the  directions  of  the  prevailing  winds 
at  the  localities  indicated  by  the  respective  arrow- 
points. 

Mean  Atmospheric  Pressure  in  January  (Fig.  14). — In  this 
month,  when  the  influence  of  the  sun  on  the  northern 
hemisphere  falls  to  the  minimum,  the  greatest  pressures 
are  massed  over  the  continents  of  that  hemisphere,  and  the 
least  pressures  over  the  northern  parts  of  the  Atlantic  and 
Pacific  Oceans,  over  the  Antarctic  Ocean  and  southern 
hemisphere  generally.  In  the  southern  hemisphere  there 
are  three  patches  where  pressure  rises  to  30  inches,  viz.,  in 
the  Atlantic  between  South  America  and  Africa,  south  of 
the  Indian  Ocean,  and  in  the  Pacific  between  Australia  and 
South  America. 

In  the  northern  hemisphere,  on  the  other  hand,  pressure 
rises  in  Central  Asia  to  upwards  of  30.5  inches,  the  mean 
pressure  for  January  being  at  least  30.4  inches  at  Peking, 
Semipalatinsk,  and  Yenisei,  and  fully  30.5  inches  at  Irkutsk 
and  Nertchinsk,  in  the  upper  basin  of  the  Amur.  This  is 
the  region  where  the  normal  atmospheric  pressure  attains 
to  a  maximum  which  is  much  higher  than  is  reached  in 
any  other  region  or  at  any  other  time  of  the  year.  It  will 


be  observed  that  this  region  of  highest  pressure  occupies  a 
position  near  the  centre  of  the  largest  continent.  The  area 
of  high  barometer  is  continued  westward  through  Europe, 
through  the  horse  latitudes  of  the  Atlantic  to  Carolina,  and 
thence  through  the  United  States  to  California,  whence  it 
crosses  the  Pacific  to  Asia.  This  belt  of  high  pressure  thus 
completely  encircles  the  globe,  broadening  as  it  passes  the 
land  and  contracting  as  it  crosses  the  ocean.  Its  greatest 
breadth  is  over  Asia  and  its  least  over  the  Pacific,  or  where 
land  and  ocean  attain  respectively  their  maximum  dimen¬ 
sions. 

Pressures  greatly  under  the  average  cover  the  northern 
portions  of  the  Pacific  and  Atlantic  and  also  the  greater 
part  of  the  Arctic  regions.  In  the  north  of  the  Pacific  the 
normal  pressure  falls  to  about  29.6  inches  between  Kam¬ 
chatka  and  Alaska.  In  the  north  of  the  Atlantic,  however, 
a  still  lower  mean  pressure  obtains  over  a  narrow  belt 
stretching  from  Iceland  to  the  south  of  Greenland,  the  nor¬ 
mal  at  Stykkisholm  in  the  northwest  of  Iceland  being 
29.385  inches,  and  at  Ivigtut  in  Greenland  29.361  inches. 
This  low  average  for  Ivigtut  is  the  lowest  normal  known  to 
occur  anywhere  and  at  any  season  in  the  northern  hemi¬ 
sphere,  and  it  is  significant  that  the  place  is  immediately  to 
the  north  of  that  part  of  the  Atlantic  where  a  considerable 
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number  of  the  storms  which  sweep  over  Europe  have  their 
origin,  and  where  not  a  few  of  the  storms  which  cross  the 
Atlantic  from  America  develop  intensity. 

It  has  been  seen  that  the  highest  mean  pressure  occurs 
near  the  centre  of  the  largest  extent  of  land  ;  but  as  regards 
the  two  oceans  the  lowest  pressure  is  met  with  in  the  north¬ 
ern  division  of  the  Atlantic,  which  is  the  lesser  ocean.  An 
inspection  of  Fig.  14  shows,  however,  that  the  low-pressure 
area  of  the  Atlantic  is  bounded  to  southward  by  systems  of 
much  higher  pressures  than  are  to  be  found  in  the  Pacific. 
The  result  of  this  arrangement  is  that  much  stronger  winds 
blow  northward  over  the  Atlantic  and  round  upon  Iceland ; 
and,  as  these  more  quickly  advance  into  colder  latitudes, 
there  is  thus  a  greater  and  more  frequent  concentration  of 
vapor  and  lowering  of  the  barometer  in  the  north  of  the  At¬ 
lantic.  The  heavy  rainfall  of  Northwestern  Europe  may  be 
referred  to  as  confirming  this  view. 

A  belt  of  low  pressure  passes  through  the  equatorial 
regions  quite  round  the  globe.  This  marks  the  well-known 
region  of  calms  towards  which  on  either  hand  the  trade 
winds  blow.  In  the  Atlantic  it  lies  quite  north  of  the  equa¬ 
tor  even  in  January,  when  the  sun’s  course  is  farthest  to 
southward,  and  it  lies  nearly  parallel  with  the  equator. 

On  the  other  hand,  in  the  Indian  Ocean  the  position  of 
the  line  of  lowest  pressure  is  to  the  south  of  the  equa¬ 
tor  and  not  parallel  with  it,  but  taking  a  slanting  course 
from  near  the  north  of  Madagascar  towards  Sumatra, 
thence  towards  the  low  pressure  which  prevails  at  this 
season  in  Australia ;  its  course  is  then  a  little  to  north¬ 
wards,  and  crosses  the  Pacific  to  the  central  regions  of 
South  America.  Its  path  is  thus  a  devious  one,  being 
north  of  the  equator  only  in  the  eastern  part  of  the 
Pacific  and  in  the  Atlantic,  but  elsewhere  to  the  south 
of  it,  being  drawn  farthest  southward  when  under  the 
influence  of  the  regions  of  low  pressure  which  now 
occupy  Central  Australia,  Central  and  Southern  Africa, 
and  Central  South  America.  In  this  trough  of  baro¬ 
metric  depression  nearly  all  the  tropical  storms  of  the 
Indian  Ocean  have  their  origin. 

There  are  several  important  modifications  of  the 
isobaric  lines  as  originally  published.  In  1868  the 
region  of  lowest  pressure  in  the  northern  hemisphere 
in  winter  was  represented  as  extending  from  Iceland 
to  northeastward ;  now  the  area  of  lowest  pressure  is 
seen  to  extend  from  Iceland  southwestward  to  Green¬ 
land.  In  connection  with  this  point  Captain  Hoffmeyer 
discussed  the  weather  of  the  North  Atlantic  during 
several  winter  months,  and  published  the  results  in 
1878,  which  conclusively  showed  that  the  meteorology 
of  Greenland  and  Iceland  exerts  on  the  distribution 
of  atmospheric  pressure  a  powerful  influence  not  before 
properly  recognized,  resulting  in  the  mean  minimum  of 
pressure  being  localized  distinctly  to  the  southwest  of  Ice¬ 
land,  and  that  in  addition  to  this  minimum  there  are  two 
subordinate  minima,  one  in  Davis  Straits  and  the  other  in 
the  Arctic  Ocean  midway  between  Jan  Mayen  and  the  Lo¬ 
foten  Isles.  The  investigation  further  established  the  fact 
•that,  when  any  particular  one  of  these  three  minima  plays 
an  important  part,  the  other  two  either  do  not  appear  at  all 
or  occupy  quite  a  subordinate  place,  and  that  according  as 
one  or  other  of  these  minima  of  pressure  predominates  so  is 
the  character  of  the  weather,  as  regards  mildness  or  severity, 
of  the  winter  of  Northwestern  Europe  and  regions  surround¬ 
ing  the  North  Atlantic.  As  regards  the  British  Islands, 
the  displacement  of  the  minima  to  westward  of  the  position 
shown  in  Fig.  14  means  milder  winter  weather,  whereas  a 
position  more  in  the  direction  of  the  north  of  Norway  means 
severer  winter  weather. 

Another  change  implying  important  consequences  is  seen 
in  the  United  States,  where,  instead  of  one,  two  distinct 
centres  of  maximum  pressure  occur,  or  rather  the  high 
pressure  of  the  Western  and  Central  States  is  separated  from 
that  of  the  Southeastern  States  by  a  region  of  lower  pressure 
occupying  the  region  of  the  Mississippi  States.  Professor 
Loomis  first  drew  attention  to  this  peculiarity  in  1879  in  an 
inquiry  into  the  distribution  of  pressure  over  the  United 
States,  and  established  the  fact  that  there  are  two  distinct 
areas  of  high  pressure,  the  larger  having  its  centre  in  Utah, 
and  the  less  overspreading  the  greater  portion  of  the  South¬ 
eastern  and  Southern  States,  and  that  these  two  areas  of 
high  pressure  are  clearly  separated  from  each  other  by  a 
broad  extensive  region  of  lower  pressure  stretching  in  a 
southwestern  direction  from  the  region  of  the  great  lakes  to 
Western  Texas.  The  reason  assigned  by  Professor  Loomis 
is  undoubtedly  correct,  that  the  relatively  low  normal  press- 
are  of  the  Mississippi  States  is  due  to  the  fact  that  the 
usually  taken  by  the  barometric  minima  of  American 
srtoissi.  in  the  earlier  part  of  their  course  is  from  Texas 
t©  fjhe  lakes.  Since,  on  the  other  hand,  the  centres  ot 
©oaaparatively  few  storms,  with  their  low  barometer  read- 
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ings,  cross  the  Southern  and  Southeastern  States,  the  nor¬ 
mal  winter  pressure  is  higher  there  than  it  is  along  the 
Mississippi. 

Another  important  modification  occurs  in  India,  where 
the  isobar  of  30  inches  is  deflected  to  the  southeast  toward 
Madras  and  thence  towards  the  northeast  to  near  Akyab  in 
Arakan. .  This  remarkable  deflection  well  shows  the  im¬ 
portant  influence  exerted  on  the  course  of  the  isobar  by 
large  well-defined  sheets  of  water  and  extensive  tracts  of 
land.  The  distribution  of  pressure  here  indicated,  by  which 
south  of  lat.  22°  the  normal  pressure  is  considerably  higher 
in  the  east  than  in  the  west  of  India,  has,  through  the 
agency  of  the  winds  resulting  from  it,  the  most  intimate 
and  vital  hearings  on  the  distribution  of  the  winter  rains 
and  temperature  over  considerable  portions  of  India ;  and 
the  same  relations  hold,  but  in  a  degree  still  more  striking 
in  the  meteorology  of  Ceylon. 

This  remarkable  effect  in  interrupting  or  changing  the 
course  of  the  isobars  is  particularly  well  illustrated  by  the 
lines  in  the  region  of  the  Aral,  Caspian,  and  Black  Seas.  As 
the  point  is  of  no  small  importance  in  meteorology,  and  is 
best  illustrated  by  the  Mediterranean  and  the  countries  to 


the  north  of  it,  we  subjoin  a  map  of  this  part  of  Europe  (Fig. 
15),  showing  the  normal  pressure  with  greater  distinctness 
and  fulness  than  could  be  shown  on  Fig.  14,  the  isobars 
being  drawn  for  every  half-tenth  of  an  inch. 

Here  we  see  two  distinct  areas  of  high  pressure,  the  one 
in  Hungary  and  the  other  in  the  Peninsula,  where  the  nor¬ 
mal  pressure  exceeds  30.20  inches.  The  latter  is  the  larger 
of  the  two,  and  may  be  regarded  as  the  prolongation  of  the 
region  of  high  pressure  which  characterizes  the  Atlantic 
immediately  to  the  southwest  at  this  season.  The  high- 
pressure  area  included  within  the  isobar  30.15  inches  is  of 
peculiar  interest.  In  the  Peninsula  it  covers  a  pretty  broad 
area,  hut  to  the  northeast  it  contracts  to  a  narrow  neck  be¬ 
tween  the  Bay  of  Biscay  and  the  Gulf  of  Lyons,  and  again 
expands  to  northeastward  covering  the  distance  from  Carls- 
ruhe  to  Modena,  its  prolongation  eastward,  being  there 
somewhat  suddenly  interrupted.  At  some  distance  to  the 
eastward  the  second  region  of  high  pressure  is  met  with, 
which  is  properly  a  part  of  the  high  pressure  that  over¬ 
spreads  the  interior  of  the  Old  Continent  in  the  winter 
months,  its  western  limit  being  the  isobar  of  30.15  inches, 
which  passes  round  by  Pinsk,  Cracow,  Vienna,  Laibach 
and  the  upper  southern  slopes  of  the  basin  of  the  Danube, 
Sebastopol,  and  thence  southward  in  the  direction  of 
Cyprus. 

'The  position  of  the  latter  of  these  regions  of  high  press¬ 
ure  is  approximately  midway  between  the  south  coasts  of 
Asia  Minor  and  the  Baltic.  In  other  words,  its  position  oc¬ 
cupies  the  interior  of  this  part  of  the  Old  Continent ;  and  it 
is  instructive  to  note  that  the  position  of  the  Black  Sea  and 
the  Greek  archipelago  in  the  south  portion  of  this  region 
pushes  the  isobar  of  30.15  inches  a  good  deal  to  northward. 
The  position  of  the  region  of  high  pressure  in  the  Penin¬ 
sula,  France,  and  Switzerland  is  also  decidedly  inland.  It 
does  not,  however,  exactly  occupy  the  middle  space  of  the 
land  lying  between  the  Mediterranean  and  the  North  Sea, 
owing  no  doubt  to  the  circumstance  that  the  very  steep 
barometric  gradient  from  France  to  Iceland  greatly  lowers 
the  pressure  over  the  whole  of  the  northern  half  of  France. 
It  follows  that  the  abnormally  high  pressure  which  so  re- 
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markably  characterizes  the  interior  of  the  Old  Continent 
during  the  cold  months  of  winter  is  represented,  though  in 
a  greatly  reduced  form,  westwards  through  the  central  dis¬ 
tricts  of  that  continent. 

These  two  regions  of  high  pressure  are  separated  from  each 
other  hy  a  large  area  of  comparatively  low  pressure  over¬ 
spreading  the  greater  portion  of  the  Mediterranean  Sea, — 
marked  off  in  Fig.  15  by  the  isobar  of  30.10  inches,  within 
which  pressure  is  everywhere  less  than  30.10  inches.  This 
region  includes  an  area  of  still  lower  pressure  within  the 
isobar  of  30.05  inches,  bounded  by  Sicily,  Corfu,  Athens,  and 
Crete.  Hence  the  singularly  low  pressure  which  character¬ 
izes  the  northern  part  of  the  Atlantic  at  this  season  has  its 
analogue  in  the  south  of  Europe,  which  is  unquestionably 
due  to  the  higher  temperature  and  larger  humidity  of  the 
climates  of  Southern  Europe  which  they  owe  to  the  Medi¬ 
terranean. 

It  is  deserving  of  special  notice  that,  while  the  increase  of 
the  normal  pressure  of  January  from  Genoa  to  Geneva  is 
0.081  inch,  it  is  only  0.021  inch  from  Trieste  to  Eiva,  and 
that  to  the  north  of  the  Adriatic  as  far  as  latitude  50°  press¬ 
ure  is  considerably  lower  than  obtains  to  the  west  and  east 
of  that  region.  An  examination  of  the  daily  weather  maps 
of  Europe  shows  that  not  unfrequently  the  storms  of  North¬ 
western  Europe  on  advancing  as  far  to  eastward  as  Denmark 
seem  to  connect  themselves  in  some  degree  with  Mediter¬ 
ranean  storms  prevailing  at  the  time  through  a  north  and 
south  prolongation  of  a  system  of  low  pressures.  The  com¬ 
parative  frequency  with  which  this  occurs  is  probably 
occasioned  by  the  general  drift  to  eastward  of  the  atmos¬ 
phere  of  Europe,  considered  as  a  whole,  taken  in  connection 
with  the  high  mountainous  ridge  which  bounds  the  Adri¬ 
atic  on  its  eastern  side,  from  which  it  follows  that  the  air 
overspreading  the  deep  basin  of  the  Adriatic  is  often  highly 
saturated  with  vapor,  and  this  highly  saturated  air  is 
drawn  northwards  through  Central  Europe  when  north¬ 
western  storms  of  Europe  with  low  barometric  depression 
centres  pass  across  Denmark  and  the  Baltic.  Thus  the 
low  normal  pressure  to  the  north  of  the  Adriatic,  separating 
the  two  regions  of  high  pressure  to  the  east  and  west  of  it, 
is  in  some  respects  analogous  to  the  low  normal  pressure  of 
the  Mississippi  valley,  which  separates  the  higher  normal 
pressures  of  the  Rocky  Mountains  and  of  the  southeastern 
of  the  United  States. 

The  influence  of  land  and  water  respectively  in  the  cold 
season  of  the  year  is  well  shown  in  Fig.  16,  which  represents 
for  every  0.020  inch  the  normal  pressure  over  the  British 
Islands  in  January,  drawn  from  means  calculated  for  two 
hundred  and  ninety-five  stations.1 

It  is  in  the  winter  months  that  the  isobars  of  the  British 


Islands  crowd  most  closely  together,  and  in  accordance 
therewith  strong  winds  are  then  most  prevalent.  The 


Fig.  16.— Isobars  of  the  British  Islands  for  January. 
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Fig.  17  —July  Isobars  of  the  Globe  and  Prevailing  Winds. 


crowding  of  the  isobars  reaches  the  maximum  in  January ( i  forming  what  is  probably  the  steepest  mean  monthly  bar- 
i  See  Journal  of  Scot.  Meteorological  Society,  vol.  vi.  pp.  4-21.  1  ometric  gradient  that  occurs  at  any  season  anywhere  on 
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the  globe.  The  point,  however,  to  which  attention  is  here 
drawn  is  the  remarkable  influence  of  St.  George’s  Channel 
and  the  Irish  Sea  in  diminishing  the  pressures  as  they  cross 
These  seas,  and  of  the  land  in  increasing  the  pressure,  which 
is  seen  in  the  curves  occupying  approximately  the  central 
districts  of  Great  Britain  from  the  Isle  of  Wight  to  Cape 
Wrath.  This  shows  on  a  comparatively  small  scale  the 
influence  of  the  land  in  raising  the  normal  pressure,  and  of 
the  sea  in  lowering  it,  during  the  cold  months  of  the  year, 
just  as  is  seen  on  the  grand  scale  in  Central  Siberia  and  the 
north  of  the  Atlantic. 

Mean  Atmospheric  Pressure  in  July  (Fig.  17). — In  this  month 
the  physical  conditions  are  the  reverse  of  what  obtains  in 
January,  the  effects  of  the  influence  of  the  sun  on  the  tem¬ 
perature  and  humidity  of  the  atmosphere  rising  to  the 
maximum  in  the  northern  and  falling  to  the  minimum  in 
the  southern  hemisphere.  With  the  solar  conditions 
reversed,  a  comparison  of  Figs.  14  and  17  shows  that  the 
distribution  of  atmospheric  pressure  in  July  is,  considered 
in  a  broad  sense,  the  reverse  of  what  takes  place  in  January. 

In  the  southern  hemisphere  atmospheric  pressure  during 
the  winter  season  is  above  the  general  average  of  30  inches 
between  lat.  10°  and  40°  S.  This  belt  of  high  pressure 
encircles  the  globe,  and  embraces  four  regions  where  press¬ 
ure  rises  considerably  above  this  general  high  average. 
These  regions  are  in  South  Africa,  about  lat.  20°,  where  it 
rises  to  a  little  above  30.20  inches ;  in  Australia,  where  it 
rises  on  the  Murray  River  very  nearly  to  30.20  inches ;  in 
South  America,  where  in  the  basin  of  the  La  Plata,  about 
lat.  30°,  it  rises  to  30.13  inches ;  and  in  the  ocean  to  west¬ 
wards,  where  it  reaches  30.02  inches.  The  point  to  be  noted 
with  respect  to  the  position  of  these  centres  of  high  pressure 
at  this  season  is  that  they  occur  over  surfaces  between  lati¬ 
tudes  20°  and  36°.  As  compared  with  January,  pressure  in 
July  over  nearly  the  whole  of  this  broad  belt  of  the  southern 
hemisphere  is  about  two-tenths  of  an  inch  higher,  which  is 
the  simple  result  of  season.  A  comparison  of  January  and 
July  shows  that  this  large  accession  to  the  pressure  of  the 
southern  hemisphere  is  accompanied  by  an  extraordinary 
diminution  of  pressure  over  the  continents  of  the  northern 
hemisphere. 

Now,  just  as  the  greatest  excess  of  pressure  during  the 
winter  of  the  northern  hemisphere  occurs  in  the  continent 
of  Asia,  so  the  greatest  diminution  of  pressure  in  the  summer 
months  takes  place  in  the  same  continent.  The  position,  how¬ 
ever,  of  these  two  extremes  is  far  from  being  in  the  same 
region  or  even  near  each  other.  In  the  Old  Continent  the 
maximum  occurs  in  the  valley  of  the  upper  Amur,  where,  at 
Nertchinsk,  the  normal  pressure  in  January  is  about  30.500 
inches;  whereas  the  lowest  normal  pressure  in  July  is 
29.412  inches,  and  occurs,  so  far  as  observation  enables  us  to 
locate  it,  at  Jacobabad  on  the  west  side  of  the  basin  of  the 
Indus.  The  difference  of  these  two  normals  is  1.188  inch; 
and  over  no  inconsiderable  portion  of  central  Asia  the  nor¬ 
mal  pressure  of  July  is  an  inch  less  than  that  of  January. 
In  other  words,  the  influence  of  the  sun  in  summer  as  ex¬ 
erted  on  t-he  temperature  and  aqueous  vapor  of  the  atmos¬ 
phere  and  atmospheric  movements  resulting  therefrom  is 
so  powerful  as  to  remove  a  thirtieth  part  of  the  whole  mass 
of  the  air  from  this  extensive  region. 

The  large  extension  in  recent  years  of  good  meteorologi¬ 
cal  stations  over  the  Russian  and  Indian  empires  enables  us 
to  lay  down  with  much  greater  precision  than  formerly  the 
lines  of  pressure.  Of  the  changes  indicated  by  the  new 
isobars,  the  most  important  perhaps  is  the  position  of  the 
region  of  minimum  pressure  in  Asia,  which  is  now  seen  to 
occupy  the  basin  of  the  Indus,  and  thence  stretches  over  a 
somewhat  broad  region  to  westward  nearly  as  far  as  the 
head  of  the  Persian  Gulf.  The  point  is  of  no  small  import¬ 
ance  in  atmospheric  physics,  inasmuch  as  it  places  the 
region  of  least  normal  pressure  in  July  as  close  geographi¬ 
cally  to  the  region  where  at  the  time  terrestrial  tempera¬ 
ture  is  highest  as  the  region  of  highest  normal  pressure  in 
January  is  situated  with  respect  to  the  region  where  in 
that  month  terrestrial  temperature  is  lowest  in  Asia. 

The  July  isobars  of  India  are  of  singular  interest,  and 
imply  consequences  of  the  utmost  practical  advantage  to  the 
empire.  From  Cutch  southward  the  normal  pressure  is 
everywhere  higher,  and  considerably  so,  along  the  whole  of 
the  west  than  it  is  in  the  east  in  the  same  latitudes,  the 
difference  being  approximately  half  a  tenth  of  an  inch. 
This  is  represented  on  the  map  by  the  slanting  of  the  isobars 
from  the  northwest  to  southeast  as  they  cross  this  part 
of  India ;  and  it  is  to  be  noted  that  the  east  and  west  coasts 
of  Ceylon  show  the  same  manner  of  distribution  of  the  press¬ 
ure  The  consequence  of  this  peculiarity  in  the  distribu¬ 
tion  of  the  pressure  is  that  the  summer  monsoon  blows 
more  directly  from  the  ocean  over  Western  and  Southern 
India  than  would  have  been  the  case  if  the  isobars  had  lain 
due  east  and  west,  and  thus  probably  precipitates  in  its 


course  a  more  abundant  rainfall  over  this  part  of  the  em¬ 
pire.  But  a  more  important  consequence  follows  from  the 
geographical  distribution  of  the  pressure  over  the  valley  of 
the  Ganges.  If  the  normal  pressure  there  had  diminished 
m  the  manner  it  does  over  India  to  the  south  of  the  Gan- 
getic  valley,  the  winds  would  have  been  southwesterly 
ani  the  summer  climate  practically  rainless.  This,  how¬ 
ever,  is  not  the  case,  but  the  normal  pressure  diminishes 
westwards  along  the  valley  of  the  Ganges,  as  the  following 
mean  July  pressures  will  show:  Calcutta,  29.576  inches; 
Patna,  29.535  inches;  Lucknow,  29.522  inches;  Roorkee, 
29.505  inches;  and  in  crossing  westward  into  the  Punjab 
pressure  falls  still  lower— to  29.439  inches  at  Mooltan  and 
29.412  inches  at  Jacobabad.  Indeed,  pressure  in  July  is 
0.220  inches  lower  at  Jacobabad  than  at  Sibsagar  on  the 
Brahmaputra,  nearly  in  the  same  latitude.  It  necessarily 
follows  from  this  distribution  of  the  pressure  that  the  sum¬ 
mer  monsoon,  which  blows  northward  over  the  Bay  of 
Bengal,  is  deflected  into  an  E.S.E.  wind  which  fills  the  whole 
valley  of  the  Ganges,  distributing  on  its  way  a  most  gen¬ 
erous  rainfall  over  that  magnificent  region. 

The  influence  of  the  land  in  lowering  the  pressure  in 
summer  is  well  illustrated  by  the  course  of  the  isobars  over 
Western  Siberia  and  Russia,  where  pressure  is  seen  to  fall 
relatively  lowest  along  the  middle  line  of  the  Old  Continent. 
In  this  connection  it  is  interesting  to  note  the  course  of  the 
isobar  of  29.90  inches  over  that  part  of  Europe  where  the 
breadth  of  the  land  is  considerably  increased — between  the 
Baltic  and  Constantinople.  In  contradistinction  to  this  the 
influence  of  the  Aral,  Caspian,  and  Black  Seas  in  maintaining 
a  higher  pressure  appears  in  the  remarkable  prolongation 
eastward  of  the  isobars  of  higher  pressure  over  the  region 
of  these  seas,  being  in  striking  contrast  to  the  lower  press¬ 
ures  which  prevail  to  the  north  and  south. 

The  lowering  of  the  normal  pressure  is  very  decided  in 
the  inland  regions  of  Spain,  North  Italy,  and  Scandinavia. 
The  effect  is  most  strongly  seen  in  Spain,  the  largest  and 
compactest  of  these  regions.  Thus,  while  the  normal  press¬ 
ure  diminishes  between  Lisbon  and  Barcelona  from  30.086 
to  30.048  inches,  the  sea-level  pressure  at  Madrid  falls  nearly 
to  30.000,  and  the  pressure  at  Saragossa  and  Valladolid  is 
nearly  as  low.  This  lowering  of  the  pressure  over  the  in¬ 
terior  influences  materially  its  summer  climate.  As  re¬ 
markable  an  illustration  of  the  principle  as  can  be  pointed 
to  anywhere  is  seen  in  the  north  of  Italy ;  for,  while  the 
normal  pressure  at  Moncalieri  is  29.941  inches,  at  Genoa  on 
the  coast  the  relatively  high  normal  of  29.992  inches  is 
maintained,  the  distance  of  the  two  places  being  about  40 
miles.  To  the  east  pressure  rises  to  29.970  inches  at  Venice, 
and  to  westward  to  30.023  inches  at  Geneva.  Over  Scandi¬ 
navia,  along  the  west  coast  from  the  Arctic  circle  south¬ 
ward,  the  normal  pressure  equals  or  exceeds  29.80  inches, 
the  variation  being  comparatively  small;  and  along  the 
coast  from  the  head  of  the  Gulf  of  Bothnia  to  the  southeast 
of  Sweden  pressure  also  exceeds  29.80  inches,  and  the  in¬ 
crease  from  north  to  south  proceeds  at  a  slow  rate.  In, 
however,  the  strictly  inland  districts  to  the  northeast  of 
Christiania,  which  lie  immediately  to  the  east  of  the  Scan¬ 
dinavian  mountains,  and  sheltered  by  that  lofty  range  from 
the  winds  of  the  Atlantic,  pressure  is  considerably  lower 
than  it  is  along  the  east  and  west  coasts  of  the  peninsula. 
Owing  to  this  peculiar  distribution  of  the  pressure,  the 
winds  which  necessarily  result  from  it  give  a  much  finer 
summer  climate  to  the  southeast  of  Norway  and  to  the 
strictly  inland  part  of  Sweden  than  would  otherwise  be  the 
case. 

The  remarkable  curving  northward  of  the  isobar  of  29.80 
inches  so  as  to  include  Lapland  within  it  points  probably  to 
the  influence  of  the  White  Sea  and  the  wonderful  lake  sys¬ 
tem  of  Lapland  in  maintaining  a  higher  summer  pressure 
over  that  country,  by  which  the  northerly  winds  that  blow 
towards  the  low-pressure  region  of  Central  Asia,  to  the 
serious  deterioration  of  the  summer  climate  of  Northern 
Siberia,  do  not  extend  so  far  to  westward  as  Lapland. 

The  distribution  of  the  normal  pressure  over  North 
America  is  quite  analogous  to  what  prevails  over  Asia,  but, 
the  continent  being  less,  the  diminution  of  pressure  in  the 
interior  is  also  correspondingly  less.  The  highest  normal 
pressure,  30.077  inches,  is  found  in  the  southeast  in  Florida, 
and  the  lowest,  29.780  inches,  in  Utah,  the  difference  being 
thus  0.297  inch.  Another  region  of  relatively  high  pressure 
is  in  the  Northwestern  States  and  British  Columbia  to  the 
north;  the  maximum,  near  the  mouth  of  the  Columbia 
River,  reaches  30.062  inches,  being  thus  nearly  as  high  as 
what  occurs  in  Florida.  These  two  regions  are  merely  ex¬ 
tensions  of  important  high-pressure  areas  which  at  this 
season  are  highly  characteristic  features  of  the  meteorology 
of  the  North  Pacific  and  North  Atlantic  respectively. 

Of  these  two  regions  of  high  pressure  the  one  overspread¬ 
ing  the  Atlantic  between  the  United  States  and  Africa  is 
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the  more  striking,  being  not  only  the  region  where  pressure 
is  highest  anywhere  on  the  globe  during  the  months  of 
June,  July,  and  August,  but  where  the  normal  pressure 
reaches  the  highest  point  attained  at  any  season  over  the 
ocean.  The  highest  point  reached  by  the  normal  pressure 
over  the  land  at  any  season  occurs,  as  has  been  pointed  out, 
near  the  centre  of  Asia,  or  approximately  in  the  middle 
region  of  the  largest  continuous  land  surface  on  the  globe 
during  the  coldest  months  of  the  year.  On  the  other  hand, 
the  highest  pressure  over  the  ocean  occurs  during  the  warm¬ 
est  months  of  the  year,  and  not  over  the  largest  water  sur¬ 
face,  but  in  the  middle  regions  of  the  North  Atlantic,  where 
the  breadth  is  only  about  half  that  of  the  water  surface  of 
the  North  Pacific. 

From  the  essential  differences  between  these  two  sets  of 
phenomena  it  may  be  inferred  that  the  extraordinarily  high 
pressure  which  is  so  marked  a  feature  of  the  meteorology 
of  Central  Asia  during  the  cold  months  of  the  year  is  a 
direct  consequence  of  the  lowering  of  the  temperature  of 
the  land  of  Asia  and  of  the  atmosphere  resting  on  it  during 
the  time  of  the  year  when  the  effects  of  solar  radiation  are 
at  the  annual  minimum,  and  of  terrestrial  radiation  at  the 
annual  maximum.  But  the  determination  of  the  place  and 
time  of  highest  pressure  over  the  ocean  must  he  regarded 
as  indirectly  brought  about.  The  physical  conditions  under 
which  it  occurs  are  these:  It  happens  (1)  at  the  time  of  the 
year  when  the  earth  presents  the  largest  surface  of  land  to 
the  sun,  and  (2)  over  that  part  of  the  ocean  which  is  most 
completely  surrounded  by  these  highly  heated  land  surfaces. 
This  high  summer  pressure  of  the  Atlantic  has  its  origin  in 
the  upper  currents  of  the  atmosphere. 

Mean  Atmospheric  Pressure  for  the  Year. — The  distribution 
of  the  annual  atmospheric  pressure  may  be  considered  as 
representing  the  sums  of  the  influences  directly  and  indi¬ 
rectly  at  work  throughout  the  year  in  increasing  or  dimin¬ 
ishing  the  pressure  of  the  atmosphere.  There  are  two 
regions  of  high  pressure,  the  one  north  and  the  other  south 
of  the  equator,  which  pass  completely  round  the  globe  as 
broad  belts  of  high  pressure.  The  belt  of  high  pressure  in 
the  southern  hemisphere  lies  nearly  parallel  to  the  equator, 
and  is  of  nearly  uniform  breadth  throughout ;  but  the  belt 
north  of  the  equator  has  a  very  irregular  outline,  and  shows 
great  differences  in  its  breadth  and  its  inclination  to  the 
equator.  These  irregularities  wholly  depend  on  the  pecu¬ 
liar  distribution  of  land  and  water  which  obtains  in  the 
northern  hemisphere. 

These  two  zones  of  high  pressure  inclose  between  them 
the  comparatively  low  pressure  of  the  tropics,  through  the 
centre  of  which  runs  a  narrower  belt  of  still  lower  press¬ 
ure,  towards  which  the  trade-winds  on  either  hand  blow. 
Considered  in  a  broad  sense,  there  are  only  three  regions 
of  low  pressure,  the  equatorial  one  just  referred  to,  and  one 
round  each  pole  bounded  by  or  contained  within  the  zones 
of  high  pressure  just  described.  The  most  remarkable  of 
these,  so  far  as  it  is  known,  is  the  region  of  low  pressure 
about  the  south  pole,  which  remains  low  throughout  the 
year,  playing  the  principal  role  in  the  wind  systems  of  the 
Antarctic  zone,  in  its  heavy  snowfall  and  rainfall,  and  in 
the  enormous  icebergs  which  form  so  striking  a  feature  of 
the  water  of  the  Southern  Ocean. 

The  depression  around  the  north  pole  contains  within  its 
area  two  distinct  centres  of  still  lower  pressure,  the  one 
filling  the  northern  part  of  the  Atlantic  and  the  other  that 
of  the  Pacific.  Of  these  two  the  low-pressure  area  round 
Iceland  is  the  deeper,  and  is  probably  occasioned  by  the 
steeper  barometric  gradients  and  stronger  winds  which 
prevail  over  the  North  Atlantic.  The  broad  equatorial 
zone  of  low  pressure  also  contains  two  distinct  regions 
characterized  by  still  lower  pressures.  The  larger  of  the 
two  stretches  across  Southern  Asia  from  Assam  to  the  head 
of  the  Persian  Gulf,  and  is  entirely  due  to  the  very  low 
pressures  which  form  so  marked  a  feature  in  the  summer 
meteorology  of  that  part  of  Asia.  The  regions  of  the  mid¬ 
dle  Indus  and  upper  Ganges  occupy  the  centre  of  this  low- 
pressure  area,  where  normal  pressure  falls  short  of  29.80 
inches.  The  second  area  of  lowest  equatorial  pressure  is  in 
the  centre  of  Africa. 

It  may  be  here  pointed  out  that  the  whole  of  these  areas 
of  low  mean  annual  pressure  possess  the  common  char¬ 
acteristic  of  an  excessive  amount  of  moisture  in  the  at¬ 
mosphere.  The  Arctic  and  Antarctic  zones  of  low  press¬ 
ure,  and  the  equatorial  low-pressure  zone  generally,  may 
be  regarded  as  all  but  wholly  occasioned  by  the  compara¬ 
tively  large  amount  of  vapor  in  their  atmosphere.  As  re¬ 
gards  the  region  of  low  pressure  of  Southern  Asia  in  sum¬ 
mer,  it  is  remarkable  that,  while  the  eastern  half,  which 
overspreads  the  valley  of  the  Ganges,  is  characterized  by  a 
moist  atmosphere  and  large  rainfall,  the  western  half  of  it  is 
singularly  dry  and  practically  rainless,  and  that  the  cen¬ 
tral  portion  of  this  remarkable  depression  occupies  a  region 


where  at  the  time  the  climate  is  one  of  the  driest  and  hot¬ 
test  anywhere  to  be  found  on  the  globe.  Hence,  while  the 
vapor  is  the  more  important  of  the  disturbing  influences  at 
work  in  the  atmosphere,  the  temperature  also  plays  no  in¬ 
conspicuous  part  directly  in  destroying  atmospheric  equilib¬ 
rium,  from  which  result  winds,  storms,  and  many  other 
atmospheric  changes. 

The  Prevailing  Winds  of  the  Globe. — If  atmospheric 
pressure  were  equal  in  all  parts  of  the  earth,  we  should 
have  the  physical  conditions  of  a  stagnant  atmosphere. 
Such,  however,  is  not  the  case.  Let  there  be  pro¬ 
duced  a  concentration  of  aqueous  vapor  over  a  par¬ 
ticular  region,  or  let  one  region  show  a  higher  tempera¬ 
ture  than  what  prevails  around  it,  then  from  the  dif¬ 
ferent  densities,  and  consequently  different  pressures 
thereby  produced,  the  equilibrium  of  the  atmosphere 
is  destroyed,  and,  as  might  be  expected  from  the  laws 
of  aerial  fluids,  movements  of  the  air,  or  winds,  set  in 
to  restore  the  equilibrium.  Now  every  one  of  the  iso- 
baric  maps  we  have  given,  as  well  as  every  isobaric 
map  which  has  been  made  from  recorded  observations, 
indicates  very  considerable  disturbance  of  the  equilib¬ 
rium  at  the  surface  of  the  earth.  All  observation 
shows  that  the  prevailing  winds  of  any  region  at  any 
season  of  the  year  are  simply  the  expression  of  the 
atmospheric  movements  which  result  from  the  dis¬ 
turbance  of  the  equilibrium  of  the  atmosphere  indi¬ 
cated  by  the  isobaric  maps  for  that  season  and  region. 

All  winds  may  be  regarded  as  caused  directly  by  dif¬ 
ferences  of  atmospheric  pressure,  just  as  the  flow  of 
rivers  is  caused  by  differences  of  level,  the  motion  of 
the  air  and  the  motion  of  the  water  being  both  refera¬ 
ble  to  gravitation.  The  wind  blows  from  a  region  of 
higher  towards  a  region  of  lower  pressure, — in  other 
words,  from  where  there  is  a  surplus  to  where  there  is  a 
deficiency  of  air;  and  this  takes  place  whether  the  differ¬ 
ences  of  pressure  be  measurable  by  the  barometer,  as 
is  generally  the  case,  or  not  readily  measurable,  as  in 
the  case  of  sea  breezes,  squalls,  and  sudden  gusts  of 
wind  which  are  of  short  duration. 

So  far  as  is  known,  differences  of  atmospheric  press¬ 
ure,  and  consequently  all  winds,  originate  in  changes 
occurring  either  in  the  temperature  or  the  humidity  of 
the  air  over  restricted  regions.  Thus,  if  two  regions 
contiguous  to  each  other  come  to  be  of  unequal  tem¬ 
perature,  the  air  of  the  warmer  region,  being  specifi¬ 
cally  lighter,  will  ascend,  and  the  heavier  air  of  the 
colder  region  will  flow  in  below  to  take  its  place.  Of 
this  class  of  winds  the  sea  and  land  breezes  are  the 
best  examples.  Again,  if  the  air  of  one  region  comes 
to  be  more  highly  charged  with  aqueous  vapor  than 
the  air  of  surrounding  regions,  the  air  of  tne  more 
humid  region  being  lighter  will  ascend,  while  the  heav¬ 
ier  air  of  the  drier  regions  will  flow  in  below  and  take 
its  place.  Since  part  of  the  vapor  will  be  condensed 
into  cloud  or  rain  as  it  ascends,  neat  is  thereby  disen¬ 
gaged,  and  the  equilibrium  still  further  disturbed.  In 
this  way  originate  gales,  storms,  tempests,  hurricanes, 
and  all  the  more  violent  commotions  of  the  atmos¬ 
phere,  except  some  of  the  forms  of  the  whirlwind, 
such  as  dust  storms,  in  the  production  of  which  very 
great  differences  of  temperature  are  more  immediately 
and  exclusively  concerned. 

The  Trade-  Winds.— From  Fig.  14,  giving  the  iso- 
barics  for  January,  it  is  seen  that  atmospheric  press¬ 
ure  in  the  Atlantic  is  lower  near  the  equator  than  it  is 
to  north  and  south  of  it ;  and  the  arrows  indicate  that 
to  the  north  of  the  tract  of  lowest  pressure  N.E. 
winds  prevail  and  to  the  south  of  it  S.E.  winds. 
These  are  the  well-known  N.E.  and  S.E.  trade-winds, 
which  thus  blow  from  regions  of  high  pressure  to¬ 
wards  the  tract  of  lower  pressure  situated  midway 
between  them.  The  trade-winds  do  not  blow  directly 
to  where  the  lowest  pressure  is,  but  in  a  slanting  di¬ 
rection  at  an  angle  of  about  half  a  degree.  The  de¬ 
viation  from  the  direct  course  is  due  to  the  influence 
of  the  rotation  of  the  earth  on  its  axis  from  west  to 
east, — an  influence  to  which  all  winds  and  all  currents 
of  the  ocean  are  subject. 
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In  virtue  of  this  rotation,  objects  on  the  earth’s  sur¬ 
face  at  the  equator  are  carried  round  towards  the  east 
at  the  rate  of  about  17  miles  a  minute.  On  receding 
from  the  equator,  however,  this  rate  of  velocity  is  be¬ 
ing  continually  diminished,  so  that  at  60°  N.  lat.  it  is 
only  about  8J  miles  a  minute,  and  at  the  poles  nothing. 
From  this  it  follows  that  a  wind  blowing  along  the 
earth’s  surface  in  the  direction  of  the  equator  is  con¬ 
stantly  arriving  at  places  which  have  a  greater  east¬ 
ward  velocity  than  itself.  As  the  wind  tjius  lags  be¬ 
hind,  these  places  come  up,  as  it  were,  against  it,  the 
result  being  an  east  wind.  Since,  therefore,  the  wind 
north  of  the  equator  is  under  the  influence  of  two 
forces, — one,  the  low  pressure  near  the  equator,  draw¬ 
ing  it  southwards,  and  the  other,  the  rotation  of  the 
earth,  deflecting  it  eastwards— it  will,  by  the  law  of 
the  composition  of  forces,  take  an  intermediate  direc¬ 
tion,  and  blow  from  northeast.  For  the  same  rea¬ 
son,  south  of  the  equator  the  south  is  deflected  into  a 
southeast  wind. 

In  the  Atlantic  the  north  trades  prevail  between  lati¬ 
tudes  7°  and  30°  N.,  and  the  south  trades  between  lati¬ 
tudes  3°N.  and  25°  S.  These  limits  are  not  stationary, 
but  follow  the  sun,  being  farthest  to  the  south  in  Febru¬ 
ary  and  to  the  north  in  August.  The  tract  of  low  pres¬ 
sure  between  these  wind  systems  is  named  the  region 
of  calms,  owing  to  the  calm  weather  which  often  pre¬ 
vails  there,  and  it  is  also  characterized  by  the  fre¬ 
quent  occurrence  of  heavy  rains.  This  region  of 
calms  varies  its  position  with  that  of  the  sun,  reach¬ 
ing  its  most  northern  limit,  lat.  11°  N.,  in  August, 
and  its  most  southern,  lat.  1°  N.,  in  February.  Its 
breadth  varies  from  3°  to  8°,  and  it  lies  generally  par¬ 
allel  to  the  equator.  It  is  to  be  noted  that,  in  the 
Atlantic,  the  region  of  calms  is  at  all  seasons  north  of 
the  equator. 

North  and  south  trades  also  prevail  in  the  Pacific 
Ocean,  separated  by  a  region  of  calms,  which  would 
appear,  however,  to  be  of  less  breadth  and  to  be  less 
clearly  defined  than  is  the  region  of  calms  in  the 
Atlantic.  In  the  eastern  portion  of  the  Pacific  the 
region  of  calms  lies  at  all  seasons  to  the  north  of  the 
equator,  but  in  the  western  division  it  is  considerably 
south  of  the  equator  during  the  summer  months  of 
the  southern  hemisphere,  this  southerly  position  being 
in  all  likelihood  occasioned  by  the  extraordinarily  high 
pressure  in  Asia  in  its  relations  to  the  low  pressure  in 
the  interior  of  Australia  at  this  season.  During  the 
summer  months  of  the  northern  hemisphere  the  region 
of  calms  wholly  disappears  from  the  Indian  Ocean 
and  from  the  western  part  of  the  Pacific  Ocean,  there 
being  then  an  unbroken  diminishing  pressure  from  the 
latitude  of  the  Mauritius  and  Central  Australia  north¬ 
wards  as  far  as  the  low  pressure  of  Central  Asia. 

Regions  of  light  and  variable  winds  and  calms  occur 
at  the  higher  limits  of  the  north  and  south  trades. 
Except  in  the  Pacific,  where,  owing  to  the  greater 
breadth  of  that  ocean,  they  spread  over  a  considerable 
extent,  these  regions  appear  but  in  circumscribed 

Satches,  such  as  characterize  the  meteorology  of  the 
forth  and  South  Atlantic  about  latitudes  26°  to  36°. 
Of  these  regions  of  calms  the  most  important  is  that 
marked  off  by  the  high  pressure  in  the  North  Atlantic, 
between  the  United  States  and  Africa.  This  is  the 
region  of  the  Sargasso  Sea,  where  the  weather  is  char¬ 
acterized  by  calms  and  variable  winds,  and  the  ocean 
by  its  comparatively  still  waters.  These  are  known  to 
seamen  as  the  “horse  latitudes,”  and  are  essentially 
different  from  the  equatorial  region  of  calms.  The 
latter,  as  has  been  stated,  is  the  region  of  low  press¬ 
ure  at  the  meeting  of  the  north  and  south  trades, 
where  the  climate  is  distinguished  for  its  general  sun¬ 
lessness  and  heavy  rainfall.  On  the  other  hand,  the 
calm  regions  in  the  Atlantic  and  Pacific  Oceans  about 
the  tropics  have  an  atmospheric  pressure  abnormally 
high,  clear  skies,  and  the  weather  generally  sunny  and 
bright,  with  occasional  squalls.  .  _  , 

Numerous  observations  made  in  all  parts  of  the 


globe  establish  the  fact  that,  while  the  surface  winds 
within  the  tropics  are  directed  towards  the  equatorial 
region  of  calms  in  such  a  manner  that  the  general  in- 
tertropical  movements  of  the  atmosphere  or  prevail¬ 
ing  winds  are  easterly,  the  prevailing  winds  of  the 
north  and  south  temperate  zones  are  westerly.  The 
westing  of  these  great  aerial  currents  is  due  to  the 
same  cause  that  gives  easting  to  the  trade-winds,  viz. ,/ 
the  rotation  of  the  earth  round  its  axis.  For,  as  an 
aerial  current  advances  into  higher  latitudes,  it  is  con¬ 
stantly  arriving  at  regions  having  a  less  rotatory 
velocity  than  itself;  it  thus  outstrips  them  and  leaves 
them  behind ;  in  other  words,  it  blows  over  these 
places  as  a  westerly  wind. 

While,  however,  the  general  prevalence  of  westerly 
winds  has  been  established  over  the  extratropical 
regions  of  Europe,  Asia,  Africa,  America,  and  Austra¬ 
lia,  the  directions  which  in  different  seasons  and  at  dif¬ 
ferent  places  are  actually  found  to  prevail  often  differ 
very  widely  from  west.  An  examination  of  the  winds 
at  one  hundred  and  fifteen  places  pretty  well  distribu¬ 
ted  over  the  northern  hemisphere  reveals  the  instruc¬ 
tive  fact  that  almost  every  place  shows  two  maximum 
directions  from  which  winds  blow  more  frequently  than 
from  the  other  directions,  and  that  one  of  these  two 
directions  shows  a  considerable  excess  over  the  other. 
Thus,  for  example,  the  following  are,  on  a  twenty 
years  average,  the  number  of  days  at  Greenwich 
each  wind  prevails  during  the  year  :  N.,  41;  N.E., 
49;  E.,  23;  S.E.,  21 ;  S.,  34-  S.W.,  103  ;  W.,  38; 
N.W.,  24  ;  and  calms,  32.  Hence  S.W.  and  N.E. 
winds  are  there  more  prevalent  than  winds  from  any 
other  direction,  and  of  these  two  winds  the  greater 
maximum  direction  is  S.W.  If  the  two  maximum 
directions  be  sorted  into  groups,  then  the  greater  max¬ 
imum  direction  occurs  as  follows  : 


from  S.S.W.  ' 

to  W.  at  47  places. 

“  W.N.W. 

“  N.  “  33 

ii 

“  N.N.E. 

“  E.  “  19 

it 

“  E.S.E. 

“  S.  “  16 

it 

:  other  maximum  direction  is 

from  S.S.W. 

to  W.  at  20  places. 

“  W.N.W. 

“  N.  “  22 

it 

“  N.N.E. 

“  E.  “  38 

u 

“  E.S.E. 

“  S.  “  32 

u 

This  result  of  observation,  so  different  from  what  was 
long  accepted  as  being  in  accordance  with  the  gen¬ 
erally  received  theory  of  the  movements  of  the  atmos¬ 
phere,  teaches  the  important  lesson  that  the  region 
towards  which  the  extratropical  winds  of  the  northern 
hemisphere  are  directed  is  not  the  region  of  the  north 
pole. 

Prevailing  Winds  in  January. — On  examining  Fig. 
14,  which  shows  the  distribution  of  atmospheric  press¬ 
ure  in  January,  it  is  seen  that  pressure  is  abnormally 
low  over  the  northern  portion  of  the  Atlantic — the 
lowest  occurring  between  Iceland  and  South  Greenland 
— from  which  it  rises  as  we  proceed  in  a  S.W.  direction 
towards  America,  in  a  S.  direction  over  the  Atlantic, 
and  in  a  S.E.  and  E.  direction  over  Europe  and  Asia. 
Now  what  influence  has  this  remarkable  atmospheric 
depression  on  the  prevailing  winds  over  this  large  and 
important  part  of  the  earth’s  surface  ?  _  The  arrows  in 
the  figure,  which  indicate  the  prevailing  winds,  and 
which  have  been  laid  down  from  observations,  answer 
this  question. 

At  stations  on  the  east  side  of  North  America  the 
arrows  show  a  decided  predominance  of  northwest 
winds  ;  at  the  more  northern  places  the  general  direc¬ 
tion  is  more  northerly,  whereas  farther  south  it  is  more 
westerly.  In  the  Atlantic  between  America  and  Great 
Britain,  in  the  south  of  England,  in  France  and  Bel¬ 
gium,  the  direction  is  nearly  S.W.  In  Ireland  and 
Scotland  it  is  W.S.W.;  in  Denmark  and  the  north¬ 
west  of  Russia  S.S.W.  ;  from  St.  Petersburg  to 
Tobolsk  S.W.  ;  on  the  west  of  Norway  generally 
S.S.E.  •  and  in  Greenland,  the  north  of  Iceland,  and 
about  Spitzbergen  N.E.  Hence,  all  the  prevailing 
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winds  in  January  over  this  extensive  portion  of  the 

lobe  may  be  regarded  as  the  simple  expression  of  the 

ifference  of  atmospheric  pressure  which  prevails  over 
the  different  parts  of  the  region.  In  truth  the  whole 
appears  to  flow  vorticosely,  or  in  an  in-moving  spiral 
course,  towards  the  region  of  low  pressure  lying  to  the 
southwest  of  Iceland,  and  extending  eastward  over 
the  Arctic  Sea  north  of  Russia.  The  only  marked 
changes  in  these  directions  of  the  wind  thus  broadly 
sketched  out  are  the  deflections  caused  by  the  various 
mountain  systems  which  lie,  so  to  speak,  imbedded  in 
these  vast  aerial  currents  ;  of  these  the  winds  in  the 
south  of  Norway  afford  excellent  illustrations. 

The  influence  which  this  peculiar  distribution  of  the 
pressure  over  the  north  of  the  Atlantic  exercises  in 
absolutely  determining  the  winter  climates  of  the  re¬ 
spective  countries  is  most  instructive.  It  is  to  this 
low  pressure,  which  draws  over  the  British  Islands 
W.S.W.  winds  from  the  warm  waters  of  the  Atlantic, 
that  the  open,  mild,  and,  it  must  be  added,  rainy  win¬ 
ters  of  these  islands  are  due.  The  same  region  of 
low  pressure  gives  Russia  and  Western  Siberia  their 
severe  winters  ;  and  it  is  the  same  consideration  that 
fully  explains  the  enormous  deflection  of  the  isother¬ 
mal  lines  from  Norway  eastwards  and  southeastward 
over  the  Old  Continent.  Finally,  the  same  low  press¬ 
ure  draws  over  British  America  and  the  United  States, 
by  the  N.  W.  winds  which  it  induces,  the  intensely  dry 
cold  air-current  of  the  Arctic  regions.  At  Portland, 
Maine,  which  is  swept  by  these  cold  northwesterly 
winds,  the  normal  temperature  in  January  is  23.6°, 
whereas  at  Corunna,  on  the  coast  of  Spain,  in  nearly 
the  same  latitude,  where  southwesterly  winds  from 
the  Atlantic  prevail,  the  mean  temperature  of  the 
month  is  49.1°,  or  25.5°  higher. 

The  region  of  low  atmospheric  pressure  in  the  north 
of  the  Pacific  is  accompanied  by  prevailing  winds  over 
the  region  embraced  by  it  and  by  climatic  effects  in  all 
respects  similar  to  the  above.  In  Vancouver  Island 
the  prevailing  winds  in  January  are  S.W.,  at  Sitka 
E.S.E.,  on  Great  Bear  Lake  E.N.E.,  in  Alaska  N.E., 
in  Kamchatka  N.N.E.,  and  in  Japan  N.W.  In  ac¬ 
cordance  with  these  winds  the  winter  climate  of  Van¬ 
couver  and  adjoining  regions  is  mild  and  humid, 
and  that  of  the  northeast  of  Asia  dry  and  intensely 
cold. 

On  the  other  hand,  abnormally  high  pressure  rules 
over  the  continent  of  Asia  at  this  season,  and  as  re¬ 
gards  this  region  of  high  pressure  the  arrows  repre¬ 
sent  the  winds  as  blowing  outwards  from  it  in  all  di¬ 
rections.  Over  the  interior  of  Asia,  where  the  highest 
normal  pressures  are,  observationsshowa  marked  prev¬ 
alence  of  calms  and  light  winds,  but  around  this  cen¬ 
tral  region  the  prevailing  winds  in  January  are— at 
Calcutta  N.,  at  Hong-Kong  E.N.E.,  at  Peking  N.W., 
on  the  Amur  W.N.W.,  S.E.  at  Nijnikolynisk  and 
S.S.W.  at  Ustjansk  (in  the  north  of  Siberia),  and 
at  Bogoslovsk  S.W.  Hence  from  this  extensive 
region,  where  pressure  is  abnormally  high,  or  where 
at  this  season  there  is  a  large  surplus  of  air,  the  pre¬ 
vailing  winds  flow  outwards  in  all  directions  towards 
the  lower  pressure  which  surrounds  it.  Owing  to  the 
excessive  dryness  of  the  air  of  Central  Asia,  terrestrial 
radiation  is  less  obstructed  there  than  anywhere  else 
on  the  globe,  and  consequently  the  temperature  falls 
very  low,  the  mean  of  January  at  Werchojansk  being 
• — 55. 8°,  which  is  the  lowest  mean  monthly  temperature 
known  to  occur  on  the  earth’s  surface.  And,  since 
the  winds  blow  outwards  from  the  dry  cold  climates  of 
the  interior,  temperatures  are  low,  even  on  the  coasts. 
Of  this  China  affords  good  illustrations.  Thus  the 
mean  January  temperature  of  Peking  is  22.7°  and  of 
Zi-ka-Wei,  near  Shanghai,  35.4°,  whereas  at  Corfu 
and  Alexandria  the  normal  temperatures  for  January 
are  respectively  50.9°  and  58.0°,  or  28.2°  and  22.6° 
higher  than  in  corresponding  latitudes  on  the  coast  of 
China. 

The  winds  of  the  United  States  in  winter,  taken  in 


connection  with  the  peculiar  distribution  of  pressure 
already  described,  are  very  interesting.  There  are  two 
regions  of  high  pressure,  one  in  the  Southeastern 
States  and  the  other  and  larger  one  in  the  States 
around  Utah  ;  and  between  these  there  is  interposed 
a  trough  of  lower  pressure  extending  from  Chicago  to 
the  southwest  of  Texas.  On  the  western  side  of  this 
depression  the  winds  are  northwesterly,  but  to  the 
east  of  it  they  become  W.,  W.S.W. ,  and  in  some 
laces  S.W..,  and  again  on  nearing  the  Atlantic  sea- 
oard  they  become  northwesterly.  In  connection 
with  the  region  of  high  pressure  in  the  west,  the  pre¬ 
vailing  winds  are  seen  to  flow  outward  from  it.  The 
normal  pressure  diminishes  everywhere  to  southward 
of  a  line  drawn  from  the  Canaries  to  Bermuda,  thence 
westward  in  nearly  the  same  latitude  to  Texas,  and 
then  to  west-northwest  to  San  Francisco.  The  tract 
of  lowest  pressure  stretches  from  the  basin  of  the 
Amazon  in  the  direction  of  the  isthmus  of  Panama  in 
about  latitude  8°  N.,  and  thence  is  continued  west¬ 
ward  for  a  considerable  distance  into  the  Pacific  in 
nearly  the  same  latitude.  It  follows  from  this  distri¬ 
bution  of  the  pressure  that  the  north  trades  in  a  more 
or  less  modified  form  prevail  over  South  America  to 
the  north  of  the  Amazon,  and  in  the  Pacific  to  the 
north  of  lat.  8°  N.,  probably  as  far  to  westward  as 
long.  150°  W. 

The  low-pressure  systems  which  prevail  during  the 
summer  months  in  South  America  and  South  Africa 
have  each  its  corresponding  system  of  winds  all  round. 
It  is,  however,  in  Australia,  as  being  the  most  com¬ 
pact  and  isolated  continent,  that  the  influence  of  the 
summer  sun  in  lowering  the  pressure  is  best  illus¬ 
trated.  _  In  that  continent  the  lowest  pressure  occurs  in 
the  region  situated  about  midway  between  the  north 
coast  and  the  tropic  of  Capricorn,  over  which  the  nor¬ 
mal  pressure  does  not  exceed  29.80  inches.  Further, 
everywhere  in  Australia  pressure  diminishes  from  the 
coast  on  advancing  upon  the  inland  districts.  It  fol¬ 
lows  from  this  disposition  of  the  pressure  that  all  round 
the  island  the  prevailing  winds  in  summer  blow  from 
the  sea  towards  the  interior ;  and  accordingly  it  is  in 
these  months  that  the  greater  part  of  the  rain  falls. 
From  the  low  pressure  of  the  interior  southwards  to 
Bass’s  Straits  pressure  rises  continuously, the  increase  in 
the  normal  over  this  space  being  about  0.200  inch.  To 
northward  it  also  rises  continuously  to  beyond  the  north 
of  China,  the  increase  on  this  side  being  about  f  of  an 
inch.  In  this  case  the  greater  part  of  the  increase  oc¬ 
curs  over  the  continent,  the  rate  of  increase  from  the 
north  of  Australia  to  the  Philippine  Islands  being 
only  about  the  rate  of  increase  which  obtains  south¬ 
ward  toward  Bass’s  Straits.  It  will  be  shown  when 
the  subject  of  the  rainfall  is  examined  that  it  is  the 
relative  excess  of  these  high  pressures,  the  one  in  the 
south  of  Australia  and  the  other  in  the  southeast  of 
Asia,  that  determines  the  position  of  the  area  of  low 
pressure  in  Australia  in  particular  years,  and  with 
that  position  the  degree  and  extent  to  which  the  whole 
of  the  northern  portion  of  Australia  is  watered  by  the 
rainfall.  Thus,  when  pressure  is  more  than  usually 
high  in  the  southeast  of  Asia,  and  either  low  or  not 
excessive  in  the  south  of  Australia,  then  the  low  press¬ 
ure  region  is  pushed  farther  southward  into  the  inte¬ 
rior,  and  with  it  the  rainfall  spreads  inland  over  a 
wider  area  and  to  a  greater  depth. 

Prevailing  Winds  in  July.  ^-In  the  winter  of  the 
southern  hemisphere,  the  geographical  distribution  of 
pressure  is  exactly  the  reverse  in  Australia  of  what 
obtains  during  the  summer  months.  Everywhere  all 
round  it  increases  on  advancing  from  the  coast  into 
inland  districts.  The  lowest  pressure,  about  30.  o5 
inches,  occurs  on  the  north  coast,  and  the  highest  over 
the  basin  of  the  Murray  River  and  its  affluents,  where 
it  rises  generally  to  30.18  inches.  On  the  south  coast 
it  is  generally  about  30.12  inches,  falling,  however,  at 
Gabo  Island,  in  the  extreme  southeast,  to  30.050 
inches,  and  to  29.836  in  the  south  of  New  Zealand. 
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From  the  Murray  River  the  diminution  of  pressure  is 
continuous  to  the  north,  even  to  the  low  pressure  of 
Central  Asia.  From  this  arrangement  of  the  pressure 
the  prevailing  winds  blow  from  the  interior  towards 
the  surrounding  ocean  all  round  Australia,  with  the 
single  exception  of  the  extreme  southwest  of  the  con¬ 
tinent,  where  the  prevailing  winds  are  southwesterly, 
being  here  essentially  an  outflow  of  the  high  pressure 
which  overspreads  the  Indian  Ocean  to  the  westward. 
As  these  S.  W.  winds  are  from  the  ocean,  the  rainfall 
at  Perth  in  July  is  fully  6  inches,  and  it  is  high  over 
southwestern  districts  of  West  Australia.  The  pre¬ 
vailing  winds  round  Australia  are  S.E.  on  the  north 
coast,  S.W.  at  Brisbane,  W.N.W.  at  Sydney,  N.  at 
Melbourne,  N.E.  at  Adelaide.  These  all  represent  an 
outflow  from  the  high  pressure  regions  of  the  interior 
modified  by  the  influence  of  the  earth’s  rotation,  and, 
in  correspondence  with  the  reversal  of  the  distribution 
of  the  pressure,  are  directions  the  reverse  of  the  pre¬ 
vailing  winds  of  January. 

In  July  the  central  and  southern  parts  of  Asia  are 
highly  heated  hy  the  summer  sun,  and,  besides,  the 
rainfall  over  southern  parts  is  excessive.  Consequently 
atmospheric  pressure  is  very  low,  being  fully  0.40  inch 
lower  in  the  Punjab  than  it  is  in  the  south  of  Ceylon. 
From  the  interior  pressure  rises  continuously  on  ad¬ 
vancing  to  the  eastward,  southward,  westward,  and 
northward,  and  from  all  these  directions  the  prevailing 
winds  of  summer  flow  inwards  upon  the  interior,  and 
these  bring  rain  or  parching  drought  according  to  the 
vapor  they  bring  from  the  ocean  they  have  traversed, 
and  according  as  they  advance  into  warmer  or  colder 
regions.  The  prevailing  summer  winds  of  Asia,  being 
an  inflow  inwards  upon  the  interior,  have,  generally 
speaking,  exactly  the  reverse  direction  of  that  prevail¬ 
ing  in  winter. 

The  winds  of  Europe  are  mainly  determined  by  the 
extraordinarily  high  pressure  of  the  Atlantic  in  its  re¬ 
lations  to  the  low-pressure  systems  of  Central  Asia 
and  Central  Africa  at  this  time.  The  winds  in  the 
Spanish  Peninsula  are  northwest;  in  the  north  of 
Africa  they  are  northerly,  and  again  northwesterly  in 
Syria.  The  winds  of  the  British  Islands  and  Western 
Europe  have  less  southing  and  more  northing  than  the 
prevailing  winds  of  winter,  and  to  the  east  of  long.  40° 
E.  they  become  decidedly  northwest.  It  is  to  the  At¬ 
lantic  origin  of  these  winds  that  the  summer  climates 
of  these  large  and  important  regions  owe  the  compara¬ 
tively  large  rainfall  of  this  season,  it  being  at  this  time 
that  the  rainfall  reaches  the  annual  maximum.  The 
bearing  of  the  low-pressure  areas  and  mountain  sys¬ 
tems  of  the  north  of  Italy  and  Scandinavia  on  the 
climates  of  these  countries  will  be  afterwards  referred 
to. 

The  centre  of  lowest  pressure  in  North  America  is 
over  the  Central  States  about  Utah,  from  which  it  rises 
all  round,  least  to  northward  and  most  in  southeasterly 
and  northwesterly  directions.  In  California  N.W. 
winds  necessarily  blow  inwards  upon  this  central  low- 
pressure  area ;  and,  as  these  winds  pass  successively 
over  regions  the  temperature  of  which  constantly  in¬ 
creases,  the  summer  climate  is  rainless.  On  the  other 
hand,  southerly  and  southeasterly  winds  from  the  Gulf 
of  Mexico  blow  up  the  western  side  of  the  basin  of 
the  Mississippi  inwards  upon  the  low-pressure  area  of 
the  centre,  depositing  in  their  course,  in  a  rainfall  more 
or  less  abundant,  the  moisture  they  have  brought 
from  the  Gulf.  To  the  north  of  lat.  50°,  and  to  west¬ 
ward  of  Hudson’s  Bay,  the  prevailing  winds  become 
easterly  and  northeasterly,  distributing  over  Manitoba, 
Saskatchewan,  and  neighboring  regions,  as  they  con¬ 
tinue  their  westerly  course  towards  the  low-pressure 
area,  the  rainfall  they  have  transported  thither  from 
the  wide  expanse  of  Hudson’s  Bay.  An  attentive  ex¬ 
amination  of  the  arrows  of  Fig.  17  shows  that  the 
prevailing  winds  over  all  the  States  to  the  east  of  the 
Mississippi  River  are  rather  to  be  regarded  as  an  out¬ 
flow  from  the  region  of  very  high  pressure  over  the 


Atlantic  to  the  southeastward.  Thus  in  Florida  the 
winds  are  S.E.,  in  the  southern  States  S.,  and  in  the 
lake  region,  in  the  New  England  States,  and  on  the 
Atlantic  seaboard  S.  W .  Since  the  origin  of  these  winds 
is  thus  essentially  oceanic,  and  since  in  their  course 
northwards  no  mountain  range  crosses  their  path,  the 
whole  of  this  extensive  region  enjoys  a  large  but  by 
no  means  excessive  rainfall,  which,  taken  in  connection 
with  the  temperature,  renders  the  summer  climate  of 
these  States  one  of  the  best  to  be  met  with  anywhere 
on  the  globe  for  the  successful  prosecution  of  agricul¬ 
tural  industries. 

The  remarkable  protrusion  of  high  pressures  from 
the  southern  hemisphere,  where  they  are  massed  at 
this  time  of  the  year,  northwards  into  the  Atlantic  is, 
as  has  already  been  referred  to,  one  of  the  outstanding 
features  of  the  meteorology  of  the  summer  months  of 
the  northern  hemisphere.  In  the  central  area  of  this 
large  region  the  climate  is  remarkable  for  its  prevailing 
calms,  light  winds,  occasional  squalls,  and  clear  skies. 
From  this  comparatively  calm  space  the  wind  blows 
outwards  in  all  directions  towards  and  in  upon  the  sur¬ 
rounding  regions  of  low  pressure.  These  winds,  owing 
to  the  high  temperature,  clear  skies,  and  strong  sun¬ 
shine  of  the  region  from  which  they  issue,  carry  with 
them  a  great  amount  of  vapor  near  the  surface,  by 
which  to  a  large  extent  the  north  of  South  America, 
the  east  of  North  America,  the  greater  part  of  Europe, 
and  a  large  portion  of  Africa  are  watered.  The  pre¬ 
vailing  winds  over  this  region  are  further  interesting, 
not  merely  from  the  striking  illustration  they  give  of 
the  intimate  relation  of  the  winds  to  the  distribution 
of  the  pressure,  but  as  being  of  no  small  importance 
in  determining  the  best  routes  to  be  taken  over  this 
great  highway  of  commerce,  and  the  more  so  inasmuch 
as  the  currents  of  the  ocean  are  coincident  with  these 
prevailing  winds. 

In  the  Antarctic  regions,  or  rather  to  the  south  of 
lat.  45°  S. ,  the  normal  atmospheric  pressure  is  low  at 
all  seasons,  there  being  a  gradual  diminution  of  press¬ 
ure  to  29.20  inches  about  lat.  60°  S.  Pressure  is 
probably  even  still  lower  nearer  to  the  south  pole,  as 
seems  to  be  indicated  by  the  observations  made  by  Sir 
James  C.  Ross,  and  in  the  “Challenger”  and  other 
expeditions.  Over  this  zone  the  prevailing  winds  are 
W.N.W.  and  N.W.  This  is  the  region  of  the  “brave 
west  winds,”  the  “roaring  forties ”  of  sailors,  which 
lay  such  an  important  part  in  navigation,  and  which 
etermine  that  the  outward  voyage  to  Australia  be 
round  the  Cape  of  Good  Hope  and  thence  eastward,  and 
the  homeward  voyage  eastward  round  Cape  Horn,  the 
globe  being  thus  circumnavigated  by  the  double  voyage. 
That  the  general  drift  of  these  winds  is  inwards  upon 
the  south  pole  is  strongly  attested  by  the  existence  of 
the  enormously  thick  wall  of  ice  which  engirdles  these 
regions,  from  which  are  constantly  breaking  away  the 
innumerable  icebergs  that  cover  the  Southern  Ocean, 
none  of  which  is  ever  seen  of  a  calculated  thickness 
less  than  1400  feet.  The  snow  and  rainfall  which  must 
take  place  in  the  south  polar  regions  for  the  formation 
of  icebergs  of  such  a  thickness  must  be  peculiarly 
heavy,  but  not  heavier  than  might  be  expected  from 
the  strength  and  degree  of  saturation  of  the  “roaring 
forties”  which  unceasingly  precipitate  their  moisture 
over  these  regions. 

To  sum  up  :  so  far  as  the  prevailing  winds  are  con¬ 
cerned,  it  has  been  shown  that  where  pressure  is  high, 
that  is  to  say,  where  there  exists  a  surplus  of  air,  out 
of  such  a  region  winds  blow  in  all  directions ;  and,  on 
the  other  hand,  where  pressure  is  low,  or  where  there 
is  a  deficiency  of  air,  towards  such  a  region  winds  blow 
from  all  directions  in  an  in-moving  spiral  course.  This 
outflow  of  air-currents  from  a  region  of  high  pressure 
upon  a  region  of  low  pressure  is  reducible  to  a  single 
principle,  viz. ,  the  principle  of  gravitation..  Given  as 
observed  facts  the  differences  of  pressure,  it  is  easy  to 
state  with  a  close  approximation  to  accuracy  what  are 
the  prevailing  winds,  before  calculating  the  averages 
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from  the  wind  observations.  Indeed,  so  predominating 
is  the  influence  of  gravitation  where  differences  of 
pressure,  however  produced,  exist  that  it  may  practi¬ 
cally  be  regarded  as  the  sole  force  immediately  con¬ 
cerned  in  causing  the  movements  of  the  atmosphere. 
If  there  be  any  other  force  or  forces  that  set  the  winds 
in  motion  independently  of  the  force  called  into  play  by 
differences  of  mass  or  pressure,  their  influence  must 
be  altogether  insignificant  as  compared  with  gravita¬ 
tion. 

It  has  been  abundantly  proved  that  the  wind  does 
not  blow  directly  from  the  region  of  high  towards  that 
of  low  pressure,  but  that,  in  the  northern  hemisphere, 
the  region  of  lowest  pressure  is  to  the  left  of  the  di¬ 
rection  towards  which  the  wind  blows,  and  in  the 
southern  hemisphere  to  the  right  of  it.  This  direction 
of  the  prevailing  wind  with  reference  to  the  pressure 
is  in  strict  accordance  with  Buys  Ballot’s  Law  of  the 
Winds,  which  may  be  thus  expressed :  the  wind 
neither  blows  round  the  centre  of  lowest  pressure  in 
circles,  or  as  tangents  to  the  concentric  isobaric  curves 
of  storms  or  cyclones,  nor  does  it  blow  directly  towards 
the  centre ;  but  it  takes  a  direction  intermediate,  ap¬ 
proaching,  however,  more  nearly  to  the  direction  and 
course  of  the  circular  curves  than  of  the  radii  to  the 
centre.  The  angle  formed  by  a  line  drawn  to  the  centre 
of  lowest  pressure  from  the  observer’s  position  and  a 
line  drawn  in  the  direction  of  the  wind  is  not  a  right 
angle,  but  an  angle  of  from  60°  to  80°. 

From  its  importance  in  practical  meteorology  Buys 
Ballot’s  law  may  be  stated  in  these  two  convenient 
forms.  (1)  Stand  with  your  back  to  the  wind,  and 
the  centre  of  the  depression  or  the  place  where  the  ba¬ 
rometer  is  lowest  will  be  to  your  left  in  the  northern 
hemisphere,  and  to  your  right  in  the  southern  hemi¬ 
sphere.  This  is  the  rule  for  sailors  by  which  they  are 
guided  to  steer  with  reference  to  storms.  (2)  Stand 
with  Jthe  high  barometer  to  your  right  and  the  low  ba¬ 
rometer  to  your  left,  and  the  wind  will  blow  on  your 
back,  these  positions  in  the  southern  hemisphere  being 
reversed.  It  is  in  this  form  that  the  prevailing  winds 
of  any  part  of  the  globe  may  be  worked  out  from  the 
isobaric  charts  (Figs.  14  and  17). 

From  the  all-important  consequences  which  flow 
from  the  geographical  distribution  of  the  pressure,  it  is 
evident  that  the  regions  of  low  and  of  nigh  normal 
pressure  must  be  regarded  as  the  true  poles  of  the  pre¬ 
vailing  winds  on  the  earth’s  surface,  towards  which 
and  from  which  the  great  movements  of  the  atmos¬ 
phere  proceed.  From  the  unequal  distribution  of  land 
and  water,  and  their  different  relations  to  solar  and 
terrestrial  radiation,  it  follows  that  the  poles  of  press¬ 
ure  and  of  atmospheric  movements  are,  just  as  hap¬ 
pens  with  respect  to  the  poles  of  temperature,  very 
far  from  being  coincident  with  the  north  pole.  Thus 
during  the  winter  months  the  regions  to  which  the 
origin  of  the  great  prevailing  winds  of  the  northern 
hemisphere  are  to  be  referred  are  Central  Asia,  the 
region  of  the  Rocky  Mountains,  and  the  horse  lati¬ 
tudes  of  the  Atlantic,  and  the  regions  towards  and  in 
upon  which  they  flow  are  the  low-pressure  systems  in 
the  north  of  the  Atlantic  and  Pacific  Oceans,  and  the 
tract  of  low  pressure  within  the  tropics  towards  which 
the  trade-winds  blow.  In  the  summer  months  the  re¬ 
versed  conditions  of  pressure-distribution  then  ob¬ 
served  are  attended  with  corresponding  changes  in  the 
prevailing  winds ;  and,  generally  speaking,  if  the  south 

{)olar  region  be  excepted,  the  poles  of  highest  and 
owest  pressure  and  atmospheric  movements  are  at  no 
time  coincident  with  the  north  pole.  It  is  this  con¬ 
sideration  which  affords  the  true  explanation  why  pre¬ 
vailing  winds  at  so  large  a  proportion  of  stations  in  the 
northern  hemisphere  do  not  blow  in  the  directions  in 
which  true  equatorial  and  polar  winds  should  blow. 

The  causes  which  bring  about  an  unequal  distribu¬ 
tion  of  the  mass  of  the  earth’s  atmosphere  are  mainly 
these  two — the  temperature  and  the  moisture  of  the 
atmosphere  considered  with  respect  to  the  geographi¬ 


cal  distribution  of  land  and  water.  Owing  to  the  very 
different  relations  of  land  and  water  to  temperature,  as 
already  stated,  the  summer  temperature  of  continents 

f  ready  exceeds  that  of  the  ocean  in  the  same  latitudes. 

fence  the  abnormally  high  temperature  which  pre¬ 
vails  in  the  interior  of  Asia,  Africa,  America,  and  Aus¬ 
tralia  during  their  respective  summers,  in  consequence 
of  which  the  air,  becoming  specifically  lighter,  ascends 
in  enormous  columns  thousands  of  miles  in  diameter. 
On  arriving  at  the  higher  regions  of  the  atmosphere  it 
flows  over  neighboring  regions  where  the  surface  tem¬ 
perature  is  lower,  and  thus  the  atmospheric  pressure 
of  the  highly  heated  regions  is  diminished. 

Surface  winds  set  in  all  round  to  take  the  place  of  the 
air  removed  from  the  continents  by  these  ascending  cur¬ 
rents,  and  since  these  necessarily  are  chiefly  winds  from 
the  ocean  they  are  highly  charged  with  aqueous  vapor, 
by  the  presence  of  which,  and  by  the  condensation  of 
the  vapor  into  cloud  and  rain,  the  pressure  over  conti¬ 
nents  at  this  season  is  still  further  and  very  largely  di¬ 
minished.  Air  charged  with  vapor  is  specifically  lighter 
than  when  without  the  vapor ;  in  other  words,  the  more 
vapor  any  given  quantity  of  atmospheric  air  has  in  it  the 
less  is  its  specific  gravity ;  and,  further,  the  condensa¬ 
tion  of  vapor  in  ascending  air  is  the  chief  cause  of  the 
cooling  effect  being  so  much  less  than  that  which 
would  be  experienced  by  dry  air.  From  these  two 
principles,  which  were  established  by  Dalton,  Joule, 
and  Sir  William  Thomson,  it  follows  that  the  pressure 
of  vapor  in  the  air,  and  its  condensation,  exercise  a 
powerful  influence  in  diminishing  the  pressure.  The 
great  disturbing  influences  at  work  in  the  atmosphere 
are  the  forces  called  into  play  by  its  aqueous  vapor ; 
and  it  is  to  these,  cooperating  with  the  forces  called 
into  play  by  the  differences  of  temperature  directly, 
that  the  low  normal  pressure  of  the  continents  during 
the  summer  is  to  be  ascribed.  The  degree  to  which 
the  lowering  of  the  pressure  takes  place  is,  as  was  to 
have  been  expected,  greatest  in  Asia,  the  largest  con¬ 
tinent,  and  least  in  Australia,  the  smallest  continent, 
while  in  America  it  is  intermediate. 

The  influence  of  the  aqueous  vapor  in  diminishing 
the  pressure  is  well  seen  in  the  belt  of  calms  in  the 
tropics  between  the  north  and  the  south  trade-winds. 
Since  these  winds  import  into  the  belt  of  calms  the 
vapor  they  have  taken  up  from  the  sea  on  their  way 
thither,  the  climate  is  characterized  by  a  highly  satu¬ 
rated  atmosphere  and  heavy  rains.  Again  the  air  in 
regions  near  the  Atlantic  contains  much  more  vapor 
and  is  of  a  higher  temperature  during  winter  than  is 
observed  at  places  in  the  interior  of  continents  in  the 
same  latitudes.  It  follows  thus  that  the  air  over  the 
north  of  the  Atlantic  and  the  regions  adjoining  is  spe¬ 
cifically  lighter  than  in  the  regions  which  surround 
them.  We  have  here  therefore  the  physical  condi¬ 
tions  of  an  ascending  current ;  and  it  is  plain  that  the 
strength  of  this  current  will  not  merely  b?  kept  up  but 
increased  by  the  condensations  of  the  vapor  into  cloud 
and  rain  which  take  place  within  it,  by  which  a  higher 
temperature  and  a  greater  specific  lightness  are  main¬ 
tained  at  the  surface  of  tne  earth  and  at  various 
heights  in  the  atmosphere  than  exist  over  surrounding 
regions  at  the  same  heights.  Accordingly  it  is  seen 
from  the  winter  isobars  that  an  enormous  diminution  of 
pressure  occurs  over  these  regions,  and  also  over  the 
north  of  the  Pacific  and  the  Antarctic,  as  compared 
with  the  continents. 

Since,  on  the  other  hand,  dry  and  cold  air  is  specifi¬ 
cally  heavy,  the  winter  isobars  show  that  where  tem¬ 
perature  is  low  and  the  air  very  dry  pressure  is  high. 
Of  this  Asia  and  North  America  are  striking  examples 
during  December,  January,  and  February,  and  Aus¬ 
tralia,  South  Africa,  and  South  America  during  June, 
July,  and  August. 

Since  vast  volumes  of  air  are  thus  poured  into  the  re¬ 
gion  where  pressure  is  low  without  increasing  that 
pressure,  and  vast  volumes  flow  out  of  the  region 
where  pressure  is  high  without  diminishing  that  press- 
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ure,  it  necessarily  follows  that  the  volumes  of  air 
poured  into  the  region  of  low  normal  pressure  do  not 
accumulate  over  that  region,  but  must  somehow  escape 
away  into  other  regions,  and  that  the  volumes  of  air 
which  flow  out  from  the  region  of  high  normal  press¬ 
ure  must  have  their  place  supplied  by  fresh  accessions 
of  air  poured  in  from  above.  That  the  same  law  of 
relation  observed  between  sea-level  pressures  and  sur¬ 
face  winds  obtains  between  pressures  at  different 
heights  and  winds  at  the  same  heights  is  simply  a 
necessary  inference.  We  are  therefore  justified  in  ex¬ 
pecting  that  ascending  currents  will  continue  their  as¬ 
cent  till  a  height  is  attained  at  which  the  pressure  of 
the  air  composing  the  currents  equals  or  just  falls  short 
of  the  pressure  over  the  surrounding  regions  at  that 
high  level.  On  reaching  this  height  the  air,  no  longer 
buoyed  up  by  a  greater  specific  levity  than  that  of  the 
surrounding  air,  will  cease  to  ascend,  and  expanding 
horizontally  will  thenceforth  flow  over  as  an  upper 
current  towards  those  regions  which  offer  the  least  re¬ 
sistance  to  its  course ;  that  is  to  say,  it  will  flow  over 
upon  those  regions  where,  at  that  height,  pressure  hap- 
ens  at  the  time  to  be  least.  Now  from  the  known 
ensities  of  air  of  different  temperatures  and  humidities 
it  is  evident  that  the  overflow  of  the  upper  current 
will  take  place  towards  and  over  that  region  or  regions 
the  air  of  which  in  the  lower  strata  of  the  atmosphere 
happens  to  be  colder  and  drier  than  that  of  the  other 
surrounding  regions, — because,  being  denser,  a  greater 
mass  of  air  is  condensed  or  gathered  together  in  the 
lower  strata  of  the  atmosphere,  thus  leaving  a  less 
mass  of  air,  or  a  diminished  pressure,  in  the  higher 
region  of  the  upper  current. 

if  this  be  so,  then  the  extraordinarily  high  pressure 
of  Central  Asia  during  winter  is  to  be  ascribed  to  these 
two  causes:  (1)  the  low  temperature  and  excessive 
dryness  of  the  air  of  this  extensive  region  ;  and  (2)  its 
relative  proximity  to  the  low  pressure  of  the  Atlantic 
to  the  northwest,  the  low  pressure  of  the  Pacific  to  the 
northeast,  and  the  low  pressure  of  the  belt  of  calms  to 
the  south.  Similarly,  since  in  summer  the  tempera¬ 
ture  of  air  resting  over  the  Atlantic  between  Africa 
and  the  United  States  is  much  lower  than  that  of  the 
land,  the  ascending  currents  which  arise  from  the 
heated  lands  of  Africa,  Europe,  and  North  and  South 
America,  as  well  as  from  the  region  of  calms  imme¬ 
diately  to  the  south,  all  of  which  are  remarkable  for  a 
low  normal  pressure,  will  on  reaching  the  upper  regions 
of  the  atmosphere  flow  towards  this  part  of  the  At¬ 
lantic,  because  there,  the  temperature  being  lower  and 
the  density  of  the  air  composing  the  lower  strata  being 
greater,  pressure  in  the  upper  regions  is  less.  And, 
since  the  surface  winds  are  constantly  flowing  outwards 
from  this  region  of  abnormally  high  pressure,  thus 
draining  away  the  air  poured  down  upon  it  by  the 
upper  currents  which  converge  upon  it,  extreme  satu¬ 
ration  does  not  take  place,  and  the  air  consequently  is 
relatively  dry  and  cool.  That  this  view  generally  rep¬ 
resents  the  movement  of  the  upper  currents  has  been 
•strongly  confirmed  within  the  last  few  years  by  Pro¬ 
fessor  Hildebrandsson  and  Clement  Ley  in  their  re¬ 
searches  into  the  upper  currents  of  the  atmosphere 
based  on  observations  of  the  cirrus  cloud. 

From  these  considerations  it  may  be  concluded  that 
the  winds  which  prevail  near  the  earth’s  surface  are 
known  from  the  isobaric  lines,  the  direction  of  the 
wind  being  from  regions  where  pressure  is  high  to¬ 
wards  regions  where  it  is  low,  in  accordance  with  Buys 
Ballot’s  law  ;  and  that  the  upper  currents  may  be  in¬ 
ferred  from  the  isobaric  lines  taken  reversely,  together 
with  the  isothermal  lines  taken  directly.  In  other 
words,  the  regions  of  lowest  pressure,  with  their  as¬ 
cending  currents  and  relatively  higher  pressure  at  great 
heights  as  compared  with  surrounding  regions,  point 
out  the  sources  or  fountains  from  which  the  upper  cur¬ 
rents  flow  ;  and  the  isothermals,  by  showing  where  on 
account  of  the  relatively  low  temperatures  the  greater 
mass  of  the  air  is  condensed  in  the  lower  strata  ot  the 


atmosphere  and  sea-level  pressure  consequently  is  high, 
thus  diminishing  the  pressure  of  the  upper  regions, 
point  out  the  regions  towards  and  upon  which  these 
upper  currents  of  the  atmosphere  flow.  The  facts  of 
the  diurnal  oscillations  of  the  barometer  in  the  differ¬ 
ent  regions  already  discussed  afford  the  strongest  cor¬ 
roboration  of  these  views. 

The  term  “  monsoon  ”  has  long  been  applied  to  the 
prevailing  winds  in  Southern  Asia  which  blow  approxi¬ 
mately  from  S.W.  from  April  to  October,  and  from 
N.E.  from  November  to  April.  The  term  is  now, 
however,  generally  applied  to  those  winds  connected 
with  continents  which  are  of  seasonal  occurrence,  or 
which  occur  regularly  with  the  periodical  return  of  the 
season.  Since  they  are  caused  immediately  by  the  dif¬ 
ferent  temperatures  and  pressures  which  form  marked 
features  of  the  climates  of  continents  in  winter  and 
summer  respectively,  they  are  most  fully  developed 
round  the  coast  of  Asia,  owing  to  the  great  extent  of 
that  continent.  The  monsoons  of  different  parts  of 
the  coasts  of  Asia  differ  widely  in  direction  from  each 
other.  Thus  in  winter  and  summer  respectively  they 
are  W.N.W.  and  E.N.E.  at  the  mouth  of  the  Amur, 
N.  and  S.S.E.  at  Shanghai,  N.E.  and  S.W.  at  Ran¬ 
goon,  N.  and  W.S.W.  at  Bombay,  N.W.  and  S.W. 
at  Jerusalem,  and  S.S.W.  and  N.N.E.  at  Archangel. 
The  Indian  winter  monsoon  generally  begins  to  break 
up  in  March,  but  it  is  not  till  about  the  middle  of  May, 
when  the  normal  pressure  has  been  decidedly  dimin¬ 
ished  over  the  heated  interior,  that  the  summer  mon¬ 
soon  acquires  its  full  strength  and  the  heavy  monsoonal 
rains  fairly  set  in.  In  October,  when  the  temperature 
has  fallen  considerably  and  with  the  falling  tempera¬ 
ture  the  pressure  of  the  interior  has  risen,  the  summer 
monsoon  Degins  to  break  up,  and  this  season  is  marked 
by  variable  winds,  calms,  and  destructive  hurricanes. 
As  the  temperature  continues  to  fall  and  pressure  to 
rise,  the  winter  monsoon  again  resumes  its  sway. 
Monsoons,  equally  with  the  trade-winds,  play  a  most 
important  part  in  the  economy  of  the  globe.  The 
relatively  great  force  and  steadiness  in  the  direction  in 
which  they  blow,  and  the  periodical  change  in  their 
direction,  give  facility  of  intercourse  between  different 
countries;  and,  besides,  by  the  rainfall  they  bring 
they  spread  fertility  over  extensive  regions  which 
otherwise  would  be  barren  wastes. 

The  winds  of  Australia  are  also  strictly  monsoonal, 
but  owing  to  the  small  extent  of  that  continent,  and 
consequently  the  smaller  differences  there  are  between 
the  normal  pressure  of  the  interior  and  that  of  the  sur¬ 
rounding  coasts  in  summer  and  winter  respectively, 
they  are  less  strongly  marked  than  are  the  monsoons 
of  Southern  Asia ;  and  particularly  they  neither  blow 
with  the  same  force  nor  so  steadily  from  the  same  point 
of  the  compass.  For  the  same  reason  the  Australian 
climates  are  characterized  by  the  occurrence  of  more 
frequent  droughts  than  are  the  climates  of  Southern 
Asia,  and  the  same  remark  applies  to  the  climates  of 
Southern  Africa. 

Since  the  Malay  archipelago  lies  during  the  summer 
of  the  northern  hemisphere  between  the  high  pressure 
of  Central  Australia  and  the  low  pressure  of  Asia,  and 
during  the  winter  between  the  high  pressure  of  Asia 
and  the  low  pressure  of  Central  Australia,  it  follows 
that  the  winds  of  these  islands  are  eminently  monsoonal 
in  their  character,  being  in  summer  southerly  and  in 
winter  northerly.  The  result  of  this  peculiar  wind 
system  of  the  archipelago  is  to  give  to  these  islands  a 
singular  diversity  of  climates,  which  will  be  more  par¬ 
ticularly  referred  to  under  rainfall. 

At  Zanzibar  the  prevailing  wind  in  July  is  S.E. ,  but 
in  January,  when  the  low  pressure  of  the  interior  is  situ¬ 
ated  much  farther  to  the  southward,  it  is  N.E.  ;  and  the 
same  influence  is  felt,  though  in  a  greatly  modified  de¬ 
gree,  as  far  as  Mauritius,  where  the  S.E.  trade  changes 
nearly  into  E.  during  the  summer.  On  the  other  side  of 
Africa  the  S.E.  trade  of  the  South  Atlantic  is  changed 
into  a  S.  W.  monsoon  on  the  coast  of  the  Gulf  of  Guinea. 
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In  the  southern,  central,  western,  and  northern 
regions  of  North  America  the  prevailing  winds  have 
a  well-marked  monsoonal  character.  The  prevailing 
winds  of  winter  and  summer  respectively  are  N.E.  and 
S.S.E.  at  New  Orleans,  N.W.  and  S.W.  in  Utah,  N. 
and  S.  at  Fort  Yuma  (California),  E.S.E.  and  N.W. 
at  Portland  (Oregon),  and  S.  and  E.N.E.  at  Fort 
York,  Hudson  Bay.  These  winds  are  readily  ac¬ 
counted  for  by  the  distribution  of  pressure  over  the 
continent  in  winter  and  summer.  On  the  Atlantic 
seaboard  of  the  United  States  the  prevailing  winds  of 
winter  vary  from  N.W.  in  the  New  England  States  to 
W.  in  South  Carolina  ,  whereas  in  summer  they  vary 
generally  from  S.S.W.  in  South  Carolina  to  S.W.  in 
the  New  England  States.  Hence  over  the  Eastern 
States  the  summer  winds  are  not  directed  towards  the 
low-pressure  region  of  the  interior  of  the  continent, 
but  are  determined  by  the  relations  of  their  pressure  to 
the  high  pressure  of  the  Atlantic  to  the  eastward,  and 
to  the  lower  pressure  overspreading  the  Atlantic  to  the 
N.E.  This  influence  of  the  Atlantic  may  be  consid¬ 
ered  as  felt  westward  through  the  States  as  far  as  the 
Mississippi. 

Though  not  so  decidedly  marked,  the  winds  of 
Europe,  except  the  extreme  south,  are  also  monsoonal. 
In  winter  they  flow  from  the  land  towards  the  region 
of  low  pressure  in  the  north  of  the  Atlantic;  but  in 
summer  the  arrows,  representing  the  prevailing  winds, 
show  that  all  but  the  extreme  south  of  Europe  is  swept 
by  westerly  winds,  which  flow  in  a  vast  continuous 
stream  from  the  Atlantic  towards  the  central  regions 
of  the  Old  Continent,  and  which  deposit  in  their 
course  the  rains  they  have  brought  from  the  ocean. 

Similarly,  monsoons  prevail  on  the  coasts  of  Brazil, 
Peru,  North  Africa,  and  many  other  regions  which 
happen  to  lie  between  other  regions  whose  tempera¬ 
tures,  and  therefore  pressures,  differ  markedly  from 
each  other  at  different  times  of  the  year. 

These  are  the  chief  prevailing  winds  of  the  globe 
when  the  differences  of  the  normal  atmospheric  press¬ 
ure  are  such  as  to  cause  a  decided  and  steady  move¬ 
ment  of  the  atmosphere  over  a  large  portion  of  the 
earth’s  surface,  resulting  in  well-marked  prevailing 
winds.  But  there  are  other  winds  which  are  greatly 
influenced  by  local  causes,  such  as  the  nature  of  the 
ground,  whether  covered  with  vegetation  or  bare ;  the 
physical  configuration  of  the  surface,  whether  level  or 
mountainous ;  and  the  vicinity  of  extensive  sheets  of 
fresh  or  salt  water.  An  important  characteristic  of 
winds  in  their  practical  relations  to  climate  is  their 
quality, — they  being  warm  or  cold,  dry  or  moist,  ac¬ 
cording  to  their  direction  and  the  nature  of  the  earth’s 
surface  over  which  they  have  just  passed.  Thus  in 
the  northern  hemisphere  southerly  winds  are  warm 
and  moist,  while  northerly  winds  are  cold  and  dry.  In 
Europe  southwesterly  winds  are  moist  and  easterly 
winds  dry,  while  in  the  New  England  States  and 
Canada  northeasterly  winds  are  cold  and  raw,  and 
northwesterly  winds  cold  and  dry. 

In  particular  regions  certain  meteorological  condi¬ 
tions  occur  at  stated  seasons  intensifying  these  effects, 
resulting  in  excessive  drought,  heavy  rains,  intense  or 
great  heat,  thus  giving  rise  to  the  following  among 
other  well-known  winds.  The  east  winds  of  the  British 
Islands  occur  chiefly  in  spring,  but  also  in  a  less  de¬ 
gree  in  November,  being  in  the  latter  case  often  ac¬ 
companied  with  fog.  The  winds  here  referred  to  are 
dry  and  parching,  and  their  deleterious  influence  on 
the  health  is  seen,  not  merely  in  the  discomfort  and 
uneasiness  they  impart  to  the  less  robust  of  the  popu¬ 
lation,  but  also  in  the  largely  increased  mortality  which 
they  cause  from  consumption  and  all  other  diseases 
more  or  less  connected  with  the  nervous  system.  In 
the  countries  bordering  on  the  north  of  the  Atlantic, 
atmospheric  pressure  reaches  the  annual  maximum  in 
May,  and  it  is  above  the  average  during  the  other  two 
spring  months.  In  these  months  the  normal  pressure 
approaches  nearer  to  what  obtains  farther  south,  and 


an  examination  of  daily  weather  maps  shows  that  this 
is  due  to  the  repeated  occurrence  in  spring  of  very  high 
pressures  in  the  north  of  Europe  while  pressures  much 
lower  prevail  to  southward.  Now  these  east  winds  are 
simply  the  outflow  from  these  regions  of  high  pressure 
to  northward.  Northerly  and  even  westerly  winds 
which  are  truly  outflows  from  what  may  be  styled 
Arctic  anticyclonic  areas  bring  with  them  qualities  as 
noxious  as  those  of  the  east  wind  itself,  and  prove  as 
injurious  to  health  and  vegetation.  The  cold  dry  wind 
of  April  29,  1868,  which  blasted  and  shrivelled  up 
vegetation  in  Scotland,  particularly  in  the  western 
counties,  as  effectually  as  if  a  scorching  fire  had 
passed  across  them,  was  a  west  wind. 

In  the  south  of  Europe,  during  the  winter  and  early 
spring,  peculiarly  dry,  cold,  and  violent  northerly  winds 
are  of  occasional  occurrence.  Of  these  winds  the  “mis¬ 
tral”  is  one  of  the  most  notorious,  which  is  a  steady,  vio¬ 
lent,  and  cold  northwest  wind  blowing  from  Central  and 
Eastern  France  down  on  the  Gulf  of  Lyons.  It  is  particu¬ 
larly  trying  while  it  lasts  to  invalids  who  are  spending  the 
winter  at  the  various  popular  sanataria  which  are  scattered 
along  this  part  of  the  Mediterranean  coast.  The  great  cold 
that  took  place  in  the  north  of  Italy  and  south  of  France 
in  the  beginning  of  1868  was  a  good  example  of  the  mistral. 
The  meteorological  conditions  under  which  it  occurred  were 
unusually  low  pressure  over  the  Mediterranean  to  south¬ 
ward  (29.450  inches),  whilst  at  the  same  time  pressure  rose 
steadily  and  rapidly  on  proceeding  northward  to  30.905 
inches  in  the  north  of  Russia.  From  this  geographical 
distribution  of  the  pressure,  northerly  winds  swept  south¬ 
wards  over  Europe,  carrying  with  them  the  low  tempera¬ 
tures  of  the  higher  latitudes,  and  became  still  colder  and 
drier  on  crossing  the  Alps  before  they  made  the  descent  on 
the  shores  of  the  Mediterranean.  The  cold  tempestuous 
winds  which  descend  from  the  Julian  Alps  and  sweep  over 
the  Adriatic,  and  the  dreaded  “gregale”  of  Malta,  which  is 
a  dry  cold  northeast  wind,  are  in  their  character  and  origin 
quite  analogous  to  the  mistral. 

The  “northers,”  or  “nortes,”  are  peculiarly  dry  cold 
strong  winds  which  repeatedly  occur  from  September  to 
March  in  the  States  bordering  on  the  Gulf  of  Mexico,  and 
are  perfectly  analogous  to  the  mistral.  The  conditions 
under  which  they  occur  are  a  pressure  lower  than  usual  to 
the  south  or  southeast  over  the  Gulf  of  Mexico,  together 
with  a  pressure  even  higher  than  the  high  normal  which 
is  so  marked  a  feature  of  the  meteorology  of  the  Rocky 
Mountains  during  the  colder  months.  When,  as  most  fre¬ 
quently  happens,  they  occur  in  the  wake  of  a  storm,  their 
disagreeable  qualities  of  extreme  dryness,  cold,  and  vio¬ 
lence  are  all  intensified.  From  a  temperature  of  upwards 
of  80°  experienced  as  the  storm  comes  up,  the  thermometer 
rapidly  falls  to  18°  or  even  lower;  and,  as  the  low  tempera¬ 
ture  often  occurs  with  a  wind  blowing  with  great  violence, 
the  northers  prove  most  deleterious.  A  violent  wind  with 
a  temperature  of  18°  is  altogether  unknown  in  the  British 
Islands. 

The  “pampero”  is  a  strong,  dry,  cold  wind  which  blows 
across  the  pampas  of  the  River  Plate  of  South  America, 
occurring  at  all  seasons,  but  most  frequently  during  the 
spring  and  summer  from  October  to  January.  They  are 
preceded  by  easterly  winds,  a  falling  pressure,  a  rising  tem¬ 
perature,  and  increased  moisture.  A  pampero  is  described 
by  Dr.  D.  Christison,  and  its  appearance  figured,  in  the 
Journal  of  the  Scottish  Meteorological  Society,  vol.  v.  p.  342,  as 
seen  advancing  on  the  morning  of  November  28,  1867,  in 
Central  Uruguay.  In  the  early  morning  the  wind  blew 
rather  strongly  from  northeast,  and  by  and  by  clouds  were 
seen  moving  very  slowly  from  the  west,  throwing  out  long 
streamers  eastwards.  As  they  advanced,  two  dense  and 
perfectly  regular  cloud-masses  appeared  in  front,  one  be¬ 
hind  the  other,  in  close  contact  yet  not  intermingling,— 
the  one  being  of  a  uniform  leaden  gray,  while  the  other  was 
as  black  as  the  smoke  of  a  steamer.  On  arriving  overhead, 
the  front,  though  slightly  wavy  in  appearance,  was  seen  to 
be  quite  straight  in  its  general  direction,  and  the  bands 
were  of  uniform  breadth.  They  rushed  forward  at  great 
speed  under  the  other  clouds  without  uniting  with  them, 
preserving  their  forms  unbroken,  being  borne  onward  by 
an  apparently  irresistible  force,  as  if  composed  of  some  solid 
material  rather  than  vapor.  They  extended  probably  50 
miles  in  length,  but  as  they  took  only  a  few  minutes  to 
pass  their  breadth  was  not  great,  and  they  appeared  to  di¬ 
minish  to  mere  lines  in  the  distant  horizon.  At  the  instant 
the  first  cloud-band  arrived  overhead,  the  wind  chopped 
round  from  northeast  to  north  and  then  to  southwest ;  a 
strong  cold  blast  at  the  same  time  seemed  to  fall  from  the 
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leaden  cloud,  and  continued  to  blow  till  both  bands  had 
passed.  No  rain  or  thunder  occurred  at  this  time,  but  in 
the  confused  rabble  of  clouds  which  followed  low  thunder 
continued  to  roll,  and  in  a  quarter  of  an  hour  rain  fell,  and 
for  some  hours  thereafter  wind,  rain,  and  thunder  con¬ 
tinued,  but  only  to  a  moderate  degree.  The  low  tempera 
ture  and  rising  barometer  and  change  of  wind  are  the  con¬ 
stant  and  most  striking  characteristics  of  the  pampero.  On 
one  occasion  the  temperature  fell  44°  in  fourteen  hours,  and 
on  another  occasion  the  fall  was  only  4°.  Rain  is  a  usual 
accompaniment,  but  on  rare  occasions  the  pampero  passes 
off  and  no  rain  falls. 

Rainfall.  — Whatever  tends  to  lower  the  temperature 
of  the  air  below  the  dew-point  is  a  cause  of  rain.  It 
is  therefore  to  the  winds  we  must  chiefly  look  for  an 
explanation  of  the  rainfall,  and  the  broad  principles 
of  the  connection  may  be  stated  to  be  these  five  :  (1) 
when  the  winds  have  previously  traversed  a  consider¬ 
able  extent  of  ocean,  the  rainfall  is  moderately  large ; 
(2)  if  the  winds  advance  at  the  same  time  into  colder 
regions,  the  rainfall  is  largely  increased,  because  thfc 
temperature  is  sooner  reduced  below  the  point  of  satu¬ 
ration  ;  (3)  if  the  winds,  though  arriving  from  the 
ocean,  have  not  traversed  a  considerable  extent  of  it, 
the  rainfall  is  not  large  ;  (4)  if  the  winds,  even  though 
having  traversed  a  large  extent  of  ocean,  yet  on  ar¬ 
riving  at  the  land  proceed  into  lower  latitudes  or  re¬ 
gions  markedly  warmer,  the  rainfall  is  small  or  nil ;  (5) 
if  a  range  of  mountains  lies  across  the  onward  path  of 
the  winds,  the  rainfall  is  largely  increased  on  the  side 
facing  the  winds,  and  reduced  over  the  regions  on  the 
other  side  of  the  range.  The  reason  here  is  that,  the 
air  on  the  windward  side  of  the  ridge  being  suddenly 
raised  to  a  greater  height  in  crossing  the  range,  the 
temperature  is  further  reduced  by  mere  expansion,  and 
a  more  copious  precipitation  is  the  result ;  whereas  on 
the  leeward  side  as  the  air  descends  to  lower  levels  it 
becomes  gradually  drier,  and  accordingly  the  rainfall 
rapidly  diminishes  with  the  descent. 

We  have  drawn  attention  to  the  diminished  velocity  of 
the  wind  over  land  as  compared  with  the  open  sea  (p.  129). 
From  this  it  follows  that  an  envelope  of  stiller  air  or  air  of 
less  velocity  than  that  of  the  prevailing  wind  broods  over 
the  land,  and  by  its  presence  forces  the  prevailing  wind  to 
a  greater  height,  thus  tending  to  increase  the  rainfall.  If 
the  foreshore  rises  within  a  few  miles  to  a  height  of  200  or 
300  feet,  the  result  is  very  striking  when  the  wind  from  the 
sea  blows  straight  upon  it.  Thus  at  Spittal,  near  Berwick, 
in  September,  1877,  a  N.E.  wind  blew  straight  ashore  at  an 
estimated  velocity  of  25  miles  an  hour.  To  eastward  the 
sky  was  singularly  clear  down  to  the  horizon,  but  to  west¬ 
ward  all  the  country  beyond  a  mile  from  the  shore  was  en¬ 
veloped  in  what  appeared  a  dense  mist  or  fog.  About  15° 
to  eastward  of  the  zenith  of  an  observer  on  the  shore,  the 
thinnest  rack  of  cloudlets  was  seen  emerging  without  inter¬ 
mission  from  the  deep  stainless  blue  of  the  sky,  which  as 
they  drifted  landward  increased  so  rapidly  in  volume  and 
density  that  the  zenith  was  three-fourths  covered  with 
clouds.  A  similar  phenomenon  was  seen  in  September, 
1879,  on  board  the  Orkney  steamer  at  the  magnificent  cliff 
of  Hoy  Island,  Orkney.  A  heavy  storm  had  just  cleared 
away,  and  a  strong  W.N.W.  wind  was  blowing  right  against 
the  cliff.  The  sky  was  absolutely  cloudless  all  round,  except  • 
the  upper  300  feet  of  Hoy  Hill,  1570  feet  high,  which  wac 
enveloped  in  a  thick  mist  that  stretched  away  to  wind  rard, 
some  distance  to  westward  of  the  steamer’s  course,  which 
was  about  2  miles  from  land.  The  western  termination  of 
the  cloud  was  the  thinnest  rack  of  cloud,  which  emerged 
unceasingly  from  the  blue  sky  at  a  distance  not  less  than  4 
miles  to  windward  of  the  cliff.  The  constituent  parts  of 
the  cloud  itself  were  in  rapid  motion  eastward,  but,  owing 
to  the  fresh  accessions  it  was  constantly  receiving,  the  cloud 
itself  appeared  stationary.  Thus  the  wind  was  forced  up¬ 
ward  into  the  atmosphere  for  some  considerable  distance  to 
windward  of  the  ridge  lying  across  its  path. 

It  is  this  dragging  effect  of  the  land  on  the  wind,  and  the 
consequences  which  result  from  it,  that  explain  how  it  is 
that  during  storms  of  wind  and  rain  from  the  northeast 
the  rainfall  over  the  foreshores  of  the  Firth  of  Forth,  the 
Moray  Firth,  and  the  Pentland  Firth  looking  to  the  north¬ 
east  is  so  much  in  excess  as  compared  with  the  rest  of  Scot¬ 
land.  The  same  principle  explains  the  heavy  rainfall  in 
plains  at  some  distance  from  the  range  of  hills  lying  across 
the  wind’s  path  and  on  the  side  of  the  rain-bringing  winds. 


For  short  intervals  of  time  the  heaviest  rainfalls  occur 
with  tornadoes,  waterspouts,  and  some  other  forms  of 
t  he  whirlwind,  the  reason  being  that  not  only  is  there 
rapid  expansion  due  to  the  rapid  ascent  of  the  air,  but 
also  great  rarefaction  is  produced  by  the  extreme  ve¬ 
locity  of  the  aerial  gyrations  round  the  axis  of  the 
tornado  On  August  1,  1846,  3.12  inches  of  rain  fell 
at  Camberwell,  London,  in  two  hours  and  seventeen 
minutes.  Of  heavy  falls  may  be  mentioned  4. 60  inches 
in  London,  April  13,  1878;  6.00  inches  at  Tongue, 
September  /,  1870;  5.36  inches  in  Monmouthshire, 
July  14, 1875  ;  6.62  inches  at  Seatliwaite,  Cumberland, 
.November  27,  1848;  and  7.12  inches  at  Drishaig, 
Argyllshire,  December  7  to  8, 1863.  But  it  is  in  lower 
latitudes  that  the  heaviest  single  showers  have  been 
recorded.  The  following  are  among  the  most  remark¬ 
able  :  at  Joyeuse,  France,  31.17  inches  in  twenty-two 
hours  ;  at  Genoa,  30.00  inches  in  twenty -four  hours  ; 
at  Gibraltar,  33.00  inches  in  twenty-six  hours  ;  on  the 
hills  above  Bombay,  24.00  inches  in  one  night;  and 
on  the  Khasi  Hills,  India,  30.00  inches  on  each  of  five 
successive  days. 

As  regards  the  ocean,  there  are  no  available  data 
from  which  an  estimate  could  be  formed  as  to  the 
amount  of  the  rainfall,  since  the  rainfall  statistics  of 
the  ocean  must  be  regarded  as  giving  hardly  anything 
more  than  the  comparative  frequency  of  the  fall.  It 
is,  however,  certain  that  the  equatorial  belt  of  calms 
in  the  Atlantic  and  Pacific  between  the  trades  is  the 
region  where  the  ocean  rainfall  reaches  the  maximum, 
and  the  parts  of  these  oceans  are  the  rainiest  which 
are  the  longest  within  the  belt  of  calms  as  it  shifts  its 
position  northward  and  southward  with  season.  While 
the  cloud-screen  is  undoubtedly  dense,  and  the  rainfall 
frequent  and  heavy,  the  careful  observations  of  the 
“Challenger”  and  “Novara ’’show  that  the  state¬ 
ments  generally  made  as  to  these  points  are  greatly 
exaggerated. 

In  the  regions  of  the  trades  the  rainfall  is  everywhere 
small  over  the  open  sea,  seeing  that  the  trade-winds 
are  essentially  an  outflow  from  anticyclonic  regions, 
and  their  original  dryness  is  to  a  large  extent  main¬ 
tained  because  their  course  is  directed  into  regions 
which  become  constantly  warmer.  Thus  at  Ascension, 
lat.  8°  45'  S.,  which  is  throughout  the  whole  year 
within  the  S.E.  trades,  the  mean  rainfall  for  the  two 
years  1854-55  was  only  8.85  inches.  At  St.  Helena, 
which  lies  constantly  within  the  same  trades,  five  years 
give  a  mean  rainfall  of  5.36  inches  on  the  coast ;  but 
in  the  same  island  at  a  height  of  1763  feet  the  annual 
amount  rises  to  23.98  inches.  Malden  Island  and 
some  other  islands  in  the  Pacific,  about  long.  150°  W., 
and  for  some  distance  on  each  side  of  the  equator, 
have  been  pointed  to  by  Scott  as  practically  almost 
rainless,  as  is  shown  by  their  containing  extensive 
guano  deposits.  These  islands  are  situated  somewhat 
similarly  to  Ascension  with  respect  to  the  zone  of 
calms.  In  Mauritius  the  annual  rainfall  on  a  mean  of 
four  years  was  30  inches  at  Gros  Cailloux,  but  at 
Cluny,  only  16  miles  distant,  for  the  same  four  years 
it  was  146  inches;  in  regard  to  which  Meldrum  re¬ 
marks  that  at  Cluny,  which  is  in  the  vicinity  of  moun¬ 
tains  and  forests,  in  the  southeast  of  the  island,  and 
thus  directly  exposed  to  the  trade-wind  as  it  arrives 
from  the  sea,  the  rainfall  in  almost  any  month  is  from 
four  to  six  times  greater  than  at  Gros  Cailloux  on  the 
northwest  coast,  where  neither  mountain  nor  forest 
exists,  and  where  the  S.E.  trade  arrives  considerably 
drained  of  its  moisture. 

From  what  has  been  said  it  is  evident  that  the 
heaviest  rains  will  be  brought  by  the  winds  which 
have  traversed  the  greatest  extent  of  ocean  within  the 
tropics,  and  which  accordingly  of  all  ocean  winds  have 
the  highest  temperature  and  humidity.  These  con¬ 
ditions  are  most  completely  fulfilled  during  the  summer 
months  of  the  northern  hemisphere  by  the  winds 
which,  commencing  from  near  lat.  30°  S.,  blow  home 
on  Southern  Asia  as  the  well-known  S.W.  monsoon  of 
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these  regions.  Accordingly  it  is  by  the  winds  of  this 
monsoon  that  a  larger  rainfall  is  distributed  over  a 
larger  portion  of  the  earth’s  surface  than  occurs  any¬ 
where  else  in  any  season  ;  and  this  large  rainfall  is  in 
many  regions  still  farther  greatly  increased  by  the 
mountain  ranges  which  lie  across  the  path  of  the  rain¬ 
bringing  winds. 

It  is  on  these  winds  that  the  rainfall  of  India  chiefly 
depends.  Along  the  whole  of  the  west  coast  from  the 
Gulf  of  Cambay  southward,  and  on  the  Western 
Ghats,  the  rainfall  is  excessive.  The  following  are 
some  of  the  more  interesting  annual  means  in  inches 
beginning  with  Bombay  and  proceeding  southwards  : 
Bombay,  74  ;  Matheram,  247  ;  Mahabaleshwar,  252 ; 
Ratnagiri,  104;  Baura,  255  ;  Goa,  102  ;  Karwar,  115  ; 
Honawar,  139;  Mangalore,  134;  Cannanore,  132; 
Calicut,  116;  and  Cochin,  114.  In  the  west  of  Ceylon 
the  rainfall  is  also  heavy,  being  at  Colombo  87,  at  Galle 
91,  and  at  Ratnapura,  at  some  distance  inland  among 
the  hills,  149.  Since  the  S.W.  monsoon  is  drained  of 
much  of  its  moisture  in  crossing  these  mountains,  a 
greatly  diminished  rainfall  is  distributed  over  the  in¬ 
terior  and  east  side  of  India,  and  on  the  eastern  slopes 
of  Ceylon. 

If  now  we  cross  to  the  eastern  shores  of  the  Bay  of 
Bengal,  we  again  encounter  an  excessive  rainfall  along 
these  coasts  and  up  the  slopes  of  the  mountains  look¬ 
ing  down  on  them.  Thus  from  south  northward  the 
following  are  among  the  more  characteristic  rain¬ 
falls  in  inches:  Nancowry,  102;  Port  Blair,  116; 
Mergui,  152;  Tavoy,  196;  Maulmain,  189;  Rangoon, 
100;  Bassein,  98;  Sandoway,  212;  Akyab,  198;  and 
Chittagong,  104.  On  the  other  hand,  at  Thyetmio, 
inland  on  the  Irawadi,  the  annual  rainfall  is  only  48 
inches. 

We  have  shown  how,  in  accordance  with  the  pecu¬ 
liar  distribution  of  pressure  in  India  in  summer,  the 
monsoon  is  diverted  up  the  valley  of  the  Ganges  as  an 
E.S.E.  wind,  distributing  on  its  way,  even  to  the  head 
of  the  valley,  in  a  generous  rainfall,  the  moisture  it 
has  brought  from  the  Indian  Ocean  and  the  Bay  of 
Bengal.  The  rainfall  does  not  extend  farther  west¬ 
ward  than  the  basin  of  the  Ganges,  and  the  precipita¬ 
tion  is  most  copious  along  the  lower  Himalayas,  the 
largest  falls  being  recorded  at  heights  about  4000  feet, 
— being,  as  pointed  out  by  Hill,  near  the  level  at  which 
the  summer  monsoon  is  cooled  just  below  its  dew¬ 
point.  The  following  are  some  of  the  larger  rainfalls 
in  inches,  beginning  with  the  more  western:  Mus- 
sooree,  95 ;  Naim  Tal,  92 ;  Khatmandu,  57 ;  Dar¬ 
jiling,  121;  Kurseong,  154;  Buxa,  219;  Kuch  Be- 
har,  131. 

The  rainfall  is  very  large  in  the  northeast  angle  of 
the  Bay  of  Bengal  and  thence  northwards  towards 
Bhutan,  or  at  the  angle  where  the  summer  monsoon 
from  the  bay  curves  round  to  a  westerly  course  on  its 
way  up  the  Ganges.  Thus  at  Noakhally,  on  the  coast, 
it  amounts  in  inches  to  109;  atTura,  on  the  Brahma- 
utra,  immediately  to  west  of  the  Garo  Hills,  129  ;  at 
ilchar  and  Sylhet  to  eastward,  117  and  155;  whilst 
at  Cherrapunji,  on  the  Khasi  Hills,  it  rises  to  493.19 
inches  on  a  mean  of  twenty-four  years.  This  last  rain¬ 
fall  is  the  largest  known  on  the  globe,  the  causes  of 
which  are  the  highly  saturated  state  of  the  monsoon 
on  its  arrival  at  the  iower  Ganges,  the  high  mountain 
range  of  Burmah  to  eastward  of  Bengal,  which  turns 
the  monsoon  to  the  north,  and  the  protrusion  west¬ 
wards  of  the  Khasi  and  Garo  Hills  so  as  to  lie  in  the 
line  of  that  branch  of  the  monsoon  which  passes  from 
the  lower  Ganges  into  the  basin  of  the  Brahmaputra 
above  Goalpara.  The  consequence  is  that  the  highly 
saturated  air  of  the  monsoon  in  its  passage  across  the 
Khasi  Hills  is  suddenly  raised  to  a  height  of  about 
6000  feet,  and  being  thereby  reduced  far  below  the 
point  of  saturation  the  superabundant  moisture  is 
precipitated  in  unequalled  deluges  of  rain.  The  amount 
of  the  annual  rainfall  at  all  these  places  is  determined, 
essentially  if  not  altogether,  by  the  rains  of  the  sum¬ 


mer  monsoon,  the  relative  intensity  of  which  over 
India  may  be  taken  to  be  fairly  represented  by  the 
rainfall  of  July. 

The  rains  which  accompany  the  N.E.  monsoon  of 
the  winter  months  may  be  represented  by  the  rainfall 
for  January.  These  are  heaviest  in  Ceylon,  especially 
on  its  east  slopes,  and  in  Southern  India,  or  where  the 
N.E.  monsoon  arrives  after  having  traversed  a  large 
extent  of  ocean.  The  fall  for  the  month  exceeds  6 
inches  over  a  large  portion  of  the  east  coast,  whilst  at 
Colombo  in  the  west  the  rainfall  is  only  half  that 
amount,  and  farther  north  at  Pattalum  the  January 
rainfall  is  only  1.82  inches.  In  Southern  India  the 
amount  varies  from  about  1  to  2  inches.  Blanford 
pointed  out  in  1873  {Phil.  Trans.,  vol.  clxiv.  p.  618) 
that,  while  the  surface  winds  of  Northern  India  in 
winter  are  northerly,  on  the  Himalayas,  especially  the 
northwest  portion,  southerly  winds  prevail  during  the 
cold  months.  It  is  these  upper  southerly  winds  which 
bring  the  winter  rains  to  the  Punjab,  Upper  India, 
and  the  highlands  of  Assam.  It  is  further  to  be  noted 
that  winter  rains  also  occur  in  Central  India,  where 
the  prevailing  surface  winds  are  from  east  and  north¬ 
east.  The  mean  rainfall  of  January  at  Mussooree  is 
2.00  inches  and  at  Naini  Tal  2.86  inches,  and  in  As¬ 
sam,  at  Sibsagar,  1.13  inch.  Over  a  large  tract  of  the 
east  side  of  Southern  India  from  Nellore  southward, 
including  Ceylon,  the  maximum  rainfall  for  the  year 
occurs  in  the  months  of  October  and  November. 

Rainfall  of  the  Malay  Archipelago  and  Australia. — Under 
the  direction  of  the  late  Dr.  Bergsma,  systematic  observa¬ 
tions  of  the  rainfall  of  the  Malay  archipelago  were  begun 
in  1879,  the  number  of  stations  being  150.  The  results  of 
the  first  three  years  show  that  the  mean  annual  rainfall 
over  the  archipelago  varies  from  about  60  inches  in  Timor 
to  upwards  of  200  inches  at  some  spots  among  the  western 
slopes  of  Sumatra.  But  the  most  important  feature  in  the 
rainfall  in  its  relations  to  climate  is  not  the  absolute  amount 
that  falls  annually,  but  rather  the  manner  of  its  distribu¬ 
tion  through  the  mouths  of  the  year.  Over  the  greater 
number  of  the  islands  rain  falls  copiously  every  month ; 
but  as  regards  some  of  the  islands  the  year  is  divided  into 
dry  and  wet  seasons  as  marked  as  are  seen  in  the  climates 
of  India.  The  key  to  this  essential  difference  among  the 
climates  is  the  distribution  of  atmospheric  pressure  during 
the  months  of  the  year  from  Southeastern  Asia  to  Austra¬ 
lia,  with  the  resulting  prevailing  winds.  During  the  win¬ 
ter  months  atmospheric  pressure  is  high  in  Southeastern 
Asia  and  low  in  the  interior  of  Australia,  the  difference 
being  about  three-quarters  of  an  inch.  Since  between  these 
two  regions  the  fall  in  the  mean  pressure  is  practically  un¬ 
interrupted,  the  Malay  archipelago  lying  between  them  is 
swept  by  northerly  winds  (Fig.  14).  As  these  winds  have 
traversed  a  great  breadth  of  ocean  in  their  course,  they  ar¬ 
rive  in  a  highly  saturated  state,  and  consequently  deposit 
a  copious  rainfall,  particularly  on  the  northern  slopes  of 
the  higher  islands.  Hence  in  these  months  the  rainfall 
over  the  islands  without  exception  is  large,  the  mean 
monthly  amount  being  in  many  cases  more  than  30  inches. 
These  winds  continue  their  course  to  southward  towards 
the  low-pressure  region  in  the  interior  of  Australia,  and 
deposit  along  the  north  coasts  of  that  continent  a  monthly 
rainfall  rising  generally  to  from  14  to  20  inches.  On  ad¬ 
vancing  into  the  interior,  the  mean  amount  gradually  di¬ 
minishes  at  the  successive  telegraphic  stations  to  3.50  inches 
at  Alice  Springs  near  the  tropic  of  Capricorn.  The  amount 
of  the  rainfall  for  any  particular  year,  and  the  distance 
from  the  coast  to  which  the  rains  penetrate  inland,  depend 
essentially  on  the  height  of  the  winter  pressure  of  South¬ 
eastern  Asia  as  compared  with  the  low  mean  pressure  of 
Central  Australia,  by  which  the  strength  of  the  northerly 
monsoon  is  regulated. 

On  the  other  hand,  during  the  summer  of  the  northern 
hemisphere  pressure  is  high  in  the  interior  of  Australia 
and  low  in  China,  the  mean  difference  being  about  half  an 
inch.  Between  the  two  regions  the  fall  in  the  mean  press¬ 
ure  is  continuous  and  uninterrupted,  and  as  a  consequence 
southerly  winds  prevail  over  the  intervening  archipelago. 
These  winds,  as  they  advance  from  the  continent  into  lower 
latitudes,  are  absolutely  rainless  in  the  north  of  Australia, 
and  over  Timor  and  the  other  Malay  islands  which  are 
separated  from  Australia  only  by  a  comparatively  narrow 
belt  of  sea.  During  the  three  years  no  rain  whatever  fell 
in  Timor  in  July  and  August,  and  the  fall  in  June,  Sep¬ 
tember,  and  October  was  small.  As,  however,  the  winds 
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pursue  their  course  to  northward,  they  eagerly  lick  up 
moisture  from  the  sea,  so  that  by  the  time  they  arrive  at 
Amboyna  they  have  become  so  saturated  that  the  monthly 
rainfall  there  rises  to  nearly  30  inches.  Again  at  some  dis¬ 
tance  to  the  west  of  Timor  rain  falls  more  or  less  regularly 
every  month,  the  amount  increasing  in  proportion  to  the 
extent  of  ocean  traversed  by  the  S.E.  winds,  which  ad¬ 
vance  towards  these  islands  from  the  direction  of  Australia. 
These  marked  differences  among  the  climates  of  the  Malay 
archipelago,  which,  since  they  really  depend  on  the  geo¬ 
graphical  distribution  of  land  and  sea  of  this  part  of  the 
globe,  must  be  regarded  as  permanent  differences,  have 
played  no  inconspicuous  part  in  the  singular  distribution 
of  animal  and  vegetable  life  which  characterizes  the  ar¬ 
chipelago. 

In  July  the  prevailing  wind  in  West  Australia  is  N.W., 
and  the  rainfall  reaches  the  maximum  for  the  year,  whereas 
in  January  the  wind  is  S.E.,  and  the  rainfall  is  the  minimum. 
Similarly  in  January  since  the  winds  of  the  southern  half 
of  South  Australia  and  Victoria  are  from  the  south,  and 
thus  blow  towards  warmer  regions,  the  rainfall  is  either  at 
the  annual  minimum,  or  it  is  small.  But  on  rounding  the 
coast  and  proceeding  northward,  the  wind  becomes  E.,  then 
N.E.,  and  ultimately  N.  in  the  north  of  Queensland.  With 
this  prevalence  of  oceanic  and  equatorial  winds,  the  rain¬ 
fall  at  this  time  of  the  year  rapidly  rises  over  the  whole  of 
the  eastern  slopes,  till  at  Cape  York  it  is  about  20  inches. 
In  the  basins  of  the  Murray  and  Darling  rivers,  which  are 
shut  off  from  the  east  by  the  mountain  ranges  of  New  South 
Wales,  the  rainfall  is  only  about  an  inch  and  a  half.  On 
the  other  hand,  to  south  of  the  latitude  of  Sydney,  includ¬ 
ing  Tasmania,  the  maximum  rainfall  occurs  in  winter  over 
those  regions  which  slope  south  towards  the  sea.  On  cross¬ 
ing  the  mountain  range  of  Victoria  into  the  basin  of  the 
Murray  River,  the  rainfall  rapidly  diminishes.  In  the  north 
of  New  Zealand  the  winter  rainfall  is  the  heaviest;  but 
farther  south,  where  westerly  winds  prevail  with  some 
steadiness  through  the  year,  the  rainfall  is  more  equally 
distributed  through  the  months;  and,  as  the  prevailing 
winds  are  westerly,  the  heaviest  rainfall  is  in  the  west  of 
the  islands.  Thus  at  Hokitika  in  the  west  near  sea-level, 
and  not  far  from  a  lofty  range  of  mountains  to  the  east,  the 
annual  amount  reaches  120  inches,  and  at  Bealey  inland  at 
a  height  of  2104  feet  it  is  106  inches.  At  Wellington  the 
annual  rainfall  is  52  inches,  at  Southland  46,  at  Dunedin  34, 
and  at  Christchurch  25,  thus  showing,  in  the  rainfall  of  the 
two  sides  of  the  island,  extremes  nearly  as  great  as  in  Scot¬ 
land. 

Rainfall  of  Europe. — As  regards  rainfall,  Europe 
may  be  conveniently  divided  into  two  distinct  regions, 
— Western  and  Northern  Europe,  extending  in  a  modi¬ 
fied  degree  through  the  interior  of  the  continent  into 
Siberia,  and  the  countries  bordering  on  the  Mediter¬ 
ranean.  A  vast  ocean  on  the  one  hand,  a  great  con¬ 
tinent  on  the  other,  and  a  predominance  of  westerly 
winds  are  the  determining  circumstances  in  the  distribu¬ 
tion  of  the  rainfall  over  Western  Europe.  Hence  the 
rainiest  regions  are  to  be  found  in  the  west,  where 
mountain  ranges  stretch  north  and  south.  The  annual 
rainfall  exceeds  80  inches  over  a  considerable  district, 
including  the  greater  part  of  Skye  and  portions  of  the 
counties  of  Inverness  and  Argyll  to  the  southeast,  in 
the  lake  district  of  England,  and  in  the  more  moun¬ 
tainous  parts  of  North  Wales, — these  three  districts 
being  the  wettest  in  Europe.  As  Ireland  presents  no 
continuous  range  of  mountains  opposing  the  westerly 
winds  of  the  Atlantic,  no  Irish  rain-gauge  shows  a 
mean  rainfall  of  80  inches.  A  point  of  some  interest 
is  suggested  by  the  rainfall  of  the  counties  of  Kirkcud¬ 
bright  and  Dumfries  in  Scotland.  These  counties  offer 
to  the  westerly  winds  a  series  of  valleys  sloping  south 
to  the  Solway  Firth,  which  show  successively  a  dimin¬ 
ished  rainfall  on  advancing  eastward  till  at  several 
places  in  Nithsdale  and  Annandale  it  does  not  exceed 
40  inches.  But  in  Eskdale,  farther  to  the  east,  the 
rainfall  instead  of  falling  increases  to  about  60  inches. 
The  reason  is  that  the  westerly  winds  are  obstructed 
in  their  onward  course  by  the  range  of  hills  by  which 
Eskdale  is  bounded  on  the  east,  in  surmounting  winch 
the  winds  are  much  reduced  in  temperature,  and  their 
superabundant  moisture  falls  in  copious  rains  immedi¬ 
ately  to  westward  of  the  ridge.  The  cause  of  the  larger 
rainfall  of  Eskdale  is  thus  analogous  to  that  ot  the 
large  rainfall  of  the  coast  in  the  northeast  oi  the  Bay 


of  Bengal  immediately  under  the  Assam  range  of 
mountains.  In  England  the  largest  annual  rainfall  is 
146  inches  at  Seatli waite  in  the  Lake  district,  in  Scot¬ 
land  128  inches  at  Glencroein  Argyll,  whilst  in  Ireland 
the  largest  is  only  76  inches.  The  driest  part  of  the 
British  Islands  is  an  extensive  district  to  south-south- 
west  of  the  Wash,  with  a  rainfall  of  about  21  inches. 
A  large  extent  of  England,  and  all  the  more  important 
agricultural  districts  in  Scotland,  have  a  rainfall  under 
30  inches ;  the  greater  part  of  England,  and  nearly  the 
half  of  Scotland,  have  a  rainfall  not  exceeding  40 
inches ;  but  in  Ireland  it  is  isolated  patches  only  that 
show  a  rainfall  less  than  40  inches. 

In  the  west  of  Norway  the  rainfall  in  inches  is  72  at 
Bergen,  51  at  Aalesund,  46  at  the  Naze  and  in  the 
Lofoten  Isles,  falling  to  10  at  the  North  Cape.  At 
Christiania,  Upsala,  and  a  large  part  of  the  east  of  Scan¬ 
dinavia  the  rainfall  is  about  21  inches,  falling  to  16 
inches  on  the  north  coast  of  the  Gulf  of  Bothnia.  In 
Russia  and  Siberia  it  rises  only  at  a  few  places  to  20 
inches,  several  districts  of  this  extensive  region  having 
an  annual  rainfall  of  10,  5,  3,  or  even  2  inohes.  The 
rainfall  of  Spain  presents  great  extremes — from  68 
inches  at  Santiago  to  13  inches  at  Saragossa.  In 
France  and  the  plains  of  Germany  the  average  varies 
from  35  to  20  inches,  but  in  mountainous  regions  these 
figures  are  greatly  exceeded,  rising  through  all  gra¬ 
dations  to  upwards  of  100  inches  at  some  points  in  the 
Alps. 

An  important  distinction  between  the  manner  of 
distribution  of  the  rainfall  in  the  west  of  Europe  and 
at  more  inland  places  is  that  the  greater  part  of  the 
annual  quantity  of  the  west  falls  in  winter,  whilst  in 
the  interior  the  amount  in  summer  is  greater  than  in 
winter.  The  rainfall  of  January  and  July  shows  this 
in  a  very  forcible  manner.  The  summer  climates  of 
the  extreme  south  of  Europe  and  North  Africa  are 
rainless,  and  over  extensive  regions  in  the  south  of 
Europe  adjoining  the  July  rainfall  does  not  amount  to 
an  inch.  Over  these  dry  regions  the  prevailing  winds 
of  summer  are  northerly,  and  hence  the  drought  which 
characterizes  them.  On  the  other  hand,  the  rainfall 
in  the  interior  of  the  continent  is  large.  In  January 
the  maximum  rainfall  occurs  on  the  mountains  and 
high  grounds  overlooking  the  Atlantic,  and  the  mini¬ 
mum  on  the  plains  of  Russia. 

Owing  to  the  way  in  which  Europe  is  broken  up  by 
the  seas  which  diversify  its  surface,  tne  time  of  the  year 
when  the  rain  attains  the  maximum  differs  greatly  in 
different  regions.  This  phase  of  the  rainfall  occurs, 
indeed,  according  to  locality,  in  all  months  except 
February,  March,  and  April.  The  month  of  occur¬ 
rence  of  the  annual  maximum  rainfall  over  Europe  is 
shown  by  Fig.  18.  A  similar  map  representing  the 
month  of  least  rainfall  shows  still  greater  uniformity  in 
a  regular  succession  of  the  months  in  passing  from 
region  to  region.  Thus  the  month  of  least  rainfall  is 
January  on  the  Lower  Volga,  February  in  Western 
Russia  and  the  greater  part  of  Central  Europe,  March 
in  the  north  of  France  and  south  of  Great  Britain, 
April  farther  to  the  north,  May  in  Scotland  north  of 
the  Grampians,  June  in  Orkney,  Shetland,  Iceland, 
the  west  of  Ireland,  and  the  northwest  of  France,  and 
July  over  the  whole  of  the  south  of  Europe.  The 
driest  month  occurs  nowhere  in  Europe  in  any  of  the 
five  months  from  August  to  December. 

Rainfall  of  North  America. — West  of  the  Rocky  Mountains 
the  rainfall  is  very  unequally  distributed,  the  annual 
amounts  varying  from  86  inches  at  Astoria,  near  the  mouth 
of  the  Columbia  River,  to  8  inches  at  San  Diego  on  the  coast, 
and  3  inches  at  the  head  of  the  Gulf  of  California.  Over  the 
whole  of  the  region  between  the  Cascade  and  Rocky  Moun¬ 
tains  the  rainfall  at  all  seasons  is  extremely  small,  this 
being  indeed  that  feature  in  the  climate  to  which  the  forma¬ 
tion  of  the  canons  of  that  region  is  chiefly  to  be  referred. 
On  the  other  hand,  in  the  United  States  and  Canada  to  east 
of  long.  100°  W.  the  distinguishing  feature  of  the  rainfall  is 
the  comparative  equableness  of  its  distribution,  an  annual 
rainfall  exceeding  50  inches  occurring  only  over  restricted 


158 


METEOROLOGY. 


[rainfall. 


districts,  and  a  rainfall  as  low  as  20  inches  being  scarcely 
met  with  anywhere.  The  regions  where  the  rainfall 
exceeds  50  inches  are  Florida,  the  lower  basin  of  the 


Mississippi,  and  the  Atlantic  seaboards  of  Nova  Scotia  and 
Newfoundland. 

In  January  the  annual  maximum  rainfall  occurs  over  the 
whole  of  the  west  coast  from  Sitka  to  Lower  California ;  but 
in  the  interior  between  long.  120°  and  95°  W.  the  amount  is 
everywhere  small,  and  over  a  considerable  part  in  the  south¬ 
west  of  this  region  no  rain  falls.  The  region  of  largest 
rainfall  extends  from  Louisiana  to  West  Virginia,  where  the 
mean  varies  from  4  to  6  inches.  Over  nearly  the  whole  of 
the  Dominion  of  Canada,  by  much  the  greater  part  of  the 
winter  precipitation  is  in  the  form  of  snow,  which  has  been 
carefully  measured  and  recorded  by  the  Meteorological 
Service.  The  average  snowfall  for  January  exceeds  30 
inches  at  St.  John’s,  Newfoundland,  in  Anticosti,  Prince 
Edward  Island,  and  in  many  other  regions. 

In  July  the  rainfall  is  everywhere  small  in  the  west,  a 
large  part  of  this  extensive  region  being  absolutely  rainless. 
The  remarkable  dryness  of  the  climate  at  this  season  is  due 
to  the  N.W.  winds  that  set  in  towards  the  low  pressure  of 
the  interior,  which  thus  blow  towards  wrarmer  regions.  The 
rainfall  to  the  east  of  the  Rocky  Mountains  is  distributed 
by  the  winds  which  are  connected  with  the  low-pressure 
region  of  the  interior  and  with  the  high-pressure  region 
of  the  Atlantic.  The  result  is  two  regions  of  larger  rain¬ 
fall,  the  one  in  the  southeast  of  the  States  and  the  other 
to  the  west  of  the  lakes.  The  summer  winds  of  the  south¬ 
eastern  coasts  are  southerly,  and  as  they  are  anticyclonic  in 
their  origin  and  have  in  their  course  traversed  some  extent 
of  ocean,  they  arrive  well-  but  not  super-saturated,  and  pour 
down  a  rainfall  in  July  of  6  inches  and  upwards  along  the 
coasts  and  for  some  distance  inland  from  Louisiana  to  Chesa¬ 
peake  Bay.  Further,  since  in  July  these  winds  attain  their 
maximum  force  and  persistency,  the  rainfall  at  the  same 
time  reaches  the  maximum  along  the  whole  coast  from  Bos¬ 
ton  to  some  distance  west  of  New  Orleans.  Since  the  sum¬ 
mer  winds  blow  in  the  line  of  the  Allegheny  Mountains 
and  not  across  them,  the  rainfall  diminishes  in  ascending 
their  slopes.  The  comparative  equableness  of  the  rainfall 
over  the  Eastern  States  is  the  necessary  result  of  the  winds’ 
passing  into  higher  latitudes,  and,  therefore,  cooler  regions. 
A  broad  region  where  the  rainfall  is  less  than  on  each  side 
of  it,  extends  from  Michigan  to  the  southwest  as  far  as 
Canadian  River.  To  the  west  of  the  lakes  the  rainfall  rises 
above  4  inches,  and,  since  over  this  region  the  winds  become 
somewhat  easterly  as  they  flow  towards  the  low-pressure 
area,  it  is  probable  that  the  larger  rainfall  of  this  prairie 
region  has  its  origin  in  no  small  degree  in  the  evaporation 
°f  the  lakes.  On  ascending  the  higher  reaches  of  the 
Mississippi,  the  amount  diminishes,  but  scarcely  falls  lower 
than  2  inches,  being  thus  analogous  to  the  summer  rains  of 
the  Upper  Ganges.  On  crossing  the  water-parting  into  the 
basin  which  drains  into  Hudson’s  Bay,  we  encounter  E. 
and  N.E.  winds  laden  with  vapor  licked  up  in  their  passage 
over  Hudson’s  Bay,  which  they  distribute  in  a  generous 


rainfall  of  probably  3  to  5  inches  over  the  rising  colonies  of 
Manitoba  and  Saskatchewan.  An  important  point  in  the 
climate  of  the  States  is  that  over  nearly  the  whole  of  the 
extensive  region  stretching  between  Alleghenies  and 
Eocky  Mountains,  except  the  south  coast  already  re¬ 
ferred  to,  the  annual  maximum  rainfall  does  not  occur 
in  summer  but  in  spring,  the  month  of  largest  rainfall 
in  the  great  majority  of  cases  being  May.  In  the  basin 
of  Hudson’s  Bay  July  is  the  month  of  largest  rainfall. 

Rainfall  of  Central  and  South  America. — The  following 
are,  iu  inches,  the  larger  and  more  interesting  annual 
rainfalls  round  the  coasts :  Vera  Cruz,  182 ;  Belize,  75  ; 
Maracaibo,  163;  Caracas,  155;  Georgetown,  95;  Para¬ 
maribo,  142;  Cayenne,  140;  Para,  71;  Pernambuco,  109; 
Buenos  Ayres,  34 ;  Bahia  Blanca,  19 ;  Puerto  Montt,  102; 
Valdivia,  109;  Valparaiso,  100;  Serena,  93 ;  Lima,  9 ;  and 
a  large  part  of  Peru,  nil.  A  remarkable  feature  of  the 
rainfall  of  South  America  is  the  large  amounts  that  fall 
in  the  basins  of  the  Orinoco  and  Amazon ;  the  fall  is  91 
inches  in  the  upper  basin  of  the  Madeira,  and  112  inches 
at  Yquitos  (lat.  3°  40'  S.,  long.  72°  57'  W.).  The  reason 
is  that  this  immense  region,  where  pressure  appears 
to  be  almost  constantly  low,  is  open  to  the  highly  satu¬ 
rated  winds  that  blow  from  the  equatorial  Atlantic. 
Quite  different  is  the  distribution  of  the  rainfall  over 
the  La  Plata  basin.  The  annual  falls,  in  inches,  are 
92  at  Joinville,  58  at  Corrientes,  44  at  Monte  Video, 
36  at  Parana,  24  at  Santiago,  22  at  San  Luis,  and  only 
6  at  Mendoza.  The  fall  rapidly  rises  in  ascending  the 
eastern  slopes  of  the  Brazil  mountains  facing  the 
South  Atlantic ;  thus,  while  the  amount  at  Eio  Janeiro 
is  45  inches,  on  the  hills  to  northward  it  is  116  inches. 

In  January  northerly  winds  prevail  on  the  south 
coasts  of  the  Gulf  of  Mexico  and  the  Caribbean  Sea,  and 
as  they  have  their  origin  in  the  high  pressure  of  the 
American  continent,  and  in  crossing  the  sea  pass  into 
lower  latitudes,  the  January  rainfall  of  these  coasts  is 
comparatively  small.  In  J uly,  however,  the  prevailing  winds 
are  easterly,  and  as  they  have  traversed  a  large  extent  of  the 
equatorial  waters  of  the  Atlantic  they  are  highly  saturated, 
and  consequently  the  July  rainfall  of  these  coasts  is  every¬ 
where  very  large.  The  following  are,  in  inches,  the  January 
and  July  rainfalls:  Caracas,  1.00  and  14.04 ;  Guatemala,  0.28 
and  10.79 ;  Vera  Cruz,  5.10  and  35.90.  The  seasonable  distri¬ 
bution  of  tbe  rainfall  in  the  basin  of  the  Amazon  is  the  re¬ 
verse  of  this.  In  January  the  position  of  the  belt  of  calms 
is  about  lat.  3°  N.,  and  as  pressure  is  relatively  low  over  the 
basin  of  the  Amazon,  especially  its  southern  slopes,  the  trades 
and  the  west  portion  of  the  region  of  calms  unitedly  spread 
their  highly  saturated  air  over  the  whole  region  as  far  as  the 
Andes,  resulting  in  one  of  the  most  widespread  heavy  rain¬ 
falls  anywhere  to  be  met  with.  On  the  other  hand,  since  in 
July  the  belt  of  calms  is  about  lat.  10°  N.,  the  saturated 
atmosphere  of  the  tropical  regions  no  longer  flows  up  the 
Amazon,  but  is  carried  westward  into  the  Caribbean  Sea 
and  the  Gulf  of  Mexico.  Hence  at  this  season  the  rainfall 
of  tbe  Amazon  valley  is  small.  The  following  are,  in  inches, 
the-  January  and  July  falls :  Para,  6.51  and  3.26 ;  Manaos, 
7.33  and  1.82;  Upper  Madeira,  15.90  and  0.80;  and  Yquitos, 
10.24  and  4.26.  On  the  La  Plata  in  January  pressure  is  low, 
and  as  winds  consequently  blow  from  the  ocean  in  upon  the 
region  of  low  pressure  the  rainfall  is  large ;  but  as  pressure 
is  high  in  the  interior  in  July  the  rainfall  in  that  month  is 
small.  The  following  are,  in  inches,  the  January  and  July 
rainfalls :  Buenos  Ayres,  2.37  and  1.70 ;  Parana,  4.63  and 
1.32 ;  Corrientes,  5.24  and  2.67 ;  Joinville,  14.26  and  3.55 ;  and 
San  Luis,  2.63  and  0.00. 

Rainfall  of  Africa. — As  regards  the  rainfall,  Africa  pre¬ 
sents  the  greatest  diversity  in  its  climates.  The  following 
are  the  annual  amounts  in  inches  at  various  points  on  or 
near  the  coast :  Port  Said,  2 ;  Alexandria,  8 ;  Tunis,  12 ; 
Algiers,  31 ;  Oran,  17 ;  Mogador,  50 ;  mouth  of  the  Senegal, 
17  ;  Goree,  21 ;  Sierra  Leone,  126 ;  Christiansborg,  23 ;  St. 
Thomas,  40 ;  Gaboon,  106 ;  Loanda,  11 ;  Cape  Town,  23 ; 
Mossel  Bay,  12;  Port  Elizabeth,  24 ;  Durban,  43;  Zanzibar, 
58 ;  and  mouth  of  the  Zambezi,  61.  In  the  north  of  the  conti¬ 
nent,  the  rainfall  rapidly  diminishes  inland,  and  over  the 
great  desert  of  Sahara  practically  none  falls.  In  the  interior 
of  Algiers  it  diminishes,  the  amount  at  Laghouat  being  17 
inches,  and  at  Biskra  9.  In  Egypt  the  rainfall  is  limited  to 
a  narrow  strip  along  tbe  coast;  at  Cairo  the  annual  fall 
scarcely  amounts  to  an  inch.  The  January  and  July  rain¬ 
falls  are,  in  inches,  as  follows :  Port  Said,  0.46  and  0.00 ; 
Alexandria,  1.95  and  0.20 ;  Algiers,  4.43  and  0.04 ;  Biskra,  0.56 
and  0.03;  St.  Louis  (Senegal),  0.28  and  3.00 ;  Goree,  0.00  and 
4.06 ;  Sierra  Leone,  0.69  and  24.20 ;  Christiansborg,  0.50  and 
2.00;  Katunga,  0.11  and  4.76  ;  Gaboon,  9.35  and  0.48 ;  Cape 
Town,  0.28  and  3.83;  Durban,  5.00  and  1.70;  Pretoria,  6.07 
and  0.71 ;  and  Zanzibar,  2.02  and  2.35.  At  Zanzibar  the 
heaviest  rains  occur  about  the  equinoxes,  the  mean  for  April 
being  14.55  inches,  and  for  October  6.80  inches. 


Fig.  18— Showing  Months  of  Maximum  Rainfall  in  Europe. 
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la  the  case  of  this,  as  of  the  other  continents,  the  explana¬ 
tion  of  the  different  amounts  is  to  he  had  in  the  seasonal 
changes  of  wind.  In  the  north  the  winter  rains  are  to  a 
very  large  extent  the  accompaniment  of  the  Mediterranean 
storms  of  that  season,  hut  in  summer  pressure  is  diminished 
in  the  interior  and  increased  in  the  Atlantic  to  the  north¬ 
west,  resulting  in  strong  steady  northerly  winds,  which  as 
they  advance  into  hotter  regions  are  unaccompanied  with 
rain.  The  heavy  summer  rains  from  Senegambia  to  the  Gold 
Coast  are  due  to  the  strong  monsoonal  winds  which  set  in 
towards  the  interior,  thus  drawing  over  these  coasts  the 
highly  saturated  air  of  the  belt  of  calms  and  of  the  trades  im¬ 
mediately  to  the  north  and  south  of  it.  Since  in  winter  the 
belt  of  calms  is  removed  8°  of  latitude  farther  to  the  south, 
and  the  temperature  of  the  interior  is  greatly  reduced,  it 
follows  that  the  winds  blowing  on  these  coasts  from  the  sea 
are  drier  and  less  strong,  and  consequently  the  rainfall  is 
small.  At  Sierra  Leone  the  absolutely  driest  month  is  Feb¬ 
ruary,  0.31  inch,  and  the  wettest  September,  29.15  inches. 
On  the  other  hand,  at  Gaboon  (lat.  0°  25'  N.)  the  dry  season 
is  from  June  to  August,  when  the  belt  of  calms  is  farthest 
to  the  north ;  and  the  absolutely  rainest  about  the  equinoxes, 
the  mean  of  March  being  14.70  inches  and  October  19.52 
inches.  At  Loanda  (lat.  8°  49'  S.)  the  annual  amount  is 
only  a  tenth  of  what  falls  at  Gaboon,  and  it  falls  wholly 
during  the  summer  months  of  the  southern  hemisphere. 
In  South  Africa  pressure  in  January  is  lowest  in  the  interior, 
towards  which  prevailing  winds  from  the  ocean  blow,  and 
as  these  advance  into  regions  becoming  rapidly  hotter  the 
rainfall  all  round  the  coast  and  for  some  distance  inland 
falls  to  the  annual  minimum.  But  in  more  strictly  inland 
districts  which  are  at  a  considerable  elevation  the  rainfall 
reaches  the  maximum  at  the  same  season.  Thus  the 
amounts  in  inches  for  January  and  July  are — for  Pretoria, 
6.07  and  0.71 ;  Maritzburg,  4.23  and  0.21 ;  Graham’s  Town, 
2.89  and  1.51 ;  Lower  Net’s  Poort,  1.33  and  0.49 ;  and  Aliwal 
North,  1.55  and  0.00.  In  the  winter  months  pressure  in  the 
interior  is  high,  and  the  rainfall  consequently  small. 
Though  on  the  coast  winds  from  the  arid  interior  frequently 
prevail,  yet  the  storms  that  sweep  eastward  past  SouthAfrica 
precipitate  over  large  portions  of  the  southern  slopes  of  this 
part  of  the  globe  what  must  in  the  main  be  regarded  as  a 
generous  rainfall.  It  follows  that  the  climates  of  these 
important  colonies  range  themselves  into  two  perfectly  dis¬ 
tinct  classes, — the  climates  of  the  inland  regions  and  the 
Natal  coast,  where  the  rains  occur  during  the  hottest  months, 
and  the  climates  of  the  other  regions,  where  the  annua1 
rains  occur  during  the  coldest  months.  Little  is  accurately 
known  regarding  the  rainfall  of  the  interior  of  Africa.  It 
is  certain,  however,  that  it  is  small,  or  nil,  over  the  exten¬ 
sive  region  of  the  Sahara,  and  that  it  is  large  from  about 
15°  N.  lat.  to  some  distance  south  of  the  equator.  Prob¬ 
ably  the  rainiest  part  of  Africa  is  the  region  extending  from 
the  Victoria  Nyanza  northwards  to  and  including  the 
gathering  grounds  of  the  two  great  tributaries  of  the  Nile. 

Snow. — Snow  takes  the  place  of  rain  when  the  tem¬ 
perature  is  sufficiently  low  to  freeze  the  condensed 
moisture  in  the  atmosphere.  Snow  is  composed  of 
crystals,  either  six-pointed  stars  or  hexagonal  plates, 
which  exhibit  the  greatest  variety  of  beautiful  forms, 
one  thousand  different  kinds  having  been  observed. 
These  numerous  forms  Scoresby  reduced  to  five  prin¬ 
cipal  varieties:  (1)  thin  plates,  comprising  several 
hundred  forms  of  the  most  exquisite  beauty;  (2)  a 
nucleus  or  plane  figure,  studded  with  needle-shaped 
crystals:  (3)  six-sided,  more  rarely  three-sided,  crys¬ 
tals;  (4)  pyramids  of  six  sides ;  (5)  prismatic  crystals, 
having  at  the  ends  and  middle  thin  plates  perpen¬ 
dicular  to  their  length.  In  the  same  snowfall  the 
forms  of  the  crystals  are  generally  similar.  The  flakes 
vary  from  0.07  inch  to  an  inch  in  diameter,  the  smallest 
occurring  with  low  temperatures  and  the  largest  when 
the  temperature  approaches  32°.  If  the  temperature 
is  a  little  higher,  the  snow-flakes  are  partially  thawed 
in  falling  through  it,  and  fall  as  sleet.  The  white 
color  of  snow  is  caused  by  the  combination  of  the 
different  prismatic  colors  of  the  minute  snow-crystals. 
The  density  of  snow  is  far  from  uniform ;  it  is  generally 
from  ten  to  twelve  times  lighter  than  an  equal  bulk 
of  water,  but  varies  from  eight  to  sixteen  times  lighter 

than  water.  .  . , 

The  limit  of  the  fall  of  snow  near  sea-level  coincides 
roughly  with  the  winter  isothermal  of  52  ,  since  in 
places  where  the  mean  winter  temperature  is  no  higher 

than  52°  that  of  the  air  falls  occasionally  to  32  or 


lower  during  the  winter  months.  As  regards  Europe, 
the  southern  limit  is  about  Gibraltar  ;  in  North 
America  it  is  Savannah,  New  Orleans,  the  mouth  of 
the  Rio  Grande,  the  head  of  the  Gulf  of  California, 
and  San  hraneisco.  In  Europe,  north  of  lat.  60°, 
snow  tails  generally  on  an  average  of  from  80  to  110 
days  in  the  year.  At  Upsala  the  number  of  days  is 
61,  at  v>  arsaw  45,  Aberdeen  42,  Oxford  18,  Ostend 
15,  Brussels  27,  Tarum  (in  the  southwest  of  Jutland) 
Vienna  33,  Odessa  19,  Sebastopol 
12,  Milan  11,  Trieste  6,  Saragossa  5,  Madrid  3,  and 
Lisbon  1.  .  In  Greenland  the  number  of  days  exceeds 
80,  and  this  figure  is  nearly  reached  in  Newfoundland 
and  the  northeast  seaboard  of  Nova  Scotia.  At  Que¬ 
bec  the  mean  days  of  snow  are  66,  Halifax  64,  Winni¬ 
peg  54,  Detroit  34,  Cape  Henry  13,  St.  Louis  11, 
mouth  of  the  Columbia  River  7,  and  Charleston  2. 
In  Russia  the  time  of  the  year  when  snow  falls  most 
frequently  is  December  and  January,  except  in  the 
south  of  the  empire,  where  February  is  the  month  of 
the  most  frequent  occurrence  of  snow.  But  to  the 
north  of  a  line  drawn  from  the  entrance  of  the  Gulf 
of  Finland  through  Warsaw,  Cracow,  Salzburg,  and 
Santiago  March  is  the  month  of  maximum  occurrence 
in  the  great  majority  of  instances  ;  while  to  the  south 
of  this  line  it  is  J anuary  and  in  several  cases  Decem¬ 
ber. 

The  largest  falls  of  snow  occur  in  the  Antarctic 
regions,  as  is  well  attested  by  the  magnificent  icebergs 
of  solidified  snow  which  break  off  all  round  from  the 
lofty  walls  of  ice  that  engirdle  the  Southern  Ocean. 
Excepting  perhaps  in  the  Dominion  of  Canada,  no 
data  have  been  anywhere  collected  from  which  even  a 
rough  estimate  could  be  formed  as  to  the  mean  annual 
amount  of  snow  that  falls  in  different  parts  of  the 
globe. 

Snow-Line. — The  snow-line  marks  the  height  below 
which  all  the  snow  that  falls  annually  melts  during 
summer.  No  general  rule  can  be  stated  for  this  height 
in  different  climates  owing  to  the  many  causes  deter¬ 
mining  it.  These  are  the  exposure  of  mountain  slope 
to  the  sun  (and  hence,  other  things  being  the  same,  it 
is  higher  on  the  south  than  on  the  north  sides  of 
mountains),  exposure  to  the  rain-bringing  winds,  the 
steepness  of  the  mountains,  and  the  degree  of  dryness 
of  the  air.  Hence  the  position  of  the  snow-line  can  be 
known  by  observation  only.  It  falls  only  little  on 
either  side  of  the  equator  to  lat.  20° ;  from  lat.  20°  to 
70°  it  falls  equably,  but  from  lat.  70°  to  78°  much  more 
rapidly.  To  this  general  rule  there  are  many  excep¬ 
tions.  It  is  4000  feet  higher  on  the  north  than  the 
south  side  of  the  Himalayas,  owing  to  the  larger  snow¬ 
fall  on  the  south,  and  the  greater  dryness  of  the  climate 
of  the  north  side,  and  therefore  the  greater  evaporation 
from  the  snow  there.  It  is  higher  in  the  interior  of 
continents  than  near  the  coasts,  because  the  precipita¬ 
tion  is  less  and  summer  heat  greater.  In  the  Caucasus 
it  is  11,063  feet  high,  but  only  8950  in  the  Pyrenees. 
In  South  America  it  rises  from  the  equator  to  lat.  18°, 
and  more  on  the  west  than  on  the  east  slopes  of  the 
Cordilleras,  owing  to  the  large  precipitation  on  the 
east  and  small  precipitation  and  arid  climate  of  the 
west  side  of  that  chain  of  mountains.  It  is  as  high  in 
lat.  33°  S.  as  in  19°  N.,  but  south  of  that  latitude  it 
rapidly  sinks  owing  to  the  heavy  rains  brought  by  the 
moist  N.W.  winds  of  these  regions.  In  the  south  of 
Chili  it  is  3000  feet  lower  than  in  the  same  latitudes  in 
Europe,  and  6000  feet  lower  than  in  the  extremely  arid 
climates  of  the  Rocky  Mountains. 

Storms. — If  weather  charts  representing  a  large  part 
of  the  northern  hemisphere  be  examined,  two  distinct 
systems  of  pressure  are  seen  which  change  their  forms 
and  positions  on  the  earth’s  surface  from  day  to  day. 
The  one  set  are  systems  of  low  pressure  marked  off  by 
concentric  isobars  inclosing  pressures  successively  lower 
till  the  centre  is  approached  ;  and  the  other  systems 
of  high  pressure  marked  off  by  concentric  isobars  in¬ 
closing  pressures  becoming  successively  higher  towards 
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the  centre.  The  former  of  these  are  called  cyclones, 
and  the  latter  anticyclones.  These  areas  of  low  press¬ 
ure  are  the  distinguishing  characteristics  of  the  hurri¬ 
canes  and  typhoons  of  tropical  regions,  and  of  the  ordi¬ 
nary  storms  of  higher  latitudes,  and  they  may  all  be 
conveniently  grouped  under  the  general  name  of 
cyclones.  Fig.  19  shows  a  storm  which  was  passing 
across  northwestern  Europe  on  the  morning  of  Novem¬ 
ber  2,  1863,  and  it  may  be  taken  as  fairly  representing 
the  general  features  of  cyclones.  In  the  figure  the 
arrows  fly  with  the  wind,  and  the  force  of  the  wind  is 
indicated  by  the  number  of  feathers  on  the  arrows. 

It  will  be  seen  that  the  winds  indicate,  not  a  circular 
movement  round  the  centre  of  lowest  pressure,  but  a 
vorticose  motion  inwards  upon  that  centre,  the  motion 
being  opposite  to  that  of  watch-hands.  In  other 
words,  the  wind  follows  Buys  Ballot’s  law,  already  ex¬ 
plained.  The  winds  are  strongest  where  the  isobars 
are  closest  together ;  or  they  are  generally  proportioned 
to  the  “barometric  gradient,’’ — a  term  introduced  by 
Stevenson  in  1867.  Cyclones  have  diameters  seldom 
less  than  600,  and  they  occasionally  exceed  3000  miles ; 
the  cyclone  of  Fig.  19  had  a  diameter  of  about  1200 
miles.  The  cyclones 
of  the  Mediterra¬ 
nean  are  usually 
of  smaller  dimen¬ 
sions  than  those  of 
Northwestern  Eu¬ 
rope  and  America. 

The  rates  at  which 
cyclones  advance 
over  the  earth’s  sur¬ 
face  vary  greatly, 
the  average  in 
America  being  24 
miles  an  hour,  in 
the  Atlantic  20 
miles,  and  in  Eu¬ 
rope  26  miles.  A 
rate  as  high  as  70 
miles  an  hour  has 
occurred  in  the 
British  Islands ; 
sometimes  they  re¬ 
main  stationary, 
and  more  rarely  their  course  is  for  a  time  retrograde. 
The  temperature  and  humidity  increase  at  those  places 
towards  and  over  which  the  front  part  of  the  storm  is 
advancing,  and  fall  at  those  places  over  which  the 
front  part  of  the  storm  has  already  passed.  In  other 
words,  the  temperature  and  humidity  rise  as  pressure 
falls  and  fall  as  pressure  rises.  This  is  the  important 
climatic  significance  of  cyclones.  Thus  a  succession 
of  low  pressures  passing  eastwards  in  courses  lying  to 
northward  of  the  British  Islands  are  the  essential  con¬ 
ditions  of  open  winters ;  whereas,  if  the  cyclones  follow 
courses  lying  to  southward,  the  winters  are  severe.  In 
a  cyclone  the  broadest  feature  of  weather  is  an  area  of 
rain  about  or  rather  somewhat  in  front  of  the  centre, 
surrounded  by  a  ring  of  cloud,  outside  which  the  sky 
is  clear.  The  precise  form  and  position  of  these  areas 
have  been  shown  by  Abercrombie  to  vary  with  the 
type  of  pressure  distribution,  with  the  intensity  of  the 
cyclone,  and  with  the  rate  of  its  progress,  and  they  are 
also  influenced  by  local,  diurnal,  and  seasonal  varia¬ 
tions. 

The  chief  point  of  difference  between  American  and 
European  storms  is  essentially  the  result  of  the  mean 
winter  pressures  to  the  west  and  northwest  of  their 
respective  storm-tracks.  Owing  to  the  high  winter 
pressure  in  the  interior  of  America,  the  barometer 
rises  in  the  wake  of  the  storms  of  the  United  States 
more  rapidly,  the  wind  veers  round  more  quickly  and 
more  uniformly  to  N.W.,  N.N.W.,  and  N.  and 
keeps  longer  in  these  directions,  and  the  temperature 
aud  humidity  fall  to  a  greater  degree,  than  happens  in 
Europe.  In  the  New  England  States  and  Canada  the 


Fig.  19. 


easterly  winds  of  the  storms,  coming  as  they  do  from 
the  Atlantic,  are  disagreeably  cold,  damp,  and  misty 
in  a  degree  and  with  a  frequency  much  greater  than 
occurs  with  the  same  winds  m  the  British  Islands. 

The  chief  points  of  difference  between  the  hurricanes 
and  typhoons  of  the  tropics  and  the  cyclones  of  higher 
latitudes  are  these:  tropical  cyclones  are  of  smaller 
dimensions,  show  steeper  barometric  gradients  and 
therefore  stronger  winds,  and  advance  at  a  slower  rate 
over  the  earth’s  surface.  Another  point  of  difference 
is  that  a  large  number  of  the  hurricanes  of  the  West 
Indies  and  the  typhoons  of  Eastern  Asia  first  pursue  a 
westerly  course,  which  gradually  becomes  northwest¬ 
erly,  and  on  arriving  at  about  lat.  30°  they  recurve  and 
thereafter  pursue  a  course  to  northeastwards.  The 
tropical  cyclones  of  the  Indian  Ocean  south  of  the 
equator  also  first  pursue  a  westerly  course,  which 
gradually  changes  to  southwest,  and  often  on  arriving 
about  lat.  30°  recurve  to  the  southeast.  Many  of 
the  cyclones  of  India  have  their  origin  to  westwards 
of  the  Nicobar  Islands,  pursue  a  course  to  northwest¬ 
ward,  and  die  out  in  the  valley  of  the  Ganges;  and, 
similarly,  a  considerable  number  of  the  cyclones  of  the 
West  Indies  pursue  a  westerly  course  through  the 
Gulf  of  Mexico,  and  several  die  out  in  the  States. 

The  most  dreadful  attendant  on  tropical  cyclones  is 
the  storm-wave,  caused  by  the  in-blowing  winds  and 
the  low  pressure  of  the  centre  of  the  storm.  When 
this  wave  is  unusually  high  and  is  hurled  forward  on  a 
low-lying  coast  at  high  water,  it  becomes  one  of  the 
most  destructive  agents  known.  The  Bakarganj  cy¬ 
clone  of  October  31,  1876,  was  accompanied  by  a  wave 
which  flooded  the  low  grounds  to  the  east  of  the  delta 
of  the  Ganges  to  heights  varying  from  10  to  45  feet, 
by  which  more  than  100,000  human  beings  perished. 

Trades  of  Cyclones  of  North  America ,  Atlantic , 
and  Europe. — In  the  Physical  Atlas  of  the  Atlantic 
Ocean ,  issued  under  the  direction  of  Dr.  Neumayer 
of  the  Deutsche  Seewarte,  Plate  28  shows  by  shadings 
the  mean  positions  of  the  centres  of  cyclones  and  by 
lines  their  mean  tracks.  The  following  are  the  re¬ 
gions  where  the  lowest  barometer  of  storms  has  been 
most  frequently  found:  the  region  to  west-southwest 
of  the  lakes  of  the  United  States;  the  Gulf  of  St. 
Lawrence;  mid-Atlantic  about  lat.  35°,  long.  52°;  to 
the  southwest  of  Greenland ;  to  the  southwest  of  Ice¬ 
land,  which  is  by  far  the  most  important  of  the  whole; 
to  the  southwest  of  the  Lofoten  Isles ;  the  region  em¬ 
bracing  Denmark,  the  south  of  Scandinavia,  and  Fin¬ 
land  ;  and,  as  secondary  centres  of  frequency,  the  south 
of  th.  British  Islands,  Corsica  and  part  of  Italy  ad¬ 
joining,  and  the  northeast  of  the  Adriatic.  The  great 
importance  of  these  centres,  where  the  lowest  barome¬ 
ters  are  most  frequently  found,  consists  in  the  indica¬ 
tion  they  give  of  the  precise  regions  either  where  many 
storms  originate  or  where  they  are  either  retarded  or 
arrested  in  their  course.  As  regards  the  origin  of 
storms,  the  centre  west  of  the  Mississippi  is  the  region 
where  most  of  the  United  States  storms  originate,  the 
centre  in  the  Gulf  of  St.  Lawrence  is  where  many  of 
the  great  Atlantic  storms  have  their  origin,  and  the 
centres  in  mid- Atlantic  and  to  the  southwest  of  Iceland 
are  the  regions  where  the  storms  of  northwestern 
Europe  chiefly  originate.  The  centres  on  the  south¬ 
west  of  Greenland,  the  Lofoten  Isles,  Denmark,  and 
the  south  of  the  British  Islands,  all  appear  to  suggest 
that  storms  are  retarded  in  their  onward  courses  on 
coming  up  against  large  masses  of  land, — which  may, 
in  part  at  least,  be  occasioned  by  the  heavy  rainfalls 
that  mark  these  parts  of  their  courses. 

Of  all  storm  tracks  the  most  frequently  taken  is  that 
by  the  storms  of  the  United  States,  which  pursue  an 
easterly  course  through  the  lakes  to  the  Gulf  of  St. 
Lawrence.  A  considerable  number  of  storms  follow  a 
course  from  Nova  Scotia  to  Davis  Straits;  but  the 
larger  number  take  a  northeasterly  course  through  the 
Atlantic  towards  Iceland  and  thence  past  the  north  of 
Norway.  Among  the  less  frequent  but  important 
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tracks  are  these :  from  near  New  Orleans  along  the 
east  coast  of  the  States  towards  Nova  Scotia;  from 
mid-Atlantic  to  south  of  Ireland  and  thence  through 
France  to  the  north  of  the  Mediterranean ;  and  from 
the  Atlantic  about  lat.  42°  long.  40°  in  a  northeasterly 
course  quite  outside  but  at  no  great  distance  from  the 
British  Islands,  and  thence  towards  the  North  Cape. 
Of  the  tracks  more  immediately  affecting  British 
weather  are  one  from  Iceland  in  a  southeasterly  direc¬ 
tion  through  the  North  Sea  and  Germany,  and  four 
tracks  which  start  from  near  Scilly:  (1)  to  the  south¬ 
east  as  already  described ;  (2)  eastward  through  the 
north  of  Germany;  (3)  northeast  to  Christiania;  and 
(4)  north  through  Ireland  and  the  Hebrides.  These 
are  the  storm  tracks  which  chiefly  give  the  United 
Kingdom  its  easterly  and  northerly  winds. 

The  Inclination  of  Winds  to  the  Isobars. — The  vorti¬ 
cose  motion  of  the  winds  in  a  cyclone  towards  and  in 
upon  the  centre  has  been  already  pointed  out.  One 
of  the  more  important  practical  problems  of  meteorol¬ 
ogy  is  the  determination  of  the  angle  of  inclination  of 
the  winds  to  the  isobars  in  the  different  segments  of 
the  cyclone,  not  only  from  the  application  of  the  re¬ 
sults  of  the  inquiry  to  the  theory  of  storms  but  also  to 
•practical  navigation.  The  first  real  contribution  to 
the  subject,  based  on  accurate  measurements,  was 
made  by  Clement  Ley  in  1873.1  From  the  observations 
made  at  fifteen  places  in  Northwest  Europe  exam¬ 
ined  by  him,  he  showed  that  the  winds  incline  from 
districts  of  higher  towards  those  of  lower  pressure  at  a 
mean  angle  of  20°  51/;  that  the  inclination  is  much 
greater  at  inland  than  at  well-exposed  stations  on  the 
coast,  the  respective  angles  being  28°  53'  and  12°  49'; 
and  that  the  greatest  inclinations  are  with  S.E.  winds. 
Then  follow  S.W.,  N.E.,  and  N.W.  winds,  the  last 
showing  the  least  inclination.  Whipple  has  recently 
compared  the  winds  at  Kew  with  the  barometric  gra¬ 
dients  for  the  five  years  ending  1879,  with  the  result 
that  the  greatest  inclination  is  63°  with  S.E.  winds, 
the  least  35°  with  N.E.  winds,  and  the  mean  for  all 
winds  52°. 

As  regards  the  open  sea,  Captain  Toynbee  has 
shown,  from  a  careful  investigation  of  the  great  Atlan¬ 
tic  storm  of  August  24,  1873,  that  the  mean  angle  of 
inclination  calculated  from  one  hundred  and  eight  ob¬ 
servations  was  29°,  the  mean  at  the  three  selected 
epochs  examined  varying  from  25°  to  31°. 

Barometric  Gradient  and  Velocity  of  the  Wind. — In 
inquiring  into  the  relation  of  the  velocity  of  the  wind 
to  the  barometric  gradient,  it  is  necessary  to  have  some 
definite  information  as  to  the  increase  of  the  velocity 
with  height  above  the  ground.  Stevenson  recently 
made  observations  on  this  point  on  winds  varying  from 
2  to  44  miles  an  hour  from  the  surface  up  to  a  height 
of  50  feet,  from  which  he  has  drawn  the  following  con¬ 
clusions:  (1)  the  spaces  passed  over  in  the  same 
time  by  the  wind  increase  with  height  above  the 
ground  :  (2)  the  curves  traced  out  by  these  variations 
f  velocity  from  1 5  to  50  feet  high  coincide  most  nearly 
with  parabolas  (Fig.  20)  having  their  vertices  in  a  hori¬ 
zontal  line  72  feet  below  the  surface  ;  (3)  between  15 
feet  and  the  ground  there  is  great  disturbance  of  the 
currents,  So  that  the  symmetry  of  the  curves  is  de¬ 
stroyed  ;  (4)  the  parameters  of  these  parabolas  increase 
directly  in  the  ratio  of  the  squares  of  the  velocities  of 
the  different  gales.  If  x  be  the  velocity  of  the  wind 
at  height  H  above  the  ground,  the  parameter  of  the 
corresponding  parabola  is  x2/(H  +  72) ;  and  as  x  varies 
the  parameter  will  vary  asx2  or  as  the  square  of  the  veloc¬ 
ity  of  the  gale.  It  follows  that  to  render  wind  observa¬ 
tions  comparable,  it  is  necessary  that  anemometers  be 
placed  at  one  uniform  height  above  the  ground,  and  that 
standard  height  not  lower  than  15  feet  above  the 
surface.  It  is  verv  desirable  that  the  inquiry  were 

prosecuted  up  to  a  height  of  100 feet;  and  it  is  of  the 
utmost  importance  that  the  variation  in  the  diurnal 
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velocity  be  at  the  same  time  determined  at  different 
heights  from  15  feet  upwards. 

Stevenson  also  made  wind  observations  on  the  Cal¬ 
yon  Hill,  Arthur’s  Seat,  and  the  Pentland  Hills,  in 
the  vicinity  of  Edinburgh,  up  to  a  height  of  1600  feet 
above  sea-level.  It  is  from  observations  made  at  sta¬ 
tions  on  knolls  and  peaks  at  different  heights  above 
the  sea,  and  at  different  heights  above  the  surfaces  of 
their  summits,  that  the  problem  of  the  variation  of  the 
wind’s  velocity  at  different  heights  with  the  same  baro¬ 
metric  gradient  can  be  ascertained.  In  carrying  the 
inquiry  to  considerable  heights,  the  results  cease  to  be 
comparable  with  those  obtained  at  lower  levels,  unless 
in  those  cases  where  neighboring  heights  are  available 
for  data  from  which  the  barometric  gradient  at  the 
observed  height  can  be  calculated.  The  results  of  ob¬ 
servations  as  to  the  velocity  of  atmospheric  currents 
at  very  great  elevations  in  the  atmosphere  deduced 
from  the  apparent  movements  of  the  higher  clouds 
are  altogether  incomparable  with  the  winds  near  the 
surface  of  the  earth,  for  these  among  other  reasons: 
the  heights  of  the  clouds  can  be  at  best  but  imper¬ 
fectly  ascertained ;  the  motion  of  the  clouds,  particu¬ 
larly  the  higher  clouds,  may  be  only  apparent,  it  be¬ 


ing  sometimes  difficult  to  distinguish  between  the 
formation  and  dissolution  of  clouds  and  their  motion ; 
and  above  all,  since  the  higher  clouds  are  usually  the 
accompaniments  of  the  greater  weather  changes,  their 
movements  are  the  result  of  barometric  gradients  to¬ 
wards  a  knowledge  of  which  we  are  absolutely  power¬ 
less  to  take  a  single  step. 

As  regards  surface  winds,  Clement  Ley  in  1881,  and 
Whipple  more  recently  and  with  greater  fulness,  have 
calculated  the  mean  wind  velocities  for  twelve  gradients, 
— the  gradients  being  derived  from  the  daily  weather 
charts  of  the  Meteorological  Office  for  the  five  years 
1875  to  1879  at  8  A.M.,  and  the  corresponding  wind 
data  being  obtained  from  the  hourly  readings  of  the 
Kew  anemograph.  The  barometric  gradient  is  for  15 
nautical  miles,  and  the  following  are  the  velocities  for 
the  12  gradients  on  the  mean  of  the  year : — 


Gradient, 

Velocity, 

Gradient, 

Velocity, 

inch. 

miles. 

inch. 

miles. 

0.002 

5.0 

0.017 

15.0 

0.005 

7.0 

0.020 

16.5 

0.007 

7.5 

0.022 

19.1 

0.010 

9.2 

0.025 

22.0 

0.012 

11.6 

0.027 

22.0 

0.015 

12.6 

0.030 

25.5 

The  influence  of  season  is  very  strongly  marked. 
The  velocities  for  the  same  gradients  in  order  are — 
October  to  December,  12.5  miles  ;  July  to  September, 
12.6  miles;  January  to  March,  14.8  miles;  and  April 
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to  June,  17.2  miles.  From  those  observations  of 
Whipple  it  follows  that  during  the  six  months  when 
the  temperature  is  falling  the  velocity  for  the  same 
gradients  is  least,  while  the  velocity  is  greatest  during 
the  six  months  when  the  temperature  is  rising,  and  ab¬ 
solutely  greatest  during  the  three  months  ending  June, 
when  the  greater  part  of  the  annual  increase  of  tem¬ 
perature  occurs.  It  is  evident  that  the  observed  in¬ 
crease  in  the  velocity  of  the  wind  for  the  same  gradi¬ 
ents  is  to  be  referred  to  the  same  cause  that  brings 
about  the  diurnal  increase  in  the  wind’s  velocity,  viz., 
the  wind  blowing  over  a  warmer  surface  than  itself. 

Whipple  has  also  sorted  the  winds  according  to  the 
eight  points  of  the  compass,  with  results  of  the  great¬ 
est  interest.  If  N.W.,  N.,  N.E.,  and  E.  winds  be 
grouped  together  as  polar,  and  S.E.,  S.,  S.W.,  and  W. 
winds  as  equatorial  winds,  the  mean  hourly  velocity  of 
the  polar  winds,  for  the  same  gradients,  is  1.1  miles  in 
excess  of  that  of  the  equatorial  winds.  Now,  since  polar 
winds  pass  into  lower  latitudes,  the  surface  of  the  earth 
over  which  they  blow  is  warmer,  whereas  the  surface 
is  colder  than  the  equatorial  winds  which  blow  over  it. 
It  follows  that  the  increased  velocity  of  polar  winds  is 
referable  to  the  same  conditions  which  result  in  the 
diurnal  increase  in  the  wind’s  velocity  and  the  greater 
velocity  for  the  same  gradients  of  winds  when  the 
annual  temperature  is  rising,  since  in  all  these  cases 
the  winds  blow  over  a  surface  of  a  higher  temperature 
than  their  own. 

It  is  evident  from  these  considerations  that  for  the 
development  of  the  law  of  the  relation  of  the  wind’s 
velocity  to  the  barometric  gradient  with  an  exactness 
sufficient  to  warrant  us  in  expressing  that  relation  in  a 
general  mathematical  formula  much  yet  remains  to  be 
done.  In  truth,  as  regards  the  various  formulae  sub¬ 
mitted  by  Ferrel,  Mohn,  Hann,  Everett,  and  others, 
we  have  no  choice  but  to  allow  the  justness  of  Stra- 
chan’s  criticism  ( Modern  Meteorology ,  p.  98)  that  the 
theoretical  values  furnished  by  the  formulae  do  not 
accord  with  the  actual  values,  and  that  therefore  a 
satisfactory  formula  is  yet  to  be  found.  Ere  such  a- 
formula  need  be  looked  for,  the  conditions  must  be 
fulfilled  for  the  preliminary  work  of  supplying  the  ob¬ 
servational  data  required.  The  “Challenger”  obser¬ 
vations  prove  that,  with  gradients  substantially  the 
same,  the  velocity  of  the  wind  is  greater  on  the  open 
sea  than  near  land ;  and  we  have  seen  that  the  velocity 
varies  with  the  hour  of  the  day,  and  generally  is  in¬ 
creased  as  the  temperature  of  the  surface  rises  above 
that  of  the  air  blowing  over  it,  and  diminished  as  the 
temperature  of  the  surface  falls  below  that  of  the  air. 
It  is  evident  that  observations  on  the  open  sea  will 
afford  data  for  the  simplest  solution  of  the  problem ; 
but  on  land  the  diurnal,  seasonal,  and  non-periodic 
changes  of  temperature  greatly  complicate  the  problem, 
and  render  necessary  for  its  solution  observations  spe¬ 
cially  designed  for  the  purpose,  It  is  not  easy  to  see 
how  these  can  be  obtained  but  by  carrying  out  the  plan 
proposed  in  1875  by  Stevenson  of  establishing  strings 
of  well-equipped  meteorological  stations  planted  suffi¬ 
ciently  close  that  the  barometric  gradients  may  be  de¬ 
termined  within  the  limits  of  accuracy  required.  Ob¬ 
servations  made  twelve  times  daily  for  a  year,  at 
stations  so  arranged,  would  supply  the  observational 
data  for  the  solution  of  this  fundamental  problem  in 
meteorology.  Till  some  such  proposal  be  carried  out, 
the  problem  remains  unsolved,  for  barometric  gradients 
based  on  the  widely  separated  existing  stations  are  too 
uncertain  and  rough  and  the  wind  observations  are 
wanting  in  that  comparability  which  alone  can  satisfy 
the  inquiry. 

Weather  and  Weather  Maps. — Weather  is  the  state 
of  the  air  at  any  time  as  respects  heat,  moisture,  wind, 
rain,  cloud,  and  electricity;  and  a  change  of  weather 
implies  a  change  in  one  or  more  of  these  conditions. 
Ur  these  changes  the  most  important  as  regards  human 
interests  are  those  which  refer  to  temperature,  wind, 
and  rain  ;  and,  as  these  are  intimately  bound  up  with 


the  distribution  of  atmospheric  pressure,  the  latter 
truly  furnishes  the  key  to  weather  changes. 

These  relations  are  well  shown  by  the  International 
Monthly  Weather  Maps  issued  by  the  United  States  Signal 
Service.  Of  these  that  for  December,  1878,  is  a  striking  ex¬ 
ample.  This  month  was  characterized  over  the  globe  by 
unusually  abnormal  weather.  A  line  drawn  from  Texas  to 
Newfoundland,  across  the  Atlantic,  the  north  of  France,  and 
Germany,  thence  round  to  southeast,  through  the  Black 
Sea,  the  Caucasus,  India,  the  East  India  Islands,  and  Aus¬ 
tralia  to  the  South  Island  of  New  Zealand,  passes  through  a 
broad  and  extended  region  where  pressure  was  throughout 
considerably  below  the  mean  of  December,  and  this  low 
pressure  was  still  further  deepened  in  various  regions  along 
the  line.  Another  line  passing  from  Australia,  through  the 
Philippine  Islands,  Japan,  Manchuria,  Behring’s  Strait,  and 
Alaska,  also  marks  out  an  extensive  region  where  pressure 
was  uninterruptedly  below  the  mean. 

On  the  other  hand,  pressure  was  above  the  average,  and 
generally  largely  so,  over  the  United  States  to  west  of  longi¬ 
tude  90°,  over  Greenland,  Iceland,  the  Faroes,  Shetland,  and 
a  large  portion  of  the  Old  Continent  hounded  by  a  line 
drawn  from  Lapland  round  by  Lake  Balkhash,  Canton, 
Peking,  to  the  upper  reaches  of  the  Lena.  Another  area  of 
high  pressure  extended  from  Syria,  through  Egypt  and  East 
Africa,  to  the  Cape  ;  and  part  of  a  third  area  of  high  press¬ 
ure  appeared  in  the  North  Island  of  New  Zealand.  As  re¬ 
gards  North  America,  the  greatest  excess  of  pressure,  0.196 
inch  above  the  mean,  occurred  in  the  Columbia  Valley,  from 
which  it  gradually  fell  on  proceeding  eastward  to  a  defect 
from  the  average  of  0.146  inch  near  Lake  Champlain  and  to 
northward,  rising  again  to  near  the  mean  on  the  north  of 
Nova  Scotia.  To  the  north  and  northeast  exceedingly  high 
pressures  for  these  regions  and  the  season  prevailed,  being 
0.635  inch  above  the  mean  in  Iceland,  0.500  in  the  south  of 
Greenland,  and  at  the  three  stations  in  West  Greenland, 
proceeding  northward,  0.445,  0.402,  and  0.346  inch. 

West  Greenland  being  thus  on  the  west  side  of  the  region 
of  high  pressure  which  occupied  the  northern  part  of  the 
Atlantic,  and  on  the  northeast  side  of  the  area  of  low  press¬ 
ure  in  the  States  and  Canada,  strong  south  winds  set  in 
over  that  coast,  and  the  temperature  at  the  four  Greenland 
stations,  proceeding  from  south  to  north,  rose  to  1.1°,  8.8°, 
12.1°,  and  14.4°  above  the  means.  As  the  centre  of  lowest 
pressure  was  in  the  valley  of  the  St.  Lawrence  about  Mon¬ 
treal,  strong  northerly  and  westerly  winds  predominated  to 
westward  and  southward,  where  consequently  temperature 
was  below  the  average,  the  deficiency  at  Chicago  and  St. 
Louis  being  9.5° ;  and,  winds  being  easterly  and  northerly 
in  California,  the  temperature  there  was  also  under  the 
mean.  On  the  other  hand,  in  the  New  England  States,  the 
greater  part  of  the  Dominion  of  Canada,  and  West  Green¬ 
land  temperature  was  above  the  average.  Pressure  was 
much  higher  at  St.  Michael’s,  Alaska,  than  to  southwest- 
ward  at  St.  Paul’s,  Behring’s  Strait,  and  hence,  while  tem¬ 
perature  at  St.  Paul’s  was  2.9°  below  the  normal,  it  was  12.0° 
above  it  at  St.  Michael’s,  where  strongly  southerly  winds 
ruled.  With  these  strong  contrasts  of  pressure,  America 
presented  contrasts  at  least  as  striking  in  the  distribution 
of  the  temperature.  Along  the  south  of  Lake  Michigan  the 
November  temperature  was  13.7°  above  the  normal,  whilst 
the  December  temperature  was  9.5°  below  it,  the  difference 
there  between  the  two  consecutive  months  being  thus  23.2°. 

As  regards  Europe,  Iceland  was  on  the  east  side  of  the 
patch  of  high  pressure  which  overspread  the  north  of  the 
Atlantic,  and  hence  northerly  winds  prevailed  there  and 
temperature  fell  7.2°  below  the  mean,  presenting  thus  a 
marked  contrast  to  the  high  temperature  of  West  Green¬ 
land  at  the  time.  In  Europe;  the  area  of  lowest  pressure 
occupied  the  southern  shores  of  the  North  Sea,  extending 
thence,  though  in  a  less  pronounced  form,  to  southeastward. 
Hence  over  the  whole  of  Western  Europe  winds  were  N.E., 
N.,  and  in  the  southwest  of  Europe  W. ;  and  hence  every¬ 
where  from  the  North  Cape  to  the  north  of  Italy  temperature 
was  below  the  normal,  in  some  places  greatly  so,  the  defi¬ 
ciency  being  10.4°  in  the  south  of  Norway  and  12.2°  in  the 
south  of  Scotland.  On  the  other  hand,  on  the  east  side  of 
this  area  of  low  pressure  winds  were  southerly  and  tempera¬ 
ture  consequently  high.  In  some  localities  in  Russia  the 
excess  above  the  mean  was  15.0°,  and  over  a  large  proportion 
of  European  Russia  the  excess  was  not  less  than  9.0°.  This 
region  of  high  temperature  extended  eastward  into  Siberia 
as  far  as  the  Irtish,  being  coterminous  with  the  western  half 
of  the  anticyclonic  region  of  high  pressure  which  overspread 
Central  Siberia.  But  over  the  eastern  portion  of  the  anti¬ 
cyclone  northerly  winds  prevailed,  with  the  inevitable  ac¬ 
companiment  of  low  temperatures  over  the  whole  of  Eastern 
Asia,  the  deficiency  at  Nertchinsk  on  the  upper  Amur  being 
6.8°.  Here  again,  just  as  in  America,  Greenland,  and  Ice- 
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laud,  places  with  atmospheric  pressure  equally  high  pre¬ 
sented  the  strongest  contrasts  of  temperature.  Thus  at 
Bogoslovsk,  on  the  Ural  Mountains,  pressure  was  0.211  inch 
and  at  Nertchinsk  0.154  inch  above  the  normals,  but  Bogo¬ 
slovsk  on  the  west  side  of  the  high  pressure  area  had  a  tem¬ 
perature  15.0°  above,  whilst  at  Nertchinsk  it  was  6.8°  below 
the  average. 

At  this  time  of  the  year  the  mean  pressure  falls  to  the 
minimum  in  Australia,  but  during  December,  1878,  the 
usually  low  pressure  was  still  further  diminished.  Pressure 
at  this  season  also  falls  to  the  annual  minimum  in  the  North 
Pacific  and  North  Atlantic,  and  it  has  been  seen  that  the 
low  pressure  of  these  regions  was  likewise  still  further 
diminished.  But  in  the  case  of  the  Atlantic  it  was  attended 
with  a  most  important  difference.  The  centre  of  lowest 
pressure,  usually  located  to  the  southwest  of  Iceland,  was 
removed  some  hundreds  of  miles  to  the  southeast,  and  an 
unwonted  development  of  extraordinarily  high  pressure  ap¬ 
peared  to  the  northward,  overspreading  the  extensive  region 
of  Baffin's  Bay,  Greenland,  Iceland,  Faroes,  and  Shetland. 
It  was  to  this  region  of  high  pressure,  particularly  in  its  re¬ 
lations  to  the  low-pressure  region  to  the  southeast  of  it,  that 
the  extreme  severity  of  the  weather  in  the  British  Islands 
at  the  time  was  due.  Now  this  high-pressure  region  was 
intimately  connected  with,  and  doubtless  occasioned  di¬ 
rectly  by,  upper  atmospheric  currents  from  the  widely  ex¬ 
tended  region  of  low  pressure  to  southward,  with  its  large 
centres  of  still  lower  pressure  in  the  North  Sea,  mid-Atlan¬ 
tic,  and  United  States,  where  pressures  were  respectively 
0.307,  0.322,  and  0.146  inch  under  the  normals.  Thus,  with 
the  single  exception  of  the  high-pressure  area  about  Green¬ 
land,  the  meteorological  peculiarities  which  render  Decem¬ 
ber,  1878,  so  memorable  over  nearly  the  whole  globe  arose 
out  of  a  distribution  of  the  earth’s  atmosphere  essentially 
the  same  that  obtains  at  that  time  of  the  year,  but  the  usual 
irregularities  in  the  distribution  of  the  pressure  appeared 
in  more  pronounced  characters. 

Taking  the  all-important  bearings  of  these  areas  of 
high  and  low  pressure  on  weather  and  climate  into 
consideration,  along  with  the  abnormal  concentration 
of  aqueous  vapor  over  ex  nsive  regions  which  they 
imply,  it  is  e  ident  that,  w  en  the  meteorologist  will 
be  in  a  position  to  orecast,  on  scientific  grounds,  the 
weather  of  the  coming  season  for  the  British  Islands, 
it  is  to  the  Atlantic  he  will  require  to  look  for  the 
data  on  which  the  forecast  is  based. 

These  questions,  which  the  International  Weather 
Maps  of  the  United  States  enable  us  to  discuss,  are 
of  the  first  importance  in  meteorology,  whether  we 
consider  the  amplitude  of  the  atmospheric  changes 
they  disclose  (these  being  often  so  vast  as  to  embrace 
four  continents  at'one  time,  besides  being  profoundly 
interesting  from  their  direct  bearings  on  the  f  od  sup¬ 
plies  and  commercial  intercourse  of  nations),  or  regard 
the  larger  problems  they  present,  with  hints  towards 
their  solution,  which  underlie  physical  geography, 
climatology,  and  other  branches  of  atmospheric  phys¬ 
ics.  The  discussion  presents  the  great  atmospheric 
changes  as  influenced  by  oceans  and  continents,  in¬ 
cluding  the  subordinate  but  important  parts  played 
by  mountain  ranges,  extensive  plateaus,  and  physically 
well-defined  river  basins  in  determining  the  develop¬ 
ment,  course,  and  termination  of  these  changes. 

Weather  Forecasts  and  Storm  Warnings. — It  is  in 
tropical  and  subtropical  countries  that  an  isolated  ob¬ 
server  may,  with  a  close  approximation  to  certainty, 
predict  the  approach  of  gales  and  hurricanes.  In  these 
regions  atmospheric  pressure  and  the  other  meteorolog¬ 
ical  conditions  are  so  constant  from  day  to  day  that 
any  deviation,  even  a  slight  one,  from  the  average  of 
the  hour  and  season  in  respect  of  pressure,  the  direc¬ 
tion  and  strength  of  the  wind,  and  the  direction  and 
amount  of  cloud,  implies  the  presence  of  a  storm  at 
no  great  distance.  Dr.  Meldrum  has  practically  worked 
out  this  problem  at  Mauritius  with  great  success.  At 
the  Royal  Alfred  Observatory  there  the  mean  pressure 
at  sea-level  in  January  at  9  A.M.  is  29.966  inches,  from 
which  it  falls  to  29.904  inches  at  4  P.M.,  then  rises  to 
29.980  inches  at  10  P.M.,  and  again  falls  to  29.927  at  4 
A.  M.  The  mean  direction  of  the  wind  and  the  diurnal  va¬ 
riation,  both  as  regards  direction  and  force,  have  been 
stated  (p.  130).  Suppose  then  that  the  barometer  is 


observed  to  fall  after  9  a.m.  more  rapidly  than  is  due 
to  the  usual  daily  barometric  tide,  that  in  the  after¬ 
noon  it  does  not  indicate  the  second  maximum  or  that 
it  continues  to  fall  instead  of  rising, — or  suppose, 
in  short,  any  deyiation  from  the  mean  daily  march, 
-—then  it  is  certain  that  there  is  somewhere  an  atmos¬ 
pherical  disturbance  near  enough  to  Mau  tius  to  in¬ 
fluence  the  pressure.  The  direction  in  winch  the  dis¬ 
turbance  is  from  Mauritius  is  readily  known  from  the 
wind,  and  the  distance  of  the  storm  closely  approxi¬ 
mated  to  by  noting  the  rate  and  amount  of  the  fall  of 
the  barometer,  in  connection  with  the  changes  of  the 
wind  and  the  clouds, — the  rate  and  progressive  motion 
of  the  storm  being  known  chiefly  from  the  veerings  of 
the  wind.  For  a  good  many  years  past  notifications 
have  been  sent  to  the  daily  newspapers  when  observa¬ 
tions  show  that  a  storm  is  not  far  from  the  island, 
stating  its  position  and  probable  course  from  day  to 
day.  The  scheme  of  storm  warnings  at  Mauritius  has 
been  entirely  successful,  and  the  result  is  of  great 
value,  since  it  shows  what  may  be  done  at  an  isolated 
station  in  the  ocean,  or  what  may  be  done  in  ships  at 
sea.  In  this  connection  it  is  not  possible  to  overesti¬ 
mate  the  importance  to  seamen  of  a  knowledge  of 
the  hourly  variations  of  the  barometer  and  its  mean 
monthly  heights  over  the  ocean  tracks  of  commerce. 

In  passing  from  Mauritius  to  the  British  Islands  we 
pass  from  a  region  wher  the  forecasting  of  storms 
and  weather  is  simplest  and  easiest  to  the  region  where 
it  is  most  complex  and  difficult,  particularly  for  the 
western  districts  of  these  islands.  The  great  difficulty 
lies  in  the  fact  that  the  British  Islands  are  immedi¬ 
ately  bounded  by  the  Atlantic  to  westwards ;  and, 
since  practically  every  storm  and  nearly  all  weather 
changes  come  from  that  direction,  no  telegraphic  com¬ 
munication  of  their  approach  can  be  received.  The 
Meteorological  Office  in  London  has  therefore  no 
choice  but  to  base  the  forecasts  on  such  of  the  obser¬ 
vations  telegraphed  to  the  office  as  experience  has 
shown  to  be  the  precursors  of  storms  and  other  weather 
changes.  The  more  important  of  these  observations 
are  the  falling  and  rising  of  the  barometer  taken  in 
connection  with  changes  in  the  direction  and  force 
of  the  wind.  Since  on  the  north  side  of  the  track  of 
the  centre  of  the  storm  winds  are  northerly  and  east¬ 
erly  and  temperature  low,  and  on  the  south  side  winds 
are  utherly  and  westerly  and  temperature  high,  one 
of  the  most  important  points  to  be  ascertained  is  the 
probable  path  the  centre  of  the  coming  storm  will  take. 
Though  a  good  deal  remains  to  be  accomplished  in 
the  development  of  this  phase  of  storms,  yet  much 
has  recently  been  done  in  this  direction  by  close  ex¬ 
amination  of  the  changes  of  pressure  in  the  region  of 
the  anticyclone  contiguous  to  the  advancing  storm 
and  by  the  changing  positions  of  the  rain  area  near 
the  centre  of  the  cyclone. 

As  regards  Europe,  the  facility  of  forecasting  storms 
increases  as  distance  from  the  west  coasts  is  increased. 
Thus  to  the  middle  and  eastern  districts  of  the  British 
Islands,  were  a  day  and  night  watch  established,  in  the 
west,  forecasts  of  almost  every  storm  could  be  issued, 
the  exceptions  being  those  small  cyclones  or  satellite 
cyclones,  as  they  are  called,  originating  within  the 
British  Islands  themselves,  which  are  frequently  char¬ 
acterized  at  once  by  their  severity  and  by  the  rapidity 
of  their  onward  course.  In  the  United  States  the 
system  of  weather  forecasting  is  perhaps  the  best  in 
temperate  regions, — a  result  due  to  the  admirable  sys¬ 
tem  organized  and  developed  under  the  direction  of  the 
late  General  Myer,  and  adequately  subsidized  by  the 
Government,  but  above  all  to  the  facilities  to  detect  and 
track  the  storms  in  the  region  where  nearly  all  of  them 
have  their  origin,  to  west  of  the  Mississippi,  before 
they  advance  upon  the  more  thickly  peopled  States.. 

Meteorology  sustained  a  heavy  loss  by  the  death  in 
1877  of  Leverrier,  who  was  not  only  the  keenest- 
sighted  of  physicists  but  also  the  prince  of  organizers 
of  systems  of  meteorological  observation.  His  last 
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great  service  to  the  science  was  the  establishment  of 
a  system  of  observation,  by  which  the  propagation  of 
rain,  hail,  and  other  weather  phenomena  could  be  fol¬ 
lowed  and  recorded  from  commune  to  commune  over 
France.  This  scheme  for  the  investigation  of  the  vi¬ 
tally  important  bearing  on  the  meteorology  of  a  coun¬ 
try  of  a  comprehensive  observation  of  its  rainfall,  hail, 
and  thunderstorms,  through  numerous  observers  pos¬ 
sessing  sound  local  observation,  is  not  only  eminently 
just  in  science,  but  is  calculated  to  be  attended  with 
the  greatest  benefits  to  agricultural  and  other  public 
interests.  The  practical  advantages  of  the  scheme,  it 
need  scarcely  be  added,  can  only  be  reaped  after  a  very 
large  expenditure  of  labor  and  money  in  organizing  a 
comprehensive  parochial  scheme  of  observation,  sys¬ 
tematically  and  persistently  carried  through  and  dis¬ 
cussed. 

Further  details  regarding  meteorological  phenomena 
will  be  found  in  the  articles  Atmosphere,  Barom¬ 
eter,  Climate,  Hygrometry,  Ozone,  Raingauge, 
Sea,  and  Thermometer.  (a.  b.  ) 

terrestrial  magnetism. 

1.  In  the  preceding  portion  of  this  article  some  aocount 
has  been  given  of  the  influence  which  the  sun  and  moon 
exert  upon  the  air,  the  earth,  and  the  ocean,  their  strictly 
tidal  effects  being  left  to  be  separately  dealt  with.  The  dis¬ 
cussion  of  the  influence  of  these  bodies  on  what  may  be 
termed  the  movables  of  the  earth  will  not  be  complete, 
however,  without  embracing  an  account  of  the  changes 
which  they  produce  in  the  earth’s  magnetism.  An  account 
of  the  earlier  magnetic  observations  has  already  been  given 
under  the  heading  Magnetism,  and  our  task  will  now  be 
to  give  in  the  first  place  a  description  of  the  best  and  most 
recent  instruments  by  which  the  magnetic  state  of  the  earth 
is  determined,  embracing  therein  observatory  instruments, 
those  adapted  for  travellers  whether  by  land  or  by  sea,  and 
differential  magnetometers.  We  shall  next  give  a  short  ac¬ 
count  of  the  magnetic  system  of  the  earth  and  of  its  secular 
variation ;  and  we  shall  then  investigate  the  changes  con¬ 
nected  with  terrestrial  magnetism  depending  on  the  sun 
and  moon.  In  performing  this  task  we  shall  be  led  to  con¬ 
clude  that  the  sun’s  power  is  variable,  and  we  shall  there¬ 
fore  examine  whether  this  conclusion  is  likewise  borne 
out  by  strictly  meteorological  observations.  Finally,  we  shall 
venture  on  remarks  embodying  a  provisional  working  hy¬ 
pothesis,  and  our  object  will  be  gained  if  this  should  be 
found  to  suggest  certain  lines  of  thought  to  those  interested 
in  the  subject  which  may  lead  them  to  examine  and  discuss 
the  very  great  mass  of  observations  at  present  existing. 

Instruments  for  Determining  the  Magnetic  State 
of  the  Earth. 

(a)  Observatory  Instruments. 

2.  Declinometer. — It  is  that  end  of  the  needle  which  points 
to  the  north  magnetic  pole  of  the  earth  of  which  the  posi¬ 
tion  is  invariably  noted  even  when  the  observation  is  made 
in  the  southern  hemisphere.  The  difference  of  this  posi¬ 
tion  from  true  geographical  north  denotes  what  is  called 
the  variation  or  declination  (east  or  west)  of  the  needle. 
East  is  often  reckoned  negative  and  west  positive.  The  in¬ 
strument  by  which  this  information  is  obtained  is  called 
the  declinometer.  The  unifilar  magnetometer,  which  is 
the  form  of  declinometer  now  used,  is  described  and  figured 
in  Magnetism,  vol.  xv.  p.  241. 

3.  Dip  Circle. — The  instrument  by  which  the  magnetic 
dip  or  inclination  is  observed  contains  a  thin  needle  about 
3  inches  long,  the  centre  of  gravity  of  which  coincides  as 
accurately  as  possible  with  the  axis  of  motion  of  the  needle. 
The  needle  has  two  axles  consisting  of  two  very  fine  cylin¬ 
ders  of  hard  steel  standing  at  right  angles  to  the  plane  of 
the  needle,  and  great  attention  must  be  paid  to  keep  these 
axles  in  a  state  of  perfect  polish  and  dryness.  By  means 
of  these  the  needle  can  oscillate  freely  on  two  horizontal 
agate  rounded  edges,  the  one  axle  lying  on  the  one  edge 
and  the  other  axle  on  the  other.  If  the  centre  of  gravity 
coincides  exactly  with  the  axis  of  motion,  and  if  there  be 
no  adhesion  or  friction  between  the  axles  and  the  agate 
edges,  the  needle  must  settle  into  such  a  position  that  its 
magnetic  axis  lies  in  the  true  line  of  dip. 

The  position  of  the  ends  of  the  needle  is  read  by  means 
of  two  microscopes  which  move  round  on  a  crosspiece 
carrying  verniers.  To  view  the  position  of  the  lower  end 
of  the  needle  we  move  round  the  lower  microscope  until 
the  cross-wire  in  its  field  of  view  (extending  in  the  line 


between  the  two  microscopes)  symmetrically  cuts  the  ex¬ 
tremity  of  the  needle.  The  lower  vernier  is  then  read. 
The  same  process  is  repeated  for  the  upper  vernier,  and  the 
mean  of  the  two  readings  is  taken.  This  mean  will  accu¬ 
rately  denote  the  position  of  the  needle  if  the  circle  is 
properly  set. 

The  sources  of  error  in  a  dip  observation  are — (1)  a  want 
of  symmetry  in  mass,  the  centre  of  gravity  of  the  needle 
not  being  coincident  with  the  axis  of  motion  ;  (2)  the  ver¬ 
tical  circle  being  erroneously  set ;  (3)  a  want  of  symmetry 
in  magnetism,  the  magnetic  axis  not  being  coincident  with 
the  axis  of  figure ;  (4)  excentricity,  the  axis  of  rotation  of 
the  needle  not  passing  through  the  centre  of  the  circle; 
(5)  friction  and  adhesion  of  the  axles  as  they  rest  on  their 
agate  supports.  This  last  source  of  error  is  guarded  against 
by  taking  great  care  of  the  axles,  and  by  inserting  them 
gently  into  a  piece  of  cork  before  each  observation ;  the 
agate  supports  ought  also  to  be  rubbed  with  cork.  Then, 
again,  when  the  needle  has  assumed  its  position,  before 
reading  it  is  gently  raised  by  means  of  a  lifter,  the  handle 
for  turning  which  is  shown  in  the  figure  towards  the  right. 
It  is  then  gently  lowered,  and  this  process  is  repeated  until 
no  apparent  change  of  position  is  produced  by  the  opera¬ 
tion. 

4.  We  shall  now  describe  a  complete  dip  observation. 
The  first  point  is  to  make  the  needle  to  swing  in  the  plane 
of  the  magnetic  meridian.  In  order  to  accomplish  this, 
after  levelling  the  instrument,  the  verniers  are  set  for  90°, 
that  is,  for  a  vertical  position  of  the  needle.  The  whole 
instrument  is  now  turned  round  its  horizontal  circle  until 
the  extremities  of  the  needle  are  bisected  by  the  wires  of 
the  two  microscopes,  and  the  position  of  the  vernier  of  the 
horizontal  circle  is  then  read.  The  needle  is  next  reversed 
so  that  the  microscope  shall  view  its  other  flat  side ;  it  is 
made  vertical  as  before,  and  the  position  of  the  horizontal 
circle  read  once  more.  Next  the  face  of  the  instrument  is 
turned  round  180°,  and  the  same  two  operations  repeated. 
We  have  thus  four  readings  of  the  horizontal  circle,  and  if 
we  take  the  mean  of  these  we  shall  have  ascertained  with 
sufficient  accuracy  the  position  of  that  plane  for  which  the 
needle  is  vertical.  Now  this  plane  must  be  removed  90° 
from  the  magnetic  meridian,  for  in  such  a  plane  the  hori¬ 
zontal  magnetic  force  of  the  earth  would  have  no  resolved 
portion  acting  in  the  plane  of  the  needle’s  motion,  so  that 
the  needle  would  practically  be  under  the  sole  influence 
of  the  vertical  magnetic  force,  and  would  therefore  point 
in  a  vertical  direction.  By  this  means  therefore  we  obtain 
the  magnetic  meridian,  and  thus  know  the  plane  in  which 
we  ought  to  swing  the  needle.  The  needle  must  now  be 
read  in  the  following  positions:  (a)  face  of  instrument 
east — face  of  needle  to  face  of  instrument;  (0)  face  of  in¬ 
strument  west — face  of  needle  to  face  of  instrument;  (y) 
face  of  instrument  west — back  of  needle  to  face  of  instru¬ 
ment  ;  (<5)  face  of  instrument  east — back  of  needle  to  face 
of  instrument.  Finally,  the  poles  of  the  needle  must  be 
reversed,  by  rubbing  them  with  powerful  bar  magnets  in  a 
direction  opposite  to  that  in  which  they  were  previously 
rubbed,  and  four  observations  taken  corresponding  to  the 
above.  The  mean  of  the  eight  observations  so  obtained 
will  give  us  the  true  dip. 

The  turning  round  of  the  face  of  the  instrument  from 
east  to  west  is  made  to  counteract  any  error  due  to  erro¬ 
neous  setting  of  the  vertical  circle.  The  reversal  of  the 
face  of  the  needle  is  made  to  counteract  any  error  due  to 
the  centre  of  gravity  of  the  needle  not  being  quite  coinci¬ 
dent  in  the  direction  of  the  needle’s  breadth  with  its  axis 
of  motion,  and  likewise  any  error  due  to  want  of  symmetry 
of  the  magnetic  axis.  The  correction  for  eccentricity  is 
made  by  reading  both  ends  of  the  needle.  Finally,  the  re¬ 
versing  of  the  poles  of  the  needle  is  intended  to  counteract 
any  error  due  to  the  centre  of  gravity  of  the  needle  not 
being  coincident  in  the  direction  of  the  needle’s  length 
with  its  axis  of  motion. 

Dr.  Joule1  has  suggested  a  modification  of  the  dip  circle 
in  which  the  needle  is  hung  on  fine  threads  on  which  it 
rolls  instead  of  resting  on  agate  supports. 

5.  Horizontal  Force  Magnetometer. — The  theory  of  the  in¬ 
strument  for  determining  the  horizontal  component  of  the 
earth’s  magnetic  force  has  already  been  given  in  the  article 
Magnetism,  vol.  xv.  p.  239  sq.,  and  the  instrument  is 
shown  in  two  forms,  ibid.,  Figs.  28  and  29.  The  corrections 
necessary  for  accurate  results  are  explained  in  a  paper  by 
G.  M.  Whipple  (Proc.  Roy.  Soc.,  1877). 

(0)  Instruments  adapted  for  Travellers  by  Land. 

6.  Declinometer. — For  travellers  by  land  the  unifilar  in¬ 
strument  (?  2),  mounted  on  a  tripod  stand  and  duly  levelled, 
is  perhaps  the  most  accurate  kind  of  declinometer. 

1  Proc.  Lit.  and  Phil.  Society,  Manchester,  vol.  viii.  p.  171. 


TERRESTRIAL  MAGNETISM.] 


METEOROLOGY. 


165 


For  this  purpose  it  is  furnished  with  a  transit  mirror  by 
means  of  which  an  image  of  the  sun  may  be  thrown  into 
the  field  of  view  of  the  telescope,  and — the  geographical 
position  of  the  station  as  well  as  the  apparent  time  of  the 
observation  being  known — an  azimuth  thus  determined. 
In  order  that  such  an  observation  may  succeed,  the  follow¬ 
ing  points  must  receive  attention. 

In  the  first  place  the  axis  of  the  mirror  must  be  hori¬ 
zontal  ;  the  adjustment  for  this  is  made  by  means  of  a 
riding  level.  Secondly,  the  normal  to  the  plane  of  the 
mirror  must  be  perpendicular  to  the  axis.  The  adjustment 
for  this  is  made  by  a  screw  attached  to  the  back  of  the 
mirror.  Take  some  object  sufficiently  elevated  and  reflect 
it  into  the  telescope,  getting  the  object  bisected  by  the  wire 
of  the  telescope.  Then  reverse  the  mirror  in  its  bearings. 
If  the  object  remains  still  bisected  by  the  wire  no  correction 
requires  to  be  made,  but  if  not  the  screw  at  the  back  of  the 
mirror  must  be  moved  until  the  object  is  in  precisely  the 
same  position  in  both  observations.  Thirdly,  the  line  of 
collimation  of  the  telescope  must  be  perpendicular  to  the 
plane  of  the  mirror.  In  order  to  obtain  this  there  is  a 
collimating  eye-piece  attached  to  the  telescope  by  which 
the  sun’s  light  may  be  made  to  illuminate  the  cross  wires. 


where  a  traveller’s  equipment  must  be  kept  as  light  as  possi- 
ble,  is  the  fact  that  it  only  requires  the  addition  of  two 
needles  to  an  ordinary  dip  circle  in  order  to  give  the  re¬ 
quired  determination.  These  needles  must  be  carefully 
kept  from  contact  with  other  magnets,  and  their  poles  never 
reversed. 

Here  as  before  we  have  two  unknown  quantities  to  de¬ 
termine,  the  one  being  the  magnetic  moment  of  the  magnet 
and  the  other  the  total  force  of  the  earth.  We  must  there- 
fore,  obtain  two  results,  the  one  embodying  the  product  of 
the  earth  s  total  force  into  the  magnetic  moment  of  the 
needle,  while  the  other  gives  the  ratio  between  these  two 
quantities. 

8.  In  order  to  determine  the  former  of  these,  let  the 
needle  have  a  grooved  wheel  of  radius  r  attached  to  its  axle 
as  in  Fig.  21,  and  over  this  wheel  let  an  accurately  known 
weight  W  be  suspended  by  means  of  a  very  fine  silk  thread. 
The  best  way  of  doing  this  is  to  have  a  thread  with  two 
hooks  of  precisely  equal  weight  at  each  end  and  then  attach 
the  preponderating  weight  W  to  one  of  these  hooks.  When 
this  is  done  a  new  position  of  equilibrium  will  be  taken  by 
the  needle.  If  we  suppose  that  m  denotes  the  magnetic 
moment  of  the  needle,  that  i  is  the  angle  of  dip  at  the 
place,  and  that  n  denotes  the  angle  which  the  needle 
in  its  deflected  position  makes  with  the  horizon,  the 
weighting  being  so  made  that  n  shall  be  less  than  i, 
then  it  is  clear  that  the  needle  has  been  deflected  out 
of  its  position  of  equilibrium  through  an  angle  i-v. 
If  we  call  this  angle  u  and  designate  by  R  the  total 
force  at  the  place,  we  obtain  the  following  equation 
of  equilibrium : 

mRsinw— Wr . (l), 

on  the  supposition  (which  is  very  nearly  but  not 
strictly  correct)  that  W  denotes  a  constant  force  at  all 
latitudes. 

9.  Next,  in  order  to  determine  the  ratio  between 
this  needle’s  force  and  that  of  the  earth,  let  it  be  re¬ 
moved  and  employed  to  deflect  another  substituted  in 
its  place. 

When  using  it  thus  as  a  deflector  it  should  be  laid 
in  a  frame  in  an  invariable  position  as  in  Fig.  21.  This 
frame  is  at  right  angles  to  the  line  between  the  two 
microscopes,  and  as  both  pieces  move  together  the 
best  plan  is  to  turn  the  whole  round  until  the  deflected 
needle  is  visible  in  the  centre  of  the  field  of  the  micro¬ 
scopes,  in  which  position  it  is  of  course  perpendicular 
to  the  deflecting  needle.  By  always  keeping  to  this 
arrangement  we  secure  an  invariable  distance  between 
the  poles  of  the  two  needles.  Suppose  therefore  that 
we  have  employed  the  needle  as  a  deflector  in  the 
above  manner,  and  that  the  deflected  needle  has  thus 
been  made  to  assume  a  position  denoting  an  angle 
n  with  the  horizon.  It  has  therefore  been  deflected 
from  its  position  of  equilibrium  by  an  angle  i~n  (i 
denoting  the  dip  as  before) ;  calling  this  angle  of  de¬ 
flection  u',  we  obtain  the  following  equation  of  equi 
librium : 

Rsintt'  =  mU . (2), 

IT  being  a  function  depending  upon  the  distance  of 
the  needles  and  on  the  distribution  of  free  magnetism 
in  them. 

10.  If  we  multiply  together  equations  (1)  and  (2), 
we  obtain 


Fig.  21.— Dip  Circle. 

Now  turn  the  transit  mirror  until  the  reflection  of  the  1 
illuminated  cross  wires  coincides  with  the  wires  themselves, 
in  which  case  the  line  of  collimation  of  the  telescope  must 
be  perpendicular  to  the  plane  of  the  mirror.  When  this 
correction  has  been  once  made,  note  the  circle  reading  of  a 
small  vernier  which  moves  with  the  mirror  and  always  set 
the  mirror  so  as  to  give  this  reading. 

By  these  means  an  accurate. reading  of  the  sun’s  bearing 
maybe  made;  and,  the  position  of  the  place  and  the  time 
of  observation  being  known,  there  are  tables  which  enable 
the  azimuth  to  be  at  once  determined. 

7.  Lloyd's  Method  of  Determining  the  Total  Force. — While 
the  dip  circle  and  the  horizontal  force  magnetometer  may 
be  used  by  travellers  in  addition  to  their  use  as  observatory 
instruments,  the  Rev.  Dr.  Lloyd1  has  devised  a  new  method 
of  determining  the  total  force.  The  ordinary  method  of  ob¬ 
taining  this  is  first  to  find  the  dip  and  the  horizontal  force, 
from  which  the  total  force  can  be  at  once  determined  by  the 
equation, — total  force  =  horizontal  force  X  secant  dip.  This 
method  is,  however,  open  to  objection  in  high  magnetic 
latitudes  where  the  horizontal  force  is  very  small  and  the 
dip  approaches  90°.  Now  in  Lloyd’s  method  this  objection 
is  overcome.  Another  circumstance  which  renders  his 
method  peculiarly  convenient  for  high  magnetic  latitudes, 


R2sin  u  sin  u'  =  U  Wr . (3), 

in  which  u,  u'  are  determined  by  observation,  while  W 
and  r  may  be  regarded  as  constants.  U  is,  as  we  have  said, 
a  function  depending  upon  the  distance  of  the  two  needles 
and  upon  the  distribution  of  free  magnetism  in  them. 

The  magnetic  moment  of  these  needles  is  of  course  liable 
to  alteration,  but  if  they  are  carefully  guarded  from  contact 
with  magnets  we  may  imagine  that  while  their  intensity 
alters,  becoming  weaker  for  instance,  this  nevertheless  does 
not  sensibly  affect  the  distribution  of  the  free  magnetism 
within  them,  in  which  case  the  function  U  may  be  regarded 
as  a  constant  quantity.  The  results  obtained  by  this 
method  of  Lloyd’s  fully  confirm  this  hypothesis  regarding 
U ;  but  it  is  essential  that  the  two  additional  needles,  the 
deflector  and  the  deflected  needle,  should  have  their  poles 
at  no  time  either  reversed  or  disturbed. 

Assuming  therefore  the  constancy  of  the  quantity  U,  its 
value  may  be  easily  determined  at  any  base  station  where 
the  total  force  has  been  determined  independently  by  the 
ordinary  method. 

11.  Having  thus  determined  the  value  of  U,  or  at  once  of 
UWr  (which  we  may  call  c),  let  us  carry  our  instrument  to 
a  different  station  and  make  the  requisite  observations. 
We  thus  obtain 


R  = 


V 


sin  u  sin  u' 


(4). 


i  [Humphrey  Lloyd  (1800-81),  Dublin  physicist,  clergyman,  provost  of  Trinity  College,  eminent  for  researches  on  light  and 
magnetism,— Am.  Ed.J 
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As  this  method  is  specially  adapted  for  high  latitudes,  the 
dip  circle  employed  (Fig.  21)  ought  to  be  one  for  which  the 
agate  supports  are  horizontal,  so  as  to  admit  of  the  needle 
being  visible  when  the  dip  is  nearly  equal  to  90°.  It  will 
also  be  noticed  that,  if  the  deflecting  needle  have  the  same 
temperature  when  it  is  used  in  equation  (1)  which  it  has 
when  used  in  equation  (2),  then  m  in  the  one  case  is  strictly 
equal  to  m  in  the  other,  and  thus  no  temperature  correction 
is  rendered  necessary. 

12.  A  slight  modification  of  the  method  now  described  is 
sometimes  adopted.  Instead  of  employing  separate  weights, 
which  may  be  easily  lost,  two  small  holes  are  bored  in  the 
deflecting  needle  near  each  end.  The  one  of  these  is  filled 
with  a  suitably  heavy  brass  peg  when  the  observations  are 
to  be  made  in  the  higher  magnetic  latitudes  of  the  northern 
hemisphere,  and  the  other  is  filled  in  a  similar  manner 
when  the  observations  are  to  be  made  near  the  southern 
pole.  In  this  case  therefore  we  must  readjust  the  instru¬ 
ment  as  we  pass  from  the  one  hemisphere  to  the  other.  A 
slight  change  must  be  made  in  the  formula  when  this 
method  is  adopted,  for  it  is  clear  that  the  weight  will  not 
now  act  always  at  the  same  constant  leverage.  If  the 
weight  be  called  W  and  its  leverage  when  the  needle  is 
horizontal  r,  we  shall  have  to  modify  equation  (1)  as 
follows : 


7a  Esin  w  =  Wrcos  v . (5). 

Equation  (2)  will,  however,  remain  unaltered,  and  hence 
equation  (3)  will  become 

R2sinwsinM'=  UWrcosa  ....  (6). 


If  the  quantity  TJWr  be  determined  at  the  base  station 
called  c',  we  shall  have 


R  = 


c'  COS  1 


sin  u  sin  u' 


and 

(7). 


(y)  Instruments  adopted  for  Travellers  by  Sea. 

13.  Azimuth  Compass. — At  sea  the  declination  is  generally 
observed  by  means  of  an  azimuth  compass  invented  by 
Kator.  This  is  exhibited  in  Fig.  22.  It  consists  of  a  mag¬ 
net  with  a  graduated  compass  card  attached  to  it.  At  the 
side  of  the  instrument  opposite  the  eye  there  is  a  frame 
which  projects  upwards  from  the  plane  of  the  instrument 
in  a  nearly  vertical  direction,  and  this  frame  contains  a 
wide  rectangular  slit  cut  into  two  parts  by  a  wire  extend¬ 
ing  lengthwise.  The  eye-piece  is  opposite  this  frame,  and 
the  observer  is  supposed  to  point  the  instrument  in  such  a 
manner  that  the  wire  above  mentioned  shall  bisect  the 
sun’s  visible  disk.  There  is  a  totally  reflecting  glass  prism 
which  throws  into  the  eye-piece  an  image  of  the  scale  of 
the  graduated  card,  so  that  the  observer,  having  first  bi¬ 
sected  the  sun’s  disk  by  the  wire,  must  next  read  the  divi¬ 
sion  of  the  scale  which  is  in  the  middle  of  the  field  of  view. 
He  thus  obtains  a  reading  of  the  sun’k  position ;  let  us  call 
this  100°.  From  this 
knowing  the  geograph¬ 
ical  position  of  his  sta¬ 
tion  and  the  time  of  the 
observation,  he  may  de¬ 
duce  an  azimuth ;  let  us 
imagine  that  this  is  70° 

W.  Thus  a  reading  of 
100°  corresponds  to  a  po¬ 
sition  70°  W.  Suppose 
next  that  the  instru¬ 
ment  is  so  adjusted  that 
when  the  magnetic  axis 
of  the  magnet  is  be¬ 
tween  the  eye-piece  and 
the  wire  the  reading  is 
0°.  It  is  thus  clear  that 
the  magnetic  meridian 
is  100°  removed  from  the  position  70°  W.  Let  us  imagine 
that  the  instrument  is  so  graduated  that  this  denotes  a  po¬ 
sition  30°  E.  We  have  thus  obtained  the  magnetic  decli¬ 
nation.  If  the  vessel  be  at  rest  the  plan  generally  adopted 
is  to  take  the  reading  of  the  sun  when  rising  and  also  when 
setting ;  a  mean  between  the  two  will  give  that  which  cor¬ 
responds  to  a  geographical  meridian. 

14.  Fox's  Dip  Circle. — This  instrument,  contrived  by  Rob¬ 
ert  Were  Fox,  is  more  especially  useful  for  observations  at 
sea.  In  this  case  it  must  be  placed  on  a  gimball  stand  and 
duly  levelled  before  commencing  the  observation.  The  fol¬ 
lowing  are  the  peculiarities  of  this  instrument:  (1)  the 
needles  have  two  fine  pivots  or  axles  which  are  inserted  into 
jewelled  sockets;  (2)  in  order  to  avoid  parallax  there  are 
two  graduated  circles,  the  one  farther  from  the  eye  than  the 
other,  and  when  reading  the  needle  the  eye  is  to  be  so  placed 
that  precisely  the  same  reading  shall  be  given  by  both  cir- 
®les>  the  true  position  of  the  needle  being  thus  obtained ; 


Fig.  22.— Azimuth  Compass. 


(3)  there  is  a  rubber  made  of  bone  or  ivory  and  roughened, 
the  object  of  which  is  to  rub  a  prolongation  of  the  socket  on 
the  back  of  the  instrument, — the  friction  which  this  rub¬ 
bing  causes  enabling  the  needle  to  find  its  true  position ;  (4) 
to  avoid  as  much  as  possible  all  effects  due  to  friction  and 
adhesion,  the  entire  socket  arrangement  may  be  turned 
round.  The  axles  of  the  needle  are  thus  compelled  to  be  in 
contact  with  a  different  set  of  particles.  Another  way  of 
varying  the  suspension  is  to  use  a  magnetic  deflecting  ar¬ 
rangement  attached  to  the  back  of  the  apparatus.  Suppose 
that  a  reading  of  the  position  of  the  needle  so  deflected  is 
now  taken.  Next  reverse  the  position  of  the  deflecting 
arrangement,  which  is  done  by  turning  a  movable  circle  at¬ 
tached  to  this  arrangement  180°  round ;  let  the  position  of 
the  needle  be  again  read.  On  the  hypothesis  that  the  needle 
is  equally  deflected  on  opposite  sides  of  its  true  position  in 
these  two  observations,  the  mean  reading  will  give  the  true 
dip.  The  principle  of  the  method  of  observing  with  this 
circle  is  precisely  the  same  as  that  already  described  for 
observations  on  shore  with  an  ordinary  inclinometer. 

15.  Fox’s  Intensity  Arrangement  is  merely  a  modification 
of  that  introduced  by  Lloyd,  and  already  described  in  §  7.1 

(<5)  Differential  Magnetometers  and  Self-Recording 
Magnetographs. 

16.  In  addition  to  determinations  at  fixed  intervals  of 
time,  it  is  a  point  of  much  interest  and  importance  to  keep 
a  continuous  record  of  all  the  magnetic  changes  which  take 
place  at  a  few  selected  stations.  This  is  accomplished  by 
means  of  differential  magnetometers.  It  is,  however,  neces¬ 
sary  to  continue  to  use  absolute  instruments  side  by  side 
with  differential  magnetometers,  because  the  latter  (with 
the  exception  of  the  declination  instrument)  are  badly  fitted 
for  recording  changes  of  long  period,  such  as  the  secular 
changes  of  the  horizontal  and  the  vertical  force.  The  rea¬ 
son  of  this  will  presently  be  seen. 

17.  Early  in  the  history  of  such  instruments  it  was  found 
that  hourly  observations  were  exceedingly  laborious,  and 
attempts  were  made  to  construct  a  set  of  self-recording 
magnetometers.  The  first  set  of  such  instruments  which 
were  brought  into  systematic  operation  were  those  devised 
and  constructed  by  the  late  Charles  Brooke,  which  have 
been  at  continuous  work  in  the  Greenwich  Observatory 
since  1848.  In  1857  John  Welsh  devised  a  fresh  set  of  self- 
recording  instruments,  and  introduced  them  into  the  Hew 
Observatory.  These,  with  certain  slight  modifications,  have 
formed  the  type  of  instruments  supplied  to  a  large  number 
of  magnetic  observatories  all  over  the  globe. 

18.  As  we  cannot  conveniently  record  changes  of  dip  by 
a  differential  instrument,  changes  of  vertical  force  are  meas¬ 
ured  instead  by  a  balance  or  v  ertical  force  magnetometer.  We 
have  thus  in  a  differential  system,  whether  adapted  to  eye 
observation  or  to  continuous  photographic  registration,  three 
instruments,  namely,  the  declination,  the  horizontal  force, 
and  the  vertical  force  magnetometers  or  magnetographs  as 
the  case  may  be.  The  most  recently  constructed  instru¬ 
ments  are  adapted  both  for  photographic  registration  and 
for  eye  observation  through  a  telescope.  The  advantage  of 
eye  observations  is  that  we  see  what  is  taking  place  at  the 
very  moment  of  its  occurrence,  whereas  we  only  obtain  the 
photographic  record  some  time  after  the  changes  to  which 
it  relates  have  actually  happened. 

We  shall  therefore  describe — (a)  the  three  instruments 
of  the  Kew  pattern  as  adapted  to  eye  observations;  (|8) 
these  instruments  as  adapted  to  continuous  registration  by 
photography;  (y)  the  method  of  determining  their  scale 
coefficients;  (<5)  the  method  of  determining  the  temperature 
coefficients  of  the  force  instruments. 

19.  Kew  Instruments — Eye  Observations. — Fig.  23  shows  us 
these  instruments  arranged  in  the  relative  positions  recom¬ 
mended  by  Lloyd  so  as  magnetically  to  interfere  with  one 
another  as  little  as  possible.  We  are  supposed  to  be  view¬ 
ing  the  whole  from  the  south.  No.  1  to  the  right  is  the 
declination  instrument,  No.  2  that  for  the  horizontal  force, 
and  No.  3  in  the  distance  behind  the  central  pillar  (No.  4) 
the  vertical  force  magnetometer.  Figs.  24,  25,  26  give  us 
the  details  of  these  three  instruments  in  the  same  order  as 
above.  Connected  with  each  instrument  there  is  a  circular 
mirror,  or  rather  two  semicircular  mirrors,  made  of  per¬ 
fectly  plane  glass.  One  semicircular  half  of  each  mirror  is 
attached  to  the  magnet  and  moves  with  it,  while  the  other 
half  is  firmly  attached  to  the  marble  slab.  Each  magnet  is 
inclosed  in  a  gun-metal  case  with  windows  of  perfectly  plane 
glass ;  each  gun-metal  case  is  covered  with  a  glass  shade ; 

1  A  great  deal  of  detailed  information  regarding  instruments 
for  absolute  determination  and  the  methods  of  observing  with 
them  is  to  he  found  in  the  Admiralty  Manual  of  Scientific  lnquiB 
in  an  article  on  “Terrestrial  Magnetism,”  by  Sabine  and  Weltffi, 
A  treatise  on  Terrestrial  and  Cosmical  Magnetism,  by  E.  Walker, 
may  likewise  be  consulted  with  much  advantage. 
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and  the  whole  i?  air-tight,  and  capable  of  exhaustion, 
magnet  too  is  pro¬ 
vided  with  a  copper 
damper  with  the  view 
of  checking  its  oscil¬ 
lations.  In  Fig.  23 
will  be  seen  two  pil¬ 
lars  of  smaller  size. 

The  right-hand  pillar 
carries  a  telescope, 
with  a  scale  attached, 
to  record  the  position 
of  the  declination 
magnet.  The  scale  is 
reflected  from  the 
semicircular  mirror 
moving  with  the  mag¬ 
net,  and  the  position 
of  this  reflected  scale 
as  viewed  in  the  tele¬ 
scope  indicates  the  po¬ 
sition  of  the  magnet. 

The  optical  arrange¬ 
ment  for  the  other 
instruments  is  similar, 
except  that  the  verti¬ 
cal  force  mirror  has  a 
horizontal  and  not  a 
vertical  axis.  The  tel-  Fig.  23.— Kew  Instruments 

escopes  for  viewing 

the  force  instruments  are  attached  to  the  left-hand  pillar  of 
smaller  size. 

20.  The  Declinometer 1  (Fig.  24)  consists  of  a  magnet  about 
5  inches  long  suspended  by  a  silk  thread  freed  from  torsion 
as  completely  as  possible.  To  keep  the  state  of  the  thread 
constant  the  glass  shade  should  be  rendered  air-tight,  and 
should  contain  some  substance  for  absorbing  moisture,  such 
as  chloride  of  calcium.  It  is  clear  that  if  the  state  of  the 
thread  remains  the  same,  and  if  the  position  of  the  mag¬ 
netic  axis  of  the  magnet  does  not  change,  this  instrument 
should  record  faithfully  the  various  changes  of  declination. 

The  Horizontal  Force  Magnetometer  is  exhibited  in  Fig.  25. 

Here  the  magnet2  has  been 
twisted  round  into  a  posi¬ 
tion  at  right  angles  to  the 
magnetic  meridian.  It  is 
suspended  by  means  of  two 
very  fine  steel  wires  some 
little  distance  apart,  and 
thus  the  instrument  is  often 
called  the  bifilar  magneto¬ 
meter.  These  wires  have 
the  plane  passing  through 
their  lower  extremities  dif¬ 
fering  very  considerably 
from  that  of  their  upper. 

If  the  magnet  should  sud¬ 
denly  lose  its  magnetism  the 
whole  arrangement  would 
be  twisted  round  until  the 
two  planes  coincided.  This 
difference  of  plane  gives  rise 
to  a  couple  tending  to  twist 
the  magnet  round  in  one  di¬ 
rection  while  the  horizontal 
magnetic  force  of  the  earth 
constitutes  an  equal  and  op¬ 
posite  couple,  the  two  couples 
keeping  the  magnet  in  equi¬ 
librium.  The  couple  depend¬ 
ing  upon  the  bifilar  arrange¬ 
ment  may  for 
the  present  be 
regarded  as  con¬ 
stant,  that  de¬ 
pending  on  the 
horizontal  force 
of  the  earth  as 
variable.  If  the 
latter  increase 
or  diminish,  the 
magnet  will  be 

slightly  twisted  round  in  one  direction  or  the  other. 

In  the  Vertical  Force  Magnetometer  (Fig.  26),  the  magnet  is 
balanced  by  means  of  a  knife-edge  resting  on  an  agate 
plane.  By  means  of  two  screws  working  horizontally  and 
vertically  the  centre  of  gravity  may  be  thrown  to  either  side 

i  For  a  detailed  account  of  the  Kew  magnetographs,  see  British 
Association  Reports ,  1859.  . 

3  All  the  magnets  are  of  the  same  size. 


Each  |  of  the  point  of  suspension,  or  it  may  be  raised  or  lowered 


and  the  sensibility  of  the  magnet  when  balanced  thereby 
increased  or  diminished.  These  screws  are  so  arranged 
that  there  is  a  preponderance  of  weight  towards  the  south 


Fig.  24.— Declinometer. 


Fig.  25.— Horizontal  Force  Magnetometer. 

side  of  the  magnet.  This  is  neutralized  partly  by  the  mag¬ 
netic  force  tending  to  pull  the  north  end  down  and  partly 
by  a  slip  of  brass  standing  out  horizontally  towards  the 
north  side.  Let  us  suppose  the  system  to  be  in  equilibrium 
at  a  certain  temperature;  if  the  temperature  rise  (since 
brass  expands  more  than  steel),  the  leverage  of  the  weight 
at  the  north  side  will  increase  more  than  that  of  the  weight 
at  the  south.  There  will  thus  be  a  slight  preponderance 
towards  the  north,  and  this  may  be  arranged  so  as  to  neu¬ 
tralize  to  a  great  extent  the  decrease  in  the  magnetic  mo¬ 
ment  which  an  increase  of  temperature  produces. 

21.  Magnetographs. — The  arrangement  by  means  of  which 
these  instruments  are  converted  into  self-recording  magneto¬ 
graphs  is  very  simple.  In  Fig.  23  we  see  a  gas  flame  burn¬ 
ing  behind  a  vertical  slit  and  placed  endwise  in  order  to 
render  its  light  more  intense.  The  light  from  this  illumi¬ 
nated  slit  passes  through  a  lens,  and  being  reflected  from 
the  mirror  of  the  declination  magnet  throws  an  image  of 


168 


METEOROLOGY. 


[terrestrial  magnetism. 


the  slit  upon  some  sensitized  paper  in  the  central  box.  To 
6peak  more  properly,  two  images  are  thrown,  one  reflected 
from  the  upper  and  movable  half  and  the  other  from  the 
fixed  half  of  the  mirror.  The  sensitive  paper  is  wrapped 
round  a  horizontal  cylinder  (Fig.  27),  and  the  two  images 
are  therefore  thrown  upon  different  parts  of  this  cylinder. 
But  before  reaching  the  cylinder  these  two  images  are  by 
means  of  a  hemicyiindrical  lens  (shown  in  Fig.  27)  crushed 
up  into  two  dots  of  light.  The  cylinder  moves  round  regu¬ 
larly  by  clock-work  once  in  twenty-four  hours,  and  hence 
the  course  on  the  moving  paper  of  the  dot  of  light  which 
comes  from  the  fixed  half-mirror  will  be  a  straight  line, 
while  that  of  the  dot  from  the  moving  half-mirror  will  be  a 
curved  line  depending  on  the  motions  of  the  magnet.  When 
the  paper  is  developed  these  lines  appear  black. 

The  arrangement  for  the  horizontal  force  instrument  is 
precisely  similar  to  that  for  the  declinometer ;  for  the  ver- 


Fig.  26.— Vertical  Force  Magnetometer. 


tical  force  it  is  somewhat  different,  the  illuminated  slit  being 
horizontal  and  not  vertical,  while  the  mirror  oscillates  on  a 
horizontal  axis  and  not  on  a  vertical  one ;  the  hemicyiin¬ 
drical  lens  too  and  the  cylinder  are  vertical  and  not  hori¬ 
zontal.  It  was  found  necessary  to  put  the  plane  of  motion 
of  the  vertical  force  magnet  15°  out  of  the  magnetic  me¬ 
ridian  for  the  following  reason.  The  axes  of  the  telescopes 
are  respectively  30°  inclined  to  the  tubes  which  go  from  the 
magnetometers  to  the  central  box,  and  hence  had  the  ver¬ 
tical  force  magnet  swung  in  the  magnetic  meridian  it  would 
have  been  necessary  to  place  the  mirror  inclined  at  the  angle 
of  15°  to  the  axis  of  motion  of  the  magnet.  This  was  tried, 
but  it  was  found  that  in  this  position  of  the  mirror  the  cor¬ 
rection  for  temperature  was  so  excessive  that  the  instrument 
became  a  thermometer  and  not  a  magnetometer.  The  mirror 
Was  therefore  put  in  a  plane  passing  through  the  axis  of 


Fig.  27.— Magnetograph. 

motion  of  the  needle,  the  needle  being  made  to  move  in  a 
plane  inclined  15°  to  the  magnetic  meridian. 

22.  Scale  Coefficients  of  Differential  Instruments. — It  is  neces¬ 
sary  to  know  the  value  of  one  division  of  the  scale  in  the 
magnetometer  or  of  one  inch  difference  in  the  ordinate  of 
the  curve  impressed  on  the  photographic  paper  in  the  mag¬ 
netograph.  In  the  declination  instrument  it  is  only  neces¬ 
sary  to  obtain  the  angular  deviation  corresponding  to  one 
division,  and  this  may  be  done  at  once  by  a  series  of  measure¬ 
ments.  In  the  horizontal  and  vertical  force  instruments  we 
wish  to  obtain  the  value  of  one  division  in  parts  of  force. 
There  is  more  than  one  method  by  which  this  can  be  accom¬ 
plished,  but  that  of  John  Allan  Broun  is  probably  the  sim¬ 
plest,  and  is,  we  believe,  the  one  adopted  at  most  of  the 
various  observatories  possessing  self-recording  instruments. 
It  is  given  in  the  British  Association  Resorts,  1859. 


23.  Temperature  Coefficients  of  Differential  Force  Instruments. 
— Broun  has  devoted  a  great  deal  of  attention  to  the  subject 
of  these  coefficients,  and  has  come  to  the  conclusion  that 
the  best  and  most  unobjectionable  method  of  determining 
them  is  to  compare  the  instrumental  readings  on  days  when 
the  temperature  is  high  with  the  readings  on  days  when  the 
temperature  is  low. 

24.  By  differential  instruments  the  components  of  a  force 
affecting  the  magnet  are  determined  in  three  directions  at 
right  angles  to  each  other.  It  does  not,  however,  follow  that 
this  force  is  entirely  due  to  changes  in  the  magnetism  of  the 
earth.  We  know  that  certain  forces  connected  with  the  sun 
affect  the  earth’s  magnetism,  and  on  certain  occasions  at 
least  these  forces  manifest  themselves  as  currents  in  the 
upper  regions  of  the  atmosphere  and  in  the  crust  of  the 
earth.  Now  such  currents  will  have  a  direct  effect  upon  the 
needle  as  well  as  an  indirect  effect  through  the  changes 
which  they  may  produce  in  the  magnetism  of  the  earth. 
The  total  influence  on  the  needle  will  therefore  be  made  up 
of  these  two  elements,  the  one  denoting  the  direct  influence 
on  the  needle  of  the  disturbing  force,  and  the  other  the  in¬ 
direct  influence  through  the  change  produced  in  the  earth’s 
magnetism.  No  attempt  has  yet  been  made  to  separate  the 
action  of  these  two  elements. 

25.  Self-recording  instruments  after  the  Kew  pattern  have 
been  supplied  to  observatories  at  the  following  places : 

Batavia.  Mauritius. 

Coimbra  (Portugal).  Kolaba  (Bombay). 

Lisbon.  Vienna. 

St.  Petersburg.  Zi  KaWei  (China). 

Florence.  San  Fernando  (Spain). 

Stonyhurst.  Potsdam. 

Utrecht  (declination  only).  Brussels. 

Melbourne.  Nice. 

There  are  also  self-recording  magnetographs  of  other  pat¬ 
terns  at  Toronto,  Montsouris  (Paris),  Greenwich,  Wilhelms- 
haven  (?),  Cape  Horn,  and  Havana  (?). 

We  understand  that  Professor  W.  G.  Adams  is  at  present 
engaged  in  making  a  comparison  of  simultaneous  curves 
from  various  stations  of  these  lists.1 

Magnetic  Poles  of  the  Earth. — Secular  Variation. 

26.  Magnetic  Poles  of  the  Earth. — In  the  article  Magnetism 
it  has  been  shown  that  Dr.  Gilbert  <?f  Colchester  had  at  a  very 
early  period  grasped  the  important  truth  that  the  earth  is  a 
magnet,  a  truth  which  was  afterwards  mathematically  dem¬ 
onstrated  by  Gauss.  It  was  reserved  for  Halley,  the  con¬ 
temporary  of  Newton,  to  show  that  the  earth  must 
be  regarded  as  having  two  poles  in  the  northern 
and  two  poles  also 'in  the  southern  hemisphere,  so 
that,  unlike  ordinary  magnets,  its  magnetic  system 
has  four  poles  altogether.  Before  proceeding  fur¬ 
ther  it  will  be  desirable  to  state  what  it  was  that 
Halley  actually  did  and  what  are  the  conclusions 
to  be  derived  from  his  investigations.  It  has  been 
remarked  by  Professor  Stokes  that,  while  in  an 
ordinary  bar  magnet  we  may  practically  regard  the 
pole  as  having  a  physical  reality  and  as  being  the 
cause  of  well-known  attractions  and  repulsions, 
we  are  not  entitled  a  priori  to  assume  that  a  point 
of  maximum  force  in  a  large  spherical  magnet 
like  the  earth  must  necessarily  be  the  seat  of  attrac¬ 
tions  and  repulsions  after  the  same  manner  as  the 
pole  of  an  ordinary  bar  magnet.  It  is  to  be  deter¬ 
mined  by  observation  to  what  extent  the  earth 
actually  preserves  an  analogy  to  an  ordinary  mag¬ 
net.  Now  Halley’s  conclusions  were  derived  from 
the  pointing  of  the  declination  needle,  since  in  his 
day  there  were  no  observations  possible  on  total 
magnetic  force.  He  argued  that  there  are  two 
points  or  poles  in  the  northern  hemisphere  to 
which  the  needle  appears  to  be  attracted,  one  in 

the  upper  region  of  America  and  one  above  Siberia.  So 
far  this  conclusion  is  hardly  anything  more  than  a  formal 
one  derived  from  the  grouping  together  of  observations.  He 
asserted  that  these  would  be  as  they  are  known  to  be  if  we 
imagine  two  such  poles  or  foci  of  force  each  exercising  a 
causal  influence  on  the  magnetic  needle.  And  the  justifica¬ 
tion  of  Halley’s  way  of  regarding  the  earth  is  found  in  the 
fact  that  when  force  observations  came  to  be  made  two  such, 
foci  of  force  were  actually  found  to  exist.  We  do  not,  how- 

1  We  are  Indebted  to  Mr.  Gordon— and  to  his  publishers  Messrs. 
Sampson,  Low  &  Co.,  who  have  obtained  them  for  us— for  the 
sketches  of  the  instruments  for  absolute  determinations,  with 
the  exception  of  that  of  Kater’s  compass,  for  which  we  are  in¬ 
debted  to  Mr.  J.  J.  Hicks.  For  the  sketch  of  the  self-recording 
magnetographs  together  and  in  detail  we  are  indebted  to  the 
Kew  committee  and  to  Mr.  G,  M.  Whipple,  director  of  the  Kew 
Observatory. 
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ever,  mean  to  imply  that  these  foci  have  causal  properties 
exactly  similar  to  the  poles  of  a  bar  magnet,  for  this  is  not 
the  case. 

In  order  to  exhibit  the  process  of  reasoning  which  led 
Halley  to  his  conclusion,  let  us  first  imagine  that  the  earth 
has  only  a  single  pole  or  force-focus  in  the  northern  hemi¬ 
sphere,  and  that  this  is  coincident  with  its  geographical 
pole ;  then,  assuming  that  this  pole  has  a  causative  influence 
on  the  needle’s  declination,  we  should  expect  all  needles  to 
point  everywhere  due  north.  If,  however,  this  pole  be  not 
coincident  with  the  north  pole  of  the  earth,  let  us  draw  a 
meridian  circle  passing  through  the  magnetic  pole  and  com¬ 
plete  it  round  the  earth  so  as  to  divide  the  earth  into  two 
halves.  At  all  points  in  this  meridian  circle  the  needle 
might  be  expected  to  point  due  north,  while  in  the  one  half 
of  the  earth  so  divided  it  should  point  to  the  east  and  in  the 
other  half  to  the  west  of  true  north.  In  the  next  place  let 
us  imagine  that  the  earth  has  two  north  magnetic  poles  or 
foci  of  equal  strength,  both  being  at  the  same  latitude, 
while  their  difference  in  longitude  is  180°,  and  let  us  draw 
a  complete  circle  of  meridian  passing  through  these  poles 
(Fig.  28).  Let  us  start  from  a 
point  in  this  circle  under  one 
of  these  poles  and  pursue  our 
journey  eastwards  along  a  cir¬ 
cle  of  latitude.  At  first  the 
needle  will  point  due  north. 

As  we  move  eastwards  the 
needle  will  point  westwards 
to  the  pole  we  are  leaving 
until  we  come  to  a  region 
half-way  between  the  two 
poles,  where  it  will  be  equally 
solicited  by  each,  and  will 
therefore  again  point  due 
north.  Let  us  call  the  space 
we  have  travelled  over  since 
we  set  out  A.  As  we  proceed  the  needle  will  now  be  under 
the  predominant  influence  of  the  second  pole  to  our  right, 
and  will  therefore  point  to  the  east  until  we  arrive  at  the 
meridian  under  the  second  pole.  This  second  space  which 


m  1882.  There  are  two  lines  extending  throughout  both 
hemispheres  at  all  points  of  which  there  is  no  variation, 
and  also  an  oval-shaped  district  in  the  northern  hemi¬ 
sphere  throughout  all  points  in  the  circumference  of  which 
we  have  no  variation.  These  facts  are  inconsistent  with  the 
hypothesis  of  a  single  pole,  but  they  are  quite  consistent 
with  that  of  two  poles  or  foci  of  force,  one  in  Northern 
Amerioa  and  the  other  in  Northern  Asia,  the  former  being 
stronger  than  the  latter.  In  order  to  see  this  let  us  take 
our  stand  at  the  great  line  of  no  variation  which  passes 
through  North  America  and  travel  eastwards.  We  are  just 
south  of  the  American  pole  or  focus,  while  the  Asiatic  pole 
or  focus  is  nearly  180°  off,  and  hence  the  needle  points  due 
north.  As  we  proceed  eastwards  we  leave  the  American  or 
strongest  pole  to  the  westward  of  us,  and  hence  we  have  a 
region  of  west  variation  which  we  have  agreed  to  call  A. 
As  we  begin  to  approach  the  eastern  side  of  Europe  we  get 
nearer  the.  Asiatic  pole  or  focus,  and  at  length  the  line  of  no 
variation  is  reached,  the  tendency  of  the  American  pole 
to  pull  the  needle  to  the  west  being  balanced  by  the  ten¬ 
dency  of  the  Asiatic  pole  to  pull  it  to  the  east.  After  this, 
easterly  variation  predominates  throughout  a  region  B  until 
at  length  we  come  to  a  point  in  the  western  boundary  of 
the  oval  where  we  may  imagine  ourselves  to  be  directly 
south  of  the  Asiatic  pole,  while  the  American  pole  is  nearly 
180°  distant ;  once  more  the  needle  points  due  north.  As 
we  still  travel  eastwards  we  leave  the  Asiatic  pole,  which  is 
now  the  predominant  one,  to  our  left,  and  hence  we  have 
here  a  region  C  of  westerly  declination.  At  length  we  come 
to  the  eastern  boundary  of  the  oval,  where  the  tendency  of 
the  Asiatic  pole  to  pull  the  needle  to  the  west  is  balanced 
by  the  tendency  of  the  American  or  stronger  pole  (acting 
now  towards  the  right)  to  pull  it  to  the  east,  so  that  we 
have  once  more  a  point  of  no  variation.  After  this  the 
American  pole  predominates,  and  we  have  a  large  region  D 
of  easterly  variation  until  we  travel  round  once  more  to  the 
point  from  which  we  started. 

28.  This  train  of  argument  receives,  as  we  have  already 
mentioned,  corroboration  from  the  fact  that  in  the  map  of 
total  force  we  perceive  two  foci  of  maximum  force,  one  in 
Northern  America  and  the  other  in  Northern  Asia,  that  in 


Fig.  28. 


M  E  Magnetic  Equator 
or  line  of  no  dip, 

Fie.  29.— The  Earth’s  Magnetism  as  shown  by  the  Distribution  of  Lines  of  Equal  Total  Force,  in  Absolute  Measure  (British  miles) 
with  the  Position  of  the  Magnetic  Poles  and  Equator,— approximately  for  1875. 


we  have  travelled  over  let  us  call  B.  As  we  proceed  we  pass 
through  a  space  C  where  the  needle  again  points  to  the  west 
until  being  once  more  equally  influenced  by  the  two  poles 
it  will  point  due  north.  After  this  we  pass  through  a  space 
D  of  easterly  variation  until  we  arrive  once  more  at  the 
point  from  which  we  started. 

Thus  there  are  now  four  spaces  instead  of  two,  and  these 
are  shown  in  Fig.  28,  where  the  centre  of  the  circle  repre¬ 
sents  the  north  geographical  pole  of  the  earth,  and  its  cir¬ 
cumference  the  equator.  If  pole  2  be  inferior  in  power  to 
pole  1  the  spaces  B  and  C  will  be  smaller  in  size  than  A 
and  D. 

27.  This  last  is  an  arrangment  of  things  that  agrees  very 
well  with  the  results  of  observation,  if  we  add  that  the  two 
poles  are  not  precisely  180°  removed  from  one  another  in  'on- 
gitude.  Fig.  301  represents  1  ines  of  equal  magnetic  variation 


i  We  are  indebted  for  the  admirable  charts  given  in  Figs.  29-32 
,0  the  kindness  of  the  hydrographer,  Captam  Sir  Frederick 


America  being  the  strongest.  This  evidence  was  not,  how¬ 
ever,  in  existence  at  the  time  of  Halley,  and  his  hypothesis 
of  two  poles  does  the  greater  credit  to  his  sagacity,  inas¬ 
much  as  he  had  to  deduce  it  from  the  comparatively  small 
number  of  observations  of  declination  and  dip,  those  of  force 
being  altogether  wanting. 

29.  We  have  hitherto  spoken  of  two  poles  or,  more  prop¬ 
erly,  foci  of  maximum,  force,  the  positions  of  which  are  of 
course  best  pointed  out  in  Fig.  29 ;  but  we  have  seen  that 
the  existence  of  such  foci  was  first  conjectured  from  the 
behavior  of  the  lines  of  variation  or  declination.  Now  it 
will  be  noticed  by  looking  at  the  variation  map  (Fig.  30) 
that  all  the  lines  of  equal  magnetic  variation  appear  to  con¬ 
verge  to  a  point  in  the  extreme  north  of  the  American  con¬ 
tinent.  This  point  is  not,  however,  coincident  with  the 
• 

Evans,  who,  in  order  to  save  time,  allowed  us  to  make  use  of  the 
information  he  had  embodied  even  before  it  was  officially  pub¬ 
lished,  and  who  likewise  placed  his  plates  at  our  disposal. 
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chief  focus  of  force,  which  lies  decidedly  to  its  south ;  but 
it  is  no  doubt  coincident  with  the  point  denoting  a  dip  of 
90°,  the  locality  of  which  may  be  inferred  from  the  map  of 
magnetic  dip  (Fig.  31),  and  it  is  likewise  no  doubt  coinci¬ 
dent  with  the  position  of  a  zero  of  horizontal  force  which 
may  be  inferred  from  the  map  of  horizontal  force  (Fig. 
32).  Thus  we  have  a  point  to  the  extreme  north  of  Amer¬ 
ica  which  has  the  following  properties :  (1)  the  various  lines 


90°  W.,  and  the  weaker  or  Siberian  focus  in  70°  N.  and  115° 
E.  In  the  southern  hemisphere  he  assumes  the  position  of 
the  stronger  focus  to  be  65°  S.  and  140°  E.,  and  of  the 
weaker  focus  probably  50°  S.  and  130°  E.,  these  being  thus 
not  far  separated  from  each  other  or  from  the  magnetic 
pole.  The  nearness  together  of  the  southern  foci  is  prob¬ 
ably  the  reason  why  the  total  force  is  greater  at  the  south¬ 
ern  than  it  is  at  the  northern  foci. 


Fig.  31.— Lines  of  Equal  Magnetic  Dip,  1882. 


of  declination  converge  to  it ;  (2)  the  needle  points  verti¬ 
cally  downwards  at  it ;  and  (3)  the  horizontal  force  van¬ 
ishes  at  it.  At  this  point  therefore  the  horizontally  bal¬ 
anced  needle,  having  no  horizontal  force  acting  upon  it,  will 
point  in  any  direction. 

This  point  is,  strictly  speaking,  the  pole  of  verticity,  but, 
inasmuch  as  there  is  only  one  such  point  in  each  hemi¬ 
sphere,  these  may  for  convenience  sake  be  termed  the  mag- 


The  magnetic  pole  (of  verticity)  in  the  northern  hemi¬ 
sphere  was  reached  by  Sir  James  Eoss  in  1831.  The  posi¬ 
tion  of  vertical  dip  was  observed  by  him  to  be  70°  5'  N.  and 
96°  43'  W.  The  magnetic  pole  (of  verticity)  in  the  south¬ 
ern  hemisphere  was  nearly  attained  by  the  same  navigator 
in  a  voyage  made  in  1839-43.  Its  position  is  probably  73£° 
S.  and  147i°  E. 

The  line  of  no  dip  is  called  the  magnetic  or  dip  equator — 
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netic  poles,  so  that  we  speak  of  two  centres  or  foci  of  maxi¬ 
mum  force  and  one  pole  in  each  hemisphere. 

In  the  northern  hemisphere  Sir  Frederick  Evans1  as¬ 
sumes  the  stronger  or  American  focus  to  be  in  52°  N.  and 

1  Elementary  Manual  for  the  Deviation  of  the  Compass  in  Iron  Ships. 


its  position  is  given  in  Figs.  29  and  31.  The  line  connect¬ 
ing  all  the  points  where  the  magnetic  intensity  is  least  is 
called  the  dynamic  equator.  It  coincides  very  nearly  with 
the  dip  equator. 

30.  Secular  Variation. — The  earth  then  as  a  magnet  must 
be  supposed  to  have  two  sets  of  centres  of  force.  We  shall 
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next  attempt  to  show  that  these  centres  cannot  be  regarded 
as  constant  both  in  position  and  intensity. 

It  should  be  premised  that,  while  there  is  no  well-estab¬ 
lished  evidence  to  show  that  either  the  pole  of  verticity  or 
the  centre  of  force  to  the  north  of  America  has  perceptibly 
changed  its  place,  there  is,  on  the  other  hand,  very  strong 
evidence  to  show  that  we  have  a  change  of  place  on  the 
part  of  the  Siberian  focus  and  also  on  the  part  of  its  ana¬ 
logue  in  the  southern  hemisphere. 

Table  I.  (p.  172),  given  by  Gilpin  (Phil.  Trans.,  1806), 1  ex¬ 
hibits  the  change  in  the  position  of  the  needle  In  Great 
Britain  from  the  earliest  observations  up  to  the  beginning 
of  the  present  century. 

31.  Between  the  dates  recorded  in  this  table  the  needle 
has  been  pointing  more  and  more  to  the  west,  which  im¬ 
plies  either  a  relative  increase  in  the  power  of  the  American 
as  compared  to  the  Siberian  focus,  or  a  motion  of  the  Si¬ 
berian  focus  from  west  to  east.  On  the  first  supposition  the 
lines  to  the  eastward  of  the  Siberian  focus — for  instance, 
the  line  of  no  variation  depending  on  a  balance  between  it 
and  the  American  focus — should  be  drawn  in  towards  it, 
or  they  should  travel  westwards  ;  but  if  the  latter  supposi¬ 
tion  is  true,  or  this  focus  has  been  moving  eastwards  while 
retaining  its  force,  the  lines  to  the  east  of  it  should  be 
found  moving  eastwards  also.  There  is  strong  evidence 


to  look  to  some  external  influence  as  the  cause  of  the  secu¬ 
lar  variation. 

While  we  have  strong  evidence  that  the  Siberian  focus 
has  changed  its  position,  we  cauuotassert  that  the  American 
iocus  has  been  absolutely  stationary,  or  that  neither  focus 
has  experienced  any  changes  ot  force.  On  these  points  we 
must  be  content  to  be  guided  by  observation  alone. 

34.  It  has  been  supposed  by  some  magneticiaus  that  it  is 
possible  to  compute  with  something  like  certainty  the  par¬ 
ticulars  of  the  motions  of  the  magnetic  foci.  Hausteen 
more  especially  (1811-19)  computed  both  the  geographical 
positions  and  probable  periods  of  revolution  of  this  dual 
system  of  foci  of  force  round  the  terrestrial  pole.  Sir 
Frederick  Evans  has  discussed  in  connection  with  the  sub¬ 
ject  all  the  most  recent  observations,3  and  points  out  two 
objections  to  any  such  theory  as  that  of  Hausteen,  viz.,  (1) 
that,  while  a  magnetic  turning-point  has  been  reached  in 
certain  regions,  there  are  large  portions  of  the  earth  in 
which  this  change  has  not  yet  been  accomplished,  and  (2) 
that  in  certain  districts  of  the  earth  very  great  changes  in 
force  have  taken  place.  “  If  we  turn,”  he  says,  “  to  the 
continent  of  South  America  and  its  adjacent  seas,  we  shall 
find  a  diminution  of  the  intensity  of  the  earth’s  force  now 
going  on  in  a  remarkable  degree.  An  examination  of  the 
recent  observations  made  by  the  ‘Challenger’  officers  at 


Fig.  32.— Lines  of  Equal  Horizontal  Force,  1882. 


that  the  latter  is  the  case,  and  that  in  the  northern  hemi¬ 
sphere  there  has  been  a  long-continued  progression  to  the 
eastwards  of  the  system  of  magnetic  lines  on  both  sides  of 
the  Siberian  focus.  In  the  southern  hemisphere  also  we 
.  have  proof  that  the  analogous  focus  has  been  travelling, 
not  from  west  to  east,  but  from  east  to  west. 

32.  There  is  some  reason  to  believe  that  the  eastward 
motion  of  the  Siberian  focus  has  been  recently  reversed, 
and  that  it  is  now  going  from  east  to  west.  Table  II.  shows 
the  declination  observed  at  Bushey  Heath  (Herts)  during 
1817-20,  and  at  Kew  from  1858  to  1882. 

It  would  appear  from  Table  II.  that  the  maximum  west¬ 
erly  declination  was  reached  in  1818,  and  that  the  needle 
has  since  that  date  been  travelling  eastwards.  A  similar 
change  has  taken  place  at  other  stations ;  and,  although 
these  changes  are  not  strictly  simultaneous  at  the  various 
stations,  they  have  yet  been  sufficiently  general  and  near 
together  in  point  of  time  to  indicate  that  some  change  has 
probably  taken  place  in  the  movement  of  one  set  of  the 
magnetic  foci  of  force. 

33.  Halley  sought  to  explain  the  four-pole  theory  and 
to  account  for  the  secular  change  by  imagining  a  solid  globe 
or  terella ,2  concentric  with  the  earth  but  rotating  independ¬ 
ently  of  the  external  shell  and  having  a  slightly  different 
period  of  rotation, — the  shell  having  two  poles  and  the 
terella  two  others.  While  continuing  to  admire  Halley’s 
sagacity,  we  shall  not  now  be  disposed  to  allow  such  a  con¬ 
stitution  of  the  interior  of  the  earth,  but  will  rather  be  led 

1  Taken  from  Walker’s  Magnetism. 

2  See  Walker’s  Terrestrial  and  Corniced  Magnetism,  where  the 

subject  is  well  discussed. 


Valparaiso  and  Monte  Video,  compared  with  those  made  by 
preceding  observers,  shows  that  within  half  a  century  the 
whole  force  has  respectively  diminished  one-sixth  and  one- 
seventh,- — at  the  Falkland  Islands  one-ninth.”  On  the 
whole,  while  there  is  strong  evidence  that  the  Siberian  focus 
has  until  recently  been  travelling  eastwards,  and  its  ana¬ 
logue  westwards,  and  evidence  less  conclusive  that  recently 
a  turning-point  in  this  motion  has  been  reached,  we  are 
disposed  to  think  with  Sir  Frederick  Evans  that  a  formal 
theory  like  that  of  Hansteen  does  not  agree  with  recent 
observations.  We  shall  revert  to  this  subject. 

35.  In  Tables  III.  and  IV.  certain  yearly  values  of  declina¬ 
tion,  dip,  and  horizontal  force  are  given  for  various  stations. 

Inequalities  in  ok  connected  with  Terrestrial 
Magnetism  depending  on  the  Sun.  - 

36.  As  there  is  a  marked  likeness  between  the  ways  in 
which  the  sun  dominates  over  the  two  great  divisions  of 
terrestrial  phenomena,  meteorology  and  magnetism,  let  us 
endeavor  to  describe  the  sun’s  effect  upon  the  latter  by  re¬ 
ferring  to  its  influence  on  the  former,  the  chief  peculiarities 
of  which  are  well  known  to  all.  We  find  that  the  tempera¬ 
ture  of  the  air  at  a  given  station  is  subject  to  a  diurnal 
fluctuation  having  its  minimum  value  shortly  before  sunrise 
and  its  maximum  early  in  the  afternoon.  We  find  likewise 
that  the  mean  temperature  for  the  day,  as  well  as  the  am¬ 
plitude  of  this  diurnal  oscillation,  depends  upon  the  season 
of  the  year,  both  being  greatest  about  midsummer  and  least 
about  midwinter.  Now,  if  this  were  the  only  manifesta- 

3  In  his  lecture  to  the  Royal  Geographical  Society,  March  U, 
1878. 
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tiou  of  solar  influence  upon  tliis  particular  element,  it  would 
be  possible  to  predict  the  temperature  for  any  hour  of  any 


Table  I. — Secular  Change  of  Variation  in  Great  Britain. 


Observer. 

Date. 

Declinati’n. 

Mean  Annual 
Westward 
Change. 

Burroughs . 

1580 

O  t 

11  15  E. 

7.5 

Gunter . 

1622 

6  0E. 

9.5 

Gellibrand . 

1634 

4  6  E. 

10.6 

Bond . 

1657 

0  0E. 

10.2 

Gellibrand . 

1665 

1  22  W. 

9.7 

Halley . '.... 

1672 

2  30  W. 

10.5 

Halley . 

1692 

6  0W. 

16.0 

Graham . 

1723 

14  17  W. 

8.1 

Graham . 

1748 

17  40  W. 

8.4 

Ileberden . 

1773 

21  9  W. 

9.3 

Gilpin . 

1787 

23  19  W. 

4.7 

Gilpin . 

1795 

23  57  W. 

1.2 

Gilpin . 

1802 

24  6  W. 

0.7 

Gilpin . 

1805 

24  8  W. 

day  once  the  mean  temperature,  the  diurnal  variation  of 
temperature,  and  the  modification  of  these  for  different 


Table  II. — Changes  of  Declination  in  England, — atBushey 
Heath  for  1817-20,  and  at  Kew  from  1858. 


Declination  West. 

Declination  West. 

O 

t 

n 

O 

/ 

tr 

1817 

24 

36 

4 

1869 

20 

26 

24 

1818 

24 

38 

25 

1870 

20 

18 

52 

1819 

24 

36 

14 

1871 

20 

10 

31 

1820 

24 

34 

30 

1872 

20 

0 

31 

1858 

21 

54 

8 

1873 

19 

57 

44 

1859 

21 

47 

22 

1874 

19 

51 

58 

1860 

21 

39 

51 

1875 

19 

41 

14 

1861 

21 

31 

36 

1876 

19 

31 

53 

1862 

21 

23 

32 

1877 

19 

22 

22 

1863 

21 

13 

16 

1878 

19 

13 

50 

1864 

21 

3 

35 

1879 

19 

6 

10 

1865 

20 

59 

3 

1880 

18 

57 

59 

1866 

20 

51 

10 

1881 

18 

50 

30 

1867 

20 

40 

26 

1882 

18 

44 

47 

1868 

20 

33 

9 

Table  III. — Exhibiting  certain  Years’  Values  of  Declination  at  Various  Places. 


Toronto. 

Makerstoun. 

Trevandrum. 

Cape  of  Good  Hope. 

Hobart  Town. 

Declination. 

Declination. 

Declination. 

Declination. 

Declination. 

O  f 

O  t 

O  f 

O  / 

O  / 

1841 

1  14.3  W. 

1841 

25  33.7  W. 

1854 

0  25.896  E. 

1605 

0  30.0  E. 

1843 

9  53.32  E. 

1842 

1 19.1  W. 

1842 

25  28.4  W. 

1855 

0  26.026  E. 

1609 

0  12.0  W. 

1844 

9  54.93  E. 

1845 

1  29.1  W. 

1843 

25  22.9  W. 

1856 

0  26.400  E. 

1622 

2  0.0  W. 

1845 

9  56.47  E. 

1846 

1  30.8  W. 

1844 

25  17.1  W. 

1857 

0  27.278  E. 

1675 

8  14.0  W. 

1846 

9  58.42  E. 

1847 

1  33.2  W. 

1845 

25  11.3  W. 

1858 

0  28.769  E. 

1691 

11  0.0  W. 

1847 

9  59.28  E. 

1848 

1  35.4  W. 

1846 

25  6.0  W. 

1859 

0  30.406  E. 

1751 

19  15.0  W. 

1848 

9  60.61  E. 

1849 

1  36.9  W. 

1847 

24  59.6  W. 

1860 

0  32.034  E. 

1775 

21 14.0  W. 

1850 

1  38.6  W. 

1848 

24  51.8  W. 

1861 

0  34.318  E. 

1788 

24  4.0  W. 

1851 

1  40.9  W. 

1849 

24  45.2  W. 

1862 

0  36.654  E. 

1792 

24  31.0  W. 

1856 

1  56.3  W. 

1850 

24  39.0  W. 

1863 

0  39.123  E. 

1818 

26  31.0  W. 

1857 

2  0.5  W. 

1851 

24  31.3  W. 

1864 

0  41.603  E. 

1836 

28  30.0  W. 

1858 

2  4.5  W. 

1852 

24  25.2  W. 

1865 

0  44.007  E. 

1839 

29  9.0  W. 

1859 

2  7.4  W. 

1853 

24  18.7  W. 

1866 

0  46.310  E. 

1841 

29  6.2  W. 

1860 

2  10.6  W. 

1854 

24  11.8  W. 

1867 

0  47.590  E. 

1842 

29  5.9  W. 

1861 

2  14.4  W. 

1855 

24  5.3  W. 

1868 

0  48.687  E. 

1843 

29  6.0  W. 

1862 

2  15.7  W. 

1869 

0  49.735  E. 

1844 

29  6.2  W. 

1863 

2  19.1  W. 

1845 

29  7.4  W. 

1864 

2  21.9  W. 

1846 

29  8.7  W. 

1865 

2  24.8  W. 

1847 

29  12.4  W. 

1866 

2  27.6  W. 

1848 

29  14.0  W. 

1867 

2  29.8  W. 

1849 

29  16.2  W. 

1868 

2  33.2  W. 

1850 

29  18.8  W. 

1869 

2  37.1  W. 

1870 

2  41.9  W. 

1871 

2  47.9  W. 

Table  IV. — Exhibiting  certain  Years’  Values  of  Dip  and  Horizontal  Force  at  Various  Places.  The  Years  in  this  Table  are 
from  April  to  April;  thus  1845  means  the  year  from  1st  April,  1845,  to  31s<  March,  1846. 


London  or  Kew. 

Toronto. 

Hobart  Town. 

Cape  of 
Good  Hope. 

Dip. 

Hor.  Force. 

Dip. 

Hor.  Force. 

Dip. 

Hor.  Force. 

Dip. 

1857 

9  / 

68  24.87 

1857 

3.7899 

1845 

O  / 

75  15.50 

1845 

3.5476 

1842 

O  / 

70  42.2 

1846 

4.5054 

1841 

©  / 

53  9.1 

1858 

68  22.56 

1858 

3.7950 

1846 

75  14.58 

1846 

3.5419 

1843 

70  38.2 

1847 

4.5001 

1842 

53  15.3 

1859 

68  21.41 

1859 

3.8007 

1847 

75  15.30 

1847 

3.5384 

1844 

70  33.3 

1848 

4.4991 

1843 

53  20.2 

1860 

68  19.29 

1860 

3.8063 

1848 

75  18.32 

1848 

3.5339 

1845 

70  32.0 

1849 

4.4997 

1844 

53  29.4 

1861 

68  17.42 

1861 

3.8121 

1849 

75  18.94 

1849 

3.5367 

1846 

70  33.0 

1850 

4.4998 

1845 

53  29.3 

1862 

68  14.89 

1862 

3.8165 

1850 

75  19.98 

1850 

3.5322 

1847 

70  34.5 

1863 

68  11.71 

1863 

3.8216 

1851 

75  20.42 

1851 

3.5299 

1848 

70  35.7 

1864 

68  9.31 

1864 

3.8284 

1852 

75  20.52 

1852 

3.5154 

1865 

68  8.50 

1865 

3.8306 

1866 

68  5.44 

1866 

3.8391 

1867 

68  2.62 

1867 

3.8467 

1868 

68  2.13 

1868 

3.8493 

1869 

68  0.41 

1869 

3.8551 

1870 

67  57.98 

1870 

3.8585 

1871 

67  56.12 

1871 

3.8640 

1872 

67  53.60 

1872 

3.8712 

1873 

67  51.19 

1873 

3.8777 

1874 

67  49.64 

1874 

3.8828 
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seasons  of  the  year  had  been  well  ascertained.  But  this 
amount  of  regularity  is  very  far  from  taking  place, — the 
march  of  temperature  being  frequently  interrupted,  cloaked, 
perhaps  even  reversed,  by  the  advent  of  peculiar  weather. 
Thus  we  may  have  very  cold  weather  in  midsummer  and 
very  warm  weather  in  midwinter,  or  we  may  have  a  very 
cold  afternoon  and  a  very  warm  early  morning,  by  which 
means  the  ordinary  conditions  of  temperature  will  be  com¬ 
pletely  reversed.  In  like  manner  weather  interferes  even 
to  a  greater  extent  with  the  diurnal  oscillation  of  the  at¬ 
mospheric  pressure,  so  that,  in  British  latitudes  at  least,  it 
is  only  possible  to  obtain  this  correctly  by  means  of  a  long 
series  of  observations. 

Weather,  however,  does  not  consist  of  a  perfectly  lawless 
interference  with  periodical  phenomena,  but  is  subject  to 
laws  of  its  own,  some  of  which  we  are  beginning  to  discover. 
Sometimes  w'eather  may  exalt  or  depress  the  diurnal  fluc¬ 
tuation  of  temperature  without  otherwise  affecting  its  char¬ 
acter  ;  but  sometimes  too  the  turning-points  and  the  general 
appearance  of  this  fluctuation  are  greatly  influenced  by  pecu¬ 
liar  weather. 

37.  Now  it  is  believed  that  we  have  something  of  this 
kind  in  those  fluctuations  depending  on  the  sun  to  which 
the  elements  of  terrestrial  magnetism  are  subject.  Let  us 
take  the  declination  as  the  most  easily  studied  of  the  three 
magnetic  elements,  and  suppose  that  we  are  engaged  in  con¬ 
sidering  the  traces  denoting  the  fluctuations  of  declination 
as  derived  from  a  set  of  self-recording  magnetographs  in 
Great  Britain.  Here  we  shall  at  once  be  able  to  recognize 
in  an  unmistakable  manner  the  diurnal  variation  depend¬ 
ing  upon  the  position  of  the  sun,  in  virtue  of  which  a  freely 
suspended  magnetic  needle  reaches  the  easterly  extreme  of 
its  range  about  eight  in  the  morning,  and  the  westerly  about 
two  in  the  afternoon.  We  shall  likewise  perceive  that  the 
range  of  this  diurnal  fluctuation  is  greatest  at  midsummer 
and  least  at  midwinter.  In  fine,  the  characteristics  of  this 
fluctuation,  depending  as  they  do  upon  the  hour  of  the  day 
and  the  season  of  the  year,  are  not  very  different  from  those 
exhibited  in  the  diurnal  fluctuation  of  atmospheric  tem¬ 
perature.  But,  however  thoroughly  we  may  have  ascer¬ 
tained  the  mean  declination  and  its  diurnal  oscillation,  as 
well  as  the  modifications  of  these  depending  on  the  season 
of  the  year,  we  shall  nevertheless  find  it  impossible  to  pre¬ 
dict  the  exact  position  of  a  freely  suspended  magnet  at  any 
moment  of  a  particular  day.  Here  then  too  we  have  some¬ 
thing  which  may  be  called  magnetic  weather,  and  which 
interferes  with  the  regular  progress  of  the  systematic  fluc¬ 
tuations  of  the  magnet.  Magnetic  weather  has,  like  its 
meteorological  analogue,  a  set  of  laws  of  its  own,  some  of 
which  we  are  beginning  to  find  out.  Sometimes  magnetic 
weather  may  exalt  or  depress  the  diurnal  fluctuation  of 
declination  without  affecting  its  character,  but  it  is  im¬ 
agined  that  at  other  times  the  turning-points  and  general 
appearance  of  this  fluctuation  may  be  greatly  influenced  by 
peculiar  magnetic  weather. 

38.  There  is,  however,  a  kind  of  magnetic  change  which, 
so  far  as  we  know  at  present,  is  not  analogous  to  anything 
in  meteorology,  and  introduces  an  additional  element  of 
complexity  in  any  attempt  to  analyze  the  fluctuations  of 
terrestrial  magnetism.  We  mean  the  well-known  magnetic 
disturbances  or  storms  which  occur  simultaneously  in  places 
very  widely  apart.  Under  these  circumstances  it  becomes  a 
question  how  we  can  best  deal  in  a  practical  manner  with 
this  complicated  system  of  things. 

We  do  not  think  that  with  our  present  knowledge  any 
better  system  can  be  adopted  than  that  first  introduced  by 
Sir  Edward  Sabine  in  his  discussion  of  the  results  of  the 
colonial  magnetic  observatories.  Suppose  that  we  have 
hourly  magnetic  observations  at  a  station,  then  first  of  all 
we  should  arrange  these  into  monthly  groups — each  hour 
by  itself.  We  should  then  reject  as  disturbed  observations 
ail  those  which  differ  by  more  than  a  certain  amount  from 
their  respective  normals  of  the  same  month  and  hour, — the 
normals  being  the  hourly  means  in  each  month  after  the 
exclusion  of  all  the  disturbed  observations.  This  method 
enables  us,  by  its  exclusion  of  disturbances,  to  ascertain 
with  much  accuracy  the  true  form  of  the  solar-diurnal 
variation  of  the  magnetic  elements  at  a  given  place  corre¬ 
sponding  to  every  month  of  every  year,  provided  only  that 
the  observations  are  sufficiently  numerous.  On  the  other; 
hand  it  will  probably  fail  in  accurately  giving  us  the  varia¬ 
tions  from  day  to  day  of  the  ranges  of  these  diurnal  fluctua¬ 
tions  caused  by  the  advent  of  peculiar  magnetic  weather,— 
inasmuch  as  the  records  of  the  extreme  effects  of  such 
weather  will  probably  be  cut  off  from  the  undisturbed  ob¬ 
servations  and  reckoned  among  the  disturbances. 

For  instance,  it  is  known  that  the  solar  influence  on  ter¬ 
restrial  magnetism  varies  from  year  to  year,  and  it  is  sus¬ 
pected  that  there  are  also  short-period  fluctuations  of  solar 
influence.  It  would  not,  however,  be  a  safe  proceeding  to 


attempt  to  estimate  numerically  this  last-mentioned  ele¬ 
ment  of  fluctuation  by  taking  the  successive  diurnal  ranges 
of  those  observations  at  any  station,  reckoned  as  undis¬ 
turbed,  by  the  above  process,  and  plotting  them  as  succes¬ 
sive  ordinates  of  a  curve,  and  then  supposing  that  this  curvo 
would  give  us  a  true  graphical  representation  of  solar 
changes.  It  would  rather  probably  represent  such  changes 
with  the  tops  and  bottoms  of  the  larger  fluctuations  cut  off. 
But  if  the  undisturbed  observations  fail  in  this  respect  we 
can  hardly  be  wrong  in  supposing  that  there  has  been 
eliminated  from  them,  as  far  as  possible,  all  influence  due 
to  magnetic  storms,  and  hence  that  they  will  afford  us  a 
much  better  means  of  estimating  small  fluctuations,  such, 
for  instance,  as  those  due  to  the  moon,  than  we  could  have 
had  without  their  aid. 

Finally,  wTith  regard  to  that  portion  of  the  observations 
selected  as  disturbed,  we  are  probably  not  certain  that  every 
such  observation  represents  a  true  disturbance,  or  that  the 
absolute  times  of  occurrence  of  the  various  observations 
selected  as  disturbed  at  one  station  will  be  the  same  as  those 
at  another.  Nevertheless  Sir  Edward  Sabine  has  shown 
that  at  the  Kew  Observatory  certain  laws  of  disturbance 
deduced  from  the  whole  body  of  observations  selected  as 
disturbed  are  closely  reproduced  when  this  selection  is 
made  on  a  narrower  basis — ninety-five  days  of  prominent 
disturbance  being  alone  taken.  With  these  prefatory  re¬ 
marks  we  shall  now  proceed  to  discuss  the  diurnal  in¬ 
equality  of  terrestrial  magnetism. 

39.  Total  Diurnal  Inequality  Defined. — It  will  be  seen  further 
on  that  disturbed  as  well  as  undisturbed  observations  are 
subject  to  a  diurnal  variation,  but  these  two  variations  are 
different,  and  the  name  diurnal  inequality  is  generally  given 
to  the  compound  variation  which  is  the  joint  resultant  of 
the  two.  Solar-diurnal  variation  is  that  portion  of  the  com¬ 
pound  inequality  wThich  refers  to  undisturbed  observations, 
while  that  which  refers  to  disturbances  has  received  the 
name  of  disturbance-diurnal  variation.  It  would  appear  that 
in  the  United  Kingdom,  and  perhaps  throughout  Europe, 
the  total  diurnal  inequality  is  not  very  greatly  different 
either  in  character  or  range  from  its  most  important  com¬ 
ponent  the  solar-diurnal  variation,  at  least  so  far  as  the 
declination  is  concerned.  When  the  diurnal  oscillation  of 
a  freely  suspended  magnet  was  first  observed,  the  subject 
of  magnetic  disturbances  was  not  understood,  and  the  early 
individual  determinations  which  have  been  handed  down 
to  us  are  not  such  as  to  justify  the  expenditure  of  any  very 
great  labor  upon  them  for  the  purpose  of  separating  the 
disturbed  from  the  undisturbed  observations.  Inasmuch, 
however,  as  the  total  diurnal  inequality  of  declination 
(which  is  in  reality  the  element  given  by  these  early  ob¬ 
servations)  does  not  greatly  differ  from  the  solar-diurnal 
variation,  we  may  with  much  justice  and  little  risk  of  error 
give  the  history  of  these  early  observations  in  connection 
with  that  of  the  solar-diurnal  variation  of  declination, 
which  is  by  far  the  best  known,  and  perhaps  the  most  im¬ 
portant,  of  all  the  various  magnetic  changes  produced  by 
solar  influence. 

40.  Solar-Diurnal  Variation  of  Declination. — Graham,  an 
instrument  maker  of  London,  discovered  in  1722  that  a 
freely  suspended  magnetic  needle  is  subject  to  a  diurnal 
oscillation  of  a  definite  character.1  The  next  observer  was 
Canton,  who  in  1756  began  a  series  of  nearly  four  thousand 
observations,  which  he  communicated  to  the  Royal  Society 
on  December  13, 1759,  and  from  which  he  concludes  that  the 
range  of  the  diurnal  variation  is  greater  in  summer  than  in 
winter.  Macdonald’s  observations  at  Fort  Marlborough  in 
Sumatra  in  1795  (Phil.  Trans.,  1796),  and  Duperrey’s  in  the 
tropics  in  1825  were  perhaps  the  first  that  might  lead  us  to 
conclude  that  the  amplitude  of  the  diurnal  oscillations  of 
the  needle  is  less  in  the  tropics  than  in  middle  latitudes, 
and  that  the  motion  of  the  needle  in  the  southern  hemi¬ 
sphere  is  in  the  opposite  direction  to  that  in  which  it  moves 
in  the  northern  hemisphere  at  the  same  hour. 

41.  Semiannual  Inequality .2— The  existence  of  these  early 
observations  had  led  some  magneticians  prematurely  to 
conjecture  that  there  must  be  a  line  somewhere  near  the 
equator  at  which  there  is  no  horary  variation  in  decimation. 
In  1847,  Sabine  communicated  to  the  Royal  Society  the  re¬ 
sults  of  five  years’  observations  at  St.  Helena,  showing  that 
at  that  station  for  the  half  of  the  year  beginning  at  the  ver¬ 
nal  and  ending  at  the  autumnal  equinox  the  motion  of  the 
needle  corresponds  nearly  to  that  in  the  northern  hemi¬ 
sphere,  whilst  for  the  other  half  it  corresponds  nearly  to 
that  in  the  southern  hemisphere.  Sabine  afterwards  con¬ 
firmed  and  extended  his  conclusions  regarding  the  semi¬ 
annual  inequality  by  discussing  the  results  obtained  at  the 
various  colonial  magnetic  observatories.  More  recently,  as 

i  See  Walker,  Terrestrial  and  Cosmical  Magnetism. 

s  This  is  the  name  used  by  Sabine,  but  its  appropriateness  may 
perhaps  b  questioned. 
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the  result  of  twelve  years’  observations  at  Trevandrum,  at 
an  observatory  established  by  the  rajah  of  Travancore,  John 
Allan  Broun  gave  in  a  very  complete  form  the  laws  of 
change  of  the  solar-diurnal  variation  of  magnetic  declina¬ 
tion  near  the  equator,  showing  the  extinction  of  the  mean 
movement  near  the  equinox. 

42.  Perhaps  the  best  way  of  exhibiting  what  really  takes 
place  is  the  following,  which  is  that  adopted  by  Sabine : 

The  mean  annual  value  of  the  solar-diurnal  variation 
is  of  what  may  be  called  the  northerly  type  in  places  of 
middle  latitude  in  the  northern  hemisphere,  and  of  what 
may  he  called  the  southerly  type  in  places  of  middle 
latitude  in  the  southern  hemisphere.  Now  let  us  take 
a  northern  station,  and  consider  the  mean  form  of  its 
solar-diurnal  variation  for  the  six  months  beginning 
with  the  vernal  equinox.  Here  we  shall  have  an  oscil¬ 
lation  of  the  northerly  type  with  a  range  greater  than 
the  annual  range.  For  these  six  months,  therefore,  we 
may  imagine  that  the  annual  range  has  been  supple¬ 
mented  by  the  superposition  on  it  of  a  variation  with  a 
type  similar  to  its  own.  At  the  same  station,  during  the 
other  six  months,  the  solar-diurnal  variation  is  less  than 
the  mean  of  the  year,  as  if  the  annual  variation  had 
been  depressed  by  the  superposition  on  it  of  a  variation 
with  a  type  the  opposite  of  its  own,  that  is  to  say,  with 
a  southerly  type.  At  a  station  in  the  southern  hemi¬ 
sphere,  again,  the  mean  annual  form  of  the  solar-diurnal 
oscillation  is  of  the  southerly  type,  reduced  during  the 
six  months  beginning  with  the  vernal  equinox  by  the 
superposition  on  it  of  a  variation  of  northerly  type,  and 
increased  during  the  other  six  months  as  if  by  the  super¬ 
position  of  a  variation  of  southerly  type.  Thus  when 
the  sun  is  north  of  the  equator  we  may  superpose  a  va¬ 
riation  of  the  northerly  type  upon  both  hemispheres, 
with  the  effect  of  increasing  the  range  in  the  northern 
hemisphere  and  diminishing  it  in  the  southern;  and 
while  the  sun  is  south  of  the  equator  we  may  superpose 
a  variation  of  the  southern  type  upon  both  hemispheres, 
with  the  effect  of  diminishing  the  range  in  the  northern 
and  increasing  it  in  the  southern  hemisphere. 

Near  the  equator,  as  at  Trevandrum,  where  Broun  made 
his  observations,  we  find  the  mean  annual  value  of  the 
solar-diurnal  variation  to  be  extremely  small,  if  not  alto¬ 
gether  evanescent.  During  the  six  months  beginning  with 
the  vernal  equinox  the  type  is  entirely  northerly,  while  for 
the  remaining  six  months  of  the  year  it  is  entirely  south¬ 
erly  in  character.  In  fine,  at  this  station  the  solar-diurnal 
variation  changes  its  character  at  the  equinoxes,  at  which 
time  we  have,  as  already  observed,  an  extinction  of  the 
mean  movement, — not  indeed  an  absence  of  all  variation, 
but  rather  a  variation  having  an  undecided  character, 
which  for  a  few  days  may  be  of  one  type  and  then  of  the 
very  opposite.  There  is  movement,  but  no  mean  movement. 

43.  In  the  following  table1  (V.)  the  solar-diurnal  variation 
is  given  for  Kew,  Trevandrum,  and  Hobart  Town.  Of 
these  places  the  first  denotes  a  station  in  middle  latitude 
(northern  hemisphere),  the  second  an  equatorial  station, 


Astronoml- 
1  cal  Hours. 

Kew. 

Trevandrum. 

Hobart  Town. 

April 

to 

Sept. 

Oct. 

to 

Mar. 

Whole 

Year. 

April 

to 

Sept. 

Oct. 

to 

Mar. 

Whole 

Year. 

April 

to 

Sept. 

Oct. 

to 

Mar. 

Whole 

Year. 

0 

-6.15 

-4.12 

-5.13 

-1.30 

+0.07 

-0.61 

-}-0.35 

+2.35 

+1.35 

1 

-7.42 

-4.96 

-6.19 

- 1.25 

+0.35 

-0.45 

+2.15 

+4.85 

+3.50 

2 

-6.94 

-4.67 

-5.81 

-0.85 

+0.56 

-0.15 

+3.15 

+5.95 

+4.55 

3 

-  5.21 

-3.35 

-4.28 

-0.35 

+0.61 

+0.13 

+3.30 

+5.50 

+4.40 

4 

-3.25 

-1.95 

-2.60 

+0.03 

+0.53 

+0.28 

+2.40 

+4.30 

+3.35 

5 

-1.47 

-1.05 

-1.26 

+0 15 

+0.33 

+0.24 

+1.30 

+2.70 

+2.00 

6 

-  0.32 

-0.46 

-0.39 

+0.05 

+0.22 

+0.13 

+0.75 

+  1.55 

+1.15 

7 

+0.22 

+021 

+0.22 

-0.15 

+0.23 

+0.04 

+  0.20 

+0.80 

+0.50 

8 

+0.44 

+0.92 

+0.68 

-0.30 

+0.19 

-0.05 

-0.30 

+0.30 

+0.00 

9 

+0.52 

+1.45 

+0.99 

-0.28 

+0.13 

-0.08 

-0.85 

-0.25 

-0.55 

10 

+0.70 

+1.77 

+  1.24 

-0.20 

+0.09 

-0  06 

-1.10 

-0.70 

-0.90 

11 

+0.90 

+1.84 

+1.37 

-0.07 

+0.10 

+0.01 

-1.15 

-0.85 

-1.00 

12 

+1.19 

+1.67 

+1.43 

+0.07 

+0.11 

+0.09 

-1.10 

-080 

-0.95 

13 

+1.23 

+1.34 

+  1.29 

+0.18 

+0.08 

+0.13 

-0.75 

-0.75 

-0.75 

14 

+1.56 

+1.22 

+1.39 

+0.27 

+0.02 

+0.15 

-0.40 

-0.70 

-0.55 

15 

+1.93 

+1.09 

+1.51 

+0.29 

-0.11 

+0.09 

-015 

-0.65 

-0.40 

16 

+2.58 

+  1.17 

+1.88 

+  0.31 

-0.28 

+0.02 

-0.02 

-0.78 

-0.40 

17 

+3.60 

+1.43 

+2.51 

+0.48 

-0.45 

+0.01 

-0.10 

-1.40 

-0.75 

18 

+4.59 

+1.54 

+3.07 

+1.02 

-0.66 

+0.18 

-0.23 

-2.37 

-1.30 

19 

+5.31 

+1.85 

+3.58 

+1.48 

-0.84 

+0.32 

-0.50 

-3  80 

-2.15 

20 

+5.20 

+2.40 

+3.80 

+1.20 

-0.72 

+0.24 

-1.25 

-5.25 

-3.25 

21 

+3.57 

+2.32 

+2.95 

+0.47 

-0.36 

+0.06 

-2.10 

-5.30 

-3.70 

22 

+0.38 

+0.54 

+0.46 

-0.32 

-0.13 

-0.22 

-  2.20 

-3.80 

-3.00 

23 

-3.18 

-2.18 

-2.68 

-0.93 

-0.07 

-0.50 

-1.40 

-0.80 

-1.15 

1  In  this  table  deflections  towards  magnetic  east  are  reckoned 
lositive,  deflections  towards  magnetic  west  negative.  The  scale 
s  in  minutes  of  arc. 


and  the  third  a  station  in  middle  latitude  (southern  hemi¬ 
sphere). 

Also  in  Fig.  33  we  have  a  graphical  representation  of  the 
solar-diurnal  variation  for  the  whole  year  at  these  three 
stations,  from  which  it  will  be  seen  that  the  range  at  Tre¬ 
vandrum  is  extremely  small,  and  that  the  curve  for  Hobart 
Town  is  opposite  in  appearance  to  that  at  Kew. 


Finally,  in  Fig.  34  we  have  a  graphical  representation  of 
the  semiannual  inequality  or  difference  from  the  whole 
year’s  mean  of  the  two  half-yearly  means  of  Table  V.,  the 
one  half-year  (that  with  thick  lines)  commencing  at  the 
vernal  and  the  other  at  the  autumnal  equinox.  It  will  be 
seen  from  this  figure  that  the  semiannual  inequality  is  of 
the  same  character  in  both  hemispheres,  the  likeness  ex¬ 
tending  even  to  its  minor  peculiarities. 

44.  Change  from  Month  to  Month. — Charles  Chambers,  director 
of  the  Kolaba  Observatory,  Bombay,  remarks  (Trans.  Roy. 
Soc.,  December  10,  1868)  that  “  the  regular  progression  from 
month  to  month  in  the  diurnal  variation  is  so  distinctly 
shown  in  the  Bombay  observations  as  to  lead,  on  a  first 
inspection,  to  the  supposition  that  the  law  of  variation  is 
identical  throughout  the  year,  the  extent  only  (including  a 
reversal  of  direction)  varying  from  month  to  month.  But 
in  this  respect  a  different  exposition  of  the  character  of  the 


Fig.  34. 


variation  in  different  months  shows  that  the  first  thought 
would  be  inaccurate.”  He  then  proceeds  to  discuss  at  length 
the  monthly  values  of  the  solar-diurnal  variation  at  Bom¬ 
bay.  Broun  has  likewise  (Trevandrum  observations)  dia* 


Fig.  33. 
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cussed  at  length  the  solar-diurnal  variation  at  the  Trevan- 
drum  Observatory.  It  would  hardly  he  of  service  to 
reproduce  here  the  results  of  these  discussions ;  but  when 
such  analyses  become  sufficient! j  extensive  they  may  he 
expected  to  throw  light  upon  the  cause  of  the  solar-diurnal 
variation. 

In  the  following  table  we  have  mean  monthly  values  of 
the  declination  range  at  the  Kew  Observatory  correspond¬ 
ing  to  forty-eight  points  in  the  year — derived  from  sixteen 
years’  observations : 

Table  VI. — Containing  Monthly  Means  (unit  =  22.04')  for 
Forty-eight  Points  in  the  Year  of  the  Kew  Solar-Diurnal 
Declination  Ranges.  Thus  January  (0)  gives  the  monthly 
mean  of  which  the  middle  date  is  the  very  commencement  of  the 
year,  January  (1)  that  for  one  week  after  the  commencement, 
and  so  on. 


Schwabe  is  the  first  with  pretensions  to  completeness,  yet 
Professor  Rudolf  Wolf  has  endeavored  to  render  observa¬ 
tions  of  sun-spots  made  at  different  times  and  by  different 
observers  comparable  with  each  other,  and  has  formed  a  list 
exhibiting  approximately  the  relative  number  of  sun-spots 
for  each  year.  This  list  extends  back  into  the  17tli  cen¬ 
tury,  and  is  of  great  value  in  confirming  past  all  doubt  the 
existence  of  the  eleven-yearly  period.  It  will  appear  below 
that  the  sun  is  probably  to  be  regarded  as  giving  out  most 
light  and  heat  at  those  times  when  sun-spots  are  most  fre- 
quent.  The  most  accurate  and  now  universally  adopted 
method  of  estimating  sun-spots  is  to  take  the  spotted  area 
expressed  in  millionths  of  the  sun’s  visible  hemisphere. 

To  return  from  this  digression, —  the  correspondence  be¬ 
tween  sun-spots  and  declination  ranges  detected  by  Sabine 
was  of  such  a  nature  that  years  of  large  declination  range 
agreed  with  those  of  many  sun-spots,  and  vice  versa.  In  the 
same  year  with  Sabine  (1852)  Dr.  Rudolf  Wolf  and  M.  Gau¬ 
tier  independently  remarked  the  same  coincidence.  Sub¬ 
sequent  discussions  have  entirely  confirmed  the  fact  of  this 
connection,  and  in  May,  1879,  William  Ellis  (Phil.  Trans., 
1880,  p.  541)  showed  that  the  observations  made  at  the 
Greenwich  Observatory  during  the  years  1841-77  indicated 
a  relation  of  this  nature  between  the  diurnal  ranges  of 
horizontal  force  as  well  as  those  of  magnetic  declination  on 
the  one  hand  and  the  amount  of  sun-spot  frequency  on  the 
other.  The  general  character  of  this  coincidence  between 
sun-spot  frequency  and  declination  range  is  exhibited  graph¬ 
ically  in  Fig.  39  below. 

47.  Ratios  of  Ranges  in  Years  of  Maximum  and  Years  of 
Minimum  Sun-Spot  Frequency. — Broun  (Trans.  Roy.  Soc.  of 
Edin.,  vol.  xxvii.)  has  shown  that  the  ratios  of  the  diurnal 
ranges  of  declination  in  years  of  maximum  to  those  in  years 
of  minimum  sun-spot  frequency  for  places  widely  apart  on 
the  surface  of  the  earth  are  very  nearly  alike.  This  will 
be  seen  from  the  following  table : 


It  will  be  seen  from  this  table  that,  while  we  have  a 
maximum  about  the  summer  and  a  minimum  about  the 
winter  solstice,  we  have  unmistakable  indications  of  max¬ 
imum  at  or  about  the  equinoxes.  This  does  not  take  place 
at  a  tropical  station  such  as  Trevandrum. 

45.  Behavior  near  the  Magnetic  Pole. — Figs.  33  and  34  ex¬ 
hibit  the  most  prominent  features  of  the  solar-diurnal  vari¬ 
ation  of  declination  in  the  extra-tropical  regions  of  the 
northern  hemisphere.  If  an  observer  stand  over  the  centre 
of  the  needle  and  look  towards  the  marked  end,  or  that 
which  points  to  the  north,  he  will  perceive  a  deflection 
towards  his  right  hand  which  will  reach  its  extreme  about 
8  a.m.  and  a  deflection  towards  his  left  hand  which  will 
reach  its  extreme  about  2  p.m.  But  are  these  deflections  to 
the  right  and  left  hand  of  geographical  or  of  magnetical 
north  ?  This  question  has  been  answered  by  Sabine  in  his 
discussion  of  the  results  of  hourly  observations  of  the  mag¬ 
netic  declination  at  Port  Kennedy  (Phil.  Trans.,  1863,  p. 
660).  This  station  is  72°  0'  49"  N.  lat.  and  94°  19'  W.  long., 
and  here  the  marked  end  of  the  needle,  while  it  points  to¬ 
wards  the  magnetic  pole,  points  in  reality  about  35°  to  the 
west  of  south.  Now  the  marked  end  of  the  needle  when 
viewed  at  8  a.m.  is  seen  at  Port  Kennedy  to  have  moved  to 
the  geographical  west  but  to  the  magnetical  east.  It  would 
thus  seem  that  throughout  the  extra-tropical  regions  of  the 
northern  hemisphere  the  8  a.m.  deflection  of  the  needle  is 
always  towards  the  magnetic  east  but  not  always  towards 
the  geographical  east,  while  the  deflection  at  2  p.m.  will 
always  tend  towards  the  magnetical  west  but  not  always 
towards  the  geographical  west.  In  fine  the  oscillations 
have  reference  to  the  north  magnetic  pole  of  the  earth  and 
not  to  the  north  geographical  pole.  No  observations  of  this 
nature  have  been  made  in  the  southern  hemisphere. 

46.  Long-Period  Inequalities  of  Declination  Range. — It  was 
first  observed  by  Lamont  that  the  yearly  values  of  the 
diurnal  range  of  magnetic  declination  at  Munich  presented 
signs  of  a  long-period  variation.  In  1852  Sabine  (Phil. 
Trans.,  1852,  p.  103)  showed  that  this  inequality  corre¬ 
sponded  in  its  progress  with  that  of  the  frequency  of  black 
spots  on  the  surface  of  the  sun. 

The  existence  of  black  spots  on  the  disk  of  the  sun  was 
long  ago  known  to  the  Chinese.  In  Europe  they  were  first 
scientifically  observed  after  the  invention  of  the  telescope, 
and  it  was  deduced  from  their  behavior  that  the  sun  re¬ 
volves  about  his  axis  in  about  twenty-six  days.  Hofrath 
Schwabe,  of  Dessau,  from  a  long  series  of  forty  years’  obser¬ 
vations  of  the  sun,  was  the  first  to  show  that  the  state  of 
the  sun’s  surface  as  regards  spots  was  not  uniform,  but  that 
their  frequency  was  subject  to  an  inequality  the  average 
period  of  which  was  about  eleven  years.  Other  inequalities 
both  of  longer  and  shorter  periods  have  been  supposed  to 
exist,  but  the  eleven-yearly  period  is  the  most  prominent 
and  is  best  assured.  Although  the  sun-spot  catalogue  of 


Table  VII. — Ratios  of  Declination  Ranges  in  years  of  Maxi¬ 
mum  and  of  Minimum  Sun-Spot  Frequency. 


Place. 

Mean /Max. \ 
Ratio  V  Min./ 

Observer. 

Paris . 

1.71 

Cassini  and  Arago. 

Gottingen . 

1.74 

Gauss. 

Munich . 

1.66 

Lamont. 

Dublin . 

1.52 

Lloyd. 

Hobart  Town . 

1.57 

Kay. 

Toronto . 

1.51 

Younghusband  and  Lefroy. 

Trevandrum . 

1.56 

Broun. 

48.  Closeness  of  Cor  respondence — Lagging  behind  of  Ranges. — 
Stewart  has  shown,  from  a  discussion  of  the  declination 
ranges  at  Kew,  Trevandrum,  and  Prague  (Proc.  Roy.  Soc., 
March  22,  1877,  February  8,  1878,  May  16,  1878),  that  this 
correspondence  between  tbe  state  of  the  sun’s  surface  and 
the  diurnal  range  of  declination  extends  to  inequalities  of 
short  period  as  well  as  to  that  of  which  the  period  is  ap¬ 
proximately  eleven  years,  but  that  a  particular  state  of  the 
sun’s  surface  precedes  in  point  of  time  that  of  the  declina¬ 
tion  range  to  which  it  corresponds, —  in  fine,  that  the  solar 
cause  precedes  the  terrestrial  effect,  which  latter  lags  behind 
to  an  extent  that  is  sometimes  considerable.  These  conclu¬ 
sions  have  been  confirmed  by  Ellis  (ut  supra),  and  have  like¬ 
wise  been  extended  by  him  to  the  horizontal  force.  The 
close  nature  of  this  correspondence,  as  well  as  the  lagging 
behind  of  the  terrestrial  magnetic  effect,  will  be  seen  from 
Fig.  35. 

There  are  indications  that  this  lagging  behind  of  the 
magnetic  effect  is  greater  for  sun-spot  inequalities  of  long 
than  for  those  of  short  period,  a  method  of  behavior  quite 
similar  to  what  we  find  in  meteorological  phenomena. 

49.  Analysis  of  Long- Period  Inequalities. — We  possess  no 
sun-spot  data  sufficiently  accurate  for  a  discussion,  in  a 
complete  manner,  of  questions  relating  to  solar  periodicity 
before  the  time  when  Schwabe  had  finally  matured  his  sys¬ 
tem  of  solar  observations,  which  was  not  until  the  year 
1832.  We  have,  however,  a  much  longer  series  of  the  diur¬ 
nal  ranges  of  magnetic  declination,  which  we  have  seen 
to  follow  very  closely  all  the  variations  of  sun-spot  fre¬ 
quency,  so  it  is  conceivable  that  they  may  give  us  a  better 
estimate  of  true  solar  activity  than  that  which  can  be  de¬ 
rived  from  the  direct  measurement  of  spotted  areas. 

These  considerations  have  induced  Messrs.  Stewart  and 
Dodgson  to  attempt  an  analysis  of  the  diurnal  ranges  of 
magnetic  declination,  their  method  being  tfcj»t  which  has 
been  pursued  by  Baxendell  and  probably  other  astronomers 
with  observations  of  variable  stars.1  The  observations  at 
their  disposal  for  this  research  were  those  which  had  been 

1  Proc.  Lit.  and  Phil.  Society  of  Manchester,  March  8, 1881. 
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used  by  Professor  Elias  Loomis  in  his  comparison  of  the 
mean  daily  range  of  the  magnetic  declination  with  the  ex¬ 
tent  of  the  black  spots  on  the  sun  ( American  Journal  of 
Science  and  Arts,  vol.  1.  No.  cxlix.).  These  observations  are 
recorded  as  monthly  means  of  diurnal  declination  range, 
and  it  was  found  necessary  to  multiply  each  by  a  certain 
factor,  first  on  account  of  the  change  of  declination  range, 
from  one  month  to  another,  and  secondly  to  bring  them 
all  to  the  standard  of  the  Prague  observations, — Prague 
being  the  place  where  the  longest  series  of  such  observa¬ 


tions  has  been  made.  For  this  latter  purpose  precisely  the 
same  corrections  were  applied  as  those  made  by  Professor 
Loomis. 

The  result  of  this  analysis  has  been  to  indicate  the  exist¬ 
ence  of  three  inequalities,  two  dominant  ones  with  periods 
of  about  ten  and  a  half  and  twelve  years,  and  a  subsidiary 
one  with  a  period  of  about  sixteen  and  a  quarter  years.  By 
these  means  the  observed  annual  values  of  declination 
Tange  have  been  reproduced  with  an  everage  error  of  39". 
The  amount  of  agreement  between  the  observed  and  calcu¬ 
lated  values  will  be  seen  from  the  following  diagram 
(Fig.  36). 


50.  Notwithstanding  the  considerable  amount  of  agree¬ 
ment  between  the  results  of  observation  and  calculation 
which  appears  in  the  diagram,  it  would  seem  that  the  series 
of  observed  values  at  present  obtainable  is  too  short  to 
render  the  analysis  a  very  accurate  one.  It  will  certainly 
not  bear  carrying  back  forty  or  fifty  years  beyond  its  start¬ 
ing-point,  which  was  in  1784,  and  it  would  be  very  hazard¬ 
ous  to  carry  it  forward  any  considerable  length  into  the 
future.  It  will  be  seen  that  calculation  indicates  a  maxi¬ 
mum  of  declination  range  about  1884,  but  not  so  pronounced 
a  maximum  as  that  of  1871.  Here,  then,  we  have  a  prevision 
which  observation  will  either  fulfil  or  contradict,  giving  us 
a  practical  test  of  the  value  of  this  analysis. 

51.  The  remarks  now  made  would  seem  at  first  sight  to 
imply  that  we  are  not  yet  furnished  with  sufficient  yearly 
records  either  of  declination  ranges  or  of  accurate  sun-spot 
observations  to  enable  us  to  analyze  the  long-period  solar 
inequality  with  such  completeness  as  to  carry  our  calcula¬ 
tions  more  than  a  very  short  distance  into  the  future  with 


any  chance  of  success,  and  that  we  may  have  to  wait  for 
another  hundred  years’  observations  before  we  are  able  to 
do  so.  On  reflection,  however,  it  would  seem  that  long- 
period  inequalities  may  be  caused  by  the  superposition  of 
those  of  short  period,  and  thus  that  an  analysis  of  the  lat¬ 
ter  may  lead  to  that  of  the  former.  It  would  relieve  us  if 
this  were  found  to  be  the  case ;  for  the  observations  at  our 
disposal  may  be  sufficient  to  enable  us  completely  to  ana¬ 
lyze  short-period  inequalities,  assuming  that  we  have  in 
such  the  elements  of  a  true  periodicity. 

A  remark  made  by  the  authors  of  the  above  anal¬ 
ysis  would  seem  to  indicate  that  a  connection  of  this 
nature  between  long  and  short  periods  does  in  all 
probability  exist.  It  is  a  well-known  fact  that  the  so- 
called  eleven-yearly  oscillations  of  declination  range 
are  at  certain  times  large  and  at  other  times  small. 
Thus,  for  instance,  they  have  been  large  for  the  last 
forty  years,  but  they  were  small  about  the  earlier 
part  of  the  present  century.  Now  it  is  clear  from  an 
inspection  of  the  observations  (see  Fig.  36)  that  a  series 
of  large  oscillations  is  accompanied  with  an  exalta¬ 
tion  of  the  base  line,  or  line  denoting  average  effi¬ 
ciency,  while  a  series  of  small  oscillations  is  accom¬ 
panied  with  a  depression  of  the  same.  The  result  is 
a  long-period  curve  of  the  base  line,  the  beat  period, 
so  to  speak,  of  the  eleven-yearly  inequality. 

Now  a  phenomenon  precisely  similar  occurs  in  con¬ 
nection  with  shorter  periods.  If  we  take  inequalities 
having  a  period  of  three  or  four  months,  we  find  that 
such  are  alternately  well-developed  or  of  large  range 
and  badly-developed  or  of  email  range,  and  that  a 
large  range  of  such  is  accompanied  with  an  exalta¬ 
tion  of  the  base  line  or  line  of  average  efficiency, 
while  a  small  range  is  accompanied  with  a  depression 
of  the  same.  The  result  is  a  curve  of  the  base  line 
of  which  the  period  is  roughly  speaking  eleven  years. 
May  we  not  therefore  imagine  that  the  so-called 
eleven-yearly  period,  or,  to  speak  more  correctly, 
the  ten  and  a  half  and  twelve-yearly  periods  into 
which  the  eleven-yearly  period  may  perhaps  be  ana¬ 
lyzed,  may  be  in  reality  beat  periods  for  shorter  dis¬ 
turbances  ?  Is  it  not  therefore  possible  that  a  study  of 
these  shorter  periods  may  give  us  information  regarding  the 
nature  of  the  eleven-yearly  period,  whether  for  sun-spots 
or  declination  ranges,  which  the  small  series  of  actual 
observations  is  incompetent  to  afford  ? 

52.  Declination- Range  Weather. — Allusion  has  already  been 
made  to  magnetical  weather  as  perhaps  having  laws  simi¬ 
lar  in  some  respects  to  those  which  regulate  meteorological 
weather.  Now  the  diurnal  ranges  of  magnetic  declination 
and  those  of  atmospheric  temperature  present  us  with  ele¬ 
ments  of  the  two  weathers  that  can  easily  be  discussed. 
Again  there  is  strong  evidence  for  supposing  that  an  ele¬ 
ment  of  meteorological  weather,  such,  for  instance,  as  tem¬ 
perature-range,  travels  as  a  rule  from  west  to  east, 
so  that  a  peculiar  style  of  temperature-range  might 
be  expected  to  appear  first  in  America  and  some  days 
afterwards  in  Great  Britain.  It  becomes  therefore  a 
question  for  inquiry  whether  this  travelling  from 
west  to  east  applies  also  to  magnetical  weather  as  evi¬ 
denced  by  the  diurnal  declination -range.  Stewart 
is  of  opinion  that  this  law  of  travelling  applies  to 
both,  but  that  magnetical  weather  travels  faster  than 
meteorological  (see  Proc.  Roy.  Soc.,  January  10,  October 
23,  1879,  and  June  9, 1881).  From  the  preliminary 
discussion  made  by  him  it  would  appear  that  Kew 
lags  behind  Toronto  as  regards  phase  of  magnetical 
weather  by  1.6  days,  that  Prague  lags  behind  Kew  0.7 
days,  and  that  Trcvandrum  lags  behind  Kew  by  9.7 
days.  This  conclusion  cannot,  however,  be  regarded 
as  established  until  it  is  confirmed  by  a  more  complete 

discussion  of  observations. 

53.  Disturbance- Diurnal  Variation  of  Declination. — Magnetic 
storms  (§  38)  were  so  named  by  Baron  Humboldt,  one  of 
the  first  observers  of  such  phenomena.  From  observations 
at  Paris,  Berlin,  and  Freiburg  he  found  that  very  fre¬ 
quently,  though  not  universally,  these  three  stations  were 
simultaneously  affected  by  such  storms.  The  observation 
of  magnetic  disturbances  was  afterwards  pursued  in  a  sys¬ 
tematic  manner  by  Gauss  and  Weber  of  Gottingen.  Term 
days  were  instituted  for  this  purpose  by  these  observers, — 
that  is  to  say,  periods  each  of  twenty-four  hours  length 
during  which  observations  were  simultaneously  made  at 
intervals  of  five  minutes  at  Gottingen  and  about  twenty 
other  stations  distributed  generally  over  the  continent  of 
Europe.  Finally,  the  establishment  by  the  British  Govern¬ 
ment  of  the  colonial  magnetic  observatories,  and  the  energy 
and  sagacity  of  their  director,  Sir  E.  Sabine,  have  very 
greatly  increased  our  knowledge  of  these  remarkable  phe¬ 
nomena. 


Fig.  36. 
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Sabine  has  not  merely  separated  the  disturbed  from  the 
undisturbed  observations  as  explained  in  $  38,  but  he  has 
divided  the  former  into  two  categories — (1)  those  tending 
to  increase  westerly  declination  and  either  element  of  force, 
and  (2)  those  tending  to  diminish  the  same.  He  finds  that 
these  two  categories  obey  different  laws,  from  which  he 
argues  that  there  are  at  least  two  sets  of  disturbing  forces. 
In  fact,  If  we  have  to  give  up  the  idea  of  a  single  force  of 
constant  type,  it  is  natural  to  ask  if  the  phenomena  of  dis¬ 
turbance  can  be  approximately  represented  as  due  to  the 
united  action  of  two  independent  types  of  force.  It  was 
probably  some  such  idea  that  led  Sabine  to  separate  dis¬ 
turbances  into  these  two  categories  above  mentioned.  Here 
there  is  no  attempt  to  assert  that  these  two  types  represent 
an  ultimate  and  complete  analysis  of  the  forces  concerned. 
We  merely  use  the  separation  as  the  most  convenient 
method  at  our  disposal  in  the  present  state  of  our  knowl¬ 
edge  for  ascertaining  whether  there  be  indications  of  a 
dual  system. 


54.  Results  in  the  Northern  Hemisphere. — Sabine’s  method 
of  viewing  the  phenomena  has  enabled  him  to  obtain  the 
disturbance-diurnal  variation  for  the  following  stations : 


Kew .  51°  29'  N.  lat.  0°  8'  W.  long. 

Peking .  39  54  N.  “  116  6  E.  “ 

Nertchinsk' . 51  19  N.  “  114  9  E.  “ 

Toronto .  43  40  N.  “  79  0  W.  “ 

Port  Kennedy .  72  01  N.  “  94  20  W.  “ 

Point  Barrow .  71  21  N.  “  156  15  W.  “ 


The  above  stations  have  been  so  chosen  that  Kew  may  be 
regarded  as  on  one  side  and  Peking  and  Nertchinsk  as 
probably  on  the  other  side  of  the  Asiatic  pole,  while  Toronto 
may  be  regarded  as  on  one  side  and  Port  Kennedy  and 
Point  Barrow  as  on  the  other  side  of  the  American  pole 
($  29).  The  question  as  to  what  influence,  if  any,  these 
poles  have  upon  the  disturbance-diurnal  variation  of  decli¬ 
nation  is  thus  one  which  may  be  answered  by  examining 
the  results  obtained  at  these  various  stations.  For  this  pur¬ 
pose,  instead  of  recording  the  aggregate  disturbances  at  the 
various  hours,  the  result  is  expressed  in  ratios, — the  mean 
hourly  ratio  for  the  day  being  taken  as  unity,  or  in  other 
words  the  whole  body  of  disturbances  for  the  twenty-four 
hours  being- reckoned  as  twenty-four.  The  results  of  this 
method  are  graphically  represented  in  Fig.  37,  where  in  the 
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left-hand  curves  Kew  time  is  used,  and  in  the  right-hand 
curves  local  time,  each  starting  at  0h.1 

5o  At  all  the  various  stations  one  curve  exhibits  unmis¬ 
takably  a  single  progression,  while  the  other  exhibits  more  or 
less  distinctly  a  double  progression.  At  Kew,  Toronto,  Port 
^ ’  ?n.(^  Barrow  it  is  the  easterly  disturbances 

which  exhibit  this  single  progression ;  while,  on  the  other 
hand,  at  Peking  and  Nertchinsk,  stations  which  are  oppo- 
s'tely  related  to  the  Asiatic  magnetic  centre,  it  is  the  west¬ 
erly  disturbances  which  do  so.  It  is  imagined  by  Sabine 
and  others  that  this  peculiar  reversal  is  due  to  the  fact  that 
Kew  and  its  associated  stations  may  be  regarded  as  on  one 
side  and  Peking  and  Nertchinsk  as  on  the  other  side  of  the 
movable  magnetic  system. 

_  Sabine  has  likewise  remarked  that  the  single-progres¬ 
sion  curves,  whether  denoting  easterly  or  westerly  disturb¬ 
ances,  exhibit  maxima  which  take  place  not  far  from  the 
same  absolute  time.  We  have  therefore  plotted  all  the 
left-hand  curves  according  to  Kew  time,  that  the  eye  may 
readily  see  the  amount  of  simultaneity  which  their  cor¬ 
responding  phases  exhibit.  It  will  be  noticed  that 
there  is  a  very  striking  simultaneity  between  the  max¬ 
ima  of  Kew,  Toronto,  Peking,  and  Nertchinsk,  but  that 
the  maxima  for  Port  Kennedy  and  Point  Barrow,  while 
both  occurring  about  the  same  time,  fall  at  a  time  de¬ 
cidedly  if  not  very  greatly  different  from  that  of  the 
other  maxima.  Indeed  the  time  of  maximum  for  Port 
Kennedy  and  Point  Barrow  is  not  far  from  the  time 
of  minimum  for  the  other  stations.  Now  it  has  been . 
noticed  by  Sabine  that  Port  Kennedy  and  Point  Barrow 
may  be  regarded  as  on  one  side  of  the  American  mag¬ 
netic  centre  of  intensity,  while  Toronto  and  the  other 
associated  stations  are  on  the  other  side.  It  seems 
therefore  possible  to  connect  this  last  fact  with  the 
change  in  the  time  of  maximum.  Sabine  has  likewise 
remarked  that  the  aggregate  amount  of  disturbances 
is  much  greater  at  Point  Barrow  than  at  any  other 
station.  Now  Point  Barrow  is  likewise  that  spot  where 
auroras  are  most  frequent.  Thus  in  the  phenomena - 
we  are  now  discussing  there  is  first  of  all  a  marked 
reference  to  the  Asiatic  pole ;  secondly,  a  reference  not 
so  marked,  perhaps,  to  the  American  pole ;  and  thirdly, 
a  reference  to  the  centre  of  auroral  activity.  Sabine, 
whose  experience  of  such  matters  is  very  great,  ap¬ 
pears  to  think  most  of  the  reference  of  these  phenom¬ 
ena  to  the  Asiatic  pole.  He  thinks  that  “  of  the  two 
magnetic  systems  which  are  distinctly  recognizable  in 
the  magnetism  of  the  globe  one  has  a  terrestrial  and 
the  other  a  cosmical  source,”  and  that  it  is  “the  latter 
of  these  two  systems  which,  by  its  progressive  transla¬ 
tion,  gives  rise  to  the  phenomena  of  secular  change  and 
to  those  magnetic  cycles  which  owe  their  origin  to  the 
operation  of  the  secular  change,”  concurring  with  the 
conclusion  of  Walker  that  “  the  magnetic  influence  at 
any  point  of  the  globe  is  the  result  of  two  distinct 
magnetic  systems,  the  principal  of  which  is  the  mag¬ 
netism  proper  of  the  globe,  having  its  (northern)  point 
of  greatest  attraction  in  the  north  of  the  American 
continent,  whilst  the  weaker  system  is  that  which 
results  from  the  magnetism  induced  in  the  earth  by 
cosmical  action,  and  of  which  the  northern  point 
of  greatest  attraction  is  at  present  in  the  north  of  the 
Asiatic  continent.  Thus  the  direction  of  the  mag¬ 
net  at  any  point  results  from  the  superposition  of  these 
two  systems,  the  nearest  pole  being  always  predomi¬ 
nant  over  the  more  remote”  [Phil.  Trans.,  1868).  While 
disposed  to  think  that  something  of  this  nature  should  be 
accepted  as  a  working  hypothesis,  we  would,  however, 
point  out  that  the  Asiatic  pole  cannot  be  regarded  as 
accounting  for  all  the  phenomena  of  disturbances,  but 
that  the  focus  of  disturbance  is  probably  nearer  the  focus 
of  auroras  than  it  is  to  either  of  the  foci  of  magnetic  in¬ 
tensity. 

The  right-hand  curves  representing  these  disturbance- 
diurnal  variations  which  have  two  maxima  are,  except  for 
Port  Kennedy  and  Point  Barrow,  decidedly  irregular.  Sa¬ 
bine  remarks  also  that,  instead  of  having  a  reference  to 
absolute  time  like  those  with  one  progression,  their  refer¬ 
ence  is  rather  to  local  time.  We  have  therefore  plotted  all 
these  curves  according  to  local  time;  nevertheless  this 
reference  does  not  come  out  with  very  great  distinctness; 
but  it  must  be  remembered  that  our  analysis  of  disturbances 
into  easterly  and  westerly,  although,  in  the  hands  of  Sabine, 
it  has  given  us  much  new  information,  has  no  claim  to  be 
regarded  as  final  and  complete. 

1  If  we  refer  to  a  paper  by  C.  Chambers,  director  of  Bombay 
Observatory  (Phil.  Trans.,  1868),  it  will  be  seen  that  westerly  dis¬ 
turbances  at  Bombay  present  the  same  characteristics  as  westerly 
at  Peking  or  Nertchinsk,  the  maximum  being  about  twenty-two 
or  twenty-three  hours  Bombay  astronomical  time. 


Fig.  37. 
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56.  Results  in  the  Southern  Hemisphere. — Table  VIII.  shows 
the  disturbance-diurnal  variation  of  declination  exhibited 
for  St.  Helena,  15°  56.7'  S.  lat.,  5°  40.5'  W.  long. ;  Cape  of 
Good  Hope,  33°  56'  S.  lat.,  18°  28.75'  E.  long. ;  Hobart  Town, 
42°  52.5'  S.  lat.,  147°  27.5'  E.  long. 


Table  VIII. 


Local 

Astro¬ 

nomic! 

Hours. 

St.  Helena. 

Cape  of 
Good  Hope. 

|  Hobart  Town. 

Easterly 

Ratios. 

West’rly 

Ratios. 

Easterly 

Ratios. 

^  West’rly 
Ratios. 

Easterly 

Ratios. 

West’rly 

Ratios. 

0 

3.24 

2.46 

2.1 

1.6 

1.14 

0.65 

1 

3.17 

2.39 

2.1 

1.2 

1.26 

0.64 

2 

2.79 

1.88 

1.6 

1.0 

1.32 

0.71 

3 

2.00 

1.44 

1.0 

0.8 

1.40 

0.56 

4 

0.89 

129 

0.8 

0.7 

1.39 

0.56 

5 

0.34 

0.76 

0.4 

0.6 

1.32 

0.52 

6 

0.14 

0.45 

04 

0.8 

1.16 

0.72 

7 

0.05 

0.50 

0.1 

1.2 

0.62 

1.04 

8 

0.03 

044 

0.1 

1.2 

0.40 

1.31 

9 

0.03 

0.37 

0.2 

1.2 

0.32 

1.79 

10 

0.07 

0.43 

0.1 

1.1 

0.28 

1.96 

11 

0.00 

0.42 

0.2 

0.8 

0.74 

2.31 

12 

0.00 

0.31 

0.3 

0.7 

0.62 

2.05 

13 

0.00 

0.32 

0.4 

0.6 

0.55 

1.72 

14 

0.01 

0.24 

0.2 

0.6 

0.63 

1.52 

15 

0.00 

0.29 

0.4 

0.5 

0.85 

1.26 

16 

0.00 

0.28 

0.4 

0.4 

1.07 

0.84 

17 

0.08 

0.24 

0.5 

0.4 

0.87 

0.47 

18 

0.39 

0.42 

1.0 

0.8 

1.02 

0.44 

19 

0.87 

0.89 

1.8 

1.2 

1.53 

0.53 

20 

1.52 

1.52 

2.3 

1.4 

1.58 

0.70 

21 

2.51  • 

1.72 

2.3 

1.7 

1.41 

0.55 

22 

3.08 

2.21 

2.5 

1.8 

1.27 

0.55 

23 

2.78 

2.60 

2.7 

1.7 

1.24 

0.62 

At  St.  Helena  and  the  Cape  the  easterly  disturbances 
present  the  appearance  of  a  single  progression,  while  the 
same  remark  slightly  modified  applies  to  the  easterly  dis¬ 
turbances  at  Hobart  Town.  Again  the  times  of  easterly 
maxima  for  St.  Helena  and  the  Cape  are  very  nearly  simul¬ 
taneous,  while  Hobart  Town,  which  we  may  regard  as 
situated  on  the  opposite  side  of  the  chief  southern  magnetic 
centre  from  St.  Helena  and  the  Cape,  has  its  maximum 
nearly  coincident  in  absolute  time  with  the  minimum  of  the 
other  two  stations.  It  would  thus  seem  that  the  chief  mag¬ 
netic  centre  of  the  south  is  similar  in  its  action  as  regards 
these  phenomena  to  the  chief  magnetic  centre  of  the  north. 
Again  the  absolute  time  of  single  maximum  for  the  south  as 
determined  by  St.  Helena  and  the  Cape  is  about  twelve  hours 
different  from  the  corresponding  time  for  the  north  as  deter¬ 
mined  by  Kew,  Toronto,  Peking,  and  Nertchinsk.  All  this 
is  in  favor  of  the  working  hypothesis  already  mentioned. 
Finally,  the  westerly  disturbances  at  the  three  southern  sta¬ 
tions  bear  greater  marks  of  a  double  progression  and  of  ir¬ 
regularity  just  as  they  did  in  the  northern  hemisphere,  and 
moreover  like  their  northern  analogues  they  are  regulated 
by  local  rather  than  by  absolute  time. 

57.  Distribution  of  Declination  Disturbance  over  the  Various 
Months  of  the  Year. — Broun  was  probably  the  first  to  remark 
in  reducing  the  Makerstoun  observations  that  the  disturb¬ 
ances  were  greatest  at  the  equinoxes  and  least  at  the  sol¬ 
stices.  His  method  was  to  find  for  each  month  the  mean 
diurnal  inequality,  and  then  to  consider  the  difference  of 
each  individual  observation  from  the  monthly  mean  for 
that  hour  as  a  disturbance,  the  summation  of  all  such  differ¬ 
ences  for  the  month  denoting  the  monthly  disturbance 
value.  The  following  table  embodies  the  results  at  various 
stations — those  at  Toronto,  Hobart  Town,  and  the  Cape 
being  given  by  Sabine,  and  that  at  Bombay  by  C.  Cham¬ 
bers,  who  has  pursued  Sabine’s  method  of  separating  dis¬ 
turbances  : 

58.  A  careful  inspection  of  this  table,  without  attempting 
a  more  complete  analysis,  will,  it  is  thought,  lead  to  the 
following  conclusions : 

(1)  Although  for  any  station  the  distribution  of  the  east- 
early  disturbances  over  the  various  hours  of  the  day  is 
generally  different  from  that  of  the  westerly,  yet  the  same 
law  of  distribution  over  the  various  months  of  the  year  is 
followed  by  the  easterly  and  by  the  westerly  disturbances 
at  any  station — the  law  at  one  station  being,  however,  dif¬ 
ferent  from  that  at  another. 

(2)  In  all  stations  there  is  first  an  annual  inequality  ex¬ 
hibiting  a  maximum  generally  a  short  time  after  the  sum¬ 
mer  solstice  with  a  corresponding  minimum  for  the  winter 
solstice,  and  secondly  a  semiannual  inequality  exhibiting  a 
maximum  generally  a  little  after  each  equinox. 

(3)  The  equinox  maximum  is  very  conspicuous  at  To¬ 


ronto  ;  but  the  summer  maximum  is  most  conspicuous  at 
the  other  stations. 


Table  IX. — Monthly  Distribution  of  Declination  Disturbances. 


Toronto. 

Bombay. 

Cape  of 
Good  Hope. 

Hobart 

Town. 

Easterly. 

Westerly. 

Easterly. 

Westerly. 

Easterly. 

Westerly. 

Easterly. 

Westerly. 

January . 

0.55 

0.57 

084 

0.88 

2.1 

1.4 

1.62 

1.54 

February.... 

0.81 

0.85 

0.89 

0.67 

1.7 

1.3 

1.16 

1.05 

March . 

0.97 

0.89 

1.29 

0.93 

0.7 

1.1 

1.11 

1.11 

April . 

1.23 

1.24 

1.04 

1.29 

1.3 

1.6 

1.26 

1.18 

[May . 

0.94 

0.93 

0.57 

1.00 

0.3 

0.9 

0.65 

0.51 

June . 

0  83 

0.55 

0.73 

0.82 

0.3 

0.4 

0.30 

0.32 

July . 

1  35 

1.13 

1.18 

1.83 

0.6 

0.6 

0.51 

0.54 

August . 

1.37 

1.17 

1.64 

1.29 

0.4 

0.4 

0.84 

0.73 

[September.. 

1.63 

1.66 

1.20 

1.04 

0.8 

0.9 

1.29 

1.50 

October . 

1.12 

1.17 

1.52 

1.31 

1.2 

1.0 

1.22 

1.27 

November.. 

0.70 

088 

0.40 

0.41 

1.2 

1.0 

0.73 

0.95 

December... 

0.50 

0.98 

0.68 

0.53 

1.2 

L2 

1.29 

1.29 

59.  In  §  38  it  was  observed  that  the  observations  selected 
as  disturbed  at  any  station  may  nevertheless  be  a  mixture 
of  what  may  be  termed  true  disturbances  and  of  the  more 
prominent  specimens  of  magnetic  weather.  The  truth  of 
this  statement  would  appear  to  be  borne  out  by  the  laws 
now  given.  In  one  of  these  we  find  that  disturbances,  at 
all  stations,  have  a  maximum  about  the  time  of  the  summer 
solstice  and  a  corresponding  minimum  about  the  time  of 
the  winter  solstice.  But  the  absolute  time  of  the  summer 
solstice  for  stations  north  of  the  equator  corresponds  with 
that  of  the  winter  solstice  for  stations  south  of  the  line.  It 
would  therefore  appear  that  in  so  far  as  this  law  is  concerned 
such  disturbances  lack  the  element  of  simultaneity.  On  the 
other  hand,  a  law  of  this  nature  would  naturally  hold  for 
magnetic  weather.  For  at  any  station  the  diurnal  range 
of  declination  is  greatest  at  the  summer  solstice,  and  hence 
any  considerable  proportional  variation  of  this  would,  if 
represented  by  a  fixed  scale,  present  the  appearance  of  being 
greatest  likewise  at  this  time.  The  question  thus  arises 
whether  this  law  does  not  rather  apply  to  magnetic  weather 
than  to  real  disturbance. 

Again  the  semiannual  inequality  of  disturbance  exhibits 
throughout  the  globe  a  maximum  at  the  equinoxes,  and 
thus  presents  the  element  of  simultaneity  which  was  want¬ 
ing  in  the  annual.  This  law  may  therefore  refer  to  true 
disturbance,  and  this  view  is  supported  by  the  fact  that  the 
aurora — which  may  be  regarded  as  the  universal  accom¬ 
paniment  of  great  and  simultaneous  disturbances — obeys, 
as  we  shall  afterwards  see,  in  those  stations  where  it  has 
been  well  observed,  this  very  same  law,  that  is  to  say,  it  has 
likewise  maxima  at  the  equinoxes. 

60.  Distribution  of  Declination  Disturbances  over  Various 
Years. — In  1852  Sabine  discovered  (Phil.  Trans.,  1852,  p.  103) 
that  disturbances  have  a  long-period  inequality  allied  to 
that  of  sun-spots  in  such  a  way  that  a  maximum  and  a 
minimum  of  disturbance  coincide  with  a  maximum  and  a 
minimum  of  sun-spot  frequency. 

This  will  be  seen  from  the  following  table  (X.),  in  which 
we  have  the  relative  values  of  declination  disturbance  at 
Toronto  and  Hobart  Town  compared  with  the  number  of 
groups  of  spots  observed  on  the  sun’s  disk : 


Values  of  Declination  Disturbance. 

Groups  of 
Sun-Spots. 

Toronto. 

Hobart  Town. 

1843 

0.55 

0.48 

34 

1844 

0.73 

0.82 

52 

1845 

0.62 

0.67 

114 

1846 

1.26 

1.03 

157 

1847 

1.40 

1.44 

257 

1848 

1.43 

1.60 

330 

61.  The  following  table  (XI.)  exhibits  the  same  thing  for 
Bombay.  The  first  column  of  this  table  is  derived  from  the 
magnetic  results  of  C.  Chambers,  while  the  sun-spot  areas 
are  those  of  Messrs.  De  la  Rue,  Stewart,  and  Loewy. 

We  may  conclude  from  these  tables  that  declination  dis¬ 
turbances  march  with  sun-spots,  but  that  the  alliance  be- 
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tween  these  two  phenomena  is  probably  not  so  intimate  as 
that  between  declination  ranges  and  sun-spots. 

62.  Distribution  of  Declination  Disturbances  over  the  Surface 
of  the  Globe. — It  is  well  known  that  disturbances  are  com¬ 


Aggregate  Values  (in  Minutes) 
of  Declination  Disturbances. 

Sun-Spot 

Areas. 

1859 

1532.1 

1352 

1860 

14216 

1313 

1861 

951.8 

1297 

1862 

1240.5 

1211 

1863 

691.1 

676 

paratively  small  near  the  equator,  while  they  are  great  near 
the  magnetic  poles,  and  greatest  of  all  perhaps  near  the 
position  of  maximum  auroras.  If  we  adopt  Sabine’s  system 
of  separating  disturbed  from  undisturbed  observations,  it 
is  thus  clear  that  the  same  separating  value  cannot  be 
adopted  at  all  stations.  At  first  sight  this  would  seem  to 
introduce  an  element  of  uncertainty  in  the  estimation  of 
disturbances,  but  it  was  soon  found  by  Sabine  that  no  very 
great  nicety  is  required  in  this  matter.  Not  only  do  the 
laws  which  regulate  disturbances  at  a  given  station  remain 
comparatively  unaffected  by  the-  magnitude  of  the  separat¬ 
ing  value,  but  it  is  likewise  easy  to  tell  whether  the  aggre¬ 
gate  disturbance  value  at  one  station  is  decidedly  greater  or 
less  than  at  another.  Probably  at  present  it  would  be  im¬ 
possible  to  obtain  more  definite  information  than  this. 

63.  The  following  table  (XII.)  exhibits  the  proportion 
between  the  aggregate  amount  of  easterly  and  that  of  west¬ 
erly  disturbances  of  the  declination  at  various  stations  in 
both  hemispheres : 

Name  of  Station.  Easterly.  Westerly. 

Toronto .  1.40  :  1 

Point  Barrow .  1.63  :  1 

Port  Kennedy .  1.85  :  1 

Carlton  Fort .  1.74  :  1 

Kew  .  1.19  :  1 

Peking .  1  :  1.21 

Bombay .  1.6  :  1 

St.  Helena .  1  :  1.30 

Cape  of  Good  Hope .  1  :  1.51 

Hobart  Town. .  1  :  1.40 

Falkland  Isles .  1.66  :  1 


64.  Annual  Variation  of  Declination. — The  declination  fluc¬ 
tuations  of  short  period  hitherto  discussed  are  not  necessarily 
accompanied  by  a  permanent  change  of  mean  position  of  the 
needle.  We  have  now  to  inquire  whether  there  be  any 
fluctuations  of  long  period  (besides  the  secular  change  dis¬ 
cussed  in  §§  30-33)  tending  to  alter  perceptibly  the  position 
of  the  magnetic  needle.  This  leads  us  at  once  to  the  annual 
variation,  for  our  knowledge  of  which  wo  must  look  to  the 
later-made  and  more  accurate  observations,  in  which  all 
possible  sources  of  error  have  been  carefully  eliminated. 
Broun  has  made  an  exhaustive  experimental  inquiry  into 
the  various  sources  of  error  which  could  possibly  influence 
his  declination  needle  at  Trevandrum.  His  conclusion  yeas 
that  the  variations  of  torsion  of  a  well-made  thread  are  not 
sufficient  to  produce  a  sensible  effect  upon  the  position  of  a 
powerful  magnet.  In  fact  Grubb’s  magnet,  weighing  6000 
grains,  and  Adie’s weighing  1100  grains,  give  almost  iden¬ 
tical  results.  We  may  extend  these  conclusions  to  other 
observatories  where  well-devised  instruments  have  been 
established,  and  look  with  much  confidence  to  such  instru¬ 
ments  registering  correctly  the  secular  as  well  as  the  an¬ 
nual  change  of  declination  that  may  be  taking  place  at  each 
locality. 

65.  The  following  table  (XIII.),  borrowed,  with  the  ex¬ 
ception  of  the  Trevandrum  and  Bombay  results,  from  E. 
Walker’s  Terrestrial  Magnetism,  shows  the  annual  variation 
at  seven  stations : 


Mean 

Declinat’n. 

Mean  Annual 
Secular  Change 

Observati’n 

Years. 

Kew . 

Hobart  Town . . . 

St.  Helena . 

The  Cape . 

Toronto . . 

Trevandrum . 

Bombay . 

o  ' 

21  39  W. 

9  56  E. 

23  27  W. 
29  7  W. 

1  35  W. 

0  35  E. 

0  31  E. 

t  n 

7  39.00  E. 

1  23.20  W. 

7  57.00  W. 

0  29.40  W. 

1  57.12  W. 

1  35.4  E. 

3  1.0  E. 

1858- 62 

1844- 48 
1841-49 
1841-46 

1845- 51 
1854-69 

1859- 65 

Table  XIV.  Showing  the  Mean  Annual  Variation  for  each 
Month  of  the  Year  at  Seven  Stations. 


Kew. 

Toronto. 

St.  Helena. 

Cape  of 

Good  Hope. 

Hobart 

Town. 

Trevan¬ 

drum. 

Bombay. 

Grubb 

Adie. 

// 

// 

•t 

n 

// 

// 

rr 

// 

April . 

+  1.5 

-  0.6 

-  2.4 

+64.2 

-22.2 

+1.2 

+  6.3 

+11.0 

May . 

-41.8 

-  9.6 

-  1.2 

-10.8 

-28.7 

+3.4 

+  8.7 

+16.3 

June . 

-50.6 

-17.4 

-13.8 

-62.4 

-24.1 

+5.6 

+  87 

+  9.8 

July . 

-70.3 

-42.6 

+  8.4 

-58.2 

-20.6 

+  1.6 

+  2.2 

+  1.7 

August . 

-20.7 

-  4.2 

-  3.6 

-61.8 

-12.2 

-2.8 

-  3.2 

+  1.6 

September 

+  9.8 

+47.4 

-19.8 

-43.2 

-  4.5 

-8.7 

-10.5 

+  0.4 

October. ... 

+49.6 

+61.0 

+  1.8 

-  4.8 

+  13.6 

-8.0 

-11.1 

-  8.9 

November 

+34.8 

+24.6 

+  7.2 

+25.2 

+27.6 

+1.2 

-  3.0 

+  1.2 

December. 

+39.6 

+19  8 

+  7.2 

+42.6 

+38.5 

+3.3 

-  1.3 

-18.2 

January ... 

+  2.6 

+  4.2 

-  3.0 

+29.4 

+32.9 

+7.1 

+  3.2 

-10.9 

February.. 

+34.2 

+  0.6 

+18.0 

-f  43.2 

+  7.9 

+2.3 

+  2.6 

+  3.1 

March . 

+29.8 

-  7.8 

+10.2 

+49.8 

+16.7 

-4.9 

-  1.2 

-  7.0 

Here  -j-  indicates  that  the  marked  pole  of  the  needle  is  to 
the  west  and  —  that  it  is  to  the  east  of  its  mean  position  for 
the  year. 

66.  To  cancel  the  irregularities  of  this  table  let  us  take 
the  means  from  April  to  September  and  from  October  to 
March,  the  former  embracing  the  months  around  the  June 
solstice  and  the  latter  those  around  the  December  solstice 
(Table  XV.): 


Means  from 
April  to  September. 

Means  from 
October  to  March. 

It 

ft 

Kew . 

-28.7 

+31.8 

Toronto . 

-  4.5 

+17.1 

St.  Helena . 

-  5.4 

+  6.9 

Cape  of  Good  Hope . 

-28.7 

+30.9 

Hobart  Town . 

-18.7 

+17.3 

Trevandrum . 

+  2.1 

-  1.6 

Bombay . 

+  6.8 

-  6.8 

It  will  be  seen  from  the  above  that  the  means  for  Trevan¬ 
drum  and  Bombay  present  opposite  signs  to  those  for  the 
other  stations.  The  whole  amount  for  Trevandrum  is  no 
doubt  very  small,  and  Chambers  does  not  regard  the  evidence 
for  Bombay  as  conclusive ;  but  on  the  whole  it  would  appear 
that  two  observatories  near  one  another  present  evidence  of 
a  similar  behavior  in  declination,  and  we  are  therefore  dis¬ 
posed  to  regard  it  as  a  reality. 

67.  Semiannual  Variation  of  Declination. — If  we  look  at  the 
numbers  of  Table  XIV.,  we  shall  see  that  there  are  traces 
of  turning-points  at  the  equinoxes.  Let  us,  in  order  to  ex¬ 
hibit  this,  compare  together  the  sums  for  the  six  months 
grouped  around  the  two  equinoxes  with  those  for  the  six 
months  grouped  around  the  two  solstices, — that  is  to  say, 
compare  the  sums  for  February,  March,  April,  August,  Sep¬ 
tember,  October,  with  those  for  November,  December,  Jan¬ 
uary,  May,  June,  July — and  we  thus  obtain  the  following 
table  (XVI.) : 


Sums  around 
Equinoctial 
Months. 

Sums  around 
Solstitial  Months. 

+104.2 

-85.7 

+  96.4 

-21.0 

+  4.2 

+  4.8 

+  47.4 

-34.2 

-  0.7 

+25.6 

-  19.0 

+20.3 

+  0.2 

-  0.1 

68.  Solar-Diurnal  Variations  of  the  Horizontal  and  Vertical 
Components  of  Magnetic  Force— ■Although  self-recording  mag¬ 
netographs  have  been  established  in  many  observatories 
throughout  the  globe,  yet,  owing  to  the  peculiar  difficulties 
of  the  task,  and  the  labor  of  the  process  of  reduction,  very 
little  has  been  done  towards  determining  the  solar-diurnal 
variation  of  the  horizontal  and  vertical  components  of  the 
earth’s  magnetic  force.  Senhor  Capello  of  the  Lisbon  Ob¬ 
servatory  has,  however,  made  progress  with  his  reductions, 
and  has  already  published  valuable  information  regarding 
the  solar-diurnal  fluctuation  of  the  two  force  elements  at  his 
observatory.  ■  „ , 

In  his  attempts  to  eliminate  the  disturbances  of  horizontal 
and  vertical  force  by  the  method  of  Sir  E.  Sabine,  Senhor 
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Capello  has  experienced  considerable  difficulty,  more  par¬ 
ticularly  with  the  records  of  the  vertical  force  magnetograph. 
This  instrument  and  the  bifilar  have  very  often  been  found 
by  him  to  change  their  position  of  equilibrium  after  strong 
perturbations.  Again  there  is  generally,  for  any  hour,  a 
variation  at  the  beginning  and  end  of  the  month  from  the 
monthly  normal  value  for  that  hour  owing  to  change  of 
temperature,  and  this  cannot  be  completely  corrected  inas¬ 
much  as  the  coefficient  of  temperature  is  not  exactly  known. 
These  two  causes  combined  tend  to  falsify  the  results  when 
the  plan  adopted  is  the  method  of  comparison  between  the 
individual  values  of  any  hour  and  the  normal  monthly  aver¬ 
age  of  that  hour.  Senhor  Capello  has  found  it  necessary 
to  select  and  extract  the  disturbances,  not  directly  from  the 
hourly  values,  but  by  comparing  the  variation  of  au  indi¬ 
vidual  day  with  the  average  diurnal  variation  derived  from 
the  month. 

To  illustrate  this  method  by  means  of  an  example,  let  us 
imagine  that  the  sum  of  the  "twenty-four  hourly  values  for 
a  particular  day  is  24,000,  and  that  the  average  monthly 
diurnal  variation  would  indicate  that  a  particular  hour  of 
this  day  should  have  a  value  990,  then,  if  the  value  for  this 
hour  should  prove  to  be  greater  or  less  than  990  by  more 
than  a  certain  amount,  it  would  be  set  aside  as  a  disturbed 
observation.  Senhor  Capello  rather  thinks  it  will  be  de¬ 
sirable  somewhat  to  modify  this  method,  and  he  concludes 
his  remarks  by  observing  that  for  this  and  other  similar 
questions  it  is  most  necessary  that  directors  of  establish¬ 
ments  possessing  magnetographs  should  agree  together  to 
employ  the  same  method  in  their  reductions  in  order  that 
their  results  maybe  comparable  with  each  other.  With  the 
view  of  adding  weight  to  these  remarks,  we  may  quote  the 
observation  of  Sir  William  Thomson,  that  our  ability  to  an¬ 
alyze  mathematically  that  influence  which  produces  the 
diurnal  variation  will  depend  upon  our  knowing  at  a  certain 
number  of  stations  the  exact  nature  of  this  diurnal  variation 
for  each  of  the  three  magnetic  elements.  A  complete  theory 
of  this  diurnal  influence  must  therefore  wait  upon  the  con¬ 
certed  action  of  the  directors  of  the  various  establishments 
possessing  magnetographs. 

69.  Change  in  Horizontal  Force  Range  from  Month  to  Month. — 
Although  we  do  not  possess  finally  accurate  determinations 
of  the  solar-diurnal  variations  of  either  element  of  the  force, 
yet  we  are  in  possession  of  information  regarding  the  change 
in  the  diurnal  range  of  the  horizontal  force  from  month  to 
month  at  the  Greenwich  Observatory.  William  Ellis  has 
given  us  the  following  table  ( Phil.  Trans.,  1880)  representing 
the  monthly  mean  diurnal  range  of  horizontal  force  at  that 
observatory  expressed  in  ten-thousandths  of  the  whole  hori¬ 
zontal  force.  In  the  formation  of  these  means,  days  of  great 
magnetic  disturbance  were  rejected,  and  also  certain  other 
days  on  which  there  prevailed  a  smaller  but  considerable 
amount  of  disturbance  estimated  according  to  a  general 
standard  formed  in  the  examination  of  many  thousands  of 
photographs. 

Table  XVII. — Monthly  Mean  Diurnal  Range  of  Horizontal 
Force  at  Royal  Observatory,  Greenwich. 

Jan.  Feb.  Mar.  April.  May.  June. 

13.5  14.8  20.1  27.4  26.9  27.3 

July.  Aug.  Sept.  Oct.  Nov.  Dec. 

27.2  25.2  23.2  19.8  14.3  11.6 

Thus,  like  the  declination  range  (?  43),  the  horizontal 
force  range  has  a  maximum  in  summer  and  a  minimum  in 
winter,  and  exhibits  a  tendency  towards  maxima  at  the 
equinoxes. 

70.  Long-Period  Inequalities  of  Horizontal  Force  Range. — 
Lagging  Behind} — Ellis  has  compared  the  diurnal  range  of 
the  horizontal  force  as  well  as  that  of  the  declination  at 
Greenwich  with  the  period  of  sun-spot  frequency,  his  com¬ 
parisons  extending  from  1841  to  1877,  and  he  has  deduced 
the  following  conclusions : 

(1)  The  diurnal  ranges  of  the  magnetic  elements  of  decli¬ 
nation  and  horizontal  force  are  subject  to  a  periodical  varia¬ 
tion,  the  duration  of  which  is  equal  to  that  of  the  known 
eleven-year  sun-spot  period. 

(2)  The  epochs  of  minimum  and  maximum  of  magnetic 
and  sun-spot  effect  are  nearly  coincident,  the  magnetic 
epochs  on  the  whole  occurring  somewhat  later  than  the  corre¬ 
sponding  sun-spot  epochs.  The  variations  of  duration  in 
different  periods  appear  to  be  similar  for  both  phenomena. 

(3)  The  occasional  more  sudden  outbursts  of  magnetic  and 
sun-spot  energy,  extending  sometimes  over  periods  of  several 
months,  appear  to  occur  nearly  simultaneously,  and  progress 
collaterally. 

71.  Disturbance-Diurnal  Variation  of  Force  Components. — 
We  may  derive  the  following  conclusions  from  the  results 

1  Secehi  (Wolf's  Astronomische  MittheUungen,  No.  21)  seems  to 
have  been  the  first  to  indicate  a  relation  between  the  state  of  the 

sun’s  surface  and  the  diurnal  variation  in  the  horizontal  force. 


obtained  by  Sabine  for  the  observatories  of  Toronto,  Kew, 
and  St.  Helena.  For  each  element  there  are  two  categories, 
namely,  those  disturbances  which  tend  to  increase  and  those 
which  tend  to  diminish  the  element  in  question. 

(1)  At  Toronto  the  disturbances  increasing  both  elements 
of  force  well  represent  single  progressions  with  maxima  oc¬ 
curring  for  both  about  4  or  5  hours  local  time.  Again  the 
disturbances  decreasing  both  elements  represent  fairly  well 
single  progressions  with  maxima  occurring  for  both  at 
about  14  or  15  hours  local  time. 

(2)  At  Kew  the  disturbances  increasing  both  elements 
represent  well  single  progressions  with  maxima  occurring 
for  both  about  5  hours  local  time.  On  the  other  hand,  the 
disturbances  decreasing  the  horizontal  force  represent  signs 
of  a  double  progression  and  those  decreasing  the  vertical 
force  signs  of  a  single  progression,  the  maximum  for  the 
latter  falling  between  the  two  maxima  for  the  former,  and 
occurring  at  14  hours  local  time. 

(3)  There  is  not  the  same  close  correspondence  between 
the  progress  of  the  disturbances  which  tend  to  increase  both 
elements  nor  between  the  progress  of  those  which  tend  to 
decrease  both  elements  at  St.  Helena  as  there  is  for  the  other 
stations,  nor  is  there  the  same  likeness  between  the  numbers 
for  St.  Helena  and  those  of  Toronto  or  Kew  as  there  is  be¬ 
tween  the  numbers  of  Toronto  and  those  of  Kew. 

72.  The  fact  that  the  disturbance-diurnal  variations  of 
the  two  force  elements  at  Kew  are  very  like  each  other 
while  neither  of  them  is  yery  like  the  corresponding  decli¬ 
nation  variation  ($  54)  receives  confirmation  from  a  visual 
inspection  of  the  Kew  curves.  In  the  Philosophical  Trans¬ 
actions  for  1862  Stewart  thus  describes  the  result  of  an  in¬ 
spection  of  the  disturbances  of  these  curves  for  the  years 
1858,  1859,  1860  (disturbance  years): 

“  There  are  twenty-two  cases  in  which  the  declination  is  raised 
or  lowered  along  with  the  horizontal  force,  and  only  seven  cases 
of  an  opposite  description.  Also  there  are  twenty-two  cases  in 
which  the  declination  is  raised  or  lowered  along  with  the  verti¬ 
cal  force,  and  only  eleven  cases  of  an  opposite  description. 
Finally,  there  are  thirty-one  cases  in  which  both  forces  are  raised 
or  lowered  together,  and  only  two  cases  of  an  opposite  descrip¬ 
tion.  There  is  therefore  a  decided  tendency  in  the  curves  of  all 
the  elements  to  be  raised  or  lowered  simultaneously,  but  this 
tendency  is  stronger  between  the  horizontal  and  vertical  force 
curves  than  between  either  of  these  and  the  declination.  It  may 
at  the  same  time  be  affirmed  that  with  the  exception  of  the  dis¬ 
turbance  of  August  to  September,  1859,  there  is  no  very  prominent 
case  in  which  the  three  elements  do  not  rise  or  fall  together.” 

73.  Pealcs  and  Hollows. — These  are  certain  small  but  abrupt 
magnetic  changes  which  from  the  fact  that  they  generally 
fall  within  the  separating  value  are  not  usually  regarded  as 
disturbances.  These  changes  can  only  be  brought  to  light 
where  there  is  a  continuous  record  of  magnetic  phenomena 
such  as  that  derived  from  self-recording  magnetographs. 
They  were  first  studied  at  the  Kew  Observatory  by  Stewart 
(Phil.  Trans.,  1862).  We  have  seen  that  more  than  one  type 
of  force  must  be  concerned  in  producing  magnetic  disturb¬ 
ances.  This  is  confirmed  by  the  appearance  of  the  Kew 
records,  from  which  it  may  be  seen  that  no  disturbance  of 
any  magnitude  is  due  to  the  action  of  a  single  force  varying 
merely  in  amount  but  not  in  direction.  For  if  there  were 
only  one  type  of  force  the  distance  at  any  moment  of  a  point 
in  the  curve  of  one  of  the  elements  from  its  normal  position 
should  bear  throughout  a  disturbance  an  invariable  propor¬ 
tion  to  the  distance  of  a  corresponding  point  in  the  curve  of 
another  of  the  elements  from  its  normal ;  but  this  is  by  no 
means  the  case. 

But  even  if  several  independent  forces  are  at  work  it  may 
be  thought  unlikely  that  at  the  same  moment  a  sudden 
change  should  take  place  in  all ;  there  is  thus  a  probability 
that  sudden  changes  of  force,  as  exhibited  in  peaks  and  hol¬ 
lows,  are  changes  in  one  of  the  elementary  forces  concerned. 
Even  if  the  change  is  not  a  very  abrupt  one,  provided  that 
we  confine  ourselves  to  such  peaks  and  hollows  as  present  a 
similar  appearance  for  all  the  curves,  we  may  suppose  that 
we  are  observing  changes  in  one  only  of  the  elementary 
disturbing  forces;  for  it  is  unlikely  that  two  or  more  inde¬ 
pendent  forces,  changing  independently,  should  produce 
similar  appearances  in  all  of  the  three  curves. 

Assuming  it  as  probable  that  similarity  of  appearance  in 
the  curve  variations  of  the  three  elements  denotes  a  sim¬ 
plicity  in  the  disturbing  force,  Stewart  has  discussed  all 
such  peaks  and  hollows  at  Kew  extending  over  the  first  two 
years  of  their  production,  and  has  obtained  a  result  which 
is  embodied  in  the  following  table  (XVIII.). 

74.  It  will  be  seen  from  this  table  that  the  ratio  between 
simultaneous  peaks  and  hollows  of  the  two  components  of 
the  force  is  very  nearly  constant,  the  horizontal  force  dis¬ 
turbance  being  about  double  that  of  the  vertical  force,  so  far 
as  size  on  the  curve  is  concerned.  It  will  also  be  seen  that 
there  is  a  very  marked  diurnal  range  in  the  ratio  which  the 
declination  peak  or  hollow  bears  to  that  of  the  vertical  force, 
this  ratio  being  greatest  about  7  a.m.  About  this  hour  we 
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have  also  most  peaks  and  hollows,  while  in  the  evening 
and  early  morning  hours  there  is  so  great  an  absence  of 
these  phenomena  that  the  ratios  are  doubtful. 


Table  XVIII. — Hourly  Ratios  and  Frequency  of  the  Few 
Peaks  and  Hollows,  the  Vertical  Force  Disturbance  being  taken 
as  Unity.1 


Hour. 

Declina¬ 

tion. 

Horizon¬ 
tal  Force. 

Number 
of  Obser¬ 
vations. 

Hour. 

Declina¬ 

tion. 

Horizon¬ 

tal  Force. 

Number 

of  Obser¬ 

vations. 

0~  1 

2.14 

2.06 

7 

12-13 

1.76 

2.68 

3 

1-  2 

1.97 

216 

7 

13-14 

2.00 

2.04 

3 

2-  3 

1.86 

1.99 

11 

14-15 

2.10 

2.14 

5 

3-  4 

1.81 

2.05 

7 

15-16 

2.65 

2.11 

10 

4-  5 

1.38 

1.73 

4 

16-17 

3.48 

2.16 

15 

5-  6 

1.57 

1.71 

1 

17-18 

3.80 

2.14 

22 

6-  7 

0 

18-19 

3.94 

2.18 

28 

7-  8 

1.82 

1.91 

2 

19-20 

3.97 

2.25 

21 

8-  9 

1.60 

2.20 

1 

20-21 

3.41 

2.21 

23 

9-10 

0 

21-22 

3.26 

2.30 

16 

10-11 

1.33 

3.16 

1 

22-23 

2.79 

2.00 

10 

11-12 

1.30 

2.32 

3 

23-24 

2.30 

2.04 

13 

75.  A  preliminary  comparison  between  the  peaks  and  hol¬ 
lows  at  Lisbon  and  at  Kew  has  been  made  by  Capello  and 


Stewart  ( Proc .  Roy.  Soc.,  January  28,  1864)  with  the  follow¬ 
ing  conclusions. 

(1)  The  Kew  peaks  and  hollows  are  simultaneously  pro¬ 
duced  at  Lisbon  in  all  the  elements,  but  to  a  smaller  extent 
than  at  Kew. 

(2)  The  direction  is  the  same  at  both  stations  for  the  dec¬ 
lination  and  horizontal  force  peaks  and  hollows,  hut  it  is 
reversed  in  the  case  of  the  vertical  force,  so  that  a  sudden 
small  increase  of  vertical  force  at  Kew  corresponds  to  a 
diminution  of  the  same  at  Lisbon. 

It  would  he  manifestly  impossible  to  discuss  with  any  ad¬ 
vantage  the  nature  and  origin  of  these  peculiar  changes 
until  more  extensive  observations  of  them  have  been  made. 
As  the  peak  and  hollow  force  is  probably  of  a  simple  nature, 
a  further  knowledge  of  its  character  may  be  of  much  im¬ 
portance  to  the  theory  of  terrestrial  magnetism. 

It  is  interesting  to  remark  that  we  have  in  peaks  and 
hollows  the  same  close  relation  between  the  variations  of 
the  two  force  elements  that  we  find  in  the  larger  dis¬ 
turbances. 

It  is  believed  too  that  during  violent  disturbances  a  cer¬ 
tain  change  of  type  is  produced  in  the  peak  and  hollow 
force,  and  more  especially  is  this  remarkable  in  the  great 
disturbance  in  August  and  September,  1859,  where  the  decli¬ 
nation  would  seem  to  march  in  the  opposite  direction  from 
the  two  components  of  the  force.  We  have  seen  that  the 
same  peculiarity  characterized  on  this  occasion  the  larger 
and  more  apparent  magnetic  changes.  We  shall  afterwards 
refer  to  a  circumstance  which  may  perhaps  throw  light 
upon  this  peculiarity  ($  93)>  meanwhile  we  conclude  by 
again  remarking  that  during  comparative  magnetic  calms 
the  peak  and  hollow  force  shows  signs  of  remaining  constant 
in  type,  and  that  it  is  therefore  of  great  importance  that  the 
directors  of  observatories  possessing  self-recording  magneto¬ 
graphs  should  take  united  action  to  observe  this  force. 

76.  Other  Inequalities  of  the  Disturbance- Diurnal  Variation 
of  the  Force  Components. — Sabine  has  shown  that  disturb¬ 
ances  of  the  force  components  present  a  distribution  over 
the  various  months  of  the  year  very  similar  on  the  whole 
to  that  which  is  exhibited  by  disturbances  of  declination. 
He  has  likewise  shown  that  disturbances  of  the  force  com¬ 
ponents  present  a  distribution  over  various  years  similar  to 

i  We  ought  to  mention  that,  with  the  exception  of  the  one  oc¬ 
casion  already  alluded  to,  a  peak  of  one  element  always  corre- 
sponds  to  a  peak  of  another  element,  and  a  hollow  of  one  element 
to  a  hollow  of  another. 


that  exhibited  by  disturbances  of  declination.  Finally,  we 
may  probably  conclude  that  disturbances  of  the  force  com¬ 
ponents  are  smallest  at  those  portions  of  the  earth’s  surface 
where  disturbances  of  the  declination  are  smallest,  and 
largest  at  those  portions  where  such  disturbances  are  largest. 

77.  Annual  and  Semiannual  Variation  of  Horizontal  Force 
and  Dip. — Broun  ( Trans.  Roy.  Soc.  Edin.  for  1861)  has  dis¬ 
cussed  the  results  obtained  bv  Sabine  at  his  magnetical  sta¬ 
tions,  and  has  shown  that  differential  and  absolute  observa¬ 
tions  agree  in  telling  us  that  the  horizontal  force  is  smallest 
at  the  equinoxes  and  greatest  at  the  solstices.  Whipple  has 
recently  obtained  the  same  result  from  the  Kew  observa¬ 
tions. 

We  have  deduced  the  following  table  (XIX.)  from  the 
various  absolute  determinations  that  have  been  made  at 
sundry  places.  In  it  the  annual  and  semiannual  variations 
of  declination,  horizontal  force,  and  dip  are  exhibited,  “  in¬ 
crease  ”  denoting  a  push  to  the  west,  and  “  decrease  ”  a  push 
to  the  east.  The  method  of  obtaining  these  has  already 
been  indicated  in  $$  66,  67. 

78.  In  discussing  the  results  of  this  table  we  shall  assume 
that  the  sun  acts,  and  in  all  probability  acts  indirectly,  upon 
the  magnetic  system  of  the  earth.  This  point  will  after¬ 
wards  be  further  examined.  Meanwhile,  assuming  this  in¬ 
direct  action  of  the  sun,  and  assuming,  to  fix  our  thoughts, 
that  it  is  in  close  alliance  with  the  convection  system  of  the 
earth’s  atmosphere,  we  can  readily  imagine  that  such  solar 
action  would  act  most  strongly  on  the  earth's  magnetic  poles 


at  the  solstices,  and  that  in  the  June  solstice  thu  pole  or 
poles  in  the  northern  hemisphere  and  in  the  December  sol¬ 
stice  those  in  the  southern  hemisphere  would  be  most  affected. 
Now  a  strong  action  of  this  kind  upon  either  magnetic  pole 
may  well  be  presumed  to  increase  the  general  magnetism  of 
the  earth,  or  at  least  that  portion  of  it  which  is  most  readily 
affected  by  external  action,  that  is  to  say,  the  induction 
system.  Again,  if  the  solar  magnetic  influence  is  connected 
with  the  convection  currents  of  the  earth,  we  can  readily 
imagine  that  the  influence  in  the  northern  hemisphere 
where  there  is  much  land  should  exceed  that  in  the  south¬ 
ern  hemisphere  where  there  is  much  water. 

If  these  views  be  reasonable  we  might  expect  two  things 
to  follow :  (1)  the  earth’s  induction  system  should  be 
stronger  at  the  solstices  than  at  the  equinoxes,  and  (2)  it 
should  be  more  especially  strong  at  the  June  solstice,  when 
the  sun  acts  in  the  northern  hemisphere.  We  must  bear  in 
mind,  however,  that  so  vast  is  the  earth  that  a  stimulus  ap¬ 
plied  to  its  particles  most  susceptible  of  magnetism  may  not 
be  instantaneously  propagated  throughout  its  mass,  butj 
that  time  may  enter  as  an  element  of  the  question,  in  which 
case,  inasmuch  as  the  action  of  the  sun  at  the  June  solstice 
is  in  the  northern  hemisphere,  a  station  near  the  south  pole 
may  not  fully  partake  of  the  magnetic  effects  of  this  ac¬ 
tion. 

79.  An  hypothesis  of  this  nature  would  appear  to  be  con¬ 
sistent  with  the  results  of  Table  XIX. 

In  the  first  place,  if  the  earth  should  become  stronger  as 
a  magnet  in  one  or  in  both  of  its  magnetic  systems,  this 
would  show  itself  by  an  increase  of  horizontal  force  at  least 
in  all  such  stations  as  those  at  which  absolute  observations 
are  made.  An  influence  which  increases  the  horizontal 
force  at  these  various  stations  is  therefore  naturally  re¬ 
garded,  and  was  regarded  by  Broun,  as  one  increasing  the 
strength  of  one  or  both  of  the  magnetic  systems  of  the  earth 
— whether  of  one  or  of  both  will  presently  appear.  We  may 
therefore  assume  from  our  observations  that  one  or  both  of 
the  earth’s  magnetic  systems  are  strongest  at  the  solstices. 

In  the  next  place  we  may  imagine  that  the  changes 
of  declination  and  dip  which  the  table  exhibits  as  occurring 
at  the  solstices  are  the  very  changes  which  would  be  wrought 
in  these  elements  by  an  increase  of  power  in  the  earth.  For 
we  see  very  well  that  an  increase  of  horizontal  force  at  the 
various  stations  may  be  regarded  as  denoting  an  increase  of 
the  earth’s  magnetic  power.  We  cannot,  however,  see  with 
equal  facility  what  changes  would  be  produced  in  the  dec- 


Station. 

Effect  on  Declination. 

Effect  on  Horizontal  Force. 

Effect  on  Dip. 

At  Equinoxes 
compared  to 
Solstices. 

At  June  Solstice 
compared  to 
December  Solstice. 

At  Equinoxes 
compared  to 
Solstices. 

At  June  Solstice 
compared  to 
December  Solstice. 

At  Equinoxes 
compared  to 
Solstices. 

At  June  Solstice 
compared  to 
December  Solstice. 

Makerstoun  or  Kew.. 

Toronto . 

Cape  of  Good  Hope.. 

Hobart  Town . 

Trevandrum . 

Bombay . 

St.  Helena . 

Increase. 

Increase. 

Increase. 

Decrease. 

Decrease. 

Undecided. 

Undecided. 

Decrease. 

Decrease. 

Decrease. 

Decrease. 

Increase. 

Increase. 

Decrease. 

Decrease. 

Decrease. 

Decrease. 

Decrease. 

Inappreciable. 

Increase. 

Increase. 

Decrease. 

Increase. 

Inappreciable. 

Decrease. 

Decrease. 

Decrease. 

Decrease. 
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lination  and  dip  by  an  increase  in  power  of  one  or  both 
of  the  magnetic  systems ;  but  we  may  well  imagine  that 
such  changes  of  these  elements  as  are  found  to  accompany 
an  increase  of  horizontal  force  are  those  that  denote  an 
♦increase  of  the  earth’s  power. 

We  have  thus  ascertained  the  probable  nature  of  those 
changes  of  the  three  elements  which  denote  an  increase  of 
power.  Now  it  will  be  noticed  from  the  table  that  the 
effect  at  the  June  as  compared  with  that  at  the  December 
solstice  is  of  the  opposite  nature  to  the  effect  at  the  equi¬ 
noxes  as  compared  with  the  solstices. — that  is  to  say,  the 
earth  is  more  powerfully  affected  in  June  than  in  Decem¬ 
ber,  the  only  well-established  exception  to  this  being  Ho¬ 
bart  Town  in  the  far  south.  But,  assuming  that  time  is  an 
element  in  the  development  of  this  preponderating  in¬ 
fluence  acting  in  the  north,  it  is  easy  to  see  why  Hobart 
Town  should  not  exhibit  its  full  effect. 

It  remains  to  determine  from  the  observations  themselves 
which  of  the  magnetic  systems  it  is  that  exhibits  these  os¬ 
cillations.  Analogy  would  of  course  point  to  the  induction 
system,  but  it  is  desirable  to  determine  this  from  the  obser¬ 
vations  themselves. 

In  §  54,  when  discussing  the  disturbance-diurnal  varia¬ 
tion  of  declination,  it  was  found  that  Toronto  and  Kew 
may  be  regarded  as  on  one  side  of  the  Siberian  pole,  while 
Peking,  Nertchinsk,  and  Bombay  are  on  the  other.  Now,  if 
it  be  this  pole  that  is  influenced  by  the  oscillations  under 
discussion,  we  might  expect  that  the  influence  on  declina¬ 
tion  at  Toronto  and  Kew  should  be  the  opposite  of  that  at 
Trevandrum  and  Bombay.  We  find  by  the  table  that  this 
is  the  case,  and  we  are  thus  inclined  to  attribute  these 
changes  to  the  Siberian  instead  of  the  American  pole.  It 
would  thus  appear  that  the  observations  of  Table  XIX. 
bear  out  the  provisional  working  hypothesis  which  we  have 
ventured  to  introduce.  It  is  quite  possible  that  these  re¬ 
marks  may  not  stand  the  test  of  more  complete  inquiry, 
but  they  are  here  introduced  rather  as  denoting  a  method 
of  looking  at  the  subject  which  ought  we  think  to  be  pur¬ 
sued  than  as  embodying  conclusions  of  a  final  nature. 

80.  Effect  of  the  State  of  the  Sun’s  Surface  upon  the  Absolute 
Magnetism  of  the  Earth. — We  have  now  to  consider  whether 
the  state  of  the  sun’s  surface  permanently  influences  the 
magnetism  of  the  earth.  It  will  at  once  be  seen  that  ahy 
such  action  will  apparently  manifest  itself  as  an  oscillation 
in  the  secular  change.  We  must,  however,  carefully  guard 
ourselves  against  prematurely  concluding  that  it  implies  a 
variation  in  the  amount  of  true  secular  change.  There 
may  be  two  distinct  things — true  secular  change  due  to  one 
cause,  and  action  depending  on  sun-spots  due  to  another. 
These,  from  the  nature  of  the  case,  are  necessarily  mixed 
up  together  in  the  yearly  changes  which  we  examine ;  it 
does  not,  however,  follow  that  there  is  any  real  identity 
between  them.  We  shall  now  give  one  example  of  the 
method  to  be  pursued  in  the  attempt  to  detect  a  solar  in¬ 
fluence  of  this  nature.  Let  us  turn  to  Table  III.,  and  take 
the  declination  yearly  values  at  Toronto  from  1856  to  1S71. 
Subtracting  the  value  for  1856  from  that  for  1871,  we  find 
that  the  westerly  declination  had  increased  in  fifteen  years 
51.6',  that  is  to  say,  at  the  mean  rate  of  3.44'  per  annum. 
Again,  the  average  declination  for  the  sixteen  years  1856-71 
is  2°  20.8'  corresponding  to  the  epoch  at  the  commence¬ 
ment  of  the  year  1864.  Taking  the  average  value  and 
epoch,  and  also  the  average  yearly  increase  above  given,  we 
are  able  to  construct  the  following  table  (XX.),  in  which 
calculated  and  observed  values  at  Toronto  are  compared 
together : 


Observed. 

Calculated. 

Difference. 

o  / 

o  / 

r 

1856 

1  56.30 

1  55.00 

+1.30  s 

1857 

2  0.50 

1  58.44 

+2.06 

1858 

2  4.50 

2  1.88 

+2.62 

1859 

2  7.40 

2  5.32 

+2.08 

1860 

2  10.60 

2  8.76 

+1.84 

1861 

*  2  14.40 

2  12.20 

+2.20 

1862 

2  15.70 

2  15.64 

+0.06 

1863 

2  19.10 

2  19.08 

+0.02 

1864 

2  21.90 

2  22.52 

-0.62 

1865 

2  24.80 

2  25.96 

-1.16 

1866 

2  27.60 

2  29.40 

-1.80 

1867 

2  29.80 

2  32.84 

-3.04 

1868 

2  33.20 

2  36.28 

-3.08 

1869 

2  37.10 

2  39.72 

-2.62 

1870 

2  41.90 

2  43.16 

-1.26 

1871 

2  47.90 

2  46.60 

+1.30 

It  may  be  gathered  from  this  table  that  the  years  which 
correspond  to  minimum  sun-spots  have  in  the  last  column 
a  greater  negative  or  lower  positive  sign  than  those  which 


correspond  to  maximum  sun-spots,  and  hence  we  may  con¬ 
clude  that  at  Toronto  the  tendency  of  many  sun-spots  is  to 
increase  the  westerly  declination. 

81.  Performing  a  similar  operation  for  all  those  cases  in 
which  we  have  a  sufficiently  extensive  series  of  observa¬ 
tions  to  work  upon,  we  obtain  the  following  table : 

Table  XXI. — Effect  of  Numerous  Sun-Spots  on  the  Values  of 
Magnetic  Elements. 


82.  We  have  good  grounds  for  supposing  that  the  sun  is 
most  powerful  when  there  are  numerous  spots  on  his  sur¬ 
face,  and  therefore  the  above  table  represents  a  state  of 
things  which  we  may  imagine  to  be  caused  in  one  way  or 
another  by  increased  solar  power.  Now  the  most  natural 
hypothesis  is  to  imagine  that  an  increase  of  spots  acts  in 
producing  an  increase  of  disturbances,  and  that  for  those 
stations  at  which  the  disturbances  tend  on  the  -whole  to 
affect  the  elements  in  a  definite  direction  there  will  be 
left  behind  a  permanent  effect  in  this  direction.  A 
comparison  of  Table  XXI.  with  Table  XII.  will,  how¬ 
ever,  show  that  this  explanation  is  not  valid.  For  in¬ 
stance,  at  Toronto  and  Kew  disturbances  tend  rather  to  di¬ 
minish  than  to  increase  the  westerly  declination,  while  the 
effect  of  numerous  sun-spots  is  to  increase  it.  Again,  at 
the  Cape  the  tendency  of  disturbances  is  to  increase  the 
westerly  declination,  while  that  of  numerous  sun-spots  is 
to  decrease  it.  At  Trevandrum  again  (if  we  judge  of  it  by 
Bombay)  the  effect  of  disturbances  will  be  to  increase  the 
easterly  declination,  while  that  of  sun-spots  is  to  decrease  it. 
Again,  it  is  believed  that  at  Kew  and  Toronto  the  supposed 
disturbance  effect  on  the  dip  agrees  in  character  with  the 
sun-spot  effect.  On  the  whole,  therefore,  there  is  no  definite 
relation  between  the  two  effects. 

Now  if  we  take  Hobart  Town,  the  Cape,  and  Trevandrum 
in  the  above  table,  we  find  from  Table  XIX.  that  these  sta¬ 
tions  seem  to  indicate  that  the  magnetic  state  of  the  earth 
is  most  powerful  at  times  of  maximum  sun-spots.  Kew  and 
Toronto,  however,  so  far  as  declination  and  dip  are  con¬ 
cerned,  appear  to  go  the  other  way.  If,  however,  we  sup¬ 
pose  that  during  the  several  years  of  maximum  sun-spots 
the  American  pole  as  well  as  the  Siberian  is  affected,  and 
that  on  such  occasions  of  long  continuance  the  former  has 
more  influence  than  the  latter,  we  shall  be  able  to  reconcile 
our  results  with  the  hypothesis  of  increased  solar  action. 
We  can  understand  too  that  time  must  be  an  important 
element  in  any  influence  communicated  to  the  American 
pole,  and  that,  although  such  influence  might  be  apparent  at 
Toronto  and  Kew,  which  are  comparatively  near  the  pole, 
it  would  not  be  apparent  at  the  other  stations  of  Table 
XXI.  We  shall  recur  to  this  subject  when  discussing  secu¬ 
lar  change. 

Various  Phenomena  connected  with  the  Sun  and 
with  Terrestrial  Magnetism. 

83.  Closeness  in  Time  between  Solar  Changes  and  Magnetic 
Disturbances. — Loomis  ( American  Journal  of  Science,  vol.  1.) 
has  registered  the  extent  of  sun-spots  for  the  six  days  pre¬ 
ceding  and  following  each  of  the  great  magnetic  disturb¬ 
ances  at  Greenwich,  and  has  compared  these  values  with 
that  for  the  very  day  of  the  disturbance.  In  this  manner 
he  has  treated  all  the  days  of  great  magnetic  disturbance 
at  Greenwich  for  a  period  of  twenty-three  years  with  the 
exception  of  those  cases  in  which  very  few  observations  of 
sun-spots  were  made.  The  cases  of  disturbance  thus  treated 
amount  to  one  hundred  and  thirty-five,  and  the  following 
result  has  been  obtained : 

Table  XXII. — Extent  of  Spotted  Solar  Surface. 

Days  before  Storm.  Storm.  Days  after  Storm. 

654321  123456 

135  days  }47’9  50,1  54-8  53-5  52-3  48,9  57-9  49-045-149-345-645-245-8 

From  this  result  Loomis  draws  the  following  conclusions  *. 
(1)  great  disturbances  of  the  earth’s  magnetism  are  ac¬ 
companied  by  unusual  disturbances  of  the  sun’s  surface  on 
the  very  day  of  the  magnetic  storm;  (2)  the  great  disturb- 
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Dip. 

Increase. 
Increase. 
Increase  (?). 
Decrease. 
Increase. 

Inappreciable. 

Increase. 

Uncertain. 

Increase. 

Increase. 

Increase. 

Toronto . 
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ance  of  the  sun’s  surface  which  accompanies  a  terrestrial 
magnetic  storm  is  generally  heralded  by  a  smaller  disturb¬ 
ance  three  or  four  days  previous,  succeeded  by  a  com¬ 
parative  calm  which  immediately  precedes  the  magnetic 
storm. 

84.  There  is  one  instance  on  record  of  a  sudden  solar 
change  which  was  practically  simultaneous  with  a  magnetic 
disturbance.1  On  September  1,  1859,  a  little  before  noon, 
R.  C.  Carrington  was  observing  by  means  of  a  telescope  a 
large  sun-spot,  when,  to  quote  liis  own  words — 

“  Within  the  area  of  the  great  north  group  (the  size  of  which 
had  previously  excited  general  remark)  two  patches  of  intensely 
bright  and  white  light  broke  out.  ...  I  noted  down  the  time  by 
the  chronometer,  and,  seeing  the  outburst  to  be  verv  rapidly  on 
the  increase,  and  being  somewhat  flurried  by  the  surprise,  I 
hastily  ran  to  call  some  one  to  witness  the  exhibition  with  me 
and  on  returning  within  sixty  seconds  was  mortified  to  find  that 
it  was  already  much  changed  and  enfeebled.  Very  shortly  after¬ 
wards  the  last  trace  was  gone;  and,  though  I  maintained  a  strict 
watch  for  nearly  an  hour,  no  recurrence  took  place.  .  .  .  The 
instant  of  the  first  outburst  was  not  fifteen  seconds  different  from 
llh  18m  Greenwich  mean  time,  and  11>>  23->  was  taken  for  the  time 
of  disappearance.  In  this  lapse  of  five  minutes,  the  two  patches  of 

light  traversed  a  space  of  about  35,000  miles _ It  was  impossible, 

on  first  witnessing  an  appearance  so  similar  to  a  sudden  confla¬ 
gration,  not  to  expect  a  considerable  result  in  the  way  of  alteration 
of  the  details  of  the  group  in  which  it  occurred ;  and  I  was  cer¬ 
tainly  surprised,  on  referring  to  the  sketch  which  I  had  carefully 
and  satisfactorily  finished  before  the  occurrence,  at  finding  my¬ 
self  unable  to  recognize  any  change  whatever  as  having  taken 
place.  The  impression  left  upon  me  is  that  the  phenomenon 
took  place  at  an  elevation  considerably  above  the  general  surface 
of  the  sun,  and  accordingly  altogether  above  and  over  the  great 
group  in  which  it  was  seen  projected. 

“It  has  been  very  gratifying  to  me  to  learn  that  Mr.  Hodgson 
chanced  to  be  observing  the  sun  at  his  house  at  Holloway  on  the 
same  day,  and  to  hear  that  he  was  a  witness  of  what  he  also  con 
sidered  a  very  remarkable  phenomenon.” 

At  the  very  moment  when  Carrington  observed  this  phe¬ 
nomenon  the  three  magnetic  elements  at  Kew  were  simul¬ 
taneously  disturbed.  This  disturbance  occurred  as  nearly 
as  possible  at  llh  15m  a.m.,  affecting  all  the  elements  simul¬ 
taneously,  and  commencing  quite  abruptly.  The  first  or 
most  abrupt  portion  of  the  disturbance  lasted  only  about 
three  minutes  for  all  the  elements ;  but  after  that  there  was 
a  more  gradual  change  in  the  same  direction  before  the 
curve  turned.  This  more  gradual  continuation  of  the  first 
sudden  movement  lasted  about  seven  minutes  for  all  the 
elements.  This  magnetic  disturbance  was,  however,  in 
reality  a  small  one,  and  was  followed  by  a  very  great  dis¬ 
turbance  which  took  place  not  many  hours  afterwards. 

85.  Simultaneity  of  Changes  of  Horizontal  Force  at  Various 
Parts  of  the  Earth. — -We  have  already  (£  79)  alluded  to  the 
superiority  of  the  horizontal  force  in  indicating  by  its 
changes  what  is  taking  place  in  the  magnetic  system  of  the 
earth.  If  this  system  be  strengthened  as  a  whole  we  shall 
no  doubt  find  the  horizontal  force  increased  in  value  at  our 
various  stations,  while  if  the  earth’s  power  be  weakened  as 
a  whole  we  shall  find  the  horizontal  force  diminished. 

Broun  has  discussed  this  subject  at  great  length  in  a 
memoir  already  mentioned,  and  has  embodied  his  observa¬ 
tions  in  numerical  results  from  which  the  following  table 
has  been  extracted : 


Table  XXIII. — Daily  Means  of  Horizontal  Force  at  Malcers- 
toun  (M),  Trevandrum  (T),  Singapore  (S),  and  Hobart 
Town  (H). 


1844. 

M. 

T. 

S. 

H. 

1844. 

M. 

T. 

S. 

H. 

March  1 

21.40 

07.42 

16.40 

16.46 

March  17 

21.30 

11.54 

19.74 

19.12 

l( 

3 

18.34 

05.25 

14.18 

13.98 

tt 

18 

20.11 

07.62 

17.65 

17.08 

ft 

4 

16.53 

06.42 

14.59 

14.49 

if 

19 

21.73 

08.55 

16.26 

13.59 

it 

5 

11.43 

04.43 

12.79 

10.04 

it 

20 

22.00 

07.83 

17.24 

16.20 

<4 

6 

13.94 

01.85 

10.42 

9.66 

ti 

21 

23.15  09.06 

18.35 

17.06 

44 

7 

12.99 

04.12 

12.37 

9.98 

it 

22 

22.47  08.14 

18.35 

19.12 

44 

8 

16.94 

03.81 

13.62 

11.50 

(t 

24 

22.30  09.58 

18.76 

18.99 

44 

10 

19.12 

04.33 

14.87 

14.07 

it 

25 

23.71|  10.09 !  18.76 

19.25 

44 

11 

17.64 

05.87 

14.87 

13.97 

« 

26 

25.22  09.48  20.29 

20.10 

44 

12 

18.05 

06.28 

15.01 

14.22 

it 

27 

22.24110.81 

18.63 

19.33 

44 

13 

23.25 

09.58 

17.65 

16.18 

it 

28 

22.16,07.52 

17.79 

16.73 

44 

14 

23.66 

10.61 

18.90 

17.81 

it 

29 

-5.97,03.50 

11.54 

7.82 

44 

15 

22.12 

10.09 

18.63 

16.85 

it 

31 

17.06  02.27  11.81 

10.27 

This  table  shows  a  considerable  likeness  between  the  daily 
changes  of  the  horizontal  force  at  the  four  stations.  For 
instance,  we  have  a  minimum  which  occurs  on  March  5  at 
Makerstoun  and  March  6  at  the  other  stations ;  we  have 
likewise  a  well-defined  maximum  occurring  at  all  stations 
on  March  14,  and  another  occurring  at  Trevandrum  on 
March  25,  and  at  the  other  stations  on  March  26.  Finally 

1  Phil.  Trans.,  November  21, 1861. 


183 


we  have  a  well-defined  minimum  occurring  at  Trevandrum 
on  March  31,  and  at  the  other  stations  a  day  earlier. 

Broun  has  extended  a  similar  treatment  to  daily  means 
tor  every  hour,  and  Fig.  38  conveys  a  good  idea  of  the 
amount  of  simultaneity  which  obtains  in  the  changes  of 
such  values  of  horizontal  force  at  stations  far  apart. 

86.  Recurrence  of  Disturbances  at  Intervals  of  about  Twenty- 
six  Days.— Broun2  and  likewise  Ilornstein3  have  observed 
that  there  is  a  tendency  in  large  magnetic  changes  to  recur 
at  intervals  of  about  twenty-six  days.  At  first  it  was 
natural  to  suppose  that  we  have  here  a  magnetical  indica¬ 
tion  of  the  true  time  of  the  sun’s  synodical  rotation,  the 
interval  between  two  disturbances  denoting  that  which 
elapses  between  two  presentations  to  the  earth  of  a  pecu¬ 
liarly  powerful  solar  meridian.  It  seems  unlikely,  however, 
that  there  is  a  really  permanent  one-sidedness  of  this  kind 
in  our  luminary ;  but  the  result  of  observation  seems  to 
show  that  for  a  limited  period,  say  two  or  three  years,  cer¬ 
tain  meridians  of  the  sun  appear  to  be  peculiarly  powerful. 
The  cause  of  this  we  shall  not  here  discuss,  but  simply  treat 
the  phenomenon  as  a  fact  derived  from  observation.  Broun 
in  his  paper  above  quoted  (Phil.  Trans.,  1876)  makes  the  fol¬ 
lowing  remarks : 

“We  have  seen  that  when  one  side  of  the  sun  is  presented  to 
the  earth  the  magnetic  force  of  the  latter  is  greater  than  when 
the  other  side  is  turned  towards  us ;  we  may  even  say  that  the 
intensity  is  greatest  for  a  given  solar  meridian;  this,  however, 
may  be  simply  an  integral  effect  resulting  from  the  actions  due 
to  all  the  meridians.  But  can  we  suppose  when  a  great  and  sud¬ 
den  increase  or  diminution  of  the  earth’s  magnetic  force  occurs 
that  this  is  produced  by  some  change  occurring  on  a  particular 
solar  meridian?  This  does  not  seem  at  all  improbable. 

“  In  order  to  examine  the  facts,  all  the  cases  were  noted  during 
the  years  1844  and  1845  in  which  the  daily  mean  horizontal  force 
diminished  one-thousandth  of  its  whole  value  within  an  interval 
of  three  davs;  they  were  found  to  be  twenty-eight  in  number. 
If  we  call  the  solar  meridian  presented  to  us  on  the,  1st  of  Janu¬ 
ary,  1844,  the  zero  meridian  (0),  and  consider  the  time  of  rotation 
to  be  twenty-six  days,  and  that  there  are  twenty-six  meridians, 
we  find  that  the  solar  meridians  presented  to  us  when  these  great 
movements  occurred  may  be  arranged  in  a  few  groups,  as  in  the 
following  table  ”  [Table  XXIV.,  p.  184J. 

“An  examination,”  continues  Broun,  “of  this  table  will  show 
that  nearly  half  of  the  great  changes  began  when  the  eighth 
meridian  after  the  zero  had  passed,  while  five  began  near  the 
twelfth  after,  and  five  near  the  zero  itself.  ...  If  any  doubt 
existed  as  to  the  possibility  of  these  being  mere  accidental  coin¬ 
cidences,  it  would  be  removed,  I  think,  by  a  consideration  of  the 
marked  succession  occurring  between  July  31  (No.  18)  and 
December  11,  1845  (No.  28).  ...  If  we  neglect  the  two  cases  of 
July  31  and  August  26,  which  commence  at  +6  and  +5  respect¬ 
ively,  we  have  five  cases  of  successive  solar  rotations  in  which 
the  diminutions  of  intensity  began  on  the  +8  day.  This  exact 
recurrence  at  the  end  of  twenty-six  days  of  a  marked  diminution 
of  force  proves,  it  seems  to  me,  that  the  actions  are  all  due  to  the 
sun,  whose  time  of  rotation  must  be  nearly  twenty-six  days. 

“  An  examination  will  show  that  the  sudden  diminutions  of 
terrestrial  magnetic  force  are  in  nearly  every  case  preceded  by  a 
sudden  increase.” 

In  the  above  extract  we  have  given  the  author’s  exact 
words,  but,  while  thinking  with  him  that  these  actions  are 
due  to  the  sun,  it  does  not  appear  to  us  to  follow  that  the 
time  of  the  sun’s  rotation  must  be  nearly  twenty-six  days. 
This  assumes  that  the  meridian  of  peculiar  power  is  fixed 
on  the  solar  surface.  It  does  not,  however,  seem  impossible 
to  imagine  that  such  a  meridian  may  have  a  proper  motion 
of  its  own,  and  indeed  the  planetary  hypothesis  of  the 
origin  of  sun-spots  would  rather  lead  to  this  conclusion.  But 
if  this  be  the  case  we  shall  be  unable  to  deduce  from  recur¬ 
rent  magnetic  disturbances  the  true  value  of  the  period  of 
solar  rotation. 

87.  He petitions  of  Magnetic  Changes.— J.  B.  Capello,  director 
of  the  Lisbon  observatory  ( Proc .  Roy.  Soc.,  October,  1868), 
has  remarked  that  at  periods  of  disturbance  there  are  nearly 
synchronous  movements  of  the  declination  needle  during 
corresponding  hours  for  two,  three,  or  more  days.  He  thus 
describes  these  phenomena : 

“  In  some  cases  the  repetition  is  only  in  two  or  three  parallel 
movements;  in  others  there  are  true  periods  of  repetition  of 
some  hours  induration.  The  repeated  periods  are  not  entirely 
similar,  their  phases  being  so  modified  that  in  some  cases  their 
identity  can  only  be  recognized  by  a  very  minute  investigation. 
The  same  periods,  when  repeated,  have  not  always  the  same  total 
duration ;  nor  do  they  recommence  at  the  same  precise  hour,  but 
sometimes  earlier  and  sometimes  later,  the  differences  varying 
from  a  few  minutes  to  two  or  three  hours.  We  also  see  that  the 
greatest  number  of  repetitions  belong  to  the  night  hours,  that  is  to 
say,  those  hours  when  the  movementsof  the  needle  are  easterly. 
In  the  morning  hours  there  do  not  appear  to  be  any  well-marked 
repetitions.  There  are  twenty-four  examples  now  given,  fifteen 
of  which  show  repetition  on  two  days,  eight  on  three  days,  and 
only  one  where  the  curve  appears  repeated  for  four  days.  It 
appears  that  all  the  facts  exhibited  in  these  examples  agree  with 
the  cosmical  theory;  the  cause  (existing  in  the  sun  or  in  space) 
appears  to  continue  sometimes  during  two,  three,  or  several  days 
without  undergoing  remarkable  transformations.  The  repetition, 

a  Phil.  Mag.,  August,  1858;  Phil.  Trans.,  1876. 
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beinir  sometimes  earlier  sometimes  later,  seems  also  to  indicate 
that  °the  cause  possesses  a  proper  movement ;  the  cause  persists, 
but  only  comes  again  into  operation  when  the  earth  by  its  diur¬ 
nal  rotation  is  placed  in  a  similar  position  or  conjunction  to  that 
of  the  preceding  days.” 

Stewart,  hav¬ 
ing  compared 
Capello’s  curves 
with  the  corre- 
spondingtraces 
of  the  declina¬ 
tion  at  Kew, 
found  that  the 
Lisbon  disturb¬ 
ances  are  al¬ 
most  invaria¬ 
bly  reproduced 
at  Kew  at  the 
same  time,  only 
to  a  greater  ex¬ 
tent,  and  also 
that  the  same 
amount  of  sim¬ 
ilarity  which 
the  various 
Lisbon  curves 
exhibit  is  ex¬ 
hibited  in  the 
correspon  ding 
Kew  curves. 

The  strongest 
point  in  favor 
of  the  hypoth¬ 
esis  is,  he 
thinks,  “not  so 
much  the  rep¬ 
etition  of  a  sin¬ 
gle  disturbance 
as  the  repeti- 
tionof  a  compli¬ 
cated  disturb¬ 
ance  in  most  if 
notall  ofitssin- 
uosities,”  Seve¬ 
ral  examples  of 
this  occur  in 
the  diagrams. 

It  would  seem 
that  something 
of  the  above 
nature  was 
suspected  by 
Humboldt,  the 
earliest  inves¬ 
tigator  of  dis- 
tu  rbances. 

Humboldt  was 
astonished  to 
discover  the 
frequency  with 
which  noctur¬ 
nal  perturba¬ 
tions  occurred, 
sometimes  re¬ 
curring  at  the 
same  hour  on 
several  success¬ 
ive  nights 
(Walker’s  Mag¬ 
netism,  p.  80). 

We  would 
make  two  sug¬ 
gestions  before 
dismissing  the 
subject. 

(1)  If  we  im¬ 
agine  that  these 
changes  are 
caused  by  the 
solar  influence 
acting  vertically  on  some  susceptible  region  of  the  earth, 
then,  inasmuch  as  they  occur  at  the  evening  or  early  night 
hours,  this  region  must  lie  considerably  to  the  west. 

(2)  The  region  must  also  have  a  proper  motion  of  its  own 
(see  Capello’s  remark).  Is  it  possible  that  this  proper  motion 
is  on  the  whole  from  west  to  east, — a  motion  which  we 
know  is  pursued  by  meteorological  weather,  and  in  which  it 
is  imagined  (§  52)  that  magnetical  weather  as  defined  by  us 
likewise  participates  ? 

88.  Comparison  of  Declination  Changes  at  Stations  near  each 
other. — Messrs.  Sidgreaves  and  Stewart  (Pro.  Boy.  Soc.,  Octo¬ 


Table  XXIV. — Cases  in  which  the  Earth's  Magnetic  Force 
diminished  One-thousandth  of  its  Value  or  more  in  1844-5  (£  86). 


No.  of  Case. 

Date 

(Jan.  1, 1844 

=  0). 

Change  of 

Force  in 

Hundred- 

thousandths. 

Solar  Meridians. 

5  to  10. 

1  to  14. 

-3  to  +  1 
and  others. 

1 

87  to  89 

-360 

+8  to  +10 

2 

110  to  116 

-104 

+11  to  +12 

3 

141  to  143 

-107 

+11  to  +12 

4 

189  to  190 

-116 

4-7  to  4-  8 

5 

213  to  214 

-175 

-f5  to  -{■  6 

6 

221  to  222 

-135 

+  13  to  +14 

7 

267  to  270 

-115 

+7  to  +10 

8 

273  to  274 

-104 

+13  to  +14 

9 

292  to  294 

-268 

4"  6  to  4"  8 

10 

323  to  325 

-130 

+13  to  +14 

11 

361  to  364 

-165 

-3  to  0 

12 

373  to  375 

-210 

+9  to  +11 

13 

383  to  385 

-163 

(-6  to  -4) 

14 

416  to  417 

-118 

Oto  +1 

15 

467  to  469 

-350 

-1  to  +1 

16 

526  to  528 

-no 

4-6  to  4"  8 

17 

570  to  571 

-154 

-2  to  -1 

18 

577  to  580 

-102 

+6  to  +  9 

19 

603  to  604 

-101 

4"  5  to  4~  6 

20 

606  to  607 

-159 

4- 8  to  4-  9 

21 

632  to  633 

-153 

4-8  to  4~  9 

22 

646  to  648 

-126 

(-4  to  -2) 

23 

658  to  659 

-118 

4- 8  to  4~  9 

24 

668  to  670 

-100 

(-8  to  -6) 

25 

684  to  687 

-100 

+8  to  +10 

26 

696  to  698 

-110 

( - 6  to  -4) 

27 

702  to  703 

-291 

-0  to  +1 

28 

710  to  712 

-122 

4-8  to  4~  16 

ber,  1868)  have  compared  together  certain  curves  of  the 
Kew  and  Stonyhurst  declination  magnetographs.  These 
magnetographs  are  of  the  same  pattern,  and  it  was  found 
that  on  ordinary  occasions  the  declination  traces  at  both 
stations  were  precisely  alike.  This  was  confirmed  by  placing 
the  curves  the  one  over  the  other,  when  they  were  found  to 
coincide  even  in  their  most  minute  features.  In  times  of 
disturbance,  however,  it  was  found  that  the  motions 
exhibited  by  the  Stonyhurst  curves  were  greater  than  those 
at  Kew,  and  this  excess  of  Stonyhurst  over  Kew  depended 
not  so  much  on  the  absolute  size  of  the  disturbance  as  on  its 
abruptness. 

This  feature  of  the  comparison  is  exhibited  in  the  follow¬ 
ing  table  (XXV.),  in  which  the  excess  of  Stonyhurst  over 
Kew  in  scale  divisions  is  compared  with  the  abruptness  of 
the  disturbance,  this  element  being  measured  by  the  changes 
occurring  in  unit  of  time : 


Group  I. 

Group  II. 

Group  III. 

Group  IV. 

Excess 
(under  5). 

Abruptness. 

Excess 
(under  10). 

Abruptness. 

Excess 
(under  20). 

Abruptness. 

Excess 
(above  20). 

Abruptness. 

2 

3.7 

6 

4.2 

10 

.5 

21 

7.3 

2 

6.4 

6 

2.6 

10 

0 

25 

2.9 

-3 

4.0 

8 

6.3 

11 

.7 

25 

10.7 

0 

3.1 

5 

3.3 

10 

0 

20 

7.0 

0 

3.1 

8 

8.7 

10 

.8 

21 

6.6 

4 

2.9 

5 

3.5 

15 

6.4 

21 

11.2 

1 

1-8 

7 

6.3 

11 

4.9 

22 

9.6 

4 

3.3 

9 

4.7 

13 

7.4 

24 

7.8 

3 

5.2 

5 

4.1 

Means  1.5 

3.7 

6.6 

4.9 

11 

6.5 

22 

7.9 

It  is  very  desirable  that  further  comparisons  of  this  nature 
should  be  made. 

89.  Auroral  Displays. — These  are  very  frequent  if  not  con¬ 
tinuous  near  the  magnetic  poles,  while  in  middle  latitudes 
they  are  the  invariable  accompaniments  of  all  considerable 
magnetic  storms.  Near  the  equator  they  hardly  ever  occur. 

There  is  a  considerable  variety  in  the  forms  assumed  by 
these  displays,  and  it  is  possible  that  this  may  denote  a  cor¬ 
responding  variety  in  the  cause  or  causes  which  give  rise  to 
this  phenomenon. 

Loomis  ( Smithsonian  Report  for  1865)  specifies  five  such 
varieties:  (1)  a  horizontal  light  like  the  morning  aurora  or 
break  of  day ;  (2)  an  arch  of  light  which  frequently  extends 
entirely  across  the  heavens  from  east  to  west  and  cuts  the 
magnetic  meridian  nearly  at  right  angles, — in  the  polar 
regions  five  such  arches  have  been  seen  at  once ;  (3)  slender 
luminous  beams  or  columns  well-defined  and  often  of  a 


Fig.  38. 
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bright  light;  (4)  the  corona,  the  centre  of  which  is  invaria¬ 
bly  near  the  magnetic  zenith,  but  not  always  exactly  coin¬ 
cident  with  it;  and  (5)  waves  or  flashes  of  light. 

90.  Auroras  exhibit  the  same  annual  variation  as  mag¬ 
netic  disturbances,  and  are  most  frequent  about  the  equi¬ 
noxes — a  fact  first  observed  by  Maizan.  Kaemtz  in  his 
Meteorology  gives  the  following  table,  which  is  applicable 
to  European  auroras. 

Table  XXVI. — Monthly  Frequency  of  European  Auroras. 
Jan.  Feb.  Mar.  April.  May.  June.  July.  Aug.  Sept.  Oct.  Nov.  Dec. 
229  307  440  312  184  65  87  217  405  497  285  225 

Loomis  again  in  the  memoir  already  quoted  gives  the  dis¬ 
tribution  of  American  auroras  over  the  various  months  de¬ 
rived  from  one  hundred  and  thirteen  years’  observations  at 
New  Haven  and  Boston,  twenty-five  years’  observations  at 
New  York,  and  two  years’  observations  in  Canada.  His  re¬ 
sults  are  represented  in  the  following  table : 

Table  XXVII. — Monthly  Frequency  of  American  Auroras. 


Boston  and 
New  Haven. 

New  York. 

Canada. 

Sum. 

January . 

81 

76 

16 

173 

February . 

93 

86 

31 

210 

March . 

110 

106 

24 

240 

April . 

104 

125 

38 

267 

May . 

86 

83 

22 

191 

June . 

83 

79 

17 

179 

July . 

123 

100 

21 

244 

August . 

102 

122 

14 

238 

September . 

143 

131 

19 

293 

October . 

99 

110 

27 

236 

November . 

115 

74 

26 

215 

December . 

83 

60 

16 

159 

It  appears  from  this  table  that  American  like  European 
auroras  exhibit  a  maximum  of  frequency  about  the  equi¬ 
noxes. 

91.  Since  auroras  and  magnetic  disturbances  go  together, 
it  is  natural  to  imagine  that  we  should  have  great  auroral 
displays  in  years  of  maximum  sun-spots.  This  is  found  to 
be  the  case,  and  in  the  following  table  (XXVIII.)  Wolf’s 
proportional  numbers  denoting  sun-spot  frequency  are  com¬ 
pared  with  the  number  of  auroras  witnessed  in  Europe  and 
America  as  compiled  by  Loomis.  It  will  be  seen  from  this 
table  that  years  of  maximum  auroras  coincide  very  well 
with  years  of  maximum  sun-spots. 


In  Fig.  39  a  graphical  representation  is  given  of  the  like¬ 
ness  which  subsists  between  the  progress  of  auroral  fre¬ 
quency,  spot  frequency,  and  declination  ranges. 

92.  While  the  results  now  given  leave  little  doubt  as  to 
the  fact  of  a  connection  of  some  sort  subsisting  between 
sun-spots  on  the  one  hand  and  magnetic  disturbances  and 


auroras  on  the  other,  yet  it  is  desirable  to  obtain  evi¬ 
dence  as  to  the  closeness  of  the  connection  between  auroras 
and  sun-spots  similar  to  that  which  was  exhibited  in  §  82, 
and  which  showed  the  close  connection  in  point  of  time 
between  sun-spots  and  disturbances.  Loomis  has  with  this 
view  treated  auroras  in  precisely  the  same  way  in  which 
he  treated  disturbances,  and  has  obtained  the  following 
table : 


Table  XXIX. — Extent  of  Spotted  Solar  Surface. 

Aurora. 


Days  after  Aurora. 
1  2  3  4  5  6 


Days  before  Aurora. 

6  5  4  3  2  1 

251 days  }  50'3  52,7  61’°  51’2  53-1 53-7  60-5  54-8  52-5  53-3  51-4  53-3  50-7 


From  which  he  concludes  that  “  auroral  observations  in  the 
middle  latitudes  of  America  are  generally  accompanied  by 
a  maximum  disturbance  of  the  sun’s  surface  on  the  very 
day  of  the  aurora.” 

93.  Earth  Currents. — These  are  electrical  currents  which 
take  place  in  the  moist  crust  of  the  earth,  and  were  first 
detected  by  W.  H.  Barlow  (Phil.  Trans.,  1849).  At  a  later 
period  they  were  systematically  observed  and  studied  by  C. 
V.  Walker  (Phil.  Trans.,  1862).  They  are  now  continuously 
recorded  by  photography  at  the  Royal  Observatory,  Green¬ 
wich.  Earth  currents  are  particularly  strong  during  mag¬ 
netic  disturbances.  Sir  George  Airy  has  graphically  com¬ 
pared  together  certain  magnetic  disturbances  as  recorded 
by  the  Greenwich  self-recording  magnetographs  and  the 
simultaneous  earth  currents  recorded  by  appropriate  gal¬ 
vanometers  ( Phil.  Trans.,  1868),  and  finds  it  almost  impossi¬ 
ble  to  avoid  the  conclusion  that  the  magnetic  disturbances 
are  produced  by  terrestrial  galvanic  currents  below  the 
magnets.  The  likeness  between  the  two  systems  of  graphi¬ 
cal  representations  is  unquestionably  very  striking.  But, 
while  there  is  no  doubt  an  intimate  connection  between 
earth  currents  and  magnetic  disturbances,  there  is  one  cir¬ 
cumstance  which  should  make  us  pause  before  assigning 
the  former  as  the  complete  and  efficient  cause  of  the  latter. 
It  is  thus  indicated  by  Lloyd : 1 


“  When  we  examine  the  curves  in  which  Mr.  Barlow  has  rep¬ 
ented  the  course  of  the  galvanometric  deflections  caused  by 
lie  earth  currents,  we  observe  that  the  regularity  of  that  course 
!  continually  interrupted  by  rapid  reciprocating  movements  in 
;hich  the  needle  oscillates  from  one  side  to  the  other  of  the  zero 
lternately.  These  movements  aie  similar  to  those  of  the  mag- 
etometers  with  which  we  are  familiar;  but  they  are  much  more 
apid,  and  bear  a  larger  proportion  to  the  regular  changes.  .  .  .  . 
have  selected  for  calculation  the  observations  made  during  the 
ix  hours  commencing  at  3  a.m.  on  May  29,  1848,  that  being  a 
eriod  of  comparative  disturbance.  The  sum  of  the  changes  of 
lie  galvanometer  needle  during  that  period,  on  the  Derby  and 
Lugby  line,  was  equivalent  to  571  divisions  of  the  instrument-- 
he  mean  daily  range  for  the  entire  week  being  11.4  divisions  and 

he  ratio  =  50 _ The  sum  of  the  changes  of  the  Greenwich  dec- 

inometer  during  the  same  period  was  only  57  minutes,  the  mean 
ailv  range  being  12.4  minutes.  In  like  manner  the  sum  of  the 
hanges  of  the  horizontal  force  was  .0158  and  the  mean  daily 
ange  0034.  The  ratio  is  accordingly  the  same  for  the  two 
lagnetic  elements,  and  its  amount  is  4.6,  or  less  than  one-tenth 
f  the  corresponding  ratio  in  the  case  of  the  galvanometrical 
hanges.  We  learn  therefore  that  the  rapid  changes  of  the  earth 
urrents  are  much  greater  in  proportion  to  the  regular  daily 
hanges  than  the  corresponding  movements  of  the  magneto- 
leters.” 

1  Trans.  Roy.  Irish  Acad.,  xxiv.  116. 
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We  shall  return  to  this  subject  in  a  subsequent  part  of 
this  article. 

94.  Inequalities  in  Terrestrial  Magnetism  caused  by  the  Moon. 
— Kreil  in  1841  was  the  first  to  point  out  that  the  moon  has 
a  small  influence  on  the  position  of  the  declination  needle, 
and  shortly  afterwards  the  same  fact  was  independently 
discovered  by  John  Allan  Broun.  The  more  recent  observa¬ 
tions  of  Sabine  and  of  Broun,  but  especially  those  of  the 
latter,  have  thrown  much  light  upon  the  nature  of  this 
action.  As  the  lunar  influence  is  not  generally  large,  it  is 
necessary  to  free  the  observations  from  the  results  of  other 
inequalities,  and  this  has  been  done  by  the  two  observers 
above  mentioned.  The  results  given  in  Table  XXX.  have 
been  obtained  by  Sabine  (see  Walker’s  Magnetism). 

95.  Thus  (1)  the  mean  effect  of  the  moon  upon  the  dec¬ 

lination  needle  is  to  cause  in  each  lunar  day  a  double  os¬ 
cillation,  and  Sabine  has  shown  that  the  lunar  influence 
upon  the  other  magnetic  elements  is  of  a  similar  type.  (2) 
The  turning-points  for  both  hemispheres  are  in  all  cases 
not  far  removed  from  the  lunar  hours  0,  6,  12,  18.  (3)  In 

the  northern  stations  we  have  a  maximum  westerly  deflec¬ 
tion  about  the  hours  0  and  12  and  a  maximum  easterly  de¬ 
flection  about  the  hours  6  and  18,  while  in  the  southern 
stations  the  action  is  the  reverse  of  this.  (4)  The  oscilla¬ 
tions  would  appear  to  be  most  decided  at  those  stations, 
such  as  Toronto  and  Hobart  Town,  that  are  far  removed 
from  the  equator. 


Table  XXX. — Mean  Lunar-Diurnal  Variation  in  Declination. 


Lunar 

Hour. 

Kew. 

Toronto 

Peking. 

St. 

Helena. 

Cape. 

Hobart 

Town. 

ft 

n 

// 

tt 

rt 

tr 

0 

-  6.2 

-18.9 

-4.2 

+2.6 

+  8.9 

+5.9 

1 

-  9.6 

-16.5 

-3.3 

+0.3 

+  6.4 

+8.3 

2 

-  8.4 

-  9.5 

-1.5 

-2.2 

+  2.1 

+8.5 

3 

-  2.0 

-  0.1 

+0.7 

-4.2 

-  2.6 

+6.4 

4 

-  0.6 

+  9.2 

+2.6 

-5.1 

-  6.5 

+2.7 

5 

+  4.0 

+15.9 

+3.7 

-4.6 

-  8.4 

-1.6 

6 

+  9.0 

+18.1 

+3.9 

-2.9 

-  7.9 

-5.3 

7 

+11.3 

+15.3 

+3.0 

-0.3 

-  4.9 

-7.3 

8 

+  9.6 

+  8.2 

+1.3 

+2.6 

-  0.3 

-7.2 

9 

+  4.7 

-  0.4 

-0.6 

+4.9 

+  4.7 

-4.9 

10 

-  0.1 

-10.7 

-2.2 

+6.1 

+  8.6 

-1.0 

11 

-  5.5 

-17.3 

-3.1 

+5.9 

+10.6 

+3.4 

12 

-  9.6 

-19.4 

-2.9 

+4.4 

+  9.9 

+7.2 

13 

-11.3 

-16.3 

-1.7 

+1.9 

+  6.7 

+9.1 

14 

-  9.5 

-  8.9 

+0.2 

-0.8 

+  1.8 

+8.8 

15 

-  5.4 

+  1.0 

+2.3 

-3.1 

-  3.5 

+6.3 

16 

-  0.6 

+10.8 

+4.0 

-4.4 

-  7.9 

+2.1 

17 

+  5.1 

+17.8 

+5.0 

-4.4 

-10.3 

-2.7 

18 

+  8.5 

+20.2 

+4.8 

-3.1 

-10.1 

-6.7 

19 

+  9.8 

+  17.4 

+3.5 

-1.0 

-  7.3 

-9.1 

20 

+  8.8 

+10.2 

+1.5 

+1.5 

-  2.7 

-9.1 

21 

+  7.4 

+  0.4 

-0.8 

+3.5 

+  2.4 

-6.8 

22 

+  2.4 

-  9.3 

-2.9 

+4.4 

+  6.7 

-2.8 

23 

-  1.6 

-15.9 

-4.1 

+4.1 

+  9.2 

+1.8 

In  this  table  +  indicates  that  the  north  end  of  the  magnet  is  to 
the  east,  and  -  that  it  is  to  the  west  of  its  mean  position. 


96.  Annual  Variation  of  Lunar  Effect. — Broun  has  recently 
studied  with  much  success  the  peculiarities  of  the  lunar 
influence  at  Trevandrum,  and  has  obtained  some  very  un¬ 
expected  results.  His  first  result  was  that  the  nature  of 
the  lunar  influence  upon  the  declination  needle  at  Trevan¬ 
drum  depends  upon  the  time  of  the  year,  and  that  the 
southern  type  of  lunar  action  predominates  at  Trevandrum 
during  the  winter  and  the  northern  type  during  the  sum¬ 
mer  months.  If  we  take  the  mean  of  the  whole  year,  then 
probably  the  southern  type  will  be  found  to  predominate. 

97.  Mean  Lunar-Diurnal  Variation  during  the  Day  and  du¬ 
ring  the  Night. — Broun  has  shown  that  the  action  of  the 
moon  on  the  declination  needle  at  Trevandrum  is  greater 
in  every  month  of  the  year  during  the  day  than  during  the 
night.  The  following  table  (XXXI.)  gives  the  day  and 
night  ranges  for  the  various  months  and  their  ratios : 


Range. 

Jan. 

& 

March. 

April. 

May. 

June. 

July. 

Aug. 

Pi 

Q 

c n 

Oct. 

> 

O 

£ 

Dec. 

f 

1 

1 

/ 

/ 

/ 

I 

I 

t 

/ 

I 

1 

Day . 

0.85 

0.47 

0.49 

0.41 

0.24 

0.36 

0.40 

0.39 

0.31 

0.23 

0.41 

0.69 

Night . 

0.24 

0.26 

0.23 

0.22 

0.14 

0.11 

0.22 

0.18 

0.21 

0.21 

0.20  0.23 

Ratio . 

3.6 

1.8 

2.1 

1.8 

1.6 

3.2 

1.9 

2.1 

1.5 

1.1 

2.1 

3.0 

It  would  appear  from  Broun’s  observations  that  there  is  a 
difference  of  type  as  well  as  a  difference  of  range. 

98.  Lunar-Diurnal  Variation  with  Deference  to  the  Moon's 
Distance. — Both  Sabine  and  Broun  have  shown  that  this 
variation  is  greater  for  perigee  than  for  apogee.  Broun  has 
found  that  the  mean  ratio  of  the  apogee  effect  to  the  perigee 


effect  is  as  1  to  1.24  nearly.  He  remarks  that  “  the  ratio  of 
the  moon’s  mean  distance  from  the  earth  in  the  half  orbit 
about  apogee  is  to  that  in  the  half  orbit  about  perigee  nearly 
as  1.07  is  to  1 ;  as  the  cube  of  1.07  is  1.23  nearly,  we  see  that 
the  mean  ranges  of  the  curves  for  the  two  distances  are  in 
the  approximate  ratios  of  the  inverse  cubes  of  the  moon’s 
distance  from  the  earth,  as  in  the  theory  of  the  tides.” 

99.  Lunar-Diurnal  Variation  with  Reference  to  the  State  of  the 
Sun's  Surface. — Kreil  in  a  memoir  presented  to  the  Imperial 
Academy  of  Science  in  1852  considers  fhat  the  observa¬ 
tions  at  Prague  and  Milan  tend  to  show  the  existence  of  a 
solar  period  in  the  lunar  variations.  Sabine  (Phil.  Trans., 
1856)  has  discussed  the  Toronto  observations  and  also  (Phil. 
Trans.,  1857)  the  Hobart  Town  observations  with  the  view 
of  deciding  this  important  point,  and  has  come  to  the  con¬ 
clusion  that  there  is  no  systematic  difference  in  the  lunar- 
variation  corresponding  to  the  decennial  period  of  the  solar- 
diurnal  variation,  but  merely  such  casual  fluctuations  as 
might  be  reasonably  expected,  considering  the  shortness  of 
the  periods  which  they  represent. 

We  have  made  a  preliminary  discussion  of  Broun’s  Tre¬ 
vandrum  observations  with  the  view  of  throwing  a  little 
more  light  on  this  subject.  For  this  purpose  we  have  taken 
the  ranges  of  the  lunar-diurnal  variations  recorded  by  him 
for  each  month  of  each  year.  We  have  in  the  first  place 
grouped  these  ranges  together  into  threes,  representing 
quarterly  results,  and  have  then  compared  together  these 
quarterly  results  for  years  of  small  and  for  years  of  great 
sun-spot  frequency, — assuming  the  years  1854-56  and  1863- 
64  to  represent  the  former,  and  the  years  1857-62  to  repre¬ 
sent  the  latter.  We  have  thus  obtained  the  following  re¬ 
sult  : 


Table  XXXII. — Relation  between  Lunar-Diurnal  Ranges  of 
Declination  at  Trevandrum  and  Sun-Spot  Frequency. 


Great  Sun-Spot 
Frequency. 

Small  Sun-Spot 
Frequency. 

February,  March,  April . 

1 

0.501 

/ 

0.493 

May,  June,  July . 

.464 

.380 

August,  September,  Octob'r.. 

.504 

.419 

November,  December,  Jan’y 

.641 

.533 

It  would  appear  from  this  table  that  such  ranges  are 
greater  at  years  of  maximum  than  at  years  of  minimum 
sun-spot  frequency.  Nevertheless  the  proof  is  not  con¬ 
clusive,  inasmuch  as  associated  with  such  lunar  ranges  we 
may  have  remnants  of  solar  disturbance,  the  tendency  of 
which  might  possibly  be  to  increase  the  apparent  range. 
Now  such  disturbances  are  more  frequent  at  times  of  max¬ 
imum  sun-spots,  and  it  might  therefore  be  conjectured  that 
this  tendency  would  be  to  increase  the  apparent  lunar 
range  at  such  times  above  the  range  corresponding  to  years 
of  minimum  sun-spots.  On  the  whole  we  are  not  disposed 
to  think  that  the  evidence  already  adduced  is  sufficient  to 
decide  this  question  as  a  matter  of  fact  either  in  the  one 
direction  or  in  the  other. 

100.  Variation  in  the  Diurnal  Range  of  Declination  depend¬ 
ing  upon  the  Age  of  the  Moon. — Capello  (Annals  of  Lisbon  Ob¬ 
servatory,  1876)  and  Stewart  (Proc.  Roy.  Soc.,  1877)  have  sepa¬ 
rately  found  that  the  range  of  declination  is  greatest  about 
the  times  of  new  and  full  moon,  a  result  recently  confirmed 
by  C.  Chambers,  of  Bombay.  The  following  are  the  results 
recorded  by  Stewart,  derived  from  197  lunations  at  the  Kew 
Observatory : 

Table  XXXIII. —  Variation  of  Diurnal  Range  of  Declina¬ 
tion  with  Moon’s  Age,  (0)  denoting  New  and  (4)  Full  Moon. 

Phase  of  lunation .  (0)  (1)  (2)  (3)  (4)  (5)  (6)  (7) 

Value  of  range .  519  512  499  499  507  508  499  503 

101.  Earth  Currents  caused  by  Lunar  Influence. — Mr.  Alex¬ 
ander  J.  S.  Adams  (Nature,  March  3,  1881)  has  made  use  of 
a  telegraph  wire  the  ends  of  which  were  connected  with 
the  earth,  the  one  at  Cardiff  and  the  other  at  London.  He 
observed  the  currents  on  this  wire  every  quarter  of  an 
hour  from  March  28  to  April  26,  1879.  He  believes  that 
such  are  earth  currents,  and  that  they  have  a  lunar-diurnal 
variation.  There  are  during  the  lunar  day,  according  to 
this  observer,  four  electrical  maxima,  two  positive  and  two 
negative,  each  maximum  being  divided  from  the  next  by  a 
zero  or  point  of  no  current.  His  results  likewise  exhibit  a 
regular  retardation  or  lagging  of  the  earth-current  varia¬ 
tions  behind  the  corresponding  phase  of  the  moon  to  the 
extent  of  nearly  three  hours,  but  these  require  confirma¬ 
tion  from  further  observations. 
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The  Effect  of  Solar  Variability  on  the  Meteor¬ 
ology  of  the  Earth. 

102.  We  may  learn  from  the  preceding  paragraphs  that 
the  sun  exercises  a  more  powerful  influence  upon  the  mag¬ 
netism  of  the  earth  at  times  of  maximum  than  at  times  of 
minimum  sun-spots.  It  remains  now  to  find  whether  a 
similar  variability  obtains  in  the  phenomena  of  terrestrial 
meteorology.  For  this  purpose  we  may  divide  the  meteor¬ 
ological  elements  into  the  four  divisions  of  pressure,  rain¬ 
fall,  wind,  and  temperature,  inquiring  in  what  manner 
these  are  affected  by  solar  inequalities. 

103.  Pressure. — In  1871  Baxendell  ( Memoirs  of  the  Lit.  and 
Phil.  Society  of  Manchester,  1871-72),  from  an  analysis  of 
eleven  years  of  the  Radcliffe  observations,  Oxford,  came  to 
the  conclusion  that  in  years  of  maximum  sun-spots  the 
maximum  barometric  pressure  occurred  under  northeast 
winds  and  the  minimum  under  southwest,  while  in  years  of 
minimum  sun-spots  the  maximum  and  minimum  pressures 
took  place  respectively  under  north  and  southeast  winds. 
He  came  likewise  to  the  conclusion  that,  besides  this  dif¬ 
ference  in  distribution  of  the  convection  currents  of  the 
earth,  the  forces  which  give  rise  to  the  movements  of  the 
atmosphere  appear  to  be  more  energetic  in  years  of  max¬ 
imum  than  in  years  of  minimum  sun-spots. 

104.  A  study  of  the  isobaric  lines  would  appear  to  be 
the  best  method  of  obtaining  information  upon  this  im¬ 
portant  point.  It  is  well  known  that  during  summer  the 
interiors  of  large  continents  have  a  peculiarly  low  and  the 
surrounding  oceans  a  peculiarly  high  atmospheric  pressure ; 
while  a  disposition  exactly  the  reverse  obtains  during  the 
winter  months.  All  this  is  no  doubt  due  to  solar  action, 
and  we  might  therefore  imagine  that  when  the  sun  is  pecu¬ 
liarly  powerful  these  peculiarities  of  distribution  will  be 
found  to  be  increased  in  prominence,  while  they  will  be 
diminished  at  times  of  comparatively  weak  solar  influence. 

The  distribution  of  pressure  has  been  studied  with  much 
success  by  the  Indian  meteorologists,  including  Messrs. 
Archibald,  Blanford,  Broun,  Charles  and  Frederick  Cham¬ 
bers,  Eliot,  and  Hill,  and  the  following  conclusion  is  the 
result  of  their  labors.  We  may  assume  that  the  Indo- 
Malayan  region  has  for  the  mean  of  the  year  a  barometric 
pressure  probably  below  the  general  average  of  the  earth. 
We  might  therefore  imagine  that  during  years  of  powerful 
solar  influence  this  peculiarity  would  be  increased.  Now 
these  observers  have  found  that  in  this  Indo-Malayan  region 
the  barometer  is  abnormally  low  during  times  of  maximum 
sun-spots.  Again,  Western  Siberia  is  a  district  which  in 
the  winter  season  has  a  pressure  decidedly  above  the  aver¬ 
age,  and  we  should  therefore  imagine  that  during  years  of 
powerful  solar  influence  this  winter  pressure  should  he 
peculiarly  high.  But  this  is  what  Blanford  has  found  in 
his  discussion  of  the  Russian  stations  to  correspond  with 
years  of  maximum  sun-spots.1 

Again,  Frederick  Chambers  has  enunciated  the  following 
laws  as  resulting  from  his  discussion  of  various  meteoro¬ 
logical  records: 

(1)  Variations  of  the  sun-spot  area  are  succeeded  some 
months  afterwards  in  the  Indo-Malayan  region  by  corre¬ 
sponding  abnormal  barometric  variations,  a  high  barometer 
corresponding  to  a  minimum  of  sun-spots. 2 

(2)  This  lagging  behind  is  greater  for  easterly  than  for 
westerly  stations.  In  other  words,  this,  like  other  meteoro¬ 
logical  phenomena,  appears  to  travel  from  west  to  east. 

We  may  therefore  conclude  that  the  barometric  evidence 
as  far  as  it  goes  is  in  favor  of  the  hypothesis  that  the  sun  is 
most  powerful  at  times  of  maximum  sun-spots. 

105.  Rainfall — Heights  of  Rivers  and  Lakes. — In  1872  Mel- 
drum  of  the  Mauritius  Observatory  brought  forward  evi¬ 
dence  showing  that  the  rainfalls  at  Mauritius,  Adelaide,  and 
Brisbane  were  on  the  whole  greater  in  years  of  maximum 
than  in  years  of  minimum  sun-spots.  Shortly  afterwards 
it  was  shown  by  Lockyer  ( Nature ,  December  12,  1872)  that 
the  same  law  was  observable  in  the  rainfalls  at  the  Cape  of 
Good  Hope  and  Madras. 

Meldrum  has  since  found  that  the  law  holds  for  a  great 
number  of  stations,  including  eighteen  out  of  twenty -two 
European  observatories,  with  an  average  of  thirty  years’ 
observations  for  each.  The  results  are  exhibited  in  the  fol¬ 
lowing  table  (XXXIV.) : 

It  would,  however,  appear  from  the  observations  of  Gover¬ 
nor  Rawson  that  the  rainfall  in  Barbados  forms  an  exception 
to  this  rule,  being  greatest  about  the  times  of  minimum  sun¬ 
spots. 

106.  Gustav  Wex  in  1873  3  showed  that  the  recorded  depth 
of  water  in  the  rivers  Elbe,  Rhine,  Oder,  Danube,  and  Vis¬ 
tula  for  the  six  sun-spot  periods  from  1800  to  1867  was 
greater  at  times  of  maximum  than  at  times  of  minimum 

1  Nature,  November  25  and  December  2, 1880. 

*  Nature,  March,  1880. 

8  Ingenieur  Zeitschrift,  1873. 
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sun-spot  frequency.  These  conclusions  have  since  been 
confirmed  by  Professor  Fritz.4 


Table  XXXIV. 


Name  of  Observatory. 


1.  St.  Petersburg.. 

2.  Christiania . 

3.  Edinburgh . 

4.  Konigsberg . 

5.  Berlin . 

6.  Utrecht . 

7.  Munster . 

8.  Greenwich . 

9.  Breslau . 

10.  Bonn . . 

11.  Brussels . 

12.  Prague . 

13.  Pans . 

14.  Vienna . 

15.  Kremsmiinster. 

16.  Nicolaieff. . 

17.  Geneva . 

18.  Milan . 

19.  Rome . 

20.  Lisbon . 

21.  Palermo . 

22.  Athens . 


Number  of  Years 
of  Observation. 


Excess  ( +)  or  defect 
( -  )  in  maximum 
Sun-Spot  Years. 


Inches. 


41 

31 

51 

11 

if 

19' 

52 
53j 
if 
41 
39 
64 
11 
41 
11 
41 
39 
18 
11 
41 
11 


+13.08 
+  19.05 
+66.8;} 
-22.7!) 
+10.95 
+  0.44 
+22.0  I 
+11.7-1 
+49.9) 
+  8.9) 
+13.84 
+23.57 
+28.74 
+  9.94 
- 18.3:  | 
+  6.44 
-  6.16 
-11.81 
+18.30 
+  5.05 
+  4.55 
+10.86 


Quite  recently  Stewart  ( Proc.  Lit.  and  Phil.  Soc.  of  Man¬ 
chester,  1882)  has  treated  the  evidence  given  by  Fritz  as 
regards  the  Elbe  and  Seine  in  the  following  manner.  He 
divides  each  sun  period,  without  regard  to  its  exact  length, 
into  twelve  portions,  and  puts  together  the  recorded  river 
heights  corresponding  in  time  to  similar  portions  of  con¬ 
secutive  sun  periods.  He  finds  by  this  means  residual  dif¬ 
ferences  from  the  average  representing  the  same  law  whether 
we  take  the  whole  or  either  half  of  all  the  recorded  ob¬ 
servations,  and  whether  we  take  the  Elbe  or  the  Seine.  The 
law  is  that  there  is  a  maximum  of  river  height  about  the 
time  of  maximum  sun-spots,  and  another  subsidiary  max¬ 
imum  about  the  time  of  minimum  sun-spots.  There  is  some 
reason  too  to  think  that  the  Nile  and  Thames  agree  with 
those  rivers  in  exhibiting  a  maximum  about  the  time  of 
maximum  sun-spots,  and  a  subsidiary  maximum  about  the 
time  of  minimum  sun-spots,  only  their  subsidiary  maximum 
is  greater  than  it  is  for  the  Elbe  and  Seine. 

107.  In  1874  G.  M.  Dawson  came  to  the  conclusion  that 
the  levels  of  the  great  American  lakes  were  highest  about 
times  of  maximum  sun-spots.  In  this  investigation  the 
value  of  the  evidence  derived  from  rivers  and  lakes  is  no 
doubt  greater  than  that  derived  from  any  single  rainfall 
station,  inasmuch  as  in  the  former  case  the  rainfall  of  a 
large  district  is  integrated  and  irregularities  due  to  local  in¬ 
fluence  thus  greatly  avoided. 

108.  Dr.  Hunter,  director-general  of  statistics  in  India, 
has  recently  shown  ( Nineteenth  Century,  November,  1877) 
that  the  recorded  famines  have  been  most  frequent  at  Mad¬ 
ras  about  the  years  of  minimum  sun-spots — years  likewise 
associated  with  a  diminished  rainfall. 

109.  Winds  and  Storms. — Meldrum  of  the  Mauritius  Obser¬ 
vatory  found  in  1872,  as  the  result  of  about  thirty  years’ 
observations,  that  there  are  more  cyclones  in  the  Indian 
Oc'ean  during  years  of  maximum  than  during  years  of  mini¬ 
mum  sun-spots.5  The  connection  between  the  two  is  ex¬ 
hibited  in  the  following  table  (XXXV) : 

In  1873  M.  Poey  6  found  a  similar  connection  between  the 
hurricanes  of  the  West  Indies  and  the  years  of  maximum 
sun-spots.  He  enumerated  three  hundred  and  fifty-seven 
hurricanes  between  1750  and  1873,  and  stated  that  out  of 
twelve  maxima  ten  agreed. 

110.  In  1877  Mr.  Henry  Jeula,  of  Lloyd’s,  and  Dr.  Hunter 
found  that  the  casualties  on  the  registered  vessels  of  the 
United  Kingdom  were  171  per  cent,  greater  during  the  two 
years  about  maximum  than  during  the  two  years  about 
minimum  in  the  solar  cycle. 

111.  Temperature. — Baxendell,  in  a  memoir  already  quoted, 
was  the  first  to  conclude  that  the  distribution  of  tempera¬ 
ture  under  different  winds,  like  that  of  barometric  pressure, 
is  sensibly  influenced  by  the  changes  which  take  place  in 
solar  activity.  In  1870  Piazzi  Smyth  published  the  results 
of  an  important  series  of  observations  made  from  1837  to 
1869  with  thermometers  sunk  in  the  rock  at  the  Royal  Ob¬ 
servatory,  Edinburgh.  He  concluded  from  these  that  a  heat 
wave  occurs  about  every  eleven  years,  its  maximum  being 
not  far  from  the  minimum  of  the  sun-spot  cycle.  Sir  G.  B. 
Airy  has  obtained  similar  results  from  the  Greenwich  oh- 


4  Ueber  die  Beziehungen  der  Sonnenflecken  Periode  zu  den  Magne- 
tischen  und  Mcteorologischen  Erscheinungen  der  Erde,  Haarlem,  1878. 

5  Br.  Assoc.  Reports.  1872. 

6  A.  I’oey,  Sur  les  Rapports,  entre  les  Taches  Solaires  et  les  Ouragana 
des  Antilid,  de  VAtlantique-Nord,  et  de  l’ Ocean  Indieu  Sud. 
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servations.  In  1871  E.  J.  Stone  examined  the  temperature 
observations  recorded  during  thirty  years  at  the  Cape  of 
Good  Hope,  and  came  to  the  conclusion  that  the  same  cause 
which  leads  to  an  excess  of  mean  annual  temperature  at  the 
Cape  leads  equally  to  a  dissipation  of  sun-spots.  Dr.  W. 


Table  XXXV. — Comparison  of  the  Yearly  Number  of  Cy¬ 
clones  occurring  in  the  Indian  Ocean  with  the  Yearly  Number 
of  Spots  on  the  Sun. 


Character 
as  regards 
Sun-Spots. 

Number  of 
Hurricanes. 

Number  of 
Storms. 

Number  of 

Whole 

Gales. 

Number  of 

Strong 

Gales. 

Total  Num¬ 

ber  of  Cy¬ 
clones. 

Number  of 

Cyclones  in 

Max.  and 

Min.Peri’ds. 

( 

1847 

5 

0 

0 

0 

5) 

Max.  -< 

1848 

6 

2 

0 

0 

23 

l 

1849 

3 

2 

3 

2 

10) 

18.50 

4 

3 

1 

0 

8 

1851 

4 

2 

1 

0 

7 

1852 

5 

0 

3 

"  0 

8 

1853 

1 

1 

5 

1 

8 

( 

1854 

3 

1 

0 

0 

4) 

Min.  J 

1855 

3 

2 

0 

0 

5r 

13 

l 

1856 

1 

0 

2 

1 

1857 

2 

1 

1 

0 

4 

1858 

3 

1 

3 

2 

9 

( 

1859 

3 

2 

6 

4 

15) 

Max.  ■{ 

1860 

7 

4 

2 

0 

13  V 

39 

l 

1861 

5 

2 

2 

2 

11  j 

1862 

4 

2 

2 

2 

10 

1863 

5 

2 

1 

1 

.9 

1864 

2 

2 

1 

0 

5 

( 

1865 

2 

2 

3 

0 

7) 

Min.  J 

1866 

1 

4 

2 

1 

8r 

21 

{ 

1867 

0 

4 

2 

0 

6  j 

1868 

3 

2 

2 

0 

7 

( 

1869 

3 

1 

3 

2 

9) 

Max. 

1870 

2 

1 

5 

3 

11  f 

31 

l 

1871 

3 

2 

3 

3 

11  j 

1872 

6 

5 

1 

1 

13 

1873* 

4 

5 

3 

0 

12 

*  Up  to  May  31. 


Koppen  in  1873  discussed  at  great  length  the  connection 
between  sun-spots  and  terrestrial  temperature,  and  found 
that  in  the  tropics  the  maximum  temperature  occurs  fully 
a  year  before  the  minimum  of  sun-spots,  while  in  the  zones 
beyond  the  tropics  it  occurs  two  years  after  the  minimum. 
The  regularity  and  magnitude  of  the  temperature  wave  are 
most  strongly  marked  in  the  tropics. 

112.  The  evidence  now  given  appears  at  first  sight  to  be 
antagonistic  to  that  derived  from  the  other  elements  both 
of  magnetism  and  meteorology,  and  to  lead  us  to  conclude 
that  the  sun  heats  us  most  when  there  are  fewest  spots  on 
its  surface.  This  conclusion  will  not,  however,  be  strength¬ 
ened  if  we  examine  the  subject  with  greater  minuteness. 

Scientifically  we  may  regard  the  earth  as  an  engine,  of 
which  the  sun  is  the  furnace,  the  equatorial  regions  the 
boiler,  and  the  polar  regions  the  condenser.  Now  this 
engine  may  be  supposed  to  work  in  the  following  manner. 
Hot  air  and  vapor  are  carried  along  the  upper,  regions  of 
the  atmosphere  from  the  equator  to  the  poles  by  means  of 
the  anti-trade  winds,  while  in  return  the  cold  polar  air  is 
carried  along  the  surface  of  the  earth  from  the  poles  to  the 
equator,  forming  what  is  known  as  the  trade-winds.  When¬ 
ever  the  sun’s  heat  is  most  powerful  both  trades  and  anti¬ 
trades  should  be  most  powerful  likewise.  But  we  live  in 
the  trades  rather  than  in  the  anti-trades — in  the  surface 
currents,  and  not  in  the  upper  currents  of  the  earth’s  at¬ 
mosphere.  When,  therefore,  the  sun  is  most  powerful  is  it 
not  possible  that  we  might  have  a  particularly  strong  and 
cold  polar  current  blowing  about  us?  The  same  thing 
would  happen  in  the  case  of  a  furnace-fire;  the  stronger 
the  fire  the  more  powerful  the  hot  draught  up  the  chimney, 
the  more  powerful  also  the  cold  draught  from  without 
along  the  floor  of  the  room.  It  might  thus  follow  that 
a  man  standing  in  the  furnace-room  near  the  door  might 
be  chilled  rather  than  heated  when  the  furnace  itself  was 
roaring  loudest.  In  fact  temperature  is  a  phenomenon  due 
to  many  causes.  Thus  a  low  temperature  may  be  due  (1) 
to  a  deficiency  in  solar  power,  (2)  to  a  clouded  sky,  (3)  to 
cold  rain,  (4)  to  cold  winds,  (5)  to  cold  water  and  ice,  (6)  to 
cold  produced  by  evaporation,  (7)  to  cold  produced  by  radia¬ 
tion  into  space. 

Blanford  has  recently  shown  that  at  certain  Indian  sta¬ 
tions  a  low  mean  temperature  occurs  when  there  is  an  un¬ 
usually  large  rainfall  and  a  great  amount  of  clouds,  a  result 
in  accordance  with  the  conclusions  previously  enunciated 
by  Professor  Piazzi  Smyth.  Records  of  maximum  and 
minimum  temperature  must  not  therefore  be  too  closely 
associated  with  a  maximum  and  minimum  of  solar  power. 


113.  Considerations  of  this  nature  have  induced  Stewart 
to  imagine  ( Nature ,  June  16,  1881)  that  the  true  connection 
between  sun-spots  and  terrestrial  temperature  is  more  likely 
to  be  discovered  by  a  study  of  short-period  inequalities  of 
sun-spots  than  by  that  of  the  eleven-year  period  in  which 
there  is  time  enough  to  change  the  hygrometric  state  of  the 
atmosphere  and  the  whole  convection  system  of  the  earth. 
He  has  accordingly  discussed  at  some  length  two  prominent 
sun-spot  inequalities  of  short  period  (about  twenty-four 
days),  and  endeavored  to  see  in  what  way  they  affect  ter¬ 
restrial  temperature.  From  this  it  appears  that  a  rapid  in¬ 
crease  of  sun-spots  is  followed  in  a  day  or  two  by  an  increaso 
of  the  diurnal  temperature  range  at  Toronto.  Now  an  in¬ 
crease  of  diurnal  temperature  range  most  probably  denotes 
an  increase  of  solar  energy,  and  we  are  thus  led  to  associate 
an  increase  of  solar  heat  with  a  large  development  of  spots. 
This,  however,  is  a  point  which  requires  further  investi¬ 
gation. 

114.  General  Conclusion. — On  the  whole  we  may  conclude 
that  the  meteorological  motions  and  processes  of  the  earth 
are  probably  most  active  at  times  of  maximum  sun-spots, 
and  that  they  agree  with  magnetical  phenomena  in  repre¬ 
senting  the  sun  as  most  powerful  on  such  occasions,  al¬ 
though  the  evidence  derived  from  meteorology  is  not  so 
conclusive  as  that  derived  from  magnetism. 

Hypothetical  Views  regarding  the  Connection 

BETWEEN  THE  STATE  OF  THE  SUN  AND  TERRESTRIAL 

Magnetism. 

115.  Principles  of  Discussion. — In  the  following  discussion 
we  claim  only  to  advance  a  working  hypothesis,  with  the 
view  of  suggesting  further  inquiries  into  the  subject  of  ter¬ 
restrial  magnetism.  It  seems  therefore  desirable  that  we 
should  limit  ourselves  to  such  probable  or  possible  causes  as 
are  known  to  exist  and  to  operate  on  the  earth.  These 
various  agents  or  causes  will  be  described,  and  we  shall 
endeavor  to  show  that  converging  lines  of  evidence  point  in 
several  cases  to  certain  of  these  as  being  most  likely  to  pro¬ 
duce  that  particular  type  of  effect  which  is  exhibited  in  ter¬ 
restrial  magnetism.  This  course  will  in  our  view  most 
readily  suggest  further  inquiries  with  the  view  of  confirm¬ 
ing  or  disproving  the  various  points  of  this  working  hypo¬ 
thesis.  Believing  that  the  introduction  of  any  unknown 
cause  can  only  be  justified  when  known  causes  have  been 
found  insufficient  to  account  for  the  phenomena  in  ques¬ 
tion,  we  have  not  advocated  any  direct  magnetic  action  of 
the  sun  upon  the  earth.  We  have  refrained  from  this  for 
two  reasons, — first,  because  from  what  we  now  know  of  the 
sun  it  appears  to  us  unlikely  that  it  should  exercise  an  in¬ 
fluence  of  this  nature  upon  the  earth,  since  a  body  at  a  high 
temperature  possessing  very  strong  magnetic  properties  is 
unknown  to  us ;  and,  secondly,  we  shall  see  further  on  that 
such  an  influence  will  not  explain  the  best-understood 
magnetic  changes,  nor  is  there  in  our  opinion  any  magnetic 
phenomenon  for  the  explanation  of  which  it  appears  abso¬ 
lutely  necessary  to  resort  to  this  hypothesis.  In  fine,  with¬ 
out  presuming  to  deny  the  possibility  of  unknown  influences 
of  this  nature,  it  does  not  appear  to  us  that  the  time  has  yet 
arrived  when  we  are  called  upon  to  resort  to  such  as  neces¬ 
sary  aids  to  the  discovery  of  further  truth. 

116.  Nature  of  Solar  Variations. — It  is  quite  certain  that 
there  is  a  variability  in  the  visible  appearance  of  the  sun’s 
disk,  which  exhibits  sometimes  a  comparatively  large 
amount  of  spotted  area  while  on  other  occasions  it  is  en¬ 
tirely  free  from  spots.  Now  it  has  been  remarked  by 
Thomson  that  were  the  sun  an  incandescent  solid  its  sur¬ 
face  would  become  cool  in  a  few  minutes.  The  astonishing 
property  which  our  luminary  possesses  of  pouring  out  con¬ 
tinuously  a  vast  amount  of  radiant  energy  must  unques¬ 
tionably  depend  upon  machinery  of  great  power  by  means 
of  which  fresh  hot  particles  are  rapidly  brought  from  the 
interior  to  the  surface,  while  those  particles  which  have 
given  out  their  light  and  heat  are  rapidly  hurried  down¬ 
wards  to  be  recruited  from  the  great  storehouse  of  heat  in 
the  sun’s  centre.  In  fine,  a  gigantic  system  of  convection 
currents  of  this  nature  forms  the  essential  condition  with¬ 
out  which  the  sun  would  not  be  able  to  continue  shining  as 
it  does. 

The  mottled  appearance  of  the  sun’s  disk  as  seen  through 
a  telescope  denotes  no  doubt  the  existence  of  a  vast  system 
of  ascending  and  descending  currents,  the  hot  matter  rising 
from  beneath  being  denoted  by  the  brighter  portions  and 
the  cold  matter  descending  from  above  by  the  darker  por¬ 
tions  of  the  structure.  On  certain  occasions  and  in  certain 
regions  of  the  sun  the  scale  of  these  phenomena  is  greatly 
increased,  and  we  have  a  huge  up-rush  of  bright  and  a  cor¬ 
responding  down-rush  of  black  matter — in  fine,  the  well- 
known  sun-spot  with  its  bright  faculous  appendages.  When¬ 
ever  sun-spots  are  very  frequent  we  should  therefore  expect 
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the  convection  system  of  the  sun  to  be  particularly  power¬ 
'll.  and  the  great  velocity  and  size  of  the  red  flames  or  the 
higher  portions  of  the  convection  system  observed  around 
the  sun’s  limb  on  such  occasions  confirm  us  in  this  suppo¬ 
sition.  And  if  the  convection  system  of  the  sun  be  particu¬ 
larly  powerful  when  there  are  most  spots  on  its  surface,  it 
would  seem  to  follow  that  the  radiation  from  our  luminary 
should  on  such  occasions  be  particularly  powerful  also. 
The  spectroscope  leads  us  to  the  same  conclusion.  It  would 
appear  from  the  observations  of  Lockyer  and  others  that  at 
times  of  maximum  sun-spots  certain  definite  regions  of  the 
sun  when  examined  spectroscopically  present  all  the  appear¬ 
ances  of  a  very  high  temperature. 

We  are  unable  to  confirm  these  conclusions  by  direct  ob¬ 
servations  of  the  sun’s  heating  power.  Actinometrical  de¬ 
terminations  have  not  yet  been  made  with  sufficient  ac¬ 
curacy  and  persistence  to  decide  this  point  experimentally. 
We  have,  however,  evidence  of  an  indirect  nature  derived 
from  terrestrial  magnetism  and  meteorology  all  tending  to 
make  us  think  that  the  sun  is  most  powerful  during  times 
of  maximum  sun-spots.  We  have  seen  that  on  such  occa¬ 
sions  the  solar  influence  upon  the  magnetism  of  the  earth 
is  peculiarly  powerful  in  more  than  one  way,  and  that  its 
influence  on  meteorology  is  then  peculiarly  powerful  also, 
although  we  are  not  so  certain  of  this  latter  fact  as  of  the 
former. 

We  may  therefore  take  it  to  be  most  probable  that  the 
sun  is  most  powerful  at  times  of  maximum  sun-spots,  and 
proceed  from  this  basis  to  propound  the  two  following  ques¬ 
tions  :  In  the  first  place,  what  is  the  nature  of  the  solar  in¬ 
fluence  upon  terrestrial  magnetism?  and,  secondly,  why  is 
this  influence  so  much  more  easily  perceived  than  certain 
forms  of  solar  influence  upon  meteorology? 

117.  Diurnal  Magnetic  Variations  —  Hypotheses  regarding 
them. — The  various  speculators  on  the  cause  of  these  phe¬ 
nomena  have  ranged  over  the  whole  field  of  likely  explana¬ 
tions.  (1)  It  has  been  supposed  that  the  sun  acts  directly 
as  a  magnet  upon  the  magnetism  of  the  earth.  (2)  It  has 
been  imagined  that  convection  currents  established  by  the 
sun’s  heating  influence  in  the  upper  regions  of  the  atmo¬ 
sphere  are  to  be  regarded  as  conductors  moving  across  lines 
of  magnetic  force,  and  are  thus  the  vehicle  of  electric  cur¬ 
rents  which  act  upon  the  magnet.  (3)  Faraday,  reasoning 
from  his  discovery  that  oxygen  is  paramagnetic,  and  be¬ 
comes  weaker  in  its  power  when  heated,  and  stronger  when 
cooled,  supposed  that  the  sun  by  heating  certain  portions 
of  the  atmosphere  renders  them  less  magnetic,  while  others, 
not  subjected  to  any  heating  influence,  are  rendered  more 
magnetic.  The  action  is  equivalent  to  a  displacement  by 
means  of  the  sun  of  the  magnetic  matter  of  the  earth,  and 
involves  a  displacement  of  the  lines  of  force.  Here  too  the 
solar  action  is  associated  with  the  great  mass  of  the  atmo¬ 
sphere.  (4)  It  has  been  supposed  by  Christie  and  by  De  la 
Rive  that  the  heat  of  the  sun  produces  in  the  atmosphere 
and  in  the  earth  thermo-electric  currents  which  produce  the 
daily  magnetic  variations.  It  is  not  easy  to  perceive  how 
we  could  have  thermo-electric  currents  in  the  upper  regions 
of  the  atmosphere,  but  there  is  no  obvious  objection  to  the 
generation  of  such  currents  in  the  crust  of  the  earth.  Thus 
the  first  hypothesis  has  no  reference  to  the  atmosphere 
whatever;  the  second  deals  with  the  upper  atmospheric 
regions,  the  third  with  the  great  body  of  the  atmosphere, 
while  the  fourth,  as  we  have  ventured  to  modify  it,  has 
reference  to  the  crust  of  the  earth. 

118.  Discussion  of  these  Hypotheses. — Dr.  Lloyd  and  Mr.  C. 
Chambers1  have  both  shown  that  direct  solar  magnetic 
action  will  not  account  for  the  peculiarities  of  the  diurnal 
magnetic  variation.  Again  (§  48),  we  have  strong  evidence 
that  changes  in  the  range  of  the  daily  magnetic  variation 
lag  behind  corresponding  solar  changes  in  point  of  time. 
Now  this  kind  of  behavior  is  inconsistent  with  direct  mag¬ 
netic  action,  and  points  rather  to  an  indirect  magnetic  effect 
caused  by  the  radiant  energy  of  the  sun. 

119.  Let  us  therefore  dismiss  the  hypothesis  of  direct  ac¬ 
tion  and  consider  that  of  Faraday.  We  know  both  from  ob¬ 
servations  of  the  declination  and  horizontal  force  ( Proc .  Roy. 
Soc.f  March  22,  1877,  and  Phil.  Trans.,  1880,  p.  541)  that  the 
action  of  the  sun  in  producing  diurnal  variations  of  these 
elements  is  one  and  a  half  times  as  powerful  at  epochs  of 
maximum  as  it  is  at  epochs  of  minimum  sun-spot  frequency. 
It  is  hardly  credible  that  there  should  be  such  a  great  dif¬ 
ference  on  these  occasions  in  the  sun’s  heating  effect  upon 
the  great  bulk  of  the  atmosphere.  Meteorologists  have 
never  observed  such  a  difference,  nor  is  there  any  marked 
corresponding  inequality  of  diurnal  temperature  range. 
Meteorological  evidence  is  thus  against  the  diurnal  mag¬ 
netic  changes  being  due  to  the  heating  up  by  the  sun  of  the 
great  mass  of  oxygen  which  constitutes  the  magnetic  por- 

1  Proa-  Royal  Irish  Academy,  February  22, 1858;  Phil.  Trans.,  1863. 


tion  of  the  earth’s  atmosphere.  Again,  as  there  is  a  pre¬ 
ponderance  of  hot  oxygen  in  the  northern  hemisphere 
during  the  June  and  in  the  southern  hemisphere  during  the 
December  solstice,  there  ought  according  to  this  theory  to 
be  a  well-marked  annual  variation  of  the  magnetism  of  the 
earth,  the  northern  hemisphere  being  at  the  same  time  dif¬ 
ferently  affected  from  the  southern.  But  there  are  no  traces 
of  such  a  phenomenon,  the  annual  and  semi-annual  varia¬ 
tions  which  we  have  already  described  (§§  64-67)  being  of 
quite  a  different  nature,  and  none  of  them  very  large. 

120.  Precisely  the  same  objections  apply  with  even  greater 

force  to  the  fourth  hypothesis.  It  seems ‘impossible  to  allow 
that  any  heating  effect  of  the  crust  of  the  earth  caused  by 
the  sun  can  be  one  and  a  half  times  as  great  at  epochs  of 
maximum  as  it  is  at  epochs  of  minimum  sun-spot  frequency. 

121.  We  are  thus  driven  by  the  method  of  exhaustions  to 
look  to  the  upper  regions  of  the  earth’s  atmosphere  as  the 
most  probable  seat  of  the  solar  influence  in  producing  di¬ 
urnal  magnetic  changes,  and  it  need  hardly  be  said  that  the 
only  conceivable  magnetic  cause  capable  of  operating  in 
such  regions  must  be  an  electric  current.  Now  we  know 
irom  our  study  of  the  aurora  that  there  are  such  currents 
in  these  regions— continuous  near  the  pole  and  occasional  in 
lower  latitudes.  A  good  deal  has  been  said  about  the  diffi¬ 
culty  of  imagining  a  daily  set  of  currents  to  be  generated 
in  regions  of  such  imperfect  conductivity,  but  we  shall  see 
by  and  by  (§  134)  that  there  seems  ground  for  imagining 
that  their  conductivity  may  be  much  greater  than  has 
hitherto  been  supposed. 

122.  Analogies  between  the  Meteorological  and  Magnetical  Sys¬ 
tems  of  the  Earth. — We  have  in  the  first  place  a  zone  of  maxi¬ 
mum  terrestrial  temperature,  the  middle  line  of  which  is 
nearly  coincident  not  only  with  the  geographical  but  like¬ 
wise  with  the  magnetical  equator.  Again,  there  are  possi¬ 
bly  in  the  northern  hemisphere  two  poles  of  greatest  cold, 
which  possibly  do  not  greatly  differ  in  position  from  those 
spots  which  we  have  called  magnetic  poles  or  foci.  About 
the  southern  hemisphere  we  have  no  information. 

Furthermore  we  believe  that  the  hot  air  is  carried  from 
the  zone  of  greatest  heat  to  the  place  or  places  of  greatest 
cold  by  means,  no  doubt,  of  the  return  trades  which  blow 
in  the  upper  atmospheric  regions.  The  hot  air  divides  at 
this  zone,  one  part  blowing  northwards  in  the  northern  and 
another  southwards  in  the  southern  hemisphere.  Now  this 
zone,  from  which  the  anti-trades  divide,  has  an  annual  mo¬ 
tion  of  its  own,  being  found  farthest  north  at  the  June 
solstice  and  farthest  south  at  that  of  December.  Probably 
too  the  northern  system  is  strongest  in  June  and  the  south, 
ern  system  in  December.  If  we  now  turn  to  the  solar- 
diurnal  variation  of  magnetic  declination,  we  find  here  also 
a  northern  and  a  southern  system  (£  41),  the  type  of  the  one 
being  antagonistic  to  that  of  the  other.  We  find  also  that 
the  northern  system  is  strongest  in  June  and  the  southern 
system  in  December. 

Again,  it  seems  probable  from  what  we  have  now  said  that 
the  anti-trades,  strictly  speaking,  have  reference  not  to  the 
geographical  equator  and  poles  but  to  the  zone  of  maximum 
and  the  poles  of  minimum  temperature.  Now,  turning 
once  more  to  the  diurnal  oscillations  of  the  declination 
needle,  it  seems  probable  that  the  directions  east  and  west 
must  be  interpreted  as  having  a  reference  not  to  the  geo¬ 
graphical  but  to  the  magnetical  pole  (£  45). 

These  analogies  must  be  taken  for  what  they  are  worth. 
Our  object  in  introducing  them  has  reference  to  the  previous 
discussion,  from  which  we  concluded  that  the  magnetic  in¬ 
fluence  of  the  sun  is  probably  due  to  currents  in  the  upper 
region  of  the  atmosphere — the  cause  of  which  we  were  con¬ 
tent  to  leave  in  abeyance.  Now  these  analogies  would  lead 
us  to  suggest  that  this  cause,  whatever  it  is,  may  perhaps 
be  found  to  be  related  to  the  convection  system  of  the  earth 
on  the  one  hand  and  to  the  magnetic  system  on  the  other. 

123.  Analogies  between  Meteorological  and  Magnetical  Weather. 
— These  remarks  are  borne  out  by  the  further  analogy  which 
appears  to  subsist  betwixt  what  we  have  termed  meteorologi¬ 
cal  and  magnetical  weather.  Let  us  take  the  solar-diurnal 
variation  of  declination.  Not  only  is  this  variation  similar 
in  form  to  the  diurnal  variation  of  atmospheric  temperature 
($  37),  but  the  ranges  of  the  two  have  a  similar  annual  vari¬ 
ation.  And,  as  the  element  of  meteorological  weather  af¬ 
fects  the  orderly  march  of  the  temperature  range,  just  so 
the  element  of  magnetical  weather  affects  the  orderly  march 
of  the  declination  range. 

Furthermore,  just  as  temperature-range  weather  pro¬ 
gresses  from  west  to  east  (§  52),  so  declination-range  weather 
would  seem  to  progress  in  the  same  direction  as  the  other 
(§  52)  although  at  a  greater  rate.  It  will  doubtless  require 
a  more  extended  investigation  to  make  us  quite  sure  of  this 
latter  point;  nevertheless  we  do  not  perceive  the  validity 
of  the  objection  that  is  sometimes  made  to  the  hypothesis 
of  progress  in  magnetic  weather  on  the  ground  that  mag- 
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netic  influences  are  known  to  affect  all  portions  of  the  globe  j 
simultaneously.  It  will,  we  think,  be  perceived  that  in  the  j 
above  statement  no  supposition  whatever  is  made  with  re¬ 
spect  to  the  rate  of  propagation  of  a  magnetic  influence 
through  the  earth ;  this  may  be  instantaneous  or  it  may 
not.  It  is  supposed  that  we  have  here  a  travelling  cause 
of  excitement,  say  a  travelling  cause  of  currents  in  the 
upper  regions  of  the  atmosphere  which  progresses  from 
west  to  east  and  always  produces  its  most  marked  effect 
above  those  regions  where  it  passes— just  as  the  sun  itself 
in  passing  from  east  to  west  produces  a  magnetic  effect  the 
various  phases  of  which  travel  from  east  to  west  with  the 
sun  which  causes  them.  We  think  too  that  this  hypothesis 
of  travelling  causes  of  magnetic  change  is  strengthened 
by  the  facts  observed  by  Capello  and  described  in  £  97. 

124.  If,  however,  the  objection  made  to  this  hypothesis 
refers  to  the  fact  disclosed  by  Broun  (#  85)  that  changes  of 
horizontal  force  appear  to  take  place  simultaneously  at  dis¬ 
tant  parts  of  the  earth’s  surface,  then  we  think  that  anal¬ 
ogy  should  lead  us  not  to  deny  the  possibility  of  a  travel¬ 
ling  magnetic  excitement,  but  rather  to  suggest  the  possi¬ 
bility  of  there  being  some  meteorological  influence  which, 
like  the  magnetical  one  above  mentioned,  may  be  found  to 
take  place  simultaneously  at  different  parts  of  the  earth’s 
surface.  Now  Broun  ( Proc .  Roy.  Soc.,  May  11,  1876)  has  given 
us  preliminary  evidence  for  supposing  that  there  are  simul¬ 
taneous  barometric  variations.  For  instance,  there  was  a 
barometric  maximum  at  Hobart  Town,  Peking,  the  Cape, 
St.  Helena,  Makerstoun,  Singapore,  Madras,  Simla,  Ekater¬ 
inburg,  and  Bogoslovsk  about  the  end  of  March  or  first  day 
of  April,  1845.  There  appears  to  have  been  a  simultaneous 
increase  of  the  horizontal  force  of  the  earth  at  various  sta¬ 
tions  much  about  the  same  time,  and  there  also  appears  to 
have  been  a  short-period  maximum  of  spots  on  the  solar 
surface.  Broun  has  likewise  registered  simultaneous  baro¬ 
metric  variations  at  Singapore,  Madras,  and  Simla,  for  the 
first  three  months  of  1845.  From  these  it  would  seem  that 
simultaneous  barometric  maxima  are  possibly  coincident 
with  rapidly  increasing  sun-spot  areas. 

Again  is  it  not  absolutely  certain  that  if  there  is  a  sud¬ 
den  increase  of  solar  power  this  must  mean  an  increase  of 
heat  communicated  to  the  earth,  although  it  may  be  diffi¬ 
cult  or  even  impossible  to  obtain  experimental  evidence  of 
sueb  a  fact?  All  these  are  subjects  which  require  further 
investigation. 

125.  Further  RemarTcs  on  the  Solar-Diurnal  Variation  of  Dec¬ 
lination. — In  $  24  we  have  asked  how  far  the  action  of  the 
solar-diurnal  force  upon  a  freely-suspended  magnet  is  due 
to  currents  acting  directly  upon  the  magnet  and  how  far  to 
a  change  produced  in  the  magnetism  of  the  earth.  Some 
light  appears  to  be  thrown  on  this  point  by  the  behavior 
of  the  needle  at  places  near  the  magnetic  pole  where  the 
dipping  needle  is  nearly  vertical.  On  opposite  sides  of  this 
locality  the  declination  needle  points  in  opposite  directions. 
Now  suppose  that  we  have  a  set  of  such  needles  placed  all 
round  this  region.  It  seems  a  legitimate  generalization 
from  the  observations  described  by  Sabine  (§  45)  to  conclude 
that  if  we  place  ourselves  above  the  centre  of  any  of  these 
needles  at  8  a.m.,  and  look  towards  its  marked  pole,  we 
shall  find  it  in  every  case  deflected  towards  the  riglit, 
while  if  we  look  towards  the  same  pole  at  2  p.m.  we  shall 
find  it  deflected  to  the  left.  Now  if  we  imagine  that  at  8 
a.m.  there  are  above  these  magnets  (in  the  upper  atmos¬ 
pheric  regions)  electrical  currents  of  which  the  horizontal 
components  form  a  set  of  positive  currents  flowing  from 
the  pole  on  all  sides,  then  by  the  known  laws  of  such  cur¬ 
rents  the  marked  pole  of  all  these  needles  will  be  deflected 
towards  the  right.  And  if  at  2  p.m.  the  resolved  portions 
of  such  currents  should  be  flowing  towards  the  pole,  then  the 
marked  poles  of  all  these  needles  will  be  deflected  towards 
the  left.  It  thus  appears  that  this  peculiar  magnetic  be¬ 
havior  might  easily  be  explained  by  a  hypothetical  distri¬ 
bution  of  currents.  And  in  fact  in  such  regions  we  have 
indubitable  evidence  of  the  existence  of  currents  in  the 
upper  regions  of  the  atmosphere.  On  the  other  hand  this 
behavior  could  not  easily  be  explained  by  the  hypothesis 
of  some  definite  temporary  magnetic  system  set  up  by  the 
solar  influence  in  the  earth,  for  in  such  a  case  we  should 
imagine  that  similar  poles  of  all  the  needles  ought  to  be 
deflected  towards  the  pole  of  this  temporary  system,  which 
is  not  the  case. 

126.  Another  point  for  consideration  is  the  possible  com¬ 
plexity  of  the  solar-diurnal  variation.  For  we  may  imag¬ 
ine  (1)  that  the  sun  acts  in  such  a  manner  as  to  produce  a 
diurnal  variation ;  (2)  it  may  also  act  like  the  moon  ($  94) 
and  produce  a  semidiurnal  variation  ;  (3)  these  possible 
actions  may  be  accompanied  by  induced  currents  in  the 
upper  regions  of  the  atmosphere  and  in  the  crust  of  the 
earth ;  (4)  it  is  possible  that  the  sun’s  rays  may  affect  these 
variations  or  some  of  them  in  the  way  in  which  Broun 


:  found  that  the  lunar  variation  at  Trevaudruin  was  af¬ 
fected  by  the  sun.  It  was  found  by  him  that  the  lunar 
action  was  considerably  increased  when  the  suu  was  above 
the  horizon  of  the  place. 

127.  We  have  pointed  out  (j?  119)  that  while  there  is  a 
marked  likeness  in  many  respects  between  the  diurnal 
variation  of  declination  and  that  of  atmospheric  tempera¬ 
ture,  we  have  yet  no  long-period  fluctuation  of  the  diurnal 
range  of  temperature  at  all  comparable  in  magnitude  to  the 
magnetic  fluctuations.  It  does  not,  however,  seem  difficult 
to  account  for  this  difference  if  we  imagine  that  the  mag¬ 
netic  fluctuations  take  their  origin  in  the  upper  atmos¬ 
pheric  regions,  while  the  temperature  fluctuations  are  due 
to  the  lower  regions  of  the  earth’s  atmosphere.  For,  as  the 
sun  increases  in  power  from  times  of  minimum  to  times  of 
maximum  sun-spot  frequency,  we  may  imagine  that  a  con¬ 
tinuously  increasing  amount  of  aqueous  vapor  will  be  taken 
into  the  earth’s  atmosphere. 

Now  the  experiments  of  Tyndall  and  others  induce  us  to 
think  that  the  air  would  under  such  circumstances  become 
more  and  more  opaque  for  certain  rays  of  the  sun,  and  thus 
a  continuously  decreasing  proportion  of  the  sun’s  heat  would 
be  able  to  penetrate  into  the  lower  atmospheric  regions. 
This  latter  influence  would  therefore  operate  to  cloak,  per¬ 
haps  to  a  considerable  extent,  the  effect  of  the  sun’s  increas¬ 
ing  power;  and  this  may  very  well  be  the  reason  why  the 
temperature  range  at  the  earth’s  surface  does  not  exiiibit 
the  same  eleven-yearly  inequality  as  the  declination  range. 

128.  There  seems,  however,  reason  to  believe  that  if  we 
go  from  long  to  short  period  inequalities,  there  is  a  much 
greater  similarity  in  the  range  of  the  magnetical  and  the 
meteorological  changes  (§  113).  The  explanation  seems  to 
be  that  in  the  short-period  changes  the  sun  has  not  time  to 
alter  sensibly  the  constitution  of  the  atmosphere,  and  hence 
the  proportional  increase  of  effect  experienced  in  the  uppev 
atmospheric  regions  is  more  nearly  the  same  as  that  experi¬ 
enced  near  the  surface  of  the  earth. 

129.  Magnetic  Disturbances.—' There  is  strong  evidence  that 
the  most  important  disturbances  break  out  very  nearly 
simultaneously  at  widely  different  parts  of  the  earth,  and 
that  they  even  affect  both  hemispheres  at  the  same  time. 
Very  little,  however,  is  known  about  the  modus  operandi  of 
the  forces  concerned  in  producing  such  disturbances.  For 
instance,  it  is  not  known  whether  a  disturbance  perma¬ 
nently  affects  the  magnetic  state  of  the  earth,  e.g.,  whether 
one  of  the  magnetic  elements  before  a  disturbance  begins  is 
sensibly  different  in  value  from  what  it  is  after  the  dis¬ 
turbance  has  ceased  to  exist.  On  the  other  hand,  we  know 

(1)  that  disturbances  break  out  on  the  very  day  when  there 
are  rapid  changes  taking  place  on  the  sun’s  surface  ($  83); 

(2)  that  they  generally  begin  by  momentarily  increasing 
the  horizontal  force,  but  that  the  type  quickly  changes,  so 
that  during  most  disturbances  the  horizontal  force  is  dimin¬ 
ished  (j)  86) ;  (3)  that  large  disturbances  take  place  more 
particularly  about  the  equinoxes,  when,  we  have  reason  to 
believe,  the  horizontal  force  of  the  earth  is  at  a  minimum 
(§  77).  May  we  not  possibly  conclude  from  these  habits  of 
action  that  at  times  of  disturbance  the  earth  is  magneti¬ 
cally  in  a  delicate  state  of  equilibrium,  perhaps  having  more 
magnetism  than  its  surroundings  would  strictly  warrant, 
and  being  therefore  inclined  to  part  with  some,  and  that  a 
sudden  increase  of  solar  activity,  tending,  as  such  changes 
probably  do,  at  first  to  exalt  the  magnetism  of  the  earth, 
nevertheless  destroys  its  magnetic  balance  and  gives  it 
ultimately  the  opportunity  of  parting  with  some  of  its 
magnetism?  This  can  only  be  regarded  as  a  speculation, 
inasmuch  as  we  do  not  know  whether  or  not  a  disturbance 
produces  any  permanent  influence  upon  the  magnetism  of 
the  earth. 

130.  Auroras  and  Earth  Currents. — There  is  no  doubt  that 
these  phenomena  denote  electric  currents  in  the  upper 
regions  of  the  atmosphere  and  in  the  moist  conducting  crust 
of  the  earth.  The  point  in  dispute  is  with  respect  to  the 
origin  of  such  currents.  Some  are  inclined  to  regard  au¬ 
roras  as  peculiar  manifestations  of  atmospherical  electricity 
in.high  latitudes,  while  others  imagine  that  such  displays 
are  rather  of  the  nature  of  induced  currents  generated  by 
small  but  abrupt  changes  taking  place  in  the  magnetism  of 
the  earth.  The  advocates  of  the  first  view  do  not  deny 
that  currents  taking  place  somehow  in  the  upper  atmos¬ 
pheric  regions  will  have  their  conditions  modified,  to  some 
extent  at  least,  by  the  inducing  influence  of  magnetic 
changes.  Nor  will  the  advocates  of  the  induction  hypo¬ 
thesis  be  disposed  to  deny  the  possibility  or  even  the  cer¬ 
tainty  that  displays  due  to  atmospherical  electricity  and 
not  dissimilar  to  some  kind  of  aurora  take  place  in  some 
region  of  the  atmosphere.  But  the  first  party  regard  au¬ 
roras  rather  as  the  cause  than  as  the  effect  of  magnetic 
changes,  whereas  the  advocates  of  induction  regard  such 
displays  rather  as  the  effect  than  as  the  cause  of  changes 
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somehow  produced  in  the  magnetism  of  the  earth.  And 
here  it  is  desirable  to  remark  that  the  advocates  of  the 
induction  hypothesis  take  for  granted  the  magnetism  of 
the  earth  and  the  changes  thereof  as  phenomena  for  which 
they  do  not  profess  to  account,  whereas  unless  we  go  to 
some  absolutely  unknown  cause  (and  this  is  against  our 
present  programme)  we  must  look  to  atmospherical  elec¬ 
tricity  as  likely  to  throw  light  upon  the  origin  of  terrestrial 
magnetism.  We  cannot  therefore  dispense  with  regarding 
atmospherical  electricity  as  an  agent  which  may  have 
played  an  important  part  in  the  development  of  the  present 
magnetical  condition  of  the  earth,  but  we  are  yet  of  opinion 
that,  under  the  present  state  of  things,  the  theory  which 
holds  by  atmospheric  electricity  must  largely  be  supple¬ 
mented  by  the  induction  hypothesis  if  it  is  to  explain  the 
peculiarities  in  type  or  form  of  the  phenomena  which  obser¬ 
vation  brings  before  us. 

131.  Professor  Tait  in  his  essay  on  thunderstorms  at¬ 
tributes  one  kind  of  aurora  to  atmospherical  electricity. 
Such  an  aurora  is,  he  believes,  the  manifestation  of  almost 
continuous  discharges,  like  those  given  by  a  Holtz  machine 
in  a  vacuum  tube.  The  cause  is  condensation  of  vapor 
going  on  very  slowly  in  very  large  spaces  of  air.  The  elec¬ 
tricity  is  due  to  previous  contact  of  particles  of  air  and 
vapor.  The  result  is  that  the  air-particles  in  the  mixture 
in  time  acquire  a  definite  difference  of  potential  from  those 
of  vapor, —  so  that,  when  the  latter  aggregate,  a  misty 
region  well  charged  is  the  result,  and  this  discharges  to  the 
oppositely  electrified  air  all  round. 

132.  Again,  Professor  Stokes,  without  attempting  to  ac¬ 
count  for  the  origin  of  atmospherical  electricity,  has  pro¬ 
duced  an  hypothesis  with  the  view  of  explaining  the  in¬ 
timate  connection  subsisting  between  auroral  displays, 
earth  currents,  and  magnetic  changes  on  the  one  hand  and 
outbursts  of  sun-spot  activity  on  the  other.  His  idea  is 
that  two  somewhat  distant  atmospheric  regions  A  and  B 
are  charged,  let  us  say,  with  positive  and  negative  elec¬ 
tricity  respectively;  A  induces  in  the  ground  below  it  a 
charge  of  negative,  B  a  charge  of  positive  electricity.  At 
first  things  are  held  in  this  state :  A  cannot  discharge 
either  through  the  upper  atmospheric  regions  to  B  or 
through  the  lower  regions  to  the  ground  beneath  it,  while 
B  is  in  a  position  precisely  similar.  Presently,  however,  an 
increase  of  the  radiative  power  of  the  sun  is  produced. 
Such  an  increase  would  probably  imply  not  merely  an  in¬ 
crease  in  general  radiation  but  a  particular  increase  in  such 
actinic  rays  as  are  absorbed  in  the  upper  regions  of  the 
earth’s  atmosphere.  The  layer  of  atmosphere  between  A 
and  B  will  therefore  greedily  absorb  such  rays,  its  tempera¬ 
ture  will  rise,  and,  as  is  known  to  be  the  case  for  gases, 
the  electrical  conductivity  of  the  stratum  will  be  increased. 
A  discharge  will  therefore  ultimately  take  place  in  the 
upper  regions  between  A  and  B;  this  will  relieve  the 
charges  of  negative  and  positive  in  the  ground  immedi¬ 
ately  beneath  A  and  B,  and  these  charges  will  therefore 
rush  together  through  the  ground,  producing  an  earth 
current.  This  earth  current  will  be  in  the  opposite  direc¬ 
tion  from  the  atmospheric  current,  and  the  two  will  com¬ 
bine  to  represent,  virtually  at  least,  if  not  absolutely,  a 
closed  circuit.  This  will  of  course  affect  the  garth’s  mag¬ 
netism  and  produce  a  disturbance. 

133.  This  hypothesis  certainly  affords  a  good  explanation 
of  the  promptness  with  which  disturbances  follow  increased 
solar  activity  (§  83).  Unless  we  are  to  resort  to  some  un¬ 
known  cause  it  is  difficult  to  think  of  any  other  possible 
explanation  of  this  fact.  Such  an  explanation  appears  too 
to  receive  corroboration  from  the  fact  (#  97)  that  the  lunar 
influence  on  the  earth’s  magnetism  as  observed  at  Trevan- 
drum  is  greater  during  the  day  than  during  the  night, — 
greater  possibly  too  at  times  of  maximum  than  at  times  of 
minimum  sun-spots.  We  are  therefore  disposed  to  accept 
this  explanation  of  the  way  in  which  increased  solar  ac¬ 
tivity  produces  magnetic  disturbance  as  the  best  that  has 
been  brought  forward. 

134.  This  does  not,  however,  decide  the  disputed  point 
how  far  these  elevated  currents  are  due  to  atmospherical 
electricity  and  how  far  to  induction.  The  argument  against 
the  possibility  of  induced  currents  in  these  regions  is  de¬ 
rived  from  experiments  with  vacuum  tubes,  such  as  those 
recorded  by  Messrs.  De  la  Rue  and  Muller,  which  would 
seem  to  indicate  that  enormous  differences  of  potential 
would  be  required  to  produce  electrical  currents  in  elevated 
regions,  where  the  atmosphere  is  very  rare. 

Indeed,  on  account  of  these  experiments,  the  measure¬ 
ments  of  the  old  observers,  who  sometimes  assigned  a 
height  of  more  than  100  miles  to  the  aurora,  have  been 
called  in  question,  and  it  has  been  supposed  against  direct 
observation  that  these  phenomena  must  always  occur  in 
regions  much  less  elevated.  It  would  appear  too  that  such 
reasons  were  influential  in  determining  Professor  Stokes  to 


regard  the  aurora  as  produced  by  atmospherical  electricity 
which,  as  we  know  from  ordinary  lightning,  presents  us 
with  enormous  diflerences  of  potential ;  but  it  is  to  be  re¬ 
marked  that  he  has  carefully  guarded  himself  against  the 
possibility  of  laboratory  experiments  with  vacuum  tubes 
not  being  strictly  analogous  to  that  which  takes  place  in 
the  upper  atmospheric  regions.  Now  it  would  appear  that 
recent  experiments  by  Hittorf  throw  some  doubt  upon  the 
strictness  of  this  analogy.  The  high  difference  of  potential 
required  to  force  the  current  through  vacuum  tubes  is,  ac¬ 
cording  to  this  observer,  due  in  great  part  if  not  entirely  to 
the  passage  of  the  fluid  from  the  terminal  to  the  residual 
air  of  the  tube,  so  that  the  potential  requisite  to  pass  a 
current  through  a  tube  of  double  length  is  not  sensibly 
greater  than  that  required  for  a  tube  of  single  length.  The 
whole  subject  is  one  which  demands  further  investigation ; 
meanwhile  we  are  not  disposed  to  assert  the  impossibility 
of  induction  currents  taking  place  in  the  upper  atmospheric 
regions. 

135.  Let  us  now  consider  whether  the  form  or  type  of  the 
earth  currents  observed  during  disturbances  favors  the  pres¬ 
ence  of  induction  to  any  sensible  extent.  The  remarks  of 
Dr.  Lloyd  already  quoted  (g  93),  which  are  confirmed  by 
the  Greenwich  observations,  seem  to  be  decisive  in  this 
respect.  These  may  be  interpreted  in  the  following  manner. 
In  a  magnetic  disturbance  we  have  frequently  a  general 
displacement  of  the  various  elements — the  horizontal  force, 
for  instance ;  now  on  the  curve  which  represents  this  slow 
but  considerable  displacement  a  large  number  of  compara¬ 
tively  small  but  very  abrupt  changes  are  superimposed. 
These  latter  appearances  are  invariably  accompanied  by 
quick  and  strong  alternations  from  positive  to  negative  of 
the  earth  currents,  while  the  former  slow  motion,  although 
it  may  be  of  large  range,  hardly  appears  to  have  any  gal¬ 
vanic  equivalent  at  all.  This  would  appear  to  favor  the 
induction  hypothesis,  according  to  which  small  but  abrupt 
magnetic  changes  should  give  rise  to  strong  earth  currents 
alternately  positive  and  negative  without  reference  to  the 
position  of  the  magnet  above  or  below  its  normal  at  the 
time. 

136.  Another  fact  bearing  upon  this  hypothesis  is  that 
mentioned  in  $  88.  From  this  it  would  appear  that  on  or¬ 
dinary  occasions  the  curves  recording  the  progress  of  the 
declination  needle  at  Kew  and  Stonyhurst  are  as  nearly  as 
possible  identical,  but  on  occasions  of  disturbance  the 
range  at  Stonyhurst  is  greater  than  that  at  Kew  by  an 
amount  not  apparently  depending  so  much  on  the  magni¬ 
tude  of  the  disturbance  as  on  its  abruptness.  The  intro¬ 
duction  of  the  element  of  abruptness  would  appear  to  be  in 
favor  of  the  mixing  up  to  some  extent  of  induced  currents 
with  the  phenomena  in  question. 

137.  Sir  George  Airy  has  not  been  able  to  detect  any  re¬ 
semblance  in  form  between  the  regular  diurnal  progress  of 
the  magnet  and  that  of  the  earth  currents.  It  seems,  how¬ 
ever,  possible  that  the  peaks  and  hollows  alluded  to  in 
§  73  may  form  an  important  and  integral  part  of  the  daily 
magnetic  movement,  and  there  even  appears  to  be  some 
evidence  that  the  diurnal  progress  of  the  earth  currents 
bears  a  nearer  resemblance  to  that  of  the  peaks  and  hollows 
than  it  does  to  the  progress  of  the  smoother  curve  which  is 
usually  held  to  represent  the  diurnal  variation.  But  this  is 
a  question  which  can  only  be  decided  by  more  prolonged 
investigations. 

138.  To  conclude,  there  can  be  no  doubt  that  at  times  of 
great  magnetic  disturbance  we  have  currents  in  the  upper 
atmospheric  regions  and  in  the  crust  of  the  earth  which,  so 
far  as  we  can  see,  must  either  be  due  to  atmospherical  elec¬ 
tricity  or  to  induction,  or  to  a  mixture  of  both.  The  pro¬ 
portions  of  this  mixture  can  only  be  decided  by  further 
inquiry  and  by  the  multiplication  of  stations  where  atmos¬ 
pherical  electricity  and  earth  currents  may  be  observed.  It 
ought  to  be  mentioned  that  the  experience  of  the  Kew  ob¬ 
servers,  as  far  as  this  extends,  seems  unfavorable  to  the 
hypothesis  of  a  connection  between  auroras  and  atmospheric 

electricity.  „  .  .  -  ,  , 

139  Lunar-Semidiurnal  Variation. — From  the  fact  ob¬ 
served  by  Broun  (<i  98)  that  the  moon’s  magnetic  influence 
is  as  nearly  as  possible  inversely  proportional  to  the  cube  of 
the  moon’s  distance  from  the  earth,  it  is  impossible  to  re¬ 
frain  from  associating  it  either  directly  or  indirectly  with 
something  having  the  type  of  tidal  action,  but  in  what  way 
this  influence  operates  we  cannot  tell.  Is  it  possible  that 
the  earth  currents  observed  by  A.  Adams  (§  101)  are  induc¬ 
tion  currents  generated  in  the  conducting  crust  of  the  earth 
by  the  magnetic  change  caused  by  the  moon,— inasmuch  as 
these  currents  were  found  by  him  to  be  strongest  in  one 
direction  about  the  lunar  hours  3  and  15,  when  the  lunar- 
diurnal  magnetic  effect  is  changing  most  rapidly  in  one 
direction  ($  95),  while  they  were  found  to  be  strongest  in 
an  opposite  direction  about  the  lunar  hours  9  and  21,  when 
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the  lunar-diurnal  magnetic  effect  is  changing  most  rapidly 
in  an  opposite  direction  ? 

140.  We  might  perhaps  expect  from  the  analogy  of  the 
tides  that  the  sun  should  possess  a  semidiurnal  magnetic 
effect  similar  in  type  to  that  of  the  moon.  Now  Sir  George 
Airy,  in  his  analysis  of  the  earth  currents  observed  at 
Greenwich  {Phil.  Trans.,  1870)  during  days  of  tranquil  mag¬ 
netism,  has  detected  in  such  currents  a  semidiurnal  inequal¬ 
ity  having  maxima  in  one  direction  at  solar  hours  3  and  15, 
while  it  has  maxima  in  the  opposite  direction  at  solar  hours 
9  and  21.  The  reference  to  solar  hours  in  this  inequality  is 
thus  precisely  similar  to  that  which  the  inequality  observed 
by  Adams  bears  to  lunar  hours. 

141.  If  there  are  induced  currents  of  this  nature  in  the 
crust  of  the  earth,  we  might  naturally  suppose  that  there 
will  be  corresponding  currents  in  the  upper  regions  of  the 
earth’s  atmosphere,  and  in  accordance  with  the  suggestion 
made  by  Professor  Stokes  {\  132)  we  might  perhaps  suppose 
that  these  currents  will  be  strongest  when  the  upper  atmos¬ 
pheric  regions  are  heated  by  the  sun  and  thereby  ren¬ 
dered  better  conductors.  Is  it  not  possible  to  suppose  that 
the  influence  of  daylight  upon  the  lunar  magnetic  effect 
discovered  by  Broun  ($  97)  may  be  due  to  this  cause,  and 
may  it  not  also  induce  us  to  recognize  the  possibility  of  a 
maximum  lunar  influence  (§  99)  at  times  of  maximum  sun¬ 
spots,  where  there  is  reason  to  believe  that  solar  radiation 
is  most  powerful  ? 

142.  Secular  Variation. — Sabine  and  Walker  are  agreed  in 
regarding  this  variation  as  cosmical  in  its  origin,  and  they 
are  apparently  of  opinion  that  it  is  caused  by  some  change 
in  the  condition  of  the  sun.  It  seems  difficult  if  not  impos¬ 
sible  to  attribute  it  to  anything  else,  since  the  terella  of 
Halley  cannot  be  now  regarded  as  having  a  physical  exist¬ 
ence.  Again,  it  is  more  than  possible — it  is  probable — that 
there  are  solar  variations  of  much  longer  period  than  eleven 
years.  On  the  other  hand  the  evidence  given  in  §  81, 
tending  to  show  that  an  access  of  sun-spots  produces  a 
change  in  the  magnetic  state  of  the  earth  consistent  with 
the  hypothesis  that  the  magnetizing  power  of  the  sun  has 
then  been  augmented,  requires  to  be  confirmed  by  more  ob¬ 
servations  ;  and  even  then  it  is  certain  that  this  magnetic 
change  produced  by  a  considerable  change  in  spotted  area 
is  extremely  small.  We  cannot  therefore  regard  the  very 
large  secular  magnetic  change  as  due  to  a  non-cumulative 
magnetic  influence  of  some  long-continued  solar  variation ; 
nor  does  it  seem  possible  to  attribute  the  change  to  solar 
influence  at  all  unless  we  regard  this  influence  as  producing 
results  of  a  cumulative  nature. 

It  is  possible,  however,  to  regard  solar  influence  as  pro¬ 
ducing  a  cumulative  effect  in  one  of  two  ways,  or  by  a  com¬ 
bination  of  both.  For  (1)  time  is  necessarily  an  element  in 
any  influence  acting  upon  the  hard-iron  system  of  the 
earth — presuming  the  earth  to  possess  such  a  system.  There 
are,  in  fact,  indications  in  the  results  of  $  82  that  a  system 
of  this  kind  is  perhaps  connected  with  the  American  pole ; 
yet,  even  allowing  the  influence  of  time,  it  seems  difficult 
to  account  for  the  peculiarities  of  the  secular  variation  by 
an  hypothesis  of  this  nature.  But  (2)  any  long-continued 
variation  of  solar  power  would  no  doubt  act  cumulatively 
in  producing  an  increase  or  diminution  of  the  large  ice¬ 
fields  round  the  poles  of  the  earth.  In  the  course  of  time 
this  cumulative  change  in  the  extent  and  disposition  of 
these  might  perceptibly  alter  the  distribution  of  the  con¬ 
vection  currents  of  the  earth — and  these,  according  to  the 
views  herein  indicated,  might  in  their  turn  perceptibly 
alter  the  earth’s  magnetic  system. 

143.  Concluding  Remarks. — If  we  agree  to  look  for  an  ex¬ 


planation  of  terrestrial  magnetism  and  its  changes  to 
strictly  terrestrial  processes,  we  may  derive  some  assistance 
in  our  search  from  such  considerations  connected  with 
symmetry  as  enable  us,  for  example,  at  once  to  perceive 
that  when  two  perfectly  similar  things  are  rubbed  together 
we  cannot  have  electrical  separation,  because  there  is  no 
reason  why  the  one  should  be  positively  and  the  other  nega¬ 
tively  electrified.  Suppose,  then,  that  an  observer  stands  at 
the  equator  and  looks  towards  the  north,  and  then  turns 
his  back  upon  the  north  and  looks  towards  the  south. 
In  the  first  position  let  him  regard  the  northern  system 
of  meteorological  processes  and  motions,  and  in  the 
second  the  southern.  Now  if  symmetry  obtained  absolutely 
in  these  systems — that  is  to  say,  if  the  observer,  whether  he 
regarded  the  northern  or  the  southern  system  of  things, 
had  in  either  case  precisely  similar  phenomena  at  his  right 
hand  and  at  his  left — then  we  should  see  no  reason  why  the 
earth  should  be  a  magnet  or  why  one  hemisphere  should  be 
the  seat  of  magnetism  of  the  one  kind  rather  than  of  the 
other.  If,  then,  we  regard  meteorological  processes  and  mo¬ 
tions  as  being  in  some  way  the  cause  of  terrestrial  magnet¬ 
ism,  we  must  direct  our  attention  to  that  peculiar  element 
which  causes  a  want  of  perfect  symmetry  such  as  we  have 
described  in  meteorological  phenomena.  This  element  can 
hardly  be  anything  else  than  the  rotation  of  the  earth, 
which  is  from  left  to  right  to  an  observer  facing  the  north, 
but  from  right  to  left  to  an  observer  facing  the  south. 

144.  Now  if  we  look  upon  the  terrestrial  meteorological 
system  modified  by  the  earth’s  rotation  as  having  produced 
somehow  in  the  past  the  magnetic  state  of  the  earth,  it 
seems  most  natural  to  regard  the  system  which  formerly 
produced  this  magnetic  state  as  being  likewise  that  which 
at  present  maintains  it  in  its  efficiency,  and  which  also 
accounts  for  the  various  magnetic  changes  which  take  place. 
It  would  seem  therefore  that  terrestrial  meteorology  and 
terrestrial  magnetism  are  probably  cognate  subjects,  and 
that  they  ought  to  be  studied  together  in  the  well-founded 
hope  that  the  phenomena  of  the  one  will  help  us  to  explain 
those  of  the  other. 

Furthermore,  if  these  meteorological  processes — deriving 
their  one-sided  character  from  the  earth’s  rotation — are  to 
be  regarded  as  accounting  not  only  for  the  origin  but  for 
the  maintenance  of  the  earth’s  magnetic  system,  we  can 
hardly  fail  to  imagine  that  these  processes  must  derive  part 
of  the  energy  which  they  exhibit  from  that  of  the  earth’s 
rotation.  Tidal  energy  we  know  is  derived  from  this 
source ;  but  we  must  likewise  regard  part  of  the  energy  dis¬ 
played  in  convection  currents  whether  in  the  air  or  in  the 
ocean  as  derived  no  doubt  from  the  same  source.  And  we 
may  perhaps  allow  that  in  the  phenomena  of  tidal  action, 
as  well  as  in  those  of  convection  currents  of  the  air  and 
ocean,  there  may  be,  not  merely  a  transmutation  of  actual 
energy  directly  through  friction  into  heat,  but  likewise  a 
transmutation  of  it,  ultimately  perhaps  into  heat,  but  first 
through  the  intermediate  agency  of  electrical  currents 
which  serve  to  maintain  the  magnetic  state  of  the  earth  and 
to  produce  magnetic  changes. 

Now  if  this  be  the  case,  if  there  be  a  large  and  compli¬ 
cated  system  of  tidal  and  convection  currents  all  tending  to 
change  the  rotative  energy  of  the  earth  ultimately  into  heat, 
whether  directly  through  friction  or  indirectly  through  the 
medium  of  electricity,  it  is  surely  impossible  with  the  pres¬ 
ent  state  of  our  knowledge  to  calculate  with  the  smallest 
pretensions  to  accuracy  at  what  rate  this  transmutation  is 
taking  place,  and  hence  at  what  rate  the  velocity  of  the 
earth’s  rotation  is  being  slowly  diminished.  (b.  b.) 
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I.  Wesleyan  Methodism. 

mHE  history  of  Wesleyan  Methodism  embraces — (1) 
. .  the  Methodism  of  Oxford,  which  was  strictly  An- 
g  ican  and  rigidly  rubrical,  though  it  was  also  more 
than  rubrical;  (2)  the  evangelical  Methodism  of  the 
Wesleys  after  their  conversion  (in  1738),  of  which  the 
Wesleyan  doctrines  of  conversion  and  sanctification 
were  the  manifesto  and  inspiration,  while  preaching 
and  the  class-meeting  were  the  great  motive  and  organ¬ 
izing  forces, — a  movement  which  before  Wesley’s 
death  had  developed  into  a  form  containing,  at  least 
in  embryo,  all  the  elements  of  a  distinct  church  organi¬ 


zation,  although  in  its  general  designation  and  delib¬ 
erate  claims  it  purported  to  be  only  an  unattached 
spiritual  society;  and  (3)  Wesleyan  Methodism  since 
the  death  of  Wesley,  which,  by  steps  at  first  rapid  and 
afterwards,  though  leisurely,  distinct  and  consecutive, 
assumed  an  independent  position,  and  has  grown  into 
complete  development  as  a  church. 

1.  Oxford  Methodism. — This  began  in  November, 
1729,  when  John  Wesley,  returning  to  Oxford  from 
Lincolnshire,  where  he  had  been  serving  his  father  as 
curate,  found  that  his  brother  Charles,  then  at  Christ 
Church,  had  induced  a  few  other  students  to  join  him 
in  observing  weekly  communion.  John  Wesley’s  ac- 
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session  lent  weight  and  character  to  the  infant  asso¬ 
ciation.  Their  first  bond  of  association,  besides  the 
weekly  communion,  was  the  common  study  of  the 
Greek  Testament,  with  which  they  joined  regular  fast¬ 
ing,  the  observance  of  stated  hours  for  private  devotion, 
the  visitation  of  the  sick,  of  the  poor,  and  of  prisoners, 
and  the  instruction  of  neglected  children.  They  never 
themselves  adopted,  any  common  designation,  but  of 
the  variety  of.  derisive  names  they  received  from  out¬ 
siders  that  of  “.Methodists”  prevailed, — a  sobriquet 
the  fitness  of  which,  indeed,  as  descriptive  of  one  un¬ 
changing  and  inseparable  feature  of  Wesley’s  character 
(which  he  impressed  also  on  his  followers),  was  unde¬ 
niable. 

This  first  Oxford  Methodism  was  very  cliurchly. 

Between  1733  and  1735,  however,  a  new  phase  was 
developed.  Its  adherents  became  increasingly  patristic 
in  their  sympathies  and  tendencies,  and  Wesley  came 
much  under  the  influence  of  William  Law.  In  regard 
to  this  period  of  his  history,  Wesley  himself  says  that  he 

“  BeDt  the  bow  too  far,  by  making  antiquity  a  coordinate, 
rather  than  a  subordinate,  rule  with  Scripture,  by  admitting 
several  doubtful  writings,  by  extending  antiquity  too  far, 
by  believing  more  practices  to  have  been  universal  in  the 
ancient  church  than  ever  were  so,  by  not  considering  that, 
the  decrees  of  a  provincial  synod  could  bind  only  that  prov¬ 
ince,  and  the  decrees  of  a  general  synod  only  those  provinces 
whose  representatives  met  therein ;  that  most  of  those  de¬ 
crees  were  adapted  to  particular  times  and  occasions,  and, 
consequently,  when  those  occasions  ceased,  must  cease  to 
bind  even  those  provinces.” 

It  was  in  1736,  during  his  residence  in  Georgia, 
whither  he  had  gone  as  a  missionary  of  the  Propaga¬ 
tion  Society,  that  he  learnt  those  lessons.  Notwith¬ 
standing  his  ascetic  severity  and  his  rubrical  punctilios, 
the  foundations  of  his  High-Churchmanship  were 

gradually  giving  way.  When  he  returned  to  England 
e  had  already  accepted  the  doctrine  of  “salvation  by 
faith,”  although  he  had  not  as  yet  learned  that  view 
of  the  nature  of  faith  which  he  was  afterwards  to  teach 
for  half  a  century.  He  had,  however,  as  in  the  jour¬ 
nal  of  his  homeward  voyage  he  tells  us,  learned,  “in 
the  ends  of  the  earth,”  that  he  “who  went  to  America 
to  convert  others,  was  never  himself  converted  to 
God.  ’  ’  In  this  result  his  Oxford  Methodism  came  to 
an  end. 

The  original  Methodism  of  Oxford  never  at  any  one 
time  seems  to  have  numbered  as  many  as  thirty  adhe¬ 
rents.  There  was  a  set  called  “Methodists,”  but  there 
was  no  organization,  no  common  bond  of  special  doc¬ 
trine  or  of  discipline;  there  were  habits  arid  usages 
mutually  agreed  upon,  but  there  was  no  official  au¬ 
thority,  only  personal  influence.  The  general  features 
of  the  fraternity,  if  fraternity  it  may  be  called,  seem 
to  suggest  closer  analogies  with  the  “Tractarian” 
school  in  its  earlier  stages  than  with  anything  else  in 
modern  history,  and  the  personal  ascendency  of  John 
Wesley  may  remind  us  in  some  measure  of  the  influ¬ 
ence  exercised  a  century  later  by  J.  H.  Newman. 

There  was  no  more  any  germ  of  permanent  organiza¬ 
tion  in  the  Oxford  Methodism  of  1.735  than  in  the  pa¬ 
tristic  and  “Tractarian  ”  school  of  Oxford  of  1 833. 1 

2.  Methodism  after  Wesley's  Conversion. — John 
Wesley  landed  at  Deal,  on  his  return  from  Georgia, 
on  February  1,  1738.  His  journals  on  the  homeward 
voyage,  says  Miss  Wedgwood,2  “chronicle  for  us  that 

1  One  evidence  of  this  is  to  be  found  in  the  early  and  wide 
divergence  of  the  various  members  of  the  Oxford  Methodist  com¬ 
pany,  after  their  brief  association  at  the  university  dime  to  an 
end.  We  know  which  way  the  Wesleys  went ;  we  know  also  the 
separate  path  that  their  'friend  Whitefield  made  for  himself. 

John  Clayton,  the  Jacobite  churchman,  settled  at  Manchester, 
renounced  the  Wesleys  after  they  began  their  evangelical  move¬ 
ment,  and  remained  an  unbending  High-Churchman  to  the  end. 

Benjamin  Ingham*  became  a  great  evangelist  in  Yorkshire, 
founded  societies,  and,  with  his  societies  or  churches,  took  the 
decisive  step  of  leaving  the  Church  of  England  and  embracing 
the  position  of  avowed  Dissent.  The  saintly  Gambold,  a  poet  as 
well  as  a  theologian  and  preacher,  became  a  Moraymn  bishop. 

James  Hervey  was  in  after  life  a  famous  evangelical  clergyman, 
holding  “  Low”  and  Calvinistic  views.  These  were  the  chief  of 
the  Methodists  of  Oxford.  .  . 

2  John  Wesley  and  the  Evangelical  Reaction  of  the  18 th  Century. 

*  [He  (1712-72)  was  an  Oxonian,  founder  of  Moravian  Methodists  or  Inghamites.  Brother-in-law  of  Earl  of  Huntingdon.  He 
finally  turned  Sandemanian.— Am.  Ed.] 
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deep  dissatisfaction  which  is  felt  whenever  an  earnest 
nature  wakes  up  to  the  incompleteness  of  a  traditional 
religion;  and  his  after-life,  compared  with  his  two 
years  in  Georgia,  makes  it  evident  that  he  passed 
at  this  time  into  a  new  spiritual  region  ” 

“By  Peter  Bolder,8  in  the  hands  of  the  great  God,’’ 
he  writes  m  his  journal,  “I  was,  on  March  5,  fully 
convinced  of  the  want  of  that  faith  whereby  we  are 
saved.”  This  “conviction”  was  followed,  on  March 
24  of  the  same  year  (1738),  by  his  “conversion.” 

Like  most  good  men  of  that  age  in  England,  Wesley, 
before  he  came  under  the  influence  of  his  Moravian 
teacher,  had  regarded  faith  as  the  union  of  intellectual 
belief  and  of  voluntary  self-submission— the  belief  of 
the  creeds  and  submission  to  the  laws  of  Christ  and  to 
the  rules  and  services  of  the  church,  acted  out  day  by 
day,  and  hour  by  hour,  in  all  the  prescribed  means 
and  services  of  the  church  and  in  the  general  duties  of 
life.  From  this  conception  of  faith  the  element  of  the 
supernatural  was  wanting,  and  equally  that  of  personal 
trust  for  salvation  on  the  atonement  of  Christ.  The 
work  of  Bolder  was  to  convince  Wesley  that  such  faith 
as  this,,  even  though  there  might  be  more  or  less  of 
divine  influence  unconsciously  mingling  with  its  attain¬ 
ment  and  exercise,  was  essentially  nothing  else  than 
an  intellectual  and  moral  act  or  habit,  a  natural  opera¬ 
tion  and  result  altogether  different  from  the  true  spir¬ 
itual  faith  of  a  Christian.  This  conviction  led  him  a 
few  days  afterwards  to  stand  up  at  the  house  of  the 
Rev.  Mr.  Hutton,  College  Street,  Westminster,  and 
declare  that  five  days  before  he  had  not  been  a  Chris¬ 
tian.  When  warned  not  thus  to  despise  the  benefits 
of  sacramental  grace,  he  rejoined,  “When  we  renounce 
everything  but  faith  and  get  into  Christ,  then,  and  not 
till  then,  have  we  reason  to  believe  that  we  are  Chris¬ 
tians.”  It  is  true  that  for  several  years  after  this  he 
remained  High-Church  in  some  of  his  principles  and 
opinions,  but  nevertheless  his  ritualism  was  dead  at  its 
roots. 

This  experience  also  made  Wesley  an  evangelist.  He 
had  a  forgotten  gospel  to  preach, — the  gospel  by  which 
men  were  to  be  converted,  as  he  had  been,  and  to  be 
made  “new  creatures.”  And  this  result,  this  new 
birth,  was  not  dependent  on  any  churchly  form  or 
ordinance,  on  any  priestly  prerogative  or  service,  or  on 
any  sacramental  grace  or  influence.  To  raise  up, 
accordingly,  by  his  preaching  and  personal  influence, 
a  body  of  converted  men,  who  should  themselves 
become  witnesses  of  the  same  truth  by  which  he  had 
been  saved,  was  henceforth  to  be  Wesley’s  life-work. 
This  was  the  inspiration  under  which  he  became  a 
great  preacher;  this  also  made  him  an  organizer  of 
his  living  witnesses  into  classes  and  societies.  In  the 
pulpit  was  the  preaching  power ;  in  the  class-room  was 
the  private  and  personal  influence.  The  vital  link 
between  the  pulpit  and  the  class-meeting  was  the  doc¬ 
trine  and  experience  of  “conversion.”  Thus  Wesleyan 
Methodism  is  deri  ved,  not  from  Wesley  the  ritualist, 
but  from  Wesley  the  evangelist. 

Wesley’s  doctrines  offended  the  clergy.  His  popu¬ 
larity  as  a  preacher  alarmed  them.  The  churches  were 
soon  shut  against  him.  He  attended  the  religious 
meetings — on  a  Church  of  England  basis — which  had 
existed  in  London  and  elsewhere  for  fifty  years,  so  far 
as  these  were  still  open  to  him,  the  Moravian  meetings, 
and  meetings  in  the  rooms  of  private  friends,  but  these 
were  quite  insufficient  for  the  zeal  and  energy  of  him¬ 
self  and  his  brother,  who  had  been  “converted”  a 
few  days  before  himself.  Accordingly,  in  1739,  he 
followed  the  example  set  by  Whitefield,  and  preached 
in  the  open  air  to  immense  crowds.  In  the  same  year 
also  he  yielded  to  the  urgency  of  his  followers  and  to 
the  pressure  of  circumstances,  and,  becoming  possessed 
of  an  old  building  called  “the  Foundery,”  at  Moor- 
fields,  transformed  it  into  a  meeting-house.  Here 
large  congregations  came  together  to  hear  the. brothers. 
About  the  same  time,  in  Bristol  and  the  neighboring 
8  A  disciple  of  Zinzendorf,  who  had  settled  in  London. 
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colliery  district  of  Kingswood,  lie  found  himself 
obliged,  not  a  little  against  his  will,  to  become  the 
owner  of  premises  for  the  purpose  of  public  preaching 
and  religious  meetings.  Here  was  the  beginning  of 
that  vast  growth  of  preaching-houses  and  meeting- 
rooms,  all  of  them  for  nearly  fifty  years  settled  on 
Wesley  himself,  which,  never  having  in  any  way 
belonged  to  the  Church  of  England,  became,  through 
Wesley,  the  possession  of  the  Methodist  Connection. 

The  religious  societies  through  which  the  Wesleys, 
after  their  conversion,  exercised  at  first  their  spiritual 
influence  were  in  part,  as  has  been  intimated,  Moravian, 
— that  in  Fetter  Lane,  of  which  the  rules  were  drawn 
up  by  Wesley  himself  in  1738  (May  1),  being  the  chief 
of  these, — and  in  part  societies  in  connection  with  the 
Church  of  England,  the  successors  of  those  which 
sprang  up  in  the  last  years  of  the  Stuarts,  as  if  to 
compensate  for  the  decay  of  Puritanism  within  the 
church.  In  1739,  however,  a  strong  leaven  of  anti- 
nomian  quietism  gained  entrance  among  the  Moravians 
of  England  (Bolder  himself  having  left  for  America 
in  the  spring  of  1738) ;  and  Wesley,  after  vainly  con¬ 
tending  for  a  time  against  this  corruption,  found  it 
necessary  formally  to  separate  from  them,  and  to 
establish  a  society  of  his  own,  for  which  a  place  of 
meeting  was  already  provided  at  the  Foundery.  This 
was  the  first  society  under  the  direct  control  of  Wesley, 
and  herein  was  the  actual  and  vital  beginning  of  the 
Wesleyan  Methodist  Society,  that  is,  of  Wesleyan 
Methodism.  Hence  the  Wesleyans  celebrated  their 
centenary  in  1839.  It  was  not,  however,  till  1743  that 
Wesley  published  the  Rules  of  his  Society.  By  that 
time  not  a  few  other  local  societies  had  been  added  to 
that  of  the  Foundery,  the  three  chief  centres  being 
London,  Bristol,  and  Newcastle.  Hence  Wesley 
called  his  Society,  when  he  published  the  “  Rules,”  in 
1743,  the  “United  Societies.”  His  brother’s  name 
was  joined  with  his  own  at  the  foot  of  these  Rules, 
in  their  second  edition,  dated  May  1,  1743,  and  so 
remained  in  all  later  editions  while  Charles  Wesley 
lived.  Those  Rules  are  still  the  rules  of  Wesleyan 
Methodism.  Since  Wesley’s  death  they  have  not 
been  altered.  During  his  life  only  one  change  was 
made  of  any  importance.  In  1743  the  offerings  given 
weekly  in  the  classes  were  for  the  poor,  there  being  at 
that  time  no  Conference  and  no  itinerant  preachers 
except  the  two  brothers  ;  after  a  few  years  the  rules 
prescribed  that  the  weekly  contributions  were  to  go 
“towards  the  support  of  the  gospel.”  The  Society  is 
described  as  “a  company  of  men  having  the  form,  and 
seeking  the  power,  of  godliness,  united  in  order  to  pray 
together,  to  receive  the  word  of  exhortation,  and  to 
watch  over  one  another  in  love,  that  they  may  help 
each  other  to  work  out  their  salvation.”  “The  only 
condition  previously  required  of  those  who  desired 
admission  into  these  societies  ”  is  “  a  desire  to  flee  from 
the  wrath  to  come,  and  to  be  saved  from  their  sins.” 
The  customary  contribution  was  a  minimum  of  a  penny 
a  week  or  a  shilling  a  quarter. 

In  1739  these  societies  were  not  divided  into 
“classes.”  But  in  1742  this  further  step. in  organ¬ 
ization  was  taken,  and  the  change  is  recognized  in  the 
rules  of  1743.  Leaders  were  appointed  to  these  classes, 
and  became  an  order  of  spiritual  helpers  and  sub- 
pastors,  not  ordained  like  lay  elders  in  the  Presbyterian 
churches,  but,  like  them,  filling  up  the  interval  between 
the  pastors  that  “  labor  in  the  word  and  doctrine” 
and  the  members  generally,  and  furnishing  the  main 
elements  of  a  council  which,  in  after  years,  grew  up  to 
be  the  disciplinary  authority  in  every.  “  society.”  In 
every  society  there  was  from  the  beginning  a  ‘  ‘  steward  ’  ’ 
to  take  and  give  account  of  moneys  received  and 
expended.  After  a  few  years  there  were  two  distinct 
stewards,  one  being  specially  appointed  to  take  care 
of  the  poor  and  the  “poor’s  money,”  the  other  being, 
in  general,  the  “society  steward.”  And  finally, — 
though  hardly,  perhaps,  during  Wesley’s  lifetime, — 
in  the  larger  societies  there  came  to  be  two  stewards 


of  each  description.  The  leaders  and  stewards  together 
constituted  “the  leaders’  meeting,”  of  which,  how¬ 
ever,  the  complete  circle  of  functions  grew  into  use 
and  into  recognition  only  by  degrees.  The  Rules  of 
the  Society,  which  are  strict  and  searching,  relate  to 
worship,  to  conduct,  and  to  the  religious  life,  but  do 
not  once  mention  or  refer  to  the  Church  of  England, 
the  parish  church,  or  the  parish  clergy.  The  only 
authority  at  first  was  the  personal  authority  of  the  two 
brothers,  exercised  either  directly  or  by  their  official 
delegates.  After  years  had  passed  away  the  leaders’ 
meeting  came  to  have  an  important  jurisdiction  and 
authority,  but  its  rights  and  powers  were  neither 
defined  nor  recognized  until  after  Wesley’s  death. 
From  first  to  last  there  is  no  trace  or  color  of  any 
Anglican  character  in  the  organization.  Moravians  or 
Dissenters  might  have  entered  the  fellowship,  and 
before  long  many  did  enter  it  who  had  either  been 
Dissenters  or,  at  any  rate,  had  seldom  or  never  entered 
a  church.  What  would  to-day  be  called  the  ‘‘unsec¬ 
tarian”  character  of  his  society  was,  indeed,  in  Wes¬ 
ley’s  view,  one  of  its  chief  glories.  All  the  time, 
however,  this  “unsectarian”  society  was  only  another 
“sect”  in  process  of  formation.  Wesley  for  many 
years  before  his  death  had  seen  that,  unless  the  rulers 
of  the  church  should  come  to  adopt  in  regard  to  his 
society  a  policy  of  liberal  recognition,  this  might  be 
the  outcome  of  his  life-work. .  And  it  would  seem  as 
if  in  his  private  confidences  with,  himself  he  had  come 
in  the  end  at  times  to  acquiesce  in  this  result. 

Still  more  decisive,  however,  was  the  third  step  in  the 
development  of  Wesley’s  “  Society.”  The  clergy  not 
only  excluded  the  Wesleys  from  their  pulpits,  but  often 
repelled  them  and  their  converts  from  the  Lord’s 
Supper.  This  was  first  done  on  a  large  scale,  and  with 
a  systematic  harshness  and  persistency,  at  Bristol  in 
1740.  Under  these  circumstances  the  brothers  took 
the  decisive  step  of  administering  the  sacrament  to 
their  societies  themselves,  in  their  own  meeting-rooms, 
both  at  Bristol  and  at  Kingswood..  This  practice 
having  thus  been  established  at  Bristol,  it  was  not 
likely  that  the  original  society  at  the  Foundery  would 
rest  content  without  the  like  privilege,  especially  as 
some  of  the  clergy  in  London  acted  in  the  same  man¬ 
ner  as  those  at  Bristol.  There  were  therefore  at  the 
Foundery  also  separate  administrations.  Here  then, 
in  1740,  were  two — if  we  include  Kingswood  three — 
separate  local  churches,  formed,  it  is  true,  and  both 
served  and  governed  by  ordained  clergymen  of  the 
Church  of  England,  but  not  belonging  to  that  church 
or  in  any  respect  within  its  government.  As  there¬ 
after  during  Wesley’s  life  one  of  the  brothers,  or  some 
cooperative  or  friendly  clergyman,  was  almost  always 
present  in  London  and  in  Bristol  for  the  administra¬ 
tion  of  the  sacraments,  these  communions,  when  once 
begun,  were  afterwards  steadily  maintained,  the  Lord’s 
Supper  being,  as  a  rule,  administered  weekly.  Both 
on  Sundays  and  on  week  days  full  provision  was  made 
for  all  the  spiritual  wants  of  these  “societies,”  apart 
altogether  from  the  services  of  the  Church  of  England. 
The  only  link  by  which  the  societies  were  connected 
with  that  church— and  this  was  a  link  of  sentiment, 
not  an  organic  one — was  that  the  ministers  who  served 
them  were  numbered  among  its  ‘  ‘  priests.  ’  ’ 

In  1741  Wesley  entered  upon  his  course  of  calling 
out  lay  preachers,  who  itinerated  under  his  directions. 
To  the  societies  founded  and  sustained  with  the  aid  of 
these  preachers,  who  were  entirely  and  absolutely 
under  Wesley’s  personal  control,  the  two  brothers,  in 
their  extensive  journeys,  administered  the  sacraments 
as  they  were  able.  The  helpers  only  ranked  as  lay¬ 
men,  many  of  them,  indeed,  being  men  of  humble 
attainments  and  of  unpolished  ways.  For.  the  ordi¬ 
nary  reception  of  the  sacraments  the  societies  in  gen¬ 
eral  were  dependent  on  the  parish  clergy,  who,  how¬ 
ever,  not  seldom  repelled  them  from  the  Lord’s  table. 
So  also  for  the  ordinary  opportunities  of  public  wor¬ 
ship  they  often  had  no  resource  but  the  parish  church. 
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The  simple  service  in  their  preaching-room  was,  as 
Wesley  himself  insisted,  defective,  as  a  service  of 
public  worship,  in  some  important  particulars  ;  besides 
which,  the  visits  of  the  itinerants  were  usually,  at 
least  at  first,  few  and  far  between.  Wesley  accord¬ 
ingly  was  urgent  in  his  advices  and  injunctions  that 
his  societies  generally  should  keep  to  their  parish 
churches  ;  but  long  before  his  death,  especially  as  the 
itinerant  preachers  improved  in  quality  and  increased 
in  number,  there  was  a  growing  desire  among  the 
societies  to  have  their  own  full  Sunday  services,  and 
to  have  the  sacraments  administered  by  their  own 
preachers.  The  development  of  these  preachers  into 
ministers,  and  of  the  societies  into  fully  organized 
churches,  was,  if  not  the  inevitable,  at  any  rate  the 
natural,  result  of  the  steps  which  Wesley  took  in 
order  to  carry  on  the  work  that  was  continually  open¬ 
ing  up  before  him. 

In  1744  Wesley  held  his  first  Conference.  The  early 
Conferences  were  chiefly  useful  for  the  settlement  of  points 
of  doctrine  and  discipline  and  for  the  examination  and  ac¬ 
crediting  of  fellow-laborers.  They  met  yearly.  Confer¬ 
ences  were  a  necessity  for  Wesley,  and  became  increasingly 
so  as  his  work  continued  to  grow  upon  him.  It  was  inevi¬ 
table  also  that  the  powers  of  the  Conference,  although  for 
many  years  the  Conference  itself  only  existed  as  it  were  on 
sufferance,  and  only  exercised  any  authority  by  the  per¬ 
mission  of  its  creator  and  head,  should  continually  in¬ 
crease.  The  result  was  that  in  1784  Wesley  could  no 
longer  delay  the  legal  constitution  of  the  Conference,  and 
that  he  was  compelled,  if  he  would  provide  for  the  per¬ 
petuation  of  his  work,  to  take  measures  for  vesting  in 
trustees,  for  the  use  of  “  the  people  called  Methodists,” 
under  the  jurisdiction  of  the  Conference  as  to  the  appoint¬ 
ment  of  ministers  and  preachers,  all  the  preaching  places 
and  trust  property  of  the  Connection.  The  legal  Confer¬ 
ence  was  defined  as  consisting  of  one  hundred  itinerant 
preachers  named  by  Wesley,  and  power  was  given  to  the 
“  legal  hundred  ”  continually  from  the  first  to  fill  up  the 
vacancies  in  their  own  number,  to  admit  and  expel 
preachers,  and  to  station  them  from  year  to  year,  no 
preacher  being  allowed  to  remain  more  than  three  years  in 
one  station. 

By  this  measure  Wesley’s  work  was  consolidated  into  a 
distinct  religious  organization,  having  a  legally  corporate 
character  and  large  property  rights.  And  yet  Wesley 
would  not  allow  this  great  organization  to  be  styled  a 
“church.”  It  was  only  a  “society” — the  “United  So¬ 
ciety” — the  Society  of  “the  people  called  Methodists” — 
the  “  Methodist  Society.”  And  of  its  members  all  who 
were  not  professed  Dissenters  were  by  him  reckoned  as 
belonging  to  the  Church  of  England,  although  a  large  and 
increasing  proportion  of  them  seldom  or  never  attended 
the  services  of  that  church.  The  explanation  of  this  appa¬ 
rent  inconsistency  is  that  Wesley  admitted  none  to  be 
Dissenters  except  such  as  were  so  in  the  eye  of  the  law — 
those  who,  “  for  conscience  sake,  refused  to  join  in  the  ser¬ 
vices  of  the  church  or  partako  of  the  sacraments  admin¬ 
istered  therein  ” — and  that  he  interpreted  “  the  Church  of 
England”  to  mean,  as  he  wrote  to  his  brother  Charles, 
“  all  the  believers  in  England,  except  Papists  and  Dis¬ 
senters,  who  have  the  word  of  God  and  the  sacraments  ad¬ 
ministered  among  them.” 

But  Wesley  was  to  carry  his  Society  to  a  yet  higher 
pitch  of  development,  and  one  which  made  it  still  more 
difficult  to  distinguish  its  character  from  that  of  a  distinct 
and  separate  church.  In  1738  Wesley  had  been  theoreti¬ 
cally  a  High-Churchman.  For  some  time  even  after  he 
had  entered  upon  his  course  of  irregular  and  independent 
evangelism  he  continued  to  hold,  in  the  abstract,  High- 
Church  views.  But  in  1746  he  abandoned  once  for  all  his 
ecclesiastical  High-Churchmanship,  although  he  never 
became  either  a  political  or  a  latitudinarian  Low-Church¬ 
man  after  the  standard  and  manner  of  the  18th  century. 
He  relates  in  his  journal  under  date  January  20,  1746,  how 
his  views  were  revolutionized  by  reading  Lord  (Chancellor) 
King’s  account  of  the  primitive  church.  From  this  time 
forward  he  consistently  maintained  that  the  “  uninter¬ 
rupted  succession  was  a  fable  which  no  man  ever  did  or 
could  prove.”  One  of  the  things  taught  him  by  Lord 
King’s  book  was  that  the  office  of  bishop  was  originally  one 
and  the  same  with  that  of  presbyter ;  and  the  practical 
inference  which  ’Wesley  drew  was  that  he  himself  was  a 
“  Scriptural  Episcopos,”  and  that  he  had  as  much  right  as 
any  primitive  or  missionary  bishop  to  ordain  ministers,  as 
his  representatives  and  helpers,  who  should  administer  the 
sacraments,  instead  of  himself,  to  the  societies  which  had 


placed  themselves  under  his  spiritual  charge.  This  right, 
as  he  conceived  it  to  be,  he  held  in  abeyance  for  nearly 
forty  years,  but  at  length  he  was  constrained  to  exercise  it, 
and,  by  so  doing,  in  effect  led  the  way  towards  making  his 
Society  a  distinct  and  independent  church. 

In  1784,  the  American  colonies  having  won  their  inde¬ 
pendence,  it  became  necessary  to  organize  a  separate  Meth¬ 
odism  lor  America,  where  Methodist  societies  had  existed 
for  many  years.  Wesley  gave  formal  ordination  and  letters 
of  ordination  to  Dr.  Coke,  already  a  presbyter  of  the 
Church  of  England,  as  superintendent  (or  bishop)  for 
America,  where  Coke  ordained  Francis  Asbury  as  presbyter 
and  superintendent  (or  bisbop),  and  Coke  and  Asbury  to¬ 
gether  ordained  the  American  preachers  as  presbyters. 
From  that  ordination  dates  the  ecclesiastical  commence¬ 
ment  of  American  Episcopal  Methodism— in  which  the 
bishops  are  only  chief  among  the  presbyters  whom  they 
superintend,  superior  in  office  but  of  the  same  order.  The 
Episcopal  Methodism  of  America  represents  to-day  the 
largest  aggregate  of  Protestant  communicants  and'  wor¬ 
shippers  of  the  same  ecclesiastical  name  to  be  found  in  any 
one  nation  in  the  world. 

The  following  year  (1785)  Wesley  ordained  ministers 
for  Scotland.  There  his  societies  were  quite  outside  of  the 
established  Presbyterianism  of  the  day,  with  its  lukewarm 
“  moderatism ;  ”  while  the  fervid  sects  which  had  seceded 
from  the  state  church  would  hold  no  terms  with  Arminians 
like  Wesley  and  his  followers.  Hence  Wesley  was  com¬ 
pelled  to  make  special  provision  for  the  administration  of 
the  sacraments  in  Scotland.  He  therefore  ordained  some 
of  his  ablest  and  most  dignified  preachers,  was  careful  to 
give  them  formally  in  his  correspondence  the  style  and 
title  of  “  Reverend,”  and  appointed  them  to  administer 
the  sacraments  north  of  the  Tweed. 

At  length,  in  1788,  Wesley  ordained  a  number  of  preach¬ 
ers  (Mr.  Tyerman  says  seven)  to  assist  him  in  administering 
the  sacraments  to  the  societies  in  England ;  and  of  these 
he  ordained  one  (Alexander  Mather)  to  be  superintendent 
(or  bishop),  his  brother  Charles  being  now  dead,  and  Dr. 
Coke  sometimes  absent  for  long  periods  in  America.  The 
number  of  societies  which  demanded  to  have  the  sacra¬ 
ments  administered  to  them  in  their  own  places  of  worship 
continually  increased,  and  their  claims  were  often  too 
strong  to  be  resisted,  especially  when  the  parish  priest  was 
either  a  public  opponent  of  the  Methodists  or  a  man  of 
disreputable  conduct.  Before  Wesley’s  death  (in  1791)  it 
would  seem  that  there  were  more  than  a  dozen  of  his 
preachers  who  had  at  different  times,  in  Scotland  or  in 
England,  been  ordained  to  administer  the  sacraments. 

The  foregoing  view  of  the  development  of  Methodism  as 
an  organization,  during  the  lifetime  of  its  founder,  will 
have  conveyed  a  general  idea  of  its  structure  and  polity. 
There  is  one  cardinal,  though  variable,  element  in  its  organ¬ 
ization,  however,  of  which  there  has  as  yet  been  no  occa¬ 
sion  to  speak.  The  societies  of  Methodism — each  of  these 
consisting  of  one  or  more  “  classes  ” — were  themselves 
grouped  into  circuits,  each  of  which  was  placed  under  the 
care  of  one  or  more  of  Wesley’s  Conference  preachers,  who 
were  called  his  “  assistants  ”  or  “  helpers,”  the  assistant 
being  the  chief  preacher  of  a  circuit,  aud  the  helper  being 
a  colleague  and  subordinate.  The  “  assistants  ”  were  di¬ 
rectly  responsible  to  Wesley,  who  had  absolute  power  over 
them,  and  exercised  it  between  the  Conferences.  The  same 
power  he  equally  possessed  in  the  Conference,  at  the  yearly 
meetings,  but  he  made  it  a  rule,  during  his  later  life,  to 
take  counsel  with  the  Conference  as  to  all  matters  of  im¬ 
portance  affecting  the  permanent  status  of  the  preachers 
personally,  or  relating  to  the  societies  aud  their  government. 
He  thus  prepared  the  Connection,  both  preachers  and  peo¬ 
ple,  to  accept  the  government  and  the  legislative  control  of 
the  Conference  after  his  death. 

At  the  time  of  Wesley’s  death  there  were  in  Great  Brit¬ 
ain,  the  Isle  of  Man,  and  the  Channel  Islands,  19  circuits, 
227  preachers,  and  57,562  members.  In  Ireland  there  were 
29  circuits,  67  preachers,  and  14,006  members.  There  were 
also  11  mission  circuits  in  the  West  Indies  and  British 
America,  19  preachers,  and  5300  members.  The  number  of 
members  in  the  United  States  was  returned  as  43,265. 

It  has  already  been  explained  that  in  connection  with 
each  society  there  was  a  leaders’  meeting,  of  which  society 
stewards  and  poor  stewards  as  well  as  leaders  were  mem¬ 
bers.  It  must  here  be  added  that  each  circuit  had  its  quar¬ 
terly  meeting,  of  which,  at  first,  only  the  society  stewards 
and  the  general  steward  (or  treasurer)  for  the  circuit,  in 
conjunction  with  the  itinerant  preachers,  were  necessary 
members.  Leaders,  however,  in  some  circuits  were  very 
early,  if  not  from  the  first,  associated  with  the  stewards  in 
the  quarterly  meeting,  or  at  least  had  liberty  to  attend. 
The  quarterly  meeting  was  not  defined  in  Wesleyan  Meth¬ 
odism  until  the  year  1852,  The  leaders’  meeting  had  no 
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defined  authority  until  some  years  after  Wesley’s  death. 
Discipline,  including  the  admission  and  expulsion  of  mem¬ 
bers,  lay  absolutely  with  the  “  assistant,”  subject  only  to  ap¬ 
peal  to  Mr.  Wesley.  Many  years,  however,  before  Wesley’s 
death  it  had  become  the  usage  for  the  “  assistant,”  or,  in 
his  absence,  the  “helper,”  his  colleague,  to  consult  the  lead¬ 
ers’  meeting  as  to  important  questions  either  of  appoint¬ 
ment  to  office  or  of  discipline.  As  the  consolidated  “  so¬ 
ciety”  approached  towards  the  character  of  a  “  church,” 
the  leaders’  meeting  began  to  acquire  the  character 
and  fpnctions  of  a  church  court,  and  private  members  to 
be  treated,  in  regard  to  matters  of  discipline,  as  having  a 
status  and  rights  which  might  be  pleaded  before  such  a 
“court.”  The  rights,  indeed,  which,  soon  after  Wesley’s 
death,  were  guaranteed  to  leaders’  meetings  and  members 
of  society  had,  there  can  be  no  doubt,  so  far  grown  up,  be¬ 
fore  his  death,  as  to  be  generally  recognized  as  undeniable. 

“  Bauds  ”  were  a  marked  feature  in  early  Methodism,  but 
in  later  years  were  allowed,  at  least  in  their  original,  form, 
to  fall  out  of  use.  There  is  no  reference  to  them  in  the 
“  Minutes  of  Conference  ”  after  1768,  although  till  after 
Wesley’s  death  they  held  a  place  in  the  oldest  and  largest 
societies.  Originally  there  were  usually  in  each  considera¬ 
ble  society  four  bands,  the  members  of  which  were  collected 
from  the  various  society  classes — one  band  composed,  of 
married  and  another  of  unmarried  men,  one  of  married 
and  another  of  unmarried  women.  All  the  members 
of  a  society,  however,  were  not  of  necessity  members  of 
bands.  Some  maturity  of  experience  was  expected,  and  it 
was  the  responsibility  of  the  “  assistant  ”  to  admit  into 
band  or  to  exclude  from  band.  After  Mr.  Wesley’s  death, 
where  “  bands”  so  called  were  kept  up,  they  lost  their  pri¬ 
vate  character,  and  became  weekly  fellowship  meetings  for 
the  society. 

The  “  love-feast  ”  was  a  meeting  the  idea  of  which  was 
borrowed  from  the  Moravians,  but  which  was  also  regarded 
as  reviving  the  primitive  institute  of  the  agape.  In  the 
love-feast  the  members  of  different  societies  come  together 
for  a  collective  fellowship  meeting.  One  feature  of  the 
meeting — a  memory  of  the  primitive  agape — is  that  all  pres¬ 
ent  eat  a  small  portion  of  bread  or  cake  and  drink  of  water 
in  common. 

It  may  be  supposed  that  in  such  a  system  as  Methodism  a 
large  number  of  preachers  and  exhorters,  from  all  the  social 
grades  included  within  the  societies,  could  not  but  be  con¬ 
tinually  raised  up.  These,  during  Wesley’s  life,  acted  en¬ 
tirely  under  the  directions  of  the  assistant,  and  were  by 
him  admitted  or  excluded,  subject  to  an  appeal  to  Wesley. 
Once  a  quarter — often  in  conjunction  with  the  circuit  quar¬ 
terly  meeting — a  meeting  of  these  local  lay  helpers,  called 
“  local  preachers,”  was  held  for  mutual  consultation  and 
arrangement,  and  to  examine  and  accredit  candidates  for 
the  office. 

3.  Wesleyan  Methodism  after  Wesley's  Death  (1791). 
— When  Wesley  died  the  Conference  remained  as  the 
bond  of  union  and  fountain  of  authority  for  the  Con¬ 
nection.  But  between  the  meetings  of  Conference 
Wesley  had  acted  as  patriarch  and  visitor  with  sum¬ 
mary  and  supreme  jurisdiction.  The  first  need  to  be 
supplied  after  his  death  was  an  authority  for  the  dis¬ 
charge  of  this  particular  function.  In  America  Wes* 
ley  had  organized  a  system  of  bishops  (presbyter-bish¬ 
ops),  presbyters  or  elders,  and  deaeons  or  ministers  on 
probation.  Among  some  of  those  preachers  who  had 
been  most  intimate  with  Wesley  there  was  a  convic¬ 
tion  that  his  own  judgment  would  have  approved 
such  a  plan  for  England.  No  document,  however, 
remains  to  show  that  such  was  his  desire.  The  only 
request  he  left  behind  him  for  the  Conference  to  re¬ 
spect  was  one  which  rather  looked  in  another  direc¬ 
tion— the  well-known  letter  produced,  before  the  Con¬ 
ference  on  its  first  meeting  after  his  death  by  his 
friend  and  personal  attendant,  Mr.  Bradford,  in  which 
he  begged  the  members  of  the  legal  hundred  to  as¬ 
sume  no  advantage  over  the  other  preachers  in  any 
respect.  The  preachers,  accordingly,  in  their  first 
Conference  after  Wesley’s  death,  instead,  of  appoint¬ 
ing  bishops,  each  with  his  diocese  or  province,  divided 
the  country  into  districts,  and  appointed  district  com¬ 
mittees  to  have  all  power  of  discipline  and  direction 
within  the  districts,  subject  only  to  an  appeal  to  the 
Conference,  all  the  preachers  exercising  equal  rights 
"’so  in  the  Conference,  the  “legal  hundred”  merely 
*>onfirmii^  and  validating  pro  forma  the  resolutions 
«iud  decisions  of  the  whole  assembly.^ 


At  first  the  preachers  stationed  in  the  districts  were 
instructed  to  elect  their  own  chairmen,  one  for  each 
district.  But  the  plan  was  speedily  changed,  and  the 
chairmen  were  elected  each  year  by  the  whole  Confer¬ 
ence;  and  this  method  has  been  maintained  ever 
since.  The  “district  meetings” — as  they  are  gener¬ 
ally  called — are  still  “committees”  of  the  Conference, 
and  have  ad  interim  its  power  and  responsibilities  as 
to  discipline  and  administration.  Originally  they  were 
composed  exclusively  of  preachers,  but.  before  many 
years  had  passed  circuit  stewards  and  district  lay  offi¬ 
cers  came  to  be  associated  with  the  preachers  during 
the  transaction  of  all  the  business  except  such  as  was 
regarded  as  properly  pastoral. 

The  relation  of  the  Conference  to  the  government 
of  the  Connection  having  thus  been  determined,  the 
question  which  next  arose,  and  which  occupied  and  in¬ 
deed  convulsed  the  Connection  for  several  years (1792- 
95),  was  that  of  the  administration  of  the  sacraments, 
especially  of  the  Lord’s  Supper,  to  the  societies.  The 
societies  generally  insisted  on  their  right  to  have  the 
sacraments  from  their  own  preachers.  Many  of  the 
wealthier  members,  however,  and  in  particular  a  large 
number  of  the  trustees  of  chapels,  opposed  these  de¬ 
mands.  At  length,  between  1794  and  1795,  after 
more  than  one  attempt  at  compromise  had  been  made 
by  the  Conference,  the  feeling  of  the  societies  as 
against  the  trustees  became  too  strong  to  be  longer  re¬ 
sisted,  and  accordingly  at  the  Conference  of  1795  the 
“  plan  of  pacification  ”  was  adopted,  the  leading  pro¬ 
vision  being  that,  wherever  the  majority  of  the  trus¬ 
tees  of  any  chapel,  on  the  one  hand,  and  the  ma¬ 
jority  of  the  stewards  and  leaders,  on  the  other,  con¬ 
sented  to  the  administration  of  the  sacraments,  they 
should  be  administered,  but  notin  opposition  to  either 
the  one  or  the  other  of  these  authorities.  In  Eng¬ 
land  the  Lord’s  Supper  was  always  to  be  administered 
after  the  Episcopal  form ;  in  Scotland  it  might  still, 
if  necessary,  be  administered,  as  it  had  commonly 
been  before,  after  the  Presbyterian  form.  In  any  case, 
however,  “  full  liberty  was  to  be  left  to  give  out  hymns 
and  to  use  exhortation  and  extemporary  prayer.” 
The  result  was  that  within  a  generation  the  adminis¬ 
tration  of  the  sacraments  to  the  societies  came  to  be 
the  universal  rule.  By  this  legislation  the  preachers 
assumed  the  powers  of  pastors,  in  accordance,  how¬ 
ever,  only  and  always  with  the  desire  and  choice,  of 
their  flocks.  No  formal  service  or  act  of  ordination 
was  brought  into  use  till  forty  years  afterwards.  All 
preachers  on  probation  for  the  ministry,  after  the 
completion  of  their  probation,  were  “received  into 
full  connection  ”  with  the  Conference,  this  reception 
implying  investment  with  all  pastoral  prerogatives. 
Modern  Methodism  has  developed  more  fully  and 
conspicuously  the  pastoral  idea. 

No  sooner  was  the  sacramental  controversy  settled 
than  the  further  question  as  to  the  position  and  rights 
of  the  laity  came  to  the  front  in  great  force.  A  com¬ 
paratively  small  party,  led  by  Alexander  Kilham,  im¬ 
ported  into  the  discussion  ideas  of  a  republican  com¬ 
plexion,  and  demanded  that  the  members  in  their 
individual  capacity  should  be  recognized  as  the  direct 
basis  of  all  power,  that  they  should  freely  elect  the 
leaders  and  stewards,  that  all  distinction  in  Conference 
between  ministers  and  laymen  should  be  done  away 
(elected  laymen  being  sent  as  delegates  from  the  cir¬ 
cuits  in  equal  number  with  the  ministers),  that  the 
ministry  should  possess  no  official  authority  or  pastoral 
prerogative,  but  should  merely  carry  into  effect  the 
decisions  of  majorities  in  the  different  meetings.  In 
the  course  of  a  very  violent  controversy  which  ensued, 

Samphlets  and  broadsheets,  chiefly  anonymous,  from 
iilham’s  pen,  advocating  his  views  and  containing 
gross  imputations  on  the  ministers  generally,  and  in 
particular  on  some  not  named  but  distinctly  indicated, 
were  disseminated  through  the  societies.  The  writer 
was  tried  at  the  Conference  of  1796,  condemned  for 
the  publication  of  injurious  and  unjustifiable  charges 
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against  his  brethren,  and  by  a  urfanimous  vote  expelled 
from  the  Conference.  In  the  following  year  he  founded 
the  “  New  Connection,”  the  earliest  of  the  organized 
secessions  from  Wesleyan  Methodism. 

Views  much  more  moderate  than  Kilham’s  pre¬ 
vailed  in  the  Connection  at  large.  At  the  Leeds  Con¬ 
ference  of  1797  the  basis  was  laid  of  that  system  of 
balance  between  the  prerogatives  of  the  ministers  and 
the  rights  of  the  laity  which  has  been  maintained  in 
its  principles  ever  since,  and  which,  in  reality,  has 
governed  the  recent  provisions  (1877-78)  for  the  ad¬ 
mission  of  lay-representatives  into  the  Conference  not 
less  than  the  former  developments  of  Wesleyan  Meth¬ 
odism.  The  admission  of  members  into  the  society  had, 
up  to  1797,  been  entirely  in  the  hands  of  the  itiner¬ 
ant  preachers, — that  is,  the  “assistant,”  henceforth 
to  be  styled  the  “superintendent,”  and  his  “help¬ 
ers.”  The  new  regulations,  without  interfering  with 
the  power  of  the  ministers  to  admit  members  on  trial, 
declared  that  “the  leaders’  meeting  shall  have  a  right 
to  declare  any  person  on  trial  improper  to  be  received 
into  society,  and  after  such  declaration  the  superin¬ 
tendent  shall  not  admit  such  person  into  society;” 
also  that  “  no  person  shall  be  expelled  from  the  society 
for  immorality  till  such  immorality  be  proved  at  a 
leaders’  meeting.”1  For  the  appointment  of  church 
officers  (leaders  and  stewards)  the  following  regula¬ 
tions  were  made,  the  second  based  on  recognized  usage, 
the  first  on  general  but  not  invariable  practice  : 

“1.  No  person  shall  be  appointed  a  leader  or  steward,  or 
be  removed  from  his  office,  but  in  conjunction  with  the 
leaders’  meeting,  the  nomination  to  be  in  the  superintend¬ 
ent,  and  the  approbation  or  disapprobation  in  the  leaders’ 
meeting. 

“  2.  The  former  rule  concerning  local  preachers  is  con¬ 
firmed, — viz.,  that  no  man  shall  receive  a  plan  as  a  local 
preacher,  without  the  approbation  of  a  local  preachers’ 
meeting.” 

The  Conference  at  the  same  time  made  several  pro¬ 
visions  for  carrying  out  the  process,  which  had  been 
going  on  for  some  years,  of  denuding  itself  of  direct 
responsibility  in  regard  to  the  disbursement  of  the 
Connectional  funds.  The  principle  was  established 
that  such  matters  were  to  be  administered  by  the  dis¬ 
trict  committees  acting  in  correspondence  with  the 
quarterly  meetings  of  the  circuits.  It  was  also  pro¬ 
vided  that  circuits  were  not  to  be  divided  without  the 
consent  of  the  respective  quarterly  meetings ;  and, 
finally,  it  was  resolved  that,  in  the  case  of  any  new  rule 
made  by  the  Conference  for  the  Connection,  its  action 
within  a  circuit  might  be  suspended  for  a  year  by  the 
quarterly  meeting,  if  it  disapproved  of  the  rule.  If, 
however,  the  Conference,  after  twelve  months’  in¬ 
terval,  still  adhered  to  the  new  rule,  it  was  to  be  bind¬ 
ing  on  the  whole  Connection. 

The  powers  of  district  committees,  as  defined  by 
former  Conferences,  were  in  1797  confirmed  and  en¬ 
hanced,  special  powers  being  given  to  special  meetings 
of  these  committees  convened  when  necessary  to  settle 
the  affairs  of  a  distracted  circuit.  In  the  same  Con¬ 
ference  all  the  principal  rules  of  Methodism,  in  regard 
both  to  the  ministers  and  the  laity,  were  collected  and 
(in  a  sense)  codified,  including  the  new  regulations 
adopted  that  same  year ;  and  the  whole,  under  the 
title  “Large  Minutes,”  was  accepted  as  binding  by 
the  Conference,  each  minister  being  required  to  sign 
his  acceptance  individually.  This  compendium,  itself 
based  on  one  which  had  been  prepared  by  Wesley,  is 

1  In  this  regulation  it  was  assumed  that  the  old  rule  of  society 
by  which  a  member  disqualifies  and  virtually  expels  himself  by 
continued  absence  from  class,  without  reason  for  such  absence, 
still  held  good.  The  case  provides  only  for  expulsions  for  “  im¬ 
morality.”  Subsequent  legislation  has  introduced  a  provision 
which  insures  to  any  member  before  he  ceases  to  be  recognized 
on  account  of  non-attendance  the  right  of  having  his  case  brought 
before  a  leaders’  meeting  if  he  desires  it.  This  rule  of  1797  has 
always  been  understood  by  the  Conference  as  constituting  the 
leaders’  meeting  in  effect  a  jury,  leaving  the  superintendent  with 
his  colleague  or  colleagues  as  advisers  to  act  as  judge.  Appeal 
has  always  lain  from  the  leaders’  meeting  to  the  district  meeting, 
and,  finally,  to  the  Conference. 


J  still  accepted  by  every  Wesleyan  minister  on  bis  or- 
i  uination  as  containing  the  rules  and  principles  to  which 
i  he  subscribes.  During  the  sitting  of  this  critical  Con- 
I  ierence  at  Leeds  an  assembly  of  delegates  from  bodies 
ol  trustees  throughout  the  kingdom  was  simultaneously 
held.  The  form  of  the  regulations  enacted  by  the 
Conference  was,  to  a  considerable  extent,  determined 
by  the  nature  and  form  of  the  requests  made  by  this 
body  of  trustees.  There  was  one  request,  however, 
which  the  Conference  distinctly  declined  to  grant— 
namely,  that  for  lay  delegation  to  the  Conference. 
The  Conference  replied  that  they  could  not  admit  any 
but  regular  travelling  preachers  into  their  body,  and 
preserve,  the  system  of  Methodism  entire,  particularly 
the  “itinerant  plan.”  It  was  not  until  many  years 
afterwards  that  anything  was  heard  again  as  to  this 
matter. 

By  the  settlement  now  described  the  outlines  of 
Methodism  as  an  organized  church  were  fairly  com¬ 
pleted.  Many  details  have  since  been  filled  in,  and 
many  changes  have  been  made  in  secondary  arrange¬ 
ments,  but  the  principles  of  development  have  re¬ 
mained  unchanged.  The  Connection  after  1797  had  a 
long  unbroken  period  of  peaceful  progress.  The  effect 
of  the  “Kilhamite”  separation,  indeed,  was  after 
1797  not  greatly  felt  by  the  parent  body.  The  number 
of  Methodists  in  the  United  Kingdom  in  1796,  the 
year  of  Kilham’s  expulsion,  was  95,226 ;  in  1797  it  was 
99,519  ;  in  1798  the  New  Connection  held  its  first  Con¬ 
ference,  and  reported  5037  members,  the  number  of 
the  parent  body  being  101,682.  Nor  was  it  till  1806 
that  the  New  Connection  reached  6000. 

During  the  period  of  quiet  growth  and  development  which 
followed  1797  the  influence  of  one  superior  mind  (Dr.  Jabez 
Bunting,  1779-1858)  was  to  prevail  with  increasing  sway. 
This  was  to  he  the  period  of  the  gradual  development  of 
lay-cooperation  in  the  administration  of  the  various  de¬ 
partments  of  Connectional  extension  and  enterprise — a 
development  which  prepared  the  way  for  the  important  legis¬ 
lation  of  1852  and  following  years,  and  for  the  ultimate  set¬ 
tlement  of  the  respective  provinces  and  powers  of  the  min¬ 
isters  and  laity  which  was  made  in  1877-78.  It  was  also  to 
be  the  period  of  the  gradual  completion  of  the  pastoral  idea, 
in  its  practical  application  to  the  ministers  of  the  body. 
This  period  may  be  defined  as  extending  from  the  revolu¬ 
tionary  epoch  of  1791-97  to  the  epoch  of  political  and  munic¬ 
ipal  reform  agitation,  1828-35,  which  coincides  with  a  sec¬ 
ond  period  of  politico-ecclesiastical  agitation  in  Wesleyan 
Methodism. 

In  1797  the  Conference,  as  already  mentioned,  had  re¬ 
fused  to  allow  elected  laymen — or  lay  delegates — any  place 
either  in  the  Conference  or  in  district  committees.  Within 
a  few  years  after  1800,  however,  the  practice  grew  up  for 
the  circuit  stewards  to  attend  the  district  committees  dur¬ 
ing  the  transaction  of  financial  business,  and  in  1815  this 
usage  was  recognized  in  the  Minutes  of  Conference  as  an 
established  “  rule,”  and  it  was  enacted  that  no  general  in¬ 
crease  of  the  income  of  the  ministers  should  be  sanctioned 
by  the  Conference  until  approved  by  a  majority  of  the  dis¬ 
trict  committees  during  the  attendance  of  the  circuit  stew¬ 
ards.  Since  the  adoption  of  this  rule  the  lay  element  in 
the  district  committees  has  steadily  increased  and  de¬ 
veloped.  Another  characteristic  and  important  feature  in 
the  organization  of  Wesleyan  Methodism,  which  grew  into 
distinct  form  and  prominence  during  the  period  now  under 
review,  was  that  of  the  administration  of  all  the  Connec¬ 
tional  departments,  except  such  as  were  regarded  as  prop¬ 
erly  pastoral,  by  means  of  mixed  departmental  committees, 
appointed  at  each  successive  Conference.  These  commit¬ 
tees  made  recommendations  to  the  Conference  in  regard  to 
such  new  legislation  as  they  thought  desirable  and  to  the 
appointment  of  the  members  of  committee  •.  and,  for  each 
department,  a  large  committee  of  review,  of  which  the 
members  of  the  ordinary  committee  of  management  formed 
the  nucleus,  came  to  be  held  each  year  immediately  before 
the  Conference.  In  these  committees  the  numbers  of  min¬ 
isters  and  of  laymen  were  equal.  On  this  principle,  be¬ 
tween  1811  and  1835,  provision  had  been  made  for  the 
management  of  all  the  funds  of  the  Connection  and  their 
corresponding  departments  of  administration.  The  first 
mixed  committee  appointed  by  the  Conference  was  the 
committee  of  privileges  in  1803. 

The  development  of  the  pastoral  position  aud  character 
of  the  ministers  of  the  body  after  1797  could  not  but  ad¬ 
vance  on  a  line  parallel  to  the  development  of  the  position 
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and  claims  of  the  laity.  In  1818  the  usage  of  the  Confer¬ 
ence  was  conformed  to  what  had  long  been  the  ordinary 
unofficial  custom,  and  the  preachers  began  to  be  styled  in 
the  Wesleyan  Methodist  Magazine  and  in  other  official  publi¬ 
cations  “  Reverend,”  a  fact  which  may  seem  trivial,  but 
which  in  reality  was  of  important  significance. 

In  1834,  after  the  idea  had  been  long  entertained  and  the 
project  had  been  repeatedly  discussed,  it  was  determined  to 
establish  a  theological  institution  for  the  training  of  minis¬ 
terial  candidates.  There  are  now  four  colleges,  with  two 
hundred  and  fifty  students.  In  1836  the  practice  of  ordina¬ 
tion  by  imposition  of  hands  was  adopted. 

Such  advances,  however,  as  these  in'the  general  organi¬ 
zation  and  development  of  the  Connection,  and  especially 
in  the  status  and  professional  training  of  the  ministers, 
could  not  be  made  in  such  a  body  without  offence  being 
given  to  some,  whose  tendencies  were  to  disallow  any  offi¬ 
cial  distinction  between  the  ministry  and  the  laity,  and 
who  also  objected  to  the  use  of  the  organ.  This  levelling 
element  was  strong  in  the  West  Riding  of  Yorkshire,  and 
in  1828,  on  the  placing  of  an  organ  in  Brunswick  Chapel, 
Leeds,  by  the  trustees,  with  the  consent  of  the  Conference, 
a  violent  agitation  broke  out.  The  consequence  was  a  dis¬ 
ruption,  the  first  since  1798,  under  the  title  “  Protestant 
Methodists.”  But  this  was  absorbed,  some  years  later,  in  a 
more  considerable  secession. 

In  fact,  the  Connection  was  in  1828  entering  on  a  period 
of  agitation.  The  current  of  political  affairs  was  approach¬ 
ing  the  rapids  of  which  the  Reform  Act  marked  the  centre 
and  the  point  of  maximum  movement.  A  body  like  Wes¬ 
leyan  Methodism  could  not  but  feel  in  great  force  the  sweep 
of  this  movement.  It  is  true  that  Wesleyan  Methodism  as 
such  has  never  been  political,  that  few  of  its  numbers  culti¬ 
vated  extreme  politics,  and  that  the  ministers  and  the  bet¬ 
ter  classes  of  the  “  Society  ”  were  strongly  Conservative  in 
their  general  tone.  Nevertheless  the  mass  of  the  commu¬ 
nity  shared  in  the  general  movement  of  the  times,  and  the 
Conservative  tone  of  the  ministers  and  of  most  of  the  well- 
to-do  laity  was  not  in  full  harmony  with  the  sympathies  of 
the  people  generally.  Accordingly  the  elements  of  disturb¬ 
ance,  which  only  partially  exploded  in  the  “  Protestant 
Methodist  ”  secession,  continued  to  make  themselves  felt,  in 
different  parts  of  the  Connection,  during  the  following 
years  of  political  controversy.  The  decision  of  the  Confer¬ 
ence  in  1834  to  provide  a  college  for  the  training  of  minis¬ 
terial  candidates  gave  special  offence  to  the  malcontents. 
Such  an  occasion  was  all  that  was  wanting  for  the  various 
discontents  of  the  Connection  to  gather  to  a  head.  The  de¬ 
mands  made  by  the  agitators  proceeded  on  a  basis  of  demo¬ 
cratic  ecclesiasticism  such  as  it  is  very  difficult  to  apply 
successfully  to  a  system  of  associated  churches.  The  result 
was  a  third  secession,  based  on  the  same  general  ground  of 
ecclesiastical  principles  as  the  two  preceding,  which  was  or¬ 
ganized  in  1836,  and  with  which  the  “  Protestant  Metho¬ 
dists  ”  eventually  coalesced.  This  new  secession  was  known 
first  as  the  “  Wesleyan  Methodist  Association  ;  ”  but  for  a 
number  of  years  past  it  has  been  merged  in  a  still  larger 
body  of  seceders  designated  “  The  Methodist  Free  Churches.” 
Its  leader  at  the  first  was  the  Rev.  Dr.  Warren,  wrho  left  it, 
however,  not  many  months  after  it  was  formed,  and  took 
orders  in  the  Church  of  England.1 

The  controversies  of  1835-36  left  their  mark  on  the  legis¬ 
lation  and  official  documents  of  the  Connection.  The  prin¬ 
ciples  of  1797  remained  intact,  some  farther  guards  only 
being  added  to  prevent  any  danger  of  hasty  or  irresponsible 
action  on  the  part  of  superintendents,  and  at  the  same  time 
“  minor  district  meetings  ”  being  organized  in  order  to  fa¬ 
cilitate  appeals.  One  error  was,  however,  committed  by  the 
Conference.  In  1797  no  provision  had  been  made  for  bring¬ 
ing  the  circuit,  through  its  quarterly  meeting,  into  direct 
relations  with  the  Conference.  In  1836  a  right  of  direct 
memorial  to  the  Conference  was  given  to  the  circuit  quar¬ 
terly  meeting ;  but  it  was  so  fenced  round  with  conditions 
and  limitations  as  to  make  it  practically  inoperative,  and  at 
the  same  time  provocative  of  suspicion  and  irritation. 

The  effect  of  the  secession  of  1836  on  the  general  progress 
of  the  Connection  was  not  great.  The  number  of  members 
reported  in  1835  in  Great  Britain  and  Ireland  was  371,251 
(there  being  a  decrease  in  England  of  951),  in  1836  381,369, 
in  1837  384,723.  For  the  next  ten  years  the  advance  of  the 
Connection  in  numbers  and  in  general  prosperity  was  ap¬ 
parently  unprecedented.  The  Centenary  Fund  of  1839-40 
amounted  to  £221,000.  In  the  midst,  however,  of  all  the 
outward  prosperity  of  Methodism — partly  perhaps  in  conse¬ 
quence  of  it — very  perilous  elements  were  at  work.  The 

1  This  “  Warrenite  ”  secession,  as  at  first  it  was  commonly  called, 
Savc  rise  to  a  lawsuit  which  leu  to  the  judicial  recognition  by  the 
Court  of  Chancery  of  the  Conference  Deed  Poll  of  1784,  and  the 

Large  Minutes  ”  of  1797,  as  documents  having  the  force  of  pub¬ 
lic  law  m  the  administration  of  Wesleyan  Methodism. 


revolutionary  ideas  of  the  Chartist  period  (1840-48)  and  of 
Continental  politics  (1848-49)  reacted  on  Wesleyan  Metho¬ 
dism  as  the  political  ideas  of  1791  and  of  1831  had  done  at 
those  epochs.  The  embers  of  old  controversies — ecclesiasti¬ 
cal,  quasi-political,  and  personal — still  smouldered,  and  at 
length  burst  into  fresh  flame.  Erom  1844  a  strong  spirit  of 
opposition  to  the  leaders  of  the  Connection,  and  especially 
to  Dr.  Bunting,  was  fanned  by  the  circulation  of  anony¬ 
mous  “  ily  leaves  ”  of  a  very  scurrilous  character.  At  the 
same  time  the  policy  of  the  Conference  and  of  the  ministers 
in  their  circuits  had  proceeded  more  than  was  wise  on  the 
old  lines.  The  general  administration  relied  too  much  on 
the  footing  of  implicit  confidence  on  the  part  of  the  people 
and  on  the  power  of  official  prerogative  in  the  hands  of  the 
minister.  The  memorial  law  of  1836  was  indicative  of  the 
too  exclusive  spirit  of  pastoral  government  which  had  pre¬ 
vailed.  The  wisdom  of  Dr.  Bunting  had  for  five  and 
twenty  years  led  the  way  in  gradually  liberalizing  both  the 
polity  and  the  policy  of  Methodism,  and  adapting  them  to 
the  changing  conditions  of  the  times.  But  this  wisdom 
seems  to  have  found  its  limits  before  1849,  when  the  in¬ 
ternal  dissensions  reached  their  climax.  In  that  year  James 
Everett,  the  chief  author  of  the  fly  sheets,  and  two  other 
ministers,  Samuel  Dunn  and  William  Griffith,  w'ho  had 
identified  themselves  with  him,  were  expelled.  A  disas¬ 
trous  agitation  followed.  No  distinct  secession  took  place 
till  after  the  Conference  of  1850.  The  union  of  the  “  Meth¬ 
odist  Free  Churches,”  in  which  was  incorporated  the  “  Wes¬ 
leyan  Association”  (of  1836),  was  formed  by  the  seceders. 
The  “  New  Connection  ”  also  received  some  thousands  of 
the  seceders  into  its  ranks.  But  by  far  the  greatest  part  of 
those  who  left  went  with  neither  of  these  bodies. 

Between  1850  and  1855  the  Connection  in  Great  Britain 
and  Ireland  lost  100,000  members,  and  not  till  1856  did  it 
begin  to  recover.  In  that  year  the  numbers  were  returned 
as  282,787,  showing  a  small  increase  over  the  preceding 
year.  Since  then  peace  and  unity  have  prevailed  un¬ 
broken. 

The  convulsion  of  1849-52  taught  the  Connection,  and  in 
particular  the  Conference,  lessons  of  the  highest  impor¬ 
tance.  In  1852  the  quarterly  meeting  was  so  defined  as  to 
make  it  the  great  representative  meeting  of  the  circuit,  in¬ 
cluding  stewards,  leaders,  local  preachers,  and  trustees. 
The  right  of  memorial  to  the  Conference  was  given  to  it  in 
the  widest  and  freest  sense.  These  powerful  bodies  invite 
ministers  to  the  circuits,  or  decline  so  to  do,  determine  and 
pay  their  “  allowances,”  as  salaries  to  ministers  are  still 
called  in  the  Connection,  and  review  all  the  interests  of  the 
circuits,  spiritual  or  financial.  They  had  also  conferred 
upon  them  in  1852  the  right  to  appoint  a  circuit  jury  of  ap¬ 
peal  from  the  verdict  and  findings  of  a  leaders’  meeting  in 
certain  cases  of  discipline.  Since  1852  Conference  legisla¬ 
tion  has  still  proceeded  in  the  direction  of  recognizing  and 
enlarging  the  functions  and  rights  of  the  laity.  The  com¬ 
mittee  of  review  system,  already  spoken  of,  had  been  con¬ 
siderably  developed  between  1835  and  1849,  and  included 
every  department  of  ordinary  administration.  In  1861, 
however,  whilst  a  representation  of  the  departmental  exec¬ 
utive  committees  formed  still  the  leading  element  in  each 
committee  of  review,  a  great  improvement  was  made  in 
their  constitution  by  giving  to  each  of  the  districts  of 
British  Methodism  the  right  to  send  a  lay  representative 
to  attend  these  preparatory  Conference  committees.  In 
1877  and  1878  the  final  and  natural  consummation  of  the 
whole  course  of  advance  since  1791  was  effected  in  the  con¬ 
stitution  of  the  united  Conference  of  ministers  and  lay  rep¬ 
resentatives.  The  ministers  meet  by  themselves  to  dis¬ 
charge  the  functions  which  belong  to  them  as  the  common 
pastorate  of  the  Connection.  As  to  all  the  points  involved 
in  their  specific  character  and  common  responsibility,  as 
the  mutually  exchanging  and  itinerating  pastors  in  com¬ 
mon  of  a  vast  common  flock,  they  take  mutual  counsel  in  a 
separate  assembly.  The  Conference,  in  its  ministerial-and- 
lay  or  representative  session,  meets  after  the  pastoral  busi¬ 
ness  is  completed,  and  occupies  a  full  week  between  Sun¬ 
days  in  discussing  and  settling  the  business  of  all  the  funds 
and  the  general  administrative  departments  of  the  body. 
The  Conference  in  its  pastoral  session  assembles  on  the  last 
Tuesday  in  July,  that  session  closing  on  the  Friday  or  Sat¬ 
urday  week  following ;  the  representative  session  occupies 
the  following  week.  It  is  legally  necessary  that  the  decis¬ 
ions  of  the  Conference  in  both  its  sessions  should  be  con¬ 
firmed  and  validated  by  the  vote  of  the  “  legal  hundred.” 
This  confirmation  is,  however,  given  as  a  matter  of  course. 

The  Conference  in  its  pastoral  session  is  not  formally  rep¬ 
resentative.  To  each  district  is  assigned  by  the  preceding 
Conference  a  certain  amount  of  representation,  there  being 
at  present  thirty-five  districts.  The  numbers  allocated  to 
•the  districts  vary  according  to  circumstances.  The  total 
number  of  ministers  and  laymen  composing  the  Conference 
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in  its  representative  session  is  480,  or  240  ministers  and  240 
laymen.  The  basis  of  the  lay  representation  in  the  Con¬ 
ference  is  the  constituency  of  lay  officials  in  the  district 
committees.  The  Connection  at  large  is  represented  by  the 
lay  officials  of  the  general  Connectional  departments.  The 
business  transacted  in  the  Conference  during  its  represent¬ 
ative  session  relates  to  all  the  Connectional  departments 
of  general  administration,  viz.,  the  committee  of  privileges, 
foreign  missions,  the  maintenance  and  education  fund  (and 
the  schools)  for  ministers’  children,  chapel  affairs  (general, 
metropolitan,  and  provincial),  the  home  mission  and  con¬ 
tingent  fund,  district  sustentation  funds,  army  and  navy 
evangelization,  lay  mission  work,  the  worn-out  ministers’ 
and  ministers’  widows’  fund,  the  theological  institution  with 
its  four  colleges,  Sunday  and  day  schools  and  the  children’s 
home  and  orphanage,  higher  education,  the  extension  fund 
of  Methodism,  alterations  and  divisions  of  circuits  aud  dis¬ 
tricts,  and  the  Lord’s  Day  observance  and  temperance  ques¬ 
tions. 

The  president  of  the  Conference  is  chosen  by  the  ministers 
by  ballot  on  the  opening  of  the  pastoral  session.  After  the 
election  of  president  follows  that  of  secretary.  These 
elections,  however,  cannot  take  place  until  the  vacancies  in 
the  hundred  have  been  tilled  up.  Such  vacancies  are  caused 
by  death,  by  absence  for  two  years  together  without  a  dis¬ 
pensation,  by  expulsion,  or  by  superannuation,  which  takes 
place  ordinarily  after  two  years’  retirement  from  the  full 
work  of  the  ministry. 

The  principal  statistics  of  the  denomination  at  the  last 
Conference  (1882)  were  as  follows : 


Members. 

On  Trial. 

Ministers. 

|  On  Trial. 

Retired  or 
Supern’ry 
Ministers. 

Sunday 

Scholars. 

Great  Britain . 

393,754 

40,653 

1,549 

81 

279 

829,666 

Ireland . 

24,475 

776 

200 

18 

43 

For’gn  Missions1 

89,369 

12,934 

348 
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Of  the  Sunday  scholars  in  Great  Britain,  177,965  were 
over  fifteen  years  of  age,  and  93,127  were  members  of  society 
or  on  trial  as  members. 

Wesleyan  Methodism,  in  Ireland  has  always  been  part  and 
parcel  of  British  Methodism,  but  since  1782  it  has  had  a 
branch  Conference  of  its  own.  The  acts  of  this  Conference 
are,  in  accordance  with  a  provision  in  the  Conference  Deed 
Poll,  made  valid  by  the  concurrence  with  them  of  a  delegate 
from  the  British  Conference,  who  is  to  the  Irish  Conference 
what  the  legal  Conference  is  to  the  British  Conference.  Ten 
ministers  of  the  Irish  Conference  are  members  of  the  “  legal 
hundred”  of  the  British  Conference.  The  “plan  of  paci¬ 
fication”  of  1795  was  not  carried  out  at  the  time  by  the 
Irish  Conference.  In  the  year  1816,  however,  it  was  adopted 
in  Ireland.  The  result  was  a  secession  which  assumed  the 
designation  “  Primitive  Wesleyans,”  a  very  different  body 
from  the  Primitive  Methodists  of  England.  In  1878  the 
Primitive  Wesleyans  were  reunited  to  the  parent  Connection. 
The  number  of  members  in  Ireland  has,  owing  to  emigra¬ 
tion,  not  increased  of  late  years.  The  last  return  showed 
24,475  members. 

Affiliated  Conferences. — For  more  than  twenty  years  there 
were  several  “  affiliated  Conferences  ”  of  British  Methodism. 
But  there  are  now  only  two — the  French  Methodist  Confer¬ 
ence,  and  that  of  South  Africa, — the  latter  constituted  quite 
recently  (1882).  Since  1852  French  Methodism  has  been 
under  an  affiliated  Conference.  The  dimensions  of  the 
French  Connection,  however,  are  very  small,  and  it  is  de¬ 
pendent  to  a  considerable  extent  on  pecuniary  aid  furnished 
by  the  Wesleyan  Missionary  Society.  The  last  statistical 
return  showed  1769  members,  126  members  on  trial,  27  min¬ 
isters,  1  minister  on  trial,  and  3  supernumerary  or  retired 
ministers.  The  British  Conference  has  a  right  of  veto  as  to 
certain  points  of  legislation  in  the  case  of  affiliated  Con¬ 
ferences. 

Australasian  Methodism  was  for  more  than  twenty  years 
under  an  affiliated  Conference,  dating  from  1854.  Since  1876, 
however,  the  Australasian  Conference  has  been  independent. 
The  General  Conference  meets  once  in  three  years,  having 
under  it  four  annual  Conferences— one  for  New  South  Wales 
and  Queensland,  another  for  Victoria  and  Tasmania,  a  third 
for  South  Australia,  and  a  fourth  for  New  Zealand.  These 
Conferences— the  general  and  the  annual— are  all  mixed  and 
representative  after  the  same  general  pattern  as  the  British 
Conference.  They  have  also  under  their  charge,  and  as  part 
of  their  Connection,  the  Wesleyan  missions  in  Tonga  and 

l  chiefly  in  the  West  Indies,  Africa,  India,  and  China. 


FlJb  which  were  begun  by  the  parent  body  before  the  origi¬ 
nal  affiliated  yearly  Conference  for  Australasia  was  organ¬ 
ized.  The  numbers  in  1881  were  for  the  Methodism  of 
Australia  28,310  members  with  362  ministers,  and  for  the 
South  Sea  missions  33,411  members  with  16  missionaries  of 
European  blood  and  a  very  large  number  of  native  ministers 
and  assistant  ministers. 

Canadian  Methodism  was  also  affiliated  till  1873,  when  it 
became  an  independent  Connection.  It  includes  six  pro¬ 
vincial  annual  Conferences  and  one  General  Conference 
which  meets  every  three  years.  The  General  Conference  is 
mixed  and  representative ;  theannual  Conferences  are  purely 
ministerial.  Canadian  Methodism  occupies  a  powerful  po¬ 
sition  in  the  Dominion.  It  numbers  as  nearly  as  can  be 
ascertained  about  116,000  members,  and  is  strongest  in  Upper 
Canada.  It  possesses  a  university — the  Victoria  University 
in  Upper  Canada. 

The  Doctrines  of  Methodism. — In  doctrine  all 
branches  of  Methodism  are  substantially  identical. 
Wesley’s  doctrines  are  contained  in  fifty-three  sermons 
known  as  the  “  four  volumes  ”  and  in  his  Notes  on  the 
New  Testament.  The  Conference  has,  however,  pub¬ 
lished  two  catechisms,  one  for  younger  the  other  for 
older  children,  of  which  a  new  and  carefully  revised 
edition  has  lately  been  completed.2  In  general,  Wes¬ 
leyan  theology  is  to  be  described  as  a  system  of  evan¬ 
gelical  Arminianism.  In  particular,  Wesleyan  divines 
insist  on  the  doctrines  of  original  sin,  general  redemp¬ 
tion,  repentance,  justification  by  faith,  the  witness  of 
the  Spirit,  and  Christian  perfection, — or,  as  it  has 
been  customary  for  Methodists  to  say,  the  doctrines  of 
a  “  present,  free,  and  full  salvation.”  By  the  witness 
of  the  Spirit  is  meant  a  consciousness  of  the  Divine 
favor  through  the  atonement  of  Jesus  Christ.  Wes¬ 
leyans  have  often  been  represented  as  holding  the  Cal- 
vinistic  doctrine  of  ‘  ‘  assurance.  ’  ’  The  word,  however, 
is  not  a  Wesleyan  phrase,  and  assurance,  so  far  as  it 
may  be  said  to  be  taught  by  Methodists,  signifies,  not 
any  certainty  of  final  salvation,  but  merely  a  “sense  of 
sin  forgiven.”3 

II.  American  Episcopal  Methodism. 

The  beginnings  of  American  Methodism  are  trace¬ 
able  to  the  year  1766,  when  a  few  pious  emigrants  from 
Ireland  introduced  Methodism  into  New  York.  On 
receiving  an  appeal  in  1768  from  the  New  York  Metho¬ 
dists,  who  were  engaged  in  building  a  preaching-house, 
Wesley  laid  the  case  of  America  before  the  Conference 
at  Leeds  in  1769,  and  two  preachers,  Boardman  and 
Pilmoor,  volunteered  to  go  to  the  colonies.  Boardman 
went  to  New  York,  Pilmoor  to  Philadelphia.  In  1771 
two  other  Methodist  itinerants,  Francis  Asbury — the 
most  famous  name  in  American  Methodism — and 
Richard  Wright,  went  out  to  America.  In  1773 
Thomas  Rankin,  a  preacher  of  experience  sent  out  by 
Wesley,  held  the  first  Conference  in  Philadelphia, 
when  there  were  10  itinerant  preachers  and  1160  mem¬ 
bers.  After  the  breaking  out  of  the  War  of  Inde¬ 
pendence  the  English  Methodist  preachers  were  un¬ 
popular,  and  all  but  Francis  Asbury  went  back  to 
England.  At  the  end  of  the  war,  however,  in  1784, 
Wesley  sent  out  Dr.  Coke,  and  American  Methodism 
was  organized  as  an  independent  church,  with  Dr. 
Coke  and  Francis  Asbury  as  its  presbyter-bishops. 
The  history  of  American  Methodism  since  that  period 
is  too  vast  and  complicated  for  any  attempt  to  be  made 


2  Besides  Wesley’s  Sermons  and  Notes,  his  Appeals  and  his 
treatise  on  Original  Sin,  in  reply  to  Dr.  Taylor  of  Norwich,  should 
be  read  in  order  to  appreciate  his  theological  views.  After  these 
may  be  particularly  noted  Joseph  Benson’s  Commentary,  Watson’s 
Institutes  (3  vols.),  Dr.  Pope’s  Compendium  of  Theology  (3  vols.),  the 
series  of  Fernley  Lectures,  especially  that  by  the  Rev.  B.  Gregory 
on  “  The  Holy  Catholic  Church,”  and  Dr.  Rigg’s  Discourses  ana 
Addresses.  .  .  .....  ,,  .. 

s  For  the  history  and  constitution  of  Wesleyan  Methodism  the 
following  works  mav  be  consulted :  Wesley’s  Works,  especially 
his  Journals;  Southey’s  Wesley;  Tyerman’s  Wesley;  Rigg’s  Living 
Wesley,  and  Churchmanship  of  John  Wesley;  Jackson's  Life  of  Charles 
Wesley;  Minutes  of  Conference,  vol.  i.,  1744-98;  Dr.  George  Smith, 
History  of  Wesleyan  Methodism,  3  vols.;  Dr.  Abel  Stevens,  History  of 
Methodism,  3  vols.;  Pierce,  Polity  of  Methodism;  Dr.  Williams,  Con¬ 
stitution  and  Polity  of  Wesleyan  Methodism  ;  Rigg,  Connectional  Econ¬ 
omy;  and  the  Minutes,  1877  to  1881. 
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to  summarize  it  here.  Methodism  is  more  properly 
national  in  its  character  as  an  American  church  than 
any  church  in  the  States.  In  Massachusetts  and  some 
other  of  the  New  England.  States  it  is  less  powerful 
than  Congregationalism,  which  still  retains  there  much 
of  its  ancient  predominance ;  in  the  city  of  New  York 
it  is  less  powerful  than  Presbyterianism,  and,  indeed, 
occupies  a  position  less  generally  influential  than  might 
have  been  expected.  But  in  Philadelphia  it  is.very 
powerful;  so  also  in  Baltimore  and  in  Cincinnati;  if 
not  strong  in  New  York  city,  it  is  very  strong  in  the 
State ;  and  generally  throughout  the  W estern  and  Mid¬ 
western  States  it  is  the  prevalent  form  of  faith  and 
worship.  In  the  South,  also,  it  is  more  powerful  than 
any  other  church. 

American  Methodism  is  Episcopal.  But  its  Episcopacy  is 
neither  prelatical  nor  diocesan.  The  bishops  are  superin¬ 
tending  presbyters,  and  they  visit  the  whole  territory  of 
Methodism  in  rotation,  holding  (presiding  over)  the  annual 
Conferences.  These  Conferences  are  purely  ministerial.  But 
the  General  Conference,  which  meets  once  in  four  years, 
and  which  is  the  Conference  of  legislation  and  final  appeal, 
is  mixed  and  representative.  The  first  General  Conference 
was  held  in  1792,  the  first  delegated  or  representative  Con¬ 
ference  in  1812,  the  first  mixed  or  ministerial-and-lay  Gen¬ 
eral  Conference  in  1872.  There  were  till  lately  no  district 
assemblies  in  the  Episcopal  Methodism  of  America,  and  now 
there  are  hut  few.  The  bishops  maintain  the  unity  of  the 
Connection  in  the  interval  between  the  General  Conferences, 
by  their  visitation  and  by  their  conjoint  council.  A  sub- 
episcopal  class  of  ministers  also,  called  presiding  elders, 
supplement  the  action  and  superintendency  of  the  bishops. 
These  preside  over  districts,  holding  all  the  circuit  quarterly 
meetings,  and  holding  the  district  meetings,  if  any  such 
meetings  have  been  organized. 

American  Episcopal  Methodism  is  distributed  into  five 
distinct  sections  or  churches,  which,  however,  difier  from 
each  other  in  no  points  of  any  importance  as  respects  organ¬ 
ization  or  discipline,  still  less  doctrine.  In  America  the 
Methodist  Episcopal  Church  South  became  a  separate  organ¬ 
ization  in  1845  by  reason  of  the  slavery  controversy.  The 
colored  churches,  of  which  there  are  three,  sprang  up  dis¬ 
tinctly  from  local  causes.  The  following  are  the  latest  avail¬ 
able  statistics : 


Itinerant 

Ministers. 

Local 

Preachers. 

i 

Lay 

Members. 

Methodist  Episcopal  Church . 

Methodist  Episcopal  Church,  South.. 

African  M.  E.  Church . 

Zion  African  M.  E.  Church . 

Colored  Methodist  Episcopal  Church 

12,142 

4,004 

1,832 

1,650 

638 

12,323 

5,868 

9,760 

3,750 

683 

1,717,567 

837,831 

391,044 

300,000 

112,000 

20,266 

32,384 

3, 358, 4^ 

In  the  Methodist  Episcopal  Church  alone  there  are  one 
hundred  annual  Conferences,  visited  by  twelve  bishops.  This 
church  has  more  than  twenty  universities,  of  which  some 
are  distinguished  schools  of  learning.  Boston  University  is 
one  of  the  most  recent  and  one  of  the  chief.  The  principal 
foreign  missions  are  in  India,  China,  and  Japan.  The  Meth¬ 
odist  Church  South  also  has  some  influential  universities, 
particularly  that  at  Nashville,  and  has  missions,  in  particular 
in  Japan  and  China. 

Besides  these  Methodist  Episcopal  Churches,  with  their 
total  of  over  3,358,000  church  members,  there  are  two  other 
churches  which  do  not  assume  the  name  at  all,  but  are  yet 
essentially  Methodist  in  doctrine  and  discipline,  not  varying 
in  any  important  particulars  from  the  Episcopal  Methodism 
of  America.  Of  these  one  is  called  the  United  Brethren, 
with  157,000  members,  the  other  the  Evangelical  Association, 
with  113,000  members.1 

Non-Episcopal  American  Methodism. — The  bodies  included 
under  this  head  are  chiefly  secessions  from  the  original 
stock  of  American  Methodism,  founded  on  principles  of 
democratic  church  government,  analogous  to  those  of  the 
English  Methodist  secessions.  The  only  considerable  body, 
however,  is  the  Methodist  Protestant  Church,  with  125,000 

1  The  best  authority  as  to  American  Methodism  is  Dr.  Abel 
Stevens’s  History,  in  6  vols.  The  statistics  are  given  in  the  Metho¬ 
dist  Year  Book,  New  York,  1882. 


members.  The  minor  bodies,  four  in  number,  count  alto¬ 
gether  less  than  60,000  members,  the  principal  being  the 
American  Wesleyan  Church,  with  25,000  members. 

III.  Other  Methodist  Bodies  in  Britain. 

The  bodies  still  to  be  noticed,  while  differing  as  to 
points  of  church  government,  agree  as  to  doctrine  and 
in  general  as  to  the  means  of  grace  and  as  to  inner 
spiritual  fellowship  with  the  parent  “Connection.” 
They  all  maintain  class-meetings  and  love:feasts,  have 
leaders’  meetings  and  quarterly  meetings,  and  largely 
employ  local  preachers. 

The  Methodist  New  Connection  was  founded  in  1797-98  by-. 
Alexander  Kilham,  who  died  in  1798.  Its  general  princi¬ 
ples  are  indicated  above.  Its  statistics  for  1881  were  as  fol¬ 
lows  :  183  ministers  and  27,770  members  (including  those 
on  mission  stations,  besides  3882  on  trial),  and  74,744  Sun¬ 
day  scholars.2 

United  Methodist  Free  Churches. — This  organization,  in  its 
original  form,  must  be  identified  with  the  Wesleyan  Metho¬ 
dist  Association  of  1836.  That  body  first  absorbed  into  it¬ 
self,  in  great  part,  the  “  Protestant  Methodists  ”  of  1828.  It 
was  afterwards  greatly  increased,  and  its  organization  in 
some  points  modified,  when  a  large  number  of  the  seceders 
from  the  parent  Connection  in  1850-52  joined  its  ranks.  The 
main  body  of  its  Conference  does  not  consist,  like  that  of 
the  New  Connection,  of  an  equal  number  of  circuit  minis¬ 
ters  and  elected  circuit  lay  delegates,  but  of  circuit  dele¬ 
gates,  whether  ministerial  or  lay,  elected  without  any  re¬ 
spect  to  office,  ministerial  or  other.  Its  circuits  are  also  in¬ 
dependent  of  the  control  of  the  Conference.  The  Connec- 
tional  bond,  accordingly,  in  this  denomination  is  weak,  and 
the  itinerancy  is  not  universal  or  uniform  in  its  rules  or  its 
operation.  The  amalgamation  between  the  Wesleyan  Meth¬ 
odist  Association  and  the  “  Wesleyan  Methodist  Reformers” 
of  1850  took  place  in  1857.  At  that  time  the  combined 
churches  numbered  41,000.  At  present  (1881-82)  they  num¬ 
ber  72,839,  including  7772  members  on  the  mission  stations, 
besides  7824  on  trial.  The  number  of  ministers  is  392,  with 
40  retired  or  “  supernumerary  ”  ministers.  The  number  of 
Sunday  scholars  is  190, 957.3 

Primitive  Methodism. — In  this  earnest  and  hard-working 
denomination  the  ministers,  of  whom  some  are  women, 
are  very  literally  the  “  servants  of  all.”  The  Conference  is 
composed,  in  addition  to  twelve  permanent  members,  of 
four  members  appointed  by  the  preceding  Conference,  and 
of  delegates  from  district  meetings.  The  principle  of  pro¬ 
portion  is  that  there  should  be  two  laymen  to  one  minister 
or  “  travelling  preacher,”  and  the  “  travelling  preachers  ” 
have  no  pastoral  prerogative  whatever.  The  Conference  is 
supreme,  and  the  Connectional  bond  is  strong.  This  body 
was  founded  by  Hugh  Bourne  and  William  Clowes,  local 
preachers  who  were  separated  from  the  Wesleyan  Connec¬ 
tion,  the  former  in  1808,  the  latter  in  1810,  because  of  their 
violation  of  Conference  X'  gulations  as  to  camp  meetings  and 
other  questions  of  order.  The  Conference  had,  in  1807,  pro¬ 
nounced  its  judgment  against  camp  meetings,  which  had 
been  introduced  into  the  country  from  America,  whereas 
Bourne  and  Clowes  were  determined  to  hold  such  meetings. 
Founded  thus  by  zealous  and  “  irregular  ”  lay  preachers, 

“  Primitive  ”  Methodism,  as  the  resulting  new  body  called 
itself,  bears  still  in  its  organization,  its  spirit,  and  its  cus¬ 
toms  strong  traces  of  its  origin.  It  has  been  a  very  suc¬ 
cessful  body,  aiming  simply  at  doing  evangelistic  work,  and 
is  now  numerous  and  powerful,  numbering  among  its  min¬ 
isters,  not  only  many  useful  preachers,  but  some  of  marked 
originality  and  power,  and  also  of  superior  cultivation.  There 
has,  for  many  years  past,  if  not  from  the  beginning,  been  a 
very  friendly  feeling  between  the  old  Wesleyan  Connection 
and  the  Primitive  Methodists.  Its  latest  statistics  (1881-2) 
show  1149  travelling  preachers,  185,312  members,  and 
383,350  Sunday  scholars.4 

Bible  Christians. — The  Primitive  Methodists  sprang  up  in 
the  midland  counties,  the  Bible  Christians  in  Cornwall. 
These  closely  resemble  the  “  Primitives”  in  their  character 
and  spirit.  Their  founder  was  a  Cornish  local  preacher 
called  O’Bryan.  Hence  the  Connection  is  often  known  as 
the  Bryanites,  and  Cornish  emigrants  have  propagated  this 
denomination  widely  in  the  colonies.  The  Conference  is 
composed  of  ten  superintendents  of  districts,  the  president 

2  See  Jubilee  Volume  of  the  New  Connection;  also  the  Oeneral 
Rules  and  the  Minutes  of  Conference,  1881,  published  at  the  New 
Connection  Book-Room. 

3  See  Foundation  Deed,  of  the  United  Methodist  Free  Churches :  also 
Minutes  of  Conference,  1881, 119  Salisbury  Square. 

4  See  John  Pette,  History  of  the  Primitive  Methodist  Connection; 
also  Minutes  of  Conference,  1881,  6  Sutton  Street,  London,  E. 
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and  secretary  of  the  preceding  Conference,  lay  delegates, 
one  from  each  district  meeting,  and  as  many  of  the  travel¬ 
ling  preachers  as  are  allowed  by  their  respective  district 
meetings  to  attend.  In  general  it  may  be  said  that  the  min¬ 
isterial  and  lay  members  of  the  Conference  are  about  equal 
in  number.  The  returns  for  1881-82  showed  in  England 
(chiefly  the  west  and  south  of  England)  and  in  the  Channel 
Islands  136  itinerant  preachers,  21,209  members  (besides  690 
on  trial),  and  36,335  Sunday  scholars.  In  Canada  the  num¬ 
ber  of  members  was  6652,  and  in  Australia  and  New  Zeal¬ 
and  3671.1 

The  Wesleyan  Reform  Union  is  an  aggregate  of  local  Meth¬ 
odist  secession  churches,  loosely  held  together  by  a  Con¬ 
ference,  and  is  one  of  the  results  of  the  great  Methodist 
disruption  of  1851-52.  The  returns  for  1881-82  showed  18 
ministers  and  7728  members. 

(Ecumenical  Methodist  Conference. — This  Conference  was 
held  in  City  Road  Chapel,  London,  in  September,  1881.  Rep¬ 
resentatives  were  present  from  all  the  Methodist  bodies 
throughout  the  world,  and  it  was  estimated  that  these  rep¬ 
resented  not  less  than  5,000,000  of  members  and  20,000,000 
of  population.  Whilst  in  church  organization  those  bodies 
differed,  as  has  been  shown  above,  in  doctrine  and  in  respect 
of  their  purely  spiritual  discipline  and  means  of  grace,  they 
were  all  agreed  in  principal  matters.  The  Conference  was 
entirely  practical  in  character.  The  object  was  to  promote 
zeal  and  union  among  the  constituent  bodies  as  to  all  prac¬ 
tical  points  of  Christian  sympathy  and  activity,  at  home 
and  abroad,  and  especially  as  to  home  mission  work,  general 
philanthropy,  Christian  education,  and  a  Christian  use  of 
the  press.  There  were  400  representatives  present  from  the 
Methodist  bodies  in  all  parts  of  the  world.1 2 

Welsh  Calvinistic  Methodists. — Between  the  Methodism  of 
Wales  and  that  of  England  there  was  never  any  other  than 
incidental  connection.  Indeed,  although  the  name  of  the 
Welsh  movement  was  borrowed  from  the  English,  not  only 
was  Welsh  Methodism  quite  independent  in  its  origin,  but 
in  reality  its  beginning,  as  an  evangelical  movement,  was 
earlier  than  that  of  English  Methodism.  From  Wesleyan 
Methodism,  furthermore,  Welsh  Methodism  was  throughout 
distinguished  by  the  fact  that  it  was  Calvinistic  in  its  doc¬ 
trine.  For  some  years  Wkitefield’s  name  was  placed  by  the 
leaders  of  Welsh  Methodism  at  the  head  of  their  movement, 
but  the  connection  was  not  at  any  time  much  more  than 
nominal,  Whiteficld  being,  indeed,  too  often  and  too  long 
together  in  America  to  exercise  any  real  presidency  over 
the  Methodism  of  the  Principality. 

Distinction,  however,  must  be  made  between  Welsh  Meth¬ 
odism  as  an  evangelistic  movement  and  as  au  organization. 
In  its  later  and  distinctly  organized  form,  its  main  elements 
date  from  1811,  while  the  actual  unity  and  the  final  consoli¬ 
dation  of  the  organization  date  from  so  recent  a  period  as 
1864.  At  that  date  we  find  the  Calvinistic  Methodism  of 
North  and  of  South  Wales  for  the  first  time  united  in  a 
common  organization  and  government,  and  brought  under 
the  supreme  control  of  one  “  General  Assembly.” 

The  spiritual  awakening  from  which  Welsh  Calvinistic 
Methodism  derived  its  earliest  inspiration  and  impulse  be¬ 
gan  in  1735  and  1736,  almost  contemporaneously  and  quite 
independently,  in  three  different  counties  of  South  Wales. 
Howell  Harris,  a  gentleman  of  some  position,  born  and  bred 
at  Trevecca  in  the  parish  of  Talgarth,  county  of  Brecon,  is 
the  most  prominent  name  connected  with  early  Welsh 
Methodism.  His  first  strong  religious  convictions  and  im¬ 
pulses  date  from  1735.  He  was  sent  to  Oxford  in  the  autumn 
of  that  year  to  “  cure  him  of  his  fanaticism,”  but  remained 
only  one  term.  On  his  return  to  Wales  he  began  to  exhort 
and  preach  in  private  houses  and  in  such  buildings  as  he 
could  obtain  the  use  of,  being  then  and  throughout  his  life 
a  simple  layman.  Of  learning  or  theology  he  had  but  lit¬ 
tle;  but  he  was  an  extemporary  preacher  of  prodigious 
vehemence,  and  often  of  overwhelming  power  and  pathos. 
While  Harris  was  thus  preaching  in  the  county  of  Brecon, 
Daniel  Rowlands  had  been  spiritually  awakened  at  Llan- 
geitho  in  Cardiganshire,  the  two  men  knowing  nothing 
whatever  of  each  other.  Rowlands  was  an  ordained  clergy¬ 
man,  of  some  learning  and  of  great  eloquence.  He  was  a 
pulpit  orator  and  carefully  prepared  his  powerful  discourses. 
In  Pembrokeshire,  again,  in  that  same  year  1735-36,  Howell 
Davies  began  to  preach  the  same  doctrine  in  the  same  spirit 
as  the  other  two  preachers,  and  with  effects  scarcely,  if  at 
all,  less  remarkable.  The  work  thus  begun  in  three  distinct 
centres  within  the  space  of  one  year  was  in  strict  connec¬ 
tion  with  the  Established  Church,  and  so  continued  to  be 
throughout  the  last  century.  These  single-minded  preach¬ 
ers  pursued  their  work  in  Wales  knowing  nothing  of  the 

1  See  Bible  Christian  Memorial  Volume.  1866  \  Minutes  of  Confer¬ 
ence,  1881,  Book-Room,  26  Paternoster  Row.  „ 

2  See  Proceedings  of.  First  Methodist  (Ecumenical  Conferencet  Wes- 
leyan  Book-Room,  City  Road. 


parallel  work  which  Whitefield  had  just  begun  in  England. 

k°weveL  Whitefield,  in  the  west  of  England,  heard 
of  Howell  Harris,  and  in  that  year  the  two  revivalists  met 
in  Cardiff.  In  1739  Howell  Harris  had  begun  to  extend  his 
preaching  tours  far  and  wide,  visiting  not  only  South  but 
North  M  ales,  and,  wherever  he  went,  founding  religious 
societies  in  connection  with  the  Church  of  England,  of  a 
character  resembling  those  called  Dr.  Woodward’s  societies, 
which  had  long  been  in  existence  throughout  England,  the 
chief  difference  being  that  the  Welsh  societies  were  “evan¬ 
gelical,”  Calvinistic,  and  revivalist.  It  was  in  the  same 
year  that  Wesley  founded  his  society  in  England.  In  1742 
the  clergymen  connected  with  the  Welsh  movement  were 
ten  in  number,  and  there  were  laboring  in  concert  with 
these  forty  lay  “  exhorters ,”  as  they  were  called.  In  that 
year  the  first  “  association  ”  of  Welsh  Calvinistic  Method¬ 
ists  was  held  at  Waterford  or  Watford,  in  Glamorganshire. 
Whitefield  consented  to  preside,  and  joined  his  preaching 
to  that  of  the  Welsh  evangelists.  The  first  Calvinistic 
Methodist  Conference  was  held  at  Waterford,  under  White- 
field’s  presidency,  on  January  5,  1743,  eighteen  months 
earlier  than  Wesley’s  first  Conference.  For  a  short  time 
the  Calvinistic  Methodism  of  Wales  was  linked  to  that  of 
England.  After  1748,  however,  Whitefield  ceased  to  act  as 
in  any  sense  the  official  head  of  the  Calvinistic  Methodists 
of  England,  and  their  organization,  always  loose,  was  gradu¬ 
ally  dissolved. 

There  was  no  Wesley  in  Welsh  Methodism,  and  accord¬ 
ingly  there  was  no  organic  unity  among  the  societies  of 
earlier  Welsh  Methodism.  Each  local  society  was  under 
the  care  of  an  “  exhorter,”  an  unpaid  layman.  A  number 
of  these  local  societies  were  grouped  together  into  a  dis¬ 
trict,  over  which  an  “  overseer  ”  had  charge.  He  also  was 
usually  an  unpaid  layman,  although  exercising  many  of  the 
functions  of  a  spiritual  pastor.  Sometimes,  however,  as  in 
the  case  of  Rowlands,  he  was  a  parish  clergyman.  The  socie¬ 
ties  attended  their  parish  churches  and  there  received  the 
sacraments.  The  meeting-  or  preaching-houses  for  the  socie¬ 
ties  were  vaguely  called  “  houses  for  religious  purposes.” 

In  1751  Howell  Harris  ceased  to  itinerate  and  retired  to 
Trevecca.  From  this  time  his  leadership  in  the  Methodist 
movement  seems  to  have  come  to  an  end,  and  the  move¬ 
ment  languished  for  many  years  after.  Not  till  1762  is  any 
“revival”  chronicled.  In  1763  Rowlands  was  obliged  to 
quit  his  cfiracy  at  Llangeitho  and  leave  the  Established 
Church.  His  people  built  him  a  chapel.  He  thus,  after 
1763,  became  a  Dissenting  minister ;  and,  retaining  his  fame 
and  much  of  his  power  to  the  end  of  his  course,  he  died  in 
1790. 

Fifty  years  had  now  passed  since  the  first  societies  of 
Welsh  Methodism  had  been  established  by  Howell  Harris, 
and  the  movement,  instead  of  having  grown  to  strength 
and  maturity,  appeared  to  have  spent  its  force,  almost  in 
all  directions,  at  least  so  far  as  any  outward  signs  could 
show.  But  the  Rev.  Thomas  Charles  of  Bala  was  to  be  one 
of  the  chief  means  of  reviving  it.  He,  like  the  earlier 
Methodists,  was  a  churchman ;  he  had  taken  his  degree  at 
Oxford  and  served  a  curacy  in  Somersetshire.  The  doors 
of  the  Established  Church  having  been  closed  against  him 
because  of  his  style  of  preaching,  he  joined  the  Welsh 
Methodists  in  1785,  and  his  first  sphere  of  marked  influ¬ 
ence  was  in  North  Wales.  In  1791  he  took  a  leading  part 
in  a  great  revival  of  which  Bala  was  the  centre.  From  this 
period  may  be  dated  the  second  spring  of  Welsh  Calvinistic 
Methodism,  from  which  its  later  successes  were  to  grow. 
Charles  zealously  and  successfully  promoted  the  establish¬ 
ment  of  “  circulating  schools  ”  and  of  Sabbath  schools.  He 
was,  in  fact,  the  soul  of  the  great  Christian  educating  move¬ 
ment  in  Wales  which  began  in  the  last  decade  of  the  18th 
century ;  and  it  was  through  his  earnest  zeal  in  seeking  to 
provide  Bibles  for  his  Welsh  schools,  especially  the  Sunday 
schools,  that  the  British  and  Foreign  Bib*e  Society  was  es¬ 
tablished.  Though  Methodism  came  then  to  be  effectually 
rooted  in  the  soil  of  the  Principality,  it  was  not  till  1811 
that  the  Welsh  Calvinists  took  that  step  in  the  direction  of 
ecclesiastical  independence  which  the  English  Wesleyans 
had  taken  sixteen  years  before  by  calling  their  preachers  to 
the  official  position  of  pastors  and  ordaining  them  to  admin¬ 
ister  the  sacraments. 

From  1790  till  almost  the  present  time  the  work  of  gradu¬ 
ally  moulding  the  constitution  of  Welsh  Calvinistic  Method¬ 
ism  has  proceeded.  The  “rules  regarding  the  proper  mode 
of  conducting  the  quarterly  association  ”  were  drawn  up  by 
Charles  and  agreed  upon  in  1790.  In  1801  the  Order  and  Form 
of  Church  Government  and  Rules  of  Discipline  were  published. 
In  1811,  as  has  been  shown,  ministerial  ordination  was  in¬ 
itiated.  In  1823  the  Confession  of  Faith  was  promulgated. 
And  in  1864,  as  has  been  already  mentioned,  the  first 
“General  Assembly”  was  held,  and  the  two  associations 
of  North  and  South  Wales  respectively  were  united  into  one 
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body.  The  constitution  is  now  a  modified  Presbyterian¬ 
ism,  each  church  managing  its  own  affairs  subject  to 
successive  appeal  to  the  monthly  meeting  of  the  county 
and  the  quarterly  association  of  the  province,  while  the 
latter  body  may  refer  the  decision  to  the  annual  General 
Assembly. 

The  Welsh  Methodists  (or  Welsh  Presbyterians,  as  they  f 
are  now  often  called)  have  two  theological  colleges,  one  at : 
Bala  and  the  other  at  Trevecca.  They  have  also  a  foreign  ' 


missionary  society,  with  missions  in  Brittany,  among  their 
congeners  of  the  Celtic  race,  and  in  Bengal. 

In  recent  years  this  church  has  made  great  progress.  In 
1850  the  number  of  members  was  58,678,  in  1870  it  was  92,- 
735,  and  in  1880  the  returns  showed  1174  churches,  118,979 
communicants,  185,635  Sunday  scholars.  The  number  of 
m  inisters  is  not  officially  given,  but  is  estimated  at  600.  The 
North  and  South  Wales  associations  are  now  also  known  as 
synods.1  (J.  H.  bi.) 


METHODIUS,  the  apostle  of  the  Slavs,  was  a 
native  of  Thessalonica,  and  was  born  about  the  year 
825.  His  nationality  is  unknown,  but  most  probably 
he  was  a  Graecized  Slav ;  the  family  of  which  he  was 
a  member  appears  to  have  been  one  of  considerable 
social  distinction,  and  he  himself  had  already  attained 
high  official  rank  in  the  government  of  Macedonia 
before  he  determined  to  abandon  his  secular  career  and 
embrace  the  monastic  life.  His  younger  brother  Con¬ 
stantine  (better  known  as  Cyril,  the  name  he  adopted 
at  Rome  shortly  before  his  death)  had  also  distin¬ 
guished  himself  as  a  secular  ‘‘philosopher”  in  Con¬ 
stantinople  before  he  withdrew  to  the  cloister  and  to 
solitude.  Constantine  about  860  had  been  sent  by  the 
emperor  Michael  III.  to  the  Khazars,  in  response  to 
their  request  for  a  Christian  teacher,  but  had  not#re- 
mained  long  among  them  ;  after  his  return  to  within 
the  limits  of  the  empire,  his  brother  and  lie  labored 
for  the  instruction  of  the  Slavonic  or  Slavonicized 

gopulation,  especially  by  means  of  translations  of  the 
cripture  lessons  and  the  liturgical  books  used  in 
Christian  worship.  About  the  year  863,  at  the  invita¬ 
tion  of  Rastislav,  king  of  “Great  Moravia,”  who 
desired  the  Christianization  of  his  subjects,  but  at  the 
same  time  that  they  should  be  independent  of  the 
Germans,  the  two  brothers  went  to  his  capital  (its  site 
is  unknown),  and,  besides  establishing  a  seminary  for 
the  education  of  priests,  successfully  occupied  them¬ 
selves  in  preaching  in  the  vernacular  and  in  diffusing 
their  religious  literature.  After  four  years  they  seem 
to  have  received  and  accepted  an  invitation  to  Rome 
from  Pope  Nicholas  I.,  who  had  just  been  engaged  in 
his  still  extant  correspondence  with  the  newly  con¬ 
verted  Bulgarian  king  ;  his  death  occurred  before  their 
arrival,  but  they  were  kindly  received  by  his  successor 
Hadrian  II.  _  Constantine  died  in  Rome,  but  Methodius, 
after  satisfying  the  pope  of  his  orthodoxy  and  obedi¬ 
ence,  went  back  to  his  labors  in  “Moravia”  as  arch¬ 
bishop  ©f  Pannonia.  His  province  appears  to  have 
been,  roughly  speaking,  coextensive  with  the  basins 
of  the  Raab,  Drave,  and  Save,  and  thus  to  have  in¬ 
cluded  parts  of  what  had  previously  belonged  to  the 
provinces  of  Salzburg  and  Passau.  In  871  complaints 
on  this  account  were  made  at  Rome,  nominally  on  be¬ 
half  of  the  archbishop  of  Salzburg,  but  really  in  the 
interests  of  the  German  king  and  his  Germanizing  ally 
Swatopluk,  Rastislav ’s  successor;  they  were  not,  how¬ 
ever,  immediately  successful.  In  879,  however,  Metho¬ 
dius  was  again  summoned  to  Rome  by  Pope  John 
VIII.,  after  having  declined  to  give  up  the  practice 
of  celebrating  mass  in  the  Slavonic  tongue  ;  but,  owing 
to  the  peculiar  delicacy  of  the  relations  of  Rome  with 
Constantinople,  and  with  the  young  church  of  Bulgaria, 
the  pope,  contrary  to  all  expectation,  ultimately  de¬ 
cided  in  favor  of  a  Slavonic  liturgy,  and  sent  Methodius 
(880)  back  to  his  diocese  with  a  suffragan  bishop,  and 
with  a  letter  of  recommendation  to  Swatopluk.  This 
suffragan,  a  German  named  Wiching,  unfortunately 
proved  quite  the  reverse  of  helpful  to  his  metropolitan, 
and  through  his  agency,  especially  after  the  death  of 
at  ?  VIII-  in  882,  the  closing  years  of  the  life  of 
Methodius  were  embittered  by  continual  ecclesiastical 
disputes,  in  the  course  of  which  he  is  said  to  have  laid 
Swatopluk  and  his  supporters  under  the  ban,  and  the 
realm  under  interdict.  The  date  of  the  death  of 
Methodius  is  variously  given ;  the  most  trustworthy 


tradition  says  that  it  took  ‘place  on  April  6,  885.  He 
was  buried  at  Welehrad  (probably  Stuhlweissenberg). 
The  Greek  Church  commemorates  St.  Cyril  on  Feb¬ 
ruary  14  and  St.  Methodius  on  May  11  ;  in  the  Roman 
Church  both  are  commemorated  on  March  9. 


See  Schafarik’s  Slawische  Alterthumer,  where  the  original 
authorities  are  fully  referred  to.  The  subject  of  the  present 
notice  is  most  probably  not  to  be  identified  with  the  Metho¬ 
dius,  a  painter  and  monk,  who,  according  to  a  well-known 
legend,  converted  Boris  of  Bulgaria  by  means  of  a  picture 
of  Christ’s  second  coming. 

METHYL,  a  chemical  term  which  until  lately  was 
used  in  two  radically  different  senses,  namely,  as  desig¬ 
nating  either  the  atom-group  CH3,  which  in  number¬ 
less  chemical  formulae  figures  as  a  “radical”  (compare 
Chemistry,  vol.  v.  p.  410),  or  a  gaseous  substance  of 
the  same  composition,  which,  however,  nowadays  is 
generally  called  “dimethyl,”  to  distinguish  it  from  the 
radical.  A  gas  of  the  composition  and  the  specific 

gravity  (C2H6 -£-H2  =  15)  corresponding  to  C2H6  can 
e  produced  in  two  principal  wrays, — first,  by  the  de¬ 
composition  of  zinc-ethyl  by  water  (Frankland) — 
Zn«*H*)>  +  20H.H  =  Zn(OH)j  -f  CsHjH ; 
and,  secondly,  by  the  electrolysis  of  acetate  of  potash 
solution  (Kolbe),  we  have  virtually 

2CHs  .  COOH  =  (CHs)2  +  2CO*  i  +  Hj. 

+  pole.  I -pole. 

These  two  gases  used  to  be  distinguished  as  two 
different  substances, — Frankland’s  being  looked  upon 
as  hydride  of  ethyl,  C2H5.H,  Kolbe’s  as  “real  methyl” 
(CH3)(CH3),  until  Schorlemmer  proved  their  identity 
by  showing  that  both,  when  treated  with  chlorine, 
yield  the  same  identical  chloride  of  ethyl,  C2H5.C1. 
This  confirmed  the  now  generally  adopted  notion  that 
the  radical  ethyl  itself  is  nothing  but  methylo-methyl, 
H3C — CH2*,  so  that  the  filling  up  of  the  gap*  by  an 
H  must  necessarily  produce  “ hydride  of  ethyl”  and 
“dimethyl”  in  one.  The  “true  methyl”  which 
chemists  used  to  dream  of,  and  which,  when  treated 
with  chlorine,  would  yield  two  CH3C1’s  analogous  to 
HH  +  C1C1  =HC1  +  HC1,  does  not,  and  according  to 
our  present  knowledge  cannot,  exist.  A  quasi  apology 
for  it  is  “marsh  gas,  CH4,  the  principal  component 
of  the  gas  mixture  which  bubbles  up  from  any  marshy 
pond  when  its  mud  is  stirred  up  with  a  stick.  It  is 
always  produced  when  vegetable  matter  decays  in  the 
presence  of  water  and  in  the  relative  or  absolute  ab¬ 
sence  of  air.  What  everybody  knows  as  ‘  ‘  fire-damp  ’  ’ 
is  nothing  but  a  (necessarily  explosive)  mixture  of  air 
with  impure  marsh  gas,  produced  in  the  constantly 
progressing  metamorphosis  of  the  coal  deposits ;  in 
certain  districts  streams  of  marsh  gas  are  issuing  forth 
from  cracks  in  the  earth  ;  the  “holy  fire ”  of  Baku  is 
such  a  marsh-gas  spring,  which,  having  once  caught 
fire  by  accident,  continues  burning  to  this  day.  Per¬ 
fectly  pure  marsh  gas  can  only  be  obtained  from  zinc- 
methyl,  Zn(CH3)2,  by  its  decomposition  with  water 
[vide  supra) ;  a  nearly  pure  preparation  is  procurable 
by  heating  a  mixture  of  acetate  of  potash  or  soda  and 
caustic  alkali  to  dull  redness  : 


CHs .  COONa  +  NaOH  =  Na-COs  +  CHSH . 

Acetate.  Carbonate. 

Marsh  gas  can  be  prepared  synthetically  by  the  action 

1  See  W.  Williams,  Welsh  Calvinistic  Methodism,  a  Historical  Sketch: 
The  Life  and  Times  of  Howell  Harris;  Tyerman,  Life  of  the  Rev. 
George  Whitefield;  The  Diary  of  the  Calvinistic  Methodists,  1882. 
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of  bisulphide  of  carbon  vapor  and  sulphuretted  hydro¬ 
gen  (both  producible  from  their  elements)  on  red-hot 
copper,  CS2  +  2H2S  +  8Cu  =  4Cu2S  +  CII4  (Ber- 
thelot).  A  mixture  of  marsh  gas  and  chlorine,  when 
exposed  to  direct  sunlight,  explodes  with  formation  of 
hydrochloric  acid  and  charcoal.  In  diffuse  daylight 
only  part  of  the  hydrogen  is  eliminated  and  ‘  ‘  replaced '  ’ 
by  its  equivalent  in  chlorine,  which  in  general  leads  to 
the  formation  of  four  bodies:  CH3C1  =  CII4  +  Cl2  - 
HC1,  chloride  of  methyl;  CH2C12,  chloride  of  methy¬ 
lene  ;  CHC1S,  chloroform ;  CC14,  tetrachloride  of  car¬ 
bon.  Of  these  several  chloromethanes,  as  they  are 
called,  the  first  here  interests  us  more  than  any  of  the 
rest,  because  from  it  any  other  methyl  compound  can 
be  produced  by  the  substitution  of  the  proper  kind  of 
radical  for  the  Cl  of  the  CH3C1.  Thus,  for  instance, 
we  can  convert  it  into  methyl- alcohol  by  treating  the 
chloride  with  aqueous  caustic  potash  at  100°  C. 
(Berthelot).  This  is  a  most  important  synthesis,  be¬ 
cause  it  is  this  methyl-alcohol  that,  in  practice,  always 
serves  as  the  starting  point  in  the  preparation  of  other 
methyl  compounds. 

Methyl- Alcohol. — This  substance,  in  ordinary  prac¬ 
tice,  is  never  made  synthetically,  but  simply  extracted 
from  wood-spirit,  a  commercial  substance  which  is  pro¬ 
duced  industrially  in  the  dry  distillation  of  wood.  The 
wood-spirit  is  contained  in  the  aqueous  portion  of  the 
tar  produced  in  this  operation,  along  with  acetic  acid. 
To  recover  both,  the  tar-water  is  neutralized  with  lime 
and  distilled,  when  the  acetate  remains,  while  the  spirit 
distils  over,  along  with  a  deal  of  water,  which,  how¬ 
ever,  is  easily  removed,  as  far  as  necessary,  by  redis¬ 
tillation  and  rejection  of  the  less  volatile  parts.  The 
“crude  ”  wood-spirit,  as  thus  obtained,  is  not  unlike 
in  its  general  properties  to  ordinary  spirit  of  wine,  from 
which,  however,  it  is  easily  distinguished  by  its  abom¬ 
inable  smell.  The  ordinary  commercial  article,  besides 
a  variable  percentage'  of  water,  contains  from  35  to  80 
per  cent,  of  methyl-alcohol;  the  rest  consists  chiefly 
of  acetone,  but  besides  includes  dimethyl-acetal, 
C2H4(OCH3)2,  acetate  of  methyl,  and  numerous  other 
minor  components.  In  Great  Britain  large  quantities 
of  wood -spirit  are  used  for  the  making  of  methylated 
spirit,  a  mixture  of  ordinary  spirit  of  wine  with  one- 
ninth  of  its  volume  of  wood-spirit,  which  is  allowed  to 
be  sold  duty  free  for  the  preparation  of  varnishes,  and 
for  other  industrial  purposes.  In  former  times,  here 
as  elsewhere,  wood-spirit  itself  used  to  be  employed  as 
a  cheap  substitute  for  spiritus  vini ;  but  this  is  no 
longer  so,  since  the  aniline-color  industry  has  created  a 
large  demand  for  pure  methyl- alcohol.  Hence  in  some 
Continental  works  the  wood-spirit,  instead  of  being 
pent  out  as  such,  is  being  worked  up  for  its  components, 
by  the  following  sequence  of  operations  :  (1)  dehydra¬ 
tion  by  lime ;  (2)  heating,  under  an  inverted  condenser, 
with  caustic  soda,  to  convert  the  acetate  into  hydrate 
of  methyl ;  (3)  destruction  of  the  bad  smells  by  mild 
oxidation  ;  (4)  distillation  in  a  kind  of  Coffey’s  still, 
whereby  it  is  split  up  into  approximately  pure  alcohol, 
acetone,  and  “tails. 

The  new  industry  led  to  the  invention  of  the  following 
technical  methods  for  the  determination,  in  a  given  spirit, 
of  the  percentages  of  real  methyl-alcohol  and  of  acetone. 

The  alcohol  is  determined  by  saturating  5  c.c.  of  the 
spirit  with  hydriodic  acid  (volatilization  of  alcohol  and 
Iodide  of  methyl  being  avoided  by  means  of  a  cold-water 
bath  and  an  inverted  condenser),  and  the  product  poured 
into  water.  Iodide  of  methyl  separates  out  as  a  heavy  oil, 
which  is  measured  as  it  is.  According  to  direct  trials  5  c.c. 
of  pure  methyl-alcohol  yields  7.45  c.c.  of  crude  iodide  (Krell, 
Kramer  and  Grodzky). 

For  the  determination  of  the  acetone  the  following  re¬ 
agents  are  required  (Kramer) :  (1)  a  solution  of  iodine, 
prepared  by  dissolving  I2  =  254  grammes  of  iodine,  by  means 
of  (say)  500  grammes  of  iodide  of  potassium,  in  water,  and 
diluting  to  1  litre ;  (2)  a  solution  of  caustic  soda  containing 
twice  (NaOH)  grammes  per  litre ;  (3)  alcohol-free  ether. 
Ten  c.c.  of  the  soda'are  placed  in  a  graduated  cylinder  and 
mixed  intimately,  first  with  1  c.c.  of  the  spirit,  then  with  5 
c.c.  of  the  iodine  solution.  Iodoform  separates  out  (if  ace¬ 


tone  is  present)  in  minute  yellow  crystal  plates  ;  this  pro¬ 
duct  is  “  shaken  out  ”  by  means  of  10  c.c.  of  ether,  and  de¬ 
termined  by  evaporating  an  aliquot  part  of  the  ethereal 
layer  in  a  tared  watch-glass  to  dryness  and  weighing  the 
residue.  C3H6O  yields  CHI3 ;  hence  1  part  of  iodoform  in¬ 
dicates  0.28  part  of  acetone. 

The  formula  of  methyl-alcohol  and  its  true  chemical 
character  were  correctly  ascertained  by  Dumas  and 
Peligot  as  early  as  1834 ;  yet  pure  methyl-alcohol  may 
be  said  to  have  been  an  unknown  substance  until  1852, 
when  Wohler  taught  us  to  prepare  it,  by  first  extract¬ 
ing  the  CH3  of  the  CH3OH  in  the  wood-spirit  as  oxa¬ 
late  of  methyl,  and  then  decomposing  the  (purified) 
oxalate  with  water. 

The  most  convenient  raw  material  to  use  nowadays  is  the 
commercial  “  pure  ”  alcohol ;  if  wood-spirit  is  employed  it 
had  better  first  be  purified  by  distillation  over  caustic  soda 
(vide  supra).  The  formation  of  the  oxalate  then  is  best 
effected  (according  to  Alexander  Watt)  as  follows:  500 
grammes  of  oxalic  acid  crystals  are  mixed  with  200  c.c.  of 
oil  of  vitriol ;  then  500  c.c.  of  the  spirit  are  added,  the  whole 
kept  for  a  time  at  80°  C.,  and  then  allowed  to  stand  cold  for 
twenty-four  hours. 

The  large  crop  of  oxalate  crystals — partly  (CH3)2C204, 
partly  CH3 .  H .  C204 — is  separated  from  the  liquor  by  pressure 
and  subsequent  drying  over  vitriol,  and  then  decomposed 
by  distillation  with  water. 

The  aqueous  alcohol  thus  obtained  is  dehydrated  by  the 
well-known  methods  used  in  the  preparation  of  ordinary 
absolute  alcohol. 

According  to  Kramer,  a  purer  preparation  than  Wohler’s 
is  obtained  by  extracting  the  methyl  as  formiate  instead  of 
as  oxalate,  which  is  easily  effected  by  digesting  the  wood- 
spirit  with  a  formic  acid  of  1.22  specific  gravity,  and  puri¬ 
fying  the  formic  ether  by  fractional  distillation.  This 
ether  boils  at  32°,  the  oxalate  at  161°  C.,  hence  a  proper 
combination  of  the  two  methods  should  be  infinitely 
superior  to  either.  What  now  follows  must,  in  general,  be 
understood  to  refer  to  Wohler’s  preparation. 

Pure  methyl-alcohol  is  a  colorless  liquid  similar  in 
its  general  properties,  in  its  behavior  to  other  chemi¬ 
cally  inert  liquids,  and  in  its  action  as  a  solvent  to  ordi¬ 
nary  absolute  alcohol,  from  which,  however,  it  differs 
by  the  entire  absence  from  it  of  all  spirituous  odor.  A 
reparation  which  smells  of  wood-spirit  may  be  con- 
emned  at  once  as  impure.  According  to  H.  Kopp, 
its  specific  gravity  is  0.8142  at  0°  C.  and  0.7997  at 
16.4°.  If  the  volume  at  f  be  Y,  then  (from  0°  to  61°) 

V—  l  -f  .0001134*  + 1.364  X  lO"^2  -f  8.741  X  lO"9*3. 

The  boiling-point  is  64.6*  to  65.2°.  The  tension-curve 
was  determined  by  Regnault  and  by  Landolt  j  but  the 
results  of  the  two  observers  do  not  agree  except  (ap¬ 
proximately)  at  P=»760  mm.  Methyl-alcohol  has 
uite  a  characteristic  tendency  to  “bump”  badly  on 
istillation,  which,  however can  be  prevented  by  addi¬ 
tion  of  a  small  fragment  of  tin-sodium,  which  produces 
a  feeble  but  sufficient  current  of  hydrogen.  Its 
specific  heat  is  .6713;  latent  heat  of  vapor,  26.4-  com¬ 
bustion  heat,  5307  per  unit  weight  (Favre  and  Silber- 
mann).  The  refractive  index  for  the  D  (sodium)  ray 
is  1.3379  =b  .0013  for  10°  -+-  5°  C.  (Dale  and  Gladstone). 

Methyl-alcohol  mixes  with  water  in  all  proportions 
with  contraction. 

Since  Wohler’s  discovery  a  table  for  the  specific  gravities 
of  aqueous  methyl-alcohols  has  been  constructed  experi¬ 
mentally  by  A.  Dupre;  but  unfortunately  his  alcohol  boiled 
at  58.7°,  and  consequently  must  have  been  something  dif¬ 
ferent  from  what  generally  goes  by  this  name. 

In  its  chemical  reactions  methyl-alcohol,  CH3.OH, 
is  very  similar  to  ordinary  (ethyl)  alcohol,  C2H5.  OH, 
and  consequently,  in  the  same  sense  as  the  latter,  anal¬ 
ogous  to  water,  H .  OH.  Thus,  for  instance,  metallic 
sodium  and  potassium  dissolve  in  either  alcohol  with 
evolution  of  hvdrogen  and  formation  of  ethylates  or 
methylates  of  the  alkali  metals.  Example — 

CHsOlf  +  Na = CH3 .  ONa  -f  JH2. 

The  two  methylates  crystallize  from  the  solution  with 
crystal- alcohol,  which  can  be  driven  off  in  an  atmos¬ 
phere  of  hydrogen  by  heat,  without  decomposition  of 
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the  salts  themselves.  Water  at  once  decomposes  them 
into  caustic  alkali  and  alcohol,  CH3 .  ONa  +  H .  OH 
=NaOH  +  CH3OH.  Yet  the  reverse  reaction  takes 
place  when  the  alcohol  is  treated  with  a  large  excess 
of  caustic  soda. 

The  action  of  acids  on  methyl-alcohol  is  in  general 
quite  analogous  to  that  on,  for  instance,  caustic  soda, 
with  this  important  difference,  however,  that  what  in 
the  case  of  NaHO  goes  on  so  readily  in  aqueous  solu¬ 
tions  with  CH3 .  OH  succeeds  only  under  circumstances 
precluding  the  accumulation  of  water.  In  these  cir¬ 
cumstances  we  have,  for  instance, 

(1)  C1H-)-  OH .  CH3  =  H2O -f- Cl .  CHs ; 

(2)  (C2H302)H  +  OH .  CH3  =  H20  +  C2H3O2 .  CHs ; 

Acetic  acid.  Acetic  ether. 

and  so  on  with  all  monobasic  acids.  A  dibasic  acid 
XHH  may  act  as  (X)H2  or  as  (XH) .  H;  thus,  for  in¬ 
stance, 

(3)  (CsChHIH  +  OH .  CHs  =  H20 + C2O4 .  HCHs ; 

Oxalic  acid.  Methyl  oxalic  acid. 

(4)  (C20i)H2 + 20H .  CHs  =  2H2Cf  +  C2O4 .  (CHs)s. 

Methyl  oxalate. 

A  tribasic  acid  forms  two  methyl  acids  and  one  neu¬ 
tral  ether  ;  we  have,  for  instance, 

(5)  (From  PO4H3) ;  P04(CHs)H2 ;  PCMCHslsH ;  P04(CHs)s . 

It  would,  however,  be  a  great  mistake  to  suppose 
that  whether,  for  instance  (Ex.  3  and  4),  the  mono¬ 
methyl  or  the  dimethyl  compound  is  formed  depends 
on  the  quantity  of  methyl-alcohol  employed  per  unit 
of  acid.  This  depends  far  more  largely  on  other  con¬ 
ditions,  as  will  be  illustrated  in  next  paragraph.  The 
methyl-salts  of  oxygen  acids  are  called  esters,  in 
opposition  to  the  chloride,  bromide,  iodide,  sulphide, 
and  oxide,  which  are  set  apart  as  ethers.  Broadly 
speaking,  ethers  are  not,  while  esters  are,  readily  de¬ 
composed  by  water  into  their  congeners;  but  the  nitrate 
CH3 .  NO3  behaves  in  this  respect  like  an  ether. 

Action  with  Sulphuric  Acid. — Methyl-alcohol  mixes 
with  oil  of  vitriol  with  considerable  evolution  of  heat 
and  (always  only  partial)  conversion  of  the  two  ingre¬ 
dients  into  methyl-sulphuric  acid.  Equal  volumes  of 
acid  and  alcohol  give  a  good  yield.  To  prepare  pure 
methyl  sulphates,  dilute  the  mixture  largely  with 
water,  avoiding  elevation  of  temperature  (which  would 
regenerate  the  ingredients),  and  saturate  with  carbo¬ 
nate  of  baryta.  Filter  off  the  sulphate  of  baryta  to  ob¬ 
tain  a  solution  of  the  pure  methyl  sulphate  S04 .  CH3 . 
ba  (where  ba  =  $Ba  =  1  eq. ),  from  which  this  salt  is 
easily  obtained  in  crystals.  From  the  baryta  salt  any 
other  methyl  sulphate  is  readily  obtained  by  double 
decomposition  with  a  solution  of  the  respective  sul¬ 
phate  ;  the  acid  itself,  for  instance,  by  means  of  sul¬ 
phuric  acid.  At  higher  temperatures  the  reaction 
between  vitriol  and  methyl-alcohol  results  in  the  for¬ 
mation  of  methyl-ether,  (CH3)«0,  or  of  normal  sul¬ 
phate  of  methyl,  (CH3)2S04.  The  ether  is  a  gas  con¬ 
densable  into  a  liquid  which,  under  pressure  of  one 
atmosphere,  boils  at  — 21°  C. 

The  gas  dissolves  in  about  one  thirty-seventh  of  its  vol¬ 
ume  of  water;  far  more  largely  in  alcohol  and  in  ether; 
most  abundantly  in  oil  of  vitriol,  which  dissolves  about  six 
hundred  times  its  volume  of  methyl-ether  gas,  thus  afford¬ 
ing  a  very  handy  means  for  storing  up  the  gas  for  use.  The 
solution  needs  only  be  diluted  with  its  own  volume  of  water 
to  be  broken  up  into  its  components  (Erlenmeyer). 

Liquefied  oxide  of  methyl  is  now  being  produced  on 
the  manufacturing  scale,  and  sold  as  a  powerful  refrig¬ 
erating  agent.  One  part  of  sulphuric  acid  is  mixed 
with  a  little  over  one  part  of  dehydrated  wood-spirit, 
and  the  mixture  heated  to  125°  to  128°  C.  (130°  being 
carefully  avoided),  when  methyl-ether  goes  off.  When 
the  mixture  is  exhausted,  more  wood-spirit  is  added 
to  the  residue  so  as  to  reestablish  the  original  specific 
gravity  (of  1.29),  and  the  heating  resumed,  which 
again  furnishes  a  supply  of  the  gas,  and  so  on.  This 


proves  that  the  process  is  not,  as  used  to  be  supposed, 
one  of  mere  dehydration,  but  a  cycle  of  reactions  anal¬ 
ogous  to  those  in  the  ordinary  process  of  etherification, 
as  shown  by  the  equations : 

(1)  SO4H2  +  CHsOH = SO4 .  HCHs  +  H20 . 

(2)  S04.H.CHs-hH.O.CHs  =  S04HH-f  CHs.O.CHs. 

The  ester,  S04(CH3),  though  obtainable  hy  distillation  of 
the  alcohol  with  10  parts  of  vitriol,  is  more  conveniently 
prepared  from  pure  methyl-sulphuric  acid  by  distillation  in 
a  vacuum  at  130°-140°  C. ;  thus:  2SO4CH3 . H  =  SO4H2 -j- 
S04(CHs)2.  It  is  a  colorless  liquid,  smelling  like  pepper¬ 
mint,  specific  gravity  1.327  at  18°  ;  it  boils  at  187°  to  188°  C. 

Chloride  of  methyl ,  CH3C1,  readily  produced  by  the 
action  of  hydrochloric  acid  gas  and  hot  methyl-alcohol 
(preferably  in  the  presence  of  chloride  of  zinc  as  an 
auxiliary  dehydrator),  is  a  gas  which,  under  ordinary 
pressure,  condenses  into  a  liquid  at — 23°  C.  The  gas, 
at  ordinary  temperatures  (though  very  readily  soluble 
in  alcohol),  is  only  sparingly  absorbed  by  water,  which, 
however,  at  6°  unites  with  it  into  a  solid  hydrate. 
Condensed  methyl  chloride  has  become  an  article  of 
commerce,  being  largely  produced  from  trimethyla- 
mine  {vide  infra )  and  used  as  a  powerful  frigorific 
agent,  as  well  as  for  the  extraction  of  perfumes  from 
flowers.  Kegarding  nitrite  of  methyl,  NO — 0 — CH3, 
its  interesting  isomeride  nitromethane,  02N — CH3,  and 
nitrate  of  methyl,  N03CH3,  we  must  refer  to  the  hand¬ 
books  of  organic  chemistry. 

Iodide  of  methyl,  CH3I,  is  obtained  by  distilling  me¬ 
thyl-alcohol  with  hydrioaic  acid,  which  latter  is  best 
produced  off-hand  by  addition  to  the  alcohol  of  iodine 
and  amorphous  phosphorus.  It  is  a  colorless  liquid 
of  2.269  specific  gravity,  boiling  at  42.5°  C.,  insoluble 
in  water. 

Organic  Methyl-Esters. — The  more  volatile  ones  are 
in  general  easily  obtained  by  distillation  of  the  respect¬ 
ive  acid  with  methyl-alcohol,  or  with  methyl-alcohol  and 
oil  of  vitriol  (virtually  S04 .  H .  CH3) ;  the  less  vola¬ 
tile  ones  more  conveniently  by  passing  hydrochloric 
acid  gas  into  a  methyl-alcoholic  solution  of  the  acid. 
We  have  no  space  for  the  individual  substances ;  but 
the  salicylate  C7H503 .  CH3  may  just  be  named  as  be¬ 
ing  the  principal  component  01  the  essential  oil  of 
Gaulthei'ia  procumbens  (wintergreen  oil). 

Methylamines. — The  general  result  of  the  action  of 
ammonia  on  an  ester  is  the  formation  of  alcohol  and 
acid  amide.  Example — 

(C2H3O)— O— CHs + HNH2  =  CHs .  OH  +  C2H3O .  NH2 . 

Acetate  of  methyl.  Acetamide. 

With  iodide  of  methyl  this  reaction  is  an  obvious 
impossibility;  what  really  takes  place  (as  A.  W.  Hof 
mann  has  shown  for  this  and  all  analogous  cases)  is 
that  the  iodide  unites  with  the  ammonia  into  the  HI 
compound  HI.NH2CH3  of  a  base  NH2CH3,  which 
can  De  separated  from  the  acid  by  distillation  with 
caustic  potash,  and  when  thus  liberated  presents  itself 
as  a  gas  surprisingly  similar  (almost  to  identity)  to 
ammonia.  The  analogy  extends  to  the  action  on  iodide 
of  methyl,  which,  in  the  case  of  methylamine, 
NH2CH3,  leads  to  the  formation  of  dimethylamine, 
NH.  (CH3V>  and  from  the  latter  again  trimethylamine, 
N(CH3)3,  can  be  prepared  by  a  simple  repetition  of  the 
operation.  These  three  amines  are  closely  analogous 
in  their  chemical  character  to  ammonia,  the  points  of 
difference  becoming  the  more  marked  the  greater  the 
number  of  (CH3)’s  in  the  molecule.  Trimethylamine, 
having  lost  all  its  ammonia-hydrogen,  cannot  possibly 
act  upon  iodide  of  methyl  like  its  analogues.  What 
it  really  does  is  to  unite  with  the  iodide  into  “iodide 
of  tetram ethyl -ammo nium,”  I .  N(CH3)4,  analogous 
to  iodide  of  ammonium,  INH4,  we  should  say,  if  it 
were  not  the  reverse,  because  the  organic  iodide  (un¬ 
like  its  prototype,  which  is  an  ammonium  compound 
only  in  theory),  when  treated  with  moist  oxide  of  sil¬ 
ver  (virtually  with  AgOH),  really  does  yield  a  solution 
of  a  true  analogue  of  caustic  potash  in  the  shape  of 
hydroxide  of  tetramethyl-ammonium,  N(CH3)4.  OH. 
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In  regard  to  the  actual  preparation  of  these  several 
bodies,  which  is  not  so  simple  as  might  appear  from 
our  exposition  of  their  mutual  relations,  we  must  re¬ 
fer  to  the  handbooks  of  organic  chemistry.  But  we 
must  not  omit  to  state  that  trimethylamine,  which 
only  the  other  day  was  never  seen  outside  a  chemical 
museum,  is  now  being  manufactured  on  a  large  scale, 
and  promises  to  play  an  important  part  in  industrial 
chemistry.  The  waste  liquors  obtained  in  the  distilla¬ 
tion  of  alcohol  from  fermented  beet-root  molasses 
serve  as  a  raw  material  for  its  preparation.  These 
liquors,  when  evaporated  to  dryness  and  subjected  to 
dry  distillation,  yield,  besides  tar  and  gases,  an  aqueous 
liquid  containing  large  quantities  of  ammonia,  aceto¬ 
nitrile,  methyl-alcohol,  and  trimethylamine.  This 
liquor  is  neutralized  with  sulphuric  acid,  and  dis¬ 
tilled,  when  the  nitrile  and  the  methyl-alcohol  distil 
over,  to  be  recovered  by  proper  methods.  From  the 
mixed  solution  of  the  sulphates  of  ammonia  and  tri- 
methylamine  the  former  is  separated  out  as  far  as  pos¬ 
sible  by  crystallization  ;  the  pother-liquor  is  distilled 
with  lime  ;  the  volatile  bases  are  absorbed  in  hydrochlo¬ 
ric  acid ;  the  hydrochloric  solution  is  evaporated ;  and 
the  sal-ammoniac  which  comes  out  at  first  is,  as  far  as 
possible,  fished  out.  The  last  mother-liquor  is  evap¬ 
orated  to  dryness,  and  in  this  form  represents  commer¬ 
cial  trimethylamine  hydrochlorate.  It  is  this  product 
which  serves  for  the  pi'eparation  of  methyl  chloride 
(vide  supra),  the  process  being  founded  upon  the  fact 
that  a  concentrated  solution  of  the  salt,  when  heated, 
breaks  up  3HC1 .  N(CH3)3  into  2N(CH3)3  of  free  tri¬ 
methylamine  -J-  NH2 .  CH3HCI  of  hydrochlorate  of 
monomethylamine  and  2CH3C1  of  methjd  chloride. 

These  processes  are  being  carried  out  industrially 
by  Vincent  in  France.  But  this  base  trimethylamine 
seems  destined  to  do  more  than  provide  us  with  a  new 
refrigerating  agent.  The  attempt  has  been  made — it 
would  appear,  with  success — to  utilize  it  for  the  prep¬ 
aration  of  pure  carbonate  of  potash  from  native  chlo¬ 
ride  of  potassium,  just  as  ordinary  ammonia,  in  the 
famous  ammonia-soda  process,  serves  for  the  conver¬ 
sion  of  common  salt  into  soda- ash. 

Methyl  Cyanides. — There  are  two  distinct  bodies  which,  by 
composition  and  by  synthesis,  are  both  CH3+NC;  they  are 
named  “  acetonitrile  ”  (formerly  called  simply  cyanide  of 
methyl)  and  isocyanide  of  methyl  or  methylcarbamine  re¬ 
spectively. 

Acetonitrile  was  discovered  by  Dumas  in  1847.  It  may 
be  prepared  by  the  distillation  of  a  mixture  of  methylsul- 
phate  and  of  cyanide  of  potassium ;  but  is  obtained  more 
easily  and  in  a  purer  state  by  distilling  acetamide  with  phos¬ 
phoric  anhydride.  Acetate  of  ammonia  may  be  used 
instead  of  the  amide,  but  it  does  not  work  so  well. 

CHs .  CO .  O(NHi)  CHs  .  CO .  (NH2)  CHs .  CM 
Acetate  of  NH3  Acetamide  Nitrile 

=  A  (say).  =  A  —  H2O .  =  A  —  2H20 . 

It  is  a  colorless  liquid  of  a  pungent  aromatic  odor,  with 
specific  gravity  .805  at  0°,  and  boils  at  82°  C.  When  heated 
with  aqueous  potash  (at  the  wrong  end  of  a  condenser)  it 
breaks  up  with  formation  of  ammonia  and  acetate  of  pot¬ 
ash.  Whence  we  conclude  that  the  methyl  is  combined 
more  directly  with  the  carbon  of  the  cyanogen,  thus : 

N  {  C  —  CHs  }  -f  2H2O  =  NH3  +  CHs  .  COOH. 

Acetic  Acid. 

This  conclusion  is  supported  by  the  action  on  the  nitrile 
of  nascent  hydrogen,  which  leads  to  the  formation  of  ethyl- 
amine,  thus  (Mendius) : 

NC  —  CHs  -f-  4H  =  H2N  —  CII2CH3. 

Ethylamine. 

In  either  case  we  pass  from  a  monocarbon  to  a  dicarbon 
body,  virtually  from  methyl  to  ethyl  alcohol. 

The  isocyanide  is  prepared  by  heating  iodide  of  methyl 
with  cyanide  of  silver  (CH3I ;  2NCAg)  and  ether  in  asealed- 
up  tube  to  130°  to  140°,  to  produce  the  crystalline  body  Ag 
N  C-fN  CCH3  ( and  Agl ) .  The  double  cyanide,  wh  en  distilled 
with  some  water  and  cyanide  of  potassium,  breaks  up  into 
its  components, — the  NCAg  forming  (NC)2AgK;  and  the 
cyanide  of  methyl  distils  over.  It  is  a  colorless  liquid, 
characterized  by  quite  an  unbearably  irritating  and  sicken¬ 
ing  smell.  The  specific  gravity  is  .756  at  14°,  the  boiling- 
point  59°  C.  It  combines  with  hydrochloric  acid  into  a 


crystalline  salt  which  is  readily  decomposed  by  water  into 
methylamine  and  formic  acid.  Whence  we  conclude  that 
in  this  case  the  cyanogen  is  tied  to  the  methyl  by  its  nitro¬ 
gen  ; thus : 

C  {  N  —  CHs }  +2H20  =  H .  COOH  -f  NH2 .  CHs . 

Formic  acid.  Methylamine. 

The  methyl  here  remains  methyl,  being  separated  by  an 
N  from  the  cyanogen -carbon,  which  latter  passes  into  formic 
acid. 

We  must  not  close  this  section  without  at  least  referring 
to  the  methylphosphines,  as  being  a  set  of  bodies  related  to 
PH3  (phosphine)  as  the  methylamines  are  to  NH3  (ammo¬ 
nia),  and  similar  to  these  in  their  chemical  character,  in  so 
far  as  they  are  bases.  The  points  of  difference  between  the 
two  series  are  of  pretty  much  the  same  sense  as  those  be¬ 
tween  the  two  prototypes.  Thus,  for  instance,  while  trime¬ 
thylamine  N(CH3)sisastrong  base,  but  inert  to  oxygen  gas, 
trimethylphosphine  is  a  relatively,  feeble  base,  biit  in  con¬ 
tact  with  air  greedily  absorbs  oxygen  with  formation  of  an 
oxide  P(CH3)30,  the  like  of  which  in  the  nitrogen  series 
has  no  existence. 

Sulphur  Compounds  of  Methyl. — Substances  analogous  to 
methyl-alcohol  and  methyl-ether  respectively  can  be  ob¬ 
tained  by  the  distillation  of  methyl  sulphate  of  potassium 
with  strong  solutions  of  the  potassium  sulphides  KHS  and 
K2S  respectively.  The  body  CH3 .  SH  is  known  as  methyl- 
mercaptane,  the  other  (CHs)2S  as  sulphide  of  methyl.  Both 
are  very  volatile  stinking  liquids.  Sulphide  of  methyl 
claims  a  special  interest  as  being  the  starting-point  for  the 
preparation  of  an  important  class  of  bodies  called  trymethyl 
sulphine  compounds.  The  sulphide  (CHs)2S  readily  unites 
with  the  iodide  CH3I  into  crystals  of  iodide  of  trimethyl 
sulphine, (CHs)sS .  I,  a  substance  which  is  closely  analogous  in 
its  chemical  character  to  the  iodide  of  tetramethyl-ammo- 
ninm.  Moist  oxide  of  silver,  for  instance,  converts  it  into 
a  strongly  basic  hydrate,  S(CHs)3 .  OH,  which  in  its  avidity 
for  acids  almost  beats  its  analogon  in  the  nitrogen  family. 
An  investigation  of  its  salts  was  published  by  Crum  Brown 
and  Blaikie. 

Methyl  Arsenides. — Arseniferous  bases  constituted  like 
mono-  or  di-methylamine  (bodies  such  as  AsH2CH3,  anal¬ 
ogous  to  NH2.CH3)  do  not  seem  to  exist.  What  we  do 
know  of  are — (1)  a  trimethylarsine  and  the  iodide  and  the 
hydroxide  of  tetramethylarsonium, — As(CHs)3,  AsfCHshI, 
and  As(CHs)40H, — bodies  discovered  by  Cahours  and  Biche ; 
(2)  a  whole  series  of  monomethylic  bodies,  As(CHs)X2 
(where  X  =  C1,  Br,  or  X2  =  0,S),  discovered  by  Baeyer  in 
1857;  (3)  the  kakodyle  compounds,  a  series  of  bodies, 
As(CH3)2 .  X  or  As(CHs)2  .  X3,  which  were  discovered  and  in¬ 
vestigated  by  E.  Bunsen  in  1842.  This  great  investigation 
marks  an  epoch  in  the  history  of  organic  chemistry,  and 
our  article  would  not  he  complete  without  at  least  a  short 
summary  of  its  results.  Bunsen  started  in  his  investiga¬ 
tion  with  a  liquid  which  had  been  obtained  by  Cadet  as  early 
as  1760,  by  t  he  dry  distillation  of  equal  parts  of  white  arsenic 
and  anhydrous  acetate  of  potash,  and  which  nobody  cared 
to  investigate  because  it  emits  fumes  which  have  an  inde¬ 
scribably  sickening  smell  and  an  intensity  of  poisonous 
action,  compared  with  which  that  of  white  arsenic  itself 
appears  insignificant.  It  was  reserved  for  Bunsen  to  attack 
this  awful  substance  and  force  it  to  give  an  account  of  itself. 
According  to  Bunsen,  Cadet’s  liquid  is  substantially  an  ox¬ 
ide,  (AsCsHeHO,  which  has  strongly  basic  properties,  readily 
exchanging  its  O  for  Cl2,  etc.  To  obtain  the  pure  substance, 
the  liquor  is  distilled  with  corrosive  sublimate  and  hydro¬ 
chloric  acid,  which  in  the  first  instance  yields  the  pure  mu¬ 
riate  of  the  base  As(CHs)2Cl,  in  the  form  of  a  liquid  volatile 
above  100°  into  vapors  which  take  fire  spontaneously  in  air. 
From  this  chloride  of  kakodyle  the  pure  oxide  is  obtained 
by  distillation  with  caustic  potash.  The  pure  oxide  emits 
no  fumes ;  its  specific  gravity  is  1.462 ;  it  boils  near  150°.  A 
mixture  of  its  vapor  with  air  detonates  at  50°  C.  From 
the  chloride  again,  Bunsen  obtained  the  free  radical  kakodyle 
(AsC^HeF,  by  treatment  with  metallic  zinc  in  a  special  ap¬ 
paratus,  so  constructed  that  all  the  several  operations  in¬ 
volved  could  be  carried  out  without*bringing  the  content* 
in  contact  with  air, — a  necessary*  precaution,  becs***- 
kakodyle  is  a  liquid  which  takes  fire  in  air  spontaneous;,, 
even  at  ordinary  temperatures.  Pure  kakodyle  is  a  heavy- 
colorless  liquid  boiling  at  about  170°  C.,  and  freezing  at  -6°. 
When  exposed  to  oxygen  or  chlorine  it  suffers  destructive 
combustion ;  but  on  slow  access  of  air  it  is  oxidized  into  its 
oxide,  (AsCsHehO,  and  kakodylic  acid ;  with  chlorine  water 
it  unites  into  the  chloride  which  it  came  from ;  it  also  unites 
directly  with  sulphur  and  other  elements ;  in  short,  it  is 
exactly  to  kakodyle  compounds  what  potassium  is  to  potash 
and  potash  salts,  “a  true  organic  element,”  as  Bunsen  him¬ 
self  put  it.  This  discovery  of  Bunsen’s  was  greeted  with 
an  enthusiasm  which  it  is  difficult  in  these  days  to  realize. 
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With  us  now.  a  radical  is  intrinsically  a  fiction;  it  was 
different  in  1842.  By  the  isolation  of  fcakodyle  the  “  radi¬ 
cal  ”  notion  suddenly  rose  from  an  unproved  hypothesis  to 
the  rank  of  a  theory  based  on  experiment.  Still,  how¬ 
ever  much  our  theoretical  notions  may  shift,  Bunsen’s  re¬ 
search  will  stand  as  a  piece  of  monumental  scientific  work. 

Kakodylic  acid,.  As .  O .  (CH3'2  .  OH,  is  most  conveniently 
prepared  from  the  oxide  hy  addition  of  water  and  oxide  of 
mercury, —  H>0  -j-  2HgO  supplying  the  Hj-f-Os  required 
for  IfAsCaHe'sO.  This  is  a  crystalline  monobasic  acid, 
soluble  in  water.  Unlike  the  kakodylides  of  the  As .  X3 
type,  it  has  no  smell,  and  is  no  very  violent  poison.  It  takes 
six  grains  of  it  to  kill  a  rabbit. 

Metallic  Methides. — Examples  of  these  are — Sb(CH3)s;  Sb 
(CH^)s;  Mg(CH3)2;  Zn(CH3)a;  PMCHs)*;  A1(CH3)3 ;  Sn 
(CHs)t.  To  give  an  idea  of  the  chemical  character  of  this 
interesting  class  of  bodies  we  choose  sine-methyl  as  a  repre¬ 
sentative  example,  and  state  briefly  the  chief  points  of  its 
chemical  history.  This  body  was  discovered  by  Frankland 
in  1849.  It  is  prepared  by  boiling  iodide  of  methyl  over 
granulated  zinc  in  a  flask  connected  with  an  inverted  con¬ 
denser.  and  so  contrived  otherwise  that  the  contents  are 
protected  against  access  of  moisture  and  oxygen.  Under 
these  circumstances  the  two  ingredients  gradually  unite 
into  a  non-volatile  and  solid  compound  IZn  .  (CH3).  When 
this  body  is  heated  with  more  of  iodide  of  methyl,  it  under¬ 
goes  decomposition,  with  formation  of  iodide  of  zinc  and  of 
dimethyl  gas,  I — ZnCH3-)-CH3l  =  Znl2-f-(CH3)2,  which 
reaction  to  some  extent  takes  place  unavoidably  in  the  prep¬ 
aration  of  the  zinc  salt,  however  great  an  excess  of  metal 
may  be  taken.  What  survives  needs  only  to  be  subjected 
to  dry  distillation  (in  the  absence  of  air)  to  yield  a  distillate 
of  zinc-methyl : 

21  —  Zn  —  CHs  =  Zul2 + Zn(CH3)2. 

Zinc-methyl  is  a  colorless  liquid  of  1.386  specific  gravity 
at  10.5°,  which  boils  at  46°  C. ;  in  contact  with  air  it  takes  j 
fire.  Water  decomposes  it  at  once  into  hydrate  of  oxide  of  | 
zinc  and  marsh  gas,  Zn  CH3)2  =  Zn(OH)j-}-2CEbH.  Of 
other  reactions  the  following  may  he  named.  (1)  When 
.digested  with  sodium,  it  yields  a  •  precipitate  of  metallic 
zinc,  and  a  double  compound  of  itself  and  sodium-methyl. 
This  latter  unites  readily  with  carbonic  acid  into  acetate 
of  soda,  XaCHa  -f  CO2  =  CHs  —  CO  —  ONa  ( Wanklyn).  (2) 
With  chloride  of  acetyl  it  forms  acetone,  Zn(CHj)2-j-2CH3 . 
CO.Cl=  ZnCl2  +  2CO;CH3)2  (Freund).  (3)  Under  some¬ 
what  different  conditions,  including  the  presence  of  an  ex¬ 
cess  of  Zn  CH3)2,  a  compound  is  produced  which,  with  water, 
yields  tertiary  butyl-alcohol  (Boutlerow) : 

C0(CHs)2  +  Zn(CH3)2  =  C(CH3)3.0.  ZnCHs  =  A; 

Aff-2H  .  6H  =  Zu(OH)2  +  CH4  +  C;CH3)3  -  OH. 

Tertiary  alcohol.  (w.  D.) 

METRONOME,  an  instrument  for  denoting  the 
speed  at  which  a  musical  composition  is  to  be  per¬ 
formed.  Its  invention  is  generally,  but  falsely,  as¬ 
cribed  to  Johann  Nepomuk  Maelzei,  a  native  of  Ratis- 
bon  (1772-1868).  It  consists  of  a  pendulum  swung 
on  a  pivot ;  below  the  pivot  is  a  fixed  weight,  and 
above  it  is  a  sliding  weight  that  regulates  the  velocity 
of  the  oscillations  by  the  greater  or  less  distance  from 
the  pivot  to  which  it  is  adjusted.  The  silent  metro¬ 
nome  is  impelled  by  the  touch,  and  ceases  to  beat 
when  this  impulse  dies ;  it  has*a  scale  of  numbers 
marked  on  the  pendulum,  and  the  upper  part  of  the 
sliding  weight  is  under  that  number  which  is  to  indi¬ 
cate  the  quickness  of  a  stated  note,  as  M.M.  (Mael- 
zel’s  Metronome)  ?  —  60,  or  f  =  72,  or  £  =  108,  or 
the  like.  The  number  60  implies  a  second  of  time  for 
each  single  oscillation  of  the  pendulum, — numbers 
lower  than  this  denoting  slower,  and  higher  numbers 
quicker  beats.  The  scale  at  first  extended  from  50  to 
160,  but  now  ranges  from  40  to  208.  A  more  compli¬ 
cated  metronome  is  impelled  by  clock-work,  makes  a 
ticking  sound  at  each  beat,  and  continues  its  action 
till  the  works  run  down;  a  still  more  intricate  ma¬ 
chine  has  also  a  bell  which  is  struck  at  the  first  of 
any  number  of  beats  willed  by  the  person  who  regu¬ 
lates  it,  and  so  signifies  the  accent  as  well  as  the  time. 

The  earliest  instrument  of  the  kind,  a  weighted 
pendulum  of  variable  length,  is  described  in  a  paper 
by  Etienne  Loulie  (Paris,  1696 ;  Amsterdam,  1698). 
Attempts  were  also  made  by  Enbrayg  (1732)  and  Ga- 
bory  (1771).  Harrison,  who  gained  the  prize  awarded 
by  the  English  Government  for  his  chronometer,  pub¬ 


lished  a  description  of  an  instrument  for  the  purpose 
in  1775.  Davaux  (1784),  Pelletier,  Abel  Burja  (1790), 
and  Weiske  (also  1790)  described  their  various  experi¬ 
ments  for  measuring  musical  time.  In  1813  Gottfried 
Weber,  the  composer,  theorist,  and  essayist,  proposed 
a  weighted  ribbon  graduated  by  inches  or  smaller  di¬ 
visions,  which  might  be  held  or  otherwise  fixed  at  any 
desired  length,  and  would  infallibly  oscillate  at  the 
same  speed  so  long  as  the  impulse  lasted;  this,  the 
simplest,  is  also  the  surest,  the  most  enduring,  the 
most  portable, ’and  the  cheapest  invention  that  has 
come  before  the  world,  and  one  can  but  wonder  that 
it  has  not  been  universally  accepted.  Stockel  and 
Zmeskall  produced  each  an  instrument ;  and  Maelzei 
made  some  slight  modification  of  that  by  the  former, 
about  the  end  of  1812,  which  he  announced  as  a  new 
invention  of  his  own,  and  exhibited  from  city  to  city 
on  the  Continent.  It  was,  as  nearly  as  can  be  ascer¬ 
tained,  in  1812  that  Winkel,  a  mechanician  of  Am¬ 
sterdam,  devised  a  plan  for  reducing  the  inconvenient 
length  of  all  existing  instnunents,  on  the  principle  of 
the  double  pendulum,  rocking  on  both  sides  of  a  cen¬ 
tre  and  balanced  by  a  fixed  and  a  variable  weight.  He 
spent  three  years  in  completing  it,  and  it  is  described 
and  commended  in  the  Report  of  the  Netherlands 
Academy  of  Sciences,  August  14,  1815.  Maelzei 
thereupon  went  to  Amsterdam,  saw  Winkel  and  in¬ 
spected  bis  invention,  and,  recognizing  its  great  superi¬ 
ority  to  what  he  called  his  own,  offered  to  buy  all  nght 
and  title  to  it.  Winkel  refused,  and  so  Maelzei  con¬ 
structed  a  copy  of  the  instrument,  to  which  he  added 
nothing  but  tbe  scale  of  numbers,  took  this  copy  to 
Paris,  obtained  a  patent  for  it,  and  in  1816  established 
there,  in  his  own  name,  a  manufactory  for  metro¬ 
nomes.  When  the  impostor  revisited  Amsterdam,  the 
inventor  instituted  proceedings  against  him  for  his 
piracy,  and  the  Academy  of  Sciences  decided  in  Win¬ 
kers  favor,  declaring  that  the  graduated  scale  was  the 
only  point  in  wbich  the  instrument  of  Maelzei  differed 
from  his.  Maelzei’ s  scale  was  needlessly  and  arbi¬ 
trarily  complicated,  proceeding  by  twos  from  40  to  60, 
by  tbrees  from  60  to  72,  by  fours  from  72  to  120,  by 
sixes  from  120  to  144,  and  by  eights  from  144  to  208. 
Dr.  Crotch  constructed  a  time-measurer,  and  Henry 
Smart  (tbe  violinist,  and  father  of  the  composer  of 
the  same  name)  made  another  in  1821,  both  before 
that  received  as  Maelzel’s  was  known  in  England.  In 
1882  James  Mitchell,  a  Scotsman,  made  an  ingenious 
amplification  of  the  Maelzei  clock-work,  reducing  to 
mechanical  demonstration  what  formerly  rested  wholly 
on  the  feeling  of  the  performer.  Although  “Mael- 
zel’s  metronome  ”  has  universal  acceptance,  the  silent 
metronome  and  still  more  Weber’s  graduated  ribbon 
are  greatly  to  be  preferred,  for  the  clock-work  of  the 
other  is  liable  to  be  out  of  order,  and  needs  a  nicety  of 
regulation  which  is  almost  impossible ;  for  instance, 
when  Sir  George  Smart  had  to  mark  tbe  traditional 
times  of  the  several  pieces  in  the  Dettingen  Te  Deum, 
be  tested  them  by  twelve  metronomes,  no  two  of 
which  beat  together.  The  value  of  the  machine  is 
exaggerated,  for  no  living  performer  could  execute  a 
piece  in  unvaried  time  throughout,  and  no  student 
could  practise  under  the  tyranny  of  its  beat ;  and  con¬ 
ductors  of  music,  nay,  composers  themselves,  will 
give  the  same  piece  slightly  slower  or  quicker  on  dif¬ 
ferent  occasions,  according  to  the  circumstances  of 
performance. 

METSU,  Gabriel,  a  Dutch  painter  of  celebrity 
(bom  in  1630,  died  after  1667)  is  one  of  the  few  ar¬ 
tists  of  renown  in  Holland  whose  life  has  remained 
obscure.  Houbraken,  who  eagerly  collected  anecdotes 
of  painters  in  the  18th  century,  was  unable  to  gather 
more  from  the  gossip  of  his  contemporaries  than  that, 
as  early  as  1658,  Metsu,  at  the  age  of  forty-three, 
submitted  to  a  dangerous  surgical  operation.  The  in¬ 
ference  drawn  by  superficial  readers  from  this  state¬ 
ment  has  been  that  death  immediately  ensued.  A 
I  more  careful  perusal  would  have  shown  that  Houbra- 
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ken  knew  that  Metsu  had  given  lessons  to  De  Muss- 
cher  in  1665.  Local  records  now  reveal  that  Gabriel 
was  the  son  of  Jacques  Metsu,  who  lived  most  of  his 
days  at  Leyden,  where  he  was  three  times  married. 
The  last  of  these  marriages  was  celebrated  in  1625,  and 
Jacomma  Garnijers,  herself  the  widow  of  a  painter, 
ave  birth  to  Gabriel  in  1630.  Connected  by  both 
is  parents  with  art,  Metsu  was  probably  taught  first 
by  His  father  and  then  by  Gerard  Dow.  He  probably 
finished  his  training  under  Rembrandt.  So  far  back 
as  1648,  but  a  few  days  earlier  than  Jan  Steen,  who  is 
said  to  have  painted  his  portrait,  Metsu  was  regis¬ 
tered  in  the  painters’  corporation  at  Leyden ;  and  the 
books  of  the  guild  also  tell  us  that  he  remained  a 
member  in  1649.  In  1650  he  ceased  to  subscribe,  and 
works  bearing  his  name  and  the  date  of  1653  give 
countenance  to  the  belief  that  he  had  then  settled  at 
Amsterdam,  where  he  continued  his  studies  under 
Rembrandt.  His  companions  at  the  time  would  natu¬ 
rally  be  De  Hooch  and  V an  der  Meer,  whose  example 
he  soon  followed  when  it  came  to  his  turn  to  select  the 
class  of  subjects  for  which  his  genius  fitted  him.  Un¬ 
der  the  influence  of  Rembrandt  he  produced  the 
W oman  Taken  in  Adultery,  a  large  picture  with  the 
date  of  1653,  in  the  Louvre,  in  which  no  one  would 
suspect  the  painter  of  high  life  or  taverns  were  it  not 
that  his  name  is  written  at  full  length  on  the  canvas. 
The  artist  who  thus  repeated  the  gospel  subjects  fa¬ 
miliar  to  Flinck  and  Eeckhout  was  also  acquainted  with 
the  Oriental  wardrobe  of  Rembrandt,  and  ready  to 
use  it,  like  all  his  contemporaries.  But  he  probably 
observed  that  sacred  art  was  ill  suited  to  his  temper, 
or  he  found  the  field  too  strongly  occupied,  and  hap¬ 
pily  for  himself,  as  well  as  for  nis  admirers,  he  turned 
to  other  subjects  for  which  he  was  better  fitted.  We 
may  doubt  whether  he  tried  the  style  of  allegory  as 
illustrated  in  a  picture  of  Justice  Protecting  Virtue 
and  Chastising  Vice  in  the  gallery  of  the  Hague. 
There  is  every  reason  to  think  that  this  rough  and 
frosty  composition  was  wrought  by  quite  another  mas¬ 
ter.  What  Metsu  undertook  and  carried  out  from  the 
first  with  surprising  success  was  the  low  life  of  the 
market  and  tavern,  contrasted  with  wonderful  versa¬ 
tility  by  incidents  of  high  life  and  the  drawing-room. 
In  each  of  these  spheres  he  combined  humor  with  ex¬ 
pression,  a  keen  appreciation  of  nature  with  feeling, 
and  breadth  with  delicacy  of  touch,  unsurpassed  by 
any  of  his  contemporaries.  In  no  single  instance  do 
the  artistic  lessons  of  Rembrandt  appear  to  have  been 
lost  upon  him.  The  same  principles  of  light  and 
shade  which  had  marked  his  school-work  in  the 
W oman  Taken  in  Adultery  were  applied  to  subjects  of 
quite  a  different  kind.  A  group  in  a  drawing-room,  a 
series  of  groups  in  the  market-place,  a  single  figure  in 
the  gloom  of  a  tavern  or  parlor,  was  treated  with  the 
utmost  felicity  by  fit  concentration  and  gradation  of 
light ;  a  warm  flush  of  tone  pervaded  every  part,  and, 
with  that,  the  study  of  texture  in  stuffs  was  carried  as 
far  as  it  had  been  by  Terburg  or  Dow,  if  not  with  the 
finish  or  the  brio  of  De  Hooch.  Metsu’ s  pictures  are 
all  in  such  admirable  keeping,  and  so  warm  and  har¬ 
monious  in  his  middle  or  so  cool  and  harmonious  in  his 
closing  time,  that  they  always  make  a  pleasing  im¬ 
pression.  They  are  more  subtle  in  modulation  than 
Dow’s,  more  spirited  and  forcible  in  touch  than  Ter- 
burg’s ;  and,  if  Terburg  may  of  right  claim  to  have 
first  painted  the  true  satin  robe,  he  never  painted  it 
more  softly  or  with  more  judgment  as  to  color  than 
Metsu. 

That  Metsu  married  and  became  a  citizen  of  Am¬ 
sterdam  in  1659  would  only  prove  that  his  residence 
in  the  commercial  capital  of  the  Netherlands  was  later 
than  historians  have  generally  assumed.  But  there  is 
no  reason  to  think  that  Metsu  claimed  his  citizenship 
at  once.  The  privileges  of  a  burgess  were  given  in 
exchange  for  a  payment  of  dues,  and  these  painters 
had  various  ways  of  avoiding  unless  they  married. 
One  of  the  best  pictures  of  Metsu’ s  manhood  is  the 


Market-place  of  Amsterdam,  at  the  Louvre,  respect¬ 
ing  which  it  is  difficult  to  distribute  praise  in  fair  pro¬ 
portions,  so  excellent  are  the  various  parts,  the  char¬ 
acteristic  movement  and  action  of  the  dramatis  per¬ 
sonae,  the  selection  of  faces,  the  expression  and  the 
gesture,  and  the  texture  of  the  things  depicted.  A 
tin  can  in  the  arm  of  a  cook  is  a  marvel  of  imitation, 
but  the  cook’s  face  is  'also  a  marvel  of  expression. 
Equally  fine,  though  earlier,  are  the  Sportsman  (dated 
1661)  and  the  Tavern  (also  1661)  at  the  Hague  and 
Dresden  Museums,  and  the  Game-Dealer’s  Shop, 
also  at  Dresden,  with  the  painter’s  signature  and 
1662. 

Metsu  is  one  of  the  painters  of  whose  skill  Holland  still 
preserves  examples,  yet  whose  best  pictures  are  either  in 
England  or  in  Prance  or  in  the  galleries  of  Germany.  The 
value  of  his  works  is  large,  and  at  the  Pommersfelden  sale 
in  1867  the  Jealous  Husband  Dictating  his  Wife’s  Letters, 
though  hut  one  of  several  replicas,  was  bought  by  Lord 
Hertford  for  little  short  of  £2000,  while  for  the  Eide  of  the 
Prince  of  Orange,  in  the  Gsell  collection  at  Vienna,  £3000 
was  paid  by  Baron  Bothschild  in  1873.  (j.  A.  c.) 

METTERNICH,  Clemens  Wenzeslatts,  Prince 
(1773-1859),  first  minister  of  Austria  from  1809  to 
1848,  was  *the  son  of  a  Rhenish  nobleman  employed 
in  high  office  by  the  Austrian  court.  He  was  bom  at 
Ooblentz  in  1773.  At  the  age  of  fifteen  he  entered 
the  university  of  Strasburg.  The  French  Revolution 
was  then  beginning.  Everywhere  the  spirit  of  hope 
gave  to  men’s  language  an  exaltation  and  a  confidehce 
Hardly  known  at  any  other  epoch.  But  the  darker 
reality  soon  camb  into  view.  Mettemich  was  a  wit¬ 
ness  of  the  riot  in  which  the  town-hall  at  Strasburg 
Was  pillaged  by  a  drunken  mob;  his  tutor  subse¬ 
quently  became  a  member  of  the  revolutionary  tribu¬ 
nal  in  Alsace.  If  we  are  to  trust  to  Mettemich’s  own 
account  of  the  formation  of  his  opinions,  the  hatred 
of  innovation,  which  was  the  ruling  principle  of  his 
later  life,  arose  from  his  experience  of  the  terrible 
results  which  followed  at  this  time  from  the  victory  of 
so-called  liberal  ideas.  But  in  reality  Mettemich  was 
an  aristocrat  and  a  conservative  by  birth  and  nature. 
His  sentiment  in  things  political  was  that  of  a  mem¬ 
ber  of  a  refined  and  exclusive  society  which  trusts  to 
ho  intelligence  but  its  own,  and  hardly  sympathizes 
With  larger  interests.  The  aggressions  and  violence  of 
the  revolution  from  1789  to  1799  gave  Mettemich  an 
historical  basis  for  *his  political  theories,  but  the  in¬ 
stinctive  preferences  of  nis  own  mind  were  the  same 
from  first  to  last.  He  began  life  as  a  young  man  of 
fashion  and  gallantry.  His  marriage  in  1795  with  the 
Princess  Kaunitz,  a  granddaughter  of  the  famous 
minister,  fixed  him  in  the  highest  circle  of  Austrian 
nobility.  His.  first  contact  with  the  great  political 
world  was  at  the  congress  of  Rastadt  in  1798,  where, 
under  the  auspices  of  the  victorious  French  republic, 
arrangements  were  made  for  compensating  the  Ger¬ 
man  princes  and  nobles  whose  possessions  on  the  left 
bank  of  the  Rhine  had  been  ceded  to  France  by  the 
peace  of  Campo  Formio.  Mettemich  was  the  accred¬ 
ited  agent  of  a  group  of  Westphalian  nobles;  his  pri¬ 
vate  letters  give  a  vivid  picture  of  the  rough  and  un- 
courtly  diplomatists  who  had  succeeded  to  the  pol¬ 
ished  servants  of  the  old  French  monarchy.  In  1801 
Mettemich  was  appointed  Austrian  ambassador  at 
Dresden,  and  in  1 803  he  was  promoted  to  Berlin  ;  but 
he  had  Hardly  become  as  yet  a  prominent  man  in  Eu¬ 
rope.  His  stay  at  Berlin  was  the  turning-point  of 
his  life.  The  War  of  the  third  coalition  was  impend¬ 
ing.  Austria  united  with  England  and  Russia  against 
Napoleon,  and  the  task  of  the  youthful  ambassador 
was  to  win  over  the  court  of  Berlin  to  the  cause  of  the 
allies.  Mettemich  seems  to  have  done  all  that  it  was 
possible  for  him  to  do;  but  Prussia  persisted  in  its 
'neutrality.  The  earnestness  with  which  Mettemich 
had  worked  against  France  did  not  prevent  him  from 
remaining  on  the  friendliest  terms  with  M.  Laforest, 
the  French  ambassador  at  Berlin  ;  and  so  agreeable  an 
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account  of  him  was  transmitted  to  Paris  by  his  rival 
that,  at  the  close  of  the  conflict,  Napoleon  himself  re¬ 
quested  that  Metternich  might  henceforward  represent 
Austria  at  the  Tuileries.  'Metternich  was  accordingly 
sent  to  Paris  in  1806.  This  was  the  beginning  of  the 
period  when  Austria,  humbled  but  not  exhausted  by 
the  blow  of  Austerlitz  and  by  the  losses  accompany¬ 
ing  the  _  peace  of  Pressburg,  determined,  under  the 
leadership  of  Count  S  tad  ion,  to  prepare  for  another 
war  on  a  greater  scale.  But  the  sudden  overthrow  of 
Prussia,  and  the  alliance  between  France  and  Russia 
which  was  made  at  Tilsit  in  1807,  added  immeasur¬ 
ably  to  the  difficulties  of  the  court  of  Vienna.  It  be¬ 
came  clear  that  Napoleon  was  intending  to  dismember 
Turkey,  and  to  gain  for  himself  some  part  of  the  spoils 
of  the  Ottoman  empire.  Metternich’s  advice  was  that 
Austria  should  endeavor  to  detach  the  czar  from  the 
French  alliance,  and  by  this  means  frustrate  the  plan 
of  partition ;  but,  should  Russia  hold  fast  to  Na¬ 
poleon,  that  Austria  itself  should  unite  with  the  two 
aggressors,  and  secure  its  share  of  Turkey.  Oriental  af¬ 
fairs,  however,  fell  into  the  background,  and  in  the  sum¬ 
mer  of  1808  Metternich  was  convinced  that  Napoleon 
was  intending  to  attack  Austria,  though  not  imme¬ 
diately.  He  warmly  supported  Count  Stadion’s  policy  in 
raising  the  forces  of  Austria  to  the  highest  strength  ; 
and,  although  he  did  not  share  the  minister’s  hopes  in  a 
eneral  rising  throughout  Germany,  he  expressed  in 
is  dispatches  no  distrust  of  the  power  of  Austria  to 
cope  with  Napoleon.  This  is  the  more  singular  be¬ 
cause,  after  the  disastrous  issue  of  the  campaign  of 
1809,  Metternich  seems  to  have  taken  credit  for 
having  opposed  the  policy  of  war.  Napoleon  again 
captured  Vienna;  the  battle  of  Wagram  was  lost; 
and  after  a  long  negotiation  Austria  had  to  purchase 
peace  by  the  cession  of  part  of  Austrian  Poland  and 
of  its  Illyrian  provinces.  Metternich,  who  had  vir¬ 
tually  taken  Count  Stadion’s  place  immediately  after 
the  battle  of  Wagram,  was  now  installed  as  minister 
of  foreign  affairs.  The  first  striking  event  that  took 
place  under  his  administration  was  the  marriage  of 
Marie  Louise,  daughter  of  the  emperor  Francis,  to 
his  conqueror  Napoleon.  To  do  justice  to  Metter¬ 
nich’s  policy  it  must  be  remembered  that  the  alliance 
of  Tilsit  between  France  and  Russia  was  still  in  exist¬ 
ence,  and  that  Austria  was  quite  as  much  threatened 
by  the  czar’s  designs  upon  Turkey  as  by  Napoleon’s 
own  aggressions.  Metternich  himself  seems,  in  spite 
of  his  denials,  to  have  been  the  real  author  of  the 
family  union  between  the  houses  of  Hapsburg  and 
Bonaparte, — a  most  politic,  if  not  a  high-spirited 
measure,  which  guaranteed  Austria  against  danger 
from  the  east,  at  the  same  time  that  it  gave  it  at  least 
some  prospect  of  security  from  attack  by  Napoleon, 
and  enabled  Metternich  to  mature  his  plans  fbr  the 
contingency  of  an  ultimate  breach  between  France  and 
Russia.  In  1812. this  event  occurred.  Metternich,  in 
nominal  alliance  with  Napoleon,  sent  a  small  army  into 
Southern  Russia,  allowing  it  to  be  understood  by  the 
czar  that  the  attack  was  not  serious.  Then  followed 
the  annihilation  of  the  French  invaders.  While  Prus¬ 
sia,  led  by  its  patriots,  declared  war  against  Napoleon, 
Metternich,  with  rare  and  provoking  coolness,  held  his 
hand,  merely  stating  that  Austria  would  no  longer 
regard  itself  as  a  subordinate  ally,  but  would  act  with 
all  its  force  on  one  side  or  the  other.  The  result  of  this 
reserve  was  that  Metternich  could  impose  what  terms 
he  pleased  on  Russia  and  Prussia  as  the  price  of  his 
support.  The  armies  of  these  two  powers,  advancing 
into  Central  Germany,  proved  no  match  for  the  forces 
with  which  Napoleon  took  the  field  in  the  spring  of 
1813;  and  the  hard-fought  battles  of  Liitzen  and 
Bautzen  resulted  in  the  retreat  of  the  allies.  After 
the  combatants  had  made  an  armistice,  Metternich 
tendered  Austria’s  armed  mediation,  requiring  Prussia 
to  content  itself  with  t  he  restoration  of  its  territory 
east  of  the  Elbe,  and  leaving  Napoleon’s  ascendency 
in  Germany  almost  untouched.  Napoleon,  after  a 


celebrated  interview  with  Metternich,  madly  rejected 
terms  so  favorable  that  every  Prussian  writer  has  de¬ 
nounced  Metternich’s  proposal  of  them  as  an  act  of 
bitter  enmity  to  Prussia.  On  the  night  of  the  10th 
of  August  the  congress  of  Prague,  at  which  Austria, 
as  armed  mediator,  laid  down  conditions  of  peace,  was 
dissolved.  Metternich  himself  gave  orders  for  the 
lighting  of  the  watch-fires  which  signalled  to  the 
armies  in  Silesia  that  Austria  had  declared  war  against 
Napoleon.  The  battle  of  Leipsic  and  the  campaign 
of  1814  in  France  followed,  Metternich  steadily  pursu¬ 
ing  the  policy  of  offering  the  most  favorable  terms 
possible  to  Napoleon,  and  retarding  the  advance  of  the 
allied  armies  upon  the  French  capital.  Metternich 
had  nothing  of  that  personal  hatred  towards  the  great 
conqueror  which  was  dominant  both  in  Prussia  and  in 
England;  on  the  contrary,  though  he  saw  with  per¬ 
fect  clearness  that,  until  Napoleon’s  resources  were 
much  diminished,  no  one  could  be  safe  in  Europe,  he 
held  it  possible  to  keep  him  in  check  without  destroy¬ 
ing  him,  and  looked  for  the  security  of  Austria  in  the 
establishment  of  a  balance  of  power  in  which  neither 
Russia  nor  France  should  preponderate,  while  Prussia 
should  be  strictly  confined  within  its  own  limits  in 
Northern  Germany.  The  assistance  of  the  Austrian 
army,  which  was  no  doubt  necessary  to  the  allies,  had, 
so  far  as  related  to  Prussia,  been  dearly  purchased. 
When,  at  the  beginning  of  1813,  Prussia  struck  for 
the  freedom  of  Germany,  its  leading  statesmen  and 
patriots  had  hoped  that  the  result  of  the  war  of  libera¬ 
tion  would  be  the  establishment  of  German  unity, 
and  that  the  minor  German  princes,  who  had  been 
Napoleon’s  vassals  since  1806,  would  be  forced  to  sur¬ 
render  part  of  their  rights  as  sovereigns,  and  submit  to 
a  central  authority.  This  dream,  however,  vanished 
as  soon  as  Austria  entered  the  field  as  an  ally.  It  was 
no  part  of  Metternich’s  policy  to  allow  anything  so 
revolutionary  as  German  unity  to  be  established,  least 
of  all  under  the  influence  of  Prussian  innovators.  He 
made  treaties  with  the  king  of  Bavaria  and  Napoleon’s 
other  German  vassals,  guaranteeing  them,  in  return 
for  their  support  against  France,  separate  indepen¬ 
dence  and  sovereignty  when  Germany  should  be  re¬ 
constructed.  Accordingly,  though  the  war  resulted, 
through  Napoleon’s  obstinate  refusal  of  the  terms 
successively  offered  to  him,  in  the  limitation  of  France 
to  its  earlier  boundaries  and  in  a  large  extension  of 
Prussia’s  territory,  the  settlement  of  Germany  outside 
of  Prussia  proceeded  upon  the  lines  laid  down  by  Met¬ 
ternich,  and  the  hopes  of  unity  raised  in  1813  were 
disappointed.V  A  German  confederation  was  formed, 
in  which  the  minor  sovereigns  retained  supreme  power 
within  their  own  states,  while  the  central  authority, 
the  federal  diet,  represented,  not  the  German  nation, 
but  the  host  of  governments  under  which  the  nation 
was  divided.  Metternich  even  advised  the  emperor 
Francis  of  Austria  to  decline  the  old  title  of  German 
emperor,  disliking  any  open  embodiment  of  the  idea 
of  German  unity,  and  preferring  to  maintain  the  ascen¬ 
dency  of  Austria  by  a  gentle  pressure  at  the  minor 
courts  rather  than  by  the  avowed  exercise  of  imperial 
rights.  In  this  unprogessive  German  policy  Metter¬ 
nich  was  completely  successful.  His  great  opponent, 
Stein,  the  champion  of  German  unity  and  of  consti¬ 
tutional  systems,  abandoned  his  work  in  despair,  and 
refused  the  useless  post  of  president  of  the  diet, 
which  Metternich,  with  a  kind  of  gentle  irony,  offered 
to  him. 

The  second  branch  of  Metternich’s  policy  in  1 81 3-14 
was  that  which  related  to  Italy.  Following  the  old 
maxims  of  Austrian  statesmanship,  Metternich  timed 
not  only  at  securing  a  large  territory  beyond  the  Alps, 
but  at  making  the  influence  of  Austria  predominant 
throughout  the  Italian  peninsula.  The  promises  of 
national  independence  which  had  been  made  to  the 
Italians  when  they  were  called  upon  tc  rise  against 
Napoleon  were  disregarded.  In  the  secret  clauses  of 
the  first  treaty  of  Paris  the  annexation  of  both  Lom- 
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bardy  and  Venetia  was  guaranteed  to  Austria,  and  the 
rest  of  Italy  was  divided  into  small  states  as  of  old. 
Napoleon’s  return  from  Elba  led  to  the  downfall  of 
Murat,  who  had  been  allowed  to  retain  the  kingdom 
of  Naples,  and  to  the  reunion  of  this  country  with 
Sicily,  under  the  Bourbon  Ferdinand.  After  the 
second  overthrow  of  Napoleon,  Metternich  endeavored 
to  make  every  Italian  sovereign  enter  into  a  league 
under  Austria’s  presidency.  Ferdinand  of  Naples  ac¬ 
cepted  the  position  of  vassal,  but  the  pope  and  the 
king  of  Sardinia-  successfully  maintained  their  inde¬ 
pendence.  With  the  construction  of  the  German  fede¬ 
ration,  and  the  partial  construction  of  an  Italian  fede¬ 
ration,  both  under  Austria’s  guidance,  the  first  part 
of  Metternich ’s  career  closes.  He  had  guarded  Aus¬ 
tria’s  interests  with  great  skill  during  the  crisis  of  1813 
and  1814.  It  was  not  his  own  fault,  but  the  fault  of 
ages,  that  Austria’s  interests  were  in  antagonism  to 
those  of  German  and  of  Italian  nationality.  He  thought 
as  an  Austrian,  and  as  nothing  else  ;  his  task  was  to 
serve  „the  house  of  Hapsburg,  and  this  he  did  with 
signal  ability  and  success.  To  denounce  Metternich 
as  a  kind  of  criminal,  according  to  the  practice  of 
Prussian  writers,  because  he  did  not  work  for  German 
uni  ty,  is  to  ignore  the  existence  of  such  a  thing  as  state- 
policy.  Judged  by  the  ordinary  standards  of  practi¬ 
cal  statesmanship,  not  by  the  philosophy  of  history, 
Metternich’s  action  in  1813  and  1814  was  that  of  a 
very  superior  man ;  and  the  qualities  of  calmness  and 
dexterity  which  he  displayed  would  have  given  an  in¬ 
finitely  greater  effectiveness  to  the  life  of  his  great  rival, 
Stein,  who  in  patriotic  and  moral  enthusiasm  was  so 
far  above  him. 

The  second  part  of  Metternich’s  career,  which  ex¬ 
tends  from  1815  to  1848,  is  that  of  a  leader  of  Euro¬ 
pean  conservatism.  It  is  difficult  to  describe  his  atti¬ 
tude  towards  almost  all  the  great  questions  which  were 
now  arising  as  any  but  one  of  absolute  blindness  and 
infatuation.  He  acknowledged  that  exceptional  circum¬ 
stances  in  the  past  had  made  it  possible  for  England 
to  exist  under  a  constitution ;  he  knew  that  France  would 
not  surrender  the  Charta  given  to  it  by  King  Louis 
XVIII. ;  but  in  all  other  great  states  he  maintained 
that  there  were  no  alternatives  but  absolute  monarchi¬ 
cal  government  and  moral  anarchy.  His  denunciations 
of  liberals  and  reformers  everywhere  and  at  all  times 
are  perfectly  childish;  and  in  many  instances  his  hatred 
of  change  led  him  into  errors  of  judgment  not  sur¬ 
passed  in  the  annals  of  political  folly.  When  Napoleon 
fell,  there  was  a  prospect  of  the  introduction  of  consti¬ 
tutional  government  throughout  a  great  part  of  Europe. 
King  Frederick  William,  stimulating  the  efforts  of  the 
Prussian  people  against  France  by  the  hopes  of 
liberty,  had  definitely  promised  them  a  constitution 
and  a  general  assembly.  The  czar  had  determined  to 
introduce  parliamentary  life  into  the  kingdom  of 
Poland,  and  even  hoped  to  extend  it,  after  some  in¬ 
terval,  to  Russia.  The  Federal  Act  drawn  up  for 
Germany  at  the  congress  of  Vienna  declared  that  in 
every  state  within  the  German  league  a  constitution 
should  be  established.  Against  this  liberal  movement 
of  the  age  Metternich  resolutely  set  his  face.  Though 
wide  general  causes  were  at  work,  the  personal  influ¬ 
ence  of  the  Austrian  statesman  had  no  small  share  in 
prolonging  the  existence  of  autocratic  government,  and 
in  developing  that  antagonism  between  the  peoples 
and  their  rulers  which  culminated  in  the  revolutions  of 
1848.  The  nature  of  the  Austrian  state,  conaposed  of 
so  many  heterogeneous  provinces  and  nationalities,  no 
doubt  made  it  natural  for  its  representative  to  defend 
and  exalt  the  principle  of  personal  sovereignty,  on 
which  alone  the  unity  of  Austria  was  based;  the  rela¬ 
tion  of  Austria  to  Italy  rendered  the  growth  of  the 
sentiment  of  nationality  a  real  source  of  danger  to  the 
house  of  Hapsburg;  but  Metternich’s  abhorrence  of 
constitutional  and  popular  ideas  was  more  than  the 
outcome  of  a  calculating  policy,  He  was  not  a  man  of 
much  faith,  but  one  belief  he  held  with  all  the  force 
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of  religious  conviction, — namely,  the  belief  that  his 
own  task  and  mission  in  the  world  was  to  uphold  es¬ 
tablished  authority.  All  efforts  to  alter  the  form  or  to 
broaden  the  basis  of  government  he  classed  under  the 
same  head,  as  works  of  the  spirit  of  revolution:  and  in 
one  of  his  most  earnest  writings  he  places  side  by  side, 
as  instances  of  evil  sought  for  its  own  sake,  the  action 
of  the  secret  societies  in  Germany,  the  Car-bonaria  of 
Italy,  and  the  attempts  of  the  English  to  carry  the 
Reform  Bill.  Working  on  principles  like  these,  and 
without  the  shadow  of  a  doubt  in  his  own  wisdom, 
Metternich  naturally  proved  a  great  power  at  a  time 
when  the  sovereigns  who  had  inclined  to  constitutional 
ideas  began  to  feel  the  difficulties  in  the  way  of  putting 
them  into  practice.  Metternich’s  advice,  tendered 
with  every  grace  of  manner  and  with  the  most  winning 
and  persuasive  art,  was  indeed  not  hard  for  rulers  to 
accept,  for  he  simply  recommended  them  to  give  up 
nothing  that  they  had  got.  It  was  at  the  congress  of 
Aix-la-Chapelle  (1818)  that  the  retrograde  tendency, 
which  was  now  succeeding  to  the  hopes  of  1815,  first 
gained  expression.  An  agitation  among  the  students 
at  the  German  universities  had  caused  some  scandal  in 
the  previous  year,  and  secret  societies  had  just  been 
discovered  in  Russia.  Metternich  plied  the  king  of 
Prussia  with  arguments  for  withholding  the  national 
representation  which  he  had  promised  to  his  people, 
and  stimulated  the  misgivings  which  were  arising  in 
the  mind  of  the  czar,  hitherto  the  champion  of  Euro¬ 
pean  liberalism.  A  few  months  later  the  murder  of 
Alexander’s  German  agent,  Kotzebue,  by  a  fanatical 
student  gave  Metternich  an  excellent  pretext  for  or¬ 
ganizing  a  crusade  against  German  liberty.  A  confer¬ 
ence  of  ministers  was  held  at  Carlsbad.  The  king  of 
Prussia  allowed  his  representative  to  follow  Metter¬ 
nich’s  lead.  The  resistance  of  the  constitutional  minor 
states  proved  of  no  avail;  and  a  series  of  resolutions 
was  passed  which  made  an  end  of  the  freedom  of  the 
press  throughout  Germany,  and  subjected  the  teaching 
and  the  discipline  of  the  universities  to  officers  of  state. 
A  commission  was  established  at  Mainz  to  investigate 
the  conspiracies  which  Metternich  alleged  to  have  been 
formed  for  the  overthrow  of  all  existing  governments, 
and  for  the  creation  of  a  German  republic,  one  and  in¬ 
divisible.  In  the  following  year  new  articles  were 
added  by  Metternich’s  direction  to  the  original  Federal 
Act,  the  most  important  being  one  that  forbade  the 
creation  in  any  German  state  of  an  assembly  represent¬ 
ing  the  community  at  large,  and  enforced  the  system 
of  representation  by  separate  estates  or  orders,  each 
possessed  of  certain  limited  definite  rights,  and  all  alike 
subordinate  to  the  supremacy  of  the  crown.  Metter¬ 
nich  would  gladly  have  made  an  end  of  the  parlia¬ 
mentary  constitutions  which  had  already  come  into 
being  in  Bavaria  and  the  southern  states ;  but  he  was 
unable  to  attack  them  openly,  and  had  to  confine  him¬ 
self  to  the  advocacy  of  strict  monarchical  principles 
through  his  representatives  at  these  courts.  With 
regard  to  Prussia,  however,  he  was  completely  success¬ 
ful.  The  king  of  Prussia  broke  his  promise  of  estab¬ 
lishing  a  national  representation,  and  satisfied  his 
conscience  by  creating  certain  powerless  provincial 
diets,  exactly  as  Metternich  had  recommended  him. 
Throughout  Germany  at  large  a  system  of  repression 
was  carried  out  against  the  advocates  of  constitutional 
right.  The  press  was  silenced ;  societies  were  dissolved ; 
prosecutions  became  more  and  more  common.  While 
Metternich  imagined  himself  to  be  stifling  the  spirit 
of  discontent,  he  was  in  fact  driving  it  into  more  secret 
and  more  violent  courses,  and  convincing  eager  men  that 
the  regeneration  of  Germany  must  be  sought  not  in 
the  reform,  but  in  the  overthrow  of  governments. 

Meanwhile  revolution  broke  out  in  Spain  and  Italy. 
Ferdinand  of  Spain,  who  had  restored  despotism,  was 
compelled,  in  March,  1820,  to  accept  the  constitution 
of  1812  which  he  had  subverted.  The  same  constitu¬ 
tion  was  accepted  a  few  months  later  by  Ferdinand  of 
Naples.  Spain  was  outside  Metternich’s  range,  but 


210 


METTERNICH. 


his  hand  fell  heavily  upon  Naples.  A  congress  of  the 
great  powers  was  held  at  Troppau  in  October,  1820. 
Metternich,  who  was  president,  as  he  had  been  at 
Vienna,  and  continued  to  be  in  later  congresses,  com¬ 
pletely  won  over  the  czar  to  his  own  views.  Resolu¬ 
tions  in  favor  of  an  intervention,  if  necessary  by  force 
of  arms,  against  the  Neapolitan  liberal  Government 
were  adopted  by  Austria,  Russia,  and  Prussia,  though 
England  and  France  held  aloof.  The  congress  was 
then  adjourned  to  Laibach  in  Carniola,  whither  Fer¬ 
dinand  of  Naples  was  summoned,  in  order  that  he  might 
mediate  between  the  powers  and  his  people,  and  induce 
the  latter  to  give  up  a  constitution  which  offended  the 
three  northern  courts.  Ferdinand’s  journey  and  medi¬ 
ation  were  an  imposture  as  regarded  the  Neapolitans; 
he  pretended  that  he  went  to  negotiate  on  behalf  of 
his  people,  when  in  fact  his  intention  was  exactly  the 
same  as  Metternich’ s,  namely,  to  have  absolute 
monarchy  restored.  The  proceedings  of  the  congress 
at  Laibach  were  a  farce.  A  letter  was  concocted  by 
Metternich  for  King  Ferdinand  to  send  to  his  subjects, 
informing  them  that  the  powers  would  not  permit  the 
constitution  to  exist,  and  that,  in  default  of  their  sub¬ 
mission,  the  allied  courts  would  employ  force.  The 
British  Government,  while  protesting  against  the  joint 
action  of  the  three  powers  as  an  assumption  of  inter¬ 
national  sovereignty,  was  perfectly  willing  that  Aus¬ 
tria,  as  a  state  endangered  by  the  Neapolitan  revolu¬ 
tion,  should  act  on  its  own  account.  Metternich, 
however,  continued  to  treat  the  Neapolitan  question 
as  the  affair  of  Europe,  and  maintained  his  concert 
with  Russia  and  Prussia.  Early  in  1821  an  Austrian 
force,  acting  in  the  name  of  the  allies,  entered  Central 
Italy.  The  armies  opposed  to  it  collapsed,  and  the 
Austrians  entered  Naples  on  March  24.  But  in  the 
meantime  a  revolution  broke  out  in  Piedmont,  which 
threatened  to  cut  off  the  Austrians  from  their  supports, 
and  to  raise  all  Italy  against  them.  For  a  moment  the 
bold  action  of  Metternich  seemed  to  have  resulted  in 
immense  danger  both  to  his  own  conservative  policy 
and  to  the  peace  of  Europe ;  for  it  was  believed  that 
the  Piedmontese  revolution  would  be  answered,  not 
only  by  a  general  Italian  movement,  but  by  a  rising 
against  the  Bourbons  in  France.  The  cloud,  however, 
passed  away.  Order  was  quickly  restored  in  Pied¬ 
mont  ;  Lombardy  was  safely  held  by  Austrian  garri¬ 
sons;  and  the  conclusion  of  the  Italian  difficulties,  in 
which  Metternich  had  played  a  very  difficult  part  with 
great  resolution  and  dexterity,  was  'his  complete  and 
brilliant  personal  triumph.  No  statesman  in  Europe 
at  this  moment  held  a  position  that  could  compare  with 
his  own. 

At  the  congress  of  Verona,  held  in  1822,  the  affairs 
of  Spain  were  considered  by  the  powers.  In  the  end, 
the  Spanish  constitution  was  overthrown  by  a  French 
invading  army ;  but,  though  the  arm  employed  was 
that  of  France,  the  principle  of  absolutism  which  ani¬ 
mated  the  crusade  was  that  which  Metternich  had 
made  his  own.  A  severe  check,  however,  now  met 
him  in  another  quarter.  Greece  had  risen  against 
Turkish  rule  in  1821.  The  movement  was  essentially 
a  national  and  a  religious  one,  but  Metternich  treated 
it  as  a  Jacobinical  revolt  .against  lawful  authority,— 
confusing,  or  affecting  to  confuse,  the  struggle  for 
national  independence  with  the  shallow  and  abortive 
efforts  of  political  liberalism  in  Italy  and  Spain.  Met- 
)rnich  s  attitude  towards  the  Greeks  was  for  some 
/ime  one  of  unqualified  hostility.  If,  under  the  press¬ 
ure  of  the  Tilsit  alliance,  he  had  once  been  willing  that 
Austria  should  join  Russia  in  dismembering  Turkey, 
he  had  now  reverted  to  the  principle  of  maintaining 
lurkey  at  all  costs  against  a  Russian  advance  south¬ 
wards  ;  and  he  attributed  the  Greek  movement  to  the 
ettorts  of  Russian  agitators  unauthorized  by  the  czar, 
xlis  desire  was  that  the  sultan  should  deprive  Russia 
ot  all  possible  cause  for  complaint  as  regarded  its  own 
separate  interests,  and  so  gain  freedom  to  deal  sum¬ 
marily  with  the  Greeks.  Mettemich’s  hopes  failed. 


partly  through  the  obstinacy  of  the  Turks,  partly 
through  the  wavering  conduct  of  Alexander,  and 
partly  through  .the  death  of  Castlereagh  and  the  acces¬ 
sion  of  Canning  to  power.  It  was  in  great  part  owing 
to  Canning’s  moral  support  that  Greece  ultimately  be¬ 
came  an  independent  state ;  and  the  extraordinary 
violence  of  Metternich’ s  language  whenever  he  men¬ 
tions  this  English  statesman  marks  only  too  well  the 
opposite  character  of  his  aims.  No  politician  has  left 
a  more  damning  record  against  himself  than  Metter¬ 
nich  in  his  bigoted  abuse  of  Canning.  The  Greek 
question,  however,  was  only  the  first  on  which  the 
judgment  of  events  was  now  beginning  to  declare 
itself  against  Metternich  and  all  his  principles.  The 
French  revolution  of  1830  shattered  the  moral  fabric 
which  he  had  so  proudly  inaugurated,  and  in  great 
art  himself  raised,  in  1815.  The  accord  that  grew  up 
etween  England  and  France  now  made  any  revival  of 
the  kind  of  presidency  that  he  had  once  held  in  Europe 
impossible.  He  was  indeed  bold  and  rapid  in  throw¬ 
ing  troops  into  the  papal  territory  when  revolutionary 
movements  broke  out  there  in  1831  and  1832,  though 
war  with  France  seemed  likely  to  result  from  this  step. 
He  was  as  unsparing  as  he  had  been  in  1819  in  sup¬ 
pressing  the  agitation  which  after  1830  spread  from 
France  to  Germany  ;  and  the  union  of  the  three  east¬ 
ern  courts  was  once  more  exhibited  in  the  meeting  of 
the  monarchs  which  took  place  at  Miinchengratz  in 
1833,  and  in  a  declaration  delivered  at  Paris,  insisting 
on  their  right  of  intervention  against  revolution  in 
other  countries.  It  was,  however,  the  new  czar  of 
Russia,  Nicholas,  who  was  now  the  real  head  of 
European  conservatism ;  and  the  stubborn  character, 
the  narrow,  unimaginative  mind,  of  this  prince  made 
it  impossible  for  Metternich  to  shape  his  purposes  by 
that  delicate  touch  which  had  been  so  effective  with 
his  predecessor.  But  in  Austria  itself  Metternich  con¬ 
tinued  without  a  rival.  In  1835  the  emperor  Francis, 
with  whom  he  had  worked  for  nearly  thirty  years, 
died.  Metternich,  himself  falling  into  the  mental 
habits  of  old  age,  remained  at  the  head  of  the  state 
till  1848.  The  revolution  of  that  year  ended  his  politi¬ 
cal  career.  He  resigned  office  with  the  dignity  of 
demeanor  which  had  never  failed  him ;  his  life  was 
scarcely  safe  in  Vienna^  and  the  old  man  came  for  a 
while  to  England,  which  he  had  not  visited  since 
1794.  Living  on  till  June,  1859,  he  saw  every  great 
figure  of  his  earlier  life,  and  many  that  had  appeared 
on  the  horizon  since  his  own  prime,  pass  away ;  and 
a  few  more  months  of  life  would  have  enabled  him  to 
see  the  end  of  that  political  order  which  it  had  been 
his  life-work  to  uphold ;  for  the  army  of  Napoleon 
III.  was  crossing  the  Sardinian  frontier  at  the  moment 
when  he  died,  and  before  a  second  summer  had  gone 
Victor  Emmanuel  had  been  proclaimed  king  of  Italy. 

Metternich  was  a  diplomatist  rather  than  a  states¬ 
man.  His  influence  was  that  of  an  expert  manager 
of  individuals,  not  of  a  man  of  great  ideas.  All  his 
greatest  work  was  done  before  fifty ;  and  at  an  age 
when  most  statesmen  are  in  the  maturity  of  their 
powers  he  had  become  tedious  and  pedantic.  His 
private  character  was  very  lovable.  He  was  an  affec¬ 
tionate  if  not  a  faithful  husband,  a  delightful  friend, 
and  a  most  tender  father.  The  excessive  egotism 
which  runs  through  his  writings  gives  perhaps  an  im- 
ression  of  weakness  which  did  not  really  belong  to 
is  nature.  Drawn  by  a  firmer  pen,  the  scene  in 
which  he  describes  himself  laboring  in  the  German  con¬ 
ferences  of  1820,  while  his  favorite  daughter  was  dying 
in  an  adjoining  room,  would  have  been  one  of  the 
most  affecting  things  in  political  biography.  The  man 
who  could  so  have  worked  and  felt  together  must  have 
possessed  no  .ordinary  strength  of  character,  no  com¬ 
mon  force  of  self-control. 

The  collection  of  Mettemich’s  writings  published  by  his 
family  under  the  title  of  Denlcwurdiglceiten,  along  with  French 
and  English  editions,  contains  letters  and  dispatches  of 
great  value.  The  autobiography  is  not  always  trustworthy, 
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and  must  oe  read  with  caution.  Gentz’s  correspondence  is 
of  first-rate  importance  for  the  years  1813-30.  Original 
papers  are  also  contained  in  various  German  works  upon 
particular  events  or  movements,  as  in  Oncken  for  the  nego¬ 
tiations  of  1813;  Welcker,  Aegidi,  Nauwerck  for  German 
affairs  in  1819  and  following  years ;  Prokesch  von  Osten  for 
Eastern  affairs.  (c.  A.  F.) 

METZ,  the  capital  of  German  Lorraine,  and  one 
of  the  strongest  fortresses  in  Europe,  is  situated  at  the 
confluence  of  the  Moselle  and  the  Seille,  80  miles  to 
the  northwest  of  Strasburg,  and  190  miles  to  the 
east  of  Paris.  It  is  the  seat  of  a  military  governor, 
the  judicial  and  administrative  authorities  of  Lorraine, 


tresses,  was  begun  in  the  13th  century,  and  finished  in 
1546,  and  belongs  to  the  decadence  of  the  Gothic  style, 
ihe  Gothic  churches  of  St.  Vincent  and  St.  Eucharius, 
and  the  handsome  garrison-church,  completed  in  1881, 
also  deserve  mention.  Among  secular  buildings  the 
most  important  are  the  large  covered  market,  the 
town-hall,  the  palace  of  justice,  the  theatre,  the  gov- 
ernor  s  house,  and  the  various  buildings  for  military 
purposes.  The  public  library  contains  35,000  volumes, 
including  an  extensive  collection  of  works  relating  to 
the  history  of  Lorraine.  In  the  same  building  is  the 
museum,  which  contains  a  picture  gallery,  a  numis¬ 
matic  cabinet,  and  a  collection  of  specimens  of  natural 


Metz  and  Neighborhood. 

1.  Palace  of  Justice.  2.  Prefecture.  3.  Cathedral.  4.  Town-Hall  and  Governor’s  House. 


a  Roman  Catholic  bishop,  Protestant  and  Jewish 
consistories,  and  a  chamber  of  commerce.  The  general 
appearance  of  the  town  is  quaint  and  irregular,  but 
there  are  also  many  handsome  modern  streets.  The 
Moselle  flows  through  it  in  several  arms,  crossed  by 
fourteen  or  fifteen  bridges.  In  the  southwest  corner 
of  the  town  is  the  esplanade,  an  extensive  open  space 
commanding  a  fine  view  of  the  fertile  “Pays  Messin  ” 
around  Metz.  The  most  interesting  of  the  ten  city 
gates  is  the  Porte  d’Allemagne  or  Deutsches  Thor,  a 
castellated  structure  erected  in  1445,  and  still  bearing 
traces  of  the  siege  of  Charles  V.  Metz  contains  seven 
Roman  Catholic  churches,  two  Protestant  churches, 
and  a  synagogue.  The  cathedral,  with  huge  pointed 
windows,  slender  columns,  and  numerous  flying  but¬ 


history.  Metz  also  possesses  several  societies  and 
charitable  institutions,  a  gymnasium,  three  seminaries, 
and  a  military  academy.  The  cemetery  of  Chambi&re 
contains  the  graves  of  8400  French  soldiers  who  died 
here  in  1870. 

The  commerce  and  industry  of  Metz  have  not  yet 
entirely  recovered  from  the  blow  inflicted  by  the  with¬ 
drawal  of  French  capital  in  1871.  The  principal  arti¬ 
cles  of  manufacture  are  leather,  coarse  cloth  and 
canvas,  gunpowder,  arms,  needles,  billiard  tables,  hats, 
and  artificial"  flowers.  There  are  several  large  iron¬ 
works  in  the  neighborhood.  The  trade  of  Metz  is 
chiefly  carried  on  in  leather,  timber,  wine,  brandy, 
liqueurs,  beer,  preserved  fruits,  and  hardwares.  A 
large  annual  fair  is  held  here.  The  civil  population 
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of  Metz,  which  in  1869  amounted  to  48,066,  sank  in 
1872  to  33,134.  Since  then  it  has  steadily  increased, 
and  in  1905  was  60,419,  about  half  of  whom  were 
Germans.  The  garrison  of  Metz  consists  of  10,000 
men,  or  including  the  surrounding  forts  nearly  16,000. 
The  total  of  58,813  includes  17,000  Protestants  and 
1600  Jews. 

History. — Metz,  the  Gallic  Divodurum,  was  the  chief  town 
of  the  Mediomatrici,  and  was  also  called  by  the  Romans 
Mediomatrica,  .a  name  from  which  the  present  form  has 
been  derived  by  contraction.  Caesar  describes  it  as  one  of 
the  oldest  and  most  important  towns  in  Gaul.  The  Ro¬ 
mans,  recognizing  its  strategical  importance,  fortified  it 
and  supplied  it  with  water  by  an  imposing  aqueduct,  the 
remains  of  which  still  exist.  Under  the  Roman  emperors 
Metz  was  connected  by  military  roads  with  Toul,  Langres, 
Lyons,  Strasburg,  Verdun,  Rheims,  and  Treves.  Christian¬ 
ity  was  introduced  in  the  3d  century  of  our  era.  In  the 
middle  of  the  5th  century  the  town  was  plundered  by  the 
Huns  under  Attila;  subsequently  it  came  into  the  posses¬ 
sion  of  the  Frauks;  and  in  512  it  was  made  the  capital 
of  Austrasia.  On  the  partition  of  the  Carolingiau  realms 
in  843  Metz  fell  to  the  share  of  the  western  kingdom  as  the 
capital  of  Lorraine.  Its  bishops,  whose  creation  reaches 
back  to  the  4th  century,  now  began  to  be  very  powerful. 
-Metz  acquired  the  privileges  of  a  free  imperial  town  in  the 
12th  century,  and  attained  great  commercial  prosperity. 
In  1552  it  fell  into  the  hands  of  the  French  through  treach¬ 
ery,  and  was  heroically  and  successfully  defended  against 
Charles  V.  by  the  young  duke  of  Guise.  It  now  sank  to 
the  level  of  a  French  provincial  town,  and  its  population 
dwindled  from  60,000  to  22,000  (1698).  At  the  peace  of 
Westphalia,  Metz,  with  Toul  and  Verdun,  was  formally 
ceded  to  France,  in  whose  possession  it  remained  for  up¬ 
wards  of  two  centuries.  In  August,  1870,  the  successes  of 
the  German  troops  compelled  Marshal  Bazaine  and  the 
French  army  of  the  Rhine  to  seek  shelter  behind  the  forti¬ 
fications  of  Metz,  which  was  forthwith  subjected  by  the 
Germans  to  a  rigorous  blockade.  After  an  investment  of 
ten  weeks,  during  which  not  a  single  shot  was  fired  at  the 
town,  Bazaine  capitulated,  surrendering  to  the  victors  an 
army  of  nearly  180,000  men,  several  hundred  cannon,  and 
an  immense  quantity  of  military  stores  of  all  kinds.  By 
the  peace  of  Frankfort  in  1871  Metz  was  again  united  to 
the  German  empire.  Marshal  Fabert  and  Generals  Custine 
and  Kellermann  were  natives  of  Metz. 

As  a  fortress  Metz  has  always  been  of  the  highest  impor¬ 
tance,  and  it  now  ranks  with  Strasburg  as  one  of  the  two 
great  bulwarks  of  the  west  frontier  of  Germany.  The 
original  town-walls  were  replaced  by  ramparts  in  1550,  and 
the  citadel  was  built  in  1566.  In  1674  the  works  were  re¬ 
constructed  by  the  celebrated  military  engineer  Vauban. 
Under  Napoleon  III.  the  fortress  was  strengthened  to  meet 
the  demands  of  modern  warfare,  and  since  1871  the  Ger¬ 
mans  have  spared  neither  time  nor  money  in  completing 
and  supplementing  his  plans.  The  present  fortifications 
of  Metz  consist  of  two  lines — an  inner  circle  of  bastions  and 
ramparts  inclosing  the  city  itself,  and  an  outer  circle  of 
large  detached  forts  on  the  surrounding  hills.  The  inner 
line  is  strengthened  by  two  ci fade’s,  one  of  which  is  ad¬ 
vanced  as  a  tete-de-pont  on  the  left  bank  of  the  Moselle. 
The  outer  circle  consists  of  nine  or  ten  large  forts,  con¬ 
nected  with  each  other  by  smaller  fortifications  and  com¬ 
manding  all  the  approaches  to  the  city.  They  form  a  large 
fortified  camp  with  a  circumference  of  15  miles,  within 
which  are  twelve  villages  and  numerous  country-houses 
and  farms.  The  most  distant  of  the  outlying  forts' is  about 
3i  miles  from  the  cathedral.  Their  names  and  positions 
may  be  seen  on  the  annexed  plan.  Previous  to  1870  the 
fortress  of  Metz  had  never  succumbed  to  an  enemy. 

Sources  of  Information.— Westphal,  Geschichte  der  Stadt  Metz.  1875- 
78;  Georg  Lang,  Metz  und  seine  Umgebungen,  1883,  and  Statistisch- 
topographisches  Ilandbuch  fur  Lothringen.  The  official  German  ac¬ 
count  of  the  blockade  of  Metz  in  1870  will  be  found  in  the  history 
of  the  Franco-German  war  issued  by  the  general  staff  at  Berlin, 
1872  sq.  A  succinct  account  is  given  by  Georg  Lang,  Die  Kriegs- 
opei'cUionen  urn  Metz  ini  Jahr  1870,  2d  ed.,  Metz,  1880. 

MEULEN,  Antony  Francis  van  der  (1634— 
1690),  was  called  to  Paris  about  1666  by  Colbert,  at 
the  instance  of  Le  Brun,  to  fill  the  post  of  battle 
ainter  to  Louis  XIV.  Born  in  1634  at  Brussels,  he 
ad  at  an  early  age  eclipsed  his  master  Peter  Snayers, 
and  the  works  executed  by  him  for  the  king  of  France 
during  the  campaigns  of  Flanders  (1667)  so  delighted 
Louis  that  from  that  date  Van  der  Meulen  was  ordered 
to  accompany  him  in  all  his  expeditions.  In  1673  he 
was  received  into  the  French  Academy,  and  attained 
the  grade  of  councillor  in  1681.  Lodged  in  the  Gobe¬ 


lins,  richly  pensioned,  and  loaded  with  honors,  he  died 
at  Paris  in  1690.  Detached  works  from  his  hand  are 
to  be  seen  in  various  collections,  but  he  is  best  repre¬ 
sented  by  the  series  of  twenty-three  paintings,  mostly 
executed  for  Louis  XIV. ,  now  in  the  Louvre.  They 
show  that  he  always  retained  his  Flemish  predilections 
in  point  of  color,  although  in  other  respects  his  style 
was  modified  by  that  of  the  French  school. 

See  Mem.  inedit.  Acad,  de  reinture,  1854 ;  Descamps,  Vies 
des  Peintres  Flamands. 

MEURTHE-ET-MOSELLE,  a  department  in  the 
northeast  of  France,  formed  in  1871  out  of  those  parts 
of  the  old  departments  of  Meurthe  and  Moselle  which 
continued  French,  and  deriving  its  name  from  the  two 
principal  rivers  which  water  it.  Prior  to  1790  it  be¬ 
longed  to  ancient  Lorraine,  or  to  one  or  other  of  the 
bishoprics  of  Toul,  Metz,  and  V erdun.  It  lies  between 
5°  25'  and  7°  5./  E.  long,  and  48°  25'  and  49°  5/  N. 
lat.,  and  is  bounded  on  the  E.  by  Alsace-Lorraine,  on 
the  N.  by  Belgium  and  the  grand-duchy  of  Luxem¬ 
burg,  on  the  W.  by  the  department  of  Meuse,  and  on 
the  S.  by  that  of  V osges.  The  superficial  area  is  2036 
square  miles.  Geologically  Meurthe-et-  Moselle  has  five 
well-marked  regions  following  each  other  in  regular 
succession  from  east  to  northwest.  On  the  frontier 
of  Alsace  are  the  Vosges  mountains,  of  Trias  sandstone 
(gres  Vosgiens ),  with  a  maximum  elevation  of  3000 
feet.  A  narrow  band  of  variegated  sandstone  divides 
the  Vosges  from  the  second  region,  formed  of  shelly 
limestone,  which  extends  as  far  as  the  Meurthe  on  the 
north  and  the  Moselle  on  the  west.  The  third  region 
is  formed  by  the  variegated  marls  which  cover  the  rich 
saline  strata  of  the  neighborhood  of  Nancy.  The  Jura 
limestones  of  the  Lias  and  Oolite,  to  the  northwest 
and  west  of  the  department,  form  the  last  two  regions. 
Here  there  is  a  maximum  elevation  of  1400  feet,  and 
the  plateau  of  Briey  stretches  out  towards  that  of  the 
Ardennes.  Between  the  Vosges  and  the  Ardennes 
the  valley  of  the  Moselle  runs  from  south  to  north, 
forming  the  main  artery  of  the  department;  the  lowest 
level  (570  feet)  occurs  where  the  river  leaves  it.  Only 
a  small  part  of  the  drainage  of  Meurthe-et-Moselle 
flows  into  the  Meuse.  The  Moselle  runs  northwest 
from  its  entrance  into  the  department  as  far  as  Toul ; 
northeast  from  Toul  to  Frouard,  where  it  receives  its 
principal  affluent,  the  Meurthe,  and  becomes  naviga¬ 
ble  ;  north  from  Frouard  to  Pagny-sur-Moselle,  passing 
to  Pont  a  Mousson.  The  principal  affluents  of  the 
Moselle  are  the  Madon  and  the  Orne  on  the  left,  and 
bn  the  right,  besides  the  Meurthe,  the  Seille,  which 
in  one  part  of  its  course  forms  the  boundary  of  Alsace- 
Lorraine.  Tlje  Meurthe,  which  flows  to  the  northwest 
from  Raon  l'Etape  to  Frouard,  passes  on  to  Baccarat, 
Luneville,  St.  Nicholas,  and  Nancy,  and  is  swelled  on 
the  right  by  the  Vezouse  and  the  Sanon,  and  on  the 
left  by  the  Mortagne.  The  principal  tributary  of  the 
Meuse  within  the  department  is  the  Chiers.  which 
takes  its  course  by  Longwy  and  Longuyon.  Climato- 
logically  Meurthe-et-Moselle  belongs  to  the  Vosgian 
region.  Its  mean  actual  temperature  is  52°  Fahr., 
being  2°  Fahr.  lower  than  that  of  Paris  (which  has  the 
same  latitude).  The  thermometer  in  severe  winters 
falls  to  13°  Fahr.,  while  in  summer  it  reaches  100° 
Fahr.  This  is  to  De  accounted  for  by  the  general  ele- 
vation  of  the  department,  the  proximity  of  the  moun¬ 
tains,  the  arrangement  of  the  valleys  (which  lie  open 
towards  the  north),  and  the  distance  from  the  sea. 

More  than  half  of  the  department  consists  of  culturable 
land,  one-fourth  of  forests,  and  one-tenth  of  meadow  land. 
In  1878  there  were  54,346  horses,  more  than  100,000  sheep, 
85,000  pigs,  74,000  cattle,  15,000  goats,  21,000  dogs,  and  17,000 
hives  of  bees.  The  crops  for  the  same  year  amounted  to 
454,192  quarters  of  wheat,  37,500  quarters  of  barley,  35,078 
quarters  of  rye,  570,884  quarters  of  oats,  9,079,125  bushels 
of  potatoes,  and  76,868  tons  of  beet-root.  Hops,  tobacco, 
colza,  hemp,  and  flax  also  occupy  a  considerable  area.  The 
annual  yield  of  the  vineyards  (56  square  miles  in  extent) 
exceeds  £900,000;  the  wines  of  Toul  are  the  best.  The 
most  common  fruit  trees  are  the  pear,  the  apple,  the  walnut, 
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the  cherry,  and  the  plum.  Of  forest  trees  the  oak  and  the 
wych-elm  are  most  frequent  in  the  west  of  the  department, 
the  beech  and  the  fir  in  the  Vosges.  The  French  school 
of  forestry  has  its  seat  at  Nancy.  The  metallurgic  industry 
is  highly  developed,  and  has  made  very  rapid  progress 
within  the  last  few  years.  Even  in  1872  there  was  a 
consumption  of  350,000  tons  of  coal,  four-fifths  of  which 
came  from  Saarbruck,  and  the  remaining  fifth  from  Bel¬ 
gium.  In  1877  the  iron  ore  obtained  amounted  to  1,000,000 
tons,  of  which  two-thirds  came  from  the  beds  near 
Nancy,  the  remainder  from  the  neighborhood  of  Longwy. 
In  1880  the  department  produced  a  third  of  the  pig- 
iron  made  in  France  (more  than  500,000  tons).  In 
1877  the  yield  was  43,000  tons.  Besides  blast-furnaces, 
forges,  and  rolling-mills,  there  are  manufactories  of  files 
and  boring  tools,  agricultural  implements,  and  furniture. 
In  the  production  of  salt  the  department  holds  the  first 
rank  in  France ;  the  salt-bearing  tracts  cover  more  than  150 
square  miles,  the  beds  having  a  mean  thickness  of  65  feet. 
The  principal  salt-working  centres  (St.  Nicolas,  Varange- 
ville,  and  Rosieres-aux-Salines)  lie  between  Nancy  and 
Luneville;  the  annual  value  of  rock-salt  and  refined  salt 
produced  exceeds  £500,000 ;  subsidiary  to  this  production  is 
an  important  manufacture  of  soda  salts.  The  other  chemical 
products  are  prussiate  of  potash,  bone-black,  wax-candles, 
soap,  and  matches.  Stone  quarrying  and  the  manufacture 
of  plaster  and  lime  are  also  important  branches  of  industry. 
The  flint-glass  manufactory  of  Baccarat,  which  employs 
nearly  1500  workmen,  is  well  known ;  that  of  plate-glass 
at  Cirey  (with  1000  workmen)  produces  plates  of  great  size. 
The  faience  manufactories  of  Luneville,  Toul,  and  Longwy 
are  important.  Mention  may  also  be  made  of  the  manu¬ 
facture  of  window-glass,  watch-glasses,  and  drinking-glasses. 
The  tobacco  manufacture  at  Nancy  employs  1000  workmen ; 
tanning,  glove-making,  hat-making  in  felt  and  straw,  wool¬ 
spinning,  and  the  manufacture  of  army  clothing  are  also 
carried  on.  Nancy  is  renowned  for  its  embroidery,  which 
is,  however,  diminishing  in  importance.  It  also  possesses 
factories  for  cotton  spinning  and  cotton  stufis,  and  for 
hosiery.  The  starch  manufactories  and  the  breweries,  es¬ 
pecially  that  of  Tantonville,  the  largest  in  France,  are 
highly  productive.  Nancy  also  carries  on  distilleries,  grain- 
mills,  paper-mills,  manufactories  of  pasteboard  objects,  and 
a  large  printing  establishment.  The  commerce  of  the  de¬ 
partment  is  effectively  served  by  300  miles  of  railway  (the 
principal  line  being  that  from  Paris  to  Strasburg  through 
Nancy),  by  a  number  of  good  roaas,  and  by  several  navi¬ 
gable  rivers  and  canals.  The  main  waterway  is  formed  by 
the  canal  between  the  Marne  and  the  Rhine,  which  runs  by 
Toul  and  Nancy,  and  traverses  the  department  from  west  to 
east.  This  canal  communicates  with  the  Moselle,  which  is 
navigable  from  Frouard  downwards,  and  with  the  new 
eastern  canal,  which  reascends  the  Moselle  as  far  as  Epinal, 
and  which  is  intended  to  unite  the  Meuse  and  the  Moselle 
with  the  Saone  and  the  Rhone.  The  population  of  Meurthe- 
et-Moselle  in  1901  was  484,728  inhabitants.  It  constitutes 
the  diocese  of  Nancy,  has  its  court  of  appeal  at  Nancy,  and 
forms  a  part  of  the  district  of  the  6th  army  corps  (Ch&lons- 
sur-Marne).  There  are  4  arrondissements  (Nancy,  Briey, 
Luneville,  and  Toul),  29  cantons,  and  597  communes.  The 
capital  is  Nancy,  and  the  other  principal  towns  are  Pont  a 
Mousson,  formerly  the  seat  of  a  university ;  Longwy  (5064), 
a  fortified  place;  and  Baccarat  (6013),  celebrated  for  its 
glass-works. 

MEUSE,  Maese,  or  Maas,  a  river  of  France, 
Belgium,  and  Holland,  discharging  into  the  North  Sea 
or  German  Ocean,  has  a  course  (variously  measured) 
of  some  500  or  550  miles,  about  300  miles  lying  within 
France.  Rising  in  the  department  of  Haute-Marne 
(1342  feet),  at  a  point  where  the  plateau  of  Langres 
borders  on  the  Monts  Faucilles,  it  follows  a  winding 
course,  first  from  south  to  north,  then  to  northwest, 
and  afterwards  to  north,  across  the  departments  of 
Vosges,  Meuse,  and  Ardennes,  passing  by  Neufcha- 
teau,  Vaucouleurs,  Commercy,  St.  Mihiel,  Verdun, 
Sedan,  M6zi£res,  and  Givet.  Naturally  navigable 
below  Verdun,  it  has  been  made  so  from  Troussey, 
where  it  meets  the  canal  which  unites  the  Marne  to 
the  Rhine,  and  from  this  point  to  Li6ge  it  admits 
vessels  of  from  6  to  7  feet  draught.  After  traversing 
a  wide  valley  covered  by  green  meadows,  the  Meuse, 
below  M6zi&res,  flows  through  narrow  gorges  confined 
between  rock}7  walls  200  or  300  feet  high,  formed  by 
the  plateau  of  the  Ardennes.  #  The  hills  of  the  Ar- 
gonne,  by  which  it  is  hemmed  in  on  its  upper  course, 
prevent  its  receiving  any  important  affluent  before  the 


Chiers  and  the  Semoy,  which  both  fall  into  it  on  the 
right  in  the  Ardennes.  At  the  point  where  it  leaves 
France  its  ordinary  volume  is  about  1000  cubic  feet. 
In  Belgium  it  runs  picturesquely  between  the  districts 
of  Famenne  and  Condroz  on  the  right,  and  those  of 
Les  Fagnes  and  Hesbaye  on  the  left.  Above  Dinant 
it  receives  the  Lesse,  whose  valley  is  celebrated  for  its 
wonderful  grottoes,  and  at  the  foot  of  the  citadel  of 
Namur  it  is  joined  on  the  left  by  its  principal  affluent, 
the  Sambre,  whose  northeasterly  direction  it  takes. 
It  then  takes  its  course  through  the  busy  valley  in 
which  Huy,  Seraing,  and  Li6ge  are  situated,  receiving 
the  Ourthe  on  its  right.  Resuming  a  northerly  di¬ 
rection,  then  taking  one  to  the  northwest,  and  finally 
one  to  the  west,  the  Meuse  passes  in  front  of  the 
Hutch  citadel  of  Maestriclit  to  Roermonde,  so  called 
from  its  confluence  there  with  the  Roer,  and  to  V enlo, 
where  the  canal  between  the  Meuse  and  the  Scheldt 
begins.  Flowing  thence  through  an  absolutely  un¬ 
broken  plain,  it  finally  joins  the  Rhine,  to  which  it 
gives  its  own  name,  although  the  volume  of  its  waters 
is  twenty  times  less  than  that  of  the  German  river.  It 
is  at  Gorcum  that  the  Waal,  the  first  separate  arm  of 
the  Rhine,  brings  to  the  Meuse  two-thirds  of  the 
waters  of  that  river.  The  Meuse  soon  after  divides 
into  two  branches.  While  the  Merwede  flows  due 
west,  the  southern  arm  falls  into  the  Biesbosch,  an 
estuary  of  the  sea,  formed  four  hundred  and  fifty  years 
ago  by  an  irruption  of  the  sea  over  a  country  then 
cultivated  and  thickly  peopled,  and  now  the  subject  of 
attempts  at  reclamation.  On  reaching  Dordrecht, 
where  the  river  navigation  and  sea  navigation  meet, 
and  where  the  rafts  which  come  down  from  the  Black 
Forest  are  broken  up,  the  Meuse  again  divides  into 
two  arms.  The  Old  Meuse  flows  due  west,  while  the 
northern  arm  joins  the  Lek,  a  second  branch  of  the 
Rhine,  and  continues  its  course  to  Rotterdam.  This 
is  the  most  important  branch  of  the  estuary  of  the 
Meuse,  and  efforts  are  being  made  to  regulate  and 
deepen  its  channel  by  constructing  one  of  those  grand 
canals  in  which  the  Dutch  are  so  skillful.  Schiedam 
and  Vlardingen,  both  on  the  right,  are  the  last  places 
of  importance  on  the  banks  of  the  river. 

MEUSE,  a  department  in  the  northeast  of  France, 
formed  out  of  a  part  of  Lorraine  and  portions  of  the 
Three  Bishoprics,  the  Clermontais,  and  Champagne, 
derives  its  name  from  the  river  by  which  it  is  traversed 
from  south  to  north.  It  lies  between  4°  52'  and  5°  50/ 
E.  long.,  and  between  48°  25'  and  49°  38'  N.  lat.,  and 
is  bounded  on  the  N.  by  Belgium  and  the  department 
of  Ardennes,  on  the  E.  by  that  of  Meurthe-et-Moselle, 
on  the  S.  by  those  of  Vosges  and  Haute-Marne,  and 
on  the  W.  by  those  of  Marne  and  Ardennes.  Of  its 
superficial  area  (2408  square  miles),  about  one-half 
belongs  to  the  basin  of  the  Meuse,  which  is  inclosed  to 
the  east  and  west  by  the  eastern'  and  western  Argonnes. 
On  the  northeast  it  is  watered  by  the  Orne,  a  tributary 
of  the  Moselle,  and  the  Chiers,  which  runs  by  Mont- 
medy,  and  joins  the  Meuse  a  little  beyond  the  northern 
limit  of  the  department.  The  other  half,  sends  its 
waters  to  the  Seine  through  the  Aire,  a  tributary  of 
the  Aisne,  both  of  which  take  their  rise  here,  and  by 
the  Ornain,  an  affluent  of  the  Saux,  these  two  last 
being  tributary  to  the  Marne.  The  Meuse  receives  no 
important  river  in  its  course  through  this  department. 
The  highest  elevation  (1388  feet)  occurs  to  the  south¬ 
west,  on  the  line  of  the  ridge  which  separates  the  basin 
of  the  Meuse  from  that  of  the  Seine.  The  heights 
gradually  sink  from  south  to  north,  but  seldom  fall 
below  1000  feet.  The  hills  of  the  western  Argonne 
similarly  sink  rapidly  down  to  the  valley  of  the  Saux, 
where  the  lowest  level  of  the  department  (377  feet)  is 
reached.  The  climate  of  Meuse  is  transitional  be¬ 
tween  the  region  of  the  Seine  and  that  of  the  Vosges.; 
its  winters  are  less  severe  than  those  of  the  latter,  but  it 
is  not  so  temperate  as  the  former.  The  mean  annual 
temperature  is  52°  Fahr.  As  at  Paris,  the  maximum  cold 
is  9°  Fahr. ;  the  greatest  heat  rarefy  exceeds  95°  Fahr. 
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More  than  half  the  surface  of  the  department  consists  of 
culturable  lands,  one-fourth  of  forest,  one-tenth  of  meadow 
land.  The  proportion  of  horses  is  larger  than  in  any  other 
French  department,  except  La  Manche.  There  are  53,800 
horses,  90,000  cattle,  145,000  sheep,  125,000  pigs,  and  nearly 
30,000  beehives.  Cereals,  potatoes,  and  beet-root  are  the 
chief  crops  (in  1877  465,966  quarters  of  wheat, ^  104,660 
quarters  of  barley,  585,355  quarters  of  oats,  7,677,374  bush¬ 
els  of  potatoes,  besides  pulse,  hemp,  and  colza).  The  vine¬ 
yards  produced  more  than  6,600,000  gallons  of  wine  of  good 
quality.  The  forests,  which  are  principally  of  oak,  are  rich 
in  game,  as  are  the  rivers  in  fish.  The  mineral  wealth  of 
the  department  includes  iron  ore,  good  freestone,  and  fossil 
phosphates  of  lime.  There  are  blast-furnaces,  iron,  copper, 
and  bell  foundries,  wireworks,  and  manufactories  of  files, 
hardware,  and  edge  tools.  The  cotton-spinning  factories 
employ  15,000  spindles  and  32,000  frames;  the  woollen 
manufacture  employs  5000  spindles,  and  some  hundreds  of 
persons  are  employed  in  the  spinning  and  weaving  of  hemp, 
flax,  and  jute.  The  glass-works  (particularly  the  manu¬ 
factory  of  painted  window-glass,  transferred  after  the  war 
of  1870  from  Metz  to  Bar-le-Duc),  paper-mills,  saw-mills,  and 


flour-mills,  as  well  as  the  manufactures  of  lime,  tiles,  and 
fire-bricks,  are  worthy  of  mention.  Hosiery  and  embroid- 
ery  also  give  occupation  to  a  great  number  of  workshops, 
and  the  department  is  celebrated  for  its  confectionery. 
Meuse  contains  mpre  than  300  miles  of  railway, — the  priu. 
cipal  lines  being  that  from/ Paris  to  Strasburg  through  Bar- 
le-Duc  and  Commercy,  that  from  Paris  to  Metz  through 
Verdun,  and  the  branch  line  to  the  Meuse.  The  chief 
waterways  are  the  canal  connecting  the  Marne  with  the 
Rhine,  and  the  canal  of  the  Meuse;  the  two  together 
have  a  length  of  146  miles.  The  population  of  the  depart¬ 
ment  in  1901  was  283,480.  —a  small  number  in  proportion 
to  its  extent,  and  with  a  tendency  to  decrease.  Ecclesias¬ 
tically  it  forms  the  diocese  of  Verdun;  it  has  its  court 
of  appeal  at  Nancy,  and  constitutes  part  of  the  district  of 
the  army  corps  of  Chalons-sur-Marne.  There  are  4  arron- 
dissements,— Bar-le-Duc,  Commercy,  Montmedy,  and  Ver¬ 
dun, — 28  cantons,  and  586  communes.  Bar-le-Duc  (popu¬ 
lation  in  1881,  17,485)  is  the  capital ;  Commercy  has  5260 
inhabitants  and  Montmedy  3000 ;  St.  Mihiel  (5915),  on  the 
Meuse,  has  good  churches  and  some  remarkable  rocks,  and 
is  the  seat  of  the  departmental  assize  court. 


M  E  X 

I.  ANCIENT  MEXICO. 

HE  name  Mexico  is  connected  with  the  name  of  the 
group  of  American  tribes  calling  themselves  Mex¬ 
ico,  (sing.  Mexicatl),  or  Azteca.  The  word  is  related  to 
or  derived  from  the  name  of  the  Mexican  national  war- 
god  Mexitl,  better  known  as  Huitzilopochtli.  The 
Aztecs  from  the  12th  century  appear  to  have  migrated 
from  place  to  place  over  the  mountain-walled  plateau 
of  Anahuac,  the  country  “by  the  water,”  so  called 
from  its  salt  lagoons,  and  which  is  now  known  as  the 
valley  of  Mexico.  About  1325  they  founded  on  the 
lake  of  Tezcuco  the  permanent  settlement  of  Mexico- 
Tenochtitlan,  which  is  still  represented  by  the  capital 
city  Mexico.  The  name  Mexico  was  given  by  the  Span¬ 
ish  conquerors  to  the  group  of  countries  over  which  the 
Aztec  power  more  or  less  prevailed  at  the  time  of  the 
European  invasion.  Clavigero  ( Storia  An  tica  del  Mes- 
sico,  vol.  i. )  gives  a  map  of  the  so-called  ‘  ‘  Mexican 
empire,  ’  ’  which  may  he  roughly  described  as  reaching 
from  the  present  Zacatecas  to  beyond  Guatemala  ;  it 
is  noticeable  that  both  these  names  are  of  Mexican  ori¬ 
gin,  derived  respectively  from  the  words  for  “straw” 
and  “wood.”  Eventually  Mexico  and  New  Mexico 
came  to  designate  the  still  vaster  region  of  Spanish 
North  America,  which  (till  cut  down  by  changes  which 
have  limited  the  modern  republic  of  Mexico)  reached 
as  far  as  the  Isthmus  of  Panama  on  the  south  and 
took  in  California  and  Texas  on  the  north.  Mexico  in 
this  wide  sense  is  of  high  interest  to  the  anthropolo¬ 
gist,  from  the  several  native  American  civilizations 
which  appear  within  its  limits,  and  which  conveniently 
if  loosely  group  themselves  round  two  centres,  the 
Mexican  proper  and  the  Central  American. 

When  early  in  the  16th  century  the  Spaniards  found 
their  way  from  the  West  India  Islands  to  this  part  of 
the  mainland  of  America,  they  came  in  view  of  nations 
cultured  high  above  the  level  they  had  hitherto  met 
with  in  the  New  W orld.  Here  were  not  rude  and  sim¬ 
ple  tribes  like  the  islanders  of  the  Antilles,  but  nations 
with  organized  armies,  official  administrators,  courts 
of  justice,  high  agriculture  and  mechanical  arts,  and, 
what  struck  the  white  men  especially,  stone  buildings 
whose  architecture  and  sculpture  were  often  of  dimen¬ 
sions  and  elaborateness  to  astonish  the  builders  and 
sculptors  of  Europe.  How  a  population  of  millions 
could  inhabit  a  world  whose  very  existence  had  been 
till  then  unknown  to  geographers  and  historians,  and 
how  its  nations  could  have  reached  so  high  a  grade  of 

’  For  smpplementary  treatment  of  Mexico,  see  Vol.  XXVIII. 
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barbaric  industry  and  grandeur,  was  a  problem  which 
naturally  excited  the  liveliest  curiosity  of  scholars,  and 
gave  rise  to  a  whole  literature.  Hernandez  and  Acosta 
shared  the  opinion  of  their  time  that  the  great  fossil 
bones  found  in  Mexico  were  remains  of  giants,  and  it 
was  argued  that,  as  before  the  deluge  there  were  giants 
on  the  earth,  therefore  Mexico  was  peopled  from  the 
Old  World  in  antediluvian  times.  On  the  other  hand 
the  multitude  of  native  American  languages  suggested 
that  the  migration  to  America  took  place  after  the 
building  of  the  tower  of  Babel,  and  Siguenza  arrived  at 
the  curiously  definite  result  that  the  Mexicans  were 
descended  from  Naphtuhim,  son  of  Mizraim  and  grand¬ 
son  of  Noah,  who  left  Egypt  for  Mexico  shortly  after 
the  confusion  of  tongues.  Although  such  speculations 
have  fallen  out  of  date,  it  is  to  be  remembered  in  their 
favor  that  they  were  stepping-stones  to  more  valid 
argument;  especially  they  induced  the  collection  of 
native  traditions,  and  invaluable  records  of  races, 
languages,  and  customs,  which  otherwise  would  have 
been  lost  forever.  Even  in  the  present  century,  Lord 
Kingsborough  was  led  to  spend  a  fortune  in  printing 
a  magnificent  compilation  of  Mexican  picture-writings 
and  documents  in  his  Antiquities  of  Mexico  by  his  zeal 
to  prove  the  theory  advocated  by  Garcia  a  century 
earlier,  that  the  Mexicans  were  the  lost  tribes  of 
Israel. 

Real  information  as  to  the  nations  of  Mexico  before 
Spanish  times  is  very  imperfect,  but  not  altogether 
wanting.  It  is  derived  partly  from  inspection  of  the 
natives  themselves,  their  languages  and  customs,  which 
may  be  now  briefly  considered,  before  going  on  to  the 
recollections  handed  down  in  the  native  picture-writings 
and  oral  traditions.  The  remarks  made  by  the  accu¬ 
rate  and  experienced  observer  Alexander  von  Hum¬ 
boldt,  who  had  seen  more  American  tribes  than  alniost 
any  traveller,  are  still  entitled  to  the  greatest  weight. 
He  considered  the  native  Americans  of  both  continents 
to  be  substantially  similar  in  race  characters.  Such  a 
generalization  will  become  sounder  if,  as  is  now  gen¬ 
erally  done  by  anthropologists,  the  Eskimo  with  their 
pyramidal  skulls,  dull  complexion,  and  flat  noses  are 
removed  into  a  division  by  themselves.  Apart  from 
those  polar  nomads,  the  American  indigenes,  group 
roughly  into  a  single  race  or  division  of  mankind,  of 
course  with  local  variations.  If  our  attention  is  turned 
to  the  natives  of  Mexico  especially,  the  unity  of  type 
will  be  found  particularly  close.  The  native  popula¬ 
tion  of  the  plateau  of  Mexico,  mainly  Aztecs,  may  still 
be  seen  by  thousands  without  any  trace  of  mixture  of 
European  blood ;  and  the  following  description  may 
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give  a  fair  idea  of  tlieir  appearance.1  Their  stature  is 
somewhat  low,  estimated  about  5  feet  3  inches,  but 
they  are  of  muscular  and  sturdy  build.  Measurements 
of  their  skulls  show  them  mesocephalic  (index  about 
78),  or  intermediate  between  the  dolichocephalic  and 
brachycephalic  (narrow  and  wide  skulled)  types  of  man¬ 
kind.  The  face  is  oval,  with  low  forehead,  high  cheek¬ 
bones,  long  eyes  sloping  outward  towards  the  temples, 
fleshy  lips,  nose  wide,  and  in  some  cases  flattish  but  in 
others  aquiline,  coarsely  moulded  features,  with  a 
somewhat  stolid  and  gloomy  expression.  Thickness 
of  skin,  masking  the  muscles,,  has  been  thought  the 
cause  of  a  peculiar  heaviness  in  the  outlines  of  body 
and  face  ;  the  complexion  varies  from  yellow-brown  to 
chocolate  (about  40  to  43  in  the  anthropological  scale) ; 
eyes  black ;  straight  coarse  glossy  black  hair ;  beard 
and  moustache  scanty.  Among  variations  from  this 
type  may  be  mentioned  higher  stature  in  some  districts, 
and  lighter  complexion  in  Tehuantepec  and  elsewhere. 
If  now  the  native  Americans  be  compared  with  the 
races  of  the  regions  across  the  oceans  to  their  east  and 
west,  it  will  be  seen  that  their  unlikeness  is  extreme  to 
the  races  eastward  of  them,  whether  white  Europeans 
or  black  Africans.  On  the  other  hand  they  are  con¬ 
siderably  like  the  Mongoloid  peoples  of  North  and  East 
Asia  (less  so  to  the  Polynesians) ;  so  that  the  tendency 
among  anthropologists  is  now  generally  to  admit  a  com- 
mon  origin,  however  remote,  between  the  tribes  of 
Tartary  and  of  America.  This  original  connection,  if 
it  may  be  accepted,  would  seem  to  belong  to  a  long- 
past  period,  to  judge  from  the  failure  of  all  attempts 
to  discover  an  affinity  between  the  languages  of  Amer¬ 
ica  and  Asia.  At  whatever  date  the  Americans  began 
to  people  America,  they  must  have  had  time  to  im¬ 
port  or  develop  the  numerous  families  of  languages 
actually  found  there,  in  none  of  which  has  community 
of  origin  been  satisfactorily  proved  with  any  other  lan¬ 
guage-group,  at  home  or  abroad.  In  Mexico  itself  the 
Fanguages  of  the  Nahua  nations,  of  which  the  Aztec  is 
the  best-known  dialect,  show  no  connection  of  origin 
with  the  language  of  the  Otomi  tribes,  nor  either  of 
these  with  the  languages  of  the  regions  of  the  ruined 
cities  of  Central  America,  the  Quiche  of  Guatemala 
and  the  Maya  of  Yucatan.  Indeed  within  the .  Mex¬ 
ican  limits,  there  are  various  other  languages  which,  so 
far  as  philological  research  can  at  present  decide,  are 
independent  of  one  another.  The  remarkable  phenome¬ 
non  of  nations  so  similar  in  bodily  make  but  so  distinct 
in  language  can  hardly  be  met  except  by  supposing  a 
long  period  to  have  elapsed  since  the  country  was  first 
inhabited  by  the  ancestors  of  peoples  whose  language 
has  since  passed  into  so  different  forms.  The  original 
peopling  of  America  may  well  date  from  the  time  when 
there  was  continuous  land  between  it  and  Asia. 

It  would  not  follow,  however,  that  between  these  re¬ 
mote  ages  and  the  time  of  the  discovery  of  the  New 
World  by  Columbus  no  fresh  immigrants  can  have 
reached  America.  We  may*  put  out  of  the  question 
the  Scandinavian  sea-rovers  who  sailed  to  Greenland 
about  the  10th  century,  and  appear  afterwards  to  have 
coasted  New  England  (see  America,  vol.  i.  p.  619), 
but  do  not  seem  to  have  found  their  way  far  enough 
southward  for  their  visit  to  have  any  effect  on  Mexico. 
But  at  all  times  communication  has  been  open  from 
East  Asia  and  even  the  South  Sea  islands  to  the  west 
coast  of  America.  The  importance  of  this  is  evident 
when  we  consider  that  Japanese  junks  now  drift  over 
by  the  ocean  current  to  California  at  the  rate  of  about 
one  a  year,  often  with  some  of  the  crew  still  alive  (see 
C  W  Brooks  in  Bancroft,  vol.  v.  p.  51  ;  Overland 
Monthly ,  San  Francisco,  1872,  p.  353).  Further  north, 
the  Aleutian  islands  offer  a  line  of  easy  sea  passage, 
while  in  Northeast  Asia,  near  Behring  s  Strait,  live 
Chukchi  tribes  who  carry  on  intercourse  with  the 
American  side  ;  the  presence  of  Eskimo  in  this  part 
of  Asia  (see  Nordenskiold,  Voy.  of  Vega ,  vol.  n.  pp. 

i  References  may  be  found  in  Bancroft,  Native  Races  of  the  Par 
ciflc  States,  vol.  i.  pp.  24,  573,  618, 646. 


13,  81)  is  so  plainly  due  to  local  migration  that  it  is 
neglected  in  comparing  the  languages  of  the  two  con¬ 
tinents.  Asiatics  such  as  Japanese  or  Kurile  Island¬ 
ers,  if  they  found  their  way  in  small  numbers  to 
America  and  merged  into  native  tribes,  might  hardly 
leave  descendants  distinguishable  from  the  rest  of  the 
population  even  in  the  first  generation,  nor  introduce 
their  own  language.  Such  assertions  as  that  the 
Guatusos  of  Costa  Bica  are  a  tribe  with  fair  skin  and 
flaxen  hair,  and  that  Japanese  words  may  be  detected 
among  the  Indians  of  British  Columbia,  are  examples 
of  evidence  which  may  be  worth  further  sifting ;  but 
in  an  account  like  the  present  no  proofs  can  be  admitted 
unless  far  better  authenticated  than  these.  What  gives 
a  more  solid  interest  to  the  question  of  Asiatic  influ¬ 
ence  in  America,  is  that,  though  neither  the  evidence 
of  features  nor  of  language  has  substantiated  it,  there 
are  details  of  Mexican  civilization  which  are  most 
easily  accounted  for  on  the  supposition  that  they  were 
borrowed  from  Asia.  They  do  not  seem  ancient 
enough  to  have  to  do  with  a  remote  Asiatic  origin  of 
the  nations  of  America,  but  rather  to  be  results  of 
comparatively  modern  intercourse  between  Asia  and 
America,  probably  since  the  Christian  era.  Humboldt 
(  Vues  des  Cor dilUres,  pi.  xxiii.)  compared  the  Mexican 
calendar  with  that  in  use  in  Eastern  Asia.  .  The  Mon¬ 
gols,  Tibetans,  Chinese,  and  other  neighbm-ing  nations 
have  a  cycle  or  series  of  twelve  animals,  viz. ,  rat,  bull, 
tiger,  hare,  dragon,  serpent,  horse,  goat,  ape,  cock, 
dog,  pig,  which  may  possibly  be  an  imitation  of  the 
ordinary  Babylonian-Greek  zodiac  familiar  to  ourselves. 
The  Mongolian  peoples  not  only  count  their  lunar 
months  by  these  signs,  but  they  reckon  the  successive 
days  by  them,  rat-day,  bull-day,  tiger-day,  etc.,  and 
also,  by  combining  the  twelve  signs  in  rotation  with 
the  elements,  they  obtain  a  means  of  marking  each 
year  in  the  sixty- year  cycle,  as  the  wood-rat  year,  the 
fire-tiger  year,  etc.  This  method  is  highly  artificial, 
consisting,  not  in  mere  numbering,  but  in  combining 
series  of  different  terms  so  that  the  same  combination 
does  not  recur  till  the  end  of  the  period.  Thus  the  re¬ 
appearance  of  its  principle  in  the  Mexican  and  Central- 
American  calendar  (see  p.  220)  is  suggestive  of  impor¬ 
tation  from  Asia.  Humboldt  also  discussed  the  Mexican 
doctrine,  represented  in  the  native  pictures,  of  four 
ages  of  the  world,  belonging  to  water,  earth,  air,  and 
fire,  and  ending  respectively  by  deluge,  earthquake, 
tempest,  and  conflagration.  The  resemblance  of  this 
to  some  versions  of  the  Hindu  doctrine  of  the  four 
ages  or  yuga  is  of  so  remarkable  a  closeness  as  hardly 
to  be  accounted  for  except  on  the  hypothesis  that  the 
Mexican  theology  contains  ideas  learnt  from  Asiatics. 
Among  Asiatic  points  of  resemblance  to  which  atten¬ 
tion  has  since  been  called  is  the  Mexican  belief  in  the 
nine  stages  of  heaven  and  hell,  an  idea  which  nothing 
in  nature  would  suggest  directly  to  a  barbaric  people, 
but  which  corresponds  to  the  idea  of  successive  heavens 
and  hells  among  Brahmans  and  Buddhists,  who  appa¬ 
rently  learnt  it  (in  common  with  our  own  ancestors) 
from  the  Babylonian-Greek  astronomical  theory  of  suc¬ 
cessive  stages  or  concentric  planetary  spheres  belonging 
to  the  planets,  etc.  The  Spanish  chronicles  also  give 
accounts  of  a  Mexican  game  called  patolli,  played  at 
the  time  of  the  conquest  with  colored  stones  moved  on 
the  squares  of  across-shaped  figure,  according  to  the 
throws  of  beans  marked  on  one  side ;  the  descriptions 
of  this  rather  complicated  game  correspond  closely  with 
the  Hindu  backgammon  called  pachisi  (see  Tylor  in 
Jour.  Anthrop.  Inst .,  vol.  viii.  p.  11 6). 2 

*  The  appendix  to  Prescott’s  Conquest  of^  Mexico  contains  an  in- 
teresting  summary  of  analogies  between  the  civilization  of  Mex- 
ico  and  that  of  the  Old  World,  but  some  of  the  arguments  are 
very  inconclusive.  One  which  has  been  often  cited  turns  on  the 
likeness  alleged  by  Naxera  between  the  Chinese  language  and 
that  of  the  Otomi  nation  of  Mexico  (whose  name  survives  in  that 
of  their  town  Otompan,  now  Otumba).  The  examination  of  an 
Otomi  grammar  (such  as  Elements  de  la  Qrammaire  Othomi,  Paris, 
1863)  will,  however,  convince  the  philological  reader  that  the  re¬ 
semblance  is  hardly  of  an  amount  to  found  a  theory  of  a  Chinese 
connection  upon. 
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The  native  history  of  Mexico  and  Central  America  is 
entitled  to  more  respect  than  the  mere  recollections  of 
savage  tribes,  inasmuch  as  here  memory  was  aided  by 
something  like  written  record.  The  Mexican  pictures 
so  far  approached  writing  proper  as  to  set  down  legibly 
the  names  of  persons  and  places  and  the  dates  of 
events,  while  the  rude  drawings  which  acccompanied 
these  at  least  helped  the  professional  historians  to  re¬ 
member  the  traditions  repeated  orally  from  generation 
to  generation.  Thus  actual  documents  of  native 
Aztec  history,  or  copies  of  them,  are  still  open  to  the 
study  of  scholars,  while  after  the  conquest  interpreta¬ 
tions  of  these  were  drawn  up  in  writing  by  Spanish- 
educated  Mexicans,  and  histories  founded  on  them 
with  the  aid  of  traditional  memory  were  written  by 
Ixtlilxochitl  and  Tezozomoc  ;  the  most  important  of 
these  picture-writings,  interpretations,  and  histories 
may  be  found  in  Kingsborough’s  Antiquities  of  Mexico. 
In  Central  America  the  rows  of  complex  hieroglyphs 
to  be  seen  sculptured  on  the  ruined  temples  probably 
served  a  similar  purpose  up  to  the  time  of  the  Spanish 
invasion.  The  documents  purporting  to  be  histories, 
written  down  by  natives  in  later  times,  thus  more  or 
less  represent  real  records  of  the  past,  but  the  task 
of  separating  the  preponderant  mythical  part  from 
what  is  real  history  is  of  the  utmost  difficulty.  Among 
the  most  curious  documents  of  early  America  is  the 
Popol-  Vuh ,  or  national  book  of  the  Quiche  kingdom 
of  Guatemala,  a  compilation  of  traditions  written  down 
by  native  scribes,  found  and  translated  by  Father 
Ximenez,  about  1700,  and  published  by  Scherzer  (Vi¬ 
enna,  1857)  and  Brasseur  de  Bourbourg  (Paris,  1861). 
This  book,  composed  in  a  picturesque  barbaric  style, 
begins  with  the  time  when  there  was  only  the  heaven 
with  its  boundaries  towards  the  four  winds,  but  as 
yet  there  was  no  body,  nothing  that  clung  to  anything 
else,  nothing  that  balanced  itself  or  rubbed  together 
or  made  a  sound ;  there  was  nought  below  but  the 
calm  sea  alone  in  the  silent  darkness.  Alone  were  the 
Creator,  the  Former,  the  Buler,  the  Feathered  Ser¬ 
pent,  they  who  give  being,  and  whose  name  is  Gucu- 
matz.  Then  follows  the  creation,  when  the  creators 
said  “Earth,”  and  the  earth  was  formed  like  a  cloud 
or  a  fog,  and  the  mountains  appeared  like  lobsters 
from  the  water,  cypress  and  pine  covered  the  hills  and 
valleys  and  their  forests  were  peopled  with  beasts  and 
birds,  but  these  could  not  speak  the  name  of  their 
creators,  but  could  only  chatter  and  croak.  So  man 
was  made  first  of  clay,  but  he  was  strengthless  and 
senseless, and  melted  in  the  water;  then  they  made  a 
race  of  wooden  manikins,  but  these  were  useless  crea¬ 
tures,  without  heart  or  mind,  and  they  were  destroyed 
by  a  great  flood,  and  pitch  poured  down  on  them  from 
heaven,  those  who  were  left  of  them  being  turned  into 
the  apes  still  to  be  seen  in  the  woods.  After  this 
comes  the  creation  of  the  four  men  and  their  wives 
who  are  the  ancestors  of  the  Quiches,  and  the  tradition 
records  the  migrations  of  the  nation  to  Tulan,  other¬ 
wise  called  the  Seven  Caves,  and  thence  across  the 
sea,  whose  waters  were  divided  for  their  passage.  It 
is  worth  while  to  mention  these  few  early  incidents  of 
the  national  legend  of  Guatamala,  because  their  Bib¬ 
lical  incidents  show  how  native  tradition  incorporated 
matter  learnt  from  the  white  men.  Moreover,  this 
Central-American  document,  mythical  as  it  is,  has  an 
historical  importance  from  its  bringing  in  names  be¬ 
longing  also  to  the  traditions  of  Mexico  proper.  Thus, 
Gucumatz,  ‘  ‘  Feathered  Serpent,  ’  ’  corresponds  in  name 
to  the  Mexican  deity  Quetzalcoatl ;  Tulan  and  the 
Seven  Caves  are  familiar  words  in  the  Aztec  migra¬ 
tion-traditions,  and  there  is  even  mention  of  a  chief 
of  Toltecat,  a  name  plainly  referring  to  the  famed 
Toltecs,  of  whom  further  account  will  be  given  in  their 
place  in  Mexican  history.  Thus  the  legends  of  the 
Popol-  Vuh  confirm  what  is  learnt  from  comparing  the 
culture  of  Central  America  and  Mexico  proper,  that, 
though  the  nations  of  these  districts  were  not  con¬ 
nected  by  language,  the  intercourse  and  mixture  be¬ 


tween  them  had  been  sufficient  to  implant  in  them 
much  common  civilization,  and  to  justify  the  anthro¬ 
pologist  in  including  both  districts  in  one  region.  His¬ 
torical  value  of  the  ordinary  kind  maybe  found  in  the 
latter  part  of  the  Popol-  Vuh ,  which  gives  names  of 
chiefs  down  to  the  time  when  they  Began  to  bear 
Spanish  names,  and  the  great  city  of  Quiche  became 
the  deserted  ruin  of  Santa  Cruz.  The  Maya  district 
of  Yucatan  has  also  some  vestiges  of  native  traditions 
in  the  manuscript  translated  by  D.  Pio  Perez  (in 
Stephens’s  Incidents  of  Travel  in  Yucatan)  and  in  the 
remarkable  16th  century  Relacion  de  las  Cosas  de 
Yucatan  by  Diego  de  Landa.  published  by  Brasseur  de 
Bourbourg  (Pans,  1864).  As  in  the  Guatemala  tra¬ 
ditions,  we  hear  of  ancient  migration  from  the  Mexi¬ 
can  legendary  region  of  Tula ;  and  here  the  leaders 
are  four  famous  chiefs  or  ancestors  who  bear  the  Aztec 
name  of  the  Tutul-Xiu,  which  interpreted  means 
“Bird-Tree.”  Unfortunately  for  the  historical  stand¬ 
ing  of  these  four  ancestors,  there  are  in  the  Aztec  pic¬ 
ture-writings  representations  of  four  trees  each  with  a 
bird  perched  on  it,  and  placed  facing  the  four  quarters, 
which  make  it  probable  that  the  four  Tutul-Xiu  of 
tradition,  in  spite  qf  the  circumstantial  detail  of  their 
wars  and  migrations,  may  be  only  mythic  personifica¬ 
tions  of  the  four  cardinal  points  (see  Schultz-Sellack 
in  Zeitsch.f  Ethn .,  1879,  p.  209).  Nevertheless,  part . 
of  the  later  Maya  records  may  be  genuine, — for  in¬ 
stance,  when  they  relate  the  war  about  three  centuries 
before  the  Spanish  conquest,  when  the  king  of  Chi- 
chen-Itza  destroyed  the  great  city  of  Mayapan. 
Though  the  names  and  dates  of  Central-American  na¬ 
tive  kings  have  too  little  interest  to  general  readers 
for  traditions  of  them  to  be  dwelt  on  here,  they  bring 
into  view  one  important  historical  point,  that  the  won¬ 
drous  ruined  cities  of  this  region  are  not  to  be  thought 
monuments  of  a  perished  race  in  a  forgotten  past,  but 
that  at  least  some  of  them  belong  to  history,  having 
been  inhabited  up  to  the  conquest,  apparently  by  the 
very  nations  whohuilt  them. 

Turning  now  to  the  native  chronicles  of  the  Mexican 
nations,  these  are  found  to  be  substantial  dated  records, 
going  back  to  the  12th  or  13th  century,  with  some 
vague  but  not  worthless  recollections  of  national  events 
from  times  some  centuries  earlier.  These  last  men¬ 
tioned  traditions,  in  some  measure  borne  out  by  lin¬ 
guistic  evidence  of  names  of  places,  tribes,  and  per¬ 
sons,  point  to  the  immigration  of  detachments  or 
branches  of  a  widespread  race,  speaking  a  common 
language,  which  is  represented  to  us  by  the  Aztec, 
still  a  spoken  language  in  Mexico.  This  language  was 
called  nahuatl ,  and  one  who  spoke  it  as  nis  native 
tongue  was  called  nahuatlacatl,  so  that  modern  an¬ 
thropologists  are  following  native  precedent  when  they 
use  the  term  Nahua  for  the  whole  series  of  peoples 
now  under  consideration.1  <  Earliest  of  the  Nahua  na¬ 
tions,  the  Toltecs  are  traditionally  related  to  have  left 
their  northern  home  of  Huehuetlapallan  in  the  6th 
century;  and,  though  this  remote  date  cannot  be 
treated  as  belonging  to  genuine  history,  there  is  other 
evidence  of  the  real  existence  of  the  nation.  Their 
name,  Toltecatl,  signifies  an  inhabitant  of  Tollan, 
land  of  reeds,  ’  ’  a  place  whieh;  as  has  been  already 
pointed  out,  appears  elsewhere  in  the  national  tradi¬ 
tions  of  this  region,  and  has  a  definite  geographical 
site  in  the  present  Tulan  or  Tula,  north  of  the  valley 
of  Anahuac,  where  a  Toltec  kingdom  of  some  extent 
seems  to  have  had  its  centre.  To  this  nation  is  ascribed 
not  only  the  oldest  but  the  highest  culture  of  the  Na¬ 
hua  nations ;  to  them  was  due  the  introduction  of 
maize  and  cotton  into  Mexico,  the  skilful  workman¬ 
ship  in  gold  and  silver,  the  art  of  building  on  a  scale 
of  vastness  still  witnessed  to  by  the  mound  of  Cholula, 
said  to  be  Toltec  work;  the  Mexican  hieroglyphic 
writing  and  calendar  are  also  declared  to  have  been 

1  It  should  be  noticed  that  this  word  is  not  etymologically  con¬ 
nected  with  the  somewhat  similar  word  Anahuac,  of  which  tne 
meaning  is  given  at  page  214. 


MEXICO. 


217 


of  Toltec  origin.  With  the  Toltecs  is  associated 
the  mysterious  tradition  of  Quetzalcoatl,  a  name 
which  presents  itself  in  Mexican  religion  as  that  of 
a  great  deity,  god  of  the  air,  and,  in  legend,  as  that 
of  a  saintly  ruler  and  civilizer.  His  brown  and  beardless 
worshippers  describe  him  as  of  another  race,  a  white 
man  with  noble  features,  long  black  hair,  and  full 
beard,  dressed  in  flowing  robes.  He  came  from  Tullan 
or  from  Yucatan  (for  the  stories  differ  widely),  and 
dwelt  twenty  years  among  them,  teaching  men  to  follow 
his  austere  and  virtuous  life,  to  hate  all  violence  and 
war,  to  sacrifice  no  men  or  beasts  on  the  altars,  but  to 
give  mild  offerings  of  bread  and  flowers  and  perfumes, 
and  to  do  penance  by  the  votaries  drawing  blood  with 
thorns  from  their  own  bodies.  Legend  tells  stories  of 
his  teaching  men  picture-writing  and  the  calendar,  and 
also  the  artistic  work  of  the  silversmith,  for  which 
Cholula  was  long  famed ;  but  at  last  he  departed,  some 
say  towards  the  unknown  land  of  Tlapallan,  but  others 
to  Coatzacualco  on  the  Atlantic  coast  on  the  confines 
of  Central  America,  where  native  tradition  still  keeps 
up  the. divine  names  of  Giucumatz  among  the  Quiches 
(see  p.  216)  and  Cukulcan  among  the  Mayas,  these 
names  having  the  same  meaning  as  Quetzalcoatl  in 
Aztec,  viz.,  “Feathered  Serpent.  ’  Native  tradition 
held  that  when  Quetzalcoatl  reached  the  Atlantic  he 
sent  back  his  companions  to  tell  the  Cholulans  that  in 
a  future  age  his  brethren,  white  men  and  bearded  like 
himself,  should  land  there  from  the  sea  where  the  sun 
rises,  and  come  to  rule  the  country.  That  there  is  a 
basis  of  reality  in  the  Toltec  traditions  is  shown  by  the 
word  toltecatl  having  become  among  the  later  Aztecs  a 
substantive  signifying  an  artist  or  skilled  craftsman. 
It  is  further  related  by  the  Mexican  historians  that  the 
Toltec  nation  all  but  perished  in  the  11th  century  by 
years  of  drought,  famine,  and  pestilence,  a  few  only  of 
the  survivors  remaining  in  the  land,  while  the  rest 
migrated  into  Yucatan  and  Guatemala,  where,  as  has 
been  already  pointed  out,  their  name  is  commemorated 
in  local  records.  After  the  Toltecs  came  the  Chichi- 
mecs,  whose  name,  derived  from  chichi ,  “dog,”  js 
applied  to  many  rude  tribes ;  the  Chichimecs  here  in 
question  are  said  to  have  come  from  Amaquemecan 
under  a  king  named  Xolotl,  names  which  being  Aztec 
imply  that  the  nation  was  Naliua ;  at  any  rate  they 
appear  afterwards  as  fusing  with  more  cultured  Nahua 
nations  in  the  neighborhood  of  Tezcuco.  Lastly  is  re¬ 
corded  the  Mexican  immigration  of  the  seven  nations, 
Xochimilca,  Chalca,  Tepaneca,  Acolhua,  Tlahuica, 
Tlascalteca,  Azteca.  This  classification  of  the  Nahu- 
atlac  tribes  has  a  meaning  and  value.  It  is  true  that 
Aztlan,  the  land  whence  the  Aztecs  traced  their  name 
and  source,  cannot  be  identified  by  geographers,  while 
the  story  of  the  separation  of  the  seven  nations  at  the 
place  called  Chicomoztoc  or  Seven  Caves  looks  like 
national  legend  rather  than  real  history.  But  the  later 
stages  of  the  long  Aztec  migration  seem  historical,  and 
the  map  of  Mexico  still  shows  the  names  of  several 
settlements  recorded  in  the  curious  migration-map 
published  by  Gemelli  Careri  ( Giro  del  Mondo ,  Y enice, 
1728)  and  commented  on  by  Humboldt ;  among^these 
local  names  are  Tzompanco,  “place  of  skulls,”  now 
Zumpango  in  the  north  of  the  Mexican  valley,  and 
Chapultepec,  “grasshopper  hill,”  now  a  suburb  of 
the  city  of  Mexico  itself,  where  the  Aztecs  are  recorded 
to  have  celebrated  in  1195  the  festival  of  tying  up  the 
“  bundle  of  years  ”  and  beginning  a  new  cycle.  The 
Aztecs  moving  from  place  to  place  in  Anahuac  found 
little  welcome  from  the  Nahua  peoples  already  settled 
there,  whose  own  history  was  indeed  one  of  incessant 
jealousy  and  quarrel.  One  of  the  first  clear  events  of 
the  Aztec  arrival  is  their  being  made  tributary  by  the 
Tepanecs,  in  whose  service  or.  alliance  they  began  to 
manifest  their  warlike  prowess  in  the  fight  near  lepey- 
acac,  where  now  stands  the  famous  shnne  of  Our  Lady 
of  Guadalupe.  Thus  they  wercame  in  arms  the  Acol- 
huas,  their  superiors  in  civilization,  who  had  mane 
Tezcuco  a  centre  of  prosperity  and  improvement.  By 


the  13th  century  the  Aztecs  by  their  ferocity  had 
banded  their  neighbors  together  against  them  ;  some 
were  driven  to  take  refuge  on  the  reedy  lake  shore  at 
Acoculco,  while  others  were  taken  as  captives  into 
Culhuacan.  The  king  of  this  district  was  Coxcoxtli, 
whose  name  has  gained  an  undeserved  reputation  even 
in  Europe  as  “Coxcox,  the  Mexican  Noah,”  from  a 
scene  in  the  native  picture-writing  where  his  name 
appears  together  with  the  figure  of  a  man  floating  in  a 
dug-out  tree,  which  has  been  mistaken  even  by  Hum¬ 
boldt  for  a  representation  of  the  Mexican  deluge-myth. 
Coxcoxtli  used  the  help  of  the  Aztecs  against  the 
Xochimilco  people,  but  his  own  nation,  horrified  at 
.their  bloodthirsty  sacrifice  of  prisoners,  drove  them 
out  to  live  for  years  in  want  and  misery  on  the  islands 
and  swamps  of  the  great  salt  lagoon,  where  they  are 
said  to  have  taken  to  making  their  chinampas  or  float¬ 
ing  gardens  of  mud  heaped  on  rafts  of  reeds  and  brush, 
which  in  later  times  were  so  remarkable  a  feature  of 
Mexico.  As  one  of  the  Aztec  chiefs  at  the  time  of  the 
founding.of  their  city  was  called  Tenoch,  ».e.,  “  Stone- 
cactus,”  it  is  likely  that  from  him  was  derived  the 
name  Tenochtitlan  or  “  Stone-cactus  place.”  Written 
as  this  name  is  in  pictures  or  rebus,  it  probably  sug¬ 
gested  the  invention  of  the  well-known  legend  of  a 
prophecy  that  the  war-god’s  temple  should  be  built 
where  a  prickly  pear  was  found  growing  on  a  rock,  and 
perched  on  it  an  eagle  holding  a  serpent ;  this  legend 
is  still  commemorated  on  the  coins  of  Mexico.  Mexico- 
Tenochtitlan,  founded  about  1325,  for  many  years 
afterwards  probably  remained  a  cluster  of  huts,  and 
the  higher  civilization  of  the  country  was  still  to  be 
found  among  the  other  nations,  especially  among  the 
Acolhuas  in  Tezcuco.  The  wars  of  this  nation  with 
the  Tepanecs,  which  went  on  into  the  15th  century, 
were  merely  destructive,  but  larger  effects  arose  from 
the  expeditions  under  the  Culhua  king  Acamapichtli, 
where  the  Aztec  warriors  were  prominent,  and  which 
extended  far  outside  the  valley  of  Anahuac.  Especially 
a  foray  southward  to  Quauhnahuac,  now  Cuernavaca, 
on  the  watershed  between  the  Atlantic  and  Pacific, 
caused  the  bringing  of  goldsmiths  and  other  craftsmen 
home  to  Tenochtitlan,  which  now  began  to  rise  in  arts, 
the  Aztecs  laying  aside  their  rude  garments  of  aloe- 
fibre  for  more  costly  clothing,  and  going  out  as  traders 
for  foreign  merchandise.  In  the  14th  century  the  last 
great  national  struggle  took  place.  The  Acolhuas  had 
at  first  the  advantage,  but  Ixtlilxochitl  did  not  follow 
up  the  beaten  Aztecs  but  allowed  them  to  make  peace, 
whereupon,  under  professions  of  submission,  they  fell 
upon  and  sacked  the  city  of  Tezcuco.  The  next  king 
of  Tezcuco,  Nezahualcoyotl,  turned  the  course  of  war, 
when  Azcapuzalco,  the  Tepanec  stronghold,  was  taken 
and  the  inhabitants  sold  as  slaves  by  the  conquering 
Acolhuas  and  Aztecs ;  the  place  thus  degraded  became 
afterwards  the  great  slave-market  of  Mexico.  In  this 
war  we  first  meet  with  the  Aztec  name  Moteuczoma, 
afterwards  so  famous  in  its  Spanish  form  Montezuma. 
About  1430  took  place .  the  triple  alliance  of  the 
Acolhua,  Aztec,  and  Tepanec  kings,  whose  capitals 
were  Tezcuco,  Mexico,  and  Tlacopan,  the  latter  stand¬ 
ing  much  below  the  other  two.  In  fact  the  Aztecs 
now  became  so  predominant  that  the  rest  of  native 
history  may  be  fairly  called  the  Aztec  period,  notwith¬ 
standing  the  picturesque  magnificence  and  intellectual 
culture  which  made  Tezcuco  celebrated  under  Neza¬ 
hualcoyotl  and  his  son  Nezahualpilli.  When  the  first 
Moteuczoma  was  crowned  king  of  the  Aztecs,  the 
Mexican  sway  extended  far  beyond  the  valley  plateau 
of  its  origin,  and  the  gods  of  conquered  nations  around 
had  their  shrines  set  up  in  Tenochtitlan  in  manifest  in¬ 
feriority  to  the  temple  of  Huitzilopochtli,  the  war-god 
of  the  Aztec  conquerors.  The  rich  region  of  Quauh¬ 
nahuac  became  tributary;  the  Miztec  country  was 
invaded  southward  to  the  Pacific,  and  the  Xicalanca 
region  to  what  is  now  Vera  Cruz.  It  was  not  merely 
for  conquest  and  tribute  that  the  fierce  Mexicans 
ravaged  the  neighbor-lands,  but  they  had  a  stronger 


218 


MEXICO. 


motive  than  either  in  the  desire  to  obtain  multitudes 
of  prisoners  whose  hearts  were  to  be  torn  out  by 
the  sacrificing  priests  to  propitiate  a  pantheon  of 
gods  who  well  personified  their  bloodthirsty  worship¬ 
pers.  The  desire  for  war-captives  as  acceptable  victims 
is  related  to  have  brought  about  an  almost  incredible 
agreement  among  nations  of  the  Mexican  alliance, 
that  they  should  from  time  to  time  fight  battles  among 
themselves  in  order  to  provide  prisoners  for  the  altars. 
Thus  there  was  something  of  the  character  of  a  reli¬ 
gious  war  in  the  expedition  made  in  1469  under  Axa- 
yacatl  as  far  down  the  isthmus  as  Tehuantepec,  whence 
the  Mexican  army  came  back  with  loads  of  rich  plun¬ 
der  and  thousands  of  captives,  and  the  later  ravaging 
of  the  Totonac  region  as  far  as  the  Atlantic,  when  the 
inhabitants  were  taken  for  sacrifice  and  their  land 
recolonized  by  Aztecs.  Ahuitzotl  left  the  Aztec  em¬ 
pire  (as  it  is  often  somewhat  ambitiously  called)  at  the 
height  of  apparent  power,  but  the  cruel  oppression  of 
the  subject  regions  had  made  their  life  almost  unbear¬ 
able,  and  the  second  Moteuczoma,  coming  to  a  rule 
already  liable  to  break  up  from  within,  weakened  it 
still  more  by  upholding  the  class  of  chiefs  or  nobles 
against  the  common  people  who  as  warriors  and  tra¬ 
ders  had  in  great  measure  made  the  prosperity  of  the 
allied  nations.  The  Mexicans  had  long  tried  to  subju¬ 
gate  the  stubborn  little  nation  of  Tlaxcallan  (Tlascala), 
which  had  obstinately  held  out,  though  so  hemmed  in 
that  for  years  the  people  lived  without  salt,  this  being 
no  longer  to  be  had  from  the  sea-coast.  Moteuczoma 
made  a  last  effort  to  crush  them,  but  in  vain,  and 
when  the  Spaniards  came  they  were  there  as  ready¬ 
made  allies  planted  on  the  high  road  to  Mexico.  From 
the  date  when  the  festival  of  the  new  cycle  was  first 
celebrated  in  Chapultepec  six  52-year  periods  had 
passed  when  in  1507  the  new  fire  symbolizing  the  be¬ 
ginning  of  a  new  cycle  was  kindled  for  the  last  time  on 
t  he  breast  of  a  human  victim.  Rumors  of  .the  coming 
of  the  Europeans  may  have  before  this  date  spread 
from  Cuba,  but  in  1517  Cordova  touched  in  Yucatan, 
and  in  1518  Grijalva  was  on  the  east  coast  of  Mexico, 
and  the  Aztecs  first  met  the  white  men,  in  whom  they 
saw,  partly  with  hope  and  partly  with  fear,  the  fulfil¬ 
ment  of  the  prophecy  that  Quetzalcoatl  should  one 
day  return.  With  the  Spanish  conquest  under  Her¬ 
nando  Cortes  (see  Cortes)  the  native  history  of 
Mexico  comes  to  an  end. 


Civilization. 

While  the  prairie  tribes  of  America  lived  under  the  loose 
sway  of  chiefs  and  councils  of  old  men,  the  set- 
Govern-  tied  nations  of  Mexico  had  attained  to  a  some¬ 
what  highly  organized  government.  This  may 
be  seen  by  the  elaborate  balance  of  power  maintained  in  the 
federation  of  Mexico,  Tezcuco,  and  Tlacopan,  where  each 
king  was  absolute  in  his  own  country,  but  in  war  or  other 
public  interests  they  acted  jointly,  with  powers  in  some¬ 
thing  like  the  proportion  in  which  they  divided  conquered 
lands  and  spoil,  which  was  two-fifths  each  to  Mexico  and 
Tezcuco  and  one-fifth  to  Tlacopan.  The  successor  of  the 
Aztec  king  was  customarily  a  chosen  brother  or  nephew, 
the  eldest  having  the  first  claim  unless  set  aside  as  incom¬ 
petent,  and  having  to  be  a  tried  warrior ;  this  mode  of  suc¬ 
cession,  which  has  been  looked  on  as  an  elaborate  practical 
device  for  securing  practical  advantages,  seems  rather  to 
have  arisen  out  of  the  law  of  choice  among  the  descendants 
of  the  female  line,  found  in  American  tribes  of  much  lower 
culture.  Something  like  this  appears  in  the  succession  of 
kings  of  Tezcuco  and  Tlacopan,  which  went  to  sons  by  the 
principal  wife,  who  was  usually  of  the  Aztec  royal  family. 
The  Mexican  chronicles,  however,  show  instances  of  the 
king’s  son  succeeding,  or  of  powerful  chiefs  being  elected  to 
the  kingship.  The  term  republic  is  sometimes  used  to  de¬ 
scribe  the  little  state  of  Tlascala,  but  this  was  in  fact  a  fed¬ 
eration  of  four  chiefs,  with  an  assembly  of  nobles.  In  the 
Zapotec  district  the  Wiyatao  or  high-priest  of  Zopaa  was  a 
divine  ruler  before  whom  all  prostrated  themselves  with 
faces  to  the  ground ;  he  was  even  too  sacred  to  allow  his 
foot  to  touch  the  earth,  and  was  only  seen  carried  in  a  litter. 

The  accounts  given  by  the  Spanish  and  native  Mexican 
Palaces  etc  wr^€rs  °f  the  courts  and  palaces  of  the  native 
’  '  kings  must  be  taken  with  some  reserve,  from 


the  tendency  to  use  descriptive  terms  not  actually  untrue, 
but  which  convey  erroneous  ideas  taken  from  European 
architecture ;  thus  what  are  called  columns  of  porphyry 
and  jasper  supporting  marble  balconies  might  perhaps  be 
better  described  as  piers  carrying  slabs,  while  the  apartments 
and  terraces  must  have  been  more  remarkable  for  number 
and  extent  than  architectural  grandeur,  being  but  low  one¬ 
storied  buildings.  The  principal  palace  of  Mexico  consisted 
of  hundreds  of  rooms  and  halls  ranged  round  three  open 
squares,  with  women’s  apartments,  granaries,  storehouses, 
menageries,  aviaries,  of  such  extent  that  one  of  the  com¬ 
panions  of  Cortes  records  having  four  times  wandered  about 
till  he  was  tired,  without  seeing  the  whole.  Not  less  re¬ 
markable  was  the  palace  of  Tezcuco,  surrounded  with  its 
groves  and  pleasure-gardens ;  and,  though  now  hardly  any¬ 
thing  remains  of  the  buildings  above  ground,  the  neigh¬ 
boring  hill  of  Tezcotzinco  still  has  its  stone  steps  and 
terraces ;  and  the  immense  embankment  carrying  the  aque¬ 
duct-channel  of  hewn  stone  which  supplied  water  to  basins 
cut  in  the  solid  rock  still  remains  to  prove  that  the  chron¬ 
iclers’  descriptions,  if  highly-colored,  were  at  any  rate 
genuine.  Till  the  last  century  the  gigantic  figures  of  Axa- 
yacatl  and  his  son  Montezuma  were  to  be  seen  carved  in  the 
porphyry  hill  of  Chapultepec,  hut  these  as  well  as  the  hang¬ 
ing  gardens  have  been  destroyed,  and  only  the  groves  of 
ahuehuete  (cypress)  remain  of  the  ancient  beauties  of  the 
place.  That  in  the  palace  gardens  flowers  from  the  tierra 
caliente  were  transplanted,  and  water-fowl  bred  near  fresh 
and  salt  pools  fit  for  each  kind,  that  all  kinds  of  birds  and 
beasts  were  kept  in  well-appointed  zoological  gardens  wThere 
there  were  homes  even  for  alligators  and  snakes, — all  this 
testifies,  not  merely  to  barbaric  ostentation,  but  to  a  culti¬ 
vation  of  natural  history  which  was  really  beyond  the 
European  level  of  the  time.  From  the  palaces  and  retinues 
of  thousands  of  servants  attached  to  the  royal  service  may 
be  inferred  at  once  the  despotic  power  of  the  Mexican  rulers 
and  the  heavy  taxation  of  the  people ;  in  fact  some  of  the 
most  remarkable  of  the  picture-writings  are  tribute-rolls 
enumerating  by  hundreds  and  thousands  the  mantles,  ocelot- 
skins,  bags  of  gold-dust,  bronze  hatchets,  loads  of  chocolate, 
etc.,  furnished  periodically  by  the  towns.  Below  the  king 
was  a  numerous  and  powerful  class  of  nobles,  the  highest 
of  whom  ( llatoani )  were  great  vassals  owing  little  more  than 
homage  and  tribute  to  their  feudal  lord,  while  the  natural 
result  of  the  unruliness  of  the  noble  class  was  that  the  king 
to  keep  them  in  check  increased  their  numbers,  brought 
them  to  the  capital  as  councillors,  and  balanced  their  in¬ 
fluence  by  military  and  household  officers,  and  by  a  rich 
and  powerful  merchant  class.  The  nobles  not  only  had 
privileges  of  rank  and  dignity,  but  substantial  power  over 
the  plebeian  or  peasant  class  ( macehualli ),  who  submitted  to 
much  the  same  oppression  and  extortion  at  their  hands  as 
was  customary  in  the  Old  World.  The  tenures  of  land 
in  Mexico  were  those  generally  appearing  in  barbaric 
countries  where  invasion  and  military  despotism  have  en¬ 
croached  on  but  not  totally  superseded  the  earlier  tribal 
laws.  The  greatest  estates  belonged  to  the  king,  or  had 
been  granted  to  military  chiefs  whose  sons  succeeded  them, 
or  were  the  endowments  of  temples,  hut  the  calpulli  or  vil¬ 
lage  community  still  survived,  and  each  freeman  of  the 
tribe  held  and  tilled  his  portion  of  the  common  lands.  Be¬ 
low  the  freemen  were  the  slaves,  who  were  war-captives, 
persons  enslaved  for  punishment,  or  children  sold  by  their 
parents.  Prisoners  of  war  were  mostly  doomed  to  sacrifice, 
but  other  classes  of  slaves  were  mildly  treated,  retaining 
civil  rights,  and  their  children  were  born  free. 

The  superior  courts  of  law  formed  part  of  the  palace,  and 
there  were  tribunals  in  the  principal  cities,  over  T  . 
each  of  which  presided  a  supreme  judge  or 
cihuacoatl,  who  was  irremovable,  and  whose  criminal  deci¬ 
sions  not  even  the  king  might  reverse ;  he  appointed  the 
lower  judges  and  heard  appeals  from  them  ;  it  is  doubtful 
whether  he  judged  in  civil  cases,  but  both  kinds  of  suits  were 
heard  in  the  court  below,  by  the  tlacatecatl  and  his  two  asso¬ 
ciates,  below  whom  were  the  ward-magistrates.  Lands  were 
set  apart  for  the  maintenance  of  the  judges,  and  indeed 
nothing  gives  a  higher  idea  of  the  elaborate  civilization  of 
Mexico  than  this  judicial  system,  which  culminated  in  a 
general  court  and  council  of  state  presided  over  by  the  king. 
The  laws  and  records  of  suits  were  set  down  in  picture- 
writings,  of  which  some  are  still  to  be  seen ;  sentence  of 
death  was  recorded  by  drawing  a  line  with  an  arrow  across 
the  portrait  of  the  condemned,  and  the  chroniclers  describe 
the  barbaric  solemnity  with  which  the  king  passed  sentence 
sitting  on  a  golden  and  jewelled  throne  in  the  divine  tribu¬ 
nal,  with  one  hand  on  an  ornamental  skull  and  the  golden 
arrow  in  the  other.  Among  the  resemblances  to  Old-World 
law  was  the  use  of  a  judicial  oath,  the  witness  touching  the 
ground  with  his  finger  and  putting  it  to  his  lips,  thus  swear¬ 
ing  by  Mother  Earth.  The  criminal  laws  were  of  extreme 
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severity,  even  petty  theft  being  punished  by  the  thief  being 
enslaved  to  the  person  he  had  robbed,  while  to  steal  a  to¬ 
bacco  pouch  or  twenty  ears  of  corn  was  death ;  he  who  pil¬ 
fered  iu  the  market  was  then  and  there  beaten  to  death, 
and  he  who  insulted  Xipe,  the  god  of  the  gold  and  silver¬ 
smiths,  by  stealing  his  preeious  metal,  was  skinned  alive 
and  sacrificed  to  the  offended  deity.  Though  aloe-beer  or 
“  pulque  ”  was  allowed  for  feasts  and  to  invalids  in  modera¬ 
tion,  and  old  people  over  seventy  seem  to  be  represented  in 
.one  of  the  picture-writings  as  having  liberty  of  drunkenness, 
young  men  found  drunk  were  clubbed  to  death  and  young 
women  stoned.  Such  a  Draconian  standard  prevailing,  it  is 
hardly  needful  to  enumerate  the  special  penalties  of  such 
offences  as  witchcraft,  fraud,  removing  landmarks,  adultery, 
etc.,  which  differed  as  to  whether  the  criminal  had  his  heart 
cut  out  on  the  altar,  his  head  crushed  between  two  stones, 
etc. ;  while  even  lesser  punishments  were  harsh,  such  as  that 
of  slanderers,  whose  hair  was  singed  with  a  pine-torch  to 
the  scalp. 

Based  on  conquest  as  the  Aztec  kingdom  was,  and  with 
War  the  craving  for  warlike  glory  fostered  by  the 

most  bloodthirsty  religion  the  world  ever  saw, 
it  follows  that  the  nation  was  above  all  other  pursuits  or¬ 
ganized  as  a  fighting  community.  To  be  a  tried  soldier  was 
the  road  to  honor  and  office,  and  the  king  could  not  be  en¬ 
throned  till  he  had  with  his  own  hand  taken  captives  to  be 
butchered  on  the  war-god’s  altar  at  his  coronation.  The 
common  soldiers  were  promoted  for  acts  of  daring,  and  the 
children  of  chiefs  were  regularly  trained  to  war,  and  in¬ 
itiated  by  being  sent  into  battle  with  veterans,  with  whose' 
aid  the  youth  took  his  first  prisoner,  but  his  future  rise  de¬ 
pended  on  how  many  captives  he  took  unaided  in  fight 
with  warlike  enemies;  by  such  feats  he  gained  the  dignity 
of  wearing  colored  blankets,  tassels,  and  lip-jewels,  and 
reached  such  military  titles  as  that  of  “guiding  eagle.” 
The  Mexican  military  costumes  are  to  be  seen  in  the  pic¬ 
ture-writings,  where  the  military  orders  of  princes,  eagles, 
and  tigers  are  known  by  their  braided  hair,  eagles’  beaks, 
and  spotted  armor.  The  common  soldiers  went  into  battle 
brilliant  in  savage  war-paint,  but  those  of  higher  rank  had 
helmets  like  birds  and  beasts  of  prey,  armor  of  gold  and 
silver,  wooden  greaves,  and  especially  the  ichcapilli,  the 
quilted  cotton  tunic  two  Augers  thick,  so  serviceable  as  a 
protection  from  arrows  that  the  Spanish  invaders  were  glad 
to  adopt  it.  The  archers  shot  well  and  with  strong  bows, 
though  their  arrows  were  generally  tipped  only  with  stone 
or  bone ;  their  shields  or  targets,  mostly  round,  were  of 
ordinary  barbaric  forms;  the  spears  or  javelins  had  heads 
of  obsidian  or  bronze,  and  were  sometimes  hurled  with  a 
spear-thrower  or  atlatl,  of  which  pictures  and  specimens 
still  exist,  showing  it  to  be  similar  in  principle  to  those 
used  by  the  Australians  and  Eskimo.  The  most  character¬ 
istic  weapon  of  the  Mexicans  was  the  maquahuitl  or  “  hand- 
wood,”  a  club  set  with  two  rows  of  large  sharp  obsidian 
flakes,  a  well-directed  blow  with  which  would  cut  down  man 
or  horse.  These  two  last-mentioned  weapons  have  the  look 
of  highly-developed  savage  forms,  while  on  the  other  hand, 
the  military  organization  was  iu  some  respects  equal  to  that 
of  an  Asiatic  nation,  with  its  regular  companies  commanded 
each  by  its  captain  and  provided  with  its  standard.  The 
armies  were  very  large,  an  expedition  often  consisting  of 
several  divisions  each  numbering  eight  thousand  men,  but 
the  tactics  of  the  commanders  were  quite  rudimentary, 
consisting  merely  of  attack  by  arrows  and  javelins  at  a  dis¬ 
tance,  gradually  closing  into  a  hand-to-hand  fight  with 
clubs  and  spears,  with  an  occasional  feigned  retreat  to  draw 
the  enemy  into  an  ambuscade.  Fortification  was  well  un¬ 
derstood,  as  may  still  be  seen  in  the  remains  of  walled  and 
escarped  strongholds  on  hills  and  in  steep  ravines,  while 
lagoon-cities  like  Mexico  had  the  water  approaches  de¬ 
fended  by  fleets  of  boats,  and  the  causeways  protected  by 
towers  and  ditches ;  even  after  the  town  was  entered,  the 
pyramid-temples  with  their  surrounding  walls  were  forts 
capable  of  stubborn  resistance.  It  was  held  unrighteous  to 
invade  another  nation  without  a  solemn  embassy  to  warn 
their  chiefs  of  the  miseries  to  which  they  exposed  them¬ 
selves  by  refusing  the  submission  demanded,  and  this  again 
was  followed  by  a  declaration  of  war,  but  in  Mexico  as  in 
other  more  cultured  countries  this  act  of  national  morality 
degenerated  into  a  ceremonial  farce,  where  tribute  was 
claimed  from  some  neighboring  nation,  or  an  Aztec  god 
was  offered  to  be  worshipped  in  their  temples,  in  order  to 
pick  a  quarrel  as  a  pretext  for  an  invasion  already  planned 
to  satisfy  the  soldiers  with  lands  and  plunder,  and  to  meet 
the  priests’  incessant  demands  for  more  human  sacrifices. 

Among  the  accounts  of  the  Mexican  religion  are  some 
passages  referring  to  the  belief  in  a  supreme 
Religion.  deity.  The  word  teotl,  god,  has  been  thought 
in  some  cases  to  bear  this  signification,  but  its  meaning  is 
that  of  deity  iit  general,  and  it  is  applied  not  onlv  to  the 


sun-god  but  to  very  inferior  gods.  It  is  related  that  Neza- 
hualcoyotl,  the  poet-king  of  Tezcuco,  built  a  nine-storied 
temple  with  a  starry  roof  above,  in  honor  of  the  invisible 
deity  called  Tloquenahuaque,  “  he  who  is  all  in  himself,” 
or  Ipalnemoan,  “  he  by  whom  we  live,”  who  had  no  image, 
and  was  propitiated,  not  by  bloody  sacrifices,  but  by  in¬ 
cense  and  flowers.  Those  who  adopt  the  opinion  of 
Asiatic  admixture  in  Mexican  culture  will  use  it  to 
account  for  this  remarkable  religious  phenomenon,  less 
easily  accounted  for  by  native  development,  while  also  the 
appearance  of  a  rival  deity  of  evil,  bearing  the  name  of 
Tlacatecolotl,  or  “man-owl,”  is  mysterious.  These  divinities, 
however,  seem  to  have  had  little  or  no  place  in  the  popular 
faith,  which  was  occupied  by  polytheistic  gods  of  more  or¬ 
dinary  barbaric  type.  Tezcatlipoca  was  held  to  be  the 
highest  of  these  and  at  the  festival  of  all  the  gods  his 
footsteps  were  expected  to  appear  in  the  flour  strewn  to  re¬ 
ceive  this  sign  of  their  coming.  He  was  plainly  an  ancient 
deity  of  the  race,  for  attributes  of  many  kinds  are  crowded 
together  in  him,  and  he  was  prayed  to  in  interminable 
formulas  for  help  in  war  and  for  health  and  fortune,  to 
deliver  the  nation  from  a  wicked  king,  or  to  give  pardon 
and  strength  to  the  penitent  who  had  confessed  his  sins 
and  been  purified  by  washing.  Between  him  and  Quetzal- 
coatl,  the  ancient  deity  of  Cliolula,  there  had  been  old  ri¬ 
valry,  as  is  related  in  legends  of  Quetzalcoatl  coming  into 
the  land  to  teach  men  to  till  the  soil,  to  work  metals,  and 
to  rule  a  well-ordered  state ;  the  two  gods  played  their  fa¬ 
mous  match  at  the  ball-game,  and  Tezcatlipoca,  in  the  guise 
of  a  hoary -headed  sorcerer,  persuaded  the  sick  and  weary 
Quetzalcoatl  to  drink  the  magic  pulque  that  sent  him  roam¬ 
ing  to  the  distant  ocean,  where  he  embarked  in  his  boat 
and  disappeared  from  among  men.  These  deities  are  not 
easily  analyzed,  but  on  the  other  hand  Tonatiuh  and 
Metztli,  the  sun  and  moon,  stand  out  in  the  distinctest 
personality  as  nature  gods,  and  the  traveller  still  sees  in 
the  huge  adobe  pyramids  of  Teotihuacan,  with  their  sides 
oriented  to  the'  four  quarters,  an  evidence  of  the  import¬ 
ance  of  their  worship.  The  war-god  Huitzilopochtli,  of 
whom  one  legend  relates  a  supernatural  conception  in  the 
ancient  Tullan,  while  another  story  declares  him  to  have 
been  (like  the  Chinese  war-god)  a  deified  warrior-chief, 
was  the  real  head  of  the  Aztec  pantheon ;  his  idol  remains 
in  Mexico,  a  huge  block  of  basalt  on  which  is  sculptured 
on  the  one  side  his  hideous  personage,  adorned  with  tlffi 
humming-bird  feathers  on  the  left  hand  which  signify  his 
name,  while  the  not  less  frightful  war-goddess  Teoyaomiqui, 
or  “divine-war-death,”  occupies  the  other  side.  Centeotl, 
the  goddess  of  the  all-nourishing  maize,  was. patroness  of  the 
earth  and  mother  of  the  gods,  while  Mictlanteuctli,  lord  of 
dead-land,  ruled  over  the  departed  in  the  dim  under- world. 
Numbers  of  lesser  deities  presided  over  classes  of  society, 
events,  and  occupations  of  life,  such  as  Tlazolteotl,  goddess 
of  pleasure,  worshipped  by  courtesans,  Tezcatzoncatl,  god 
of  strong  drink,  whose  garment  in  grim  irony  clothed  the 
drunkard’s  corpse,  and  Xipe,  patron  of  the  goldsmiths. 
Below  these  were  the  usual  crowd  of  nature-spirits  of  hills 
and  groves,  whose  shrines  were  built  by  the  roadside  to 
receive  offerings  from  passers-by.  The  temples  were  called 
teocalli  or  “  god’s  house,”  and  the  teocallis  of  the  greater 
deities  rivalled  in  size  as  they  resembled  in  form  the  tem¬ 
ples  of  ancient  Babylon.  They  were  pyramids  on  a  square 
or  oblong  base,  rising  in  successive  terraces  to  a  small  sum¬ 
mit-platform.  The  great  teocalli  of  Huitzilopochtli  in  the 
city  of  Mexico  stood  in  an  immense  square,  whence  radi¬ 
ated  the  four  principal  thoroughfares,  its  courtyard  being 
inclosed  by  a  square,  of  which  the  stone  wall,  called  the 
coatepantli  or  serpent-wall  from  its  sculptured  serpents, 
measured  nearly  a  quarter  of  a  mile  on  each  side.  In  the 
centre,  the  oblong  pyramid  of  rubble  cased  with  hewn 
stone  and  cemented,  375  X  300  feet  at  the  base,  and  rising 
steeply  in  five  terraces  to  the  height  of  86  feet,  showed 
conspicuously  to  the  city  the  long  processions  of  priests 
and  victims  winding  along  the  terraces  and  up  the  corner 
flights  of  steps.  On  the  paved  platform  were  three-story 
tower  temples  in  whose  ground-floor  stood  the  stone  images 
and  altars,  and  before  that  of  the  war-god  the  green  stone 
of  sacrifice,  humped  so  as  to  bend  upward  the  body  of  the 
victim  that  the  priest  might  more  easily  slash  open  the 
breast  with  his  obsidian  knife,  tear  out  the  heart  and  hold 
it  up  before  the  god,  while  the  captor  and  his  friends  were 
waiting  below  for  the  carcase  to  be  tumbled  down  the  step3 
for  them  to  carry  home  to  be  cooked  for  the  feast  of  vic¬ 
tory.  Before  the  shrines  reeking  with  the  stench  of 
slaughter,  the  eternal  fires  were  kept  burning,  and  on  the 
platform  stood  the  huge  drum  covered  with  snakes’  skin, 
whose  fearful  sound  was  heard  for  miles.  From  the  ter¬ 
race  could  be  seen  seventy  or  more  other  temples  within 
the  inclosure,  with  their  images  and  blazing  fires,  and  the 
tsompantli  or  “  skull-place,”  where  the  skulls  of  victims  by 
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tens  of  thousands  were  skewered  on  cross-sticks  or  built 
into  towers.  There  also  might  be  seen  the  flat  circular 
temalacatl  or  “  spindle-stone,”  where  captives  armed  with 
wooden  weapons  were  allowed  the  mockery  of  a  gladiatorial 
fight  against  well-armed  champions.  The  great  pyramid 
of  Cholula  with  its  hemispherical  temple  of  Quetzalcoatl 
at  the  top,  now  an  almost  shapeless  hill  surmounted  by  a 
church,  was  about  thrice  as  long  and  twice  as  high  as  the 
teocalli  of  Mexico.  A  large  fraction  of  the  Mexican  popu¬ 
lation  were  set  apart  as  priests  or  attendants  to  the  services 
of  the  gods.  The  rites  performed  were  such  as  are  found 
elsewhere,  prayer,  sacrifice,  processions,  dances,  chants, 
fasting  and  other  austerities,  hut  there  are  some  peculiari¬ 
ties  of  detail.  Prayers  aud  other  formulas  have  been 
copied  down  by  Sahagun  and  other  chroniclers,  of  endless 
prolixity,  hut  not  without  occasional  touches  of  pathos. 
The  following  are  a  few  sentences  from  a  prayer  to  Tezcat- 
lipoca,  interceding  for  the  poor:  “O  our  lord,  protector 
most  strong  and  compassionate,  iuvisible  and  impalpable, 
thou  art  the  giver  of  life;  lord  of  all,  aud  lord  of  battles, 
I  present  myself  here  before  thee  to  say  some  few  words 
concerning  the  need  of  the  poor  people,  the  people  of  none 
estate  or  intelligence.  .  .  .  Know,  O  Lord,  that  thy  subjects 
and  servants  suffer  a  sore  poverty,  that  cannot  be  told 
of  more  than  that  it  is  a  sore  poverty  and  desolateness. 
The  men  have  no  garments  nor  the  women  to  cover 
themselves  with,  but  only  rags  rent  in  every  part  that  let 
the  wind  and  cold  in.  .  .  .  If  they  be  merchants,  they 
now  sell  only  cakes  of  salt  and  broken  pepper;  the 
people  that  have  something  despise  their  wares,  so  that 
they  go  out  to  sell  from  door  to  door  and  from  house  to 
house;  and  when  they  sell  nothing  they  sit  down  sadly 
by  some  fence,  or  wall,  or  in  some  corner,  licking  their 
lips  and  gnawing  their  nails  for  the  hunger  that  is  in 
them ;  they  look  on  one  side  and  the  other  at  the  mouths 
of  those  who  pass  by,  hoping  peradventure  that  one  may 
speak  some  word  to  them.  O  compassionate  God,  the  bed 
on  which  they  lie  is  not  a  thing  to  rest  upon,  but  to 
endure  torment  in;  they  draw  a  rag  over  them  at  night 

and  so  sleep . O  our  Lord,  in  whose  power  it  is  to 

give  all  content,  consolation,  sweetness,  softness,  pros¬ 
perity,  and  riches,  for  thou  alone  art  lord  of  all  good,  have 
mercy  upon  them,  for  they  are  thy  servants . I  sup¬ 

plicate  thee  that  thou  wilt  lift  up  their  heads  with  thy  favor 
and  aid,  that  thou  wilt  see  good  that  they  enjoy  some  days 
of  prosperity  and  tranquillity,  so  that  they  may  sleep  and 
know  repose,  having  prosperous  and  peaceable  days  of  life. 
....  Should  this  nation,  for  whom  I  pray  and  entreat 
thee  to  do  them  good,  not  understand  what  thou  hast 
given,  thou  canst  take  away  the  good  and  pour  out 
cursing,  so  that  all  evil  may  come  upon  them,  and  they  be¬ 
come  poor,  in  need,  maimed,  lame,  blind,  and  deaf;  then 
indeed  they  shall  waken  and  know  the  good  that  they 
had  and  have  not,  aud  they  shall  call  upon  thee  and  lean 
toward  thee ;  but  thou  will  not  listen,  for  in  the  day  of 
abundance  they  would  not  understand  thy  goodness  to¬ 
wards  them.”  These  prayers  seem  essentially  genuine ; 
indeed  there  was  no  European  model  from  which  they 
could  have  been  imitated;  but  at  the  same  time  it  must  be 
remembered  that  they  come  down  in  Spanish  writing,  and 
not  untouched  by  Spanish  influence,  as  in  one  passage 
where  there  is  a  mention  of  sheep,  an  animal  of  course 
unknown  to  the  native  Mexicans.  As  to  sacrifice,  maize 
and  other  vegtables  were  offered,  and  occasionally  rabbits, 
quails,  etc. ;  but,  in  the  absence  of  cattle,  human  sacrifice 
was  the  chief  rite,  and  caunibalism  prevailed  at  the  feasts. 
Incense  was  constantly  used,  especially  the  copalli  (copal) 
well  known  to  us  for  varnish ;  little  terra-cotta  censers  are 
among  the  commonest  of  Mexican  antiquities.  Long  and 
severe  religious  fasts  were  customary  at  special  seasons, 
and  drawing  blood  from  the  arms,  legs,  and  body,  by 
thrusting  in  aloe-thorns,  and  passing  sharp  sticks  through 
the  tongue  was  an  habitual  act  of  devotion  recalling  the 
similar  practices  of  devotees  in  India.  The  calendar  of 
religious  festivals  for  the  whole  course  of  the  Mexican 
year  has  been  preserved.  Each  20-day  period  had  one  or 
more  such  celebrations.  In  the  month  of  the  “  diminish¬ 
ing  of  waters  ”  the  rain-gods  or  Tlalocs  were  propitiated  by 
a  procession  of  priests  with  music  of  flutes  and  trumpets 
carrying  on  plumed  litters  infants  with  painted  faces,  in 
gay  clothing  with  colored  paper  wings,  to  be  sacrificed  on 
the  mountains  or  in  a  whirlpool  in  the  lake.  It  is  said  that 
the  people  wept  as  they  passed  by ;  but  if  so  this  may  have 
been  a  customary  formality,  for  the  religion  of  these  na¬ 
tions  must  have  quenched  all  human  sympathy.  In  the 
next  month  the  god  Xipe-totec,  already  mentioned,  had  his 
festival,  called  the  “  flaying  of  men  ”  from  the  human  vic¬ 
tims  being  flayed,  after  their  hearts  were  torn  out,  for 
young  men  to  dress  in  their  skins  and  perform  dances  and 
sham  fights.  The  succeeding  festival  of  Camaxtli  was 


marked  by  a  severe  fast  of  the  priests,  after  which  stone 
knives  were  prepared  with  which  a  hole  was  cut  through 
the  tongue  of  each,  aud  numbers  of  sticks  passed  through. 
For  the  great  festival  of  Tezcatlipoca,  the  handsomest  and 
noblest  of  the  captives  of  the  year  had  been  chosen  as  the 
incarnate  representative  of  the  god,  and  paraded  the  streets 
for  public  adoration  dressed  in  an  embroidered  mantle 
with  feathers  and  garlands  on  his  head  and  a  retinue  like 
a  king;  for  the  last  month  they  married  him  to  four  girls 
representing  four  goddesses ;  on  the  last  day  wives  and 
pages  escorted  him  to  the  little  temple  of  Tlacochcalco, 
where  he  mounted  the  stairs  breaking  an  earthenware 
flute  against  each  step;  this  was  a  symbolic  farewell  to  the 
joys  of  the  world,  for  as  he  reached  the  top  he  was  seized 
by  the  priests,  his  heart  torn  out  and  held  up  to  the  sun, 
his  head  spitted  on  the  tzompantli,  and  his  body  eaten  as 
sacred  food,  the  people  drawing  from  his  fate  the  moral 
lesson  that  riches  aud  pleasure  may  turn  into  poverty  and 
sorrow.  The  manner  of  the  victim’s  death  in  these  festi¬ 
vals  afforded  scope  for  variety :  they  dressed  them  and 
made  them  dance  in  character,  threw  them  into  the  fire  for 
the  fire-god,  or  crushed  them  between  two  balanced  stones 
at  the  harvest-festival.  The  ordinary  pleasures  of  festivals 
were  mingled  with  all  this,  such  as  dances  in  beast-masks, 
sham  fights,  and  children’s  games,  but  the  type  of  a  relig¬ 
ious  function  was  a  sickening  butchery  followed  by  a  can¬ 
nibal  feast. 

The  Mexican  priesthood,  being  the  educated  class,  were 
much  concerned  with  the  art  of  picture-writing,  pjPture- 
which  they  had  developed  to  a  stage  quite  writing, 
above  the  rude  figures  of  the  American  hunt¬ 
ing  tribes,  and  used  systematically  as  a  means  of  recording 
religious  festivals  and  legends,  as  well  as  keeping  calendars 
of  years  and  recording  the  historical  events  which  occur¬ 
red  in  them.  Facsimiles  of  several  of  these  interesting 
documents  with  their  translations,  may  be  seen  in  Kings- 
borough.  On  inspecting  these  it  will  be  seen  that  their 
main  principle  is  pictorial.  Gods  are  represented  with 
their  appropriate  attributes, — the  fire-god  hurling  his  spear, 
the  moon  goddess  with  a  shell,  etc. ;  the  scenes  of  human 
life  are  pictures  of  warriors  fighting  with  club  and  spear, 
men  paddling  in  canoes,  women  spinning  and  weaving,  etc. 
An  important  step  towards  phonetic  writing  appears,  how¬ 
ever,  in  the  picture-names  of  places  and  persons.  The 
simplest  forms  of  these  depict  the  objects  signified  by  the 
name,  as  where  Chapultepec  or  “  grasshopper  hill  ”  is  repre¬ 
sented  by  a  grasshopper  on  a  hill,  or  a  stone  with  a  cactus 
on  it  stands  for  Tenoch  or  “  stone-cactus,”  the  founder  of 
Tenochtitlnn.  The  system  had,  however,  risen  a  stage  be¬ 
yond  this  when  objects  were  drawn  to  represent,  not  them¬ 
selves,  but  the  syllables  forming  their  names,  as  where  a 
trap,  an  eagle,  a  pricker,  and  a  hand  are  put  together  not 
to  represent  these  objects,  but  in  order  that  the  syllables  of 
their  names  mo-quauh-zo-ma  should  spell  the  word  Mo- 
quauhzoma  (see  Aubin’s  introduction  to  Brasseur,  Hist, 
du  Mexique,  vol.  i.  p.  lxviii.).  The  analogy  of  this  to  the 
manner  in  which  the  Egyptian  hieroglyphs  passed  into 
phonetic  signs  is  remarkable,  and  writing  might  have  been 
invented  anew  in  Mexico  had  it  not  been  for  the  Spauish 
conquest.  The  Aztec  numerals,  which  were  vigesimal  or 
reckoned  by  scores,  were  depicted  by  dots  or  circles  up  to  20, 
which  was  represented  by  a  flag,  400  (a  score  of  scores)  by 
a  feather,  and  8000  (a  score  of  scores  of  scores)  by  a  purse  ; 
but  for  convenience  these  symbols  might  be  halved  and 
quartered,  so  that  534  might  be  shown  by  one  feather,  one 
quarter  of  a  feather,  one  flag,  one-half  of  a  flag,  and  four 
dots.  The  Mexican  calendar  depended  on  the  combination 
of  numbers  with  picture  signs,  of  which  the  four  principal 
were  the  rabbit,  reed,  flint,  house — tochtli,  acatl,  tecpatl,  calli. 
The  cycle  of  52  years  was  reckoned  by  combining  these 
signs  in  rotation  with  numbers  up  to  13,  thus :  1  rabbit, 
2  reed,  3  flint,  4  house,  5  rabbit,  6  reed,  etc.  By  accident 
this  calendar  may  be  exactly  illustrated  with  a  modern 
pack  of  cards  laid  out  in  rotation  of  the  four  suits,  as,  ace 
of  hearts,  2  of  spades,  3  of  diamonds,  4  of  clubs,  5  of  hearts, 
6  of  spades,  etc.  In  the  Mexican  ritual  calendar  of  the  days 
of  the  year,  the  same  method  is  carried  further,  the  series  of 
twenty-day  signs  being  combined  in  rotation  with  numbers 
up  to  13;  as  this  cycle  of  days  only  reaches  260,  a  series  of 
nine  other  signs  are  affixed  in  addition,  to  make  up  the 
365-day  year.  It  is  plain  that  this  rotation  of  signs  served  no 
useful  purpose  whatever,  being  less  convenient  than  ordi¬ 
nary  counting  such  as  the  Mexicans  employed  in  their  other 
calendar  already  mentioned,  where  the  20-day  periods  had 
each  a  name  like  our  months,  and  their  days  had  signs  in 
regular  order.  Its  historical  interest  depends  on  its  resem¬ 
blance  to  the  calendar-system  of  Central  and  Eastern  Asia, 
where  among  Mongols,  Tibetans,  Chinese,  etc.,  series  o£ 
signs  are  thus  combined  to  reckon  years,  months,  and  days : 
for  instance,  the  Mongol  cycle  of  60  years  is  recorded  by 
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the  zodiac  or  series  of  12  signs — mouse,  bull,  tiger,  etc., 
combined  in  rotation  with  the  five  male  and  female  ele¬ 
ments — fire,  earth,  iron,  water,  wood ;  as  “  male-fire-bull  ” 
year,  etc.  This  comparison  is  worked  out  in  Humboldt’s 
Vues  des  Cordilleres,  as  evidence  of  Mexican  civilization  be¬ 
ing  borrowed  from  Asia.  Naturally  the  Mexican  calendar- 
system  lent  itself  to  magic  in  the  same  way  as  the  similar 
zodiac-signs  of  the  Old  World,  each  person’s  fate  being  af¬ 
fected  by  the  qualities  of  the  signs  he  was  born  under,  and 
the  astrologer-priest  being- called  in  to  advise  on  every 
event  of  life.  Of  all  Mexican  festivals  the  most  solemn  was 
that  of  the  xiuhmolpilli,  or  “  year-binding,”  when  the  52- 
year  cycle  or  bundle  of  years  came  to  an  end.  It  was  be¬ 
lieved  that  the  destruction  of  the  world,  which  after  the 
Hindu  manner  the  Mexicans  held  to  have  already  taken 
place  three  or  four  times,  would  happen  again  at  the  end  of 
a  cycle.  As  the  time  drew  near,  the  anxious  population 
cleansed  their  houses  and  put  out  all  fire,  and  on  the  last 
day  after  sunset  the  priests,  dressed  in  the  garb  of  gods,  set 
out  in  procession  for  the  hill  of  Huixachtla,  there  to  watch 
for  the  approach  of  the  Pleiades  to  the  zenith,  which  gave 
the  auspicious  signal  for  the  lighting  of  the  new  fire.  The 
finest  of  the  captives  was  thrown  down  and  fire  kindled  on 
his  breast  by  the  wooden  drill  of  the  priest;  then  the  vic¬ 
tim’s  heart  was  torn  out,  and  his  body  flung  on  the  pile 
kindled  with  the  new  flame.  The  people  watching  from 
their  flat  house-tops  all  the  country  round  saw  with  joy 
the  flame  on  the  sacred  hill,  and  hailed  it  with  a  thank- 
offering  of  drops  of  blood  drawn  from  their  ears  with 
sharp  stone-flakes.  Swift  runners  carried  burning  brands 
to  rekindle  the  fires  of  the  land,  the  sacred  fire  on  the 
teocalli  of  the  war-god  blazed  up  again,  and  the  people  be¬ 
gan  with  feasting  and  rejoicing  the  new  cycle. 

Mexican  education,  at  any  rate  that  of  the  upper  class, 
Education  wasa  systematic  discipline  much  under  the  con- 
'  trol  of  religion,  which  here  presents  itself  un¬ 
der  a  more  favorable  light.  After  the  birth  of  a  child, 
the  tonalpouhqui  or  “sun-calculator”  drew  its  horoscope 
from  the  signs  it  was  born  under,  and  fixed  the  time  for  its 
solemn  lustration  or  baptism,  performed  by  the  nurse  with 
appropriate  prayers  to  the  gods,  when  a  toy  shield  and  bow 
were  provided  if  it  was  a  boy,  or  a  toy  spindle  and  distaff  if 
it  was  a  girl,  and  the  child  received  its  name.  An  interest¬ 
ing  picture-writing,  to  be  seen  in  Kingsborough,  shows  the 
details  of  the  boy’s  and  girl’s  education,  from  the  early 
time  when  three  small  circles  over  the  child  show  it  to  be 
three  years  old,  and  a  drawing  of  half  a  tortilla  or  corn-cake 
shows  its  allowance  for  each  meal ;  as  they  grow  older,  the 
lads  are  seen  beginning  to  carry  burdens,  paddle  the  canoe, 
and  fish,  while  the  girls  learn  to  spin  and  weave,  grind  maize, 
and  cook, — good  conduct  being  enforced  by  punishments  of 
increasing  severity,  up  to  pricking  their  bodies  with  aloe- 
thorns  and  holding  their  faces  over  burning  chillis.  The 
schools  were  extensive  buildings  attached  to  the  temples, 
where,  from  an  early  age,  boys  and  girls  were  taught  by  the 
priests  to  sweep  the  sanctuaries,  and  keep  up  the  sacred  fires, 
to  fast  at  proper  seasons,  and  draw  blood  for  penance,  and 
where  they  received  moral  teaching  in  long  and  verbose  for¬ 
mulas.  Those  fit  for  a  soldier’s  life  were  trained  to  the  use  of 
weapons,  and  sent  early  to  learn  the  hardships  of  war ;  chil¬ 
dren  of  craftsmen  were  usually  taught  by  their  fathers  to  fol¬ 
low  their  trade ;  and  for  the  children  of  nobles  there  was  elab¬ 
orate  instruction  in  history,  picture-writing,  astrology,  re- 
M  .  ligious  doctrines,  and  laws.  Marriages  de- 

Marriages.  pen(jed  much,  as  they  do  still  in  the  East,  on 
comparison  of  the  horoscopes  of  the  pair  to  ascertain  if 
their  birth-signs  were  compatible.  Old  women  were  em¬ 
ployed  as  go-betweens,  and  the  marriage  ceremony  was  con¬ 
ducted  by  a  priest,  who,  after  moral  exhortations,  united 
the  young  couple  by  tying  their  garments  together  in  a 
knot,  after  which  they  walked  seven  times  round  the  fire, 
casting  incense  into  it ;  after  the  performance  of  the  mar¬ 
riage  ceremony  the  pair  entered  together  on  a  four  days’ 
fast  and  penance  before  the  marriage  was  completed.  The 
funeral  rites  of  the  Mexicans  are  best  seen  in 
Funerals.  ^ie  ceremonies  at  the  death  of  a  king.  The 
corpse  laid  out  in  state  was  provided  by  the  priest  with  a 
jug  of  water  for  his  journey,  and  with  bunches  of  cut  pa¬ 
pers  to  pass  him  safely  through  each  danger  of  the  road— 
the  place  where  the  two  mountains  strike  together,  the 
road  guarded  by  the  great  snake  and  the  great  alligator, 
the  eight  deserts  and  the  eight  hills;  they  gave  him  gar¬ 
ments  to  protect  him  from  the  cutting  wind,  and  buried  a 
little  dog  by  his  side  to  carry  him  across  the  nine  waters. 
Then  the  royal  body  was  invested  in  the  mantles  of  his 
patron-gods,  especially  that  of  the  war-god,  for  Mexican 
kings  were  warriors ;  on  his  face  was  placed  a  mask  ot  tur¬ 
quoise  mosaic,  and  a  green  chalchihuite-stone  as  a  heart  be¬ 
tween  his  lips.  In  older  times  the  dead  king  was  buried 
on  a  throne,  with  his  property  and  dead  attendants  around 


him.  But,  after  cremation  came  in,  a  mourning  procession 
of  servants  and  chiefs  carried  the  body  to  the  funeral  pyre 
to  be  burnt  by  the  demon-dressed  priests,  after  which  the 
crowd  of  wives  and  slaves  were  exhorted  to  serve  their  lord 
faithfully  in  the  next  world,  were  sacrificed,  and  their 
bodies  burnt.  Common  people  would  not  thus  be  provided 
with  a  ghostly  retinue,  but  their  simpler  funeral  ceremonies 
were,  as  far  as  they  went,  similar  to  those  of  their  monarch. 

The  staple  food  of  the  Mexicans  before  the  conquest  has  con¬ 
tinued  with  comparatively  little  change  among 
the  native  race,  and  has  even  been  adopted  by  Agriculture 
those  of  European  blood.  Maize  or  Indian  corn  and  food. 


Clothing 
and  orna¬ 
ments. 


was  cultivated  on  patches  of  ground  where,  as  in  the  Hindu 
jum,  the  trees  and  bushes  were  burnt,  and  the  seed  planted 
in  the  soil  manured  by  the  ashes.  A  sharp-pointed  plant¬ 
ing  stick,  a  wooden  shovel,  and  a  bronze-bladed  hoe  called 
a  coatl  were  the  simple  implements.  The  Mexicans  under¬ 
stood  digging  channels  for  irrigation,  especially  for  the  cul¬ 
tivation  of  the  cacahuatl,  from  which  they  taught  the  Euro¬ 
peans  to  prepare  the  beverage  chocollatl :  these  native  names 
passed  into  English  as  the  words  cacao,  or  cocoa,  and  choc¬ 
olate.  Other  vegetables  adopted  from  Mexico  are  the  to¬ 
mato  ( tomatl )  and  the  chilli,  used  as  flavoring  to  native 
dishes.  The  maize  was  ground  with  a  stone  roller  on  the 
grinding-stone  or  metlatl,  still  known  over  Spanish  Amer¬ 
ica  as  the  metate,  and  the  meal  baked  into  thin  oval  cakes 
called  by  Aztecs  tlaxcalli,  and  by  Spaniards  tortilla,  which 
resemble  the  chapati  of  India,  and  the  oat-cake  of  Scotland. 
The  Mexicans  were  also  skilful  makers  of  earthen  pots,  in 
which  were  cooked  the  native  beans  called  by  the  Spanish 
frijoles,  and  the  various  savory  stews  still  in  vogue.  The 
juice,  extracted  by  tapping  the  great  aloe  before  flowering, 
was  fermented  into  an  intoxicating  drink  about  the  strength 
of  beer,  octli,  by  the  Spaniards  called  pulque.  Tobacco, 
smoked  in  leaves  or  cane-pipes,  or  taken  as 
snuff,  was  in  use  especially  at  feasts.  It  is  re¬ 
lated  that  in  old  times  Mexican  clothing  was 
of  skins  or  woven  aloe  and  palm  fibre,  but  at 
the  time  of  the  conquest  cotton  was  largely  cultivated  in 
the  hot  lauds,  spun  with  a  spindle,  and  woven  in  a  rudi¬ 
mentary  loom  without  a  shuttle  into  the  mantles  and 
breech-cloths  of  the  men  and  the  chemises  and  skirts  of 
the  women,  garments  often  of  fine  texture  and  embroidered 
in  colors.  Ornaments  of  gold  and  silver,  and  jewels  of 
polished  quartz  and  green  chalchihuite  were  worn, — not 
only  the  ears  and  nose  but  the  lips  being  pierced  for  orna¬ 
ments.  The  artificers  in  gold  and  silver  melted  Metal  w  , 
the  metals  by  means  of  a  reed-blowpipe  and 
cast  them  solid  or  hollow,  and  were  also  skilled  in 
hammered  work  and  chasing,  as  some  fine  specimens 
remain  to  show,  though  the  famous  animals  modelled  with 
gold  and  silver  fur,  feathers,  and  scales  have  disap¬ 
peared.  Iron  was  not  known,  but  copper  and  tin  ores 
were  mined,  and  the  metals  combined  into  bronze  of  much 
the  same  alloy  as  in  the  Old  World,  of  which  hatchet  blades 
and  other  instruments  were  made,  though  their  use  had 
not  superseded  that  of  obsidian  and  other  sharp  stone-flakes 
for  cutting,  shaving,  etc.  Metals  had  passed  into  a  cur¬ 
rency  for  trading  purposes,  especially  quills  of  gold-dust 
and  T-shaped  pieces  of  copper,  while  cocoa-beans  furnished 
small  change.  The  vast  size  of  the  market-squares,  with 
their  surrounding  porticos,  and  the  importance  of  the  cara¬ 
vans  of  merchants  who  traded  with  other  nations,  show 
that  mercantile  had  risen  into  some  proportion  to  military 
interests.  Nor  was  the  wealth  and  luxury  of 
Mexico  and  surrounding  regions  without  a  cor¬ 
responding  development  of  art.  The  stone 
sculptures,  such  as  that  remaining  of  Xochicalco,  which  is 
figured  by  Humboldt,  as  well  as  the  ornamented  woodwork, 
feather-mats,  and  vases,  are  not  without  artistic  merit.  The 
often-cited  poems  attributed  to  Nezahualcoyotl  may  not  be 
quite  genuine,  but  at  any  rate  poetry  had  risen  above  the 
barbaric  level,  while  the  mention  of  ballads  among  the 
people,  court  odes,  and  the  chants  of  temple  choirs  would 
indicate  a  vocal  cultivation  above  that  of  the  instrumental 
music  of  drums  and  horns,  pipes  and  whistles,  the  latter 
often  of  pottery.  Solemn  and  gay  dances  were  frequent, 
and  a  sport  called  the  bird -dance  excited  the  admiration  of 
foreigners  for  the  skill  and  daring  with  which  groups  of 
performers  dressed  as  birds  let  themselves  down  by  ropes 
wound  round  the  top  of  a  high  mast,  so  as  to  fly  whirled  in 
circles  far  above  the  ground.  The  ball-game  of  the  Mexi¬ 
cans,  called  tlachtli,  was,  like  tennis,  the  pastime  of  princes 
and  nobles;  special  courts  Tvere  built  for  it,  and  the  ball  of 
india-rubber  (perhaps  the  first  object  in  which  Europeans 
became  acquainted  with  this  valuable  material)  might  not 
be  touched  by  the  hands,  but  was  driven  against  the  walls 
by  blows  of  the  knee  or  elbow,  shoulder  or  buttock.  The 
favorite  game  of  patolli  has  been  already  mentioned  for  it3 
similarity  to  the  pachisi  of  modern  India. 
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Tlio  accounts  given  by  Spanish  writers  of  the  Central- Amer- 
Central  leans  in  their  state  after  the  Spanish  conquest 
American  are  very  scanty  in  comparison  with  the  volumi- 
culture.  nous  descriptions  of  Aztec  life.  They  bring  out 
perfectly,  however,  the  fact  of  close  connection 
between  the  two  civilizations.  Some  Central  American 
peoples  were  actually  Mexican  in  their  language  and  culture, 
especially  the  Pipils  of  Guatemala  and  a  large  part  of  the 
population  of  Nicaragua,  but  these  were  descendants  of 
Aztecs  or  allied  peoples  who,  in  the  comparatively  modern 
times  of  Aztec  power,  invaded  and  colonized  these  distant 
countries  (see  Buschmann,  Astelc.  Ortsnamen,  viii.  ix.).  With 
regard  to  the  Central  American  nations  proper,  especially 
the  Mayas  of  Yucatan  and  the  Quiches  of  Guatemala,  who 
dwelt  in  the  cities  and  worshipped  in  the  temples  of 
Chichen-Itza  and  Uxmal,  Palenque  and  Copan,  the  problem 
of  Aztec  connection  is  deeper  and  obscurer.  How  closely 
related  these  nations  were  in  institutions  to  the  Mexicans 
appears,  not  only  in  their  using  the  same  peculiar  weapons, 
such  as  the  spear-thrower  and  the  toothed  club  or  maqua- 
huitl,  but  in  the  similarity  of  their  religious  rites,  such  as 
drawing  blood  from  their  bodies  as  an  act  of  penance,  and 
sacrificing  human  victims  by  cutting  open  the  breast  and 
tearing  out  the  heart ;  the  connection  is  evident  in  such 
special  points  as  the  ceremony  of  marriage  by  tying  together 
the  garments  of  the  couple,  or  in  holding  an  offender’s  face 
over  burning  chillis  as  a  punishment ;  the  native  legends  of 
Central  America  make  mention  of  the  royal  ball-play,  which 
was  the  same  as  the  Mexican  game  of  tlachtli  already  men¬ 
tioned.  At  the  same  time  many  of  the  Central-American 
customs  differed  from  the  Mexican  ;  thus  in  Yucatan  we 
find  the  custom  of  the  youths  sleeping  in  a  great  bachelor’s 
house,  an  arrangement  common  .in  various  parts  of  the 
world,  but  not  in  Mexico  ;  the  same  remark  applies  to  the 
Maya  exogamous  law  of  a  man  not  taking  a  wife  of  his  own 
family  name  (see  Diego  de  Landa,  Relation  cle  Yucatan,  ed. 
Brasseur  de  Bourbourg,  p.  140),  which  does  not  correspond 
with  Mexican  custom.  We  have  the  means  of  comparing 
the  personal  appearance  of  the  Mexicans  and  Central  Amer¬ 
icans  by  their  portraits  on  early  sculptures,  vases,  etc.,  and, 
though  there  does  not  appear  any  clear  distinction  of  race- 
type,  the  extraordinary  back-sloping  foreheads  of  such  fig¬ 
ures  as  those  of  the  bas-reliefs  of  Palenque  prove  that  the 
custom  of  flattening  the  skull  in  infancy  prevailed  in  Cen¬ 
tral  America  to  an  extent  quite  beyond  any  such  habit  in 
Mexico.  It  is  from  the  ruined  cities  now  buried  in  the  Cen¬ 
tral-American  forests  that  we  gain  the  best  information  as 
to  the  nations  who  built  them.  The  notion  sometimes  pro¬ 
pounded  that  these  famous  cities  were  of  great  antiquity 
and  the  work  of  extinct  nations  has  no  solid  evidence;  some 
of  them  may  have  been  already  abandoned  before  the  con¬ 
quest,  but  others  were  inhabited,  and  by  the  ancestors  of 
the  Indians  who  now  build  their  mean  huts  and  till  their 
patches  of  maize  round  the  relics  of  the  grander  life  of  their 
ancestors.  In  comparing  these  ruins  through  the  districts 
of  Yucatan,  Chiapas,  Guatemala,  and  Honduras,  it  is  evi¬ 
dent  that,  though  they  are  not  the  work  of  a  single  nation, 
but  of  two  or  more  highly  distinct  in  language,  yet  these 
nations  had  the  great  bond  of  a  common  system  of  pictorial 
or  written  characters.  One  specimen  of  a  Central-Amer¬ 
ican  inscription  may  give  a  general  idea  of  them  all, 
whether  it  be  from  the  sculptured  facade  of  a  temple 
sketched  by  Catherwood,  or  from  the  painted  deerskin 
called  the  Dresden  Codex  (reproduced  in  Kingsborough),  or 
from  the  chapter  of  Diego  de  Landa  where  he  professes  to 
explain  and  translate  the  characters  themselves.  These 
consist  of  combinations  of  faces,  circles,  lines,  etc.,  arranged 
in  compartments  in  so  complex  a  manner  that  hardly  two 
are  found  alike.  How  they  conveyed  their  meaning,  how  far 
they  pictorially  represented  ideas  or  spelt  words  in  the  differ¬ 
ent  languages  of  the  country,  is  a  question  not  yet  answered 
in  a  complete  way ;  Landa’s  description  (p.  320)  gives  a  table 
of  a  number  of  their  elements  as  phonetically  representing 
letters  or  syllables,  but,  though  there  may  be  a  partial  truth 
in  his  rules,  they  are  too  insufficient  ortoo  erroneous  to  serve 
for  any  general  decipherment.  Most  of  what  has  been  writ¬ 
ten  on  this  enticing  subject  is  worthless,  but  a  promising  at¬ 
tempt  has  been  made  by  E.  S.  Holden,  who  has  analyzed  the 
combined  figures  into  their  elementary  lines  ( First  Annual 
Report  of  Bureau  of  Ethnology,  Smithsonian  Institute,  Wash¬ 
ington,  1881;  see  also  Charencey,  Melanges  de  Philologie  et  de 
Paleographie  Americaines,  Paris,  1883).  One  point  as  to  the 
Central-American  characters  is  clear,  that  part  of  them  are 
calendar-signs  recording  dates.  From  the  accounts  given 
by  Landa  and  other  writers  it  is  plain  that  the  Central- 
American  calendar,  reckoning  the  year  in  twenty-eight 
periods  of  thirteen  days,  was  the  same  in  its  principle  of 
combining  signs  as  that  of  Mexico  here  mentioned  at  page 
220.  The  four  leading  Maya  signs  called  han,  muluc,  ix, 
cauac,  corresponded  in  their  position  to  the  four  Aztec  signs 


rabbit,  reed,  flint,  house,  but  the  meanings  of  the  Maya 
signs  are,  unlike  the  Aztec,  very  obscure.  A  remarkable 
feature  of  the  Central-American  ruins  is  the  frequency  of 
truncated  pyramids  built  of  hewn  stone,  with  flights  of 
steps  up  to  the  temple  built  on  the  platform  at  top.  The 
resemblance  of  these  structures  to  the  old  descriptions  and 
pictures  of  the  Mexican  teocallis  is  so  striking  that  this 
name  is  habitually  given  to  them.  The  teocallis  built  by 
the  Nahua  or  Mexican  nations  have  been  mostly  destroyed, 
but  two  remain  at  Huatusco  and  Tusapan  (figured  in  Ban¬ 
croft,  vol.  iv.  pp.443,  456),  which  bear  a  strong  resemblance 
to  those  of  Palenque.  On  the  whole  it  is  not  too  much  to 
say  that,  in  spite  of  differences  in  style,  the  best  means  of 
judging  what  the  temples  and  palaces  of  Mexico  were  like 
is  to  be  gained  from  the  actual  ruins  in  Central  America. 
On  the  other  hand,  there  are  features  in  Central-American 
architecture  which  scarcely  appear  in  Mexican.  Thus  at 
Uxmal  there  stands  on  a  terraced  mound  the  long  narrow 
building  known  as  the  governor’s  house  (Casa  del  Gober- 
nador),  322  feet  long,  39'  feet  wide,  26  feet  high,  built  of 
rubble  stone  and  mortar  faced  with  square  blocks  of  stone, 
the  interior  of  the  chambers  rising  into  a  sloping  roof 
formed  by  courses  of  stonework  gradually  overlapping  in  a 
“  false  arch.”  The  same  construction  is  seen  in  the  build¬ 
ings  forming  the  sides  of  a  quadrangle  and  bearing  the 
equally  imaginary  name  of  the  nunnery  (Casa  de  Monjas) ; 
the  resemblance  of  the  interior  of  one  of  its  apartments  to 
an  Etruscan  tomb  has  often  been  noticed  (see  Fergusson, 
History  of  Architecture,  vol.  i. ;  Viollet-le-Duc,  in  Charnay). 
Attempts  to  trace  the  architecture  of  Central  America  to 
direct  derivation  from  Old-World  types  have  not  been  suc¬ 
cessful,  while  on  the  other  hand  its  decoration  shows  proof 
of  original  invention,  especially  in  the  imitations  of  wood¬ 
work,  which,  as  the  above-mentioned  architects  have  pointed 
out,  passed  into  sculptured  ornament  when  the  material  of 
construction  became  stone  instead  of  wood.  Thus  the  ar¬ 
chitectural  remains,  though  they  fail  actually  to  solve  the 
historical  problem  of  the  high  culture  of  the  nations  round 
the  Gulf  of  Mexico,  throw  much  light  on  it  when  their  evi¬ 
dence  is  added  to  that  of  religion  and  customs.  Whether 
Mexican  civilization  was  a  barbaric  copy  of  that  which 
flourished  in  the  now  deserted  Central-American  cities,  or 
whether  the  nations  who  built  these  cities  themselves 
raised  to  a  higher  level  a  civilization  derived  from  Mexico, 
two  things  seem  probable, — first,  that  the  civilizations  of 
Mexico  and  Central  America  were  pervaded  by  a  common 
influence  in  religion,  art,  and  custom;  second,  that  this 
common  element  shows  traces  of  the  importation  of  Asiatic 
ideas  into  America. 

Among  works  of  reference  on  the  ancient  history  and  civiliza¬ 
tion  of  Mexico  and  Central  America  may  be  mentioned  H.  H. 
Bancroft,  The  Native  Races  of  the  Pacific  States  of  North  America, 
London,  1875-6  (contains  the  most  complete  summary,  with  refer¬ 
ences  to  original  authorities) ;  Brasseur  de  Bourbourg,  Histoire  des 
Nations  Civilistes  du  Mexigueetde  V  Amerique-Cenbale,  Paris,  1857-59 
(a  valuable  collection  of  materials,  but  the  author's  own  views 
are  mostly  fanciful) ;  Prescott,  History  of  the  Conquest  of  Mexico  ; 
Clavigero,  Storia  Antica  del  Messico,  Cesena,  1780  (contains  the 
substance  of  earlier  writers,  such  as  Gomara,  Torquemada,  Acosta, 
Boturini,  etc.).  For  special  topics:  Lord  Kingsborough,  Antiqui¬ 
ties  of  Mexico,  London,  1881-48  (contains  facsimiles  and  interpreta¬ 
tions  of  picture-writings,  the  native  chronicles  of  Ixtlilxochitl 
and  Tezozomoc,  a  reprint  of  Sahagun,  etc.) ;  A.  von  Humboldt, 
Vues  des  CordiMres,  et  Monumens  des  Peuples  Indigenes  de  V  Ambr- 
ique,  Paris,  1816  (Mexican  civilization,  picture-writing,  calendar, 
etc.).  Travels  and  descriptions  of  antiquities,  etc.:  Dupaix  (in 
Kingsborough) ;  C.  Nebel,  Viaje  Pintoresco  y  Arqueoldgico  sobre  la 
Republica  Mejicana,  Paris,  1839 ;  F.  de  Waldeck,  Voyage  Pittoresque 
et  Archiologique  dans  la  Province  d'  Yucatan,  Paris,  1838,  and  Palenqui 
et  Autres  Ruines,  Paris,  1866;  D.  Charnay,  Cites  et  Ruines  Ameri¬ 
caines,  avec  texte  par  Viollet-le-Duc,  Paris,  1863 ;  J.  L.  Stephens, 
Incidents  of  Travel  in  Central  America,  etc.,  New  York,  1841 ;  Inci¬ 
dents  of  Travel  in  Yucatan,  How  York,  1858;  Brantz  Mayer,  Mexico, 
New  York,  1854;  Tylor,  Anahuac,  or  Mexico  and  the  Mexicans,  Lon¬ 
don,  1861,  etc.  (E.  B.  T.) 

II.  THE  REPUBLIC  OF  MEXICO.  Hate  i. 

Mexico,  Aztec  MexitlV  (Estados  Unidos  de  Mexico), 
is  a  federal  republic  in  North  America,  bounded  N. 
by  the  United  States  (California,  Arizona,  and  New 
Mexico),  E.  by  Texas  and  the  Gulf  of  Mexico,  S.  by 
Guatemala  and  British  Honduras,  where  the  boundary 
lines  are  still  partly  undetermined,  W.  by  the  Pacific 
Ocean.  Lying  between  33°  and  ]  5°  N.  lat.  and  87° 
and  117°  W.  long.,  Mexico  stretches  about  1950 miles 
north-northwest  and  south-southeast,  with  a  mean 

1  In  this,  as  in  all  other  Aztec  names,  the  x  (or  j)  represents  the 
English  sound  sh;  hence  Mexitli  and  Mexico  should  be  properly 
pronounced  Meshitli,  Meshico.  But  they  do  not  appear  to  have 
ever  been  so  pronounced  by  the  Spaniards,  who  naturally  gave 
to  the  x  its  ordinary  Spanish  sound  of  the  German  ch. 
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breadth  of  400  miles,  varying  from  about  1 000  in  26° 
N.  to  130  at  the  narrowest  part  of  the  Tehuantepec 
isthmus.  It  has  a  coast-line  of  nearly  6000  miles, — 
about  4200  on  the  Pacific,  and  1600  on  the  Atlantic. 
The  seaboard  is  little  varied,  either  by  deep  inlets,  bold 
headlands,  broad  estuaries,  or  large  islands.  On  the 
west  side  are  the  vast  Gulf  of  California,  in  outline 
somewhat  resembling  the  Red  Sea,  and  so  named  by 
some  of  the  early  navigators,  and  the  open  Bay  of  Te¬ 
huantepec,  besides  the  smaller  inlets  of  Acapulco  and 
San  Bias,  forming  two  of  the  finest  harbors  in  the 
world,  and  almost  the  only  safe  ones  in  the  republic. 
On  the  east  side  the  coast  is  mostly  beset  by  lagoons  and 
sand  banks,  with  no  good  havens,  Camp6che,  Vera 
Cruz,  Tampico,  and  Matamoras  being  all  little  better 
than  open  roadsteads,  exposed  to  the  fierce  “  nortes,” 
or  northeasterly  gales,  that  sweep  the  Gulf  of  Mexico 
for  a  great  part  of  the  year.  Of  headlands,  the  most 
prominent  are  Capes  S.  Lucas  and  Palmas  at  the  south 
extremity  of  Lower  California,  Corrientes  south  from 
San  Bias,  and  Catoclie  in  the  northeast  of  Yucatan. 
Besides  this  peninsula,  which  projects  north-north¬ 
east,  the  only  other  is  that  of  Lower  California,  which 
projects  south-southeast  parallel  to  the  mainland.  The 
islands  are  few  in  number,  and  all  of  insignificant  size, 
the  most  noteworthy  being  Tiburon  and  Angel  de  la 
Guarda  in  the  Gulf  of  California,  the  uninhabited 
Revillagigedo  group  in  the .  Pacific,  and  Cozumel  off 
the  Yucatan  coast.  Mexico  comprises  altogether 
twenty-seven  confederate  states,  one  territory,  and  the 
Federal  District,  with  areas,  populations,  and  chief 
towns  as  under  :L 
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1900  :  767,005  sq.  miles.  Population  13,605,919. 


Ures . 

Chihuahua . 

Saltillo . 

Monterey . 

Ciud’d  Victoria 

Jalapa . 

S.JuanBautista 

Camp6che . 

Merida . 

Culiacan . 

Guadalajara . 

Colima . 

Morelia . 

Bravos . 

Oajaca . 

San  Cristobal... 

Durango . 

Zacatecas . 

AguasCalientes 
San  Luis  Potosi 

Guanajuato . 

Querctaro . 

Pachuca . 

Toluca . 

Cuernavaca . 

Puebla . 

Tlaxcala . 

Mexico . 

La  Paz . 


9,700 

12,116 

11,340 

15.300 

7.800 

12.400 

6.800 
15,190 
32,000 

7,878 

78,600 

23,572 

20.400 
3,800 

26,228 

8,500 

27,119 

32,000 

31,872 

34.300 
56,112 
27,560 
12,500 
12,700 
16,320 
64,588 

4,300 

241,110 

2,396 


Since  the  appearance  of  A.  von  Humboldt’s  classic 
work  on  New  Spain,  as  Mexico  was  called 
Physical  jn  the  colonial  times,  this  region  has  con- 
Plateaus  tinued  to  be  regarded  as  forming  a  main 
and  link  in  the  vast  chain  supposed  to  stretch 

hdns1"  across  the  entire  length  of  the  American 
continent  from  Cape  Horn  to  Behring’s 


1  These  figures,  in  the  absence  of  scientific  surveys  and  a  trust¬ 
worthy  census,  are  necessarily  more  or  less  approximate.  The 
areas  are  those  of  Ripley  and  Dana,  based .  on  A.  Garcia  Cuba  s 
Carta  qeografica  (Mexico,  1874);  the  populations  of  t lie  states  and 
capitals  are  the  estimates  of  Emiliano  Busto,  in  his  Estadistica  de 
la  Republica  Mexicana  (Mexico,  1880).  A  writer  in  the  Tm«s  of 
December  7, 1882,  estimates  the  whole  population  at  12,000,000, 
much  too  high  a  figure. 


Strait.  But  more  recent  research,  and  especially  the 
surveys  made  by  the  French  staff’  during  the  military 
operations  between  1861 -67, 2  have  shown  that  this 
grand  generalization  must  be  abandoned.  In  remote 
geological  epochs  a  marine  channel  seems  to  have 
flowed  between  the  northern  and  southern  sections  of 
the  New  World  at  the  isthmus  of  Panama,  while 
Mexico  itself  appears  to  be  mainly  a  distinct  geograph¬ 
ical  region  of  relatively  recent  upheaval.  Here,  there 
nowhere  exists  a  continuous  mountain  range,  to  which 
might  properly  be  applied  the  designation  “Cordillera 
of  the  Andes,  ’  ’  an  expression  which  in  any  case  is  not 
current  north  of  the  isthmus  of  Tehuantepec.  Mexico 
forms,  on  the  contrary,  a  vast  table-land,  somewhat 
in  the  shape  of  a  cornucopia,  with  its  narrow  end  ta¬ 
pering  to  the  south-southeast,  its  convex  and  concave 
sides  facing  the  Pacific  and  Atlantic  respectively,  and 
with  a  general  inclination  northwards.  Most  of  the 
so-called  Cordilleras  are  merely  the  “cumbres”  or 
escarpments  of  this  plateau,  which  falls  abruptly 
towards  the  Atlantic,  and  through  a  series  of  well- 
marked  terraces  (formerly  lacustrine  basins)  towards 
the  Pacific.  Thus  the  carriage-road  from  the  capital 
runs  in  tolerably  easy  stages  successively  through  the 
Tetla  (8000.  feet),  Mescala  (5500),  Papagallo  (1800), 
and  Peregrino  (1600)  valleys  down  to  Tepes  within  40 
miles  of  the  seaport  of  San  Bias.  But  the  southern 
central  plateau  of  Anahuac  maintains  its  mean  eleva¬ 
tion  of  7000  to  8000  feet  almost  everywhere  to  within 
35  or  40  miles  of  the  Atlantic.  Hence  the  railway 
opened  in  1872  between  Vera  Cruz  and  the  capital  has 
had  to  be  carried  by  tremendously  steep  gradients  to  a 
height  of  nearly  8000  feet  within  a  total  distance  of 
263  miles.3  The  general  but  gradual  northerly  tilt  of 
the  table  land  is  shown  by  the  altitudes  of  the  capital, 
Durango,  Chihuahua,  and  Paso  del  Norte  on  the 
United  States  frontier,  which  are  respectively  7600, 
6630,  4600,  and  3800  feet. 

At  the  same  time  the  scarps  rise  in  many  places 
considerably  above  the  mean  level  of  the  plateau, 
which  is  itself  intersected  and  broken  into  a  number 
of  secondary  valleys  by  several  short  cross  ridges, 
generally  following  the  normal  direction  from  north- 
northwest  to  south-southeast.  The  most  continu¬ 
ous  range  is  the  Sierra  Madre  of  the  Pacific,  which 
may  be  traced  at  a  mean  elevation  of  over  10,000 
feet  from  Oajaca  to  Arizona,  and  which  from  Guad¬ 
alajara  to  the  northern  frontier  is  crossed  by  no  car¬ 
riage  route.  Parallel  to  this  is  the  Lower  Cali¬ 
fornian  range  (Sierra  de  la  Giganta,  3000  feet), 
which,  however,  falls  abruptly  eastward,  like  the 
Atlantic  escarpments.  The  Californian  peninsula 
seems  to  have  been  detached  from  the  mainland  when 
the  general  upheaval  took  place  which  produced  the 
vast  chasm  now  flooded  by  the  Gulf  of  California. 
Corresponding  with  the  Sierra  Madre  of  the  Pacific 
on  the  west  are  the  more  interrupted  eastern  scarps 
of  the  central  plateau,  which  sweep  round  the  Gulf 
of  Mexico  as  the  Sierras  Madres  of  Nuevo-Leon  and 
Tamaulipas  at  an  elevation  of  about  6000  feet.  These 
are  crossed  by  the  carriage  routes  from  Tula  to  Tam¬ 
pico  (highest  pass  4820  feet),  from  Saltillo  to  Monterey 
(3400),  and  at  several  other  points. 

Of  the  central  cross  ridges  the  most  important  oro- 
graphically  and  historically  is  the  Cordillera  de  Ana¬ 
huac,4  which  surrounds  the  Mexican  (Tenochtitlan) 

2  The  results  of  these  surveys  are  embodied  in  the  Carte  du 
Mexique,  scale  1 :  3,000,000,  published  at  Paris,  in  1873. 

3  In  the  steepest  parts  the  mean  is  2.51  in  100,  or  133J  feet  to  the 
mile.  The  exact  elevation  of  the  capital  above  the  sea  at  Vera 
Cruz  appears  to  be  7550  feet,  or  80  more  than  Humboldt’s  esti¬ 
mate. 

4  The  term  Anahuac,  meaning  in  Aztec  “  near  the  water,”  seems 
to  have  been  originally  restricted  to  the  central  lacustrine  basin 
of  Tenochtitlan.  But  when  the  Aztecs  reached  both  oceans  they 
extended  it  to  the  Pacific  coast  between  Tututepec  and  Guatemala 
(Anahuac-Ayotlan),  and  to  the  Atlantic  coast  between  the  Alva¬ 
rado  and  Tabasco  rivers  (Anahuac-Xicalanco).  The  original  use 
of  the  word  is  still  current  amongst  the  natives  as  practically 
synonymous  with  Central  Mexico.  As  a  strictly  geographical 
expression  it  is  vaguely  and  often  incorrectly  used  by  modem 
writers. 
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and  Puebla  valleys,  and  which  is  supposed  to  culmi¬ 
nate  with  Popocatepetl  (17,853  feet)  and  Ixtacci- 
huatl  (15, 705). 1  But  these  giants  belong  to  a  differ¬ 
ent  or  rather  a  more  recent  system  of  igneous  up¬ 
heaval,  running  from  sea  to  sea  between  18°  59/  and 
19°  12/  N.  in  almost  a  straight  line  east  and  west,  con¬ 
sequently  nearly  at  right  angles  to  the  main  axis  of 
the  central  plateau.  The  line  is  clearly  marked  by 
several  extinct  cones  and  by  five  active  or  quiescent 
volcanoes,  of  which  the  highest  is  Popocatepetl,  lying 
south  of  the  capital  nearly  midway  between  the  Pa¬ 
cific  and  Atlantic.  East  of  this  central  point  of  the 
system  are  Citlaltepetl,  better  known  as  the  Peak  of 
Orizaba  (17,176  feet),  70  miles  inland,  and  San  Mar¬ 
tin  or  Tuxtla  (9708  feet)  on  the  coast  south  of  Vera 
Cruz,  to  which  correspond  on  the  west  the  recently 
upheaved  Jorullo  (4000  feet)  in  Michoacan,  Colima 
(12,800)  near  the  coast  in  Jalisco,  and  the  volcanic 
Revillagigedo  group  in  the  Pacific.  South  of  this 
line,  and  nearly  parallel,  are  the  Sierras  of  Guerrero, 
and  south  of  the  Tehuantepec  isthmus  those  of  Oajaca 
and  Soconusco  towards  the  Guatemala  frontier.  In 
the  same  direction  run  the  islands  of  Cuba  and  Hayti, 
which  probably  belong  to  the  same  Central  American 
system. 

Mexico  is  thus  physically  connected  through  its  older 
plateau  formations  with  the  North  American  table¬ 
lands,  and  through  its  more  recent  volcanic  upheavals 
with  the  Qentral  American  igneous  region.  But  as  it 
advances  northwards  this  region  loses  in  underground 
energy;  hence,  notwithstanding  the  remarkable  up¬ 
heaval  of  Jorullo  in  1759,  the  Mexican  cones  show 
little  signs  of  activity,2  and  the  land  is  now  scarcely 
ever  wasted  by  violent  earthquakes.  Such  phenomena 
are  most  frequent  in  the  Puebla  valley ;  but,  although 
often  accompanied  by  the  peculiar  underground  rum¬ 
blings  known  as  bramidos ,  they  are  seldom  of  a  de¬ 
structive  character.  The  natives  speak  of  them  rather 
as  temblores ,  or  “tremblings,”  than  true  terremotos.3 

In  a  region  where  lofty  ranges  and  plateau  forrna- 
tions  with  steep  escarpments  appro  ch 
raphy!S'  almost  everywhere  to  within  a  few  miles  of 
the  coast,  little  space  is  left  for  the  develop¬ 
ment  of  large  river  basins.  Most  of  the  streams  are 
little  more  than  mountain  torrents  rushing  impetu¬ 
ously  from  terrace  to  terrace  seawards.  Many  also 
flow  through  the  profound  rocky  gorges  or  barrancas , 
as  they  are  here  called,  which  form  a  characteristic 
feature  of  the  Mexican  table-lands.4  On  the  east  side 
some  of  these  barrancas,  here  running  mostly  west  and 
east,  attain  depths  of  800  to  1000  feet  in  the  unfos- 
siliferous  limestones  of  that  region ;  and  even  on  the 

i  This  elevation  is  based  on  the  calculations  of  Humboldt, 
Glennie,  and  Gerolt ;  but  in  1857  Sonntag  assigned  an  extreme 
height  of  over  17,000  feet  to  the  highest  peak  of  Ixtaccihuatl. 
Popocatepetl^  usually  supposed  to  be  the  highest  point  of  North 
America;  but  the  recent  United  States  surveys  have  transferred 
this  honor  to  Mount  Elias  on  the  Alaska  coast,  which  appears  to 
be  certainly  over  19,000  feet  high. 

8  Popocatepetl  emits  smoke,  whence  its  name,  mean  ingin  Aztec 
“  Smoking  Mountain,”  from  popoca  “  to  smoke  ”  and  tepetl  “  moun¬ 
tain.”  Since  the  conquest  three  eruptions  have  been  reported 
(1519, 1539, 1540) ;  but  the  geological  evidence  seems  to  indicate 
that  there  has  been  no  volcanic  action  for  thousands  of  years. 
Orizaba,  whose  native  name  means  “  Star  Mountain,”  has  been 
quiescent  since  1566.  Colima  still  frequently  ejects  ashes  and 
smoke ;  but  both  Jorullo  and  Tuxtla  are  quiescent,  the  last  hav¬ 
ing  been  silent  since  the  violent  eruption  of  March  2, 1793.  Even 
the  Mal-pays,  or  hot  district  round  Jorullo,  has  cooled  down,  and 
is  now  again  clothed  with  vegetation. 

3  It  is  noteworthy  that  the  seismic  waves  flow  normally  along 
the  indicated  line  from  east  to  west,  thereby  confirming  Hum¬ 
boldt’s  view  that  under  about  19°  N.  there  is  a  deep  rent  in  the 
earth’s  crust,  through  which  at  different  periods  the  underground 
fires  have  broken  at  various  points  between  the  Gulf  of  Mexico 
and  the  Revillagigedo  group.  “  Only  on  the  supposition  that 
these  volcanoes,  which  are  on  the  surface  connected  by  a  skele¬ 
ton  of  volcanic  rocks,  are  also  united  under  the  surface  by  a 
chain  of  volcanic  elements  in  continual  activity,  may  we  ac¬ 
count  for  the  earthquakes  which  in  the  direction  mentioned 
cause  the  American  continent,  from  the  Gulf  of  Mexico  to  the 
Pacific  Ocean,  to  oscillate  at  the  same  time.”  (Egloffstein,  p.  37.) 

4  “Near  the  mountain  ranges,  from  which  the  water  after 

heavy  rains  rushes  down  in  innumerable  forest  streams,  these 
ravines  are  filled  with  incredible  rapidity  as  high  as  30  feet,— the 
torrent  importing  (sic)  trees  and  bearing  away  rocks  with  a  thun¬ 
dering  noise  and  irresistible  power.”  (Egloffstein,  p.  22.) 


west  coast  the  Be  Beltran  canon  is  flanked  by  sheer 
rocky  walls  over  500  feet  high.  Hence  the  rivers  are 
almost  useless  for  irrigation  purposes,  and  available 
as  means  of  communication  only  for  short  distances 
in  their  lower  reaches,  where  they  flow  through  the 
naiTOW  alluvial  strips  of  level  coast-lands  to  the  sea. 
Even  the  Rio  Grande  del  Norte,  which  is  by  far  the 
largest,  and  which  forms  the  frontier  line  between 
Mexico  and  Texas,  is  navigable  by  large  vessels  only 
for  a  few  miles  above  its  port  of  Matamoras.  The 
Rio  Grande  de  Santiago,  the  largest  on  the  Pacific 
side,  is  almost  everywhere  obstructed  by  falls  and 
rapids.  On  this  coast  the  next  in  importance  is  the 
Mercala,  or  Rio  de  las  Balsas,  which,  like  the  Panuco, 
Alvaredo,  Coatzacoalas,  Grijalva,  and  Usumacinta 
flowing  to  the  Gulf  of  Mexico,  is  subject  to  sudden 
freshets  during  the  rains. 

At  this  season  the  waters  which  find  no  seaward  out¬ 
let  are  collected  in  the  depressions  of  the  plateaus, 
where  extensive  tracts  remain  flooded  for  several 
months  at  a  time.  But  these  lacustrine  basins  of  the 
Anahuac  and  Chihuahua  table-lands,  standing  at  ele¬ 
vations  of  from  4000  to  7000  feet,  are,  by  evaporation 
under  semi-tropical  suns,  rapidly  reduced  to  their  nor¬ 
mal  level.  The  diminished  size  of  the  Anahuac  lakes 
shows  that  since  the  conquest  a  steady  process  of  des¬ 
iccation  has  been  going  on,  due  probably  to  the  reckless 
destruction  of  the  upland  forests  by  the  European 
settlers.  None  of  these  lakes  are  of  great  size  except 
Lake  Chapala,  which  is  traversed  by  the  Rio  Grande 
de  Santiago,  and  has  a  reputed  area  of  about  1300 
square  miles.  Amongst  those  of  the  plateau  especially 
noteworthy  for  their  magnificent  scenery  are  Tezcuco 
and  Chaleo,  in  whose  sparkling  waters  are  reflected  the 
surrounding  volcanic  peaks  and  extinct  craters  of  the 
Anahuac  table-land,  with  a  background  formed  by  the 
Cordilleras,  whose  snowy  summits  rise  here  and  there 
high  above  the  dark  pine  forests  of  the  lower  slopes. 

In  the  higher  ranges  the  prevailing  formations  are 
granites,  which  seem  also  to  form  the  foundation  of 
the  plateaus,  above  which  rise  the  traps, 
basalts,  mineral-bearing  porphyries,  and  Ge  minerals 
more  recent  lavas.  Hence  Lyell’s  theory 
that  Mexico  consisted  originally  of  granitic  ranges  with 
intervening  valleys  subsequently  filled  up  to  the  level 
of  the  plateaus,  by  subterranean  eruptions.  Igneous 
rocks  of  every  geologic  epoch  certainly  to  a  large  ex¬ 
tent  form  the  superstructure  of  the  central  plateau. 
But  the  Mexican  table-land  seems  to  consist  mainly 
of  metamorphic  formations,  which  have  been  partly 
upheaved,  partly  interpenetrated  and  overlaid  by  igne¬ 
ous  masses  of  all  epochs,  and  which  are  chiefly  repre¬ 
sented  by  shales,  greywacke,.  greenstones,  silicious 
schists,  and  especially  unfossiliferous  limestone.  All 
these  formations  are  alike  remarkable  for  the  abundance 
and  variety  of  their  metalliferous  ores,  such  as  silver, 
silver-glance,  copper,  and  gold.  Gneiss  and  micaceous 
schists  prevail  in  Oajaca  and  on  all  the  southern  slopes 
facing  both  oceans.  But  the  highest  ranges  are 
formed  mainly  of  plutonic  and  volcanic  rocks,  such  as 
granites,  syenites,  diorites,  mineral-bearing  trachytes, 
basalts,  porphyries,  obsidian,  pearlstone,  sulphur,  pu¬ 
mice,  lavas,  tufa,  and  other  recent  volcanic  discharges. 
Obsidian  ( itztl.i )  was  the  chief  material  formerly  used 
by  the  natives  in  the  manufacture  of  their  cutting  im- 

Slements,  as  shown  by  the  quarries  of  the  Cerro  de  las 
lavajas  (“  Knife  Cliff”)  near  Zimapan.  Vastdeposits 
of  pumice  and  the  purest  sulphur  are  found  at  Hui- 
chapa  and  in  many  of  the  craters.  But  immeasurably 
the  most  valuable  rocks  arc  the  argentiferous  porphy¬ 
ries  and  schists  of  the  central  plateau  and  in  Sinaloa, 
unless  they  are  destined  to  be  rivalled  by  the  auri¬ 
ferous  deposits  of  Sonora.5  Horizontal  and  stratified 

5  On  the  general  character  and  distribution  of  the  igneous 
formations  Von  Egloffstein  remarks;  “Intimate  relations  exist 
between  the  metalliferous  and  non-metalliferous  porphyries. 
The  metalliferous  porphyry  is  less  frequent,  but  constitutes  the 
most  important  formation,  bearing  the  precious  metals,  .  .  .  em- 
I  bracing  the  rich  lodes  of  Real-del-Monte,  Pachuca,  Chico,  Capula, 
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rocks,  of  extremely  limited  extent  in  the  south,  are 
largely  developed  in  the  northern  states,  and  chalk 
becomes  very  prevalent  towards  the  Rio  Grande  and 
Rio  Gila  valleys.  To  this  chalk  and  to  the  sandstones 
are  probably  to  be  referred  the  sandy  plains  which  cover 
vast  tracts  in  North  Mexico,  stretching  thence  far  into 
New  Mexico  and  Texas.  Here  the  Bolson  de  Mapimi, 
a  vast  rocky  wilderness  inhabited  only  by  wild  tribes, 
occupies  a  space  of  perhaps  50,000  square  miles  in 
Coahuila  and  parts  of  the  surrounding  states. 

None  of  the  horizontal  layers  seem  to  be  very  rich 
in  ores,  which  are  found  mainly  in  the  metamorphic, 
palaeozoic,  and  hypogene  rocks  of  Durango,  Chihua¬ 
hua,  and  the  south.  Apart  from  Sinaloa  and  Sonora, 
which  are  now  known  to  contain  vast  stores  of  the 
precious  metals,  nearly  all  the  historical  mines  lie  on 
the  south  central  plateau  at  elevations  of  from  5500  to 
9500  feet.  A  line  drawn  from  the  capital  to  Guana¬ 
juato,  and  thence  northwards  to  the  mining  town  of 
Guadalupe  y  Calvo  in  Chihuahua,  and  southwards  to 
Oajaca,  thus  cutting  the  main  axis  of  upheaval  at  an 
angle  of  45°,  wilHntersect  probably  the  richest  known 
argentiferous  region  in  the  whole  world.  The  central 
group  of  mines  in  the  three  mineral  districts  of  Guana- 

i'uato,  Zacatecas,  and  Catorze  (San  Luis  Potosi),  which 
ave  yielded  more  than  half  of  all  the  silver  hitherto 
found  in  Mexico,  lie  between  21°  and  24°  30'  N., 
within  an  area  of  about  13,000  square  miles.  Here 
the  Veta  Madre  lode  of  Guanajuato  alone  produced 
£504,000  between  1556  and  1803,  besides  £10,000  of 
gold.  This  metal,  however,  occurs  chiefly,  not  on  the 
plateau  in  association  with  silver,  but  on  the  slopes 
facing  the  Pacific,  and  apparently  in  greatest  abundance 
in  Sonora,  near  the  auriferous  region  of  New  California. 
In  recent  times  over  half  of  the  silver  produced  in  the 
whole  world  has  been  supplied  by  Mexico,  and  the 
total  yield  of  the  precious  metals  between  1537  and 
1880  was  as  under  :l 


Gold. 

Silver. 

Total. 

1537  to  182L . 

£14,000,000 

10,000,000 

£418,000,000 

180,000,000 

£432,000,000 

190,000,000 

1821  to  1880 . 

Total . 

£24,000,000 

£598,000,000 

£622,000,000 

Of  other  minerals  the  most  important  are  copper, 
found  in  a  pure  state  near  the  city  of  Guanajuato,  and 
associated  with  gold  in  Chihuahua,  Sonora,  Guerrero, 
Jalisco,  Michoacan,  and  elsewhere;  iron  in  immense 
masses  in  Michoacan  and  Jalisco,  and  in  Durango, 
where  the  Cerro  del  Mercado  is  a  solid  mountain  of  mag¬ 
netic  iron  ore ;  lead  associated  with  silver,  especially  in 
Oajaca  ;  tin  in  Michoacan  and  Jalisco ;  sulphur  in  many 
craters ;  platinum  recently  found  in  Tlaxcala  and 
Hidalgo  ;  cinnabar  also  recently  in  Morelos  and  Guer¬ 
rero  ;  “  steppe  salt  ’  ’  in  the  sandy  districts  of  the  north ; 
“  bitter  salt  ”  at  Tepeyac ;  coal  in  limited  quantities  at 
various  points ;  bismuth  in  many  parts  ;  marble,  ala¬ 
baster,  gypsum,  and  rock-salt  in  great  abundance 
throughout  the  plateau  and  the  sierras.  In  1882  there 
were  open  altogether  569  mines, — 541  silver,  14  gold, 
4  copper,  4  lead,  3  salt,  2  coal,  and  1  mercury.2 


Intersected  about  midway  by  the  Tropic  of  Cancer, 
and  stretching  across  seventeen  parallels  of  climate 
latitude,  Mexico,  from  its  position  alone,  and  vege. 
necessarily  enjoys  a  great  diversity  of  tation- 
climate.  But  from  its  peculiar  configuration  this  fea¬ 
ture  is  affected  far  more  by  the  relief  of  the  land 
than  by  its  distance  from  pole  or  equator.  This  is 
especially  true  of  the  more  fertile  and  populous  sec¬ 
tion  lying  within  the  torrid  zone,  where  three  distinct 
climatic  regions  are  distinguished,  not  according  to 
their  horizontal,  but  according  to  their  vertical  posi¬ 
tion.  The  temperature  falling  steadily  with  the  ele¬ 
vation  of  the  land,  which  here  rises  rapidly  from  sea- 
level  to  nearly  18,000  feet  above  the  surrounding 
waters,  the  low-lying  coast-lands,  up  to  about  3000 
feet  on  the  scarps  and  terraces  of  the  central  plateau, 
are  comprised  within  the  first  zone  of  tiaras  calientes, 
or  “  hot  lands.  ”  Within  this  zone  are  included  all 
the  sandy  and  marshy  tracts  fringing  the  Gulf  of 
Mexico,  the  lower  slopes  facing  eastwards  and  exposed 
to  the  hot  and  moist  winds  from  the  Caribbean  Sea, 
and  most  of  Yucatan  and  the  Tehuantepec  isthmus, 
besides  the  narrow  strip  between  the  uplands  and  the 
Pacific  which  broadens  northwards  along  the  east  side 
of  the  Gulf  of  California.  Here  the  mean  tempera¬ 
ture  varies  from  77°  to  82°  Fahr.,  seldom  falling  be¬ 
low  60°.  but  often  rising  to  105°,  and  in  the  sultry  dis¬ 
tricts  of  Yera  Cruz  and  Acapulco  to  110°.  The  extreme 
northwestern  parts  of  this  region  come  almost  within 
the  rainless  zone,  and  the  Californian  peninsula  itself 
is  subject  to  excessive  droughts,  rendering  it  almost 
uninhabitable.  But  farther  south  the  climate  on  both 
seaboards  may  be  described  as  humid,  hot,  and  ex¬ 
tremely  unhealthy,  especially  for  Europeans.  Yellow 
fever  and  black  vomit  are  here  endemic.  Butr  these 
scourges  are  at  least  compensated  by  a  magnificent 
tropical  vegetation  and  extensive  virgin  forests  abound¬ 
ing  in  valuable  timbers,  dyewoods,  and  medicinal  and 
other  useful  plants.  Of  the  114  species  of  trees  and 
cabinet  woods,  17  of  oil-bearing  plants,  and  over  60  of 
medicinal  plants  and  dyewoods  indigenous  to  Mexico, 
and  often  differing  specifically  from  kindred  varieties 
in  Central  and  South  America,  by  far  the  larger  part 
are  represented  in  the  tierras  calientes.  Amongst  the 
most  important  of  these  forest  plants  are  mahogany, 
rosewood,  copal}  eaucho  (india-rubber),  jalap,  sarsa¬ 
parilla,  and  vanilla.  Here  also  maize,  supplying  the 
staple  food  of  the  people,  yields  prodigious  returns, 
multiplying  from  two  hundred  to  four  hundred  fold, 
and  affording  two,  three,  and  even  four  successive 
crops  within  the  year.  Rice,  indigo,  cotton,  tobacco, 
and  coffee  all  thrive  well,  while  sugar,  cocoa,  the 
banana,  and  several  varieties  of  beans  are  largely  cul¬ 
tivated.  The  tobacco  of  Yera  Cruz  and  Tabasco,  the 
coffee  of  Colima,  and  the  cocoa  of  Oajaca  and  Chiapas 
are  of  unrivalled  excellence. 

To  the  “hot  lands”  succeed  in  vertical  position  the 
tierras  templadas ,  or  “temperate  lands,”  which  com¬ 
prise  all  the  higher  terraces  and  the  central  plateaus 
themselves  between  about  3000  and  8000  feet.  With 
a  mean  temperature  of  from  62°  to  70°  Fahr.,  and 
oscillating  between  such  moderate  extremes  as  50°  and 
86°,  this  region  enjoys  one  of  the  very  finest  climates 
on  the  globe.  The  Puebla  and  Anahuac  table-lands 
are  described  by  enthusiastic  travellers  as  “terres¬ 
trial  Edens,”  with  a  perennial  spring  symbolized  by 


and  Santa  Rosa,  all  of  great  richness  and  magnitude.  They 
further  form  the  mineral  districts  of  Augangueo,  Oro,  Huautla, 
etc  and  part  of  the  mountains  of  Zimapan  and  Istapa-del-Oro. 
The  lodes  found  in  this  porphyry  are  characterized  by  their  mag¬ 
nitude  and  the  consistency  of  the  ores  they  contain.  .  .  .  The 
richest  ores  of  native  silver  and  sulphuret,  chloride,  and  oxide 
of  silver  are  found  in  the  lodes  of  Real-del-monte,  Pachuca,  and 
Santa  Rosa.  .  .  .  The  gold  seems  to  exist  in  small  particles  m 
the  metamorphic  porphyry  mountains,  whence  it  is  carried  by 
the  rains  to  the  valleys  as  the  rocks  become  disintegrated 

(PP Times  correspondent,  December  7, 1882.  Guanajuato  seems  to 
be  still  the  greatest  producer,  yielding  from  £1,500,000  to  £1,/ .->0,000 
yearly  although  the  great  Valenciana  mine  is  flooded,  and  of 
the  hundred  opened  only  fifty-two  are  now  worked  (Geiger). 

*  Lorenzo  Castro,  Mexico  in  1882.  According  to  this .authority 
the  total  yield  of  the  Mexican  mines  between  1537  and  1880  was 
Von.  XVI.— 752 


£776,276,000,  while  another  estimate  based  on  a  report  of  the 
Mexican  mint  gives  it  at  £930,786,000.  Of  this  a  large  amount  has 
been  coined  in  Mexico,  where  there  were  eleven  mints  at  work 
in  1876,  with  a  total  annual  yield  of  about  £5,000,000.  The  total 
coinage  since  the  conquest  has  been  estimated  as  high  as  £600,- 
000,000,  not  more  than  5  per  cent,  of  this  being  gold.  With  regard 
to  coal,  the  existence  of  which  in  Mexico  has  been  recently  de¬ 
nied  by  Mr.  Bigelow  in  Harper's  Magazine,  official  returns  for  1882 
give  a  list  of  over  twenty  places  where  it  has  been  found,  though 
nowhere  as  yet  in  large  quantities.  Petroleum  also  appears  to  be 
very  abundant  in  several  localities.  Amongst  other  natural  pro¬ 
ducts  mention  should  be  made  of  amber,  found  on  the  Yucatan 
coast.  Mineral  springs  are  very  numerous  everywhere  on  the 
plateaus  and  terrace-lands.  The  most  famous  are  El  Penon  and 
N.  Senora  de  Guadelupe  near  the  capital,  and  Aguas  Calientes 
farther  north. 
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the  evergreen  oak,  cedars,  and  many  analogous  plants, 
•which  here  attain  their  greatest  perfection.  The 
transition  from  the  lower  zone  is  often  very  gradual ; 
and  while  endemic  fevers  cease  altogether  at  altitudes 
of  2700  and  2800  feet,  the  tropical  flora  invades  many 
arts  of  the  terrace-lands,  and  even  of  the  plateaus  to 
eights  of  4000  and  5000  feet.1 2  _  A  certain  uniformity 
is  thus  imparted  to  the  Mexican  landscape  by  the 
wide  range  of  the  maize,  wheat,  tobacco,  vine,  coffee, 
and  other  plantations,  as  well  as  by  the  palms,  ever¬ 
greens,  mango,  olive,  orange,  lemon,  yucca,  and  an 
endless  variety  of  the  cactus  family,  one  species  of 
which  forms  hedges  20  feet  high  on  the  Analiuac  up¬ 
lands.  The  central  zone  is  on  the  whole  drier  than 
the  southern  lowlands,  although  the  scarps  facing  sea¬ 
wards  are  often  wrapped  in  the  fogs  and  mists  of  the 
intercepted  moisture-charged  atmospheric  currents. 
The  heaviest  recorded  rainfall  (90  to  100  inches)  occurs 
in  the  healthy  Huatusco  district  of  Vera  Cruz,  at  an 
altitude  of  4380  feet.  _ 

In  the  highest  zone  of  tierras  frias,  or  “cold  lands,” 
embracing  all  the  highlands  from  about  8000  feet  up¬ 
wards,  the  rainfall  is  five  times  less  than  on  the  tierras 
templadas.  Hence  snow  rests  throughout  the  year 
only  on  the  four  most  elevated  peaks  of  Popocatepetl, 
Orizaba,  Nevada  de  Toluca  (15,000  feet),  and  Ixtac- 
cihuatl.  Characteristic  both  of  the  tierras  frias  and 
templadas  is  the  maguey  (Agave  mexicana ),  whose 
fruit  is  edible,  and  whose  fermented  juice  has  from 
time  immemorial  supplied  the  famous  'pulque ,  or  na¬ 
tional  beverage  of  the  Mexicans.  From  the  fibre  of 
the  heniquen,  an  allied  species,  is  produced  the  “  Sisal 
hemp  ’  ’  of  commerce,  which  has  in  recent  years  become 
the  staple  export  of  Yucatan. 

Speaking  generally,  the  four  seasons  are  clearly 
marked  north  of  28°  N.  lat.  only.  South  of  that 
parallel  they  merge  in  the  estacion  de  las  aguas,  or 
rainy  season,  from  May  to  October,  and  the  estacion 
seca,  or  dry  season,  which  prevails  for  the  rest  of  the 
year.  The  rains  generally  begin  on  the  east  coast, 
gradually  moving  westwards.  In  the  Pacific  the  moist 
atmospheric  currents  are  deflected  northwards,  whence 
the  striking  contrast  between  the  wooded  slopes  of 
British  Columbia  and  the  treeless  crests  of  the  arid 
Lower  Californian  peninsula. 

In  its  fauna  no  less  than  in  its  flora  Mexico  forms  a 
Fauna  Und  of  transition  between  North  and  Cen¬ 
tral  America.  In  common  with  the  north  it 
has  several  varieties  of  the  bear,  the  wolf,  coyote,  skunk, 
bison,  squirrel,  beaver,  marten,  otter,  rattlesnake, 
heloderm,*  mocking-bird,  and  many  wild  fowl  ;  while 
its  monkeys  (five  species),  puma,  jaguar,  ocelot,  sloth, 
tapir,  alligators  (two  species),  iguana,  boa,  scorpions, 
tarantulas,  and  numerous  brilliantly  colored  parrots, 
trogons,  and  humming-birds  connect  it  with  the  south¬ 
ern  regions.  Peculiar  to  Mexico,  and  distinguishing 
it  from  most  tropical  and  subtropical  lands,  are  its 
songsters,  of  which,  besides  the  mocking-bird  ( zeuzontl ), 
as  many  as  twenty  species  have  been  enumerated.  The 
coasts  are  well  supplied  with  fish  and  turtles,  while  the 
pearl  fisheries  of  the  Gulf  of  California  continue  to  be 
a  source  of  wealth  to  that  otherwise  unproductive 
territory,  yielding  in  1875  pearls  to  the  value  of  £16,000, 
and  £28,000  worth  of  shells.  All  the  European 
domestic  animals  thrive  well,  and  vast  herds  of  cattle, 

1  On  the  Amilpas  plateau,  which  stretches  south  of  Popocate- 

§etl  at  a  mean  height  of  5000  to  5400  feet,  “  coffee,  sugar,  and  in- 
igo  are  cultivated,  and  most  of  the  tropical  fruits  grow  luxu¬ 
riantly  ”  (Egloffstein,  p.  17).  The  same  authority  gives  the  limits 
of  vegetation  in  this  region  at  12.614  feet,  and  the  snow-line  at 
14, 960  feet.  He  observes  that  “  nothing  is  more  surprising  to  the 
traveller  than  the  varieties  of  climate  under  this  zone,  which 
vary  according  to  the  different  elevations  above  the  sea.  In  a 
few  hours  we  descended  from  the  cold  regions  of  the  fir  and  the 
oak,  on  the  heights  of  Ozumba,  to  a  hot  climate,  lierra  calimte, 
where  we  found  the  most  luxuriant  vegetation,  passing  in  that 
short  time  through  successive  changes  of  the  most  diversified 
species  of  trees,  plants,  birds,  insects  ”  (p.  22). 

2  A  specimen  of  this  curious  creature,  the  only  known  venom¬ 
ous  lizard  ( Hdoderma  suspectum ),  reached  the  London  Zoologi¬ 
cal  Gardens  in  1882;  its  habitat  is  the  north  of  Mexico,  and  New 
Mexico,  Arizona,  and  Texas. 


horses,  and  sheep  are  found  on  the  well-stocked 
ranchos  of  the  northern  states.  Here  some  of  the 
more  prosperous  breeders  own  from  twenty  to  thirty 
thousand  head  of  oxen,  and  next  to  the  precious  metals 
hides  and  cattle  are  among  the  chief  articles  of  export. 

But  in  the  south  stock-breeding  yields  everywhere 
to  agriculture  as  the  chief  occupation  of  the  Agricu]ture 
people.  Being  largely  volcanic,  the  soil  ' 

is  here  extremely  fertile  wherever  water  can  be  had  in 
sufficient  quantities  for  irrigation  purposes.  Next  to 
maize,  which  with  beans  and  chilli  forms  the  almost 
exclusive  food  of  the  Indians,  the  most  important  crop 
is  probably  sugar,  of  which  over  60  million  pounds  are 
annually  produced  in  the  state  of  Morelos  alone.  Cof¬ 
fee  is  extensively  cultivated  on  the  lower  slopes,  and 
now  exported  in  considerable  quantities,  especially  to 
the  United  States.  The  tobacco  and  cotton  crops  are 
yearly  increasing  in  importance,  while  from  the  maguey 
is  extracted,  besides  pulque,  a  spirit  called  mezcal  to 
the  annual  value  of  about  £750,000.  The  aborigines 
are  partly  employed  as  free  laborers  on  the  plantations, 
and  partly  hold  small  plots  liable  to  a  light  Govern¬ 
ment  tax.  The  food  crops  thus  raised  were  valued  in 
1873  at  £14,500,000,  the  agricultural  produce  at 
£30,000,000,  and  the  landed  property  at  £85,000,000, 
but  the  last  item  was  estimated  by  the  minister  of 
finance  at  fully  three  times  that  sum.  The  value  of 
arable  freehold  land  was  stated  in  1882  to  be  from  £1 
to  £3  per  acre,  according  to  its  proximity  to  or  remote¬ 
ness  from  rivers. 

Of  the  industries  strictly  so  called,  those  directly  con¬ 
nected  with  agricultural  interests  have  alone  industries, 
acquired  any  considerable  development.  Such 
are  sugar  refining,  carried  on  on  a  vast  scale,  especially  in 
Morelos ;  brewing  and  distilling,  chiefly  from  maguey ; 
paper-making  from  various  pulps  and  fibres ;  grist-mills 
and  saw-mills,  especially  in  Puebla,  Quer6taro,  Guadalajara, 
and  Saltillo.  A  few  iron  foundries  have  been  at  work  for 
some  years,  and  stout  hand-woven  cotton  and  woollen 
fabrics  are  produced  in  many  of  the  large  towns.  The 
rebozos  (shawls)  of  Leon  and  Salvatierra  have  a  wide  repute, 
while  Texcoco  and  Puebla  are  noted  for  their  porcelain  and 
glass-ware.  Among  the  petty  industries  are  clay  and  rag 
figures,  artificial  flowers,  wooden  toys,  and  gold  filigree 
work,  in  the  production  of  which  the  natives  often  display 
remarkable  taste  and  skill. 

But  all  these  manufactured  wares  are  solely  intended 
to  supply  the  local  wants,  so  that  the  exports  Trade 
have  hitherto  been  restricted  almost  exclusively 
to  the  produce  of  the  land  and  of  the  mines.  Of  the  former 
the  chief  items  are  coffee,  Sisal  hemp,  tobacco,  hides,  lumber, 
cochineal,  indigo,  and  other  dyes,  sarsaparilla,  vanilla, 
orchil,  india-rubber.  But  the  precious  metals  still  continue 
to  constitute  fully  two-thirds  of  all  the  exports,  which  in 
1882  had  a  total  estimated  value  of  about  £6,000,000.  In  the 
same  year  an  equal  sum  represented  the  imports,  the  lead¬ 
ing  items  of  which  were  cotton,  linen,  silk,  and  woollen 
goods,,  metals,  hardware,  machinery,  and  provisions.  Al¬ 
though  diplomatic  and  consular  relations  with  Great  Britain 
have  been  suspended  since  1867,  that  country  still  continues 
to  enjoy  by  far  the  largest  share  of  the  foreign  trade,  taking 
about  £2,000,000  of  the  exports,  and  sending  in  return  about 
two-thirds  of  all  the  imports,  for  1882.  Next  in  importance, 
in  descending  order,  is  the  trade  with  the  United  States, 
France,  Germany,  Spain,  and  Colombia. 

Probably  four-fifths  of  the  exchanges  now  pass  through 
Vera  Cruz,  which,  since  the  opening  of  the  railway  to  the 
Anahuac  plateau,  has  become  the  natural  out-port  of  the 
capital  and  all  the  central  states.  It  is  connected  by  several 
lines  of  ocean  steamers  with  Liverpool,  Southampton,  St. 
Nazaire,  and  the  Atlantic  States  of  North  America.  On  the 
Pacific  seaboard,  where  the  trade  is  largely  in  German  hands, 
Acapulco  and  the  other  ports  also  enjoy  regular  steam  com¬ 
munication  with  San  Francisco  and  Panama.  No  accurate 
returns  are  available  of  the  shipping;  but  the  yearly  arri¬ 
vals  in  all  the  Mexican  ports  are  stated  to  average  about 
five  thousand, — not  more  than  one-fifth  under  the  national 
flag. 

Till  recently  the  means  of  internal  locomotion  were 
mainly  limited  to  the  wretched  bridle-paths  communi- 
from  the  central  plateau  over  the  sierras  cation, 
and  terrace-lands  down  to  a  few  points  on  both 
coasts,  and  to  twenty-four  regular  lines  of  diligences  under 
one  management.  But  since  the  completion  of  the  line  from 
Vera  Cruz  to  the  capital,  with  a  branch  to  Puebla,  the 
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Mexican  tailway  system  has  acquired  a  considerable  de¬ 
velopment.  The  Inter-Oceanic  line  across  the  Tehuantepec 
isthmus  is  in  progress  ;  the  Great  Central  Trunk  line  run¬ 
ning  northwards  through  Chihuahua  will  ere  long  effect  a 
junction  with  the  North- American  network;  and  at  the 
end  of  1882  there  had  been  opened  to  traffic  altogether  2219 
miles.  For  that  year  the  number  of  passengers  carried  was 
8,230,000,  and  of  merchandise  273  million  tons,  with  net 
earnings  £940,000,  or  £800  per  mile.  Still  more  developed 
is  the  telegraph  system,  which  is  now  extended  to  all  the 
state  capitals,  and  through  the  Mexico-Matamoras  line  to 
the  United  States  and  the  rest  of  the  world.  The  8150  miles 
open  in  1882  forwarded  750,000  messages,  or  in  the  propor¬ 
tion  of  8  per  100  inhabitants. 

For  the  same  year  the  estimated  revenue  was  £6,140,000, 
^  and  expenditure  £6,300,000.  The  foreign  debt 

is  stated  to  be  £19,600,000,  and  the  internal 
about  £10,000,000,  or  altogether  at  the  rate  of  £3  per  head 
of  the  population.  Most  of  the  foreign  debt  is  owned  in 
England,  but  the  British  claims  had  long  been  practically 
repudiated  by  the  Mexican  Government.  At  the  end  of 
1882,  however,  a  semi-official  suggestion  was  made1  that  a 
settlement  might  be  effected  by  Mexico  paying  1  per  cent, 
on  the  capital  for  the  first  ten  years,  2  for  the  second,  and  3 
thereafter,  the  whole  sum,  amounting  to  £16,000,000,  to  be 
liquidated  in  fifty  years.2  The  revenue  is  chiefly  derived 
from  customs,  and  about  £1,750,000  of  the  expenditure  is 
absorbed  by  the  army,  the  peace  footing  of  which  is  22,500 
men  of  all  arms.  Beyond  a  few  coastguard  steamers  main¬ 
tained  mainly  for  revenue  purposes,  there  is  no  navy.  An 
indication  of  financial  improvement  is  afforded  by  the  estab¬ 
lishment  in  1882  of  the  Mexican  National  Bank  by  a  French 
company  with  a  capital  of  £4,000,000.  This  bank  is  priv¬ 
ileged  to  issue  paper  money  up  to  £12,000,000,  in  return 
allowing  the  supreme  executive  to  overdraw  their  account 
up  to  £2,000,000.  A  further  symptom  of  revival  is  presented 
by  the  increasing  business  of  the  general  post-office,  which 
in  1880  forwarded  4,406,000  letters  and  packages  through 
873  offices. 

Education  also  has  made  marked  progress  since  the 
•c,.  t.  final  separation  of  church  and  state  in  1857. 

'  In  that  year  the  old  university  of  Mexico,  a 
purely  ecclesiastical  institution  after  the  model  of  Sala¬ 
manca  and  the  Sorbonne,  was  abolished,  or  rather  was 
replaced  by  special  schools  of  law,  medicine,  letters,  agricul¬ 
ture,  mines,  sciences,  fine  arts,  and  commerce,  and  a  military 
college.  These,  as  well  as  numerous  lower  schools,  in¬ 
cluding  two  hundred  in  the  capital  alone,  are  all  maintained 
by  the  state,  while  national  schools  are  supported  by  public 
grants  in  all  the  large  towns,  and  higher  institutions  in  the 
capitals  of  the  several  states.  There  are  in  all  nearly  five 
thousand  public  schools,  besides  establishments  for  the 
deaf  and  dumb,  the  blind,  and  juvenile  delinquents,  and 
numerous  charitable  foundations  maintained  by  voluntary 
contributions. 

Eoman  Catholicism,  which  under  the  Spanish  rule  was 
R  „  alone  tolerated,  continued  after  the  separation 
to  be  the  state  religion  till  1857.  Since  then, 
while  all  churches  enjoy  equal  protection,  none  are  offi¬ 
cially  recognized.  The  great  majority  of  the  Indios  fideles, 
mestizoes,  and  creoles  still  adhere  at  least  outwardly  to  the 
Roman  Church,  which  is  administered  by  a  hierarchy  of 
three  archbishops  (Mexico,  Morelia,  and  Guadalajara)  and 
twelve  bishops.  But  by  the  organic  laws  of  1856  and  1859 
all  ecclesiastical  estates,  at  one  time  comprising  over  one- 
third  of  the  soil,  were  nationalized,  the  regular  clergy  sup¬ 
pressed,  and  their  monasteries,  together  with  all  other 
superfluous  ecclesiastical  structures,  appropriated  by  the 
state.  During  the  last  few  years  American  Protestant  mis¬ 
sions  have  claimed  some  partial  success,  and  the  so-called 
“  Church  of  Jesus,”  an  undenominational  body  of  a  some¬ 
what  original  type,  has  found  a  number  of  adherents, 
especially  on  the  Anahuac  table-land.  But  the  Indios  bravos, 
or  uncivilized  aborigines,  everywhere  follow  the  old  spirit 
worship,  while  the  Christianity  of  the  Fideles  is  little  more 
than  a  cloak  for  the  continuous  practice  of  the  former  Aztec 
heathenism.  The  pomp  of  the  Roman  ritual  is  supple¬ 
mented  by  the  feasts  of  the  national  worship,  and  the  Pagan 
deities  of* the  old  cult  are  still  represented  by  the  saints  of 
the  Roman  calendar.3 

1  This  advance  towards  a  settlement  was  put  forward  in  the  Two 
Republics  of  December  5, 1882,  a  Mexican  journal  which  reflects 
the  views  of  the  Government  on  all  matters  of  foreign  policy. 

2  This  scheme  has  been  changed  and  suspended,  owing  to  a 

claim  of  the  English  bondholders  for  £4,000,000  extra  on  account 
of  back  interest  and  expenses  of  negotiation.  See  Associated 

Press  dispatches,  15th  November,  1883.— Am.  Ed.  , 

8  On  the  general  state  of  religion  in  Mexico  Bates  well  remarks . 
“  The  educated  classes  conform  to  the  outward  ceremonies  and 
ordinances  of  the  church,  while  inwardly  believing  little  or 

nothing  of  its  dogmas.  The  lower  grades  of  society  are,  on  the 


Mexico  constitutes  at  present  a  confederation  of 
states  modelled  on  that  of  the  North  Ameri¬ 
can  Union,  and  administered  according  to  Adminls.tra 
the  constitution  of  1857  as  amended  in 
1873-74.  By  popular  suffrage  are  chosen  the  presi¬ 
dent,  the  upper  house  (fifty-two  members),  and  the 
supreme  judiciary  for  four  years,  and  the  lower  house 
(two  hundred  and  twenty-seven  members)  for  two 
years.  The  senate,  abolished  in  1853,  was  restored  in 
1874,  and  the  chief  justice  is  ex  officio  vice-president. 
The  federal  states,  which  are  divided  into  a  number 
of  administrative  districts,  enjoy  full  autonomy  in  all 
local  matters.  The  several  constitutions  are  modelled 
on  that  of  the  central  government,  and  like  it  comprise 
three  departments — legislative,  executive,  and  judicial. 
Each  state  is  represented  in  the  federal  congress  in 
the  proportion  of  one  member  for  every  40,000  inhabi¬ 
tants,  and  in  the  federal  senate  by  two  members  elected 
by  suffrage  in  the  local  congress.  All  external  affairs 
and  questions  of  general  interest  are  reserved  for  the 
central  government.  The  constitution  as  now  estab¬ 
lished  thus  represents  in  theory  the  complete  over¬ 
throw  of  mediae valism,  and  the  absolute  triumph  of 
the  new  ideas  which  in  the  Old  World  are  still  in  so 
many  places  struggling  for  the  ascendency. 

It  is  this  struggle  between  privilege  and  popular 
rights  that  lends  its  human  interest  to  the  History, 
otherwise  monotonous  record  of  unresisted  Colonial 
oppression  and  apparently  aimless  revolu-  penod. 
tions  which  characterize  the  early  and  the  later  periods 
of  Mexican  history,  from  the  overthrow  of  the  native 
rule  down  to  the  present  day.  The  early  or  colonial 
period  covers  exactly  three  hundred  years, — from  the 
death  in  1521  of  Guatemozin,4 *  last  of  the  Aztec  em- 

Eerors.  to  the  withdrawal  of  the  last  Spanish  viceroy, 
►on  Juan  O’Donoju,  in  1821. 5  During  these  three 
centuries  the  attitude  of  the  masses  was  one  rather  of 
sullen  submission  than  of  active  resistance  to  grinding 
oppression.  By  the  Spanish  Government  Mexico 
was  looked  on  merely  as  a  vast  metalliferous  region,  to 
be  jealously  guarded  against  foreign  intrusion  and 
worked  exclusively  for  the  benefit  of  the  crown.  The 
natives  were  evangelized  chiefly  for  the  purpose  of 
being  employed  as  slaves  above  and  below  ground,  and 
thus  was  introduced  from  the  West  Indies  the  system 
of  repartimientos,  or  distribution  of  the  aborigines  on 
the  plantations  and  in  the  mines.  But,  while  this 
system  proved  fatal  to  the  natives  of  Cuba  and  Hayti, 
where  it  had  to  be  replaced  by  negro  labor,  the  hardier 
populations  of  the  Anahuac  plateau  successfully  re¬ 
sisted  its  blighting  influences.  It  proved  in  fact  more 
disastrous  to  the  oppressor  than  to  the  oppressed.  In 
those  days  Spain  was  commonly  compared  to  a  sieve, 
never  the  richer  for  all  the  boundless  wealth  drawn 
from  the  New  World.  But  the  aborigines  derived  at 
least  some  advantage  from  contact  and  partial  fusion 
with  a  people  of  superior  culture.  This  fusion,  which 
may  be  regarded  as  the  chief  outcome  of  the  colonial 
administration,  has  contributed  to  the  formation  of 
the  present  exceedingly  complex  Mexican  nationality, 
in  which  the  Indian  continues  to  be  the  predominat¬ 
ing  element.  Taking  the  whole  population  at  less 
than  ten  millions,  its  ethnical  distribution  appears  to 
be  at  present  as  under : 

1.  Full-blood  Indians .  5,000,000 

2.  Mestizoes  (half-caste  Indians  and  whites) .  3,000,000 

3.  Creoles  (whites  of  Spanish  descent) .  1,500,000 

4.  Gachupines6  (Spaniards  by  birth) .  50,000 

other  hand,  steeped  in  the  most  grovelling  superstition,  intensi¬ 
fied  by  many  traditional  Indian  reminiscences.  This  section  of 
the  community  yields  a  blind  obedience  to  the  clergy,  notwith¬ 
standing  the  severe  laws  with  which  the  Government  has  en¬ 
deavored  to  counteract  the  influence  of  the  priests.  Even  so 
recently  as  1874  a  genuine  case  of  witch-burning  occurred  in 
Mexico.” — Central  America,  p.  34. 

*  Guatemozin  was  dethroned  in  1521.  He  was  executed  in  1524. 
See  Hist.  Central  America,  by  H.  H.  Bancroft,  vol.  i.  551-6.— Am.  Ed. 

5  O’Donoju  died  while  a  member  of  the  Provisional  Junta  of 
1821.  Chevalier’s  Mexico,  Ancient  and  Modem,  vol.  ii.  p.  63.— 
Am.  Ed. 

®  From  the  Aztec  Oatzopin,  centaur ;  also  known  as  Chapetones. 
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5.  Other  Europeans  and  Americans .  100,000 

6.  Full-blood  negroes . . . . .  10,000 

7.  Zambos  or  “ Chinos”  (Indo- Africans) .  45,000 

8.  Mulattoes  (Eurafricans) .  5,000 

Under  the  Spanish  administration,  which  was 
marked  on  the  surface  by  few  stirring  events,  such 
as  warlike  expeditions,  civil  strife,  or  serious  internal 
troubles,  Mexico,  or  New  Spain,  formed  a  viceroyalty 
at  one  time  stretching  from  the  isthmus  of  Panama  to 
Vancouver’s  Island.  Antonio  de  Mendoza,  appointed 
in  1535  after  government  by  audiencias  had  proved  a 
signal  failure,  was  the  first  of  sixty -four  viceroys  who 
ruled  with  almost  autocratic  power,  but  scarcely  any 
of  whom  has  left  a  name  in  history.  Don  Juan  de 
Acuna  (1722^34)  is  mentioned  as  having  been  the  only 
native  American  among  them,  and  Don  Juan  V.  (x. 
Pacheco  (1789-94)  had  at  least  the  merit  of  betraying 
some  regard  for  the  social  welfare  of  his  subjects. 
Under  him  a  regular  police,  the  lighting  and  drain¬ 
ing  of  towns,  and  other  municipal  improvements  were 
introduced. 

But  down  to  the  early  years  of  the  present  century 
all  emoluments  in  church  and  state,  most  of  the  large 
plantations,  of  the  mines,  and  of  the  commerce  of  the 
country,  continued  to  be  monopolized  by  the  privi¬ 
leged  gachupines,  whom  the  creoles  and  mestizoes  had 
already  begun  to  regard  as  aliens.  Hence  the  first  re¬ 
actionary  movements,  stimulated  by  Napoleon’s  depo¬ 
sition  of  King  Ferdinand  and  arrest  of  the  viceroy 
Hurrigaray  in  1808,  were  aimed  rather  against  odious 
class  distinctions  and  the  intolerable  oppression  of 
these  aliens  than  against  the  abstract  rights  of  the 
Spanish  crown.  The  long  smouldering  spirit  of  dis¬ 
content  at  last  broke  into  open  revolt  in  1810  at  Guan¬ 
ajuato,  under  the  leadership  of  Don  Miguel  Hidalgo. 
After  his  defeat  and  execution  in  1811,  the  struggle 
was  continued  by  Morelos,  who,  like  Hidalgo,  was  a 
priest,  and  shared  his  fate  in  1815.  But  he  had 
already  called  a  national  assembly  at  Chilpanzinco, 
and  by  this  body  Mexican  independence  was  for  the 
first  time  proclaimed  in  1813.  A  guerilla  warfare 
kept  the  national  sj^irit  alive  till  a  fresh  stimulus  was 
given  to  it  by  the  Spanish  revolution  of  1820.  Under 
the  leadership  of  the  ‘  ‘  Liberator  ’  ’  Iturbide,  Mexican 
independence  was  again  proclaimed  on  February  24, 
1821,  and  the  same  year  the  capital  was  surrendered 
by  O’Donoju,  the  last  of  the  viceroys.  But  even  after 
the  revolt  had  thus  been  crowned  with  success  a 
change  of  personnel  rather  than  of  system  was  contem¬ 
plated  ;  nor  was  Iturbide  proclaimed  emperor  until 
the  Mexican  crown  had  been  declined  by  a  royal  prince 
of  Spain. 

Almost  simultaneously  with  this  event  the  republican 
Period  of  standard  had  been  raised  by  Santa  Anna  at 
independ-  Vera  Cruz  (December,  1822).  Thus  the  na- 
ence'  tion  had  no  sooner  got  rid  of  foreign  rule 
than  it  became  torn  by  internal  dissension.  But  hence¬ 
forth  the  struggle  is  not  so  much  against  the  privileged 
classes  as  between  Conservative  and  Liberal  principles, 
— the  former  represented  chiefly  by  the  church  and 
the  superstitious  populace,  the  latter  by  the  more 
enlightened  but  not  less  unscrupulous  sections  of  the 
community.  From  both  the  Indios  Bravos,  that  is, 
about  a  third  of  the  whole  population,  hold  entirely 
aloof,  and  take  advantage  of  the  public  disorders  to 
continue  their  aggressive  warfare  against  all  alike.1 
Events  now  follow  in  quick  succession,  and  as  many  as 
three  hundred  successful  or  abortive  revolutions  are 
recorded  during  the  brief  but  stormy  life  of  Mexican 
national  independence.2  But  amid  the  confusion  of 
empires,  republics,  dictatorships,  and  military  usurpa- 

1  In  December,  1882,  a  party  of  seventy-five  Mexicans  and 
Americans  were  massacred  in  the  state  of  Chihuahua  by  a  band 
of  Bravos. 

*  Between  1821  and  1868  the  form  of  government  was  changed 
ten  times ;  over  fifty  persons  succeeded  each  other  as  presidents, 
dictators,  or  emperors ;  both  emperors  were  shot,  Iturbide  in  1824, 
Maximilian  in  1867,  and  according  to  some  calculations  there 
occurred  at  least  three  hundred  pronunciamientos. 


tions,  succeeding  each  other  with  bewildering  rapidity, 
the  thoughtful  student  will  still  detect  a  steady  pro¬ 
gress  towards  the  ultimate  triumph  of  those  Liberal 
ideas  which  lie  at  the  base  of  true  national  freedom. 
A  brief  tabuiated  summary  of  the  more  salient  inci¬ 
dents  in  this  eventful  struggle  must  here  suffice : 


1821-23.  Mexican  independence  acknowledged  by  Spain;* 
regency  under  Iturbide,  who  (1822)  is  elected  he¬ 
reditary  constitutional  emperor;  in  December,  Santa 
Anna  proclaims  the  republic  in  Vera  Cruz. 

1823-24.  Provisional  Government;  Iturbide  abdicates;  ex¬ 
iled,  withdraws  to  London,  but  returning  is  shot 
(1824).  ..  .  ^  , 

1824.  First  Liberal  constitution, — “  Acta  Constitutiva  de  la 
Federacion  Mexicana,”  then  comprising  nineteen 
states  and  five  territories;  first  president  D.  Felix 
Victoria,  known  as  “  Guadalupe  Victoria.” 

1828-30.  Contested  presidencies  of  Pedraza,  Guerrero,  and 
.Bustamente. 

1835.  Beaction  of  the  church  party ;  constitution  of  1824 

abolished ;  the  confederate  states  fused  in  a  consoli¬ 
dated  republic  under  Santa  Anna  as  president,  but 
practically  dictator. 

1836.  Texas  refusing  to  submit  secedes,  defeats  and  cap¬ 

tures  Santa  Anna. 

1837.  Santa  Anna  returning  resumes  office. 

1839.  Bravo’s  brief  presidency  followed  by  much  anarchy. 
1841-44.  Santa  Anna’s  first  dictatorship  with  two  others. 

1844.  Constitution  restored  with  Santa  Anna  president; 

banished  same  year,  he  is  succeeded  by  Canalizo. 

1845.  Herrera  president ;  disastrous  war  with  United  States 

to  recover  Texas. 

1846.  Santa  Anna  again  president. 

1848.  Treaty  of  Guadalupe;  California  and  New  Mexico 
ceded  to  United  States. 

1853.  Santa  Anna’s  second  dictatorship;  treaty  of  Mesilla 
(negotiated  by  Gadsden)  ceding  extensive  territory 
to  United  States  and  reducing  Mexico  to  its  present 
limits;  great  financial  embarrassment;  “Plan  of 
Ayutla ;  ”  flight  of  Santa  Anna  followed  by  univer¬ 
sal  chaos. 

1855.  Provisional  Government  under  President  Comonfort. 

1856.  Constitutional  convention ;  radical  reforms ;  rupture 

with  Spain. 

1857.  Liberal  constitution  of  March  11 ;  suspended  Decem¬ 

ber  1 ;  Comonfort  dictator ;  the  reaction  supported 
by  the  church,  large  part  of  the  army,  and  all  Con¬ 
servatives  ;  opposed  at  Vera  Cruz  by  Vice-president 
Benito  Juarez  at  the  head  of  the  “  Puros,”  or  ad¬ 
vanced  Liberals ;  the  “  War  of  Reform  ”  begins,  and 
lasts  till  1860. 

1858-59.  In  the  capital  Comonfort  is  deposed  by  Zuloaga, 
who  abdicates  in  favor  of  Miramon,  general  of  the 
Conservative  forces ;  but  declining  the  presidency, 
Miramon  restores  Zuloaga ;  British  legation  violated ; 
in  Vera  Cruz  the  United  States  envoy  MacLean  ac¬ 
knowledges  Juarez,  who  introduces  further  Liberal 
measures. 

1860.  Capitulation  of  Guadalajara;  flight  of  Miramon  from 

the  capital ;  triumph  of  the  Liberals. 

1861.  Triumphal  entry  of  Juarez  into  the  capital ;  further 

radical  reforms;  marriage  declared  a  civil  contract; 
celibacy  and  ecclesiastical  tribunals  suppressed ;  con¬ 
fiscation  of  church  property  valued  at  £75,000,000 
and  over  a  third  of  the  soil ;  final  separation  of 
church  and  state ;  Spain,  France,  and  England  urge 
claims  for  losses  of  their  subjects  resident  in  Mexico ; 
convention  of  London;  intervention  of  the  allies, 
who  occupy  Vera  Cruz  in  December.4 

1862.  England  and  Spain  withdraw,  their  claims  having 

been  settled  by  negotiation;  war  continued  by 
France. 

1863-64.  The  capital  occupied  by  the  French  ;  Louis  Napo¬ 
leon  dreams  of  a  universal  fusion  of  the  Latin  races; 
offers  the  Mexican  imperial  crown  to  the  Austrian 
archduke  Ferdinand  Maximilian,  who  accepts,  and 
arrives  in  June,  1864. 

1867.  After  diverse  issues  the  French  withdraw ;  Maximil¬ 
ian,  abandoned  to  his  fate,  is  captured  and  shot  at 
Quer6taro  (June  19). 

1867-69.  Various  pronunciamientos  by  Santa  Anna  and 
others, 

1871-72.  Juarez  president;  he  dies  in  office  July,  1872;  suc¬ 
ceeded  by  his  secretary  Lerdo  de  Tejada. 


s  Spain  acknowledged  the  independence  of  Mexico  in  1836. 
Haydn’s  Dictionary  of  Dates,  17th  ed.,  p.  451.— Am.  Ed. 

4  British  and  French  expedition  arrives,  7th,  8th  January,  1868. 
Haydn  (ut  sup.) 
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1873-74.  The  Liberal  constitution  of  1857,  which  had  been 
twice  suspended  (1858-60 and  1863-67),  is  now  largely 
amended,  and  continues  to  be  henceforth  the  or¬ 
ganic  law  of  Mexico. 

1876.  Tejada  succeeded  by  Porflrio  Diaz. 

1880.  Manuel  Gonzalez,  reigning  president. 

Since  1869  the  Liberal  party  has  succeeded  in  preserving 
peace  at  home  and  abroad,  while  establishing  democratic 
institutions  on  a  firm  basis.  A.  v.  Humboldt’s  gloomy  an¬ 
ticipations1  have  not  been  realized,  and  for  the  first  time  in 
its  chequered  history  Mexico  may  look  forward  with  some 
confidence  to  a  bright  future.  The  plague  spot  is  the  un¬ 
civilized  Indian  element.  But  with  boundless  natural  re¬ 
sources  at  its  disposal,  a  wise  administration  may  hope  to 
overcome  that  difficulty,  and  gradually  effect  a  complete 
fusion  of  the  antagonistic  racial  elements. 

Literature.— J.  Frost,  History  of  Mexico  and  its  Wars,  with  ad¬ 
denda  by  A.  Hawkins,  New  Orleans,  1882 ;  T.  U.  Brocklehurst, 
Mexico  To-day,  London,  1882;  Lorenzo  Castro,  Mexico  in  1882,  New 
York,  1882;  Aubertin,  A  Flight  to  Mexico,  1882;  E.  Busto,  Estadis- 
tica  de  la  Republica  Mexicana,  Mexico,  1880 ;  Don  Lucas  Alaman, 
Historic,  de  Mexico,  Mexico,  1849-52 ;  J.  M.  L.  Mora,  Mexico  y  sus 
Revoluciones,  Paris,  1836;  E.  K.  H.  von  Richthofen,  Die  politischen 
Zustdnde  der  Republik  Mexico,  Berlin,  1854-59  ;  W.  H.  Prescott,  His¬ 
tory  of  the  Conquest  of  Mexico,  New  York,  1847;  E.  Miihlenpfordt, 
Schilderung  der  Rep.  Mexico,  besonders  in  Beziehung  auf  Qeographie, 
Ethnographic,  und  Statistik,  Hanover,  1844 ;  A.  R.  Thiimmel,  Mexico 
und  die  Mexicaner  in  physischer,  sotialer,  und  politischer  Beziehung, 
Erlangen,  1848;  Brantz  Mayer,  Mexico  as  it  was  and  as  it  is,  New 
York,  1844,  and  Mexico,  Aztec,  Spanish,  and  Republican,  Hartford, 
1853 ;  V.  W.  von  Egloffstein,  Omtributions  to  the  Geology  and  the 
Physical  Geography  of  Mexico,  New  York,  1864;  J.  C.  Beltrami,  Le 
Mexique,  Pans,  1830;  Madame  C.  [Calderon]  de  la  B.  [Barca],  Life 
in  Mexico,  etc.,  with  preface  by  W.  H.  Prescott,  London,  1843;  A. 
M.  Gilliam,  Travels  over  the  Table-lands  and  Cordilleras  of  Mexico, 
Philadelphia,  1846 ;  A.  von  Humboldt,  Vues  des  CordUUres  et  monu¬ 
ments  despeuples  indigenes  de  V  Amlrique,  Paris,  1810,  and  Vtrsuch 
iiber  den  politischen  Zustand  des  Konigreichs  Neu-Spanien,  Tubingen, 
1809-13  (French  ed.,  Paris,  1811) ;  Miguel  Lerdo  de  Tejada,  Comercio 
exterior  de  Mexico  desde  la  Conquista  hasta  hoy,  Mexico,  1353 ;  John 
Macgregor,  States  of  Mexico  (commercial  tariffs,  etc.),  London,  1846 ; 
Annies  del  Ministerio  de  fgmento,  colonizacion,  indukria,  y  comercio 
de  la  Republica  Mexicana  y  repertorio  de  noticias  sobre  ciencias,  artes, 
y  estadistica  nacional  y  estramera,  Mexico,  1851-55 ;  Memoria  sobre  et 
estado  de  la  agricultura  y  inaustria  de  la  Republica,  que  la  direction 
general  de  estos  ramos  presenta  at  Gobiemo  Supremo,  etc.,  Mexico, 
1843-46 ;  Don  Mariano  Galvez,  Industrie  Nacional,  Mexico,  1845, 
and  Estatuto  organico  de  la  Republica  Mexicana,  Mexico,  1857 ;  H. 
IV.  Bates,  Central  America,  etc.,  with  ethnological  appendix  by  A. 
H.  Keane,  London,  1878;  Surveys  of  the  French  Corps  Expedi- 
tionnaire  embodied  in  the  Carte  du  Mexique,  with  accompanying 
monograph  by  M.  Niox,  Paris,  1873.  Other  large  and  more  or  less 
trustworthy  maps  are— A.  G.  Cuba,  Carta  Geografica,  Mexico,  1874 ; 
The  Library  Map  of  Mexico,  Chicago,  1882 ;  Humboldt,  Atlas  Gio- 
graphique  et  physique  du  Royaume  de  la  Nouvelle  Espagne,  Paris, 
1811 ;  Mapa  de  los  Estados  Unidos  de  Mexico,  etc.,  published  by  J. 
Distumell,  New  York,  1847;  Bru6,  Carte  generate  des  Mats- Unis 
Mexicains,  Paris,  1825 ;  H.  Kiepert,  Mexico,  Texas,  und  Califomien, 
Weimar,  1847 ;  F.  de  Gerolt  y  C.  de  Berghes,  Carta  geognostica  de 
los  principales  distritos  minerales  del  Estado  de  Mexico  formada  sobre 
observaciones  astron.,  barometr.,  y  mineral.,  Mexico,  1827 ;  the  large 
physical  and  geological  maps  accompanying  Von  Egloffstein’s 
above-quoted  work;  and  a  good  relief  map  in  F.  Ratzel’s  Aus 
Mexico,  Breslau,  1878.  (A.  h.  K..) 

III.  THE  CITY  OF  MEXICO. 

Mexico,  the  capital  formerly  of  the  Aztec  empire 
and  of  the  Spanish  colony  of  New  Spain,  and  now  of 
the  republic,  state,  and  federal  district  of  Mexico, 
stands  on  the  Anahuac  plateau,  7524  feet  above  sea- 
level,  2i  miles  from  the  southwest  side  of  Lake  Tezcuco 
(Texcoco),  the  lowest  and  largest  of  six  basins  filling  the 
deepest  depression  in  the  hill-encircled  Mexican  valley. 
Situated  in  19°  25'  45//  N.  lat.  and  99°  7'  W.  long., 
it  is  173  miles  by  rail  from  Vera  Cruz  on  the  Atlantic, 
290  from  Acapulco  on  the  Pacific,  285  from  Oajaca, 
863  from  Matamoros  on  the  United  States  frontier. 
Mexico  is  the  largest  and  finest  city  in  Spanish 
America,  forming  a  square  nearly  3  miles  both  ways, 
and  laid  out  with  perfect  regularity,  all  its  six  hundred 
streets  and  lanes  running  at  right  angles  north  to  south 
and  east  to  west,  and  covering  within  the  walls  an  area 
of  about  10  square  miles,  with  a  population  (in  1 880)  of 
230,000.  '  Most  of  the  inhabitants  are  pure-blood  In¬ 
dians  or  Mestizoes ;  but  the  foreigners,  chiefly  French, 
English,  Germans,  Americans,  and  Spaniards,  monopo¬ 
lize  nearly  all  the  trade,  and  as  capitalists,  bankers, 
merchants,  and  dealers  enjoy  an  influence  out  of  all  pro- 

1  Consulted  shortly  before  his  death  as  to  the  future  prospects 
of  Mexico,  with  which  his  name  was  so  intimately  associated, 
Humboldt  ventured  to  prophesy  that  “  die  Vereinigten  Staaten 
werden  es  an  sich  reisseu  und  dann  selbst  zerfallen. 


portion  to  their  numbers.  A  large  portion  of  the  na¬ 
tives  are  mendicants  or  vagrants,  and  the  distinctly 
criminal  element  (26,470  in  1878)  is  kept  in  order  by  a 
police  force  of  1 320  men ;  yet  in  that  year  there  were  as 
many  as  53 1 0  knife-attacks  and  3250  robberies.  The 
broad,  well-paved,  and  gas-lit  streets  present  a  pic¬ 
turesque  appearance  with  their  quaint  two-  and  three- 
stoned  stone  houses  gaily  painted  in  white,  red,  yellow, 
or  green,  and  terminating  everywhere  with  a  back¬ 
ground  of  rugged  sierras  or  snowy  peaks  which,  owing 
to  the  bright  atmosphere  at  this  elevation,  seem  quite 
close,  although  really  30  or  40  miles  distant.  All  the 
main  thoroughfares  converge  on  the  central  Plaza  de 
Armas  (Plaza  Mayor,  or  Main  Square),  which  covers 
14  acres,  and  is  tastefully  laid  out  with  shady  trees, 
garden  plots,  marble  fountains,  and  seats.  Here  also 
are  grouped  most  of  the  public  buildings,  towering 
above  which  is  the  cathedral,  the  largest  and  most 
sumptuous  church  in  America,  which  faces  the  north 
side  of  the  plaza  on  the  site  of  the  great  pyramidal 
teocalli  or  temple  of  Huitzilopochtli,  titular  god  of  the 
Aztecs.  This  edifice,  which  was  founded  in  1573  and 
finished  in  1657,  at  a  cost  of  £400, 0002  for  the  walls 
alone,  forms  a  Greek  cross  426  feet  long  and  203  wide, 
with  two  great  naves  and  three  aisles,  twenty  side 
chapels,  and  a  magnificent  high  altar  supported  by 
marble  columns,  and  surrounded  by  a  lumbago  balus¬ 
trade  with  sixty-two  statues  of  the  same  rich  gold, 
silver,  and  copper  alloy  serving  as  candelabra.  The 
elaborately  carved  choir  is  also  inclosed  by  tumbago 
railings  made  in  Macao,  weighing  26  tons,  and  valued 
at  about  £300,000.  In  the  interior  the  Doric  style 
prevails,  Renaissance  in  the  exterior,  which  is  adorned 
by  a  fine  dome  and  two  open  towers  218  feet  high.  At 
the  foot  of  the  left  tower  is  placed  the  famous  calendar 
stone,  the  most  interesting  relic  of  Aztec  culture.  The 
east  side  of  the  plaza  is  occupied  by  the  old  viceregal 
residence,  now  the  National  Palace,  with  675  feet 
frontage,  containing  most  of  the  Government  offices 
(ministerial,  cabinet,  treasury),  military  headquarters, 
archives,  meteorological  department  with  observatory, 
and  the  spacious  hall  of  ambassadors  with  some  re¬ 
markable  paintings  by  Miranda  and  native  artists. 
North  of  the  National  Palace,  and  apparently  forming 
portions  of  it,  are  the  post-office  and  the  national 
museum  of  natural  history  and  antiquities,  with  a 
priceless  collection  of  Mexican  remains.  Close  to  the 
cathedral  stands  the  Monte  de  Piedad,  or  national 
pawnshop,  a  useful  institution,  endowed  in  1744  by 
Terreros  with  £75,000,  and  now  possessing  nearly 
£2,000,000  of  accumulated  funds.  Facing  the  cathe¬ 
dral  is  the  Palacio  Municipal  (city  hall),  252  feet  by 
122,  rebuilt  in  1792  at  a  cost  of  £30, 000, 3  and  contain¬ 
ing  the  city  and  district  offices,  the  corporation  jail, 
and  the  lonja,  or  merchants’  exchange.  Around  the 
Plaza  San  Domingo  are  grouped  the  convent  of  that 
name,  said  to  contain  vast  treasures  buried  within  its 
walls,  the  old  inquisition,  now  the  school  of  medicine, 
and  the  custom-house.  In  the  same  neighborhood  are 
the  church  of  the  Jesuits  and  the  school  of  arts,  “  an 
immense  workshop,  including  iron  and  brass  foundries, 
carriage  and  cart  mending,  building  and  masonry,  va¬ 
rious  branches  of  joinery  and  upholstery  work,  and 
silk  and  cotton  hand-weaving  ’  ’  (Brocklehurst).  Other 
noteworthy  buildings  are  the  national  picture  gallery 
of  San  Carlos,  the  finest  in  America,  in  which  the 
Florentine  and  Flemish  schools  are  well  represented, 
and  which  contains  the  famous  Las  Casas  by  Felix 
Parra ;  the  national  library  of  St.  Augustine,  with  over 
100,000  volumes,  numerous  MSS.,  and  many  rare  old 
Spanish  books ;  the  mint,  which  since  1690  has  issued 
coinage,  chiefly  silver,  to  the  amount  of  nearly  £400,- 
000,000  ;  the  Iturbide  hotel,  formerly  the  residence  of 

*  Castro  says  $1,752,000  up  to  1657,  Republic  of  Mexico,  p.  85.  See 
game  authority  for  other  slight  variations  and  additions.  Other 
authorities  make  this  expenditure  fall  subsequently  to  1667.— 
Am.  Ed. 

3  Castro,  p.  84,  ul  supra.  $130,000.—  Am.  Ep. 
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the  emperor  Iturbide  ;  the  Mineria,  or  school  of  mines, 
with  lecture-rooms,  laboratories,  rich  mineralogical  and 
geological  specimens,  and  a  fossil  horse  3  feet  high  of 
the  Pleistocene  period.  Owing  to  the  spongy  nature 
of  the  soil,  the  Mineria  and  many  other  structures  have 
settled  out  of  the  perpendicular,  thus  often  presenting 
irregular  lines  and  a  rickety  appearance.  Among  the 
twenty  scientific  institutes  mention  should  be  made  of 
the  Geographical  and  Statistical  Society,  whose  me¬ 
teorological  department  issues  charts  and  maps  of  un¬ 
surpassed  excellence.  Pop.  (1900)  344,721. 

Besides  the  chief  market  south  of  the  National  Palace 
there  are  three  others,  all  well  stocked  with  meat,  fish,  and 
especially  vegetables,  fruits,  and  flowers  grown  mainly  on 
the  chinampas,  or  floating  gardens  of  Lakes  Chaleo  and  Xo- 
chimilco.  These  gardens,  which  were  far  more  numerous 
in  the  Aztec  times,  are  formed  by  placing  layers  of  turf  on 
the  matted  aquatic  vegetable  growths  to  a  height  of  2  or  3 
feet  above  the  water,  and  securing  them  by  long  willow  poles 
driven  through  them  to  the  bottom,  where  they  take  root. 
They  form  plots  100  to  200  feet  long  by  20  to  100  broad,  and 
are  firm  enough  to  support  the  huts  of  the  cultivators.  From 
the  still  extant  illuminated  tribute-rolls  it  appears  that  the 
Aztec  rulers  derived  a  large  share  of  the  taxes  from  these 
gardens,  which  at  that  time  also  covered  the  brackish  waters 
of  Lake  Tezcuco. 

Before  1860  half  of  the  city  consisted  of  churches,  con¬ 
vents,  and  other  ecclesiastical  structures,  most  of  which  have 
been  sequestrated  and  converted  into  libraries,  stores,  ware¬ 
houses,  and  even  stables,  or  pulled  down  for  civic  improve¬ 
ments.  Nevertheless  there  still  remain  fourteen  parish  and 
thirty  other  churches,  some  of  large  size  with  towers  and 
domes,  and  their  number  has  now  been  increased  by  six 
Protestant  churches  including  the  Anglican  cathedral  in  San 
Francisco  Street.  This  is  the  leading  thoroughfare,  and  is 
rivalled  in  splendor  only  by  the  new  Cinco  de  Mayo  Street 
running  from  the  National  Theatre  to  the  cathedral. 

The  city  is  supplied  by  two  monumental  aqueducts,  from 
Chapultepec  and  the  southwest,  with  good  water  at  the  rate 
of  44  gallons  per  day  per  inhabitant. 

Its  industries  are  varied  but  unimportant,  consisting 
chiefly  of  gold  and  silver  work,  coarse  glazed  and  unglazed 
pottery  of  peculiar  form  and  ornamentation,  paper,  feather- 
work  remarkable  for  its  taste  and  beautiful  designs,  toys, 
rosaries,  crucifixes, religious  pictures,  lace,  and  some  weaving. 

Mexico  enjoys  an  equable  climate,  with  a  temperature 
varying  from  70°  to  50°  F.,  but  rendered  unhealthy  by  the 
exhalations  from  the  lakes  and  the  bad  drainage.  The  death- 
rate  in  1876  was  59  per  1000,  and  45  in  1878,  pneumonia  being 
most  fatal  (12  per  cent,  of  the  total).  Standing  at  the  lowest 
level  of  a  lacustrine  valley,  1400  square  miles  in  extent,  and 
completely  encircled  by  hills  with  no  natural  outlet,  the 
city  has  always  been  subject  to  floodings  from  the  overflow 
of  the  neighboring  freshwater  Lakes  Zumpango  and  Xalto- 
can  on  the  north  and  Xochimilco  and  Chaleo  on  the  south, 
which,  in  the  17th  century,  laid  the  whole  district  under 
water  in  1607,  and  again  for  five  years  from  1629  to  1634.  To 
remedy  the  evil  the  engineer  Martinez  began  in  1607  the 
great  cutting  13  miles  long  through  the  Nochistongo  hill  in 
order  to  draw  off  the  discharge  of  Lake  Zumpango,  the 
highest  in  the  valley,  to  the  river  Tula,  a  tributary  of  the 


Panuco,  flowing  to  the  Atlantic.  This  work,  which  cost  the 
lives  of  70,000  natives,  was  completed  in  1789 ;  but  the  result 
was  not  satisfactory,  and  the  city  is  still  often  flooded. 

The  chief  public  promenades  are  the  Alameda,  planted 
with  stately  beeches ;  the  Vega,  skirted  by  the  Vega  Canal,  * 
and  adorned  with  the  colossal  bust  of  Guatemozin,  the  last 
of  the  Aztec  emperors ;  the  Paseo  de  la  Riforma,  a  fine  avenue 
3  miles  long  running  south  to  the  famous  castle  of  Chapul¬ 
tepec,  a  place  intimately  associated  with  the  names  both  of 
Montezuma  and  Maximilian.  The  present  castle,  erected  in 
1785  by  the  viceroy  Galvez  on  the  site  of  Montezuma’s  pal¬ 
ace,  commands  a  superb  view  of  the  city  and  surrounding 
district,  and  is  approached  by  avenues  of  gigantic  cypresses 
( Cupressus  disticha )  dating  from  Aztec  times,  growing  to  a 
height  of  120  feet,  and  measuring  from  30  to  40  feet  round 
the  stem.  Other  good  roads  with  horse  or  steam  trams  lead 
to  Tacubaya  and  the  “  Noche  Triste  ”  tree,  where  Cortes  is 
traditionally  supposed  to  have  rested  after  the  disastrous 
retreat  from  Mexico  on  the  night  of  June  30,  1520,  to  the 
pleasant  summer  suburb  of  Tacubaya,  and  to  the  renowned 
shrine  of  Our  Lady  of  Guadalupe,  3  miles  to  the  east  on  the 
border  of  Lake  Tezcuco.  Here  stands  the  most  famous 
church  in  Mexico,  erected  to  commemorate  the  legendary 
apparitions  of  the  Madonna  to  the  Indian  Juan  Diego  in 
December,  1531,  and  still  visited  by  thousands  of  pilgrims 
or  sightseers. 

Mexico  dates  either  from  the  year  1325  or  1327,  when  the 
Aztecs  after  long  wanderings  over  the  plateau  were  directed 
by  the  oracle  to  settle  at  this  spot.  For  here  had  been  wit¬ 
nessed  the  auspicious  omen  of  an  eagle  perched  on  a  nopal 
(cactus)  and  devouring  a  snake.  Hence  the  original  name 
of  the  city,  Tenochtitlan  (nopal  on  a  stone),  changed  after¬ 
wards  to  Mexico  in  honor  of  the  war  god  Mexitli.  With 
the  progress  of  Aztec  culture  the  place  rapidly  improved, 
and  about  1450  the  old  mud  and  rush  houses  were  replaced 
by  solid  stone  structures  erected  partly  on  piles  amid  the 
islets  of  Lake  Tezcuco,  and  grouped  round  the  central  iu- 
closure  of  the  great  teocalli.  The  city  had  reached  its 
highest  splendor  on  the  arrival  of  the  Spaniards  in  1519, 
when  it  comprised  from  50,000  to  60,000  houses,  with  perhaps 
500,000  inhabitants,  and  seemed  to  Cortes  “  like  a  thing  of 
fairy  creation  rather  than  the  work  of  mortal  hands”  (Pres¬ 
cott).  It  was  at  that  time  about  12  miles  in  circumference, 
everywhere  intersected  by  canals,  and  connected  with  the 
mainland  by  six  long  and  solidly  constructed  causeways,  as 
is  clearly  shown  by  the  plan  given  in  the  edition  of  Cortes’s 
letters  published  at  Nuremberg  in  1524  (reproduced  in  vol. 
iv.  of  H.  H.  Bancroft’s  History  of  the  Pacific  States,  San  Fran¬ 
cisco,  1883,  p.  280).  After  its  almost  total  destruction  in 
November,  1521,  Cortes  employed  some  400,000  natives  in 
rebuilding  it  on  the  same  site;  but  since  then  the  lake  seems 
to  have  considerably  subsided,  for  although  still  50  square 
miles  in  extent  it  is  very  shallow,  and  has  retired  2 £  miles 
from  the  city.  During  the  Spanish  rule  the  chief  event 
was  the  revolt  of  1692,  when  the  municipal  buildings  were 
destroyed.  Since  then  Mexico  has  been  the  scene  of  many 
revolutions,  and  after  the  battle  of  Chapultepec  (September 
13,  1847)  the  city  was  held  by  the  United  States  troops  till 
the  treaty  of  Guadalupe,  May,  1848.  But  since  the  disorders 
ending  with  the  death  of  Maximilian  it  has  turned  to  peace¬ 
ful  ways,  and  has  become  a  great  centre  of  civilizing  in¬ 
fluences  for  the  surrounding  semi-barbarous  peoples. 

(A.  H.  K.) 


MEYERBEER,  Giacomo  (1791-1863),  first  known 
in  Germany  as  Jakob  Meyer  Beer,  was  born  at  Berlin, 
on  September  5,  1791, 1  of  a  wealthy  and  talented  Jew¬ 
ish  family.  His  father,  Herz  Beer,  was  a  banker ; 
his  mother,  Amalie  ( nSe  Wulf),  was  a  woman  of  high 
intellectual  culture  ;  and  two  of  his  brothers  distin¬ 
guished  themselves  in  astronomy  and  literature.  He 
studied  the  pianoforte,  first  under  Lauska,  and  after¬ 
wards  under  Lauska’ s  master,  Clementi.  When  seven 
years  old  he  played  Mozart’s  Concerto  in  D  Minor  in 
public,  and  at  nine  he  was  pronounced  the  best  pianist 
in  Berlin.  For  composition  he  was  placed  under  Zel- 
ter,  whose  lessons  were  soon  exchanged  for  those  of 
Bernard  Weber,  then  director  of  the  Berlin  opera,  by 
whom  he  was  introduced  to  the  Abb6  Vogler.  Struck 
by  his  brilliant  talent,  Vogler  invited  him  to  Darm¬ 
stadt,  and  in  1810  received  him  into  his  house,  where 

*  Or,  according  to  some  accounts,  1794. 


he  formed  an  intimate  friendship  with  Karl  Maria  von 
Weber,  who,  though  his  senior  by  eight  years,  shared 
the  daily  lessons  he  received  from  the  abbe  in  coun¬ 
terpoint,  fugue,  and  extempore  organ-playing.  At 
the  end  of  two  years  the  grand-duke  appointed  Mey¬ 
erbeer  composer  to  the  court.  His  early  works,  how¬ 
ever,  were  far  from  successful, — his  first  opera,  Jeph- 
tha's  Geliibde ,  failing  lamentably  at  Darmstadt  in 
1811,  and  his  second,  Wirth  und  Gast  ( Alimelek, ),  at 
Vienna  in  1814.  These  checks  discouraged  him  so 
cruelly  that  he  feared  he  had  mistaken  his  vocation. 
Nevertheless,  by  advice  of  Salieri,  he  determined  to 
study  vocalization  in  Italy,  and  then  to  form  a  new 
style.  But  at  Venice  he  was  so  captivated  by  the  style 
of  Rossini  that,  renouncing  all  thought  of  originality, 
he  produced  a  succession  of  seven  Italian  operas — 
Romilda  e  Costanza ,  Semiramide  riconosciuta ,  Edou~ 
ardo  e  Cristina ,  Emma  di  Roslmrgo ,  Margherita 
d.' Anjou y  L'Esule  di  Granata ,  and  II  Crociato  in 
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Egitto — which  all  achieved  a  success  as  brilliant  as  it 
was  unexpected.  Against  this  act  of  treason  to  Ger¬ 
man  art  Weber  protested  most  earnestly  ;  and  before 
long  Meyerbeer  himself  grew  tired  of  his  defection, 
though  the  success  of  II  Crociato  was  so  great  that  he 
was  crowned  upon  the  stage.  An  invitation  to  Paris 
in  1826  led  him  to  review  his  position  fairly  and  dis¬ 
passionately,  and  he  could  not  conceal  from  himself 
the  fact,  that  he  was  wasting  in  imitation  powers 
which,  rightly  used,  might  make  his  name  immortal. 
For  several  years  after  this  he  produced  nothing  in 
public ;  but,  in  concert  with  Scribe,  he  planned  the 
work  which  first  -made  known  the  reality  of  his  tran¬ 
scendent  genius — his  first  French  opera,  Robert  le  Via¬ 
ble.  This  gorgeous  drama  was  produced  at  the  Grand 
Op6ra  in  1831,  and  received  with  acclamation.  It  was 
the  first  of  its  race,  a  grand  romantic  opera,  abounding 
with  scenes  of  startling  interest,  with  situations  more 
powerfully  dramatic  than  any  that  had  been  attempted 
either  by  Cherubini  or  Rossini,  with  mysterious  hor¬ 
rors  and  chivalric  pomp,  and  with  ballet  music  such  as 
had  never  yet  been  heard,  even  in  Paris.  Its  popu¬ 
larity  exceeded  all  previous  expectation  ;  yet  for  five 
ears  after  this  signal  triumph  Meyerbeer  appeared 
efore  the  public  no  more.  We  cannot  doubt  that  his 
motive  for  this  retirement  was  the  determination  to 
roduce  something  greater  still ;  and  in  some  respects 
is  next  opera,  Les  Huguenots ,  really  was  greater, 
though  it  fell  short  of  the  deep  romance  which  ren¬ 
dered  Robert  le  Viable  so  incomparably  captivating. 

The  first  performance  of  Les  Huguenots  took  place 
in  1836.  In  gorgeous  coloring,  in  depth  of  passion, 
in  consistency  of  dramatic  treatment,  and  in  careful 
delineation  of  individual  character,  it  is  at  least  the 
equal  of  Robert  le  Viable.  In  two  points  only  did  its 
interest  fall  short  of  that  inspired  by  the  earlier  work. 
Meyerbeer  had  shown  himself  so  great  a  master  in  his 
treatment  of  the  supernatural  that  one  regretted  the 
unavoidable  omission  of  that  powerful  element  in  his 
second  grand  opera;  and,  more  important  still,  the 
fifth  act  of  Les  Huguenots  -was  so  arranged  by  the 
librettist  as  to  render  effective  musical  treatment  im¬ 
possible.  The  substitution  of  a  noisy  fusillade  for 
a  legitimate  dramatic  situation  was  fatal  to  the  anti¬ 
cipated  climax.  The  music  which  accompanies  this 
division  of  the  work  is  necessarily  inferior  to  all  that 
precedes  it.  The  true  interest  of  the  drama  culmi¬ 
nates  at  the  close  of  the  fourth  act,  when  Raoul,  leap¬ 
ing  from  the  window,  leaves  Valentine  fainting  upon 
the  ground.  The  spectator  needs  not  to  be  told  that 
the  former  will  be  shot  down  the  moment  he  arrives 
in  the  street,  or  that  the  latter  will  mourn  for  him  to 
the  end  of  her  days.  Neither  musically  nor  dramati¬ 
cally  does  anything  more  remain  to  be  said ;  and  there¬ 
fore  it  is  that  those  who  quit  the  theatre  when  the 
curtain  falls  for  the  fourth  time  carry  away  with  them 
a  far  more  perfect  ideal  than  those  who  remain  to  the 
end. 

After  the  production  of  Les  Huguenots  Meyerbeer 
again  retired  from  public  view,  and  spent  many  years 
in  the  preparation  of  two  of  his  greatest  works — the 
greatest  of  all  except  the  two  we  have  already  men¬ 
tioned — L'  Africaine  and  Le  Prophite.  The  libretti 
of  both  these  operas  were  furnished  by  Scribe  j  and 
both  were  subjected  to  countless  changes  of  detail  be¬ 
fore  they  satisfied  the  composer’s  fastidious  taste ;  in 
fact,  the  story  of  L'  Africaine  was  more  than  once  en¬ 
tirely  rewritten.  . 

Meanwhile  Meyerbeer  accepted  the  appointment  or 
kapellmeister  to  the  king  of  Prussia,  and  spent  some 
years  at  Berlin,  where  he  produced  Ein  Feldlager  in 
Schlesien ,  a  German  opera,  in  which  the  matchless 
cantatrice  Jenny  Lind  made  her  first  appearance  in 
Prussia,  with  unprecedented  success.  Here  also  he 
composed,  in  1846,  the  overture  to  his  brother  Mi¬ 
chael’s  drama,  Struensee.  But  his  chief  care  at  this 
period  was  bestowed  upon  the  worthy  presentation  ot 
the  works  of  others.  He  began  by  producing  his 


dead  friend  Weber’s  Euri/anthe ,  with  scrupulous  at¬ 
tention  to  the  composer’s  original  idea.  With  equal 
unselfishness  he  procured  the  acceptance  of  Rienzi  and 
Ver  Fliegende  Hollander ,  the  first  two  operas  of  Rich¬ 
ard  Wagner,  who,  then  languishing  in  poverty  and 
exile,  would,  but  for  him,  have  found  it  impossible  to 
obtain  a  hearing  in  Berlin.  With  Jenny  Lind  as  prima 
donna  and  Meyerbeer  as  conductor,  the  opera  flour¬ 
ished  brilliantly  in  the  Prussian  capital ;  but  the  anxi¬ 
eties  of  this  thankless  period  materially  shortened  the 
composer’s  life. 

Meyerbeer  produced  Le  Prophlte  at  Paris  in  1849; 
and,  if  it  did  not  at  first  create  so  great  a  sensation  as 
Les  Huguenots ,  this  was  simply  because  it  needed  to 
be  better  known.  In  1854  he  brought  out  L'Etoile 
du  Nord  at  the  Op6ra  Comique,  and  in  1859  Le  Par¬ 
don  de  Ploermel  ( Vinorah ).  His  last  great  work, 
L  Africaine,  was  in  active  preparation  at  the  Acade¬ 
mic  when,  on  the  23d  of  April,  1863,  he  was  seized 
with  a  sudden  illness,  of  which  he  died  on  the  2d  of 
May.1  L' Africaine  was  produced,  with  pious  attention 
to  the  composer’s  minutest  wishes,  on  April  28,  1865, 
and  fully  justified  the  expectation  which  had  been 
raised  by  his  long,  and  painstaking  consideration  of  its 
details.  Upon  this,  in  conjunction  with  Robert  le  Via¬ 
ble ,  Les  Huguenots ,  and  Le  Frophbte,  his  fame  now 
almost  entirely  rests. 

Meyerbeer’s  genius  has  been  criticised  with  widely  differ¬ 
ent  results.  Mendelssohn  thought  his  style  exaggerated; 
F6tis  thought  him  one  of  the  most  original  geniuses  of  the 
age ;  Wagner  calls  him  “  a  miserable  music-maker,”  and  “  a 
Jewish  banker  to  whom  it  occurred  to  compose  operas.” 
But  the  reality  of  his  talent  has  been  recognized  through¬ 
out  all  Europe ;  and,  in  spite  of  the  acknowledged  crudity 
of  his  system  of  phrasing,  and  the  inequality  of  merit  too 
plainly  observable  even  in  his  greatest  works,  his  name  will 
live  so  long  as  intensity  of  passion  and  power  of  dramatic 
treatment  are  regarded  as  indispensable  characteristics  of 
dramatic  music.  (w.  s.  b.) 

MEZIERES,  a  fortress  of  the  first  class,  and  the 
capital  of  the  department  of  Ardennes,  France,  is  1.61 
miles  to  the  northeast  of  Paris  by  railway,  on  a  penin¬ 
sula  of  the  Meuse,  which  almost  entirely  surrounds 
the  town,  and  separates  it  from  its  more,  important 
suburb,  Charleville.  The  fortifications,  which,  as  well 
as  the  citadel,  are  the  work  of  Vauban,  are  pierced  by 
four  gates,  giving  access  to  the  town,  the  streets  of 
which  are  narrow  and  winding.  The  parish  church, 
erected  in  the  16th  century,  contains  two  inscriptions 
in  commemoration  respectively  of  the  raising  of  the 
siege  of  Mezi&res  in  1521  and  the  marriage  of  Charles 
IX.  with  the  daughter  of  the  emperor  Maximilian  II. , 
which  was  celebrated  at  M6zi6res  in  1570.  The  north 
and  south  portals,  the  glass  of  the  windows,  and  the 
lofty  vaultings  of  the  church  are  worthy  of  remark. 
The  h6tel  de  ville  contains  several  interesting  pictures 
relating  to  the  history  of  the  town. .  The  iron  indus¬ 
try,  the  only  one  of  any  importance,  is  being  gradually 
transferred  to  Charleville.  The  population  in  1901 
was  5,872. 

Founded  in  the  9th  century,  M6zieres  was  at  first  only  a 
stronghold  belonging  to  the  bishops  of  Rheims,  which  after¬ 
wards  became  the  property  of  the  counts  of  Rethel.  The 
town  was  increased  by  successive  immigrations  of  the  peo¬ 
ple  of  Liege,  flying  first  from  the  emperor  Otho,  and  after¬ 
wards  from  Charles  the  Bold ;  and  also  by  concessions  from 
the  counts  of  Rethel.  Its  walls  were  built  in  the  13th 
century,  and  in  1521  it  was  successfully  defended  by  Bayard 
against  the  imperialists.  The  anniversary  of  the  deliver¬ 
ance  of  the  town  is  still  observed  yearly  on  the  27th  of 
September.  The  school  of  military  engineering,  since  trans¬ 
ferred  successively  to  Metz  and  Fontainebleau,  was  origi¬ 
nally  founded  at  Mezieres. 

MEZO-TtJR,2  a  corporate  town  in  the  Cis-Tisian 
county  of  J&sz-Nagy-Kun-Szolnok,  Hungary,  situated 
on  the  right  bank  of  the  Berettyd,  and  on  the  railway 

1  Died  1864,  2d  May.  Grove’s  Did.  Music  and  Musicians,  1880,  vol. 

ii.  p.  324.— AM.  ED.  ,  tJ 

2  Mezo  is  a  Magyar  word,  signifying  Field,  prefixed  to  many  ag¬ 
ricultural  localities  in  Hungary, 
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from  Arad  to  Szolnok,  in  47°  V  N.  lat.;  20°  39'  E. 
long.  It  has  Roman  Catholic  and  Calvinist  churches 
and  schools,  a  judicial  court  for  the  circuit,  and  the 
usual  Government  offices,  but  can  boast  of  few  build¬ 
ings  of  special  interest.  Horses,  oxen,  and  sheep  are 
reared  in  great  numbers  on  the  widespreading  com¬ 
munal  lands,  which  are  productive  also  of  cereals,  and 
especially  wheat,  rape-seed,  and  maize.  On  the  31st 
December,  1880,  the  population  amounted  to  20,649 
(10,265.  males,  10,384  females),  mostly  Magyars  by 
nationality  ;  in  19U0  to  25.383. 

MEZZOFANTI,  Giuseppe  (1774-1849),  cardinal, 
whose  colloquial  linguistic  acquirements  have  become 
proverbial,  was  born,  September  17, 1774,  at  Bologna, 
where  his  father  followed  the  occupation  of  a  carpen¬ 
ter.  Educated  first  at  one  of  the  “scuole  pie,”  and 
afterwards  at  the  episcopal  seminary  of  his  native  city, 
he  was  ordained  to  the  priesthood  in  1797,  and  in  the 
same  year  became  professor  of  Arabic  in  the  univer¬ 
sity,  but  shortly  afterwards  was  deprived  on  account 
of  his  refusal  to  take  the  oath  of  allegiance  to  the 
Government  of  the  Cisalpine  Republic.  In  1803, 
however,  he  was  appointed  assistant  librarian  of  the 
institute  of  Bologna,  and  soon  afterwards  was  rein¬ 
stated  as  professor  of  Oriental  languages  and  of  Greek. 
The  chair  was  suppressed  by  the  viceroy  in  1808,  but 
again  rehabilitated  on  the  restoration  of  Pius  VII.  in 
1814,  and  continued  to  be  held  by  Mezzofanti  until  his 
removal  from  Bologna  to  Rome  in  1831,  when  he  re¬ 
ceived  certain  ecclesiastical  appointments  and  the  rank 
of  monsignore.  Meanwhile  his  progress  in  the  ac¬ 
quirement  of  languages  had  been  rapid  and  untiring, 
and  in  1833  he  was  appointed  to  succeed  Mai  as  chief 
keeper  of  the  Vatican  Library.  His  promotion  to  the 
cardinalate,  and  the  duties  of  director  of  studies  in  the 
Congregation  of  the  Propaganda,  followed  in  1838. 
He  died,  at  Rome,  during  the  absence  of  the  pontifical 
court  at  Gaeta,  on  March  15,  1849. 

Mezzofanti’s  peculiar  talent,  comparable  in  many  respects 
to  that  of  the  numerous  “  calculating  boys  ”  who  have  been 
the  wonder  of  their  contemporaries,  was  not  combined  with 
any  exceptional  measure  of  intellectual  power,  and  accord¬ 
ingly  produced  nothing  that  has  not  perished  with  him.  It 
seems  to  be  well  established,  however,  that  he  spoke  with 
considerable  fluency,  and  in  some  cases  even  with  attention 
to  dialectic  peculiarities,  some  fifty  or  sixty  languages  of  the 
most  widely  separated  families,  besides  having  a  less  per¬ 
fect  acquaintance  with  many  others.  See  Manavit,  Esquisse 
historique  stir  le  Cardinal  Mezzofanti,  Paris,  1854 :  and  Russell, 
Life  of  the  Cardinal  Mezzofanti,  London,  1857. 

MEZZOTINT.  See  Engraving. 

MIAUTSE.  The  Miautse  or  Meaou-tsze  of  South¬ 
ern  China  are  one  of  the  aboriginal  tribes  of  the 
country.  At  one  time  they  occupied  a  considerable 
portion  of  the  rich  and  fertile  lands  which  now  form 
the  central  province  of  the  empire,  but  as  the  Chinese 
advanced  southwards  they  were  driven,  like  the  Ainos 
in  Japan  and  the  Welsh  in  Britain,  into  the  more  in¬ 
accessible  districts  until  they  were  compelled  to  seek 
refuge  from  the  invaders  in  the  mountain  ranges,  in 
the  provinces  of  Yunnan,  Kwei-chow,  Kwang-se,  and 
Kwang-tung,  where  they  are  found  at  the  present  day. 
This  line  of  mountains  extends  for  about  400  miles, 
and,  being  in  many  parts  high  steep,  and  rugged,  it 
forms  a  convenient  shelter  for  them.  As  early  as  the 
reign  of  king  Seuen  (about  800  B.c.)  we  read  of  an  ex¬ 
pedition  having  been  sent  to  drive  them  out  of  Hoo- 
nan,  and  since  that  time  they  have  been  periodically 
attacked  either  to  punish  them  for  misdeeds  or  to 
make  them  yield  up  vineyards  coveted  by  Chinese 
Ahabs.  The  last  important  campaign  against  them 
was  undertaken  by  the  emperor  K’een-lung,  who,  hav¬ 
ing  completely  subjugated  the  Eleuths,  was  desirous 
ofbringing  under  his  yoke  these  mountain  tribesmen. 
But  the  same  success  which  had  attended  his  arms  in 
the  north  did  not  follow  them  to  the  south.  The  first 
expedition  was  utterly  defeated  and  the  general  in 
command  paid  the  penalty  of  discomfiture  with  his 
head.  The  leader  of  a  second  expedition,  having 


learned  wisdom  by  the  fate  of  his  predecessor,  pur¬ 
chased  the  submission  of  the  Miautse  by  a  large  bribe. 
As  soon  as  the  unsuspecting  savages  had  been  thus 
lulled  into  security,  a  third  army  was  set  in  motio'n 
against  them.  This  time,  being  unprepared,  they  suf¬ 
fered  a  crushing  defeat,  and  were  compelled  to  pur¬ 
chase  peace  by  swearing  allegiance  to  their  conquerors. 
But,  though  the  Chinese  thus  gained  sovereignty  over 
them,  they  have  since  deemed  it  wise  to  content  them¬ 
selves  with  but  the  shadow  of  authority.  No  real 
jurisdiction  is  ever  exercised  over  these  hardy  moun¬ 
taineers.  They  are  allowed  to  govern  themselves  on 
their  own  patriarchal  system.  The  old  men  of  each 
tribe  manage  the  affairs  of  their  juniors,  and  command 
an  obedience  which  would  be  utterly  refused  to  the 
mandate  of  any  mandarin.  In  figure  the  Miautse, 
both  men  and  women,  are  shorter  and  darker  com- 
plexioned  than  the  Chinese,  their  faces  also  are 
rounder  and  their  features  sharper.  In  disposition, 
too,  they  are  very  unlike  their  civilized  neighbors. 
They  are  brave,  passionate,  suspicious,  revengeful, 
and  indifferent  to  cold  and  hunger  ;  they  are  free  and 
easy  in  their  manners,  and  are  as  noisily  joyous  as  the 
Chinese  are  grave  and  sedate. 

They  are  divided  into  between  forty  and  fifty  clans,  each 
of  which  is  distinguished  by  a  name  which  is  generally 
derived  either  from  some  physical  characteristic,  or  from 
some  custom,  or  from  the  habitat  of  the  clan,  as,  for,  ex¬ 
ample,  “  The  Black  Miau,”  “  the  narrow-headed  Miau,”  so 
named  from  their  manner  of  dressing  their  hair,  “the  six- 
valley  Miau,”  etc.  Among  these  clans  there  exist  wide 
differences  of  culture,  some  being  in  no  way  removed  from 
savages,  while  others  who  have  been  brought  under  the  in¬ 
fluence  of  Chinese  civilization  show  themselves  apt  and 
ready  learners.  Very  few  of  them,  so  far  as  is  known, 
possess  any  written  records.  The  Yaou-jin,  or  Goblin  clan, 
are  said  to  have  books,  which,  though  they  are  now  unable 
to  read,  they  still  regard  with  reverent  awe.  “  The  bar¬ 
barous  characters”  used  in  these  books  are,  according  to  a 
Chinese  writer,  “like  knotted  worms,  and  are  utterly  un¬ 
intelligible.”  The  Ko-los  also  are  said  to  be  a  lettered 
clan,  but  for  the  most  part  the  Miautse  content  themselves 
with  conveying  information  and  preserving  records  by 
means  of  notched  sticks.  Their  language  as  well  as  their 
ethnic  characteristics  prove  them  to  be  closely  related  to 
the  Siamese,  Anamese,  Cambodians,  and  the  inhabitants  of 
Hainan;  in  fact  they  form  part  of  the  race  which  is  spread 
over  the  whole  of  southeastern  Indo-China.  Their  social 
customs  are  as  widely  different  as  their  appearance  is  from 
those  of  the  Chinese.  The  widest  latitude  is  given  to  the 
youth  of  both  sexes  in  the  choice  of  their  husbands  and 
wives.  As  among  the  hill  tribes  of  Chittagong,  the  selec¬ 
tion  is  commonly  made  on  the  mountain  side,  where  on 
moonlight  nights  in  the  “leaping  month”  the  young  men 
and  maidens  meet  to  sing  or  to  play  at  ball,  or  to  dance 
round  the  “devil’s staff”  (Anglice,  Maypole),  and  to  choose 
their  partners  for  life.  Among  some  clans  the  “  couvade  ” 
is  an  established  custom.  Their  funeral  rites  vary  accord¬ 
ing  to  the  districts,  those  living  within  reach  of  the  influ¬ 
ence  of  the  Chinese  having  adopted  their  customs,  while 
those  more  remote  still  hang  their  dead  in  baskets  from 
trees,  or  lay  them  in  the  ground  and  disinter  them  yearly 
to  wash  their  hones.  In  dress  they  are  fond  of  bright 
colors,  and  commonly  wear  loose  but  short  jackets,  some¬ 
times  with  and  sometimes  without  trousers.  The  men  wear 
turbans  wound  round  their  hair,  which  is  raised  above  the 
head  in  the  shape  of  a  spiral  shell,  and  the  women  either 
don  a  kind  of  cap,  or  dress  their  hair  in  the  shape  of  a  ram’s 
horn.  For  many  years  the  relations  of  the  Miautse  with 
the  Chinese  Government  have  been  generally  of  a  peace¬ 
able  nature,  and  in  the  Pelting  Gazette  of  April,  1881,  there 
was  published  a  new  system  of  government  by  which  it  is, 
hoped  that  the  incorporation  of  the  mountaineers  into  the 
empire  may  become  more  real  and  complete. 

See  Sketches  of  the  Miau-tsze,  translated  by  E.  C.  Bridgman ;  J. 
Edkins,  The  Miautsi  Tribes,  their  History ;  and  “  Quaint  customs  in 
Kwei-chow,”  Comhill  Magazine,  January,  1872. 

MICAH  (r'?'r?)  is  the  short  form  of  a  name  which 
in  various  modifications — Micdiahu,  Micdiehu,  Micdidh 
— is  common  in  the  Old  Testament,  expressing  as  it 
does  a  fundamental  point  of  Hebrew  faith  :  Who  is 
like  Jehovah  ?  The  name  was  borne  among  others  by 
the  Danite  whose  history  is  given  in  Judg.  xvii.  sq.t 
by  the  prophet  who  opposed  Ahab’s  expedition  to 
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Ramoth-Gilead  (1  Kings  xxii.),  and  by  the  subject  of 
the  present  article,  the  contemporary  and  fellow- 
worker  of  Isaiah,  whose  name  is  prefixed  to  the  sixth 
m  order  of  the  books  of  the  minor  prophets.1 

It  is  at  once  apparent  that  the  book  of  Micah  divides 
itself  into  at  least  two  distinct  discourses,  chap.  vi.  1 
forming  a  new  commencement ;  and  from  what  we 
know  in  general  of  the  compilation  of  the  prophetic 
collection  we  cannot  at  once  determine  whether  the 
second  discourse,  which  has  no  title,  is  to  be  ascribed 
to  the  author  of  the  immediately  preceding  prophecy, 
or  is  to  be  regarded  as  an  independent  and  anonymous 
piece.  To  decide  this  question,  if  it  can  be  decided, 
we  must  begin  by  a  separate  study  of  the  earlier  chap¬ 
ters  to  which  the  title  in  Micah  i.  1  directly  belongs. 
These  again  fall  into  two  parts.  Chaps,  i.-iii.  (with 
the  exception  of  two  verses,  ii.  12,  13)  are  a  prediction 
of  judgment  on  the  sins  of  Judah  and  Ephraim.  In  a 
majestic  exordium  Jehovah  Himself  is  represented  as 
coming  forth  in  the  thunderstorm  (comp.  Amos  i.2) 
from  His  heavenly  palace,  and  descending  on  the 
mountains  of  Palestine,  at  once  as  witness  against  His 
people^  and  the  executer  of  judgment  on  their  sins. 
Samaria  is  sentenced  to  destruction  for  idolatry ;  and 
the  blow  extends  to  Judah  also,  which  participates  in 
the  same  guilt  (chap.  i.).  But,,  while  Samaria  is  sum¬ 
marily  dismissed,  the  sin  of  Judah  is  analyzed  at  length 
tn  chaps,  ii.  and  iii. ,  in  which  the  prophet  no  longer 
deals  with  idolatry,  but  with  the  corruption  of  society, 
and  particularly  of  its  leaders — the  grasping  aristocracy 
whose  whole  energies  are  concentrated  on  devouring 
the  poor  and  depriving  them  of  their  little  holdings, 
the  unjust  judges  and  priests  who  for  gain  wrest  the 
law  in  favor  of  the  rich,  the  hireling  and  gluttonous 
prophets  who  make  war  against  every  onp  “that 
putteth  not  into  their  mouth,’  but  are  ever  ready  vjith 
assurances  of  Jehovah’s  favor  to  their  patrons,  the 
wealthy  and  noble  sinners  that  fatten  on  the  flesh  of 
the  poor.  The  prophet  speaks  with  the  strongest  per¬ 
sonal  sympathy  of  the  sufferings  of  the  peasantry  at 
the  hands  of  their  lords,  and  contemplates  with  stern 
satisfaction  the  approach  of  the  destroyer  who  shall 
carry  into  exile  “the  luxurious  sons”  of  this  race  of 
petty  tyrants  (i.  16),  and  leave  them  none  to  stretch 
the  measuring  line  on  a  field  in  the  congregation  of 
Jehovah  (ii.  5).  The  centre  of  corruption  is  the  capi¬ 
tal,  the  city  of  Zion,  grown  great  on  the  blood  and 
wrongs  of  tne  provincials,  the  seat  of  the  cruel  princes, 
the  corrupt  judges  and  diviners.  For  their  sake,  he 
concludes,  Zion  shall  be  plowed  as  a  field,  Jerusalem 
shall  lie  in  ruins,  and  the  temple  hill  return  to  jungle 
(iii.  12). 

The  situation  thus  sketched  receives  its  elucidation 
from  the  data  supplied  by  the  title  (i.  1)  and  confirmed 
and  rendered  more  precise  by  a  remarkable  passage  in 
Jeremiah.  According  to  the  title  Micah  flourished  in 
the  reigns  of  Jotham,  Ahaz,  and  Hezekiah  ;  according 
to  Jeremiah  (xxvi.  18  sq.)  the  prophecy  of  the  destruc¬ 
tion  of  Jerusalem  just  cited  was  spoken  under  Heze¬ 
kiah,  and  bore  fruit  in  the  repentance  of  king  and 
people,  by  which  the  judgment  was  averted.  The 
allusion  beyond  doubt  is  to  Hezekiah’s  work  of  reli¬ 
gious  reformation  (2  Kings  xviii.  4  sq.).  It  is  hardly 
possible  to  separate  this  reformation  from  the  influence 
of  Isaiah,  which  did  not  become  practical  in  the  con¬ 
duct  of  the  state  till  the  crisis  of  Sennacherib’s  inva¬ 
sion  ;  and  the  conclusion  that  Hezekiah  was  not  from 
the  first  a  reforming  king,  which  is  forced  on  us  by 
many  passages  of  Isaiah,  is  confirmed  by  the  prophecy 
of  Micah,  which,  after  Hezekiah’s  accession,  still  rep¬ 
resents  wickedness  as  seated  in  the  high  places  of  the 
kingdom.  The  internal  disorders  of  the  realm  de¬ 
picted  by  Micah  are  also  prominent  in  Isaiah’s  pro¬ 
phecies:  they  were  closely  connected,  not  only  with 
the  foreign  complications  due  to,  the  approach  ot  the 


i  A  confusion  between  the  two  prophets  of  the  name  has .  led  to 
the  insertion  in  the  Massoretic  text  of 1  Kings  xxii.  28  of  a  citation 
from  Micah  i.  2,  rightly  absent  from  the  LXX. 


Assyrians,  but  with  the  break-up  of  the  old  agrarian 
system  within  Israel,  and  with  the  rapid  and  uncom¬ 
pensated  aggrandizement  of  the  nobles  during  those 
prosperous  years  when  the  conquest  of  Edom  by  Ama- 
ziah  and  the  occupation  of  the  port  of  Elath  by  his  son 
(2  Kings  xiv.  7,  22)  placed  the  lucrative  trade  between 
the  Mediterranean  and  the  Red  Sea  in  the  hands  of 
the  rulers  of  J udah.  On  the  other  hand  the  democratic 
tone  which  distinguishes  Micah  from  Isaiah,  and  his 
announcement  of  the  impending  fall  of  the  capital 
(the  deliverance  of  which  from  the  Assyrian  appears 
to  Isaiah  as  the  necessary  condition  for  the  preserva¬ 
tion  of  the  seed  of  a  new  and  better  kingdom),  are 
explained  by  the  fact  that,  while  Isaiah  lived  in 
the  centre  of  affairs,  Micah  was  a  Morasthite  or 
inhabitant  of  Moresheth  Gath,  a  place  near  the 
Philistine  frontier  so  unimportant  as  to  be  mentioned 
only  in  Micah  i.  14. 2  The  provincial  prophet  sees  the 
capital  and  the  aristocracy  entirely  from  the  side  of  a 
man  of  the  oppressed  people,  and  foretells  the  utter 
ruin  of  both.  But  this  ruin  does  not  present  itself  to 
him  as  involving  the  captivity  or  ruin  of  the  nation  as 
a  whole ;  the  congregation  of  Jehovah  remains  in 
Judaea  when  the  oppressors  are  cast  out  (ii.  5);  Jeho¬ 
vah’s  words  are  still  good  to  them  that  walk  uprightly ; 
the  glory  of  Israel  is  driven  to  take  refuge  in  Adullam, 
as  in  the  days  when  David’s  band  of  broken  men  was 
the  true  hope  of  the  nation,  but  there  is  no  hint  that 
it  is  banished  from  the  land.  Thus  upon  the  prophecy 
of  judgment  we  naturally  expect  to  follow  a  prophecy 
of  the  redintegration  of  Jehovah’s  kingship  in  a 
better  Israel,  and  this  we  find  in  ii.  12,  13  and  in 
chaps,  iv.,  ' v.  Both  passages,  however,  present  diffi¬ 
culties.  The  former  seems  to  break  the  pointed  con¬ 
trast  between  ii.  1 1  and  iii.  1 ,  and  is  therefore  regarded 
by  Ewald  as  an  example  of  the  false  prophecies  on 
which  the  wicked  rulers  trusted.  The  thought,  how¬ 
ever,  is  one  proper  to  all  true  prophecy  (comp.  Hos. 
i.  11  [ii.  2],  Isa.  xi.  11  sq.,  Zeph.  iii.  14,  Jer.  xxxi.  8), 
and  precisely  in  accordance  with  chaps.  iv.,  v.,  even 
in  the  details  of  expression  and  imagery.8  It  js  indeed 

S»ssible  that  these  verses  are  a  separate  oracle  of 
icah,  which  did  not  originally  stand  in  its  present 
connection.  The  sequence  of  thought  in  chaps,  iv., 
v. ,  on  the  other  hand,  is  really  difficult,  and  has  given 
rise  to  much  complicated  discussion.4  There  is  a 
growing  feeling  among  scholars  that  iv.  11-13  stands 
in  direct  contradiction  to  iv.  9,  10,  and  indeed  to  iii. 
12.  The  last  two  passages  agree  in  speaking  of  the 
capture  of  Jerusalem,  the  first  declares  Zion  inviolable, 
and  its  capture  an  impossible  profanation.  Such  a 
thought  can  hardly  be  Micah’ s,  even  if  we  resort  to 
the  violent  harmonistic  process  of  imagining  that  two 
quite  distinct  sieges,  separated  by  a  renewal  of  the 

2  That  Micah  lived  in  the  Shephela  or  Judaean  lowland  near 
the  Philistine  country  is  clear  from  the  local  coloring  of  i.  10  sq., 
where  a  number  of  places  in  th  is  quarter  are  mentioned  together, 
and  their  names  played  upon  in  a  way  that  could  hardly  have 
suggested  itself  to  any  but  a  man  of  the  district.  The  paronoma¬ 
sia  makes  the  verses  difficult,  and  in  i.  14  none  of  the  ancient  ver¬ 
sions  recognizes  Moresheth  Gath  as  a  proper  name.  The  word 
Morasthite  ( Mdrashti )  was  therefore  obscure  to  them;  but  this 
only  gives  greater  weight  to  the  traditional  pronunciation  with 
6  in  the  first  syllable,  which  is  as  old  as  the  LXX.,  and  goes 
against  the  view,  taken  by  the  Targum  both  on  Micah  and  on 
Jeremiah,  and  followed  by  Some  modems  (including  Roorda), 
that  Micah  came  from  Mareshah .  When  Eusebius  places  Mwpaaflet 
near  Eleutheropolis  it  is  not  likely  that  he  is  thinking  of  Mare¬ 
shah  (Maresa),  for  he  speaks  of  the  former  as  a  village  and  of  the 
latter  as  a  ruin  2  miles  from  Eleutheropolis.  Jerome  too  in  the 
Epit.  Paulse  (Ep.  cviii.),  speaking  as  an  eye-witness,  distinguishes 
Morasthim,  with  the  church  of  Micah’s  sepulchre,  from  Maresa. 
This  indeed  was  after  the  pretended  miraculous  discovery  of  the 
relics  of  Micah  in  385  a.d.  ;  but  the  name  of  the  village  which  then 
existed  ( Prsef.  in  Mich.)  can  hardly  have  been  part  of  a  pious 
fraud. 

a  The  figure  of  the  shepherd  gathering  a  scattered  flock  cer¬ 
tainly  does  not  presuppose  a  total  captivity, as  Stade  (Z.f.  AT.W., 
i.  161  sq.),  argues. 

4  See,  besides  the  commentaries,  Noldeke  in  the  Bibd-lex.,  iv. 
214;  a  paper  by  Oort  and  two  by  Kuenen  in  Theol.  Tijdsch.,  1872; 
Wellhausen-Bleek,  Einleitung,  p.  426;  Stade,  i.c.,and  ibid.,  iii.l  sq. 
Stade  goes  so  far  as  to  make  the  whole  of  Micah  iv.,  v.  presup¬ 
pose  the  exile,  and  to  find  still  later  additions  in  iv.  5-10,  v.  5,  6 
[v.  4,  5].  Giesebrecht,  Theol.  LZ.,  1881,  col.  443  sq.,  rejects  chap.  iv. 
only.  The  arguments  cannot  be  here  cited  at  length,  but  they 
are  tacitly  kept  in  view  in  what  follows. 
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theocracy,  are  spoken  of  in  consecutive  verses.  An 
interpolation,  however,  in  the  spirit  of  such  passages 
as  Ezek.  xxxviii.,  xxxix.,  Joel  iii.  [iv.],  Zech.  xiv., 
is  very  conceivable  in  post-exilic  times,  and  in  connec¬ 
tion  with  the  growing  impulse  to  seek  a  literal  har¬ 
mony  of  all  prophecy  on  lines  very  different  from  the 
preexilic  view  in  Jer.  xxvi.,  that  predictions  of  evil 
may  be  averted  by  repentance.  Another  difficulty  lies 
in  the  words  “  and  thou  shalt  come  even  to  Babylon  ” 
in  iv.  10.  Micah  unquestionably  looked  for  the  de¬ 
struction  of  Jerusalem  as  well  as  of  Samaria  in  the 
near  future  and  by  the  Assyrians  (i.  9),  and  this  was 
the  judgment  which  Hezekiah’s  repentance  averted. 
If  these  words,  therefore,  belong  to  the  original  con¬ 
text,  they  mark  it  as  not  from  Micah’s  hand  ;  but  it  is 
easy  to  see  that  they  are  really  a  later  gloss.  The  pro¬ 
phetic  thought  is  that  the  daughter  (population)  of 
Zion  shall  not  be  saved  by  her  present  rulers  or  defen¬ 
sive  strength ;  she  must  come  down  from  her  bulwarks 
and  dwell  in  the  open  field  ;  there,  and  not  within  her 
roud  ramparts,  Jehovah  will  grant  deliverance  from 
er  enemies.  This  thought  is  in  precise  harmony  with 
chaps,  i.— iii. ,  and  equally  characteristic  is  what  follows 
in  chap.  v.  Micah’s  opposition  to  present  tyranny 
expresses  itself  in  recurrence  to  the  old  popular  ideal 
of  the  first  simple  Davidic  kingdom  (iv.  8)  to  which 
he  had  already  alluded  in  i.  15.  These  old  days  shall 
return  once  more.  Again  guerilla  bands  (inj-ro) 

father  to  meet  the  foe  as  they  did  in  the  time  of 
’hilistine  oppression.  A  new  David,  like  him  whose 
exploits  in  the  district  of  Micah’s  home  were  still  in 
the  mouths  of  the  common  people,  goes  forth  from 
Bethlehem  to  feed  the  flock  in  the  strengt  h  of  Jehovah. 
The  kindred  Hebrew  nations  are  once  more  united  to 
their  brethren  of  Israel  (comp.  Amos  ix.  12,  Isa.  xvi. 

1  sq.).  The  remnant  of  Jacob  springs  up  in  fresh 
vigor,  inspiring  terror  among  the  surrounding  peoples, 
and  there  is  no  lack  of  chosen  captains  to  lead  them  to 
victory  against  the  Assyrian  foe.  In  the  rejuvenes¬ 
cence  of  the  nation  the  old  stays  of  that  oppressive 
kingship  which  began  with  Solomon,  the  strongholds, 
the  fortified  cities,  the  chariots  and  horses  so  foreign 
to  the  life  of  ancient  Israel,  are  no  more  known  ;  they 
disappear  together  with  the  divinations,  the  sooth¬ 
sayers,  the  idols,  the  maggebas  and  asheras  of  the  high 
places.  Jehovah  is  king  on  Mount  Zion,  and  no  in¬ 
ventions  of  man  come  between  Him  and  His  people. 

The  elements  of  this  picture,  drawn  so  largely  from 
the  most  cherished  memories  of  the  Judaeans,  could 
not  fail  to  produce  a  wide  impression,  especially  when 
the  invasion  of  Sennacherib,  although  it  spared  Jeru¬ 
salem,  fulfilled  in  the  most  striking  way  a  great  part 
of  Micah’s  predictions  of  judgment.  Of  this  we  have 
evidence,  not  only  in  Jer.  xxvi.,  but  in  the  political 
and  religious  ideas  of  the  book  of  Deuteronomy.  The 
picture  of  the  right  king  (Deut.  xvii.  14  sq.)  and  the 
condemnation  of  the  high  places  alike  follow  the  doc¬ 
trine  of  Micah. 

A  difficulty  still  remains  in  the  opening  verses  of  chap.  iv. 
Micah  iv.  1-3  and  Isa.  ii.  2-4  are  but  slightly  modified  re¬ 
censions  of  the  same  text,  and  as  Isa.  ii.  is  older  than  the 
prophecy  of  Micah,  while  on  the  other  hand  Micah  iv.  4 
seems  the  natural  completion  of  the  passage,  it  is  common  to 
suppose  that  both  copy  an  older  prophet.  But  the  words 
have  littlo  connection  with  the  context  in  Isaiah,  and  may 
be  the  quotation  of  a  copyist  suggested  by  ver.  5.  On  the 
other  hand  it  has  been  urged  that  the  passage  belongs  to  a 
later  stage  of  prophetic  thought  than  the  8th  century  B.c. 
There  is,  however,  no  real  difficulty  in  the  idea  that  foreign 
nations  shall  seek  law  and  arbitrament  at  the  throne  of  the 
king  of  Zion  (comp,  the  old  prophecy  Isa.  xvi.) ;  and  the 
mention  of  the  temple  as  the  seat  of  Jehovah’s  sovereignty 
may  be  illustrated  by  Isa.  vi.,  where  the  heavenly  palace 
(Micah  i.  3)  is  at  least  pictured  in  the  likeness  of  the  temple 
on  Zion.  At  the  same  time  the  Jerusalem  of  Micah  iv.  8  is 
the  Jerusalem  of  David  not  of  Solomon,  the  ideas  of  iv.  1-4 
do  not  reappear  in  chap,  v.,  and  the  whole  prophecy  would 
perhaps  be  more  consecutive  and  homogeneous  if  iv.  6  (where 
the  dispersed  and  the  suffering  are,  according  to  chap,  ii., 
the  victims  of  domestic  not  of  foreign  oppression)  followed 
directly  on  iii.  12. 


The  sixth  chapter  of  Micah  presents  a  very  different  situ¬ 
ation  from  chaps,  i.-v.  Jehovah  appears  to  plead  with  his 
people  for  their  sins,  but  the  sinners  are  no  longer  a  careless 
and  oppressive  aristocracy  buoyed  up  by  deceptive  assur¬ 
ances  of  Jehovah’s  help,  by  prophecies  of  wine  and  strong 
drink ;  they  are  bowed  down  by  a  religion  of  terror,  wearied 
with  attempts  to  propitiate  an  angry  God  by  countless  offer¬ 
ings,  and  even  by  the  sacrifice  of  the  first-born.  Mean¬ 
time  the  substance  of  true  religion— justice,  charity,  and  a 
humble  walk  with  God— is  forgotten,  fraud  and  deceit  reign 
in  all  classes,  the  works  of  the  house  of  Ahab  are  observed 
(worship  of  foreign  gods).  Jehovah’s  judgments  are  multi¬ 
plied  against  the  land,  and  the  issue  can  be  nothing  else 
than  its  total  desolation.  All  these  marks  fit  exactly  the 
evil  times  of  Manasseh  as  described  in  2  Kings  xxi.  Chap, 
vii.  1-6,  in  which  the  public  and  private  corruption  of  a 
hopeless  age  is  bitterly  bewailed,  obviously  belongs  to  the 
same  context  (comp.  vol.  xiii.  p.  415).  Micah  may  very  well 
have  lived  into  Manasseh’s  reign,  but  the  title  in  i.  1  does 
not  cover  a  prophecy  which  certainly  falls  after  Hezekiah’s 
death,  and  the  style  has  nothing  in  common  with  the  earlier 
part  of  the  book.  It  is  therefore  prudent  to  regard  the  pro¬ 
phecy,  with  Ewald,  as  anonymous.  Ewald  ascribes  the 
whole  of  chaps,  vi.,  vii.  to  one  author.  Wellhausen,  how¬ 
ever,  remarks  with  justice  that  the  thread  is  abruptly 
broken  at  vii.  6,  and  that  verses  7-20  represent  Zion  as 
already  fallen  before  the  heathen  and  her  inhabitants  as 
pining  in  the  darkness  of  captivity.  The  hope  of  Zion  is  in 
future  restoration  after  she  has  patiently  borne  the  chastise¬ 
ment  of  her  sins.  Then  Jehovah  shall  arise  mindful  of  His 
oath  to  the  fathers,  Israel  shall  be  forgiven  and  restored, 
and  the  heathen  humbled.  The  faith  and  hope  which 
breathe  in  this  passage  have  the  closest  affinities  with  the 
book  of  Lamentations  and  Isa.  xl.-lxvi. 

We  have  seen  that  the  text  of  Micah  has  suffered  from  redac¬ 
tors;  it  is  also  not  free  from  verbal  corruptions  which  make 
some  places  very  obscure.  The  LXX.  had  many  readings  differ¬ 
ent  from  the  present  Hebrew,  hut  their  text  too  was  far  from 
sound.  Of  commentaries  on  Micah,  that  which  deals  most  fully 
with  the  question  of  the  text  is  Roorda’s  Latin  work,  Leyden, 
1869.  The  most  elaborate  book  on  Micah  is  Caspari’s  ( Ueber  Micha- 
den  Morasthilen  und  seine  prophetische  Schrift,  Christiania,  1851-52). 
In  English  Pocock’s  Commentary  (2d  ed.,  1692)  and  Cheyne's 
Micah  (1882)  are  to  be  noted.  See  also  the  literature  on  the  minor 
prophets  in  general  cited  under  Hosea,  and  W.  R.  Smith’s 
Prophets  of  Israel  (1882).  (w.  r.  s.) 

MICHAEL  (^3'P,  “who  is  like  God?”)  appears 
in  the  Old  Testament  as  a  man’s  name,  synonymous 
with  Micaiah  or  Micah.  In  the  book  of  Daniel  the 
same  name  is  given  to  one  of  the  chief  “princes” 
of  the  heavenly  host,  the  guardian  angel  or  “prince  ” 
of  Israel  (Dan.  x.  13,  21  ;  xii.  1),  and  as  such  he 
naturally  appears  in  Jewish  theosophy  as  the  greatest 
of  all  angels,  the  first  of  the  four  who  surround  the 
throne  of  God  (see  Gabriel).  It  is  as  guardian 
angel  of  Israel,  or  of  the  church,  the  true  Israel,  that 
Michael  appears  in  Jude  9  and  Rev.  xii.  7.  In  the 
Western  Church  the  festival  of  St.  Michael  and  All 
Angels  (Michaelmas)  is  celebrated  on  September  29  ; 
it  appears  to  have  grown  out  of  a  local  celebration  of 
the  dedication  of  a  church  of  St.  Michael-  either  at 
Mount  Garganus  in  Apulia  or  at  Rome,  and  was  a 
great  day  by  the  beginning  of  the  9th  century.  The 
Greek  Church  dedicates  November  8  to  St.  Michael, 
St.  Gabriel,  and  All  Angels. 

MICHAEL,  the  name  of  several  Byzantine  em¬ 
perors. 

Michael  I.  (Rhangabe)  was  an  obscure  nobleman 
who  had  married  Procopia,  the  daughter  of  Nice- 
horus  I. ,  and  been  made  master  of  the  palace  ; 
is  elevation  to  the  throne  was  due  to  a  revolutionary 
movement  against  his  brother-in-law  Stauracius,  who 
reigned  only  two  months  after  the  death  of  Nice- 
phorus  on  the  battlefield  (81 2). 1  Elected  as  the  tool 
of  the  bigoted  orthodox  party  in  the  church,  Michael 
diligently  persecuted  the  Iconoclasts  on  the  northern 
and  eastern  frontiers  of  the  empire,  but  meanwhile 
allowed  the  Bulgarians  to  ravage  a  great  part  of  Mace¬ 
donia  and  Thrace  ;  having  at  last  taken  the  field  in 
the  spring  of  813,  he  was  defeated  near  Bersinikia, 
and  Leo  the  Armenian  was  saluted  emperor  in  his 
stead  in  the  following  summer.  Michael,  after  having 
been  compelled  to  become  a  monk,  was  permitted 

1  Nicephorus  was  slain  in  811.  See  Gibbon,  ch.  xlviii. — Am.  Ed. 
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thenceforward  to  live  unmolested  in  the  island  of 
Prote;  where  he  died  in  845. 

.  Michael  II.  (The  Stammerer),  a  native  of  Amor- 
lum  m  Phrygia,  was  of  humble  origin,  and  began  life 
as  a  private  soldier,  but  rose  by  his  talents  and  as¬ 
siduity  to  the  rank  of  general.  He  was  one  of  those 
who  had  favored  the  election  to  the  throne  of  his  old 
companion  in  arms  Leo  the  Armenian  in  813,  but, 
detected  in  a  conspiracy  against  the  government  of 
that  emperor,  had  been  sentenced  to  death  in  Decem¬ 
ber,  820;  his  partisans,  however,  succeeded  in  assas¬ 
sinating  Leo  on  the  morning  of  Christmas  Day,  and 
called  Michael  from  the  prison  to  the  throne.  The 
principal  features  of  his  reign  (820-829)  were  a  pro¬ 
tracted  struggle  (of  nearly  three  years)  against  his 
brother  general,  Thomas,  who  aimed  at  the  throne, 
the  conquest  of  Crete  by  the  Saracens  in  823,  and  the 
beginning  of  their  attacks  upon  Sicily  (827).  Con¬ 
ciliatory  on  the  whole  in  his  policy  towards  the  image 
worshippers  (his  own  sympathies  were  iconoclastic), 
he  incurred  the  wrath  of  the  monks  by  entering  into 
a  second  marriage  with  Euphrosyne,  daughter  of  Con¬ 
stantine  VI.,  who  had  previously  taken  the  veil.  He 
died  in  October,  829,  and  was  succeeded  by  Theophilus 
his  son. 

Michael  III.  (The  Drunkard)  was  the  grandson 
of  Michael  the  Stammerer,  and  succeeded  his  father 
Theophilus  when  only  three  years  of  age  (842).  Until 
his  majority  at  the  age  of  eighteen  the  affairs  of  the 
empire  were  managed  by  the  empress-regent  his 
mother  Theodora  ;  his  education  was  shamefully  neg¬ 
lected,  and  it  was  during  this  period  that  Michael 
formed  the  disgraceful  personal  habits  which  are 
indicated  by  his  surname.  In  861  Michael,  together 
with  his  uncle  Bardas,  undertook  an  expedition 
against  the  Bulgarians,  which  resulted  in  the  con¬ 
version  of  the  Bulgarian  king,  who  thenceforth  bore 
the  Christian  name  of  Michael.  The  emperor  had 
been  less  successful  in  the  campaign  which  he  led  in 

Eerson  against  Omar  of  Melitene  in  860,  but  in  863 
is  uncle  Petronas  gained  an  important  victory  over 
the  Saracens  in  Asia  Minor.  The  year  865  was  marked 
by  the  first  appearance  of  the  Russians  in  the  Bos¬ 
phorus.  Michael  was  assassinated  in  his  palace  in 
867  by  Basilius  the  Macedonian,  whom  he  had  asso¬ 
ciated  with  himself  in  the  empire  in  the  previous 
year. 

Michael  IV.  (The  Paphlagonian)  owed  his  ele¬ 
vation  to  Zoe,  daughter  of  Constantine  IX.,  the  last 
of  the  Macedonian  dynasty  ;  this  princess  was  married 
to  Romanus  III. ,  but  becoming  enamored  of  Michael, 
her  chamberlain,  she  poisoned  her  husband  and  mar¬ 
ried  her  attendant  (1034).  Michael,  however,  being 
of  a  weak  character  and  subject  to  epileptic  fits,  pos¬ 
sessed  the  supreme  power  only  in  name,  and  was  a 
mere  instrument  in  the  hands  of  his  brother,  John 
the  Eunuch,  who  had  been  first  minister  both  of 
Constantine  and  Romanus.  John’s  diplomacy  was 
successful  in  keeping  the  Arabs  in  the  archipelago  and 
Egypt  quiet  for  some  time,  and  he  was  at  last  able  to 
secure  a  victory  for  the  imperial  arms  at  Edessa  in 
1037.  The  attempt  to  recover  Sicily  in  the  following 
year  with  the  help  of  the  Normans  was  less  prosper¬ 
ous,  and  in  1040  the  island  wholly  ceased  to  be  a 
Byzantine  province.  About  the  same  time,  the  Bul¬ 
garians  having  overrun  Macedonia  and  Thrace,  and 
threatening  Constantinople,  the  indolent  and  infirm 
emperor,  to  the  surprise  alike  of  friends  and  foes,  put 
himself  at  the  heaa  of  the.  army,  and  not  only  drove 
the  enemy  beyond  the  frontier,  but  followed  them  into 
their  own  territory.  He  died,  shortly  after  his 
triumph,  on  December  10,  1041. 

Michael  V.  (Calaphates  or  The  Caulker),  nephew 
and  successor  of  the  preceding,  derived  his  surname 
from  his  father  Stephen,  who  had  originally  followed 
the  occupation  of  a  caulker  of  ships.  He  owed  his 
elevation  (December,  1041)  to  his  uncle  John,  whom 
along  with  Zoe  he  almost  immediately  banished ;  this 


led  to  a  popular  tumult  and  his  dethronement  after  a 
brief  reign  of  four  months  (April,  1042).  He  lived 
tor  many  years  afterwards  in  the  quiet  obscurity  of  a 
monastery. 

Michael  VI.  (The  Warlike)  was  already  an  old 
man  when  chosen  by  the  empress  Theodora  as  her 
successor  shortly  before  her  death  in  1056.  His  gov¬ 
ernment  was  feeble  in  the  extreme,  and  he  was  at  last 
compelled  to  abdicate  by  Isaac  Comnenus,  who  had 
defeated  his  army  in  Phrygia  (August,  1057).  He 
a  his  hfe  a  monastery. 

Michael  VII.  '(Lucas  or  Parapinaces)  was  the 
eldest  son  of  Constantine  XI.  Ducas,  by  whom  along 
with  his  brothers  Andronicus  I.  and  Constantine  XIL 
he  was  invested  with  the  title  of  Augustus  ;  this  joint 
succession  took  place  in  1067,  but  in  1071  it  suited  the 
policy  of  the  uncle  Joannes  Caesar  to  make  Michael 
sole  emperor.  For  this  position  Michael,  whose 

character  was  degraded,  rather  than  ennobled,  by 
the  virtues  of  a  monk  and  the  learning  of  a  sophist,” 
was  by  no  means  fitted,  and  at  length  two  generals  of 
the  name  of  Nicephorus,  surnamed  Bryennius  and 
Botaniates,  simultaneously  rebelled  against  him  in 
1078  ;  with  hardly  a  struggle  he  resigned  the  purple 
and  retired  into  a  monastery,  where  he  afterwards  re- 
ceived  the  title  of  archbishop  of  Ephesus. 

Michael  VIII.  (Palaeologus),  born  in  12341,  was 
the  son  of  Andronicus  Palaeologus  Comnenus  and 
Irene  Angela  the  granddaughter  of  Alexius  Angelus, 
emperor  of  Constantinople.  At  an  early  age  he  rose 
to  distinction,  and  ultimately  became  commander  of 
the  French  mercenaries  in  the  employment  of  the  em¬ 
perors  of  Nicaea.  A  few  days  after  the  death  of 
Theodore  Lascaris  II.  in  1259,  Michael,  by  the  assas¬ 
sination  of  Muzalon  (which  he  is  believed  but  not 
proved  to  have  encouraged),  succeeded  to  the  guard¬ 
ianship,  shared  with  the  patriarch  Arsenius,  of  the 
young  emperor  J ohn  Lascaris,  then  a  lad  of  only  eight 
years.  Afterwards  invested  with  the  title  of  ‘  ‘  despot,  ’  ’ 
he  was  finally  proclaimed  joint-emperor,  and  crowned 
alone  at  Nicaea  on  January  1,  1260.  Mn  the  following 
year  (July,  1261)  Constantinople  fell  into  the  hands  of 
the  Caesar  Alexius  Strategopulus,  and  Michael,  hav¬ 
ing  got  himself  crowned  anew  in  the  church  of  St. 
Sophia,  caused  his  boy  colleague  to  be  blinded  and 
sent  into  banishment.  For  this  last  act  he  was  ex¬ 
communicated  by  Arsenius,  and  the  ban  was  not  re¬ 
moved  until  six  years  afterwards  (1268),  on  the  acces¬ 
sion  of  a  new  patriarch.  In  1 263  and  1264  respectively 
Michael,  with  the  help  of  Urban  IV.  2  concluded  peace 
with  Villehardouin,  prince  of  Achaia,  and  Michael, 
despot  of  Epirus,  who  had  previously  been  incited  by 
the  pope  to  attack  him  ;  the  friendly  intervention  had 
been  secured  by  a  promise  on  the  emperor’s  part  to 
help  forward  the  reunion  of  the  Eastern  and  Western 
churches.  In  1269  Charles  of  Sicily,  aided  by  John 
of  Thessaly,  again  made  war,  with  the  alleged  purpose 
of  restoring  Baldwin  to  the  throne  of  Constantinople, 
and  pressed  Michael  so  hard  that  ultimately,  yielding 
to  the  importunities  of  Gregory  X.,  he  caused  the 
deputies  or  the  Eastern  church  to  attend  the  council  of 
Lyons  (1274)  and  there  accept  the  ‘  ‘  filioque  ’  ’  and  papal 
supremacy.  The  union  thus  brought  about  between 
the  two  churches  was,  however,  extremely  distaste¬ 
ful  to  the  Greeks,  and  the  persecution  of  his  “schis¬ 
matic”  subjects  to  which  the  emperor  was  compelled 
to  resort  weakened  his  power  so  much  that  Martin  IV. 
was  tempted  to  enter  into  alliance  with  Charles  of 
Anjou  and  the  Venetians  for  the  purpose  of  recon¬ 
quering  Constantinople.  The  invasion,  however, 
failed,  and  Michael  so  far  had  his  revenge  in  the 
“Sicilian  Vespers, ’’  which  he  helped  to  bring  about. 
He  died  in  Thrace  in  December,  1282,  and  was  suc¬ 
ceeded  by  his  son  Andronicus  H. 

Michael  IX.  (Palaeologus)  was  the  son  of  Andron¬ 
icus  II. ,  and  was  associated  with  him  on  the  throne 
from  1295,  but  predeceased  him  (1320). 

1  Bom  in  1224.  NouveUe  Biographie  g&n&rale.— Am.  Ed. 
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MICHAELIS,  Johann  David  (1717-1791),  one 
of  the  most  influential  scholars  and  teachers  of  last 
century,  belonged  to  a  family  which  had  the  chief 
part  in  maintaining  that  solid  discipline  in  Hebrew 
and  the  cognate  languages  which  distinguished  the 
university  of  Halle  in  the  period  of  Pietism.  Johann 
Heinrich  Michaelis  (1668-1738)  was  the  chief  director 
of  Francke’s  Collegium  Orientale  Theologicum ,  a 
practical  school  of  Biblical  and  Oriental  philology  then 
quite  unique,  and  the  author  of  an  annotated  Hebrew 
Bible  and  various  exegetical  works  of  reputation, 
especially  the  Adnotationes  uberiores  in  Hagiograplios , 
1720.  In  his  chief  publications  J.  H.  Michaelis  had 
as  fellow- worker  his  sister’s  son  Christian  Benedict 
Michaelis  (1680-1764),  the  father  of  Johann  David, 
who  was  likewise  influential  as  professor  at  Halle,  and 
a  very  sound  scholar,  especially  in  Syriac.  J.  D. 
Michaelis  was  trained  for  academical  life  under  his 
father’s  eye.  Halle  was  not  then  the  best  of  univer¬ 
sities  ;  a  narrow  theological  spirit  cramped  all  intel¬ 
lectual  activity,  and  the  eager  vivacious  youth,  already 
distinguished  by  a  love  for  realities  and  a  distaste  for 
small  pedantries,  found  much  of  the  teaching  weari¬ 
some  enough.  He  acquired,  however,  a  good  knowl¬ 
edge  of  the  Latin  classics, — Greek,  he  tells  us,  was 
hardly  taught  at  all,  and  his  knowledge  of  Greek  lit¬ 
erature  was  gained  by  his  own  reading  in  later  years, 
— learned  all  that  his  father  could  teach,  and  was  in¬ 
fluenced,  especially  in  philosophy,  by  Baumgarten,  the 
link  between  the  old  Pietism  and  Semler,  while  he 
cultivated  his  strong  taste  for  history  under  Ludwig. 
In  the  winter-semester  1739-40  he  qualified  as  univer¬ 
sity  lecturer.  One  of  his  dissertations  was  a  defence 
of  the  antiquity  and  divine  authority  of  the  vowel 
points  in  Hebrew.  His  scholarship  still  moved  in  the 
old  traditional  lines  in  which  no  further  progress  was 
possible,  and  he  was  also  much  exercised  by  religious 
scruples,  the  conflict  of  an  independent  mind  with  that 
submission  to  authority  at  the  expense  of  reason  en¬ 
couraged  by  the  type  of  Lutheranism  in  which  he  had 
been  trained.  A  long  visit  to  England  in  1741-42 
lifted  him  out  of  the  narrow  groove  of  his  earlier  edu¬ 
cation.  In  passing  through  Holland  he  made  the 
acquaintance  of  the  great  Schultens,  whose  influence 
on  his  philological  views  was  not  immediate,  but  be¬ 
came  all-powerful  a  few  years  later.  England  offered 
to  him  no  such  commanding  personal  influence,  and 
he  was  not  yet  able  to  turn  to  profit  the  stores  of  the 
reat  libraries,  but  his  personality  was  strengthened 
y  contact  with  a  larger  life,  and  his  theological  views 
were  turned  aside  from  the  pietistic  channel.  Michaelis 
never  ceased  to  regard  himself  as  essentially  orthodox, 
though  he  did  not  feel  able  fully  to  subscribe  the 
Lutheran  articles,  and  more  than  once  declined  on 
this  account  to  be  professor  of  theology.  But  his 
views  acquired  a  distinctly  rationalistic  complexion, 
and  the  orthodoxy  of  his  Gottingen  lectures  and  pub¬ 
lications  on  dogmatic  (delivered  from  a  philosophical 
chair)  is  of  a  very  washed-out  kind.  His  really  useful 
work,  however,  lay  in  other  directions ;  the  change  of 
his  theological  views  was  important  because  it  relieved 
him  from  trammels  that  hampered  the  free  course  of  his 
development  as  a  scholar.  From  England  Michaelis 
went  back  to  Halle;  but  he  felt  himself  out  of  place, 
and  in  1745  gladly  accepted  an  invitation  to  Gottingen 
as  privat-docent.  In  1746  he  became  extraordinary, 
in  1750  ordinary,  professor,  and  in  Gottingen  he  re¬ 
mained  till  his  death  in  1791.  In  the  first  years  of 
his  new  position  Michaelis  passed  through  a  second 
education.  In  the  young  and  intellectually  vigorous 
Georgia  Augusta  he  came  under  the  powerful  per¬ 
sonal  influence  of  such  men  as  Gesner  and  Haller. 
His  intellect  was  active  in  many  directions ;  universal 
learning  indeed  was  perhaps  one  of  his  foibles.  _  Litera¬ 
ture — modern  as  well  as  ancient — occupied  his  atten¬ 
tion  ;  one  of  his  works  was  a  translation  of  four  parts 
of  Clarissa ;  and  translations  of  some  of  the  then  cur¬ 
rent  English  paraphrases  on  Biblical  books  manifested 


his  sympathy  with  a  school  which,  if  not  very  learned, 
attracted  him  by  its  freer  air.  His  Oriental  studies 
were  reshaped  by  diligent  perusal  of  the  yrorks  of 
Schultens  ;  for  the  Halle  school,  with  all  its  learning, 
had  no  conception  of  the  principles  on  which  a  fruit¬ 
ful  connection  between  Biblical  and  Oriental  learning 
can  be  established.  His  linguistic  work  indeed  was 
always  hampered  by  the  lack  of  MS.  material,  which 
is  felt  in  his  philological  writings,  e.g.,  in  his  valuable 
Supplementa  to  the  Hebrew  lexicons  (1784-412).1  He 
could  not  become  such  an  Arabist  as  Beiske;  and, 
though  for  many  years  the  most  famous  teacher  of 
Semitic  languages  in  Europe,  he  had  little  of  the 
higher  philological  faculty ;  and  neither  his  grammati¬ 
cal  nor  his  critical  work,  highly  praised  as  it  then  was, 
has  left  a  permanent  mark,  with  the  exception  per¬ 
haps  of  his  text-critical  studies  on  the  Peshito.2  His 
tastes  were  all  for  realia — history,  antiquities,  espe¬ 
cially  geography  and  natural  science ;  in  his  autobiog¬ 
raphy  he  half  regrets  that  he  did  not  choose  the  medi¬ 
cal  profession.  Here  he  found  a  field  hardly  touched 
since  Bochart,  in  whose  footsteps  he  followed  in  the 
Spicilegium  geographice  Hebrceorum  exterce  post  Bo- 
chartum  (1769-80).  To  his  impulse  we  owe  the  famous 
Eastern  expedition  of  Von  Haven,  ForskAl;  and  Nie¬ 
buhr.  He  prepared  the  instructions  for  their  journey, 
and  drew  up  a  series  of  questions  and  elucidations  to 
guide  their  researches,  which  place  in  strong  relief  his 
comprehensive  grasp  of  all  that  was  then  known  of  the 
East,  and  the  keen  delight  in  the  knowledge  of  tangi¬ 
ble  and  natural  things,  paired  with  a  sober  and  patient 
judgment,  which  was  his  chief  intellectual  characteris¬ 
tic.  The  best  part  of  this  knowledge  was  turned  to  the 
profit  of  Biblical  study  j  in  his  exegetical  writings,  for 
example,  one  of  the  main  features  is  what  was  then  the 
novelty  of  illustrations  from  Eastern  travel.  In  spite 
of  his  doctrinal  writings — which  at  the  time  made  no 
little  noise,  so  that  his  Compendium  of  Dogmatic 
(1760)  was  confiscated  in  Sweden,  and  the  knighthood 
of  the  North  Star  was  afterwards  given  him  in  repara¬ 
tion — it  was  the  natural  side  of  the  Bible  that  really 
attracted  him,  and  no  man  did  more  to  introduce  the 
modern  method  of  studying  Hebrew  antiquity  as  an 
integral  part  of  ancient  Eastern  life.  The  permanent 
influence  of  his  works  indeed  has  not  been  great,  and 
many  of  them  are  now  hardly  readable  ;  for,  with  all 
his  historic  tastes  and  learning,  he  had  no  large  his¬ 
toric  conceptions,  and,  what  is  closely  akin  to  this 
defect,  was  singularly  deficient  in  imagination  and 
poetic  sympathy.  _  But  the  vivacity  of  nis  mind,  his 
manysidedness,  his  singularly  attractive  though  dis¬ 
cursive  method  of  lecturing,  and  above  all  his  power 
of  feeling  and  inspiring  interest  in  every  kind  of  fact, 
was  a  potent  stimulus  much  needed  in  the  Germany 
of  that  age,  and  did  not  soon  die.  Different  as  the 
three  men  are,  there  is  a  true  historic  nexus  between 
the  three  great  Gottingen  Orientalists,  Michaelis, 
Eiehhorn,  and  Ewald. 

The  personal  character  of  Michaelis  can  be  read  between 
the  lines  of  his  autobiography  with  the  aid  of  the  other 
materials  collected  by  the  editor  Hassencamp  (J.  D.  Michaelis 
Lebensbeschreibung,  etc.,  1793).  To  understand  the  secret  of 
his  enormous  influence,  it  is  not  enough  to  read  his  books, 
now  for  the  most  part  dull  enough  to  us ;  we  must  see  the 
upright  vivacious  laborious  man,  with  a  good  deal  of  worldly 
prudence  and  a  good  deal  of  temper,  much  absorbed  in  his 
manifold  academic  activities  in  the  university  and  Royal 
Society  of  Gottingen,  yet  ever  full  of  interest  in  the  larger 
world,  and  of  shrewd  judgments  and  lively  talk,  with  a 
strong  sense  of  his  rights  and  dignity,  yet  with  a  good  and 
warm  heart ;  shining  especially  in  the  lecture-room,  where 
he  dealt  forth  knowledge  with  discursive  hand  from  a  full 
store,  displaying  the  methods  as  well  as  the  results  of  his 
all-sided  research,  not  without  a  touch  of  the  vanity  of  the 
polyhistor,  and  loving  to  leave  the  chair  under  a  storm  of 
applause  at  a  parting  bon-mot  which  he  acknowledged  at 

1  By  a  strange  fortune  of  war  it  was  the  occupation  of  Gottingen 
by  the  Trench  in  the  Seven  Years’  War,  ana  the  friendly  rela¬ 
tions  he  formed  with  the  officers,  that  procured  him  the  Paris 
MS.  from  which  he  edited  Abulfeda’s  description  of  Egypt. 

2  Curse  in  Actus  Apostolorum  Syriacos,  1735. 
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the  door  in  a  backward  glance  of  triumph.  The  same 
volume  contains  a  full  list  of  his  works.  Besides  those  al¬ 
ready  mentioned  it  is  sufficient  to  refer  to  his  New  Testa¬ 
ment  Introduction  (the  first  edition,  1750,  preceded  the  full 
development  of  his  powers,  and  is  a  very  different  book 
from  the  later  editions),  his  reprint  of  Lowth's  Prselectiones 
with  important  additions  (1758-62),  his  German  translation 
of  the  Bible  with  notes  (1773-92),  his  Orientalische  und  Ex- 
egetische  Bibliothelc  (1775-85) ; 1  and  Neue  0.  and  E.  Bib. 
(1786-91),  his  Mosaisches  Recht  (1770-71),  and  his  edition  of 
Castle’s  Lexicon  Syriacum  (1787-88).  His  Litterarischer  Brief- 
wcchsel  (1794-96)  contains  much  that  is  interesting  for  the 
history  of  learning  in  his  time.  (w.  r.  s.) 

MICHAUD,  Joseph  (1767-1839),  French  historian 
and  publicist,  was  born  of  an  old  family  on  June  19, 
1767,  at  Albens,  Savoy,  was  educated  at  Bourg-en- 
Bresse,  and  afterwards  engaged  in  -literary  work  at 
Lyons,  where  the  events  of  1789  first  called  into  ac¬ 
tivity  the  dislike  to  revolutionary  principles  which 
manifested  itself  throughout  the  rest  of  his  life.  In 
1791  he  went  to  Paris,  where,  not  without  danger,  he 
took  part  in  editing  several  royalist  journals.  In  1794 
he  started  La  Quotidienne ,  for  his  connection  with 
which  he  was  arrested  after  the  13th  of  Vendemiaire  • 
he  succeeded  in  escaping  his  captors,  but  was  sentenced 
to  death  par  contumace  by  the  military  council.  Hav¬ 
ing  resumed  the  editorship  of  his  newspaper  on  the 
establishment  of  the  Directory,  he  was  again  pro¬ 
scribed  on  the  18th  of  Fructidor,  but  at  the  close  of 
two  years  returned  to  Paris  when  the  consulate  had 
superseded  the  Directory.  His  Bourbon  sympathies 
led  to  a  brief  imprisonment  in  1800,  and  on  his  release 
he  for  the  time  abandoned  journalism,  and  began  to 
write  or  edit  books.  Along  with  his  brother  and  two 
colleagues  he  published  in  1806  a  Biographie  modeme, 
ou  dictionnaire  des  hommes  qui  se  sont  fait  un  nom  en 
Europe  depuis  1789,  the  earliest  work  of  its  kind  ;  in 
1808  the  first  volume  of  his  Histoire  des  Croisades 
appeared,  and  in  1811  he  originated  the  Biographie 
Universdle.  In  1814  he  resumed  the  editorship  of  the 
Quotidienne ,  and  in  the  same  year  was  elected  Aca¬ 
demician.  In  1815  his  brochure  entitled  Histoire  des 
quinze  Semaines  ou  le  dernier  rigne  de  Bonaparte  met 
with  extraordinary  success,  passing  through  twenty- 
seven  editions  within  a  very  short  time.  His  political 
services  were  now  rewarded  with  the  cross  of  an  officer 
in  the  Legion  of  Honor  and  the  modest  post  of  king’s 
reader,  of  which  last  he  was  deprived  in  1827  for  hav¬ 
ing  opposed  Peyronnet’s  “  Loi  d’ Amour  ”  against  the 
freedom  of  the  press.  In  1830-31  he  travelled  in  Syria 
and  Egypt  for  the  purpose  of  collecting  additional 
materials  for  the  Histoire  des  Croisades;  his  corre¬ 
spondence  with  a  fellow-explorer,  Poujoulat,  consisting 
practically  of  discussions  and  elucidations  of  various 
important  points  in  that  work,  was  afterwards  pub¬ 
lished  ( Correspondence  d' Orient,  7  vols. ,  1832-35). 
The  Bibliotlieque  des  Croisades ,  in  four  volumes  more, 
contained  the  “  pieces  justificatives  ”  of  the  Histoire. 
Michaud  died  on  September  30, 1839,  at  Passy,  where 
his  home  had  been  since  1832.  His  Histoire  des  Croi¬ 
sades  was  published  in  its  final  form  in  six  volumes  in 
1841  under  the  editorship  of  his  friend  Poujoulat  (9th 
ed.,  with  appendix,  by  Huillard-Breholles,  . 1856). 
Michaud  along  with  Poujoulat  also  edited  and  in  part 
wrote  Nouvelle  Collection  des  Mimoires  pour  servir  d 
V Histoire  de  France,  32  vols.,  1836-44.  See  Sainte- 
Beuve,  Causeries  du  Lundi,  vol.  vii. 

MICHAUX,  Andr£  (1746-1802),  a  French  bota¬ 
nist,  best  known  for  his  works  on  the  flora  of  North 
America  and  as  a  botanical  traveller.  In  1779  he  spent 
some  time  botanizing  in  England,  and  in  1780  he  ex¬ 
plored  Auvergne,  the  Pyrenees,  and  the  north  of 
Spain.  In  1782  he  was  sent  by  the  French  Govern¬ 
ment  on  a  botanical  mission  to  Persia.  His  journey 
began  unfavorably,  as  he  was  robbed  by  Arabs  ot  all 
his  equipments  except  his  books;  but  he  gained  in¬ 
fluential  support  in  Persia,  having  cured  the  shah  ot 

i  The  Orientalische  und  Exegetische  Bihliothck  periodical  began  in 
1771  under  Michaelis  and  ran  to  23  vols.— AM.  ED. 


a  dangerous  illness.  After  two  years  he  returned  to 
France  with  a  fine  herbarium,  and  also  introduced 
numerous  Eastern  plants  into  the  botanic  gardens  of 
France.  In  1785  he  was  sent  by  the  French  Govern¬ 
ment  to  North  America,  and  travelled  through  Canada, 
Nova  Scotia,  and  the  United  States  as  far  west  as  the 
Mississippi.  The  outbreak  of  the  French  Revolution 
deprived  him  of  means  to  continue  his  work  in 
America,  and  in  1796  he  returned  to  France.  He  was 
shipwrecked,  and  lost  most  of  his  collections  on  the 
voyage.  In  1800  he  went  to  Madagascar  to  investigate 
the  flora  of  that  island,  and  died  there  in  1802.  His 
work  as  a  botanist  was  chiefly  done  in  the  field,  and 
he  added  largely  to  what  was  previously  known  of  the 
botany  of  the  East  and  of  America.  He  also  intro¬ 
duced  many  plants  into  European  botanic  gardens. 
He  wrote  two  valuable  works  on  North  American 
plants, — the  Histoire  des  chenes  de  V Amirique  Sep- 
tentrionale  (1801),  with  36  plates,  and  the  Flora 
Boreali- Americana  (1803),  2  vols.,  with  51  plates. 

MICHAUX,  Francois  Andr£  (1770-1855),  son 
of  the  preceding,  was,  like  his  father,  employed  by 
the  French  Government  to  explore  the  forests  of 
North  America  with  a  view  to  the  introduction  into 
France  of  trees  valuable  for  their  wood  or  other  pro¬ 
ducts.  He  was  very  successful  in  carrying  out  this 
object.  He  published  in  1810-13  a  Histoire  des  Arhres 
forestilres  de  V Amerique  Septentrionale,  in  3  vols., 
with  156  plates,  a  work  full  of  information  on  the 
characters,  uses,  distribution,  and  other  points  of 
interest  in  the  various  species.  In  1817-19  a  transla¬ 
tion  of  it  appeared  under  the  title  North  American 
Sylva.  He  also  wrote  a  Voyage  d  Vouest  des  Monts 
AlUghanys,  1804,  besides  articles  in  scientific  maga¬ 
zines. 

MICHEL  ANGELO  (1475-1564).  Michel  Angelo 
Buonarroti,  best  known  simply  as  Michel  Angelo,  the 
last  and  most  famous  of  the  great  artists  of  Florence, 
was  the  son  of  Ludovico  Buonarroti,  a  poor  gentleman 
of  that  city,  and  of  his  wife  Francesca  di  Neri.  Lu¬ 
dovico  was  barely  able  to  live  on  the  income  of  his 
estate,  but  made  it  his  boast  that  he  had  never  stooped 
to  add  to  it  by  mercantile  or  mechanical  pursuits. 
The  favor  of  the  Medici  procured  him  employment  in 
some  minor  offices  of  state,  and  in  the  autumn  of  1474 
he  was  appointed  resident  magistrate  of  Caprese,  in 
the  Casentino,  for  a  period  of  six  months.  Thither 
he  accordingly  repaired  with  his  family,  and  there, 
on  March  6,  1475,  his  second  son  Michel  Agniolo  or 
Michel  Angelo  was  bom.  Immediately  afterwards 
the  family  returned  to  Florence,  and  the  child  was  put 
to  nurse  with  a  marble-worker’s,  wife  of  Settignano. 
His  mother’s  health  had  already,  it  would  seem.  Degun 
to  fail ;  at  all  events  in  about  two  years  from  this  time, 
after  she  had  borne  her  husband  two  more  sons,  she 
died.  While  still  a  young  boy,  Michel  Angelo  deter¬ 
mined  in  spite  of  his  father’s  opposition  to  be  an 
artist.  He  had  sucked  in  the  passion,  as  he  himself 
used  to  say,  with  his  foster-mother’s  milk.  After  a 
sharp  struggle,  his  stubborn  will  overcame  his  father’s 
pride  of  gentility,  and  at  thirteen  he  got  himself  arti¬ 
cled  as  a  paid  assistant  in  the  workshop  of  the  brothers 
Ghirlandaio.  Domenico  Ghirlandaio,  bred  a  jeweller, 
had  become  by  this  time  the  foremost  painter  of  Flor¬ 
ence.  In  his  service  the  young  Michel  Angelo  laid 
the  foundations  of  that  skill  in  fresco  with  which 
twenty  years  afterwards  he  confounded  his  detractors 
at  Rome.  He  studied  also,  like  all  the  Florentine 
artists  of  that  age;  in  the  Brancacci  chapel,  where  the 
frescos  of  Masaccio,  painted  some  sixty  years  before, 
still  victoriously  held  their  own ;  and  here,  in  a  quar¬ 
rel  with  an  ill-conditioned  fellow-student,  Torrigiani, 
he  received  the  blow  of  which  his  face  bore  the  marks 
to  his  dying  day. 

Though  Michel  Angelo’s  earliest  studies  were  di¬ 
rected  towards  painting,  he  was  by  nature  and  predi¬ 
lection  much  more  inclined  to  sculpture.  In  that  art 
he  presently  received  encouragement  and  training 
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under  the  eye  of  an  illustrious  patron,  Lorenzo  dei 
Medici.  On  the  recommendation,  it  is  said,  of  Ghir¬ 
landaio,  he  was  transferred,  before  the  term  of  his 
apprenticeship  as  a  painter  had  expired,  to  the  school 
or  sculpture  established  by  Lorenzo  in  tne  Medici  gar¬ 
dens.  Here  he  could  learn  to  match  himself  against 
his  great  predecessor,  Donatello,  one  of  whose  pupils 
was  the  director  of  the  school,  and  to  compare  the 
works  of  that  master  and  his  Tuscan  contemporaries 
with  the  antiques  collected  for  the  instruction  of  the 
scholars.  Here,  too,  he  could  listen  to  discourses  on 
Platonism,  and  steep  himself  in  the  doctrines  of  an 
enthusiastic  philosophy  which  sought  to  reconcile  with 
Christian  faith  the  lore  and  the  doctrines  of  the  Acad¬ 
emy.  Michel  Angelo  remained  a  Christian  Platonist 
to  the  end  of  his  days ;  he  was  also  from  his  youth  up 
a  devoted  student  of  Dante.  His  powers  of  mind  and 
hand  soon  attracted  attention,  and  secured  him  the 
regard  and  favor  of  his  patrons  in  spite  of  his  rugged, 
unsociable  exterior,  and  of  a  temper  which  at  best  was 
but  a  half-smothered  volcano. 

Michel  Angelo  had  been  attached  to  the  school  and 
household  of  the  Medici  for  barely  three  years  when, 
in  1492,  his  great  patron  Lorenzo  died.  Lorenzo’s 
son  Piero  dei  Medici  inherited  the  position,  but  not 
the  qualities,  of  his  father ;  Florence  soon  chafed  under 
his  authority ;  and  towards  the  autumn  of  1494  it  be¬ 
came  apparent  that  disaster  was  impending  over  him 
and  his  adherents.  Michel  Angelo  was  constitutionally 
subject  to  dark  and  sudden  presentiments :  one  such 
seized  him  now,  and,  without  awaiting  the  popular 
outbreak  which  soon  followed,  he  took  horse  with  two 
companions  and  fled  to  Bologna.  There,  being  now 
in  his  twentieth  year,  he  was  received  with  kindness 
by  a  member  of  the  Aldovrandi  family,  and  on  his 
commission  executed  two  figures  of  saints,  and  one  of 
an  angel,  for  the  shrine  of  St.  Dominic  in  the  church 
of  St.  Petronius.  After  about  a  year,  work  at  Bo¬ 
logna  failing,  and  his  name  having  been  included  in 
his  absence  on  the  list  of  artists  appointed  to  provide 
a  new  hall  of  assembly  for  the  Great  Council  of  Flor¬ 
ence,  Michel  Angelo  returned  home.  The  strange 
theocracy  established  by  Savonarola  was  now  in  force, 
and  the  whole  character  of  civic  life  at  Florence  was 
for  the  time  being  changed.  But  Michel  Angelo  was 
not  left  without  employment.  He  found  a  friend  in 
another  Lorenzo,  the  son  of  Pierfrancesco  dei  Medici, 
for  whom  he  at  this  time  executed  a  statue  of  the  boy 
St.  J ohn.  Having  also  carved  a  recumbent  Cupid  in 
imitation  of  the  antique,  it  was  suggested  to  him  by 
the  same  patron  that  it  should  be  so  tinted  and  treated 
as  to  look  like  a  real  antique,  and  sold  accordingly. 
Without  increasing  the  price  he  put  upon  the  work, 
Michel  Angelo  for  amusement  lent  himself  to  the  coun¬ 
terfeit,  and  the  piece  was  then  actually  sold  for  a  large 
sum  to  a  Roman  collector,  the  cardinal  San  Giorgio,  as 
a  genuine  work  of  antiquity, — the  dealer  appropriating 
the  profits.  When  presently  the  cardinal  discovered  the 
fraud,  he  caused  the  dealer  to  refund ;  but  as  to  Michel 
Angelo  himself,  it  was  represented  to  the  young  sculp¬ 
tor  that  if  he  went  to  Rome,  the  amateur  who  had  just 
involuntarily  paid  so  high  a  tribute  to  his  skill  would 
certainly  befriend  him.  He  set  forth  accordingly,  and 
arrived  at  Rome  for  the  first  time  at  the  end  of  June, 
1496.  Such  hopes  as  he  may  have  entertained  of 
countenance  from  the  cardinal  San  Giorgio  were 
quickly  dispelled.  Neither  did  the  banished  Piero  dei 
Medici,  who  also  was  now  living  at  Rome,  do  anything 
to  help  him.  On  the  other  hand  Michel  Angelo  won 
the  favor  of  a  Roman  nobleman,  Jacopo  Galli,  and 
through  him  of  the  French  cardinal  Jean  de  Villiers 
de  la  Grolaie,  abbot  of  St.  Denis.  From  the  former 
he  received  a  commission  for  a  Cupid  and  a  Bacchus, 
from  the  latter  for  a  Pietd ,  or  Mary  lamenting  over 
the  body  of  Christ, — works  of  which,  probably  all 
three,  the  last  two  certainly,  are  preserved. 

Michel  Angelo’s  stay  in  Rome  at  this  time  lasted 
five  years,  from  the  summer  of  1496  till  that  of  1501. 


The  interval  had  been  one  of  extreme  political  distrac¬ 
tion  at  Florence.  The  excitement  of  the  French  in¬ 
vasion,  the  mystic  and  ascetic  regimen  of  Savonarola, 
the  reaction  which  led  to  his  overthrow,  and  finally 
the  external  wars  and  internal  dissidences  which  pre¬ 
ceded  a  new  settlement,  had  all  created  an  atmosphere 
most  unfavorable  to  art.  Nevertheless  Ludovico  Buo¬ 
narroti,  who  in  the  troubles  of  1494  had  lost  a  small 
permanent  appointment  he  held  in  the  customs,  and 
had  come  to  regard  his  son  Michel  Angelo  as  the 
mainstay  of  his  ’  ouse,  had  been  repeatedly  urging  him 
to  come  home. 

A  spirit  of  family  duty  and  family  pride  was  the 
ruling  principle  in  all  Michel  Angelo’s  conduct.  Dur¬ 
ing  the  best  years  of  his  life  he  submitted  himself 
sternly  and  without  a  murmur  to  pinching  hardship 
and  almost  superhuman  labor  for  the  sake  of  his  father 
and  brothers,  who  were  ever  selfishly  ready  to  be  fed 
and  helped  by  him.  Having  now,  after  an  illness, 
come  home  in  1501,  Michel  Angelo  received  the  re¬ 
quest  from  the  cardinal  Francesco  Piccolomini  to  adorn 
with  a  number  of  sculptured  figures  a  shrine  already 
begun  in  the  cathedral  of  Siena  in  honor  of  the  most 
distinguished  member  of  his  house,  Pope  Pius  II. 
Four  only  of  these  figures  were  ever  executed,  and 
those  not  apparently,  or  only  in  small  part,  by  the 
master’s  hand.  A  work  of  greater  interest  in  Florence 
itself  had  diverted  him  from  his  engagement  to  his 
Sienese  patron.  This  was  the  execution  of  the  famous 
colossal  statue  of  David,  popularly  known  as  the  Giant. 
It  was  carved  out  of  a  huge  block  of  marble  on  which 
another  sculptor,  Agostino  d’ Antonio,  had  begun  un¬ 
successfully  to  work  forty  years  before,  and  which  had 
been  lying  idle  ever  since.  Michel  Angelo  had  here  a 
difficult  problem  before  him.  Without  much  regard 
to  tradition  or  the  historical  character  of  his  hero,  he 
carved  out  of  the  vast  but  cramped  mass  of  material  a 
youthful  frowning  colossus,  which  amazed  every  be¬ 
holder  by  its  freedom  and  science  of  execution,  and  its 
victorious  energy  of  expression.  All  the  best  artists 
of  Florence  were  called  in  council  to  determine  on  what 
site  it  should  be  set  up,  and  after  much  debate  the 
terrace  of  the  Palace  of  the  Signory  was  chosen,  in 
preference  to  the  neighboring  Loggia  dei  Lanzi.  Here 
accordingly  the  colossal  David  of  JVIichel  Angelo  took, 
in  the  month  of  May,  1504,  the  place  which  it  continued 
to  hold  ever  afterwards,  until  ten  years  ago,  in  1873, 
it  was  removed  for  the  sake  of  protection  to  a  hall  in 
the  Academy  of  Fine  Arts.  Other  works  of  sculpture 
by  the  same  indomitable  hand  also  belong  to  this 
period :  among  these  another  David,  in  bronze,  and 
on  a  smaller  scale  ;  a  great  rough-hewn  St.  Matthew 
begun  but  never  completed  for  the  cathedral  of  Flor¬ 
ence  ;  a  Madonna  and  Child  executed  on  the  commis¬ 
sion  of  a  merchant  of  Bruges ;  and  two  unfinished  bas- 
reliefs  of  the  same  subject. 

Neither  was  Michel  Angelo  idle  at  the  same  time  as 
a  painter.  Leaving  disputed  works  for  the  moment 
out  of  sight,  he  in  these  days  at  any  rate  painted  for 
his  and  Raphael’s  common  patron,  Angelo  Doni,  the 
Holy  Family  now  in  the  Uffizi  at  Florence.  And  in 
the  autumn  of  1504,  the  year  of  the  completion  of  the 
David,  he  received  from  the  Florentine  state  a  com¬ 
mission  for  a  work  of  monumental  painting  on  an 
heroic  scale.  Leonardo  da  Vinci  had  been  for  some 


months  engaged  on  his  great  cartoon  of  the  Battle  of 
Anghiari,  to  he  painted  on  the  wall  of  the  great  hall 
of  the  municipal  council.  The  gonfaloniere  Soderini 
now  procured  for  Michel  Angelo  the  commission  to 
design  a  companion  work.  Michel  Angelo  chose  an 
incident  of  the  Pisan  war,  when  the  Florentine  soldiery 
had  been  surprised  by  the  enemy  in  the  act  of  bathing: 
he  dashed  at  the  task  with  his  accustomed  fiery  energy, 
and  had  carried  a  great  part  of  the  cartoon  to  com¬ 
pletion  when,  in  the  early  spring  of  1505,  he  broke  off 
the  work  in  order  to  obey  a  call  to  Rome  which  reached 
him  from  Pope  Julius  II.  His  unfinished  cartoon 
showed  how  greatly  Michel  Angelo  had  profited  by 
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the  example  of  his  elder  rival  Leonardo,  little  as,  per¬ 
sonally,  he  yielded  to  his  charm  or  could  bring  himself 
to  respond  to  his  courtesy.  The  work  of  Michel  An¬ 
gelo’s  youth  is  for  the  most  part  comparatively  tran¬ 
quil  in  character.  His  early  sculpture,  showing  a 
degree  of  science  and  perfection  unequalled  since  the 
antique,  had  also  something  of  the  antique  serenity. 
It  bears  strongly  the  stamp  of  intellectual  research, 
but  not  by  any  means  that  of  storm  or  strain.  In 
the  cartoon  of  the  Bathers,  he  on  the  other  hand 
appropriated  and  carried  further  the  mastery,  which 
Leonardo  had  first  asserted,  over  every  variety  of 
violent  action  and  every  extreme  of  energetic  move¬ 
ment.  In  it  the  qualities  afterwards  proverbially 
associated  with  Michel  Angelo — his  fnria ,  his  terri- 
bilitd ,  the  tempest  and  hurricane  of  the  spirit  which 
accompanied  his  unequalled  technical  mastery  and 
knowledge — first  found  expression. 

With  Michel  Angelo’s  departure  to  Rome  early  in  1505 
the  first  part  of  his  artistic  career  may  be  said  to  end.  It 
will  be  convenient  here  to  recapitulate  its  principal  results 
in  sculpture  and  painting,  both  those  preserved,  and  those 
recorded  but  lost. 

Sculpture.— Florence,  1489-94.  Head  of  a  Faun,  National 
Museum,  Florence  (?).  Condivi  describes  Michel  Angelo’s 
first  essay  in  sculpture  as  a  head  of  an  aged  faun  with  a 
front  tooth  knocked  out,  this  latter  point  having  been  an 
afterthought  suggested  by  Lorenzo  dei  Medici.  The  head 
is  commonly  identified  with  one  in  the  National  Museum 
at  Florence,  which,  however,  bears  no  marks  of  Michel  An¬ 
gelo’s  style,  and  is  in  all  probability  spurious.  Madonna 
Seeded  on  a  Step,  Casa  Buonarroti,  Florence.  This  bas-relief 
is  a  genuine  example  of  Michel  Angelo’s  early  work  in  the 
Medicean  school  under  Bertoldo.  It  is  executed  in  low  re¬ 
lief  in  imitation  of  the  technical  style  of  Donatello ;  but  the 
attitudes  and  characters  of  the  figures,  and  the  long-drawn, 
somewhat  tormented  folds  of  drapery,  recall  rather  the 
manner  of  Jacopo  della  Quercia.  Centauromachia,  Casa  Buo¬ 
narroti.  A  fine  and  unquestionably  genuine  work  in  full 
relief,  of  probably  somewhat  later  date  than  the  last-men¬ 
tioned  ;  Michel  Angelo  has  followed  the  antique  in  his  con¬ 
ception  and  treatment  of  the  nude,  but  not  at  all  in  the 
arrangement  of  the  subject,  which  occurs  frequently  in 
works  of  ancient  art. 

Bologna,  1494-95.  Kneeling  Angel,  supporting  the  shrine  of 
St.  Dominic.  This  is  the  figure,  with  crisp  hair,  short  reso¬ 
lute  features,  and  drapery  clinging  to  show  the  limbs,  on 
the  right-hand  side  of  the  spectator  as  he  fronts  the  altar. 
The  prettier  and  more  engaging  figure  at  the  opposite  end 
was  long  taken  to  be  Michel  Angelo’s  work,  but  is  really 
that  of  Niccold  dell’  Area.  Michel  Angelo  also  finished  the 
figure  of  St.  Petronius  on  the  cornice  of  the  same  altar, 
begun  by  the  same  Niccolo,  and  executed  one  of  St.  Proculus 
which  has  perished. 

Florence,  1495-96.  St.  John  in  the  Wilderness,  Berlin  Mu¬ 
seum.  During  the  year  between  Michel  Angelo’s  return 
from  Bologna  and  his  first  departure  to  Rome  he  executed, 
as  has  been  narrated  above,  a  statue  of  S.  Giovannino  for 
Lorenzo  di  Pierfrancesco  dei  Medici.  This  had  for  centuries 
been  supposed  lost,  when  in  1874  it  was  declared  to  have 
been  found  in  the  possession  of  Count  Gualandi-Rossalmini 
at  Pisa.  Vehement  and  prolonged  discussions  arose  as  to 
the  authenticity  of  the  work,  and  at  last  it  was  bought  for 
the  Berlin  Museum,  where  its  genuineness  is  with  appa¬ 
rently  good  reason  maintained.  The  stripling  saint  stands 
naked  but  for  a  skin  about  his  loins,  holding  a  honeycomb 
in  his  left  hand  and  lifting  to  his  mouth  a  goat’s  horn  full 
of  honey  with  his  right.  Restoration  of  an  antique  group  of 
Bacchus  and  Ampelus,  Uffizi  Gallery,  Florence.  This  inter¬ 
esting  restoration  of  an  antique  torso,  by  the  addition  of  a 
head,  the  lower  part  of  the  legs,  and  the  accessory  figure  of 
an  attendant  genius,  a  plinth,  and  mask,  is  not  one  of  the 
works  traditionally  ascribed  to  Michel  Angelo;  but  has 
lately,  and  as  it  seems  rightly,  been  claimed  for  him  on  in¬ 
ternal  evidence.  Recumbent  Cupid,  bought  by  the  cardinal 
San  Giorgio  as  an  antique.  This  work,  which  played  an 
important  part  in  Michel  Angelo’s  history,  is  unfortunately 
lost. 

Rome,  1495-1501.  Kneeling  Cupid,  South  Kensington  Mu¬ 
seum,  London.  This  beautiful  statue  of  an  athletic  youth 
kneeling  on  the  right  knee,  looking  over  his  right  shoulder, 
with  the  right  hand  lowered  and  the  left  raised,  and  having 
a  quiver  on  the  ground  beside  him,  is  acknowledged  on  in¬ 
ternal  grounds  as  an  early  work  of  Michel  Angelo.  There 
is  some  ambiguity  about  the  character  and  action  of  the 
personage ;  but  the  work  is  usually  identified  with  the  Cupid 
which  Michel  Angelo  is  recorded  to  have  executed  at  this 


time  for  Jacopo  Galli.  Bacchus  and  .Young  Faun,  National 
Museum,  Florence.  This  is  unquestionably  the  “Bacchus” 
commissioned  by  the  same  patron.  The  finely-framed  but 
soft-limbed  youthful  god,  his  weight  supported  somewhat 
staggeringly  on  the  left  leg,  holds  up  a  wine  cup  in  his  right 
hand,  and  with  his  loosely-hanging  left  hand  holds  a  cluster 
of  grapes,  at  which  a  child-faun  standing  a  little  behind  him 
grasps  and  nibbles.  The  surface  is  highly  finished  and  pol- 
^lie^’  as  *n  Berlin  St.  John.  Virgin  Lamenting  the  Dead 
Christ,  St.  Peter’s,  Rome.  This  group,  executed  for  the 
French  abbot  of  St.  Denis,  is  the  finest  of  all  Michel  An¬ 
gelo’s  early  sculptures,  and  one  of  the  finest  of  his  life.  It 
still  recalls  the  ideals  of  some  of  the  earlier  Tuscan  masters, 
especially  Jacopo  da  Quercia;  but  the  execution  is  of  a 
mastery  and  nobility  unprecedented  in  Italian  art.  The 
Virgin,  in  drapery  of  magnificent  design,  with  her  left 
knee  somewhat  raised  and  her  right  hand  slightly  ex¬ 
tended,  sits  holding  on  her  lap  the  dead  Christ,— a  figure 
of  splendid  frame  and  modelling  as  well  as  of  admirable 
pathos  and  dignity  in  expression. 

Florence,  1501-6.  Four  Saints  decorating  the  Shrine  of  Pius 
II.,  in  the  cathedral  of  Siena.  These  figures  represent  the 
only  part  which  Michel  Angelo  ever  completed  of  his  con¬ 
tract  with  the  cardinal  Piccolomini  and  his  heirs.  They 
are  evidently  carried  out  by  the  hand  of  pupils  only.  Vir¬ 
gin  and  Child,  Liebfrauenkirche,  Bruges.  This  pleasing 
group  has  been  since  the  days  of  Albert  Diirer  attributed 
to  Michel  Angelo,  and  bears  the  manifest  stamp  of  his  design, 
though  its  execution  may  be  partly  by  inferior  hands.  It 
is  placed  close  to  the  tombstone  of  a  member  of  the  Mosche- 
roni  (or  Moskeron)  family.  We  know  that  Michel  Angelo 
executed,  at  this  time,  for  one  of  this  very  family,  a  work 
which  the  ancient  biographers  describe  as  having  been  in 
bronze, — a  medallion  in  that  metal,  says  explicitly  Vasari ; 
but  it  is  probably  really  the  marble  group  in  question.  Vir¬ 
gin  and  Child,  Royal  Academy,  London.  This  beautiful  un¬ 
finished  circular  relief  is  identified  with  one  recorded  to 
have  been  executed  by  the  master  for  Taddeo  Gaddi.  Vir¬ 
gin  and  Child,  National  Museum,  Florence, — a  similar  relief, 
also  unfinished,  originally  ordered  by  Bartolommeo  Pitti. 
Youthful  David,  Academy  of  Arts,  Florence.  Of  this  colos¬ 
sal  work,  which  in  spite  of  its  scale  and  subject  has  still, 
in  grace  of  pose  and  style,  a  considerable  artistic  affinity 
with  the  earlier  Bacchus  and  St.  John,  enough  has  been 
said.  Figure  of  David,  a  small  statue  in  bronze.  Several 
extant  works  have  been  pointed  out  as  probably  identical 
with  this  lost  statue ;  but  the  claims  of  none  have  been  gen¬ 
erally  acknowledged. 

Painting. — Holy  Family,  Uffizi,  Florence.  This  circular 
picture,  painted  for  Angelo  Doni,  and  mentioned  by  the 
earliest  biographers,  is  the  only  perfectly  well-attested 
panel-painting  of  Michel  Angelo  which  exists.  His  love  of 
restless  and  somewhat  strained  actions  is  illustrated  by  the 
action  of  the  Madonna,  who  kneels  on  the  ground  holding 
up  the  child  on  her  right  shoulder ;  his  love  of  the  nude  by 
the  introduction  (wherein  he  follows  Luca  Signorelli)  of 
some  otherwise  purposeless  undraped  figures  in  the  back¬ 
ground.  Virgin  and  Child  with  Four  Angels,  National  Gal¬ 
lery,  London.  This  unfinished  painting,  marked  by  great 
grace  as  well  as  severity  of  feeling  and  design,  was  formerly 
attributed  to  Domenico  Ghirlandaio,  but  is  now  commonly 
held  to  be  the  earliest  extant  picture  by  Michel  Angelo.  Of 
his  manner,  especially  in  the  design  and  treatment  of  the 
drapery,  it  bears  evident  marks ;  but  the  execution  seems 
like  that  of  some  weaker  pupil  or  companion,  perhaps  Ri- 
dolfo  Ghirlandaio  or  Granacci.  Entombment  of  Christ,  Na¬ 
tional  Gallery,  London.  This  picture,  also  unfinished,  has 
in  like  manner  been  much  contested.  Its  composition  is 
unfortunate ;  weaker  hands  have  disfigured  some  portions 
of  the  w;ork ;  but  the  extraordinary  excellence  of  other  por¬ 
tions,  and  the  grandeur  of  some  of  the  actions,  render  it 
probable  that  the  work  is  one  begun  and  afterwards  aban¬ 
doned  by  Michel  Angelo  himself.  Cartoon  of  the  Battle  of 
Anghiari.1  Of  this  famous  lost  work  (begun,  though  appar¬ 
ently  not  completed,  in  the  period  now  engaging  us)  the 
only  authentic  record  is  contained  in  two  early  engravings, 
one  by  Marcantonio,  and  the  other  by  Agostino  Veneziano. 
An  elaborate  drawing  of  many  figures  at  Holkham  Hall, 
well  known  and  often  engraved,  seems  to  be  a  later  cento 
destitute  of  real  authority. 

Michel  Angelo  had  not  been  long  in  Rome  before  Pope 
Julius  devised  fit  employment  for  him.  That  capa¬ 
cious  and  headstrong  spirit,  on  fire  with  great  enter¬ 
prises,  had  conceived  the  idea  of  a  sepulchral  monu- 

i  This  title  is  undoubtedly  a  misprint  for  what  is  known  in  art 
as  the  “  Cartoon  of  Pisa,”  and  refers  to  the  drawing  mentioned 
on  page  238.  See  Wilson's  Michel  Angelo,  ch.  iii. ;  Bryan’s  Diction- 
ary  of  Painters,  art.  Michel  Angelo,— Ail  Ed, 
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ment  to  commemorate  his  glory  when  he  should  be 
dead,  and  to  be  executed  according  to  his  own  plans 
while  he  was  still  living.  He  intrusted  this  congenial 
task  to  Michel  Angelo.  The  design  being  approved, 
the  artist  spent  the  winter  of  1505-6  at  the  quarries 
of  Carrara,  superintending  the  excavation  and  ship¬ 
ment  of  the  necessary  marbles.  In  the  spring  he  re¬ 
turned  to  Rome,  and  when  the  marbles  arrived  fell  to 
with  all  his  energy  at  the  preparations  for  the  work. 
For  a  while  the  pope  followed  their  progress  eagerly, 
and  was  all  kindness  to  the  young  sculptor.  But  pres¬ 
ently  his  disposition  changed.  In  Micnel  Angelo’s  ab¬ 
sence  an  artist  who  was  no  friend  of  his,  Bramante  of 
Urbino,  had  been  selected  by  Julius  to  carry  out  a 
new  architectural  scheme,  commensurate  with  the 
usual  vastness  of  his  conceptions,  namely,  the  rebuilding 
of  St.  Peter’s  church.  To  the  influence  and  the  malice 
of  Bramante  Michel  Angelo  attributed  the  unwelcome 
invitation  he  now  received  to-  interrupt  the  great  work 
of  sculpture  which  he  had  just  begun,  in  order  to  deco¬ 
rate  the  Sixtine  chapel  with  frescos.  Soon,  however, 
schemes  of  war  and  conquest  interposed  to  divert  the 
thoughts  of  Julius,  not  from  the  progress  of  his  own 
monument  merely,  but  from  artistic  enterprises  alto¬ 
gether.  One  day  Michel  Angelo  heard  him  say  at 
table  to  his  jeweller  that  he  meant  to  spend  no  more 
money  on  pebbles  either  small  or  great.  To  add  to  the 
artist’s  discomfiture, when  he  went  to  apply  in  person  for 
payments  due,  he  was  first  put  off  from  day  to  day,  and 
at  last  actually  with  scant  courtesy  dismissed.  At  this 
his  dark  mood  got  the  mastery  of  him.  Convinced  that 
not  his  employment  only  but  his  life  was  threatened, 
he  suddenly  took  horse  and  left  Rome,  and  before  the 
messengers  of  the  pope  could  overtake  him  was  safe 
on  Florentine  territory.  Michel  Angelo’s  flight  took 
place  in  April,  1506.  Once  among  his  own  people,  he 
turned  a  deaf  ear  to  all  overtures  made  from  Rome  for 
his  return,  and  stayed  throughout  the  summer  at  Flor¬ 
ence,  how  occupied  we  are  not  distinctly  informed,  but 
apparently,  among  other  things,  on  the  continuation 
of  his  great  battle  cartoon. 

During  the  same  summer  Julius  planned  and  exe¬ 
cuted  the  victorious  military  campaign  which  ended  in 
his  unopposed  entry  at  the  head  of  his  army  into  Bo¬ 
logna.  Thither,  under  strict  safe-conduct  and  promises 
of  renewed  favor,  Michel  Angelo  was  at  last  prevailed 
on  to  betake  himself.  Julius  received  the  truant  artist 
kindly,  as  indeed  between  these  two  volcanic  natures 
there  existed  a  natural  affinity,  and  ordered  of  him  his 
own  colossal  likeness  in  bronze,  to  be  set  up,  as  a  sym¬ 
bol  of  his  conquering  authority,  over  the  principal  en¬ 
trance  of  the  church  of  St.Petronius.  For  the  next  fif¬ 
teen  months  Michel  Angelo  devoted  his  whole  strength 
to  this  new  task.  The  price  at  which  he  undertook  it 
left  him,  as  it  turned  out,  hardly  any  margin  to  subsist 
on.  Moreover,  in  the  technical  art  of  metal  casting 
he  was  inexperienced,  and  an  assistant  whom  he  had 
summoned  from  Florence  proved  insubordinate  and 
had  to  be  dismissed.  Nevertheless  his  genius  pre¬ 
vailed  over  every  hardship  and  difficulty,  and  on  the 
21st  of  February,  1508,  the  majestic  bronze  colossus 
of  the  seated  pope,  robed  and  mitred,  with  one  hand 
grasping  the  keys  and  the  other  extended  in  a  gesture 
of  benediction  and  command,  was  duly  raised  to  its 
station  over  the  church  porch.  Three  years  later  it 
was  destroyed  in  a  revolution.  Hie  people  of  Bologna 
rose  against  the  authority  of  Julius ;  his  delegates  and 
partisans  were  cast  out,  and  his  effigy  hurled  from  its 
place. .  The  work  of  Michel  Angelo,  after  being  trailed 
in  derision  through  the  streets,  was  broken  up  and  its 
fragments  cast  into  the  furnace. 

Meanwhile  the  artist  himself,  as  soon  as  his  work 
was  done,  had  followed  his  reconciled  master  back  to 
Rome.  The  task  that  here  awaited  him,  however, 
was  after  all  not  the  resumption  of  the  papal  monu¬ 
ment,  but  the  execution  of  the  series  of  paintings  in 
the  Sixtine  chapel  which  had  been  mooted  before  his 
departure.  Painting,  he  always  averred,  was  not  his 


business  ;  and  he  entered  with  misgiving  and  reluc¬ 
tance  upon  his  new  undertaking.  Destiny,  however, 
so  ruled  that  the  work  thus  thrust  upon  him  remains 
his  chief  title  to  glory.  His  history  is  one  of  indomi¬ 
table  will  and  almost  superhuman  energy,  yet  of  will 
that  hardly  ever  had  its  way,  and  of  energy  continu¬ 
ally  at  war  with  circumstance.  The  only  work  which 
in  all  his  life  he  was  able  to  complete  as  he  had  con¬ 
ceived  it  was  this  of  the  decoration  of  the  Sixtine 


ceiling.  The  pope  had  at  first  proposed  a  scheme 
including  figures  of  the  twelve  apostles  only.  Mi¬ 
chel  Angelo  would  be  content  with  nought  so  meagre, 
and  furnished  instead  a  design  of  many  hundred 
figures,  embodying  all  the  history  of  creation  and 
of  the  first  patriarchs,  with  accessory  personages  of 
prophets  ana  sibyls  dreaming  on  the  new  dispensation 
to  come,  and,  in  addition,  those  of  the  forefathers  of 
Christ.  The  whole  was  to  be  inclosed  and  divided  by 
an  elaborate  framework  of  painted  architecture,  with 
a  multitude  of  nameless  human  shapes  supporting  its 
several  members  or  reposing  among  them, — shapes 
mediating,  as  it  were,  between  the  features  of  the  in¬ 
animate  framework  and  those  of  the  great  dramatic 
and  prophetic  scenes  themselves.  Michel  Angelo’s  plan 
was  accepted  by  the  pope,  and  by  May,  1508,  his 
preparations  for  its  execution  were  made.  Later  in 
the  same  year  he  summoned  a  number  of  assistant 
painters  from  Florence.  Trained  in  the  traditions  of  the 
earlier  Florentine  school,  they  were  unable,  it  seems,  to 
interpret  Michel  Angelo’s  designs  in  fresco  either  with 
sufficient  freedom  or  sufficient  uniformity  of  style  to 
satisfy  him.  At  any  rate  he  soon  dismissed  them,  and 
carried  out  the  remainder  of  his  colossal  task  alone, 
except  for  the  necessary  amount  of  purely  mechanical 
and  subordinate  help.  The  physical  conditions  of  pro¬ 
longed  work, face  upwards, upon  this  vast  expanse  of  ceil 
ing  were  adverse  and  trying  in  the  extreme.  But  after 
four  and  a  half  years  of  toil  the  task  was  accomplished. 
Michel  Angelo  had  during  its  progress  been  harassed 
alike  by  delays  of  payment  and  by  hostile  intrigue. 
The  absolute  need  of  funds  for  the  furtherance  of  the 
undertaking  had  even  constrained  him  at  one  moment 
to  break  off  work,  and  pursue  his  inconsiderate  master 
as  far  as  Bologna.  His  ill-wishers  at  rthe  same  time 
kept  casting  doubts  on  his  capacity,  and  vaunting 
the  superior  powers  of  Raphael.  That  gentle  spirit 
would  by  nature  have  been  no  man’s  enemy,  but  un¬ 
luckily  Michel  Angelo’s  moody,  self-concentrated  tem¬ 
per  prevented  the  two  artists  being  on  terms  of  amity 
such  as  might  have  stopped  the  mouths  of  mischief- 
makers.  Once  during  the  progress  of  his  task  Michel 
Angelo  was  compelled  to  remove  a  portion  of  the 
scaffolding  and  exhibit  what  had  been  so  far  done, 
when  the  effect  alike  upon  friends  and  detractors  was 
overwhelming.  Still  more  complete  was  his  triumph 
when,  late  in  the  autumn  of  1512,  the  whole  of  his 
vast  achievement  was  disclosed  to  view. 


The  main  field  of  the  Sixtine  ceiling  is  divided  into  four 
larger  alternating  with  five  smaller  fields.  The  following  is 
the  order  of  the  subjects  depicted  in  them :  (1)  the  dividing 
of  the  light  from  the  darkness ;  (2)  the  creation  of  sun,  moon, 
and  stars,  and  of  the  herbage;  (3)  the  creation  of  the 
waters ;  (4)  the  creation  of  man ;  (5)  the  creation  of  woman ; 
(6)  the  temptation  and  expulsion ;  (7)  an  enigmatical  scene, 
said  to  represent  the  sacrifice  of  Cain  and  Abel,  but  rather 
resembling  the  sacrifice  of  Noah;  (8)  the  deluge;  (9)  the 
drunkenness  of  Noah.  The  figures  in  the  last  three  of 
these  scenes  are  on  a  smaller  scale  than  those  in  the  first 
six.  In  numbers  1,  3,  5,  7,  and  9  the  field  of  the  picture  is 
reduced  by  the  encroachments  of  the  architectural  frame¬ 
work  and  supporters.  These  subjects  are  flanked  at  each 
end  by  the  figure  of  a  seated  prophet  or  sibyl  alternately ; 
two  other  prophets  are  introduced  at  each  extremity  of  the 
series,  making  seven  prophets  and  five  sibyls  in  all.  In  the 
angles  to  right  and  left  of  the  prophets  at  the  two  extrem¬ 
ities  are  the  Death  of  Goliath,  the  Death  of  Judith,  the 
Brazen  Serpent,  and  the  Punishment  of  Haman.  In  the 
twelve  lunettes  above  the  windows,  and  the  similar  number 
of  triangular  vaulted  spaces  over  them,  are  mysterious 
groups,  or  pairs  of  groups,  of  figures,  which  from  Michel 
Angelo’s  own  time  have  usually  been  known  as  Ancestors 
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of  Christ.  The  array  of  nameless  architectural  and  sub¬ 
ordinate  figures  is  too  numerous  to  be  here  spoken  of.  The 
work  represents  all  the  powers  of  Michel  Angelo  at  their 
best.  Disdaining  all  the  accessory  allurements  of  the 
painter’s  art,  he  has  concentrated  himself  upon  the  exclusive 
delineation  of  the  human  form  and  face  at  their  highest 
power.  His  imagination  has  conceived,  and  his  knowledge 
and  certainty  of  hand  have  enabled  him  to  realize,  attitudes 
and  combinations  of  unmatched  variety  and  grandeur,  and 
countenances  of  unmatched  expressiveness  and  power.  But 
he  has  not  trusted,  as  he  came  later  to  trust,  to  science  and 
acquired  knowledge  merely,  neither  do  his  personages,  so 
far  as  they  did  afterwards,  transcend  human  possibility  or 
leave  the  facts  of  actual  life  behind  them.  In  a  word,  his 
sublimity,  often  in  excess  of  the  occasion,  is  here  no  more 
than  equal  to  it ;  moreover  it  is  combined  with  the  noblest 
elements  of  grace  and  even  of  tenderness.  As  for  the  in¬ 
tellectual  meanings  of  his  vast  design,  over  and  above  those 
which  reveal  themselves  at  a  first  glance  or  by  a  bare  de¬ 
scription, — they  are  from  the  nature  of  the  case  inexhaust¬ 
ible,  and  can  never  be  perfectly  defined.  Whatever  the  soul 
of  this  great  Florentine,  the  spiritual  heir  of  Dante,  with 
the  Christianity  of  the  Middle  Age  not  shaken  in  his  mind, 
but  expanded  and  transcendentalized,  by  the  knowledge 
and  love  of  Plato, — whatever  the  soul  of  such  a  man,  full 
of  suppressed  tenderness  and  righteous  indignation,  and  of 
anxious  questionings  of  coming  fate,  could  conceive,  that 
Michel  Angelo  has  expressed  or  shadowed  forth  in  this  great 
and  significant  scheme  of  paintings.  The  details  it  must 
remain  for  every  fresh  student  to  interpret  in  his  own 
manner. 

The  Sixtine  chapel  was  no  sooner  completed  than 
Michel  Angelo  resumed  work  upon  the  marbles  for  the 
monument  of  Julius.  But  four  months  only  had 
passed  when  Julius  died.  His  heirs  immediately 
entered  (in  the  summer  of  1513)  into  a  new  contract 
with  Michel  Angelo  for  the  execution  of  the  monument 
on  a  reduced  scale.  What  the  precise  nature  and  ex¬ 
tent  of  the  original  design  had  been  we  do  not  know, 
but  the  new  one  was  extensive  and  magnificent  enough. 
It  was  to  consist  of  a  great  quadrilateral  structure,  two 
courses  high,  projecting  from  the  church  wall,  and 
decorated  on  its  three  unattached  sides  with  statues. 
On  the  upper  course  was  to  be  placed  the  colossal 
recumbent  figure  of  the  pope  under  a  canopy,  and 
beside  it  mourning  angels,  with  prophetic  and  allegoric 

fiersonages  at  the  angles, — sixteen  figures  in  all.  The 
ower  course  was  to  be  enriched  with  twenty-four 
figures  in  niches  and  on  projecting  pedestals :  in  the 
niches,  Victories  trampling  on  conquered  Provinces ; 
in  the  pedestals,  Arts  and  Sciences  in  bondage.  The 
entire  work  was  to  be  completed  in  nine  years’  time. 
During  the  next  three  years,  it  would  seem,  Michel 
'Angelo  brought  to  completion  three  at  least  of  the 
promised  figures,  and  they  are  among  the  most  famous 
of  all  existing  works  of  the  sculptor’s  art,— namely,  the 
Moses  now  in  the  church  of  S.  Pietro  in  Vincoli  at 
Rome  and  the  two  “  Slaves  ”  at  the  Louvre. 

The  Moses,  originally  intended  for  one  of  the  angles  of  the 
upper  course,  is  now  placed  at  the  level  of  the  eye,  in  the 
centre  of  the  principal  face  of  the  monument  as  it  was  at 
last  finished,  on  a  deplorably  reduced  and  altered  scale,  by 
Michel  Angelo  and  his  assistants  in  his  old  age.  The  prophet, 
heavily  bearded  and  draped,  with  only  his  right  arm  bare, 
sits  with  his  left  foot  drawn  back,  his  head  raised  and  turned 
to  the  left  with  an  expression  of  indignation  and  menace, 
his  left  hand  laid  on  his  lap  and  his  right  grasping  the  tables 
of  the  law.  The  work,  except  in  one  or  two  places,  is  of 
the  utmost  finish,  and  the  statue  looks  like  one  of  the 
prophets  of  the  Sixtine  ceiling  done  in  marble.  The  “  Slaves  ” 
at  the  Louvre  are  youthful  male  figures  of  equally  perfect 
execution,  nude  but  for  the  band  which  passes  over  the 
breast  of  one  and  the  right  leg  of  the  other.  One,  with  his 
left  hand  raised  to  his  head  and  his  right  pressed  to  his 
bosom,  and  his  eyes  almost  closed,  seems  succumbing  to  the 
agonies  of  death ;  the  other,  with  his  arms  bound  behind 
his  back,  looks  upward  still  hopelessly  struggling.  There 
is  reason  to  believe  that  all  three  of  these  figures  were 
finished  between  1513  and  1516.  The  beginnings  of  other 
fio-ures  or  groups  intended  for  the  same  monument  are  to  be 
found  at  Florence,  where  they  were  no  doubt  made  and 
then  abandoned  some  years  later,- viz.,  four  rudely  blocked 
figures  of  slaves  or  prisoners,  in  a  grotto  nf  the  Boboli  gar¬ 
dens,  and  the  so-called  Victory  in  the  National  Museum,  an 
unfinished  group  of  a  combatant  kneeling  on  and  crushmg 
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to  death  a  fallen  enemy ;  with  these  may  be  associated  a 
wax  model  known  as  Hercules  and  Cacus  in  the  South 
Kensington  Museum,  and  the  figure  of  a  crouching  man  at 
St.  Petersburg. 

By  this  time  (1516)  Michel  Angelo’s  evil  star  was 
again  in  the  ascendant.  Julius  II.  had  been  succeeded 
on  the  papal  throne  by  a  Medici  under  the  title  of 
Leo  X.  The  Medici,  too,  had  about  the  same  time  by 
force  and  fraud  reestablished  their  sway  in  Florence, 
overthrowing  the  free  institutions  that  had  prevailed 
there  since  the  days  of  Savonarola.  Now  on  the  one 
hand  this  family  were  the  hereditary  friends  and  patrons 
of  Michel  Angelo ;  on  the  other  hand  he  was  a  patriotic 
son  of  republican  Florence  ;  so  that  henceforward  his 
ersonal  allegiance  and  his  political  sympathies  were 
estined  to  be  at  conflict.  Over  much  of  his  art,  as 
has  been  thought,  the  pain  and  perplexity  of  this  con¬ 
flict  have  cast  their  shadow.  For  the  present  the 
consequence  to  him  of  the  rise  to  power  of  the  Medici 
was  a  fresh  interruption  of  his  cherished  work  on  the 
tomb  of  J ulius.  Leo  X.  and  his  kinsmen  insisted  that 
Michel  Angelo,  regardless  of  all  other  engagements, 
must  design  and  carry  out  a  great  new  scheme  for  the 
enrichment  of  their  own  family  church  of  San  Lorenzo 
in  Florence.  The  heirs  of  Julius  on  their  part  showed 
an  accommodating  temper,  and  at  the  request  of  Leo 
allowed  their  three-years’  -old  contract  to  be  cancelled 
in  favor  of  another,  whereby  the  scale  and  sculptured 
decorations  of  the  Julian  monument  were  again  to  be 
reduced  by  nearly  a  half.  Unwillingly  Michel  Angelo 
accepted  the  new  commission  thus  thrust  upon  him 
for  the  church  fagade  at  Florence ;  but,  having  once 
accepted  it,  he  produced  a  design  of  combined  sculpture 
and  architecture  as  splendid  and  ambitious  in  its  way 
as  had  been  that  for  tne  monument  of  Julius.  In  the 
summer  of  1516  he  left  Rome  for  Carrara  to  super¬ 
intend  the  excavation  of  the  marbles. 

Michel  Angelo  was  now  in  his  forty-second  year. 
Though  more  than  half  his  life  was  yet  to  come,  yet 
its  best  days  had,  as  it  proved,  been  spent.  All  the 
hindrances  which  he  had  encountered  hitherto  were 
as  nothing  to  those  which  began  to  beset  him  now. 
For  the  supply  of  materials  for  the  facade  of  San  Lo¬ 
renzo  he  had  set  a  firm  of  masons  to  work,  and  had, 
himself,  it  seems,  entered  into  a  kind  of  partnership 
with  them,  at  Carrara,  where  he  knew  the  quarries 
well,  and  where  the  industry  was  hereditary  and  Well 
understood.  When  all  was  well  in  progress  there  under 
his  own  eye,  reasons  of  state  induced  the  Medici  and 
the  Florentine  magistracy  to  bid  him  resort  instead  to 
certain  new  quarries  at  Pietrasanta,  near  Serravalle  in 
the  territory  of  Florence.  Hither,  to  the  disgust  of 
his  old  clients  at  Carrara  and  to  his  own,  Michel  An- 

felo  accordingly  had  to  transfer  the  scene  of  his  labors. 

’resently  he  found  himself  so  impeded  and  enraged  by 
the  mechanical  difficulties  of  raising  and  transporting 
the  marbles,  and  by  the  disloyalty  and  incompetence 
of  those  with  whom  he  had  to  deal,  that  he  was  fain 
to  throw  up  the  commission  altogether.  The  contracts 
for  the  fagade  of  San  Lorenzo  were  rescinded  in  March,  ^ 
1518,  and  the  whole  magnificent  scheme  came  to  noth¬ 
ing.  Michel  Angelo  then  returned  to  Florence,  where 
proposals  of  work  poured  in  on  him  from  many  quar¬ 
ters.  The  king  of  France  desired  something  from  his 
hand  to  place  beside  the  two  pictures  he  possessed  by 
Raphael.  The  authorities  of  Bologna  wanted  him  to 
design  a  fagade  for  their  church  of  St.  Petronius; 
those  of  Genoa  to  cast  a  statue  in  bronze  of  their  great 
commander,  Andrea  Doria.  Cardinal  Grimani  begged 
hard  for  any  picture  or  statue  he  might  have  to  spare; 
other  amateurs  importuned  him  for  so  much  as  a  pen¬ 
cil  drawing  or  sketch.  Lastly  his  friend  and  partisan 
Sebastian  del  Piombo  at  Rome,  ever  eager  to  keep  up 
the  feud  between  the  followers  of  Michel  Angelo  and 
those  of  Raphael,  besought  him  on  Raphael  s  death 
to  return  at  once  to  Rome,  and  take  out  of  the  hands 
of  the  dead  master’s  pupils  the  works  of  painting  still 
remaining  to  be  done  in  the  Vatican  chambers.  Mi- 
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chel  Angelo  complied  with  none  of  these  requests. 
All  that  we  know  of  his  doing  at  this  time  was  the 
finishing  a  commission  received  and  first  put  in  hand 
four  years  previously,  for  a  full-sized  statue  of  a  nude 
Christ  grasping  the  Cross.  This  statue,  completed 
and  sent  to  Rome  in  1521  (with  some  last  touches 
added  by  subordinate  hands  in  Rome  itself),  stands 
now  in  the  church  of  Sta.  Maria  sopra  Minerva;  there 
is  little  in  it  of  the  Christian  spirit  as  commonly  un¬ 
derstood,  although,  in  those  parts  which  Michel  An¬ 
gelo  himself  finished,  there  is  extreme  accomplishment 
of  design  and  workmanship. 

The  next  twelve  years  of  Michel  Angelo’s  life  (1522 
-34)  were  spent  at  Florence,  and  again  employed  prin¬ 
cipally  in  the  service  of  his  capricious  and  uncongenial 
patrons,  the  Medici.  The  plan  of  a  great  group  of 
monuments  to  deceased  members  of  this  family,  to  be 
set  up  in  their  mortuary  chapel  in  San  Lorenzo,  seems 
to  have  been  formed,  and  preparations  to  have  been 
made  by  Michel  Angelo  for  its  execution,  as  early  as 
1519.  It  was  not,  however,  until  1524,  after  Leo  X. 
had  died,  and  his  successor  Adrian  VI.  had  been  in 
his  turn  succeeded  by  another  Medicean  pope,  Clement 
VII.,  that  any  practical  impulse  was  given  to  the 
work.  Even  then  the  impulse  was  a  wavering  one. 
First  Clement  proposed  to  associate  another  artist, 
Sansavino,  with  Michel  Angelo  in  his  task.  This  pro¬ 
posal  being  on  Michel  Angelo’s  peremptory  demand 
abandoned,  Clement  next  distracted  the  artist  with  an 
order  for  a  new  architectural  design, — that,  namely, 
for  the  proposed  Medicean  or  “Laurentian”  library. 
When  at  last  the  plans  for  the  sepulchral  monuments 
took  shape,  they  did  not  include,  as  had  been  at  first 
intended,  memorials  to  the  founders  of  the  house’s 
greatness,  Cosimo  and  Lorenzo  the  Magnificent,  or 
even  to  Pope  Leo  X.  himself,  but  only  to  two  younger 
members  or  the  house  lately  deceased,  (riuliano,  duke 
of  Nemours,  and  Lorenzo,  duke  of  Urbino.  Michel 
Angelo  brooded  long  over  his  designs  for  this  work, 
and  was  still  engaged  on  its  execution — his  time  being 
partly  also  taken  up  by  the  building  plans  for  the 
Medicean  library — when  political  revolutions  inter¬ 
posed  to  divert  his  industry.  In  1527  came  to  pass 
the  sack  of  Rome  by  the  Austrians,  and  the  appar¬ 
ently  irretrievable  ruin  of  Pope  Clement.  The  Floren¬ 
tines  seized  the  occasion  to  expel  the  Medici  from  their 
city,  and  set  up  a  free  republican  government  once 
more.  Naturally  no  more  funds  for  the  work  in  San 
Lorenzo  were  forthcoming,  and  Michel  Angelo,  on  the 
invitation  of  the  new  signory,  occupied  himself  for  a 
while  with  designs  for  a  colossal  group  of  Samson  and 
the  Philistines,  to  be  wrought  out  of  a  block  of  marble 
which  had  been  rough-hewn  already  for  another  pur¬ 
pose  by  Baccio  Bandinelli.  Soon,  however,  he  was 
called  to  help  in  defending  the  city  itself  from  danger. 
Clement  ana  his  enemy  Charles  V.  having  become 
reconciled,  both  alike  were  now  bent  on  bringing  Flor¬ 
ence  under  the  rule  of  the  Medici.  In  view  of  the 
approaching  siege,  Michel  Angelo  was  appointed  en- 
gineer-in-chief  of  the  fortifications.  He  spent  the 
early  summer  of  1529  in  strengthening  the  defences  of 
San  Miniato ;  from  July  to  September  he  was  absent 
on  a  diplomatic  mission  to  Ferrara  and  Venice.  Re¬ 
turning  in  the  middle  of  the  latter  month,  he  found 
the  cause  of  Florence  hopeless  from  internal  treachery 
and  from  the  overwhelming  strength  of  her  enemies. 
One  of  his.  dark  seizures  overcame  him,  and  he  de¬ 
parted  again  suddenly  for  Venice.  Not  cowardice, 
but  despair  of  his  city’s  liberties,  and  still  more  of  his 
own  professional  prospects  amid  the  turmoil  of  Italian 
affairs,  was  the  motive  of  his  departure.  For  a  while 
he  remained  in  Venice,  negotiating  for  a  future  resi¬ 
dence  in  France.  Then,  while  the  siege  was  still  in 
progress,  he  returned  once  more  to  Florence ;  but  in 
the  final  death-struggle  of  her  liberties  he  bore  no 
part.  When  in  1530  the  city  submitted  to  her  con¬ 
querors,  no  mercy  was  shown  to  most  of  those  who 
had  taken  part  in  her  defence.  Michel  Angelo  be¬ 


lieved  himself  in  danger  with  the  rest,  but  on  the  in¬ 
tervention  of  Baccio  Valori  he  was  presently  taken 
back  into  favor  and  employment  by  Pope  Clement. 
For  three  years  more  he  still  remained  at  Florence, 
engaged  principally  on  the  completion  of  the  Medici 
monuments,  and  on  the  continuance  of  the  Medicean 
library,  but  partly  also  on  a  picture  of  Leda  for  the 
duke  of  Ferrara. 

The  statues  of  the  Medici  monument  take  rank  beside 
the  Moses  and  the  Slaves  as  the  finest  work  of  Michel 
Angelo’s  central  time  in  sculpture ;  moreover,  though  some 
of  the  figures  are  unfinished,  they  constitute  as  actually 
executed  a  complete  scheme.  They  consist  of  a  Madonna 
and  Child  (left  imperfect  because  the  marble  was  short  in 
bulk),  and  of  the  two  famous  monumental  groups,  each 
consisting  of  an  armed  and  seated  portrait-statue  in  a  niche, 
with  two  emblematic  figures  reclining  on  each  side  of  a 
sarcophagus  below.  The  portraits  are  treated  not  realisti¬ 
cally  but  typically.  In  that  of  Lorenzo  seems  to  be  typi¬ 
fied  the  mood  of  brooding  and  concentrated  inward  thought 
preparatory  to  warlike  action ;  in  that  of  Giuliano,  the  type 
of  alert  and  confident  practical  survey  immediately  preced¬ 
ing  the  moment  of  action.  To  this  contrast  of  the  medita¬ 
tive  and  active  characters  corresponds  to  some  extent  a  con¬ 
trast  in  the  emblematic  groups  accompanying  the  portraits. 
At  the  feet  of  the  Duke  Giuliano  recline  the  shapes  of  Night 
and  Day, — the  former  a  female,  the  latter  a  male  personifi¬ 
cation, — the  former  sunk  in  an  attitude  of  deep  but  uneasy 
slumber,  the  latter  (whose  head  and  face  are  merely  blocked 
out  of  the  marble)  lifting  himself  in  one  of  wrathful  and 
disturbed  awakening.  But  for  Michel  Angelo’s  unfailing 
grandeur  of  style,  and  for  the  sense  which  his  works  convey 
of  a  compulsive  heat  and  tempest  of  thought  and  feeling  in 
the  soul  that  thus  conceived  them,  both  these  attitudes 
might  be  charged  with  extravagance.  As  grand,  but  far  less 
violent,  are  those  of  the  two  companion  figures  that  recline 
between  sleep  and  waking  on  the  sarcophagus  of  the  pensive 
Lorenzo.  Of  these,  the  male  figure  is  known  as  Evening, 
and  the  female  as  Morning  ( Crepuscolo  and  Aurora).  In 
Michel  Angelo’s  original  idea,  figures  of  Earth  and  Heaven 
were  to  be  associated  with  those  of  Night  and  Day  on  the 
monument  of  Giuliano,  and  others  of  a  corresponding  na¬ 
ture,  no  doubt,  with  those  of  the  Morning  and  Evening 
Twilight  on  that  of  Lorenzo ;  these  figures  afterwards  fell 
out  of  the  scheme.  Michel  Angelo’s  obvious  and  fundamen¬ 
tal  idea  was,  as  some  words  of  his  own  record,  to  exhibit 
the  elements,  and  the  powers  of  earth  and  heaven,  lament¬ 
ing  the  death  of  the  princes ;  it  is  a  question  of  much  inter¬ 
est,  but  not  to  be  discussed  here,  what  other  ideas  of  a  more 
personal  and  deeper  kind  may  have  conflicted  or  come  into 
association  with  these,  and  found  expression  in  these  ma¬ 
jestic  works  of  art,  whereof  no  one  who  looks  upon  them 
can  escape  the  spell. 

Michel  Angelo  had  never  ceased  to  be  troubled  by  the 
heirs .  and  executors  of  J ulius,  as  well  as  by  his  own 
artistic  conscience  and  ambition,  concerning  the  long- 
postponed  completion  of  the  Julian  monument.  Agree¬ 
ment  after  agreement  had  been  made,  and  then  from 
the  force  of  circumstances  broken.  In  1532,  on  the 
completion  of  the  Medicean  monuments  at  Florence,  he 
entered  into  a  new  and  what  he  firmly  meant  to  be  a 
binding  contract  to  complete  the  work,  on  a  scale  once 
more  very  greatly  reduced,  and  to  set  it  up  in  the 
church  of  S.  Pietro  in  Vincoli  in  Rome.  But  once 
more  the  demands  of  the  pope  diverted  his  purpose. 
Clement  insisted  that  Michel  Angelo  must  complete  his 
decorations  of  the  Sixtine  chapel  by  painting  anew  the 
great  end  wall  above  the  altar,  adorned  until  then  by 
frescos  of  Perugino.  The  subject  chosen  was  the 
Last  Judgment,  and  Michel  Angelo  began  to  prepare 
sketches.  For  the  next  two  years  he  lived  between 
Rome  and  Florence,  and  in  the  autumn  of  1534,  in  his 
sixtieth  year,  settled  finally  and  for  the  remainder  of 
his  life  at  Rome.  Immediately  afterwards  Pope 
Clement  died,  and  was  succeeded  by  a  Famese  under 
the  title  of  Paul  III.  Even  more  than  his  predecessor, 
Paul  insisted,  on  claiming  the  main  services  of  Michel 
Angelo  for  himself,  and  forced  him  to  let  all  other  en¬ 
gagements  drift.  For  the  first  seven  years  after  the 
artist’s  return  to  Rome,  his  time  was  principally  taken 
up  with  the  painting  of  the  colossal  and  multitudinous 
Last  Judgment."  This  being  completed  in  1541,  ho 
was  next  compelled  to  undertake  two  more  great 
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frescos,  one  of  the  Conversion  of  Paul  and  another  of 
the  Martyrdom  of  Peter,  in  a  new  chapel  which  the 
pope  had  caused  to  be  built  in  the  Vatican,  and  named 
after  himself  Capella  Paolina. 

The  fresco  of  the  Last  Judgment  in  the  Sixtine  chapel  is 
probably  the  most  famous  single  picture  in  the  world.  In 
it  Michel  Angelo  shows  more  than  ever  the  omnipotence  of 
his  artistic  science,  and  the  fiery  daring  of  his  conceptions. 
The  work  exhibits  the  athletic  unclothed  human  form  in 
every  variety  and  extremity  of  hitherto  unattempted  action 
and  predicament.  But  of  moderation,  as  well  as  of  beauty 
and  tenderness,  it  is  almost  entirely  devoid.  Whether  from 
the  complexion  of  his  own  thoughts,  and  the  sseva  indig- 
natio  that  was  native  to  his  breast,  or  from  the  influence  of 
the  passionate  and  embittered  theological  temper  of  the 
time,  Michel  Angelo  has  here  neglected  the  consolatory 
aspects  of  Christianity,  and  insisted  on  its  terrific  aspects 
almost  exclusively.  Neither  in  the  qualities  of  color  and 
execution  is  the  work,  so  far  as  the  condition  of  either  ad¬ 
mits  comparison,  comparable  for  charm  to  the  earlier  and 
far  more  nobly-inspired  frescos  of  the  ceiling.  It  is  to 
these,  and  not  to  the  Last  Judgment,  that  the  student  must 
turn  if  he  would  realize  what  is  best  and  greatest  in  the  art 
of  Michel  Angelo. 

The  frescos  of  the  Pauline  Chapel  are  on  their  part  in 
part  so  injured  as  to  be  hardly  susceptible  of  useful  study 
or  criticism.  In  their  ruined  state  they  bear  evidence  of 
the  same  tendencies  that  made  the  art  of  Michel  Angelo  in 
its  latest  phase  so  dangerous  an  example  to  weaker  men — ■ 
the  tendency,  that  is,  to  seek  for  energy  and  violence  of 
action  both  in  place  and  out,  for  “  terribleness  ”  quand  meme, 
and  to  design  actions  not  by  help  of  direct  study  from 
nature,  but  by  scientific  deduction  from  the  abstract  laws 
of  structure  and  movement.  At  best  these  frescos  can  never 
have  been  happy  examples  of  Michel  Angelo’s  art. 

During  the  fifteen  years  (1534-49)  when  Michel 
Angelo  was  mainly  engaged  on  these  paintings,  he  had 
also  at  last  been  enabled  to  acquit  himself,  although  in 
a  manner  that  can  have  been  satisfactory  to  none  con¬ 
cerned,  of  his  engagements  to  the  heirs  of  Julius. 
Once  more  the  influence  of  the  pope  had  prevailed  on 
them  to  accept  a  compromise  altogether  to  their  dis¬ 
advantage.  It  was  agreed  that  the  Moses  executed 
thirty  years  before  should  be  the  central  figure  of  the 
new  scheme  ;  assistants  were  employed  to  carve  two 
smaller  flanking  figures  of  female  personifications  ;  and 
the  three  were  in  1545  set  up  in  S.  Pietro  in  Vincoli 
in  combination  with  an  architectural  structure  of  rich 
but  incongruous  design.  During  the  same  years  the 
long-pent  human  elements  of  fervor  and  tenderness  in 
Michel  Angelo’s  nature  had  found  vent  and  utterance 
such  as  they  had  never  found  before.  He  had  occa¬ 
sionally  practised  poetry  in  youth,  and  there  are  signs 
of  some  transient  love-passage  during  his  life  at 
Bologna.  But  it  was  not  until  towards  the  sixtieth 
year  that  the  springs  of  feeling  were  fairly  opened  in 
the  heart  of  this  solitary,  this  masterful  and  stern,  life- 
wearied  and  labor-hardened  man.  Towards  that  age 
we  find  him  beginning  to  address  impassioned  sonnets, 
of  which  the  sentiment  is  curiously  comparable  to  that 
expressed  in  some  of  Shakespeare’s,  to  a  beautiful  and 
gifted  youth,  Tommaso  Cavalieri.  Soon  afterwards  he 
made  the  acquaintance  of  the  pious,  accomplished,  and 
high-souled  lady,  Vittoria  Colonna,  widow  of  the  Mar¬ 
quis  Pescara.  For  twelve  years  until  her  death,  which 
happened  in  1547,  her  friendship  was  the  great  solace 
of  Michel  Angelo’s  life.  On  her,  in  all  loyalty  and 
reverence,  he  poured  out  all  the  treasures  of  his  mind, 
and  all  his  imprisoned  powers  of  tenderness  and  devo¬ 
tion.  He  painted  for  her  a  crucifixion  of  extraordinary 
beauty,  of  which  many  imitations  but  not  the  original 
have  come  down  to  us.  She  was  the  chief  inspirer  of 
his  poetry,— in  which,  along  with  her  praises,  the  main 
themes  are  the  Christian  religion,  the  joys  of  Platonic 
love,  and  the  power  and  mysteries  of  art.  Michel 
Angelo’s  poetical  style  is  strenuous  and  concentrated 
like  the  man.  He  wrote  with  labor  and  much  self- 
correction  ;  we  seem  to  feel  him  flinging  himself  on  the 
material  of  language  with  the  same  overwhelming 
energy  and  vehemence,— the  same  impetuosity  oi  tem¬ 
perament,  combined  with  the  same  fierce  desire  ot 


perfection,— with  which  contemporaries  describe  him 
as  flinging  himself  on  the  material  of  marble. 

And  so  the  mighty  sculptor,  painter,  and  poet 
reached  old  age.  An  infirmity  which  settled  on  him 
in  1544,  and  the  death  of  Vittoria  Colonna  in  1547, 
left  him  broken  in  health  and  heart.  But  his  strength 
held  on  for  many  a  year  longer  yet.  His  father  and 
brothers  were  dead,  and  his  family  sentiment  concen¬ 
trated  itself  on  a  nephew,  Leonardo,  to  whom  he 
showed  unremitting  practical  kindness,  coupled  with 
his  usual  suspiciousness  and  fitfulness  of  temper.  In 
almost  all  his  relations  the  old  man  continued  to  the 
end  to  manifest  the  same  loyal  and  righteous  heart, 
accompanied  by  the  same  masterful,  moody,  and 
estranging  temper,  as  in  youth.  Among  the  artists  of 
the  younger  generation  he  held  a  position  of  absolute 
ascendency  and  authority ;  nor  was  his  example,  as  we 
have  said,  by  any  means  altogether  salutary  for  them. 
During  the  last  years  of  his  life  he  made  but  few  more 
essays  in  sculpture,  and  those  not  successful,  but  was 
much  employed  in  the  fourth  art  in  which  he  excelled, 
that  of  architecture.  A  succession  of  popes  demanded 
his  services  for  the  embellishment  of  Borne.  For  Paul 
III.  he  built  the  palace  called  after  the  name  of  the 
pope’s  family  the  Farnese.1  On  the  death  of  Antonio 
da  San  Gallo  he  succeeded  to  the  onerous  and  coveted 
office  of  chief  architect  of  St.  Peter’s  Church,  for 
which  he  remodelled  all  the  designs,  living  to  see  some 
of  the  main  features,  including  the  supports  and  lower 
portion  of  the  great  central  dome,  carried  out  in  spite 
of  all  obstacles  according  to  his  plans.  Other  great 
architectural  tasks  on  which  he  was  engaged  were  the 
conversion  of  a  portion  of  the  Baths  of  Diocletian  into 
the  church  of  Sta.  Maria  degli  Angeli,  and  the  em¬ 
bellishment  and  rearrangement  of  the  great  group  of 
buildings  on  the  Boman  Capitol.  At  length,  in  the 
midst  of  these  vast  schemes  and  responsibilities,  the 
heroic  old  man’s  last  remains  of  strength  gave  way. 
He  died  on  the  threshold  of  his  ninetieth  year,  on  the 
18th  of  February,  1564. 2 

For  the  bibliography  of  Michel  Angelo,  which  is  extensive, 
see  the  useful  though  very  imperfect  compilation  of  Passe- 
rini,  Bibliografia  di  Michelangelo  Buonarroti,  etc.,  Florence, 
1875.  The  most  important  works,  taken  in  chronological 
order,  are  the  following :  P.  Giovio,  supplement  to  the  frag¬ 
mentary  Dialogus  de  viris  litteris  illustribus,  written  soon  after 
1527,  first  published  by  Tirahoschi,  Storia  della  Letteratura 
italiana,  Modena,  1871 ;  G.  Vasari,  in  Fite  degli  pif  eccellenti 
architettori,  pittori,  e  scultori,  etc.,  Florence,  1550 ;  A.  Condivi, 
Vita  di  Michelangelo  Buonarroti,  1553 ;  this  account,  for  which 
the  author,  a  pupil  and  friend  of  the  master’s,  had  long  been 
collecting  materials,  was  much  fuller  than  that  of  Vasari, 
who  made  use  of  it  in  rewriting  his  own  life  of  Michel  Angelo 
for  his  second  edition,  which  appeared  after  the  master’s 
death  (1568).  The  best  edition  of  Vasari  is  that  by  Mila- 
nesi,  Florence,  1878-83 ;  of  Condivi,  that  by  Gori  and  Mari- 
ette,  Pisa,  1746.  The  first  additions  of  importance  were 
published  by  Bottari,  Raccolta  di  lettere  sulla  pittura,  etc., 
Borne,  1754  (2d  ed.,  by  Ticozzi,  Milan,  1822) ;  the  next  by 
Gaye,  Carteggio  inedito,  1840.  Portions  of  the  correspond¬ 
ence  preserved  in  the  Buonarroti  archives  were  published 
by  Guasti  in  his  notes  to  the  Rime  di  Michelangelo  Buonarroti, 
1863,  and  by  Daelli  in  Carte  Michelangelesche  inedite,  Milan, 
1865.  Complete  biographies  of  Michel  Angelo  had  been 
meanwhile  attempted  by  J.  Harford,  London,  1857,  and 
with  more  power  by  Hermann  Grimm,  Leben  Michelangelo's, 
Hanover  (5th  ed.,  1879).  A  great  increment  of  biographical 
material  was  at  length  obtained  by  the  publication,  in  the 
four  hundredth  year  after  Michel  Angelo’s  birth,  of  the 
whole  body  of  his  letters  preserved  in  the  Buonarroti 
archives, — Lettere  di  Michelangelo  Buonarroti,  ed.  G.  Milanesi, 
Florence,  1875.  This  material  was  first  employed  in  a  con¬ 
nected  narrative  by  A.  Gotti,  Vita  di  Michelangelo,  Florence, 

1875.  Next  followed  C.  Heath  Wilson,  Life  and,  Works  of 
Michelangelo  Buonarroti,  Florence,  1876,  the  technical  re¬ 
marks  in  which,  especially  as  concerns  the  fresco-paintings, 
are  valuable.  Lastly,  the  combined  lives  of  Michel  Angelo 
and  Baphael  by  Professor  A.  Springer  in  Dohme’s  series  of 
Kunst  u.  Kunstler,  Leipsic,  1878,  contain  the  best  biography 

i  San  Gallo  built  the  Farnese  palace  to  the  second  story,  and 
Michel  Angelo  completed  it.  See  Wilson’s  Michel  Angelo  (London, 

1876,  pp.  457,  470).— Am.  Ed. 

a  Wilson  says  (p.  549)  he  died  on  23d  February.— Am.  Ed. 
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of  the  master  wnieh  has  yet  appeared.  Of  the  poems  of 
Michel  Angelo  the  best  edition  is  that  already  referred  to,  — 
G.  Guasti,  Rime  di  Michelangelo  Buonarroti,  1863 ;  in  earlier 
editions  the  text  had  been  recklessly  tampered  with,  and 
the  rugged  individuality  of  the  master’s  style  smoothed 
down.  An  edition  with  German  translations  was  published 
by  Hasenclever,  Leipsic,  1875 ;  for  the  English  student  the 
translations  by  Mr.  J.  A.  Symonds,  in  Sonnets  of  Michelangelo 
and  Campanella,  London,  1878,  are  invaluable.  (s.  c.) 

MICHELET,  Jules  (1798-1874),  one  of  the  most 
voluminous  and  remarkable  writers  of  France,  and  one 
who  only  lacked  a  keener  power  of  self-criticism  to 
make  him  one  of  the  greatest,  was  born  at  Paris, 
August  21,  1798.  He  belonged  to  a  family  which  had 
Huguenot  traditions,  and  which  was  latterly  occupied 
in  the  art  of  printing.  His  father  was  a  master  printer, 
but  seems  not  to  have  been  very  prosperous,  and  the 
son  at  an  early  age  assisted  him  in  the  actual  work  of 
the  press.  A  place  was  offered  him  in  the  imperial 
printing  office,  but  his  father  was  able  to  send  him  to 
the  famous  College  or  Lycee  Charlemagne,  where  he 
distinguished  himself.  He  passed  the  university  ex¬ 
amination  in  1821,  and  was  shortly  after  appointed  to 
a  professorship  or  rather  mastership  of  history  in  the 
College  Rollin.  Soon  after  this,  in  1824,  he  married. 
The  period  of  the  Restoration  and  the  July  monarchy 
was  one  of  the  most  favorable  to  rising  men  of  letters 
of  a  somewhat  scholastic  cast  that  has  ever  been  known 
in  France,  and  Michelet  had  powerful  patrons  in  Ville- 
main,  Cousin,  and  others.  Rut,  though  he  was  an 
ardent  politician  (having  from  his  childhood  embraced 
republicanism  and  a  peculiar  variety  of  romantic  free- 
thought),  he  was  first  of  all  a  man  of  letters  and  an  in¬ 
quirer  into  the  history  of  the  past.  His  earliest  works 
were  school  books,  and  they  were  not  written  at  a  very 
early  age.  Between  1825  and  1827  he  produced  divers 
sketches,  chronological  tables,  etc.,  of  modern  history. 
His  Precis  of  the  subject,  published  in  the  last-men¬ 
tioned  year,  is  a  sound  and  careful  book,  far  better 
than  anything  that  had  appeared  before  it,  and  written 
in  a  sober  yet  interesting  style.  In  the  same  „  year  he 
was  appointed  maitre  de  conferences  at  the  Ecole  Nor- 
male.  Four  years  later,  in  1831,  the  Introduction  d 
V  Histoire  Universelle  showed  a  very  different  style,  ex¬ 
hibiting  no  doubt  the  idiosyncrasy  and  literary  power 
of  the  writer  to  greater  advantage,  but  also  displaying 
the  peculiar  visionary  qualities  which  make  Michelet 
the  most  stimulating  but  the  most  untrustworthy  (not 
in  facts,  which  he  never  consciously  falsifies,  but  in 
suggestion)  of  all  historians.  The  events  of  1830  had 
unmuzzled  him,  and  had  at  the  same  time  improved 
his  prospects,  and  put  him  in  a  better  position  for 
study  by  obtaining  for  him  a  place  in  the  Record  Office, 
and  a  deputy-proiessorship  under  Gruizot  in  the  literary 
faculty  of  the  university.  V ery  soon  afterwards  he 
began  his  chief  and  monumental  work,  the  Histoire  qfe 
France ,  which  occupied  him  for  about  forty  years,  and 
of  which  we  shall  speak  presently.  But  he  accom¬ 
panied  this  with  numerous  other  works,  chiefly  of 
erudition,  such  as  the  (Euvres  Choisies  de  Vico ,  the 
Memoires  de  Luther  ecrits  par  lui-meme,  the  Origines 
du  Droit  Frangais ,  and  somewhat  later  the  Procts  des 
Templiers.  1838  was  a  year  of  great  importance  in 
Michelet’s  life.  He  was  in  the  fulness  of  his  powers, 
his  studies  had  fed  his  natural  aversion  to  the  princi¬ 
ples  of  authority  and  ecclesiasticism,  and  at  a  moment 
when  the  revived  activity  of  the  Jesuits  caused  some 
real  and  more  pretended  alarm  he  was  appointed  to 
the  chair  of  history  at  the  College  de  France.  Assisted 
by  his  friend  Quinet,  he  began  a  violent  polemic 
against  the  unpopular  order  and  the  principles  which 
it  represented,  a  polemic  which  made  their  lectures, 
and  especially  Michelet’s,  one  of  the  most  popular  re¬ 
sorts  of  the  day.  He  published,  in  1839,  a  History  of 
the  Roman  Republic,  but  this  was  in  his  graver  and 
earlier  manner.  The  results  of  his  lectures  appeared 
in  the  volumes  Le  Pretre ,  la  Femme ,  et  la  Famille 
and  Le  Peuple.  These  books  do  not  display  the  apoca¬ 
lyptic  style  which,  borrowed  to  a  certain  though  no 


very  great  extent  from  Lamennais,  characterizes 
Michelet’s  later  works,  but  they  contain  in  miniature 
ahnost  the  whole  of  his  curious  ethico- politico-theologi¬ 
cal  creed — a  mixture  of  sentimentalism,  communism, 
and  anti-sacerdotalism,  supported  by  the  most  eccen¬ 
tric  arguments,  but  urged  with  a  great  deal  of  elo¬ 
quence.  The  principles  of  the  outbreak  of  1848  were  in 
the  air,  and  Michelet  was  not  the  least  important  of  those 
who  condensed  and  propagated  them  :  indeed  his  origi¬ 
nal  lectures  were  of  so  incendiary  a  kind  that  the  course 
had  to  be  interdicted.  But  when  the  actual  revolution 
broke  out  Michelet,  unlike  many  other  men  of  letters, did 
not  attempt  to  enter  on  active  political  life,  and  merely 
devoted  himself  more  strenuously  to  his  literary  work. 
Besides  continuing  the  great  history,  he  undertook  and 
carried  out,  during  the  years  between  the  downfall  of 
Louis  Philippe  and  the  final  establishment  of  Napo¬ 
leon  III. ,  an  enthusiastic  Histoire  de  la  Revolution 
Frangaise.  Despite  or  because  of  its  enthusiasm,  this 
is  by  no  means  Michelet’s  best  book.  The  events  were 
too  near  and  too  well  known,  and  hardly  admitted  the 
picturesque  sallies  into  the  blue  distance  which  make 
the  charm  and  the  danger  of  his  larger  work.  In 
actual  picturesqueness  as  well  as  in  general  veracity  of 
picture,  the  book  cannot  approach  Carlyle’s  ;  while  as 
a  mere  chronicle  of  the  events  it  is  inferior  to  half  a 
dozen  prosaic  histories  older  and  younger  than  itself. 
The  coup  d'itat  lost  Michelet  his  place  in  the  Record 
Office,  as,  though  not  in  any  way  identified  with  the 
republic  administratively,  he  refused  to  take  the  oaths 
to  the  empire.  But  the  new  regime  only  kindled 
afresh  his  republican  zeal,  and  his  second  marriage 
(with  Mademoiselle  Adele  Malairet,  a  lady  of  some 
literary  capacity,  and  of  republican  belongings)  seems 
to  have  further  stimulated  his  powers.  While  the 
history  steadily  held  its  way,  a  crowd  of  extraordi¬ 
nary  little  books  accompanied  and  diversified  it.  Some¬ 
times  they  were  expanded  versions  of  its  episodes, 
sometimes  what  may  be  called  commentaries  or  com¬ 
panion  volumes.  In  some  of  the  best  of  them  natu¬ 
ral  science,  a  new  subject  with  Michelet,  to  which  his 
wife  is  believed  to  have  introduced  him,  supplies  the 
text.  The  first  of  these  (by  no  means  the  best)  was 
Les  Femmes  de  la  Revolution  (1854),  in  which  Miche¬ 
let’s  natural  and  inimitable  faculty  of  dithyrambic  too 
often  gives  way  to  tedious  and  not  very  conclusive  ar¬ 
gument  and  preaching.  In  the  next,  L'  Oiseau  (1856), 
a  new  and  most  successful  vein  was  struck.  The  sub¬ 
ject  of  natural  history  was  treated,  not  from  the  point 
of  view  of  mere  science,  nor  from  that  of  sentiment, 
nor  of  anecdote,  nor  of  gossip,  but  from  that  of  the 
author’s  fervent  democratic  pantheism,  and  the  re¬ 
sult,  though,  as  was  to  be  expected,  unequal,  was 
often  excellent.  L' Insecte,  in  the  same  key,  but 
duller,  followed.  It  was  succeeded  by  L'  Amour 
(1859),  one  of  the  author’s  most  popular  books,  and 
not  unworthy  of  its  popularity,  but  perhaps  hardly 
his  best.  These  remarkable  works,  naif  pamphlets 
half  moral  treatises,  succeeded  each  other  as  a  rule  at 
the  twelve  months’  interval,  and  the  succession  was 
almost  unbroken  for  five  or  six  years.  L'  Amour  was 
followed  by  La  Femme  (1860),  a  book  on  which  a 
whole  critique  of  French  literature  and  French  char¬ 
acter  might  be  founded.  Then  came  La  Mer  (1861), 
a  return  to  the  natural  history  class,  which,  consider¬ 
ing  the  powers  of  the  writer  and  the  attraction  of  the 
subject,  is  perhaps  a  little  disappointing.  The  next 
year  (1862)  the  most  striking  of  all  Michelet’s  minor 
works,  La  Sorcitre,  made  its  appearance.  Developed 
out  of  an  episode  of  the  history,  it  has  all  its  author’s 
peculiarities  in  the  strongest  degree.  It  is  a  night¬ 
mare  and  nothing  more,  but  a  nightmare  of  the  most 
extraordinary  verisimilitude  and  poetical  power. 

This  remarkable  series,  every  volume  of  which  was 
at  once  a  work  of  imagination  and  of  research,  was 
not  even  yet  finished,  but  the  later  volumes  exhibit  a 
certain  falling  off.  The  ambitious  Bible  de  l'  Hu¬ 
manity  (1864),  an  historical  sketch  of  religions,  has 
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but  little  merit.  In  La  Montague  (1868),  the  last  of 
the  natural  history  series,  the  tricks  of  staccato  style 
are  pushed  even  farther  than  by  Victor  Hugo  in  his 
less  inspired  moments,  though — as  is  inevitable  in  the 
hands  of  such  a  master  of  language  as  Michelet — the 
effect  is  frequently  grandiose  if  not  grand.  Nos  Fils 
(1869),  the  last  of  the  string  of  smaller  books  pub¬ 
lished  during  the  author’s  life,  is  a  tractate  on  educa¬ 
tion,  written  with  ample  knowledge  of  the  facts  and  with 
all  Michelet’s  usual  sweep  and  range  of  view,  but  with 
visibly  declining  powers  of  expression.  But  in  a  book 
published  postnumously,  Le  Banquet ,  these  powers 
reappear  at  their  fullest.  The  picture  of  the  indus¬ 
trious  and  famishing  populations  of  the  Riviera  is 
(whether  true  to  fact  or  not)  one  of  the  best  things 
that  Michelet  has  done.  To  complete  the  list  of  his 
miscellaneous  works,  two  collections  of  pieces,  written 
and  partly  published  at  different  times,  may  be  men¬ 
tioned.  These  are  Les  Soldats  de  la  Revolution  and 
Legendes  Dimocratiques  du  Nord. 

The  publication  of  this  series  of  books,  and  the 
completion  of  his  history,  occupied  Michelet  during 
both  decades  of  the  empire.  He  lived  partly  in 
France,  partly  in  Italy,  ana  was  accustomed  to  spend 
the  winter  on  the  Riviera,  chiefly  at  Hyeres.  At  last, 
in  1867,  the  great  work  of  his  life  was  finished.  As  it 
is  now  published  it  fills  nineteen  volumes.  The  first 
of  these  deals  with  the  early  history  up  to  the  death 
of  Charlemagne,  the  second  with  the  flourishing  time 
of  feudal  France,  the  third  with  the  1 3th  century,  the 
fourth,  fifth,  and  sixth  with  the  Hundred  Years’  War, 
the  seventh  and  eighth  with  the  establishment  of  the 
royal  power  under  Charles  VII.  and  Louis  XI.  The 
16th  and  17th  centuries  have  four  volumes  apiece,  much 
of  which  is  very  distantly  connected  with  French  history 
proper,  especially  in  the  two  volumes  entitled  Renais¬ 
sance  and  Reforme.  The  last  three  volumes  carry  on 
the  history  or  the  18th  century  to  the  outbreak  of  the 
Revolution.  The  characteristics  which  this  remark¬ 
able  history  shares  with  Michelet’s  other  works  will 
be  noted  presently.  At  present  it  may  be  remarked 
that,  as  the  mere  division  of  subjects  and  space  would 
imply,  it  is  planned  on  very  original  principles.  Miche¬ 
let  was  perhaps  the  first  historian  to  devote  himself  to 
anything  like  a  picturesque  history,  of  the  Middle  Ages, 
and  his  account  is  still  the  most  vivid  though  far  from 
the  most  trustworthy  that  exists.  His  inquiry  into 
manuscript  and  printed  authorities  was  most  laborious, 
but  his  lively  imagination,  and  his  strong  religious  and 
political  prejudices,  made  him  regard  all  things  from 
a  singularly  personal  point  of  view.  Circumstances 
which  strike  his  fancy,  or  furnish  convenient  texts  for 
bis  polemic,  are  handled  at  inordinate  length,  while 
others  are  rapidly  dismissed  or  passed  over  altogether. 
Yet  the  book  is  undoubtedly  the  only  history  of  France 
which  bears  the  imprint  of  genius,  and  in  this  respect 
it  is  not  soon  likely  to  meet  a  rival. 

Uncompromisingly  hostile  as  Michelet  was  to  the 
empire,  its  downfall  and  the  accompanying  disasters 
of  the  country  once  more  stimulated  him  to  activity. 
Not  only  did  he  write  letters  and  pamphlets  during 
the  struggle,  but  when  it  was  over  he  set  himself  to 
complete  the  vast  task  which  his  two  great  histories 
had  almost  covered  by  a  History  of  the  Nineteenth  Cen¬ 
tury.  He  did  not,  however,  live  to  carry  it  further 
than  Waterloo,  and  the  best  criticism  of  it  is  perhaps 
contained  in  the  opening  words  of  the  introduction  to 
the  last  volume— “1’ age  me  presse.”  The  new  re¬ 
public  was  not  altogether  a  restoration  tor  Michelet, 
and  his  professorship  at  the  College  de  France,  ol 
which  he  contended  that  he  had  never  been 
deprived,  was  not  given  back  to  him.  He  died  at 
Hyeres  on  the  9th  of  February,  1874,  and  an  unseemly 
legal  strife  between  his  representatives  took  place  as 
to  his  funeral. 


The  literary  characteristics  of  Michelet  are  among  the 
most  clearly  marked  and  also  among  the  most  .  jje<-'ll:l1  11 ' 
French  literature.  A  certain  resemblance  to  Lamennais 


has  been  already  noted,  and  to  this  may  be  added  an  occa¬ 
sional  reminiscence  of  the  manner  of  Bossuet.  But  in  the 
main  Michelet,  even  in  the  minor  details  of  style,  is  quite 
original  and  individual.  His  sentences  and  paragraphs  are 
as  different  as  possible  in  construction  and  rhythm  from  the 
orderly  architecture  of  French  classical  prose.  A  very  fre¬ 
quent  device  of  his  (somewhat  abused  latterly)  is  the  omis¬ 
sion  of  the  verb,  which  gives  the  sentence  the  air  of  a  con¬ 
tinued  interjection.  Elsewhere  he  breaks  his  phrase,  not 
finishing  the  regular  clause  at  all.  In  these  points  and 
many  others  the  resemblance  to  his  contemporary  Carlyle 
is  very  striking;  and,  different  as  were  their  points  of 
view,  their  manners  of  seeing  were  by  no  means  unlike. 
History  to  Michelet  is  always  picturesque ;  it  is  a  series  of 
tableaux.  Allusion  has  been  already  made  to  the  singular 
perspective  in  which  these  tableaux  are  drawn,  a  perspec¬ 
tive  so  strange  that  a  reader  unacquainted  with  the  actual 
size  and  relation  of  the  objects  represented  is  certain  to  be 
deceived.  Nothing  indeed  is  further  from  Michelet’s  pur¬ 
pose  than  deceit.  Although  a  strong  republican,  an  ardent 
anti-sacerdotalist,  and  a  patriot  of  fanatical  enthusiasm,  he 
is  always  scrupulously  fair  as  far  as  he  understands  what 
he  is  doing.  For  instance,  his  hatred  for  England  and 
Englishmen  is  one  of  the  most  comically  intense  passions 
in  literature.  He  is  never  tired  of  exclaiming  against 
their  diabolical  pride,  their  odious  jealousy  of  France, 
their  calculating  covetousness,  and  so  forth.  In  his  ex¬ 
cited  imagination  the  long  drama  of  European  history  is  a 
kind  of  conflict  of  Ormuzd  and  Ahriman,  in  which  France, 
it  is  needless  to  say,  plays  the  first  part  and  England  the 
second.  Yet  he  is  never  unfair  to  English  fortitude  and 
coolness,  never  (after  the  childish  fashion  of  some  of  his 
countrymen)  slurs  over  English  victories,  and  often  ex¬ 
presses  genuine  admiration  (mixed,  it  is  true,  with  a  shud¬ 
der  or  two  of  aversion)  for  the  masterful  ways  and  con¬ 
stantly  advancing  prosperity  of  the  English  people.  So, 
with  all  his  dislike  to  the  priesthood,  he  never  is  chary  of 
praise  to  pope  or  monk  whenever  it  can  fairly  be  given, 
and,  with  all  his  republicanism,  he  is  never  weary  of  wor¬ 
shipping  the  heroism  of  a  great  king.  But  his  poetical 
fashion  of  dealing  with  events,  his  exaggeration  of  trivial 
incidents  into  great  facts  of  history,  his  fixed  ideas,  espe¬ 
cially  in  reference  to  the  intellectual  and  social  condition 
of  mediaeval  times,  the  evils  of  which  he  enormously  ex¬ 
aggerates,  and  his  abiding  prejudices  of  a  general  kind 
combine  to  distort  his  accounts  in  the  strangest  fashion.  A 
laborious  person  might  pick  out  of  contemporary  authors  a 
notable  collection  of  erroneous  views  of  which  Michelet  is 
not  so  much  the  author  as  the  suggester,  for  it  is  when  his 
brilliant  exaggerations  are  tom  from  their  context  and  set 
down  in  some  quite  other  context  as  sober  gospel  that  they 
are  most  misleading  to  those  who  do  not  know  the  facts, 
and  most  grotesque  to  those  who  do.  This  is  especially  the 
case  in  regard  to  literaturei  Michelet  began  his  great  work 
too  early  to  enjoy  the  benefit  of  the  resurrection  of  old 
French  literature  which  has  since  taken  place ;  and  though 
his  view  of  that  literature  partakes  of  the  amorous  enthu¬ 
siasm  which  colors  his  view  of  everything  French,  it  is  as- 
toundingly  incorrect  in  detail.  The  most  remarkable  pass¬ 
age  of  all  perhaps  is  the  passage  in  his  Renaissance  relating 
to  Rabelais,  Ronsard,  and  Du  Bellay,  a  passage  so  widely  in¬ 
consistent  not  only  with  sound  criticism  but  with  historic 
fact  that  the  author  (a  very  rare  thing  with  him)  makes  a 
kind  of  half  apology  for  it  elsewhere.  Of  the  work  of  the 
age  of  chivalry  proper,  the  chansons  de  gestes,  the  Arthur¬ 
ian  romances,  the  early  lyrics  and  dramas,  he  evidently 
knew  but  little,  and  chose  to  subordinate  what  he  did 
know  to  his  general  theories  of  the  time.  Even  much  later 
his  praise  and  blame,  though  transparently  honest, .  are 
quite  haphazard.  Unless,  therefore,  the  reader  be  gifted 
with  a  very  rare  faculty  of  applying  the  “  grain  of  salt  ”  to 
what  he  reads,  or  unless  he  be  well  acquainted  with  the 
actual  facts  before  coming  to  Michelet’s  version  of  them,  he 
will  almost  certainly  be  misled.  But  despite  this  great 
drawback  (which  attends  all  picturesque  history)  the  value 
of  Michelet  merely  as  an  historian  is  immense.  .  Not  only 
are  his  separate  tableaux,  the  wonderful  geographical  sketch 
of  France  in  the  beginning  of  the  book,  the  sections  de¬ 
voted  to  the  Templars,  to  Joan  of  Arc,  to  the  Renaissance, 
to  the  Camisards,  almost  unequalled,  but  the  inspiriting 
and  stimulating  effect  of  his  work  is  not  to  be  surpassed.  If 
his  reconstruction  is  often  hazardous  and  conjectural, 
sometimes  definitely  and  demonstrably  mistaken,  and 
nearly  always  difficult  to  adjust  entirely  to  the  ascertained 
facts,  it  is  always  possible  in  itself,  always  instinct  with 
genius,  and  always  life-like.  There  are  no  dead  bones  in 
Michelet;  they  are  if  anything  only  too  stirring  and  lively. 
These  criticisms  apply  equally  to  the  minor  books,  though 
these  are  necessarily  fuller  of  the  author’s  somewhat  weari¬ 
some  propaganda,  and  Jess  full  of  brilliantly  painted  facts' 
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The  great  fault  of  Michelet  as  of  not  a  few  other  modern 
authors  is  the  comparatively  improvised  and  ephemeral 
character  of  too  much  of  his  work.  His  immense  volume 
is,  much  of  it,  mere  brilliant  pamphleteering,  much  more 
mere  description  equally  brilliant  but  equally  liable  to  pass. 
Nevertheless  he  is  (especially  in  French,  the  language  par 
excellence  of  measured  and  academic  perfection)  so  charac¬ 
teristic  and  singular  a  figure  in  his  turbid  eloquence  and 
fitful  flashing  insight  that  he  is  never  likely  to  lose  a  place, 
and  a  notable  one,  in  literary  history. 

Almost  all  Michelet’s  works,  the  exceptions  being  his 
translations,  compilations,  ete.,  are  published  in  uniform 
size  and  in  about  fifty  volumes,  partly  by  Marpon  and  Flam- 
marion,  partly  by  Calmann  L6vy.  (<J.  sa.) 

MICHELL,  John,  an  eminent  English  man  of 
science  of  the  18th  century.  He  received  his  univer¬ 
sity  education  at  Queen’s  College,  Cambridge.  His 
name  appears  fourth  in  the  Tripos  list  for  1748-49  ; 
and  in  1755  he  was  moderator  in  that  examination. 
He  was  a  fellow  of  his  college,  and  became  succes¬ 
sively  Woodwardian  professor  of  geology  (in  1762) 
and  rector  of  Thornhill  in  Yorkshire.  He  was  elected 
a  member  of  the  Royal  Society  in  the  same  year  as 
Henry  Cavendish  (1760). _  He  died  in  1793.  In  1750 
he  published  at  Cambridge  a  small  work  of  some 
eighty  pages,  entitled  A  Treatise  of  Artificial  Magnets , 
in  which  is  shown  an  easy  and  expeditious  method  of 
making  them  superior  to  the  best  natural  ones.  Be¬ 
sides  the  description  of  the  method  of  magnetization 
which  still  bears  his  name,  this  work  contains  a  va¬ 
riety  of  acute  and  accurate  magnetic  observations,  and 
is  particularly  distinguished  by  a  lucid  exposition  of 
the  nature  of  magnetic  induction.  He  is  now  best 
known  as  the  original  inventor  of  the  torsion  balance, 
which  afterwards  became  so  famous  in  the  hands  of 
its  second  inventor  Coulomb.  Michell  described  it  in 
his  proposal  of  a  method  for  obtaining  the  mean  den¬ 
sity  of  the  earth.  He  did  not  live  to  put  his  method 
into  practice  ;  but  this  was  done  by  Henry  Cavendish, 
who  made,  by  means  of  Michell’ s  apparatus,  the  cele¬ 
brated  determination  that  now  goes  Dy  the  name  of 
Cavendish’s  experiment  (Phil.  Trans.,  1798). 

Michell’s  other  contributions  to  science  are— “  Conjectures  con¬ 
cerning  the  Cause  and  Observations  upon  the  Phenomena  of 
Earthquakes,”  Phil.  Trans.,  1760 ;  “  Observations  on  the  Comet  of 
January,  1760,  at  Cambridge,”  lb.,  1760:  “A  Recommendation  of 
Hadley’s  Quadrant  for  Surveying,”  lb.,  1765;  “Proposal  of  a 
Method  for  measuring  Degrees  of  Longitude  upon  Parallels  of 
the  Equator,”  lb.,  1766;  “  An  Inquiry  into  the  Probable  Parallax 
and  Magnitude  of  the  Fixed  Stars,”’  lb.,  1767 ;  “  On  the  Twink¬ 
ling  of  the  Fixed  Stars  "  lb.,  1767 ;  “  On  the  Means  of  Discovering 
the  Distance,  Magnitude,  etc.,  of  the  Fixed  Stars.”  lb.,  1784. 

MICHELOZZI,  Michelozzo  (1391-1472?),  was  a 
Florentine  by  birth,  the  son  of  a  tailor,  and  in  early 
life  a  pupil  of  Donatello.  He  was  a  sculptor  of  some 
ability  in  marble,  bronze,  and  silver.  The  statue  of 
the  young  St.  J ohn  over  the  door .  of  the  Duomo  at 
Florence,  opposite  the  Baptistery,  is  by  him  ;  and  he 
also  made  the  beautiful  silver  statuette  of  the  Baptist 
on  the  altar-frontal  of  San  Giovanni.  Michellozzi’s 
great  friend  and  patron  was  Cosimo  I.  dei  Medici, 
whom  he  accompanied  to  Venice  in  1433.  during  his 
short  exile.  While  at  Venice,  Michelozzi  built  the 
library  of  San  Giorgio  Maggiore,  and  designed  other 
buildings  there.  The  magnificent  Palazzo  dei  Medici 
at  Florence,  built  by  Cosimo,  was  designed  by  him;  it 
is  one  of  the  noblest  specimens  of  Italian  15th-century 
architecture,  in  which  the  great  taste  and  skill  of  the 
architect  has  combined  the  delicate .  lightness  of  the 
earlier  Italian  Gothic  with  the  massive  stateliness  of 
the  Classical  style.  With  great  engineering  skill  Mi¬ 
chelozzi  shored  up,  and  partly .  rebuilt,  the  Palazzo 
Vecchio,  then  in  a  ruinous  condition,  and  added  to  it 
many  important  rooms  and  staircases.  When,  in 
1437,  through  Cosimo’s  liberality,  the  monastery  of 
San.  Marco  at  Florence  was  handed  over  to  the  Do¬ 
minicans  of  Fiesole,  Michelozzi  was  employed  to  re¬ 
build  the  domestic  part  and  remodel  the  church.  For 
Cosimo  I.  he  designed  numerous  other  buildings, 
mostly  of  great  beauty  and  importance.  Among 
these  were  a  guest-house  at  Jerusalem,  for  the  use  of 


Florentine  pilgrims,  Cosimo’s  summer  villa  at  Ca- 
reggi,  and  the  strongly  fortified  palace  of  Cafagiuolo 
in  Mugello.  For  Giovanni  dei  Medici,  Cosimo’s  son, 
he  built  a  very  large  and  magnificent  palace  at  Fiesole. 
In  spite  of  Vasari’s  statement  that  he  died  at  the  age 
of  sixty-eight,  he  appears  to  have  lived  till  1472.  He 
is  buried  In  the  monastery  of  San  Marco,  Florence. 
Though  skilled  both  as  a  sculptor  and  engineer,  his 
fame  chiefly  rests  on  his  architectural  works,  which 
claim  for  him  a  position  of  very  high  honor  even 
among  the  greatest  names  of  the  great  15th-century 
Florentines. 

American 
Plate  II. 

N.  lat.,  and  82°  24'  and  90°  31'  W.  long.,  the  centre 
of  the  State  being  670  miles  north  of  west  from  New 
York,  the  nearest  point  on  the  seaboard.  The  area  is 
58,915  square  miles.1  The  State  consists  of  two  natu¬ 
ral  divisions,  known  as  the  Upper  and  the  Lower  Pe¬ 
ninsula.  The  Upper  or  Northern  Peninsula  is  bounded 
on  the  N.,  E.,  and  S.  by  Lakes  Superior,  Huron,  and 
Michigan,  and  on  the  W.  by  the  river  St.  Mary2  and 
the  State  of  Wisconsin.  The  Lower  Peninsula  is 
bounded  on  the  W.,  N.,  and  E.  by  Lakes  Michigan, 
Huron,  St.  Clair,  and  Erie,  and  the  St.  Clair  and  De¬ 
troit  rivers,  and  on  the  S.  by  the  States  of  Ohio  and 
Indiana.  The  general  contour  of  the  Lower  Penin¬ 
sula  approaches  that  of  a  horseshoe,  with  an  average 
width  of  about  200  miles  from  east  to  west  and  a 
length  of  about  300  miles  from  north  to  south.  Its 
surface  gradually  rises  in  gentle  undulations  from  the 
surrounding  lakes  to  an  elevation  of  about  400  feet 
above  Lake  Huron,  no  point  reaching  an  altitude  of 
more  than  600  feet.  The  Upper  Peninsula  is  much 
more  rugged  in  contour  and  surface,  at  some  points 
reaching  an  elevation  of  about  1100  feet.  The  terri¬ 
tory  was  originally  covered  with  forests,  with  only 
here  and  there  a  small  open  prairie.  It  abounds  in 
fine  inland  lakes,  with  areas  varying  from  a  few  acres 
to  several  miles.  The  rivers  are  not  large  enough  to 
be  navigable,  but  they  afford  ample  water-power,  and 
are  particularly  valuable  for  floating  down  the  logs  of 
the  lumbering  districts.  The  coast-line  of  the  State 
is  not  less  than  about  1600  miles  in  length ;  and  along 
the  whole  of  this  distance  vessels  of  2000  tons  may 
pass  without  losing  sight  of  land. 

Geological  Formation.3 — The  Lower  Peninsula  oc¬ 
cupies  the  central  part  of  a  great  basin,  the  borders  of 
which  extend  to  the  east  as  far  as  London,  Ontario,  and 
to  the  west  as  far  as  Madison,  Wisconsin.  Within  these 
limits  the  traveller  starting  in  any  direction  from  the 
centre  of  the  State  encounters  successively  the  outcrop- 

ing  edges  of  older  and  older  strata.  The  whole  series 

as  oeen  likened  to  a  nest  of  wooden  dishes ;  it  em¬ 
braces  not  only  the  Laurentian  and  Huronian  systems 
but  also  the  numerous  groups  that  go  to  make  up  the 
Silurian,  the  Devonian,  the  Carboniferous,  and  the 
Quaternary  systems.  These  several  formations  are 
covered  almost  universally  with  a  drift  of  finely  com¬ 
minuted  and  triturated  rock,  borne  thither  by  moving 
glaciers  and  floating  icebergs,  or  washed  to  its  present 
position  by  currents  of  water,  while  the  surface  was 
still  submerged.  This  loose  material  varies  in  thick¬ 
ness,  sometimes  extending  to  a  depth  of  200  or  300  feet. 
While  the  lower  formations  contain  almost  inexhaust¬ 
ible  deposits  of  copper,  iron,  gypsum,  and  salt,  the 
surface  soil  is  preeminently  fertile,  uniting  all  the  min¬ 
eral  constituents  necessary  for  the  most  luxuriant 
growth  of  plants.  There  are  limited  areas  of  light  and 
somewhat  sterile  drift  soil;  but  even  these  have  shown 
themselves,  under  proper  treatment,  to  be  capable  of 
yielding  a  rich  vegetation.  For  the  most  part  the 

1  The  Area  of  Michigan  is  57,480  square  miles.  See  U.  S/Census 
for  1880.  Other  authorities  state  it  at  56.451. — Am.  Ed. 

-  Menomenee  River.  See  Keith  Johnston’s  Royal  Atlas,  1870.— 
Am.  Ed. 

3  This  description  applies  to  the  Upper  Peninsula  in  respect  to 
minerals.— Am.  Ed. 


MICHIGAN,  one  of  the  States  of  the 
Union,  situated  in  the  region  of  the  great 
lakes.  It  lies  between  41°  42'  and  47°  32' 
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drift  soil  is  composed  of  a  mixture  of  clay  with  sand 
and  gravel.  It  is  easily  cultivated,  is  retentive  of 
moisture,  and  is  sufficiently  porous  to  prevent  the  in¬ 
jury  of  crops  by  excessive  rains. 

Climate  and  Natural  Products. — The  mean  temper¬ 
ature  of  Lansing,  the  capital  of  the  State,  as  deter¬ 
mined  by  observations  extending  through  eighteen 
years,  is  46.71°  Fahr.,  or  about  the  same  as  that  of 
Berlin.  During  the  summer  months  the  mean  tem¬ 
perature  is  nearly  the  same  as  that  of  Vienna ;  in  the 
winter  it  is  nearly  that  of  Stockholm.  The  annual 
rainfall  during  the  eighteen  years  previous  to  1882  was 
about  31  inches.  This  is  very  evenly  distributed 
throughout  the  year,  though  a  little  more  than  half  the 
amount  falls  in  the  five  months  from  May  to  October. 
The  average  snowfall  in.  the  centre  of  the  State  is 
about  4  feet,  though  it  is  seldom  that  more  than  12 
inches  lie  on  the  ground  at  any  one  time.  The  winter 
temperature  is  much  modified  by  the  open  water  of 
the  adjacent  lakes.  The  severe  winds  are  commonly 
from  the  west  and  northwest ;  but  in  sweeping  across 
the  open  waters  of  Lake  Michigan  they  are  so  far  soft¬ 
ened  as  to  make  the  climate  much  milder  than  that 
found  in  the  same  latitude  on  the  western  side  of  the 
lake.  This  peculiarity  is  specially  favorable  to  the 
growth  of  fruits.  Peaches  are  grown  successfully  along 
the  45th  parallel,  and  figs  thrive  in  the  open  air  in  lat. 
42£°.  The  modifying  influence  of  the  lake  winds  also, 
gives  great  variety  to  the  flora.  The  predominant 
woods  are  oak,  maple,  beech,  elm,  ash,  cherry,  hickory, 
walnut,  basswood,  and  pine.  All  these  grow  luxuri¬ 
antly  in  the  vast  forests  of  the  State,  and  afford  an 
abundant  supply  of  the  best  timber.  There  are  165 
species  of  trees  and  shrubs  indigenous  to  Michigan  ; 
and  the  entire  flora  of  the  State  makes  a  list  of  1634 
species.1 

Cereals  and  Fruits. — The  most  important  crop  of 
Michigan  is  wheat,  and  the  average  yield  per  acre,  as 
shown  by  the  latest  census,  is  greater  than  that  of  any 
other  State  in  the  Union.  The  acres  sown  in  1879 
were  reported  as  1,822,749,  and  the  amount  produced 
as  35,532,543  bushels.  These  figures  show  that  Mich¬ 
igan  is  fourth  in  rank  of  the  wheat-producing  States, 
the  number  of  bushels  grown  being  exceeded  by  the 
crops  of  Illinois,  Ohio,  and  Indiana.  In  1879  the 
yield  in  bushels  of  the  other  principal  cereals  is  shown 
by  the  following  figures:  Indian  corn,  32,461,452; 
oats,  18,190,793;  barley,  1,204,316;  rye,  294,918; 
buckwheat,  413,062;  clover  seed,  313,063;  pease, 
'538,332.  The  crop  of  potatoes  in  the  same  year  was 
8,025,475  bushels,  and  the  hay  amounted  to  1,051,115 
tons.  .  Of  the  fruits  grown  in  the  State  apples  are  the 
most  important,  and  these  are  believed  to  be  unsur¬ 
passed  in  excellence  in  any  country  in  the  world.  The 
sales  in  1880  were  4,834,936  bushels,  a  considerable 
quantity  going  to  the  markets  of  Europe.  Next  in 
importance  is  the  peach  crop,  annually  gathered  from 
more  than  50  of  the  counties  of  the  State.  In  1880 
the  peach  orchards  were  reported  as  covering  12,908 
acres,  and  the  fruit  sold  as  amounting  to  413,418 
bushels.  The  long  coast-line  of  Lake  Michigan  affords 
easy  access  to  market  even  for  the  most  perishable 
fruits.  Besides  the  facilities  thus  afforded,  the  rail¬ 
roads  that  now  thread  the  State,  with  an  aggregate 
length  in  March,  1882,  of  4332  miles,  afford  abundant 
means  of  rapid  transportation.  As  the  fruit  belt  ex¬ 
tends  from  north  to  south  more  than  200  miles,  the 
danger  of  disastrous  competition  in  the  markets  is  ob¬ 
viated  by  prolongation  of  the  season  of  ripening.  At 
the  meeting  of  the  State  Horticultural  Society  held  in 
1881  it  was  reported  that  the  average  value  of  the 
peach  crop  per  acre,  was  above  $125.  The  ten  volumes 
of  the  Transactions  of  the  State  Horticultural  Society 
ublished  since  its  organization  in  1870  show  that  the 
evelopment  of  fruit  culture  within  the  last  decade  has 
been  much  more  rapid  than  in  any  other  State. 

1  This  is  true  of  the  Lower  but  not  of  the  Upper  Peninsula.— Am. 

Ed. 


Lumber. — The  timber  produced  in  Michigan  is  of 
superior  quality,  and  the  amount  is  so  great  that  about 
two-thirds  of  the  best  lumber  sold  in  New  York,  Phila¬ 
delphia,  and  Boston  go  out  from  its  mills.  The  logs 
are  borne  along  the  lakes,  rivers,  and  small  watercourses 
to  the  booms  of  mills  situated  at  convenient  points, 
where  the  lumber  is  sawed  and  shipped  for  the  differ¬ 
ent  markets  of  the  world.  Of  these  manufacturing 
districts  those  known  as  the  Saginaw,  the  Grand  River, 
and  the  Muskegon  valleys  are  the  most  important. 
The  Saginaw  receives  the  waters  of  the  Tittabawasse, 
the  Cass,  the  Flint,  the  Shiawasse,  the  Bad,  the  Pine, 
the  Chippewa,  the  Tobacco,  and  their  numerous  tribu¬ 
taries,  draining  a  vast  region  that  still  yields  an  undi¬ 
minished  supply  of  pine.  The  forests  of  the  western 
parts  of  the  State  are  easily  accessible  by  the  Grand 
River  and  its  tributaries,  while  those  still  farther  north 
find  a  natural  outlet  through  the  numerous  streams  that 
flow  into  Lake  Michigan.  On  the  banks  of  these  water¬ 
courses  are  some  of  the  largest  and  finest  mills  of  the 
world.  In  1854,  when  the  first  effort  was  made  to  col¬ 
lect  statistics  of  this  industry,  it  was  found  that  there 
were  only  sixty-one  mills  in  operation,  and  that  the 
entire  annual  product  was  only  108,000,000  feet. 
Eighteen  years  later,  in  1872,  it  was  estimated  that 
the  annual  product  was  not  less  than  2,560,000  feet  of 
oak,  12,700,000  of  staves,  300,000,000  lath,  400,000,000 
shingles,  and  2,500,000,000  of  sawed  pine.  The  num¬ 
ber  of  saw-mills  had  already  reached  about  1 500,  the 
number  of  persons  employed  20,000,  and  the  capital 
represented  $25,000,000.  In  1881  the  manufacture  of 
pine  lumber  amounted  to  3,919,500,000  feet,  the  value 
of  which  exceeded  $60,000,000.  The  aggregate  value 
of  the  forest  products  of  the  State  was  estimated  in 
1881  to  have  reached  more  than  $1,000,000,000. 
Forestry  Bulletin ,  No.  6,  issued  December  1,  1881, 
estimated  the  amount  of  standing  white  pine  of  mer¬ 
chantable  quality  at  35,000,000,000  feet,  and  the 
amount  of  standing  hard  wood  at  700,000,000  cords. 
Besides  these  amounts,  the  same  authority  estimates 
the  amount  of  hemlock  at  7,000,000,000  feet,  with 
7,000,000  cords  of  bark,  and  an  aggregate  of  70,000,000 
of  cedar  and  tamarack.  It  is  probable  that  before 
many  years  the  hard  wood  produced  by  the  State  will 
approach  in  value  the  figures  representing  the  value 
of  the  pine  now  sent  to  the  markets  of  the  world.  It 
is  probable  that  Michigan  for  many  years  to  come 
will  maintain  its  precedence  as  a  lumber-producing 
State. 

Mineral  Resources. — Of  the  mineral  products  of 
Michigan  the  most  important  is  iron.  As  early  as  1842 
the  report  of  the  first  State  geologist,  Dr.  Douglas 
Houghton,  called  attention  to  the  presence  of  haematite 
ore,  though  fora  considerable  time  after  this  it  was 
not  found  in  such  quantities  as  to  make  it  certain  that 
mining  could  be  made  profitable.  Before  1860,  how¬ 
ever,  it  became  known  that  iron  in  the  Upper  Penin¬ 
sula  not  only  existed  in  vast  quantities,  but  also  that 
it  was  of  superior  quality.  From  that  time  iron-mines 
were  rapidly  developed,  until  in  1881  they  had  come 
to  exceed  in  value,  though  not  in  amount,  even  the 
products  of  Pennsylvania.  In  1880  the  product  was 
1,834,712  tons,  with  a  value  at  the  mines  of  $6,034,- 
648,  as  against  the  yield  in  Pennsylvania  of  2,185,675 
tons,  with  a  value  of  $5,517,079.  The  product  of 
Michigan  in  1882  was  2,948,307  tons  of  ore,  with  a 
market  value  of  about  $25,000,000.  The  Michigan 
minerals  are  of  extraordinary  richness, — 62.9  per  cent, 
being  the  average  of  the  first- class  ores,  while  the 
furnace  books  often  show  a  much  higher  yield. 

Next  in  importance  to  the  iron-mines  are  those  of 
copper.  These  are  also  situated  in  the  Northern  Pe¬ 
ninsula,  in  the  mountain  range  of  trappean  rocks  which 
crown  the  point  of  land  extending  northwards  into  Lake 
Superior.  This  secondary  peninsula  or  cape,  known 
as  Keweenaw  Point,  rises  to  an  average  height  of  about 
600  feet  above  the  lake,  the  highest  pinnacles  reaching 
nearly  double  that  altitude.  This  point  contains  what 
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are  believed  to  be  the  richest  copper-mines  ever  dis¬ 
covered  ;  the  metal  is  not  found  as  an  ore,  but  as  virgin 
copper  almost  chemically  pure.  It  has  only  to  be  sepa¬ 
rated  from  its  rocky  matrix,  when  it  is  ready  for  the 
market.  The  largest  of  the  copper-mines,  that  at  Cal¬ 
umet,  has  built  up  an  industry  which  employs  2000 
men,  and  its  total  product  of  refined  copper  in  1882 
was  no  less  than  50,770,719  lb,  or  one-eighth  of  the 
annual  production  of  copper  in  the  world.  In  quality 
the  copper  of  the  Lake  Superior  district  is  such  that 
it  commands  the  highest  price  at  home  and  abroad.  Its 
tenacity  is  remarkable,  and  therefore  it  is  eagerly 
sought  after  for  cartridges  by  all  the  great  military 
powers.  In  1882  the  copper-mines  paid  dividends 
amounting  to  $2,900,000,— making  an  aggregate  of 
$28,248,000  since  they  were  opened. 

Within  a  few  years  the  salt-works  of  Michigan  have 
also  come  to  exceed  those  of  any  other  State  in  the 
Union.  The  first  well  was  sunk  in  1859-60,  but  in 
1882  the  production  was  found  to  have  exceeded  that  of 
the  famous  works  in  New  York,  and  to  have  amounted 
in  that  year  to  no  less  than  3,204,921  barrels.  The 
extraordinary  development  of  this  industry  is  due  to 
several  causes.  A  careful  system  of  inspection  by 
State  authority  has  kept  its  salt  unsurpassed  in  purity. 
The  salt  basin  is  not  only  accessible  by  navigable  waters, 
so  as  to  have  the  advantage  of  cheap  transportation, 
but  the  wells  are  situated  in  the  great  lumber-producing 
districts,  and  the  manufacture  is  thus  carried  on  at 
very  small  expense,  in  connection  with  the  saw-mills. 
The  power  is  furnished  by  the  same  engines,  the  ex¬ 
hausted  steam  is  used  for  the  evaporation  of  brine 
during  the  day,  and  during  the  night  evaporation  is 
still  carried  on  by  means  of  refuse  wood  and  sawdust, 
while  the  staves  for  barrels  are  made  from  rejected 
timber.  By  this  system  the  best  quality  of  salt  is  ob¬ 
tained  at  a  minimum  expense.  The  chief  reservoir  of 
salt  is  the  series  of  sandstones  and  shales  constituting 
the  Waverly  group.  This  salt-producing  rock  covers 
no  less  than  about  8000  square  miles,  and  it  is  safe  to 
presume  that  the  supply  is  inexhaustible.  The  average 
depth  of  the  wells  is  about  800  feet,  but  in  some  local¬ 
ities  wells  sunk  to  nearly  2000  feet  have  been  remuner¬ 
ative.  Important  salt-works  have  recently  been  de¬ 
veloped  in  the  western  part  of  the  State. 

There  are  also  certain  other  minerals  of  considerable 
importance.  Deposits  of  gypsum,  easily  accessible, 
practically  inexhaustible  in  quantity,  and  superior  in 
quality,  are  found  in  several  localities  both  in  the  east¬ 
ern  and  in  the  western  parts  of  the  Lower  Peninsula. 
In  the  outskirts  of  Grand  Rapids  the  deposit  crops 
out  at  the  surface,  and  at  an  average  depth  of  from  40 
to  70  feet  extends  over  an  area  of  10  or  12  square 
miles.  The  rock  is  easily  quarried,  and  is  either  ground 
for  use  as  a  fertilizer  or  calcined  into  plaster  of  Paris. 
The  deposits  of  coal  are  supposed  to  cover  about  8000 
square  miles,  but  as  yet  the  product  at  any  one  point 
has  not  been  very  considerable.  In  quality  the  coal  is 
highly  bituminous,  and  is  not  sufficiently  pure  to  be 
useful  for  smelting  or  for  the  manufacture  of  gas.  For 
these  reasons  the  stock  of  coal  in  the  State  is  practically 
untouched.  If  future  explorations  and  experiments 
should  make  these  deposits  available,  a  new  era  in  the 
manufacture  of  iron  will  be  the  result.  At  present  the 
coal  for  smelting  the  Lake  Superior  ores  is  brought 
chiefly  from  Ohio  and  Pennsylvania.  Quarries  of  lime¬ 
stone  and  of  sandstone  have  been  opened  in  various 

farts  of  the  State.  The  brown  stone  of  the  Upper 
'eninsula  is  of  excellent  quality,  and  is  capable  of  re¬ 
ceiving  a  high  finish.  The  supply  is  inexhaustible, 
and  the  accessibility  of  the  quarries  by  water  gives 
promise  of  a  thriving  Industry.  The  grindstones  taken 
from  the  Huron  county  quarries  are  of  Superior  qual¬ 
ity,  and  the  slates  found  in  unlimited  quanti  ties  on  the 
shores  of  the  Huron  Bay  are  unsurpassed  in  point  of 
durability  .and  color,  days  and  sands  of  commercial 
value  are  found  in  great  abundance.  Though  the 
manufacture  of  glass  is  yet  in  its  infancy,  sands  in 


large  quantities  have  been  discovered  in  Monroe  county 
suitable  for  the  manufacture  of  plate  glass  of  excellent 
quality.  Brick  and  tile  clays  are  found  in  all  parts  of 
the  State.  Though  native  silver  has  been  found  in 
small  quantities  in  the  Upper  Peninsula,  the  systematic 
mining  of  this  metal  has  not  yet  been  carried  on  with 
successful  results.  The  Report  of  the  commissioner 
of  mineral  statistics  for  1882  shows  that,  except  as  to 
coal,  Michigan  is  the  foremost  of  all  the  States  in 
mineral  wealth. 

Fisheries. — The  geographical  position  of  Michigan  explains 
the  fact  that  its  fresh -Water  fisheries'  are  the  most  productive 
in  the  United  States.  The  most  important  varieties  of  fish 
are  lake-trout,  sturgeon,  bass,  pickerel,  herring,  brook -trout, 
grayling,  and  white-fish.  General  laws  for  the  protection 
of  fish  have  been  passed ;  and  a  fish  commission  has  been 
maintained  for  some  years  for  the  purpose  of  propagating 
the  best  varieties  and  planting  them  in  waters  adapted  to 
their  natural  development.  Up  to  the  close  of  1880  the 
commissioners  had  planted  about  80,000,000  young  white- 
fish,  1,000,000  silver  eels,  1,000,000  lake-trout,  2,000,000  sal¬ 
mon,  and  500,000  brook-trout,  besides  smaller  numbers  of 
shad,  grayling,  pike,  and  bass.  Excellent  results  have  fol* 
lowed,  especially  in  the  multiplication  of  white-fish,  salmon, 
and  eels.  In  1879  the  total  “take”  was  24,013,100  ft),  of 
which  12,902,250  lb  were  white-fish,  the  most  valuable  lake, 
fish  known  to  epicures  and  to  commerce.  During  winter 
large  quantities  preserved  by  freezing  are  taken  to  Eastern 
markets,  where  they  are  readily  sold  at  a  high  price. 

Educational  Institutions. — As  early  as  1785  the  law  of  Con¬ 
gress  which  provided  for  the  sale  of  lands  north  of  the  Ohio 
River  reserved  for  the  support  of  public  schools  “section  16” 
of  each  township.  This  fundamental  law  devoted  to  edu¬ 
cational  purposes  one-thirty-sixth  of  all  the  lands  of  that 
vast  domain  known  as  the  Northwestern  Territory.  The 
“  Ordinance  of  1787,”  by  which  this  territory  was  organized, 
further  provided  that  “schools  and  the  means  of  education 
shall  forever  be  encouraged.”  In  1826  this  congressional 
action  was  supplemented  by  a  grant  to  Michigan  of  two 
townships  of  laud  for  the  founding  and  support  of  a  univer¬ 
sity.  When  Michigan  became  a  State  in  1837,  its  educational 
policy  took  definite  form.  The  constitution  provided,  not 
only  that  the  grant  of  “section  16”  should  be  devoted  ex¬ 
clusively  to  the  support  of  schools  of  the  primary  grade,  but 
also  that  the  State  and  not  each  township  should  be  the 
custodian  of  the  lands  so  appropriated.  The  constitution 
expressly  provided  that  the  proceeds  from  the  sale  of 
“school  lands”  should  be  held  by  the  State  as  a  perpetual 
fund,  the  interest  of  which  should  be  annually  applied  to 
the  support  of  primary  schools.  The  lands  devoted  to 
school  purposes  in  Michigan  under  these  provisions 
amounted  to  1,077,209  acres,  of  which,  in  September,  1881, 
675,000  acres  had  been  sold.1  On  the  sum  realized  by  these 
sales,  $3,095,679,  the  State  pays  interest  at  7  per  cent.,  and 
the  resulting  income,  amounting  to  $216,645,  is  annually 
distributed  to  the  schools.  This  source  is  supplemented 
from  local  taxes,  so  that  in  1881  the  total  sum  realized  from 
all  sources  for  the  primary  schools  was  $3,644,778. 

The  schools  organized  under  State  law  are  known  as 
graded  and  ungraded.  In  the  small  districts  where  the 
schools  are  under  the  charge  of  but  one  or  two  teachers, 
grading  is  impracticable.  Of  ungraded  districts  there 
were  in  1881  6120,  attended  by  219,570  children,  while  the 
graded  schools  were  404  in  number,  with  an  attendance  of 
152,043.  The  school  census  includes  all  children  between 
tbe  ages  of  five  and  twenty,  amounting  in  1881  to  518,317, 
of  whom  there  was  an  average  attendance  of  391,401.  To 
all  children  of  school  age  the  public  schools  are  free,  though 
a  fee  may  be  required  for  advanced  studies  in  the  high 
schools.  The  immediate  administration  of  the  schools  is 
intrusted  to  school  officers  elected  annually  by  the  tax¬ 
payers  of  the  individual  districts.  The  State  constitution 
requires  that  a  free  school  shall  be  in  session  at  least  three 
months  of  every  year  in  each  district.  In  districts  of  more 
than  30  and  less  than  800  children,  the  law  requires  at  least 
five  months  of  school ;  while  in  districts  of  more  than  800 
children,  the  session  must  be  not  less  than  nine  months  in 
length.  In  the  graded  schools  the  division  is  into  primary 
schools,  grammar  schools,  and  high  schools,  each  of  these 
divisions  retaining  the  scholar  ordinarily  four  years. .  At 
the  end  of  the  course  the  student  is  ready  for  the  univer¬ 
sity,  to  which,  under  certain  restrictions  provided  by  the 
university  itself,  he  is  admitted  on  diploma  from  the  high 

l  A  State  act  of  1858  appropriates  half  the  proceeds  of  sales  of 
swamp  lands  to  the  primary  schools.  Under  this  act  $865,444  had 
been  added  to  the  above  named  land  fund,  in  1881,  producing  ar 
income  of  $16,431  per  annum.— Am.  Ed. 
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■chool.  The  university  of  Michigan,  situated  at  Ann  Arbor, 
was  first  opened  for  instruction  in  1841.  It  now  (1883)  con¬ 
sists  of  the  department  of  literature,  science,  and  the  arts, 
the  department  of  medicine,  the  department  of  law,  the 
college  of  homoeopathic  medicine,  the  school  of  pharmacy, 
the  college  of  dental  surgery,  and  the  school  of  political 
science.  Connected  with  the  medical  departments  are  the 
State  hospitals.  In  1881-82  there  were  86  officers  of  instruc¬ 
tion  and  1534  students.  The  total  income  for  the  year 
1879-80  from  Federal  grant,  State  grants,  and  fees  was 
$231,339.  The  general  control  of  the  university  is  placed 
in  the  hands  of  eight  regents  elected  hy  popular  suffrage  at 
the  biennial  spring  elections,  two  regents  being  chosen  at 
each  election.  The  normal  school,  situated  at  Ypsilanti, 
and  generously  supported  by  the  State,  may  be  said  to  com¬ 
plete  the  school  system. 

Charitable  and  Reformatory  Institutions. — A  school  for  the 
deaf,  dumb,  and  blind,  instituted  under  an  act  passed  in 
1848,  is  situated  at  Flint,  about  60  miles  northwest  of  De¬ 
troit;  in  February,  1882,  it  had  249  pupils.  In  1879  a  dis¬ 
tinct  school  for  the  training  of  the  blind  was  established  at 
Lansing.1  The  “State  public  school  for  dependent  and 
neglected  ohildren”  is  devoted  to  the  systematic  education 
of  such  children  as  otherwise  would  have  to  be  maintained 
in  the  county  poorhouses.  The  pupils  are  divided  into 
“families”  of  about  thirty  each,  and  are  cared  for  in  sepa¬ 
rate  cottages,  each  cottage  being  under  the  charge  of  a 
“  cottage  manager.”  The  school  receives  dependent  chil¬ 
dren  of  sound  health,  and  free  from  contagious  disease ;  and 
it  is  made  the  duty  of  the  officers  having  charge  of  the 
poor  to  send  all  such  children  between  the  ages  of  three 
and  twelve  to  it.  This  institution,  the  pioneer  of  its  kind, 
and  one  of  the  most  useful  of  charitable  schools,  is  situated 
at  Cold  water,  132  miles  southwest  of  Detroit.  In  February, 
1882,  there  were  320  children  and  21  officers  and  teachers.- 
The  “Reform  School”  at  Lansing  is  designed  to  reclaim 
juvenile  offenders  who  hqvebeen  convicted  of  someoffence. 
A  farm  of  224  acres  connected  with  the  school  is,  in  con¬ 
siderable  part,  tilled  by  the  boys.  The  number  of  inmates 
in  February  of  1882  was  325.  A  similar  school  at  Adrian 
has  recently  been  instituted  for  girls.  There  are  State 
asylums  for  the  insane  at  Kalamazoo  (715  patients)  and 
Pontiac  (499  patients).  The  legislature  of  1881  provided 
for  the  establishment  of  an  additional  asylum  in  one  of  the 
northern  counties  of  the  Lower  Peninsula. 

Population. — In  1837  the  State  had  174,467  inhabitants. 
The  numbers  according  to  the  different  census  returns 
from  1840  are  given  in  the  following  table: 


Census. 

Total. 

Males. 

Females. 

Density  per 
Square  Mile. 

1840 

212,267 

113,788 

98,479 

3.77 

1850 

397,654 

209,897 

187,757 

7.07 

1860 

749,113 

394,694 

354,419 

12.11 

1870 

1,184,059 

617,745 

566,314 

20.01 

1880 

1,636,937 

862,678 

774,259 

27.80 

At  the  last  census  388,508  of  the  inhabitants  were  of  for¬ 
eign  birth,  97,346  being  natives  of  the  United  Kingdom, 
89,085  Germans,  and  16,443  Scandinavians.  In  point  of 
population  the  State,  which  was  twenty-third  in  1840,  now 
stands  ninth  in  the  Union. 

The  following  are  the  principal  cities  in  the  State,  with 
population  at  the  census  of  1880:  Detroit,  116,340;  Grand 
Rapids  City,  32,016;  Bay  City,  20,693;  East  Saginaw  City, 
19,016;  Jackson  City,  16,105;  Muskegon  City,  11,262;  Sagi¬ 
naw  City,  10,525;  Port  Huron,  8883;  Flint  City,  8410;  Lan¬ 
sing  (the  State  capital),  8319;  Ann  Arbor,  8061;  Adrian 
City,  7849;  Battle  Creek,  7063;  Manistee,  6930;  West  Bay 
City,  6397 ;  Alpena  City,  6153 ;  Ishpeming,  6039. 

History  and  Government. — The  State  of  Michigan  is  part 
of  the  territory  that  was  first  settled  by  the  French,  and 
until  the  fall  of  Canada  into  the  hands  of  the  British  after 
the  middle  of  the  18th  century  was  under  the  government 
of  New  France.  The  territory  was  explored  by  Jesuit  mis¬ 
sionaries  in  the  17th  century;  but,  although  it  was  known 
at  an  early  period  that  the  lands  were  of  exceptional  excel¬ 
lence,  very  little  progress  was  made  in  developing  the  re¬ 
sources  of  the  territory  until  after  the  completion  of  the 
first  half-century  of  the  American  Union.  The  surveyors 
employed  by  the  general  government  to  inspect  the  lands 
and  report  as  to  their  fitness  for  settlement  by  the  soldiers 
of  the  war  of  1812  appear  to  have  derived  their  impressions 
almost  exclusively  from  the  low  lands  in  the  southeastern 
corner  of  the  territory.  The  report,  accordingly,  was  not 

1  The  Lansing  Blind  Institution  was  transferred  from  Flint.— 
Am.  Ed, 


favorable ;  and  consequently  the  tide  of  immigration  that 
had  already  begun  to  set  in  flowed  steadily  past  Michigan 
into  the  territories  farther  west.  It  was  largely  for  this 
reason  that  the  early  development  of  Indiana,  Illinois,  Iowa, 
and  Wisconsin  was  somewhat  more  rapid  than  that  of 
Michigan.  But  gradually  the  false  impressions  concerning 
the  soil  and  climate  were  dispelled ;  and  within  the  past 
few  years  the  increase  of  the  population  and  the  growth  of 
wealth  have  been  very  rapid.  In  1851  the  valuation  of  the 
State  for  purposes  of  taxation  (which  excludes  much  valu¬ 
able  property)  was  $30,976,270;  in  1861,  $172,055,808;  in 
1671,  $630,000,000 ;  at  1881,  $810,000,000.  The  State  consti- 
tution,  adopted  in  1837  at  the  time  of  admission  to  the 
Union,  has  been  modified  in  some  minor  particulars;  but  in 
most  respects  it  remains  unchanged.  The  governor  is  elected 
for  two  years,  with  no  restriction  as  to  reelection.  The 
legislature  meets  biennially  in  the  first  week  of  January, 
and  usually  continues  in  session  till  May.  The  supreme 
court  consists  of  four  judges  chosen  by  popular  vote  for 
terms  of  eight  years,  one  being  elected  every  second  year. 
Judges  have  been  so  frequently  reelected  that  the  office 
may  be  said  to  be  practically  a  permanent  one,  with  a  pro¬ 
vision  for  termination  in  case  of  need.  The  State  is  divided 
into  twenty-two  judicial  districts,  in  each  of  which  a  cir¬ 
cuit  court  sits  for  the  trial  of  causes  of  original  jurisdic¬ 
tion,  and  of  causes  appealed  from  the  justice  courts.  The 
judges  of  the  circuit  courts  are  also  elected  by  popular 
suffrage.  On  political  questions  voting  is  open  to  all  natur¬ 
alized  citizens  of  the  male  sex  more  than  twenty -one  years 
of  age  unless  prevented  by  some  natural  disqualification. 
At  school  meetings  the  right  of  suffrage  is  extended  so  as 
to  include  tax  payers  of  either  sex.  For  recent  statistics  see  Sup. 

Authorities. — Frederick  Morley,  Michigan  and  its  Resources,  com¬ 
piled  under  authority  of  the  State,  2d  ed.,  Detroit,  1882 ;  Walling’s 
Atlas  of  Michigan,  with  an  Account  of  the  Topography,  Climate,  and 
Geology  of  the  State,  by  Alex.  Winchell,  LL.D. ;  James  V.  Camp¬ 
bell,  Outlines  of  the  Political  History  of  Michigan;  Reports  of 
the  Secretary  of  the  State  Pomologieal  Society  of  Michigan  from  1871 
to  1880;  Report  of  the  Commissioner  of  Education  for  1880 ;  Forty -fifth 
Annual  Report  of  the  Superintendent  of  Public  Instruction  of  the  State 
of  Michigan  for  the  year  1881 ;  Reports  of  the  Geological  Survey  of  the 
State  of  Michigan,  1869-80,  4  vols. ;  Special  Report  of  Commissioner  of 
Mineral  Statistics,  March,  1883;  Forestry  Bulletins  for  1881. 

(c.  K.  A.) 

MICHIGAN,  Lake.  See  St.  Lawrence. 
MICHIGAN  CITY,  a  town  of  the  United  States, 
in  Laporte  county,  Indiana,  on  the  southeast  shore  of 
Lake  Michigan,  40  miles  east-southeast  of  Chicago. 
As  a  lake-port  and  a  junction  for  several  railroads,  it 
is  a  place  of  considerable  prosperity.  It  is  the  largest 
lumber  market  in  the  State,  and  one  of  the  largest  in 
the  West,  and  has  numerous  manufacturing  establish¬ 
ments.  The  northern  State  prison  (with  577  convicts 
at  the  close  of  1880)  is  one  of  the  principal  buildings. 
The  population  increased  from  3985  in  1870  to  over 
14,850  in  1900. 

MICHMASH  (WO?p,  DD?p),  the  scene  of  one  of 
the  most  striking  episodes  in  Old  Testament  history 
(1  Sam.  xiv.,  comp.  vol.  xii.  p.  403),  was  a  place  in 
Benjamin,  about  9  Roman  miles  north  of  Jerusalem 
( Onom .,  ed.  Lag.,  p.  280).  Though  it  did  not  rank 
as  a  city  (Josh,  xviii.  21  sq. ),  Michmash  was  recolo¬ 
nized  after  the  exile  (Neh.  xi.  31),  and  favored  by  the 
possession  of  excellent  wheatland  ( Mislma ,  Men.  yiii. 
1),  was  still  a  very  large  village  (Ma^ac)  in  the  time 
of  Eusebius.  The  modern  Makhmas  is  quite  a  small 
place. 

The  historical  interest  of  Michmash  is  connected  with  the 
strategical  importance  of  the  position,  commanding  the  north 
side  of  the  Pass  of  Michmash,  which  made  it  the  headquar¬ 
ters  of  the  Philistines  and  the  centre  of  their  forays  in  their 
attempt  to  quell  the  first  rising  under  Saul,  as  it  was  also 
at  a  later  date  the  headquarters  of  Jonathan  the  Hasmonsean 
(1  Mac.  ix.  73).  From  Jerusalem  to  Mount  Ephraim  there 
are  two  main  routes.  The  present  caravan  road  keeps  the 
high  ground  to  the  west  near  the  water-shed,  ana  avoids 
the  Pass  of  Michmash  altogether.  But  another  route,  the 
importance  of  which  in  antiquity  may  be  judged  of  from 
Isa.  x.  28  sq.,  led  southwards  from  Ai  over  an  undulating 
plateau  to  Michmash.  Thus  far  the  road  is  easy,  but  at 
Michmash  it  descends  into  a  very  steep  and  rough  valley, 
which  has  to  be  crossed  before  reascending  to  Geba.2  At 
the  bottom  of  the  valley  is  the  Pass  of  Michmash,  a  noble 
gorge  with  precipitous  craggy  sides.  On  the  north  the 
crag  is  crowned  by  a  sort  of  plateau  sloping  backwards  into 

»  So  Isa.  x.  28  describes  the  invader  as  leaving  his  heavy  bag¬ 
gage  at  Michmash  before  pushing  on  through  the  pass. 
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a  round-topped  hill.  This  little  plateau,  about  a  mile  east 
of  the  present  village  of  Makhm^s,  seems  to  have  been  the 
post  of  the  Philistines,  lying  close  to  the  centre  of  the  in¬ 
surrection,  yet  possessing  unusually  good  communication 
with  their  establishments  on  Mount  Ephraim  by  way  of  Ai 
and  Bethel,  and  at  the  same  time  commanding  the  routes 
leading  down  to  the  Jordan  from  Ai  and  from  Michmash 
itself. 

MICKIEWICZ,  Adam  (1798-1855),  Polish  poet, 
was  born  in  1798,  near  Nowogrodek,  in  the  present 
government  of  Minsk,  where  his  father,  who  belonged 
to  the  schlachta  or  lesser  nobility,  had  a  small  prop¬ 
erty.  The  poet  was  educated  at  the  university  of 
Yiina ;  but,  becoming  involved  in  some  political  trou¬ 
bles  there,  he  was  forced  to  terminate  his  studies 
abruptly,  and  was  ordered  to  live  for  a  time  in  Russia. 
He  had  already  published  two  small  volumes  of  mis¬ 
cellaneous  poetry  at  Yiina,  which  had  been  favorably 
received  by  the  Slavonic  public,  and  on  his  arrival  at 
St.  Petersburg  he  found  himself  admitted  to  the  lead¬ 
ing  literary  circles,  where  he  was  a  great  favorite  both 
from  his  agreeable  manners  and  his  extraordinary 
talent  of  improvisation.  In  1825  he  visited  the  Crimea, 
which  inspired  a  collection  of  sonnets  in  which  we 
may  admire  both  the  elegance  of  the  rhythm  and  the 
rich  Oriental,  coloring.  The  most  beautiful  are  The 
Storm ,  JBakchiserai,  and  Grave  of  the  Countess 
Potocka. 

In  1828  appeared  his  Konrad  Wallenrod ,  a  narra¬ 
tive  poem  describing  the  battles  of  knights  of  the 
Teutonic  order  with  the  heathen  Lithuanians.  Here, 
under  a  thin  veil,  Mickiewicz  represented  the  sangui¬ 
nary  passages  of  arms  and  burning  hatred  which  had 
characterized  the  long  feuds  of  the  Russians  and 
Poles.  The  objects  of  the  poem,  although  evident 
to  many,  escaped  the  Russian  censors,  and  it  was 
suffered  to  appear,  although  the  very  motto,  taken 
from  Machiavelli,  was  significant:  “  Dovete  adunque 
sapere  come  sono  duo  generazioni  da  combattere  .  .  . 
bisogna  essere  volpe  e  leone.”  After  a  five  years’ 
exile  in  Russia  the  poet  obtained  leave  to  travel ;  he 
had  secretly  made  up  his  mind  never  to  return  to  that 
country  or  Poland  so  long  as  it  remained  under  the 
government  of  the  Muscovites.  Wending  his  way  to 
Weimar,  he  there  made  the  acquaintance  of  Goethe, 
who  received  him  cordially,  and,  pursuing  his  journey 
through  Germany,  he  entered  Italy  by  the  Spliigen, 
visited  Milan,  Yenice  and  Florence,  and  finally  took 
up  his  abode  at  Rome.  There  he  wrote  the  third  part 
of  his  poem  Dziady,  the  subject  of  which  is  the  re¬ 
ligious  commemoration  of  their  ancestors  practised 
among  Slavonic  nations,  and  Pan  Tadeusz ,  his  longest 
poem,  by  many  considered  his  masterpiece.  A  graphic 
picture  is  drawn  of  Lithuania  on  the  eve  of  Napoleon’s 
expedition  to  Russia  in  1812.  In  1832  Mickiewicz  left 
Rome  for  Paris,  where  his  life  was  for  some  time 
spent  in  poverty  and  unhappiness.  He  had  married  a 
Polish  lady,  Selina  Szymanowska,  who  became  insane. 
In  1840  he  was  appointed  to  the  newly  founded  chair 
of  Slavonic  languages  and  literature  in  the  College  de 
France,  a  post  which  he  was  especially  qualified  to  fill, 
as  he  was  now  the  chief  representative  of  Slavonic 
literature,  Poushkin  having  died  in  1837.  He  was, 
however,  only  destined  to  hold  it  for  a  little  more  than 
three  years,  his  last  lecture  having  been  given  on  the 
28th  of  May,  1844.  His  mind  had  become  more  and 
more  disordered  under  the  influence  of  religious  mysti¬ 
cism.  His  lectures  became  a  medley  of  religion  and 
politics,  and  thus  brought  him  under  the  censure  of 
the  Government.  A  selection  of  them  has  been  pub¬ 
lished  in  four  volumes.  .They  contain  some  good 
sound  criticism,  but  the  philological  part  is  very  defec¬ 
tive,  for  Mickiewicz  was  no  scholar,  and  he  is  obvi¬ 
ously  only  well  acquainted  with  two  of  the  literatures, 
viz. ,  Polish  and  Russian,  the  latter  only  till  the  year 
1830.  A  very  sad  picture  of  the  declining  days  of 
Mickiewicz  is  given  in  the  memoirs  of  Herzen.  At  a 
comparatively  early  period  the  unfortunate  poet  ex¬ 
hibited  all  the  signs  of  premature  old  age ;  poverty, 


despair,  and  domestic  affliction  had  wrought  their  work 
upon  him.  In  1849  he  founded  a  French  newspaper, 
La  Tribune  des  Peuples,  but  it  only  existed  a  year. 
The  restoration  of  the  French  empire  seemed  to  kindle 
his  hopes  afresh ;  his  last  composition  is  said  to  have 
been  a  Latin  ode  in  honor  of  Napoleon  III.  On  the 
outbreak  of  the  Crimean  War  he  was  sent  to  Constan¬ 
tinople  to  assist  in  raising  a  regiment  of  Poles  to  take 
service  against  the  Russians.  lie  died  suddenly  there 
in  1855,  and  his  body  was  removed  to  France  and 
buried  at  Montmorency. 

Mickiewicz  is  held  to  have  been  the  greatest  Slavonic  poet, 
with  the  exception  of  Poushkin.  Unfortunately  in  other 
parts  of  Europe  he  is  but  little  known ;  he  writes  in  a  very 
difficult  language,  and  one  which  it  is  not  the  fashion  to 
learn.  There  were  both  pathos  and  irony  in  the  expres¬ 
sion  used  by  a  Polish  lady  to  a  foreigner,  “Nous  avons 
notre  Mickiewicz  4  nous.”  He  is  one  of  the  best  products 
of  the  so-called  romantic  school.  The  Poles  had  long 
groaned  under  the  yoke  of  the  classicists,  and  the  country 
was  full  of  legends  and  picturesque  stories  which  only 
awaited  the  coming  poet  to  put  them  into  shape.  Hence 
the  great  popularity  among  his  countrymen  of  his  ballads, 
each  of  them  being  connected  with  some  national  tradition. 
Besides  Konrad  Wallenrod  and  Pan  Tadeusz,  attention  may 
be  called  to  the  poem  Grazyna.  which  describes  the  adven¬ 
tures  of  a  Lithuanian  chieftainess  against  the  Teutonic 
knights.  It  is  said  by  Ostrowski  to  have  inspired  the  brave 
Emilia  Plater,  who  was  the  heroine  of  the  rebellion  of  1830, 
and  after  having  fought  in  the  ranks  of  the  insurgents, 
found  a  grave  in  the  forest  of  Lithuania.  A  fine  vigorous 
Oriental  piece  is  Farys.  Very  good  too  are  the  odes  to 
Youth  and  to  the  historian  Lelewel ;  the  former  did  much 
to  stimulate  the  efforts  of  the  Poles  to  shake  off  their  Rus¬ 
sian  conquerors.  It  is  enough  to  say  of  Mickiewicz  that  he 
has  obtained  the  proud  position  of  the  representative  poet 
of  his  country ;  her  customs,  her  superstitions,  her  history, 
her  struggles  are  reflected  in  his  works. 

MICKLE,  William  Julius  (1734-^1788),  son  of 
tbe  minister  of  Langholm,  Dumfriesshire,  holds  a  re¬ 
spectable  place  among  the  imitative  minor  poets  of 
the  18th  century.  He  wrote  a  poem  on  Knowledge — 
carefully  versified,  pointing  a  moral  on  the  vanity  of 
intellectual  pride — at  the  age  of  eighteen,  entered  into 
business  as  a  brewer  at  his  father’s  request  and  against 
his  own  inclinations,  soon  became  bankrupt,  went  to 
London  on  outlook  for  work  as  a  man  of  letters,  so¬ 
licited  patronage  in  vain,  earned  a  living  hardly  by 
writing  for  magazines,  made  some  impression  in  1765 
by  “a  poem  in  the  manner  of  Spenser”  called  the 
Concubine  (afterwards  Syr  Martyn ),  was  appointed 
corrector  to  the  Clarendon  Press,  and  finally  took  a 
place  among  the  leading  poets  of  that  very  barren 
time  by  a  translation  of  the  Lusiad  of  Camoens  into 
heroic  couplets  (specimen  published  1771,  whole  work 
1775).  So  great  was  the  repute  of  the  work  that 
when  Mickle— appointed  secretary  to  _  Commodore 
Johnstone — visitea  Lisbon  in  1779  the  king  of  Portu¬ 
gal  gave  him  a  public  reception.  As  a  translator  of 
Camoens  Mickle  has  been  superseded,  but  he  aimed, 
not  at  close  rendering  of  the  original,  but  at  making  a 
poem  which  should  be  worthy  of  a  permanent  place 
in  English  literature.  This  ambition  ne  was  not  capa¬ 
ble  of  fulfilling,  though  he  had  great  fluency  and 
vigor.  It  may  be  doubted  whether  the  fashionable 
forms  which  he  imitated  were  the  best  suited  to  his 
natural  gifts.  He  shows  delight  in  lively  action,  a 
sense  of  dramatic  effect,  and,  in  the  Concubine ,  the 
substance  of  which  might  have  been  conceived  by 
Crabbe,  considerable  fulness  of  detail  in  coarse  realis¬ 
tic  painting.  Certainly,  if  the  Scottish  poem  There's 
nae  luck  aboot  the  hoose  was  Mickle’s,  he  mistook  his 
medium.  Scott  read  and  admired  Mickle’s  poems  in 
his  youth,  and,  besides  founding  Kenilworth  on  the 
ballad  of  Cumnor  Hall ,  was  a  good  deal  influenced  by 
him  in  style.  Mickle’s  prose  is  lively  and  vigorous. 

MICROMETER,  an  instrument  generally  applied 
to  telescopes  and  microscopes  for  measuring  small  an¬ 
gular  distances  with  the  former  or  the  dimensions  of 
small  objects  with  the  latter. 

Before  the  invention  of  the  telescope  the  accuracy 
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of  astronomical  observations  was  necessarily  limited 
by  the  angle  that  could  be  distinguished  by  the  naked 
eye-  The  angle  between  two  objects,  such  as  stars  or 
the  opposite  limbs  of  the  sun,  was  measured  by  di¬ 
recting  an  arm  furnished  with  fine  “sights”  (in  the 
sense  of  the  “sights”  of  a  rifle)  first  upon  one  of 
the  objects  and  then  upon  the  other,  or  by  employing 
an  instrument  having  two  arms  each  furnished  with  a 
pair  of  sights,  and  directing  one  pair  of  sights  upon 
one  object  and  the  second  pair  upon  the  other.  The 
angle  through  which  the  arm  was  moved,  or,  in  the 
latter  case,  the  angle  between  the  two  arms,  was  read 
off  upon  a  finely  graduated  arc.  With  such  means  no 
very  high  accuracy  was  possible.  Archimedes  con¬ 
cluded  from  his  measurements  that  the  sun’s  diameter 
was  greater  than  27'  and  less  than  32'  ;  and  even 
Tycho  Brahe  was  so  misled  by  his  measures  of  the 
apparent  diameters  of  the  sun  and  moon  as  to  con¬ 
clude  that  a  total  eclipse  of  the  sun  was  impossible.1 
Maestlin  in  1579  determined  the  relative  positions  of 
eleven  stars  in  the  Pleiades  ( Historia  Ccelestis  Lucii 
Baretti,  Augsburg,  1666),  and  Winnecke  has  shown 
( Monthly  Notices  R.  A.  S.,  vol.  xxxix.  p.  146)  that 
the  probable  error  of  these  measures  amounted  to 
about  ±.  2V 

The  invention  of  the  telescope  at  once  extended  the 
possibilities  of  accuracy  in  astronomical  measurements. 
The  planets  were  shown  to  have  visible  disks,  and  to 
be  attended  by  satellites  whose  distance  and  position 
angle  relative  to  the  planet  it  was  desirable  to  measure. 
It  became,  in  fact,  essential  to  invent  a  4  4  micrometer  ’  ’ 
for  measuring  the  small  angles  which  were  thus  for 
the  first  time  rendered  sensible.  There  is  now  no 
doubt  that  William  Gascoigne,  a  young  gentleman  of 
Yorkshire,  was  the  first  inventor  of  the  micrometer. 
Crabtree,  a  friend  of  his,  taking  a  journey  to  York¬ 
shire  in  1639  to  see  Gascoigne,  writes  thus  to  his 
friend  Horrocks :  “The  first  thing  Mr.  Gascoigne 
showed  me  was  a  large  telescope  amplified  and  adorned 
with  inventions  of  his  own,  whereby  he  can  take  the 
diameters  of  the  sun  and  moon,  or  any  small  angle  in 
the  heavens  or  upon  the  earth,  most  exactly  through 
the  glass,  to  a  second.”  The  micrometer  so  men¬ 
tioned  fell  into  the  possession  of  Mr.  Richard  Townley 
of  Lancashire,  who  exhibited  it  at  the  meeting  of  the 
Royal  Society  held  on  the  25th  July,  1667. 

The  principle  of  Gascoigne’s  micrometer  is  that 
,  two  pointers,  having  parallel  edges  at  right 
micrometer.  ?nS^es  to  the  measuring  screw,  are  moved 
'in  opposite  directions  symmetrically  with 
and  at  right  angles  to  the  axis  of  the  telescope.  The 
micrometer  is  at  zero  when  the  two  edges  are  brought 
exactly  together.  The  edges  are  then  separated  till 
they  are  tangent  to  the  opposite  limbs  of  the  disk  of 
the  planet  to  be  measured,  or  till  they  respectively  bi¬ 
sect  two  stars,  the  angle  between  which  is  to  be  deter¬ 
mined.  The  symmetrical  separation  of  the  edges  is 
produced  and  measured  by  a  single  screw  ;  the  frac¬ 
tions  of  a  revolution  of  the  screw  are  obtained  by  an 
index  attached  to  one  end  of  the  screw,  reading  on  a 
dial  divided  into  100  equal  parts.  The  whole  arrange¬ 
ment  is  elegant  and  ingenious.  A  steel  cylinder  (about 
the  thickness  of  a  goose-quill),  which  forms  the  mi¬ 
crometer  screw,  has  two  threads  cut  upon  it,  one-half 
being  cut  with  a  thread  double  the  pitch  of  the  other. 
This  screw  is  mounted  on  an  oblong  box  which  carries 
one  of  the  measuring  edges ;  the  other  edge  is  moved 
by  the  coarser  part  of  the  screw  relatively  to  the  edge 
attached  to  the  box,  whilst  the  box  itself  is  moved 
relatively  to  the  axis  of  the  telescope  by  the  finer 
screw.  This  produces  an  opening  and  closing  of  the 
edges  symmetrically  with  respect  to  the  telescope  axis. 

1  Grant,  History  of  Physical  Astronomy,  p.  449. 

*  This  is  an  astonishing  accuracy  when  the  difficulty  of  the 
objects  is  considered.  Few  persons  can  see  with  the  naked  eye 
—much  less  measure— more  than  six  stars  of  the  Pleiades,  al¬ 
though  all  the  stars  measured  by  Maestlin  have  been  seen  with 
thp  naked  eye  by  a  few  individuals  of  exceptional  powers  of 
eyesight. 


Flamsteed,  in  the  first  volume  of  the  Historia  Ccelestis, 
has  inserted  a  series  of  measurements  made  by  Gas¬ 
coigne  extending  from  1 638  to  1 643.  These  include  the 
mutual  distances  of  some  of  the  stars  in  the  Pleiades, 
a  few  observations  of  the  apparent  diameter  of  the 
sun,  others  of  the  distance  of  the  moon  from  neigh¬ 
boring  stars,  and  a  great  number  of  measurements  of 
the  diameter  of  the  moon.  Dr.  Bevis  (Phil.  Trans.  y 
1773,  p.  190)  also  gives  results  of  measurements  by 
Gascoigne  of  the  diameters  of  the  moon,  Jupiter, 
Mars,  and  Venus  with  his  micrometer. 

Delambre  gives3  the  following  comparison  between 
the  results  of  Gascoigne’s  measurements  of  the  sun’s 
semi-diameter  and  the  computed  results  from  modern 
determinations : 

Gascoigne.  Conn.  d.  Temps. 

October  25  (o.s.)...  16'  11"  or  10"  16'  10.0" 

44  31  44  ....  16'  11"  16'  11.4" 

December  2  44  ...  16'  24"  16'  16.8" 

Gascoigne,  from  his  observations,  deduces  the  great¬ 
est  variation  of  the  apparent  diameter  of  the  sun  to 
be  35"  ;  according  to  tne  Connaissance  des  Temps  it 
amounts  to  32.  3". 3  These  results  prove  the  enor¬ 
mous  advance  attained  in  accuracy  by  Gascoigne,  and 
his  indisputable  title  to  the  credit  of  inventing  the 
micrometer. 

Huygens,  in  his  Systema  Satumium  (1659),  de¬ 
scribes  a  micrometer  with  which  he  determined  the 
apparent  diameters  of  the  principal  planets.  He  in¬ 
serted  a  slip  of  metal,  of  variable  breadth,  at  the  focus 
of  the  telescope,  and  observed  at  what  part  it  exactly 
covered  the  object  under  examination ;  knowing  the 
focal  length  of  the  telescope  and  the  width  of  the  slip 
at  the  point  observed,  he  thence  deduced  the  apparent 
angular  breadth  of  the  obiect.  The  Marquis  Malvasia 
in  his  Hphemerides  (Bologna,  1662)  describes  a  mi¬ 
crometer  of  his  own  invention.  At  the  focus  of  his  tele¬ 
scope  he  placed  fine  silver  wires  at  right  angles  to  each 
other,  which  by  their  intersection,  formed  a  network 
of  small  squares.  The  mutual  distances  of  the  inter¬ 
secting  wires  he  determined  by  counting,  with  the  aid 
of  a  pendulum  clock,  the  number  of  seconds  required 
by  an  equatorial  star  to  pass  from  web  to  web,  while 
the  telescope  was  adjusted  so  that  the  star  ran  parallel 
to  the  wires  at  right  angles  to  those  under  investiga¬ 
tion.4  In  the  Phil.  Trans.,  1667,  No.  21,  p.  373,  Au- 
zout  gives  the  results  of  some  measures  of  tne  diameter 
of  the  sun  and  moon  made  by  himself,  and  this  commu¬ 
nication  led  to  the  letters  of  Mr.  Townley  and  Dr. 
Bevis  above  referred  to.  The  micrometer  of  Auzout 
and  Picard  was  provided  with  silk  fibres  or  silver  wires 
instead  of  the  edges  of  Gascoigne,  but  one  of  the  silk 
fibres  remained  fixed  while  the  other  was  moved  by  a 
screw.  It  is  beyond  doubt  that  Huygens  indepen¬ 
dently  discovered  that  an  object  placed  in  the  common 
focus  of  the  two  lenses  of  a  Kepler  telescope  appears 
as  distinct  and  well-defined  as  the  image  of  a  distant 
body ;  and  the  micrometers  of  Malvasia,  Auzout,  and 
Picard  are  the  natural  developments  of  this  discovery. 
Gascoigne  was  killed  at  the  battle  of  Marston  Moor  on 
the  2d  of  July,  1644,  in  the  twenty-fourth  year  of  his 
age,  and  his  untimely  death  was  doubtless  the  cause 
that  delayed  the  publication  of  a  discovery  which  an¬ 
ticipated,  by  twenty  years,  the  combined  work  of 
Huygens,  Malvasia,  Auzout,  and  Picard  in  the  same 
direction. 

As  the  powers  of  the  telescope  were  gradually  de¬ 
veloped,  it  was  found  that  the  finest  hairs  .. 

or  filaments  of  silk,  or  the  thinnest  silver  £eb£ 

wires  that  could  be  drawn,  were  much  too 
thick  for  the  refined  purposes  of  the  astronomer,  as 
they  entirely  obliterated  the  image  of  a  star  in  the 
more  powerful  telescopes.  To  obviate  this  difficulty 
Professor  Felice  Fontana  of  Florence  ( Saggio  del  real 
gabinetto  di  Jisica  e  distoria  naturale,  1755)  first  pro- 

*  Delambre,  Hist.  Ast.  Moderns,  vol.  ii.  p.  590. 

4  Mim.  Acad,  des  Sciences,  1717,  p.  78  sq. 
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posed  the  use  of  spider  webs  in  micrometers,1 *  but  it  was 
not  till  the  attention  of  Troughton  had  been  directed 
to  the  subject  by  Rittenhouse  that  the  idea  was  carried 
into  practice.3 4  In  1813  Wollaston  proposed  fine  pla¬ 
tinum  wires,  prepared  by  surrounding  a  platinum  wire 
with  a  cylinder  of  silver,  and  drawing  out  the  cylinder 
with  its  platinum  axis  into  a  fine  wire.3  The  surround¬ 
ing  silver  was  then  dissolved  by  nitric  acid,  and  a 
platinum  wire  of  extreme  fineness  remained.  But  ex¬ 
perience  soon  proved  the  superiority  of  the  spider 
web;  its  perfection  of  shape,  its  lightness  and  elas¬ 
ticity  have  led  to  its  universal  adoption. 

Beyond  the  introduction  of  the  spider  line  it  is  un¬ 
necessary  to  mention  the  various  steps  by  which  the 
Gascoigne  micrometer  assumed  the  modern  forms  now 
in  use,  or  to  describe  in  detail  the  suggestions  of 
Hooke,1  Wren,  Smeaton,  Cassini,  Bradley,  Maskelyne, 
Herschel,  Arago,  Pearson,  Bessel,  Struve,  Dawes,  ete. , 
or  the  successive  productions  of  the  great  artists  Rams- 
den,  Troughton,  Fraunhofer,  Ertei,  Simms,  Cooke, 
Grubb,  Clark  and  Repsold.  It  will  be  sufficient  to 
describe  those  forms  with  which  the  most  important 
work  has  been  done,  or  which  have  survived  the  tests 
of  time  and  experience. 

Before  astronomical  telescopes  were  mounted  parallacti- 
Position  cally,  the  measurement  of  position  angles  was 
angles.  seldom  attempted.  Indeed,  in  those  days,  the 
difficulties  attached  to  such  measures,  and  to 
the  measurement  of  distances  with  the  filar  micrometer, 
were  exceedingly  great,  and  must  have  taxed  to  the  utmost 
the  skill  and  patience  of  the  observer.  For,  on  account  of 
the  diurnal  motion,  the  direction  of  the  axis  of  the  tele¬ 
scope  when  directed  to  a  star  is  always  changing,  so  that, 
to  follow  a  star  with  an  altazimuth  mounting,  the  observer 
requires  to  move  continuously  the  two  handles  which  give 
slow  motion  in  altitude  and  azimuth. 

Sir  William  Herschel  was  the  first  astronomer  who  meas- 
Herschel’s  urec^  position  angles;  the  instrument  he  em- 
inst.nimp.nt  ployed  is  described  in  Phil.  Trans.,  1781,  vol. 

lxxi.  p.  500.  It  was  used  by  him  in  his  earliest 
observations  of  double  stars  (1779-83) ;  but,  even  in 
his  matchless  hands,  the  measurements  were  com¬ 
paratively  crude,  because  of  the  difficulties  he  had 
to  encounter  from  the  want  of  a  parallactic  mount¬ 
ing.  In  the  case  of  close  double  stars  he  estimated 
the  distance  in  terms  of  the  disk  of  the  components. 

For  the  measurement  of  wider  stars  he  invented  his 
lamp-micrometer,  in  which  the  Components  of  a 
double  star  observed  with  the  right  eye  were  made 
to  coincide  with  two  lucid  points  placed  10  feet  from 
the  left  eye.  The  distance  of  the  lucid  points  was 
the  tangent  of  the  magnified  angles  subtended  by 
the  stare  to  a  radius  of  10  feet.  This  angle,  there¬ 
fore,  divided  by  the  magnifying  power  of  the  tele¬ 
scope  gives  the  real  angular  distance  of  the  centres 
of  a  double  star.  With  a  power  of  460  the  scale  was 
a  quarter  of  an  inch  for  every  second. 

The  Modern  Filar  Micrometer. 

When  equatorial  mountings  for  telescopes  became 
more  general,  no  filar  micrometer  was  considered 
complete  which  was  not  fitted  with  a  position  circle.5 
The  use  of  the  spider  line  or  filar  micrometer  be¬ 
came  universal ;  the  methods  of  illumination  were 
improved;  and  micrometers  with  screws  of  pre¬ 
viously  unheard-of  fineness  and  accuracy  were  produced. 
These  facilities,  coupled  with  the  wide  and  fascinating 
field  of  research  opened  up  by  Sir  William  Herschel’s  dis¬ 
covery  of  the  binary  character  of  double  stars,  gave  an 
impulse  to  micrometric  research  which  has  continued  un¬ 
abated  to  the  present  time.  A  still  further  facility  was 

1  In  1782  (Phil.  Trans.,  vol.  lxxii.  p.  163)  Sir  W.  Herschel  writes : 
“I  have  in  vain  attempted  to  find  lines  sufficiently  thin  to  ex¬ 
tend  them  across  the  centres  of  the  stars,  so  that  their  thickness 
might  be  neglected.”  It  is  a  matter  of  regret  that  Fontana’s  sug¬ 
gestion  was  unknown  to  him. 

s  Quekett  in  his  Treatise  on  the  Microscope  ascribes  to  Ramsden 
the  practical  introduction  of  the  spider  web  in  micrometers.  The 
evidence  appears  to  be  in  favor  of  Troughton. 

*  Phil.  Trans.,  1813,  pp.  114-118. 

4  Dr.  Hooke  made  the  important  improvement  on  Gascoigne’s 

micrometer  of  substituting  parallel  hairs  for  the  parallel  edges  of 
its  original  construction  (Hooke’s  Posthumous  Worts,  p.  497). 

6  Herschel  and  South  (Phil.  Trans.,  1824,  part  iii.  p.  10)  claim 
that  the  micrometer  by  Troughton,  fitted  to  their  5-feet  equatorial 

telescope,  is  the  first  position  micrometer  constructed  capable  of 
measuring  position  angles  to  V  of  arc. 


Classifica¬ 
tion  of  mi¬ 
crometers. 


given  to  the  use  of  the  filar  micrometer  by  the  introduction 
of  clockwork,  which  caused  the  telescope  automatically 
to  follow  the  diurnal  motion  of  a  star,  and  left  the  ob- 
server’s  hands  entirely  at  liberty.6 

The  modern  filar  micrometer  has  now  assumed  forms  of 
five  types. 

Type  A. — Micrometers  in  which  there  are 
two  webs,  each  movable  by  a  fine  screw  with  a 
divided  head.  This  is  the  usual  English  form 
of  filar  micrometer. 

Type  B. — Micrometers  in  which  one  web  is  movable  by 
means  of  a  fine  screw  with  a  divided  head,  and  the  other 
by  a  screw  without  a  divided  head.  The  latter  screw,  in 
ordinary  use,  is  only  employed  to  change  the  coincidence¬ 
reading  of  the  two  webs,  for  eliminating  the  errors  of  the 
micrometer  screw.  This  is  the  ordinary  German  form  of 
micrometer  as  originally  made  by  Fraunhofer  and  since  by 
Merz,  and  employed  by  the  Struves  and  other  principal 
Continental  astronomers  down  to  the  present  day. 

Type  C. — A  similar  form  of  micrometer  to  B,  except  that 
the  coincidence-point  cannot  be  changed, — there  being  no 
second  screw  to  alter  the  position  of  the  fixed  web. 

Type  D. — A  micrometer  somewhat  similar  in  general  con¬ 
struction  to  form  B,  except  that,  in  addition  to  means  of 
changing  the  zero  point,  there  is  a  screw  head  by  which  a 
fine  movement  can  be  given  to  the  whole  micrometer  box, 
in  the  direction  of  the  axis  of  the  micrometer  screw.  This 
is  the  modern  form  of  micrometer  as  constructed  by  Bepsold. 

Type  E. — Micrometers  fitted  with  two  eye-pieces  for  meas¬ 
uring  angles  larger  than  the  field  of  view  of  an  ordinary 
eye-piece. 

The  micrometer  of  ty  A  is  due  to  Troughton ;  it  is  rep¬ 
resented  in  Figs.  1,  2,  3.  Fig.  1  is  a  horizontal 
section  in  the  direction  of  the  axis  of  the  tele¬ 
scope.  The  eye-piece  ab  consists  of  two  plano¬ 
convex  lenses  a,  b,  of  nearly  the  same  focal 
length,  and  with  the  two  convex  sides  facing 
each  other.  They  are  placed  at  a  distance  apart  less  than 
the  focal  length  of  a,  so  that  the  wires  of  the  micrometer, 
which  must  be  distinctly  seen,  are  beyond  6-7  The  eye¬ 
piece  slides  into  the  tube  cd,  which  screws  into  the  brass 
ring  ef,  through  two  openings  in  which  the  oblong  frame, 
containing  the  micrometer  slides,  passes.  These  slides  are 
shown  in  Fig.  2,  and  consist  of  brass  forks  ft  and  l,  into 


Trough- 
ton’s  filar 
microm¬ 
eter. 


Fig.  1. 


Fig.  2. 


Fig.  3. 


which  the  ends  of  the  screws  o  and  p  are  rigidly  fitted. 
The  slides  are  accurately  fitted  so  as  to  have  no  sensible 
lateral  shake,  but  yet  so  as  to  move  easily  in  the  direction 
of  the  greatest  length  of  the  micrometer  box.  Motion  is 
communicated  to  the  forks  by  female  screws  tapped  in  the 
heads  m  and  n  acting  on  the  screwfc  o  and  p  respectively. 
Two  pins  q,  r,  with  spiral  springs  coiled  round  them,  pass 
loosely  through  holes  in  the  forks  ft,  l,  and  keep  the  bearings 
of  the  heads  m  and  n  firmly  pressed  against  the  ends  of  the 
micrometer  box.  Thus  the  smallest  rotation  of  either  head 
communicates  to  the  corresponding  slide  motion,  which,  if 
the  screws  are  accurate,  is  proportional  to  the  amount 
through  which  the  head  is  turned.  Each  head  is  graduated 

8  So  far  as  we  can  ascertain,  the  first  telescope  of  large  size 
driven  by  clockwork  was  the  9-inch  equatorial  made  for  Struve 
at  Dorpat  by  Fraunhofer ;  it  was  completed  in  1825.  The  original 
idea  appears  to  be  due  to  Passement  [Mim.  Acad.,  Paris,  1746).  In 
1757  he  presented  a  telescope  to  the  king,  so  accurately  driven  by 
clockwork  that  it  would  follow  a  star  all  night  long. 

7  This  is  known  as  Ramsden's  eye-piece ;  it  was  made  originally 
by  him. 
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into  100  equal  parts  on  the  drums  m  and  v,  so  that,  by  estima¬ 
tion,  the  reading  can  easily  be  carried  to  xj^yth  °f  a  revolu¬ 
tion.  The  total  number  of  revolutions  is  read  off  by  a  scale 
attached  to  the  side  of  the  box,  but  not  seen  in  the  figure. 

Two  spider  webs  are  stretched  across  the  forks,  one  (<) 
being  cemented  in  a  fine  groove  cut  in  the  inner  fork  k, 
the  other  (s)  in  a  similar  groove  cut  in  the  outer  fork  l. 
These  grooves  are  simultaneously  cut  in  situ  by  the  maker, 
with  the  aid  of  an  engine  capable  of  ruling  fine  straight 
lines,  so  that  the  webs  when  accurately  laid  in  the  grooves 
are  perfectly  parallel.  A  wire  st  is  stretched  across  the 
centre  of  the  field,  perpendicular  to  the  parallel  wires. 
Each  movable  web  must  pass  the  other  without  coming  in 
contact  with  it  or  the  fixed  wire,  and  without  rubbing  on 
any  part  of  the  brass-work.  Should  either  fault  occur 
(technically  called  “  fiddling”)  it  is  fatal  to  accurate  meas¬ 
urement.  One  of  the  most  essential  points  in  a  good 
micrometer  is  that  all  the  webs  shall  be  so  nearly  in  the 
same  plane  as  to  be  well  in  focus  together  under  the  highest 
powers  used,  and  at  the  same  time  absolutely  free  from 
“  fiddling.”  For  measuring  position  angles  a  brass  circle 
gh  (Fig.  3),  fixed  to  the  telescope  by  the  screw  i,  has  rack 
teeth  on  its  circumference  that  receive  the  teeth  of  an  endless 
screw  w  which,  being  fixed  by  the  arms  xx  to  the  oblong  box 
inn,  gives  the  latter  a  motion  of  rotation  round  the  axis  of 
the  telescope ;  an  index  upon  this  box  points  out  on  the  gradu¬ 
ated  circle  gh  the  angular  rotation  of  the  instrument. 

The  English  micro¬ 
meter  still  retains  the 
essential  features  of 
Trough  ton’s  original 
construction  above 
described.  The  later 
English  artists  have 
somewhat  changed 
the  mode  of  communi¬ 
cating  motion  to  the 
slides,  by  attaching 
the  screws  perma¬ 
nently  to  the  micro¬ 
meter  head  and  tap¬ 
ping  each  micrometer 
screw  into  its  slide. 

Instead  of  making  the  shoulder  of  the  screw  a  flat  bearing 
surface,  they  have  given  the  screw  a  spherical  bearing  rest¬ 
ing  in  a  hollow  fone  (Fig.  4)  attached  to  the  end  of  the  box. 
The  French  artists  still  retain  Troughton’s  form.  Simms 
(Troughton’s  successor)  and  Cooke  (of  York),  for  symmetry 
and  more  effectual  elimination  of  “  the  loss  of  time  ”  (called 
by  the  Germans  “  todter  Gang,”  and  sometimes  in  English 
“  back-lash  ”),  have  provided  two  pins  with  spiral  springs, 
like  q  and  r  (Fig.  2),  one  on  each  side  of  the  screw  which 
moves  each  slide. 

Grubb  of  Dublin,  with  the  intention  of  avoiding  the 
variation  of  pressure  exerted  by  the  spiral  springs  when  the 
slide  is  at  different 
distances  from  the 
head  of  the  screw, 
has  adopted  the  fol¬ 
lowing  plan.  Where 
the  screw  enters 
the  slide  he  has  a 
nut  n  attached  to  a 
Strong  spring  pp 
(Fig.  5),  the  pres¬ 
sure  of  which  ex¬ 
erts  a  constant  ten¬ 
sion  in  the  axis  of 
the  screw,  tend¬ 
ing  to  bring  the 
threads  into  close 
contact,  in  oppos¬ 
ite  directions,  with 
their  bearings  in 
the  nut  n  and  the 
slide  q.  The  pres¬ 
sure  of  this  spring 
is  regulated  by  the 
screws  s,  s,  tapped 
into  the  thickened 
ends  of  the  springs. 

For  maintaining 
the  spherical  shoul¬ 
der  of  the  screw  in 
close  and  constant 
pressure  on  its  con¬ 
ical  bearing  he  has 
attached  a  conical 

bearing  to  the  Fig.  6. 

spring  p'  p'  (Fig. 


□ 


Q 


6).  The  pressure  of  this  on  the  upper  part  of  the  spherical 
shoulder  is  regulated  by  the  screws  s',  s',  passing  through 
elongated  holes  in  the  spring  p'  p',  and  tapped  into  the  end 
of  the  box. 

The  screws  of  micrometers  are  generally  made  with  50  or 
100  threads  to  the  inch.  Troughton’s  method  of  reading 
the  number  of  whole  revolutions  by  a  silver  scale  is  incon¬ 
venient,  because  xJ^th  or  even  ^th  of  an  inch  is  too  small 
a  quantity  to  read  easily  with  the  naked  eye,  especially 
with  the  faint  illumination  that  It  is  desirable  to  use  when 
measuring  faint  objects.  Different  methods,  including  the 
“  comb  ”  (see  below)  and  various  kinds  of  “  counters,”  have 
been  introduced  with  more  or  less  success;  but  recently  the 

Repsolds  of  Ham¬ 
burg  have  contrived 
a  plan  at  once  so 
Fig.  7.  simple  and  so  effi¬ 

cient  that  it  will  be 
unnecessary  to  de¬ 
scribe  those  methods 
which  this  plan  is 
certain  to  supersede 
Fig.  8.  (see  below,  type  D). 

Grubb  has  introduced 
a  modification  in  the  form  of  the  slides  with  a  view  to  avoid 
the  friction  of  one  slide  against  the  other.  On  the  inner 
side  of  the  brass  plate  which  forms  the  bottom  of  the  box 
(i.e.,  the  side  opposite  to  the  eye-piece)  four  V-shaped  fur¬ 
rows  are  placed  (Fig.  7) ;  and  at  each  end  of  the  slides  are 
projections  (Fig.  8,  end  view)  which  fit  into  these  furrows. 
The  slides  are  kept  down  in  their  places  by  springs  attached 
to  them,  which  press  upon  the  inner  side  of  the  lid  of  the 
box. 

Troughton’s  mode  of  giving  rotation  to  the  position  circle 
is  now  abandoned.  A  much  quicker  motion  in  position 
angle  than  can  be  obtained  without  slow  motion  is  often 
desirable,  since,  in  observing  very  close  double  stars,  the 
uncertainty  of  each  pointing  may  amount  to  several  degrees 
in  the  most  accurate  measurements.  The  plan  of  a  pinjon 
working  in  a  toothed  wheel  is  often  employed,  but  that  also 
is  too  slow.  Most  modern  micrometers  are  now  fitted  with 
a  clamp  and  slow  motion  screw  (see  Fig.  9,  type  B).  This 
permits  observation  of  position  angles  of  very  close  objects 
by  simple  rotation  of  the  box  with  the  hand ;  while  the 
slow  motion,  after  clamping,  permits  the  more  delicate 
movements  that  are  required  in  measuring  the  position 
angle  of  objects  farther  apart. 

The  Cookes  and  Grubb  have  for  years  almost  invariably 
transferred  the  position  circle  from  the  micrometer  to  the 
telescope  tube.  The  whole  eye-end  with  its  focussing 
arrangements  rotates,  and  its  rotation  can  be  measured  by 
a  circle  attached  to  the  butt-end  of  the  tube.  There  is  con¬ 
siderable  convenience  in  this  arrangement.  One  position 
circle  only  is  required  for  all  the  micrometers  that  may  be 
employed  with  the  instrument ;  and  the  orientation  of  re¬ 
ticulated  diaphragms,  or  the  adjustment  of  the  direction  of 
the  slit  of  a  spectroscope,  may  also  be  accomplished  by  the 
same  means.  But,  after  a  very  extended  experience  of  all 
the  various  types  of  existing  mountings,  the  present  writer 
does  not  hesitate  to  express  a  decided  preference  for  a  posi¬ 
tion  circle  attached  to  the  micrometer  and  a  rigid  attach¬ 
ment  of  the  eye-end  to  the  telescope  tube, — having  never 
seen  an  eye-end  attached  to  a  position  circle  on  the  butt-end 
of  the  telescope-tube  in  which,  after  the  wear  and  tear  of  a 
few  years,  some  looseness  or  shake  could  not  be  detected. 
This  is  a  fatal  fault,  especially  in  those  delicate  observations 
of  difference  of  declination  which  have  latterly  formed  so 
prominent  a  feature  in  refined  micrometric  research.  On 
the  other  hand,  in  some  good  old  micrometers  at  the  Royal 
Observatory,  Cape  of  Good  Hope,  that  are  fitted  with  at¬ 
tached  position  circles,  there  is  no  trace  of  shake  or  wear 
after  fifty  years  of  work. 

The  micrometer  of  type  B  represented  in  Fig.  91  is  the 
original  Merz  micrometer  of  the  Cape  Observa¬ 
tory,  made  on  Fraunhofer’s  model.  S  is  the 
head  of  the  micrometer  screw  proper,  s  that 
of  the  screw  moving  the  slide  to  which  the  so- 
called  “  fixed  web  ”  is  attached,  s'  that  of  a 
screw  which  moves  the  eye-piece  E.  C  is  the  clamp  and 
M  the  slow  motion  in  position  angle.  L,  L  are  tubes 
attached  to  a  larger  tube  N ;  the  latter  fits  loosely  on  a 
strong  hollow  cylinder  which  terminates  in  the  screw  V. 
By  this  screw  the  whole  apparatus  is  attached  to  the  tele¬ 
scope.  The  nozzles  of  small  lamps  are  inserted  in  the  tubes 
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1  When  it  is  remembered  that  the  measurements  of  the  Struves, 
Dembowski,  Secchi,  the  Bonds,  Maclear,  and  of  most  modern 
Continental  astronomers  have  been  made  with  Fraunhofer  or 
Merz  micrometers,  it  is  not  too  much  to  say  that  Fig.  9  represents 
the  instrument  with  which  three-fourths  of  the  astronomical 
measurements  of  the  last  fifty  years  have  been  made. 
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L,  L,  for  illuminating  the  webs  in  a  dark  field  ;  the  light 
from  these  lamps  is  admitted  through  apertures  in  the 
strong  hollow  cylinder  above  mentioned  (for  illumination 
see  below).  In  this  micrometer  the  three  slides  moved  by 
S,  s,  and  s'  are  simple  dovetails.  The  lowest  of  these  slides 
reposes  upon  a  foundation-plate  pp,  into  one  end  of  which  the 
screw  s  is  tapped.  In  the  middle  of  this  slide  a  stiffly  fit¬ 
ting  brass  disk  is  inserted,  to  which  a  small  turn-table  mo¬ 
tion  may  be  communicated  by  an  attached  arm,  acted  on 
by  two  fine  opposing  screws  accessible  to  the  astronomer ; 
and  by  their  means  the  “fixed  wire”  may  be  rendered 
strictly  parallel  with  the  movable  wire. 

The  micrometer  screw  is  mounted  on  the  slide  which 
carries  the  movable  web.  Fig.  10  shows  a  plan  of  this 
slide ;  the  divided  drum  of  the  screw  is  omitted  for  sake  of 
clearness.  The  screw  S  has  a  shoulder  at  *,  carefully  fitted 
and  ground  to  a  bearing  so  as  to  work  sweetly  in  a  hole  in 
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Fig.  9. 

the  very  strong  spring  a* ;  the  other  extremity  of  the  screw 
is  formed  into  a  pivot,  which  fits  a  hole  in  the  brass  piece 
PP-  The  end  of  this  pivot — hardened,  polished,  and  slightly 
rounded — rests  on  the  flat  surface  of  an  agate  a,  which  is 
imbedded  in  the  end  of  the  slide,  and  kept  firmly  in  its 
place  bv  the  brass  piece  pp.  By  careful  adjustment  of  the 
screws  6,  d  sufficient  pressure  may  be  left  upon  *•  to  slightly 
bend  the  strong  spring  aa  and  thus  eliminate  all  end-shake 
without  preventing  easy  action  of  the  screw.  The  screw 
passes  at  the  same  time  through  the 
bush  B  (shown  in  plan  and  eleva¬ 
tion,  Fig.  10)  attached  to  pp  (Fig.  9) ; 
and  there  is  a  fine  saw  cut,  which  can 
be  narrowed  by  the  small  screw  r,  to 
close  the  bush  upon  the  micrometer 
screw  with  a  view  of  preventing 
“  loss  of  time.”  The  spider  web  to  is 
cemented  on  the  further  side  of  the 
thin  plate  *►»,  the  varnish  being  ap¬ 
plied  in  the  countersunk  holes 
shown  by  the  dotted  circles  ft,  y.  The 
slide  is  countersunk  to  about  half 
its  thickness  within  the  area  indi¬ 
cated  by  oooo,  in  order  to  allow  the 
adapter  of  the  eye-piece  to  come 
sufficiently  close  to  the  webs.  The 
eye-piece  was  originally  moved  by  a 
pinion  working  in  a  rack  r  (Fig.  9) ; 
but  the  screw  s'  applied  by  Simms 
was  found  by  Maclear  to  be  more  con 


Fig.  10. 


venient  for  the  purpose.  Beyond  this,  and  the  graduation  of 
the  edge  of  the  circle  with  more  strongly  cut  divisions  than 
those  originally  engraved  on  the  face  of  the  circle,  the  in¬ 
strument  remains  and  is  figured  in  its  original  form.  Pis- 
tor  and  Martius  (Berlin)  have  also  made  excellent  instru¬ 
ments  of  the  above  type.  There  is  a  celebrated  micrometer 
of  their  make,  with  which,  in  the  hands  of  Brunnow  at  Dun- 
Dunsink  (Dublin),  some  of  the  most  perfect  and  re- 

microm-  hued  investigations  ever  made  in  practical  as- 
eter.  tronomy  have  been  executed.  In  this  microme¬ 

ter  the  screw  s  is  mounted  on  its  own  slide  and 
has  a  divided  head  precisely  like  the  screw  S  (Fig.  9).  The 
plate  pp  is  elongated  towards  s,  and  the  corresponding  bush 
B  is  attached  to  this  elongation.  The  screw  s'  is  shifted  to 
another  part  of  the  eye-piece  slide,  so  that  it  does  not  inter¬ 
fere  with  the  increased  diameter  of  the  screw  s.  Fraun¬ 
hofer’s  micrometer  in  this  form  belongs  to  type  A,  but  is 
quoted  under  type  B  for  convenience  of  description. 

It  is  not  necessary  to  give  a  figure  representing  type  C. 
fetich  micrometers  have  been  generally  constructed  on 
Broughton  s  type  (Figs.  1,  2,  3)  with  the  omission  of  one  of 
the  screws,  and  with  one  or  more  of  the  modifications 


described  in  detail  under  type  A.  Some  have  also  been 
made  similar  otherwise  to  the  Fraunhofer  construction,  by 
omitting  the  screw  s  with  its  corresponding  slide  and  at¬ 
taching  the  fixed  wire  to  a  circular  plate  in  pp. 

Good  instruments  have  been  made  on  type  C  by  Clark 
(Cambridge,  Massachusetts),  by  Steinheil  (Mu¬ 
nich),  and  by  the  great  French  artists  Secretan, 

Froment,  Brunner,  Eichens ;  and  good  work 
has  been  done  with  them.  But  it  is  necessary 
that  the  errors  of  the  screw  should  be  very 
carefully  determined,  since,  in  type  C,  such  errors  cannot 
be  eliminated  by  employing  different  parts  of  the  screw  to 
measure  the  same  angle.  There  is  a  noteworthy  descrip¬ 
tion  of  micrometer  that  forms  a  link  between  types  C  and 
D,  of  which  the  most  famous  example  (by  Clark /is  attached 
to  the  great  Washington  telescope.  It  is  essentially  a  mi¬ 
crometer  of  type  C,  with  a  slide  (or  fork)  and  a  screw  of 
the  English  form  of  construction.  But  the  instrument 
is  provided  with  a  screw  as  at  s  (Fig.  9),  which,  instead 
of  changing  the  position  of  the  fixed  wire,  moves  the 
whole  micrometer  box  in  the  direction  of  the  axis  of 
the  measuring  screw.  Thus  the  fixed  wire  can  be  set 
exactly  on  one  star  by  the  screw  s  while  the  other  star 
is  immediately  afterwards  bisected  by  the  movable 
wire,  and  that  without  disturbing  the  reading  for  coin¬ 
cidence  of  the  wires.  No  one,  unless  he  has  previously 
worked  without  such  an  arrangement,  can  fully  appre¬ 
ciate  the  advantage  of  bringing  up  a  star  to  bisection 
by  the  fixed  wire  by  moving  the  micrometer  box  with 
a  delicate  screw -motion,  instead  of  having  to  change 
the  direction  of  the  axis  of  a  huge  telescope  for  the 
same  purpose.  When  it  is  further  remembered  that 
the  earlier  telescopes  were  not  provided  with  the 
modern  slow  motions  in  right  ascension,  and  that  the 
Struves,  in  their  gigantic  labors  among  the  double  stars, 
used  to  complete  their  bisections  on  the  fixed  wire  by  a 
pressure  of  the  finger  on  the  side  of  the  tube,  one  is  puz¬ 
zled  whether  most  to  wonder  at  the  poor  adaptation  of 
means  to  ends  or  the  marvellous  patience  and  skill  which, 
with  such  means,  led  to  such  results.1  It  should  be  added 
that  Dawes  practically  adopted  a  modification  of  Clark’s  mi¬ 
crometer  by  using  a  slipping  piece,  and  bolting  one  of  the 
beads  of  his  micrometer  (Mem.  R.  A.  8.,  vol.  xxxv.  p.  139). 
His  slipping  piece  gave  motion  to  the  micrometer  by  two 
slides,  one  in  right  ascension  the  other  in  declination,  so 
that  “either  of  the  webs  can  be  placed  upon  either  of  the 
components  of  a  double  star  with  ease  and  certainty.” 

All  micrometers  used,  in  conjunction  with  a  microscope, 
for  reading  the  divisions  of  transit  circles,  heliometer  scales, 
etc.,  are  of  the  type  C.  The  reading  micrometer  is  shown 
in  Fig.  11.  C  is  the  objective,  D  the  micrometer  box,  E 
the  graduated  head  of  the  screw,  G  the  milled  head  by 
which  the  screw  cc  is  turned,  A  an  eye-piece  sliding  in  a 
tube  B,  aa  (Fig.  12)  the  slide,  and  b,  b  the  spiral  springs. 
The  focal  length  of  the  objective  and  the  distance  between 
the  optical  centre  of  the  lens  and  the  webs  are  so  arranged 
that  images  of  the  divisions  are  formed  in  the  plane  of  the 
webs,  and  the  pitch  of  the  screw  is  such  that  one  division 
of  the  scale  corresponds  with  some  whole  number  of  revolu¬ 
tions  of  the  screw. 

There  is  what  is  technically  called  a  “comb”  inserted  in 
the  micrometer  box  at  d  (Fig.  12),— its  upper  surface  being 


Fig.  11. 


Fig.  12. 


nearly  in  the  plane  of  the  wires.  This  comb  does  not  move 
with  reference  to  the  box,  and  serves  to  indicate  the  whole 
revolution  of  which  a  fraction  is  read  on  the  head.  In  Fig. 
12  a  division  is  represented  bisected  by  cross  webs,  and  five 

1  The  late  Professor  Watson  used  to  say,  quaintly  and  with 
truth,  “After  all,  the  best  part  of  the  micrometer  is  the  man  at 
the  small  end ! " 
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revolutions  of  the  screw  correspond  with  one  division  of 
the  scale.  In  all  modern  reading  micrometers  the  cross 
wehs  of  Fig.  12  are  replaced  by  parallel  webs  embracing 
the  division  (Fig.  13).  The  means  for  changing  the  length 
of  the  tube  and  the  distance  of  C  from  the  scale  are  omit¬ 
ted  in  the  figure.  These  appliances  are  required  if  the 
“run”  has  to  be  accurately  adjusted.  By  “run” 
is  meant  the  difference  between  the  intended  whole 
number  of  screw-revolutions  and  the  actual  meas¬ 
ure  of  the  space  between  two  adjacent  divisions  of 
the  scale  in  turns  of  the  screw  divided  by  the  num¬ 
ber  of  intended  revolutions.  In  delicate  researches 
two  divisions  of  the  scale  should  always  be  read,  „ 
not  merely  for  increased  accuracy  but  to  obtain  FlG'  13‘ 
the  corrections  for  “run”  from  the  observations  them¬ 
selves. 

Fig.  14  represents  an  important  type  of  reading  microm- 
eter  by  the  Repsolds.  Here  the  web-frame  is 
reading  mounted  on  the  screw  itself.  The  limiting 
micrometer.  P^ne  of  motion  is  at  p,  where  the  end  of  the 
micrometer  screw  bears  upon  the  hardened, 
flattened  end  of  the  screw  s,  and  is  kept  in  bearing  against 
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Fig.  14. 

this  plane  by  the  spiral  spring  q.  Rotation  of  the  wire¬ 
frame  is  prevented  by  the  small  stud  m  which  passes  through 
the  web-frame  and  projects  slightly  on  both  sides  of  it,  just 
barely  touching  the  inner  surfaces  of  the  top  and  bottom 
of  the  micrometer  box.  The  web-frame  thus  rests  solely 
on  the  screw  and  on  the  point  m,  and  therefore  follows  it 
absolutely  and  accurately. 

The  comparative  merits  of  the  various  micrometers  are 
discussed  by  Lord  Lindsay  and  Mr.  Gill  (Du- 
necht  Publications,  vol.  ii.  pp.  53-55,  1877).  If 
the  screw  of  the  Repsold  micrometer  is  bent,  so 
that,  for  example,  the  end  of  the  frame  next  the  screw-head 
is  raised  and  that  next  the  end  p  lowered,  a  twist  will  be 
given  to  the  web-frame,  and  the  centre  of  the  wire  will  be 
moved  nearer  to  the  micrometer  head  than  it  should  be, 
while  the  reverse  effect  will  follow  when  the  head  has  been 
turned  through  180°.  The  effect  of  a  similar  error  on  the 
other  micrometers  described  would  be  of  a  much  less  amount. 
They  are,  however,  liable  to  errors  of  another  character. 
If,  as  in  Troughton’s  original  micrometer,  the  shoulder  is 
square,  the  hole  in  the  end  of  the  box  may  be  left  sufficiently 
wide  to  allow  for  a  small  error  in  the  parallelism  of  the 
screw-matrix  with  the  motion  of  the  slide,  but  the  smallest 
bend  in  the  screw  causes  the  shoulder  no  longer  to  bear  flat, 
but  to  ride  on  its  edge,  thus  introducing  an  extremely  un¬ 
certain  form  of  error.  If  the  shoulder  is  spherical,  fitting 
into  a  hollow  cone  on  the  end  of  the  box,  as  in  the  microm¬ 
eters  of  Simms,  Cooke,  and  Grubb,  an  almost  inconceivable 
accuracy  of  construction  is  implied  in  drilling  the  matrix 
of  the  screw  in  the  slide  so  that  its  axis  and  that  of  the  cone 
shall  be  in  the  same  straight  line,  and  both  parallel  to  the 
motion  of  a  point  in  the  slide.  Any  departure  from  perfect 
accuracy  in  this  respect  has  the  effect  of  bringing  different 
portions  of  the  spherical  shoulder  to  bear  on  different  parts 
of  the  cone  for  different  revolutions,  and  introduces  errors 
of  a  character  by  no  means  easy  to  deal  with.  In  addition 
to  these  objections  there  always  is  the  greater  objection  of 
employing  as  a  delicate  contact-measuring  surface  one  that 
is  exposed  where  oil  is  used.  Dust  and  oil  will  arrange 
themselves  in  layers  of  variable  and  uncertain  thickness 
and  defeat  all  attempts  to  secure  absolutely  consistent  re¬ 
sults.  In  Repsold’s  micrometer  the  point  d’appui  is  a  small 
hardened  and  polished  bearing,  requiring  little  lubrication, 
and  perfectly  protected  from  dust ;  the  errors  of  the  screw 
(some  of  them  exaggerated,  certainly)  are  faithfully  repro¬ 
duced,  and  consequently  determinable,  and  beyond  this  the 
work  to  be  done  by  the  screw  is  reduced  to  a  minimum,— 
no  slide-friction  having  to  be  overcome.  If  we  are  to  regard 
as  the  most  perfect  instrument,  “  not  that  which  has  abso¬ 
lutely  the  smallest  errors,  but  that  which  reproduces  its 
errors  with  the  most  perfect  consistency,”  undoubtedly  Rep- 
sold’s  form  of  micrometer  is  best. 

In  order  to  avoid  the  exaggeration  of  the  screw-errors 


produced  by  the  non-symmetrical  position  of  the  screw  in 
Repsold’s  micrometer,  Stone,  in  December,  1879,  exhibited 
at  the  Royal  Astronomical  Society,  and  described  (Monthly 
Notices,  p.  270),  a  modification  of  Repsold’s  instrument. 
But,  both  in  his  statement  of  the  comparative  merits  of  the 
Troughton  and  Repsold  micrometers  and  in  the  new  form 
which  he  figures,  Stone  overlooks  a  strong  point  in  the  Rep¬ 
sold  form,  and  in  that  proposed  by  Lord  Lind¬ 
say  and  Gill  three  years  previously,1 — namely,  Llndsay- 
the  avoidance  of  all  friction  of  the  slide,  and  Gil1 
the  elimination  of  all  error  or  strain  that  may  e  er‘ 

occur  from  a  want  of  parallelism  in  the  axis  of  the  matrix 
and  the  motion  of  the  slide.  The  Lindsay-Gill  micrometer 
will  be  better  understood  from  the  following  description. 
In  Fig.  15  Ss  is  the  micrometer  screw ;  its  cylindrical  axis 
is  nicely  ground  to  fit  a  hole  r  n  the  side  of  the  box  at  a  ;  * 
the  same  axis,  but  ground  to  a  somewhat  smaller  cylinder, 
fits  neatly  but  smoothly  a  hole  in  the  web-frame  at  b.  A 
screw,  cut  on  the  same  axis,  is  tapped 
into  the  web-frame  at  s,  and  the  axis 
terminates  in  a  pivot  which  fits  a  hole 
in  a  brass  plate  cc.  The  end  of  the 
pivot — hardened  and  slightly  rounded 
— rests  on  a  flat  agate3  bearing  a, 
which  is  imbedded  in  the  plate  B,  and 
securely  held  in  situ  by  pressure  of  the 
plate  cc.  The  plate  B  is  firmly  at¬ 
tached  to  the  bottom  of  the  box.  q,  q 
are  spiral  springs  mounted  on  pins. 
Both  springs  and  pins  pass  freely 
through  the  web-frame  at  p,  p,  and 
the  pins  (but  not  the  springs)  pass 
freely  through  the  frame  at  n,  n* 
The  parallel  webs  for  observing  the 
division  (Fig.  13)  are  mounted  on  the 
forked  end  of  the  frame  at  ww. 

The  web-frame  is  narrower  and 
thinner  than  the  breadth  and  height 
of  the  interior  of  the  box,  and  is  only 
prevented  from  rotating  by  the  deli¬ 
cate  touch  of  the  projecting  ends  of 
the  pin  m  on  the  inner  surfaces  of  the 
top  and  bottom  of  the  box.  It  ap¬ 
pears  that  a  frame  so  mounted  fulfils 
all  theoretical  conditions  of  accuracy. 
It  is  perfectly  free  to  follow  the  mo- 
Fig.  15.  tion  of  the  screw  and  accurately  to 

reproduce  its  errors,  notwithstanding 
any  reasonable  faults  of  workmanship ;  and  no  permissible 


Fig.  16. 


P- '  . 

2  There  would  be  some  advantage  in  allowing  the  screw’s  axis 
to  pass  with  a  little  shake  through  the  hole  in  the  end  of  the 
box  at  a,  and  then,  extending  the  length  of  the  larger  .cylinder, 
transfer  the  bearing  from  a  to  a  well-fitting  hole  in  a  piece  fixed 
like  B  to  the  bottom  of  the  box.  This  form  would  also  give  some 
facilities  of  construction,  and  all  the  oiled  surfaces  would  be  per¬ 
fectly  protected. 

3  Sapphire  is  better;  the  agate  bearing  of  such  a  screw  has  been 
found  very  sensibly  worn. 

*  If  it  is  desired  to  prevent  possible  contact  of  these  pins  with 
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shake  or  fouling  of  the  bearing  at  a  can  produce  sensible 
error  in  the  distance  between  the  bearing  surface  of  the 
agate  plane  and  the  spider  webs.  The  motion  is  produced 
with  the  minimum  of  friction  ;  and  the  “  feel  ”  of  the  screw 
is  therefore  as  delicate  and  perfect  as  it  is  possible  to  make  it. 

The  micrometer  of  type  D  shown  in  Fig.  16  has  recently 
been  made  by  the  Repsolds  for  the  Cape  Obser- 
Repsold's  vatory.  As  this  instrument  combines  all  their 
microme  er.  mosj.  recent  modifications,  we  describe  it  in 
detail.  Fig.  17  represents  the  same  micrometer  with  the 
upper  side  of  the  box  removed.  The  letters  in  the  descrip¬ 
tion  refer  to  both  figures. 

S  is  the  head  of  the  micrometer  screw,  s  that  of  the  screw 
by  which  the  micrometer  box  is  moved  relative  to  the  plate 
/(Fig.  16),  s'  that  of  the  screw  which  moves  the  eye-piece 
slide.  K  is  the  clamp  in  position  angle,  P  the  slow  motion 
screw  in  position  angle ;  pp  is  the  position  circle ;  R,  R,  its 
two  readers.  The  latter  are  in  fact  little  microscopes  car¬ 
rying  a  vernier  etched  on  glass,  in  lieu  of  a  filar  micrometer. 
These  verniers  can  be  read  to  V,  and  estimated  to  0.2'.  D 
is  the  drum-head  which  gives  the  fraction  of  a  revolution, 
d  that  which  gives  the  whole  number  of  revolutions,  I  is 
the  index  or  pointer  at  which  both  drums  are  read.  This 
index  is  shown  in  Fig.  17,  but  only  its  mode  of  attachment 
(X,  Fig.  17)  in  Fig.  16.  The  teeth  of  the  pinion  z  (Fig.  17) 
are  cut  on  the  axis  of  the  micrometer  screw.  The  drum  d 
and  its  attached  tooth-wheel  are  ground  to  turn  smoothly 
on  the  axis  of  the  screw.  The  pinion  s  and  the  toothed 
wheel  d  are  connected  by  an  intermediate  wheel  and 
pinion  Y ;  the  numbers  of  teeth  in  the  wheels  and  pinions 
are  so  proportioned  that  twenty-four  revolutions  of  the 
micrometer  screw  produce  one  revolution  of  the  drum  and 
wheel  d.  (This  is  the  description  of  Repsold’s  counter  re¬ 
ferred  to  under  type  A.)  The  divisions  of  both  drums 
are  conveniently  read,  simultaneously,  by  the  lens  e;  at 
night  the  lamp  which  illuminates  the  webs  and  the  position 
circle  also  illuminates  the  drum-heads  (see  on  illumination 
below),  aaaa  is  the  web-frame  (Fig.  17),  /3y  is  a  single  rod 
consisting  of  two  cylinders  accurately  fitting  in  the  ends 


Fig.  17. 

of  the  micrometer  box,  the  larger  cylinder  being  at  fi.  There 
is  a  hole  in  the  web-frame  which,  smoothly  fits  the  larger 
cylinder  at/3',  and  another  which  similarly  fits  the  smaller 
cylinder  at  y'.  A  spiral  spring,  coiled  round  the  cylinder  y, 
resting  one  end  on  the  shoulder  formed  by  the  difference  of 
the  diameters  of  the  cylinders  p  and  y  and  the  other  on  the 
inside  of  the  web-frame,  presses  the  latter  continuously 
towards  y.  Contact  of  the  web-frame  of  the  micrometer 
with  the  side  of  the  box  at  y  would  therefore  take  place, 
were  it  not  for  the  micrometer  screw.  This  screw  fits  neatly 
in  the  end  of  the  box  at  c,  passes  loosely  through  the  web- 
frame  at  t' ,  is  tapped  into  the  frame  at  and  its  end  rests 
on  a  flat  hardened  surface  at  ?.  Rotation  of  the  web-frame 
about  py  is  prevented  by  the  heads  of  the  screws  at  m ;  the 
head  of  the  screw  on  the  lower  side  of  the  frame  reposes  on 
the  plane  w,  that  on  the  upper  side  (Fig.  17)  touches  lightly 

the  frame,  the  ends  of  the  pins  may  be  made  to  enter  guiding- 
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on  the  inner  surface  Of  the  lid  of  the  box.  Such  rotation  can 
obviously  be  controlled  within  limits  that  need  not  be 
further  considered.  But  freedom  of  rotation  in  the  plane  of 
the  paper  (Fig.  17)  is  only  prevented  by  good  fitting  of  the 
holes  p',  y' ;  and,  since  the  weight  of  the  slide  is  on  one  side 
of  the  screw,  misfit  here  will  have  the  effect  of  changing 
the  reading  for  coincidence  of  the  movable  with  the  fixed 
web  in  reverse  positions  of  the  micrometer.  With  the  Cape 
micrometer  a  systematic  difference  has  been  found  in  the 
coincidence  point  for  head  above  and  head  below  amount¬ 
ing  to  0.14."  This  corresponds,  in  the  Cape  instrument,  with 
an  excess  of  the  diameters  of  the  holes  over  those  of  the 
cylinders  of  about  ^farffth  °f  an  inch,— a  quantity  so  small 
as  to  imply  good  workmanship,  though  it  involves  a  sys¬ 
tematic  error  which  is  very  much  larger  than  the  probable 
error  of  a  single  determination  of  the  coincidence  point. 
The  obvious  remedy  is  to  make  all  measures  on  opposite 
sides  of  the  fixed  web  before  reversing  in  position  angle, — 
a  precaution,  however,  which  no  careful  observer  would 
neglect.  In  measuring  differences  of  declination,  where  the 
stars  are  brought  up  by  the  diurnal  motion,  this  precaution 
cannot  be  adopted,  because  it  is  necessary  always  to  bisect 
the  preceding  star  with  the  fixed  web.  But  in  Ad  measures 
index  error  can  always  be  eliminated  by  bisecting  both  stars 
with  the  same  web  (or  different  webs  of  known  interval 
fixed  on  the  same  frame),  and  not  employing  the  fixed  web 
at  all.  Had  the  spring  q  been  placed  as  in  Fig.  14,  and  the 
cylinders  p  and  y  been  made  to  bear  like  the  pivots  of  a 
transit  on  segmental  bearings  in  the  frame  at  p'  and  y',  it 
is  probable  that  the  difference  in  coincidence  points  would 
not  have  existed.  Such  a  modification  appears  advisable, 
unless  this  construction,  by  leaving  the  end  m  less  free, 
should  make  the  “  feel  ”  of  the  screw  less  sweet  and  perfect. 
The  discordance  in  zero  when  known  to  exist  is  really  of 
no  consequence,  because  the  observations  can  be  so  arranged 
as  to  eliminate  it. 

The  box  is  mounted  on  a  strong  hollow  steel  cylinder 
CC  (Fig.  17)  by  holes  s,  0  in  the  ends  of  the  box,  which  fit 
the  cylinder  closely  and  smoothly.  The  cylinder  is  rigidly 
fixed  in  the  studs  C,  C,  and  these  are  attached  to  the 
foundation  plate  /.  The  cylinder  contains  towards  n  a 
sliding  rod,  and  towards  0  a  compressed  spiral  spring. 
There  is  thus  a  thrust  outwards  of  the  spring  upon  the 
hollow  cap  W  (attached  outside  the  box),  and  a  thrust 
of  the  rod  upon  the  end  of  the  screw  s.  The  position  of 
the  box  relative  to  the  plate  /,  in  the  direction  of  mea¬ 
surement,  depends  therefore  on  the  distance  between  the 
end  of  the  screw  s  and  the  fixed  stud  C.  A  screwing  in 
of  8  thus  causes  the  box  to  move  to  the  left,  and  vice 
versa.  Rotation  of  the  box  round  CC  is  prevented  by 
downward  pressure  of  the  spring  Z  on  a  projection  at¬ 
tached  to  the  side  of  the  box.  The  amount  of  this  pres¬ 
sure  is  regulated  by  the  screw  z'. 

The  short  screw  whose  divided  milled  head  is  a  shifts 
the  zero  of  the  micrometer  by  pushing,  without  turn¬ 
ing,  the  short  sliding  rod  whose  flat  end  forms  the  point 
d’appui  of  the  micrometer  screw  at  ?.  The  pitch  of  the 
screw  <r  is  the  same  as  that  of  the  measuring  screw  (50 
threads  to  the  inch),  and  its  motion  can  be  limited  by  a 
stop  to  half  a  revolution. 

The  five  fixed  webs  are  attached  to  the  table  rr,  which 
is  secured  to  the  bottom  of  the  box  by  the  screws  p.  The 
three  movable  webs  are  attached  to  the  projections  AX 
on  the  frame  aa.  The  plane  surfaces  rr  and  XX  are  com¬ 
posed  of  a  bronze  of  very  close  texture,  which  appears 
capable  of  receiving  a  finish  having  almost  the  truth 
and  polish  of  an  optical  surface.  It  seems  also  to  take  a 
very  clean  V  cut,  as  the  webs  can  be  laid  in  their  furrows 
with  an  astonishing  ease  and  precision.  These  furrows 
have  apparently  been  cut  in  situ  with  a  very  accurate 
engine ;  for  not  the  slightest  departure  from  parallelism 
can  be  detected  in  any  of  the  movable  webs  rela¬ 
tive  to  the  fixed  webs.  Extraordinary  care  has  evi¬ 
dently  been  bestowed  in  adjusting  the  parallelism  and 
distance  of  the  planes  r  and  X,  so  that  the  movable  wires 
shall  almost,  but  not  quite,  touch  the  surface  r.  The 
varnish  to  fix  the  webs  is  applied,  not  on  the  surface  r  as  is 
usual,  but  on  a  bevel  for  the  purpose,1  the  position  of  the 
webs  depending  on  their  tension  to  keep  them  in  their  fur¬ 
rows.  The  result  is  that  no  trace  of  “  fiddling  ”  exists,  and 
the  movable  and  fixed  webs  come  sharply  together  in  focus 
with  the  highest  powers.  Under  such  powers  the  webs  can 
be  brought  into  apparent  contact  with  such  precision  and 
delicacy  that  the  uncertainty  of  measurement  seems  to  lie 
as  much  in  the  estimation  of  the  fraction  of  the  division  of 
the  head  as  in  the  accuracy  of  the  contact.  It  is  a  con¬ 
venient  feature  in  Repsold’s  micrometer  that  the  webs  are 
very  near  the  inner  surface  of  the  top  of  the  hox,  so  that 

l  The  marks  of  varnish  so  applied  will  be  seen  in  Fig.  17. 
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the  eye  is  not  brought  inconveniently  close  to  the  plate 
when  high  powers  are  used. 

Micrometers  of  the  type  E  have  been  invented  by  Alvan 
Clark  and  Grubb.  Clark’s  micrometer  was 
crometer  exhibited  at  the  June  meeting  of  the  Royal 
for  large  Astronomical  Society  in  1859  ( Monthly  Notices 
angles.  R.A.S.,  vol.  xix.).  It  is  capable  of  measuring 
angles  up  to  about  one  degree.  It  is  “  furnished 
with  two  e /e-pieces,  composed  of  small  single  lenses,  mount¬ 
ed  in  separate  frames,  which  slide  in  a  groove  and  can  be 
separated  to  the  required  distance.  A  frame  carrying  two 
parallel  spider  lines,  each  mounted  separately  with  its  own 
micrometer  screw,  slides  in  a  dovetailed  groove  in  front  of 
the  eye-pieces,  and  by  a  free  motion  in  this  frame  each  web 
can  be  brought  opposite  its  own  eye-lens.  In  using  this 
micrometer,  the  first  step  is  to  set  the  position-vernier  to 
the  approximate  position  of  the  objects  to  be  measured. 
Then  the  eye-lenses  are  separated  till  each  is  opposite  its 
own  object.  The  frame  containing  the  webs  and  their  mi¬ 
crometer  screws  is  then  slid  into  its  place ;  and  the  webs, 
having  been  separated  nearly  to  their  proper  distance  by 
their  free  motion  in  the  frame,  are  placed  precisely  on  the 
objects  by  their  fine  screws,  the  observer’s  eye  being  carried 
rapidly  from  one  eye-lens  to  the  other  a  few  times,  till  he 
is  satisfied  of  the  bisection  of  each  of  the  objects  by  its  own 
web.  The  frame  is  then  removed  for  reading  off  the  meas¬ 
ure  by  means  of  an  achromatic  microscope,  on  the  stage  of 
which  it  is  placed.”  The  advantages  which  Clark  claims 
are  these : 

“  1.  Distances  can  be  observed  with  great  accuracy  up  to 
about  one  degree,  and  the  angles  of  position  also. 

“  2.  The  webs,  being  in  the  same  plane,  are  perfectly  free 
from  parallax,  and  are  both  equally  distinct,  however  high 
the  magnifying  power  may  be. 

“  3.  The  webs  are  also  free  from  distortion  and  from 
color. 

“4.  A  different  magnifying  power  may  be  used  on  each 
of  the  objects, — which  may  be  advantageous  in  comparing 
a  faint  comet  with  a  star.” 

It  appears  to  us  that  the  method  of  removing  a  slide  in 
order  to  measure  the  interval  between  the  webs  is  liable  to 
objection,  not  only  because  of  the  risk  to  the  webs,  but  be¬ 
cause  the  taking  of  measurements  of  such  a  different  char¬ 
acter  with  a  different  instrument  is  inconvenient  and 
troublesome.  It  is  true  that  the  intervals  between  the 
webs  could  be  measured  by  an  assistant,  and  two  or  more 
different  slides  be  employed  to  save  time  ;  but  astronomers 
will  probably  generally  prefer  the  method  introduced  by 
Grubb  described  below.  It  is  understood  that  Clark  has 
since  improved  this  instrument  by  an  ingenious  arrange¬ 
ment  of  prisms,  which  permits  both  webs,  even  though  sep¬ 
arated  one  degree  in  a  large  telescope,  to  be  seen  in  the 
same  eye-piece.  The  arrangement  is  not  described,  and  is 
said  to  be,  as  yet,  somewhat  troublesome  to  arrange  pre¬ 
vious  to  measurement,  though  when  arranged  it  gives  very 
good  results. 

Grubb  ( Scientific  Proceedings  of  Royal  Dublin  Society)  thus 
describes  what  he  calls  his  “duplex  micro- 
Grubb’s  meter,”  shown  in  perspective  in  Fig.  18:  “A 
crometer11"  Plate  °f  glass  about  2i  inches  square  is  ruled 
with  twenty -one  lines  in  one  direction  ^th  inch 
apart,  and  two  lines  in  the  other  direction  2  inches  apart. 
The  extreme  lines  of  the  set  therefore  form  a  perfect  square 
of  two  inches.  These  lines  are  ruled  with  exceeding  ac¬ 
curacy  and  care,  but  provision  is  left  for  ascertaining  any 
errors  that  remain  either  as  to  distance  or  want  of  perfect 
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squareness.  Along  one  side  of  the  square  is  mounted  a 
micrometer  frame  in  the  ordinary  way,  actuated  by  a  screw 
of  one  hundred  threads  to  the  inch.  This  micrometer  frame 
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carries  eleven  lines  corresponding  exactly  to  each  alternate 
line  in  the  glass  reticule,  so  that  when  the  first  spider  line 
is  made  coincident  with  the  first  diamond  line  on  the  glass 
the  last  spider  line  will  be  coincident  with  the  last  line  on 
the  glass,  and  each  of  the  spider  lines  will  be  coincident 
with  all  the  odd  numbers  of  diamond  lines,  1,  3,  5,  7,  9,  11, 
13, 15,  17,  19,  21.  Over  this  glass  plate  is  placed  a  brass  cap 
in  which  two  eye-pieces  are  mounted,  one  sliding  in  a 
groove  at  right  angles  to  the  other,— so  that,  while  one  has 
its  journey  backwards  and  forwards  on  the  horizontal  line, 
the  other  has  its  journey  on  the  vertical  line,  according  to 
how  the  cap  is  placed,  for  this  cap  is  capable  of  rotation  to 
meet  various  circumstances. 

“  How  to  Lse  the  Instrument. — 1.  The  two  stars  are  brought 
on  the  horizontal  line,  and  the  distance  measured  from 
centre  to  centre  along  that  line.  This  distance  is  measured 
by  counting  the  number  of  spaces  on  the  glass,  adding  the 
residue  as  measured  by  the  micrometer  screw.  Thus  the 
screw  is  never  used  for  larger  measures  than  -j^th  inch,  and 
therefore  errors  of  screw  and  temperature  errors  are  much 
reduced.  In  bisecting,  one  star  is  brought  into  the  field  of 
one  eye-piece,  and  a  bisection  is  made  with  one  of  the 
diamond  lines  by  moving  the  micrometer  by  one  or  other 
of  its  slipping  piece  screws.  Then  the  other  eye-piece  is 
moved  till  the  second  star  is  seen,  and  a  bisection  is  made 
with  the  nearest  spider  line  by  moving  the  micrometer 
head.  Then  the  eye  can  be  moved  back  to  the  first  eye¬ 
piece,  and  the  bisection  checked,  and  again  back  to  the 
other  eye-piece.  When  it  is  seen  that  both  are  satisfactory 
the  measure  can  be  read  off.  2.  The  micrometer  is  turned 
round  till  the  horizontal  line  becomes  parallel  to  the  path 
of  apparent  motion  of  the  star.  This  is  easily  found  by 
stopping  the  clock  and  allowing  the  star  to  run  along  the 
horizontal  wire.  Now  the  other  star  will  be  found  to  cross 
the  vertical  line  somewhere,  while  the  first  star  is  on  the 
horizontal  line.  This  second  star  is  then  bisected  on  the 
vertical  line,  while  the  first  star  is  bisected  by  one  of  the 
spider  lines ;  thus  the  difference  in  right  ascension  is  found. 
We  then  have  two  sides  of  a  right-angled  triangle  and  of 
course  all  the  elements  are  known. 

“To  Ascertain  the  Errors  {if  any)  of  the  Distance  of  the  Lines. 
— Of  course,  the  usual  plan  of  taking  transits  can  be  adopted, 
and  to  ascertain  if  the  lines  be  perfectly  at  right  angles  a 
special  additional  eye-piece  is  provided,  so  that  transits  can 
be  taken  across  each  diagonal  of  the  square.” 

This  instrument  has  great  advantage  over  Clark’s  in  ease 
of  adjustment  and  use,  and  has  done  good  work  at  the  Uni¬ 
versity  Observatory,  Oxford  {Mem.  R.  A.  S.,  vol.  xlvii.  pp. 
5-12).  Professor  Pritchard  claims  too  much  when  he  esti¬ 
mates  its  work  as  equal  in  accuracy  with  that  of  the  helio¬ 
meter — at  least  the  published  results  do  not  confirm  such  a 
view.  But  it  is  a  very  valuable  instrument  for  measuring 
objects  too  faint  for  the  limited  aperture  of  most  helio¬ 
meters,  and  which  at  the  same  time  are  farther  apart  than 
the  field  of  view  of  an  ordinary  eye-piece. 

The  accuracy  of  the  duplex  micrometer  would  be  very 
greatly  increased  if  Clark’s  idea  (above  mentioned)  of  view¬ 
ing  both  widely  separated  webs  in  one  eye-piece  of  high 
power  could  be  reduced  to  a  convenient  practical  form. 

Method  of  Webbing  the  Filar  Micrometer. 

The  webbing  of  a  micrometer  is  a  process  that  should  bo 
familiar  to  all  practical  astronomers.  English  opticians 
usually  proceed  as  follows.  A  spider  (the  variety  is  marked 
by  a  cross  on  the  back,  and  is  found  in  English  gardens 
about  decayed  wood )  is  caught,  and  placed  on  a  wire  fork. 
The  insect  immediately  attaches  a  web  to  the  wire  and 
begins  to  lower  itself  by  a  web  to  the  ground.  This  web  is 
wound  up  on  the  fork  till  ten  or  twelve  turns,  separated  by 
a  convenient  space,  have  been  secured.  A  brush  with  var¬ 
nish  is  then  passed  along  the  prongs;  the  webs  are  thus 
securely  fixed  to  the  fork.  The  parallel  prongs  of  the  fork 
must  be  sufficiently  far  apart  to  allow  the  web-frame  of 
the  micrometer  to  pass  between  them.  The  frame  to  be 
webbed  is  placed  on  a  fiat  dull  black  surface  between  the 
prongs  of  the  fork,  the  latter  being  carefully  arranged  so 
that  one  of  the  webs  lies  nearly  in  the  furrow  ruled  in  the 
frame  for  its  reception.  As  the  web-frame  is  generally 
thicker  than  the  fork,  the  web  will  now  be  stretched 
across  the  former,  with  ti  certain  amount  of  tension,  and  is 
brought  into  the  furrow  with  a  finely  pointed  piece  of  soft 
wood.  If  the  surface  of  the  frame  is  well  polished,  and  the 
furrows  sharply  cut,  Without  “burr,”  the  web  should  leap 
sharply  and  decidedly  into  its  place.  Each  end  of  the  web 
is  then  secured  by  a  drop  of  shellac  varnish,  which  should 
be  allowed  to  harden  thoroughly  before  the  frame  is  touched. 
The  webs  can  be  very  readily  §o  handled  against  a  black 
background,  with  the  aid  of  a  hand  lens  of  2  or  3  inches 
focus.  In  experienced  hands  this  method  gives  good  re- 
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suits,  but  the  following,  which  is  generally  followed  on  the 
Continent,  is  preferable. 

A  web,  about  2  inches  longer  than  the  width  of  the  frame, 
is  unwound  from  a  cocoon,1  and  small  pieces  of  lead  are  at¬ 
tached  to  its  extremities  by  beeswax.  One  end  of  the  web, 
with  its  attached  lead,  is  laid  on  a  piece  of  cork  floating  in 
a  tumbler  of  water ;  the  other  end  is  allowed  to  hang  down 
in  the  water,  where  it  becomes  thoroughly  saturated  and 
untwisted.  It  is  then  laid  across  the  fork,  and  dropped  into 
its  furrows  in  the  manner  above  described,  the  little  lead 
weights  exerting  a  definite  tension.  Varnish2  is  immedi¬ 
ately  applied  to  secure  the  webs,  and  the  frame  is  not 
touched  till  it  is  dry. 

The  bevel-edge  of  the  web-frame  introduced  by  Eepsold 
(type  D)  offers  great  facilities  for  accurate  webbing,  and 
should  be  employed  in  all  future  micrometers. 

Illumination  of  Micrometers. 

When  micrometer  observations  are  made  by  night  it  is 
necessary  to  have  some  mode  of  rendering  the  webs  visible, 
— either  by  rays  of  light  at  right  angles  to  the  axis  illumin¬ 
ating  the  webs,  or  by  rays  nearly  coincident  with  the  axis 
of  the  telescope.  In  the  former  case  we  get  bright  webs  in 
a  dark  field,  in  the  latter  dark  webs  on  a  bright  field. 

In  the  older  telescopes  bright  web  illumination  is  pro¬ 
duced  by  small  lamps  with  nozzles  that  enter  the  tubes 
L,  L  (Fig.  9).  The  illumination  is  regulated  in  color  and 
intensity  by  wedges  of  colored  or  darkened  glass  passing 
through  slides  in  the  nozzles.  But  it  is  inconvenient  to 
have  lamps  so  near  the  observer’s  eye,  and  it  is  at  least  very 
difficult  to  obtain  a  perfectly  dark  field  when  the  wires  are 
illuminated  in  this  way. 

The  Clarks,  in  their  micrometer  of  the  great  Washington 
telescope,  have  made  the  end  of  box  T  (Fig.  15)  transparent, 
and  light  is  thrown  on  the  webs  from  a  lamp  held  by  an 
assistant.  Holden  has  very  recently  applied  a  lamp  in¬ 
geniously  hung  so  as  to  preserve  its  verticality  and  the  con¬ 
stant  direction  of  its  light  in  a  similar  way,  adding  a  plain 
silvered  mirror  inside  the  box  and  opposite  the  lamp,  so  as 
to  illuminate  the  webs  symmetrically.  In  the  Clarks’  and 
Holden’s  methods  it  is  only  the  webs  at  right  angles  to  the 
screw  that  are  illuminated. 

For  illumination  of  the  field,  in  very  old  telescopes,  light 
was  thrown  on  a  small  ivory  reflector  fixed  outside  the 
object-glass  in  the  axis  of  the  telescope  by  an  arm  fitting  on 
the  cell  of  the  lens.  This  involved  the  aid  of  an  assistant 
to  direct  lamp¬ 
light  on  the  ivory 
reflector,  or  the 
very  frequent 
change  of  a  lamp 
support.  After¬ 
wards  the  light 
from  an  attached 
lamp  was  intro¬ 
duced  through  a 
hole  in  the  tele- 
scope-tube  and 
thrown  upon  an 
elliptical  plane 
(generally  dull- 
gilt)  having  its 
centre  part  cut 
away  sufficiently 
to  avoid  inter¬ 
ruption  of  the 
cone  of  rays  from  the  object-glass.  Many  ingenious  modes 
of  suspending  the  lamp  have  been  invented  for  the  purpose 
of  securing  a  constant  direction  of  its  light  coupled  with 
verticality  of  the  lamp.  One  of  the  best  of  these,  due  to 
Cooke,  is  shown  in  Fig.  19.  L  is  the  lamp,  P  a  prism  to  re¬ 
flect  its  light  into  the  tube,  D  a  disk  to  regulate  the  quan¬ 
tity  of  light,  B  a  disk  with  glasses  to  regulate  the  color  of 
the  light,  S  a  spring  to  clamp  the  disks,  C  the  counterpoise 
of  the  lamp,  G  a  poise  to  preserve  the  horizontality  of  the 
axis  CL.  But  astronomers  owe  to  the  genius  of  Grubb  the 
introduction  of  a  more  efficient  and  convenient  system, 
viz.,  the  performance  ot  all  necessary  illumination  of  an 
astronomical  telescope  by  a  single  lamp,  and  the  perfect 
control  of  the  illumination  of  the  field  or  webs,  and  the 

# 

1  It  is  asserted  that  webs  from  cocoons  are  more  elastic,  better 
shaped,  and  more  durable  than  those  obtained  during  an  effort 
of  the  insect  to  escape.  The  best  webs  we  have  seen  were  from 
a  cocoon  obtained  in  Holland,  but  we  have  been  unable  to  ascer¬ 
tain  the  name  of  the  variety  of  spider. 

2  Argelander  used  to  apply  two  drops  of  varnish  at  each  end  of 
his  webs.  He  first  fixed  each  extremity  by  a  drop  of  shellac 
varnish,  and  after  that  had  dried  he  applied  a  drop  of  copal 
varnish  nearer  the  centre  of  the  frame;  the  latter  took  a  long 
time  to  harden,  but  gave  ultimately  a  much  stronger  attachment. 


regulation  of  these  as  to  intensity  or  color  by  simple  motions 
from  the  eye-end.  It  is  impossible  to  speak  too  highly  of 
Grubb’s  efforts  in  this  direction ;  he  has  broken  the  ground 
in  this  department  of  astronomical  engineering,  and  ren¬ 
dered  the  working  of  so  huge  an  instrument  as  the  Vienna 
telescope  of  27  inches  aperture  not  only  convenient,  but 
easier  for  a  single  observer  than  that  of  a  very  small  tele¬ 
scope  of  the  older  constructions. 

But  in  the  illumination  of  the  field  wires  and  scales  of  a 
micrometer  Grubb’s  original  method  has  recently  been  sur¬ 
passed  by  one  which  is  due  to  the  Repsolds.  We  shall 
therefore  describe  the  latter. 

Fig.  20  represents  the  eye-end  of  a  telescope.  The  reader 
will  recognize  the  micrometer  (Figs.  16  and  17)  previously 

described.  L  is  a  paraffin 
lamp  fitting  by  a  bayonet 
joint  into  a  copper  cover 
e.  This  effectually  de¬ 
fends  its  glass  chimney 
against  accident,  and  pro¬ 
tects  the  lamp  from  wind. 
The  simple  means  by 
which  this  lamp  is  made 
to  preserve  its  verticality 
in  all  positions  of  the  tele¬ 
scope  is  evident  from  the 
figure.  By  this  lamp  alone 
the  bright  wire  or  bright 
field  illumination  is  given 
at  pleasure,  and  with  any 
desired  intensity,  simply 
by  movement  of  the  small 
pin  p. 

The  position  circle  and 
the  head  of  the  microm¬ 
eter  are  also  illuminat¬ 
ed,  as  well  as  the  declina¬ 
tion  circle,  by  the  same 
lamp.  AB  is  a  cylindrical 
box,  ending  in  a  truncated 
cone  towards  A.  It  is 
shown,  mid-section,  in  a 
plane  passing  through  the 
telescope  axis,  in  Fig.  21, 
where  all  details  unneces¬ 
sary  to  the  explanation  of 
the  illumination  are  omit¬ 
ted,  and  proportion  of 
parts  is  sacrificed  to  clear¬ 
ness.  P  is  a  prism  (Fig. 
21)  that  rotates  with  the 
lamp  and  reflects  its  light  into  AB.  The  flame  of  the  lamp  is 
in  the  focus  of  the  lens  U,  so  that  the  rays  become  parallel 
after  passing  through  it.  There  is  a  sliding  motion  to  per¬ 
fect  this  adjustment.  There  is  a  well-polished  flat  annular 
reflector  of  speculum  metal  rr  (Fig.  21),  which  reflects  light 
upon  the  double  mirror  M  (Fig.  20),  whence  it  is  diverted  to 
the  two  opposite  points  on  the  declination  circle  that  are 
read  by  micrometer  microscopes  from  the  eye-end  (the 
latter  are  omitted  for  the  sake  of  clearness). 


The  little  handle  at  p’  and  the  dotted  lines  p'z  represent 
an  iris-diaphragm,  very  ingeniously  constructed,  mounted 
on  a  plate  of  transparent  glass.  There  is  a  flat  ring  of  brass, 
carrying  four  pins,  which  is  turned  by  the  handle  p',  in  a 
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plane  at  right  angles  to  Pn.  These  pins  work  in  spiral  slots 
cut  in  four  slides.  Thus  rotation  of  the  ring  causes  the  four 
slides  to  approach  or  recede  from  a  centre.  When  the  han¬ 
dle  p'  is  in  the  middle  of  its  range,  the  slides  together  form 
a  disk  as  large  as  the  hole  in  the  diaphragm  dd,  and  thus 
prevent  all  light  from  entering  the  telescope  tube.  When 
p'  is  pushed  to  one  side  of  its  range  the  slides  move  out¬ 
wards  leaving  a  square  opening  in  the  centre  so  that  the 
light  falls  on  the  prism  n,  whence  it  is  diverted  to  a  silvered 
reflector  cemented  on  the  middle  of  the  inner  surface  of  the 
object-glass,  and  is  then  reflected  back  along  the  axis  of  the 
telescope  to  illuminate  the  field  at  w.  When  p'  is  pushed  to 
the  other  side  of  its  range  the  slides  approach  and  overlap 
at  the  centre,  excluding  light  from  n  and  allowing  it  to  fall 
upon  the  reflector  s  instead.  From  s  the  light  is  thrown 
upon  the  webs  to,  to  by  reflection  from  a  white  papier  mache 
surface  laid  on  the  inside  of  a  thin  hollow  brass  truncated 
cone  xx.  The  edge  of  this  cone  forms  the  circle  seen  within 
rr  in  Fig.  17.  All  stray  light  is  prevented  by  the  light-guard 
tube  mm,  which  is  attached  to  and  moves  with  the  rotating 
part  of  the  micrometer.  The  result  is  to  produce  a  sym¬ 
metrical  illumination  of  the  whole  system  of  webs  in  a  per¬ 
fectly  dark  field.  It  is  also  obvious  that  by  placing  p'  at  an 
intermediate  position  between  the  centre  and  the  extreme 
of  its  range  any  desired  modification  of  bright  wire  or 
bright  field  illumination  can  be  obtained  at  pleasure. 

The  light  falling  on  the  papier  mache  hollow  cone  is  in¬ 
tercepted  at  three  points  by  prisms,  one  of  which  y  is  shown 
in  section.  These  prisms  are  inserted  in  the  cylinder  which 
carries  the  foundation  plate  of  the  micrometer  box  and 
rotate  with  it.  Two  of  them  divert  light  upon  the  reflectors 
(seen  from  different  points  of  view  in  Figs.  16, 17, 20).  The 
third  prism  after  two  reflections  (Figs.  16,  20)  illuminates 
the  micrometer  head.  The  whole  arrangement  is  in  the 
highest  degree  elegant,  and  we  have  found  it  most  simple 
and  convenient  in  practice.  The  screen  C  (Figs.  20  and  21) 
— made  of  thin  copper  and  attached  to  AB — effectually  pro¬ 
tects  the  observer’s  eye  from  stray  light  from  the  lamp. 

It  has  been  found  essential,  in  bright  field  illumination, 
when  the  highest  accuracy  is  desired,  to  have  the  illumi¬ 
nating  rays  parallel  with  the  telescope  axis. 

In  the  best  telescopes  of  the  future  some  plan  like  that  of 
Eepsold,  above  described,  will  doubtless  be  adopted.  It  is 
probable  also  that  with  the  introduction  of  condensers,  in 
conjunction  with  the  incandescent  carbon  light  in  vacuum, 
electricity  will  ultimately  supersede  the  oil  or  paraffin  lamp 
in  illuminating  astronomical  instruments.  A  small  “  Swan 
lamp  ”  can  be  placed  anywhere,  is  unaffected  by  wind,  and 
gives  off  comparatively  little  heat.  These  are  most  valu¬ 
able  qualities  for  the  purpose  in  question. 

The  astronomer-royal  (Mr.  Christie)  has  recently  used 
luminous  paint  to  render  the  measuring  pointer  of  the 
Greenwich  spectroscope  visible  at  night.  This  paint,  after 
exposure  during  the  day  to  sunlight,  shines  at  night  with  a 
dull  phosphorescence  sufficient  to  make  the  micrometer 
pointer,  to  which  it  is  applied,  faintly  visible,  and,  it  is 
stated,  with  very  satisfactory  results. 

On  the  use  of  the  filar  micrometer  consult  Struve,  Mensurx  Mi- 
crometricx,  St.  Petersburg,  1837 ;  Brunnow,  Practical  and  Spherical 
Astronomy  ;  Chauvenet,  Practical  and  Spherical  Astronomy ;  Brun¬ 
now,  Astronomical  Observations  and  Researches  made  at  Dunsink, 
Dublin,  1870,  1873,  1879;  Ball,  ibid. ;  Kaiser,  Leiden  Observations ; 
and  the  papers  of  Dembowski  in  the  Astronomische  Nachrichten. 


Double-Image  Micrometers. 

The  discovery  of  the  method  of  making  measures  by 
double  images  is  stated  to  have  been  first  suggested  by 
Roemer  Eoerner  about  1678.  But  no  such  suggestion  oc¬ 
curs  in  the  Basis  Astronomise  of  Horrebow  (Co¬ 
penhagen,  1735),  which  contains  the  only  works  of  Eoemer 


that  remain  to  us.  It  would  appear  that  to  Sa vary  is  due  the 
first-  invention  of  a  micrometer  for  measurement  by  double 


Fig.  24. 


Fig.  25. 


image.  His  heliometer  (described  in  a  paper  communicated 
to  the  Eoyal  Society  in  1743,  and  printed,  along  with  a  letter 
from  Short,  in  Phil.  Trans.,  1753,  p.  156)  was  constructed  by 
cutting  from  a  complete  lens  abed  the  equal  portions  aghc 
and  aefe  (Fig.  22).  The  segments  gbh  and  efd  so  formed  were 
then  attached  to  the  end  of  a  tube  having  an  internal  di¬ 
ameter  represented  by  the  dotted  circle  (Fig.  23).  The  width 
ot  each  of  the  portions  aghc  and  aefe  cut  away  from  the  lens 
was  made  slightly  greater  than  the  focal 
length  ot  lens  X  tangent  of  sun’s  great¬ 
est  diameter.  Thus  at  the  focus  two 
images  ot  the  sun  were  formed  nearly 
in  contact  as  in  Fig.  24.  The  small  in¬ 
terval  between  the  adjacent  limbs  was 
then  measured  with  a  wire  micrometer. 

Savary  also  describes  another  form  of  heliometer,  on  the 
same  principle,  in  which  the  segments  aghc  and 
aefe  are  utilized  by  cementing  their  edges  gh  Savary. 
and  ef  together  (Fig.  25),  and  covering  all  except  the  portion 
indicated  by  the  unshaded  circle.  Savary  expresses  prefer¬ 
ence  for  this  second  plan,  and  makes  the  pertinent  remark 
that  in  both  these  models  “  the  rays  of  red  light  in  the  two 
solar  images  will  be  next  to  each  other,  which  will  render 
the  sun’s  disk  more  easy  to  be  observed  than  the  violet 
ones.”  This  he  mentions  “  because  the  glasses  in  these  two 
sorts  are  somewhat  prismatical,  but  mostly  those  of  the  first 
model,  which  could  therefore  bear  no  great  charge  ”  (mag¬ 
nifying  power). 

A  third  model  proposed  by  Savary  consists  of  two  com¬ 
plete  lenses  of  equal  focal  length,  mounted  in 
cylinders  side  by  side,  and  attached  to  a  strong 
brass  plate  (Fig.  26).  Here,  in  order  to  fulfil 
the  purposes  of  the  previous  models,  the  distance 
of  the  centres  of  the  lenses  from  each  other 
should  only  slightly  exceed  the  tangent  of  sun’s 
diameter  X  focal  length  of  lenses.  Savary  dwells 
on  the  difficulty  both  of  procuring  lenses  suffi¬ 
ciently  equal  in  focus  and  of  accurately  adjust¬ 
ing  and  centring  them. 

In  the  Mem.  Acad,  de  Paris,  1748,  Bouguer  de¬ 
scribes  an  instrument  which  he  calls  „ 

a  heliometer.  Lalande  in  his  As-  ouguer. 
ironomie  (vol.  ii.  p.  639)  mentions  such  a  helio¬ 
meter  which  had  been  in  his  possession  from 
the  year  1753,  and  of  which  he  gives  a  representation  on 
Plate  XXVIII.,  Fig.  186,  of  the  same  volume.  Bouguer’s 
heliometer  was  in  fact  similar  to 
that  of  Sa vary’s  third  model,  with 
the  important  difference  that,  in¬ 
stead  of  both  object-glasses  being 
fixed,  one  of  them  is  movable  by  a 
screw  provided  with  a  divided 
head.  No  auxiliary  filar  micro¬ 
meter  was  required,  as  in  Sa  vary’s 
heliometer,  to  measure  the  inter¬ 
val  between  the  limbs  of  two  ad¬ 
jacent  images  of  the  sun,  it  being 
only  necessary  to  turn  the  screw 
with  the  divided  head  to  change 
the  distance  between  the  object- 
glasses  till  the  two  images  of  the 
sun  are  in  contact  as  in  Fig.  27. 
The  differences  of  the  readings  of 
the  screw,  when  converted  into  arc, 
afford  the  means  of  measuring  the 
variations  of  the  sun’s  apparent 
diameter. 

On  the  4th  April,  1754,  Dollond  communicated  a  paper  to 
the  Eoyal  Society  of  London  {Phil.  Trans.,  vol.  Dollond 
xlviii.  p.  551)  in  which  he  shows  that  a  micro¬ 
meter  can  be  much  more  easily  constructed  by  dividing  a 
single  object-glass  through  its  axis  than  by  the  employment 
of  two  object-glasses.  He  points  out — (1)  that  a  telescope 
with  an  object-glass  so  divided  still  pro¬ 
duces  a  single  image  of  any  object  to 
which  it  may  be  directed,  provided  that 
the  optical  centres  of  the  segments  are  in 
coincidence  (i.  e.,  provided  the  segments 
retain  the  same  relative  positions  to  each 
other  as  before  the  glass  was  cut) ;  (2)  that 
if  the  segments  are  separated  in  any  direc¬ 
tion  two  images  of  the  object  viewed  will 
be  produced;  (3)  that  the  most  conve¬ 
nient  direction  of  separation  for  micro¬ 
metric  purposes  is  to  slide  these  straight 
edges  one  along  the  other  as  the  figure  on  the  margin  (Fig. 
28)  represents  them :  “  for  thus  they  may  be  moved  without 
suffering  any  false  light  to  come  in  between  them ;  and  by 
this  way  of  removing  them  the  distance  between  their  cen¬ 
tres  may  be  very  conveniently  measured,  viz.,  by  having  a 


Figs.  26,  27. 
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260 


MICROMETER. 


[double-image  micrometers. 


Fig.  29. 


vernier’s  division  fixed  to  the  brass  work  that  holds  one 
segment,  so  as  to  slide  along 
a  scale  on  the  plate  to  which 
the  other  part  of  the  glass  is 
fitted.” 

Dollond  then  points  out 
three  different  types  in  which 
a  glass  so  divided  and  mount¬ 
ed  may  be  used  as  a  micro¬ 
meter  : 

“  1.  It  may  be  fixed  at  the 
end  of  a  tube,  of  a  suitable 
length  to  its  focal  distance, 
as  an  object-glass, — the  other 
end  of  the  tube  having  an 
eye-glass  fitted  as  usual  in 
astronomical  telescopes. 

“2.  It  may  be  applied  to 
the  end  of  a  tube  much 
shorter  than  its  focal  dis¬ 
tance,  by  ha  ving  another  con¬ 
vex  glass  within  the  tube,  to 
shorten  the  focal  distance  of 
that  which  is  cut  in  two. 

“3.  It  may  be  applied  to 
the  open  end  of  a  reflecting 
telescope,  either  of  the  New¬ 
tonian  or  the  Cassegrain  con¬ 
struction.” 

Dollond  adds  his  opinion 
that  the  third  type  is  “  much 

the  best  and  most  convenient  of  the  three ;  ”  yet  it  is  the 
first  type  that  has  survived  the  test  of  time  and  experience, 
and  which  is  in  fact  the  modern  heliometer. 

Fig.  29  illustrates  Dollond’s  divided  object-glass  helio¬ 
meter  of  the  third  type.  A  is  the  end  of  the  reflecting  tele¬ 
scope,  upon  which  the  adapter  B  is  fitted.  B  carries  a  wheel 
(not  seen  in  the  figure)  formed  of  a  ring  racked  at  the  outer 
edge,  and  fixed  to  the  brass  plate  CC,  so  that  a  pinion  moved 
by  the  handle  D  may  turn  it  into  any  position.  Two  plates 
F,  G,  with  the  attached  semi-lenses,  move  in  slides  fixed  to 
the  plate  CC, — simultaneous  motion,  in  contrary  directions, 
being  communicated  to  them  by  turning  the  handle  E, 
which  drives  a  concealed  pinion  that  works  in  the  two  racks 
seen  in  the  highest  part  of  the  figure.  The  amount  of  sepa¬ 
ration  of  the  semi-lenses  is  measured  by  a  scale  5  inches 
long,  subdivided  to  ^th  of  an  inch,  and  read  by  a  vernier 
on  the  plate  F  to  ^th  of  an  inch.  In  practical  use  this 
micrometer  has  never  given  satisfactory  results  (see  Mosotti 
in  the  Efemeride  of  Milan  for  1821).  It  must  be  remem¬ 
bered,  however,  that  when  Dollond  gave  preference  to  this 
type  he  had  not  invented  the  achromatic  object-glass;  his 
preference  was  fully  justified  under  these  circumstances. 
So  far  as  we  know  no  heliometer  with  a  divided  achromatic 
object-glass  was  ever  made  by  the  elder  Dollond  on  the  prin¬ 
ciple  of  his  first  type.  His  son,  however,  made  what  he 
called  an  object-glass  micrometer,  which  was  a  great  im¬ 
provement  on  the  elder  Dollond’s  second  type. 

In  the  older  construction  the  brass  mountings  of  the 
semi-lenses  obstructed  the  light  entering  the  telescope  in 
proportion  to  their  separation,  and  the  images  were  so 
colored  as  to  prevent  the  use  of  any  but  very  low  powers. 
In  the  later  construction  the  movable  segments  are  formed 
from  a  negative  achromatic  lens  of  much  larger  aperture 
than  the  object-glass  of  the  telescope  with  which  the  mi¬ 
crometer  is  employed ;  and,  for  convenience  in  mounting, 
the  segments  gbh  and  edf  (Fig.  22)  are  removed.  In  the  fine 


r 


Fig.  30. 


example  of  this  instrument  at  the  Royal  Observatory,  Cape 
of  Good  Hope,  the  movable  lenses  consist  of  segments  of  the 
shape  gach  and  eacf  (Fig.  22)  cut  from  a  complete  negative 
achromatic  combination  of  8i  inches  aperture  and  about  41 
feet  focal  length,  composed  of  a  double  concave  flint  lens 
and  a  double  convex  crown.  This  is  applied  to  an  excellent 
achromatic  telescope  of  31  inches  aperture  and  42  inches 
focal  length.  The  instrument  is  represented  in  Fig.  30;  the 
same  letters  indicate  the  analogous  parts  of  Fig.  29.  The 


frame  CC,  moved  by  teeth  on  its  outer  edge,  carries  one  of 
the  halves  G  of  the  lens,  and  a  similar  frame  with  teeth  car¬ 
ries  the  other  half  F.  A  scale  8£  inches  long  is  fastened 
like  an  edge-bar  to  the  frame  of  the  segment  G,  and  each 
inch  is  subdivided  into  twenty  parts,  which  are  read  off  by 
a  vernier  to  x^jjjth  of  an  inch,  and,  by  estimation,  this  can 
easily  be  carried  to  ^sWth  or  ^fojjth  of  an  inch.  The  two 
movable  frames  are  imbedded  in  a  fixed  plate  HH,  screwed 
to  the  adapter  B,  having  a  circular  hole  in  its  middle  equal 
to  the  diameter  of  the  object-glass.  The  slide  of  the  seg¬ 
ment  G  is  moved  by  turning  the  milled  head  to  the  right 
of  A,  and  the  other  segment  F  by  means  of  a  rack  and 
pinion  on  the  opposite  side,  the  latter  being  turned  from 
the  eye-end  by  a  handle  not  seen  in  the  figure.  A  screw  is 
provided  for  clamping  the  slide  of  the  segment  G,  as  it  is 
intended  that  only  the  segment  F  shall  be  moved  in  making 
the  final  bisection.  There  is  an  index  attached  to  the  slide 
of  G,  reading  on  a  rough  scale  engraved  on  the  plate  H, 
which  is  obviously  intended  for  setting  the  optical  centre 
of  the  segment  G  approximately  as  far  from  the  optical  axis 
of  the  telescope  on  one  side  as  the  optical  centre  of  the  seg¬ 
ment  F  will  be  on  the  other  side  during  the  intended 
measurement.  This  arrangement  not  only  permits  the 
measurement  of  angles  twice  as  great  as  would  be  possible 
if  one  segment  were  fixed,  but  is  also  important  in  increas¬ 
ing  the  symmetry  of  the  measures.  The  vernier  is  placed 
at  one  end  of  the  scale  when  the  optical  centres  of  the  seg¬ 
ments  are  in  coincidence,  and  is  provided  with  screws  at  I, 
which  are  intended  for  adjusting  the  zero  of  the  scale.  The 
younger  Dollond  has  in  this  model  retrograded,  in  some  re¬ 
spects,  from  the  admirable  example  of  his  father,  who,  as 
shown  in  Fig.  29,  not  only  gave  the  lenses  automatic  oppo¬ 
site  motion  symmetrically  with  respect  to  the  axis  of  the 
telescope,  but  seems  also  to  have  provided  for  entire  elimi¬ 
nation  of  index  error  by  making  it  possible  to  observe  all 
angles  on  opposite  sides  of  zero — a  precaution  possible  in 
the  later  form  only  when  very  small  angles  are  measured. 
Rotation  of  the  micrometer  in  position  angle  is  provided  for 
as  in  the  earlier  form,  but  the  instrument  is  not  furnished 
with  a  position  circle. 

With  one  of  these  instruments  of  somewhat  smaller  di¬ 
mensions  (telescope  2i  inches  aperture  and  3i 
feet  focus)  Triesnecker  made  a  series  of  meas-  er’sSmeas- 
urements  at  the  observatory  of  Vienna  which  urements. 
has  been  recently  reduced  by  Dr.  Schur  of 
Strasburg  (Nova  Acta  der  Ksl.  Leop.-Carol.  Deutschen  Akademie 
der  Natursforscher,  xlv.  No.  3).  The  angle  between  the  stars 
?  and  g  Ursse  maj.  (708.55”)  was  measured  on  four  nights; 
the  probable  error  of  a  measure  on  one  night  was  rfc  0.44”. 
Jupiter  was  measured  on  eleven  nights  in  the  months  of 
June  and  July,  1794 ;  from  these  measures  Schur  derives 
the  values  35.39”  and  37.94”  for  the  polar  and  equatorial 
diameter  respectively,  at  mean  distance,  corresponding  with 
a  compression  1/14.44.  These  agree  satisfactorily  with  the 
corresponding  values  35.21”,  37.60”,  1/15.69  afterwards  ob¬ 
tained  by  Bessel  (Konigsberger  Beobachtnngen,  xix.  102). 
From  a  series  of  measures  of  the  angle  between  Jupiter’s 
satellites  and  tbe  planet,  made  in  June  and  July,  1794,  and 
in  August  and  September,  1795,  Schur  finds  the  mass  of 

Jupiter  =  ,-.Q  -} — =- rz. ,  a  result  which  accords  perfectly 
1040.55  -4-  lAo 

with  the  received  value  of  the  mass  derived  from  modern 
researches.  The  probable  errors  for  the  measures  of  one 
night  are  -t- 0.577”,  -4-  0.889”.  -4- 0.542”,  -t-1.096”,  for  Satel¬ 
lites  I.,  II.,  III.,  and  IV.  respectively.  It  is  probable  that 
Triesnecker  deduced  the  index  error  from  his  measures  of 
the  diameter  of  Jupiter,  as,  in  1794,  the  measures  of  diam¬ 
eter  are  made  on  the  same  nights  with  those  of  the  meas¬ 
ures  of  distance  of  the  satellites,  and  it  is  possible  that 
measures  of  diameter  may  have  been  made  in  1795  but  not 
published. 

Considering  the  accuracy  of  these  measures  (an  accuracy 
far  surpassing  that  of  any  contemporary  observations),  it  is 
somewhat  surprising  that  this  form  of  micrometer  was  never 
systematically  used  in  any  sustained  or  important  astro¬ 
nomical  researches,  although  a  number  of  instruments  of 
the  kind  were  made  by  Dollond.  Probably  the  last  exam¬ 
ple  of  its  employment  is  an  observation  of  the  transit  of 
Mercury  (November  4, 1868)  by  Mr.  Mann,  at  the  Royal  Ob¬ 
servatory,  Cape  of  Good  Hope  ( Monthly  Notices  R.  A.  S.,  vol. 
xxix.  p.  197-209).  The  most  important  part,  however,  which 
this  type  of  instrument  seems  to  have  played  in  the  history 
of  astronomy  arises  from  the  fact  that  one  of  them  was  in 
the  possession  of  Bessel  at  Konigsberg  during  the  time  when 
his  new  observatory  there  was  being  built.  In 
1812  Bessel  measured  with  it  the  angle  between  Bessel  s  ob- 
the  components  of  the  double  star  61  Cygni  and  serrations, 
observed  the  great  comet  of  1811.  He  also  observed  the 
eclipse  of  the  sun  on  May  4, 1818.  In  the  discussion  of  these 
observations  ( Konigsberger  Beobacht.,  Abth.  5,  p.  iv.)  he  found 
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that  the  index  error  of  the  scale  changed  systematically  in 
different  position  angles  by  quantities  which  were  indepen¬ 
dent  of  the  direction  of  gravity  relative  to  the  position  an¬ 
gle  under  measurement,  but  which  depended  solely  on  the 
direction  of  the  measured  position  angle  relative  to  a  fixed 
radius  of  the  object-glass.  Bessel  attributed  this  to  non¬ 
homogeneity  in  the  object-glass,  and  determined  with  great 
care  the  necessary  corrections.  But  he  was  so  delighted 
with  the  general  performance  of  the  instrument,  with  the 
sharpness  of  the  images,  and  the  possibilities  which  a  kin¬ 
dred  construction  offered  for  the  measurement  of  considera¬ 
ble  angles  with  micrometric  accuracy,  that  he  resolved,  when 
he  should  have  the  choice  of  a  new  telescope  for  the  obser¬ 
vatory,  to  secure  some  form  of  heliometer. 

Nor  is  it  difficult  to  imagine  the  probable  course  of  rea¬ 
soning  which  led  Bessel  to  select  the  model  of  his  new 
heliometer.  Why,  he  might  ask,  should  he  not  select  the 
simple  form  of  Dollond’s  first  type?  Given  the  achromatic 
object-glass,  why  should  not  it  be  divided?  This  con¬ 
struction  would  give  all  the  advantage  of  the  younger  Dol¬ 
lond’s  object-glass  micrometer  and  more  than  its  sharpness 
of  definition,  without  liability  to  the  systematic  errors 
which  may  be  due  to  want  of  homogeneity  of  the  object- 
glass  ;  for  the  lenses  will  not  be  turned  with  respect  to  each 
other,  but,  in  measurement,  will  always  have  the  same  re¬ 
lation  in  position  angle  to  the  line  joining  the  objects  under 
observation.  It  is  true  that  the  scale  will  require  to  be 
capable  of  being  read  with  much  greater  accuracy  than 
TryVijfch  °f  an  inch — for  that,  even  in  a  telescope  of  10  feet 
focus,  would  correspond  with  2"  of  arc.  But,  after  all,  this 
is  no  practical  difficulty, — for  screws  can  be  used  to  sepa¬ 
rate  the  lenses,  and,  by  these  screws,  as  in  a  Gascoigne  mi¬ 
crometer,  the  separation  of  the  lenses  can  be  measured ;  or 
we  can  have  scales  for  this  purpose,  read  by  microscopes, 
like  the  Trough  ton1  circles  of  Piazzi  or  Pond,  or  these  of 
the  Carey  circle,  with  almost  any  required  accuracy. 

Whether  Bessel  communicated  such  a  course  of  reasoning 
Fraunhofer  Fraunhofer,  or  whether  that  great  artist  ar- 
'  rived  independently  at  like  conclusions,  we 
have  been  unable  to  ascertain  with  certainty.  The  fact 
remains  that  before  1820'2  Fraunhofer  had  completed  one 
or  more  of  the  five  heliometers  (3  inches  aperture  and  39 
inches  focus)  which  have  since  become  historical  instru¬ 
ments.  In  1824  the  great  Konigsberg  heliometer  was  com¬ 
menced,  and  it  was  completed  in  1829. 

To  sum  up  briefly,  the  history  of  the  heliometer.  The 
first  application  of  the  divided  object-glass  and  the  employ¬ 
ment  of  double  images  in  astronomical  measures  is  due  to 
Savary  in  1743.  To  Bouguer  in  1748  is  due  the  true  con¬ 
ception  of  measurement  by  double  image  without  the  aux¬ 
iliary  aid  of  a  filar  micrometer,  viz.,  by  changing  the  dis¬ 
tance  between  two  object-glasses  of  equal  focus.  To  Dollond 
in  1754  we  owe  the  combination  of  Savary’s  idea  of  the  di¬ 
vided  object-glass  with  Bouguer’s  method  of  measurement, 
and  the  construction  of  the  first  really  practical  heliome¬ 
ters.  To  Fraunhofer,  some  time  not  long  previous  to  1820, 
is  due,  so  far  as  we  can  ascertain,  the  construction  of  the 
first  heliometer  with  an  achromatic  divided  object-glass, 
t.e.,  the  first  heliometer  of  the  modern  type. 


Double-Image  Micrometers  with  Divided  Lenses. 

Various  micrometers  have  been  invented  besides  the  he¬ 
liometer  for  measuring  by  double  image.  Ramsden’s  diop¬ 
tric  micrometer  consists  of  a  divided  lens  placed  in  the 
conjugate  focus  of  the  innermost  lens  of  the  erecting 
eye-tube  of  a  terrestrial  telescope.  The  inventor  claimed 
that  it  would  supersede  the  heliometer,  but  it  has  never 
done  anything  for  astronomy.  Dollond  claims  the  inde¬ 
pendent  invention  and  first  construction  of  a  similar  instru¬ 
ment  (Pearson’s  Practical  Astronomy ,  vol.  ii.  p.  182).  Of 
these  and  kindred  instruments  only  two  types  have  proved 
of  practical  value.  Amici  of  Modena  (Mem.  Soc.  Ital.,  xvii. 
(1815)  pp.  344-359)  describes  a  micrometer  in  which  a  nega¬ 
tive  lens  is  introduced  between  the  eye-piece  and  the 
object-glass.  This  lens  is  divided  and  mounted  like  a  heli¬ 
ometer  object-glass;  the  separation  of  the  lenses  produces 
the  required  double  image,  and  is  measured  by  a  screw. 
Dawes  has  very  successfully  used  this  micrometer  in  con¬ 
junction  with  a  filar  micrometer,  and  finds  that  the  pre¬ 
cision  of  the  measures  is  in  this  way  greatly  increased 
(Monthly  Notices,  vol.  xviii.  p.  58,  and  Mem.  R.  A.  S.,  vol. 
xxxv.  p.  147). 


1  The  circles  by  Reichenbach,  then  almost  exclusively  used  in 
ermany,  were  read  by  verniers  only.  ,  ,  ,  ,, 

*  The  diameter  of  Venus  was  measured  with  one  of  these  neii- 
meters  at  the  observatory  of  Breslau  by  Brandes  m  1820  ( Berlin 
ahrbuch,  1824,  p.  164). 


In  the  improved  form3  of  Airy’s  divided  eye-glass  micro¬ 
meter  (Mem.  R.  A.  S.,  vol.  xv.  pp.  199-209),  the  rays  from 
the  object-glass  pass  successively  through  lenses  as  follows: 


Lens. 

Distance  fr’m 
next  Lens. 

Focal 

Length. 

P 

2 

1  % 

e 

arbitrary  —  p 
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1 

1 

s  1  “  *• . 

c.  Plano-convex,  convex  towards  b 

d.  “  “  “  c 

The  lens  b  is  divided,  and  one  of  the  segments  is  moved 
by  a  micrometer  screw.  The  magnifying  power  is  varied 
by  changing  the  lens  a  for  another  in  which  p  has  a  differ¬ 
ent  value.  The  magnifying  power  of  the  eye-piece  is  that 
of  a  single  lens  of  focus  =  ip. 

In  1850  Valz  pointed  out  that  the  other  optical  conditions 
could  be  equally  satisfied  if  the  divided  lens  were  made  con¬ 
cave  instead  of  convex,  with  the  advantage  of  giving  a 
larger  field  of  view  (Monthly  Notices,  vol.  x.  p.  160). 

The  last  improvement  on  this  instrument  is  mentioned  in 
the  Report  of  the  R.  A.  S.  council,  February,  1865.  It  con¬ 
sists  in  the  introduction  by  Simms  of  a  fifth  lens,  but  no 
satisfactory  description  has  ever  appeared.  There  is  only 
one  practical  published4  investigation  of  Airy’s  micrometer 
that  is  worthy  of  mention,  viz.,  that  of  Kaiser  (Anncden  der 
Stemwarte  in  Leiden,  iii.  pp.  111-274).  The  reader  is  referred 
to  that  paper  for  an  exhaustive  history  and  discussion  of 
the  instrument.5  It  is  somewhat  surprising  that,  after 
Kaiser’s  investigations,  observers  should  continue,  as  many 
have  done,  to  discuss  their  observations  with  this  instru¬ 
ment  as  if  the  screw-value  were  constant  for  all  angles. 

Steinheil  ( Journal  Savant  de  Munich,  28th  February,  1843) 
describes  a  “heliometre-oculaire”  which  he 
made  for  the  great  Pulkowa  refractor,  the  re-  bteiocular 
suit  of  consultations  between  himself  and  the  micrometer, 
elder  Struve.  It  is  essentially  the  same  in 
principle  as  Amici’s  micrometer,  except  that  the  divided 
lens  is  an  achromatic  positive  instead  of  a  negative  lens. 
Struve  (Description  de  l’ Observatoire  Central  de  Pulkowa,  pp. 
196,  197)  adds  a  few  remarks  to  Steinheil’s  description,  in 
which  he  states  that  the  images  have  not  all  desirable  pre¬ 
cision, — a  fault  perhaps  inevitable  in  all  micrometers  with 
divided  lenses,  and  which  is  probably  in  this  case  aggra¬ 
vated  by  the  fact  that  the  rays  falling  upon  the  divided 
lens  have  considerable  convergence.  He,  however,  suc¬ 
cessfully  employed  the  instrument  in  measuring  double 
stars,  so  close  as  1"  or  2",  and  using  a  power  of  300  diame¬ 
ters,  with  results  that  agreed  satisfactorily  amongst  them¬ 
selves  and  with  those  obtained  with  the  filar  micrometer. 
If  Struve  had  employed  a  properly  proportioned  double 
circular  diaphragm,  fixed  symmetrically  with  the  axis  of 
the  telescope  in  front  of  the  divided  lens  and  turning  with 
the  micrometer,  it  is  probable  that  his  report  on  the  instru¬ 
ment  would  have  been  still  more  favorable.  This  particu¬ 
lar  instrument  has  historical  interest,  having  led  Struve  to 
some  of  those  criticisms  of  the  Pulkowa  heliometer  which 
ultimately  bore  such  valuable  fruit  (see  below). 

Ramsden  (Phil.  Trans.,  vol.  xix.  p.  419)  has  suggested  the 
division  of  the  small  speculum  of  a  Cassegrain  telescope  and 
the  production  of  double  image  by  micrometric  rotation  of 
the  semi  specula  in  the  plane  passing  through  their  axis. 

8  For  description  of  the  earliest  form  see  Cambridge  Phil.  Trans., 
vol..  ii,  and  Greenwich  Observations,  1840.  . 

4  we  understand  that  a  very  thorough  investigation  of  Airy  s 
double-image  micrometer  used  by  Dr.  Copeland  at  Mauritius  on 
Lord  Lindsay’s  expedition  has  been  made  by  him,  and  will  soon 
be  published.  , 

&  Dawes  (Monthly  Notices,  January,  1858,  and  Mem.  R.  A.  S.,  voL. 
xxxv.  p.  150)  has  suggested  and  used  a  valuable  improvement 
for  producing  round  images,  instead  of  the  elongated  images 
which  are  otherwise  inevitable  when  the  rays  pass  through  a  (ii- 
vided  lens  of  which  the  optical  centres  are  not  in  coincidence, 
Viz  ,  “the  introduction  of  a  diaphragm  having  two  circular  ap¬ 
ertures  touching  each  other  in  a  point  coinciding  with  the  line 
of  collimation  of  the  telescope,  and  the  diameter  of  each  aper¬ 
ture  exactly  equal  to  the  semidiameter  of  the  cone  of  rays  at  the 
distance  of  the  diaphragm  from  the  focal  point  of  the  object- 
glass.”  Practically  the  difficulty  of  making  these  diaphragms 
for  the  different  powers  of  the  exact  required  equality  is  insupera¬ 
ble  ;  but,  if  the  observer  is  content  to  lose  a  certain  amount  of 
light,  we  see  no  reason  why  they  may  not  readily  be  made  slightly 
less.  Dawes  found  the  best  method  for  the  purpose  in  question 
was  to  limit  the  aperture  of  the  object-glass  by  a  diaphragm  hav¬ 
ing  a  double  circular  aperture,  placing  the  line  joining  the  cen¬ 
tres  of  the  circle  approximately  in  the  position  angle  under 
measurement.  Dawes  successfully  employed  the  double  circular 
aperture  also  with  Amici’s  micrometer.  The  present  writer  has 
successfully  used  a  similar  plan  in  measuring  position  angles  of 
a  Centauri  with  the  heliometer,  viz.,  by  placing  circular  dia¬ 
phragms  on  the  two  segments  of  the  objectrglass. 
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Brewster  ( Ency .  Brit.,  8th  ed.,  vol.  xiv.  p.  749)  proposes  a 
plan  on  a  like  principle,  by  dividing  the  plane  mirror  of  a 
Newtonian  telescope.  Again,  in  an  ocular  heliometer  by 
Steinheil  double  image  is  similarly  produced  by  a  divided 
prism  of  total  reflection  placed  in  parallel  rays.  But  prac¬ 
tically  these  last  three  methods  are  failures.  In  the  last  the 
field  is  full  of  false  light,  and  it  is  not  possible  to  give  suf¬ 
ficiently  minute  and  steady  separation  to  the  images ;  and 
there  are  of  necessity  a  collimator,  two  prisms  of  total  re¬ 
flection,  and  a  small  telescope  through  which  the  rays  must 
pass ;  consequently  there  is  great  loss  of  light. 

Micrometers  Depending  on  Double  Refraction. 

To  the  Abbe  Rochon  (Jour,  de  Phys.,  liii.,  1801,  pp.  169- 
198)  is  due  the  happy  idea  of  applying  the  two 
Rochon’s  images  formed  by  double  refraction  to  the  con- 
mlcrom-  struction  of  a  micrometer.  He  fell  upon  a  most 
ingenious  plan  of  doubling  the  amount  of  double 
refraction  of  a  prism  by  using  two  prisms  of  rock-crystal, 
so  cut  out  of  the  solid  as  to  give  each  the  same  quantity  of 
double  refraction,  and  yet  to  double  the  quantity  in  the 
effect  produced.  The  combination  so  formed  is  known  as 
Rochon’s  prism.  Such  a  prism  he  placed  between  the  object- 
glass  and  eye-piece  of  a  telescope.  The  separation  of  the 
images  increases  as  the  prism  is  approached  to  the  object- 
glass,  and  diminishes  as  it  is  approached  towards  the  eye¬ 
piece. 

Arago  ( Comptes  Rendus,  xxiv.,  1847,  pp.  400-402)  found 
that  in  Rochon’s  micrometer,  when  the  prism  was  approached 
close  to  the  eye-piece  for  the  measurement  of  very  small 
angles,  the  smallest  imperfections  in  the  crystal  or  its  sur¬ 
faces  were  inconveniently  magnified.  He  therefore  selected 
for  any  particular  measurement  such  a  Rochon  prism  as 
when  fixed  between  the  eye  and  the  eye-piece  (i.e.,  where 
a  sunshade  is  usually  placed)  would,  combined  with  the 
normal  eye-piece  employed,  bring  the  images  about  to  be 
measured  nearly  in  contact.  He  then  altered  the  magni¬ 
fying  power  by  sliding  the  field  lens  of  the  eye-piece  (which 
was  fitted  with  a  slipping  tube  for  the  purpose)  along  the 
eye-tube,  till  the  images  were  brought  into  contact.  By  a 
scale  attached  to  the  sliding  tube  the  magnifying  power  of 
the  eye-piece  was  deduced,  and  this  combined  with  the 
angle  of  the  prism  employed  gave  the  angle  measured.  If 
p"  is  the  refracting  angle  of  the  prism,  and  n  the  magnifying 
power  of  the  eye-piece,  then  p"/n  will  be  the  distance  ob¬ 
served.  Arago  made  many  measures  of  the  diameters  of  the 
planets  with  such  a  micrometer. 

Dollond  (Phil.  Trans.,  1821,  pp.  101-103)  describes  a  double¬ 
image  micrometer  of  his  own  invention  in  which  a  sphere 
of  rock-crystal  is-substituted  for  the  eye-lens  of  an  ordinary 
eye-piece.  In  this  instrument  (Figs.  31,  32)  a  is  the  sphere, 


Fig.  31. 


placed  in  half- holes  on  the  axis  hb,  so  that  when  its  principal 
axis  is  parallel  to  the  axis  of  the  telescope  it  gives  only  one 
image  of  the  object.  In  a  direction  perpendicular  to  that 
axis  it  must  be  so  placed  that  when  it  is  moved  by  rotation 
of  the  axis  bb  the  separation  of  the  images  shall  be  parallel 
to  that  motion.  The  angle  of  rotation  is  measured  on  the 
graduated  circle  C.  The  angle  between  the  obj  ects  measured 
Is  =  r  sin  29,  where  r  is  a  constant  to  he  determined  for  each 
magnifying  power  employed,1  and  9  the  angle  through  which 
the  sphere  has  been  turned  from  zero  (i.e.,  from  coincidence 
of  its  principal  axis  with  that  of  the  telescope).  The  max¬ 
imum  separation  is  consequently  at  45°  from  zero.  The 
measures  can  be  made  on  both  sides  of  zero  for  eliminating 
index  error.  There  are  considerable  difficulties  of  con¬ 
struction,  but  these  have  been  successfully  overcome  by 
Dollond;  and  in  the  hands  of  Dawes  (Mem.  R.  A.  S.,  xxxv. 
p.  144  sq.)  such  instruments  have  done  valuable  service. 
They  are  liable  to  the  objection  that  their  employment  is 

1  Dollond  provides  for  changing  the  oower  by  sliding  the  lens 
a  Bearer  to  or  farther  from  o, 


limited  to  the  measurement  of  very  small  angles,  viz.,  13" 
or  14"  when  the  magnifying  power  is  100,  and  varying  in¬ 
versely  as  the  power.  Y et  the  beautiful  images  which  these 
micrometers  give  permit  the  measurement  of  very  difficult 
objects  as  a  check  on  measures  with  the  parallel-wire  mi¬ 
crometer. 


The  Modern  Heliometer. 

The  Konigsberg  heliometer  is  represented  in  Fig.  33.  No 
part  of  the  equatorial  mounting  is  shown  in  the  .  . 

figure,  as  it  resembles  in  every  respect  the  usual  heliometer^ 
Fraunhofer  mounting.  An  adapter  h  is  fixed 
on  a  telescope-tube,  made  of  wood,  in  Fraunhofer’s  usual 

fashion.  To 
this  adapter  is 
attached  a  flat 
circular  flange 
h.  The  slides 
carrying  the 
segments  of 
the  divided 
object  -  glass 
are  mounted 
Fig.  33.  on  a  plate 

which  is  fitted 

and  ground  to  rotate  smoothly  on  the  flange  h.  Rotation 
is  communicated  by  a  pinion,  turned  by  the  handle  c  (con¬ 
cealed  in  the  figure),  which  works  in  teeth  cut  on  the  edge 
of  the  flange  h.  The  counterpoise  w  balances  the  head 
about  its  axis  of  rotation.  The  slides  are  moved  by  the 
screws  a  and  b,  the  divided  heads  of  which  serve  to  measure 
the  separation  of  the  segments.  These  screws  are  turned 
from  the  eye-end  by  bevelled  wheels  and  pinions,  the  latter 
connected  with  the  handles  a',  b'.  The  reading  micrometers 
e,  /  also  serve  to  measure,  independently,  the  separation  of 
the  segments,  by  scales  attached  to  the  slides ;  such  measure¬ 
ments  can  be  employed  as  a  check  on  those  made  by  the 
screws.  The  measurement  of  position  angles  is  provided 
for  by  a  graduated  circle  attached  to  the  head.  There  is 
also  a  position  circle,  attached  at  m  to  the  eye-end,  provided 
with  a  slide  to  move  the  eye-piece  radially  from  the  axis  of 
the  telescope,  and  with  a  micrometer  to  measure  the  dis¬ 
tance  of  an  object  from  that  axis.  The  ring  which  carries 
the  supports  of  the  handles  a',  b',  c  is  capable  of  a  certain 
amount  of  rotation  on  the  tube.  The  weight  of  the  handles 
and  their  supports  is  balanced  by  the  counterpoise  z.  This 
ring  is  necessary  in  order  to  allow  the  rods  to  follow  the 
micrometer  heads  when  the  position  angle  is  changed.  Coqi- 
plete  rotation  of  the  head  is  obviously  impossible  because 
of  the  interference  of  the  declination  axis  with  the  rods, 
and  therefore,  in  some  angles,  objects  cannot  be  measured 
in  two  positions  of  the  circle.  The  object-glass  has  an  aper¬ 
ture  of  6J  inches,  and  102  inches  focal  length. 

There  are  three  methods  in  which  this  heliometer  can  he 
used. 

First  Method.— One  of  the  segments  is  fixed  in  the  axis  of 
the  telescope,  and  the  eye-piece  is  also  placed  in  the  axis. 
Measures  are  made  with  the  moving  segment  displaced  al¬ 
ternately  on  opposite  sides  of  the  fixed  segment. 

Second  Method. — One  segment  is  fixed,  and  the  measures 
are  made  as  in  the  first  method,  excepting  that  the  eye-piece 
is  placed  symmetrically  with  respect  to  the  images  under 
measurement.  For  this  purpose  the  position  angle  of  the 
eye-piece  micrometer  is  set  to  that  of  the  head,  and  the 
eye-piece  is  displaced  from  the  axis  of  the  tube  (in  the  di¬ 
rection  of  the  movable  segment)  by  an  amount  equal  to  half 
the  angle  under  measurement. 

Third  Method. — The  eye-piece  is  fixed  in  the  axis,  and  the 
segments  are  symmetrically  displaced  from  the  axis  each  by 
an  amount  equal  to  half  the  angle  measured. 

Of  these  methods  Bessel  generally  employed  the  first  be¬ 
cause  of  its  simplicity,  notwithstanding  that  it  involved  a 
resetting  of  the  right  ascension  and  declination  of  the  axis 
of  the  tube  with  each  reversal  of  the  segments.  The  chief 
objections  to  the  method  are  that,  as  one  star  is  in  the  axis 
of  the  telescope  and  the  other  displaced  from  it,  the  images 
are  not  both  in  focus  of  the  eye-piece,2  and  the  rays  from 
the  two  stars  do  not  make  the  same  angle  with  the  optical 
axis  of  each  segment.  Thus  the  two  images  under  measure¬ 
ment  are  not  defined  with  equal  sharpness  and  symmetry. 
The  second  method  is  free  from  the  objection  of  non-coin¬ 
cidence  in  focus  of  the  images,  but  is  more  troublesome  in 
practice  from  the  necessity  for  frequent  readjustment  of  the 

2  The  distances  of  the  optical  centres  of  the  segments  from  the 
eye-piece  are  in  this  method  as  1 :  secant  of  the  angle  under 
measurement.  In  Bessel’s  heliometer  this  would  amount  to  a 
difference  of  TiKhrth  of  an  inch  when  an  angle  of  1°  is  measured. 
For  two  degrees  the  difference  would  amount  to  nearlv  Ath  of 
an  inch.  Bessel  confined  his  measures  to  distances  considerably 
less  than  1°, 
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position  of  the  eye-piece.  The  third  method  is  the  most 
symmetrical  of  all,  both  in  observation  and  reduction ;  but 
it  was  not  employed  by  Bessel,  on  the  ground  that  it  in¬ 
volved  the  determination  of  the  errors  of  two  screws  instead 
of  one.  On  the  other  hand  it  is  not  necessary  to  reset  the 
telescope  after  each  reversal  of  the  segments.1 

When  Bessel  ordered  the  Konigsberg  heliometer,  he  was 
anxious  to  have  the  segments  made  to  move  in  cylindrical 
slides,  of  which  the  radius  should  be  equal  to  the  focal 
length  of  the  object-glass.  Fraunhofer,  however,  did  not 
execute  this  wish,  on  the  ground  that  the  mechanical  diffi¬ 
culties  were  too  great. 

Wichmann  states  ( Konigsb .  Beobach.,  xxx.  p.  4)  that  Bessel 
had  indicated,  by  notes  in  his  handbooks,  the  following 
points  which  should  be  kept  in  mind  in  the  construction 
of  future  heliometers:  (1)  The  segments  should  move  in 
cylindrical  slides  ;2  (2)  the  screw  should  be  protected  from 
dust  ;3  (3)  the  zero  of  the  position  circle  should  not  be  so 
liable  to  change  ;4  (4)  the  distance  of  the  optical  centres  of 
the  segments  should  not  change  in  different  position  angles 
or  otherwise  ;5  (5)  the  points  of  the  micrometer  screws  should 
rest  on  ivory  plates  ;6  (6)  there  should  be  an  apparatus  for 
changing  the  screen.7 

The  elder  Struve,  in  describing  the  Pulkowa  heliometer,8 
made  by  Merz  in  1839  on  the  model  of  Bessel’s  heliometer, 
submits  the  following  suggestions  for  its  improvement:9 
(1)  to  give  automatically  to  the  two  segments  simultaneous 
equal  and  opposite  movement  ;10  and  (2)  to  make  the  tube 
of  brass  instead  of  wood ;  to  attach  the  heliometer  head 
firmly  to  this  tube ;  to  place  the  eye-piece  permanently  in 
the  axis  of  the  telescope ;  and  to  fix  a  strong  cradle  on  the 
end  of  the  declination  axis,  in  which  the  tube,  with  the 
attached  head  and  eye-piece,  could  rotate  on  its  axis. 

Both  suggestions  are  important.  The  first  is  originally 
the  idea  of  Dollond  (Fig.  29) ;  its  advantages  were  overlooked 
by  his  son  (description  of  Fig.  30),  and  it  seems  to  have  been 
quite  forgotten  till  resuggested  by  Struve.  But  the  method 
is  not  available  if  the  separation  is  to  be  measured  by  screws ; 
it  is  found,  in  that  case,  that  the  direction  of  the  final  mo¬ 
tion  of  turning  of  the  screw  must  always  be  such  as  to  pro¬ 
duce  motion  of  the  segment  against  gravity,  otherwise  the 
r*  loss  of  time  ”  is  apt  to  be  variable.  Thus  the  simple  con¬ 
nection  of  the  two  screws  by  cog-wheels  to  give  them  auto¬ 
matic  opposite  motion  is  not  an  available  method  unless  the 
separation  of  the  segments  is  independently  measured  by 
scales. 

Struve’s  second  suggestion  has  been  adopted  in  nearly  all 
succeeding  heliometers.  It  permits  complete  rotation  of 
the  tube  and  measurement  of  all  angles  in  reversed  positions 
of  the  circle ;  the  handles  that  move  the  slides  can  be  brought 
down  to  the  eye-end,  inside  the  tube,  and  consequently  made 
to  rotate  with  it ;  and  the  position  circle  may  be  placed  at 


1  In  criticising  Bessel’s  choice  of  methods,  and  considering  the 
loss  of  time  involved  in  each,  it  must  be  remembered  that  Fraun¬ 
hofer  provided  no  means  of  reading  the  screws  or  even  the  heads 
from  the  eye-end.  Bessel’s  practice  was  to  unclamp  in  declina¬ 
tion,  lower  and  read  off  the  head,  and  then  restore  the  telescope 
to  its  former  declination  reading,  the  clock-work  meanwhile  fol¬ 
lowing  the  stars  in  right  ascension.  The  setting  of  both  lenses 
symmetrically  would,  under  such  circumstances,  be  very  tedious. 

a  This  most  important  improvement  would  permit  any  two 
stars  under  measurement  each  to  be  viewed  in  the  optical  axis 
of  each  segment.  The  optical  centres  of  the  segments  would  also 
remain  at  the  same  distance  from  the  eye-piece  at  all  angles  of 
separation.  Thus,  in  measuring  the  largest  as  well  as  the  small¬ 
est  angles,  the  images  of  both  stars  would  be  equally  symmetri¬ 
cal  and  equally  well  in  focus.  Modern  heliometers  made  with 
cylindrical  slides  measure  angles  over  two  degrees,  the  images  re¬ 
maining  as  sharp  and  perfect  as  when  the  smallest  angles  are 

mMBes^l  found,  in  course  of  time,  that  the  original  corrections 
for  the  errors  of  his  screw  were  no  longer  applicable.  He  con¬ 
sidered  that  the  changes  were  due  to  wear,  which  would  be  much 
lessened  if  the  screws  were  protected  from  dust. 

«  The  tube,  being  of  wood,  was  probably  liable  to  warp  and 
twist  in  a  very  uncertain  way.  . 

6  We  have  been  unable  to  find  any  published  drawing  showing 
how  the  segments  are  fitted  in  their  cells.  . 

«  We  have  been  unable  to  ascertain  the  reasons  which  led 
Bessel  to  choose  ivory  planes  for  the  end-bearings  of  his  screws. 
He  actually  introduced  them  in  the  Konigsberg  heliometer  in 
1846,  and  they  were  renewed  in  1848  and  1850 
i  A  screen  of  wire  gauze,  placed  in  front  of  the  segment  through 
which  the  fainter  star  is  viewed,  was  employed  by  Bessel  to 
eoualize  the  brilliancy  of  the  images  under  observation.  An  ar¬ 
rangement,  afterwards  described,  has  been  fitted  in  modem  helio- 
meters  for  placing  the  screen  in  front  of  either  segment  by  a 

haAdLa heliometer  resembles  Bessel’s,  except  that  its  foot  is  a 
solid  block  of  granite  instead  of  the  ill-conceived  wooden  struc¬ 
ture  that  supported  his.  instrument.  The  object-glass  is  of  7.4 
inches  aperture  and  123  inches  focus 

»  Descrivtion  de  V  Observatoire  central  de  Pulkowa ,  p.  208. 

M  Steih&eil  applied  such  motion  to  a  double-image  micrometer 
made^  for  Struve.  This  instrument  suggested  to  Struve  the  above- 
mentioned  idea  of  employing  a  similar  motion  for  the  helio- 
meter. 


the  end  of  the  cradle  next  the  eye-end  where  it  is  conveni¬ 
ent  of  access.  Struve  also  points  out  that  by  attaching  a 
fine  scale  to  the  focussing  slide  of  the  eye-piece,  and  know¬ 
ing  the  coefficient  of  expansion  of  the  brass  tube,  the  means 
would  be  provided  for  determining  the  absolute  change  of 
the  focal  length  of  the  object-glass  at  any  time  by  the  simple 
process  of  focussing  on  a  double  star.  This,  with  a  knowledge 
of  the  temperature  of  the  screw  or  scale  and  its  coefficient 
of  expansion,  would  enable  the  change  of  screw  value  to  be 
determined  at  any  instant.  Or,  if  we  suppose  the  tempera¬ 
ture  of  the  instrument  to  be  the  same  in  all  its  parts,  the 
changed  scale  value  becomes  simply  a  function  of  the  read¬ 
ing  of  the  focal  scale. 

It  is  probable  that  the  Bonn  heliometer  was  in  course  of 
construction  before  these  suggestions  of  Struve 
were  published  or  discussed,  since  its  construe-  Boiin  helio- 
tion  resembles  that  of  the  Konigsberg  and  Pul-  me  er‘ 
kowa  instruments.  Its  dimensions  are  similar  to  those  of 
the  former  instrument.  Bessel,  having  been  consulted  by  the 
celebrated  statesman  Sir  Robert  Peel,  on  behalf  of  the  Rad- 
cliffe  trustees,  as  to  what  instrument,  added  to  the  Radcliffe 
Observatory,  would  probably  most  promote  the  advance¬ 
ment  of  astronomy,  strongly  advised  the  selection  of  a  helio¬ 
meter.  The  order  for  the  instrument  was  given  to  the  Rep- 
solds  in  1840,  but  “various  circumstances,  for  which  the 
makers  are  not  responsible,  contributed  to  delay  the  com¬ 
pletion  of  the  instrument,  which  was  not  delivered  before 
the  winter  of  1848.”11  The  building  to  receive  it  was  com¬ 
menced  in  March,  1849,  and  completed  in  the  end  of  the 
same  year.  This  splendid  instrument  has  a  superb  object- 
glass  of  7£  inches  aperture  and  126  inches  focal  length.  The 
makers  availed  themselves  of  Bessel’s  suggestion  to  make 
the  segments  move  in  cylindrical  slides,  and  of  Struve’s  to 
have  the  head  attached  to  a  brass  tube ;  the  eye-piece  is  set 
permanently  in  the  axis,  and  the  whole  rotates  in  a  cradle 
attached  to  the  declination  axis.  They  provided  a  splendid, 
rigidly  mounted,  equatorial  stand,  fitted  with  every  luxury 
in  the  way  of  slow  motion,  and  scales  for  measuring  the 
displacement  of  the  segments  were  read  by  powerful  micro- 
rneters  from  the  eye-end.12  It  is  somewhat  curious  that, 
though  Struve’s  second  suggestion  was  adopted,  his  first  was 
overlooked  by  the  makers.  But  it  is  still  more  curious  that 
it  was  not  afterwards  carried  out,  for  the  communication  of 
automatic  symmetrical  motion  to  both  segments  only  in¬ 
volves  a  simple  alteration  previously  described.  But,  as  it 
came  from  the  hands  of  the  makers  in  1849,  the  Oxford 
heliometer  was  incomparably  the  most  powerful  and  perfect 
instrument  in  the  world  for  the  highest  order  of  micro¬ 
metric  research.  It  so  remained,  unrivalled  in  every  re¬ 
spect,  till  1873 ;  it  remains  still,  optically,  the  most  power¬ 
ful  heliometer  in  the  world ;  and,  with  a  few  alterations,  it 
might  almost  rival  the  most  recent  instruments  in  practical 
convenience  and  accuracy.  These  alterations,  all  of  which 
could  be  made  without  great  difficulty,  are  the  following : 

(а)  Beyond  the  automatic  symmetrical  motion  above-de¬ 
scribed,  the  instrument  should  be  fitted  with  means  for  ad¬ 
justing  the  screens  from  the  eye-end  (see  footnote7  in  last 
column). 

(б)  The  arrangement  of  the  scales  should  be  changed. .  At 
present  both  scales  are  read  separately  by  separate  micro¬ 
meters,  each  relative  to  a  separate  fiducial  line.  What  the 
observer  requires  is  the  difference  of  the  readings  of  the  two 
scales,  and  this  can  obviously  be  most  quickly  and  accu¬ 
rately  obtained  if  the  edges  of  the  two  scales  are  brought 
together,  and  both  are  read,  relatively  to  each  other,  by  the 
same  micrometer. 

(c)  The  unsatisfactory  motion  in  position  angle  should  be 
replaced  by  the  action  of  a  pinion  (attached  to  the  cradle) 
in  the  teeth  of  a  wheel  (attached  to  the  tube).13 

( d )  The  position  circle  should  be  read  by  telescopes  or 
microscopes  attached  to  the  cradle,  and  accessible  from  the 
eye-end. 

(e)  It  would  add  greatly  to  the  rapidity  of  work  ana  the 
ease  of  the  observer  if  a  small  declination  circle  were  at¬ 
tached  to  the  cross-head,  capable  of  being  read  from  the  eye- 
end. 

As  the  transit  of  Venus  of  1874  approached,  preparations 
were  set  on  foot  by  the  German  Government  in  good  time ; 
a  commission  of  the  most  celebrated  astronomers  was  ap¬ 
pointed,  and  it  was  resolved  that  the  heliometer  should  he 
the  instrument  chiefly  relied  on.  The  four  long-neglected 

»  Manuel  Johnson,  M.A.,  Radcliffe  observer,  Astronomical  Ob¬ 
servations  made  at  the  Radcliffe  Observatory,  Oxford,  in  the  year  1850, 
Introduction,  p.  iii.  ....  , ,  .... 

12  The  illumination  of  these  scales  is  interesting  as  being  the 
first  application  of  electricity  to  the  illumination  of  astronomical 
instruments.  Thin  platinum  wire  was  rendered  incandescent  by 
a  voltaic  current ;  a  small  Swan  light  and  condenser  would  pro¬ 
bably  now  be  found  more  satisfactory. 

is  This  has  been  recently  carried  out  by  Stone,  the  present  Rad- 

cliffe  observer,  on  Gill’s  suggestion- 
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small  heliometers  made  by  Fraunhofer  were  brought  into 
requisition.  Fundamental  alterations  were  made  upon 
them :  their  wooden  tubes  were  replaced  by  tubes  of  metal ; 
means  of  measuring  the  focal  point  \yere  provided ;  sym¬ 
metrical  motion  was  given  to  the  slides ;  scales  on  each  slide 
were  provided  instead  of  screws  for  measuring  the  separa¬ 
tion  of  the  segments,  and  both  scales  were  read  by  the  same 
micrometer  microscope ;  a  metallic  thermometer  was  added 
to  determine  the  temperature  of  the  scales.  These  small 
instruments  have  since  done  admirable  work  in  the  hands 
of  Schur,  Hartwig,  Kustner,  and  Elkin. 

The  Eussian  Government  ordered  three  new  heliometers 
.  (each  of  4  inches  aperture  and  5  feet  focal 

Eussian  length)  from  the  Eepsolds,  and  the  design  for 

meters.  their  construction  was  superintended  by  Struve, 
Auwers,  and  Winnecke,  the  last-named  making 
the  necessary  experiments  at  Carlsruhe.  Fig.  34  repre- 


Fio.  S4. 

sents  the  type  of  instrument  which  resulted  from  their 
labors.  The  brass  tube,  strengthened  at  the  bearing-points 
by  strong  truly-turned  collars,  rotates  in  the  cast-iron 
cradle  q  attached  to  the  declination  axis,  a  is  the  eye-piece 
fix.ed  in  that  axis,  b  the  micrometer  for  reading  both  scales, 
c,  d  are  telescopes  for  reading  the  position  circle  p,  e  the 
handle  for  quick  motion  in  position  angle,  /  the  slow  motion 
in  position  angle,  g  the  handle  for  changing  the  separation 
of  the  segments  by  acting  on  the  bevel-wheel  g'  (Fig.  35). 
h  is  a  milled  head  connected  by  a  rod  with  h'  (Fig.  35),  for 
the  purpose  of  interposing  at  pleasure  the  prism  v  in  the 


Fig.  35. 

axis  of  the  reading  micrometer;  this  enables  the  observer 
to  view  the  graduations  on  the  face  of  the  metallic  ther¬ 
mometer  rr  (composed  of  a  rod  of  brass  and  a  rod  of  zinc). 
i  is  a  milled  head  connected  with  the  wheel  V  i'  (Fig.  35), 
and  affords  the  means  of  placing  the  screen  s  (Fig.  34)  coun¬ 
terpoised  by  w  over  either  half  of  the  object-glass,  k  clamps 
the  telescope  in  declination,  n  clamps  it  in  right  ascension, 
and  the  handles  n  and  l  provide  slow  motion  in  declination 
and  right  ascension  respectively. 

The  details  of  the  interior  mechanism  of  the  “head” 
will  be  almost  evident  from  Fig.  35  without  description. 
The  screw,  turned  by  the  wheels  at  g't  acts  in  a  toothed  arc, 
whence,  as  shown  in  the  figure,  equal  and  opposite  motion 
is  communicated  to  the  slides  by  the  jointed  rods  v,  v.  The 
slides  are  kept  firmly  down  to  their  bearings  by  the  rollers 
r,  r,  r,  r,  attached  to  axes  which  are,  in  the  middle,  very 
strong  springs.  Side-shake  is  prevented  by  the  screws  and 
pieces  k,  k,  k,  k,  The  scales  are  at  n,  n ;  they  are  fastened 


only  at  the  middle,  and  are  kept  down  by  the  brass  pieces 
t,  t. 

A  similar  heliometer  was  made  by  the  Eepsolds  to  the 
order  of  Lord  Lindsay  for  his  Mauritius  expe¬ 
dition  in  1874.  It  differed  only  from  the  three  Lor“ 
Eussian  instruments  in  having  a  mounting  by 
the  Cookes  in  which  the  declination  circle  reads 
from  the  eye-end.1  This  instrument  was  afterwards  most 
generously  lent  by  Lord  Lindsay  to  Gill  for  his  expedition 
to  Ascension  in  1877.'2 

These  four  Eepsold  heliometers  proved  to  be  excellent 
instruments,  easy  and  convenient  in  use,  and  yielding  re¬ 
sults  of  very  high  accuracy  in  measuring  distances.  Their 
slow  motion  in  position  angle,  however,  was  not  all  that 
could  be  desired.  When  small  movements  were  communi¬ 
cated  to  the  handle  e  (Fig.  34)  by  the  tangent  screw  /,  acting 
on  a  small  toothed  wheel  clamped  to  the  rod  connected  with 
the  driving  pinion,  there  was  apt  to  be  a  torsion  of 
the  rod  rather  than  an  immediate  action.  Thus  the 
slow  motion  would  take  place  by  jerks  instead  of  with 
the  necessary  smoothness  and  certainty.  When  the 
heliometer  part  of  Lord  Lindsay’s  heliometer  was  ac¬ 
quired  by  Gill  in  1879,  he  changed  the  manner  of 
imparting  the  motion  in  question.  A  square-toothed 
racked  wheel  was  applied  to  the  tube  at  r  (Fig.  34). 
This  wheel  is  acted  on  by  a  tangent  screw  whose 
bearings  are  attached  to  the  cradle;  the  screw  is 
turned  by  means  of  a  handle  supported  by  bearings 
attached  to  the  cradle,  and  coming  within  conve¬ 
nient  reach  of  the  observer’s  hand.  The  tube  turns 
smoothly  in  the  racked  wheel,  or  can  be  clamped  to 
it  at  the  will  of  the  observer.  This  alteration  and 
the  new  equatorial  mounting  have  been  admirably 
made  by  Grubb ;  the  result  is  completely  successful.  The 
instrument  so  altered  has  been  in  constant  use  at  the  Cape 
Observatory  since  March,  1881,  in  determining  the  parallax 
of  the  more  interesting  southern  stars. 

Still  more  recently  the  Eepsolds  have  completed  a  new 
heliometer  for  Yale  College,  New  Haven,  United 
States.  The  object-glass  is  of  6  inches  aperture  Yfle  S?1" 
and  98  inches  focal  length.  The  mounting,  the  lionfeter" 
tube,  objective  cell,  slides,  etc.,  are  all  of  steel.3 
The  instrument  is  shown  in  Fig.  36.  The  circles  for  posi¬ 
tion  angle  and  declination  are  read  by  micrometer  mi¬ 
croscopes  illuminated  by  the 
lamp  L;  the  scales  are  illumi¬ 
nated  by  the  lamp  l.  T  is  part 
of  the  tube  proper,  and  turns 
with  the  head.  The  tube  V,  on 
the  contrary,  is  attached  to  the 
cradle,  and  merely  forms  a  sup¬ 
port  for  the  finder  Q,  the  han¬ 
dles  at  /  and  p,  and  the  moving 
ring  P.  The  latter  gives  quick 
motion  in  position  angle;  the 
handles  at  p  clamp  and  give  slow 
motion  in  position  angle,  those  at 
/  clamp  and  give  slow  motion  in 
right  ascension  and  declination. 
a  is  the  eye-piece,  b  the  handle 
for  moving  the  segments,  c 
the  micrometer  microscope 
for  reading  the  scales  and 
scale  micrometer,  d  the  mi¬ 
crometer  readers  of  the  position 
and  declination  circles,  e  the  han¬ 
dle  for  rotating  the  large  wheel  E 
which  carries  the  screens.  The 
hour  circle  is  also  read  by  micro¬ 
scopes,  and  the  instrument  can 
be  used  in  both  positions  (tube 
preceding  and  following)  for 
the  elimination  of  the  effect  of  flexure  on  the  position 
angles. 

There  is  very  little  left  to  criticise  in  this  instrument. 
It  embraces  the  results  of  all  knowledge  and  experience  on 
the  subject  to  the  present  time.  In  one  point,  however, 
modern  heliometers  have  a  disadvantage  compared  with 
the  older  forms.  A  great  advance  in  accuracy  was,  no 
doubt,  made  when  the  screw  was  abandoned  as  a  means 
both  of  moving  and  measuring  the  displacement  of  the 


1  For  a  detailed  description  of  this  Instrument  see  Dunecht  Pub* 

lications,  vol.  ii 

*  Mem.  Rr.yal  Astronomical  Society,  vol.  xlvi.  pp.  1-172. 

8  The  primary  object  was  to  have  the  object-glass  mounted  In 
steel  cells,  which  more  nearly  correspond  in  expansion  with 
glass.  It  became  then  desirable  to  make  the  head  of  steel  for 
the  sake  of  uniformity  of  material,  and  the  advantages  of  steel  In 
lightness  and  rigidity  for  the  tube  then  became  evident. 


HELIOMETER.  ] 


MICROMETER. 


265 


slides.1 *  But  it  is  obviously  much  quicker  to  read  and  re¬ 
cord  the  indication  of  one  screw-head  than  to  bisect  two 
or  four  scale-divisions  and  enter  the  corresponding  read¬ 
ings.  Auwers,  in  his  researches  on  the  parallax  of  61 
Cygni,*  was  able,  with  the  Konigsberg  heliometer,  to  make 
forty  pointings  in  about  an  hour;  it  is  quick  work  to  make 
sixteen  pointings  (reading  two  divisions  on  each  scale  at 
each  pointing)  with  the  modern  heliometer  in  the  same 
time,  when  attention  is  paid  to  the  desirable  reversals  of 
the  segments  and  of  the  position  circle  and  the  resettings 
in  right  ascension  and  declination.  Now  time  during 
Opportunities  of  good  definition  (or  otherwise)3  is  too 
precious  to  be  sacrificed,  if  it  can  be  saved  even  by  tenfold 
labor  afterwards.  Carrington4  has  suggested  the  possible 
use  of  photography  to  record  the  readings  of  astronomical 
circles,  and  since  his  day  “  Swan  lights  ”  and  “  sensitive 


Fig.  36. 

dry  plates  ”  seem  to  have  brought  his  suggestion  within 
the  range  of  practice.  A  special  microscope,  fitted  with  an 
aplanatic  photographic  objective  and  a  well-contrived 
carrier,  might  be  made  automatically  to  expose  a  different 
part  of  a  narrow  dry  plate,  by  mere  pressure  or  turning  of 
a  button  after  each  bisection.  Each  plate  might  easily  re¬ 
cord  the  sixteen  bisections  which  constitute  a  complete 
measure  of  two  pairs  of  stars  (as  in  a  parallax  determina¬ 
tion).  As  it  is  only  necessary  to  photograph  two  divisions 
of  each  scale,  the  photographic  enlargement  of  these 
divisions  need  only  be  limited  by  the  sensitiveness  of  the 
plates  and  the  power  of  the  illumination  to  produce  a 
picture  in  a  conveniently  short  space  of  time.  The  plates 

i  8crews  as  Auwers’s  discussion  of  Bessel’s  observations  (“  Par- 
allaxe  von  61  Cvgni,”  Abhandlungen  der  Konigl.  Aknd.  der  Wmen- 
schciften  zu  Berlin,  1868)  has  shown  are  apt  to  wear  and  change 
their  errors.  It  is.  besides,  undesirable  to  apply  force  and  friction 

to  a  delicate  standard  of  measure. 

3  Astron.  Nachrichten,  No.  1416.  , 

*  For  example,  in  determining  the  diurnal  parallax  of  a  planet 
the  most  favorable  conditions  are  limited  on  the  one  hand  by  the 
uncertainties  of  refraction  at  large  zenith  distances,  and  on  the 
other  by  the  small  parallax  factors  of  small  zenith  distances. 
It  would  probably  be  best  to  secure  all  the  observations  be¬ 
tween  50°  and  6<P  ZD,  and  this  would  only  be  possible  with 
special  facilities  for  reading  the  scales. 

4  Monthly  Notices  R.  A.  S.,  vol.  xxx.  p.  46. 
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employed  at  night  could  be  conveniently  developed  the  fol¬ 
lowing  day  and  measured  with  a  special  apparatus  at  any 
convenient  time  and  with  any  desired  accuracy.  Were 
such  a  system  reduced  to  practice  it  would  at  least  double, 
perhaps  treble,  an  observer’s  possible  output  of  work. 

Gill  has  introduced  a  powerful  auxiliary  to  the  accuracy 
of  heliometer  measures  in  the  shape  of  a  revers¬ 
ing  prism  placed  in  front  of  the  eye-piece,  be-  Rev®^J? 
tween  the  latter  and  the  observer’s  eye.  If  P 
measures  are  made  by  placing  the  image  of  a  star  in  the 
centre  of  the  disk  of  a  planet,  the  observer  may  have  a 
tendency  to  do  so  systematically  in  error  from  some  ac¬ 
quired  habit  or  from  natural  astigmatism  of  the  eye.  But 
by  rotating  the  prism  90°  the  image  is  presented  entirely 
reversed  to  the  eye,  so  that  in  the  mean  of  measures  made 
in  two  such  positions  personal  error  is  eliminated.  Simi¬ 
larly  the  prism  may  be 
used  for  the  study  and 
elimination  of  personal 
errors  depending  on  the 
angle  made 
by  a  double 
star  with 
the  verti¬ 
cal.  The 
best  plan 
ofmounting 
suchaprism 
has  been 
found  to  be 
the  follow¬ 
ing.  V,  P 

(Fig.  37)  are  the  eye  lens 
and  field  lens  respectively 
of  a  Merz  positive  eye¬ 
piece.  In  this  construc¬ 
tion  the  lenses  are  much 
closer  together  and  the 
diaphragm  for  the  eye  is 
much  farther  from  the 
lenses  than  in  Ramsden’3 
eye-piece.  The  prism  p 
is  fitted  accurately  into 
brass  slides  (care  has  to 
be  taken  in  the  construc¬ 
tion  to  place  the  prism  so 
that  an  object  in  the  cen¬ 
tre  of  the  field  will  so  re¬ 
main  when  the  eye-piece 
is  rotated  in  its  adapter). 
There  is  a  collar,  clamped 
by  the  screw  at  S,  which 
is  so  adjusted  that  the  eye¬ 
piece  is  in  focus  when 
pushed  home,  in  its  adapt¬ 
er,  to  this  collar.  The 
prism  and  eye-piece  are 
then  rotated  together  in 
the  adapter. 

On  the  theory  of  the  he¬ 
liometer  and  its  use  consult 
Bessel,  Astronoraische  Unter- 
suchungen,  vol.  i. ;  Hansen, 
Ausfuhrliche  Methode  mil  dem 
Fraunhofer  schen  Heliometer  anzustellen,  Gotha,  1827;  Chauvenet, 
Spherical  and  Practiced  Astronomy ,  vol.  ii.  pp.  403-436,  Philadel¬ 
phia  and  London,  1876;  Seeliger,  Theme  des  Heliometers,  Leipsic, 
1877;  Lindsay  and  Gill,  Dunecht  Publications,  vol.  ii.,  Dunecht  (for 
private  circulation),  1877 ;  Gill,  Memoirs  of  the  Royal  Astronomical 
Society,  vol.  xlvi.  pp.  1-172. 


Micrometers  which  Involve  the  Employment  of  the  Diurnal 
Motion. 


Advantage  is  often  taken  of  the  diurnal  motion  to  meas¬ 
ure  the  relative  positions  of  stars.  The  varieties  of  reticules 
and  scales  that  have  been  employed  are  far  too  numerous 
even  for  mention  in  detail.  The  following  are  the  means 
and  methods  by  which  most  work  has  been  done,  and  they 
are  typical  of  all  the  others.  In  the  focus  of  his  meridian 
telescope  Lacaille  had  a  brass  diaphragm  in  which  was  cut 
a  hole,  having  parallel,  sharp,  straight  edges  of  .. 

the  shape  shown  in  Fig.  38.  The  louger  diag-  rhombofd9 
onal  of  the  rhomboid  so  formed  was  at  right 
angles,  and  the  shorter  parallel  to  the  diurnal  motion. 
The  method  of  observation  consisted  in  noting  the  instant 
of  ingress  and  egress  of  each  star  which  presented  itself. 
The  mean  of  the  times  thus  noted  for  each  star  gave  the 
time  of  its  transit  over  the  imaginary  line  ab,  whilst  the 
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Fig.  38. 


Argelander’s 
scale. 


difference  between  the  instant  of  ingress  and  that  of  egress 
(converted  into  arc  by  the 
known  approximate  declina¬ 
tion)  gave  the  length  of  the 
chord  traversed  by  the  star 
parallel  to  the  imaginary  line 
cd.  Hence  (the  dimensions  of 
the  rhomboid  being  known) 
the  difference  of  the  star’s  de¬ 
clination  from  the  line  cd  be¬ 
came  known  (the  observer  was 
of  coarse  careful  to  note 
whether  the  star  passed  to 
north  or  south  of  cd).  Thus 
every  star  that  crossed  the 
field  was  observed,  all  their 
right  ascensions  were  referred 
to  the  clock -time  of  passing  ab, 
and  all  their  declinations 

to  that  of  cd ;  hence  their  mutual  differences  of  right 
ascension  and  declination  were  known.  In  this  way,  in  the 
short  space  of  ten  months,  Lacaille  observed  nearly_ten 
thousand  stars  at  the  Cape  of  Good  Hope  in  the  years  1751- 
52.1  Fraunhofer’s  ring  micrometer  consists  of  a  ring  of 
.  steel,  very  truly  turned,  mounted  in  a  hole  cut 

meter  Cr°"  a  c'rcular  disk  of  glass.  The  ring  is  placed 
in  the  focus  of  a  telescope,  and  viewed  by  a 
positive  eye-piece.  The  observer  notes  the  instants  when 
the  two  objects  enter  and  emerge  from  each  side  of  the 
ring.  The  only  data  required  for  computing  the  difference 
of  right  ascension  and  declination  of  the  two  objects  are 
the  times  above  mentioned,  the  diameter  of  the  ring,  and 
the  approximate  declination  of  one  of  the  objects.  The 
latter  is  always  known.  The  methods  of  determining  the 
former  and  of  reducing  the  observations  are  to  be  found  in 
every  work  on  practical  astronomy.  The  ring  micrometer 
has  been  largely  used  in  observing  comets. 

Argelander,  in  making  his  famous  survey  of  the  northern 
heavens,2  employed  a  semicircle  of  glass,  the 
straight  edge  of  which  (truly  ground)  crosses 
the  centre  of  the  field  of  view  at  right  angles 
to  the  diurnal  motion  of  the  stars.  Differences  of  right 
ascension  were  directly  observed  at  this  edge,  whilst  differ¬ 
ences  of  declination  were  noted  by  strong  dark  lines  drawn 
at  right  angles  to  the  edge  at  each  10'  of  arc.  A  telescope 
of  3  inches  aperture  with  a  magnifying  power  of  10  diame¬ 
ters  commanded  a  field  of  3°  20'  in  declination.  One  ob¬ 
server  was  placed  at  the  telescope,  another  at  the  clock. 
The  telescope  observer  marked  the  instant  when  the  star 
touched  the  glass  edge,  by  calling  sharply  the  word  “  eight  ” 
or  “  nine,”  etc.,  which  also  indicated  the  magnitude ;  the 
same  observer  also  noted  and  recorded  the  reading  of  the 
declination  scale  (where  the  star  crossed  it),  without  re¬ 
moving  his  eye  from  the  telescope.  The  clock  observer 
wrote  down  the  magnitude  called  out  by  the  telescope  ob¬ 
server,  and  the  instant  by  the  clock  when  the  word  was 
given.  The  two  records  were  then  compared  after  the  ob¬ 
servations  of  the  night  were  over.  In  this  way  Schonfeld 
and  Krueger  (Argelander’s  assistants)  observed  and  cata¬ 
logued  about  three  hundred  thousand  stars.  The  probable 
error  of  an  observation  is  about  ±  0.7  sec.  in  right  ascen¬ 
sion  and  ±  0.4'  in  declination. 

Bond3  employed  a  very  similar  arrangement,  differing 
.  only  from  Argelander’s  in  having  the  scale  cut 
declinom-Ca  on  a  sheet  of  transparent  mica  x^th  °f  an  inch 
eter.  in  thickness.  Very  oblique  illumination  was 

employed,  and  the  divisions  and  figures  were 
seen  bright  upon  a  dark  background.  The  range  of  decli¬ 
nation  was  limited  to  10',  the  scale  was  divided  to  10'', 
the  right  ascensions  were  observed  by  chronographic  regis¬ 
tration,  and  the  great  refractor  of  the  Cambridge  U.  S. 
Observatory  (with  an  aperture  of  15  inches  and  power  of 
140)  was  employed.  The  probable  errors  in  right  ascension 
and  declination  were  found  to  be  ±  0.06  sec.  in  right  ascen¬ 
sion  and  ±  0.6”  in  declination— results  of  marvellous  accu¬ 
racy  considering  the  amount  of  work  accomplished  in  a 
short  time  and  the  faintness  (eleven  to  twelve  magnitudes) 
of  the  stars  observed. 

We  were  on  the  point  of  criticising  Bond’s  programme  as 
somewhat  too  ambitious  for  realization  without 
Peters’s  cooperation  (it  would  take  about  twenty -six 
thousand  hours  of  observing  to  carry  out  the 
scheme  for  the  northern  hemisphere  alone),  when  we 
received  from  Peters,  of  Clinton,  U.  S.,  the  first  twenty  maps 


2  Lacaille,  Caelum  Australe  SteUiferum,  Paris,  1763,  and  A  Catalogue 
of  9766  Stars  from  the  observations  of  Lacaille,  London,  1847. 

3  Atlas  des  N&rdlichen  Qestirnten  Himmels,  Bonn,  1863,  Introduc¬ 
tion. 

3  Annals  of  the  Astronomical  Observatory,  Harvard  College,  vol.  i. 
part  ii. 


of  a  series  which  will  include  the  whole  of  the  sky  between 
declination  +  30°  and  —  30°.  If  we  consider  that  all  the 
stars  in  these  maps  of  the  eleventh  magnitude  or  brighter 
have  been  observed  by  a  method  similar  to  Bond’s,  that  the 
enormous  additional  labor  of  frequent  revision  has  been 
undertaken,  and  all  stars  visible  with  a  power  of  80  in  a 
telescope  of  13  inches  aperture  (about  fourteenth  magni¬ 
tude)  have  been  filled  in  by  alignment,  and  that  all  this  re¬ 
sults  from  the  unaided  labor  of  a  single  observer,  we  find  that 
our  ideas  of  the  possible  have  to  be  modified,  when  such  a 
man  undertakes  a  work  with  persistent  unity  of  purpose 
for  more  than  twenty  years  (1860-83). 

There  is  an  ingenious  mode  of  registering  differences  of 
declination  that  has  been  in  use  at  the  Berlin  Observatory 
since  1879,  and  is  described  by  Dr.  Knarre  in  Berlin  <ie. 
the  Zeitschrift  fur  Instrument  enkunde  for  July,  clinograph. 
1881.  The  instrument  is  called  a  declino- 
graph.  It  has  a  web  moved  in  declination  by  a  quick-acting 
screw  ;  the  same  screw  carries  a  travelling  pricker  or  point. 
The  observer  having  bisected  a  star  by  the  wire  has  simply 
to  compress  an  india-rubber  ball  connected  by  a  flexible 
tube  with  a  thin  metal  box  made  on  the  principle  of  the 
vacuum  chamber  of  an  aneroid  barometer.  The  expansion 
of  this  box  so  produced  brings  a  sheet  of  paper  in  contact 
with  two  prickers,  one  the  movable  pricker  before  men¬ 
tioned,  the  other  a  fixed  pricker.  The  action  of  the  vacuum 
box  also  automatically  shifts  the  paper  (a  long  roll)  by  a 
small  quantity  at  each  observation,  so  that  successive  obser¬ 
vations  are  recorded  in  regular  order.  To  obtain  the  ob¬ 
served  differences  of  declination  it  is  then  only  necessary  to 
measure  with  a  glass  scale  (divided  for  the  special  tele¬ 
scope  to  10”)  the  distance  of  each  record  of  the  moving 
pricker  from  the  fixed  pricker.  It  is  found,  with  this  de- 
clinograph  on  the  Berlin  equatorial,  that  the  observed  dec¬ 
linations  have  only  a  probable  error  of  ±  0.9”.  It  is  ob¬ 
vious  that  by  using  a  chronograph  in  conjunction  with  this 
instrument  both  right  ascensions  and  declinations  could  be 
recorded  with  great  accuracy  and  rapidity. 

Miscellaneous  Micrometers. 

Clausen  in  1841  (AsL  Nach.,  No.  414)  proposed  a  form  of 
micrometer  consisting  of  a  divided  plate  of  parallel  glass 
placed  within  the  cone  of  rays  from  the  object-  parallel 
glass  at  right  angles  to  the  telescope  axis.  One-  glass  mi- 
half  of  this  plane  remains  fixed,  the  other  half  crometer. 
is  movable.  When  the  inclination  of  the  mov¬ 
able  half  with  respect  to  the  axis  of  the  telescope  is  changed 
by  rotation  about  an  axis  at  right  angles  to  the  plane  of 
division,  two  images  are  produced.  The  amount  of  separa¬ 
tion  is  very  small,  and  depends  on  the  thickness  of  the 
glass,  the  index  of  refraction,  and  the  focal  length  of  the 
telescope.  Secchi  ( Comptes  Rend  us,  xli.,  1855,  p.  906)  gives 
an  account  of  some  experiments  with  a  similar  micrometer; 
and  Porro  ( Comptes  Rendus,  xli.,  p.  1058)  claims  the  original 
invention  and  construction  of  such  a  micrometer  in  1842. 
Clausen,  however,  has  undoubted  priority.  Helmholtz  in 
his  “Ophthalmometer  ”  has  employed  Clausen’s  principle, 
but  arranges  the  plates  so  that  both  move  symmetrically  in 
opposite  directions  with  respect  to  the  telescope  axis. 
Should  Clausen’s  micrometer  be  employed  as  an  astronomi¬ 
cal  instrument  it  would  be  well  to  adopt  the  improvement 
of  Helmholtz. 

Burton  and  Grubb  ( Monthly  Notices,  vol.  xli.  p.  59),  after 
calling  attention  to  Lamont’s  paper  ( Jahrbuch  der  K.  S.  b. 
Munchen,  p.  187)  and  Littrow’s  paper  (Proc.  of  Ghost  mi- 
Vienna  Acad,  of  Sciences,  vol.  xx.  p.  253)  on  a  crometer. 
like  subject,  proceed  to  describe  a  most  ingeni¬ 
ous  form  of  “  Ghost  Micrometer,”  in  which  the  image  of  a 
fine  line  or  lines  ruled  in  (or  rather  cut  through)  a  silver 
film  deposited  on  glass  is  formed  at  the  common  focus  of  au 
object-glass  and  eye-piece  of  a  telescope.  A  faint  light 
being  thrown  on  the  outside  of  the  silvered  plate,  there  ap¬ 
pear  bright  lines  in  the  field  of  view.  We  have  not  had  an 
opportunity  of  testing  this,  nor  Grubb’s  more  recent  mo¬ 
dels;  but,  should  it  be  found  possible  to  produce  such 
images  satisfactorily,  without  distortion  and  with  an  appa¬ 
ratus  convenient  and  rigid  in  form,  such  micrometers  will 
probably  supersede  the  filar  micrometer.  Their  absolute 
freedom  from  diffraction,  the  perfect  control  of  the  illumi¬ 
nation  and  thickness  of  the  lines,  and  the  accuracy  with 
which  it  will  be  possible  to  construct  scales  for  zone  obser¬ 
vations  will  be  important  features  of  the  new.  method. 

For  the  use  of  micrometers  in  connection  with  the  micro¬ 
scope,  see  p.  289  of  the  present  volume.  (d.  Gl.) 

MICRONESIA.  The  term  “  Micronesia  ’  ’  embraces 
that  region  of  the  Pacific  north  of  the  great  Melanesian 
islands,  where  either  perhaps  from  a  greater  or  more 
rapid  subsidence,  or  from  the  decreasing  activity 
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northwards  of  the  coral-builders,  the  islands  become, 
generally  speaking,  smaller  and  fewer,  and  finally 
cease.  Accordingly,  excepting  the  Marianas  or  La- 
drones,  which  are  of  volcanic  origin,  and  a  few  isolated 
instances  of  elevation  in  the  Carolines,  the  Microne- 
sian  islands,  though  many  of  the  groups  cover  a  vast 
area,  are  almost  without  exception  very  small  low 
coral  (atoll)  formations.  Besides  the  Lad  rone  and 
Caroline  Islands  (q.v. )  Micronesia  includes  the  Mar¬ 
shall  and  Gilbert  groups,  and  some  geographers  in¬ 
clude  the  Anson  group,  a  number  of  small  widely- 
scattered  islets  to  the  west  of  Hawaii,  the  Magellan 
group  farther  west,  and  the  Bonin  Islands  north  of 
the  Ladrones.1 

Northeasterly  winds  prevail  during  the  winter 
months  over  the  Marshalls,  Ladrones,  and  Carolines, 
except  in  the  extreme  west,  while  between  May  and 
September  the  influence  of  the  monsoon  causes  un¬ 
settled  weather  from  the  west,  with  heavy  gales.  In 
the  Gilberts  the  southeast  trade-wind  brings  fine 
weather  at  this  season. 

The  ethnological  features  of  Micronesia  are  much 
more  definite  than  the  geographical,  for  its  populations 
form  one  great  branch  of  the  fair  Polynesian  race,  dis¬ 
tinguished  from  the  other  by  well-marked  differences 
in  appearance,  language,  and  institutions.  Its  ethno¬ 
logical  relations  are  not  thoroughly  understood.  The 
proximity  of  Japan  and  the  Philippines  on  the  west 
and  of  the  Papuan  and  South  Polynesian  islands  on 
the  south  and  southeast  suggests,  what  in  fact  we  find, 
a  combination  of  elements  in  different  degrees  of  fusion. 
In  some  places  the  oblique  Mongolian  eye  is  noticed, 
and  (along  with  certain  Indo-Chinese  customs)  there  is 
often  a  scantiness  of  beard  and  general  “  Malay  ’  ’  look, 
which  increases  westwards,  and  seems  to  imply  rela¬ 
tions  with  the  archipelago  subsequent  to  the  departure 
thence  of  the  pure  Polynesians.  In  the  Gilberts  the 
traces  of  Polynesian  (Samoan)  influences  are  evident, 
and  are  confirmed  by  tradition.  Among  the  Carolines 
and  the  Marshalls  darker  and  more  savage  communi¬ 
ties  are  found,  suggesting  a  Melanesian  element,  which 
is  further  traceable  in  the  Ebon  (Marshall)  and  other 
languages. 

Each  of  the  four  groups,  from  long  isolation,  has 
developed  peculiarities  of  its  own.  The  most  advanced 
were  the  “  Chamorros  ”  of  the  Ladrones,  owing  to  the 
greater  natural  resources  of  the  islands,  and  perhaps 
more  frequent  contact  with  influences  from  the  west ; 
but  as  a  separate  people  they  no  longer  exist,  having 
been  nearly  exterminated  by  the  Spaniards  in  the  17th 
century.  Next  in  advancement  come  the  Carolines. 
The  general  type  is  a  well-proportioned  rather  slightly 
built  figure,  with  small  and  regular  features ;  head 
high  and  well-proportioned,  but  forehead  rather  re¬ 
treating,  and  narrow  at  the  temples  ;  cheekbones  and 
chin  slightly  prominent ;  color  somewhat  darker  than 
the  Polynesians,  the  Marshalls  being  darker  and  more 
vigorous  than  the  Carolines,  while  the  Gilbert  type  is 
still  darker  and  coarser.  The  upper  class  greatly  sur¬ 
passes  the  common  people  in  physique  and  intelli¬ 
gence. 

There  is  a  peculiar  division  of  society  into  septs  or 
clans,  the  membership  of  which  constitutes  the  closest 
tie.  Persons  of  the  same  sept  must  not  intermarry,  and 
when  two  islands  or  communities  meet  in  war  the  mem¬ 
bers  of  one  sept,  however  widely  separated  by  distance 
of  space  or  time,  will  not  injure  or  fight  with  each 
other.  Each  community  is  usually  composed  (but 
there  are  local  differences)  of — (1)  an  upper  class  of 
chiefs,  from  among  whom  the  head  ( tamol  or  iros )  is 
chosen  ;  (2)  a  lower  but  still  noble  class ;  and  (3)  com¬ 
mon  people,  mostly  without  rights  of  property.  These 
last  are  only  allowed  one  wife.  Assemblies  of  the 

i  These  islands,  which  contain  a  mixed  immigrant  population, 
are  claimed,  and  have  been  recently  surveyed,  by  Japan.  But 
they  were  annexed  to  England  by  Captain  Beechey  in  1827.  (See 
Von  Kittlitz,  DenkwiXrd igkeiten  einer  Reise  nach  ....  Mikronesien, 
etc.,  vol.  ii.) 


chiefs  everywhere  limit  the  kingly  authority.  In  the 
Marshalls  the  sovereign  has  lost  his  control  over  many 
of  the  atolls,  and  in  the  Gilberts  the  above  distinctions 
have  nearly  disappeared;  the  headship  has  lapsed, 
and,  especially  in  the  southern  islands,  the  man  of 
largest  substance  is  the  most  powerful,  and  sometimes 
establishes  a  local  supremacy.  Here  and  there  are 
traces,  as  in  Tonga,  of  a  spiritual  sovereign,  the  de¬ 
scendants  probably  of  a  conquered  dynasty.  Succes¬ 
sion  is  through  the  female  side,  which  assures  to 
women  a  certain  position,  and  leads  besides  to  some 
curious  results  (see  paper  by  Kubary  in  Das  Ausland , 
1880,  No.  27).  The  upper  class  are  t  he  keepers  of  tra¬ 
ditions,  boat-builders,  leaders  of  expeditions ;  tattooing 
is  generally  done  by  them,  the  amount  increasing  with 
a,  man’s  rank ;  the  custom  here  still  has  definite  re¬ 
ligious  associations.  Both  sexes  are  tattooed.  The 
people  are  singularly  amiable  and  well  disposed,  but 
will  repay  ill  usage  with  treachery.  The  women 
(although  chastity  is  not  expected  before  marriage) 
are  somewhat  more  moral  than  the  Polynesians,  and 
are  treated  with  respect,  as  are  the  aged.  The  natives 
are  polite  and  hospitable  to  strangers  (except  on  the 
poorer  and  ruder  islands),  bright  and  intelligent,  ac¬ 
tive  traders,  expert  cultivators  and  fishermen.  They 
have  a  hand -loom  from  which  beautiful  fabrics  of 
banana,  hibiscus,  and  other  fibres  are  produced.  The 
Marshall  Islanders  are  the  boldest  and  most  skilful 
navigators  in  the  Pacific.  Their  voyages  of  many 
months’  duration,  in  great  canoes  sailing  with  outrig¬ 
ger  to  windward,  well-provisioned,  and  depending  on 
the  skies  for  fresh  water,  help  to  show  how  the  Pacific 
was  colonized.  They  have  a  sort  of  a  chart,  medof  of 
small  sticks  tied  together,  representing  the  positions 
of  islands  and  the  directions  of  the  winds  and  currents. 
A  two-edged  weapon,  of  which  the  blade  is  of  sharks’ 
teeth,  and  a  defensive  armor  of  braided  sennit,  are 
also  peculiar  to  the  islands;  a  large  adze,  made  of  the 
Tridacna  gigas,  was  formerly  used  in  the  Carolines, 
probably  by  the  old  builder  race. 

The  languages  of  Micronesia,  though  grammatically  alike, 
differ  widely  in  their  vocabularies.  They  have  the  chief 
characteristics  of  the  Polynesian,  with  Malay  affinities,  and 
peculiarities  such  as  the  use  of  suffixes  and  inseparable  pro¬ 
nouns  and,  as  in  Tagal,  of  the  infix  to  denote  changes  in  the 
verb ;  in  the  west  groups  there  is  a  tendency  to  closed  syl¬ 
lables  and  double  consonants,  and  a  use  of  the  palatals  ch,  j, 
sh,  the  dental  th,  and  a  (the  last  perhaps  only  in  foreign 
words),  which  is  alien  to  the  Polynesian.  These  letters  are 
wanting  in  the  Gilbert  language,  which  differs  considerably 
from  all  the  others,  and  has  much  greater  affinities  with 
the  Polynesian. 

The  religious  myths  are  generally  identifiable  with  the 
Polynesian,  but  a  belief  in  the  gods  proper  is  overshadowed 
by  a  general  deification  of  ancestors,  who  are  supposed  from 
time  to  time  to  occupy  certain  blocks  of  stone,  set  up  near 
the  family  dwelling,  and  surrounded  by  circles  of  smaller 
ones.  These  stones  are  anointed  with  oil,  and  worshipped 
with  prayer  and  offerings,  and  are  also  used  for  purposes  of 
divination,  in  which,  and  in  various  omens,  there  is  a  gen¬ 
eral  belief.  In  the  Marshalls,  in  place  of  these  stones,  cer¬ 
tain  palm  trees  are  similarly  inclosed.  The  spirits  also 
sometimes  inhabit  certain  birds  or  fishes,  which  are  then 
tabu,  as  food,  to  the  family ;  but  they  will  help  to  catch  them 
for  others.  All  this  closely  recalls  the  karwars  or  ancestral 
images  of  New  Guinea.  Temples  are  very  rare,  though 
these  blocks  of  coral  are  sometimes  surrounded  by  a  roofless 
inclosure  opening  to  the  west.  The  bodies  of  the  dead,  and 
sometimes  even  of  the  sick,  are  dispatched  to  sea  westwards, 
with  certain  rites ;  those  of  the  chiefs,  however,  are  buried, 
for  the  order  has  something  essentially  divine  about  it; 
their  bodies  therefore  are  sacred,  and  their  spirits  naturally 
assume  the  position  above  described.  Such  a  belief  greatly 
strengthens  the  king’s  authority,  for  the  spirits  of  his  an¬ 
cestors  are  necessarily  more  powerful  than  any  other  spirits. 
Thus  too  it  comes  that  the  chiefs,  and  all  belonging  to  them, 
are  tabu  as  regards  the  common  people.  There  are  various 
other  subjects  and  occasions  of  tabu,  but  the  institution  has 
not  the  oppressive  and  all-pervading  character  which  it  has 
in  Polynesia.  Its  action  is  often  economical  or  charitable, 
e.g.,  the  ripening  cocoanuts  are  tabu  as  long  as  the  bread¬ 
fruit  lasts,  thus  securing  the  former  for  future  use ;  or  it  is 
put  on  after  a  death,  and  the  nuts  thus  saved  are  given  to 
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the  family — a  kindness  to  them,  and  a  mark  of  respect  for 
the  dead. 

The  flora  of  the  Gilbert  and  Marshall  groups  is  of  the 
usual  oceanic  character,  with  close  Inflo-Malay  aflinities. 
It  is  much  poorer  than  that  of  the  Carolines,1  with  its  Mo- 
luocan  and  Philippine  elements,  and  this  again  is  surpassed 
by  that  of  the  Ladrones.  In  the  Gilberts  the  scattered 
woods  of  cocoa-palm  and  Pandanus  have  little  undergrowth, 
while  the  South  Marshalls,  being  within  the  belt  of  constant 
precipitation,  have  a  dense  growth  of  (mostly)  low  trees  and 
shrubs,  with  here  and  there  a  tropical  luxuriance  and  va¬ 
riety  unusual  on  atolls.  The  Pandanus  grows  wild  profusely, 
and  is  of  exceptional  importance,  being  the  chief  staple  of 
food,  so  that  the  cocoanut,  which,  however,  flourishes  chiefly 
in  the  Gilberts,  is  used  mainly  to  produce  oil  for  exporta¬ 
tion.  The  bread-fruit  grows  chiefly  in  the  South  Marshalls. 
The  taro  ( Arum  cordifolium  and  others)  is  cultivated  labori¬ 
ously,  deep  trenches  being  cut  in  the  solid  rock  for  its  irri¬ 
gation,  but  this  and  other  plants  of  cultivation,  and  indeed 
the  vegetation  generally,  fall  off  in  number  and  quality 
northwards.  Various  vegetables  are  grown  on  soil  imported 
for  the  purpose.  Marine  plants  are  rare.  W  ilkes  found  on 
Makin  Island,  Gilbert  group,  a  “fruit  resembling  the  goose¬ 
berry,”  called  “teiparu,”  from  which  a  preserve  is  made. 
'Phis  seems  very  like  the  tipari  or  Cape  gooseberry  of  India 
[Physalis  peruviana).  And  their  karaka,  a  drink  made  from 
the  sap  of  the  flower-stalk  of  the  cocoa-palm  (unfermented 
before  the  arrival  of  Europeans),  recalls  the  arrack  of 
Southern  Asia. 

The  fauna,  like  the  flora,  becomes  poorer  eastwards,  birds 
being  much  more  numerous  on  the  high  islands  than  on  the 
atolls,  where  the  few  are  chiefly  aquatic.  On  Bonabe  (Puy- 
nipet)  out  of  twenty-nine  species  eleven  are  sea  birds,  and 
of  the  remaining  eighteen  seven  are  peculiar  to  the  island. 
From  the  Pelews  fifty-six  species  are  recorded  (twelve  pecu¬ 
liar),  and  from  the  neighboring  Mackenzie  group  (Ulithi) 
twenty  (six  peculiar).  Yet  curiously  no  species  is  recorded 
common  to  these  two  groups  and  peculiar  to  them.  The 
common  fowl  is  found  everywhere,  wild  or  tame,  and  in 
some  places  is  kept  for  its  feathers  only.  The  rat  and  a 
Pteropus  are  the  only  indigenous  land  mammals.  The  In¬ 
dian  crocodile  is  found  as  far  east  as  the  Pelews.  There  are 
five  or  six  lizards,  including  a  Gecko  and  Ablephorus.  In¬ 
sects  are  numerous,  but  of  few  kinds.  Scorpions  and  centi¬ 
pedes  are  common,  but  are  said  to  be  harmless. 

The  houses  in  the  Gilberts  and  Marshalls  (much  less 
elaborate  than  in  the  Carolines)  consist  merely  of  a  thatched 
roof  resting  on  posts  or  on  blocks  of  coral  about  3  feet  high, 
with  a  floor  at  that  level,  which  is  reached  from  an  opening 
in  the  centre.  On  this  the  principal  people  sleep,  and  it 
serves  as  a  storehouse  inaccessible  to  rats,  which  infest  all 
the  islands. 

The  Marshall  archipelago  consists  of  two  nearly  parallel 
chains  of  atolls,  from  100  to  300  miles  apart,  the  west  known 
as  Ralik,  the  east  as  Ratak.  They  lie  between  4°  30'  and 

1  About  180  species  have  been  observed  on  Kusaie,  one-fourth 
of  all  the  plants  being  ferns. 


12°  N.,  and  between  165°  15'  and  172°  15'  E.,  and  run  about 
N.N.W.  and  S.S.E.  They  were  discovered  in  1529  by  Saave¬ 
dra,  who,  observing  the  fine  tattooing  of  the  inhabitants 
(the  first  allusion  to  the  practice  in  the  Pacific),  called  them 
Los  Pintados.  Among  modern  voyagers  Wallis  first  visited 
them  in  1767 ;  Captains  Marshall  and  Gilbert  reached  them 
in  1788,  and  Kotzebue  (1816)  explored  them  more  thor¬ 
oughly.  Each  group  contains  fifteen  or  sixteen  atolls,  which 
range  from  2  to  50  miles  in  circumference.  An  anomalous 
feature  is  reported  on  some  of  them,  viz.,  that  the  greater 
proportion  of  land,  or  at  all  events  of  soil,  is  not  found  as 
usual  on  the  windward  side  of  the  lagoon,  for  the  prevailing 
northeast  wind  sweeps,  it  is  said,  the  materials  of  which 
the  soil  of  such  islands  is  composed  across  to  the  lee  side. 
Jaluit  Island  is  the  commercial  emporium  of  the  whole  re¬ 
gion.  There  is  a  curious  tradition  on  Ebon  Island  of  the 
Darwinian  fact  that  the  atoll  once  formed  the  barrier  reef 
of  an  island  now  sunk  beneath  the  lagoon.  The  population 
of  Ratak  is  about  6000,  of  Ralik  4000 ;  there  is  little  inter¬ 
course  between  the  two  groups. 

The  Gilbert  archipelago,  discovered  by  Byron  in  1765,  is 
geographically  a  south  continuation  of  the  Marshalls,  the 
channel  separating  them  being  50  leagues  wide.  It  lies  be¬ 
tween  2°  40'  S.  and  3°  20'  N.,  and  between  172°  30'  and  177° 
15'  E„  and  contains  sixteen  atolls,  not  including  two  hilly 
islands,  Banaba  and  Nawodo,  which  lie  5°  to  6°  to  the  west. 
Several  have  good  anchorages  inside  the  lagoon,  with  en¬ 
trances  on  the  lee  side.  On  some  the  lee  or  west  reef  is 
wanting,  owing  to  the  abrading  force  of  the  west  storms. 
During  these  large  trees  are  washed  ashore,  their  roots  con¬ 
taining  pieces  of  fine  basalt,  of  which  implements  are  made. 
There  is  a  far  larger  proportion  of  land  to  submerged  reef 
and  lagoon  than  in  the  Marshalls,  the  land  sometimes  rising 
20  feet  above  the  sea,  whereas  in  the  Marshalls  the  average 
level  of  the  reef  rock  is  less  than  a  foot  above  the  surface; 
but,  though  the  supply  of  fresh  water  is  exceptionally  great, 
in  fact  enough  for  the  luxury  of  a  bath,  the  soil  (especially 
in  the  south)  is  very  much  less  productive.  Yet  the  popu¬ 
lation,  about  50,000,  is  exceptionally  dense.  The  usual 
scattered  houses  are  replaced  by  compact  rows  of  roofs 
which,  shaded  by  cocoa-palm,  and  each  with  its  boat-shed 
below,  line  the  shore.  Their  numbers  are  unchecked  either 
by  the  constant  practice  of  abortion  or  by  fighting,  to  which 
they  are  much  addicted,  their  weapons  being  more  formid¬ 
able  than  those  of  their  neighbors.  This  exceptional  vigor 
may  be  due  to  the  decidedly  hybrid  character  of  the  race. 
Hawaiian  missionaries,  under  American  superintendence, 
have  labored  here  since  1857.2 

See  also  Findlay’s  Sailing  Directions  for  the  North  Pacific;  Roper’s 
North  Pacific  Idiot  and  Nautical  Magazine,  vols.  xxxi.  and  xxxv. 
Other  authorities  are  Gerland  in  Waits’ s  Anthropologic  der  Natur- 
volker,  vol.  v. ;  Meinicke,  Die  Inseln  des  Stillen  Oceans;  Hale’s 
Ethnography  and  Philology  of  Wilkes’s  V.  S.  Exploring  Expedition ; 
Kotzebue  and  Chamisso,  Entdeckungsreise  in  die  Sudsee;  Proc. 
Zool.  Soc.,  1872  and  1877.  (C.  T.) 
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MICRO 

HE  microscope  is  an  optical  instrument  for  the  ex¬ 
amination  of  minute  objects  or  parts  of  objects, 
which  enlarges  the  visual  pictures  formed  upon  the 
retina  of  the  observer  by  the  rays  proceeding  from 

them. 

Microscopes  are  distinguished  as  simple  or  compound. 
In  the  former,  the  rays  which  enter  the  eye  of  the  ob¬ 
server  come  from  an  object  brought  near  to  it  after  re¬ 
fraction  through  either  a  single  lens  or  a  combination 
of  lenses  acting  as  a  single  lens, — its  action  as  a  “  mag¬ 
nifier”  depending  on  its  enabling  the  eye  to  form  a 
distinct  image  of  the  object  at  a  much  shorter  distance 
than  would  otherwise  be  possible.  The  latter  consists 
of  at  least  two  lenses,  so  placed  relatively  to  the  ob¬ 
ject,  to  the  eye,  and  to  one  another,  that  an  enlarged 
image  of  the  object,  formed  by  the  lens  placed  nearest 
to  it  (the  “object-glass”),  is  looked  at  through  the 
lens  nearest  the  eye  (the  “eye-glass  ”)  which  acts  as  a 
simple  microscope  in  “magnifying”  it;  so  that  the 
compound  microscope  may  be  described  as  a  simple 
microscope  used  to  look  at,  an  enlarged  image  of  the 
object,  instead  of  at  the  object  itself. 

2  [In  1885,  Germany  seized  several  of  these  islands,  but  the 
assailed  Panapee  for  revolt  and  devastated  the  Ketani  district.—. 


SCOPE. 

History  of  the  Simple  Microscope. — Any  solid  or 
liquid  transparent  medium  of  lenticular  form,  having 
either  one  convex  and  one  flat  surface,  or  two  convex 
surfaces  whose  axes  are  coincident,  may  serve  as  a 
“magnifier,” — what  is  essential  being  that  it  shall 
have  the  power  of  so  refracting  the  rays  which  pass 
through  it  as  to  cause  widely  diverging  rays  to  become 
either  parallel  or  but  slightly  divergent.  Thus,  if  a 
minute  object  be  placed  on  a  slip  of  glass,  and  a  single 
drop  of  water  be  carefully  placed  upon  it,  the  drop 
will  act  as  a  magnifier  in  virtue  of  the  convexity  of  its 
upper  surface  ;  so  that  when  the  eye  is  brought  suffi¬ 
ciently  near  it  (the  glass  being,  of  course,  held  hori¬ 
zontally,  so  as  not  to  distort  the  spherical  curvature 
of  the  drop)  the  object  will  be  seen  much  enlarged. 
And  if  a  small  hole  be  made  in  a  thin  plate  of  metal, 
and  a  minute  drop  of  water  be  inserted  in  it,  this  drop, 
having  two  convex  surfaces,  will  serve  as  a  still  more 
powerful  magnifier.  There  is  reason  to  believe  that 
the  magnifying  power  of  transparent  media  with  con¬ 
vex  surfaces  was  very  early  known.  A  convex  lens  of 
rock-crystal  was  found  by  Layard  among  the  ruins  of 
s  Carolines  were  awarded  by  the  pope  to  Spain.  In  1890,  Spain 
Ah.  Ed.] 
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the  palace  of  Nimrud.  And  it  is  pretty  certain  that, 
after  the  invention  of  glass,  hollow  spheres  blown 
of  that  material  and  filled  with  water,  were  commonly 
used  as  magnifiers  (comp.,  vol.  xiv.,  p.  581).  The  per¬ 
fection  of  gem-cutting  shown  in  ancient  gems,  es- 
ecially  in  those  of  very  minute  size,  could  not  have 
een  attained  without  the  use  of  such  aids  to  the  visual 
power ;  and  there  can  be  little  doubt  that  the  artificers 
who  could  execute  these  wonderful  works  could  also 
shape  and  polish  the  magnifiers  best  suited  for  their 
own  or  others’  use.  Though  it  is  impossible  to  say 
when  convex  lenses  of  glass  were  first  made  by  grind¬ 
ing,  it  is  quite  certain  that  they  were  first  generally 
used  to  assist  ordinary  vision  as  “  spectacles,”  the  use 
of  which  can  be  traced  back  nearly  six  centuries  ;  and 
not  only  were  spectacle-makers  the  first  to  produce 
glass  magnifiers  (or  simple  microscopes),  but  by  them 
also  the  telescope  and  the  compound  microscope  were 
first  invented.  There  seems  no  reason  to  believe,  how¬ 
ever,  that  lenses  of  very  high  magnifying  power  (or 
short  focus)  were  produced  until  a  demand  for  them 
had  been  created  by  the  introduction  of  the  compound 
microscope,  in  which  such  lenses  are  required  as 
“object-glasses  and  the  difficulty  of  working  lenses 
of  high  curvature  with  the  requisite  accuracy  led  in 
the  first  instance  to  the  employment  of  globules  made 
by  fusing  the  ends  of  threads  of  spun  glass.  It  was 
in  this  way  that  Robert  Hooke  shaped  the  minutest 
of  the  lenses  with  which  he  made  many  of  the  nu¬ 
merous  discoveries  recorded  in  his  Microgrophia ; 
and  the  same  method  was  employed  by  the  Italian 
microscopist,  Father  Di  Torre.  It  seems  to  have  been 
Leeuwennoek  that  first  succeeded  in  grinding  and  pol¬ 
ishing  lenses  of  such  short  focus  and  perfect  figure  as 
to  render  the  simple  microscope  a  better  instrument 
for  most  purposes  than  any  compound  microscope  then 
constructed, — its  inferiority  in  magnifying  power  being 
more  than  counterbalanced  by  the  superior  clearness 
of  the  retinal  picture.  And,  in  despair  of  any  such 
modification  in  the  compound  form  as  should  remove 
the  optical  defects  which  seemed  inherent  in  its  plan 
of  construction,  scientific  opticians  and  microscopic 
observers  alike  gave  their  chief  attention  for  a  consid¬ 
erable  period  to  the  improvement  of  the  simple  mi¬ 
croscope.  In  order  that  the  nature  of  these  improve¬ 
ments  may  be  understood,  the  principle  of  its  action 
must  be  first  explained. 

The  normal  human  eye  has  a  considerable  power 
of  self- adjustment,  by  which  its  focal  length  is  so  varied 
that  it  forms  equally  distinct  pictures  of  objects  brought 
within  ordinary  reading  distance  (say  10  inches)  and 
of  objects  whose  _  distance  is  many  times  that  length, 
the  size  of  the  visual  picture  of  any  object  diminish¬ 
ing,  however,  with  the  increase  in  the  distance  to  which 
it  is  removed,  and  the  amount  of  detail  distinguishable 
in  it  following  the  same  proportion.  Thus  a  man  who 
looks  across  the  street  at  a  placard  posted  on  the  oppo¬ 
site  wall  may  very  distinctly  see  its  general  form  and 
the  arrangement  of  its  heading,  ana  may  be  able  to 
read  what  is  set  forth  in  its  largest  type,  whilst  un¬ 
able  to  separate  the  lines,  still  more  to  read  the  words, 
of  what  is  set  forth  below.  But  by  crossing  the  street 
so  as  to  bring  his  eye  nearer  the  picture,  he  finds  him¬ 
self  able  to  read  the  smaller  type  as  easily  as  he  before 
read  the  larger, — the  visual  picture  on  his  retina  hav¬ 
ing  been  magnified,  say  10  times  in  linear  dimension, 
by  the  reduction  of  the  distance  of  his  eye  from  40 
feet  to  4.  Similarly,  if  he  holds  a  page  of  excessively 
minute  type  at  arm’s  length  (say  40  inches)  from  his 
eye,  he  may  be  unable  to  read  it,  not  because  his  eye 
does  not  form  a  distinct  retinal  picture  of  the  page  at 
that  distance,  but  because  the  details  of  that  picture 
are  too  minute  for  him  to  distinguish  them.  But  if  he 
brings  the  page  from  40  inches  to  10  inches  distance 
he  may  be  able  to  read  it  without  difficulty,— the  reti¬ 
nal  picture  being  enlarged  four  times  linear  (or  sixteen 
times  superficial)  by  this  approximation.  Now  the 
rays  that  enter  the  eye  from  each  point  of  a  remote 


object  diverge  so  little  as  to  be  virtually  parallel ;  but 
the  divergence  increases  with  the  approximation  of  the 
object  to  the  eye,  and  at  10  inches  the  angle  of  their 
divergence  is  as  wide  as  permits  the  ordinary  eye  to 
bring  them  to  a  focus  on  the  retina.  When  tne  object 
is  approximated  more  closely,  an  automatic  contraction 
of  the  pupil  takes  place,  so  that  the  most  diverging 
rays  of  each  pencil  are  cut  off,  and  a  distinct  picture 
may  be  formed  (though  not  without  a  feeling  of  strain) 
when  the  object  is  (say)  from  5  to  8  inches  distant, — 
giving  still  greater  minuteness  of  visual  detail  in  con¬ 
formity  with  the  increase  of  size.  A  further  magnify¬ 
ing  power  may  be  obtained  without  the  interposition 
of  any  lens,  by  looking  at  an  object,  at  2  or  3  inches 
distance,  through  a  pin-hole  in  a  card  ;  for  by  thus 
cutting  off  the  more  divergent  rays  of  each  pencil,  so 
as  to  admit  only  those  which  can  be  made  to  converge 
to  a  focus  on  the  retina  at  that  distance,  a  distinct  and 
detailed  picture  may  be  obtained,  though  at  the  ex¬ 
pense  of  a  great  loss  of  light.  Moreover,  although  an 
ordinary  eye  does  not  form  a  distinct  picture  of  an  ob¬ 
ject  at  less  than  from  10  to  6  inches  distance,  a 
‘  myopic”  or  “ short-sighted  ”  eye  (whose  greater  re¬ 
fractive  power  enables  it  to  bring  rays  of  wider  diver¬ 
gence  to  a  focus  on  the  retina)  may  form  an  equally 
distinct  picture  of  an  object  at  from  5  to  3  inches  dis¬ 
tance  ;  and,  as  the  linear  dimensions  of  that  picture 
will  be  double  that  of  the  preceding,  the  object  will  be 
“magnified”  in  that  proportion,  and  its  details  more 
clearly  seen. 

The  effect  of  the  interposition  of  a  convex  lens  be¬ 
tween  the  eye  and  an  object  nearly  approximated  to  it 
primarily  consists  in  its  reduction  in  tne  divergence  of 
the  rays  of  the  pencils  which  issue  from  its  several 
points,  so  that  they  enter  the  eye  at  the  moderate  di¬ 
vergence  which  they  would  have  if  the  object  were  at 
the  ordinary  nearest  limit  of  distinct  vision.  And, 
since  the  shorter  the  focus  of  the  lens  the  more  closely 
may  the  object  be  approximated  to  the  eye,  the  retinal 
icture  is  enlarged,  causing  the  object  to  appear  magni- 
ed  in  the  same  proportion.  Not  only,  however,  are 
the  component  rays  of  each  pencil  brought  from  di¬ 
vergence  into  convergence,  but  the  course  of  the  pen¬ 
cils  themselves  is  changed,  so  that  they  enter  the  eye 
under  an  angle  corresponding  to  that  under  which  they 
would  have  arrived  from  a  larger  object  situated  at  a 
greater  distance  ;  and  thus,  as  the  picture  formed  upon 
the  retina  by  the  small  object  ab,  Fig.  1,  corresponds 


Fig.  1.— Action  of  Simple  Microscope. 


in  all  respects  with  that  which  would  have  been  made 
by  the  same  object  AB  of  several  times  its  linear  di¬ 
mension  viewed,  at  the  nearest  ordinary  limit  of  distinct 
vision,  the  object  is  seen  (by  the  formation  of  a  “  virtual 
image  ” )  on  a  magnified  scale. 

It  is  obvious  that  the  “magnifying  power  ”  of  any 
convex  lens  so  used  is  measured  by  the  ratio  between 
the  dimensions  of  the  retinal,  picture  formed  with  its 
assistance  and  those  of  the  picture  formed  by  the  un¬ 
aided  eye.  Thus,  if  by  the  use  of  a  convex  lens  having 
1  inch  focal  length  we  can  form  a  distinct  retinal  image 
of  an  object  at  only  an  inch  distance,  this  image  will 
have  ten  times  the  linear  dimensions  of  that  formed 
by  the  same  object  at  a  distance  of  10  inches,  but  will 
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be  only  eight  times  as  large  as  the  picture  formed  when 
the  object  can  be  seen  by  ordinary  vision  at  8  inches 
distance,  and  only  four  times  as  large  as  the  picture 
of  the  same  object  formed  by  a  myopic  eye  at  a  dis¬ 
tance  of  4  inches.  It  is  usual  to  estimate  the  magni¬ 
fying  power  of  single  lenses  (or  of  combinations  that 
are  used  as  such)  by  the  number  of  times  that  their 
focal  length  is  contained  in  10  inches, — that  of  1  inch 
focus  being  thus  taken  as  ten  times,  that  of  fa  inch  as 
one  hundred  times,  and  so  on.  But  the  rule  is  obvi¬ 
ously  arbitrary,  as  the  actual  magnifying  power  varies 
in  each  individual  with  the  nearest  limit  of  distinct 
vision.  Thus  for  the  myopic  who  can  see  an  object 
clearly  at  4  inches  distance,  the  magnifying  powers  of 
a  1  inch  and  a  ^  inch  lens  will  be  only  4  and  40  re¬ 
spectively.  The  amplifying  power  of  every  single 
convex  lens,  however,  is  impaired  (1)  by  that  inability 
to  bring  to  the  same  focus  the  rays  which  fall  upon  the 
central  and  the  marginal  parts  of  its  surface,  which  is 
called  “spherical  aberration,”  and  (2)  by  that  disper¬ 
sion  of  the  rays  of  different  wave-lengths,  in  virtue 
of  their  different  refrangibilities,  which  produces  col¬ 
ored  fringes  around  the  points  and  lines  of  the  visual 
picture,  and  is  therefore  called  ‘  ‘  chromatic  aberration  ’  ’ 
(see  Light).  These  aberrations  increase  with  the 
u  angle  of  aperture”  given  to  the  lens,  that  is,  with 
the  proportion  between  the  diameter  of  its  actual 
opening  ’  ’  and  the  focal  distance  of  the  object ;  and 
thus,  when  a  single  lens  of  very  short  focus  is  used  in 
order  to  gain  a  high  magnifying  power,  such  a  re¬ 
duction  of  its  aperture  by  a  perforated  diaphragm  or 
“stop  ”  becomes  necessary  (in  order,  by  excluding  the 
peripheral  rays,  to  obtain  tolerable  “definition”  with 
freedom  from  false  color)  that  the  amount  of  light 
admitted  to  the  eye  is  so  small  as  only  to  allow  the 
most  transparent  objects  to  be  thus  viewed,  and  these 
only  very  imperfectly.  In  order  to  remedy  this  draw¬ 
back,  it  was  proposed  by  Sir  D.  Brewster  to  use  instead 
of  glass,  in  the  construction  of  simple  microscopes, 
such  transparent  minerals  as  have  high  refractive  with 
low  dispersive  power  ;  in  which  case  the  same  optical 
effect  could  be  obtained  with  lenses  of  much  lower 
curvature,  and  the  aperture  might  be  proportionately 
enlarged.  This  combination  of  qualities  is  found  in 
the  diamond,  whose  index  of  refraction  bears  such  a 
proportion  to  that  of  glass  that  a  diamond  lens  having 
a  radius  of  curvature  of  8  would  give  the  same  magni¬ 
fying  power  as  a  glass  lens  whose  radius  of  curvature 
is  3,  while  the  ‘  ‘  longitudinal  aberration  ’  ’  (or  distance 
between  the  foci  of  central  and  of  marginal  rays) 
would  be  in  a  diamond  lens  only  one-ninth  of  that  of 
a  glass  lens  having  the  same  power  and  aperture.  Put¬ 
ting  aside,  however,  the  costliness  of  the  material  and 
the  difficulty  of  working  it,  a  source  of  imperfection 
arises  from  a  frequent  want  of  homogeneousness  in  the 
diamond  crystal,  which  has  proved  sufficient  to  make  a 
lens  worked  from  it  give  a  double  or  even  a  triple 
image.  Similar  attempts  made  by  Mr.  Pritchard  with 
sapphire  proved  more  successful ;  and,  as  a  sapphire 
lens  having  a  radius  of  curvature  of  5  has  the  same 
focus  and  gives  the  same  magnifying  power  as  a  crown- 
glass  lens  Having  a  radius  of  3,  it  was  found  to  bear  a 
much  larger  aperture  without  serious  impairment  by 
either  spherical  or  chromatic  aberration.  As  the 
sapphire,  however,  possesses  the  property  of  double 
refraction,  the  duplication  of  the  markings  of  the 
object  in  their  retinal  image  constitutes  a  very  serious 
drawback  to  the  utility  of  lenses  constructea  of  this 
mineral ;  for,  though  the  double  refraction  may  be  re¬ 
duced  almost  to  nothing  by  turning  the  convex  side  of 
the  lens  towards  the  object,  yet,  as  this  is  the  worst 
position  in  regard  to  spherical  aberration,  more  is  lost 
than  is  gained.  Fortunately,  however,  for  biological 
investigators  working  with  simple  microscopes,  the 
introduction  of  the  Wollaston  doublet  superseded  the 
necessity  of  any  further  attempts  at  turning  costly 
jewels  to  account  as  high-power  magnifiers. 

Wollaston  Doublet. — This  consists  of  a  combination 


of  two  plano-convex  lenses,  whose  focal  lengths  (as 
directed  by  Dr.  Wollaston)  should  be  as  3  to  1,  with 
their  plane  sides  turned  towards  the  object, — the  smaller 
lens  being  placed  lowest,  and  the  upper  lens  at  a  dis¬ 
tance  of  one  and  a  half  times  its  focal  length  above  it. 
This  construction,  however,  has  been  subsequently  im¬ 
proved — (1)  by  the  introduction  of  a  perforated  dia¬ 
phragm  between  the  lenses  ;  (2)  by  a  more  effective 
adjustment  of  the  distance  between  the  two  lenses, 
which  seems  to  be  most  satisfactory  when  it  eauals  the 
difference  of  their  respective  focal  lengths,  allowance 
being  made  for  their  thickness  ;  and  (3)  by  the  division 
of  the  power  of  the  lower  lens  (when  a  shorter  focus 
than  fa  inch  is  required)  into  two,  so  as  to  form  a 
“triplet.”  When  combinations  of  this  kind  are  well 
constructed,  spherical  aberration  is  almost  wholly  got 
rid  of,  and  chromatic  dispersion  is  so  slight  that  the 
angle  of  aperture  may  be  considerably  enlarged  with¬ 
out  much  sacrifice  of  distinctness.  Such  “  doublets  ” 
and  “triplets,”  having  been  brought  into  use  in  Eng¬ 
land  while  the  compound  microscope  still  retained  its 
original  imperfections,  proved  very  serviceable  to  such 
as  were  at  that  time  prosecuting  minute  biological  in¬ 
vestigations:  for  example,  the  admirable  researches  of 
Dr.  Sharpey  on  ciliary  action  in  animals  (1830-35),  and 
Mr.  Henry  Slack’s  beautiful  dissections  of  the  ele¬ 
mentary  tissues  of  plants,  as  well  as  his  excellent  ob¬ 
servations  on  vegetable  cyclosis  (1831),  were  made  by 
their  means.  No  one,  however,  would  now  use  Wol¬ 
laston  “doublets”  or  “  triplets  ”  of  high  power  in 
place  of  a  compound  achromatic  microscope  ;  and  for 
the  simple  microscopes  of  low  power  that  are  useful 
either  for  dissecting  or  for  picking  out  minute  speci¬ 
mens  (such  as  diatoms)  other  constructions  are  prefer¬ 
able,  as  giving  a  larger  field  and  more  light.  As  a 
hand  magnifier  the  “Coddington”  lens — which  is  a 
sphere  of  glass  with  a  deep  groove  ground  out  of  its 
equatorial  portion — has  many  advantages.1  By  mak¬ 
ing  this  groove  sufficiently  deepv  both  spherical  and 
chromatic  aberrations  can  be  rendered  almost  insensi¬ 
ble;  and,  as  the  rays  falling  on  any  part  of  the  spher¬ 
ical  surface  can  only  pass  to  the  eye  either  through  or 
near  the  centre,  the  action  of  every  part  of  that  sur¬ 
face  is  the  same,  so  that  the  image  of  the  object  will 
be  equally  distinct  (when  properly  focussed)  whether 
its  parts  lie  nearer  to  the  axis  of  the  sphere  or  more 
remote  from  it,  or  the  axis  be  itself  turned  to  one  side 
or  the  other.  Again,  it  was  mathematically  shown  by 
Sir  John  Herschel  in  1821  that  by  the  combination  of 
a  meniscus  with  a  double  convex  lens — the  four  sur¬ 
faces  of  these  lenses  having  certain  proportionate  cur¬ 
vatures — spherical  aberration  could  be  entirely  extin- 

guished  for  rays  parallel  to  the  axis,  the  combination 
eing  thus  an  “aplanatic”  doublet,  while  another 
combination,  which  he  termed  a  ‘  ‘  periscopic  ’  ’  doub¬ 
let,  gives  a  remarkable  range  of  oblique  vision  with 
low  powers,  and  almost  entirely  extinguishes  chromatic 
aberration,  although  at  the  expense  of  residual  spher¬ 
ical  aberration.  These  combinations  have  been  mounted 
both  as  hand-magnifiers  and  as  single  microscopes,  for 
both  which  purposes  they  are  much  superior  to  single 
lenses  of  the  same  magnifying  power.  But  such  com¬ 
binations  have  been  greatly  improved  by  the  introduc¬ 
tion  of  concaves  of  flint  glass,  so  as  to  render  them 
achromatic  as  well  as  aplanatic;  and  nothing,  acc.ord  - 
ing  to  the  writer’s  experience,  can  now  be  used  with 

freater  advantage  for  all  the  purposes  answered  either 
y  the  simple  microscope  or  the  hand-magnifier  than 

i  It  is  difficult  to  understand  how  the  name  of  Coddington  came 
to  be  attached  to  the  grooved  sphere,  seeing  that  he  neither  was 
nor  claimed  to  be  the  inventor  of  it.  Dr.  Wollaston’s  first  “  doub¬ 
let  ”  consisted  of  a  pair  of  plano-convex  lenses  with  their  plane 
surfaces  opposed  to  each  other,  and  a  diaphragm  with  central 
aperture  placed  between  them.  Sir  D.  Brewster  showed  that  this 
construction  is  most  advantageous  when  the  two  lenses  are  hemi¬ 
spheres,  and  the  central  aperture  between  their  two  plane  surfaces 
is  filled  up  by  a  transparent  cement  having  the  same  refractive 
index  as  glass.  And  from  this  the  transition  is  obvious  to  the 
grooved  sphere,  which  had  been  made  for  Sir  D.  Brewster  long 
before  the  high  commendation  it  received  from  Mr.  Coddington 
brought  it  into  geaer&i  repute, 
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Browning’s  “  platyscopic  ”  lenses  or  the  “achromatic 
doublets  ’  of  Steinheil  of  Munich.  Each  of  these 
combinations  gives  a  large  flat  field,  with  plenty  of 
light,  admirable  definition,  and  freedom  from  false 


color. 


At  the  period  when  “  doublets  ”  of  very  short  focus  were 
used  in  order  to  obtain  high  magnifying  power,  it  was 
requisite  to  mount  these  on  such  a  stand  as  would  enable 
the  focal  adjustment  to  be  made,  and  would  admit  the  use 
of  a  special  illuminating  apparatus  with  great  exactness. 


Fig.  2.— Laboratory  Dissecting  Microscope. 


But  now  that  comparatively  low  powers  only  are  employed 
the  ordinary  rack-and-pinion  movement  is  quite  sufficient 
for  their  focal  adjustment,  and  nothing  more  is  required 
for  the  illumination  of  the  object  than  a  concave  mirror  be¬ 
neath  the  stage  when  it  is  transparent,  and  a  condensing 
lens  above  when  it  is  opaque.  The  various  patterns  of  sim¬ 
ple  microscope  now  made  by  different  makers  vary  in  their 
construction,  chiefly  in  regard  to  portability,  the  size  of 
•their  stages,  and  the  mode  in  which  “  rests  ”  or  supports  to 
the  hands  are  provided.  These,  in  Continental  instru¬ 
ments,  are  very  commonly  attached  to  the  stage ;  but,  un¬ 
less  the  stage  itself  and  the  pillar  to  which  it  is  fixed  are 
extremely  massive,  the  resting  of  the  hands  on  the  sup¬ 
ports  is  apt  to  depress  the  stage  in  a  degree  that  affects  the 
focal  adjustment;  and  where  portability  is  not  an  object  it 
seems  better  that  the  hand-supports  should  be  independent 
of  the  stage.  For  a  laboratory  microscope,  the  pattern 
represented  in  Fig.  2  has  been  found  very  convenient,  the 
framework  being  of  mahogany  or  other  hard  wood,  the 
stage  being  large  enough  to  admit  a  dissection  or  carry  a 
water-trough  of  considerable  size,  and  the  bent  arm  that 
carries  the  “  powers  ”  being  made  capable  of  reversion,  so 
as  to  permit  the  use  of  lenses  of  very  long  as  well  as  of  very 
short  focus.  As  it  is  desirable  that  the  stage  should  not  be 
acted  on  chemically  by  sea-water,  acids,  or  other  reagents, 
it  may  be  made  either  of  a  square  of  plate-glass  or  of  a  plate 
of  ebonite  with  an  aperture  in  the  middle ;  and  either  of 
these  may  be  made  to  slide  in  grooves  in  the  side  supports, 
so  that  one  may  be  substituted  for  the  other.  The  arm  may 
be  easily  made  (if  desired)  to  carry  the  body  of  a  compound 
microscope,  so  as  to  apply  it  to  the  examination  of  objects 
dissected  or  otherwise  prepared  under  the  simple  micro¬ 
scope,  without  transferring  them  to  another  instrument.  A 
portable  form  of  simple  microscope  is  shown  in  Fig.  30. 

Compound  Microscope.— The  placing  of  two  convex 
lenses  in  such  relative  positions  that  one  should  mag¬ 
nify  an  enlarged  image  of  a  small  near  object  formed 
by  the  other  naturally  soon  followed  the  invention  of 
the  telescope,  and  seems  to  have  first  occurred  to  Hans 
Zansz  or  his  son  Zacharias  Zansz,  spectacle-makers  at 
Middelburg  in  Holland,  about  1590.  One  of  their 
compound  microscopes,  which  they  presented  to  Prince 
Maurice,  was  in  the  year  1617  in  the  possession  of 
Cornelius  Drebell  of  Alkmaar,  who  then  resided  in 
London  as  mathematician  to  king  James  I.  In  order 
to  make  clear  the  successive  stages  by  which  the  rude 
and  imperfect  microscope  of  that  period  has,  after 
remaining  for  two  centuries  unimproved  in  any  essen¬ 
tial  particular,  been  developed  within,  the  last  half¬ 


acumen  and  manipulative  skill  has  ever  produced,  it 
is  necessary  to  explain  the  principle  of  its  construc¬ 
tion,  and  to  show  wherein  lay  the  imperfection  of  its 
earlier  form. 

In  its  simplest  construction,  as  already  stated,  the 
compound  microscope  consists  of  only  two  lenses, — 
the  “object-glass”  CD,  Fig.  3,  which  receives  the 
light-rays  direct  from  the  object  AB  placed  near  it, 
and  forms  an  enlarged  but  reversed  image  A/B/  at  a 
greater  distance  on  the  other  side,  and  the  “eye- 
;lass”  LM,  which  receives  the  rays  that 
iverge  from  the  several  points  of  this 
image  as  if  they  proceeded  from  the 
points  of  an  actual  object  occupying  the 
position  and  enlarged  to  the  dimensions 
A'B',  and  brings  these  to  the  eye  at  E, 
so  altering  their  course  as  to  act  as  a 
simple  microscope  in  magnifying  that 
image  to  the  observer.  It  was  early 
found  useful,  however,  to  interpose  an¬ 
other  lens  FF,  Fig.  4  (the  “  field -glass  ”), 
between  the  object-glass  and  the  image 
formed  by  it,  for  the  purpose  of  giving 
such  a  slight  convergence  to  the  pencil 
of  rays  as  shall  reduce  the  dimensions 
of  the  image,  and  thus  allow  a  larger  part 
of  it  to  come  within  the  range  of  the  eye¬ 
glass,  so  that  more  of  the  object  can  be 
seen  at  once.  And  it  was  soon  perceived 
that  the  eye-glass  and  the  field-glass  might 
be  advantageously  combined  into  an 
“eye-piece,”  in  which  a  perforated  diaphragm  might 
be  inserted  at  the  focal  plane  of  the  image  (i.  e. ,  in  the 


Fig.  3.— Diagram  of  Simplest 
Form  of  Compound  Micro¬ 
scope. 


Fig.  4. — Diagram  of  Complete 
Compound  Microscope. 


r _ ,  __  ,  focus  of  the  eye-glass),  so  as,  by  cutting  off  the  peri- 

oentury  into  one  of  the  most  important  instruments  of  jpheral  portion  of  the  field  of  view,  to  limit  it  to  what 
scientific  research  that  the  combination  of  theoretical  can  be  seen  with  tolerable  distinctness. 
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It  is  obvious  that  the  magnifying  power  of  such  an 
instrument  would  depend  (1)  on  the  proportion  be¬ 
tween  the  size  of  the  image  formed  at  BB  and  that  of 
the  actual  object,  and  (2)  upon  the  magnifying  power 
of  the  eye-glass.  And  further  the  proportion  which 
the  size  of  the  image  bears  to  that  of  the  object  de¬ 
pends  upon  two  factors, — (1 )  the  focal  length  of  the 
object-glass,  and  (2)  the  distance  between  the  object- 

flass  and  the  plane  BB  occupied  by  the  image  it  forms, 
f  we  diminish  the  local  length  of  the  object-glass,  the 
object  must  be  brought  nearer  to  it,  so  that,  while  the 
distance  of  the  image  on  the  other  side  remains  un¬ 
changed.  that  distance  comes  to  bear  a  larger  propor¬ 
tion  to  tne  distance  of  the  object,  and  the  size  of  the 
image  is  augmented  in  a  corresponding  ratio.  On  the 
other  hand,  the  object-glass  remaining  unchanged,  the 
distance  at  which  it  forms  the  image  of  the  object  can 
be  increased  by  a  lengthening  of  the  tube  of  the  mi¬ 
croscope  ;  and,  as  this  involves  a  shortening  of  the 
distance  between  the  object-glass  and  the  object,  the 
proportion  which  the  former  bears  to  the  latter  is 
augmented,  and  the  image  is  correspondingly  enlarged. 
Thus  an  increase  in  the  magnifying  power  of  the  com¬ 
pound  microscope  may  be  gained  in  three  modes,  which 
may  be  used  either  separately  or  in  double  or  triple 
combination, — viz.,  (1)  shortening  the  focus  of  the  ob¬ 
ject-glass,  (2)  lengthening  the  tube  of  the  microscope, 
and  (3)  increasing  the  magnifying  power  of  the  eye¬ 
glass  by  shortening  its  focus.  This,  it  may  be  remarked, 
also  lengthens  the  distance  of  the  image  from  the 
object-glass,  by  bringing  the  focal  plane  BB  nearer  the 
eye-glass.  The  second  of  these  methods  was  not 
unfrequently  used  in  the  older  microscopes,  which  were 
sometimes  made  to  draw  out  like  telescopes,  so  as  to 
increase  the  amplifying  power  of  their  object-glasses. 
But,  whilst  very  convenient  to  the  observer,  such  a 
lengthening  of  the  one  distance  involved  such  a  short¬ 
ening  of  the  other  as  greatly  impaired  the  distinctness 
of  the  image  by  increasing  the  aberrations  of  the  ob¬ 
ject-glass,  so  that  this  method  came  to  be  generally 
abandoned  for  one  of  the  other  two. 

When  lenses  of  from  1  to  4  inches  focus  were  used 
as  object-glasses,  and  their  apertures  were  restricted  by 
a  stop  to  the  central  part  of  each,  tolerably  distinct 
images  were  given  of  the  larger  structural  arrangements 
of  such  objects  as  sections  of  wood  or  the  more  trans¬ 
parent  wings  of  insects, — which  images  would  bear  a 
further  moderate  enlargement  by  the  eye-glass  without 
any  serious  deterioration  either  by  want  of  definition 
or  the  introduction  of  color-fringes.  But  when  lenses 
of  less  than  1  inch  focus  were  employed  in  order  to  ob¬ 
tain  a  higher  magnifying  power,  the  greater  obliquity 
of  the  rays  so  greatly  increased  their  aberrations  that 
defective  definition  and  the  introduction  of  false  colors 
went  far  to  nullify  any  advantage  obtainable  from  the 
higher  amplification  ;  while  the  limitation  of  the  aper¬ 
ture  required  to  keep  these  aberrations  within  even 
moderate  limits  occasioned  such  a  loss  of  light  as  most 
seriously  to  detract  from  the  value  of  the  picture.  On  t  he 
other  hand,  the  use  of  deeper  eye-pieces  to  enlarge  the 
images  formed  by  the  object-glasses  not  only  brought 
out  more  strongly  all  the  defects  of  those  images,  but 
introduced  a  new  set  of  errors  of  their  own,  so  that 
very  little  was  gained  by  that  mode  of  amplification. 
Hence  many  of  the  best  of  the  older  microscopists 
(notably  Leeuwenhoek,  q.v. )  made  some  of  their  most 
valuable  discoveries  by  the  use  of  the  simple  micro¬ 
scope  ;  and  the  amount  of  excellent  work  thus  done 
surprises  every  one>  who  studies  the  history  of  micro¬ 
scopic  inquiry.  This  was  still  more  the  case,  as  already 
stated,  when  the  use  of  single  lenses  of  very  short  focus 
was  superseded  by  the  introduction  of  the  Wollaston 
doublet.  And  the  substitution  of  these  doublets  for 
the  single  lenses  of  object-glasses,  while  the  single  lens 
of  the  eye-glass  was  replaced  by  a  Herschel’s  aplanatic 
doublet,  and  the  field-glass  was  a  convex  lens  whose 
two  curves  had  the  proportion  of  1  :  6  (the  form  of 
least  spherical  aberration),  constituted  the  greatest 


improvement  of  which  the  instrument  seemed  capable 
in  pre-achromatic  times.1 

It  has  been  only  within  the  last  sixty  years  (1820-80) 
that  the  microscope  has  undergone  the  important  im¬ 
provement  which  had  been  worked  out  by  Dollond  in 
the  refracting  telescope  more  than  sixty  years  previous¬ 
ly,  namely,  the  correction  of  the  chromatic  aberration 
of  its  objectives  by  the  combination  of  concave  lenses 
of  flint-glass  with  convex  lenses  of  crown,  while  their 
spherical  aberration  is  corrected  by  the  combination 
(as  in  Herschel’s  aplanatic  doublet)  of  convex  and  con¬ 
cave  surfaces  of  different  curvatures.  The  minute  size 
and  high  curvature  of  the  lenses  required  as  micro¬ 
scopic  objectives  were  long  considered  as  altogether 
precluding  the  possibility  of  success  in  the  production 
of  such  combinations,  more  especially  as  the  conditions 
they  would  have  to  meet  differ  altogether  from  those 
under  which  telescopic  object-glasses  are  employed. 
For  the  rays  from  distant  objects  fall  upon  the  latter 
with  virtual  parallelism;  and  the  higher  the  power 
required  the  longer  is  the  focus  given  to  them,  and  the 
smaller  is  the  deflection  of  the  rays.  In  the  microscope, 
on  the  other  hand,  the  object  is  so  closely  approximated 
to  the  objective  that  the  rays  which  proceed  to  it  from 
the  latter  have  always  a  very  considerable  divergence ; 
and  the  deflection  to  which  they  are  subjected  increases 
with  that  reduction  of  the  focal  length  of  the  objective 
which  is  the  necessary  condition  of  the  increase  of  its 
magnifying  power.  And  thus,  although  the  telescopic 
“triplet”  worked  out  by  Dollond  (consisting  of  a 
double-concave  of  flint-glass,  interposed  between  two 
double  convex  lenses  of  crown)  can  be  so  constructed 
as  to  be  not  only  completely  aplanatic  (or  free  from 
spherical  aberration)  but  almost  completely  achromatic 
(or  free  from  chromatic  aberration),  this  construction 
is  only  suitable  for  microscopic  objectives  of  long  focus 
and  small  angular  aperture,  the  rays  falling  on  which 
have  but  a  very  moderate  divergence.  And  though,  as 
will  presently  appear,  some  of  the  early  attempts  at  the 
achromatization  of  the  microscope  were  made  in  this 
direction, _  it  was  soon  abandoned  for  other  plans  of 
construction,  which  were  found  to  be  alike  theoretically 
and  practically  superior. 

It  seems  to  have  been  by  Professor  Amici,  then  of 
Modena,  about  1812,  that  the  first  attempts  were  made 
at  the  achromatization  of  microscopic  objectives  ;  but, 
these  attempts  not  proving  successful,  he  turned  his 
attention  to  the  production  of  a  reflecting  microscope, 
which  was  a  decided  improvement  upon  the  non- 
achromatized  compound  microscopes  then  in  use.  In 
the  year  1820,  however,  the  subject  was  taken  up  by 
Selhgues  and  Chevalier  of  Paris,  who  adopted  the  plan 
of  superposing  three  or  four  combinations,  each  con¬ 
sisting  of  a  double-convex  of  crown  cemented  to  a 
plano-concave  of  flint.2  The  back  combination  (that 
nearest  to  the  eye)  was  of  somewhat  lower  power  than 
those  placed  in  front  of  it,  but  these  last  were  all  of 
the  same  focus,  and  no  attempt  was  made  by  these  op* 
ticians  to  vary  the  construction  of  the  several  pairs 
thus  united,  so  as  to  make  them  correct  each  other’s 
aberrations.  Hence,  although  a  considerable  magni¬ 
fying  power  could  be  thus  obtained,  with  an  almost 
complete  extinction  of  chromatic  aberration,  the  aper¬ 
ture  of  these  objectives  could  not  be  greatly  widened 
without  the  impairment  of  the  distinctness  of  the 
image  by  a  “coma”  proceeding  from  uncorrected 
spherical  aberration. 

In  ignorance,  it  would  appear,  of  what  was  being 
done  by  the  Paris  opticians,  and  at  the  instigation  of 
Dr.  G-oring  (a  scientific  amateur),  Mr.  Tulley — well 

1  This  combination  was  made  in  the  first  microscope  of  which 
the  writer  became  possessed  about  the  year  1830 ;  and  he  well 
recollects  the  great  superiority  to  any  compound  microscope  of 
the  old  construction,  which  was  proved  by  its  power  of  separating 
th  e  lines  on  the  Menelaus  scale,  and  of  bringing  into  view  the  details 
of  the  structure  of  animalcules,  with  a  clearness  that  only  an 
achromatized  object-glass  could  surpass. 

2  In  The  Microscope,  p.  43  (1875),  Dr.  Carpenter  gives  1823  as  the 
date  of  the  successful  accomplishment  of  this  combination,— 
Am.  Ed. 
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known  in  London  as  an  able  constructor  of  telescopic 
objectives — began,  about  the  year  1824,  to  work  object- 
glasses  for  the  microscope  on  the  telescopic  plan. 
After  many  trials1  he  succeeded,  in  1825,  in  producing 
a  triplet  of  &  inch  focus,  admitting  a  pencil  of  18°, 
which  was  so  well  corrected  as  to  perform  very  satis¬ 
factorily  with  an  eye-piece  giving  a  magnifying  power 
of  120  diameters.  He  afterwards  made  a  similar 
triplet  of  shorter  focus,  which,  when  placed  in  front 
of  the  previous  one.  increased  the  angle  of  the  trans¬ 
mitted  pencil  to  38°,  and  bore  an  eye-piece  giving  a 
magnifying  power  of  300  diameters.  These  triplets 
are  said  by  Mr.  Ross  to  have  never  been  exceeded  by 
any  similar  combinations  for  accurate  correction 
throughout  the  field. 

Having  come  into  possession,  at  the  end  of  1826,  of 
an  objective  of  Chevalier’s  construction,  Mr.  J.  J. 
Lister  carefully  examined  its  properties,  and  compared 
them  with  those  of  Tulley’s  triplets  ;  and  this  com- 

Earison  having  led  him  to  institute  further  experiments 
e  obtained  results  which  were  at  first  so  conflicting 
that  they  must  have  proved  utterly  bewildering  to  a 
less  acute  mind,1  but  which  finally  led  him  to  the 
enunciation  of  the  principle  on  which  all  the  best  mi¬ 
croscopic  objectives  are  now  constructed.  For  he  dis¬ 
covered  that  the  performance  of  such  composite 
objectives  greatly  depends  upon  the  relative  position 
of  their  component  combinations, — the  effect  of  the 
flint  plano-concave  upon  the  spherical  aberration  pro¬ 
duced  by  the  double-convex  of  crown  varying  re¬ 
markably  according  to  the  distance  of  the  luminous 
point  from  the  front  of  the  objective.  If  the  radiant  is 
at  a  considerable  distance,  the  rays  proceeding  from  it 
have  their  spherical  error  under-corrected  ;  but,  as  the 
source  of  light  is  brought  nearer  to  the  glass,  the  flint 
lens  produces  greater  proportionate  effect,  and  the 
under-correction  diminishes,  until  at  length  a  point  is 
reached  where  it  disappears  entirely,  the  rays  being  all 
brought  to  one  point  at  the  conjugate  focus  of  the  lens. 
This,  then,  is  one  aplanatic.  focus.  If,  however,  the 
luminous  point  is  brought  still  nearer  to  the  glass,  the 
influence  of  the  flint  continues  for  a  time  to  increase, 
and  the  opposite  condition  of  over-correction  shows 
itself.  But,  on  still  further  approximation  of  the 
radiant,  the  flint  comes  to  operate  with  less  effect,  the 
excess  of  correction  diminishes  and  at  a  point  still 
nearer  to  the  glass  vanishes,  and  a  second  aplanatic 
focus  appears.  From  this  point  onwards  under¬ 
correction  takes  the  place  of  over-correction,  and 
increases  till  the  object  touches  the  surface  of  the  glass. 
As  every  such  doublet,  thereforej  has  two  aplanatic 
foci  for  all  points  between  which  it  is  over-corrected, 
while  for  all  points  beyond  it  is  under-corrected,  the 
optician  is  enabled  to  combine  two  or  more  doublets 
with  perfect  security  against  spherical  error.  This  will 
be  entirely  avoided  if  the  rays  be  received  by  the  front 
glass  from  its  shorter  aplanatic  focus,  and  transmitted 
through  the  back  glass  in  the  direction  of  its  longer 
aplanatic  pencil.  By  the  approximation  of  the  two 
doublets  over-correction  will  be  reduced,  while  their 
separation  will  produce  under-correction  ;  and  thus,  by 
merely  varying  the  distance  between  two  such  com¬ 
binations,  the  correction  of  the  spherical  error  may  be 
either  increased  or  diminished  according  to  a  definite 
rule.  Slight  defects  in  one  glass  may  thus  be  remedied 
by  simply  altering  its  position  in  relation  to  the  other,— 
an  alteration  which  may  be  made  with  very  little  dis¬ 
turbance  of  the  color-correction.  This  important  prin¬ 
ciple  was  developed  and  illustrated  by  Mr.  Lister  in  a 

i  It  is  due  to  Mr.  Joseph  J.  Lister  to  mention  that  Tulley’s  final 
success  with  this  low  power  seems  to  have  been  attained  by 
working  on  a  suggestion  given  him  by  that  gentleman.  See 
Monthly  Microscopical  Journal,  vol.  iii.  (1870),  p.  134. 

2  Thus  he  found  that,  while  each  of  Chevalier’s  doublet  com¬ 
binations,  when  used  singly,  presented  a  “bur”  or  “coma  out¬ 
wards,  this  coma,  instead  of  being  exaggerated  by  the  combina¬ 
tion  of  two  of  these  doublets,  was  much  diminished.  On  the 
other  hand,  while  two  of  Tulley’s  triplets,  each  of  which  per¬ 
formed  admirably  by  itself,  were  used  together,  the  images  of  all 
objects  not  in  the  centre  presented  a  strong  bur  inwards  with  an 
under-oorrection  of  color. 
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memoir  read  to  the  Royal  Society  on  January  21, 1830, 
On  some  Properties  in  Achromatic  Object-glasses ,  ap¬ 
plicable  to  the  Improvement  of  the  Microscope ;  and  it 
was  by  working  on  the  lines  there  laid  down  that  the 
three  London  opticians  Ross,3  Powell,  and  James 
Smith  soon  produced  microscopic  objectives  that  sur¬ 
passed  any  tnen  constructed  on  the  Continent,  while 
the  subsequent  adoption  of  the  same  principles  by 
French  and  German  opticians,  as  also  by  Professor 
Amici  of  Florence,  soon  raised  their  objectives  to  a 
corresponding  level. 

It  has  proved  more  advantageous  in  practice  to  make 
the  several  components  of  an  achromatic  objective 
correct  each  other’s  aberrations  than  to  attempt  to 
render  each  perfect  in  itself ;  and  the  mode  in  which 
this  is  accomplished  will  vary  with  the  focus  and  angu¬ 
lar  aperture  given  to  each  combination.  Thus,  while 
a  single  “telescopic  triplet”  answers  very  well  for  the 
lowest  power  usually  made  (4  inches  focus),  and  the 
same  plan  may  be  used — though  at  the  sacrifice  of 
angular  aperture — for  objectives  of  3  inches,  2  inches, 
ana  even  1  inch  focus,  the  best  performance  of  these 
powers  requires  the  combination  of  two  doublets.  And, 
while  this  last  system  also  serves  for  objectives  of  f 
inch  and  %  inch  of  low  angle,  a  third  component  is  re¬ 
quired  for  giving  to  these  objectives  the  aperture  that 
renders  them  most  serviceable,  as  well  as  for  all  higher 

{lowers.  Instead  of  combining  three  achromatic  doub- 
ets,  however,  many  makers  prefer  placing  in  front  a 
plano-convex  of  crown,  and  adding  a  third  lens  of 
crown  to  the  doublet  at  the  back,  still  using  a  doublet 
in  the  middle, — the  whole  combination  thus  consisting 
of  six  lenses,  four  of  crown  and  two  of  flint.  Further, 
Mr.  Wenham  has  shown  that  the  whole  color-correc¬ 
tion  may  be  effected  in  the  middle  by  interposing  a 
double  concave  of  dense  flint  between  two  double-con¬ 
vex  lenses  of  crown, — the  back  lens,  as  well  as  the 
front,  being  then  a  plano-convex  of  crown,  making 
five  lenses  in  all.  .  This  plan  of  construction,  though 
suitable  to  objectives  of  moderate  angular  aperture, 
and  advantageous  in  regard  to  comparative  simplicity 
and  economy  of  construction,  does  not  seem  so  well 
adapted  for  objectives  to  which  the  largest  attainable 
aperture  is  to  be  given, — these  being  usually  con¬ 
structed  with  a  triplet  in  front,  a  doublet  in  the  mid¬ 
dle,  and  a  triplet  at  the  back,  so  as  to  consist  of  eight 
separate  lenses.  And  the  first-class  constructors  of 
achromatic  objectives  in  the  United  States  usually 
place  in  front  of  these,  in  their  highest  powers,  a,  sin¬ 
gle  plano-convex  of  crown,  by  the  addition  of  which  a 
greater  working  distance  can  be  obtained.  But,  as 
every  such  addition’  increases  the  liability  to  error  from 
imperfections  in  the  centring  and  grinding  of  the 
lenses  (as  well  as  loss  of  light  by  the  partial  reflection 
of  oblique  rays  from  their  surfaces),  it  is  obvious  that 
the  most  exact  workmanship,  involving  a  proportion¬ 
ate  costliness,  is  required  to  bring  out  the  full  effect 
of  such  complex  construction.  And  where  angular 
aperture  is  regarded  as  the  quality  of  primary  im¬ 
portance  it  will  be  usually  found  preferable  to  have 
recourse  to  objectives  constructed  on  either  the 
“water”  or  the  “oil”  immersion  system,  to  be  pres¬ 
ently  described. 

The  great?  increase  thus  attained  in  the  perfection  of 
the  corrections  of  microscopic  obj ectives  for  both  spher¬ 
ical  and  chromatic  aberration  of  course  rendered  it  pos¬ 
sible  to  make  a  corresponding  increase  in  their  angular 
aperture.  The  minute  scales  of  the  wings  of  butter¬ 
flies  and  other  insects  were  naturally  among  the  objects 
much  examined  ;  and  it  was  soon  perceived  that  certain 
lines  and  other  markings  became  clearly  discernible  on 
these  scales  with  objectives  of  what  was  then  consid¬ 
ered  large  angle  which  were  utterly  undistinguishable 

*  In  1837  Mr.  Lister  gave  Mr.  Ross  a  projection  for  an  objective 
of  i  inch  focus,  in  which  a  triple  front  was  combined  with  two 
doublets.  The  great  superiority  of  this  lens,  admirably  executed 
by  Mr.  Ross,  caused  him  to  adopt  its  plan  as  the  standard  one  for 
high  powers;  and  it  is  still  in  general  use,— the  back  lens  also 
being  sometimes  made  as  a  triplet. 
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Fig.  5. — Scale  of  Morpho 
menelaus. 


with  non-achromatized  microscopes  (however  high 
their  magnifying  power),  and  very  imperfectly  shown 
under  achromatic  objectives  of  small  angle.  Hence 
these  scales  came  to  be  used  as  “test-objects,  for 
judging  of  the  “definition”  and  “resolving  power 
of  microscopic  objectives, — the  former  property  con¬ 
sisting  in  the  clearness,  sharpness,  and  freedom  from 
false  color  of  the  microscopic  images  of  boundary 
lines,  and  depending  on  the  accuracy  with  which  the 
aberrations  are  corrected,  while  the  latter  term  desig¬ 
nates  that  power  of  separating  very  closely  approx¬ 
imated  markings  which  is 
now  known  to  be  a  “func¬ 
tion”  of  aperture.  The 
insect-scales  formerly  most 
valued  for  these  purposes 
were  those  of  the  Morpho 
menelaus  (Fig.  5)  and  the 
similarly  lined  scales  of  the 
Polyommatus  argus  (azure- 
blue),  the  ‘  ‘  battledoor  ’  ’ 
scales  of  the  same  butter¬ 
fly  (Fig.  6),  the  ribbed 
scales  of  the  Lepisma  sac- 
charina  (sugar-louse),  and 
the  minute  and  peculiarly 
marked  scales  of  the  Lep- 
idocyrtus  curvicollis  (Fig. 

7),  commonly  known  as  the 
Podura.  The  writer  recol¬ 
lects  the  time  when  the 
satisfactory  “  resolution  ” 
of  the  first  three  of  these 
tests  was  considered  a  suf¬ 
ficient  proof  of  the  goodness  of  even  high-power  ob¬ 
jectives,  and  when  the  ibchira-markings,  if  visible  at 
all,  could  only  be  distinguished 
as  striae.  The  further  opening- 
out  of  the  aperture,  however, 
enabled  these  striae  to  be  re¬ 
solved  into  rows  of  “exclamation 
marks”;  and,  while  there  is 
still  some  uncertainty  as  to  the 
precise  structure  of  which  these 
markings  are  the  optical  expres¬ 
sion,  practical  opticians  are  gen¬ 
erally  agreed  that  the  Podura- 
scale  is  very  useful  as  a  test  for 
definition,  with  even  the  highest 
objectives,  though  it  only  serves 
as  a  test  for  a  very  moderate  de¬ 
gree  of  resolving  power.  For  the 
latter  purpose  it  has  been  com¬ 
pletely  superseded  by  the  closely  „  „  _  _  .  _  , 

,vP  *1,1  Fig.  6.— Battledoor  Scale 
approximated  markings  ot  the  of  p0ly<mmatus  argus. 

silicified  envelopes  of  certain 
diatoms  (which,  however,  show  themselves  in  very 
different  aspects  according  to  the  conditions  under 
which  they  are  viewed,  Figs.  8-11),  and  also  by  lines 
artificially  ruled  on  glass,  as  in  Nobert’s  “  test- plate,” 
the  number  of  lines  in  the  nineteen  bands  of  which 
is  stated  by  M.  Nobert  to  range  from  1000  to  10,000 
to  a  Paris  line,  while  Dr.  Royston  Pigott  gives  the 
numbers  in  an  English  inch  as  11,529  to  the'inch  in  the 
first  band,  and  112,595  in  the  nineteenth.  This  last 
dimension  (as  will  afterwards  appear)  approaches  the 
minimum  distance  at  which  such  markings  are  theo¬ 
retically  separable  by  any  magnifying  power  of  the 
miscroscope. 

The  enlargement  of  the  angle  of  aperture  of  mi¬ 
croscopic  objectives  and  the  greater  completeness  of 
their  corrections,  which  were  obtained  in  the  first 
instance  by  the  adoption  of  Mr.  Lister’s  principles, 
and  were  demonstrated  by  the  resolution  of  the 
test-objects  then  in  use,  soon  rendered  sensible  an 
imperfection  in  their  performance  under  certain  cir¬ 
cumstances,  which  had  previously  passed  unnoticed ; 
and  the  important  discovery  was  made  by  Mr.  An¬ 


drew  Ross  that  a  very  decided  difference  exists  in  the 
precision  of  the  image  according  as  the  object  is 
viewed  with  or  without  a  covering  of  thin  glass,  as 
also  according  as  this  cover  is  thin  or  thick.1  As  this 
difference  increases  in  pro¬ 
portion  to  the  widening  of 
the  aperture,  it  would  obvi¬ 
ously  be  a  source  of  great  error 
and  embarrassment  if  a  means 
could  not  be  found  for  its  rec¬ 
tification.  Its  optical  source, 
however,  having  been  found 
by  Mr.  Ross  to  lie  in  the 
‘  ‘  negative  aberration  ”  which 
is  produced  in  the  rays  pro¬ 
ceeding  from  the  object  to  the 
front  glass  of  the  objective  by 
the  interposition  of  the  plane- 
glass  cover,  and  which  in¬ 
creases  with  its  thickness,  his 
practical  ability  enabled  him 
at  the  same  time  to  indicate 
the  remedy,  which  consists  in 
under-correcting  the  front 
lens  and  over-correcting  the 
Fig.  7.— Test-Scales  of  Podura  two  posterior  combinations, 
(Lepidocyrtus  curvicollis).  A,  and  in  making  the  distance 

scale B.lmalf Seal?' more  the  former  and  the 

faintly  marked.  latter  capable  ot  adjustment 

by  means  of  a  screw-collar,  as  shown  in  Fig.  12.  For 
when  the  front  pair  is  approximated  most  nearly  to  the 
next,  and  its  distance  from  the  object  is  increased,  its 
excess  of  positive  aberration  is  more  strongly  exerted 
upon  the  other  two  pairs  than  it  is  in  the  contrary 
conditions,  and  thus  neutralizes  the  negative  aberra¬ 
tion  produced  by  the  interposition  of  the  covering- 
glass.  This  correction  is  not  needed  for  objectives  of 
low  or  medium  power  and  small  angle  of  aperture ;  but 
it  should  always  be  provided  when  the  angle  exceeds  50°, 
— unless(as  is  now  generally  done  in  the  case  of  objectives 
constructed  for  students’  use)  the  maker  adjusts  them 
originally,  not  for  uncovered  objects,  but  for  objects 
covered  with  glass  of  a  standard  thickness,  say  0.005 
or  0.004  inch.  A  departure  from  that  standard  to  the 
extent  of  one  or  two  thousandths  of  an  inch  in  either 
direction,  though  extremely  injurious  to  the  perform¬ 
ance  of  objectives  whose  aperture  is  125°  or  more, 
scarcely  makes  itself  perceptible  in  those  of  90°  or  100°. 
And  the  same  may  be  said  in  regard  to  the  immersion- 
objectives  next  to  be  described,  which  are  peculiarly 
suitable  to  the  purposes  of  minute  histological  research. 

Immersion  System. — It  was  long  since  pointed  out 
by  Professor  Amici  that  the  introduction  of  a  drop  of 
water  between  the  front  surface  of  the  objective  and 
either  the  object  itself  or  its  covering-glass  would 
diminish  the  loss  of  light  resulting  from  the  passage 
of  the  rays  from  the  object  or  its  covering-glass  into 
air,  and  from  air  into  the  front  glass  of  the  objective. 
It  was  obvious  to  him,  moreover,  that  when  tbe  rays 
enter  the  object-glass  from  water,  instead  of  from  air, 
both  its  refractive  and  its  dispersive  action  will  be  so 
greatly  changed  as  to  need  an  important  constructive 
modification  to  meet  the  new  condition.  This  modi¬ 
fication  seems  never  to  have  been  successfully  effected 
by  Amici  himself;  but  his  idea  was  taken  up  by  the 
two  eminent  Paris  opticians,  MM.  Hartnack  and 
Nachet,  who  showed  that  the  application  of  what  is 
now  known  as  the  “immersion  system”  to  objectives 
of  short  focus  and  large  angular  aperture  is  attended, 
not  merely  with  the  advantages  expected  by  Professor 
Amici,  but  with  others  on  which  he  did  not  reckon.  As 
the  loss  of  light  by  the  reflection  of  a  portion  of  the  inci¬ 
dent  rays  increases  with  the  obliquity  of  their  incidence, 
and  as  the  proportional  loss  is  far  smaller  when  the 
oblique  rays  pass  into  glass  from  water  than  when  they 
enter  it  from  air,  the  advantage  of  increasing  the  angu¬ 
lar  aperture  is  more  fully  experienced  with  “immer- 
i  Trans.  Soc.  of  Arts,  vol.  li. 
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than  with  “dry”  objectives,— just  as  Professor 
Amici  anticipated.  But,  further,  the  immersion  sys¬ 
tem  allows  of  a  greater  working  distance  between  the 
objective  and  the  object  than  can  be  attained  with  a 
dry  or  air  objective  having  the  same  angular  aperture ; 
and  this  increase  affords  not  only  a  greater  freedom  of 
manipulation,  but  also  a  greater  range  of  “penetra¬ 
tion  ”  or  “  focal  depth.  ’  ’  Further,  the  observer  is  ren- 


Fig.  8. 


Fig.  9. 
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Stephenson  to  Professor  Abbe  of  Jena,  under  whose 
direction  it  was  first  worked  out  by  Zeiss  (the  very  able 
optician  of  Jena),  who  has  been  followed  by  Powell 
and  Lealand  of  London,  as  well  as  by  several  other 
constructors  of  achromatic  objectives  both  in  England 
and  elsewhere,  with  complete  success.  This  method 
consists  in  the  replacement  of  the  water  previously  in¬ 
terposed  between  the  covering-glass  and  the  front  glass 
of  the  objective  by  a  liquid  having  the  same  refrac¬ 
tive  and  dispersive  powers  as  crown-glass,  so  that 
the  rays  issuing  at  any  angle  from  the  upper  plane 
surface  of  the  covering-glass  shall  enter  the  plane 
front  of  the  objective,  without  any  deflection  from 
their  straight  course,  and  without  any  sensible  loss 
by  reflection, — even  the  most  oblique  rays  that 
proceed  from  the  object  keeping  their  direction 
unchanged  until  they  meet  the  back  or  convex  sur¬ 
face  of  the  front  lens  of  the  objective.  It  is  ob¬ 
vious  that  all  the  advantages  derivable  from  the 
system  of  water-immersion  will  be  still  more 
thoroughly  attained  by  this  system  of  “homoge¬ 
neous  ,y  immersion,  provided  that  a  fluid  can  De 
obtained  which  meets  its  requirements.  After  a 
long  course  of  experiments,  Professor  Abbe  found 
that  oil  of  cedar  wood  so  nearly  corresponds  with 
crown-glass,  alike  in  refractive  and  in  dispersive 
power,  as  to  serve  the  purpose  extremely  well, 
except  when  it  is  desired  to  take  special  advan¬ 
tage  of  the  most  divergent  or  marginal  rays,  oil  of 
fennel  being  then  preferable.  There  are,  however, 
strong  objections  to  the  use  of  these  essential  oils 
in  the  ordinary  work  of  research ;  and  it  seems  not 
unlikely  that  a  solution  of  some  one  or  more  saline 
substances  will  be  found  more  suitable.  In  ad¬ 
dition  to  the  benefit  conferred  by  the  water-im¬ 
mersion  system,  and  more  completely  attained 
with  the  homogeneous,  it  may  be  specially  pointed 
Fig.  to.  Fig.  ll.  out  that,  as  no  correction  for  the  thickness  of  the 

Portions  of  Siliceous  Valve  of  Pleurosigma  angvlatum,  from  a  Photograph  covering-glass  is  here  required,  the  microscopist 
taken  by  Central  Illumination.  Magnified  2000  diameters.  can  feel  assured  that  he  has  such  a  view  of  his 

dered  so  much  less  dependent  upon  the  exactness  of 
his  cover-correction  that  it  is  found  that  water-immer¬ 
sion  objectives  of  high  power  and  considerable  angular 
aperture,  extremely  well  adapted  for  the  ordinary  pur¬ 
poses  of  scientific  investigation,  can  be  constructed 
without  it, — a  small  departure  from  the  standard  thick¬ 
ness  of  covering- 
glass  to  which 
such  objectives 
are  adjusted  by 
the  maker  having 
scarcely  any  effect 
upon  the  distinct¬ 
ness  of  the  image. 

It  is  now  the  prac¬ 
tice  of  several 
makers  to  supply 
two  fronts  to  ob¬ 
jectives  of  or 
X  inch  focus,  one 
of  them  fitting  the 
objective  for  use 
“dry”  (that  is, 
in  air),  whilst  the 

substitution  of  the  Fig.  12.-Section  of  Adjusting  Achromatic 
Other  converts  it  Object-Glass.  A,  uncovered;  B,  covered. 

into  a  water-immersion  objective.  And  in  the  objec¬ 
tives  constructed  on  Mr.  Wenham’s  system  no  change 
in  the  front  glass  is  needed,  all  that  is  necessary  for 
making  them  work  as  immersion-lenses  being  a  yet 
closer  approximation  of  the  front  lens  to  the  second 
combination,  which  can  be  made  by  the  screw-collar. 

Within  the  last  few  years,  however,  the  immersion 
system  has  undergone  a  still  further  and  most  impor¬ 
tant  development,  bv  the  adoption  of  a  method  origi¬ 
nally  suggested  by  Mr.  Wenham  (though  never  carried 
out  by  him),  and  independently  suggested  by  Mr. 


object  as  only  the  most  perfect  correction  of  an 
air-objective  can  afford.  This  is  a  matter  of  no  small 
importance,  for  while,  in  looking  at  a  known  object, 
the  practised  microscopist  can  so  adjust  his  air-object¬ 
ive  to  the  thickness  of  its  covering-glass  as  to  bring 
out  its  best  performance,  he  cannot  be  sure,  in  regard 
to  an  unknown  object,  what  appearances  it  ought  to 
present,  and  may  be  led  by  imperfect  cover-correction 
to  an  erroneous  conception  of  its  structure. 

It  has  been  recently  argued  that,  as  the  slightest  variation 
in  the  refractive  index  of  either  the  immersion  fluid  or  the 
covering-glass,  a  change  of  eye-pieces,  or  the  least  alteration 
in  the  length  of  the  body — in  a  word,  any  circumstances  dif¬ 
fering  in  the  slightest  degree  from  those  under  which  the  ob¬ 
jective  was  corrected — must  affect  the  performance  of  homo¬ 
geneous-immersion  objectives  of  the  highest  class,  they 
should  still  be  made  adjustable.  The  truth  of  this  conten¬ 
tion  can,  no  doubt,  be  proved,  not  only  theoretically,  but 
practically — the  introduction  of  the  adjustment  enabling 
an  experienced  manipulator  to  attain  the  highest  degree  of 
perfection  in  the  exhibition  of  many  mounted  objects, 
which  cannot  be  so  well  shown  with  objectives  in  fixed  set¬ 
tings.  But  it  may  well  be  questioned  whether  it  is  likely  to 
do  the  same  service  in  the  hands  of  an  ordinary  working 
histologist,  and  whether  the  scientific  investigator  will  not 
find  it  preferable,  when  using  these  objectives,  to  accept 
what  their  maker  has  fixed  as  their  point  of  best  perform¬ 
ance.  The  principal  source  of  error  in  his  employment  of 
them  lies  in  the  thickness  of  the  optical  section  of  the  ob¬ 
ject;  for  the  rays  proceeding  from  its  deeper  plane,  having 
to  pass  through  a  medium  intervening  between  that  plane 
and  the  cover-glass,  whose  refractive  and  dispersive  indices 
differ  from  those  of  the  glass  and  immersion-fluid,  cannot 
be  brought  to  so  accurate  a  focus  as  those  proceeding  from 
the  plane  immediately  beneath  the  cover-glass.  The  remedy 
for  this,  however,  seems  to  lie  rather  in  making  the  pre¬ 
paration  as  thin  as  possible  than  in  the  introduction  of 
what  is  likely,  in  any  but  the  most  skilful  and  experienced 
hands,  to  prove  a  new  source  of  error.  Every  one  who  has 
examined  muscular  fibre,  for  example,  under  a  dry  objec¬ 
tive  of  very  high  power  and  large  aperture,  well  knows 
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that  so  great  an  alteration  is  produced  in  its  aspect  by  the 
slightest  change  in  either  the  focal  adjustment  or  the  cover- 
correction  that  it  is  impossible  to  say  with  certainty  what 
are  the  appearances  which  give  the  most  correct  optical  ex¬ 
pression  of  its  structure.  This  being  a  matter  of  judgment 
on  the  part  of  each  observer,  it  seems  obvious  that  the  near¬ 
est  approach  to  a  correct  view  will  be  probably  given  by  the 
focal  adjustment  of  the  best  homogeneous  immersion-objec¬ 
tives,  in  fixed  settings,  to  the  plane  of  the  preparation  im¬ 
mediately  beneath  the  cover-glass  (see  Jour.  Boy.  Micros. 
Soc.,  1882,  pp.  407,  854,  906). 

In  every  particular  in  which  the  water-immersion 
system  is  superior  to  the  dry,  it  is  itself  surpassed  by 
the  oil  or  other  homogeneous  system,  the  anticipations 
of  those  by  whom  it  was  suggested  being  thus  fully 
realized.  But  the  advantages  already  spoken  of  as 
derivable  from  the  use  of  the  “immersion  system  ’ ’ 
are  altogether  surpassed  by  that  which  the  theoretical 
studies  of  Professor  Abbe  have  led  him  to  assign  to 


appearance  is  merely  the  result  of  the  “  interferences  ”  pro¬ 
duced  by  the  longitudinal  and  transverse  lines  of  the  scale. 
For  the  longitudinal  diffraction-lines  are  clearly  seen,  alike 
in  the  microscopic  image  and  in  photographs  (Fig.  13),  to 
extend  into  empty  space  beyond  the  contour  of  the  scales, 
almost  as  far  as  the  ends  of  the  bristles  in  which  the  paral¬ 
lel  ribs  terminate ;  and  they  vary  in  number  with  the  vary¬ 
ing  obliquity  of  illumination,  so  that  in  the  same  scale  two, 
three,  four,  or  even  five  rows  of  beads  can  be  seen,  and  pho¬ 
tographed  at  pleasure,  in  every  intercostal  space.1 

Every  microscopist  who  has  worked  much  with  high 
powers  is  well  aware  of  the  difficulty  of  distinguish¬ 
ing  between  real  and  spectral  markings, — a  difficulty 
which  can  only  be  overcome  by  training  and  experi¬ 
ence.  It  seems,  however,  to  have  been  now  fully 
ascertained  by  Professor  Abbe  that  it  is  only  through 
such  diffraction-spectra  that  the  microscope  can  make 
us  acquainted  with  the  minutest  structural  features  of 
objects,  since,  according  to  the  calculations  of  Profes- 


Fig.  13. 


.—Scale  of  Gnat,  showing  Beaded  Markings  produced  by 
a  Photograph  by  Colonel  Dr.  Woodward. 


Diffraction;  from 


it,  and  of  which  he  has  practically  demonstrated  its  sor  Helmholtz  and  himself  (based  on  the  constants 
possession.  For  he  has  shown  (as  will  be  explained ,  of  the  undulatory  theory),  no  amount  of  magnifying 
below)  that  the  interposition  of  either  water  or  oil  so  power  can  separate  dioptrically  two  lines,  apertures, 
greatly  increases  the  real  “aperture”  of  the  objective  or  markings  of  any  kind,  not  more  than  of  an 
that  immersion-objectives  may  be  constructed  having  I  inch  apart.  The  visual  differentiation  or  “resolution  ” 
a  far  greater  virtual  aperture  than 
even  the  theoretical  maximum  (180°) 
of  the  angular  aperture  of  an  air-ob¬ 
jective. 

The  same  eminent  physicist,  work¬ 
ing  on  the  basis  supplied  by  the  math¬ 
ematical  investigations  of  Professor 
Helmholtz  and  himself  on  the  undu¬ 
latory  theory  of  light,  has  further  es¬ 
tablished  an  entirely  new  doctrine  in 
regard  to  the  production  of  highly 
magnified  representations  of  closely 
approximated  markings.  All  that  has 
hitherto  been  said  of  the  formation  of 
images  by  the  compound  microscope 
relates  to  such  as  are  produced,  in  ac¬ 
cordance  with  the  laws  of  refraction, 
by  the  alteration  in  direction  which  the 
light-rays  undergo  in  their  passage  through  the  lenses 
interposed  between  the  obj ect  and  the  eye.  These  diop¬ 
tric  images,  when  formed  by  lenses  free  from  spherical 
and  chromatic  aberration,  are  geometrically  correct  pic¬ 
tures,  truly  representing  the  appearances  which  the  ob¬ 
jects  themselves  would  present  were  they  enlarged  to 
the  same  scale  and  viewed  under  similar  illumination. 

And  we  seem  justified,  therefore,  in  drawing  from  such 
microscopic  images  the  same  conclusions  in  regard  to  the 
objects  they  picture  as  we  should  draw  from  the  direct 
vision  of  actual  objects  having  the  same  dimensions. 

The  principal  source  of  error  m  such  interpretations 
arises  out  of  the  “interference”  to  which  the  rays  of 
light  are  subjected  along  the  edges  of  the  minute  ob¬ 
jects  through  which  they  pass,  or  along  any  such  lines 
or  margins  in  their  inner  part  as  are  sufficiently  opaque 
to  throw  a  definite  shadow.  For  every  such  shadow 
must  be  bordered,  more  or  less  obviously,  by  interfer¬ 
ence-  or  diffraction-spectra ;  and  thus  the  images  of 
strongly-lined  objects  with  very  transparent  interme¬ 
diate  spaces  may  be  so  troubled  or  confused  by  these 
‘  ‘  diffraction-spectra  ’  ’  as  to  render  it  very  doubtful 
what  interpretation  is  to  be  put  upon  their  appear¬ 
ances. 

A  good  example  of  this  kind  is  afforded  by  the  scales  of 
the  gnat  or  mosquito,  which  are  composed  of  a  very  deli¬ 
cate  double  membrane,  strengthened  by  longitudinal  ribs 
on  both  sides,  those  of  the  opposite  sides  uniting  at  the 
broad  end  of  the  scale,  where  they  generally  terminate  as 
bristle-shaped  appendages  beyond  the  intermediate  mem¬ 
brane.  These  are  crossed  by  fine  markings,  which  are  prob¬ 
ably  ridge-like  corrugations  of  the  membrane,  common  to 
both  sides  of  the  scale.  Between  each  pair  of  longitudinal 
ridges  there  may  be  seen,  under  certain  adjustments  of  focus 
and  illumination,  three  uniform  parallel  rows  of  beads, 
which  have  been  supposed  to  represent  a  true  structure  in 
the  membrane.  By  Dr.  Woodward  (colonel  in  the  United 
States  Army),  however,  it  has  been  shown  that  this  beaded 


of  lines  or  otter  markings  whose  distance  lies  within 
that  limit  is  entirely  the  result  of  “interference,” — 
the  objective  receiving  and  transmitting,  not  only  diop¬ 
tric  rays,  but  the  inflected  rays  whose  course  has  been 
altered  in  their  passage  through  the  object  by  the  pecu¬ 
liar  disposition  of  its  particles,  and  combining  these 
rays  into  a  series  of  diffraction-spectra,  the  number 
and  relative  position  of  which  bear  a  relation  to  the 
structural  arrangement  on  which  their  production  de¬ 
pends.  If  the  objective  be  perfectly  corrected,  and 
all  the  diffraction-spectra  lie  within  its  field,  these  will 
be  recombined  by  the  eye-piece  so  as  to  form  a  secon¬ 
dary  or  “diffraction”  image,  lying  in  the  same  plane 
with  the  dioptric  image,  and  coinciding  with  it,  while 
filling  up  its  outlines  by  supplying  intermediate  details. 
But  where  the  markings  (of  whatever  nature)  are  so 
closely  approximated  as  to  produce  a  wide  dispersion 
of  the  interference-spectra,  only  a  part  of  them  may 
fall  within  the  range  of  the  objective ;  and  the  recom¬ 
bination  of  these  by  the  eye-piece  may  produce  a  dif¬ 
fraction-image  differing  more  or  less  completely  (per¬ 
haps  even  totally)  from  the  real  structure ;  while,  if 
they  should  lie  entirely  outside  the  field  of  the  objec¬ 
tive,  no  secondary  or  diffraction  image  will  be  pro¬ 
duced.  And  ’  thus,  while  the  general  form  of  such 
an  object  as  a  diatom -valve  may  be  correctly  given  in 
a  dioptric  image,  its  surface  may  appear  quite  un¬ 
marked  under  an  objective  of  small  aperture,  however 
great  its  magnifying  power,  though  covered  with  regu¬ 
larly  disposed  markings  when  seen  through  an  objec¬ 
tive  of  wider  aperture  with  perhaps  only  half  the  mag¬ 
nifying  power. 

It  is  obvious,  however,  that  while  the  dioptric 
image  represents  the  actual  object,  the  diffraction- 
image  thus  formed  by  the  reunion  of  a  portion  of  the 

i  Monthly  Micros.  Jour.,  vol.  xv.  (1876),  p.  253. 
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Interference  pencils  is  only  an  optical  expression  of  the 
result  of  their  partial  recombination,  which  may  rep¬ 
resent  something  entirely  different  from  the  real 
structure.  For  it  has  been  proved  experimentally,  by 
placing  finely-ruled  gratings  in  the  position  of  objects, 
and  by  limiting  the  apertures  of  objectives  by  dia¬ 
phragms  with  variously  disposed  perforations,  that  the 
same  arrangement  of  lines  will  he  presented  to  the 
eye  by  differently  lined  surfaces,  and  different  arrange¬ 
ments  by  similarly  lined  surf aces,  according  to  the 
numbers  and  relative  positions  of  the  reunited  spectra. 
Hence  it  is  clear  that  there  must  be  an  essential  differ¬ 
ence  in  character  and  trustworthiness  between  the 
images  dioptrically  formed  of  the  general  outlines  and 
larger  details  of  microscopic  objects  and  those  repre¬ 
sentations  of  their  finer  details  which  are  given  by  the 
recombination  of  their  diffraction-spectra,1  and  that 
the  confidence  to  be  placed  in  the  latter  class  of  repre¬ 
sentations  will  be  greater  in  proportion  to  the  com¬ 
pleteness  of  the  recombination  of  the  separated  in¬ 
terference-spectra,  which,  again,  will  be  proportional 
(accurate  correction  of  the  aberrations  being  assumed) 
to  the  aperture  of  the  objective.2 

The-  combined  advance  of  scientific  theory  and  of 
practical  skill  in  the  application  of  it  have  now  brought 
up  the  compound  achromatic  microscope  to  an  optical 
perfection  that  renders  it  capable  of  actually  doing  al¬ 
most  everything  of  which,  in  the  present  state  of  op¬ 
tical  theory,  it  can  be  regarded  as  capable.  The 
resolution  of  Nobert’s  nineteenth  band,  having  112,- 
595  lines  to  an  inch,  which  was  long  regarded  as  the 
crux  of  microscopists,  is  now  found  so  easy  as  to  leave 
little  room  for  doubt  that,  if  a  new  test  were  obtaina¬ 
ble  having  the  minimum  visibile  of  118,000  lines  to 
the  inch,  an  oil-immersion  objective  would  be  found 
to  resolve  it.  But  the  experience  of  the  past  makes 
it  evident  that,  as  no  limit  can  be  set  to  the  advance 
of  optical  theory,  results  yet  more  remarkable  may  be 
still  expected  to  arise,  every  such  advance  being  turned 
to  account  by  the  practical  skill  which  experience  has 
now  enabled  the  best  constructors  of  achromatic  ob¬ 
jectives  to  attain.3 

The  progressive  improvements  thus  effected  in  the  con¬ 
struction  of  microscopic  objectives  have  been  accompanied 
by  other  improvements,  alike  in  the  optical  and  in  the 
mechanical  arrangements  by  which  the  best  performance 
of  these  objectives  can  be  secured ;  and  it  will  be  desirable 
now  to  describe  in  succession  the  most  approved  forms  of 
the  eye-piece,  the  objective,  and  the  illuminating  appara¬ 
tus  respectively,  and  then  those  of  the  instrument  as  a 
whole,  pointing  out  the  special  adaptiveness  of  each  to 
the  requirements  of  different  classes  of  scientific  investi¬ 
gators. 

Eye- Pieces. 


It  very  early  became  obvious  to  those  who  were  engaged 
in  the  achromatization  of  microscopic  objectives  that  their 
best  performance  was  obtained  when  the  image  given  by 
them  was  further  enlarged  by  the  eye-piece  known  as  the 
Huygenian,  as  having  been  devised  by  Huygens  for  his 
telescopes.  It  consists  of  two  plano-convex  lenses  (EE  and 
FF,  Fig.  4),  with  their  plane  sides  towards  the  eye ;  these 
are  placed  at  a  distance  equal  to  half  the  sum  of  their 
focal  lengths, — or,  to  speak  with  more  precision,  at  half 
the  sum  of  the  focal  length  of  the  eye-glass,  and  of  the 
distance  from  the  field-glass  at  which  an  image  of  the  ob¬ 
ject-glass  would  be  formed  by  it.  A  “  stop  ”  or  diaphragm 
BB  must  be  placed  between  the  two  lenses,  in  the  visual 


1  Thus  it  is  still  a  moot  point  whether  the  microscopic  appear¬ 
ances  seen  in  the  siliceous  valves  of  diatoms  (Figs.  8-11)  are  the 
optical  representations  of  elevations,  depressions,  or  perforations, 
or  of  internal  molecular  arrangements  not  involving  any  m- 

eSUThis  doctrimfwas  first  fully  developed  by  Professor  Abbe  in 
the  Archiv  fur  Microsk.  Anatomie,  vol.  ix.  (1874),  and  is  more  fully 
expounded  in  his  subsequent  contributions  to  Jour.  JRoy.  Micros. 

Soc.  See  also  the  papers  of  Mr.  Stephenson  and  Mr.  Crisp  in  that 
journal,  and  in  the  preceding  Monthly  Microscopical  Journal. 

3  Any  good  workman  can  now  make  by  the  dozen  such  small¬ 
angled  f  inch  objectives  as  Mr.  A.  Ross  produced  with  much 
pains  and  labor  fifty  years  ago.  It  was  not  until  1844  that,  with 
the  honorable  emulation  of  surpassing  what  Professor  Amici  had 
then  accomplished,  he  produced  a* .inch  of  by 

taking  advantage  of  some  very  heavy  flint-glass  he  had,  he  after¬ 
wards  increased  to  170°. 


focus  of  the  eye-glass,  which  is,  of  course,  the  position 
wherein  the  image  of  the  object  will  be  formed  by  the 
rays  brought  into  convergence  by  their  passage  through 
the  field-glass.  Huygens  devised  this  arrangement  merely 
to  diminish  the  spherical  aberration ;  but  it  was  subse¬ 
quently  shown  by  Boscovich  that  the  chromatic  dispersion 
was  also  in  great  part  corrected  by  it.  Since  the  introduc¬ 
tion  of  achromatic  object-glasses  for  compound  microscopes, 
it  has  been  further  shown  that  nearly  all  error  may  be 
avoided  by  a  slight  over-correction  of  these,  so  that  the 
blue  and  red  rays  may  be  caused  to  enter  the  eye  in  a  par¬ 
allel  direction  (though  not  actually  coincident),  and  thus 
to  produce  a  colorless  image.  Thus  let  N,  M,  N  (Fig.  14) 
represent  the  two  extreme  rays  of  the  three  pencils,  which 
without  the  field-glass  would  form  a  blue  image  convex  to 
the  eye-glass  at  BB,  and  a  red  one  at  RR ;  then,  by  the  in¬ 
tervention  of  the  field-glass,  a  blue  image  concave  to  the 
eye-glass  is  formed  at  B'B',  and  a  red  one  at  R'R'.  As  the 
focus  of  the  eye-glass  is  shorter  for  blue  rays  than  for  red 
rays  by  just  the  difference  in  the  place  of  these  images, 
their  rays,  after  refraction  by  it,  enter  the  eye  in  a  parallel 
direction,  and  produce  a  picture  free  from  false  color.  If 
the  object-glass  had  been  rendered  perfectly  achromatic, 

the  blue  rays,  after  pass¬ 
ing  through  the  field- 
glass,  would  have  been 
brought  to  a  focus  at  b, 
and  the  red  at  r ;  so  that 
an  error  would  be  pro¬ 
duced,  which  would  have 
been  increased  instead  of 
being  corrected  by  the 
eye-glass.  Another  ad¬ 
vantage  of  a  well-con¬ 
structed  Huygenian  eye¬ 
piece  is  that  the  image 
produced  by  the  meeting 
of  the  rays  after  passing 
through  the  field-glass 
is  by  it  rendered  concave 
towards  the  eye-glass  in¬ 
stead  of  convex,  so  that 
every  part  of  it  may  be 
in  focus  at  the  same  time, 
and  the  field  of  view 
thereby  rendered  flat.4 
Fig.  14.— Section  of  Huygenian  Eye-  Two  or  more  Huy- 
Piece,  adapted  to  Over-Corrected  genian  eye-pieces  of  dif- 
Microscopic  Objectives.  ferent  magnifying  pow¬ 

ers,  known  as  A,  B,  C,  etc.,  are  usually  supplied  with 
a  compound  microscope.  The  utility  of  the  higher 
powers  will  mainly  depend  upon  the  excellence  of*the  ob¬ 
jectives;  for,  when  an  achromatic  combination  of  small 
aperture  which  is  sufficiently  well  corrected  to  perform 
very  tolerably  with  a  “low”  or  “shallow”  eye-piece  is 
used  with  an  eye-piece  of  higher  magnifying  power  (com¬ 
monly  spoken  of  as  a  “  deeper”  one),  the  image  may  lose 
more  in  brightness  and  in  definition  than  is  gained  by  its 
amplification,  while  the  image  given  by  an  objective  of 
large  angular  aperture  and  very  perfect  correction  shall 
sustain  so  little  loss  of  light  or  of  definition  by  “  deep  eye- 
piecing  ”  that  the  increase  of  magnifying  power  shall  be 
almost  clear  gain.  Hence  the  modes  in  which  different  ob¬ 
jectives  of  the  same  power,  whose  performance  with  shal¬ 
low  eye-pieces  is  nearly  the  same,  are  respectively  affected 
by  deep  eye-pieces  afford  a  good  test  of  their  respective 
merits,  since  any  defect  in  the  corrections  is  sure  to  be 
brought  out  by  the  higher  amplification  of  the  image,  while 
a  deficiency  of  aperture  is  manifested  by  the  want  of 
light.  The  working  microscopist  will  generally  find  the 
A  eye-piece  most  suitable,  B  being  occasionally  employed 
when  a  greater  power  is  required  to  separate  details,  whilst 
C  and  others  still  deeper  are  useful  for  the  purpose  of  test¬ 
ing  the  goodness  of  objectives,  or  for  special  investigations 
requiring  the  highest  amplification  with  objectives  of  the 
finest  quality.  But  he  can  commit  no  greater  error  than 
habitually  to  use  deep  eye-pieces  for  the  purposes  of  scien¬ 
tific  research,  especially  when  (as  in  the  study  of  living 
objects)  long-continued  and  unintermitted  observation  is 
necessary.  For  the  visual  strain  thus  occasioned  is  ex¬ 
actly  like  that  resulting  from  the  habitual  use  of  magnifying 
spectacles  in  reading,  requiring  the  book  to  be  held  within 
2  or  3  inches  of  the  eye.  And  all  experience  shows  that 
this  feeling  of  strain  cannot  be  disregarded,  without  the 
most  injurious  consequences  to  vision. 

*  The  reader  may  be  referred  to  Mr.  Varley’s  investigation  of 
the  properties  of  the  Huygenian  eye-piece  in  the  fifty-first 
volume  of  the  Transactions  of  the  Society  of  Arts;  and  to  the'  arti¬ 
cle  “Microscope,”  by  Mr.  Ross,  in  the  Penny  Cyclopedia,  re¬ 
printed,  with  additions,  in  the  English  Cyclopedia. 
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For  viewing  large  flat  objects,  such  as  transverse  sections 
of  wood  or  of  Echinus  spines,  under  low  magnifying  pow¬ 
ers,  the  eye-piece  known  as  Kellner’s  may  be  employed 
with  advantage.  In  this  construction  the  field-glass,  which 
is  a  double-convex  lens,  is  placed  in  the  focus  of  the  eye¬ 
glass,  without  the  interposition  of  a  diaphragm ;  and  the 
eye-glass  is  an  achromatic  combination  of  a  plano-concave 
of  flint  with  a  double-convex  of  crown,  which  is  slightly 
under-corrected,  so  as  to  neutralize  the  over-correction 
given  to  the  objectives  for  use  with  Huygenian  eye-pieces. 
A  flat  well-illuminated  field  of  as  much  as  14  inches  in  di¬ 
ameter  may  thus  be  obtained  with  very  little  loss  of  light ; 
but,  on  the  other  hand,  there  is  a  certain  impairment  of 
defining  power,  which  renders  the  Kellner  eye-piece  un¬ 
suitable  for  objects  presenting  minute  structural  details; 
aud  it  is  an  additional  objection  that  the  smallest  speck  or 
smear  upon  the  surface  of  the  field-glass  is  made  so  un¬ 
pleasantly  obvious  that  the  most  careful  cleansing  of  that 
surface  is  required  every  time  that  this  eye-piece  is  used. 
Hence  it  is  better  fitted  for  the  occasional  display  of  objects 
of  the  character  already  specified  than  for  the  ordinary 
wants  of  the  working  microscopist. 

Solid  eye-pieces,  consisting  of  cylinders  of  glass  with 
convex  ends,  are  sometimes  used  in  place  of  the  Huyge¬ 
nian,  when  high  magnifying  power  is  required  for  testing 
the  performance  of  objectives.  The  lower  surface,  which 
has  the  lesser  convexity,  serves  as  a  field-glass,  while  the 
image  formed  by  this  is  magnified  by  the  highly  convex 
upper  surface  to  which  the  eye  is  applied, — the  advantage 
derivable  from  this  construction  lying  in  the  abolition  of 
the  plane  surfaces  of  the  two  lenses  of  the  ordinary  eye- 
piece.1 

A  “  positive  ”  or  Eamsden’s  eye-piece — in  which  the  field- 
glass,  whose  convex  side  is  turned  upwards,  is  placed  so 
much  nearer  the  eye-glass  that  the  image  formed  by  the 
objective  lies  below  instead  of  above  it — was  formerly 
used  for  the  purpose  of  micrometry, — a  divided  glass  being 
fitted  in  the  exact  plane  occupied  by  the  image,  so  that  its 
scale  and  that  image  are  both  magnified  together  by  the 
lenses  interposed  between  them  and  the  eye.  The  same 
end,  however,  may  be  so  readily  attained  with  the  Huy¬ 
genian  eye-piece  that  no  essential  advantage  is  gained  by 
the  use  of  that  of  Eamsden,  the  field  of  which  is  distinct 
only  in  its  centre. 

Objectives. 

It  has  been  seen  that  one  of  the  principal  points  in  the 
construction  of  microscopic  objectives  to  which  the  atten¬ 
tion  of  their  makers  has  been  constantly  directed  has  been 
the  enlargement  of  their  “  aperture,”— this  term  being 
understood  to  mean,  not  their  absolute  opening  as  ex¬ 
pressed  by  linear  measure,  but  their  capacity  for  receiving 
and  bringing  to  a  remote  conjugate  focus  the  rays  diverg¬ 
ing  from  the  several  points  of  a  near  object.  The  aper¬ 
ture  of  an  objective  has  been  usually  estimated  by  its  “an¬ 
gle  of  aperture,”— that  is,  by  the  degree  of  divergence  of 
the  most  extreme  rays  proceeding  from  the  axial  point  of 
the  object  to  the  margin  of  the  objective  (Fig.  15)  which 
take  part  in  the  formation  of  the  image.  It  is  pointed  out, 
however,  by  Professor  Abbe 
that,  in  the  case  of  single 
lenses  used  as  objectives,  their 
apertures  are  really  propor¬ 
tional,  not  to  their  respective 
angles  of  aperture,  but  to 
the  ratio  between  the  actual 
diameter  or  clear  opening  of 
each  to  its  focal  distance,  a  ra¬ 
tio  which  is  simply  expressed 
by  the  sine  of  its  semiangle. 

And  in  the  case  of  combina¬ 
tions  of  lenses  it  can  be  de¬ 
monstrated  mathematically 
that  their  respective  aper¬ 
tures  are  determinable — other 
conditions  being  the  same — 
by  the  ratio  of  the  diameters  iS^?tl0n  of  Achromatic 
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— this  ratio  being  expressed, 

as  before,  by  the  sine  of  the  semiangle  of  aperture  (sin  u). 
The  difference  between  these  two  modes  of  comparison  can 
be  readily  made  obvious  by  reference  to  the  theoretical 
maximum  of  180°,  which  is  attained  by  opening  out  the 
boundaries  of  the  angle  abc  (Fig.  15)  until  they  come  into 
the  same  straight  line,  the  sine  of  the  semiangle  (90°)  then 

1  These  eye-pieces  are  much  in  vogue  in  the  United  States, 
where  they  are  made  of  extremely  short  foci,— even  to  ^  inch. 


becoming  unity.  For,  while  an  objective  having  an  angle 
of  60°  would  count  by  comparison  of  angles  as  having 
ouly  one-third  of  the  theoretical  maximum,  its  real  aper¬ 
ture  would  be  half  that  maximum  since  the  sine  of  its 
semiangle  (30°)  =  i.  And,  as  the  sines  of  angles  beyond 
60°  increase  very  slowly,  an  objective  of  120°  angle  will 
have  as  much  as  87  per  cent,  of  the  theoretical  maximum 
of  aperture,  although  its  angle  is  only  two-thirds,  or  Gfi.ti 
per  cent.,  of  180°.  It  hence  becomes  obvious  that  little  is 
really  gained  in  real  aperture  by  the  opening-out  of  the  angle 
of  microscopic  objectives  to  its  greatest  practicable  limit 
(which  may  be  taken  as  170°),  while  such  extension— even 
if  unattended  with  any  loss  either  of  definition  or  of  color- 
correction — necessarily  involves  a  great  reduction  alike  in 
the  working  distance  and  in  the  focal  depth  or  penetration 
of  the  combination,  as  will  be  presently  explained. 

Numerical  Aperture. — It  has  now  been  demonstrated  by 
Professor  Abbe  that,  independently  of  the  advantages  al¬ 
ready  specified  as  derivable  from  the  application  of  the  im¬ 
mersion  system  to  objectives  of  short  focus  and  wide  aper¬ 
ture,  the  real  aperture  of  an  immersion  objective  is  con¬ 
siderably  greater  than  that  of  a  dry  or  air  objective  of  the 
same  angle, — the  comparative  apertures  of  objectives  work¬ 
ing  through  different  media  being  in  the  compound  ratio 
of  two  factors,  viz.,  the  sines  of  their  respective  semiangles 
of  aperture  and  the  refractive  indices  of  the  “  immersion  ” 
fluids.  It  is  the  product  of  these  (n  sin  u)  that  gives  what 
is  termed  by  Professor  Abbe  the  “  numerical  aperture,” — 
which  serves,  therefore,  as  the  only  true  standard  of  com¬ 
parison,  not  only  between  dry  or  air  and  water  or  oil  im¬ 
mersion  lenses,  but  also  between  immersion  lenses  adapted 
to  work  respectively  with  water,  oil,  or  any  other  inter- 
posed  fluid.  That  the  angle  of  aperture  expressed  by  the 
same  number  of  degrees  must  correspond  with  very  differ¬ 
ent  working  apertures  in  dry,  water  immersion,  and  oil  o* 
homogeneous  immersion  objectives  becomes  evident  when 
we  consider  what  happens  when  divergent  pencils  of  rays 
pass  from  one  medium  into  another  of  higher  refractive  in¬ 
dex.  For  such  divergent  pencils,  proceeding  from  air  into 
water  or  oil,  will  be  closed  together  or  compressed ;  so  that 
the  rays  which,  when  an  object  is  mounted  in  air,  spread 
out  over  the  whole  hemisphere,  then  form  comparatively 
narrow  pencils,  and  can  thus  be  utilized  by  an  immersion 
objective  of  smaller  aperture  than  is  required  in  a  dry  ob¬ 
jective  to  admit  the  most  diverging  rays  of  air-pencils.  It 
follows,  therefore,  that  a  given  angle  in  a  water  or  oil  im¬ 
mersion  objective  represents  a  much  larger  aperture  than 
does  the  same  angle  in  an  air-objective ;  and  thus  it  comes 
to  pass  that  by  opening  out  the  angle  of  immersion  objec¬ 
tives  they  may  be  made  to  receive  and  utilize  rays  of 
much  greater  divergence  than  can  possibly  enter  dry  ob¬ 
jectives  of  even  maximum  aperture. 

The  following  table,  abridged  from  that  given  by  Professor 
Abbe  for  every  0.02  of  numerical  aperture  from  0.50  up  to 
the  maximum  of  1.52,  brings  this  contrast  into  clear  view : 

Numerical  Aperture  Table. 


Numerical  Aperture 
(n  sin  u  =  a). 

Angle  of  Aperture  (=  2a). 

Illuminating  Power 
(«2). 

Theoretical  Resolv’g 
Power,  in  Lines  to 
an  Inch  (A=  0.5269  m 
=  line  E). 

Penetrating  Power 

(i-)  • 

Dry  Objectives 
(n  =  1). 

Water-Immer¬ 
sion  Objectives 
(n  =  1.33). 

Homogeneous- 
Immersion 
Objectives 
(n  =  1.52). 

O  / 

O  / 

O  / 

1.52 

180  0 

2.310 

146,528 

.658 

1.42 

138  12 

2.016 

136,888 

.704 

1.33 

180  0 

122  6 

1.770 

128,212 

.752 

1.26 

142  39 

111  59 

1.588 

121,464 

.794 

1.18 

125  3 

101  50 

1.392 

113,752 

.847 

1.12 

114  44 

94  56 

1.254 

107,968 

.893 

1.06 

105  42 

88  26 

1.124 

102,184 

.943 

1.00 

180  0 

97  31 

82  17 

1.000 

96,400 

1.000 

0.94 

140  6 

89  56 

76  24 

.884 

90,616 

1.064 

0.86 

118  38 

80  34 

68  54 

.740 

82,904 

1.163 

0.80 

106  16 

73  58 

63  31 

.640 

77,120 

1.250 

0.76 

98  56 

69  42 

60  0 

.578 

73,264 

1.316 

0.70 

88  51 

63  31 

54  50 

.490 

67,480 

1.429 

0.62 

76  38 

55  34 

48  9 

.384 

59,768 

1.613 

0.56 

68  6 

49  48 

43  14 

.314 

53,984 

1.786 

0.50 

60  0 

44  10 

38  24 

.250 

48,200 

2.000 

Thus,  taking  as  a  standard  of  comparison  a  dry  objective 
of  the  maximum  theoretical  angle  of  180°,  whose  numerical 
aperture  is  the  sine  of  90°,  or  1.00,  we  find  this  standard 
i  equalled  by  a  water-immersion  objective  whose  angle  of 
|  aperture  is  no  more  than  97i°,  and  by  an  oil  or  homogene- 
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ous- immersion  objective  of  only  82°, — the  numerical  aper¬ 
tures  of  these,  obtained  by  multiplying  the  sines  of  their 
respective  semi-angles  by  the  refractive  index  of  water  or 
of  oil,  being  1.00  in  each  case.  Each,  therefore,  will  have  as 
great  a  power  of  receiving  and  utilizing  divergent  rays  as 
any  dry  objective  can  even  theoretically  possess. 

But,  as  the  actual  angle  of  either  a  water  or  an  oil-im¬ 
mersion  objective  can  be  opened  out  to  the  same  extent  as 
that  of  an  air  or  dry  objective,  it  follows  that  the  aperture 
of  the  former  can  be  augmented  far  beyond  even  the  theo¬ 
retical  maximum  of  the  latter.  Thus  the  numerical  aper¬ 
ture  of  a  water-immersion  lens  of  the  maximum  angle  of 
180°  is  1.33,  or  one-third  greater  than  that  of  an  air-lens  of 
the  same  angle ;  and  this  aperture  would  be  given  by  an 
oil-immersion  objective  of  only  122°.  Again,  the  numerical 
aperture  of  an  oil-immersion  objective  having  the  theoret¬ 
ical  maximum  angle  of  180°  would  be  1.52,  or  more  than 
one-half  greater  than  that  of  an  air-lens  of  the  same  angle. 
And  the  numerical  apertures  corresponding  to  angles  of  170°, 
which  have  been  actually  attained  in  both  cases,  fall  very 
little  short  of  the  proportions  just  given. 

So,  again,  an  oil-immersion  objective  whose  angle  of  aper¬ 
ture  is  only  60°,  has  as  high  a  numerical  aperture  (0.76)  as 
a  water-immersion  objective  of  69P,  or  as  a  dry  objective 
of  99° ;  and  a  dry  objective  of  140°  has  no  greater  nume¬ 
rical  aperture  (0.94)  than  a  water-immersion  of  90°  or  an 
oil-immersion  of  76i°. 

This  important  doctrine  may  be  best  made  practically 
intelligible  by  a  comparison  of  the  relative  diameters  of  the 
back  lenses  of  dry  with  those  of  water  and  oil-immersion 
objectives  of  the  same  power,  from  an  “air-angle”  of  60°  to 
an  “oil-angle”of  180°, — these  diameters  expressing,  in  each 
case,  the  opening  between  the  extreme  pencil-forming  rays 
at  their  issue  from  the  posterior  surface  of  the  combination, 
to  meet  in  its  conjugate  focus  for  the  formation  of  the  image, 
the  relation  of  which  opening  in  each  case  to  the  focal  length 
of  the  combination  is  the  real  measure  of  its  aperture  (Fig. 
16).  Thus  the  dry  objective  of  60°  angle  (5  in  Fig.  16)  has 
its  air-angle  represented  by  sin  a  =  i  =  0.50  numerical  aper¬ 
ture.  The  dry  objective  of  97°  (4)  has  its  air-angle  repre¬ 
sented  by  sin  u  =  I  =  0.75  numerical  aperture.  Aud  the  dry 
objective  having  the  (theoretical)  angle  of  180°  (3)  has  its 
air-angle  represented  by  sin  u  =  1.00  numerical  aperture, — 
this  corresponding  to  96°  water-angle  and  82°  oil-angle. 
But  the  water- immersion  lens  having  the  (theoretical)  angle 
of  180°  (2)  has  its  water-angle  represented  by  wsin  u  =  1.33 
numerical  aperture.  And  the  oil- 
immersion  lens  having  the  (theoreti¬ 
cal)  angle  of  180°  (1)  has  its  oil-angle 
represented  by  n  sin  u  =  1.52  “  nu¬ 
merical  aperture.”1  These  theoreti¬ 
cal  apertures  for  water  and  oil-im¬ 
mersion  lenses  having  been  found 
as  nearly  attainable  in  practice  as 
the  theoretical  maximum  for 
dry  objectives,  such  lenses  can 
utilize  rays  from  objects  mounted  in 
balsam  or  other  dense  media,  which 
are  entirely  lost  for  the  image  (since 
they  do  not  exist  physically)  when 
the  same  object  is  in  air  or  is  observed 
through  a  film  of  air.  And  this  loss 
cannot  be  compensated  by  an  increase 
of  illumination;  because  the  rays 
which  are  lost  are  different  rays 
physically  from  those  obtained  by 
any  illumination,  however  intense, 
through  an  aeriform  medium. 

It  is  by  increasing  the  number  of 
diffraction-spectra  that  the  add  itional 
rays  thus  received  by  objectives  of 
great  numerical  aperture  impart  to 
them  an  increased  resolving  power 
for  lined  and  dotted  objects, — the 
truth  of  the  image  formed  by  the 
recombination  of  these  spectra  being 
(as  already  shown)  essentially  de¬ 
pendent  on  the  number  of  them  that 
the  objective  may  be  capable  of  re¬ 
ceiving. 

But  whilst  the  resolving  power  of 
microscopic  objectives  increases  in 
the  ratio  of  their  respective  numeri-  Fig.  16.— Relative  Diam- 
cal  apertures,  and  whilst  their  illu-  etere  of  Back  ^enses 

minating  power  (dependent  upon  the  immersion  Objectives, 
quantity  of  light  that  passes  through 

1  The  dotted  circles  in  the  interior  of  1  and  2,  of  the  same  di¬ 
ameter  as  3,  show  the  excess  in  the  diameters  of  the  back  lenses 
of  the  water  and  oil  objectives  over  that  of  the  dry  at  their  re- 
spectfive  theoretical  limits. 


them)  increases  with  the  square  of  the  numerical  aperture, 
the  case  is  reversed  with  another  most  important  quality, — 
that  of  penetration  or  focal  depth ;  for  this  diminishes  as 
the  numerical  aperture  increases,  until  nothing  but  what 
is  precisely  in  the  focal  plane  can  be  even  discerned  with 
objectives  possessed  of  the  highest  resolving  power.  Thus 
the  penetrating  power  of  an  objective  of  60°  air-angle  being 
expressed  as  2.000,  an  extension  of  that  angle  to  76J°  re¬ 
duces  it  to  1.613,  an  extension  to  89°  reduces  it  to  1.429,  and 
an  extension  to  99°  reduces  it  to  1.316;  further  extension  to 
118£°  reduces  it  to  1.163,  while  an  objective  whose  air-angle 
is  140°  has  a  penetrating  power  of  only  1.064.  So,  again, 
the  oil-immersion  objective  which  has  the  numerical  aper¬ 
ture  of  1.00  corresponding  to  the  theoretical  air-angle  of 
180°  has  a  penetrating  power  of  1.000;  this  is  brought  down 
to  .752  when  its  angle  is  so  increased  as  to  make  its  numerical 
aperture  1.33,  equalling  the  theoretical  maximum  of  a  water- 
immersion  objective,  and  is  .658  at  the  theoretical  maximum 
(1.52)  of  an  oil-objective. 

Hence  it  is  clear  that,  as  some  of  the  qualities  to  be  sought 
in  microscopic  objectives  are  absolutely  incompatible,  a 
preference  is  to  be  accorded  to  objectives  of  greatest  resolv¬ 
ing  power  but  very  little  penetration,  or  to  those  of  moderate 
resolving  power  and  great  penetration,  according  to  the  uses 
to  which  they  are  to  be  applied ;  and  some  general  principles 
will  now  be  laid  down  in  regard  to  this  matter,  based  alike 
on  science  and  experience. 

In  the  first  place,  a  marked  distinction  is  to  be  drawn  be¬ 
tween  those  objectives  of  low  or  moderate  power  which  are 
to  be  worked  dioptrically  and  those  of  high  power  which  are 
to  be  worked  diffractively.  The  objects  on  which  the  for¬ 
mer  are  to  be  for  the  most  part  used  are  either  minute 
transparent  bodies  having  solid  forms  which  the  observer 
should  be  able  to  take  in  as  wholes  (as  in  the  case  of  Poly- 
cystina,  the  larger  diatoms,  Infusoria,  etc.) ;  or  transparent 
sections,  dissections,  or  injections,  whose  parts  lie  in  differ¬ 
ent  planes,  the  general  relations  of  which  he  desires  to 
study,  while  reserving  their  details  for  more  special  scru¬ 
tiny  ;  or  opaque  objects,  whose  structure  can  only  be  appre¬ 
hended  from  the  examination  of  their  surfaces,  when  the 
inequalities  of  those  surfaces  are  seen  in  their  relations  to 
each  other.  In  all  these  cases  it  is  desirable  that  micro¬ 
scopic  vision  should  resemble  ordinary  vision  as  much  as 
possible.  If  the  eye  were  so  constructed  as  to  enable  us  to 
discern  only  those  parts  of  an  object  that  lie  precisely  in  the 
plane  to  which  we  focus  it,  our  visual  conceptions  of  the 
forms  and  relations  of  these  parts,  and  consequently  of  the 
object  as  a  whole,  would  in  general  be  very  inadequate,  and 
often  erroneous.  It  is  because,  while  focussing  our  eye  suc¬ 
cessively  on  the  several  planes  of  the  object,  we  can  see  the 
relation  of  each  to  what  is  nearer  and  more  remote  that  we 
can  readily  acquire  a  visual  conception  of  its  shape  as  a 
whole,  and  that  unmistakable  perception  of  solid  form 
which  is  given  by  the  combination  of  the  two  dissimilar 
perspectives  of  near  objects  in  binocular  vision  (p.  284)  could 
not  possibly  be  formed  if  our  vision  were  strictly  limited  to 
the  exact  plane  for  which  our  eyes  are  focussed. 

Hence  it  is  obvious  that,  in  the  case  of  objectives  of  low 
and  moderate  amplification,  focal  depth  or  penetration  is  a 
quality  for  the  want  of  which  no  other  excellence  can  com¬ 
pensate, — the  opening-out  of  their  apertures  being  only  ad¬ 
vantageous  in  so  far  as  it  does  not  seriously  interfere  with 
their  penetrating  power.  It  is,  no  doubt,  quite  possible  to 
construct  a  1  inch  objective  with  an  aperture  so  large  that, 
when  the  requisite  amplification  has  been  gained  by  deep 
eye-piecing,  it  shall  resolve  the  lined  “tests”  ordinarily 
used  for  a  i,  or  to  construct  an  objective  of  ^  inch  focus 
which  shall  in  like  manner  do  the  ordinary  work  of  a  J. 
But,  as  such  objectives  are  thereby  spoiled  for  their  own 
proper  work,  the  loss  to  the  microscopist  is  but  poorly  com¬ 
pensated  by  his  ability  to  resolve  with  them,  under  such 
deep  eye-pieces  as  cannot  he  habitually  used  without  seri¬ 
ous  risk  to  the  eye-sight,  the  lined  and  dotted  tests  which 
can  be  much  better  shown  under  objectives  of  shorter  focus 
and  wider  aperture,  with  eye-pieces  of  low  amplification. 
For,  whilst  deep  eye-pieces  cannot  be  habitually  employed 
for  continuous  observation,  without  putting  a  strain  upon 
the  eyes  resembling  that  which  results  from  the  constant 
use  of  a  magnifying  glass,  even  the  very  highest  objectives 
may  be  used  continuously  for  long  periods  in  combination 
with  shallow  eye-pieces,  with  scarcely  any  fatigue,  and 
therefore  (it  is  probable)  without  sensible  injury.2 

In  estimating  the  goodness  of  a  microscopic  objective,  five 
distinct  qualities  have  to  be  separately  considered :  (1)  its 
working  distance,  or  the  actual  interval  between  its  front 

*  Hence,  for  work  of  this  kind,  the  shallower  eye-pieces  and 
longer  tubes  of  English  microscopes  are  to  be  preferred  to  the 
deeper  eye-pieces  and  shorter  tubes  of  the  ordinary  Continental 
model,  the  shallowest  eye-pieces  of  the  latter  being  usually  equal 
in  power  to  the  ordinary  B  eye-pieces  of  the  former. 
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lens  and  the  object  on  which  it  is  focussed;  (2)  its 
penetrating  power,  or  focal  depth ;  (3)  the  flatness  of 
its  field ;  (4)  its  definition,  or  power  of  giving  a  distinct 
image  of  all  well-marked  features  of  an  object,  and  espe¬ 
cially  of  their  boundary  lines ;  and  (5)  its  resolving  power, 
by  which  it  separates  closely  approximated  lines,  dots,  or 
striro. 

1.  The  “working  distance”  of  an  objective  has  no  fixed 
relation  to  its  focal  length, — the  latter  being  estimated  by  its 
equality  in  power  with  a  single  lens  of  given  radius  of  cur¬ 
vature  (such  as  1  inch,  4  inch,  fa  inch,  etc.),  while  the  former 
varies  with  the  mode  in  which  the  combination  is  con¬ 
structed  and  with  the  aperture  given  to  it.  For  low  and 
moderate  powers,  ranging  up  to  fa  inch  focus,  good  working 
distance  is  especially  important,  alike  because  it  is  closely 
related  to  penetrating  power,  and  also  because  it  facilitates 
the  use  of  side-illumination  for  opaque  objects.  And  in 
such  objectives  of  high  power  as  are  to  be  used,  not  for  the 
resolution  of  lined  or  dotted  tests,  but  for  the  observation 
of  living  and  moving  objects  of  extreme  minuteness,  good 
working  distance  is  no  less  important,  on  account  of  its  re¬ 
lation  to  focal  depth.  In  the  case  of  those  objectives,  on 
the  other  hand,  in  which  resolving  power  is  made  the  first 
consideration,  it  is  only  needful  that  the  working  distance 
shall  be  such  as  to  permit  the  interposition  of  a  thin  glass 
cover;  and  this,  although  necessarily  diminished  with  the 
widening  of  the  aperture,  can  be  always  obtained  by  the 
adoption  of  the  immersion  system. 

2.  The  “  penetrating  power  ”  or  “  focal  depth  ”  of  an  objec¬ 
tive  may  be  defined  as  consisting  in  the  vertical  range 
through  which  the  parts  of  an  object  not  precisely  in  the 
focal  plane  may  be  seen  with  sufficient  distinctness  to  ena¬ 
ble  their  relations  with  what  lies  exactly  in  that  plane  to 
be  clearly  traced  out, — just  as  would  be  done  by  ordinary 
vision  if  the  object  were  itself  enlarged  to  the  dimensions 
of  its  microscopic  image.  The  close  relation  between  this 
quality  and  the  preceding  becomes  obvious  when  it  is  con¬ 
sidered  that  the  longer  the  working  distance  of  an  objective 
the  less  will  the  distinctness  of  the  image  it  forms  be 
affected  by  any  given  alteration  (say  the  njiro  °f  an  inch) 
in  its  focal  adjustment.  Consequently,  of  two  objectives 
having  the  same  magnifying  power  but  different  working 
distances,  that  one  will  have  the  most  focal  depth  whose 
working  distance  is  the  greater.  On  the  other  hand,  as  the 
penetrating  power  of  an  objective  is  reduced  in  direct  accord¬ 
ance  with  the  increase  of  its  numerical  aperture,  it  must  be 
sacrificed  wherever  the  highest  resolving  power  is  to  be  at¬ 
tained.  Hence,  as  already  remarked,  this  attribute  will  be 
very  differently  valued  by  different  observers,  according  to 
the  work  on  which  they  are  respectively  engaged.  For  the 
general  purposes  of  biological  research,  not  only  with  low 
or  moderate  (for  the  reasons  already  stated),  but  also  with 
high  powers,  a  considerable  amount  of  focal  depth  is  essen¬ 
tial.  It  is  impossible,  for  example,  to  follow  satisfactorily 
the  movements  of  an  Amoeba,  or  to  study  the  “cyclosis”  in 
the  cell  of  a  Vallisneria,  or  to  trace  the  distribution  of  a 
nerve-thread,  with  an  objective  in  which  focal  depth  is  so 
completely  sacrificed  to  aperture  that  nothing  can  be  dis¬ 
cerned  save  what  is  precisely  in  the  focal  plane,  since, 
instead  of  passing  gradationally  from  one  focal  plane  to 
another,  as  the  observer  can  do  with  an  objective  of  good 
penetration,  he  can  only  get  a  succession  of  “  dissolving 
views,”  with  an  interval  of  “  chaos  ”  between  each  pair. 
When,  on  the  other  hand,  it  is  desired  to  scrutinize  with 
the  greatest  precision  such  minute  details  as  are  presented 
in  one  and  the  same  focal  plane  (as,  for  example,  those  of 
the  thinnest  possible  film  of  tissue  spread  out  between  a 
glass  slide  and  its  covering  glass),  the  microscopist  will  pre¬ 
fer  an  objective  in  which  focal  depth  is  subordinated  to  aper¬ 
ture,  for  the  sake  of  the  resolving  power  which  he  can  thus 
command.  And  it  will  often  happen  in  biological  research 
that  it  is  advantageous  thus  to  bring  objectives  of  the  latter 
class  to  bear  upon  objects  which  could  not  have  been  de¬ 
tected  in  the  first  instance  save  by  objectives  of  much 
inferior  resolving  power  but  greater  focal  depth. 

3.  The  “  flatness  of  the  field  ”  afforded  by  the  objective  is 
a  condition  of  great  importance  to  the  advantageous  use  of 
the  microscope,  since  the  extent  of  the  area  clearly  seen  at 
one  time  practically  depends  upon  it.  Many  objectives  are 
so  constructed  that,  even  when  the  object  is  perfectly  flat, 
the  foci  of  the  central  and  peripheral  parts  of  the  field  are 
so  different  that,  when  the  adjustment  is  made  for  one,  the 
other  is  more  or  less  indistinct.  Hence,  when  the  central 
part  of  the  area  is  in  focus,  no  more  information  is  gained 
respecting  the  peripheral  than  if  the  latter  had  been  alto¬ 
gether  stopped  out.  With  a  really  good  objective,  not  only 
should  the  image  be  distinct  over  the  whole  field  at  once, 
but  the  marginal  portion  should  be  as  free  from  color  as  the 
.central.  As  imperfection  in  this  respect  is  often  masked  by 
the  contraction  of  the  aperture  of  the  diaphragm  in  the  eye¬ 


piece,  the  relative  merits  of  two  objectives,  as  regards  flat¬ 
ness  of  field,  should  always  be  tested  under  an  eye-piece 
giving  a  large  aperture. 

4.  The  “defining  power”  of  an  objective,  which  depends 
upon  the  completeness  of  its  corrections  for  spherical  and 
for  chromatic  aberration,  and  upon  the  accurate  centring 
of  its  component  lenses,  is  an  attribute  essential  to  its  satis¬ 
factory  performance,  whatever  may  be  its  other  qualities, — 
its  importance  in  scientific  research  being  such  that  no 
superiority  in  resolving  power  can  compensate  for  the  want 
of  it ;  and,  though  it  is  possible  to  obtain  perfect  correction 
for  spherical  aberration  up  to  the  highest  practicable 
limit  of  augle,  yet  the  difficulty  of  securing  it  increases 
rapidly  with  the  augmentation  of  aperture,  the  want  of  it 
being  made  perceptible,  especially  when  deep  eye-pieces  are 
put  on,  by  the  blurring  of  clearly  marked  lines  or  edges, 
and  by  general  “fog.”  Perfect  color-correction,  on  the 
other  hand,  is  not  possible  for  dry  lenses  of  the  widest  angle, 
on  account  of  the  irrationality  of  the  secondary  spectrum ; 
but  this  may  be  neutralized  by  the  use  of  the  immersion 
system.  As  already  stated,  what  has  to  be  aimed  at  in  the 
construction  of  microscopic  objectives  is  not  absolute  color- 
correction,  but  a  slight  degree  of  over-correction,  which,  by 
compensating  the  chromatic  dispersion  of  the  Huygenian 
eye-piece,  shall  produce  an  image  free  from  false  color.  As 
this  can  be  secured  far  more  easily  in  the  construction  of 
objectives  of  moderate  than  in  those  of  very  wide  aperture, 
the  cost  of  the  former  is  proportionally  small, — an  addi¬ 
tional  reason  for  the  preference  to  be  given  to  them  on  other 
grounds,  in  regard  to  all  save  very  special  kinds  of  micro¬ 
scopic  work. 

5  “  Resolving  power,”  being  that  by  which  very  minute 
and  closely  approximated  markings — whether  lines,  striee, 
dots,  or  apertures — can  be  separately  discerned,  is  a  function 
which  is  only  of  primary  importance  in  objectives  whose 
amplifying  power  specially  fits  them  for  the  study  of  objects 
of  this  class.  It  appears  from  the  mathematical  researches 
of  Professor  Abbe  that  the  maximum  resolving  power  (with 
a  theoretical  angle  of  180°)  would  be  capable  of  separating 
146,528  lines  to  the  inch  ;  but  he  considers  the  limit  of 
visual  resolution  depending  on  the  power  of  the  eye  to  be 
about  °f  an  inch ;  and  this  limit  seems  to  have  been 

nearly  reached.  To  make  such  a  separation  distinctly  per¬ 
ceptible,  an  amplification  of  at  least  3000  linear  would  be 
requisite ;  and  this  can  only  be  obtained  either  by  the  use 
of  an  objective  of  very  high  power  (such  as  fa  inch  focus) 
in  combination  with  a  low  or  medium  eye-piece  or  by  put¬ 
ting  a  very  deep  eye-piece  upon  an  objective  of  lower  power 
(such  as  a  4  inch), — the  former  method,  for  the  reasons 
already  given,  being  decidedly  preferable.  F or  the  resolution 
of  less  closely  approximated  markings  objectives  of  fa,  fa, 
fa,  and  4  inch  answer  very  well ;  and  the  resolving  power 
which  they  require  may  be  obtained  without  any  excessive 
widening  of  the  aperture.  For  the  loss  of  resolving  power 
consequent  upon  the  contraction  of  the  angle  of  a  water-im¬ 
mersion  objective  to  1284°  is  only  one-tenth  of  the  theoretical 
maximum  128,212;  while  a  reduction  to  105s°  only  lowers 
the  number  of  separable  lines  to  102,184  to  the  inch, — thus 
diminishing  the  resolving  power  by  little  more  than  one- 
fifth,  while  the  working  distance  and  focal  depth  of  the 
combination  are  greatly  increased,  and  perfect  definition  is 
more  certainly  attainable.  The  4  inch  is  (according  to  the 
writer’s  experience,  which  is  confirmed  by  the  theoretical 
deductions  of  Professor  Abbe)  the  lowest  objective  in  which 
resolving  power  should  be  made  the  primary  qualification, 
— the  4,  and  inch  being  specially  suited  to  kinds  of 

biological  work  in  which  this  is  far  less  important  than 
focal  depth  and  dioptric  precision.  This  view  is  strength¬ 
ened  by  the  very  important  consideration  that  the  resolv¬ 
ing  power  given  by  wide  aperture  cannot  be  utilized, 
except  by  a  method  of  illumination  that  causes  light  to  pass 
through  the  object  at  an  obliquity  corresponding  to  that  at 
which  the  most  divergent  rays  enter  the  objective.  Now, 
although  in  the  case  of  objects  whose  markings  are  only 
superficial  such  obliquity  may  not  be  productive  of  false  ap¬ 
pearances  (though  even  this  is  scarcely  conceivable),  it  must 
have  that  effect  when  the  object  is  thick  enough  to  have  an 
internal  structure ;  and  the  experience  of  all  biological  ob¬ 
servers  who  have  carried  out  the  most  delicate  and  difficult 
investigations  is  in  accord,  not  only  as  to  the  advantage  of 
direct  illumination,  but  as  to  the  deceptiveness  of  the  ap¬ 
pearances  given  by  oblique,  and  the  consequent  danger  of 
error  in  any  inferences  drawn  from  the  latter.  Thus,  for 
example,  the  admirable  researches  of  Strassburger,  Flem¬ 
ing,  Klein,  and  others  upon  the  changes  which  take  place 
in  cell-nuclei  during  their  subdivision  can  only  be  fol¬ 
lowed  and  verified  (as  the  writer  can  personally  testify) 
by  examination  of  these  objects  under  axial  illumination, 
with  objectives  of  an  angle  so  moderate  as  to  possess  focal 
depth  enough  to  follow  the  wonderful  differentiation  of 
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component  parts  brought  out  by  staining  processes  through 
their  whole  thickness. 

The  most  perfect  objectives  for  the  ordinary  purposes  of 
scientific  research,  therefore,  will  be  obviously  those  which 
combine  exact  definition  and  flatness  of  field  with  the 
widest  aperture  that  can  be  given  without  an  inconvenient 
reduction  of  working  distance  and  loss  of  the  degree  of  focal 
depth  suitable  to  the  work  on  which  they  are  respectively 
to  be  employed.  These  last  attributes  are  especially  needed 
in  the  study  of  living  and  moving  objects ;  and,  in  the  case 
of  these,  dry  objectives  are  decidedly  preferable  to  immer¬ 
sion,  since  the  shifting  of  the  slide  which  is  requisite  to 
enable  the  movement  of  the  object  to  be  followed  is  very 
apt  to  produce  disarrangement  of  the  interposed  drop.  And, 
owing  to  the  solvent  power  which  the  essential  oils  em¬ 
ployed  for  homogeneous  immersion  have  for  the  ordin'ary 
cements  and  varnishes,  such  care  is  necessary  in  the  use  of 
objectives  constructed  to  work  with  them  as  can  only  be 
given  when  the  observer  desires  to  make  a  very  minute  and 
critical  examination  of  a  securely  mounted  object. 

The  following  table  expresses  the  magnifying  powers  of 
objectives  constructed  on  the  English  scale  of  inches  and 
parts  of  an  inch,  with  the  10  inch  body  and  the  A  and  B 
eye-pieces  usually  supplied  by  English  makers,  and  also 
1  specifies  the  angle  of  aperture  which,  in  the  writer’s  judg¬ 
ment,  is  most  suitable  for  each.  He  has  the  satisfaction  of 
finding  that  his  opinions  on  this  latter  point,  which  are 
based  on  long  experience  in  the  microscopic  study  of  a  wider 
range  of  animal  and  vegetable  objects  than  has  fallen  with¬ 
in  the  purview  of  most  of  his  contemporaries,  are  in  accord¬ 
ance  with  the  conclusions  drawn  by  Professor  Abbe  from 
his  profound  investigations  into  the  theory  of  microscopic 
vision,1  which  have  been  carried  into  practical  accomplish¬ 
ment  in  the  excellent  productions  of  Mr.  Zeiss. 
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For  ordinary  biological  work,  the  -j^,  and  -fa  objectives, 
with  angles  of  from  100°  to  120°,  will  be  found  to  answer 
extremely  well  if  constructed  on  the  water-immersion 
system. 

Each  of  these  powers  should  he  tested  upon  objects  most 
suited  to  determine  its  capacity  for  the  particular  kind  of 
work  on  which  it  is  to  be  employed ;  and,  in  such  testing, 
the  application  of  deeper  eye-pieces  than  can  he  habitually 
employed  with  advantage  will  often  serve  td  bring  out 
marked  differences  between  two  objectives  which  seem  to 
work  almost  equally  well  under  those  ordinarily  used,— 
defects  in  definition  or  color-correction,  and  want  of  light, 
which  might  otherwise  have  escaped  notice,  being  thus 
made  apparent.  No  single  object  is  of  such  general  utility 
for  these  purposes  as  a  large  well-marked  Podura  scale ;  for 
the  eye  which  has  been  trained  to  the  use  of  a  particular 
specimen  of  it  will  soon  learn  to  recognize  by  its  means  the 
qualities  of  any  objective  between  1  inch  and  £  inch  focus; 
and  it  may  be  safely  asserted  that  the  objective  which  most 
clearly  and  sharply  exhibits  its  characteristic  markings  is 
the  best  for  the  ordinary  work  of  the  histologist. 

For  the  special  attribute  of  resolving  power,  on  the  other 
hand,  tests  of  an  entirely  different  order  are  required ;  and 
these  are  furnished,  as  already  stated,  either  by  the  more 
“  difficult”  diatoms,  or  by  the  highest  numbers  of  Nobert’s 
(ruled  test-plate.  The  diatom-valve  at  present  most  in  use 
•as  a  test  for  resolving  power  is  the  Amphipleura  pellucida, 
the  lines  on  which  were  long  supposed  to  be  more  closely 
approximated  than  those  of  Nobert’s  nineteenth  band,  being 
affirmed  by  Mr.  Sollitt  to  range  from  120  to  130  in  -nsW  of 
an  inch.  But  the  admirable  photographs  of  this  valve  ob¬ 
tained  by  Colonel  Dr.  Woodward  have  confirmed  the  con¬ 
clusion  long  previously  expressed  by  the  writer,  that  this 
estimate  was  far  too  high,  being  based  on  the  spurious 
lineation produced  by  diffraction,  and  show  that  tho  striae 
on  the  largest  valves  do  not  exceed  91,  while  those  on  the 
smallest  are  never  more  numerous  than  100,  in  xomr  01  an 

i  See  his  paper  on  “  The  Relation  of  Aperture  and  Power  in  the 
Microscope,”  in  Jour.  Boy.  Micros.  Soc.,  1882,  pp.  300,  460, 


inch.  The  same  admirable  manipulator  has  also  obtained 
excellent  photographs  of  another  very  difficult  test-diatom, 
Surirella  gemma,  from  which  it  appears  that  its  transverse 
strise  eount  longitudinally  at  the  rate  of  72,000  to  the  inch 
whilst  the  beaded  appearances  into  which  these  may  be  re¬ 
solved  count  traversely  at  the  rate  of  84,000  to  the  inch. 
Thus  it  appears  that  the  complete  resolution  of  these 
“  vexatious  ”  diatoms  does  not  require  by  any  means  the 
maximum  of  aperture,  but  is  probably  dependent  at  least  as 
much  on  the  perfection  of  the  corrections  and  the  effective¬ 
ness  of  the  illumination. 

It  must  be  understood  that  there  is  no  intention  in  these 
remarks  to  undervalue  the  efforts  which  have  been  perse- 
veringly  made  by  the  ablest  constructors  of  microscopic 
objectives  in  the  direction  of  enlargement  of  aperture.  For 
these  efforts,  besides  increasing  the  resolving  power  of  the 
instrument,  have  done  the  great  service  of  producing  a  vast 
improvement  in  the  quality  of  those  objectives  of  moderate 
aperture  which  are  most  valuable  to  the  scientific  biologist; 
and  the  microscopist  who  wishes  his  armamentum  to  be  com¬ 
plete  will  provide  himself  with  objectives  of  those  different 
qualities,  as  well  as  different  powers,  which  shall  best  suit 
his  particular  requirements.2 

Illuminating  Apparatus. 

Every  improvement  in  the  optical  performance  of  the 
compound  achromatic  microscope  has  called  forth  a  corre¬ 
sponding  improvement  in  the  illumination  of  the  objects 
viewed  by  it,  since  it  soon  came  to  be  apparent  that  without 
such  improvement  the  full  advantage  of  the  increased 
defining  and  resolving  powers  of  the  objectives  could  not 
be  obtained.  For  the  illumination  of  transparent  objects 
examined  by  light  transmitted  through  them  under  low 
powers  of  moderate  angle,  a  converging  pencil  of  rays 
reflected  upon  their  under  surface  by  a  concave  mirror 
is  generally  sufficient, — a  “condenser”  being  only  needed 
when  the  imperfect  transparency  of  the  object  requires  the 
transmission  of  more  light  through  it.  And  the  micro¬ 
scopist  engaged  in  ordinary  biological  studies,  who  works 
on  very  transparent  objects  with  objectives  of  &  or  i  inch 
focus,  or  inch  immersion,  will  find  that  the  small  con¬ 
cave  mirror  of  short  focus  with  which  the  Continental 
models  are  furnished  (see  Fig.  28)  will  generally  prove 
sufficient  for  his  needs.  This  mirror  is  usually  hung  at 
such  a  distance  beneath  the  stage  that  parallel  rays  falling 
on  it  are  brought  to  a  focus  in  the  object  as  it  lies  on  a  slip 
of  glass  resting  on  the  stage ;  and  thus,  when  the  instru¬ 
ment  is  used  by  day,  the  light  of  a  bright  cloud  (which  is 
preferable  to  any  other)  gives  a  well-illuminated  field,  even 
with  the  powers  last-mentioned.  But  when  lamplight  is 
used  its  divergent  rays  are  not  brought  to  a  focus  in  the 
object  by  a  mirror  that  is  fixed  as  just  stated ;  and  the  dis¬ 
tance  of  the  mirror  beneath  the  stage  should  be  made  capa¬ 
ble  of  increase  (which  is  easily  done  by  attaching  it  to  a 
lengthening  bar),  so  as  to  obtain  the  requisite  focal  con¬ 
vergence.  Still  the  best  effects  of  objectives  of  less  than  i 
inch  focus  cannot  he  secured  without  the  aid  of  an  achro¬ 
matic  condenser,  interposed  between  the  mirror  and  the 
object,  so  as  to  bring  a  larger  body  of  rays  to  a  more  exact 
convergence. 

When  objectives  of  still  higher  power  are  employed,  the 
employment  of  such  a  condenser  becomes  indispensable ; 
and  when  the  highest  powers  are  being  used  by  lamplight, 
it  is  desirable  to  dispense  with  the  mirror  altogether,  and 
to  place  the  flame  exactly  in  the  optic  axis  of  the  micro¬ 
scope.  The  condenser  should  be  an  achromatic  combination, 
corrected  for  the  ordinary  thickness  of  the  glass  slip  on 
which  the  object  lies,  and  capable  of  being  so  adjusted  as  to 
focus  the  illuminating  pencil  in  the  object. 

As  it  is  often  found  desirable  that  an  object  should  be 
illuminated  by  central  rays  alone,  or  that  the  quantity  of 
light  transmitted  through  it  should  be  reduced  (for  bring¬ 
ing  into  view  delicate  details  of  structure  which  are  in¬ 
visible  when  the  object  is  flooded  with  light),  every  micro¬ 
scope  should  be  provided  with  some  means  of  cutting  oft 
the  outer  rays  of  the  illuminating  cone.  The  “  diaphragm- 
plate  ”  ordinarily  used  for  this  purpose  is  a  disk  of  black 
metal,  pivoted  to  the  under  side  of  the  stage,  and  perforated 
with  a  graduated  series  of  apertures  of  different  diameters, 
any  one  of  which  can  be  brought,  by  the  rotation  of  the 
disk,  exactly  into  the  optic  axis  of  the  microscope.  But  the 
required  effect  can  be  much  more  advantageously  obtained 
by  the  “  iris-diaphragm,”  in  which  a  number  of  converging 
plates  of  metal  are  made  so  to  slide  over  each  other  hy  the 
motion  of  a  lever  or  screw  that  the  aperture  is  either  en- 

s  See  the  remarks  of  Mr.  Dallinger,— whose  experience  In  the 
application  of  the  highest  powers  to  the  study  of  the  minutest 
living  objects  is  probably  greater  than  that  of  any  living  ob¬ 
server,— in  Jour.  Roy.  Micros.  Soc.,  December,  1882,  p.  853. 
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larged  or  diminished,  while  always  remaining  practically 
circular  as  well  as  central ;  and  in  this  manner  a  continuous 
view  of  the  object  is  obtained,  with  a  gradational  modifica¬ 
tion  of  the  light.  Another  method,  commonly  adopted  in 
German  microscopes,  is  to  place  a  draw-tube  in  the  optic 
axis  between  the  stage  and  the  mirror,  and  to  drop  into  the 
top  of  this  tube  one  of  a  set  of  “  stops  ”  perforated  with 
apertures  of  different  sizes ;  this  allows  a  gradational  effect 
to  be  obtained  by  raising  or  lowering  the  tube,  so  as  to  place 
the  stop  nearer  to  or  more  remote  from  the  object ;  but  it  is 
not  nearly  so  convenient  as  the  iris-diaphragm ;  and  the 
effect  of  the  stop  is  not  nearly  so  good  when  it  is  removed 
to  some  distance  beneath  the  object  as  when  it  is  very  near 
to  the  under  surface  of  the  glass  object-slide.  When  an 
achromatic  condenser  is  used,  either  a  diaphragm-plate  or 
an  iris-diaphragm  should  be  placed  below  its  back  lens,  so 
as  to  cut  off  any  required  proportion  of  the  outer  rays  that 
form  its  illuminating  cone. 

Such  an  arrangement,  while  suiting  all  the  ordinary  re¬ 
quirements  of  the  microscopistwlio  uses  the  highest  powers 
of  his  instrument  for  the  purposes  of  biological  investiga¬ 
tion  (as,  for  example,  in  the  study  of  Bacteria  or  of  the 
reproduction  of  the  Monadina),  does  not  serve  to  bring  into 
effective  use  the  special  resolving  power  possessed  by  objec¬ 
tives  of  large  aperture.  It  has  long  been  known  that  for 
the  discernment  of  very  closely  approximated  markings 
oblique  illumination  is  advantageous, — an  objective  which 
exhibits  such  a  diatom-valve  as  Pleurosigma  angulatum  with 
a  smooth  unmarked  surface  when  illuminated  by  the  cen¬ 
tral  rays  of  the  achromatic  condenser  making  its  character¬ 
istic  markings  (Figs.  8-11)  distinctly  visible  when  the  cen¬ 
tral  rays  of  the  condenser  are  kept  back  by  a  stop,  and  the 
object  is  illuminated  by  its  convergent  marginal  rays  only. 
And  it  has  also  been  practically  known  for  some  time  that 
the  resolution  of  lined  or  dotted  tests  can  be  often  effected 
by  mirror  illumination  alone,  if  the  mirror  be  so  mounted 
as  to  be  able  to  reflect  rays  through  the  object  at  such  ob¬ 
liquity  to  the  optic  axis  of  the  microscope  as  to  reach  the 
margin  of  a  wide-angled  objective.  But  it  has  only  been 
since  Professor  Abbe’s  researches  have  given  the  true  theory 
of  “resolution’’  that  the  special  advantage  of  oblique  illu¬ 
mination  has  been  fully  comprehended,  and  that  the  best 
means  have  been  devised  for  using  it  effectively.  Two  dif¬ 
ferent  systems  have  now  come  into  use,  each  of  which  has 
its  special  advantages. 

One  consists  in  the  attachment  of  the  illuminating  ap¬ 
paratus  (mirror  and  achromatic  condenser)  to  a  “swinging 
tail-piece”  (see  Fig.  32),  which,  moving  radially  upon  a 
pivot  whose  axis  intersects  the  optic  axis  at  right  angles  in 
the  plane  of  the  object,  can  transmit  the  illuminating  pencil 
through  it  at  any  degree  of  obliquity  that  the  construction 
of  the  stage  allows.  The  direction  of  this  pencil  being  of 
course  limited  to  one  azimuth,  it  is  requisite,  in  order  to 
bring  out  its  full  resolving  effect,  that  the  object  should  be 
made  to  rotate,  by  making  the  stage  that  carries  it  revolve 
round  the  optic  axis,  so  that  the  oblique  pencil  may  impinge 
upon  the  lines  or  other  markings  of  the  object  in  every 
direction  successively.  It  will  then  be  found  that  the  ap¬ 
pearances  presented  by  the  same  object  often  vary  consider¬ 
ably, — one  set  of  lines  being  shown  when  the  object  lies  in 
one  azimuth,  and  another  when  its  azimuth  has  been 
changed  by  rotation  through  60°,  90°,  or  some  other  angle. 
Various  contrivances  have  also  been  devised  for  throwing 
very  oblique  illuminating  pencils  on  the  object  by  means 
if  prisms  placed  beneath  the  stage. 

Illumination  of  at  least  equal  obliquity  to  that  afforded 
by  the  swinging  tail-piece  may  now,  however,  be  obtained 
by  the  use  of  condensers  specially  constructed  to  give  a  di¬ 
vergence  of  170°  to  the  rays  which  they  transmit  when 
used  immersionally,  by  bringing  their  flat  tops  into  ap¬ 
proximation  to  the  under  side  of  the  glass  slide  on  which 
the  object  is  mounted,  with  the  interposition  of  a  film  of 
water  or  (preferably)  of  glycerin.  By  using  a  central  stop, 
marginal  rays  alone  may  be  allowed  to  pass;  and  these  will 
be  transmitted  through  the  object  in  every  azimuth  at  the 
same  time.  But  diaphragms  with  apertures  limiting  the 
transmitted  rays  to  one  part  of  the  periphery  may  be  so 
fixed  in  a  tube  beneath  the  condenser  as  to  be  easily  made 
to  rotate,  thus  sending  its  oblique  pencils  through  the  object 
in  every  azimuth  in  succession.  And  where  this  rotation 
of  the  diaphragm  brings  out  two  sets  of  lines  at  a  certain 
angular  interval  a  diaphragm  with  two  marginal  openings 
at  a  corresponding  angular  distance  will  enable  both  to  be 
seen  at  once.  Numerous  arrangements  of  this  kind  have 
been  devised  by  those  who  devote  their  special  attention  to 
the  resolution  of  difficult  diatom-tests;  but  they  are  of 
little  or  no  use  to  those  who  use  the  microscope  for  biologi¬ 
cal  research. 

For  the  illumination  of  the  surfaces  of  opaque  objects 
which  must  be  seen  by  reflected  light  the  means  employed 


will  vary  with  the  focal  length  of  the  objective  employed. 
For  large  bright  objects  viewed  under  a  low  magnifying 
power  good  ordinary  daylight  is  sufficient;  but  if  the  sur¬ 
face  of  the  object  is  dull,  reflecting  but  little  light,  the  aid 
of  a  bull’s-eye  or  large  bi-convex  lens  must  be  employed  in 
order  to  give  it  sufficient  brilliance.  This  aid  will  always 
be  required  by  lamplight;  and  by  a  proper  adjustment  of 
the  relative  distances  of  the  lamp  and  the  object  the  rays 
from  the  lamp  may  be  made  either  to  spread  themselves 
over  a  wide  area  or  to  converge  upon  a  small  spot.  The 
former  is  the  method  suitable  to  large  objects  viewed  under 
a  low  magnifying  power;  the  latter  to  the  illumination  of 
small  objects  which  are  to  be  examined  under  objectives  of 
(say)  1  inch  or  3  inch  focus.  Another  method  which  may 
be  conveniently  had  recourse  to  when  the  microscope  is 
provided  with  a  swinging  tail-piece  is  to  turn  this  on  its 
pivot  until  the  concave  mirror  is  brought  above  the  stage, 
so  that  rays  which  it  gathers  either  from  natural  or  arti¬ 
ficial  sources  may  he  reflected  downwards  upon  the  surface 
of  the  object. 

The  illumination  of  an  opaque  object  to  be  seen  with  a 
higher  power  than  the  S  or  i  inch  objectives  was  formerly 
provided  for  by  a  concave  speculum  (termed  a  Lieberkiihn 
after  its  inventor),  with  a  perforation  in  the  centre  for  the 
passage  of  the  rays  to  the  objective  to  which  it  is  fitted, — 
the  curvature  of  the  speculum  being  so  adapted  to  the  focus 

of  the  objective  which 
carries  it  that,  when  the 
latter  is  duly  adjusted, 
the  rays  reflected  up¬ 
wards  around  the  object 
from  the  mirror  to  the 
speculum  shall  converge 
strongly  on  the  object. 
The  various  disadvan¬ 
tages  of  this  mode  of 
illumination,  however, 
have  caused  it  to  be  now 
generally  superseded  by 
other  arrangements.  For 
powers  between  l£  inch 
and  ^5  inch,  and  even  for 
a  j  or  J  inch  of  small 
angle  and  good  working 
distance,  nothing  is  so 
convenient  as  the  para¬ 
bolic  speculum  or  side- 
illuminator  (F,  Fig.  17) 
invented  by  the  late 
Richard  Beck.  This  is 
attached  to  a  spring-clip 
that  slides  on  the  tubes 
of  low-power  objectives,  so  that  its  distance  from  the  object 
and  the  direction  of  its  reflected  pencil  are  readily  adjusted  ; 
and  for  use  with  higher  powers  it  may  be  either  mounted 
on  a  separate  arm  attached  to  some  part  of  the  stand  of  the 
microscope,  or  may  be  hung  in  the  manner  shown  in  Fig. 
17  from  an  “adapter”  A  interposed  between  the  objective 
and  the  body.  By  rotating  the  collar  B  and  making  use  of 
the  joints  C,  C,  the  lengthening  rod  D,  and  the  ball  and 
socket  E,  any  position  maybe  given  to  the  speculum  F  that 
may  best  suit  the  objective  with  which  it  is  used. 

When,  however,  it  is  desired  to  illuminate  objects  to  be 
seen  under  objectives  of  high  power  and  very  short  work¬ 
ing  distance,  side  illumination  of  any  kind  becomes  diffi¬ 
cult,  though  not  absolutely  impossible  ;L  and  various  modes 
have  been  devised  for  the  illumination  of  the  object  by 
means  of  light  sent  down  upon  it,  through  the  objective, 
from  above.  This  is  done  in  the  vertical  illuminator  of 
Messrs.  Beck  (Fig.  18) — the  original  idea  of  which  was  first 
given  by  the  American  Professor  H.  L.  Smith — by  a  disk 
of  thin  glass  B,  b,  attached  to  a  milled  head  by  which  its 
angular  position  may  be  adjusted,  and  introduced  by  a  slot 
A,  c  into  the  interior  of  an  adapter  that  is  interposed  be¬ 
tween  the  objective  C,  d  and  the  nose  c  of  the  body.  The 
light  which  enters  at  the  lateral  aperture  A,  a  falling  upon 
the  oblique  surface  of  the  disk  C,  b,  is  reflected  downwards, 
and  is  concentrated  by  the  lenses  of  the  objective  upon 
the  object  beneath.  The  lateral  aperture  may  be  provided 
with  a  diaphragm,  with  openings  of  different  sizes,  for 
diminishing  the  false  light  to  which  this  method  is  liable; 
or  a  screen  with  a  small  aperture  may  be  placed  between 
the  lamp  and  the  illuminator,  at  any  distance  that  is  found 
to  produce  the  best  effects.  In  using  this  illuminator,  the 
lamp  should  be  placed  at  a  distance  of  about  8  inches  from 
the  aperture:  and,  when  the  proper  adjustments  have  been 
made,  the  image  of  the  flame  should  be  seen  upon  the  ob¬ 
ject.  The  illumination  of  the  entire  field,  or  the  direction 

1  See  a  method  devised  by  Mr.  James  Smith,  in  Jour.  Boy.  Micro*. 

I  Soc.,  vol.  iii.,  N.  S.,  1880,  p.  398, 


Fig.  17.— Beck’s  Parabolic  Side- 
Illuminator,  with  Crouch’s 
Adapter. 
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of  the  light  more  or  less  to  either  side  of  it,  can  easily  be 
managed  by  the  interposition  of  a  small  condensing  lens 
placed  at  about  the  distance  of  its  own  focus  from  the  lamp. 
The  objects  viewed  by  this  mode  of  illumination  with  dry- 
front  objectives  are  best  uncovered,  since,  if  they  are  cov¬ 
ered  with  thin  glass,  so  large  a  proportion  of  the  light  sent 
down  upon  them  is  reflected  from  the  cover  (especially 
when  objectives  of  large  angle  of  aperture  are  employed) 
that  very  little  is  seen  of  the  objects  beneath,  unless  their 
reflective  power  is  very  high.  With  immersion-objectives, 
however,  covered  objects  may  be  used.  Another  method 
of  vertical  illumination  long  since  devised  by  Mr.  Tolies 
has  recently  been  brought  into  notice  by  Professor  W.  A. 
Rogers  of  Boston  (U.  S.).  It  consists  in  the  introduction 
of  a  small  rectangular  prism  at  a  short  distance  behind  the 


Fig,  18.— Beck’s  Vertical  Illuminator. 

front  combination  of  the  objective,  so  that  parallel  rays 
entering  its  vertical  surface  pass  on  between  its  parallel 
horizontal  surfaces  until  they  meet  the  inclined  surface,  by 
which  they  are  reflected  downwards.  In  passing  through 
the  front  combination  of  the  objective,  they  are 
deflected  towards  its  axis;  but,  as  their  angle  of 
convergence  is  less  than  the  angle  of  divergence  of 
the  rays  proceeding  from  the  object,  the  reflected 
rays  will  not  meet  in  the  focal  point  of  the  lens,  but 
will  be  so  distributed  as  to  illuminate  a  sufficient 
area.  By  altering  the  extent  to  which  the  prism 
is  pushed  in,  or  by  lifting  or  depressing  its  outer 
ends  by  means  of  a  milled-head  screw,  the  field  of 
illumination  can  be  regulated.  The  working  of 
this  prism  with  immersion-objectives  is  stated  by 
Mr.  Tolies  to  be  peculiarly  satisfactory. 

Black-Ground  Illumination.  —  There  are  certain 
classes  of  objects  which,  though  sufficiently  trans¬ 
parent  to  be  seen  with  light  transmitted  through 
them,  are  best  viewed  when  illuminated  by  rays  of 
such  obliquity  as  not  to  pass  directly  into  the  objec¬ 
tive, —  such  a  proportion  of  these  rays  being  re¬ 
tained  by  the  object  as  to  render  it  self-luminous, 
when,  all  direct  light  being  cut  off,  the  general  field 
is  perfectly  dark.  This  method  is  particularly 
effective  in  the  case  of  such  delicate  mineral  struc¬ 
tures  as  the  siliceous  tests  of  PolycysUna  and  the 
“frustules”  of  Diatomacese.  And  it  is  one  advan¬ 
tage  of  this  kind  of  illumination  that  it  brings  out 
with  considerable  effect  the  solid  forms  of  objects 
suited  to  it,  even  when  they  are  viewed  monocu- 
larly.  Two  modes  of  providing  this  illumination 
are  in  use,  each  of  which  has  its  special  advan¬ 
tages.  One  consists  in  placing  a  central  stop  either  upon 
or  immediately  beneath  a  condenser  of  wide  aperture, 
which  shall  cut  off  all  rays  save  those  that,  after  passing 
through  the  object  (as  in  Fig.  20),  diverge  at  an  angle 
greater  than  that  of  the  objective  used;  so  that,  while  the 
ground  is  darkened,  the  object  is  seen  brightly  standing 
out  upon  it.  But  if  the  divergence  of  the  rays  is  but  mod¬ 
erate  (say  60°),  and  the  angle  of  the  objective  is  large  (say 
90°),  the  most  divergent  rays  of  the  condenser  will  enter 
the  marginal  portion  of  the  objective,  and,  the  field  not 
being  darkened,  the  black-ground  effect  will  not  be  pro¬ 
duced.  This  method  has  the  great  convenience  of  allowing 
black -ground  illumination  to  be  substituted  for  the  ordi¬ 


nary  illumination  under  different  powers,  without  any 
other  change  in  the  apparatus  than  the  turning  of  a  dia-- 
phragm-plate  fitted  with  stops  of  different  sizes  suitable  to 
the  several  apertures  of  the  objectives;  and  the  modern 
achromatic  condensers  of  wide  aperture  can  be  thus  used 
with  objectives  of  120°  angle. 

An  excellent  black -ground  illumination  is  also  given  by  the 
parabolic  illuminator  (Fig.  19),  originally  worked  out  as  a 
silvered  speculum  by  Mr.  Wenham,  but  now  made  as  a 
paraboloid  of  glass  that  reflects  to  its  focus  the  rays  whichi 
fall  upon  its  internal  surface.  A  diagrammatic  section  of 
this  instrument,  showing  the  course  of  the  rays  through  it, 
is  given  in  Fig.  20,  the  shaded  portion  representing  the 
paraboloid.  The  parallel  rays  r,  r',  r”,  entering  its  lower 
surface  perpendicularly,  pass  on  until  they  meet  its  para¬ 
bolic  surface,  on  which  they  fall  at  such  an  angle 
as  to  be  totally  reflected  by  it,  and  are  all  directed 
towards  its  focus  F.  The  top  of  the  paraboloid 
being  ground  out  into  a  spherical  curve  of  which 
F  is  the  centre,  the  rays  in  emerging  from  it  un¬ 
dergo  no  refraction,  since  each  falls  perpendicu¬ 
larly  upon  the  part  of  the  surface  through  which 
it  passes.  A  stop  placed  at  S  prevents  any  of  the 
rays  reflected  upwards  by  the  mirror  from  passing 
to  the  object,  which,  being  placed  at  F,  is  illumi¬ 
nated  by  the  rays  reflected  into  it  from  all  sides  of 
the  paraboloid.  Those  rays  which  pass  through  it 
diverge  again  at  various  angles ;  and  if  the  least  of 
these,  GFH,  be  greater  than  the  angle  of  aperture 
of  the  object-glass,  none  of  them  can  enter  it.  The 
stop  is  attached  to  a  stem  of  wire,  which  passes  ver¬ 
tically  through  the  paraboloid  and  terminates  in  a 
knob  beneath,  as  shown  in  Fig.  19 ;  and  by  means 
of  this  it  may  be  pushed  upwards,  so  as  to  cut  off 
the  less  divergent  rays  in  their  passage  towards 
the  object,  thus  giving  a  black -ground  illumina¬ 
tion  with  objectives  of  an  angle  of  aperture  much 
wider  than  GFH.  In  using  the  paraboloid  for  deli¬ 
cate  objects,  the  rays  which  are  made  to  enter  it 
should  be  parallel ;  consequently  the  plane  mirror 
should  always  be  employed ;  and  when,  instead  of 
the  parallel  rays  of  daylight,  we  are  obliged  to  usej 
the  diverging  rays  of  a  lamp,  these  should  be  ren-' 
dered  as  parallel  as  possible,  previously  to  their 
reflection  from  the  mirror,  by  the  interposition  of  the 
“bull’s-eye”  so  adjusted  as  to  produce  this  effect.  There 
are  many  cases,  however,  in  which  the  stronger  light  of  the 
concave  mirror  is  preferable.  When  it  is  desired  that  the 


Figs.  19,  20.— Wenham's  Parabolic  Illuminator. 

light  should  fall  on  the  object  from  one  side  only,  the  cir¬ 
cular  opening  at  the  bottom  of  the  wide  tube  that  carries 
the  paraboloid  may  be  fitted  with  a  diaphragm  adapted  to 
cover  all  but  a  certain  portion  of  it ;  and,  by  giving  ro¬ 
tation  to  this  diaphragm,  rays  of  great  obliquity  may  be 
made  to  fall  upon  the  object  from  every  azimuth  in  suc¬ 
cession. 

In  order  to  adapt  this  paraboloid  to  objectives  of  very 
wide  angle  of  aperture,  a  special  modification  of  it,  origin¬ 
ally  devised  by  Mr.  Wenham,  has  been  latterly  reintroduced 
under  the  designation  of  “  immersion-paraboloid,”  with 
most  excellent  effect.  This  consists  in  making  the  top  of 
the  paraboloid  flat  instead  of  concave,  and  in  interposing  a 
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film  of  glycerin  between  its  surface  and  the  under  surface 
of  the  glass  slide  carrying  the  object.  Only  rays  of  such 
extreme  obliquity  are  allowed  to  pass  into  the  slide  as  would 
he  totally  reflected  from  its  under  surface  if  they  fell  upon 
it  through  air ;  and,  as  these  illuminate  the  object  without 
passing  into  the  objective,  it  can  be  thus  examined  under 
even  the  highest  powers. 


Binocular  Microscopes. 


Stereoscopic  Binoculars. — The  admirable  invention  of  the 
stereoscope  by  Professor  Wheatstone  has  led  to  a  general 
appreciation  of  the  value  of  the  conjoint  use  of  both  eyes, 
in  conveying  to  the  mind  a  conception  of  the  solid  forms  of 
objects  such  as  the  use  of  either  eye  singly  does  not  generate 
with  the  like  certainty  or  effectiveness  (see  Stereoscope). 
This  conception  is  the  product  of  the  mental  combination 
of  the  dissimilar  perspective  projections  which  our  right 
and  left  retinae  receive  of  any  object  that  is  sufficiently  near 
the  eyes  for  the  formation  of  two  images  that  are  sensibly 
dissimilar.  Now  it  is  obvious  that  a  similar  difference  must 
exist  between  the  two  perspective  projections  of  any  object 
in  relief  that  are  formed  by  the  right  and  left  halves  of  a 
microscopic  objective  and  that  this  difference  must  increase 
with  the  angular  aperture  of  the  objective.  And  the  fact 
of  this  difference  may  be  easily  made  apparent  experiment¬ 
ally,  by  adapting  a  semicircular  “  stop  ”  to  any  objective  of 
from  20°  to  30°  angle  in  such  a  manner  that  it  can  be  turned 
so  as  to  cover  either  its  right  or  its  left  half;  for  not  only 
will  the  two  images  of  any  projecting  object  formed  by  the 
rays  transmitted  through  the  two  uncovered  halves  be 
found  sensibly  different,  but,  if  they  be  photographed  or 
accurately  drawn,  the  “pairing”  of  their  pictures  in  the 
Stereoscope  will  bring  out  the  form  of  the  object  in  vivid 
relief.  What  is  needed,  therefore,  to  give  the  true  stereo¬ 
scopic  effect  to  a  binocular  microscope  is  a  means  of  so 
bisecting  the  cone  of  rays  transmitted  by  the  objective  that 
its  two  lateral  halves  shall  be  transmitted  the  one  to  the 
right  and  the  other  to  the  left  eye,  and  that  the  two  images 
shall  be  crossed  (the  image  formed  by  the  right  half  of  the 
objective  being  sent  to  the  left  eye,  and  that  formed  by  the 
left  half  of  the  objective  being  sent  to  the  right  eye)  in 
order  to  neutralize  the  reversing  effect  of  the  microscope 
itself.  If  this  crossing  does  not  take  place,  the  effect  will 
be  rendered  “  pseudoscopic,”  not  “  orthoscopic,” — its  projec¬ 
tions  becoming  depressions,  and  its  depressions  being  brought 
out  as  prominences.  It  was  from  a  want  of  due  apprecia¬ 
tion  of  this  fact  that  the  earlier  attempts  at  construct¬ 
ing  a  stereoscopic  binocular  gave  representations  of  ob¬ 
jects  placed  under  it,  not  in  their  true  orthoscopic,  but 
in  their  pseudoscopic  aspect.  This  was  the  case,  for 
example,  with  the  binocular  microscope  first  devised  by 
Professor  Riddell,  of  New  Orleans,  in  1851,  which  separated 
the  cone  of  rays  by  a  pair  of  rectangular  prisms  so  placed 
edge  to  edge  above  the  objective  that  the  rays  passing 
through  its  right  half  were  reflected  horizontally  to  the 
right  side,  to  be  changed  to  the  vertical  direction  and  sent 
to  the  right  eye  by  a  lateral  rectangular  prism,  while  the 
rays  from  the  left  half  of  the  objective  were  sent  to  the  left 
eye  in  a  similar  manner.  Professor  Riddell  describes  the 
“  conversion  of  relief”  produced  by  this  arrangement  with 
the  ordinary  eye-piece  as  making  a  metal  spherule  appear  “as 
a  glass  ball  silvered  on  the  under 
side,  and  a  crystal  of  galena 
like  an  empty  box.”  And  to  ren¬ 
der  the  images  “  normal  and  nat¬ 
ural,”  he  found  himself  obliged 
to  use  erecting  eye-pieces, 
which  should  produce  a  second 
reversal  of  the  images  that  had 
been  reversed  in  their  first  for¬ 
mation.1  Subsequently,  how¬ 
ever,  Professor  Riddell  devised 
and  perfected  another  arrange¬ 
ment,  giving  a  true  orthoscopic 
effect,  which,  after  being  long 
disregarded,  has  been  latterly 
taken  up  and  brought  into  use 
by  ' Mr.  Stephenson.  The  cone 
of  rays  passing  upwards  from 
the  objective  meets  a  pair  of 
prisms  (A,  A,  Fig.  21),  fixed  im¬ 
mediately  above  its  back  lens, 
which  divides  it  into  two 
halves;  each  of  these  is  sub¬ 
jected  to  internal  reflection  from  Fig.  21.— Riddell’s  Binocular 
the  inner  side  of  the  prism  Prisms, 

through  which  it  passes ;  and  the  slight  separation  of  the 
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Fig.  22. — Nachet’s  Binocular 
Prisms. 


two  prisms  at  their  upper  end  gives  to  the  two  pencils 
B,B,  on  their  emergence  from  the  upper  surfaces  of  the 
prisms,  a  divergence  which  directs  them  through  two  ob¬ 
liquely-placed  bodies  to  their  respective  eye-pieces.  By 
this  internal  reflection  a  lateral  reversal  is  produced,  which 
neutralizes  that  of  the  ordinary  microscopic  image,  so  that, 
while  each  eye  receives  the  image  formed  by  its  own  half 
of  the  objective,  the  pairing  of  the  two  pictures  produces 
a  true  orthoscopic  effect.2 

About  the  same  date  MM.  Nachet,  of  Paris,  succeeded  in 
devising  a  binocular  that  should  give  a  true  orthoscopic 
image,  by  placing  above  the  object-glass  an  equiangular 
prism  (P,  Fig.  22)  with  one  of  its  surfaces  parallel  to  its 

back  lens,  which,  re¬ 
ceiving  the  pencils  ab 
forming  the  right  half 
of  the  cone,  internally 
reflects  them  obliquely 
upwards  to  the  left,  and 
in  like  manner  reflects 
the  pencils  a'b'  from  the 
left  half  of  the  cone  ob¬ 
liquely  upwards  to  the 
right.  These  pencils, 
passing  out  of  the  left 
and  right  oblique  faces 
of  the  prism  at  right 
angles  (so  as  not  to  un¬ 
dergo  either  refraction 
or  dispersion),  enter 
right  and  left  lateral 
prisms,  also  at  right 
angles,  and,  after  being 
internally  reflected  by 
these,  pass  out  verti¬ 
cally,  at  right  angles  to 
their  upper  surfaces, 
through  two  parallel  bodies  (Fig.  23),  whose  eye-pieces  bring 
them  to  a  focus  in  the  right  and  left  eyes  respectively.  The 
distance  between  these  bodies  maybe  adjusted  to  the  vary¬ 
ing  distances  between  the  axes  of  individual  pairs  of  eyes, 
by  adjusting  screws  at  their  base,  which  vary  the  distance 
of  the  lateral  prisms  from  the  central.  This  instrument 
gives  a  theoretically  perfect  representation  of  a  microscopic 
object  in  relief,  as  it  would  appear  if  enlarged  to  the  size 
of  its  image,  and  brought  to  within  about  ten  inches  of  the 
eye;  and  its  chief  practical  defect  is  that,  as  the  two  bodies 
are  parallel,  instead  of  being  slightly  convergent,  it  cannot 
be  continuously  used  without  an  uncomfortable  strain.  But, 
as  its  performance  depends  upon  the  accuracy  of  the  seven 
plane  surfaces  of  the  three  prisms,  and  on  the  correctness 
of  their  relations  to  each  other,  it  is  liable  to  considerable 
error  from  imperfections  in  its  construction  ;  and,  as  the 

instrument  can  only 
be  used  for  its  own 
special  purpose,  the 
observer  must  be  pro¬ 
vided  with  an  ordi¬ 
nary  singlebodied 
microscope  for  the  ex¬ 
amination  of  objects 
unsuited  to  the 
powers  of  the  binocu¬ 
lar.  This  last  objec¬ 
tion  applies  also  to 
Professor  Riddell’s 
model. 

It  was  for  these 
reasons  that  Mr. 
Wenham,  fully  im¬ 
pressed  with  the  ad¬ 
vantages  of  stereo¬ 
scopic  vision  to  the 
microscopist,  set  him¬ 
self  to  devise  a  con¬ 
struction,  by  which 
it  might  be  obtained 
without  the  draw¬ 
backs  inevitable  in 
the  working  of  Rid¬ 
dell’s  and  Nachet’s 
instruments ;  and  he 
60on  succeeded  in  ac¬ 
complishing  this  on 
a  plan  which  has 
Fig.  23.— Nachet’s  Binocular  Microscope,  proved  not  only 

convenient  but  prac¬ 
tically  satisfactory,  notwithstanding  its  theoretical  imper¬ 
fection.  Only  the  right  half  of  the  cone  of  rays  proceeding 

*  Quart  Jour,  qf  Micros.  Sci.,  vol.  11.,  1864,  p.  18, 
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upwards  from  the  right  half  of  the  objective  (a,  Fig.  24)  is 
intercepted  by  a  prism  placed  immediately  over  that  half 
of  its  back  lens,  which,  by  two  internal  reflections  (as 
shown  in  Fig.  25),  sends  its  pencils  obliquely  upwards  into 
the  left-hand  or  secondary  body  L,  whilst  the  pencils  of  the 
left  half-cone  pass  uninterruptedly  into  the  right-hand 
body  R,  and  form  an  image  that  suffers  no  other  deteriora¬ 
tion  than  that  which  results  from  the  halving  of  the  angu¬ 
lar  aperture  and  the  consequent  loss  of  light.  The  moderate 
convergence  of  the  two  bodies  (which,  by  varying  the 
angles  of  the  prism,  may  be  made  greater  or  less,  so  as 
to  accord  with  the  ordinary  convergence  of  the  optic  axes 
in  the  individual  observer)  is  much  more  generally  suit¬ 
able  than  the  parallelism  of  MM.  Nachet’s  earlier  instru¬ 
ment;  and  the  adjustment  requisite  for  variation  of  dis¬ 
tance  between  the  eyes  can  be  made  by  simply  lengthening 
or  shortening  the  bodies  by  drawing  out  or  pushing  in  the 
diverging  eye-pieces. 

It  may  be  fairly  objected  to  Mr.  Wenham’s  method  (1) 
that,  as  the  rays  which  pass  through 
the  prism  and  are  obliquely  reflected 
into  the  secondary  body  traverse  a 
longer  distance  than  those  which 
pass  on  uninterruptedly  into  the 
principal  body,  the  image  formed  by 
them  will  be  somewhat  larger  than 
that  which  is  formed  by  the  other 
set,  and  (2)  that  the  image  formed 
by  the  rays  which  have  been  sub¬ 
jected  to  the  action  of  the  prism 
must  be  inferior  in  distinctness  to 
that  formed  by  the  uninterrupted 
half  of  the  cone  of  rays.  But  these 
objections  are  found  to  have  no  prac¬ 
tical  weight.  For,  it  is  well  known 
to  those  who  have  experimented 
upon  the  phenomena  of  stereoscopic 
vision  (1)  that  a  slight  difference  in 
the  size  of  the  two  pictures  is  no  bar 
to  their  perfect  combination,  and  (2) 
that,  if  one  of  the  pictures  be  good, 
the  full  effect  of  relief  is  given  to 
the  image,  even  though  the  other 
picture  be  faint  and  imperfect,  pro¬ 
vided  that  the  outlines  of  the  latter 
are  sufficiently  distinct  to  represent 
its  perspective  projection.  Hence,  if, 
instead  of  the  two  equally  half-good 
pictures,  which  are  obtainable  by 
MM.  Nachet’s  original  construction, 
we  had  in  Mr.  Wenham’s  one  good 
and  one  indifferent  picture,  the  lat¬ 
ter  would  be  decidedly  preferable. 

But,  in  point  of  fact,  the  deterioration  of  the  second  picture 
in  Mr.  Wenham’s  arrangement  is  less  considerable  than  that 
of  both  pictures  in  the  original  arrangement  of  MM.  Nachet ; 
6o  that  the  optical  performance  of  the  Wenham  binocular 
is  in  every  way  superior.  It  has,  in  addition,  these  further 
advantages  over  the  preceding :  first,  the  greater  comfort  in 
using  it  (especially  for  some  length  of  time  together)  which 
results  from  the  convergence  of  the  axes  of  the  eyes  at  their 
usual  angle  for  moderately  near  objects  ;  second,  that  this 
binocular  arrangement  does  not  necessitate  a  special  in¬ 
strument,  but  may  be  applied  to  any  microscope  which  is 
capable  of  carrying  the  weight  of  the  secondary  body, — the 
prism  being  so  fixed  in  a  movable  frame  that  it  may  in  a 
moment  be  taken  out  of  the  tube  or  replaced  therein,  so 
that  when  it  has  been  removed  the  principal  body  acts  in 
every  respect  as  an  ordinary  microscope,  the  entire  cone  of 
rays  passing  uninterruptedly  into  it ;  and,  third,  that  the 
simplicity  of  its  construction  renders  its  derangement  al¬ 
most  impossible.  Hence,  it  is  the  one  most  generally  pre¬ 
ferred  by  microscopists  who  use  the  long-bodied  English 
model. 

For  short-bodied  Continental  microscopes,  however,  MM. 
Nachet  have  devised  an  arrangement  of  two  prisms,  based 
on  Mr.  Wenham’s  fundamental  idea  of  deflecting  one-half 
of  the  cone  of  rays  into  a  secondary  body,  whilst  the  other 
half  proceeds  onwards  without  change  of  direction  into  the 
principal  body.  And  it  is  an  interesting  feature  in  this  con¬ 
struction  that,  by  a  simple  change  in  the  position  of  the 
dividing  prism,  the  true  “  orthoscopic  ”  image  may  be  made, 
by  a  “  conversion  of  relief,”  to  become  “  pseudoscopic.”  1 

‘The  effect  of  stereoscopic  projection  may  be  attained, 
however,  without  a  double  body,  by  the  insertion  of  a 
suitably  constructed  binocular  eye-piece  into  the  body 
of  any  ordinary  monocular  microscope.  A  plan  of  this 

i  See  Trans,  of  Roy.  Micros.  Soc.,  N.  S.,  vol.  xv.,  1867,  p.  105;  and 
Monthly  Micros.  Jour.,  vol.  i.,  1869,  p.  31. 


kind  was  first  successfully  worked  out  by  Mr.  Tolies 

(the  very  able  optician  of 
Boston,  United  States),  who 
interposed  a  system  of  prisms 
similar  to  that  devised  by 
MM.  Nachet  (Fig.  22),  but 
on  a  much  larger  scale,  be¬ 
tween  an  “erector”  (resem¬ 
bling  that  used  in  the  eye¬ 
piece  of  a  day  telescope)  and 
a  pair  of  ordinary  Huyge- 
nian  eye-pieces,  the  central 
or  dividing  prism  being 
placed  at  or  near  the  plane 
of  the  secondary  image 
formed  by  the  erector,  while 
the  two  eye-pieces  are 
placed  immediately  above 
the  lateral  prisms, — the 
combination  thus  making 
that  division  in  the  pencils 
forming  the  secondary  (erected)  image  which  it  makes  in 
the  Nachet  binocular  in  the  pencils  emerging  from  the  ob¬ 
jective. 

A  stereoscopic  eye-piece  of  a  very  different  construction 
has  been  recently  devised  by  Professor  Abbe,  who,  making 
use,  for  the  division  between  the  two  eye-pieces  of  the  rays 
going  to  form  the  first  image,  of  an  arrangement  of  prisms 
essentially  similar  to  that  devised  by  Mr.  Wenham  for  his 
non-stereoscopic  binocular  (Fig.  27),  obtains  either  an  ortho¬ 
scopic  or  a  pseudoscopic  effect  by  placing  on  each  eye-piece 
a  cap  with  a  semicircular  diaphragm,  so  as  to  extinguish 
half  of  each  of  the  cones  of  rays  that  form  the  two  retinal 
images.  While  in  one  position  of  the  diaphragms  true 
stereoscopic  or  orthoscopic  relief  is  given,  it  is  sufficient  to 
turn  the  diaphragms  into  the  opposite  position  to  obtain  a 
pseudoscopic  conversion.2  It  appears,  however,  that  this 
arrangement,  though  possessing  points  of  great  interest  in 
relation  to  the  theory  of  binocular  vision,  is  not  likely  to 
supersede  the  ordinary  Wenham  prism. 

It  must  be  obvious  to  every  one  who  studies  with  suffi¬ 
cient  attention  the  conditions  under  which  true  stereoscopic 
relief  can  be  given  that  no  combination  of  two  dissimilar 
retinal  perspectives  can  be  satisfactory  unless  the  visual 
pictures  represent  with  tolerable  distinctness  the  features 
of  the  object  that  lie  in  different  focal  planes.  This  is  pro¬ 
vided  for,  in  ordinary  vision,  by  the  power  of  accommoda¬ 
tion  possessed  by  the  eye,  which,  while  focussed  exactly  to 
any  one  plane,  can  also  include  in  its  visual  picture  (within 
certain  limits)  what  is  either  nearer  or  more  remote.  Now 
it  seems  probable  that,  as  Professor  Abbe  has  urged,  this 
power  of  accommodation  comes  into  play  in  microscopic 
stereoscopy,  but  there  can  be  no  question  that  the  visual 
distinctness  of  the  parts  of  an  object  lying  within  and  be¬ 
yond  the  focal  plane,  and  therefore  the  completeness  of  the 
stereoscopic  image,  mainly  depends  upon  the  “  focal  depth  ” 
of  the  objective  employed, — which,  as  already  explained,  is 
a  function  of  its  angular  aperture.  When,  however,  object¬ 
ives  of  long  focus  and  small  aperture  are  employed  in  bin¬ 
ocular  microscopy,  although  each  of  the  two  perspective 
projections  may  be  fairly  distinct  throughout,  the  effect  of 
solid  relief  will  be  very  inconsiderable,  because  the  pictures 
are  not  sufficiently  dissimilar  to  one  another, — the  case 
being  exactly  analogous  to  that  of  the  stereoscopic  combina¬ 
tion  of  two  photographic  portraits  taken  at  an  angle  of  no 
more  than  a  few  degrees  from  each  other.  Still,  with  an 
objective  of  l£  inches  focus  and  an  angular  aperture  of  from 
15°  to  20°,  a  very  distinct  separation  is  made  of  the  focal 
planes  of  transparent  sections  of  structures  having  no  great 
minuteness  of  detail, — such,  especially,  as  injected  prepara¬ 
tions, — the  solid  forms  of  their  capillary  networks  being 
presented  to  the  mind’s  eye  with  a  vividness  that  no  mon¬ 
ocular  representation  of  them  can  afford.  When  a  1  inch 
objective  of  20°  or  25°  is  used,  the  stereoscopic  effect  be¬ 
comes  much  more  satisfactory;  so  that  objects  of  moderate 
projection  (such  as  many  of  the  siliceous  Polycystina,  Diato- 
macese,  etc.)  can  be  seen  in  nearly  their  natural  projection, 
and,  if  the  focal  adjustment  is  made  for  a  medium  plane, 
with  tolerable  distinctness  both  of  their  nearer  and  remoter 
parts.  With  a  §  inch  of  30°  or  35°,  the  stereoscopic  relief 
becomes  more  pronounced ;  but  the  diminution  of  the  focal 
depth  prevents  the  several  planes  of  objects  in  strong  relief 
from  being  as  distinctly  seen  at  the  same  time.  A  £  inch 
objective  of  about  40°  of  aperture,  however,  affords  the  most 
satisfactory  results  with  suitable  objects, — full  stereoscopic 
relief  being  gained  without  exaggeration,  so  as  to  present, 
e.  g.,  the  discoidal  diatoms  and  the  smaller  Polycystina  in 
their  true  forms,  whilst  their  nearer  and  more  remote  parts 

2  See  Jour,  of  Roy.  Micros.  Soc.,  2d  aer.,  vol.  i.,  1881,  p  298, 
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Fig.  24.  —  Wenham’s 
Stereoscopic  Binoc¬ 
ular  Microscope. 


Fig.  25. — Wenham’s  Binocular 
Prism. 
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are  seen  with  sufficient  distinctness  to  require  only  a  very 
slight  adjustment  of  the  focus  for  their  perfect  definition. 
Still  more  minute  objects  may  be  well  shown  by  ^ths  and 
Jth  objectives  whose  angular  aperture  does  not  exceed  50° ; 
but  it  can  be  shown  both  theoretically  and  practically 1  that 
the  dissimilarity  of  the  two  perspective  projections  of  ob¬ 
jects  in  relief  formed  by  objectives  of  any  angle  much  ex¬ 
ceeding  40°  is  such  as  to  exaggerate  the  stereoscopic  effect ; 
besides  which,  every  enlargement  of  angular  aperture  so 
greatly  diminishes  the  focal  depth  of  the  objectives  that 
only  those  parts  of  the  objects  which  lie  very  near  the  focal 
plane  can  be  seen  with  distinctness  sufficient  for  the  forma¬ 
tion  of  a  good  stereoscopic  image.  Hence,  for  the  purposes 
of  minute  histological  research,  the  stereoscopic  binocular  is 
(in  the  present  writer’s  opinion)  almost  valueless ;  since,  if 
any  distinct  perspective  differentiation  can  be  gained  with 
objectives  of  the  short  focus  and  enlarged  angle  that  are 
most  suitable  to  such  investigations,  that  differentiation 
will  be  so  great  as  to  produce  a  highly  exaggerated  stereo¬ 
scopic  effect.  If  such  objectives  be  used  binocularly  at  all, 
they  must  be  so  mounted  that  their  back  lenses  are  in  very 
close  proximity  to  the  prism;  and  the  (transparent)  object 
must  be  illuminated  by  an  achromatic  condenser  of  suffi¬ 
cient  aperture  to  send  through  it  pencils  of  sufficient  diver¬ 
gence  to  produce  the  secondary  image. 

In  regard  to  the  advantage  derived  from  the  use  of  the 
stereoscopic  binocular,  with  the  powers,  and  upon  the  ob¬ 
jects,  suitable  to  produce  the  true  effect  of  solid  form,  the 
writer  can  unhesitatingly  assert,  as  the  result  of  a  long  and 
varied  experience,  that  in  no  other  way  could  he  as  cer¬ 
tainly  or  as  vividly  image  those  forms  to  himself,  and  that 
in  prolonged  work  upon  such  subjects  he  is  conscious  of  a 
great  saving  of  fatigue,  which  seems  attributable  not  merely 
(perhaps  not  so  much)  to  the  conjoint  use  of  both  eyes  as  to 
the  absence  of  the  mental  effort  required  for  the  interpreta¬ 
tion  of  the  microscopic  picture,  when  the  solid  form  of  the 
object  has  to  be  ideally  constructed  from  it  (chiefly  by  means 
of  the  information  obtainable  through  the  focal  adj  ustment), 
instead  of  being  directly  presented  to  the  mind’s  eye.2 

Non-Stereoscopic  Binoculars. — The  great  comfort  which  is 
experienced  by  the  microscopist  in  the  conjoint  use  of  both 
eyes  has  led  to  the  invention  of  more  than  one  arrangement 
by  which  this  can  be  secured  when  those  high  powers  are 
required  which  cannot  be  employed  with 
the  ordinary  stereoscopic  binocular.  This 
is  accomplished  by  Messrs.  Powell  and 
Lealand  by  taking  advantage  of  the  fact 
that,  when  a  pencil  of  rays  falls  obliquely 
upon  the  surface  of  a  refracting  medium, 
a  part  of  it  is  reflected  without  entering 
that  medium  at  all.  In  the  place  usually 
occupied  by  the  Wenham  prism  they  in¬ 
terpose  an  inclined  plate  of  glass  with 
parallel  sides,  through  which  one  portion 
of  the  rays  proceeding  upwards  from  the 
whole  aperture  of  the  objective  passes 
into  the  principal  body  with  very  little 
change  in  its  course,  whilst  another  por¬ 
tion  is  reflected  from  its  surface  into  a 
rectangular  prism  so  placed  as  to  direct  it 
obliquely  upwards  into  the  secondary 
body  (Fig.  26).  Although  there  is  a  de¬ 
cided  difference  in  brightness  between  the 
two  images,  that  formed  by  the  reflected 
rays  being  the  fainter,  yet  there  is  mar¬ 
vellously  little  loss  of  definition  in  either,  even  when  the  ^ 
inch  objective  is  used.  The  disk  and  prism  are  fixed  in  a 
shorttube,  which  can  be  readily  substituted  in  any  ordinary 
binocular  microscope  for  the  one  containing  the  Wenham 
prism. 

Other  arrangements  were  devised  long  ago  by  Mr.  Wen- 
ham,®  with  a  view  to  obtain  a  greater  equality  in  the  amount 
of  light-rays  forming  the  two  pic¬ 
tures  ;  and  he  has  latterly  carried 
one  of  these  into  practical  effect, 
with  the  advantage  that  the  com¬ 
pound  prism  of  which  it  consists 
has  so  nearly  the  same  shape 
and  size  as  his  ordinary  stereo¬ 
scopic  prism  as  to  be  capable  of 
being  mounted  in  precisely  the 
same  manner,  so  that  the  one 
may  be  readily  exchanged  for  the 
other.  The  axial  ray  a,  proceed¬ 
ing  upwards  from  the  objective, 

1  See  The  Microscope  and  its  Revelations,  6th  ed.,  pp.  42-44. 

2  Avery  elaborate  investigation,  by  Professor  Abbe,  “On  the 
Conditions  of  Orthoscopic  and  Pseudoscopic  Effects  in  the  Bin¬ 
ocular  Microscope,”  will  be  found  in  the  Jour,  of  the  Roy.  Micros. 
Soc.,  2d  ser.,  vol  i.,  1881,  p.  203. 

*  Transactions  of  the  Micros.  Soc.,  N.S.,  vol.  xiv.,  1866,  p.  105. 


enters  the  prism  ABDEF  (Fig.  27)  at  right  angles  to  its 
lower  face,  and  passes  on  to  c,  where  it  meets  the  inclined 
face  AB,  at  which  this  prism  is  nearly  in  contact  with  the 
oblique  face  of  the  right-angled  prism  ABC.  By  internal 
reflection  from  the  former  and  external  reflection  from  the 
latter  about  half  the  beam  b  is  reflected  within  the  first 
prism  in  the  direction  cb,  while  the  other  half  proceeds 
straight  onwards  through  the  second  prism,  in  the  direction 
ca',  so  as  to  pass  into  the  principal  body.  The  reflected  half, 
meeting  at  d  the  oblique  (silvered)  surface  DE  of  the  first 
prism,  is  again  reflected  in  the  direction  db',  and,  passing 
out  of  that  prism  perpendicularly  to  its  surface  AF,  pro¬ 
ceeds  towards  the  secondary  body.  The  two  prisms  must 
not  be  in  absolute  contact  along  the  plane  AB,  since,  if  they 
were,  Newton’s  rings  would  be  formed ;  and  much  nicety  is 
required  in  their  adjustment,  so  that  the  two  reflections 
may  be  combined  without  any  blurring  of  the  image  in  the 
secondary  body. 

For  the  prolonged  observation,  under  high  powers,  of  ob¬ 
jects  not  requiring  the  extreme  of  perfection  in  definition, 
— such,  for  example,  as  the  study  of  the  cyclosis  in  plants, — • 
great  advantage  is  gained  from  the  conjoint  use  oft)oth  eyes 
by  one  of  the  above  arrangements. 

Mechanical  Construction  op  the  Microscope. 

The  optical  arrangements  on  which  the  working  of  the 
compound  achromatic  microscope  depends  having  now  been 
explained,  we  have  next  to  consider  the  mechanical  pro¬ 
visions  whereby  they  are  brought  to  bear  upon  the  different 
purposes  which  the  instrument  is  destined  to  serve.  Every 
complete  microscope  must  possess,  in  addition  to  the  lens  or 
combination  of  lenses  which  afford  its  magnifying  power,  a 
stage  whereon  the  object  may  securely  rest,  a  concave  mir¬ 
ror  for  the  illumination  of  transparent  objects  from  beneath, 
and  a  condensing-lens  for  the  illumination  of  opaque  objects 
from  above. 

1.  Now,  in  whatever  mode  these  may  be  connected  with 
each  other,  it  is  essential  that  the  optical  part  and  the  stage 
should  be  so  disposed  as  either  to  be  altogether  free  from 
tendency  to  vibration  or  to  vibrate  together ;  since  it  is  ob¬ 
vious  that  any  movement  of  one,  in  which  the  other  does 
not  partake,  will  be  augmented  to  the  eye  of  the  observer 
in  proportion  to  the  magnifying  power  employed.  In  a 
badly-constructed  instrument,  even  though  placed  upon  a 
steady  table  resting  upon  the  firm  floor  of  a  well-built  house, 
when  high  powers  are  used,  the  object  is  seen  to  oscillate  so 
rapidly  at  the  slightest  tremor — such  as  that  caused  by  a 
person  walking  across  the  room,  or  by  a  carriage  rolling  by  in 
the  street — as  to  be  frequently  almost  indistinguishable; 
whereas  in  a  well-constructed  instrument  scarcely  any  per¬ 
ceptible  effect  will  be  produced  by  even  greater  disturbances. 
Hence,  in  the  choice  of  a  microscope,  it  should  always  be 
subjected  to  this  test,  and  should  be  unhesitatingly  rejected 
if  the  result  be  unfavorable.  If  the  instrument  should  be 
found  free  from  fault  when  thus  tested  with  high  powers, 
its  steadiness  with  low  powers  may  be  assumed ;  but,  on  the 
other  hand,  though  a  microscope  may  give  an  image  free 
from  perceptible  tremor  when  the  lower  powers  only  are 
employed,  it  may  be  quite  unfit  for  use  with  the  higher. 
The  method  still  adopted  by  some  makers,  of  supporting  the 
body  by  its  base  alone,  is  the  worst  possible,  especially  for 
the  long  body  of  the  large  English  model,  since  any  vibra¬ 
tion  of  its  lower  part  is  exaggerated  at  its  ocular  end.  The 
firmer  the  support  of  the  body  along  its  length  the  less 
tremor  will  be  seen  in  the  microscopic  image. 

2.  The  next  requisite  is  a  capability  of  accurate  adjust¬ 
ment  to  every  variety  of  focal  distance,  without  movement 
of  the  object.  It  is  a  principle  universally  recognized  in 
the  construction  of  good  microscopes  that  the  stage  whereon 
the  object  is  placed  should  be  a  fixture,  the  movement  by 
which  the  focus  is  to  be  adjusted  being  given  to  the  optical 
portion.  This  movement  should  be  such  as  to  allow  free 
range  from  a  minute  fraction  of  an  inch  to  three  or  four 
inches,  with  equal  power  of  obtaining  a  delicate  adjustment 
at  any  part.  It  should  also  be  so  accurate  that  the  optic 
axis  of  the  instrument  should  not  be  in  the  least  altered  by 
any  movement  in  a  vertical  direction,  so  that,  if  an  object 
be  brought  into  the  centre  of  the  field  with  a  low  power, 
and  a  higher  power  be  then  substituted,  the  object  should 
be  found  in  the  centre  of  its  field,  notwithstanding  the  great 
alteration  in  the  focus.  In  this  way  much  time  may  often 
be  saved  by  employing  a  low  power  as  a  “  finder”  for  an  ob¬ 
ject  to  be  examined  by  a  higher  one;  and  when  an  object 
is  being  viewed  by  a  succession  of  powers  little  or  no  read¬ 
justment  of  its  place  on  the  stage  should  be  required.  A 
rack-and-pinion  adjustment,  if  it  be  made  to  work  both 
tightly  and  smoothly,  answers  sufficiently  well  for  the  focal 
adjustment,  when  objectives  of  low  power  only  are  employed. 
But  for  any  lenses  whose  focus  is  less  than  half  an  jnCih  a 


Fig.  26. 


Fig.  27. 
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“fine  adjustment,”  or  “slow  motion,”  by  means  of  a  screw- 
movement  operating  either  on  the  object-glass  alone  or  on 
the  entire  body  (preferably  on  the  latter),  is  of  great  value ; 
and  for  the  highest  powers  it  is  quite  indispensable.  It  is 
essential  that  in  this  motion  there  should  be  no  “  lost  time,” 
and  that  its  working  should  not  produce  any  “  twist”  or 
displacement  of  the  image.  In  some  microscopes  which  are 
provided  with  a  fine  adjustment  the  rack-and-pinion  move¬ 
ment  is  dispensed  with,  the  “coarse  adjustment”  being 
given  by  merely  sliding  the  body  up  and  down  in  the  socket 
which  grasps  it;  but  this  plan  is  only  admissible  where,  for 
the  sake  of  extreme  cheapness  or  portability,  the  instrument 
has  to  be  reduced  to  the  form  of  utmost  simplicity,  as  in 
Figs.  28,  29. 

3.  Scarcely  less  important  than  the  preceding  requisite,  in 
the  case  of  the  compound  microscope,  especially  with  the 
long  body  of  the  ordinary  English  model,  is  the  capability 
of  being  placed  in  either  a  vertical  or  a  horizontal  position, 
or  at  any  angle  with  the  horizon,  without  deranging  the 
adjustment  of  its  parts  to  each  other,  and  without  placing 
the  eye-piece  in  such  a  position  as  to  be  inconvenient  to  the 
observer.  It  is  certainly  a  matter  of  surprise  that  some  mi- 
croscopists,  especially  on  the  Continent,  should  still  forego 
the  advantages  of  the  inclined  position,  these  being  attain¬ 
able  by  a  very  small  addition  to  the  cost  of  the  instrument ; 
but  the  inconvenience  of  the  vertical  arrangement  is  much 
less  when  the  body  of  the  microscope  is  short,  as  in  the  or¬ 
dinary  Continental  model;  and  there  are  many  cases  in 
which  it  is  absolutely  necessary  that  the  stage  should  be 
horizontal.  This  position,  however,  can  at  any  time  be  given 
to  the  stage  of  the  inclining  microscope,  by  bringing  the 
optic  axis  of  the  instrument  into  the  vertical  direction.  In 


Fig.  28.— Nachet’s  Combined  Simple  and  Compound  Microscope. 


ordinary  cases,  an  inclination  of  the  body  at  an  angle  of 
about  55°  to  the  horizon  will  usually  be  found  most  conve¬ 
nient  for  unconstrained  observation ;  and  the  instrument 
should  be  so  constructed  as,  when  thus  inclined,  to  give  to 
1  the  stage  such  an  elevation  above  the  table  that,  when  the 
hands  are  employed  at  it,  the  arms  may  rest  conveniently 
upon  the  table.  In  this  manner  a  degree  of  support  is  at¬ 
tained  which  gives  such  free  play  to  the  muscles  of  the 
hands  that  movements  of  the  greatest  nicety  may  be  exe¬ 
cuted  by  them,  and  the  fatigue  of  long-continued  observa¬ 
tion  is  greatly  diminished.  When  the  ordinary  camera 
lucida1  is  used  for  drawing  or  measuring,  it  is  requisite  that 
the  microscope  should  be  placed  horizontally.  It  ought, 
therefore,  to  be  made  capable  of  every  such  variety  of  posi¬ 
tion  ;  and  the  stage  must  of  course  be  provided  with  some 

i  x  camera  lucida  adapted  for  use  with  the  vertical  microscope 
has  been  devised  by  M.  Nachet. 


means  of  holding  the  object,  whenever  it  is  itself  placed  in 
such  a  position  that  the  object  would  slip  down  unless  sus¬ 
tained. 

4.  The  last  principle  on  which  we  shall  here  dwell,  as  es¬ 
sential  to  the  value  of  a  microscope  designed  for  ordinary 
work,  is  simplicity  in  the  construction  and  adjustment  of 
every  part.  Many  ingenious  mechanical  devices  have  been 
invented  and  executed  for  the  purpose  of  overcoming  diffi¬ 
culties  which  are  in  themselves  really  trivial.  A  moderate 
amount  of  dexterity  in  the  use  of  the  hands  is  sufficient  to 
render  most  of  these  superfluous;  and  without  such  dex¬ 
terity  no  one,  even  with  the  most  complete  mechanical 
facilities,  will  ever  become  a  good  microscopist.  There  is, 
of  course,  a  limit  to  this  simplification ;  and  no  arrangement 
can  be  objected  to  on  this  score  which  gives  advantages  in 
the  examination  of  difficult  objects,  or  in  the  determination 
of  doubtful  questions,  such  as  no  simpler  means  can  afford. 

The  meaning  of  this  distinction  will  become  apparent  if  it 
be  applied  to  the  cases  of  the  mechanical  stage  and  the  achro¬ 
matic  condenser.  For,  although  the  mechanical  stage  may 
be  considered  a  valuable  aid  in  observation,  as  facilitating  the 
finding  of  a  minute  object,  or  the  examination  of  the  entire 
surface  of  a  large  one,  yet  it  adds  nothing  to  the  clearness 
of  our  view  of  either ;  and  its  place  may  in  great  degree  be 
supplied  by  the  fingers  of  a  good  manipulator.  On  the 
other  hand,  the  use  of  the  achromatic  condenser  not  only 
contributes  very  materially,  but  is  absolutely  indispensable, 
to  the  formation  of  a  perfect  image,  in  the  case  of  many 
objects  of  a  difficult  class ;  the  want  of  it  cannot  be  compen¬ 
sated  by  the  most  dexterous  use  of  the  ordinary  appliances; 
and  consequently,  although  it  may  fairly  be  considered  su¬ 
perfluous  as  regards  a  large  proportion  of  the  purposes  to 
which  the  microscope  is  directed,  whether  for  investigation 
or  for  display,  yet  as  regards  the  particular  objects  just  al¬ 
luded  to  it  is  a  no  less  necessary  part  of  the  instrument 
than  the  achromatic  objective  itself. 

As  a  typical  example  of  the  simplest  form  of  compound 
microscope  that  is  suitable  for  scientific  research, — which, 
with  various  modifications  of  detail,  is  the  one  generally 
employed  on  the  Continent, — the  Microscope  de  dissection  et 
d’ observation  (Fig.  28)  of  M.  Nachet,  especially  as  constructed 
for  portability  (Figs.  29  -31),  seems  particularly  worthy  of 
description.  In  its  vertical  form  (Fig.  28)  the  solid  foot  to 
which  the  mirror  is  pivoted  gives  support  to  the  pillar  F,  to 
the  top  of  which  the  stage  P,  having  a  diaphragm-plate  be¬ 
neath  it,  is  firmly  attached.  On  the  top  of  this  pillar  the 
tubular  stem  A  is  fitted  in  such  a  manner  that  it  may  be 
removed  by  unscrewing  the  large  milled  head  L, — though, 
when  this  is  well  screwed  down,  the  stem  stands  quite 
firmly.  This  stem  bears  at  its  summit  a  short  horizontal 
arm,  which  carries  a  strong  vertical  tube  that  firmly  grasps 
the  “body”  of  the  microscope,  while  permitting  this  to  be 
easily  slid  upwards  or  downwards,  so  as  to  make  a  “  coarse 
adjustment  ”  of  the  focus.  The  “  fine  adjustment”  is  made 
by  turning  the  milled  head  V,  which  either  presses  down 
the  outer  tube  of  the  stem,  or  allows  it  to  be  raised  by  the 
upward  pressure  of  a  strong  spiral  spring  in  its  interior. 
By  unscrewing  the  milled  head  L,  the  stem  A  with  its  arm 
and  compound  body  can  be  detached  from  the  pillar ;  and, 
a  small  light  arm  H  holding  either  single  lenses  or  doublets 
being  slid  into  this,  a  convenient  dissecting  microscope  is 
thus  provided.  The  only  drawback  in  the  construction  of 
this  simple  model  is  its  not  being  provided  with  a  joint  for 
the  inclination  of  the  body ;  but  this  is  introduced  into  the 
portable  form  of  the  instrument  shown  in  Fig.  29,  the  basal 
portion  of  which  (Fig.  30)  can  be  used,  like  that  of  the  pre¬ 
ceding  model,  as  a  simple  microscope,  and,  by  a  most  inge¬ 
nious  construction,  can  be  so  folded  as  to  lie  flat  in  a  shallow 
case  (Fig.  31),  that  holds  also  the  upper  part  with  the  ob¬ 
jectives  of  both  the  simple  arm  and  the  compound  body. 
M.  Nachet  now  connects  his  objectives  with  the  body  of  his 
microscopes,  not  by  a  screw,  but  by  a  cylindrical  fitting 
held  in  place  by  the  pressure  of  a  spring-clip  against  a  pro¬ 
jecting  shoulder.  This  method  not  only  allows  one  ob¬ 
jective  to  be  removed  and  replaced  by  another  much  more 
readily  than  does  the  screw-fitting,  but  also  renders  the 
centring  of  different  objectives  more  exactly  conformable. 
It  may  be  safely  affirmed  that  a  very  large  proportion  of  the 
microscopic  work  of  the  last  half-century,  which  has  given 
an  entirely  new  aspect  to  biological  science,  has  been  done 
by  instruments  of  this  simple  Continental  type. 

A  larger  model,  however,  was  from  the  first  adopted  by 
English  opticians ;  and,  as  a  typical  example  of  the  general 
plan  of  construction  now  most  followed  both  in  England 
ai?d  in  the  United  States,  the  improved  Jackson-Zentmayer 
microscope  of  Messrs.  Ross  (Fig.  32)  may  be  appropriately 
selected.  The  tripod  base  of  this  instrument  carries  two 
pillars,  between  which  is  swung  upon  a  horizontal  axis 
(capable  of  being  fixed  in  any  position  by  a  tightening 
screw)  a  solid  “  limb,”  with  which  all  the  other  parts  of  the 
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Fig.  29.— Nachet’s  Portable  Compound  Microscope. 

either  of  the  Wenham  prisms  can  he  inserted,  and  at  its  top 
a  rack  movement  for  adjusting  the  eye-pieces  to  the  dis¬ 
tance  between  the  eyes  of  the  observer,  is  attached  to  a  Fig.  32.— Ross’s  Jackson-Zentmayer  Compound  Microscope, 

racked  slide,  which  is  so  acted  on  by  the  large  double  milled 

through  the  limb,  to  be  clamped  by  a  screw-nut  at 
its  back, — the  purpose  of  this  being  to  allow  the 
whole  stage  to  be  inclined  to  one  side  or  the  other 
at  any  angle,  so  that  a  Solid  object  may  be  viewed 
sideways  or  from  below,  as  well  as  from  above. 
Upon  this  ring  the  stage  rotates  horizontally,  its 
angular  movement  being  measured  by  a  graduated 
scale  and  vernier  at  its  edge ;  and  it  can  be  fixed  in 
any  azimuth  by  a  clamping- screw  beneath.  Rectan¬ 
gular  movement  is  given  to  the  traversing  platform 
which  carries  the  object  by  two  milled  heads  on  the 
right  of  the  stage,  the  whole  construction  of  which 
is  adapted  to  allow  light  of  extreme  obliquity  to 
Fig.  SO.— Nachet’s  Portable  Dissecting  Microscope ;  on  the  left  as  set  up  for  be  thrown  upon  the  object  from  beneath.  On  the 
use,  on  the  right  as  having  the  stage  P  turned  back  upon  the  joint  O,  so  strong  pivot  by  which  the  stage  is  attached  to  the 
ais  to  lie  flat  on  the  bottom  of  the  case.  limb  (the  axis  of  which  passes  through  the  point 

head  in  the  upper  part  of  the  limb  as  to  give  a  “  quick  ”  up- 1  at  which  the  object-plane  is  intersected  by  the  optic  axis 
ward  or  downward  motion  to  the  body ;  while  the  “  slow  ”  |  of  the  body)  is  hung  the  swinging  tail-piece  invented  by 

Mr.  Zentmayer,  of  Philadelphia,  which,  carrying  the 
whole  illuminating  apparatus,  may  be  so  set  as  to 
give  to  the  axis  of  the  illuminating  pencil  any  re¬ 
quired  degree  of  obliquity.  To  the  upper  part  of  it 
is  attached  a  rack-and-pinion  movement  carrying 
the  “  substage,”  which  is  provided  with  two  milled- 
headed  screws  for  centring  it  precisely  with  the  mi¬ 
croscope-body.  Into  this  may  be  fitted  the  achroma¬ 
tic  condenser,  parabolic  illuminator,  polarizing  prism, 
or  any  other  kind  of  illuminating  apparatus ;  whilst 
at  its  lower  end  it  carries  the  mirror,  the  position 
of  which  may  be  varied  by  sliding  its  fitting  up  or 
down  the  “  tail-piece,”  or  by  turning  the  arm  which 
carries  it  to  one  side  or  the  other ;  while,  if  direct 
illumination  from  a  lamp  should  be  preferred,  it 
may  be  turned  altogether  aside.  By  swinging  the 
tail-piece  round  above  the  stage,  oblique  light  may 
be  reflected  from  the  mirror,  through  the  con¬ 
denser,  upon  the  upper  surfaces  of  objects.  The 
condenser  usually  fitted  to  this  instrument  is  of 
about  -fc  iueh  focus,  with  a  large  back  lens ;  be¬ 
hind  which  are  placed  an  iris-diaphragm  for  re¬ 
ducing  the  light  to  the  central  rays,  and  a  dia¬ 
phragm-plate  with  apertures  of  the  various  forms 
most  suited  for  the  resolution  of  lined  objects  by 
oblique  rays. 

No  instrument,  in  the  writer’s  judgment,  is  better 
adapted  than  this  for  the  highest  purposes  of  microscopical 
research.  It  works  admirably  with  every  power  from  the 
lowest  to  the  highest,  and  is  capable  of  receiving  any  one 
of  the  numerous  pieces  of  apparatus  which  have  been  de¬ 
vised  for  special  researches  of  various  kinds.  The  detailed 


Fig.  31- 


-Nachet’s  Portable  Compound  and  Dissecting  Microscope,  as 
packed  in  case. 


motion,  or  fine  adjustment,  is  given  by  means  of  the  verti¬ 
cal  micrometer  screw  at  the  back  of  the  limb,  which  raises 
or  lowers  a  second  slide  behind  the  rack.1  The  stage  is 

1  In  the  older  form  of  construction  still  retained  by  some  mak¬ 
ers  the  fine  adjustment  acts  directly  on  the  objective,  the  fitting 
-of  which  is  made  to  slide  up  and  down  within  the  nose  of  the 
body ;  but  this  plan  is  attended  with  many  disadvantages. 


instrument  are  connected, — a  plan  of  construction  originally 
devised  by  Mr.  George  Jackson.  The  binocular  body,  hav¬ 
ing  at  its  lower  end  (as  in  Fig.  24)  an  opening  into  which 


supported  upon  a  firm  ring,  which  is  immovably  fixed,  not 
to  the  limb,  but  to  a  strong  conical  pivot  which  passes 
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description  of  these  not  being  here  admissible,  it  will  be 
sufficient  to  indicate  the  polariscope  and  the  spectroscope 
as  the  most  important  of  these  accessories. 

Micrometry. 

The  microscopist  has  constant  need  of  some  means  of 
taking  exact  measurements  ot  the  dimensions  of  the 
minute  objects,  or  parts  of  objects,  on  the  study  of  which 
he  is  engaged ;  and  the  accuracy  of  the  operation  will  of 
course  be  proportioned  to  the  correctness  of  the  standard 
used,  and  the  care  with  which  it  is  applied. 

The  instruments  employed  in  microscopic  micrometry 
are  of  two  kinds,  the  measurement  being  taken  in  one  by 
the  rotation  of  a  fine  screw  with  a  divided  milled  head, 
whilst  in  the  other  a  slip  of  glass  ruled  with  lines  at  fixed 
distances  gives  a  scale  which  forms  a  basis  of  computation. 
Each  of  these  has  its  advantages  and  its  disadvantages. 

The  stage-micrometer  constructed  by  Frauenhofer  was 
formerly  much  used  by  Continental  microscopists,  and  has 
the  advantage  of  indicating  the  actual  dimensions  of  the 
objects  to  be  measured;  but  it  has  the  two  special  disad¬ 
vantages  that  a  sufficiently  small  value  cannot  be  conveni¬ 
ently  given  to  its  divisions,  and  that  any  error  in  its 
construction  and  working  is  augmented  by  the  whole  mag¬ 
nifying  power  employed.  This  instrument  has  now,  how¬ 
ever,  almost  entirely  given  place  to  one  of  those  to  be  next 
described. 

The  screw-micrometer  ordinarily  used  in  astronomical 
measurements  (see  Micrometer)  can  be  adapted  to  the 
eye-piece  of  the  microscope  in  a  manner  essentially  the 
same  as  that  in  which  it  is  applied  to  the  telescope, — its 
two  parallel  threads — of  which  one  is  fixed  and  the  other 
made  to  approach  towards  or  recede  from  this  by  the  turn¬ 
ing  of  the  screw — being  placed  in  the  focus  of  the  eye¬ 
glass,  and  being  therefore  seen  as  lines  crossing  its  field  of 
view.  The  object  is  so  focussed  that  its  image  is  formed 
in  the  same  plane ;  and,  the  latter  being  brought  into  such 
a  position  that  one  of  its  ends  or  margins  lies  in  optical 
contact  with  the  fixed  line,  the  screw  is  turned  so  as  to 
bring  the  movable  line  into  the  like  coincidence  with  the 
other.  But  the  distance  between  the  lines,  as  given  by  the 
number  of  divisions  of  the  micrometer,  will  here  be  the 
measurement,  not  of  the  object  itself,  but  of  its  magnified 
image ;  and  the  value  of  these  divisions,  therefore,  will  de¬ 
pend  upon  the  amplification  given  by  the  particular  ob¬ 
jective  used.  Thus,  suppose  each  division  of  the  microm¬ 
eter  to  have  an  actual  value  of  y^^th  of  an  inch,  and 
the  visual  image  to  have  one  hundred  times  the  linear  di¬ 
mensions  of  the  object,  the  theoretical  micrometric  value 
of  each  division  would  be  f^th  of  y^^th,  or  one-millionth, 
of  an  inch, — a  degree  of  minuteness,  however,  not  practi¬ 
cally  attainable.  It  is  necessary,  moreover,  to  determine 
the  micrometric  value  of  the  divisions  of  the  micrometer, 
not  only  for  every  objective,  but  for  variations  in  the  con¬ 
ditions  under  which  that  objective  may  be  employed,  as 
regards  the  length  of  the  tube  or  “  body  ”  of  the  micro¬ 
scope,  which  is  varied  not  only  by  the  draw-tube,  but  also, 
in  many  cases,  in  the  working  of  the  fine  adjustment  or 
slow  motion,  and  also,  in  the  case  of  the  large-angled 
powers  furnished  with  adjustment  for  thickness  of  the 
covering-glass,  for  the  degree  of  separation  of  the  front- 
from  the  back-glasses  of  the  objective,  which  makes  a  very 
sensible  difference  in  its  magnifying  power.  This  determi¬ 
nation  is  made  by  means  of  a  divided  glass  stage-microm¬ 
eter  put  in  the  place  of  the  object,  so  that  the  lines  ruled 
upon  it  at  fixed  intervals  shall  be  projected  upon  the  field 
of  view.  The  stage-micrometer  is  usually  ruled  either  to 
lOOOths  of  an  inch  or  lOOths  of  a  millimetre ;  and  it  is  conve¬ 
nient  that  one  of  the  divisions  of  its  image  should  be  made 
to  coincide  exactly  with  a  certain  number  of  divisions  of 
the  screw-micrometer.  This  may  be  done  by  lengthening 
the  draw-tube,  so  as  to  increase  the  amplification  of  the 
scale  until  coincidence  has  been  reached ;  and  the  exact 
amount  of  this  lengthening  should  be  noted, — as  should 
also  the  precise  position  of  the  milled  head  of  the  slow 
motion  (if  it  acts  on  the  objective,  instead  of  on  the  body 
as  a  whole),  and  of  the  adjusting  screw-collar  of  the  object¬ 
ive  itself.  Thus,  if  two  lines  of  the  stage-micrometer  sepa¬ 
rated  by  1000th  of  an  inch  be  brought  into  coincidence  with 
the  two  threads  of  the  eye-piece  micrometer,  separated  by 
forty  divisions  of  the  screw  milled  head,  the  value  of  each 
of  those  divisions  is  of  an  inch.  If  the  above  con¬ 

ditions  be  precisely  recorded  for  each  objective  used  in  mi¬ 
crometry,  the  micrometric  value  of  the  divisions  remains 
the  same  for  that  objective,  whenever  it  is  employed  under 
the  same  conditions. 

The  errors  to  which  micrometers  are  subject  arise  (1) 
from  inequalities  in  the  ruling  of  the  stage-micrometer,  (2) 
from  irregularities  in  the  screw  of  the  eye-piece  microm- 
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eter,  (3)  from  “lost  time”  in  its  working,  and  (4)  from 
the  thickness  of  its  threads.  In  order  to  eliminate  the  first 
and  second,  it  is  well  to  determine  the  relation  of  the  divis¬ 
ions  of  the  two  micrometers  by  the  comparison  of  a  consid¬ 
erable  number  of  both  ;  the  third  proceeds  from  an  imper¬ 
fection  of  workmanship  which,  if  it  shows  itself  sensibly, 
entirely  destroys  the  value  of  the  instrument,  while  the 
fourth  can  be  rectified  by  the  exercise  of  skill  and  judgment 
on  the  part  of  the  observer.  For,  if  the  micrometer  is  so 
constructed  as  to  read  zero  when  one  thread  lies  exactly 
upon  the  other,  its  divisions  indicate  the  distance  between 
the  axes  of  these  threads  when  separated ;  and  the  dimen¬ 
sions  of  any  object  (such  as  a  blood-corpuscle)  lying  between' 
their  borders  will  obviously  be  too  great  by  half  the  thick¬ 
ness  of  the  two  threads,  that  is,  by  the  entire  thickness  of 
one  thread.  When,  on  the  other  hand,  the  measurement  is 
being  made  (as  of  the  distances  of  the  striae  on  diatoms)  by 
the  coincidence  between  certain  lines  on  the  object  and  the 
axes  of  the  threads  of  the  micrometer,  the  dimensions  indi¬ 
cated  by  the  divisions  of  the  screw  milled-head  will  be 
correct. 

The  costliness  of  a  well-constructed  screw-micrometer 
being  a  formidable  obstacle  to  its  general  use,  a  simpler 
method  (devised  by  Mr.  George  Jackson)  is  more  commonly 
adopted,  which  consists  in  the  insertion  of  a  ruled-glass  scale 
into  the  focus  of  an  ordinary  Huygenian  eye-piece,  so  that 
its  lines  are  projected  on  the  field  of  view.  This  scale  (ruled, 
like  an  ordinary  measure,  with  every  fifth  line  long, 
and  every  tenth  line  double  the  length  of  the  fifth)  is  fixed 
in  a  brass  inner  frame,  that  has  a  slight  motion  in  the  di¬ 
rection  of  its  length  within  an  outer  frame ;  and  this  last, 
being  introduced  through  a  pair  of  slits  into  the  eye-piece 
just  above  the  diaphragm,  and  being  made  to  occupy  the 
centre  of  the  field,  is  brought  exactly  into  focus  by  un¬ 
screwing  the  eye-glass  as  far  as  may  be  requisite.  When  the 
image  of  the  object  to  be  measured  is  brought  by  the  focal 
adjustment  of  the  object-glass  into  the  same  plane,  a  small 
pushing-screw  at  the  end  of  the  micrometer  (whose  action 
is  antagonized  by  a  spring  at  the  other  end)  is  turned  until 
one  of  the  long  divisions  of  the  scale  is  brought  into  optical 
contact  with  one  edge  of  the  image  of  the  object  to  be  meas¬ 
ured,  and  the  number  of  divisions  is  then  counted  to  its 
other  edge, — the  operation  being  exactly  that  of  laying  a 
rule  across  the  real  object  if  enlarged  to  the  size  of  its 
image.  The  micrometric  value  of  each  division  of  this  eye¬ 
piece  scale  must  be  carefully  ascertained  for  each  objective, 
as  in  the  case  of  the  screw-micrometer,  the  error  arising 
from  inequality  of  its  divisions  being  eliminated  as  far  as 
possible  by  taking  an  average  of  several.  The  principal 
point  of  inferiority  in  this  form  of  micrometer  is  that,  as  its 
divisions  cannot  be  made  of  nearly  so  small  a  value  as  those 
of  the  screw-micrometer,  an  estimate  of  fractional  parts  of 
them  often  becomes  necessary,  which  is  objectionable  as  in¬ 
volving  an  additional  source  of  error.  To  meet  this  objec¬ 
tion,  Hartnack  has  introduced  the  diagonal  scale  used  in 
mathematical  instruments  before  the  invention  of  the 
vernier. 

Another  mode  of  making  micrometric  measurements, 
which  for  some  purposes  has  considerable  advantages,  is  to 
employ  a  stage-micrometer  in  combination  with  6ome  form 
of  camera  lucida  attached  to  the  eye-piece  of  the  micro¬ 
scope,  so  that  the  image  of  its  divisions  may  be  projected 
upon  the  same  surface  as  that  on  which  the  image  of  the 
object  is  thrown.  By  first  using  the  ruled  stage-micrometer, 
and  marking  on  the  paper  the  average  distance  of  its  lines 
as  seen  in  the  central  part  of  the  field,  and  then  ruling  the 
paper  accordingly,  the  micrometric  value  of  the  divisions 
so  projected  maybe  exactly  determined  for  the  objective 
employed  and  the  distance  of  the  drawing-plane  from  the 
eye-piece, — so  that,  when  the  image  of  any  object  is  pro¬ 
jected  under  the  same  conditions,  the  dimensions  of  that 
image  or  of  any  parts  of  it  can  be  exactly  measured  upon 
the  divided  scale  previously  projected,  and  the  true  dimen¬ 
sions  of  the  object  thus  easily  ascertained.  If,  for  example, 
the  lines  of  a  stage-micrometer  ruled  to  the  thousandth  of 
an  inch  should,  when  thus  projected,  fall  at  a  distance  of  an 
inch  apart,  then  the  application  of  an  ordinary  scale  of 
inches  (divided  into  tenths)  to  the  image  of  an  object  pro¬ 
jected  by  the  same  objective  and  on  the  same  plane  would 
give  its  real  dimensions  in  thousandths  of  an  inch,  while 
the  tenths  of  the  inch  scale  would  represent  a  real  dimen¬ 
sion  of  as  many  ten-thousandths.  It  is  often  desirable  to 
make  such  measurements  from  careful  tracings  of  the  out¬ 
lines  of  objects,  rather  than  from  the  visual  images,— this 
plan  being  especially  advantageous  when  the  exact  dimen¬ 
sions  of  many  similar  objects  have  to  be  compared,  as  in  the 
case  of  blood -corpuscles,  precise  measurements  of  which  are 
not  unfrcquently  required  in  judicial  inquiries.  It  was  by 
the  use  of  this  method  that  the  late  Mr.  Gulliver  made  his 
admirable  series  of  measurements  of  the  average  and  ex- 
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treme  dimensions  of  the  blood-corpuscles  of  different  ani¬ 
mals.  And  more  recently  Mr.  Dallinger  has  shown, — by 
first  making  a  very  fine  camera  lucida  tracing  of  Bacterium 
termo  under  an  amplification  of  2000  diameters,  and  meas¬ 
uring  the  breadth  of  its  body  in  the  mode  above  indicated 
(which  gave  it  as  j^J^th  of  an  inch),  and  then  by  magni¬ 
fying  his  tracing  from  five  to  ten  diameters,  and  comparing, 
means  of  the  screw-micrometer,  the  breadth  of  the  flagel¬ 


lum  with  that  of  the  body  (which  last  proved  to  be  just  ten 
times  as  great), — that,  although  the  theoretical  limit  of  re¬ 
solving  power  for  closely  approximated  lines  is  of 

an  inch,  a  semitransparent  filament  whose  breadth  is  no* 
greater  than  °f  an  inch  may  be  clearly  discerned 

and  even  measured  with  a  close  approximation  to  accuracy 
(Jour,  of  Royal  Micros.  Society,  vol.  i.,  1879,  p.  169). 

(w.  B.  c.) 


MIDAS,  king  of  Phrygia,  is  one  of  those  half¬ 
legendary  heroes  in  whom  religious  legends  have  gath¬ 
ered  round  a  real  person.  The  name,  Midas  the  king, 
MIAAI  /ANAKTEI,  occurs  on  a  very  ancient  tomb  in 
the  valley  of  the  Sangarius,  the  legendary  seat  of  the 
Phrygian  kingdom  (Iliad,  iii.,  189).  The  Phrygian 
monarchy  was  destroyed  by  the  Cimmerians  about  670 
B.c.,  and  the  last  king  Midas  committed  suicide  by 
drinking  bull’s  blood.1  The  name  Midas  became  in 
Greek  tradition  the  representative  of  this  ancient  dy¬ 
nasty,  but  all  that  is  told  of  him  is  religious  myth. 
He  is  a  figure  in  the  eycle  of  Cybele  legends,  the  son 
of  the  goddess  and  her  first  priest.  He  is  also  closely 
connected  with  the  cultus  of  Dionysus,  like  the  two 
heroic  personages  Marsyas  and  Silenus.  The  Midas 
legend  was  known  on  Mount  Bermius  in  Macedonia, 
and  must  at  one  time  have  existed  in  Greece ;  two 
cities  Midea,  in  Argolis  and  in  Boeotia,  recall  the 
Phrygian  city  Midasium. 

See  Herod.,  viii.  138;  Xen.,  Anab.,  i.  2,  13;  Paus.,  i.  45, 
etc. 

MIDDELB URG,  in  Holland,  the  ancient  capital 
of  the  province  of  Zealand,  situated  in  the  middle  of 
the  island  of  Walcheren,  is  mentioned  as  early  as  1153, 
and  receives  the  title  “town  ”  in  a  charter  granted  it 
in  1227.  It  has  all  the  characteristics  of  an  old  and 
worn-out  place.  The  population  (25,000  in  1739)  had 
sunk  to  12,000  or  13,000lby  the  beginning  of  the  19th 
century,  and  has  only  begun  recently  to  increase  again, 
being  18,831  in  1899.  The  dwelling-houses,  which  in 
1739  were  about  3800,  are  now  but  3000,  and  of  these 
about  600  are  unoccupied.  The  vast  warehouses  and 
imposing  mansions  once  belonging  to  wealthy  families, 
which  have  either  died  out  or  left  the  place,  call  up 
the  memory  of  that  prosperity  which  Middelburg  en¬ 
joyed  before  its  extensive  trade  with  the  East  and 
West  Indies,  with  England  and  Flanders,  was  ruined 
by  the  war  with  England  and  the  French  occupation. 
By  the  opening  of  the  railway  (1872)  and  of  the  ship- 
canal  (1873)  to  Flushing,  Middelburg  was  lifted  out 
of  its  isolation,  and,  with  the  assistance  of  the  cham¬ 
ber  of  commerce,  manufacturing  industries  (iron,  ma¬ 
chinery,  furniture,  oil,  cigars,  etc. )  were  established  ; 
but  the  prosperity  anticipated  for  Flushing,  and  con¬ 
sequently  for  Middelburg,  remains  unrealized.  One 
of  the  chief  sights  of  Middelburg  is  the  splendid 
town-house,  for  the  most  part  erected  in  1512-13,  with 
its  front  gable  adorned  with  twenty-five  statues  of 
counts  and  countesses  of  Holland  and  Zealand;  it 
contains  the  archives;  and  a  most  valuable  antiquarian 
and  historical  collection.  The  abbey,  begun  in  1150, 
has  frequently  been  the  residence  of  royal  visitors 
(Maximilian,  Philip  the  Fair,  Charles  V.,  and  so  on 
down  to. Napoleon  I.,  and  William  I.,  II.,  and  III.)  ; 
part  of  it  is  now  a  hotel,  and  part  of  it  is  occupied  by 
the  provincial  authorities.  The  great  hall  of  the  build¬ 
ing  in  which  the  states  of  Zealand  assemble,  is  adorned 
with  beautiful  tapestries,  by  J an  de  Maecht,  represent¬ 
ing  the  heroic  feats  of  the  men  of  Zealand  in  the  con¬ 
test  with  Spain.  What  was  formerly  the  nave  of  the 
abbey  church  is  now  the  New  Church,  and  the  an¬ 
cient  choir  constitutes  the  Choir  Church.  The  for¬ 
mer  contains  a  fine  pulpit  resting  on  an  eagle,  the 
monument  of  William,  king  of  the  Romans2  (d.  1256), 

’  Herodotus  (Book  I.,  28)  says  that  the  Lydian  Croesus  subdued 
Phrygia.— Am.  Ed. 

*  Emperor.— Am.  Ed. 


and  the  tombs  of  Jan  and  Cornelis  Evertsen,  two  naval 
heroes,  who  fell  in  the  war  against  England  in  1666  ; 
the  latter  has  the  monuments  of  the  learned  Hadrian 
J  unius,  and  of  J  an  Pieterszoon.  The  provincial  court, 
the  corn  exchange,  the  Hof  St.  J  oris,  and  the  Hof 
St.  Sebastian  (formerly  buildings  belonging  to  the  guilds 
of  archers,  and  now  places  of  amusement)  deserve  men¬ 
tion.  The  great  museum  of  Zealand  antiquities,  col¬ 
lected  by  the  Zealand  Society  of  Arts  and  Sciences 
(founded  at  Flushing,  in  1769,  and  transferred  to  Mid¬ 
delburg  in  1801 ),  shows  that  the  town  is  the  intellectual 
centre  of  the  province. 

The  principal  facts  in  the  history  of  Middelburg  are  the 
sieges  by  the  Flemings,  in  1288,  1296,  and  1303  (the  last  re¬ 
sulting  in  the  capture  of  the  town  by  Guy  of  Dampierre) ; 
the  recovery  of  the  town  from  the  Spaniards  in  1574,  after 
an  investment  of  nearly  two  years;  the  frequent  disturb¬ 
ances  among  the  townsfolk  in  the  17th  and  18th  cen¬ 
turies  ;  the  surrender  to  the  English  in  1809 ;  and  the  ar¬ 
rival  and  departure  of  the  French  in  1809  and  1814. 

MIDDLEBOROUGH,  a  town  of  the  United  States, 
in  Plymouth  county,  Massachusetts,  34  miles  south 
of  Boston.  It  has  a  handsome  town-hall  and  a  publio 
library,  manufactures  woollen  goods,  straw  goods, 
shovels,  shoes,  carriages,  etc.,  and  in  1900  had  6,885 
inhabitants. 

MIDDLESBOROUGH,  situated  near  the  mouth 
of  the  Tees,  on  its  south  bank,  in  the  North  Riding 
of  Yorkshire,  has  now  become  the  principal  seat  of  the 
English  Iron  trade.  It  is  a  municipal  and  parliamen¬ 
tary  borough,  locally  governed  by  a  mayor  and  cor¬ 
poration,  and  returns  a  member  to  parliament.  The 
earlier  history  of  the  place  is  meagre.  Where  Mid- 
dlesborough  now  stands  (Graves’s  History  of  Cleve¬ 
land)  there  were  at  one  time  a  small  chapel  and 
priory  founded  by  Robert  de  Brus,  of  Skelton  Castle. 
These  were  dedicated  to  St.  Hilda,  and,  with  some 
lands,  were  given  by  De  Brus  to  the  abbey  of  St. 
Hilda  at  Whitby,  in  1130.  The  priory  fell  into  ruins 
at  the  time  of  the  Reformation,  and  no  trace  now  re¬ 
mains  beyond  some  stones  built  into  the  wall  of  a 
brewery.  The  mayor’s  chair  also  is  made  from  a  frag¬ 
ment.  In  1801  there  were  upon  the  site  of  Middles¬ 
borough  only  four  farm-houses.  In  1829  a  company, 
styling  itself  the  Middlesborough  Owners,  bought  500 
acres  of  land,  and  commenced  building  the  town.  In 
1830  the  Stockton  and  Darlington  Railway  was  ex¬ 
tended  from  Stockton  to  Middlesborough  ;  four  years 
later  the  town  was  lighted  with  gas  ;  and  after  six 
years  more  a  public  market  was  established.  The  cen¬ 
sus  of  1831  showed  the  population  to  be  154  ;  that  of 
1841  showed  5709.  In  1842  the  opening  of  the  docks 
gave  additional  importance  to  the  town.  First  contain¬ 
ing  an  area  of  9  acres,  they  were  extended  in  1872  to 
12  acres,  with  1700  feet  of  quays.  Vessels  of  3000 
tons  burden  can  be  accomVnodated.  From  the  year 
1851,  when  J.  Vaughan  discovered  the  presence  of 
ironstone  in  the  Eston  Hills,  the  town  advanced  with 
rapid  strides.  When  the  jubilee  of  the  town  was  held 
in  1881  (a  year  late)  the  population  had  risen  to  55,934, 
the  area  to  2731  acres,  and  the  ratable  value  to 
£140,000,  the  population  of  the  parliamentary  borough 
(area  4715  acres)  being  27, 145.  In  the.  district  there 
are  upwards  of  130  blast  furnaces,  besides  large  iron 
and  steel  works,  and  the  Thomas-Gilchrist  process  of 
making  steel  promises  for  Middlesborough  importance 
in  the  future  as  a  steel  entrepot.  The  make  of  pig- 
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iron  in  1880  was  1,991,032  tons.  There  are  also  ship¬ 
building,  potteries,  chemical  works,  and  a  salt  trade. 
Middlesborough  is  well  laid  out,  nearly  all  the  streets 
lying  at  right  angles  to  one  another.  Many  of  the 
churches  and  the  exchange  are  handsome  buildings, 
while  the  station  of  the  Northeastern  Railway  is  prob¬ 
ably  the  finest  in  the  north  of  England.  A  splendid 
park  of  72  acres,  the  gift  of  the  late  H.  F.  W.  Bolckow, 
adds  greatly  to  the  amenity  of  the  town.  Pop.  91 ,317. 

MIDDLESEX,  an  inland  county  in  the  southeast  of 
Plate  III.  England,  lying  between  51°  25'  and  51°40/ 
N.  Tat. ,  and  between  0°  and  0°  36'  W.  long. 
On  the  south  it  is  divided  from  Surrey  and  Kent  by 
the  Thames,  on  the  east  from  Essex  by  the  Lea,  on 
the  west  from  Buckinghamshire  by  the  Colne,  and  on 
the  north  from  Hertfordshire  by  a  partly  artificial  and 
very  irregular  line.  Although  with  the  exception  of 
Rutland  it  is  the  smallest  county  in  England,  its  popu¬ 
lation  is  exceeded  by  that  of  Lancashire  only.  Its 
total  area  is  181,317  acres,  of  which  2592  acres  are 
common  or  waste  lands.  The  longest  straight  line  that 
can  be  drawn  in  the  county  is  one  of  nearly  28  miles 
from  the  northeastern  extremity  near  Waltham  Abbey 
to  the  southwestern  at  Staines.  From  north  to  south 
in  the  broadest  part  the  distance  is  about  15  miles. 

Surface  and  Geology. — The  greater  portion  of  the 
county  is  flat,  although  there  are  sufficient  undulations 
to  allow  of  a  proper  drainage  of  the  land.  A  range  of 
hills  runs  along  the  Hertfordshire  border  by  Barnet, 
Elstree,  Stanmore,  and  Pinner,  averaging  400  feet  in 
height ;  another  range  occupies  the  ground  just  north 
of  London  by  Hornsey,  Highgate,  and  Hampstead ; 
Harrow  occupies  an  isolated  eminence  between  the  two 
ranges.' 

The  county  lies  entirely  within  the  basin  of  the 
Thames,  and  the  London  Clay  extends  over  a  large 
portion  of  the  surface.  This  formation  stretches  from 
the  mouth  of  the  estuary  of  the  Thames  to  the  neigh¬ 
borhood  of  Marlborough.  It  attains  its  greatest 
breadth  (little  short  of  30  miles)  in  the  neighborhood 
of  London,  and  extends  northward  until  it  is  lost 
beneath  the  drift  of  Suffolk  and  Norfolk.  The  fol¬ 
lowing  is  a  table  of  the  various  beds  of  rock  which 
occur  at  the  surface,  with  their  greatest  thickness,  (in 
feet)  in  the  district : 


Alluvium  (recent  river  deposits) .  15 

Post-Pliocene  Tertiaries. 

Post-glacial  beds  (brick-earth,  gravel,  etc.) .  50 

Glacial  drift  (boulder-clay,  gravel,  etc.) .  80 

Eocene  Tertiaries. 

Lower  Bagshot  sands . 100 

London  Clay . 420 

Woolwich  and  Beading  beds .  90 

Cretaceous. 

Chalk  with  flints . 800 


Chalk  comes  to  the  surface  in  so  very  few  places 
that  it  is  scarcely  worth  mention.  It  is  seen  near 
Harefield  and  on  the  northwest  side  of  South  Mimms. 
The  depth  from  the  surface  to  the  chalk  varies  greatly 
in  different  parts  of  the  county.  This  has  been 
proved  by  the  borings  for  wells ;  thus  at  Isleworth 
the  depth  is  400  feet  and  at  Hampstead  378,  while  at 
Ruislip  it  is  76  feet  and  at  Pinner  only  60.  The 
Reading  beds  (plastic  clays)  are  brought  to  the  surface 
at  Windsor.  They  follow  roughly  the  course  of  the 
river  Colne  from  the  north  of  Uxbridge  along  the 
flank  of  tbe  hills  northeastward,  but  are  sometimes 
cut  back  southward  along  small  side  valleys.  An 
outlying  mass  is  exposed  at  Pinner.  The  Bagshot 
sands,  consisting  of  gravel  and  sand  permeable  to 
water,  once  stretched  over  the  whole  extent  of  the 
London  Clay,  but  they  are  now  to  be  found  only  on 
the  high  grounds  at  Hampstead,  Highgate,  and  Har¬ 
row.  A  corner  of  the  main  mass  enters  the  south¬ 
west  corner  of  the  county  near  Littleton.  Beds  of 
brick-earth  occur  in  the  drift  between  West  Drayton 
and  Uxbridge. 

Several  deep  borings  in  the  London  basin  prove 


the  existence  beneath  the  chalk  of  beds  which  do  not 
crop  out  in  Middlesex.  Three  of  these  are  in  the 
county;  and  the  most  interesting  is  that  at  Meux’s 
Brewery,  Tottenham  Court  Road  (about  1146  feet), 
which  passes  through  the  following  formations : 
gravel  and  clay,  21  feet;  London  Clay,  64  feet; 
Reading  beds,  51  feet ;  Thanet  sand,  21  feet ;  chalk, 
655  feet;  Upper  Greensand,  28  feet;  gault,  160  feet; 
Lower  Greensand  64  feet ;  Devonian,  80  feet. 

Rivers  and  Canals. — The  Thames  is  very  tortuous 
in  the  44  miles  of  its  course  from  Staines  to  Black- 
wall,  and  makes  a  remarkable  bend  at  the  eastern 
limit  of  the  county  where  it  forms  the  so-called  Isle 
of  Dogs.  The  width  at  Staines  is  200  feet,  at  Chis¬ 
wick  opposite  Barnes  340  feet,  at  Hammersmith  525 
feet,  at  Fulham  820  feet,  at  Westminster  Bridge  1100 
feet,  but  at  London  Bridge  it  is  less  than  800  feet ; 
above  the  junction  of  the  Lea  at  the  Isle  of  Dogs  tbe 
width  is  1350  feet.  The  ordinary  rise  of  the  tide  at 
London  Bridge  is  16  feet,  and  the  tide-way  ends  at 
Teddington.  The  port  of  London  begins  below 
London  Bridge,  and  the  channel  for  from  2  to  3  miles 
is  called  the  Pool. 

The  Colne  from  Hertfordshire  enters  Middlesex  at 
the  northwestern  corner  of  the  county.  It  then  runs 
south,  joining  the  Thames  at  Staines,  and  in  its  course 
divides  Middlesex  from  Buckinghamshire  for  15  miles. 
After  the  river  leaves  Uxbridge  it  divides  out  into 
several  small  channels.  The  Lea  from  Hertfordshire 
enters  Middlesex  at  the  northeastern  corner  of  the 
county  near  Waltham  Abbey.  It  runs  south,  divid¬ 
ing  Middlesex  from  Essex  for  15  miles,  and  falls  into 
the  Thames  at  Bow  Creek.  Several  branches  flow 
off  from  the  river  during  its  course.  The  Brent  from 
Hertfordshire  enters  Middlesex  near  Finchley.  It 
takes  a  circuitous  direction  southward  through  the 
middle  of  the  county  by  Hendon,  Kingsbury,  Twy- 
ford,  Greenford,  and  Hanwell  to  the  town  of  Brentford, 
where  it  unites  with  the  Thames.  Where  the  river 
crosses  the  Edgeware  Road  (about  3  miles  south  of  the 
town  of  Edgeware)  it  is  expanded  by  artificial  means 
into  an  extensive  reservoir.  The  Cran  (or  Yedding 
Brook)  rises  in  the  district  between  Harrow  and  Pin¬ 
ner  and  flows  under  Cranford  Bridge  •  it  crosses 
Hounslow  Heath,  and  bends  round  to  Twickenham 
and  Isleworth,  where  in  a  divided  stream  it  falls  into 
the  Thames. 

There  were  several  other  small  streams  in  the  neigh¬ 
borhood  of  London  which  have  left  their  mark  in  the 
names  of  places,  but  which  are  now  merely  sewers, 
such  as  the  Wallbrook,  the  Westbourn,  the  Tyburn, 
the  Fleet  river,  etc.  The  last-mentioned,  which  runs 
into  the  Thames  near  Blackfriars  Bridge,  was  formerly 
navigable  as  far  as  Holborn  Bridge;  but,  the  Fleet 
Ditch,  as  it  was  then  called,  having  become  in  the  last 
century  a  dangerous  nuisance,  the  lord  mayor  and 
citizens  were  empowered  by  act  of  parliament  to  arch 
it  over.  The  work  was  commenced  in  1734,  and  in 
1737  Fleet  Market,  occupying  the  site  of  the  space 
from  Holborn  Bridge  to  Fleet  Bridge,  was  opened  to 
the  public.  The  New  River,  an  artificial  water-course 
constructed  by  Sir  Hugh  Myddelton  in  the  reign  of 
James  I.  to  supply  London  with  water,  runs  through 
the  county  from  north  to  south  a  little  to  the  west  of 
tbe  river  Lea.  It  derives  its  waters  from  the  springs 
of  Am  well  and  Chadwell,  increased  by  a  cut  from  the 
Lea,  in  the  neighborhood  of  Ware,  and  enters  Middle¬ 
sex  from  Hertfordshire  about  2  miles  north  of  Enfield. 
It  passes  Enfield,  Tottenham,  Hornsey,  and  Stoke 
Newington,  and  is  received  into  the  reservoir  in 
Clerkenwell  known  as  the  New  River  Head. 

The  Grand  Junction  Canal  leaves  the  Thames  at 
Brentford,  proceeds  in  a  westerly  direction  by  way  of 
Hanwell  and  Cranford  to  West  Drayton  ;  thence  in  a 
northerly  direction  it  follows  the  valley  of  the  Colne. 
It  passes  Uxbridge,  and  after  leaving  the  county  takes 
its  further  course  by  Rickmansworth  through  Hert¬ 
fordshire.  The  Paddington  Canal  leaves  the  Grand 
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Junction  Canal  at  Cranford,  and  passes  Northolt, 
Apperton,  Twyiord  (where  it  is  carried  over  the  Brent 
by  an  aqueduct),  and  Kensal  Green.  At  Paddington 
it  joins  the  Regent’s  Canal,  which  passes  the  north  of 
Regent’s  Park,  and  after  proceeding  through  the  eastern 

Portions  of  London  joins  the  Thames  at  Limehouse. 

he  Regent’s  Canal  is  joined  to  the  river  Lea  by 
means  of  Sir  George  Duckett’s  Canal,  and  thus  there 
is  a  through  communication  from  the  northeastern 
corner  of  the  county  to  the  southeastern  corner, 
thence  from  east  to  west,  and  northward  to  the  north¬ 
west  corner. 

Climate ,  Soil ,  Agriculture ,  etc. — The  climate  of  the 
county  is  equable  and  good,  and  the  shelter  of  the 
northern  hills  makes  the  air  mild.  Highgate,  Hamp¬ 
stead,  and  some  other  parts  are  supposed  to  be  specially 
healthy,  and  are  recommended  for  invalids  by  the 
medical  profession. 

The  heavy  poor  clay  in  the  north  and  northwestern 
portion  of  Middlesex  is  chiefly  covered  with  permanent 
grass.  In  some  parts  it  has  been  made  fit  for  arable 
cultivation  by  the  addition  of  chalk,  lime,  and  ashes. 
The  rich  deposits  from  the  Thames  have  formed  a  soil 
which  when  well  manured  is  specially  suitable  for 
market  gardens.  From  its  nearness  to  London  the 
district  has  long  been  famous  for  high  farming,  and  the 
divisions  devoted  to  different  kinds  of  farming  are  well 
marked.  The  greater  part  of  Gore  and  Ossulston 
hundreds,  portions  of  Spelthorne  and  Edmonton  hun¬ 
dreds,  and  a  strip  down  the  western  side  of  Elthorne 
hundred  are  devoted  to  meadow  and  pasture.  The 
arable  land  is  chiefly  found  on  the  western  side,  and 
between  the  Great  Western  Railway  and  the  Thames. 
It  is  also  to  be  seen  in  the  northwestern  district.  With 
the  constant  increase  of  London,  houses  have  en¬ 
croached  upon  the  fields,  and  most  of  the  market  gar¬ 
dens  which  were  situated  in  the  neighborhood  of 
Islington  and  Hackney  have  disappeared.  The  strip 
of  land  by  the  Thames  from  Brentford  to  Chelsea  was 
given  up  almost  entirely  to  market  gardens,  but  Fulham 
is  fast  being  built  over. 

According  to  tlie  returns  for  1882,  the  area  occupied  by 
grain  and  green  crops,  grass,  etc.,  was  116,470  acres.  Of  this 
amount,  16,337  acres  were  under  corn  crops  (wheat  6410 ; 
barley,  3083 ;  oats,  3895 ;  and  beans  and  pease,  2636) ;  13,451 
under  green  crops  (including  potatoes,  3019;  turnips,  1539  ; 
mangolds,  1692 ;  cabbage,  etc.,  1188) ;  3025  under  clover  and 
grasses  sown  in  rotation ;  and  82,782.under  permanent  pas¬ 
ture.  Orchards  occupied  3419  acres ;  market  gardens,  6900 ; 
nursery  grounds,  447;  and  woods,  2382.  In  the  same  year 
the  horses  numbered  5939  (4188  used  for  agricultural  pur¬ 
poses)  ;  cattle  23,283  (cows,  15,390) ;  sheep,  23,916 ;  and 
pigs,  12,035. 

The  following  were  the  landowners  in  the  county  (ex¬ 
clusive  of  London)  at  the  time  of  the  Domesday  survey : 
the  king,  the  archbishop  of  Canterbury,  the  bishop  and 
canons  of  London,  the  abbeys  of  Westminster  and  Holy 
Trinity  at  Caen,  the  nunnery  of  Barking,  the  Earls  Roger 
and  Morton,  Geoffrey  de  Mannevele,  Ernulf  de  Hesding, 
Walter  Fitz  Other,  Walter  de  St.  Walery,  Richard  Fitz  Gil¬ 
bert,  Robert  Gernon,  Robert  Fafiton,  Robert  Fitz  Roselin, 
Robert  Blund,  Roger  de  Rames,  William  Fitz  Ansculf, 
Edmund  de  Salisbury,  Aubrey  de  Vere,  Ranulf  Fitz  Hger, 
Derman,  Countess  Judith,  and  the  king’s  almoners. 

In  1873,  according  to  the  Return  of  Owners  of  Land,  the 
total  number  of  owners  in  the  county  (also  exclusive  of 
London)  was  11,881,  of  whom  9006  owned  less  than  an  acre. 
The  extent  of  lands  (including  common  or  waste  lands)  is 
given  as  145,605.  The  gross  estimated  rental  was  £1,611,655. 
Sixteen  owners  each  possessed  over  1000  acres.  The  crown 
owned  2382  acres  (annual  value  £5503) ;  the  duchy  of  Lan¬ 
caster,  2273  acres  (£4492);  Ecclesiastical  Commissioners, 
1308  acres  (£46,519) ;  All  Souls’  College,  Oxford,  1813  acres 
(£4724);  Christ  Church,  Oxford,  1132  acres  (,£1635) ;  and 
King’s  College,  Cambridge,  1097  (£1084). 

Many  villages  of  Middlesex,  especially  those  near  to 
London,  were  formerly  famous  for  their  mineral 
springs.  Some  places  are  still  supplied  with  water 
from  wells ;  but  the  Barnet,  the  East  Middlesex,  the 
Grand  Junction,  the  West  Middlesex,  and  the  New 
River  Water  Companies  serve  a  large  part  of  the 
county. 


Manufactures  and  Trade. — There  is  little  to  remark 
with  regard  to  the  manufactures  of  the  county  outside 
of  London.  Brick-making  and  tile-making  have 
always  flourished,  and  malting,  distilling,  and  soap¬ 
making  are  favorite  industries.  Gunpowder  mills  ex¬ 
ist  at  Twickenham  and  Bedfont.  The  market-towns 
for  corn  are  Uxbridge,  Brentford,  and  Staines,  for 
cattle  and  sheep  Southall.  A  horse  and  cattle  fair  is 
held  at  South  Minims  and  Barnet. 

Railways  and  Roads. — As  London  is  the  centre  of  the  rail¬ 
way  system  of  England,  it  is  evident  that  many  of  the  lines 
must  run  through  Middlesex.  For  similar  reasons  it  is  well 
provided  with  roads. 

Population. — The  total  population  of  Middlesex  was 
2,539,765  in  1871,  and  3,585,139  in  1901,  or  excluding  the 
seven  metropolitan  boroughs  lying  within  the  county 
276,028  in  1871  and  394,089  in  1881.  Most  of  the  towns  and 
villages  have  largely  increased  during  the  period  between 
1871  and  1881 ;  the  populations  of  Acton  and  Tottenham 
have  more  than  doubled,  and  Chiswick,  Ealing,  Edmonton, 
and  Willesden  have  almost  doubled.  Of  the  larger  places 
the  least  increase  has  been  at  Brentford,  which  numbered 
10,271 1  in  1871,  and  reached  11,808  in  1881.  At  the  time  of 
the  Domesday  survey  the  population  of  Middlesex,  ex¬ 
clusive  of  London,  was  2302. 

Government. — Unlike  other  counties,  Middlesex  has  no 
high  sheriff  appointed  by  the  sovereign.  It  is  subject  to 
the  City  of  London,  and  one  of  the  sheriffs  appointed  by 
the  lord  mayor  is  sheriff  for  Middlesex.  When  Henry  I. 
came  to  the  throne  he  gave  the  city  an  extensive  charter, 
and  one  of  the  privileges  either  granted  or  confirmed  by 
the  king  was  the  perpetual  sheriffwick  of  Middlesex. 

The  whole  of  the  county  is  included  in  the  diocese  of 
London,  and  is  divided  between  the  archdeaconries  of  Lon¬ 
don  and  Middlesex.  When  Henry  VIII.  created  the  bish¬ 
opric  of  Westminster  he  allotted  the  whole  county  (the 
parish  of  Fulham  alone  excepted)  for  its  diocese.  Edward 
VI.,  however,  dissolved  the  bishopric  in  the  fourth  year  of 
his  reign. 

,  The  county  is  divided  into  six  hundreds,  which  remain 
the  same  as  they  were  at  the  time  of  the  Domesday  survey, 
except  that  the  name  of  one  has  been  changed :  Ossulston 
(Osulvestane  D.),  Edmonton  (Delmetone  D.),  Gore  (Gara 
D.),  Elthorne  (Heletorne  or  Helethorne  D.),  Spelthorne 
(Speletorne  or  Spelethorne  D.),  Isleworth  Honeslaw  D.,  i.e., 
Hounslow).  The  division  into  hundreds  is  now  merely  a 
name,  and  a  record  of  a  former  system  of  local  government. 

There  are  thirty-two  poor-law  unions,  but  the  unions  be- 
f  yond  London  are  only  eight  in  number,  viz.,  Brentford, 
Edmonton,  Fulham,  Hackney,  Hampstead,  Hendon,  Staines, 
Uxbridge. 

The  majority  of  hospitals  are  in  London,  but  there  is  a 
training  hospital  at  Tottenham,  St.  John’s  Hospital  at 
Twickenham,  and  cottage  hospitals  at  Enfield,  Ealing, 
Hayes,  Hillingdon,  Sudbury,  and  Teddington.  The  Royal 
India  Lunatic  Asylum  is  at  Ealing,  and  the  two  county 
asvlums  at  Colney  Hatch  and  Hanwell. 

The  county  is  within  the  jurisdiction  of  the  central 
criminal  court  and  also  of  the  metropolitan  police  (with  the 
exception  of  the  City). 

Parliamentary  Representation. — There  are  nine  constitu¬ 
encies  in  Middlesex,  returning  nineteen  members,  viz.,  two 
for  the  county,  four  for  the  City  of  London,  two  for  each 
of  the  boroughs  of  Westminster,  Finsbury,  Marylebone, 
the  Tower  Hamlets,  Chelsea,  and  Hackney,  with  one  for  the 
university  of  London. 

In  the  parliament  of  1295  Middlesex  was  represented  by 
two  members ;  in  1298  London  sent  two  members  as  well  as 
the  county.  For  the  parliament  of  1320  and  subsequent 
parliaments  London  elected  four  members,  but  it  does  not 
appear  that  all  were  allowed  to  sit.  From  the  15th  century, 
however,  the  city  has  always  sent  four  members  to  parlia¬ 
ment.  In  1547  Westminster  first  sent  her  two  members, 
and  from  that  time  until  1832  the  only  seats  were  those  for 
the  county  and  the  two  boroughs.  In  1832  the  boroughs  of 
Finsbury,  Marylebone,  and  Tower  Hamlets  were  added,  and 
in  1866  the  boroughs  of  Chelsea  and  Hackney  and  the  uni¬ 
versity  of  London. 

History. — The  district  now  included  in  Middlesex  was 
largely  occupied  by  forest  up  to  a  comparatively  recent  pe¬ 
riod,  and  its  population  must  always  have  been  very  sparse. 
A  few  prehistoric  remains  have  been  discovered  at  various 
times, — bones  of  the  elephant,  hippopotamus,  deer,  etc.,  at 
Old  Brentford,  elk  horns  near  Chelsea  Hospital,  fossil  teeth, 
fish,  fruit,  etc.,  at  Highgate,  and  quite  recently,  in  1879, 

i  Population  in  1871  was  11,091.  See  vol.  iv.,  Art.  Brentford.-. 
{  Am.  Ed. 
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while  the  foundations  were  being  dug  out  for  Drummond’s 
New  Bank  at  Charing  Cross,  a  large  number  of  prehistoric 
animal  remains.  Flint  instruments  have  also  been  found  to 
cover  a  considerable  area.  During  the  British  period  the  dis¬ 
trict  is  supposed  to  have  been  inhabited  by  the  Trinobantes, 
but  the  late  Dr.  Guest  affirms  that  the  valley  of  the  Lea  was 
the  western  boundary  of  that  tribe.  In  answer  to  the 
question — What  became  of  the  district  between  the  Lea 
and  the  Brent  ?  this  great  authority  states  that  the  dis¬ 
trict  was  merely  a  march  of  the  “  Catuvellauni,”  a  com¬ 
mon  through  which  ran  a  wide  trackway,  but  in  which 
was  neither  town,  village,  nor  inhabited  house.  Dr.  Guest 
also  declares  that  the  boundaries  of  the  Catuvellaunian 
state,  a  central  kingdom  formed  or  much  extended  by  Cas- 
sivellaunus,  can  be  traced  in  part  along  the  northern  limit 
of  Middlesex  by  following  an  earthwork  called  Grimes- 
ditch  “from  Brockley  Hill  to  the  woodland  of  the  Colne 
Valley  and  thence  to  the  Brent,  and  down  the  Brent  to  the 
Thames.”  1  Some  earthworks  and  encampments  still  exist 
which  are  attributed  to  the  Britons. 

When  the  country  was  under  Roman  rule  great  improve¬ 
ments,  due  to  the  growing  importance  of  Londinium,  were 
made  in  this  district.  Several  roads  in  connection  with 
the  city  must  have  been  constructed,  more  especially  the 
great  northern  and  eastern  roads.  Dr.  Guest  does  not  be¬ 
lieve  that  the  present  Watling  Street  could  have  had  any 
connection  with  the  Watling  Street  which  came  down  the 
Edgeware  Road,  passed  along  by  Park  Lane,  and  crossed 
the  Thames  at  Westminster.  In  the  Antonine  Itinerary 
mention  is  made  of  three  stations,  viz.,  Londinium,  Sul- 
loniacse,  and  Pontes.  Sulloniacse  is  now  Brockley  Hill ; 
Pontes  is  supposed  by  Stukeley  to  mean  Staines,  but  Hors¬ 
ley  held  that  it  was  intended  for  Old  Windsor,  and  others 
supported  the  claims  of  Colnbrook  and  Longford.  Roman 
camps  have  been  found  in  many  parts  of  the  county,  and 
Dr.  Stukeley  supposed  that  the  Brill,  near  St.  Pancras,  was 
the  site  of  the  battle  between  Boadicea  and  the  Roman 
legions  which  has  left  a  slight  record  in  the  name  of  Battle 
Bridge.  The  Roman  remains  found  at  different  times  are 
too  numerous  to  mention  here  in  detail.  Coins,  urns,  and 
tiles  were  found  at  Enfield,  a  sepulchral  urn  at  Hampstead, 
and  numerous  gold  coins  and  ornaments  at  Bentley  Priory, 
Great  Stanmore,  in  1781. 

Cowey  Stakes,  about  a  furlong  west  of  Walton  Bridge,  is 
supposed  to  be  the  locality  of  the  ford  by  which  Julius 
Caesar  crossed  the  Thames.  Caesar  makes  special  mention 
of  the  sharp  stakes  which  he  had  to  encounter,  and  Bede 
says  that  the  remains  of  the  stakes  were  to  be  seen  in  his 
day.  Camden  was  the  first  to  fix  upon  this  as  the  spot 
where  Caesar  crossed,  and  he  is  supported  by  Dr.  Guest,  but 
the  identification  is  not  undisputed.  Although  a  ford  ex¬ 
isted  here  as  late  as  1807,  and  stakes  were  found  up  to  the 
end  of  the  18th  century,  it  has  been  affirmed  that  they  were 
placed  in  their  position  with  another  object  than  to  oppose 
an  enemy’s  progress.  Roman  remains  have  been  found  at 
Shepperton  near  Halliford,  at  the  Middlesex  end  of  the 
ford.  A  vase  was  dug  up  in  1817,  and  the  remains  of  a 
Roman  cemetery  have  also  been  discovered. 

As  to  the  earliest  Saxon  occupation  we  are  left  very  much 
to  conjecture,  and  the  name  itself  is  somewhat  of  a  puzzle. 
It  is  evident  that  no  tribe  could  have  obtained  the  name 
of  Middle  Saxons  until  after  the  settlement  of  the  districts 
on  each  side  of  it  by  the  East  and  the  West  Saxons.  As  Mid¬ 
dlesex  was  for  a  period  dependent  upon  the  kingdom  of 
Essex,  it  is  probable  that  the  name  did  not  come  into  use 
until  London  had  become  a  Saxon  city,  although  there  is 
reason  to  believe  that  previously  Saxon  settlements  had 
been  made  on  several  places  by  the  river  and  elsewhere. 
Bede  tells  us  that  London  was  in  the  hands  of  King 
Sseberct  in  604,  and  was  then  the  chief  town  of  Essex. 
Just  a  century  afterwards — that  is,  in  704 — the  king  of  the 
East  Saxons  granted  away  land  at  Twickenham,  showing 
that  Middlesex  was  then  dependent  upon  Essex.  It  is 
worthy  of  note  that  the  two  districts  now  forming  the 
counties  in  which  London  and  Southwark  are  situated 
were  separated  from  the  kingdoms  to  which  they  originally 
belonged  probably  on  account  of  the  importance  of  the  city 
of  Loudon  and  the  borough  of  Southwark,  Middlesex  from 
the  kingdom  of  Essex  and  Surrey  or  the  South  Ridge 
(A.-S.  Suti-rige)  from  the  kingdom  of  Kent. 

Middlesex  appears  never  to  have  been  independent.  The 
administrative  shire  was  let  to  the  men  of  London  and 
their  heirs  to  be  held  in  farm  of  the  king  and  his  heirs, 
and  “the  subject  shire  has  to  submit  to  the  authority  of 
the  sheriffs  chosen  by  the  ruling  city.”  2 

Middlesex  is  only  once  mentioned  in  the  Saxon  Chroni¬ 
cle,  under  date  1011,  where  it  is  noticed  as  one  of  the 

1  “  Lecture  on  the  Origin  of  London,”  Athenaeum,  1866,  No.  2022. 

*  Freeman,  Norman  Conquest  vol.  v.  (1876)  p.  468, 


districts  overrun  by  the  Danes.  One  manuscript  (A.  Win¬ 
chester)  mentions  the  Middle  Saxons  as  receiving  the  true 
faith  under  their  alderman  Peada  in  653 ;  but  this  is  evi¬ 
dently  a  mistake  of  the  scribe,  for  the  fact  is  taken  from 
Bede,  and  he  writes  Middle  Angles,  as  do  the  other  MSS. 
of  the  Chronicle.3 

The  Saxons  appear  to  have  settled  over  a  large  portion 
of  the  district,  and  for  the  purpose  of  settlement  they 
must  have  made  considerable  clearings  in  the  vast  forest 
of  Middlesex.  There  seems  to  be  good  reason  for  believing 
that  previous  to  their  coming  the  roads  passed  through 
waste  lands.  By  the  time  of  Edward  the  Confessor  a  large 
proportion  of  the  present  towns  and  villages  were  in  ex¬ 
istence.  Mr.  Elton,  in  his  Origins  of  English  History  (pp. 
188-89,  and  note),  mentions  a  curious  fact  with  relation  to 
the  tenures  which  prevailed  in  some  of  these  places.  He 
alludes  to  a  ring  of  manors  encircling  ancient  London 
where  the  custom  of  Borough  English  or  junior  right  was 
prevalent.4  He  then  goes  on  to  point  out  that  in  this 
cluster  of  manors  there  are  several  varieties  of  the  custom : 
“Its  benefit  in  Islington  and  Edmonton  was  confined  to 
the  youngest  son ;  at  Ealing,  Acton,  and  Isleworth  it  ex¬ 
tended  to  the  brothers  and  male  collateral  heirs ;  and  in  a 
great  number  of  instances  the  privilege  was  given  to  fe¬ 
males  as  well  as  to  males  in  every  degree  of  relationship. 
These  variations  are  of  no  very  great  importance,  the  cus¬ 
tom  being  modified  in  all  parts  of  the  country  by  the  rule 
that  special  proof  must  be  given  of  any  extension  of  that 
strict  form  of  Borough  English  for  the  benefit  of  the 
younger  son  of  which  alone  the  courts  have  cognizance. 
But  it  is  of  the  greater  interest  to  observe  that  in  several 
places  near  London  ‘  it  is  the  custom  for  the  land  to  de¬ 
scend  to  the  youngest,  if  it  is  under  a  particular  value  of 
five  pounds,  but  if  it  is  worth  more,  it  is  parted  among  all 
the  sons  ’  (First  Real  Property  Commission  Evidence,  p.  254).” 

The  great  forest  of  Middlesex  continued  long  after  the 
Norman  Conquest,  and  even  as  late  as  the  reign  of  Eliz¬ 
abeth  portions  of  it  still  existed  quite  close  to  London. 
Fitz  Stephen,  the  monk  of  Canterbury  and  secretary  of 
Thomas  a  Becket,  mentions  in  his  interesting  description 
of  London  the  immense  forest  with  its  densely  wooded 
thickets,  and  its  coverts  of  game,  stags,  fallow  deer,  boars, 
and  wild  bulls.  A  few  years  after  Fitz  Stephen’s  death,  in 
the  reign  of  Henry  III.  (1218),  the  forest  was  disafforested, 
and  some  of  the  wealthy  citizens  took  the  opportunity  of 
purchasing  land  and  building  upon  it.  Matthew  Paris,  in 
his  life  of  the  twelfth  abbot  of  St.  Albans,  describes  the 
woods  contiguous  to  the  Watling  Street  between  London 
and  St.  Albans  as  almost  impenetrable,  and  so  much  in¬ 
fested  by  outlaws  and  by  beasts  of  prey  that  the  numerous 
pilgrims  who  travelled  along  the  Roman  road  to  the  shrine 
of  Albanus  were  exposed  to  imminent  danger. 

There  is  little  further  history  that  can  be  told  of  Middle¬ 
sex.  There  are  many  interesting  incidents  connected  with 
some  of  the  places,  but  corporate  life  has  been  crushed  out 
of  the  county  by  the  greatness  of  London.  Not  a  single 
place  except  London  has  grown  into  importance,  and  no¬ 
where  outside  of  London  is  there  a  building  of  first-rate  in¬ 
terest.  The  villages  on  the  Thames  early  began  to  increase 
in  size  on  account  of  the  convenience  of  locomotion  supplied 
by  the  river.  It  is  only  since  the  extension  of  the  railway 
system  that  the  villages  to  the  north  and  northwest  of 
London  have  grown  in  size,  and  this  growth  has  been 
mainly  due  to  the  building  of  houses  for  the  use  of  the 
Londoners. 

Bibliography.— John  Norden ,  Speculum  Britannix :  the  first  parte, 
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*  In  the  above  passage  from  the  Chronicle,  where  the  districts 
overrun  by  the  Danes  in  1011  are  enumerated,  the  shires,  which 
took  their  names  from  their  chief  towns,  are  distinctly  marked 
off  from  the  districts  whicli  took  their  names  from  the  peoples 
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4  Mr.  Corner  gives  the  number  of  instances  he  has  found  art 
sixteen. 
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tation  of  Middlesex  begun  in  1663,  folio,  Salisbury,  1820 ;  William 
Pinnock,  The  History  and  Topography  of  Middlesex,  12mo,  London, 
1824  (vol.  3  of  Pinnock’s  County  Histones) ;  W.  Smith,  Delineations 
of  the  County  of  Middlesex,  8vo,  London,  1834 ;  Samuel  Tymms,  A 
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sex,  8vo,  London,  1869;  William  Hug,-  s,  The  Geography  of  Mid¬ 
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Manchester,  1872;  W.  E.  Baxter,  The  Domesday  Boo1-  for  the 
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MIDDLETON,  a  market  and  manufacturing  town 
of  Lancashire,  is  situated  on  the  Irk,  near  the  Roch¬ 
dale  Canal,  and  on  the  Lancashire  and  Yorkshire 
Railway,  about  5  miles  north  of  Manchester  and  4  west 
of  Oldham.  It  includes  the  township  of  Tonge,  an 
isolated  portion  of  the  parish  of  Prestwich.  The  church 
of  St.  Leonards  is  an  old  structure  of  mixed  architec¬ 
ture,  with  a  low  square  tower.  The  oldest  portion  of 
the  building  dates  from  the  12th  century,  but  the  main 
portion  from  1412,  and  the  south  aisle  from  1524.  It 
underwent  extensive  restoration  in  1869.  The  Queen 
Elizabeth  Grammar  School,  a  building  in  the  Tudor 
style,  was  founded  in  1572.  There  are  public  baths 
and  a  free  library.  The  prosperity  of  the  town  dates 
from  the  introduction  of  manufactures  at  the  close  of 
last  century.  The  staple  trade  is  the  spinning  and 
weaving  of  cotton,  and  the  other  industries  include 
silk  weaving,  calico  printing,  bleaching,  dyeing,  iron¬ 
founding,  and  the  manufacture  of  soap  and  chemicals. 
There  are  several  collieries  in  the  neighborhood.  The 
town  was  at  an  early  period  in  possession  of  the  Bar¬ 
tons,  from  whom  it  passed  by  marriage  in  the  16th 
century  to  Sir  Ralph  de  Assbeton.  The  population 
of  the  urban  sanitary  district  of  Middleton  and  Tonge 
in  1901  was  25,178. 

MIDDLETON,  Conyers  (1683-1750),  the  earliest 
and  most  eminent  example  of  the  spirit  of  theological 
rationalism  in  the  Englisli  Church  of  the  18th  century, 
was  the  son  of  the  rector  of  Hinderwell  near  Whitby, 
and  was  born  at  Richmond  in  Yorkshire,  on  December 
27  (or,  according  to  another  account,  on  August  3), 
1683.  He  graduated  at  Cambridge,  took  orders,  and 
in  1706  obtained  a  fellowship,  which  he  soon  resigned 
upon  contracting  an  advantageous  marriage.  In  1717 
a  dispute  with  Bentley,  upon  an  extortionate  demand 
of  the  latter  on  occasion  of  Middleton’s  being  created 
D.D.,  involved  him  in  an  acrimonious  controversy, 
which  called  forth  several  pamphlets  from  his  pen  full 
of  powerful  invective,  and  among  them  his  first  con¬ 
siderable  literary  performances,  the  Remarks  and 
Further  Remarks  on  Bentley’s  Proposals  for  a  New 
Edition  of  the  Greek  Testament  (1721).  “You  have 
laid  Bentley  flat  upon  his  back,”  wrote  Colbatch.  “  I 
scorn  to  read  what  the  rascal  has  written,”  wrote 
Bentley, — who,  however,  only  resorted  to  this  affected 
disdain  after  a  fruitless  attempt  to  fix  the  authorship 
upon  Colbatch,  but  who  might  justly  have  commented 
upon  the  impropriety  of  Middleton’s  endeavor  to  visit 
his  grievances  upon  the  text  of  the  New  Testament, 
i  rivate  resentment  and  uncurbed  personality  were 
throughout  his  life  too  frequently  the  motive  and  the 


note  of  Middleton’s  controversial  publications.  In 
1723  he  was  involved  in  a  lawsuit  by  personalities 
against  Bentley,  which  had  found  their  way  into  his 
otherwise  judicious  tract  on  library  administration, 
written  on  occasion  of  his  appointment  to  the  honorable 
office  of  university  librarian.  In  1726  he  gave  great 
offence  to  the  medical  profession  by  a  dissertation  con¬ 
tending  that  the  healing  art  among  the  ancients  was 
only  exercised  by  slaves  or  freedmen.  Between  the 
dates  of  these  publications  he  visited  Italy,  and  made 
those  observations  on  the  pagan  pedigree  of  Italian 
superstitions  which  he  subsequently  embodied  in  hia 
Letter  from  Rome  (1729).  This  cogent  tract,  while 
establishing  the  author’s  main  proposition  with  abun¬ 
dant  learning  and  wit,  gave  at  the  same  time  the  first 
clear  indication  of  the  anti-supernaturalistic  bias  of  his 
intellect,  and  probably  contributed  to  prepare  the  storm 
which  broke  out  against  him  on  his  next  publication 
(1731).  In  his  remonstrance  with  Waterland  on  occa¬ 
sion  of  the  latter’s  reply  to  Tindal’g  Christianity  as 
Old  as  the  Creation ,  Middleton  takes  a  line  which  in 
his  day  could  hardly  fail  to  expose  him  to  the  reproach 
of  infidelity.  He  gives  up  the  literal  truth  of  the 
primeval  Mosaic  narratives  ;  and,  in  professing  to  in¬ 
dicate  a  short  and  easy  method  of  confuting  Tindal, 
lays  principal  stress  on  the  indispensableness  of  Chris¬ 
tianity  as  a  mainstay  of  social  order.  This  was  to 
resign  nearly  everything  that  divines  of  the  Waterland 
stamp  thought  worth  defending.  Middleton  was 
warmly  assailed  from  many  quarters,  and  retreated 
with  some  difficulty  under  cover  of  a  sheaf  of  apologetic 
pamphlets,  and  a  more  regular  attendance  at  church. 
A  freethinker  in  the  strict  sense  of  the  term  he  cer¬ 
tainly  was  j  but  how  far  freedom  of  thought  was  carried 
by  him  it  is  not  easy  to  ascertain.  His  adversaries — 
some  of  them  men  who  gravely  maintained  that 
Egyptian  civilization  originated  in  the  age  of  Solomon 
—were  unable  to  fix  any  serious  imputation  upon  him  ; 
on  the  other  hand  it  is  clear  that  the  natural  attitude 
of  his  mind  towards  supernatural  pretensions  was  one 
of  suspicion,  and  that  his  temperament  was  by  no 
means  devout.  That  he  was  nevertheless  not  incapable 
of  a  disinterested  hero-worship  was  evinced  by  his 
next  important  publication,  the  elegant  but  partial 
Life  of  Cicero  (1741),  a  work  which,  if  far  below  the 
standard  of  modern  exactness,  may  yet  compare  in 
spirit  and  execution  with  the  best  productions  of  the 
Italian  Renaissance.  It  is,  indeed,  as  remarked  by 
Forsyth,  “rather  an  historical  composition,  in  which 
Cicero  is  the  principal  figure,  than  the  portrait  of  the 
man  himself ;  and  Dr.  Parr  has  pointed  out  Middle- 
ton  s  unacknowledged  obligations  to  the  forgotten  Bel- 
lendenus,  which,  however,  with  the  ardor  of  a  dis¬ 
coverer,  he  seems  to  have  considerably  overrated.  The 
work  was  undertaken  at  the  instance  of  Lord  Hervey, 
in  correspondence  with  whom  also  originated  his  dis¬ 
quisition  on  The  Roman  Senate ,  published  in  1747. 
The  same  year  and  the  following  produced  the  most 
important  of  all  his  writings,  the  Introductory  Dis¬ 
course  and  the  Free  Inquiry  concerning  the  miraculous 
powers  then  commonly  deemed  to  have  subsisted  in 
the  church  after  the  apostolic  age.  In  combating  this 
belief  Middleton  indirectly  established  two  propositions 
of  capital  importance.  He  showed  that  ecclesiastical 
miracles  must  be  accepted  or  rejected  in  the  mass ;  and 
he  distinguished  between  the  authority  due  to  the  early 
fathers’  testimony  to  the  beliefs  and  practices  of  their 
times  and  their  very  slender  credibility  as  witnesses  to 
matters  of  fact.  Some  individual  grudge  seems  to 
have  prompted  him  to  expose,  in  1750,  Bishop  Sher¬ 
lock  s  eccentric  notions  of  antediluvian  prophecy,  which 
had  then  been  before  the  world  for  a  quarter  of  a  cen¬ 
tury.  The  same  year  he  died  of  a  decline  at  his  seat 
at  Hildesham  in  Cambridgeshire,  leaving  a  widow,  but 
no  children. 

Middleton’s  most  ambitious  work  is  obsolete  from  no  fault 
of  his,  but  his  controversial  writings  retain  a  permanent 
place  in  the  history  of  opinion.  In  his  more  restricted 
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sphere  he  may  not  inappropriately  be  compared  to  Lessing. 
Like  Lessing’s,  the  character  of  his  intellect  was  captious 
and  iconoclastic,  but  redeemed  from  mere  negation  by  a 
passion  for  abstract  truth,  too  apt  to  slumber  until  called 
into  activity  by  some  merely  personal  stimulus.  His  diction 
is  generally  masculine  and  harmonious.  Pope  thought  him 
and  Hooke  the  only  prose  writers  of  the  day  who  deserved 
to  be  cited  as  authorities  on  the  language.  Parr,  while  ex¬ 
posing  his  plagiarisms,  heaps  encomiums  on  his  style.  But 
his  best  qualities,  his  impatience  of  superstition  and  disdain 
of  mere  external  authority,  are  rather  moral  than  literary. 
As  a  scholar  he  is  rather  elegant  than  profound ;  as  a  con¬ 
troversialist  he  has  more  vigor  than  urbanity,  and  more  wit 
than  humor.  He  has  been  unjustly  attacked  both  as  author 
and  as  man  by  De  Quincey,  who  strangely  accuses  his  style 
of  colloquialism,  and  taxes  him  with  eating  the  church’s 
bread  while  denying  her  doctrines.  In  fact  Middleton’s 
private  means  were  ample,  his  ecclesiastical  emoluments 
trifling,  and  his  candor  obstructed  his  path  to  much  more 
considerable  preferment.  The  best  general  view  of  his  in¬ 
tellectual  character  and  influence  is  to  be  found  in  Leslie 
Stephen’s  English  Thought  in  the  Eighteenth  Century,  chap.  vi. 
A  handsome  edition  of  his  works,  containing  several  post¬ 
humous  tracts,  but  not  including  the  Life  of  Cicero,  appeared 
in  1752. 

MIDDLETON,  Thomas  (c.  1570-1627),  held  a 
leading  place  among  the  dramatists  of  the  reign  of 
James  1.  His  popularity  would  seem  to  have  first 
come  to  a  height  about  1607.  This  is  a  fair  inference 
from  the  fact  that  in  this  and  the  following  year  a 
whole  swarm  of  comedies  from  his  pen  were  licensed 
and  published, — A  Trick  to  Catch  the  Old  One ,  The 
Family  of  Love ,  The  Phoenix ,  Michaelmas  Term ,  Your 
Five  Gallants ,  A  Mad  World  My  Masters.  Only  the 
first  of  these  kept  the  stage  after  the  author’s  own 

Sneration,  though  in  point  of  wit  and  constructive 
ill  it  is  not  superior  to  The  Phoenix  (a  serious  com¬ 
edy)  or  Your  Five  Gallants  (a  bustling  and  gayly  hu¬ 
morous  farcical  comedy).  The  plot  of  the  Trick  bears 
a  family  likeness  to  that  of  Massinger’s  New  Way  to 
Pay  Old  Debts  ;  the  titles  in  fact  might  be  inter¬ 
changed.  A  ruined  scapegrace  outwits  his  creditors 
and  a  usurious  uncle  by  coming  to  town  with  a  cour¬ 
tesan  and  passing  her  off  as  a  widow  with  a  fortune, 
whom  he  treats  with  deferential  friendship,  but  hardly 
dares  to  love,  ruined  and  hopeless  as  he  is.  His  uncle 
lends  him  money  that  he  may  woo  in  proper  state  ; 
his  creditors  also  intrigue  to  have  the  honor  of  supply¬ 
ing  him  with  all  the  needs  of  fashion  ;  and  the  lady 
receives  many  costly  presents  from  aspirants  to  her 
hand  and  fortune.  Though  Middleton  was  apparently 
not  in  high  popularity  till  1607,  he  had  made  his  debut 
as  a  satirist  ten  years  before ;  and  if  Malone  is  right  in 
his  conjecture  that  the  Mayor  of  Queensborough  is 
identical  with  th q  Randall  Earle  of  Chester  mentioned 
by  Henslowe  in  1602,  he  had  done  dramatic  work  of  a 
much  higher  kind.  Like  The  Changeling ,  a  later 
production,  in  which  Middleton  had  the  assistance  of 
Rowley,  the  tragedy  of  the  Mayor  is  named  after  a 
character  in  the  insignificant  comic  underplot.  Such  a 
title  scares  away  readers  weary  of  half-intelligible  Eliz¬ 
abethan  fun  and  satire  ;  but  Simon  the  comic  mayor 
is  a  very  subordinate  figure  in  the  play,  and  the  tragic 
portions  alike  in  situation,  characterization,  and  lan¬ 
guage  rank  among  the  very  noblest  productions  of  the 
Shakespearian  age.  There  are  scenes  in  the  Change¬ 
ling  also  which  Mr.  Swinburne,  with  a  judgment  that 
wifi  not  be  disputed,  assigns  to  Middleton,  unsurpassed 
for  intensity  of  passion  and  appalling  surprises  in  the 
whole  range  of  Elizabethan  literature.  The  execution 
of  these  scenes  is  far  beyond  any  power  that  Rowley 
showed  in  single-handed  work,  but  well  within  the 
scope  of  the  author  of  the  Mayor  of  Queensborough 
and  Women  Beware  Women.  .  This  last  play,  in  which 
every  one  of  the  characters  important  enough  to  be 
honored  with  a  name  perishes  at  the  end  in  a  slaughter 
so  rapid  as  to  be  somewhat  confusing,  was  apparently 
one  of  Middleton’s  later  works,  and.  the  simple  and 
measured  development  of  the  plot  in  the  first  acts 
seems  to  show  traces  of  the  influence  of  Massinger. 
Middleton’s  verse,  when  charged  with  the  expression 


of  impassioned  love,  contains  many  echoes  of  the  verse 
of  Romeo  and  Juliet,  as  if  his  ear  had  been  fascinated 
by  it  in  his  youth.  His  language  generally  proclaims 
him  an  admiring  disciple  of  Shakespeare’s;  and  in 
daring  and  happy  concentration  of  imagery,  and  a  cer¬ 
tain  imperial  confidence  in  the  use  of  words,  he  of  all 
the  dramatists  of  that  time  is  the  disciple  that  comes 
nearest  the  master.  The  Witch ,  by  which  Middleton’s 
name  has  of  late  been  linked  with  Shakespeare’s  in 
groundless  speculation  as  being  part  author  of  Macbeth, 
is  by  no  means,  one  of  Middleton’s  best  plays.  The 
plot  is  both  intricate  and  feeble,  as  if  the  play  had  been 
written  with  a  view  to  the  half-comic  spectacular  ex¬ 
hibition  of  the  witches,  with  their  ribala  revelry,  their 
cauldrons,  hideous  spells,  and  weird  incantations. 
Charles  Lamb’s  comparison  of  Middleton’s  witches 
with  Shakespeare’s  is  one  of  the  most  exquisite  mor¬ 
sels  of  criticism ;  but,  when  he  says  that  Middleton’s 
witches  are  “*in  a  lesser  degree  fine  creations,”  he 
ought  perhaps  to  have  added  that  they  are  merely  em¬ 
bodiments  of  the  vulgar  superstition,  put  on  the  stage 
to  excite  laughter  rather  than  fear  among  a  half-be¬ 
lieving  audience,  an  audience  ready  to  laugh  at  them 
in  the  light  and  in  a  crowded  meeting,  whatever  each 
might  do  in  the  dark  alone.  That  Middleton  had  any 
share  in  Macbeth  is  a  conjecture  resting  solely  on  the 
fact  that  the  opening  words  of  the  song  of  the  witches 
about  the  cauldron  in  Shakespeare’s  Macbeth  occur 
also  in  the  incantations  about  a  cauldron  in  the  last  act 
of  Middleton’s  Witch, . and  that  Middleton’s  song  was 
inserted  by  Davenant  in  an  “  amended”  reproduction 
of  Macbeth.  If  either  borrowed  the  words  of  this  song 
from  the  other,  that  is  no  evidence  of  further  coop¬ 
eration  ;  besides  all  that  is  common  to  the  two  was 
probably  as  much  public  property  as  a  nursery  rhyme. 
There  is  no  evidence  as  to  whether  The  Witch  appeared 
before  or  after  Macbeth.  Middleton  cooperated  with 
Dekker  in  the  Roaring  Girl ;  with  Rowley  in  A  Fair 
Quarrel,  The  Spanish  Gipsi/,  and  The  Changeling ; 
and  with  Jonson  and  Fletcher  in  The  Widow  (one 
of  the  few  of  Middleton’s  plays  reproduced  after 
the  Restoration).  Towards  the  close  of  his  life  Mid¬ 
dleton  got  into  difficulties  with  the  privy  council  from 
writing  a  very  clever  political  play  apropos  of  Prince 
Charles’s  unsuccessful  wooing  of  the  Spanish  infanta 
in  1623.  The  chief  personages  in  Spanish  politics  and 
their  manoeuvres  were  represented  with  most  ingenious 
skill  in  the  pieces  and  movements  of  A  Game  at  Chess. 
This  play  was  stopped  by  royal  authority,  and  the 
prosecution  of  the  author  was  allowed  quietly  to  drop. 
The  few  unimportant  facts  known  in  Middleton’s  pri¬ 
vate  history  are  collected  in  Mr.  Dyce’s  admirable  edi¬ 
tion  of  his  plays.  He  enjoyed  the  office  of  city  chro- 
nologer,  and  was  often  employed  to  write  pageants  and 
masques,  in  one  case  at  least  contracting  for  the  whole 
exhibition,  besides  furnishing  the  words.  He  died  in 
1627,  and  was  buried  at  Newington  Butts. 

MIDDLETOWN,  a  city  and  port  of  entry  of  the 
United  States,  and  one  of  the  shire  towns  of  Middle¬ 
sex  county,  Connecticut,  lies  on  the  right  bank  of  the 
Connecticut  river,  about  30  miles  from  its  mouth,  di¬ 
rectly  opposite  the  well-known  Portland  quarries,  and 
24  miles  from  New  Haven  by  rail.  Built  on  ground 
rising  gently  from  the  river,  with  its  principal  streets 
keeping  the  direction  of  the  valley,  and  the  cross  streets 
climbing  the  slope,  Middletown  is  a  place  of  consider¬ 
able  attractiveness,  and  the  views  from  the  higher 
points  are  particularly  fine.  Water  Street,  with  the 
wharves  ana  shipping,  Main  Street,  with  the  commer¬ 
cial  houses  and  hotels,  and  High  Street,  with  its  man¬ 
sions  and  gardens  and  trees,  are  the  leading  lines  of 
the  city.  On  the  high  grounds  behind  stand  the  hand¬ 
some  buildings  of  the  Wesleyan  (Methodist  Episcopal) 
University.  The  institution,  mainly  organized  by 
Wilbur  Eisk,  D.D.,  was  chartered  in  1831.  To  the 
two  buildings  with  which  it  started  have  been  added 
Rich  Hall,  with  the.  library  of  about  30,000  volumes, 
Judd  Hall,  with  scientific  collections  of  great  value, 
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the  Memorial  Chapel,  erected  in  the  centenary  year  of 
American  Methodism,  and  the  Observatory  Hall. 
Since  1872  the  courses  of  the  university  have  been  open 
to  both  sexes.  In  1882  the  number  of  professors  was 
20,  and  of  students  191,  including  14  females.  The 
Berkeley  Theological  School  (Main  Street)  founded  by 
the  Episcopal  Church  in  1854,  had  in  1882  7  profes¬ 
sors  and  41  students,  with  a  library  of  17,000  volumes. 
A  hill  li  miles  to  the  southeast  of  the  city  is  occupied 
by  the  State  General  Hospital  for  the  Insane,  the  prin¬ 
cipal  building  having  a  frontage  of  768  feet,  ana  the 
grounds  extending  to  230  acres ;  and  on  another  hill  to 
the  southwest  of  the  city  stands  the  State  Industrial 
School  for  Girls.  As  vessels  drawing  10  feet  of  water 
can  reach  its  wharves,  Middletown  carries  on  a  consid¬ 
erable  trade  by  the  river.  In  1882  1613  vessels,  with 
a  burden  of  240,000  tons,  entered  the  port,  and  1613 
vessels,  with  a  burden  of  350,000  tons,  cleared ;  and 
the  Middletown  district  owned  83  sailing  vessels  and 
22  steamers.  Both  the  silver  and  the  lead  mines  which 
were  formerly  worked  in  the  vicinity  have  been  aban¬ 
doned,  but  cast-iron,  britannia,  and  silver-plated  goods, 
sewing-machines,  pumps,  webbing,  and  tape  are 
among  the  local  manufactures.  The  population  of 
the  city  increased  from  5182  in  1860  to  9,589  in  1900. 
First  settled  in  1636,  Middletown  was  incorporated  as 
a  town  in  1654,  and  as  a  city  in  1784. 

MIDDLETOWN,  a  manufacturing  village  of  the 
United  States,  in  Wallkill  township,  Orange  county, 
New  York,  55  miles  N.N.W.  of  New  York,  at  the 
junction  of  four  railroads.  It  is  a  clean  well-built 
place,  in  the  midst  of  a  fine  dairy-farming  and  stock- 
raising  district,  manufactures  saws,  files,  felt  hats, 
blankets,  agricultural  implements,  printers’  materials, 
etc.,  and  is  the  seat  of  the  State  Homoeopathic  Insane 
Asylum.  The  population  was  6049  in  1870  and  14,522 
in  19-'  io 

MIDHURST,  an  ancient  parliamentary  borough 
and  market-town  of  Sussex,  is  picturesquely  situated 
on  a  gentle  eminence  above  tne  south  bank  of  the 
West  Bother,  on  three  railway  lines,  50  miles  south¬ 
west  of  London  and  12  north  from  Chichester.  The 
church  of  St.  Denis  (restored  in  1881-83)  is  chiefly 
Perpendicular  in  style,  but  the  lower  part  of  the  em¬ 
battled  tower  is  probably  Norman.  At  the  grammar 
school,  founded  in  1672,  Bichard  Cobden  and  Sir 
Charles  Lyell  were  educated.  A  new  public  hall  was 
opened  in  1882.  The  old  castle  of  the  De  Bohuns 
stood  on  a  mound  above  the  river,  now  overgrown 
with  trees.  In  ancient  times  a  commandery  of  the 
Knights  of  St.  John  of  Jerusalem  had  jurisdiction 
over  the  district  now  forming  the  liberty  of  St.  John. 
The  prosperity  of  the  town  depends  chiefly  on  agri¬ 
culture.  A  market  is  held  weekly,  and  a  fair  three 
times  a  year.  The  population  of  the  parliamentary 
borough,  which  has  an  area  of  26,172  acres,  was  6753 
in  1871,  and  7221  in  1901. 

Midhurst  is  not  mentioned  in  Domesday,  being  included 
under  Easebourne.  In  the  reign  of  Henry  I.  it  was  held  by 
the  king  as  a  minor  barony.  In  the  time  of  Edward  I.  it 
passed  into  the  possession  of  the  De  Bohuns.  From  the 
time  of  Edward  II.  till  1832  it  returned  two  members  to 
parliament,  but  since  then  only  one. 

MIDI  AN  was  one  of  the  peoples  of  North  Arabia 
whom  the  Hebrews  recognized  as  distant  kinsmen, 
representing  them  as  sons  of  Abraham’s  wife  Ketu- 
rah.  The  word  Keturah  means  “incense  thus  the 
sons  of  Keturah  are  the  “  incense  men,”  not  indeed 
inhabitants  of  the  far  south  incense-land,  but  presum¬ 
ably  the  tribes  whose  caravans  brought  the  incense 
to  Palestine  and  the  Mediterranean  ports.  So  the 
Midianites  appear  in  connection  with  the  gold  and 
incense  trade  from  Yemen  (Isa.  lx.  6),  and  with  the 
trade  between  Egypt  and  Syria  (Gen.  xxxvii.  28,  36). 
At  the  time  of  the  exodus  the  pastures  of  the  Midian¬ 
ites,  or  of  the  branch  of  Midian  to  which  Moses’s 
father-in-law  (Jethro  or  Baguel,  or  Hobab)  belonged, 
lay  near  Mount  Horeb  (Exod.  iii.  1);  and  Num.  x.  29 


so.  implies  that  the  tribe  was  at  home  in  the  desert  of 
the  wanderings.  The  Kenites,  who,  in  spite  of  their 
connection  with  Amalek  (1  Sam.  xv.  6),  had  friendly 
relations  with  Israel,  and  ultimately  coalesced  with  the 
tribe  of  Judah,  are  represented  in  Judg.  i.  16,  iv.  11 
as  the  kin  of  Moses’s  father-in-law.  The  Kenites, 
however,  can  have  been  but  one  fraction  of  Midian 
which  took  a  separate  course  from  their  early  rela¬ 
tions  to  Israel.1  The  main  body  appear  in  Judg.  vi. 
as  a  powerful  Bedouin  confederation,  invading  Canaan 
from  the  eastern  desert,  and  ravaging  the  land  as  simi¬ 
lar  tribes  have  done  in  all  ages  when  Palestine  lacked 
a  strong  government.  With  their  defeat  by  Gideon 
and  another  defeat  by  the  Edomites  in  the  field  of 
Moab,  probably  about  the  same  time  (Gen.  xxxvi.  35), 
the  recorded  history  of  Midian  closes. 

A  place  Midian  is  mentioned  1  Kings  xi.  18,  and  in  later 
times  the  name  lingered  in  the  district  east  of  the  Gulf  of 
'Akaba,  where  Eusebius  knows  a  city  Madian  in  the  coun¬ 
try  of  the  Saracens  and  Ptolemy  places  Modiana.  Still 
later  Madyan  was  a  station  on  the  pilgrim  route  from 
Egypt  to  Mecca,  the  second  beyond  Aila  (Elath).  Herein 
the  Middle  Ages  was  shown  the  well  from  which  Moses 
watered  the  flocks  of  Sho'aib  (Jethro),  and  the  place  is  still 
known  as  “  the  caves  of  Sho'aib.”  It  has  considerable  ruins, 
which  have  been  described  by  Riippell  ( Reisen ,  1829)  and 
Burton  (Land  of  Midian,  1879). 

MIDNAPUB,  a  district  in  the  lieutenant-governor¬ 
ship  of  Bengal,  India,  between  21°  37'  and  22°  57/  N. 
lat.,  and  between  86°  35'  45//  and  88°  14'  E.  long.,  is 
bounded  on  the  N.  by  B&nkur&  and  Bardw&n,  on  the  E. 
by  Hooghlyand  Howrah,  on  the  S.  by  the  Bay  of  Ben¬ 
gal,  and  on  the  W.  by  Singbhfim  and  Manbhdm,  with 
an  area  of  5082  square  miles.  Its  general  appearance  is 
that  of  a  large  open  plain,  of  which  the  greater  part 
is  under  cultivation.  In  the  northern  portion  the  soil 
is  poor,  and  there  is  little  wood.  The  country  along 
the  western  boundary,  known  as  the  Jungle  Mahdls, 
is  undulating  and  picturesque  ;  it  is  almost  unin¬ 
habited.  The  eastern  and  southeastern  portions  are 
swampy  and  richly  cultivated.  The  chief  rivers  of 
the  district  are  the  Hooghly  and  its  three  tributaries, 
the  Biipn&r&yan,  the  Haldi,  and  the  Basulpur.  The 
Midnapur  high-level  canal  runs  almost  due  east  and 
west  from  the  town  of  Midnapur  to  UlubarkL  on  the 
Hooghly  16  miles  below  Calcutta,  and  affords  a  con¬ 
tinuous  navigable  channel  53  miles  in  length.  There 
is  also  a  tidal  canal  for  navigation,  26  miles  in  length, 
extending  from  the  Bupn&r&yan  Biver.  The  jungles 
in  the  west  of  the  district  yield  lac,  tasar  silk,  wax, 
resin,  fire-wood,  charcoal,  etc.,  and  give  shelter  to 
large  and  small  game. 

The  census  of  1872  returned  the  population  of  Midnapur 
at  2,540,963  (1,257,194  males  and  1,283,769  females),  includ¬ 
ing  only  122  Europeans  and  157,030  Mohammedans.  The 
aboriginal  tribes  belong  chiefly  to  the  jungles  and  hills  of 
Chuti£  N&gpur  and  Bdnkura ;  the  most  numerous  of  them 
are  Sant£ls  (96,921)  and  Bhumijs  (35,344).  Of  high-caste 
Hindus  the  returns  show  136,500;  and  the  number  of 
Kkyasths  is  given  as  101,663.  Among  the  semi-Hiuduized 
aborigines,  the  most  numerous  are  the  Bdgdis,  a  tribe  of 
cultivators,  fishermen,  and  day-laborers  (76,825).  Bel<?ng- 
ing  to  agricultural  castes  there  are  1,018,686.  The  four 
municipalities  are  Midnapur  (31,491),  Chandrakona  (21,311), 
Ghatal  (15,492),  and  Tamluk  (5849).  Rice  is  the  staple  crop. 
Irrigation  is  effected  chiefly  from  the  high-level  canal. 
Rent  rates  vary  from  10id.  an  acre  for  the  poorest  quality 
of  rice  land  to  189.  an  acre  for  the  best  irrigable  lands.  The 
district  suffers  occasionally  from  drought ;  floods  are  com¬ 
mon,  and  very  disastrous  in  their  results.  The  principal 
exports  are  rice,  silk,  and  sugar ;  and  the  chief  imports  con¬ 
sist  of  cotton  cloth  and  twist.  Salt,  indigo,  silk,  mats,  and 
brass  and  copper  utensils  are  manufactured.  Apart  from, 
the  rivers,  communication  is  afforded  by  482  miles  of  road. 
The  total  revenue  in  1870-71  was  £262,578,  and  the  expen¬ 
diture  £53,777.  The  prevailing  diseases  are  fever,  diar¬ 
rhoea,  dysentery,  and  cholera.  The  average  mean  tempera¬ 
ture  is  80°  Fahr.,  and  the  average  annual  rainfall  66  inches. 

1  The  admixture  of  Midianite  elements  in  Judah  and  the  other 
border  tribes  of  Israel  is  confirmed  by  a  comparison  of  the  names 
of  the  Midianite  clans  in  Gen.  xxv.  4  with  the  Hebrew  genealo¬ 
gies  (1  Chron.  ii.  46,  iv.  17,  v.  24;  Gen.  xlvi.  9). 
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The  early  history  of  Midnapur  centres  round  the  ancient 
town  of  Tamluk,  which  in  the  beginning  of  the  5th  cen¬ 
tury  was  an  important  Buddhist  settlement  and  maritime 
harbor.  The  first  connection  of  the  English  with  the  dis¬ 
trict  dates  from  1760,  when  Mir  KAsim  ceded  to  the  East 
India  Company  Midnapur,  Chittagong,  and  Bardwdn  (then 
estimated  to  furnish  one-third  of  the  entire  revenue  of  Ben¬ 
gal)  as  the  price  of  his  elevation  to  the  throne  of  Bengal  on 
the  deposition  of  Mir  Jafar.  . 

Midnapur,  chief  town  and  headquarters  station  of 
the  above  district,  is  situated  on  the  north  bank  of  the 
Kasai  River,  with  a  population  in  1872  of  31,491. 
The  town  has  a  large  bazar ,  with  commodious  public 
offices.  It  is  healthy,  diy,  and  well  supplied  with 
water.  An  American  mission  maintains  an  excellent 
training  school,  together  with  a  printing  press,  and 
has  founded  several  village  schools  in  the  district.  Its 
efforts  have  been  particularly  successful  among  the 
Santdls,  and  some  of  the  earliest  and  most  valuable 
works  on  their  language  have  issued  from  the  Midna¬ 
pur  mission  press.  A  brisk  manufacture  of  brass  and 
copper  utensils  takes  place  in  the  town ;  it  is  also  the 
centre  of  a  large  indigo  and  silk  industry.  _ 

MIDRASH.  Like  all  nouns  of  a  similar  form 
Midrash  is  the  equivalent  of  the  Niph'al  participle,1 
and  as  such  yields  as  many  modified  meanings  as  the 
root  Darosli  (^"'1),  to  search,  etc.,  itself  has.  The 

Eractical  significations,  however,  of  Midrasli ,  taken  in 
istorical  order,  are  as  follows :  (1)  a  book  of  records ; 
(2)  a  recension  of  older,  especially  historical,  materials; 
(3)  search  in  and  explanation  of  the  Scriptures,  nota¬ 
bly  the  Pentateuch  (in  which  case  the  plural  is  inva¬ 
riably  Midrashoth ) ;  (4)  theory  as  distinguished  from 
practice  ;  (5)  a  college  for  study  and  teaching ;  (6)  an 
Agadic  (that  is,  a  free)  explanation,  in  contradistinc¬ 
tion  to  an  Halakhic  one ;  (7)  a  collection  of  such  free 
explanations  (in  which  case  the  plural  is  Midrashim 
and  occasionally  also  Midrashoth).  Of  these  seven 
significations  (1)  and  (2)  are  to  be  found  in  the  Bible,2 
(3)  and  (4)  are  mentioned  for  the  first  time  in  the 
Mishnah,3  (5)  is  to  be  met  with  in  the  Midrash ,4  while 
(6)  and  (7)  are  to  be  found  in  early  Rabbinic  writings.5 

The  subject  of  this  article  will  be — (1)  the  nature  of 
Midrash  in  the  sense  of  Agadah ,  to  the  exclusion  of 
Halakhah  (for  which  see  Mishnah),  and  (2)  the  de¬ 
velopment  of  this  Midrash  Agadah  into  books  (Mid¬ 
rashim). 

The  thinking  reader  of  the  Scriptures  cannot  have 
failed  to  observe  that  by  the  side  of  their  ceremonial 
element,  be  it  negative  or  affirmative,  permissive  or 
jussive,  there  is  also  often  to  be  met  with  (and  some¬ 
times  so  as  to  be  inseparable  from  it)  a  spiritual  ele¬ 
ment.  This  spiritual  element  rests  chiefly  on  feeling 
or  emotion,  and  produces  pious  works  only  indirectly. 
Now  the  explanation  or  application  of  this  element, 
either  by  the  Scriptures  themselves  or  by  the  rabbis, 
is  traditionally  called  Midrash  Haggadah  (recitation, 

g reaching)  or  Midrash  Agadah 6  (binding  the  soul  to 
-od  and  all  that  is  godly). 

This  Haggadah  or  Agadah  varies  considerably  both 
in  nature  and  form.  In  its  nature  it  sometimes  hu¬ 
mors,  at  other  times  threatens;  it  alternately  prom- 

i  Comp.  Nehem.  viii.  8,  where  *OpD2  evidently  stands  for 

fcOpJ3-  See  also  Kimhi  on  2  Chron.  xiii.  22,  and  Schiller-Szi- 

nessy,  Exposition,  etc.,  Cambridge,  1882,  p.  11. 

2  2  Chron.  xiii.  22  and  xxiv.  27. 

8  See  Nedarim,  iv.  3,  and  Aboth,  i.  17.  ,  ,  , 

*  Bereshith  Rabbah,  c.  lxiii.  (on  Gen.  xxv.  22) :  DDbn  tO  tOHl 
.  .  .  “1311(1  DUt)  Sty  nynnb  nSn.  Midrash  is  used  in  the  East 
to  this  clay  for  Beth  Hammidrash.  See  MS.  Oo.  6,  63  (of  the  Uni¬ 
versity  Library,  Cambridge),  leaf  13oa,  lower  margin  (i5Hp  DHl 

*’»' Rashi  (e'.g'  on  Gen^fii.  8)  and  Tosapholh,  passim. 

•  Those  who  identify  this  word  as  merely  the  Chaldaic  form  of 
the  Hebrew  Haggadah  (and  they  have,  certainly,  some  authority 
on  their  side)  ought  to  write  it  Aggadah  (D11N),  which,  however, 

is  not  the  traditional  spelling  of  it  (rnJK;).  Singularly  enough, 
the  Latin  religio  is  similarly  derived  by  some  from  religare  and  by 
others  from  r eligere. 


ises  and  admonishes,  persuades  and  rebukes,  encour¬ 
ages  and  deters.  In  the  end  it  always  consoles,  and 
throughout  it  instructs  and  elevates.  In  form  it  is 
legendary,  historical,  exegetic,  didactic,  theosophic, 
epigrammatic ;  but  throughout  it  is  ethical. 

And  varied  as  was  and  is  the  Midrash  Agadah ,  so 
varied  have  been  its  fortunes.  Whilst  at  times  it 
stood  very  high  in  the  estimation  both  of  the  teachers 
and  the  congregations  in  Israel,7  it  sank  at  other  times 
very  low  indeed.8  Nay,  at  one  and  the  same  time, 
whilst  some  rabbis  exalted  it  to  the  skies,9  other  rabbis 
treated  it  with  hatred,10  or,  worse  still,  with  contempt.11 
There  have  actually  been  teachers  whose  treatment  of 
it  differed  with  the  difference  of  the  occasion.12  The 
fact  is  the  Jews  liked  or  disliked  the  Midrash  Agadah 
according  to  their  political  condition  on  the  one  hand 
and  their  proximity  to  Jewish  professors  of  Chris¬ 
tianity  on  the  other.  In  the  hour  of  prosperity  the 
Jews  preferred  the  Halakhah  ,13  in  that  of  adversity 
they  ran  to  hear  the  consoling  words  of  the  Agadah . 
When  near  Judaeo-Christians,  whose  religious  strength 
and  argument  chiefly  rested  on  Agadah,13  the  Jews 
disliked  it ;  when  among  themselves,  or  when  dwelling 
among  Gentiles  (heathen  or  Christian),  they  showed 
their  wonted  partiality  for  it. 

But,  whatever  were  the  likings  or  dislikings  of  the 
Jews  for  the  Midrashoth ,  it  is  certain  that  these  tra¬ 
ditions  were  early16  committed  to  writing,  and  formed 
into  special  volumes,  known  as  ‘ 1  Books  of  Agadah.  ’  ’ 17 
Such  were  first  some  of  the  Targumim  and  then  the 
Midrashim.  Against  writing  down  the  traditional  ex¬ 
planations  of  the  Mosaic  ceremonial  there  existed  a 
distinct  law,18  which  was  observed  down  to  near  the 
end  of  the  6th  century.  At  an  earlier  period  isolated 
disciples  only,  in  order  to  refresh  their  memory,  wrote 
down  short  Halakhic  notes,  which,  however,  they  kept 
in  secret.19  The  Targumim  and  Midrashim,  on  the 
other  hand,  were  composed  very  early  and  were  nu¬ 
merous,  while  their  extensive  contents  were  circulated 
in  public. 

The  Midrash ,  from  whatever  point  of  view  it  may 
be  regarded,  is  of  the  highest  value.  It  is.  of  the 
highest  value,  of  course,  to  the  Jew  as  Jew  first,  inas¬ 
much  as  he  finds  there  recorded  the  noblest  ideas, 
sayings,  and  teachings  of  his  venerable  sages  of  early 
times.  In  the  next  place  it  has  value  to  the  Christian 
as  Christian,  since  only  by  these  ideas,  teachings,  rea¬ 
sonings,  and  descriptions  can  the  beautiful  sayings  of 
the  Founder  of  Cnristianity,  the  reasonings  of  the 
apostles,  and  the  imagery  of  the  sublime  but  enigmatic 
Apocalypse  be  rightly  understood.  But  its  importance 
appeals  also  to  the  general  scholar,  because  of  the  in- 

i  Siphere  on  Deut.  $49:  “  If  thou  wishest  to  know  Him  who  but 
spake  and  the  world  came  into  being,  learn  Haggadah;  for  by  so 
doing  thou  wilt  recognize  the  Holy  One  (blessed  be  He!)  and 
cling  to  His  ways !” 

8  T.  Y.,  A faseroth,  iii.  4:  “And  R.  Ze'erah  was  teasing  those 
rabbis  of  the  Agadah." 

9  Ibid.;  “Then  said  to  him  R.  Bo  bar  [son  of]  Kohano,  Why 
dost  thou  tease  them?  Ask,  and  they  will  surely  answer  thee !” 

10  T.  Y ,  Shabbath.  xvi.  1 :  “He  who  holds  it  forth  becomes 
burned  by  it ;  he  who  listens  to  it  gets  no  reward.” 

n  Ibid. ;  “  I  never  in  my  life  looked  into  Agadic  books.” 

i*  Ibid. ;  “  Let  the  hand  of  him  who  wrote  it  be  cut  off and 
compare  with  this  T.  B  ,  Bobo  Bathro,  1236;  “goodly  pearl.” 

18  Beginning  of  Pesikotho  Bahodesh  Hasshelisni:  “  First  when  the 
money  was  at  hand  one  desired  to  hear  the  word  of  the  Mishnah 
and  tne  word  of  the  Tcdmud.  .  .  .” 

14  Ibid. :  “  Now,  however,  when  the  money  Is  not  to  be  got,  and, 
moreover,  when  we  are  sick  in  consequence  of  the  (treatment  by 
the)  government,  one  pines  for  the  word  of  the  Bible  and  for  the 
word  of  the  Agadah.” 

16  T.  Y.,  Shabbath,  xvi.  1,  and  T.  B.,  Shabbath,  116a:  “The  Evan- 
gelia  and  other  Christian  writings.” 

16  See  Tosephto  Shabbath,  xiv. :  “  I  remember  that  one  brought 
before  Rabban  Gamliel  the  elder  fSt.  Paul's  teacher)  the  book  of 
Job  (in  the)  Chaldaic  paraphrase ,  and  T.  Y.,  Kitayim,  ix.  4 :  “At 
that  time  I  ran  (my)  eyes  through  the  whole  Book  of  the  Psalms 
fin  the  form)  of  the  Haggadah  [ApadaAof  the  Psalms].”  R.  Hiyya 
Rubboh  belonged  to  the  middle  of  the  2d  Christian  century.' 

17  Kmjtn  '1£)D.  See  T.  B.,  Berakhoth ,  23a,  Ternurah,  14 b,  and 
the  Talmudim,  passim. 

18  T.  B„  Qiilin,  606;  "In  the  college  of  R.  Yishm'ael  it  was 
taught,  ‘  These  [see  Exod.  xxxiv.  27J  thou  oughtest  to  write  down, 
but  thou  must  not  write  down  Halakhoth.’  ” 

19  T.  B.,  Shabbath,  66 :  “  I  found  a  ‘  secret  roll,’  ”  that  is,  a  roll  of 
Halakhoth  kept  secret.  Comp.  Ra&hi,  in  loco. 
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exhaustible  mines  of  information  of  all  kinds  it  con¬ 
tains.  The  philologist  will  find  here  numerous  hints 
on  lexicography  and  grammar,  chiefly,  of  course,  of 
the  Semitic  languages,  but  also  of  other  tongues,  nota¬ 
bly  Greek  and  Latin.  The  historian  will  gather  here 
a  rich  harvest  on  geography,  chorography,  topography, 
chronology,  numismatics,  etc.  Tne  philosopher  will 
find  here  abundant  and  valuable  notices  on  logic,  psy¬ 
chology,  metaphysics,  theology,  theosophy,  aesthetics, 
rhetoric,  poetry,  mathematics,  geometry,  astronomy, 
zoology,  ootany,  biology,  morphology,  chemistry, 
medicine,  physics,  etc.  The  statesman; — particularly 
if  he  be  inclined  to  follow  the  Psalmist’s  advice — 
“from  the  ancients  I  gather  understanding”  (cxix. 
100) — will  find  here  valuable  information  on  ancient 
ethnography  in  the  full  sense  of  the  term — politics, 
political  economy,  law,  military  science,  naval  affairs, 
etc.  The  true  scholar  will  find  out  by  the  study  of 
the  Agadah  that  many  a  discovery  thought  to  belong 
to  a  recent  age  was  well  known  to  these  ancient  doc¬ 
tors. 

The  sources  of  the  Agadah  are  five  :  (1)  the  Targu- 
mim  and  especially  those  on  the  Prophets  and  Hagio- 
grapha ;  (2)  the  non-canonical  Mishnah  ( Mathnitho 
Boraitho ;  see  Mishnah),  which  contains  many  valu¬ 
able  pieces,  the  age  of  which  is  often  anterior,  in  es¬ 
sence  if  not  in  form,  not  only  to  those  contained  in 
the  canonical  Mishnah ,  but  also  to  the  sayings  of  the 
New  Testament;  (3)  the  canonical  (officially  recog¬ 
nized)  Mishnah ,  which  contains  several  entire  trea¬ 
tises  of  an  Agadic  nature,  as  Aboth,1  Middoth ,  etc.,2 
and  numerous  pieces  scattered  here  and  there  among 
the  Halakhah ;  (4)  both  Tabnudim3  (the  Palestinian 
and  Babylonian),  which  have  thousands  of  Agadic 
notices  interspersed  in  their  Halakhoth ;  and  (5)  the 
Midrashim ,  saf  i^oxyv.  It  is  of  the  last  alone,  as  rep¬ 
resented  by  their  principal  collections,  that  we  give 
an  historical  enumeration  here  : 

(1)  Megillath  Ta'anith  is  an  historical  Midrash  consisting 
of  twelve  Perakim,  and  is  called  so  on  the  principle  of  lucus 
a  non  lucendo,  seeing  that  in  it  are  enumerated  the  days  of 
the  year  on  which  a  Jew  must  not  fast.  The  Aramaic  part 
of  it  alone  constitutes  the  real  Megillah,  and  belongs  to  the 
beginning  of  the  2d  Christian  century.4  The  editio  princeps 
came  out  at  Mantua,  1513,  4to ;  but  cheap  editions  have 
been  printed  at  Warsaw  and  elsewhere. 

(2)  SepherYe$irah  is  a  philosophico-cabbalistic  Midrash  di¬ 
vided  into  six  Perakim,  which,  in  their  turn,  are  subdivided 
into  Mishniyyoth.  It  is  variously  ascribed  to  the  patriarch 
Abraham  and  to  R.  'Akibah,  the  illustrious  teacher,  who 
suffered  martyrdom  under  Hadrian.  To  this  rabbi  the 
book,  no  doubt,  belongs  both  in  substance  and  form.5  It 
has  gone  through  numerous  editions,  the  ed.  princ.  being  of 

1  A  valuable  edition  of  this  treatise  (in  Hebrew  and  English) 
has  been  published  by  Dr.  C.  Taylor,  Cambridge,  1878. 

a  To  these  we  may  add,  for  the  sake  of  convenience,  although 
they  do  not,  strictly  speaking,  belong  to  the  canonical  Mishnah, 
the  Perek  Rabbi  Meir  and  the  Agadic  parts  of  the  Massekhtoth 
Ketannoth. 

' 3  Two  collections  of  Talmudic  Agadoth  were  made  early  in  the 
16th  century:  (1)  Haggadoth  Hattalmud,  Constantinople,  1511,  folio, 
of  which  apparently  only  five  copies  are  in  existence,  the  finest 
of  these  being  preserved  in  the  University  Library  of  Cambridge ; 
and  (2)  'En  Ya'akob  (or  '  En  Yisraet),  of  which  numerous  and 
cheap  editions  exist,  the  ed.  princ.  being  that  of  Salonika,  1516-22. 

4  Almost  all  that  the  latest  critics  have  said  concerning  the  age 

of  the  various  Targumim  and  Midrashim  will  have  to  be  unsaid. 

Not  only  are  negative  statements  difficult  of  proof;  in  this  case 
they  are  absolutely  incorrect.  We  shall  only  give  two  examples. 
The  statement  “  Vayyikra  Rabbah  cannot  be  early,  as  Rashi  did 
not  know  of  it,  since  lie  nowhere  mentions  it,”  is  doubly  incor¬ 
rect  :  Rashi  does  quote  it  (e.g.,  on  Haggai  i.  1).  Again  the  state¬ 
ment  “We  must  not  omit  to  observe  that  no  early  Jewish  com¬ 
mentator— Rashi,  Ibn  Ezra,  etc. — mentions  the  Targum  either  to 
Proverbs  or  to  Job  and  Psalms ;  Nathan  ben  Jechiel  (12th  cen¬ 
tury)  is  the  first  who  quotes  it,”  contains  a  reductio  ad  absurdum 
in  itself.  For  Nathan  b.  Yehiel  was,  as  is  well  known,  a  some¬ 
what  older  contemporary  of  Rashi  ( ob .  1105),  and  lived  full  a  hun¬ 
dred  years  before  Ibn  Ezra! 

*  See  T.  B.,  Synhedrin,  65 b  and  676.  In  the  former  place  it  dis¬ 
tinctly  speaks  of  the  Sepher  Yezirah  (nTY’  1DD),  and,  although 
in  the  latter  place  it  speaks  ’of  the  Hilekhoth  Yezirah  (JTVY’ 

floSn),  there  cannot  be  a  doubt  that  Sepher  0£5D)  and  Hilek¬ 
hoth  (noSm  are  there  identical.  Moreover,  Mishniyyoth  and 
Halakhoth  are,  in  a  certain  sense,  convertible  terms  (see  Mish¬ 
nah);  and  our  book  (as  remarked  above)  consists  of  Mishniy¬ 
yoth. 


1562  (Mantua,  4to),  and  has  been  translated  into  Latin, 
German,  and  English  (New  York,  1877). 

(3)  Othiyyoth  de-Rabbi  'Akibah  is  a  gwasi-cabbalistic  Mid¬ 
rash  on  the  alphabet,  belonging,  in  essence  if  not  in  form, 
to  the  aforesaid  teacher  and  martyr.  Ed.  princ.,  Constan¬ 
tinople,  1520,  4to. 

(4)  Massekheth  Hekhaloth  is  an  astronomico-cabbalistic 
Midrash  in  seven  Perakim.  It  is  ascribed  to  R.  Yishma'el 
the  high  priest.  Judging  from  internal  evidence  on  the 
one  hand,  and  from  what  is  known  of  R.  Yishma'el  in  the 
Talmudim  and  Midrashim  (Babli  Berakhoth,7a  and  elsewhere) 
on  the  other  hand,  there  seems  to  be  no  valid  reason  for 
doubting  that  he  is  the  author  of  this  small  but  sublime 
book.  This  Midrash  is  printed  in  the  collection  Areze  Leb¬ 
anon  (Venice,  1601,  4to)  under  the  title  of  “  Pireke  Hekha¬ 
loth  ”  and  “  Massekheth  Hekhaloth,”  and  a  MS.  of  it  is  pre¬ 
served  in  the  University  Library  of  Cambridge  (Dd.  10.  11. 
7.  2).  The  work,  however,  called  “  The  Greater  and  the 
Lesser  Hekhaloth,”  in  thirty  Peralcim,  printed  in  this  century, 
somewhere  in  Poland,  contains,  besides  the  ancient  litera¬ 
ture,  a  good  deal  of  matter  which  is  of  much  later  date. 

(5)  Seder '  Olam  (the  Greater  and  the  Lesser)  are  two  histori¬ 
cal  Midrashim,  the  former  of  which  belongs  to  the  2d  cen¬ 
tury,  whilst  the  latter  (which  is  a  mere  extract  of  the 
former)  belongs  to  a  late  age  indeed  (the  Gaonaic).  They 
have  been  repeatedly  printed,  always  together,  the  ed. 
princ.  being  Mantua,  1513,  4to. 

(6)  Haggadah  shel  Pesah  is  a  liturgical  Midrash  of  the  mid¬ 
dle  of  the  2d  century,  as  far  as  its  main  portions  go.  It 
exists  now  in  three  principal  and  several  minor  recensions 
in  accordance  with  the  various  rituals  (see  Mahzok), 
and  is  recited  at  the  domestic  service  of  the  first  two 
Passover  evenings.  The  editions  are  too  numerous  to  be 
mentioned,  the  ed.  princ.  being  Constantinople,  1505,  folio. 

(7)  Megillath  Antiokhos  treats  ostensibly,  as  its  name  indi¬ 
cates,  of  the  sufferings  of  the  Jews  under  Antiochus  Epiph- 
anes,  and  their  deliverance  from  his  tyranny,  but  in  real¬ 
ity  of  their  sufferings  under  Hadrian  and  their  deliverance 
under  Antoninus  Pius.  The  Aramaic  text,  with  the  excep¬ 
tion  of  a  few  interpolations,  belongs  to  the  middle  of  the  2d 
century.  This  little  “  roll  ”  was  for  the  first  time  published 
by  Filipowsky  (London,  1851,  32mo).  A  MS.  copy  of  the 
Hebrew  is  preserved  in  the  University  Library  of  Cam¬ 
bridge  (Dd.  8.  34). 

(8)  Zohar  (Midrash  Hazzohar,  Mulrasho  shel  Rabbi  Shim  eon 
b.  Yohai,  Midrash  Yehi  Or,  etc.)  is  a  cabbalistic  Midrash  on 
the  Pentateuch,  Canticles,  Ruth,  and  part  of  Lamentations^ 
It  is  variously  ascribed  to  the  famous  R.  Shim' eon  (disci¬ 
ple  of  R.  'Akibah,  etc.)  and  to  R.  Mosheh  b.  Shemtob  of 
Leon  (a  second-rate  cabbalist  of  the  time  of  Nahmanides 
and  Ibn  Addereth).  The  Zohar  belongs,  strictly  speaking, 
to  neither  of  these,  whilst,  in  a  certain  sense,  it  belongs  to 
both.  The  fact  is — the  nucleus  of  the  book  is  of  Mislinic 
times,  and  R.  Shim' eon  b.  Yohai  was  the  author  of  the 
Zohar  in  the  same  sense  that  R.  Yohanan  was  the  author  of 
the  Palestinian  Talmud,  i.  e.,  he  gave  the  first  impulse  to 
the  composition  of  the  book.  But  R.  Mosheh  of  Leon,6  on 
the  other  hand,  was  the  first  not  only  to  copy  and  dissemi¬ 
nate  the  Zohar  in  Europe,  but  also  to  disfigure  it  by  sundry 
explanatory  interpolations.  For  more  details  see  Lumby, 
“Introduction  to  the  Epistleof  Jude,”  in  the  Speaker's  Com¬ 
mentary,  vol.  iv.  p.  388.  The  first  two  editions  of  the  Zohar 7 
on  the  Pentateuch  came  out  simultaneously  (Mantua,  1558 
-60,  4to,  and  Cremona,  1558,  folio),  and  the  ed.  princ.  on 
Canticles,  Ruth,  and  part  of  Lamentations  came  out  at 
Salonika  (1597,  4to).  The  best,  though  by  no  means  criti¬ 
cal,  edition  on  the  Pentateuch  is  that  of  Brody,  1873, 8vo.  Of 
translations,  such  as  they  are,  there  exist  those  of  Knorr  v. 
Rosenroth,  Kabbala  denudata  (vol.  i.,  Sulzbaeh,  1677,  and 
vol.  ii.,  Frankfort.  1684,  4to),  and  Tholuck,  Wichtige  Stellen, 
etc.  (Berlin,  1824,  8vo),  etc.8 

*  R.  Mosheh  of  Leon  is  a  fair  example  of  the  mediocrity  of  his 
time  in  cabbalistic  lore,  and  combined,  as  is  usual,  with  his 
mediocrity  an  illimitable  vanity ;  see  MS.  Dd.  11.  22  (Cambridge 
University  Library),  leaf  2a:  “And  I  adjure  every  one  who 
should  deeply  study  this  book,  or  who  should  copy  it,  or  read  it, 
that  he  do  not  blot  out  my  name  from  my  property  (inheritance), 
for  I  have  composed  it . ”  This  state:  icnt  alone  would  suf¬ 

fice  to  prove  that  R.  Mosheh  of  Leon  could  never  have  ascribed  a 
book  composed  by  himself  to  anybody  else. 

7  The  Zohar,  cleared  of  the  main  works  by  which  it  is  sur¬ 
rounded,  and  of  the  interpolations  by  which  it  has  been  disfig¬ 
ured  both  by  its  first  European  copyist  and  by  others  down  even 
to  our  own  days,  was  begun  in  Palestine  late  in  the  2d  or  early 
in  the  3d  century,  and  finished,  at  the  latest,  in  the  6th  or  7th 
century.  It  is  impossible  that  it  should  have  been  composed 
after  that  time  and  before  the  Renaissance,  as  both  language  and 
contents  clearly  show. 

8  Whilst  the  principal  editions  of  the  many  textual  extract* 
made  from  the  Zohar  (as  the  Idderoth,  etc.)  need  not  be  specified 
here,  those  of  the  following  supplementary  and  kindred  works 
ought  to  be  mentioned :  (1)  Tikkune  Hazzohar  (ed.  princ.  y 
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(9)  Pesikotho 1  (commonly,  but  by  mistake,  called  Pesikta) 
der  ab  Kohano  is  a  homiletic  Midrash  consisting  of  thirty- 
two  Pesiktoth  for  the  principal  festivals  and  fasts,  and  the 
historically  noted  sabbaths  and  other  days.  It  is  of  the 
end  of  the  3d  or  the  beginning  of  the  4th  century.  Hav¬ 
ing  been  but  rarely  quoted  since  the  12th  century,  so 
that  most  scholars  knew  of  it  only  indirectly,  it  was  long 
considered  lost,  till  in  1868,  Salomon  Buber  of  Lemberg, 
a  man  of  learning,  wealth,  and  love  for  the  ancient  litera¬ 
ture  of  his  nation,  edited  it  from  four  MSS.,  one  of  which 
(formerly  in  possession  of  Carmoly)  is  now  preserved  in 
the  University  Library  of  Cambridge  (Add.  1497).  The 
printed  edition  appeared  at  Lyck,  8vo. 

(10)  Pesikto  Rabbathi,  consisting  in  the  latest  edition  of 
eighty -four  Piskoth,  is  a  Midrash  of  the  same  nature,  and,  in 
its  main  part,  almost  of  the  same  date,  as  (9).  Both  drew 
from  the  same  sources.  This  Midrash  has  been  edited  five 
times, — the  latest,  best,  and  cheapest  edition  being  that  of 
Friedmann  (Vienna,  1880,  8vo). 

(11)  Tanna  debe  Eliyyahu  consists  of  two  parts,  the  (Greater 
(Babbo)  and  the  Lesser  (Zutto), — the  former  in  thirty-one 
and  the  latter  in  twenty-five  Peralcim.  It  is  an  exegetical 
Midrash,  the  name  of  which  is  already  known  to  the  Be- 
reshith  Rabbah  (c.  liv.)  and  the  Babylonian  Talmud  ( Kethuboth , 
106a).  It  is  only  uncritical  criticism  that  can  declare  it  a 
Gaonaic  work,  although,  like  all  other  old  books  of  the  Jews, 
it  is  not  without  later  additions.  Ed.  princ.,  Venice,  1598, 
4to.  There  are  modern  and  cheap  Polish  editions. 

(12)  Midrash  Rabbah  (7131)  or  Rabboth  (f)131)  is  chiefly  an 
exegetical  and  homiletical  Midrash  on  the  Pentateuch  and 
the  “Five  Bolls”  ( Hamesh  MegiUoth,  i.e.,  Canticles,  Euth, 
Lamentations,  Ecclesiastes,  and  Esther).  It  is  called  Rab¬ 
bah  either  from  the  third  (the  first  distinctive)  word  of  its 
beginning  (''JH7in  '31  ...  H  3  1)  or  from  its  being  the  most 
voluminous*  Midrash ;  hence  also  Rabbo  (X31).  The  Mid¬ 
rash  on  Canticles  (and  Ecclesiastes)  is  now  and  then  also 
called  Midrash  Hazitha  (from  the  first  distinctive  word  of 
the  beginning  fi'Tn).  These  ten  Midrashim  are,  certainly, 
of  various  styles  and  ages ;  yet  none  of  them  is,  interpola¬ 
tion  excepted,  later  than  the  beginning  of  the  5th  century.3 
It  is  remarkable  that,  although  the  MegiUoth  themselves  had 
been  early  attached  to  the  Pentateuch  (since  they  were  long 
before  the  10th  century,  and  still  are,  read  through  the 

1557,  4to),  and  (2)  Zohar  Hadash  (ed.  princ.  Cracow,  1603).  Nor 
should  the  Kontres  missepher  Haszohar,  Hibburo  Tinyono  (by  the 
otherwise  very  learned  5  itshak  b.  Mosheh  of  Satanow)  be  passed 
over.  It  is  a  mere  imitation  of  the  Zohar,— an  imposition  of  a 
kind  which  is  a  disgrace  to  literature. 

1  For  the  three  Midrashim— MekhiUo,  Siphro,  and  Siphere— see  un¬ 
der  Mishnah. 

*  The  Rabbah  on  Genesis  has  100  Parshiyyoth,  that  on  Exodus  52, 
that  on  Leviticus  37,  that  on  Numbers  23,  and  that  on  Deuter¬ 
onomy  11.  These  five  Midrashim  are  quoted  according  to  their 
chapters.  The  Rabbah  on  Canticles  accommodates  itself  to  the 
sacred  text,  and  is  quoted  accordingly.  Ruth  has  8  Parshiyyoth, 
and  is  quoted  according  to  these.  Lamentations  has  1  chapter 
consisting  of  33  introductions  ( Pethihatho  Dehakkime),  accommo¬ 
dating  itself,  for  the  rest,  to  the  sacred  text."  Ecclesiastes  has  3 
Sedanm,  and  Esther  has  6  Parshiyyoth.  At  various  times  various 
modes  of  quoting  these  Midrashim  are  current,— the  most  com¬ 
mon  and  most  expedient,  however,  being  that  of  quoting  them 
according  to  the  verses  of  the  Bible. 

8  Here  might  with  advantage  be  mentioned  some  pieces  of  lit¬ 
erature  which  are  kindred  in  nature,  although  some  of  them  are 
of  much  earlier  date,  whilst  others  are  much  later,  than  the  ten 
Midrashim  just  mentioned :  (1)  Agadath  Bereshith  on  Genesis,  in 
eighty-three  chapters, — edited  for  the  first  time  by  R.  Menahem 
de  Lonsano  in  bis  Shete  Yadoth,  Venice,  1618,  4to;  (2)  Midrash 
Vayyisa'u  on  Genesis  xxxv.  5,  in  one  chapter,— to  be  found  in 
Jellinek’s  Bet  ha-Midrasch,  Leipsic,  1855,  8vo;  (3)  amplifications 
of  chapter  lxx.  of  our  Midrash  Rabbah,  on  Genesis  xxviii.  22,  by 
the  incorporation  of  the  whole  Apocryphon  Tobit  in  Aramaic, 
etc.  (see  The  Book  of  Tobit,  etc.,  Oxford,  1878,  8vo);  (4)  Midrash 
Vayyosha'  on  Exodus  xiv.  30,  xv.  1-18,— printed  at  Constantino- 

Ele,  1519,  4to ;  a  MS.  of  this  Midrash  is  preserved  in  the  University 
library,  Cambridge  (Add.  854) ;  (5)  Midrash  'Asereth  Haddibberoth 
on  Exodus  xx., — printed  in  Jellinek’s  Bet  ha-Midrasch,  Leipsic, 
1853,  8vo ;  (6)  Midrash  Petirath  Aharon  on  Numbers  xx.  23-29 ;  (7) 
Midrash  Petirath  Mosheh  on  Deuteronomy  xxxiv. ;  (8)  Midrash  Abbo 
Oorion  on  Esther ;  the  last  three  are  to  be  found  in  the  before- 
mentioned  Bet  ha-Midrasch  ;  (9)  Midrash  Shemuel,  also  called,  from 
its  beginning,  'Eth  la'asoth  Ladonai,  Constantinople,  1517,  folio; 
(10)  Midrash  Yonah,  Prague,  1595,  4to;  (11)  Midrash  Titlim  ( Tehil - 
lim),  1512;  (12)  Midrash  Mishele,  1517;  the  last  two  are  printed  at 
Constantinople,  and  in  folio ;  (13)  Sepher  Hayyashar  (in  which  a 
good  many  old  traditions  are  preserved,  although  it  is,  of  course, 
not  the  one  mentioned  in  various  books  of  the  Bible),  Venice. 
1625,  4to ;  (14)  Dibere  Hayyamim  shel  Mosheh,  Constantinople,  1516, 
4to;  a  fragment  of  this  is  to  be  found  in  MS.  Add.  532.  4  in  the 
University  Library  of  Cambridge;  (15)  Yosephon  (or  Josippon ), 
various  works  of  Flavius  Josephus  worked  up  rather  freely, 
Mantua,  1480,  folio,— translated  into  Latin  (German  and  Spanish) 
several  times ;  (16)  Zerubbabel,  Constantinople,  1519,  8vo;  (17)  Elleh 
Ezkerah  on  the  “  Ten  Martyrs.”  For  several  other  smaller  Midra¬ 
shim  see  Jellinek’s  Bet  ha-Midrasch,  i.  and  ii.,  1853;  iii.,  1855;  iv., 
1857,  all  at  Leipsic;  v.,  1873, , and  vi.,  1877,  both  at  Vienna;  and 
comp,  also  Horowitz,  Sammlung  Kleiner  Midraschim,  i.,  ii.,  Frank¬ 
fort,  1881-82.  The  Midrashim  on  Isaiah  and  on  Job  seem  now 
irretrievably  lost. 


synagogal  year,  even  as  was  and  still  is  the  Pentateuch 
itself),  the  Rabboth  had  no  common  editio  princeps* — that  on 
the  Pentateuch  appearing  for  the  first  time  in  1512  (Con¬ 
stantinople,  folio),  and  that  on  the  Megilloth  in  1519  (some¬ 
where  in  Italy,  nX'Stt'N  DP1D3,  also  in  folio).5  The  latest 
and  best  edition  is  that  of  Vilna,  1880,  folio.  A  translation 
in  German  is  now  coming  out  at  Leipsic,  by  Dr.  A.  Wiinsche. 

.(13)  Pireke  de-Rabbi  Eli  ezer  (also  called  Boraitho  de-Rabbi 
Eliezer)  is  an  astronomico-theosophical  Midrash  consisting 
of  fifty-four  Perakim.  It  goes  through  the  so-called  “  eigh¬ 
teen  benedictions,”  the  signs  of  the  zodiac,  etc.,  but  is  un¬ 
finished.  It  belongs,  no  doubt,  to  the  5th  century.  The  fact 
that  the  name  “  Fatima  ”  occurs  in  it  is  no  proof  whatever 
that  the  book  is  post-Mohammedan,  as  that  name  must 
have  been  already  known  to  the  idolatrous  Arabs.  Ed.  prin., 
Constantinople,  1514,  and  with  a  Latin  translation,  Leyden, 
1644,  both  editions  being  in  4to.  There  are  also  now  to  be 
found  cheap  editions  (Lemberg,  Warsaw). 

(14)  Tanhuma  is  an  exegetical  and  homiletical  Midrash 
on  the  whole  Pentateuch.  It  is  quoted  according  to  the 
Parshiyyoth  of  the  week.  Although  originally  of  the  end  of 
the  5th  or  the  beginning  of  the  6th  century,  it  has  now  two 
principal  additions,  which  form  part  of  the  book :  (1) 
several  of  the  Sheetloth  of  Rab  Ahai  Gaon  (of  the  8th  cen¬ 
tury),  and  (2)  several  pieces  of  the  Yesod  of  B.  Mosheh 
Haddarshan,  of  Narbonne  (of  the  11th  century).  On  its 
relation  to  the  “Yelammedenu”  (often  quoted  in  the  11th 
century,  but  supposed  to  be  lost)  light  will  soon  be  thrown 
by  the  before-mentioned  Salomon  Buber,  who  is  now  pre¬ 
paring  a  critical  edition  of  it.  The  ed.  princ.  of  the  Tanhu¬ 
ma  is  Constantinople,  1522,  folio  ;  and  a  very  valuable  MS. 
copy  of  it  is  in  the  Cambridge  University  Library  (Add. 
1212). 

(15)  Bahir  is  a  small  cabbalistic  Midrash  ascribed  to  the 
pre-Mishnic  teacher,  B.  Nehunyah  b.  Hakkanah, — no  doubt 
from  its  beginning  with  the  words  HJpn  |3  mini  '31 1DX. 

.  Nahmanides  (ob.  c.  1268)  quotes  this  book  often 

in  his  commentary  on  the  Pentateuch,  under  the  names  of 
Sepher  Habbahir,  or  of  Midrasho  shel  Rabbi  Nehunyah  b.  Hak¬ 
kanah.  Some  have  pronounced  this  work  a  laite  fabrication, 
but  others,  who  have  thoroughly  studied  it,  justly  describe 
it  as  “  old  in  substance  if  not  in  form.”  Ed.  princ.,  Amster¬ 
dam,  1651,  4to.  A  cheap  edition  appeared  at  Lemberg  (1865, 
8vo),  and  a  MS.  of  this  work  is  preserved  in  the  University 
Library  of  Cambridge  (Dd.  10.  11.  4). 

(16)  Yalkut  is  the  only  existing  systematic  if  not  exhaus¬ 
tive  collection  of  the  Agadoth  on  the  whole  Bible.  Its  author 
drew  not  only  from  most  of  the  Midrashim  named  in  this 
article,  but  also  from  the  Boraithoth  (see  Mishnah),  both 
Talmudim,  and  the  Midrashic  works  now  lost  (as  the  Abkhir, 
Hasshekhem,  or  Hashkem,  etc.).6  This  fact  constitutes  one  of 
the  principal  points  of  its  value.  The  author  was  B.  Shim- 
'eon,  brother,  (and  not  son)  of  B.  Helbo,  and  father  of  the 
distinguished  grammarian,  critic,  and  divine  E.  Yoseph 
Kara.  He  lived  somewhere  in  the  north  of  France  in  the 
11th  century.  The  ed.  princ.  of  the  Yalkut  on  Ezra,  Nehe- 
miah,  and  the  books  of  Chronicles  came  out  at  Venice,  1517, 
folio  (in  the  first  Rabbinic  Bible) ;  that  on  the  Prophets  and 
Hagiographa  in  1521,  and  that  on  the  Pentateuch  in  1526-27, 
both  at  Salonika,  and  in  folio.  An  English  translation  of  the 
whole  work  has  been  undertaken  by  a  band  of  Rabbinic 
scholars  in  Cambridge.  The  first  instalment,  “  The  Yalkut 
on  Zechariah,”  by  E.  G.  King,  B.D.,  Hebrew  lecturer  of  Sid¬ 
ney  Sussex  College,  appeared  in  1882.  This  specimen,  be¬ 
sides  giving  a  correct  translation,  contains  many  valuable 
notes. 

(17)  Lekah  Tob  is  a  Midrash  on  the  Pentateuch  and  the 
five  MegiUoth,  by  B.  Tobiyyahu  b.  Eli' ezer  of  Greece,  who 
lived  during  the  crusade  of  1096.  This  work  draws,  cer¬ 
tainly,  upon  the  old  and  well-known  Midrashim,  and  as 
such  it  would  have  thoroughly  deserved  the  censure  passed 
upon  it  by  the  witty  but  somewhat  irreverent  Abraham  Ibn 
'Ezra  (in  his  preface  to  his  commentary  on  the  Pentateuch). 
But  the  Lekah  Tob  has  also  most  valuable  explanations  both 

4  As  if  to  compensate  for  this  drawback,  tne  well-known  Cor- 
nelio  Adelkind  brought  out  at  Venice,  in  1545,  two  editions  of  the 
Rabboth  on  the  Pentateuch  and  MegiUoth,  the  one  at  Bombergi’s 
house  and  the  other  at  Giustiniam’s.  These  two  editions  diner 
in  nothing  but  the  title-pages,  etc.,  and  the  vignettes  of  the  vari¬ 
ous  books.  The  former  edition  is  in  possession  of  Dr.  W.  Aldis 
Wright,  and  the  latter  in  that  of  Dr.  C.  Taylor.  The  fact  of  these 
editions  having  appeared  simultaneously  is,  apparently,  un¬ 
known  to  the  bibliographers. 

6  It  is  noteworthy  that  in  this  edition  Ahashverosh,  i.e.,  Esther, 
stands  between  Lamentations  and  Ecclesiastes,  with  which  lat¬ 
ter,  the  Midrash  on  the  Megilloth  ends. 

6  We  may  mention  here  the  ed.  princ.  of  three  cabbalistic-Mid- 
rashic  collections  which  go  under  the  name  of  Yalkut:  (1)  Yalkui 
Hadash,  Lublin,  1648,  4to ;  (2)  Yalkut  Reubeni  Hakkatan,  Prague, 
1660,  4to;  and  (3)  Yalkut  Reubeni ‘Haggadol,  Williermsdorf.  1681. 
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by  the  collector  himself  and  by  his  father  (E.  Eli'ezer),  a 
fact  passed  over  by  Ibn  'Ezra  in  silence.  The  Lekah  Tob  on 
Leviticus,  Numbers,  and  Deuteronomy  came  out  for  "the  first 
time  at  Venice,  in  1546,  folio,  under  the  title  of  Pesikto  Zut- 
tarto  (see  leaf  936  in  the  postscript  by  the  editor,  Xrip'Dtin 
NmtOlT,  which  explains  the  somewhat  vague  title  on  the 
title-page  IX  KmtflH  Knp’DS).  In  1753-54  it  was  re¬ 
published  at  Venice,  with  a  Latin  translation,  by  Blasius 
Ugolinus  in  his  Thesaurus  Antiquitatum  Sacrarum  (xv.-xvi.) 
under  the  name  of  Pesidha.  The  Lekah  Tob  on  Genesis  and 
Exodus  was  published,  with  a  critical  "commentary,  at  Vil- 
na,  by  Salomon  Buber  (1880, 8vo),  where  also  simultaneously 
a  third  edition  of  this  Midrash  on  the  last  three  books  of 
Moses,  with  a  short  commentary  on  it,  came  out  by  Aharon 
Mosheh  Padova,  of  Carlin.  The  Lekah  Tob  on  the  five 
Megilloth  is  as  yet  unpublished ;  there  exist,  however,  sev¬ 
eral  good  MSS.  of  it,  both  in  public  and  private  libraries, 
the  finest  copy  in  every  respect  being  that  preserved  in  the 
University  Library,  Cambridge  (Add.  378.  1). 

(18)  Menorath  Ilammaor  is  a  scientific,  though  incomplete, 
collection  of  the  principal  Agadoth  of  the  Talmudim  and 
Mulrashim,  by  E.  Yi^hak  Abohab  the  elder  (flourished  13th 
century).  The  editions,  with  and  without  translations,  are 
very  numerous, — the  ed.  princ.  being  Constantinople,  1514, 
folio.  There  are  translations  in  Spanish,  Judseo-German, 
and  German,  but  not  in  English. 

We  append  two  specimens  of  Midrashim, — the  first  from 
Pesikotho,  leaf  1276,  and  the  second  from  Midrash  Shemoth 
Rabbah,  cap.  ii. 

First  Specimen— The  Holy  One  (blessed  be  He !)  said  to  the 
Prophets,1  Go  ye  and  comfort  ye  Jerusalem ! 

Then  went  Hosea  to  oomfort  her  and  said,  The  Holy  One 
(blessed  be  He !)  sent  me  to  thee  to  comfort  thee.  She  said,  What 
hast  thou  in  thine  hand  to  comfort  me  ?  The  Prophet  said  (xiv. 

6,  [5]),  “  I  will  be  as  the  dew  unto  Israel !”  But  Jerusalem  said 
to  him,  Only  yesterday  thou  toldest  me  (ix.  16),  “  Ephraim  is 
smitten,  their  root  is  dried  up,  they  shall  bear  no  fruit:  yea, 
though  they  bring  forth,  yet  will  I  slay  even  the  beloved  fruit  of 
their  womb !  ”  and  now  thou  speakest  to  me  thus.  Which 
shall  we  believe,  the  first  or  the  second  prophecy? 

Then  went  Joel  to  comfort  her  and  said,  The  Holy  One  (blessed 
be  He !)  sent  me  to  thee  to  comfort  thee.  She  said  to  him,  What 
hast  thou  iD  thine  hand  to  comfort  me  ?  The  Prophet  said  (iii. 

18),  “And  it  shall  come  to  pass  in  that  day  that  the  mountains 
shall  drop  down  new  wine,  and  the  hills  shall  flow  with  milk, 
etc.!”  But  Jerusalem  said  to  him,  Only  yesterday  thou  toldest 
me  (i.  5),  “  Awake,  ye  drunkards,  and  weep ;  and  howl,  all  ye 
drinkers  of  wine,  because  of  the  new  wine;  for  it  is  cut  off  from 
your  mouth !  ”  and  now  thou  speakest  to  me  thus.  Which  shall 
we  believe,  the  first  or  the  second  prophecy? 

Then  went  Amos  to  comfort  her  and  said,  The  Holy  One  (blessed 
be  He !)  sent  me  to  thee  to  comfort  thee.  She  said  to  him,  What 
hast  thou  in  thine  hand  to  comfort  me  ?  The  Prophet  said  (ix.  flock.* 
11),  “  In  that  day  will  I  raise  up  the  tabernacle  of  David  that  is 
fallen!”  But  Jerusalem  said  to  him,  Only  yesterday  thou  told¬ 
est  me  (v.  2),  “  The  Virgin  of  Israel  is  fallen;  she  shall  no  more 
rise !  ”  and  now  thou  speakest  to  me  thus.  Which  shall  we  be¬ 
lieve,  the  first  or  the  second  prophecy? 

Then  went  Micah*  to  comfort  her  and  said,  The  Holy  One 
(blessed  be  He !)  sent  me  to  thee  to  comfort  thee.  She  said  to 
him,  What  hast  thou  in  thine  hand  to  comfort  me  ?  The  Prophet 
said  (vii.  18),  “  Who  is  a  God  like  unto  Thee,  that  pardoneth  ini¬ 
quity  and  passeth  by  the  transgression  of  the  remnant  of  His 
heritage?”  But  Jerusalem  said  to  him,  Only  yesterday  thou 
toldest  me  (i.  5),  “  For  the  transgression  of  Jacob  is  all  this,  and 
for  the  sins  of  the  house  of  Israel,  etc. !  ”  and  now  thou  speakest 
to  me  thus.  Which  shall  we  believe,  the  first  or  the  second 
prophecy  ? 

Then  went  Nahum  to  comfort  her  and  said,  The  Holy  One 
(blessed  be  He !)  sent  me  to  thee  to  comfort  thee.  She  said  to  him, 

What  hast  thou  in  thine  hand  to  comfort  me  ?  The  Prophet  said 
(ii.  1  [i.  15]),  “  For  the  wicked  shall  no  more  pass  through  thee !  ” 

But  Jerusalem  said  to  him,  Only  yesterday  thou  toldest  me  (i.  11), 

“  There  is  one  come  out  of  thee  that  imagineth  evil  against  the 
Lord,  a  wicked  counsellor !  ”  and  now  thou  speakest  to  me  thus. 

Which  shall  we  believe,  the  first  or  the  second  prophecy? 

Then  went  Habakkuk  to  comfort  her  and  said,  The  Holy  One 
(blessed  be  He !)  sent  me  to  thee  to  comfort  thee.  She  said  to  him, 

What  hast  thou  in  thine  hand  to  comfort  me  ?  The  Prophet  said 
(iii.  13),  “  Thou  wentest  forth  for  the  salvation  of  Thy  people,  even 
for  the  salvation  with  Thine  Anointed  One !  ”  But  Jerusalem 
said  to  him,  Only  yesterday  thou  toldest  me  (i.  2),  “  O  Lord,  how 
long  shall  I  cry  and  Thou  wilt  not  hear,  even  cry  out  unto  Thee 
of  violence  and  Thou  wilt  not  save !  ”  and  now  thou  speakest  to 
me  thus.  Which  shall  we  believe,  the  first  or  the  second 
prophecy? 

Then  went  Zephaniah  to  comfort  her  and  said,  The  Holy  One 
(blessed  be  He !)  sent  me  to  thee  to  comfort  thee.  She  said  to  him, 

What  hast  thou  in  thine  hand  to  comfort  me  ?  The  Prophet  said 
(i.  12),  “  And  it  shall  come  to  pass  at  that  time  that  I  shall  search 
Jerusalem  with  lights !  ”  But  Jerusalem  said  to  him,  Only  yes¬ 
terday  thou  toldest  me  (i.  15),  “A  day  of  darkness  and  gloomi¬ 
ness  !  and  now  thou  speakest  to  me  thus.  Which  shall  we  be¬ 
lieve,  the  first  or  the  second  prophecy  ? 

Then  went  Haggai  to  comfort  her  and  said,  The  Holy  One 


*  Comp.  Pesikto  Rabbathi,  ed.  Friedmann,  leaf  1386. 

*  See  Pesikto  Rabbathi  (ed.  Friedmann,  leaf  1386),  where  it  says 
( before  the  paragraph  on  Nahum),  “'Obadyah  prophesied  for 
Edom,  and  Tonah  for  Nineveh.”  This,  it  is  true,  is  a  mere  gloss ; 
but  it  is  the  true  reason  why  these  two  prophets  are  left  out. 


(blessed  be  He !)  sent  me  to  thee  to  comfort  thee.  She  said  to  him. 
What  hast  thou  in  thine  hand  to  comfort  me  ?  The  Prophet  said 
(ii.  19),  “  Is  the  seed  yet  in  the  barn !  Yea,  as  yet  the  vine  and  the 
fig  tree  and  the  pomegranate  and  the  olive  tree  hath  not  brought 
forth  :  from  this  day  will  I  bless  you !  ”  But  Jerusalem  said  to 
him,  Only  yesterday  thou  toldest  me  (i.  6),  “Ye  have  sown  much 
and  bring  m  little,  etc. !  ”  and  now  thou  speakest  to  me  thus. 
Which  shall  we  believe,  the  first  or  the  second  prophecy  ? 

Then  went  Zechariah  to  comfort  her  and  said,  The  Holy  One 
(blessed  be  He !)  sent  me  to  thee  to  comfort  thee.  She  said  to  him. 
What  hast  thou  in  thine  hand  to  comfort  me  ?  The  Prophet  said 
(i.  15),  “  And  I  am  very  sore  displeased  with  the  heathen  that  are 
at  ease :  for  I  was  but  a  little  displeased  and  they  helped  forward 
the  affliction !  ”  But  Jerusalem  said  to  him,  Only  yesterday  thou 
toldest  me  (i.  2),  “  The  Lord  hath  been  sore  displeased  with  your 
fathers!”  and  now  thou  speakest  to  me  thus.  Which  shall  we 
believe,  the  first  or  the  last  prophecy? 

Then  went  Malachi  t#  comfort  her  and  said,  The  Holy  One 
(blessed  be  He !)  sent  me  to  thee  to  comfort  thee.  Shesaidtohim, 
What  hast  thou  in  thine  hand  to  comfort  me?  The  Prophet  said 
(iii.  12),  “  And  all  nations  shall  call  you  blessed :  for  ye  snail  be  a 
delightsome  land !  ”  But  Jerusalem  said  to  him,  Only  yesterday 
thou  toldest  me  (i.  10),  “  I  have  no  delight  in  you !  ”  and  now  thou 
speakest  to  me  thus.  Which  shall  we  believe,  the  first  or  the  last 
prophecy? 

Then  went  all  the  Prophets  to  the  Holy  One  (blessed  be  He !) 
saying  to  Him,  Lord  of  the  Universe,  Jerusalem  will  not  accept 
consolation  at  our  hands.  Then  the  Holy  One  (blessed  be  He !) 
said  to  them,  “  I  and  you  will  together  go  to  comfort  her ;  and 
this  is  why  it  says  (Isaiah  xl.  1),  Comfort  ye,  comfort  ye  my  peo¬ 
ple,  comfort  her  with  me.3  Comfort  her,  ye  celestial  ones !  com¬ 
fort  her,  ye  terrestrial  ones !  Comfort  her,  ye  living  ones !  com¬ 
fort  her,  ye  dead  ones !  Comfort  her  in  this  world !  comfort  her 
in  the  world  to  come ! 

Second  Specimen.— And  whom  does  He  try?  The  righteous 
one ;  for  it  says  (Ps.  xi.  5),  “  The  Lord  trieth  the  righteous.”  And 
by  what  does  He  try  him?  By  the  feeding  of  sheep.  David  He 
tried  by  sheep  and  found  him  a  good  shepherd,  for  it  says  (Ps. 
lxxviii.  70),  “And  He  took  him  from  the  ‘restraints’  of  sheep.” 
What  is  the  meaning  of  ‘ Mimmikhleoth  ?’  The  root  is  the  same  as 
that  of  'vayyikkale  [ haggeshem ]  (Gen.  viii.  2),  “  And  the  rain  was 
restrained.”  David  restrained  the  big  sheep  in  favor  of  the  small 
ones.  He  brought  out  first  the  young  ones,  so  that  they  should 
feed  on  the  tender  herbs ;  then  he  brought  out  the  old  ones  that 
they  should  feed  on  the  less  tender  herbs ;  and,  finally,  he  brought 
out  the  strong  sheep  that  they  should  feed  on  the  coarser  herbs. 
Upon  this  the  Holy  One  (blessed  be  He!)  said,  He  who  under- 
standeth  to  feed  sheep  according  to  their  strength,  let  him  come 
and  feed  My  people !  And  this  it  is  what  is  written  (Ps.  lxxviii. 
71),  “  From  following  the  ewes  great  with  young  He  brought  him 
to  feed  Jacob  His  people !”  And  the  same  was  the  case  as  regards 
Moses,  whom  the  Holy  One  (blessed  be  He !)  tried  by  sheep.  Our 
rabbis  say,  When  Moses  our  teacher  (peace  be  upon  him !)  was 
feeding  the  sheep  of  Jethro  in  the  wilderness,  a  kid  ran  away 
from  him,  and  Moses  ran  after  it  till  they  came  to  a  mountain- 
hollow.  When  it  had  reached  the  mountain-hollow  there  was  a 
pool  of  water,  and  the  kid  stood  still  in  order  to  drink.  When 
Moses  reached  the  kid  he  said  to  it,  I  did  not  know  that  thou  didst 
run  away  from  me  because  thou  wast  thirsty  and  faint.  There¬ 
upon  he  put  it  on  his  shoulders  and  walked  back  with  it  to  the 
flock*  Then  said  the  Holy  One  (blessed  be  He !),  Thou  art  com¬ 
passionate  in  the  feeding  of  sheep  belonging  to  mere  flesh  and 
blood  (man)  \  as  thou  livest,  thou  shalt  feed  My  flock,  even  Israel  I 
Behold  *his  it  is  that  is  written  (Exod.  iii.  1),  “And  Moses  was 
feeding  the  flock,”  etc.  (s.  m.  s.-s.) 

MIEDZYRZECZ  PODLASKI  (Russian,  Mejir- 
yecliie),  a  district  town  of  Russian  Poland,  in  the  gov¬ 
ernment  of  Siedlce,  16  miles  to  the  east  of  the  govern¬ 
ment  capital,.  on  the  railway  between  Warsaw  and 
Brest-Litovskiy.  It  is  first  mentioned  in  the  year  1 390 
as  a  feudal  dominion  of  King  Yaghello.  After  fre¬ 
quently  changing  hands  it  became  the  property  of  the 
Czartoryski,  and  afterwards  of  the  Potocki  family, 
whose  palace  is  still  to  be  seen  in  the  town.  Its  10,000 
inhabitants — half  of  whom  are  Greek  nonconformists, 
and  half  Jews  and  Poles — carry  on  some  trade  in 
bristles,  and  pursue  minor  industries. 

.  MIERIS,  the  name  of  a  family  of  artists  who  prac¬ 
tised  painting  at  Leyden  for  three  generations  in  the 
17th  and  18th  centuries. 

I.  Frans  van  Mieris5  the  elder,  son  of  Jan  van 
Mieris,  a  goldsmith  and  diamond  setter,  was  born,  ac¬ 
cording  to  Houbraken,  at  Leyden  on  the  16th  of  April, 
1635,  and  died  there  on  the  12th  of  March,  1681.  His 
father  wished  to  train  him  to  his  own  business,  but 
Frans  preferred  drawing  to  chasing,  and  took  service 
with  Abraham  Torenvliet,  a  glazier  who  kept  a  school 
of  design.  As  often  happens,  the  youth’s  style  was 
influenced  by  his  earliest  surroundings.  In  his  father’s 
shop  he  became  familiar  with  the  ways  and  dress  of 
people  of  distinction.  His  eye  was  fascinated  in  turn 


8  There  is  a  play  here  upon  the  meaning  of  the  Hebrew  ’m* 
which  may  be  read  either  Ammi  (“  my  people  ”)  or  ' Immi  (“  with 
me”). 

*  Who,  on  reading  this,  does  not  think  of  such  passages  in  the 
New  Testament  as  Matt,  xviii,  12,  xxv,  21,  and  John  x.  14? 
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by  the  sheen  of  jewellery  and  stained  glass  ;  and, 
though  he  soon  gave  up  the  teaching  of  Torenvliet  for 
that  of  Gerard  Dow  and  Abraham  van  den  Tempel,  he 
acquired  a  manner  which  had  more  of  the  finish  of  the 
exquisites  of  the  Dutch  school  than  of  the  breadth  of 
the  disciples  of  Rembrandt.  It  should  be  borne  in 
mind  that  he  seldom  chose  panels  of  which  the  size 
exceeded  12  to  15  inches,  and  whenever  his  name  is 
attached  to  a  picture  above  that  size  we  may  surely 
assign  it  to  his  son  Willem  or  to  some  other  imitator. 
Unlike  Gerard  Dow  when  he  first  left  Rembrandt,  or 
Jan  Steen  when  he  started  on  an  independent  career, 
he  never  ventured  to  design  figures  as  large  as  life. 
Characteristic  of  his  art  in  its  minute  proportions  is  a 
shiny  brightness  and  metallic  polish.  The  subjects 
which  he  treated  best  are  those  in  which  he  illustrated 
the  habits  or  actions  of  the  wealthier  classes  ;  but  he 
sometimes  succeeded  in  homely  incidents  and  in  por¬ 
trait,  and  not  unfrequently  he  ventured  on  allegory. 
He  repeatedly  painted  the  satin  skirt  which  Terburg 
brought  into  fashion,  and  he  often  rivalled  Terburg  in 
the  faithful  rendering  of  rich  and  highly-colored  woven 
tissues.  But  he  remained  below  Terburg  and  Metsu, 
because  he  had  not  their  delicate  perception  of  har¬ 
mony  or  their  charming  mellowness  of  touch  and  tint, 
and  he  fell  behind  Gerard  Dow,  because  he  was  hard 
and  had  not  his  feeling  for  effect  by  concentrated  light 
and  shade.  In  the  form  of  his  composition,  which 
sometimes  represents  the  framework  of  a  window  en¬ 
livened  with  greenery,  and  adorned  with  bas-reliefs 
within  which  figures  are  seen  to  the  waist,  his  model 
is  certainly  Gerard  Dow.  It  has  been  said  that  he 

{lossessed  some  of  the  humor  of  Jan  Steen,  who  was 
lis  friend,  but  the  only  approach  to  humor  in  any  of 
his  works  is  the  quaint  attitude  and  look  of  a  tinker  in 
a  picture  at  Dresden,  who  glances  knowingly  at  a  worn 
copper  kettle  which  a  maid  asks  him  to  mend. 

It  is  a  question  whether  Houbraken  has  truly  re¬ 
corded  this  master’s  birthday.  One  of  his  best-known 
pieces,  a  party  of  ladies  and  gentlemen  at  an  oyster 
luncheon  in  the  hermitage  at  St.  Petersburg,  bears 
the  date  of  1650.  Celebrated  alike  for  composition 
and  finish,  it  would  prove  that  Mieris  had  reached  his 
prime  at  the  age  of  fifteen.  Another  beautiful  ex¬ 
ample,  the  Doctor  Feeling  a  Lady’s  Pulse  in  the  gal¬ 
lery  of  Vienna,  is  dated  1656;  and  Waagen,.  in  one 
of  his  critical  essays,  justly  observes  that  it  is  a  re¬ 
markable  production  for  a  youth  of  twenty-one.  In 
1657  Mieris  was  married  at  Leyden  in  the  presence  of 
Jan  Potheuck,  a  painter,  and  this  is  the  earliest 
written  record  of  his  existence  on  which  we  can  im¬ 
plicitly  rely.  Of  the  numerous  panels  known  to  the 
writer  of  these  lines,  twenty-nine  at  least  are  datedj — 
the  latest  being  an  allegory,  long  in  the  Ruhl  collection 
at  Cologne,  illustrating  the  kindred  vices  of  drinking, 
smoking,  and  dicing,  in  the  year  1680. 

Mieris  had  numerous  and.  distinguished  patrons. 
He  received  valuable  commissions  from  Archduke 
Leopold,  the  elector-palatine,  and  Cosmo  III.,  grand- 
duke  of  Tuscany.  His  practice  was  large  and  lucra¬ 
tive,  but  never  engendered  in  him  either  carelessness 
or  neglect.  If  there  be  a  difference  between  the 
painter’s  earlier  and  later  work,  it  is  that  the  former 
was  clearer  and  more  delicate  in.flesh,  whilst  the.latter 
was  often  darker  and  more  livid  in  the  shadows..  When 
he  died  his  clients  naturally  went  over  to  his  son 
Willem,  who  in  turn  bequeathed  his  painting-room  to 
his  son  Frans.  But  neither  Willem  nor  Frans  the 
younger  equalled  Frans  the  elder. 

II.  Willem  van  Mieris  (1662-1747),  son  of  Frans. 
His  works  are  extremely  numerous,  being  partly  imi¬ 
tations  of  the  paternal  subjects,  or. mythological  epi¬ 
sodes,  which  Frans  habitually  avoided.  In  no  case 
did  he  come  near  the  excellence  of  his  sire. 

III.  Frans  van  Mieris  the  younger  (1689-1763) 
also  lived  on  the  traditions  of  his  grandfather’s  paint¬ 
ing-room. 

The  pictures  of  all  the  generations  of  the  Mieris  family 


were  successfully  imitated  by  A.  D.  Snaphaan,  who  lived  at 
Leipsic  and  was  patronized  by  the  court  of  Anhalt-Dessau. 
To  those  who  would  study  his  deceptive  form  of  art  a  visit 
to  the  collection  of  Worlitz  near  Dessau  may  afford  in¬ 
struction. 

MIGNARD,  Pierre  (1610-1695),  called— to  dis¬ 
tinguish  him  from  his  brother  Nicholas — Le  Romain, 
was  the  chief  French  portrait-painter  of  the  17th 
century.  He  was  born  at  Troyes  in  1610,  and  came 
of  a  family  of  painters.  In  1630  he  left  the  studio  of 
Simon  Vouet  for  Italy,  where  he  spent  twenty-two 
years,  and  made  a  reputation  which  brought  him  a 
summons  to  Paris.  Successful  with  his  portrait  of 
the  king,  and  in  favor  with  the  court,  Mignard  pitted 
himself  against  Le  Brun,  declined  to  enter  the  Acad¬ 
emy  of  which  he  was  the  head,  and  made  himself  the 
centre  of  opposition  to  its  authority.  The  history  of 
this  struggle  is  most  important,  because  it  was  iden¬ 
tical,  as  long  as  it  lasted,  with  that  between  the  old 
guilds  of  France  and  the  new  body  which  Colbert,  for 
political  reasons,  was  determined  to  support.  Shut 
out,  in  spite  of  the  deserved  success  of  his  decorations 
of  the  cupola  of  Val  de  Grace  (1664),  from  any  great 
share  in  those  public  works  the  control  of  which  was 
the  attribute  of  the  new  Academy,  Mignard  was 
chiefly  active  in  portraiture.  Turenne,  Bossuet,  Main- 
tenon  (Louvre),  La  Valli&re,  S6vign6,  Montespan,  Des¬ 
cartes  (Castle  Howard),  all  the  beauties  and  celebrities 
of  his  day,  sat  to  him.  His  readiness  and  skill,  his 
happy  instinct  for  grace  of  arrangement,  atoned  for 
want  of  originality  and  real  power.  With  the  death 
of  Le  Brun  (1690)  the  situation  changed ;  Mignard 
deserted  his  allies,  and  succeeded  to  all  the  posts  held 
by  his  opponent.  These  late  honors  he  did  not  long 
enjoy;  in  1695  he  died  whilst  about  to  commence  work 
on  the  cupola  of  the  Invalides.  His  best  compositions 
have  been  engraved  by  Audran,  Edelinck,  Masson, 
Poilly,  and  others. 

MIGNONETTE,  or  Mignonnette {i.e.,  “little dar¬ 
ling  ”),  the  name  given  to  a  popular  garden  flower,  the 
Reseda  odorata,  of  botanists,  a  “fragrant  weed,”  as 
Cowper  calls  it,  highly  esteemed  for  its  delicate  but 
delicious  perfume.  The  mignonette  is  generally  re¬ 
garded  as  being  of  annual  duration,  and  is  a  plant  of 
diffuse  decumbent  twiggy  habit,  scarcely  reaching  a 
foot  in  height,  clothed  with  bluntish  lanceolate  entire 
or  three-lobed  leaves,  and  bearing  longish  spikes— 
technically  racemes — of  rather  insignificant  flowers  at 
the  ends  of  the  numerous  branches  and  branchlets. 
The  plant  thus  naturally  assumes  the  form  of  a  low 
dense  mass  of  soft  green  foliage  studded  over  freely 
with  the  racemes  of  flowers,  the  latter  unobtrusive  and 
likely  to  be  overlooked  until  their  diffused  fragrance 
compels  attention.  The  native  country  of  the  original 
or  typical  mignonette  has  sometimes  been  considered 
doubtful,  but  according  to  the  best  and  latest  author¬ 
ities  it  has  been  gathered  wild  on  the  North  African 
coast  near  Algiers,  in  Egypt,  and  in  Syria.  As  to  its 
introduction,  a  MS.  note  in  the  library  of  Sir  Joseph 
Banks  records  that  it  was  sent  to  England  from  Paris 
in  1742  ;  and  ten  years  later  it  appears  to  have  been 
sent  from  Levden  to  Philip  Miller  at  Chelsea.  Though 
originally  a  slender  and  rather  straggling  . plant,  there 
are  now  some  improved  garden  varieties  in  which  the 
growth  is  more  compact  and  vigorous,  and  the  inflor¬ 
escence  bolder,  though  the  odor  is  perhaps  less  pene¬ 
trating.  The  small  six-petalled  flowers  are  somewhat 
curious  in  structure :  the  two  upper  petals  are  larger, 
concav.e,  and  furnished  at  the  back  with  a  tuft  of  club- 
shaped  filaments,  which  gives  them  the  appearance  of 
being  deeply  incised,  while  the  two  lowest  petals  are 
much  smaller  and  undivided ;  the  most  conspicuous 
part  consists  of  the  anthers,  which  are  numerous  and 
of  a  brownish  red,  giving  the  tone  of  color  to  the  in¬ 
florescence.  In  a  new  variety  named  Golden  Queen 
the  anthers  have  a  decided  tint  of  orange-yellow, 
which  imparts  a  brighter  golden  hue  to  the  plants 
when  in  blossom.  A  handsome  proliferous  or  double- 


302 


MIGUEL— MILAN. 


flowered  variety  lias  also  been  obtained,  which  is 
likely  to  be  a  very  useful  decorative  plant,  though 
only  to  be  propagated  by  cuttings  ;  the  double  white 
flowers  grow  in  large  massive  panicles  (proliferous 
racemes),  and  are  equally  fragrant  with  those  of  the 
ordinary  forms. 

What  is  called  tree  mignonette  in  gardens  is  due  to  the 
skill  of  the  cultivator.  Though  practically  a  British  an¬ 
nual,  as  already  noted,  since  it  flowers  abundantly  the  first 
season,  and  is  utterly  destroyed  by  the  autumnal  frosts,  and 
though  recorded  as  being  annual  in  its  native  habitat  by 
Desfontaines  in  the  Flora  Atlantica,  the  mignonette,  like 
many  other  plants  treated  in  England  as  annuals,  will  con¬ 
tinue  to  grow  on  if  kept  in  a  suitable  temperature.  More¬ 
over,  the  life  of  certain  plants  of  this  semiannual  character 
may  be  prolonged  into  a  second  season  if  their  flowering 
and  seeding  are  persistently  prevented.  In  applying  these 
facts  to  the  production  of  tree  mignonette,  the  gardener 
grows  on  the  young  plants  under  glass,  and  prevents  their 
flowering  by  nipping  off  the  blooming  tips  of  the  shoots,  so 
that  they  continue  their  vegetative  growth  into  the  second 
season.  The  young  plants  are  at  first  supported  in  an  erect 
position,  the  laterals  being  removed  so  as  to  secure  clean 
upright  stems,  and  then  at  the  height  of  one  or  two  feet  or 
more,  as  may  be  desired,  a  head  of  branches  is  encouraged 
to  develop  itself.  In  this  way  very  large  plants  can  be 
produced. 

For  ordinary  purposes,  however,  other  plans  are  adopted. 
In  the  open  borders  of  the  flower  garden  mignonette  is 
usually  sown  in  spring,  and  in  great  part  takes  care  of 
itself;  but,  being  a  favorite  either  for  window  or  balcony 
culture,  and  on  account  of  its  fragrance  a  welcome  inmate 
of  town  conservatories,  it  is  also  very  extensively  grown  as 
a  pot  plant,  and  for  market  purposes  with  this  object  it  is 
sown  in  pots  in  the  autumn,  and  thinned  out  to  give  the 
plants  requisite  space,  since  it  does  not  transplant  well,  and 
it  is  thereafter  specially  grown  in  pits  protected  from  frosts, 
and  marketed  when  just  arriving  at  the  blooming  stage. 
In  this  way  hundreds  of  thousands,  probably,  of  pots  of 
blooming  mignonette  are  raised  and  disposed  of  year  by 
year. 

In  classifying  the  odors  given  off  by  plants,  Rimmel  ranks 
the  mignonette  in  the  class  of  which  he  makes  the  violet 
the  type ;  and  Fee  adopts  the  same  view,  referring  it  to  his 
class  of  “  iosmoids,”  along  with  the  violet  and  wallflower. 

The  name  is  sometimes,  but  it  would  appear  less  correctly, 
written  mignionette.  The  genus  Reseda  contains  some  other 
interesting  and  useful  species, — among  them  the  Reseda  Lu- 
teola,  which  is  commonly  called  dyer’s-weed  and  weld,  and 
yields  a  valuable  yellow  dye. 

MIGUEL,  Maria  Evarist  (1802-1866),  usually 
known  as  Don  Miguel,  whose  name  is  chiefly  asso¬ 
ciated  with  his  pretensions  to  the  throne  of  Portu¬ 
gal,  was  the  third  son  of  King  John  VI.,  of  Portu- 

Sil,  and  of  Carlotta  Joachima,  one  of  the  Spanish 
ourbons ;  he  was  born  at  Lisbon  on  October  26, 
1802.  In  1807  he  accompanied  his  parents  in  their 
flight  to  Brazil,  where  he  was  permitted  to  grow  up  a 
spoiled  child  and  a  worthless  youth  ;  in  1821,  on  nis 
return  to  Europe,  it  is  said  that  he  had  not  yet  learned 
to  read.  In  1822  his  father  swore  fidelity  to  the  new 
Portuguese  constitution  which  had  been  proclaimed  in 
his  absence  ;  and  this  led  Carlotta  Joachima,  who  was 
an  absolutist  of  the  extremest  Bourbon  type,  and 
otherwise  hated  her  husband2  to  resolve  to  seek  his 
dethronement  in  favor  of  Miguel,  her  favorite  son. 
The  insurrections  which  ensued  (see  Portugal)  re¬ 
sulted  in  her  relegation  to  the  castle  of  Queluz  and 
the  exile  of  Miguel  (1824),  who  spent  a  short  time  in 
Paris  and  afterwards  lived  in  Vienna,  where  he  came 
under  the  teaching  of  Metternich.  On  the  sudden 
death  of  John  VI.,  in  May,  1826,  Pedro,  of  Brazil, 
his  eldest  son,  renounced  the  crown  in  favor  of  his 
daughter,  Maria  da  Gloria,  on  the  understanding  that 
she  should  become  the  wife  of  Miguel.  The  last- 
named  accordingly  swore  allegiance  to  Pedro,  to  Maria, 
and  to  the  constitution  which  Pedro  had  introduced, 
and  on  this  footing  was  appointed  regent  in  July, 
1827.  He  arrived  in  Lisbon  in  February,  1828,  and, 
regardless  of  his  promises,  dissolved  the  new  Cortes  in 
March ;  having  called  together  the  old  Cortes,  with 
the  support  of  the  reactionary  party  of  which  his 
mother  was  the  ruling  spirit,  he  got  himself  proclaimed 


sole  legitimate  king  of  Portugal  in  July.  The  power 
which  he  now  enjoyed  he  wielded  in  the  most  tyranni¬ 
cal  manner  for  the  repression  of  all  liberalism,  and  his 
private  life  was  characterized  by  the  wildest  excesses. 
The  public  opinion  of  Europe  became  more  and  more 
actively  hostile  to  his  reign,  and  after  the  occupation 
of  Oporto  by  Don  Pedro  in  1832,  the  destruction  of 
Miguel’s  fleet  bv  Captain  (afterwards  Sir  Charles)  Na- 

ier  off  Cape  St.  Vincent  in  1833,  and  the  victory  of 

aldanha  at  Santarem  in  1834,  Queen  Christina  of 
Spain  recognized  the  legitimate  sovereignty  of  Maria, 
and  in  this  was  followed  by  France  and  England.  Don 
Miguel  capitulated  at  Evora  on  May  29,  1834,  renounc¬ 
ing  all  pretensions  to  the  Portuguese  throne,  and  sol¬ 
emnly  promising  never  thenceforward  to  meddle  in 
Peninsular  affairs.  He  lived  for  some  time  at  Rome, 
where  he  enjoyed  papal  recognition,  but  afterwards 
retired  to  Bronnbach,  in  Baden,  where  he  died  on 
November  14,  1866. 

MIGULINSKAYA,  a  Cossack  village  ( stanitsa )  of 
Russia,  in  the  government  of  the  Don  Cossacks,  and 
in  the  district  of  Ust-Medvyeditsa,  79  miles  to  the 
west  of  that  town,  on  the  left  bank  of  the  Don.  It  is 
one  of  the  largest  and  wealthiest  stanitsas  of  the  gov¬ 
ernment,  and  has  28,200  inhabitants,  who  are  engaged 
in  agriculture  and  stock-breeding,  and  in  the  export 
of  agricultural  produce. 

MIKHAILOVSKAYA,  a  Cossack  village  (stanitsa) 
of  Russia,  in  the  government  of  the  Don  Cossacks, 
and  in  the  district  of  Khopersk,  14  miles  to  the  north¬ 
west  of  Uiyupino,  on  the  low  left  bank  of  the  Khoper, 
which  is  inundated  when  the  river  is  full.  It  has  an 
important  fair  where  Tartars  from  Astrakhan  exchange 
furs  and  cottons  for  manufactured  and  grocery  wares 
imported  from  Central  Russia ;  the  inhabitants  of  the 
district  also  sell  corn,  cattle,  and  plain  woollen  stuffs. 
Population,  18,000.  _ 

MILAN  (the  Latin  Mediolanum ,  Italian  Milano , 
and  German  Mailand).  a  city  of  Italy,  situated  near 
the  middle  of  the  Lombard  plain,  on  the  small  river 
Olona,  in  45°  2V  35"  N.  lat.,  and  9°  5/  45"  E.  long. 
It  is  390  feet  above  the  sea  level,  and  lies  25  miles  south 
of  the  Alps  at  Como,  30  miles  north  of  the  Apen¬ 
nines,  20  miles  east  of  the  Ticino,  and  15  miles  west  of 
the  Adda. 

The  plain  around  Milan  is  extremely  fertile,  owing 
at  once  to  the  richness  of  the  alluvial  soil  deposited 
by  the  Po,  Ticino,  Olona,  and  Adda,  and  to  the  excel¬ 
lent  system  of  irrigation.  Seen  from  the  top  of  the 
cathedral,  the  plain  presents  the  appearance  of  a  vast 
garden  divided  into  square  plots  by  rows  of  mulberry 
or  poplar  trees.  To  the  east  this  plain  stretches  in  an 
unbroken  level,  as  far  as  the  eye  can  follow  it,  towards 
V enice  and  the  Adriatic ;  on  the  southern  side  the  line 
of  the  Apennines  from  Bologna  to  Genoa  closes  the 
view ;  to  the  west  rise  the  Maritime,  Cottian,  and 
Graian  Alps,  with  Monte  Viso  as  their  central  point ; 
while  northward  are  the  Pennine,  Helvetic,  and  Rhm- 
tian  Alps,  of  which  Monte  Rosa,  the  Saasgrat,  and 
Monte  Leone  are  the  most  conspicuous  features.  In 
the  plain  itself  lie  many  small  villages ;  and  here  and 
there  a  larger  town  like  Monza  or  Saronno,  or  a  great 
building  as  the  Certosa  of  Pavia,  makes  a  white  point 
upon  the  greenery. 

The  commune  of  Milan  consists  since  1 873  of  the 
city  within  the  walls  (area  1513  acres)  and  the  so-called 
Corpi  Santi1  without  the  walls  (area  15,415  acres).  The 
population  of  the  whole  area  increased  from  134,528 
in  1800  to  242,457  in  1861,  261,985  in  1871,  and  491,- 
460  in  1901,  — the  city  within  the  walls  contributing 
110,884  in  1801,  196,109  in  1861,  199,009  in  1871,  and 
234,045  in  1901.  The  climate  is  very  variable  ;  there 
is  a  difference  of  41°  Fahr.  between  the  summer  heat 
and  winter  cold.  The  average  number  of  wet  days  is 
72,  and  of  snowy  days  10  per  annum. 

Milan  is  built  in  a  circle,  the  cathedral  being  the  cen- 

1  The  name  Corpi  Santi  (of  doubtful  origin)  is  also  applied  to 
the  extra-mural  portions  of  Cremona  and  Pavia. 
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tral  point.  The  city  is  surrounded  by  a  wall  7  miles  in 
circumference,  and  immediately  outside  the  wall  a  line 
broad  thoroughfare  makes  the  circuit  of  the  city.  The 
streets  inside  are  for  the  most  part  narrow  and  crooked ; 
the  main  streets  are  the  Corso  Vittorio  Emanuele,  the 
Strada  S.  Margherita,  the  Via  Manzoni,  the  Corso 
Porta  Ticinese,  and  the  Corso  Porta  Romana.  There 
are  few  piazzas  of  any  size  ;  the  largest  is  the  Piazza 
del  Duomo,  which  has  recently  been  extended,  and  the 
houses  around  it  modernized.  To  the  west  of  the  city 
is  the  open  space  of  the  Foro  Bonaparte  and  the  Piazza 
d’Armi,  with  the  square  keep  of  the  Visconti  castle, 
flanked  by  two  granite  towers,  between  them.  The 
castle  was  partly  destroyed  in  1447  by  the  Ambrosian 
republic,  rebuilt  by  Francesco  Sforza,  enlarged  by  the 
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Spanish  governors,  and  taken  by  Napoleon  in  1800, 
when  the  outer  fortifications  were  razed  to  the  ground, 
and  the  walls  left  as  they  now  are.  North  of  the  Piazza 
d’Armi  is  the  modern  cemetery,  with  a  special  build¬ 
ing  and  apparatus  for  cremation,  erected  in  1876. 

Among  the  buildings  of  Milan  the  most  important 
is  the  cathedral,  begun  under  Gian  Galeazzo  Visconti, 
in  1386  It  is  built  of  brick  cased  in  marble  Irom  the 
quarries  which  Visconti  gave  in  perpetuity  to  the  cathe¬ 
dral  chapter.  The  name  of  the  original  architect  is 
not  known,  but  it  is  certain  that  many  German  master 
masons  were  called  to  Milan  to  assist  the  Italian 
builders.  After  St.  Peter’s  at  Rome  and  the  cathe¬ 
dral  of  Seville  the  Duomo  of  Milan  is  the  largest 
church  in  Europe.  It  is  477  feet  in  length  and  183 
in  width  ;x  the  nave  is  155  feet  high,  the  cupola  226 
feet  and  the  tower  360  feet.  The  work  was  continued 
through  many  centuries,  and  after  the  designs  of  many 
i  Interior  measurements,— AM,  Ed. 


masters,  notably  of  Amadeo,  who  carried  out  the 
octagon  cupola,  and  of  Tibaldi,  who  ornamented  the 
doors  and  windows  of  the  fagade  in  the  _16th  century. 
The  work  was  finished,  under  Napoleon,  in  1805.  The 
style  is  Gothic,  though  its  purity  is  destroyed  by  the 
introduction  of  Romanesque  windows  and  portals  on 
the  fagade.  The  form  of  the  church  is  that  of  a  cross. 
Inside  there  are  double  aisles,  and  aisles  in  the  tran¬ 
septs.  The  roof  is  supported  by.  fifty-two  columns, 
with  canopied  niches  for  statues  instead  of  capitals. 
The  windows  of  the  tribune  contain  brilliant  painted 
glass.  To  the  right  of  the  entrance  is  the  tomb  of 
Archbishop  Heribert,  the  champion  of  Milanese  lib¬ 
erty  ;  next  to  that  is  the  tomb  of  Otho  Visconti, 
founder  of  that  family  as  a  reigning  house,  and  in  the 
right  transept  the  monument  of  Giacomo  dei 
Medici,  the  corsair  of  Como,  brother  of  Pope 
Pius  IV.  and  uncle  to  Saint  Carlo  Borromeo. 
Under  the  dome,  in  a  crypt,  lies  the  embalmed 
body  of  this  cardinal  saint  (1538-84),  canonized 
for  his  good  deeds  during  the  great  famine  and 
plague  of  1576.  The  body  is  contained  in  a 
silver  sarcophagus  faced  with  rock-crystal. 
The  roof  of  the  cathedral  is  built  of  blocks  of 
white  marble ;  and  the  various  levels  are 
reached  by  staircases  carried  up  the  but¬ 
tresses  ;  it  is  ornamented  with  turrets,  pinna¬ 
cles,  and  two  thousand  statues. 

There  are  four  other  churches  of  interest  in 
Milan.  S.  Ambrogio,  the  oldest,  was  founded 
by  St.  Ambrose  in  the  4th  century,  on  the 
ruins  of  a  temple  of  Bacchus. .  It  is  remarka¬ 
ble  for  its  fine  atrium,  and  inside  for  the  mo¬ 
saics  in  the  tribune,  dating  from  the  9th  cen¬ 
tury,  and  for  the  “pala”  or  plating  of  the 
high  altar,  a  curious  and  ancient  specimen  of 

foldsmith’s  work.  S.  Maria  delle  Grazie  is  a 
Dominican  church  of  the  15th  century.  The 
cupola,  with  sixteen  sides  wrought  in  terra¬ 
cotta,  is  attributed  to  Bramante.  S.  Gottardo 
is  now  built  into  the  royal  palace,  and  only 
the  apse  and  the  octagonal  campanile  re¬ 
main.  The  latter,  a  beautiful  example  of 
early  Lombard  terra-cotta  work,  was  built  by 
Azzone  Visconti  in  1 336,  and  was  the  scene 
of  the  murder  of  Giovanni  Maria  Visconti 
in  1412.  The  small  church  of  San  Satiro, 
founded  in  the  9th  century,  was  rebuilt  by 
Bramante  in  the  15th;  the  sacristy  is  one  of 
that  master’s  finest  works. 

The  royal  and  archiepiscopal  palaces  are 
both  worthy  of  note.  The  former  stands  on 
the  site  of  Azzone  Visconti’s  palace,  and 
the  present  building  was  the  viceregal  lodge 
of  the  Austrian  governors.  It  contains  one 
fine  hall  with  a  gallery  supported  by  carya¬ 
tides.  The  Broletto,  or  town-hall,  was  built 
by  Filippo  Maria  Visconti  for  his  general 


Carmagnola,  in  1415,  who,  however,  never  lived  m 
it.  The  Great  Hospital  is  a  long  building  with  a 
fine  fagade  in  terra-cotta  from.  the  designs  of  the 
Florentine  Antonio  Averlino;  it  dates  from  the 
reign  of  Francesco  Sforza  (1456),  and  can  accommo¬ 
date  2400  patients.  Among  the  modem  buildings 
the  most  remarkable  are  the  Arco  della  Pace,  which 
stands  at  the  commencement  of  the  Simplon  road 
(begun  in  1804  by  Napoleon,  finished  in  1833  under 
the  Austrians),  and  the  great  Galleria  Vittorio 
Emanuele,  connecting  the  Piazza  del  Duomo  with 
the  Piazza  della  Scala— a  graceful  glass-roofed  struc¬ 
ture  320  yards  long,  16  yards  wide,  and  94  feet 
high,  built  in  1865-67  at  a  cost  of  320,000  lire 
(£12,800).  The  Milanese  are  justly  proud  of  this  pop¬ 
ular  promenade,  as  the  finest  of  its  kind  in  Europe  ; 
and  in  the  best  of  their  four  considerable  theatres— the 
Scala,  built  in  1778  on  the  site  of  a  church  raised  by 
Beatrice  Scala,  wife  of  Bernabo  Visconti— they  also 
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possess  the  largest  theatre  in  Europe,  with  the  single 
exception  of  S.  Carlo  at  Naples. 

Milan  is  rich  in  works  of  art.  It  has  been  the  home 
of  many  excellent  sculptors  and  architects,  among 
others  of  Amadeo  and  of  Agostino  Busti,  known  as 
Bambaia, — whose  work  may  be  seen  in  the  cathedrals 
of  Como  and  Milan,  in  the  Certosa  of  Pavia,  and  in 
the  terra-cotta  buildings  of  the  Lombard  towns. 
Later  on,  towards  the  close  of  the  15th  century,  the 
refined  court  of  Lodovico  Sforza  attracted  such  cele¬ 
brated  artists  as  Bramante  the  architect,  Gaffurio 
Franchino  the  founder  of  one  of  the  earliest  musical 
academies,  and  Leonardo  da  Vinci,  from  whose  school 
came  Luini,  Boltraffio,  Gaudenzio  Ferrari,  and  Og- 
giono.  In  still  more  recent  times  Beccaria  (1738-94) 
as  a  jurist,  Monti  (1754-1828)  as  a  poet,  and  Manzoni 
(1785-1873)  as  a  novelist,  have  won  for  the  Milanese 
a  high  reputation  in  the  field  of  letters. 

The  picture  gallery  of  the  Brera  is  one  of  the  finest 
in  Italy.  It  possesses  Raphael’s  famous  ‘ ‘  Sposalizio,  ’  ’ 
and  contains  many  frescos  by  Luini,  Gaudenzio  Fer¬ 
rari,  and  Bramantino.  The  Venetian  school  is  par¬ 
ticularly  well  represented  by  works  of  Paolo  Veronese, 
Paris  Bordone,  Gentile  Bellini,  Crivelli,  Cima  da 
Conegliano,  Bonifazio,  Moroni,  and  Carpaccio.  Luini 
may  also  be  studied  in  the  church  of  Monastero  Mag- 
iore,  a  large  part  of  whose  walls  he  painted  in  fresco, 
n  the  archaeological  museum,  on  the  ground  floor  of 
the  Brera,  are  preserved  many  interesting  monuments, 
among  others  the  tomb  of  Beatrice  della  Scala  and  the 
equestrian  monument  of  her  husband  Bernabo  Vis¬ 
conti,  as  well  as  the  most  exquisite  sepulchral  monu¬ 
ment  of  Gaston  de  Foix,  the  work  of  Agostino  Busti. 
The  library  of  the  Brera  contains  upwards  of  200,000 
volumes,  including  some  important  Venetian  chroni¬ 
cles,  but  it  is  not  so  rich,  in  MSS.  as  the  celebrated 
Ambrosian  library,  for  which  see  Libraries,  vol.  xiv. 
p.  530. 

Agriculture. — The  district  of  Milan  is  renowned  for  its 
excellent  agriculture.  It  may  he  divided  into  two  regions, 
where  different  systems  of  farming  are  pursued  and  differ¬ 
ent  crops  produced.  The  first  region  lies  on  the  lower  slopes 
of  the  Alps,  where  they  sink  into  the  plain.  This  is  called 
the  dry  Milanese,  for  it  is  watered  by  torrents  only,  which 
have  worn  themselves  too  deep  a  bed  to  allow  of  irrigation, 
and  the  peasants  are  obliged  to  collect  the  rain-water  in 
large  mud-lined  tanks  called  “  poppe.”  The  soil  is  for  the 
most  part  thin  and  light,  and  is  frequently  washed  down 
the  incline  into  the  plain ;  in  some  parts  it  is  only  kept  in 
its  place  by  stone  walls  reared  at  great  cost.  The  farms  are 
smaller  here  than  in  the  lower  plain,  and  are  let  on  a  sys¬ 
tem  which  is  a  compromise  between  the  mezzadria,  which 
once  obtained  in  the  district,  and  regular  leases.  The  ten¬ 
ant  pays  a  money  rent  for  the  house ;  and  for  the  land  he 
either  pays  in  kind  or  in  a  money  equivalent,  supplemented 
by  labor  given  to  the  landlord.  In  cases  where  vines  or 
fruit  trees  are  grown,  the  landlord  supplies  and  maintains 
them  till  they  come  into  fruit.  The  landlord  carries  out 
all  improvements,  and  the  tenant  holds  the  farm  at  his 
pleasure.  The  rotation  of  cropping  is  for  three  years.  The 
value  of  these  farms  varies  greatly,  ranging  from  7  to  14 
lire  the  pertica  (1000  square  yards).  The  district  produces 
maize  and  wheat  in  abundance,  a  little  flax  and  millet,  ap¬ 
ples,  and  wine.  The  second  agricultural  district  is  that 
which  lies  in  the  plain;  it  is  called  the  wet  Milanese,  from 
the  elaborate  system  of  irrigation  which  makes  the  mead¬ 
ows  yield  a  constant  succession  of  crops.  The  plain  is  trav¬ 
ersed  by  innumerable  canals  at  various  levels,  crossing  one 
another  on  bridges,  or  by  siphons,  so  that  the  peasant  can 
flood  his  fields  at  any  moment.  The  system  is  as  old  as  the 
12th  century;  it  was  improved  by  Leonardo  da  Vinci,  and 
is  now  the  most  perfect  network  of  irrigation  in  Europe. 
The  farms  vary  in  extent  from  1500  to  4500  pertiche.  They 
are  let  upon  leases  for  nine,  twelve,  or  fifteen  years,  at 
rents  ranging  from  8.50  to  12.50  lire  the  pertica,  while  those 
near  a  city  may  bring  from  15  to  20  lire.  The  rotation  of 
cropping  is  five-yearly.  The  meadows  yield  four  crops  of 
grass  in  the  year;  the  first  three — the  maggengo,  the  agos¬ 
tino,  and  the  terzuolo — are  cut,  the  fourth  is  grazed  off. 
Where  the  ground  is  perfectly  flat  and  water  can  stagnate, 
rice  is  grown ;  this  crop  is  continued  for  four  years  in  suc¬ 
cession,  then  the  land  is  rested  with  cereals  and  grass. 
The  other  crops  are  maize  and  wheat.  But  the  chief  occu¬ 


pation  is  the  supply  of  dairy  produce.  The  cows  are  bought 
in  the  Swiss  cantons  of  Uri,  Zug,  Lucerne,  and  Schwyz,  the 
last  furnishing  the  best  milkers.  The  cheese  called  Par¬ 
mesan  comes  from  the  Milanese  ;  and  the  rich  cheese,  made 
of  unskimmed  milk,  known  as  Stracchino,  is  made  prin¬ 
cipally  at  the  village  of  Gorgonzola,  12  miles  east  of  Milan. 

Industries. — The  industries  of  this  district  have  increased 
very  rapidly  since  the  union  of  Italy,  and  the  city  is  now 
the  chief  commercial  centre  in  North  Italy.  The  principal 
industry  of  Milan  and  the  Milanese  is  the  production  and 
manufacture  of  silk.  For  feeding  the  worms  mulberry 
trees  are  largely  cultivated  on  the  plain  ;  and  the  district 
counts  upwards  of  200  factories,  where  the  silk  thread  is 
unwound  from  the  cocoons,  yielding  4,000,000  lb  of  raw  silk 
in  the  year.  Some  of  this  is  exported  to  France  for  manu¬ 
facture,  but  the  Milanese  can  now  almost  rival  their  neigh¬ 
bors  in  the  production  of  silk  stuffs,  velvets,  and  brocades. 
Cotton  is  manufactured  at  Saronno  and  Legnano,  fustian 
at  Busto,  linen  at  Cassano,  combs  at  Burlando,  and  porce¬ 
lain  and  carriages  of  very  excellent  workmanship  in  Mi¬ 
lan  itself. 

History. — Bellovesus,  king  of  the  Celts,  who  crossed  the 
Alps  when  Tarquinius  Priscus  was  king  in  Eome,  is  the 
traditional  founder  of  Milan.  The  city  became  the  capital 
of  the  Insubrian  Gauls,  and  was  taken  by  the  Romans  in 
222  b.c.  As  a  Roman  municipium  it  continued  to  increase 
in  magnificence  and  importance ;  and  under  Constantine 
it  was  the  seat  of  the  imperial  vicar  of  the  West.  Under 
Theodosius,  in  the  4th  century,  Milan,  to  judge  from  Au- 
sonius’s  description  (OrdoNob.  Urbium,  v.),  must  have  been 
rich  in  temples  and  public  buildings.  Theodosius  died  at 
Milan  after  doing  penance,  at  the  bidding  of  St.  Ambrose, 
for  his  slaughter  of  the  people  of  Thessalonica.  Ambrose 
is  still  venerated  in  Milan  as  the  founder  of  the  Milanese 
church  and  the  compiler  of  the  Ambrosian  rite,  which  is 
still  in  use  throughout  the  diocese.  After  his  death  the 
period  of  invasions  begins;  and  Milan  felt  the  power  of  the 
Huns  under  Attila  (452),  of  the  Heruli  under  Odoacer  (476), 
and  of  the  Goths  under  Theodoric  (493).  When  Belisarius 
was  sent  by  Justinian  to  recover  Italy,  Datius,  the  arch¬ 
bishop  of  Milan,  joined  him,  and  the  Goths  were  expelled 
from  the  city.  But  Uraia,  nephew  of  Vitigis  the  Gothic 
king,  subsequently  assaulted  and  retook  the  town,  after  a 
brave  resistance.  Uraia  destroyed  the  whole  of  Milan  in 
539 ;  and  hence  it  is  that  this  city,  once  so  important  a  cen¬ 
tre  of  Roman  civilization,  possesses  so  few  remains  of  an¬ 
tiquity.  Narses,  in  his  campaigns  against  the  Goths,  had 
invited  other  barbarians,  the  Lombards,  to  his  aid.  They 
came  in  a  body  under  Alboin,  their  king,  in  568,  and  were 
soon  masters  of  North  Italy,  and  entered  Milan  the  year 
following.  Alboin  established  his  capital  at  Pavia,  and 
Milan  remained  the  centre  of  Italian  opposition  to  the  for¬ 
eign  conquest. 

The  Lombards  were  Arians,  and  the  archbishops  of  Milan 
from  the  days  of  Ambrose  had  been  always  orthodox. 
Though  the  struggle  was  unequal,  their  attitude  of  resolute 
opposition  to  the  Lombards  gained  for  them  great  weight 
among  the  people,  who  felt  that  their  archbishop  was  a 
power  around  whom  they  might  gather  for  the  defence  of 
their  liberty  and  religion.  All  the  innate  hatred  of  the 
foreigner  went  to  strengthen  the  hands  of  the  archbishops, 
who  slowly  acquired,  in  addition  to  their  spiritual  authority, 
powers  military,  executive,  and  judicial.  These  powers 
they  came  to  administer  through  their  delegates,  called 
viscounts.  When  the  Lombard  kingdom  fell  before  the 
Franks  under  Charles  the  Great  in  774,  the  archbishops  of 
Milan  were  still  further  strengthened  by  the  close  alliance 
between  Charles  and  the  church,  which  gave  a  sort  of  con¬ 
firmation  to  their  temporal  authority,  and  also  by  Charles’s 
policy  of  breaking  up  the  great  Lombard  fiefs  and  duke¬ 
doms,  for  which  he  substituted  the  smaller  counties.  Under 
the  confused  government  of  Charles’s  immediate  successors 
the  archbishop  was  the  only  real  power  in  Milan.  But  there 
were  two  classes  of  difficulties  in  the  situation,  ecclesiastical 
and  political ;  and  their  presence  had  a  marked  effect  on  the 
development  of  the  people  and  the  growth  of  the  commune, 
which  was  the  next  stage  in  the  history  of  Milan.  On  the 
one  hand  the  archbishop  was  obliged  to  contend  against 
heretics  or  against  fanatical  reformers  who  found  a  follow¬ 
ing  among  the  people ;  and  on  the  other,  since  the  arch¬ 
bishop  was  the  real  power  in  the  city,  the  emperor,  the  no¬ 
bles,  and  the  people  each  desired  that  he  should  be  of  their 
party ;  and  to  whichever  party  he  did  belong  he  was  certain 
to  find  himself  violently  opposed  by  the  other  two.  From 
these  causes  it  sometimes  happened  that  there  were  two 
archbishops,  and  therefore  no  central  control,  or  no  arch¬ 
bishop  at  all,  or  else  an  archbishop  in  exile.  The  chief  re¬ 
sult  of  these  difficulties  was  that  a  spirit  of  independence 
and  a  capacity  of  judging  and  acting  for  themselves  was 
developed  in  the  people  of  Milan.  The  terror  of  the  Hun- 


MILAZZO. 


305 


nish  invasion,  ia  899,  further  assisted  the  people  in  their 
progress  towards  freedom,  for  it  compelled  them  to  take 
arms  and  to  fortify  their  city,  rendering  Milan  more  than 
ever  independent  of  the  feudal  lords  who  lived  in  their 
castles  in  the  country.  The  tyranny  of  these  nobles  drove 
the  peasantry  and  smaller  vassals  to  seek  the  protection  for 
life  and  property,  the  equality  of  taxation  and  of  justice, 
which  could  be  found  only  inside  the  walled  city  and  under 
the  rule  of  the  archbishop.  Thus  Milan  grew  populous, 
and  learned  to  govern  itself.  Its  inhabitants  became  for 
the  first  time  Milanese,  attached  to  the  sta'ndard  of  St.  Am¬ 
brose, — no  longer  subjects  of  a  foreign  conqueror,  but  a  dis¬ 
tinct  people,  with  a  municipal  life  and  prospects  of  their 
own.  For  the  further  growth  of  the  commune,  the  action 
of  the  great  archbishop  Heribert,  the  establishment  of  the 
carroccio,  the  development  of  Milanese  supremacy  in  Lom¬ 
bardy,  the  destruction  of  Lodi,  Como,  Pavia,  and  other 
neighboring  cities,  the  exhibition  of  free  spirit  and  power 
in  the  Lombard  league,  and  the  battle  of  Legnano,  see  the 
article  Italy.  See  also  Lombards. 

After  the  battle  of  Legnano,  in  1174,  although  the  Lom¬ 
bard  cities  failed  to  reap  the  fruit  of  their  united  action, 
and  fell  to  mutual  jealousy  once  more,  Milan  internally  be¬ 
gan  to  grow  in  material  prosperity.  After  the  peace  of 
Constance  (1183)  the  city  walls  were  extended ;  the  arts 
flourished,  each  in  its  own  quarter,  under  a  syndic  who 
watched  the  interests  of  the  trade.  The  manufacture  of 
armor  was  the  most  important  industry.  During  the  strug¬ 
gles  with  the  emperor  Barbarossa,  when  freedom  seemed 
on  the  point  of  being  destroyed,  many  Milanese  vowed 
themselves,  their  goods,  and  their  families  to  the  Virgin 
should  their  city  come  safely  out  of  her  troubles.  Hence 
arose  the  powerful  fraternity  of  the  “  Umiliati,'’  who  estab¬ 
lished  their  headquarters  at  fhe  Brera,  and  began  to  de¬ 
velop  the  wool  trade,  and  subsequently  gave  the  first  im¬ 
petus  to  the  production  of  silk.  From  this  period  also  date 
the  irrigation  works  which  render  the  Lombard  plain  a  fer¬ 
tile  garden.  The  government  of  the  city  consisted  of  (A) 
a  parlamento  or  consiglio  grande,  including  all  who  pos¬ 
sessed  bread  and  wine  of  their  own, — a  council  soon  found 
to  he  unmanageable  owing  to  its  size,  and  reduced  first  to 
2000,  then  to  1500,  and  finally  to  800  members;  (B)  a  cre- 
denza  or  committee  of  twelve  members,  elected  in  the  grand 
council,  for  the  dispatch  of  urgent  or  secret  business ;  (C) 
the  consuls,  the  executive,  elected  for  one  year,  and  com¬ 
pelled  to  report  to  the  great  council  at  the  term  of  their 
office.  The  way  in  which  the  burghers  used  their  liberty 
and  powers,  secured  by  the  peace  of  Constance,  in  attacking 
the  feudal  nobility ;  how  they  compelled  the  nobles  to  come 
into  the  city  and  to  abandon  their  castles  for  a  certain  por¬ 
tion  of  the  year ;  how  the  war  between  the  two  classes  was 
continued  inside  the  city,  resulting  in  the  establishment  of 
thepodestd;  and  the  nature  and  limits  of  this  office, — all 
this  has  been  explained  in  the  article  Italy. 

This  bitter  and  well-balanced  rivalry  between  the  nobles 
and  the  people,  and  the  endless  danger  to  which  it  exposed 
the  city  owing  to  the  fact  that  the  nobles  were  always  ready 
to  claim  the  protection  of  their  feudal  chief,  the  emperor, 
brought  to  the  front  two  noble  families  as  protagonists  of 
the  contending  factions, — the  Torriani  of  Valsassina,  and 
the  Visconti,  who  derived  their  name  from  the  office  they 
had  held  under  the  archbishops.  After  the  battle  of  Corte- 
nova,  in  1237,  where  Frederick  II.  defeated  the  Guelf  army 
of  the  Milanese  and  captured  their  carroccio,  Pagano  della 
Torre  rallied  and  saved  the  remnants  of  the  Milanese.  This 
act  recommended  him  to  popular  favor,  and  he  was  called 
to  the  government  of  the  city,— but  only  for  the  distinct 
purpose  of  establishing  the  “  catasta,”  a  property  tax  which 
should  fall  with  equal  incidence  on  every  citizen.  This  was 
a  democratic  measure  which  marked  the  party  to  which  the 
Torriani  belonged  and  rendered  them  hateful  to  the  no¬ 
bility.  Pagano  died  in  1241.  His  nephew  Martino  fol¬ 
lowed  as  podesta  in  1256,  and  in  1259  as  signore  of  Milan, 
— the  first  time  such  a  title  was  heard  in  Italy.  The  no¬ 
bles,  who  had  gathered  round  the  Visconti,  and  who  threat¬ 
ened  to  bring  Ezzelino  da  Eomano,  the  Ghibelline  tyrant 
of  Padua,  into  the  city,  were  defeated  by  Martino,  and  nine 
hundred  of  their  number  were  captured.  Martino  was  fol¬ 
lowed  by  two  other  Torriani,  Filippo  his  brother  (1263-65) 
and  Napoleone  his  cousin  (1265-77),  as  lords  of  Milan. 
Napoleone  obtained  the  title  of  imperial  vicar  from  Rudolph 
of  Hapsburg.  But  the  nobles  under  the  Visconti  had  been 
steadily  gathering  strength,  and  Napoleone  was  defeated 
at  Desio  in  1277.  He  ended  his  life  in  a  wooden  cage  at 
Castel  Baradello  above  Como. 

Otho  Visconti,  archbishop  of  Milan  (1262),  the  victor  of 
Desio,  became  lord  of  Milan,  and  founded  the  house  of 
Visconti,  who  ruled  the  city — except  from  1302  to  1310 — 
till  1447,  giving  twelve  lords  to  Milan.  Otho  (1277-95), 
Matteo  (1310-22),  Galeazzo  (1322-28),  Azzo  (1328-39),  Luc- 
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chino  (1339-49),  and  Giovanni  (1349-54)  followed  in  success¬ 
ion.  Giovanni  left  the  lordship  to  three  nephews — Matteo, 
Galeazzo,  and  Bernabd.  Matteo  was  killed  (1355)  by  his 
brothers,  who  divided  the  Milanese,  Bernabo  reigning  in 
Milan  (1354-85)  and  Galeazzo  in  Pavia  (1354-78).  Gale¬ 
azzo  left  a  son,  Gian  Galeazzo,  who  became  sole  lord  of 
Milan  by  seizing  and  imprisoning  his  uncle  Bernabb.  For 
an  account  of  this  most  powerful  prince  see  Italy.  It  was 
under  him  that  the  cathedral  of  Milan  and  the  Certosa  of 
Pavia  were  begun.  He  was  the  first  duke  of  Milan,  having 
obtained  that  title  from  the  emperor  Wenceslaus.  His 
sons  Giovanni  Maria,  who  reigned  at  Milan  (1402-1412), 
and  Filippo  Maria,  who  reigned  at  Pavia  (1402-1447),  suc¬ 
ceeded  him.  In  1412,  on  his  brother’s  death,  Filippo  united 
the  whole  duchy  under  his  sole  rule,  and  attempted  to 
carry  out  his  father’s  policy  of  aggrandizement,  but  with¬ 
out  success. 

Filippo  was  the  last  male  of  the  Visconti  house.  At  his 
death  a  republic  was  proclaimed,  which  lasted  only  three 
years.  In  1450  the  general  Francesco  Sforza,  who  had 
married  Filippo’s  only  child  Bianca  Visconti,  became 
duke  of  Milan  by  right  of  conquest  if  by  any  right.  Un¬ 
der  this  duke  the  canal  of  the  Martesana,  which  connects 
Milan  with  the  Adda,  and  the  Great  Hospital  were  carried 
out.  Francesco  was  followed  by  five  of  the  Sforza  family. 
His  son  Galeazzo  Maria  (1466-76)  left  a  son,  Gian  Galeazzo, 
a  minor,  whose  guardian  and  uncle  Lodovico  usurped  the 
duchy  (1479-1500).  Lodovico  was  captured  in  1500  by 
Louis  XII.  of  France,  and  Milan  remained  for  twelve  years 
under  the  French  crown.  In  the  partial  settlement  which 
followed  the  battle  of  Ravenna,  Massimiliano  Sforza,  a  pro¬ 
tege  of  the  emperor,  was  restored  to  the  throne  of  Milan, 
and  held  it  by  the  help  of  the  Swiss  till  1515,  when  Francis 
I.  of  France  reconquered  the  Milanese  by  the  battle  of  Ma- 
rignano,  and  Massimiliano  resigned  the  sovereignty  for  a 
revenue  from  France.  This  arrangement  did  not  continue. 
Charles  V.  succeeded  the  emperor  Maximilian,  and  at  once 
disputed  the  possession  of  the  Milanese  with  Francis.  In 
1522  the  imperialists  entered  Milan  and  proclaimed  Fran¬ 
cesco  Sforza  (son  of  Lodovico).  Francesco  died  in  1535, 
and  with  him  ended  the  house  of  Sforza.  From  this  date 
till  the  war  of  the  Spanish  succession  (1714)  Milan  was  a 
dependency  of  the  Spanish  crown.  At  the  close  of  that 
war  it  was  handed  over  to  Austria ;  and  under  Austria  it 
remained  till  the  Napoleonic  campaign  of  1796.  For  the 
results  of  that  campaign,  and  for  the  history  of  Italian 
progress  towards  independence,  in  which  Milan  played  a 
prominent  part  by  opening  the  revolution  of  1848,  the 
reader  is  referred  to  the  article  Italy.  The  Lombard 
campaign  of  1859,  with  the  battles  of  Solferino  and  Ma¬ 
genta,  finally  made  Milan  a  part  of  the  kingdom  of  Italy. 

Literature. — Pietro  Verri,  Storia di  Milano ;  Corio,  Storia di  Milano; 
Cantu,  IUustrazione  Grande  del  Lombardo  Veneto;  the  Milanese 
chroniclers  in  Muratori’s  Rer.  Ital.  Scriptores;  Sismondi,  Italian 
Republics;  Ferrari,  Rivoluzione  d’ltalia;  Litta,  Famiglie  celebri, 
s.  v.  “  Torriani,”  “  Visconti,”  “  Sforza,”  and  “  Trivulzi Muratori, 
Annali  d' Italia;  Hallam ,  History  of  the  Middle  Ages ;  and  Medio¬ 
lanum,  4  volsv  1881.  Bonvicino  da  Riva  gives  a  contemporary 
account  of  Milan  in  the  12th  century.  (H.  f.  b.) 

MILAZZO,  a  city  of  Italy  in  the  province  of  Mes¬ 
sina  in  Sicily,  20£  miles  west  of  Messina,  is  built  on 
the  eastern  shore  of  the  Bay  of  Milazzo,  partly  on 
the  isthmus  of  the  promontory.  Capo  Milazzo,  which 
divides  it  from  the  Bay  of  Olivieri.  It  consists  of  an 
old  or  upper  town  protected  by  strong  bastioned  walls, 
and  a  lower  or  modern  town  outside  of  the  enceinte. 
The  fine  old  castle  is  now  used  as  a  prison.  Besides  a 
certain  amount  of  foreign  commerce  (37  vessels  with 
a  burden  of  6707  tons  entering  in  1881,  93  with  13,- 
496  in  1863),  Milazzo  carries  on  a  good  coasting  trade 
(194,366  tons  in  1881,  40,138  in  1861),  and  is  one  of 
the  seats  of  the  tunny-fishery.  The  communal  popu¬ 
lation  increased  from  10,493  in  1861  to  16,422  in  1901, 
and  that  of  the  city  was  9,503  in  1901. 

Milazzo  is  the  ancient  Mylse,  a  seaport  and  fortress 
founded  by  the  Zanclseans  (Messanians),  which  gives  its 
name  to  the  battle  of  the  Mylaean  plain  in  which  the  Ma- 
mertines  were  defeated  by  Hiero  in  270  B.c.  In  1523  it  was 
the  scene  of  an  unsuccessful  conspiracy  to  transfer  Sicily 
to  the  French.  Captured  by  the  Germans  in  1718,  it  was 
besieged  by  the  Spaniards,  but  relieved  by  a  Neapolitan  and 
English  force.  In  July,  1860,  the  defeat  of  the  Neapolitans 
in  the  vicinity,  and  the  seizure  of' the  fortress,  formed  al¬ 
most  the  crowning  act  of  Garibaldi’s  victorious  campaign. 
The  Bay  of  Milazzo  has  been  the  scene  of  the  defeat  of  the 
Carthaginian  navy  by  Duilius  (260  B.c.),  of  Pompeius  by 
Octavian’s  general  Agrippa  (36  B.c.),  and  of  the  French  and 
Messinian  galleys  by  the  Pisans  (1268). 


306 


MILDEW -MILETUS. 


MILDEW  (explained  as  “meal-dew”  or,  with 
more  probability,  as  “honey -dew”)  is  a  popular 
name  given  to  various  minute  fungi  from  their  ap¬ 
pearance,  and  from  the  sudden,  dew-like  manner  of 
their  occurrence.  Like  many  other  popular  names  of 
plants,  it  is  used  to  denote  different  species  which  pos¬ 
sess  very  small  botanical  affinity.  The  term  is  ap¬ 
plied,  not  only  to  species  belonging  to  various  syste¬ 
matic  groups,  but  also  to  such  as  follow  different 
modes  of  life.  The  corn-mildew,  the  hop-mildew,  and 
the  vine-mildew  are,  for  example,  parasitic  upon  liv¬ 
ing  plants,  and  the  mildews  of  damp  linen  and  of  pa¬ 
per  are.  saprophytes,  that  is,  they  subsist  on  matter 
which  is  already  dead.  It  is  generally  possible  to 
draw  a  distinct  line  between  parasitic  and  saprophytic 
fungi ;  a  species  which  attacks  the  living  body  of  its 
host  does  not  grow  on  dead  matter,  and  vice  versa. 
This  is  true  so  far  as  is  known  of  perhaps  all  the 
higher  fungi  except  Saprolegnia  ferax  (Gruith.),  a 
parasite  of  fresh-water  fishes  (especially  of  the  sal¬ 
mon),  which  also  grows  freely  on  their  dead  bodies 
and  on  those  of  flies,  etc.  As  regards  mildews  in 
general,  the  conditions  of  life  and  growth  are  mainly 
suitable  nutrition  and  dampness  accompanied  by  a 
high  temperature.  The  life-history  of  the  same  spe¬ 
cies  of  mildew  frequently  covers  two  or  more  genera¬ 
tions,  and  these  are  often  passed  on  hosts  of  different 
kinds.  In  some  cases  again  the  same  generation  con¬ 
fines  its  attack  to  the  same  kind  of  host,  while  in 
others  the  same  generation  grows  on  various  hosts. 
For  information  regarding  fungi  generally  see  Fun¬ 
gus,  vol.  ix.  p.  726. 

The  following  examples  are  of  common  occurrence. 

The  Com- Mildew  ( Puccinia  graminis ,  Pers.,  Order 
Uredinece). — This  disease  of  our  grain  crops  and  of 
many  other  grass  plants  is  very  widely  distributed, 
like  its  hosts,  over  the  earth,  and  is  by  far  the  most 
important  to  man  of  all  mildews.  Its  life-history  is 
passed  in  three  generations — two  of  them  on  the  grass 
lants  and  one  on  the  barberry.  In  early  spring  the 
rst  generation  is  found  on  the  dead  leaves  and  leaf- 
sheaths  of  grass  plants  (in  which  the  disease  has 
hibernated),  presenting  to  the  naked  eye  the  appear¬ 
ance  of  thin  black  streaks.  When  examined  with  a 
microscpe  these  streaks  are  seen  to  consist  of  a  great 
number  of  minute  two-celled  and  thick-walled  teleu- 
tospores  (reproductive  bodies)  each  situated  at  the 
end  of  a  stalk  (see  A  in  Fig.  2,  vol.  ix.  p.  730).  These 
have  burst  through  the  epidermis  of  the  plant  from 
their  origin  on  threads  among  the  tissues  beneath. 
When  they  have  been  in  contact  with  excessive  moist¬ 
ure  for  a  few  hours,  each  of  the  spore-cells  germi¬ 
nates  by  emitting  a  fine  tube  called  a  promycelium,  on 
which  there  are  borne  small  round  thin-walled  sporidia 
(reproductive  bqdies).  The  sporidia  are  easily  de¬ 
tached  and  carried  from  place  to  place  by  the  wind, 
and  on  alighting  on  the  leaves  of  a  barberry  plant 
soon  germinate  by  pushing  out  a  small  tube  which 
perforates  the  epidermis  and  thus  gains  access  to 
the  interior  of  the  leaf,  where  it  branches  copiously, 
a,nd  forms  a  mass  of  thread-like  tissue  called  myce¬ 
lium.  The  germ-tubes  of  sporidia  are  unable  to  en¬ 
ter  the  leaves,  etc. ,  of  grass  plants.  In  from  six  to 
ten  days  this  mycelium  gives  rise  to  flask-shaped 
bodies  called  spermogonia  (vol.  ix.  p.  730,  Fig.  2  B, 
sp),  immediately  under  the  surface  of  the  leaf  (usu¬ 
ally  the  upper  one),  but  breaking  through  it  at  the 
neck  of  the  flask,  out  of  which  there  protrudes  a 
bunch  of  hairs.  Within  the  flasks  are  formed  at  the 
end  of  stalks  many  exceedingly  small  oval  bodies 
called  spermatia,  which  escape  through  the  neck. 
The  function  of  these  bodies  has  not  yet  been  defi¬ 
nitely  made  out,  but  that  they  bear  a  very  striking 
resemblance  to  the  male  sexual  organs  of  other  fungi 
there  can  be  no  doubt.  In  the  same  leaves  and  on 
the  same  mycelium  there  arise  several  days  later  nu¬ 
merous  basin-shaped  bodies  containing  erect  stalks, 
bearing  at  the  apex  a  number  of  round  secidiosuores ' 


(reproductive  bodies)  in  vertical  series  (vol.  ix.  p.  730, 
Fig.  2  B,  a).  These  constitute  the  second  generation. 
On  their  escape  they  germinate  by  emitting  a  tube 
which,  if  the  host  on  which  they  fall  be  a  grass  plant- 
enters  the  leaf  through  one  of  the  stomata  in  the  epi¬ 
dermis,  and  there  by  branching  forms  a  new  myce¬ 
lium.  On  this  there  soon  appears,  bursting  through 
the  epidermis,  a  new  generation  consisting  of  round 
or  oval  uredospores  produced  at  the  end  of  stalks 
(vol.  ix.  p.  730,  Fig.  2  C).  The  uredospores  con¬ 
stantly  reproduce  this  generation,  and  in  such  abun¬ 
dance  that  the  grain  crops  are  extensively  ravaged  by 
its  attack.  It  is  in  this  generation  that  the  term  mil¬ 
dew  is  popularly  given  to  the  fungus.  Later  in  au¬ 
tumn  on  the  same  mycelium  the  two-celled  teleuto- 
spores  appear,  and  these  after  hibernating  renew  in 
spring  the  life-history.  This  very  remarkable  cycle  of 
generations  was  first  traced  by  Professor  de  Bary. 

The  Hop-Mildew  ( Sphserotheca  Castagnei,  Lev.,  Order  Erysi- 
phese)  is  a  parasitic  disease  of  the  hop,  though  it  is  often  to 
be  found  on  many  other  plants,  such  as  Potentilla,  Spiraea, 
Epilobium,  balsams,  cucumbers,  dandelions,  plantains,  etc. 
The  thread-like  mycelium  appears  on  the  young  shoots  and 
leaves  of  the  hop  in  white  spots,  which  gradually  extend 
and  finally  unite.  This  mycelium  bears  many  minute, 
round  conceptacles  (perithecia)  which  with  their  supporting 
threads  are  brown-colored.  Within  each  perithecium  is 
found  a  somewhat  oval  body  termed  an  ascus,  containing 
eight  ascospores  (reproductive  bodies). 

The  Vine-Mildew  ( Erysiphe  Tuckeri,  Berk.,  Order  Erysi¬ 
phese)  is  known  only  in  on'e  generation — called  the  oidium 
stage.  Soon  after  the  flowering  of  the  vine  the  attack  takes 
place  on  the  young  leaves,  from  which  the  thin  white  my¬ 
celium  spreads  rapidly  to  the  older  leaves  and  twigs,  which 
it  does  not  appear  to  affect  so  injuriously.  The  chief  dam¬ 
age  is  done  to  the  grapes  while  they  are  in  a  very  immature 
condition.  The  mycelium  which  travels  over  the  surface 
sends  down  at  intervals  into  the  tissues  short  irregular  pro¬ 
tuberances  called  haustoria,  which  perform  for  it  the  func¬ 
tions  of  roots.  Above  these  rise  from  the  mycelium  short 
stalks  bearing  each  a  single  oval  spore  at  the  apex.  The 
disease  spreads  on  the  same  plant  not  only  by  the  extension 
of  the  mycelium  but  by  the  scattering  and  germination  of 
the  spores.  Here  no  perithecia  are  known. 

The  Paper  Mildew  ( Ascotrieha  chartarum,  Berk.,  Order 
Erysiphese)  grows  on  damp  paper,  and  therefore  is  sapro¬ 
phytic  in  its  mode  of  life.  It  consists  at  first  of  a  branching 
filamentous  mycelium  on  which  minute  globular  spores 
occur.  Finally  a  round  brown  perithecium  is  formed  among 
the  threads  which  appear  as  radiating  from  it.  Within  the 
perithecium  are  numerous  linear  asci  containing  each  a  row 
of  dark  elliptic  ascospores. 

For  the  Erysiphese  generally  see  Fungus,  vol.  ix.  p.  732. 

MILETUS,  an  ancient  city  on  the  southern  shore 
of  the  Latmic  Gulf  opposite  the  mouth  of  the  Mean¬ 
der.  Before  the  Ionic  migration  it  was  inhabited  by 
theCarians  { Iliad  x  ii.  876;  Herod,  i.  146);  other  author¬ 
ities  call  the  original  people  Leleges,  who  are  always 
hard  to  distinguish  from  Carians.  The  Greek  settlers 
from  Pylus  under  Neleus  massacred  all  the  men  in  the 
city,  and  built  for  themselves  a  new  city  on  the  coast. 
It  occupied  a  very  favorable  situation  at  the  mouth 
of  the  rich  valley  of  the  Mseander,  and  was  the  natural 
outlet  for  the  trade  of  Southern  Phrygia  (Hipponax, 
Fr.  45) ;  it  had  four  harbors,  one  of  considerable  size. 
Its  power  extended  inland  for  some  distance  up  the 
valley  of  the  Maeander,  and  along  the  coast  to  the 
south,  where  it  founded  the  city  of  Iasus.  The  trade 
with  the  Black  Sea,  however,  was  the  greatest  source 
of  wealth  to  the  Ionian  cities.  Miletus  like  the  rest 
turned  its  attention  chiefly  to  the  north,  and  after  a 
time  it  succeeded  in  almost  monopolizing  the  traf¬ 
fic.  Along  the  Hellespont,  the  Propontis,  and  the 
Black  Sea  coasts  it  founded  more  than  sixty  cities1 — 
among  them  Abydus,  Cyzicus,  Sinope,  Dioscurias,  Pan- 
tieapaeum,  and  Olbia.  All  these  cities  were  founded  be¬ 
fore  the  middle  of  the  7th  century;  and  before  500  B.c. 
Miletus  was  decidedly  the  greatest  Greek  city. 
During  the  time  when  the  enterprise  and  energy  of 
the  seafaring  population,  the  aeivavrai ,  raised  Miletus 

1  Pliny  (N.  H.  Bk.  v.  31)  says  “  over  eighty  cities,”  super  oclayinta 
urbmm.—Au.  JiU. 
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to  such  power  and  wealth,  nothing  is  known  of  its 
internal  history.  The  analogy  of  all  Greek  cities,  and 
some  casual  statements  in  later  writers,  suggest  that 
the  usual  bloody  struggles  took  place  between  the  oli¬ 
garchy  and  the  democracy,  and  that  tyrants  sometimes 
raised  themselves  to  supreme  power  in  the  city ;  but 
no  details  are  known.  Miletus  was  equally  distin¬ 
guished  at  this  early  time  as  a  seat  of  literature.  The 
Ionian  epic  and  lyric  poetry  indeed  had  its  home  far¬ 
ther  north ;  philosophy  and  history  were  more  akin 
to  the  practical  race  of  Miletus,  and  Thales,  Anaxi¬ 
mander,  Anaximenes,  Hecataeus,  all  belonged  to  this 
city.  The  three  Ionian  cities  of  Caria — Miletus,  Myus, 
and  Priene — spoke  a  peculiar  dialect  of  Ionic. 1 

When  the  Mermnad  kings  raised  Lydia  to  be  a  great 
military  kingdom,  Miletus  was  their  strongest  adver¬ 
sary.  War  was  carried  on  for  many  years,  till  Alyattes 
concluded  a  peace  with  Thrasybulus,  tyrant  of  Miletus ; 
the  Milesians  afterwards  seem  to  have  peaceably  ac¬ 
knowledged  the  rule  of  Croesus.  On  the  Persian  con¬ 
quest  Miletus  passed  under  a  new  master ;  it  headed 
the  revolt  of  500  B.C.,  and  was  taken,  by  storm  after 
the  battle  of  Lade.  Darius  treated  it  with  peculiar 
severity,  massacred  most  of  the  inhabitants,  trans¬ 
ported  the  rest  to  Ampe  at  the  mouth  of  the  Tigris, 
and  gave  up  the  city  to  the  Carians.  Henceforth  the 
history  of  Miletus  has  no  special  interest ;  it  revived 
indeed  when  the  Persians  were  expelled  from  the  coast 
in  479  B.C.,  and  was  a  town  of  commercial  importance 
throughout  the  Graeco-Roman  period,  when  it  shared 
in  the  general  fortunes  of  the  Ionian  cities  under  the 
rule  of  Athenians,  Persians,  Macedonians,  Perga- 
menians,  and  Romans  in  succession.  Its  harbors,  once 
protected  by  Lade  and  the  other  Tragusaean  islands, 
were  gradually  silted  up  by  the  Maeander,  and  Lade 
is  now  a  hill  some  miles  from  the  coast. .  Ephesus 
took  its  place  as  the  great  Ionian  harbor  in  the  Hel¬ 
lenistic  and  Roman  times.  It  was  the  seat  of  a  Chris¬ 
tian  bishopric,  but  its  decay  was  sure,  and  its  site  is 
now  a  marsh. 


See  Schroeder,  Comment,  de  Reb.  Miles. ;  Soldan,  Rer.  Miles • 
Comment. ;  Rayet,  Milet  et  le  Golfe  Latmique ;  Head,  “  Early 
Electrum  Coins,  ’  in  Numism.  Chron.,  vol.  xvi. 

MILFORD,  a  seaport,  market-town,  and  contribu¬ 
tory  parliamentary  borough  (one  of  the  Pembroke  dis¬ 
trict)  of  Pembrokeshire,  South  Wales,  is  finely  situated 
on  the  north  side  of  Milford  Haven,  about  8  miles 
west-northwest  of  Pembroke.  The  land-locked  estu¬ 
ary  of  Milford  Haven  stretches  about  10  miles  inland, 
with  a  breadth  of  from  1  to  2  miles.  In  most  places  it 
has  a  depth  of  from  15  to  19  fathoms,  and,  as  it  is  com¬ 
pletely  sheltered  by  hills,  vessels  can  ride  in  it  at  anchor 
in  all  kinds  of  weather.  The  royal  dockyard,  founded 
at  Milford  in  1790,  was  removed  in  i  811,  and  . from  that 
time  trade  has  been  in  a  languishing  condition..  The 
town  possesses  iron-works.  The  shipping  trade  is  con¬ 
fined  chiefly  to  coasting  vessels,  but  with  the  comple¬ 
tion  of  new  docks,  capable  of  receiving  vessels  of  the 
largest  tonnage,  it  is  supposed,  that  a  considerable  trade 
may  be  carried  on  with  America.  The  population  of 
the  urban  sanitary  district  in  1871  was  3252,  and  in 
1900  it  was  5.101.  a 

MILFORD,  a  post-village  of  the  United  States,  m 
Worcester  county,  Massachusetts,  lies  34  miles  south¬ 
west  of  Boston,  at  the  junction  of  the  Milford  branch 
of  the  Boston  and  Albany  Railroad  with  the.Hopkin- 
ton,  Milford,  and  Woonsocket  Railroad.  It  is  one  of 
the  principal  seats  of  the  boot  manufacture  in  New 
England,  and  also  produces  large  quantities  of  straw 
goods.  The  population  was  11,376  in  1900. 


i  The  coinage  of  Miletus  during  this  early  period  is  an  import¬ 
ant  subiect  on  account  of  the  wide  commercial  connections  of  the 
cftv  The  early  electrum  coinage  belongs  to  the  Phoenician  9r 
Graeco-Asiatic  standard,  which  was  introduced  from  Phoenicia 
and  spread  over  many  of  the  Ionian  and  Thracian  cities  through 
the  influence  of  Milesian  trade.  Very  archaic  coins  of  Miletus, 
Ephesus  Cvme  and  Sardis  are  known  of  this  standard,  and  at  a 
somewhat  huer  date  of  Chios,  Samos.  Clazomeme  Lampsacus, 
Ab^dus,  and  CyS  The  lion  is  the  regular  Milesian  type, 
often  with  a  star  beside  or  above  him. 


MILICZ,  or  Militsch,  of  Kremsier,  Moravia,  was 
the  most  influential  among  those  preachers  and  writers 
in  Moravia  and  Bohemia  who  during  the  14th  century 
paved  the  way  for  the  reforming  activity  of  Huss  and 
through  him  for  that  of  Luther.  He  was  born  about 
1325,  was  already  in  holy  orders  in  1350,  in  1360  was 
attached  to  the  court  of  the  emperor  Charles  IV., 
whom  he  accompanied  into  Germany  in  that  year,  and 
about  the  same  time  also  held  a  canonry  in  the  cathe¬ 
dral  of  Prague  along  with  the  dignity  of  archdeacon. 
About  1363  he  resigned  all  his  appointments  that  he 
might  become  a  preacher  pure  and  simple;  he  ad¬ 
dressed  scholars  in  Latin,  and  (an  innovation)  the  laity 
in  their  native  Czech,  or  in  German,  which  he  acquired 
for  the  purpose.  The  success  of  his  labors  in  reclaim¬ 
ing  the  fallen  made  itself  apparent  in  the  reformation 
of  a  whole  quarter  of  the  city  of  Prague.  As  he  dwelt 
more  and  more  on  ecclesiastical  abuses  and  the  cor¬ 
ruption  of  the  clergy,  and  viewed  them  in  the  light  of 
Scripture,  the  conviction  grew  in  his  mind  that  the 
“abomination  of  desolation’.’  was  now  seen  in  the 
temple  of  God,  and  that  antichrist  had  come,  and  in 
1367  he  went  to  Rome  (where  Urban  Y.  was  expected 
from  Avignon)  to  expound  these  views.  He  affixed  to 
the  gate  of  St.  Peters  a  placard  announcing  his  ser¬ 
mon,  but  before  he  could  deliver  it  was  thrown  into 
prison  by  the  Inquisition.  Urban,  however,  on  his  arrival 
ordered  his  release,  whereupon  he  returned  to  Prague, 
and  from  1369  to  1372  preached  daily  in  the  Teyn 
Church  there.  In  the  latter  year  the  clergy  of  the 
diocese  complained  of  him  to  the  papal  court  at  Avig¬ 
non,  whither  he  was  summoned  in  Lent  1374,  and 
where  he  died  before  his  case  was  decided.  He  was 
the  author  of  a  Libellus  de  Antichristo,  written  in 
prison  at  Rome,  a  series  of  Postillce  and  Lectiones 
Quadragesimales  in  Latin,  and  a  similar  series  of 
Postils  in  Czech. 

MILITARY  FRONTIER  (German,  Militargrenze ; 
Slavonic,  Granitza),  a  narrow  strip  of  Austrian-Hun- 
garian  territory  stretching  along  the  borders  of  Turkey, 
which  had  for  centuries  a  peculiar  military  organiza¬ 
tion,  and  from  1849  to  1873  constituted  a  crown-land. 
As.  a  separate  division  of  the  monarchy  it  owed  its  ex¬ 
istence  to  the  necessity  of  maintaining  during  the  15th, 
16th,  and  17th  centuries  a  strong  line  of  defence  against 
the  invasions  of  the  Turks,  ana  may  be  said  to  have 
had  its  origin  with  the  establishment  of  the  captaincy 
of  Zengg  by  Matthias  Corvinus  and  the  introduction 
of  Uskoks  (fugitives  from  Turkey)  into  the  Warasdin 
district  by  the  emperor  Ferdinand  I.  By  the  close  of 
the  17th  century  there  were  three  frontier  ‘  general- 
ates  Carlstadt,  Warasdin,  and  Petrinia  (the  last 
also  called  the  Banal).  After  the  defeat  of  the  Turk¬ 
ish  power  by  Prince  Eugene  it  was  proposed  to  abolish 
the  military  constitution  of  the  frontier,  but  the  change 
was  successfully  resisted  by  the  inhabitants  of  the  dis¬ 
trict  ;  on  the  other  hand,  a  new  Slavonian  frontier 
district  was  established  in  1702,  and  Maria  Theresa 
extended  the  organization  to  the  march-lands  of 
Transylvania  (the  Szekler  frontier  in  1764,  the  Walla- 
chian  in  1766). 2  .  . 

As  a  reward  for  the  service  it  rendered  the  Govern¬ 
ment  in  the  suppression  of  the  Hungarian  insurrection 
in  1848,  the  Military  Frontier  was  erected  in  1849  into 


*  By  1848  the  following  had  come  to  be  the  division  of  the  Mili¬ 
tary  Frontier:  (1)  The  Carlstadt  ( Carlowitz ),  ( Warasdin,  and,  Banal 
Generalate:  the  Licca  Regiment  (headquarters  at  Gospich)  the 
Ottochaz  Regiment  (Ottochaz),  the  Ogulin  (Ogulm),  the  Slum 
(Carlstadt),  the  Cross  (Belovar),  the  St.  George  s  (Belovar),  the  1st 
Banal  (Glina),  the  2d  Banal  (Petrinia).  (2)  The  Slavonian  General¬ 
ate  :  the  Gradiska  Regiment  (Neu  Gradiska),  the  Brood  Regiment 
(Vinkoveze),  the  Peterwardein  (Mitrovicz),  the  Tchaikist  Bat¬ 
talion  (Titel).  (3)  The  Banal  Generalate:  the  German  Banat  Regi-. 
ment  (Pancsova),  the  Wallachian  Banat  (Karansebes),  the 
Illyrian  Banat  (Weisskirchen).  (4)  The  Transylvanian  Generalale: 
The  Szekler  Regiment  No.  14  (Csik  Szereda),  the  Szekler  Regi¬ 
ment  No.  15  (Keszdi  Vasarhely),  the  Wallachian  No.  16  (Orlath), 
the  Wallachian  No.  17  (Naszod).  Twelve  towns,  known  as  “  mili¬ 
tary  communities,”  had  communal  constitutions  not  unlike  those 
of  the  free  towns  of  Hungary— Carlopago,  Zengg,  Petrinia,  Kos- 
tainicza,  Belovar,  Ivanie, Brood,  Peterwardein,  Carlowitz,  Sem- 
lin,  Pancsova,  and  Weisskirchen, 
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a  crown-land,  with  a  total  area  of  15,182  square  miles, 
and  a  population  of  1,220,503.  In  1851  the  Transyl¬ 
vanian  portion  (1177  square  miles)  was  incorporated 
with  the  rest  of  Transylvania-  and  in  1871  effect  was 
given  to  the  imperial  decree  of  1869  by  which  the  dis¬ 
tricts  of  the  Warasdin  regiments  (St.  George  and  the 
Cross)  and  the  towns  of  Zengg,  Belovar,  IvaniS,  etc., 
were  “  provincialized”  or  incorporated  with  the  Croa- 
tian-Slavonian  crown-land.  In  1872  the  Banat  regi¬ 
ments  followed  suit;  and  in  1873  the  old  military  or¬ 
ganization  was  abolished  in  all  the  rest  of  the  frontier. 
Not  till  1881,  however,  were  the  Croatian-Slavonian 
march-lands  completely  merged  in  the  kingdoms  to 
which  they  naturally  belonged. 

The  social  aspect  of  the  military  frontier  regime  is  inter¬ 
esting.  A  communal  system  of  land  tenure  natural  to  the 
old  Slavonians  was  artificially  kept  in  existence.  The  mark 
or  plot  of  ground  assigned  to  the  original  family  of  settlers 
remained  the  property  of  the  family  as  such,  and  could  not 
be  portioned  out  among  the  several  members.  In  this  way 
the  house-community  all  under  the  rule  of  the  same  house¬ 
father  and  house-mother  (who  were  not  necessarily  man 
and  wife,  nor  the  oldest  members  of  the  community),  and 
all  living  within  the  some  palisade,  sometimes  came  to 
number  two  or  three  hundred  persons.  The  “family” 
dined  in  a  common  hall,  and  after  dinner  discussed  and 
settled  matters  affecting  the  common  weal.  Every  man 
possessing  real  property  in  the  country,  and  capable  of 
hearing  arms,  was  liable  to  military  service  from  his  twen¬ 
tieth  year.  The  house-communities  are  now  beginning  to 
avail  themselves  of  the  permissive  partition  laws,  and 
strangers  are  free  to  come  and  acquire  property  in  land. 
Watch-towers  with  wooden  clappers  and  the  beacons  which 
flashed  the  alarm  along  the  whole  frontier  in  a  few  hours 
are  still  features  in  the  landscape. 

MILITARY  LAW  consists  of  the  statutes,  rules 
of  procedure,  royal  warrants,  and  orders  and  regula¬ 
tions  which  prescribe  and  enforce  the  public  obliga¬ 
tions  of  the  officers,  soldiers,  and  others  made  subject 
to  its  provisions.  Its  essential  purpose  is  the  mainte¬ 
nance  of  discipline;  but  it  also  includes  the  adminis¬ 
trative  government  of  the  military  forces  of  the  state, 
more  especially  in  the  matters  of  enlistment,  service, 
and  billeting.  The  term  “martial  law”  sometimes 
applied  to  it  is,  as  regards  modern  times  at  least,  a 
misnomer.  For  martial  law  as  it  is  now  understood 
applies  not  only  to  military  persons  but  to  the  civil 
community,  and  may  be  described  generally  as  the  ab- 
•  rogation  of  ordinary  law  and  the  substitution  for  it  of 
military  force  uncontrolled  save  by  what,  in  the  dis¬ 
cretion  of  the  commanding  general,  may  be  considered 
the  necessity  of  the  case. 

The  military  law  of  England  in  early  times  existed, 
like  the  forces  to  which  it  applied,  in  a  period  of  war 
only.  Troops  were  raised  for  a  particular  service,  and 
were  disbanded  upon  the  cessation  of  hostilities.  The 
crown,  of  its  mere  prerogative,  made  laws  known  as 
Articles  of  War,  for  the  government  and  discipline  of 
the  troops  while  thus  embodied  and  serving.  Except 
for  the  punishment  of  desertion,  which  offence  was 
made  a  felony  by  statute  in  the  reign  of  Henry  VI. , 
these  ordinances  or  Articles  of  War  remained  almost 
the  sole  authority  for  the  enforcement  of  discipline 
until  1689,  when  the  first  Mutiny  Act  was  passed  and 
the  military  forces  of  the  crown  were  brought  under 
the  direct  control  of  parliament.  Even  the  Parlia¬ 
mentary  forces  in  the  time  of  Charles  I.  and  Cromwell 
were  governed,  not  by  an  act  of  the  legislature,  but 
by  Articles  of  War  similar  to  those  issued  by  the  king 
and  authorized  by  an  ordinance  of  the  Lords  and  Com¬ 
mons,  exercising  in  that  respect  the  sovereign  pre¬ 
rogative.  This  power  of  law-making  by  prerogative 
was,  however,  held  to  be  applicable  during  a  state  of 
actual  war  only,  and  attempts  to  exercise  it  in  time  of 
peace  were  ineffectual.  Subject  to  this  limitation  it 
existed  for  considerably  more  than  a  century  after  the 
passing  of  the  first  Mutiny  Act.  .  From  1689  to  1803, 
although  in  peace  time  the  Mutiny  Act  was  occasion¬ 
ally  suffered  to  expire,  a  statutory  power  was  given  to 
the  crown  to  make  Articles  of  War  to  operate  in  the 


colonies  and  elsewhere  beyond  the  seas  in  the  same 
manner  as  those  made  by  prerogative  operated  in  time 
of  war.  In  1715  in  consequence  of  the  rebellion,  this 
ower  was  created  in  respect  of  the  forces  in  the  king- 
om.  But  these  enactments  were  apart  from  and  m 
no  respect  affected  the  principle  acknowledged  all  this 
time  that  the  crown  of  its  mere  prerogative  could  make 
laws  for  the  government  of  the  army  in  foreign 
countries  in  time  of  war.  The  Mutiny  Act  of  1803 
effected  a  great  constitutional  change  in  this  respect ; 
the  power  of  the  crown  to  make  any  Articles  of  War 
became  altogether  statutory,  and  the  prerogative 
merged  in  the  Act  of  Parliament.  So  matters  re¬ 
mained  till  the  year  1879,  when  the  last  Mutiny  Act 
was  passed  and  the  last  Articles  of  War  were  promul¬ 
gated.  The  Mutiny  Act  legislated  for  offences  in  re¬ 
spect  of  which  death  or  penal  servitude  could  be 
awarded,  and  the  Articles  of  War,  while  repeating 
those  provisions  of  the  Act,  constituted  the  direct 
authority  for  dealing  with  offences  for  which  imprison¬ 
ment  was  the  maximum  punishment  as  well  as  with 
many  matters  relating  to  trial  and  procedure.  The 
Act  and  the  Articles  were  found  not  to  harmonize  in 
all  respects.  Their  general  arrangement  was  faulty, 
and  their  language  sometimes  obscure.  In  1869  a 
royal  commission  recommended  that  both  should  be 
recast  in  a  simple  and  intelligible  shape.  In  1878  a 
committee  of  the  House  of  Commons  indorsed  this 
view  and  made  certain  recommendations  as  to  the  way 
in  which  the  task  should  be  performed.  In  1879  the 
Government  submitted  to  parliament  and  passed  into 
law  a  measure  consolidating  in  one  Act  both  the 
Mutiny  Act  and  the  Articles  of  War,  and  amending 
their  provisions  in  certain  important  respects.  This 
measure  was  called  the  “Army  Discipline  and  Regula¬ 
tion  Act,  1879.”  After  one  or  two  years’ experience 
of  its  working  it  also  was  found  capable  of  improve¬ 
ment,  and  was  in  its  turn  superseded  by  the  Army  Act, 
1881,  which  now  forms  the  foundation  and  the  main 
portion  of  the  military  law  of  England.  It  contains  a 
proviso  saving  the  right  of  the  crown  to  make  Articles 
of  War,  but  in  such  a  manner  as  to  render  the  power 
in  effect  a  nullity ;  for  it  enacts  that  no  crime  made 
punishable  by  the  Act  shall  be  otherwise  punishable 
by  such  Articles.  As  the  punishment  of  every  con¬ 
ceivable  offence  is  provided  for  by  the  Act,  any  Articles 
made  thereunder  can  be  no  more  than  an  empty  form¬ 
ality  having  no  practical  effect.  Thus  the  history  of 
English  military  law  up  to  1879.  may  be  divided  into 
three  periods,  each  having  a  distinct  constitutional  as¬ 
pect  :  (1)  that  prior  to  1689,  when  the  army,  being  re¬ 
garded  as  so  many  personal  retainers  of  the  sovereign 
rather  than  servants  of  the  state,  was  mainly  governed 
by  the  will  of  the  sovereign;  (2)  that  between  1689 
and  1803,  when  the  army,  being  recognized  as  a  per¬ 
manent  force,  was  governed  within  the  realm  by  statute 
and  without  it  by  the  prerogative  of  the  crown ;  and 
(3)  that  from  1803  to  1879,  when  it  was  governed 
either  directly  by  statute  or  by  the  sovereign  under  an 
authority  derived  from  and  defined  and  limited  by 
statute.  Although  in.  1879  the  power  of  making 
Articles  of  War  became  in  effect  altogether  inoperative, 
the  sovereign  was  empowered  to  make  rules  of  pro¬ 
cedure,  having  the  force  of  law,  which  regulate  the 
administration  of  the  Act  in  many  matters  formerly 
dealt  with  by  the  Articles  of  War.  These  rules,  how¬ 
ever,  must  not  be  inconsistent  with  the  provisions  of 
the  Army  Act  itself,  and  must  be  laid  before  parlia¬ 
ment  immediately  after  they  are  made.  Thus  in  1879 
the  government  and  discipline  of  the  army  became  for 
the  first  time  completely,  subject  either  to  the  direct 
action  or  the  close  supervision  of  parliament. 

A  further  notable  change  took  place  at  the  same 
time.  The  Mutiny  Aot  had  been  brought  into  force 
on  each  occasion  for  one  year  only,  in  compliance  with 
the  constitutional,  theory  that  the  maintenance  of  a 
standing  army  in  time  of  peace,  unless  with  tbe  consent 
of  parliament,  is  against  law.  Each  sess?ou  therefore 
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the  text  of  the  Act  had  to  be  passed  through  both 
Houses  clause  by  clause  and  line  by  line.  The  Army 
Act,  on  the  other  hand,  is  a  fixed  permanent  code. 
But  constitutional  traditions  are  fully  respected  by  the 
insertion  in  it  of  a  section  providing  that  it  shall  come 
into  force  only  by  virtue  of  an  annual  Act  of  Parlia¬ 
ment.  This  annual  Act  recites  the  illegality  of  a 
standing  army  in  time  of  peace  unless  with  the  consent 
of  parliament,  and  the  necessity  nevertheless  of  main¬ 
taining  a  certain  number  of  land  forces  (exclusive  of 
those  serving  in  India)  and  a  body  of  royal  marine 
forces  on  shore,  and  of  keeping  them  in  exact  discipline, 
and  it  brings  into  force  the  Army  Act  for  one  year. 

Military  law  is  thus  chiefly  to  be  found  in  the  Army 
Act  and  the  rules  of  procedure  made  thereunder,  the 
Militia  Act,  1882,  the  Reserve  Forces  Act,  1882,  and 
the  Volunteer  Act,  1863,  together  with  certain  Acts 
relating  to  the  yeomanry,  and  various  royal  warrants 
and  regulations.  The  Army  Act  itself  is,  however,  the 
chief  authority.  Although  the  complaint  has  been 
sometimes  made,  and  not  without  a  certain  amount  of 
reason,  that  it  does  not  accomplish  much  that  it  might 
in  point  of  brevity,  simplicity,  and  clearnesss  of  ex¬ 
pression,  it  is  a  very  comprehensive  piece  of  legislation, 
and  shows  some  distinct  improvements  upon  the  ola 
Mutiny  Acts  and  Articles  of  War. 

The  persons  subject  to  military  law  are  the  officers 
on  the  active  list  and  the  soldiers  of  the  regular  forces 
(including  the  royal  marines),  the  permanent  staff  of 
the.  auxiliary  (i  e. ,  the  militia,  volunteer,  and  yeo¬ 
manry)  forces,  and  the  officers  of  the  militia.  The 
above  persons  are  amenable  to  its  provisions  at  all 
times  except  while  embarked  on  board  a  commissioned 
ship  of  the  royal  navy,  when  they  become  subject  to 
the  Naval  Discipline  Act  and  certain  orders  in  council 
made  under  its  authority.  Those  who  are  subject  to 
military  law  in  certain  circumstances  only  are — officers 
and  men  while  serving  in  a  force  raised  out  of  the 
United  Kingdom  and  commanded  by  an  officer  of  the 
regular  forces ;  pensioners  when  employed  in  military 
service  under  the  command  of  a  regular  officer ;  the 
non-commissioned  officers  and  men  of  the  militia, 
during  training,  when  attached  to  the  regulars  or 
when  permanently  embodied ;  the  officers  of  the  yeo¬ 
manry  and  the  volunteers  when  in  command  of  or  at¬ 
tached  to  a  body  of  men  subject  to  military  law,  or 
when  their  corps  is  on  actual  military  service,  or  when 
ordered  on  duty  with  their  own  consent ;  the  men  of 
the  yeomanry  when  they  or  their  corps  are  being  trained, 
when  they  are  attached  to  or  acting  with  the  regular 
forces,  when  their  corps  is  on  actual  military  service, 
or  when  serving  in  aid  of  the  civil  power ;  the  men  of 
the  volunteers  when  they  are  being  trained  with  or 
are  attached  to  anybody  of  troops,  or  when  their  corps 
is  on  actual  military  service ;  the  men  of  the  army 
reserve  and  the  militia  reserve  when  called  out  for 
training  or  on  duty  in  aid  of  the  civil  power  ;  any  per¬ 
son  who  in  an  official  capacity  equivalent  to  that  of  an 
officer  accompanies  a  body  of  troops  on  active  service 
beyond  the  seas  :  any  person  accompanying  a  force  on 
active  service  holding  a  pass  from  the  general  entitling 
him  to  be  treated  on  the  footing  of  an  officer.  In  this 
last  category  would  of  course  be  included  newspaper 
correspondents,  also  sutlers  and  followers.  In  one  or 
two  cases  persons  are  subjected  to  military  law  to  a 
limited  extent  and  in  respect  only  of  certain  offences. 
Thus  a  militiaman  even  when  not  out  for  training  or 
not  embodied  is  liable  to  a  military  trial  and  punish¬ 
ment  for  fraudulent  enlistment  or  making  a  false 
answer  on  attestation.  In  the  same  manner  an  army 
reserve  man  may  be  tried  and  punished  by  court- 
martial  for  neglect  to  appear  at  the  place  where  he 
is  bound  periodically  to  report  himself,  or  for  insub¬ 
ordination  to  his  superiors  on  these  occasions,  or  for 
any  fraud  in  connection  with  the  receipt  of  his  pay. 
A  man  of  the  army  reserve  or  the  militia  reserve  has 
the  legal  status  of  and  in  fact  becomes  a  regular 
soldier  when  called  out  on  occasions  of  national 


danger  or  emergency  under  the  sovereign’s  procla¬ 
mation. 

When  a  person  subject  to  military  law  commits  an 
offence  he  is  taken  into  military  custody,  which  means 
either  arrest  in  his  own  quarters  or  confinement.  He 
must  without  unnecessary  delay  be  brought  before  his 
commanding  officer,  who  upon  investigating  the  case 
may  dismiss  the  charge  if  in  his  discretion  ne  thinks 
it  ought  not  to  be  proceeded  with,  or  may  take  steps 
to  bring  the  offender  before  a  court  martial.  Where 
the  offender  is  not  an  officer  he  may  dispose  of  the 
case  summarily,  the  limit  of  his  power  in  this  respect 
being  seven  days’  imprisonment  with  hard  labor,  fines 
not  exceeding  10s.  for  drunkenness,  certain  deductions 
from  pay,  confinement  to  barracks  for  twenty-eight 
days,  this  involving  severe  extra  drills,  deprivations, 
and  other  minor  punishments.  Where  the  offence  is 
absence  without  leave  for  a  period  exceeding  seven 
days,  the  commanding  officer  may  award  a  day’s  im¬ 
prisonment  in  respect  of  each  day  of  such  absence  up 
to  twenty-one.  It  is  only  in  the  case  of  the  imprison¬ 
ment  exceeding  seven  days  that  the  evidence  before 
the  commanding  officer  is  taken  on  oath,  and  then  only 
in  the  event  of  the  accused  so  desiring  it.  The  com¬ 
manding  officer  is  enjoined  by  regulation  not  to  punish 
summarily  the  more  serious  kina  of  offences,  but  his 
legal  jurisdiction  in  this  respect  is  without  limit  as 
regards  any  soldier  brought  before  him,  and  when  he 
has  dealt  summarily  with  a  case  the  accused  is  free 
from  any  other  liability  in  respect  of  the  offence  thus 
disposed  of.  In  any  instance  where  the  commanding 
officer  has  summarily  awarded  imprisonment,  fine,  or 
deduction  from  pay,  the  accused  may  claim  a  district 
court  martial  instead  of  submitting  to  the  award. 

Ordinary  courts  martial  are  of  three  kinds,  viz.  :  (1 ) 
a  regimental  court  martial,  usually  convened  and  con¬ 
firmed  by  the  commanding  officer  of  the  regiment  or 
detachment,  presided  over  by  an  officer  not  under  the 
rank  of  captain,  composed  of  at  least  three  officers  of 
the  regiment  or  detachment  with  not  less  than  one 
year’s  service,  and  having  a  maximum  power  of  pun¬ 
ishment  of  forty-two  days’  imprisonment  with  hard 
labor ;  (2)  a  district  court  martial,  usually  convened 
by  the  general  of  the  district,  consisting  in  the  United 
Kingdom,  India,  Malta,  and  Gibraltar  of  not  less  than 
five  and  elsewhere  of  not  less  than  three  officers,  each 
with  two  years’  service  or  more,  and  having  a  maxi¬ 
mum  power  of  punishment  of  two  years’  imprisonment 
with  hard  labor  ;  (3)  a  general  court  martial,  the  only 
tribunal  having  authority  to  try  a  commissioned  officer, 
and  with  a  power  of  punishment  extending  to  death 
or  penal  servitude,  for  offences  for  which  these  penal¬ 
ties  are  authorized  by  statute ;  it  consists  of  not  less 
than  nine  officers  in  the  United  Kingdom,  India, 
Malta,  and  Gibraltar  and  of  five  elsewhere,  each  of 
whom  must  have  over  three  years’  service,  five  being 
not  under  the  rank  of  captain.  There  is  another  kind 
of  tribunal  incidental  to  service  in  the  field,  or  where, 
in  the  case  of  an  offence  against  the  person  or  property 
of  an  inhabitant,  an  ordinary  court  martial  cannot  be 
held,  namely,  a  field  general  court  martial.  This  court 
may  consist  of  three  officers  only,  and  it  has  the  power 
of  sentencing  to  death.  Another  kind  of  court,  called 
a  summary  court  martial,  may  be  held  where  an  offence 
has  been  committed  upon  active  service  and  an  ordi¬ 
nary  court  cannot  be  conveniently  assembled.  In  the 
event  of  three  officers  not  being  available  it  may  con¬ 
sist  of  two.  When  thus  constituted  it  can  award  only 
a  “  summary  punishment  ”  or  imprisonment;  where 
it  consists  of  three  officers,  however,  it  can  sentence 
to  death.  In  the  case  of  a  field  general  or  a  summary 
court  martial  many  forms  and  precautions  prescribed 
in  the  case  of  ordmary  courts  are  not  necessarily  ob¬ 
served,  the  whole  proceeding  being  from  the  necessity 
of  the  case  a  somewhat  rough  and  ready  means  of 
dealing  promptly  with  crime. 

The  Army  Act  prescribes  the  maximum  punishment 
which  may  be  inflicted  in  respect  of  each  offence.  That  of 
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death  is  incurred  by  various  acts  of  treachery  or  cowardice 
before  the  enemy,  or  by  when  on  active  service  interfering 
with  or  impeding  authority,  leaving  without  orders  a  guard 
or  post,  or  by  sentry  sleeping  or  being  drunk  on  a  post, 
plundering  or  committing  an  offence  against  the  person  or 
property  of  an  inhabitant,  intentionally  causing  false  alarms, 
or  deserting.  Whether  upon  active  service  or  not,  a  soldier 
also  becomes  liable  to  the  punishment  of  death  who  mu¬ 
tinies  or  incites  to  or  joins  in  or  connives  at  a  mutiny,  who 
uses  or  offers  violence  to  or  defiantly  disobeys  the  lawful 
command  of  his  superior  officer  when  in  the  execution  of 
his  office.  Penal  servitude  is  the  maximum  punishment 
for  various  acts  and  irregularities  upon  active  service  not 
distinctly  of  a  treacherous  or  wilfully  injurious  character, 
for  using  or  offering  violence  or  insubordinate  language  to  a 
superior,  or  disobeying  a  lawful  command  when  upon  active 
service.  The  same  punishment  is  applicable  when  not  upon 
active  service  to  a  second  offence  of  desertion  or  fraudulent 
enlistment  (i.e.,  enlistment  by  one  who  already  belongs  to 
the  service),  certain  embezzlements  of  public  property,  wil¬ 
fully  releasing  without  authority  a  prisoner  or  wilfully  per¬ 
mitting  a  prisoner  to  escape,  enlisting  when  previously  dis¬ 
charged  from  the  service  with  disgrace  without  disclosing 
the  circumstances  of  such  discharge,  or  any  other  offence 
which  by  the  ordinary  criminal  law  of  England  is  punish¬ 
able  with  penal  servitude.  Imprisonment  with  hard  labor 
for  two  years  is  the  maximum  punishment  for  minor  forms 
and  degrees  of  those  offences  which  if  committed  upon  active 
service  would  involve  death  or  penal  servitude,  such  as 
using  or  offering  violence  or  insubordinate  language  to  a 
superior  or  disobeying  a  lawful  command,  and  for  the  follow¬ 
ing  offences :  resisting  an  escort,  breaking  out  of  barracks, 
neglect  of  orders,  a  first  offence  of  desertion  or  attempted 
desertion  or  aiding  or  conniving  at  desertion,  or  of  fraudu¬ 
lent  enlistment,  absence  without  leave,  failure  to  appear 
at  parade,  going  beyond  prescribed  bounds,  absence  from 
school,  malingering  or  producing  disease  or  infirmity,  maim¬ 
ing  with  intent  to  render  a  soldier  unfit  for  service,  an  act 
of  a  fraudulent  nature,  disgraceful  conduct  of  a  cruel,  in¬ 
decent,  or  unnatural  kind,  drunkenness,  releasing  a  prisoner 
without  proper  authority  or  allowing  him  to  escape,  being 
concerned  in  the  unreasonable  detention  of  a  person  await¬ 
ing  trial,  escaping  or  attempting  to  escape  from  lawful  cus¬ 
tody,  conniving  at  exorbitant  exactions,  making  away  with, 
losing  by  neglect,  or  wilfully  injuring  military  clothing  or 
equipments,  ill-treating  a  horse  used  in  the  service,  making 
false  or  fraudulent  representations  in  public  documents, 
making  a  wilfully  false  accusation  against  an  officer  or 
soldier,  making  a  false  confession  of  desertion  or  fraudulent 
enlistment,  or  a  false  statement  in  respect  of  the  prolonga¬ 
tion  of  furlough,  misconduct  as  a  witness  before  a  court 
martial  or  contempt  of  such  court,  giving  false  evidence  on 
oath,  any  offence  specified  in  relation  to  billeting  or  the  im¬ 
pressment  of  carriages,  making  a  false  answer  to  a  question 
put  upon  attestation,  being  concerned  in  unlawful  enlist¬ 
ment,  using  traitorous  or  disloyal  words  regarding  the  sov¬ 
ereign,  disclosing  any  circumstance  relating  to  the  numbers, 
position,  movements,  or  other  circumstances  of  any  part  of 
her  majesty’s  forces  so  as  to  produce  effects  injurious  to  her 
majesty’s  service,  fighting  or  being  concerned  in  or  conniv¬ 
ing  at  a  duel,  attempting  suicide,  obstructing  the  civil 
authorities  in  the  apprehension  of  any  officer  or  soldier 
accused  of  an  offence,  any  conduct,  disorder,  or  neglect  to 
the  prejudice  of  good  order  and  military  discipline,  any 
offence  which  if  committed  in  England  would  be  punish¬ 
able  by  the  law  of  England.  There  is  another  offence  which 
can  be  committed  by  officers  only,  namely,  “  scandalous  con¬ 
duct  unbecoming  tbe  character  of  an  officer  and  a  gentle¬ 
man.”  It  necessitates  cashiering,  a  punishment  which  in 
the  case  of  an  officer  may  be  awarded  as  an  alternative  to 
imprisonment  in  several  other  instances.  There  is  also  an 
offence  peculiar  to  officers  and  non-commissioned  officers, 
that  of  striking  or  ill-treating  a  soldier  or  unlawfully  detain¬ 
ing  his  pay.  A  sentence  of  cashiering  as  distinguished  from 
that  of  dismissal  in  the  case  of  an  officer  involves  an  in¬ 
capacity  to  serve  the  crown  again.  An  officer  may  be  also 
sentenced  to  forfeiture  of  seniority  of  rank  and  to  repri¬ 
mand  or  severe  reprimand.  A  non-commissioned  officer 
may  be  sentenced  to  be  reduced  to  a  lower  grade  or  to  the 
ranks,  and  where  sentenced  to  penal  servitude  or  imprison¬ 
ment  is  deemed  to  be  reduced  to  the  ranks.  The  com¬ 
mander-in-chief  at  home  or  the  commander-in-chief  in  India 
or  in  either  of  the  presidencies  may  also  cause  a  non-com¬ 
missioned  officer  to  be  reduced  to  a  lower  grade  or  to  the 
ranks.  An  acting  non-commissioned  officer  may  be  ordered 
by  his  commanding  officer  for  an  offence  or  for  inefficiency 
or  otherwise  to  revert  to  his  permanent  grade, — in  other 
words,  to  forfeit  his  acting  rank. 

It  will  have  been  observed  that  persons  subject  to  mili¬ 
tary  law  are  liable  to  be  tried  by  court-martial  for  offences 


which  if  committed  in  England  would  be  punishable  by  the 
ordinary  law,  and  to  suffer  either  the  punishment  pre¬ 
scribed  by  the  ordinary  criminal  law  or  that  authorized  for 
soldiers  who  commit  offences  to  the  prejudiceof  good  order 
and  military  discipline.  The  effect  of  the  latter  alterna¬ 
tive  is  that  for  many  minor  offences  for  which  a  civilian  is 
liable  to  a  short  term  of  imprisonment,  or  perhaps  only  to 
a  fine,  a  soldier  may  be  awarded  two  years’  imprisonment 
with  hard  labor.  A  court-martial,  however,  cannot  take 
cognizance  of  the  crimes  of  treason,  murder,  manslaughter, 
treason-felony,  or  rape  if  committed  in  the  United  King¬ 
dom.  If  one  of  these  offences  be  committed  in  any  place 
within  her  majesty’s  dominions  other  than  the  United 
Kingdom  or  Gibraltar,  a  court-martial  can  deal  with  it  only 
if  it  be  committed  on  active  service  or  in  a  place  more  than 
100  miles  from  a  civil  court  having  jurisdiction  to  try  the 
offence.  With  regard  to  all  civil  offences  the  military  law, 
it  is  to  be  understood,  is  subordinate  to  the  ordinary  law, 
and  a  civilian  aggrieved  by  a  soldier  in  respect  of  a  criminal 
offence  against  his  property  or  person  does  not  forfeit  his 
right  to  prosecute  the  soldier  as  if  he  were  a  civilian. 

The  crimes  for  which  soldiers  are  most  usually  tried  are 
desertion,  absence  without  leave,  loss  of  necessaries,  vio¬ 
lence  or  insubordination  to  superiors,  drunkenness,  and 
various  forms  of  conduct  to  the  prejudice  of  discipline.  The 
punishments  are  generally  speaking  gauged  as  much  with 
regard  to  the  character  and  antecedents  of  the  prisoner  as 
to  the  particular  offence.  For  a  first  offence  of  an  ordinary 
kind  a  district  court-martial  would  give  as  a  rule  fifty-six 
days’  imprisonment  with  hard  labor,  for  a  second  or  graver 
crime  eighty-four  days.  There  are  not  many  instances  in 
which  the  period  of  imprisonment  exceeds  six  months. 
Corporal  punishment,  which  had  been  practically  limited 
to  offences  committed  upon  active  service,  and  in  1879  to 
crimes  punishable  with  death,  was  finally  abolished  in  1881, 
and  a  summary  punishment  substituted.  This  summary 
punishment  includes  the  liability  for  a  term  of  three 
months  to  be  kept  in  iron-fetters  and  handcuffs,  and  while 
so  kept  to  be  attached  to  a  fixed  object  so  that  the  offender 
may  remain  in  a  fixed  position  for  a  period  not  exceeding 
two  hours  in  the  day  for  not  more  than  three  out  of  any 
four  consecutive  days  and  for  not  more  than  twenty-one 
days  in  the  aggregate.  The  offender  may  also  be  subjected 
to  the  like  labor  and  restraint,  and  may  be  dealt  with  in 
the  same  manner  as  if  sentenced  to  hard  labor  imprison¬ 
ment.  But  these  summary  punishments  are  to  be  inflicted 
so  as  not  to  cause  injury  to  health  or  leave  a  permanent 
mark  on  the  offender.  The  first  instances  in  which  this 
Idnd  of  punishment  was  inflicted  occurred  during  the 
campaign  of  1882  in  Egypt.  Estimated  by  the  results,  the 
abolition  of  flogging  does  not  appear  to  have  injuriously 
affected  discipline,  the  conduct  of  the  troops  in  Egypt  hav¬ 
ing  been  exceptionally  good.  The  practice  of  marking  a 
soldier  with  the  letters  “  D  ”  (deserter)  or  “  BC”  (bad  char¬ 
acter),  in  order  to  prevent  his  reenlistment,  was  abolished 
about  a  dozen  years  ago  in  deference  to  public  opinion, 
which  erroneously  adopted  the  idea  that  the  “marking” 
was  effected  by  red-hot  irons  or  in  some  other  manner  in¬ 
volving  torture.  Military  men  for  the  most  part  regret  its 
abolition,  and  maintain  that  if  the  practice  were  still  in 
force  the  army  would  not  be  tainted  by  the  presence  of 
many  bad  characters  who  find  means  of  eluding  the  vigi¬ 
lance  of  the  authorities  and  enlisting  after  previous  dis¬ 
charge. 

The  course  of  procedure  in  military  trials  is  as  follows. 
When  a  soldier  is  remanded  by  his  commanding  officer  for 
trial  by  a  district  or  general  court-martial,  a  copy  of  the 
charge,  together  with  the  statements  of  the  witnesses  for 
the  prosecution  (called  the  summary  of  evidence),  is  fur¬ 
nished  to  him,  and  he  is  given  proper  opportunity  of  pre¬ 
paring  his  defence,  of  communicating  with  his  witnesses  or 
legal  adviser,  and  of  procuring  the  attendance  of  his  wit¬ 
nesses.  Further,  if  he  desires  it,  a  list  of  the  officers 
appointed  to  form  the  court  shall  be  given  him.  Any  officer 
is  disqualified  to  sit  as  a  member  who  has  convened  the 
court,  who  is  the  prosecutor  or  a  witness  for  the  prosecution, 
who  has  made  the  preliminary  inquiry  into  the  facts,  who 
is  the  prisoner’s  commanding  officer,  or  who  has  a  personal 
interest  in  the  case.  The  prisoner  may  also  object  to  any 
officer  on  the  ground  of  bias  or  prejudice  similarly  as  a 
civilian  might  challenge  a  juror.  Except  as  regards  the 
delay  caused  by  the  writing  out  of  the  evidence,  the  pro^ 
cedure  at  a  court-martial  is  very  much  the  same  as  that  at 
an  ordinary  criminal  trial, — the  examination  and  cross- 
examination  of  the  witnesses,  addresses  of  the  prosecutor 
and  prisoner,  and  the  rules  governing  the  admission  or  re-' 
jection  of  evidence  being  nearly  identical.  At  a  general 
court-martial,  and  sometimes  at  a  district  court,  a  judge 
advocate  representing  the  judge  advocate  general  officiates, 
his  functions  being  very  much  those  of  a  legal  assessor  to 


MILITARY  LAW. 


311 


the  court.  He  advises  upon  all  points  of  law,  and  sums  up 
the  evidence  just  as  a  judge  charges  a  jury.  When  the 
prisoner  pleads  guilty  the  court  finds  a  verdict  accordingly, 
reads  the  summary  of  evidence,  hears  any  statement  in 
mitigation  of  punishment,  and  takes  evidence  as  to  charac¬ 
ter  before  proceeding  to  pass  sentence.  The  sentence  is  that 
of  the  majority  of  the  court,  except  where  death  is  awarded, 
When  two-thirds  of  the  members  in  the  case  of  a  general 
court-martial  and  the  whole  in  that  of  a  field  general  court- 
martial  must  concur.  When  an  acquittal  upon  all  the  charges 
takes  place  the  verdict  is  announced  in  open  court,  and  the 
prisoner  is  released  without  any  further  proceeding.  When 
the  finding  is  “  guilty,”  evidence  as  to  character  is  taken, 
and  the  court  deliberates  in  private  upon  the  sentence,  but 
the  result  is  not  made  known  until  the  proceedings  are 
confirmed  and  promulgated.  No  conviction  or  sentence  has 
any  effect  until  it  is  thus  confirmed  by  the  proper  authority. 
The  confirming  authority  in  the  case  of  a  regimental  court 
is  the  commanding  officer,  iu  that  of  a  district  court-martial 
the  general  officer  commanding  the  district,  and  in  that  of 
a  general  court,  if  held  in  the  United  Kingdom  her  majesty, 
and  if  abroad  in  most  cases  the  general  officer  commanding. 
The  confirming  authority  may  order  the  reassembling  of 
the  court  in  order  that  any  question  or  irregularity  may  be 
revised  and  corrected,  but  not  for  the  purpose  of  increasing 
a  sentence.  He  may,  however,  of  his  own  discretion,  and 
without  further  reference  to  the  court,  refuse  confirmation 
to  the  whole  or  any  portion  of  the  finding  or  sentence,  and 
he  may  mitigate,  commute,  or  entirely  remit  the  punish¬ 
ment.  In  the  case  of  a  general  court-martial  the  proceed¬ 
ings  are  sent  to  the  judge  advocate  general,  who  submits 
to  the  queen  his  opinion  as  to  the  legality  of  the  trial  and 
sentence.  If  they  are  legal  in  all  respects  he  sends  the  pro¬ 
ceedings  to  the  commander-in-chief,  upon  whom  rests  the 
duty  of  advising  the  queen  regarding  the  exercise  of  clem¬ 
ency.  In  addition  to  confirmation,  however,  every  general 
or  district  court  martial  held  out  of  India  has  another  ordeal 
to  go  through.  It  is  reviewed  and  examined  in  the  office 
of  the  judge  advocate  general,  and  any  illegality  that  may 
be  disclosed  is  corrected  and  the  prisoner  is  relieved  of  the 
consequences.  To  a  certain  extent  a  protection  against 
illegality  also  exists  in  the  case  of  regimental  courts  mar¬ 
tial.  A  monthly  return  of  those  held  in  each  regiment  is 
laid  before  the  general  commanding  the  district  or  brigade, 
by  whom  any  question  that  might  appear  to  him  doubtful 
would  be  referred  to  the  adjutant  general  or  the  judge  ad¬ 
vocate  general  for  decision.  It  is  to  be  noted,  however, 
that  the  judge  advocate  general,  although  fulfilling  duties 
which  are  in  their  nature  judicial,  is  only  an  adviser.  He 
is  not  actually  a  judge  in  an  executive  sense,  and  has  no 
authority  directly  to  interfere  with  or  correct  an  illegal 
couviction.  In  many  cases  the  law  thus  provides  no  remedy 
for  an  officer  or  soldier  who  may  have  been  wronged  by 
the  finding  or  sentence  of  a  court  martial, — for  instance, 
through  a  verdict  not  justified  by  the  evidence  or  through 
a  non-observance  of  the  rules  and  practice  prescribed  for 
these  tribunals.  A  person  who  has  suffered  injustice  may 
appeal  to  the  Queen’s  Bench  division  of  the  high  court  of 
justice.  But,  speaking  generally,  that  tribunal  would  not 
interfere  with  a  court-martial  exercising  its  jurisdiction 
within  the  law  as  regards  the  prisoner,  the  crime,  and  the 
sentence.  In  most  cases,  therefore,  the  virtual  protector  of 
an  accused  person  against  illegality  is  the  judge  advocate 
general,  who  personally  advises  the  queen  and  the  military 
authorities  that  the  law  shall  be  complied  with.  As  a  privy 
councillor  and  member  of  the  House  of  Commons  that 
officer  is  responsible  both  to  the  queen  and  to  parliament 
for  the  right  and  due  administration  of  military  law  ;  and, 
notwithstanding  his  want  of  direct  executive  authority,  it 
is  not  to  be  contemplated  that  any  military  officer  would 
hesitate  to  act  upon  advice  given  by  him  with  reference  to 
a  legal  question  connected  with  a  court-martial.  The  de¬ 
partment  of  the  judge  advocate  general  consists  of  the  judge 
advocate  general,  who  is  a  lawyer,  a  privy  councillor,  and 
a  member  of  parliament,  of  a  permanent  deputy  judge  ad¬ 
vocate  general  who  is  also  a  lawyer,  and  of  three  military 
officers  as  deputy  judge  advocates  having  special  experience 
in  the  working  cf  military  law. 

The  Army  Act  applies  to  European  officers  and  soldiers 
serving  in  India  in  the  same  manner  as  to  the  rest  of  the 
army,  but  natives  of  India  are  governed  by  their  own  Arti¬ 
cles  of  War,  and  in  the  case  of  civil  offences  they  are  dealt 
with  according  to  the  provisions  of  the  Indian  penal  code. 
The  department  of  the  judge  advocate  general  in  India  is 
distinct  from  and  independent  of  that  of  the  judge  advocate 
general  of  the  army,  and  courts  martial  held  in  that  coun¬ 
try  are  not  subject, to  the  supervision  of  a  professional 
lawyer.  Certain  prominent  irregularities  led  to  the  ap¬ 
pointment  of  a  barrister  as  judge  advocate  general  in  India 
in  1869,  but  after  a  few  years  that  appointment  agaiu  be¬ 


came  filled  by  a  military  officer.  The  staff  of  the  depart¬ 
ment  is,  however,  far  more  numerous  in  India  than  else¬ 
where.  There  are  judge  advocates  general  for  each  of  the 
presidencies,  and  a  deputy  judge  advocate  at  each  of  the 
more  important  military  centres. 

Statistics  of  Crime  in  the  Army. — Commissioned  officers  are 
rarely  subjected  to  trial  by  court  martial.  Where  an  offi¬ 
cer  commits  himself  in  a  military  sense,  and  his  misconduct 
is  too  serious  to  be  passed  over  merely  with  a  mark  of  offi¬ 
cial  displeasure,  he  is  usually  given  and  seldom  fails  to 
accept  the  alternative  of  resigning  his  commission.  In 
some  instances  the  crown  is  advised  to  exercise  its  preroga¬ 
tive  and  remove  him  from  the  army  on  the  ground  that 
her  majesty  has  no  further  occasion  for  his  services.  In  no 
circumstances  can  an  officer  or  soldier  claim  a  court  martial 
as  a  right.  In  the  result,  the  annual  number  of  trials  of 
officers  does  not  average  more  than  four  of  late  years. 
Among  the  non-commissioned  officers  and  soldiers  of  the 
army,  however,  the  trials  and  summary  punishments  by 
commanding  officers  are  exceedingly  numerous,  as  will  pres¬ 
ently  be  seen.  In  India  this  observation  hardly  holds 
good,  for  in  that  country  desertion  is  physically  almost 
impossible  except  at  the  two  or  three  seaports  where  troops 
are  stationed.  Absence  without  leave  is  for  a  similar  rea¬ 
son  of  rare  occurrence,  while  the  fact  of  the  troops  living 
in  their  own  cantonments,  and  being  free  from  many  temp¬ 
tations  of  life  existing  in  the  large  towns  and  garrisons  at 
home,  places  them  outside  the  influence  of  certain  preva¬ 
lent  causes  of  crime.  For  this  reason  mainly  the  propor¬ 
tion  of  courts  martial  held  in  1881  was  107  per  1000  men  at 
home  as  compared  with  76  abroad.  Similarly  the  propor¬ 
tion  of  minor  punishments  per  1000  was  1449  at  home  to 
1042. abroad.  It  is  also  generally  found  that  men  engaged 
upon  active  service  in  the  field  commit  less  crime  than 
those  serving  in  ordinary  circumstances.  But  the  general 
criminal  statistics  of  the  army  for  1881  show  a  formidable 
amount  of  crime  and  punishment.  Upon  an  average 
strength  of  181,186  non-commissioned  officers  and  men 
there  were  16,523  courts  martial,  of  which  179  were  gen¬ 
eral,  8549  district,  and  7795  regimental  courts.  There  were 
also  224,681  minor  punishments  by  commanding  officers, 
including  44,108  fines  for  drunkenness.  These  figures  gen¬ 
erally  show  an  increase  of  crime  as  compared  with  the  two 
years  immediately  preceding,  but  these  two  exhibited  a  de¬ 
crease  upon  previous  years.  Of  the  offences  tried  by  court 
martial  in  1881  the  following  were  the  principal :  mutiny 
7,  desertion  1597,  offences  in  relation  to  enlistment  (fraudu¬ 
lently  enlisting  while  already  belonging  to  the  service  or 
making  false  answers  upon  attestation)  1190,  violence  to 
and  disobedience  of  superiors  1650,  minor  insubordination 
and  neglect  of  orders  1472,  quitting  or  sleeping  on  post  681, 
drunkenness  on  duty  2661,  drunkenness  (tried  by  court- 
martial  when  the  offence  has  been  committed  on  a  fifth  oc¬ 
casion  within  twelve  months)  2147,  disgraceful  conduct  of 
various  kinds  660,  absence  without  leave  not  amounting  to 
desertion  3293,  making  away  with  or  losing  by  neglect 
equipment  or  necessaries  3768,  and  miscellaneous  offences 
chiefly  of  an  ordinary  criminal  character  or  to  the  preju¬ 
dice  of  discipline  4181.  Upon  the  16,523  trials  there  were 
349  findings  of  acquittal.  Regarding  the  punishments 
awarded,  it  appears  that  no  soldier  was  sentenced  to  death 
during  the  year,  and  the  other  awards  were  as  follows: 
penal  servitude  104,  imprisonment  with  or  without  hard 
labor  (almost  invariably  the  former)  12,125,  discharge  with 
ignominy  without  other  punishment  42,  stoppages  of  pay 
without  other  punishment  65,  flogging  (before  the  abolition 
of  that  punishment  by  the  Act  of  1881)  15,  and  the  new 
summary  punishment  (authorized  as  a  substitute  for  flog¬ 
ging)  3.  Of  the  non-commissioned  officers  3228  were  pun¬ 
ished  by  reduction  to  a  lower  grade  or  to  the  ranks,  while 
591  more  suffered  imprisonment  in  addition  to  loss  of  grade, 
the  former  number  being  in  the  proportion  of  about  12  and 
the  latter  of  2  per  cent,  to  strength.  Of  the  men  tried  305 
were  pardoned. 

Military  Law  of  other  Countries.— The  administration  of 
military  law  in  other  countries  having  large  armies  harmo¬ 
nizes  in  many  important  respects  with  that  of  England. 
In  some  indeed  it  is  a  question  whether  their  systems  are 
not  superior  and  in  advance.  They  have  a  considerable 
body  of  “auditors”  or  military  lawyers  who  expound  the 
law'and  do  much  to  secure  a  uniform  and  exact  administra¬ 
tion  of  justice.  Thus  in  Austria  there  are  about  five  hun¬ 
dred  of  these  auditors,  one  being  attached  to  each  regiment. 
In  the  same  country  there  are  also  courts  of  appeal  from 
the  courts  of  first  instance,  these  latter  consisting  of  eight 
persons  including  the  auditor.  Where  the  prisoner  is  a 
non-commissioned  officer  or  a  private,  that  rank  is  repre¬ 
sented  on  the  court.  Here  also  the  confirmation  of  superior 
authority  is  required.  In  the  German  army  there  are  gen¬ 
eral  aud'regimental  courts.  An  auditor  who  is  a  lawyer  i s 
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attached  to  each  division,  and  it  is  his  duty  to  expound  the 
law,  collect  the  evidence,  and  read  it  to  the  court  in  the 
presence  of  the  prisoner,  who  is  asked  if  he  has  anything 
to  say.  The  court  consists  of  eleven  members,  of  whom 
upon  the  trial  of  a  private  soldier  or  non-commissioned  offi¬ 
cer  three  are  of  the  rank  of  the  accused.  The  power  of 
commanding  officers  in  regard  to  disciplinary  punishments 
is  greater  than  in  the  British  army,  especially  in  relation 
to  officers,  who  may  be  placed  in  arrest  for  fourteen  days. 
The  non-commissioned  officers  and  privates  are  liable  to 
extra  guards,  drills,  fatigues,  and  different  degrees  of  arrest, 
some  of  a  very  severe  character.  Dismissal  from  the  army, 
which  is  regarded  as  a  most  severe  punishment,  involving 
civil  disgrace,  is  often  awarded.  In  Russia  there  are  three 
kinds  of  military  courts — namely,  the  regimental  court-mar¬ 
tial,  the  tribunals  of  military  districts,  and  the  supreme 
tribunal  of  St.  Petersburg.  They  are  permanent  courts,  are 
attended  by  legal  persons,  and  in  certain  instances  have 
jurisdiction  over  the  civil  population  as  well  as  the  army. 
There  is  a  judge  advocate  general  at  St.  Petersburg,  where 
the  supreme  tribunal  consists  of  general  officers  and  high 
war-office  functionaries  who  have  studied  military  law  or 
possess  a  large  experience  of  its  working.  In  Italy  there  are 
permanent  military  tribunals  for  the  trial  of  non-commis¬ 
sioned  officers  and  soldiers,  while  special  tribunals  are  ap¬ 
pointed  to  try  officers.  The  court  is  the  absolute  judge  of 
the  facts,  but  regarding  legal  errors  or  irregularities  an 
appeal  lies  to  the  supreme  war  tribunal,  which  consists  of 
four  civilian  judges  and  three  general  officers.  The  French 
code  corresponds  in  many  respects  with  those  of  the  other 
great  continental  armies,  but  it  tends  rather  to  give  indi¬ 
vidual  officers  large  powers  of  imprisonment  graduated  ac¬ 
cording  to  their  rank.  The  chief  distinctive  feature  of  the 
French  system  is  the  institution  of  regiments  of  discipline 
for  refractory  characters.  When  the  general  officer’s  power 
of  imprisonment  (two  months)  is  exhausted  the  offender 
may  be  sent  before  a  court  of  discipline  and  by  them 
drafted  into  a  compagnie  de  discipline;  and  cases  of  habitual 
misconduct  are  thus  dealt  with,  the  man  being  struck  off 
the  strength  of  his  original  corps  and  transferred  to  one  in 
Algeria.  The  military  law  of  the  United  States  is  founded 
upon  and  proceeds  much  upon  the  same  lines  as  that  of 
England.  (J.  c.  o’d.) 

MILITARY  TACTICS.  See  War. 

MILITIA.  The  militia  of  the  United  Kingdom 
consists  of  a  number  of  officers  and  men  maintained  for 
the  purpose  of  augmenting  the  military  strength  of 
the  country  in  case  of  imminent  national  danger  or 
great  emergency.  In  such  a  contingency  the  whole  or 
any  part  of  the  militia  is  liable,  by  proclamation  of  the 
sovereign,  to  be  embodied, — that  is  to  say,  placed  on 
active  military  service  within  the  confines  of  the 
United  Kingdom.  The  occasion  for  issuing  the  proc¬ 
lamation  must  be  first  communicated  by  message  to 
parliament  if  it  be  then  in  session ;  if  it  be  not  sitting, 
parliament  must  be  called  together  within  ten  days. 
For  the  purpose  of  keeping  the  force  in  a  condition 
of  military  efficiency,  the  officers  and  men  are  subjected 
to  one  preliminary  training  for  a  period  not  exceed¬ 
ing  six  (usually  about  two)  months,  and  further  to  an 
annual  training  not  exceeding  fifty-six  (usually  twenty- 
eight)  days.  The  force  is  composed  of  corps  of  artil¬ 
lery,  engineers,  and  infantry.  Infantry  militiamen  are 
formed  into  battalions  constituting  part  of  the  territo¬ 
rial  regiment  of  the  locality  of  which  the  regular  forces 
are  the  senior  battalions.  The  officers  and  men  when 
called  out  are  liable  to  duty  with  the  regulars  and 
in  all  respects  as  regular  soldiers  within  the  .United 
Kingdom.  Of  late  years  the  men  have  been  raised  ex¬ 
clusively  by  voluntary  enlistment,  but  where  a  sufficient 
number  for  any  county  or  place  is  not  thus  raised  a  ballot 
may  be  resorted  to  in  order  to  complete  the  quota  fixed 
by  the  queen  in  council  for  that  county  or  place.  Each 
man  is  enlisted  as  a  militiaman  for  the  county,  to  serve  in 
the  territorial  regiment  or  corps  of  the  district.  The 
period  of  engagement  is  not  to  exceed  six  years,  but  dur¬ 
ing  the  last  of  these  years  a  militiaman  may  be  reen¬ 
gaged  for  a  further  period  also  not  exceeding  six  years. 
Men  who  illegally  absent  themselves  are  liable,  in 
addition  to  punishment  for  the  offence,  to  make  up  for 
the  time  of  their  absence  by  a  corresponding  extension 
of  their  service.  The  officers  are  appointed  and  pro¬ 
moted  by  the  crown,  but  first  appointments  are  given  to 


persons  recommended  by  the  lord  lieutenant  of  the 
county,  who  may  be  approved  as  fulfilling  the  pre¬ 
scribed  conditions  in  respect  of  age,  physical  fitness, 
and  educational  qualifications.  Since  1877  the  officers 
have  been  permanently  subject  to  military  law.  The 
general  body  of  the  non-commissioned  officers  and 
men  are  so  subject  only  when  called  out  for  training 
or  embodiment.  At  other  periods  they  have  simply 
the  legal  status  of  civilians,  except  as  regards  a  lia¬ 
bility  to  trial  and  punishment  for  offences  in  connec¬ 
tion  with  enlistment  or  for  military  offences  committed 
while  called  out.  Each  militia  regiment  has  a  perma¬ 
nent  staff,  consisting  of  an  adjutant  and  a  small  body 
of  non-commissioned  officers  and  drummers,  to  con¬ 
duct  the  recruiting  drills  and  ordinary  business  of  the 
corps  ;  and  the  members  of  this  permanent  staff  are 
always  subject  to  military  law.  They  mostly  consist 
of  non-commissioned  officers  who  belong  to  or  have 
served  in  the  regular  portion  of  the  territorial  regi¬ 
ment.  Many  of  the  militia  corps  have  their  head¬ 
quarters  at  the  brigade  depfit  or  local  establishment  of 
the  territorial  regiment,  and  all  are  under  the  general 
supervision  of  the  (regular)  colonel  commanding  the 
brigade  depfit.  The  area  of  service  does  not  extend 
beyond  the  United  Kingdom  ;  but  those  who  volun¬ 
tarily  offer  to  serve  in  the  Channel  Islands,  the  Isle  of 
Man,  Malta,  or  Gibraltar  may  be  employed  therein. 
The  uniform  of  the  officers  and  men  of  the  militia  is 
precisely  the  same  as  that  of  the  regular  corps  with 
which  they  are  associated,  or  rather  of  which  they 
form  part,  except  that  in  addition  to  the  regimental 
distinguishing  mark  they  bear  the  letter  “  M  ”  upon 
their  appointments,  to  denote  that  they  belong  to  the 
militia  portion  of  tne  corps. 

As  above  stated,  the  ranks  of  the  militia  are  usually 
filled  by  voluntary  enlistment ;  but  by  a  statute  which, 
though  temporarily  suspended,  can  be  put  in  force 
provisions  are  made  for  filling  up  any  deficiency  in  the 
allotted  quota  in  any  county,  city,  or  riding  by  ballot 
of  the  male  inhabitants  if  within  certain  limits  of  age. 
The  enactment  provides  as  follows  : 

The  secretary  of  state  is  to  declare  the  number  of  mili¬ 
tiamen  required,  whereupon  the  lord  lieutenant  is  to  cause 
meetings  to  be  held  of  the  lieutenancy  for  each  subdivi¬ 
sion.  To  these  meetings  the  householders  of  each  parish 
are  to  send  in  lists  of  all  male  persons  between  the  ages  of 
eighteen  and  thirty  dwelling  in  their  respective  houses. 
Before  the  ballot,  however,  the  parish  may  supply  volun¬ 
teers  to  fill  up  the  quota,  every  volunteer  so  provided  and 
approved  counting  as  if  he  were  a  balloted  person.  If  a 
deficiency  still  exists,  the  persons  on  the  lists  shall  be  bal¬ 
loted  for,  and  double  the  number  of  those  required  to  sup¬ 
ply  the  deficiency  shall  be  drawn  out.  Any  person  whose 
name  is  so  drawn  may  claim  exemption  or  object ;  and  the 
deputy  lieutenants  settle  the  question  of  his  liability  to 
serve.  From  the  corrected  list  those  who  are  of  the  requi¬ 
site  physique  (the  height  is  5  feet  2)  are  enrolled  in  the 
order  in  which  their  names  are  numbered  until  the  quota 
is  completed.  If  the  list  is  not  sufficient  to  fill  the  quota, 
another  ballot  in  the  same  manner  is  to  be  taken.  Any 
balloted  man  becoming  liable  to  serve  may,  however,  pro¬ 
vide  a  substitute  who  has  the  requisite  physical  qualifica¬ 
tions,  and  is  not  himself  liable  to  serve. 

Within  the  general  body  of  the  militia  is  contained 
another  having  an  additional  and  important  obligation 
in  the  matter  of  service.  It  is  called  the  “militia 
reserve,”  and  is  formed  of  men  who  voluntarily  under¬ 
take  a  liability  to  join  the  regular  forces  and  serve  in 
any  place  to  which  they  may  be  ordered  in  case  of  the 
proclamation  of  a  state  of  imminent  national  danger 
or  great  emergency.  In  this  respect  they  are  in  met 
upon  the  same  footing  as  the  army  reserve,  and  on  the 
occasion  of  the  mobilization  of  1878  more  than  20^000 
of  these  men  became  part  of  the  regular  army.  The 
present  strength  of  the  militia  reserve  is  a  little  under 
29,000  men,  and  judging  by  past  experience  it  maybe 
computed  that  about  25,000  could  be  at  once  added  to 
the  ranks  of  an  army  in  the  field  in  the  event  of 
national  danger  or  emergency.  It  is  to  be  observed, 
however,  that  every  man  thus  added  to  the  regulars 
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would  be  taken  away  from  tbe  effective  strength  of 
the  militia. 

There  is  no  statutory  provision  for  the  number  of 
men  to  be  maintained,  that  number  being  what  from 
time  to  time  may  be  voted  by  parliament.  The  latest 
information  available  respecting  the  actual  condition 
of  the  militia  of  Great  Britain  relates  to  the  year 
1881,  and  that  of  Ireland  to  1880,  the  militia  of  the 
latter  country  for  obvious  political  reasons  not  having 
been  called  out  for  training  in  1881  or  1882.  Taking 
the  militia  of  the  United  Kingdom  in  1881,  we  find 
that  the  establishment  provided  for  was  139,501,  of 
whom  18,618  were  artillery,  1317  engineers,  and  119,- 
566  infantry.  Divided  into  ranks,  this  establishment 
was  made  up  of  3534  sergeants  and  1260  drummers 
of  the  permanent  staff,  and  of  the  general  body  3909 
officers,  2520  sergeants,  5040  corporals,  and  123,238 
privates.  The  number  actually  enrolled  was  127,868 
,of  all  ranks,  leaving  11,633  wanting  to  complete. 
Of  the  number  enrolled  84,864  belonged  to  English, 
14,138  to  Scotch,  and  28,866  to  Irish  regiments,  the 
numbers  wanting  to  complete  being  for  England  7420, 
for  Scotland  162,  and  for  Ireland  4051.  As  the  Irish 
regiments  were  not  called  out,  our  information  regard¬ 
ing  the  actual  effective  condition  of  the  force  as  shown 
at  the  annual  training  does  not  include  Ireland.  With 
regard  to  the  English  regiments,  74,945  were  present 
out  of  an  enrolled  strength  of  84,864.  Of  the  absen¬ 
tees  3144  were  with  and  6775  without  leave.  In  the 
Scotch  regiments,  12,401  appeared  at  the  training, 
and  of  the  absentees  616  were  with  leave  and  1121  with¬ 
out.  Of  the  total  establishment  (106,584)  for  Great 
Britain,  99,002  were  enrolled,  and  of  those  enrolled 
87,346  presented  themselves  and  3760  were  absent 
with  leave  and  7896  actual  defaulters.  Of  the  Eng¬ 
lish  regiments  five-sixths  and  of  the  Scotch  regiments 
two-thirds  were  born  in  the  county  to  which  their 
regiments  respectively  belonged.  Of  92,677  men  (for 
Great  Britain)  whose  occupations  are  disclosed,  17,655 
were  artisans,  22,221  mechanical  laborers,  26,227  agri¬ 
cultural  laborers,  and  26,564  other  trades.  Speaking 
approximately,  more  than  one-half  of  the  men  were 
between  twenty  and  thirty  years  of  age,  about  4  per 
cent,  between  seventeen  and  eighteen,  about  9  per 
cent,  between  eighteen  and  nineteen,  and  about  12  per 
cent,  between  nineteen  and  twenty,  while  some  20  per 
cent,  were  over  thirty  years  of  age.  More  than  one- 
half  those  inspected  in  1881  were  between  5  feet  5 
inches  and  5  feet  7  inches  in  height,  about  20  per  cent, 
were  under  5  feet  5  inches,  while  only  585  out  of  a 
total  of  92,677  were  6  feet  and  upwards.  At  the  date 
of  inspection  there  were  296  men  in  military  confine¬ 
ment  and  465  in  the  custody  of  the  civil  power.  On 
the  last  occasion  (1880)  on  which  the  Irish  militia 
were  called  out,  upon  an  establishment  of  32,813  and 
an  enrolled  strength  of  30,515  the  number  present 
at  the  training  was  26,399,  leaving  706  absent  with 
and  2264  without  leave.  Regiments  numbering  in  the 
aggregate  1146  men  were  not  trained. 

As  distinguished  from  the  regular  forces  or  standing 
army,  the  militia  has  been  described  as  the  constitutional 
military  force  of  the  country;  and  its  history  justifies  the 
description,  at  least  up  to  a  recent  period  when  it  lost  its 
distinctive  character  and  became  to  a  great  extent  merged 
in  the  regular  army.  It  is  the  oldest  force  Britain  pos¬ 
sesses,  and  in  feet  represents  the  train  bands  of  early 
English  history.  Its  origin  is  to  be  found  in  the  obliga¬ 
tion  of  all  freemen  between  certain  ages  to  arm  them¬ 
selves  for  the  preservation  of  the  peace  within  their  re¬ 
spective  counties,  and  generally  for  the  protection  of  the 
kingdom  from  invasion.  This  obligation,  imposed  in 
the  first  instance  upon  the  individuals  themselves,  be¬ 
came  shifted  to  the  owners  of  land,  who  were  com¬ 
pelled  to  keep  up  their  proportion  of  horses  and  armor  for 
the  national  defence.  The  forces  were  placed  under  the 
lieutenant  of  the  county,  empowered  in  this  respect  by  a 
commission  from  the  crown.  This  prerogative  of  the 
sovereign,  which  had  been  in  some  instances  a  matter  of 
controversy,  was  declared  by  statute  shortly  after  the  Res¬ 
toration.  By  the  same  statute  the  militia  of  each  county 


was  placed  under  the  lieutenant,  who  was  vested  with  the 
appointment  of  officers,  but  with  a  reservation  to  the  crown 
in  the  way  of  commissioning  and  dismissal.  The  cost  of 
the  annual  training — for  fourteen  days — fell  upon  the  local 
authority.  Offences  against  discipline  were  dealt  with  by 
the  civil  magistrates,  but  with  a  power  to  the  officers  of 
fining  and  of  imprisoning  in  default.  Upon  this  footing 
the  militia  of  England  remained  for  nearly  a  century,  with 
the  general  approval  of  the  community.  It  was  recognized 
as  an  instrument  for  defence  and  for  the  preservation  of 
internal  order,  while  it  was  especially  popular  from  the 
circumstance  that  from  its  constitution  and  organization 
the  crown  could  not  use  it  as  a  means  of  violating  the  con¬ 
stitution  or  abridging  the  liberty  of  the  subject.  It  was 
controlled  and  regulated  in  the  county ;  it  was  officered  by 
the  landowners  and  their  relatives,  its  ranks  were  filled  by 
men  not  depending  for  their  subsistence  or  advancement 
upon  the  favor  of  the  crown ;  its  numbers  and  maintenance 
were  beyond  the  royal  control ;  its  government  was  by 
statute.  While  the  supreme  command  was  distinctly  vested 
in  the  crown,  every  practical  security  was  thus  taken 
against  its  use  by  the  crown  for  any  object  not  constitu¬ 
tional  or  legitimate.  It  was  regarded  as,  and  was,  in  fact, 
the  army  of  the  state  as  distinguished  from  the  standing 
army,  which  was  very  much  the  army  of  the  king  person¬ 
ally.  The  latter  consisted  of  hired  soldiers,  and  was  more 
than  once  recruited  by  a  conscription,  confined,  however, 
to  persons  of  the  vagrant  class  not  having  a  lawful  employ¬ 
ment,  while  the  former  was  mainly  composed  of  those 
having  a  fixed  abode  and  status.  The  militia  thus  enjoyed 
for  many  years  as  compared  with  the  regular  forces  a  social 
as  well  as  a  constitutional  superiority.  About  the  middle 
of  the  last  century  the  militia  was  reconstituted,  with  cer¬ 
tain  modifications,  not  involving  a  sacrifice  of  the  principle 
of  its  local  government,  but  strengthening  somewhat  the 
supervising  influence  of  the  crown.  Thus  the  king  directly 
appointed  the  permanent  staff,  and  was  given  a  veto  upon 
the  appointment  and  promotion  of  the  officers,  who  were 
to  have  a  property  qualification.  A  quota  was  fixed  for 
each  county,  to  be  raised  by  ballot  of  those  between  the 
ages  of  eighteen  and  forty-five,  each  parish  having  the 
option  of  supplying  volunteers  at  its  own  cost,  and  each 
man  balloted  being  permitted  in  lieu  of  serving  to  pay  £10 
to  provide  a  substitute.  When  called  out  for  service  the 
pay  was  to  be  the  same  as  that  of  the  regulars,  and  while 
embodied  orjassembled  for  annual  training  the  officers  and 
men  were  placed  under  the  Mutiny  Act  and  Articles  of 
War,  with,  however,  a  proviso  that  in  time  of  training  no 
punishment  was  to  extend  to  “  life  or  limb.”  The  crown 
was  given  the  power  to  call  out  the  militia  in  case  of  ap¬ 
prehended  invasion  or  of  rebellion,  and  associate  it  with 
the  regular  army,  but  only  upon  the  condition  of  previously 
informing  parliament  if  then  sitting,  and  if  it  were  not 
sitting  of  calling  parliament  together  for  the  purpose.  A 
further  and  important  security  was  established  to  prevent 
an  unconstitutional  use  of  the  militia  by  the  crown :  the 
estimate  for  its  training  was  framed  each  year,  not  by  an 
executive  minister  of  the  sovereign,  but  by  the  House  of 
Commons  itself.  Upon  the  initiative  of  a  committee  of  the 
House,  an  Act  was  passed  providing  for  the  pay  and  cloth¬ 
ing  of  the  militia  for  the  year.  Upon  this  footing  substan¬ 
tially  the  militia  of  England  remained  for  many  years,  the 
Irish  and  Scotch  militias  being  meantime  brought  under 
the  same  conditions  by  various  enactments.  The  force  was 
embodied  on  several  occasions  during  the  last  and  in  the 
early  years  of  the  present  century,  and  it  contributed 
largely  to  the  army  engaged  in  the  Peninsula.  From  1803 
to  1813  just  100,000  men,  or  two-fifths  of  those  raised  for 
the  army,  came  from  the  militia.  In  this  way,  however,  it 
lost  its  distinctive  character  as  a  defensive  force.  During 
the  peace  which  followed  the  final  fall  of  Napoleon  the 
militia  was  suffered  to  fall  into  decay ;  and  up  to  1852  it 
had  only  a  nominal  existence  in  the  shape  of  an  effete  per¬ 
manent  staff  with  no  duties  to  perform.  In  1853  the  militia 
was  revived  just  in  time  to  enable  it  to  fulfil  most  valuable 
functions.  In  the  war  with  Russia  it  was  embodied  and 
did  garrison  duty  not  only  in  the  United  Kingdom,  but  in 
the  Mediterranean  garrisons,  thus  enabling  the  authorities 
to  send  most  of  the  available  regular  troops  to  the  scene  of 
hostilities.  It  further  contributed  many  officers  and  some 
30,000  men  to  the  line.  It  still  gives  annually  about  8000 
recruits  to  the  regulars.  During  the  Indian  mutiny  it 
filled  scarcely  less  useful  functions  when  again  called  out. 
It  has  since  then  been  regularly  assembled  for  annual 
training ;  and  when  it  is  brigaded  with  the  regular  forces 
at  Aldershot  and  other  camps  of  instruction  its  military 
aptitude  and  proficiency  have  generally  elicited  the  sur¬ 
prised  admiration  of  professional  soldiers.  In  1871  an  im¬ 
portant  constitutional  change  was  made.  It  was  part  of 
the  new  army  system  inaugurated  iu  that  year  that  the 
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control  of  the  militia  should  be  removed  from  the  lord 
lieutenant  of  the  county  and  vested  wholly  in  the  crown. 
It  has  now  virtually  ceased  to  exist  as  a  distinct  body,  and 
is  a  part  of  the  regular  forces  with  a  limitation  as  to  the 
time  and  area  and  other  conditions  of  service.  There  is  no 
longer  a  regiment  of  militia.  The  body  that  would  for¬ 
merly  be  thus  described  is  now  a  collection  of  militiamen 
of  a  regiment  largely  composed  of  regulars.  The  votes  for 
the  maintenance  of  the  militia  are  now  part  of  the  army 
estimates.  The  officers  of  the  militia  and  the  line  are 
eligible  for  duty  with  either  force,  and  may  sit  upon  courts 
martial  indiscriminately.  This  practical  amalgamation  of 
the  old  constitutional  force  with  the  standing  army  may 
appear  theoretically  open  to  the  objection  that  it  is  thereby 
laced  under  the  direct  control  of  the  sovereign.  But  the 
ay  has  passed  when  such  an  objection  could  have  any 
value.  The  fact  of  the  whole  army  being  placed  in  all 
respects  under  the  direct  control  of  a  minister  responsible 
not  only  to  the  crown,  but  to  parliament,  is  enough  to 
dissipate  any  constitutional  apprehensions  under  this  head. 

The  only  colonial  militia  that  forms  an  effective  force  is 
that  of  Canada,  which  is  organized  as  an  efficient  local 
army.  The  Government  of  the  Dominion  includes  a  min¬ 
ister  of  militia  and  defence.  The  force  is  placed  under  the 
command  of  a  general  officer,  assisted  by  an  adjutant- 
general,  belonging  to  the  regular  army  and  appointed  by 
the  queen.  The  training  of  the  officers  is  a  matter  of 
special  care,  there  being  a  military  college  at  Kingston, 
several  of  the  governing  body  and  professors  of  which  are 
officers  of  the  Eoyal  Artillery  and  Royal  Engineers,  as  well 
as  of  schools  of  gunnery  and  musketry.  For  military  pur¬ 
poses  the  Dominion  is  mapped  out  in  twelve  districts.  The 
militia  is  divided  into  the  active  and  the  reserve,  and  the 
male  inhabitants  between  the  ages  of  eighteen  and  sixty, 
with  the  usual  exceptions,  are  liable  to  military  service, 
the  extent  of  which  varies  with  the  age  of  each  man,  the 
larger  amount  of  duty  falling  upon  the  younger.  The 
active  militia  comprises  12  regiments  of  cavalry,  17  field 
and  31  garrison  batteries  of  artillery,  besides  a  mountain 
battery,  4  companies  of  engineers,  2  mounted  rifle  corps,  97 
battalions  of  from  5  to  10  companies  each  and  16  inde¬ 
pendent  companies  of  infantry.  The  uniform  is  for  the 
most  part  like  that  of  the  regular  army,  and  the  organiza¬ 
tion  and  general  efficiency  of  the  whole  body  have  been 
very  favorably  reported  upon.  Although  the  obligations 
of  the  Canadian  militia  are  purely  local,  a  large  number  on 
a  late  occasion  offered  themselves  for  general  service ;  and, 
in  the  event  of  a  war  on  a  large  scale,  it  is  believed  that  the 
force  would  contribute  a  valuable  addition  to  the  fighting 
strength  of  the  imperial  army.  (j.  c.  o’d.) 

MILK  is  the  fluid  secreted  by  the  mammary  glands 
of  the  division  of  vertebrate  animals  called  Mammalia. 
These  glands  are  in  a  rudimentary  form  in  the  Mono- 
tremes.  In  Ornithorhynchus  there  is  no  nipple,  but 
the  mouth  and  tongue  are  closely  applied  oyer  the 
area  on  which  the  ducts  open,  and  the  fluid  is  with¬ 
drawn  by  suction  on  the  part  of  the  young  and  com- 

Sression  of  the  gland  by  the  mother.  In  Echidna  the 
ucts  of  the  gland  open  into  a  small  pouch,  foreshadow¬ 
ing  the  larger  pouches  of  marsupials.  In  Marsupials 
the  glands  are  more  compact,  and  have  a  greater  num¬ 
ber  of  lobules.  They  are  found  behind  the  marsupial 
depressions  or  those  of  the  pouch ;  they  are  not  fewer 
than  two  on  each  side,  nor  more  than  thirteen,  six  on 
each  side  and  one  midway.  The  ducts,  long  and  slender 
during  lactation,  open  on  a  nipple  which  is  covered 
by  a  reflection  of  the  skin  at  the  back  of  the  pouch,  thus 
forming  a  kind  of  hood  or  sheath.  The  nipple  is  pro¬ 
truded  beyond  the  hood  during  lactation,  and  is  much 
elongated.  The  number  of  these  nipples  bears  a 
relation  to  the  number  of  young  at  a  birth ;  thus  the 
kangaroo,  with  one  at  a  birth,  has  four  nipples  (two, 
generally  the  anterior  pair,  being  in  use),  whilst  the 
Virginian  opossum,  which  produces  six  or  more  at  a 
birth,  has  thirteen  nipples.  Rodents  show  a  correspond¬ 
ing  provision  for  the  nourishment  of  the  young  in  the 
number  of  nipples.  .  A  seeming  exception  is  the  com¬ 
mon  guinea-pig,  which  frequently  has  eight,  ten,  or 
twelve  young  at  intervals  of  two  or  three  months,  and 
yet  the  mother  has  only  two  teats  to  serve  them,  turn 
and  turn  about:  the  original  stock  of  the  domestic 
species  breeds,  however,  only  once  annually,  and  has  but 
one  to  two  young,  so  the  domestic  variety  is  a  curious 
anomaly  due  to  the  artificial  circumstances  of  its  life. 


In  the  porcupines  there  are  two  nipples,  one  midway 
between  the  fore  and  hind  leg,  and  the  other  midway 
between  this  and  the  base  of  the  fore  leg.  In  the  coypu, 
a  creature  often  carrying  its  young  on  its  back  whilst 
it  swims  across  rivers,  the  teats  project  from  the  flanks 
near  the  shoulders,  and  are  of  considerable  length, 
so  that  the  young  readily  reach  them.  The  Insectivora 
have,  as  a  rule,  more  nipples  than  are  found  in  any 
other  order.  Thus  in  the  tenrec  ( Centetes)  there  are 
as  many  as  twenty-two,  and  they  are  rarely  fewer  than 
fourteen,  spread  out  in  pairs  from  the  pectoral  to  the 
inguinal  regions.  There  are  ten  teats  in  the  common 
hedgehog,  six  to  eight  in  moles  and  shrews,  two  in 
sloths  and  armadillos.  In  Cetacea  there  are  two  long, 
narrow,  flat  glands  lying  between  the  dermal  and  ab¬ 
dominal  muscles,  with  the  subcutaneous  blubber  sepa¬ 
rating  them  from  the  skin.  The  peculiarity  of  the 
arrangement  in  these  animals,  where  suckling  is  per¬ 
formed  under  water,  is  the  large  size  of  the  central 
duct,  which  acts  as  a  kind  of  reservoir,  so  that  thfe 
young  may  obtain  a  considerable  supply  in  a  very  short 
time.  It  would  appear  also  that  when  suckling  takes 
place  the  nose  of  the  young  is  above  the  surface  of  the 
water.  Among  Ungulates,  in  the  elephant,  the  glands 
and  teats  are  between  the  fore  legs  •  in  the  rhinoceros 
they  are  inguinal ;  in  the  mare  and  ass  the  glands  are 
two  in  number,  and  are  found  between  the  thighs, 
about  9  inches  in  front  of  the  vulva  ;  the  tapir  has  two 
inguinal  nipples,  the  peccary  two  ventral  and  two  in¬ 
guinal,  the  wild  sow  eight  nipples,  whilst  in  the  do¬ 
mestic  breeds  there  are  at  least  ten,  extending  from 
the  pectoral  to  the  inguinal  regions.  Ruminants  have 
the  glands  aggregated  into  a  round  mass  in  the  inguinal 
region,  pendulous  in  full  function,  divisible  into  two 
glands,  each  of  which  has  a  large  reservoir.  When  in 
use  the  teats,  one  pair  or  two  pairs  being  the  number, 
in  connection  with  the  reservoirs  become  so  large  as  to 
receive  the  special  name  of  ‘  ‘  udder.  ’  ’  All  the  deer 
tribe,  camels,  the  giraffe,  and  all  kinds  of  cows  have 
four  teats ;  most  antelopes  and  the  gazelles  have  two 
teats,  whilst  a  few  antelopes  have  four.  As  to  Car¬ 
nivora,  the  felines  have  usually  six  nipples  ;  the  wolf, 
jackal,  fox,  dog  have  usually  eight ;  the  seals  and  the 
walrus  have  four,  the  otters  two,  the  weasels  six,  the 
bears  six  ;  and  in  the  kinkajou  ( Cercoleptes )  the  num¬ 
ber  is  reduced  to  two.  Amongst  Quadrumana ,  the 
aye-aye  ( Chiromys)  has  only  one  pair  of  nipples,  about 
an  inch  and  a  half  in  front  of  the  vulva  ;  many  lemurs 
have  in  addition  to  those  a  pectoral  pair ;  m  all  the 
platyrhine  and  catarhine  Quadrumana  there  is  only  one 
pair  of  glands,  restricted  to  the  pectoral  region.  Here 
the  teats  are  between  the  fore  legs,  ana  the  young 
clings  to  the  mother’s  breast  in  human  fashion,  but 
there  is  no  protrusion  of  the  breast  as  in  the  human 
being.  (For  further  details  see  Owen’s  Anatomy  of 
Vertebrates ,  vol.  iii.  p.  769.) 

In  the  human  race  the  glands  are  two  in  number, 
forming,  along  with  the  skin  and  fat,  two  rounded 
eminences,  one  on  each  side,  on  the  front  of  the  thorax. 
They  extend  from  the  third  to  the  sixth  or  seventh  rib, 
and  from  the  side  of  the  sternum  to  the  axilla.  In 
the  centre  projects  a  small  conical  body,  the  nipple. 
Around  the  nipple  is  a  colored  circle,  or  areola ,  which 
is  darker  during  pregnancy,  and  even  in  women  who 
have  borne  children  than  in  the  virgin  state.  The 
surface  of  the  nipple  is  wrinkled,  ana  with  a  magni¬ 
fying  glass  is  seen  to  be  covered  with  papillae.  It  is 
perforated  by  numerous  openings,  the  mouths  of  the 
milk  ducts.  The  tissue  of  the  nipple  contains  nume¬ 
rous  minute  bloodvessels,  and  it  has  at  the  base  mus¬ 
cular  fibres  arranged  in  concentric  circles  and  in  radi¬ 
ating  bands.  It  has  much  of  the  character  of  erectile 
tissue,  as  in  the  corpora  cavernosa  of  the  penis,  be¬ 
coming  turgid,  firm,  and  prominent  from  excitement. 
The  base  of  the  gland  lies  on  the  pectoral  muscle,  a 
thin  layer  of  fascia  intervening.  Tne  surface  is  cov¬ 
ered  with  fat,  which  gives  it  the  smooth  rounded  out¬ 
line.  It  is  amply  supplied  with  blood  by  the  long 
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thoracic  artery,  some  other  minute  branches  of  the 
axillary  artery,  the  internal  intercostal  artery,  and  the 
subjacent  intercostals.  The  nerves  come  from  the 
anterior  and  middle  intercostal  cutaneous  branches, 
and  the  nipple  is  especially  sensitive.  The  gland  is 
composed  of  numerous  lobes  bound  together  by  con¬ 
nective  and  adipose  tissue,  and  each  lobe  is  formed  of 
smaller  lobules.  Each  lobe  has  an  excretory  duct,  and 
these  ducts,  from  fifteen  to  twenty  in  number,  converge 
towards  the  areola,  beneath  which  they  are  dilated  so 
as  to  form  sinuses  from  &th  to  ith  of  an  inch  in  calibre. 
From  these  sinuses  arise  the  ducts  which  open  on  the 
surface  of  the  nipple.  The  general  structure  will  be 
understood  by  referring  to  the  accompanying  figures, 
along  with  the  description. 


Fig.  1.— Half-diagrammatic  view  of  a  section  through  a  lobule  of 
the  mammary  gland,  after  Klein  ( Atlas  of  Histology,  plate  xl. 
Fig.  1),  magnified  45  diameters,  a,  a  duct  dividing  into  two 
branches ;  6,  b,  b,  connective  tissue  surrounding  and  going  be¬ 
tween  the  ultimate  pouches  of  the  gland ;  c,  c,  c,  the  pouches 
or  alveoli  of  the  gland,  the  dots  representing  the  cells  lining 
them. 


o  c  a 


When  a  duct  is  traced  into  the  gland,  it  is  found  to 
subdivide  into  smaller  ducts,  and  these  into  still  smaller, 
until  the  smallest  ductlet  is  reached,  round  the  end  of 
which  are  clustered  several  alveoli  or  pouches.  Each 
alveolus  has  a  wall,  lined  with  epithelium  cells.  In 
the  wall  of  the  alveolus,  there  are  capillary  bloodves¬ 
sels  which  bring  the  blood  near  the  cells.  By  this 
blood  the  cells  are  nourished.  There  is  a  minute 
cavity  in  the  centre  of  each  alveolus  into  which  cells 
or  their  products  can  accumulate.  There  can  be  no 
doubt  that  the  formation  of  the  milk  globule  takes 
place  in  these  cells.  Whilst  milk  is  not  being  formed 
the  cells  have  a  granular  appearance,  and  the  lumen 
or  central  cavity  of  the  alveolus  is  small ;  but  during 
secretion  the  cavity  is  enlarged  and  shows  a  few  mdk 
globules,  whilst  one  or  more  milk  gobules  can  be  seen 
in  the  interior  of  the  cell.  If  the  milk  globule  in  the 
cell  be  very  large,  the  nucleus  of  the  cell  is  pressed 
outwards  and  the  protoplasm  of  the  cell  is  reduced  to 
a  thin  covering,  over  the  globule  at  this  stage  pre¬ 


senting  a  striking  resemblance  to  a  fat  cell  containing 
an  oil  globule.  Thus  each  milk  globule  is  formed 
in  the  protoplasm  of  the  epithelium  cell,  and  even 
at  an  early  stage  each  milk  globule  consists  of  a  mi¬ 
nute  drop  of  fat  or  oil  surrounded  by  a  thin  albuminous 
envelope.  It  has  not  been  clearly  ascertained  whether 
epithelial  cells,  after  having  secreted  milk  globules,  de¬ 
generate  and  fall  off,  or  whether  they  have  the  power 
of  ejecting  the  milk  globules.  The  fluid  constituents 
of  milk  (water  holding  salts  in  solution)  may  be  sepa¬ 
rated  from  the  blood  by  a  kind  of  filtration  under  blood 
pressure,  as  is  the  case  in  other  secretory  processes. 
The  origin  of  the  sugar  of  milk  and  of  the  casein  is 

unknown.  (For  a 
description  of  the 
minute  structure  of 
the  milk  gland,  see 
~  ~  w  ^  \  Klein’s  Atlas  of 

U  '-L  _  o  ^  _  \  Histology ,  p.  300 

and  references. )  At 
the  beginning  of 
lactation  the  milk 
is  rich  in  large 
irregularly-formed 
corpuscles  (Fig.  3, 
a ,  a,  a)  called  col¬ 
ostrum  corpuscles. 
These  are  contrac¬ 
tile  bodies,  slow- 

Fig.  3.— A  drop  of  milk  magnified  300  di-  ly  changing  their 
ameters.  a,  a,  a,  colostrum  corpuscles.  form  and 

squeez¬ 
ing  out  the  oily  particles.  At  first  they  are  the  only 
bodies  present,  but  they  are  soon  replaced  by  the 
ordinary  milk  globules.  Such  globules  have  bright  re¬ 
fractive  edges,  the  surface  is  smooth,  they  vary  in  size 
from  Wmrth  to  y^njth  of  an  inch  in  diameter,  and 
each  consists  of  a  drop  of  fatty  matter  surrounded  by  a 
layer  of  albumen  (‘  ‘  Ascherson’ s  membrane.  ” ). 

A  secretion  of  milk  takes  place  in  newly-born  chil¬ 
dren,  from  the  fourth  to  the  eighth  day,  and  also  in 
rare  cases  in  men  (Hermann’s  Physiology ,  p.  158). 
During  gestation  in  the  human  being  the  mammary 
glands  increase  in  size ;  immediately  after  the  birth 
of  the  child  active  secretion  commences ;  and  usually 
it  is  on  the  stoppage  of  the  secretion,  ten  months 
afterwards,  that  the  process  of  menstruation,  which 
has  been  arrested  by  impregnation,  again  is  reestab¬ 
lished. 

The  secretion  of  milk  is  undoubtedly  affected  by  the 
nervous  system,  as  is  shown  by  fear  or  mental  distress 
arresting  or  injuring  the  quality  of  the  secretion,  and 
by  the  “rush”  or  feeling  of  fulness  in  the  breast 
experienced  by  the  mother  when  the  child’s  mouth 
touches  the  nipple,  or  even  when  she  sees  her  offspring. 
The  nervous  mechanism,  however,  is  unknown,  as  it 
has  been  observed  that  secretion  may  continue'  even 
after  section  of  all  the  nerves  known  to  pass  to  the 
gland.  The  nature  of  the  diet  has  a  marked  influence 
on  the  quality  of  the  secretion.  Thus  the  amount  of 
casein  and  of  fat  is  greater  during  an  animal  than 
during  a  vegetable  diet.  Fatty  foods  do  not  seem  to 
increase  the  amount  of  fat  or  butter;  an  ample  supply 
of  carbo-hydrates  (starches  and  sugars)  increases  the 
amount  of  sugar.  These  facts  indicate  that  most  if 
not  all  of  the  constituents  of  milk  are  formed  from 
changes  in  the  protoplasm  of  the  epithelial  cells.  In 
some  women  the  milk  is  deficient  in  fat  and  casein,  and 
consequently  is  less  nutritious.  Prolonged  lactation 
diminishes  the  amount  of  fat  and  sugar  without  mate¬ 
rially  affecting  the  amount  of  albuminous  matter  ;  but 
the  milk  is  less  nutritious  and  is  unfit  for  the  child. 
The  occurrence  of  menstruation  during  lactation  also 
deteriorates  the  milk.  ( J.  G.  M. ) 

Milk  as  Food. 

The  milk  of  various  domesticated  animals  is  more 
or  less  used  by  man  for  food.  The  milk  of  the  cow, 
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which  may  be  taken  as  typical  of  all  others,  and  is 
indeed  by  far  the  most  important  and  valuable  of  all, 
is,  when  newly  drawn,  an  opaque  white  fluid,  with  a 
yellowish  tinge,  soft,  bland,  and  sweetish  to  the  taste, 
and  possessed  of  a  faintly  animal  odor.  This  odor, 
according  to  Schreiner,  is  due  to  the  presence  of  sul¬ 
phuretted  hydrogen,  and  disappears  after  a  short 
exposure.  The  specific  gravity  of  milk  ordinarily 
ranges  from  1.029  to  1.033,  very  seldom  reaching  1.035 
or  falling  so  low  as  1.027.  In  chemical  constitution  it 
consists  of  an  emulsion  of  fatty  globules  (cream)  in  a 
watery  alkaline  solution  of  casein,  and  a  variety  of 
sugar,  peculiar  to  milk,  called  lactose.  The  fat  (which 
when  separated  we  know  as  butter)  and  the  lactose 
constitute  the  carbonaceous  portion  of  the  milk  re¬ 
garded  as  food.  The  casein,  which  forms  the  principal 
constituent  of  cheese,  and  a  certain  proportion  of 
albumen  which  is  present,  form  the  nitrogenous,  while 
the  complex  saline  substances  and  water  are  the  min¬ 
eral  constituents.  These  various  substances  are  present 
in  the  proportions  which  render  milk  a  perfect  and 
typical  food  suitable  to  the  wants  of  the  young  of  the 
various  animals  for  whom  it  is  provided  by  nature. 
The  milk  of  all  animals,  so  far  as  is  known,  contains 
them,  although  they  are  present  in  somewhat  different 
proportions.  It  is  probable  that  the  milk  of  ruminants 
possesses  certain  physical  and  physiological  distinctions 
from  that  of  non-ruminant  animals,  which  will  account 
for  the  virtues  attributed  to  the  milk  of  the  ass  and 
mare.  The  following  table  exhibits  the  chemical  con¬ 
stitution  of  the  kinds  of  milk  most  frequently  used  by 
man  : 


Cow. 

Goat. 

Ewe.1  Mare. 

Ass. 

Hu¬ 

man. 

Winter 

Blyth. 

Cameron. 

Voelcker. 

Voelcker. 

Cameron. 

Chevallier 

and 

Henry. 

Gerber. 

Water . 

86.87 

87.00 

84.48 

83.70 

90.310 

91.65 

88.02 

Fat . 

3.50 

4.00 

6.11 

4.45 

1.055 

0.11 

2.90 

Casein  and  albu- 
min . 

j-4.75 

4.10 

3.94 

5.16 

1.953 

1.82 

1.60 

Sugar . 

J  4.00 

4.28 

4.68 

5.73 

6.285 

6.08 

•  7.03 

Ash . 

0.70 

0.62 

0.79 

0.96 

0.369 

0.34 

0.31 

In  addition  to  these  constituents  milk  contains  small 
proportions  of  the  gases  carbonic  acid,  sulphuretted 
hydrogen,  nitrogen,  and  oxygen,  and  minute  quantities 
of  other  principles,  the  constant  presence  and  essential 
conditions  of  which  have  not  been  determined.  These 
consist  of  galactin  and  lactochrome,  substances  pecu¬ 
liar  to  milk,  discovered  by  Winter  Blyth,  with  certain 
animal  principles  such  as  leucin,  pepton,  kreatin, 
tyrosin,  etc.  The  salts  in  milk  consist,  according  to  the 
average  of  numerous  analyses  by  Fleischmann,  of  the 
following  constituents : 


Phosphoric  acid . 28.31 

Chlorine . 16.34 

Lime . 27.00 

Soda . . . 10.00 


Potash . 17.34 

Magnesia .  4.07 

Ferric  oxide .  0.62 


Milk  thus  is  not  to  be  regarded  as  a  definite  chemi¬ 
cal  compound  nor  even  as  a  mixture  of  bodies  in  fixed 
and  invariable  proportions.  Not  only  does  the  milk 
of  different  races  and  breeds  of  cows  vary  within  com¬ 
paratively  wide  limits ;  the  milk  of  the  same  animal  is 
subject  to  extensive  fluctuation.  The  principal  causes 
of  variation  in  the  individual  are  age,  period  of  lacta¬ 
tion,  nature  and  amount  of  food,  state  of  health,  and 
treatment,  such  as  frequency  of  milking,  etc.  The 
following  table  indicates  the  range  of  normal  vari¬ 
ations  : 


1  Ewe’s  milk  is  exceedingly  variable,  especially  in  its  per¬ 
centage  of  fat.  The  above  analysis  is  one  of  nine  by  Dr. 
Voelcker,  in  which  the  fat  was  found  to  range  from  about  2 
to  12J  per  cent. 


Water .  90.00  to  83.65 

Fat  .  2.80  “  4.50 

Casein  and  albumin .  3.30  “  5.55 

Sugar . 3.00“  5.50 

Ash  . .  0.70  “  0.80 


The  average  quantity  of  milk  yielded  by  cows  is  also 
highly  variable,  both  in  individuals  and  breeds.  As  a 
rule  the  smaller  breeds  of  cows  yield  a  small  amount 
of  milk  rich  in  cream  (butter  fat),  while  the  yield  of 
the  larger  breed  is  greater  in  quantity,  but  compara¬ 
tively  deficient  in  cream.  A  good  milch  cow  should 
yield  in  a  milk-giving  period  of  from  eight  to  nine 
months  about  500  gallons  of  milk,  from  which  nearly 
500  ft>  of  cheese  or  200  lb  of  butter  would  be  obtainable. 

Dainj  Treatment.— Cows  are  commonly  milked  by 
hand  two  or  three  times  a  day.  A  milking  machine 
of  American  origin,  which  was  introduced  about  the 
year  1862,  has  been  entirely  abandoned.  The  milk 
should  be  drawn  from  the  animals  in  as  clean  a  condi¬ 
tion  as  possible,  but  notwithstanding  every  precaution 
some  amount  of  hair  and  epithelial  and  other  animal 
debris  invariably  enters  the  milk-pail.  It  has  there¬ 
fore  to  be  immediately  strained  through  a  sieve  with 
fine  wire- cloth  or  hair  strainer.  As  milk  is  peculiarly 
susceptible  of  taint,  and  absorbs  odors  of  all  kinds  with 
great  avidity,  it  is  of  the  utmost  consequence  that  all 
vessels  in  which  it  is  placed  or  kept  should  be  so  made 
as  to  be  easily  purified  and  that  they  should  be  kept 
scrupulously  clean.  In  Switzerland  milk  is  strained 
with  most  beneficial  effect  through  sprigs  of  washed  fir 
tops,  which  inserted  loosely  and  uprightly  into  the  hole 
of  a  funnel  arrest  all  hair,  skin,  clots,  and  slimy  matter 
on  the  acicular  leaves.  The  milk  drains  through  in  a 
clean  condition  with  a  fresh  slightly  aromatized  flavor 
favorable  to  its  keeping.  A  fresh  sprig  is  used  on  each 
occasion  of  straining  milk,  so  that  there  is  freedom 
from  the  risk  of  taint  which  arises  through  the  use  of 
imperfectly  cleaned  wire-gauze.  The  milk  must  be  re¬ 
moved  from  the  cow-house  as  quickly  as  possible ;  and, 
if  intended  for  use  as  new  milk  and  for  sale  in  the 
neighborhood  of  the  dairy,  it  may  at  once  be  put  up  for 
delivery.  But  if  it  has  to  travel  a  distance,  or  if  it  is 
to  be  ki-pt  for  creaming  or  cheese-making,  it  should  be 
rapidly  cooled  down,  and  kept  in  a  cool  airy  milk-room 
if  practicable,  surrounded  with  fresh  cold  water. 

The  ordinary  method  of  separating  cream  either  for 
direct  use  or  for  butter  making  is  by  allowing  it  to  form 
on  the  surface  and  skimming  it  off  with  a  broad  flat 
spoon  ;  but  ingenious  adaptations  of  centrifugal  ma¬ 
chines — of  which  Laval’s  separator  is  one  of  the  best 
known — have  been  introduced  for  the  purpose  of  effect¬ 
ing  the  rapid  and  complete  separation  of  the  cream. 
The  centrifugal  force  of  such  machines  throws  the 
denser  portions  of  the  fluid  towards  the  sides  of  a 
rapidly  revolving  cylinder,  collecting  the  cream  on  an 
inner  layer,  which  is  carried  off  by  one  channel  while 
the  impoverished  milk  escapes  by  another.  The  Laval 
separator  gives  very  rich  cream,  as  will  be  seen  from 
the  following  analyses  by  Voelcker  : 


Ordinary 

Cream. 

Cream  by 
Separator. 

Skim’dMilk 
by  Laval 
Separator. 

Ordinary 

Skimmed 

Milk. 

Water . 

77.30 

66.12 

90.82 

89.25 

Butter  fat . 

15.45 

27.69 

0.31 

1.12 

Casein . 

3.40 

2.69 

3.31 

3.69 

Milk  sugar . 

3.15 

3.03 

4.77 

5.16 

Mineral  mat¬ 
ter . 

}  0.70 

0.47 

0.79 

0.78 

After  being  kept  some  time,  depending  principally 
on  the  temperature  at  which  it  is  maintained,  milk  be¬ 
gins  to  turn  sour  owing  to  the  formation  of  lactic  acid, 
by  a  process  of  fermentation,  at  the  expense  of  the 
lactose  or  milk  sugar.  The  acid  so  developed  causes  a 
coagulation  of  the  casein,  and  the  milk  separates  into 
a  solid  white  curd,  and  a  thin  transparent  yellow  milk 
serum  or  whey.  These  changes  can  to  a  certain  extent 
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be  artificially  produced,  hindered,  and  controlled.  The 
following  are  the  results  of  analyses  by  Fleischmann  : 


Constituents  of  100  Parts  of  Sweet  Milk. 

3.56  butter. 

20.00  cream . ^  16.30  buttermilk. 

0.14  loss. 

7.93  curd. 

79.70  skimmed  milk . 71.45  whey. 


0.30  loss. 


0.32  loss. 
0.30  loss. 


Relative  Composition  of  Milk  and'ifS  Products. 


Water. 

Fat. 

Casein. 

Albu¬ 

min. 

Milk 

Sugar. 

Ash. 

Whole  milk. 

87.G0 

3.98 

3.02 

0.40 

4.30 

0.70 

Cream . 

77.30 

15.45 

3.20 

0.20 

3.15 

0.70 

Skim-milk... 

90.34 

1.00 

2.87 

0.45 

4.63 

0.71 

Butter . 

14.89 

82.02 

1.97 

0.28 

0.28 

0.56 

Buttermilk.. 

91.00 

C.oO 

3.50 

0.20 

3.80 

0.70 

Curd . 

59.30 

6.43 

24.22 

3.53 

5.01 

A51 

Whey . 

94.00 

0.35 

0.40 

0.40 

4.55 

0A0 

The  simplest  and  most  advantageous  fo”m  in  which 
milk  can  be  disposed  of  as  a  commercial  product  is  by 
its  sale  as  sweet  or  new  milk,  and  it  is  in  this  manner 
that  the  greater  proportion  of  the  milk  produced 
within  the  reach  of  large  centres  of  population  is  dis¬ 
posed  of.  New  milk,  cream,  and  skimmed  milk  are 
the  only  primary  forms  in  which  milk  is  sent  into  the 
market.  Cheese  and  Butter  have  been  dealt  with 
in  separate  articles  (q.v.).  Whey,  the  yellow  liquid 
remaining  after  the  separation  of  the  curd  in  cheese 
making,  is  a  source  of  milk  sugar,  employed  to  a 
limited  extent  in  pharmacy  ;  but  it  is  principally  used 
for  feeding  pigs.  The  buttermilk  which  remains  after 
separating  butter  is  a  most  wholesome  and  nutritious 
article  of  food. 

Preservation  of  Milk. — The  numerous  methods  which  have 
been  proposed  for  the  preservation  of  milk  in  a  condition  fit 
for  use  over  a  lengthened  period  resolve  themselves  into 
(1)  chemical  treatment  with  alkaline  salts  and  antiseptic 
bodies,  (2)  physical  treatment,  such  as  cooling  or  icing, 
boiling,  and  aeration,  and  (3)  condensation  with  or  without 
the  addition  of  a  preservative  agent.  All  systems  of  pre¬ 
servation,  however,  are  subject  to  serious  disadvantages 
either  from  their  serving  their  purpose  for  too  limited  a 
time,  or  their  interfering  with  the  natural  constitution  and 
properties  of  the  milk.  Of  all  preservatives  cold  is  the  most 
efficient  and  least  objectionable.  It  has  been  shown  by 
Soxhlet  ( Dinglers’  Polytech.  Journal,  ccxxiii.  329)  that  milk 
cooled  by  ice-water  remains  sweet  and  unaltered  for  four¬ 
teen  days,  but  after  that  time  acquires  a  rancid  taste.  After 
twenty-eight  days  it  coagulates  on  boiling  owing  to  the  pre¬ 
sence  of  acids  resulting  from  the  oxidation  of  the  cream, 
and  in  thirty-four  days  it  coagulates  even  in  the  ice-water. 
It  is  also  found  that  milk  which  has  undergone  aeration 
with  atmospheric  air  has  its  keeping  properties  much  im¬ 
proved.  The  aeration  is  effected  by  allowing  the  milk  to 
fall  from  some  height  in  a  state  of  fine  division  by  passing 
it  through  the  meshes  of  a  sieve.  By  another  method  air 
cooled  by  passing  over  ice  is  blown  through  the  milk. 

Milk  keeps  sweet  for  a  longer  time  when  boiled,  but  the 
smell,  taste,  and  other  properties  are  affected,  partly  owing 
to  the  escape  of  gases  mixed  with  it  when  fresh.  The  un¬ 
pleasant  flavor  communicated  by  boiling  can  be  avoided  if 
the  action  takes  place  in  a  closed  vessel  and  the  milk  is  im¬ 
mediately  cooled  down  in  a  refrigerator  connected  there¬ 
with.  In  the  case  of  any  suspicion  of  taint  in  milk  either 
from  disease  in  the  cow,  contamination  from  unhealthy  per¬ 
sons,  or  the  use  of  infected  water  in  cleaning  vessels,  boiling 
is  also  strongly  to  be  recommended,  as  it  effectually  de¬ 
stroys  the  germs  of  disease,  in  the  carrying  and  spreading 
of  which  milk  is  a  most  active  agent.  It  is  with  the  utmost 
difficulty  that  boiled  milk  can  be  coagulated  by  means  of 
rennet ;  but  by  treatment  with  acid  it  coagulates  more 
rapidly  and  freely  than  if  unboiled. 

Of  the  various  chemical  compounds  which  have  been  sug¬ 
gested  and  more  or  less  used  for  preserving  milk,  the  most 
successful  hitherto  has  been  salicylic  acid,  which  has  the 
advantage  of  being  tasteless  and  inodorous.  By  briskly 
stirring  in  rather  less  than  2  grains  to  a  pint  of  milk,  it  can 
be  kept  liquid  and  sweet  in  a  temperature  of  from  65°  to 
68°  Fahr.  for  twelve  hours,  and  at  55°  Fahr.  for  a  whole 


day.  If  4  grains  be  used  to  a  pint,  coagulation  in  the  higher 
temperature  is  delayed  from  two  or  three  days,  and  at  the 
lower  temperature  the  milk  may  be  kept  good  from  three 
to  five  days.  Boracic  acid  and  borax  are  also  employed  by 
dairymen,  the  former  being  known  as  glacialine  salt.  The 
presence  of  any  chemical  antiseptic  in  milk  is,  however,  at 
best  a  matter  of  doubtful  advantage. 

Condensation. — Milk  is  now  treated  on  a  large  scale  by  a 
process  of  concentration,  the  product  of  which  comes  into 
the  market  in  two  forms — as  “  plain  condensed  milk  ”  and  as 
“preserved  milk.”  The  credit  of  originating  the  industry 
is  due  to  Mr.  Gail  Borden,  of  White  Plains,  New  York,  who 
began  his  experiments  about  1849.  In  1851  he  introduced 
his  plain  condensed  milk,  which  is  simply  milk  from  which 
between  three-fourths  and  four-fifths  of  the  water  has  been 
removed,  and  in  1861  he  rendered  important  services  to  the 
army  in  the  field  by  supplying  preserved  milk  which  was 
in  effect  milk  similarly  concentrated,  with  a  proportion  of 
sugar  added,  and  hermetically  sealed  in  tin  cans.  The 
manufacture  was  transplanted  to  Switzerland  in  1865,  after 
which  condensing  factories  were  established  in  England, 
Ireland,  Denmark,  Bavaria,  Norway,  and  elsewhere.  With 
the  introduction  of  the  condensing  trade  there  has  also  been 
associated  the  factory  system  of  dealing  with  dairy  pro¬ 
ducts,  by  which  the  milk  of  many  dairies  is  carried  to  one 
centre  and  dealt  with  either  for  condensing  or  for  cheese  or 
butter  making.  The  following  epitome  of  the  process  of 
condensing  milk  is  from  a  paper  by  Mr.  Willard  of  Cornell 
University,  New  York  {Jour.  Roy.  Agric.  Soc.,  2d  series,  vol. 
viii.,  1872).  The  milk  when  received  at  the  factory  is  first 
passed,  he  says,  “through  a  strainer  to  the  receiving  vat ; 
from  this  it  is  conducted  off,  going  through  another  strainer 
into  the  heating  cans,  each  holding  about  20  gallons ;  these 
cans  are  set  in  hot  water,  and  the  milk  is  held  in  them  till 
it  reaches  a  temperature  of  150°  to  175°  Fahr. ;  it  then  goes 
through  another  strainer  into  a  large  vat,  at  the  bottom  of 
which  is  a  coil  of  copper  pipe,  through  which  steam  is  con¬ 
ducted,  and  here  the  milk  is  heated  up  to  the  boiling  point. 
Then  the  best  quality  of  white  granulated  sugar  is  added, 
in  the  proportion  of  lj  lb  of  sugar  to  the  gallon  of  milk, 
when  it  is  drawn  into  the  vacuum-pan  having  a  capacity  of 
condensing  3000  quarts  or  more  at  a  time.  The  milk  re¬ 
mains  in  the  vacuum-pan  subjected  to  steam  iir  about  three 
hours,  during  which  time  about  75  per  cent,  of  its  bulk  in 
water  is  removed,  when  it  is  drawn  off  into  cans,  holding 
40  quarts  each.  The  cans  are  only  partially  filled,  and  are 
then  set  in  a  large  vat  containing  cold  water,  the  water 
being  of  a  height  equal  to  that  of  the  milk  in  the  cans. 
Here  it  is  stirred  until  the  temperature  of  the  condensed 
fluid  is  reduced  to  a  little  below  70° ;  it  is  then  turned  into 
large  drawing-cans  with  faucets,  in  order  to  facilitate  the 
filling  of  the  small  cans,  ....  holding  1  fi>  each,  which  are 
immediately  soldered  to  exclude  the  air.” 

In  the  case  of  plain  condensed  milk  the  concentration  is 
usually  carried  farther  than  is  practised  in  preparing  the 
preserved  milk,  it  being  evaporated  down  to  between  one- 
fourth  and  one-fifth  of  the  original  bulk.  It  is  not  put  up 
in  sealed  tins,  being  intended  for  immediate  use,  and  keeps 
sweet  only  for  a  few  days,  varying  with  the  state  of  the 
weather,  whereas  the  sugared  milk  in  sealed  cans  keeps  for 
years.  The  large  amount,  however,  of  cane  sugar  added  to 
preserved  milk  seriously  disturbs  its  balance  of  proportion 
as  a  perfect  food,  and  renders  it  unfit  to  be  used  alone  in  a 
dilute  state  as  a  substitute  for  mother’s  milk  by  infants,  a 
purpose  for  which  it  is  largely  employed.  It  should  also 
be  observed  that  the  relative  proportion  of  fat  is  small,  the 
milk  being  partially  skimmed  before  it  is  operated  on,  so 
that  the  statement  that  preserved  milk  diluted  with  a  small 
proportion  of  water  is  equal  to  cream  is  not  to  be  relied  on. 
Preserved  milk,  rich  in  cream,  has  always  a  more  or  less 
rancid  oily  taste,  and  cannot  be  obtained  so  sweet  and  even 
in  flavor  as  that  largely  deprived  of  fat.  According  to  a 
German  patent  of  E.  Klebs  in  Prague,  plain  condensed 
milk  may  be  preserved  by  adding  to  every  100  litres  of  the 
original  milk  a  solution  of  50  grains  of  benzoate  of  magne¬ 
sium  to  one  litre  of  water. 

Adulteration. — Practically  the  invariable  mode  of  sophis¬ 
ticating  milk  for  sale  consists  in  the  addition  of  water  and 
in  the  subtraction  of  cream, — in  other  words,  passing  off 
skimmed  milk  or  partly  skimmed  as  new  milk.  Now  and 
again  there  are  found  certain  little  refinements  on  these 
simple  frauds,  such  as  adding  a  quantity  of  sugar  to  correct 
the  specific  gravity,  flour  or  starch  to  increase  opacity,  and 
a  touch  of  coloring  matter  to  cover  the  bluish  tinge  which 
would  betray  skimmed  milk.  In  the  United  Kingdom  no 
official  standard  of  what  constitutes  pure  milk  has  been 
promulgated,  but  the  so-called  Somerset  House  standard 
has  been  generally  recognized  in  law  courts.  According  to 
this,  new  milk  should  contain  as  a  minimum  of  solids  not 
fat  8.6  per  cent.,  and  of  fat  2.5  per  cent.,  and  of  water  a 
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maximum  of  88.9  per  cent.  The  most  satisfactory  manner  I 
of  discovering  the  probable  genuineness  of  a  sample  of  milk 
is  by  chemical  analysis  carried  sufficiently  far  to  determine 
the  amount  of  fat  and  of  other  solids  present.  Numerous 
attempts  have  been  made  to  place  in  the  hands  of  dairy¬ 
men,  dealers,  and  consumers  of  milk  a  trustworthy  method 
of  estimating  the  condition  and  value  of  the  article  by  sim¬ 
ple  quantitive  tests  for  cream  or  fat — at  once  the  most  valu¬ 
able  constituent  and  one  the  presence  of  which  in  average 
proportion  is  indicative  of  the  quality  of  the  whole.  The 
simplest  but  at  the  same  time  the  least  trustworthy  and 
efficient  method  is  by  means  of  the  so-called  “  creamometer,” 
which  consists  merely  of  a  graduated  glass  tube  in  which 
a  measured  amount  of  milk  is  placed  and  the  amount  of 
cream  it  throws  up  is  read  off  by  means  of  the  scale.  Spe¬ 
cific  gravity  determinations  have  by  themselves  no  signifi¬ 
cance,  seeing  that  milk  deprived  of  its  cream  can  by  dilution 
with  water  be  brought  to  correspond  exactly  with  the  origi¬ 
nal  milk.  But  by  a  combination  of  two  methods, — first 
taking  the  specific  gravity,  next  observing  the  yield  of 
cream  by  the  “  creamometer,”  and  finally  taking  the  specific 
gravity  of  the  milk  deprived  of  cream,  regard  being  had  to 
the  temperature  of  the  milk  in  these  observations,  an  ap¬ 
proximately  accurate  idea  of  the  value  of  a  sample  may  be 
obtained.  Among  so-called  “  lactoscopes,”  the  operations  of 
which  are  based  on  the  fact  that  milk  rich  in  cream  is  a 
much  more  opaque  fluid  than  that  from  which  cream  has 
been  taken  or  to  which  water  is  added,  that  invented  by 
Professor  Feser  of  Munich  is  one  of  the  simplest  and  most 
useful.  It  consists  of  a  glass  tube  open  at  the  upper  end 
and  attenuated  at  its  lower  extremity.  Into  this  narrower 
portion  is  fused  a  small  cylindrical  rod  of  opaque  milk  glass 
on  which  black  lines  are  marked.  These  lines  are  invisible 
when  the  lower  portion  of  the  tube  is  filled  with  a  measured 
quantity  of  milk,  but  on  the  addition  of  water  they  become 
visible.  When  the  black  lines  become  by  the  gradual  ad¬ 
mixture  of  water  perfectly  distinct,  the  richness  of  the  milk 
in  cream  globules  is  indicated  by  the  height  to  which  the 
mixture  of  milk  and  water  has  risen  in  the  wide  portion  of 
the  tube,  which  has  engraved  on  it  a  scale  showing  on  one 
side  the  amount  of  water  added  and  on  the  other  the  pro¬ 
portion  of  cream  equivalent  to  the  transparency  resulting 
from  such  addition. 

Statistics. — In  the  year  1878  it  was  calculated  by  Mr.  J.  C. 
Morton  that  the  total  yield  of  milk  from  the  2,250,000  cows 
and  heifers  in  milk  or  in  calf  in  England  and  Scotland 
amounted  to  about  1,000,000,000  gallons  yearly.  He  assumed 
that  about  one-sixth  of  that  quantity  (167,000,000  gallons) 
went  to  feed  calves,  and  that  the  daily  consumption  of  the 
population  was  1,000,000  gallons,  being  rather  more  than  a 
quarter  of  a  pint  per  head,  which  accounts  for  365,000,000, 
still  leaving  468,000,000  gallons  to  be  used  for  butter  and 
cheese  making.  Two-thirds  of  this  quantity,  or  312,000,000 
gallons,  Mr.  Morton  assumes  was  used  for  cheese-making, 
yielding  2,800,000  cwts.  of  cheese  (rather  less  than  1  lb  per 
gallon  of  milk),  and  the  remainder,  156,000,000  gallons,  of 
milk  devoted  to  butter-making  would  yield  530,000  cwts.  of 
butter,  or  1  lb  of  butter  for  every  21  pints  of  milk.  In  these 
figures  no  account  is  taken  of  Ireland,  whence  at  that  period 
there  were  sent  to  England  alone  yearly  3,500,000  lb  of  salted 
butter.  In  June,  1882,  the  number  of  cows  and  heifers  in 
milk  and  in  calf  in  Great  Britain  did  not  vary  greatly  from 
the  number  on  which  Mr.  Morton’s  estimate  for  1878  was 
based,  being  2,267,175,  whilst  in  Ireland  the  number  was 
1,398,905,  making  the  total  for  the  United  Kingdom  3,682,- 
317.  If  we  take  approximately  Mr.  Morton’s  data  as  the 
basis  of  calculation,  the  3,682,317  milk  cows  and  heifers  in 
the  United  Kingdom  would  yield,  at  440  gallons  £er  head, 
1,620,219,480  gallons  of  milk.  Further,  assuming  that  one- 
sixth  of  this  is  consumed  by  calves,  one-third  consumed  by 
population,  one-third  used  for  cheese -making,  and  one-sixth 
used  for  butter-making,  we  have  as  the  yield  of  cheese 
4,846,000  cwts.  and  as  the  yield  of  butter  920,000  cwts.  As 
Ireland  is  much  more  a  butter-producing  than  a  cheese- 
yielding  'country,  the  quantity  of  cheese  made  is  probably 
overestimated  in  these  figures,  and  the  amount  of  butter 
made  is  correspondingly  understated.  To  bring  out  the  con¬ 
sumption  of  dairy  products  for  the  year  the  following  im¬ 
ports  must  be  added : 


Cwts. 

Value. 

Cheese . 

1,692,495 

2,167,428 

£4,742,368 

11,339,226 

Butter  (including  butterine).... 

Thus  we  find  the  total  supply  of  cheese  to  the  United 
Kingdom  in  1882  was  6,538,495  cwts.,  and  of  butter  the  sup¬ 


ply  was  3,087,428  cwts.  Estimating  the  home  produce  of 
both  articles  at  the  same  value  as  the  imports,  the  cheese 
supply  cost  £18,320,000,  and  the  butter  £16,150,000.  Adding 
to  these  the  probable  cost  of  the  milk  consumed  as  such  (say 
550,000,000  gallons  at  Is.  per  gallon  =  £27,500,000),  we  have 
for  the  year  1882  in  round  numbers  £62,000,000  expended 
on  dairy  produce  within  the  United  Kingdom. 

The  total  number  of  milch  cows  at  present  (1883)  in  the 
United  States  is  stated  at  15,000,000,  which,  taking  the 
440  gallons  basis,  yield  annually  6,600,000,000  gallons,  or 
nearly  30,000,000  tons  of  milk.  In  America  the  factory  sys¬ 
tem  of  treating  milk  has  attained  much  greater  dimensions 
than  in  Europe,  and  that  perfection  of  treatment,  combined 
with  the  cheapness  of  raising  and  feeding  stock,  enables  the 
American  companies  to  enter  the  European  markets  with 
large  quantities  of  cheese  and  other  dairy  products  of  uni¬ 
formly  good  quality  which  find  a  ready  and  remunerative 
sale. 

Koumiss. — Under  this  name  is  properly  understood  a  fer¬ 
mented  drink  prepared  from  mare’s  milk  by  the  Tartar 
tribes  of  the  Russian  empire  and  by  all  the  nomad  races  of 
the  northern  parts  of  Asia.  It  is  made  by  diluting  mare’s 
milk  with  about  one-sixth  part  of  its  quantity  of  water,  and 
adding  as  a  ferment  about  one-eighth  part  of  very  sour  milk 
or  of  old  koumiss.  This  mixture  is  placed  in  a  wooden  ves¬ 
sel  which  is  covered  over  with  a  thick  cloth,  and  so  left  for 
about  twenty-four  hours  in  a  moderately  warm  situation. 
During  that  time  a  thick  coagulum  rises  to  the  surface, 
which  is  thoroughly  reincorporated  by  churning.  After 
standing  for  another  day,  the  whole  mass  is  again  thor¬ 
oughly  churned  and  mixed  up,  and  in  this  state  it  forms 
new  koumiss,  having  an  agreeable  subacid  taste.  The  liquor 
is  mostly  stored  and  preserved  by  the  Tartars  in  skin  bot¬ 
tles,  in  which  the  fermentation  continues  developing  its 
alcoholic  qualities,  and  mellowing  and  improving  its  taste. 
Genuine  Tartar  koumiss  has  the  following  composition : 
alcohol  3.21,  lactic  acid  0.19,  sugar  2.10,  albuminoids  1.86, 
fat  1.78,  salts  0.509,  carbonic  acid  0.177,  and  water  93.46. 
A  distilled  spirit  is  prepared  from  koumiss,  which  is  drunk 
among  the  Tartars  under  the  name  of  araca  or  arsa.  Kou¬ 
miss  has  of  late  years  come  into  prominent  notice  as  a  reme¬ 
dial  agent  in  cases  of  pulmonary  consumption,  and  gener¬ 
ally  as  a  nutritious  form  of  food  easily  assimilated  by  delicate 
stomachs.  It  is  probable  that  all  its  virtues  reside  in  the 
original  milk  from  which  it  is  prepared,  in  which  case  the 
koumiss  can  only  be  regarded  as  valuable  in  so  far  that  it 
is  a  convenient  form  under  which  the  essential  properties 
of  the  milk  can  be  preserved  for  use.  Under  the  name  of 
koumiss  a  preparation  of  cow’s  milk  is  now  very  generally 
sold.  It  is  made  by  adding  to  each  quart  of  new  milk  about 
a  tablespoonful  of  common  sugar  and  brewer’s  yeast,  allow¬ 
ing  the  fermentation  to  proceed  a  sufficient  length,  then 
bottling  and  corking  as  in  the  case  of  aerated  waters.  Such 
a  preparation  contains  about  the  same  proportion  of  alcohol 
as  genuine  koumiss,  but  a  non-alcoholic  variety  can  also  be 
obtained,  made  by  a  process  of  natural  fermentation,  which 
continuing  after  bottling  develops  a  large  amount  of  carbonic 
acid  and  renders  the  liquor  highly  effervescent,  (j.  PA.) 

MILL,  James  (1773-1836),  historian  and  political 
and  mental  philosopher,  was  Dorn  6th  April,  1773,  in 
the  little  village  called  Northwater  Bridge  (Bridge  of 
North  Esk),  in  the  parish  of  Logie-Pert,  in  the  county 
of  Forfar.  His  father,  James  Mill,  was  a  shoemaker ; 
his  mother,  Isabel  Fenton,  belonged  to  a  race  of  re¬ 
spectable  farmers.  The  father  was  industrious,  good- 
natured,  and  pious,  but  not  known  as  specially  intelli¬ 
gent.  The  mother  was  of  a  proud  disposition,  and 
resolved  to  educate  James,  her  eldest  son,  for  a  supe¬ 
rior  destiny.  He  began  his  education  at  the  parish 
school,  and  went  on  to  the  Montrose  Academy,  where 
he  remained  till  the  unusual  age  of  seventeen  and  a 
half,  when  he  went  to  the  college  of  Edinburgh  (1790). 
According  to  the  usage  of  the  time  and  neighborhood, 
he  ought  to  have  been  sent  about  thirteen  or  fourteen 
to  Marischal  College,  Aberdeen.  His  remaining  so 
long  at  the  Montrose  Academy,  and  his  going  to  Edin¬ 
burgh  for  his  university  course,  must  be  connected 
with  his  being  taken  up  by  Sir  John  and  Lady  Jane 
Stuart  of  Fettercairn,  who  engaged  him  to  be  tutor  to 
their  only  daughter,  known  for  having  inspired  the 
affection  of  Sir  Walter  Scott,  and  for  being  the  mother 
of  Principal  James  David  Forbes.  Sir  John  and  Lady 
Jane  Stuart  contracted  a  warm  attachment  for  Mill, 
which  lasted  throughout  their  lives.  At  Edinburgh 
Uni  verity  Mill  was  distinguished  as  a  Greek  scholar. 
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But  he  received  his  greatest  impulse  from  Dugald  Stew¬ 
art,  for  whom  he  always  expressed  unbounded  admi¬ 
ration.  In  October,  1798,  he  was  licensed  as  a  preacher, 
but  seems  to  have  preached  very  seldom.  His  years 
from  1790  to  1802,  besides  being  occupied  with  inces¬ 
sant  studies  extending  into  history  and  moral  and 
political  philosophy,  were  devoted  to  various  tutorships. 

Failing  to  find  a  career  to  his  mind  in  Scotland,  in 
1802  he  went  to  London  in  company  with  Sir  John 
Stuart,  then  member  of  parliament  for  Kincardine¬ 
shire.  He  soon  obtained  literary  occupation,  to  which 
he  applied  himself  with  untiring  energy.  His  first 
important  venture  was  to  start  a  periodical  on  a  new 
plan,  entitled  The  Literary  Journal ,  which  began  to 
appear  in  January,  1803,  and  continued  under  his 
editorship  till  the  end  of  1806.  It  was  the  most  com¬ 
prehensive  in  its  aims  of  any  periodical  hitherto  in 
existence,  being  a  summary  view  of  all  the  leading 
departments  of  human  knowledge.  Thomas  Thomson, 
the  chemist,  took  charge  of  science  ;  and  many  other 
men  of  ability  cooperated.  Mill  himself  wrote  largely 
in  biography,  history,  political  philosophy,  political 
economy,  and  also  in  theology,  on  which  his  views  at 
the  time  were  broad  without  being  skeptical.  The 
publisher  of  the  journal  was  Baldwin,  who  was  also 
the  proprietor  of  the  St.  James's  Chronicle,  a  Con¬ 
servative  paper  appearing  three  times  a  week.  For 
two  or  three  years,  from  1805  onwards,  Mill  was  editor, 
but  at  last  gave  it  up,  partly  on  conscientious  grounds, 
although  in  conducting  it  he  never  lent  himself  to  the 
expression  of  any  illiberal  views,  but  often  made  it  the 
vehicle  of  the  opposite. 

In  1804  he  wrote  a  pamphlet  on  the  Corn  Trade , 
advocating  the  impolicy  of  a  bounty  on  the  exporta¬ 
tion  of  grain.  This  was  the  beginning  of  his  career  as 
a  political  economist.  In  1805  he  published  a  transla¬ 
tion  of  Villers’s  work  on  the  Reformation ,  an  unspar¬ 
ing  exposure  of  the  vices  of  the  papal  system.  He 
added  notes  and  quotations  by  way  of  confirmation  of 
the  author’s  views.  On  this  subject  also  he  continued 
to  hold  strong  opinions  all  through  life,  and  often  re¬ 
curred  to  it  in  his  articles  in  the  reviews.  In  1805  he 
married  Harriet  Burrow,  whose  mother,  a  widow,  kept 
an  establishment  for  lunatics  in  Hoxton.  He  then 
took  a  house  in  Rodney  Street,  Pentonville,  where  his 
eldest  son,  John  Stuart,  was  born  in  1806.  It  was 
about  the  end  of  1806  that  he  entered  upon  the  com- 

osition  of  the  History  of  India ,  which  he  expected  to 

nish  in  three  or  four  years.  He  was  actually  engaged 
upon  it  for  twelve,  giving,  however,  a  considerable 

ortion  of  his  time  to  other  writing  for  the  support  of 

is  family.  The  strain  upon  his  energies  for  those 
years  was  enormous. 

He  became  acquainted  with  Jeremy  Bentham  in 
1808,  and  was  for  many  years  Bentham’s  chief  com¬ 
panion  and  ally.  In  1810  Bentham,  to  have  Mill 
nearer  him,  gave  him  Milton’s  house,  which  adjoined 
his  own,  and  was  his  property.  After  a  few  months’ 
trial  Mill  had  to  give  up  this  house  on  account  of  his 
wife’s  health,  and  went  to  live  in  Newington  Green ; 
but  in  1814  Bentham  leased  the  house  No.  1  Queen’s 
Square,  now  40  Queen  Anne’s  Gate,  close  to  his  own 
garden,  and'  gave  it  to  Mill  at  a  reduced  rent ;  here 
he  remained  till  1831.  The  intimacy  with  Bentham 
was  rendered  still  closer.  For  four  years,  from  1814 
to  1817,  Bentham  was  at  Ford  Abbey,  near  Chard,  in 
Somersetshire,  and  there  Mill  and  his  family  were 
domesticated  with  him  nine  or  ten  months  each  year, — 
in  which  retirement  it  is  probable  that  Mill  was  able  to 
accelerate  tbe  completion  of  his  history. 

In  the  twelve  years  between  1806  and  1818  he  wrote 
a  great  many  articles  for  various  periodicals.  Among 
these  were  the  Anti- Jacobin  Review ,  the  . British  Re - 
view,  and  the  Eclectic  Review ;  but  there  is  no  means 
of  tracing  his  contributions.  In  1808  he  began  to  write 
for  the  Edinburgh  Review ,  and  contributed  steadily  till 
1813,  most  of  his  articles  being  known.  In  the  Annual 
Review  for  1808  two  articles  of  his  are  traced— a  ‘  Re¬ 


view  of  Fox’s  History,”  and  an  article  on  “Bentham’s 
Law  Reforms,”  probably  his  first  published  notice  of 
Bentham.  The  first  known  article  in  the  Edinburgh  was 
on  “  Money  and  Exchange  ”  (October,  1808).  In  1809 
(January  and  July)  he  wrote  at  great  length  on  Spanish 
America  and  General  Miranda,  with  whom  he  was  on 
terms  of  intimate  friendship.  In  the  July  number  he 
also  wrote  on  China.  In  1810  (April)  he  made  a  severe 
attack  on  the  East  India  Company.  He  also  wrote  on 
the  liberty  of  the  press  and  on  the  Church  of  England 
in  connection  with  the  Lancastrian  schools.  He  was 
an  active  member  of  the  committee  for  promoting  edu¬ 
cation  on  Lancaster’s  plan.  In  1811  a  periodical  named 
the  Philanthropist  was  started  by  William  Allen,  and 
published  in  quarterly  numbers  fill  1817.  Mill  co¬ 
operated  with  Allen  both  in  the  writing  and  in  the 
management.  He  contributed  largely  to  every  number, 
— his  principal  topics  being  education,  freedom  of  the 

Sress,  and  prison  discipline  (under  whicn  he  expounded 
tentham’s  “  Panopticon  ”).  He  made  .powerful  on¬ 
slaughts  on  the  church  in  connection  with  the  Bell  and 
Lancaster  controversy.  In  1814  Macvey  Napier  en¬ 
gaged  him  to  contribute  to  the  supplement  to  the  fifth 
edition  of  the  Encyclopaedia  Britannica.  Many  of 
the  articles  became  notable.  The  list  included  “Gov¬ 
ernment,”  “Jurisprudence,”  “Liberty  of  the  Press,” 
“Prisons  and  Prison  Discipline,”  “Colony,”  “Law 
of  Nations,  ”  “  Education,  ”  “  Beggar,  ”  “  Benefit  So¬ 
cieties,  ”  “  Banks  for  Savings.  ”  In  “  Jurisprudence  ’  ’ 
and  “  Prisons  ”  he  was  largely  indebted  to  Bentham  ; 
in  most  of  the  others  he  was  either  altogether  or  in 
great  part  original.  The  article  on  “Government” 
will  occupy  a  permanent  position  in  English  history. 

In  1818  was  published  the  History  of  India,  which 
had  a  great  ana  speedy  success.  It  was  the  means  of 
changing  the  author’s  future  position.  The  year  fol¬ 
lowing  he  was  appointed  an  official  in  the  India  House, 
in  the  important  department  of  the  examiner  of  Indian 
correspondence.  He  gradually  rose  in  the  rank  till  he 
was  appointed,  in  1830,  head  of  the  office.  He  intro¬ 
duced  nis  eldest  son  into  the  same  department  in  1823. 

In  1824  Bentham  projected  the  Westminster  Review, 
and  Mill  was  a  principal  writer  for  three  years.  Some 
of  his  most  vigorous  writings  are  included  among 
those  contributions.  The  first  was  an  elaborate  criti¬ 
cism  of  the  Edinburgh  Review  as  a  whole;  it  was 
followed  by  an  onslaught  on  the  Quarterly.  Other 
articles  dealt  with  English  history  and  with  ecclesias¬ 
tical  establishments,  which  he  severely  impugned.  To 
a  periodical  of  short  duration,  The  Parliamentary 
History  and  Review,  he  contributed  an  elaborate  po¬ 
litical  retrospect  of  the  parliament  of  1820-26.  In 
1829  appeared  the  Analysis  of  the  Human  Mind. 
From  1831  to  1833  he  was  largely  occupied  in  the  de¬ 
fence  of  the  East  India  Company  during  the  contro¬ 
versy  attending  the  renewal  of  its  charter,  he  being  in 
virtue  of  his  office  the  spokesman  of  the  court  of  di¬ 
rectors.  In  1834  Sir  William  Molesworth  projected 
the  London  Review,  and  Mill  contributed  to  it  during 
the  last  two  years  of  his  life.  His  most  notable  article 
was  one  entitled  “The  Church  and  its  Reform,”  which 
was  much  too  skeptical  for  the  time,  and  injured  the 
Revieio.  His  last  published  book  was  the  Fragment 
on  Mackintosh,  which  appeared  in  1835.  He  died  on 
the  23d  June,  1836. 

A  considerable  space  would  be  required  to  do  justice  to 
Mill’s  character — intellectual  and  moral — as  shown  both  in 
his  writings  and  in  his  intensely  active  and  influential 
career.  He  was  an  excellent  scholar,  in  the  sense  of  knowing 
the  Greek  and  Boman  classics.  His  other  accomplishments 
included  general  history,  the  philosophy  of  politics  in  the 
most  comprehensive  acceptation,  logic,  ethics,  and  mental 
philosophy.  The  type  of  his  intellect  was  logical  in  the 
highest  degree ;  he  was,  above  all  things,  clear  and  precise, 
an  enemy  of  every  form  of  looseness  of  reasoning,  and  a 
crusher  of  prevailing  fallacies.  This  is  the  most  notable 
feature  in  his  writings  throughout.  His  was  also  an  origi¬ 
nal  mind.  Except  in  a  few  subjects,  which  had  been  so  well 
elaborated  by  Bentham  that  he  was  content  to  be  little  more 
than  an  expounder  of  Bentham’s  views,  he  gave  a  fresh  turn 
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to  whatever  topic  he  took  up.  At  a  time  when  social  sub¬ 
jects  were  subjected  almost  exclusively  to  an  empirical 
handling,  he  insisted  on  bringing  first  principles  to  bear  at 
every  point ;  in  this  lay  both  his  strength  and  his  weakness. 

His  greatest  literary  monument  is  the  History  of  India. 
The  materials  for  narrating  the  acquisition  by  England  of 
its  Indian  empire  were  put  into  shape  for  the  first  time ;  a 
vast  body  of  political  theory  was  brought  to  bear  on  the  de¬ 
lineation  of  the  Hindu  civilization;  and  the  conduct  of  the 
actors  in  the  successive  stages  of  the  conquest  and  adminis¬ 
tration  of  India  was  subjected  to  a  severe  criticism.  The 
work  itself,  and  the  author’s  official  connection  with  India 
for  the  last  seventeen  years  of  his  life,  effected  a  complete 
change  in  the  whole  system  of  governing  that  country. 

Mill  played  a  great  part  as  a  politician  and  political  phi¬ 
losopher  in  English  affairs  as  well.  He  was,  more  than  any 
other  man,  the  founder  of  what  was  called  philosophical 
radicalism.  His  writings  on  government  and  his  personal 
influence  among  the  Liberal  politicians  of  his  time  deter¬ 
mined  the  change  of  view  from  the  French  Revolution 
theories  of  the  rights  of  man  and  the  absolute  equality  of 
men  to  the  claiming  of  securities  for  good  government 
through  a  great  extension  of  the  electoral  suffrage.  Under 
this  banner  it  was  that  the  Reform  Bill  was  fought  and  won. 

His  work  on  Political  Economy  was  intended  as  a  text-book 
of  the  subject,  and  shows  all  the  author’s  precision  and  lu¬ 
cidity.  It  followed  up  the  views  of  Ricardo,  with  whom 
Mill  was  in  habitual  intimacy.  It  urged  strongly  the 
modem  application  of  the  principle  of  population,  and 
started  the  doctrine  of  taxing  land  for  the  unearned  incre¬ 
ment  of  value. 

By  his  Analysis  of  the  Mind  and  his  Fragment  on  Mackintosh 
Mill  acquired  a  position  in  the  history  of  psychology  and 
ethics.  Attached  to  the  a  posteriori  school,  he  vindicated  its 
claims  with  conspicuous  ability.  He  took  up  the  problems 
of  mind  very  much  after  the  fashion  of  the  Scotch  school, 
as  then  represented  by  Reid,  Stewart,  and  Brown,  but  made 
a  new  start,  due  in  part  to  Hartley,  and  still  more  to  his 
own  independent  thinking.  He  carried  out  the  principle 
of  association  into  the  analysis  of  the  complex  emotional 
states,  as  the  affections,  the  aesthetic  emotions,  and  the  moral 
sentiment,  all  which  he  endeavored  to  resolve  into  pleasur¬ 
able  and  painful  sensations.  But  the  salient  merit  of  the 
Analysis  is  the  constant  endeavor  after  precise  definition 
of  terms  and  clear  statement  of  doctrines.  The  Fragment  on 
Mackintosh  is  a  severe  exposure  of  the  flimsiness  and  mis¬ 
representations  of  Mackintosh’s  famous  dissertation  on  ethi¬ 
cal  philosophy.  It  discusses,  in  a  very  thorough  way,  the 
foundations  of  ethics  from  the  author’s  point  of  view  of 
utility. 

Mill’s  influence  on  the  young  men  of  his  time  by  his  con¬ 
versation  has  been  especially  celebrated.  Among  those  that 
came  under  this  influence  were  some  of  the  greatest  names 
in  the  generation  that  succeeded  him.  He  had  himself  a 
very  high  ideal  of  public  virtue,  which  he  carried  out,  at 
the  risk  of  sacrificing  all  his  chances  of  worldly  advance¬ 
ment,  and  he  impressed  this  ideal  on  those  that  surrounded 
him, — most  of  all  on  his  own  son,  who  has  since  eclipsed  his 
father  in  fame,  if  not  in  genius. 

See  J.  S.  Mill’s  Autobiography,  Bain’s  Life  of  James'  Mill,  G. 
S.  Bower’s  Hartley  and  James  MiU.  (a.  b.*) 

MILL,  John  (c.  1645-1707),  editor  of  an  histori¬ 
cally  important  critical  edition  of  the  New  Testament, 
was  born  about  1645  at  Shap  in  Westmoreland,  entered 
Queen’s  College,  Oxford,  as  a  servitor  in  1661,  and 
took  his  master’s  degree  in  1669..  Soon  afterwards  he 
was  chosen  fellow  and  tutor  of  his  college;  in  1676  he 
became  chaplain  to  the  bishop  of  Oxford,  and  in  1681 
he  obtained  the  rectory  of  Blechingdon,  Oxfordshire, 
and  was  made  chaplain  to  Charles  II.  From  1685  till 
his  death  he  held  the  appointment  of  principal  of  St. 
Edmund’s  Hall;  and  in  1704  he  was  nominated  by 
Queen  Anne  to  a  prebendal  stall  in  Canterbury.  He 
died  on  June  23,  1707,  just  a  fortnight  after  the  publi¬ 
cation  of  his  Greek  Testament. 

Mill’s  Novum  Testamentum  Grsecum,  cum  lecflonibus  varian- 
tibus  MSS.  Exemplarium,  Versionum,  Editionum  SS.  Patrum  et 
Scriptorum  Ecclesiasticorum,  et  in  easdem  notis  (Oxford,  fol. 
1707),  was  undertaken  by  the  advice  and  encouragement  of 
Fell,  his  predecessor  in  the  field  of  New  Testament  criti¬ 
cism  ;  it  represents  the  labor  of  thirty  years,  and  is  ad¬ 
mitted  to  mark  a  great  advance  on  all  that  had  previously 
been  achieved.  The  text  indeed  is  that  of  R.  Stephanus 
( 1550),  but  the  notes,  besides  embodying  all  previously  exist¬ 
ing  collections  of  various  readings,  add  a  vast  number  de¬ 
rived  from  his  own  examination  of  many  new  MSS.  and 
Oriental  versions  (the  latter  unfortunately  he  used  only  in 


the  Latin  translations).  He  was  the  first  to  notice,  though 
only  incidentally,  the  value  of  the  concurrence  of  the  Latin 
evidence  with  the  Codex  Alexandrinus,  the  only  representa¬ 
tive  of  an  ancient  non-Western  Greek  text  then  sufficiently 
known ;  this  hint  was  not  lost  on  Bentley  (see  Westcott  and 
Hort,  Introduction  to  New  Testament).  Mill’s  various  read¬ 
ings,  numbering  about  thirty  thousand,  were  attacked  by 
Whitby  in  his  Examen  as  destroying  the  validity  of  the  text ; 
Antony  Collins  also  argued  in  the  same  sense  though  with 
a  different  object.  The  latter  called  forth  a  reply  from 
Bentley  ( Phileleutherus  Lipsiensis).  In  1710  Kuster  reprinted 
Mill’s  Testament  at  Amsterdam  with  the  readings  of  twelve 
additional  MSS. 

MILL,  John  Stuart  (1806-1873),  sod  of  James 
Mill  [q.v. ),  was  born  in  London  on  the  20th  May, 
1 806.  His  education  was  from  first  to  last  undertaken 
by  his  father,  and  is  likely  long  to  remain  a  standing 
subject  for  wonder  and  discussion.  Much  of  the 
wonder  is  no  doubt  due  to  his  father’s  monstrous  in¬ 
version  of  custom,  the  boy  being  set  almost  as  soon  as 
he  could  speak  to  work  at  our  time-honored  subjects 
of  secondary  and  higher  education.  He  was  taught 
the  Greek  alphabet  at  the  age  of  three,  and  one  of  his 
earliest  recollections,  as  he  lias  recorded  in  his  auto¬ 
biography,  was  learning  lists  of  common  Greek  words 
with  their  English  meanings,  written  for  him  by  his 
father  on  cards.  By  his  eighth  year  he  had  gone 
through  in  the  original  a  great  many  Greek  books. 
“Of  grammar,”  he  says,  “until  some  years  later,  I 
learnt  no  more  than  the  inflections  of  the  nouns  and 
verbs,  but  after  a  course  of  vocables  proceeded  at  once 
to  translation ;  and  I  faintly  remember  going  through 
jEsop's  Fables,  the  first  Greek  book  which  I  read. 
The  Anabasis ,  which  I  remember  better,  was  the 
second.  I  learnt  no  Latin  until  my  eighth  year.  At 
that  time  I  had  read  under  my  father’s  tuition  a 
number  of  Greek  prose  authors,  among  whom  I  re¬ 
member  the  whole  of  Herodotus  and  of  Xenophon’s 
Cyropcedia  and  Memorials  of  Socrates,  some  of  the 
lives  of  the  philosophers  by  Diogenes  Laertius,  part 
of  Lucian,  and  Isocrates  Ad  Demonicum  and  Ad  Nico- 
clem.  I  also  read,  in  1813,  the  first  six  dialogues  (in 
the  common  arrangement)  of  Plato,  from  the  Euthy- 
phron  to  the  Theoetetus  inclusive.”  Besides  all  these 
Greek  books,  he  had  read  a  great  deal  of  history  in 
English — Bobertson’s  histories,  Hume,  Gibbon.  Wat¬ 
son’s  Philip  II.  and  III,  Hooke’s  Roman  History , 
Rollin’s  Ancient  History,  Langhorne’s  Plutarch,  Bur¬ 
net’s  History  of  My  Own  Times,  thirty  volumes  of  the 
Annual  Register,  Millar’s  Historical  View  of  the  Eng¬ 
lish  Government,  Mosheim’s  Ecclesiastical  History , 
McCrie’s  Knox,  and  two  histories  of  the  Quakers. 

That  Mill  “knew  Greek”  and  “read  Plato”  before 
he  was  eight  years  old  is  often  repeated,  sometimes  as 
an  instance  of  amazing  precocity,  sometimes  as  an 
awful  example  of  injudicious  parental  forcing.  The  as¬ 
tonishment  that  a  child  should  have  done  so  much  at 
such  an  age  is  probably  as  little  grounded  in  reason  as 
was  Mill’s  own  opinion  that  any  child  might  have  done 
the  same.  It  is  forgotten  that  many  thousands  of 
persons  have  known  Greek  before  the  age  of  eight 
without  a  knowledge  of  the  technicalities  of  Greek 
grammar.  In  presence  of  the  fact  that  Mill  was  never 
distinguished  for  great  memory  of  detail  or  richness  of 
historical  or  literary  allusion,  it  is  a  fair  conclusion  that 
the  matter  of  his  reading  at  this  age  was  of  as  little 
service  to  him  in  after  life  as  if  he  had  read  the  trash¬ 
iest  of  boy’s  own  books.  This  is  not  to  say  that  for 
educational  purposes  his  early  years  were  wasted  as  in 
his  own  and  his  father’s  opinion  they  generally  are. 
But  undoubtedly  the  main  factor  in  Mill’s  education 
was  not  the  literature  put  into  his  hands,  but  his  con¬ 
stant  intercourse  with  the  active  richly  stored  mind  and 
strenuous  character  of  his  father.  If  any  should  be 
tempted  to  imitate  the  method,  they  should  bear  in 
mind  that  this  was  the  cardinal  element  of  it.  The  tutor 
was  of  more  importance  than  the  books.  The  reading 
of  Plato’s  dialogues  would  have  been  only  an  exercise 
in  rough  translation  if  the  boy  had  not  had  a  Socrates 
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with  him  in  living  communion.  The  child  was  a  constant 
inmate  of  his  father’s  study,  and  trotted  by  his  side  in 
his  walks,  giving  from  jottings  on  slips  of  paper  as  good 
an  account  as  he  could  of  what  he  had  read.  He  thus 
learnt  at  an  unusually  early  age  by  example,  precept, 
and  practice  the  habit  of  strenuous  application  to  diffi¬ 
cult  work.  The  fact  that  Mill  was  taught  thus  early 
to  take  his  chief  pleasure  in  overcoming  intellectual 
difficulties,  and  to  realize  the  meaning  of  general  terms, 
accounts  for  the  singular  and  altogether  unparalleled 
ease  which  he  acquired  in  the  treatment  oi  political 
and  social  generalizations,  not  in  barren  abstract  vague¬ 
ness,  but  in  close  relation  with  facts.  This  on  the  in¬ 
tellectual  side ;  and  on  the  moral  side  the  child  was 
almost  from  the  dawn  of  consciousness  instructed  to 
regard  himself  as  consecrated  to  a  life  of  labor  for  the 
public  good ;  his  ambition  was  kindled  to  follow  in  the 
footsteps  of  the  great  men  of  all  ages,  and  at  the  same 
time  the  utmost  care  was  taken  to  purify  that  ambition 
from  unworthy  motives. 

A  contemporary  record  of  Mill’s  studies  from  eight 
to  thirteen  is  published  in  Dr.  Bain’s 'sketch  of  his 
life.  It  shows  that  the  Autobiography  rather  under¬ 
states  than  overstates  the  amount  of  work  done.  At 
the  age  of  eight  he  began  Latin,  Euclid,  and  algebra, 
and  was  appointed  schoolmaster  to  the  younger  chil¬ 
dren  of  the  family — a  post,  he  hints,  more  serviceable 
to  his  intellect  than  tc  his  manners.  His  main  reading 
was  still  history,  but  he  went  through  all  the  Latin  ana 
Greek  authors  commonly  read  in  the  schools  and  uni¬ 
versities,  besides  several  that  are  not  commonly  read 
by  undergraduates.  He  was  not  taught  to  compose 
either  in  Latin  or  in  Greek,  and  he  was  never  an  exact 
scholar  in  the  academic  sense ;  it  was  for  the  subject- 
matter  that  he  was  required  to  read,  and  by  the  age 
of  ten  he  could  read  Plato  and  Demosthenes  with  ease. 
His  father’s  History  of  India  was  published  in  1818  ; 
immediately  thereafter,  about  the  age  of  twelve,  John, 
under  his  energetic  direction,  began  a  thorough  study 
of  the  scholastic  logic,  at  the  same  time  reading  Aris¬ 
totle’s  logical  treatises  in  the  original.  In  the  following 
year  he  was  introduced  to  political  economy.  And 
there,  when  the  pupil  was  nearly  fourteen,  this  remark¬ 
able  education  terminated.  From  that  time  he  worked 
less  immediately  under  his  father’s  eye.  It  was  an 
inevitable  incident  of  such  an  education  that  Mill 
should  acquire  many  of  his  father’s  speculative  opin¬ 
ions,  and  his  father’s  way  of  defending  them.  But 
his  mind  did  not  receive  the  impress  passively  and  me¬ 
chanically.  “  One  of  the  grand  objects  of  education,” 
according  to  the  elder  Mill,  “should  be  to  generate  a 
constant  and  anxious  concern  about  evidence;”  and 
he  labored  with  all  the  energy  of  his  strong  will  against 
allowing  his  son  to  become  a  parrot  of  his  own  opinions 
and  arguments.  The  duty  of  collecting  and  weighing 
evidence  for  himself  w  -s  at  every  turn  impressed  upon 
the  boy  ;  he  was  taught  to  accept  no  opinion  upon  au¬ 
thority  •  he  was  soundly  rated  if  he  could  not  give  a 
reason  for  his  beliefs.  John  Stuart  Mill  was  deliber¬ 
ately  educated  as  an  apostle,  but  it  was  as  an  apostle 
of  reasoned  truth  in  human  affairs,  not  as  an  apostle 
of  any  system  of  dogmatic  tenets.  It  was  purposely 
to  prevent  any  falling  off  from  this  high  moral  standard 
till  it  should  become  part  of  his  being  that  his  father 
kept  the  boy  so  closely  with  himself.  Much  pity  has 
been  expressed  over  the  dreary  cheerless  existence  that 
the  child  must  have  led,  cut  off  from  all  boyish  amuse¬ 
ments  and  companionship,  working  day  after  day  on 
his  father’s  treadmill;  but  a  childhood  and  boyhood 
spent  in  the  daily  enlargement  of  knowledge,  with  the 
continual  satisfaction  of  difficulties  conquered,  buoyed 
up  by  day-dreams  of  emulating  the  greatest  of  human 
benefactors,  need  not  have  been  an  unhappy  childhood, 
and  Mill  expressly  says  that  his  was  not  unhappy.  It 
seems  unhappy  only  when  we  compare  it  with  the  de¬ 
sires  of  childhood  left  more  to  itself,  and  when  we  de¬ 
cline  to  imagine  its  peculiar  enjoyments  and  aspirations. 
Mill  complains  that  his  father  often  required  more 
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than  could  reasonably  be  expected  of  him,  but  his 
tasks  were  not  so  severe  as  to  prevent  him  from  grow¬ 
ing  up  a  healthy,  hardy,  and  high-spirited  boy,  though 
he  was  not  constitutionally  robust,  and  his  tastes  and 
pursuits  were  so  different  from  those  of  other  boys  of 
the  same  age. 

Most  of  Mill’s  fifteenth  year  was  spent  in  France  in 
the  family  of  Sir  Samuel  Bentham.  Away  from  his 
father,  he  maintained  his  laborious  habits;  the  dis¬ 
cipline  held.  Copious  extracts  from  a  diary  kept  by 
him  at  this  time  are  given  by  Dr.  Bain,  and  show  how 
methodically  and  incessantly  he  read  and  wrote,  studied 
botany,  tackled  advanced  mathematical  problems,  made 
notes  on  the  scenery  and  the  people  and  customs  of 
the  country.  On  his  return  in  1821  he  continued  his 
old  studies  with  the  addition  of  some  new  ones.  One 
of  the  new  studies  was  Roman  law,  which  he  read  with 
John  Austin,  his  father  having  half  decided  on  the 
bar  as  the  best  profession  open  to  him.  Another  was 
psychology.  In  1823,  when  he  had  iust  completed  his 
seventeenth  year,  the  notion  of  the  bar  as  a  livelihood 
was  abandoned,  and  he  entered  as  a  clerk  in  the  ex¬ 
aminer’s  office  of  the  India  House,  “  with  the  under¬ 
standing  that  he  should  be  employed  from  the  begin¬ 
ning  in  preparing  drafts  of  dispatches,  and  be  thus 
trained  up  as  a  successor  to  those  who  then  filled  the 
highest  departments  of  the  office.  ’  ’ 

Mill’s  work  at  the  India  House,  which  was  hence¬ 
forth  his  livelihood,  did  not  come  before  the  public, 
and  those  who  have  scouted  his  political  writings  as 
the  work  of  an  abstract  philosopher,  entirely  unac- 
uainted  with  affairs,  have  ignored  the  nature  of  his 
uties.  From  the  first  he  was  more  than  a  clerk,  and 
after  a  short  apprenticeship  he  was  promoted,  in  1828, 
to  the  responsible  position  of  assistant-examiner.  The 
duty  of  the,  so-called  examiners  was  to  examine  the 
letters  of  the  agents  of  the  Company  in  India,  and  to 
draft  instructions  in  reply.  The  character  of  the  Com¬ 
pany’s  government  was  almost  entirely  dependent  upon 
their  abilities  as  statesmen.  For  twenty  years,  from 
1836  to  1856,  Mill  had  charge  of  the  Company’s  rela¬ 
tions  with  the  native  states.  In  the  hundreds  of  dis¬ 
patches  that  he  wrote  in  this  capacity,  much,  no  doubt, 
was  done  in  accordance  with  established  routine,  but 
few  statesmen  of  his  generation  had  a  wider  experi¬ 
ence  of  the  responsible  application  of  principles  of 
government  to  actual  emergencies.  That  he  said  so 
little  about  this  work  in  the  Autobiography  was  prob¬ 
ably  because  his  main  concern  there  was  to  expound 
the  influences  that  affected  his  moral  and  mental  de¬ 
velopment.  A  man  of  different  temperament  might 
have  found  abundance  of  dramatic  interest  in  watching 
the  personal  and  political  changes  in  so  many  distinct 
states.  But  Mill  makes  no  reminiscences  of  this  kind,  nor 
does  he  give  any  clue  to  the  results  of  his  own  initiative. 

To  return  to  his  extra-official  activity,  which  received 
an  immense  impulse  about  the  time  of  his  entering  the 
India  House  from  what  must  strike  a  man  of  the  world 
as  a  strange  source.  The  reading  of  Dumont’s  expo¬ 
sition  of  Bentham’s  doctrines  in  the  Traiti  de  Legis¬ 
lation  was  an  epoch  in  Mill’s  life.  It  awoke  in  him  an 
ambition  as  enthusiastic  and  impassioned  as  a  young 
man’s  first  love.  The  language  that  he  uses  about,  it 
in  his  autobiography  reveals  a  warmth  of  inner  life 
that  few  people  would  suspect  from  the  record  of  his 
dry  studies.  When  he  laid  down  the  last  volume,  he 
says,  he  had  become  a  different  being.  It  gave  unity 
to  the  detached  and  fragmentary  component  parts  of 
his  knowledge  and  beliefs.  “I  now  had  opinions — a 
creed,  a  doctrine,  a  philosophy — in  one  among  the  best 
senses  of  the  word,  a  religion,  the  inculcation  and  dif¬ 
fusion  of  which  could  be  made  the  principal  outward 
urpose  of  a  life.  And  I  had  a  grand  conception  laid 
efore  me  of  changes  to  be  effected  in  the  condition  of 
mankind  through  that  doctrine.  ’  ’  He  had  been  care¬ 
fully  bred  to  contemplate  work  for  human  welfare  as 
the  ruling  motive  of  nis  life  ;  that  motive  had  now  re¬ 
ceived  definite  direction. 
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Many  a  youth  has  entered  the  world  with  ambition 
equally  high,  but  few  have  felt  as  Mill  felt  the  first 
shock  of  despair,  and  fewer  still  have  rallied  from  that 
despair  with  such  indomitable  resolution.  The  main 
secret  of  the  great  “crisis”  of  his  youthful  life  is 
probably  to  be  found  in  the  lofty  ardor  of  the  aspira¬ 
tions  then  conceived  and  shaped.  For  four  years  he 
worked  with  faith  and  hope  in  his  mission,  and  these 
were  years  of  incessant  propagandist  activity.  The 
enthusiast  of  seventeen,  burning  to  reorganize  human 
affairs  so  as  to  secure  the  greatest  happiness  of  the 
greatest  number,  set  siege  to  the  public  mind  through 
several  approaches.  He  constituted  a  few  of  his  youth¬ 
ful  friends,  imbued  with  the  principles  of  his  new  creed, 
into  a  society  which  he  called  the  “Utilitarian”  Society, 
taking  the  word,  as  he  tells  us,  from  one  of  Galt’s  nov¬ 
els.  Two  newspapers  were  open  to  him — the  Travel¬ 
ler ,  edited  by  a  friend  of  Bentham’s,  and  the  Chron¬ 
icle,  edited  by  his  father’s  friend  Black.  One  of  his 
first  efforts  was  a  solid  argument  for  freedom  of  dis¬ 
cussion,  in  a  series  of  letters  to  the  Chronicle  apropos 
of  the  prosecution  of  Richard  Carlile.  But  he  watched 
all  public  incidents  with  a  vigilant  eye,  and  seized  every 
passing  opportunity  of  exposing  departures  from  sound 
principle  in  parliament  and  courts  of  justice.  Another 
outlet  was  opened  up  for  him  in  1824  by  the  starting 
of  the  Westminster  Review ,  and  still  another  in  the 
following  year  in  the  Parliamentary  History  and  Re¬ 
view.  This  year  also  he  found  a  congenial  occupation 
in  editing  Bentham’s  Rationale  of  Judicial  Evidence. 
Into  this  he  threw  himself  with  zeal.  And  all  the  time, 
his  mind  full  of  public  questions,  he  discussed  and  ar¬ 
gued  eagerly  with  the  many  men  of  promise  and  dis¬ 
tinction  who  came  to  his  father’s  house.  He  engaged 
in  set  discussions  at  a  reading  society  formed  at  Grote’s 
house  in  1825,  and  in  set  debates  at  a  Speculative  So¬ 
ciety  formed  in  the  same  year. 

“A very disquisitive youth, ’ ’  was  Peacock’s  descrip¬ 
tion  of  young  Mill  at  this  period,  and  this  was  prob¬ 
ably  how  the  enthusiast  struck  most  of  his  outside 
acquaintances.  But  the  glow  of  a  great  ambition  as 
well  as  the  energy  of  a  piercing  intellect  might  have 
been  felt  in  his  writings.  His  mission  was  none  the 
less  arduous  that  he  proposed  to  convert  the  world  by 
reason.  Only  the  fulness  of  unbroken  hope  could 
have  supported  his  powers,  if  he.  had  had  a  frame  of 
iron,  under  the  strain  of  such  incessant  labor.  All 
of  a  sudden,  a  misgiving  which  he  compares  to  the 
Methodist’s  “first  conviction  of  sin’.’  made  a  rift  in 
the  wholeness  of  his  faith  in  his  mission.  “It  was  in 
the  autumn  of  1826.  I  was  in  a  dull  state  of  nerves, 
such  as  everybody  is  occasionally  liable  to ;  unsuscepti¬ 
ble  to  enjoyment  or  pleasurable  excitement ;  one  of 
those  moods  when  what  is  pleasure  at  other  times  be¬ 
comes  insipid  or  indifferent . In  this  frame  of 

mind  it  occurred  to  me  to  put  the  question  directly  to 
myself,  ‘  Suppose  that  all  your  objects  in  life  were  real¬ 
ized,  that  all  the  changes  in  institutions  and  opinions 
which  you  are  now  looking  forward  to  could  be  com¬ 
pletely  effected  at  this  very  instant,  would,  this  be  a 

§reat  ioy  and  happiness  to  you?’  And  an  irrepressi- 
le  self-consciousness  distinctly  answered,  ‘No!’  At 
this  my  heart  sank  within  me  ;  the  whole  foundation 
on  which  my  life  was  constructed  fell  down.  All  my 
happiness  was  to  have  been  found  in  the  continual 
pursuit  of  this  end.  The  end  had  ceased  to  charm, 
and  how  could  there  ever  again  be  any  interest  in  the 
means  ?  I  seemed  to  have  nothing  left  to  live  for.  ” 
The  passage  in  his  autobiography  in  which  Mill  gives 
an  account  of  this  prostrating  disenchantment  and  his 
gradual  release  from  its  benumbing  spell  is  one  of  the 
most  interesting  chapters  in  personal  history.  The 
first  break  in  the  gloom  came,  he  tells  us,  from  his 
reading  in  Marmontel’s  Memoires  “  the  passage  which 
relates  his  father’s  death,  the  distressed  position  of 
the  family,  and  the  sudden  inspiration  by  which  he, 
then  a  mere  boy,  felt  and  made  them  feel  that  he 
would  be  everything  to  them — would  supply  the  place 


of  all  that  they  had  lost.”  Mill  was  moved  to  tears 
by  the  narrative,  and  his  burden  grew  lighter  at  the 
thought  that  all  feeling  was  not  dead  within  him;  that 
he  was  not  a  mere  intellectual  machine.  This  incident, 
and  the  delight  that  he  now  began  to  take  in  Words¬ 
worth’s  “  Poems  founded  on  the  Affections,”  gives  a 
clue  to  one  of  the  secrets  of  Mill’s  despondency.  It 
was  an  unsatisfied  longing  for  personal  affection,  for 
love  and  friendship,  of  which  nis  life  hitherto  had 
been  barren.  His  father  seems  to  have  been  reserved, 
undemonstrative  even  to  the  pitch  of  chilling  stern¬ 
ness  in  his  intercourse  with  his  family ;  and  among 
young  Mill’s  comrades  contempt  of  feeling  was  almost 
a  watchword,  because  it  is  so  often  associated  with 
mischievous  prejudice  and  wrong  conduct.  Himself 
absorbed  in  abstract  questions  and  projects  of  general 
philanthropy,  he  had  been  careless  of  winning  or  keep¬ 
ing  personal  attachment.  But  it  was  not  till  despair 
first  seized  him,  as  he  looked  back  at  the  poverty  of 
the  results  of  his  work  as  an  apostle,  that  Mill  began 
to  feel  the  void  in  his  affections  and  the  need  of  human 
sympathy.  We  must  remember  how  little  when  his 
ambition  was  formed  he  knew  of  the  living  world 
around  him.  He  knew  in  terms  that  political,  and 
social  change  must  be  slow  ;  he  could  whisper  patience 
to  himself,  and  say  to  himself  that  his  life  must  be 
happy  because  the  attainment  of  his  great  object  must 
occupy  the  whole  of  it;  but  without  experience  he 
could  not  have  been  prepared  for  the  actual  slowness 
of  the  reformer’s  work,  or  armed  against  its  terribly 
oppressive  influence.  Inevitably  he  underrated  the 
stolidity  and  strength  of  the  forces  arrayed  against 
him.  Four  years  seems  a  long  time  at  that  age. 
In  1826  Mill  could  look  back  to  four  years  of  eager 
toil.  What  were  the  results  ?  He  had  become  con¬ 
vinced  that  his  comrades  in  the  Utilitarian  Society^ 
who  never  numbered  more  than  ten,  had  not  the  stuff 
in  them  for  a  world-shaking  propaganda;  the  society 
itself  was  dissolved  ;  the  Parliamentary  Review  was  a 
failure ;  the  Westminster  did  not  pay  its  expenses ; 
Bentham’s  Judicial  Evidence  produced  little  effect  on 
the  reviewers.  His  own  reception  at  the  Speculative 
Debating  Society,  where  he  first  measured  his  strength 
in  public  conflict,  was  calculated  to  produce  self-dis¬ 
trust.  He  found  himself  looked  upon  with  curiosity 
as  a  precocious  phenomenon  a  “made  man,”  an  in¬ 
tellectual  machine  set  to  grind  certain  tunes.  The 
most  clear  and  cogent  reasoning  failed  to  sway  his 
audience.  Great  things  had  been  expected  of  this 
society  as  a  means  of  bringing  together  for  close  dis¬ 
cussion  the  leading  young  men  then  in  public  life  or 
looking  forward  to  it.  Its  first  session  proved  a 
fiasco.  The  leaders  that  had  been  expected  stayed 
away.  With  these,  repulses  to  his  hopes  along  the 
whole  line  of  his  activity,  Mill  must  also  have  suffered 
from  the  nervous  exhaustion  that  only  the  hope  and 
heat  of  the  fight  had  kept  him  from  feeling  before. 
No  wonder  that  he  was  disheartened,  began  to  feel 
defects,  in  his  father’s  training,  to  question  and  an¬ 
alyze  his  own  faith,  to  yearn  for  the  solace  of  personal 
affection,  and  to  reconstitute  his  scheme  of  life. 

That  in  spite  of  this  rude  shock  the  foundations  laid 
by  his  early  training  remained  stable  appears  from  the 
facts  that  all  through  the  period  of  his  gloom  he  con¬ 
tinued  working  as  before,  and  that  he  considered  him¬ 
self  bound,  once  convinced  that  his  old  plan  of  life  was 
insufficient,  to  build  up  a  thoroughly  reasoned  new  plan 
wherewith  to  give  new  heart  and  hope  to  his  work.  The 
new  system  was  much  less  different  from  the  old  than 
might  be  supposed  from  what  he  says  of  the  struggle 
that  it  cost  him  to  reach  it.  Regard  for  the  public 
good  was  still  his  religion,  the  ruling  motive  that  gave 
unity  to  his  conduct.  But  he  now  recognized  that 
this  was  too  vague  and  insubstantial  an  object  to  be 
sufficient  of  itself  for  the  satisfaction  of  a  man’s  affec¬ 
tions.  It  is  a  proof  of  the  dominating  force  of  his 
father’s  character  that  it  cost  the  younger  Mill  such 
an  effort  to  shake  off  his  stern  creed  about  poetry  and 
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ersonal  emotion.  Like  Plato,  tlie  elder  Mill  would 
ave  put  poets  under  ban  as  ministers  of  prejudice  and 
enemies  of  truth.  And  he  often  insisted  on  the  wis¬ 
dom  of  restricting  as  much  as  possible  the  private 
affections,  while  expanding  as  much  as  possible  the 
public  affections.  Landor’s  maxim  of  “few  acquaint¬ 
ances,  fewer  friends,  no  familiarities,”  had  his  cordial 
approval.  These  doctrines  the  younger  Mill  at  first 
took  up  with  boyish  enthusiasm  and  pedantry,  but  it 
was  against  this  part  of  his  father’s  creed  that  he  now 
felt  himself  forced  in  reason  to  revolt.  He  stood  too 
much  in  awe  of  his  father  to  make  him  the  confidant 
of  his  difficulties.  He  wrestled  with  them  in  the 
gloomy  solitude  of  his  own  mind.  He  was  victorious ; 
he  reached  firm  ground  at  last ;  but  the  struggle  left 
him  in  several  respects  changed.  He  carried  out  of 
the  struggle  as  the  fruits  of  victory  a  more  catholic 
view  of  the  elements  of  human  happiness,  a  delight  in 
the  poetry  of  nature  and  the  affections  as  well  as  the 
poetry  of  heroic  unselfish  character  and  action,  a  dis¬ 
position  to  study  more  sympathetically  the  point  of 
view  of  opponents,  a  more  courteous  style  of  polemic,  a 
hatred  of  sectarianism,  an  ambition  no  less  noble,  and 
disinterested  but  moderated  to  practical  possibilities. 

In  the  course  of  the  next  few  years  Mill  wrote  com¬ 
paratively  little,  but  he  “carried  on,”  as  he  says,  “a 
quantity  of  thinking  respecting  a  host  of  subjects.” 
It  was  a  period  of  search,  deliberation,  germination, 
and  striking  root.  Coincident  if  not  causally  connected 
with  the  relief  from  his  spiritual  crisis  came  his  first 
consciousness  of  power  as  “an  original  and  inde¬ 
pendent  thinker.  ’  ’  In  the  dialectic  conversations  with 
a  small  band  of  students  at  Gr rote’s  house,,  he  regained 
the  self-confidence  that  had  been  shaken  in  the  larger 
and  rougher  arena  of  the  Speculative  Debating  So¬ 
ciety.  The  beginning  of  his  works  on  logic  and  politi¬ 
cal  economy  may  be  traced  back  to  those  discussions, 
and  he  learnt  from  them,  he  tells  us,  the  habit  of 
“never  accepting  half  solutions  of  difficulties  as  com¬ 
plete  ;  never  abandoning  a  puzzle,  but  again  and  again 
returning  to  it  until  it  was  cleared  up ;  never  allowing 
obscure  corners  of  a  subject  to  remain  unexplored,  be¬ 
cause  they  did  not  appear  important ;  never  thinking 
that  he  perfectly  understood  any  part  of  a  subject  until 
he  understood  the  whole.”  He  learnt  also  an  im¬ 
portant  moral  lesson  from  the  Speculative  Society,  be¬ 
sides  learning  the  strong  points  of  other  political  and 
social  creeds  and  the  weak  points  of  Benthamism  from 
defending  it  point  by  point  against  all  comers.  With 
all  his  despondency,  he  did  not  abandon  the  meetings 
of  the  society  after  the  fiasco  of  the  first  session.  He 
stood  by  it  firmly,  and  in  a  short  time- had  the  triumph 
of  seeing  its  debates  famous  enough  to  attract  men 
with  whom  it  was  profitable  for  him  to  interchange 
opinions,  among  others  Maurice  and  Sterling.  He 
ceased  to  attend  the  society  in  1829,  but  he  carried 
away  from  it  the  strengthening  memory  of  failure 
overcome  by  persevering  effort,  and  the  important 
doctrinal  conviction  that  a  true  system  of  political 
philosophy  was  “something  much  more  complex  and 
many-sided  than  he  had  previously  had  any  idea  of, 
and  that  its  office  was  to  supply,  not  a  set  of  model  in¬ 
stitutions,  but  principles  from  which  the  institutions 
suitable  to  any  given  circumstances  might  be  deduced. 

The  first  sketch  of  Mill’s  political  philosophy  ap¬ 
peared  in  a  series  of  contributions  to  the  Examiner _m 
the  autumn  of  1830  on  “Prospects  in  France.”  He 
was  in  Paris  soon  after  the  July  Revolution,  made  the 
acquaintance  of  the  leading  spirits  among  the  younger 
men ;  and  in  his  discussion  of  what  they  were  doing 
and  what  they  should  do  in  making  a  new  constitution 
we  find  the  germs  of  many  thoughts  afterwards  more 
fully  developed  in  his  Representative  Government. 

The  division  of  a  man’s  life  into  periods  must  always 
be  a  rough  partition,  but  we  may  conveniently  and  with 
tolerable  accuracy  take  these  letters  as  marking  the 
close  of  his  period  of  meditative  search,  of  radication, 
and  his  return  to  hopeful  aspiring  activity,  it  was 


characteristic  of  the  nature  of  the  man  that  he  should 
be  stirred  to  such  delight  by  the  Revolution  in  France, 
and  should  labor  so  earnestly  to  make  his  countrymen 
understand  with  what  gravity  and  sobriety  it  had  been 
effected..  Their  own  Reform  Bill  came  soon  after,  and 
it  is  again  characteristic  of  Mill — at  once  of  his  enthu¬ 
siasm  and  of  his  steady  determination  to  do  for  hu¬ 
manity  the  work  that  nobody  else  seemed  able  or  will¬ 
ing  to  do — that  we  find  him  in  the  heat  of  the  struggle 
in  1831  writing  to  the  Examiner  a  series  of  letters  on 
“The  Spirit  of  the  Age”  which  drew  from  Carlyle 
the  exclamation,  “  Here  is  a  new  mystic!  ”  We  can 
easily  see  now  what  it  was  in  these  remarkable  essays 
that  fascinated  Carlyle ;  it  was  the  pervading  opinion 
that  in  every  natural  state  of  society  power  must  be  in 
the  hands  of  the  wisest.  This  was  the  condition  of 
stability  ;  when  power  and  wisdom  ceased  to  coincide, 
there  was  a  disturbance  of  the  equilibrium  till  this 
coincidence  was  again  effected.  But  whether  Carlyle 
was  right  in  the  epithet  “mystic”  may  be  judged 
from  the  fact  that  Mill’s  inductive  logic  was  the  direct 
result  of  his  aspirations  after  political  stability  as  de¬ 
termined  by  the  dominion  of  the  wisest.  “Why  is  it,” 
he  asked,  “that  the  multitude  accept  implicitly  the 
decisions  of  the  wisest,  of  the  specially  skilled,  in  phys¬ 
ical  science  ?  ”  Because  in  physical  science  there  is  all 
but  complete  agreement  in  opinion.  “And  why  this 
agreement?”  Because  all  accept  the  same  methods 
of  investigation,  the  same  tests  of  truth.  Is  it  possible 
then  to  obtain  unanimity  as  to  the  methods  of  arriving 
at  conclusions  in  social  and  political  matters,  so  as  to 
secure  similar  agreement  of  opinion  among  the  spe¬ 
cially  skilled,  and  similar  general  respect  for  their  au¬ 
thority?  The  same  thought  appears  in  a  review  of 
Herschel’s  Natural  Philosophy ,  written  about  the  same 
time.  Mill  remarks  that  the  uncertainty  hanging  over 
the  very  elements  of  moral  and  social  philosophy  proves 
that  the  means  of  arriving  at  the  truth  in  those 
sciences  are  not  yet  properly,  understood.  “  And 
whither,”  he  adds,  “can  mankind  so  advantageously 
turn,  in  order  to  learn  the  proper  means,  and  to  form 
their  minds  to  the  proper  habits,  as  to  that  branch  of 
knowledge  in  which  by  universal  acknowledgment  the 
greatest  number  of  truths  have  been  ascertained,  and 
the  greatest  possible  degree  of  certainty  arrived  at  ?  ” 
By  1831  Mill’s  enthusiasm  for  humanity  had  been 
thoroughly  reawakened,  and  had  taken  the  definite 
shape  of  an  aspiration  to  supply  an  unimpeachable 
method  of  search  for  conclusions  in  moral  and  social 
science.  From  the  platform  on  which  Carlyle  and 
Mill  met  in  1831  they  travelled  different  roads, — the 
one  to  preach  the  duty  of  obedience  to  the  wisest,  the 
other  to  search  for  a  means  by  which  wisdom  might  be 
acquired  such  as  would  command  respect  and  win  the 
assent  of  free  conviction.  No  mystic  ever  worked  with 
warmer  zeal  than  Mill.  But  his  zeal  encountered  a 
check  which  baffled  him  for  several  years,  and  which 
left  its  mark  in  various  inconsistencies  and  incoherences 
in  his  completed  system.  He  had  been  bred  by  his 
father  in  a  great  veneration  for  the  syllogistic  logic  as 
an  antidote  against  confused  thinking.  He  attributed 
to  his  early  discipline  in  this  logic  an  impatience  of 
vague  language  which  in  all  likelihood  was  really  fos¬ 
tered  in  him  by  his  study  of  the  Platonic  dialogues  and 
of  Bentham,  for  he  always  had  in  himself  more  of 
Plato’s  fertile  ingenuity  in  canvassing  the  meaning  of 
vague  terms  than  the  schoolman’s  rigid  consistency  in 
the  use  of  them.  Be  this  as  it  may,  enthusiastic  as 
he  was  for  a  new  logic  that  might  give  certainty  to 
moral  and  social  conclusions,  Mill,  was  no  less  resolute 
that  the  new  logic  should  stand  in  no  antagonism  to 
the  old.  In  his  Westminster  review  of  Whately’s 
Logic  in  1828  (invaluable  to  all  students  of  the  genesis 
of  Mill’s  logic)  he  appears,  curiously  enough,  as  an 
ardent  and  brilliant  champion  of  the  syllogistic  logic 
against  highfliers  such  as  the  Scotch  philosophers  wno 
talk  of  “  superseding ”.it  by  “a  supposed  system  of 
inductive  logic. ”  His  inductive  logic  must  “supple- 
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ment  and  not  supersede.”  It  must  be  concatenated 
with  the  syllogistic  logic,  the  two  to  be  incorporated  in 
one  system.  But  for  several  years  he  searched  in  vain 
for  the  means  of  concatenation. 

Meantime,  while  recurring  again  and  again,  as  was 
his  custom,  to  this  cardinal  difficulty,  Mill  worked  in- 
defatigably  in  other  directions  where  he  saw  his  way 
clear,  expatiating  over  a  wide  range  of  political,  social, 
economical,  and  philosophical  questions.  The  working 
of  the  new  order  in  France,  and  the  personalities  of 
the  leading  men,  had  a  profound  interest  for  him ;  he 
wrote  on  the  subject  in  the  Scammer.  He  had  ceased 
to  write  for  the  Westminster  in  1828 ;  but  during  the 
years  1832  and  1833  he  contributed  many  essays  to 
Tati’s  Magazine.,  the  Jurist ,  and  the  Monthly  Reposi¬ 
tory.  In  1835  the  London  Review  was  started,  with  Mill 
as  editor ;  it  was  amalgamated  with  the  Westminster  in 
1836,  and  Mill  continued  editor  till  1840.  Much  of 
what  he  wrote  then  was  subsequently  incorporated  in 
his  systematic  works  ;  some  of  his  essays  were  re¬ 
printed  in  his  first  two  volumes  of  Dissertations  and 
Discussions  (1859).  The  essays  on  Bentham  and  Cole¬ 
ridge  constituted  the  first  manifesto  of  the  new  spirit 
which  Mill  sought  to  breathe  into  English  Radicalism. 
But  the  reprinted  papers  give  no  just  idea  of  the  im¬ 
mense  range  of  Mill’s  energy  at  this  time.  His  posi¬ 
tion  in  the  India  Office,  where  alone  he  did  work 
enough  for  most  men,  cut  him  off  from  entering  parlia¬ 
ment  ;  but  he  labored  hard  though  ineffectually  to  in¬ 
fluence  the  legislature  from  without  by  combating  the 
disposition  to  rest  and  be  thankful.  In  his  Auto¬ 
biography  he  admits  that  the  attempt  to  form  a  Radical 
party  m  parliament  at  that  time  was  chimerical. 

It  was  in  1837,  on  reading  Whe well’s  Inductive  Sci¬ 
ences  and  re-reading  Herschel,  that  Mill  at  last  saw 
his  way  clear  both  to  formulating  the  methods  of  sci¬ 
entific  investigation  and  joining  on  the  new  logic  as  a 
supplement  to  the  old.  Epoch-making  as  his  logic 
undoubtedly  was,  from  the  multitude  of  new  views 
opened  up,  from  the  addition  of  a  new  wing  to  the 
rambling  old  building,  and  from  the  inspiring  force 
with  which  every  dusty  chamber  was  searched  into 
and  illuminated,  Mill  did  not  escape  all  the  innumer¬ 
able  pitfalls  of  language  that  beset  the  pioneer  in  such 
a  subject.  It  is  evident  from  a  study  of  his  purposes 
and  the  books  from  which  he  started  that  his  worst 
perplexities  were  due  to  his  determination  to  exhibit 
scientific  method  as  the  complement  of  scholastic  logic. 
In  his  defence  of  the  syllogism  he  confounds  the  syl¬ 
logistic  forms  with  deductive  reasoning.  Every  deduc¬ 
tive  reasoning  may  be  thrown  into  the  form  of  a  syl¬ 
logism,  but  not  every  syllogism  is  deductive.  The 
reasoning  in  several  of  the  syllogistic  forms  is  not  de¬ 
ductive  at  all  in  the  sense  of  involving  a  movement 
from  general  to  particular.  Although  he  knew  Aris¬ 
totle  in  the  original,  Mill  did  not  recognize  the  fact 
that  the  syllogistic  machinery  was  primarily  construct¬ 
ed  for  the  reasoning  together  of  terms.  As  regards 
the  word  induction,  Mill  uses  it  in  different  connections 
to  cover  three  or  four  distinguishable  meanings — in¬ 
duction  viewed  as  the  establishment  of  predications 
about  a  general  term,  induction  viewed  as  inference 
from  the  known  to  the  unknown,  induction  viewed  as 
verification  by  experiment,  and  induction  viewed  as 
the  proof  of  propositions  of  causation.  The  form  of 
his  system  was  really  governed  by  the  scholastic  notion 
of  induction  as  a  means  of  establishing  general  propo¬ 
sitions  ;  the  inductive  part  of  his  system  is  introduced 
after  the  deductive  under  this  character  ;  while  the 
greater  portion  of  the  substance  of  what  he  treats  of 
under  the  name  of  induction,  and  especially  the  so- 
called  experimental  methods,  have  nothing  whatever 
to  do  with  the  establishment  of  general  propositions, 
in  the  technical  sense  of  general  propositions. 

But  the  permanent  value  and  influence  of  Mill’s  in¬ 
ductive  logic  is  not  to  be  measured  by  technical  inac¬ 
curacies  and  inconsistencies,  to  which  an  academic 
mind  may  easily  attach  undue  importance.  In  the 


technical  history  of  the  science,  Mill’s  Logic  may  be 
viewed  as  an  attempt  to  fuse  the  practical  tests  of  truth 
set  forth  in  Herschel’s  Discourse  on  Natural  Philoso¬ 
phy  with  the  theoretic  views  of  induction  propounded 
in  W  hately’ s  Logic.  But  in  the  history  of  thought 
the  great  importance  of  the  work  is  due  not  so  much 
to  its  endeavor  to  formulate  the  methods  of  science 
and  lay  bare  the  first  principles  on  which  they  rest  as 
to  its  systematic  application  of  scientific  method  to 
what  he  called  the  moral  sciences.  Mill  has  often  been 
criticised  as  if  he  had  pretended  to  teach  men  how  to 
conduct  their  investigations  and  how  to  make  discov¬ 
eries  in  the  physical  sciences.  His  work  was  rather  to 
educe  from  the  practice  of  men  of  science  the  princi¬ 
ples  on  which  they  proceed  in  testing  and  proving  their 
speculations  concerning  cause  and  effect  in  the  phys¬ 
ical  world,  and  see  whether  the  same  principles  could 
not  be  applied  in  testing  and  proving  speculations  con¬ 
cerning  cause  and  effect  in  the  moral  world.  What 
is  the  effect  upon  human  character  and  human 
happiness  of  given  social  and  physical  conditions — 
climate,  institutions,  customs,  laws?  How  can  con¬ 
clusions  upon  such  points  be  proved?  These  were  the 
(juestions  in  which  Mill  was  interested,  and  the  strik¬ 
ing  novelty  of  his  work  was  its  endeavor  to  show  that 
propositions  of  cause  and  effect  in  human  affairs  must 
be  proved,  if  they  admit  of  proof  at  all,  absolute  or 
approximate,  on  the  same  principles  with  propositions 
of  cause  and  effect  in  the  material  world. 

The  Logic  was  published  in  1 843.  In  1844  appeared 
his  Essays  on  Some  Unsettled  Questions  in  Political 
Economy.  These  essays  were  worked  out  and  written 
many  years  before,  and  show  Mill  in  his  first  stage  as 
a  political  economist.  Four  out  of  the  five  essays  are 
elaborate  and  powerful  solutions  of  perplexing  tech¬ 
nical  problems — the  distribution  of  the  gains  of  inter¬ 
national  commerce,  the  influence  of  consumption  on 
production,  the  definition  of  productive  and  unpro¬ 
ductive  labor,  the  precise  relations  between  profits  and 
wages.  Though  Mill  appears  here  purely  as  the  dis¬ 
ciple  of  Ricardo,  striving  after  more  precise  statement, 
and  reaching  forward  to  further  consequences,  we  can 
well  understand  in  reading  these  essays,  searching, 
luminous,  large  and  bold  in  outline,  firmly  wrought  in 
detail,  how  about  the  time  when  he  first  sketched  them 
he  began  to  be  conscious  of  power  as  an  original  and 
independent  thinker. 

That  originality  and  independence  became  more  con¬ 
spicuous  when  he  reached  his  second  stage  as  a  polit¬ 
ical  economist,  struggling  forward  towards  the  stand¬ 
point  from  which  his  systematic  work  was  written.  It 
would  seem  that  in  his  fits  of  despondency  one  of  the 
thoughts  that  sat  upon  him  like  a  h  lghtmare  and  marred 
his  dreams  of  human  improvement  was  the  apparently 
inexorable  character  of  economic  laws,  condemning 
thousands  of  laborers  to  a  cramped  and  miserable  ex¬ 
istence,  and  thousands  more  to  semi-starvation.  From 
this  oppressive  feeling  he  found  relief  in  the  thought 
set  forth  in  the  opening  of  the  second  book  of  his  Po¬ 
litical  Economy — that,  while  the  conditions  of  produc¬ 
tion  have  the  necessity  of  physical  laws,  the  distribution 
of  what  is  produced  among  the  various  classes  of  pro¬ 
ducers  is  a  matter  of  human  arrangement,  dependent 
upon  alterable  customs  and  institutions.  There  can 
be  little  doubt  that  this  thought,  whether  or  not  in 
the  clear  shape  that  it  afterwards  assumed,  was  the 
germ  of  all  that  is  most  distinctive  in  his  system  of 
political  economy.  It  was  as  far  as  possible  from  the 
rigidity  of  his  method  of  exposition  to  fall  into  the 
confusion  of  supposing  that  it  was  for  political  econ¬ 
omy  to  discuss  the  equity  of  different  modes  of  distri¬ 
bution,  or  the  value  of  other  objects  of  human  en¬ 
deavor  conflicting  with  the  production  of  wealth  ;  but 
he  put  economic  inquiries  clearly  in  their  proper  place 
as  leading  to  conclusions  that  were  not  always  final  and 
binding  on  the  practical  statesman,  but  had  to  be  taken 
with  other  considerations  as  governing  rational  human 
action.  Besides  thus  putting  political  economy  in  its 


MILL. 


325 


just  correlation  with  other  parts  of  social  science  and 
conduct,  Mill  widened  the  scope  of  economic  inquiries 
by  discussing  the  economic  consequences  of  various 
ideal  social  arrangements,  and  more  especially  different 
modes  of  distributing  produce  between  landlord,  capi¬ 
talist,  and  laborer.  Mill  certainly  redeemed  political 
economy  from  the  reproach  of  being  a  dry  science. 
Nobody  with  any  interest  in  human  improvement  can 
read  his  work  with  indifference.  And  he  did  this  with¬ 
out  in  any  way  disturbing  the  original  conception  of 
political  economy  as  the  science  of  cause  and  effect  in 
the  production  of  wealth.  One  of  his  most  eminent 
successors,  the  late  Professor  Cairnes,  thus  admirably 
summed  up  his  work  as  a  political  economist:  “As 
he  himself  used  to  put  it,  Ricardo  supplied  the  back¬ 
bone  of  the  science ;  but  it  is  not  less  certain  that  the 
limbs,  the  joints,  the  muscular  developments — all  that 
renders  political  economy  a  complete  and  organized 
body  of  knowledge — have  been  the  work  of  Mill.” 

While  his  great  systematic  works  were  in  progress, 
Mill  wrote  very  little  on  events  or  books  of  the  day. 
He  turned  aside  for  a  few  months  from  his  Political 
Economy  during  the  winter  of  the  Irish  famine  (1846- 
47)  to  advocate  the  creation  of  peasant- proprietorships 
as  a  remedy  for  distress  and  disorder  in  Ireland.  He 
found  time  also  to  write  elaborate  articles  on  French 
history  and  Greek  history  in  the  Edinburgh  Review 
apropos  of  Michelet,  Guizot,  and  Grote,  besides  some 
less  elaborate  essays. 

The  Political  Economy  was  published  in  1848.  Mill 
could  now  feel  that  the  main  work  he  had  proposed 
for  himself  was  accomplished  ;  but,  though  he  wrote 
comparatively  little  for  some  years  afterwards,  he  re¬ 
mained  as  much  as  ever  on  the  alert  for  opportunities 
of  useful  influence,  and  pressed  on  with  hardly  dimin¬ 
ished  enthusiasm  in  his  search  for  useful  truth.  Among 
other  things,  he  made  a  more  thorough  study  of  so¬ 
cialist  writers,  with  the  result  that,  though  he  was  not 
converted  to  any  of  their  schemes  as  being  immedi¬ 
ately  practicable,  he  began  to  look  upon  some  more 
equal  distribution  of  the  produce  of  labor  as  a  prac¬ 
ticability  of  the  remote  future,  and  to  dwell  upon 
the  prospect  of  such  changes  in  human  character 
as  might  render  a  stable  society  possible  without 
the  institution  of  private  property.  This  he  has 
called  his  third  stage  as  a  political  economist,  and 
he  says  that  he  was  helped  towards  it  by  the 
lady,  Mrs.  Taylor,  who  became  his  wife  in  1851,  and 
with  whom  he  had  lived  in  intimate  friendship  for 
more  than  twenty  years  before.  It  is  generally  sup¬ 
posed  that  he  writes  with  a  lover’s  extravagance  about 
this  lady’s  powers  when  he  compares  her  with  Shelley 
and  Carlyle.  But  a  little  reflection  will  show  that  he 
wrote  with  his  usual  accuracy  and  sobriety  when  he 
described  her  influence  on  him.  He  expressly  says 
that  he  owed  none  of  his  technical  doctrine  to  her, 
that  she  influenced  only  his  ideals  of  life  for  the  indi¬ 
vidual  and  for  society ;  and  his  language  about  her  is 
really  only  a  measure  of  the  importance  that  he  at¬ 
tached  to  such  ideals  above  any  systems  of  reasoned 
truth.  There  is  very  little  propositional  difference  be¬ 
tween  Mill  and  his  father ;  but  it  is  obvious  from  what 
he  says  that  his  inner  life  became  very  different  after 
he  threw  off  his  father’s  authority.  This  new  inner 
life  was  strengthened  and  enlarged  by  Mrs.  Taylor. 
We  must  remember  also  that  Mill  in  his  early  years 
had  been  so  strictly  secluded  from  commonplace  senti¬ 
ment  that  what  the  general  world  would  consider  com- 
monplace  must  have  come  to  him  with  all  the  fresh- 

ness  of  a  special  revelation.  .  , 

During  the  seven  years  of  his  married  life  Mill  pub¬ 
lished  less  than  in  any  other  period  of  his  career,  but 
four  of  his  most  closely-reasoned  and  characteristic 
works,  the  Liberty ,  the  Utilitarianism,  the  lkoughts 
on  Parliamentary  Reform ,  and  the  Subjection  oj 
Women ,  besides  his  posthumously  published  essays 
on  Nature  and  on  the  Utility  of  Religion ,  were  thought 
out  and  partly  written  in  collaboration  with  his  wile. 


In  1856  he  became  head  of  the  examiner’s  office  in  the 
India  House,  and  for  two  years,  till  the  dissolution  of 
the  Company  in  1858,  his  official  work,  never  a  light 
task,  kept  him  fully  occupied.  It  fell  to  him  as  head 
of  the  office  to  write  the  defence  of  the  Company’s 
government  of  India  when  the  transfer  of  its  powers 
was  proposed.  Mill  was  earnestly  opposed  to  the 
transfer,  and  the  documents  in  which  he  substantiated 
the  proud  boast  for  the  Company  that  “few  govern¬ 
ments  even  under  far  more  favorable  circumstances 
have  attempted  so  much  for  the  good  of  their  subjects 
or  carried  so  many  of  their  attempts  to  a  beneficial 
issue,  ’  ’  and  exposed  the  defects  of  the  proposed  new 
government,  are  models  of  trenchant  ana  dignified 
pleading.  His  prediction  that  the  Indian  Secretary’s 
council  would  serve  as  a  screen  and  not  as  a  check  was 
in  the  opinion  of  many  amply  verified  a  few  years  ago. 

On  the  dissolution  of  the  Company,  Mill  was  offered 
a  seat  in  the  new  council,  but  declined.  His  retire¬ 
ment  from  official  work  was  followed  almost  immedi¬ 
ately  by  his  wife’s  death,  and  from  this  calamity  he 
sought  relief  in  active  literary  occupation.  Politics, 
sociology,  and  psychology  divided  as  before  the  ener¬ 
gies  of  his  active  mind.  One  of  his  first  cares  was  to 
publish  with  a  touching  dedication  to  his  wife  the 
treatise  on  Liberty ,  which  they  had  wrought  out  to¬ 
gether,  principle  by  principle  and  sentence  by  sentence. 
This  pious  duty  discharged,  he  turned  to  current  poli¬ 
tics,  and  published,  in  view  of  the  impending  Reform 
Bill,  a  pamphlet  on  parliamentary  reform.  The  chief 
feature  in  this  was  an  idea  concerning  which  he  and 
Mrs.  Mill  often  deliberated,  the  necessity  of  providing 
checks  against  uneducated  democracy.  His  fanciful 
suggestion  of  a  plurality  of  votes,  proportioned  to  the 
elector’s  degree  of  education,  was  avowedly  put  for¬ 
ward  only  as  an  ideal ;  he  admitted  that  no  authentic 
test  of  education  could  for  the  present  be  found.  An 
anonymous  Conservative  caught  at  the  scheme  in 
another  pamphlet,  proposing  income  as  a  test.  Soon 
after,  Mill  supported  in  Eraser's,  still  with  the  same 
object,  Mr.  Hare’s  scheme  for  the  representation  of 
minorities.  In  the  autumn  of  the  same  year  he  turned 
to  psychology,  reviewing  Mr.  Bain’s  works  in  the 
Edinburgh  Review. 

In  this  way  the  indefatigable  thinker  worked  on, 
throwing  himself  by  turns  into  the  various  lines  along 
which  he  saw  prospects  of  fulfilling  his  mission  as  an 
apostle  of  progress.  In  his  Representative  Government 
(1860)  he  systematized  opinions  already  put  forward 
in  many  casual  articles  ana  essays.  His  Utilitarianism 
(published  in  Fraser's  in  1861)  was  a  closely-reasoned 
systematic  attempt  to  answer  objections  to  his  ethical 
theory  and  remove  misconceptions  of  it.  As  the  in- 
ventor  of  tho  term  Utilitarianism,  lie  was  entitled  to 
define  its  meaning  ;  and  he  was  especially  anxious  to 
make  it  clear  that  he  included  in  utility  the  pleasures 
of  the  imagination  and  the  gratification  of  the  higher 
emotions,  and  to  show  how  powerfully  the  good  of 
mankind  as  a  motive  appealed  to  the  imagination. 
His  treatise  on  the  Subjection  of  Women,  in  its  ruling 
intention  a  protest  against  the  abuse  of  power,  was 
Mill’s  next  work,  though  it  was  not  published  till  1869. 
His  Examination  of  Hamilton's  Philosophy,  published 
in  1865,  had  engaged  a  large  share  of  his  time  for 
three  years  before.  When  it  first  occurred  to  him  that 
a  criticism  of  the  chief  of  our  native  intuitional  psy¬ 
chologists  would  cause  a  wholesome  stir  and  serve  en¬ 
lightenment,  he  thought  only  of  an  article  such  as  he 
wrote  about  Austin’s  Jurisprudence  or  Grote’s  Plato. 
But  he  soon  found  that  the  subject  required  a  book, 
and  a  book  appeared  which  certainly  answered  the 
purpose  of  rousing  the  sleepy  realms  of  philosophy 
and  theology.  .  .  .  ,  .  ,  , .. 

While  mainly  occupied  in  those  years  with  philo¬ 
sophical  studies,  Mill  did  not  remit  his  interest  in  cur¬ 
rent  politics.  He  made  his  voice  heard  on  the  contest 
in  America  in  1862,  taking  the  side  of  the  North- 
then  very  unpopular  in  London — and  using  all  his 
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strength  to  explain  what  has  since  been  universally 
recognized  as  the  issue  really  at  stake  in  the  struggle, 
the  abolition  of  slavery.  It  was  characteristic  of  the 
closeness  with  which  he  watched  current  events,  and 
of  his  zeal  in  the  cause  of  “lucidity,”  that,  when  the 
Reader,  an  organ  of  science  and  unpartisan  opinion, 
fell  into  difficulties  in  1865,  Mill  joined  with  some  dis- 
tinguished  men  of  science  and  letters  in  an  effort  to 
keep  it  afloat.  He  supplied  part  of  the  money  foi- 
carrying  it  on,  contributed  several  articles,  and  assisted 
the  editor,  Mr.  Fraser  Rae,  with  his  advice.  The  effort 
was  vain,  though  such  men  as  Herbert  Spencer,  Hux¬ 
ley,  Tyndall,  Cairnes,  Mark  Pattison,  F.  Harrison,  Sir 
Frederick  Pollock,  and  Lockyer  were  among  the  con¬ 
tributors. 

In  1865  a  new  channel  was  opened,  to  his  influence. 
He  was  requested  to  stand  for  Westminster,  and  agreed 
on  conditions  strictly  in  accordance  with  his  principles 
of  parliamentary  election.  He  would  not  canvass,  nor 
pay  agents  to  canvass  for  him,  nor  would  he  engage 
to  attend  to  the  local  business  of  the  constituency. 
He  was  with  difficulty  persuaded  even  to  address  a 
meeting  of  the  electors.  The  story  of  this  remarkable 
election  has  been  told  by  Mr.  James  Beal,  one  of  the 
most  active  supporters  of  Mill’s  candidature.  In  par¬ 
liament  he  adhered  to  his  lifelong  principle  of  doing 
only  work  that  needed  to  be  done,  and  that  nobody 
else  seemed  equally  able  or  willing  to  do.  It  may  have 
been  a  consciousness  of  this  fact  which  prompted  a 
remark  made  by  the  Speaker  that  Mill’s  presence  in 
parliament  elevated  the  tone  of  debate.  The  impres¬ 
sion  made  by  him  in  parliament  is  in  some  danger  of 
being  forgotten,  because  he  was  not  instrumental  in 
carrying  any  great  measure  that  might  serve,  as  an 
abiding  memorial.  But,  although  in  one  of  his  first 
speeches  against  the  suspension  of  the  Habeas  Corpus 
Act  in  Ireland  he  was  very  unfavorably  received,  Mill 
thoroughly  succeeded  in  what  is  called  “gaining  the 
ear  of  the  House.”  The  only  speech  made  by  him 
during  his  three  years  in  parliament  that  was  listened 
to  with  impatience  was,  curiously  enough,  his  speech 
in  favor  of  counteracting  democracy  by  providing  for 
the  representation  of  minorities.  His  attack  on  the 
conduct  of  General  Eyre  in  Jamaica  was  listened  to, 
but  with  repugnance  by  the  majority,  although  his 
action  in  this  matter  in  and  out  of  parliament  was  far 
from  being  ineffectual.  He  took  an  active  part  in  the 
debates  on  Mr.  Disraeli’s  Reform  Bill,  and  helped  to 
extort  from  the  Government  several  useful  modifica¬ 
tions  of  the  Bill  for  the  Prevention  of  Corrupt  Prac¬ 
tices.  The  reform  of  land  tenure  in  Ireland,  the  rep¬ 
resentation  of  women,  the  reduction  of  the  national 
debt,  the  reform  of  London  government,  the  abroga¬ 
tion  of  the  declaration  of  Paris,  were  among  the  topics 
on  which  he  spoke  with  marked  effect.  He  took  occa¬ 
sion  more  than  once  to  enforce  what  he  had  often 
advocated  in  writing,  England’s  duty  to  intervene  in 
Continental  politics  m  support  of  the  cause  of  freedom. 
As  a  speaker,  Mill  was  somewhat  hesitating,  pausing 
occasionally  as  if  to  recover  the  thread  of  his  argument, 
but  he  showed  great  readiness  in  extemporaneous  de¬ 
bate.  Viewed  as  a  candidate  for  ministerial  office,  he 
might  be  regarded  as  a  failure  in  parliament,  but  there 
can  be  no  doubt  that  his  career  there  greatly  extended 
his  influence. 

Mill’s  subscription  to  the  election  expenses  of  Mr. 
Bradlaugh,  and  his  attitude  towards  Governor  Eyre, 
are  generally  regarded  as  the  main  causes  of  his  defeat 
in  the  general  election  of  1868.  But,  as  he  suggests 
himself,  his  studied  advocacy  of  unfamiliar  projects  of 
reform  had  made  him  unpopular  with  “moderate 
Liberals.”  When  he  was  first  elected  on  a  sudden 
impulse,  of  enthusiasm,  extremely  little  was  known 
about  him  by  the  bulk  of  the  electorate;  and  his  writ¬ 
ing  about  checks  against  democracy  had  prepared 
many  for  a  more  conservative  attitude  on  questions  of 
practical  politics.  He  retired  with  a  sense  of  relief  to 
his  cottage  and  his  literary  life  at  Avignon.  His  par¬ 


liamentary  duties  and.  the  quantity  of  correspondence 
brought  upon  him  by  increased  publicity  had  absorbed 
nearly  the  whole  of  his  time.  The  scanty  leisure  of 
his  first  recess  had  been  devoted  to  writing  his  St.  An¬ 
drews  rectorial  address  on  higher  education  and  to  an¬ 
swering  attacks  on  his  criticism  of  Hamilton*  of  the 
second,  to  annotating,  in  conjunction  with  Mr.  Bain 
and  Mr.  Findlater,  his  fathers  Analysis  of  the  Mind. 
But  now  he  could  look  forward  to  a  literary  life  pure 
and  simple,  and  his  letters  show  how  much  he  enjoyed 
the  change.  His  little  cottage  was  filled  with  books 
and  newspapers;  the  beautiful  country  round  it  fur¬ 
nished  him  with  a  variety  of  walks;  he  read,  wrote, 
discussed,  walked,  botanized.  His  step-daughter, 
Miss  Taylor,  his  constant  companion  after  his  wife’s 
death,  “architect  and  master-mason  all  in  one,”  car¬ 
ried  out  various  improvements  in  their  quiet  home  for 
the  philosopher’s  comfort.  “Helen,”  he  wrote  to 
Mr.  Thornton,  “has  carried  out  her  long-cherished 
scheme  (about  which  she  tells  me  she  consulted  you) 
of  a  ‘  vibratory  ’  for  me,  and  has  made  a  pleasant  cov¬ 
ered  walk,  some  30  feet  long,  where  I  can  vibrate  in 
cold  or  rainy  weather.  The  terrace,  you  must  know, 
as  it  goes  round  two  sides  of  the  house,  has  got  itself 
dubbed  the  ‘  semi-circumgyratory.  ’  In  addition  to 
this  Helen  has  built  me  a  herbarium,  a  little  room  fit¬ 
ted  up  with  closets  for  my  plants,  shelves  for  my 
botanical  books,  and  a  great  table  whereon  to  manipu¬ 
late  them  all.  Thus,  you  see,  with  my  herbarium, 
my  vibratory,  and  my  semi-circumgyratory,  I  am  in 
clover;  and  you  may  imagine  with  what  scorn  I  think 
of  the  House  of  Commons,  which,  comfortable  club  as 
it  is  said  to  be,  could  offer  me  none  of  these  comforts, 
or,  more  perfectly  speaking,  these  necessaries  of  life.  ’ 
Mill  was  an  enthusiastic  botanist  all  his  life  long,  and 
a  frequent  contributor  of  notes  and  short  papers  to  the 
Phytologist.  One  of  the  things  that  he  looked  for¬ 
ward  to  during  his  last  journey  to  Avignon  was  seeing 
the  spring  flowers  and  completing  a  flora  of  the.  local¬ 
ity.  His  delight  in  scenery  frequently  appears  in  let¬ 
ters  written  to  his  friends  during  his  summer  and 
autumn  tours. 

No  recluse  ever  had  a  more  soothing  retreat  than 
Mill’s  Avignon  cottage,  but  to  the  last  he  did  not  relax 
his  laborious  habits  nor  his  ardent  outlook  on  human 
affairs.  The  essays  in  the  fourth  volume  of  his  Dis¬ 
sertations — on  endowments,  on  land,  on  labor,  on  met¬ 
aphysical  and  psychological  questions — were  written 
for  the  Fortnightly  Review  at  intervals  after  his  short 
parliamentary  career.  One  of  his  first  tasks  was  to 
send  his  treatise  on  the  Subjection  of  Women  through 
the  press.  The  essay  on  Theism  was  written  soon 
after.  The  last  public  work  in  which  he  engaged  was 
the  starting  of  the  Land  Tenure  Reform  Association. 
The  interception  by  the  state  of  the  unearned  incre¬ 
ment,  and  the  promotion  of  cooperative  agriculture, 
were  the  most  striking  features  in  his  programme. 
He  wrote  in  the  Examiner  and  made  a  public  speech 
in  favor  of  the  association  a  few  months  before  his 
death.  The  secret  of  the  ardor  with  which  he  took 
up  this  question  probably  was  his  conviction  that  a 
great  struggle  was  impending  in  Europe  between  labor 
and  capital.  He  regarded  nis  project  as  a  timely 
compromise. 

Mill  died  at  Avignon  on  the  8th  of  May,  1873. 

Within  the  limits  of  this  article  it  is  impossible  to  attempt 
a  criticism  of  Mill’s  conclusions  in  so  many  fields  of  research ; 
one  must  be  content  with  trying  to  indicate  the  purpose  and 
the  spirit  of  his  work.  Perhaps  we  still  stand  too  near  to 
judge  without  bias;  some  years  hence  men  will  be  better 
able  to  say  whether  he  made  sciolism  less  reckless  or  brought 
mankind  appreciably  nearer  that  dominion  of  the  wisest 
which  was  the  remote  goal  of  his  endeavor.  It  will  be  long 
before  humanity  finds  a  nobler  example  of  the  searcher  af¬ 
ter  the  best  means  of  social  improvement.  He  sought  after 
clear  ideas  with  the  ardor  of  a  mystic,  the  patience  and  la¬ 
borious  industry  of  a  man  of  science ;  he  encountered  op¬ 
ponents  with  a  generosity  and  a  courtesy  worthy  of  any 
preux  chevalier  of  mediaeval  romance,  while  he  was  not  in¬ 
ferior  to  that  ideal  in  the  vigor  of  his  blows  against  injus* 
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tice.  As  regards  his  influence,  it  has  been  well  said  that 
“  no  calculus  can  integrate  the  innumerable  pulses  of  knowl¬ 
edge  and  of  thought  that  he  has  made  to  vibrate  in  the 
minds  of  his  generation.”  He  quickened  thought  upon 
every  problem  that  he  touched.  Any  estimate  of  Mill’s 
Service  to  political  or  philosophical  thought  at  this  moment 
is  liable  to  be  injuriously  affected  by  the  temporary  dis¬ 
credit  into  which  some  of  his  doctrines  have  fallen.  He 
was  not  infallible ;  he  made  no  claim  to  dogmatic  author¬ 
ity.  But  in  criticism  of  detail,  according  to  our  present 
light,  we  may  easily  blind  ourselves  to  the  greatness  of  the 
work  that  Mill  accomplished  in  the  development  of  opinion. 

(W.  H.) 

MILLAU,  or  Mllhau,  capital  of  an  arrondisse- 
oient  in  the  department  of  Aveyron,  France,  is  situ¬ 
ated  on  the  left  bank  of  the  Tarn,  half  a  mile  below  the 
point  at  which  that  river  is  joined  by  the  Dourbie,  and 
48  miles  to  the  southeast  of  Rodez,  on  the  Rodez  and 
Montpellier  line.  Itself  1210  feet  above  the  level  of 
the  sea,  it  is  overlooked  by  hills  covered  with  vine¬ 
yards  and  fruit  trees  or  by  bare  and  scarped  rocks. 
The  streets  of  Millau  are  narrow,  and  some  of  the 
houses  of  great  antiquity,  but  the  town  is  surrounded 
by  spacious  boulevards.  On  two  sides  the  Place 
d’Armes  is  adorned  by  stone  columns  supporting  gal¬ 
leries  of  wood ;  the  only  buildings  of  special  interest 
are  the  Romanesque  church  of  Notre  Dame,  and  the 
belfry  of  the  old  h6tel  de  ville.  The  principal  industry 
is  the  manufacture  of  gloves,  but  various  branches  of 
the  leather  manufacture  are  also  carried  on.  The 
chief  articles  of  commerce  are  wool  (both  raw  and  pre¬ 
pared),  Roquefort  cheese,  wine,  almonds,  and  live 
stock.  The  population  in  1901  was  17,029. 

The  viscounts  of  Millau  are  mentioned  as  early  as  the  10th 
century ;  in  the  16th  it  became  one  of  the  leading  strong¬ 
holds  of  the  Beformed  party  in  the  south  of  France.  Its 
industry  suffered  severely  by  the  revocation  of  the  edict  of 
Nantes. 

MILLENNIUM.  In  the  history  of  Christianity 
three  main  forces  are  found  to  have  acted  as  auxilia¬ 
ries  of  the  gospel.  They  have  elicited  the  ardent  en¬ 
thusiasm  of  many  whom  the  bare  preaching  of  the 
gospel  would  never  have  made  decided  converts. 
These  are  (1)  a  belief  in  the  speedy  return  of  Christ 
and  in  His  glorious  reign  on  earth  ;  (2)  mystical  con¬ 
templation,  which  regards  heavenly  blessings  as  a  pos¬ 
sible  possession  in  the  present  life  ;  and  (3)  faith  in  a 
divine  predestination  of  some  to  salvation  and  others 
to  perdition.  Each  of  these  forces  has  at  particular 
times  proved  too  strong  for  church  authority  and 
burst  the  embankments  with  which  the  church  had  at 
once  narrowed  and  protected  Christian  life  and 
thought.  They  have  produced  ecclesiastical,  social, 
and  political  convulsions,  where  the  elemental  force  of 
religious  conviction  has  destroyed  all  organization, 
whether  of  church  or  of  state.  They  have  released 
from  its  fetters  the  free  spirit  of  Christianity,  though 
often  enough  they  have  associated  with  it  a  fanaticism 
more  damaging  to  the  gospel  than  the  temporizing 
policy  of  the  hierarchy. 

First  in  point  of  time  came  the  faith  in  the  nearness 
of  Christ’s  second  advent  and  the  establishing  of  His 
reign  of  glory  on  the  earth.  Indeed  it  appears  so 
early  that  it  might  be  questioned  whether  it  ought  not 
to  be  regarded  as  an  essential  part  of  the  Christian  re¬ 
ligion.  That  question,  however;  will  scarcely  be  an¬ 
swered  in  the  affirmative.  The  ideas  of  the  Sermon 
on  the  Mount,  or  the  pregnant  thoughts  of  the  Pau¬ 
line  theology,  are  independent  of  the  expectation  that 
the  kingdom  of  glory  will  shortly  be  established.  On 
the  other  hand,  it  must  be  admitted  that  this  expecta¬ 
tion  was  a  prominent  feature  in  the  earliest  proclama¬ 
tion  of  the  gospel,  and  materially  contributed  to  its 
success.  If  the  primitive  churches  had  been  under 
the  necessity  of  framing  a  “Confession  of  Faith,”  it 
would  certainly  have  embraced  those  pictures  by 
means  of  which  the  near  future  was  distinctly  realized. 
But  then  these  pictures  and  dreams  and  hopes  were 
just  the  things  that  made  systematized  doctrine  im¬ 


possible  ;  it  is  possible  to  formulate  the  mythological 
ideas,  but  not  the  shifting  imagery  of  the  imagination. 

In  the  anticipations  of  the  future  prevalent  amongst 
the  early  Christians  (c.  50-150)  it  is  necessary  to  dis¬ 
tinguish  a  fixed  and  a  fluctuating  element.  The  for¬ 
mer  includes  (l).the  notion  that  a  last  terrible  battle 
with  the  enemies  of  God  was  impending ;  (2)  the 
faith  in  the  speedy  return  of  Christ ;  (3)  the  convic¬ 
tion  that  Christ  will  judge  all  men,  and  (4)  will  set  up 
a  kingdom  of  glory  on  earth.  To  the  latter  belong 
views  of  the  Antichrist,  of  the  heathen  world-power, 
of  the  place,  extent,  and  duration  of  the  earthly  king¬ 
dom  of  Christ,  etc.  These  remained  in  a  state  of 
solution ;  they  were  modified  from  day  to  day,  partly 
because  of  the  changing  circumstances  of  the  present 
by  which  forecasts  or  the  future  were  regulated,  partly 
because  the  indications — real  or  supposed — of  the 
ancient  prophets  always  admitted  of  new  combinations 
and  constructions.  But  even  here  certain  positions 
were  agreed  on  in  large  sections  of  Christendom. 
Amongst,  these  was  the  expectation  that  the  future 
kingdom  of  Christ  on  earth  should  have  a  fixed  dura¬ 
tion, — according  to  the  most  prevalent  opinion,  a  dura¬ 
tion  of  one  thousand  years.  From  this  fact  the  whole 
ancient  Christian  eschatology  was  known  in  later  times 
as  “  chiliasm,”— a  name  which  is  not  strictly  accurate, 
since  the  doctrine  of  the  millennium  was  only  one 
feature  in  its  scheme  of  the  future. 

1.  This  idea  that  the  Messianic  kingdom  of  the 
future  on  earth  should  have  a  definite  duration  has — 
like  the  whole  eschatology  of  the  primitive  church — 
its  roots  in  the  Jewish  apocalyptic  literature,  where 
it  appears  at  a  comparatively  late  period.  At  first  it 
was  assumed  that  the  Messianic  kingdom  in  Palestine 
would  last  forever  (so  the  prophets ;  cf.  Jerem.  xxiv. 
6  ;  Ezek.  xxxvii.  25  ;  Joel  lii.  20 ;  Daniel  vi.  26  ; 
Sibyll.  iii.  49  sq.,  766;  Psalt.  Salom.  xvii.  4  ;  Enoch 
lxii.  14),  and  this  seems  always  to  have  been  the  most 
widely  accepted  view  (John  xii.  34).  But  from  a  com¬ 
parison  of  prophetic  passages  of  the  Old  Testament 
learned  apocalyptic  writers  came  to  the  conclusion  that 
a  distinction  must  be  drawn  between  the  earthly 
appearance  of  the  Messiah  and  the  appearance  of  God 
Himself  amongst  His  people  and  in  the  Gentile  world 
for  the  final  judgment.  As  a  necessary  consequence,  a 
limited  period  had  to  be  assigned  to  the  Messianic 
kingdom.  It  is  not  altogether  improbable  that  the 
mysterious  references  to  the  sufferings  of  the  Messiah 
had  also  an  influence  on  some  minds.  This,  however, 
is  doubtful.  It  is  certain  at  all  events  that  the  whole 
conception  marks  the  beginning  of  the  dissolution  of 
realistic  and  sensuous  views  of  the  future.  The  age 
was  too  advanced  to  regard  the  earthly  Messianic  king¬ 
dom  as  the  end.  There  was  an  effort  to  find  a  place 
among  the  hopes  of  the  future  for  those  more  spiritual 
and  universal  anticipations,  according  to  which  eternal 
and  heavenly  blessedness  will  be  the  portion  of  the 
faithful,  this  earth  and  heaven  will  pass  away,  and 
God  will  be  all  in  all.  As  to  the  period  to  be  assigned  to 
this  earthly  kingdom,  no  agreement  was  ever  reached 
in  Judaism,  anymore  thanm  the  detailed  descriptions 
of  its  joys  and  pleasures..  According  to  the  Apoca¬ 
lypse  of  Baruch  (xl.  3)  this  kingdom  will  last  “donee 
finiatur  mundus  corruptionis.  In  the  Book  of 
Enoch  (xci.  12).“ a  week”  is  specified,  in  the  Apoca¬ 
lypse  of  Ezra  (vii.  28  sq.)  four  hundred  years.  This 
figure,  corresponding  to  the  four  hundred  years  of 
Egyptian  bondage,  occurs  also  in  the  Talmud  (Sanhe¬ 
drin  99a).  But  this  is  the  only  passage  ;  the  Talmud 
has  no  fixed  doctrine  on  the  point.  The  view  most 
frequently  expressed  there  (see  Yon  Otto  in  Hilgen- 
f eld's  Zeitschrift,  1877,  p.  527  sq.)  is  that  the  Messi¬ 
anic  kingdom  will  last  for  one  thousand  (some  said  two 
thousand)  years.  “In  six  days  God  created  the  world, 
on  the  seventh  He  rested.  But  a  day  of  God  is  equal 
to  a  thousand- years  (Ps.  xc.  4).  Hence  the  world  will 
last  for  six  thousand  years  of  toil  and  labor ;  then  will 
come  one  thousand  years  of  Sabbath  rest  for  the  peo- 
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pie  of  God  in  the  kingdom  of  Messiah.”  This  idea 
must  have  already  been  very  common  in  the  first  cen¬ 
tury  before  Christ.  The  combination  of  Gen.  i.,  Dan. 
ix. ,  and  Ps.  xc.  4  was  peculiarly  fascinating. 

2.  Jesus  Himself  speaks  of  only  one  return  of  the 
Son  of  Man — His  return  to  judgment.  In  speaking 
of  it,  and  of  the  glorious  kingdom  He  is  to  introduce, 
He  makes  use  of  apocalyptic  images  (Matt.  viii.  11, 
xxvi.  29 ;  Luke  xxii.  16 ;  Matt.  xix.  28) ;  but  nowhere 
in  the  discourses  of  Jesus  is  there  a  hint  of  a  limited 
duration  of  the  Messianic  kingdom.  The  apostolic 
epistles  are  equally  free  from  any  trace  of  chiliasm 
(neither  1  Cor.  xv.  23  sq.  norlThess.  iv.  16sg.  points  in 
this  direction).  In  the  Apocalypse  of  John,  however, 
it  occurs  in  the  following  shape  (chap.  xx. ).  .  After 
Christ  has  appeared  from  heaven  in  the  guise  of  a 
warrior,  and  vanquished  the  antichristian  world-power, 
the  wisdom  of  the  world,  and  the  devil,  those  who 
have  remained  steadfast  in  the  time  of  the  last  catas¬ 
trophe,  and  have  given  up  their  lives  for  their  faith, 
shall  be  raised  up.  and  shall  reign  with  Christ  on  this 
earth  as  a  royal  priesthood  for  one  thousand  years. 
At  the  end  of  this  time  Satan  is  to  be  let  loose  again 
for  a  short  season ;  he  will  prepare  a  new  onslaught, 
but  God  will  miraculously  destroy  him  and  his  hosts. 
Then  will  follow  the  general  resurrection  of  the  dead, 
the  last  judgment,  and  the  creation  of  new  heavens 
and  a  new  earth.  That  all  believers  will  have  a  share 
in  the  first  resurrection  and  in  the  Messianic  kingdom 
is  an  idea  of  which  John  knows  nothing.  The  earthly 
kingdom  of  Christ  is  reserved  for  those  who  have  en¬ 
dured  the  most  terrible  tribulation,  who  have  withstood 
the  supreme  effort  of  the  world-jpower, — that  is,  for 
those  who  are  actually  members  of  the  church  of  the 
last  days.  The  Jewish  expectation  is  thus  considerably 
curtailed  in  the  hands  of  John,  as  it  is  also  shorn  of 
its  sensual  attractions.  “Blessed  and  holy  is  he  that 
hath  part  in  the  first  resurrection  ;  on  such  the  second 
death  hath  no  power ;  but  they  shall  be  priests  of  God 
and  of  Christ,  and  shall  reign  with  Him  a  thousand 
years.”  More  than  this  John  does  not  say.  But 
other  ancient  Christian  authors  were  not  so  cautious. 
Accepting  the  Jewish  apocalypses  as  sacred  books  of 
venerable  antiquity,  they  read  them  eagerly,  and  trans¬ 
ferred  their  contents  bodily  to  Christianity.  Nay  more, 
the  Gentile  Christians  took  possession  of  them,  and 
just  in  proportion  as  they  were  neglected  by  the  Jews 
— who,  after  the  war  of  Bar-Cochba,  became  indiffer¬ 
ent  to  the  Messianic  hope  and  hardened  themselves 
once  more  in  devotion  to  the  law — they  were  natural¬ 
ized  in  the  Christian  communities.  The  result  was  that 
these  books  became  “Christian”  documents;  it  is  en¬ 
tirely  to  Christian,  not  to  Jewish,  tradition  that  we 
owe  their  preservation.  The  Jewish  expectations 
are  adopted,  for  example,  by  Papias,  by  the  writer  of 
the  epistle  of  Barnabas,  and  by  Justin.  Papias  actually 
confounds  expressions  of  Jesus  with  verses  from 
the  Apocalypse  of  Baruch,  referring  to  the  amazing  fer¬ 
tility  of  the  days  of  the  Messianic  kingdom  (Papias  in 
Iren.  v.  33).  Barnabas  (Afo.,  15)  gives  us  the  Jewish 
theory  (from  Gen.  i.  and  Ps.  xc.  4)  that  the  present 
condition  of  the  world  is  to  last  six  thousand  years 
from  the  creation,  that  at  the  beginning  of  the  Sab¬ 
bath  (the  seventh  millennium)  the  Son  of  God  appears, 
to  put  an  end  to  the  time  of  “the  unjust  one,”  to 
judge  the  ungodly  and  renew  the  earth.  But  he  does 
not  indulge,  like  Papias,  in  sensuous  descriptions  of 
this  seventh  millennium;  to  Barnabas  it  is  a  time  of 
rest,  of  sinlessness,  and  of  a  holy  peace.  It  is  not  the 
end,  however;  it  is  followed  by  an  eighth  day  of  eter¬ 
nal  duration, — “the  beginning  of  another  world.”  So 
that  in  the  view  of  Barnabas  the  Messianic  reign  still 
belongs  to  ovtoq  6  al6v.  Justin  ( Dial .,  80)  speaks  of 
chiliasm  as  a  necessary  part  of  complete  orthodoxy, 
although  he  knows  Christians  who  ao  not  accept  it. 
He  believes,  with  the  Jews,  in  a  restoration  ana  ex¬ 
tension  of  the  city  of  Jerusalem ;  he  assumes  that  this 
city  will  be  the  seat  of  the  Messianic  kingdom,  and  he 


takes  it  as  a  matter  of  course  that  there  all  believers 
(here  he  is  at  one  with  Barnabas)  along  with  patriarchs 
and  prophets  will  enjoy  perfect  felicity  for  one  thou¬ 
sand  years.  In  fact  he  reads  this  view  into  the  Apoc¬ 
alypse  of  John,  which  he  understands  to  mean  that 
before  the  general  resurrection  all  believers  are  to  rule 
for  a  time  with  Christ  on  earth.  That  a  philosopher 
like  Justin,  with  a  bias  towards  an  Hellenic  construc¬ 
tion  of  the  Christian  religion,  should  nevertheless  have 
accepted  its  chiliastic  elements  is  the  strongest  proof 
that  these  enthusiastic  expectations  were  inseparably 
bound  up  with  the  Christian  faith  down  to  the  middle 
of  the  2a  century.  And  another  proof  is  found  in  the 
fact  that  even  a  speculative  Jewish  Christian  like 
Cerinthus  not  only  did  not  renounce  the  chiliastic 
hope,  but  pictured  the  future  kingdom  of  Christ  as  a 
kingdom  of  sensual  pleasures,  of  eating  and  drinking 
ana  marriage  festivities  (Euseb.,  H.  E.,  iii.  28,  vii.  25). 

3.  After  the  middle  of  the  2d  century  these  expec¬ 
tations  were  gradually  thrust  into  the  background. 
They  would  never  have  died  out,  however,  nad  not 
circumstances  altered,  and  a  new  mental  attitude  been 
taken  up.  The  spirit  of  philosophical  and  theological 
speculation  and  of  ethical  reflection,  which  began  to 
spread  through  the  churches,  did  not  know  what  to 
make  of  the  old  hopes  of  the  future.  To  a  new  gene¬ 
ration  they  seemed  paltry,  earthly  and  fantastic,  and 
far-seeing  men  had  good  reason  to  regard  them  as  a 
source  of  political  danger.  But  more  than  this,  these 
wild  dreams  about  the  glorious  kingdom  of  Christ 
began  to  disturb  the  organization  which  the  churches 
had  seen  fit  to  introduce.  In  the  interests  of  self¬ 
reservation  against  the  world,  the  state,  and  the 
eretics,  the  Christian  communities  had  formed  them¬ 
selves  into  compact  societies  with  a  definite  creed  and 
constitution,  and  they  felt  that  their  existence  was 
threatened  by  the  white  heat  of  religious  subjectivity. 
So  early  as  the  year  170,  a  church  party  in  Asia  Minor 
— the  so-called  Alogi — rejected  the  whole  body  of 
apocalyptic  writings  and  denounced  the  Apocalypse  of 
John  as  a  book  of  fables.  All  the  more  powerful  was 
the  reaction.  In  the  so-called  Montanistic  controversy 
(c.  160-220)  one  of  the  principal  issues  involved  was 
the  continuance  of  the  chiliastic  expectations  in  the 
churches.  The  Montanists  of  Asia  Minor  defended 
them  in  their  integrity,  with  one  slight  modification: 
they  announced  that  repuza,  the  city  of  Montanus, 
would  be  the  site  of  the  New  Jerusalem  and  the  mil¬ 
lennial  kingdom.  Modifications  of  this  kind,  which 
have  often  appeared  in  later  times  in  connection  with 
the  revival  of  millenarianism,  are  a  striking  evidence 
of  the  tendency  of  every  sect  to  regard  its  own  little 
membership  as  the  centre  of  the  world  and  its  fortunes 
as  the  kernel  of  universal  history.  After  the  Monta¬ 
nistic  controversy,  chiliastic  views  were  more  and  more 
discredited  in  the  Greek  Church ;  they  were,  in  fact, 
stigmatized  as  “Jewish,”  and  consequently  “hereti¬ 
cal.  ’  ’  It  was  the  Alexandrian  theology  that  superseded 
them ;  that  is  to  say,  Neo-Platonic  mysticism  triumphed 
over  the  early  Christian  hope  of  the  future,  first 
among  the  “cultured,”  and  then,  when  the  theology 
of  the  “cultured”  had  taken  the  faith  of  the  “uncul¬ 
tured”  under  its  protection,  amongst  the  latter  also. 
About  the  year  260  an  Egyptian  bishop,  Nepos,  in  a 
treatise  called  ileyxog  ahforyopioruv,  endeavored  to 
overthrow  the  Origenistic  theology  and  vindicate  chil¬ 
iasm  by  exegetical  methods.  Several  congregations 
took  his  part ;  but  ultimately  Dionysius,  bishop  of 
Alexandria,  succeeded  in  healing  the  schism  and 
asserting  the  allegorical  interpretation  of  the  prophets 
as  the  only  legitimate  exegesis.  During  this  contro¬ 
versy  Dionysius  became  convinced  that  the  victory  of 
mystical  theology  over  “Jewish  ”  chiliasm  would  never 
be  secure  so  long  as  the  Apocalypse  of  John  passed  for 
an  apostolic  writing  and  kept  its  place  among  the 
homologoumena  of  the  canon.  He  accordingly  raised 
the  question  of  the  apostolic  origin  of  the  Apocalypse; 
and  by  reviving  old  difficulties,  with  ingenious  argu« 
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ments  of  his  own,  he  carried  his  point.  At  the  time 
of  Eusebius  the  Greek  Church  was  saturated  with 
prejudice  against  the  book  and  with  doubts  as  to  its 
canonicity.  In  the  course  of  the  4th  century  it  was 
removed  from  the  Greek  canon,  and  thus  the  trouble¬ 
some  foundation  on  which  chiliasm  might  have  con¬ 
tinued  to  build  was  got  rid  of.  The  attempts  of 
Methodius  of  Tyre  at  the  beginning  of  the  4th  century 
and  Apollinarius  of  Laodicea  about  360  to  defend 
chiliasm  and  assail  the  theology  of  Origen  had  no 
result.  For  many  centuries  the  Greek  Church  kept 
the  Johannine  Apocalypse  out  of  its  canon,  and  con¬ 
sequently  chiliasm  remained  in  its  grave.  It  was  con¬ 
sidered  a  sufficient  safeguard  against  the  spiritualizing 
eschatology  of  Origen  and  his  school  to  have  rescued 
the  main  doctrines  of  the  creed  and  the  regulafidei 
(the  visible  advent  of  Christ  5  eternal  misery  and  "hell- 
fire  for  the  wicked).  Anything  beyond  this  was  held 
to  be  Jewish.  It  was  only  the  chronologists  and  his¬ 
torians  of  the  church  who,  following  Julius  Africanus, 
made  use  of  apocalyptic  numbers  in  their  calculations, 
while  court  theologians  like  Eusebius  entertained  the 
imperial  table  with  discussions  as  to  whether  the 
dining-hall  of  the  emperor — the  second  David  and 
Solomon,  the  beloved  of  God — might  not  be  the  New 
Jerusalem  of  John’s  Apocalypse.  Eusebius  was  not 
the  first  who  dabbled  in  such  speculations.  Dionysius 
of  Alexandria  had  already  referred  a  Messianic  predic¬ 
tion  of  the  Old  Testament  to  the  emperor  Galiienus. 
But  mysticism  and  political  servility  between  them 

fave  the  death-blow  to  chiliasm  in  the  Greek  Church. 

t  never  again  obtained  a  footing  there  •  for,  although, 
late  in  the  Middle  Ages,  the  Book  of  Revelation — by 
what  means  we  cannot  tell— did  recover  its  authority, 
the  church  was  by  that  time  so  hopelessly  trammelled 
by  a  magical  cultus  as  to  be  incapable  of  fresh  develop¬ 
ments.  In  the  Semitic  churches  of  the  East  (the 
Syrian,  Arabian,  and  ^Ethiopian),  and  in  that  of 
Armenia,  the  apocalyptic  literature  was  preserved 
much  longer  than  in  the  Greek  Church.  They  were 
very  conservative  of  ancient  traditions  in  general,  and 
hence  chiliasm  survived  amongst  them  to  a  later  date 
than  in  Alexandria  or  Constantinople.  It  is  to  these 
churches  that  we  are  mainly  indebted  for  the  extensive 
remains  of  the  old  apocalyptic  literature  which  we  now 
ossess.  From  remote  cloisters  of  the  East  Europe 
as  recovered  within  the  last  forty  years  many  works 
of  this  kind  which  once  enjoyed  the  highest  repute 
throughout  Christendom. 

4.  But  the  Western  Church  was  also  more  conser¬ 
vative  than  the  Greek.  Her  theologians  had,  to  begin 
with,  little  turn  for  mystical  speculation ;  their  tendency 
was  rather  to  reduce  the  gospel  to  a  system  of  morals. 
Now  for  the  moralists  chiliasm  had  a  special  signifi¬ 
cance  as  the  one  distinguishing  feature  of  the  gospel, 
and  the  only  thing  that  gave  a  specifically  Christian 
character  to  their  system.  This,  however,  holds  good 
of  the  Western  theologians  only  after  the  middle  of 
the  3d  century.  The  earlier  fathers,  Irenaeus,  Hip- 
polytus,  Tertuilian,  believed  in  chiliasm  simply  because 
it  was  a  part  of  the  tradition  of  the  church  and  because 
Marcion  and  the  Gnostics  would  have  nothing  to  do 
with  it.  _  Irenaeus  (v.  28,  29)  has  the  same  conception 
of  the  millennial  kingdom  as  Barnabas  and  Papias,  and 
appeals  in  support  of  it  to  the  testimony  of  disciples 
of  the  apostles.  Hippolytus,  although  an  opponent 
of  Montanism,  was  nevertheless  a  thorough-going 
millenarian  (see  his  book  De  Antichristo).  Tertuilian 
(c/.  especially  Adv.  Marcion. ,  3)  aimed  at  a  more  spirit¬ 
ual  conception  of  the  millennial  blessings  than  Papias 
had,  but  ne  still  adhered,  especially  in  his  Montamstic 
period,  to  all  the  ancient  anticipations.  It  is  the  same 
all  through  the  3d  and  4th  centuries  with  those  Latin 
theologians  who  escaped  the  influence  of  Greek  specu¬ 
lation.  Commodian,  Victorious  Pettavensis,  Lactan- 
tius,  and  Sulpicius  Severus  were  all  pronounced  mil- 
lenarians,  holding  by  the  very  details  of  the  primitive 
Christian  expectations.  They  still  believe,  as  John 


did,  in  the  return  of  Nero  as  the  Antichrist ;  they  still 
expect  that  after  the  first  resurrection  Christ  will 
reign  with  His  saints  “in  the  flesh  ’’for  a  thousand 
years.  Once,  but  only  once  (in  the  Gospel  of  Nico- 
demus),  the  time  is  reduced  to  five  hundred  years. 
Victormus  wrote  a  commentary  on  the  Apocalypse  of 
John;  and  all  these  theologians,  especially  Lactanti us, 
were  diligent  students  of  the  ancient  Sibylline  oracles 
of  Jewish  and  Christian  origin,  and  treated  them  as 
divine  revelations.  As  to  the  canonicity  and  apostolic 
authorship  of  the  Johannine  Apocalypse  no  doubts 
were  ever  entertained  in  the  West;  indeed  an  Apoc¬ 
alypse  of  Peter  was  still  retained  in  the  canon  in  the 
3d  century.1  That  of  Ezra,  in  its  Latin  translation, 
must  have  been  all  but  a  canonical  book, — the  num¬ 
bers  of  extant  manuscripts  of  the  so-called  4  Ezra 
being  incredibly  great,  while  several  of  them  are  found 
in  copies  of  the  Latin  Bible  at  the  beginning  of  the 
16th  century.  The  Apocalypse  of  Hermas  was  much 
read  till  far  through  the  Middle  Ages,  and  has  also 
kept  its  place  in  some  Bibles.  The  apocalyptic  “Tes- 
tamenta  duodecim  Patriarcharum  ”  was  a  favorite 
reading-book ;  and  Latin  versions  of  ancient  apoca¬ 
lypses  are  being  continually  brought  to  light  from  West¬ 
ern  libraries  (e.g.,  the  Assumptio  Mosis,  the  Ascensio 
Jesajce ,  etc.).  All  these  facts  show  how  vigorously  the 
early  hopes  of  the  future  maintained  themselves  in  the 
West.  In  the  hands  of  moralistic  theologians,  like 
Lactantius,  they  certainly  assume  a  somewhat  gro¬ 
tesque  form,  but  the  fact  that  these  men  clung  to  them 
is  the  clearest  evidence  that  in  the  West  millenarian- 
ism  was  still  a  point  of  “  orthodoxy  ”  in  the  4th  cen- 
turv. 

This  state  of  matters,  however,  gradually  disap¬ 
peared  after  the  end  of  the  4th  century.  The  change 
was  brought  about  by  two  causes, — first,  Greek  theol¬ 
ogy,  which  reached  the  . West  chiefly  through  Jerome, 
Rufinus,  and  Ambrose,  and,  second,  the  new  idea  of 
the  church  wrought  out  by  Augustine  on  the  basis  of 
the  altered  political  situation  of  the  church.  Jerome, 
the  pupil  01  the  Greeks,  feels  himself  already  emanci¬ 
pated  from  “opiniones  Judaicae  ” ;  he  ridicules  the  old 
anticipations ;  and,  though  he  does  not  venture  to  re¬ 
ject  them,  he  and  the  other  disciples  of  the  Greeks 
did  a  great  deal  to  rob  them  of  their  vitality.  At  the 
same  time  the  influence  of  Greek  theology  was  by  no 
means  so  great  in  the  West  that  this  of  itself  could 
have  suppressed  chiliastic  views.  It  was  reserved  for 
Augustine  to  give  a  direction  to  Western  theology 
which  carried  it  clear  of  millenarianism.  He  himself 
had  at  one  time  believed  in  it ;  he  too  had  looked  for¬ 
ward  to  the  holy  Sabbath  which  was  to  be  celebrated 
by  Christ  and  His  people  on  earth.  But  the  signs  of 
the  times  pointed  to  a  different  prospect.  Without 
any  miraculous  interposition  of  God,  not  onlv  was 
Christianity  victorious  on  earth,  but  the  church  had 
attained  a  position  of  supremacy.  The  old  Roman 
empire  was  tottering  to  its  fall ;  the  church  stood  fast, 
ready  to  step  into  its  inheritance.  It  was  not  simply 
that  the  world-power,  the  enemy  of  Christ,  had  been 
vanquished;  the  fact  was  that  it  had  gradually  abdi¬ 
cated  its  political  functions  in  favor  of  the  church. 
Under  these  circumstances  Augustine  was  led,  in  his 
controversy  with  the  Donatists  and  as  an  apologist,  to 
idealize  the  political  side  of  the  catholic  church, — to 
rasp  and  elaborate  the  idea  that  the  church  is  the 
ingdom  of  Christ  and  the  city  of  God.  Others  before 
him  may  have  taken  the  same  view,  and  he  on  the 
other  hand  never  forgot  that  true  blessedness  belongs 
to  the  future  ;  but  still  he  was  the  first  who  ventured 
to  teach  that  the  catholic  church,  in  its  empirical  form, 
was  the  kingdom  of  Christ,  that  the  millennial  kingdom 
had  commenced  with  the  appearingof  Christ,  and  was 
therefore  an  accomplished  fact.  By  this  doctrine  of 
Augustine’s,  the  old  millenarianism,  though  not  com¬ 
pletely  extirpated,  was  at  least  banished  from  the 
realm  of  dogmatic.  For  the  official  theology  of  the 
1  See  vol.  v.  p.  9,  ana  vol.  ii.  pp.  157, 161.— Am.  Ed. 
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church  it  very  soon  became  a  thing  of  the  past ;  cer¬ 
tain  elements  of  it  were  even  branded  as  heretical.  It 
still  lived  on,  however,  in  the  lower  strata  of  Christian 
society  ;  and  in  certain  undercurrents  of  tradition  it  was 
transmitted  from  century  to  century.  At  various 
periods  in  the  history  of  the  Middle  Ages  we  encounter 
sudden  outbreaks  of  millenarianism,  sometimes  as  the 
tenet  of  a  small  sect,  sometimes  as  a  far-reaching 
movement.  And,  since  it  had  been  suppressed,  not, 
as  in  the  East,  by  mystical  speculation,  its  mightiest 
antagonist,  but  by  the  political  church  of  the  hierarchy, 
we  find  that  wherever  chiliasm  appears  in  the  Middle 
Ages  it  makes  common  cause  with  all  enemies  of  the 
secularized  church.  It  strengthened  the  hands  of  church 
democracy ;  it  formed  an  alliance  with  the  pure  souls 
who  held  up  to  the  church  the  ideal  of  apostolic  pov¬ 
erty  ;  it  united  itself  for  a  time  even  with  mysticism  in 
a  common  opposition  to  the  supremacy  of  the  church  ; 
nay,  it  lent  the  strength  of  its  convictions  to  the  sup¬ 
port  of  states  and  princes  in  their  efforts  to  break  the 
political  power  of  the  church.  It  is  sufficient  to  recall 
the  well-known  names  of  Joachim  of  Floris,  of  all  the 
numerous  Franciscan  spiritualists,  of  the  leading  sec¬ 
taries  from  the  13th  to  the  15th  century  who  assailed 
the  papacy  and  the1  secularism  of  the  church, — above 
all,  the  name  of  Occam.  In  these  men  the  millena¬ 
rianism  of  the  ancient  church  came  to  life  again ;  and 
in  the  revolutionary  movements  of  the  15th  and  16th 
canturies—especially  in  the  Anabaptist  movements — it 
appears  with  all  its  old  uncompromising  energy.  If  the 
church,  and  not  the  state,  was  regarded  as  Babylon, 
and  the  pope  declared  to  be  the  Antichrist,  these  were 
legitimate  inferences  from  the  ancient  traditions  and 
the  actual  position  of  the  church.  But,  of  course,  the 
new  chiliasm  was  not  in  every  respect  identical  with 
the  old.  It  could  not  hold  its  ground  without  admit¬ 
ting  certain  innovations.  The  .* 4  everlasting  gospel  ’  ’  of 
Joachim  of  Floris  was  a  different  thing  from  the  an¬ 
nouncement  of  Christ’s  glorious  return  in  the  clouds 
of  heaven  ;  the  “  age  of  the  spirit  ”  which  mystics  and 
spiritualists  expected  contained  traits  which  must  be 
characterized  as  “  modern  and  the  “  kingdom  ”  of 
the  Anabaptists  in  Munster  was  a  Satanic  caricature 
of  that  kingdom  in  which  the  Christians  of  the  2d  cen¬ 
tury  looked  for  a  peaceful  Sabbath  rest.  Only  we  must 
not  form  our  ideas  of  the  great  apocalyptic  and  chili- 
astic  movement  of  the  first  decades  of  the  16th  century 
from  the  rabble  in  Munster.  There  were  pure  evan¬ 
gelical  forces  at  work  in  it ;  and  many  Anabaptists 
need  not  shun  comparison  with*  the  Christians  of  the 
apostolic  and  post-apostolic  ages. 

The  German  and  Swiss  Reformers  also  believed  that 
the  end  of  the  world  was  near,  but  they  had  different 
aims  in  view  from  those  of  the  Anabaptists.  It  was 
not  from  poverty  and  apocalypticism  that  they  hoped 
for  a  reformation  of  the  church.  In  contrast  to  the 
fanatics,  after  .a  brief  hesitation  they  threw  millen¬ 
arianism  overboard,  and  along  with  it  all  other 
“opiniones  Judaicae.”  They  took  up  the  same 
ground  in  this  respect  which  the  Roman  Catholic 
Church  had  occupied  since  the  time  of  Augustine. 
How  millenarianism  nevertheless  found  its  way,  with 
the  help  of  apocalyptic  mysticism  and  Anabaptist  in¬ 
fluences,  into  the  churches  of  the  Reformation,  chiefly 
among  the  Reformed  sects,  but  afterwards  also  in  the 
Lutheran  Church,  how  it  became  incorporated  with 
Pietism,  how  in  recent  times  an  exceedingly  mild  type 
of  “  academic  ”  chiliasm  has  been  developed  from  a  be¬ 
lief  in  the  verbal  inspiration  of  the  Bible,  how  finally 
new  sects  are  still  springing  up  here  and  there  with 
apocalyptic,  and  chiliastic  expectations, — these  are 
matters  which  cannot  be  fully  entered  upon  here.  But 
one  remark  ought  to  be  made  in  conclusion.  A  gen- 
nine  and  living  revival  of  chiliastic  hopes  is  always  a 
sign  that  the  church  at  large  has  become  secularized 
U)  such  a  degree  that  tender  consciences  can  no  longer 
feel  sure  of  their  faith  within  her.  In  this  sense  all 
chiliastic  phenomena  in  the  history  of  the  church  de¬ 


mand  respectful  attention.  But  when  attempts  axe 
made  to  find  room  for  millenarianism  in  a  dogmatic 
system,  it  must  always  assume  a  form  in  which  it 
would  be  utterly  unrecognizable  to  the  millenarians 
of  the  ancient  church,  who,  just  because  they  were 
millenarians,  despised  dogmatic,  in  the  sense  of 
philosophical  theology.  The  claims  of  chiliasm  are 
sufficiently  met  by  the  acknowledgment  that  in  former 
times  it  was  associated — to  all  appearance  inseparably 
associated — with  the  gospel  itself.  Those  who  try 
to  remodel  it,  so  as  to  conserve  its  “elements  of 
truth,”  put  contempt  on  it. while  they  destroy  it;  for 
it  was  in  its  day  the  most  uncompromising  enemy  of 
all  remodelling,  and  it  can  only  exist  along  with  the 
unsophisticated  faith  of  the  early  Christians. 

Cf.  Sehiirer,  Lehrbuch  der  Neutestamentlichen  Zeitgeschichte, 
1874,  §§  28,  29 ;  Corrodi,  Kritiscfie  Geschichte  des  Chiliasmus, 
1781.  A  thorough  history  of  chiliasm  has  not  yet  appeared. 

(a.  ha.) 

MILLER,  Hugh  (1802-1856),  eminent  in  science 
and  literature,  and  one  of  the  most  remarkable  among 
self-taught  men  of  genius,  was  born  at  Cromarty,  on 
the  northeast  coast  of  Scotland,  on  the  10th  of  Oc¬ 
tober,  1802.  His  father,  a  sagacious  and  strong-willed 
seaman,  who  earned  a  livelihood  by  sailing  his  own 
sloop,  perished  at  sea  when  Hugh  was  five  years  old. 
His  mother  looked  much,  in  the  upbringing  of  her  son, 
to  her  two  brothers,  James  and  Alexander  Wright, 
the  one  a  saddler,  the  other  a  carpenter.  Scrupulous 
integrity,  sincere  religion,  unflagging  industry,  and 
resolute  contentment  were  the  lessons  which  these  men, 
not  so  much  by  precept  as  by  example,  impressed  upon 
the  boy.  But  young  Miller  had  inherited  from  his 
father  a  strong  individuality  and  obstinate  force  of 
will,  and  began  at  a  very  early  age  to  take  a  line  of  his 
own.  The  enchantment  of  open  air  and  freedom — the 
irresistible  charm  of  mother  nature  on  the  hill  and  by 
the  sea — made  him  at  thirteen  an  incorrigible  truant ; 
and  his  schoolmaster  thought  it  likely  that  he  would 
prove  a  dunce.  .  Nevertheless  the  truant  schoolboy  was 
already  giving  indications  of  the  destination  of  the 
man.  At  an  age  too  early  to  date  he  had  found  in  his 
en  a  divining  rod  that  led  him  to  waters  of  inex- 
austible  delight.  His  mother  summed  up,  in  the 
singular  dialect  of  the  district,  the  impression  derived 
from  her  son’s  boyhood  and  youth  in  the  words,  “  he 
was  aye  vritin.”  But  the  writing  from  the  first,  and 
increasingly  as  time  went  on,  could  be  discriminated 
from  the  ordinary  productions  of  boyhood.  A  con¬ 
tinuity  of  idea,  an  indefinable  grace  and  freshness, 
marked  his  performances.  They  were  never  bombastic 
or  verbose.  At  no  period  of  his  life  did  he  suffer  from 
a  flux  of  words.  But,  boy  and  man,  he  had  a  felicitous 
knack  of  fitting  words  into  their  right  places  and 
avoiding  jerkiness  and  inequality.  In  verse  he  lacked 
the  passionate  intensity  required  for  true  rhythmic 
movement,  but  he  had  a  fine  sense  of  cadence  and 
modulation  in  prose. 

It  is  a  curious  fact  that  what  determined  Hugh  Mil¬ 
ler  to  apprentice  himself  to  a  stone-mason  was  his  de¬ 
light  in  literary  composition.  Unemployed  during  the 
winter  frosts,  the  mason,  he  perceived,  could  enjoy  for 
some  months  every  year  the  ecstasy  of  writing.  One 
result  of  his  decision  was  that  he  never  learned  any 
language  but  English.  Another  was  that  fifteen  years 
of  the  quarry  and  the  hewing-shed,  with  stern  ex¬ 
periences  of  over-work  and  privation,  sowed  in  his 
frame  the  seeds  of  incurable  disease.  Meanwhile  the 
advantages  of  his  decision  were  indisputable.  Under 
the  discipline  of  labor  the  refractory  schoolboy  became 
a  thoughtful,  sober-minded  man.  Miller  always  looked 
back  to  his  years  of  hand-labor  with  a  satisfaction  that 
has  something  in  it  of  solemnity  and  pathos.  “Noble, 
upright,  self-relying  toil,”  he  exclaims;  “who  that 
knows  thy  solid  worth  and  value  would  be  ashamed  of 
thy  hard  hands,  and  thy  soiled  vestments,  and  thy 
obscure  tasks, — thy  humble  cottage,  and  hard  couch, 
and  homely  fare !” 
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It  cannot  be  added  that  his  fifteen  years  of  close 
an.d  j^stant  intercourse  with  fellow- workmen  in¬ 
spired  him  with  much  respect  for  their  class.  He  was 
most  unfortunate  in  his  comrades  during  the  two  sea¬ 
sons,  1824  and  1825,  when  he  worked  at  Niddrie  in  the 
neighborhood  of  Edinburgh.  Swinish  in  their  enjoy¬ 
ments,  meanly  selfish  in  their  class  ambitions,  and 
fatuously  subject  to  talking  charlatans,  that  Niddrie 
SQ^d  of  reprobates  which  he  describes  in  My  Schools 
and  Schoolmasters  stamped  on  the  mind  of  Hugh 
Miller  an  indelible  conviction  of  the  incapacity  and 
degradation  of  the  hand-workers. 

.  Returning  to  Cromarty,  he  worked  in  happy  pa¬ 
tience  as  a  stone-cutter  year  after  year,  sedulously 
prosecuting  at  the  same  time  the  grand  object  of  his 
ambition,  to  write  good  English.  He  found  time  to 
invigorate  and  enrich  his  mind  by  careful  reading,  and 
was  habitually  and  keenly  observant  both  of  man  and 
of  nature.  His  reading  was  not  extensive  but  well 
chosen,  and  embraced  Locke  and  Hume ;  Goldsmith 
and  Addison  were,  more  than  any  others,  his  masters 
in  style.  It  was  to  get  time  to  write  that  he  had 
become  a  stone-mason ;  another  of  the  surprises  of  his 
career  is  that  it  was  in  advertising  himself  as  a  mapon 
that  he  came  before  the  world  as  a  literary  man.  A 
stone-mason,  figuring  as  a  poetical  contributor  to  the 
Inverness  Courier,  might,  he  thought,  be  asked  by 
some  of  the  readers  to  engrave  inscriptions  on  tombs. 
He  therefore  forwarded  some  of  his  verses  to  the  editor. 
These  seem  to  have  been  consigned  to  the  waste-paper 
basket,  which  had  been  the  fate  of  an  “Ode  on  Greece  ’’ 
offered  to  the  Scotsman  when  he  was  at  Edinburgh. 
Piqued  by  his  second  failure,  he  now  resolved,  at  all 
hazards,  to  see  himself  in  print.  In  1829  appeared 
the  small  volume  containing  Poems  Written  in  the 
Leisure  Hours  of  a  Jowneyman  Mason.  It  procured 
its  author  the  valuable  friendship  of  Mr.  Robert  Car- 
ruthers,  and  was  favorably  noticed  by  the  press.  Mil¬ 
ler  looked  at  his  poems  in  print,  and  concluded,  at  once 
and  irreversibly,  that  he  would  not  succeed  as  a  poet. 
It  was  a  characteristic  and  very  manly  decision,  prov¬ 
ing  that  there  was  no  fretting  vanity  in  his  disposition. 
Doubtless  also  it  was  right.  His  field  was  prose.  But, 
though  his  poems  yielded  nothing  in  the  way  of  for¬ 
tune,  they  were  a  beginning  of  fame.  The  simple 
natives  of  Cromarty  began  to  think  him  a  wonder. 
Some  very  eloquent  letters  on  the  herring  fishery  ex¬ 
tended  his  reputation.  Good  judges  in  Edinburgh 
detected  in  his  work  the  mint-mark  of  genius,  and 
Miller’s  first  prose  volume,  Scenes  and  Legends  of 
Cromarty ,  was  published  there  in  1835.  In  the 
interval  he  had  become  the  accepted  lover  of  Miss 
Lydia  Fraser,  a  young  lady  of  great  personal  attrac¬ 
tions,  rare  intellectual  gifts,  and  glowing  sympathy 
with  all  that  was  good  and  brave  and  bright.  Her 
affection  naturally  steadied  him  in  his  resolution  to 
emerge  from  the  hand-working  class ;  the  mallet  and 
chisel  gradually  dropped  from  his  grasp ;  and  when 
his  prose  venture  appeared  he  was  being  initiated,  in 
Linlithgow,  into  the  duties  of  a  bank  clerk.  On  his 
return  to  Cromarty  he  found  employment  in  the  local 
branch  of  the  Commercial  Bank. 

He  was  a  married  man,  and  his  tent  seemed  stably 
fixed  at  Cromarty,  when  the  agitation  that  preceded 
the  Disruption  of  1843  made  the  air  of  Scotland  vi¬ 
brate.  Miller  loved  his  church,  and.  deliberately  es¬ 
teemed  her  the  most  valuable  institution  possessed  by 
the  Scottish  people.  Fervently  as  he  had  sympa¬ 
thized  with  those  who  procured  political  representa¬ 
tion  for  Scotland  by  the  Reform  Bill,  he  still  more 
fervently  took  part  with  those  who  claimed  that  Scot¬ 
tish  congregations  should  have  no  pastors  thrust  upon 
them.  In  the  summer  of  1839  he  wrote  his  famous 
pamphlet-letter  to  Lord  Brougham ;  Dr.  Candlish  read 
it  with  “  nothing  short  of  rapture  ”  ;  and  the  first 
days  of  1840  saw  Miller  installed  in  the  editorial  chair 
of  the  Witness  newspaper,  published  twice  a  week  in 
Edinburgh  to  adv^ate  the  cause  of  non-intrusion  and 


spiritual  independence.  He  continued  to  edit  the  Wit¬ 
ness  till  his  death,  which  took  place  in  the  night  be¬ 
tween  the  23d  and  24th  of  December,  1856.  Unremit¬ 
ting  brain  work  had  overtaxed  a  system  permanently 
injured  by  the  hardships  of  his  early  mason  life ;  rea¬ 
son  at  length  gave  way,  and  Miller  died  by  a  pistol- 
shot  fired  by  his  own  hand.  A  post-mortem  examina¬ 
tion,  attested  by  four  medical  men  of  the  highest 
character,  evinced  the  presence  of  “  diseased  appear¬ 
ances  ”  in  the  brain  ;  and  he  left  a  few  words  indicat¬ 
ing  the  form  taken  by  the  insane  delusion  which  had 
mastered  him. 

During  the  three  years  preceding  the  Disruption, 
championship  of  the  church  by  Miller  did  more,  prob¬ 
ably,  than  any  other  single  agency  to  win  for  it  the  suf¬ 
frage  of  the  Scottish  people.  Months  before  the  day 
of  separation,  the  name  “Free  Church  ”  was  pros¬ 
pectively  assigned  to  the  party  proposing  to  sever 
connection  with  the  state ;  and,  whether  Hugh  Miller 
suggested  the  name  or  did  not,  he  was  one  of  the 
chief  architects  of  the  institution.  Nor  has  the  se¬ 
quel  shown  that  his  labor  was  vain. 

But  long  ere  now  an  enthusiasm  parallel  in  intensity 
with  that  which  he  felt  for  his  country  and  his  church, 
and  to  which  even  his  old  literary  enthusiasm  had  be¬ 
come  subservient,  had  taken  possession  of  him.  From 
infancy  he  had  been  a  keenly  interested  observer  of 
all  natural  facts  and  objects,  and  during  his  career  as 
apprentice  and  journeyman  mason  he  had  accumulated 
a  vast  store  of  the  particular  information  belonging  to 
the  geologist.  But  it  was  not  until  later  that  he  ex¬ 
pressly  undertook  the  study  of  geology.  We  still  find 
him,  when  twenty-seven,  laying  down  charts  of 
study  and  production  without  a  word  about  science. 
When,  however,  he  had  convinced  himself  that  his  road 
to  the  stars  was  not  by  poetry,  and  when  the  limited 
success  of  his  prose  tales  and  literary  essays  in  the 
volume  on  Cromarty  suggested  a  profound  misgiving 
as  to  the  adequacy  of  his  purely  literary  materials  to 

Eroduce  an  important  result,  he  bethought  him  of  his 
pard  of  scientific  knowledge,  and  addressed  himself 
with  the  concentrated  energy  of  mature  manhood  to 
geological  reading  and  geological  researches.  These, 
in  fact,  were  not  new  to  him,  and  he  was  much  im¬ 
pressed  by  the  interest  excited  among  scientific  read¬ 
ers  by  a  geological  chapter  in  the  Scenes  and  Legends. 
His  chief  master  was  Lyell,  whom  he  reverenced 
henceforward  as  one  of  the  greatest  of  living  men. 
The  principal  scene  of  his  own  investigations  was  the 
Cromarty  district,  where  he  ransacked  every  wrinkle 
of  the  hill-side,  and  traced  every  stratum  sawn  through 
by  the  watercourse,  and  where,  on  the  beach  at  ebo, 
in  indurated  clay  of  bluish  tint  and  great  tenacity,  be¬ 
longing  to  the  Old  Red  Sandstone  formation,  he  dis¬ 
covered  and  dug  out  nodules  which,  when  laid  open 
by  a  skilful  blow  of  the  hammer,  displayed  certain  or¬ 
ganisms  that  had  never  been  seen  by  a  human  eye. 
He  had  entered  upon  correspondence  with  Murchison  > 
and  Agassiz;  and  “fellows  of  the  Geological  Society 
and  professors  of  colleges  ”  had  been  brought  by  his 
descriptions  ‘  ‘  to  explore  the  rocks  of  Cromarty.  ’  ’  Along 
with  tne  patriotic  and  religious  enthusiasm,  therefore, 
that  burned  within  him  when  he  went  to  champion 
his  church  in  Edinburgh,  there  glowed,  in  the  depths  of 
his  heart,  not  indeed  a  stronger  but  a  more  gentle  and 
perhaps  a  dearer  enthusiasm  for  that  science  in  which, 
he  felt  persuaded,  he  had  something  of  his  own  to  say, 
something  to  which  the  world  of  culture  would  be  glad 
to  listen.  So  early  as  September,  1840,  there  began  to 
appear  in  the  Witness  a  series  of  articles  entitled  “  The 
Old  Red  Sandstone.  ”  They  attracted  immediate  and 
eager  attention ;  and  the  month  was  not  at  an  end 
when,  at  the  meeting  of  the  British  Association,  Mur¬ 
chison  brought  them  under  the  notice  of  the  geolog¬ 
ical  section,  presided  over  by  LyelL  Agassiz,  already 
familiar  from  Miller’s  correspondence  with  the  organ¬ 
isms  described,  contributed  information  respecting 
them,  and  proposed  that  one  of  the  most  remarkable 
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of  tlie  fossils  should  be  called  Pterichthys  Milleri. 
Buckland  joined  warmly  in  the  encomiums  of  Murchi¬ 
son  and  Agassiz,  vowing  that  “he  would  give  his  left 
hand  to  possess  such  powers  of  description  as  this 
man.  ’  ’  The  articles  which  met  with  so  enthusiastic  a  re¬ 
ception  from  the  most  eminent  geologists  in  Europe 
formed  the  nucleus  of  a  book  soon  after  published, 
and  entitled  The  Old  Red  Sandstone.  It  established 
Miller’s  reputation  not  only  as  an  original  geologist 
but  as  a  practical  thinker  of  great  sagacity,  and  as  a 
lucid  and  fascinating  writer.  He  had  at  last  fairly 
found  his  hand;  it  is  impossible  to  turn  from  the 
Scenes  and  Legends  to  the  new  volume  without  feel¬ 
ing  that  the  spirit  of  the  author  has  become  more  ex¬ 
ultant,  his  touch  at  once  stronger  and  more  free. 


During  his  seventeen  years  of  residence  in  Edinburgh  he 
published  a  variety  of  books,  all  of  them  more  or  less  geo¬ 
logical,  but  claiming  attention  not  on  account  of  their  geol¬ 
ogy  alone.  His  First  Impressions  of  England  and  its  People, 
the  fruit  of  eight  weeks’  wandering  arranged  in  the  leisure 
hours  of  a  hard-worked  editor,  will  be  best  appreciated 
when  we  contrast  its  grace  and  gentleness,  the  classic  mod¬ 
eration  of  its  tone,  the  quiet  vivacity  and  freshness  of  its 
observation,  the  sense  and  sentiment  and  justice  of  its  criti¬ 
cism,  with  the  smartness  of  the  ordinary  newspaper  cor¬ 
respondent,  or  the  vulgarity  and  the  impudent  omniscience 
of  the  conventional  book  of  travels.  Apart  from  its  mas¬ 
terly  descriptions,  partly  geological  partly  scenic,  and  that 
prose  poem  on  the  ubiquity  of  the  ocean,  which,  though 
brief,  will  compare  not  unfavorably  with  select  pages  from 
Wilson  or  from  Euskin,  its  two  passages  on  Westminster 
Abbey  and  Stratford-on-Avon  would  alone  suffice  to  prove 
that  the  Cromarty  stone-mason  was  a  man  of  extraordinary 
genius.  Of  his  autobiographical  volume,  My  Schools  and 
Schoolmasters,  no  opinion  but  one  has  ever  been  expressed. 
It  ranks  among  the  finest  masterpieces  of  its  kind  in  the 
English  language. 

As  a  geologist  his  reputation  is  securely  based  upon  his 
actual  discovery  of  important  fossil  organisms,  one  of  which 
hears  his  name,  and  on  his  contributions,  thoroughly  ser¬ 
viceable  at  the  time  they  were  made,  to  our  knowledge  of 
the  formation  in  which  those  organisms  occur.  His  eye- 
to-eye  acquaintance  with  nature  is  attested  on  every  page  ; 
and,  if  his  enthusiasm  does  not  often  rise  into  spray  and 
surge  of  rapture,  it  is  a  deep  ground-swell  perceptible  in  all 
he  wrote.  His  powers  of  observation  were  singularly 
strong  and  accurate,  and  were  accompanied  with  the  most 
careful  reflection  and  a  fine  rich  glow  of  imaginative  vision. 
His  discernment  of  the  true  position  of  the  ventral  plate 
of  Pterichthys,  when  the  best  ichthyologists  unanimously 
insisted  on  its  being  dorsal,  affords  one  of  the  nicest  illus¬ 
trations  to  be  found  of  an  observational  faculty  which  rea¬ 
sons  as  well  as  sees. 

He  was  also,  in  his  principal  geological  hooks,  The  Foot¬ 
steps  of  the  Creator  and  The  Testimony  of  the  Rocks,  a  polemical 
defender  of  theism  and  of  revelation  against  some  whom 
he  regarded  as  their  deadly  assailants.  It  would  have  been 
safe  and  pleasant  for  Miller  to  waive  all  consideration  of 
the  religious  question.  He  would  thus  have  escaped  the 
dreaded  sneer  of  the  scientific  expert.  He  would  have 
escaped,  also,  the  cold  suspicion  of  many  on  his  own  side ; 
for  the  great  mass  of  mediocre  religionists  like  nothing  so 
well  as  the  simple  ignoring  of  difficulties  and  hushing  up 
of  objections.  But  he  shrank  instinctively  from  the  moral 
cowardice  of  reserve.  The  advance  of  science  has  tended 
to  compromise  some  of  his  controversial  positions.  When 
he  occupied  the  chair  of  the  Eoyal  Physical  Society  of 
Edinburgh  in  1852,  he  could  look  the  most  eminent  repre¬ 
sentatives  of  contemporary  geology  in  the  face,  and  claim 
their  assent  to  the  possibility  of  drawing  definite  lines  of 
demarcation  between  the  Tertiary,  Secondary,  and  Palaeo¬ 
zoic  strata.  He  could  speak  of  “  the  entire  type  of  organic 
being  ”  as  altering  between  these  periods.  “  All  on  the  one 
side  of  the  gap,”  he  could  dare  to  affirm,  “  belongs  to  one 
fashion,  and  all  on  the  other  to  another  and  wholly  differ¬ 
ent  fashion.”  In  the  thirty  intervening  years  every  form 
of  the  cataclysmal  scheme  of  geological  progression  has  been 
discredited.  It  has  become  impossible  to  obtain  anything 
like  a  consensus  of  opinion  among  scientific  men  as  to  the 
placing  of  those  frontier  lines  between  period  and  period 
which,  however  wide  may  be  the  margins  of  gradation 
assigned  to  “  morning  ”  a'nd  “  evening,”  are  indispensable 
to  the  maintenance  of  Miller’s  theory  of  the  six  days’  vision 
of  creation.  “  Geographical  provinces  and  zones,”  says 
Professor  Huxley,  “  may  have  been  as  distinctly  marked  in 
the  Palaeozoic  epoch  as  at  present,  and  those  seemingly 
Sudden  appearances  of  new  genera  and  species  which  we 


ascribe  to  new  creation  may  he  simple  results  of  migration  * 
Such  is  now  the  received  opinion  of  geologists,  and  we  may 
be  sure  that  Miller,  who  never  shut  his  eyes  to  an  estab¬ 
lished  fact,  would  have  accepted  it.  He  has  said  in  so  many 
words  that  the  Bible  does  not  teach  science. 

In  the  long  and  memorable  debate  on  the  origin  of  species 
he  strenuously  engaged,  maintaining,  against  the  author 
of  the  Vestiges,  the  doctrine  of  specific  creation.  But  when 
he  did  so  he  could  feel  that  Buckland,  Sedgwick,  Murchi¬ 
son,  and  Lyell  were  on  his  side ;  nor  is  it  a  paradox  to 
allege  that  he  was  an  ally  of  Darwin  himself.  If  the  author 
of  the  Vestiges  was  right,  Darwin  was  wrong.  In  point  of 
fact,  the  former  was  very  nearly  right;  but,  precisely  be¬ 
cause  Darwin  supplies  what  is  lacking  in  his  argument, 
those  who  intelligently  assent  to  the  Origin  of  Species  are 
bound  not  to  assent  to  the  Vestiges. 

But  it  is  chiefly  perhaps  in  connection  with  the  sweet¬ 
ness  and  classical  animation  of  his  style,  and  the  lovely 
views  he  gives  of  nature’s  facts,  that  we  ought  to  praise 
Hugh  Miller.  In  an  age  prodigal  of  genius,  yet  abounding 
also  in  extravagance,  glare,  and  bombast,  the  self-educated 
stone-mason  wrote  with  the  calmness  and  moderation  of 
Addison.  His  powerful  imagination  was  disciplined  to 
draw  just  those  lines,  and  to  lay  on  just  those  colors,  which 
should  reanimate  the  past.  As  his  friend  Carrutliers,  an 
admirable  critic  of  style,  observed,  “the  fossil  remains 
seem,  in  his  glowing  pages,  to  live  and  flourish,  to  fly,  swim, 
or  gambol,  or  to  shoot  up  in  vegetative  profusion  and  splen¬ 
dor,  as  in  the  primal  dawn  of  creation.  Such  power  be¬ 
longs  to  high  genius.’*  Tens  of  thousands  he  has  incited  to 
the  study  of  nature  j  tens  of  thousands  he  has  taught  to 
find  in  geology  no  mere  catalogue  of  defunct  organisms,  no 
dreary  sermon  in  fossil  stones,  but  a  “science  of  landscape” 
as  well  as  an  intelligent  understanding  of  the  rocky  frame¬ 
work  of  the  world. 

In  1871  appeared  The  Life  and  Letters  of  Hugh  Miller,  by  Peter 
Bayne  (2  vols.,  London).  Miller’s  works  have  circulated  on  the 
European  continent,  and  have  been  widely  read  in  America, 
They  have  been  issued  in  the  United  States  in  an  edition  of 
twenty  volumes,  comprising  the  Life  and  Letters.  (p.  b.) 

MILLER,  William  (1781-1849),  the  founder  of  an 
American  religious  sect  holding  peculiar  millenarian 
views,  was  born  at  Pittsfield,  Massachusetts,  in  1781. 
He  received  a  very  imperfect  education.  In  the  war 
of  1812  he  served  as  captain  of  volunteers  on  the  Ca¬ 
nadian  frontier.  While  residing  at  Low  Hampton, 
N.Y.,  he  began  in  1833  publicly  to  lecture  on  the  sub¬ 
ject  of  the  millennium,  asserting  that  the  second  com¬ 
ing  of  Christ  would  take  place  in  about  ten  years. 
His  doctrines  awakened  wiae  interest  among  certain 
classes  of  the  community.  In  1840  a  semi-monthly 
journal,  The  Signs  of  the  Times ,  was  started  by  one 
of  his  followers,  and  two  years  later  the  Advent  Herald 
made  its  appearance.1  About  1843  the  second  coming 
of  Christ  was  expected  by  as  many  as  50,000  believers 
in  the  doctrines  of  Miller ;  and,  although  the  dis¬ 
appointment  of  their  hopes  somewhat  diminished  their 
numbers,  many  continued  their  adherence  to  his  tenets 
regarding  the  nature  of  the  millennium.  At  present 
the  number  of  Millerites  or  Adventists  is  estimated  at 
from  15,000  to  20,000.  Miller  died  at  New  Hampton, 
Washington  county,  N.  Y.,  December  20,  1849. 

MILLER,  William  (1796-1882),  one  of  the  greatest 
of  modern  line-engravers,  was  born  in  Edinburgh  on 
the  28th  of  May,  1796.  After  studying  in  London 
under  George  Cook,  a  pupil  of  Basire’s,  he  returned 
to  his  native  city,  where  he  continued  to  practise  his 
art  during  a  long  lifetime.  He  executed  plates  after 
Thomson  of  Duddingston,  Macculloch,  D.  O.  Hill, 
Sir  George  Harvey,  and  other  Scottish  landscapists, 
but  his  most  admirable  and  most  voluminous  works 
were  his  transcripts  from  Turner.  The  first  of  these 
was  the  Clovelly  (1824),  of  The  Southern  Const ,  a 
publication  undertaken  by  his  master  and  his  brother 
William  B.  Cook,  to  which  Miller  also  contributed  the 
Combe  Martin  and  the  Portsmouth.  He  was  engaged 
on  the  illustrations  of  England  and  Wales ,  1827-38  ; 
of  The  Rivet's  of  France ,  1833-35  ;  of  Rogers’s  Poems , 

1 834 ;  and  very  largely  on  those  of  The  Prose  and 
Poetical  Works  of  Sir  Walter  Scott ,  1834.  In  The 
Provincial  Antiquities  and  Picturesque  Scenery  of 
Scotland ,  1826,  he  executed  a  few  excellent  plates 

1  The  Signs  of  the  Times  was  merged  into  the  weekly  Advent  Herald 
in  1842.— Am.  Ed. 
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after  Thomson  and  Turner.  Among  his  larger  en- 

§  ravings  of  Turner’s  works  may  be  mentioned  The 
rrand  Canal,  Venice  ;  The  Rhine,  Osterprey,  and 
Feltzen ;  The  Bell  Rock  ;  The  Tower  of  London  ;  and 
The  Shepherd.  The  art  of  William  Miller  was  warmly 
appreciated  by  Turner  himself,  and  Mr.  Ruskin  has 
pronounced  him  to  be  on  the  whole  the  most  success¬ 
ful  translator  into  line  of  the  paintings  of  the  greatest 
English  landscapist.  His  renderings  of  complex 
Turnerian  sky-effects  are  especially  delicate  and 
masterly.  Towards  the  end  of  his  life  Miller  aban¬ 
doned  engraving  and  occupied  his  leisure  in  the  pro¬ 
duction  of  water-colors,  many  of  which  were  exhibited 
m  the  Royal  Scottish  Academy,  of  which  he  was  an 
honorary  member.  He  resumed  his  burin,  however, 
to  produce  two  final  series  of  vignettes  from  drawings 
by  Birket  Foster  illustrative  of  Hood’s  Poems ,  pub¬ 
lished  by  Moxon  in  1871.  Miller  was  a  much  respected 
member  of  the  Society  of  Friends.  He  died  while  on 
a  visit  to  Sheffield,  on  the  20th  of  January,  1882. 

MILLER’S  THUMB  {Cottus  gobio),  a  well-known 
little  fish;  abundant  in  all  rivers  and  lakes  of  Northern 
and  Central  Europe  with  clear  water  and  gravelly 
bottom.  The  genus  Cottus ,  to  which  the  Miller’s 
Thumb  belongs,  is  easily  recognized  by  its  broad,  flat 
head,  rounded  and  scaleless  body,  large  pectoral  and 
narrow  ventral  fins,  with  two  dorsal  fins,  the  anterior 
shorter  than  the  posterior  ;  the  praeoperculum  is  armed 
with  a  simple  or  branched  spine.  The  species  of  the 
genus  Cottus  are  rather  numerous,  and  are  confined  to 
the  north  temperate  zone  of  the  globe,  the  majority 
being  marine,  and  known  by  the  name  of  “Bull-heads.  ’  ’ 
The  Miller’s  Thumb  is  confined  to  fresh  water ;  and 
only  one  other  freshwater  species  is  found  in  Europe, 
C.  pcecilopus ,  from  rivers  of  Hungary,  Galicia,  and  the 
Pyrenees;  some  others  occur  in  the  fresh  waters  of 
Northern  Asia  and  North  America.  The  Miller’s 
Thumb  is  common  in  all  suitable  localities  in  Great 
Britain,  but  is  extremely  rare  in  Ireland  ;  in  the  Alps 
it  reaches  to  an  altitude  exceeding  7000  feet.  Its  usual 
length  is  from  3  to  5  inches.  Generally  hidden  under 
a  stone  or  in  a  hollow  of  the  bank,  it  watches  for  its 
rey,  which  consists  of  small  aquatic  animals,  and 
arts  when  disturbed  with  extraordinary  rapidity  to 
some  other  place  of  refuge.  The  female  deposits  her 
ova  in  a  cavity  under  a  stone,  whilst  the  male  watches 
and  defends  them  until  the  young  are  hatched  and 
able  to  shift  for  themselves. 

MILLET  (French  millet ;  Italian  miglietto,  diminu¬ 
tive  of  mialio  =  Latin  mille,  a  thousand,  in  allusion 
to  its  fertility)  is  a  name  applied  with  little  definite¬ 
ness  to  a  considerable  number  of  often  very  variable 
species  of  cereals  belonging  to  distinct  genera  and  even 
subfamilies  of  Gramineoe.  The  true  millet,  however, 
is  generally  admitted  to  be  Panieum  ( Setaria )  mili- 
aceum,  L.  (German  Hirse,  with  which  P  miliare, 
Lam. ,  is  reckoned  by  some  botanists).  It  is  indigenous 
to  the  East  Indies  and  North  Australia,  but  is  men¬ 
tioned  by  Hippocrates  and  Theophrastus  as  already 
cultivated  in  South  Europe  in  their  time.  Some  sup¬ 
pose  it  to  be  one  of  the  earliest  grains  used  in  bread¬ 
making,  and  ascribe  the  origin  of  its  name  to  panis , 
bread,  rather  than  to  the  paniculate  inflorescence.  It 
is  annual,  requires  rich  but  friable  soil,  grows  to 
about  3  or  4  feet  high,  and  is  characterized  by  its 
bristly,  much-branched  nodding  panicles.  One  variety 
has  black  grains.  It  is  largely  cultivated  in  India, 
Southern  Europe,  and  Northern  Africa,  and  ripens  as 
far  north  as  Southern  Germany,  in  fact,  wherever  the 
climate  admits  of  the  production  of  wine.  The  grain, 
which  is  very  nutritious,  is  used  in  the  form  of  groats, 
and  makes  excellent  bread  when  mixed  with  wheaten 
flour.  It  is  also  largely  used  for  feeding  poultry  and 
cage-birds,  for  which  purpose  mainly  it  is  imported. 
P.  italicum ,  L.  ( Setaria  italica,  Beauv.),  is  of  similar 
origin  and  distribution,  and  is  one  of  the  most  whole¬ 
some  and  palatable  Indian  cereals.  It  is  annual, 
grows  4  to  5  feet  high,  and  requires  dry  light  soil. 


German  Millet  (P.  germanicum ,  German  Kolben- 
hirse,  Mohar)  is  probably 
merely  a  less  valuable  and 
dwarf  variety  of  P.  italicum 
having  an  erect,  compact,  and 
shorter  spike.  The  grains 
of  both  are  very  small,  only 
one  half  as  long  as  those  of 
common  millet,  but  are  ex¬ 
ceedingly  prolific.  ■  Many 
stalks  arise  from  a  single 
root  and  a  single  spike  often 
yields  2  oz.  of  grain,  the 
total  yield  being:  five  times 
that  of  wheat.  They  are  im¬ 
ported  for  poultry  feeding 
like  the  former  species,  but 
are  extensively  used  in  soups, 
etc.,  on  the  Continent. 
Numerous  other  species  be¬ 
longing  to  this  vast  genus 
— the  largest  among  grasses, 
of  which  the  following  are 
among  the  most  important — 
are  also  cultivated  in  tropical 
or  subtropical  countries  for 
their  grain  or  as  fodder 
grasses,  or  both,  each  variety 
of  soil,  from  swamp  to  desert, 
having  .  its  characteristic 
forms.  They  are  very  readily 
acclimatized .  wherever  the 
Fig.  1.— Panieum  italicum.  temperature  is  sufficient,  e.  g. , 
in  Australia,  and  seem  des¬ 
tined  to  rise  in  agricultural  importance. 

Polish  Millet  is  P.  digitaria;  P.  frumentaceum,  Roxb., 
Shamalo,  a  Deccan  grass,  is  probably  a  native  of  tropical 
Africa;  while  the  perennial  P.  sarmentosum,  Roxb.,  also 
largely  cultivated  in  tropical  countries,  is  from  Sumatra. 
P.  decompositum  is  the  Australian  millet,  its  grains  being 
made  into  cakes  by  the  aborigines.  P.  maximum.  Jacq.,  is 
the  Guinea  Grass ;  it  is  perennial,  grows  8  feet  high,  and 

yields  abundance 
of  highly  nutri¬ 
tious  grain.  P. 
spectabile,  Nees.,  is 
the  Coapim  of 
Angola,  but  has 
been  acclimatized 
in  Brazil  and  other 
tropical  countries. 
Other  gigantic  spe¬ 
cies  6  or  7  feet  high 
form  the  fiekl'crops 
on  the  banks  of  the 
Amazons.  Of  spe¬ 
cies  belonging  to 
allied  genera,  Pen- 
nisetum  thyphoi- 
deum,  Rich.  (Peni- 
cellaria  spicata, 
Willd.),  Bajree, 
sometimes  also 
called  Egyptian 
Millet,  a  Guinea 
corn,  is  largely 
cultivated  in  tropi¬ 
cal  Asia,  Nubia, 
and  Egypt.  P. 
distichum  grows 
south  of  the 
Sahara..  Species  of 
Paspalum,  E  leu- 
sine,  and  Milium 
are  also  cultivated 
as  millets. 

But  the  most 
Fig.  2.— Sorghum  vulgare.  important  dry 

grain  _  of  the 

tropical  countries  of  Africa  and  Asia,  particularly  of 
India,  is  Sorghum  vulgare ,  Pers.  ( Holcus  Sorghum , 
L.,  Andropogon  Sorghum ,  Roxb.),  Durra,  Great 
Millet,  Indian  Millet,  Turkish  Millet,  or  Guinea  Corn 
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(the  French  sorgho ,  German  Mohrmhirse  or  Kaffern- 
lcorn,  Tamil  Cholum,  Bengalese  Jowari).  It  ranges 
probably  as  extensively  as  wheat,  being  also  largely 
cultivated  in  Southern  Europe,  the  United  States,  and. 
the  West  Indies.  In  Asia  Minor,  Arabia,  Italy,  and 
Spain  it  may  be  said  to  replace  oats  and  barley.  .  It  is 
annual,  and  may  reach  12.  feet  in  height ;  it  is  ex¬ 
tremely  prolific,  even  rivalling  maize,  of  winch  it  is  a 
near  congener.  Its  flour  is  very  white,  but  does  not 
easily  make  good  bread ;  it  is  largely  used  in  cakes  and 
puddings  and  for  feeding  cattle  and  poultry,  ine 
panicles  are  used  for  brooms,  and  the  roots  for  velvet- 
orushes.  S.  bicolor ,  S.  nigrum,  S.  rubrum,  b.  Kajfro- 
rum  (Kaflfrd  Corn),  S.  saccharatum,  and  other  species 
or  varieties  are  also  of  economic  importance,  the  last- 
named  (the  “  Chinese  sugar-cane  ”)  being  much  culti¬ 
vated  in  the  United  States  as  a  source  of  molasses,  the 
juice,  which  contains  much  glucose  but  comparatively 
little  cane  sugar,1  being  simply  expressed  and  concen¬ 
trated  by  evaporation.  .  o.  viugare  is  the  grain 
referred  to  by  Pliny  as  millet. 

For  systematic  and  economic  purposes,  see  Grasses; 
Luerssen,  Med.-Pharm.  Botanik,  Leipsic,  1880;  Drury,  Useful 
Plants  of  India,  London,  1873;  F.  v.  Muller,  Select  Plants  for 
Naturalization  in  Victoria,  Melbourne,  1876.  For  archaeology, 
see  Helm’s  Kulturpflanzen,  etc.,  Berlin,  1877.  On  Sorghum 
cemuum  (“rice  corn,”  etc.,  of  Western  Kansas)  see  Drum¬ 
mond’s  “  Beport  ”  in  Pari.  Papers,  No.  2570  (1880). 

MILLET,  Jean  Francois  (1814-1875),  was  a 
painter  of  French  peasant  life,  and  it  may  be  questioned 
whether  France  has  produced  in  our  day  any  greater 
or  more  original  artist.  He  himself  came  of  a  peasant 
family,  and  was  born  on  the  4th  of  October,  1814,  in 
the  hamlet  of  Gruchy,  near  Greville  (La  Manche),  in 
the  wild  and  picturesque  district  called  La  Hague. 
His  boyhood  was  passed  working  in  his  father’s  fields, 
but  the  sight  of  the  engravings  in  an  old  illustrated 
Bible  set  nim  drawing,  and  thenceforth,  whilst  the 
others  slept,  the  daily  hour  of  rest  was  spent  by  Millet 
in  trying  to  render  the  familiar  scenes  around  him. 
From  the  village  priest  the  lad  learnt  to  read  the  Bible 
and  Yirgil  in  Latin,  and  acquired  an  interest  in  one  or 
two  other  works  of  a  high  class  which  accompanied 
him  through  life  ;  he  did  not,  however,  attract  atten¬ 
tion  so  much  by  his  acquirements  as  by  the  stamp  of 
his  mind.  The  whole  family  seems,  indeed,  to  have 
worn  a  character  of  austerity  and  dignity,  and  when 
Millet’s  father  finally  decided  to  test  the  vocation  of 
his  son  as  an  artist,  it  was  with  a  gravity  and  author¬ 
ity  which  recalls  the  patriarchal  households  of  Cal¬ 
vinist  France.  Two  drawings  were  prepared  and  placed 
before  a  painter  at  Cherbourg  named  Mouchel,  .who  at 
once  recognized  the  boy’s  gifts,  and  accepted  him  as  a 
pupil ;  but  shortly  after  (1835) Millet’s  father  died,  and 
the  eldest  son,  with  heroic  devotion,  took  his  place 
at  home,  nor  did  he  return  to  his  work  until  the 
pressing  calls  from  without  were  solemnly  enforced  by 
the  wishes  of  his  own  family.  He  accordingly  went 
back  to  Cherbourg,  but  after  a  short  time  spent  there 
with  another  master  (Langlois)  started  with  many 
misgivings  for  Paris.  The  council-general  of  the  de¬ 
partment  had  granted  him  a  sum  of  600  francs,  and 
the  town  council  promised  an  annual  pension  of  400, 
but  in  spite  of  friendly  help  and  introductions  Mil¬ 
let  „went  through  great  difficulties.  The  system  of 
the  Ecole  des  Beaux  Arts  was  hateful  to  him,  and  it  was 
not  until  after  much  hesitation  that  he  decided  to  enter 
an  official  studio,  that  of  Delaroche.  The  master  was 
certainly  puzzled  by  his  pupil ;  he  saw  his  ability,  and, 
when  Millet  in  his  poverty  could  not  longer  pay  the 
monthly  fees,  arranged  for  his  free  admission  to  the 
studio,  but  he  tried  m  vain  to  make  him  take  the  ap¬ 
proved  direction,  and  lessons. ended  with  “Eh,  bien, 
allez  k  votre  guise,  vous  etes  si  nouveau  pour  moi  que 
je  ne  veux  rien  vous  dire.  ’  ’  At  last,  when  the  com¬ 
petition  for  the  Grand  Prix  came  on,  Delaroche  gave 
Millet  to  understand  that  he  intended  to  secure  the 
nomination  of  another,  and  thereupon  Millet  withdrew 

1  [At  an  experiment  station  in  New  Jersey  7.29  per  cent,  of  the 
1584  lbs.  cane-sugar,  which  should  be  increased  to  2934  lbs.  to  rej 


himself,  and  with  his  friend  Marolle  started  in  a  little 
studio  in  the  Kue  de  l’Est.  He  had  renounced  the 
beaten  track,  but  he  continued  to  study  hard  whilst  he 
sought  to  procure  bread  by  painting  portraits  at  10  or 
15  francs  a  piece  and  producing  small  “  pastiches  ”  of 
Watteau  and  Boucher.  These  works  are  classed  as 
those  of  his  “flowery  manner,”  and  Millet  has  been 
reproached — he  whose  whole  life  was  an  act  of  con¬ 
viction— with  having  sacrificed  his  convictions  to  curry 
favor  with  the  public.  It  is  true  that  he  himself  has 
recorded  his  aversion  to  both  these  masters.  “In 
the  Louvre,”  he  said,  “I  received  vivid  impressions 
from  Mantegna,  complete  from  Michel  Angelo ;  after 
Michel  Angelo  and  Poussin  I  have  remained  faithful  to 
the  early  masters.”  Boucher  was  for  him  an  object 
of  “repulsion,”  and  in  Watteau  “I  saw,”  he  said,  “a 
little  theatrical  world  which  oppressed  me.  ’  ’  Thus  it  was 
then  that  Millet  naturally  felt  and  saw,  but  the  strongest 
genius  knows  moments  of  self-doubt.  Later  in  life 
Millet  was  heard  to  say  that  were  it  not  for  the  small 
group  who  believed  in  him  he  should  have  lost  faith 
in  himself.  In  earlier  years,  before  he  was  certain  of 
his  own  leading,  he  was  naturally  influenced  by  the 
advice  of  others  whose  arguments  were  enforced  by  the 
pressure  of  dire  poverty.  Even  so  from  time  to  time 
the  native  vein  showed  strong.  In  1840,  as  soon  as  he 
had  dispatched  a  portrait  to  the  Salon,  Millet  went 
back  to  Greville,  where  he  painted  Sailors  Mending  a 
Sail  and  a  few  other  pictures — reminiscences  of  Cher¬ 
bourg  life.  His  first  success  was  obtained  in  1 844  when 
his  Milkwoman  and  Lesson  in  Biding  (pastel)  attracted 
notice  at  the  Salon,  and  friendly  artists  presented  them¬ 
selves  at  his  lodgings  only  to  learn  that  his  wife  had 
just  died,  and  that  he  himself  had  disappeared.  Millet 
was  at  Cherbourg  ;  there  he  remarried,  but  having 
amassed  a  few  hundred  francs  he  went  back  to  Paris 
and  presented  his  St.  Jerome  at  the  Salon  of  1845. 
This  picture  was  rejected  and  exists  no  longer,  for 
Millet,  short  of  canvas,  painted  over  it  (Edipus  Un¬ 
bound,  a  work  which  during  the  following  year  was  the 
object  of  violent  criticism.  He  was,  however,  no  longer 
alone ;  Diaz,  Eugene  Tourneux,  Bousseau,  and  other 
men  of  note  supported  him  by  their  confidence  and 
friendship,  and  he  had  by  his  side  the  brave  Catharine 
Lemaire,  his  second  wife,  a  woman  who  bore  poverty 
with  dignity  and  gave  courage  to  her  husband  through 
the  cruel  trials  in  which  he  penetrated  by  a  terrible 
personal  experience  the  bitter  secrets  of  the  very  poor. 
To  this  date  belong  Millet’s  Golden  Age,  Bird  Nesters, 
Young  Girl  and  Lamb,  and  Bathers  ;  but  to  the 
Bathers  (Louvre)  succeeded  The  Mother  Asking  Alms, 
The  Workman’s  Monday,  and  the  Winnower.  This 
last  work,  exhibited  in  1848,  obtained  conspicuous 
success,  but  did  not  sell  till  Ledru  Bollin,  informed  of 
the  painter’s  dire  distress,  gave  him  500  francs  for  it, 
and  accompanied  the  purchase  with  a  commission,  the 
money  for  which  enabled  Millet  to  leave  Paris  for 
Barbizon,  a  village  on  the  skirts  of  the  forest  of  Fon¬ 
tainebleau.  There  he  settled  in  a  three-roomed  cottage 
for  the  rest  of  his  life — twenty-seven  years,  in  which 
he  wrought  out  the  perfect  story  of  that  peasant  life 
of  which  he  alone  has  given  a  “complete  impression.” 
Jules  Breton  has  colored  the  days  of  toil  with  senti¬ 
ment  ;  others,  like  Courbet,  whose  eccentric  Funeral 
at  Ornans  attracted  more  notice  at  the  Salon  of  1850 
than  Millet’s  Sowers  and  Binders,  have  treated  similar 
subjects  as  a  vehicle  for  protest  against  social  misery  ; 
Millet  alone,  a  peasant  and  a  miserable  one  himself, 
saw  true,  neither  softening  nor  exaggerating  what  he 
saw.  In  a  curious  letter  written  to  M.  Sensier  at  this 
date  (1850)  Millet  expressed  his  resolve  to  break  once  and 
for  all  with  mythological  and  undraped  subjects,  and 
the  names  of  the  principal  works  painted  subsequently 
will  show  how  steadfastly  this  resolution  was  kept.  In 
1852  he  produced  Girls  Sewing,  Man  Spreading  Ma¬ 
nure  ;  1853,  The  Beapers ;  1854,  Church  at  Greville 
(Luxembourg) ;  1855 — the  year  of  the  International 
Exhibition,  at  which  he  received  a  medal  of  second 
sorghum  plant  has  been  found  to  he  cane-sugar.  One  acre  milled 
the  product  by  diffusion. — Am.  Ed.] 
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class — Peasant  Grafting  a  Tree  ;  1857,  The  Gleaners  ; 
1859,  The  Angelus  (Louvre,  engraved  Waltner),  The 
Woodcutter  and  Death  ;  I860,  Sheep  Shearing  ;  1861, 
Woman  Shearing  Sheep,  Woman  Feeding  Child ; 
1862,  Potato  Planters,  Winter  and  the  Crows  ;  1863, 
Man  with  Hoe,  Woman  Carding  ;  1864,  Shepherds 
and  Flock,  Peasants  Bringing  Home  a  Calf  Born  in 
the  Fields ;  1869,  Knitting  Lesson ;  1870,  Butter¬ 
making  ;  1871,  November — recollection  of  Gruchy. 
Any  one  of  these  works  will  show  how  great  an  influ¬ 
ence  Millet’s  previous  practice  in  the  nude  had  upon 
his  style.  The  dresses  worn  by  his  figures  are  not 
clothes,  but  drapery  through  which  the  forms  and 
movements  of  the  body  are  strongly  felt,  and  their 
contour  shows  a  grand  breadth  of  Tine  which  strikes 
the  eye  at  once.  Something  of  the  imposing  unity  of 
his  work  was  also,  no  doubt,  due  to  an  extraordinary 
power  of  memory,  which  enabled  Millet  to  paint  (like 
Horace  Vernet)  without  a  model.  He  could  recall  with 
precision  the  smallest  details  of  attitudes  or  gestures 
which  he  proposed  to  represent.  Thus  he  could  count 
on  presenting  free  from  after  thoughts  the  vivid  im¬ 
pressions  which  he  had  first  received,  and  Millet’s 
nature  was  such  that  the  impressions  which  he  received 
were  always  of  a  serious  and  often  of  a  noble  order,  to 
which  the  character  of  his  execution  responded  so  per¬ 
fectly  that  even  a  Washerwoman  at  her  Tub  will  show 
the  grand  action  of  a  Medea.  The  drawing  of  this  sub¬ 
ject  is  reproduced  in  Souvenirs  de  Barbizon,  a  pam¬ 
phlet  in  which  M.  Pi6dagnel  has  recorded  a  visit  paid 
to  Millet  in  1864.  His  circumstances  were  then  less 
evil,  after  struggles  as  severe  as  those  endured  in  Paris. 
A  contract  by  which  he  bound  himself  in  1860  to  give 
up  all  his  work  for  three  years  had  placed  him  in 
possession  of  1000  francs  a  month.  His  fame  extended, 
and  at  the  exhibition  of  1867  he  received  a  medal  of 
the  first  class,  and  the  ribbon  of  the  Legion  of  Honor, 
but  he  was  at  the  same  moment  deeply  shaken  by  the 
death  of  his  faithful  friend  Rousseau.  Though  he 
rallied  for  a  time  he  never  completely  recovered  his 
health,  and  on  the  20th  January,  1875,  he  died.  He 
was  buried  by  his  friend’s  side  in  the  churchyard  of 
Chailly. 

See  A.  Sensier,  Vie  et  (Euvre  de  J.  F.  Millet,  1874 ;  Piedagnel, 
Souvenirs  de  Barbizon,  etc.  (e.  f.  s.  p.) 

MILLVILLE,  a  city  of  the  United  States,  in  Cum¬ 
berland  county,  New  Jersey,  at  the  head  of  navigation 
of  Maurice  river,  40  miles  by  rail  from  Philadelphia 
by  the  Cape  May,  Millville,  and  Vineland  section  of 
the  West  Jersey  Railroad.  It  is  one  of  the  chief  seats 
of  glass-making  in  the  State,  and  also  manufactures 
cotton,  iron  pipes  for  water  and  gas,  turbines,  etc. 
The  population  was  10,583  in  1900. 

MILMAN,  Henry  Hart  (1791-1868),  dean  of  St. 
Paul’s,  was  born  February  10,  1791,  and  was  the  third 
son  of  Sir  Francis  Milman,  physician  to  George  III. 
He  was  educated  at  Eton  and  at  Brasenose  College, 
Oxford ;  his  university  career  _  was  brilliant,  and 
among  other  distinctions  he  gained  the  Newdigate 
rize  with  a  poem  on  the  Apollo  Belvedere.  In  1816 
e  was  ordained,  and  was  soon  afterwards  presented 
to  the  living  of  St.  Mary’s,  Reading.  He  had  already 
made  his  appearance  as  a  dramatic  writer,  his  tragedy 
of  Fazio ,  founded  on  a  narrative  in  the  Annual  Reg¬ 
ister  for  1795,  having  been  brought  on  the  stage  with¬ 
out  his  knowledge  under  the  title  of  The  Italian  Wife. 
It  was  subsequently  produced  at  Covent  Garden,  and 
obtained  great  success  from  the  acting  of  Miss  O’Neill 
as  Bianca.  The  merit  of  the  play  consists  chiefly  in 
the  powerful  situation ;  the  diction  is  florid  and  ornate. 
The  same  criticism,  by  the  author’s  own  confession, 
applies  to  his  epic,  Samor ,  the  Lord  of  the  Bright  City 
(Gloucester),  a  poem  written  in  early  youth.  The 
subject  is  taken  from  British  legend,  and  .Milman  has 
failed  to  invest  it  with  serious  interest.  He  was  more 
successful  in  his  next  attempts,  where  the.  subjects 
were  well  adapted  to  an  imagination  easily  kindled  by 
the  historical  or  the  moral  picturesque.  The  death- 


struggle  of  an  expiring  nation  in  the  Fall  of  Jerusalem 
(1820),  the  conflict  of  new  truth  and  old  order,  of  re¬ 
ligious  enthusiasm  and  earthly  affection,  in  the  Martyr 
of  Antioch  (1822),  are  depicted  with  great  eloquence 
and  real  insight  into  human  nature.  Milman’s  char¬ 
acters,  however,  are  personified  tendencies  rather  than 
ersonages,  and  in  poetical  style  he  was  unable  to  free 
imself  from  the  influence  of  Byron.  Belshazzar 
(1822)  is  in  general  a  pale  copy  of  Byron’s  Sardana- 
palus ,  but  contains  some  fine  lyrics.  Milman’s  lyrics, 
indeed,  especially  his  hymns,  have  frequently  a  fine 
ring  and  sweep,  though  the  thought  is  generally  com¬ 
monplace.  His  tragedy  of  Anne  Boleyn  (1826)  is  a 
poor  performance.  With  the  exception  of  admirable 
versions  of  the  Sanskrit  episode  of  Nala  and  Dama- 
yanti,  and  of  the  Agamemnon  and  Bacchce,  this  was 
Milman’s  last  poetical  work.  He  was  elected  profes¬ 
sor  of  Poetry  at  Oxford,  and  in  1827  delivered  the 
Bampton  lectures,  selecting  as  his  subject  the  conduct 
and  character  of  the  apostles  as  an  evidence  of  Chris¬ 
tianity.  In  1830  his  History  of  the  Jews,  appeared  in 
the  Family  Library.  The  contracted  limits  of  this 
series  forbade  any  adequate  treatment  of  the  subject ; 
the  work  is  nevertheless  memorable  as  the  first  by  an 
English  clergyman  which  treated  the  Jews  as  an 
Oriental  tribe,  recognized  sheikhs  and  emirs  in  the 
Old  Testament,  sifted  and  classified  documentary  evi¬ 
dence,  and  evaded  or  minimized  the  miraculous.  Mil- 
man  was  violently  attacked,  especially  by  Dr.  Faussett 
and  Bishop  Mant,  and  the  odium  thus  occasioned 
stopped  the  publication  of  the  Family  Library,  and 
long  impeded  the  preferment  of  the  writer.  In  1835, 
however,  Sir  Robert  Peel  made  him  rector  of  St. 
Margaret’s  and  canon  of  Westminster,  and  in  1849  he 
became  dean  of  St.  Paul’s.  The  unpopularity  at¬ 
taching  to  him  had  by  this  time  nearly  died  away ; 
and  now,  generally  revered  and  beloved,  intimate  with 
men  of  all  pursuits,  politics,  and  persuasions,  counted 
among  the  chief  ornaments  of  the  most  polished  so¬ 
ciety  of  .the  metropolis,  he  occupied  a  singularly  dig¬ 
nified  and  enviable  position,  which  he  constantly 
employed  for  the  promotion  of  culture  and  enlighten¬ 
ment,  and  in  particular  for  the  relaxation  of  subscrip¬ 
tion  to  ecclesiastical  formularies.  His  History  of 
Christianity  under  the  Empire  had  appeared  in  1840, 
but  had  been  as  completely  ignored  as  if,  said  Lord  Mel¬ 
bourne,  the  clergy  had  taken  a  universal  oath  never  to 
mention  it  to  any  one.  Widely  different  was  the  re¬ 
ception  of  the  continuation,  his  great  History  of  Latin 
Christianity  to  the  death  of  Pope  Nicholas  V.,  which 
appeared  in  1855.  He  also  edited  Gibbon  and  Horace, 
and  at  his  death  in  1868  left  behind  him  almost 
finished  a  delightful  history  of  his  own  cathedral, 
which  was  completed  and  published  by  his  son. 

Milman  possessed  a  large  share  of  the  imagination  which 
enters  into  and  calls  up  the  past,  and  of  that  which  inter¬ 
prets  actions  and  apprehends  opinions  by  the  power  of 
sympathy.  In  creative  imagination  he  was  deficient,  a  de¬ 
fect  which  alone  prevented  him  from  attaining  the  first 
rank  as  an  historian.  His  pages  are  crowded  with  splendid 
names  rather  than  with  living  personages ;  the  springs  of 
action  are  disclosed  with  remarkable  penetration,  but  the 
actor  himself  is  rather  heard  than  seen.  There  are,  how¬ 
ever,  exceptions,  such  as  his  portrait  of  Sir  Christopher 
Wren ;  and  he  possessed  a  peculiar  power  of  investing  mere 
intellectual  tendencies  with  personality  and  life.  His 
parallel  of  Latin  and  Teutonic  Christianity,  for  example, 
is  a  piece  of  finished  historical  character  painting.  His 
power  of  sympathy  rendered  him  in  effect,  as  his  natural 
equity  and  benignity  made  him  in  intention,  a  model  of 
historical  candor,  only  chargeable,  perhaps,  with  too  much 
gentleness.  It  will  be  long  ere  his  great  work  is  superseded ; 
but  he  will  perhaps  be  remembered  even  longer  as  an  em¬ 
bodiment  of  all  the  qualities  which  the  higher  ecclesiastical 
preferment  can  be  supposed  capable  of  encouraging  or  re¬ 
warding  among  the  clergy  of  a  great  historical  church. 

(r.  g.) 

MILO,  one  of  the  most  famous  athletes  of  Greece, 
whose  name  became  proverbial  for  personal  strength. 
He  lived  about  the  end  of  the  6th  century  B.C.,  was 
six  times  crowned  at  the  Olympic  games  and  six  times 
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at  the  Pythian  for  wrestling,  and  was  famous  through¬ 
out  the  civilized  world  for  his  feats  of  strength,  such 
as  carrying  an  ox  on  his  shoulders  through  the  stadium 
at  Olympia.  In  his  native  city  of  Crotona  he  was 
much  honored,  and  he  commanded  the  army  which 
defeated  the  people  of  Sybaris  in  511  B.C.  When 
Democedes,  the  physician  of  Darius,  deserted  the  Per¬ 
sian  service,  he  sent  a  boastful  message  to  the  king  of 
Persia  informing  him  of  his  marriage  to  the  daughter 
of  Milo.  The  traditional  account  of  his  death  is  often 
used  to  point  a  moral :  he  found  a  tree  which  some 
woodcutters  had  partially  split  with  a  wedge,  and  at¬ 
tempted  to  rend  it  asunder  ;  but  the  wedge  fell  out, 
and  the  tree  closed  on  his  hand,  imprisoning  him  till 
wolves  came  and  devoured  him. 

MILO  was  the  surname  of  T.  Annius  Papianus, 
one  of  the  best-known  of  the  partisan  leaders  ana 
ruffians  in  the  stormy  times  that  preceded  the  dissolu¬ 
tion  of  the  Roman  republic.  His  father  was  C.  Papius 
Celsus,  but  he  was  adopted  by  his  mother’s  father  T. 
Annius  Luscus.  He  joined  the  Pompeian  party,  and 
led  the  band  of  mercenaries  and  gladiators  which  was 
required  to  defend  the  cause  and  its  chief  supporters 
in  the  public  streets.  P.  Clodius,  the  leader  of  the 
ruffians  who  professed  the  democratic  cause,  was  his 
personal  enemy,  and  their  brawls  in  the  streets  and 
their  mutual  accusations  in  the  law  courts  lasted  for 
several  years,  beginning  when  Milo  was  tribune  of  the 
commons  in  57  b.c.  In  53  their  quarrels  came  to  a 
height  when  Milo  was  candidate  for  the  consulship 
and  Clodius  for  the  prsetorship;  and  when  the  two 
leaders  met  by  accident  on  the  Appian  Way  at  Bovillae, 
Clodius  was  murdered  (January  20,  52  B.c.).  This  act 
of  violence  strengthened  the  hands  of  Pompey,  who 
was  nominated  sole  consul,  and  proposed  several  strin¬ 
gent  laws  to  restore  order  in  the  city..  Milo  .was  im¬ 
peached  ;  his  guilt  was  clear,  and  his  enemies  took 
every  means  of  intimidating  his  supporters  and  his 
judges.  Cicero  was  afraid  to  deliver  the  speech  he 
had  prepared  Pro  Milone ,  and  the  extant  oration  is  an 
expanded  form  of  the  unspoken  defence.  Milo  went 
into  exile  at  Massilia,  and  his  property  was  sold  by 
auction.  He  joined  the  insurrection  of  M.  Caelius  in 
48  B.  c. ,  and  was  soon  slain  near  Thurii  in  Lucania. 
His  wite  Fausta  was  daughter  of  the  dictator  Sulla. 

MILTLADES.  See  Greece,  vol.  xi.  p.  89. 

MILTON,  John  (1608-1674),  was  born  in  Bread 
Street,  Cheapside,  London,  on  the  9th  of  December, 
1608.  His  father,  known  as  Mr.  John  Milton,  of  Bread 
Street,  scrivener,  was  himself  an  interesting  man.  He 
was  a  native  of  Oxfordshire,  having  been  Dorn  there 
in  or  about  1563,  the  son  of  a  Richard  Milton,  yeo¬ 
man,  of  Stanton-St. -John’s,  of  whom  there  are  traces 
as  one  of  the  sturdiest  adherents  to  the  old  Ro¬ 
man  Catholic  religion  that  had  been  left  in  his  district. 
The  son,  however,  had  turned  Protestant,  and,  having 
been  cast  off  on  that  account,  had  come  to  London, 
apparently  about  the  year  1586s  to  push  his.  fortune. 
Having  received  a  good  education,  and  having  good 
abilities,  especially  in  music,,  he  may  have  lived  for 
some  time  by  musical  teaching  and  practice.  Not 
till  1595,  at  all  events,  when  he  was  long  past  the 
usual  age  of  apprenticeship,  do  we  hear  of  his  prepara¬ 
tion  for  the  profession  of  a  scrivener  ;  and  not  till 
February,  1599-1600,  when  he  was  about  thirty-seven 
years  of  age,  did  he  enter  the  profession  as  a  qualified 
member  of  the  Scriveners’  Company.  It  was  then  that 
he  set  up  his  ‘  ‘  house  and  shop .  ’  in  Bread  Street,  and 
began,  like  other  scriveners,  nis  lawyerly  business  of 
drawing  up  wills,  marriage-settlements,  and  the  like, 
with  such  related  business  as  that  of  receiving  money 
from  clients  for  investment  and  lending  it  out  to  the 
best  advantage.  It  was  at  the  same  time  that  he  mar¬ 
ried.  Till  recently  there  has  been  the  most  extraor¬ 
dinary  uncertainty  as  to  the  maiden  name  of  his  wife, 
the  mother  of  the  poet.  It  has  been  now  ascertained, 
however,  that  she  was  a  Sarah  Jeffrey,  one  of  the  two 
orphan  daughters  of  a  Paul  Jeffrey,  of  St.  Swithin’s, 


London,  “citizen  and  merchant-taylor, ’ ’  originally 
from  Essex,  who  had  died  before  1583.  At  the  date 
of  her  marriage  she  was  about  twenty-eight  years  of 
age.  Her  widowed  mother,  Mrs.  Ellen  J effrey,  came 
to  reside  in  the  house  in  Bread  Street,  and  died  there 
in  February,  1610-11.  Before  this  death  of  the  ma¬ 
ternal  grandmother,  three  children  had  been  born  to 
the  scrivener  and  his  wife,  of  whom  only  two  survived, 
— the  future  poet,  and  an  elder  sister,  called  Anne. 
Of  three  more  children,  born  subsequently,  only  one 
survived, — Christopher,  the  youngest  of  the  family, 
born  December '3,  1615.  - 

The  first  sixteen  years  of  Milton’s  life,  coinciding 
exactly  with  the  last  sixteen  of  the  reign  of  James  I., 
associate  themselves  with  the  house  in  Bread  Street, 
and  with  the  surroundings  of  that  house  in  Old  Lon¬ 
don.  His  father,  while  prospering  in  business,  con¬ 
tinued  to  be  known  as  a  man  of  ‘  ‘  ingeniose  ’  ’  tastes, 
and  even  acquired  some  distinction  in  the  London  mu¬ 
sical  world  of  that  time  by  his  occasional  contributions 
to  important  musical  publications.  Music  was  thus  a 
part  of  the  poet’s  domestic  education  from  his  infancy. 
Whatever  else  could  be  added  was  added  without  stint. 
Again  and  again  Milton  speaks  with  gratitude  and  af¬ 
fection  of  the  ungrudging  pains  bestowed  by  his  father 
on  his  early  education.  “  Both  at  the  grammar  school 
and  also  under  other  masters  at  home,”  is  the  state¬ 
ment  in  one  passage,  “  he  caused  me  to  be  instructed 
daily.”  This  brings  us  to  about  the  year  1619,  when 
Milton  was  ten  years  of  age.  At  that  time  his  domes¬ 
tic,  tutor  was  Thomas  Young,  a  Scotsman  from  Perth¬ 
shire,  and  graduate  of  the  University  of  St.  Andrews, 
afterwards  a  man  of  no  small  distinction  among  the 
English  Puritan  clergy,  but  then  only  curate  or  assist¬ 
ant  to  some  parish  clergyman  in  or  near  London,  and 
eking  out  his  livelihoodby  private  teaching.  Young’:8 
tutorship  lasted  till  1622,  when  he  was  drawn  abroad 
by  an  offer  of  the  pastorship  or  chaplaincy  to  the  con¬ 
gregation  of  English  merchants  in  Hamburg.  Al¬ 
ready,  however,  for  a  year  or  two,  his  tutorship  had 
been  only  supplementary  to  the  education  which  the 
boy  was  receiving  by  daily  attendance  at  St.  Paul’s 
public  school,  close  to  Bread  Street.  The  headmaster 
of  the  school  was  Mr.  Alexander  Gill,  an  elderly  Ox¬ 
ford  divine  of  high  reputation  for  scholarship  and 
teaching  ability.  Under  him,  as  usher  or  second  master, 
was  his  son,  Alexander  Gill  the  younger,  also  an  Ox¬ 
ford  graduate  of  scholarly  reputation,  but  of  bluster¬ 
ing  character.  Milton’s  acquaintanceship  with  this 
younger  Gill,  begun  at  St.  Paul’s  school,  led  to  sub¬ 
sequent  friendship  and  correspondence.  Far  more 
affectionate  and  intimate  was  the  friendship  formed  by 
Milton  at  St.  Paul’s  with  a  certain  young  Charles  Dio- 
dati,  his  schoolfellow  there,  the  son  of  a  naturalized 
Italian  physician,  Dr.  Theodore  Diodati,  who  had  set¬ 
tled  in  London  in  good  medical  practice,  and  was  much 
respected,  both  on  his  own  account,  and  as  being  the 
brother  of  the  famous  Protestant  divine,  Jean  or  Gio¬ 
vanni  Diodati,  of  Geneva.  Young  Diodati,  who  was 
destined  for  his  father’s  profession,  left  the  school  for 
Oxford  University  early  in  1623  ;  but  Milton  remained 
till  the  end  of  1624.  A  family  incident  of  that  year 
was  the  marriage  of  his  elder  sister,  Anne,  with  Ed¬ 
ward  Phillips,  a  clerk  in  the  Government  office  called 
the  Crown  Office  in  Chancery.  Milton  had  then  all 
but  completed  his  sixteenth  year,  and  was  as  scholarly, 
as  accomplished,  and  as  handsome  a  youth  as  St. 
Paul’s  school  had  6ent  forth.  We  learn  from  himself 
that  his  exercises  “in  English  or  other  tongue,  prosing 
or  versing,  but  chiefly  this  latter,”  had  begun  to  at¬ 
tract  attention  even  in  his  boyhood.  This  implies  that 
he  must  have  had  a  stock  of  attempts  in  English  and 
Latin  by  him  of  earlier  date  than  1624.  Of  these  the 
only  specimens  that  now  remain  are  his  Paraphrase 
on  Psalm  CXIV,  and  his  Paraphrase  on  Psalm 
C XX XVI. 

On  February  12,  1624-25,  Milton,  at  the  age  of  six¬ 
teen  years  and  two  months,  was  entered  as  a  student 


MILTON. 


337 


of  Christ  s  College,  Cambridge,  in  the  grade  of  a 
“Lesser  Pensioner.’ ’  His  matriculation  entry  in  the 
books  of  the  university  is  two  months  later,  April  9, 

1625.  Between  these  two  dates  James  I.  had  died, 
and  had  been  succeeded  by  Charles  I. 

Cambridge  University  was  then  in  the  full  flush  of 
its  prosperity  on  that  old  system  of  university  educa¬ 
tion  which  combined  Latin  and  Greek  studies  with 
plentiful  drill  and  disputation  in  the  scholastic  logic 
and  philosophy,  but  with  little  of  physical  science,  and 
next  to  no  mathematics.  There  were  sixteen  colleges 
in  all,  dividing  among  them  a  total  of  about  2900  mem¬ 
bers  of  the  university.  Christ’ s  College,  to  which  Milton 
belonged,  ranked  about  third  in  the  university  in  respect 
of  numbers,  counting  about  265  members  on  its  books. 
The  master  was  Dr.  Thomas  Bainbrigge,  and  among 
the  thirteen  fellows  were  Mr.  Joseph  Meade,  still  re¬ 
membered  as  a  commentator  on  the  Apocalypse,  and 
Mr.  William  Chappell,  afterwards  an  Irish  bishop.  It 
was  under  Chappell’s  tutorship  that  Milton  was  placed 
when  he  first  entered  the  college.  At  least  three  stu¬ 
dents  who  entered  Christ’s  after  Milton,  but  during 
his  residence,  deserve  mention.  One  was  Edward 
King,  a  youth  of  Irish  birth  and  high  Irish  connec¬ 
tions,  who  entered  in  1626,  at  the  age  of  fourteen; 
another  was  John  Cleveland,  afterwards  known  as 
royalist  and  satirist,  who  entered  in  1627;  and  the 
third  was  Henry  More,  subsequently  famous  as  the 
Cambridge  Platonist,  who  entered  in  1631,  just  before 
Milton  left.  Milton’s  own  brother,  Christopher,  joined 
him  in  the  college  in  February,  1630-31,  at  the  age  of 
fifteen. 

Milton’s  academic  course  lasted  seven  years  and  five 
months,  or  from  February,  1624-25,  to  July,  1632, 
bringing  him  from  his  seventeenth  year  to  his  twenty- 
fourth.  The  first  four  years  were  his  time  of  under- 
graduateship.  It  was  in  the  second  of  these,  the  year 

1626,  that  there  occurred  that  quarrel  between  him  and 
his  tutor,  Mr.  Chappell,  which  Dr.  Johnson,  making 
the  most  of  a  lax  tradition  from  Aubrey,  magnified  into 
the  supposition  that  Milton  may  have  been  one  of  the 
last  students  in  either  of  the  English  universities 
that  suffered  the  indignity  of  corporal  punishment. 
The  legend  deserves  no  credit ;  but  it  is  certain  that 
Milton,  on  account  .of  some  disagreement  with  Chap¬ 
pell,  leading  to  the  interference  of  Dr.  Bainbrigge,  left 
college  for  a  time,  and  that,  when  he  did  return,  it 
was  under  an  arrangement  which,  while  securing  that 
he  should  not  lose  a  term  by  his  absence,  transferred 
him  from  the  tutorship  of  Chappell  to  that  of  Mr.  Na¬ 
thaniel  Tovey,  another  of  the  fellows  of  Christ’s. 
From  a  reference  to  the  matter  in  the  first  of  the  Latin 
elegies  one  infers  that  the  cause  of  the  quarrel  was 
some  outbreak  of  self-assertion  on  Milton’s  part.  We 
learn  indeed,  from  words  of  his  own  elsewhere,  that  it 
was  not  only  Chappell  and  Bainbrigge  that  he  had 
offended  by  his  independent  demeanor,  but  that,  for 
the  first  two  or  three  years  of  his  undergraduateship, 
he  was  generally  unpopular,  for  the  same  reason, 
among  the  younger  men  of  his  college.  They  had 
nicknamed  him  “The  Lady,”  a  nickname  which  the 
students  of  the  other  colleges  took  up,  converting  it 
into  “  The  Lady  of  Christ’s  College  ;”  and,  though  the 
allusion  was  chiefly  to  the  peculiar  grace  of  his  personal 
appearance,  it  conveyed  also  a  sneer  at  what  the 
rougher  men  thought  his  unusual  prudish  ness,  the 
haughty  fastidiousness  of  his  tastes  and  morals.  Quite 
as  distinct  as  the  information  that  he  was  for  a  while 
unpopular  with  the  majority  of  his  fellow-students  are 
the  proofs  that  they  all  came  round  him  at  last  with 
respect  and  deference.  The  change  had  certainly  oc¬ 
curred  before  January,  1628-29,  when,  at  the  age  of 
twenty,  he  took  his  B.A.  degree.  By  that  time  his 
intellectual  preeminence  in  nis  college,  and  indeed 
among  his  coevals  in  the  whole  university,  had  come 
to  be  acknowledged.  His  reputation  for  scholarship 
and  literary  genius,  extraordinary  even  then,  was 
more  than  confirmed  during  the  remaining  three  years 
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and  a  half  of  his  residence  in  Cambridge.  A  fellow- 
ship  in  Christ’s  which  fell  vacant  in  1630  would  un¬ 
doubtedly  have  been  his  had  the  election  to  such  posts 
depended  then  absolutely  on  merit.  As  it  was,  the 
fellowship  was  conferred,  by  royal  favor  and  mandate, 
on  Edward  King,  his  junior  in  college  standing  by  six¬ 
teen  months.  In  July,  1632,  Milton  completed  his 
career  at  the  university  by  taking  his  M.A.  degree. 
His  signature  in  the  University  Register  stands  at  the 
head  of  the  list  of  those  who  graduated  as  masters 
that  year  from  Christ’s.  Anthony  Wood’s  summary 
of  the  facts  of  his  university  career  as  a  whole  is  that 
he  “performed  the  collegiate  and  academical  exercises 
to  the  admiration  of  all,  and  was  esteemed  to  be  a  vir¬ 
tuous  and  sober  person,  yet  not  to  be  ignorant  of  his 
own  parts.”  The  statement  is  in  perfect  accordance 
with  Milton’s  own  account.  He  speaks  of  “  a  certain 
niceness  of  nature,  an  honest  haughtiness,  and  self¬ 
esteem  of  what  I  was  or  what  I  might  be,  as  one  of 
his  earliest  characteristics ;  and,  though  intimating 
that,  even  while  actually  a  student  at  Cambridge,  he 
had  “  never  greatly  admired  ”  the  system  of  the  place, 
he  leaves  us  in  no  doubt  as  to  the  quite  exceptional 
applause  with  which  he  had  gone  through  all  the  pre¬ 
scribed  work.  To  the  regular  Latin  ana  Greek  of  the 
university  he  had  added,  he  tells  us,  French,  Italian, 
and  Hebrew.  He  had  also  learnt  fencing  and  other 
gentlemanly  exercises  of  the  time,  and  was  an  expert 
swordsman. 

t  Of  Milton’s  skill  at  Cambridge  in  what  Wood  calls 
“the  collegiate  and  academical  exercises”  specimens 
remain  in  nis  Prolusiones  Qucedam  Oratories.  They 
consist  of  seven  rhetorical  Latin  essays,  generally  in  a 
whimsical  vein,  delivered  by  him,  in  his  undergrad¬ 
uateship  or  during  his  subsequent  bachelorship  in  arts, 
either  in  the  hall  of  Christ’s  College  or  in  the  public 
University  School.  Relics  of  Milton’s  Cambridge 
eriod  are  also  four  of  his  Latin.  Familiar  Epistles; 
ut  more  important  are  the  poetical  remains.  These 
include  the  greater  number  of  his  preserved  Latin 
poems — to  wit,  (1)  the  seven  pieces  which  compose  his 
Elegiarum  Liber,  two  of  the  most  interesting  of  them 
addressed  to  his  medical  friend,  Charles  Diodati,  and 
one  to  his  former  tutor  Young  in  his  exile  at  Ham¬ 
burg,  (2)  the  five  short  Gunpowder  Plot  epigrams, 
now  appended  to  the  Elegies ,  and  (3)  the  first  five 
pieces  of  the  Sylvarum  Liber ,  the  most  important  of 
which  are  the  hexameter  poem  “  In  Quintum  Novem- 
bris”  and  the  piece  entitled  “Naturam  non  pati 
senium.”  Of  the  English  poems  of  the  Cambridge 
period  the  following  is  a  dated  list :  On  the  Death  of 
a  Fair  Infant ,  1625-26,  the  subject  being  the  death 
in  that  inclement  winter  of  his  infant  niece,  the  first¬ 
born  child  of  his  sister  Mrs.  Phillips ;  At  a  Vacation 
Exercise  in  the  College ,  1628  ;  the  magnificent  Christ¬ 
mas  ode  On  the  Morning  of  Christ’s  Nativity ,  1629 ; 
the  fragment  called  The  Passion  and  the  Song  on 
May  Morning ,  both  probably  belonging  to  1630  ;  the 
lines  On  Shakespeare ,  certainly  belonging  to  that 
year  ;  the  two  facetious  pieces  On  the  University  Car¬ 
rier,  1630-31 ;  the  Epitaph  on  the  Marchioness  of  Win¬ 
chester,  1631 ;  the  sonnet  To  the  Nightingale,  prob¬ 
ably  of  the  same  year;  the  sonnet  On  arriving  at  the 
Age  of  twenty-three ,  dating  itself  certainly  in  Decem¬ 
ber,  1631. 

Just  before  Milton  quitted  Cambridge,  his  father, 
then  verging  on  his  seventieth  year,  had  practically 
retired  from  his  Bread  Street  business,  leaving  the 
active  management  of  it  to  a  partner,  named  Thomas 
Bower,  a  former  apprentice  of  his,  and  had  gone  to 
spend  his  declining  years  at  Horton  in  Buckingham¬ 
shire,  a  small  village  near  Colnbrook,  and  not  far  from 
Windsor.  Here,  accordingly,  in  a  house  close  to  Hor¬ 
ton  church,  Milton  mainly  resided  for  the  next  six 
years, — from  July,  1632,  to  April,  1638. 

Although,  when  he  had  gone  to  Cambridge,  it  had 
been  with  the  intention  of  becoming  a  clergyman,  that 
intention  had  been  abandoned.  His  reasons  were  that 
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“tyranny  had  invaded  the  church,”  and  that,  finding 
he  could  not  honestly  subscribe  the  oaths  and  obliga¬ 
tions  required,  he  “thought  it  better  to  preserve  a 
blameless  silence  before  the  sacred  office  of  speaking 
begun  with  servitude  and  forswearing.”  In  other 
words,  he  was  disgusted  with  the  system  of  high  pre¬ 
lacy; which  Laud,  who  had  been  bishop  of  London  and 
minister  paramount  in  ecclesiastical  matters  since 
1628,  was  establishing  and  maintaining  in  the  Church 
of  England.  ‘ 1  Church-outed  by  the  prelates,  ”  as  he 
emphatically  expresses  it,  he  seems  to  have  thought 
for  a  time  of  the  law.  From  that  too  he  recoiled; 
and,  leaving  the  legal  profession  for  his  brother  Chris¬ 
topher,  he  had  decided  that  the  only  life  possible  for 
himself  was  one  of  leisurely  independence,  dedicated 
wholly  to  scholarship  and  literature.  His  compunc¬ 
tions  on  this  subject,  expressed  already  in  his  sonnet 
on  arriving  at  his  twenty-third  year,  are  expressed 
more  at  length  in  an  English  letter  sent  by  him, 
shortly  after  the  date  of  that  sonnet,  and  with  a  copy 
of  the  sonnet  included,  to  some  friend  who  had  been 
remonstrating  with  him  on  his  “belatedness”  and  his 
persistence  in  a  life  of  mere  dream  and  study.  There 
were  gentle  remonstrances  also  from  his  excellent 
father.  Between  such  a  father  and  such  a  son,  how¬ 
ever,  the  conclusion  was  easy.  What  it  was  may  be 
learnt  from  Milton’s  fine  Latin  poem  Ad  Patrem. 
There,  in  the  midst  of  an  enthusiastic  recitation  of  all 
that  his  father  had  done  for  him  hitherto,  it  is  inti¬ 
mated  that  the  agreement  between  them  on  their  one 
little  matter  of  difference  was  already  complete,  and 
that,  as  the  son  was  bent  on  a  private  life  of  literature 
and  poetry,  it  had  been  decided  that  he  should  have 
his  own  way,  and  should  in  fact,  so  long  as  he  chose, 
be  the  master  of  his  father’s  means  and  the  chief  per¬ 
son  in  the  Horton  household.  For  the  six  years  from 
1632  this,  accordingly,  was  Milton’s  position.  In  per¬ 
fect  leisure,  and  in  a  pleasant  rural  retirement,  with 
Windsor  at  the  distance  of  an  easy  walk,  and  London 
only  about  17  miles  off,  he  went  through,  he  tells  us, 
a  systematic  course  of  reading  in  the  Greek  and  Latin 
classics,  varied  by  mathematics,  music,  and  the  kind 
of  physical  science  we  should  now  call  cosmography. 

It  is  an  interesting  fact  that  Milton’s  very  first  pub¬ 
lic  appearance  in  the  world  of  English  authorship 
was  in  so  honorable  a  place  as  the  second  folio  edition 
of  Shakespeare  in  1632.  His  enthusiastic  eulogy  on 
Shakespeare,  written  in  1630,  was  one  of  three  anon¬ 
ymous  pieces  prefixed  to  that  second  folio,  along 
with  reprints  of  the  commendatory  verses  that  had 
appeared  in  the  first  folio,  one  of  them  Ben  Jonson’s 
immortal  tribute  to  Shakespeare’s  memory.  Among 
the  poems  actually  written  by  Milton  at  Horton  the 
first,  in  all  probability,  after  the  Latin  hexameters  Ad 
Patrem,  were  the  exquisite  companion  pieces  L'  Alle¬ 
gro  and  11  Penseroso.  There  followed,  in  or  about 
1633,  the  fragment  called  Arcades.  It  was  part  of  a 
pastoral  masque  got  up  by  the  young  people  of  the 
noble  family  of  Egerton  in  honor  of  their  venerable 
relative  the  countess-dowager  of  Derby,  and  per¬ 
formed  before  that  lady  at  her  mansion  of  Harefield, 
near  Uxbridge,  about  10  miles  from  Horton.  That 
Milton  contributed  the  words  for  the  entertainment 
was,  almost  certainly,  owing  to  his  friendship  with 
Henry  Lawes,  one  of  the  chief  court  musicians  of 
that  time,  whose  known  connection  with  the  Egerton 
family  points  him  out  as  the  probable  manager  of  the 
Harefield  masque.  Next  in  order  among  the  compo¬ 
sitions  at  Horton  may  be  mentioned  the  three  short 
pieces,  At  a  Solemn  Music,  On  Time,  and  Upon  the 
Circumcision ;  after  which  comes  Comus ,  the  largest 
and  most  important  of  all  Milton’s  minor  poems.  The 
name  by  which  that  beautiful  drama  is  now  univer¬ 
sally  known  was  not  given  to  it  by  Milton  himself.  He 
entitled  it,  more  simply  and  vaguely,  “A  Masque 
presented  at  Ludlow  Castle,  1634,  before  the  Earl  of 
Bridgewater,  Lord  President  of  Wales.”  The  exist¬ 
ence  of  this  poem  is  certainly  due  to  Milton’s  inti¬ 


macy  with  Lawes.  The  earl  of  Bridgewater,  the 
head  of  the  Egerton  family,  had  been  appointed  to 
the  high  office  of  the  presidency  or  viceroyalty  of 
Wales,  the  official  seat  of  which  was  Ludlow  in  Shrop¬ 
shire  ;  it  had  been  determined  that  among  the  festiv¬ 
ities  on  his  assumption  of  the  office  there  should  be  a 
great  masque  in  the  hall  of  Ludlow  castle,  with 
Lawes  for  the  stage  manager  and  one  of  the  actors ; 
Milton  had  been  applied  to  by  Lawes  for  the  poetry  ; 
and,  actually,  on  Michaelmas  night,  September  29, 
1634,  the  drama  furnished  by  Milton  was  performed 
in  Ludlow  Castle  before  a  great  assemblage  of  the  no¬ 
bility  and  gentry  of  the  Welsh  principality,  Lawes 
taking  the  part  of  “  the  attendant  spirit,”  while  the 
parts  of  “  first  brother,”  “second  brother,”  and  “the 
lady”  were  taken  by  the  earl’s  three  youngest  chil¬ 
dren,  Viscount  Brackley,  Mr.  Thomas  Egerton,  and 
Lady  Alice  Egerton. — From  September,  1634,  to  the 
beginning  of  1637  is  a  comparative  blank  in  our  re¬ 
cords.  Straggling  incidents  in  this  blank  are  a  Latin 
letter  of  date  December  4,  1634,  to  Alexander  Gill 
the  younger,  a  Greek  Translation  of  Psalm  CXIV., 
a  vist  to  Oxford  in  1635  for  the  purpose  of  incorpora¬ 
tion  in  the  degree  of  M.  A.  in  that  university,  and  the 
beginning  in  May,  1636,  of  a  troublesome  lawsuit 
against  his  now  aged  and  infirm  father. — The  lawsuit, 
which  was  instituted  by  a  certain  Sir  Thomas  Cotton, 
baronet,  nephew  and  executor  of  a  deceased  John 
Cotton,  Esq. ,  accused  the  elder  Milton  and  his  part¬ 
ner  Bower,  or  both,  of  having,  in  their  capacity  as 
scriveners,  misappropriated  divers  large  sums  of  money 
that  had  been  intrusted  to  them  by  the  deceased  Cot¬ 
ton  to  be  let  out  at  interest.  The  lawsuit  was  still  in 
progress  when,  on  the  3d  of  April,  1637,  Milton’s 
mother  died,  at  the  age  of  about  sixty-five.  A  flat 
blue  stone,  with  a  brief  inscription,  visible  on  the 
chancel-pavement  of  Horton  church,  still  marks  the 
place  of  her  burial.  Milton’s  testimony  to  her  char¬ 
acter  is  that  she  was  “  a  most  excellent  mother  and 
particularly  known  for  her  charities  through  the 
neighborhood.”  The  year  1637  was  otherwise  event¬ 
ful  in  his  biography.  It  was  in  that  year  that  his  Co¬ 
mus,  after  lying  in  manuscript  for  more  than  two 
years,  was  published  by  itself,  in  the  form  of  a  small 
quarto  of  thirty-five  pages.  The  author’s  name  was 
withheld,  and  the  entire  responsibility  of  the  publica¬ 
tion  was  assumed  by  Henry  Lawes.  Milton  seems  to 
have  been  in  London  when  the  little  volume  appeared. 
He  was  a  good  deal  in  London,  at  all  events,  during 
the  summer  and  autumn  months  immediately  follow¬ 
ing  his  mother’s  death.  The  plague,  which  had  been 
on  one  of  its  periodical  visits  of  ravage  through  Eng¬ 
land  since  early  in  the  preceding  year,  was  then  es¬ 
pecially  severe  in  the  Horton  neighborhood,  while 
London  was  comparatively  free.  It  was  probably  in  Lon¬ 
don  that  Milton  heard  of  the  death  of  young  Edward 
King  of  Christ’s  College,  whom  he  had  left  as  one  of 
the  most  popular  of  the  fellows  of  the  college,  and 
one  of  the  clerical  hopes  of  the  university.  King  had 
sailed  from  Chester  for  a  vacation  visit  to  his  relatives 
in  Ireland,  when,  on  the  10th  of  August,  the  ship, 
in  perfectly  calm  water,  struck  on  a  rock  and  went 
down,  he  and  nearly  all  the  other  passengers  going 
down  with  her.  There  is  no  mention  of  the  sad  acci¬ 
dent  in  two  otherwise  very  interesting  Latin  Familiar 
Epistles  of  Milton,  of  September,  1637,  both  addressed 
to  his  medical  friend  Charles  Diodati,  and  both  dated 
from  London  ;  but  how  deeply  the  death  of  King  had 
affected  him  appears  from  his  occupation  shortly  af¬ 
terwards.  In  November,  1637,  and  probably  at  Hor¬ 
ton,  whence  the  plague  had  by  that  time  vanished,  he 
wrote  his  matchless  pastoral  monody  of  Lycidas.  It 
was  his  contribution  to  a  collection  of  obituary  verses, 
Greek,  Latin,  and  English,  which  King’s  numerous 
friends,  at  Cambridge  and  elsewhere,  were  getting  up 
in  lamentation  for  his  sad  fate.  The  collection  did 
not  appear  till  early  in  1638,  when  it  was  published  in 
two  parts,  with  black -bordered  title-pages,  from  the 
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Cambridge  University  press,  one  consisting  of  twenty- 
three  Latin  and  Gireek  pieces,  the  other  of  thirteen 
English  pieces,  the  last  of  which  was  Milton’s  monody, 
signed  only  with  his  initials  “  J.  M.”  It  was  there¬ 
fore  early  in  1638,  when  Milton  was  in  his  thirtieth 
year,  that  copies  of  his  Lycidas  may  have  been  in 
circulation  among  those  who  had  already  become  ac¬ 
quainted  with  his  Comm.  . . 

Milton  was  then  on  the  wing  for  a  foreign  tour.  He 
had  long  set  his  heart  on  a  visit  to  Italy,  and  circum¬ 
stances  now  favored  his  wish.  The  vexatious  Cotton 
lawsuit,  after  hanging  on  for  nearly  two  years,  was  at 
an  end,  as  far  as  the  elder  Milton  was  concerned,  with 
the  most  absolute  and  honorable  vindication  of  his 
character  for  probity,  though  with  some  continuation 
of  the  case  against  his  partner,  Bower.  Moreover, 
Milton’s  younger  brother,  Christopher,  though  but 
twenty-two  years  of  age,  and  just  about  to  be  called 
to  the  bar  of  the  Inner  Temple,  had  married  a  wife; 
and  the  young  couple  had  gone  to  reside  at  Horton  to 
keep  the  old  man  company.  There  being  nothing 
then  to  detain  Milton,  all  was  arranged  for  his  jour¬ 
ney.  Before  the  end  of  April,  1638,  he  was  on  his 
way  across  the  Channel,  taking  one  English  man¬ 
servant  with  him.  At  the  time  of  his  departure  the 
last  great  news  in  England  was  that  of  the  National 
Scottish  Covenant,  or  solemn  oath  and  band  of  all 
ranks  and  classes  of  the  Scottish  people  to  stand  by 
each  other  to  the  death  in  resisting  the  ecclesiastical 
innovations  which  Laud  and  Charles  had  been  forcing 
upon  Scotland.  To  Charles  the  news  of  this  “dam¬ 
nable  Covenant,”  as  he  called  it,  was  enraging  beyond 
measure  ;  but  to  the  mass  of  the  English  Puritans  it 
was  far  from  unwelcome,  promising,  as  it  seemed  to 
do,  for  England  herself,  the  subversion  at  last  of  that 
system  of  “Thorough,”  or  despotic  government  by 
the  king  and  his  ministers  without  parliaments,  under 
which  tne  country  had  been  groaning  since  the  con¬ 
temptuous  dissolution  of  Charles’s  third  parliament 
ten  years  before. 

.Through  Paris,  where  Milton  made  but  a  short  stay, 
receiving  polite  attention  from  the  English  ambassa¬ 
dor,  Lord  Scudamore,  and  having  the  honor  of  an  in¬ 
troduction  to  the  famous  Hugo  Grotius,  then  ambassa¬ 
dor  for  Sweden  at  the  French  court,  he  moved  on 
rapidly  to  Italy,  by  way  of  Nice.  After  visiting 
Genoa,  Leghorn,  and  Pisa,  he  arrived  at  Florence, 
August,  1638.  Enchanted  by  the  city  and  its  society, 
he  remained  there  two  months,  frequenting  the  chief 
academies  or  literary  clubs,  and  even  taking  part  in 
their  proceedings.  Among  the  Florentines  with  whom 
he  became  intimate  were  Jacopo  Gaddi,  young  Carlo 
Dati,  Pietro  Frescobaldi,  Agostino  Coltellini,  the  gram¬ 
marian  Benedetto  Buommattei,  Valerio  Chimentelli, 
and  Antonio  Francini.  It  was  in  the  neighborhood  of 
Florence  also  that  he  “found  and  visited”  the  great 
Galileo,  then  old  and  blind,  and  still  nominally  a  pris¬ 
oner  to  the  Inquisition  for  his  astronomical  heresy. 
From  Florence,  by  Siena,  Milton  went  to  Rome.  He 
reached  the  Eternal  City  some  time  in  October,  and 
spent  about  another  two  months  there,  not  only  going 
about  among  the  ruins  and  antiquities  and  visiting  the 
galleries,  but  mixing  also,  as  he  had  done  in  Florence, 
with  the  learned  society  of  the  academies.  Among 
those  with  whom  he  formed  acquaintance  in  Rome  were 
the  German  scholar,  Lucas  Holstenius,  librarian  of  the 
Vatican,  and  three  native  Italian  scholars,  named 
Cherubini,  Salzilli,  and  Selvaggi.  There  is  record  of 
his  having  dined  once,  in  company  with  several  other 
Englishmen,  at  the  hospitable  table  of  the  English 
Jesuit  College.  The  most  picturesque  incident,  how¬ 
ever,  of  his  stav  in  Rome  was  his  presence  at  a  great 
musical  entertainment  in  the  palace  of  Cardinal  Fran¬ 
cesco  Barberini.  Here  he  had  not  only  the  honor  of  a 
specially  kind  reception  by  the  cardinal  himself,  but 
also,  it  would  appear,  the  supreme  pleasure  of  listen¬ 
ing  to  the  marvellous  Leonora  Baroni,  the  most  re¬ 
nowned  singer  of  her  age.  Late  in  November  he  left 


Rome  for  Naples.  Here  also  he  was  fortunate.  The 
?reat  man  of  the  place  was  the  now  very  aged  Giovanni 
Battista  Manso,  marquis  of  Villa,  the  friend  and  biog¬ 
rapher  of  the  great  Tasso,  and  subsequently  the  friend 
and  patron  of  the  sweet  Marini.  By  a  happy  acci¬ 
dent  Milton  obtained  an  introduction  to  Manso,  and 
nothing  could  exceed  the  courtesy  of  the  attentions 
paid  by  the  aged  marquis  to  the  young  English 
stranger.  He  had  hardly  been  in  Naples  a  month, 
however,  when  there  came  news  from  England  which 
not  only  stopped  an  intention  he  had  formed  of  ex¬ 
tending  his  tour  to  Sicily  and  thence  into  Greece,  but 
urged  his  immediate  return  home.  ‘ ‘  The  sad  news  of 
civil  war  in  England,”  he  says,  “  called  me  back ;  for 
I  considered  it  base  that,  while  my  fellow-countrymen 
were  fighting  at  home  for  liberty,  I  should  be  travelling 
abroad  for  intellectual  culture.  ”  In  December,  1638, 
therefore,  he  set  his  face  northwards  again.  His  re¬ 
turn  journey,  however,  probably  because  he  learnt 
that  the  news  he  had  first  received  was  exaggerated  or 
premature,  was  broken  into  stages.  He  spent  a  sec¬ 
ond  two  months  in  Rome,  ascertained  to  have  been 
January  and  February,  1638-39;  during  which  two 
months,  as  he  tells  us,  he  was  in  some  danger  from 
the  papal  police,  because  the  English  Jesuits  in  Rome 
had  taken  offence  at  his  habit  of  free  speech,  wherever 
he  went,  on  the  subject  of  religion.  Though  he  did 
not  alter  his  demeanor  in  the  least  in  this  particular, 
nothing  happened  •  and  from  Rome  he  got  safely  to 
Florence,  welcomed  back  heartily  by  his  Florentine 
friends,  and  renewing  his  meetings  with  them  privately 
and  in  their  academies.  His  second  visit  to  Florence, 
including  an  excursion  to  Lucca,  extended  over  two 
months ;  and  not  till  April,  1639,  did  he  take  his  leave, 
and  proceed,  by  Bologna  and  Ferrara,  to  Venice. 
About  a  month  was  given  to  Venice  ;  and  thence, 
having  shipped  for  England  the  books  he  had  col¬ 
lected  in  Italy,  he  went  on,  by  Verona  and  Milan,  over 
the  Alps,  to  Geneva.  In  this  Protestant  city  he  spent 
a  week  or  two  in  June,  forming  interesting  acquaint¬ 
anceships  there  too,  and  having  daily  conversations 
with  the  great  Protestant  theologian,  Dr.  Jean  Diodati, 
the  uncle  of  his  friend  Charles  Diodati.  From  Geneya 
he  returned  to  Paris,  and  so  to  England.  He  was 
home  again  in  August,  1639,  having  been  absent  in  all 
fifteen  or  sixteen  months. 

Milton’s  Continental  tour,  and  especially  the  Italian 
portion  of  it,. remained  one  of  the  chief  pleasures  of 
his  memory  through  all  his  subsequent  life.  Nor  was 
it  quite  without  fruits  of  a  literary  kind.  Besides  two 
of  his  Latin  Epistolce  Familiares ,  one  to  the  Floren¬ 
tine  grammarian  Buommattei,  and  the  other  to  Lucas 
Holstenius,  there  have  to  be  assigned  to  Milton’s  six¬ 
teen  months  on  the  Continent  his  three  Latin  epigrams 
Ad  Leonoram  Romce.  Canentem ,  his  Latin  scazons  Ad 
Salsillum  Poetam  Romanum  JEgrotanteni,  his  fine 
and  valuable  poem  in  Latin  hexameters  entitled  Man- 
sus,  and  his  Five  Italian  Sonnets ,  with  a  Canzone ,  cele¬ 
brating  the  charms  of  some  Italian  lady  he  had  met  in 
his  travels; 

One  sad' and  marring  memory  did  mingle  itself  with 
all  that  was  otherwise  so  delightful  in  his  Italian  re¬ 
miniscences.  His  bosom  friend  and  companion  from 
boyhood,  the  half-Italian,  Charles  Diodati,  who  had 
been  to  him  as  Jonathan  to  David,  and  into  whose  ear  he 
had  hoped  to  pour  the  whole  narrative  of  what  he  had 
seen  and  done  abroad,  had  died  during  his  absence. 
He  had  died,  in  Blackfriars,  London,  in  August,  1638, 
not  four  months  after  Milton  had  gone  away  on  his 
tour.  The  intelligence  had  not  reached  Milton  till 
some  months  afterwards,  probably  not  till  his  second 
stay  in  Florence ;  and,  though  he  must  have  learnt  some 
of  the  particulars  from  the  youth’s  uncle  in  Geneva,  he 
did  not  know  them  fully  till  his  return  to  England. 
How  profoundly  they  affected  him  appears  from  his 
Fpitaphium  Damonis ,  then  written  in  memory  of  his 
dead  friend.  The  importance  of  this  poem  in  Milton’s 
biography  cannot  be  overrated.  It  is  perhaps  the 
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noblest  of  all  his  Latin  poems;  and,  though  in  the 
form  of  a  pastoral,  and  even  of  a  pastoral  of  the  most 
artificial  sort,  it  is  unmistakably  an  outburst  of  the 
most  passionate  personal  grief.  In  this  respect  Lyci- 
das ,  artistically  perfect  though  that  poem  is,  cannot 
be  compared  with  it ;  and  it  is  only  the  fact  that  Ly- 
cidas  is  in  English,  while  the  Epitaphium  Damonis  is 
in  Latin,  that  has  led  to  the  notion  that  Edward  King 
of  Christ’s  College  was  peculiarly  and  preeminently 
the  friend  of  Milton  in  his  youth  and  early  manhood. 

That  Milton,  now  in  his  thirty-first  year,  had  been 
girding  himself  for  some  greater  achievement  in  poetry 
than  any  he  had  yet  attempted,  Comus  not  excepted, 
we  should  have  known  otherwise.  What  we  should 
not  have  known,  but  for  an  incidental  passage  in  the 
Epitaphium  Damonis,  is  that,  at  the  time  of  his 
return  from  Italy,  he  had  chosen  a  subject  for  such  a 
high  literary  effort  of  a  new  Miltonic  sort.  The  pass¬ 
age  is  one  in  which,  after  referring  to  the  hopes  of 
Diodati’s  medical  career  as  so  suddenly  cut  short  by 
his  death,  Milton  speaks  of  himself  as  the  survivor 
and  of  his  own  projects  in  his  profession  of  literature. 
In  translation,  it  may  run  thus  : 

“  I  have  a  theme  of  the  Trojans  cruising  our  southern  headlands 
Shaping  to  song,  and  the  realm  of  Imogen,  daughter  of  Pandras, 
Brennus  and  Arvirach,  dukes,  and  Bren's  bold  Brother,  Belinus ; 
Then  the  Armorican  settlers  under  the  laws  of  the  Britons, 

Ay,  and  the  womb  of  Igraine  fatally  pregnant  with  Arthur, 
Uther’s  son,  whom  he  got  disguised  in  Gorlois’  likeness. 

All  by  Merlin’s  craft.  0  then,  if  life  shall  be  spared  me, 

Thou  shalt  be  hung,  my  pipe,  far  off  on  some  dying  old  pine- 
tree, 

Much-forgotten  of  me ;  or  else  your  Latin  music 
Changed  for  the  British  war-screech !  What  then  ?  For  one  to 
do  all  things. 

One  to  hope  all  things,  fits  not !  Prize  sufficiently  ample 
Mine,  and  distinction  great  (unheard-of  ever  thereafter 
Though  I  should  be  and  inglorious  all  through  the  world  of 
the  stranger), 

If  but  the  yellow-haired  Ouse  shall  read  me,  the  drinker  of 
Alan, 

Humber,  which  whirls  as  it  flows,  and  Trent’s  whole  valley  of 
orchards, 

Thames,  my  own  Thames,  above  all,  and  Tamar’s  western 
waters, 

Tawny  with  ores,  and  where  the  white  waves  swinge  the  far 
Orkneys.” 

Interpreted  prosaically,  this  means  that  Milton  was 
meditating  an  epic  of  which  King  Arthur  was  to  be 
the  central  figure,  but  which  should  include  somehow 
the  whole  cycle  of  British  and  Arthurian  legend,  and 
that  not  only  was  this  epic  to  be  in  English,  but  he 
had  resolved  that  all  his  poetry  for  the  future  should 
be  in  the  same  tongue. 

Not  long  after  Milton’s  return  the  house  at  Horton 
ceased  to  be  the  family  home.  Christopher  Milton 
and  his  wife  went  to  reside  at  Reading,  taking  the 
old  gentleman  with  them,  while  Milton  himself  pre¬ 
ferred  London.  He  had  first  taken  lodgings  in  St. 
Bride’s  Churchyard,  at  the  foot  of  Fleet  Street  •  but, 
after  a  while,  probably  early  in  1640,  he  removed  to  a 
“pretty  garden  house”  of  his  own,  at  the  end  of  an 
entry,  in  the  part  of  Aldersgate  Street  which  lies  im¬ 
mediately  on  the  city  side  of  what  is  now  Maidenhead 
Court.  His  sister,  whose  first  husband  had  died  in 
1631,  had  married  a  Mr.  Thomas  Agar,  his  successor 
in  the  Crown  Office  ;  and  it  was  arranged  that  her  two 
sons  by  her  first  husband  should  be  educated  by  their 
uncle.  John  Phillips,  the  younger  of  them,  only  nine 
years  old,  had  boarded  with  him  in  the  St.  Bride’s 
Churchyard  lodgings ;  and,  after  the  removal  to  Al¬ 
dersgate  Street,  the  other  brother,  Edward  Phillips, 
only  a  year  older,  became  his  boarder  also.  Gradually 
a  few  other  boys,  the  sons  of  well-to-do  personal 
friends,  joined  the  two  Phillipses,  whether  as  boarders 
or  for  daily  lessons,  so  that  the  house  in  Aldersgate 
Street  became  a  small  private  school.  The  drudgery 
of  teaching  seems  always  to  have  been  liked  by  Milton. 
What  meanwhile  of  the  great  Arthurian  epic  ?  That 
project,  we  find,  had  been  given  up,  and  Milton’s  mind 
was  roving  among  many  other  subjects,  and  balancing 
their  capabilities.  How  he  wavered  between  Biblical 
subjects  and  heroic  subjects  from  British  history,  and 
how  many  of  each  kind  suggested  themselves  to  him, 


one  learns  from  a  list  in  his  own  handwriting  among 
the  Milton  MSS.  at  Cambridge.  It  contains  jottings 
of  no  fewer  than  fifty-three  subjects  from  the  Old 
Testament,  eight  from  the  Gospels,  thirty-three  from 
British  and  English  history  before  the  Conquest,  and 
five  from  Scottish  history.  It  is  curious  that  all  or  most 
of  them  are  headed  or  described  as  subjects  for  “trage¬ 
dies,”  as  if  the  epic  form  had  now  been  abandoned  for 
the  dramatic.  It  is  more  interesting  still  to  observe 
which  of  the  subjects  fascinated  Milton  most.  Though 
several  of  them  are  sketched  pretty  fully,  not  one  is 
sketched  at  such  length  and  so  particularly  as  Paradise 
Lost.  It  is  the  first  subject  on  the  list,  and  there  are 
four  separate  drafts  of  a  possible  tragedy  under  that 
title,  two  of  them  merely  enumerating  the  dramatis 
personce  but  the  last  two  indicating  the  plot  and  the 
division  into  acts.  Thus,  in  1640,  twenty-seven  years 
before  Paradise  Lost  was  given  to  the  world,  he  had 

ut  down  the  name  on  paper,  and  had  committed 

imself  to  the  theme. 

To  these  poetic  dreamings  and  schemings  there  was 
to  be  a  long  interruption.  The  Scottish  National 
Covenant  had  led  to  extraordinary  results.  Not  only 
were  Charles  and  Laud  checkmated  in  their  design  of 
converting  the  mild  Episcopal  system  which  King 
James  had  established  in  Scotland  into  a  high  Laudian 
prelacy;  but,  in  a  General  Assembly  held  at  Glasgow 
in  the  end  of  1638,  Episcopacy  had  been  utterly  abol¬ 
ished  in  Scotland,  and  the  old  Presbyterian  system 
of  Knox  and  Melville  revived.  To  avenge  this,  and 
restore  the  Scottish  bishops,  Charles  had  marched  to 
the  Border  with  an  English  army  ;  but,  met  there  by 
the  Covenanting  army  under  General  Alexander  Leslie, 
he  had  not  deemed  it  prudent  to  risk  a  battle,  and 
had  yielded  to  a  negotiation  conceding  to  the  Scots  all 
their  demands.  This  ‘  ‘  First  Bishops’  War,  ”  as  it  came 
to  be  called,  was  begun  and  concluded  while  Milton  was 
abroad.  About  the  time  of  his  return,  however, 
Charles  had  again  broken  with  the  Scots.  Milton 
had  been  watching  the  course  of  affairs  since  then 
with  close  and  eager  interest.  He  had  seen  and  par¬ 
taken  in  the  sympathetic  stir  in  favor  of  the  Scots 
which  ran  through  the  popular  and  Puritan  mind  of 
England.  He  had  welcomed  the  practical  proof  of  this 
sympathy  given  in  that  English  parliament  of  April, 
1640,  called  “  The  Short  Parliament,”  which  Charles, 
in  his  straits  for  supplies  against  the  Scots,  had  reluc¬ 
tantly  summoned  at  last,  but  was  obliged  to  dismiss  as 
unmanageable.  Charles  had,  nevertheless,  with  money 
raised  somehow,  entered  on  the  “Second  Bishops’ 
War.”  This  time  the  result  was  momentous  indeed. 
The  Scots,  not  waiting  to  be  attacked  in  their  own 
country,  took  the  aggressive,  and  invaded  England. 
In  August,  1 640,  after  one  small  engagement  with  a 
portion  of  Charles’s  army,  they  were  in  possession  of 
Newcastle  and  of  all  the  northern  English  counties. 
The  English  then  had  their  opportunity.  A  treaty 
with  the  Scots  was  begun,  which  the  English  Puri¬ 
tans,  who  regarded  their  presence  in  England  as  the 
very  blessing  they  had  been  praying  for,  were  in  no 
haste  to  finish;  and  on  the  3d  of  November,  1640, 
there  met  that  parliament  which  was  to  be  famous  in 
English  history,  and  in  the  history  of  the  world,  as 
“The  Long  Parliament.” 

Of  the  first  proceedings  of  this  parliament,  including 
the  trial  and  execution  of  Strafford,  the  impeachment 
and  imprisonment  of  Laud  and  others,  and  the  break¬ 
down  of  the  system  of  Thorough  by  miscellaneous 
reforms  and  by  guarantees  for  parliamentary  liberty, 
Milton  was  only  a  spectator.  It  was  when  the  church 
question  emerged  distinctly  as  the  question  paramount, 
and  there  had  arisen  divisions  on  that  question  among 
those  who  had  been  practically  unanimous  in  matters 
of  civil  reform,  that  he  plunged  in  as  an  active  adviser. 
There  were  three  parties  on  the  church  question. 
There  was  a  high-church  party,  contending  for  Epis¬ 
copacy  by  divine  right,  and  for  the  maintenance  of 
English  Episcopacy  very  much  as  it  was ;  there  was  a 
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middle  party,  defending  Episcopacy  on  grounds  of 
usage  and  expediency,  but  desiring  to  see  the  powers 
of  bishops  greatly  curtailed,  and  a  limited  Episcopacy, 
with  councils  of  presbyters  round  each  bishop,  substi¬ 
tuted  for  the  existing  nigh  Episcopacy;  and  there  was 
the  root-and-branch  party,  as  it  called  itself,  desiring 
the  entire  abolition  of  Episcopacy  and  the  reconstruc¬ 
tion  of  the  English  Church  on  something  like  tho 
Scottish  Presbyterian  model.  Since  the  opening  of 
the  parliament  there  had  been  a  storm  of  pamphlets 
crossing  one  another  in  the  air  from  these  three  parties. 
The  chief  manifesto  of  the  high-church  party  was  a 
pamphlet  by  Joseph  Hall,  bishop  of  Exeter,  entitled 
Humble  Remonstrance  to  the  High  Court  of  Parlia¬ 
ment.  _  In  answer  to  Hall,  and  in  representation  of 
the  views  of  the  root-and-branch  party,  there  had 
stepped  forth,  in  March,  1640-41,  five  leading  Puri¬ 
tan  parish  ministers,  the  initials  of  whose  names, 
clubbed  together  on  the  title-page  of  their  joint 
production,  made  the  uncouth  word  “Smectym- 
nuus.”  These  were  Stephen  Marshall,  Edmund 
Calamy,  Thomas  Young,  Matthew  Newcomen,  and 
William  Spurstow.  The  Thomas  Young  whose  name 
comes  in  tne  middle  was  no  other  than  the  Scottish 
Thomas  Young,  who  had  been  Milton’s  domestic  pre¬ 
ceptor  in  Bread  Street.  Having  returned  from  Ham¬ 
burg  in  1628,  he  had  been  appointed  to  the  vicarage  of 
Stowmarket  in  Suffolk,  in  which  living  he  had  re¬ 
mained  ever  since,  with  the  reputation  of  being  one  of 
the  most  solid  and  learned  Puritans  among  the  English 
parish  clergy.  The  famous  Smectymnuan  pamphlet  in 
reply  to  Hall  was  mainly  Young’s.  What  is  more 
interesting  is  that  his  old  pupil  Milton  was  secretly  in 
partnership  with  him  and  his  brother-Smectymnuans. 
Milton’s  hand  is  discernible  in  a  portion  of  the  original 
Smectymnuan  pamphlet ;  and  he  continued  to  aid  the 
Smectymnuans  in  their  subsequent  rejoinders  to  Hall’s 
defences  of  himself.  It  was  more  in  Milton’s  way, 
however,  to  appear  in  print  independently  •.  and  in 
May,  1641,  while  the  controversy  between  Hall  and  the 
Smectymnuans  was  going  on,  he  put  forth  a  pamphlet 
of  his  own.  It  was  entitled  Of  Reformation  touching 
Church  Discipline  in  England  and  the  Causes  that 
have  hitherto  hindered  it,  and  consisted  of  a  Review  of 
English  ecclesiastical  history,  with  an  appeal  to  his 
countrymen  to  resume  that  course  of  reformation  which 
he  considered  to  have  been  prematurely  stopped  in  the 
preceding  century,  and  to  sweep  away  the  last  relics 
of  papacy  and  prelacy.  Among  all  the  root-and-branch 
pampnlets  of  the  time  it  stood  out,  and  stands  out 
still,  as  the  most  thorough-going  and  tremendous.  It 
was  followed  by  four  others  in  rapid  succession, — to  wit, 
Of  Prelatical  Episcopacy  and  whether  it  may  he  de¬ 
duced  from  the  Apostolical  Times  (June,  1641), 
Animadversions  upon  the  Remonstrant's  Defence 
against  Smectymnuus  (July,  1641),  The  Reason  of 
Church  Government  urged  against  Prelaty  (February, 
1641-42),  Apology  against  a  Pamphlet  called  a  Modest 
Confutation  of  the  Animadversions,  etc.  (March,  1641— 
42).  The  first  of  these  was  directed  chiefly  against 
that  middle  party  which  advocated  a  limited  Episco¬ 
pacy,  with  especial  reply  to  the  arguments  of  Arch¬ 
bishop  Ussher,  as  the  chief  exponent  of  the  views  of 
that  party.  Two  of  the  others,  as  the  titles  imply, 
belong  to  the  Smectymnuan  series,  and  were  castiga¬ 
tions  of  Bishop  Hall.  The  greatest  of  the  four,  and 
the  most  important  of  all  Milton’s  anti-Episcopal 
pamphlets  after  the  first,  is  that  entitled  The  Reason 
of  Church  Government.  It  is  there  that  Milton  takes 
his  readers  into  his  confidence,  speaking  at  length  of 
himself  and  his  motives  in  becoming  a  controversialist. 
Poetry,  he  declares,  was  his  real  vocation  ;  it  was  with 
reluctance  that  he  had  resolved  to  “  leave  a  calm  and 
pleasing  solitariness,  fed  with  cheerful  and  confident 
thoughts,  to  embark  in  a  troubled  sea  of  noises  and 
hoarse  disputes;”  but  duty  had  left  him  no  option. 
The  great  poem  or  poems  he  had  been  meditating 
oould  wait ;  and  meanwhile,  though  in  prose-polemics 


he  had  the  use  only  of  his  “left  hand,”  that  hand 
should  be  used  with  all  its  might  in  the  cause  of  his 
country  and  of  liberty. 

The  parliament  had  advanced  in  the  root-and-branch 
direction  so  far  as  to  have  passed  a  bill  for  the  exclusion 
of  bishops  from  the  House  of  Lords,  and  compelled 
the  king  s  assent  to  that  bill,  when  in  August,  1642,  the 
further*  struggle  between  Charles  and  his  subjects  took 
the  form  of  civil  war.  All  England  was  then  divided 
into  the  Royalists,  supporting  the  king,  and  the  Par¬ 
liamentarians,  adhering  to  that  majority  of  the  Com¬ 
mons,  with  a  minority  of  the  Lords,  which  sat  on  as 
the  parliament.  While  the  first  battles  of  the  civil 
war  were  being  fought  with  varying  success,  this  par¬ 
liament,  less  impeded  than  when  it  had  been  full, 
moved  on  more  and  more  rapidly  in  the  root-and- 
branch  direction,  till,  by  midsummer,  1643,  the  abo¬ 
lition  of  Episcopacy  had  been  decreed,  and  the  question 
of  the  future  non-prelatic  constitution  of  the  Church 
of  England  referred  to  a  synod  of  divines,  to  meet  at 
Westminster  under  parliamentary  authority.  Of  Mil- 
ton’s  life  through  those  first  months  of  the  civil  war 
little  is  known.  He  remained  in  his  house  in  Alders- 
gate  Street,  teaching  his  nephews  and  other  pupils ; 
and  the  only  scrap  that  came  from  his  pen  was  the 
semi-jocose  sonnet  bearing  the  title  When  the  Assault 
was  intended  to  the  City.  In  the  summer  of  1643, 
however,  there  was  a  great  change  in  the  Aldersgate 
Street  household.  About  the  end  of  May,  as  his 
nephew  Edward  Phillips  remembered,  Milton  went 
away  on  a  country  journey,  without  saying  whither  or 
for  what  purpose ;  and,  when  he  returned,  about  a 
month  afterwards,  it  was  with  a  young  wife,  and  with 
some  of  her  sisters  and  other  relatives  in  her  company. 
He  had,  in  fact,  been  in  the  very  headquarters  of  the 
king,  and  the  Royalist  army  in  and  around  Oxford ; 
and  the  bride  he  brought  back  with  him  was  a 
Mary  Powell,  the  eldest  daughter  of  Richard  Powell, 
Esq*,  of  Forest  Hill  near  Oxford.  She  was  the  third 
of  a  family  of  eleven  sons  and  daughters,  of  good 
standing,  but  in  rather  embarrassed  circumstances,  and 
was  seventeen  years  and  four  months  old,  while  Mil- 
ton  was  in  his  thirty-fifth  year.  However  the  mar¬ 
riage  came  about,  it  was  a  most  unfortunate  event. 
The  Powell  family  were  strongly  Royalist,  and  the  girl 
herself  seems  to  have  been  frivolous,  unsuitable,  and 
stupid.  Hardly  were  the  honeymoon  festivities  over 
in  Aldersgate  Street  when,  her  sisters  and  other  rela¬ 
tives  having  returned  to  Forest  Hill  and  left  her  alone 
with  her  husband,  she  pined  for  home  again  and  begged 
to  be  allowed  to  go  back  on  a  visit.  Milton  consented, 
on  the  understanding  that  the  visit  was  to  be  a  brief 
one.  This  seems  to  have  been  in  July,  1643.  Soon, 
however,  the  intimation  from  Forest  Hill  was  that  he 
need  not  look  ever  to  have  his  wife  in  his  house  again. 
The  resolution  seems  to  have  been  mainly  the  girl’s 
own,  abetted  by  her  mother ;  but,  as  the  king’s  cause 
was  then  prospering  in  the  field,  it  is  a  fair  conjecture 
that  the  whole  of  the  Powell  family  had  repented  of 
their  sudden  connection  with  so  prominent  a  Parlia¬ 
mentarian  and  assailant  of  the  Church  of  England  as 
Milton.  While  his  wife  was  away,  his  old  father,  who 
had  been  residing  for  three  years  with  his  younger  and 
lawyer  son  at  Reading,  came  to  take  up  his  quarters  in 
Aldersgate  Street. 

Milton’s  conduct  under  the  insult  of  his  wife’s  de¬ 
sertion  was  most  characteristic.  Always  fearless  and 
speculativej  he  converted  his  own  case  into  a  public 
protest  against  the  existing  law  and  theory  of  marriage. 
The  Doctrine  and  Discipline  of  Divorce  Restored,  to 
the  good  of  both  Sexes,  was  the  title  of  a  pamphlet 
put  forth  by  him  in  August,  1643,  without  his  name, 
hut  with  no  effort  at  concealment,  declaring  the  notion 
of  a  sacramental  sanctity  in  the  marriage  relation  to  be 
a  clerically  invented  superstition,  and  arguing  that  in¬ 
herent  incompatibility  of  character,  or  contrariety  of 
mind  between  two  married  persons,  is  a  perfectly  just 
reason  for  divorce.  There  was  no  reference  to  hi's  own 
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case,  except  by  implication ;  but  tbe  boldness  of  the 
speculation  roused  attention  and  sent  a  shock  through 
London.  It  was  a  time  when  the  authors  of  heresies 
of  this  sort,  or  of  any  sort,  ran  considerable  risks.  The 
famous  Westminster  Assembly  of  Divines,  called  by 
the  Long  Parliament,  had  met  on  the  appointed 
day,  July  1,  1643  ;  the  Scots,  in  consenting  to  send 
an  army  into  England  to  assist  the  Parliament  in 
their  war  with  the  king,  had  proposed,  as  one  of  the 
conditions,  their  Solemn  League  and  Covenant,  binding 
the  two  nations  to  endeavor  after  a  uniformity  of  re¬ 
ligion  and  of  ecclesiastical  discipline,  with  the  extirpa¬ 
tion  of  all  “heresy,  schism,  and  profaneness,”  as  well 
as  popery  and  prelacy ;  the  Solemn  League  and  Cove¬ 
nant  had  been  enthusiastically  accepted  in  England  and 
was  being  sworn  to  universally  by  the  Parliamentarians ; 
and  one  immediate  effect  was  that  four  eminent  Scottish 
divines  and  two  Scottish  lay  commissioners  were  added 
to  the  Westminster  Assembly  and  became  leaders  there. 
Whether  Milton’s  divorce  tract  was  formally  discussed 
in  the  Assembly  during  the.  first  months  of  its  sitting 
is  unknown  ;  but  it  is  certain  that  the  London  clergy, 
including  not  a  few  members  of  the  Assembly,  were 
then  talking  about  it  privately  with  anger  and  execra¬ 
tion.  ■  That  there  might  he  no  obstacle  to  a  more  pub¬ 
lic  prosecution,  Milton  threw  off  the  anonymous  in  a 
second  and  much  enlarged  edition  of  the  tract,  in  Feb¬ 
ruary,  1643-44,  dedicated  openly  to  the  parliament  and 
the  Assembly.  Then,  for  a  month  or  two,  during 
which  the  gossip  about  him  and  his  monstrous  doc¬ 
trine  was  spreading  more  and  more,  he  turned  his 
attention  to  other  subjects.  Among  the  questions  in 
agitation  in  the  general  ferment  of  opinion  brought 
about  by  the  civil  war  was  that  of  a  reform  of  the 
national  system  of  education  and  especially  of  the  uni¬ 
versities.  To  this  question  Milton  made  a  contribution 
in  June,  1644,  in  a  small  Tract  on  Education ,  in  the 
form  of  a  letter  to  Mr.  Samuel  Hartlib,  a  German  then 
resident  in  London  and  interesting  himself  busily  in 
all  philanthropic  projects  and  schemes  of  social  reform. 
In  the  very  next  month,  however,  July,  1644,  he  re¬ 
turned  to  the  divorce  subject  in  a  pamphlet  addressed 
specially  to  the  clergy  and  entitled  The  Judgment  of 
Martin  Bucer  concerning  Divorce.  The  outcry  against 
him  then  reached  its  height.  He  was  attacked  in 
pamphlets  ;  he  was  denounced  in  pulpits  all  through 
London,  and  more  than  once  in  sermons  before  the 
two  Houses  of  Parliament  by  prominent  divines  of  the 
Westminster  Assembly;  strenuous  efforts  were  made 
to  bring  him  within  definite  parliamentary  censure. 
In  the  cabal  formed  against  him  for  this  purpose  a 
leading  part  was  played,  at  the  instigation  of  the  clergy, 
by  the  Stationers’  Company  of  London.  That  com¬ 
pany,  representing  the  publishers  and  booksellers  of 
London,  had  a  plea  of  their  own  against  him,  on  the 
round  that  his  doctrine  was  not  only  immoral,  but 
ad  been  put  forth  in  an  illegal  manner.  His  first 
divorce  treatise,  though  published  immediately  after 
the  “Printing  Ordinance”  of  the  parliament  of  June 
14,  1643,  requiring  all  publications  to  be  licensed  for 
press  by  one  of  the  official  censors,  and  to  be  regis¬ 
tered  in  the  books  of  the  Stationers’  Company,  had 
been  issued  without  license  and  without  registration. 
Complaint  to  this  effect  was  made  against  Milton,  with 
some  others  liable  to  the  same  charge  of  contempt  of 
the  printing  ordinance,  in  a  petition  of  the  Stationers 
to  the  House  of  Commons  in  August,  1644  ;  and  the 
matter  came  before  committee  both  in  that  House  and 
in  the  Lords.  It  is  to  this  circumstance  that  the  world 
owes  the  most  popular  and  eloquent,  if  not  the  great¬ 
est,  of  all  Milton’s  prose-writings,  his  famous  Areo- 
pagitica,  a  Speech  of  Mr.  John  Milton  for  the  Liberty 
of  Unlicensed  Pnnting  to  the  Parliament  of  England. 
It  appeared  in  the  end  of  November,  1644,  deliberately 
unlicensed  and  unregistered,  us  was  proper  on  such  an 
occasion,  and  was  a  remonstrance  addressed  to  the  par¬ 
liament,  as  if  in  an  oration  addressed  to  them  face  to 
face,  against  their  ordinance  of  June,  1643,  and  the 


whole  system  of  licensing  and  censorship  of  the  press. 
Nobly  eulogistic  of  the  parliament  in  other  respects, 
it  denounced  their  printing  ordinance  as  utterly  un¬ 
worthy  of  them,  and  of  the  new  era  of  English  liber¬ 
ties  which  they  were  initiating,  and  called  for  its  re¬ 
peal.  Though  that  effect  did  not  follow,  the  pam¬ 
phlet  virtually  accomplished  its  purpose.  The  licensing 
system  had  received  its  death-blow  ;  and,  though  the 
Stationers  returned  to  the  charge  in  another  complaint 
to  the  House  of  Lords,  Milton’s  offence  against  the 
press  ordinance  was  condoned.  He  was  still  assailed 
in  pamphlets,  and  found  himself  “in  a  world  of  dis- 
esteem  but  he  lived  on  through  the  winter  of  1644- 
45  undisturbed  in  his  house  in  Aldersgate  Street.  To 
this  period  there  belong,  in  the  shape  of  verse,  only 
his  sonnets  ix.  and  x.,  the  first  to  some  anonymous 
lady,  and  the  second  “to  the  Lady  Margaret  Ley,” 
with  perhaps  the  Greek  lines  entitled  Philosophus  ad 
Regem  Quendam.  His  divorce  speculation,  however, 
still  occupied  him  ;  and  in  March,  1644-45,  he  pub¬ 
lished  simultaneously  his  Tetrachordon ,  or  Expositions 
upon  the  four  chief  places  of  Scripture  which  treat  of 
Marriage ,  and  his  Colasterion,  a  Reply  to  a  nameless 
Answer  against  the  Doctrine  and  Discipline  of  Divorce. 
In  these  he  replied  to  his  chief  recent  assailants,  lay 
and  clerical,  with  merciless  severity. 

It  was  not  merely  Milton’s  intellectual  eminence  that 
had  saved  him  from  prosecution  for  his  divorce  heresy. 
A  new  tendency  of  national  opinion  on  the  church 
question  had  operated  in  his  favor,  and  in  favor  of  all 
forms  of  free  speculation.  There  had  occurred  in  the 
Westminster  Assembly  itself,  and  more  largely  through¬ 
out  the  general  community,  that  split  of  English  Puri¬ 
tanism  into  the  two  opposed  varieties  of  Presbyterian¬ 
ism  on  the  one  hand  and  Independency  or  Congrega¬ 
tionalism  on  the  other,  which  explains  the  whole  sub¬ 
sequent  history  of  the  Puritan  revolution.  Out  of 
this  theoretical  discussion  as  to  the  constitution  of  the 
church  there  had  grown  the  all-important  practical 
question  of  toleration.  .  The  Presbyterians  insisted 
that  the  whole  population  of  England  should  neces¬ 
sarily  belong  to  the  one  national  Presbyterian  Church, 
be  compelled  to  attend  its  worship,  and  be  subject  to 
its  discipline,  while  the  Independents  demanded  that, 
if  a  Presbyterian  Church  should  be  set  up  as  the  na¬ 
tional  and  state-paid  church,  there  should  at  least  be 
liberty  of  dissent  from  it,  and  toleration  for  those  that 
chose  to  form  themselves  into  separate  congregations. 
Vehement  within  the  Westminster  Assembly  itself, 
the  controversy  had  attained  wider  dimensions  out  of 
doors,  and  had  inwrought  itself  in  a  most  remarkable 
manner  with  the  conduct  of  the  war.  Orthodox  Pres¬ 
byterian  Calvinists  were  still  the  majority  of  the  Puri¬ 
tan  body ;  but,  in  the  new  atmosphere  of  liberty,  there 
had  sprung  up,  from  secret  and  long  suppressed  seeds 
in  the  English  mind,  a  wonderful  variety  of  sects  and 
denominations,  mingling  other  elements  with  their 
Calvinism,  or  hardly  Calvinistic  at  all, — most  of  them, 
it  is  true,  fervidly  Biblical  and  Christian  after  then 
different  sorts,  but  not  a  few  professing  the  most 
coolly  inquisitive  and  skeptical  spirit,  and  pushing 
their  speculations  to  strange  extremes  of  free-think¬ 
ing.  These  sects,  growing  more  and  more  numerous 
in  the  large  towns,  had  become  especially  powerful  in 
the  English  Parliamentary  army.  That  army  had,  in 
fact,  become  a  marching  academy  of  advanced  opin- 
ionists  and  theological  debaters.  Now,  as  all  the  new 
Puritan  sects,  differing  however  much  among  them¬ 
selves,  saw  their  existence  and  the  perpetuity  of  their 
tenets  threatened  by  that  system  of  ecclesiastical  uni¬ 
formity  which  the  Presbyterians  proposed  to  establish, 
they  had,  one  and  all,  abjured  Presbyterianism,  and 
adopted  the  opposite  principle  of  Independency,  with 
its  appended  principle  of  toleration.  Hence  an  extra¬ 
ordinary  conflict  of  policies  among  those  who  seemed 
to  be  all  Parliamentarians,  all  united  in  fighting  against 
the  king.  The  auxiliary  Scottish  army,  which  haacome 
into  England  in  January,  1643-44,  and  had  helped  the 
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English  generals  to  beat  the  king  in  the  great  battle  of 
Marston  Moor  in  July,  1644,  thought  that  he  had  then 
been  almost  sufficiently  beaten,  and  that  the  object  of 
the  Solemn  League  and  Covenant  would  be  best  attained 
by  bringing  him  to  such  terms  as  should  secure  an  im¬ 
mediate  Presbyterian  settlement  and  the  suppression 
of  the  Independents  and  sectaries.  In  this  the  chief 
English  commanders,  such  as  Essex  and  Manchester, 
agreed  substantially  with  the  Scots.  Cromwell,  on  the 
other  hand,  who  was  now  the  recognized  head  of  the 
army  Independents,  did  not  think  that  the  king  had 
been  sufficiently  beaten,  even  for  the  general  purposes 
of  the  war,  and  was  resolved  that  the  war  should  be 
pushed  on  to  a  point  at  which  a  Presbyterian  settle¬ 
ment  should  be  impossible  without  guarantees  for 
liberty  of  conscience  and  a  toleration  of  non-Presby¬ 
terian  sects.  Through  the  latter  part  of  1644,  accord¬ 
ingly,  Milton  had  been  saved  from  the  penalties  which 
his  Presbyterian  opponents  would  have  inflicted  on 
him  by  this  general  championship  of  liberty  of  opinion 
by  Cromwell  and  the  army  Independents.  Before  the 
middle  of  1645  he,  with  others  who  were  on  the  black 
books  of  the  Presbyterians  as  heretics,  was  safer  still. 
Though  the  parliament  had  voted,  in  January,  1644- 
45,  that  the  future  national  church  of  England  should 
be  [on  the  Presbyterian  system,  Cromwell  and  the  In¬ 
dependents  had  taken  care  to  have  the  question  of 
toleration  left  open ;  and,  within  the  next  month  or 
two,  by  Cromwell’s  exertions,  a  completely  new  face 
was  put  upon  the  war  by  the  removal  of  all  the  chief 
officers  that  had  been  in  command  hitherto,  and  the 
equipment  of  the  New  Model  army,  with  Fairfax  as 
its  commander-in-chief  and  Cromwell  himself  as  lieu¬ 
tenant-general.  The  Scots  and  the  stricter  English 
Presbyterians  looked  on  malignantly  while  this  army 
took  the  field,  calling  it  an  “Army  of  Sectaries,”  and 
almost  hoping  it  would  be  beaten.  On  June  14,  1645, 
however,  there  was  fought  the  great  battle  of  Naseby, 
utterly  ruining  the  king  at  last,  and  leaving  only  relics 
of  his  forces  here  and  there.  Milton’s  position  then 
may  be  easily  understood.  Though  his  first  tendency 
on  the  church  question  had  been  to  some  form  of  a 
Presbyterian  constitution  for  the  church,  he  had  parted 
utterly  now  from  the  Scots  and  Presbyterians,  and  be¬ 
come  a  partisan  of  Independency,  having  no  dread  of 
“sects  and  schisms,”  but  regarding  them  rather  as 
healthy  signs  in  the  English  body-politic.  .  He  was, 
indeed,  himself  one  of  the  most  noted  sectaries  of  the 
time,  for  in  the  lists  of  sects  drawn  out  by  contem¬ 
porary  Presbyterian  writers  special  mention  is  made 
of  one  small  sect  who  were  known  as  Miltonists  or 
Divorcers. 

So  far  as  Milton  was  concerned  personally,  his  in¬ 
terest  in  the  divorce  speculation  came  to  an  end  in 
July  or  August,  1645,  when,  by  friendly  interference, 
a  reconcilation  was  effected  between  him  and  his  wife. 
The  ruin  of  the  king’s  cause  at  Naseby  had  suggested 
to  the  Powells  that  it  might  be  as  well  for  their 
daughter  to  go  back  to  her  husband  after  their  two 
years  of  separation.  It  was  not,  however,  in  the 
house  in  Aldersgate  Street  that  she  rejoined  him,  but 
in  a  larger  house,  which  he  had  taken  in  the  adjacent 
street  called  Barbican,  for  the  accommodation  of  an 
increasing  number  of  pupils. 

The  house  in  Barbican  was  tenanted  bv  Milton  from 
about  August,  1645,  to  September  or  October,  1647. 
Among  his  first  occupations  there  must  have  been  the 
revision  of  the  proof-sheets  of  the*  first  edition  of  his 
collected  poems.  It  appeared  as  a  tiny  volume,  copies 
of  which  are  now  very  rare,  with  the  title  Poems  of 
Mr.  John  Milton ,  both  English  and  Latin ,  composed 
at  several  times.  The  title-page  gives  the  date  1645, 
but  January,  1645-46,  seems  to  have  been  the  exact 
month  of  the  publication.  The  appearance  of  the 
volume  indicates  that  Milton  may  have  been  a  little 
tired  by  this  time  of  his  notoriety  as  a  prose-polemic, 
and  desirous  of  being  recognized  once  more  in  his 
original  character  of  literary  man  and  poet.  But, 


whether  because  his  pedagogic  duties  now  engrossed 
him  or  for  other  reasons,  very  few  new  pieces  were 
added  in  the  Barbican  to  those  that  the  little  volume 
had  thus  made  public.  In  English,  there  were  only 
the  four  sonnets  now  numbered  xi.-xiv.,  the  first  two 
entitled  On  the  Detraction  which  followed  upon  my 
writing  certain  Treatises,”  the  third  “To  Mr.  Henry 
Lawes  on  his  Airs,”  and  the  fourth  “To  the  Re¬ 
ligious  Memory  of  Mrs.  Catherine  Thomson,”  to¬ 
gether  with  the  powerful  anti -Presbyterian  invective 
or  tailed  sonnet”  entitled  “On  the  New  Forcers  of 
Conscience  under  the  Long  Parliament and  in  Latin 
there  were  only  the  ode  Ad  Joann  em  Rousium ,  the 
trifle  called  Apologus  de  Rustico  et  Hero ,  and  one  in¬ 
teresting  Familiar  Epistle  addressed  to  his  Florentine 
friend  Carlo  Dati.  Some  family  incidents  of  import¬ 
ance,  however,  appertain  to  this  time  of  residence  in 
Barbican.  Oxford  having  surrendered  to  Fairfax  in 
June,  1646,  the  whole  of  the  Powell  family  had  to 
seek  refuge  in  London,  and  most  of  them  found 
shelter  in  Milton’s  house.  His  first  child,  a  daughter 
named  Anne,  was  born  there  on  the  29th  of  July  that 
year;  on  the  first  of  January,  1646-47,  his  father-in- 
law  Mr.  Powell  died  there,  leaving  his  affairs  in  con¬ 
fusion  ;  and  in  the  following  March  his  own  father 
died  there,  at  the  age  of  eighty -four,  and  was  buried 
in  the  adjacent  church  of  St.  Giles,  Cripplegate.  For 
the  rest,  the  two  years  in  Barbican  are  nearly  blank  in 
Milton’s  biography.  The  great  Revolution  was  still 
running  its  course.  For  a  time  Charles’s  surrender 
of  himself,  in  May,  1646,  to  the  auxiliary  Scottish 
army  rather  than  to  Fairfax  and  Cromwell,  and  his 
residence  with  that  Scottish  army  at  Newcastle  in 
negotiation  with  the  Scots,  had  given  the  Presby¬ 
terians  the  advantage  ;  but,  after  the  Scots  had  evacu¬ 
ated  England  in  January,  1646-47,  leaving  Charles  a 
captive  with  his  English  subjects,  and  especially  after 
the  English  army  had  seized  him  at  Holmby  in  June, 
1647,  and  undertaken  the  further  management  of  the 
treaty  with  him,  the  advantage  was  all  the  other  way. 
It  was  a  satisfaction  to  Milton,  and  perhaps  still  a 
protection  for  him,  that  the  “Army  of  Independents 
and  Sectaries”  had  come  to  be  really  the  masters  of 
England. 

From  Barbican  Milton  removed,  in  September  or 
October,  1647,  to  a  smaller  house  in  that  part  of  High 
Holborn  which  adjoins  Lincoln’ s  Inn  Fields.  His  Pow¬ 
ell  relatives  had  now  left  him,  and  he  had  reduced  the 
number  of  his  pupils,  or  perhaps  kept  only  his  two 
nephews.  But,  though  thus  more  at  leisure,  he  did 
not  yet  resume  his  projected  poem,  but  occupied  him¬ 
self  rather  with  three  works  of  scholarly  labor  which 
he  had  already  for  some  time  had  on  hand.  One  was 
the  compilation  in  English  of  a  complete  history  of 
England,  or  rather  of  Great  Britain,  from  the  earliest 
times;  another  was  the  preparation  in  Latin  of  a 
complete  system  of  divinity,  drawn  directly  from  the 
Bible ;  and  the  third  was  the  collection  of  materials 
for  a  new  Latin  dictionary.  Milton  had  always  a 
fondness  for  such  labors  of  scholarship  and  compila¬ 
tion.  Of  a  poetical  kind  there  is  nothing  to  record, 
during  his  residence  in  High  Holborn,  but  an  experi¬ 
ment  in  psalm-translation,  in  the  shape  of  Psalms 
lxxx.-lxxxviii.  done  into  service-metre  in  April,  1648, 
and  the  Sonnet  to  Fairfax ,  written  in  September  of 
the  same  year. — This  last  connects  him  again  with  the 
course  of  public  affairs.  The  king,  having  escaped 
from  the  custody  of  the  army  chiefs,  and  taken  refuge 
in  the  Isle  of  Wight,  had  been  committed  to  closer 
custody  there  ;  all  negotiations  between  him  and  parlia¬ 
ment  had  been  declared  at  an  end;  and  tbe  result 
would  probably  have  been  his  deposition,  but  for  the 
consequences  of  a  secret  treaty  he  had  contrived  to 
make  with  the  Scots.  By  this  treaty  the  Scots  en¬ 
gaged  to  invade  England  in  the  king’s  behalf,  rescue 
him  from  tbe  English  parliament  and  army,  and 
restore  him  to  his  full  royalty,  while  he  engaged  in 
return  to  ratify  the  Covenant,  the  Presbyterian  sys- 
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tem  of  church  government,  and  all  the  other  con¬ 
clusions  of  the  Westminster  Assembly,  throughout 
England,  and  to  put  down  Independency  and  the 
sects.  Thus,  in  May,  1648,  began  what  is  called 
the  Second  Civil  War,  consisting  first  of  new  ris¬ 
ings  of  the  Royalists  in  various  parts  of  England,  and 
then  of  a  conjunction  of  these  with  a  great  invasion 
of  England  by  a  Royalist  Scottish  army,  under  the 
command  of  the  duke  of  Hamilton.  It  was  all  over  in 
August,  1648,  when  the  crushing  defeat  of  the  Scottish 
army  by  Cromwell  in  the  three  days’  battle  of  Preston, 
and  the  simultaneous  suppression  of  the  English  Roy¬ 
alist  insurrection  in  the  southeast  counties  by  Fairfax  s 
siege  and  capture  of  Colchester,  left  Charles  at  the 
mercy  of  the  victors. — Milton’s  Sonnet  to  Fairfax  was 
a  congratulation  to  that  general-in-chief  of  the  parlia¬ 
ment  on  his  success  at  Colchester,  and  attested  the 
exultation  of  the  writer  over  the  triumph  of  the  Par¬ 
liamentary  cause.  His  exultation  continued  through 
what  followed.  After  one  more  dying  effort  of  the 
parliament  at  negotiation  with  Charles,  the  army  took 
the  whole  business  on  itself.  The  king  was  brought 
from  the  Isle  of  Wight ;  the  parliament,  manipulated 
by  the  army  officers,  and  purged  of  all  members  likely 
to  impede  the  army’s  purpose,  was  converted  into  an 
instrument  for  that  purpose ;  a  court  of  high  justice 
was  set  up  for  the  trial  of  Charles;  and  on  January 
30,  1648-49,  he  was  brought  to  the  scaffold  in  front  of 
Whitehall.  By  that  act  England  became  a  republic, 
governed,  without  King  or  House  of  Lords,  by  the 
persevering  residue  or  ‘  Rump  ”  of  the  recent  House 
of  Commons,  in  conjunction  with  an  executive  council 
of  state,  composed  of  forty-one  members  appointed  an¬ 
nually  by  that  House. 

The  first  Englishman  of  mark  out  of  parliament  to 
attach  himself  openly  to  the  new  republic  was  John 
Milton.  This  he  did  by  the  publication  of  his  pam¬ 
phlet  entitled  Tenure  of  Kings  and  Magistrates ,  prov¬ 
ing  that  it  is  lawful ,  and  hath  hem  held  so  in  all  ages , 
for  any  who  have  the  power ,  to  call  to  account  a 
Tyrant  or  wicked  King ,  and,  after  due  conviction ,  to 
depose  and  put  him  to  death,  if  the  ordinary  Magis¬ 
trate  have  neglected  to  do  it.  It  was  out  within  a  fort¬ 
night  after  the  king’s  death,  and  was  Milton’s  last 
performance  in  the  house  in  High  Holborn.  The  chiefs 
of  the  new  republic  could  not  but  perceive  the  impor¬ 
tance  of  securing  the  services  of  a  man  who  had  so 
opportunely  and  so  powerfully  spoken  out  in  favor  of 
their  tremendous  act,  and  who  was  otherwise  so  dis¬ 
tinguished.  In  March,  1648-49,  accordingly,  Milton 
was  offered,  and  accepted,  the  secretaryship  for  for¬ 
eign  tongues  to  the  council  of  state  of  the  new  Com¬ 
monwealth.  The  salary  was  to  be  £288  a  year,  worth 
about  £1000  a  year  now.  To  be  near  his  new  duties 
in  attendance  on  the  council,.  which  held  its  daily  sit¬ 
tings  for  the  first  few  weeks  in  Derby  House,  close  to 
Whitehall,  but  afterwards  regularly  in  Whitehall 
itself,  he  removed  at  once  to  temporary  lodgings  at 
Charing  Cross.  In  the  very  first  meetings  of  council 
which  Milton  attended  he  must  have  made  personal 
acquaintance  with  President  Bradshaw,  Fairfax,  Crom¬ 
well  himself,  Sir  Henry  Vane,  Whitlocke,  Henry 
Marten,  Hasilrig,  Sir  Gilbert  Pickering,  and  the  other 
chiefs  of  the  council  and  the  Commonwealth,  if  indeed 
he  had  not  known  some  of  them  before.  .  After  a  little 
while,  for  his  greater  convenience,  official  apartments 
were  assigned  him  in  Whitehall  itself. 

At  the  date  of  Milton’s  appointment  to  the  secre¬ 
taryship  he  was  forty  years  of  age.  His  special  duty 
was  the  drafting  of  such  letters  as  were  sent  by  the 
council  of  state,  or  sometimes  by  the  Rump  Parlia¬ 
ment,  to  foreign  states  and  princes,  with  the  examina¬ 
tion  and  translation  of  letters  in  reply,  and  with  per¬ 
sonal  conferences,  when  necessary,  with  the  agents  of 
foreign  powers  in  London,  and  with  envoys  and  am¬ 
bassadors.  As  Latin  was  the  language  employed  in 
the  written  diplomatic  documents,  his  post  came  to  be 
known  indifferently  as  the  secretaryship  for  foreign 


tongues  or  the  Latin  secretaryship.  In  that  post, 
however,  his  duties,  more  particularly  at  first,  were 
very  light  in  comparison  with  those  of  his  official  col¬ 
league,  Mr.  Walter  Frost,  the  general  secretary.  For¬ 
eign  powers  held  aloof  from  the  English  republic  as 
much  as  they  could;  and,  while  Mr.  Irost  had  to  be 
present  in  every  meeting  of  the  council,  keeping  the 
minutes,  and  conducting  all  the  general  correspond¬ 
ence,  Milton’s  presence  was  required  only  when  some 
piece  of  foreign  business  did  turn  up.  Hence,  from 
the  first,  his  employment  in  very  miscellaneous  work. 
Especially,  the  council  looked  to  him  for  everything  in 
the  nature  of  literary  vigilance  and  literary  help  in  the 
interests  of  the  struggling  Commonwealth.  He  was 
employed  in  the  examination  of  suspected  papers,  and 
in  interviews  with  their  authors  and  printers ;  and 
he  executed  several  great  literary  commissions  ex¬ 
pressly  intrusted  to  him  by  the  council.  The  first  of 
these  was  his  pamphlet  entitled  Observations  on  Or¬ 
mond's  Articles  of  Peace  with  the  Insh  Rebels.  It  was 
published  in  May,  1649,  and  was  in  defence  of  thq  re- 
ublic  against  a  complication  of  Royalist  intrigues  and 
angers  in  Ireland.  A  passage  of  remarkable  interest 
in  it  is  one  of  eloquent  eulogy  on  Cromwell.  More 
important  still  was  the  Eikonoklastes  (which  may  be 
translated  “Image-Smasher”),  published  by  Milton 
in  October,  1649,  Dy  way  of  counterblast  to  the  famous 
Eikon  Basilike  (“  Royal  Image”),  which  had  been  in 
circulation  in  thousands  of  copies  since  the  king’s 
death,  and  had  become  a  kind  of  Bible  in  all  Royalist 
households,  on  the  supposition  that  it  had  been  writ¬ 
ten  by  the  royal  martyr  himself.  A  third  piece  of 
work  was  of  a  more  laborious  nature.  In  the  end  of 
1649  there  appeared  abroad,  under  the  title  of  Defensio 
Regia  pro  Carolo  L,  a  Latin  vindication  of  the 
memory  of  Charles,  with  an  attack  on  the  English 
Commonwealth,  intended  for  circulation  on  the  conti¬ 
nent.  As  it  had  been  written,  at  the  instance  of  the 
exiled  royal  family,  by  Salmasius,  or  Claude  de  Sau- 
maise,  of  Leyden,  then  of  enormous  celebrity  over 
Europe  as  the  greatest  scholar  of  his  age,  it  was  re- 

farded  as  a  serious  blow  to  the  infant  Commonwealth. 

'o  answer  it  was  thought  a  task  worthy  of  Milton, 
and  he  threw  his  whole  strength  into  the  performance 
through  the  year  1650,  interrupting  himself  only  by  a 
new  and  enlarged  edition  of  His  Eikonoklastes.  Not 
till  April,  1651,  did  the  result  appear  j  but  then  the 
success  was  prodigious.  Milton’s  Latin  Pro  Populo 
Anglicano  Defensio ,  as  it  was  called,  ran  at  once  over 
the  British  Islands  and  the  Cpntinent,  rousing  accla¬ 
mation  everywhere,  and  received  by  scholars  as  an 
annihilation  of  the  great  Salmasius.  Through  the  rest 
of  1651  the  observation  was  that  the  two  agencies 
which  had  cooperated  most  visibly  in  raising  the 
reputation  of  the  Commonwealth  abroad  were  Milton’s 
books  and  Cromwell’s  battles. — These  battles  of  Crom¬ 
well,  in  the  service  of  the  Commonwealth  he  had 
founded,  had  kept  him  absent  from  the  council  of  state, 
of  which  he  was  still  a  member,  since  shortly  after  the 
beginning  of  Milton’s  secretaryship.  For  nearly  a 
year  he  had  been  in  Ireland,  as  lord  lieutenant,  recon¬ 
quering  that  country  after  its  long  rebellion;  and 
then,  for  another  year,  he  had  been  in  Scotland,  crush¬ 
ing  the  Royalist  commotion  there  round  Charles  II., 
and  annexing  Scotland  to  the  English  republic.  The 
annexation  was  complete  on  the  3d  of  September,  1651, 
when  Cromwell,  phasing  Charles  II.  ana  his  army  out 
of  Scotland,  came  up  with  them  at  Worcester  and 
gained  his  crowning  victory.  The  Commonwealth 
.then  consisted  of  England,  Ireland,  and  Scotland,  and 
Cromwell  was  its  supreme  chief. — Through  the  event¬ 
ful  year  1651,  it  has  been  recently,  ascertained,  Milton 
had  added  to  the  other  duties  of  his  secretaryship  that 
of  Government  journalist.  Through  the  whole  of  that 
year,  if  not  from  an  earlier  period,  he  acted  as  licenser 
and  superintending  editor  of  the  Mercurius  Politicos, 
a  newspaper  issued  twice  a  week,  of  which  Mr.  Mar- 
chamont  Needham  was  the  working  editor  and  pro- 
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prietor.  Milton’s  hand  is  discernible  in  some  of  the 
leading  articles. 

About  the  end  of  1651  Milton  left  his  official  rooms 
in  Whitehall  for  a  house  he  had  taken  on  the  edge  of 
St.  James’s  Park,  in  what  was  then  called  Petty 
France,  Westminster,  but  is  now  York  Street.  The 
house  existed  till  the  other  day,  but  has  been  pulled 
down.  In  Milton’s  time  it  was  a  villa-looking  resi¬ 
dence,  with  a  garden,  in  a  neighborhood  of  villas  and 
gardens.  He  had  now  more  to  do  in  the  special  work 
of  his  office,  in  consequence  of  the  increase  of  corre¬ 
spondence  with  foreign  powers.  But  he  had  for  some 
time  been  in  ailing  health ;  and  a  dimness  of  eyesight 
which  had  been  growing  upon  him  gradually  for  ten 
years  had  been  settling  rapidly,  since  his  labor  over 
the  answer  to  Salmasius,  into  total  blindness.  Actually, 
before  or  about  May,  1652,  when  he  was  but  in  his 
forty-fourth  year,  his  blindness  was  total,  and  he  could 
go  about  only  with  some  one  to  lead  him.  Hence  a 
re-arrangement  of  his  secretarial  duties.  Such  of  these 
duties  as  he  could  perform  at  home,  or  by  occasional 
visits  to  the  Council  Office  near,  he  continued  to  per¬ 
form  ;  but  much  of  the  routine  work  was  done  for  him 
by  assistants,  one  of  them  a  well-known  German  named 
Weckherlin,  under  the  superintendence  of  Mr.  John 
Thurloe,  who  had  succeeded  Mr.  Walter  Frost  in  the 
general  secretaryship.  Precisely  to  this  time  of  a  lull 
in  Milton’s  secretaryship  on  account  of  his  ill-health 
and  blindness  we  have  to  refer  his  two  great  companion 
sonnets  To  the  Lord  General  Cromwell  and  To  Sir 
Henry  Vane  the  Younger.  To  about  the  same  time 
or  more  precisely  to  the  interval  between  May  anc 
September,  1652,  though  the  exact  date  is  uncertain, 
we  have  to  refer  the  death  of  his  only  son,  who  hac. 
been  born  in  his  official  Whitehall  apartments  in  the 
March  of  the  preceding  year,  and  the  death  also  of  his 
wife,  just  after  she  had  given  birth  to  his  third  daughter, 
Deborah.  With  the  three  children  thus  left  him, — 
Anne,  but  six  years  old,  Mary,  not  four,  and  the  infant 
Deborah, — the  blind  widower  lived  on  in  his  house  in 
Petty  France  in  such  desolation  as  can  be  imagined. 
He  had  recovered  sufficiently  to  resume  his  secretarial 
duties;  and  the  total  number  of  his  dictated  state 
letters  for  the  single  year  1652  is  equal  to  that  of  all 
the  state  letters  of  his  preceding  term  of  secretaryship 
put  together.  To  the  same  year  there  belong  also  three 
of  his  Latin  Familiar  Epistles.  In  December,  1652, 
there  was  published  Joannis  Philippi  AngliResponsio 
ad  Apologiam  Anonymi  Cujusdam  Tenebrionis ,  being 
a  reply  by  Milton’s  younger  nephew,  John  Phillips, 
but  touched  up  by  Milton  himself,  to  one  of  several 
pamphlets  that  had  appeared  against  Milton  for  his 
slaughter  of  Salmasius.  The  ablest  and  most  scur¬ 
rilous  of  these,  which  had  just  appeared  anonymously 
at  the  Hague,  with  the  title  Regii  Sanguinis  Clamor 
ad  Caelum  aaversus  Parricidas ■  Anglicanos  ( ‘  ‘  Cry  of 
the  Royal  Blood  to  Heaven  against  the  English  Parri¬ 
cides”),  Milton  was  reserving  for  his  own  attention  at 
his  leisure. 

On  the  20th  of  April,  1653,  there  was  Cromwell’s 
great  act  of  armed  interference  by  which  he  turned 
out  the  small  remnant  of  the  Rump  Parliament,  dis¬ 
missed  their  council  of  state,  and  assumed  the  govern¬ 
ment  of  England,  Ireland,  and  Scotland  into  his  own 
hands.  For  several  months,  indeed,  he  acted  only  as 
interim  dictator,  governing  by  a  council  of  his  officers, 
and  waiting  for  the  conclusions  of  that  select  body  of 
advisers  which  be  had  called  together  from  all  parts  of 
the  country,  and  which  the  Royalists  nicknamed  “The 
Barebones  Parliament.”  In  December,  1653,  how¬ 
ever,  his  formal  sovereignty  began  under  the  name  of 
the  Protectorate,  passing  gradually  into  more  than 
kingship.  This  change  from  government  by  the  Rump 
and  its  oouncil  to  government  by  a  single  military  Lord 
Protector  and  his  council  was  regarded  by  many  as 
treason  to  the  republican  cause,  and  divided  those  who 
had  hitherto  been  the  united  Commonwealth’s  men 
into  the  “Pure  Republicans,”  represented  by  such 


men  as  Bradshaw  and  Vane,  and  the  “  Oliverians,” 
adhering  to  the  Protector.  Milton,  whose  boundless 
admiration  .of  Cromwell  had  shown  itself  already  in 
his  Irish  tract  of  1649  and  in  his  recent  sonnet,  was 
recognized  as  one  of  the  Oliverians.  He  remained  in 
Oliver’s  service  and  was  his  Latin  secretary  through 
the  whole  of  the  Protectorate.  For  a  while,  indeed 
his  Latin  letters  to  foreign  states  in  Cromwell’s  name 
were  but  few,— Mr.  Thurloe,  as  general  secretary,  offi¬ 
ciating  as  Oliver’s  right-hand  man  in  everything,  with 
a  Mr.  Philip  Meadows  under  him,  at  a  salary  ot  £200 
a  year,  as  deputy  for  the  blind  Mr.  Milton  in  foreign 
correspondence  and  translations.  The  reason  for  this 
temporary  exemption  of  Milton  from  routine  duty  may 
have  been  that  he  was  then  engaged  on  an  answer,  by 
commission  from  the  late  Government,  to  the  already- 
mentioned  pamphlet  from  the  Hague  entitled  Regii 
Sanguinis  Clamor.  Salmasius  was  now  dead,  and  the 
Commonwealth  was  too  stable  to  suffer  from  such 
attacks  ;  but  no  Royalist  pamphlet  had  appeared  so 
able  or  so  venomous  as  this  in  continuation  of  the  Sal- 
masian  controversy.  All  the  rather  because  it  was  in 
the  main  a  libel  on  Milton  himself  did  a  reply  from 
his  pen  seem  necessary. .  It  came  out  in  May,  1654, 
with  the  title  Joannis  Miltoni  Anglipro  Populo  Angli- 
cano  Defensio  Secunda  (“Second  Defence  of  John 
Milton,  Englishman,  for  the  People  of  England  ” ).  It 
is  one  of  the  most  interesting  of  all  Milton’s  writings. 
The  author  of  the  libel  to  which  it  replied  was  Dr. 
Peter  du  Moulin  the  younger,  a  naturalized  French 
Presbyterian  minister,  then  moving  about  in  English 
society,  close  to  Milton ;  but,  as  that  was  a  profound 
secret,  and  the  work  was  universally  attributed  on  the 
Continent  to  an  Alexander  Morus,  a  French  minister 
of  Scottish  descent,  then  of  much  oratorical  celebrity 
in  Holland, — who  had  certainly  managed  the  printing 
in  consultation  with  the  now  deceased  Salmasius,  and 
had  contributed  some  portion  of  the  matter, — Milton 
had  made  this  Morus  the  responsible  person  and  the 
one  object  of  his  castigations.  They  were  frightful 
enough.  If  Salmasius  had  been  slaughtered  in  the 
former  Defensio ,  Morus  was  murdered  and  gashed  in 
this.  His  moral  character  was  blasted  by  exposure  of 
his  antecedents,  and  he  was  blazoned  abroad  m  Europe 
as  a  detected  clerical  blackguard.  The  terrific  casti¬ 
gation  of  Morus,  however,  is  but  part  of  the  Defensio 
Secunda.  It  contains  passages  of  singular  autobi¬ 
ographical  and  historical  value,  and  includes  laudatory 
sketches  of  such  eminent  Commonwealth’s  men  as 
Bradshaw,  Fairfax,  Fleetwood,  Lambert,  and  Overton, 
together  with  a  long  panegyric  on  Cromwell  himself 
and  his  career,  which  remains  to  this  day  unapproached 
for  elaboration  and  grandeur  by  any  estimate  of  Crom¬ 
well  from  any  later  pen.  From  about  the  date  of  the 
publication  of  the  Defensio  Secunda  to  the  beginning 
of  1655  the  only  specially  literary  relics  of  Milton’s 
life  are  his  translations  of  Psalms  i.-viii.  in  different 
metres,  done  in  August,  1654,  his  translation  of 
Horace’s  Ode  i.  5,  done  probably  about  the  same  time, 
and  two  of  his  Latin  Familiar  Epistles.  The  most 
active  time  of  his  secretaryship  for  Oliver  was  from 
April,  1655,  onwards.  In  that  month,  in  the  course 
of  a  general  revision  of  official  salaries  under  the  Pro¬ 
tectorate,  Milton’s  salary  of  £288  a  year  hitherto  was 
reduced  to  £200  a  year,  with  a  kind  of  redefinition  of 
his  office,  recognizing  it,  we  may  say,  as  a  Latin  secre¬ 
taryship  extraordinary.  Mr.  Philip  Meadows  was  to 
continue  to  do  all.  the  ordinary  Foreign  Office  work, 
under  Thurloe’s  inspection;  but  Milton  was  to  be 
called  in  on  special  occasions.  Hardly  was  the 
arrangement  made  when  a  signal  occasion  did 
occur.  In  May,  1655,  all  England  was  horrified 
by  the  news  of  the  massacre  of  the  Vaudois  Pro¬ 
testants  by  the  troops  of  Emanuele  II.,  duke  of  Savoy 
and  prince  of  Piedmont,  in  consequence  of  their  dis¬ 
obedience  to  an  edict  requiring  them  either  to  leave 
their  native  valleys  or  to  conform  to  the  Catholic  reli¬ 
gion.  Cromwell  and  his  council  took  the  matter  up 
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with,  all  their  energy ;  and  the  hurst  of  indignant  letters 
on  the  subject  dispatched  in  that  month  and  the  next 
to  the  duke  of  Savoy  himself,  Louis  XIV.*  of  France, 
Cardinal  Mazarin,  the  Swiss  cantons,  the  States-Gen- 
eral  of  the  United  Provinces,  and  the  kings  of  Sweden 
and  Denmark,  were  all  by  Milton.  His  famous  sonnet 
On  the  late  Massacre  in  Piedmont  was  his  more  private 
expression  of  feeling  on  the  same  occasion.  This  son¬ 
net  was  in  circulation,  and  the  case  of  the  V audois 
Protestants  was  still  occupying  Cromwell,  when,  in 
August,  1655,  there  appeared  the  last  of  Milton’s  great 
Latin  pamphlets.  It  was  his  Pro  Se  Defensio.i n 
answer  to  an  elaborate  self-defence  which  Morus  had 
put  forth  on  the  Continent  since  Milton’s  attack  on  his 
character,  and  it  consisted  mainly  of  a  reexposure  of 
that  unfortunate  clergyman.  Thence,  through  the 
rest  of  Cromwell’s  Protectorate,  Milton’s  life  was  of 
comparatively  calm  tenor.  He  was  in  much  better 
health  than  usual,  bearing  his  blindness  with  courage 
and  cheerfulness  ;  he  was  steadily  busy  with  such  more 
important  dispatches  to  foreign  powers  as  the  Pro¬ 
tector,  then  in  the  height  of  his  great  foreign  policy, 
and  regarded  with  fear  and  deference  by  all  European 
monarchs  and  states  from  Gibraltar  to  the  Baltic,  chose 
to  confide  to  him  ;  and  his  house  in  Petty  France  seems 
to  have  been,  more  than  at  any  previous  time  since  the 
beginning  of  his  blindness,  a  meeting-place  for  friends 
ana  visitors,  and  a  scene  of  pleasant  hospitalities.  The 
four  sonnets  now  numbered  xix.-xxii.,  one  of  them  to 
young  Mr.  Lawrence,  the  son  of  the  president  of  Crom¬ 
well’s  council,  and  two  of  the  others  to  Cyriack  Skin¬ 
ner,  belong  to  this  time  of  domestic  quiet,  as  do  also 
no  fewer  than  ten  of  his  Latin  Familiar  Epistles.  His 
second  marriage  belongs  to  the  same  years,  and  gleams 
even  yet  as  the  too  brief  consummation  of  this  happiest 
time  in  the  blind  man’s  life.  The  name  of  his  second 
wife  was  Katharine  Woodcock.  He  married  her  on 
the  12th  of  November,  1656 ;  but,  after  only  fifteen 
months,  he  was  again  a  widower,  by  her  death. in 
childbirth  in  February,  1657-58.  The  child  dying 
with  her,  only  the  three  daughters  by  the  first  marriage 
remained.  The  touching  .  sonnet  which  closes  the 
series  of  Milton’s  Sonnets  is  his  sacred  tribute  to  the 
memory  on  his  second  marriage  and  to  the  virtues  of 
the  wife  he  had  so  soon  lost.  Even  after  that  loss  we 
find  him  still  busy  for  Cromwell.  Mr.  Meadows  hav¬ 
ing  been  sent  off  on  diplomatic  missions,  Andrew  Mar¬ 
vell  had,  in  September,  1657,  been  brought  in,  much 
to  Milton’s  satisfaction,  as  his  assistant  or  colleague  in 
the  Latin  secretaryship  :  but  this  had  by  no  means  re¬ 
lieved  him  from  duty.  Some  of  his  greatest  dispatches 
for  Cromwell,  including  letters,  of  the  highest  import¬ 
ance,  to  Louis  XI Y.,  Mazarin,  and  Charles  Gustavus 
of  Sweden,  belong  to  the  year  1658.  . 

One  would  like  to  know  precisely  in  what  personal 
relations  Milton  and  Cromwell  stood  to  each  other. 
There  is,  unfortunately,  no  direct  record  to  show  what 
Cromwell  thought  of  Milton  ;  but  there  is  ample  record 
of  what  Milton  thought  of  Cromwell.  “  Our  chief  of 
men,”  he  had  called  Cromwell  in  his  sonnet  of  May, 
1652 ;  and  the  opinion  remained  unchanged.  He 
thought  Cromwell  the  greatest  and  best  man  of  his 
generation,  or  of  many  generations ;  and  he  regarded 
Cromwell’s  assumption  of  the  supreme  power,  and  his 
retention  of  that  power  with  a  sovereign  title,  as  no 
real  suppression  of  the  republic,  but  as  absolutely 
necessary  for  the  preservation  of  the  republic,  and  for 
the  safeguard  of  the  British  Islands  against  a  return 
of  the  Stuarts.  Nevertheless,  under  this  prodigious 
admiration  of  Cromwell,  there  were  political  doubts 
and  reserves.  Milton  was  so  much  of  a  modern  rad¬ 
ical  of  the  extreme  school  in  his  own  political  views  and 
sympathies  that  he  cannot  but  have  been  vexed  by  the 
growing  conservatism  of  Cromwell’s  policy  through  his 
Protectorate.  To  his  grand  panegyric  on  Oliver  in  the 
Defensio  Secunda  of  1654  he  had  ventured  to  append 
cautions  against  self-will,  over-legislation,  and  over¬ 
policing  ;  and  he  cannot  have  thought  that  Oliver  had 


been  immaculate  in  these  respects  through  the  four 
subsequent  years.  The  attempt  to  revive  an  aris¬ 
tocracy  and  a  House  of  Lords,  on  which  Cromwell  was 
latterly  bent,  cannot  have  been  to  Milton’s  taste. 
Above  all,  Milton  dissented  in  toto  from  Cromwell’s 
church  policy.  It  was  Milton’s  fixed  idea,  almost  his 
deepest  idea,  that  there  should  be  no  such  thing  as  an 
Established  Church,  or  state-paid  clergy,  of  any  sort 
or  denomination  or  mixture  of  denominations,  in  any 
nation,  and  that,  as  it  had  been  the  connection  between 
church  and  state,  begun  by  Constantine,  that  had. 
vitiated  Christianity  in  the  world,  and  kept  it  vitiated, 
so  Christianity  would  never  flourish  as  it  ought  till 
there  had  been  universal  disestablishment  and  disen- 
dowment  of  the  clergy,  and  the  propagation  of  the 
gospel  was  left  to  the  zeal  of  voluntary  pastors,  self- 
supported,  or  supported  modestly  by  their  flocks.  He 
had  at  one  time  looked  to  Cromwell  as  the  likeliest 
man  to  carry  this  great  revolution  in  England.  But 
Cromwell,  after  much  meditation  on  the  subject  in 
1652  and  1653,  had  come  to  the  opposite  conclusion. 
The  conservation  of  the  Established  Church  of  Eng¬ 
land,  in  the  form  of  a  broad  union  of  all  evangelical 
denominations  of  Christians,  whether  Presbyterians,  or 
Independents,  or  Baptists,  or  moderate  Old  Anglicans, 
that  would  accept  state-pay  with  state-control,  had 
been  the  fundamental  notion  of  his  Protectorate,  per¬ 
severed  in  to  the  end.  This  must  have  been  Milton’s 
deepest  disappointment  with  the  Oliverian  rule. 

Grom  well’s  death  on  the  3d  of  September,  1658,  left 
the  Protectorate  to  his  son  Richard.  Milton  and  Mar¬ 
vell  continued  in  their  posts,  and  a  number  of  the 
Foreign  Office  letters  of  the  new  Protectorate  were  of 
Milton’s  composition.  Thinking  the  time  fit,  he  also 
put  forth,  in  October,  1658,  a  new  edition  of  his  De¬ 
fensio  Prima,  and,  early  in  1659,  a  new  English  pam¬ 
phlet,  entitled  Treatise  of  Civil  Power  in  Ecclesiastical 
Causes ,  ventilating  those  notions  of  his  as  to  the 
separation  of  church  and  state  which  he  had  been 
obliged  of  late  to  keep  to  himself.  To  Richard’s  Pro¬ 
tectorate  also  belongs  one  of  Milton’s  Latin  Familiar 
Epistles.  Meanwhile,  though  all  had  seemed  quiet 
around  Richard  at  first,  the  jealousies  of  the  army 
officers  left  about  him  by  Oliver,  and  the  conflict  of 
political  elements  let  loose  by  Oliver’s  death,  were  pre¬ 
paring  his  downfall.  In  May,  1659,  Richard’s  Protec¬ 
torate  was  at  an  end.  The  country  had  returned  with 
pleasure  to  what  was  called  “the  good  old  cause”  of 
ure  republicanism  ;  and  the  government  was  in  the 
ands  of  “the  Restored  Rump,”  consisting  of  the 
re-assembled  remains  of  that  Rump  Parliament  which 
Cromwell  had  dissolved  in  1653.  To  this  change,  as 
inevitable  in  the  circumstances,  or  even  promising, 
Milton  adjusted  himself..  The  last  of  his  known  official 
performances  in  his  Latin  secretaryship  are  two  letters 
m  the  name  of  William  Lenthall,  as  the  speaker  of  the 
restored  Rump,  one  to  the  king  of  Sweden  and  one  to 
the  king  of  Denmark,  both  dated  May  15, 1659.  Under 
the  restored  Rump,  if  ever,  he  seemed  to  have  a  chance 
for  his  notion  of  church-disestablishment  •  and,  accord¬ 
ingly,  in  August,  1659,  he  put  forth,  with  a  prefatory 
address  to  that  body,  a  large  pamphlet,  entitled  Con¬ 
siderations  touching  the  likeliest  means  to  remove  Hire¬ 
lings  out  of  the  Church.  The  restored  Rump  had  no 
time  to  attend  to  such  matters.  They  were  in  struggle 
for  their  own  existence  with  the  army  chiefs  ;  and  the 
British  Islands  were  in  that  state  of  hopeless  con¬ 
fusion  and  anarchy  which,  after  passing  through  a  brief 
phase  of  attempted  military  government  (October 
to  December,  1659),  and  a  second  revival  of  the  purely 
republican  or  Rump  government  (December,  1659,  to 
February,  1659-60),  issued  in  Monk’s  march  from 
Scotland,  assumption  of  the  dictatorship  in  London, 
and  recall  of  all  the  survivors  of  the  original  Long  Par¬ 
liament  to  enlarge  the  Rump  to  due  dimensions  and 
assist  him  in  further  deliberations.  Through  all  this 
anarchy  the  Royalist  elements  had  been  mustering 
themselves,  and  the  drift  to  the  restoration  of  the 
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Stuart  dynasty,  as  the  only  possible  or  feasible  conclu¬ 
sion,  had  become  apparent.  To  prevent  that  issue,  to 
argue  against  it  and  fight  against  it  to  the  last,  was  the 
work  to  which  Milton  had  tnen  set  himself.  His  dis¬ 
establishment  notion  and  all  his  other  notions  had  been 
thrown  aside ;  the  preservation  of  the  republic  in  any 
form,  and  by  any  compromise  of  differences  within 
itself,  had  become  his  one  thought,  and  the  study  of 
practical  means  to  this  end  his  most  anxious  occupa¬ 
tion.  In  a  Letter  to  a  Friend  concerning  the  Ruptures 
of  the  Commonwealth ,  written  in  October,  1659,  he 
had  propounded  a  scheme  of  a  kind  of  dual  govern¬ 
ment  for  reconciling  the  army  chiefs  with  the  Rump ; 
through  the  following  winter,  marked  only  by  two  of 
his  Latin  Familiar  Epistles,  his  anxiety  over  the  signs 
of  the  growing  enthusiasm  throughout  the  country  for 
the  recall  of  Charles  II.  had  risen  to  a  kind  of  agony ; 
and  early  in  March,  1659-60,  his  agony  found  vent  in 
a  pamphlet  of  the  most  passionate  vehemence,  entitled 
The  Ready  and  Easy  Way  to  Establish  a  Free  Com¬ 
monwealth,  and  the  Excellence  thereof  compared  with 
the  hicojiveniences  and  Dangers  of  readmitting  King- 
ship  in  this  Nation.  An  abridgment  of  the  practical 
substance  of  this  pamphlet  was  addressed  by  him  to 
General  Monk  in  a  letter,  entitled  The  Present  Means 
and  Brief  Delineation  of  a  Free  Commonwealth. 
Milton’s  proposal  was  that  the  central  governing  ap¬ 
paratus  of  the  British  Islands  for  the  future  should 
consist  of  one  indissoluble  Grand  Council  or  parliament, 
which  should  include  all  the  political  chiefs,  while 
there  should  be  a  large  number  of  provincial  councils 
or  assemblies  sitting  in  the  great  towns  for  the  man¬ 
agement  of  local  and  county  affairs.  The  scheme,  so 
far  as  the  public  attended  to  it  at  all,  was  received 
with  laughter ;  the  Royalist  demonstrations  were  now 
fervid  and  tumultuous ;  and  it  remained  only  for  the 
new  and  full  parliament  of  two  Houses  which  had  been 
summoned  under  Monk’s  auspices,  and  which  is  now 
known  as  the  Convention  Parliament,  to  give  effect  to 
Monk’s  secret  determination  and  the  universal  popu¬ 
lar  desire.  Not  even  then  would  Milton  be  silent.  In 
Brief  Notes  on  a  Late  Sermon,  published  in  April, 
1660,  in  reply  to  a  Royalist  discourse  by  a  Dr.  Griffith, 
he  made  another  protest  against  the  recall  of  the  Stu¬ 
arts,  even  hinting  that  it  would  be  better  that  Monk 
should  become  king  himself ;  and  in  the  same  month 
he  sent  forth  a  second  edition  of  his  Ready  and  Easy 
Way,  more  frantically  earnest  than  even  the  first,  and 
containing  additional  passages  of  the  most  violent  de¬ 
nunciation  of  the  royal  famdy,  and  of  prophecy  of  the 
degradation  and  disaster  they  would  Dring  back  with 
them.  This  was  the  .dying  effort.  On  the  25th  of 
April  the  Convention  Parliament  met ;  on  the  1st  of 
May  they  resolved  unanimously  that  the  government 
by  King,  Lords,  and  Commons  should  be  restored; 
and  on  the  29th  of  May  Charles  II.  made  his  trium¬ 
phal  entiy  into  London.  The  chief  republicans  had 
by  that  time  scattered  themselves,  and  Milton  was  in 
hiding  in  an  obscure  part  of  the  city. 

How  Milton  escaped  the  scaffold  at  the  Restoration 
is  a  mystery  now,  and  was  a  mystery  at  the  time. 
Actually,  in  the  terrible  course  through  the  two  Houses 
of  the  Convention  Parliament  of  that  Bill  of  Indem¬ 
nity  by  which  the  fates  of  the  surviving  regicides  and 
of  so  many  others  of  the  chief  republican  culprits  were 
determined,  Milton  was  named  for  special  punishment. 
It  was  voted  by  the  Commons  that  he  should  be  taken 
into  custody  by  the  sergeant-at-arms,  for  prosecution 
by  the  attorney-general  on  account  of  his  Eikonoklastes 
and  Defensio  Prima,  and  that  all  copies  of  those  books 
should  be  called  in  and  burnt  by  the  hangman.  There 
was.  however,  some  powerful  combination  of  friendly 
influences  in  his  favor,  with  Monk  probably  abetting. 
At  all  events,  on  the  29th  of  August,  1660,  when  the 
Indemnity  Bill  did  come  out  complete,  with  the  king’s 
assent,  granting  full  pardon  to  all  for  the.r  past  of¬ 
fences,  with  the  exception  of  about  a  hundred  persons 
named  in  the  bill  itself  for  various  degrees  of  punish¬ 


ment,  thirty-four  of  them  for  death  and  twenty-six  for 
the  highest  penalty  short  of  death,  Milton  did  not  ap¬ 
pear  as  one  of  the  exceptions  on  any  ground  or  in  any 
of  the  grades.  From  that  moment,  therefore,  he  could 
emerge  from  his  hiding,  and  go  about  as  a  free  man. 
Not  that  he  was  yet  absolutely  safe.  During  the  next 
two  or  three  months  London  was  in  excitement  over 
the  trials  of  such  of  the  excepted  regicides  and  others 
as  had  not  succeeded  in  escaping  abroad,  and  the  hang¬ 
ings  and  quarterings  of  ten  of  them  ;  there  were  sev¬ 
eral  public  burnings  by  the  hangman  at  the  same  time 
of  Milton’s  condemned  pamphlets ;  and  the  appearance 
of  the  blind  man  himself  in  the  streets,  though  he  was 
legally  free,  would  have  caused  him  to  be  mobbed  and 
assaulted.  Nay,  notwithstanding  the  Indemnity  Bill, 
he  was  in  some  legal  danger  to  as  late  as  December, 
1660.  Though  the  special  prosecution  ordered  against 
him  by  the  Commons  had  Deen  quashed  by  the  subse¬ 
quent  Indemnity  Bill,  the  sergeant-at-arms  had  taken 
Him  into  custody.  Entries  in  the  Commons  journals 
of  December  17  and  19  showed  that  Milton  complained 
of  the  sergeant-at-arms  for  demanding  exorbitant  fees 
for  his  release,  and  that  the  House  arranged  the  matter. 

Milton  did  not  return  to  Petty  France.  For  the 
first  months  after  he  was  free  he  lived  as  closely  as 

Eossible  in  a  house  near  what  is  now  Red  Lion  Square, 
lolborn.  Thence,  he  removed,  apparently  early  in 
1661,  to  a  house  in  Jewin  Street,  in  his  old  Alders- 
gate  Street  and  Barbican  neighborhood. 

In  Jewin  Street  Milton  remained  for  two  or  three 
years,  or  from  1661  to  1664.  They  were  the  time  of 
his  deepest  degradation,  that  time  of  which  he  speaks 
when  he  tells  us  how,  by  the  Divine  help,  he  had  been 
able  to  persevere  undauntedly — 

“  though  fallen  on  evil  days, 

On  evil  days  though  fallen,  and  evil  tongues, 

In  darkness,  and  with  dangers  compassed  round, 
And  solitude.” 

The  ‘ ‘  evil  days  ’  ’  were  those  of  the  Restoration  in  its 
first  or  Clarendonian  stage,  with  its  revenges  and  re¬ 
actions,  its  return  to  high  Episcopacy  and  suppression 
of  every  form  of  dissent  and  sectarianism,  its  new  and 
shameless  royal  court,  its  open  proclamation  and  prac¬ 
tice  of  anti-Puritanism  in  morals  and  in  literature  no 
less  than  in  politics.  For  the  main  part  of  this  world 
of  the  Restoration  Milton  was  now  nothing  more  than 
an  infamous  outcast,  the  detestable  blind  republican 
and  regicide  who  had,  by  too  great  clemency,  been  left 
unhanged.  The  friends  that  adhered  to  him  still,  and 
came  to  see  him  in  Jewin  Street,  were  few  in  number, 
and  chiefly  from  the  ranks  of  those  nonconforming 
denominations,  Independents,  Baptists,  or  Quakers, 
who  were  themselves  under  similar  obloquy.  Besides 
his  two  nephews,  the  faithful  Andrew  Marvell,  Cyriack 
Skinner,  and  some  others  of  his  former  admirers,  Eng¬ 
lish  or  foreign,  we  hear  chiefly  of  a  Dr.  Nathan  Paget, 
who  was  a  physician  in  the  J ewin  Street  neighborhood, 
and  of  several  young  men  who  would  drop  in  upon 
him  by  turns,  partly  to  act  as  his  amanuenses,  and 
partly  for  the  benefit  of  lessons  from  him, — one  of 
them  an  interesting  Quaker  youth,  named  Thomas 
Ell  wood.  With  all  this  genuine  attachment  to  him 
of  a  select  few,  Milton  could  truly  enough  describe  his 
condition  after  the  Restoration  as  one  of  “  solitude.  ” 
Nor  was  this  the  worst.  His  three  daughters,  on  whom 
he  ought  now  to  have  been  able  principally  to  depend, 
were  his  most  serious  domestic  trouble.  The  poor 
motherless  girls,  the  eldest  in  her  seventeenth  year  in 
1662,  the  second  in  her  fifteenth,  and  the  youngest  in 
her  eleventh,  had  grown  up,  in  their  father’s  blind¬ 
ness  and  too  great  self-absorption,  ill-looked-after  and 
but  poorly  educated ;  and  the  result  now  appeared. 
They  “made  nothing  of  neglecting  him”;  tney  re¬ 
belled  against  the  drudgery  of  reading  to  him  or  other¬ 
wise  attending  on  him ;  they  ‘ 1  did  combine  together 
and  counsel  his  maid-servant  to  cheat  him  in  her  mar¬ 
ketings”  ;  they  actually  “had  made  away  some  of  his 
books,  and  would  have  sold  the  rest.  ”  It  was  to  rem- 
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edy  this  horrible  state  of  things  that  Milton  consented 
to  a  third  marriage.  The  wife  found  for  him  was  Eliz¬ 
abeth  Minshull,  of  a  good  Cheshire  family,  and  a  rela¬ 
tive  of  Dr.  Paget’s.  They  were  married  on  the  24th 
of  February,  1662-63,  the  wife  being  then  only  in  her 
twenty-fifth  year,  while  Milton  was  in  his  fifty-fifth. 
She  proved  an  excellent  wife ;  and  the  Jewin-Street 
household,  though  the  daughters  remained  in  it,  must 
have  been  under  better  management  from  the  time  of 
her  entry  into  it.  From  that  date  Milton’s  circum¬ 
stances  must  have  been  more  comfortable,  and  his 
thoughts  about  himself  less  abject,  than  they  had  been 
through  the  two  preceding  years,  though  his  feeling 
in  the  main  must  have  been  still  that  of  his  own  Sam¬ 
son  : 

“  Now  blind,  disheartened,  shamed,  dishonored,  quelled, 
To  what  can  I  be  useful  ?  wherein  serve 
My  nation,  and  the  work  from  heaven  imposed? 

But  to  sit  idle  on  the  household  hearth, 

A  burdenous  drone,  to  visitants  a  gaze, 

Or  pitied  object.” 

That  might  be  the  appearance,  hut  it  was  not  the 
reality.  All  the  while  of  his  seeming  degradation  he 
had  found  some  solace  in  renewed  industry  of  various 
kinds  among  his  books  and  tasks  of  scholarship,  and 
all  the  while,  more  particularly,  he  had  been  building 
up  his  Paradise  Lost.  He  had  begun  the  poem  in 
earnest,  we  are  told,  in  his  house  in  Petty  France,  in  the 
last  year  of  Cromwell’s  Protectorate,  and  then  notin 
the  dramatic  form  contemplated  eighteen  years  before, 
but  deliberately  in  the  epic  form.  He  had  made  but 
little  way  when  there  came  the  interruption  of  the 
anarchy  preceding  the  Restoration  and  of  the  Restora¬ 
tion  itself ;  but  the  work  had  been  resumed  in  Jewin 
Street  and  prosecuted  there  steadily,  by  dictations  of 
twenty  or  thirty  lines  at  a  time  to  whatever  friendly  or 
hired  amanuensis  chanced  to  be  at  hand.  Considerable 
progress  had  been  made  in  this  way  before  his  third 
marriage  ;  and  after  that  the  work  proceeded  apace, 
his  nephew  Edward  Phillips,  who  was  then  out  in  the 
world  on  his  own  account,  looking  in  when  he  could 
to  revise  the  growing  manuscript. 

It  was  not  in  the  house  in  Jewin  Street,  however, 
that  Paradise  Lost  was  finished.  Not  very  long  after 
the  third  marriage,  probably  in  1664,  there  was  a  re¬ 
moval  to  another  house,  with  a  garden,  not  far  from 
Jewin  Street,  but  in  a  more  private  portion  of  the 
same  suburb.  This,  which  was  to  be  the  last  of  all 
Milton’s  London  residences,  was  in  the  part  of  the 
present  Bunhill  Row  which  faces  the  houses  that  con¬ 
ceal  the  London  artillery  ground  and  was  then  known 
as  “  Artillery  Walk,  leading  to  Bunhill  Fields.  ”  Here 
the  poem  was  certainly  finished  before  July,  1665 ;  for, 
when,  in  that  month,  Milton  and  his  family,  to  avoid 
the  Great  Plague  of  London,  then  beginning  its  fear¬ 
ful  ravages,  went  into  temporary  country  quarters  in 
a  cottage  in  Chalfont  St.  Giles,  Buckinghamshire, 
about  23  miles  from  London,  the  finished  manuscript 
was  taken  with  him,  in  probably  more  than  one  copy. 
This  we  learn  from  his  young  Quaker  friend,  Thomas 
Ellwood,  who  had  taken  the  cottage  for  him,  and  who 
was  shown  one  of  the  manuscript  copies,  and  allowed 
to  take  it  away  with  him  for  perusal,  during  Milton’s 
stay  at  Chalfont.  Why  the  poem  was  not  published 
immediately  after  his  return  to  his  Bunhill  house  in 
London,  on  the  cessation  of  the  Great  Plague,  does  not 
distinctly  appear,  but  may  be  explained  partly  by  the 
fact  that  the  official  licenser  hesitated  before  granting 
the  necessary  imprimatur  to  a  book  by  a  man  of  such 
notorious  republican  antecedents,  and  partly  by  the 
paralysis  of  all  business  in  London  by  the  Great  Fire 
of  September,  1666.  It  was  not  till  the  27th  of  April, 
1667,  that  Milton  concluded  an  agreement  with  a  pub¬ 
lisher  for  the  printing  of  his  epic.  By  the  agreement 
of  that  date,  still  extant,  Milton  sold  to  Samuel  Sim¬ 
mons,  printer,  of  Aldersgate  Street,  London,  for  £5 
down,  the  promise  of  another  £5  after  the  sale  of  a 
first  edition  of  thirteen  hundred  copies,  and  the  fur¬ 


ther  promise  of  two  additional  sums  of  £5  each  after 
the  sale  of  two  more  editions  of  the  same  size  respec¬ 
tively,  all  his  copyright  and  commercial  interest  in 
Paradise  Lost  for  ever.  It  was  as  if  an  author  now 
were  to  part  with  all  his  rights  in  a  volume  for  £17, 
10s.  down,  and  a  contingency  of  £52, 10s.  more  in  three 
equal  instalments.  The  poem  was  duly  entered  by 
Simmons  as  ready  for  publication  in  the  Stationers’ 
Registers  on  the  20th  of  the  following  August ;  and 
shortly  after  that  date  it  was  out  in  London  as  a  neatly 
printed  small  quarto,  with  the  title  Paradise  Lost :  A 
Poem  vyritten  in  Ten  Books  :  By  John  Milton.  The 
publishing  price  was  3s. ,  equal  to  about  10s.  6d.  now. 
It  is  worth  noting  as  an  historical  coincidence  that  the 
poem  appeared  just  at  the  time  of  the  fall  and  disgrace 
of  Clarendon. 

The  effect  of  the  publication  of  Paradise  Lost  upon 
Milton’s  reputation  can  only  be  described  adequately, 
as  indeed  it  was  consciously  described  by  himself  in 
metaphor,  by  his  own  words  on  Samson’s  feat  of 
triumph  over  the  Philistines : 

“  But  he,  though  blind  of  sight, 

Despised,  and  thought  extinguished  quite, 

With  inward  eyes  illuminated, 

His  fiery  virtue  roused 

From  under  ashes  into  sudden  flame, 

And  as  an  evening  dragon  came, 

Assailant  on  the  perched  roosts 

And  nests  in  order  ranged 

Of  tame  villatic  fowl,  but  as  an  eagle 

His  cloudless  thunder  bolted  on  their  heads.” 

As  the  poem  circulated  and  found  readers,  whether  in 
the  first  copies  sent  forth  by  Simmons,  or  in  subse¬ 
quent  copies  issued  between  1667  and  1669,  with  varied 
title-pages,  and  the  latest  of  them  with  a  prefixed 
prose  "Argument,”  the  astonishment  broke  out 
everywhere.  “This  man  cuts  us  all  out,  and  the 
ancients  too,”  is  the  saying  attributed  to  Dryden  on 
the  occasion  ;  and  it  is  the  more  remarkable  because 
the  one  objection  to  the  poem  which  at  first,  we  are 
told,  “stumbled  many’  must  have  “stumbled” 
Dryden  most  of  all.  Except  in  the  drama,  rhyme  was 
then  thought  essential  in  anything  professing  to  be  a 
poem  ;  blank  verse  was  hardly  regarded  as  verse  at 
all ;  Dryden  especially  had  been  and  was  the  champion 
of  rhyme,  contending  for  it  even  in  the  drama ;  and 
yet  here  was  an  epic  not  only  written  in  blank  verse, 
but  declaring  itself  on  that  account  to  be  “  an  example 
set,  the  first  in  English,  of  ancient  liberty  recovered 
to  heroic  poem  from  the  troublesome  and  modem  bond¬ 
age  of  riming.  ’  ’  That,  notwithstanding  this  obvious 
blow  struck  by  the  poem  at  Dryden ’s  pet  literary 
theory,  he  should  have  welcomed  the  poem  so  enthu¬ 
siastically  and  proclaimed  its  merits  so  emphatically, 
says  much  at  once  for  his  critical  perception  and  for 
the  generosity  of  his  temper.  An  opinion  proclaimed 
by  the  very  chief  of  the  Restoration  literature  could 
not  but  prevail  among  the  contemporary  scholars; 
and,  though  execration  of  the  blind  and  unhanged 
regicide  had  not  ceased  among  the  meaner  critics,  the 
general  vote  was  that  he  had  nobly  redeemed  himself. 
One  consequence  of  his  renewed  celebrity  was  that 
visitors  of  all  ranks  again  sought  him  out  for  the  honor 
of  his  society  and  conversation.  His  obscure  house 
in  Artillery  Walk,  Bunhill,  we  are  told,  became  an 
attraction  now,  “  much  more  than  he  did  desire,”  for 
the  learned  notabilities  of  his  time. 

The  year  1669,  when  the  first  edition  of  Paradise 
Lost  had  been  completely  sold  out,  and  Milton  had 
received  his  second  £5  on  account  of  it,  may  be  taken 
as  the  time  of  the  perfect  recognition  of  his  preemi¬ 
nence  among,  the  English  poets  of  his  generation.  He 
was  then  sixty  years  of  age ;  and  it  is  to  about  that 
year  that  the  accounts  that  have  come  down  to  us  of 
his  personal  appearance  and  habits  in  his  later  life 
principally  refer.  They  describe  him  as  to  be  seen 
every  other  day  led  about  in  the  streets  in  the  vicinity 
of  his  Bunhill  residence,  a  slender  figure,  of  middle 
stature  or  a  little  less,  generally  dressed  in  a  gray 
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cloak  or  overcoat,  and  wearing  sometimes  a  small 
silver-hilted  sword,  evidently  in  feeble  health,  but  still 
looking  younger  than  he  was,  with  his  lightish  hair, 
and  his  fair,  rather  than  aged  or  pale,  complexion. 
He  would  sit  in  his  garden  at  the  door  of  his  house,  in 
warm  weather,  in  the  same  kind  of  gray  overcoat, 
“  and  so,  as  well  as  in  his  room,  received  the  visits  of 
neople  of  distinguished  parts,  as  well  as  quality.” 
Within  doors  he  was  usually  dressed  in  neat  black. 
He  was  a  very  early  riser,  and  very  regular  in  the  dis¬ 
tribution  of  his  day,  spending  the  first  part,  to  his 
midday  dinner,  always  in  his  own  room,  amid  his 
books,  with  an  amanuensis  to  read  for  him  and  write 
to  his  dictation.  Music  was  always  a  chief  part  of  his 
afternoon  and  evening  relaxation,  whether  when  he 
was  by  himself  or  when  friends  were  with  him.  His 
manner  with  friends  and  visitors  was  extremely  court¬ 
eous  and  affable,  with  just  a  shade  of  stateliness.  In 
free  conversation,  either  at  the  midday  dinner,  when  a 
friend  or  two  happened,  by  rare  accident,  to  be  present, 
or  more  habitually  in  the  evening  and  at  the  light 
supper  which  concluded  it,  he  was  the  life  and  soul  of 
the  company,  from  his  “flow  of  subject”  and  his 
“unaffected  cheerfulness  and  civility,”  though  with  a 
marked  tendency  to  the  satirical  and  sarcastic  in  his 
criticisms  of  men  and  things.  This  tendency  to  the 
sarcastic  was  connected  by  some  of  those  who  observed 
it  with  a  peculiarity  of  his  voice  or  pronunciation. 
“He  pronounced  the  letter  r  very  hard,”  Aubrey  tells 
us,  adding  Dryden’s  note  on  the  subject :  “'liter a 
canina ,  the  dog-letter,  a  certain  sign  of  a  satirical  wit.” 
He  was  extremely  temperate  in  the  use  of  wine  or  any 
strong  liquors,  at  meals  and  at  all  other  times ;  and 
when  supper  was  over,  about  nine  o’clock,  “he  smoked 
his  pipe  and  drank  a  glass  of  water,  and  went  to  bed.” 
He  suffered  much  from  gout,  the  effects  of  which  had 
become  apparent  in  a  stiffening  of  his  hands  and  finger- 
joints,  and  the  recurring  attacks  of  which  in  its  acute 
form  were  very  painful.  His  favorite  poets  among  the 
Greeks  were  Homer  and  the  Tragedians,  especially 
Euripides  ;  among  the  Latins,  Virgil  and  Ovid  ;  among 
the  English,  Spenser  and  Shakespeare.  Among  his 
English  contemporaries,  he  thought  most  highly  of 
Cowley.  He  had  ceased  to  attend  any  church,  be¬ 
longed  to  no  religious  communion,  and  had  no  religious 
observances  in  his  family.  His  reasons  for  this  were 
a  matter  for  curious  surmise  among  his  friends,  be¬ 
cause  of  the  profoundly  religious  character  of  his  own 
mind ;  but  he  does  not  seem  ever  to  have  furnished 
the  explanation.  The  matter  became  of  less  interest 
perhaps  after  1669,  when  his  three  daughters  ceased 
to  reside  with  him,  having  been  sent  out,  at  consider¬ 
able  expense,  “to  learn  some  curious  and  ingenious 
sorts  of  manufacture  that  are  proper  for  women  to 
learn,  particularly  embroideries  in  gold  or  silver.” 
After  that  the  household  in  Bunhill  consisted  only  of 
Milton,  ^  his  wife,  a  single  maid-servant,  and  the 
“man  ”  or  amanuensis  who  came  in  for  the  day. 

The  remaining  years  of  Milton’s  life,  extending 
through  that  part  of  the  reign  of  Charles  II.  which 
figures  in  English  history  under  name  of  “The  Cabal 
Administration,  ”  were  by  no  means  unproductive.  In 
1669  he  published,  under  the  title  of  Accedence  Com¬ 
menced  Grammar ,  a  small  English  compendium  of 
Latin  grammar  that  had  been  lying  among  his  papers. 
In  1670  tnere  appeared,  in  a  rather  handsome  form, 
and  with  a  prefixed  portrait  of  him  by  Faithorne,  done 
from  the  life,  and  the  best  and  most  authentic  that 
now  exists,  his  History  of  Britain  to  the  Norman  Con- 
uest,  being  all  that  he  had  been  able  to  accomplish  of 
is  intended  complete  history  of  England.  In  1671 
there  followed  his  Paradise  Regained  and  Samson 
Agonistes,  bound  together  in  one  small  volume,  and 
iving  ample  proof  that  his  poetic  genius  had  not  ex- 
austed  itself  in  the  preceding  great  epic.  His  only 
publication  in  1672  was  a  Latin  digest  of  Ramist  logic, 
entitled  Artis  Logical  Plenior  Institution  of  no  great 
value,  and  doubtless  from  an  old  manuscript  of  his 


earlier  days.  In  1673,  at  a  moment  when  the  growing 
political  discontent  with  the  government  of  Charles 
II.  and  the  conduct  of  his  court  had  burst  forth  in  the 
special  form  of  a  “  No-Popery  ”  agitation  and  outcry, 
Milton  ventured  on  the  dangerous  experiment  of  one 
more  political  pamphlet,  in  which,  under  the  title  Of 
True  Religion ,  Heresy,  Schism ,  Toleration ,  and  what 
best  means  may  be  used  against  the  growth  of  Popery, 
he  put  forth,  with  a  view  to  popular  acceptance,  as 
mild  a  version  as  possible  of  his  former  principles  on 
the  topics  discussed.  In  the  same  year  appeared  the 
second  edition  of  his  Minor  Poems.  Thus  we  reach 
the  year  1674,  the  last  of  Milton’s  life.  One  incident 
of  that  year  was  the  publication  of  the  second  edition 
of  Paradise  Lost ,  with  the  poem  rearranged  as  now 
into  twelve  books,  instead  of  the  original  ten.  Another 
was  the  publication  of  a  small  volume  containing  his 
Latin  Epistolce  Familiar es,  together  with  the  Prolu- 
siones  Oratorios  of  his  student-days  at  Cambridge, — 
these  last  thrown  in  as  a  substitute  for  his  Latin  state 
letters  in  his  secretaryship  for  the  Commonwealth  and 
the  Protectorate,  the  printing  of  which  was  stopped 
by  order  from  the  Foreign  Office.  A  third  publication 
of  the  same  year,  and  probably  the  very  last  thing  dic¬ 
tated  by  Milton,  was  a  translation  of  a  Latin  document 
from  Poland  relating  to  the  recent  election  of  the 
heroic  John  Sobieski  to  the  throne  of  that  kingdom, 
with  the  title  A  Declaration  or  Letters  Patents  of  the 
Election  of  this  present  King  of  Poland ,  John  the 
Third.  It  seems  to  have  been  out  in  London  in 
August  or  September,  1674.  On  the  8th  of  the  fol¬ 
lowing  November,  being  a  Sunday,  Milton  died,  in  his 
house  in  Bunhill,  of  “  gout  struck  in,”  or  gout-fever, 
at  the  age  of  sixty-five  years  and  eleven  months.  He 
was  buried,  the  next  Thursday,  in  the  church  of  St. 
Giles,  Cripplegate,  beside  his  father,  a  considerable 
concourse  attending  the  funeral. 

Before  the  Restoration,  Milton,  what  with  his  inheritance 
from  his  father,  what  with  the  official  income  of  his  Latin 
secretaryship,  must  have  been  a  man  of  very  good  means 
indeed.  Since  then,  however,  various  heavy  losses,  and  the 
cessation  of  all  official  income,  had  greatly  reduced  his 
estate,  so  that  he  left  but  £900  (worth  about  or  over  £2700 
now),  besides  furniture  and  household  goods.  By  a  word- 
of-mouth  will,  made  in  presence  of  his  brother  Christopher, 
he  had  bequeathed  the  whole  to  his  widow,  on  the  ground 
that  he  had  done  enough  already  for  his  “undutiful” 
daughters,  and  that  there  remained  for  them  his  interest 
in  their  mother’s  marriage  portion  of  £1000,  which  had 
never  been  paid,  but  which  their  relatives,  the  Powells 
of  Forest  Hill,  were  legally  bound  for,  and  were 
now  in  circumstances  to  make  good.  The  daughters, 
with  the  Powells  probably  abetting  them,  went  to 
law  with  the  widow  to  upset  the  will ;  and  the 
decision  of  the  court  was  that  they  should  receive  £100 
each.  With  the  £600  thus  left,  the  widow,  after  some 
further  stay  in  London,  retired  to  Nantwich  in  her 
native  Cheshire.  There,  respected  as  a  pious  member  of  a 
local  Baptist  congregation,  she  lived  till  1727,  having  sur¬ 
vived  her  husband  fifty -three  years.  By  that  time  all  the 
three  daughters  were  also  dead.  The  eldest,  Ann  Milton, 
who  was  somewhat  deformed,  had  died  not  long  after  her 
father,  having  married  “  a  master-builder,”  but  left  no  is¬ 
sue  ;  the  second,  Mary  Milton,  had  died,  unmarried,  before 
1694  ;  and  only  the  third,  Deborah,  survived  as  long  as  her 
step-mother.  Having  gone  to  Ireland,  as  companion  to  a 
lady,  shortly  before  her  father’s  death,  she  had  married  an 
Abraham  Clarke,  a  silk-weaver  in  Dublin,  with  whom  she 
returned  to  London  about  1684,  when  they  settled  in  the 
silk-weaving  business  in  Spitalfields,  rather  sinking  than 
rising  in  the  world,  though  latterly  some  public  attention 
was  paid  to  Deborah,  by  Addison  and  others,  on  her  father’s 
account.  One  of  her  sons,  Caleb  Clarke,  had  gone  out  to 
Madras  in  1703,  and  had  died  there  as  “  parish-clerk  of  Fort 
George  ”  in  1719,  leaving  children,  of  whom  there  are  some 
faint  traces  to  as  late  as  1727,  the  year  of  Deborah’s  death. 
Except  for  the  possibility  of  further  and  untraced  descent 
from  this  Indian  grandson  of  Milton,  the  direct  descent 
from  him  came  to  an  end  in  his  granddaughter,  Elizabeth 
Clarke,  another  of  Deborah’s  children.  Having  married  a 
Thomas  Foster,  a  Spitalfields  weaver,  but  afterwards  set  up 
a  small  chandler’s  shop,  first  in  Holloway  and  then  in  Shore¬ 
ditch,  she  died  at  Islington  in  1754,  not  long  after  she  and 
her  husband  had  received  the  proceeds  of  a  performance  of 
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Comus,  got  ujf  by  Dr.  Johnson  for  her  benefit.  All  her  chil¬ 
dren  had  predeceased  her,  leaving  no  issue.  Milton’s  brother 
Christopher,  who  had  always  been  on  the  opposite  side  in 
politics,  rose  to  the  questionable  honor  of  a  judgeship  and 
knighthood  in  the  latter  part  of  the  reign  of  James  II.  He 
had  then  become  a  Roman  Catholic, — which  religion  he 
professed  till  his  death  in  retirement  at  Ipswich  in  1692. 
Descendants  from  him  are  traceable  a  good  way  into  the 
18th  century. — Milton’s  two  nephews  and  pupils,  Edward 
and  John  Phillips,  both  of  them  known  as  busy  and  clever 
hack -authors  before  their  uncle’s  death,  continued  the  career 
of  hack -authorship,  most  industriously  and  variously, 
Uiough  not  very  prosperously,  through  the  rest  of  their 
„ives,  Edward  in  a  more  reputable  manner  than  John,  and 
with  more  of  enduring  allegiance  to  the  memory  of  his 
uncle.  Edward  died  about  1695 ;  John  was  alive  till  1706. 
Their  half-sister,  Ann  Agar,  the  only  daughter  of  Milton’s 
sister  by  her  second  husband,  had  married,  in  1673,  a  David 
Moore,  of  Sayes  House,  Chertsey ;  and  it  has  so  happened 
that  the  most  flourishing  of  all  the  lines  of  descent  from  the 
poet’s  father  is  in  this  Agar-Moore  branch  of  the  Miltons. 

Of  masses  of  manuscript  that  had  been  left  by  Milton,  some 
portions  saw  the  light  posthumously.  Prevented  in  the 
last  year  of  his  life,  as  has  been  mentioned,  from  publishing 
his  Latin  State  Letters  in  the  same  volume  with  his  Latin 
Familiar  Epistles,  he  had  committed  the  charge  of  the  State 
Letters,  prepared  for  the  press,  together  with  the  completed 
manuscript  of  his  Latin  Treatise  of  Christian  Doctrine,  to  a 
young  Cambridge  scholar,  Daniel  Skinner,  who  had  been 
among  the  last  of  his  amanuenses,  and  had,  in  fact,  been 
employed  by  him  specially  in  copying  out  and  arranging 
those  two  important  MSS.  Negotiations  were  on  foot,  after 
Milton’s  death,  between  this  Daniel  Skinner  and  the  Am¬ 
sterdam  printer,  Daniel  Elzevir,  for  the  publication  of  both 
MSS.,  when  the  English  Government  interfered,  and  the 
MSS.  were  sent  back  by  Elzevir,  and  thrown  aside,  as  dan¬ 
gerous  rubbish,  in  a  cupboard  in  the  State  Paper  Office. 
Meanwhile,  in  1676,  a  London  bookseller,  named  Pitt,  who 
had  somehow  got  into  his  possession  a  less  perfect,  but  still 
tolerably  complete,  copy  of  the  State  Letters,  had  brought  out  a 
surreptitious  edition  of  them,  under  the  title  Literse  Pseudo- 
Senatus  Anglicani,  necnon  Cromwelli,  nomine  et  jussu  conscriptee. 
No  other  posthumous  publication  of  Milton’s  appeared  till 
1681,  when  another  bookseller  put  forth  a  slight  tract,  en¬ 
titled  Mr.  John  Milton’s  Character  of  the  Long  Parliament  and 
Assembly  of  Divines,  consisting  of  a  page  or  two,  of  rather 
dubious  authenticity,  said  to  have  been  withheld  from  his 
History  of  Britain  in  the  edition  of  1670.  In  1682  appeared 
A  Brief  History  of  Moscovia  and  of  other  less-known  Countries 
lying  eastward  of  Russia  as  far  as  Cathay,  undoubtedly  Mil¬ 
ton’s,  and  a  specimen  of  those  prose  compilations  with  which 
he  sometimes  occupied  his  leisure.  Of  the  fate  of  his  collec¬ 
tions  for  a  new  Latin  Dictionary,  which  had  swelled  to  three 
folio  volumes  of  MS.,  all  that  is  known  is  that,  after  having 
been  used  by  Edward  Phillips  for  some  of  his  pedagogic 
books,  they  came  into  the  hands  of  a  committee  of  Cam¬ 
bridge  scholars,  and  were  used  for  that  Latin  dictionary  of 
1693,  called  The  Cambridge  Dictionary,  on  which  Ainsworth’s 
Dictionary  and  all  subsequent  Latin  dictionaries  of  English 
manufacture  have  been  based.  In  1698  there  was  published 
in  three  folio  volumes,  under  the  editorship  of  John  Toland, 
the  first  collective  edition  of  Milton’s  prose  works,  profess¬ 
ing  to  have  been  printed  at  Amsterdam,  though  really 
printed  in  London.  A  very  interesting  folio  volume,  pub¬ 
lished  in  1743  by  “  John  Nick  oils,  junior,”  under  the  title  of 
Original  Letters  and  Papers  of  State  addressed  to  Oliver  Crom¬ 
well,  consists  of  a  number  of  intimate  Cromwellian  documents 
that  had  somehow  come  into  Milton’s  possession  immedi¬ 
ately  after  Cromwell’s  death,  and  were  left  by  him  confi¬ 
dentially  to  the  Quaker  Ellwood.  Finally,  a  chance  search 
in  the  London  State  Paper  Office  in  1823  having  discovered 
the  long-lost  parcel  containing  the  MSS.  of  Milton’s  Latin 
State  Letters  and  his  Latin  Treatise  of  Christian  Doctrine,  as 
these  had  been  sent  back  from  Amsterdam  a  hundred  and 
fifty  years  before,  the  Treatise  on  Christian  Doctrine  was,  by  the 
command  of  George  IV.,  edited  and  published  in  1825  by 
the  Rev.  C.  R.  Sumner,  keeper  of  the  Royal  Library,  and 
afterwards  bishop  of  Winchester,  under  the  title  of  Joannis 
Miltoni  Angli  De  Doctrina  Christiana  Libri  Duo  Posthumi.  An 
English  translation,  by  the  editor,  was  published  in  the 
6am  e  year. 

Information,  rather  than  criticism,  has  seemed  proper  in 
such  an  article  as  the  present.  What  little  of  closing  re¬ 
mark  is  necessary  will  best  connect  itself  with  the  obvious 
fact  of  the  division  of  Milton’s  literary  life  into  three  almost 
mechanically  distinct  periods,  viz. :  (1)  the  time  of  his 
youth  and  minor  poems,  (2)  his  middle  twenty  years  of 
prose  polemics,  and  (3)  the  time  of  his  later  Muse  and 
greater  poems. 

Had  Milton  died  in  1640,  when  he  was  in  his  thirty-sec¬ 


ond  year,  and  had  his  literary  remains  been  then  collected, 
he  would  have  been  remembered  as  one  of  the  best  Latinists 
of  his  generation,  and  one  of  the  most  exquisite  of  minor 
English  poets.  In  the  latter  character,  more  particularly, 
he  would  have  taken  his  place  as  one  of  that  interesting 
group  or  series  of  English  poets,  coming  in  the  next  forty 
years  after  Spenser,  who,  because  they  all  acknowledged  a 
filial  relationship  to  Spenser,  may  be  called  collectively 
The  Spenserians.  In  this  group  or  series,  counting  in  it 
such  other  true  poets  of  the  reigns  of  James  I.  and  Charles 
I.  as  Phineas  and  Giles  Fletcher,  William  Browne,  and 
Drummond  of  Hawthornden,  Milton  would  have  been  en¬ 
titled,  by  the  small  collection  of  pieces  he  had  left,  and 
which  would  have  included  his  Ode  on  the  Nativity,  his 
L’  Allegro  and  11  Penseroso,  his  Comus,  and  his  Lycidas,  to  re¬ 
cognition  as  indubitably  the  very  highest  and  finest.  There 
was  in  him  that  peculiar  Spenserian  something,  which 
might  be  regarded  as  the  poetic  faculty  in  its  essence,  with 
a  closeness  and  perfection  of  verbal  finish  not  to  be  found 
in  the  other  Spenserians,  or  even  in  the  master  himself.  A 
very  discerning  critic  might  have  gone  deeper,  as  we  can  now . 
Few  as  the  pieces  were,  and  owning  discipleship  to  Spensei 
as  the  author  did,  he  was  a  Spenserian  with  a  difference  be¬ 
longing  to  his  own  constitution, — which  prophesied,  and 
indeed  already  exhibited,  the  passage  of  English  poetry  out 
of  the  Spenserian  into  a  kind  that  might  be  called  the  Mil¬ 
tonic.  This  Miltonic  something,  distinguishing  the  new 
poet  from  other  Spenserians,  was  more  than  mere  perfec¬ 
tion  of  literary  finish.  It  consisted  in  an  avowed  conscious¬ 
ness  already  of  the  os  magna  soniturum,  “  the  mouth  formed 
for  great  utterances,”  that  consciousness  resting  on  a  pecu¬ 
liar  substratum  of  personal  character  that  had  occasioned  a 
new  theory  of  literature.  “  He,  who  would  not  be  frustrate 
of  his  hope  to  write  well  hereafter  on  laudable  things,  ought 
himself  to  be  a  true  poem  ”  was  Milton’s  own  memorable 
expression  afterwards  of  the  principle  that  had  taken  pos¬ 
session  of  him  from  his  earliest  days  ;  and  this  principle  of 
moral  manliness  as  the  true  foundation  of  high  literary  ef¬ 
fort,  of  the  inextricable  identity  of  all  literary  productions 
in  kind,  and  their  coequality  in  worth,  with  the  personality 
in  which  they  have  their  origin,  might  have  been  detected, 
in  more  or  less  definite  shape,  in  all  or  most  of  the  minor 
poems.  It  is  a  specific  form  of  that  general  Platonic  doc¬ 
trine  of  the  invincibility  of  virtue  which  runs  through  his 
Comus,  and  which  is  summed  up  in  the  Miltonic  motto  of 
the  closing  lines : 

Mortals,  that  would  follow  me, 

Love  Virtue  :  she  alone  is  free. 

She  can  teach  ye  how  to  climb 

Higher  than  the  sphery  chime ; 

Or,  if  Virtue  feeble  were, 

Heaven  itself  would  stoop  to  her.” 

That  a  youth  and  early  manhood  of  such  poetical  promise 
should  have  been  succeeded  by  twenty  years  of  all  but 
incessant  prose  polemics  has  been  a  matter  of  regret  with 
many.  Why  should  the  author  of  Comus  and  Lycidas,  in¬ 
stead  of  keeping  to  the  poetic  craft,  have  employed  himself 
for  twenty  years  in  the  drudgery  and  turmoil  of  prose  pam¬ 
phleteering  on  questions  of  church  and  state,  with  nothing 
in  verse  to  glitter  across  the  long  morass  but  a  slight  chain 
of  biographical  and  historical  sonnets  ?  Surely  this  is  a 
most  shallow  and  most  unmasculine  judgment.  Is  nothing 
due  to  Milton’s  own  explanation  of  the  reasons  that  drew 
him,  at  the  beginning  of  the  English  Revolution,  out  of  his 
literary  projects  and  dreamings,  into  active  partisanship 
with  the  cause  which  his  reason  favored?  Hear  what  he 
says  would  have  been  the  reproach  of  his  own  conscience  to 
him,  evening  and  morning,  if  he  had  abstained  from  such 
partisanship  and  persisted  in  his  poetic  privacy.  “  Ease  and 
leisure  was  given  thee  for  thy  retired  thoughts  out  of  the 
sweat  of  other  men.  Thou  hadst  the  diligence,  the  parts, 
the  language  of  a  man,  if  a  vain  subject  were  to  beadorned 
or  beautified  ;  but,  when  the  cause  of  God  and  His  church 
was  to  be  pleaded,  for  which  purpose  that  tongue  was  given 
thee  which  thou  hast,  God  listened  if  He  could  hear  thy 
voice  among  His  zealous  servants,  but  thou  wert  dumb  as  a 
beast :  from  henceforward  be  that  which  thine  own  brutish 
silence  hath  made  thee.”  Or,  if  this  should  be  in  too  high 
a  strain  for  the  ordinary  modern  apprehension,  may  not 
one  ask,  more  simply,  whether  such  controversial  work  as 
Milton  did  plunge  into,  and  persevere  in  fortwenty  years, 
was  unworthy,  after  all,  of  him  or  his  powers  ?  Do  not 
hundreds  of  men,  accounted  among  the  ablest  in  the  world, 
spend  their  lives  precisely  in  such  work  of  controversy  on 
contemporary  questions ;  and  are  not  some  of  the  men  of 
noblest  reputation  in  the  world’s  history  remembered  for 
nothing  else  ?  If  Burke,  whose  whole  public  career  consisted 
in  a  succession  of  speeches  and  pamphlets,  is  looked  back  upon 
j  as  one  of  the  greatest  men  of  his  century  on  their  account, 
|  why  should  there  be  such  regret  over  the  fact  that  Milton, 
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after  having  been  the  author  of  Comis  and  Lycidas,  became 
for  a  time  the  prose  orator  of  his  earlier  and  more  tumul¬ 
tuous  generation  ?  The  truth  is  that  it  is  not  his  exchange 
of  poetry  for  prose  oratory  that  is  objected  to,  so  much  as 
the  nature  of  his  prose  oratory,  the  side  he  took,  the  opin¬ 
ions  he  advocated.  English  scholarship  and  English  lite¬ 
rary  criticism  have  not  yet  sufficiently  recovered  from  that 
inherited  sycophancy  to  the  Eestoration  which  has  covered 
with  a  cloud  the  preceding  twenty  years  of  the  “  Great  Re¬ 
bellion,”  voting  that  period  of  English  history  to  be  unre¬ 
spectable,  and  all  its  phenomena  of  Presbyterianism,  the 
Solemn  League  and  Covenant,  Independency,  the  sects, 
English  republicanism,  etc.,  to  be  matters  of  obsolete  jar¬ 
gon,  less  worthy  of  attention  than  a  Roman  agrarian  law, 
or  the  names  of  Horace’s  mistresses.  When  this  unschol- 
arly  state  of  temper  has  passed,  there  will  be  less  disposi¬ 
tion  to  distinguish  between  Milton  as  the  poet  and  Milton 
as  the  prose  writer.  While  some  may  recognize,  with  the 
avidity  of  assent  and  partisanship,  the  fact  that  there  are 
in  Milton’s  prose  writings  notions  of  much  value  and  con¬ 
sequence  that  have  not  yet  been  absorbed  into  the  English 
political  mind,  there  will  be  a  general  agreement  at  least 
as  to  the  importance  of  those  pamphlets  historically.  It 
will  be  perceived  that  he  was  not  only  the  greatest  pam¬ 
phleteer  of  his  generation,  head  and  shoulders  above  the 
rest,  but  also  that  there  is  no  life  of  that  time,  not  even 
Cromwell’s,  in  which  the  history  of  the  great  Revolution 
in  its  successive  phases,  so  far  as  the  deep  underlying  ideas 
and  speculations  were  concerned,  may  be  more  intimately 
and  instructively  studied  than  in  Milton’s.  Then,  on 
merely  literary  grounds,  what  au  interest  in  those  prose 
remains!  Not  only  of  his  Areopagitica,  admired  now  so 
unreservedly,  because  its  main  doctrine  has  become  axi¬ 
omatic,  but  of  most  of  his  other  pamphlets,  even  those  the 
doctrine  of  which  is  least  popular,  it  may  be  said  confi¬ 
dently  that  they  answer  to  his  own  definition  of  “a  good 
book,”  by  containing  somehow  “  the  precious  life-blood  of 
a  master-spirit.”  From  the  entire  series  there  might  be  a 
collection  of  specimens,  unequalled  anywhere  else,  of  the 
capabilities  of  that  older,  grander,  and  more  elaborate 
English  prose  of  which  the  Elizabethans  and  their  imme¬ 
diate  successors  were  not  ashamed,  though  it  has  fallen 
into  disrepute  now  in  comparison  with  the  easier  and  nim¬ 
bler  prose  which  came  in  with  Dryden.  Nor  will  readers 
of  Milton’s  pamphlets  continue  to  accept  the  hackneyed 
observation  that  his  genius  was  destitute  of  humor.  Though 
his  prevailing  mood  was  the  severely  earnest,  there  are 
pages  in  his  prose  writings,  both  English  and  Latin,  of  the 
most  laughable  irony,  reaching  sometimes  to  outrageous 
farce,  and  some  of  them  as  worthy  of  the  name  of  humor  as 
anything  in  Swift.  Here,  however,  we  touch  on  what  is 
the  worst  feature  in  some  of  the  prose  pamphlets, — their 
measureless  ferocity,  their  boundless  license  in  personal 
scurrility.  With  all  allowance  for  the  old  custom  of  those 
days,  when  controversy  was  far  more  of  a  life-and-death 
business  than  it  is  now,  as  well  as  for  the  intrinsic  sound¬ 
ness  of  Milton’s  rule  of  always  discerning  the  man  behind 
the  book,  it  is  impossible  for  the  most  tolerant  of  modern 
readers  to  excuse  Milton  in  this  respect  to  the  full  extent 
of  his  delinquencies. 

While  it  is  wrong  to  regard  Milton’s  middle  twenty  years 
of  prose  polemics  as  a  degradation  of  his  genius,  and  while 
the  fairer  contention  might  be  that  the  youthful  poet  of 
Comus  and  Lycidas  actually  promoted  himself,  and  became 
a  more  powerful  agency  in  the  world  and  a  more  interest¬ 
ing  object  in  it  forever,  by  consenting  to  lay  aside  his 
“  singing  robes  ”  and  spend  a  portion  of  his  life  in  great 
prose  oratory,  who  does  not  exult  in  the  fact  that  such  a 
life  was  rounded  off  so  miraculously  at  the  close  by  a  final 
stage  of  compulsory  calm,  when  the  “  singing  robes  ”  could 
be  resumed,  and  Paradise  Lost,  Paradise  Regained,  and  Sam¬ 
son  Agonistes  could  issue  in  succession  from  the  blind  man’s 
chamber  ?  Of  these  three  poems,  and  what  they  reveal  of 
Milton,  no  need  here  to  speak  at  length.  Paradise  Lost  is 
one  of  the  few  monumental  works  of  the  world,  with  noth¬ 
ing  in  modern  epic  literature  comparable  to  it,  except  the 
great  poem  of  Dante.  This  is  best  perceived  by  those  who 
penetrate  beneath  the  beauties  of  the  merely  terrestrial  por¬ 
tion  of  the  story,  and  who  recognize  the  coherence  and  the 
splendor  of  that  vast  symbolic  phantasmagory  by  which, 
through  the  wars  in  heaven  and  the  subsequent  revenge  of 
the  expelled  archangel,  it  paints  forth  the  connection  of 
the  whole  visible  universe  of  human  cognizance  and  his¬ 
tory  with  the  grander,  preexisting,  and  still  environing 
world  of  the  eternal  and  inconceivable.  To  this  great  epic 
Paradise  Regained  is  a  sequel,  and  it  ought  to  be  read  as  such. 
The  legend  that  Milton  preferred  the  shorter  epic  to  the 
larger  is  quite  incorrect.  All  that  is  authentic  on  the  sub¬ 
ject  is  the  statement  by  Edward  Phillips  that,  when  it  was 
reported  to  his  uncle  that  the  shorter  epic  was  “  generally 


censured  to  be  much  Inferior  to  the  other,”  he  “  could  not 
hear  with  patience  any  such  thing.”  The  best  critical 
judgment  now  confirms  Milton’s  own,  and  pronounces  Par¬ 
adise  Regained  to  be  not  only,  within  the  possibilities  of  its 
briefer  theme,  a  worthy  sequel  to  Paradise  Lost,  but  also 
one  of  the  most  edifying  and  artistically  perfect  poems  in 
any  language.  Finally,  the  poem  in  which  Milton  bade 
farewell  to  the  Muse,  and  in  which  he  reverted  to  the  dra¬ 
matic  form,  proves  that  to  the  very  end  his  right  hand  had 
lost  none  of  its  power  or  cunning.  Samson  Agonistes  is  the 
most  powerful  drama  in  our  language  after  the  severe  Greek 
model,  and  it  has  the  additional  interest  of  being  so  con¬ 
trived  that,  without  strain  at  any  one  point,  or  in  any  one 
particular,  of  the  strictly  objective  incidents  of  the  Bibli¬ 
cal  story  which  it  enshrines,  it  is  yet  the  poet’s  own  epitaph 
and  his  condensed  autobiography.  All  in  all,  now  that 
those  three  great  poems  of  Milton’s  later  life  have  drawn 
permanently  into  their  company  the  beautiful  and  more 
simple  performances  of  his  youth  and  early  manhood,  so 
that  we  have  all  his  English  poetry  under  view  at  once, 
the  result  has  been  that  this  man,  who  would  have  had  to 
be  remembered  independently  as  the  type  of  English  mag¬ 
nanimity  and  political  courage,  is  laurelled  also  as  the 
supreme  poet  of  his  nation,  with  the  single  exception  of 
Shakespeare. 

Much  light  is  thrown  upon  Milton’s  mind  in  his  later 
life,  and  even  upon  the  poems  of  that  period,  by  his  post¬ 
humous  Latin  Treatise  of  Christian  Doctrine.  It  differs  from 
all  his  other  prose  writings  of  any  importance  in  being  cool, 
abstract,  and  didactic.  Professing  to  be  a  system  of  divin¬ 
ity  derived  directly  from  the  Bible,  it  is  really  an  exposi¬ 
tion  of  Milton’s  metaphysics  and  of  his  reasoned  opinions  on 
all  questions  of  philosophy,  ethics,  and  politics.  The  gen¬ 
eral  effect  is  to  show  that,  though  he  is  rightly  regarded  as 
the  very  genius  of  English  Puritanism,  its  representative 
poet  and  idealist,  yet  he  was  not  a  Puritan  of  what  may  be 
called  the  first  wave,  or  that  wave  of  Calvinistic  orthodoxy 
which  broke  in  upon  the  absolutism  of  Charles  and  Laud, 
and  set  the  English  Revolution  agoing.  He  belonged  dis¬ 
tinctly  to  that  larger  and  more  persistent  wave  of  Puritan¬ 
ism  which,  passing  on  through  Independency,  included  at 
length  an  endless  variety  of  sects,  many  of  them  rational¬ 
istic  and  freethinking  in  the  extreme,  till,  checked  by  the 
straits  of  the  Restoration,  it  had  to  contract  its  volume  for 
a  while,  and  to  reappear,  so  far  as  it  could  reappear  at  all, 
in  the  new  and  milder  guise  of  what  has  ever  since  been 
known  as  English  Liberalism.  For  example,  the  treatise 
shows  that  Milton  in  his  later  life  was  not  an  orthodox 
Trinitarian,  but  an  anti-Trinitarian  of  that  high  Arian 
order,  counting  Sir  Isaac  Newton  among  its  subsequent 
English  adherents,  which  denied  the  coessentiality  or  co¬ 
equality  of  Christ  with  absolute  Deity,  but  regarded  him  as 
clothed  with  a  certain  derivative  divinity  of  a  high  and 
unfathomable  kind.  It  shows  him  also  to  have  been  Ar- 
minian  rather  than  Calvinistic,  in  his  views  of  free  will  and 
predestination.  It  shows  him  to  have  been  no  Sabbatarian, 
like  the  Puritans  of  the  first  wave,  but  most  strenuously 
anti-Sabbatarian.  Indeed  one  of  its  doctrines  is  that  the 
Decalogue  is  no  longer  the  standard  of  human  morality,  and 
that  Christian  liberty  is  not  to  be  bounded  by  its  prohibitions 
or  by  any  sacerdotal  code  of  ethics  founded  on  these.  Hence, 
in  the  treatise,  not  only  a  repetition  of  Milton’s  views  on 
the  marriage  subject  and  of  other  peculiar  tenets  of  his  that 
had  been  set  forth  in  his  pamphlets,  but  some  curious  and 
minute  novelties  of  opinion  besides.  By  far  the  most  im¬ 
portant  revelation  of  the  treatise,  however,  consists  in  the 
very  definite  statement  it  makes  of  Milton’s  metaphysical 
creed  and  of  the  connection  of  that  creed  in  his  mind  with 
the  revealed  theology  of  Christianity.  While,  ontologically, 
he  starts  from  a  pure  spiritualistic  theism,  or  from  the  no¬ 
tion  of  one  infinite  and  eternal  Spirit  as  the  self-subsisting 
God  and  author  of  all  being,  cosmologically  his  system  is 
that  of  a  pantheistic  materialism,  which  conceives  all  the 
present  universe,  all  that  we  call  creation,  as  consisting  of 
diverse  modifications,  inanimate  or  animate,  of  one  primal 
matter,  which  was  originally  nothing  else  than  an  efflux 
or  emanation  from  the  very  substance  of  God.  Angels  and 
men,  no  less  than  the  brute  world  and  the  things  we  call 
lifeless,  are  formations  from  this  one  original  matter,  only 
in  higher  degrees,  and  endowed  with  soul  and  free  will. 
Hence  any  radical  distinction  between  matter  and  spirit, 
body  and  soul,  is,  Milton  holds,  fallacious.  The  soul  of 
man,  he  holds,  is  not  something  distinct  from  the  body  of 
man  and  capable  of  existing  apart,  but  is  actually  bound 
up  with  the  bodily  organism.  Therefore,  when  the  body 
dies,  the  soul  dies  also,  and  the  whole  man  ceases  to  exist. 
The  immortality  revealed  in  Scripture  is,  therefore,  not  a 
continued  existence  of  the  soul  in  an  immaterial  condition 
immediately  after  death,  but  a  miraculous  revival  of  the 
whole  man,  soul  and  body  together,  at  the  resurrection, 
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after  an  intermediate  sleep.  In  such  a  resurrection,  with 
a  final  judgment,  a  reign  of  Christ,  and  a  glorification  of 
the  saints  in  a  new  heaven  and  a  new  earth,  Milton  de¬ 
clares  his  absolute  belief.  But,  indeed,  throughout  the 
treatise,  with  all  its  differences  from  the  orthodox  inter¬ 
pretations  of  the  Bible,  nothing  is  more  remarkable  than 
the  profoundness  of  the  reverence  avowed  for  the  Bible 
itself.  The  very  initial  principle  of  the  treatise  is  that,  as 
the  Bible  is  a  revelation  from  God  of  things  that  man  could 
not  have  found  out  for  himself,  all  that  the  Bible  says  on  any 
matter  is  to  be  accepted  implicitly,  in  the  plain  sense  of  the 
words,  and  without  sophistication,  however  strange  it  may 
seem  to  the  natural  human  reason.  Hence,  in  all  those  es¬ 
sentials  of  Christianity  which  consist  in  the  doctrines  of 
the  fall  of  man,  atonement  by  Christ,  and  restoration  and 
sanctification  through  Christ  only,  Milton  is  at  one  with 
the  great  body  of  Christians.  Altogether,  what  the  trea¬ 
tise  makes  clear  is  that,  while  Milton  was  a  most  fervid 
theist  and  a  genuine  Christian,  believing  in  the  Bible,  and 
valuing  the  Bible  over  all  the  other  books  in  the  world,  he 
was  at  the  same  time  one  of  the  most  intrepid  of  English 
thinkers  and  theologians. 

For  further  information  reference  may  be  made  to  Masson’s 
Life  of  Milton  and  History  of  his  Time,  6  vols.  (1859-80),  and  to  his 
editions  of  Milton's  Poetical  IForfcs  (Cambridge  edition  in  3  vols., 
1874,  and  smaller  3  vol.  ed.,  1882),  as  well  as  to  Todd’s  variorum 
edition  of  the  Poetical  Works,  with  Life  (5th  ed.,  1852),  to  Keight- 
ley’s  Life,  Opinions,  and  Writings  of  Milton  (1855),  to  Milton  und 
seme  Zeit,  by  Alfred  Stern  (1877-79),  and  to  Mr.  Mark  Pattison’s 
Milton  in  Mr.  Morley’s  series  of  “English  Writers.”  Collective 
editions  of  the  prose  works  since  that  of  1698  are,— Symmons’s  (7 
vols.,  1806) ;  Pickering's,  with  Life  by  Mitford  (8  vols.,  prose  and 
verse  together,  1851) ;  and  St.  John’s,  in  Bohn's  Standard  Library 
(5  vols.,  1848-53).  This  last  includes  a  revised  edition  of  Bishop 
Sumner’s  translation  of  the  Treatise  of  Christian  Doctrine,  origi¬ 
nally  published  in  1825.  (D.  ma.) 

MILWAUKEE,  the  largest  city  in  the  State  of 
Wisconsin,  United  States,  is  situated  on  the  west  shore 
of  Lake  Michigan,  100  miles  north  of  its  southern  end, 
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80  miles  north  of  Chicago,  and  1000  miles  northwest 
of  New  York  by  rail,  in  43°  3'  N.  lat.,  87°  56/  W. 
long..  (10°  54'  W.  of  Washington).  The  shore  of  the 
lake  is  600  feet  above  the  level  of  the  sea. 

The  Milwaukee  and  Menomonee  rivers  unite  in  the 
centre  of  the  business  portion  of  the  city,  about  half  a 


mile  from  their  entrance  to  Lake  Michigan,  where 
they  are  joined  by  a  third  and  smaller  stream,  the 
Kinnikinnic.  A  bay  6  miles  from  cape  to  cape,  and  3 
miles  broad,  stretches  in  front  of  the  city,  which  com¬ 
mands  a  fine  water  view,  the  ground  rising  along  the 
shore  80  feet  above  the  level  of  the  lake,  then  gradu¬ 
ally  sloping  westward  to  the  Milwaukee  river,  and 
again  rising  on  the  west  and  north  to  a  height  of  125 
feet.  The  ground  also  rises  to  a  commanding  elevation 
south  of  the  valley  of  the  Menomonee.  Few  cities 
present  so  many  natural  attractions  of  site,  as  indeed  its 
Indian  name  indicates  ( ‘  ‘  the  beautiful  hollow  or  bay  ” ) ; 
and  art  has  added  to .  nature.  In  the  residence  parts 
of  the  city  there  are  miles  of  avenues  from  70  to  100 
feet  wide,  lined  on  both  sides  with  elms  and  maples, 
behind  which  stand  handsome  houses  with  spacious 
lawns,  fountains,  and  evergreens,  giving  the  appear¬ 
ance  of  a  continuous  park.  The  material  used  for 
building  is  largely  the  cream-colored  brick  made  in  the 
vicinity,  from  which  Milwaukee  is  sometimes  called 
the  “Cream  City.”  The  climate,  tempered  by  the 
great  lake,  is  remarkably  pleasant  and  healthy.  The 
mean  temperature,  as  shown  by  the  records  of  twenty 
years,  is  46.7°  Fahr.  The  coldest  month  is  January 
(average  22.37°),  the  hottest  July  (70. 4°). 1  During 

the  last  nine  years  the  average  death-rate  has  been  but 
20  per  1 000,  showing  it  to  be  one  of  the  healthiest  of 
American  cities.  Besides  a  full  complement  of  the 
usual  religious  and  charitable  institutions,  there  is  ad¬ 
joining  the  city  the  national  home  for  disabled  United 
States  volunteer  soldiers,  consisting  of  several  buildings 
situated  in  grounds  of  400  acres  extent,  which  serve 
the  purpose  of  a  city  park.  There  are  numerous  lodges 
belonging  to  the  freemasons  and  other  guilds ;  and 
the  Turners’  societies,  which  embrace  a  large  mem¬ 
bership  and  own  some  valuable  buildings,  have 
done  much  to  create  and  keep  up  the  practice  of 
athletic  exercises  among  the  citizens.  Two  ex¬ 
cellent  musical  societies  are  also  established  here. 

Before  the  year  1835  Milwaukee  was  known  only 
as  an  Indian  trading-post  occupied  by  a  French¬ 
man  named  Solomon  Juneau,  who  is  generally 
spoken  of  as  the  founder  of  the  city.  The  total 
inhabitants  in  1838  numbered  only  700;  in  1840 
there  were  1712;  but  in  1846  the  population 
amounted  to  9666,  in  1850  to  20,061,  in  1855  to 
30,118,  in  1860  to  45,246,  in  1870  to  71,440,  and 
in  1880  to  115,578  (57,475  males,  58,103  females). 
In  1900  the  population  was  estimated  at  285,315, 
— more  than  one  half  of  them  of  foreign  parent¬ 
age,  a  very  large  majority  being  Germans.  Not¬ 
withstanding  the  multitude  of  nationalities  repre¬ 
sented  in  the  population,  there  are  few  cities 
more  orderly  and  law-abiding,  the  number  of 
police  employed  being  less  than  one  for  every 
1500  inhabitants.  Another  feature  worthy  of 
mention  is  the  large  proportion  of  families  who 
own  their  own  houses,  and  this  is  true  not  only  as 
to  the  mercantile  and  professional  classes,  but 
especially  as  to  the  laboring  population.  Al¬ 
though  the  grain  trade,  formerly  very  large  here, 
has  now  greatly  diminished,  the  growth  and  pros¬ 
perity  of  the  city  have  not  materially  suffered, 
owing  to  the  development  of  manufacturing  in¬ 
dustries,  for  which  the  low  rents,  healthy  climate, 
and  advantageous  location  make  it  well  adapted. 
About  a  sixth  of  the  population  are  engaged  in 
the  manufacture  of  clothing,  cigars,  cooperage, 
leather,  bricks,  sashes,  doors,  and  blinds,  ma¬ 
chinery,  and  flour  (of  which  one  million  of  barrels 
are  annually  made),  and  in  meat-packing.  Mil¬ 
waukee  has  become  famous  for  its  “lager  beer,” 
of  which  there  are  one  million  of  barrels  annually 
produced,  valued  at  $8,000,000.  The  lake  commerce 

1  The  monthly  averages  for  twenty  years  are:  January.  22.37° • 
February.  25.13° ;  March,  33.35°;  April,  43.94° ;  May,  53.75°-  June! 
64.39°;  July,  70.04°;  August,  67.89°;  September,  61.68°;  October. 
48.48°;  November,  36.27°;  December,  25.53°.  ’ 
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is  very  large.  The  tonnage  entered  and  cleared  in 
1880  was  5,322,373  tons,  being  about  as  large  as  that 
of  Baltimore,  Boston,  or  Philadelphia.  The  Wisconsin 
Central,  and  Milwaukee  and  Lake  Shore,  the  Mil¬ 
waukee  and  Northern,  and  the  Chicago,  Milwaukee, 
and  St.  Paul  Railways  have  their  head  offices  here,  and 
the  last-named,  owning  4000  miles  of  lines,  has  im¬ 
mense  workshops  in  the  Menomonee  valley  near  the 
city. 

Milwaukee  is  governed  by  a  mayor  and  a  common 
council  of  thirty-nine  aldermen.1  The  streets  and 
public  buildings  are  under  the  charge  of  the  board  of 
public  works,  composed  of  three  commissioners  and 
the  city  engineer,  all  subject  to  the  common  council. 
A  bountiful  supply  of  water  is  obtained  from  the  lake, 
and  the  streets  are  well  supplied  with  sewers.  The 
value  of  property  as  assessed  for  taxation  was 
$62,000,000  in  1882, — the  city  debt  being  $2,500,000, 
mostly  for  the  water-works,  which  are  city  property. 

There  is  an  efficient  system  of  public  schools  under 
a  superintendent  and  board  of  school  commissioners, 
the  value  of  the  buildings  with  their  sites  being  esti¬ 
mated  at  $700,000.  For  the  higher  education  there 
are  a  high  school,  a  normal  school,  and  three  com¬ 
mercial  colleges,  while  the  Roman  Catholics  and 
Lutherans  have  several  excellent  denominational  semi¬ 
naries  and  colleges.  A  public  library  belonging  to  the 
city  contained  20,000  volumes  in  1882.  (j.  J.) 

MIMICRY  is  the  name  given  in  biology  to  the 
advantageous  resemblance  (usually  protective)  which 
one  species  of  animal  or  plant  often  shows  to  another. 
The  word  was  first  applied  in  this  metaphorical  sense 
by  Mr.  H.  W.  Bates,  and  it  has  since  been  accurately 
defined  and  limited,  in  its  biological  application,  by  Mr. 
A.  R.  Wallace.  Briefly  put,  the  essence  of  the  phenom¬ 
enon  of  mimicry  consists  in  the  following  relation.  A 
certain  species  of  plant  or  animal  possesses  some 
special  means  of  defence  from  its  enemies,  such  as  a 
sting,  a  powerful  and  disagreeable  odor,  a  nauseous 
taste,  or  a  hard  integument.  Some  other  species 
inhabiting  the  same  district  or  a  part  of  it,  and  not 
itself  provided  with  the  same  special  means  of  defence, 
closely  resembles  the  first  species  in  all  external  points 
of  form  and  color,  though  often  very  different  in 
structure,  and  unrelated  in  the  biological  order.  For 
example,  a  South  American  family  of  butterflies,  the 
Heliconidce,  are  distinguished  by  their  very  varied  and 
beautiful  colors,  and  their  slow  and  weakly  flight ; 
they  might  easily  be  captured  by  insectivorous  birds, 
but  their  remains  are  never  found  on  the  ground 
amongst  the  rejected  wings  of  other  butterflies  which 
cover  the  soil  in  many  places.  They  also  possess  a 
strong  pungent  odor,  which  clings  to  the  fingers  for 
many  days  ;  and  this  fact  led  Mr.  Wallace  to  suspect 
that  they  have  a  disagreeable  taste,  and  would  not 
therefore  be  eaten  by  birds  after  a  single  trial.  Mr. 
Belt  has  since  experimentally  proved  the  truth  of  that 
belief.  But  among  the  totally  distinct  family  of  the 
Pieridce,  most  of  which  are  white,  there  is  a  genus  of 
small  butterflies,  known  as  Leptalis,  edible  by  birds, 
some  species  of  which  are  white  like  their  allies,  while 
the  greater  number  exactly  resemble  one  or  other  of 
the  Heliconidce  in  the  peculiar  shape  and  coloring  of 
their  wings.  As  regards  structure,  the  two  families 
are  widely  different ;  yet  the  resemblance  of  a  species 
of  one  family  to  a  species  of  the  other  is  often  so 
close  that  Mr.  Bates  and  Mr.  Wallace,  experienced 
entomologists,  frequently  mistook  them  for  one 
another  at  the  time  of  capture,  and  only  discovered 
their  mistake  upon  nearer  examination.  Mr.  Bates 
observed  several  species  or  varieties  of  Leptalis  in  the 
Amazons  valley,  each  of  which  more  or  less  exactly 
copied  one  of  the  Heliconidce  in  its  own  district.  Ac¬ 
cordingly,  they  seem  to  be  mistaken  by  birds  for  the 

1  Milwaukee  is  divided  Into  thirteen  wards,  and  is  governed  by 
a  mayor,  a  board  of  aldermen  consisting  of  one  member  from 
each  ward,  and  «f  common  council  of  two  members  lrom  each 

ward,— Am.  Ed. 
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uneatable  insects  they  mimic,  and  so  to  be  benefited 
by  their  resemblance.  This,  which  may  perhaps  be 
regarded  as  the  most  typical  instance  of  true  mimicry, 
is  also  the  first  to  which  the  word  was  applied. 

In  considering  the  phenomena  under  review,  it  may 
be  well  to  give  first  the  chief  observed  facts,  which  are 
quite  independent  of  any  particular  explanation,  and 
then  the  theory  which  has  been  started  to  account  for 
them  by  Mr.  Bates  and  Mr.  Wallace.  Before  doing 
so;  however,  true  mimicry  should  be  carefully  dis¬ 
criminated  from  one  or  two  superficially  similar  modes 
of  resemblance  among  organic  beings,  whose  real  im¬ 
plications  are  very  different.  It  must  not  be  confused 
with  mere  accidental  or  adaptive  resemblance,  due 
either,  to  simple  chance  or  to  similarity  of  external 
conditions.  As  a  case  of  the  first  sort,  we  may  adduce 
the  real  or  fancied  resemblance  between  certain  orchids 
and  flies  or  spiders ;  as  a  case  of  the  second  sort,  we 
may  take  certain  African  Euphorbiacece,  which,  grow¬ 
ing  in  dry  deserts,  have  acquired  a  very  close  likeness 
to  the  cactuses  that  cover  the  equally  dry  deserts  of 
Mexico ;  or  again  the  sub-Antarctic  gallinaceous  bird, 
Chionis  alba ,  which,  living  on  the  sea-shore,  has  ac¬ 
quired  a  coloration  like  that  of  the  gulls,  together  with 
the  legs  of  a  wader.  These  resemblances,  however,  do 
not  as  such  subserve  any  function.  The  species  appar¬ 
ently  mimicking  and  the  species  apparently  mimicked 
either  do  not  inhabit  the  same  district  or  do  not  come 
into  any  definite  relation  with  one  another.  The  like¬ 
ness  is  either  accidental,  or  else  it  is  due  to  similar 
adaptation  to  similar  circumstances.  In  cases  of  true 
mimicry,  on  the  other  hand,  the  mimicking  species 
derives  a.  direct  advantage  from  its  likeness  to  the 
species  mimicked ;  the  resemblance  is  deceptive  ;  and 
this  is  equally  true  whether  we  suppose  the  mimicry 
to  be  produced  by  creative  design  or  by  natural  selec¬ 
tion.  On  either  hypothesis,  however  it  came  by  its 
likeness,  the  mimicking  species  escapes  certain  enemies 
or  obtains  certain  sorts  #of  food  by  virtue  of  its  resem¬ 
blance  to  some  other  kind. 

It  should  also  be  added  that  the  word  mimicry,  as 
applied  to  such  cases,  is  used  only  in  a  metaphorical 
sense.  It  is  not  intended  to  imply  any  conscious  or 
voluntary  imitation  by  one  species  of  the  appearance 
or  habits  of  another.  All  that  is  meant  is  the  fact  of 
an  advantageous  resemblance,  a  delusive  similarity, 
which  gives  the  mimicking  animal  or  plant  some  extra 
protection  or  some  special  means  of  acquiring  food 
which  it  would  not  otherwise  have  possessed  but  for 
its  likeness  to  the  creature  mimicked. 

Taking  animals  first,  mimicry  does  not  occur  very 
frequently  among  the  higher  classes.  In  the  verte¬ 
brates  it  is  comparatively  rare,  and  among  mammals 
probably  only  one  good  case  has  yet  been  adduced. 
This  is  that  of  Cladobates ,  an  insectivorous  genus  of 
the  Malayan  region,  many  species  of  which  closely  re¬ 
semble  squirrels  in  size,  in  color,  and  in  the  bushiness 
and  posture  of  the  tail.  It  has  been  suggested  by 
Mr.  Wallace  (from  whom  most  of  the  following  ex¬ 
amples  have  been  borrowed)  that  Cladobates  may 
thus  be  enabled  to  approach  the  insects  and  small 
birds  which  form  its  prey  under  the  disguise  of  the 
harmless  fruit-eating  squirrel.  In  this  case,  as  in 
some  others,  the  resemblance  is  not  protective,  but  is 
apparently  useful  to  the  animal  in  the  quest  for  food. 

Among  birds,  Mr.  Wallace  has  pointed  out  that  the 
general  likeness  of  the  cuckoo,  a  weak  and  defenceless 
group,  to  the  hawks  and  gallinaceous  tribe  makes 
some  approach  to  real  mimicry.  But  besides  such 
vague  resemblances  there  are  one  or  two  very  distinct 
cases  of  true  mimicry  in  this  class  of  vertebrates.  In 
Australia  and  the  Moluccas  lives  a  genus  of  dull-hued 
honey-suckers,  Tropidorhynchus,  consisting  of  large, 
strong,  active  birds,  with  powerful  claws  and  sharp 
beaks.  They  gather  together  in  noisy  flocks,  and  are 
very  pugnacious,  driving  away  crows  and  even  hawks. 
In  the  same  countries  lives  a  group  of  orioles,  forming 
the  genus  Mimeta ;  and  these,  which  are  much  weaker 
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birds,  have  not  the  usual  /  brilliant  coloring  of  their 
allies  the  golden  orioles,  but  are  usually  olive-green  or 
brown.  In  many  cases  species  of  Mimeta  closely 
resemble  the  Tropidorhynclii  inhabiting  the  same 
island.  For  example,  on  the  island  of  Bouru  are 
found  the  Tropidorhynchus  bouruensis  and  Mimeta 
bouruensis,  "the  latter  of  which  mimics  the  former  in 
the  particulars  thus  noted  by  Mr.  Wallace:  “The 
upper  and  under  surfaces  of  the  two  birds  are  exactly 
of  the  same  tints  of  dark  and  light  brown.  The  Tro¬ 
pidorhynchus  has  a  large  bare  black  patch  round  the 
eyes ;  this  is  copied  in  the  Mimeta  by  a  patch  of  black 
feathers.  The  top  of  the  head  of  the  Tropidorhynchus 
has  a  scaly  appearance  from  the  narrow  scale-formed 
feathers,  which  are  imitated  by  the  broader  feathers 
of  the  Mimeta  having  a  dusky  line  down  each.  The 
Tropidorhynchus  has  a  pale  ruff  formed  of  curious 
recurved  feathers  on  the  nape  (which  has  given  the 
whole  genus  the  name  of  friar-birds) ;  this  is  repre¬ 
sented  in  the  Mimeta  by  a  pale  band  in  the  same  posi¬ 
tion.  Lastly,  the  bill  of  the  Tropidorhynchus  is  raised 
into  a  protuberant  keel  at  the  base,  and  the  Mimeta 
has  the  same  character,  although  it  is  not  a  common 
one  in  the  genus.  The  result  is  that  on  a  superficial 
examination  the  birds  are  identical,  although  they 
have  important  structural  differences,  and  cannot  be 
placed  near  each  other  in  any  natural  arrangement. 
Allied  species  of  Tropidorhynchus  in  Ceram  and  Timor 
are  similarly  mimicked  by  the  local  Mimeta  of  each 
island.  Mr.  Osbert  Salvin  has  likewise  noticed  a  case 
of  mimicry  among  the  birds  of  prey  near  Rio  Janeiro. 
An  insect-eating  hawk,  Harpagxis  diodon ,  is  closely 
resembled  by  a  bird-eating  hawk,  Accipiter  pileatus. 
Here  the  advantage  seems  to  be  that  the  small  birds 
have  learned  not  to  fear  the  Harpagxis,  and  the 
Accipiter  is  able  to  trade  upon  the  resemblance  by 
catching  them  unawares,  both  birds  being  reddish- 
brown  when  seen  from  beneath.  But  the  Accipiter 
has  the  wider  range  of  the  two#;  and  where  the  insect¬ 
eating  species  is  not  found  it  no  longer  resembles  it, 
but  varies  in  the  under  wing-coverts  to  white.  _  Here 
again  the  resemblance,  though  advantageous,  is  not 
protective. 

Among  reptiles,  Mr.  Wallace  has  instanced  some 
curious  cases  where  a  venomous  tropical  American 
genus  of  snakes,  Flaps,  with  brightly-banded  colors, 
is  closely  mimicked  by  several  genera  of  harmless 
snakes,  having  no  affinity  with  it,  but  inhabiting  the 
same  region.  Thus  the  poisonous  Elaps  fulvus  of 
Guatemala  has  black  bands  on  a  coral-red  ground  ; 
the  harmless  Pliocerus  cequalis  of  the  same  district  is 
colored  and  banded  precisely  like  it.  The  likeness 
affords  the  unarmed  snakes  a  great  protection,  because 
other  animals  probably  will  not  touch  them,  mistaking 
them  for  the  venomous  kinds. 

It  is  among  the  invertebrates,  however,  and  espe¬ 
cially  among  insects,  that  cases  of  mimicry  are  most 
frequent  ana  were  first  observed.  In  the  order  Lepi¬ 
doptera ,  besides  the  classical  instance  of  Leptalis  and 
the  Heliconidce ,  a  genus  of  another  family,  the  Ery- 
cinidce ,  also  mimics  the  same  group.  The  flocks  of 
one  species  of  Ithomia ,  an  uneatable  butterfly,  often 
have  flying  with  them  a  few  individuals  of  three  other 
widely  different  genera,  quite  indistinguishable  from 
them  when  on  the  wing.  In  the  tropics  of  the  Old 
World,  the  Danaidce  and  Acrceidce  possess  a  similar 
protective  odor,  and  are  equally  abundant  in  individu¬ 
als  ;  they  are  closely  mimicked  by  various  species  of 
Papilio  and  Diadema.  Mr.  Trimen,  in  a  paper  on 
“  Mimetic  Analogies  among  African  Butterflies,”  gives 
a  list  of  sixteen  species  or  varieties  of  Diadema  or  its 
allies,  and  ten  species  of  Papilio ,  each  of  which  mimics 
a  Danais  or  Acrcea  of  the  same  region  in  the  minutest 
articulars  of  form  and  color.  The  Danais  tytia  of 
ndia  has  semi-transparent  bluish  wings,  and  a  border 
of  reddish-brown  ;  this  coloration  is  exactly  reproduced 
in  Papilio  agestor  and  Diadema  nama ,  all  three  in¬ 
sects  frequently  coming  together  in  collections  from 


Darjiling.  In  the  Malay  Archipelago  the  common 
and  beautiful  Euplcea  midamus  is  so  exactly  mimicked 
by  two  rare  species  of  Papilio  that  Mr.  W allace  gener¬ 
ally  mistook  the  latter  at  first  for  the  ordinary  insect. 
An  immense  number  of  other  instances  among  the 
Lepidoptera  have  been  quoted  from  other  parts  of  the 
world. 

Occasionally  species  of  Lepidoptera  also  imitate  in¬ 
sects  of  other  orders.  Many  of  them  take  on  the 
appearance  of  bees  or  wasps,  which  are  of  course  pro¬ 
tected  by  their  stings.  Thus  the  Sesiidce  and  jEge- 
riidce ,  two  families  of  diurnal  moths,  have  species  so 
like  hymenopterous  insects  that  they  are  known  by 
such  names  as  apiformis ,  vespiforme,  ichneurtwniforme, 
sphegiforme ,  ana  so  forth.  The  British  Sesia  bombili- 
formis  closely  resembles  the  humble  bee  ;  the  Sphecia 
craboniformis  is  colored  like  a  hornet,  and  carries  its 
wings  in  the  same  fashion.  Some  Indian  Lepidoptera 
have  the  hind  legs  broad  and  densely  hairy,  so  as  ex¬ 
actly  to  imitate  the  brush-legged  bees  of  the  same 
country.  Mr.  Belt  mentions  a  Nicaraguan  moth,  Pio- 
nia  lycoides ,  which  closely  mimics  a  distasteful  coleop¬ 
terous  genus,  Calopteron;  and  Professor  Westwood 
pointed  out  that  the  resemblance  to  the  beetle  is  still 
further  increased  in  the  moth  by  raised  lines  of  scales 
running  lengthwise  down  the  thorax. 

Among  the  Coleoptera ,  or  beetles,  and  other  orders, 
similar  disguises  are  not  uncommon.  Mr.  Belt  noticed 
species  of  Hemiptera  and  Coleoptera ,  as  well  as  spi¬ 
ders,  in  Nicaragua,  which  exactly  resemble  stinging 
ants,  and  thus  no  doubt  escape  the  attacks  of  birds. 
The  genus  Calopteron  is  mimicked  by  other  beetles,  as 
well  as  by  the  moth  Pionia.  In  the  same  country, 
one  of  the  Hemiptera ,  Spiniger  luteicornis ,  has  every 
part  colored  like  the  hornet,  Priocnemis,  which  it 
mimics ;  “in  its  vibrating  colored  wing-cases  it  departs 
greatly  from  the  normal  character  of  the  Hemiptera , 
and  assumes  that  of  the  hornets.”  Mr.  Wallace  men¬ 
tions  the  longicorn  beetle,  Cyclopeplus  batesii ',  which 
“differs  totally  in  outward  appearance  from  every  one 
of  its  allies,  having  taken  upon  itself  the  exact  shape 
and  coloring  of  a  globular  Corynomalus ,  a  little  stink¬ 
ing  beetle,  with  clubbed  antennae.”  Erythroplatis 
corallifer ,  another  longicorn,  almost  exactly  resembles 
Cephalodonta  spinipes,  one  of  the  common  South 
American  Hispidce ,  which  possesses  a  disagreeable 
secretion  ;  and  Mr.  Bates  also  found  a  totally  different 
longicorn,  Streptolabis  hispoides ,  which  resembles  the 
same  insect  with  equal  minuteness.  Some  of  the  large 
tropical  weevils  have  the  elytra  so  hard  that  they  can¬ 
not  be  pierced  by  a  bird’s  beak  ;  and  these  are  mim¬ 
icked  by  many  other  comparatively  soft  and  eatable 
insects.  In  Southern  Brazil,  Acanthotritus  dorsalis 
closely  resembles  a  Curculio  of  the  hard  genus  Heili- 
plus ;  and  Mr.  Bates  found  Gymnocerus  cratosomoides, 
a  longicorn,  on  the  same  tree  with  the  hard  weevil, 
Cratosomus ,  which  it  mimics.  Other  beetles  resemble 
bees,  wasps,  and  shielded  bugs.  Hairy  caterpillars  are 
well  known  to  be  distasteful  to  birds,  and  compara¬ 
tively  free  from  attack ;  and  Mr.  Belt  found  a  longi¬ 
corn,  Desmiphora  fasciculate ,  covered  with  long  brown 
and  black  hairs,  and  exactly  mimicking  some  of  the 
short,  thick,  woolly  caterpillars  common  on  the  bushes 
around. 

Amongst  other  orders,  one  of  the  most  interesting 
cases  is  that  of  certain  Dipt  era  or  two-winged  flies 
which  mimic  wasps  and  bees.  Sometimes  this  likeness 
only  serves  to  protect  the  insect  from  attack,  by  inspir¬ 
ing  fear  of  a  sting.  But  there  are  also  a  number  of 
parasitic  flies  whose  larvae  feed  upon  the  larvae  of  bees, 
as  in  the  British  genus  Volucella;  and  these  exactly 
mimic  the  bees,  so  that  they  can  enter  the  nests  or 
hives  to  deposit  their  eggs  without  being  detected  even 
by  the  bees  themselves.  In  every  country  where  such 
flies  occur  they  resemble  the  native  bees  of  the  district. 
Similarly,  Mr.  Bates  found  a  species  of  Mantis  on  the 
Amazons  which  exactly  mimicked  the  white  ants  on 
which  it  fed.  On  the  other  hand,  the  defenceless 
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species  itself  may  mimic  its  persecutor,  as  in  the  case 
of  several  crickets,  Scaphura,  that  exactly  resemble 
various  sand-wasps,  and  so  escape  the  depredations  of 
those  cricket-killing  enemies.  Another  cricket  from 
the  Philippine  Islands,  Condylodera  tricondyloides ,  so 
closely  copies  a  tiger-beetle,  Tricondyla ,  that  even 
Professor  Westwood  long  retained  it  among  that  group 
in  his  cabinet,  and  only  slowly  discovered  his  mistake. 
The  cases  here  mentioned  form  but  a  small  part  of  all 
those  that  have  hitherto  been  observed  and  described 
in  the  insect  world.  They  amount  altogether  to  many 
hundreds. 

_  Among  plants,  though  included  in  the  above  defini¬ 
tion  for  the  sake  of  formal  completeness,  instances  of 
true  mimicry  are  rare  or  almost  unknown.  Perhaps 
the  nearest  approach  to  this  phenomenon  in  the  vege¬ 
tal  world  is  found  in  the  resemblance  borne  by  the 
dead-nettle,  Lamium  album ,  and  a  few  other  labiates, 
to  the  stinging  nettle,  Urtica  dioica  and  U  urens. 
The  true  nettles  are  strikingly  protected  from  animal 
foes  by  their  stinging  hairs ;  and  the  general  appear¬ 
ance  of  the  dead-nettle  is  sufficiently  like  them  to  pre¬ 
vent  human  beings  from  plucking  it,  and  therefore 
probably  to  deter  herbivorous  mammals  from  eating  it 
down.  Mr.  Mansel  Weale  mentions  another  labiate, 
Ajuga  ophrydis,  of  South  Africa,  which  closely  resem¬ 
bles  an  orchid,  and  may  thus  induce  insects  to  fertilize 
its  flowers.  Mr.  Worthington  Smith  has  found  three 
rare  British  fungi,  each  accompanying  common  species 
which  they  closely  resembled  ;  and  one  of  the  common 
species  possesses  a  bitter  and  nauseous  taste ;  so  that 
this  would  seem  to  be  a  case  of  true  mimicry.  Many 
diverse  instances  alleged  by  Mr.  A.  W.  Bennett,  Dr. 
Cooke,  and  others  cannot  be  considered  as  genuine 
mimetic  resemblances  in  the  sense  here  laid  down. 
They  are  mere  coincidences  or  similar  adaptations  to 
similar  needs  ;  and  the  word  ought  to  be  applied 
strictly  to  such  likenesses  alone  as  benefit  the  organ¬ 
ism  in  which  they  occur  by  causing  it  to  be  mistaken 
for  another  possessing  some  special  advantage  of  its 
own. 

The  theoretical  explanation  of  mimicry  on  evolutionary 
principles  may  best  be  considered  in  connection  with  the 
general  subject  of  protective  coloration  and  variation  in 
form,  of  which  it  is  a  very  special  case.  There  are  two 
ways  in  which  imitative  coloring  may  benefit  a  species. 
It  may  help  the  members  of  the  species  to  escape  the  notice 
of  enemies,  or  it  may  help  them  to  deceive  prey.  In  the 
first  case  imitative  hues  enable  the  animal  or  plant  to 
avoid  being  itself  devoured ;  in  the  second  case  they  enable 
it  to  devour  others  more  easily,  and  so  to  secure  a  larger 
amount  of  food  than  less  deceptively  colored  compeers.  In 
the  former  instance  we  must  suppose  that  such  individuals 
as  did  not  possess  the  deceptive  coloring  have  been  discov¬ 
ered  and  destroyed  by  enemies  with  highly  developed 
sight,  while  those  which  possessed  it  have  survived.  In 
the  latter  instance  we  must  suppose  that  the  individuals 
which  have  no  protective  coloring  have  failed  to  secure 
sufficient  prey,  through  too  readily  betraying  their  pres¬ 
ence,  and  that  only  those  which  possessed  such)  coloring 
have  become  the  parents  of  future  generations.  It  is  diffi¬ 
cult,  however,  to  separate  these  two  cases,  and  in  many 
instances  the  same  coloring  may  aid  a  species  both  in  escap¬ 
ing  its  peculiar  enemies  and  in  deceiving  its  peculiar  prey. 
They  may  therefore  most  conveniently  be  considered 
together. 

Color  is  always  liable  to  vary  from  individual  to  individ¬ 
ual,  as  we  see  in  the  case  of  domesticated  fowls,  rabbits, 
dogs,  and  other  animals,  as  well  as  in  most  cultivated 
flowers,  wherever  natural  selection  cannot  act  to  keep  the 
typical  specific  hues  pure  and  true.  But  in  a  wild  state 
certain  conspicuous  colors  are  sure  to  prove  disadvantageous 
by  betraying  the  individual,  and  these  will  sooner  or  later 
get  weeded  out,  under  certain  circumstances,  either  through 
the  action  of  enemies  or  by  starvation  resulting  from  the 
inability  to  escape  the  notice  of  prey.  On  the  other  hand, 
certain  other  colors  are  sure  to  benefit  the  individual  by 
harmonizing  with  the  tints  of  the  environment,  and  these 
will  be  spared  by  natural  selection,  so  that  the  individuals 
possessing  them  will  pair  with  one  another,  and  will  hand 
down  their  peculiarities  to  their  descendants.  In  this  way 
many  species  will  acquire  and  retain  a  coloration  that  har¬ 
monizes  with  their  environment  as  a  whole  or  with  some 


special  part  of  it.  The  degree  to  which  the  protective  col¬ 
oration  will  be  carried,  however,  must  depend  upon  the 
sharpness  of  the  senses  in  those  other  organisms  which  it 
is  desirable  to  deceive.  Large  dominant  herbivorous  or 
frugivorous  mammals  or  birds,  with  relatively  few  enemies, 
would  not  be  benefited  by  protective  coloration,  and  so  they 
seldom  exhibit  it.  The  grasses  or  fruits  on  which  they  feed 
cannot  make  any  attempt  to  escape  them.  But  carnivores 
generally  require  to  deceive  their  prey,  and  therefore  a  largo 
number  of  them  exhibit  marked  deceptive  coloring.  Still 
more  especially  do  small  defenceless  birds  or  mammals  need 
to  escape  the  notice  of  the  carnivores,  and  they  accordingly 
very  generally  possess  dull  colors,  because  any  variation  in 
the  direction  of  conspicuousness  is  certain  to  be  promptly 
cut  off.  Above  all,  among  insects,  which  are  so  largely  the 
prey  of  birds,  of  reptiles,  and  of  other  animals  possessing 
highly  developed  vision,  protective  coloration  in  one  form 
or  other  is  almost  universal,  except  where  a  nauseous  taste, 
hairy  skin,  or  hard  external  coverings  afford  a  different 
kind  of  protection.  In  every  case  the  weeding  out  of  ill- 
protected  forms  must  depend  upon  the  relative  keenness 
of  vision  in  the  various  enemies  or  of  the  prey,  be  they 
mammals,  birds,  reptiles,  insects,  or  spiders.  Hence  the 
existence  of  protective  coloring  and  of  mimicry  inciden¬ 
tally  affords  us  valuable  hints  as  to  the  perceptive  faculties 
of  the  various  classes  against  which  each  organism  is  thus 
unconsciously  guarded. 

Where  the  general  aspect  of  the  environment  is  most 
uniform,  and  where  little  but  a  vague  impression  of  color 
without  individual  form  can  be  conveyed,  the  hues  of  ani¬ 
mals  are  also  usually  uniform,  to  match  their  surroundings, 
and  no  special  imitative  adaptations  of  form  occur.  Thus, 
among  the  Arctic  snows,  a  brown  or  black  animal  would 
immediately  be  perceived,  and  if  defenceless  at  once  de¬ 
voured,  while  if  a  carnivore  it  would  seldom  or  never 
approach  unperceived  near  enough  to  its  prey  to  effect  a 
capture.  Hence,  all  such  variations  are  at  once  repressed, 
and  almost  all  Arctic  animals,  like  the  American  polar 
hare,  are  pure  white.  Elsewhere  bears  are  black  or  brown ; 
in  the  polar  region  the  native  species  is  nearly  indistin¬ 
guishable  from  the  snow  in  which  it  lives.  Where  the  en¬ 
vironment  undergoes  a  regular  change  from  season  to  sea¬ 
son  the  color  of  the  fauna  varies  with  it.  The  Arctic  fox, 
the  ermine,  the  alpine  hare,  the  ptarmigan  and  many  other 
birds,  are  all  more  or  less  brown  among  the  brown  hillsides 
of  autumn,  and  snow-white  among  the  winter  snows. 
Almost  equally  general  is  the  sandy  color  of  deserts,  though 
this,  instead  of  being  uniform,  is  slightly  varied  from  grain 
to  grain ;  and  nearly  all  the  birds,  reptiles,  and  insects  of 
Sahara  exactly  copy  the  sandy  gray  hue  of  the  desert 
around  them.  Soles  and  other  flat-fish  (Plenronectidse)  closely 
imitate  the  color  and  speckled  appearance  of  the  sand  on 
which  they  lie.  The  fishes  and  crustaceans  which  inhabit 
the  sargasso  weed  are  colored  the  same  yellow  as  the  masses 
of  algae  to  which  they  cling.  Aphides  and  many  small 
leaf-eating  caterpillars  are  bright  green  like  the  neighbor¬ 
ing  foliage. 

Where  the  environment  is  somewhat  more  diverse,  the 
resemblance  begins  to  show  more  specialized  features.  The 
lion,  a  large  ground-cat  of  desert  or  rocky  districts,  is  uni¬ 
formly  brown  ;  but  the  tiger  and  other  jungle-cats  have  per¬ 
pendicular  stripes  which  harmonize  with  the  bamboos  and 
brown  grass  of  their  native  haunts ;  while  the  leopards,  jag¬ 
uars,  and  other  tree-cats  have  ocellated  spots  which  conceal 
them  among  the  mingled  light  and  shade  of  the  forests. 
Large  marine  animals  have  the  back  black,  because  the 
water  looks  dark  when  seen  from  above,  but  their  bellies 
are  white,  so  as  to  harmonize  with  the  color  of  the  surface 
when  seen  from  below.  Dr.  Weismann  has  shown  that  most 
edible  unprotected  caterpillars  imitate  the  stripes  and 
shades  of  the  leaves  among  which  they  feed.  Those  which 
live  upon  grasses  are  longitudinally  striped  like  the  blades, 
those  which  live  among  small  leaves  are  spotted  and  varied  so 
as  to  resemble  the  distribution  of  light  and  shade  in  the 
bushes,  and  those  which  live  upon  large  veined  leaves  with 
oblique  ribs  have  oblique  lines  to  harmonize  with  them.  In 
some  cases  even  the  unripe  berries  are  represented  on  the 
caterpillar  by  small  reddish  spots.  A  specialized  form  of  this 
particular  protective  device  is  found  in  the  chameleon,  the 
chameleon-shrimp,  many  flat-fish,  and  some  amphibians, 
all  of  which  can  vary  their  coloration  to  suit  that  of  the 
surface  on  which  they  rest.  The  action  is  reflex,  and  ceases 
if  the  animal  is  blinded. 

Where  the  environment  is  very  varied,  as  in  tropical 
forests,  we  find  the  greatest  variety  of  coloring  as  well  as 
actual  imitation  of  particular  forms ;  and  the  protective 
resemblances  become  at  once  closer  and  more  cominou. 
Birds,  reptiles,  spiders,  monkeys,  and  other  active  preda¬ 
ceous  creatures  are  constantly  hunting  for  insects  and  simi¬ 
lar  small  prey  amongst  the  fallen  sticks  or  leaves ;  and 
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among  the  most  powerless  classes  of  insects  only  those 
which  very  closely  resemble  specific  objects  in  the  environ¬ 
ment  can  easily  escape  them.  A  gradual  passage  can  be 
traced  from  the  most  general  to  the  most  special  resem¬ 
blances  under  such  circumstances!  Many  forestine  birds 
have  a  ground-tone  of  green  in  their  plumage,  which  occurs 
nowhere  but  in  the  tropics.  Some  tree-lizards  are  green, 
like  the  leaves  on  which  they  sit,  others  are  marbled  to 
resemble  the  bark  where  they  lie  in  wait  for  their  prey. 
Arboreal  snakes  often  hang  like  lianas  or  other  creepers. 
Insects  which  cling  to  the  trunks  of  trees  can  seldom  be 
distinguished  from  the  bark.  A  Sumatran  butterfly,  Kal- 
lima  paralecta,  always  settles  on  dry  bushes  among  dead 
leaves,  and  can  then  hardly  be  perceived  among  the  brown 
foliage,  which  it  imitates  even  in  the  apparent  blotches  and 
mildew  with  which  its  wings  are  covered.  The  family  of 
Phasmidx,  including  the  leaf  and  stick  insects,  carries  such 
forms  of  imitation  very  far  indeed.  Most  of  them  are 
large,  soft,  defenceless  creatures ;  but  some,  like  Phyllium, 
closely  resemble  green  leaves,  so  as  to  be  almost  indistin¬ 
guishable  while  feeding ;  and  others  exactly  imitate  short 
broken  twigs  of  bamboo.  Mr.  Wallace  found  one  such  in¬ 
sect,  Ceroxylus  laceratus,  in  Borneo,  apparently  overgrown 
with  a  creeping  moss  or  jungermannia;  and  Mr.  Belt  dis¬ 
covered  a  larval  form  in  Nicaragua  whose  body  was  pro¬ 
longed  into  thin  green  filaments,  precisely  like  the  moss  in 
which  it  lurked.  In  other  instances  the  insect  probably 
uses  its  disguise  rather  to  deceive  its  prey  than  to  escape 
its  enemies.  Sir  Joseph  Hooker  believes  that  an  Indian 
Mantis  deludes  the  little  creatures  which  form  its  food  by 
its  singular  likeness  to  a  leaf;  while  Sir  Charles  Dilke 
found  one  which  had  its  head  and  fangs  moulded  into  the 
deceptive  appearance  of  an  orchid,  so  that  small  flies  were 
actually  attracted  in  search  of  honey  into  its  very  jaws. 
Outside  the  class  of  insects,  similar  phenomena  sometimes 
occur.  Thus,  according  to  Mr.  Bates,  many  showy  little 
tropical  spiders  double  themselves  up  at  the  base  of  leaf¬ 
stalks  so  as  to  resemble  flower  buds,  and  thus  delude  the 
flies  on  which  they  prey.  Even  among  the  vertebrates  Mr. 
Belt  mentions  a  green  Nicaraguan  lizard  looking  like  the 
herbage  by  which  it  is  surrounded,  and  decked  with  leaf¬ 
like  expansions,  which  hide  its  predaceous  [nature  from 
passing  beetles  or  butterflies. 

These  last  instances  are  divided  from  true  mimicry  by  a 
very  narrow  line.  But  they  differ  in  the  fact  that  some 
vague  object  only  in  the  general  environment  is  simulated, 
not  a  particular  protected  species,  as  in  genuine  mimetic 
resemblance.  If  we  allow,  however,  that  natural  selection 
can  produce  the  white  color  of  Arctic  animals,  and  the 
sandy  hue  of  the  sole  and  the  flounder,  it  is  easy  enough  to 
extend  the  same  principle  to  the  leaf-insect  and  the  stick- 
insect,  or  even  to  real  mimicry,  as  in  the  case  of  the  Leptalis 
and  the  Heliconidx.  Certain  Phasmidx  may  at  first  have 
varied  in  the  direction  of  green  coloration,  and  these  would 
naturally  escape  the  eyes  of  birds  more  readily  than  their 
fellows.  After  the  lapse  of  many  generations,  all  the  Phas¬ 
midx  of  that  special  group  would  have  become  green,  and 
the  birds  which  preyed  upon  them  would  have  learned  in 
many  cases  to  penetrate  the  disguise ;  for,  as  Mr.  Belt  has 
observed,  each  fresh  deceptive  resemblance  in  the  prey  is 
sure  to  be  followed  by  increased  keenness  of  discrimination 
in  the  enemies  of  the  species.  At  this  stage  the  ordinary 
green  Phasmidx  would  often  be  killed,  while  only  those 
which  happened  to  approximate  rudely  in  the  venation  of 
their  wings  to  leaves  would  now  escape  the  sharper  and 
more  experienced  eyes  of  the  birds.  Thus  step  by  step  the 
disguise  would  become  more  and  more  perfect,  only  the  best- 
protected  of  each  generation  escaping  on  the  average,  while 
all  the  worse-protected  would  be  discovered  and  devoured. 
Given  the  usual  luxuriance  of  tropical  life,  it  is  not  difficult 
to  understand  how  favorable  variations  might  continually 
occur,  until  at  length  we  get  such  perfect  deceptions  as  those 
of  the  leaf-insects,  the  stick-insects,  and  the  moss-grown 
larvro. 

The  phenomena  of  true  mimicry  may  be  explained  by  a 
parallel  genesis.  Suppose,  to  begin  with,  a  group  of  large 
and  brilliant  butterflies  like  the  South  American  Heliconidx, 
protected  by  a  nauseous  taste  and  odor,  and  therefore  never 
eaten  by  birds.  To  such  insects  slow  flight  and  conspicuous 
hues  are  a  positive  protection,  because  they  enable  birds 
readily  to  discriminate  them,  and  therefore  prevent  attacks, 
just  as  the  banded  body  of  the  wasp  and  the  hum  of  the 
bee  prevent  us  from  catching  and  killing  them  upon  a  win¬ 
dow  pane.  Suppose,  again,  that  in  the  same  district  there 
lives  a  widely  different  species  of  edible  butterfly  present¬ 
ing  some  very  slight  and  remote  resemblance  to  the  protected 
species.  At  first,  no  doubt,  the  resemblance  will  be  merely 
Bn  accidental  one  of  general  hue ;  it  may  even  be  so  slight 
as  to  deceive  nobody  except  upon  the  most  distant  and 
casual  glance.  Now,  suppose  these  edible  butterflies  to  be 


devoured  in  large  quantities  by  birds,  then  a  few  of  them 
may  happen  to  gain  safety  by  associating  with  the  flocks  of 
inedible  butterflies  which  the  birds  refuse.  After  a  time, 
even  if  the  habit  of  consorting  with  the  protected  species 
becomes  fixed  in  the  race,  the  birds  will  begin  to  recognize 
the  edible  insects  amongst  the  flocks,  especially  such  as  vary 
most  in  the  opposite  direction  from  the  protected  species. 
On  the  other  hand,  they  will  overlook  such  as  vary  most  in 
the  same  direction  as  the  inedible  kind ;  and  thus  the  least 
mimetic  individuals  will  be  destroyed,  while  the  most  mi¬ 
metic  will  be  left  to  pair  with  one  another  and  to  produce 
young,  most  of  whom  will  present  the  like  peculiarities. 
From  generation  to  generation  the  birds  will  go  on  picking 
out  every  bad  copy,  and  sparing  all  the  best  ones,  till  at  last 
the  two  species  become  absolutely  indistinguishable  upon 
the  wing.  But  the  mimicry  will  never  of  course  affect  any 
but  the  most  external  and  noticeable  parts  of  the  organism ; 
it  will  be  to  the  last  a  mere  matter  of  color,  shape  of  wing, 
visible  appearance  of  legs  or  antennm,  and  so  forth.  The 
underlying  structural  differences  will  remain  as  great  as 
ever,  though  externally  masked  by  the  deceptive  resem¬ 
blance  in  form  and  hue. 

In  like  manner  we  may  explain  the  genesis  of  the  mi¬ 
metic  resemblance  borne  by  Volucella  to  the  humble  bee. 
Suppose  an  undisguised  fly  to  enter  the  bees’  nest,  it  would 
be  at  once  attacked  and  killed.  But  if  it  presented  some 
very  slight  resemblance  to  the  bee  it  might  manage  to  lay 
its  eggs  undisturbed,  and  its  larva}  would  then  be  able  to  feed 
quietly  upon  the  larvse  of  the  bee.  With  each  new  genera¬ 
tion  the  more  flimsy  disguises  would  be  more  and  more 
readily  detected,  and  only  those  flies  which  varied  most  in 
the  direction  of  resembling  the  bees  would  survive  or  lay 
their  eggs  in  peace.  On  the  other  hand,  those  which  actually 
succeeded  would  possess  great  advantages  over  their  neigh¬ 
bors,  because  their  larvse  would  thus  obtain  a  safe  and  cer¬ 
tain  supply  of  food,  and  be  guaranteed  the  protection  of  the 
bees’  nest.  In  this  way  the  flies  would  at  last,  by  constant 
survival  of  the  best-adapted,  come  exactly  to  imitate  the 
bees  amongst  which  they  lived. 

The  theory  of  the  origin  of  mimetic  forms  thus  briefly 
sketched  out  is  due  to  Mr.  Bates  and  Mr.  Wallace,  and  it 
explains  all  the  facts  more  fully  than  any  other.  It  shows 
us,  first,  why  the  mimicking  organism  always  imitates  a 
specially  protected  species ;  secondly,  why  the  two  always 
inhabit  the  same  district ;  thirdly,  why  the  mimicking  spe¬ 
cies  is  always  much  rarer  than  the  species  mimicked; 
fourthly,  why  the  phenomenon  is  confined  to  a  few  groups 
only ;  and  fifthly,  why  several  different  mimicking  species 
often  imitate  the  same  protected  form.  It  also  accounts  for 
the  absence  of  mimicry  amongst  large  or  dominant  ani¬ 
mals,  and  its  comparative  commonness  amongst  small  and 
defenceless  kinds.  And  by  affiliating  the  whole  of  the  phe¬ 
nomena  upon  the  general  principles  of  protective  coloring 
it  reduces  a  seemingly  strange  and  marvellous  fact  to  a  par¬ 
ticular  case  of  a  well-known  law. 

Whatever  theory  be  adopted,  however,  the  facts  and  most 
of  their  implications  remain  the  same.  For,  whether  we 
suppose  these  imitative  resemblances  to  be  due  to  direct 
creative  design  or  to  survival  of  favorable  variations,  it  is 
at  least  clear  that  the  disguise  subserves  a  function — that  it 
is  purposive  and  not  accidental.  Hence  we  may  draw  from 
the  phenomena  of  mimicry  certain  important  psychological 
implications.  On  the  hypothesis  of  evolution,  it  is  obvious 
that  the  mimicry  can  never  go  further  than  the  senses  of 
the  creatures  against  whom  the  disguise  is  advantageous 
would  naturally  carry  it ;  and  even  on  the  hypothesis  of 
special  design  it  is  not  likely  that  the  imitation  would  be 
made  more  accurate  than  would  be  necessary  for  practical 
purposes  of  deception.  There  is  much  evidence  in  favor  of 
this  view.  Mr.  B.  T.  Lowne,  for  example,  who  has  care¬ 
fully  measured  the  curvature  of  the  facets  in  the  compound 
eyes  of  insects,  upon  which  depends  the  minimum  size  of 
apprehensible  objects,  finds  that  the  mimicry  in  the  case  of 
the  flies  parasitic  upon  bees’  nests  has  proceeded  j  ust  so  far 
as  the  structure  of  the  bee’s  eye  would  lead  us  to  expect, 
and  no  further.  In  other  words,  so  far  as  measurements  of 
angular  distance  subtended  can  guide  us,  such  a  fly  seems 
to  be  absolutely  indistinguishable  by  a  bee  from  one  of  his 
own  species,  within  the  limits  of  ordinary  vision.  The 
pictures  cast  upon  the  sensorium  by  the  fly  and  by  a  brother 
bee  are  simply  identical.  In  many  other  cases  it  can  be 
shown  that  the  mimicry  seems  specially  intended  to  deceive 
the  eyes  of  a  particular  class  of  animals ;  while  there  is  no 
case  of  mimicry  where  the  only  enemies  or  prey  consist  of 
plants  or  eyeless  animals.  Naturally  there  can  be  no  mim¬ 
icry  without  a  creature  to  deceive ;  the  very  conception 
implies  an  external  nervous  system  to  be  acted  upon,  and 
to  be  acted  upon  deceptively.  Thus  mimicry  in  plants  must 
have  reference  to  the  eyes  of  animals,  in  animals  themselves 
to  the  eyes  of  one  another.  We  may  conclude,  accordingly. 
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that  if  a  leaf-insect  is  green  With  faint  violet-brown  veins 
to  the  wings,  exactly  like  a  certain  leaf,  in  order  to  deceive 
sundry  tropical  birds,  then  those  birds  are  capable  of  per¬ 
ceiving  the  forms  and  colors  imitated  to  that  particular 
degree.  So  the  presence  of  mimicry  in  any  group  may 
guide  us  to  a  rough  idea  of  the  perceptive  powers  of  those 
creatures  whom  the  mimicry  serves  to  deceive.  The  exact 
imitation  of  sand  and  colored  pebbles  in  the  flat-fish  is  a 
fairly  safe  indication  that  the  predaceous  fish  by  whose  se¬ 
lection  they  have  been  developed  (through  the  weeding  out 
of  ill-protected  variations)  can  pretty  accurately  distinguish 
form  and  color.  The  long  green  pipe  fish  which  cling 
around  green  sea-weed  have  probably  acquired  their  exist¬ 
ing  hues  to  deceive  the  eyes  of  small  sharks ;  the  Phyllo- 
pteryx  eques,  a  hippocampus  which  looks  precisely  like  a  piece 
of  tangled  and  waving  fucus  (see  figure,  vol.  xi.  p.  761),  has 
doubtless  in  the  same  way  taken  on  its  delusive  likeness 
to  the  algse  among  which  it  lives.  So  the  cricket  which 
resembles  its  foe  the  sand-wasp  must  have  gained  its  present 
shape  and  hue  by  deceiving  its  enemy,  and  therefore  it 
suggests  the  probability  of  highly-developed  vision  on  the 
part  of  the  wasps.  There  seems  every  reason  to  believe 
that  in  many  instances  insects,  spiders,  and  even  lizards 
have  developed  mimetic  or  other  deceptive  resemblances  in 
order  to  delude  the  eyes  of  insects ;  while  in  other  cases  the 
disguise  has  been  unconsciously  adopted  to  deceive  fish, 
amphibians,  reptiles,  birds,  and  mammals.  Moreover,  we 
have  some  grounds  for  believing  that  the  sense  of  color  is 
exceptionally  strong  in  birds  and  in  one  or  two  insect 
orders  ;  and  the  mimicry  of  color  seems  to  have  proceeded 
to  the  greatest  length  amongst  animals  which  are  most  ex¬ 
posed  to  the  attacks  of  these  classes,  or  which  would  find  it 
advantageous  to  deceive  them.  It  may  be  added  that  these 
same  classes  have  been  most  effective  in  producing  the 
bright  hues  of  flowers  and  fruits,  on  Mr.  Darwin’s  hypothesis, 
or  are  at  least  in  any  case  most  intimately  .correlated  with 
such  vegetable  structures  as  fertilizers  of  blossoms  and  dis¬ 
persers  of  seed.  Mimicry  is  thus  to  some  extent  a  rough 
gauge  of  the  perceptive  faculties  of  the  species  deceived 
by  it. 

The  vocal  mimicry  which  occurs  among  certain  birds, 
such  as  the  mocking-bird,  starling,  parrot,  and  bullfinch, 
must  of  course  be  placed  in  a  wholly  different  category  from 
these  biological  cases.  It  is  a  direct  volitional  result,  and 
it  is  mimicry  in  a  literal  not  in  a  figurative  sense.  The 
faculty  seems  to  be  due  to  the  play-instinct  alone,  and  not 
to  subserve  any  directly  useful  functions.  (g.  a.) 

MIMNERMUS,  a  Greek  elegiac  poet,  bora  at 
SmjTna,  lived  about  600  B.c.  His  life  fell  in  the 
troubled  time  when  the  old  Greek  city  of  Smyrna  was 
struggling  to  maintain  itself  against  the  rising  power 
of  the  Lydian  kings.  One  of  the  extant  fragments  of 
his  poems  refers  to  the  struggle  and  contrasts  the  pres¬ 
ent  effeminacy  of  his  countrymen  with  the  bravery  of 
those  who  had  once  defeated  the  Lydian  king  Gyges. 
The  poet  mentions  in  another  fragment  that  he 
belonged  to  the  stock  of  the  Colophonians  who  had 
seized  the  iEolic  Smyrna.  But  his  most  important 
poems  were  a  set  of  elegies  addressed  to  a  flute-player 
named  Nanno  ;  they  were  collected  in  two  books  called 
after  her  name.  Hermesianax  mentions  his  love  for 
Nanno,  and  implies  that  it  was  unfortunate.  Only  a 
few  fragments  of  these  poems  have  been  preserved ; 
and  their  soft  melancholy  tone  and  delicate  language 
give  some  idea  of  the  poet’s  character.  His  ideal  is 
the  sweet  soft  luxurious  Ionian  life,  and  he  would  en¬ 
joy  it  free  from  sorrow  and  die  as  soon  as  he  could  no 
longer  enjoy  it.  Yet  there  is  apparent  some  of  the  old 
stronger  strain  of  character  which  in  early  time  raised 
the  Ionian  cities  to  greatness,  pride  in  the  glories  of 
his  race  and  scorn  for  those  that  are  unworthy  of  their 
fathers’  renown.  His  experience  of  life  was  evidently 
sad  ;  he  felt  that  his  country  was  gradually  yielding 
to  the  enemy  it  had  once  defeated,  and  he  knew  that 
his  own  hopes  were  disappointed.  The  sun  himself 
has  endless  toils  from  rising  to  setting  and  again  from 
setting  to  rising.  The  life  of  man  is  as  transitory  as 
the  leaves  of  spring,  he  says,  referring  to  a  passage  in 
the  popular  epic  poetry  of  Ionia  {Iliad,  vi.  146).  He 
wishes  to  die  in  his  sixtieth  year,  a  wish  to  which 
Solon  replied  bidding  him  reconsider  and  rather  long 
to  die  when  he  was  eighty  gears  old.  Mimnermus  was 
the  first  to  make  the  elegiac  verse,  which  had  pre¬ 
viously  had  more  of  the  epic  character,  the  vehicle  for 


love  poetry,  and  to  impart  to  it  the  color  of  his  own 
mind.  He  found  the  elegy  devoted  to  objective 
themes ;  he  made  it  subjective.  He  set  his  own  poems 
to  the  music  of  the  flute,  and  the  poet  Hipponax  says 
that  he  used  the  melancholy  vojuoc  K padiag.  He  bears 
the  epithet  Aiyvaoradr/e ,  by  which  Solon  addresses  him. 
It  is  doubtful  whether  this  epithet  is  peculiar  to  him¬ 
self  or  whether  it  marks  him  as  belonging  to  a  musical 
and  poetic  family  or  school;  it  is  evidently  akin  to  the 
epithet  Tiiyuai  M ovaai. 

MIMOSA.  The  Mimosece  (so  named  from  their 
mimicry  of  animal  movements)  form  one  of  the  three 
suborders  of  Leguminosce ,  and  are  characterized  by 
their  (usually  small)  regular  flowers  and  valvate  corolla. 
Their  28  genera  and  1100  species  are  arranged  by 
Baillon  in  Four  series,  of  which  the  acacias  (see  Acacia) 
and  the  true  mimosas  are  the  most  important.  They 
are  distributed  throughout  almost  all  tropical  and  sub¬ 
tropical  regions,  the  acacias  preponderating  in  Aus¬ 
tralia  and  the  true  mimosas  in  America.  The  former 
are  of  considerable  importance  as  sources  of  timber, 
gum,  and  tannin  but  the  latter  are  of  much  less 
economic  value,  though  a  few,  like  the  talh  {M.  ferru- 
ginea)  of  Arabia  and  Central  Africa ‘are  important 
trees.  Most  are  herbs  or  undershrubs,  but  some  South 
American  species  are  tall  woody  climbers.  They  are 
often  prickly.  The  roots  of  some  Brazilian  species  are 
poisonous,  and  that  of  M.  pudica,  L.,  has  irritating 
properties.  M.  sensitiva  has  been  used  in  America  in 
the  treatment  of  fistula,  etc. ,  probably  as  an  astringent. 
The  mimosas,  however,  owe  their  interest  and  their 
extensive  cultivation,  partly  to  the  beauty  of  their 
usually  bipinnate  foliage,  but  still  more  to  the  remark¬ 
able  development  in  some  species  of  the  sleep  move¬ 
ments  manifested  to  some  extent  by  most  of  the  pin¬ 
nate  Leguminosce ,  as  well  as  many  other  (especially 
seedling)  plants.  In  the  so-called  “sensitive  plants  ” 
these  movements  not  only  take  place  under  the  influ¬ 
ence  of  light  and  darkness,  but  can  be  easily  excited, 
by  mechanical  and  other  stimuli.  When  stimulated, 
say  at  the  axis  of  one  of  the  secondary  petioles,  the 
leaflets  move  upwards  on  each  side  until  they  meet, 
the  movement  being  propagated  centripetally.  It  may 
then  be  communicated  to  the  leaflets  of  the  other  sec¬ 


ondary  petioles,  which  close  (the  petioles,  too,  converg¬ 
ing),  and  thence  to  the  main  petiole,  which  sinks 
rapidly  downwards  towards  the  stem,  the  bending 
taking  place  at  the  pulvinus,  or  swollen  base  of  the 
leafstalk.  See  Botany,  vol.  iv.  p.  101,  Fig.  117. 
When  shaken  in  ang  way,  the  leaves  close  and  droop 
simultaneously,  but  if  the  agitation  be  continued,  they 
reopen  as  if  they  had  become  accustomed  to  the  shocks. 
The  common  sensitive  plant  of  hot-houses  is  M.  pudica , 
L. ,  a  native  of  tropical  America  but  now  naturalized  in 
corresponding  latitudes  of  Asia  and  Africa ;  but  the 
hardly  distinguishable  M.  sensitiva  and  others  are  also 
cultivated.  The  common  wild  sensitive  plants  of  the 
United  States  are  two  species  of  the  closely  allied  genus 
Schrankia. 

MINDANAO,  MINDORO.  See  Philippine 
Islands. 

MINDEN,  the  chief  town  of  a  district  of  the  same 
name  in  Prussia,  province  of  Westphalia,  is  situated 
about  22  miles  to  the  west-southwest  of  Hanover,  on  the 
left  bank  of  the  Weser,  which  is  spanned  there  by  two 
bridges.  The  older  parts  of  the  town  retain  an  old- 
fashioned  appearance,  with  narrow  and  crooked  streets ; 
the  modern  suburbs  occupy  the  site  of  the  former  fortifi¬ 
cations.  The  most  interesting  building  is  the  Roman 
Catholic  cathedral,  the  tower  of  which,  dating  from  the 
11th  century,  illustrates  the  first  step  in  the  growth  of 
the  Gothic  spire  in  Germany.  The  nave  was  erected  at 
the  end  of  the  13th  century,  and  the  choir  in  1377-79. 
Among  the  other  chief  edifices  are  the  old  church  of  St. 
Martin ;  the  town-house,  with  a  Gothic  facade ;  the 
extensive  court-house;  and  the  Government  offices, 
constructed,  like  many  of  the  other  buildings,  of  a  pe¬ 
culiar  veined  brown  sandstone  found  in  the  district. 
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Minden  contains  a  gymnasium  and  several  hospitals, 
besides  other  charitable  institutions.  Its  industries 
include  linen  and  cotton  weaving,  dyeing,  calico  print¬ 
ing,  and  the  manufacture  of  tobacco,  leather,  lamps, 
chicory,  and  chemicals.  There  is  also  some  activity  in 
the  building  of  small  craft.  In  1881  107  vessels  of  an 
aggregate  burden  of  12,569  tons  entered  and  cleared  the 
river-harbor  of  Minden.  The  population  in  1905  was 
25.425. 

Minden  (Mindun,  Mindo),  apparently  a  trading-place  of 
6ome  importance  in  the  time  of  Charlemagne,  was  made  the 
seat  of  a  bishop  by  that  monarch,  and  subsequently  became 
a  flourishing  member  of  the  Hanseatic  League.  In  the  13th 
century  it  was  surrounded  with  a  wall.  Punished  by  mili¬ 
tary  occupation  and  a  fine  for  its  reception  of  the  Reforma¬ 
tion  in  1547,  Minden  underwent  similar  trials  in  the  Thirty 
Years’  War  and  the  wars  of  the  French  occupation.  In  1648 
the  bishopric  was  converted  into  a  secular  principality 


under  the  elector  of  Brandenburg.  From  1807  to  1814  Min¬ 
den  was  included  in  the  kingdom  of  Westphalia,  and  in  the 
latter  year  it  passed  to  Prussia.  In  1816  the  fortifications, 
which  had  been  razed  by  Frederick  the  Great  after  the 
Seven  Years’  War,  were  restored  and  strengthened,  and  as  a 
fortress  of  the  second  rank  it  remained  the  chief  military 
place  of  Westphalia  down  to  1872,  when  the  works  were 
finally  demolished.  At  Todtenhausen,  3  miles  to  the  north 
of  Minden,  the  allied  English  and  German  troops  under  the 
duke  of  Brunswick  gained  a  decisive  victory  over  the 
French  in  1759.  About  3  miles  to  the  south  of  Minden  is  the 
so-called  “  Porta  Westfalica,”  a  narrow  and  picturesque  defile 
by  which  the  Weser  quits  the  mountains  and  reaches  the 
plain. 

Minden  is  not  to  be  confounded  with  the  Hanoverian 
Miinden,  also  sometimes  written  Minden  (population  6355), 
at  the  confluence  ( Mundung )  of  the  Werra  and  Fulda. 

MINE.  See  Mining. 
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NATURAL  objects  which  are  homogeneous  in  their 
mass,  and  in  which  no  parts  formed  for  special 
purposes  can  be  distinguished,  are  termed  ‘  ‘  minerals  ’  ’ ; 
and  the  branch  of  natural  science  which  treats  of  these 
is  termed  mineralogy.  Minerals  differ  from  the  struc¬ 
tures  treated  of  in  botany  and  zoology  in  the  three  fol¬ 
lowing  particulars.  (1)  They  differ  in  the  mode  of 
their  formation;  this  has  been  accomplished,  not  by 
assimilation  of  matter,  producing  growth  from  within, 
but  by  augmentation  of  bulk  through  accretion  of  par¬ 
ticles  from  without.  (2)  Minerals  are  not  heteroge¬ 
neous.  While  the  objects  treated  of  in  the  other  de¬ 
partments  of  natural  history  consist  of  beings  possessed 
of  life,  and  having  parts  which,  being  mutually  de¬ 
pendent,  cannot  be  separated  from  one  another  with¬ 
out  a  more  or  less  complete  destruction  of  the  indi¬ 
vidual,  the  objects  treated  of  under  the  department  of  / 
mineralogy  have  so  uniformly  consistent  an  individu¬ 
ality  that  they  are  not  destroyed  by  any  separation  of 
parts, — each  portion  or  fragment  possessing  the  same 
properties  and  the  same  composition  as  the  whole. 
Ana  (3),  while  those  beings  which  are  possessed  of 
life  have  their  component  elements  grouped  into 
complexes,  for  the  most  part  capable  of  more  or 
less  freedom  of  motion  and  susceptible  of  change, 
minerals  have  a  constitution  resulting  from  chemical 
attractions  alone  and  an  arrangement  of  their  parts, 
under  physical  influences,  which  has  resulted  in 
rigidity  and  an  absence  of  all  tendency  to  change. 

Form  of  Minerals— Crystallography. 

The  most  precise  definition  of  a  mineral  would  be — 
an  inorganic  body  possessed  of  a  definite 
tionof  a  chemical  composition,  and  usually  of  a  regu- 

minerai.  lar  geometric  form.  Of  these,  the  second 
is  in  one  respect  the  direct  outcome  of  the 
first ;  while  many  of  the  most  important  physical 
properties  possessed  by  minerals  are  outcomes  of  the 
second. 

Both  the  geometric  form  and  the  composition  of 
minerals  are  produced  and  modified  under  the  influence 
of  general  laws. 

Mineral  bodies  occur  in  the  three  physical  conditions 
of  solid,  liquid,  and  gas.  Those  now  found  in  the  last 
two  states  are  few  in  number,  and  are  of  altogether  in¬ 
ferior  interest  to  those  which  occur  as  solids;  but  there 
is  reason  to  believe  that  the  minerals  we  know  as  solids 
once  existed  in  the  liquid  or  gaseous  state,  and  that 
their  present  structure  was  determined  in  the  process 
of  solidification.  All  bodies  thus  formed  may  be  di¬ 
vided  into  two  great  classes: 

I .  Amorphous  bodies,  or  such  as  do  not  possess  a 
definite  ana  characteristic  geometrical  form.  These 
(when  transparent)  refract  light  singly  in  every  direc¬ 


tion  (except  when  under  stress)  ;  they  are  equally  easy 
or  equally  difficult  to  break  in  all  direc¬ 
tions  ;  when  broken  they  exhibit  a  con-  -£™°ur- 
choidal  or  an  earthy  fracture  ;  they  are  bodies, 
equally  hard  throughout  all  their  parts  : 
they  are  equally  elastic  in  all  directions  ;  they  conduct 
heat  with  equal  rapidity  and  in  equal  amount  in  all 
directions. 

2.  Crystalline  bodies,  or  such  as  occur  in  definite 

feometrical  forms  bounded  by  flat  surfaces.  crystals. 

'hese  present  greater  facilities  of  separation 
of  their  particles,  or  “cleavage,”  in  certain  directions 
lying  in  determinate  planes  than  they  do  in  others; 
most  of  them  are  neither  equally  hard  nor  equally 
elastic  in  all  directions,  conduct  heat  more  rapidly  in 
certain  direction::  than  they  do  in  others,  and,  when 
transparent,  refract  light  doubly  except  in  certain 
directions. 

Mineral  bodies  are  found  in  both  of  the  above 
classes;  and  the  same  mineral  body  may  occur  in  both 
the  amorphous  and  the  crystalline  condition.  This  is 
seen  in  the  piece  of  gold 
shown  in  Fig.  1,  where 
the  upper  portion  has  a 
sharply  angular  and  a 
well-defined  shape,  while 
the  lower  presents  curvi¬ 
linear  and  rugged  out¬ 
lines,  similar  to  one  an¬ 
other  in  no  part.  Under 
favoring  circumstances,  it 
is  possible  that  every  sub¬ 
stance,  whose  composition 
is  capable  of  being  repre¬ 
sented  by  a  definite  chem¬ 
ical  formula — i.  e. ,  which 
has  an  unvarying  compo- 
Fig.  l.  sition — may  be  capable  of 

assuming  a  definite  crystalline  form. 

Size  and  Form  of  Crystals.— They  are  of  every  size 
from  over  a  yard  in  diameter  to  mere  specks  gize  of 
requiring  a  high  power  of  the  microscope  crystals, 
to  reveal  their  existence.  Beryls  have 
been  obtained  in  America  more  than  4  feet  in  length 
by  2\  in  thickness,  weighing  2\  tons.  Equally  large 
crystals  of  apatite  have  been  found  in  Canada.  There 
is  a  rock  crystal  at  Milan  31  feet  long  by  in  circum¬ 
ference,  weighing  870  lb.  The  highest  perfection  of 
form,  and  hence  of  other  properties,  is  only  found, 
however,  in  crystals  of  moderate  or  of  small  size. 

Variety  of  Form ,  and  Constancy  of  Form. — The 
same  mineral  may  be  found  in  different  lo-  variety 
calities,  or  sometimes  in  the  same  locality,  of  form, 
exhibiting  an  almost  endless  variety  of 
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forms.  Calc-spar  occurs  at  a  Scottish  locality  in  acic- 
ular  pyramidal  crystals  of  which  the  length  may  be  ten 
or  more  times  as  great  as  the  width  (Fig.  2);  in  flat 
plates  as  thin  as  paper,  in  which  the  length  is  not  the 
hundredth  part  of  the  width;  also  in  prisms,  pyra¬ 
mids,  and  rhombohedra,  which  at  first  sight  (as  in  Figs. 


Fig.  3. 


Fig.  2. 

3,  4)  seem  destitute  of  any  relationship  to  each  other. 
This  substance  has  elsewhere  been  noted  in  several 
hundred  forms.  The  minerals  fluorite,  pyrite,  and 
baryte  have  each  been  observed  in  over  a  hundred  di¬ 
verse  forms.  Nevertheless,  however  great  the  num¬ 
ber,  all  the  forms,  in  the  case  of  each  min- 
Keiation  eral,  may  be  reduced  or  referred  to  a  single 

form.ren  type,  by  the  simple  process  of  examining 

its  internal  structure  or  the  mode  of  ar¬ 
rangement  of  its  molecules.  This  is  accomplished  in 
two  ways — (1)  by  finding  the  weak  joints  in  that  ar¬ 
rangement,  through  splitting  the  crystal,  and  (2)  by 
measuring  the  angular  inclination  of  the  outside  sur¬ 
faces  which  bound  the  form  and,  from  these  measure¬ 
ments,  by  simple  mathematical  laws,  arriving  at  what 
has  been  termed  its  “  primitive  ”  or  simplest  form. 

As  regards  the  mere  recognition  of  a  substance,  such 
measurement  in  itself  suffices, — the  angular 
ty  of  angles  inclination,  if  the  same  surfaces  be  meas- 
y  '  ured,  being  unvarying  in  each  species.  It 

can,  moreover,  be  shown  that  the  possible  range  of 
external  variety  of  form  is  governed  by  fixed  mathe¬ 
matical  laws,  which  determine  precisely  what  crystalline 
forms  are  or  may  be  produced  for  each  species.  Com¬ 
paratively  few  of  these  actually  occur  in  nature  ;  but 
crystallographic  laws  can  point  out  the  range  of  those 
which  can  possibly  occur,  can  delineate  them  even  be¬ 
fore  they  are  found,  and  can  in  all  cases  show  the 
relationship  which  subsists  between  them  and  the 
simple  or  fundamental  form  from  which  or  out  of 
which  they  all  originate.  It  must  be  observed  that  in 
crystalline  bodies  the  internal  structure — that  is,  the 
arrangement  of  the  molecules— is  as  regular  in  an  out¬ 
wardly  shapeless  mass  as  in  the  modelled  crystal  which 
presents  itself  as  a  perfect  whole. 

Definitions  of  Crystals,  and  their  Members  or  Parts.— 
Properties  A  crystal  is  a  symmetrical  solid,  ejther 
and  parts  of  opaque  or  transparent,  contained  within 
crystals.  surfaces  which  theoretically  are  flat,  and  of 


a  perfect  polish,  but  which  are  ac  tually  frequently 
curved,  striated,  or  pitted.  These  surfaces  are  called 
“planes,”  or  “faces.”  The  external  planes  of  a 
crystal  are  called  its  “natural  planes”;  the  flat  sur¬ 
faces  obtained  by  splitting  a  crystal  are  called  its 
‘  ‘  cleavage  planes.  ’  ’  The  intersections  of  the  bound¬ 
ing  planes  are  called  “edges,”  and  planes  are  said  to 
be  similar  when  their  corresponding  edges  are  pro¬ 
portional  and  their  corresponding  angles  equal. 
Crystals  bounded  by  equal  and  similar  faces  are  termed 
“simple  forms.”  The  cube,  bounded  by  six  equal 
squares,  the  octahedron,  bounded  by  eight  equilateral 
triangles,  and  the  rhombohedron,  bounded  by  six  equal 
rhomhs,  are  thus  simple  forms.  Crystals  of  which  the 
faces  are  not  all  equal  and  similar  are  termed  compound 
forms  or  “  combinations,”  being  regarded  as  produced 
by  the  union  or  combination  of  two  or  more  simple 
forms.  Edges  are  termed  rectangular,  obtuse,  or 
acute,  according  as  the  angle  at  which  the  faces  which 
form  the  edge  meet  is  equal  to,  or  greater  or  less  than, 
a  right  angle.  Edges  are  similar  when  the  planes  by 
the  intersection  of  which  they  are  formed  are  re¬ 
spectively  equal  and  equally  inclined  to  one  another  ; 
otherwise  they  are  unlike  or  dissimilar. 

When  a  figure  is  bounded  by  only  one  set  of  planes, 
it  is  said  to  be  “developed.”  When  an  inter- 
edge  is  cut  off  by  a  new  plane,  it  is  said  to  ferences. 
be  “  replaced  ”  ;  when  cut  off  by  a  plane  which  forms 
an  equal  angle  with  each  of  the  original  faces  which 
formed  the  edge,  it  is  said  to  be  “  truncated.  ”  When 
an  edge  is  cut  off  by  two  new  faces  equally  inclined  to 
the  two  original  faces  respectively,  it  is  said  to  be 
“bevelled.”  When  a  solid  angle  is  cut  off  by  a  new 
face  which  forms  equal  angles  with  all  the  faces  which 
went  to  form  the  solid  angle,  it  is  said  to  be  truncated. 

In  classifying  crystals  and  studying  their  properties, 
it  is  found  convenient  to  introduce  certain  Axes 
imaginary  lines  called  “axes.”  Axes  are 
imaginary  lines  connecting  points  in  the  crystal  which 
are  diametrically  opposite, — such  as  the  centres  of 
opposite  faces,  the  apices  of  opposite  solid  angles,  the 
centres  of  opposite  edges.  Different  sets  of  axes  may 
thus  be  drawn  through  the  same  crystal ;  but  there  is 
always  one  set,  usually  of  three,  but  in  one  special 
class  of  crystals  of  four,  axes,  by  reference  to  which 
the  geometrical  and  physical  properties  of  a  crystal 
can  be  most  simply  explained.  These  axes  intersect 
one  another,  either  at  right  angles,  producing  “  ortho¬ 
metric”  forms,  or  at  oblique  angles,  producing  “clino- 
metric  ’  ’  forms.  The  axes  may  be  all  equal,  or  only 
two  equal,  or  all  unequal. 

There  is  a  definite  conventional  position  in  which  for 
purposes  of  description  a  crystal  is  always  «p0sition- 
supposed  to  be  held.  With  reference  to  ing”of 
this  position  one  of  the  axes, — that  which  crystals, 
is  erect  or  most  erect, — is  termed  the  “vertical,”  and 
the  others  the  “lateral.”  The  planes  in  which  any 
two  of  the  axes  lie  are  called  the  “axial”  or  “dia¬ 
metral  planes,  ’  ’  — sometimes  ‘  ‘  sections.  ’  ’  By  these  the 
space  around  the  centre  is  divided  into  “sectants.  ” 
If  there  are,  as  is  generally  the  case,  only  two  lateral 
axes,  the  space  is  divided  into  eight  sectants,  or  octants; 
but,  if  there  are  three  lateral  axes,  it  is  divided  into 
twelve  sectants. 

Primitive  Forms  of  Crystals. — If  we  attempt  to 
arrive,  through  a  study  of  the  internal  itl 

structure  of  crystals,  as  evidenced  by  di-  forrms.  ve 
rections  of  weakness  of  cohesion,  at  the 
total  number  of  primitive  or  parent  forms  which  can 
exist,  we  find  that  there  are  thirteen  such  forms  and 
no  more. 

Nine  of  these  may  he  regarded  as  prisms  standing  upon 
abase,  three  as  octahedra  standing  upon  a  solid  angle ;  and 
there  is  one  twelve-sided  figure,  or  dodecahedron. 

Prisms. — Of  the  prisms  eight  have  a  four-sided  base. 

If  the  base  is  square  and  the  prism  stands  erect — that  is, 
if  its  sides  or  lateral  planes,  as  they  are  called,  prisms 
are  perpendicular  to  the  base— the  form  is 
termed  a  “  right  square  prism  ”  (Fig.  6).  In  this  the  four 
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lateral  planes  are  rectangular  and  equal ;  they  maybe  either 
oblong  or  square ;  in  the  latter  case  the  form  is  the  “  cube” 
(Fig.  5).  When  the  base  is  a  rectangle  instead  of  a  square, 
the  form  is  a  “  right  rectangular  prism  ”  (Fig.  7).  In  each 


Fig.  5. 


Fig.  6. 


Fig.  7. 


of  the  above  three  forms  the  edges  are  twelve  in  number. 
In  the  cube  all  the  edges  are  equal.  In  the  square  prism 
the  lateral  edges  are  all  equal,  but  are  different  from  the 
four  equal  edges  of  the  base.  In  the  rectangular  prism,  two 
at  each  base  differ  in  length  from  the  other  two,  while  both 
differ  from  the  lateral ;  hence  there  are  here  three  sets  of 
edges,  four  in  each.  In  each  of  the  three  forms,  however, 
the  solid  angles  are  eight  in  number,  all  equal,  and  each 
inclosed  by  three  right  angles. 

When  the  base  is  a  rhombus,  and  the  prism  stands  erect, 
the  form  is  a  “  right  rhombic  prism  ”  (Fig.  8).  Two  of  the 
angles  in  the  base 
being  here  acute 
and  two  obtuse,  two 
of  the  solid  angles 
corresponding  each 
with  each  must  dif¬ 
fer  from  the  others. 

So  also  must  two  of 
the  lateral  angles 
be  acute  and  two 
obtuse.  The  four  lateral  faces  are  equal. 

When  the  base  is  a  rhomboid,  and  the  prism  stands  erect, 
it  is  only  the  opposite  lateral  faces  that  can  be  equal.  The 
form  is  called  a  “  right  rhomboidal  prism  ”  (Fig.  9). 

When  the  base  is  a  rhombus,  but  the  prism  stands 
obliquely  on  its  base,  the  form  is  called  an  “  oblique  rhom¬ 
bic  prism”  (Fig.  10).  Here  the  basal  edges  of  the  lateral 
planes  are  all  equal  in  length,  but  on  account  of  the  inclina¬ 
tion  of  the  prism  the  angles  which  these  edges  form  with 
the  lateral  edges  of  the  lateral  planes  are  two  acute  and  two 
obtuse. 
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If  all  the  edges  of  an  oblique  rhombic  prism  are  equal  in 
length  to  the  breadth  of  the  base,  and  if  the  lateral  planes 
are  rhombi  equal  in  all  respects  to  the  basal,  the  form  is 
called  a  “  rhombohedron  ”  (Fig.  11).  This  is  included  within 
six  equal  planes,  like  the  cube,  but  these  planes  have  oblique 
angles.  The  rhombohedron  thus  bears  the  same  relation  to 
the  oblique  rhombic  prism  which  the  cube  does  to  the  right 
square  prism.  Of  the  eight  solid  angles  of  a  rhombohedron 
only  two  are  contained  by  three  equal  plane  angles,  and 
these  two  “  apices,”  as  they  may  be  called,  are  opposite  one 
another.  According  as  the  apices  are  acute  or  obtuse,  we 
have  an  acute  or  obtuse  rhombohedron. 

When  the  base  of  an  oblique  prism  is  a  rhomboid,  the 
prism  becomes  an  “  oblique  rhomboidal  prism  ”  (Fig.  12).  In 
this  form,  only  diagonally  opposite  edges  are  similar,  as  re¬ 
gards  equality  of  length  and  the  value  of  the  included  an¬ 
gle.  Only  opposite  solid  angles  are  equal,  as  are  also  the 
opposite  and  parallel  faces. 

A  right  prism  may  have  an  equilateral  six-sided  base ;  it 
is  then  called  an  “hexagonal  prism.”  This  form  maybe 
developed  in  two  positions  relatively  to  each  other, — one  in 
which  the  transverse  axes  pass  from  the  centres  of  opposite 
faces  (Fig.  13),  the  other  in  which  they  pass  from  the  centres 
of  opposite  edges  of  the 
planes  (Fig.  14).  The 
faces  of  the  one  set  mu¬ 
tually  truncate  the 
edges  of  the  other.  If  a 
rhombohedron  be  posi¬ 
tioned  so  as  to  rest  upon 
one  of  its  apices,  the 
faces  of  one  hexagonal 
prism  would  truncate 
the  lateral  edges  of  the 
rhombohedron,  while 


Fig.  13. 


Fig.  14. 


the  faces  of  the  other  hexagonal  prism  would  truncate  its 
lateral  solid  angles.  Hexagonal  prisms  may  be  longer  or 
shorter  than  the  width  of  their  bases.  The  interfacial  lat¬ 
eral  angles  are  120°.  The  angle  between  the  lateral  and 
terminal  faces  is  90°. 

Octahedra. — The  planes  of  these  eight-faced  solids  are  tri¬ 
angular,  and  they  may  be  regarded  as  made  up  octahedra. 
of  two  four-sided  pyramids  applied  to  each 
other,  base  to  base.  They  are  always  positioned  so  that 
they  stand  upon  a  solid  angle  with  the  “  basal  plane  ” — that 
is,  the  plane  which  is  the  common  base  of  the  two  pyra¬ 
mids — horizontal.  In  the  primitive  forms  now  under  con¬ 
sideration  the  vertices  of  the  two  pyramids  will  in  this 
position  be  vertically  above  and  below  the  centre  of  the 
base.  The  upper  and  lower  solid  angles  are  then  termed 
the  “  vertical  solid  angles,”  and  the  four  lateral  solid  angles 
are  called  the  basal  solid  angles. 

There  are  three  octahedrons.  In  the  “  regular  ”  octahe¬ 
dron  (Fig.  15)  the  base  is  a  square,  and  the  eight  faces  are 
equilateral  triangles  of  equal  size.  There  are  twelve  edges, 
which  are  all  equal.  The  faces  incline  to  each  other  at  an 
angle  of  109°  28'  16”,  and  have  the  plane  angles  all  60°. 
There  are  six  equal  solid  angles.  When  the  base  of  the 
octahedron  is  square,  but  the  other  edges,  although  equal 


Fig.  15. 


Fig.  16. 


Fig.  17. 


Fig.  18. 


to  one  another,  are  either  longer  or  shorter  than  the  edges 
of  the  base,  the  form  is  a  “right  square  octahedron/’  (Fig. 
16).  In  this  the  faces  are  isosceles  triangles,  the  equal  an¬ 
gles  being  at  the  basal  edge  of  the  planes.  These  basal  edges 
are  equal  and  similar,  but  differ  in  length 
and  in  angles  from  the  eight  equal  pyra¬ 
midal  edges.  When  the  base  of  an  octa¬ 
hedron  is  a  rhombus,  it  is  called  a  “  right 
rhombic  octahedron  ”  (Fig.  17). 

Dodecahedron. — This  (Fig.  18)  has  each 
of  its  twelve  faces  a  rhombus.  podeca- 
It  is,  like  the  cube  and  the  hedron. 
octahedron,  a  solid  which  is 
symmetrical.  The  interfacial  angles  are 
all  120°  ;  the  plane  angles  are  109°  28'  16” 
and  70°  31'  44”.  The  edges  are  twenty-four,  and  similar. 
There  are  fourteen  solid  angles,  of  which  six  are  formed 
each  by  the  meeting  of  four  acute  plane  angles,  and  eight 
by  the  meeting  of  three  obtuse  plane  angles. 

It  has  been  said  that  the  above  simple  forms  were 
arrived  at  through  a  study  of  the  internal  petermina- 
structure  of  crystals,  chiefly  as  disclosed  by  tion  of 
cleavage.  Inasmuch,  however,  as  there  foms! 
are  some  minerals  which  cleave  in  only 
one  direction,  and  many  which  cannot  be  cleaved  in 
any  direction,  this  method  of  investigation  fails.  Its 
employment,  moreover,  frequently  led  to  conflicting  or 
embarrassing  results.  A  conflicting  result  is  when  a 
substance  has  more  that  one  set  of  cleavages, — that  is, 
splits  up  in  directions  which  would  result  in  the  pro¬ 
duction  of  more  than  one  of  the  above  primary  or 
simple  forms.  Thus  the  mineral  fluorite  occurs  with 
much  the  greatest  frequency  in  the  form  of  the  cube, 
and  it  might  very  consistently  be  held  that  its  frequent 
occurrence  in  this  form  was  a  clear  natural  indication 
that  the  cube  was  the  primary  or  simplest  form  of 
fluorite  ;  but  it  splits  up  into  an  octahedron.  Galena 
crystallizes  frequently  in  the  form  of  the  octahedron ; 
yet  to  cleavage  galena  yields  a  cubic  primary  form.  It 
might  be  conceived  that  there  had  been,  in  each  case, 
some  special  tendenc}7  to  assume  the  cubic  form  and 
the  octahedral  form  ;  but  one  and  the  same  piece  of 
rock  may  bear  on  its  surface  cubic  crystals  offluor  and 
octahedral  crystals  of  galena,  —each  of  the  minerals 
having  here  assumed  the  primitive  cleavage  form  of 
the  other  in  preference  to  its  own.  The  mineral  blende 
crystallizes  not  unfrequently  in  octahedra,  which  yield 
the  dodecahedron  on  cleavage.  Fluor  crystallizes  in 
dodecahedra,  yet  yields  the  octahedron  to  cleavage. 
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Argyrite  crystallizes  in  cubes  and  in  octahedra,  but  i  In  the  specimen  of  pyrite  from  Elba  (Fig.  23),  a  deposi- 
yields  the  dodecahedron  on  cleavage.  Pyrite  crystalli- 1 t*011  along  D  and  C  would  ultimately  have  erected  the 
zes  in  cubes,  octahedra,  anddodecahedra,  and  yields 
both  the  cube  and  the  octahedron  on  cleavage. 

These  are  most  embarrassing  results,  but  they 
cl  aarly  indicate  so  intimate  a  relationship  to  sub¬ 
sist  between  three  of  the  above  simple  forms  that 
it  is  obvious  that  one  alone  would  serve  as  a  type 
form  for  representing  the  others.  The  selection 
of  that  one  should  be  based  upon  grounds  of  most 
eminent  simplicity,  and  this  again  is  to  be  ar¬ 
rived  at  by  a  consideration  of  the  smallness  of 
number  of  parts,  i.  c. ,  of  faces,  edges,  and  solid  an¬ 
gles.  In  such  a  consideration  we  find  that  the 
dodecahedron,  with  its  higher  number  of  each  of 
these,  at  once  gives  place.  The  cube  has  six 
faces,  the  octahedron  eight ;  simplicity  here  is  in 
favor  of  the  cube.  The  cube  has  twelve  edges, 
the  octahedron  has  twelve ;  in  this  respect  they 
are  equal.  The  cube  has  eight  solid  angles,  the 
octahedron  six ;  here  the  greater  simplicity  is  on 
the  side  of  the  octahedron.  So  that  this  method 
of  adjudicating  by  simplicity  fails,  and  we  are 
thrown  back  upon  the  relationships  which  may 
be  unfolded  through  a  consideration  of  the  other 
elements  of  crystals, — their  axes. 

Systems  of  Crystals  and  Laws  of  Crystallization. 


This  consideration  led,  first,  to  the  remarkable  dis- 
Relation  covery  that  several  of  the  above  primary 
of  faces  forms  are  mere  modifications  of  each 
to  axes.  other,  and  ultimately  showed  that 
all  crystals  found  in  nature  may  be  referred  to  six 
systems,  based  on  certain  relations  of  their  axes, 
and  that  every  face  which  could  occur  upon  a 
crystal  bears  a  definite  and  simple  relation,  in 
position  and  in  angular  inclination,  to  these 
axes. 

As  regards  mere  geometric  measurement,  there 
are  several  directions  in  which  axes  may 
Axes  direc-  with  nearly  equal  advantage  be  projected, 
dominant  For  examPle>  in  the  cube  (Fig.  19)  they 
accretion.  may  be  drawn  from  the  centres  of  opposite 
faces,  as  lettered  O ;  or  from  opposite  solid 
angles,  as  lettered  C ;  or  from  the  centres  of  opposite 
edges,  as  lettered  D.  There  is  abundance  of  evidence 
that  each  of  these  directions  must  he  regarded  as  lines 
of  dominant  accre¬ 
tion  of  molecules. 

But  the  accretion 
may  be  not  only 
dominant  but  over¬ 
whelmingly  so  in 
one  only  of  these 
directions  in  certain 
cases,  or  existent 
along  one  set  of  axes 
alone  in  certain  oth¬ 
ers.  In  a  specimen 
of  native  silver  from 
Alva  in  Scotland 
(Fig.  20),  along  O  this 
is  so  much  the  case 
that  the  concreting 
molecules  have  done 
little  more  than 
delineate  the  form 

of  an  octahedron,  . —  -  — -  — „  - 

able  to  do  by  aggregating  themselves  in  lines  of  minute 
crystals  of  the  very  shape  of  which  they  were  project¬ 
ing  the  skeleton  form.  Moreover,  a  polar  aggregation 
at  the  terminal  ends  of  these  octahedral  axes  is  here 
shown  by  the  amount  of  concreting  and  crystallizing 
material  being  larger  at  the  terminations  of  these  axes  than 
elsewhere.  In  the  hollow-faced  cube  again  (Fig.  21),  an  ag¬ 
gregation  of  molecules  in  the  direction  of  the  lines  D  and 
C  has  filled  the  edges  and  solid  angles,  while  none  have  been 
deposited  along  O.  This  occurs  in  crystals  of  salt.  In  the 
hollow-faced  octahedron,  again  (Fig.  22),  there  has  been  no 
deposition  of  matter  along  the  line  C.  Cuprite  often  shows 
this  form ;  and  it  as  frequently  occurs  in  hollow -faced 
dodecahedra,  wherein  the  vacuity  is  in  the  direction  of  D, 


scaffolding  of  a  hollow  cube,  in  twelve  lines  of  minute  com¬ 
binations  of  the  cube  and  octahedron.  Such  directional  ar¬ 


rangements  may,  moreover,  not  only  be  intermittent, 

but  often  alternate.  The 
pyrite  from  Traversella 
(Fig.  24)  is  an  illustra¬ 
tion  of  the  first.  A  large 
pentagonal  dodecahe¬ 
dron  having  been  com¬ 
pleted,  a  new  accession  of 
material  has  been  attach¬ 
ed,  not  uniformly  spread 
over  the  preexistent 
crystal,  to  enlarge  it,  but 
locally  arranged,  in 
equal  amount,  at  the 
poles  of  O.  But  here 
the  special  method  of 
the  arrangement  has 
Fig-  23.  determined  the  forma¬ 

tion  of  a  number  of 
small  crystals  of  the  same  form  as  that  originally  projected. 

An  alternation,  as  it  were,  in  plan  is  shown  in  such  a  crys¬ 
tal  of  calcite  as  that  in  Fig.  25.  Here  a  scalenoliedron  is  seen 
in  the  centre  of  the  figure ;  then  a  rhombohedron  has  been 
perched  upon  its  summit,  and  lastly  both  have  been 
sheathed  in  a  six-sided  prism  with  trihedral  summits.  Dif¬ 
ferent  as  these  three  forms  are,  it  is  found  that  they  all  here 
stand  in  a  definite  position  one  to  the  other ;  that  definite 
position  is  the  relation  which  they  bear  to  one  of  the  sets 
of  axes,  and  this  set  may  be  assigned,  not  only  to  all  the 
three  crystals  here  combined,  but  also  to  all  the  crystals  be¬ 
longing  to  the  same  mineral,  wherever  occurring.  This 
general  applicability  constitutes  one  of  the  respects  in  which 
one  special  set  of  axes  is,  in  each  of  the  systems,  preferred 
to  the  others. 

Another  respect  is  the  intensity  with  which  the  molecules 
cohere  in  the  different  parts  of  the  crystal,  as  referred 


Fig.  19.— Position  of  three  sets  of  axes, 
and  this  fhev  have  onlv  been 
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to  these  axes,  and  the  resultant  different  hard  less  of  cer¬ 


tain  parts  of  crystals.  It  will  be  afterwards  found  that 
this  obtains  in  a  very 
Coherence  limited  manner  in  the 
of  particles  crystals  which  belong 

inal^dlree-  to  the  first  of  tlie  fol* 
tions.  lowing  systems,  on  ac¬ 

count  of  its  regularity 
and  sameness  as  a  whole.  It  may  be 
laid  down  as  a  general  rule  that  the 
edges  of  crystals  are  harder  than  the 
centres  of  their  faces,  and  the  solid 
angles  harder  than  the  edges.  This 
is  markedly  the  case  in  the  dia¬ 
mond.  But,  apart  from  this,  there 
is  no  distinctive  hardness  in  any  one 
part,  side,  or  end  of  the  crystals  of 
the  first  system.  It  is  otherwise 
with  the  crystals  which  fall  to  be 
considered  in  all  the  other  systems.  Fig.  25. 

So  different  is  the  hardness  of  the 

various  portions  of  these,  so  diverse  the  appearance  of  their 
parte  in  lustre,  color,  polish,  etc.,  so  varying  the  amount  of 
the  recoil  of  these  when  struck,  so  unequal  their  power  of 
conducting  heat,  so  dissimilar  their  power  of  resisting  the 
agencies  of  decay,  and  so  irreconcilable  their  action  upon 
transmitted  light,  that  we  cannot  but  conclude  that  the 
molecules  which  build  them  up  are  packed  with  greater 
force,  if  not  in  greater  number,  in  certain  directions  in 
preference  to  others.  There  thus  remains  no  question  that 
these  nature-indicated  sets  of  axes  are  those  along  which 
there  has  been  a  specially  selective  or  “  polar  ”  arrangement. 


The  six  systems  are  founded  upon  the  relationships 
of  the  axes  in  number,  in  length,  and  in 
crystals8.  angular  inclination.  All  crystals  may  be 
divided  into  “  orthometric  ”  or  erect  forms 
and  “ clinometric ”  or  inclined  forms;  and  in  similar 
manner  may  the  systems  bej  through  a  consideration 
of  the  relative  lengths  of  their  axes,  divided  into  three 
classes.  In  the  first,  or  most  regular,  of  these  the 
axes  are  all  equal,  that  is,  they  are  of  one  length ;  in 
the  second  there  is  one  axis  which  differs  in  length 
from  the  others,  and  therefore  they  are  of  two  lengths; 
while  in  the  third  the  axes  are  all  unequal,  and  there¬ 
fore  they  are  of  three  lengths.  Of  the  six  systems  one 
belongs  to  the  first  class,  two  to  the  second,  and  three 
to  the  third.  Hence  they  are  thus  classed  : 


Monometric.  Dimetric.  Trimetric. 

Cubic.  Tetragonal.  Eight  Prismatic. 

Hexagonal.  Oblique  Prismatic. 

Anorthic. 

Though  the  grouping  of  the  systems  into  three  classes 
in  virtue  of  axial  dimensions  is  markedly  borne 
out  by  optical  and  other  properties,  yet  it  is  al¬ 
together  insufficient  for  determining  the  relationships 
of  the  myriad  forms  in  which  bodies  crystallize.  Such 
knowledge  is  only  attained  by  combining  the  consider¬ 
ation  of  axial  length  with  axial  inclination  ;  and  it  is 
through  a  due  regard  of  both  of  these  that  the  six 
systems  are  instituted. 

,  The  above  table  may  be  read  in  two  different  ways, — 
either  across  or  consecutively  up  and  down  the  page. 


The  six  systems  may  be  treated  of  in  either  of  these 
ways  ;  did  there  are  certain  advantages  in  considering 
them  at  least  first  by  the  former  method. 

We  consider  first,  as  the  more  essential,  the  relative 
lengths  of  the  axes,  and,  secondly,  the  angular  incli¬ 
nation  of  these. 

1.  In  the  cubic  system  the  axes  are  all  equal,  and  all 
intersect  at  right  angles.  Here  is  the  most  perfect  sim¬ 
plicity,  and  the  most  perfect  regularity. 

2.  In  the  tetragonal  system  two  only  of  the  axes  are 
equal,  but  all  still  intersect  at  right  angles.  Here  is  a  de¬ 
parture  from  simplicity  as  regards  the  length  of  one 
axis,  but  no  departure  as  regards  the  angular  inclina¬ 
tion. 

3.  In  the  right  prismatic  system  none  of  the  axes 
are  equal,  but  all  still  intersect  at  right  angles.  Here 
is  total  loss  of  regularity  in  the  first  particular,  but 
still  hone  in  the  second. 

4.  In  the  oblique  prismatic  system  none  of  the  axes 
are  equal,  and  only  two  intersect  at  right  angles.  Here 
there  is  again  a  total  loss  of  simplicity  in  the  first  par¬ 
ticular,  and  a  certain  amount  of  departure  from  it  in 
the  second. 

5.  In  the  anorthic  system  none  of  the  axes  are  equal, 
and  none  of  them  intersect  at  right  angles, — so  that 

here,  as  expressed  by  the 
name,  there  is  a  total  depar¬ 
ture  from  regularity  in  both 
particulars. 

6.  The  hexagonal  system  is 
anomalous  in  relation  to  this 
mode  of  consideration.  It  is 
regarded  as  having  four  axes, 
three  of  which  lie  in  one  plane, 
parallel  to  the  base,  and  inter- 


Fig.  26. 


A 


Fig.  29. 


Fig.  27.  Fig.  28. 

sect  each  other  at  equal 
angles  (necessarily  angles 
of  60°).  The  fourth  axis 
intersects  these  at  right 
angles,  and  may  be  longer, 
shorter,  or  equal  to  them. 
This  system  is  generally 
considered  after  the  te¬ 
tragonal  system,  as  hav¬ 
ing  one  axis  which  differs 
in  length  from  the  others, 
and  only  one  which  cuts 
the  others  at  right  angles. 
By  some,  a  rhombohearon 
is  considered  as  the  pri¬ 
mary  of  this  system;  it 
then  comes  to  have  three 
axes,  all  equal,  but  none 
intersecting  at  right  an- 
gles. 

In  considering  these 
systems,  or  in 
describing  the 
form  ot  a  crys-  vertical, 
tal,  the  verti¬ 
cal  or  erect  axis  is  named 
the  principal  axis  of  the  fig¬ 
ure,  and  that  axis  is  chosen 
as  the  vertical  which  is  the 
only  one  of  its  kind.  In  the  cubic  system  there  is  no 
such  axis,  so  that  any  one  may  be  chosen  as  the  ver¬ 
tical. 


Fig.  30. 
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It  will  be  convenient,  before  proceeding  totbe  con¬ 
sideration  of  the  laws  of  crystallography  and  the  com¬ 
binations  of  forms, — especially  in  view  of  the  termi¬ 
nology  that  must  be  employed  in  illustrating  those  gen¬ 
eral  aspects  of  the  subject, — to  give  an  outline  of  one 
of  the  six  systems  here.  For  this  preliminary  descrip¬ 
tion  the  cubic  system,  as  the  simplest  and  most  regular, 
naturally  suggests  itself  as  the  most  suitable. 

I.  The  Cubic  System. — Here  the  axes  are  all  equal, 
and  all  intersect  at  right  angles.  The 
£&  “cube/’mg.  26),  “octahedron  (Fig.  30), 
and  rhombic  dodecahedron”  (Fig.  33), 
which  are  here  included,  arealike  in  their  perfect  sym¬ 
metry;  the  height,  length,  and  breadth  are  equal;  and 
their  axes  are  equal,  and  are  rectangular  in  their  in¬ 
tersections. 

In  the  cube  (Fig.  5)  these  axes  connect  the  centres 
of  opposite  faces;  in  the  octahedron  (Fig.  15)  the 
apices  of  opposite  solid  angles ;  in  the  dodecahedron 
(Fig.  18)  the  apices  of  opposite  acute  solid  angles. 

The  relation  of  these  forms  to  each  other, 
of6  sample  and  the  correspondence  in  their  axes,  will 
forma.  be  made  manifest  through  a  consideration 
of  the  transition  between  the  forms.  If  a 
cube  be  projected  with  the  axes  in  the  above  position, 
or  if  a  model  of  it  in  any  sectile  material  be  employed, 
and  if  the  eight  angles  are  sliced  off  evenly,  keeping 
the  planes  thus  formed  equally  inclined  to  the  original 
faces,  we  first  obtain  the  form  in  Fig.  27,  then  that  in 
Fig.  28  and  Fig.  29,  and  finally  a  regular  octahedron 
(Fig.  30)  :  and  the  last  disappearing  point  of  each  face 
of  the  cube  is  the  apex  of  each  solid  angle  of  the  oc¬ 
tahedron.  Hence  the  axes  of  the  former,  being  in  no 
way  displaced,  necessarily  connect  the  apices  of  the 
solid  angles  of  the  latter.  ^or" 

By  cutting  off  as  evenly  the 
twelve  edges  of  another  — : — “ 

cube,  the  knife  being 
equally  inclined  to  the 
faces,  we  have  the  form  in 
Fig.  31,  then  Fig.  32,  and 
finally  the  rhombic  dode¬ 
cahedron  (Fig.  33),  with 
the  axes  of  the  cube  con¬ 
necting  the  acute  angles  of 
the  new  form.  These  forms 
are  thus  mutually  deriv¬ 
able.  Moreover,  they  are 
often  presented  by  the  same 
mineral  species,  as  is  exem¬ 
plified  in  galena,  pyrites, 
and  the  diamond. 

The  process  may  be  re¬ 
versed,  and  the  cube  made 
from  the  octahedron,  as 
will  be  readily  understood 
from  a  comparison,  in  re¬ 
verse  order,  of  Figs.  26  to 
30.  Or  the  cube  may  be 
similarly  derived  from  the 
dodecahedron,  as  seen  by 
inspecting  Figs.  33,  32,  31, 

26. 

The  octahedron  also  is 
changed  to  a  rhombic  do¬ 
decahedron  by  removing  its 
twelve  edges  (Figs.  34,  35), 
and  continuing  the  removal 
till  the  original  faces  are  ob¬ 
literated,  thus  producing 
the  dodecahedron. 

It  will  be  observed  that 
throughout  all  these  changes  the  position  of  the  axes, 
as  determinants  of  dimensions,  need  not  be  altered, — 
that,  in  fact,  one  set  of  axes  has  served  for  all  the  forms. 

The  relationships  of  the  principal  forms  of  this  sys¬ 
tem  being  thus  disclosed,  the  forms  themselves  have 
next  to  be  considered. 


The  cube  (Fig.  26)  is  bounded  by  six  equal  squares, 
has  twelve  edges  formed  by  faces  meeting 
at  90°,  and  eight  solid  trigonal  angles.  The 
axes  are  taken  as  joining  the  centres  of  each 
two  opposite  faces.  Examples  are  hallite,  galena,  and 
fluor. 


Fig.  31. 


Fig.  33. 


Fig.  34. 


Fig.  35. 


The  octahedron  (Fig.  30),  bounded  by  eight  equi¬ 
lateral  triangles,  has  twelve  equal  edges  n  .  .  . 
with  planes  meeting  at  109°  28'  16",  and  0ctahedron* 
six  tetragonal  angles.  The  principal  axes  join  the  op¬ 
posite  solid  angles.  Examples:  magnetite,  gold,  cu¬ 
prite. 

The  rhombic  dodecahedron  (Fig.  33)  is  bounded 
by  twelve  equal  and  similar  rhombi,  has 
twenty-four  equal  edges  of  120°,  and  has  ^dron. 
six  tetragonal  and  eight  trigonal  angles. 

Each  of  the  principal  axes  joins  two  opposite  tetrago¬ 
nal  angles.  Examples :  garnet,  cuprite,  blende. 

The  tetrakishexahedrons  (Figs.  36,  37,  38,  varieties 
of  icositetrahedron)  are  bounded  by  twenty-  Tetrakis- 
four  isosceles  triangles,  placed  so  as  to  form  hexa- 
four-sided  pyramids  on  the  faces  of  the  cube,  hedron. 

arranged  in  six  groups  of 
four  each.  They  have  twelve 
longer  edges,  which  corre¬ 
spond  to  those  of  the  prim¬ 
itive  or  inscribed  cube,  and 
twenty-four  shorter  edges 

? laced  over  each  of  its  faces. 

he  angles  are  eight  hexa¬ 
gonal  and  six  tetragonal,  the 
latter  joined  two  and  two  by 
the  principal  axes.  Exam¬ 
ples:  fluorite,  gold.  This 
form  varies  much  in  gen¬ 
eral  aspect.  The  four-sided 
pyramid  which  rests  on  the 
edges  of  each  face  of  the  cube 
may  be  so  low  as  almost  to 
fall  into  it  (Fig.  36) ;  or  it 
may  rise  so  high  that  each 
side  forms  a  level  surface 
with  that  which  is  adjacent 
to  it  upon  the  nearest  cubic 
face  (Fig.  38).  In  the  latter 
case  the  form  has  become  the 
rhombic  dodecahedron;  so 
that  the  more  or  less  acute 
varieties  of  the  form  are  but 
stages  of  a  passage  of  the 
cube  into  the  latter  figure, 
through  an  increasing  accre¬ 
tion  of  matter  in  the  lines  of 
the  axes  of  the  cube.  This 
is  termed  a  “transition  by 
increment.” 

The  triakisoctahedrons, 
Fig..  39 .  (variety 
of  icositetrahe¬ 
dron,  Fig.  40), 

Fig.  38.  are  bounded  by  twenty-four 

isosceles  triangles,  in  eight 
groups  of  three,  arranged  as  pyramids  on  the  edges  of 
the  faces  of  the  octahedron.  Like  the  previous  form 


Triakisoc- 

tahedron. 
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they  vary  in  general  aspect,  the  variation  here  being 
from  the  octahedron  on  one  side  to  the  rhombic  dode¬ 
cahedron  on  the  other ;  while  the  increased  accretion 
here  is  in  the  direction  of  lines  joining  the  centres  of 
the  faces  of  the  octahedron  or  the  solid  angles  of  the 
cube.  The  passage  of  the  forms  is  similar  to  that 


Fig.  39. 


Fig.  40. 


illustrated  in  the  last-considered  form.  The  edges  are 
twelve  longer,  corresponding  with  those  of  the  in¬ 
scribed  octahedron,  and  twenty-four  shorter,  three  and 
three  over  each  of  the  faces.  The  angles  are  eight  tri¬ 
gonal  and  six  ditetragonal  (formed  by  eight  faces),  the 
latter  angles  joined  two  and  two  by  the  principal  axes. 
Examples :  galena,  diamond. 

The  icositetrahedrons  (Fig.  40)  are  bounded  by 
twenty-four  deltoids.  This  form  varies 
hedron™  from  the  octahedron  to  the  cube,  some¬ 
times  approaching  the  former  and  some¬ 
times  the  latter  in  general  aspect.  A  four-sided  pyra¬ 
mid  rests  on  the  angles  of  the  faces  of  the  cube.  When 
increased  accretion  takes  place  along  the  cubic  axes,  an 
octahedron  results.  When  it  is  along  lines  joining  the 
solid  angles  of  the  cube,  that  form  itself  results.  The 
edges  are  twenty-four  longer  and  twenty-four  shorter. 
The  solid  angles  are  six  tetragonal  joined  by  the  prin¬ 
cipal  axes,  eight  trigonal,  and  twelve  rhombic  or  te¬ 
tragonal  with  unequal  angles.  Examples :  analcime, 
garnet. 

The  hexakisoctahedrons  (Fig.  41),  bounded  by  forty- 
eight  scalene  triangles,  vary  much  in  gen- 
tahedron!0"  era*  asPect;  approaching  more  or  less  to  all 
the  preceding  forms,  into  all  of  which  they 
may  pass ;  but  most  frequently  they  have  the  faces 
arranged  either  in  six 
groups  of  eight  on  the 
faces  of  the  cube,  or 
eight  of  six  on  the  faces 
of  the  octahedron,  or 
twelve  of  four  on  the 
faces  of  the  dodecahedron. 

There  are  twenty-four  long 
edges,  often  corresponding 
to  those  of  the  rhombic 
dodecahedron  or  bisecting 
the  long  diagonal  of  the 
trapezohedron,  twenty- 
four  intermediate  edges 
lying  in  pairs  over  each 
edge  of  the  inscribed  octahedron,  and  twenty-four  short 
edges  in  pairs  over  the  edges  of  the  inscribed  cube. 
There  are  six  ditetragonal  angles  joined  by  the  princi¬ 
pal  axes,  eight  hexagonal,  and  twelve  rhombic  angles. 
Examples:  diamond)  fluorite. 

General  Laws  of  Crystallography. — The  seven  forms 
Laws  of  crystals  now  described  are  related  to 

crystal  log-  each  other  in  the  most  intimate  manner, 
raphy.  This  will  appear  more  distinctly  from  the 
account  which  is  to  follow  of  the  mode  of  derivation 
of  the  forms,  with  which  is  conjoined  an  explanation 
of  the  crystallographic  signs  or  symbols  by  which  they 
are  designated.  These  symbols  were  introduced  by 
Naumann,  in  the  belief  that  they  not  only  mark  the 
forms  in  a  greatly  abbreviated  manner,  but  also  ex¬ 
hibit  the  relations  of  the  forms  and  combinations  in  a 


Fig.  41. 


way  which  words  could  hardly  accomplish.  In  order 
to  follow  out  this  derivation  of  forms,  it  is  necessary 
to  state  briefly  the  following  laws  which  have  been  es¬ 
tablished  in  crystallography.  It  is  to  be  remembered 
that  these  laws  apply,  not  merely  to  the  cubic  system 
just  described,  but  to  all  the  systems. 

1.  The  Law  of  the  Invariability  of  the  Angles  of 
Crystals,  which  was  established  by  Rom6 
de'lTsle,  maybe  thus  stated  :  the  angles  of  abiiftya^f 
inclination  of  the  faces  of  a  crystal  are  con-  angles, 
stant,  however  unequally  the  faces  may  be 
developed.  The  corresponding  angles  of  different 
crystalline  specimens  of  the  same  body  do  not,  how¬ 
ever,  always  absolutely  agree.  Differences  have  been 
found,  amounting  sometimes  even  to  IQ'. 

2.  The  Law  of  Symmetry,  discovered  by  Hatty,  may 
be  thus  expressed  :  (1)  similar  parts  of  crys-  s  f 
tals — faces,  edges,  angles,  and  consequently  y  ry’ 
axes — are  all  modified  in  the  same  manner,  and  dis¬ 
similar  parts  are  modified  separately  or  differently ;  (2) 
the  modifications  produce  the  same  effect  on  the  faces 
or  edges  which  form  the  modified  part,  when  they  are 
equal ;  when  they  are  not  equal,  they  produce  a  differ¬ 
ent  effect.  That,  is,  if  an  edge  be  truncated  or  bev¬ 
elled,  every  similar  edge  will  be  similarly  truncated 
or  bevelled ;  if  an  angle  be  truncated  or  acuminated, 
every  similar  angle  will  be  similarly  truncated  or  acu¬ 
minated  ;  and  consequently  every  similar  axis  will  be 
equally  affected  by  the  modifications.  Thus  the  cube 
has  eight  similar  angles  and  twelve  similar  edges.  In 
the  physical  production  of  the  cube,  if  one  of  the  angles 
or  edges  be  modified,  all  will  be  similarly  modified. 
This,  which  is  the  most  important  law  of  crystallo¬ 
graphy,  is,  however,  subject  to  an  exception  which 
was  fully  formulated  by  Weiss.  The  law  was — all  the 
similar  parts  of  crystals,  faces,  edges,  angles,  and 
consequently  axes,  are  modified  at  the  same  time  and 
in  the  same  manner  ;  the  forms  resulting  from  this  law 
are  termed  “  holohedral.  ”  The  exception  is  that  half 
of  them  or  one-fourth  of  them  only  may  be  similarly 
modified.  When  only  half  of  the  similar  parts  are 
modified,  we  get  the  “hemihedral  ”  forms;  when  one- 
fourth  only  are  modified,  which  occurs  only  rarely,  we 
get  “ tetartohedral”  forms. 

3.  The  Law  of  the  Parallelism  of  the  Faces  of  a 
Crystal,  discovered  by  Rome  de  l’Isle,  may 

be  expressed  as  follows  :  every  face  of  a  Par£ffaJfe“ 
crystal  has  a  similar  face  parallel  to  it ;  or 
every  figure  is  bounded  by  pairs  of  parallel  faces  (with 
the  exception  of  certain  hemihedral  forms). 

4.  The  Law  of  Zones,  first  established  by  "Weiss, 
may  be  thus  enunciated  :  the  lines  in  which  Zon 
several  faces  of  a  crystal  intersect  each  other 

(or  would  do  so  if  they  were  pro  luced  until  they  met) 
frequently  form  a  system  of  parallels.  .  Such  a  series 
of  faces  is  termed  a  “zone/’  Sometimes  the  zones 
are  parallel  to  one  of  the  symmetrical  axes.  Thus,  in 
every  prism,  the  faces  of  the  prism  constitute  a  zone 
which  encircles  the  axis  of  the  prism.  Faces  may  be 
in  a  zone  although  they  do  not  actually  intersect  on  the 
form. 

5.  The  Law  of  the  Rationality  of  the  Parameters  of 

the  faces  of  crystalline  series,  first  indicated  Rationalitv 
by  Malus,  is  that  the  position  of  planes  may  of  the 

be  assigned  by  numbers  bearing  some  simple  Para- 
ratio  to  the  relative  lengths  of  the  axes  of  _  me  eis' 
the  crystal.  This  law  was  the  outcome  of  investiga¬ 
tions  into  the  relationship  of  forms  glanced  at  in  com¬ 
mencing  the  consideration  of  the  cubic  system,  and  was 
arrived  at  through  the  study  of  the  mode  of  deriva¬ 
tion  of  forms. 

The  derivation  of  forms  is  that  process  by  which,  from 
one  form  chosen  for  the  purpose,  and  considered  . 
as  the  type, — the  fundamental  or  primary  o’fform11 
form, — all  the  other  forms  of  a  system  may  be  & 

produced,  according  to  fixed  principles  or  general  laws.  In 
order  to  understand  this  process  or  method  of  derivation, 
it  must  be  noted  that  the  position  of  any  plane  is  fixed 
when  the  position  of  any  three  points  in  it,  not  all  in  one 
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straight  line,  is  known.  To  determine  the  position,  there¬ 
fore,  of  the  face  of  a  crystal,  it  is  only  necessary  to  know 
the  distance  of  three  points  in  it  from  the  centre  of  the 
crystal,  which  is  the  point  in  which  the  axes  intersect  each 
other.  As  the  planes  of  all  crystals  are  referred  to  their 
axes,  the  points  in  which  the  face  (or  its  supposed  exten¬ 
sion)  meets  the  three  axes  of  the  crystal  are  chosen,  and  the 
portions  of  the  axes  between  these  points  and  the  centre 
are  named  parameters  of  the  face ;  and  the  posi- 
meters  ti°n  of  the  face  is  sufficiently  known  when  the 
relative  length  or  proportion  of  these  para¬ 
meters  is  ascertained.  When  the  position  of  one  face  of  a 
simple  form  is  thus  fixed  or  described,  all  the  other  faces 
of  the  form  are  in  like  manner  fixed  in  accordance  with 
law  2,  since  they  are  all  equal  and  similar,  and  have  equal 
parameters, — that  is,  intersect  the  axis  in  the  same  propor¬ 
tions.  Hence  the  expression  which  marks  or  describes  one 
face  marks  and  describes  the  whole  figure,  with  all  its 
faces. 

The  octahedron  is  ad  opted  as  the  primary  or  fundamental 
form  of  the  cubic  system,  and  distinguished  by  the  first 
letter  of  the  name,  O.  Its  faces  cut  the  half-axes  at  equal 
distances  from  the  centre;  so  that  these  semi-axes,  the  para¬ 
meters  of  the  faces,  have  to  each  other  the  proportion  1:1:  1. 
In  order  to  derive  the  other  forms  from  the  octahedron,  the 
following  construction  is  employed. 

Suppose  a  plane  to  be  laid  down  perpendicular  to  one 
axis,  and  consequently  parallel  to  the  two  other 
axes  (or  to  cut  them  at  an  infinite  distance,  ex¬ 
pressed  by  oo,  the  sign  of  infinity) ;  then  the 
hexahedron  or  cube  is  produced,  designated  by 
the  crystallographic  sign  ooOx , — expressing 
the  proportion  of  the  parameters  of  its  faces,  or 
oo :  1 :  oo .  If  a  plane  is  supposed  placed  on  each 
edge,  parallel  to  one  axis,  and  cutting  the  two 
other  axes  at  equal  distances,  the  resulting  figure  is  the 
rhombic  dodecahedron,  designated  by  the  sign  ocO,  the  pro¬ 
portion  of  the  parameters  of  its  faces  being  oo  :  1 : 1.  The 
triakisoctahedron  arises  when,  on  each  edge  of  the  octahe¬ 
dron,  planes  are  placed  cutting  the  axis  not  belonging  tp 
that  edge  at  a  distance  from  the  centre  in,  which  is  a  ra¬ 
tional  number  greater  than  1.  The  proportion  of  its  para¬ 
meters  is  therefore  m :  1 : 1,  and  its  sign  mO ;  the  most  com¬ 
mon  varieties  are  §0,  20,  and  30,  seen  in  diamond  and 
fluorite.  When,  on  the  other  hand,  from  a  similar  distance 
m  in  each  two  semiaxes  prolonged  a  plane  is  drawn  to  the 
other  semiaxis,  or  to  each  angle,  an  icositetrahedron  is 
formed ;  the  parameters  of  its  faces  have  consequently  the 
proportion  m  :  m:  1,  and  its  sign  is  mOm ;  the  most  common 
varieties  are  202  and  303, — the  former  very  frequent  in  leu- 
cite,  analcime,  and  garnet,  the  latter  in  gold  and  amalgam. 
When,  again,  planes  are  drawn  from  each  angle,  or  the  end 
of  one  semiaxis  of  the  octahedron,  parallel  to  a  second  axis, 
and  cutting  the  third  at  a  distance  n,  greater  than  1,  then 
the  tetrakishexahedron  is  formed ;  the  parameter  of  its 
faces  is  oo :  n:  1;  its  sign  is  odO n;  and  the  most  common 
varieties  in  nature  are  ooOf,  oo02,  and  oo03.  Finally,  if 
in  each  semiaxis  of  the  octahedron  two  distances  m  and  n 
be  taken,  each  greater  than  1,  aud  m  also  greater  than  n, 
and  planes  be  drawn  from  each  angle  to  these  points,  so  that 
the  two  planes  lying  over  each  edge  cut  the  second  semi¬ 
axis  belonging  to  that  edge  at  the  smaller  distance  n,  and 
the  third  axis  at  the  greater  distance  m,  then  the  hexakis- 
octahedron  is  produced;  the  parameters  are  m:  n :  1,  its 
sign  mOn,  and  the  most  common  varieties  30|,  402,  and  50§, 
seen  in  diamond  and  fluorite. 

It  must  be  observed  that  the  numbers  in  the  above  signs 
refer  to  the  parameters  of  the  faces, — not  to  the  axes  of  the 
crystal,  which  are  always  equal.  One  parameter  also  has 
always  been,  in  the  above,  assumed  =  1,  and  then,  either 
one  only  of  the  two  other  parameters,  marked  by  the  num¬ 
ber  before  O,  or  both  of  them,  marked  by  the  numbers  be¬ 
fore  and  after  O,  have  been  changed. 

In  the  above  consideration  of  the  mode  of  derivation  of 
these  forms  actually  found  in  nature,  which  belong  to  the 
cubic  system,  it  will  be  observed  (though  the  illustrations 
were  limited)  that  the  value  of  in  and  n  in  these  indicated, 
by  the  precision  of  the  proportion  §,  2,  or  3,  a  definite 
numerical  relationship.  This  at  once  led  up  to  the  extended 
observations  which  established  the  law  above  stated  of  pro¬ 
portionality  in  the  modification  of  crystals,  or  the  rationality 
of  the  parameters,  which  gives  a  mathematical  basis  to  the 
science,  adding  to  symmetry  of  arrangement  a  numerical 
relation  in  the  position  of  the  planes. 

To  illustrate  this  in  a  general  form  (and  not  merely  with 
special  reference  to  the  mode  of  notation  or  expression  of 
Naumaun,  which  is  that  adopted  in  the  subsequent  descrip¬ 
tions),  let  AOA',  BOB',  COC'  (Fig.  42)  be  the  three  axes  of 
a  crystal,  drawn  in  perspective,  and  cutting  one  another  ki 
the  centre  0.  The  semiaxes  OA,  OB,  OC  are  three  para¬ 


meters.  Now  in  the  lino  OA  take  0«2  =  i0A,  andOa3  = 
$CA,  making  as  many  points  as  may  be  necessary  between 
OA,  rational  fractions  of  OA.  Subdivide  OB  and  OC  in  a 
similar  manner.  Further  produce  OA,  OB,  OC  to  A o,  Bo, 
Co,  in  each  direction  to  an  infinite  distance,  or  to  a  supposed 
infinite  distance,  as  expressed  by  the  arrow-head ;  and  sup¬ 
pose  these  extended  axes  to  be  divided  in  a  manner  similar 
to  the  subdivisions  of  the  parameters,  by  rational  multiples 
of  OA,  OB,  and  OC.  All  the  planes  of  a  crystal  will  he  parallel 
to  one  or  other  of  the  planes  which  pass  through  three  of  the  points 
thus  determined. 

First,  in  order  to  apprehend  the  relationship  of  faces  to 
these  axes,  or  to  the  half  axes,— the  parameters  of  the  faces,— 
let  us  suppose  one  plane  of  a  crystal  to  be  so  situated  as  to  cut 
the  three  parameters  OA,  OB,  OC  at  their  extremities  A,  B,  C, 
which  it  must  be  remembered  are  points  equidistant  from 
the  centre ;  or  let  it  be  supposed  that  a  glass  plate  rests  upon 


Fig.  42. 


three  intersecting  wires  at  such  points.  It  is  evident  that 
such  a  plane  or  plate  will  have  a  definite  inclination  or  slope. 
Suppose,  further,  a  second  plane  or  plate  to  exist,  which  cuts 
the  three  semiaxes  in  the  points  ai,  hi,  ci,  which  have  been 
measured  off  (along  with  ai,  hi,  ci)  as  equidistant  from  O. 
It  will  be  evident  that  such  a  plane,  though  smaller,  will 
be  parallel  to  the  first,  seeing  that,  like  it,  it  cuts  the  three 
parameters  at  equal  distances  from  O. 

A  little  consideration  will  show  that,  whatever  the  abso¬ 
lute  distances  from  the  centre  may  be,  so  long  as  the  sup¬ 
porting  subdivisions  are  equal,  no  new  slope  of  the  glass 
plates  or  planes  is  possible ;  planes  so  situated  must  be  par¬ 
allel  and  similar.  Any  sign  which  may  be  adopted  to  ex¬ 
press  the  slope  of  one  of  such  planes  must  be  applicable  to 
all.  A  plane,  however,  cutting  the  points  ai,  hi,  ci  will  have 
quite  a  different  slope. 

Let  us  now  suppose  a  plane  to  cut  a  different  set  of  the 
semiaxes,  namely,  OA',  OB',  OC',  in  the  points,  -ai,  -h\,  -ci. 
Such  a  plane  would  be  parallel  to  one  cutting  the  points 
-m,  -hi,  -Ci,  and  also  to  the  set  of  planes  first  described,  but 
on  the  opposite  side  of  the  centre  of  the  crystal.  If  again, 
however,  we  had  a  plane  cutting  the  semiaxes  OA'  and  OB' 
in  -ai,  -bi,  but  the  semiaxis  OC'  in  the  point  -a,  it  is  clear 
that  the  slope  of  this  plane  would  be  quite  different  from 
that  of  the  planes  just  described,  but  it  would  be  parallel  to 
the  plane  cutting  the  points  ai,  hi,  ci.  This  slope,  like  the 
other,  evidently  depends,  not  on  the  absolute  lengths  of  the 
portions  of  OA',  OB',  OC'  cut  off,  but  upon  their  proportions 
or  ratios ;  and  such  is  the  case  with  all  the  planes  which  are 
referred  to  the  same  axes. 

As  there  are  three  axes,  and  each  or  all  of  them  may  be 
cut  at  any  points  and  at  any  ratios,  it  is  evident  that  the 
number  of  planes  which  is  possible  is  infinite;  and  it  must 
be  also  evident  that  the  inclinations  of  all  are  fixed  or  de¬ 
terminate  if  we  knew  the  ratios.  While,  however,  the  pos¬ 
sible  number  of  planes  is  infinite,  the  actual  number  occur¬ 
ring  among  minerals  is  either  small  or  moderate,  in  virtue 
of  the  fact  that  the  ratios  of  subdivision  of  the  axes  are 
always  simple,  and  not  numerous. 

Naumann’s  symbols  for  the  notation  or  individualizing 
of  planes  have  been  glanced  at.  A  simpler 
method  is  that  of  employing  as  indices  the  de-  Other  modes 
nominators  (if  simple  fractions)  of  the  frac-  0  no  a  lon- 
tional  parts  of  the  axis  cut.  Tims  111  is  used  for  any  plane 
parallel  to  that  cutting  the  axes  in  a\,  hi,  ci ;  122  for  those 
parallel  to  m,  bi,  a;  313  for  «3,  hi,  C3;  and  so  on. 

When  any  of  the  points  referred  to  have  negative  signs, 
the  corresponding  indices  have  negative  signs  placed  o-i  r 
them.  Thus  122  is  the  index  for  a  plane  parallel  to  a'ih;ci. 


Proportion 
of  para¬ 
meters  ex¬ 
pressed  by- 
symbols. 
Notation 
of  Nau- 
mann. 
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103  is  the  index  of  the  plane  a'  1,  b<x> ,  c's.  ®  here  indicates 
infinity ;  that  is,  the  plane  never  would  cut  the  axis  B  how¬ 
ever  far  it  were  extended ;  in  other  words,  it  is  parallel  to 
it.  The  necessity  for  elongating  the  axes  is  brought  about 
by  the  occurrence  of  highly  acuminating  planes,  which  in 
many  cases  would  not  meet  the  axes  at  all  unless  these  were 
prolonged. 

If  the  axes  are  unequal,  as  in  the  trimetric  forms,  then 
the  ratio  is  of  the  same  character,  except  that  the  relative 
lengths  of  the  axes  come  into  consideration ;  but  here,  as  in 
the  regular  system,  irrational  values  cannot  occur,  and  in 
even  the  most  complex  crystals  they  seldom  exceed  seven, 
either  as  aliquot  parts  or  multiples. 

It  will  thus  be  seen  that  in  crystals  there  is  no  haphazard 
scattering  of  faces,  but  a  complete  subserviency  to  law,  a  law 
which  may  be  said  to  be  the  linear  equivalent  to  the  law  of 
multiple  proportions  by  weight,  and  Gay  Lussac’s  law  of 
multiple  proportions  in  combination  by  volume. 

In  abbreviation  of  all  the  systematic  modes  of  notation, 
letters  of  the  Latin  ana  Greek  alphabets  are  frequently  em- 
.ployed  in  a  more  or  less  arbitrary  manner,  and  with  advan¬ 
tage  in  the  case  of  highly  complex  forms. 

6.  The  Law  of  Symmetry  of  Crystalline  Combina¬ 
tion  is  the  consequence  of  the  law  of  sym- 
Symmetry  metry  and  the  law  of  the  rationality  of  the 
nation.  parameters,  and  has  been  partially  stated 
in  enunciating  these  laws.  It  is  thus  ex¬ 
pressed  :  (1 )  a  substance  can  only  crystallize  in  forms, 
whether  simple  or  compound,  which  have  the  same 
relative  symmetry,  that  is,  belong  to  the  same  crys¬ 
talline  system,  and  the  parameters  of  the  faces  of 
which  bear  a  simple  relation  to  each  other,  that  is, 
belong  to  the  same  axis ;  (2)  a  form  cannot  be  modi¬ 
fied  by  faces  belonging  to  a  different  system,  or  a  dif¬ 
ferent  series. 

Certain  exceptions  to  the  first  part  of  this  law  occur. 
The  element  carbon  occurs  as  the  diamond, 


Apparent  which  is  cubic,  and  as  graphite,  which  is 
UonsT  hexagonal.  Sulphur  occurs  near  volcanoes 
in  needle  crystals  belonging  to  the  oblique 
prismatic  system,  and  also  in  caves  (deposited  appar¬ 
ently  from  solution)  in  crystals  belonging  to  the  right 
prismatic  system.  Titanic  acid  is  tetragonal  in  rutile, 
and  right  prismatic  in  brookite.  Carbonate  of  lime  is 
hexagonal  in  calcite,  and  prismatic  in  aragonite.  These 
are  probably  only  apparent  exceptions.  The  element¬ 
ary  substances  whicn  go  to  form  them  occur  in  differ¬ 
ent  allotropic  states,  with  different  amounts  of  specific 
heat;  and  it  is  probable  that  in  these  different  states 
they  go  to  form  the  above  modifications,  which  are 
therefore,  in  every  respect,  except  in  their  chemical 
composition,  different  mineral  bodies.  _  The  physical 
differences  between  diamond  and  graphite  may  suffice 
as  an  illustration.  The  diamond  is  transparent,  color¬ 
less,  brittle,  and  extremely  hard ;  graphite  is  opaque, 
black,  tough,  and  so  soft  as  to  be  utilized  as  a  lu¬ 
bricant. 

Spheres  of  Projection. — The  foregoing  scheme  for 
the  development  of  the  relation  which  subsists  between 
faces  of  crystals  and  their  axes  affords  but  slight  aid 
in  displaying  the  position  of  the  faces,  or  their  mutual 
relationships.  The  delineation  even  of  a  considerable 
series  of  crystal  forms  does  not  indeed  go  far  in  effecting 
this, — on  account,  first,  of  very  unequal  development 
in  the  size  of  the  faces  of  crystals,  and,  secondly,  on 
account  of  the  habit  of  development  of  these  faces  not 
only  differing  largely,  but  being  special  to  certain  lo¬ 
calities, — as  m  the  entire  absence  of  some  faces,  and  in 
the  preponderance  of  others. 

Maps  of  the  whole  domain  occupied  by  the  forms 
of  each  mineral  have  been  happily  projected 
Spheres  for  such  display.  The  projection  is  laid 
jection.  down  as  on  a  globe,  in  accordance  with 
stereographic  projection,  and  admitting  of 
calculation  according  to  the  laws  of  spherical  trigo¬ 
nometry.  These  globe  maps  are  called  ‘  ‘  spheres  of  pro¬ 
jection.”  The  centre  0  is  the  common  centre  of  the 
crystal  and  of  the  sphere  in  which  the  axes  intersect. 
The  three  axes  will  of  course  meet  the  circumference 
of  the  sphere  in  six  points,  called  the  “poles  of  the 
axes.”  From  the  centre  radii  are  supposed  to  be 


drawn,  meeting  each  plane  perpendicularly.  It  is  evi¬ 
dent  that  such  radii  will  have  fixed  inclinations  to  each 
other.  They  are  called  “normals”  to  the  planes,  and 
the  points  in  which  when  produced  they  meet  the  cir¬ 
cumference  of  the  sphere  of  projection  are  called  the 
“poles”  of  the  corresponding  faces.  A  face  and  its 
pole  thus  call  for  only  one  symbol.  The  angle  included 
by  any  two  normals  is  the  supplement  of  that  included 
by  the  two  corresponding  faces. 

It  is  thus  easy  to  determine  the  angle  of  any  two 
normals  when  that  of  the  corresponding  faces  is  known, 
or  vice  versa.  Thus,  if  the  angle  between  two  faces  is 
125°,  that  of  the  normals  will  be  55°.  The  spheres  of 
projection  are  specially  adapted  to  enable  us  to  avail 
ourselves  of  the  aid  to  calculation  afforded  by  the  fore- 
noted  facts  that  sets  of  faces  lie  parallel  to  zones 
each  other,  forming  zones  ;  for,  when  pro¬ 
jected  on  such  a  sphere,  the  normals  of  the  parallel 
faces  will  all  lie  in  one  plane  ;  and  the  poles,  all  cut¬ 
ting  its  surface  in  the  direction  of  one  line,  may  be 
connected,  and  so  form  a  great  circle  on  the  sphere. 
This  is  called  the  ‘  ‘  zone  circle.  ’  ’  A  line  drawn  through 
the  centre  of  the  zone  plane,  cutting  it  at  right  angles, 
is  the  ‘  ‘  zone  axis  ”  ;  it  is  parallel  to  all  the  faces,  and 
intersections  of  the  faces  (if  they  are  extended  enough 
to  intersect),  of  the  zone.  A  face  may  be  common  to 
two  or  more  zones;  its  normals  will  then  coincide  with 
the  intersections  of  the  several  zone  planes. 

In  the  absence  of  actual  spheres  upon  which  to  de¬ 
tail  the  facts  which  go  to  form  the  “sphere  of  projec¬ 
tion  ”  of  each  substance,  the  hemisphere  is  represented 
on  a  plane  surface.  This  has  of  necessity  the  disad¬ 
vantage,  except  as  regards  the  circumferential  zone,  of 
introducing  spherical  distance-distortion — foreshorten¬ 
ing  of  all  parts  lying  near  the  circumference ;  but  the 
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eye  soon  gets  accustomed  to  this.  Fig.  43  presents  the 
principal  zones  of  the  cubic  system,  and  shows  the  po¬ 
sition  of  the  poles  of  the  faces  of  the  cube,  the  octahe¬ 
dron,  and  the  rhombic  dodecahedron.  ou  o2,  o3,  etc., 
are  the  poles  of  the  octahedral  faces  ;  a!,  a 5,  a3,  etc. , 
those  oi  the  faces  of  the  cube  ;  and  du  d2,  d3,  etc. , 
those  of  the  rhombic  dodecahedron.  It  will  be  ob¬ 
served  that  the  faces  of  the  cube  fall  into  the  zone  cir¬ 
cles  of  the  octahedron  and  dodecahedron,  while  those 
of  the  octahedron  fall  into  those  of  the  rhombic  dode¬ 
cahedron.  Considering  this  as  a  delineation  of  a  globe, 
these  zone  circles  come  to  represent  latitude  and  lon¬ 
gitude  ;  and,  as  almost  all  the  faces  in  this  system  fall 
into  some  zone  circle,  it  is  clear  that  the  latitude  and 
longitude  of  all  normals  may  be  readily  laid  down,  and 
their  relations  at  once  determined  by  spherical  trigo¬ 
nometry.  Fig.  44  shows  the  arrangement  of  the  poles 
of  all  the  forms  belonging  to  the  cubic  system  noticed 
above,  or  referred  to  in  the  present  article, — delineated 
on  an  octant  of  the  sphere  of  projection.  It  displays 
the  perfect  regularity  of  the  system. 
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Hemihedral  and  Tetartohedral  Forms. — The  exception  to  the 
second  law  (that  of  symmetry),  which  was  for- 
Mfnrmii  mulated  by  Weiss,  was  to  the  effect  that  one- 
half  or  even  one-fourth  only  of  the  faces  which 
go  to  form  a  holohedral  crystal  may  be  present.  When  but 


I  jo  130230120  JIO  230320  9(0  320  310  HO 

Fig.  44.— Principal  Poles  of  Cubic  System  in  Octant  of  Sphere, 

one-half  of  the  faces  present  themselves,  the  form  is  termed 
hemihedral ;  when  only  one-fourth,  it  is  tetartohedral. 
These  restrained  developments  have  now  to  be  considered. 
In  hemihedral  forms  the  development  is  restrained,  but 
symmetry  is  not  deranged ;  half  the  similar  parts  are  still 
alike,  though  unlike  the  other  half. 

There  are  two  classes  of  hemihedral  forms : 

I.  Those  forms  in  which  half  the  similar  angles  or  edges 
are  modified  independently  of  the  other  half  (“  hemi-liolo- 
hedral”),  producing — 

1.  In  the  monometric  and  dimetric  systems  “tetrahe¬ 
dral  ”  and  “  sphenoidal  ”  forms,  by  the  independent  replace¬ 
ment  of  the  alternate  angles ;  their  opposite  faces  are  not 
parallel,  and  they  are  hence  called  “  inclined  ”  hemihedrons ; 
as  in  chalcopyrite,  boracite.1  The  replacement  in  the  di¬ 
metric  system  of  two  opposite  basal  edges  at  one  base  and 
the  other  two  at  the  opposite  base  is  of  the  same  kind ;  as 
in  edingtonite. 

2.  In  the  trimetric  system  “  monoclinic  ”  forms,  by  the 
replacement  of  half  the  similar  parts  of  one  base  and  the 
diagonally  opposite  of  the  other,  unlike  the  other  half;  as 
in  datholite,  humite. 

3.  In  the  trimetric  and  hexagonal  systems  “hemimor- 
phic  ”  forms,  by  independent  replacements  at  the  opposite 
extremities  of  the  crystals  ;  as  in  topaz,  calamine,  tourma¬ 
line. 

4.  In  the  rhombohedral  system,  by  the  replacements  of 
the  alternate  basal  edges  or  angles  of  the  rhombohedron, 
forms  usually  called  “  tetartohedral  ”  or  quarter  forms,  on 
the  ground  that  mathematically  the  rhombohedron  is  a 
hemihedral  form  derived  from  the  hexagonal  prism,  which 
is  the  type  of  the  hexagonal  system.  Eock  crystal  is  usually 
developed  according  to  this  law. 

II.  Those  forms  in  which  all  the  similar  angles  or  edges 
are  modified,  but  by  half  the  full  or  normal  number  of 
planes  (“holo-hemihedral”),  producing — 

1.  In  the  monometric  system  “  pyritohedral  ”  forms,  by 
a  replacement  of  the  edges  or  angles ;  as  in  pyrites.  Such 
forms  have  opposite  faces  parallel,  and  are  often  called 
parallel  hemihedrons. 

2.  In  the  dimetric  system  “  pyramidal  ”  and  “  scalenoi- 
dal  ”  forms,  by  a  replacement  of  the  eight  solid  angles  of 
the  primary  prism,  according  to  two  methods. 

3.  In  the  hexagonal  system  “  pyTamoidal  ”  and  “  gyroi- 
dal  ”  forms,  by  a  replacement  of  the  solid  angles  of  the  hex¬ 
agonal  prism,  or  of  the  six  lateral  angles  of  the  rhom¬ 
bohedron,  according  to  two  methods;  as  in  quartz  and 
apatite. 

The  above  illustrations  show  that  hemihedrism  is  not 

1  As  the  parts  of  either  half  are  alternate,  there  still  results  a 
symmetrical  solid.  As  either  one  or  other  half  may  be  the  one 
thus  modified,  there  may  result  two  such  symmetric  solids,  which 
stand  in  an  inverse  position  to  one  another.  When  the  modifica¬ 
tions  affect  the  upper  right-hand  solid  angle,  the  resulting  form 
is  called  + ;  when  the  upper  left-hand  angle  it  is  — . 


only  divided  into  two  classes,  but  is  of  various  kinds,  and 
these  have  been  systematized  as  follows :  “  holomorphic/’ 
in  which  the  occurring  planes  pertain  equally  to  the  upper 
and  lower  (or  opposite)  ranges  of  sectants,  as  in  ordinary 
hemihedrons;  and  (2)  “ hemimorphic,”  in  which  each  set 
of  planes  pertains  to  either  the  upper  or  the  lower 
range,  but  not  to  both.  As  to  the  relative  position  of 
the  sectants  which  contain  the  planes,  the  forms  may 
be  vertically  direct,  as  in  baryte ;  vertically  alternate, 
as  in  the  tetrahedron,  the  rhombohedron,  and  the 
plagihedral  faces  of  quartz ;  and  vertically  oblique,  as 
in  many  forms  of  chondrodite. 

In  hemimorphic  forms  symmetry  is  deranged;  the 
crystals  are  bounded  at  the  opposite  ends  H 
cf  their  main  axes  by  faces  belonging  to  ph informs" 
distinct  forms  or  modifications, — always, 
however,  of  the  same  system;  hence  only  the  upper 
or  the  under  half  of  each  crystal  can  be  regarded  as 
complete,  as  regards  the  form  there  seen ;  and  so  for 
each  end  it  is  half  formed. 

Fig.  45  represents  a  crystal  of  tourmaline,  which 
is  bounded  on  the  upper  end  by  the  planes  of  the  rhom- 
bohedrons  R  (P)  and  —  2E  (o),  and  on  the  lower  end  by 
the  basal  pinacoid  (&')•  Iu  Fig.  46  of  smithsonite  the 
upper  extremity  shows  the  base  k,  two  brachydomes  o 
gndp,  and  two  macrodomes  m  and  l ;  whilst  on  the 
lower  end  it  is  bounded  by  the  faces  P  of  the  primary 
alone. 

It  has  been  found  that  all  hemimorphic  crystals  be¬ 
come  electrically  polar  when  heated, — that  is,  exhibit 
opposite  kinds  of  electricity  at  opposite  ends  of  the 
crystal.  The  subject  will  be  more  fully  considered 
under  the  electricity  of  minerals. 

The  hemihedral  forms  of  the  cubic  system  are  the 
following : 

1.  The  tetrahedron  (Fig.  47),  hemihedral  of  the  octa¬ 
hedron,  is  bounded  by  four  equilateral  tri- 

angles.  It  has  six  equal  edges  with  faces  meet-  hedral 

ing  at  70°  32',  and  four  trigonal  angles.  The  forms, 

principal  axes  join  the  middle  points  of  each 
two  opposite  edges.  Examples :  fahlore,  boracite,  and  hel- 
vine. 

2.  The  trigonal  dodecahedrons  (Fig.  48),  hemihedral  of 
the  icositetrahedron,  are  bounded  by  twelve  isosceles  tri¬ 
angles,  and  vary  in  general  form  from  the  tetrahedron  to 

*  l 


Fig.  45. 


Fig.  46. 


the  cube.  There  are  six  longer  edges  corresponding  to  those 
of  the  inscribed  tetrahedron,  and  twelve  shorter,  placed 
three  and  three  over  each  of  its  faces,  and  four  hexagonal 
and  four  trigonal  angles.  Example:  tetrahedrite 

3  The  deltoid  dodecahedrons  (Fig.  49),  hemihedral  of  the 
triakisoctahedron,  are  bounded  by  twelve  deltoids,  and  vary 
in  general  form  from  the  tetrahedron  on  the  one  hand  to 


Fig.  47. 


Fig.  48. 


the  rhombic  dodecahedron  on  the  other.  They  have  twelve 
longer  edges  lying  in  pairs  over  the  edges  of  the  inscribed 
tetrahedron,  and  twelve  shorter  edges,  three  and  three  over 
each  of  its  faces.  There  are  six  tetragonal  (rhombic),  four 
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acute  trigonal,  and  four  obtuse  trigonal  angles.  The  prin¬ 
cipal  axes  join,  two  and  two,  opposite  rhombic  angles.  Ex¬ 
ample:  tetrahedrite. 


4.  The  hexakistetrahedrons  (Fig.  50),  hemihedral  of  the 
hexakisoctahedrou,  are  bounded  by  twenty-four  scalene 
triangles,  and  most  commonly  have  their  faces  grouped  in 
four  systems  of  six  each.  The  edges  are  twelve  shorter  and 
twelve  longer,  lying  in  groups  of  three  over  each  face  of  the 
inscribed  tetrahedron,  and  twelve  intermediate  in  pairs 
over  its  edges.  The  angles  are  six  rhombic,  joined  in  fairs 
by  the  principal  axes,  and  four  acuter  and  four  obtuser 
hexagonal  angles.  Example:  diamond. 

In  these  forms,  often  named  “  tetrahedral,”  the  faces  are 
oblique  to  each  other.  Their  derivation  and  signs  are  as 
follows.  The  tetrahedron  arises  when  four  alternate  faces 
of  the  octahedron,  two  opposite  above  and  two  intermediate 
below,  are  enlarged  so  as  to  obliterate  the  other  four ;  and 


its  sign  is  hence 


But,  as  either  four  faces  may  be  thus 


enlarged  or  obliterated,  two  tetrahedrons  can  be  formed, 
similar  in  all  respects  except  in  position,  and  together 
making  up  the  octahedron.  These  are  distinguished  by  the 
signs  -f-  and  — ,  added  to  the  above  symbol,  but  only  the  latter 

in  general  expressed,  thus  —  ^ .  In  all  hemihedric  systems 


two  forms  similarly  related  occur,  which  may  thus  be  named 
complementary  forms.  The  trigonal  dodecahedron  is  de¬ 
rived  from  the  icositetrahedron  by  the  expansion  of  the 

alternate  trigonal  groups  of  faces.  Its  sign  is  f  the 
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most  common  variety  being  - -.  The  deltoid  dodeca- 

2 

hedron  is  in  like  manner  the  result  of  the  increase  of  the 
alternate  trigonal  groups  of  faces  of  the  triakisoctahedron, 

and  its  sign  is  .  Lastly,  the  hexakistetrahedron  arises 


in  the  development  of  alternate  hexagonal  groups  of  faces 
in  the  hexakisoctahedron,  and  its  sign  is  • 

Two  semitesseral  forms  with  parallel  faces  occur.  (1)  The 
pentagonal  dodecahedrons  (Fig.  51),  bounded  by  twelve 
symmetrical  pentagons,  vary  in  general  aspect  between  the 
cube  and  the  rhombic  dodecahedron.  They  have  six  regular 
(and  in  general  longer)  edges,  lying  over  the  faces  of  the 


inscribed  cube,  and  twenty-four,  generally  shorter  (seldom 
longer),  edges,  usually  lying  in  pairs  over  its  edges.  The 
solid  angles  are  eight  of  three  equal  interfacial  angles,  and 
twelve  of  three  interfacial  angles,  of  which  only  two  are 
equal.  Each  principal  axis  unites  two  opposite  regular 
edges.  This  form  is  derived  from  the  tetrakishexahedron, 

and  its  sign  is  .  It  is  found  frequently  in  iron  pyrites 


and  cobaltine.  (2)  The  dyakisdodecahedron  (Fig.  52), 
bounded  by  twenty-four  trapezoids  with  two  sides  equal, 
has  twelve  short,  twelve  long,  and  twenty-four  intermediate 
edges.  The  angles  are  six  equiangular  rhombic,  united  in 
pairs  by  the  principal  axes,  eight  trigonal,  and  twenty-four 


irregular  tetragonal  angles.  It  is  derived  from  the  hexakis¬ 
octahedron,  and  its  sign  is  J  ,  the  brackets  being 

used  to  distinguish  it  from  the  hexakistetrahedron,  also 
derived  from  the  same  primary  form.  It  occurs  in  iron 
pyrites  and  cobaltine.  The  two  other  semitesseral  forms. 


the  pentagonal  dodecahedron  (Fig.  53)  and  the  pentagonal 
icositetrahedron  (Fig.  54),  both  bounded  by  in-egular  pen¬ 
tagons,  have  not  yet  been  observed  in  nature. 

Combinations. — The  above-mentioned  forms  of  the 
tesseral  system  (and  this  is  true  also  of  the 
five  other  systems  of  crystallization)  not  Comtions* 
only  occur  singly,  but  often  two,  three,  or 
more  occur  united  in  the  same  crystal,  forming  what 
are  named  combinations. 

In  this  case  it  is  evident  that  no  one  of  the  indi¬ 
vidual  forms  can  be  complete,  because  the  faces  of  one 
form  must  interfere  with,  by  diminishing,  the  faces  of 
other  forms.  A  combination  therefore  implies  that 
the  faces  of  one  form  shall  appear  symmetrically  dis¬ 
posed  between  the  faces  of  other  forms,  and  conse¬ 
quently  take  the  place  of  certain  of  their  edges  and 
angles.  These  edges  and  angles  are  thus,  as  it  were, 
cut  off,  and  a  greater  number  of  new  ones  produced  in 
their  place,  which  properly  belong  neither  to  the  one 
form  nor  the  other,  but  are  angles  of  combination. 
These  new  faces  are  hence  termed  modifications,  and 
the  original  or  primary  or  simple  form  is  said  to  be 
modified.  Usually  one  form  predominates  more  than 
the  others,  or  has  more  influence  on  the  general  aspect 
of  the  crystal,  and  hence  is  distinguished  as  the  pre¬ 
dominant  form,  the  others  being  considered  subordi¬ 
nate. 

The  sign  of  the  combination  consists  of  those  of  its  con¬ 
stituent  forms,  written  in  the  order  of  their  influence  or 
importance  in  the  combination,  with  a  point  between  each 
pair. 

It  will  be  readily  seen  that  such  combinations  maybe  ex¬ 
ceedingly  numerous,  or  rather  infinite ;  and  only  a  few  of  the 
more  common  can  be  noticed.  Many  others  more  compli¬ 
cated  will  occur  in  the  descriptive  part  of  this  article. 
Among  hololiedral  combinations,  the  cube,  octahedron,  and 
rhombic  dodecahedron  are  the  predominant  forms.  In  Fig. 
27  the  cube  has  its  angles  replaced  by  the  faces  of  the  octa¬ 
hedron,  which  truncate  the  angles,  and  the  sign  of  this 
combination  is  ooOao ,  O.  In  Fig.  28  this  process  may  be 
regarded  as  having  proceeded  still  farther,  so  that  the  faces 
of  the  octahedron  nearly  equal,  those  of  the  cube,  while  in 
Fig.  29  they  now  predominate ;  the  sign,  still  of  the  same 
two  elements,  but  in  reverse  order,  is  O,  ooOoo .  It  will 
thus  be  seen  that,  through  an  increase  in  the  amount  of  the 
abstraction  of  the  faces  of  the  cube,  the  figure  gradually 
passes  over  into  that  of  the  octahedron.  This  may  occur  in 
all  cases,  and  is  termed  the  passage  of  the  cube  into  the 
octahedron  (or  vice  versa),  or  a  “  transition  by  decrement.” 

In  Fig.  31  the  cube  has  its  edges  replaced  by  the  faces  of 
the  rhombic  dodecahedron,  which  truncate  the  edges,  the 
sign  being  ooOao,  ooO;  while  in  Fig.  32  there  is  the  same 
combination,  but  with  the  faces  of  the  cube  subordinate, 
and  hence  the  sign  is  ooO,  ocOoo.  The  former  figure,  it 
will  be  seen,  has  more  the  general  aspect  of  the  cube,  the 
latter  of  the  dodecahedron.  Here  the  solid  angles  of  the 
latter  are  truncated  by  the  faces  of  the  cube,  and  we  have 
the  passage  of  the  cube  into  the  dodecahedron  by  decre¬ 
ment.  The  same  transition,  through  truncation  or  decre¬ 
ment,  could  be  shown  i  n  all  cases  of  combinations,  and  in 
both  directions,  the  last  stage  of  the  passage  into  one  or 
other  form  always  consisting  of  the  replacement  of  its  solid 
j  or  interfacial  angles  by  faces  of  the  departing  figure,  more 
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or  less  minute.  A  few  illustrations  of  this  may  be  given, 
in  the  three  most  important  forms. 

The  relationship  of  the  tetrakishexahedron  to  the  cube 
has  above  been  stated  to  be,  that  its  faces  form  six  low 
quadrilateral  pyramids,  which  rest  upon  or  spriug  from  the 
edges  of  the  cube.  (From  this  the  form  derives  its  trivial 
name  of  four-faced  cube.)  Hence  these  faces  bevel  the 
edges  of  the  cube.  The  first  stage  of  such  bevelling  (or  the 
last  stage  of  the  truncation  of  the  tetrakishexahedron  by 
the  faces  of  the  cube — whichever  way  it  may  be  regarded) 
is  seen  in  Fig.  55.  As  the  cubic  face  is  here  dominant,  the 
sign  is  ooOco ,  oo03.  Fig.  56  shows  a  somewhat  similar  stage 


Fig.  55.  Fig.  56. 

in  the  modification  produced  through  the  combination  of 
the  icositetrahedron  with  the  cube.  The  trilateral  pyra¬ 
mid  which  this  form  places  upon  the  faces  of  the  cube  rests 
upon  its  solid  angles,  instead  of,  as  in  the  last  case,  upon  its 
edges;  hence  it  is  these  solid  angles  which,  in  the  process 
of  decrement,  it  replaces  by  faces  which  form  a  low  three- 
sided  pyramid.  The  triakisoctahedron,  again,  modifies  the 


Fig.  57. 


'  Fig.  58. 


angles  of  the  former  (Fig.  61).  The  faces  of  the  hexakisoc* 
tahedron  bevel  the  edges  of  the  rhombic  dodecahedron. 

While  such  transitions  may  appear  indefinite,  yet  certain 
minerals  have  either  in  themselves  a  habit,  or  have  at  cer¬ 
tain  localities  a  habit,  of  crystallizing  so  markedly  in  a 
certain  stage  of  these  transitions  as  to  be  absolutely  capable 
of  recognition  thereby. 

Combinations  of  hemihedral  or,  as  they  have 
been  called,  semitesseral  forms  are  of  three 
classes :  those  with  holohedral  forms,  those  in 
which  the  faces  fall  obliquely  on  one  another, 
and  those  with  parallel  faces.  Fig.  62  shows 
the  combination  of  a  right-handed  tetrahedron 


Combina¬ 
tions  of 
hemi¬ 
hedral 
forms. 

with  the 


Fig.  62.  Fig.  63. 

cube  which  truncates  its  edges,  the  tetrahedron  here  being 
dominant.  Fig.  63,  again,  shows  a  combination  of  thecubo- 
dodecahedron  with  a  right-handed  tetrahedron,  the  first  or 
holohedral  form  being  in  this  case  markedly  dominant. 
Fig.  64  is  an  illustration  of  the  second  class,  combinations 


solid  angles  of  the  cube,  as  shown  in  Fig.  57,  by  a  low  three- 
sided  pyramid,  positioned  at  right  angles  to  that  considered 
in  the  last  combination.  As  the 
hexakisoctahedron  is  merely  the 
two-faced  form  of  that  last  consid¬ 
ered,  the  pyramid  which  modifies 
the  solid  angles  is,  in  its  combina¬ 
tion  with  the  cube,  six-sided,  as  in 
Fig.  58.  • 

As  the  faces  of  the  rhombic  do¬ 
decahedron  truncate  the  edges  of 
the  octahedron,  Fig.  34  represents 
the  first  stage  of  such  truncation 
or  combination  ;  while  Fig.  35  may 
be  taken  as  representing  the  last, 
the  faces  of  the  octahedron  being 
there  nearly  totally  removed. 

Fig.  59  shows  the  first  stage  of  the  passage  of  the  octahe¬ 
dron  into  the  icositetrahedron,  in  the  truncation  of  the 
solid  angles  of  the  former  form  by  a  four-sided  pyramid 
formed  by  the  (6  X  4)  faces  of  the  latter.  The  faces  of  the 
octahedron  truncate  the  three-faced  solid  angles  of  the 
rhombic  dodecahedron.  Fig.  35  shows  the  first  stage  of 
this  truncation,  while  Fig.  34  shows  an  advanced  amount. 


Fig.  60.  Fig.  61. 


of  oblique-faced  semitesseral  forms  with  each  other.  In  it 
a  right-handed  tetrahedron  has  its  solid  angles  truncated 
by  the  faces  of  one  which  is  left-handed ;  and  so  its  sign  is 

^  Fig.  65  shows  a  combination  of  a  right-handed 
tetrahedron  with  a  left-handed  three-faced  tetrahedron. 


Fig.  66  shows  a  combination  of  a  right-handed  hemihedron 
of  the  icositetrahedron  with  a  right-handed  tetrahedron. 

Parallel-faced  hemihedrons  generally  form  combinations 
with  holohedral  forms;  and  the  amount  of  relative  domi¬ 
nance  is  of  all  degrees.  Fig.  67  shows  a  combination,  in  equal 


The  faces  of  the  icositetrahedron  truncate  the  edges  of  the 
rhombic  dodecahedron,  as  in  Fig.  60 ;  while  those  of  the 
latter  truncate  the  unequal-angled  tetragonal  (or  rhombic) 
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amount  of  the  cube  with  a  vertical-faced  pentagonal  dodeca¬ 
hedron;  while  Fig.  68  shows  an  increase  in  the  amount  of 
truncation  effected  by  the  latter.  Fig.  69  shows  the  combina- 
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tion  of  the  cube  with  the  dyakidodecahedron,  the  former 
being  dominant.  In  Fig.  70  an  octahedron,  in  dominance,  is 


combined  with  the  vertical-faced  pentagonal  dodecahedron ; 
in  Fig.  71  the  faces  of  these  forms  are  of  nearly  equal  size, 


while  in  Fig.  72  the  octahedral  faces  are  nearly  removed. 
The  solid  angles  of  the  octahedron  are  modified  in  Fig.  73 


by  the  faces  of  the  dyakisdodecahedron.  In  Fig.  68  a  ver¬ 
tical-faced  pentagonal  dodecahedron  is  the  prevailing  form 


in  combination  with  the  cube ;  while  in  Fig.  74  the  faces 
of  the  octahedron  are  superadded.  In  Fig.  75  its  octahedral 
angles  are  modified  by  the  faces  of  the  icositetrahedron, 
and  in  Fig.  76  by  those  of  the  octahedron  in  addition.  In 
Fig.  77  they  are  modified  by  the  faces  of  the  dyakisdodeca¬ 
hedron. 

In  each  of  the  five  systems  which  follow  there  is  this 
difference  from  the  cubic  system,  that  one  axis  is  always 
unequal  to  (longer  or  shorter  than)  the  others.  This 
Dimetric  -S  P^ace<^  erect>  and  named  the  chief  axis  • 
and  tri-  its  ends  are  poles,  and  the  edges  connected 

metric  with  them  polar  edges.  The  other  axes 

orms.  are  name(j  subordinate  or  lateral  axes,  and 
the  plane  that  passes  through  them  is  the  base.  A 
plane  through  the  chief  and  a  lateral  axis  is  a  normal 
chief  section.  In  these  systems  also  occur  the  three 
forms  of  “pyramids,”  “prisms,”  and  “pinacoids.” 
(1)  The  pyramids  have  their  faces  triangles.  Pyra¬ 
mids  in  crystallography  are  each  composed  of  two 
geometric  pyramids  placed  base  to  base,  and  named 

closed  forms,”  as  the  crystals  are  shut  in  by  definite 


faces  on  every  side.  (2)  The  prisms  are  bounded  by 
plane  faces  parallel  to  one  axis.  They  are  thus  of  un¬ 
limited  extent  in  the  direction  of  that  axis,  and  there¬ 
fore  named  1  ‘  open  forms,  ’  ’  but  in  solid  crystals  are 
shut  in  by  faces  of  other  forms.  (3)  The  pinacoids,  or 
tables,  have  two  faces  intersecting  one  axis  and  parallel 
to  the  others,  and  thus  are  also  open  forms,  or  un¬ 
limited  in  the  direction  of  these  axes.  Forms  (2)  and 
(3),  when  conjoined,  mutually  shut  in  each  other,  or 
produce  closed  forms. 

II.  Pyramidal  or  Tetragonal  System. — This  system 
has  three  axes  at  right  angles,  two  of  them 
equal,  and  the  chief  axis  longer  or  shorter.  '  ™™em! 
The  name  tetragonal  is  derived  from  the 
form  of  the  base,  which  is  usually  quadrangular. 

There  are  eight  tetragonal  forms,  of  which  five  are  closed. 
(1)  Tetragonal  pyramids  (Figs.  78, 79)  are  inclosed  by  eight 
isosceles  triangles,  with  four  middle  edges  all  in  one  plane, 
and  eight  polar  edges.  There  are  three  kinds  of  this  form. 


distinguished  by  the  position  of  the  lateral  axes.  In  the 
first  these  axes  unite  the  opposite  angles;  in  the  second 
they  intersect  the  middle  edges  equally ;  and  in  the  third 
they  lie  in  an  intermediate  position,  or  divide  these  edges 
unequally, — the  last  being  hemihedral  forms.  These  pyra¬ 
mids  are  also  distinguished  as  obtuse  (Fig.  78)  or  acute 
(Fig.  79),  according  as  the  vertical  angle  is  greater  or  less 
than  in  the  regular  octahedron.  (2)  Ditetragonal  pyramids 
(Fig.  80)  are  bounded  by  sixteen  scalene  triangles,  whose 
base-lines  are  all  in  one  plane.  This  form  rarely  occurs 


except  in  combinations.  (3)  Tetragonal  sphenoids  (Fig.  81), 
bounded  by  four  isosceles  triangles,  are  the  hemihedral 
forms  of  the  first  variety  of  tetragonal  pyramids.  (4)  The 
tetragonal  scalenohedron  (Fig.  82),  bounded  by  eight  scalene 
triangles,  whose  bases  rise  and  fall  in  a  zigzag  line,  is  the 
hemihedral  form  of  the  ditetragonal  pyramid.  Nos.  (3) 
and  (4)  are  rare.  (5)  The  tetragonal  trapezohedron  is  not 
found  in  minerals  as  a  simple  form.  The  three  open  forms 
are — (1)  tetragonal  prisms,  bounded  by  four  planes  parallel  to 
the  principal  axis,  which  may  be  either  longer  (Fig.  83)  or 
shorter  (Fig.  84)  than  the  lateral  axes;  (2)  ditetragonal 
prisms,  bounded  by  eight  similar  planes;  and  (3)  the  basal 
pinacoid,  consisting  merely  of  two  parallel  faces  bounding 
the  prisms  at  the  ends,  above  and  below. 

The  various  series  of  tetragonal  crystals  are  distinguished 
from  each  other  only  by  their  relative  dimensions.  To  de¬ 
termine  these,  one  of  the  series  must  be  chosen 
as  the  primary  form,  and  for  this  purpose  a 
tetragonal  pyramid  of  the  first  variety,  desig- 
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nated  by  P  as  its  sign,  is  selected.  The  angle  of  one  of  its 
edges,  especially  the  middle  edge,  found  by  measurement, 
determines  its  angular  dimensions,  whilst  the  proportion  of 


Fig.  82. 


Fig.  83. 


Fig.  84. 


the  principal  axis  a  to  the  lateral  axes,  supposed  equal  to  1, 
gives  its  linear  dimensions.  The  parameters,  therefore,  of 
each  face  of  the  fundamental  form  are  1  :  1 :  a. 

Now  if  m  be  any  (rational)  number,  either  less  or  greater 
than  unity,  and  if  from  any  distance  ma  in  the  principal 
axis  planes  be  drawn  to  the  middle  edge  of  P ,  then  new  te¬ 
tragonal  pyramids  of  the  first  order,  but  more  or 
less  acute  or  obtuse  than  P,  are  formed.  The 
general  sign  of  these  pyramids  is  mP,  and  the 
most  common  varieties  JP,  2P,  and  3P, — with  the  chief  axis 
half,  twice,  or  thrice  that  of  P.  If  m  becomes 
Pnsm.  infinite,  then  the  pyramid  passes  into  a  prism, 
indefinitely  extended  along  the  principal  axis,  and  with  the 
sign  od  P.  If  m  =  0,  which  is  the  case  when  the  lateral 
.  axes  are  supposed  infinite,  then  it  becomes  a 

Pinacoid.  pinacoi<i)  consisting  properly  of  two  basal  faces 

open  towards  the  lateral  axes,  and  designated  by  the  sign 

A 


Derived 

pyramids. 


Fig.  86. 


Fig.  87. 


OP.  The  ditetragonal  pyramids  are  produced  by  taking  in 
each  lateral  axis  distances  »  greater  than  1,  and  drawing 
two  planes  to  these  points  from  each  of  the  interme- 


the  most  common  values  of  n  being  §,  2,  3,  and  oo .  When 
n  —  co,  a  tetragonal  pyramid  of  the  second  order  arises, 
designated  generally  by  mPoo,  the  most  common  in  the 
mineral  kingdom  being  Poo  and  2P<x>.  The  relation  of 
these  to  pyramids  of  the  first  order  is  shown  in  Fig.  85, 
where  ABBBC  is  the  first  and  ACCCX  the  second  order  of 
pyramid.  In  like  manner,  from  the  prism  aP,  the  dite¬ 
tragonal  prisms  oo Pn  are  derived,  and,  finally,  when  n  =  co 
the  tetragonal  prism  of  the  second  order,  whose  sign  is  ooPco . 

The  combinations  of  the  tetragonal  system  are  either 
holohedral  or  hemihedral ;  but  the  latter  are  rare.  Prisms 
and  pinacoids  must  always  be  terminated  on  the  open  sides 
by  other  forms.  Thus  in  Fig.  86  a  square  prism  of  the  first 
order  is  terminated  by  the  primary  pyramid,  and  has  its 
lateral  angles  again  replaced  by  another  more  acute  pyra¬ 
mid  of  the  second  order,  so  that  its  sign  is  ccP,  P,  2Px . 

In  Fig.  87  a  prism  of  the  second  order  is  first  bounded  by 
the  fundamental  pyramid,  and  then  has  its  edges  of  combi¬ 
nation  replaced  by  a  ditetragonal  pyramid ;  its  sign  is 
odPoo  ,  P,  3P3.  In  Fig.  88  the  polar  edges  of  the  pyramid 
are  replaced  by  another  pyramid,  its  sign  being  P,  Poo .  In 
Fig.  89  a  hemihedric  form,  very  characteristic  of  chalco- 
pyrite,  is  represented, — Pand  P'  being  the  two  sphenoids,  a 
the  basal  pinacoid,  b,  c  two  ditetragonal  pyramids. 

III.  The  Hexagonal  System. — The  essential  char¬ 
acter  of  this  system  is  that  it  has  four  axes, 

— three  equal  lateral  axes  intersecting  each  exSjltem. 
other  in  one  plane  at  60°,  and  one  principal 
axis  at  right  angles  to  these.  The  plane  through  the 
lateral  axes,  or  the  base,  from  its  hexagonal  form, 
gives  the  name  to  the  system.  As  in  the  last  system, 
its  forms  are  either  closed  or  open.  They  are  divided 
into  holohedral,  hemihedral,  and  tetartohedral, — the 
last,  which  are  rare,  having  only  a  fourth  part  of  the 
faces  developed.  Only  a  few  of  the  more  common 
forms  require  to  be  here  described. 

The  hexagonal  pyramids  (Figs.  90,  91)  are  bounded  by 
twelve  isosceles  triangles,  and  are  of  three  pyramids, 
kinds,  according  as  the  lateral  axes  fall  in  . 

the  angles,  in  the  middle  of  the  lateral  edges,  or  in  an¬ 
other  point  of  these  edges,  the 
last  being  hemihedral  forms. 
They  are  also  classed  as  acute 
or  obtuse,  but  without  any  pre¬ 
cise  limits.  The  trigonal  pyra¬ 
mid  is  bounded  by  six  triangles, 
and  may  be  viewed  as  the  hemi¬ 
hedral  form  of  the  hexagonal. 
The  dihexagonal  pyramid  is 
bounded  by  twenty-four  sca¬ 
lene  triangles,  but  has  never 
been  observed  alone,  and  rarely 
even  in  combinations.  The 
more  common  prisms  are  the 
hexagonal  of  six  sides ;  in  these 
the  vertical  axis  may  be  either 
longer  than  the  lateral,  as  in 
Fig.  92,  or  shorter,  as  in  Fig. 
93.  There  are  also  dihexagonal, 
of  twelve  sides. 

A  particular  pyramid  P  is 
chosen  as  the  fundamental  form 
of  this  system,  and  its  dimen¬ 
sions  determined  either  from 
the  proportion  of  the  lateral  to 
the  principal  axis  (1  :  a)  or 
from  the  measurement  of  its 
angles.  From  this  form  (mP) 
others  are  derived  exactly  as 
in  the  tetragonal  system.  Thus 
dihexagonal  pyramids  are  pro¬ 
duced  with  the  general  sign 


Fig.88. 


Fig.  89. 


diate  polar  edges.  The  parameters  of  these  planes  are 
therefore  m  :  1  :  n,  and  the  general  sign  of  the  form  mPn, 


Fig.  91. 


mPn,  the  chief  peculiarity  being  that,  whereas  in  the  te¬ 
tragonal  system  n  might  have  any  rational  value  from  1  to 
oo,  in  the  hexagonal  system  it  can  only  vary  from  1  to  2, 
in  consequence  of  the  geometric  character  of  the  figure. 
When  n  =  2,  the  dihexagonal  changes  into  an  hexagonal 
pyramid  of  the  second  order,  whose  sign  is  »iP2.  When 
m  =  oo ,  various  prisms  arise  from  similar  changes  in  the 
value  of  n;  and  when  m  =  0  the  basal  pinacoid  is  formed. 

Few  hexagonal  mineral  species  form  perfect  holohedral 
combinations.  Though  quartz  and  apatite  appear  as  such, 
yet  properly  the  former  is  a  tetartohedral,  the  latter  a  hemi¬ 
hedral  species.  In  holohedral  species  the  predominant 
faces  are  usually  those  of  the  hexagonal  prisms  ooP  ( Fig.  92) 
and  oo P2,  or  of  the  pinacoid  OP  (Fig.  93) ;  whilst  prisms. 
the  pyramids  P  and  2P2  are  the  most  common 
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subordinate  forms.  Fig.  94  represents  the  prism,  bounded  on 
the  extremities  by  two  pyramids, — one,  P,  forming  the  apex, 
the  other,  2P2,  the  rhombic  faces  on  the  angles,  or  ooP,  P, 
2P2.  Fig.  95  is  a  similar  form,  the  upper  part  of  the  pyramid 


Fig.  93. 


Fig.  94. 


being  replaced  by  the  pinacoid.  In  some  crystals  the  lateral 
edges  of  the  prism  are  replaced  by  the  second  prism  goP2, 


Fig.  102  represents  the  first,  Fig.  103  the  second.  Hexago¬ 
nal  scalenohedrons  (Fig.  104)  are  bounded  by  twelve  scalene 


Fig.  102. 


Fig.  103. 


M 


M 

M 

Fig.  95. 


Fig.  96. 


Fig.  97. 


(Fig.  96),  producing  an  equiangular  twelve-sided  prism, 
which  always  represents  the  combination  odP,  ceP2,  and 
cannot  occur  as  a  simple  form.  Figs.  97,  98  are  combina¬ 


tions  in  this  system  seen  in  beryl.  An  example  of  a  more 
complicated  combination  is  seen  in  Fig.  99,  of  a  crystal  of 
apatite,  whose  sign  with  the  corresponding  letters  is  ctP  (AT), 
ooP2(e),  OP (P),  4P(r),  Fix),  2P(*),  P2(o),  2P2(«),  4P2(d). 

Hexagonal  minerals  frequently  crystallize  in  those  series 
of  hemihedral  forms  that  are  named  “rhornbo- 
?"912^2re'  hedral,”  from  the  prevalence  in  them  of  rhom- 
bohedrons.  These  (Figs.  100,  101)  are  bounded 


by  six  rhombi,  whose  lateral  edges  do  not  lie  in  one  plane, 
but  rise  and  fall  in  a  zigzag  manner.  The  principal  axis 
unites  the  two  trigonal  angles,  formed  by  three  equal  plane 
angles;  and  in  the  most  common  variety  the  secondary 
axes  join  the  middle  points  of  two  opposite  edges.  When 
the  polar  edges  form  an  angle  of  more  than  90°,  the  rhom- 
bohedrons  are  namecl  obtuse ;  when  of  less  than  90°,  acute ; 


triangles,  whose  lateral  edges  do  not  lie  in  one  plane.  The 
principal  axis  joins  the  two  hexagonal  angles,  and  the 
secondary  axis  the  middle  points  of  two  opposite  lateral 
edges. 

The  rhombohedron  is  derived  from  the  first  order  of 
hexagonal  pyramid  by  the  hemihedral  development 
of  its  alternate  faces.  Its  general  sign  should  therefore 
1Yl~P 

be  — - —  ■  but  on  several  grounds  it  is  found  better 

to  designate  it  by  R  or  mR,  and  its  complementary 
figure  by-  mR.  When  the  prism  or  pinacoid  arises  as 
its  limiting  form,  they  are  designated  by  ooR  and  OR, 
though  in  no  respect  changed  from  the  limiting  forms 
ooP  and  OP  of  the  pyramid.  The  scalenohedron  is 
properly  the  hemihedral  form  of  the  dihexagonal 
pyramid,  but  is  more  easily  understood  as  derived  from 
the  inscribed  rhombohedron  mR.  If  the  halves  of  the 
principal  axis  of  this  be  multiplied  by  a  definite 
number  n,  and  then  planes  be  drawn  from  the  ex¬ 
tremities  of  this  enlarged  axis  to  the  lateral  edges  of 
the  rhombohedron,  as  in  Fig.  105,  the  scalenohedron  is 
constructed.  It  is  now  designated  by  mRw  (the  n  on  the 
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right  here  referring  to  the  chief  axis),  and  the  dihexagonal 
prism  in  this  aeries  by  ooRn  (formerly  mR"  and  ooR")^ 
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The  combinations  of  rhombohedral  forms  are  very  nu¬ 
merous,  several  hundreds  having  been  described  in  calc- 
spar  alone.  Among  the  most  common  is  the  prism  in  com¬ 
bination  with  a  rhombohedron,  as  seen  in  the  twin  crystal 
of  calc-spar  (Fig.  106),  with  the  sign  ooE,  — tit,  the  lower 
half  being  the  same  form  with  the  upper,  but  turned 
round  180°.  In  Fig.  107  the  rhombohedron  mR  has  its  polar 


Fig.  108. 


Fig.  109. 


edges  replaced  by  another  rhombohedron  — JwiR,  and  in  Fig. 
108  its  lateral  edges  bevelled  by  the  scalenohedron  mRn.  A 
more  complex  combination  of  five  forms  is  represented 
in  the  crystal  of  calc-spar  Fig.  109,  its  sign,  with  the  let¬ 
ters  on  the  faces,  being  R5(y),  R3(r),  R(P),  4R(m),  ooR(c). 
Tetartohedral  combinations  are  seen  most  distinctly  in 
rock-crystal. 

IY.  Right  Pi'ismatic  or  Rhombic  System. — 
Right  pris-  This  system  is  characterized  by  three 
matic  sys-  unequal  axes,  all  at  right  angles  to 
tem-  each  other.  Any  one  of  these  may  be 

assumed  as  the  chief  axis,  when  the  others  are 
named  subordinate.  The  plane  passing  through 
the  secondary  axes,  or  the  base,  forms  a  rhombus, 
and  from  this  one  of  its  names  is  derived.  As  pris¬ 
matic  forms  are  most  frequent  (the  prism  standing 
vertically  on  the  rhombic  base),  it  is  best  defined  as 
the  right  prismatic.  This  system  comprises  only  a 
few  varieties  of  forms  that  are  essentially  distinct,  and 
its  relations  are  consequently  very  simple. 

There  are  two  closed  forms.  (1)  The  rhombic  pyramids 
(Figs.  110,  111),  bounded  by  eight  scalene  tri¬ 
angles,  whose  lateral  edges  lie  in  one  plane,  and 


hedral  forms  of  the  rhombic  pyramid.  They  are  of  very  in¬ 
frequent  occurrence.  The  open 
forms,  again,  are  rhombic  prisms 
bounded  bv  four  Pri,ms 

plaues  parallel  to 
one  of  the  axes,  which  is  indefi¬ 
nitely  extended,  and  may  be 
longer  than  the  lateral,  as  in  Fig. 
114,  or  shorter,  as  in  Fig.  115. 
They  are  divided  into  upright  (as 
in  the  above  figures)  and  horizon¬ 
tal  prisms,  according  as  either  the 
principal  or  one  or  other  of  the 
lateral  axes  is  supposed  to  become 
infinite.  For  the  latter  form  the 
name  doma  or  dome  has  been 
used ;  and  two  kinds,  nomps 

- - — _  the  macrodome  ( Fig. 

— l - 116),  and  the  brachydome  (Fig. 

■ — - -  have  been  distinguished. 

Fig.  115.  Rhombic  pinacoids  also  arise 

when  one  axis  becomes  =  0  and 
the  two  others  are  indefinitely  extended  ;  and 
so  we  have  macropinacoids  (Fig.  118)  and  bra- 
chypinacoids  (Fig.  119), — the  qualifying  term  thus  desig¬ 
nating  the  axis  to  which  the  faces  of  the  dome  or  pinacoid 
are  parallel. 

In  deriving  these  forms  from  a  primary,  a  particular 
rhombic  pyramid  P  is  chosen,  and  its  dimensions  deter¬ 
mined  either  from  the  angular  measurement  of  two  of  its 


Fig.  114. 


Pinacoids. 


Fig  116. 


Fig.  117. 


Pyramids. 


Fig.  112. 


Fig.  113. 


form  a  rhombus.  They  have  eight  polar  edges  (four  acute 
md  four  more  obtuse)  and  four  lateral  edges.  The  angles 
ire  six  rhombic,  the  most  acute  at  the  extremities  of  the 
longest  axis.  (2)  The  rhombic  sphenoids  (Figs.  112,  113)  are 
bounded  by  four  scalene  triangles,  with  their 
lateral  edges  not  in  one  plane,  and  are  hemi- 


Sphenoids. 


Fig.  118. 


edges,  or  by  the  linear  proportion  of  its  axes  a  :  6  :  c, 
the  greater  lateral  axis  b  being  assumed  equal  Macro-  and 
to  1.  To  the  greater  lateral  axis  the  name  brachy- 
macrodiagonal  is  given,  to  the  shorter  that  diagonal. 

of  brachydiagonal ;  and 
the  two  principal  sections 
are  in  like  manner  named 
macrodiagonal  and  bra¬ 
chydiagonal,  according 
to  the  axis  they  inter¬ 
sect.  The  same  terms  are 
applied  throughout  all  the 
derived  forms.  They  con¬ 
sequently  mark  only  the 
position  of  the  faces  in 
Fig  119  resPect  to  tlie  axes  of  the 
fundamental  crystal,  and 
frequently  of  necessity  without  reference  to  the  relative 
magnitude  of  the  derived  axes. 

By  multiplying  the  principal  axis  by  any  rational  num¬ 
ber  m,  greater  or  less  than  1,  a  series  of  pyramids  arise, 
whose  general  sign  is  »iP,  and  their  limits  are  . 

the  prism  and  pinacoid  ;  the  whole  series  being  1  forms 
contained  in  this  formula,  OP  ...  .  mP  .... 

P  .  .  .  .  mP  ....  ooP, — which  is  the  fundamental 
series,  the  lateral  axes  always  remaining  unchanged. 

From  each  member  a  new  series  may,  however,  be  devel¬ 
oped  in  two  directions,  by  increasing  one  or  other  of  the 
lateral  axes.  When  the  macrodiagonal  is  thus  multiplied 
by  any  number  n  greater  than  1,  and  planes  drawn  from 
the  distance  w  to  the  polar  edges,  a  new  pyramid  is  pro¬ 
duced,  named  a  macropyramid,  with  the  sign  mpw,  the 
mark  over  the  P  pointing  out  the  axis  enlarged.  When 
n  =  qo  f  a  macrodome  results,  with  the  sign  mpao .  If  the 
shorter  axis  is  multiplied,  then  brachypyramids  and  bra- 
chydomes  are  produced,  with  the  signs  mpn  andinfoo.  So 
also  from  the  prism  ooP.,  on  the  one  side,  originate  numer¬ 
ous  macroprisms  oopn,  with  the  limiting  macropinacoid 
aopoo;  on  the  other,  numerous  brachyprisms  oopn,  with 
the  limit  form  aopoo,  or  the  brachypinacoid.  In  Figs.  120, 
121  the  two  domes  are  shown  in  their  relation  to  the  primi¬ 
tive  pyramid. 

The  pyramids  seldom  occur  independent,  or  even  as  the 
predominant  forms  in  a  combination  ;  sulphur,  however,  is 
an  exception.  Prisms  or  pinacoids  usually  give  the  general 
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character  to  the  crystal,  which  then  appears  either  in 
a  columnar  or  tabular  or  even  rectangular  pyramidal 


form.  The  determination  of  the  position  of  these  crystals,  as 
vertical  or  horizontal, 
depends  on  the  choice 
of  the  chief  axis  of 
the  fundamental  form. 

In  the  topaz  crystal 
(Fig.  122)  the  brachy- 
prism  and  the  pyra¬ 
mid  are  the  predomi¬ 
nant  elements,  associ¬ 
ated  with  the  prism, 
its  sign  and  letters 
beiug  cc  P2(J),  P(o), 
oop(iW).  Fig.  123  of 
stilbite  is  another  ex¬ 
ample,  the  macropin- 
acoid  oo  Poo  or  M 
beiug  combined  with 
the  pyramid  P(r), 
the  brachypinaeoid 
oo  Poo  ( T ),  and  the 
basal  pinacoid  OP (P). 

Another  instance  is 
Fig.  124  of  a  lievrite 
crystal,  where  the 
brachyprism  and 
pyramid  combine 

with  the  macrodome,  or  <xP2,  P,  Poo.  The  above  figures 
are  very  common  forms  of  barytes, — Figs.  125  and  126 
being  both  composed  of  the  pinacoid  OP,  a  brachydome, 
and  a  maerodome,  with  sign  0P(c),  Poo  (/),  ^poo  (d).  The 
variation  in  aspect  arises  from  the  predominance  of  differ¬ 
ent  faces ;  and  Fig.  127  consists  of  the  macrodome  JPoo . 
the  prism  ooP(<;),  and  the  pinacoid  OP. 


Fig.  126. 


Fig.  327- 


Y.  The  Oblique  Prismatic  System. — This  system  is 
characterized  by  three  unequal  axes,  two  of  obliquo 

which  intersect  each  other  at  an  oblique  prismatic 
angle,  and  are  cut  by  the  third  at  right  system, 
angles.  One  of  the  oblique  axes  is  chosen  as  the  chief 
axis,  and  the  other  axes  are  then  distinguished  as  the 
orthodiagonal  (right-angled)  and  clinodiagonal  (oblique- 
angled).  The  same  terms  are  applied  to  the  chief 
sections,  and  the  name  of  the  system  refers  to  the  fact 
that  these  two  planes  form  with  the  base  two  right 
angles  and  one  oolique  angle  C. 

The  forms  of  this  system  approach  very  near  to  those  of 
the  right  prismatic  series,  but  the  inclination  Hemipyra- 
of  the  axis,  even  when  almost  a  right  angle,  midal 

gives  them  a  peculiar  character,  by  which  they  character, 
are  always  readily  distinguished.  Each  pyra¬ 
mid  thus  separates  into  two  altogether  independent  forms 
or  hemipyramids. 

Three  varieties  of  prism  also  occur — vertical,  inclined, 
and  horizontal—  with  faces  parallel  to  the  chief  Prisms, 
axis,  the  clinodiagonal,  or  the  orthodiagonal. 

The  horizontal  prisms, 
like  the  pyramids,  sepa¬ 
rate  into  two  indepen¬ 
dent  partial  forms  named 
hemiprisms  or  hemi- 
domes.  The  inclined 
prisms  are  often  desig¬ 
nated  clinodomes,  the 
term  prism  being  re¬ 
stricted  to  the  vertical 
forms.  Orthopinacoids 
and  clinopinacoids  are 
also  distinguished,  from 
their  position  in  relation 
to  the  axes.  The  mono¬ 
clinic  pyramids  (Fig. 
128)  are  bounded  by 
eight  scalene  triangles 
of  two  kinds,  four  and 
four  only  being  similar. 

Their  lateral  edges  lie 
all  in  one  plane,  and  the  similar  triangles  are  placed  in 
pairs  on  the  clinodiagonal  polar  edges. 

The  two  pairs  in  the  acute  angle  between  the  ortho¬ 
diagonal  and  basal  sections  are  designated  the 
positive  hemipyramid,  whilst  the  two  pairs  in 
the  obtuse  angles  of  the  same  sections  form  to¬ 
gether  the  negative  hemipyramid.  But,  as  these  hemi¬ 
pyramids  are  wholly  independent  of  each  other,  they  are 
rarely  observed  combined.  More  frequently  each  occurs 
alone,  and  then  forms  a  prism-like  figure,  with  faces  paral¬ 
lel  to  the  polar  edges,  and  open  at  the  extremities.  Hence, 
like  all  prisms,  they  can  only  appear  in  combination  with 
other  forms.  The  vertical  prisms  are  bounded  by  four  equal 
faces  parallel  to  the  principal  axis,  and  the  cross  section  is 
a  rhombus ;  the  clinodomes  have  a  similar  form  and  sec¬ 
tion  ;  whilst  the  horizontal  prisms  or  domes  have  unequal 
faces,  and  their  section  is  a  rhomboid. 

The  mode  of  derivation  of  these  forms  closely  resembles 
that  of  the  rhombic  series.  A  complete  double  pyramid  is 
assumed  as  the  fundamental  form,  and  designated  ±  P,  in 
order  to  express  the  two  portions  of  which  it  consists.  Its 
dimensions  are  given  when  the  proportion  of  its  axes  a:b:c 
and  the  angular  inclination  of  the  oblique  axis  C,  which  is 
also  the  inclination  of  the  orthodiagonal  section  to  the  base, 
are  known. 

The  fundamental  series  of  forms  is  OP  ....  ±  mP  .... 
dr  P  ....  ±  mP  ....  ocP,  from  each  of  whose  members, 
by  changing  the  dimensions  of  the  other  axes,  new  forms 
maybe  again  derived.  Thus  from  dr»iP,  by  multiplying 
the  orthodiagonal  by  any  number  n,  a  series  of  orthopyra¬ 
mids  ±  mP°n  is  produced,  with  the  orthodomes  ?nP°x  as 
limiting  forms.  The  clinodiagonal  produces  a  similar  series 
of  clinopyramids  dr«'P cn,  with  the  limiting  clinodome 
mP(®  always  completely  formed,  and  therefore  without  the 
signs  dr  attached.  From  ocP  arise  orthoprisms  odP°h  and 
the  orthopinacoid  ooP°oo,  and  clinoprisms  ooP«n  and  the 
clinopinacoid  ocPcx .  In  these  signs  the  o  or  c  attached  to 
the  P  indicates  that  the  orthodiagonal  (o)  or  clinodiagonal 
(c)  axis  has  been  multiplied.  Formerly  the  latter  forms 
were  inclosed  in  brackets,  thus  («iPao)  =  mPao. 

The  combinations  of  this  system  may  be  easily  under¬ 
stood  from  their  resemblance  to  those  of  the  right  prismatic, 
the  chief  difficulty  being  in  the  occurrence  of  partial  forms, 
which,  however,  closely  resemble  the  hemihedral  forms  of 
the  previous  systems.  A  few  examples  only  need  therefore 
be  given. 
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Fig.  129  represents  a  very  common  form  of  gypsum  crys¬ 
tals,  xP'd ,  ( P ),  ooP(/),  P (l).  The  most  common  form  of 
augite  is  represented  in  Fig.  130,  with  the  sign  ooP(if), 


Fig.  131. 


Fig.  132. 


ooP°x(r),  ooPeao(Z),  P(s).  Fig.  131  is  a  crystal  of  common 
felspar  or  orthoclase,  composed  of  the  clinopinacoid  cdPcoo 
(M),  the  prism  ooP(2’),  the  basal  pinacoid  OP (P),  and  the 
hemidomes  2P°oo  (y) ;  to  which,  in  Fig.  132  of  the  same 
mineral,  the  hemipyramid  P(o)  and  the  clinodome  2Pcao  (n) 
are  added. 


Anorthic 

system. 


YI.  Anorthic  or  Triclinic  System. — This  is  the 
least  regular  system,  and  departs  the  most 
widely,  indeed  almost  absolutely,  from 
symmetry  of  form.  The  axes  are  all  un¬ 
equal,  and  inclined  at  angles  none  of  which  are  right 
angles, — so  that,  to  determine  any  crystal,  or  series  of 
forms,  the  proportion  of  the  axes  a  :h :  c,  and  also 
their  angles,  or  those  of  the  inclination  of  the  chief 
sections,  must  be  known.  As  in  the  previous  systems, 
one  axis  is  chosen  as  the  principal  axis,  and  the  two 
others  distinguished  as  the  macrodiagonal  and  brachy- 
diagonal  axes.  In  consequence  of  the  oblique  position 
of  the  principal  sections,  this  system  consists  entirely 
of  partial  forms  wholly  independent  of  each  other,  and 
each  composed  only  of  two  parallel  faces.  The  com¬ 
plete  pyramid  is  thus  broken  up  into  four  distinct 
quarter  pyramids,  and  the  prism  into  two  hemiprisms. 
Each  of  these  partial  forms  is  thus  nothing  more  than 
a  pair  of  parallel  planes,  and  the  various  forms  conse¬ 
quently  mere  individual  faces.  This  circumstance 
renders  many  triclinic  crystals  very  unsymmetrical  in 
appearance. 

Triclinic  pyramids  (Fig.  133)  are  bounded  by  eight  tri¬ 
angles  whose  lateral  edges  lie  in 
one  plane.  They  are  equal  and 
parallel  two  and  two  to  each 
other,  each  pair  forming,  as  just 
stated,  a  tetartopyramid  or  open 
form,  only  limited  by  combina¬ 
tion  with  other  forms,  or,  as  we 
may  suppose,  by  the  chief  sec¬ 
tions.  The  prisms  are  again 
either  vertical  or  inclined ;  the 
latter  are  named  domes,  and 
their  section  is  always  rhom- 
boidal.  In  deriving  the  forms, 
the  fundamental  pyramid  is 
placed  upright  with  its  brachy- 
diagonal  axis  to  the  spectator, 
and  the  partial  forms  desig- 

nated,  the  two  upper  l»v  'P  and  P',  the  two  lower  by  ,Pand 
P„  as  in  the  figure.  The  further  derivation  now  follows  as 


Fig.  133. 
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in  the  right  prismatic  system,  with  the  modifications  al¬ 
ready  mentioned. 

Some  combinations  of  this  system,  as  the  series  exhibited 
by  most  of  the  felspars,  approach  very  near  to  the  oblique 
prismatic  system;  whilst  others,  as  cyanose  and  axinite, 
show  great  incompleteness  and  want  of  symmetry.  In  the 
latter  case  the  determination  of  the  forms  is  often  difficult. 
In  the  albite  crystal  (Figs.  134,  135)  P  is  the  basal  pinacoid 
OP;  M  the  brachy diagonal  pinacoid  oopoo;  s  the  upper 
right  pyramid  P';  l  the  right  hemiprism  ooP';  T  the  left 
hemiprism  oo'P ;  and  x  the  hemidome  'P'oo .  Figs.  136  and 
137  are  crystals  of  axinite,  the  former  from  Dauphine, 


Goniom¬ 

eters. 


the  latter  from  Cornwall,  of  whose  faces  the  following  is  the 
development :  r  the  macropinacoid  ao  Poo  ;  P  the  left  hemi¬ 
prism  oo'P;  u  the  left  upper  quarter-pyramid  'P;  l  the  left 
upper  quarter-pyramid  2'P ;  s  the  left  upper  partial  form  of 
the  macropyramid  3'P3;  and  x  the  hemidome  2'P'oo. 

The  Measurement  of  the  Angles  of  Crystals. 

The  permanence  of  the  angular  dimensions  of  crys¬ 
tals  shows  the  importance  of  some  accurate 
method  of  measuring  their  angles, — that  is, 
the  inclination  of  two  faces  to  each  other. 
Instruments  for  this  purpose  are  called  goniometers. 

Two  have  been  specially  used  for  this  purpose, — the  com¬ 
mon  or  contact  goniometer,  invented  by  Caringeau,  and  the 
reflecting  goniometer  of  Wollaston.  The  former  is  simply 
two  brass  rulers  turning  on  a  common  centre,  between 
which  the  crystal  is  so  placed  that  its  faces  coincide  with  the 
edges  of  the  rulers,  and  the  angle  is  then  measured  on  a 
graduated  arc.  This  instrument  is  sufficiently  accurate  for 
many  purposes  and  for  large  crystals,  but  for  precise  deter¬ 
mination  is  far  inferior  to  the  reflecting  goniometer.  This 
requires  smooth  and  even  faces,  but  these  may  be  very  small, 
even  the  hundredth  of  an  inch ;  and,  as  small  crystals  are 
generally  the  most  perfect,  far  greater  accuracy  can  be  at¬ 
tained. 

The  reflecting  goniometer  is  represented  in  Fig.  138.  It 
consists  essentially  of  a  graduated  circle  mm,  divided  on  its 
edge  into  twice  180°,  or  more  frequently  into  half-degrees, 
the  minutes  being  read  off  by  the  vernier  hh.  This  circle 
turns  on  an  axis  connected  with  tt,  so  that  by  turning  this 
the  circle  is  moved  round,  but  it  is  stopped  at  180°,  when 
moving  in  one  direction,  by  a  spring  at  k.  The  other  part 
of  the  instrument  is  intended  to  attach  and  adjust  the  crys¬ 
tal  to  be  measured.  The  first  axis  of  mm  is  hollow,  and  a 
second  axis,  aa,  passes  through  it  from  ss,  so  that  this  and 
all  the  connected  parts  from  6  to  /  can  be  turned  without 
moving  the  circle  mm.  The  axis  d  passes  through  a  hole  in 
be,  so  that  it  can  turn  the  arm  de  into  any  required  position ; 
/  is  a  similar  axis  turning  the  arm  og,  and  pq  a  fourth  axis, 
in  like  manner  movable  in  g,  and  with  a  small  knob  at  q,  to 
which  the  crystal  to  be  measured  is  attached. 

When  about  to  be  used,  the  instrument  should  be  placed 
on  a  table,  with  its  base  horizontal  (which  is  readily  done 
by  the  screws  in  it),  and  opposite  to  a  window  at  about  12 
or  15  feet  distance,  so  that  its  axis  shall  be  parallel  to  the 
horizontal  bars  of  the  window.  One  of  the  upper  bars  of 
the  window,  and  also  the  lower  bar,  or,  instead  of  the  latter, 
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a  white  line  on  the  floor  or  table  parallel  to  the  window, 
should  then  be  chosen,  in  order  to  adjust  the  crystal.  The 
observer  places  himself  behind  the  instrument  with  the  side 
a  at  his  right  hand.  The  crystal  is  then  attached  to  q  by  a 
piece  of  wax,  with  the  two  faces  to  be  measured  upwards, 
and  the  edge  of  union  of  the  faces,  including  the  angle  to  be 
measured,  as  nearly  as  possible  in  the  line  of  aa.  The  eye 
being  brought  near  to  the  first  face  of  the  crystal,  the  axes 
aa  and  p  are  turned  till  the  image  of  the  window  is  seen  re¬ 
flected  in  the  face  with  the  horizontal  and  vertical  bars  in 
their  position.  The 
axis  d  is  then  turned 
through  a  considerable 
angle  (say  60°),  and  the 
image  of  the  window 
again  sought  and 
brought  into  its  proper 
place  by  turning  the 
axis  /,  without  moving 
p.  When  this  is  done 
that  face  is  brought 
into  its  true  position, 
normal  to  d,  so  that  no 
motion  of  d  can  dis¬ 
arrange  it.  Hence  the 
image  of  the  window 
may  now  be  sought  in 
the  second  face,  and  _ 
brought  into  its  true 
position,  with  the  hori¬ 
zontal  bars  seen  hori¬ 
zontal,  by  moving  the 
axes  d  and  a.  When 
this  is  done  the  crys¬ 
tal  is  properly  “  ad¬ 
justed.”  The  angle  is 
measured  in  the  fol¬ 
lowing  manner.  First 
bring  the  zero  of  the 
circle  and  vernier  to 
coincide,  and  then 
turn  the  inner  axis  a 
or  ss,  and  move  the 
eye  till  the  image  of 
the  upper  bar  of  the 
window  reflected  from 
the  more  distant  face 
of  the  crystal  coincides  with  the  lower  bar  or  horizontal 
line  seen  directly.  Keeping  the  eye  in  its  place,  turn  the 
other  axis  tt  till  the  reflected  image  of  the  upper  bar  in  the 
other  face  in  like  manner  coincides  with  the  lower  line ; 
the  angle  of  the  two  faces  is  then  read  off  on  the  divided 
circle.  As  the  angle  measured  is  not  directly  that  of  the 
faces  but  of  the  rays  of  light  reflected  from  them,  or  the 
difference  between  the  angle  wanted  and  180°,  the  circle  has 
the  degrees  numbered  in  the  reverse  direction,  so  as  to  give 
the  angle  without  the  trouble  of  subtracting  the  one  from 
the  other. 

Tho  apparatus  figured  is  for  adjusting  the  crystal,  and  is 
an  improvement  suggested  by  Naumann.  In  the  original 
instrument  the  axis  fo  was  made  to  push  in  or  out  in  a 
sheath,  and  had  a  small  brass  plate,  bent  at  right  angles,  in¬ 
serted  in  a  cleft  at  o,  to  which  the  crystal  was  attached. 
The  crystal  was  adjusted  as  formerly  by  moving  the  plate, 
or  the  axis  fo,  and  by  slight  motion  of  the  arm  de,  which 
should  be  at  right  angles  nearly  to  be  when  used.  A  very 
marked  improvement  is  to  have  a  small  mirror  fixed  on  the 
stand  below  the  crystal,  with  its  face  parallel  to  the  axis  aa, 
and  inclined  at  45°  to  the  window,  when  the  lower  line  can 
be  dispensed  with,  and  the  instrument  used  for  various 
other  purposes  of  angular  measurement.  Many  more  per¬ 
fect  instruments  have  been  introduced  for  the  purpose  of 
insuring  greater  accuracy;  but  the  simple  instrument  is 
sufficient  for  all  purposes  of  determinative  mineralogy,  and 
the  error  from  the  instrument  will,  in  most  cases  be  less 
than  the  actual  variations  in  the  angles  of  the  crystals. 


Departure  from  Geometric  Simplicity  and  Loss 
of  Regularity  in  Crystals. 

Such  departures  may  be  regulated  by  law,  or  may 
result  from  an  undue  operation  of  the  force  of  accre¬ 
tion  in  certain  directions. 

1.  Regular '  Departures  from  Simplicity. — There 
are  three  varieties  of  this  :  parallel  groupings,  twin 
forms,  hemitrope  forms- 


Parallel  Groupings—  A  plurality  of  individuals  are 
here  arranged  either  so  that  a  line  which  crystal 

joins  their  centres  becomes  a  prolongation  groups, 

of  one  or  other  of  their  crystallographic 
axes,  or  so  that  their  axes  are  parallel. 

Fig.  20  shows  the  first,  where  cohesion  sufficient  for  sta¬ 
bility  requires  that  the  minute  octahedra  must  mutually 
penetrate  somewhat  into  each  other.  Fig.  139  shows  the 
same  in  baryte.  If  we  suppose  octahedra  united,  the  upper 
left-hand  face  of  the  one  with  the  lower  right-hand  face  of 
the  other,  there  would  be  parallelism  of  their  axes.  Re¬ 
entering  angles  would,  in  such  cases,  prove  a  plurality  of 
individuals,  but  if  a  number  of  cubes  were  superimposed  in 
similar  position,  no  such  angles  would  occur,  an  elongated 
square  prism  resulting ;  and  such  arrangements,  if  repeated, 
are  linear,  or,  with  diminishing  size  in  the  individual,  acic- 
ular. 


Fig.  138. 


Fig.  139.  Fig.  140. 

Twins  and  Hemitropes. — Though  closely  related, 
formed  under  tlie*operation  of  very  similar  Duplex 
laws,  and  to  a  certain  extent  passing  into  crystals, 
one  another,  these  are  not  the  same.  In  the  first 
case  a  plurality  of  individuals  must  be  present ;  in 
the  second  this  is  not  necessary.  In  Fig.  140  two  in¬ 
dividuals  evidently  intersect  one  another;  in  Figs. 
141,  142  one  individual  may  be  supposed  to  have  been 


Fig.  141. 


Fig.  142, 


bisected  in  a  certain  direction,  and  the  two  halves  re¬ 
attached,  but  in  a  position  differing  in  some  definite 
manner  from  their  relative  position  before  the  separa¬ 
tion. 
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Fig.  143. 

There  are  four  varieties  of  true  twins :  those  of  apposi¬ 
tion,  of  intersection,  of  partial  or  completed 
interpenetration,  and  of  incorporation.  The  v  ^twins 
first  is  exemplified  by  spinel,  as  in  Fig.  143 ;  the 
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second  by  staurolite,  as  in  Fig.  144;  the  third  by  calcite,  as 
lr?  * and  by  blende,  as  in  Fig.  145,  where  the  two  indi- 
viduals  of  Fig.  143  may  be  supposed  to  have  been  forced 


Fig.  145. 

Fig.  146. 

FMg^l47  ^  °De  an0^er  >  an<^  the  last  by  quartz,  as  in 

The  following  are  the  laws  of  union  of  twins.  1.  The  face 
Laws  of  °f  .uui°n  of  twins.»  termed  the  “  face  of  compo- 
twinning.  sition,  must  be  either  a  plane  which  does  occur 
in  the  mineral  twinned,  or  which  can  occur  in 
accordance  with  the  fifth  law  of  symmetry.  A  face  of 


^tie  formation  of  twin  crystals  may  be  again,  or  many 
times,  repeated,  forming  groups  of  three,  four,  twenty- 
tour,  or  more.  When  the  faces  of  union  are  parallel  to  each 
other,  the  crystals  form  rows  of  indeterminate  extent. 
When  they  are  not  parallel,  they  may  return  into  each 
other  in  circles,  as  in  rutile ;  or  form  bouquet  or  rosette 
groups  as  m  chrysoberyl  (Fig.  156) ;  or  stellate  groups,  as  in 
calcite  (Fig.  157)  and  in  cerussite  (Figs.  158,  159). 


Fig.  152. 


Fig.  153. 


When  the  crystals  are  of  different  size,  greater  complexity 
results;  but  a  number  of  minute  crystals  are  frequently 
arranged  upon  a  larger  at  those  points  where  the  angles  of 
a  single  large  crystal  would  protrude.  Occasionally  a  simple 
form  is  twinned  with  a  more  complex  one,  as  in  chabasite 
(Fig.  160). 


Fig.  147. 


Fig.  148. 


union  in  twins  is  also  a  face  of  union  in  hemitropes  of  the 
same  mineral.  2.  From  the  above  it  results  that  the  axes 
of  the  united  crystals  are  either  parallel  (Fig.  148)  or  in¬ 
clined  (Fig.  149).  The  for¬ 
mer  generally  occur  among 
hemihedric  forms ;  and  the 
two  crystals  are  combined 
in  the  exact  position  in 
which  they  would  be  de¬ 
rived  from  or  would  repro¬ 
duce  the  primary  holohedral 
form.  The  class  with  ob¬ 
lique  axes  occur  both  in 
holohe'dric  and  in  hemihe¬ 
dric  forms;  and  the  two 
individuals  are  then  placed 
in  perfect  symmetry,  in 
accordance  with  law  1. 

Twins  are  generally  re¬ 
cognized  by  having  reen¬ 
tering  angles  (Figs.  150, 

151) ;  but  sometimes  the 
crossed  faces  coincide  in  one  plane,  when  the  combination 
appears  as  a  single  individual  (Figs.  152,  153).  The  line  of 


Fig.  157. 


Fig.  156. 


union  may  then  be  imperceptible,  or  it  may  be  disclosed  by 
the  intersection  of  two  sets  of  striae  (Figs.  154,  1551,  or  by 
some  physical  diversity  in  the  characters  of  the  two  faces. 


Hemitrope  crystals  we  may  imagine  as  having  been 
formed  from  a  single  crystal,  which  has 
been  cut  into  two  halves  in  a  particular  tropes' 
direction,  and  one-half  turned  round  180°,  p  ‘ 

or  90°,  or  60°.  The  line  about  which  the  revolution  is  sup¬ 
posed  to  take  place  is  called  the  “  axis  of  revolution.”  From 
the  amount  of  turn  usually  being  180°,  Haiiy  gave  the  name 
hemitrope.  The  position  of  the  two  halves  in  this  case  resem¬ 
bles  that  of  an  object  and  its  image  in  a  mirror,  whose  sur¬ 
face  then  would  represent  the  plane  of  reunion. 

The  following  are  the  laws  of  hemitropes.  The 
axis  of  revolution  is  always  a  possible 
crystallographic  line, — either  an  axis,  a  Laws  of 
line  parallel  to  an  axis,  or  a  normal  to  a  tropism* 
possible  crystalline  plane.  The  plane 
normal  to  the  axis  of  revolution  is  called  the  twin 
plane;  it  is  either  an  occurring  or  a  possible  plane, 
and  usually  one  of  the  more  frequently  recurring 
planes.  Both  the  axis  and  the  twin  plane  bear 
the  same  relation  to  both  halves  of  the  crystal  in 
their  reversed  positions;  consequently  the  parts  of 
hemitrope  crystals  are  symmetrical  with  reference 
to  the  twin  plane  (except  in  triclinic  forms  and 
some  hemihedral  crystals).  The  face  of  composition 
very  frequently  coincides  with  the  twin  plane ;  when 
not  coinciding,  the  twin  plane  and  the  face  of  composition 
are  generally  at  right  angles  to  each  other,  so  that  the 
composition  face  is  parallel  to  the  axis  of  revolution.  But 
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in  twins  of  incorporation  the  surfaces  of  composition 


Fig.  158. 


Fig.  159. 


Modes  of 
union. 


have  exercised  a  disturbing  influence  on  one  another,  so 
that  the  surface  of 
union  is  exceedingly 
irregular.  Still  in  these 
cases  the  axis  and  the 
plane  of  twinning  re¬ 
tain  a  definite  posi¬ 
tion;  but  the  face  of 
composition,  being  no 
longer  defined,  is  use¬ 
less  as  a  determinant. 

There  are  three 
modes  in  which  the 
composi¬ 
tion  may 
take  place 
in  hemitropes.  These 
may  he  explained  by 
dividing  a  crystal  into 

halves,  with  the  plane  Fig.  160. 

of  division  vertical, 
and  then  turning  one  of  the  halves  round. 

1.  One  of  the  halves  may  be  inverted,  as  if  by  revolution 

through  180°  on  a  horizontal  axis  at  right  angles  to  the  plane 
of  section,  and  the  two  faces  again  united  by  the  surfaces 
which  were  separated.  Here  the  surfaces  of  union  are  the 
original  ones,  but  the  base 
of  one  of  the  halves  has 
taken  the  place  of  its 
summit.  Examples:  se¬ 
lenite  (Fig.  161)  and  or- 
thoclase.  J" 

2.  One  of  the  halves 
may  be  turned  round 
through  180°,  as  if  by 
revolution  on  a  horizontal 
axis,  parallel  to  the  plane 
of  section,  and  the  face 
opposite  and  parallel  to 
that  of  the  plane  of  sec¬ 
tion — an  originally  exter¬ 
nal  face — may  then  be 
applied  to  the  other  half. 

Here,  not  only  has  the 

base  of  one-half  become  a  summit,  but  a  lateral  and  external 
face  of  the  original  crystal  has  been  thrust  to  its  centre  so 
as  to  become  a  face  of  internal  union.  Example:  labrado- 
rite  (Fig.  162). 

3.  One  of  the  halves  may  be  turned  round  through  180°, 
as  if  by  revolution  on  a  vertical  axis,  parallel  to  the  plane  of 
section,  the  external  face  opposite  and  parallel  to  the  plane 
of  section  becoming  a  face  of  union.  Here,  however,  both 
the  original  summits  retain  their  position  as  summits.  Ex¬ 
ample  :  orthoclase. 

The  first  of  these  modes  of  composition  may  occur  in  each 
of  the  systems,  but  it  is  not  always  apparent  until  disclosed 
by  optical  properties.  The  second  is  rare,  and  the  third 
still  more  so. 

In  hemitrope  crystals  (less  frequently  in  true  twins)  the 
halves  of  the  crystal  are  frequently  reduced  in  thickness 
in  the  direction  of  the  ordinary  twin  axis ;  and  when  there 
is  a  parallel  repetition  of  hemitropes,  which  frequently 
occurs,  they  are  often  reduced  to  very  thin  plates,  not  the 
thickness  of  paper,  giving  to  the  surface  of  the  aggregate  a 
striated  structure  and  appearance. 

In  the  cubic  system  the  faces  of  composition,  both  of  twin¬ 
ning  and  of  hemitropic  revolution,  are  those  of 
Twins  of  cube,  tbe  dodecahedron,  and  the  octahedron, 

system.  In  the  first  case  we  have  the  axes  of  the  two 

crystals  necessarily  in  some  cases  parallel,  or, 


Fig.  161. 


Fig. 


more  correctly,  falling  into  one;  but,  as  in  this  system  all 
the  axes  are  alike,  or  all  the  cubic  faces  similar,  composition 
may  occur  along  or  parallel  to  all  alike,  and  double  or  triple 
twins  occur.  We  have  examples  in  twins  of  the  pentagonal 
dodecahedron  (Fig.  163)  made  up  by  the  interpenetration 


Fig.  163. 


Fig.  164. 


of  a  right  and  a  left  (  +  and  —  )>  and  of  the  tetrahedron,  as 
seen  in  pyrite  and  fahlerz  respectively.  In  virtue  of  the 
position  required  by  law  2,  it  will  be  seen  that  the  position 
of  the  solid  which  is  common  to  both  intersecting  crystals 
is  in  the  twin  of  pyrite  tbe  four-faced  cube,  which  is  the 
holohedral  form  of  the  pentagonal  dodecahedron,  while  in 
the  case  of  the  fahlerz  twin  (Fig.  164)  the  common  portion 
is  an  octahedron,  the  holohedral  form  of  the  tetrahedron. 

Twinning  on  an  octahedral  face  is  seen  in  the  apposition 
twin  of  spinel  (Fig.  143),  the  tetrahedral  twin  of  blende  (Fig. 
165),  the  interpenetrative  octahedral  twin  of  blende  seen 
in  Fig.  166,  and  the  intersecting  cubes  of  fluor  (Fig.  167). 


Fig.  166. 


This  is  also  the  usual  twin  face  for  hemitropes  of  the 
cubic  system.  It  is  seen  in  Fig.  168  of  blende,  where  th® 


Fig.  167. 


Fig.  168. 


two  parts  of  the  rhombic  dodecahedron  are  united  by  it. 
Magnetite,  spinel,  and  diamond  frequently  occur  in  octa¬ 
hedral  hemitropes  of  the  same  composition  (Fig.  169). 

This  is  also  the  face  of  composition  for  tetartohedral 
hemitropes.  Fig.  170  is  that  of  the  diamond.  Here  six  of 


Fig.  169. 


the  faces  of  the  six-faced  octahedron,  with  six  faces  diaf 
nally  opposite,  form  a  low  double  six-sided  pyramid  (a  pc 
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tion  of  an  octahedral  face  truncating  each)  through  an  180° 
revolution  of  one  set  of  these.  Garnet  sometimes  shows 
both  twins  and  hemitropes  of  the  dodecahedron,  of  dode¬ 
cahedral  composition. 

In  the  tetragonal  system,  twin  crystals  are  very  uncommon, 
but  hemitropes  frequent.  With  parallel  axes 
they  very  seldom  occur,  but  are  seen  in  chalco- 
pyrite.  When  the  axes  are  inclined,  the  plane 
of  union  is  usually  one  of  the  faces  of  the  pri¬ 
mary  pyramid ;  and,  as  these  faces  are  all  similar,  composi¬ 
tion  may  take  place  simultaneously  parallel  to  all.  Very 
complicated  forms  hence  result,  as  seen  in  chalcopyrite  and 
in  cassiterite  (Fig.  171). 


Tetra¬ 

gonal 

twins. 


Fig.  171. 


Fig.  172. 


In  cassiterite  the  plane  of  union  is  frequently  one  of  the 
faces  of  the  pyramid  Poo ,  sometimes  one  of  those  faces  that 
replace  the  polar  edges  of  P  (Figs.  172, 173).  From  the  bend 
the  latter  form  is  termed  geniculated. 


Fig.  173. 


Fig.  174. 


Hausmannite  occurs  in  hemitropes  of  the  primary  P ;  and 
on  the  polar  edges  of  this  other  twins  are  symmetrically  re¬ 
peated,  a  central  individual  appearing  like  a  support  to  the 
others  (Figs.  174,  175). 

In  the  hexagonal  system  twins  are  very  common  among  the 
rhombohedral  (the  hemihedral)  and  the  tetarto- 
Hexa-  hedral  forms ;  while  hemitropes  prevail  among 
the  hexagonal  or  holohedral  forms.  The  twins 
are  generally  formed  by  the  interpenetration  of 
two  rhombohedrons,  a  -f-  and  a  — ,  the  vertical  axis  being 
the  axis  of  composition ;  as  in  chabasite  (Fig.  176),  cinnabar, 
levyne,  calcite,  etc.  Sometimes  six  or  more  crystals,  united 
parallel  to  the  prismatic  planes,  form  rosettes ;  as  in  chaba- 


gonal 

twins. 


Fig.  175. 


Fig.  176. 


rhombohedrons  P  and  r ;  these,  though  geometrically  simi¬ 
lar,  are  physically  distinct.  In  Fig.  178  the  two  individuals 
have  not  entirely  interpenetrated,  and  might  be  regarded 


Fig.  177. 


Fig.  178. 


site  from  Giant’s  Causeway.  The  almost  endless  stellate 
forms  of  crystals  of  snow  are  built  up  in  this  manner. 
Many  of  the  most  beautiful  combinations  to  be  seen  among 
crystals  result  from  this  mode  of  arrangement. 

Parallel  groupings  of  hexagonal  prisms  also  occur,  as  in 
apatite  (Fig.  177). 

Rock  crystal,  in  consequence  of  the  tetartohedral  charac¬ 
ter  of  its  crystallization,  exhibits  twins  in  which  the  double 
hexagonal  pyramid  P  may  be  said  to  be  separated  into  two 


as  simply  grown  together  with  parallel  axes ;  but  in  Fig. 
147  there  is  so  complete  an  interpenetration  that  the  com¬ 
posite  character  of  the  crystal  is  only  evidenced  through  a 
difference  in  the  character  of  the  surfaces  of  the  two  halves, 
which  are  most  irregularly  disposed. 

The  hemitropes  of  this  system  often  form  regular  crystals, 
when  the  two  halves  have  been  united  by  a  plane  parallel 

to  the  base,  so  as  to  appear 
like  a  simple  crystal,  as 
in  Fig.  179.  Here  each 
end  shows  the  forms  goR, 
—JR,  but  the  terminal 
faces  appear  in  parallel  in¬ 
stead  of  alternate  position. 
Something  of  the  same  is 
seen  in  Fig.  180,  a  hemi- 
trope  scalenohedron  from 
Derbyshire.  Hemitropes 
with  the  face  of  the  prim¬ 
itive  rhombohedron  as  the 
face  of  composition  are 
also  common ;  and  they 
are  sometimes  joined  by  a 
face  of  — JR,  the  two  axes 
forming  an  angle  of  127° 
34'.  Occasionally  a  third 
individual  is  interposed 
in  a  lamellar  form,  as  in 
Fig.  181,  where  the  faces 
of  the  two  outer  portions 
become  parallel.  This  is 
found  in  some  pieces  of 
Iceland  spar.  When  the 
crystals  unite  in  a  face 
of  the  primary  rhombohe¬ 
dron,  they  form  an  angle 
of  89°  8';  hemitropes  on 
this  law  are  easily  recog¬ 
nized  by  their  differing  so  little  from  a  right  angle  in  the 
reentering  bend  (Figs.  182, 183). 

The  faces  which  in  this  species  act  as  faces  of  composition 
are  exceedingly  numerous ;  other  examples  are  Figs. 
142,  146,  148,  and  149. 

In  the  right  prismatic  system  twin  crystals  with  parallel 
axes  are  rare,  but  with  oblique  axes  com¬ 
mon,  the  faces  of  union  being  one  of  the  .  Right 
faces  of  the  prism  ooP.  Twins  of  this  kind  priSt^inSC 
occur  frequently  in  aragonite,  cerussite, 
mispickel,  and  marcasite.  In  aragonite  the  crystals 
are  partly  interpenetrating,  and  partly  merely  in 
juxtaposition,  as  in  Fig.  184,  where  the  individuals  are 
formed  by  the  combination  ooP(Jf),  ooPoo  (h),  Poo  (ft). 
In  Fig.  185  several  crystals  of  the  same  combination 
form  a  series  with  parallel  planes  of  union,  the 
inner  members  of  which  are  often  so  shortened 
that  they  form  mere^  films,  which  appear  as  striae  on 
the  faces  poo  and  oopoo  of  the  twin. 

In  Fig.  186  four  crystals,  each  of  the  combination  ooP, 
p2oo ,  having  united  in  inclined  planes,  form  a  circular  group, 
which  returns  into  itself.  Cerussite  occurs  in  similar  groups, 
building  up  a  composite  hexagonal  crystal.  It  also  occurs 
in  stellate  twins  of  two  or  three  individuals,  as  in  Figs.  158, 
159.  Similar  stellate  combinations  are  also  common  in 
chrysoberyl.  In  staurolite,  individuals  of  the  prismatic 
combination  ooP,  oopco,  OP  combine,  either  as  in  Fig.  144 
by  a  face  of  the  brachydome,  having  their  chief  axes  almost 
at  right  angles,  or  as  in  Fig.  140  by  a  face  of  the  brachy- 
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pyramid  §P§,  the  chief  axes  and  the  brachypinacoids  (o)  of  J  the  combination  ( ooPao ),  ccP,  OP,  2Poo ,  as  in  Fig.  131,  are 

often  pushed  into  each  other,  as  shown  in  Fig.  195. 

In  the  anorthic  system  some  twin  formations  are  of 
great  importance,  e.g.,  as  a  means  of  dis-  . 

tinguishing  the  triclinic  from  the  mono-  twins  ° 
clinic  species  of  felspar.  In  one  variety 
the  twin  axis  is  the  normal  to  the  brachydiagonal 
chief  section.  But  in  the  anorthic  felspars  this  section 
is  not  perpendicular  to  the  base,  and  consequently  the 
two  bases  form  on  one  side  a  reentering,  on  the  other 
a  salient  angle;  whereas  in  the  oblique  prismatic 
felspars  (where  the  brachydiagonal  chief  section  cor¬ 
responds  to  the  clinodiagonal)  no  twin  crystals  can 
be  produced  in  conformity  to  this  law,  and  the  two 
bases  fall  in  one  plane. 

Albite  and  oligoclase  very  often  exhibit  such  twins 
as  in  Figs.  196,  197,  where  the  very  obtuse  angles 
formed  by  the  faces  of  OP,  or  P  and  P  (as  well  as 
those  of  'P'oo,  or  x  and  x’),  are  a  very  characteristic 
appearance,  marking  out  this  mineral  at  once  as  a 
triclinic  species.  Usually  the  twin  formation  is  re- 


Fig.  182. 


Fig.  183. 


each  of  the  crystals  meeting  at  an  angle  of  about  60°.  This 
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mineral,  which  is  very  frequently  twinned,  also  forms  com¬ 
binations  with  the  axes  parallel  (Fig. 

187) . 

In  the  oblique  prismatic  system,  twins 
. .  .  are  by  no  means  so  frequent 

matlcTwft  f  hemi tropes.  Twins  of  in¬ 
terpenetration  with  parallel 
axes,  but  the  one  turned  as  regards 
the  other  round  a  vertical  axis,  are  com¬ 
mon  in  orthoclase  (Figs.  188,  189).  Such 
crystals  are  termed  right-handed  (Fig. 

188)  and  left-handed  (Fig.  189),  accord¬ 

ing  to  the  side  of  the  crystal  which  has 
been  turned.  In  this  mineral  hemi- 
tropes  occur  around  an  axis  normal  to  Fig.  187. 

M,  to  P,  and  to  n  (Fig.  529);  double  twins  of  the  last  two 
are  common  (Fig.  530). 

Harmotome  and  phillipsite  form  first  hemitropes,  and 
then  twins  of  these,  which  are  arranged  some¬ 
times  as  crosses  and  sometimes  as  double  crosses 
(Fig.  190).  In  hemitropes  of  gypsum  the  two 
halves  are  united 
by  a  face  parallel 
to  the  orthodiag- 
onal  section,  as  in 
Fig.  161,  where 
the  two  halves 
have  united  so 
regularly  that  the 
faces  P',  P  form 
only  one  plane. 

In  a  similar  man¬ 
ner  thetwohalves 
bf  the  augite  crys¬ 
tal  represented  in 
Fig.  130  are  in 
Fig.  191  united  so 
perfectly  and 
symmetrically 
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that  the  line  of  junction  cannot  be  observed  on  the  clino- 
pinacoid.  The  two  hemipyramids  P(s)  (like  —  P  ( l )  in  the 
gypsum  crystal)  form  at  one  end  of  the  crystal  a  reen¬ 
tering,  at  the  other  a  salient  angle.  Hornblende  (Fig.  192) 
and  wolfram  exhibit  a  similar  appearance.  This  results  in 
the  imparting  a  pseudo-hemimorphism  to  certain  oblique 
prismatic  twins,  which  is  well  seen  in  the  twins  of  sphene 
(Figs.  193  and  589),  and  in  exalting  the  characteristic  ap¬ 
pearance  of  true  hemimorphs,  as  seen  in  the  twin  of  acmite 
(Fig.  194).  In  other  cases  the  individuals  partially  pene¬ 
trate  each  other  in  the  direction  of  the  orthodiagonal. 
This  mode  of  union  is  not  uncommon  in  gypsum,  and  is 
very  frequent  in  orthoclase.  Two  crystals  of  the  latter  of 


Fig.  190.  Fig.  191. 

peated,  three  or  more  crystals  being  combined,  when 


Fig.  192.  Fig.  193. 

those  in  the  centre  are  reduced  to  mere  plates.  When 
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very  numerous,  the  surfaces  P  and  x  are  covered  with 
fine  striae,  often  only  perceptible  with  a  microscope.  A 
second  law  observed  in  triclinic  felspars,  particularly  in 
albite  and  labradorite,  is  that  the  twin  axis  corresponds 


was  at  first  simple,  but  afterwards,  through  some  change 
in  the  material  furnished  for  its  increase  or  possibly  induced 
in  itself,  it  received  new  layers,  or  an  extension  in  a  reversed 
position.  Rutile  occurs  in  crystals  like  Fig.  173,  but  with  a 
bend  at  both  extremi¬ 
ties,  instead  of  one 
only.  Here  the  middle 
portion  of  the  crystal 
is  supposed  to  have 
attained  a  length  of 
half  an  inch,  and  then 
it  became  geniculated 
simultaneously  at  both 
extremities ;  indeed, 
in  this  mineral  such 
geniculations  are  fre¬ 
quently  repeated  until 
the  ends  are  bent  into 
one  another,  and  pro¬ 
duce  short  hexagonal 


Fig.  204. 


Twin 

growth. 


Fig.  205. 


Fig.  207. 


with  that  normal  of  the  brachydiagonal  which  is  situated  i  prisms  with  central  depressions  or  even  vacuities.  The  re¬ 
in  the  plane  of  the  base.  In  pericline,  a  variety  of  albite,  peated  twinning  which  produces  striation,  as  in  calcite  and 
these  twins  appear  as  in  Fig.  198,  where  the  two  crystals  I  the  felspars,  and  the  peculiar  rippled  structure  of  amethyst 

are  united  by  a  face  of  the  basal  pinacoid  P,  whilst  the  —  - 

faces  of  the  two  brachypinacoids  (M  and  M )  form  edges 
with  very  obtuse  angles  (173°  22'),  reentering  on  the 
one  side  and  salient  on  the  other.  These  edges,  or  the 
line  of  junction  between  M  and  M',  are  also  parallel  to 
the  edges  formed  by  these  faces  and  the  base,  or  those 
between  M  and  P.  In  this  case  also  the  twins  are 
occasionally  several  times  repeated,  when  the  faces  ap¬ 
pear  covered  by  fine  striae. 

Cause  of  the  Formation  of  Twins  and  Hemitropes. — It  has 
been  shown  above  that  the  relative  position  of  the  mole¬ 
cules  of  crystals  is  determined  by  a  polarity  in  the  mole¬ 
cules  themselves.  This  polarity  must  exist  along  three 
lines  which  intersect  in  the  centre  of  the 
molecules;  and  unlike  poles  must  attract 
each  other.  It  has  been  supposed  that  com¬ 
pound  crystals  result  from  a  reversion  of  the  original  polar¬ 
ity  of  the  molecules  of  a  crystal,  after  it  has  attained  a  cer¬ 
tain  size.  Heat  and  electricity, 
resulting  from  movements  in 
strata,  might  occasion  such  re¬ 
version  during  the  formation  of 
a  crystal, and  this  would  suffice 
for  the  explanation  of  hemitro¬ 
pes, though  not  directly  of  gen¬ 
iculated  crystals,  and  still  less 
of  intersecting  twins.  Twins 
have  accordingly  been  divided 
into  “  paragenetic  ”  and  “  me- 
tagenetic.”  The  first  term  is 
applied  to  the  ordinarily  oc¬ 
curring  twins,  in  which  the 
compound  structure  is  sup¬ 
posed  to  have  had  its  begin¬ 
ning  in  a  nucleal  compound 
molecule,  or  to  have  been  com¬ 
pound  in  its  very  origin.  In  metagenetic  twins  the  crystal 


Fig.  199. 


Fig.  206. 


Fig.  208. 


Fig.  201. 


Fig.  203. 


are  ascribed  to  a  similar  operation,  acting  in  an  oscillatory 
manner. 

Certain  intersecting  twins  in  the  cubic  system  may  be 
explained  simply  through  excessive  or  undue  accretion  of 
molecules  along  certain  lines.  At  page  364  it  was  shown 
how  the  three-faced  octahedron  (Fig.  39)  was  formed 
through  an  accretion  of  molecules  upon  the  faces  of  the 
octahedron  along  axes  joining  the  centres  of  its  faces 
(those  which  connect  the  solid  angles  of  the  cube).  It 
was  also  shown  that  when  through  this  accretion  two 
faces  of  the  triakisoctahedron  (Fig.  199),  adjacent  along 
the  edge  of  the  octahedron,  rose  into  one  plane  the  rhom¬ 
bic  dodecahedron  resulted.  If  now  accretion  still  goes 
on  along  the  same  axes,  so  that  the  trihedral  pyramid 
rises  above  the  level  of  the  dodecahedral  planes,  Fig.  200 
results.  This  is  the  twin  of  the  three-faced  tetrahedron 
(Fig.  2011.  If  the  accretion  is  still  along  the  same  axes 
until  the  lateral  edges  of  the  adjacent  pyramids  fall 
into  the  same  line,  Fig.  202  results ;  and  this  is  the  twin 
of  the  simple  tetrahedron  (Fig.  203).  Here  accretion 
upen  the  faces  of  a  complex  holohedral  form  has  pro¬ 
duced  a  twin  of  a  simple  hemihedral  form. 

Again,  starting  from  the  six-faced  octahedron  (Fig. 
204),  there  is  produced  by  the  same  process  first  Fig.  205, 
the  twin  of  the  six-faced  tetrahedron  (Fig.  206),  and 
ultimately  Fig.  207,  the  twin  of  the  three-faced  tetra¬ 
hedron  (Fig.  208.) 

2.  Departure  from  Regularity  on  account 
Undue  Accretion  in  certain  Directions.- 
Distortion  of  Crystals. — The  laws  of 
crystallization  should  produce  crystal  forms  of 
perfect  symmetry  ;  these  laws,  however,  are  sub¬ 
ject,  not  only  to  the  influence  of  other  laws,  but 
also  frequently  to  disturbing  influences  which 
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are  subject  to  no  law.  Absolute  symmetry,  therefore, 
is  very  uncommon,  crystals  being  generally  so  dis¬ 
torted  and  disguised  through  interference  during  their 
formation  that  either  familiarity  on  the  one  hand  or 
skill  on  the  other  is  necessary  for  their  recognition. 
As  the  magnitude  of  the  angles  may  vary  somewhat, 
even  this  guide  may  sometimes  perplex.  Hence  it 
is  necessary  to  be  familiar  with  such  departures  from 
symmetry  ;  and  some  of  the  more  common  are  here 


noticed. 

In  the  cubic  system  a  cube  (Fig.  26),  lengthened  or  short- 
,  ened  along  one  axis,  becomes  a  right  square 
cu  e‘  prism  (Fig.  209),  and  if.  elongated  in  the  direc¬ 
tion  of  two  axes  is  changed  to  a  rectangular  prism  (Fig.  7). 
Cubes  of  pyrites,  galena,  fluor-spar,  etc.,  are  generally  thus 
distorted.  It  is  very  unusual  to  find  a  cubic  crystal  that  is 
a  true  symmetrical  cube.  In  some  species  the  cube  or  octa¬ 
hedron  (or  other  monometric  form)  is  lengthened  into  a 
,,  .  capillary  crystal  or  needle,  as  happens  in  red 

orysta  s.  copper  and  pyrites.  Crystals  of  acicular  pyrites 
occur  at  the  Newton-Stewart  lead-mine. 

An  octahedron  flattened  parallel  to  two  of  its  faces  is  re¬ 
duced  to  a  tabular  crystal  (Fig.  210).  If  lengthened  in  the 


Fig.  211. 


Fig.  212. 


same  direction,  it  takes  the  form  in  Fig.  211 ;  or  if  it  is  still 
further  lengthened,  to  the  obliteration  of  two  opposite  oc¬ 
tahedral  faces,  it  becomes  an  acute  rhombohedron  (same 
figure). 

When  an  octahedron  is  extended  in  the  direction  of  a  line 
Of  octahe-  between  two  opposite  edges,  it  has  the  general 
dron.  form  of  a  rectangular  octahedron ;  and  still  fur¬ 

ther  extended,  as  in  Fig.  212,  it  is  changed  to  a 
rhombic  prism  with  dihedral  summits.  The  figure  repre- 


Fig.  215. 


sents  this  prism  lying  on  its  acute  edge  (spinel,  fluor,  mag¬ 
netite). 

The  dodecahedron  when  lengthened  in  the  direction  of 
Of  HrwWa  the  upright  axis  becomes  a  square  prism  with 
hedron  Pyramidal  summits  (Fig.  213) ;  and  when  short¬ 
ened  along  the  same  axis  it  is  reduced  to  a 
square  octahedron  with  truncated  basal  angles  (Fig.  214). 
Both  these  forms  are  modifications  of  the  square  prism  ; 
the  first  mode  of  distortion  is  common  in  garnet,  rendering 
it  liable  to  be  considered  zircon  ;  the  second  is  seen  in  ap- 
lome,  when  it  might  be  taken  for  stannite.  When  the  first 
of  these  forms  is  flattened,  as  in  Fig.  215,  it  resembles  a  form 
of  stilbite. 

When  a  dodecahedron  again  is  lengthened  along  a  diago¬ 
nal  between  the  obtuse  solid  angles,  it  becomes  a  six-sided 


prism  with  trihedral  summits,  as  in  Fig.  216 ;  and  when 
shortened  in  the  same  direction,  it  becomes  a  rhombohe¬ 
dron  which  has  its  six  acute  angles  truncated  (Fig.  217). 


In  the  first  case,  a  crystal  of  green  garnet  or  uwarowite 
would  resemble  dioptase;  in  the  latter,  colorless  garnet 
would  resemble,  calcite. 


The  trapezohedron  is  exceedingly  subject  to  distortions 
which  frequently  disguise  it  much.  When 
elongated  in  the  direction  of  the  upright  axis  hedron620 
it  becomes  a  double  eight-sided  pyramid  with 
four-sided  summits  (Fig.  218) ;  a  further  elongation  along 
the  same  axis  would  result  in  the  obliteration  of  these  sum¬ 
mit  faces,  and  in  the  production  of  a  perfect  double  octago¬ 
nal  pyramid  (Fig.  219).  The  first  of  these  distortions  is  ex¬ 


ceedingly  common  in  analcime  and  not  uncommon  in  gar¬ 
net;  the  latter  rarely  occurs  in  analcime.  Lengthened 
along  an  octahedral  axis  it  becomes  Fig.  220 ;  shortened 
along  the  same  it  becomes  Fig.  221.  Both  are  seen  in  anal¬ 
cime. 


When  the  tetrakishexahedron  is  lengthened  along  a  sin¬ 
gle  octahedral  axis  it  assumes  the  form  of  Fig. 

222;  still  further  elongated,  with  obliteration  Oftetrakis- 
of  one  half  of  its  planes,  it  becomes  a  scalene  :)exa^e' 
dodecahedron,  resembling  the  “  dog  tooth  ”  form  r°n' 
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of  calcite  (Fig.  223).  Fig.  224  is  a  hemihedron  of  this  form, 
produced  by  shortening  along  an  octahedral  axis,  with  oblit¬ 
eration  of  all  the  planes  which  do  not  touch  the  poles  of  that 
axis. 

In  the  case  of  modified  crystals  of  this  system  the  distor¬ 


tions  are  more  complex.  Fig.  225  represents  a  crystal  of 
cinnamon-stone  from  Aberdeenshire ;  it  is  a  combination  of 
the  dodecahedron  and  the  trapezohedron.  Only  four  dode¬ 
cahedral  faces  remain  ( d ),  and  those  of  the  trapezohedron 
(n)  are  of  unequal  size.  It  may  be  best  understood  by  re¬ 
garding  it  as  Fig.  218  with  the  four  vertical  faces  of  Fig. 
213 ;  so  that  it  combines  the  distortions  of  both  of  these 
figures. 

Crystals  of  diamond  are  very  frequently  distorted,  though 
generally  through  curvatures  of  their  faces. 


Imperfections  in  the  Surfaces  of  Crystals. 

Of  these  the  most  important  are  striae,  caverns,  and 
curvatures. 

1.  Striated  Surfaces. — The  parallel  furrows  on  the  surfaces 
of  crystals  are  called  striae,  and  such  surfaces  are  said  to 
be  striated. 

Each  ridge  on  a  striated  surface  is  inclosed  by  two  nar¬ 
row  planes.  These  planes  often  correspond  in 
Imperfec-  position  to  a  secondary  or  to  the  primary  planes 
faces01  SUF  °f  the  crystal,  and  we  may  suppose  these  ridges 
to  have  been  formed  by  repeated  oscillation  in 
the  operation  of  those  causes  which  give  rise,  when  acting 
uninterruptedly,  to  larger  planes.  By  this  means  the  sur¬ 
faces  of  a  crystal  are  marked  in  parallel  lines  with  a  suc¬ 
cession  of  narrow  planes,  meeting  at  angles  alternately  re¬ 
entering  and  salient,  and  constituting  the  ridges  referred 
to.  This  combination  of  different  planes  in  the  formation 
of  a  surface  has  been  termed  an  oscillation  of  faces. 

Cubes  of  pyrites  are  generally  striated  in  such  a  way  that 

.  the  striae  on  adjacent  faces  are  at  right  angles 

fetnation.  one  another.  These  lines  are  parallel  to  the 
intersections  of  the  primary  faces  with  the  planes  of  the 
pentagonal  dodecahedron,  which  is  the  most  common  form 
of  pyrites ;  and  they  have  evidently  resulted  from  an  oscil¬ 
lation  between  the  primary  and  this  secondary  form. 

The  rhombic  dodecahedron  is  often  striated  parallel 
either  with  the  edges,  or  with  the  longer  or  the  shorter 
diagonal  of  its  faces.  In  the  first  case,  seen  in  garnet  (Fig. 
226),  there  is  a  passage  into  the  six-faced  octahedron  ;  the 
second  results  from  an  oscillatory  combination  of  the  dode¬ 
cahedron  with  the  regular  octahedron,  as  in  magnetite ;  and 
the  last  with  the  cube,  as  in  aplome. 

Rhombohedrons  of  chabasite  are  often  striated  parallel 


Fig.  226. 


Fig.  227. 


to  the  terminal  edges  (Fig.  227),  indicating  an  oscillatory 


Fig.  228.  Fig.  229.  Fig.  230. 


combination  between  the  primary  faces  and  a  secondary 
plane  which  bevels  these  edges. 

Striation  of  faces  is  more  frequent  in  the  rhombohedral 
system  than  in  any  of  the  others.  Horizontal  striae  are  of 

almost  invariable  oc¬ 
currence  in  the  pris¬ 
matic  faces  of  quartz, 
whatever  be  the  form 
of  the  crystal.  The  os¬ 
cillation  here  has  taken 
place  between  the  pyra¬ 
midal  and  the  prismatiq 
faces  (Figs.  228,  229, 
230).  During  its  growth 
there  seems  to  have 
been  a  continued  effort 
to  complete  the  crystal 
by  the  assumption  of  the  terminal  planes,— which  effort  was 
intermittently  overcome  by  a  preponderating  one  to  con¬ 
tinue  the  deposition  of  matter  along  its  main  axis.  Quartz 
crystals,  from  these  alternate  efforts,  often  taper  to  a  point, 
without  having  any  regular  pyramidal  face. 

The  lateral  planes  of  prisms  of  tourmaline  are  very  fre¬ 
quently  convex,  owing  to  oscillation  between  several  lateral 
faces.  In  all  such  cases  the  interfacial  angles  cannot  be 
determined,  as  they  are  lost  in  the  rounding. 

The  striations  on  the  lateral  faces  of  foliated  minerals  are 
merely  the  edges  of  laminae.  Examples :  mica  and  gypsum. 

2.  Cavernous  Crystals.  —  Crystals  not  unfrequently  occur 
with  a  deep  pyramidal  depression  occupying  the 

place  of  each  plane,  as  is  often  observed  in  '  UVC  faces* 
common  salt,  galena  (Fig.  21),  and  sulphur.  In 
the  solution  of  crystals  through  atmospheric  exposure,  an 
approach  to  the  same  form  is  sometimes  obtained,  owing  to 
the  fact  that  the  centres  of  the  faces  yield  sooner  than  the 
edges  and  angles.  Crystals  of  redruthite  are  often  thus 
cavernous.  Sometimes  octahedrons  occur  with  a  triangu¬ 
lar  cavity,  in  place  of  each  face  (Fig.  22).  The  same  is  met 
with  in  other  forms. 

3.  Curved  Surfaces. —  Curved  surfaces  sometimes  result 
from  the  oscillatory  combination  already  no¬ 
ticed.  Others  result  from  a  curvature  in  the  Curved 
laminae  constituting  the  crystal.  Crystals  of  sur  aces' 
diamond  have  convex  faces,  and  are  sometimes  almost 
spheres.  This  mode  of  curvature,  in  which  all  the  faces  are 
equally  convex,  is  less  common  than  that  in  which  a  convex 
surface  is  opposite  and  parallel  to  a  corresponding  concave 
surface.  Rhombohedrons  of  spathic  iron  and  pearl  spar  are 
usually  thus  curved,  as  is  shown  in  Fig.  231.  The  saddle- 


Fig.  231.  Fig.  232. 

shaped  crystals  of  the  same  mineral  (Fig.  232)  are  remark¬ 
able  instances  of  several  reversed  curvatures  in  the  same 
face.  A  singular  curvature  is  shown  in  Fig.  233,  of  calcite. 
The  conical  crystals  of  brown  zinc  blende,  and  the  lenticu¬ 
lar  and  conical  crystals  of  gypsum,  are  other  examples. 
Crystals  of  quartz  are  sometimes  curved  and  twisted.  When 
this  takes  place  in  the  left-handed  and  right-handed  crys¬ 
tals,  the  twist  is  to  the  right  or  left  according  as  the  crystal 
is  right-  or  left-handed. 

The  surfaces  of  crystals  are  frequently  far  from  flat,  on 
account  of  fracture,  with  dislocation  of  the  several  frag¬ 
ments,  occasioned  by  motion  in  the  inclosing  rock,  the 
material  of  which  is  forced,  or  it  may  be  transfused,  into 
the  rents.  The  tourmalines  and  beryls  (Fig. 

234)  which  occur  in  granitic  dykes  are  very 
subject  to  this,  the  fragments  being  often  bent 
as  well  as  displaced.  A  more  or  less  simultaneous  effort  in 
the  crystallization  of  two  substances  may  produce  a  struc¬ 
ture  with  the  external  form  of  one,  the  interior  of  which 
exhibits  imbedded  crystals  of  the  other,  more  or  less  perfect 
in  their  development.  In  pegmatite  or  graphic  granite, 
rude  crystals  of  felspar  contain  skeleton  forms  of  quartz,  of 
which  generally  only  one  side  of  the  prism  and  two  of  the 
pyramid  occur,  forming  a  rude  lettering.  Similar  hollow 
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quartz  forms  occur  imbedded  in  garnet,  radiating  from  its 
centre  (Fig.  235),  and  roughening  its  surface  from  protrusion, 
without  distorting  its  form.  Totally  imbedded  microscopic 
crystals,  “  microliths,”  are,  as  in  the  latter  case,  chemically 


Fig.  233. 


non-assimilable.  These  are  frequently  arranged  in  layers 
in  the  including  crystal,  as  in  augite  and  leucite.  When 
there  is  a  certain  amount  of  chemical  resemblance,  there 
may  occur  a  definiteness  in  the  arrangement ;  and  if  the 
inclosed  substance  crystallizes  in  a  system  differing  from 
that  of  the  mineral  which  includes  it,  the  angles  of  the  latter 
are  more  or  less  distorted.  This  is  the  case  in  “  microcline,” 
where  the  intrusion  of  a  plagioclastic  felspar  causes  some 
departure  from  the  rectangularity  of  orthoclase.  Foreign 
amorphous  matter  caught  up  or  attaching  itself  to  the  sur¬ 
faces  of  a  crystal,  during  the  process  of  its  growth,  causes 
lines  of  feeble  cohesion, — as  in  the  case  of  capped  crystals 
of  quartz.  Here  an  occasional  selectiveness  in  the  sets  of 
faces  to  which  the  foreign  matter  adheres  seems  to  indicate 
that  it  has  been  to  some  extent  under  the  influence  of  a 
polarity  in  its  adhesion.  Something  of  the  same  kind  seems 
to  have  influenced  the  arrangement  of  the  quartz  grains 
caught  up  during  the  formation  of  the  crystal  of  garnet 
shown  in  Fig.  236.  The  perfect  modelling  of  rock  crystals 
is,  however,  but  little  interfered  with  by  the  almost  num¬ 
berless  substances  which  they  contain. 

Aggregation  of  Crystals. 

Crystalline  aggregates  which  pass  into  amorphous 
masses  may,  in  their  more  marked  or  perfect  form,  be 
assigned  to  an  imperfect  twinning. 

Crystals  are  often  grouped  in  linear  series,  as  in 
Regular  native  copper  and  silver,  and  thus  consti- 
aggregates.  tute  long  threads  or  reticulations.  In  clus¬ 
tered  crystals  those  adjoining  each  other  ai;e  generally 
parallel  in  position,  and  are  united  by  a  plane  parallel 
to  one  of  the  principal  sections,  or  to  planes  of  common 
occurrence.  Senarmont  mentions  a  union  in  galena, 
parallel  to  the  octahedral  faces,  as  common ;  and  he 
also  describes  an  instance  where  the  union  was  parallel 
to  the  plane  3§. 

The  positions  of  crystals  on  the  supporting  rock  seem  at 
first  to  be  without  any  regularity.  But  by  closer  inspec¬ 
tion  we  detect  even  here  the  same  law  of  harmony  that 


governs  the  formation  of  the  simple  and  compound  crystal. 
The  various  positions  assumed  correspond  generally  with 
the  more  common  kinds  of  composition  in  twin  crystals. 
This  regularity  is  not  always  manifest  on  account  of  the 
unevenness  of  the  surface  on  which  they  rest.  In  general, 
however,  on  glancing  over  a  surface  covered  with  crystals, 
a  reflection  from  one  face  will  be  accompanied  with  reflec¬ 
tions  from  the  corresponding  face  in  each  of  the  other 
crystals,  showing  that  the  crystals  are  similarly  positioned 
throughout. 

This  tendency  to  parallelism  in  the  positions  of  associ¬ 
ated  crystals  is  apparent  even  in  crystalline  aggregates.  In 
granite,  for  example,  which  is  composed  of  felspar,  quartz, 
and  mica,  the  felspar  crystallizations  have  usually  a  com¬ 
mon  position  ;  that  is,  the  corresponding  extremities  lie  in 
the  same  direction,  or  nearly  so.  On  this  account  granite 
is  cleavable  in  one  direction  more  easily  than  in  others, 
and  this  direction  is  that  of  the  perfect  cleavage  plane  of 
the  felspar ;  the  second  less  perfect  cleavage  of  the  felspar 
permits  of  fracture  of  the  rock  nearly  at  right  angles  to 
the  first ;  but,  as  there  is  no  such  third  cleavage  in  the 
felspar,  the  workman,  in  fashioning  the  blocks  of  granite 
for  paving  stones,  is  compelled  to  chip  or  dress  them  off  in 
the  third  direction. 

The  dominant  action  of  polarity  may,  moreover,  give  a 
parallel  position  to  the  main  axes  of  different 
minerals  belonging  to  the  same  system,  when  Parallelism 
crystallizing  in  association,  and  even  to  those  Growth1 
which  belong  to  different  systems.  Fig.  237  is 

an  illustration  of  the  first  of 
such  cases,  where  a  crystal  of 
zircon  is  implanted  into  a  crys¬ 
tal  of  xenotime,  and  has  its 
main  axis  identically  in  the 
same  line.  As  illustrations  of 
the  latter — a  parallel  position 
of  the  axes  of  crystals  of  dif¬ 
ferent  systems — there  are 
records  of  such  association  in 
crystals  of  cyanite  and  stauro- 
lite,  of  muscovite  and  haugh- 
tonite,  of  albite  and  orthoclase. 
The  same  has  been  observed 
between  crystals  of  rutile  and 
specular  iron, — the  crystals'of 
rutile  in  this  case  having  the 
vertical  axis  in  the  direction  of  a  lateral  axis  of  the  specu¬ 
lar  iron.  Haidinger  has  observed  pyroxene  and  horn¬ 
blende  crystals  associated  in  parallel  positions. 

A  prism  of  calcite  terminating  in  the  planes  g  (Fig.  106) 
has  been  observed,  in  which  each  plane  was  covered  with 
small  crystals  of  quartz  all  lying  symmetrically,  with  their 
pyramids  pointing  towards  the  summit  of  the  calcite  crys¬ 
tal.  When  one  mineral  is  changed  into  another,  a  polarity 
of  accretion  is  still  often  seen  to  have  dominated  in  the 
arrangement.  In  a  crystal  of  calcite  which  had  been 
changed  into  a  number  of  minute  crystals  of  aragonite, 
the  main  axes  of  the  latter  all  lay  in  the  direction  of  the 
main  axis  of  the  original  crystal  of  calcite. 

Irregular  Aggregation  of  Crystals. — Besides  the 
regular  unions  now  described,  crystals  are  irregular 
often  aggregated  in  peculiar  ways,  to  which  aggregates, 
no  fixed  laws  can  be  assigned. 
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Thus  some  crystals,  apparently  simple,  are  composed  of 
concentric  crusts  or  shells,  which  may  be  removed  one  after 
the  other,  always  leaving  a  smaller  crystal  like  a  kernel, 
with  smooth  distinct  faces.  Some  specimens  of  quartz 
from  Beeralston  in  Devonshire  consist  apparently  of  hollow 
hexagonal  pyramids  placed  one  within  another.  Other 
minerals,  as  fluor-spar,  apatite,  idocrase,  heavy  spar,  and 
calc-spar,  disclose  a  similar  structure  by  bands  of  different 
colors.  A  growth  rendered  intermittent  through  the  depo¬ 
sition  of  a  thin  layer  of  foreign  matter  is  thus  developed. 

Many  large  crystals,  again,  appear  like  an  aggregate  of 
numerous  small  crystals,  partly  of  the  same,  partly  of  dif¬ 
ferent  forms.  Thus  some  octahedrons  of  fluor-spar  from 
Schlaggenwald  are  made  up  of  small  dark  violet-blue  cubes, 
whose  projecting  angles  give  a  drusy  character  to  the  faces 
of  the  larger  form.  Such  polysynthetic  crystals,  as  they 
may  be  called,  are  very  common  in  calc-spar. 

Forms  of  Crystalline  Aggregates.  —  Crystals  have 
often  been  produced  under  conditions  pre-  varieties  of 
venting  the  free  development  of  their  structure  in 
forms ;  and,  according  to  the  direction  of  aggregates, 
the  axis  in  which  the  development  has  been  checked, 
they  may  be  divided  into  “columnar  ”  and  “lamellar” 
arrangements. 
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The  columnar  structure  is  made  up  of  a  more  or  less 
fibrous  arrangement;  and  this  may  be  supposed  to  have 
accrued  from  the  simultaneous  growth  of  a  multitude  of 
crystals  from  a  single  or  from  closely  adjacent  centres  of 
support,  so  that,  while  the  crystals  were  free  to  elongate 
themselves  in  the  direction  of  their  main  axis,  their  in¬ 
crease  was  restrained  laterally,  by  their  impact  upon  one 
another.  When  the  surfaces  of  support  are  level,  or  consist 
of  the  opposing  sides  of  a  vein,  the  columns  or  fibres,  fre¬ 
quently  exceedingly  delicate,  are  parallel,  and  not  unfre- 
quently  they  then  have  a  silky  lustre.  In  the  latter  of  the 
above  circumstances  the  fibres  are  disposed  transversely 
to  the  vein.  Examples:  gypsum,  chrysotile,  satin-spar. 
When  the  surface  of  support  is  rough,  or  has  angular  pro¬ 
jections,  the  fibres  radiate  from  certain  of  these  in  all  di¬ 
rections,  producing,  in  a  thin  vein,  a  star-like  form,  whence 
the  arrangement  is  called  “  stellular.”  Example :  wavel- 
lite.  When  this  takes  place  in  an  open  cavity,  producing 
brush-like  forms,  they  are  termed  “  radiant.”  Examples  : 
antimonite,  needlestone.  When  the  points  of  divergent 
growth  are  so  positioned  that  the  radiating  groups  interlace 
with  one  another,  the  structure  is  said  to  be  “  reticulated,” 
from  its  resemblance  to  a  net.  Example:  tremolite.  When 
individual  members  of  such  fibrous  structure  project  above 
the  general  surface  with  acuminated  extremities,  they  are 
said  to  be  “acicular”;  when  the  protruding  columns  are 
of  uniform  thickness  they  are  termed  “  bacillary,”  or  rod¬ 
like.  Such  terms  as  straight,  curved,  twisted-columnar, 
diverging,  or  confused-fibrous  explain  themselves.  Such 
fibrous  arrangements  as  the  above  may  occur  imbedded 
centrally  in  a  rock  mass,  which  had  been  the  magma  out 
of  which  they  were  formed  ;  or  they  may  line  the  inner 
surface  of  cavities,  filled  originally  either  with  water  or 
aqueous  vapor.  These  modes  of  occurrence  have  been 
distinguished  by  Mohs  as  crystal  groups  and  druses.  The 
former  includes  all  unions  of  imbedded  crystals  around  a 
central  nucleus ;  the  latter  those  of  crystals  of  simultaneous 
or  regularly  successive  growth  on  a  common  support.  In 
the  first  case,  there  may  be  spheroidal,  ellipsoidal,  cocks¬ 
comb,  or  other  forms,  frequently  seen  in  marcasite,  pyrite, 
and  gypsum.  In  the  second,  spheroidal  forms  are  less 
rare,  but  are  seen  in  the  case  of  several  of  the  fibrous  zeo¬ 
lites.  In  such  cases  surfaces  more  or  less  rough  are  coated, 
and  diminished  in  angularity,  through  the  hemispherical 
forms  produced  by  the  radiation  of  a  multitude  of  fibres. 
Certain  imitative  outlines  thus  result  from  the  successive 
deposition  of  layers  of  these  crystals.  These  forms  or 
uniting  masses  are  termed  “globular”  when  nearly  spheri¬ 
cal,  “  botryoidal  ”  when  like  bunches  of  grapes,  “  reniform” 
or  kidney-shaped  when  the  spheres  are  larger,  more  con¬ 
fluent  and  less  distinct,  and  “  mammillated  ”  when  the 
masses  are  nearer  to  hemispheres.  Mesolite  occurs  in 
globular  forms;  prehnite  in  botryoidal;  haematite  and 
chalcedony  in  reniform ;  and  siderite  and  calamine  in 
mammillated.  In  all  the  above  cases  the  transverse  frac¬ 
ture  of  such  structures  discloses  the  fibrous  arrangement 
of  the  parts ;  but,  if  the  growth  has  been  intermittent, 
lines  of  deposit,  concentric  with  the  central  nucleus  of 
each  sphere,  are  evidenced  by  layers  of  distinct  colors. 
Fracture  or  separation  frequently  takes  place,  also,  along 
such  lines.  In  such  drusy  cavities — termed  “  geodes  ”  when 
they  are  circular — after  a  certain  number  of  such  lines  of 
deposit,  grouped  arrangements  which  have  somewhat  more 
of  free  crystalline  development  may  assume  other  imita¬ 
tive  forms  in  which  there  is  a  certain  dependence  on 
the  crystallographic  character  of  the  mineral  concerned. 
There  are  thus  produced  coralloidal  or  coral-like  groups, 
fruticose  or  cauliflower-like  groups,  capillary  or  hair-like, 
and  filiform  or  thread-like  or  wire-like  forms.  Often  these 
groups  expand  in  several  directions,  and  produce  arborescent, 
dendritic,  plumose,  mossy,  dentiform,  or  other  forms.  Such 
are  common  among  the  native  metals ;  as  gold,  silver,  and 
copper.  Mesolite  is  very  frequently  plumose.  A  “  drusy 
crust  ”  is  the  term  applied  to  a  thin  rough  layer  of  crystals, 
which  invests  either  a  large  crystal  or  the  surface  of  some 
other  body  lodged  in  the  interior  of  cavities. 

In  the  lamellar  structure  a  development  along  the  main 
axis  would  appear  to  have  been  checked,  and  the  crystallo¬ 
graphic  force  to  have  expended  itself  laterally;  though  this 
is  not  the  invariable  habit  of  a  species  under  all  circum¬ 
stances,  as  exemplified  by  baryte.  This  structure  consists 
of  flat  crystals,  plates,  or  leaves.  It  is  termed  “  tabular  ” 
when  the  plates  are  of  uniform  thickness,  “  lenticular  ” 
when  they  are  thinner  on  the  edges,  “wedge-shaped” 
when  sharp  on  one  edge,  “  scaly  ”  when  the  plates  are  thin 
and  small,  “  foliaceous  ”  when  larger  and  easily  separable ; 
“  micaceous”  is  also  used  to  describe  this  kind  of  structure. 
It  may  also  be  curved  lamellar  and  straight  lamellar.  Wol- 
lastonite,  when  flat  lamellar,  is  called  tabular  spar :  gypsum 
is  frequently  lenticular,  talc  scaly.  Lamellar  minerals 
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when  radiating  from  a  centre  often  form  fan-shaped,  wheel¬ 
like,  almond-shaped,  comb-like,  and  other  groups. 

In  the  granular  structure,  the  force  of  crystallization  has 
been  exerting  itself  along  all  the  axes;  but,  from  the  mul¬ 
tiplicity  of  crystallizing  centres,  there  has  been  such 
mutual  interference  that  no  single  individuals  have  been 
able  to  assume  perfect  or  even  characteristic  forms.  The 
particles  in  a  granular  structure  differ  much  in  size.  When 
coarse,  the  mineral  is  described  as  coarsely  granular ;  when 
fine,  finely  granular;  if  not  distinguishable  by  the  naked 
eye,  the  structure  is  termed  impalpable.  Examples  of  the 
first  may  be  observed  in  granular  carbonate  of  lime,  of  the 
second  in  some  varieties  of  specular  iron,  of  the  last  in 
chalcedony,  opal,  and  other  species. 

The  above  terms  are  indefinite,  but  of  necessity,  as  there 
is  every  degree  of  fineness  of  structure  in  the  mineral 
species,  from  perfectly  impalpable,  through  all  possible 
shades,  to  the  coarsest  granular.  The  term  phanero-crys- 
talline  has  been  used  for  varieties  in  which  the  grains  are 
distinct,  and  crypto-crystalline  for  those  in  which  they  are 
not  discernible  without  the  aid  of  a  lens.  Granular  miner¬ 
als,  when  easily  crumbled  in  the  fingers,  are  said  to  be 
friable. 

The  minute  or  crypto-crystalline  minerals  form  aggre¬ 
gates  somewhat  similar  to  the  above.  When  globular  or 
oolitic,  the  minute  crystals  often  appear  to  radiate  from  a 
centre,  or  form  concentric  crusts.  These  are  often  globular 
or  nodular;  as  in  dolomite.  Somewhat  similar  are  the 
stalactites  and  stalagmites,  in  which  the  mineral  (espe¬ 
cially  rock-salt,  calc-spar,  malachite,  haematite,  limonite) 
has  been  deposited  from  a  fluid  dropping  slowly  from  some 
overhanging  body,  or  some  rent  in  the  roof  of  a  cave.  In 
this  case  there  is  generally  found  a  long  pendent  cylinder 
or  cone,  the  principal  axis  of  which,  generally  hollow,  is 
vertical,  whilst  the  marginal  parts  are  arranged  at  right 
angles  to  it,  except  where  they  curve  round  the  termina¬ 
tion  of  the  tube,  when  they  become  hemispherical. 

By  far  the  largest  masses  of  the  mineral  kingdom  have, 
however,  been  produced  under  conditions  in  which  a  free 
development  of  their  forms  was  excluded,  and  are  termed 
amorphous.  This  has  been  the  case  with  the  greater  por¬ 
tion  of  the  minerals  composing  rocks  or  filling  veins  and 
dykes.  The  structure  of  these  masses  on  the  large  scale 
belongs  to  geology,  but  some  varieties  of  the  textures,  visi¬ 
ble  in  hand  specimens,  may  be  noticed.  The  individual 
grains  or  masses  have  seldom  any  regular  form,  but  appear 
round,  long,  or  flat,  according  to  circumstances,  and  as  each 
has  been  more  or  less  checked  in  the  process  of  formation. 
Even  then,  however,  a  certain  regularity  in  the  position  of 
the  parts  is  often  observable,  as  in  graphic  granite,  where 
the  axes  of  the  skeleton  crystals  of  quartz  are  parallel. 
The  rock  is  termed  massive  when  the  grains  which  form  it 
are  small,  or  granular  when  they  are  longer  and  more  dis¬ 
tinct.  Sometimes  the  rock  becomes  slaty,  dividing  into 
thin  plates;  or  concretionary,  forming  roundish  masses; 
at  other  times  the  interposition  of  some  foreign  substance 
(gas  or  vapor)  has  rendered  it  porous,  cellular,  or  vesicular, 
giving  rise  to  drusy  cavities.  These  cavities  are  often 
empty,  but  have  occasionally  been  more  or  less  filled  by 
products  of  change  in  the  rock.  It  is  named  amygdaloidal 
when  the  cavities  so  filled  have  the  form  of  an  almond. 

Changes  of  Crystalline  Structure. 

“  Pseudomorphs  ”  are  minerals  which  appear  under 
a  form  of  crystallization  which  does  not  belong  to  the 
species.  They  may  be  recognized  either  by  their  hav¬ 
ing  no  cleavage,  which  is  most  usual,  or  by  their 
cleavage  being  altogether  different  in  direction  from 
that  of  the  mineral  imitated.  Generally  they  have 
rounded  angles,  rough  and  dull  surfaces,  and  when 
broken  show  a  granular  structure.  The  faces  of  the 
crystal,  moreover,  are  often  covered  with  minute  crys¬ 
tals  of  a  form  different  from  that  of  the  mineral  imi¬ 
tated,  but  which  is  that  belonging  to  the  substance 
now  present.  Occasionally  the  resemblance  to  real 
crystals  is  so  perfect,  from  the  perfect  polish  of  the 
faces,  that  they  are  distinguished  with  difficulty.  They 
may  be  frequently  found  still  undergoing  change. 

Pseudomorphs  have  been  classed  under  four  heads : 

1.  Pseudomorphs  by  Alteration. — Formed  by  a  gradual 
change  of  composition  in  a  species.  Of  these 

there  are  two  varieties ;  they  may  be  pseudo-  Pseudo- 
morphous  by  loss  of  an  ingredient,  or  by  addi-  classiiled8 
tion  of  an  ingredient;  change  of  augite  to 
steatite  is  an  example  of  the  first,  and  of  galena  into  angle- 
site  is  one  of  the  second. 

2.  Pseudomorphs  by  Substitution. — Those  formed  by  the  re- 
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placement  of  a  mineral  which  has  been  removed,  or  is 
gradually  undergoing  removal ;  e.  g.,  galena  takes  the  form 
of  pyromorphite. 

3.  Pseudomorphs  by  Incrustation. — Those  formed  through 
the  incrustation  of  a  crystal,  which  may  be  subsequently 
dissolved  away.  Often  the  cavity  is  afterwards  filled  by 
infiltration ;  e.  g.}  change  of  fluor  to  quartz. 

4.  Pseudomorphs  by  Paramorphism. — Those  formed  when  a 
mineral  passes  from  one  dimorphous  state  to  another ;  e.  g., 
change  of  aragonite  to  calcite. 

These  different  kinds  of  change  are  not  always  distin¬ 
guishable.  In  some  cases  a  change  may  take  place  through 
alteration  of  the  surface,  and  then,  this  process  ceasing,  the 
interior  may  be  dissolved  out,  leaving  a  pseudomorph  like 
one  of  incrustation ;  or  a  pseudomorph  that  appears  to  be  a 
result  of  mere  chemical  alteration  may  be  wholly  due  to 
substitution  simply. 

Again,  changes  of  scapolite  to  a  felspar,  and  of  augite  to 
uralite  (hornblende),  have  been  considered  by  Scheerer  ex¬ 
amples  of  paramorphism, — scapolite  being  considered  di¬ 
morphous  with  some  felspars,  and  augite  with  hornblende. 
But,  while  such  paramorphic  changes  undoubtedly  take 
place  with  aragonite,  their  occurrence  in  these  silicates — 
which  are  common  associates  in  the  same  rock,  and  must 
have  been  formed  under  like  circumstances — is  hardly 
probable. 

Where  mineral  bodies  have  taken  the  form  of  organisms, 
it  is  more  a  case  of  molecular  replacement  than  of  true  pseu¬ 
domorphism. 

Pseudomorphism  should  be  understood,  however,  to  con¬ 
sist,  not  simply  in  alteration  of  crystals,  but  in  many  in¬ 
stances  of  changes  in  beds  of  rock.  Thus  all  serpentine, 
whether  in  mountain  masses  or  in  simple  crystals,  has 
been  formed  through  a  process  of  pseudomorphism — or,  in 
more  general  language,  of  metamorphism — of  olivine  and 
augite.  The  same  is  true  of  other  magnesian  rocks,  as 
steatitic,  talcose,  and  chlorite  slates.  The  crystalline  rocks 
often  offer  examples  of  a  change  similar  in  nature.  The 
graphite  of  these  rocks  is  probably  but  a  metamorpli  of 
some  vegetable  organism.  Thus  the  subject  of  metamor¬ 
phism,  as  it  bears  on  all  crystalline  rocks,  and  that  of  pseu¬ 
domorphism,  are  but  branches  of  one  system  of  phenomena ; 
the  chemistry  of  both  is  the  same,  and  a  knowledge  of  such 
changes  is  indispensable  to  a  study  of  the  older  rock  strata 
of  the  earth. 

The  common  change  of  pyrites,  forming  the  main  ingre¬ 
dient  of  the  upper  part  of  metallic  lodes,  to  earthy  red  or 
brown  iron  ore,  thus  producing  the  “  gossan  ”  of  miners,  is 
one  of  many  examples  of  these  processes  now  in  progress. 
Often  the  gossan  contains  disseminated  silver  or  gold, 
derived  from  the  decomposed  ores.  This  is  a  case  of  pseu¬ 
domorphism,  as  truly  as  when  a  simple  crystal  of  pyrites 
becomes  limonite  ;  the  mode  of  change  and  its  laws  are  the 
same.  Again,  phos¬ 
phates,  vanadiates,  and 
arseniates  of  lead,  etc., 
as  well  as  carbonates 
and  sulphates,  are 
among  the  surface  spe¬ 
cies,  or  those  that  oc¬ 
cupy  the  upper  part  of 
metallic  lodes ;  they 
are  the  results  of  alter¬ 
ation  within  those 
depths  to  which  atmos¬ 
pheric  agencies  pene¬ 
trate. 

Pseudomorphs  are 
always  records  of  past 
existences,  in  some 
cases  they  may  be  the 
only  evidence  we  pos¬ 
sess  of  such  prior  ex¬ 
istence.  Figs.  238, 239 
are  pseudomorphs  of 
quartz  or  hornstone 
after  datholite ;  the' 
measured  angles  of 
these  crystals  show 
that  the  imitated  crys¬ 
tal  was  datholite ;  but 
that  mineral  does  not 
now  occur  in  crystals  of 
either  of  these  forms. 

The  process  of  petrification  of  organic  bodies  is  in  reality 
A  species  of  pseudomorphic  formation,  and  has  been  pro¬ 
duced  in  all  the  above  modes.  External  and  internal 
casts  of  organic  bodies  are  not  uncommon.  In  other  cases 
the  original  substance  has  been  replaced  by  some  mineral 
which  has  preserved,  not  merely  the  external  form,  but 


even  the  minutest  detail  of  internal  structure,  so  that  the 
different  kinds  of  wood  have  been  distinguished  in  their 
silicified  trunks.  The  most  common  petrifying  substances 
are  silica  and  carbonate  of  lime.  In  encrinites,  echinites, 
belemnites,  and  other  fossils,  the  crystals  of  calc-spar  often 
occur  in  very  regular  positions.  In  some  varieties  of  petri¬ 
fied  wood  both  the  ligneous  structure  and  the  cleavage  of 
the  calc-spar  are  observable. 

Different  from  the  above  are  mineralized  bodies,  in  which 
the  original  structure  is  still  retained,  but  their  chemical 
nature  partially  changed.  In  these  a  complete  series  may 
be  often  traced,  as  from  wood  or  peat,  through  the  varieties 
of  brown  coal,  common  coal,  anthracite,  and  graphite. 

Causes  of  Change. — The  causes  of  change  are  the 
simplest  and  most  universal  operations 
about  us:  (1)  the  process  of  gradual  altera-  °nfeudo- 
tion  to  which  some  substances  are  liable  on  morphs" 
account  of  the  presence  of  oxygen  and  car¬ 
bonic  acid  in  the  atmosphere,  and  the  reaction  of  sub¬ 
stances  thus  formed  on  adjacent  ingredients,  aided  or 
promoted  by  electrical  currents  or  by  heat ;  (2)  the 
solvent  power  of  ordinary  waters,  cold  or  hot,  or  of 
steam;  (3)  reactions,  in  accordance  with  chemical 
principles,  of  the  ingredients  dissolved  in  these  waters, 
or  in  mineral  or  sea  waters,  heated  or  at  the  ordinary 
temperature  ;  (4)  the  action  of  gases  exhaling  from 
the  earth  ;  (5)  changes  referable  to  volcanic  action. 

Ordinary  waters  bold  in  solution,  as  is  well  known,  more 
or  less  of  mineral  matter.  When  water  containing  carbonic 
acid  is  passed  through  a  large  number  of  ordinarily  occur¬ 
ring  minerals,  it  gives  evidence  of  the  presence  of  an  al¬ 
kali,  or  lime,  or  magnesia;  and  some  of  these  minerals 
give  the  tests  even  with  the  first  drops.  Pure  water  gives 
with  many  of  them  a  similar  result,  but  more  slowly. 
Limestone  in  forty-eight  hours  yields  soluble  ingredients 
to  the  extent  of  0.4  to  1  per  cent,  of  the  whole  mass.  The 
lime,  magnesia,  and  alkalies  appear  in  the  condition  of  car¬ 
bonates  ;  and  the  iron  passes  from  the  state  of  carbonate  to 
that  of  peroxide  during  evaporation.  The  silicates  of  mag¬ 
nesia,  lime,  and  manganese  are  especially  ready  in  yielding 
to  this  action.  Silica,  however,  is  more  soluble  in  ordinary 
than  in  carbonated  water. 

These  facts  illustrate  two  important  points :  (1)  that  ordi¬ 
nary  waters  lying  upon  and  filtering  through  the  earth’s 
crust  are  constantly  active  in  dissolving  and  decomposing 
minerals  and  rocks,  and  that  even  species  reputed  inde¬ 
structible  are  thus  acted  upon  ;  and  (2)  that  the  waters  are 
thus  furnishing  themselves  with  agents  capable  of  effecting 
other  chemical  changes.  These  waters  penetrate  all  rocks, 
as  well  as  percolate  through  soils.  Hence  the  action  is  a 
universal  one,  everywhere  going  on;  and  the  results  are 
universal.  Bones,  shells,  corals,  and  animal  remains  gen¬ 
erally  are  also  sources  of  carbonate  of  lime,  phosphates,  and 
fluorides ;  and  plants  may  contribute  also  potash  and  soda, 
and  sometimes  silica. 

Carbonic,  acid  is  a  constant  ingredient  of  the  atmosphere, 
and  is  dissolved  by  the  rains  as  they  descend  ;  hence  this 
active  decomposing  agent  is  present  in  all  ordinary  waters ; 
but  it  is  also  a  result  of  different  mineral  changes.  Sul¬ 
phate  of  iron  along  with  vegetable  matters  gives  oxygen  to 
the  carbon  of  the  vegetable  matter,  and  thus  produces  car¬ 
bonic  acid  and  pyrites  or  sulphuret  of  iron ;  and  the  large 
quantities  of  pyrites  in  coal-beds  show  on  how  grand  a 
scale  this  process  has  taken  place.  Sulphate  of  zinc  in  a 
similar  manner  produces  carbonic  acid  and  blende  or  sul¬ 
phuret  of  zinc.  Bischof  observes  that  the  carbonic  acid 
which  has  thus  been  eliminated  must  have  been  sufficient 
in  quantity  to  make  an  atmosphere  of  carbonic  acid  equal 
in  height  to  our  present  atmosphere.  Again,  decomposition 
of  sulphurets  produces  sulphuretted  hydrogen ;  this  by  the 
oxidating  action  of  the  atmosphere  forms  sulphuric  acid, 
and  the  sulphuric  acid  acting  on  limestone  produces  gyp¬ 
sum,  and  liberates  carbonic  acid.  Sulphurous  acid  is  also 
generated  in  the  neighborhood  of  volcanoes,  and  rapidly 
becomes  sulphuric  acid,  with  the  same  result.  Moreover, 
silica  in  waters,  if  aided  by  heat,  will  decompose  limestone 
and  liberate  carbonic  acid.  Hence  it  is  that  this  gas  is  ex¬ 
ceedingly  common  in  exhalations  from  mineral  springs; 
indeed  it  occurs  more  or  less  in  all  waters. 

The  dissolving  and  decomposing  action  of  carbonated 
waters  is  therefore  general.  The  sea  also  partakes  of  this 
character,  and,  in  virtue  of  the  numerous  salts  which  it  holds 
dissolved,  is  a  powerful  agent  in  carrying  on  the  changes 
to  which  the  process  leads.  Such  changes  and  the  various 
pseudomorphs  to  which  they  give  rise  have  to  be  regarded  as 
types  and  evidences  of  vast  metamorphic  transformations, — 
processes  either  of  decay  or  of  reformation  which  have  modi- 
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fled  widespread  rock -masses,  and  which  are  at  the  present 
time  altering  the  structure  of  the  crust  of  the  earth.  It  is 
through  a  study  of  pseudomorphs,  and  of  the  processes 
which  have  gone  to  form  them,  that  mineralogy  is  to  be¬ 
come  the  germ  from  which  alone  the  petrological  depart¬ 
ment  of  geology  can  have  its  true  development,  and  become 
a  living  instead  of  a  merely  speculative  science. 

Physical  Properties  op  Minerals. 
Characters  Depending  on  Light. 

There  are  few  more  interesting  departments  of  sci¬ 
ence  than  the  relations  of  mineral  bodies  to  light,  and 
the  modifications  which  it  undergoes  either  when  pass¬ 
ing  through  them  or  when  reflected  from  their  surface. 
In  this  place,  however,  we  only  notice  these  phenomena 
so  far  as  they  point  out  distinctions  in  the  internal  con¬ 
stitution  of  minerals,  or  furnish  characters  for  distin¬ 
guishing  one  species  from  another. 

Lustre. — Though  the  varieties  of  lustre  admit  of 
no  precise  or  mathematical  determination, 
minerals.  Giey  are  of  considerable  value  in  mineral¬ 
ogy.  One  highly  important  distinction 
founded  on  them  is  that  between  minerals  of  metallic 
and  non-metallic  aspect  or  character.  Transparency 
and  opacity  nearly  coincide  with  this  division, — the 
metallic  minerals  being  almost  constantly  opaque,  the 
non-metallic  more  or  less  transparent.  Minerals  which 
are  perfectly  opaque,  and  show  the  peculiar  brilliancy 
and  opacity  of  surface  of  polished  metals,  are  named 
metallic ;  those  which  possess  these  properties  in  an 
inferior  degree  are  semi-metallic;  and  those  without 
these  properties  are  non-metallic. 

Lustre  has  reference  to  either  the  intensity  or  the  quality 
of  the  reflected  light,  considered  as  distinct  from  color.  Sev¬ 
eral  degrees  in  intensity  have  been  named:  (1)  splendent, 
when  a  mineral  reflects  light  so  perfectly  as  to  be  visible  at  a 
great  distance,  and  lively  and  well-defined  images  are  formed 
in  its  faces,  as  galena,  specular  iron,  or  cassiterite ;  (2)  shin¬ 
ing,  when  the  reflected  light  is  weak,  and  only  forms  in¬ 
distinct  and  cloudy  images,  as  heavy  spar  or  calcite ;  (3) 
glistening,  when  the  reflected  light  is  so  feeble  as  not  to  be 
observable  at  a  greater  distance  than  arm’s  length,  and  no 
longer  forms  an  image,  as  talc ;  (4)  glimmering,  when  the 
mineral  held  near  the  eye  in  full  clear  daylight  presents 
only  a  number  of  small  shining  points,  as  red  haematite 
and  granular  limestone.  When,  as  in  chalk  or  kaolin,  the 
lustre  is  so  feehle  as  to  be  indiscernible,  the  mineral  is  said 
to  be  dull. 

In  regard  to  the  kind  or  quality  of  the  lustre,  the  follow¬ 
ing  varieties  are  distinguished:  (1)  the  metallic,  seen  in 
much  perfection  in  native  metals  and  their  compounds  with 
sulphur,  and  imperfectly  in  glance  coal ;  (2)  adamantine, 
found  in  beautiful  perfection  in  the  diamond,  and  in  some 
varieties  of  hlende  and  cerussite ;  a  modification  is  metal¬ 
lic  adamantine,  as  seen  in  wolfram  and  black  cerussite ;  (3) 
vitreous  or  glassy,  seen  in  rock  crystal,  or  common  glass, . 
or,  inclining  to  adamantine,  in  flint  glass;  subvitreous  is 
seen  in  broken  calcite ;  (4)  resinous,  when  the  body  appears 
as  if  smeared  with  oil,  as  in  pitchstone,  blende,  and  garnet ; 

(5)  waxy,  like  beeswax,  as  seen  in  wax-opal  and  ozocerite ; 

(6)  pearly,  like  mother-of-pearl,  seen  in  gyrolite,  talc, 
heulandite;  (7)  silky,  the  glimmering  lustre  seen  on  fine 
fibrous  aggregates  like  amianthus,  tremolite,  chrysotile, 
krokidolite. 

These  degrees  and  kinds  of  lustre  are  generally  exhibited 
differently  by  unlike  faces  of  the  same  crystal,  but  always 
similarly  by  like  faces.  The  lateral  faces  of  a  right  square 
prism  may  thus  differ  in  lustre  from  that  of  a  terminal  face. 
Thus  the  lustre  of  the  lateral  faces  of  apophyllite  is  vitre¬ 
ous,  while  that  of  the  terminal,  at  right  angles  thereto,  is 
pearly  ;  chrysotile  is  silky  when  split  along  the  fibres,  dull 
when  at  right  angles  to  them. 

The  surface  of  a  cleavage  plane,  in  foliated  minerals,  gen¬ 
erally  differs  in  lustre  from  the  sides ;  and  here  again  in 
some  cases  the  latter  are  vitreous,  while  the  former  is 
pearly,  as  in  heulandite. 

As  shown  by  Haidinger,  only  the  vitreous,  adamantine, 
and  metallic  lustres  belong  to  faces  perfectly  smooth  and 
pure.  In  the  first,  the  index  of  refraction  of  the  mineral 
is  1.3  to  1.8;  in  the  second,  1.9  to  2.5;  in  the  third,  above 
2.5.  The  pearly  lustre  is  a  result  of  reflection  from  num¬ 
berless  lamellse,  or  cleavage  planes,  within  a  translucent 
mineral ;  and  in  hydrated  minerals,  as  in  the  zeolites,  it  is 
the  result  of  incipient  change,— namely,  a  loss  of  water 
which  ensues  upon  exposure  to  the  atmosphere. 


Color. — -This  is  a  property  which  is  of  very  inferior 
value.  Minerals  are  so  seldom,  if  ever, 
absolutely  pure  that  very  minute  quanti-  Color' 
ties  of  an  intensely  colored  impurity  may  impart  color 
to  a  substance  inherently  colorless,  or  overpower  a 
feebler  color  which  may  be  its  own. 

Some  few  minerals  have  color  so  strong,  or  have  a  consti¬ 
tution  so  little  susceptible  of  intermixture,  that  they  retain 
almost  unimpaired  the  color  special  to  them.  Such  a  sub¬ 
stance  is  pyrite ;  its  brass-yellow  color  may  be  heightened 
to  gold-yellow  by  intermixture  with  copper  sulphide,  or  it 
may  be  slightly  bleached  hy  arsenic ;  but  the  nature  of  its 
composition  does  not  admit  of  the  intrusion  of  ordinary 
coloring  ingredients.  The  yellow  of  native  gold,  again, 
may  be  paled  by  impoverishment  with  the  white  of  silver, 
down  to  the  dull  tint  of  electrum ;  but  no  foreign  coloring 
matter  can  intrude  itself  into  a  metallic  mass.  Such  sub¬ 
stances  as  these, — native  metals,  sulphides,  and  oxides, — 
have  colors  essential  to  them,  dependent  on  their  constitu¬ 
tion,  and  to  a  great  extent  characteristic  of  the  species. 

A  second  class  of  minerals  are  colorless  of  themselves,  and 
thus  very  subject  to  the  influence  of  minute  quantities  of 
foreign  tinctorial  impurity.  These  are  absolutely  trans¬ 
parent  and  devoid  of  color  when  in  crystals,  but  white  and 
opaque  when  reduced  to  powder ;  as  ice  and  snow,  calcite 
and  chalk,  rock-crystal  and  sand.  But  such  substances  are 
generally  colored ;  “  muddied  ”  it  would  be  called  in  the 
first  case,  though  it  is  equally  so  with  the  others.  Such 
false  color  may  be  imparted  in  several  ways.  It  may  be  (1) 
from  their  holding  dissolved  some  coloring  matter ;  (2)  from 
mechanical  mixture  of  coloring  substances  such  as  metallic 
oxides,  or  minute  crystals  (“  endomorphs  ”)  of  another  min¬ 
eral;  or  (3)  from  chemical  replacement, — the  substitution 
of  a  smaller  or  larger  quantity  of  a  colored  isomorphous  in¬ 
gredient. 

As  illustration  of  the  first,  silica,  colorless  in  rock- 
crystal,  has  been  found  of  almost  every  tint,  due  frequently 
to  volatile  hydrocarbons  which  are  dissipated  by  heat. 
Fluorite  also,  found  of  almost  every  shade  of  every  color, 
may  possibly  be  to  a  certain  extent  referred  here. 

Quartz,  felspar,  and  calcite  are  often  colored  accidentally 
by  imbedded  layers  of  foreign  “  inclusions,”  or  by  “  spang¬ 
ling  endomorphs.”  These  are  mechanically  mixed,  so  far 
as  regards  their  presence  in  a  structure  of  different  and 
non-assimilable  chemical  composition,  but  crystallograph- 
ically  arranged.  They  either  mark  the  lines  of  interrupted 
or  intermittent  growth ;  or,  in  the  case  of  endomorphs,  the 
axial  positions  of  the  minute  intruding  foreign  crystals  lie 
in  one  plane,  or  in  the  same  sets  of  planes. 

As  an  instance  of  colors  introduced  through  definite 
chemical  replacement,  calcite  may  be  cited.  Carbonate  of 
lime  is  colorless;  if  a  portion  of  this  be  replaced  by  car¬ 
bonate  of  magnesia  there  is  a  certain  amount  of  pearly 
opacity ;  if  by  carbonate  of  manganese,  of  a  pink  tinge ; 
if  by  carbonate  of  iron,  of  yellow,  which  may  be  increased 
through  oxygen  absorption  and  “weathering”  to  an  ochre 
tint,  and  ultimately  to  a  dark  brown. 

Sulphuret  of  zinc,  chemically  white,  and  mineralogically 
transparent,  may,  through  metallic  substitution,  be  found 
of  almost  all  tints  of  yellow,  orange,  brown,  and  black. 
Again,  hornblende,  augite,  and  garnet, — silicates,  which  in 
their  purest  states  of  tremolite,  malacolite,  and  water  gar¬ 
net  are  colorless, — acquire  green,  brown,  red,  and  black  tints 
from  the  assimilation  of  other  metallic  silicates. 

Hence  it  would  appear  that  a  very  advanced  practical 
knowledge  of  the  subject  is  necessary  to  enable  us  to  avail 
ourselves  of  the  information  which  is  to  be  derived  from 
this  external  feature. 

The  accidentally  colored  minerals  sometimes  present  two 
or  more  colors  or  tints,  even  in  a  single  crystal, — very  re¬ 
markable  examples  occurring  in  fluor-spar,  apatite,  sapphire, 
amethyst,  tourmaline,  and  cyanite.  This  is  still  more 
common  in  compound  minerals,  on  which  the  colors  are 
variously  arranged  in  points,  streaks,  clouds,  veins,  stripes, 
bands,  or  in  brecciated  and  ruin-like  forms.  Some  minerals 
again  change  their  color  from  exposure  to  light,  the  air,  or 
damp.  Then  either  the  surface  alone  is  affected  or  “  tar¬ 
nished,”  and  appears  covered  as  with  a  thin  film,  producing 
in  some  minerals,  as  silver  and  arsenic,  only  one  color  ;  in 
others,  as  chalcopyrite,  hematite,  bismuth,  stibine,  and  an¬ 
thracite,  various  or  iridescent  hues,  when  they  are  said  to 
have  a  pavonine  lustre.  Or  occasionally  the  change  per¬ 
vades  the  whole  mineral,  the  color  either  becoming  paler, 
or  disappearing,  as  in  chrysoprase  and  rose-quartz,  or  be¬ 
coming  darker,  as  in  brown  spar,  siderite,  and  rhodonite. 
In  a  few  minerals  a  complete  change  of  color  takes  place, 
as  in  heterosite,  and  in  the  chlorophseite  of  the  Western 
Isles  of  Scotland,  which,  on  exposure  for  a  few  hours,  passes 
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from  a  transparent  yellow-green  to  black.  These  mutations 
are  generally  connected  with  some  chemical  or  physical 
change.  The  tarnished  colors  sometimes  only  appear  on 
certain  faces  of  a  crystal  belonging  to  a  peculiar  form.  Thus 
a  crystal  of  copper  pyrites  (like  Fig.  89)  has  one  face  P'  free 
from  tarnish  ;  the  faces  b  and  c,  close  to  P',  dark  blue  ;  the 
remainder  of  c,  first  violet,  and  then,  close  to  P,  gold- 
yellow. 

Some  crystalline  minerals  exhibit  in  certain  directions  a 
very  lively  play  or  change  of  colors  from  reflected  light.  It 
is  well  seen  in  many  various  hues  on  the  cleavage-planes  of 
labradorite,  and  seems  produced  by  a  multitude  of  very 
thin  quadrangular  pores,  interposed  in  the  mineral,  like 
minute  parallel  laminae.  On  the  cleavage-planes  of  hypers- 
thene  it  appears  copper-red,  and  is  occasioned  by  similar 
pores,  or  by  numerous  small  brown  or  black  laminae  of  some 
foreign  substance  interposed  in  a  parallel  position  between 
the  planes  of  the  hypersthene.  The  chatoyant  or  changing 
colors  of  the  sun-stone  arise  from  scales  of  haematite  sim¬ 
ilarly  interposed,  and  that  of  avanturine  from  scales  of 
mica.  The  play  of  color  in  the  noble  opal  seems  to  be  pro¬ 
duced  very  nearly  in  the  same  manner  as  that  in  the 
labradorite.  A  similar  opalescence  is  seen  in  certain  min¬ 
erals  when  cut  in  particular  forms.  In  the  sapphire,  cut 
hemispherically  over  the  chief  axis,  it  appears  like  a  star 
with  six  rays;  in  garnet  it  shows  four  rays;  in  certain  va¬ 
rieties  of  chrysoberyl  and  of  adularia  it  has  a  bluish  tint ; 
and  it  is  also  very  remarkable  in  the  cat’s-eye  variety  of 
quartz.  Iridescence  often  arises  from  very  fine  fissures, 
producing  semicircular  arches  of  prismatic  tints,  which,  like 
the  colors  of  thin  plates  in  general,  are  referred  to  the  inter¬ 
ference  of  light. 

Streak. — This  name  is  applied  to  the  appearance 
Streak  and  color  of  the  line  or  furrow  pro¬ 
duced  in  minerals  by  drawing  the  edge  of 
a  hard-tempered  knife  or  file  along  their  surface,  or  to 
the  stain  obtained  by  rubbing  a  soft  mineral  on  such  a 
substance  as  paper  or  porcelain.  Taken  along  with 
the  hardness,  which  may  to  a  certain  extent  be  deter¬ 
mined  by  the  same  operation,  it  is  one  of  the  most 
valuable  tests  which  we  possess. 

The  furrow  may  be  lustrous  or  it  may  be  dull.  Powder 
or  splinters  may  lie  along  its  course,  or  a  still  adherent  ridge 
may  have  been  merely  rolled  over.  The  furrow  and  the 
powder  may  each  be  possessed  of  color,  though  such  may 
not  be  distinguishable  in  the  mineral,  or  may  have  a  color 
quite  different  from  that  of  the  mineral.  Three  illustra¬ 
tions  of  the  usefulness  of  this  test  may  suffice.  Argentifer¬ 
ous  gold,  chalcopyrite,  and  pyrite,  differing  immensely  in 
value,  may  readily  be  mistaken  for  each  other.  The  knife, 
when  drawn  along  the  surface  of  the  first,  sticks  in  it,  ruts 
up  an  adhering  ridge,  and  leaves  a  shining  streak  of  the 
same  color  as  the  specimen.  When  drawn  along  the  second 
it  ruts  up  a  trench  covered  with  a  dusty  powder,  which 
when  rubbed  on  paper  or  in  the  hand  is  greenish  yellow. 
■When  drawn  along  the  third  it  has  no  effect,  as  pyrite  is 
harder  than  the  knife.  Psilomelane,  haematite,  and  limon- 
ite  all  occur  in  black,  glossy,  stalactitic  forms,  and  have  all 
been  termed  “  black  haematite.”  There  is  here  also  great 
difference  in  the  value.  The  knife  makes  little  impression 
on  psilomelane,  but  leaves  a  blue  lustrous  line ;  it  makes  a 
blood-red  line  in  haematite,  and  a  rich  ochre-yellow  in  li- 
monite.  Graphite  and  molybdenite  both  crystallize  in  hex¬ 
agonal  plates,  both  occur  in  the  same  rocks,  both  have  a 
gray-black  color  and  a  brilliant  metallic  lustre,  both  stain 
the  hands  or  paper ;  the  streak  of  the  first — best  seen  on 
paper — is  black,  tending  to  blue ;  that  of  the  last  is  green¬ 
ish.  Rough  porcelain  is  the  best  material  for  determining 
the  streak  of  soft  minerals. 

Diaphaneity. — Minerals,  and  even  different  speci- 
Transmis  mens  °f  the  same  species,  vary  much  in  this 
BioiHjflight.  quality.  Some  transmit  so  much  light  that 
small  objects  can  be  clearly  seen,  or  letters 
read,  when  placed  behind  them  ;  such  are  named 
transparent.  They  are  semitransparent  when  the 
object  is  seen  only  dimly,  as  through  a  cloud,  and 
translucent  when  the  light  that  passes  through  is  so 
broken  that  the  form  of  the  object  can  be  no  longer 
discerned  ;  some  minerals  are  only  thus  translucent 
on  the  thinnest  edges.  Others  transmit  no  light,  and 
are  named  opaque. 

Refraction. — It  has  already  been  mentioned  that 
Doubi  mosf  crystals — all,  in  fact,  except  those  of 
fractiolu6  the  cubical  system — exhibit  the  phenomena 
of  double  refraction.  For  a  general  expla¬ 


nation  of  these  phenomena  the  reader  is  referred  to 
Light,  vol.  xiv.  p.  614  sq. 

The  direction  iu  which  there  is  no  double  refraction  is 
named  the  optic  axis  of  the  crystal, — sometimes,  0nf.  . 
less  happily,  the  axis  of  double  refraction.  Now  p 
in  certain  minerals  it  is  found  that  there  is  only  one  direc¬ 
tion  with  this  property,  whereas  iu  others  there  are  two 
such  directions;  and  they  have  in  consequence  been  di¬ 
vided  into  uniaxal  and  binaxal.  To  the  former  belong  all 
crystals  of  the  tetragonal  and  hexagonal  systems,  to  the 
latter  all  those  of  the  other  three  systems.  Iu  the  former 
the  optic  axis  coincides  with  or  is  parallel  to  the  crystallo¬ 
graphic  chief  axis.  In  some  uniaxal  crystals  the  index  of 
refraction  for  the  extraordinary  ray  is  greater  than  for  the 
ordinary  ray;  and  in  others  it  is  smaller.  According  as  it 
is  greater  or  less  they  are  said  to  have  positive  (attractive) 
or  negative  (repulsive)  double  refraction. 

Quartz  is  an  example  of  the  former,  the  index  of  refrac¬ 
tion,  according  to  Malus,  being  for  0  =  1.5484,  for  E  = 
1.5582 ;  calc-spar  of  the  latter,  the  index  of  O  being  =  1.6543, 
that  of  E  1.4833.  The  index  of  E  is  in  both  cases  taken  at 
its  maximum. 

It  should  be  observed  that  the  optic  axes  are  not  single 
lines,  but  directions  parallel  to  a  line,  passing  through  every 
part  of  the  crystal.  It  is  also  important  to  remark  that 
this  property  divides  crystals  into  three  precise  groups: 
the  cubic,  with  single  refraction  ;  the  tetragonal  and  hex¬ 
agonal,  with  double  refraction,  and  uniaxal ;  those  of  the 
other  three  systems,  also  double,  but  binaxal.  These  prop¬ 
erties  are  therefore  of  the  greatest  use  in  determining  the 
system  to  which  a  mineral  belongs. 

Polarization. — Intimately  connected  with  this  prop¬ 
erty  is  that  of  the  polarization  of  light, 
which  affords  an  easier  means  of  determin-  ^Y/on" 
ing  mineralogical  characteristics  than  the 
direct  study  of  double  refraction.  For  the  elements 
of  this  subject  see  Light,  vol.  xiv.  p.  615  sq. 

While  a  consideration  of  the  optic  axes  enabled  us 
merely  to  arrange  the  systems  of  crystallization  in 
three  groups,  the  phenomena  of  polarization  not  only 
bear  out  a  further  subdivision  of  the  whole  into  the 
above  six  systems,  but  disclose,  in  many  cases,  phe¬ 
nomena  markedly  special  to  individual  species.  The 
optical  consideration  of  these  phenomena  enables  us 
to  fix  three  directions  at  right  angles  to  one  another — 
called  the  axes  of  optical  elasticity — such  Axes  of  op_ 
that  the  effect  of  the  crystal  on  the  lu-  tical  elas- 
minous  vibrations  of  the  elastic  ether  is  a  ticity. 
maximum  in  one  of  these  directions,  a  minimum 
in  a  second,  and  a  maximum-minimum  in  the  third. 
The  length  of  these  axes  is  chosen  in  terms  of  this 
action.  In  certain  cases  the  direction  of  the  axes  of 
optical  elasticity  is  different  for  light  of  different 
colors. 

The  position  of  these  axes  pin  relation  to  the  crystallo¬ 
graphic  axes,  and  the  ratios  of  their  lengths,  enable  us  to 
class  all  crystals  as  follows  : 

1.  Crystals  of  the  cubic  system.  Here  the  three  axes  of 
elasticity  are  all  equal.  The  refraction  is  simple. 

2.  Crystals  of  the  tetragonal  and  of  the  rhombohedral  sys¬ 
tems.  Two  of  the  axes  of  optical  elasticity  are  equal  in 
these  systems ;  the  third  is  greater  or  less  according  as  the 
crystals  are  negative  or  positive.  The  two  equal  axes  lie  in 
a  plane  perpendicular  to  the  principal  crystallographic  axes ; 
the  third  axis  coincides  with  the  principal  axis. 

3.  Crystals  of  the  right  prismatic  system.  The  direction 
of  the  three  axes  of  optical  elasticity  coincides  with  the 
crystallographic  axes,  taken  parallel  to  the  diagonals  of  the 
base  of  the  rhombohedron,  and  to  the  vertical  edge  of  the 
prism  (the  primitive  parallelopiped  of  Levy). 

4.  Crystals  of  the  oblique  prismatic  system.  Only  one  of 
the  axes  of  optical  elasticity  coincides  necessarily  with  the 
crystallographical  horizontal  axis,  or  the  diagonally  hori¬ 
zontal  axis  of  the  rhombic  base,  the  direction  of  the  two 
others  not  having  any  evident  relation,  a  priori,  with  the 
inclined  or  diagonally  inclined  axis  of  the  base,  and  with 
the  vertical  axis  (or  vertical  edge  of  the  primitive  parallel¬ 
opiped). 

5.  Crystals  of  the  anorthic  system.  The  three  axes  of 
optical  elasticity  have  no  relation  that  can  be  assigned, 
a  priori,  to  the  crystallographic  axes,  whatever  position  may 
be  assigned  to  these  in  relation  to  the  primitive  solid. 

In  crystals  belonging  to  the  last  three  systems  the  three 
axes  of  elasticity  are  unequal. 

The  axes  of  elasticity  are  in  general  such  that  a  ray  pass- 
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Fig.  240.— Apparatus  of  Descloizeaux. 


ing  through  the  crystal  in  the  direction  of  any  one  of  them 
is  divided  into  two,  which  follow  that  direction  with  differ¬ 
ent  velocities,  depending  on  the  lengths  of  the  other  two 
axes.  To  any  other  direction  there  will  in  general  corre¬ 
spond  two  different  velocities ;  but  their  ratio  will  now  de¬ 
pend  in  a  more  complex  manner  on  all  three  axes.  In  two 
directions  (and  only  in  two,  if  the  axes  are  all  unequal)  the 
ratio  becomes  unity,  or  the  ray  is  not  divided.  These  di¬ 
rections  are  the  optic  axes. 

The  displacement  of  the  axes  of  elasticity  for  light  of  dif¬ 
ferent  colors  already  mentioned,  takes  place  for  two  axes  in 
crystals  of  the  oblique  prismatic  system  and  for  all  three 
axes  iu  the  anorthic  (i.e.,  doubly  oblique)  system.  In  the 
other  systems  it  does  not  occur. 

In  order  to  follow  the  distinctive  features  of  the  different 
systems  farther,  it  is  necessary  to  consider  the 
Worphe-  color  phenomena  which  they  display  when  ex¬ 
amined  in  a  beam  of  polarized  light.  Various 
instruments  have  been  devised  for  this  purpose,  as,  e.  g.,  the 
polarizing  apparatus  of  Norrenberg  fitted  with  a  condensing 
lens  below  and 
above  the  crys¬ 
tal  slice,  or  with 
a  low-power  (3- 
inch)  eye-piece. 

The  polariscope 
of  Hoffman  of 
Paris  is  more 
efficient,  but 
the  apparatus 
of  Descloizeaux 
(Fig.  240),  who 
has  made  this 
mode  of  investi¬ 
gation  a  special 
study,  has  the 
widest  scope  of 
usefulness.  In 
this  apparatus  a 
blackened  mir¬ 
ror  is  employed 
for  polarizing 
the  light,  tak¬ 
ing  the  place  of 
a  tourmaline  plate,  a  Nicol’s  prism,  or  a  bundle  of  thin  glass. 
The  mirror  is  inferior  to  the  other  two  in  completeness  of 
polarizing  power,  and  in  not  admitting  of  rotation ;  while  it 
shares  this  defect  with  the  last.  It  is,  however,  superior  to  all 
in  extent  of  field, while  it  does  not,  like  the  first,  affect  white 
light.  A  Nicol’s  prism  is  used  for  examining  or  analyzing 
the  light  which  passes. 

The  description  of  the  many  beautiful  phenomena  that 
may  be  observed  with  polarizing  apparatus  when  applied  to 
sections  of  crystals  belongs  to  the  subject  of  Optics  (Phys¬ 
ical),  to  which  heading  also  we  must  refer  for  the  phenom¬ 
ena  of  circular  polarization. 

Double  Refraction  and  Polarisation  of  Composite  Crystals. — In 
all  the  crystallized  bodies  whose  action  upon 
light  we  have  been  considering,  the  phenomena 
are  identical  in  all  parallel  directions,  the 
smallest  fragment  having  the  same  property  as 
the  largest,  from  whatever  part  of  the  crystal  it 
is  taken.  In  the  mineral  world,  however  (and  among  the 
products  of  artificial  crystallization),  there  occur  crystals 
which  are  composed  of  several  individual  crystals  whose 
axes  are  not  parallel.  These  crystals  sometimes  occur  in 
such  regular  symmetrical  forms  that  mineralogists  have  long 
regarded  them  as  simple  forms ;  and  it  is  probable  that  they 
would  have  still  been  so  viewed  if  they  had  not  been  ex¬ 
posed  to  the  scrutiny  of  polarized  light. 

A  composite  structure  has  been  observed  in  the  case  of 
Brazilian  topaz,  sulphate  of 
potash,  and  apophyllite.  Bi- 
pyramidal  sulphate  of  potash, 
which  Count  Bournon  sup¬ 
posed  to  be  a  simple  crystal, 
was  found  to  be  a  tessellated 
crvstal,  composed  of  three  pairs 
of'  crystals  of  the  prismatic 
sulphate  of  potash  combined 
so  that  each  pair  had  their 
principal  axes  parallel.  When 
exposed  to  polarized  light, 
each  pair  gave  the  system  of 
binaxal  rings,  and  when  held 
at  a  distance  from  the  eye 
had  the  tessellated  appearance  Fig.  241. 

shown  in  Fig.  241,  each  oppo- 
site  pair  of  the  triangles  having  the  same  tint. 

The  most  remarkable  of  this  class  of  minerals  is  the  tessel¬ 
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lated  apophyllite.  The  examination  of  this  body  by  polar¬ 
ized  light  is  due  to  Brewster.  For  his  results  the  reader  is 
referred  to  his  paper  in  the  Edinburgh  Transactions,  vol.  ix. 
p.  323. 

Figs.  242,  243  are  representations  of  the  figure  produced  in 
polarized  light  by  an  internal  slice  of  the  barrel  or  cylin¬ 
drical  apophyllite  from  Kudiisaet,  in  Disco  Island.  The 
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figures  are  from  different  specimens.  The  shaded  part  of 
them  has  only  one  axis  of  double  refraction,  while  the  four 
sectors  have  two  axes.  The  mechanical  structure  of  the 
cleavage  planes  resembles  the  optical  figure  even  after  the 
planes  are  ground. 

The  minerals  stilbite,  heulandite,  chabasite,  and  many 
others,  are  similarly  complex  in  structure. 

Crystals  with  Planes  of  Double  Refraction. — Analcime,  a  min¬ 
eral  ranked  among  the  cubical  crystals,  was  found  by 
Brewster  to  be  singular  in  its  action  upon  light,  and  to  ex¬ 
hibit  the  extraordinary  property  of  many  planes  of  double 
refraction,  or  planes  to  which  the  double-refracting  struc¬ 
ture  was  related  in  the  same  manner  as  it  is  to  one  or  two 
axes  in  other  minerals.  It  crystallizes  most  commonly  in 
the  form  of  the  icositetrahedron.  If  we  suppose  a  complete 
crystal  of  it  to  be  exposed  to  polarized  light,  it  will  give  the 
remarkable  figure  shown  in  Fig.  244,  where  the  dark  shaded 
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lines  represent  planes  in  which  there  is  neither  double  re¬ 
fraction  nor  polarization, — the  double  refraction  and  the 
tints  commencing  at  these  planes,  and  reaching  their  max¬ 
imum  in  the  centre  of  the  space  inclosed  by  three  of  the 
dark  lines.  When  light  is  transmitted  through  any  pair  of 
the  four  planes  which  are  adjacent  to  any  of  the  three  axes 
of  the  solid,  it  is  doubly  refracted,  the  least  refracted  image 
being  the  extraordinary  one,  and  consequently  the  double 
refraction  negative  in  relation  to  the  axes  to  which  the 
doubly-refracted  ray  is  perpendicular.  If  we  suppose  the 
crystal  to  have  the  form  of  a  cube,  the  planes  of  double  re¬ 
fraction  will  be,  as  in  Fig.  245,  a  plane  passing  through  the 
two  diagonals  of  each  face  of  the  cube. 

The  tints  vary  as  the  square  of  the  distance  from  the 
nearest  plane  of  double  refraction. 

Pleochroism, — Closely  connected  with  double  refrac¬ 
tion  is  that  property  of  transparent  minerals  named 
pleochroism  (of  many  colors),  in  conse¬ 
quence  of  w  hich  they  exhibit  distinct  colors 
when  viewed  by  transmitted  light  in  different  direc¬ 
tions.  Crystals  of  the  cubic  system  do  not  show  this 
property,  whilst  in  those  of  the  other  systems  it  ap- 

Eears  in  more  or  less  perfection, — in  tetragonal  and 
exagonal  minerals  as  aichroism  (two  colors),  in  the 
rhombic  and  clinic  systems  as  trichroism  (three  colors). 
In  most  cases  these  changes  of  color  are  not  very  de¬ 
cided,  and  appear  rather  as  different  tints  or  shades 
than  as  distinct  colors.  The  most  remarkable  of  di¬ 
chromatic  minerals  are  the  magnesian  mica  from  Vesu¬ 
vius,  the  tourmaline,  and  ripiaolite  ;  of  trichromatic, 
iolite,  andalusite  from  Brazil,  diaspore  from  Schem- 
nitz,  and  axinite. 
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In  a  specimen  of  yellow  Iceland  spar  the  extraordinary 
image  is  of  an  orange-yellow  color,  while  the  ordinary  im¬ 
age  is  yellowish  white.  Along  the  axis  of  double  refraction 
the  color  of  the  two  pencils  is  exactly  the  same,  and  the  dif¬ 
ference  of  color  increases  with  the  inclination  of  the  refrac¬ 
ted  ray  to  the  axis.  This  is  the  invariable  law  of  the  phe¬ 
nomena  in  uniaxal  crystals.  Sir  John  Herschel  found 
several  tourmalines  to  have  a  blood-red  color  along  the  axis, 
and  at  right  angles  to  it  to  be  yellow-green.  There  can  be 
little  doubt  that  this  property  will  be  found  in  every  crystal 
of  sufficient  refraction.  Even  if  the  crystal  is  colorless,  a 
slight  inequality  in  the  intensity  of  the  two  images  may  be 
observed ;  and  when  it  is  distinctly  colored  the  difference 
of  intensity  is  very  easily  seen,  even  when  the  two  colors 
are  not  of  a  different  kind. 
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Fig.  246. 


The  phenomena  of  dichroism  are  best  seen  in  crystals 
with  two  axes  of  double  refraction,  and  are  well  exemplified 
in  iolite,  a  mineral  which  crystallizes  in  six- or  twelve-sided 
prisms.  These  prisms  are  of  a  deep  blue  color  when  seen 
along  the  axis,  and  of  a  yellowish  brown  color  when  viewed 
in  a  direction  perpendicular  to  it. 

If  abed  (Fig.  246)  is  a  section  of  the  prism  of  iolite  in  a 
plane  parallel  to  the  axis  of  the  prism,  the  transmitted  light 
will  be  blue  through  the  faces  ab  and 
dc,  and  yellowish  brown  through  ad, 
be,  and  in  every  direction  perpendicular 
to  the  axis  of  the  prism.  If  we  grind 
down  the  angles  a,  c,  b,  d,  so  as  to  replace 
them  with  faces  win,  m'n'  and  op,  o'p',  in¬ 
clined  31°  41  to  ad,  or  to  the  axis  of  the 
prism,  then,  if  the  plane  abed  passes 
through  the  optic  axes,  we  shall  observe, 
by  transmitting  polarized  light  through 
the  crystal  in  the  directions  ac,  bd,  and  subsequently  analyz¬ 
ing  it,  a  system  of  rings  round  each  of  these  axes.  The 
system  will  exhibit  the  individual  rings  very  plainly  if  the 
crystal  is  thin ;  but  if  it  is  thick,  we  shall  observe,  when 
the  plane  abed  is  perpendicular  to  the  plane  of  primi¬ 
tive  polarization,  some 
branches  of  blue  and 
white  light  diverging 
in  the  form  of  a  cross 
from  the  centre  of  the 
system  of  rings,  or  the 
poles  of  no  polariza¬ 
tion,  as  shown  at  p  and 
p'  (Fig.  247),  where 
the  shaded  branches 
represent  the  blue 
ones.  The  summits  of 
the  blue  masses  are 
tipped  with  purple, 
and  are  separated  by 
whitish  light  in  some 
specimens  and  yellow¬ 
ish  light  in  others. 

The  white  light  be¬ 


comes  more  blue  fromp  and  p'  to  o,  where  it  is  quite  blue, 
and  more  yellow  from  p  and  p'  to  c  and  d,  where  it  is  com¬ 
pletely  yellow.  When  the  plane  abed  is  in  the  plane  of 
primitive  polarization,  the  poles  p,  p'  are  marked  by  spots 
of  white  light,  but  everywhere  else  the  light  is  a  deep  blue. 

In  the  plane  cadb  (Fig.  247)  the  mineral,  when  we  look 
through  it  by  common  light,  exhibits  no  other  color  but 
yellow,  mixed  with  a  small  quantity  of  blue,  polarized  in 
an  opposite  plane.  The  ordinary  image  at  c  and  d  is  yellow¬ 
ish  brown,  and  the  extraordinary  image  faint  blue,  the 
former  receiving  some  blue  rays  and  the  latter  some  yellow 
ones  from  c  and  d  to  a  and  b,  where  the  difference  of  color  is 
still  well  marked.  The  yellow  image  becomes  fainter  from 
a  and  6  top  and  p\  till  it  changes  into  blue,  and  the  faint 
blue  image  is  strengthened  by  other  blue  rays,  till  the  in¬ 
tensity  of  the  two  blue  images  is  nearly  equal.  As  the  inci¬ 
dent  ray  advances  from  c  and  d  to  p  and  p',  the  faint  blue 
image  becomes  more  intense,  and  the  yellow  one,  receiving 
an  accession  of  blue  rays,  becomes  of  a  bluish  white  color. 
The  ordinary  iniage  is  whitish  from  p  and  p'  to  o,  and  the 
extraordinary  is  deep  blue ;  but  the  whiteness  gradually 
diminishes  towards  o,  when  they  are  both  almost  equally 
blue. 


The  principal  axis  of  double  refraction  in  iolite  is  nega¬ 
tive.  The  most  refracted  image  is  purplish  blue,  and  the 
least  refracted  one  yellowish  brown. 

Brewster  found  that  the  dichroism  of  several  crystals  is 
changed  by  heat,  and  that  in  some  cases  this  property  may 
be  communicated  to  them.  Babinet  found  that  all  negative 
crystals,  such  as  calcareous  spar,  corundum  (including  ruby 
aud  sapphire),  tourmaline,  and  emerald,  absorb  in  a  greater 
degree  the  ordinary  ray,  with  the  exception  of  beryl,  apa¬ 
tite,  and  some  apophyliites ;  while  positive  crystals,  such  as 


zircon,  smoky  quartz,  sulphate  of  lime,  and  common  apo- 
pliyllite,  absorb  in  greater  degree  the  extraordinary  ray. 
Babinet  found  also  that  certain  crystals,  such  as  red  tourma¬ 
line  and  ruby,  transmit  rays  of  their  peculiar  color  without 
being  polarized,— in  which  cases  the  black  cross  of  their 
system  of  rings  is  colored,  and  this  unpolarized  light  exists 
both  in  the  ordinary  and  extraordinary  ray. 

Haidinger  devised  an  instrument  for  showing  and  for 
testing  the  pleochroism  of  minerals.  In  Fig.  248,  p  is  an  ob¬ 
long  cleavage-rhombohedron  of  Iceland  spar  which  has  two 
glass  prisms  w,i  of  18°  cemented  to  its  ends  with  Canada 
balsam.  This  combination  is  placed  in  a  metallic  case, 


o 


Fig.  248. — Section  of  Dichroiscope. 

which  has  a  convex  lens  l  at  one  end  and  a  square  hole  o 
about  the  fifteenth  of  an  inch  in  width  at  the  other.  The 
lens  is  of  a  focal  distance  which  shows  an  object  held  about 
half  an  inch  from  the  square  hole. 

On  looking  through  the  lens  and  prisms  two  images  of 
the  square  hole  are  seen  j  ust  touching  each  other.  The  light 
of  the  one  image  is  polarized  in  the  plane  which  intersects 
the  short  diagonal  of  the  prism ;  that  of  the  other  is  polar¬ 
ized  in  the  plane  of  the  longer  diagonal.  When  a  pleochroic 
crystal  or  fragment  is  held  at  focal  distance  and  examined 
by  transmitted  light,  then,  on  the  turning  of  the  instrument 
bringing  the  polarization  of  its  planes  into  coincidence  with 
those  of  the  crystal,  the  two  images  of  the  square  opening 
will  show  the  colors  of  the  oppositely  polarized  pencils  of 
which  the  light  transmitted  by  the  crystal  is  composed  • 
this  constitutes  its  pleochroism.  The  dichroism  is  then 
seen  by  looking  through  the  crystal  in  one  direction  only 
and  the  contrast  of  the  two  colors  is  made  more  obvious. 

Phosphorescence. — This  is  the  property  possessed  by 
particular  minerals  of  emitting  light  in  cer-  Ph  h 
tain  circumstances,  without  combustion  or  escence’ 
ignition. 


Thus  some  minerals  appear  luminous  when  taken  into 
the  dark,  after  being  for  a  time  exposed  to  the  sun’s  rays  or 
even  to  the  ordinary  daylight.  Many  diamonds,  and  also 
calcined  barytes,  exhibit  this  property  in  a  remarkable  de¬ 
gree  ;  less  so  aragonite,  calc-spar,  and  chalk.  Many  minerals, 
including  the  greater  part  of  those  thus  rendered  phospho¬ 
rescent  by  the  influence  of  the  sun,  also  become  so  through 
heat.  Thus  some  topazes,  diamonds,  and  varieties  of  fluor¬ 
spar  become  luminous  by  the  heat  of  the  hand ;  other  varie¬ 
ties  of  fluor-spar,  and  phosphorite,  require  a  temperature 
near  that  of  boiling  water ;  whilst  calc-spar  and  many  sili¬ 
cates  are  only  phosphorescent  at  from  400°  to  700°  Fahr. 

Electricity  produces  phosphorescence  in  some  minerals, 
as  in  green  fluor-spar  and  calcined  barytes.  In  others  it  is 
excited  when  they  are  struck,  rubbed,  split,  or  broken ;  as 
in  many  varieties  of  zinc-blende  and  dolomite  when 
scratched  with  a  quill,  pieces  of  quartz  when  rubbed  on 
each  other,  and  plates  of  mica  or  needles  of  pectolite  when 
suddenly  separated. 

The  light  emitted  by  phosphorescent  minerals  is  of  vari¬ 
ous  tints,  the  variety  of  fluor  called  chlorophane  emits  as 
its  name  expresses,  a  green  light.  The  same  particle  may 
emit  varying  tints,  as  in  the  fluor  from  Aberdeenshire, 
which,  as  the  heat  falls,  or  the  energy  of  the  phosphor¬ 
escence  wanes,  emits  tints  which  pass  from  violet,  through 
blue,  green,  and  yellow,  to  dull  purplish  red.  The  yellow 
blende  from  the  same  place  is  vividly  phosphorescent  when 
heated.  Fluor  generally  phosphoresces  with  a  tint  of  its 
own  color. 

Too  high  a  heat  destroys  the  phosphorescence,  which 
may,  however,  be  restored  by  either  exposure  to  sun’s  light 
or  to  electricity.  The  mineral  phosphoresces  vividly  when 
the  discharge  passes  through  it ;  it  generally  phosphoresces 
with  a  different  color  after  it  has  been  thus  recharged. 


Fluorescence  is  the  property  whereby  rays  of  light  of 
a  refrangibility  higher  than  those  ordinarily 
seen  by  the  human  eye  are  rendered  visi-  ^cence" 
ble.  The  substance  when  placed  in  the 
violet  end  of  the  spectrum,  and  carried  beyond  it  into 
the  invisible  rays,  becomes  luminous,  through  “degrad¬ 
ing”  the  rays  of  extreme  refrangibility.  This  prop- 
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ertv  is  well  marked  in  those  varieties  of  fluorite  which 
are  pale  green  by  transmitted  light,  and  deep  purple 
by  reflected  light.  Ozocerite  and  some  petroleums 
also  exhibit  the  property. 

Electric ,  Magnetic,  and  Thermic  Properties. 

Electricity. — Friction,  pressure,  and  heat  may  all  ex¬ 
cite  electricity  in  minerals.  To  observe  this 
Electric  property  delicate  electroscopes  are  required, 
of  minerals,  formed  of  a  light  needle  terminating  at 
both  ends  in  small  balls,  and  suspended 
horizontally  on  a  steel  pivot  by  an  agate  cup.  Such  an 
instrument  can  be  electrified  negatively  by  touching  it 
with  a  stick  of  sealing-wax  excited  by  rubbing,  or 
positively  by  merely  bringing  the  wax  so  near  as  to 
attract  the  needle.  When  the  instrument  is  in  this 
state,  the  mineral,  if  also  rendered  electric  by  heat  or 
friction,  will  attract  or  repel  the  needle  according  as  it 
has  acquired  electricity  of  an  opposite  or  of  a  similar 
kind  ;  but  if  the  mineral  is  not  electric  it  will  attract 
the  needle  in  both  conditions  alike. 

Most  precious  stones  become  electric  from  friction,  and 
are  either  positive  or  negative  according  as  their  surface  is 
smooth  or  rough.  All  gems  become  positive  when  polished ; 
the  diamond  even  when  unpolished  is  positive.  Pressure 
between  the  fingers  will  excite  distinct  positive  electricity 
in  pieces  of  transparent  double-refracting  calc-spar.  Topaz, 
aragonite,  fluor-spar,  carbonate  of  lead,  quartz,  and  other 
minerals  show  this  property,  but  in  a  much  smaller  degree. 
Some  bodies  remain  excited  much  longer  than  others,  topaz 
for  a  very  long  time.  Heat  or  change  of  temperature  ex¬ 
cites  electricity  in  many  crystals ;  as  in  tourmaline,  cala¬ 
mine,  topaz,  calc-spar,  beryl,  barytes,  fluor-spar,  diamond, 
garnet,  and  others ;  these  are  hence  said  to  be  thermo-  or 
pyro-electric.  Some  acquire  polar  pyro-electricity,  or  the 
two  electricities  appear  in  opposite  parts  of  the  crystal, 
which  are  named  its  electric  poles.  Each  pole  is  alternately 
positive  and  negative,  the  one  when  the  mineral  is  heating, 
the  other  when  it  is  cooling.  Hankel’s  investigations  of 
these  phenomena  are  especially  noteworthy . 

As  already  noticed,  many  polar  electric  minerals  are  also 
remarkable  for  their  hemimorphic  crystal  forms.  Tour¬ 
maline,  calamine,  and  boracite  are  among  the  species  thus 
affected.  The  polarity  continues  so  long  as  the  temperature 
is  increasing,  and  becomes  reversed  when  it  commences  to 
decline ;  and  when  the  heat  is  stationary  it  disappears. 

Eose  and  Eeiss  name  one  of  the  poles  the  analogue  electric 
pole,  and  the  other  the  antilogue  electric  pole, 
tricit  GC”  The  former  becomes  positive  while  the  crystal 
is  heating,  and  negative  while  cooling;  the 
latter  negative  while  heating,  and  positive  while  cooling. 


pole.  The  pyramid  of  the  analogue  end  is  more  flattened 
by  its  facets  than  that  of  the  antilogue  end ;  thus  e3  and  <$ 


Fig.  252. 

of  the  antilogue  end  are  more  acuminating  than  e1  and  cP 
of  the  analogue  end.  The  same  is  the  case  with  the  other 
two  crystals  (Figs.  251,  252). 

Pyro-electricity  has  been  observed  in  the  following  sub¬ 
stances:  Tourmaline,  topaz,  axinite,  boracite,  scolezite, 
prehnite,  electric  calamine,  sphene,  rhodizite,  heavy  spar, 
rock-crystal. 

Pyro-electricity  is  of  two  kinds, — either  terminally  polar 
or  centrally  polar.  In  the  former  the  extremities  are  oppo¬ 
site  poles.  In  the  latter  two  sides  of  a  prism  are  of  the 
same  name,  and  the  opposite  pole  to  each  is  intermediate 
between  the  two. 

The  examples  of  the  first  kind  are  tourmaline,  calamine, 
and  scolezite,  which  are  uniaxal ;  axinite,  binaxal ;  bora¬ 
cite  and  rhodizite,  with  four  axes.  Calamine,  like  tourma¬ 
line,  has  the  sharper  ex¬ 
tremity  the  antilogue  end, 
and  the  more  flattened  the 
analogue.  Compound  crys¬ 
tals  from  Altenberg  have 
both  ends  analogue,  and 
the  portion  which  lies  be¬ 
tween  the  twins  antilogue 
electric;  the  pyro-electric 
axis  corresponds  with  the 
vertical  axis  of  the  prism, 
as  in  tourmaline.  Boracite, 
which  crystallizes  in  cubic 
forms,  with  the  opposite 
solid  angles  differently 
modified,  has  four  pyro- 


Fig.  253. 


Fig.  249. 


Fig.  250. 


Becqnerel  found  that  in  tourmaline  at  30°  C.  electrical 
polarity  was  sensible ;  it  continued  unchanged  to  150°,  as 
long  as  the  temperature  continued  to  rise;  if  the.  tempera¬ 
ture  remained  stationary  an  instant,  the  polarity  disap¬ 
peared,  but  shortly  manifested  itself  reversed,  when  the 
temperature  commenced  to  decline.  If  but  one  end  of  the 
crvstal  was  heated  the  crystal  was  unpolarized,  and  when 
two  sides  were  unequally  heated  each  acquired  an  electrical 
state  independent  of  the  other.  In  tourmaline  the  ex¬ 
tremities  of  the  prism  are  dissimilarly  modified,  and  that 
end  which  presents  the  greater  number  of  planes  is  the 
antilogue  pole;  or,  if  the  number  of  planes  is  the  same,  the 
secondary  rhombohedrons  of  the  antilogue  pole  have  (one 
or  more  of  them)  longer  vertical  axes  than  those  o 1  the 
analogue  pole.  Fig.  249  (tourmaline)  is  the  antilogue  pole 
(negative  under  increasing  heat),  and  Fig.  250  the  analogue 


electric  axes,  corresponding  to  the  four  octahedral  axes. 
In  Fig.  253  of  this  species,  the  plane  which  has  its  angles 
modified  by  v  is  the  antilogue  pole,  and  that  with  the 
unmodified  angles  the  analogue  pole;  and,  generally, 
the  antilogue  pole  has  either  more  numerous  or  larger 
facets.  Ehodizite  resembles  boracite  in  its  pyro-elec- 

The  species  in  which  pyro-electricity  of  the  second 
kind  has  been  observed  are  prehnite  and  topaz.  If 
Fig.  254  represent  a  tabular  crystal  of  prehnite,  the 
poles  will  be  situated  as  marked,  the  analogue  being 
central  and  the  antilogue  at  either  extremity  of  the 
shorter  diagonal  of  the  rhombic  prism.  Topaz  has  in 
a  similar  manner  a  central  analogue  pole,  and  an  an¬ 
tique  at  either  extremity  of  the  shorter  diagonal. 
In  some  instances  there  is  a  separate  set  of  similar 
poles  near  one  or  the  other  angle,  as  in  Fig.  255 ;  this 
must  be  due  to  the  crystals  being  of  a  composite 
nature. 


Art. 

Fig.  255. 

Magnetism.— This  property  is  very  characteristic 
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the  few  minerals  in  which  it  occurs, — chiefly  ores  of 
iron  or  nickel.  Some  magnetic  iron  ores  pos- 
agne  ism.  gess  p0larma^netism,0r  are  natural  magnets ; 
while  the  common  varieties  of  magnetite,  meteoric 
iron,  magnetic  pyrites,  precious  garnet,  and  other  min¬ 
erals,  are  simply  magnetic.  Most  minerals  are  only  at¬ 
tracted  by  the  magnet, butdo  notthemselves  attract  iron. 

Minerals,  as  other  substances,  have  also  been  divided 
into  magnetic  and  diamagnetic.  See  Magnetism. 

The  ordinary  mode  of  testing  whether  a  mineral  is  mag¬ 
netic  or  not  is  to  bring  it  near  a  pole  of  a  delicately  suspended 
magnetic  needle,  and  observe  whether  it  causes  it  to  vibrate. 
Another  mode  is  to  apply  a  strong  magnet  to  the  mineral 
in  powder.  These  are  sufficient  for  the  mineralogist.  De- 
lesse  has  experimented  extensively  upon  the  magnetic  force 
of  minerals,  and  has  determined  the  relative  amount  for 
numerous  species.  Calling  this  force  for  Styrian  steel  100, 
the  following  are  some  of  his  results : 


Native  platinum .  2.173  to  3.047 

Magnetic  iron  ore . . 15.00  to  65.00 

Franklinite,  from  the  United  States . 1.033 

Chromic  iron .  0.136  to  0.065 

Spinel  (pleonaste),  from  Monzoni,  Tyrol .  0.078 

Titanic  iron  (rhombohedral),  often  magnetipolar..  5.764 

Specular  iron,  sometimes  magnetipolar .  0.14  to  2.35 

Graphite .  0.015  to  0.040 

Spathic  iron  (spherosiderite,  the  highest) .  0.092  to  0.287 

Iron  pyrites .  0.039  to  0.057 

Vivianite .  0.027  to  0.075 

Columbite  of  Bodenmais  and  Haddam . 0.151 

Pyrochlore  .  0.010 

Chrysoprase  (quartz  is  diamagnetic,  but  many  1  0 

vomofioe  a  ra  m  a  m-t  oti  o')  i 


Felspar,  sometimes  feebly  magnetic. 

Labradorite  of  an  antique  green  porphyry .  0.077 

Hornblende .  0.012  to  0.057 


Crystattomagnetic  Action. — The  magnetic  polarity 
thus  far  alluded  to  belongs  to  the  mass,  and 
poifrity10  has  no  relation  to  crystalline  form.  There 
is  also  a  kind  of  polarity  directly  related  to 
the  crystalline  or  optic  axes  of  minerals.  A  crystal  of 
cyanite,  suspended  horizontally,  points  to  the  north, 
by  the  magnetic  joower  of  the  earth  only,  and  is  a  true 
compass  needle,  from  which  even  the  declination  may 
be  obtained  ;  and  the  line  of  direction  is  the  line  of  the 
optic  axes.  Other  crystals,  which  are  called  negative, 
take  a  transverse  or  equatorial  position.  The  latter 
are  diamagnetic  crystals. 

Conductivity  for  Heat. — Senarmont  found  that  the 
conducting  power  of  colloids  and  of  crystals 
ductivity".  of  the  cubic  system  is  equal  in  all  directions, 
but  that  it  varies  in  different  directions  in 
crystals  belonging  to  all  the  other  systems,  exhibiting 
characters  analogous  to  those  deduced  from  their 
double  refraction,  conformable  with  the  optic  axes  of 
the  crystal,  and  referable,  as  in  the  latter  case,  to  axes 
of  elasticity,  or  unequal  compression  of  the  molecules. 

The  fundamental  fact  is  easily  shown  by  taking  two  slices 
of  rock-crystal,  one  cut  transverse  to  the  axis  and  one  paral¬ 
lel  to  it.  Through  the  centre  of  each 
plate  a  small  hole  is  drilled  for  the  re¬ 
ception  of  a  bent  wire,  which  by  inser¬ 
tion  into  the  hole  sustains  the  plate. 

The  other  end  of  the  wire  is  to  be  heated, 
and  the  rate  of  the  conduction  of  the 
heat  is  rendered  visible  by  the  amount 
of  a  thin  coating  of  beeswax,  with  which 
the  plate  has  been  previously  coated, 
which  is  melted  round  the  central  hole. 

It  will  be  seen  that  in  the  transverse 
slice  the  wax  is  melted  in  a  circular 
form,  while  in  the  longitudinal  slice  the 
form  is  elliptical  (Fig.  256).  The  con¬ 
duction  is  equal  in  all  directions,  as  re¬ 
gards  the  transverse  axes  of  the  hex¬ 
agonal  prism,  but  more  rapid  in  one 
direction  in  the  longitudinal  slice,  and 
that  direction  is  the  line  of  its  optic  axis. 

In  the  case  of  quartz  the  two  diameters 
of  the  ellipse  are  as  1000  to  1312. 

If  the  regular  disposition  of  the  mole¬ 
cules  of  amorphous  bodies  be  interfered 
with  by  unequal  tension  or  compression, 
the  regularity  of  their  power  of  conduct¬ 
ing  heat  is  destroyed,  and  they  also  show 
elliptical  forms  of  melted  wax ;  and  the 
Bhorter  axis  of  the  ellipse  is  in  the  line 
of  pressure  or  undue  packing  of  the 


molecules.  The  heat  thus  does  not  travel  so  fast  in  this 
direction, — partly  because  it  is  spent  in  the  heating  up  of 
the  greater  number  of  molecules.  Hence  we  might  con¬ 
clude  that  along  the  main  axis  of  quartz  a  smaller  number 
of  molecules  are  packed  in  an  equal  space  than  along  the 
transverse.  The  following  are  the  more  important  of  Se- 
narmont’s  results. 

1.  Crystals  of  the  tetragonal  and  rhombohedral  systems 
have  one  axis  of  conductivity  which  is  either 
greater  or  smaller  than  the  others,  and  this  axis  montsTn- 
coincides  with  the  main  crystallographic  axis,  vestigations! 
The  isothermal  surfaces  are  ellipses  which  lie 
in  the  line  of  this  axis,  and  these  ellipses  may  be  either 
elongated  or  flattened  in  the  direction  of  this  line. 

2., In  crystals  of  the  right  prismatic  system  the  isother¬ 
mal  surfaces  have  three  unequal  axes,  which  coincide  with 
crystallographic  axes  drawn  parallel  to  the  edges  of  the 
rectangular  prism. 

3.  In  crystals  of  the  oblique  rhombic  system  the  isother¬ 
mal  surfaces  have  three  unequal  axes,  one  of  which  coin¬ 
cides  with  the  horizontal  diagonal  of  the  base,  while  the 
other  two  have  directions  which  are  not  referable  to  any 
law. 

4.  In  crystals  of  the  anorthic  system  the  isothermal  sur¬ 
faces  have  three  unequal  axes,  all  with  indeterminable 
positions. 

In  crystals  of  a  single  axis  there  appears  to  exist  no  con¬ 
stant  relation  between  the  axis  of  optic  elasticity,  whether 
maximum  or  minimum,  and  the  axis  of  the  greatest  or  of 
the  least  calorific  conductibility.  Thus,  of  the  minerals  ex¬ 
amined  by  Senarmont,  quartz  ( -f- ),  calcite  ( — ),  cassiterite 
(  +  ),  rutile  (-}-),  and  calomel  (-{-)  have  all  their  greatest 
axis  of  conductibility  parallel  to  the  principal  axis;  ido- 
crase,  beryl,  tourmaline,  and  corundum,  all  optically  nega¬ 
tive,  have  on  the  contrary  their  smallest  axis  of  conducti¬ 
bility  parallel  to  the  axis. 

In  crystals  belonging  to  the  oblique  rhombic  system  there 
is  rarely  coincidence  between  the  thermic  axes  and  the 
axes  of  optic  elasticity.  In  gypsum  and  in  felspar  these  lie 
apart  to  a  marked  extent. 

Dilatation  by  Heat. — In  crystals  of  those  systems  in 
which  the  molecules  are  arranged  unequally  .  .. 
as  regards  their  axes,  the  amount  ot  their 
dilatation  when  heated  is  unequal  in  the  direction  of 
their  axes.  Our  knowledge  of  this  subject  is  chiefly  due 
to  Mitscherlich. 

In  crystals  of  cubic  symmetry  the  expansion  is  equal  in 
all  directions.  The  dimetric  systems — the  pyramidal  and 
hexagonal — are  brought  together  as  regards  this  quality, 
inasmuch  as  the  axes  of  volumetric  change  are  in  these  the 
same;  for,  while  these  in  the  pyramidal  correspond  with 
the  crystallographic  axes,  in  the  hexagonal  the  three  axes 
are  the  vertical,  one  lateral  axis,  and  an  axis  lying  inter¬ 
mediate  to  the  other  two  and  at  right  angles  to  the  first 
lateral  axis.  The  expansion  along  the  principal  axis  may 
be  either  greater  or  less  than  along  the  others ;  and  in  some 
minerals  there  is  even  contraction  along  one  axis. 

In  the  right  prismatic  system  the  axes  of  dilatation  cor¬ 
respond  to  those  of  form.  In  the  oblique  prismatic  one  axis 
corresponds  with  the  orthodiagonal,  but  the  others  make 
angles  not  only  with  the  other  crystallographic  axes  but, 
strange  to  say,  with  the  axes  both  of  thermic  conductivity 
and  of  optic  elasticity.  We  are  as  yet  ignorant  of  the 
properties  of  anorthic  crystals  in  this  respect. 

As  a  consequence  of  this  unequal  expansion  along  differ¬ 
ent  axes,  the  angles  of  crystals,  other  than  those  of  the 
cubic  system,  are  altered  under  the  influence  of  heat.  The 
alteration  is  extreme  in  the  case  of  calcite,  where,  through 
elongation  along  the  vertical  axis,  with  some  concomitant 
contraction  of  the  transverse,  the  angle  of  the  rhombolic- 
dric  faces  is,  when  the  crystal  is  heated  from  32°  to  212°  F., 
diminished  from  105°  5'  to  104°  56'  23”, — the  form  thus  ap¬ 
proaching  that  of  a  cube,  as  the  temperature  is  raised. 

Dolomite,  in  the  same  range  of  temperature,  diminishes 
4'  46”.  In  some  rhombohedrons,  as  of  calc-spar,  the  verti¬ 
cal  axis  is  lengthened  (and  the  lateral  shortened),  while  in 
others,  like  quartz,  the  reverse  is  true.  The  variation  is 
such,  either  way,  that  the  double  refraction  is  diminished 
with  the  increase  of  heat;  for  calc-spar  possesses  negative 
double  refraction,  and  quartz  positive.  According  to  Fres¬ 
nel  the  same  is  true  of  gypsum.  The  dilatation  for  calc- 
spar,  according  to  experiment,  is  0.001961. 

Kopp  has  shown  that  in  the  carbonates  of  lime,  magnesia, 
iron,  manganese,  and  zinc,  which  are  nearly  the  same  in 
the  angle  of  their  crystals,  the  vertical  axis  is  shorter  the 
1  greater  the  atomic  volume.  And  since  heat  diminishes  the 
density,  and  therefore  necessarily  increases  the  volume,  the 
axis  a  should  be  lengthened  by  an  increase  of  temperature, 
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as  is  actually  tlie  case.  He  has  determined  by  calculation 
that  the  change  of  angle  from  32°  to  212°  should  be  7'  37". 

Although  in  the  greater  number  of  cases  the' variations 
are  so  small  as  to  be  scarcely  measurable,  yet  they  may  be 
sufficient  for  establishing  a  difference  between  substances 
which  have  identical  geometric  form  while  belonging  to 
different  systems  of  crystallization.  The  angle  of  a  rhom- 
bohedron  might  at  a  certain  temperature  be  90°,  and  so 
coincide  with  a  cube ;  but  that  angle  would  in  a  rhombo- 
hedron  change  whenever  the  temperature  altered,  while  the 
angle  of  a  true  monometric  cube  is  constant  at  all  tempera¬ 
tures.  The  increase  in  volume  and  diminution  in  density 
which  generally  result  from  heating  are  always  accompanied 
by  a  change  in  optical  properties.  In  trimetric  crystals, 
where  the  principal  indices  alter  unequally,  the  change 
affects  the  amount  of  divergence  of  the  optic  axes.  The 
amount  of  alteration  in  gypsum,  when  the  divergence  is 
diminished,  is  extreme.  At  the  ordinary  temperature  the 
angle  of  the  divergence  of  the  optic  axes  which  lie  in  the 
plane  of  symmetry  is  about  90°  for  red  light ;  when  heated 
to  177°  it  is  diminished  to  0°,  and  for  the  moment  the  crys¬ 
tal  appears  to  be  uniaxal.  When  more  highly  heated,  the 
axes  again  diverge,  but  in  a  plane  at  right  angles  to  the  origi¬ 
nal  one,  and  in  cooling  these  changes  take  place  in  reverse 
order.  In  barytes  and  celestine  again,  the  alteration  in  the 
angle  of  the  optic  axes  is  a  divergence  when  heated. 

Characters  depending  on  Cohesion. 

These  characters  are  of  five  kinds:  (1)  hardness,  (2) 
tenacity,  (3)  elasticity,  (4)  cleavage,  (5)  fracture.  All 
may  be  considered  as  related  to  the  power  of  resisting 
attempts  to  separate  one  part  from  another. 

1.  Hardness. — A  harder  body  is  distinguished  from 
a  softer,  either  by  attempting  to  scratch  the 
Hardness.  one  ^  other,  or  by  trying  each  with  a 
file.  Each  of  these  methods  is  used  by  the  mineralo¬ 
gist  in  determining  the  hardness  of  the  species,  though 
the  latter  is  in  most  cases  to  be  preferred.  Both 
methods  should  be  employed  when  practicable. 

Certain  varieties  of  some  minerals  give  a  low  hardness 
under  the  file,  owing  either  to  impurities  or  imperfect  ag¬ 
gregation  of  the  particles,  while  they  scratch  another  min¬ 
eral  upon  which  a  file  would  have  no  effect,  showing  that 
the  particles  of  the  first  are  hard,  though  loosely  aggregated. 
Chiastolite,  spinel,  and  sapphire  are  common  examples  of 
this.  When  the  mineral  is  too  hard  to  be  impressed  by  a 
file,  the  peculiarity  of  the  grating  sound  will  suffice  for  the 
practised  ear. 

Mohs  introduced  a  scale  of  hardness,  consisting  of  ten 
minerals,  which  gradually  increase  in  hardness  from  1  to 
10.  The  intervals  between  2  and  3  and  5  and  6  are  larger 
than  the  others.  Breithaupt  has  therefore  introduced  an¬ 
other  degree  of  hardness  between  each  of  the  above,  and 
thus  his  scale  consists  of  twelve  minerals. 

The  scale  is  as  follows : 

1.  Talc,  common  laminated  light  green  variety. 

2.  Gypsum,  a  crystallized  variety. 

2.5.  Mica  (muscovite). 

3.  Caleite,  transparent  variety. 

4.  Fluor-spar,  crystalline  variety. 

5.  Apatite,  transparent  variety. 

5.5.  Scapolite,  crystalline  variety. 

6.  Felspar  (orthoclase),  white  cleavable  variety. 

7.  Quartz,  transparent. 

8.  Topaz,  transparent. 

9.  Sapphire,  cleavable  varieties. 

10.  Diamond. 

If  the  file  abrades  the  mineral  under  trial  with  the  same 
ease  as  No.  4,  and  produces  an  equal  depth  of  abrasion  with 
the  same  force,  its  hardness  is  said  to  be  4 ;  if  with  more 
facility  than  4  but  less  than  5,  the  hardness  may  be  4J  or 
4|,  written  in  decimals  4.25,  4.5.  Several  successive  trials 
should  be  made  to  obtain  certain  results. 

The  use  of  the  file  is  acquired  with  very  little  experience ; 
usually  a  single  trial  is  sufficient.  Care  must  be  taken  to 
apply  the  file  to  edges  of  equal  obtuseness.  That  part  also 
of  the  specimen  should  be  selected  which  has  not  been 
altered  by  exposure,  and  has  the  highest  degree  of  trans¬ 
parency  and  compactness  of  structure.  The  pressure  for 
determination  should  be  rather  heavy,  and  the  file  should 
be  passed  three  or  four  times  over  the  specimen. 

Where  the  scale  of  hardness  is  wanting,  or  a  first  rough 
determination  is  sought,  the  following  experiments  may 

S<>  Every  mineral  that  is  scratched  by  the  finger-nail  has  H. 
=  2.5  or  less.  Minerals  that  scratch  copper  have  H.  =  3  or 
more.  Polished  white  iron  has  H.  =  4.5.  Window-glass 


has  H.  =  5  to  5.5.  Steel  point  or  file  has  H.  =  6  to  7 ;  hence 
every  mineral  that  will  cut  or  scratch  with  a  good  pen¬ 
knife  has  H.  less  than  6.  Flint  has  H.  =  7,  and  only  about 
a  dozen  minerals,  including  the  precious  stones  or  gems,  are 
harder. 

Many  specimens  present  different  degrees  of  hardness  on 
dissimilar  faces ;  as  an  example  of  which  we  mention  cya- 
nite  and  mica.  This  is  confined  to  the  inequilateral  pri¬ 
mary  forms,  and  like  the  similar  difference  of  color,  lustre, 
etc.,  finds  a  ready  explanation  in  the  theory  of  their  forma¬ 
tion  ;  unlike  faces  are  the  result  of  the  action  of  a  polar 
force  acting  along  unlike  axes. 

This  difference  in  faces  parallel  to  unlike  axes  may  be 
perceived  in  nearly  all  cases,  when  the  methods  of  trial  are 
sufficiently  delicate.  Huygens  observed  long  ago  that  the 
cleavage  face  of  a  crystal  of  calc-spar  differed  in  hardness 
from  the  other  faces ;  and  even  in  a  monometric  crystal  it 
has  been  found  that  the  faces  of  the  cube  and  octahedron 
are  not  exactly  alike  in  this  respect. 

2.  Tenacity. — Solid  minerals  are  said  to 
be  brittle,  sectile,  malleable,  flexible,  or  edacity, 
elastic : 

1.  Brittle,  when  parts  of  a  mineral  separate  in  powder  or 
grains  on  attempting  to  cut  it ;  as  baryte,  calc-spar. 

2.  Sectile,  when  pieces  may  be  cut  off  with  a  knife  with¬ 
out  falling  to  powder,  but  still  the  mineral  pulverizes  under 
a  hammer ;  as  brucite,  gypsum. 

3.  Malleable,  when  slices  may  be  cut  off,  and  these  slices 
flatten  out  under  a  hammer ;  as  native  gold,  native  copper. 

4.  Flexible,  when  the  mineral  will  bend  and  remain  bent  af¬ 
ter  the  bending  force  is  removed ;  as  gypsum,  graphite,  talc. 

5.  Elastic,  when  after  being  bent  it  will  spring  back  to  its 
original  position  ;  as  mica. 

A  liquid  is  said  to  be  viscous  when,  on  pouring  it, 
the  drops  lengthen  and  appear  ropy  ;  as  petroleum. 

3.  Elasticity. — Investigations  on  thisproperty  have 
not  to  any  extent  been  entered  upon.  Tne  . 
unequal  elasticity  of  unlike  faces  of  crystals  ab  1C1  y‘ 
has  been  shown  by  Savart  in  his  acoustic  investiga¬ 
tions,  and  he  was  able  to  distinguish  the  rhombohe- 
dral  from  the  other  faces  in  the  pyramid  of  quartz 
crystals;  he  also  showed  that  the  figures  formed  upon 
vibrating  plates  of  crystals  were  directly  connected 
with  their  optic  axes.  Milne,  by  measuring  the 
amount  of  recoil  of  a  sphere  of  calcite  when  struck  at 
different  points  by  another  of  rock-crystal,  found  that 
the  elasticity,  as  thus  measured,  was  greatest  along 
the  line  of  the  optic  axis,  and  least  in  directions  at 
right  angles  to  it.  He  also  found  that  points  which 
lay  intermediate  between  the  main  and  the  transverse 
axes  were  most  indented  by  the  blows.  This  goes  to 
show  that,  although  there  may  be  fewest  molecules 
arranged  along  the  lines  of  the  transverse  axes,  yet 
cohesion  operates  with  greater  intensity  along  these 
than  in  intermediate  directions. 

When  the  tenacity  of  a  mineral  is  overcome  by  an 
overwhelming  amount  of  traction,  or  its  elasticity  by  a 
sudden  shock,  its  parts  are  separated,  either  in  flat 
and  continuous  surfaces,  or  in  surfaces  which  are  ir¬ 
regular  in  the  extreme.  The  first  of  these  modes  is 
termed  cleavage,  the  second  fracture.  In  those 
substances  in  which  cleavage  exists  it  is  found  that  the 
planes  or  directions  along  which  it  takes  place  lie  in 
certain  strictly  definite  positions  to  one  another  and  to 
the  axes  of  the  crystal.  They  show  not  the  smallest 
tendency  to  a  transition  or  gradual  passage  into  the 
other  directions  of  greater  coherence. 

4.  Cleavage. — The  number  of  these  parallel  cleav¬ 
age-planes  is  altogether  indefinite,  so  that  cleavage 
the  only  limit  that  can  be  assigned  to  the 
divisibility  of  some  minerals,  as  gypsum  and  mica, 
arises  from  the  coarseness  of  our  instruments.  These 
minima  of  coherence,  or  cleavage-planes,  are  always 
parallel  to  some  face  of  the  crystal ;  and  similar  equal 
minima  occur  parallel  to  every  other  face  of  the  same 
form.  Hence  they  are  always  equal  in  number  to  the 
faces  of  the  form,  and  the  figures  produced  by  cleav¬ 
age  agree  in  every  point  with  true  crystals,  except  that 
they  are  artificial.  They  are  thus  most  simply  and 
conveniently  described  by  the  same  terms  and  signs  as 
the  faces  of  crystals. 
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Some  minerals  cleave  in  several  directions  parallel  to  the 
faces  of  different  forms,  but  the  cleavage  is  generally  more 
easily  obtained  and  more  perfect  in  one  direction  than  in 
the  others.  This  complex  cleavage  is  well  seen  in  calc-spar 
and  fluor-spar,  and  very  remarkably  in  zinc  blende,  where 
it  takes  place  in  no  less  than  six  directions.  As  in  each  of 
these  the  division  may  he  indefinitely  continued,  it  is  clear 
that  no  lamellar  structure  in  any  proper  sense  can  be  as¬ 
signed  to  the  mineral.  All  that  can  be  affirmed  is  that 
contiguous  atoms  have  less  coherence  along  a  direction 
normal  to  these  planes  than  in  other  directions.  When 
cleavage  takes  place  in  three  directions,  it  of  course  pro¬ 
duces  a  perfect  crystal  form,  from  which  the  system  of 
crystallization  and  angular  dimensions  of  the  species  may 
he  determined ;  it  is  thus  often  of  very  great  importance. 

The  common  cleavage  in  the  different  systems  is  as  fol¬ 
lows,  those  of  most  frequent  occurrence  being  in  italics: 
(1)  In  the  cubic  system,  Octahedral,  O,  along  the  faces  of 
the  octahedron ;  Hexahedral,  ooOco,  along  those  of  the  cube, 
and  Dodecahedral,  ccO.  (2)  In  the  tetragonal  system,  Py¬ 
ramidal,  P,  or  2Pao;  Prismatic,  aoP,  or  ooPao;  or  Basal,  OP. 
(3)  In  the  hexagonal  system  with  holohedral  forms,  Pyra¬ 
midal,  P,  orP2;  Prismatic,  ooP,  or  ooPoo;  or  Basal,  OP ,  with 
rhombohedral  forms,  Rhombohedral,  R;  Prismatic,  ®R; 
or  Basal,  OR.  (4)  In  the  right  prismatic  system,  Pyramidal, 
P;  Prismatic,  coP;  Macrodomatic  or  Brachydomatic,  1J® 
or  pco  ;  Basal,  OP;  Macrodiagonal,  ®p®  ;  or  Brachydiago- 
nal,  oopoo .  (5)  In  the  oblique  prismatic  system,  Heinipy- 
ramidal,  P,  or  — P;  Prismatic,  ®P;  Clinodomatic,  P°®  ; 
Hemidomatic,  P°®  or  — P0®;  Basal,  OP;  Orthodiagonal, 
®P°® ;  or  Clinodiagonal,  ooP0® .  (6)  In  the  anorthic  sys¬ 
tem,  Hemiprismatic,  ®P',  or  ®P;  Hemidomatic  either 
along  the  macrodome  or  the  brachydome ;  Basal,  OP ;  Ma¬ 
crodiagonal,  oo  P® ;  or  Brachydiagonal,  ®p®. 

In  some  minerals,  as  mica  and  gypsum,  the  cleavage 
is  readily  procured ;  these  may  be  held  in  the  hand  and 
divided  by  a  knife.  Others  only  cleave  with  more  or 
less  difficulty  ;  these  must  be  placed  on  a  firm  support 
resting  on  lead,  folded  paper,  or  cloth,  and  a  sharp 
blow  struck  on  a  chisel  applied  in  a  proper  direction. 
This  may  often  be  ascertained  by  examining  the  speci¬ 
men  in  a  strong  light.  Sometimes  it  is  necessary  to 
subject  them  to  extreme  compression  in  a  vice.  Some 
of  the  hardest  substances  have  not  only  a  perfect  but  a 
facile  cleavage, — as  euclase,  topaz,  and  diamond ;  many 
of  the  softest  species  have  none.  The  planes  produced 
also  vary  much  in  their  degree  of  perfection,  being 
highly  perfect  in  some,  as  mica  and  calc-spar,  and  im¬ 
perfect  in  others,  as  garnet  and  quartz.  In  a  very  few 
crystalline  minerals  cleavage-planes  can  hardly  be  said 
to  exist.  Cleavage  must  be  carefully  distinguished 
from  the  planes<  of  union  in  twin  crystals,  and  the 
division-planes  of  laminar  minerals. 

5.  Fracture. — This  is  the  irregular  manner  in  which 
Fracture  substances  may  be  broken.  Even  minerals 
possessed  of  cleavage  may  be  fractured  in 
other  directions ;  but  in  amorphous  bodies  fracture 
alone  occurs.  The  following  varieties  of  fracture  occur, 
and  are  highly  characteristic  : 

1.  Conchoidal  almost  typical  of  amorphous  bodies,  but  oc¬ 
casionally  seen  in  crystals, — rounded  cavities,  more  or  less 
deep.  The  name  is  taken  from  the  resemblance  to  the  suc¬ 
cessive  lines  of  interrupted  growth  in  a  bivalve  shell.  Seen 
in  flint,  obsidian,  asphalt.  In  calcite  the  direction  of  this 
fracture  is  intermediate  to  the  planes  of  the  mineral’s 
cleavage. 

2.  Even,  when  the  surface  of  fracture  is  smooth  and  free 
from  inequalities. 

3.  Rough,  when  the  surface  of  fracture  is  rugged,  with 
numerous  small  elevations  and  depressions. 

4.  Splintery,  when  covered  with  small  wedge-shaped 
splinters. 

5.  Hackly,  when  the  elevations  are  sharp,  slightly  bent,  or 
jagged,  as  broken  iron. 

6.  Earthy,  when  it  shows  only  fine  dust. 

Taste ,  Odor ,  Touch. 

Taste  belongs  only  to  soluble  minerals.  The  differ- 
Taste.  ent  kinds  adopted  for  reference  are  as  fol¬ 
lows  : 

1.  Astringent,  the  taste  of  blue  vitriol. 

2.  Sweetish  astringent,  taste  of  alum. 

3.  Saline,  taste  of  common  salt. 


4.  Alkaline,  taste  of  soda. 

5.  Cooling,  taste  of  saltpetre. 

6.  Bitter,  taste  of  epsom  salts. 

7.  Sour,  taste  of  sulphuric  acid. 

8.  Pungent,  taste  of  sal-ammoniac. 

9.  Metallic,  taste  of  zinc-sulphate. 

Odor. — Excepting  a  few  gaseous  and  soluble  species, 
minerals  in  the  dry  unchanged  state  do  not  Gdor 
give  off  odor.  By  friction,  moistening  with 
the  breath,  and  the  elimination  of  some  volatile  ingre¬ 
dient  by  heat  or  acids,  odors  are  sometimes  obtained 
which  are  thus  designated  : 

1.  A  lliaceous,  the  odor  of  garlic.  Friction  of  arsenical  iron 
elicits  this  odor;  it  may  also  be  obtained  from  any  of  the 
arsenical  ores  or  salts  by  means  of  heat. 

2.  Ilorse-radish  odor,  the  odor  of  decaying  horse-radish. 
This  odor  is  strongly  perceived  when  the  ores  of  selenium 
are  heated. 

3.  Sulphurous.  Friction  will  elicit  this  odor  from  pyrites, 
and  heat  from  many  sulphurets. 

4.  Bituminous,  the  odor  of  bitumen. 

5.  Fetid,  the  odor  of  sulphuretted  hydrogen  or  rotten 
eggs.  It  is  elicited  by  friction  from  some  varieties  of  quartz 
and  limestone. 

6.  Argillaceous,  the  odor  of  moistened  clay.  It  is  obtained 
from  serpentine  and  some  allied  minerals  after  moistening 
them  with  the  breath ;  others,  as  pyrargillite,  afford  it  when 
heated. 

7.  Empyreumatic  or  osonic.  Quartz,  when  two  portions 
strike  one  another. 

Touch. — Some  minerals  are  distinguished  by  a  greasy 
feeling,  as  talc;  others  feel  smooth,  as  _  , 

celedonite  ;  others  meagre,  like  clay  ;  others 
cold.  This  last  character  distinguishes  true  gems  from 
their  imitations  in  glass.  Some,  in  virtue  of  their 
hygroscopic  nature,  adhere  to  the  tongue. 


Chemical  Properties  of  Minerals. 


Influence  of  Chemical  Composition  on  the  External 
Characters  of  Minerals. — That  the  char¬ 
acters  of  a  compound  must  to  a  certain  ex¬ 
tent  depend  on  those  of  its  component 
elements  seems,  as  a  general  proposition, 
to  admit  of  no  doubt.  Hence  it  might  be 
supposed  possible  from  a  knowledge  of  the  composition 
of  a  mineral  to  draw  conclusions  in  reference  to  its 
form  and  its  other  properties  ;  but  practically  this  has 
not  yet  been  effected. 


Relation  of 
composi¬ 
tion  to 
physical 
properties. 


The  distinction  between  the  mineralizing  and  mineraliz- 
able  or  the  forming  and  formed  elements  lies  at  the  foun¬ 
dation  of  all  such  inquiries.  Certain  elements  in  a  com¬ 
pound  apparently  exert  more  than  an  equal  share  of 
influence  in  determining  its  physical  properties.  Thus  the 
more  important  non-metallic  elements,  as  oxygen,  sulphur, 
chlorine,  fluorine,  are  remarkable  for  the  influence  they 
exert  on  the  character  of  the  compound.  The  sulphurets, 
for  example,  have  more  similarity  among  themselves  than 
the  various  compounds  of  one  and  the  same  metal  with  the 
non-metallic  bodies.  Still  more  generally  it  would  appear 
that  the  electro-negative  element  in  the  compound  is  the 
most  influential,  or  exerts  the  greatest  degree  of  active 
forming  power.  After  the  non-metallic  elements  the  brit¬ 
tle,  easily  fusible  metals  rank  next  in  power;  then  the 
ductile  ignoble  metals;  then  the  noble  metals;  then  the 
brittle,  difficultly  fusible ;  and,  last  of  all,  the  metals  of 
the  earths  and  alkalies. 

Generally  each  chemical  substance  crystallizes  only  in 
one  form  or  series  of  forms.  Some  substances,  however, 
show  dimorphism,  or  crystallize  in  two  forms,  and  thus  may 
compose  two  or  more  minerals.  Thus  sulphur,  which  in  na¬ 
ture  usually  crystallizes  in  the  right  prismatic  system,  when 
melted  forms  oblique  prismatic  crystals.  Carbon  in  one 
form  is  the  diamond,  in  another  graphite;  carbonate  of 
lime  appears  as  calc-spar  and  as  aragonite;  the  bisulpliuret 
of  iron  as  pyrite  and  as  mareasite.  An  example  of  trimor¬ 
phism  occurs  in  titanic  acid,  forming  the  three  distinct 
species  anatase,  rutile,  and  brookite.  It  is  remarkable  that 
of  dimorphic  minerals  one  form  is  almost  always  right 
prismatic;  thus: 

Rhombic  Form. 

Cyanite,  anorthic . Sillimanite,  Andalusite. 

Calc-spar,  hexagonal . Aragonite. 

Susannite,  do . Leadhillite. 

Anatase  }  Pyramidal . Brookite. 

Pyrolusite,  right  prismatic.™ . Polianite. 
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_  .,  , ,  Rhombic  Form. 

Cuprite,  cubic........ . Chaleotrichite  (?). 

Senarmontite,  cubic . Valentinite. 

Pynte,  do . Marcasite. 

Rammelsbergite.do . Chloanthite. 

Argentine,  do . Acanthite. 

Freieslebemte,  oblique  prismatic. .Diaphorite. 
Sulphur  do.  ..Sulphur. 


Even  the  temperature  at  which  a  substance  crystallizes 
influences  its  forms,  and  so  far  its  composition,  as  seen  in 
aragonite,  Glauber  salt,  natron,  and  borax. 


Isomorphism.  — S till  niore  important  is  the  doctrine 
isomor-  lsomorPlli?I1ii  designating  the  fact  that 

phism.  two  or  more  simple  or  compound  substances 
_  .  crystallize  in  one  and  the  same  form,  or 

often  in  forms  which,  though  not  identical,  yet  approxi¬ 
mate' verv  closely.  This  similarity  of  form  is  generally 
combined  with  a  similarity  in  other  physical  and  in 
chemical  properties.  Among  minerals  that  crystallize 
in  the  tesseral  system,  isomorphism  is  of  course  com¬ 
mon  and  perfect,  there  being  no  diversity  in  the  di¬ 
mensions  of  the  primary  form  ;  but  for  this  very  rea¬ 
son  it  is  generally  of  less  interest.  It  is  of  more  impor¬ 
tance  among  crystals  of  the  other  systems,  the  various 
series  of  which  are  separated  from  each  other  by  differ¬ 
ences  in  t  he  proportions  of  the  primary  form.  In  these 
perfect  identity  is  seldom  observed,  hut  only  very  great 
similarity. 


The  more  important  isomorphic  substances  are  either 
simple  substances,  as  (1)  fluorine  and  chlorine;  (2)  sulphur 
and  selenium;  (3)  arsenic,  antimony;  (4)  cobalt,  iron, 
nickel;  (5)  copper,  silver,  mercury,  gold  (?);  or  combina¬ 
tions  with  oxygen,  as  (6)  lime,  magnesia,  and  the  protoxides 
of  iron,  manganese,  zinc;  (7)  sesquioxides,  as  of  iron,  man¬ 
ganese,  chromium,  and  alumina ;  (8)  phosphoric  acid,  vana- 
dic  acid,  arsenic  acid  ;  (9)  sulphuric,  selenic,  chromicacids ; 
or  combinations  with  sulphur,  as  (10)  sulphuret  of  iron  and 
of  zinc;  (11)  sulphuret  of  antimony  and  of  arsenic;  (12) 
sulphuret  of  lead,  of  copper,  and  of  silver.  These  substances 
are  named  vicarious  from  the  singular  property  that  in 
chemical  compounds  they  can  mutually  replace  each  other 


in  definite  proportions,  and  very  often  without  producing 
any  important  change  in  the  form  or  other  physical  prop¬ 
erties.  But  there  are  numerous  instances  among  the  sili¬ 
cates  where  the  mutual  replacement  of  the  isomorphic 
bodies,  especially  when  the  oxides  of  the  heavy  metals  come 
the  room  of  the  earths  and  alkalies,  exerts  a  most  essen¬ 
tial  influence  on  the  external  aspect  of  the  species,  particu¬ 
larly  in  regard  to  color,  specific  gravity,  and  transparency. 
Ihe  varieties  of  hornblende,  augite,  garnet,  epidote,  and 
many  other  minerals  are  remarkable  proofs  of  this  in¬ 
fluence.  1  li  is  intermixture  of  isomorphic  elements  confers 
many  valuable  properties  on  minerals,  and  to  it  this  de- 
partment  of  nature  owes  much  of  its  variety  and  beauty. 
Without  the  occasional  presence  of  the  coloring  substances, 
especially  the  oxides  of  iron  and  manganese,  the  non- 
metallic  combinations  would  have  exhibited  a  very  monot¬ 
onous  aspect.  It  is  also  remarkable  that  in  some  silicates 
the  substitution  of  a  certain  portion  of  the  metallic  oxides 
for  the  earthy  bases  seems  to  be  almost  a  regular  occur- 
rence ;  whilst  in  others,  as  the  felspars  and  zeolites,  this 
rarely  happens.  This  fact  is  also  of  great  economic  interest 
as  drawing  attention  to  important  elements  often  combined 
with  others  of  less  value.  Thus  iron  oxide  and  chrome  ox¬ 
ide,  sulphuret  of  copper  and  sulphuret  of  silver,  nickel  and 
cobalt,  may  be  looked  for  in  connection.  The  general  chem¬ 
ical  formulae  for  such  compounds  is  formed  by  writing  R 
(—  radical  or  basis)  for  the  whole  isomorphic  elements ;  and 
in  special  instances  their  signs  are  placed  one  below  the 
other,  connected  by  a  bracket,  or,  as  is  more  convenient,  are 
inclosed  in  brackets  one  after  the  other  separated  by  a 
comma.  Thus  the  general  sign  for  the  garnet  is  Its  Sij-f- 
#  Si,  which,  when  fully  expressed,  becomes  ( Ca3,  Fe3,  Mg3, 
Mn3)  Sii  — (—  ( Arl,  Fe,  Cr)  Si ;  and  this  mineral  forms  many 
varieties  as  the  one  or  other  element  preponderates. 

Of  the  forms  special  to  similar  groups  of  atoms  the  more 
notable  are, — the  cubic  system,  special  to  metals  proper,  and 
binary  compounds  as  protoxides  and  haloid  salts ;  the  tetra¬ 
gonal  to  binoxides;  the  rhombohedral  to  carbonates;  the 
hexagonal  to  sesquioxides  and  phosphates  and  their  iso- 
morphs ;  the  prismatic  to  sulphates  and  their  isomorphs. 

The  isomorphism  of  minerals  goes  as  a  whole  to  show 
that  form  depends  on  the  number  of  molecules  present,  and 
is  comparatively  little  influenced  by  the  nature  of  the 
molecules  themselves. 


DESCRIPTION  OF  MINERAL  SPECIES. 


The  arrangement  adopted  in  the  following  descrip¬ 
tion  of  mineral  species  is  chemical.  Simple  substances 
are  considered  first,  in  the  order  of  their  quantivalence, 
then  binary  compounds,  and  lastly  those  of  more  com¬ 
plex  structure.  Our  limits  permit  of  the  briefest 
notice  of  the  less  important,  in  order  that  more  space 
may  be  available  for  the  delineation  of  the  character¬ 
istic  and  transition  forms  of  such  as  go  to  constitute 
the  more  important  rock  masses. 

The  following  abbreviations  are  used :  H. ,  hardness ; 
G.,  specific  gravity  (distilled  water  at  60°  Fahr.  and 
barometer  30  inches  =  1 ) ;  cl.,  cleavage  ;  sol.,  soluble  : 
s.  fh.  or  n.]  acid,  sulphuric  [hydrochloric  or  nitric] 
acid;  B.B.,  before  blowpipe;  ox.,  oxidizing;  red., 
reducing  ;  c.c.,  chemical  composition  ;  com.,  combina¬ 
tion. 

In  the  chemical  formulae,  barred  letters  express  two 
equivalents,  and  the  dots  over  the  symbols  indicate  the 
combination  with  them  of  as  many  equivalents  of 
oxygen  as  there  are  dots. 

In  the  symbolic  notation  the  several  faces  of  crystals 
are  separated  by  semicolons,  and  the  constituent  mem¬ 
bers  of  combinations  by  commas.  The  lettering  on 
the  faces  of  the  figures  is  for  the  most  part  that 
adopted  by  Miller.  In  the  enumeration  of  crystal 
forms,  that  which  is  typical  of  the  mineral  is  placed 
first. 


SIMPLE  SUBSTANCES. 

1.  Sulphur,  S. 

(a)  Right  prismatic.  P  ( p )  polar  edges  106°  38',  84°  58', 
,  ,  middle  edge  143°  17' ;  00P  101°  58' ;  OP  (c) ;  *P 

elements  (*)  5  P00  (»)•  Crystals  pyramidal,  single  or  in 

druses ;  also  stalactitic,  disseminated,  and  pul¬ 
verulent.  Cl.  basal  and  aoP.  H.  ==1,5  to  2.5;  G.  =  1.9to 


2.1.  Fracture  conchoidal  or  splintery ;  brittle,  sectile.  Lustre 
resinous,  streak  and  color  sulphur-yellow,  passing  into  red, 
brown,  or  green.  Sublimes  in  the  closed 
tube.  Fuses  a  little  above  the  temperature 
of  boiling  water.  Takes  fire  at  518°  F.,  and 
burns  with  a  pale  blue  flame  with  odor  of 
sulphurous  acid.  C.c. :  pure  sulphur,  occa¬ 
sionally  mixed  with  traces  of  selenium,  and 
when  amorphous  with  clay  or  bitumen. 
Found  chiefly  in  Tertiary  strata.  Locali¬ 
ties;  Girgenti  in  Sicily,  with  celestine; 
Conil  in  Spain;  Bex  in  Switzerland ;  Cra¬ 
cow  in  Poland  ,  deposited  from  hot  springs 
in  Solfatara  near  Naples ,  from  hot  springs  in  Iceland ;  from 
sulphur  springs  in  New  York ;  and  in  cavities  of  decompos¬ 
ing  galena,  cinnabar,  and  pyrites  at  several  localities. 

(6)  Oblique  prismatic.  The  crystals  of  volcanic  sulphur 
are  of  this  form ;  they  occur  in  the  neighborhood  both  of 
extinct  and  of  recent  volcanoes.  They  are  slender,  needle- 
shaped,  and  interlacing,  and  have  generally  more  or  less  of 
a  red-brown  tinge.  Oxhaveer  and  Cape  Reykjanes  in  Ice¬ 
land,  Sicily,  and  the  volcanoes  of  the  Pacific,  the  Chilian 
Andes,  and  California  yield  this  variety. 


Fig.  257. 


2.  Selensulphur,  S.Se. 

Like  sulphur,  but  reddish  brown  to  orange-yellow.  B.B. 
burns  with  fumes  of  selenious  acid  mixed  with  the  sul¬ 
phurous.  Found  in  the  crater  of  volcano  in  the  Lipari 
Islands,  and  Kilauea  in  Hawaii. 


3.  Selenium,  Se. 

H.  =  2;  G.  =  4.3.  Brownish  black  to  lead-gray;  thin 
splinters  translucent  and  red.  From  Culebras  in  Mexico. 

4.  Tellurium,  Te. 

Rhombohedral ;  R  86°  50'.  In  minute  hexagonal  prisms, 
with  basal  edges  replaced ;  usually  massive  and  granular. 
Cl.  lateral  perfect,  basal  imperfect.  H.  =  2to2.5;  G.  =6.1 
to  6.3.  Tin-white;  sectile.  C.c.:  tellurium  with  a  littie 
gold  and  iron.  Occurs  at  Facsebaya  near  Zalathna  (Tran¬ 
sylvania),  and  in  several  mines  in  Boulder  county,  Colorado ; 
masses  25  lb  in  weight  have  been  obtained  there. 
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5.  Arsenic,  As. 

Rhombohedral ;  R  85°  36'  (Fig.  258).  Usually  in  botry- 
oidal  investing  masses  composed  of  numberless 
iwipnu  layers.  The  structure  is  fine  granular,  rarely 
coiumnar.  H.  =  3.5 ;  G.  =  5.7  to  5.93.  Cl.  basal. 
Color  black  and  dull,  but  when  fresh  broken  very  splendent 
and  silver-white ;  fracture  uneven.  When 
rubbed  or  heated  gives  out  a  garlic-like 
odor.  B.B.  volatile,  with  formation  of 
white  fumes.  C.c. :  arsenic,  with  some  an¬ 
timony,  and  traces  of  iron,  silver,  and  gold. 

Andreasberg  in  the  Harz,  Annaberg,  Fig.  258. 
Schneeberg,  Freiberg,  Joachimsthal,  Alle- 
mont  (Dauphine),  Kongsberg  (Norway),  the  Altai,  Chili, 
Pebble  mine  (Dumfriesshire),  Tyndrum  (Perthshire). 

6.  Antimony,  Sb. 

Rhombohedral ;  R  87°  35' ;  but  rarely  crystallized,  gen¬ 
erally  in  foliated  or  granular  masses.  Cl.  basal.  H.  =3; 
G.  =  6.6  to  6.8.  Tin-white,  with  slight  yellow  tarnish. 
Brittle  and  sectile.  B.B.  easily  fusible ;  volatilizes,  and  on 
charcoal  leaves  a  white  deposit,  burning  with  a  pale  flame. 
Found  at  Andreasberg,  Przibram  (Bohemia),  Sala  (Sweden), 
Allcmout,  Southham  in  East  Canada,  and  Borneo. 

7.  Allemontite,  SbAs3 . 

Hexagonal,  spherical,  reniform,  and  investing.  H.=  3.5; 
G.  =  6.1  to  6.2.  Lustre,  when  fresh,  metallic.  Tin-white 
to  lead-gray,  but  with  a  blue  or  brown  tarnish.  B.B.  strong 
odor  of  garlic,  with  residuum  of  oxide  of  antimony.  C.c. : 
antimony  37.85,  arsenic  62.15.  Almost  always  in  curved 
foliated  laminae.  Occurs  at  Allemont,  Przibram,  Schlad- 
ming  in  Styria,  Andreasberg. 

8.  Bismuth,  Bi. 

Rhombohedral ;  R  87°  40'.  Crystals,  R,0R,  generally  dis¬ 
torted  ;  also  reticulated,  spear-head  twins,  or  arborescent ; 
also  disseminated  and  granular.  Cl.  basal,  perfect.  H.  = 
2.5;  G.  =  9.6  to  9.8.  Brittle  and  sectile.  Reddish  white, 
often  tarnished  gray,  brown,  or  blue.  B.B.  easily  fusible, 
even  in  candle  flame.  Volatilizes  on  charcoal,  leaving  a 
citron-yellow  crust.  Sol.  in  n.  acid ;  solution  precipitated 
when  thrown  into  water.  Occurs  in  gneiss  and  clay  slate 
in  veins  and  disseminated,  along  with  ores  of  cobalt,  silver, 
lead,  and  zinc.  Alva  in  Stirlingshire,  Cumberland,  Devon¬ 
shire  and  Cornwall,  Schneeberg,  Marienberg,  Joachimsthal, 
Bieber,  Modum  (Norway),  Falun  (Sweden),  Bolivia. 

9.  Telluric  Bismuth,  Bi^Tes . 

Bismuth  52,  tellurium  48.  Virginia,  Dahlonega  in  Georgia, 
Montana.  A  variety  with  7  per  cent,  of  selenium  and  H. 
=  2  also  occurs. 

10.  Tetradymite,  Bi2Te2S . 

Rhombohedral ;  3R  68°  10'.  Almost  always  twins  of  3R 
and  OR,  with  the  faces  of  OR  at  93°.  Cl.  basal,  perfect. 
Sectile,  and  thin  lamime  flexible.  H.  =  1  to  2 ;  G.  =  7.2  to 
7.5.  Steel-gray.  B.B.  fuses,  yielding  a  grain  of  metal  which 
ultimately  volatilizes.  Sol.  in  n.  acid.  C.c. :  59.6  bismuth, 
35.9  tellurium,  and  4.5  sulphur.  Schemnjtz. 

11.  Wehrlite,  Bi(TesS). 

Hexagonal.  Cl.  basal.  H.  =  1  to  2 ;  G.  =  8.44.  High  lustre. 
Steel-gray.  C.c. :  bismuth  61.15,  tellurium  29.74,  sulphur 
2.33,  silver  2.07.  Deutsch-Pilsen  in  Hungary. 

12.  Joseite,  BisTe2(SSe)2. 

Hexagonal.  Cl.  basal.  G.  =7.93.  Color  gray-black  to 
steel-gray.  Brittle.  C.c. :  tellurium  15.93,  sulphur  3.15, 
selenium  1.48,  bismuth  79.15.  San  Jose  (Brazil).  A  Cum¬ 
berland  variety  yielded  tellurium  6.73,  sulphur  6.43,  bis¬ 
muth  84.33,  corresponding  to  Bi^TeS*). 

13.  Diamond,  C. 

Var.  1.  Crystallised. — Cubic;  very  frequently  hemihe- 
.  dral.  Crystals  most  generally  with  curved 

valent1  faces.  Twins  common  on  the  octahedral  face ; 

elements.  hemitropes  also  common  (see  Figs.  170,  204, 
205,  207).  Crystals  vary  remarkably  in  ap¬ 
pearance  (see  Figs.  259  to  262).  Cl. 'octahedral.  H.=  10; 
G.  =  3.5  to  3.6.  Transparent,  or  translucent  when  of  dark 
color.  Refracts  light  strongly.  The  back  planes  of  dia¬ 
monds  reflect  all  the  light  which  strikes  them  at  an  angle 
exceeding  24°  13',  and  thence  comes  their  peculiar  bril¬ 
liancy.  High  adamantine  lustre.  Colorless,  but  often 
tinged  white,  gray,  and  brown, — more  rarely  yellow,  pink, 
blue,  green,  and  black,  those  last  named  being  the  rarest. 
Disperses  light  highly,  and  hence  emits  brilliant  flashes  of 
all  the  colors  of  the  spectrum.  Becomes  positively  electric 
by  friction.  B.B.  infusible,  but  burns  into  carbonic  acid 
in  oxygen  gas.  When  air  is  excluded  is  unchanged  at  the 
temperature  of  melting  cast  iron,  but  at  that  of  melting 
malleable  iron  is  changed  into  a  black  coke,  or,  it  is  said, 
into  graphite.  Insoluble  in  all  acids  and  alkalies.  C.c.: 
carbon,  with  traces  of  silica  and  earths.  Geologic  forma¬ 
tion  apparently  a  laminated  flexible  quartz  rock  called 


itacolumite,  which  occurs  in  Brazil,  the  Urals,  Georgia,  and 
North  Carolina,  in  the  vicinity  of  places  where  diamonds 
have  been  found.  Minute  crystals  have  been  found  in 
xanthophyllite,  and  in  talc  slate  and  serpentine,  in  the 


Scbischimskian  hills,  near  Zlatoust  (Russia).  They  have 
also  been  obtained  in  Brazil  imbedded  in  a  conglomerate 
compound  of  much-worn  pebbles  of  quartz,  chalcedony,  and 
gold,  cemented  by  limonite  or  ferruginous  clay.  In  South 


Africa  they  are  imbedded  in  a  steatitic  clay.  Diamonds 
were  formerly  obtained  in  India,  at  Panna,  Raolconda,  and 
Golconda.  So  few  are  now  obtained  here  that  the  mines 
are  let  for  £1  a  year.  From  these  mines  were  obtained  not 
only  the  Kohinoor,  which  was  possibly  the  same  as  the 
great  diamond  mentioned  by  Tavernier  as  having  been 
seen  by  him  in  the  possession  of  the  Great  Mogul,  which 
weighed  280  carats,  but  the  Regent,  of  136  carats  (which, 
not  only  from  its  size,  but  from  the  perfection  of  its  form, 
is  very  much  the  finest  diamond  knownl,  the  Nizam,  an 
uncut  diamond  of  340  carats,  and  the  Carlow,  rose-cut,  193 
carats.  More  lately  diamonds  were  found  in  great  quantity 
in  the  neighborhood  of  Rio  Janeiro  in  Brazil;  they  occur 
in  two  different  deposits :  the  one  called  “  gurgulho  ”  con¬ 
sists  of  broken  quartz  covered  by  a  bed  of  sand  ;  the  other, 
“  cascalho,”  consists  of  rolled  quartz  pebbles  united  by  fer¬ 
ruginous  clay;  both  rest  on  talcose  clays,  which  are  the 
debris  from  talcose  rocks.  The  first  deposit  affords  the 
finest  diamonds,  and  both  contain  gold,  platinum,  magne¬ 
tite,  and  rutile.  A  dodecahedral  diamond  of  257  carats  was 
lately  found  at  Bogagem  in  this  district;  this  was  reduced 
by  cutting  to  an  oblong  brilliant  of  125  carats,  and  is  the 
second  most  valuable  diamond, — the  Kohinoor,  now  re¬ 
duced  to  an  imperfectly  circular  brilliant  of  102  carats, 
occupying  the  third  place.  The  two  colored  diamonds  most 
worthy  of  note  are  a  green  diamond  in  the  Dresden  collec¬ 
tion  weighing  31  carats,  which  is  a  little  deeper  in  tint  than 
a  beryl,  and  a  blue  diamond  in  the  Hope  collection,  of  44 
carats,  as  highly  colored  as  a  sapphire,  which  it  is  by  some 
considered  to  be.  Diamonds  have  lately  been  found  in  very 
large  quantities,  and  some  of  great  size,  north  of  the  Cape 
of  Good  Hope;  these  for  the  most  part  are  of  yellow  color 
and  of  very  inferior  value.  While  a  Brazilian  cut  brilliant 
of  one  carat  is  worth  from  £20  to  £25,  the  value  of  the  finest 
brilliants  from  the  Cape  is  only  from  £3  to  £4,  and  that  of 
the  yellow  diamonds  is  from  £2  to  £2,  10s.  Apart  from  its 
employment  as  an  ornamental  stone,  the  diamond  has  an 
intrinsic  value  from  its  being  utilized  for  cutting  glass  and 
for  grinding  and  polishing  other  gems.  Of  late  years  its 
usefulness  has  had  a  new  application,  it  being  employed 
for  the  drilling  of  rocks  in  tunnelling  operations  and  in  the 
boring  of  artesian  wells.  A  singular  observation  has  resulted 
from  these  last  methods  of  utilizing  it,  namely,  that  the 
hardness  of  the  African  diamonds,  as  tested  by  the  amount 
of  their  endurance,  is  markedly  inferior  to  that  of  the 
Brazilian  and  Indian.  So  much  is  this  recognized  that 
while  the  bort,  or  minute  crystals,  of  the  latter  command  a 
price  of  15s.  per  carat,  the  African  can  be  got  for  about  5s 
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rhe  cleavage  of  certain  of  the  African  diamonds  is  so  emi¬ 
nent  that  even  the  heat  of  the  hand  causes  some  of  them 
to  fall  in  pieces.  Such  diamonds,  generally  octahedra,  may 
be  recognized  by  a  peculiar  watery  lustre  ;  they  are  called 
plate  diamonds.  The  above  facts  give  some  ground  for  the 
supposition  that  there  may  be  a  slight  difference  in  their 
composition,  possibly  that  both  may  contain  small,  but 
different  quantities  of  hydrogen.  The  circumstances  under 
which  diamonds  have  been  formed  are  altogether  unknown. 
The  fact  of  their  being  changed  into  a  kind  of  coke  at  a 
very  high  temperature  is  an  argument  against  their  having 
been  produced  through  the  operation  of  heat,  and  it  has 
long  been  known  that  an  excess  of  carbon  dissolved  by 
molten  cast  iron  crystallizes  on  cooling  in  the  form  of 
graphite ;  yet  the  only  attempts  to  form  diamonds  deserv¬ 
ing  of  being  mentioned  as  having  been  attended  with  any 
measure  of  success  are  those  in  which  sugar  charcoal  was 
dissolved  in  molten  silver  at  the  temperature-  only  of  melt¬ 
ing  steel.  There  were  thus  obtained  a  few  minute  black 
and  also  colorless  octahedral  and  cubo-octahedral  crystals 
with  curved  faces  mingled  with  a  much  larger  amount  of 
graphitoidal  carbon. 

Var.  2.  Massive. — In  black  pebbles  or  masses  called  carbon¬ 
ado,  sometimes  1000  carats  in  weight.  H.  =  10 ;  G.  =  3.012 
to  3.42.  C.c. :  carbon  except  .27  to  2.07  per  cent,  of  ash. 
Found  in  the  mines  of  Baranco,  etc.,  in  Bahia. 

Var.  3.  Anthracitic. — Like  anthracite,  but  scratches  the 
diamond.  In  mammillar  masses,  partly  in  concentric 
layers,  and  globular.  Brittle.  G.  =  1.66.  C.c. :  carbon  97, 
hydrogen  .5,  oxygen  1.5.  When  cut  and  polished,  refracts 
and  disperses  light,  like  the  diamond.  Supposed  from  Brazil. 

14.  Graphite,  C. 

Hexagonal  in  flat  crystals:  p:p  85° 29'.  Usually  foliated, 
scaly,  or  compact.  Cl.  basal.  H.  =  0.5to  1;  G.  =  1.9  to  2.2. 
Lustre  metallic.  Color  and  streak  black  to  dark  steel-gray ; 
flexible  in  thin  laminae ; 
very  sectile ;  feels  greasy; 
leaves  a  mark  on  paper 
of  its  own  color;  con¬ 
ducts  electricity.  B.B. 
burns  with  difficulty ; 
heated  with  nitre,  de¬ 
flagrates.  C.c.:  carbon, 
with  small  quantities  of 
volatile  matter,  and  ash  from  5  to  40  per  cent.  Strathfarrer 
(Inverness-shire),  Mull,  Craigman  (Ayrshire),  Borrowdale 
in  Cumberland,  Ural  Mountains,  Ceylon,  Greenland.1  Used 
for  making  pencils. 


Fig.  263. 


17.  Zinc,  Zn. 

Rhombohedral.  Said  to  be  found  in  large  hexagonal 
pyramids,  Cl.  basal,  perfect.  H.  =  2 ;  G.  =  7.  Lustre 
metallic.  Color  and  streak  bluish  white.  Found  in  a  geode 
in  basalt  near  Melbourne,  Australia,  coated  with  smithson- 
ite.  erythrine,  and  aragonite.  Also  in  the  gold  sands  of  the 
Mittamitta  river. 

18.  Copper,  Cu. 

Cubic  ( Figs.  28, 30, 26, 33, 37, 264).  Twins,  on  an  octahedral 
face.  Crystals  generally  distorted.  Often  filiform  and  arbores¬ 
cent,  or  in  plates  and  lamime.  H.== 
2.5  to  3 ;  G.=  8.5  to  8.9.  Lustre  dull 
metallic.  Color  and  streak  copper- 
red,  with  yellow  or  brown  tarnish. 
B.B.  easily  fusible,  coloring  the 
outer  flame  green.  Sol.  in  n.  acid. 
Occurs  in  many  rocks  (generally 
igneous),  and  frequently  associated 
with  zeolites.  In  the  Faroes,  Uust 
(Shetland),  Cornwall,  Chessy  near 
Lyons,  the  Banat  (Hungary),  Sibe¬ 
ria,  China,  Mexico,  Brazil,  Chili, 
and  Australia.  Masses  of  great 
size  are  found,  much  the  largest 
being  from  the  Ontonagon  river,  on  the  south  of  Lake  Su¬ 
perior.  One  mass  found  in  February,  1857,  was  45  feet  in 
length,  22  feet  in  width,  and  8  feet  in  thickness ;  its  weight 
was  420  tons.  Another  was  found  in  1869,  65  feet  in  length, 
32  in  width,  and  from  4  to  7  feet  in  thickness ;  this  weighed 
upwards  of  1000  tons,  and  had  a  value  of  400,000  dollars. 

19.  Lead,  Pb. 

Cubic,  but  only  in  thin  plates,  capillary  or  Aliform.  Cl. 
none.  H.  =  1.5 ;  G.  =  11.36  to  11.4.  Ductile,  malleable, 
and  sectile.  Bluish  gray,  but  with  a  blackish  tarnish. 
Found  in  lava  in  Madeira,  and  at  the  mines  near  Cartagena 
in  Spain ;  in  amygdaloid  near  Weissig ;  in  basaltic  tufa  at 
Rautenberg  in  Moravia;  with  gold  near  Mount  Alatau  in 
the  Altai,  at  Velika  in  Slavonia,  and  at  Olahpian  in  Tran¬ 
sylvania  ;  near  Ekaterinburg  in  the  Urals ;  in  the  district 
of  Zomelahuacan  in  Vera  Cruz,  in  foliated  galena,  in  granu¬ 
lar  limestone ;  in  the  iron  and  manganese  bed  of  Paisberg 
in  Wermlaud  (Sweden),  with  haematite,  magnetite,  and 
hausmannite ;  in  white  quartz,  northwest,  near  the  Dog 
Lake  of  the  Kaministiquia,  an  affluent  of  Lake  Superior ; 
imbedded  in  hornstone  in  plates  and  grains,  in  the  mine  of 
Bogoslovskoi  in  the  Kirghiz  steppes;  in  greenstone  por¬ 
phyry  at  Stiitzerbach  in  Thuringia ;  with  haematite  in  the 
islands  of  Nias  on  the  west  coast  of  Sumatra. 


Native 

metals. 


15  Tin,  Sn. 

Tetragonal  in  grayish  white  metallic  grains.  Reported 
ns  occurring  with  Siberian  gold;  with  bismuthite  from 
Guanajuato  in  Mexico. 

16.  Iron,  Fe. 

Cubic;  in  grains  and  plates  or  disseminated.  H.  =  4.5; 

G.  =  7  to  7.8.  Steel-gray  or  iron -black.  Frac¬ 
ture  hackly,  very  magnetic.  B.B.  infusible. 
Sol.  in  h.  acid.  Two  varieties  are  to  be  dis¬ 
tinguished.  (a)  Telluric  Iron,  in  grains  and  plates.  Almost 
pure  iron,  or  contains  graphite,  carbon,  lead,  or  copper,  but 
no  nickel.  At  Chotzen  in  Bohemia  in  limestone;  in  an 
argillaceous  sandstone  in  the  keuper  at  Miihlhausen;  in 
Thuringia  along  with  fossils;  in  an  ironstone  conglomerate 
in  Brazil,  and  in  lava  in  Auvergne ;  in  the  mine  of  Hacken- 
burg ;  at  Bexley,  in  Liberia,  Africa,  along  with  quartz,  a 
zeolite,  and  magnetite;  inclosed  in  magnetite  in  Unst 
(Shetland)  and  in  Sutherlandshire ;  in  basalt  in  Antrim, 
Ireland  ;  in  the  gold  sands  of  Brazil,  the  Urals,  and  Olah¬ 
pian  (Transylvania).  (b)  Meteoric  iron,  steel-gray  to  silver- 
white.  Almost  always  contains  nickel,  with  cobalt,  copper, 
and  several  minerals  which  are  non-terrestrial.  When 
polished  and  etched  with  nitric  acid  the  surface  is  marked 
by  lines  of  unaffected  interlacing  crystals  called  Widmann- 
statten’s  figures ;  most  of  the  nickel  is  contained  in  these. 
Occurs  in  masses  which  vary  in  size  from  the  smallest  mi¬ 
croscopic  dust  as  dredged  from  the  depths  of  the  ocean  to 
upwards  of  32,000  lb.  Many  of  these  masses  have  been  seen 
to  fall  Several  (suspected,  however,  to  be  terrestrial )  have 
been  found  imbedded  in  a  basaltic  rock  near  Disco  Bay  in 
Greenland,  one  of  which  is  44,000  lb  in  weight.  Several 
contain  hydrogen  in  their  pores,  condensed  to  the  extent 
of  eight  times  the  volume  of  the  mass;  and  the  pitted  de¬ 
pressions  frequently  observable  upon  their  surface  give 
countenance  to  the  view  that,  if  not  discharged  from  a  vol¬ 
canic  throat,  they  were  set  at  liberty  by  some  sudden  dis¬ 
rupting  gaseous  explosion. 

*  Granhite  is  found  in  many  parts  of  the  United  States,  and 
mines  of  it  are  worked  at  Sturbridge,  Mass.,  liconderoga  and 
Fishkill.  N.Y.  Brandon,  Vt„  and  Wake,  N  C„  see  Dana’s  System 
Of  Mineralogy,  p.  25  (New  York,  1882).  Am.  Ed. 


20.  Mercury,  Hg.  , 

Cubic.  Occurs  in  small  liquid  globules  in  its  gangue,  but 
may  be  solidified  at  — 39°,  when  it  forms  octahedral  crystals. 
G.  =  13.596  when  liquid,  15.612  when  solid.  Lustre  bril¬ 
liant  metallic ;  tin-wliite.  B.B.  volatile,  sometimes  leaving 
a  little  silver.  Readily  sol.  in  n.  acid.  Occurs  generally  in 
clay  shales  or  schists  of  different  ages.  The  globules  of 
mercury  are  usually  found  in  rents  in  cinnabar,  or  accom¬ 
panying  calomel,  at  most  of  the  localities  for  these  minerals. 
Found  at  ldria  in  Carniola  and  Almaden  in  Spain.  At  Idria 
it  is  obtained  by  washing  a  soft  clay  slate.  In  Transylvania 
and  Galicia  springs  issuing  from  the  Carpathian  sandstone 
bear  along  globules  of  mercury.  At  the  Pioneer  mine  in 
California  some  of  the  quartz  geodes  contain  several  pounds 
of  mercury.  At  Cividale  in  Lombardy  it  is  found  in  an 
Eocene  marl.  It  has  also  been  observed  occasionally  in 
drift,  and  has  even  been  stated  to  have  been  found  in  a  peat 
bog. 

21  Silver 

Cubic  (Figs.  26,  30,  33,  40,  37).  Crystals  generally  small, 
also  and  most  frequently  filiform,  arborescent,  and  in  plates 
or  crusts.  These  either  project  into  cavities,  coat  their  sur¬ 
faces,  or  ramify  in  a  reticulated  manner  throughout  the 
mass  of  the  rock.  Twins  of  octahedral  and  trapezohedral 
composition.  Noel.  H.  =  2.5  to  3;  G.  =  10.1  to  11.1.  Lus¬ 
tre  metallic.  Color  and  streak  silver-white,  but  generally 
tarnished  yellow,  brown,  or  black.  Malleable,  ductile,  and 
sectile,  but  less  so  than  gold.  B.B.  easily  fusible.  Sol.  in 
n.  acid;  the  solution  colors  the  skin  black.  C.c.:  silver, 
with  varying  proportions  of  gold,  platinum,  mercury,  cop¬ 
per,  antimony,  and  bismuth.  The  auriferous  from  Norway 
contains  silver  72,  gold  28 ;  from  quartz  reefs  in  Sutherland, 
silver  71.4,  gold  28.6.  The  cupriferous  from  Courcy  near 
Caen  contains  10  per  cent,  of  copper.  The  antimonial  from 
Bohemia  contains  1  per  cent,  of  antimony.  The  mercurial 
from  Kongsberg  in  Norway  has  .4  of  mercury,  found  chiefly 
in  veins  in  gneiss,  clay  slate,  and  limestone.  Localities : 
Alva  and  elsewhere  in  Scotland,  Ballycorus  in  Ireland,  and 
Cornwall  in  England  ;  at  Freiberg,  Andreasberg,  and  Kongs¬ 
berg  ;  along  with  native  copper  at  Lake  Superior ;  in  Mexico, 
in  Ream,  and  in  the  United  States.  The  finest  crystallized 
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silver  occurs  at  Lake  Superior,  and  at  Kongsberg.  At  the 
last  locality  the  crystals  are  an  inch  in  diameter,  and  are  dis¬ 
posed  on  large  filiform  brushes.  Silver  occurs  in  large 
masses ;  three  of  436,  560,  812  1b  have  been  recorded  from 
Kongsberg.  A  block  which  smelted  44,000  ft  was  for  some 
years  used  as  a  table  by  Duke  Albert  on  his  annual  visits  of 
inspection  to  the  Schneeberg  mine  in  Saxony.  A  Mexican 
specimen  was  found  of  400  1b  ;  the  mines  of  Huantaya  in 
Peru  have  yielded  masses  of  444  and  960  1b.  Britain  pro¬ 
duces  annually  about  760,000  oz.  of  silver,  chiefly,  however, 
from  lead  ores.  The  value  of  annual  produce  for  the  whole 
world  from  all  sources  is  from  8  to  10  millions  of  pounds 
sterling.1 

22.  Schneiderite  ( Gold  Amalgam),  Au2Hg3. 

Tetragonal  four-sided  prisms,  easily  crumbling,  yellowish 

white  to  white ;  sometimes  in  grains  the  size  of  a  pea.  C.c. : 
gold  41.63,  mercury,  58.37.  Found  at  Mariposa  in  Cali¬ 
fornia.  A  variety  (Au,  Ag)2  Hgs  is  found  along  with  plati¬ 
num  in  Colombia ;  this  contains  gold  38.39,  silver  5,  mer¬ 
cury  57.40. 

23.  Arquerite,  Ag6Hg. 

Cubic.  In  octahedra,  also  in  grains  and  dendrites.  G.  = 
10.8.  Like  native  silver,  but  softer.  C.c. :  silver  86.5,  mer¬ 
cury  13.5.  From  ArqueTOs  in  Coquimbo,  Chili.  Kongs- 
bergite,  AgisHg,  occurs  at  Kongsberg,  with  95.1  of  silver  and 
4.9  of  mercury. 

24.  Amalgam,  Ag .  Hg2,  and  AgHg3. 

Cubic  (Fig.  33,  in  combination  with  40,  30,  41,  38).  Cl. 
dodecahedral.  H.  =  3  to  3.5;  G.  =  10.5  to  14.  Color  and 
streak  silver-white.  Fracture  conchoidal,  brittle,  grates 
when  cut.  In  closed  tube  yields  mercury  and  leaves  silver. 
Sol.  in  n.  acid.  The  first  variety  (silver  34.8,  mercury  65.2) 
occurs  at  Moschellaudsberg  in  the  Palatinate,  where  the 
veins  of  mercury  and  silver  intersect  one  another ;  the  sec¬ 
ond  (silver  26.25,  mercury  73.75)  there,  and  also  at  Allemont 
in  Dauphin6,  Almaden  in  Spain,  in  Hungary,  and  in  Swe¬ 
den.  From  Rosilla  in  Atacama  (Chili)  Domeyko reports  the 
following  other  compounds:  Ag3Hg4,  silver  46.8,  mercury 
53.2,  white  and  silvery ;  AgHg,  silver  55.1,  mercury  44.9 ; 
granular  and  dull;  Ag5Hg3,  silver,  64.2,  mercury,  35.8;  of 
the  last  there  is  a  mass  weighing  22  1b  in  the  museum  of 
Santiago. 

25.  Gold,  Au. 

Cubic  (Figs.  30,  26,  33,  40,  36)  and  more  complex  forms. 
Crystals  generally  small  and  indistinct  through  elongation, 
assuming  capillary  and  arborescent  shapes.  Also  in  thin 
plates.  Twins  rare;  twin  face  octahedral.  Frequently  in 
rounded  and  apparently  colloidal  masses  impacted  in  clay, 
or  loose  in  small  grains  (pipettes)  rolling  in  the  bed  of 
streams.  Fig.  265  is  of  such  a  mass  found  in  Sutherland. 
No  cl.  H.  =2.5  to  3;  G.  =  17  to  19.4.  Lustre  metallic, 
but  frequently  dull 
and  partly  coated 
with  a  brown  crust. 

Color  and  streak  yel¬ 
lowish  white  to  bright 
gold  -  yellow.  Mal¬ 
leable,  ductile,  aud 
sectile ;  the  purer  va¬ 
rieties  the  more  so 
and  the  softer.  B.B. 
easily  fusible.  Sol. 
in  aqua  regia,  gener¬ 
ally  with  precipita-  Fig.  265. 

tion  of  chloride  of 

silver.  Solution  yellow,  stains  skin  purple-red,  with  corro¬ 
sion.  C.c. :  gold,  with  silver  from  .72  to  26  percent. ;  some¬ 
times  iron  and  copper  under  1  per  cent.  Found  in  beds  and 
veins  generally  of  quartz  in  metamorphic  rocks  of  a  schis¬ 
tose  nature,  rarely  in  diorite  and  porphyry,  and  very  rarely 
in  granite.  Its  general  associate  is  limonite,  formed  from 
decomposition  of  pyrite ;  sometimes  also  haematite  and  mag¬ 
netite.  Occurs  also  in  microscopic  grains  in  quartz,  from 
which  it  is  extracted  by  crushing  and  amalgamation.  The 
geologic  range  is  from  the  Azoic  to  the  Tertiary  and  Cre¬ 
taceous,  as  in  California;  but  even  in  these  more  recent 
rocks  the  original  source  must  have  been  at  least  Palaeozoic. 
Of  localities  which  yield  gold  the  following  may  be  noticed : 
the  Leadhills  in  Scotland,  Wicklow  in  Ireland,  Dolgelly  in 
North  Wales,  Cornwall  in  England ;  Transylvania,  Hungary, 
and  Piedmont;  the  Urals,  Ekaterinburg,  and  India;  Kor- 
dofan,  the  coast  opposite  Madagascar,  and  the  Gold  Coast 
(the  fame  of  which  has  been  recently  revived);  Minas 
Geraes  in  Brazil,  Bolivia,  North  Carolina,  and  California; 
aud  more  recently  New  South  Wales  and  Queensland  in 
Australia,  Tasmania,  and  New  Zealand. 


1  “  T.he  yield  of  the  United  States  at  the  present  time  (1882)  in 
Silver  is  about  $20,000,000.”  Dana’s  System  of  Mineralogy  page  10 
(New  York,  1882).— Am.  Ed. 


I  Some  of  the  iargest  single  masses  of  gold  found  in  recent 
times  are  the  following:  one  of  22  oz.  in  Transylvania,  of 
28  1b  in  North  Carolina,  of  20  ft  in  California,  one  of  96  1b 
troy  near  Miask  in  the  Urals,  and  one  of  184  1b  8  oz.,  which 
yielded  £8376,  10s.  6d.,  at  Ballarat,  Australia. 

The  annual  produce  of  gold  from  Australia  is  about  5 
millions  of  pounds  sterling,  of  the  United  States  about  15 
millions,  and  of  the  whole  earth  about  23  millions. 

The  following  sub-species  may  be  noticed : 

1.  Electrum.  This  name  for  the  alloys  of  gold  and  silver 
was  applied  by  Pliny,  whenever  the  proportion  of  the  lat¬ 
ter  metal  was  one-fifth.  An  alloy  of  2  gold  and  1  silver  con¬ 
tains  21  per  cent,  of  silver ;  this  is  found  in  Sutherland. 
One  of  1  to  1  contains  36  per  cent,  of  silver,  this  last  being 
the  most  usual  proportion.  It  occurs  in  Transylvania,  in 
the  Altai,  and  in  Colombia.  Its  color  is  brass-yellow  to  yel¬ 
lowish  white.  G.  =  12.5  to  15.5. 

2.  Porpesite ,  or  Palladium  Gold  (auro-poudre),  from  Porpez 
in  Brazil,  contains  9.85  per  cent,  of  palladium  and  4.17  of 
silver. 

3.  Rhodium  Gold,  from  Mexico  (G.  =  15.5  to  16.8),  contains 
from  34  to  43  per  cent,  of  rhodium. 

26.  Platinum,  Pt. 

Cubic;  rarely  in  small  cubes  or  octahedrons,  usually  in 
minute  scaly  grains,  sometimes  cohering,  and  also  in 
rounded  lumps.  Noel.  H.  =  4  to  4.5;  G.  =  17  to  19.  Lus¬ 
tre  metallic.  Color  and  streak  pale  steel-gray.  Malleable 
and  ductile  with  difficulty,  having  a  hackly  fracture.  When 
containing  much  iron,  magnetipolar.  B.B.  infusible.  Sol. 
in  aqua  regia,  but  only  when  heated ;  solution  red ;  cor¬ 
rodes  the  skin.  C.c.:  platinum,  but  never  to  a  greater  ex¬ 
tent  than  86.5  per  cent.  The  remainder  consists  of  iron, 
iridium,  rhodium,  palladium,  osmium,  gold,  copper,  and  a 
mechanical  mixture  of  iridosmine.  The  iron  exists  in  quan¬ 
tities  varying  from  4.3  per  cent,  to  double  that  amount.  Oc¬ 
curs  in  Brazil  in  syenite ;  near  Popayan  (Colombia)  in  allu¬ 
vium,  associated  with  chromite,  iridium,  palladium,  gold, 
and  copper;  in  the  Urals  in  alluvium  derived  from  crystal¬ 
line  rocks;  and  at  Nijni-Tagilsk  in  serpentine  along*  with 
chromite.  It  is  also  found  in  Borneo,  California,  and  Caro¬ 
lina,  and  is  said  to  have  been  found  in  the  county  of  Wick¬ 
low  in  Ireland.  The  sands  of  many  rivers  yield  it  in  small 
amount.  Platinum  does  not  occur  in  large  masses.  A  mass 
in  the  Madrid  Museum  from  Condoto  weighs  26i  oz. ;  masses 
have  been  found  in  the  Urals  from  11  to  21  1b. 

Iron  Platina  is  a  sub-species.  This,  which  has  a  compo¬ 
sition  FePt2,  and  contains  from  11  to  13  per  cent,  of  iron,  is 
found  at  Nijni-Tagilsk.  G.  =14.6  to  15.8;  H.  =  6.  It  is 
magnetipolar,  and  attracts  iron  much  more  strongly  than 
an  ordinary  magnet. 

27.  Platiniridium. 

In  minute  silver- white  grains.  H.  =  6  to  7;  G.  =  16.94 
to  22.8.  Contains  55.44  platinum,  27.79  iridium,  6.86  rho¬ 
dium,  4.14  iron,  3.3  copper,  .49  palladium.  Is  found  in 
Brazil. 

28.  Iridium,  Ir. 

Cubic  (Fig.  27).  H.  =6  to  7;  G.  =  21.57  to  23.46.  Cl. 
cubic,  traces.  Very  slightly  malleable.  Silver-white  to 
steel-gray.  B.B.  unchanged.  Insoluble  in  all  acids.  C.c. : 
76.8  iridium,  19.64  platinum,  0.89  palladium,  1.78  copper. 
Found  at  Nijni-Tagilsk,  generally  in  minute  grains.  Is  the 
heaviest  known  substance. 

Avaite,  sub-species.  From  Ava  in  India.  C.c. :  60  iridi 
20  platinum  (according  to  Prinsep). 

29.  Palladium,  Pd. 

Cubic ;  in  minute  octahedrons,  and  in  grains.  H.  =  4.5 
to  5 ;  G.  =  11.3  to  11.8.  Malleable.  Light  steel-gray.  B.B. 
infusible.  Slowly  dissolves  in  n.  acid,  forming  a  brown- 
red  solution.  C.c. :  palladium,  with  a  little  platinum  and 
iridium.  From  the  gold  sands  of  Brazil,  often  in  small 
plumose  crystalline  lumps.  Also  from  St.  Domingo  and  the 
Urals.  Does  not  tarnish  with  sulphurous  fumes. 

30.  Allopalladium,  Pd3. 

Hexagonal;  in  small  flat  hexagons.  Cl.  basal,  perfect. 
Lustre  bright  silvery.  Color  pale  steel-gray.  From  Tilke- 
rode  in  the  Harz,  with  gold. 


31.  Newjanskite  (Osmiridium),  IrOs  (iridium  49.78,  os¬ 
mium  50.22)  and  Ir3Os. 

Hexagonal ;  P  124°.  OP,  P,  ooP.  Generally  in  flat  scales. 
Cl.  basal  perfect.  H.  =  7;  G.=  18.8  to  19.47.  Lustre  me¬ 
tallic.  Color  tin-white.  B.B.  unchanged. 
Insoluble  in  all  acids.  The  analyses  of 
this  mineral  give  quantities  of  iridium 
varying  from  44  to  77  per  cent.,  and  of 
osmium  from  21  to  49.  Ruthenium, 
rhodium,  and  platinum  make  up  the  100 
parts.  The  largest  quantity  of  ruthenium 
is  8.49,  and  one  variety  from  New  Gran- 


Fig.  266. 
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aria  wan  found  to  contain  no  ruthenium,  but  12.3  of  rho¬ 
dium,  which  is  more  than  double  its  usual  amount.  Occurs 
with  platinum  in  Choco  (Colombia) ;  at  Newjansk  and  sev¬ 
eral  localities  in  the  Urals,  in  Australia,  in  Northern  Cali¬ 
fornia  (somewhat  abundantly  in  gold  sands),  also  in  Canada. 

32.  Sisserskite  (Iridosmium),  IrOs*  (iridium  19.9,  osmium 
80.1)  and  IrOs3  (iridium  24.8,  osmium  75.2'. 

Rhombohedral ;  R  =  84°28'.  H.  =  7.5;  G.  *=21.12.  Color 
lead-gray  to  bluish.  B.B.  becomes  black,  with  strong  odor 
of  osmic  acid  ;  in  flame  of  spirit-lamp  shines  strongly,  and 
colors  flame,  yellowish  red.  Occurs  in  small  quantity  with 
newjanskite  at  all  its  localities,  and  in  proportionally  larger 
quantity  at  Sisserslc  in  the  Urals.  It  is  used  for  pointing 
gold  pens,  and  in  the  United  States  sells  at  50  dollars  an 
ounce. 

COMPOUNDS  OF  FLUORINE,  CHLORINE,  BROMINE, 
AND  IODINE  (HALOID  SALTS). 

33.  Fluorite  ( Fluor-spar ),  CaF. 

Cubic  (Figs.  267  to  270,  also  Figs.  31,  33,  36,  55,  56,  57,  58) ; 
also  divergent  crystalline,  granular,  and  compact.  Cl.  octa¬ 
hedral;  fracture  conchoidal;  brittle.  H.  =  4;  G.  =  3.1  to 
3.2.  Transparent  to  pellucid.  Lustre  vitreous.  Colorless, 
but  generally  colored  purple,  blue,  green,  yellow,  white, 
black,  and  pink.  Sometimes  two  or  three  colors  disposed  in 
layers  in  one  crystal.  Frequently  phosphoresces  with  dif- 


A 


ferent  tints  of  light,  when  heated.  B.B.  decrepitates  and 
fuses  to  an  opaque  bead.  Sol.  in  s.  acid  with  evolution  of 
hydrofluoric  acid.  C.c. :  51.3  calcium,  48.7  fluorine.  Com¬ 
mon  in  veins,  generally  associated  with  metallic  ores.  Shet¬ 
land,  Sutherland,  on  the  Avon,  and  Ballater  in  Scotland ; 
Cumberland,  Northumberland,  Derbyshire,  and  Cornwall ; 
Saxony,  Bohemia,  Freiberg.  Used  to  be  turned  into  vases 
and  other  ornaments  (“blue  John”);  formerly  employed 
as  a  flux,  now  for  etching  and  obscuring  glass. 

34.  Yttrocerite. 

In  crystalline  crusts,  H.  =  4  to  5;  G.  =  3.4  to  3.5.  Trans¬ 
lucent  ;  vitreous.  Violet  blue  to  gray  or  white.  B.B.  in* 
fusible.  Evolves  fluorine  when  heated  with  sulphuric  acid. 
C.c. :  fluorides  of  cerium,  yttrium,  and  calcium.  Finbo  and 
Broddbo  near  Falun  (Sweden),  Massachusetts,  and  New 
York. 

35.  Fluocerite,  CeF-(-Ce2F3. 

Hexagonal.  H.  =  4  to  5;  G.  =  4.7.  Opaque  or  translu¬ 
cent  on  the  edges.  Pale  brick-red  or  yellowish ;  streak  yel¬ 
lowish  white.  B.B.  infusible.  In  closed  tube  gives  out  hy¬ 
drofluoric  acid.  C.c. :  82.64  peroxide  of  cerium,  1.12  yttria, 
16.24  hydrofluoric  acid.  Finbo  and  Broddbo. 

36.  Fluocerine,  Ce2F3-(-(Ce203-f-H20). 

Massive;  fracture  conchoidal.  H.  =  4.5  to  5.  Opaque; 
resinous.  Bright  yellow  to  reddish  brown ;  streak  brown¬ 
ish  yellow.  B.B.  infusible,  darkens  with  the  heat ;  color 
testored  on  cooling.  C.c. :  cerium  17.6,  fluorine  10.9,  ses- 
quioxide  of  cerium  66.4,  water  5.1.  From  Finbo. 

37-  Bastnaesite,  Ce2F3  -f-  Ce203  -f  4H2O,  and 


38.  Hamartite,  2'LaO,  Ce0)3C02  -f-  CeF3,  are  similar- 
The  first  is  from  Bastnaes  in  Sweden,  the  second  from 
Pike’s  Peak  in  Colorado. 


csy.  r  LUELL.ITE,  AI2F3. 

Right  prismatic.  In  acute  rhombic  octahedrons  with 
truncated  apex.  Polar  edges  109°  6'  and  82°  12',  middle 
144°.  H.  =  3.  Lustre  vitreous.  Color  white;  transparent. 

Stenna-gwyn  in  Cornwall. 

40.  Cryolite,  3NaF4- 
AI2F3. 

Anorthic;  but  mostly  in 
cleavable  masses.  M :  T  91° 
57';  P :  T90°  2';  P:i!f  90° 
40'.  Cl.  P perfect,  M and  T 
imperfect ;  brittle.  H.=2.5 ; 
G.  =  2.9  to  3.08.  Vitreous, 
somewhat  pearly  on  P. 
Translucent;  after  immer¬ 
sion  in  water  transparent. 
Colorless  and  snow-white; 
but  when  deep  -  seated 
brown  to  black.  Melts 
even  in  flame  of  candle  to 
a  white  enamel.  In  open 
tube  traces  of  hydrofluoric 
acid.  Sol.  in  s.  acid. 


vjrreeuiauu ;  miasa.,  oiuena.  useu  ior  manuiacture  or  a  V 
glass,  soda-bicarbonate,  and  extraction  of  aluminium. 


41.  Arksutite,  (CaNa)2F-f  AI2F3.  Ca :  Na  =  1 : 3. 
Massive  granular.  H.  =  2.5;  G.  =  3.03  to  3.18.  Cl.  one 
distinct.  Vitreous ;  white ;  translucent.  C.c. :  aluminium 
18.6,  sodium  23.3,  calcium  6.8,  fluorine  51.3.  Arksutfiord. 


Fig.  272  (species  42). 


42.  Chiolite,  3NaF4- 
2AI2F3. 

Pyramidal,  and  twins 
(Fig.  272).  Middle  edge 
111°  14'.  Mostly  granular. 
Cl.  imperfect.  H.  =4; 
G.  =  2.84  to  2.9.  Resinous ; 
white.  Fuses  more  easily 
than  cryolite;  evolves  hy¬ 
drofluoric  acid.  C.c. :  alu¬ 
minium  18.6,  sodium  23.4, 
fluorine  58.  Ilmen  Mts. 
near  Miask. 


43.  Chodneffite,  2NaF  -f-  AI2F3. 

G.  =  3.  Other  characters  like  chiolite,  and  from  same 
locality. 

44.  PACHNOLiTE,3(CaNa)F-fAl2F3-|-2H20.  Ca:Na  =  3:2. 
Oblique  prismatic.  ocP  98°  34' ;  always  twins.  Vitreous; 

white ;  semi-transparent.  C.c. : aluminium  12.3,  calcium  16.1, 
sodium  12.4,  fluorine  51.1,  water  8.1.  Evolves  water  with 
crackling,  when  heated;  other,  characters  like  cryolite, 
along  with  which  it  occurs  in  Greenland. 

45.  Thomsenolite,  2(CaNa)F-)-Al2F3-j-2H20.  Ca: 
Na  =  7: 3. 

Oblique  prismatic.  Prismatic  planes  striated ,  <x>P  89° 
(Fig.  273).  Cl.  basal,  perfect.  H.=2.5to4;  G.  =  2.74  to  2.76. 

Vitreous;  cleavage  face  pearly.  White 
with  yellow  crust ;  translucent.  C.c. :  alu¬ 
minium  15,  calcium  15.4,  sodium  7.6, 
fluorine  52.2,  water  9.8.  B.B.  fuses 
more  easily  than  cryolite  to  clear  glass, 
decrepitating  violently.  Along  with 
cryolite  in  Greenland. 

46.  Gearksutite,  Ca2F-|-Al2F3-f- 
4H20. 

Earthy.  H.  =2.  White;  dull; 
opaque.  C.c. :  aluminium  15.5,  calcium 
19.3,  sodium  2.5,  fluorine  41.2,  water  20.3. 
Along  with  cryolite. 

Fig.  273  (sp.  45).  47.  Evigtokite,  2CaF2+ ALFs-j- 

2H20. 

Crystalline.  Soft;  brittle;  like  kaolin.  C.c. :  calcium 
22.39,  aluminium  16.23,  sodium  .43,  fluorine  55.24,  water 
5.71.  Arksutfiord,  Greenland. 


48.  Prosopite. 

f  iblique  prismatic.  A’hydrated  silico-fluoride  of  aluminium 
and  calcium.  H.  =  4  ;  G.  =  2.89.  Colorless  imbedded 
crystals.  From  the  tin-mines  of  Altenberg. 

49.  Calomel,  Hg2Cl. 

Pyramidal;  P  135°  50'  (Fig.  274).  H.  =  lto2;G.= 
6.4 to 6.5.  Translucent;  adamantine.  Yellowish  white  to 
gray.  Sublimes  unchanged  in  closed  tube ;  with  soda 
yields  mercury.  Insol.  in  n.  acid.  C.c. :  mercury  85, 
chlorine  15.  Moschellandsberg,  Idria,  Almaden. 
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50.  Sylvite,  KC1. 

Cubic  (Figs.  26,  30);  also  massive.  Cl.  cubic.  H.  =  2; 
G.  ==  1.9  to  2.  White  or  colorless.  Vit¬ 
reous  ;  soluble ;  taste  like  common  salt. 

C.c. :  potassium  52.5,  chlorine  47.5.  B.B. 
fuses,  and  colors  flame  violet.  Crater  of 
Vesuvius,  and  salt  beds  of  Stassfurt. 

51.  Halite  ( Common  Salt,  Bock-Salt), 

NaCl. 

Cubic  (Fig.  21) ;  generally  granular, 
sometimes  fibrous.  Cl.  cubic.  H.  =  2 ; 

G.  =  2.1  to  2.2.  Transparent  to  trans¬ 
lucent ;  vitreous.  Colorless  or  white ;  but 
often  colored  red,  yellow,  or  blue.  Taste 
saline.  B.B.  fuses  and  partly  evaporates ; 
colors  flame  yellow.  C.c. :  sodium  39.3, 
chlorine  60.7.  In  great  beds  at  Wieliczka, 

Salzburg,  Bex,  etc.  on  the  Continent; 

Cheshire  in  England.  As  an  efflorescence 
in  Brazil,  Abyssinia,  the  Caspian  and 
Aral  Seas.  As  a  sublimation  among 
lavas  at  Vesuvius  and  other  volcanoes.  Fig.  274  (sp.  49). 
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52.  Salmiac,  NH4C1. 

Cubic  (Figs.  30,  40,  and  41  with  26,  33,  40).  Cl.  octahe¬ 
dral  ;  also  stalactitic,  globular,  and  as  an  efflorescence. 
H.  =  1.5  to  2;  G.  =  1.5 to  1.6.  Pellucid;  vitreous.  Color¬ 
less  but  sometimes  stained.  Taste  pungent.  B.B.  directly 
volatile ;  in  copper  colors  flame  blue-green.  C.c. :  32  ammo¬ 
nia,  66.4  chlorine.  A  sublimate  on  active  volcanoes.  Vesu¬ 
vius,  Island  of  Volcano,  Iceland.  Near  coal-seams  which 
have  taken  fire,  in  Scotland  and  at  Newcastle. 

53.  Chloro-Calcite,  CaCl  +  (KC1,  NaCl). 

Cubic.  Vesuvian  bombs. 


54.  Cerargyrite,  AgCl. 

Cubic  (Fig.  26).  Twins  on  octahedral  face.  No  cl.; 
chiefly  massive  in  crusts.  H.  =  1  to  1.5;  G.  =  5.5  to  5.6. 
Fracture  conchoidal.  Malleable.  Translucent ;  adaman¬ 
tine  to  resinous.  Gray,  yellowish,  and  greenish.  B.B. 
fuses  easily  to  a  dark  bead,  reduced  in  inner  flame.  Soluble 
in  ammonia.  C.c. :  silver  75,  chlorine  25.  Johann-Georgen- 
stadt,  Mexico,  Peru. 

55.  Embolite,  2 AgBr  -f-  3AgCl . 

Cubic  (Fig.  29) ;  also  massive  or  concretionary.  H.  =  1  to 
1.5;  G.  =5.8.  Adamantine  to  resinous.  Green  and  yellow¬ 
ish  green.  C.c. :  silver  67,  chlorine  13,  bromine  20.  Chili, 
Mexico,  Honduras. 


56.  Bromite,  AgBr. 

Cubic  (Figs.  26, 30).  H.  =  lto2;  G.  =  5.8  to  6.  Splendent. 
Yellow  to  olive-green ;  streak  siskin-green.  B.B.  fusible 
easily.  C.c. :  silver  57.5,  bromine  42.5.  San  Onofre  and 
Plateros  (Mexico). 

57.  Iodite,  Agl. 

Hexagonal.  Cl.  basal ;  also  massive,  and  in  crystalline 
plates  some  inches  in  width ;  these  are  flexible.  H.  =  1  to 
1.5;  G.  =  5.5  to  5.7.  Translucent ;  adamantine.  Citron  and 
sulphur-yellow;  streak  yellow.  B.B.  fusible,  colors  the 
flame  purple-red,  and  leaves  button  of  silver.  C.c. :  silver 
46,  iodine  54.  Zacatecas  in  Mexico,  Algodones  in  Chili, 
Arizona,  rarely  in  Spain. 

58.  Coccihite,  Hgl2. 

In  grains  of  an  adamantine  lustre,  from  Casas-Viejas  in 
Mexico.  Color  red  to  yellow;  in  acute  rhombic  prisms. 
Also  from  Zimapan  and  Culebras 

59.  Tocornaclite,  AgI-f-Hg2I. 

Amorphous,  yellow,  soft.  Chanarcillo  in  Chili. 

60.  Cotunnite,  PbCl. 

Bight  prismatic.  H.  =  2 ;  G.  =  5.238.  Transparent ;  high 
adamantine  to  pearly.  White.  C.c. :  lead  74,  chlorine  26. 
Crater  of  Vesuvius. 


61.  Molysite,  Fe2Cl3. 

Incrusting.  Brownish  red  and  yellow.  On  lavas  of  Vesu¬ 
vius.  C.c. :  iron  34.5,  chlorine  65.5. 

62.  Carnallite,  KC1  -f-  2MgCl  -f-  12H20. 

Right  prismatic.  Noel.  Conchoidal  fracture.  H.  =  2  to 
2.5;  G.  =  1.6.  Colorless,  generally  red  from  iron.  C.c. :  34.2 
chloride  of  magnesium,  26.9  chloride  of  potassium,  38.9 
water.  Stassfurt,  Galicia,  Persia. 

63.  Tachhydrite,  CaCl  +  2MgCl -f  12H20. 

Massive.  Yellow,  translucent,  very  deliquescent.  In 
anhydrite.  C.c.:  calcium  7.46,  magnesium  9.51,  chlorine 
40.34,  water  42.69.  Stassfurt. 

64.  Kremersite,  KC1  +  NH4CI  -f-  Fe2Cl3  -f-  3H20. 

Cubic ;  in  octahedra.  Ruby-red.  Soluble.  Fumaroles  of 

Vesuvius. 

65.  Erithrosiderite,  2KC1  -)-  Fe2Cl3  -j-  2H20. 

Bight  prismatic.  Vesuvian  lava. 


66.  Matlockite,  PbCl-(-PkO. 

Pyramidal ;  P  136°  17'.  Crystals  tabular.  Cl.  basal ; 
fracture  conchoidal.  H.  =  2.5;  G.  =7.21.  Translucent; 
adamantine.  Yellowish  white.  B.B.  fuses  easily  with  de¬ 
crepitation  ;  colors  flame  blue.  C.c. :  chloride  of  lead  55.5, 
oxide  of  lead  44.5.  Cromford  in  Derbyshire. 

67.  Mendipite,  PbCl  +  2PbO. 

Bight  prismatic;  chiefly  massive.  Cl.  ocP  perfect  102°  36'. 
H.  =  2.5  to  3;  G.  =7  to  7.1.  Fracture  conchoidal.  Trans¬ 
lucent  ;  adamantine  to  pearly.  Yellowish  or  grayish  white. 
B.B.  decrepitates,  fuses  easily.  Sol.  in  n.  acid.  C.c. :  chlo¬ 
ride  of  lead  40,  protoxide  of  lea<d  60.  Mendip  Hills,  and 
Brilon  in  Westphalia. 

68.  Schwartzembergite,  Pbl  -j-  2PbO. 

Rhombohedral ;  in  thin  crusts.  H.  =  2  to  2.5;  G.  =5.7 

to  6.3.  Adamantine.  Honey-yellow.  Desert  of  Atacama 

69.  Atacamite,  CuCl  -(-  3Cu0,H20.  „ 

Right  prismatic;  00P  (M)  112°  25',  Poo  (P)  106°  10',  ooPoo 
( h )  (Fig.  275) ;  also  reniform.  Cl.  h  perfect.  Semitrans 


Fig.  275  (sp.  69). 


parent;  vitreous.  Emerald-green ;  streak  apple-green.  B.B. 
fuses,  leaving  copper.  Easily  soluble  in  acids.  C.c.:  copper 
protoxide  55.85,  copper  14.86,  chlorine  16.61,  water  12.68. 
Atacama,  Chili;  Tarapaca,  Peru;  Bolivia;  Burra-Burra, 
Australia;  Serra  de  Bembe,  Arnbriz,  Africa;  Vesuvius  and 
(?)  Etna. 

70.  Tallingite,  CuCl,  H20  -f-  4CuO,  H20. 

In  crusts.  H.  =  3;  G.  =3.5.  Bright  blue  to  greenish 
blue.  Translucent;  brittle.  Botallack  in  Cornwall. 

71.  Percy'lite,  (PbCl  -f  PbO)  -f-  (CuCl  -f  CuO). 

Cubic  (com.  of  Figs.  26,  30,  33,  36).  H.‘  =  2.  Vitreous. 
Sky-blue.  Sonora  in  Mexico. 

72.  CONNELLITE. 

Hexagonal  (Fig.  276).  b  :  r  143°  10' ;  r:r  132°  50'.  Crys¬ 
tals  acicular.  Vitreous;  translucent.  Vitriol-blue.  A  chlo¬ 
ride  and  sulphide  of  copper.  Wheal  Unity  and  Wheal 
Damsel  (Cornwall). 

OXIDES  OF  METALS. 

1.  Suboxides  and  Protoxides. 

73.  Cuprite,  Cu20. 

Cubic  (Figs.  22,  30,  33,  26,  with  39,  40).  Compact  and 
granular.  Cl.  octahedral ;  brittle.  H.  =  3.5  to  4 ;  G.  =  5.7 
to  6.  Transparent  and  opaque;  adamantine.  When  trans¬ 
parent,  crimson;  when  opaque,  cochineal  or  brick -red. 
Often  tarnished  gray.  B.B.  becomes  black,  fuses,  and  is 
reduced  on  charcoal.  Soluble  in  acids  and  in  ammonia. 
C.c.:  88.9  copper,  11.1  oxygen.  Cornwall,  Siberia,  Banat, 
Chessy  near  Lyons,  Linares  in  Spain,  Urals,  South  Africa, 
Burra-Burra.  Valuable  copper  ore.1  Chalcotrichite  consists 
of  cubes  elongated  so  as  to  become  fibrous.  Tile-ore  is  a 
ferruginous  variety.  Hepatic  copper,  liver  ore,  or  pitchy 
copper  ore  seems  to  be  a  product  of  the  decomposition  of 
chalcopyrite.  Delafossite,  Cu20-|-  Fe203,  from  Bohemia  and 
Siberia. 

74.  Water,  H20. 

Hexagonal,  when  solid,  in  complex  twins  in  snow  crys¬ 
tals;  rhomboliedric  by  cleavage,  in  ice.  II.  =  1.5;  G.  =  .918. 
Hence  1000  of  water  =  1089.5  of  ice,  or  water  expands  -j^th 
in  freezing.  Transparent;  vitreous.  Colorless,  but  in  bulk 
pale  emerald-green.  E  117°  23'.  Cl.  basal.  Water  when 

1  Occurs  at  Somerville  and  Flemington  copper  mines,  N  J  • 
at  Cornwall,  Lebanon  county.  Pa.;  and  in  the  Lake  Superior 
region.  J.  D.  Dana’s  System  0/  Mineralogy,  p.  134  (New  York,  1882) 
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pure  colorless,  in  mass  bluish-green.  Occurs  in  centre  of 
geodes  of  chalcedony  in  China;  of  druses  of  quartz  in  Cali- 
iorma  aud  many  other  countries ;  in  zeolitic  cavities  to  the 
amount  of  several  gallons  in  the  Faroes,  also  in  the  Hebri¬ 
des,  etc.  Water  of  the  ocean,  from  holding  saline  matters 
in  solution,  has  G.  =  1.027  to  1.0285.  Waters  of  saline  lakes 
contain  sometimes  26  per  cent,  of  salts,  and  have  G.  1.212. 
Besides  its  vast  bulk  in  the  ocean,  water  occurs  in  enormous 
amount  in  the  solid  form,  often  as  water  of  crystallization 
in  rocks  and  minerals,  e.g.,  zeolites.  Igneous  rocks  in  some 
districts  are  converted  largely  into  saponite,  which  contains 
per  cent,  of  water.  Water  is  the  standard  for  specific 
gravities  of  solids  and  liquids;  1  cubic  inch  at  60°  F.  and 
30  inches  of  the  barometer  weighs  252.458  grains ;  1  litre 
weighs  1000  grammes. 

75.  Pekiclase,  MgO. 

_ Cubic ;  in  cubes  and  octahedrons.  Cl.  do.  H.  =6;  G. 

—  3.6  to  3.75.  Transparent;  vitreous.  Gray  to  dark  green. 
.b.B.  infusible.  Sol.  in  acids.  C.c.:  magnesia,  with  6  to  8 
of  iron  oxide.  Somma. 

76.  Bunsenite,  NiO. 

Cubic;  in  octahedrons.  H.  =  5.5;  G.  =6.4.  Vitreous. 
Pistachio-green.  J  ohann-Georgenstadt. 

77.  Zincite,  ZnO. 

Hexagonal  and  granular.  Cl.  basal.  H.  =4  to  4  5;  G. 

—  5.4  to  5.5.  Adamantine;  translucent.  Blood-  or  hya¬ 
cinth-red;  streak  orange-yellow.  B.B.  infusible,  but  phos¬ 
phoresces.  C.c.:  zinc  80.26,  oxygen  19.74;  sometimes  with 
manganese  peroxide  Valuable  ore  of  zinc.  Franklin  aud 
Sterling  in  New  Jersey. 

78  Massicot,  PbO. 

Massive;  scaly  crystalline.  H.  =  2;  G.  =  7  8  to  8.  Sul¬ 
phur-  or  lemon-yellow ;  often  contains  iron.  Popocatepetl 
in  Mexico. 

79.  Melaconite,  CuO. 

Cubic;  .comPact-  H.  =  3  to  4;  G.  =  6  to  6.3.  Black. 
B.B.  infusible ;  soluble  in  acids.  Cornwall,  Leadhills,  Lake 
Superior,  Burra-Burra. 

80.  Tenorite,  CuO. 

Oblique  prismatic ;  occurs  in  thin  scales  of  metallic  lustre 
on  lava  of  Vesuvius.  Color  black  and  dark-red. 

2.  Sesquioxides. 

81.  Corundum,  AI2O3. 

Hexagonal;  R  86°  4'.  Twins  common.  Cl.  rhombohe- 
dral,  and  basal.  Excessively  tough,  and  difficultly  frangi¬ 
ble.  H.  =  9;  G.  =  3.9to4.2.  Transparent  or  translucent; 
vitreous,  but  pearly  to  metallic  on  basal  face.  B.B.  un¬ 
changed.  As  Corundum,  white,  gray,  and  greenish,  fre¬ 
quently  with  bronzy  lustre  ou  basal'  face.  C.c. :  alumina, 
with  a  little  peroxide  of  iron.  China,  Ceylon,  Bohemia, 
Malabar,  Macon  in  North  Carolina  (one  crystal  300  lb 
weight).  Emery  is  compact,  crystalline,  granular ;  gray  to 
indigo-blue.  Asia  Minor,  Naxos,  Spain,  Greenland,  America. 
Corundum  is  used  when  crushed  for  cutting  and  polishing 
gems  in  China  and  India,  emery  in  powder  for  grinding. 
Alumina  occurs  also 


in  a  purer  state  in 
transparent  crystals 
of  various  tints  of 
color.  When  red  and 
of  the  color  of  pigeon’s 
blood  they  are  termed 
Rubies ;  these  come 
from  Syriam  in  Pegu, 
Ava,  Ceylon,  Bohe¬ 
mia,  and  near  Ex- 
pailly.  When  5  carats 
in  weight  a  ruby  is 
twice  the  value  of  a 
diamond  of  the  same 
size,  when  10  carats 
three  times  the  value. 
When  blue  the  crys¬ 
tal  is  the  Sapphire, 
found  chiefly  in  Cey¬ 
lon  and  Pegu ;  when 


Fig.  277. 


Fig.  278. 


green  it  is  the  Oriental  Emerald,  when  yellow  the  Oriental 
Topaz,  when  purple  the  Oriental  Amethyst, — the  adjective 
here  distinguishing  them  from  the  true  or  occidental  stones 
of  the  same  name.  Other  tints  of  color  also  occur,  but  with 
the  exception  of  the  red  and  blue  they  are  seldom  pure  or 
deep.  The  prism  when  cut  with  a  hemispherical  dome  some¬ 
times  displays  a  six-rayed  star,  either  of  a  bright  gold  or  a 
silvery  white  color,  upon  a  grayish-blue  ground.  These 
receive  the  name  of  Asteria  Sapphires.  The  same  crystal 
frequently  shows  portions  of  even  three  different  tints. 
When  perfectly  devoid  of  color,  they  are  called  Water 
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l  apjiiues ,  such  are  little  inferior  to  the  diamond  in  bril¬ 
liancy,  but  do  not  disperse  rays  of  light  to  the  same  extent. 

82.  Haematite,  Fe203. 

^7"ffnal  T1  rhomt>ohedral ;  R  86°.  Crystals  rhombo- 

«,PH1v,mati1CVan<l  tabular-  Twins  with  axes  parallel. 
Cl.  R  and  basalj  fracture  conchoidal ;  brittle.  H.  =  5.5  to 

, ,  ,  51,to  5j:3\„?Pa(lue>  but  in  thin  lamime  transparent 

.  1  ?rl.  jlal,lt  m?tallic  lustre,  iron-black  to  steel- 
gray,  often  brilliantly  tarnished  of  red,  yellow,  green,  and 

blue  tints;  streak  cherry- red. 
B.B.  in  the  inner  flame  be¬ 
comes  black  and  magnetic. 
Sol.  in  acids.  C.c.:  iron  70, 
oxygen  30.  The  following  are 
varieties  or  subdivisions: 

Elba  Iron  Ore,  highly  modi¬ 
fied  rhombohedral  crystals, 
often  brilliantly  tarnished. 
Specular  Iron  Ore,  in  thin  flat 
crystals,  often  from  volcanoes, 
as  on  the  island  of  Ascension ; 
this  variety  includes  Micace¬ 
ous  Iron,  thin,  lamellar,  and 
curved,  and  Red  Iron  Froth, 
scaly.  Red  Hxmatite,  in  bo- 
tryoidal  and  stalactitic  forms, 
which  are  internally  com- 
posed  of  radiating  fibres,  and 
often  have  a  concentric  structure ;  the  external  surface  has 
a  dark  red  to  a  brownish  red  hue.  Compact  and  Ochrey 
varieties,  with  more  or  less  aluminous  impurity,  pass  into 
Reddle  or  red  chalk,  and  when  still  more  earthy  into  jaspery 
and  columnar  ores.  This  ore  is  very  commonly  distributed : 
micaceous  iron  at  Pitfichie  in  Aberdeen  and  Birnam  in 
Perthshire;  red  haematite  at  Leadhills  and  at  Ulverston  in 
Lancashire;  specular  iron  at  Tavistock  in  Devonshire  and 
in  Cumberland.  Martite  seems  to  be  the  same  substance  in 
pseudomorphs  after  magnetite;  it  occurs  in  octahedra  in 
Bute,  Framont  (Vosges),  New  York,  and  Brazil.1 

83.  Ilmenite  (Fe,Ti)203. 

Rhombohedral;  R  86°.  Crystals  rhombohedral  and 
tabular,  also  in  twins.  Cl.  basal ;  fracture  conchoidal. 

=  5  to  6;  G.  =4.66  to  5.  Opaque,  semimetallic,  iron- 

black  to  dark  brown ;  streak 
black  or  reddish  brown, 
Sometimes  slightly  mag¬ 
netic.  B.B.  infusible,  but 
with  microcosmic  salt  forms 
a  red  glass.  Slowly  sol.  in 
s.  acid  when  powdered.  C.c.: 
peroxide  of  iron,  with  from 
8  to  53  per  cent,  oxide  of 
titanium.  Occurs  in  meta- 
morphic  rocks.  Common 


Fig.  280. 


Fig.  281. 

in  chloritic  gneiss  in  Scotland;  Menaccan  (Cornwall),  Il¬ 
men  Mountains,  Salzburg,  Egersund  (Norway),  Arendal, 
Dauphine  ( Crichtonite),  Massachusetts  ( Washingtonite). 

84.  Iserine. 

Cubic;  in  octahedra.  Strongly  magnetic;  in  other  re¬ 
spects  similar  to  ilmenite,  but  occurs  in  igneous  rocks. 
Common  as  black  iron-sand  in  Scotland ;  Iserweise  in  Bo¬ 
hemia,  Auvergne,  Canada,  New  Zealand. 

3.  Compounds  of  Sesquioxides  with  Protoxides 
(Spinels). 

85.  Magnetite,  FeO,  Fe203. 

Cubic  (Figs.  35,  30,  33,  29,  34,  37,  with  40,  41,  36).  Hemi- 
tropes  common  on  octahedral  face  (Fig.  169).  Twins  (Fig. 
261).  Faces  of  ocO  striated  in  long  diagonal.  Often  com¬ 
pact  and  granular.  Cl.  octahedral ;  fracture  conchoidal  or 
uneven;  brittle.  H.  =  5.5to6‘5;  G  =  4.9  to  5.2.  Opaque; 
lustre  metallic.  Iron-black  to  brown ;  streak  black.  Highly 
magnetic;  often  polar,  forming  natural  magnets.  B.B. 
becomes  brown  and  non-magnetic,  fusing  with  difficulty. 
Powder  sol.  in  h.  acid.  C.c. :  31  protoxide  and  69  peroxide 
of  iron;  or  72.4  iron,  27.6  oxygen;  sometimes  with  titanic 
acid.  In  crystals  in  Shetland  and  Sutherland ;  also  Corn¬ 
wall  and  Antrim,  Traversella  (Piedmont),  Tyrol,  Styria. 
Massive  at  Dannemora  and  Taberg  (Sweden),  Norway, 
Urals,  Harz,  Saxony,  Elba.  This  is  the  most  important  ore 
in  Norway,  Sweden  and  Russia,  and  affords  the  finest  iron.2 

1  Of  these  specular  ores  Dana  says  ( System  of  Mineralogy,  p. 
247):  “In  North.  America  widely  distributed,  and  sometimes  m 
beds  of  vast  thickness  in  rocks  of  the  Archaean  age,  as  in  the 
Marquette  region  in  Northern  Michigan  ;  and  in  Missouri  at  the 
Pilot  Knob  and  the  Iron  Mountain ;  in  Arizona  and  New  Mexico. 
Some  of  the  localities  interesting  for  their  specimens  are  in  North¬ 
ern  New  York,  etc. ;  Woodstock  and  Aroostook,  Me. :  at  Hawlev. 
Mass. ;  at  Piermont,  N.  H.” — Am.  Ed. 

2  For  vast  American  deposits,  especially  in  U.  S.  of  A.,  see  Dana’s 
System  of  Mineralogy  (New  York,  1882),  p.  151,— Am.  Ed. 
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86.  Magnesio-Ferrite,  MgO,  Fe203. 

Cubic  (Fig.  30).  H.  =6  to  6.5 ;  G.  =  4.57  to  4.66.  Other 
characters  same  as  magnetite.  C.c. :  magnesia  20 ;  peroxide 
of  iron  87.  Fumaroles  of  Vesuvius. 

87.  Jacobsite  (MnO,  MgO),  (Fe203,  Mn203). 

Cubic;  O.  Black;  vitreous;  streak  red.  Nordmark  in 
Sweden. 

88.  Franklinite,  (FeO,  ZnO,  MnO),  (Fe203,  Mn203). 

Cubic  (Figs.  34,  64);  also  granular.  Cl.  octahedral;  frac¬ 
ture  conchoidal;  brittle.  H. =5.5  to  6.5;  G.  =5.07.  Metallic 
lustre.  Iron-black ;  streak  reddish  brown.  Opaque ;  slightly 
magnetic.  B.B.  infusible,  but  shines  and  throws  out  sparks. 
On  charcoal  with  soda  a  deposit  of  oxide  of  zinc.  Sol.  in  h. 
acid  with  evolution  of  chlorine.  C.c. :  about  67  iron  oxide, 
17  manganese  peroxide,  16  zinc  oxide  Franklin  and  Ster¬ 
ling  (New  Jersey). 

89.  Chromite,  FeO,  Cr203. 

Cubic ;  in  octahedra,  generally  granular-massive.  H.  = 
5.5 ;  G.  =  4.4  to  4.5.  Opaque ;  semimetallic  to  resinous.  Iron- 
black  to  dark  brown ;  streak  reddish  brown.  Fracture 
uneven ;  sometimes  magnetic.  B.B.  unchanged ;  in  red. 
flame  becomes  magnetic ;  with  borax  forms  an  emerald- 
green  bead.  Not  soluble  in  acids.  C.c.:  19  to  37  protoxide 
of  iron,  0  to  15  magnesia,  36  to  64  peroxide  of  chromium,  9 
to  21  alumina.  Unst  (Shetland),  Towanrieff  (Aberdeen¬ 
shire),  Silesia,  Bohemia,  Styria,  Urals,  Turkey,  Baltimore, 
Massachusetts  and  Hoboken.  The  ore  of  chromium  ;  used 
for  dyes.  Irite  is  chromite  mixed  with  iridosmium. 

90.  Uraninite  {Pitch  Blende),  UO,  U203. 

Cubic  (Fig.  30) ;  usually  massive  and  botryoidal  H.  =5 
to  6;  G.  =6.5  to  8.  Lustre  pitch-like  to  submetallic.  Color 
velvet-black,  brownish  black,  and  gray.  B.B.  infusible. 
Not  sol.  in  h.  acid,  but  easily  in  hot  n.  acid.  C.c. :  oxides 
of  uranium  80,  with  a  mixture  of  other  oxides.  Johanu- 
Georgenstadt,  Annaberg,  Przibram,  Eedruth  in  Cornwall. 
The  chief  ore  of  uranium. 

91.  Gahnite,  ZnO,  A1203. 

Cubic  (Figs.  166,  30,  33,  and  with  39,  40).  Hemitropes 
like  magnetite.  Cl.  O ;  brittle,  with  conchoidal  fracture. 
H.  =7.5  to  8 ;  G.=4  3  to  4.9.  Opaque ;  vitreous  to  resinous. 
Dark  leek-green  to  blue;  streak  gray.  B.B.  unchanged. 
Unaffected  by  acids  or  alkalies.  C.c:  44  oxide  of  zinc,  56 
alumina.  Falun,  Broddbo,  Haddam  in  Connecticut,  and 
Franklin  in  New  Jersey.  Dysluite  contains  42  per  cent, 
sesquioxide  of  iron ;  and  Kreittonite  contains  24  oxide  of 
manganese. 

92.  Hercynite,  FeO,  A1203. 

Cubic;  generally  granular  massive.  H.  =7.5  to  8;  G.= 
3.9  to  3.95.  B.B.  infusible.  C.c. :  oxide  of  iron  41.1,  alumina 
58.9.  Eonsberg  in  the  Bohmerwald. 

93.  Spinel,  MgO,  A1203. 

Cubic  (Figs.  30,  33,  40  with  26) ;  hemitropes  united  by 
face  of  O.  Cl.  octahedral;  fracture  conchoidal.  H.=8; 
G.  =  3.4  to  4.1.  Transparent  to  opaque ;  vitreous.  Black, 
red,  blue,  green;  streak  white.  B.B.  infusible  and  un¬ 
changed.  C.c. :  28  magnesia,  72  alumina ;  some  with  a  little 
iron,  and  the  red  varieties  some  chromium.  Varieties  are 
Spinel  Ruby  when  scarlet,  Balas  Ruby  when  rose-red ;  both 
often  sold  as  the  true  ruby,  but  not  nearly  so  valuable ; 
when  of  4  carats  valued  at  half  the  price  of  a  diamond  the 


same  size.  These  come  from  Pegu  (native  name  Balachan). 
The  violet-colored  is  the  Alabanda  ruby  from  Alabandin 
in  Caria  (Asia  Minor).  The  orange  red  is  the  Rubicella. 
The  above  also  occur  at  Ceylon,  Ava,  and  Siam.  Sapphirine 
is  pale  sapphire  blue  to  greenish  or  reddish  blue;  from 
Aker  in  Sweden,  Greenland,  and  North  America.  Pleonaste, 
dark  green  or  blue  to  black ;  from  Candy  in  Ceylon.  Chloro- 
spinel  grass-green  with  a  yellowish  white  streak ;  from 
Zlatoust.  Water-spinel  colorless;  from  Ceylon.  Picotite  is 
a  dark  blue  chromiferous  variety  from  serpentine. 


94.  Chrysoberyl,  GIO,  A1203. 

Eight  prismatic  (Fig.  284).  Twins  common,  united  by  a 
face  of  Poo  (Fig.  285,  also  156).  Cl.  bra- 
chydiagonal  imperfect,  macrodiagonal 
more  so  ;  fracture  conchoidal.  H.  =  8.5 ; 
G.  =  3.68  to  3  8.  Transparent  or  translu¬ 
cent;  vitreous.  Greenish  white,  leek- 
green,  and  dark  emerald-green.  B.B.  in¬ 
fusible.  Not  affected  by  acids.  C.c. :  glu- 
cina20,  alumina 80.  Brazil,  Ceylon,  India, 
the  U rals, Haddam  in  Connecticut.  A  very 
valuable  gem.  It  sometimes  possesses  an 
opalescent  band,  which  when  the  stone 
is  cut  en  cabochon  appears  as  a  streak 
of  floating  light;  whence  it  derives 
its  name  of  Cymophane.  It  is  then  also 
called  the  chatoyant  or  Oriental  chrys¬ 
olite,  and  when  fine  is  of  extreme  value. 
The  emerald-green  variety,  or  Alexandrite, 
is  columbine-red  by  transmitted  light. 

4.  Deutoxides. 

95.  Eutile,  Ti02. 

Pyramidal;  prisms  dominant  P84°40'; 
Poo  65°  35'  (Figs.  286,  287).  Hemitropes 
common,  with  axes  of  halves  114°  26' 
Cl.  00  P  and  ooPoo,  perfect.  H.  =  6  to 

6.5;  G.  =  4.2  to  4.3.  Transparent  to 
Fig.  285.  opaque ;  adamantine  lustre.  Brown- 

red,  red,  pale  yellow,  and  black ;  streak  yellowish  brown. 
B.B.  unchanged ;  with  borax  in  the  ox.  flame  forms  a 


greenish,  in  the  red.  flame  a  violet  glass.  Not  affected  by 
acids.  C.c. :  titanic  acid,  with  some  peroxide  of  iron.  Craig- 
cailleach  and  Ben-y-Gloe  (Perthshire),  The  Cobbler  and 
Ben-Bheula  (Argyllshire),  Alps,  Limoges,  Norway,  Brazil. 
Large  crystals  at  Titanium  Mount  (Lincoln  county,  Geor¬ 
gia).  Used  in  porcelain  painting,  and  for  tinting  artificial 
teeth.  When  attenuated  crystals  are  imbedded  in  rock- 
crystal  they  are  called  Venus’s  hair. 


96.  Anatase,  Ti02. 

Pyramidal;  pyramids  dominant.  P  136°  36'  (Fig.  288). 

Cl.  basal,  and  P,  both  perfect; 
brittle.  H.  =  5.5  to  6  ;  G.  =  3.8 
to  3.93.  Transparent  to  opaque; 
lustre  adamantine  to  metallic.  In¬ 
digo-blue,  yellow,  brown,  rarely 
colorless ;  streak  white.  B.B.  in¬ 
fusible.  Sol.  in  hot  s.  acid.  C.c. : 
titanic  acid,  with  a  little  iron  and 
rarely  tin.  Cornwall  and  Devon¬ 
shire,  the  Alps,  Dauphine,  Valais, 
the  Urals,  Minas  Geraes  (Brazil). 

97.  Brookite,  Ti02. 

Eight  prismatic ;  with  polar 
edges  135°  37'  and  101°  3'  (Fig. 
289).  Cl.  macrodiagonal.  H.  =  5.5 
to  6 ;  G.  =  3.86  to  4.2.  Trans¬ 
parent  to  opaque;  lustre  metallic  adamantine.  Yellowish, 

reddish,  and  hair-brown  ;  streak 
yellowish  white  to  white. 

B. B.  infusible;  with  microcosmic 
salt,  a  brownish  yellow  glass. 

C. c. :  titanic  acid,  with  1  to  4.5 
per  cent,  peroxide  of  iron.  Snow¬ 
don  and  Tremadoc  (Wales),  Cha- 
mouni,  Bourg  d’Oisans,  Miask. 
Arlcansite  is  iron-black,  and  sub- 
metallic,  in  thick  crystals  from 
Arkansas,  U.S. 

98.  Cassiterite,  Sn02. 
Pyramidal.  P87°7';  Poo  67° 
50'  (Figs.  290  to  292).  Crystals 
oo  P,  P;  or  00P  ( g ),  P  (s),  a  Poo 


Fig,  289  (sp.  97). 
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oli  °.1\with.Pao  ( p )»  (Fig-  290);  and  also  ooP2  (r),  and 
(s),  (Fig.  291).  Hemitropes  very  common,  com¬ 
bined  by  a  face  of  Poo  with  the  chief  axes  112°  10' 
(Figs.  293,  171,  172,  173);  also  fibrous  ( Wood  Tin),  or 
in  rounded  fragments  and  grains  ( Stream  Tin).  Cl.  prismatic 
along  ooP,  and  ccPao,  imperfect;  brittle.  H.  =  6  to  7; 


Fig.  291. 

G.  =  6.8  to  7.  Translucent  or  opaque ;  adamantine  or  re¬ 
sinous.  White,  but  usually  gray,  yellow,  red,  brown,  and 
black;  streak  white,  light  gray,  or  brown.  B.B.  in  the 
forceps  infusible ;  on  charcoal,  in  the  inner  flame,  re- 


Fig.  292. 


Fig.  293. 


duced  to  tin.  Not  affected  by  acids.  C.c. :  78.6  tin  and 
21.4  oxygen,  but  often  mixed  with  peroxide  of  iron,  or 
manganese,  or  tantalic  acid.  Cornwall,  Bohemia,  Saxony, 
also  Silesia,  Haute-Vienne  in  France,  Greenland,  Russia, 
North  and  South  America,  Malacca,  Banca,  and  Queensland. 
Almost  the  only  ore  of  tin. 

99.  Hausmannite,  2MnO,  Mn02. 

Pyramidal.  P  116°  59' ;  Poc  98°  32'  (Fig.  110).  Twins 
common,  and  rosettes  of  twins  (Figs.  174,  175).  Cl.  basal, 
perfect,  less  so  P  and  Poo;  fracture  uneven.  H.  =  5.5; 
G.  =  4.7  to  4.8.  Opaque ;  metallic  lustre.  Iron-black ; 
streak  brown.  B.B.  infusible,  but  becomes  brown.  Sol.  in 
h.  acid,  with  evolution  of  chlorine.  Powder  colors  s.  acid 
red.  C.c.:  31  protoxide  and  69  peroxide  of  manganese. 
Ihlefeld  and  Ilmenau  in  the  Harz,  and  Sweden. 

100.  Braunite,  MnO,  Mn02. 

Tetragonal.  P  108°  39'.  Cl.  P ;  brittle.  H.  =  6  to  6.5 ; 

G.  =  4.7  to  4.9.  Metallic  lustre.  Color  and  streak  dark 
brownish  black.  C.c.:  70  manganese  and  30 oxygen, gener¬ 
ally  with  about  8  per  cent,  of  silica.  Ihlefeld  and  St.  Marcel. 
Marceline  has  violet  tarnish. 

101.  Pyrolusite,  Mn02. 

Right  prismatic ;  cdP  93°  40' ;  generally  radiating  fibrous, 
or  compact  earthy.  Cl.  ooP ;  friable. 

H.  =  2  to  2.5 ;  G.  =  4.7  to  5.  Opaque ; 
lustre  silky  to  semi  -  metallic. 

Dark  steel-gray  to  black ;  streak 
black.  Soils.  B.B.  infusible,  loses 
oxygen  and  becomes  brown.  Sol.  in 
h.  acid,  with  evolution  of  chlorine. 

C.c. :  manganese  63,  oxygen  37.  Arn- 
dilly  (Banffshire),  Cornwall  and  De¬ 
von,  Ilmenau,  Ihlefeld,  France,  Hun¬ 
gary,  Brazil.  Used  for  removing  the 
green  iron  tint  from  glass  ;  hence  its 
name  and  that  of  Savon  de  verrier. 

Also  for  obtaining  oxygen  and  chlo¬ 
rine.  Varvicite  is  a  variety  with  5  per 
cent,  of  water,  from  Warwickshire. 

102.  Crednerite,  3CuO,  2(Mn0.Mn02). 

Oblique.  H.  =  4.5 ;  G.  =  5.  Metallic. 

brown.  Thuringia. 

103.  Plattnerite,  Pb02. 

Hexagonal.  ooP120°.  Cl.  indistinct ;  brittle.  G.  =  9.4. 
Opaque;  metallic.  Iron-black;  streak  brown.  C.c.:  lead 
86.2,  oxygen  13.8.  Leadhills. 


Fig.  294. 


Black;  streak 


Fig.  295  (sp.  107). 


104.  Minium,  2PbO,  PbO^ 

Pulverulent.  H.  =  2  to  3;  G.  =  4.6.  Dull.  Color  bright 
red ;  streak  orange-yellow.  B.B.  fuses  easily  and  reduced, 
w  'i1  acid-  c-c-:  lead  90.7,  oxygen  9.3.  Leadhills, 
Weardale  in  Yorkshire,  Anglesea,  Baden weiler,  Siberia. 

5.  Hydrous  Oxides. 

105.  Sassoline,  B2O3.  H20. 

Anorthic.  OP :  ooPao  75°  30'.  Scaly  six-sided  plates. 
Cl.  basal.  Flexible  and  sectile.  H.  =  1 ;  G.  =  1.4  to  1.5. 
Translucent;  pearly;  white;  taste  bitter;  greasy.  Sol.  in 
hot  water.  C.c.:  boracic  acid  56.45,  water  43.55.  Hot 
springs  of  Sasso,  near  Siena,  Tuscany ;  and  with  sulphur  in 
the  crater  of  volcano,  Lipari  Islands. 

106.  Turgite,  2Fe203  +  H20. 

Massive  and  fibrous,  also  earthy.  H.  =  5  to  6 ;  G.  =  3.54 
to  4.68.  Lustre  satin-like,  also  dull.  Color  reddish  black 
to  bright  red.  Botryoidal  surfaces  lus¬ 
trous  like  limonite.  Opaque.  C.c.: 
iron  sesquioxide  94.7,  water  5.3.  B.B. 
decrepitates  violently  and  yields  water. 
Kerrera  (Hebrides),  Bogoslovsk  (Ur¬ 
als),  and  many  limonite  localities.  Fre¬ 
quently  taken  for  limonite. 

107.  Diaspore,  ALO3,  H20. 

Right  prismatic ;  ooP  129°  47' ;  usu¬ 
ally  thin  foliated.  Cl.  brachydiagonal, 
perfect ;  brittle.  H.=6 ;  G.=3.3  to  3.4. 
Vitreous;  pearly  on  cleavage-planes. 
Colorless  to  yellowish,  greenish,  or 
violet.  B.B.  infusible,  decrepitates. 
Insoluble.  C.c. :  alumina  85,  water  15.  Schemnitz,  Broddbo, 
Switzerland,  Naxos,  and  Chester,  Massachusetts.  Fig.  295. 

108.  Gothite,  Fe203,  H20. 

Right  prismatic;  ocP94° 
53' ;  also  columnar,  fibrous, 
or  scaly.  Cl.  brachydi¬ 
agonal,  perfect ;  brittle. 
H.  =  5  to  5.5;  G.  =  3.8 
to  4.4.  Opaque;  or  fine 
crystals  transparent,  and 
hyacinth-red;  lustre  ada¬ 
mantine  or  silky.  Color 
yellow,  red,  or  dark  brown ; 
streak  brownish  yellow. 
B.B.  becomes  magnetic, 
difficultly  fusible.  Sol.  in 
h.  acid.  C.c. :  peroxide  of 
iron  90,  water  10.  Hoy 
(Orkney),  Achavarasdale 
(Caithness),  Salisbury  Crags  (Edinburgh),  Lostwithiel, 
Clifton,  Bristol,  Przibram,  Siegen,  SaxoDy,  Urals,  North 
America. 

109.  Manganite,  Mn203 ,  H20. 

Right  prismatic,  sometimes  hemihedric;  oo  P  (If)  99.40. 

Crystals  prismatic  (Figs.  298  to  300) ; 

*  vertically  striated ;  also  columnar  or 
fibrous.  Hemitropes  common.  Cl. 

brachydiagonal,  perfect ;  brittle, 
H.  =  3.5  to  4 ;  G.  =  4.3  to  4.4.  Opaque ; 
metallic  lustre.  Steel-gray  to  iron- 
black;  streak  brown.  B.B.  infusible. 
Sol.  in  warm  h.  acid.  C.c. :  peroxide 
of  manganese  89.9,  water  10.1.  Grand- 
holm  (Aberdeenshire),  Cork,  Upton 
Pyne  (Exeter),  Churchhill  (Somerset), 
Warwickshire,  Ihlefeld,  Thuringia, 
Norway,  Sweden,  Nova  Scotia. 

Fig.  298. 


Fig.  296. 


Fig.  297. 


dr? 


Fig.  299  (sp.  109). 

110.  Limonite,  2Fei!03 -f  3H20. 
Fibrous,  botryoidal,  and  stalactitic, 
sometimes  earthy.  H.  =  4.5  to  5.5; 


Fig.  300  (sp. 
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G.  =  3.4  to  3.95.  Opaque ;  lustre  silky,  glimmering,  or  dull. 
Brown  yellowish  and  blackish  brown,  often  black  on  sur¬ 
face  ;  streak  ochre-yellow.  In  closed  tube  yields  water  and 
becomes  red.  B.B.  in  inner  flame  becomes  magnetic,  fusing 
to  a  glass.  C.c. :  peroxide  of  iron  85.6,  water  14.4.  Sand- 
lodge  (Shetland),  Hoy  (Orkney),  Clifton,  Bristol,  Cornwall, 
Harz,  Thuringia,  Nassau,  Styria,  Carinthia,  Siberia,  United 
States. 

111.  Xanthosiderite,  FeaOs,  2H2O. 

Fibrous,  stellate,  also  as  an  ochre.  H.  =2.5.  Silky  or 
greasy,  pitch-like  or  earthy.  In  needles,  golden-yellow  or 
brown-red ;  as  an  ochre,  yellow,  red,  or  brown ;  streak  ochre- 
yellow.  B.B.  like  limonite.  C.c. :  peroxide  of  iron  81.6, 
water  18.4.  Hoy  (Orkney),  Achavarasdale,  Kilbride,  Wick¬ 
low,  Ilmenau,  Goslar,  and  Elbingerode  in  the  Harz. 

112.  Beauxite  (3AI2O3,  Fe203),  2H2O. 

Oolitic,  concretionary,  disseminated;  also  earthy  and 
clay-like.  G.  =2.55.  White,  gray,  ochre-yellow,  brown, 
and  red.  C.c. :  alumina  50.4,  peroxide  of  iron  26.1,  water 
23.5.  From  Beaux  (or  Baux)  near  Arles,  and  elsewhere  in 
France.  In  grains  in  compact  limestone.  Pure  varieties 
used  for  manufacture  of  aluminium. 

113.  Eliasite,  U2O3  +  2H2O. 

Amorphous  masses;  resin-like.  H.  =3.5  to  4.5;  G.  =  4 
to  5.  Reddish  brown  to  black ;  streak  wax-yellow  to  olive- 
green.  C.c.:  68.5  percent,  sesquioxide  of  uranium.  10  of 
water,  with  impurities.  Elias  mine  (near  Joachimsthal). 

114.  Brucite,  Mg0,H20. 

Rhombohedral ;  R  82°  22' ;  also  foliated  and  botryoidal 
columnar.  Cl.  basal,  perfect;  sectile;  laminae  flexible. 
II.  =2;  G.  =2.3  to  2.4.  Translucent,  pearly.  Colorless. 
B.B.  infusible.  Easily  soluble  in  acids.  C.c. :  69  magnesia, 
31  water.  Nemalite  is  a  fibrous  variety  with  silky  lustre. 
Swinaness  and  Quin  Gio  in  Unst,  Beresovsk  in  the  Urals, 
Hoboken,  New  Jersey,  Texas,  Pennsylvania. 

115.  Pyrochroite,  MnO,  H2O. 

Foliated.  H.  =  2.5.  Pearly,  white,  but  changing  through 
bronze  to  black.  Flesh-red  by  transmitted  light.  In  ma¬ 
trass  becomes  verdigris-green,  finally  black,  yielding  water. 
Sol.  in  h.  acid.  C.c. :  protoxide  of  manganese  79.8,  water  20.2. 
In  veins  in  magnetite  at  Paisberg  in  Sweden. 

116.  Gibbsite  {Hy  dr  argillite),  AI2O3 , 3H2O. 

Hexagonal.  C.c. :  65.5  alumina,  34.5  water.  The  crystals 

are  from  Zlatoust  in  the  Urals ;  stalactites  from  Richmond 
in  Massachusetts  and  Villa  Rica  in  Brazil. 

117.  Limnite,  Fe203 , 3H2O. 

Massive  in  stalactites,  also  as  a  yellow  ochre.  Like  limo¬ 
nite,  but  pitchy  lustre.  C.c. :  peroxide  of  iron  74.8,  water 
25.2.  Leadhills,  Botallack  (Cornwall),  Novgorod  (Russia). 

118.  Hydrotalcite,  AI2O3,  3H20  +  6Mg0,  H20-f6H20. 
Hexagonal.  Cl.  basal,  foliated,  and  somewhat  fibrous. 

H.  =  2;  G.  =  2.04.  White,  pearly.  Greasy  to  the  touch. 
Translucent.  C.c.:  alumina  16.8,  magnesia  39.2,  water  44. 
Zlatoust,  Urals:  Snarum,  Norway;  New  York. 

119.  Pyroaurite,  Fe20s,  3H20  +  6Mg0,  H2O4-6H2O. 
Hexagonal ;  tables  and  scaly  coatings.  Lustre  pearly  to 

sub-metallic.  Color  white  to  gold-yellow.  Translucent. 
B.B.  infusible,  yields  water.  Sol.  in  h.  acid.  C.c.:  peroxide 
of  iron  23.9,  magnesia  35.8,  water  40.3.  Haaf  Grunay  in 
Shetland,  L&ngban  in  Wermland. 

120.  Gummite,  U203 ,  3H2O. 

In  rounded  lumps,  resembling  gum.  H.  =  2.5  to 
G.  =  3.9  to  4.2.  Lustre  greasy.  Reddish  yellow  to  yel¬ 
lowish  brown.  C.c. :  72  per  cent,  sesquioxide  of  uranium, 
water  14.75,  with  impurities.  Johann-Georgenstadt. 

121.  Psilomelane,  (BaO,  MnO)  MnC>2-f-3H20, 
Mn02+3H20. 

Massive  and  botryoidal ;  fracture  conchoidal.  H. 

=  5.5  to  6;  G.=4.1  to  4.3.  Bluish  black.  B.B.  infu¬ 
sible.  About  80  per  cent,  of  oxide  of  manganese, 
with  baryta,  potash,  and  water.  Hoy  (Orkney),  Lead- 
hills,  Cornwall,  Devon,  Schneeberg,  Ilmenau,  Vermont 
in  France.  Wad  is  similar,  but  sometimes  soft  and 
light.  Leadhills,  Cornwall,  Harz,  France. 

122.  Chalcophanite,  Mn0Zn0-j-2Mn02-|-2H20. 
Hexagonal.  R:  R  114°  30'.  Cl.  basal.  H.  =  2.5;  G.  = 

3.91.  Metallic  lustre.  Blue-black;  streak  brown,  dull. 
Opaque ;  flexible.  C.c. :  manganese  binoxide  59.94,  protoxide 
6.6,  zinc  oxide  21.7,  water  11.6.  Sterling  Hill  (New  Jersey). 

OXIDES  OF  NON-METALS. 

I.  Oxides  of  Arsenic-Antimony  Family  (Teroxides). 

123.  Arsenolite,  ASO3. 

Cubic;  in  octahedra;  also  botryoidal,  stalactitic.  H.= 

1.5 ;  G.  =  3.7.  Lustre  vitreous.  White ;  streak  pale  yellow. 
Translucent.  Sublimes  in  closed  tube,  condensing  in  bril¬ 


liant  octahedra.  C.c.:  arsenic  75.76,  oxygen  24.24.  Corn¬ 
wall,  Andreasberg,  Joachimsthal,  Kapnik  (Hungary), 
Nevada,  California. 

124.  Senarmontite,  Sb03. 

Cubic ;  in  octahedrons.  Cl.  octahedral,  also  massive  gran¬ 
ular.  H.=2  to  2.5;  G.=5.22  to  5.3.  Transparent;  ada¬ 
mantine.  White  or  gray.  B.B.  in  inner  flame  fuses  and 
colors  the  flame  greenish  blue.  Sol.  in  h.  acid.  C.c.:  anti¬ 
mony  83.56,  oxygen  16.44.  Endellion  in  Cornwall,  Con¬ 
stantine  in  Algeria,  Malaczka  in  Hungary. 

125.  Valentineite,  Sb03. 

Right  prismatic ;  00P 137°.  Cl.  ooP,  perfect.  H.  =  2.5to3; 
G.  =  5.5  to  5.6.  Translucent ;  adamantine  to  pearly.  Yel¬ 
lowish  white,  brown-gray  ;  streak  white.  Other  properties 
and  composition  like  senarmontite.  Glendinning  (Dum¬ 
friesshire),  Przibram,  Briiunsdorf  (Saxony),  Harz,  Hungary, 
Allemont  (Dauphine),  Siberia. 

126.  Bismite,  Bi03. 

Massive,  earthy.  G.  =  4.36.  Gray,  yellow,  green.  C.c.: 
bismuth  89.65,  oxygen  10.35.  St.  Agnes  (Cornwall ),  Schnee¬ 
berg,  Siberia. 

127.  Molybdite,  M0O3. 

Right  prismatic ;  00  P  136°  48'.  In  capillary  crystals, 
also  powdery.  H.  =  1  to  2 ;  G.  =4.5.  Straw-yellow  to  yel¬ 
lowish  white.  C.c. :  molybdenum  65.71,  oxygen  34.29.  With 
molybdenite  at  many  of  its  localities. 

128.  Tungstite,  WO3. 

Earthy.  Soft  yellow  or  yellowish  green.  Sol.  in  alkalies. 
C.c. :  tungsten  79.3,  oxygen  20.7.  Cumberland  and  Cornwall, 
Monroe  in  Connecticut. 

129.  Cervantite,  SbC>3  -f-  SbOs. 

Right  prismatic.  Acicular,  generally  earthy.  H.  =  4  to  5; 
G.  =  4.1.  Isabel-yellow,  reddish  white.  B.B.  on  charcoal 
reduced;  unaltered  per  se.  Sol.  in  h.  acid.  Harehill,  Ayr¬ 
shire,  Endellion,  etc.,  Cornwall,  Cervantes,  Spain,  Felso- 
bauya,  Hungary ;  Mexico;  Canada;  California. 

130.  Stibiconite,  SbO* ,  H2O. 

Massive,  powdery.  H.  =  4  to  5.5 ;  G.  =  5.28.  Pale  yellow. 
In  closed  tube  yields  water.  C.c. :  antimony  74.9,  oxygen 
19.6,  water  5.5.  Goldkronach  (Bavaria). 

131.  V OLGERITE,  SbOs  ,  5HiO. 

Massive  and  powdery.  White.  In  tube  yields  water, 
below  redness.  C.c. :  antimony  58.9,  oxygen  19.3,  water 
21.8.  Constantine  in  Algeria. 

132.  Zundererz  ( Tinder  Ore). 

In  soft,  flexible,  tinder-like  masses.  Color  dark  cherry- 
red  to  blackish  red;  lustre  glimmering.  Two  varieties: 
one,  from  Klausthal,  contains  antimony  oxide  33,  iron  oxide 
40,  lead  16,  sulphur  4;  the  other,  from  Andreasberg  and 
Klausthal,  seems  to  be  a  mixture  of  jamesonite  (82.04  per 
cent.),  mispickel  (13.46),  and  pyrargyrite  (4.34). 

133.  Tellurite. 

Yellowish  or  whitish.  Radiated,  spherical  masses.  Gives 
the  reactions  of  tellurous  acid.  Facsebaya  and  Zalathna, 
Colorado. 

134.  Tantalic  Ochre. 

Powdery ;  brown ;  vitreous.  Pennikoja  in  Finland. 

2.  Oxides  of  Carbon-Silicon  Family  (Binoxides). 

135.  Quartz,  Si02. 

Hexagonal;  the  purest  varieties  tetartohedral.  The  pri¬ 
mary  pyramid  P  has  the  middle  edge  =103°  34',  and  the 


polar  edges  =133°  44',  and  is  often  perfect.  Very  fre¬ 
quently  it  appears  as  a  rhombohedron  R  (or  IP),  with 

polar  edges  =  94° 
15'.  Crystals  often 
of  00  P,  P  or  od  P,  P, 
4P,  the  forms  ocP 
and  4P  being  com¬ 
bined  in  an  oscilla¬ 
tory  manner,  pro¬ 
ducing  stride  on  the 
face  of  the  prism 
(Figs.  303,  304,305); 
also  00P,  P,  i(2P2), 
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the  last  face  appearing  as  a  rhomb  replacing  the  alter¬ 
nate  angles  between  the  two  other  forms  (Figs.  307,  308). 
They  are  prismatic,  or  pyramidal,  or  rhombohedral,  when  P 
is  divided  into  R  and  — R ;  the  latter  very  often  wanting. 
Many  faces  plagihedral,  as  in  Figs.  302,  306,  309. 

Twins  common,  with  parallel  axes,  and 
either  merely  in  juxtaposition  (see  Fig. 

178)  or  interpenetrating.  Crystals  often 
distorted,  as  in  Figs.  310  to  313.  The 
crystals  occur  either  single,  attached,  or 
imbedded,  or  in  groups  and  druses. 

Most  frequently  granular,  massive,  fib¬ 
rous,  or  columnar ;  also  in  pseudomorphs, 
petrifactions,  and  other  forms.  Cl. 
rhombohedral  along  R,  very  imperfect ; 
prismatic  along  coP,  still  more  imperfect; 
fracture  conchoidal,  uneven,  or  splintery. 

H.  =7;  G.  =2.5  to  2.8;  2.65  in  the 
purest  varieties.  Colorless,  but  more 
often  white,  gray,  yellow,  brown,  red, 
blue,  green,  or  even  black.  Lustre 
vitreous,  inclining  to  resinous;  trans¬ 
parent  or  translucent ;  when  impure 
almost  opaque.  B.B.  infusible  alone ;  with 
soda  effervesces,  and  melts  into  a  clear  glass.  Insoluble  in 
acids,  except  the  hydrofluoric;  when  pulverized,  slightly 
soluble  in  solution  of  potash.  C.c. :  48.05  silicon  and  51.95 


Fig.  309. 


Fig.  310. 


Fig.  311. 


Fig.  312. 


Fig.  313. 


oxygen ;  but  frequently  a  small  amount  of  the  oxides  of 
iron  or  titanium,  of  lime,  alumina,  and  other  substances. 

The  following  are  varieties : 

Rock-crystal:  highly  transparent  and  colorless ;  Dauphine, 
Switzerland,  Tyrol,  Hungary,  Madagascar,  and  Ceylon. 

Amethyst:  violet-blue  (from  iron  peroxide  or  manganese), 
and  often  marked  by  zigzag  or  undulating  lines,  and  the 
color  disposed  in  clouds;  Siberia,  Persia,  India,  Ceylon, 
Brazil  (white  or  yellow,  named  false  topaz),  Hungary,  Ire¬ 
land  (near  Cork),  and  Aberdeenshire.  Wine-yellow  ( Citrin 
and  Gold  Topaz) ;  the  brown  or  Smoky  Quartz  (colored  by  a 
substance  containing  carbon  and  nitrogen) ;  and  the  black 
or  Morion,  from  Siberia,  Bohemia,  Pennsylvania,  and  other 
places.  Cairngorm  Stone,  black,  brown,  or  yellow,  from  Aber¬ 
deenshire  mountains.  The  above  are  valued  as  ornamental 
stones ;  those  which  follow  are  less  so. 

Rose  Quartz:  red  inclining  to  violet-blue :  Clashnaree  Hill 
(Aberdeen),  and  Rabenstein  in  Bavaria.  Milk  Quartz :  milk- 
white,  and  slightly  opalescent;  Greenland.  Prase:  leek  and 
other  shades  of  green ;  Saxony  and  Cedar  Mountain  in  South 
Africa.  Cat’s-eye,  inclosing  asbestos :  greenish  white  or  gray, 
olive-green,  red,  brown,  or  yellow;  Ceylon  and  Malabar. 
Avanturine,  inclosing  mica :  yellow,  red,  green,  or  brown ; 
India,  Spain,  and  Scotland.  Siderite :  indigo  or  Berlin  blue ; 
Golling  in  Salzburg. 

Common  Quartz,  crystallized  or  massive,  white  or  gray,  also 
red,  brown,  etc.,  is  a  frequent  constituent  in  many  rocks. 
Some  impure  varieties  are  properly  rocks,  as : 

(1)  Ferruginous  Quartz,  or  Iron  Flint:  red,  yellow  or  brown ; 
often  associated  with  iron  ores. 

(2)  Jasper:  red,  yellow,  brown,  also  green,  gray,  white, 
and  black ;  alone  or  in  spots,  veins,  and  bands  (Ribbon  or 
Egyptian  Jasper) ;  Urals,  Tuscan  Apennines,  Harz,  and  many 
parts  of  Scotland. 

(3)  Lydian  Stone,  or  Flinty  Slate:  black,  gray,  or  white; 
has  a  splintery  or  conchoidal  fracture,  breaks  into  irregular 
fragments,  and  passes  by  many  transitions  into  clay-slate, 
of  which  it  is  often  merely  an  altered  portion,  as  in  Scot¬ 
land  ;  used  as  a  touchstone  for  gold,  and  at  Elfdal  (Sweden) 
manufactured  into  ornaments. 

(4)  Hornstone  or  Chert:  compact,  conchoidal,  splintery 
fracture ;  translucent  on  the  edges ;  dirty  gray,  red,  yellow, 
green  or  brown ;  passes  into  flinty  slate  or  common  quartz , 
common  in  the  Mountain  limestone,  Oolite,  and  Greensand 
formations ;  and  often  contains  petrifactions,  as  shells,  corals, 

and  wood.  .  .  _  .  j  .  „  , 

Other  siliceous  minerals  seem  intimate  mixtures  oi  quartz 

and  opal,  as:  .  ,  , .  .  .  „ 

Flint :  grayish  white,  gray,  or  grayish  black,  also  yellow, 


red,  or  brown ;  sometimes  in  clouds,  spots,  or  stripes ;  semi¬ 
transparent;  lustre  dull;  fracture  flat  conchoidal;  occurs 
chiefly  in  the  Chalk  formation,  as  in  England,  Ireland, 
Aberdeenshire,  France,  Germany,  and  other  countries; 
sometimes  in  beds  or  vertical  veins,  often  in  irregular  lumps 
or  concretions,  inclosing  petrifactions,  as  sponges,  echinoids, 
shells,  or  siliceous  Infusoria.  The  color  is  partly  derived 
from  carbon,  or  organic  matter.  Used  formerly  for  gun-flints, 
and  still  for  the  manufacture  of  glass  and  pottery ;  and  cut 
into  cameos  or  other  ornaments. 

Chalcedony:  semi-transparent  or  translucent;  white,  gray, 
blue,  green,  yellow,  or  brown  ;  stalactitic,  reniform,  or 
botryoidal,  and  in  pseudomorphs  or  petrifactions ;  Iceland, 
Faroes,  Trevascus  in  Cornwall,  Scotland,  Hungary,  Bohemia, 
Oberstein.  Cornelian:  chiefly  blood-red,  but  also  yellow, 
brown,  or  almost  black ;  India,  Arabia,  Surinam,  and 
Siberia;  also  Bohemia,  Saxony,  and  Scotland  (Fifeshire). 
Plasma:  leek-  or  grass-green,  and  waxy  lustre;  Olympus, 
Black  Forest,  India,  and  China. 

Chrysoprase :  apple-green  ;  Silesia,  and  Vermont  in  North 
America.  Moss- Agate  and  Heliotrope:  dark  green  and 
dendritic  (called  Bloodstone  when  sprinkled  with  deep  red 
spots) ;  India,  Siberia,  Bohemia,  Fassa  Valley,  island  of  Rum 
and  other  parts  of  Scotland. 

136.  Teidymite,  Si02. 

Hexagonal ;  P  middle  edge  124°  4',  polar  edges  127°  35'. 
Single  crystals,  very  minute  hexagonal  tables  of  OP, 
gdP,  but  with  the  edges  replaced  by  P  and  ooP2,  are 
,  rare  (Fig.  314).  Mostly  twinned  in  double  or  (oftener) 

’  triple  combinations  (Figs.  315  to  317).  Cl.  basal,  indis¬ 
tinct  ;  fracture  conchoidal.  H.  =  7 ;  G.  =  2.282  to  2.326. 
Colorless  and  transparent ;  vitreous,  pearly  on  the  base. 
B.B.  like  quartz.  C.c. :  96  silica,  with  some  alumina, 
magnesia,  and  iron  peroxide,  probably  from  the  matrix. 
Discovered  by  V on  Rath  in  the  trachyte  of  San  Cristobal, 
near  Pachuca,  in  Mexico  ;  also  in  the  trachyte  of  Mont- 
Dore  (Puy-de-Dome),  the  Drachenfels,  and  Hungary. 
Many  opals,  treated  with  solution  of  potash,  leave  crys¬ 
tals,  as  those  from  Zimapan,  Kaschau,  Silesia,  and  the 
cacholong  from  Iceland.  Where  such  crystals  are 
abundant,  the  opal  becomes  opaque  or  snow-white.  Jenzsch 
regards  these  as  still  another  variety  of  silica. 
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Fig.  314. 


Fig.  315. 


Fig.  316. 


Fig.  317. 


137.  Opal,  9Si02.  H2O  to  3Si02,  H2O. 

Amorphous ;  fracture  conchoidal ;  very  brittle.  H.  =  5.5 
to  6.5 ;  G.  =  2  to  2.2.  Transparent  to  opaque ;  vitreous,  in¬ 
clining  to  resinous.  Colorless,  but  often  white,  yellow,  red, 
brown,  green,  or  gray,  with  a  beautiful  play  of  colors.  B.B. 
decrepitates  and  becomes  opaque,  but  is  infusible;  in  the 
closed  tube  yields  water ;  almost  wholly  soluble  in  solution 
of  potash.  C.c. :  silica,  with  5  to  13  per  cent,  water.  Most 
opals  are  mixtures  of  various  minerals. 

The  following  varieties  may  be  noticed:  (1)  Hyalite, 
Glassy  Opal,  or  Muller’s  Glass:  transparent,  colorless,  very 
glassy ;  small  botryoidal,  or  incrusting ;  Kaiserstuhl  in  the 
Breisgau,  Schemnitz,  Silesia,  Moravia,  Mexico,  and  other 
places.  (2)  Fire  Opal,  or  Girasol :  transparent ;  brilliant  vit¬ 
reous  lustre ;  bright  hyacinth-red  or  yellow ;  Zimapan  in 
Mexico,  and  the  Faroes.  (3)  Noble  Opal,  semi-transparent 
or  translucent ;  resinous,  inclining  to  vitreous ;  bluish  or 
yellowish  white,  with  brilliant  prismatic  colors ;  most  show 
double  refraction  and  are  binaxal ;  in  irregular  masses  or 
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veins  near  Eperies  in  Hungary;  Australia.  (4)  Common 
Opal :  semi-transparent,  vitreous ;  white,  yellow,  green,  red, 
or  brown ;  Hungary,  also  Faroes,  Iceland,  the  Giant’s  Cause¬ 
way,  and  the  Western  Isles  of  Scotland.  (5)  Semi-opal: 
duller  and  less  pellucid ;  Wood  Opal  or  Lithoxylon:  with  the 
form  and  texture  of  wood  distinctly  seen ;  Hungary,  Bo¬ 
hemia,  and  other  countries.  (6)  Menilite:  compact,  reni- 
form;  opaque  and  brown  or  bluish  gray;  Menilmontant, 
near  Paris.  (7)  Opal  Jasper :  blood-red,  brown,  or  yellow. 
(8)  Cacholong:  opaque,  dull,  glimmering,  or  pearly,  and  yel¬ 
lowish  or  rarely  reddish  white ;  in  veins  or  reniform  "and 
iucrusting;  Faroes,  Iceland,  the  Giant’s  Causeway*  One 
variety  is  named  Hydrophone,  from  im¬ 
bibing  water,  and  becoming  translu¬ 
cent.  (9)  Siliceous  Sinter :  deposited 
from  the  Geyser  and  other  hot  springs  ; 
and  Pearl  Sinter :  incrusting  volcanic 
tufa  at  Santa  Fiora  in  Tuscany  ( Fiorite ), 
and  in  Auvergne. 

138.  Zircon,  Zr02,  Si02. 

Pyramidal ;  P  84°  20'.  Crystals, 
ooP,  P;  often  with  3P3;  also  aPoo, 

P;  or  coPao  (s),  ooP  (I),  P  (P),  3P3 
(x),  Poo  «),  4P4  (y),  5P5  (*)  (Fig.  318, 
also  86,  87,  585).  Chiefly  prismatic 


Fig.  318. 


Fig.  319  (sp.  138). 


or  pyramidal,  and  in  rounded  grains.  Transparent  to 
opaque;  vitreous,  often  adamantine.  Barely  white,  gen¬ 
erally  gray,  yellow,  green,  or  frequently  red  and  brown. 
B.B.  loses  its  color,  but  is  infusible.  Not  affected  by  any 
acid  except  concentrated  s.  acid,  after  long  digestion.  C.c. : 
66.3  zirconia  and  33.7  silica,  with  0  to  2  iron  peroxide  as  col¬ 
oring  matter.  Miask,  Arendal,  Sweden,  Belgium  (at  Nil- 
St.-Vincent),  Carinthia,  Tyrol,  Ceylon,  and  North  America; 
in  Scotland,  Scalpay  in  Harris  (Fig.  319),  Lewis  (Hyacinth), 
Sutherland,  Boss.  The  colorless  varieties  are  sold  for  dia¬ 
monds.  The  more  brilliantly  colored  are  named  hyacinths, 
and  are  valuable  gems. 


SULPHIDES,  SELENIDES,  TELLUBIDES,  Etc. 

139.  Pyrite,  FeS2. 

Cubic;  semitesseral  dominant  (Figs.  320  to  323,  also  67  to 
77,  and  26  to  34).  Pentagonal-dodecahedron  in  excess ;  or 
stri®,  produced  by  oscillation  of  it  with  faces  of  the  cube, 
visible.  Often  distorted,  as  in  the  cubo-octahedral  twin 
(Fig.  323).  Sometimes  massive  and  in  pseudomorphs.  Cl. 
cubic  or  octahedral,  difficult;  brittle.  H.  =  6  to  6.5;  G.= 


Fig.  320. 


Fig.  321. 


Fig.  322. 


4.9  to  5.2  Brass-yellow,  often  somewhat  gold-yellow ;  streak 
brownish  black,  when  broken  emits  smell  of  sulphur.  In 
closed  tube  sulphur  sublimes.  B.B.  on  charcoal  burns  with 
blue  flame,  and  odor  of  sulphurous  acid.  In  inner  flame  fuses 
to  magnetic  bead.  Sol.  in  n.  acid,  with  deposition  of  sul- 
Phur*  C.c.:  iron  46.7,  sulphur  53.3;  often  contains  gold  in 
visible  grains,  when  broken.  Common  to  rocks  of  all  ages. 
Tomnadashin,  Birnam,  Scotland ;  Cornwall,  England ;  Elba 
and  Traversella ;  Peru  ;  Eossie,  Middletown,  and  Schoharie, 
in  U.  S.  Auriferous  pyrites,  Berezoff  (Siberia),  Adelfors 


Fig.  323  (sp.  139). 


Fig.  324. 


Fig.  325. 
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(Sweden),  Mexico.  Used  to  be  cut  in  facets  and  set  as  an 

ornament,  under  the 
name  of  marcasites ; 
also  for  striking  lire 
in  the  old  firelocks, 
whence  the  name  of 
firestone;  now  used 
for  manufacture  of 
sulphuric  acid. 

140.  Marcasite, 
FeSa. 

Bight  prismatic ; 
oo  P  (H)  106°  5'. 
Crystals  tabular,  thin 
prismatic,  or  pyra¬ 
midal.  Twins  very  frequent,  also  cockscomb-like  groups, 
or  spherical  aud  stalactitic.  Cl.  oo  P  ;  fracture  uneven ;  brit- 

tie.  G.  =  4 .65  to  4 .9.  Gray¬ 
ish  bronze-yellow  to  green¬ 
ish  gray,  often  with  brown 
crust ;  streak  greenish  gray 
or  brownish  black.  B.B., 
etc.,  like  pyrite.  Very  prone 
to  decomposition,  being 
changed  into  green  vitriol, 
which  may  be  detected  by 
the  tongue.  Spear  Pyrites 
are  twins  like  Fig.  325  ;  Litt- 
mitz,  Przibram.  Hepatic  Pyrites  or  Leber  kies,  liver-brown, 
generally  decomposing ;  Harz,  Saxony,  Sweden.  Cockscomb 
Pyrites ;  Derbyshire  and  the  Harz.  Kyrosite  contains 
arsenic. 

141.  Mispickel,  FeS2-f-FeAs. 

Bight  prismatic ;  oo  P  (M)  111°  12'  (Fig.  326).  Twins  com¬ 
mon;  also  massive  or  columnar. 
Cl.  ooP;  fracture  uneven ;  brittle. 
H.  =  5 .5  to  6 ;  G.  =  6  to  6 .2.  Sil¬ 
ver-white  to  steel-gray;  streak 
black.  In  closed  tube  yields  first 
a  red  then  a  brown  sublimate., 
lastly  metallic  arsenic.  B.B.  on 
charcoal  fuses  to  a  black  magnetio 
globule.  Sol.  in  n.  acid,  with  sep¬ 
aration  of  arsenious  acid  and  sul¬ 
phur.  C.c. :  34.3  iron  46.1  arsenic, 
19.6  sulphur ;  sometimes  silver  or 
gold,  or  5  to  9  of  cobalt.  Cornwall,  Freiberg,  Zinnwald, 
Sweden,  Franconia,  America. 

142.  Leucopyrite,  FeAs. 

Bight  prismatic ;  ooP  (d)  122°  26' ;  P  x  (o)  51°  20'.  Crys¬ 
tals  like  Fig.  327 ;  generally  massive  or  col¬ 
umnar.  Cl.  basal;  fracture"  uneven;  brittle. 
H.  =  5  to  5.5;  G.  =  7  to  7.4.  Silver-white  with 
darker  tarnish;  streak  grayish  black.  B.B. 
emits  strong  smell  of  arsenic,  and  fuses  to  a 
black  magnetic  globule.  C.c. :  iron  27.2,  arsenic 
72.8 ;  sometimes  iron  32.2  and  arsenic  66.8 ;  al¬ 
ways  some  sulphur,  and  often  nickel  and  cobalt. 
Fossum  in  Norway,  Andreasberg,  Styria,  and 
Silesia.  Spathiopyrite,  from  Bieber  m  Hesse, 
seems  a  variety. 

143.  COBALTITE,  CoS2-f-CoAs. 

Cubic  and  hemihedral ;  sometimes  massive  (Figs.  67,  74). 
Cl.  cubic,  perfect;  brittle.  H.  =  5.5;  G.  =  6  to  6.3.  Brilliant 
lustre.  Pinkish  silver-white;  tarnishes  yellow  or  gray; 
streak  grayish  black.  B.B.  with  borax  blue  glass ;  evolves 
smell  of  arsenic.  C.c. :  cobalt  35.9,  arsenic  44.9, sulphur 

19.2.  St.  Just  in  Cornwall,  Tunaberg  in  Sweden,  Skut- 
terud  in  Norway,  Querbach  in  Silesia. 

144.  Glaucodote,  (Co,  Fe)S2  +  (Co,  Fe)As2. 

Bight  prismatic ;  ocP  112°  36'.  Cl.  basal,  perfect.  H. 

=  5;  G.  =  6.  Lustre  metallic.  Grayish  white ;  streak 
black.  C.c. :  cobalt  24.7,  iron  11.9,  arsenic  43.2,  sulphur 

20.2.  Huasco  in  Chili. 

145.  Smaltine,  (Co,  Fe,  Ni)As2. 

Cubic;  generally  like  Fig.  27;  also  reticulated  and 
granular  compact.  Cl.  octahedral ;  fracture  uneven ; 
brittle.  H.  =5.5;  G.  =  6.4  to  7.3.  Tin -white  to  steel- 
gray,  with  dark  or  iridescent  tarnish ;  streak  grayish  black. 
Evolves  odor  of  arsenic,  when  broken  or  heated.  C.c. :  71.4 
arsenic,  28.6  cobalt ;  sometimes  3  to  19  iron,  and  1  to  12  nickel, 
or  4  bismuth.  Dolcoath  and  Bedruth  in  Cornwall,  Schnee- 
berg,  Annaberg,  Tunaberg,  Allemont,  Chatham  in  Connec¬ 
ticut. 

146.  Chloantite  (White  Nickel),  NiAs. 

Cubic;  generally  fine  granular  or  compact;  fracture  un¬ 
even  ;  brittle.  H.  =  5.5 ;  G.  =  6.4  to  6.6.  Tin-white,  rapidly 
tarnishing  black.  In  the  closed  tube  yields  a  sublimate  of 


Fig.  326. 


Fig.  327. 
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arsenic,  and  becomes  copper-red.  Gives  odor  of  arsenic  when 
broken.  B.B.  fuses  with  much  smoke,  becomes  coated  with 
crystals  of  arsenious  acid,  and  leaves  a  brittle  grain  of 
metal.  C.c. :  28.2  nickel,  71.8  arsenic,  but  often  with  cobalt. 
Schneeberg,  Riechelsdorf,  Allemont,  Chatham  in  Connec¬ 
ticut. 

147.  Gersdorffite,  NiS24-NiAs2. 

Cubic  (Figs.  74,  30,  26).  Cl.  cubic,  generally  granular. 
H.  =  5.5 ;  G.  =  6.67.  Lustre  metallic.  Silver-white  to  steel- 
gray,  decrepitates  in  closed  tube.  B.B.  fuses  to  a  black  slag ; 


Fig.  328. 


Fig.  329. 


partially  sol.  in  n.  acid.  C.c. :  35.2  nickel,  45.4  arsenic,  and 
19.4  sulphur ;  sometimes  with  cobalt.  Craignuir,  near  Loch 
Fyne,  with  23  nickel  and  6  cobalt.  The  Harz,  Sweden, 
Spain,  and  Brazil. 

148.  Ullmannite,  NiSb  +  NiS2. 

Cubic  (Figs.  31,  29,  27) ;  often  tetrahedral,  and  in  twins 
as  in  Figs.  328,  329.  Cl.  cubic,  perfect;  fracture  uneven. 
H.  5  to  5.5 ;  G.  =6.2  to  6.5.  Lead-gray  to  tin-white,  often 
with  iridescent  tarnish.  B.B.  fuses  with  dense  fumes.  Sol. 
in  n.  acid.  C.c. :  27.4  nickel,  57.5  antimony,  and  15.1  sul¬ 
phur.  Westerwald,  Siegen,  Harzgerode,  Lolling  (Carin- 
tbia),  Lobenstein,  and  Bleiberg. 

149.  Rammelsbergite,  NiAs. 

Bight  prismatic;  ooP  123°  to  124°.  Chiefly  massive,  or 
in  radiating  and  botryoidal  aggregates.  H.  =  5  ;  G.  =  7.2. 
Color  tin-white.  Schneeberg,  Reichelsdorf,  and  Wittichen 
in  Baden. 

150.  Hauerite,  MnS2. 

Cubic  (Figs.  30,  30-26,  30-33-37).  Crystals  single  or  in 
spherical  groups.  Cl.  cubic,  perfect ;  H.  =  4 ;  G.  =  3.46. 
Reddish  brown  to  brownish  black  ;  streak  brownish  red.  In 
closed  tube  yields  sulphur,  and  leaves  a  green  mass,  which 
is  sol.  in  h.  acid.  C.c. :  46  manganese  and  54  sulphur.  Ka- 
linka  in  Hungary. 

151.  Pyrrhotite  ( Magnetic  Pyrites),  FdSg. 

Hexagonal ;  P 126°  48'.  Crystals  rare,  sometimes  hemi- 

hedral  on  z\,  commonly  massive  or  granular.  Cl.  ooP,  im¬ 
perfect  ;  brittle.  H.  =  3.5  to  4.5 ;  G.  =  4.5  to  4.6.  Color 
bronze-yellow  with  pinchbeck-brown  tarnish  ;  streak  gray- 


Fig.  330. 

ish  black.  More  or  less  magnetic.  C.c. :  63.65  iron  and  36.35 
sulphur ;  sometimes  with  nickel.  Common  in  primary  lime¬ 
stones  and  diorites  of  Scotland.  Crystallized  in  above  forms 
at  Askaig,  on  Loch  Shin,  Sutherland ;  Carnarvon,  Cornwall, 
Fahlun,  Bodenmais,  Andreasberg.  Distinguished  by  its  color 
and  its  solubility  in  h.  acid. 

152.  LiNNiEiTE,  2(Co,  Cu)S-f-CoS2. 

Cubic  (Figs.  29,  30) ;  often  twinned ;  twin  face  O ;  also 
massive.  Cl.  cubic,  brittle.  H.  =  5.5;  G.  =  4.9  to  5.  Sil¬ 
ver-white,  with  a  yellow  tarnish;  streak  blackish  gray. 
B.B.  fuses  to  a  gray  magnetic  globule,  which  is  bronze-yel¬ 
low  when  broken.  C.c. :  cobalt  43.2,  copper  14.4,  iron  3.5, 
sulphur  38.5.  Bastnaes  (Sweden). 

153.  Siegenite,  CoS-j-Ni2Ss  (?). 

Cubic;  generally  in  crystals  like  Fig.  29;  also  massive. 
Color  silver-white,  inclining  to  pink.  Other  features  like 
linnseite.  C.c. :  cobalt  40.8,  nickel  14.6,  sulphur  43.1.  Mii- 


sen  near  Siegen,  Maryland,  and  Missouri.  The  American 
mineral  has  30.5  of  nickel. 

154.  POLYDYMITE,  NuSs. 

Cubic;  in  minute  octahedral  crystals  and  flattened  twins. 
Cl.  cubic.  H.  =  4.5;  G.  =  4.81.  C.c. :  39.45  nickel,  40.55  sul- 
phur,  but  generally  with  4  of  iron.  Westphalia.  Saynite  or 
grunanite  seems  to  be  a  bismuthic  and  cobaltic  variety ;  it  is 
from  Grunau  in  Sayn-Altenkirchen. 

155.  Byrichrite,  3NiS  +  2NiS2. 

H.  =  3  to  3.5 ;  G.  =  4.7.  C.c. :  54.23  nickel,  2.79  iron,  42.86 
sulphur.  From  the  Westerwald. 

156.  Horbachite,  4Fe2S3  +  Ni2S3. 

Crystalline  masses.  H.  =  4.5;  G.  =  4.43  to  4.7.  Color 

pinchbeck -brown ;  streak  black.  C.c.:  nickel  11.98, 
iron  41.96,  sulphur  45.87.  Horbach  in  the  Black 
Forest. 

157.  Sktjtterudite,  Co As3. 

Cubic  (Figs.  30,  26,  with  33,  40)  and  grauular.  CL 
cubic;  fracture  conchoidal ;  brittle.  H.  =  6;G.  =6.74 
to  6.84.  Tin-white  to  lead-gray.  Lustre  brilliant.  In 
closed  tube  gives  sublimate  of  metallic  arsenic,  other¬ 
wise  like  smaltine.  C.c. :  79  arsenic,  21  cobalt.  Skut- 
terud,  near  Modum  in  Norway. 

158.  Galena,  PbS. 

Cubic ;  crystals  chiefly  cube,  octahedron,  and 
rhombic  dodecahedron ;  rarely  20  and  202.  Also  mas¬ 
sive  and  granular,  compact,  or  laminar,  and  in 
pseudomorphs  of  pyromorphite  and  other  minerals.  Cl. 

cubic,  very  perfect;  fracture 
scarcely  observable ;  sectile. 
H.  =  2.5 ;  G.  =  7.2  to  7.6. 
Lead-gray,  with  darker  or 
rarely  iridescent  tarnish ; 
streak  grayish  black.  B.B. 
decrepitates,  fuses,  and  leaves 
a  globule  of  lead.  Sol.  in  n. 
acid.  C.c. :  86.7  lead,  and  13.3 
sulphur ;  but  usually  contains 
a  little  silver,  ranging  from  1 
to  3  or  5  parts  in  10,000 ;  rarely 
1  per  cent,  or  more.  Some 
contain  copper,  zinc,  or  anti¬ 
mony,  others  selenium,  and 
Fig.  332.  others  (the  “  supersulphuret”) 

probably  free  sulphur  (2  to 
8  per  cent.).  Most  common  ore  of  lead  in  many  countries. 
Leadhills,  Pentland  Hills,  Linlithgow,  Inverkeithing.  Mo- 
naltrie,  Tyndrum,  Strontian,  Islay,  Orkney,  Cornwall, 
Derbyshire  (Castletown),  Cumberland  (Alston  Moor),  Dur¬ 
ham  (Allenhead),  Wales,  Isle  of  Man.1 

159.  CUPROPLtJMBITE,  2PbS-fCu2S. 

Cubic.  H.  =  2.5 ;  G.  =  6.4.  Bluish  gray.  Chili. 

160.  Beegerite,  6PbS-|-Bi2S3. 

Cubic.  G.  =7.27.  Cl.  cubic.  Light  to  dark  gray.  Lus¬ 
tre  brilliant.  C.c.:  sulphur  15,  bismuth  20.6,  lead  64.2, 
with  copper  1.7.  Grant  (Park  county,  Colorado). 

161.  Clausthalite,  PbSe. 

Cubic ;  but  massive  granular.  H.  =  2.5  to  3 ;  G.  =  8.2  to 
8.8.  Lead -gray;  streak  gray.  B.B.  fuses,  smells  of  sele¬ 
nium,  colors  the  flame  blue,  stains  the  support  red,  yellow, 
and  white,  and  volatilizes,  except  a  small  residue,  without 
fusing.  C.c. :  72.7  lead,  27.3  selenium  ;  but  sometimes  11.7 
of  silver.  Zorge,  Lerbach,  and  Clausthal  in  the  Harz.  Til- 
kerodite,  or  Selen- Cobalt- Blei,  containing  3  per  cent,  of  co¬ 
balt,  from  Tilkerode,  is  a  variety. 

162.  Zorgite. 

Massive  granular;  like  clausthalite,  but  inclining  to  red¬ 
dish,  and  often  tarnished.  There  are  four  varieties,  (a)  ( Selen - 
Blei-Kupfer :  G.  =  7.4  to  7.5 ;  5PbSe  -(-  CuSe ;  with  4  copper,  65 
lead,  30  selenium,  (b)  The  same,  but  with  G.  =  5.6;  4Pb, 
4Cu,  7Se  ;  with  15.8  copper,  48.4  lead,  and  35  selenium,  (c) 
Selen- Kupfer -Blei :  with  G.  =  7 ;  2PbSe  -|-CuSe ;  with  8  cop¬ 
per,  57  lead,  and  32  selenium,  (d)  2PbSe-j-9CuSe;  with 
46.64  copper,  16.58  lead,  and  36.59  selenium.  From  Tilke¬ 
rode  and  Zorge  in  the  Harz,  and  near  Gabel  in  Thuringia. 

163.  Altaite,  PbTe. 

Cubic  and  granular  ;  fracture  uneven ;  sectile.  H.  =  3  to 
3.5 ;  G.  =  8.1  to  8.2.  Tin-white  to  yellow,  with  yellow  tar¬ 
nish.  B.B.  colors  the  flame  blue,  fusing  to  a  globule,  which 
almost  wholly  volatilizes.  C.c. :  61.9  lead  and  38.1  tellu¬ 
rium.  Zavodinski  in  the  Altai,  California,  Colorado,  and 
Chili. 

164.  Redruthite  ( Copper  Glance ),  Cu2S. 

Right  prismatic.  ooP  (o)  119°  35' ;  P  (P)  middle  edge  125° 

1  Large  deposits  of  this  ore  exist  in  Missouri,  on  the  Upper  Mis¬ 
sissippi,  in  California,  Arizona,  and  elsewhere  in  the  United  States. 
See  Dana’s  System  of  Mineralogy,  p.  41  (New  York,  1882).— Am.  IS). 
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22';  JF(a)  middle  edge  65°  40';  2Px  (d)  middle  edge  125°  40'; 
§Poo  ( e )  middle  edge  65°  48'.  Crystals  OP  (s),  coP  (o)  ooiJoo 


Fig.  333.  Fig.  334. 


(p)  (Figs.  333, 334) ;  with  hexagonal  aspect;  also  twins ;  and 
massive.  Cl.  ooP,  imperfect;  fracture  conchoidal  or  un¬ 
even  ;  sectile.  H.  =  2.5  to  3 ;  G.  =  5.5  to  5.8.  Rather  dull ; 
brighter  on  the  streak.  Blackish  lead-gray,  with  a  blue  or 
other  tarnish.  B.B.  colors  the  flame  blue ;  on  charcoal  in 
the  oxygen  flame  sputters,  and  fuses  easily;  in  the  red. 
flame  becomes  solid.  With  soda  gives  a  grain  of  copper. 
Green  solution  in  n.  acid,  leaving  sulphur.  C.c. :  79.8  copper, 
20.2  sulphur.  Fassnet  Burn  (Haddingtonshire),  Ayrshire, 
Fair  Island,  near  Redruth  and  Land’s  End  in  Cornwall, 
Saxony,  Silesia,  Norway,  the  Banat,  Siberia,  and  the  United 
States.  Important  copper  ore. 

165.  Stromeyerite,  Ci^S-f-AgS. 

Right  prismatic ;  isomorphous  with  redruthite.  Crystals 
rare;  usually  massive;  fracture  flat,  very  sectile.  H.  = 
2.5 ;  G.  =  6.2  to  6.3.  Bright.  Blackish  lead-gray.  C.c. :  53.1 
silver,  31.2  copper,  and  15.7  sulphur,  but  often  indeterminate 
proportions  of  silver  (3  to  53)  and  copper  (30  to  75).  Schlang- 
enberg  in  Siberia,  Rudelstadt  in  Silesia,  and  Catemo  in 
Chili. 

166.  Berzelinite,  Cu2Se. 

Crystalline,  in  thin  dendritic  crusts,  and  imbedded  in 
calcite.  Silver-white  with  a  black  tarnish ;  streak  shining. 
In  open  tube  gives  a  red  sublimate  of  selenium,  with  white 
crystals  of  selenious  acid.  B.B.  on  charcoal  fuses  to  a  gray, 
slightly  malleable  bead,  giving  odor  of  selenious  acid  ;  with 
soda  a  grain  of  copper.  C.c. :  61.5  copper  and  38.5  selenium. 
Skrikerum  in  Sm&land,  Lerbach  in  the  Harz. 

167.  Crookesite,  (CuTl^Se. 

In  crystalline  grains  the  size  of  peas.  H.  =  2.5  to  3; 
G.  =  6.9.  Brittle.  Lead  gray.  Metallic.  B.B.  colors  the 
flame  intense  green.  C.c. :  45.76  copper,  3.71  silver,  17.25 
thallium,  33.27  selenium.  From  Skrikerum. 

168.  Eukairite,  Cu2Se  -f-  AgSe. 

Massive  and  granular  crystalline.  Cuts  with  knife. 
Lead-gray ;  streak  shining.  B.B.  fuses  to  a  brittle  metallic 
grain.  C.c. :  43.1  silver,  25.3  copper,  and  31.6  selenium. 
Skrikerum,  Atacama,  Chili. 

169.  Argentite,  Ag2S. 

Cubic.  coO»  ;  O ;  ooO ;  and  202  (Figs.  29, 56).  Crystals 
generally  misshapen,  with  uneven  or  curved  faces;  in 
druses,  or  linear  groups ;  also  arborescent,  capillary,  or  in 
crusts.  Cl.  indistinct ;  fracture  hackly ;  malleable  and  flex¬ 
ible.  H.  =  2  to  2.5 ;  G.  =  7  to  7.4.  Rarely  brilliant,  more 
so  on  the  streak.  Blackish  lead-gray,  often  with  a  black, 
brown,  or  rarely  iridescent  tarnish.  B.B.  on  charcoal  fuses, 
intumesces  greatly  and  leaves  a  grain  of  silver.  Sol.  in  con. 
n.  acid.  C.c. :  87  silver  and  13  sulphur.  Huel  Duchy,  Dol- 
coath,  Herland,  and  near  Callington  in  Cornwall ;  Alva  in 
Stirlingshire ;  Freiberg,  Marienberg,  Annaberg,  Schneeberg, 
Johann-Georgenstadt,  Joachimsthal,  Schemnitz  and  Krem- 
nitz,  Kongsberg.  Common  ore  at  Guanajuato  and  Zacatecas 
in  Mexico,  in  Peru,  and  at  Blagodat  in  Siberia.1 

170.  Acanthite,  AgS. 

Right  prismatic.  H.  =  2.5 ;  G.  =  7.33.  Iron -black.  C.c. 
like  argentite,  thus  dimorphous.  Freiberg  and  Clausthal, 
on  argentite ;  also  at  Copiapo. 

171.  Jalpaite,  3AgS  +  Cu2S. 

Cubic ;  form  O.  Cl.  cubic ;  malleable.  H.  —  2.5 ;  G.  = 
6.88.  Dark-gray.  Metallic  lustre.  C.c. :  silver  71.78,  cop¬ 
per  14.04,  sulphur  14.2.  Jalpa  in  Mexico. 

172.  Lautite,  (CuAg)  As.S. 

Granular.  Iron-black.  H.  =3;  G.  =4.96.  C.c.:  copper 
28.3,  silver  12,  arsenic  41.8,  sulphur  17.86.  Lauta  near  Ma¬ 
rienberg. 

173.  Naumannite,  AgSe. 

In  thin  plates  and  granular.  Cl.  hexahedral,  perfect,  j 
Malleable.  H.  =  2.5 ;  G.  =  8.  Iron-black.  Splendent.  C.c. : 
73  silver  and  27  selenium,  with  4.91  lead.  Tilkerode. 

174.  Hessite,  AgTe. 

Cubic  or  anorthic  (?) ;  massive  and  granular.  Slightly 


1  Common  Nevada  ore. 
York,  1882). — Am.  Ed: 


Dana’s  System  of  Mineralogy,  p.  38  (New 


malleable.  H. = 2.5  to  3 ;  G.  =  8.1  to  8.45.  Blackish  lead- 
gray  to  steel-gray.  B.B.  on  charcoal  fumes,  fuses  to  a  black 
grain  with  white  spots,  and  leaves  a  brittle  grain  of  silver. 

C.c. :  62.8  silver  and  37.2  tel¬ 
lurium.  Zavodinski  (Altai), 
Nagyag,  Rezbanya,  Califor¬ 
nia,  and  Chili. 

175.  Petzite,  2AgTe  -f- 
AuTe. 

Like  hessite.  Two  vari¬ 
eties :  (a)  with  G.  =  8.72, 
containing  18  per  cent,  of 
gold,  from  Nagyag ;  (6)  with 
G.  =  9  to  9.4,  and  24  to  26  of 
gold.  Calaveras  and  Tuo¬ 
lumne  in  California,  Col¬ 
orado. 

176.  Discrasite,  Ag2Sb ; 
Ag3Sb ;  and  AgeSb. 

Right  prismatic;  P  with 
polar  edges  132°  42'  and  92°;  ooP  120°  nearly  (Figs.  335, 
336).  Crystals  short  prismatic,  or  thick  tabular,  and  ver¬ 
tically  striated  (Fig.  335);  twins  united  by  a  face  of  ocP; 
often  in  stellar  groups  (Fig.  336)  ;  also  massive  or  granular. 

Cl.  basal  and  Poo ,  distinct ;  ocP  imper- 
a— j.  a— a  feet ;  rather  brittle  and  slightly  malleable. 

H.  =  3.5;  G.  =9.4  to  9.8.  Silver- white 

a— A\  ///--  to  tin -white,  with  a  yellow  or  blackish 
//  .  S)  y'.. .  \\  tarnish.  B.B.  fuses  easily,  fumes  staining 
vr-v  the  charcoal  white,  and  leaves  a  grain  of 
silver.  Sol.  in  n.  acid.  C.c. :  64  to  84  sil- 
Ny~(/v-V  ver,  and  36  to  16  antimony.  Andreas- 

Fig.  336.  herg,  Allemont  in  Dauphine,  Spain,  and 

Arqueras  in  Coquimbo  (Chili).  A  valuable 
ore  of  silver.  A  variety  from  Chili  contains  94.2  silver  and 
5.8  antimony,  and  is  AgisSb. 

177.  Blende,  ZnS. 

Cubic  and  tetrahedral  (Figs.  152,  153,  337).  Twins  re¬ 
markably  common,  united  by  a  face  of  O,  and  several  times 
repeated;  frequently  massive  and  granular.  Cl.  a O,  per¬ 
fect  ;  very  brittle.  H.  =  3.5  to  4 ;  G.  =  3.9  to  4.2.  Semi¬ 
transparent  to  opaque;  adaman¬ 
tine  and  resinous.  Brown  or 
black,  also  red,  yellow,  and  green, 
rarely  colorless  or  white.  B.B. 
decrepitates,  often  violently,  but 
only  fuses  on  very  thin  edges. 
Sol.  in  con.  n.  acid,  leaving  sul¬ 
phur.  C.c. :  67  zinc  and  33  sul¬ 
phur;  but  generally  in  the 
darker  varieties  with  1  to  15  iron, 
0  to  3  cadmium.  Very  abundant. 
Glen  Gairn  (bright  yellow  and 
highly  phosphorescent),  Lead- 
hills,  Tyndrum,  Cornwall,  Der¬ 
byshire,  Cumberland,  the  Harz, 
Freiberg,  Przibram,  Schemnitz, 
Kapnik,  North  America,  Peru.  Used  for  producing  zinc 
vitriol  and  sulphur,  and  as  an  ore  of  zinc.  Lithium,  indium, 
thallium,  and  gallium  have  all  been  found  in  blende. 

178.  Wurtzite,  6ZnS-|-FeS. 

Hexagonal;  ooP,  P,  with  well-marked  horizontal  striae. 
Cl.  basal  and  prismatic.  H.  =  3.5  to  4;  G.  =  3.9  to  4.1. 
Brownish  black ;  streak  light  brown.  C.c. :  like  blende, 
which  is  thus  dimorphous.  Oruro  in  Bolivia,  and  Przibram 
(radiated  and  cadmiferous). 


Fig.  337. 


Fig.  335  (sp.  176). 


179.  Greenockite,  CdS. 

Hexagonal,  and  generally  hemimorphic.  P  86°  21' ;  2P 
123°  54'.  Crystals  2P,  OP,  ooP,  P ;  or  P,  2P,  ooP ;  attached 
singly.  Cl.  ooP,  imperfect;  basal  perfect.  H.  =  3  to  3.5: 

G.  =  4.8  to  4.9.  Translucent ; 
brilliant  resinous,  or  adaman¬ 
tine.  Honey-  or  orange-yel¬ 
low,  rarely  brown ;  streak 
yellow.  B.B.  decrepitates, 
and  becomes  carmine-red,  but 
Fig.  338.  again  yellow  when  cold ;  fused 

with  soda  forms  a  reddish 
brown  coating  on  charcoal.  Sol.  in  h.  acid.  C.c.:  77.6 
cadmium,  and  22.4  sulphur.  Bishopton  in  Renfrewshire, 
Przibram,  and  Friedensville  in  Pennsylvania. 


180.  Alabandine,  MnS. 

Cubic;  O  and  ooOao  ;  usually  massive  and  granular.  Cl. 
hexahedral,  perfect ;  fracture  uneven ;  rather  brittle.  H.  = 
3.5  to  4 ;  G.  =  3.9  to  4.  Opaque ;  semi-metallic.  Iron-black 
to  dark  steel-gray,  brownish  black  tarnish ;  streak  dark 
green.  B.B.  fuses  on  thin  edges  to  a  brown  slag.  Sol.  in 
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h.  acid.  C.c.:  63  manganese  and  37  sulphur.  Nagya°- 
Kapnik,  Alabanda  in  Caria,  Mexico,  and  Brazil. 

181.  Millerite,  NiS. 

Hexagonal  rhombohedral ;  R  144°  8';  in  fine  acicular 
prisms  of  qdP2,  R.  Brittle.  II.  =  3.5;  G.=4.6  (or  5.26  to 
5.6o).  Brass-  or  bronze-yellow,  with  a  gray  or  iridescent 
tarnish.  B.B.  fuses  easily  to  a  blackish  metallic  globule, 
which  boils  and  sputters.  In  nitro-hydrochloric  acid  forms 
a  green  solution.  C.c. :  64.4  nickel  and  35.6  sulphur.  Mor- 
ven  (Argyllshire),  Chapel  (Fife),  Ayrshire,  near  St.  Austell 
m  Cornwall,  at  _  Merthyr-Tydvil,  Johann-Georgenstadt, 
Joachimsthal,  Przihram,  Camsdorf,  Riechelsdorf,  Pennsyl¬ 
vania. 

182.  Pentlandite  ( Eisennickelkies ),  2FeS-f-NiS. 

Cubic ;  massive  and  granular  •  fracture  uneven ;  brittle. 
H.  =3.5  to  4;  G.  =  4.6.  Light  pinchbeck -brown,  with 
darker  streak.  Not  magnetic.  B.B.  acts  in  general  like 
pyrrhotite;  the  roasted  powder  forms  with  borax  in  the 
red.  flame  a  black  opaque  glass.  C.c. :  36  sulphur,  42  iron, 
and  22  nickel ;  but  mixed  with  pyrrhotite  and  chalcopyrite. 
Lillehammer  in  Southern  Norway.  Inverarite,  5FeS  -|-  NiS, 
with  11  of  nickel,  from  near  Inveraray,  is  a  variety. 

183.  Nickelite  (Copper  Nickel),  NiAs. 

Hexagonal ;  P  86°  50'.  Crystals  ooP,  OP ;  rare.  Arbor¬ 
escent,  reniform,  and  massive;  fracture  couchoidal  and 
uneven ;  brittle.  H.  =  5.5  ;  G.  =  7.5  to  7.7.  Li ght  copper- 
red,  with  a  blackish  tarnish.  It  forms  no  sublimate  in  the 
closed  tube.  B.B.  fuses  with  strong  fumes  to  a  white,  brittle, 
metallic  globule.  C.c. :  43.6  nickel  and  56.4  arsenic.  Hil- 
derston  in  Linlithgow,  Pibble  in  Kirkcudbright,  Leadhills, 
Pengelly  and  Huel  Chance  in  Cornwall,  Freiberg,  Schnee- 
berg,  Joachimsthal,  Sangerhausen,  Andreasberg,  Chatham 
in  Connecticut.  Used  as  an  ore  of  nickel. 

184.  Bkeithauptite  ( Antimonial  Nickel),  NiSb. 

Hexagonal ;  P  86°  56'.  Crystals,  thin  striated  hexagonal 

tables  of  OP,  ooP.  H.=5 ;  G.=7.5  to  7.6.  Brilliant.  Light 
copper-red,  generally  with  violet  tarnish.  B.B.  fumes,  but 
fuses  with  great  difficulty.  C.c. :  32.2  nickel  and  67.8  anti¬ 
mony.  Andreasberg. 

185.  Stannite  ( Tin  Pyrites),  2CuS,  SnS2-f2(FeS,  ZnS)-f- 
SnS2. 

Cubic ;  in  cubes  very  rare,  generally  massive  and  granular. 
Cl.  hexahedral,  imperfect;  fracture  uneven  or  small  con- 
choidal ;  brittle.  H.=4 ;  G.  =  4.3  to  4.5.  Steel-gray ;  streak 
black.  C.c. :  26  to  32  tin,  24  to  30  copper,  5  to  12  iron,  2  to 
10  zinc,  and  30  sulphur.  Huel  Rock  near  St.  Agnes,  St. 
Michael’s  Mount,  and  Carnbrea  in  Cornwall;  Zinnwald. 
Bell-metal  ore. 

186.  Sternbergite,  (AgS -J-2FeS)FeSs. 

Right  prismatic;  P  middle  edge  118°.  Crystals  usually 

thin  tabular ;  in  twins,  or  in 
fan-like  and  spheroidal  groups. 

C!.  basal,  perfect;  sectile,  and 
flexible  in  thin  laminae.  H.  =  l 
to  1.5 ;  G.  =  4.2  to  4.25.  Dark 
pinchbeck -brown,  often  a  vio¬ 
let-blue  tarnish ;  streak  black. 

C.c. :  34.2  silver,  35.4  iron,  and 
30.4  sulphur.  Joachimsthal, 


Fig.  339. 
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Schneeberg,  and  Johann-Georgenstadt.  Flexible  Snlphnret 
of  Silver,  from  Hungary  and  Freiberg,  is  identical.  Frie- 
seite,  Ag2Fe5S8,  in  twins  (Fig.  339),  is  a  variety. 

187.  Rittingerite,  AgAs. 

Oblique  prismatic.  ooP  126°  18' ;  ooPoo  and  OP.  Cl. 
basal ;  fracture  conchoidal ;  brittle.  H.  =  2.5  to  3 ;  G. 
=  5.63.'  C.c. :  silver  57.7,  the  remainder  being  arsenic,  with 
some  selenium.  Joachimsthal,  Silesia,  Felsobanya  in 
Hungary. 

188.  Covelline,  CuS. 

Hexagonal.  Crystals  ooP,  OP;  rare;  usually  reniform 
and  granular.  Cl.  basal;  sectile.  Thin  laminae  flexible. 
H.  =  1.5  to  2;  G.  =  3.8  to  4.6.  Resinous.  Indigo-blue ; 
streak  black.  B.B.  burns  with  blue  flame.  Sol.  in  n.  acid. 
C.c. :  66.7  copper,  33.3  sulphur.  Cairnbeg  in  Cornwall, 
Vesuvius,  Leogang  (Austria),  Chili,  Angola,  New  Zealand, 
and  Victoria. 

189.  Chalcopyrite  ( Copper  Pyrites),  CuS-(-  FeS. 
Pyramidal;  and  sphenoidal  hemihedric;  iP  (P)  with 

polar  edges  71°  20';  ooPoo.  Crystals  generally  small  and 
deformed;  twins  very  common,  like  Fig.  340.  Poo  (b)  89° 
10',  2Poo  (c)  126°  11',  OP  (a),  P  (Fig.  89).  Mbst  commonly 
compact  and  disseminated ;  also  hotryoidal  and  reniform. 
Cl.  pyramidal  2Poo  ;  sometimes  rather  distinct;  fracture 
conchoidal  or  uneven.  H.  =  3.5  to  4 ;  G.  =  4.1  to  4.3. 
Brass-yellow,  often  with  a  gold-yellow  or  iridescent  tarnish 
(peacock  copper  ore) ;  streak  greenish  black.  B.B.  on  char¬ 
coal  becomes  darker  or  black,  and  on  cooling  red ;  fuses 


Fig.  340. 


easily  to  a  steel-gray  globule,  which  at  length  becomes  mag¬ 
netic,  brittle,  and  grayish  red  on  the 
fractured  surface;  with  borax  and  soda 
yields  a  grain  of  copper;  moistened 
with  h.  acid,  colors  the  flame  blue. 
C.c.  essentially  1  atom  copper,  1  atom 
iron,  and  2  atoms  sulphur;  with  34.5 
copper,  30.5  iron,  and  35  sulphur.  The 
most  abundant  ore  of  copper.  In  Kirk¬ 
cudbrightshire  and  Wigtownshire, 
Tyndrum  in  Perthshire,  Inverness- 
,  ,  .  .  .  shire,  Lairg  in  Sutherland,  Shet- 

,nd’  Anglesea  (Parys  mine),  Derbvshire,  Stafford¬ 
shire,  Cumberland,  Guunislake  (Devonshire),  St.  Austell 
(Cornwall ),  Wicklow,  Falun,  Roraas,  Freiberg,  Mansfeld, 
Goslar,  Lauterberg,  Miisen,  Siberia.1  It  is  distinguished 
trom  pyrite  by  yielding  readily  to  the  knife,  by  its  tarnish, 
and  by  forming  a  green  solution  in  n.  acid. 

190.  Borntte  ( Purple  Copper),  3Cu2S,  Fe2S3. 

Cubic.  Crystals  ooOoo ,  and  ooOco ,  O ;  but  rare,  and  gen- 
erally  rough  or  uneven ;  also  twins.  Mostly  massive.  Cl. 
octahedral ;  fracture  conchoidal ;  slightly  brittle ;  sectile. 

~3;  G.  =  4.9  to  5.1.  Color  between  copper-red  and 
pinchbeck-brown,  with  tarnish  at  first  red  or  brown,  then 
violet  or  sky-blue;  streak  grayish  black.  B.B.  acts  like 
chalcopyrite.  Soluble  in  con.  h.  acid,  leaving  sulphur 
C.c. :  55.6  copper,  16.4  iron,  and  28  sulphur.  Crystals  near 
Redruth  and  St.  Day  in  Cornwall ;  massive  at  Killarney  in 
Ireland ;  also  Norway,  Sweden,  Mansfeld,  Silesia,  Tuscany, 
and  Chili.  An  ore  of  copper. 

191.  Cuban,  CuS,  Fe2Ss. 

Cubic.  H.  =  4;  G.  =  4.1.  Bronze-yellow;  streak  bronze- 
yellow  and  black.  Barracanao  in  Cuba,  Tunaberg  and 
Kafveltorp  in  Sweden. 

192.  Domeykite,  CusAs. 

Botryoidal  or  massive ;  fracture  uneven ;  brittle.  H.  =  3 
to  3.5;  G.  =  7  to  7.5.  Tin- or  silver-white,  inclining  to 
yellow,  with  an  iridescent  tarnish.  Not  affected  by  h.  acid. 
C.c. :  71.63  copper  and  28.37  arsenic.  Calabazo  in  Coquimbo, 
and  C'opiapo  in  Chili.  Condurrite,  massive,  seems  an  impure 
variety;  from  Condurrow  mine  and  near  Redruth  (Corn¬ 
wall).  Algodonite  from  Lake  Superior,  Whitneyite  from  Mexi¬ 
co,  and  Darwinite  (88  copper)  are  also  identical  or  similar. 

193.  Melonite,  Ni2Te3. 

Hexagonal ;  minute  tabular  crystals,  foliated  and  granu¬ 
lar.  Metallic  lustre.  Reddish  white;  streak  dark  gray. 
C.c. :  nickel  21,  silver  4.1,  tellurium  73.4.  Stanislaus  and 
Calaveras  (California). 

194.  Sylvanite,  AgTei-f-AuTe3. 

Oblique  prismatic,  C  55°  21'.  ooP  94°  26' ;  -P°oo  19°  21' ; 
P°ao  62°  43'.  Crystals  small,  short  acicular,  and  often 


Fig.  341.  Fig.  342. 

twinned  and  grouped  in  rows  like  letters ;  sectile,  but  fri¬ 
able.  H.  =  1.5  to  2 ;  G.  =  7.99  to  8.33. 
Steel-gray  to  silver-white,  and  pale 
bronze-yellow.  C.c. :  59.6  tellurium, 

with  0.6  to  8.5  antimony,  26.5  gold  (in 
some  30),  and  13.9  silver,  with  0.2  to  15 
lead.  Offenbanya  (Graphic  Tellurium), 
Nagyag  ( Yellow  Tellurium), and  California. 

195.  Nagyagite,  Black  Tellurium. 
Pyramidal.  P  137°  52' ;  Poo  122°  50' ; 
and  OP  (Fig.  343).  Crystals  tabular,  rare ; 
in  general  in  thin  plates  or  foliated.  Cl. 
o.n  ,  10,,  basal,  perfect;  sectile;  thin  lamime  flexi- 

Fig.  343  (sp.  195).  hIp_  H.=l  to  1.5 ;  G.=6.85  to  7.2.  Splen¬ 
dent.  Blackish  lead-gray.  C.c. :  51  to  63  lead,  6  to  9  gold,  1 

1  For  United  States  products,  see  Dana’s  System  of  Mineraloav 
(New  York,  1882),  pp.  66,  67. 
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copper  and  silver,  13  to  32  tellurium,  3  to  12  sulphur,  and 
0  to  4.5  antimony.  Nagyag  and  Offenbanya  in  Transylvania. 

196.  Maldonite,  AuaBi. 

H.  =  1.5  to  2;  G.  =  8.2  to  9.7.  Color  silver-white,  with 
black  tarnish.  C.c. :  gold  64.5,  bismuth  35.5.  Occurs  in 
granite  veins  at  Maldon  in  Victoria. 

197.  Chilenite,  AgioBi. 

Minute  plates  of  metallic  lustre.  Silver-white,  but  tar¬ 
nished  red  or  yellow.  Silver  83.9,  bismuth  16.1.  From  the 
mine  San  Antonio  near  Copiapo  in  Chili. 

198.  Cinnabar,  HgS. 

Hexagonal  and  rhombohedral ;  R  71°  48'.  R  (n),  OR  (o), 
ooR  (m),  £R  (i)  (Fig.  344).  Crystals 
rhombohedral ;  also  granular,  compact, 
and  earthy.  Cl.  ooR,  perfect ;  fracture 
uneven  and  splintery ;  sectile.  H.  =2 
to  2.5 ;  G.  =  8  to  8.2.  Transparent, 
with  circular  polarization.  Adaman¬ 
tine.  Cochineal-red;  streak  scarlet. 

C.c. :  86.2  mercury,  13.8  sulphur.  Idria 
in  Carniola,  Almaden  in  Spain,  Wolf- 
stein  in  Bavaria,  Saxony,  Hungary,  Tuscany,  Chirm,  Cali¬ 
fornia,  Mexico,  Peru.  Chief  ore  of  mercury.1  Also  a  pig¬ 
ment.  Hepatic  Cinnabar  is  a  bituminous  mixture. 

199.  Tiemannite,  HgSe. 

Fine  granular ;  brittle.  H.  =  2.5;  G.  =  7.1  to  7.4.  Bril¬ 
liant.  Dark  lead-gray.  C.c. :  75  mercury,  25  selenium. 
Clausthal  and  Zorge. 

200.  Lerbachite,  (PbHg)Se. 

Granular  and  massive.  G.  =  7.8  to  7.88.  Color  steel- 
gray  to  iron-black.  Brittle.  Lerbach,  Tilkerode  in  the 
Harz. 

201.  Guanajuatite,  Bi2Se3. 

Massive ;  granular ;  foliated  and  fibrous.  H.  =  2.5  to  3 ; 

G.  =  6.25.  Blue-gray ;  streak  gray  and  shining.  Metallic ; 
soft  and  malleable.  C.c. :  selenium  34.3,  sulphur  .7,  bismuth 
65.  Santa  Ro6a  (Guanajuato,  Mexico). 

202.  Coloradoite,  HgTe. 

Massive  and  granular.  H.  =  3 ;  G.  =  8.63.  Metallic.  Iron- 
black.  Conchoidal  fracture.  C.c. :  61  mercury,  39  tellurium. 
Colorado. 

203.  Molybdenite,  MoS. 

Hexagonal  (?),  Crystals  OP,  aoP;  and  OP,ooP,  P.  Gen¬ 
erally  scaly.  Cl.  basal,  perfect ;  sectile  and  flexible.  Feels 
greasy.  H.  =  1  to  1.5 ;  G.  =  4.6  to  4.9.  Lead-gray  with  red 
tinge ;  gray  streak  on  paper,  greenish  on  porcelain.  B.B. 
colors  flame  siskin-green  ;  on 
charcoal  yields  sulphurous 
fumes,  and  forms  a  white  coat¬ 
ing  ;  in  warm  nitrochloric  acid 
a  greenish,  and  in  boiling  s. 
acid  a  blue  solution.  C.c.: 

59  molybdenum,  41  sulphur. 

In  granular  limestones,  and 
in  granites  in  Sutherland,  Ross,  Aberdeen,  Argyll,  and  Kirk¬ 
cudbright  ;  Shap  in  Westmoreland,  Caldbeckfell  in  Cumber 
land,  Arendal,  Zinnwald,  Mont  Blanc,  Maine,  Connecticut, 
Yea  in  Victoria  Used  for  preparing  blue  carmine,  for 
coloring  porcelain. 

204.  Laurite  (RuOshSs. 

Cubic.  Crystals  O,  ocOao  ;  oo03,  ooOxi.  Cl.  octahedral. 

H.  =  7.5;  G.  =  6.99.  Metallic,  bright.  Dark  iron-black. 
Powder  gray.  Brittle.  C.c. :  ruthenium  65.18,  osmium  3.03, 
sulphur  31.79.  From  platinum  grains,  in  Borneo  and 
Ordgon. 


Fig.  345. 
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205.  Realgar,  AsS. 

Oblique  prismatic.  ooP  (M)  74°  26' 

(1)  113°  16'.  Crystals  (Fig.  346) 
generally  prismatic ;  sometimes 
massive.  Cl.  basal,  also  clino-di- 
agonal ;  fracture  splintery ;  sectile. 

H.  =  1.5  to  2;  G.  =  3.4  to  3.6. 

Transparent  to  opaque ;  resinous. 

Aurora-red ;  streak  orange-yellow. 

C.c. :  arsenic  70,  sulphur  30.  Nag- 
yag,  Felsobanya,  St.  Gotthard,  Ve¬ 
suvius. 

206.  Orpiment,  AS2S3. 

Right  prismatic.  ooP  117°  49'. 

Frequently  foliated.  Cl.  brachy- 
diagonal ;  striated  vertically ;  sec¬ 
tile  and  flexible.  H.  =  1.5  to  2; 

G.  =  3.4  to  3.5.  Semitransparent ; 
resinous  to  pearly.  Citron-yellow  and  orange-yellow.  C.c. : 


1  Abundant  in  California  and  Idaho.  New  Almaden  mines 
eta.  Clara  Co.,  California,  are  highly  productive.  See  Dana’s 
System  of  Mineralogy  (New  York,  1882),  p.  56.— Am.  Ed. 


arsenic  61,  sulphur  39.  Servia,  Kapnik,  Andreasberg,  Sol- 
fatara,  Zimapan  in  Mexico. 

207.  Dimorphite,  AS2S3. 

Right  prismatic.  H.  =  1.5;  G.  =  3.58.  Orange-yellow. 
Solfatara. 


208.  Stibnite,  Sb2Ss. 
Right  prismatic.  P 


polar  edges  109°  26'  and  108°  21' 
ooP  90°  54'.  Crystals  (Fig.  347) 
generally  prismatic.  Cl.  brachy 
diagonal,  perfect ;  sectile.  H.  =  2 
G.=  4.6  to  4.7.  Brilliant  lead 
gray,  often  tarnished.  C.c. :  anti 
mony  71.8,  sulphur  28.2.  Maisley 
Banffshire ;  Harehill,  Ayrshire 
Glendinning,  Dumfriesshire;  En 
dellion  and  Padstow,  Cornwall 
Wolfsberg,  Harz ;  Przibram 

Schemnitz,  Auvergne,  Spain 

America,  Melbourne.  Chief  ore 
of  antimony. 

209.  Bismuthine,  BLSs. 

Right  prismatic.  ocP  91°  30'. 
Crystals  prismatic,  striated;  also 
granular  and  foliated.  Cl.  brachy- 


diagonal ;  sectile.  H.  =  2  to  2.5 ;  G.  =  6.4  to  6.6.  Lead- 
gray.  C.c. :  81.2  bismuth,  18.8  sulphur.  Caldbeckfell  (Cum¬ 
berland),  Redruth  (Cornwall),  Riddarhyttan  and  Bastnaes 
(Sweden),  Altenberg,  Haddam  (Connecticut),  Ballarat  (Vic¬ 
toria),  Bolivia. 


210.  Frenzelite,  Bi2Se3,  or  2BhSe3  -f-  BLS3. 

Right  prismatic ;  00P  90°.  Needle  crystals,  and  massive. 
Cl.  brachydiagonal.  H.  —  2.5  to  3 ;  G.  =  6.25.  Bluish  gray ; 
streak  grayish  black,  shining.  Lustre  metallic.  Malleable. 
C.c. :  bismuth  67.38,  selenium  24.13,  sulphur  6.6.  Guana¬ 
juato  (Mexico). 


SULPHUR  SALTS. 

211.  Guejarite,  Cu2S4-2Sb2Ss. 

Right  prismatic.  ooP  101°  9'.  Cl.  brachydiagonal.  H.  == 

3.5 ;  G.  =  5.03.  Steel-green, 
with  bluish  streak.  C.c.: 
copper  15.5,  antimony  58.5, 
sulphur  25.  Guejar  in  Sierra 
Nevada. 

212.  MlARGYRITE,AgS4- 
SbS3. 

Oblique  prismatic.  C  81° 
36'.  P  90°  53';- P  59°  59'. 
Crystals  pyramidal,  or  tab- 

sectile.  H.  =  2  to  2.5 ;  G.  =  5.2  to  5.3.  Metallic  adamantine. 
BJackish  lead-gray  to  steel-gray;  streak  cherry -red.  C.c.: 
37  silver,  41  antimony,  22  sulphur.  Freiberg,  Przibram, 
Potosi. 

213.  Morocochite  (Silber-  Wismuth  Glam),  AgS-f-BiSs. 
Massive.  Color  gray;  streak  light  green.  G.  =  6.92. 

C.c. :  silver  28.3,  bismuth  54.7,  sulphur  17.  Morococha  in 
Peru. 

214.  Sartorite,  PbS  -f-  AS2S3. 

Right  prismatic.  Crystals  slender;  00P  123°  20'.  Cl.  OP. 
H.  =3;  G.  =  5.39.  C.c.:  lead  42.68,  arsenic  30.93,  sulphur 
26.39.  Binnenthal  in  Switzerland. 

215.  Zinckenite,  PbS  -f-  SbS3. 

Right  prismatic.  ocP  ( d )  120°  39' ;  Poo  (0)  150°  36'  (Fig. 

349).  Crystals  acicular;  vertically  striated, 
and  twinned  3  or  6.  Sectile.  H.  =  3  to  3.5 ; 
G.  =  5.3  to  5  35.  Steel-gray  to  lead-gray ;  with 
blue  tarnish.  C.c. :  lead  35.9,  antimony  42,  sul¬ 
phur  22.1.  WTolfsberg. 

216.  Emplectite,  CuS-l-BhSs. 

Right  prismatic.  Tin-white.  Saxony,  Wiir- 

temberg,  and  Copiapo. 

217.  WOLFSBERGITE,  Cu2S -)- Sb2Ss. 

Right  prismatic.  ocP  135°  12';  00 ^2  111°. 

Crystals  tabular;  also  fine  granular.  Cl.  brachydiagonal, 
perfect;  fracture  conchoidal  or  uneven.  H.  =  3.5;  G.  = 
4.748.  Lead-gray  to  iron-black,  sometimes  iridescent; 
streak  black,  dull.  C.c. :  25.4  copper,  49  antimony,  and  25.6 
sulphur.  Wolfsberg. 

218.  Berthierite,  FeS,  SbS3. 

Massive ;  columnar  or  fibrous,  with  indistinct  cleavage. 
H.  =  2.3;  G.  =  4  to  4.3.  Dark  steel-gray,  reddish.  Tin- 
tagel  and  Padstow  in  Cornwall,  Auvergne  and  Anglars 
(Creuse)  in  France,  Briiunsdorf  in  Saxony.  In  France  used 
as  an  ore  of  antimony. 


Fig.  349  (sp. 
215). 
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219.  Plagionite,  Pb4Sb3. 

Oblique  prismatic,  C  72°  28'.  P  134°  30'  and  142°  3' ; 
120°  49'.  Crystals  thick, 


-2P 


tabular  (Fig.  350),  mi¬ 
nute,  and  in  druses.  Cl. 

— 2P,  perfect ;  brittle. 

H.  =  2.5 ;  G.  ==  5.4. 

Blackish  lead  -  gray. 

C.c. :  41  lead,  38  anti¬ 
mony,  and  21  sulphur. 

Wolfsberg. 

220.  Klapkothite, 

3CU2S  -j-  2Bi2Ss. 

Right  prismatic ;  long 
striated  crystals ;  00  P 
=  107°.  Wittichen,  Bulach.  Schirmerite,  from  Colorado, 
3(Ag2Pb)S-|-2Bi2S3,  with  G.  =  6.74,  is  similar. 

221.  Binnite,  3CuS -f- 2AS2-S3. 

Cubic.  Typical  forms  ooO,  202;  O,  ccOao,  606;  404, 
10010,  30J.  H.  =  4.5 ;  G.  =  4  48.  Metallic.  Black.  Binnen. 

222.  Jamesonite,  3PbS-i-2Sb2S3. 

Eight  prismatic ;  odP101°20'.  Crystals  00 P,  ooPcc ,  long 
prismatic,  parallel  or  radiating.  Cl.  basal  perfect,  ooP  and 
brachydiagonal  imperfect ;  sectile.  H.  =  2  to  2.5 ;  G.  =  5.5 
to  5.7.  Steel-gray  to  dark  lead-gray.  B.B.  decrepitates, 
fuses  easily,  and  wholly  volatilizes  except  a  small  slag.  Sol. 
in  warm  n.  acid.  C.c. :  44.5  lead,  with  2  to  4  iron,  34>9  an¬ 
timony,  and  20.6  sulphur.  Cornwall,  Estremadura,  Hun¬ 
gary,  Siberia,  and  Brazil. 

223.  Dufrenoysite,  2PbS  +  AS2S3. 

Right  prismatic.  00P  93°  39'.  Generally  in  thick  rec¬ 
tangular  tables.  H.  =  3;  G.  =  5.56.  Lead-gray.  Brittle. 
Binnen,  St.  Gotthard. 

224.  Frieslebenite,  5(Pb,  Ag2)S  -j-  2Sb2S3. 

Oblique  prismatic,  C  87°  46'.  00P  119°  12' 

(Fig.  351)  in  prisms  with  curved  reed¬ 
like  faces,  and  strong  vertical  striae. 

Twins  intersecting ;  also  massive.  Cl. 
cdP,  perfect;  fracture  conchoidal  or 
uneven ;  rather  brittle.  H.  =  2  to  2.5; 

G.  =  6.2  to  6.4.  Steel-gray  to  dark  lead- 
gray.  C.c. :  22.5  silver,  32.4  lead,  26.8 
antimony,  and  18.3  sulphur.  Freiberg 
(Saxony),  Hiendelaencina  (Spain). 

225.  Pyrargyrite,  3Ag2S  +  Sb2S3. 

Hexagonal  rhombohedral ;  R  (P) 

108°  42' ;  — iR  137°  58' ;  OR;  — 2R  (r) ; 

R3;  00 P2  (s);  and  00R  (l).  Crystals 
prismatic  (Fig.  352) ;  twins  common, 
of  various  kinds ;  also  massive,  den¬ 
dritic,  or  investing.  Cl.  R,  rather 

perfect;  fracture  conchoidal  to  uneven  and  splintery ;  sec- 
tile.  H.  =  2  to  2.5.  Crimson-red  to  blackish  lead-gray; 
streak  cochineal  to  cherry-red.  Huel  Brothers  and  Hue! 
Duchy  in  Cornwall,  Andreasberg,  Freiberg,  Johann-Georgen- 
stadt,  Annaberg,  Schneeberg,  Marienberg,  Przibram,  Schem- 
nitz  and  Kremnitz,  Kongsberg,  Mexico,  Nevada,  etc. 

226.  Proustite,  3Ag2S  +  A.S2S3. 

Rhombohedral,  like  pyrargyrite,  except  R  107°  50'  (Fig. 
353).  G.  =  5.5  to  5.6.  Semi-transparent  to  translucent  on 
the  edges.  Cochineal  to  crimson-red.  C.c. :  65.5  silver,  15.1 
arsenic,  and  19’4  sulphur.  Streak  aurora-red.  B.B.  arsenical 
odor,  and  difficultly  reduced  to  metallic  silver.  At  the  same 
localities  as  pyrargyrite ;  both  are  valuable  ores  of  silver. 
Red  orpiment  has  a  lower  specific  gravity,  and  yellow 
streak ;  cinnabar  volatilizes  before  the  blowpipe.1 


P°  go  31°  41' 


227.  Boulangerite,  3PbS  +  SbSs. 

b  ine  granular,  columnar  radiating,  or  fibrous ;  slightly 
sectile.  H.  =  3;  G.  =  5.8to6.  Silky  metallic.  Blackish 
lead-gray,  with  darker  streak.  B.B.  like  jamesonite.  C.c. : 
59  lead,  22.8  antimony,  and  18.2  sulphur.  Molieres  in  France, 
Oberlahr  (Rhenish  Prussia),  Lapland  and  Siberia.  Plum- 
bostib  or  Embrethite,  from  Nertchinsk,  is  only  a  variety. 

228.  Kobellite,  3PbS,  Bi2Ss  +  3PbS,  Sb2Ss. 

Radiated  columnar ;  soft.  G.  =  6.2  to  6.3.  C.c. :  53  lead, 
20  bismuth,  10  antimony,  and  17  sulphur.  Hvena  in  Nerike 

(Sweden). 

229.  Wittichenite  ( Cupreous  Bismuth),  3CuS  +  BLSs. 
Right  prismatic ;  in  tabular  crystals  like  bournonite.  Wit¬ 
tichen  in  the  Black  Forest. 

230.  Bournonite  (3CuS  +Sb2S3)  +  2(3PbS  -f  Sb2S3). 
Right  prismatic.  v  00P  (d)  93°  40' ;  Poo  ( n )  96°  13' ;  poo  («) 

92°  34';  OP  (r) ;  ooPoo  («) ;  oopoo  (fc)  (Fig.  354).  Cl.  Brachy¬ 
diagonal,  imperfect ;  fracture  un¬ 
even  to  conchoidal ;  rather  brittle. 
H.  =2.5  to  3;  G.  =  5.7  to  5.9. 
Lustre  brilliant  metallic.  Steel- 
gray.  C.c. :  42.4  lead,  13  copper, 
25  antimony,  and  19.6  sulphur. 
Redruth  and  Beeralston ;  Harz 
(Neudorf),  Braunsdorf,  Kapnik, 
Servoz ;  Alais  and  Pontgibaud  in 
France. 

Wolchite,  from  Wolch  in  Carin- 
thia,  is  only  a  variety. 

231.  Aikinite  ( Needle-ore ),  2 
(3PbS  -f  BLSs)  -f  3(CuS  +  BijSs). 

Right  prismatic ;  long  thin  crys¬ 
tals  imbedded  in  quartz,  often 
bent  or  broken ;  rather  brittle.  H.  =  2.5 ;  G.  =  6.7  to  6.8. 
Blackish  lead-gray  or  steel-gray,  with  a  brownish  tarnish. 
C.c. :  36  lead,  11  copper,  36  bismuth,  and  17  sulphur.  Bere- 
zotf  (Siberia),  Georgia. 

232.  Stylotyp,  3(CuAgFe)S  +  Sb2S3. 

Right  prismatic.  OP  92°  30'.  H.=3  ;  G.  =  4.8.  Black. 
Copiapo,  Chili. 

233.  Annivite,  4  CuS  -f-  (AS2S3,  Sb2Ss),  (Bi2Ss). 

Massive,  similar  to  the  foregoing.  From  Anniver  in 

Valais.  Studerite  is  similar,  but  with  15.5  of  antimony. 

234.  Julianite,  3Cu2S-f  AS2S3. 

Cubic.  G.  =  5.12.  Metallic.  Reddish  gray.  Rudelstadt 
in  Silesia. 

235.  Meneghinite,  4PbS  -f-  Sb2S3. 

Oblique  prismatic,  C  72°  8'.  ooP  140°  24';  P»ao  70°. 
Crystals  small,  acicular,  chiefly  of  odP°co,  ooP°oo,  gdP; 
rare ;  mostly  fibrous.  H.  =  3 ;  G.  =  6.4.  Bottino  in  Tuscany, 
Schwarzenberg  in  Saxony. 

236.  Jordanite,  4PbS+As2S3. 

Right  prismatic ;  ooP  123°  29'.  Cl.  Brachydiagonal,  per¬ 
fect.  Streak  black.  G  =  6.38.  C.c.:  lead  68.9,  arsenic  12.5, 
sulphur  18.6.  Binnen  and  Nagyag. 

237.  Tetrahedrite  ( Fahlerz ),  4Cu2S-f-Sb2S3. 

Tesseral  and  tetrahedral.  In  crystals  ccO,  — 

(Figs.  355  to  358,  also  65,  66,  206).  Twins  (Figs.  164,  207) ; 
generally  massive.  Cl.  octahedral ;  fracture  conchoidal ; 
brittle,  H.  =3.44;  G.  =  4.5to5.2.  Steel-gray  to  iron-black ; 
streak  black  (dark  red  when  containing  zinc).  B.B.  on 
charcoal  boils  slightly,  and  fuses  to  a  steel-gray  slag,  usually 


*  Occurs  in  Nevada,  in  the  Daney  mine,  and  in  Comstock  lode, 
but  rare  ;  in  veins  about  Austin,  Lander  county ;  in  microscopic 
crystals  in  Cabarrus  county,  N.  C. ;  at  the  McMakin  mine ;  in 
Idaho,  at  the  Poorman  lode.  See  Dana’s  System  of  Mineralogy 
(New  York,  1882),  p.  96— AM.  Ed. 


magnetic,  and  with  soda  gives  copper.  C.c. :  essentially  Cu2S 
in  combination  with  Sb2S3-  Airthrey  near  Stirling,  Sandlodgo 
in  Shetland,  Tomnadashin  on  Loch  Tay,  Kirkcudbright ; 
Crinnis  and  other  Cornish  mines  near  St.  Austell,  Harz, 
Miisen,  Freiberg,  Camsdorf,  Alsace,  Kremnitz,  and  Kapnik. 
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Those  with  17  to  31  silver  are  the  Silver  Fahlore  (Freiberg). 
Ore  of  copper  and  silver.1 


Fig.  357. 


Fig.  358. 


238.  Tennantite,  (CuS,  FeS)  As2S3. 

Cubic  (like  Fig.  237).  Cl.  ooO.  Brittle.  H.  =4;G.  =  43 
to  4.5.  Iron-black;  streak  dark  red,  gray.  C.c. :  49 copper, 
4  iron,  19  arsenic,  and  28  sulphur.  Redruth  and  St.  Day 
(Cornwall),  and  Skutterud.  Copper-blende,  with  brownish 
red  streak ;  G.  =  4.3 ;  contains  8.9  zinc ;  Freiberg. 

239.  Polytelite  ( Weissgiltigerz ),  4RS  +  Sb2S3. 

Like  tetrahedrite.  H.  =  2.5;  G.  =5’4  to  5.7.  C.c.:  sil¬ 
ver  6  to  22,  lead  38  to  52,  antimony  8.5  to  22,  sulphur  13  to 
22.5.  Freiberg. 

240.  Stephanite,  5Ag2S  -f-Sb2S3. 

Eight  prismatic.  ccP  (o)  115°  39' ;  P  (P)  middle  edge  104° 
20';  2pco  (d)  middle  edge  107°  48';  OP  (s) ;  oopao(p)  Figs. 
333,  334).  Cl.  d  and  p,  both  imperfect ;  fracture  conchoidal 
or  uneven;  sectile.  H.=2  to  2.5;  G.  =  6.2  to  6.3.  Iron- 
black  to  blackish  lead-gray.  C.c. :  68.5  silver,  15.3  anti¬ 
mony,  and  16.2  sulphur.  Cornwall,  Freiberg,  Schneeberg, 
Annaberg,  Joachimsthal,  Przibram,  Schemnitz,  Mexico, 
Peru,  and  Siberia.  Valuable  ore  of  silver. 

241.  Geocronite,  5PbS  +  (Sb,  As)2S3. 

Right  prismatic.  Fracture  conchoidal;  sectile.  H.  =  2 
to  3  ;  G.  =  6.45  to  6.54.  Pale  lead -gray.  C.c. :  67  lead,  with 
1  to  2  copper  and  iron,  16  antimony,  with  4.7  arsenic,  and 
17  sulphur.  Sala  in  Sweden,  Meredo  (Oviedo)  in  Spain,  and 
near  Pietrosanto  in  Tuscany. 

242.  Kilbrickenite,  6PbS-f-Sb2S3. 

Massive ;  granular  or  foliated.  C.c. :  70.01  lead,  13.76  an¬ 
timony,  and  16.23  sulphur.  County  Clare  in  Ireland. 

243.  Polybasite,  9(Ag2,  Cu2)S+(Sb,  As)2S3. 

Hexagonal;  P  117°.  Crystals  OP,  ooP;  and  OP,  P,  tabu¬ 
lar.  Cl.  basal,  imperfect;  sectile, and  easily  frangible.  H. 
=  2  to  2.5;  G.  =  6  to  6.25.  Iron-black,  in  very  thin  la- 
mellEe,  translucent,  red.  C.c. :  64  to  72  silver,  3  to  10  copper, 
16  to  17  sulphur,  0.2  to  8  antimony,  and  1  to  6  arsenic.  Frei¬ 
berg,  Joachimsthal,  Schemnitz,  Guanajuato,  Nevada,  and 
Idaho.  Rich  ore  of  silver. 


244.  Polyargyrite,  12AgS  +  Sb2S3. 

Cubic.  Typical  form  O,  ooOao,  ooO,mOm.  Cl.  cubic.  H.  = 
2.5;  G.  =  6.97.  Metallic,  iron-black;  streak -black.  Malle¬ 
able.  C.c. :  78.2  silver,  7.4  antimony,  14.5  sulphur.  Wolfach 
in  Baden. 

245.  Enargite,  3Cu2S  -f-  As2Ss. 

Right  prismatic.  Cl.  coP  97°  53'  perfect,  brachydiagonal 
100°  58'  and  macrodiagonal  less  so.  TvDical  form  mP  OP 
•56P®,  oopoo.  Brittle.  H.  =  3;  G.  =  4.3  to  4.5.  Iron  MacS 
C.c. :  48.3  copper,  19.1  arsenic,  and  32.6  sulphur.  Moroco- 
cha  in  Peru. 


246.  Clarite,  3CuS-)-AsS. 

Oblique  prismatic.  Cl.  clinodiagonal.  Ordinarv  form 
ccP,  goPcoo,  OP,  mP.  H.  =  3.5;  G.  =4.46.  Dark  bluish 
gray.  Kinzigthal  in  Baden.  Luzonite  is  similar. 

247.  Famatinite,  3CuS  +  SbS. 

Right  prismatic.  Typical  form  OP,  ooP,  oopoo,  oop3  Mas¬ 
sive  or  reniform  H.  =  3.5 ;  G.=  4.57.  Copper-red  to  gray ; 
streak  black.  Famatina  Mts.  in  the  Argentine  Republic 
and  Cerro  de  Pasco  in  Peru.  e  ’ 


248.  Chiviatite,  2PbS  -f-  3Bi2S3. 

Foliated,  massive.  G.  =  6.9.  Metallic.  Lead-grav  Chi- 
viato  in  Peru.  t  ’ 

249.  Epigenite,  6RS  +  As2Ss. 

Eight  prismatic.  ooP  110°  50',  Steel-gray  H=3  5 
Wittichen. 

250.  Epiboulangerite,  3PbS  +  Sb2S5. 

Right  prismatic.  G.  =6.3.  Metallic.  Blue-black  Al- 
tenburg  in  Silesia. 


1  Tetrahedrite  is  found  in  America.  See  Dana’s  Svitsm  nf 
ralogy,  p.  103  (New  York,  1882).-Am  Ed  V  of  Mine 


251.  Xanthocon,  2(3AgS-f-As2S3)-f  (3AgS+As2Ss). 
Hexagonal  rhombohedral.  R  :  OR  110°  30'.  Crystals  thin 

hexagonal  tables;  brittle,  easily  frangible.  H.  =  2  to  2.5; 
G.  =5  to  5.2.  Translucent;  adamantine.  Orange-yellow 
or  brown ;  streak  darker.  In  the  closed  tube  fuses  easily, 
becomes  lead-gray.  C.c.  :  63.4  silver,  14.7  arsenic,  and  21.9 
sulphur.  Himmelsfiirst  mine  at  Freiberg. 

252.  Pyrostilpnite  ( Fire-blende ). 

Oblique  prismatic;  crystals  like  stilbite.  OP  139°  12'. 
Twins  on  orthodiagonal.  H.  =  2 ;  G.  =  4.2.  Lustre,  pearly 
and  adamantine.  Color  hyacinth-red  and  bright  yellow. 
Sectile.  C.c.  :  62.3  silver,  with  sulphur  and  antimony. 
Freiberg,  Andreasberg,  Przibram. 

OXYSULPHURETS. 

253.  Kermesite,  Sb03-}-2SbS3. 

Oblique  prismatic;  crystals  oopoo,  OP,  acicular  and  di¬ 
verging ;  sectile.  H.  =1  to  1.5;  G.  =  4.5  to  4.6.  Translu¬ 
cent;  adamantine.  Cherry-red;  streak  similar.  Sol.  in  h. 
acid.  In  potash  solution  becomes  yellow,  and  dissolves. 
C.c.  :  75.3  antimony,  19.8  sulphur,  4.9  oxygen.  Braunsdorf, 
Przibram,  Pernek  near  Bosing  (Hungary),  Allemont,  South- 
ham  (Canada). 

254.  Voltzine,  ZnO-f-4ZnS. 

Incrusting.  H.  — 4.5;  G.  =  3.7.  Yellow.  Pontgibaud  and 
Joachimsthal. 

255.  Xarelinite,  3BiO-f-BiS. 

H.=2fG.  =  6.6.  Metallic.  Lead -gray.  Zavodinski  in  the 
Altai. 

256.  Bolivite,  Bi203-f-Bi2S3. 

Rhombohedral.  From  Bolivia. 

SELENITES. 

257.  Chalcomenite,  CuSe-f-2fla  [=  CuO,  SeO,-f-2H, 

Oblique  prismatic,  C  108°  20'.  G.  =  3.76.  Bright  blue. 
Transparent.  C.c.  :  selenious  acid  48.2,  copper  oxide  35.4, 
water  15.3.  Cerro  de  Cacheuta  (Mendoza,  Argentine  Re¬ 
public). 


NITRATES  AND  BORATES. 


258.  Nitratine.  Na2:ft2[=  Na20,  N2o5] 

Rhombohedral ;  R.  106°  30'.  Tarapaca  in  Peru.  Used 
in  the  arts  as  a  substitute  for  nitre;  but  deliquesces  in 
moist  air. 


259.  Nitre  ( Saltpetre ),  K2$2[=  K20,  N306], 

„  Right  prismatic.  ooP  (If)  118°  49';  2P®  (P)  70°  55'- 
P®  109°  52';  ccpco  (h)  (Fig.  275);  isomorphous  with  ara¬ 
gonite.  Acicular,  capillary,  or  pulverulent.  Cl.  indistinct ; 
fracture  conchoidal.  H.  =2;  G.  =  1.9  to  2.  Semitrans¬ 
parent ;  vitreous  or  silky.  Colorless,  white,  or  gray.  Taste 
saline  and  cooling.  Deflagrates  when  placed  on  hot  char¬ 
coal  ;  and  B.B.  on  platina  wire  melts  very  easily,  coloring 
the  flame  violet.  C.c. :  46.6  potash  and  53.4  nitric  acid,  but 
always  more  or  less  impure.  In  the  limestone  caves  of 
many  countries;  Hungary,  Spain,  India.  Used  for  produc¬ 
ing  nitric  acid,  in  glass  making,  medicine,  and  the  manu¬ 
facture  of  gunpowder. 

260.  Nitrocaecite,  Caft2-j-ll2. 

Fibrous  or  pulverulent.  White  or  gray,  C.c.  :  30.8  lime, 
59.3  nitric  acid,  and  9.9  water.  Limestone  caves  of  Ken¬ 
tucky  ;  on  old  walls  and  limestone  rocks. 

261.  Nitromagnesite,  Mgft2-j-S2. 

Taste  bitter.  In  the  same  places,  and  similar  to  nitro- 
calcite. 


262.  Boracite,  2IVIg3S4  -j-  MgCl. 

Tesseral  and  hemihedral  (Figs.  63,  253,  359).  Cl.  octa¬ 
hedral,  imperfect;  fracture  conchoidal;  brittle.  H.  =7; 

G.  =  2.9  to  3.  Transparent  or  trans¬ 
lucent;  vitreous  or  adamantine. 
Colorless  or  white,  often  grayish, 
yellowish,  or  greenish.  Becomes 
polar  electric  by  heat.  B.B.  fuses 
with  difliculty  to  a  clear  yellowish 
bead,  which  on  cooling  forms  a  white 
opaque  mass  of  needle-like  crystals ; 
at  the  same  time  colors  the  flame 
green.  Sol.  in  h.  acid.  C.c.  :  62.5 
boracic  acid,  26.9  magnesia,  7.9  chlo¬ 
rine,  and  2  7  magnesium.  Liineberg, 
Segeberg  in  Holstein,  Stassfurt. 


263.  Stassfurtite. 

In  very  minute  prismatic  crystals.  White.  C.c.  same  as 
boracite,  and  thus  perhaps  dimorphous.  Stassfurt. 
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Fig.  360  (sp.  266). 


264.  Rhodizite,  2Ca3B<  (?). 

.  T7  ®  ^  ”7  3-3  to  3.42 ;  agrees  in  most  characters  with 

boracite.  Pyro-electric.  Mursinsk  in  Siberia. 

265.  Ludwigite,  2MgB -(-f’eTPej. 

1  ibrous  masses.  From  limestone  at  Morawitza  in  the 
Banat. 

266.  Borax  ( Tinkal ),  Na22B+10R2. 

Oblique  prismatic,  C  73°  25'.  ooP  87°;  P  122°  34'  (Fig. 

360).  Almost  isomorphous  with  augite  ; 
brittle.  H.  =  2  to  2.5;  G.  =  1.7  to  1.8. 
Pellucid;  resinous.  Colorless,  or  yel¬ 
lowish,  greenish  and  grayish  white. 
Taste  feebly  alkaline  and  sweetish. 

C.c.  :  16.4  soda,  36.5  boracic  acid,  and 
47.1  water ;  but  often  with  2  phosphoric 
acid  or  other  impurities.  Shores  of 
salt  lakes  in  Tibet  and  Nepal,  in  Califor¬ 
nia,  and  near  Potosi. 

267.  Borocalcite,  Ca2B  -f-  6fiT2 
Similar  to  ulexite  (sp.  268) ;  and  from  v 
same  locality. 

268.  Ulexite,  Na^B -f-26a2I3  -f-18H2. 

Fibrous.  H.=  l;  G.  =  1.6.  White.  Tasteless.  Iquique 

and  Nova  Scotia. 

269.  Szaibelyite,  2Mg52B  -f-  3U2. 

H.  =  3.5 ;  G.  =  2.7.  Werksthal  in  Hungary. 

270.  Hydroboracite,  2Ca3B3-f  2Mg3B3-f  12fiT2. 
Radiating  and  foliated.  Caucasus.  A  similar  mineral, 

with  soda  in  place  of  magnesia,  is  found  in  Peru. 

271.  Sussexite  (Mil,  Mg)2iB  +  I'r2. 

Fibrous,  silky.  White.  H.  =  3;  G.  =  3.4.  Franklin  (Sus¬ 
sex  county,  New  Jersey). 

ANHYDROUS  CARBONATES. 

272.  Calcite  ( Calc-spar ,  Calcareous  Spar),  CaC. 
Hexagonal  and  rhombohedral ;  R  105°  5'  (Fig.  101).  The 

forms  and  combinations  exceed  those  of  any  other  mineral. 
Among  them  are  more  than  fifty  rhombohedrons,  especially 
—  4R  135° ;  R;  —  2R  79° ;  aud  4R  66°  ;  with  OR  and  ooRas 
limiting  forms.  There  are  one  hundred  and  fifty-five  dis¬ 
tinct  scalenohedrons,  as  R3;  R2;  iR3;  and  the  second  hex¬ 
agonal  prism  ooP2.  Hexagonal  pyramids  are  among  the 
rarer  forms.  Some  of  the  most  usual  combinations  are 
00 R>  — IB  (°y  9>  Fig-  179);  or — JR,  ooR,  very  frequent ;  also, 
ocR,  OR;  likewise  —  2R,  R (/,  P,  Fig.  107) ;  R3,  oo R,  — 2R ;  R5 
(y),  R3  (r),  R(P),  4R(m),  ooR  (c)  (Fig.  109);  R,  R3  (Fig. 
108).  Several  hundred  distinct  combinations  are  known. 

Hemitropes  and  twins  are  not  uncommon.  These  occur 
with  the  axes  parallel  (Figs.  106,  146,  148,  180,  366,  367). 
Others  are  conjoined  by  a  face  of  R,  the  axes  being  almost 
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Fig.  361. 


Fig.  362. 


Fig.  363. 


Fig.  364. 


at  right  angles,  89°  8'  (Figs.  183,  369)  or  by  a  face  of  —  £  R,  in 
which  the  chief  axes  form  an  angle  of  127J° ;  and  usually 
many  times  repeated,  so  that  the  centre  crystals  appear  in 
lamellae  not  thicker  than  paper  (Fig.  181);  at  an  obtuse 
angle,  as  Figs.  149,  363,  or  an  acute  angle,  as  Figs.  364,  368. 
Also  occurs  granular,  lamellar,  parallel  or  radiated  fibrous, 
compact  and  earthy.  Cl.  rhombohedral  along  R,  very  per¬ 
fect  and  easily  obtained,  so  that  the  conchoidal  fracture  is 
rarely  observable ;  brittle.  H.  =  3 ;  G.  =*=  2.6  to  2.8 ;  pure 
transparent  crystals  =  2.72.  Pellucid  in 
all  degrees.  Very  distinct  double  re¬ 
fraction.  Lustre  vitreous,  but  several 
faces  resinous,  and  OR  pearly.  Most 
frequently  colorless  or  white,  but  often  ‘ 
gray,  blue,  green,  yellow,  red,  brown,  or 
black;  streak  grayish  white.  B.B.  in- < 
fusible,  but  becomes  caustic  and  emits 
a  bright  light.  Effervesces,  and  is  en¬ 
tirely  sol.  in  h.  or  n.  acid.  The  fine 
powder  ignited  on  platina-foil  over  the 
spirit-lamp,  forms  a  somewhat  connected  mass,  and  even 
adheres  to  the  platina.  C.c.  of  the  purest  varieties,  car¬ 
bonate  of  lime,  with  44  carbonic  acid  and  56  lime,  but  usu¬ 
ally  contains  magnesia  and  protoxide  of  iron  or  of  manga¬ 
nese.  Remarkable  specimens  of  the  crystallized  variety  or 
proper  calc-spar  are  found  at  Alston  Moor  in  Cumberland 


Fig.  365. 


(flat  rhombic  crystals)  and  in  Derbyshire  (pale  yellow  trana- 
parent  pyramids),  at  Strontian,  Elie  in  Fife  (Figs.  370,  371, 
372),  Andreasberg  and  other  parts  of  the  Harz  (six-sided 
prisms),  and  at  Freiberg,  Tharand,  and  Maxen  in  Saxony.1 

Certain  varieties  are  distinguished.  Iceland  Spar,  re¬ 
markable  for  its  transparency  and  double  refraction,  occurs 
massive  and  in  huge  crystals  in  a  trap  rock  in  Iceland. 
Slate  Spar,  thin  lamellar,  often  with  a  shining  white  pearly 
lustre  and  greasy  feel ;  Abergairn  aud  Glen  Tilt  in  Scotland, 


Fig.  366. 


Fig.  367. 


Wicklow  in  Ireland,  and  Norway.  Aphrite,  fine  scaly 
from  Hesse  and  Thuringia.  Marble  is  the  massive  crystal¬ 
line  variety  of  this  mineral,  produced  by  igneous  action  on 
compact  limestone.  Paros,  Naxos,  and  Tenedos  furnished 
the  chief  supply  to  the  Grecian  artists ;  Carrara,  near  the 


Fig.  368.  Fig.  369. 

Gulf  of  Genoa,  to  those  of  modern  times.  Some  of  the 
colored  marbles  of  the  ancients  were  impure  limestones,  as 
the  Cipollino,  zoned  with  green  talc  or  chlorite,  and  Verde  An¬ 
tique,  mixed  with  green  serpentine.  Ruin  Marble  shows 
irregular  markings  like  ruins;  Val  d’Arno  (Florentine 
marble),  and  Bristol  (Cotham  marble).  Lucullite  from 
Egypt,  and  Anthraconite,  from  Campbelltown  and  Kilken¬ 
ny,  are  black  from  carbon.  Lumachello,  from  Bleiberg  in 
Carinthia,  exhibits  beautiful  iridescent  colors  from 
fossil  shells,  sometimes  deep  red  or  orange  ( Fire  Mar¬ 
ble).  Hislopite,  from  Poonah,  is  green,  from  celado- 
nite. 

Limestone  occurs  in  all  formations  under  various  names. 
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Fig.  370.  Fk.  371. 

1  In  St.  Lawrence  and  Jefferson  counties,  N.  Y.  See  Dana’s 
System  of  Mineralogy,  p.  681  (New  York,  1882).— Am.  Ed 
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as  Oolite,  egg-stone,  or  roe-stone,  -  'round  concretions  with  a 
concentric  structure  like  the  roe  of 
a  fish ;  Pisolite,  or  peastone,  similar 
structure ;  Chalk,  soft  earthy ;  Lith¬ 
ographic  Stone,  yellowish  and  com¬ 
pact,  from  Solenhofen;  and  Marl, 
calcareous  matter  more  or  less  mixed 
with  clay.  Calcareous  Tufa,  gener¬ 
ally  a  recent  deposit  from  calca¬ 
reous  springs,  has  often  a  loose  fri¬ 
able  texture,  but  at  other  times  is 
hard  and  compact ;  and  in  the 
neighborhood  of  Rome  forms  the 
common  building  stone  Travertino. 

The  sandstone  of  Fontainebleau  is 
carbonate  of  lime  (£)  mixed  with 
quartz  sand  (§),  and  occasionally 
crystallizing  in  rhombohedrons. 

This  mineral  is  employed  in  many 
ways:  the  coarser  varieties,  when 
burnt  to  drive  off  the  carbonic  acid, 
as  lime,  for  mortar,  manure,  tan¬ 
ning  ;  as  a  flux  in  melting  iron  and 
other  ores,  or  in  preparing  glass, 
and  for  similar  purposes  ;  the  finer, 
as  marbles,  for  sculpture,  architecture,  and  ornamental 
stone-work ;  the  chalk  for  writing,  whitewashing,  or  pro¬ 
ducing  carbonic  acid. 

Plumbocalcite. — Cl.  104°  53'.  White  and  pearly ;  softer 
than  calc-spar ;  but  G.  =  2.824.  Contains  2.3  to  7.8  carbo¬ 
nate  of  lead.  Wanlockhead  and  Leadhills  (Scotland). 

273.  Dolomite  ( Bitter-spar ),  OaG-f-MgC. 

Hexagonal  rhombohedral ;  R  106°  15'-20' ;  most  frequent 

form  R.  The  rhombohedrons  often  curved  and  saddle- 
shaped  ;  also  granular  or  compact,  often  cellular  and  porous. 
Cl.  rhombohedral.  H.  =  3.5  to  4.5 ;  G.  =  2.85  to  2.95.  Trans¬ 
lucent;  vitreous,  but  often  pearly.  Colorless  or  white,  but 
frequently  pale  red,  yellow,  or  green.  B.B.  infusible,  but 
becomes  caustic,  and  often  shows  traces  of  iron  and  manga¬ 
nese.  Fragments  effervesce  very  slightly  or  not  at  all  in 
hydrochloric  acid ;  the  powder  is  partially  soluble,  or  wholly 
when  heated.  C.c. :  54.3  carbonate  of  lime  and  45.7  carbo¬ 
nate  of  magnesia,  but  generally  carbonate  of  lime  with  more 
than  20  per  cent,  carbonate  of  magnesia  and  less  than  20 
per  cent,  carbonate  of  iron. 

Varieties  are — Dolomite,  massive-granular,  easily  divisi¬ 
ble,  white ;  Rhomb  or  Bitter-spar,  larger  grained,  or  distinctly 
crystallized  and  cleavable,  often  inclining  to  green ;  and 
Brown-spar  and  Pearl-spar,  in  simple  crystals  generally 
curved  (Fig.  231),  or  in  imitative  forms,  of  colors  inclining 
to  red  or  brown,  more  distinct  pearly  lustre,  and  under  10 
per  cent,  carbonate  of  iron.  Leadhills  and  Charlestown  in 
Scotland,  Alston  in  Cumberland,  in  Derbyshire,  Traversella 
in  Piedmont,  St.  Gotthard,  Gap  in  France.  Greenish, 
twinned;  Miemo  in  Tuscany  (Miemite),  and  Tharand  in 
Saxony  ( Tharandite ). 

The  massive  and  compact  varieties  are  very  common,  and 
are  valued  as  building  stones  (cathedral  of  Milan,  York 
Minster,  and  the  Houses  of  Parliament  at  Westminster). 
The  Parian  marble,  and  also  the  Sutherland  and  Iona  mar¬ 
bles,  belong  to  this  species.1 

274.  Ankerite,  CaC  +  (Mgf’e)C. 

R  106°  12'.  Usually  massive  and  granular.  G.  =  2.9  to 
3.1.  Otherwise  like  siderite.  Unst  (Shetland),  Styria. 

275.  Magnesite,  SlgC. 

Rhombohedral ;  107°  10'-30'.  Reniform  or  massive.  H.  = 
3.5;  G.  =  2.85  to  2.95.  Subtranslucent  or  opaque;  streak 
shining.  Snow-white,  grayish  or  yellowish  white,  and  pale 
yellow.  Tyrol,  Norway,  North  America. 

276.  Breunnerite  ( Giobertite ),  MgC-4-(StnFe)C. 

Hexagonal  rhombohedral ;  R  107°  10'-30'.  Granular  or 

columnar.  Cl.  R,  very  perfect.  H.  ==  4  to  4.5 ;  G.  =  2.9  to 
3.1.  Transparent  or  translucent  on  the  edges ;  highly 
vitreous.  Colorless,  but  often  yellowish  brown  or  blackish 
gray.  C.c.  essentially  carbonate  of  magnesia,  with  51.7  car¬ 
bonic  acid  and  48.3  magnesia,  but  often  mixed  with  8  to  17 
carbonate  of  iron  or  manganese.  Unst,  Tyrol  (in  Fassa 
Valley,  etc.),  St.  Gotthard,  Harz. 

277.  Siderite  ( Sparry  Iron,  Chalybite),  FeC. 

Hexagonal  and  rhombohedral ;  R  107°.  Chiefly  R.  often 

curved,  saddle-shaped  (Fig.  232),  or  lenticular.  Cl.  rhom¬ 
bohedral  along  R,  perfect;  brittle.  H.  =  3.5  to  4.5;  G.= 
3.7  to  3.9.  Translucent  in  various  degrees,  becoming 
opaque  when  weathered ;  vitreous  or  pearly.  Rarely  white, 
generally  yellowish  gray  or  yellowish  brown,  changing 
to  red  or  blackish  brown  on  exposure.  B.B.  infusible,  but 

1  Found  in  many  localities  in  the  United  States.  See  Dana’s 
System  qf  Mineralogy  (New  York,  1882),  p.  084, — Am.  Ed. 


becomes  black  and  magnetic ;  with  borax  and  salt  of  phos¬ 
phorus  shows  reaction  for  iron ;  with  soda  often  for  manga¬ 
nese.  In  acids  soluble  with  effervescence.  C.  c.  carbonate 
of  iron,  with  62.1  protoxide  of  iron  and  37.9  carbonic  acid, 
but  usually  0.5  to  10  or  even  25  protoxide  of  manganese,  0.2 
to  15  magnesia,  and  0.1  to  2  lime.  Unst,  Kintyre.  In  beds 
or  masses  in  Beeralston  in  Devonshire,  Alston  Moor  in 
Cumberland,  and  in  many  of  the  tin-mines  in  Cornwall,  in 
Styria,  Carinthia,  and  Westphalia;  in  veins  in  Anhalt  and 
the  Harz  ;  also  in  the  Pyrenees  and  the  Basque  provinces  of, 
Spain,  as  near  Bilboa ;  in  crystals  at  Joachimsthal,  Freiberg 
Kiausthal.2 

Clay  Ironstone,  gray,  blue,  brown,  or  black, — G.  =  2.8  to  3.5, 
H.  =  3.5  to  4.5, — is  an  impure  variety. 

278.  Dialogite  ( Red  Manganese),  MnC. 

Hexagonal,  rhombohedral;  R  106°  56'.  Crystals  often 

curved,  lenticular,  or  saddle-shaped ;  also  spherical,  reniform, 
and  columnar  or  granular.  Cl.  R,  perfect.  H.  =  3.5  to  4.5 ; 
G.  =  3.3  to  3.6.  Translucent ;  vitreous  or  pearly.  Rose-red 
to  flesh-red;  streak  white.  C.c.:  62  manganese  protoxide 
and  38  carbonic  acid.  Freiberg,  Schemnitz,  Kapnik,  Nagyag, 
Elbingerode,  and  near  Sargans. 

279.  CoBALTSPATH,  CoCo. 

Rhombohedral  and  spheroidal.  H.  =  4 ;  G.  =  4  to  4.13. 
Peachblossom-red ;  but  dark  externally  Schneeberg. 

280.  Smitiisonite  {Calamine),  2nC. 

Hexagonal  rhombohedral ;  R 107°  40  .  Usually  reniform, 
stalactitic,  and  laminar  or  granular.  Cl.  R,  perfect  but  curved ; 
fracture  uneven,  conchoidal ;  brittle.  H.  =  5  ;  G.  =  4.1  to 
4.5.  Tanslucent  or  opaque ;  pearly  o’-  vitreous.  Colorless, 
but  often  pale  grayish  yellow,  brown,  or  green.  C.c. :  64.8 
zinc  oxide  and  35.2  carbonic  acid.  Meudip  in  Somersetshire, 
Matlock  in  Derbyshire,  compact  at  Alston  Moor,  Chessy  near 
Lyons,  Altenberg  near  Aix-la-Chapelle,  Brilon  in  'West¬ 
phalia,  Tarnowitz  in  Silesia,  Hungary,  Siberia. 


281.  Aragonite,  CaO. 

Right  prismatic.  ooPll6°10';  Poo  108°  26'.  The  most 
common  combinations  are  cdPoo  (h),  oop  (M),  Poo  (k,  P)  (Fig. 
275),  generally  long  prismatic  (like  the  separate  crystals  in 
.Fig.  184) ;  oo  poo,  ooP,  OP,  generally  short  prismatic  ;  crys¬ 
tals  of  6p$,  cdP,  Poo  ,  6p=o  ( q )  (Fig.  373)  acute  pyramidal.  But 
simple  crystals  are  rare  from  the  great  ten¬ 
dency  to  form  twins  conjoined  by  a  face  of 
ooP,  and  repeated  either  in  linear  arrange¬ 
ment  (Fig.  185)  or  in  rosette  grouping  (Fig. 
186).  Also  columnar,  fibrous,  and  in  crusts, 
stalactites,  and  other  forms.  Cl.  brachy- 
diagonal,  distinct ;  fracture  conchoidal  or 
uneven.  H.  =  3.5  to  4 ;  G.  =  2.9  to  3  (mas¬ 
sive  2.7).  Transparent  or  translucent;  vit¬ 
reous.  Colorless,  but  yellowish-white  to 
brick-red  ;  also  light  green,  violet-blue,  or 
gray.  In  the  closed  tube,  before  reaching 
a  red  heat,  it  swells  and  falls  down  into  a 
white  coarse  powder,  evolving  a  little  water. 
Unst  and  Leadhills ;  Valencia,  Molina  and 
elsewhere  in  Aragon ;  Leogang  in  Salzburg, 
and  Antiparos.  Flos-ferri,  coralloid,  in  the 
iron-mines  of  Styria.  Satin-spar,  fine  fibrous 
silky, at Dufton  (Westmoreland).  Stalactitic, 
coast  of  Galloway,  Leadhills,  Buckingham¬ 
shire,  and  Devonshire.  Also  deposited  as 
tufa  by  the  Carlsbad  and  other  hot  springs.3 

282.  W itherite,  BaO. 

Right  prismatic.  coP  (g)  118°  30' ;  2Poo  (P)  112°.  Crys¬ 
tals  not  common  like  Fig.  275,  but  generally  with  quite 
an  hexagonal  aspect  from  being 
twinned  like  aragonite  (Fig.  374). 
Oftener  spherical  botryoidal,  or 
reniform,  with  radiated  columnar 
structure.  Cl.  ooP,  distinct,  frac¬ 
ture  uneven.  H.  =  3to3.5;  G.  =  4.2 
to  4.3.  Semitransparent  or  trans¬ 
lucent;  vitreous  or  resinous  on  the 
fracture.  Colorless,  but  generally 
yellowish  or  grayish.  B.B.  fuses 
easily  to  a  transparent  globule, 
opaque  when  cold ;  on  charcoal 
boils,  becomes  caustic,  and  sinks 
into  the  support ;  soluble  with  ef¬ 
fervescence  in  n.  or  h.  acid.  C.c. : 
22.3  carbonic  acid  and  77.7  baryta. 
Alston  Moor  and  Hexham  in  North- 


Fig.  373. 


Fig.  374. 


2  Found  at  Plymouth,  Vermont;  Roxbury,  Conn. ;  Antwerp, 
New  York.  Dana’s  System  of  Mineralogy  (New  York,  1882),  p.  690. — 
Am.  Ed. 

3  Found  at  Hoboken,  N.  J„  at  Edenville,  N.  Y.,  at  Wood’s 
Mine,  Lancaster  Co.,  Penna.  Ibid,.,  p.  697. — Am.  Ed. 
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ttiufchilT1’ alSO  in  Styria’  SalzburS>  Hungary, Sicily,  Siberia. 

283.  Alstonite,  BaC  +  CaC. 

Right  prismatic.  ooP  118°  50';  2poo  111°  50';  usual 

«n^n?-tl0Q-7 2<?a0’  ^P’  res®.mhling  an  hexagonal  pyr¬ 
amid  (Fig.  375).  Cl.  c»p  and  oopxi ,  rather  distinct.  H.  =  4 
to  4.o ;  G.  =  3.65  to  3.76.  Translucent;  weak  resinous. 
Loloriess  or  grayish-white.  C.c. :  66  carbonate  of  baryta  and 
Morn-1  k°nate  of  bme-  Fallowfield  near  Hexham,  and  Alston 

284.  Strontianite,  SrC. 

,'F^g^friTftiC-  VV  p  1170  19';  P°°  1080  12'>  Crystals 
ir  lg.  376)  and  twins  like  aragonite ;  also  broad  columnar  and 

S7sUS-  rJ?-  Pnsmatic  alon«  *P  W-  H.  =  3.5 ;  G.  =  3.6 
-t  ranslucent  or  transparent ;  vitreous  or  resinous  on 
iracture.  Colorless,  but  often  light  asparagus-  or  apple-green, 


Beeralston  in  Devonshire,  St.  Mlnver  in  Cornwall; 

stndfbr7ftlLMf  m  av  B1®1,stadt !  Tarnowitz,  Johann-Georgen- 
stadt,  Zellerfeld,  Klausthal,  and  many  other  places. 

287.  B a K yto-C alcite,  BaO  +  CaC. 
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Fig.  375  (sp.  283). 

more  rarely  grayish,  yellowish,  or  brownish.  B.B.  fuses  in 
a  strong  heat  only  on  very  thin  edges,  intumesces  in  cauli- 
flower-hke  forms,  shines  brightly,  and  colors  the  flame  red- 
easily  soluble  in  acids,  with  effervescence.  C.c.:  30  carbonic 
aSld  alld  1°  strontia,  but  often  contains  carbonate  of  lime 
(6  to  8).  Strontian  in  Argyllshire,  Sutherland,  Leogang  in 
Salzburg,  Braunsdorf  in  Saxony,  Hamm  in  Westphalia,  the 
Harz;  at  Schoharie  (N.  Y.)  and  elsewhere  in  the  United 
States  ( Emmonite ).  It  is  used  to  produce  red  fire  in  pyro¬ 
technic  exhibitions. 

285.  MANGANOCALciTE,(Mn,  Ca,  Be)  C. 

Right  prismatic;  in  prisms  like  aragonite,  and  bears  the 

same  relation  to  dialogite  that  aragonite  does  to  calc-spar. 
H.  =  4  to  5;  G.  =  3.03.  Red  or  reddish  white.  Vitreous 
Schemnitz. 

286.  Cerussite  (Lead  Spar),  PbC. 

Right  prismatic :  isomorphous  with  aragonite  and 

<*>P  (M)  117°  14' ;  poo  108°  16' ;  2P® 

(«)  69°  20';  also  OP;  P  («);  ipoo  (,). 
oopco  «);  00 p3  (e)  (Fig.  377).  Twins 
common  (Figs.  158, 159, 378, 379).  Also 
granular  or  earthy.  Cl.  00P  and  2poo , 
rather  distinct ;  fracture  conchoidal ; 
easily  frangible.  H.  =  3  to"  3.5 ;  G.  = 

6.4  to  6.6.  Transparent  or  translucent ; 
adamantine  or  resinous.  Colorless  and 
often  white,  but  also  gray,  yellow, 
brown,  black,  rarely  green,  blue  or  red ; 
streak  white.  B.B.  decrepitates  vio¬ 
lently,  but  easily  fused  and  reduced; 
soluble  with  effervescence  in  n.  acid. 

C.c.:  83.5  protoxide  of  lead  and  16.5 
carbonic  acid.  Very  common.  Lead- 
hills,  Wanlockhead,  Keswick,  Alston 


nitre 


Fig.  377. 


Fig.  380. 


Fig.  381. 


Fig.  378. 


Fig.  379. 


Fig.  382  (sp.  289). 


Oblique  prisnmtic,  C  69°  30'.  <xP  (m)  84°  52',  P  (s)  106° 
54  ,  P°oo  (h)  61°  (Figs.  380,  381) ;  also  columnar  and  gran- 
o  3r'  Q-  P  Perfect,  P°co  less  perfect.  H.  =  4  ;  G.  =  3  6  to 
3.7.  Transparent  or  translucent ;  vitreous,  inclining  to'res- 
mous.  Yellowish  white.  C.c.:  like  alstonite.  Alston 
Moor. 

288.  Bismuto-sph^rite,  Ri2C. 

Small  fibrous  brown  concretions  from  Neustiidtel.  near 
Schneeberg.  ’ 


HYDROUS  CARBONATES. 

289.  Thermonatrite,  NajC-fS^ 

Right  prismatic.  00  p2(d)JL07°  50' ;  poo  (0)  83°  50' ;  with 
A~  1  jik  ctpco  (p)  in  rectangular  tables 

/  a  /tn\  (Fig-  382).  Cl.  brachydiagonal, 
fX  >  perfect.  H.  =  1.5;  G.  =  1.5  to  1.6. 

1  Colorless.  B.B.  like  natron,  but 

does  not  melt.  C.c. :  50.1  soda,  35.4 
carbonic  acid,  and  14.5  water.  Na¬ 
tron  lakes  of  Lagunilla  in  Vene¬ 
zuela,  of  Lower  Egypt,  and  of  the 
steppes  between  Urals  and  Altai. 
290.  Natron,  Na2C  +  10H2. 
Oblique  prismatic,  C  57°  40'. 
Crystals  artificial ;  with  00P  79° 
41' ;  P  76°  28'.  Cl.  orthodiagonal, 
distinct.  H.  =  l  to  1.5;  G.  =  1.4 
to  1.5.  Pellucid;  vitreous.  Col¬ 
orless  or  grayish  white.  B.B.  melts  easily,  coloring  the 
flame  yellow.  C.c :  22  soda,  15  carbonic  acid,  and  63  water ; 
but  mixed  with  chloride  of  sodium  and  other  salts  Only 
as  an  efflorescence  on  the  ground  or  rocks  (lava  of  Vesu¬ 
vius  and  Etna)  in  various  countries  (Hungary,  Egypt,  Tar¬ 
tary),  and  in  mineral  springs  and  lakes.  Used  in  the  manu¬ 
facture  of  soap,  in  dyeing,  and  in  bleaching. 

291.  Trona,  Urao,  Na2Cs  +  4H2. 

Oblique  prismatic.  Crystals  0P(  T),  *P»»  (M),  P  (n) 
T:  M 103°  15'  (Fig.  383).  Cl.  orthodiagl 
onal,  perfect.  H.  =  2.5  to  3;  G.  =  2.1  to 
2.2.  Transparent  to  translucent.  Color¬ 
less.  Does  not  decompose  in  the  air.  Taste 
alkaline.  C.c. :  38  soda,  40  carbonic  acid, 
and  22  water.  Fezzan  and  Barbary 
(  Trona),  Lagunilla  ( Urao)} 

292.  Gayltjssite,  Na2C  -f  CaC  -f  5fl2. 
Oblique  prismatic,  C  78°  27'.  Cl.  00P,  imperfect;  frac¬ 
ture  conchoidal.  H.  =  2.5 ;  G.  =  1.9  to  1.95.  Transparent ; 
vitreous.  Colorless.  C.c. :  34.5  carbonate  of  soda,  33.6  car¬ 
bonate  of  lime,  30.4  water,  with  1.5  clay.  Lagunilla. 

293.  Hydromagnesite,  Mg4C3-|-4H2. 

Oblique  prismatic.  00P  88°  nearly.  Crystals  small,  rare  • 

also  massive.  H.  =  1.5  to  3 ;  G.  =  2.14  to  2.18.  Vitreous  or 
silky.  White.  C.c. :  36.2  carbonic  acid,  44  magnesia,  and 
19.8  water.  Unst  (Shetland),  Moravia,  Kumi  in  Negropont 
Hoboken  in  New  Jersey,  and  Texas  in  Pennsylvania.  ’ 

294.  Azurite  (Blue  Copper),  Cu3C2  -f-  H2. 

Oblique  prismatic,  C  87°  39'.  00P  (M)  99°  32'-— P(fc') 

106°  14'.  Crystals  OP,  ocP,  oopo®,  —  p  (or  h,  M,  s,  k',  in  Fig. 

1  Sweetwater  River,  Rocky  Mountains.  Dana’s  System  of  Min¬ 
eralogy,  p.  706,  New  York  (1882).— Am.  Ed.  J 


Fig.  383. 
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384,  but  in  another  position) ;  also  radiated  and  earthy.  Cl. 
clinodomatic  (P)  59°  14' 
rather  perfect;  fracture 
conchoidal  or  splintery. 

H.=  3.5  to  4.2;  G.  =  3.7 
to  3.8.  Translucent  or 
opaque ;  vitreous.  Azure- 
blue,  the  earthy  varieties 
(and  streak)  smalt-blue. 

B. B.  on  charcoal  fuses 
and  yields  a  grain  of  cop¬ 
per;  soluble  with  effer¬ 
vescence  in  acids,  and  also  in  ammonia.  C.c. :  69.1  protox¬ 
ide  of  copper,  25.7  carbonic  acid,  and  5.2  water.  Crystals 
at  Redruth,  Alston  Moor,  Chessy  near  Lyons,  in  Siberia, 
Moldawa  in  the  Banat,  Burra-Burra  (Australia),  \alued 
as  an  ore  of  copper. 

295.  Malachite,  Cu2C-j-S2- 

Oblique  prismatic,  C  61°  50'.  °°P  104°  20'.  Crystals  P 
(M),  oo  P°co  (s),  OP  (P),  in  hemitropes  (Fig.  385).  In 
general  acicular,  scaly,  or  reniform,  stalacti- 
tic,  and  radiated  fibrous.  Cl.  basal  and  clino- 
diagonal,  very  perfect.  H.  =  3.5  to  4 ;  G.  =  3.6 
to  4.  Transparent  or  translucent  on  the  edges ; 
adamantine,  vitreous,  silky,  or  dull.  Emer¬ 
ald  and  other  shades  of  green ;  streak  apple- 
green.  B.B.  and  with  acids  like  azurite. 

C. c.:  71.8  copper  protoxide  (=57.5  copper), 

20  carbonic  acid,  and  8.2  water.  Crystalline 
at  Rheinbreitenbacli  on  the  Rhine  and  Zeller- 
feld  in  the  Harz;  fibrous  and  compact  at 
Sandlodge  in  Shetland,  Leadhills,  Cornwall,  Wales,  and 
Ireland,  at  Chessy  in  France,  Siberia,  the  Urals,  Saalfeld  in 
Thuringia,  Moldawa  in  the  Banat,  in  North  America,  Africa, 
and  Australia.  Frequently  pseudomorphous  after  copper 
and  its  ores,  also  after  calcite  and  cerussite.  Valuable  ore 
of  copper;  the  finer  varieties  are  prized  for  ornamental 
purposes. 

296.  Hydrozincite,  2nC-f-22nH2. 

Massive.  C.c. :  zinc  oxide  75.3,  carbonic  acid  13.6,  water 
11.1.  Spain,  Westphalia,  Bavaria,  Persia,  United  States. 
Valuable  ore. 


M 


M 


Fig.  385. 


297.  Aurichalcite,  2C3uC  +  32nH2. 

Acicular.  H.  =  2.  Translucent,  pearly,  and  verdigris- 
green.  C.c. :  29.2  copper  protoxide,  44.7  zinc  oxide,  16.2  car¬ 
bonic  acid,  and  9.9  water.  Leadhills,  Matlock,  Loktevski 
in  the  Altai. 

298.  Emerald-Nickel  ( Zaratite ),  NiC-f-6lL. 
Amorphous,  reniform,  and  incrusting.  H.  =  3;  G.  =2.6 

to  2.7.  Translucent ;  vitreous.  Emerald-green.  C.c. :  59.3 
nickel  protoxide,  11.7  carbonic  acid,  and  29  water.  On 
cbromite  at  Hagdale  in  Unst,  Texas  in  Pennsylvania ;  also 
Cape  Ortegal  in  Spain,  Tyrol,  and  Ekaterinburg  in  the 
Urals. 

299.  Lindakerite,  t!20 -f-2CaC-j-10li2. 

In  small  siskin-green  crystalline  aggregates.  H.  =  2.5  to 
3.  From  Elias  mine  near  Joachimsthal,  implanted  on 
pitch-blende. 

300.  V oolite,  4tJ0-f70a0-|-3CuC-)-24lI.2. 
Rhomboidal.  Emerald-green  scales  with  pearly  lustre. 

Elias  mine,  Joachimsthal. 

301.  Liebigite,  R2O  +  Ca<3  +  20fl2. 

Mammillary  concretions.  H.  =  2  to  2.5.  Apple-green. 
Adrianople,  Joachimsthal,  and  Johann-Georgenstadt. 

302.  Bismuthite,  Bi4C3-f-4II2. 

Disseminated,  investing  or  acicular ;  fracture  conchoidal 
or  uneven;  very  brittle.  H.  =  4  to  4.5;  G.  =  6.8  to  6.91. 
Opaque;  dull  vitreous.  Gray,  yellow,  or  green.  C.c.:  90.1 
bismuth  oxide,  6.4  carbonic  acid,  and  3.5  water.  Ullers- 
reuth  (Reuss),  Schneeberg,  Johann-Georgenstadt ;  also  Ches¬ 
terfield  in  South  Carolina. 

303.  Lanthanite,  LaC  4-  3H2. 

Right  prismatic.  00P  92°  46'.  Small  tabular  crystals; 
usually  granular  or  earthy.  Cl.  basal.  H.  =  2;  G.  =  2.7. 
Dull  or  pearly.  White  or  yellowish.  C.c. :  21  carbonic 
acid,  55  lanthanum  oxide,  and  24  water.  Bastnaes  in  Swe¬ 
den,  Lehigh  in  Pennsylvania. 


CARBONATES  WITH  HALOID  SALTS,  Etc. 


rare.  Stottfield  near  Elgin  in  Scotland,  Matlock  and  Crom- 
ford  in  Derbyshire,  Tarnowitz. 

305.  Parisite,  3CeC-}-CaF. 

Hexagonal.  P  164°  58'.  Cl.  basal,  perfect.  II.  =4.5; 
G.  =  4:35.  Vitreous ;  on  cleavage-plane  pearly.  Brownish 


yellow,  inclining  to  red.  C.c. :  23.5  carbonic  acid,  42.5  pro¬ 
toxide  of  cerium,  8.2  lanthanum  oxide,  9.6  didvmium  oxide, 
2.8  lime,  10.1  fluoride  of  calcium,  and  2.2  fluoride  of  cerium. 
Emerald  mines  of  the  Muzo  Valley  in  Colombia,  Urals. 

306.  Leadhillite  ( Maxite ),  Pb18C9S5051  +  5H2. 

Right  prismatic.  P  middle  edge- 137°;  ccP  120°  20'; 


2Poo  43°  12'.  Mostly  tabular ;  also  twins.  Cl.  basal,  per¬ 
fect;  slightly  brittle.  H.  =  2.5;  G.  =6.26  to  6.44.  Trans¬ 
parent  or  translucent;  resinous  or  adamantine,  pearly  on 
OP.  Yellowish  white,  inclining  to  gray,  green,  yellow,  or 

brown.  C.c.;  81.98 
oxide  of  lead,  8.03 
carbonic  acid,  8.12 
sulphuric  acid,  1.8 
water.  Leadhills, 
Taunton,  Nertch- 
insk,  Granada.  Max¬ 
ite  from  Sardinia. 

307.  Susannite, 
3PbO  +  PbS. 

Rhomboliedral ;  R 
72°  29'.  Cl.  basal, 
perfect.  H.  =  2.5 ; 
G.  =  6.55.  White, 
green , yellow,  brown¬ 
ish.  Resinous  to  ad¬ 
amantine;  pearly  on 
the  cleavage  faces. 

Fig.  390  (sp.  307).  Fig.  391  (sp.  307).  Powder  white.  C.c. : 

72.5  carbonate  and 
27.5  sulphate  of  lead.  From  the  Susanna  mine  at  Leadhills, 
but  very  rare  ;  also  in  large  dark  crystals  from  the  Banat. 

ANHYDROUS  SULPHATES. 

308.  Arcanite  ( Glaserite ),  K2S. 

Right  prismatic.  Acute  pyramids,  with  00P  120°  24' ; 
dimorphous  and  also  rhombohedral,  with  R  88°  14'.  Mostly 
in  crusts,  or  pulverulent.  Cl.  basal,  imperfect.  H.  =  2.5 
to  3 ;  G.  =  2.7.  Pellucid ;  vitreous  or  resinous.  Colorless 
or  white.  C.c. :  54  potash  and  46  sulphuric  acid.  Lavas  of 
Vesuvius  and  other  volcanoes. 

309.  Mascagnite,  (NfLVS. 

Right  prismatic.  ocP  121°  8' ;  but  chiefly  in  crusts  and 
stalactites.  Cl.  perfect;  sectile.  H.  =  2  to  2.5;  G.  =  1.7 
to  1.8.  Pellucid  ;  vitreous.  Colorless,  white,  or  yellowish. 
Taste  pungent  and  bitter.  C.c. :  25.9  ammonia,  60.5  sul¬ 
phuric  acid,  and  13.6  water.  Near  volcanoes,  as  Etna, 
Vesuvius,  the  Solfatara,  the  Lipari  Islands,  in  the  marshes 
near  Siena,  and  in  ignited  coal-beds,  as  at  Bradley  in  Staf¬ 
fordshire. 


304.  Phosgenite,  PbCl  +  i*bC. 

Pyramidal.  P  113°  56'.  Crystals  short-prismatic  or 
sharp-pyramidal.  Cl.  ooP  rather  perfect;  fracture  con¬ 
choidal.  H.  =  2.5  to  3;  G.  =  6  to  6.2.  Transparent  or 
translucent;  resinous  adamantine.  White,  yellow,  green, 
or  gray.  C.c. :  51  chloride  and  49  carbonate  of  lead.  Very 


310.  Thenardite,  Na^L 

Right  prismatic.  Acute  pyramids  P,  with  OP  and  00P,  in 
crusts  and  druses.  Cl.  basal,  perfect;  fracture  uneven. 
H.  =  2.5 ;  G.  =  2.6  to  2.7.  Pellucid ;  vitreous.  White. 
C.c. :  43.82  soda  and  56.18  sulphuric  acid.  In  salt  deposits 
near  Aranjuez  (Spain)  and  at  Tarapaca  (Peru). 
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oil.  Glauberite  ( Brongniartine ),  NaJ?  4-  Ca5. 
Obhquepr^matie,  C  68°  16'.  OP,  — P,  or  with  ooP  (P,  f, 
^  '£•  392).  Cl.  basal,  perfect ;  along  ooP 
toces.  H.  =  2  5  to  3 ;  G.  =  2.75  to  2.85. 

JLranslucent ;  vitreous  to  resinous.  Colorless. 

C.c. :  51  sulphate  of  soda,  and  49  sulphate  of 
lime.  Yillarubia  in  Spain,  Vic,  Berchtes- 
gaden,  near  Brugg  in  Aargau,  Aussee  and 
lschl  m  Austria ;  Tarapaca  in  Peru,  with  1  ^ 

to  5  boracic  acid.  Fig  392 


312.  Anhydrite  ( Karstenite ),  CaS. 

Bight  prismatic.  cdP  90°  4'.  Chiefly  granular,  or  almost 
compact  or  columnar.  Twins  rare.  Cl.  macrodiagonal  and 
brachydiagonal,  both  perfect ;  basal  perfect.  H.  =  3  to  3.5 ; 

^o  3.  Transparent  or  translucent ;  vitreous ;  on 
ooPco  pearly.  Colorless  or  white,  but  often  blue,  red,  or 
gray;  streak  grayish  white.  C.c.:  58.75  sulphuric  acid  and 
41.25  lime. 


The  crystalline,  or  Muriacite,  occurs  in  the  salt-mines  of 
Bex,  Hall  in  Tyrol,  and  Aussee  in  Styria,  also  at  Sulz,  Stass- 
furt,  and  Bleiberg.  Compact  at  lschl  in  Austria,  Berchtes- 
gaden,  Eisleben,  and  the  Harz.  Granular,  or  Vutpinite,  near 
Bergamo.  The  contorted,  or  Gekrosstein,  chiefly  at  Wieliczka 
and  Bochnia. 


313.  Baryte  ( Heavy  Spar),  Ba3. 

Bight  prismatic.  w  pco  (g)  78°  20' ;  Poo  (/)  105°  22' ;  ®P2 
(d)  77°  44' ;  also  ®P°°  (c)  (Figs.  125, 126, 127,  but  in  a  differ¬ 
ent  position,  d,  d  being  placed  vertical).  The  crystals  show 
very  many  forms  and  combinations,  and  are  tabular  or  col¬ 
umnar,  often  in  druses  or  groups;  also  foliated,  fibrous, 
granular,  or  compact.  Cl.  brachydiagonal  perfect,  along  P°° 
less  perfect ;  basal,  traces.  H.  =  3  to  3.5 ;  G.  =  4.3  to  4.7. 
Transparent  to  translucent ;  vitreous  or  resinous.  Colorless 
and  white,  but  generally  reddish  white,  or  flesh-red,  yellow 
gray,  bluish,  greenish,  or  brown.  B.B.  decrepitates  violently' 
and  fuses  very  difficultly,  or  only  on  the  edges,  coloring  the 
flame  yellowish  green ;  not  soluble  in  acids.  C.c. :  34.3 
sulphuric  acid  and  65.7  baryta,  but  occasionally  with  1  to  15 
sulphate  of  strontia.  Very  common,  chiefly  in  veins,  either 
alone  or  accompanying  ores.  Crystals  at  Arran,  Strontian, 
Elie,  Sutherland ;  Dufton,  Bohemia,  Felsobanya  and  Krem- 
nitz  in  Hungary,  Auvergne,  and  United  States.  Columnar 
at  Freiberg.  The  radiated  from  near  Bologna,  or  the  Bo¬ 
lognese  Stone,  phosphoresces  in  the  dark.  Massive,  or  Cawk 
from  Derbyshire  and  Staffordshire,  Leadhills,  and  Arran.  ’ 

Lime  Barytes,  from  Derbyshire,  Strontian,  Freiberg,  seems 
a  mixture  with  sulphate  of  lime ;  crystals  tabular,  in  rosettes 
and  other  groups  ;  G.  =  4  to  4.3.  Hepatite,  dark  gray,  from 
carbonaceous  matter ;  Kongsberg.  Allomorphite,  scaly!  white, 
and  pearly,  near  Rudolstadt,  agrees  essentially  with  barytes! 

314.  Baryto-Celestine,  2SrS  +  Ba"S. 

Bad iated  and  foliated.  Bluish  white.  Brittle  and  friable. 
H.  =  2.5;  G.  =  3.92.  Difficultly  fusible.  Lake  Erie, 
Upper  Canada,  and  Binnenthal. 


soluble  in  acids,  wholly  in  solution  of  potash.  C.c. :  73.7  lead 


317.  Lanarkite,  PbS  -f-  Pb. 

Oblique  prismatic.  ooP  49°  50'.  a.  basal,  perfect;  sec- 
tile ;  thin  laminae  flexible.  H.  =  2  to  2.5  ;  G.  =  6.3  to  6.7. 


Transparent ;  resinous  or  adamantine ;  on  OP  pearly.  Green¬ 
ish  or  yellowish  white,  inclining  to  gray;  streak  white. 
B.B.  on  charcoal  fuses  to  a  white  globule  containing  metallic 
lead ;  partially  soluble  in  n.  acid  with  effervescence.  C.c. : 
sulphate  of  lead  57.6,  oxide  of  lead  42.4.  Leadhills ;  rare. 

HYDBOUS  SULPHATES. 


315.  Celestine,  Sr§. 

Bight  prismatic ;  forms  like  barytes  and  anglesite.  foo 
(0)  104°  8' ;  Poo  (M)  75°  58'.  Usual  combinations  Poo,  poo, 

“P00  ;  or  this  with  ocP2  (d) ;  also  columnar  and  foliated  ; 
or  fibrous,  fine  granular,  or  compact.  Cl.  macrodiagonal! 
perfect ;  along  Poo  less  perfect.  H.  =  3  to  3.5 ;  G.  =  3.9  to 
4.  Transparent  or  translucent ;  vitre¬ 
ous  or  resinous.  Colorless,  but  usually 
bluish  white  to  indigo-blue,  and  rarely 
reddish  or  yellowish.  B.B.  decrepitates 
and  fuses  easily  to  a  milk-white  glob¬ 
ule  ;  colors  the  flame  carmine-red.  Dis¬ 
tinguished  from  barytes  by  a  splinter, 
after  ignition  in  the  inner  flame,  on 
being  moistened  with  h.  acid,  and  held  in  the  blue  border 
of  the  flame  of  a  candle,  coloring  this  of  a  lively  purple-red. 
Scarcely  affected  by  acids.  C.c. :  43  6  sulphuric  acid  and 
56.4  strontia,  but  often  some  baryta  or  lime.  Tantallon 
Castle,  Calton  Hill,  Clachnaharry ;  near  Bristol  and  Knares- 
borough  ;  suiphur-mines  of  Girgenti  and  other  parts  of 
Sicily,  Herrengrund  in  Hungary,  Bex,  Salzburg,  Monte 
Viale  near  Verona,  and  Meudon  and  Montmartre  near  Paris. 
Used  for  producing  a  red  light  in  pyrotechnic  mixtures. 


Fig.  393. 


316.  Anglesite,  Pb‘3. 

Bight  prismatic.  00  P  103°  43' ;  Poo  75°  35'.  The  crytals, 
of  many  forms  and  combinations,  are  short  prismatic,  pyra¬ 
midal,  or  tabular.  Cl.  prismatic  along  00P,  and  basal ;  frac¬ 
ture  conchoidal ;  very  brittle.  H.  =  3 ;  G.  =  6.2  to  6.35. 
Transparent  or  translucent ;  adamantine  or  resinous.  Color¬ 
less  and  white,  but  occasionally  yellow,  gray,  brown,  or  blue ; 
streak  white.  Decrepitates  in  candle ;  B.B.  on  charcoal  fuses 
in  the  oxygen  flame  to  a  milk-white  bead ;  very  difficultly 
You  XVI, -764 


318.  Mirabilite  ( Glauber  Salt),  Na2§  -f  10fl2. 

Oblique  prismatic,  C  72°  15'.  Cl.  orthodiagonal ;  fracture 

conchoidal.  H.  =  1.5  to  2 ;  G.  =  1.4  to  1.5.  Pellucid  and 
colorless.  C.c. :  19.2  soda,  24.8  sulphuric  acid,  and  56  water. 
As  an  efflorescence  in  quarries,  on  old  walls,  or  on  the 
ground ;  in  the  waters  of  lakes  and  springs  in  Russia  and 
Egypt,  and  on  Vesuvius  on  lava. 

319.  Gypsum,  Ca§ -|- 2fT2. 

•Oblique  prismatic,  C80°  57'.  The  most  common  forms  are 
00P  111°  30' ;  P  138°  40';  — P  143°  30' ;  and  ooP«qo.  Two 
common  combinations  are  goP(/),  cdP°qo  (p),  — P  ( l )  (Fig. 
129),  and  this  with  P.  Lenticular  crystals  often  occur; 
hemitropes  frequent  (Figs.  161,  150,  151) ;  also  granular,’ 
compact,  fibrous,  scaly,  or  pulverulent.  Cl.  clinodiagoual 
perfect,  along  P  much  less  perfect;  sectile;  thin  plates 
flexible.  H.=  1.5  to  2  (lowest  on  P) ;  G.  =  2.2  to  2.4. 
Transparent  or  translucent ;  vitreous,  on  cleavage  pearly  or 
silky.  Colorless  and  snow-white,  but  often  red,  gray,  yel¬ 
low,  brown,  and  more  rarely  greenish  or  bluish.  In  "the 
closed  tube  yields  water.  B.B.  becomes  opaque  and  white; 
soluble  in  400  to  500  parts  of  water,  scarcely  more  so  in 
acids.  C.c. :  46.5  sulphuric  acid,  32.6  lime,  and  20.9  water. 

Transparent  crystals,  or  Selenite,  occur  in  the  salt-mines 
of  Bex  in  Switzerland,  of  the  Tyrol,  Salzburg,  and  Bohemia, 
in  the  sulphur-mines  of  Sicily,  at  Lockport  in  New  York, 
in  porphyry  at  Gourock,  in  the  clay  of  Shotover  Hill  near 
Oxford,  at  Chatley  near  Bath,  and  many  other  localities. 
Fibrous  gypsum  at  Campsie,  Matlock  in  Derbyshire,  and 
at  Ilfeld  in  the  Harz.  Compact  gypsum  in  whole  beds  in 
many  parts  of  England,  Germany,  France,  and  Italy,  at 
Vol terra  in  Tuscany  ( Alabaster )  often  with  rock-salt.  The 
finer  qualities  (or  alabaster)  are  cut  into  various  orna¬ 
mental  articles. 
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320.  Kieserite,  + 

Rhombic,  but  chiefly  massive.  G.  =  2.52.  Pellucid ; 
grayish  white.  C.c :  magnesia  29,  sulphuric  acid  58,  water 
13.  In  beds  at  Stassfurt. 


Fig.  399  (sp.  321V 

White, 
Taste  nauseous- 


321.  Epsomite  ( Epsom  Salt),  iSlgS  +  TH,,. 

Right  prismatic.  P  mostly  hemihedric ;  ocP  90°  38'.  ooP 
(M),  copoo  (o),  P  (I)  (Fig.  399).  Granular,  fibrous,  or  earthy. 
Cl.  brachydiagonal,  perfect.  H.  =  2  to 
2.5 ;  G.  =  1.75.  Pellucid  ;  vitreous ; 
and  white.  Taste  hitter.  C.c. :  16.32 
magnesia,  32.53  sulphuric  acid,  and 
51.15  water.  Efflorescence  on  various 
rocks,  as  at  Hurlet  near  Paisley,  Idria, 

Montmartre,  and  Freiberg;  on  the 
ground  in  Spain  and  the  Russian 
steppes;  in  mineral  waters,  as  at  Ep¬ 
som  in  Surrey,  Saidschitz  and  Seidlitz 
in  Bohemia.  Used  in  medicine. 

322.  Goslarite  (White  Vitriol), 

2n3  +  7fi2. 

Right  prismatic.  ooP  90°  42' ;  jso- 
morphouswith  epsomite.  ooP,  ooPao, 

P  (M,  o,  l)  (Fig.  399).  Mostly  granu¬ 
lar  or  stalactitic;  reniform  and  in- 
crusting.  Cl.  brachydiagonal,  perfect. 

H.  =2  to  2.5;  G.  =  2to2.1.  Pellucid;  vitreous, 
inclining  to  gray,  yellow,  green,  or  red. 
astringent.  C.c. :  28.2  zinc  oxide, 

27.9  sulphuric  acid,  and  43.9  water. 

Holywell  in  Flintshire,  Cornwall, 

Rammelsberg  near  Goslar  in  the 
Harz,  Falun,  Schemnitz.  Used  in 
dyeing  and  medicine. 

323.  Morenosite,  Ni3-f-7S2. 

Acicular,  fibrous,  and  as  an  efflo¬ 
rescence.  H.  =  2  to  2.25  ;  G.  =  2. 

Lustre  vitreous.  Apple-green ; 
streak  white.  Soluble.  Morvern 
in  Argyllshire,  Cape  Ortegal  (Spain), 

Lake  Huron,  Pennsylvania. 

324.  Melanterite  ( Green  Vit¬ 
riol,  Copperas),  FeS-j-7H2 

Oblique  prismatic,  C  75°  45'.  ccP 
(/)  82°  22' ;  — P  (P)  101°  34' ;  P°ao 
(o)  67°  30'  (Fig.  400) ;  chiefly  stalac¬ 
titic,  reniform,  or  in  crusts.  Cl.  basal ;  perfect;  prismatic 
less  so.  H.  =2;  G.  =  1.8  to  1.9.  Translucent,  rarely  trans¬ 
parent  ;  vitreous.  Leek-  or  mountain-green,  often  with  a 
yellowish  coating;  streak  white.  C.c.:  26  protoxide  of 
iron,  29  sulphuric  acid,  and  45  water.  Hurlet  near  Paisley, 
Bodenmais,  Rammelsberg,  Falun,  Schemnitz,  Bilin.  Used 
in  dyeing,  and  in  manufacturing  ink,  Prussian  blue,  and 
sulphuric  acid. 

325.  Smikite,  Mn2’§  -f-  lJ2. 

Stalactitic  aggregates.  Rose  to  white.  Felsohanya  (Hun¬ 
gary). 

326  Maleardite,  Mn’S  +7lT2. 

Crystalline  foliated  masses;  apparently  oblique  pris¬ 
matic.  Lucky  Bay  mine  in  Utah. 


Fig.  400  (sp.  324). 


327.  Bieberite  ( Cobalt  Vitriol),  CoS  +  7fi2. 

Oblique  prismatic ;  usually  stalactitic,  or  an  efflorescence. 

Pale  rose-red.  C.c. :  20  cobalt  oxide,  4  magnesia,  29  sul¬ 
phuric  acid,  and  47  water.  Bieber  near  Hanau,  and  Leo- 
gang.  ... 

328.  Alunogene  ( Hair-Salt ),  Al2S  +  18H2. 

Capillary  or  acicular,  in  crusts  or  reniform  masses.  H.  = 

1.5  to  2;  G.  =  1.6  to  1.7.  Silky.  White,  inclining  to  green 
or  yellow.  C.c. :  36  sulphuric  acid,  15.4  alumina,  48.6  water. 
Volcanoes  of  South  America,  in  coal  and  lignite  in  Ger¬ 
many,  and  on  old  walls. 

329.  Aluminite  ( Web  sterile),  Xl2S  -f-  9  IT. 

Reniform,  and  very  fine  scaly,  or  fibrous.  Fracture  earthy ; 

sectile  or  friable.  H.  =  1;  G.  =  1.7.  Opaque;  dull  or 
glimmering;  snow-white  or  yellowish  white.  C.c:  29.8 
alumina,  23.2  sulphuric  acid,  and  47  water.  Newhaven  in 
Sussex;  Epernay,  Auteuil,  and  Lunel  Vieil  in  France; 
Halle  and  Mori  in  Prussia.  Felsobanyite,  from  Hungary,  in 
rhombic  tubes,  is  similar,  but  has  10  per  cent,  of  water. 

330.  Coquimbite,  Fe23§  -f-  9lJ2. 

Hexagonal.  P  58°.  Crystals  OP;  with  ooP  and  P;  usu¬ 
ally  granular.  Cl.  ooP,  imperfect.  H.  —  2  to  2.5;  G.  = 
2  to  2.1.  White,  also  brown,  yellow,  red,  and  blue.  C.c.: 

28.5  iron  peroxide,  42.6  sulphuric  acid,  and  28.9  water. 
Copiapo  in  Chili,  and  Calama  in  Bolivia. 

331.  Copiapite,  2Fe25§  13ll2- 

Six-sided  tables,  but  system  uncertain ,  also  granular. 


Cl.  perfect.  Translucent ;  pearly.  Yellow.  C.c. :  34  iron 
peroxide,  42  sulphuric  acid,  and  24  water.  Copiapo  in 
Chili.  Also  radiated-fibrous  masses,  dirty  greenish  yellow, 
incrusting  the  former,  with  32  sulphuric  acid  and  3/  water. 
Both  probably  mixtures. 

Fibroferrite,  also  from  Chili,  and  Yellow  Iron  Ore,  from  the 
brown  coal  at  Kolosoruk  in  Bohemia  and  Modum  in  Nor¬ 
way,  are  both  reniform,  or  compact  and  earthy.  H  =  2.5 
to  3;  G.  =  2.7  to  2.9.  Color  ochre-yellow.  Apatelite,  reni- 
form-earthy,  yellow,  from  Auteuil  near  Paris,  is  similar; 
also  Vitriol  Ochre  from  Falun.  Misy,  from  Rammelsberg  in 
the  Harz,  containing  sulphates  of  iron,  copper,  zinc,  and 
other  metals,  is  a  product  of  decomposition. 

332.  Pissophane,  (Al21Pe2)2§ -fl5fl2. 

Stalactitic ;  fracture  conchoidal ;  very  easily  frangible. 
H.  =  2 ;  G.  =  1.9  to  2.  Transparent  or  translucent ;  vitre¬ 
ous.  Olive-green  to  liver-brown  ;  streak  greenish  white  to 
pale  yellow.  C.c. :  7  to  35  alumina,  10  to  40  iron  peroxide, 
12  sulphuric  acid,  and  41  water.  Saalfeld  and  Reichenbach 
in  Saxony. 

Carphosiderite,  reniform,  opaque,  resinous,  and  straw-yel¬ 


low,  with  a  greasy  feel,  is  related.  H.  =  4.5 ;  G.  =  2.5. 
Consists  of  hydrous  sulphate  of  iron.  Labrador. 

333.  Chalcantiiite,  Cu’S  -{-6fl2. 

Auorthic.  oopao  ( n ) :  oopao  (r)  79°  19'.  P'  (P) :  ooP' 
(T)  127°  40'.  P:  n  120°  50'.  P:  r  103°  27'.  ocP'  ( T ): 
cd'P  (if)  123°  10'  (Fig.  401).  Generally  incrusting.  Cl. 
T  and  31,  imperfect.  H.  =  2.5 ;  G.  =  2.2.  Blue.  C.c. :  32 
protoxide  of  copper,  32  sulphuric  acid,  36  water.  Cornwall, 
Wicklow,  Hungary,  Tyrol,  Falun,  and  on  lava  of  Vesuvius. 

334.  Brochantite,  CuS -|- 3CuIT2. 

Right  prismatic,  oo  P  104°  32' ;  P°°  152°  37' ;  and 
oopco  ;  also  reniform.  Cl.  brachydiagonal,  perfect.  H.  = 
3.5  to  4;  G.  =  3.75  to  3.9.  Transparent  or  translucent; 
vitreous.  Emerald  or  blackish  green  ;  streak  bright  green. 
C  c. :  70  copper  protoxide,  18  sulphuric  acid,  and  12  water. 
Sandlodge  (Unst),  Roughton  Gill  in  Cumberland,  Rezbanya, 
Ekaterinburg ;  also  Krisuvig  in  Iceland  ( Krisuvigite ). 

335.  Langite,  Cu§  +  3CuPl2-{-2l5'2. 

Bight  prismatic.  ccP  123°  44'.  Crystals  long-tabular, 
mostly  in  twins.  Also  in  fibro-lamellar  and  concretionary 
crusts,  with  earthy  surface.  Cl.  basal  and  brachydiagonal. 
H.  =  2.5 ;  G.  =  3.5.  Vitreous.  Greenish  blue.  C.c. :  65.1 
copper  protoxide,  16.4  sulphuric  acid,  and  18.5  water. 
Cornwall. 

Warringtonite  is  similar ;  also  Konigine  from  Siberia. 

336.  Johannite  ( TJran-vitriol). 

Oblique  prismatic,  C  85°  40'.  ooP  69°.  Crystals  similar 
to  trona  (No.  291,  Fig.  383),  hut 
minute;  arranged  in  concre¬ 
tionary  and  reniform  masses. 
H.  =  2  to  2.5 ;  G.  =  3.19.  Semi¬ 
transparent  ;  vitreous.  Soluble. 
Taste  bitter.  Bright  grass-green. 
C.c. :  oxides  of  uranium  67.72, 
oxide  of  copper  5.99,  sulphuric 
acid  20.02,  water  5.59.  Jo- 
achimsthal  (Bohemia),  Johann- 
Georgenstadt. 

337.  Blodite  ( Astrakanite ), 

(Mg  Na2)§  -J-  2lT2. 

Oblique  prismatic,  C 100°  43'. 
odP°2  112°  55';  a>P  (m),  ocP=ao 
(6),  ooP°2  (n),  aoP°ao  (a),  — P  (p), 
P°co  (d),  OP  (c)  (Fig.  403).  In 
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prismatic  crystals,  or  efflorescent.  H  — 3.5 ;  G.=  2.2.  Trans¬ 
parent.  White  or  red.  C.c. :  47.9  sulphuric  acid,  8.5  soda, 
12  magnesia,  and  21.5  water.  Salt  lakes  on  the  Volga  near 
Astrakhan,  Ischl,  Stassfurt,  and  near  Mendoza  in  South 
America. 

Reussine  from  Seidlitz  is  similar,  but  a  mixture. 

338.  Loweite,  2(Na12S-f-Mg"§)-(-5II2. 

Pyramidal,  but  only  compact.  Cl.  basal,  distinct ;  also  octa¬ 
hedral,  with  angles  110°  44'  and  105°  2'.  H.=  2.5  to  3 ;  G.= 
2.37G.  Vitreous.  Yellowish  white  to  flesh-red.  C.c. :  20 
soda,  13  magnesia,  52  sulphuric  acid,  and  15  water.  Ischl. 

339.  Syngenite,  K2§-|-CaS-)-H2. 

Oblique  prismatic,  C.  76°.  ooP  73°  55'.  Crystals  a>P°ao 
(a),  cdP°x>  (b),  OP  (c),  ooP  (p), 
ooP»2  (p"),  qdP°3  (p'"),2P°2  (e'), 

P(o'),2P  (o"),Pcao  (g)  — P°ao  (r), 

Pooo  (r')f  2P°ao  (r"),  — fP°co  ( p ). 

Cl.  oo P,  perfect ;  fracture  con- 
choidal.  H.  =2.5  ;  G.  =  2.25. 

Colorless  to  milk-white.  C.c. : 
lime  16.88,  potash  28.55,  sul¬ 
phuric  acid  48.45,  water  5.47. 

Soluble  in  400  parts  of  water. 

In  cavities  in  halite  at  Kalusz 
(Galicia). 

340.  Polyhalite,  2CaS  + 

2§  +  2R2. 

Eight  prismatic,  oo  P  115°. 

Mostly  fibrous.  H.  =  3.5 ;  G. 

=  2.7 to 2.8.  Translucent;  resin¬ 
ous.  Colorless,  generally  brick- 
red.  C.c. :  sulphate  of  lime  45,  of  magnesia  20.5,  of  potash 
29,  water  5.5.  Ischl,  Aussee,  and  Berchtesgaden. 

341.  Alum,  RS  +  ( Al2Fe2)S3  +  24H2. 

Cubic.  O,  sometimes  with  ooOx  and  Ooo.  Generally 
efflorescent  in  fibrous  crusts.  Cl.  octahedral ;  fracture  con- 
choidal.  H.  —2  to  2.5;  G.  =1.75  to  1.9.  Translucent. 
White.  Taste  sweetish-astringent.  Soluble.  B.B.  evolves 
sulphurous  fumes,  (a)  Potash  Alum :  RO  =  K2O ;  33.7  sul¬ 
phuric  acid,  10.9  alumina,  9.9  potash,  and  45.5  water.  In 
the  coal  formation  at  Hurlet  and  Campsie  in  Scotland ;  the 
Tertiary  brown  coals  of  Hesse  and  the  Rhine ;  the  Lias 
near  Whitby;  Silurian  alum  slates  of  Scotland,  Norway, 
and  Sweden ;  the  volcanic  formations  of  the  Lipari  Islands, 
Sicily,  and  the  Azores.  ( b )  Ammonia  Alum:  R0  =  (NH40j2  ; 
about  4  per  cent,  oxide  of  ammonium  and  48  water.  In 
closed  tube  forms  a  sublimate  of  sulphate  of  ammonia. 
Tschermig  in  Bohemia,  (c)  Soda  Alum:  RO  =  Na20;  with 
7  of  soda  and  48  water.  Mendoza  in  South  America,  Sol- 
fatara  near  Naples,  and  Milo,  (d)  Magnesia  Alum :  RO  = 
MgO.  Translucent  and  silky.  South  Africa,  Iquique  in 
Peru  ( Pickeringite ).  (e)  Iron  Alum  (Feather  Alum) :  RO=FeO. 
Hurlet  near  Paisley,  Morsfeld  in  Bavaria,  Krisuvig  in  Ice¬ 
land.  (/)  Manganese  Alum:  RO=MnO.  From  Delagoa  Bay 
in  South  Africa.  An  alum  with  3.7  oxide  of  zinc  occurs  at 
Felsobanya,  and  has  been  termed  Dietrichite. 

342.  Voltaite,  3(Fe,  £,)S  +  2(Fe2Al2)S  +  12ft2. 

Cubic.  O;  odO»;Ox.  Black,  brown,  or  green.  H.  =3; 

G.  =2.79.  Sol  fa  tar  a  near  Naples,  Goslar  in  the  Harz,  and 
Kremnitz. 


botryoidal.  H.  =  2  to  2.5 ;  G.  =  2.  Translucent ;  vitreous. 
Hyacinth-red  and  orange-yellow.  Falun  in  Sweden. 

348.  Herrengrundite. 

Oblique  prismatic,  C  88°  50'.  Dark  emerald-green  crys¬ 
tals.  H.  =  2.5 ;  G.  =  3.13.  C.c. :  57.22  oxide  of  copper,  23.04 
sulphuric  oxide,  19.44  water,  sometimes  with  lime.  Her- 
rengrund  (Hungary). 

349.  Linarite,  (PbS-f  S2Pb)  +  (CuS -f  fi20u). 

Oblique  prismatic,  C  77°  22'.  00P  (M)  61°  41';  2P»co 

(m)  52°  31'.  Crystals  cdP°oo  (a),  OP  (c),  and  the  above  forms 
generally.  Hemitropes  united  by  ooP»ao  (a).  Cl.  ortho¬ 


diagonal,  perfect;  fracture  conchoidal.  H.  =2.5  to  3*  G. 
=  5.2  to  5.45.  Translucent;  adamantine.  Azure-blue  to 
dark  blue ;  streak  pale  blue.  C.c. :  oxide  of  lead  55.69, 
oxide  of  copper  19.83,  sulphuric  acid  19.98,  water  4.5.  Lead- 
hills,  Red  Gill  and  Roughton  Gill  (Cumberland),  Linares 
in  Spain,  and  Nertchinsk. 


350.  Caledonite,  5PbS’-f  2(fiT2Rb)  -f-3(S26u). 

Right  prismatic.  00P  (m)  95°;  pco  (e)  70°  57';  2poo  (x) 
36°  10'.  Crystals  frequently  as  in 
Fig.  407,  but  generally  hemihedral. 
Cl.  brachydiagonal,  a  distinct;  m,  c 
imperfect.  H.  =  2.5  to  3;  G.  =6.4. 
Transparent ;  resinous.  Verdigris- 
green  and  mountain-green  ;  streak 
greenish  white.  C.c. :  68.42  oxide  of 
lead,  10.17  oxide  of  copper,  17.3  sul¬ 
phuric  acid,  4.05  water.  Leadhills, 
Red  Gill  in  Cumberland,  Rezbanya  in 
Transylvania. 

351.  Lettsomite,  3Cu,S  4-2(AL 

3fT2)  +  15H3. 

Right  prismatic;  but  in  tufts  of 
capillary  crystals  with  velvet-like  ap¬ 
pearance.  Color  smalt-blue  to  sky-blue.  C.c. :  49  oxide  of 
copper,  2.97  lime,  11.21  alumina,  1.41  oxide  of  iron,  12.1 
sulphuric  acid,  22.5  water.  Moldawa  in  the  Banat.  Wood- 

wardite  is  probably  an 
aluminous  variety  of 
the  above.  Turquoise- 
blue  to  greenish  blue. 
Cornwall. 

352.  Kainite,  Mg’S 
+  KC1  +  SH?. 

Oblique  prismatic,  C 
85°  5' (Fig.  408).  G.= 
2.13.  Cl.  orthodiagonal.  White  to  reddish.  C.c. :  16.1 
magnesia,  15.7  potash,  32.2  sulphuric  acid,  14.3  chlorine, 
21.7  water.  Stassfurt. 


343.  Alunite,  R2S  +  3Xl2S  +  6II2. 

Rhombohedral ;  R  89°  10'.  Crystals  R  and  OR  (Fig.  405) ; 

also  earthy.  Cl.  basal.  H. 

=  3.5  to  4  ;  G.  =  2.6  to  2.8. 

Translucent ;  vitreous, 
pearly  on  O.  Colorless,  but 
often  stained.  Hungary, 

Tolfa  (near  Civita  Vecchia). 

Lipari  Islands,  Auvergne, 
and  Milo. 

344.  Jarosite,  K2S  -f- 
Fe23'S  +  2(Fe23H2). 

Rhombohedral ;  R  88°  58'. 

Cl.  basal  ;  also  fibrous  in 

nodules  or  incrusting.  H.  =2.5  to  3.5;  G.  =3.24.  Color 
ochre-yellow.  Spain,  Saxony,  and  Mexico. 


345.  Gelbeisenerz,  K2§  -f-  4Fe23  +  9fT2. 

Foliated  and  massive.  H.  =2.5  to  3;  G.  =2.7  to  2.9. 
Bohemia,  Norway,  and  Tcheleken  Island  in  the  Caspian 
Sea. 

346.  Urusite,  Fe2§ +  2Na23S-f-8R2. 

Tcheleken  Island  in  the  Caspian. 

347.  Botryogene  (Red  Vitriol),  Fe3S2  +  3(Fe22S) + 
3GlI2. 

Oblique  prismatic,  C  62°  26'.  ooP  119°  56'.  Commonly 


TELLUEATES  AND  CHROMATES. 

353.  Montanite,  Bi2Te  -f-  2II2. 

Incrusting,  earthy.  Lustre  waxy.  Yellowish.  Opaque. 
C.c. :  bismuth  66.8,  tellurium  26.8,  water  5.9.  Highland  in 
Montana. 

354.  Magnolite,  figTe. 

White  acicular  crystals  from  Keystone  mine  in  Colorado. 


355.  Crocoisite,  PbCr. 
Oblique  prismatic,  C  77° 


27'.  ooP  93°  42'  (If),— P  119° 
12'  «),  ooP°2  (/)  56°  10',  ooPcoo 
(g)  (Fig.  409).  Cl.  ooP,  distinct; 
sectile.  H.  =  2.5  to  3 ;  G.  =  5.9 
to  6’1.  Translucent;  adaman¬ 
tine.  Hyacinth-  or  aurora-red ; 
streak  orange-yellow.  C.c. :  31 
chromic  acid,  and  69  lead  pro¬ 
toxide.  Berezoff,  Mursinsk,  and 
Nijni-Tagilsk  in  the  Urals,  Con- 
gonhas  do  Campo  in  Brazil, 
Rezbanya,  Moldawa,  and  Tar- 
ilowitz.  Used  as  a  pigment,  but 
not  permanent. 

356.  Phcenico  -  Chroite, 

2PbCr  +  Pb. 

Right  prismatic ;  dimensions 
unknown.  H.  =  3  to  3.5 ;  G.  = 
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5.75.  Translucent  on  tlie  edges ;  resinous  or  adamantine. 
Cochineal-  to  hyacinth-red ;  streak  brick-red.  C.c. :  23 
chromic  acid,  and  77  protoxide  of  lead.  Berezotf. 

357.  Vauquelinite,  2(2t>bCr-(-  LbJ-f  (2CuCr-f  Ou). 
Oblique  prismatic,  C  67°  15'.  Crystals  OP, — P,  — P°co  (or  JP, 

/,  h ),  always  twinned  (Fig.  410),  the  faces 
of  OP  forming  an  angle  of  134°  30';  also 
botryoidal  or  reniform.  H.  =  2.5  to  3 ;  G. 

—  5.5  to  5.8.  Semitranslucent  or  opaque ; 
resinous.  Blackish  or  dark  olive-green  ;  Fig.  410. 
streak  siskin-green.  C.c  :  61  lead  pro¬ 
toxide,  11  copper  protoxide,  28  chromic  acid.  Leadhills, 
Berezoff,  Congonhas  do  Campo  (Brazil). 

MOLYBDATES  AND  TUNGSTATES. 

358.  Wuefenite,  FbMo. 

Pyramidal.  P  131°  48'.  OP  (a),  JP  (6),  P,  ®P  (m),  ooP2 
(r)  (Figs.  411-414).  Cl.  P;  brittle;  fracture  uneven,  or  con- 


FiG.  411. 


choidal.  H.  =  3;  G. =6.3  to  6.9.  Pellucid ;  resinous  to  ada¬ 
mantine.  Orange-yellow,  honey -yellow,  and  colorless.  C.c. : 
protoxide  of  lead  61.5,  molybdic  acid  38.5;  red  varieties 
have  some  chromic  acid.  Lackentyre  in  Kirkcudbright 
(Fig.  412),  Bleiberg,  Rezbanya,  Pennsylvania,  Zacatecas. 
2PbOMo03  -|-  CaOMoOs,  with  6.88  of  lime,  occurs  in  Chili. 

359.  Eosite. 

Pyramidal.  OP  (c)  :p'  117°  10' ;  p'  :p  125°  40'  (Fig.  415). 
H.  =  3  to  4.  Color  deep  aurora-red. 

Streak  orange-yellow.  A  vanadio- 
molybdate  of  lead.  Leadhills. 

360.  Megabasite,  Mg4W3. 

Oblique  prismatic ;  similar  to  wolf¬ 
ramite.  In  fine  needles.  H.  =  3.5  to 
4 ;  G.  =  6.45  to  6.97.  Vitreous  to  ada¬ 
mantine.  Yellowish  brown  to  brown¬ 
ish  red,  translucent  hyacinth-red ; 
streak  ochre-yellow.  C.c. :  protoxide 
of  manganese  23  J ,  protoxide  of  iron 
5.4,  tungstic  acid  71.5.  Schlaggen- 
wald,  Sadisdorf,  Morococha  in  Peru. 

361.  Scheelite,  CaW. 

Pyramidal ;  with  many  of  the  modifying  planes  hemihe- 


e 


Fig.  416  (sp.  361). 


Fig.  417  (sp.  361). 


dric.  P.  113°  32'.  Cl.  2Poo  (n)  130°  33',  perfect ;  P  and  OP 
less  so.  Fracture  conchoidal.  H.  =  4  to  4.5 ;  G.  =  5.9  to  6.2. 


Translucent ;  resinous  to  adamantine.  Colorless,  and  gray, 
yellow,  or  brown ;  streak  white.  C.c. :  19.4  lime,  80.6  tung¬ 
stic  acid.  Caldbeckfell  near  Keswick,  Pengelly  in  Cornwall, 
Zinnwald,  Schlaggenwald,  Salzburg,  Chili,  Siberia,  Con¬ 
necticut.  Employed  for  the  extraction  of  yellow  tungstic 
acid,  a  fine  pigment. 

362.  Stolzite,  FbW. 

Pyramidal ;  generally  hemihedric.  P  131°  25'.  Crystals 
sometimes  spiudle-shaped.  Cl. P,  imperfect.  H.  =  3;  G.  = 
7.9  to  8.1.  Translucent;  resinous.  Gray,  yellow,  brown. 
C.c. :  48.4  protoxite  of  lead,  51.6  tungstic  acid.  Keswick, 
Zinnwald,  Coquimbo  (Brazil). 

QflQ  T?  FTWTTfi'  VAl) 

Pyramidal.  P  103°  32';  basal  angle  122°  8'.  Cl.  ccP. 
H.  =  4 ;  G.  =  6.64.  C.c. :  protoxide  of  iron  23.4,  tungstic  acid 
75.45.  Kimbosan  in  Japan. 

364.  Wolframite.  (Fe.  Nln)  W. 

Oblique  prismatic,  C89°  22'.  ooP  (M)  100°  37',  — JPoco  (P) 
61°  54',  P‘oo  («)  98°  6',  cdPoo  (r),  ocP°2  (6),  — P  (a),  J2P°2  (s). 
Twins  common.  Also  laminar.  Cl.  cliuodiagonal,  perfect ; 

fracture  uneven.  H.  =  5  to  5.5;  G. 
=  7.1  to  7.5.  Opaque;  resinous, 
metallic  adamantine  on  the  cleav¬ 
age.  Brownish  black;  streak  black 
(varieties  with  most  iron)  to  red¬ 
dish  brown  (most  manganese). 
C.c. :  76  tungstic  acid,  9.5  to  20 
protoxide  of  iron,  and  4  to  15 
protoxide  of  manganese,  in  some 
with  1.1  niobic  acid.  East  Pool, 
Carnbrae,  and  mines  near  Red¬ 
ruth  ;  Godolphin’s  Ball  in  Cum¬ 
berland  ;  Altenberg,  Geyer,  Ehr- 
enfriedersdorf,  Schlaggenwald, 
Zinnwald,  the  Harz ;  also  Urals, 
Ceylon,  and  North  America. 

Ferberite,  with  26  protoxide  of  iron  and  2FeW  -f-  Fe  (H.= 
4  to  4.5;  G.  =  6.7  to  6.8),  from  Spain,  may  be  different. 

365.  Hubnerite,  MnW. 

Right  prismatic.  ooP  (M).  M  :  il/  105°.  Cl.  oo Poo,  per¬ 
fect;  usually  foliated  or  columnar.  H.  =  4.5;  G.  =  7.14. 
Adamantine*  on  cleavage ;  elsewhere  greasy.  Brown-red  ; 
streak  yellow-brown.  C.c. :  protoxide  of  manganese  23.4, 
tungstic  acid  76.6.  Mammoth  district  in  Nevada. 


ANHYDROUS  PHOSPHATES,  ARSENIATES,  AND 
VANADIATES. 

366.  Xenotime,  Y3^. 

Pyramidal.  P  82°  22'  middle  angle ;  polar  angle  124°  30'. 

Crystals  P;  ooP;  ooPoo.  Cl.  ooP. 
H.  =  4.5;  G.  =  4.6to  4.55.  Translu¬ 
cent  in  thin  splinters;  resinous. 
Yellowish  and  flesh-red.  C.c:  62 
yttria,  and  38  phosphoric  acid; 
but  some  with  8  to  11  cerium  pro¬ 
toxide.  Lindesnaes  and  Hittero 
in  Norway,  Ytterby  (Sweden), 
Georgia,  and  (  Wiserine)  St.  Gott- 
hard. 

367.  Cryptolite,  6e3P2. 

Acicular  crystals,  imbedded  in  apatite.  G.  =  4.6.  Trans¬ 
parent.  Pale  wine-yellow.  Powder  sol.  in  con.  s.  acid. 
Wohler  found  73.70  cerium  protoxide,  27.37  phosphoric  acid, 
and  1.51  iron  protoxide.  Occurs  in 
the  apatites  of  granite  in  Scotland, 
but  not  in  those  of  limestones.  Also 
at  Arendal. 

368.  Monazite,  (6e,  La,  l'h)3P2. 
Oblique  prismatic,  C  76°  14'.  ooP 
93°  23' ;  crystals  (Fig.  420)  generally 
thick  or  tabular.  Cl.  basal,  perfect; 
translucent  on  edges.  Flesh-red  and 
reddish  brown.  C.c. :  28  phosphoric 
acid,  37  to  46  cerium  protoxide,  24  to 
27  lanthanum  oxide ;  that  from  Zlat¬ 
oust  from  18  to  32.5  of  thoria.  Notero 
in  Norway,  Miask,  Norwich  in  Connecticut,  and  the  Rio 
Chico  in  Colombia.  Tumerite,  from  Dauphine,  in  complex 
transparent  honey-yellow  crystals,  is  monazite. 

369.  Triphylite,  (2^e-|-Li2)P2. 

Right  prismatic.  ooP  133° ;  chiefly  granular.  H.  =  5 ; 
G.  =  3.6.  Resinous.  Greenish  gray  with  blue  spots.  C.c.: 
iron  protoxide  40,  manganese  protoxide  5.5,  lithia  7.5.  phos¬ 
phoric  acid  45.  Bodenmais  in  Bavaria,  Norwich  in  Massa¬ 
chusetts.  Lithiophilite,  from  Fairfield  (Connecticut),  is  a 
manganesian  triphylite. 


Fig.  420  (sp.  368). 
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370.  Berzeliite  ( Kuhnite ),  (Calilg)3As2. 

Massive.  H.  =  5  to  6;  G.  =  2.52.  C.c.:  lime  23,  magnesia 
15,  arsenic  acid  60.  Sol.  in  n.  acid.  L&ngban  (Sweden). 

371.  Arseniate  of  Nickel,,  Ni3As2. 

Amorphous.  H.  =4;  G.  =  4.98.  Sulphur-yellow.  C.c.: 
oxide  of  nickel  48.2,  arsenic  acid  50.5.  Johann-Georgenstadt. 

372.  Nickelerz,  Ni3As2-f-2Ni. 

Crystalline  massive.  G.  =  4.84.  Dark  grass-green ;  streak 
lighter.  C.c. :  oxide  of  nickel  62.1,  arsenic  acid  36.6.  Johann- 
Georgenstadt. 

373.  Dechenite,  (PbZn)V2. 

Botryoidal  and  stalactitic.  H.  =  3  to  4 ;  G.  =  5.82.  Lus¬ 
tre  resinous  to  greasy.  Yellowish  red,  deep  red;  streak 
orange  to  pale  yellow.  C.c. :  57.7  oxide  of  lead,  15.8  oxide 
of  zinc,  24.2  of  vanadic  acid.  Wanlockhead,  Freiburg  (in 
Baden),  Lauter  Valley. 

374.  Psittacinite,  3(Pb3^2)  +  GujVj  -f-  6CuH2. 

Mammillated  and  incrusting  Siskin- to  olive-green.  C.c.: 

vanadic  acid  19.3,  lead  oxide  53.2,  copper  oxide  18.95,  water 
8.58.  Silver  Star  (Montana). 

375.  Pucherite,  Bi2V2. 

Bight  prismatic.  ooP123°55'.  H.  =  4;  G.  =  6.25.  Cl. 
basal,  perfect;  vitreous.  Bed  or  reddish  brown;  streak 
yellow.  Easily  soluble  in  acids.  C.c. :  bismuth  oxide  71.7, 
vanadic  acid  28.3.  Schneeberg. 

373.  Atopite,  Ca2Sb2. 

Cubic  (Figs.  30  with  26  and  33).  H.  =5.5  to  6;  G.  =  5. 
Lustre  greasy ;  yellow  to  resin -brown.  Translucent.  C.c. : 
antimonic  acid  73.2,  lime  17.5,  iron  protoxide  2.7,  magnesia 
1.5,  soda  4.3.  Langban  (Wermland). 


HYDEOUS  PHOSPHATES,  Etc. 

377.  Brushite,  (fCa-f- ^2)3^2 +  4®2- 

Oblique  prismatic,  C  62°  45'.  Needle  crystals.  H.  =2  to 
2.5;  G.  =2.21.  Vitreous.  C.c. :  lime  32.6,  phosphoric  acid 
41-3,  water  26.4.  Aves  Islands  and  Sombrero  (Antilles). 

378.  Newberyite,  Mg2fi2,P2  +  632. 

Eight  prismatic.  Cl.  brachydiagonal.  C.c. :  phosphoric 
acid  41.25,  magnesia  23,  water  35.7.  From  guano,  Skipton 
Caves,  Victoria. 

379.  Haidingerite,  Ca2As2  -f  3fl2. 

Bight  prismatic.  ooP  100°.  Cl.  perfect ;  sectile,  flexible. 
H.  =2  to  2.5;  G.  =2.8  to  2.9.  Otherwise  like  pharmacolite 
(sp.  381).  C.c.:  85.68  arseniate  of  lime  and  14.32  water. 
Joachimsthal. 


odP(/)  117°  24', 


380.  Roselite,  R3As2-|-2H2. 

Anorthic.  Cl.  macrodiagonal.  Bose-red;  streak  white. 
H.  =  3.5;  G.  =  3.46.  C.c.:  25.5  lime,  10.3  cobalt  oxide,  3.6 
magnesia,  52.4  arsenic  acid,  8.2  water.  Schneeberg. 

381.  Pharmacolite,  2CaAs2 -f- 6fi2. 

Oblique  prismatic,  C  65°  4'  (Fig.  421). 

— P  {l)  139°  17',  —  iP  (n)  141° 

8',  iP°  qo  (0)  83°  14',  ooP°3  ( g ) 

157°  5'.  Crystals  generally 
acicular  and  radiated.  Cl.  clin- 
odiagonal,  perfect ;  sectile  and 
flexible.  H.  =  2  to  2.5 ;  G.  = 

2.6 to 2.8.  Translucent;  vitre¬ 
ous.  Pearly  white.  Yields 
water  in  the  closed  tube.  C.c.: 
arsenic  acid  51,  lime  25,  water  ^IG>  421. 

24.  Andreasberg,  Bieber,  Markirchen,  Wittichen  Gener¬ 
ally  mixed  with  erythrite  or  annabergite. 

382.  Wapplerite,  2CaAs  +  8R2. 

Anorthic;  ooP'  (m),c»'P(Jf )( 

oo P'2  (n),  oo'P  .  2  (V),  ,P'ao 
(d),  'P,®  (D),  3,P'oo  (<),  3'P ,00 
(T),  2P'2  ( p ),  3P'|  (0),  3'P§ 

(G),  4,P4  (o>),  2;P2  (*),  00P00 
(6)  (Fig.  422) ;  also  incrusting 
and  globular.  Cl.  clinodiago- 
nal.  H.  =2to2.5;  G.  =  2.48. 

Colorless.  Vitreous.  C.c. : 
lime  15.6,  magnesia  7.4,  arsenic 
acid  47.5,  water  29.5.  Joa¬ 
chimsthal.  . 

383.  Hornesite,  Mg3As2 

|  gjJ 

Oblique  prismatic.  cdP  107°.  H.  =  5  to  1 ;  G.  =  2.47. 
White.  Translucent;  pearly.  C.c.:  24.3  magnesia,  29.14 
water,  46.56  arsenic  acid.  Probably  from  Hungary. 

384  Vivianite,  3Fe^2+832. 

Oblique  pJimatic,  C  75°*34'.  ooP  (m)  108°  2' ;  P  (.)  120° 


Fig.  423. 


Fig.  424. 


26',  P°oo  (w)  54°  40'.  Crystals  prismatic  (Figs.  423,  424) ; 

also  fibrous  or 
earthy.  Cl.  clino- 
diagonal,  perfect ; 
thin  laminae  flexi¬ 
ble.  H.  =  2;  G.= 
2.6  to  2.7.  Trans¬ 
lucent  or  transpa¬ 
rent  ;  vitreous,  or 
bright  pearly  on 
cleavage.  Indigo- 
blue  to  blackish 
green ;  streak  blu¬ 
ish  white, but  soon 
becomes  blue  on 
exposure.  C.  c. : 
33.1  iron  protox¬ 
ide,  12.2  iron  per¬ 
oxide,  29  phospho¬ 
ric  acid,  and  25.7 
water.  Transparent  indigo-colored  crystals  at  St.  Agnes  in 
Cornwall,  and  Allentown  and  Imlaystown  in  New  Jersey; 
earthy  in  Cornwall,  Styria,  North  America,  Greenland,  and 
New  Zealand ;  and  in  peat  mosses  in  Northern  Germany, 
Sweden,  Norway,  and  Shetland. 

385.  Symplesite,  f'e3As2-|-'8S2. 

Oblique  prismatic ;  in  minute  acicular  crystals.  Cl.  clino- 
diagonal.  H.  =2.5;  G.  =  2.96.  Vitreous.  Cleavage  face 
pearly.  Celadon-green  to  pale  indigo ;  streak  bluish  white. 
Lobenstein  in  Beuss,  and  Lolling  in  Carinthia. 

386.  Erythrite,  Co3As2  -(-  8fi2. 

Oblique  prismatic,  C  55°  9'.  ooPcoo  (P),  cdP'oo  (T),  Poo 
(M) ;  also  00 P3  (fc),  and  P  (l)  118°  23' 
(Fig.  425).  Cl.  clinodiagonal  (P),  per¬ 
fect  ;  sectile ;  thin  laminae  flexible.  H.  = 
1.5  to  2.5;  G.  =  2.9  to  3.  Translucent; 
vitreous,  pearly  on  the  cleavage.  Crim¬ 
son  or  peachblossom-red.  C.c. :  38.2  ar¬ 
senic  acid,  37.8  cobalt  protoxide,  24  water, 
but  often  with  nickel  9.  Cornwall,  Als¬ 
ton  in  Cumberland,  Alva  in  Stirlingshire, 
Schneeberg,  Saalfeld,  Allemont,  Eiechels- 
dorf,  the  Pyrenees,  and  Modum  in  Nor¬ 
way.  Kobaltbeschlag  or  Earthy  Incrusting 
Cobalt,  reniform,  is  a  mixture  of  erythrite 
with  arsenious  acid.  Lavenclulan,  thin 
reniform  lavender-blue  crusts,  translu¬ 
cent,  resinous,  or  vitreous  (H.  =  2.5  to  3;  G.  =  2.95  to  3.1), 
consisting  of  arsenic  acid,  protoxides  of  cobalt,  nickel,  and 
copper,  with  water ;  from  Annaberg. 

387.  Kottigite  (2n,  Co,  Ni)3As2  +  8ft2. 

Oblique  prismatic;  massive  or  in  crusts,  with  crystalline 
surface  and  fibrous  structure.  Cl.  clinodiagonal,  perfect. 

H.  =  2.5  to  3 ;  G.  =  3.1.  Lustre  of  fracture  silky.  Color 
light  carmine  and  peachblossom-red,  of  different  shades ; 
streak  reddish  white.  Translucent  to  subtranslucent.  C.c. : 
30.52  zinc  oxide,  6.91  cobalt  oxide,  2  nickel  oxide,  with 
arsenic  acid.  Schneeberg. 

388.  Annabergite  ( Nickel  OcAre),Ni3As-f-8S2. 

Oblique  prismatic ;  in  capillary  crystals,  also  earthy ;  sec¬ 
tile.  H.  =  2  to  2.5 ;  G.  =  3  to  3.1.  Dull  or  glistening.  Ap¬ 
ple-green  or  greenish  white ;  streak  greenish  white  and 
shining.  C.c.:  38.7  arsenic  acid,  37.3  nickel  protoxide, 
and  24  water,  but  with  a  little  cobalt  or  iron.  Leadhills, 
Pibble  in  Kirkcudbright,  Andreasberg,  Saalfeld,  Biechels- 
dorf. 

389.  Ltolamite,  ^672^2  +  9^2. 

Oblique  prismatic,  C  79°  27'.  00P  131°  23';  OP;  P 111°  29' 
H  F  (Fig.  426).  Cl.  OP,  per¬ 

fect.  H.  =  3.5;  G.  = 
3.12.  C.c. :  53.05  oxide 
of  iron,  29.88  phospho¬ 
ric  acid,  17.0  water. 
Cornwall. 

390.  Fillowite, 
3(R3P2)-fR2. 

Oblique  prismatic,  C  89°  51' ;  pseudo-rhombohedral.  P ; 

-2P8;  OP.  Cl.  basal.  H.  =  4.5 ;  G.  =  3.43.  Besinous  to 
greasy.  Wax-yellow  to  red-brown,  or  colorless;  streak 
white;  translucent.  C.c.:  phosphoric  acid  40.2,  iron  protox¬ 
ide  6.8,  manganese  protoxide  40.2,  lime  5.2,  soda  5.8,  water 

I. 07.  Branchville  (Connecticut). 

391.  Hureaulite,  5(Mn,  Pe)2?2 -f  5R2. 

Oblique  prismatic,  C  89°  27'.  ®P  61°.  Fracture  con- 
choidal.  H.=3.5;  G.  =  3.2.  Translucent ;  resinous.  Bed- 
dish  yellow  or  brown.  B.B.  fuses  easily  to  a  black  metal¬ 
lic  globule.  Soluble  in  acids.  C.c. :  39  phosphoric  acid,  8 
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iron  protoxide,  42  manganese  protoxide,  and  12  water. 
Hureaux  near  Limoges.  ' 

Heterosite.  H.  =  5 ;  G.=  3.5.  Opaque ;  vitreous  or  resin¬ 
ous.  Dark  violet  or  blue  to  greenish  gray  ;  streak  violet- 
blue  or  crimson-red.  Contains  more  iron  and  less  manganese 
than  the  above.  Hureaux. 

392.  Dickinsonxte,  4(Jts^2)  +  3^2- 

Oblique  prismatic,  C  60°  30'.  Crystals  tabular.  Cl. 
basal,  perfect.  H.  =  3.5  to  4 ;  G.  =  3.34.  Vitreous ;  pearly 
on  cleavage.  Olive- to  oil-green,  and  grass- green;  streak 
white.  Transparent;  brittle.  C.c.:  phosphoric  acid  40, 
iron  protoxide  12.7,  manganese  protoxide  25,  lime  11.8,  soda 

6.6,  water  3.8.  Branchville  (Connecticut). 

393.  Triploidite,  (Sin,  Fe^^  +  H^Mn,  Fe)2. 

Oblique  prismatic,  C  51°  56'.  Generally  fibrous;  trans¬ 
parent;  resinous  to  adamantine.  H.  =4.5  to  5;  G.  =  3.7. 
Yellowish  brown.  C.c.:  48.45  oxide  of  manganese,  14.88 
protoxide  of  iron,  32.1  phosphoric  acid,  4.1  water.  Fair- 
field  (Connecticut). 

394.  Fairfieldite,  ft3£2  +  2il2. 

Anortliic;  usually  foliaceous.  H.  =  3.5;  G.  =  3.15.  White 
to  straw-yellow ;  streak  white.  Pearly  to  brilliant-ada¬ 
mantine  on  cleavage.  Transparent ;  brittle.  C.c. :  phos¬ 
phoric  acid  38.4,  iron  protoxide  5.6,  manganese  protoxide 

15.6,  lime  30,  soda  .7,  water  10.  Fairfield  (Connecticut). 

395.  Chondrarsenite,  Mn5Xs2-|-flJ2. 

In  small  grains.  H.  =  3.  Yellow  to  reddish  yellow. 
Translucent ;  brittle ;  fracture  conc.hoidal.  Paisberg  mines 
(Wermland). 

396.  Eeddingtte,  -f-J3II2. 

Right  prismatic.  P;  P2;  odPqo.  H.  =  3to,3.5;  G.  =3.1. 
Vitreous;  rose-pink  to  yellowish  white.  Translucent; 
fracture  uneven ;  brittle.  C.c. :  phosphoric  acid  34.5,  iron 
protoxide  5.43,  manganese  protoxide  46.3,  lime  .8,  water 
13.1.  Branchville. 

397.  Scorodite,  Fe2&s2-f-4H2. 

Right  prismatic.  P  with  polar  edges  102°  52'  and  114° 
40'.  Crystals  P  ( p ),  oopao  (a),  and  goPgo(6);  also  OP,  iP 
(i),  ooP‘(n),  2P2  (s),  ccp2  (d)  120°  10',  and  2poo  (to)  132° 


Fig.  427  (sp.  397).  Fig.  428  (sp.  398). 


(Fig.  427) ;  also  columnar  and  fibrous.  Cl.  imperfect ; 
brittle.  H.  =  3.5  to  4 ;  G.  =  3.1  to  3.2.  Translucent ;  vitre¬ 
ous.  Leek -green  to  greenish  black,  also  indigo-blue,  red, 
and  brown.  B.B.  fuses  easily,  with  arsenical  odor,  to  a 
gray  magnetic  slag.  Sol.  in  h.  acid,  to  a  brown  solution. 
C.c. :  49.8  arsenic  acid,  34.6  iron  peroxide,  and  15.6  water. 
St.  Austell  in  Cornwall,  near  Limoges  in  France,  Schwarzen- 
berg,  Lolling  in  Carinthia,  Brazil,  and  Siberia. 

398.  Strengite,  Fe2P2 -f-4ll2. 

Right  prismatic.  P  with  polar  edges  101°  38'  and  115° 
36',  middle  edge  111°  30'.  oop2  (d)  and  oopoo  (r),  P  (P), 
OP  ( h ),  2Poo  (to)  48°  (Fig.  428).  Crystals  generally  r,  P,  d; 
r  dominant.  Cl.  r.  H.  =  3  to  4;  G.  =  2.87.  Cherry-red. 
Translucent.  C.c. :  protoxide  of  iron  43.18,  phosphoric  acid 
37.42,  water  19.4.  Rock  Bridge  (Virginia). 

399.  Dufrenite  (Kraurite),  2Fe2¥i2  -f-  3lT2. 

Right  prismatic.  odP  about  123°.  Spherical  or  reniform. 


Cl.  brachydiagonal ;  brittle.  H.  =  3  to  3.5;  G.  =3.3  to  3.4. 
Translucent  on  the  edges,  or  opaque;  shining  or  dull. 
Dirty  leek -green  or  blackish  green  ;  streak  siskin-green. 
C.c. :  63  iron  peroxide,  28  phosphoric  acid,  and  9  water. 
Westerwald,  Hirschberg,  and  Limoges. 

400.  Beraunite,  5Fe23^2  -j-  14S2. 

Occurs  in  small  foliated  and  columnar  aggregates.  Cl. 
plane  metallic  pearly.  H.  =  2;  G.= 2.878.  Color  hyacinth- 
red  to  reddish  brown ;  streak  dirty-yellow.  C.c. :  54.5  per¬ 
oxide  of  iron,  28.65  phosphoric  acid,  and  16.55  water.  Bo¬ 
hemia,  Scheibenberg  in  Saxony. 

401.  Eleonorite,  3Fe22P2  -f-  8R2. 

Oblique  prismatic,  C  48°  33'.  Twin  face  the  orthopina- 
coid.  Cl.  ooPoao.  H.  =  3  to  4.  Dark  hyacinth -red ;  streak 
yellow.  Vitreous  to  pearly.  C.c. :  51.94  peroxide  of  iron, 
31.88  phosphoric  acid,  16.37  water.  Eleonore  mine  near 
Bieber. 

402.  Cacoxene,  2Fe2¥k2-fl2II2. 

Radiated  tufts,  of  a  brownish-yellow  color.  H.  =  3  to  4 ; 

G.  =  3.38.  Sol.  in  h.  acid.  From  the  Hrbeck  mine  near 
Zbirow  in  Bohemia. 

403.  Pharmacosiderite  (Cube  Ore),  4Fe23Xs2-f-  15lT2. 

Cubic  and  tetrahedral ;  usually  ooOao  ,  with  A,  or  ooO. 

Brittle.  H.  =  2.5;  G.  =  2.9  to  3.  Cl.  qdOoo.  Semitrans¬ 
parent  to  translucent ;  adamantine  or  resinous.  Olive-  to 
emerald-green,  honey-yellow,  and  brown;  streak  straw- 
yellow.  Pyro-electric.  C.c. :  43  arsenic  acid,  40  iron  per¬ 
oxide,  and  17  water.  Carharrack  in  Cornwall,  Burdle  Gill 
in  Cumberland,  Lobenstein  in  Reuss,  Schwarzenbcrg  in 
Saxony,  North  America,  and  the  gold  quartz  of  Australia. 

404.  Calaite  ( Turquoise ),  2(Xl2)¥\2  -|-5H2. 

Massive,  reniform,  or  stalactitic;  fracture  conchoidal. 

H.  =  6;  G.  =  2.6  to  2.8.  Opaque  or  translucent  on  the 
edges;  dull  or  waxy.  Sky-blue,  greenish  blue,  rarely 
green ;  streak  greenish  white.  C.c. :  47  alumina,  32.5  phos¬ 
phoric  acid,  and  20.5  water,  but  mixed  with  phosphate  of 
iron  and  copper.  Silesia,  Lusatia,  and  Reuss.  Oriental 
turquoise,  in  veins,  at  Meshed,  near  Herat ;  in  pebbles  in 
Khorasan,  Bokhara,  and  Syrian  desert.  Takes  a  fine  polish, 
and  is  valued  as  an  ornamental  stone,  but  is  destroyed  by 
oil,  and  deteriorated  by  soap. 

405.  Wavellite  ( Lasionite ),  3Xl22F2-f-  12R2. 

Right  prismatic.  ooP  126°  25;  Poo  106°  46'.  Crystals 
ooPao  (P),  ooP  (d),  Pao  (o)  (Fig.  429) ;  but  generally  small, 
acicular,  and  in  radiated-hemispherical  and  stellate-fibrous 
masses.  Cl.  along  ooP  and  Poo,  perfect.  H.  =  3.5  to  4; 

G.  =  2.3  to  2.5.  Translucent;  vitreous.  Color¬ 
less,  but  generally  yellowish  or  grayish,  some¬ 
times  green  or  blue.  C.c. :  38  alumina,  35.3 
P  phosphoric  acid,  and  26.7  water;  but  generally 
traces  of  fluoric  acid  (2  per  cent.).  Shiant  Islands 
and  Glencoe  in  Scotland,  Barnstaple,  St.  Austell, 

Fig.  429.  near  Clonmel  and  Portrush,  Beraun  in  Bohemia, 
Amberg  in  Bavaria ;  also  in  New  Hampshire  and 
Tennessee.  Ceeruleolactin,  from  Nassau,  has  two  equivalents 
less  of  water. 

406.  Variscite,  Xl2P2-f4lT2. 

Right  prismatic ;  reniform;  conchoidal  fracture.  H.  =  4 
to  5 ;  G.  =  2.34  to  2.38.  Apple-  and  emerald-green ;  streak 
white.  C.c. :  32.4  alumina,  44.85  phosphoric  acid,  22.74 
water.  Messbach  in  Reuss,  Montgomery  county  in  Arkan¬ 
sas. 

Zepharovichite  from  Bohemia  contains  one  equivalent  more 
water ;  Evansite  from  Hungary  two  equivalents  more. 

407.  Fischerite,  2Xl2F2 -f  8fT2. 

Right  prismatic.  ooP  118°  32' ;  generally  in  crystalline 
crusts.  H.  =  5;  G.  =  2.46.  Grass- and  olive-green.  Vitre¬ 
ous  lustre.  C.c. :  alumina  42,  phosphoric  acid  29,  water  29. 
Nijni-Tagilsk. 

408.  Peganite,  2Xl2P2  -)-  6T*T2. 

Right  prismatic.  ooP  127°.  In  thin  reniform  crusts,  of 
fibrous  structure.  H.  =  3  to  4 ;  G.  =  2.49  to  2.54.  Grass- 
and  emerald-green.  Vitreous  or  greasy  lustre.  C.c. :  alu¬ 
mina  45,  phosphoric  acid  31.3,  water  23.7.  Striegis  in 
Saxony. 

409.  Hopeite,  2ii3F +  4lT2. 

Right  prismatic.  ooP2  82°  20' ;  P  with  polar  edges  106° 
36'  and  140°.  Cl.  macrodiagonal,  perfect.  H.  =  2.5  to  3 ; 
G.  =  2.76  to  2.85.  Vitreous  or  pearly.  Grayish  white. 
C.c. :  oxide  of  zinc  35.21.  nhosphoric  rcid  31.1,  water  15.8. 
Altenberg. 
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410.  Adamite,  42nXs2-(-fi2. 

Right  prismatic.  ooP,  91°  52'.  Cl.  macrodomic.  H.  =  3.5; 

G.  —  4.34.  Lustre  vitreous.  Color 
honey-yellow  to  violet ;  streak 
white.  Transparent.  C.c. :  oxide 
of  zinc  56.6,  arsenic  acid  40.2,  water 
3.2.  Cape  Garonne  in  France,  Chan- 
arcillo  in  Chili. 

411.  Libethenite,  4Cu£2-f-6flr 
Right  prismatic.  ooP  (m)  92°  20', 

Poo  (o)  109°  52',  and  P  (Fig.  430). 

H.  =  4;  G.  =3.6  to  3.8.  Trans¬ 
lucent  on  the  edges ;  resinous. 

Leek-,  olive-,  or  blackish-green; 
streak  olive-green.  C.c. :  66  copper 
protoxide,  30  phosphoric  acid,  and 
4  water.  Gunnislake  (Devon),  Libethen  (Hungary),  Nijni- 
Tagilsk. 

412.  Oeivenite,  4Cu  (As2£2)  -f  fl2. 

Right  prismatic.  oo(P)  (r)  92°  30',  Poo  ( l )  110°  50', 
oopao  ( n )  (Fig.  431);  also  spheri¬ 
cal  and  reniform,  and  columnar  or 
fibrous.  Cl.  (r)  and  ( l ),  imperfect. 

H.  =  3 ;  G  =4.1  to  4.6.  Pellucid 
in  all  degrees;  vitreous,  resinous 
or  silky.  Leek-,  olive-,  or  blackish- 
green,  also  yellow  or  brown; 
streak  olive-green  or  brown.  B.B. 
in  the  forceps  fuses  easily  to  a 
dark  brown  adamantine  bead, 
covered  with  radiating  crystals; 
on  charcoal  detonates,  emits  ar¬ 
senical  vapors,  and  is  reduced. 

Sol.  in  acids  and  ammonia.  C.c. : 

56.5  copper  protoxide,  39.5  arsenic 
acid,  and  4  water ;  but  also  1  to  6 
phosphoric  acid.  Carharrack,  Tin 
Croft,  Gwennap,  and  St.  Day  in  Cornwall ;  Alston  Moor, 
Thuringia,  Tyrol,  Siberia,  Chili. 

413.  Veszelyite,  9Cu,  62n,  P.2<  As2-}-18H2. 

Oblique  prismatic,  C  103°  50'.  H.  =3.5  to  4 ;  G.  =  3.53. 

Greenish  blue.  C.c. :  copper  37.34,  25.20  zinc  oxide,  10.41 
arsenic  acid,  9.01  phosphoric  acid,  17.05  water.  Moravicza 
(Banat). 

414.  Desceoizite,  2PbV2-j-PT2. 

Right  prismatic.  ooP  116°  25'.  H.  =3.5;  G.  =  5.86  to 
6.1.  Olive-brown  to  black.  C.c. :  56.48  oxide  of  lead,  16  6 
oxide  of  zinc,  1.16  oxide  of  manganese,  22.74  vanadic  acid. 
Sierra  de  Cordoba  in  the  Argentine  Republic. 

415.  Volborthite,  4(Cu,  Ca)  V2  +  H2. 

Hexagonal ;  small  tabular  crystals,  OP,  ccP,  single  or  in 

groups.  Generally  massive.  H.  =  3;  G.  =3.45  to  3.89. 
Olive-green ;  streak  almost  yellow.  B.B.  on  charcoal  fuses 
easily  and  forms  a  graphite-like  slag,  containing  grains  of 
copper.  Sol.  in  n.  acid,  and  with  water  gives  a  brick -red 
precipitate.  C.c. :  37  to  38  vanadic  acid,  39.4  to  46  copper 
oxide,  18.5  to  13  lime,  3.6  to  5  water.  Sisscrsk  (Urals), 
Nijni-Tagilsk,  and  Friedrichroda  in  Thuringia. 


416.  Tagilite,  4Cu£2-(-3fI2. 

Oblique  prismatic ;  but  botryoidal  and  radiating-fibrous, 
or  earthy.  H.  =  3;  G.  =  4.  Emerald-greeu.  C.c.:  61.8 
copper  protoxide,  27.7  phosphoric  acid,  and  10-5  water. 
Nijni-Tagilsk,  and  near  Hirschberg. 


Poo  (m)  80°  52',  with 


417.  Euchroite,  4CuAs2  +  7fl2. 

Right  prismatic.  ccP  (M )  117°  20' 

oop2  ( l )  and  OP  (P)  (Fig.  432). 

Brittle.  H.=3.5  to  4;  G.  =  3.35  to 
3.45.  Translucent ;  vitreous.  Emer¬ 
ald-  or  leek-green  ;  streak  verdigris- 
green.  B.B.  in  forceps  fuses  to  a  green¬ 
ish  brown  crystallized  mass.  Easily 
sol.  in  n.  acid.  C.c. :  47  copper  pro¬ 
toxide,  34  arsenic  acid,  and  l9  water. 

Libethen  in  Hungary. 

418.  Erinite,  5CuAs24-2fl2- 
Reniform  and  foliated  ;  conchoidal 

fracture.  H. =4.5  to  5;  G.  =  4  to  4.1. 

Translucent  on  the  edges ;  dull  res-  . 

inous.  Emerald-  or  grass-green;  streak  similar.  C.c.: 
59.9  copper  protoxide,  34.7  arsenic  acid,  and  5.4  water. 
Cornwall.  Cornwallite  has  3  or  5  of  water. 


i.  Dihyrite,  5Cu£24-2ft2. 

=  4.4.  Oxide  of  copper  69,  phosphoric  acid  24.  7 ,  water 
Rheinbreitenbach  and  Nijni-Tagilsk. 


420.  Mottramite,  5(Cu,  f’b)V2-f  2ft2. 

Black  crystalline  crusts;  streak  yellow.  H.  =  3;  G.= 
5.9.  C.c. :  oxide  of  copper  20.4,  oxide  of  lead  7.2,  vanadic 
acid  18.7,  water  3.7.  Mottram  in  Cheshire. 

421.  Eheite,  5CuP2-f-3H2. 

Right  prismatic;  botryoidal,  radiating,  foliated.  H.= 

1.5  to  2 ;  G.  =  3.8  to  4.27.  Translucent  on  the  edges ;  pearly 
on  the  cleavage.  Verdigris-green;  streak  paler.  C.c.:  67 
copper  protoxide,  24  phosphoric  acid,  and  9  water.  Ehl  on 
the  Rhine,  Nijni-Tagilsk,  Libethen. 

422.  Tyrolite,  5CuA.s2-f-9lI2. 

Right  prismatic.  Cl.  basal,  perfect’;  reniform.  Radiate- 
foliaceous.  H.  =  1.5  to  2 ;  G.  =  3.  Lustre  pearly  on  cleav¬ 
age  face.  Color  apple-green  and  verdigris-green  to  sky-blue ; 
streak  paler.  Subtranslucent.  C.c.:  oxide  of  copper 
50.3,  arsenic  acid  29.2,  water  20.5.  Tyrol,  Hesse,  Thur¬ 
ingia. 


423.  Phosphorochalcite  ( Lunnite ),  6CuP2-f-3lJ2. 
Oblique  prismatic.  Crystals  ccPc2  (/)  38°  56',  P  (P)  117° 
49',  with  OP  (a)  and  cdP°qo  (e)  (Fig.  433) ;  usually  small 
and  indistinct;  more  common  in 
spherical  or  reniform  and  radi- 
ated-fibrous  masses.  H.  =  5 ;  G.  = 
4.1  to  4.3.  Translucent  through¬ 
out  or  on  the  edges ;  adamantine 
to  resinous.  Blackish-,  emerald-, 
or  verdigris-green.  C.c. :  70.8 

copper  protoxide,  21.2  phosphoric 
acid,  and  8  water.  Cornwall, 
Rheinbreitenbach,  Nijni-Tagilsk. 

424.  Ceinocease,  6CuAs2  + 
3H2. 


Fig.  433  (sp.  423).  Oblique  prismatic,  C  80°  30'.  OP 

(P),  ooP  (to)  56°,  §  P°oo  (a)  99°  30', 
( r )  123°  48'  (Figs.  434,  435) ;  and  hemispherical.  Cl.  basal, 

perfect.  H.  =  2.5  to 
3;  G.  =4.2  to  4.4. 
Translucent ;  vit¬ 
reous  ;  pearly  on 
cl.  Dark  verdigris- 
green  to  sky-blue ; 
streak  blue.  C.c. : 
62.6  copper  protox¬ 
ide,  30.3  arsenic  acid, 
7.1  water.  Corn¬ 
wall,  Tavistock,  Erz¬ 
gebirge. 

425.  Mixite. 
Oblique  prismatic 
Fig.  434  (sp.  424).  Fig.  435  (sp.  424)  or  anorthic  (?).  Ra¬ 
diating,  centrally 
granular,  coP  125°.  H.  =  3  to  4;  @.  =  2.66.  Emerald- 
green  to  blue-green ;  streak  paler.  C.c. :  43.21  copper  oxide, 
13.1  bismuth  oxide,  30.45  arsenic  acid,  11.1  water.  Geister- 
gang,  Joachimsthal. 


426.  Rhagite,  5Bi22As2-f-8fiT2. 

Grape-lilce  groups  of  minute  crystals.  Color  yellowish 
green;  streak  white.  Lustre  wax -like;  brittle.  H.  =  5; 
(j  =  6.82.  C.c. :  bismuth  oxide  79.5,  arsenic  acid  15.6,  water 
4.9.  Neustadtel  near  Schneeberg. 


427.  Trogerite,  3tJAs2-|-12IT2. 

Oblique  prismatic,  C  80°.  Crystals  thin  tabular.  Cl. 
clinodiagonal,  perfect.  Lustre  pearly.  G.  =  3.3.  Lemon- 
yellow.  C.c. :  65.95  oxide  of  uranium,  17.56  arsenic  acid, 
16.49  water.  In  closed  tube  gives  off  water,  and  becomes 
golden  brown,  but  again  yellow  on  cooling.  Neustadtel. 


428.  Struvite,  (NS4,  2Mg)  P24-12II2. 

Right  prismatic,  P®  (a)  63°  7",  Poo  (c)  95°,  4Pao  (6)  30° 
32',  oo  p  oo  (n),  i  Poo  (to)  123°,  OP 
(o)  (Fig.  436).  Cl.  brachydiagonal, 
perfect.  H.  =  1.5  to  2 ;  G.  =  1.66 
to  1.75.  Transparent  or  opaque; 
vitreous.  Colorless,  but  yellow  or 
brown.  C.c. :  29.9  phosphoric  acid, 
16.3  magnesia,  10.6  ammonia,  and 
44  water.  Under  St.  Nicholas 
church  at  Hamburg,  and  in  guano 
Fig.  436.  from  South  America. 


429.  Arseniosiderite,  3CaAs2-f3Fe2As2-f  6IT2. 
Spherical  and  fibrous;  friable.  H.  =1.2;  G.  =  3.52  to 
3.88.  Opaque;  silky.  Golden  yellowish  brown;  streak 
yellowish  brown.  C.c.:  peroxide  of  iron  39.4,  lime 
13.8,  arsenic  acid  37.9,  water  8.9.  Romaneche  near 
Macon. 


424 


MINERALOGY. 


G.  =  3.11.  C.c. :  42.8 


430.  Chalcosiderite. 

Anorthic.  Light  green  crystals. 

peroxide  of  iron, 

8.1  oxide  of  copper, 

4.45  alumina,  30.54 
phosphoric  acid,  15 
water.  Cornwall. 

431.  Lazulite, 

112P2  +  (Mg, 

fe)8£2  +  2ll2. 

Oblique  pris¬ 
matic,  C  88°  2'. 
ooP  91°  30',  P  (e) 

99°  40',  —  P  {p) 

100°  20'.  Crystals 
often  tabular 
through  distor¬ 
tion  ;  twins  on  OP, 
and  ooP°oo  ;  also 
massive;  fracture  splintery.  Cl.  ooP.  H.  —  5  to  6;  G.  =  3 
to  3.1.  Translucent ;  vitreous.  Indigo-  and  smalt-blue  to 
greenish ;  streak  white.  In  closed  tube  yields  water,  and 
loses  color.  Soluble  in  acids  after  ignition.  C.c. :  31.7 
alumina,  10  magnesia,  6  protoxide  of  iron,  44  phosphoric 
acid,  and  6  water.  Salzburg,  Styria,  Brazil,  Georgia,  Lin¬ 
coln  in  North  Carolina. 

432.  Childrenite,  2(Fe,  Sln)4£'-f-  Al£  +  15H. 

P2,  44  =  H2,  etc.) 

Right  prismatic.  Polar  edges  101°  43',  130°  10',  middle 
98°  44' ;  usual  form  p,  2Pco ,  ooPao  (e,  a,  P, 

Fig.  439).  H.  =  4.5  to  5;  G.  =  3.18  to  3.3. 

Translucent;  vitreous.  Yellowish  white  to 
wine-  or  ochre-yellow,  brown,  or  almost  black. 

C.c. :  30.7  iron  protoxide,  9  manganese  pro¬ 
toxide,  14.5  alumina,  29  phosphoric  acid,  and 
17  water.  Tavistock,  Crinnis  and  Callington 
(Cornwall). 

(f’e,  3dn)2Xl,  P  +  4S. 

P  Jp )  133°  32'  and  118°  56';  ooP  (i) 
gdPqo  (6),  oof2  ( g ),  |P§  (g),  2P2  («) 
and  98° 
macrodi- 


(P  = 


Fig.  439. 


433.  Eosphorite, 

Right  prismatic. 

104°  19';  oo Poo  (a), 

(polar  edges  130°  26' 

42')  (Fig.  440).  Cl. 
agonal.  H.  =  5 ;  G.  =  3.13. 

Pale  red.  Vitreous.  C.c. :  22 
alumina,  7.4  protoxide  of  iron, 

23.5  oxide  of  manganese,  31.5 
phosphoric  acid,  15.6  water. 

Fairfield  (Connecticut). 

434.  Liroconite,  Cu8Xs  + 

Alls  +  24B. 

Oblique  prismatic,  C  88°  33'. 
ooP  ( d )  61°  31',  P°oo  (o)  74°  21' 

(Fig.  349).  II.  =2  to  2.5;  G. 

=  2.8  to  3.  Translucent ;  vit¬ 
reous  or  resinous.  Azure-blue 
to  verdigris-green ;  streak 
paler.  C.c. :  36.6  protoxide  of 

copper,  11.9  alumina,  26.6  arsenic  acid,  24.9  water.  Red¬ 
ruth,  Herrengrund  in  Hungary. 

435.  Chalcophyllite,  Cu61s  -f-  12H. 

Hexagonal  rhombohedral ;  R  69°  48'  (Fig.  441).  Cl.  basal, 
perfect ;  sectile.  H.  =  2 ;  G. 

==  2.4  to  2.6.  Transparent ; 
vitreous  to  adamantine. 

Pearly  on  OR  (o).  Emerald-  to 
grass-  and  verdigris-green ; 
streak  pale  green.  Soluble  in 
acids  and  ammonia.  C.c. :  protoxide  of  copper  49.6,  arsenic 
acid  18,  water  32.4.  Redruth  in  Cornwall,  Saida  in  Saxony, 
Moldawa  in  the  Banat. 

436.  Uranite,  (Ca,  £„)  $  -f-8H. 

Right  prismatic.  qdP  90°  43' ;  P  middle  edge  127°  32'. 


Fig.  441. 


OP:  P  116.14;  OP:  2pco  109°  6';  OP:  2Poo  109°  19'  (Figs. 
442,  443).  Crystals  flat.  Cl.  basal,  perfect;  sectile.  H.  =  1 
to  2;  G.  =  3  to  3.2.  Translucent;  pearly  on  OP.  Sulphur- 
yellow  to  siskin-green ;  streak  yellow.  C.c. :  15.5  phosphoric 
acid,  62.6  uranium  peroxide,  6.1  lime,  and  15.8  water.  Corn¬ 
wall,  Autun  and  Limoges  in  France,  Johann-Georgenstadt 
and  Eibenstock  in  Saxony,  Chesterfield  in  Massachusetts. 

437.  Uranospinite,  (Ca,  G2)ls -)- 8H. 

Right  prismatic;  quadrangular,  scale-like  crystals.  Cl. 
basal,  perfect.  H.  =  2.3  ;  G.  =  3  45.  Siskin-green.  C.c. : 
lime  5.47,  sesquioxide  of  uranium  59.18,  arsenic  acid  19.37, 
water  16.29.  Neustadtel. 

438.  Uranocircite,  (fia,  $2)P  -f  8H. 

Yellowish  green  crystals,  isomorphous  with  437.  Cl. 
basal.  G.  =  3.53.  C.c. :  sesquioxide  of  uranium  56.86,  baryta 
14.57,  phosphoric  acid  15.1,  water  14.  Falkenstein  in  Voigt- 
land. 

439.  Chalcolite,  (Cu,  tr2)P  -f  8H. 

Pyramidal.  P  middle  edge  142°  8' ;  Pco  128°  14'.  Crystals 
OP,  P,  ooPao,  Poo.  Cl.  basal,  perfect ;  pearly  lustre ;  brittle. 
H.  =  2  to  2.5 ;  G.  =  3.5  to  3.6.  Grass-  to  emerald-  or  verdi¬ 
gris-green  ;  streak  apple-green.  C.c. :  15.2  phosphoric  acid, 
61  uranium  peroxide,  8.5  copper  protoxide,  and  15.3  water. 
Redruth  and  St.  Austell,  Johann-Georgenstadt,  Eibenstock, 
Schneeberg,  Bodenmais,  Baltimore. 

440.  Zeunerite,  (Cu,  $2)&s  -f-  844. 

Pyramidal.  P  middle  edge  142°  6'.  OP:  P  109°  57'. 
Crystals  tabular.  Cl.  basal.  H.  =  2.5 ;  G.  =  3.53.  Grass- 
green.  Lustre  pearly.  C.c. :  7.7  oxide  of  copper,  55.95  ses¬ 
quioxide  of  uranium,  14  water.  Huel  Gorland  in  Cornwall, 
Neustadtel,  Joachimsthal,  Zinnwald,  Wittichen. 

441.  Walpurgite,  5BiXs  +  3G£s  -f-  1044. 

Anorthic ;  in  scaly  crystals.  Wax-yellow  to  pomegranate- 

red.  Adamantine  to  greasy.  H.  =3.5;  G.  =  5.76.  C.c.: 

sesquioxide  of  bismuth  60.4,  sesquioxide  of  uranium  20.4, 
arsenic  acid  13,  water  4.5.  Neustadtel. 

442.  Plombgomme,  Fb3^  -f-  6£l443. 

Reniform  or  stalactitic ;  fracture  conchoidal  and  splintery. 
H.  =  4  to  4.5;  G.  =  6.3  to  6.4.  Translucent;  resinous. 
Yellowish  or  greenish  white  to  reddish  brown.  C.c.:  38 
protoxide  of  lead,  35  alumina,  8  phosphoric  acid,  and  19 
water;  but  with  2  chloride  of  lead.  Poullauouen,  Nuissiere 
(near  Beaujeu),  Georgia. 


Compounds  of  Phosphates,  Vanadiates,  and  Arseni- 
ates  with  Haloid  Salts. 


443.  Apatite,  3&aP  +  Ca(Cl,  F). 

Hexagonal  and  pyramidal-hemihedric.  P  80°  26'.  The 
most  common  forms  are  ocP(M);  ooP2  (n);0P(m);  P  (r) ; 
the  base  OP  seldom  wanting  (Figs.  92,  95,  96,  97,  98).  The 
crystals  are  short-prismatic  or  thick -tabular ;  also  granular, 
fibrous,  or  compact ;  fracture  conchoidal  or  splintery ;  brittle. 
H.  —  5 ;  G.=  3.1  to  3.25.  Transparent  to  opaque ;  vitreous 
to  resinous.  Colorless  and  white,  but  generally  light  green, 
gray,  blue,  violet,  or  red.  C.c. :  phosphate  of  lime  (89  to 
92.3),  with  chloride  (to  11)  or  fluoride  (to.7.7)  of  calcium,  or 
both.  Disseminated  in  granite,  gneiss,  mica  and  hornblende 
slates,  primary  limestones,  and  trap  rocks ;  also  in  beds  and 
veins.  Sutherland,  Ross,  and  Aberdeen,  in  granite  and 
limestone;  Cumberland,  Devonshire,  and  Cornwall;  in  tin- 
mines  in  Saxony ;  Bohemia,  St.  Gotthard,  Tyrol ;  Kragcro 
in  Norway,  New  York,  Canada.1 


444.  Pyromorphite,  3Pb3#  -{-  PbCl. 

Hexagonal ;  P  80°  44'.  Crystals  ooP,  OP,  with  ooP2,  or 
P  (M,  P,  x,  Fig.  444),  occasionally  thicker  in  the  middle,  or 
spindle-shaped;  also  reniform  or  botryoidal; 
fracture  conchoidal  or  uneven.  H.  —  3.5  to  4 ; 
G.  =  6.9  to  7.  Translucent ;  resinous  or  vitre¬ 
ous.  Colorless,  but  generally  grass-,  pistachio-, 
olive-,  or  siskin-green,  and  clove-  or  hair- 
brown,  and  scarlet  (Leadhills).  C.e. :  89.7  phos¬ 
phate  and  10.3  chloride  of  lead,  but  with  0  to  9 
arseniate  of  lead,  0  to  11  phosphate  of  lime,  and 
0  to  1  fluoride  of  calcium.  Elgin,  Wanlockliead, 
also  Cornwall,  Derbyshire,  Yorkshire,  Dvrrham, 


M 


M 


Fig.  444. 


Cumberland,  Wicklow ;  Przibram,  Mies,  and  Bleistadt  in 
Bohemia;  Berezoff,  Phoenixville  in  Pennsylvania,  and 
Mexico. 


i 

Ed. 


See  Dana's  System  of  Mineralogy,  p.  533  (New  York,  1882).— Am. 
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445.  Vanadinite,  31%$  -f-  PbCl. 

Hexagonal;  P  78°  46'.  Forms  ooP,  OP  (0),  P  (2),  2P,  IP 
(61),  ccP2,  00  P§,  2P2  (Fig.  445). 

Transparent  to  opaque :  resin¬ 
ous.  Honey-yellow  to  grayish 
brown;  streak  white.  II.  =3; 

G.  —  6.8  to  7.2.  C.c. :  oxide  of 
lead  70.83,  vanadic  acid  19.35, 
lead  7.2,  chlorine  2.62.  Wan- 
lockhead,  Windischkappel  in 
Carinthia,  Haldenwirthshaus 
in  the  Black  Forest,  Bolet  in 
West  Gotland,  Berezovsk, 

Zimapan  in  Mexico,  Cordoba 
in  the  Argentine  Bepublic. 

446.  Mimetesite,  3Pb,As 
-f  PbCl. 

Hexagonal ;  P  81°  48'.  Crys¬ 
tals  ooP,  OP,  P  (Figs.  91,  444), 
or  P,  OP.  Cl.  P ;  fracture  con- 
choidal  or  uneven.  H.  —  3.5 
to  4 ;  G.  =  7.19  to  7.25.  Trans- 


rl  l\\  \r 

i 
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Fig.  445  (sp.  445). 


lucent.  Colorless,  but  usually  honey-  or  wax-yellow,  yel¬ 
lowish  green  or  gray.  C.c. :  90.7  arseniate  and  9.3  chloride 
of  lead;  but  part  of  the  arsenic  occasionally  replaced  by 
phosphoric  acid.  Leadhills,  Huel  Alfred  and  Huel  Unity 
in  Cornwall,  Roughten  Gill  and  Dry  Gill  in  Cumberland, 
Beeralston  in  Devonshire,  Johann-Georgenstadt,  Zinuwald, 
Baden weiler,  St.  Prix  in  France,  Nertchinsk,  and  Zacatecas 
in  Mexico. 


H.=  2.3 ;  G.  =  2.3  to  2.5.  Translucent  throughout,  or  on 
the  edges;  resinous  to  vitreous.  Yellowish,  reddish,  or 
blackish  brown,  sometimes  in  spots  or  stripes ;  streak  light 
yellow  or  white.  C.c. :  35  iron  peroxide,  26  arsenic  acid,  14 
sulphuric  acid,  and  24  water.  In  many  old  mines,  as  Frei¬ 
berg  and  Schneeberg. 

456.  Beudantite. 

Rhombohedral ;  R  91°  18'.  H.  =  3.5 ;  G.  =4.  Vitreous. 
Olive-green ;  streak  greenish-yellow.  C.c. :  oxide  of  iron 
40.69,  oxide  of  lead  24.05,  sulphuric  acid  13.76,  phosphoric 
acid  8.97,  water  9.77.  Dernbach  in  Nassau,  Cork  in  Ireland. 

457.  Luneburgite  (2Mg,H)^4-SlgB-)-7H. 

Concretions  of  fibrous  structure.  C.  c. :  25.2  magnesia, 

29.83  phosphoric  acid,  14.74  boracic  acid,  30.23  water. 
Liineburg. 

ARSENITES. 

458.  Ecdemite,  Pb5£s2  -f  2PbCl2. 

Pyramidal.  Cl.  OP.  H.=  2.5  to  3;  G.  =  7.14.  Pale 
green.  Vitreous  on  cleavage ;  resinous  on  fracture.  C.c. : 
oxide  of  lead  59.67,  lead  22.2,  arsenious  acid  10.59,  chlorine 
7.58.  L&ngban  in  Wermland. 

459.  Trippkeite,  CuXs. 

Pyramidal ;  P  1110  56'.  Blue-green.  Lustrous.  Copiapo 
in  Chili. 


SILICATES. 


447.  Wagnerite,  Mg3P  -f-  MgF. 

Oblique  prismatic,  C  63°  25'.  00P  57°  35'.  Cl.  prismatic 

and  orthodiagonal  imperfect;  fracture  conchoidal  or 
splintery.  H.  =  5  to  5.5;  G.  —  3  to  3.2.  Translucent  or 
transparent;  resinous.  Wine-yellow  and  white.  C.c. :  43.3 
phosphoric  acid,  11.4  fluorine,  37.6  magnesia,  and  7.7  mag¬ 
nesium  ;  but  with  3  to  4.5  iron  protoxide  and  1  to  4  lime. 
Werfen  in  Salzburg. 

448.  Triplite,  (Ee,  Mn)3£  RF. 

Oblique  prismatic  ;  only  granular.  Cl.  in  two  directions 
at  right  angles ;  fracture  conchoidal.  H.  =  5  to  5.5 ;  G.  = 
3.6  to  3.8.  Translucent  or  opaque;  resinous.  Chestnut- or 
blackish-brown;  streak  yellowish  gray.  C.o. :  iron  and 
manganese  protoxides,  with  33  phosphoric  acid,  and  7  or  8 
fluorine.  Limoges,  Schlaggenwald. 

449.  Zwieselite,  (Fe,  Sln)3^  -f-  FeF. 

Right  prismatic;  but  only  massive.  Cl.  basal,  perfect.  H. 
=  4.5  to  5;  G.  =  3.95  to  4.  Brown ;  streak  yellow.  C.  c.: 
like  triplite.  Zwiesel  in  Bavaria. 

450.  Amblygonite,  Al5£3-}-(£u,  Na)5P3+ AlF3+(Li) 
Na,  F. 

Anorthic;  crystals  rare;  coarse  granular.  Cl.  OP,  pearly, 
meeting  two  others  at  105°  and  87°  40'.  Fracture  uneven 
and  splintery.  H.  =  6 ;  G.  =  3  to  3.1.  Translucent ;  vitre¬ 
ous.  Grayish  or  greenish  white  to  pale  mountain-green. 
C.c. :  47.9  phosphoric  acid,  34.5  alumina,  6.9  lithia,  6  soda, 
and 8.3 fluorine.  Penig,  Arendal, Montebras (Creuse,  France), 
also  Hebron  and  Paris  in  Maine.  Montebrasite  has  no  soda. 

451.  Durangite,  (R2)As-f-2NaF. 

Oblique  prismatic;  crystals  like  keilhauite  (sp.  669).  ooP 
110°  10' ;  P  112°  10'.  Cl.  prismatic.  H.  =  5;  G.  ==3.95  to 
4.  Bright  orange-red ;  streak  cream-yellow,  \itreous.  C.c.: 
alumina  17.2,  iron  protoxide  9.2,  arsenic  acid  53,  soda  13.1, 
fluorine  7.7.  Durango  (Mexico). 

Right  prismatic.  P  polar  edges  77°  20'  and  141°  16' ;  a>P 
115°  53'.  Fracture  conchoidal.  H.  =  5;  G.=  2.9  to3. 
Translucent;  vitreous,  inclining  to  resinous.  Yellowish  or 
greenish  white.  Ehrenfriedersdorf  in  Saxony.  An  anhy¬ 
drous  phosphate  of  alumina  with  lime  and  fluorine. 


Andalusite  Group. 


460.  Andalusite,  AlSi. 

Right  prismatic.  00  P  (m)  90°  50',  Poo  (r)  109°  4',  Poo  (s) 


109°  51'.  Also  columnar.  Cl.  m;  fracture  splintery.  H. 
_  7  to  7.5 ;  G.  =  3.1  to  3.2,  Pellucid ;  vitreous.  Gray,  green, 
red,  or  blue.  B.B.  infusible.  Not  affected  by  acids.  C.c. : 
alumina  63.1,  silica  36.9.  Clashnaree  (Figs.  446  to  449)  and 
Clova  in  Aberdeenshire,  Marnoch  and  Botriphnie  in  Banff- 


Phosphates  with  Sulphates  and  Borates. 


Fig.  448. 


Fig.  449. 


453.  Svanbergite. 

Rhombohedral;  R  90°  35'.  H.  =  4.5  ;  G.=2.57.  Vitreous 
to  adamantine.  Honey-yellow,  reddish  brown,  and  rose- 
red ;  streak  reddish.  Subtransparent.  C.c. :  37.8  alumina, 
6  lime,  17.3  sulphuric  acid,  12.8  soda,  17.8  phosphoric  acid, 
6.8  water.  Horrsjoberg  in  Wermland. 

454.  Diadochite,  Fe3^2  +  I?e§2-f-32H. 

Reniform  and  stalactitic;  fracture  conchoidal.  H.  =  3  ; 
G  =19  to  2.  Resinous;  vitreous.  Yellow  or  yellowish 
brown  ;  streak  white.  C.  c. :  36.7  iron  protoxide,  14.8  phos¬ 
phoric  acid,  15.2  sulphuric  acid,  and  30.3  water.  Grafenthal 
and  Saalfeld. 

455.  Pitticite,  -f-  2Fels  -f-  24H. 

Reniform  and  stalactitic;  brittle;  fracture  conchoidal. 


shire,  Killiney  Bay  in  Wicklow,  Andalusia,  Tyrol,  Penig, 
Massachusetts,  Litchfield  in  Connecticut. 

C hiastolite.  H.  =5  to  5.5;  G.  =3.  Pale  gray,  yellow, 
green,  and  red.  A  compound  structure,  formed 
of  four  double  wedge-shaped  crystals,  arranged 
in  contact  with  the  angles  of  a  square  conoidal 
crystal  placed  in  their  centre,  and  imbedded  in 
a  paste  of  clay  slate.  The  section  of  the  com¬ 
pound  structure  forms  a  tessellated  cross,  the 
Fig.  450.  appearance  of  which  varies  with  the  portion  of 
the  crystal  which  is  cut.  Portsoy  (Fig.  450)  and 
Boharm  in  Banffshire,  Wicklow,  Keswick  and  Skiddaw, 
Brittany,  Pyrenees,  Maine,  New  Hampshire,  Nova  Scotia, 
Canada. 
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461.  Cyanite  ( Disthene ),  Xl§i. 

Anorthic ;  generally  broad-prismatic  lengthened  crystals, 
formed  by  two  faces  (m,  t). 
m :  t  106°  15' ;  m :  i  145°  41' ; 
p :  m  93°  15'  (Fig.  451).  Hemi- 
tropes  common,  united  by  m. 

Also  radiated.  Cl.  m,  perfect; 
brittle.  H.  =  7,  on  cl.  planes 
5;  G.  =  3.5  to  3.7.  Pellucid; 
vitreous.  Cl.  pearly.  Color¬ 
less,  and  red,  yellow,  green, 
gray,  and  blue.  B.B.  infusible.  * 

Not  affected  by  acids.  C.c. 
same  as  andalusite.  Hillswick 
in  Shetland,  Mount  Battock, 

Tarfside  (Fig.  451),  Botriph- 
nie  (Banffshire),  Tyrol,  St. 

Gotthard,  Bohemia,  Pontivy 
in  France.  Fig.  451. 

462  Sillimanite,  AlSi. 

Right  prismatic;  ccPlll°.  Crystals  fibrous,  columnar, 
and  radiating.  Cl.  macrodiagonal.  H.  =  7;  G.  =  3.2  to 
3.26.  Translucent;  resinous;  on  cl.  vitreous.  Grayish, 
greenish,  clove,  or  hair-brown.  C.c.  and  chemical  charac¬ 
ters  like  cyanite.  Tvedestrand,  Norway  ;  Chester  and  Nor¬ 
wich,  Connecticut.  Al„03,  Si03  is  thus  trimorphous. 

Monrolite,  Xenolite,  Bucholzite,  Fibrolite,  and  Bamlite  are 
varieties. 

463.  ToPAz,5£lSi-f-AlF3  +  SiF2.  w 

Right  prismatic.  ooP  (M)  124°  17',  2Poo  («)  92°  42',  ooF2 
( l )  93°  14',  P  (o).  Crystals  always  prismatic  (Fig.  122), 
often  hemimorphic.  Cl.  basal,  perfect ;  fracture  conchoidal. 
H.  =  8 ;  G.  =  3.4  to  3.6.  Transparent ;  vitreous.  Colorless, 
honey-yellow,  amber,  pink,  asparagus-green,  blue.  Becomes 
electric  by  heat  or  friction,  and  the  yellow  colors  become 
pink.  B.B.  infusible.  Not  affected  by  h.  acid ;  by  diges¬ 
tion  in  s.  acid  gives  traces  of  fluorine.  The  formula  requires 
33.2  silica,  56.7  alumina,  17.5  fluorine.  Part  of  the  oxygen 
must  be  replaced  by  fluorine,  as  the  total  of  the  above  is 
107.4.  Ben-a-bourd  and  Arran,  Scotland ;  Mourne  Mountains, 
Ireland;  St.  Michael's  Mount,  Cornwall ;  Siberia,  Saxony, 
Bohemia,  Connecticut,  Australia,  Ceylon,  Brazil,  Peru.  The 
finest  topazes  are  the  blue  from  Scotland  and  Siberia,  the 
pink,  the  yellow  from  Brazil,  and  the  colorless  from  Per... 
The  last-named  when  cut  may  be  distinguished  at  once  from 
diamond  by  their  electricity.  Pyrophysalite  is  a  massive 
opaque  cleavable  variety  from  Falun.  Pycnite  is  a  colum¬ 
nar  straw -yellow  to  reddish  white  variety  from  Zinnwald 
in  Saxony  and  Durango  in 
Mexico. 

464.  Staurolite,  ( Al,Fe)Si 
-f-(S'e,Mg)Si. 

Right  prismati  c.  go  P(m)  128° 

42',  Pcc  (r)  70°  46',  ooPao  (o),  OP 
(p)  (Fig.  452).  Twins  common, 
as  Figs.  140,  144,  187,  453.  Cl. 
brachydiagonal,  perfect;  frac¬ 
ture  conchoidal  to  splintery. 

H.  =  7 ;  G.  =  3.5  to  3.8.  Trans- 
parent  to  opaque;  vitreous  to 
resinous.  Reddish  brown;  streak  white.  B.P  infusible. 
Not  affected  by  h.  acid,  partially  by  s.  acid.  C.c. :  silica  30, 

,  alumina  48.5,  with  5.5  iron  peroxide,  12.5  iron  protoxide,  3.5 
magnesia  ;  often  impure.  Bixeter  Voe  and  IJnst  in  Shetland, 
Boharm  and  Marnoch  in  Banffshire,  St.  Gotthard,  Greiner 
in  Tyrol,  Finistere,  Urals,  and  North  America.  Xantholite 
is  a  yellow  variety  from  Urquhart  (Inverness). 

465.  Sapphirite,  4Mg,5£l,2Si. 

Oblique  prismatic ;  granular.  H.  =  7  to  8 ;  G.  =  3.4  to  3.5. 
Yitreous ;  pale  blue  or  green ;  translucent ;  dichroic.  C.c. : 
alumina  63.2,  magnesia  19.3,  silica  14.9.  Fiskenaes  in 
Greenland. 

Tourmaline  Group. 

466.  Tourmaline,  R3§i-f-S§i. 

Rhombohedral ;  R  133°  10'.  Crystals  of  OR  (fe'),  — 1R  ; 
usually  long  prismatic,  and  striated  (Figs.  45,  and  249  to  252). 
Generally  hemimorphic ;  also  radiating  and  fibrous ;  frac¬ 
ture  conchoidal  to  uneven.  H.  =6.5  to  7.5;  G.  =3  to  3.3. 
Black  varieties  opaque,  others  transparent ;  vitreous.  Gen¬ 
erally  black  ;  but  colorless,  yellow,  brown,  blue,  green,  and 
rose-red ;  streak  white.  Different  colors  often  disposed  in 
layers  parallel  to  the  axis  ;  and  portions  of  one  crystal  dif¬ 
fering  also  in  color  along  the  axis.  By  friction  acquires 
positive  electricity;  and  becomes  electrically  polar  when 
heated.  Powder  insol.  in  h.  acid;  imperfectly  in  s.  acid. 
C.c.:  complex,  but  all  with  water  and  fluorine,  some  with 
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Fig.  454. 


boracic  acid.  Coarse  black  columnar  varieties,  called  Schorl, 
very  common  in  granite  and  gneiss.  Black  occur  at  Port¬ 
soy  in  Banff,  Clova,  Cabrach,  and  Rubislaw  in  Aberdeen¬ 
shire,  Bovey  in  Devonshire,  St.  Just  in  Cornwall,  in  Green¬ 
land,  Arendal,  Tyrol,  and  North  America;  blue  or  Indicolite 
at  Uto  in  Sweden ;  green  at  Glen  Skiag  in  Cromarty.  Crys¬ 
tals  ruby-red  within,  surrounded  by  green  or  red  at  one  ex¬ 
tremity  and  green  at  the  other,  also  blue  and  pink,  at 
Albany,  Paris,  and  Hebron  in  Maine.  Currant-red  or  Rubel- 
lite  in  India  and  Ceylon,  also  in  Siberia  and  Brazil. 

467.  Datholite,  CaB-f-CaSi2-f-H. 

Oblique  prismatic,  C  89°  51'.  ooP  ( g )  115°  22',  ocP2  (/) 
76°  38',  P  (P)  120°,  — P°oo  (a) 
45°  8',  <xP°oo  (s),  21*00  (o)  (Fig. 
454) ;  or  rhombic  with  b :  f  90°, 
b :  a  135°,  b  :  c  141°  9',  and  /:  g 
160°  39'.  Fracture  uneven  or 
conchoidal.  H.  =5  to  5.5;  G. 
=  2.9  to  3.  Transparent  or 
translucent ;  vitreous.  Color¬ 
less  and  tinted  greenish, yellow¬ 
ish,  or  pink.  In  closed  tube 
yields  water.  B.B.  intumosces 
and  melts  easily  to  a  clear  glass,  coloring  the  flame  green ;  - 
the  powder  gelantinizes  in  h.  acid.  C.c. :  38.1  silica,  21.6 

boracic  acid,  34.7  lime, 
and  5.6  water.  Bish- 
opton  in  Renfrew, 
Glen  Farg  in  Perth¬ 
shire  (Fig.  455),  Salis¬ 
bury  Crags  and  Cors- 
torphine  Hill  near 
Edinburgh,  Arendal, 
Uto,  Andreasberg, 
Seisser  Alp,  Connecti¬ 
cut,  and  New  Jersey. 
Figs.  238,  239  are 
pseudomorphs  of 
quartz  after  datholite 
termed  Haytorite. 

Fig,  455  (ap.  467).  468.  Euciase, 

2filSi+  Sift. 

Oblique  prismatic,  C  79°  44'.  ooP'2  (s)  115°;  3P=3  (/) 
105°  49'.  Crystals  specially  of  ooP°2,  ooP°oo  (T),  3PC3.  Cl. 
clinodiagonal,  perfect;  very  brittle  and  fragile;  fracture 


Fig.  456. 

conchoidal.  H.  =7.5;  G.  =3  to  3.1.  Transparent;  splen¬ 
dent  ;  vitreous.  Mountain-green,  passing  into  blue,  yellow, 

or  colorless.  B.B.  intumesces, 
becomes  white,  and  melts  in 
thin  splinters  to  a  white 
enamel.  Not  affected  by  acids. 
C.c. :  42  silica,  35  alumina,  18 
glucina,  6  water.  Peru  and 
Brazil,  and  Southern  Urals. 
Cannot  be  used  as  a  gem  on  ac¬ 
count  of  its  brittleness ;  whence 
its  name. 

469.  Homilite. 

Oblique  prismatic,  C  89°  21'. 
H.  =  5.5 ;  G.  =  3.28.  Black  and 
brownish  black.  Vitreous.  C.c.: 
27.28  lime,  16.25  protoxide  of 
iron,  31.87  silica,  18.1  boracic  acid.  S'.oko  and  Brevig 
(Norway). 

470.  Botryolite. 

Fine  fibrous,  botryoidal,  or  reniform.  Snow-white  to 


Fig.  458  (sp.  471). 
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Va- /-brown.  Chemical  and  physical  characters  like  datho- 
lite,  but  10.64  of  water, — being  2  equivalents.  Arendal. 

471.  Gadolinite,  (Y,  Ce,  Fe)2Si. 

Oblique  prismatic,  C  89°  28'.  ooP  116°;  P  120°  56'  (Fig. 
*58).  Fracture  couchoidal,  or  splintery.  H.  =  6.5  to  7 ;  Gh 
•-4  to  4.4.  Translucent  ou  the  edges;  vitreous  to  resinous. 
Black  ;  streak  greenish  gray.  B.B.  the  conchoidal  (vitreous) 
varieties  iucandesce ;  gelatinizes  in  h.  acid.  C.c. :  36  to  51 
yttria,  10  to  15  iron  protoxide,  5  to  17  protoxide  of  cerium 
•with  lanthanum,  0  to  12  glucina,  and  25  to  29  silica, 
nittero  in  Norway,  Ytterby,  Broddbo  and  Finbo  near 
fralun. 

Epidote  Group. 

•472.  Zoisite,  4<5a,  3*1,  6Si-f-B. 

Right  prismatic.  ooP  116°  26' ;  00P2  145°  24'  •  00P3  156° 
40' ;  Pco  122°  4' ;  2Poo  111°  6'  (Fig. 

459).  Cl.  brachydiagonal,  perfect. 

H.  =  6 ;  G.  =  3.2  to  3.4.  White, 
brownish  gray,  and  dark  green.  B.B. 
intumesces,  and  forms  a  white  or 
yellow  porous  mass;  and  on  the 
edges  fuses  to  a  clear  glass.  C.c. : 

29.8  alumina,  24.35  lime,  2.8  ox¬ 
ide  of  iron,  40.3  silica,  and  2.1 
water.  Glen  Urquhart,  Dalnain, 
and  Allt  Gonolan,  Inverness ;  Ster- 
zing  in  Tyrol,  the  Sau  Alp  in  Carin- 
thia,  the  Urals,  and  Connecticut. 

Thulite,  peachblossom-red,  from 
Souland  in  Thelemark  (Norway),  is 
similar. 

473.  Epidote,  4<5a,  3*1,  6Si_j-H. 

Oblique  prismatic,  C  89°  27'.  ooP°oo  (if),  ocP2  (0)  63°  1', 

P°»  (T)  64°  36',— P  (n)  70°  25',  —Poo  (r)  63°  42',  P  (z)  70°. 
Crystals  complex,  with  many  partial  forms.  Hemitropes 
united  by  T;  also  columnar  and  granular.  Cl.  M,  perfect; 
also  T,  forming  115°  24' ;  fracture  conchoidal  to  splintery. 
H.  =  6  to  7 ;  G.  =  3.2  to  3.5.  Pellucid ;  vitreous.  Green 
to  yellowish  gray. 

B.B.  fuses  and 
swells  to  a  dark 
brown  slag ;  after 
fusion  soluble  with 
gelatinization  in 
h.  acid.  C.c.:  27.4 
alumina,  8.5  iron 
peroxide,  23.9  lime, 

38.3  silica,  1.9 
water.  Shetland, 

Glenelg  in  Inver¬ 
ness,  Tilquilly  in 
Aberdeen,  in  gneiss ;  in  amygdaloid  in  Mull  and  Skye ;  in 
granite  at  Cassencary  in  Kirkcudbright ;  Arendal,  Dauphine, 
Greenland,  the  Urals,  North  America.  Withamite  from 
Glencoe  is  a  red,  strongly  dichroic  variety.  Piedmontite  or 
Manganese  Epidote,  brownish  violet,  from  St.  Marcel,  has  20 
Ler  cent,  of  manganese  peroxide. 

474.  Allanite  ( Orthite ,  Cerine),  R3Si2-f-RSi. 

Oblique  prismatic,  C  65°.  00P  (s)  70°  48',  P  (»)  71°  27', 


Fig.  459  (sp.  472). 
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Fig.  461. 


Fig.  462. 


Fig.  463. 


—  P  (d)  96°  40',  OP  (M),  Poo  (r),  ooPoo  ( T ).  M :  T115°,  T : 
n  111°  21',  T  :  d  130°  18'.  Often  massive  or  granular; 
fracture  conchoidal.  H.  =  6 ;  G.  =  3.4  to  3.8.  Translucent 
on  edges ;  vitreous  to  resinous.  Black  to  brown  or  green¬ 
ish  ;  streak  brownish  gray.  B.B.  froths  and  melts  to  a 
brown  glass.  Gelatinous  with  h.  acid.  C.c. :  12  to  18 
alumina  with  peroxide  of  iron,  13  to  26  oxide  of  cerium  and 
lanthanum,  2  to  12  yttria,  4  to  20  protoxide  of  iron,  30  silica. 
Small  crystals  common  in  the  syenitic  granites  of  Scotland ; 
as  at  Lairg,  Boat  of  Garten  (Fig.  463),  Aboyne,  and  CrifFel. 
In  limestone  at  Urquhart  (Fig.  462),  Greenland,  Hitteroand 


Snarum,  Thuringia,  Pennsylvania,  New  Jersey.  Ortkite 
f  b-jT  ^  *  iubo,  Kragero,  and  Falun.  Cerine  (granular) 
at  Kiddarhyttan.  Pyrorthile  has  carbonaceous  matter.  Bo- 
demte  is  a  variety. 

475.  Idocrase,  3( Ca,  Stg)3Si-f  2*lSi. 

Pyramidal;  P  (c)  74°  27'  (Figs.  464  to  466).  Crystals 


Fig.  464. 


Fig.  465. 


odP  (d),  ocPx  (M),  P  (c),  OP  (p),  Poo  (0)  56°  29',  ooP2  (/). 
p  Prismatic,  striated ;  also  granular ;  fracture  un- 
even.  H.  =  6.5 ;  G.  =  3.35  to  4.  Pellucid  ; 
n-  -Avd  vitreous  to  resinous.  Brown,  green,  yellow; 

streak  white.  B.B.  fuses  easily,  with  intumes¬ 
cence,  to  a  green  or  brown  glass.  Partially  sol. 
in  h.  acid;  after  ignition  totally,  gelatinizing. 
C.c.:  alumina  16,  peroxide  of  iron  7,  lime  34, 
silica  38.  Glen  Gairn  and  Crathie,  Aberdeen¬ 
shire,  in  limestone;  Broad  ford,  Skye ;  Wicklow 
Fig.  466.  an(i  Donegal,  Ireland ;  Egg,  Norway ;  Mussa, 
Piedmont;  Vesuvius  ;  Wilui  River,  near  Lake  Baikal  (Fig. 
463).  Oyprine  from  Thelemark  is  azure-blue,  from  copper. 


d  il 


Olivine  Group. 

476.  Forsterite,  Slg2,  Si. 

Right  prismatic.  Like  olivine  (sp.  478).  H.  =  6  to  7; 

G.  =  3.2  to  3.3.  Vitreous ;  trans¬ 
parent.  White,  wax-yellow,  green¬ 
ish  ;  streak  white.  C.c. :  magnesia 
57.1,  silica  42.86.  Vesuvius.  Bol- 
tonite,  red,  is  from  Massachusetts. 

477.  Fayalite,  Pe2Si. 

Right  prismatic;  n  :  n'  49°  36' 

(Fig.  467).  Massive.  Cl.  rectangu¬ 
lar.  Black,  greenish,  or  brownish. 
Metallic  to  resinous ;  fracture  con¬ 
choidal  ;  magnetic.  H.  =  6.5 ; 
G.  =  4  to  4.1.  C.c. :  protoxide  of 
iron  70.5,  silica  29.5.  Mourne  Moun¬ 
tains,  Ireland ;  Fayal,  Azores. 

478.  Chrysolite  ( Olivine,  Peri- 
Fig.  467  (sp.  477).  dote),  (Fe,  %)2Si. 

Right  prismatic.  P  (e)  85°  16'  and  139°  54' ;  middle  108° 
30'.  ooP  ( n )  130°  2',  Poo  (d)  76°  54',  2poo  (fc)  80°  53',ocpao 
(M)  (Fig.  468).  Also  massive.  Cl.  bra¬ 
chydiagonal,  perfect ;  fracture  con¬ 
choidal.  H.  =  6.5to7;  G.  =  3.3to3.5. 
Transparent ;  vitreous.  Olive-green, 
yellow,  brown,  and  colorless.  B.B. 
infusible.  Soluble,  with  gelatiniz¬ 
ing,  in  acids.  C.c. :  47  magnesia, 
12  protoxide  of  iron,  40  silica.  Ta¬ 
li  sker  in  Skye,  Haalival  in  Rum, 
Elie  in  Fife,  Unkel  on  the  Rhine, 
Vesuvius,  Esneh  in  Egypt,  Brazil. 
Hyalosiderite,  brown  and  yellow, 
with  metallic  lustre  and  30  per 
cent,  protoxide  of  iron,  is  from  the 
Kaiserstuhl  in  the  Breisgau. 


Fig.  468  (sp.  478). 


479.  Tephroite,  Mn2Si. 

Right  prismatic;  granular,  with  rectangular  cleavages. 
Ash-gray,  Tose-red.  Adamantine;  translucent.  II.  =  5.5 
to  6;  G.  =  4  to  4.1.  C.c.:  protoxide  of  manganese  70.2, 
silica  29.8.  Franklin  and  Sparta  in  New  Jersey. 

480.  Knebellite,  Pe2Si-f-Mn2§i. 

Massive.  Gray,  brown,  green,  black.  Glistening ;  brittle. 
H.  =  6.5 ;  G.  =  3.71.  C.c. :  protoxide  of  iron  35.5,  pro¬ 
toxide  of  manganese  35,  silica  29.5.  Ilmenau,  Dannemora 
in  Sweden. 

481.  Monticellite,  6a2Si -)- Mg2§i. 

Right  prismatic.  P  (/)  110°  43'  and  97°  55',  00P  (s)  98° 
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r,  00 P2  (n)  133°  6',  Poo  (3b)  81°  57',  iPoo  (h)  120°  8',  P2  (e) 
141°  47'  and  82°,  ooPoo  (6) 

(Fig.  469).  Vitreous.  Gray, 
yellowish  and  greenish,  and 
white;  streak  white.  Trans¬ 
lucent.  H.  =  5  to  5.5;  G.  =  3 
to  3.25.  C.c. :  lime  35,  mag¬ 
nesia  21.9,  protoxide  of  iron 
5.6,  silica  37.5.  Sol.  in  h.  acid, 
gelatinizing.  Somma  (Milan). 

482.  Chondrodite  {Hu- 
mite),  Mg5Si2. 

Right  prismatic.  P  middle 
edge  156°  38',  polar  edges  131° 

34'  and  54°  28'  (Figs.  470  to  _ 

472).  Crystals  monoclinic  in  Fm.  469  (sp.  481). 

habit,  often  granular-massive.  H.  =  6.5 ;  G.  =  3.15  to  3.25. 
Translucent;  vitreous  to  resinous.  Yellow,  red,  brown, 
green,  and  black;  streak  white.  B.B.  infusible.  Decom¬ 
posed  by  acids.  C.c. :  silicate  of  magnesia,  with  2  to  3  of 
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fluorine.  From  limestone  on  Loch  Ness  (?) ;  Pargas,  Fin¬ 
land;  Gallsjo  and  Aker,  Sweden;  New  York;  Sparta, 
New  Jersey.  Humite,  from  Somma. 

483.  Lievrite,  3(Fe,  Ca)2Si-fFeSi  -f-6. 

Right  prismatic.  P  (o)  polar  edges  139°  30'  and  117°  27' ; 
ccP  112°  38',  Poo  (d)  112°  49',  ooP2  (s)  106°  15'.  Crystals 
(Fig.  124)  are  long-prismatic  and  vertically  striated;  also 
radiated,  columnar,  or  fibrous;  brittle.  H.  =  5.5  to  6; 

G.  =  3.9  to  4.2.  Opaque ,  resinous  or  imperfect  metallic. 
Brownish  or  greenish  black;  streak  black.  B.B.  fuses 
easily  to  a  black  magnetic  globule.  Sol.  in  h.  acid,  forming 
a  yellow  jelly.  C.c. :  29.3  silica,  19.6  iron  peroxide,  35.2 
iron  protoxide,  13.7  lime,  and  2.2  water.  Rio  in  Elba, 
Fossum,  Kupferberg,  Rhode  Island,  and  Greenland. 

484.  Cerite  (Ce,  R)2Si-f  H. 

Hexagonal;  OP;  qdP;  in  low  six-sided  prisms.  Gener¬ 
ally  fine-granular;  fracture  uneven,  splintery;  brittle. 

H.  =  5.5 ;  G.  =  4.9  to  5.  Translucent  on  the  edges ;  dull, 
adamantine,  or  resinous.  Clove-brown,  cherry-red,  or  pearl- 
gray.  Sol.  in  h.  acid,  leaving  gelatinous  silica.  C.c. :  20.5 
silica,  73.5  protoxide  of  cerium  (with  didymium  and  lanth¬ 
anum),  and  6  water.  Bastnaes  near  Riddarhyttan. 

485.  Galmei,  2n2Si-f-B. 

Right  prismatic,  and  hemimorphic;  2P2  (P)  with  polar 
edges  101°  35'  and  132°  26',  ooP  (d)  103°  50',  poo  (o)  117° 
14',  poo  ( l )  128°  55'  (Fig.  46) ;  common  form  ooPoo  (s),  ooP, 
Pco.  Also  columnar,  fibrous,  granular,  and  earthy.  Cl. 
prismatic  along  ooP,  very  perfect;  along  poo  perfect. 
H.  =  5;  G.  =  3.3  to  3.5.  Transparent  to  translucent; 
vitreous  and  pearly.  Colorless  or  white,  but  often  light 
gray,  also  yellow,  green,  brown,  and  blue ;  becomes  electric 
•  by  heat.  B.B.  decrepitates  slightly,  but  is  infusible;  with 
cobalt  solution  blue  and  partly  green ;  readily  soluble  in 
acids,  and  gelatinizes.  C.c. :  25  silica,  67.5  zinc  oxide,  and 
7.5  water.  Wanlockhead,  Mendip  Hills,  Matlock,  Raibl 
and  Bleiberg  in  Carintliia,  Aix-la-Chapelle,  Iserlohn,  Nert- 
chinsk,  Pennsylvania,  Virginia.  Used  as  an  ore  of  zinc. 


Willemite  Group. 

486.  Willemite,  2n2Si. 

Rhombohedral ;  R  116°  1'.  Cl.  basal,  and  prismatic,  ooR; 
brittle.  H.  =  5.5;  G.  =  3.9  to  4.2.  White,  yellow,  brown, 
and  red.  Vitreous  lustre.  C.c. :  oxide  of  zinc  73,  silica  27. 
Altenberg,  Liege,  Greenland,  New  Jersey. 

487.  Troostite,  2n§i-j-  SlnSi. 

Rhombohedral ;  R  116°.  Cl.  prismatic,  ooP2 ;  brittle.  H. 
==  5.5 ;  G.  =  4.1.  Asparagus-green,  gray,  and  reddish  brown . 
Vitreous.  C.c.:  oxide  of  zinc  58,  oxide  of  manganese  13. 
silica  28.  New  Jersey. 

488.  Centrolite,  (PbMn)  §i. 

Right  prismatic ;  coP  115°  18'.  Form  oo  P,  P,  oopao .  H.  = 


r 


5;  G.  =  6.2.  Red -brown.  Cl.  prismatic;  splendent  on  P. 
Southern  Chili. 

489.  Phenacite,  Gl2Si. 

Hexagonal  and  tetartohedral ;  R  (p)  116°  36'  (Fig.  473). 

Crystals  R,  ooP2,  3P2. 
Twins  with  parallel 
axes,  and  intersecting. 
Cl.  R,  and  ooP2;  frac¬ 
ture  conchoidal.  II.  = 
7.5  to  8;  G.  =2.97. 
Transparent  or  translu¬ 
cent;  vitreous.  Color¬ 
less,  and  wine-yellow 
or  brown  when  fresh, 
but  color  soon  lost  on 
exposure.  B.B.  infusi¬ 
ble  ;  not  affected  by 
acids.  C.c. :  glucina 
45.8,  silica  54.2.  Fra- 
mont  in  Alsace,  Tako- 
r-  ,  .Qn.  vaya  in  Urals,  Miask, 

Fig.  473  (sp.  489).  Durango  in  Mexico. 

490.  Dioptase,  CuSi-j-S. 

Hexagonal  and  rhombohedral ;  R 125°  54',  — 2R  ( r )  95°  28', 
P2,  —  2RJ  (s)  (Fig.  474).  Cl.  R,  perfect ;  brittle.  H.  =  5; 
G.  =  3.2  to  3.3.  Transparent  or  translucent ;  vitreous.  Eme¬ 
rald-green,  rarely  verdigris-green  or 
blackish  green ;  streak  green.  C.c. : 
38.7  silica,  50  copper  protoxide,  and 
11.3  water.  Altyn-Tiibeh  in  the  Kir¬ 
ghiz  Steppe,  Muroshnaya,  Copiapo. 

491.  Chrysocolla,  CuSi-|-2B. 
Botryoidal  or  investing ;  brittle ;  frac¬ 
ture  conchoidal.  H.  =2  to  3 ;  G.  =  2  to 
2.3.  Translucent ;  resinous.  Verdigris- 
to  emerald-green  or  azure-blue ;  streak 
greenish  white.  C.c. :  34.83  silica,  44.94 
copper  protoxide,  and  20.23  water. 
Leadhills,  Lackentyre  in  Kirkcud¬ 
bright,  Cornwall,  Saxony,  Hungary 
Spain,  Urals,  Australia,  Chili. 

492.  Bogoslovskite  ( Kupferblau ). 
Massive;  fracture  conchoidal ;  brittle. 

H.  =  4  to  5 ;  G.  =  2.56.  Sky-  to  ultra¬ 
marine-blue  ;  streak  smalt-blue,  and 
shining.  A  silicate  of  copper,  with  45.5  per  cent,  copper  ox¬ 
ide.  Schapbach  Valley  in  Baden,  Bogoslovsk  in  the  Urals. 
Demidowile  may  be  the  same. 


Fig.  474  (sp.  490). 


Garnet  Group. 

493.  Garnet,  B3Si2  +  ?iSi. 

Cubic;  most  common  forms  ocO  and  202  (Figs.  33,  40,  60 
475).  Also  granular.  Cl.  dodecahedral ;  fracture  conchoidal 
or  splintery.  H.  =  6.5  to  7.5 :  G.  =  3.5 
to  4.3.  Pellucid  ;  vitreous  or  resinous. 
Rarely  colorless  or  white ,  generally 
red,  brown,  black,  green,  or  yellow. 
B.B.  in  general  fuses  to  a  glass,  black 
or  gray  in  those  containing  much  iron, 
green  or  brown  in  the  others,  and  often 
magnetic;  imperfectly  soluble  in  h. 
acid.  C.c.:  exceedingly  variable,  but 
generally  forming  two  series,  accord¬ 
ing  as  R2O3  is  chiefly  alumina  or  chiefly 
iron  peroxide  ;  and  these  are  again  divided  according  as  RO 
is  more  especially  lime,  iron  protoxide,  magnesia,  or  a  simi¬ 
lar  base.  The  more  important  varieties  are — 

(1)  Lime- Alumina  Garnet,  Ca3Si2+&l§i,  wjth  40  silica, 
23  alumina,  and  37  lime.  To  this  subdivision  belong — 

(a)  Water  Garnet — Colorless  to  white.  Craig  Mohr ;  Aber¬ 
deen  ;  Thelemark  in  Norway. 

(b)  Grossular. — Olive-  to  gooseberry -green.  Craig  Mohr ; 
Wilui  River ;  America. 

(c)  Cinnamon  Stone. — Hyacinth -red  to  orange-yellow.  Glen 
Gairn  (Aberdeen),  Allt  Gonolan  and  Ord  Ban  (Inverness), 
Ceylon,  Wermland.  Romanzowite,  from  Kimito  (Finland), 
is  the  same.  This  variety  when  polished  is  often  sold  as 
Hyacinth. 

( d )  Common  Lime  Garnet. — Here  one-half  of  the  alumina 
is  replaced  by  iron  peroxide.  Colors  red,  brown,  yellow. 
Piedmont,  Vesuvius,  the  Urals. 

(2)  Magnesia- Alumina  Garnet;  RO  chiefly  magnesia. 
Arendal. 

(3)  Manganese- Alumina  Garnet;  RO  =  MnO;  reddish- 
brown.  Spessart  (Bavaria),  Sweden. 

(4)  Magnesia- Iron- Lime- Alumina  Garnet,  Pyrope. — Color 


MINERALOGY. 


429 


port-wine  to  purplish  red.  Elie  in  Fife,  Zoblitz  in  Saxony, 
Bohemia. 

(5)  Iron-Alumina  Garnet,  Almandine,  Noble  Garnet. — Co¬ 
lumbine-red,  inclining  to  violet  blood-red,  and  reddish 
brown.  Common  in  mica-slate,  gneiss,  and  granite.  Shet¬ 
land,  Ross,  Inverness,  Aberdeen,  Falun,  Arendal,  Tyrol,  the 
Urals,  North  America,  Pegu,  and  Ceylon. 

(6)  Lime- Chrome- Alumina  Garnet,  Ca3Si2-J-  (6r,  Xl)Si, 
Uwarowite.  Emerald-green ;  with  22  per  cent  chrome  oxide. 
Bissersk  and  Kyshtimsk  in  the  Urals,  India,  and  California. 

(7)  Lime  and  Iron  Garnet,  Ca3Si2  -j-  Fe,  Si .  This  in¬ 
cludes — 

(а)  Common  Iron- Garnet,  Rothoffite,  AUochroite. — Subtrans- 
lucent  or  opaque.  Green,  brown,  yellow,  or  black;  with 
white,  gray,  or  yellow  streak.  Sweden  and  Arendal. 

(б)  Melanite. — Black;  opaque;  in  thin  splinters  translu¬ 
cent;  streak  gray;  slightly  magnetic.  Albano  near  Fras¬ 
cati,  Vesuvius,  France,  Lappmark. 

(c)  Colophonite. — Yellowish-brown  to  pitch-black,  also  yel¬ 
low  or  red ;  resinous ;  streak  white.  G.  =  3.43.  Arendal. 

The  red  varieties,  when  cut  en  cabochon,  are  termed  Car¬ 
buncles. 


494.  Axinite,  (Xl,  B)  §i  +  2(Ca,  Fe)Si. 

Anorthic.  Crystals  unsymmetrical.  u  :  P 135°  31';  u  :  r 
115°  38',  P:r  134°  45'  (Figs.  136,  137).  Cl.  distinct  along 
planes  truncating  the  sharp  edges  between  P  and  u  and  P 
and  r.  H.  =  6.5to7;  G.  =  3.2  to  3.3.  Pellucid;  vitreous. 
Clove-brown,  inclining  to  smoke-gray  or  plum-blue;  but 
often  cinnamon-brown  in  one  direction,  dark  violet-blue  in 
a  second,  and  pale  olive-green  in  a  third  ( trichroism ).  B.B. 
colors  flame  green ;  intumesces,  and  fuses  easily  to  a  dark 
green  glass,  becoming  black  in  the  ox.  flame ;  not  sol.  in  h. 
acid  till  after  ignition,  when  it  gelatinizes.  C.c. :  45.9  silica, 
5.9  boracic  acid,  17.5  alumina,  9.3  iron  (with  manganese) 
protoxide,  and  21.4  lime.  Botallack  and  other  mines  in 
Cornwall,  Bourg  d’Oisans  in  Dauphin6,  Kongsberg,  Arendal, 
Nordmark  in  Sweden,  Pyrenees,  St.  Gotthard,  Tyrol,  Thum 
in  Saxony,  Urals,  and  North  America. 

495.  Danburite,  (Ca,  B)  2Si. 

Right  prismatic.  ooP(I)  122°  52',  ooP  (e)  94°  52',  Poo  (d) 
97°  7'  4px>  (W)  54°  58',  OP  (c),  P  (o),  2p2  (r),  oopoo  (a), 
oo P4  («).  Cl.  basal ;  fracture  uneven  to  subconchoidal ;  vit- 
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Fig.  476. 


Fig.  477.  Fig.  478. 
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Fig.  479. 


reous  to  greasy  lustre.  H.  =  7  to  7.5 ;  G.  =  2.986  to  3.021. 
Pale  yellow  to  reddish  brown.  Translucent ;  brittle.  C.c. ; 
22.76  lime,  28.46  boracic  acid,  48.76  silica.  Danbury  in  Con¬ 
necticut,  Russell  in  New  York. 


Helvine  Group. 

496.  Helvine,  MnS-f-3ft2Si. 

Cubic  and  tetrahedral  =  or  5 ~  (Fig.  64  and  with  66). 

6  « 

Imbedded  or  attached.  Cl.  octahedral.  H.  =  6  to  6.5 ;  G.  = 
3.1  to  3.3.  Translucent  on  the  edges;  resinous.  Wax-yel¬ 
low,  siskin-green,  or  yellowish  brown.  B.B.  in  the  red. 
flame  fuses  with  intumescence  to  a  yellow  obscure  pearl ; 
sol.  in  h.  acid,  evolving  sulphuretted  hydrogen,  and  gela¬ 
tinizes.  C.c. :  34  silica,  10  glucina,  8  iron  protoxide,  43  man¬ 
ganese  protoxide,  and  5  sulphur.  Schwarzenberg  in  Saxony, 
and  near  Modum  in  Norway. 

497.  Danalite,  3B2Si ZnS. 

Cubic.  In  octahedra,  with  striated  dodecahedral  planes. 
H.  =  5.5  to  6 ;  G.  =  3.43.  Vitreous  to  resinous.  Flesh-red 
to  gray;  streak  lighter.  Translucent;  brittle.  C.c.:  pro¬ 
toxide  of  iron  29,  of  manganese  6.5,  of  zinc  19,  silica  31.5, 
sulphur  5.5.  Rockport  in  Massachusetts. 

498.  Eulytine,  Bi2Si3. 

Cubic  and  tetrahedral.  ?^?and—  The  crystals  (Fig. 

2  2 


66)  small,  and  often  with  curved  faces  ;  fracture  conchoidal. 
H.  =  4.5  to  5 ;  G.  =  5.9  to  6.1.  Transparent  and  translucent ; 
adamantine.  Clove-brown,  yellow,  gray,  or  white ;  streak 
white  or  gray.  C.c. :  16.2  silica  and  83.8  bismuth  peroxide. 
Schneeberg  and  Braunsdorf  near  Freiberg. 


in  Fig.  480,  many  of  the  faces  being  alternately  hemihedraL 
II.  —  5.5  to  6;  G.  =  2.93.  Vitreous.  Gray  to  rose-red. 
Translucent ;  very  brittle.  C.c. :  alumina  21.5,  lime  32.4, 
soda  3.3,  silica  40.5.  B.B.  fuses  to  a  white  enamel ;  gela¬ 
tinizes  with  acids.  Somma. 


Fig.  480  (sp.  499).  Fig.  481  (sp.  500).* 

500.  Meionite,  C(Ca,  &a),  4X1,  9§i. 

Pyramidal.  P  (o)  63°  42' ;  Poo  (<);  ocP(a);  aoP(&)(Fig. 

481).  Cl.  macrodiagonal.  H.  =  5.5 
to  6;  G.  =  2.6  to  2.74.  Vitreous. 
Colorless  or  white.  Transparent. 
Much  cracked.  C.c. :  31.9  alumina, 
26.2  lime,  41.9  silica.  Gelatinizes  in 
acids.  Somma. 

501.  Mizzonite,  6(Ca,  &a),  4X1, 
15Si. 

Pyramidal ;  P  64°  4'  (Fig.  482). 
Similar  to  meionite.  C.c. :  alumina 
23.8,  lime  8.8,  soda  9.8,  silica  54.7. 
Insoluble  in  h.  acid.  Somma. 

Fig.  482  (sp.  501).  502.  Scapolite,  3(Ca,  Na)  Si  -f- 

Xl2Si3. 

Pyramidal.  P63°42';  a  Poo  ;  P;  ooP;  also  massive.  Cl. 
ccPco,  perfect;  and  ooP.  H.  =  5  to  5.5;  G.  =  2.6  to  2.8. 
Transparent  or  translucent ;  vitreous,  pearly,  or  resinous. 
Colorless,  but  also  pale  gray,  green,  yellow,  or  red.  B.B. 
melts  writh  effervescence  to  a  vesicular  glass ;  in  the  closed 
tube  may  show  traces  of  fluorine ;  with  solution  of  cobalt 
becomes  blue.  Sol.  in  h.  acid.  C.c. :  49  silica,  28  alumin;. 
(with  iron  peroxide),  and  23  lime  (with  soda).  Tiree  (Scot¬ 
land),  Arendal,  Tunaberg,  Pargas,  Massachusetts,  and  New 
York.  Known  by  its  rectangular  cleavage,  resinous  lustre 
on  fractured  surfaces,  and  action  B.B.  Dipyre,  P  64°  4',  is  a 
variety. 

503.  Mellilite  (Ilumboldtilite),  2(Ca,  filg)Si2-|-  (Xl, 
Be)Si. 

Pyramidal.  P  65°  30';  OP;  ooPoo.  Cl.  basal,  perfect. 
H.  =  5  to  5.5;  G.  =  2.91  to  2.95.  Translucent  on  edges; 
vitreous  to  resinous.  Honey -yellow,  orange-brown,  and  yel¬ 
lowish  white.  C.c. :  32  lime,  7  magnesia,  9  alumina,  7  iron 
peroxide,  40  silica.  Capo  di  Bove,  and  Vesuvius. 

504.  Gehlenite,  (6a,  f'e)8§i-f-(Xl,  f*e)Si. 

Pyramidal.  P.  59°,  OP;  ooPoo;  ooP3;  2P.  Cl.  basal. 

H.  =  5.5  to  6 ;  G.  =  2.9  to  3.1.  Translucent  on  edges.  Dull 
resinous.  Mountain-,  leek-,  or  olive-green,  and  liver-brown. 
C.c. :  22  alumina,  5  iron  peroxide,  35  lime,  4  magnesia,  31.4 
silica.  Monzoni  in  the  Fassa  Valley. 

Nepheline  Group. 

605.  Leucite,  Xl,  Sij-f-KSi. 

Pyramidal.  Combination  of  the  ditetragonal  pyramid  (i) 
with  the  tetragonal  pyramid  (o),  and  2Poo  (u)  with  coP  (m). 


Fig.  483. 


Scapolite  Group. 

499.  Sarcolite,  8Ca,  3X1,  $a,  9§i. 

Pyramidal.  P  102°  54' ;  ocPoo  ;  OP;  P,  and  other  faces  as 


Hemitropes  united  by  (u).  Fracture  conchoidal.  H.=5.5 
to  6 ;  G.  =  2.4  to  2.5.  Transparent  to  translucent  on  the 
edges ;  vitreous,  inclining  to  resinous.  Colorless,  but  gray¬ 
ish,  yellowish,  or  reddish  white;  streak  white.  B.B.  in- 
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Fig.  485. 


fusible  ;  with  cobalt  solution  becomes  blue.  Sol.  in  h.  acid, 
without  gelatinizing.  C.c. :  54.9  silica,  23.6  alumina,  and 
21.5  potash.  Abundant  in  the  lavas  of  Vesuvius,  the  tufas 
near  Rome,  and  the  peperino  of  Albano ;  also  at  the  Kai- 
serstuhl,  and  near  Lake  Laach.  Readily  distinguished  from 
analcime  by  its  infusibility,  and  by  never  showing  faces  of 
the  cube. 

506.  Nepheline  (Elceolile),  XlSi-|-4(Na,  K)Si. 

Hexagonal.  P  88°  10'.  ooP,  OP,  P  common ;  also  Fig. 

485.  Crystals  imbedded,  or  in 
druses ;  also  massive-granu¬ 
lar;  fracture  conchoidal,  or 
uneven.  H.  =  5.5  to  6;  G.  = 

2.58  to  2.64.  Transparent  or 
translucent ;  vitreous  and  resi¬ 
nous.  Colorless  or  white  (ne¬ 
pheline)  ;  or  opaque,  dull  resi¬ 
nous;  and  green,  red,  or  brown 
(elaeolite).  B.B.  melts  diffi¬ 
cultly  (nepheline),  or  easily 
with  slight  effervescence  (elae¬ 
olite),  into  a  vesicular  glass. 

Sol.  and  gelatinizes  in  h.  acid. 

C.c. :  41.2  silica,  35.3  alumina, 

17  soda,  6.5  potash.  Nephe¬ 
line  at  Monte  Somma,  Capo  di 
Bove,  Katzenbuckel  in  the 
Odenwald,  Aussig,  and  Lusa- 
tia.  Elaeolite  in  the  zircon 
syenite  at  Laurvig,  Fredriksvarn,  Brevig,  and  Miask. 

‘  Davine,  with  iP  51°  46',  seems  only  a  variety ;  as  also 
Cancrinite,  bright  blue,  and  with  some  carbonate  of  lime. 

507.  Microsommite,  RSi-f-  XlSi  +  NaCl. 

Hexagonal.  ooP;  OP;  ooP2;  ooPf.  Cl.  gdP.  II.  =  6 ; 

G. =  2.42  to  2.53.  Colorless  to  yellow ;  lustre  silky.  Somma 

and  Vesuvius.  ♦ 

508.  Sodalite,  3(XlSi  +  $fiSi  +NaCl. 

Cubic;  odO,  and  Fig.  486  ;  generally  distorted ;  also  mas¬ 
sive  and  granular.  Cl. 
cdO  ;  fracture  conchoi¬ 
dal  or  uneven.  H.  = 

5.5;  G.  =  2.13  to  2.29. 

Translucent ;  vitreous. 

White,  gray,  and  rarely 
green  or  blue.  t  C.c. :  37 
silica,  31.8  alumina,  19.2 
soda,  4.7  sodium,  and 
7.3  chlorine.  Green¬ 
land,  Vesuvius,  Ilmen 
Hills,  Fredriksvarn , and 
Litchfield  in  Maine. 

509.  NosEAN,3(AlSi 

+  NaSi)+NaS. 

Cubic ;  and  granular. 

H.  =  5.5 ;  G.  =2.28  to 
2.40.  Translucent,  vit¬ 
reous  to  resinous.  Ash  or  yellowish  gray,  sometimes  blue, 
brown,  or  black.  C.c. :  36  silica,  31  alumina,  25  soda,  and 
8  sulphuric  acid.  Lake  Laach,  and  Rieden  near  Ander- 
nach,  on  the  Rhine.  Occurs  in  phonolites,  in  minute  crys¬ 
tals. 

510.  Hauyne,  2(AlSi-(-SaSi)  +  Ca§. 

Cubic;  chiefly  cdO;  also  Fig.  487;  but  more  common  in 
grains.  Cl.  gcO.  H.  =  5  to  5.5 ;  G.  =  2.4  to  2.5.  Semitrans¬ 
parent  or  translucent ;  vitreous  or 
resinous.  Azure-  or  sky-blue ; 
streak  bluish  white.  C.c.:  34.2 
silica,  28.5  alumina,  11.5  soda,  4.3 
potash,  10.4  lime,  and  11.1  sulphu¬ 
ric  acid.  Vesuvius,  Mount  Vul- 
tur  near  Melfi,  the  Campagna  of 
Rome,  and  Niedermendig  near 
Andernach. 

511.  Lapis-Lazuli. 

Cubic ;  Ooo  ;  generally  massive, 

granular.  H.  =  5.5 ;  G.  =  2.38  to 
2.42.  Translucent  on  edges ;  dull 
resinous  or  vitreous.  Ultramarine,  or  azure-blue;  streak 
light  blue.  B.B.  fuses  readily  to  a  white  porous  glass.  In 
h.  acid  the  powder  is  dissolved  and  gelatinizes,  evolving 
sulphuretted  hydrogen.  C.c. :  45.50  silica,  5.89  sulphuric 
acid,  31.76  alumina,  9.09  soda,  3.52  lime,  0.86  iron,  0.42  chlo¬ 
rine,  0.95  sulphur,  0.12  water.  Near  Lake  Baikal,  China, 
Tibet,  Tartary,  Monte  Somma,  and  Chili.  It  is  used  for 
ornamental  purposes,  and  in  the  preparation  of  ultramarine. 
The  color  both  in  it  and  hauyne  seems  due  to  some  com¬ 
pound  of  sulphur  with  sodium  and  iron. 


Fig.  486  (sp.  508). 


Fig.  487  (sp.  510). 


Mica  Group. 

5 1 2.  Riotite  ( Magnesia- Mica), Acl2Si3  -f-  (Mg,£,Fe)2  §i«. 
Oblique  prismatic,  C  89°  59'.  OP  (c),  98°  41'  P  (m),  — iF 
(o),  ooP0®  (6),  Poo  (r),  — §PC3  (s).  Cl.  basal,  perfect ;  sectile; 
thin  plates  elastic.  H.  =2.5  to  3;  G.  =2.85  to  2.9.  Trans¬ 
parent,  but  often  only  in  very  thin  plates.  Generally  uni- 
axal,  sometimes  with  divergence  =  56°.  Metallic,  pearly. 
Usually  dark  green,  brown,  or  black ;  streak  greenish  gray 
or  white.  B.B.  difficultly  fusible  to  a  gray  or  black  glass. 
Completely  sol.  in  concentrated  s.  acid,  leaving  white  pearly 
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Fig.  489. 


plates  of  silica.  C.c. :  39  silica,  17  alumina,  10  iron  protox¬ 
ide,  20  magnesia,  9  potash.  Hillswick,  Shetland,  in  gneiss ; 
Sutherland,  Ross,  Inverness,  in  limestone ;  Skye  and  Fife 
in  trap  ;  Pargas,  Bodenmais,  Greenland,  New  York.  Rubel - 
lan  is  a  decomposed  variety. 

513.  Haughtonite,  (Xl,¥?e)  Si  +  (Fe.  £)2§i. 

Oblique  prismatic.  Cl.  basal,  perfect.  H.  =3;G.  =  3.1. 

Vitreous  to  adamantine.  Chocolate-brown  to  black.  Weath¬ 
ers  pale  green  and  ochry.  Difficultly  soluble  in  acids.  B.B. 
fused  with  difficulty  to  a  highly  magnetic  bead.  C.c. :  silica 
36,  alumina  18,  ferric  oxide  4.5,  ferrous  oxide  18,  magnesia 
9,  potash  8,  water  3.  Common  in  the  granites  of  Scotland. 
Black  Forest,  Harzburg,  Tyrberger. 

514.  Lepidomelane.  (Xl,Fe)  Si-f-ff’e,  &)Si. 

Oblique  prismatic.  Cl.  basal,  perfect;  brittle.  H.  =  3; 

G.  =  2.97.  Vitreous;  transparent  to  opaque.  Rich  brown 
to  raven-black.  B.B.  fuses  easily  to  a  black  feebly-magnetic 
bead.  Sol.  in  h.  acid,  leaving  pearly  scales  of  silica.  C.c. : 
37  silica,  17  alumina,  24  iron  peroxide,  3  protoxide  of  iron, 
8  potash,  10  magnesia,  4  water.  Rarely  in  gneiss,  Scotland  ; 
common  in  granite,  Ireland ;  and  Persberg,  Sweden. 

515.  Anomite,  12Mg,  3X1,  2K,  H,  12Si. 

Oblique  prismatic,  c :  m  98°  42'.  Form  c,  m,  o,  b  (see  Fig. 
488);  divergence  of  optic  axes  12°  to  16°.  Monroe  (New 
York),  Lake  Baikal. 

516.  Phlogopite,  (§P3-|-1R)  Si3, 

Oblique  prismatic.  OP  (c),  P  (m),  — JP  (o),  odPqo  (b).  c: 
m  98°  30'  to  99°.  Cl.  basal,  perfect.  H.  =2.5  to  3 ;  G.  =  2.75 
to  2.97.  Pearly  to  submetallic.  Yellowish  brown  with 
copper-like  reflection  ;  also  green,  white,  and  colorless. 
Transparent.  Divergence  of  optic  axes  3°  to  20°.  C.c. :  14 
alumina,  2  protoxide  of  iron,  28  magnesia,  8.6  potash,  2.57 
fluorine,  41  silica.  B.B.  whitens,  and  fuses  on  edges.  De¬ 
composed  by  s.  acid,  leaving  the  silica  in  scales.  Pargas 
(Finland),  Fassa  Valley,  New  York,  Canada,  Ceylon.  Char¬ 
acteristic  of  serpentine  and  of  dolomitic  limestones. 

517.  ZlNNWALDITE. 

Oblique  prismatic.  Forms  as  in  Figs.  490,  491 ;  also  2P» 

( H )  and  3PC3  ( x ).  m :  c  98°  to  99°.  Divergence  of  optic 
axes  65°.  G.  =2.82  to  3.2.  C.c. :  similar  to  muscovite  (sd. 
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Fig.  490. 


Fig.  491. 


519),  but  with  4  to  8  fluorine,  2  to  5  lithia,  and  traces  of 
rubidium,  caesium,  and  thallium.  Altenberg  and  Zinnwald, 
St.  Just  and  Trewavas  in  Cornwall.  Cryophyttite  from  Cape 
Ann  in  Massachusetts  is  similar. 

518.  Lepidolite. 

Oblique  prismatic.  Forms  like  muscovite.  Divergence 
of  optic  axes  50°  to  77°.  Cl.  basal,  perfect.  H.  =  2  5  to  4 ; 
G.  =  2.84  to  3.  Often  massive ;  scaly  granular,  coarse  or 
fine.  Lustre  pearly.  Color  rose-red,  violet,  lilac,  yellow, 
grayish  white.  Contains  5  to  6  per  cent,  lithia,  with  rubi¬ 
dium,  caesium,  and  thallium,  also  fluorine.  B.B.  colors  flame 
red.  Mourne  Mountains,  Rozena  (Moravia),  Uto  (Sweden), 
Ekaterinburg,  Maine. 

519.  Muscovite  (Muscovy- Glass),  3XlSi-j-&Si. 

Right  prismatic,  with  monoclinic  habit.  OP  (c) ;  ccP  (M) ; 
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odPoqo  (&);  P  (to)  ;  2P°co  (y).  oo  P  nearly  120°.  Twin-face 
c.  Cl.  basal,  perfect ;  elastic. 

Angle  of  optic  divergence  from 
44°  to  77°.  Metallic,  pearly. 

Colorless,  and  tinged  of  various 
shades  to  black.  B.B.  fuses  to 
an  opaque  enamel.  Not  affected 
by  acids.  C.c. :  36.6  alumina, 

11.8  potash,  45.1  silica,  4.5  Fig.  492. 

water,  with  traces  of  fluorine.  Shetland,  Loch  Glass  in 
Sutherland,  Glen  Skiag  (crystals  15  inches  in  length),  and 
Struay  Bridge  in  Ross,  Aberdeen,  Cornwall,  St.  Gotthard, 
Norway,  Sweden,  Siberia.  Crystals  over  a  yard  in  diameter 
in  China,  where  it  is  used  for  windows.  Fuchite ,  bright 
green,  has  6  per  cent,  of  chrome  oxide.  Margarodite  con¬ 
tains  4  to  6  water.  Gilbertite,  Cornwall,  may  be  different. 

520.  Paragonite  ( Soda-Mica ),  3&l2Si3  -f-  (&a,  H)Si. 
Massive;  foliated.  Lustre  pearly.  H.  =2.5  to  3;  G.  =  2.78 
to  2.9.  Yellowish,  grayish,  and  greenish.  C.c. :  40.1  alu¬ 
mina,  6.1  soda,  47.75  silica,  4.6  water.  Monte  Campione,  St. 
Gotthard. 

521.  Sandbergerite  {Baryta- Mica). 

White  minute  scaled  aggregates.  G.  =  2.894.  C.c. :  30.2 
alumina,  4.9  magnesia,  5.9  baryta,  7.6  potash,  42.6  silica, 
4.43  water.  Pfltsch  Valley  in  Tyrol,  and  the  Swiss  Alps. 

522.  Margarite  ( Lime-Mica ). 

Right  prismatic.  Cl.  basal  perfect.  H.  =  3.5to4.5;  G. 
=  2.99  to  3.1.  Lustre  of  cl.  pearly.  Lateral  planes,  vitreous. 
Snow-white,  reddish  white,  and  pearl-gray.  Lam i life  brit¬ 
tle.  Optic  axial  angle  109°  to  129°.  C.c. :  51.2  alumina,  11.6 
lime,  2.6  soda.  30.1  silica,  and  4.5  water.  Greiner  in  Tyrol* 
Naxos,  Asia  Minor,  Greece,  Pennsylvania,  North  Carolina. 
Diphanite  is  similar. 

523.  Euphyllite  (^P3  -ffK)2Si3  +  |B. 

Like  muscovite,  but  laminae  not  easily  separable.  H.  =  3.5 
to  4.5 ;  G.  =  2.83  to  3.  Lustre  of  cl.  pearly  to  adamantine. 
White  to  colorless.  Transparent  to  opaque.  Laminae  brit¬ 
tle.  Optic  axial  angle  71i°.  C.c. :  alumina  42.3,  lime  1.5, 
potash  3.2,  soda  5.9,  silica  41.6,  water  5.5.  Unionville  in 
Pennsylvania. 

524.  Clintonite,  (|p3  +  |Al)2Si-f-^H. 

Oblique  prismatic ;  in  hexagonal  tables,  or  massive  folia¬ 
ted.  Cl.  basal,  perfect.  H.  =  5  to  5.5  ;  G.  =  3.15.  Translu¬ 
cent;  pearly  to  metallic  on  the  cleavage.  Angle  of  the  optic 
axes  3°  to  13°.  Reddish  brown  to  yellow.  C.c. :  39.7  alu¬ 
mina,  21.1  magnesia,  13.1  lime,  19.2  silica,  2  protoxideof  iron, 
4.9  water.  Amity  and  Warwick  in  New  York.  Brandisite 
is  similar. 

525.  Xanthophyllite. 

Oblique  prismatic,  C  about  90°.  Crystalline  aggregates. 
Radiate  lamellar.  H.=4.5  to  6;  G.  =  3.1.  Lustre  pearly. 
Color  yellowish  to  copper-red.  Angle  of  optic  axes  0°  to  20°. 
C.c. :  alumina  43.6,  lime  13,  magnesia  17.5,  silica  16.9,  water 
5.1.  Zlatoust. 

526.  Chloritoid,  EeSi  -(-  Alfi. 

Right  prismatic ;  in  foliated  crystals  ;  brittle.  Cl.  basal. 
Lustre  greasy  to  pearly.  H.  =  5.5  to  6 ;  G.  =  3.52  to  3.56. 
Dark  green  ;  streak  greenish  white.  C.c. :  40  alumina,  27 
protoxide  of  iron,  25  silica,  7  water.  B.B.  infusible,  but  be¬ 
comes  magnetic.  Decomposed  by  s.  acid.  Hillswick  in 
Shetland,  Pregratten  in  Tyrol,  Ekaterinburg,  Canada. 

427.  Masonite. 

Broad  plates.  H.  =6.5;  G.  =  3.53.  Gray-green.  Streak 
gray.  Pearly  to  vitreous.  C.c. :  26.4  alumina,  19  peroxide 
of  iron,  16.7  protoxide  of  iron,  32.68  silica,  4.5  water.  Mid¬ 
dletown  in  Rhode  Island. 

528.  Ottrelite,  Al2Si3-f-3(f'e,  Sln)Si4-3if. 

Thin  hexagonal  tables.  Cl.  parallel  to  the  prismatic 
faces.  H.  =  5.5 ;  G.  =  4.4.  Translucent;  vitreous.  Greenish 
or  blackish  gray.  C.c. :  24.3  alumina,  16.8  protoxide  of  iron, 
11.1  protoxide  of  manganese,  43.4  silica,  5.65  water.  Ottrez 
in  the  Ardennes  (Luxemburg),  Aste  in  the  Pyrenees,  Ebnat 
in  Bavaria,  Newport  (Rhode  Island),  Vardhos  (Greece). 

529.  Pyrosmalite,  7PSi-(-RCl2-f-5H. 

Hexagonal.  P  101°  34' ;  crystals  ocP,  OP  ;  tabular  ;  also 

granular.  Cl.  basal,  perfect ;  brittle.  H.  =  4  to  4.5;  G.  = 

3  to  3.2.  Translucent  to  opaque ;  resinous,  or  metallic- 
pearly.  Liver-brown  to  olive-green.  C.c. :  35.5  silica,  27.5 
iron  protoxide,  21.5  manganese  protoxide,  8  chloride  of  iron 
or  manganese,  and  7.5  water.  Nordmark  in  Sweden. 

530.  Astrophyllite,  (P3,  R)2Si3. 

Right  prismatic,  with  oblique  habit.  In  long  tabular 
prisms,  and  in  stellate  groups.  Cl.  basal,  perfect.  H.  =3.5; 
G.  =  3.33.  Submetallic  to  pearly.  Tombac-brown  to  gold- 
yellow.  Pellucid.  Axial  divergence  118°  to  124°.  C.c.: 
peroxide  of  iron  9,3,  protoxide  23.6,  protoxide  of  manganese 
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10,  soda  3.9,  potash  5.9,  titanic  acid  7.90,  silica  39.2.  Erevig, 
El  Paso  in  Colorado. 


Chlorite  Group. 


531.  Chlorite,  2ftSi  -f  R2£l  -f  341. 

Hexagonal.  P  106°  50' ;  crystals  tabular  of  OP,  ocP  or  OP, 
P  (Fig.  493) ;  often  in  comb-like  or  other 
groups ;  generally  foliated  and  scaly.  H.  =  1 

xf~'  )  "v  to  1.5 ;  G.  =2.78 to 2.96.  Leek-green  to  black¬ 
ish  green ;  streak  greenish  gray.  C.c. :  21 
Fig.  493.  alumina,  20  protoxide  of  iron,  magnesia  18, 
silica  24,  water  11.  Tarfside,  Bute,  and  Jura  in  Scotland, 
Cornwall,  Cumberland,  Wales,  Fassa  Valley,  Urals,  America. 

532.  Pennine,  4MgSi  +  Mg3Al  -f-  5H. 

Hexagonal,  rhombohedral ;  R  65°  28'.  Crystals  chiefly 
very  acute  rhombohedrons,  with  or'without  the  base.  Lus¬ 
tre  resinous.  H.  =  2  to  3 ;  G.  =  2.6  to  2.77.  Streak  green¬ 
ish  white.  B.B.  exfoliates,  becomes  white,  and  fuses  on  the 
edges  to  a  white  enamel.  Completely  sol.  in  warm  s.  acid. 
C.c. :  33.6  silica,  14.4  alumina,  39.4  magnesia,  and  12.6  water ; 
but  with  5  to  6  iron  protoxide  replacing  magnesia.  Scalpa 
in  Harris,  Glen  Lochy  in  Perthshire,  Zermatt  in  Valais, 
Tyrol,  Ala  di  Stura  in  Piedmont,  Mauleon  in  the  Pyrenees. 
Leuchtenbergite  is  the  same.  Kammererite,  with  5  to  8  chro¬ 
mium  sesquioxide,  is  violet-blue  or  green  ;  Unst,  Siberia, 
Pennsylvania.  Rhodochrome  and  Tabergite  are  also  varieties. 


533.  Clinochlore  ( Ripidolite ),  3MgSi  -f-  Mg3Al+4H. 

Oblique  prismatic,  C.  76°  4'.  ooP  121°  28'.  OP :  P  113° 
591 ;  OP :  ooP  192°  8'.  Crystals  — 2P,  P,  4P°oo ,  OP  (n,  m,  t,  P, 
Fig.  494).  Twins  common ;  lustre  vitreous 
or  resinous.  H.  =  2  to  3 ;  G.  =2.6  to  2.8.  B.B. 
becomes  white,  and  fuses  on  thin  edges  to  a 
grayish  yellow  enamel.  C.c :  30.3  silica,  17.3 
alumina,  40. 3 magnesia,  and  12.1  water.  Eden- 
tian  and  Blair  Athole  in  Scotland,  Traversella 
in  Piedmont,  Akhmatovsk  in  Urals,  West 
Chester  in  Pennsylvania.  Corundophyllite, 
Epichlorite,  and  Kotschubeyite  are  varieties. 

534.  Pyrosclerite  (|R,  |P)3Si3-)-34L 

Right  prismatic.  Cl.  basal,  perfect ;  fracture  uneven ; 
brittle;  sectile.  H.  =  3;  G.  =2.7  to  2.8.  Pearly;  translu¬ 
cent.  Apple-,  emerald-,  and  gray-green.  C.c:  alumina 
13.4,  chrome  oxide  1.4,  protoxide  of  iron  3.5,  magnesia  31.6, 
silica  37,  water  11.  Porto-Ferraio  in  Elba,  China. 

535.  Chonicrite. 

Massive;  crystalline -granular  and  globular -radiated. 
H.  =  2.5  to  3 ;  G.=  2.91.  Weak  silky.  White,  with  yellow¬ 
ish  spots ;  greenish  blue.  C.c. :  17.1  alumina,  22.6  magne¬ 
sia,  12.6  lime,  35.7  silica,  9  water.  B.B.  fuses  easily,  with 
intumescence,  to  a  gray  glass.  Decomposed  by  h.  acid,  with 
separation  of  silica.  Colmonell  (Ayrshire),  Porto-Ferraio. 


Fig.  494. 


536.  Pycnotrop. 

Large  grained  aggregates.  Cl.  along  two  rectangular 
faces ;  fracture  hackly,  splintery.  Grayish  white  to  brown- 
red.  Vitreous  to  greasy.  H.  =  2  to  2.3 ;  G.  =  2.6  to  2.7. 
C.c. :  alumina  29.3,  magnesia  12.6,  potash  4.4,  silica  45,  water 
7.8.  Waldheim  in  Saxony. 

537.  Thuringite,  (£P,  H3-J-£(X1,  Pe))4Si3-f- 441. 

Massive;  scaly.  H.  =  2  to  2.5;  G.  =  3.2.  Pearly.  Olive- 

green  to  pistachio-green ;  streak  paler.  Very  tough.  Pow¬ 
der  greasy.  C.c. :  alumina  16,  peroxide  of  iron  14,  protoxide 
of  iron  33,  silica  23,  water  11.  Schmiedefeld  in  Thuringia, 
Harper’s  Ferry  on  the  Potomac,  Hot  Springs  in  Arkansas. 

538.  Delessite,  (Fel,  Mg|)2Si2+(AlT15,  Pe^Si-Hl-H 
-t-2IdgH. 

Massive;  scaly.  H. =2  to  2.5;  G.  =  2.6  to  2.89.  Olive- 
green  to  dark  green,  passing  to 
dark  brick-red ;  streak  light 
green.  C.c. :  alumina  16.3,  pro¬ 
toxide  of  iron  12.6,  magnesia  21, 
silica  31.5,  water  15.8.  Common 
in  igneous  rocks  of  Old  Red  Sand¬ 
stone  and  Coal-measure  age  in 
Scotland.  Oberstein,  Zwickau, 
Lagreve  near  Mielin. 

539.  Cronstedtite,  (PeSi-f* 

(Pe,  %)3Si  +  3H. 

Fig.  495.  Fig.  496.  Rhombohedral ;  radiated  col- 

(sp.  539.)  umnar.  In  tapering  hexagons, 

and  hemihedral  (Figs.  495,  496).  Cl.  basal,  perfect;  elastic. 
H.  =  2.5;  G.  =  3.3to3.5.  Vitreous.  Coal-black  and  brown¬ 
ish  black  ;  streak  dark  olive-green.  C.c. :  protoxide  of  iron 
39,  peroxide  of  iron  29,  silica  22,  water  11.  Huel  Maudlin 
in  Cornwall,  Przibram,  Brasil  ( Sidemchisolite ). 
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Talc  and  Serpentine  Group. 

540.  Talc,  NTg3§i4  4. B. 

Right  prismatic  (?) ;  rarely  found  in  six-sided  or  rhombic 
tables;  generally  massive,  granular,  or  scaly.  Rarely 
fibrous.  Cl.  basal,  perfect ;  soft,  sectile,  and  flexible  in  thin 
plates.  H.  —  1 ;  G.  —  2.6  to  2.8.  Transparent  in  thin  plates, 
and  optically  binaxal ;  pearly  or  resinous.  Colorless,  but 
generally  greenish  or  yellowish  white  to  apple-  or  olive- 
green.  Feels  very  greasy.  B.B.  emits  a  bright  light,  ex¬ 
foliates,  and  hardens  (H.  =  6),  but  is  infusible ;  with  cobalt 
solution  becomes  red.  Not  sol.  in  h.  or  s.  acid  before  or 
after  ignition.  C.c. :  63.5  silica,  31.7  magnesia,  and  4.8 
water.  Unst  in  Shetland,  green  ;  Cairnie  in  Aberdeenshire, 
brown ;  Greiner  in  Tyrol,  Sala  and  Falun,  the  Pyrenees. 
Used  as  crayons,  also  for  forming  crucibles  and  for  porce¬ 
lain. 

Steatite.  Massive.  Gray,  red,  yellow,  or  green.  Shet¬ 
land,  Sutherland,  Portsoy,  and  near  Kirkcaldy,  Scotland  ; 
the  Lizard  Point,  Cornwall ;  Brianfon,  Wunsiedel.  Savage 
nations  cut  the  steatite  into  culinary  utensils. 

Potstone  is  a  mixture  of  talc,  chlorite,  and  other  minerals. 

541.  Picrophyll,  3&Si-f  2B. 

Right  prismatic.  H.  =  2.5 ;  G.  =  3.75.  Dark  green.  Foli¬ 
ated,  shining.  C.c :  magnesia  30.1,  protoxide  of  iron  6.9, 
silica  49.8.  water  9.8.  Sala  in  Sweden. 

542.  Picrosmine,  2MgSi  -f  B. 

.  Right  prismatic,  but  massive.  Cl.  ooPoo  perfect,  less  so 
in  other  directions  ;  sectile.  H.  =2.5  to  3;  G.  =2.5  to  2.7. 
Translucent  or  opaque;  vitreous,  but  pearly  on  oopao 
Greenish  white,  gray,  or  blackish  green  ;  streak  colorless. 
Yields  a  bitter  odor  when  breathed  on  ;  hence  the  name. 
C.c. :  55.8  silica,  36.1  magnesia,  and  8.1  water.  Presnitz  in 
Bohemia,  and  Greiner  in  Tyrol. 

543.  Monradite,  4($Mg,  £Fe)§i  -f-  B. 

Massive,  foliated,  translucent,  and  yellowish -gray.  H.  =6  • 

~  3-27.  C.c. :  silica  55.2,  magnesia  31.9,  protoxide  of  iron 
0.0,  water  4.1.  B.B.  infusible.  Bergen  in  Norway. 

544.  Meerschaum,  2Mg2Si3  -f  4B. 

Fracture  earthy;  sectile.  H.=2  to  2.5;  G.  =  0.8  to  1 
(when  moist  nearly  2).  Opaque,  dull.  Yellowish  and 
grayish  white ;  streak  slightly  shining .  Feels  rather 
greasy,  and  adheres  strongly  to  the  tongue.  C.c. :  54.2  silica, 
24.7  magnesia,  and  from  9  to  21.7  water.  Negropont,  Ana¬ 
tolia,  near  Madrid  and  Toledo,  Moravia,  Wermland. 

545.  Aphrodite,  4MgSi  -J-  B. 

S°ft-,a.nd  earthy.  G.=2.21.  Milk-white;  opaque.  C.c.: 
5^.9  silica,  35.3  magnesia,  11.9  water.  L&ngban  (Sweden), 
iiii  Da. 

546.  Spadaite,  Mg5Si6  -f  4B. 

Massive  ;  fracture  splintery ;  sectile.  H.  =2.5.  Translu- 

cent ;  resinous.  Red,  with  white  streak.  C.c. :  57  silica, 
31.6  magnesia,  11.4  water.  Capo  di  Bove  near  Rome. 

547.  Gymnite. 

Massive.  H.  =  2  to  3;  G.  =1.9  to  2.2.  Translucent; 
resinous.  Dull  orange-yellow.  C.c. :  41  silica,  37  magnesia, 
Vr,ol>  Passau,  Texas,  Barehills  near  Baltimore. 
Mclcel  Gymnite  has  29  of  nickel  oxide,  replacing  the  water. 
Unst,  Texas,  Pennsylvania. 

548.  Saponite,  (FeCaMg)6§i64  (XlsPe)Si  +  13*. 

Massive ;  sectile,  and  very  soft.  H.  =  1.5 ;  G.  =2.2  to  2  3 

White,  orange-yellow,  pale  green,  and  reddish  brown.  Feels 
greasy;  does  not  adhere  to  the  tongue;  falls  to  pieces  in 
wat.er-  C-c- :  silica  40.8,  alumina  7.5,  ferric  oxide  3.9,  mag¬ 
nesia  20.6,  water  22.7.  Occurs  in  all  the  above  colors  in  the 
later  igneous  rocks  of  Scotland,  commonly.  Lizard  Point 
and  St.  Clear  in  Cornwall,  and  Dalecarlia  in  Sweden.  Pime- 
lite  has  2.8  oxide  of  nickel. 

549.  Serpentine,  2MgSi-f-  MgB3. 

Crystallization  uncertain;  pseudomorphic  after  olivine, 

etc. ;  generally  massive,  and  granular  or  fibrous ;  fracture 
nat-conchoidal,  uneven,  or  splintery;  sectile,  and  slightly 
brittle.  H  =3  to  3.5;  G.=2.5  to  2.7.  Translucent  to 
opaque ;  dull  resinous.  Green,  gray,  yellow,  red,  or  brown ; 
olten  in  spots,  stripes,  or  veins;  streak  white,  shining, 
r  eels  greasy,  and  does  not  adhere  to  the  tongue.  In  the 
closed  tube  yields  water,  and  becomes  black.  C.c.:  43.5 
silica,  43.5  magnesia,  and  13  water ;  but  with  1  to  8  iron 
protoxide,  and  also  carbonic  acid,  bitumen,  and  chrome 
oxide. 

ictra£!e^ef  are  ^  Noble  Serpentine,  brighter  colored, 
q  tT*  more  translucent;  (2)  Picmlite,  or  fibrous  (H.  = 

A5  to  4  5) ;  (3)  Common,  or  compact ;  (4)  Chrysotile  ( Balti - 
monte,  Metaxite),  in  fine  asbestiform  fibres,  easily  separated, 
with  a  metallic  or  silky  lustre  (G.  =2.219). 

rST  ,in.  Shetland,  Urquhart,  Portsoy,  Ballantrae; 
Lizard  Point  in  Cornwall ;  Norway,  Sweden,  North  Amer¬ 


ica.  Chrysotile  at  Colafirth  and  Fetlar,  Shetland,  Portsoy, 
Towanreiff,  in  Scotland ;  Reichenstein  in  Silesia,  the  Vosges 
Mountains,  and  North  America.  Serpentine  is  often  a 
product  of  decomposition,  or  pseudomorph  of  various  min¬ 
erals,  as  augite,  hornblende,  olivine,  spinel,  enstatite,  gar¬ 
net,  etc.  It  forms  whole  rocks  and  mountains,  and  is  man¬ 
ufactured  into  various  ornamental  articles. 

550.  Marmolite,  3MgSi  -f-  2MgB2. 

Oblique  prismatic ;  often  foliated.  H.  =  2.5  to  3 ;  G.  =  2.41 

to  2.47.  Lustre  pearly.  Greenish  white,  bluish  white,  and 
asparagus-green.  C.c.:  silica  42.1,  magnesia  38.5,  water 
17.5.  In  veins  in  serpentine  of  Urquhart  and  Portsoy 
(Scotland),  Cornwall,  Finland,  Hoboken. 

551.  Antigqrite. 

Thin  flat  laminae.  H.  =  2.5 ;  G.  =  2.6.  Translucent.  Green 
with  brown  spots  ;  streak  white.  C.c. :  silica  40.8,  magne¬ 
sia  36.3,  protoxide  of  iron  5.8,  water  12.4.  Antigorio  in 
Piedmont. 

552.  Hydrophite,  (Mg,  Fe)4Si3  -f-  4B. 

Massive  and  fibrous.  H.  =  3  to  4 ;  G.  =  2.65.  Mountain- 
green  to  blue-black ;  streak  paler.  C.c. :  silica  36.2,  magne¬ 
sia  21.1,  protoxide  of  iron  2.7,  water  16.  Taberg  in  Sweden. 
New  York. 

553.  Villarsite,  2Mg2Si  +  B. 

Right  prismatic ;  crystals  P,  OP,  meeting  at  136°  32',  often 
twins  in  triple  combination ;  also  granular.  H.  =  3 ;  G.  = 
2.9  to  3.  Translucent.  Greenish  to  grayish  yellow.  C.c. : 
silica  39.6,  magnesia  47.4,  protoxide  of  iron  3.6,  water  5.8. 
Totaig,  Ross-shire;  Traversella,  Piedmont;  Forez,  France. 

554.  Pyrallolite. 

Oblique  prismatic,  C.  72°  56'.;  columnar  and  granular. 
Cl.  basic  and  hemidomatic,  meeting  at  94°  36' ;  fracture 
splintery ;  brittle.  H.  =  3.5  to  4  ;  G.  =  2.6.  Translucent  on 
edges ;  resinous.  Greenish  to  yellow-gray.  C.c. :  silicate  of 
magnesia  and  water.  Storgard  in  Finland. 

555.  Dermatine,  (Mg,  Fe)  Si-(-2B. 

Reniform ;  stalactitic ;  fracture  conchoidal ;  brittle.  H.= 
2.5 ;  G.  =  2.1.  Resinous.  Blackish  green ;  streak  yellow, 
does  not  adhere  to  tongue.  C.c. :  silica  38,  magnesia 22,  pro¬ 
toxide  of  iron  12,  water  23.  Waldheim  in  Saxony. 

556.  Chloropha:ite,  RSi -f-S2Si3-j-4B. 

Massive,  rarely  reniform.  Coating  or  filling  up  geodes  in 
amygdaloidal  cavities.  H.  =  1.5 ;  G  .=  2.02  to  2.3.  Sectile ; 
fracture  conchoidal.  On  first  exposure  transparent  and 
olive-green  to  orange-yellow,  but  soon  changes  to  black  and 
opaque,  splitting  in  so  doing.  Vitreous  to  shining.  B.B. 
melts  to  a  black  glass.  C.c. :  silica  36.2,  alumina  8.9,  peroxide 
of  iron  13.8,  protoxide  of  iron  2.4,  lime  3.8,  magnesia  10, 
water  24.8.  Rum  and  Canna  in  the  Hebrides,  Giant’s 
Causeway.  The  original  mineral  from  Rum  has  22.8  iron 
peroxide  and  no  alumina. 

557.  Forchhammerite,  FeSi  -|-  6B. 

Granular  massive.  Subresinous  to  dull.  Dark  green. 
H.  =  2 ;  G.  =  1.8.  C.c. :  silica  32.8,  protoxide  of  iron  21.6, 
magnesia  3.4,  water  42.2.  Faroes. 

558.  Kirwanite. 

Fills  druses  in  amygdaloids  with  divergent  sheaf-like 
crystals.  H.  =  2 ;  G.  =  2.9.  Opaque.  Olive-green  to  dark 
green.  C.c.:  silica  40.5;  alumina  11.1,  protoxide  of  iron  23.9, 
lime  19.8,  water  4.4.  Loch  Baa  in  Mull ;  Mourne  Mountains 
in  Ireland. 

559.  Glauconite. 

Round  grains.  Dull  resinous.  Light  green.  C.c. :  sili¬ 
cate  of  protoxide  of  iron  and  potash.  Ashgrove  near  Elgin; 
greensand  of  England,  France,  Germany,  and  America. 

560.  Celadonite,  3RSi2  -)-  +  5B. 

Massive,  forming  crusts,  as  of  agates.  Earthy,  sectile. 
H.=l  to  2;  G.  =  2.6to2.8.  Opaque, shining.  Brightgreen. 
Feels  greasy.  C.c. :  silica  54,  alumina,  3.8,  ferric  oxide  11.9, 
ferrous  oxide  5.4,  magnesia  6.8,  potash,  7.9,  water  10.  Ork¬ 
ney,  Rum,  and  Fifeshire  in  Scotland.  Giant’s  Causeway, 
Verona,  Faroes,  Iceland,  Cyprus,  Bohemia. 

561.  Stilpnomelane,  2(£e,  Mg)Si  -f-  XlSi  -f  2B. 
Massive  or  radiating-foliated.  One  cl.  perfect;  brittle. 

H.  =  3  to  4 ;  G.  =  3  to  3.4.  Opaque ;  vitreous  to  pearly. 
Greenish-black.  C.c. :  45.3  silica,  6.9  alumina,  38.3  iron  pro¬ 
toxide  (with  2  to  3  magnesia),  and  9.5  water.  Zuckmantel 
in  Silesia,  and  Weilburg  in  Nassau. 

562.  Chamoisite. 

Oolitic  and  massive.  H.  =  3 ;  G.  =  3  to  3.4,  Greenish  gray 
to  black ;  streak  paler.  C.c. :  silica  14.3,  alumina  7.8,  pro¬ 
toxide  of  iron,  60.5,  water  17.4.  Chamoison  (or  Chamoson) 
in  Valais,  the  Vosges.  Berthierine  has  75  protoxide  of  iron 
and  5  of  water ;  Moselle. 
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Augite  and  Hornblende  Group.1 


Hornblende  and  augite  rather  represent  groups  of  mine¬ 
ral  substances  than  single  species.  They  are  best  distin¬ 
guished  when  imperfectly  formed,  by  the  cleavage  and 
angles  of  the  prisms. 


563.  Enstatite  ( Chladnile )  MgSi. 

Right  prismatic.^  ooP  92°  to  93°;  crystals 
oopaoJ6),  ooP  (m),  |p  qd 


(fc),  §Pco  (q),  JPoo  (<//), 

§P(r),(Fig.  497).  Usu¬ 
ally  imbedded,  or  in¬ 
distinct  granular 
masses.  Cl.  macrodi¬ 
agonal  very  perfect, 
prismatic  ooP  distinct, 
brachydiagonal  im¬ 
perfect.  H.=5.5 ;  G.  = 

3.1  to  3.3.  Translucent 
throughout,  or  only  on 
the  edges ;  vitreous  or 
pearly  on  the  more  per¬ 
fect  cleavage-planes. 

Colorless,  grayish  or 
greenish  white,  yel¬ 
lowish,  or  brown.  Not  affected  by  acids. 


1 

1 

1 

1 

1 
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Fig.  197. 


B.B.  almost  in¬ 
fusible.  C.c. :  60  silica  and  40  magnesia,  but  with  6  to  8  iron 
protoxide,  1  to  2  alumina,  and  1  or  2  water.  In  olivine  and 
serpentine  rocks  in  Moravia,  the  Harz  (Baste),  and  the 
Pyrenees. 


564.  Bronzite  (Schiller  Spar,  Bastite),( Mg,  Fe)  Si. 
Right  prismatic.  ccP  94°;  only  granular  and  foliated. 
Cl.  brachydiagonal  perfect,  prismatic  less  so ;  fracture  un¬ 
even,  splintery.  H.  =  4  to  5 ;  G.  =  3  to  3.5.  Translucent  on 
thin  edges ;  metallic  pearly.  Green,  inclining  to  yellow  or 
brown.  Imperfectly  sol.  in  h.  acid,  wholly  in  s.  acid.  B.B. 
becomes  magnetic,  and  fuses  in  very  thin  splinters.  C.c. : 
43  silica,  26  magnesia,  2.7  lime,  7.4  iron  protoxide,  3.3  iron 
peroxide,  2.4  chrome  oxide,  1.7  alumina,  and  12.4  water. 
Bastite  is  possibly  altered  enstatite.  Belhelvie  and  Black 
Dog  in  Aberdeenshire,  Baste,  Tyrol,  Baireuth,  Styria. 


565.  Paulite  ( Hypersthene ),  (Fe,  Mg)Si._ 

Right  prismatic.  ocP  ( m )  93°  30',  P2  (c),  2p2  (i),  £P§  (a), 
oo2P  (a),  IP®  (h),  ooPao  (a),  oopoo  (6),  IPco'  (fc),  2p® (d). 
Granular  or  disseminated.  Cl.  brachydiagonal  very  per¬ 
fect,  prismatic  ooP  distinct,  macrodiagonal  very  imperfect. 
H.  =  6;  G.  =  3.3  to  3.4.  Opaque  or  translucent  on  thin 
edges;  vitreous  or  resinous,  but  metallic  pearly  on  the 
cleavage  planes,  of  which  one  is  copper-colored  to  violet 
or  silvery.  Pitch-black  and  grayish  black ;  streak  greenish 
gray  or  pinchbeck-brown,  inclining  to  copper-red.  Not 
affected  by  acids.  B.B.  melts  more  or  less  easily  to  a 


l  Hornblende  and  augite  agree  so  closely  in  crystalline  forms 
and  chemical  composition  that  it  has  sometimes  been  proposed  to 
unite  them  in  one  species.  They,  however,  differ  too  widely  to 
lustifv  their  union.  Hornblende  is  more  fusible,  and  ranges 
lower  in  specific  gravity  (hornblende  from  2.931  to  3.445,  augite 
3 195  to  3  525).  Though  both  possess  a  cleavage  parallel  to  their 
vertical  prisms,  yet  these  differ  in  angular  dimensions :  horn¬ 
blende  124°  12',  augite  87°  6'.  They  also  occur  m  distinct  geog¬ 
nostic  positions :  hornblende  in  rocks  containing  quartz  or  free 
silica,  and  mostly  with  minerals  that  are  neutral  compounds  of 
silica  as  orthoclase  and  albite ;  augite  in  rocks  that  do .not con¬ 
tain  free  silica,  and  mostly  with  minerals  that  are  not  neutral 
silicates,  as  labradorite,  olivinej  and  leucite.  Hence  the 
two  distinct  series  of  massive  or  igneous  rocks:  the  hornblende 
series,  including  granite,  syenite,  diorite,  d’orite-porphyry, 
red  porphyry ;  and  the  augite  series  or  hypersthene  rock.gabbro, 
dolerite,  nepheline  rock,  augite-porphyry,  and  leucite-porphy  y. 
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greenish  black  glass,  often  magnetic.  C.c.:  generally  46  to 
58  silica,  0  to  4  alumina,  11  to  26  magnesia,  1  to  5  lime,  13 
to  34  iron  protoxide,  0  to  6  manganese  protoxide.  Portsoy 
and  Craig  Buroch  in  Banffshire,  Barra  Hill  in  Aberdeen¬ 
shire,  Paul’s  Island,  Labrador,  and  Greenland.  Crystals 
occur  in  sanadine  bombs  at  Lake  Laach  ( Amblystegite ),  and 
in  meteorites  of  Breitenbach.  Hypersthene  rock  in  Nor¬ 
way,  Elfdal  in  Sweden,  Cornwall  (?),  the  Harz,  and  Canada. 
Chemically  enstatite  and  paulite  pass  into  one  another;  the 
essential  difference  is  that  the  axial  dispersion  is  uniformly 
P<  v  in  the  former,  and  the  opposite  in  the  latter. 

566.  Wollastonite  (Tabular  Spar),  CaSi. 

Oblique  prismatic,  C  84°  30'.  ocP  87°  18',  OP  (u  or  h’), 

oopco  (c  or  p),  oo  P§  (2) 
■\  110°  7',  gcPc2  ( x  or  et) 
1  51°,  —poo  (v)  44°  27', 
i  IP 00  (a)  69°  56'  (Fig. 

|  500).  Rarely  crystallized, 
*  mostly  broad  prismatic 
i  or  laminar.  Frequently 
!  fibrous.  Cl.  along  OP 
|  and  ooP°co  perfect,  but 
J  planes  uneven  or  rough ; 
**  meet  at  95°  23'.  H.= 

4.5  to  5;  G.  =  2.8  to  2.9. 
Translucent ;  vitreous 
or  pearly  on  cleavage.  White,  inclining  to  gray,  yellow,  red 
or  brown ;  streak  white.  Phosphoresces  with  beat  or  fric¬ 
tion  ;  gelatinizes  in  h.  acid.  B.  B.  difficultly  fusible 

to  a  semitransparent 
glass.  C.c. :  51.7  silica 
and  48.3  lime,  bub 
with  0  to  2  magnesia, 
and  0  to  2  iron  pro¬ 
toxide.  Glen  Gairn, 
Crathie,  etc.,  in  Aber¬ 
deenshire,  Urquhart 
in  Inverness,  Skye, 
Banat,  Finland,  Swe¬ 
den,  Vesuvius  (Fig. 
501),  North  America, 
Ceylon,  Capo  diBove. 

567.  Augite  ( Py¬ 
roxene),  BSi  =  (Ca, 
Mg,  Fe)Si. 

Oblique  prismatic, 

V  U  .  x  0,  w  ,  x  ...  .  —  48' ;  — P  («)  131°  30' ; 

2P  (0)  95°  48' ;  OP  ;  3P  ;  aP°x  .  In  Fig.  130  ccP  (M),  ccP°oo 
(r),  ooP°ao  ( l ),  P  (s) ;  also  various  twins  and  hemitropes  of 
same  form  (Figs.  191,  502,  503).  Almost  always  prismatic, 
imbedded,  or  attached  ;  also  granular,  columnar,  and  scaly. 
Cl.  prismatic  along  00P  (with  angles  of  87°  6'  and  92°  54'), 
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Fig.  500. 


generally  rather  imperfect,  orthodiagonal  and  clinodiag- 
onal  imperfect.  H.  =  5  to  6 ;  G.  =  3  to  3.5.  Pellucid  in  all 
degrees ;  vitreous ;  in  some  pearly  on  ooP°co .  Colorless,  and 
white,  but  usually  gray,  green,  or  black.  B.B.  generally  fus¬ 
ible;  imperfectly  soluble  in  acids.  C.c. :  generally  as  follows : 


Silica. 

Lime. 

Magnesia. 

Iron. 

(a)  Magnesia  augite..... . 

(b)  Magnesia-iron  augite . 

(c)  Iron  augite . 

56.22 

52.72 

49.06 

25.54 

23.81 

22.29 

18.24 

8.50 

14.97 

28.65 

Analysis  gives  47  to  56 silica,  20 to  25  lime,  5  to  15  magnesia, 
1  to  20  iron  protoxide,  with  0  to  3  manganese  protoxide  and 
0  to  8  alumina.  The  alumina,  chiefly  found  in  very  dark 
green  or  black  augites,  may  in  some  replace  either  silica  or 
part  of  the  silicate. 
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The  more  important  varieties  are — 

Diopside. — Grayish  or  greenish  white,  to  pearl-gray  or 
leek -green ;  streak  white.  Crystallized  or  broad  columnar, 
or  concentric  lamellar.  Transparent  to  translucent  on  the 
edges.  Not  affected  by  acids.  B.B.  fuses  to  a  whitish  semi¬ 
transparent  glass.  C.c. :  generally  lime  26  and  magnesia 
18.5,  with  55.5  silica.  Mussa  Alp  (Mussite)  and  Ala  ( Alalite ) 
in  Piedmont,  Schwarzen stein  in  Tyrol,  Scandinavia,  Fin¬ 
land,  Urals,  and  North  America. 

Malacolite,  Sahlite. — White,  green,  rarely  yellow,  brown, 
or  red ;  streak  white.  Translucent,  or  only  on  the  edges  ; 
vitreous,  inclining  to  pearly.  Seldom  crystallized,  mostly 


columnar  or  lamellar.  B.B.  melts  to  a  dark -colored  glass. 
Malacolite  common  in  primary  limestones  in  Scotland,  as  at 
Shinness,  Ledbeg  (Fig.  505),  and  Glen  Tilt.  Fassa  Valley 
( Fassaite ),  Piedmont,  Arendal,  Philipstadt  in  Sweden  ;  Lake 
Baikal  [B  alkali  te) ;  near  Lake  Lherz  in  the  Pyrenees  (Llier- 
zolite) ;  Sala  (or  Sahla)  in  Sweden  ( Sahlite ) ;  Shinness  (Figs. 
504,  506),  Glenelg,  Tiree,  in  Scotland;  Tyrol;  North  Am¬ 
erica.  Coccolite  is  a  granular  sahlite  or  augite. 

Augite. — Leek-green,  greenish  black,  or  velvet-black, 
rarely  brown ;  streak  greenish  gray.  Vitreous  to  resinous ; 
translucent  or  opaque.  Only  slightly  affected  by  acids. 
B.B.  fuses  to  a  black,  often  magnetic  glass.  An  essential 
component  of  many  rocks,  as  basalt,  dolerite,  clinkstone, 
^ nd  augite  porphyry  ;  Germany,  Auvergne,  Vesuvius ;  St. 
Kilda,  Rum,  Tiree,  Dalnain,  and  Urquhart  in  Scotland. 
Augite  crystals  in  basalt  often  contain  very  many  micro¬ 
scopic  crystals  and  glasses  ;  also  pores  with  fluid  carbonic 
acid. 

Hudsonite. — Cleavable  lamellar,  and  jet-black,  with  green 
streak  and  bronzy  tarnish,  from  the  Hudson  River;  the 
most  highly  ferruginous  variety. 

Amianthus. — Some  asbestiform  minerals  are  augite,  but 
the  greater  number  hornblende. 

Breislachiie. — Fine  yellowish  or  brown  woolly  crystals. 
Vesuvius,  and  Capo  di  Bove  near  Rome. 


568.  Di  allage,  (Ca,  Mg.  Fe)  Si. 

Like  augite,  and  only  a  variety  with  very  perfect  cleav¬ 
age  in  the  clinodiagonal,  which  forms  with  a  second  cleav¬ 
age  an  angle  of  87°.  Lustre  metallic  pearly ;  color  gray  or 
pinchbeck-brown.  H.  =  4 ;  G.  =  3.23.  B.B.  melts  easily 
to  a  grayish  or  greenish  enamel.  C.c. :  50  to  53  silica,  1  to 
5  alumina,  15  to  23  magnesia,  11  to  20  lime,  and  5  to  20 
manganese  protoxide.  Constituent  of  the  augite  rock  of  the 
Cuchullins  in  Skye  and  of  the  gabbro  of  Unst  and  Ayrshire. 
Baste  in  the  Harz,  Silesia,  the  Alps,  Apennines,  and  Urals. 
Vanadine-Bromite,  containing  soda  and  vauadic  acid,  is 
similar.  At  Craig  Buroch  (Banffshire)  diallage  passes  in 
paulite. 


569.  Jeffersonite. 

Oblique  prismatic.  Cl.  prismatic  ccP  87°  30',  and  ortho¬ 
diagonal.  H.  =  4.5;  G.  =  3.3  to  3.5.  Dark  olive-green, 
brown  to  black.  Lustre  greasy.  A  manganese  and  zinc 
augite,  with  10.2  protoxide  of  manganese,  and  10.15  oxide 
of  zinc.  Sparta  in  New  Jersey. 


570.  Acmite,  2¥?eSi3  -I-  3RSi. 

Oblique  prismatic.  Crystals  long,  often  acute-pointed 
prisms.  ooP87°15',  odPco  (r),  P  («),  6P  (o),  — OP'S  ( z )  (Figs. 

507,508).  Cl.  like  augite. 
H.  =  6  to  6.5  ;  G.  =  3.4 
to  3.6.  Nearly  opaque; 
vitreous.  Brownish  or 
greenish  black;  streak 
greenish  gray.  Imper¬ 
fectly  soluble  in  acids. 

B. B.  fuses  easily  to  a 
black  magnetic  glass. 

C. c. :  52  silica,  30  iron 
peroxide,  5  iron  protox¬ 
ide,  and  13  soda,  but 
with  1  to  3  manganese 
peroxide,  and  also  3  to 
4  titanic  acid.  Eger  and 
Porsgrund  in  Norway. 

571.  JEgerine,  R2 
Si5,  4-  KSi  -f  2&aSi. 


Oblique  prismatic;  stri¬ 
ated  or  reed-like  prisms  of  86°  30'  to  87°  45'.  Cl.  ortho- 
diagonal  perfect,  less  distinct  clinodiagonal,  and  prismatic. 
H.  =  5.5  to  6;  G.  =  3.4  to  3.5  or  3.6.  Vitreous  ;  translucent 
on  edges,  or  opaque.  Greenish  black.  B.B.  fuses  easily, 
coloring  the  flame  yellow.  Scarcely  affected  by  acids.  C.c.: 
49  silica,  31-7  iron  peroxide,  6.6  iron  (and  manganese)  pro¬ 
toxide,  and  12.7  soda,  with  a  little  magnesia  and  potash. 
Has  the  same  relation  to  augite  as  arfvedsonite  to  horn¬ 
blende.  Near  Brevig  and  Barkevig  in  Norway. 


572.  Spodumene,  4AlSis-j-  3(Li,  Na,  K)Si. 

Oblique  prismatic,  C  69°  40'.  ccP  87°  (Fig.  509).  Cl.  pris¬ 
matic  ooP  and  orthodiagonal,  per¬ 
fect  ;  chiefly  massive  or  foliated. 
H.  =  6.5  to  7 ;  G.  ==  3.1  to  3.2. 
Translucent;  vitreous  or  pearly. 
Pale  greenish  gray  or  white  to 
apple-green  ;  streak  white.  B.B. 
intumesces  slightly,  tinging  the 
flame  momentarily  purplish  red, 
and  fuses  easy  to  a  colorless  glass. 
Not  affected  by  acids.  C.c. :  65 
silica,  28.7  alumina,  and  6.3  lithia. 
Killiney  near  Dublin.  Uto  in 
Sweden,  Tyrol.  Killinite  (sp.  651), 
from  Killiney,  seems  to  be  decom¬ 
posed  spodumene. 

„  573.  Petalite  (Castor),  4A1 
Sifi  +  3(Li,Na)Si2. 

Oblique  prismatic.  Castor  has 
C67°34'  and  ocP86°  20', in  irregu¬ 
lar  rectangular  prisms,  petalite  being  massive  and  coarse 
granular.  Cl. basal,  distinct ;  in  a  second  direction  (meeting 
at  1414°)  less  so.  H.=  6.5;  G.  =  2.4to2.5.  GreVnish,  grayish, 
or  reddish  white  to  pale  red.  Translucent ;  vitreous  or  pearly. 
B.B.  melts  easily  into  a  porous  obscure  glass,  coloring  the 
flame  red.  Not  affected  by  acids.  C.c. :  78.3  silica,  17.4  alu¬ 
mina,  3.2  lithia,  and  1.1  soda.  Uto,  Bolton  in  Massachusetts, 
York  in  Canada.  Castor  in  Elba.  Milarite,  valley  of  Milar, 
Switzerland. 


574.  Rhodonite  ( Manganese- Spar ),  MnSi. 
Anorthic.  °°P®  (a);  ccP»  (b)  ;  OP  (c) ;  acP' 
'P'ao  (o);  m'P'oo  (<).  a:  b  111°  9'; 


(fc);  P<»  (s) 


(a);  P'°o 
c  :  a  93° 
28' ;  :  a  106°  19';  but 
chiefly  massive  or 
granular.  Cl.  ooPao 
and  OP,  meeting  at 
87°  38',  perfect ;  brit¬ 
tle.  H.  =5  to  5.5; 
G.  =  3.5  to  3.7. 
Translucent ;  vitre¬ 
ous  or  partly  pearly. 
Dark  rose-red,  blu¬ 
ish  red,  or  reddish 
brown.  Not  affected 
by  acids.  B.B.  fusible.  C.c.  :  45.8  silica  and  54.2  man¬ 
ganese  protoxide,  with  3  to  5  lime  and  Oto  6  iron  protoxide. 
St.  Marcel,  Lstngban,  Ekaterinburg,  the  Harz,  and  New  Jer¬ 
sey.  Bustamite,  pale  greenish  or  reddish  gray,  with  14 
lime,  Mexico;  Fowlerite,  New  Jersey,  with  7  to  11  iron 
protoxide ;  and  Paisbergite,  Sweden,  are  varieties.  Hydro- 
pits,  Photidte,  Allagite,  and  Horn- Manganese  are  mere  mix¬ 
tures. 


575.  Babingtonite,  9(Ca,  Fe,  MnlSi-f-^eSig. 
Anorthic.  Crystals  very  low  eight-sided  prisms,  small, 
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attached,  q :  h  90°  24' ;  c :  a  87°  27' ;  a  :  b  112°  12' ;  b  :  d  81°  8' ; 
c  :  d  150°  10'  (Fig.  511).  Cl. 
basal  (c),  very  perfect;  also 
along  b.  H.=5.5to6;  G.  =  3.3 
to  3.4.  Thin  laminae  translu¬ 
cent.  Splendent  vitreous ; 
black.  Not  affected  by  acids. 

B.B.  fuses  easily  with  effer¬ 
vescence  to  a  black  magnetic 
bead.  C.c. :  50.7  silica,  11  iron 
peroxide,  10.3  iron  protoxide, 

7.7  manganese  protoxide,  and 
20.3  lime,  in  the  Arendal  speci-  Fig.  511. 

mens;  one  from  Nassau  gave 

about  17  of  peroxide,  with  protoxides  only  11.  Tongue 
(Sutherland),  Portsoy  (Banffshire),  Arendal,  Nassau,  and 
Gouverneur  (New  York). 

576.  Szaboite,  llPeSi3  +  2CaSi. 

Anorthic.  aoP'(Z);  oo'P  (to)  88°  40'  ooPoo  (6);  oolJco 
(a);  P'  (p);  'P  (o) ;  2'P,ao  (y); 

2P'ao  ( x )  (Fig.  512).  H.  =  6.5; 

G.  =  3.5.  Brownish  red  to  reddish 
yellow.  Pleochroic.  C.c.  :  silica 
52.4,  peroxide  of  iron  44.7,  lime  3.1. 

Slightly  sol.  in  s.  acid,  more  so  in 
h.  acid,  Calvario  on  Etna,  Mont 
Dore. 

577.  Anthophyllite,  3MgSi-f 
fe  Si. 

Bight  prismatic.  ooP  124°  30'. 

Cl.  macrodiagonal,  perfect.  Clove- 
brown  to  purplish  brown  and  leek- 
green.  Translucent ;  radiating  and 
foliated.  Pearly  on  cl.  plane.  H.  =  5.5;  G.  =  3.2.  C.c.: 
silica  55.9.  protoxide  of  iron  16.7,  magnesia  27.8.  B.B. 
very  difficultly  fusible.  Hillswick,  Shetland ;  Kongsberg 
and  Modum,  Norway ;  Greenland,  and  the  United  States. 

578.  Hornblende. 

Oblique  prismatic  (Figs.  513  to  517 ;  see  also  Fig.  192). 
Distinct  cleavage  in  several  directions.  H.=4  to  6,  but 
generally  5  (will  scratch  with  knife).  G.  =2.5  to  4.0,  but 
mostly  high.  Mostly  colored.  Lustre  vitreous,  in  some 
silky  or  metallic  pearly.  Sol.,  but  not  very  readily,  in 
acids ;  more  or  less  easily  fusible.  C.c. :  anhydrous  silicates 
and  aluminates  of  lime,  magnesia,  iron  protoxide;  more 
sparingly  of  soda,  yttria,  and  manganese  protoxide.  The 
chief  species  form  by  their  decomposition  highly  fertile 
soils. 

Amphibole. — Oblique  prismatic,  C  75°  10'.  ooP  124°  30', 
P  148°  30'.  The  crystals  short  and  thick,  or  long  and  thin 
prismatic;  formed  especially  by  gdP  (to),  gdP°oo  (x),  and 
bounded  on  the  ends  chiefly  by  OP  (p)  and  P  ( r ),  Twins 
common,  with  the  chief  axis  the  twin  axis.  Very  often 
radiated,  fibrous,  or  columnar,  or  granular.  Cl.  prismatic 
along  ooP  124£°,  very  perfect;  orthodiagonal  and  clinodi- 
agonal  very  imperfect.  H.  =  5  to  6;  G.  =2.9  to  3.4.  Pel¬ 
lucid  in  all  degrees ;  vitreous,  but  sometimes  pearly  or  silky. 
Colorless  or  white,  but  usually  some  shade  of  gray,  yellow, 
green,  brown,  or  black.  B.B.  fuses,  generally  intumescing 
and  boiling,  to  a  gray,  green,  or  black  glass.  Those  con¬ 
taining  most  iron  are  most  fusible,  and  are  also  partially  sol. 
in  h.  acid,  which  scarcely  affects  the  others.  C.c.  very 
variable ;  the  silica  is  partly  replaced  by  alumina,  specially 
in  the  green  or  black  varieties ;  BO  is  chiefly  MgO,  CaO, 


and  FeO  Lime  is  the  most  constant  element,  in  most  from 
10  to  12  ;  magnesia  and  iron  protoxide  replace  each  other 
the  one  increasing  as  the  other  diminishes.  With  4Si  and 
B=2Mg-f  lCa-flf'e,  the  average  composition  is  53.6 
silica,  17.8  magnesia,  12.5  lime,  and  16.1  iron  protoxide ;  but 
analyses  give  40  to  60  silica,  0  to  17  alumina,  0  to  o0  mag¬ 


nesia,  10  to  15  lime,  0  to  36  iron  protoxido  (or  peroxide), 
and  0  to  4  manganese  protoxide,  0  to  8  soda,  0  to  3  potash, 
and  0  to  1.5  fluorine  with  a  little  water. 


The  more  important  varieties  are —  ,  . 

Amianthus,  Asbestos,  and  Byssolite,  2MgSi-|-Ca§i.  Fine 
fibrous,  white,  gray,  or  green.  The  fibres  often  easily  sep¬ 
arable,  elastic,  and  flexible.  Unst,  Shinness,  Portsoy,  Savoy, 
Tyrol,  Corsica.  ...  ... 

Tremolite,  Grammatite,  3MgSi  -)-  CaSi,  with  58.35  silica, 
28.39  magnesia,  and  13.26  lime.  White,  gray,  green ;  in 
long  prismatic  crystals,  often  striated  longitudinally.  Pearly 
or  silky ;  semitransparent  or  translucent.  B.B.  fuses 
readily  to  a  white  or  nearly  colorless  glass.  Loch  Shin  (Suth¬ 
erland),  Glen  Tilt,  Glenelg,  Tiree,  Cornwall,  Cumberland, 
Sweden,  the  Alps,  Pyrenees,  Silesia,  Siberia,  North  America. 

Nephrite,  or  Jade,  is  a  tough,  compact,  fine-grained  trem¬ 
olite,  with  H.  =  6  to  6.5 ;  G.  =  2.9  to  3.1.  Fracture  close 
splintery.  Very  tenacious.  Translucent;  dull  to  resinous. 
Leek-green  to  blackish  green.  Feels  slightly  greasy. 
Formerly  made  into  ring-stones,  amulets,  idols,  and  war 
axes.  New  Zealand,  China,  Mexico, Peru,  Balta(Shetland). 

Actinolite,  Actinote,  or  Strahlstein  (Ca,  Mg,  Fe)  Si.  Color 
green,  inclining  to  black,  gray,  or  brown.  Translucent 
throughout,  or  only  on  the  edges.  Long  prismatic  crystals, 
or  radiated-columnar  masses.  B.B.  melts  to  a  greenish  or 
blackish  enamel.  Fethaland  and  Colafirth  and  Hillswick 
(Shetland),  Oronsay,  Ord  Ban  (Inverness),  Sweden,  Tyrol, 
North  America. 

Hornblende. — 6R§i-f-ILSi3.  Green  or  black,  seldomer 
brown  or  gray.  G.  =  3.1  to  3.3.  B.B.  fuses  rather  easily  to 
a  yellow,  greenish,  or  black  enamel.  Three  varieties  are 
distinguished,  (a)  The  noble  or  Pargasite,  pale  celadon, 
or  olive-green,  and  strong  pearly  or  vitreous  lustre ;  at 
Pargas  in  Finland,  Tyrie  in  Scotland,  (b)  Common  horn¬ 
blende,  dark  leek-  or  blackish-green,  opaque ;  streak  green¬ 
ish  gray.  A  constituent  of  many  rocks,  as  in  Norway,  the 
Alps,  and  Scottish  Highlands  (Ballater,  Ben  Arihaar,  Glen- 
bucket,  Colafirth).  (c)  Basaltic,  foliated,  with  bright  even 
cleavage,  opaque,  velvet-black ;  streak  gray  or  brown. 
Generally  contains  alumina  (9  to  15)  and  much  (5  to  11) 
iron  peroxide.  In  basalt  and  volcanic  rocks.  Etna,  Vesu¬ 
vius,  Bhineland,  Bohemia. 

579.  Arfvedsonite,  BSi-f-f’eSij,. 

Oblique  prismatic.  ooP;  ccPcco;  P;  2P°oc  120°  24';  OP. 
Cl.  ooP  124°  22',  perfect ;  also  OP.  Massive.  Black ;  opaque. 
Vitreous.  H.  =  6;  G.  =3.44.  C.c.:  silica  43.  alumina,  4.5, 
peroxide  of  iron  3.8,  protoxide  34,  lime  5.7,  soda  8.5.  Streak 
dark  blue-gray.  Fusible  in  fine  splinters  in  the  flame  of  a 
candle.  B.B.  intumesces  and  melts  easily  to  a  black  mag¬ 
netic  globule.  Not  sol.  in  acids.  Kangerdluarsuk  in  Green¬ 
land,  Frederiksvarn,  Arendal,  El  Paso  in  Colorado. 

580.  Pilolite,  4JfrgSi2  +  XlSi2  +  15H. 

Felted  or  matted  fibres  more  or  less  dense.  Cream  yellow 
to  buff.  Dull ;  extremely  tough  ;  absorbs  water  like  a  sponge. 
H.  =  l  to  2.5 ;  G.  =  .68  to  1.34.  Structure  varies  considerably, 
and  has  given  rise  to  trivial  names,  as  mountain  paper,  moun¬ 
tain  leather,  mountain  flesh,  rock  cork,  etc.  Mountain  Paper 
occurs  in  thin  sheets  at  Boyne  Castle  near  Banfl  ;  J) fountain 
Leather,  Burn  of  the  Cairn  (Cabrach),  Tod  Head  (Kincar¬ 
dineshire),  Leadhills,  Strontian ;  Roclc  Cork,  Portsoy  and 
Boyne  Castle,  Saxony,  and  Sweden.  C.c. :  silica  51.6,  alu¬ 
mina  8.6,  ferrous  oxide  2.88,  magnesia  10.2,  water  23.3. 

581.  Krokidolite,  3PeSi  +  (Na.Mg)Si2  +  214. 

Delicate,  easily  separable,  but  tough  fibres ;  elastic.  H.=  4 ; 

G.  =3.2  to  3.3.  Translucent;  silky.  Indigo-blue;  streak 
lavender.  B.B.  fuses  easily  to  a  black  magnetic  glass.  C.c. : 
silica  50  3,  iron  protoxide  35,  magnesia  2.2,  soda  6.7,  water 
5.8.  Stavern  in  Norway,  Greenland.  A  fibrous  yellow 
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mineral  from  Orange  River,  South  Africa,  has  been  referred 
here;  its  fibres  are  not  separable,  and  its  hardness  is  7. 
Abriachanite,  a  very  similar  mineral,  of  blue  color,  occurs 
near  Inverness. 

582.  Glaucophane,  9R§i  -f-  2XlSi3. 

Oblique  prismatic.  Cl.  prismatic,  perfect;  fracture  con- 
cboidal.  H.  =5.5;  G.  =  3.1.  Translucent ;  vitreous  to  pearly. 
Indigo-blue,  gray,  bluish  black.  B.B.  becomes  brown, 
fusing  easily  to  olive-green  glass.  C.c. :  silica  56.5,  alumina 
12.2,  protoxide  of  iron  10.9,  magnesia  8,  soda  9.3.  Island  of  Syra. 

583.  Hermannite,  MnSi. 

Granular  and  arborescent.  Rose-red.  G.  =3.4.  C.c. :  pro¬ 
toxide  of  manganese  46.7,  silica  48.9,  lime  2,  magnesia  2.4. 
Cummington  in  Massachusetts. 

584.  Grunerite,  FeSi. 

Asbestiform.  G=3.7.  Brown;  silky  lustre.  C.c. :  pro¬ 
toxide  of  iron  51.55,  silica  45.45.  Mt.  des  Maures  (Var). 

585.  Iolite  (Cordierite,  Dichroite),  Al2Si3-f-2(Mg,  Fe)Si. 

Right  prismatic.  ooP  (P)  119°  10',  middle  edge  of  P  95° 

36'.  Form  gdP(T),  ooPoo  (l),  OP  (m) ;  and  this  with  ccPco 
( k ),  oo P3  {d),  Poo  (n),  and  4P  (s)  (Fig.  518);  short  pris¬ 
matic.  Cl.  ooPao  distinct,  traces  along  Poo  ;  fracture  con- 
choidal  or  uneven.  H.  =  7  to  7.5; 

G.  =  2.5  to  2.7.  Transparent  or 
translucent;  vitreous,  inclining  to 
resinous.  Colorless,  but  chiefly  dark 
blue,  or  violet,  green,  brown,  yellow, 
and  gray.  Often  with  distinct  tri- 
chroism;  on  OP  blue,  on  oopco  gray, 
and  on  ooPco  yellowish.  B.B.  fuses 
difficultly  to  a  clear  glass;  slightly 
affected  by  acids.  C.c. :  48  to  51 
silica,  29  to  33  alumina,  8  to  13  mag¬ 
nesia,  1  to  12  iron  protoxide.  Cabo 
de  Gata  in  Spain,  Bodenmais  ( Peliom ), 

Orijerfvi  in  Finland  ( Steinheilite ), 

Norway,  Sweden,  Greenland,  North 
America,  and  Siberia.  Small  rolled 
masses  of  an  intense  blue  color  and 
transparent,  found  in  Ceylon,  are  the  Sapphire  iVEau  or 
Luchssapphir  of  the  jewellers. 

The  following  have  been  considered  cordierite  altered,  or 
with  2  to  6  atoms  water:  (a)  Bonsdorfite,  Hydrous  Iolite, 
greenish  brown  or  dark  olive-green ;  near  Abo.  \b)  Esmarhite, 
Chlorophyllite,  large  prisms  or  foliated,  green  or  brownish ; 
near  Cabrach  (Aberdeen),  Brevig  in  Norway,  Uuity  in 
Maine,  and  Haddam  in  Connecticut,  (c)  Fahlunite,  Triclasite, 
compact,  greenish  brown  or  black,  foliated ;  H.  =  2.5  to  3; 
G.  =2.5  to  2.8 ;  Falun,  (d)  Huronite,  granular ;  pearly,  yel¬ 
lowish-green ;  H.=3.3;  G.  =  2.86;  infusible  and  insoluble; 
Lake  Huron,  (e)  Weissite,  kidney-shaped  and  ash-gray  or 
brown;  Falun  and  Lower  Canada.  (/)  PyrargiUite,  indis¬ 
tinct  imbedded  crystals,  black  passing  into  brown  or  red, 
dull  resinous  lustre;  H.  =  3.5;  G.=2.5;  Helsingfors,  (g) 
Finite,  crystallized  or  massive  and  laminar,  with  imperfect 
cleavage;  H.  =  2  to  3;  G.  =2.7  to  2.9,  semi-translucent  or 
opaque,  dull  or  resinous,  and  dirty  gray,  green,  or  brown ; 
B.B.  fuses  to  a  glass,  sometimes  clear,  at  other  times  dark- 
colored  ;  Auvergne,  Schneeberg,  Penig  in  Saxony,  the  Harz, 
Cornwall,  Cabrach  and  Torry  (Aberdeenshire),  the  United 
States  and  Greenland  ( Gieseckite,  sp.  650) .  Oosite  from  Gerold- 
sau  in  Baden,  snow-white,  opaque,  fragile,  is  similar.  ( h ) 
Gigantolite  ;  H.  =  3.5 ;  G.  =  2.8  to  2.9 ;  opaque,  dull  resin¬ 
ous,  and  greenish  gray  or  brown ;  B.B.  intumesces  slightly, 
and  fuses  easily  to  a  greenish  slag ;  Tammela  in  Finland. 
(i)  ( Praseolite )  lamellar  and  green  ;  Brevig  in  Norway. 

586.  Emerald  {Beryl),  AlSi3-f-3GlSi. 

Hexagonal ;  P  59°  53'.  Crystals  of  ocP,  OP,  and  ccP,  gdP2, 
OP,  P  (a,  p,  c,  s,  Fig.  519) 
are  prismatic,  generally 
with  vertical  striae.  Cl. 
basal,  rather  perfect;  ooP 
imperfect.  H.  =  7.5  to  8  ; 

G.  =  2.6  to  2.8.  Transpa¬ 
rent  or  translucent;  vit¬ 
reous.  Colorless  or  white, 
but  generally  green,  some¬ 
times  very  brilliant ;  also 
yellow  and  smalt-blue. 

B.B.  melts  with  difficulty 
on  the  edges  to  an  obscure 
vesicular  glass.  Not  affect¬ 
ed  by  acids.  C.c.:  67.5 
silica,  18.7  alumina,  and 
13.8  glucina,  with  0.3  to  3 
iron  peroxide,  and  0.3  to 
3.5  chrome  oxide  in  the 


rich  green  emerald.  Emerald,  bright  green;  G.  =  2.710  to 
2.759;  occurs  in  Muso  Valley  near  Bogota,  also  in  Salzburg 
and  the  Urals.  Beryl,  or  Aquamarine,  colorless,  or  less  bril¬ 
liant;  G.  =2.677  to  2.725;  near  Mursinsk  and  Nertchinsk 
in  Siberia,  Salzburg,  and  Brazil ;  in  the  United  States, 
where,  at  Grafton,  between  the  Connecticut  aud  Merrimac, 
crystals  4  to  6  feet  long,  and  weighing  2000  to  3000  lb,  occur ; 
Mourne  Mountains  in  Ireland ;  Mount  Battock  and  Cairn¬ 
gorm  in  Scotland  (Fig.  98).  Common  Beryl  at  Falun  in  Swe¬ 
den,  Fossum  in  Norway,  Limoges  in  France,  Rabenstein  in 
Bavaria,  Nigg  Bay  and  Pitfodels  and  Rubislaw  near  Aber¬ 
deen  ( Davidsonite ),  Struay  Bridge  (Ross).  Emerald  and  beryl 
are  much  valued  as  precious  stones.  Known  from  quartz  by 
fac ep.  Forms  shown  in  Figs.  92,  95,  96,  97,  98, 276. 

587.  Leucophane,  6CaSi  -)-  3GlSi  -|-  2NaF. 

Right  prismatic.  ooP  91°.  C.  basal,  perfect.  H.  =  3.5  to 
4;  G.  =  2.97.  Pellucid.  Wine-yellow  to  olive-green.  Vit¬ 
reous.  B.B.  fuses  to  pale  violet-blue  bead.  C.c. :  silica  47, 
lime  23.4,  glucina  10.7,  soda  11.3,  fluorine  6.6.  Larno  in 
Norway. 

588.  Melinophane,  7(R3Si2) -|-6NaF. 

Pyramidal.  P  122°  23'.  Mostly  lamellar.  H.  =  5;G.  =  3. 
Honey-yellow  to  citron-yellow.  Brevig  and  Frederiksvarn. 


Felspar  Group. 

Crystallization  oblique  prismatic  or  anorthic;  very  similar 
both  in  aspect  and  in  angles.  Cl.  very  distinct,  especially 
the  basal  P ;  less  so  the  cliuo-  or  brachydiagonal  M.  G.  =  2.4 
to  3.2,  butmostly 2.5  to 2.8 ;  H.  =  6  or  alittle more.  Slightly 
or  not  at  all  soluble  in  acids.  B.B.  fusible,  but  often  with 
difficulty.  Translucent;  pure  varieties  transparent.  Color¬ 
less,  white,  or  shades  of  red ;  less  commonly  of  green  or  yel¬ 
low.  C.c. :  anhydrous  silicatesof  alumina,  and  of  an  alkali 
or  alkaline  earth. 

The  felspars  are  very  important  constituents  of  the  earth’s 
crust,  occurring  in  nearly  all  the  igneous  rocks,  aud  in  many 
of  the  stratified  crystalline  schists.  In  true  strata  they  are 
found  chiefly  as  fragments  or  decomposed,  and  in  the  latter 
state  form  a  large  part  of  wet  soils  and  clays.  By  the  older 
mineralogists  and  in  popular  language  many  species  are 
conjoined  under  the  common  name  of  felspar  which  are  now 
considered  as  distinct,  each  of  them  having  not  only  its 
peculiar  physical  and  chemical  characters,  but  also  geognos¬ 
tic  position  and  associated  groups  of  minerals.  Thus  ortho- 
clase,  and  the  other  more  siliceous  felspars  with  potash, 
abound  in  granite  and  the  plutonic  rocks;  the  less  siliceous, 
with  soda  and  lime,  characterize  the  volcanic  rocks, — e.g., 
labradorite  the  basaltic  group,  glassy  felspar  the  trachytic. 
Orthoclase  is  associated  with  quartz, hornblende,  and  mica; 
glassy  felspar  either  with  hornblende  and  a  black  mica  or 
with  augite ;  labradorite  with  augite,’  very  rarely  with 
quartz  or  hornblende. 

The  felspars  are  best  known  from  similar  minerals  by 
their  hardness  (theyscarce  scratch  with  a  good  knife),  diffi¬ 
cult  fusibility,  and  unequal  cleavages.  The  following  marks 
may  aid  the  student  in  distinguishing  the  more  common 
species.  In  orthoclase  the  basal  cleavage  plane  forms  a 
right  angle  with  the  clinodiagonal  cleavage  planes  M  on 
both  hands  ;  in  the  triclinic  or  plagioclase  felspars  the 
angles  are  unequal.  Orthoclase,  albite,  audesine,  and  oli- 
goclase  are  insoluble  in  acids;  labradorite  and  anorthite  are 
more  or  less  soluble.  In  granite,  when  decomposing,  ortho¬ 
clase  often  becomes  reddish  or  dark-red ;  oligoclase  dull 
green,  and  at  length  white. 

Walterhausen  considers  that  the  felspars  are  mixtures  of 
three  true  species,  forming  a  series  with  the  oxygen  of  the 
silica,  alumina,  and  RO  in  the  proportions  x :  3  : 1, — x  rang¬ 
ing  from  24  to  4.  Tehermak  and  most  mineralogists  now 
take  a  similar  view,  regarding  orthoclase,  albite,  and  anor¬ 
thite  alone  as  true  species,  of  which  the  others  are  mixtures. 
Those  consisting  essentially  of  potash  and  soda  only  are 
mechanical  mixtures  of  orthoclase  and  albite,  the  distinct 
lamellae  being  visible  by  the  microscope;  those  again  that 
contain  essentially  lime  and  soda  together  are,  sometimes  at 
least,  chemical,  being  isomorphous  compounds  of  albite  aud 
anorthite  in  various  proportions,  and  with  corresponding 


transitions  in  crystallographic  and  physical  properties. 
Notwithstanding  this,  these  intermediates  must  be  regarded 
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as  independent  mineral  species,  inasmuch  as  they  are  sev¬ 
erally  typical  of  certain  rocks,  and  have  characteristic  forms 
differing  from  each  other  in  angular  inclination. 

589.  Orthoclase,  AlSi3-|-KSi3. 

Oblique  prismatic,  C  =  63°57'.  ooP  f 1  and  1)118°  47'; 
P°oo  (*)  65°  46' ;  2P°ao  (n)  90°  71' ;  2P°®  (y)  35°  45'.  The 
commonest  and  simplest  forms  are  ooP,  OP,  P°ao,  and  ooP°ao 
(M),  ccP,  OP  (P),  2P°ao  (Figs.  520  to  527).  When  ooP  pre- 


FiG.  523. 


Fig.  521. 


Fig.  525. 


dominates  the  crys¬ 
tals  are  short  rhom¬ 
bic  prisms :  when 
odP«qo  predomi¬ 
nates  they  are  tab¬ 
ular;  when  oo  P 
and  odPcgd  predom¬ 
inate  they  are  short 
hexagonal  prisma¬ 
tic,  when  OP  and 
ooP«x>  they  are 
rectangular  pris¬ 
matic,  often  much 
lengthened.  Twins 


Fig.  526. 


Fig.  527. 


are  very  frequent,  and  occur  according  primarily  to  four 
laws.  First,  through  revolution  of  one-half  or  of  a  whole 
crystal,  then  forming  interpenetrating  twins  round  a  ver¬ 
tical  axis  (Fig.  195).  In  the  case  of  this  hemitropic  revolu¬ 
tion  one  of  the  external  faces  becomes  a  face  of  union.  Ac¬ 
cording  as  the  right  or  the  left  half  (or  whole  crystal)  is 
conceived  to  be  that  which  has  been  revolved,  the  crystals 
are  termed  right  and  left,  as  in  Figs.  188,  189.  Second,  by 
revolution  of  one-half  around  an  axis  normal  to  M ;  in  such 
twins  the  composition  is  not  evidenced  externally  except 


Fig.  528. 

by  sutures.  Third,  through  revolution  round  an  axis  nor¬ 
mal  to  P,  forming  orthorhombic  prisms  which  show  a  her¬ 
ring-bone  lineation  through  the  meeting  of  striae  commonly 
present  upon  the  face  M  parallel  to  the  intersection  of  its 
edge  with  the  face  T  (Fig.  528).  Fourth,  by  revolution 
round  an  axis  normal  to  2P°co  (n) ;  this  also  forms  a  prism 
the  section  of  which  is  nearly  square  (Fig.  529).  Compound 
twins  on  this  last  type  are  formed  of  3  to  4  and  8  crystals 

(Fig.  530).  ^  „  . 

Occurs  also  massive,  and  coarse  or  fine  granular.  Cl.  ba¬ 
sal  (P),  very  perfect;  clinodiagonal  ( M ),  perfect  (P:  M = 
90°) ;  fracture  conchoidal  or  splintery.  H.  =  6 ;  G.  =  2.53  to 
2.58.  Transparent  to  translucent  on  the  edges;  vitreous 
but  pearly  on  cl. ;  and  also  opalescent,  with  bluish  or  chang¬ 
ing  colors.  Occasionally  colorless,  but  generally  red,  yel¬ 
low  gray,  or  green.  B.B.  fuses  with  difficulty  to  an  opaque 
vesicular  glass.  Not  affected  by  acids.  C.c.:  64.6  silica, 
18.5  alumina,  and  16.9  potash,  but  generally  10  to  14  potash, 
1  to  4  soda,  0  to  1.3  lime,  0  to  2  iron  peroxide.  Varieties 

a  (1)  Adularia  and  Ice-spar,  transparent  or  translucent, 
splendent,  and  almost  colorless.  Some  with  bluish  opales¬ 
cence  are  named  Moonstone  ;  St.  Gotthard,  Mont  Blanc,  Dau- 
phine,  Arendal,  Greenland,  and  Ceylon.  . 

(2)  Common  Felspar,  generally  white  or  red,  especially 
flesh-red,  is  a  common  constituent  of  many  rocks.  Crysta  s 
at  Baveiio  on  Laao  Maggions  Lomnite  m  S.W .Mourns 
Mountains  and  Wicklow  in  Irelaud  Aberieenshir-  fat  Ru- 
bislaw  6  or  8  inches  long)  in  Scotland,  and  at  Carlsbad  and 
Elnbogen  in  Bohemia.  Amazon  Stone,  verdigris-green?  from 
Sutherland,  Lake  Ilmen,  and  Colorado, 
golden  or  grayish  yellow,  from  Arran  and  Dawlish,  are 

varieties. 


(3)  The  Glassy  Felspar  or  Sanidine  (C  64°  1',  ooP  119°  16') 
contains  3  to  12  potash  and  3  to  10  soda.  Crystals  imbedded ; 
vitreous,  translucent,  and  often  much  cracked;  Arran, 
Eigg,  and  other  parts  of  Scotland,  Drachenfels,  Auvergne, 
and  other  countries. 

Orthoclase  occurs  in  granite,  gneiss,  and  porphyry  in 
many  countries.  It  is  commonly  associated  with  quartz; 
sometimes,  as  in  the  Graphic  Granite  of  Sutherland,  Har¬ 
ris,  and  Portsoy,  in  letter-like  combinations  of  the  latter. 
It  is  very  liable  to  decomposition,  when  it  is  converted  es¬ 
pecially  into  kaolin,  used  for  manufacturing  porcelain  and 
stoneware.  The  adularia  or  moonstone  and  the  green  ama¬ 
zon  stone  are  cut  as  ornamental  stones.  Leelite,  from  Bid- 
dean  nam  Bian  in  Argyllshire  and  Grythyttan  in  Sweden, 
is  a  somewhat  siliceous  horny-lustred  flesh-colored  compact 
variety.  Petuntze  and  Hornstone  are  similar  but  more  im¬ 
pure.  Microcline  is  a  variety  with  angle  distorted  by  inter¬ 
stitial  penetration,  by  oligoclase  (Sutherland),  and  by  albite 
(Frederiksvarn,  etc.). 

590.  Albite,  AlSis-f&aSis. 

Anorthic.  OP  (P) :  ooPoo  (M)  86°  24' ;  cdP'  ( l ) :  oo'P  ( T) 
122°  15' ;  but  angles  variable.  Crystals,  generally  like  those 
of  orthoclase,  are  tabular  or  prismatic  (Fig.  197).  Hemi- 
tropes  common,  especially  united  by  a  face  of  ccf  oo  (Fig3. 
531,  532)  the  reentering  angle  between  the  faces  of  OP  (P 


and  P)  172°  48'  being  very  characteristic.  Fig.  198  is  an¬ 
other  common  hemitrope.  Also  massive,  and  in  radiating 
plates.  Cl.  basal  and  brachydiagonal,  almost  equally  per¬ 
fect  ;  fracture  conchoidal  or  uneven.  H.  =  6  to  6.5 ;  G.  = 
2.6  to  2.67.  Barely  transparent ;  vitreous,  pearly  on  the  cl. 
Colorless  but  generally  white,  gray,  green,  red,  or  yellow ; 
streak  white.  B.B.  difficultly  fusible,  tinging  the  flame 


Fig.  533. 

yellow,  to  a  white  semi-opaque  glass.  Not  affected  by 
acids.  C.c. :  68.6  silica,  19.6  alumina,  with  0.1  to  1  iron  per¬ 
oxide,  and  11.8  soda,  with  0.3  to  4  lime,  0  to  2.5  potash. 
Hence  albite  and  orthoclase  both  contain  soda  and  potash, 
only  in  different  proportions.  Albite  is  most  easily  recog¬ 
nized  by  its  frequent  reentering  angles,  its  readier  fusibil¬ 
ity,  and  the  obliquity  (93°  36')  of  its  cl.  planes,  often 
marked  with  strise.  Pericline  is  a  variety  of  which  Fig. 
533  is  a  typical  form.  „  . 

Albite  is  a  constituent  of  many  greenstones,”  as  at  Cor- 
storphine  (Edinburgh),  and  of  granite,  syenite,  gneiss,  por- 
phyrv,  and  trachyte.  Crystallized  at  Murdoch’s  Cairn, 
Aberdeenshire,  being  the  colorless  felspar  of  the  red  gran- 
ites  of  Scotland.  Dauphine,  St.  Gotthard,  Tyrol,  Salzburg, 

and  Arendal.  .  . 

Adinole  is  a  compact  variety  similar  in  appearance  to 


Leelite. 

591.  Anorthite,  A 

Anorthic.  OP  (P ) : 

120°  30'.  Hemitropes  common  on  both  M  and  P.  Angle 
between  P  and  P  180°  24'.  Cl.  basal  and  brachydiagonal, 
perfect.  H.  =  6  ;  G.  =2.7  to  2.78.  Transparent  or  translu¬ 
cent  ;  vitreous.  Colorless  or  white.  B.B.  fuses  to  a  clear 
glass  ;  soluble  without  gelatinizing  in  con.  h.  acid.  C.c. : 
43  silica,  36.9  alumina,  20.1  lime,  sometimes  with  magnesia 
and  soda.  Fetlar  in  Shetland ;  Lendalfoot  in  Ayrshire,  in 
gabbro;  Monte  Somma,  Iceland,  Java.  Lepolite  and  Am- 


i  -|-  OaSi. 
Poo  {M)  85c 


50';  goP'  (?) :  oo'P(T) 
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phoddite  are  varieties.  In  Ltttrobite  til©  greater  part  of 
the  lime  is  replaced  by  potash.  Glen  Gairn  and  Labrador. 
At  both  rose-red. 


592.  Oligoclase,  2&lSi3+(Sa,  Ca)2Si3. 

Anorthic.  OP  :  oo  px  86°  10';xP'  :  od'P  120°  42'.  Hemi- 
tropes  face  m,  with  p  :  p'  173°  4 '  l :  1 120°  20' ;  y  :  y  179°  9' ; 
x  :  x  175°  59'.  Cl.  basal,  perfect;  brachydiagonal,  less  so. 
H.  =  6;  G.  =  2.62  to  2.84.  Vitreous,  resinous  on  the  cl. 
White,  with  a  tinge  of  green,  gray,  or  red.  B.B.  melts 
easier  than  orthoclase  or  albite  to  a  clear  glass ;  not  affected 
by  acids.  C.c. :  63  silica,  23.4  alumina,  8.4  soda,  and  4.2 
lime ;  thus  nearly  =  3  albite  and  1  anorthite.  Distinguished 
from  orthoclase  by  the  marked  strise  on  the  faces;  less 
readily  from  albite,  but  more  fusible  and  G.  higher.  The 
common  associate  of  orthoclase  in  the  Scotch  gray  granites, 
especially  in  vein  granite,  as  at  Eispond  and  Ben  Loyal 
(Figs.  536, 537)  in  Sutherland,  and  at  Rubislaw ;  Scandinavia, 


Urals,  Harz,  and  North  America.  The  Sumtone,  from  Foin- 
aven  in  Sutherland,  Norway,  Lake  Baikal,  and  Ceylon,  with 
a  play  of  color  due  to  imbedded  crystals  of  rubinglimmer 
(gothite),  belongs  to  this  species. 

593.  Labradorite,  2tlSi3-f- (Ca,  Na)Si. 

Anorthic.  OP :  ooPoo  86°  40' ;  OP :  oo'P  111° ;  OP :  ooP'  113° 
34' ;  oo P' :  oo'P  121°  37' ;  coPoo  :  ooP'  120°  53' ;  xpx  :  oo'P 
117°  30'.  Hemitropes  of  three  types :  (1)  according  to  the 
first  law  of  orthoclase  as  in  JFig.  538 ;  that  is,  vertical  revo¬ 
lution  and  face  of  union  xpx ;  (2)  revolution  of  one-half 
with  reunion  on  the  face  xPx  ,  as  in  Fig.  539;  (3)  with 
twin  face  P,  as  in  Fig.  540.  Hemitropes  of  the  last  form  also 


Fig.  538. 


occur  in  which  the  lower  half  consists  of  a  hemitrope  formed 
according  to  the  second  method.  Crystals  imbedded  in 
rocks  consist  generally  of  repeated  twins  affording  an  angle 


of  173°  20'.  Cl.  basal,  perfect;  brachydiagonal,  less  so ;  both 
usually  striated  on  account  of  the  above  twinning.  H.  =  6 ; 
G.  =  2.68  to  2.74.  Translucent ;  vitreous,  on  the  cl.  resinous. 
Gray, „ passing  into  white,  green,  yellcw,  or  red.  The  faces 
of  ggPgo  often  exhibit  very  beautiful  changing  colors— blue, 
green,  yellow,  red,  or  brown — sometimes  bands  intersecting 
at  certain  angles.  B.B.  fuses  more  readily  than  orthoclase 
to  a  compact  colorless  glass.  Sol.  in  h.  acid.  C.c. :  52.9 
silica,  30.3  alumina,  12.3  lime,  and  4.5  soda.  It  is  thus  =  l 
albite  and  3  anorthite.  Common  constituent  of  dolerite,  gab- 
bro,  and  hypersthene  rocks.  In  Scotland,  Labrador,  Finland, 
Harz,  Tyrol ;  also  at  Etna  and  Vesuvius. 

594.  Andesine,  AlSi3 -j- (NaCa)Si. 

Anorthic.  Crystals  similar  to  albite  and  anorthite.  Twin 
face  M.  Crystals  generally  formed  of  repeated  plates.  G.= 
2.67  to  2.7.  Physical  properties  like  albite;  more  easily 
fusible  to  a  porous  white  glass ;  h.  acid  sometimes  dissolves 
out  alternate  laminae  of  crystals.  C.c. :  59.7  silica,  25.6 
alumina,  7.7  soda,  and  7  lime,  and  thus  nearly  1  of  albite 
and  1  anorthite.  Typical  of  the  primary  limestones  and  a 
granitic  belt  therein  in  Scotland,  as  at  Shinness,  Urquhart, 
Dalnain,  etc.  In  the  Andes,  the  Vosges,  and  Iceland. 

595.  Hyalophane,  &lSi3,  KSi3  -j-  AlSi,  BaSi. 

Oblique  prismatic ;  resembles  orthoclase ;  crystals  and 

angles  nearly  the  same.  Cl.  OP,  perfect.  H.  =  6  to  6.5 ; 
G.  =  2.8  to  2.9.  Transparent.  Lustre  vitreous.  Colorless, 
white,  and  flesh-red.  C.c.:  silica  52.7,  alumina  21,  baryta 
15.1,  potash  7.8,  soda  2.1.  B.B.  difficultly  fusible  to  a  blebby 
glass,  not  acted  upon  by  acids.  Binnen  in  Valais,  Jacobs- 
berg  in  Sweden. 

596.  Barsovite,  XlSi  +  CaSi. 

Right  prismatic,  or  oblique  prismatic.  H.  =  5.5  to  6 ;  G.  = 
2.58.  Snow-white ;  translucent.  Fracture  granular.  Pearly. 
C.c. :  silica  42.2,  alumina  36.4,  lime  19.8.  Gelatinizes  in  h. 
acid,  difficultly  fusible.  A  dimorphic  form  of  anorthite. 
Barsovskoi  in  the  Urals. 

597.  Saussurite. 

A  massive,  granular,  translucent,  white  or  pale  green 
felspathic  mineral  of  the  nature  of  anorthite  mixed  with 
labradorite.  H.  =  6  to  7 ;  G.  =  3.26  to  3.4.  Probably  a  mix¬ 
ture.  Occurs  in  loose  blocks  near  Geneva,  and  in  Corsica. 
In  China  and  in  India  is  carved  under  the  name  of  Oriental 
jade  (nephrite)  Seems  to  be  confounded  also  with  zoizite, 
and  perhaps  with  yu  (prehnite).  Jadeite  is  similar. 

Zeolite  Group. 

These  crystallize  in  all  the  systems  except  the  anorthic, 
and  themselves  present  great  variety  of  development. 
Mostly  hyaline  and  white ;  rarely  red,  gray,  or  yellow.  Cl. 
generally  distinct.  All  yield  water  in  closed  tube;  all 
fusible  B.B.  most  easily,  and  often  intumescing ;  all  sol.  in 
acids,  and  mostly  gelatinize  or  deposit  silica.  They  are 
hydrated  silicates  of  alkalies,  or  alkaline  earths,  mostly 
with  silicates  of  alumina,  but  rarely  contain  magnesia. 
Some  mineralogists  regard  the  water  as  basic,  in  union  with 
silica,  and  Kenngott  gives  the  formula  in  that  form  thus : 
Analcime,  (aNAl)  2Si-|-2(44,  Si), 

Natrolite,  (Na&l)  2Si-j-2(44,  Si), 

Stilbite,  Ca,  j£l  -f-  6(44,  Si), 
and  the  others  similar.  They  are  generally  found  in  amyg- 
daloidal  cavities  or  fissures  of  trap  or  plutonic  rocks,  appar¬ 
ently  as  deposits  from  water  percolating  into  them,  and  are 
thus  probably  products  of  decomposing  uepheline  or  felspars, 
or  hydrated  felspars  themselves.  They  never  form  con¬ 
stituents  of  rocks.  Natrolite,  scolezite,  thomsonite,  and  the 
connected  varieties  are  marked  by  their  needle-like  radiat¬ 
ing  forms;  stilbite  and  heulandite  by  their  broad,  foliated, 
pearly  cleavage. 

598.  Pectolite,  4CaSi  -f-  $aSi2  J-  44. 

Oblique  prismatic,  C  84°  37'.  xPx  (c) ;  OP  («)  95°  23'. 

Cl.  c  and  u.  Twin-face  c, 
chiefly  spheroidal  and  radiat¬ 
ing  fibrous.  H.  =  5;  G.  = 
2.74  to  2.88.  Translucent; 
crystals  pearly ;  fibres  silky. 
Pale  green  to  yellowish 
white.  Sol.  in  h.  acid,  leav- 
Fig.  541.  ing  silica.  C.c. :  54.2  silica, 

33.7  lime,  9.4  soda,  and  2.7 
water.  Ratho,  Corstorphine,  Castle  Rock,  and  Arthur’s 
Seat,  Edinburgh;  Kilsyth,  Stirling;  Knockdolian  and  Len- 
dalfoot,  Ayrshire ;  Skye ;  Montebaldo ;  Monzoni  Valley  in 
Tyrol. 

599.  Walkerite,  4CaSi  +  MgSi  -f  &aSi2  -j-  244. 

Like  pectolite,  but  columnar.  H.  =  4.5;  G.  =  2.7.  Flesh- 

colored.  Lustre  pearly  to  greasy.  C.c.:  silica  53.7,  lime 
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28.6,  magnesia  5.1,  soda  7.9,  water  4.6.  Corstorpliine  Hill, 
Burntisland. 

600.  Xonotlite,  4CaSi  -f  S. 

Massive.  H.  =  6;  G.  =  2.6  to  2.7.  Pink,  white,  and  gray. 
Tough  ;  fracture  conchoidal  and  splintery.  C.c. :  silica  49.8. 
lime  43.5,  protoxide  of  manganese  2.3,  protoxide  of  iron  2.9, 
water  3.7.  Kilfinichen  and  Torosay  (Mull),  Xonotla 
(Mexico). 

601.  Tobermorite,  3(Ca4,  S)Si5-|-2|H. 

Massive,  fine  granular;  translucent;  fracture  hackly. 
H.  =  5 ;  G.  =  2.4.  Pale  pink.  C.c.:  silica  49.8,  lime  37.2, 
water  12.9.  Tobermory  (Mull),  Dunvegan  (Skye). 

602.  Okenite,  CaHSi2-(-H. 

Eight  prismatic.  ooP  122°  19'.  Usually  fine  fibrous;  ra¬ 
diating.  H.  =  5 ;  G.  =  2.28  to  2.36.  Pellucid  ;  slightly 
pearly.  Yellowish  to  bluish  white.  In  powder  easily  sol. 
in  h.  acid,  leaving  gelatinous  flakes  after  ignition.  C.c.: 
56.6  silica,  28.4  lime,  and  17  water ;  an  apophyllite  without 
the  fluorine.  Disco  Island,  Faroes,  and  Iceland. 

603.  Apophyllite,  8(CaSi-j-2H)-j-KF. 

Pyramidal.  P  120°  56'.  P,  ooPoo  (»«,),  OP  (o),  ooP2  (r). 

Earely  lamellar.  Cl.  o,  perfect.  Brittle.  H.  =  4.5  to  5 ; 
G.  =  2.3  to  3.4.  Transparent ;  vitreous.  On  o  pearly  ( Ich - 
thyophthalmite) .  Colorless,  rarely  pink,  green,  red,  brown, 
and  yellow.  B.B.  exfoliates,  intumesces,  and  melts  to  white 
enamel.  Sol.  in  h.  acid,  leaving  silica.  C.c.:  silica  50.3, 


lime  24.7,  water  15.9,  potassium  4.3,  fluorine  2.1.  Dunvegan 
and  Storr,  Skye  (Fig.  544) ;  Chapel,  Fife ;  Corstorpliine  (Fig. 
542)  and  Eatho,  near  Edinburgh ;  Kilsyth,  Bowling,  Kil¬ 
patrick  ;  Port  Eush,  Ireland.  In  the  form  P  (Fig.  79),  grass- 
green  at  Oxhaveer,  Iceland  ( Oxhaveerite ) ;  Uto,  Sweden ; 
Andreasberg  and  Faroes  (pink) ;  Faroes,  and  Poonah  in 
India  (green).  Internal  structure  tessellated,  being  built  up 
of  wedge  and  lenticular  forms  with  varying  refractive  in¬ 
dices,  hence  exhibiting  a  beautiful  structure  with  polarized 
light. 

604.  Gyrolite  (|Ca  +  jH)Si-f  H 

Lamellar,  radiate,  spherical,  and  investing.  H.  =  3  to  4. 
Pearly.  Bluish  white  to  cream-colored.  Transparent, 
rapidly  becoming  opaque.  C.c.:  silica  53.3,  lime  32.9,  water 
13.8.  Quiraing,  Lyndale,  and  Storr,  Skye;  Loch  Screden 
and  Carsaig,  Mull ;  Canna ;  Karartut,  Niakornak,  and  Disco ; 
Faroes ;  Nova  Scotia. 

605.  Analcime,  AlSi3-f-NaSi-f-24L 

Cubic.  ooOao;  202.  Fracture  uneven.  H.  =  5.5;  G.  = 
2.1  to  2.28.  Colorless,  white,  flesh-red,  scarlet.  Vitreous  ; 
transparent.  B.B.  melts  without  frothing  to  a  clear  vesicular 
glass.  Decomposable  with  gelatinization  in  h.  acid.  C.c.: 
54.5  silica,  23.3  alumina,  14.1  soda,  8.2  water.  Walls,  Ork¬ 
ney  ;  Talisker,  Skye ;  Sanda,  and  Hebrides  generally.  Trans¬ 


parent  at  Eigg,  and  Elie,  Fife;  scarlet  at  Bowdens,  Kin¬ 
cardine;  opaque  white  at  Glen  Farg,  Salisbury  Crags,  and 
Dumbarton;  Giant’s  Causeway,  Seisser  Alp  in  Tyrol,  Cy¬ 
clopean  Islands  (Fig.  545),  Faroes,  Iceland,  and  Nova  Scotia. 
Eudnophite  is  a  variety.  Pectolite  (sp.  598)  occurs  pseudo- 
morpbous  after  analcime,  in  large  crystals  of  a,  n,  at  Eatho, 
Edinburghshire. 


606.  Pollux,  3(£l§i3-j-  (6s§,  Na£)Si)  +  2H. 

Cubic.  ooOao ;  202  (Fig.  546).  Also  massive.  Gum-like 
externally.  Brittle,  with  traces  of  cleavage.  Fracture  con¬ 
choidal.  H.  =5.5  to  6.5;  G.  =  2.86  to  2.9.  Colorless.  Vit¬ 
reous.  Sol.  in  n.  acid.  C.c.:  silica  44,  alumina  16,  oxide  of 
caesium  34,  soda  2.5,  water  2.4.  Elba.  The  only  mineral 
which  contains  caesium  in  quantity. 

607.  Faujasite,  2&lSi3-f(CaNa)2Si3-f  18H. 

Cubic;  in  octahedrons  with  the  icositetrahedron  fOf. 

Fracture  uneven ;  brittle.  H.  =  7 ;  G.  =  1.92.  Transparent ; 
vitreous  to  adamantine.  White  to  brown.  Sol.  in  h.  acid. 
C.c.:  46.8  silica,  16  alumina,  4.4  lime,  4.8  soda,  28  water. 
Kaiserstuhl  in  Baden,  Annerod  near  Giessen,  Eisenach, 
Marburg. 

608.  Chabasite  ( Lime-Chabasite ),  AlSi3-f-  CaSi  -f6H. 
Ehombohedral ;  E  94°  46'.  J|E|;  — AE  (r);  — 2E  (e); 

ooP2  (a).  Twins  very  common  (generally  intersecting),  on 


faces  ooP  and  Poo .  Primary  rhombohedron  is  sometimes 
twinned  with  a  crystal  with  faces  r,  e,  s.  Cl.  r  perfect.  H. 
=  4  to  4.5 ;  G.  =  2  to  2.2.  Transparent  or  translucent ;  vit¬ 
reous.  Colorless,  and  brownish,  yellowish,  brick-,  and  flesh- 


Fig.  549.  Fig.  550. 

red.  Sol.  in  h.  acid,  leaving  silica.  C.c.:  silica  47.8,  alumina 
20.8,  lime  10.7,  water  21.3.  Lyndale  (Figs.  547, 548,  549),  Tal¬ 
isker  (Figs.  176,  550,  sometimes  flesh  color),  and  Storr,  Skye 


(Figs.  547,  548) ;  Port  Glasgow  and  Kilmalcolm  (pink,  and 
brown);  Giant’s  Causeway  and  Magee  Island  (red),  Faroes, 

Iceland,  Aussig, 
Andreasberg 
(Fig.  551).  Hay- 
denite  in  twinned 
rhombohedra, 
with  p  :  p  95°  to 
97°  and  p  :  d  170° 
reentering  (Fig. 
552),  from  Fassa 
and  Maryland,  is 
similar.  Phacolite 
is  chabasite  in 
twins  of  §P2, 
ccP2,  E,  — $E  at 
the  Giant’s 
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Causeway  (Fig.  154).  At  Richmond  in  Victoria  they  occur 
as  in  Fig.  553,  — 2R  (»),  —SR  (r),  SP2  (t),  OP  (c) ;  polar 
edge,  §P2  145°.  In  this,  half  of  the  lime  is  replaced  by 
soda. 

609.  Gmelinite  ( Soda-Chabasite ),  SlSi8-)-  IfaSi -1-66. 

Hexagonal.  R  112°  26' ;  P  79°  54'.  Combination  P,  OP, 
ccP  (Figs.  554, 556).  Faces  of  P  striated  parallel  to  the  polar 
edge,  those  of  the  prism  horizontally  (Fig.  555).  Cl.  ccP 
distinct.  Gelatinizes  with  h.  acid.  C.c.:  47.6  silica,  19.7 


9,  soda  1.5,  water  14.5. 


Fig.  555. 


Fig.  556. 


Fig.  557. 


alumina,  12  soda,  20.7  water.  Certain  crystals  seem  tom- 
dicate  twinning.  Talisker  in  Skye  (twins  of  Fig.  555), 
Glenarm  in  Antrim  (Fig.  555),  Vicenza,  Pyrgo  in  Cyprus, 
Cape  Blomidon  in  Nova  Scotia. 

610.  Levtne,  AlSia  + 

CaSi+5H 

Rhombohedral ;  R  (s)  79° 

29’;  — iR  (r)  106°  3' ;  OR(o). 

Forms  intersecting  twins  as 
in  Fig.  557.  H.  =  4;G.=2.1 
to  2.2.  Colorless  and  white. 

C.c. :  silica  43.8,  alumina  23.8, 
lime  9.7,  water  21.  Storr  in 
Skye  (o,  s),  Ireland  (atGlen- 
aTm,  Island  Magee,  London-  . 

derry,  etc.),  Iceland,  Dalsuypen,  and  Naalso  in  the  Faroes. 

611.  Herscheeite, 

XlSi3  +  (Ca^a)Si-f  5H. 

Hexagonal  prisms  (e)  sur¬ 
mounted  by  two  trihedral 
pyramids  of  a 7  and  one  of 
ah  (Fig.  558).  a7:el22°8'; 
aiji  :  e  107°  26' ;  e  striated 
horizontally.  Cl.  e;  frac¬ 
ture  conchoidal ;  transpa¬ 
rent;  vitreous.  White  or 
colorless.  H.  =  5.5 ;  G.  = 

2.06.  C.c.:  silica  47,  alu¬ 

mina  21.2,  lime  5.2,  soda 
4.8,  potash  2,  water  17.86. 

Aci-Castello  and  Palagonia 
in  Sicily,  Yarra  in  Austra¬ 
lia. 


Fig.  558  (sp.  611). 


Fig.  560. 


Talisker  in  Skye  (m,  t,  a);  Hartle¬ 
pool  (in  twins),  Iceland, 
Faroes,  Silesia,  Viesch  in 
Valais,  Nova  Scotia,  and 
New  Jersey. 

614.  Heulandite, 
AlSi3+CaSi?-)-5H. 

Oblique  prismatic,  C63° 
40'.P°oo  (p)  50°  20',  2P  (2) ; 
3P(m);  2P°oo  (r) ;  3P‘oo  ( s ); 
00  poo  ;  00  P° ;  OP.  z :  z  136° 
4' ;  u  :  u  146°  52'.  Crystals 
elongated  along  each  of  the 
axes  present  very  varying 
forms,  but  generally  tabu¬ 
lar.  Cl.  clinodiagonal,  per¬ 


fect;  pearly  on  this,  vitreous  on  others;  brittle.  H.= 
>3.5  to  4  ;  G.  =2.1  to  2.2.  Transparent  to  translucent ;  color¬ 
less,  white,  brick -red,  rose,  green,  hair-brown.  B.B.  melts 
with  exfoliation  and  intumescence  to  a  white  enamel.  Sol. 
in  h.  acid,  leaving  silica.  Storr  and  Talisker,  Skye  (Fig. 

562) ;  Sanda;  Kilmalcolm;  Catterline,  Kincardine  (Fig. 

563)  ;  Kilpatrick  Hills  (p,  to,  n,  z,  u,  r,  s)  and  Kiutyre  (red) ; 
Iceland,  Faroes,  Fassa  Valley,  Nova  Scotia,  Baltimore 


612.  Laumontite  ( Leonhardite ),  AlSi3  -f-  CaSi  -|-  4H, 
Oblique  prismatic,  C  80°  42'.  ccP  (to)  86°  16'.  coP  : — ooP 

(e)  113°  30';  Poo  (aa) :  —  ®P  111°  14';  /  -x 

e  :  a  125°  41' ;  a:  b  90° ;  e  :  z  149°  15  . 

Twin  face  a.  Cl.  to,  perfect ;  very  brittle. 

H.  =  3  to  3.5 ;  G.  =  2.2  to  2.3.  Pellucid 
when  fresh;  vitreous;  pearly  on  cl. 

White,  cream-colored,  brick-red.  De¬ 
composes  rapidly  through  loss  of  water. 

B.B.  intumesces,  and  melts  first  to  a 
white  enamel,  ultimately  to  a  clear  glass. 

Gelatinizes  in  h.  acid.  C.c. :  silica  50.9, 
alumina  21.8,  lime  11.9,  water  16.3. 

Rapidly  loses  1  equivalent  or  3  86  per 
cent,  of  water,  and  becomes  friable  (Hy- 
postilbite).  Kilfinichen,  Mull  (Fig.  559' ;  \  1^4  y 

Storr  and  Quiraing,  Skye  (hypostilbite) ;  VA*’ 

Tod  Head,  Snizort,  Glen  Farg  (red); 

Bowling,  Dumbarton  (twins  of  m,  e) ;  r  ig.  ooy. 

Huelgoat  in  Brittany;  Prague,  Falun,  Iceland,  Faroes, 
Nova  Scotia.  Caporcianite  from  Tuscany  has  only  3  water. 

613.  Epistilbite  ( Reissile),  AlSi3  +  CaSi3  -)-  5H. 
Oblique  prismatic,  C54°  53'.  ooP  (m)  135°  10' ;  Poo  (<) 

109°  46' ;  iP  (s)  147°  40'  (Fig.  560).  Hemitropes  united  by 
in,  with  twins  of  the  same  united  by  the  brachydiagonal 
(a).  Cl.  brachydiagonal,  perfect.  H.  =  3.5  to  4 ;  G.  =  2.3 
to  2.4.  Pellucid  ;  vitreous ;  pearly  on  cl.  Colorless.  Sol. 
without  gelatinizing.  C.c. :  silica  59,  alumina  17.5,  lime 


Fig.  564. 


Fig.  565. 


(Bemmontite)  (Fig.  565)  (p,  m,  n,  z,  t);  Vindhya  Mountains 
in  India  (Fig.  564). 

615.  Brewsterite,  XlSi3  +  BSis  +  5H.  ft  =  (7 Sr  + 
ffta+iCa). 

Oblique  prismatic,  C  86°  56'.  ocP°oo  (a) ;  ooPccd  (6) ;  OP 
(0) ;  wP°oo  (e) ;  ccP  (m) ;  ccP°2  (c) ;  <xPc! 
(t).  e  :  e  173°  10'  (Fig.  566).  Cl.  clino- 
diagonal,  perfect ;  pearly  on  do.,  vitre¬ 
ous  on  others  ;  pellucid.  H.  =  5  to  5.5 ; 
G.  =  2.5  to  2.45.  Colorless,  yellow,  or 
brown.  Sol.  with  gelatinization  in  h. 
acid.  C.c.  :  54.3  silica,  15  alumina,  9 
strontia,  6.6  baryta,  1.3  lime,  13.5  water, 
Strontian,  Freiburg  in  the  Breisgau, 
Pyrenees. 

616.  Phillipsite,  AlSis4-(Ca,&)Si 
+5H. 

Oblique  prismatic,  C.  55°  1'.  00P 

(to);  ooP'qo  (6);  OP  (c).  Polar  edges 
120°  42'  and  119°  18'.  Faces  b  and  m 
striated  parallel  to  the  intersections. 
Fig.  566  (sp.  615).  Apparently  always  twinned ;  generally 


Fig.  567. 


Fig.  56& 
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these  duplicated  by  intersection  on  face  6  or  face  c  (Figs. 
567, 568),  and  frequently  arranged  so  that  three  of  the  above 
double  twins  intersect  at  right  angles  to  one  another,  form- 


Fig.  569. 


Fig.  570. 


ing  the  cruciform  Fig.  569.  When  the  prismatic  faces  of 
these  are  short,  the  faces  m  of  the  intersecting  individuals 
fall  nearly  into  one  plane,  presenting  the  form  Fig.  570 ; 
when  long,  Fig.  190.  Brittle ;  fracture  uneven.  H.  =  4.5 ; 
G.  =  2.15  to  2.2.  Gelatinizes  in  h.  acid.  C.c.  :  silica  48.6, 
alumina  20.2,  lime  7.3,  potash  6.2,  water  17.7.  Giant’s 
Causeway,  Giessen,  Marburg,  Cassel,  Capo  di  Bove,  Vesu¬ 
vius,  Iceland. 

617.  Harmotome,  XlSL  -f-  UaSi2  -f  5H. 

Oblique  prismatic,  C  55°  10'.  ooP  ( s ) ;  ooPao  ( b ) ;  OP 
(a).  Forms  like  phillipsite,  but  more  frequently  in  simple 
twins.  Physical  properties  like  phillipsite,  but  G.  =  2.3  to 


Fig.  571. 


Fig.  572. 


Fig.  573. 


Fig.  574. 


2.5,  and  fuses  with  difficulty.  Difficultly  sol.  in  h.  acid. 
C.c. :  46.5  silica,  15.9  alumina,  23.7  baryta,  and  13.9  water. 
Strontian,  transparent  (Morvenite,  Fig.  572)  and  opaque  (Figs. 
571,573);  Glen  Arbuck(Fig.  574)  and  Bowling  in  Dumbar¬ 
ton;  Corstorphine  near  Edinburgh;  Andreasberg,  Kongs- 
berg,  Oberstein. 

618.  Stiebite,  AlSi3-f-CaSi3-f-  6H. 

Oblique  prismatic,  but  with  right  prismatic 

habit ;  C  50°49'.  aofoo(a);  ooPco(6) ;  P(r);ooF2 
(m);0P(p).  Cl.  a,  perfect.  H.  =3.5 to  4 ;  G.  = 

2.1  to  2.2.  Transparent ;  vitreous.  Pearly  on  a. 

Colorless, white,  yellow,  pale  brown,  brick-red. 

Decomposed  by  h.  acid,  leaving  silica.  C.c. : 
silica  57.5,  alumina  16.4,  lime  8.9,  water  17.2. 

Storr  and  Talisker  in  Skye  {a,  b,  p )  (Fig.  575), 
and  in  Hebrides  (colorless) ;  Arran  and  Kil¬ 
malcolm  (pale  brown) ;  Long  Craig  (Dumbar¬ 
ton)  and  Kinneff  (Kincardine)  (brick-red); 

Iceland,  Faroes,  Andreasberg,  Vindliya  Moun- 
tains,  Wellington  Mountains  (Australia), 

Nova  Scotia. 

619.  Pufflerite,  AlSi3  -}-  Ca2Si3  -j-  5H. 

Fibrous  globular  concretions,  with  vitreous 


Fig.  575 
(sp.  618). 


surface.  H. — 4;  G.  =  2.21.  Grayish  white.  Transparent 
C.c. :  silica  52.8,  alumina  16.3,  lime  11.2,  water  17.2.  Puf- 
flatsch  in  the  Seisser  Alp. 


620.  Edington- 
ite,  4&lSi2+3£aSi 
+  12H. 

Pyramidal ;  hemi- 
hedral  with  inclined 
faces.  P  87°  19'; 
iP  (n)  129°  8' ;  ooP 
(a);  polar  edges  P 
92°  51'  (Fig.  576). 
Cl.  a,  perfect;  frac¬ 
ture  uneven.  H.  = 
4  to  4.5 ;  G.  =  2.7 
to  2.71.  Translucent; 
vitreous.  Colorless. 


C.c. 


baryta  26.52,  water  12.46. 
bartonshire. 


Fig.  576  (sp.  620). 

silica  37.3,  alumina  23.75, 
Kilpatrick  Hills  in  Dum- 


621.  Foresite,  2XlSi2-|-(Na,  6a3)Si2-f6H. 

Eight  prismatic.  ccPoo  ;  ooPco  ;  OP.”  Cl.  brachydiago- 
nal,  perfect ;  lustre  thereon  pearly.  G.  =2.4.  White.  C.c.: 
silica  50,  alumina  27.4,  lime  5.5,  soda  1.4,  water  15.1.  San 
Piero  in  Elba. 

622.  Natrolite,  AlSi2-(-NaSi-f-2H. 

Eight  prismatic.  ccP  (m)  91°;  P  (o) ;  polar  edges  143° 
20' and  144°  40',  middle  edge  53°  20' ;  oopoo  (6);  ooPco  (a). 
Eadiating  acicular  crystals,  often  fibrous.  Cl.  ocP,  perfect. 
H.  =  5  to  5.5 ;  G.  =  2.17  to  2.26.  Pellucid ;  vitreous.  Color¬ 
less,  ochre-yellow,  reddish.  Is  not  pyro-electric.  B.B. 
melts  quietly  to  clear  glass,  coloring  flame  yellow.  Sol.  in 


7TV 


■m- 


Fig.  577. 


Fig.  578. 


oxalic  acid.  C.c.:  47.2  silica,  27  alumina,  16.3  soda,  9.4 
water.  Glen  Farg  (Fig.  577),  (colorless  and  reddish),  Tan- 
tallon  Castle  (Fig.  578),  Dumbarton,  Bowling  (green),  Camp- 
sie,  Bishopton,  Glenarm  and  Port  Eush  (Ireland),  Auvergne, 
Hesse,  Hohentwiel  in  Swabia,  Norway.  Crocalite  is  red, 
fibrous,  and  investing ;  Kintyre,  Forfarshire,  Wemyss  Bay, 
and  the  Urals. 

623.  Scolecite,  AlSi2-(-  CaSi 3H. 

Oblique  prismatic,  C  89°  6'.  coP  (m)  91°  35' ;  P  (o)  144° 
20' ;  — P.  Prismatic  and  acicular  crystals.  Twins  common, 
on  face  ooP°oo,  one  face  with  feathered  strife..  Cl.  ccP,  per¬ 
fect,  H.  =  5  to  5.5 ;  G.  =  2.2  to  2.3.  Pellucid ;  vitreous  ; 
pyro-electric.  White  to  reddish  white.  B.B.  twists  in  a 
vermicular  manner ;  melting  readily  to  a  porous  glass. 

Only  partially  sol.  in  oxalic 
acid.  C.c. :  silica  45.8,  alumina 
26.2,  lime  14.3,  water  13.7. 
Staffa ;  Loch  Screden,  Mull ; 
Talisker, Skye;  Berufiord, Ice¬ 
land  (Fig.  579);  Faroes;  Vind- 
hyas,  India.  Natrolite  and 
scolecite  pass  into  one  ano¬ 
ther.  There  are  two  definite 
intermediates — Fargite,  con¬ 
sisting  of  two  equivalents  of 
natrolite  and  one  of  scolecite, 
and  Mesolite,  consisting  of  one 
of  the  former  and  two  of  the 
latter.  The  first  of  these  oc¬ 
curs  at  Glen  Farg  and  at  Bish¬ 
opton  ( Galactite );  'he  second  is  the  ordinary  radiated  zeo¬ 
lite  of  the  amygdaloids  of  the  Tertiary  igneous  rocks  of  the 
Hebrides  and  the  Faroes.  It  there  occurs  in  matted  crys¬ 
tals  of  extreme  tenuity  ( Cottonstone),  also  in  delicate  feathery 
tufts  ;  in  Eenfrewshire  in  spheres  with  an  internally  radi¬ 
ated  structure,  and  also  in  needle  form  and  in  downy  tufts. 


Fig.  579. 


442 


MINERALOGY. 


34':  ooPoo 


Fig.  580. 


* 


624.  Gismondine,  AlSi  -f  6aSi  4H. 

Pyramidal.  P  (6)  92°  30' ;  polar  angle  118 

(Fig.  580).  Cl.P-  H.  =  5. 
on  edges  and  angles  5  to  6 ; 

G.  =  2.26.  Translucent; 
vitreous.  Bluish  white  to 
pale  red.  C.c. :  silica  35.9, 
alumina  27.3,  lime  13.1, 
potash  2.8,  water  21.1. 

Island  Magee  and  Larne, 

Ireland;  Vesuvius,  Aci- 
Castello,  and  Capo  di  Bove ; 

Schiffenberg  near  Giessen ; 

Schlauroth  near  Gorlitz. 

625.  Zeagonite,  AlSi 

^~Right  prismatic.  P  polar  angle  120°  37'  and  121°  44' ; 
middle  angle  89°  13'.  Crystals  like  Fig.  419.  H.  —  5,  on 
edges  and  angles  7 ;  G.  =  2.2.  Transpar¬ 
ent  ;  vitreous.  Colorless,  white,  or  bluish, 

C.c. :  silica  44,  alumina  23.3,  lime  5.3,  pot¬ 
ash  11.1,  water  15.3.  Capo  di  Bove. 

626.  Thomsonite,  2AlSi  +  2(Cajfa)Si 

+  5H. 

Right, prismatic,  gdP  (m[90°  26' ;  coPco 
(a);  oof* ao  (6);  iPoo  (y) ;  Poo  (r) ; 

(x).  x  :  x  177°  34'  20".  Cl.  macrodiagonal 
and  brachydiagonal,  both  perfect.  H.  =  5 
to  5.5;  G.  =  2.35  to  2.38.  Translucent; 
vitreous;  pearly  on  macrodiagonal.  Color¬ 
less.  B.B.  difficultly  fusible  with  intumes-  Fig.  581  (sp.  626). 
cence  to  a  white  enamel.  Sol.  with  gelatini- 
zation  in  h.  acid.  C.c. :  silica  38.7,  alumina  30.8,  lime  13.4, 
soda  4.4,  water  13.1.  Lochwinnoch,  Renfrew ;  Kilpatrick 
(Fig.  582),  Quiraing  and  Talisker  (sometimes  massive-granu¬ 
lar)  ;  Rathlin  and  Magee  Island,  Ireland;  Faroes,  Vesuvius 
(Fig.  581),  Sicily,  Bohemia,  Tyrol,  Nova  Scotia. 

Faroelite  is  a  variety  with  42.5  of  silica.  It  replaces  thom¬ 
sonite  generally  in  Tertiary  igneous  rocks,  occurring  at 
Storr  and  elsewhere  in  the  Hebrides, 

Faroes,  Iceland,  and  Nova  Scotia. 

The  angle  of  the  vertical  prism  is 
within  8'  of  that  of  thomsonite.  It 
contains  an  equivalent  more  silica. 

627.  Prehnite,  XlSi  +  2CaSi 

+  B. 

Right  prismatic.  ooP  (m)  99°  58'; 

OP  (c) ;  3poo  (e)  33°  26' ;  fPoo  (*)  90° 

32';  ooPoo  (a);  ®Pgo  (6);  P  (s). 

Crystals  either  tabular  of  c,  or  pris¬ 
matic  along  both  the  vertical  and 
the  brachydiagonal  axes,  hence 
varying  much  in  form.  Also  in  fan¬ 
shaped  and  botryoidal  aggregations.  Cl.  c,  perfect ;  pearly 
thereon,  vitreous  elsewhere.  H.  =  6  to  7 ;  G.  =  2.8  to  3. 
Transparent  to  translucent.  Colorless,  but  generally  green 


Fig.  582  (sp.  626). 


of  bright  but  pale  tints,  also  lemon-yellow.  Becomes  elec¬ 
trically  polar  by  heat.  B.  B.  intumesces  greatly  melting  to 
a  porous  enamel.  Decomposed  by  h.  acid.  C.c. :  silica  43.6, 
alumina  24.9,  lime  27.1,  water  4.4.  Glen  Gairn,  Aberdeen 
(Fig.  583);  Skye  and  Mull;  Corstorphine  Hill  (green  and 
pink),  Castle  Rock  (white),  and  Salisbury  Crags  (yellow), 
Edinburgh ;  Frisky  Hall,  Dumbartonshire  (Fig.  584) ;  Hart- 
field  Moss,  Renfrew  (botryoidal) ;  Cornwall ;  Dauphine ; 
Tyrol;  Cape  of  Good  Hope;  China  {Yu). 

628.  Friedelite,  Mn4Si3  +  2H. 

Rbombohedral ;  R  123°  42'.  OR;  ooR.  Tabular  habit, 
and  in  granular  aggregates.  Cl.  basal,  perfect.  H.  =  4  to 


5  •  G.  =  3.1.  Rose-red,  with  paler  streak.  C.c. :  silica  36, 
protoxide  of  manganese  53,  lime  2.96,  water  7.9.  Adervielle 
on  the  Neste  de  Louron  (Pyrenees). 

Hydrous  Silicates  of  Alumina. 

These  are  probably  for  the  most  part  products  of  decom¬ 
position  of  felspars  under  atmospheric  exposure. 

629.  Kaolin  {Porcelain  Earth),  AlSi2-)-2H. 

Massive;  in  beds  and  veins.  Fracture  uneven;  fine 

earthy,  very  soft,  sectile,  and  friable.  H.  =  1 ;  G.  =  2.2. 
Opaque,  dull.  White  or  gray,  inclining  to  blue,  green,  yel¬ 
low,  or  red.  Feels  meagre,  not  greasy  when  dry,  and  plastic 
when  wet.  B.B.  iufusible.  Not  affected  by  h.  acid,  but 
decomposed  by  warm  s.  acid,  leaving  silica.  C.c.  very  vari¬ 
able,  but  approximates  to  46  silica,  40  alumina,  and  14  water. 
Chiefly  a  product  of  the  decomposition  of  orthoclase,  or  of 
granite,  porphyry,  and  other  rocks  coutaining  that  min¬ 
eral.  Cornwall  and  Devonshire  in  England  are  the  chief 
European  localities  for  the  kaolin  used  in  manufacturing 
porcelain.  .  ... 

Clays  are  merely  varieties  of  kaolin,  mixed  with  quartz- 
sand,  carbonate  of  lime,  magnesia,  and  the  oxhydrates  of 
iron.  Often  40  to  50  silica,  30  alumina,  13  to  20  water,  and 
4  iron  peroxide,  with  lime  and  potasb.  In  the  fire  they 
are  infusible,  burning  hard.  Generally  they  are  compact 
and  friable,  of  white,  yellow,  red,  blue,  gray,  or^  brown 
colors.  Their  specific  gravity  varies  from  1.8  to  2.7.  The 
fell  owing  are  varieties.  Pipe-clay,  grayish  or  yellowish 
white,  with  a  greasy  feel,  adheres  strongly  to  the  tongue, 
when  wet  is  very  plastic  and  tenacious,  and  in  the  fire  burns 
white.  Abundant  in  Devonshire,  and  in  the  Trough  of 
Poole  in  Dorsetshire ;  in  France,  Belgium,  and  Germany. 
Used  for  manufacturing  tobacco-pipes,  and  similar  articles. 
Potter’s  Clay,  red,  yellow,  green,  or  blue,  becoming  yellow 
or  red  when  burnt ;  more  easily  fused  than  the  former,  and 
often  effervesces  with  acids.  That  used  in  the  potteries  in 
England  comes  chiefly  from  Devonshire.  Loam ,  coarser 
and  more  impure,  with  more  sand,  and  consequently  less 
plastic.  Shale  or  Slate  Clay,  grayish  black,  and  much  mixed 
with  bituminous  or  carbonaceous  matter.  Bituminous  Shale , 
known  by  its  shining  resinous  streak.  Black  Chalk,  with 
more  carbon,  leaves  a  black  mark  on  paper.  Iron  Clay  con¬ 
tains  much  peroxide  of  iron,  is  reddish-brown,  and  forms 
the  basis  of  many  amygdaloids  and  porphyries. 

630.  Nacrite,  AlSi2-{-2H. 

Right  prismatic;  minute  six-sided  tables  in  fan-like 
group ;  and  scaly.  H.  =  0.5  to  1 ;  G.  =  2.35  to  2.6.  Glim¬ 
mering  to  pearly,  snow-white  or  yellowish  white.  C.c. ' 
silica  46.3,  alumina  39.8,  water  13.9.  A  crystalline  form  of 
kaolin.  Fins  in  Allier,  Mons,  Freiberg,  Pennsylvania,  and 
coal  formation  commonly. 

631.  Lithomarge. 

Kaolinic  substances,  compact,  earthy,  and  pseudomor- 
phous.  H.  =  2.5  to  3;  G.  =  2.4  to  2.6.  White,  yellow,  or 
red.  Greasy,  adheres  to  tongue.  Klausthal,  Harz,  etc. 
Similar  are  Carnat,  Myelin,  Melopsite. 

632.  Halloysite,  AlSi  -f-  4H. 

Massive  and  reniform.  H.  =  1.5  to  2.5 ;  G.  =  1.9  to  2.1. 
Translucent  when  moist.  Bluish  white,  green,  or  yellow. 
C.c. :  41.5  silica,  34.4  alumina,  24.1  water.  Hospital  Quarry 
near  Elgin,  on  the  Tweed,  Liege,  Tarnowitz,  Eifel  [Lenzi- 
nite ).  Fuller’s  Earth  may  be  an  impure  ferruginous  variety. 
Maxton  in  Scotland,  Reigate  and  Maidstone  in  England, 
Saxony,  Bohemia,  etc. 

633.  Glagerite,  Al.2Si3  +  6H. 

H.  =1;  G.  =2.35.  Bergnersreuth.  Malthazite,  from 
Steindorfel  near  Bautzen,  has  less  alumina. , 

634.  Kollyrite,  Al2Si  +  944. 

H.  =  1  to  2 ;  G.  =  2.  Also  similar.  Schemnitz,  Py¬ 
renees,  and  Saxony.  Scarbroite  from  Scarborough  has 
IOH2O. 

635.  Miloschin. 

Conchoidal  or  earthy.  H.  =2;G.  =2.1.  Indigo-blue 
to  celadon-green ;  has  2  to  4  chrome  oxide.  Rudnik  in 
Servia. 

636.  Montmorillonite,  Xl2Si7  -+-  2H. 

Massive.  Rose-red.  Montmorillon  and  elsewhere  in 
France,  Poduruoj  in  Transylvania. 

637.  Razoumoffskin,  AlSi3  +  3H. 

From  Carinthia.  Chrome  Ochre,  with  2  to  10  per  cent,  of 
chrome  oxide,  from  Waldenburg  in  Silesia  and  Creusot  in 
France,  is  similar. 

638.  Cimolite,  Al2Si9  +  6H. 

Pseudomorphous  after  augite.  Bilin,  Limburg,  Kaiser- 
stuhl,  Argentiera  and  Milo. 
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630.  Allophane,  XlSi-J-olL. 

Botryoidal  and  reniform.  Fracture  concboidal ;  brittle. 
H.  =  3 ;  G.  =  1.8  to  2.  Pellucid  ;  vitreous.  Pale  blue, 
white,  green,  or  brown.  Color  due  to  copper.  Charlton, 
Woolwich,  Baden,  and  Bonn. 

640.  Pyrophyllite,  £lSi4+J4- 

Bight  prismatic,  but  radiated,  foliated.  Cl.  perfect ;  flexi¬ 
ble,  sectile.  H.  —  1 ;  Gr.  —  2.8  to  2.9.  Translucent,  pearly. 
Light  verdigris-green  to  yellowish  white.  B.B.  swells  up 
with  many  twistings  to  a  white  infusible  mass.  C.c :  67 
silica,  28  alumina,  and  5  water.  Urals,  Spa,  Morbihan, 
Westana  in  Sweden,  Carolina,  and  Brazil.  Talcosite,  from 
Heathcote  in  Victoria,  has  silica  and  alumina  about  equal. 

641.  Anauxite,  AlSi4-f-3it. 

Granular.  H.  =  2  to  3 :  G.  =  2.2  to  2.4.  Translucent, 
pearly.  Greenish  white.  C  c. :  60.5  silica,  26  alumina,  and 

13.5  water.  Bilin  in  Bohemia. 

Hydrous  Silicates  of  Zirconia,  Thoria,  Etc. 

642.  Malacone,  3£rSi-f-I4. 

Pyramidal.  P.  83°  30'.  Typical  formooPao,  P,  ooP.  H. 
=  6 ;  G.  =  3.9  to  4.1.  Conchoidal  fracture.  Lustre  vitre¬ 
ous.  C.c.  same  as  zircon,  but  with  3  of  water  in  the  Hittero 
variety  and  over  9  in  that  from  Finland.  Has  a  surface 
opalescence,  and  may  be  altered  zircon  Hittero,  Chan- 
teloube  (near  Limoges),  near  Dresden,  Rosendal,  Finland, 
Miask. 

643.  Eucrasite. 

Bight  prismatic  (?).  H.  =4.5  to  5;  G.  =  4.39.  Lustre 
greasy.  Blackish  brown  ;  streak  brown.  Translucent  on 
edges.  Fracture  uneven;  brittle.  C.c.  very  complex: 
silica  16,  thoria  36,  cerium  protoxide  5.5,  peroxide  6,  lan- 
thania2.4,  yttria  4.3,  erbia  1.  titanic  acid  1.3,  ferric  oxide 
4.25,  alumina  1.8,  water  9.  Barkevig  near  Brevig. 

644.  Thorite,  ThSi-f-241-. 

Pyramidal.  ccP  :  P  133°  30'.  Generally  massive.  H. 
=  4.5  to  5.  G.  =  5  to  5.4.  Lustre  brilliant  vitreous ;  when 
weathered  resinous.  Fracture  conchoidal  when  fresh, 
splintery  when  weathered.  Brownish  black  to  clove-brown. 
C.c.  complex,  but  essentially  18  silica,  73  thoria,  9  water.  In 
syenite  at  Lochan  Hacon,  and  in  a  boulder  on  Ben  Bhreck 
in  Sutherland,  in  crystals  (Fig.  585);  Lowo  near  Brevig, 
Norway.  ( TJranothorite),  from  Arendal,  has  50  per  cent, 
thoria  and  10  uranous  oxide ;  found  also  at  Hittero  and  at 
Champlain  (U.  S.) 

645.  Orangite,  3ThSi-f  2 
H. 

Massive.  Orange-yellow  to 
cinnamon-red.  Other  char¬ 
acters  like  thorite.  C.c. :  17 
silica,  75  thoria,  7  water.  Ben 
Bhreck,  Langesund  near  Bre¬ 
vig.  The  mineral  from  Ben 
Bhreck  passes  gradually  into 
thorite,  which  thus  would  ap¬ 
pear  to  be  altered  orangite. 

646.  Tritomite,  B2Si3-f 

4H. 

Cubic.  In  tetrahedra.  H. 

=  5.5;  G.  =  3.9  to  4.66.  Lus¬ 
tre  vitreous.  Dull  brown; 
streak  yellowish  gray.  Sub- 
translucent.  C.c.  complex : 
silica  21,  alumina  2.5,  ceria  40, 
lanthania  15,  yttria  4.6,  lime 
4,  water  8.  Lamo  near  Bre-  Fig.  585  (sp.  644). 

vig. 

Magnesian  Silicates. 

647.  Agalmatolite  (Figure Stone),  4XlSi2-j-&Si3-f3H. 

Massive  or  slaty.  Fracture  splintery,  rather  sectile.  H 

=  2  to  3;  G.  =  2.8 to 2  9.  Translucent;  glimmering.  Green, 
gray,  red,  and  yellow.  Feels  somewhat  greasy,  but  does 
not  adhere  to  the  tongue.  Sol.  in  s.  acid.  C.c. :  55  silica. 
33  alumina,  7.6  potash,  and  5  water;  but  in  many  localities 
magnesian.  Calligaig  in  Sutherland ;  China,  where  it  is  cut 
into  various  works  of  art ;  also  Nagyag  in  Hungary,  and 
Saxony. 

648.  Oncosin,  2XlSi2+(&,Mg)Si,-f-2H. 

Fracture  uneven  or  splintery;  sectile.  H.=2;  G.=2.8. 
Translucent;  slightly  resinous.  Apple-green  or  brown. 
Sol.  in  s.  not  in  h.  acid.  Salzburg. 

649.  Liebenerite. 

Hexagonal.  ooP;  OP.  Cl.  prismatic,  perfect;  fracture 
hackly.  H.  =  3.5;  G.  =  2.8.  Oil-green,  bluish  green,  and 
greenish  gray.  Greasy  lustre.  C.c. :  silica  44.  t ,  alumina 


36.5,  potash  9.9,  water  5.5.  Monte  Viesena  near  Forno,  Pre- 
dazzo  in  Tyrol. 

650.  Gieseckite. 

Hexagonal.  ooP;  OP.  Fracture  splintery.  H.  =  3to3.5; 
G.  =  2.7  to  2.9.  Kangerdluarsuk  in  Greenland,  Diana  in 
New  York. 

651.  Killinite,  2AlSi2-f-RSi2-f  3H. 

Crystalline,  foliated.  Cl.  along  a  prism  of  135°  44'.  G. 
=  2.65.  Greenish  gray,  yellow,  or  brownish  green.  C.c. : 
48  silica,  31  alumina,  2.3  protoxide  of  iron,  6.5  potash,  10 
water.  Killiney  near  Dublin. 

652.  Hygrophilite. 

Scaly.  H.  =  2to2.5;  G.  =2.7.  Greenish  gray.  Lustre 
and  feel  greasy.  C.c. :  silica  48.4,  alumina  32.1,  protoxide 
of  iron  3.3,  potash  5.7,  water  9.  Sol.  in  h.  acid.  Halle  on 
the  Saale. 

653.  Bravaisite,  R2Si3-j-2AlSi3-f-4H. 

Aggregates  of  thin  plates.  H.  =  1  to  2;  G.  =  2.6.  C.c.: 

silica  51.4,  alumina  18.9,  peroxide  of  iron  4,  magnesia  3.3, 
potash  6.5,  water  13.3.  Noyant  in  Allier. 

654.  Pinitoid. 

Massive.  Leek-  and  oil-green.  H.  =  2.5 ;  G.  =  2.8.  C.c. : 
silica  48.5,  alumina  28,  protoxide  of  iron  8,  potash  5.8,  water 

4.5.  Freiberg  and  Chemnitz  in  Saxony. 

655.  Bole. 

Earthy,  in  nests  and  veins.  Conchoidal.  H.  =  1  to  2 ;  G. 
=  2.2  to  2.5.  Opaque ;  dull  resinous ;  streak  shining.  Brown, 
yellow,  or  red.  Feels  greasy ;  some  adhere  strongly  to  the 
tongue,  others  not  at  all.  In  water  crackles  and  falls  to 
pieces.  C.c.  hydrous  silicates  of  alumina  and  iron  peroxide 
in  various  proportions.  Scotland,  Ireland,  Dransfeld,  Cler¬ 
mont  in  Auvergne.  Stolpenite,  Rock  Soap,  Plinthite,  Yellow 
Earth  or  Felinite,  Fetbol,  and  Ochran  are  varieties. 

656.  Carpholite,  AlSi-f  MnSi-j- 2H. 

Right  prismatic.  P 111°  27'.  Radiating  stellated.  H.  = 

5  to  5.5 ;  G.  =  2.9.  Translucent ;  silky ;  straw-  to  wax-yel¬ 
low.  B.B.  intumesces  and  fuses  to  an  opaque  brown  glass. 
C.c. :  silica  38,  alumina'29.4,  protoxide  of  iron  2.9,  peroxide 
of  iron  4,  protoxide  of  manganese  11.8,  water  10.8.  Schlag- 
genwald,  Wippra  in  the  Harz,  Meuville  in  the  Ardennes- 

657.  Nontronite,  3PeSi3  -f-  5H. 

Massive;  fracture  uneven.  H.  =  2  to  3;  G.  =  2  to  2.3. 
Opaque ;  dull  or  glimmering ;  streak  resinous.  Straw-yel¬ 
low  or  siskin-green ;  B.B.  decrepitates,  becomes  black  and 
magnetic,  but  without  fusing ;  sol.  and  gelatinizes  in  warm 
acids.  C.c. :  43  silica,  36  iron  peroxide,  and  21  water,  with 

3.5  alumina  and  2  magnesia.  Nontron  in  France,  Harz,  and 
Bavaria.  Chloropal  is  similar.  B.B.  brown.  Unghvar  in 
Hungary,  and  Passau. 

658.  Pinguite. 

Massive ;  fracture  splintery ;  sectile.  H.  =  1 ;  G.  =  2.3. 
Light  to  dark  green.  Lustre  vitreous.  Feels  greasy.  C.c  : 
silica  36.9,  peroxide  of  iron  29.5,  protoxide  of  iron  6.1,  water 
25.1.  Wolkenstein,  Suhl. 

659.  Hisingerite,  Pe2Si3-(-2FeSi-f-9B.‘ 

Reniform,  and  in  crusts.  H.  =  3.5  to  4 ;  G.  =  2.6  to  3. 

Opaque,  resinous.  Brownish  or  bluish  black ;  streak  liver- 
brown  or  yellowish  brown.  C.c. :  various,  but  32.5  silica, 

33.5  iron  peroxide,  15.1  iron  protoxide,  and  19  water,  in  the 
Thraulite  from  Bodenmais.  Also  Gilling  and  Riddarhyttan 
in  Sweden,  and  Breitenbrunn  ( Polyhydrite ). 

660.  Bergholz. 

Fine  fibrous;  glimmering  lustre.  Wood-brown  to  green. 

G.  =  2.4.  C.c. :  silica  55.5,  peroxide  of  iron  19.5,  magnesia 
15,  water  10.3.  Sterzing  in  Tyrol.  Xylite,  probably  from 
the  Urals,  is  similar. 

661.  Umber. 

Massive;  fracture  conchoidal.  H.  =  1.5;  G.  =2.2.  Liver- 
brown  ;  streak  shining.  Mixtures  of  peroxide  of  iron,  oxide 
of  manganese,  and  alumina  with  water.  Cyprus.  Hypoxan- 
thite  and  Siderosilieite  are  similar. 

662.  Klipsteinite,  (R3,S3)2Si3-f  R3H3. 

Compact.  H.  =5  to  5.5;  G.  =  3.5.  Liver-brown  to  black ; 
streak  yellow-brown.  C.c. :  silica  25,  peroxide  of  iron  4, 
sesquioxide  of  manganese  57,  water  9.  Klapperud  in  Dale- 
carlia,  Herborn  near  Dillenburg. 

663.  WOLKONSKOITE. 

Amorphous.  Horny ;  bluish  green  to  grass-green.  Frac¬ 
ture  conchoidal ;  brittle.  C.c. :  silica  36,  alumina  3,  sesqui-  • 
oxide  of  chromium  19,  ferric  oxide  10,  water  21.  Okhansk 
in  Siberia. 

664.  Rottisite,  3NiSi  -f-  4H. 

Amorphous  and  reniform.  Apple-green  to  emerald-green. 
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H.  =  2  to  2.5 ;  G.  =  2.35  to  2.37.  C.c. :  silica  43.7,  nickel  ox¬ 
ide  35.9,  water  11.2.  Rottis  near  Reichenbach  in  Saxony. 
Komarit  is  similar. 

665.  Uranophane,  sOaSi-J-t^S^J-lSll. 

Right  prismatic.  ooP146° ;  ooPoo  ;  poo  ;  with  polar  angle 
90°.  Crystals  honey-yellow;  when  massive  leek-green.  H. 
=  2.5 ;  G.  =  2.6  to  2.8.  C.c. :  silica  17,  alumina  6.1,  oxide 
of  uranium  53.3,  lime  5.1,  water  15.1.  Kupferberg  in 
Silesia. 

666.  Uranotile,  CaSi-f-  G3Si2-f9H. 

Right  prismatic.  ccP  164°.  In  stellate  groups.  Lemon- 
yellow.  G.=  3.96.  C.c. :  silica  13.8,  oxide  of  uranium  66.75, 
lime  5.27,  water  12.67.  Wolsendorf  in  Bavaria,  Joachims- 
thal,  Mitch  el  county  in  North  Carolina. 

667.  Bismutoferrite,  &i,Si2-(-2$e,Si. 
Crypto-crystalline;  oblique  prismatic.  Siskin-  to  olive- 

green.  H.  =3.5;  G.  =  4.48.  C.c. :  silica  24,  oxide  of  bis¬ 
muth  42.8,  peroxide  of  iron  33.1.  Schneeberg  in  Saxony. 
Hypochlorite  is  a  variety  containing  13  of  bismuth.  In  a 
third  variety,  from  Braunsdorf,  antimony  replaces  bis¬ 
muth. 


Silicates  with  Titan ates,  Niobates,  Etc. 

668.  Sphene,  CaSi2-|-CaTi2. 

Oblique  prismatic,  C  85°  22'.  ooP  ( l )  133°  2';  iP°oo  (a;) 
55°  21' ;  P°oo  ( y )  34°  21' ;  ooP°go  ( q ) :  OP  (P  or  c)  90° ;  ooPc3 
(M)  76°  7' ;  P°i>  (r)  113°  30' ;  \ P2  (»)  136°  12' ;  4P°4  («)  67° 
57'.  Crystals  vary 
extremely  in 
form,  being  gen¬ 
erally  apparently 
oblique  -  tabular,  . 

from  predomi- 
nance  of  n,  which 
are  hemidomes 
in  alternate  posi¬ 
tion  on  opposite 
ends ;  also,  but 
more  rarely, pris¬ 
matic, with  domi¬ 
nance  of l and M. 

Twins  frequent. 

Twin  face  c,  and 
formed  by  revo¬ 
lution  either  (a)  Fig.  586. 

on  an  axis  nor¬ 
mal  to  c  or  (6)  on  a  vertical  axis ;  the  former  very  common 
and  usually  producing  thin  tables  with  a  reentering  angle 
along  one  side,  and  sometimes  elongated.  Occasionally  in 
double  twins.  Sometimes  granular  or  foliated.  Cl.  in  some 
(l),  in  others  (r).  H.  =5  to  5.5;  G.  =  3.4  to  3.6.  Semitrans¬ 
parent:  adamantine  or  resinous.  Yellow,  brown,  and  green. 
B.B.  fuses  with  micro-salt  in  the  red.  flame,  gives  reaction 
for  titanic  acid.  C.c. :  silica  30.6,  titanic  acid  40.8,  lime 
28.6.  In  Scotland,  typical  of  syenites  and  primary  lime¬ 
stones,  In  minute  hair-brown  crystals  in  the  first;  as  at 
Lairg  (Sutherland),  Achavarasdale  (Caithness),  and  Criffel 
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Fig.  587. 


Fig.  588.  Fig.  589. 

(Kirkcudbright)  (Figs.  586  to  588).  In  the  latter  often  in 
highly  complex  twins,  yellow  to  brown,  at  Shinness  (Figs. 
193,  589),  Urquhart,  Dalnain,  Torbane,  etc.,  also  with  ilme- 
nite  and  allanite  in  exfiltration  veins  of  gray  granite.  Dau- 
phine,  Mont  Blanc,  St.  Gotthard,  Tyrol,  Arendal,  America.1 
Greenovite,  flesh-red,  from  Glen  Gairn  in  Aberdeenshire  (like 
194),  and  St.  Marcel  in  Piedmont;  contains  manganese  at 
the  latter  locality. 

669.  Keilhauite  ( Yttrotitanite ),  5(CaY)  (SiTi)  -f- 
(XlFe)  (SiTi)3. 

Oblique  prismatic,  C  58°.  ooP  114°.  Cl.  — 2P,  138°.  H. 
=  6  to  7 ;  G.  =  3.5  to  3.7.  Blackish  brown ;  streak  grayish 
yellow.  B.B  with  borax  forms  blood-red  glass  in  the  red. 
flame;  other  features  like  sphene.  C.c.:  29.7  silica,  28.7 


1  Occurs  in  Maine  at  Sanford,  at  Gouverneur,  N.Y.,at  Franklin, 
N.  J.  See  Dana’s  System  oj  Min.,  p.  514  (New  York,  1882).— Am.  Ed. 


titanic  acid,  21.1  lime,  10.8  yttria,  6.2  alumina,  and  6.5  iron 
peroxide.  Near  Arendal. 

670.  Schorlomite  ( Ferrotitanite ),  Ca3Si  -f-  ¥?eaSi2 
CaTi2. 

Cubic;  ooO  and  202;  generally  massive ;  fracture  con- 
choidal.  H.  =  7  to  7.5 ;  G.  =  3.8.  Black ;  streak  gray- 
black  ;  vitreous.  C.c. :  silica  26,  titanic  acid  23.3,  peroxide 
of  iron  20,  lime  29.4.  Arkansas,  Kaiserstuhl,  Ivaara  in  Fin¬ 
land.  Perhaps  a  titaniferous  garnet. 


671.  Tschewkinite. 

Massive;  fracture  flat  conchoidal. 


H.  =5  to  5.5;  G. 


=  4.5.  Opaque,  vitreous,  splendent.  Velvet-black;  streak 
dark  brown.  B.B.  intumesces  greatly, 
becomes  porous,  and  often  incandesces; 
in  white  heat  fuses  to  black  glass;  gela¬ 
tinizes  with  h.  acid.  C.c. :  21  silica,  20 
titanic  acid,  11  iron  protoxide,  45  perox¬ 
ides  of  cerium  metals  with  perhaps 
thoria,  lime  4.  Miask,  Coromandel. 

672.  Mosandrite. 

-  Oblique  prismatic,  C  71°  24£'.  ccP  (<) 
88°  36';  ooP°2  (n) ;  odP°qd  (a);  — P  ( e ) 
124°  1';  — P°co  {q);  a>P°ao.  t:a  134° 
18'  ■  n:  a  152°  52' ;  q  :  a  138°  2'.  Twin 
face  the  orthopinacoid.  Generally  mas¬ 
sive.  Fracture  uneven.  H.  =  4 ;  G. 
=  2.93  to  3.  Yellowish  or  reddish-brown ; 
streak  pale  green.  Vitreous  to  resinous 
lustre.  C.c. :  silica  29.9,  titanic  acid  9  9, 
oxide  of  cerium  metals  26.5,  lime  19, 
water  8.9.  Brevig  and  Langesundfiord. 

673.  Eudialite  ( Eukoliie ),  6ftSi2 
+  BZr. 

Rhombohedral ;  R73°10'.  R  (p),  OR  (ai),  ccP2  (di),  !R 
(ai) ;  also  ooR,  |R,  — £R,  — 2R,  — £R, 
R3,  §P2  (Fig.  591).  Generally 
massive-  granular.  Cl.  ai  and  m ; 
fracture  uneven.  H.  =5  to  5.5; 
G.  =  2.84  to  2.95.  Peachblossom- 
red  to  brownish  red ;  streak  white. 
Translucent ;  vitreous.  B.B.  fuses 
easily  to  a  light  green  opaque 
glass ;  gelatinizes  in  h.  acid.  C.c. : 
silica  50,  zirconia  16.9,  protoxide 
of  iron  7,  lime  11,  soda  12.  Kan- 
gerdluarsuk  in  Greenland,  Sedlo- 
vatoi  Island  in  White  Sea,  Brevig 
(Euholite),  Magnet  Cove  in  Ar¬ 
kansas. 

674.  Catapleite,  2(Na2C)a) 
(SiZr)9-f  9H. 

Hexagonal.  P  114°  43'.  OP,  ccP,  P,  also  with  2P,  and 
£P.  In  lamellar  aggregates.  Cl.  prismatic  and  P ;  fracture 
uneven.  H.  =6;  G.  =2.8.  Yellowish  brown  to  pale 
green ;  streak  yellow,  lustrous.  C.c. :  silica  46.7,  zirconia 
29.6,  soda  10.8,  water  9.  Brevig. 


675.  CErstedite. 

Pyramidal.  P  84°  25'.  P,  ccP,  qdPod.  Like  zircon. 
H.  =  5.5 ;  G.  =  3.63.  Lustre  adamantine.  Reddish  brown. 
C.c.:  silica  19.7,  titanate  of  zirconia  68.96,  water  5.6. 
Arendal. 

676.  W6HLERiTE,9ftSi-J-3ftZr4-ftNb. 

Oblique  prismatic,  C  70°  45'.  ooP  90°  14' ;  acP°2  127°  4' ; 

—Poo  43°  18'.  OP  :  ooP°go 
109°  15' ;  — P«qo  :  <xP°ao  136° 
42' ;  OP  :  cdP  103°  31'.  Crys¬ 
tals  tabular  and  prismatic. 
Cl.  clinodiagonal ;  fracture 
conchoidal.  H.  =  5  to  6 ;  G. 
=  3.4.  Light  yellow,  honey- 
yellow  to  brownish  gray; 
streak  yellowish  white.  C.c. : 
silica  28,  zirconia  19,  niobic 
acid  13-9,  lime  27.8,  soda  8.3, 
protoxide  of  iron  3.  B.B.  fuses 
to  yellowish  glass.  Sol.  in  h. 
Fig.  592.  acid.  Langesundfiord,  Brevig. 

677.  Ardennite. 

Right  prismatic.  ooP  131°  2';  Poo  112°  24';  P|,  aoPf ; 
ccp2;  cep qo  ;  oopoo.  Crystals  like  ilvanite.  Cl.  brachy* 
diagonal,  and  ooP.  H.  =6  to  7;  G.  =3.62.  Yellow  to  yel¬ 
low-brown.  Dichroic;  brittle.  C.c.:  silica  27.8,  alumina 
24,  protoxide  of  manganese  26.7,  lime  2.2,  magnesia  4.3, 
]  vanadic  acid  3.2,  arsenic  acid  6.3,  water  5.  Ottrez  in  the 
!  Ardennes  (Luxemburg). 
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678.  Roscoelite. 

Foliated  masses,  sometimes  stellated.  H.  —  1 :  G.  =  2.3 
to  2.9.  Dark  green  to  greenish  blue.  Pearly  lustre.  C.c. : 
silica  47.7,  vanadic  acid  22,  alumina  14.1,  magnesia  2,  potash 
7.6,  water  5.  Eldorado  in  California. 


Fig.  593. 


TITANATES  WITH  NIOBATES. 

679.  Titanomorphite,  CaTi2. 

Oblique  prismatic.  Like  sphene.  xP,  OP,  |P°x,  P°x , 
<jP°2.  C.c. :  titanic  acid  74.3,  lime  25.3.  Lampersdorf  in 
Silesia,  Weistritz. 

680.  Perovskite,  CaTi. 

Right  prismatic.  In  complicated  twins,  often  distorted, 
pseudocubic.  H.  =  5.5 ;  G.  =  4  to  4.1. 

Lustre  metallic-adamantine.  Pale 
yellow,  reddish  brown  to  iron-black ; 
streak  f"ay.  C.c. :  58.8  titanic  acid, 

41.2  lime.  B.B.  with  micro-salt  in 
outer  flame  gives  a  bead  greenish 
while  hot,  colorless  on  cooling ;  in 
inner  flame  gray-green  when  hot, 
violet-blue  when  cold.  Decomposed 
by  boiling  s.  acid.  Zlatoust,  Schelin- 
gen,  Zermatt,  Malenco  Valley  near 
Sondrio,  Pfitsch  in  Tyrol,  Magnet 
Cove  in  Arkansas. 

681.  Koppite,  R5&b2. 

Cubic;  xOx.  G.  =  4.45  to  4.56.  Brown.  Transparent. 

C.c. :  niobic  acid  62.46,  oxide  of  cerium  6.7,  oxide  of  lantha¬ 
num  3.  Schelingen  on  the  Kaiserstuhl  in  Baden. 

682.  Annerodite.  2ft2$b-|-5H. 

Right  prismatic.  H.  =  6 ;  G.  =  5.7.  Metallic  to  greasy. 

Black.  Streak  black,  brown,  greenish  gray.  Translucent 
in  splinters ;  brittle.  C.c. :  48  niobic  acid,  with  zirconia, 
thoria,  ceria,  yttria,  and  uranium  oxide.  Annerod  near 
Moss  (Norway). 

683.  Dysanalyte,  6RTi-(-  R&b. 

Cubic;  xOx.  Cl.  cubic.  G.  =4.13.  Black.  C.c. 
titanic  acid  41.5,  niobic  acid  23.2,  cerium  oxide  5.7,  lime  19.8, 
protoxide  of  iron  5.8,  soda  3.6.  Vogtsburg  on  the  Kaiser¬ 
stuhl. 

684.  Pyrochlore,  5&&b-f-4R(TiTh)2-f-4NaF. 

Cubic  (Fig.  594).  Cl.  octahedral ;  brittle;  fracture  con- 

choidal.  H.  =  5  ;  G. 

=  4.2  to  4.4.  Resinous, 
opaque.  Red-brown  to 
black,  ruby-red  and  trans¬ 
parent  rarely ;  streak  pale 
brown.  C.c. :  niobic  acid 
53.2,  titanic  acid  10.5, 
thoria  7.6,  cerium  oxide  7, 
lime  14.2,  soda  5,  fluorine 
3.1.  Miask,  Kaiserstuhl, 

Brevig,  and  Frederiks- 
varn.  Microlite,  from  Ches¬ 
terfield  in  Massachusetts, 
has  tantalic  acid  68.4,  nio¬ 
bic  acid  7.75,  11.7  lime 
and  7.7  protoxide  of  man¬ 
ganese.  Pyrrhite  from 
Mursinsk  in  the  Urals,  San  Piero  in  Elba,  and  the  Azores 
may  be  the  same;  at  the  last  locality  it  is  in  orangp-red 
octahedra,  and  is  a  niobate  of  zirconia. 

685.  Blomstrandite,  (Ca^e),  Ti-f-tI&b24-H. 

Massive.  H.  =5.5.  G.  =4.17  to  4.25.  Vitreous,  black. 

Streak  brown.  Translucent  in  splinters.  C.c. :  niobic  acid 
49.8,  titanic  acid  10.7,  uranium  oxide  23.7,  protoxide  of  iron 
3.3,  lime  3.5,  water  7.9.  Nohl  (Sweden). 

686.  Polycrase,  4RTi-|-R&b.- 

Right  prismatic  (Fig.  595).  ooPoo  ,  xP  (140°),  P,  2Px 


Fig.  594. 


Fig.  596. 


(56°).  Fracture  conchoidal.  H.  =  5  to  6;  G.  =  5.1.  Black; 
streak  gray-brown.  B.B.  decrepitates  violently,  incandes¬ 
cing,  but  does  not  fuse.  Sol.  in  s.  acid.  C.c. :  titanic  acid 
26.6,  niobic  acid  20.4,  yttria  23.3,  erbia  7.5,  oxide  of  uranium 
7.7,  water  4.  Hittero  (Norway),  Slettakra  in  Jonkoping 
(Sweden). 

687.  Euxenite,  2RTi-f-RNb-f  H. 

Right  prismatic  (Fig.  596).  xP  (m)  140° ;  xpx  (6) ; 
2Px  ( d )  52° ;  P  ( p )  102°  58'.  p  :  b  103°  6'.  Fracture  con¬ 
choidal.  Opaque  ;  metallic  to  vitreous.  Black  and  brown¬ 
ish  black;  streak  red-brown.  B.B.  infusible.  Not  acted 
on  by  acids.  C.c. :  niobic  acid  32,  titanic  acid  19.2,  ura¬ 
nium  oxide  19.5,  yttria  18.2,  cerium  oxide  2.8,  but  variable. 
Jolster,  Tromo,  Alvo,  etc.,  in  Norway;  also  Hittero  and 
Cape  Lindesnaes. 


688.  TEschynite. 

Eight  prismatic.  xP  (M)  128°  34' ;  2Px  («)  73°  16'  •  P 
(o :  o)  137°  14' ;  xP3  69°  23' ;  Px  ;  OP.  Crystals  long  pris¬ 
matic  (Fig.  597).  Cl.  traces  ;  fracture  im¬ 
perfect  conchoidal.  H.  =  5  to  5.5 ;  G.  =  4.9 
to  5.1.  Opaque;  submetallic  or  resinous. 
Iron-black  or  brown ;  streak  yellowish 
brown.  B.B.  swells  and  becomes  yellow  or 
brown,  but  is  infusible.  Not  sol.  in  h.  acid, 
partially  in  s.  acid.  C.c. :  niobic  and  tanta¬ 
lic  acids  28.8,  titanic  acid  22.6,  thorium  ox¬ 
ide  15.7,  cerium  protoxide  18.5,  lanthanum 
oxide  and  didymium  oxide  5.6.  Miask, 
Hittero. 

689.  POLYMIGNITE. 

Right  prismatic.  P  (p)  polar  136°  28'  and 
116°  22';  xP  109°  46';  xpx  ;  xpx  (Fig. 
598).  Cl.  macro-  and  brachydiagonal,  im¬ 
perfect  ;  fracture  conchoidal.  H.  =  6.5 ; 
G.  =  4.7  to  4.8.  Opaque  ;  semi-metallic. 
Iron-black ;  streak  dark  brown.  B.B.  ihfus- 
Sol.  in  h.  acid.  C.c. :  titanic  acid  46.3,  zirconia  14.1, 


X 


Fig.  597 
(sp.  688). 


ible. 


yttria  11.5,  lime  4.1,  iron  peroxide  12.2,  cerium  oxide  5. 
Frederiksvarn. 


690.  Mengite,  (Fe,  12r)  Ti. 

Right  prismatic.  P  (e)  polaf  angle  151°  27'  and  101°  10' ; 
xP  136°  20';  xp3;  xPx  (Fig.  599).  Fracture  uneven. 
H.  =5  to  5.5;  G.  =  5.48.  Opaque;  semi-metallic.  Iron- 
black;  streak  chestnut-brown.  B.B.  infusible,  but  becomes 
magnetic.  Sol.  in  s.  acid.  Miask,  Groix  Island  in  Morbihan. 

691.  Tantalite,  Fe  (®a,  Nb). 

Right  prismatic.  P  (p)  with  polar  edges  126°  and  112° 
30',  middle  91°  42'.  xpf  (r)  122°  53'; 
xpx  (s) ;  xpx  (t)  ;  Px  (m)  113°  48'; 
3Px  (q)  54°  10' ;  iPx  ( n )  167°  36' ;  §p§ 
(r) ;  2P2  (o).  Fracture  conchoidal  or 
uneven.  H.  =  6  to  6.5;  G.  =  6.1  to  8. 
Opaque ;  semimetallic,  adamantine,  or 
resinous.  Iron-black;  streak  cinna¬ 
mon-  or  coffee-brown.  B.B.  infusible ; 
scarcely  affected  by  acids.  C.c. :  76  to 
50  tantalic  acid,  7.5  to  29  niobic  acid, 
9  to  16  iron  protoxide,  and  1  to  6  man¬ 
ganese  protoxide ;  some  with  1  to  10  tin  oxide  ( Cassi- 
lerotantalite) ;  also  in  union  with  iron  (manganese)  protox¬ 
ide.  Kimito  and  Tammela  in  Finland,  Broddbo  and  Finbo 
near  Falun,  and  Chanteloube  near  Limoges;  always  in 
granite. 

692.  Tapiolite,  4Pe^a-f-  Pe$b. 

Pyramidal.  P  middle  angle  84°  52',  summit  123°  1'. 
H.  =  6  ;  G.  =  7.2  to  7.5.  Black.  Lustrous.  C.c. :  tantalic 
acid  73.9,  niobic  acid  11.2,  protoxide  of  iron  15.  Tammela 
in  Finland. 

693.  Columbite,  mFel^b  +  wf'eSa. 

Right  prismatic.  P  ( u )  polar  angles  104°  10'  and  151°, 
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middle  angle  83°  8' ;  OP  (c) ;  a>P<x>  (5);  oopoo  (a);  coP  (g) 
135°  40' ;  aopao  (m)  101°  26' ;  2P  (s) ;  3P3  (o) ;  3  Pf  (*) ;  IP® 
(l)  161° ;  Pao  (jfc)  143°  ;  2pao  (h)  112°  26' ;  poo  (»)  101°  12' ; 
2Pao  (e)  62°  40'.  Hemitropes,  face  e ;  vertical  axes  forming 
an  angle  of  62°  40' ;  also  on  faces  2P2  ( n ),  and  rarely  b. 
Also  granular  and  foliated.  Cl.  brachydiagonal,  perfect, 
also  macrodiagonal.  H.  =  6 ;  G.  =  5.4  to  6.4.  Metallic,  ad¬ 
amantine.  Iron-black  to  brownish ;  streak  black  or  red¬ 
dish  brown.  B.B.  infusible;  not  affected  by  acids.  C.c. : 


isomorphic  mixtures  of  niobic  and  tantalic  acids  with  pro¬ 
toxide  of  iron  (or  manganese).  Pure  columbite  would  give 
78.8  niobic  acid,  pure  tantalite  86  tantalic  acid.  The  niobic 
acid  generally  prevails,  and  the  crystals  arc  better  formed 
the  more  this  is  the  case.  Rabenstein,  Bodenmais,  Chan- 
teloube,  Finland,  Ilmen  Hills,  Evigtok  in  Greenland,  Had- 
dam  and  Middletown  in  Connecticut,  Acworth  in  New 
Hampshire,  Pike’s  Peak  in  Colorado. 

694.  Yttrotantalite,  (Y,  Ca,  Fe,  UM^a,  W,  $b). 

In  two  varieties,  (a)  Black.  Right  prismatic ;  in  short 
prismatic  or  tabular  crystals,  oopco  ;  ocP  (m)  121°  48'. 
OP  :  2poo  103°  26' ;  poo  :  OP  131°  26' ;  i  :  i  149°  42'  (Fig. 
604) ;  also  in  grains  and  lamella:.  Cl.  brachydiagonal,  in- 


Fig.  G04. 
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distinct;  fracture  conchoidal  or  uneven.  Opaque,  or  in 
thin  splinters  translucent.  Velvet-black,  semi-metallic  lus¬ 
tre,  and  greenish  gray  streak.  H.  =  5.5 ;  G.  =  5.4  to  5.7. 
( b )  Yellow.  Amorphous,  yellowish  brown,  or  yellow,  often 
striped  or  spotted;  resinous  or  vitreous;  streak  white. 

G.  =  5.46  to  5.88.  Both  varieties  B.B.  infusible,  but  be¬ 
come  brown  or  yellow.  Not  affected  by  acids.  C.c. :  57  to 
60  tantalic  acid,  1  to  8  tungstic  acid,  0  to  20  niobic  acid,  20 
to  38  yttria,  0.5  to  6  lime,  0.5  to  6  uranium  peroxide,  and 
0.5  to  3.5  iron  peroxide.  Ytterby,  and  near  Falun. 

695.  Fergusonite,  (Y,  Pr,  Ce)3(Nb,  ¥a). 

Pyramidal  and  hemihedric  ;  P  (s)  128°  28'.  Usual  form 

(i)3P§  (a),  P,  £ooPf  (g),  OP  (c)  (Fig.  605).  s:sl00°  54', 

s :  c  115°  16',  z :  r  169°  17'.  Cl.  traces  along  P ;  fracture  im¬ 
perfect  conchoidal ;  brittle.  H.  =  5.5  to  6 ;  G.  =  5.6  to  5.9. 
Translucent  in  thin  splinters;  semimetallic.  Brownish 
black ;  streak  pale  brown.  B.B.  infusible.  C.c. :  chiefly 
niobic  acid  and  yttria,  with  erbia,  also  a  little  cerium  pro¬ 
toxide,  tin  oxide,  uranium  oxide,  and  iron  protoxide.  Cape 
Farewell  in  Greenland,  Ytterby,  Riesengebirge,  Rockport 
in  Massachusetts.  Tyrite,  from  Helle  near  Arendal,  is 
similar. 

696.  Hjelmite. 

Massive,  with  granular  fracture  and  traces  of  crystals. 

H.  —  5;  G.  =  5.82.  Velvet-black;  streak  grayish  black. 
Lustre  metallic.  C.c. :  tantalic  acid  62  4,  tin  6.6,  uranium 
4.9,  protoxide  of  iron  8.1,  yttria  5.2.  B.B.  infusible.  In 
closed  tube  decrepitates  and  yields  water.  Kararfvet  near 
Falun. 

697.  Samarskite  (  Uranotantalite),  (E3K,K|)5(Nb¥a V.. 
Right  prismatic.  coP  122°  46';  c»p2  95° ;  Pco  93°;  P; 

cep®  ;  oopao  ;  3P§;  also  in  grains.  Fracture  conchoidal ; 


brittle.  H.  =  5.56 ;  G.  =  5.6  to  5.76.  Opaque ;  strong  semi- 
metallic.  Velvet-black  ;  streak  dark  reddish  brown.  B.B. 
fuses  on  the  edges  to  a  black  glass.  In  the  closed  tube  de¬ 
crepitates,  yields  water,  incandesces,  and  becomes  brown. 
Sol.  in  h.  acid  to  a  greenish  fluid.  C.c.:  37.2  niobic  acid, 
18.6  tantalic  acid,  12  iron  protoxide,  14  to  20  uranium  oxide, 
6  thorium  oxide,  4  zirconia,  and  16  yttria  with  lime  and 
magnesia.  Miask,  Mitchell  county  in  North  Carolina.  The 
Yttroilmenite  of  Hermann. 

698.  Noulite,  ft3Nb. 

Massive.  H.  =  4.5  to  5 ;  G.  =  5.04.  Black -brown. 
Splintery-'-  Brittle.  Opaque;  vitreous.  Niobic  acid 
50.4,  urawfum  oxide  14.4,  zirconia  3,  ferrous  oxide  8, 
yttria  14.4,  lime  4.7,  water  4.6.  Nohl  near  Kongelf 

(Sweden). 

699.  Hatchettolite. 

Cubic;  O,  ooOoo.  Yellowish  brown.  Resinous 
lustre.  Fracture  conchoidal.  H.  =  5 ;  G.  =  4.8  to 
4.9.  C.c. :  niobic  acid  34.3,  tantalic  acid  29.8,  uranium 
oxide  15.5,  lime  8.9,  water  4.5.  North  Carolina. 

ANTIMONIATES. 

700  Romeite,  Ca3Sb§b. 

Pyramidal ;  P  110°  50'.  Scratches  glass.  G.  =  4.7. 
Honey -yellow  or  hyacinth-red.  B.B.  fuses  to  a  blackish  slag. 
Sol.  in  acids.  C.c.:  41.3antimonic acid,  37.3antimonv oxide, 
and  21.4  lime,  but  with  2  to  3  manganese  and  iron  protoxide. 
St.  Marcel  in  Piedmont. 

Schneebergite,  from  Tyrol,  may  be  an  impure  variety. 

701.  Bleiniere,  Pb(Sb,  §b)  -(-  H. 

Reniform  and  massive.  H.  =  4 ;  G.  =  3.9  to  4.8.  Trans¬ 
lucent  ;  resinous  to  earthy.  Colorless,  yellow,  brown,  and 
gray.  B.B.  reduced  on  charcoal.  C.c. :  oxide  of  lead  41  to 
62,  antimonious  acid  32  to  47,  water  6  to  12.  Lost  with  iel, 
Horhausen,  Nertchinsk. 

702.  Nadorite,  PbSb-f- PbCl2. 

Right  prismatic ;  gdP  132°  51'.  Crystals  tabular.  Cl.  ma¬ 
crodiagonal.  H.  =  3;  G.  =  7.  Yellowish  or  grayish  brown. 
Resinous  to  adamantine ;  translucent.  C.c. :  lead  52.2,  an¬ 
timony  30.8,  oxygen  8,  chlorine  9.  Constantine  (Algeria). 

703.  Rivotite. 

Massive.  Yellowish  to  grayish  green.  Opaque ;  fracture 
uneven;  brittle.  H.=  3.5  to  4 ;  G.  =  3.6.  C.c.:  oxide  of 
copper  39.5,  oxide  of  silver  1.2,  antimonic  acid  42,  carbonic 
acid  21.  Sierra  del  Cadi  in  the  province  of  Lerida.  Throm- 
bolite  from  Rezbanya,  Hungary,  may  be  a  hydrated  variety. 

704.  Mellite,  Xl(C1209)  +  18H. 

Pyramidal;  P  93°  5'.  OP;  Pco  ;  and  ooPco.  Cl.  P;  frac¬ 
ture  conchoidal ;  brittle.  H.  =  2  to  2.5  ; 
G.  =  1.5  to  1.6.  Transparent;  doubly 
refractive;  vitreous.  Honey-yellow  or 
reddish  ;  streak  white.  In  closed  tube 
yields  water.  B.B.  chars  without  odor. 
Burns  wThite  and  acts  like  alumina.  Sol. 
in  n.  acid  or  potash.  C.c. :  alumina  14.4, 
mellic  acid  40.3,  water  45.3.  In  lignite  at 
Artern  in  Thuringia  and  Luschitz  in  Bo¬ 
hemia;  Walchow  in  Moravia  (cretaceous);  in  coal  at  Ma- 
lovka  in  Tula. 

705.  Oxaeite,  2Fe§3-}-3H. 

Capillary  crystals,  also  botryoidal  or  compact ;  fracture 
uneven;  sectiie.  H.  =  2;  G.  =2.2.  Opaque  ;  resinous  to 
dull.  Straw-yellow.  B.B.  turns  black,  then  red.  Sol.  to 
yellow  solution  in  acids.  C.c. :  42.1  iron  protoxide,  42.1 
oxalic  acid,  15.8  water.  In  lignite  at  Kolosoruk  near  Bilin, 
Duisburg,  and  Gross  Almerode  in  Hesse. 

706.  Whewellite,  Ca<3  +  H. 

Oblique  prismatic,  C  72°  41'.  ooP  100°  36'.  Cl.  basal,  per¬ 
fect  ;  brittle.  H.  =2.5  to  2.8 ;  G.  =  1.838.  Transparent  to 
opaque :  vitreous.  Colorless.  C.c. :  49.31  oxalic  acid,  38.36 
lime,  12.33  water.  Hungary. 

THE  MINERAL  RESINS. 

Many  of  these  are  only  vegetable  resins  slightly  altered. 
Naphtha  is  fluid ;  the  others  solid,  with  H.  =  1  to  2  or  2.5. 
Most  are  amorphous,  a  few  crystalline  and  monoclinic.  G. 
=  0.6  to  1.6.  Mostly  resinous;  colorless,  or  colored  brown, 
yellow,  or  red,  with  paler  streak.  Sol.  in  acids,  alcohol, 
ether,  and  oils.  Melt  readily,  and  burn  with  flame  and 
smoke. 

707.  Naphtha,  Petroleum,  CHi. 

Liquid.  Colorless,  yellow,  or  brown.  Transparent  or 
translucent.  G.  =  0.7  to  0.9.  Volatilizes  in  the  atmosphere 
with  an  aromatic  bituminous  odor.  C.c.:  84  to 88  carbon, 
and  12  to  16  hydrogen.  Varieties  are — 

Naphtha. — Very  fluid,  transparent,  and  light  yellow.  Te- 
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gem  Lake  in  Bavaria,  Amiano  near  Parma,  Salies  in  the 
Pyrenees,  Rangoon,  Baku  on  the  Caspian  Sea,  China,  Persia, 
and  North  America.  Used  for  burning  and  in  preparing 
varnishes. 

Petroleum, — Darker  yellow  or  blackish  brown  ;  less  fluid 
or  volatile.  Ormskirk  in  Lancashire ;  Coalbrookdale,  Pitch- 
ford,  and  Madeley  in  Shropshire  ;  St.  Catherine’s  Well, J south 
of  Edinburgh  ;  Mainland  of  Orkney ;  and  many  other  parts 
of  Europe.1 

708.  Elatekite  ( Elastic  Bitumen,  Mineral  Caoutchouc), CH2. 

Compact ;  reniform  or  fungoid ;  elastic  and  flexible  like 

caoutchouc,  very  soft.  G.  =  0.8  to  1.23.  Resinous.  Black¬ 
ish,  reddish,  or  yellowish  brown.  Strong  bituminous  odor. 
C.c. :  84  to  86  carbon,  12  to  14  hydrogen,  and  a  little  oxygen. 
Derbyshire,  Montrelais  near  Nantes,  and  Woodbury  in  Con¬ 
necticut. 

709.  Asphaltum,  Bitumen. 

Compact  and  disseminated ;  fracture  conchoidal,  some¬ 
times  vesicular;  sectile.  H.  =  2 ;  G.  =  1 1  to  1.2.  Opaque, 
resinous,  and  pitch-black ;  strong  bituminous  odor,  espe¬ 
cially  when  rubbed.  Takes  fire  easily,  and  burns  with  a 
bright  flame  and  thick  smoke.  Sol.  in  ether,  except  a  small 
remainder,  which  is  dissolved  in  oil  of  turpentine.  C.c. : 
76  to  88  carbon,  2  to  10  oxygen,  6  to  10  hydrogen,  and  1  to 
3  nitrogen.  Limmer  near  Hanover,  Seyssel  on  the  Rhone, 
Val  Travers  in  Neufchatel,  Lobsann  in  Alsace,  in  the  Harz, 
Dead  Sea,  Persia,  and  Trinidad ;  Cornwall,  Haughmond 
Hill  (Shropshire),  East  and  WestLothians,  Elie  and  Burnt¬ 
island  (Fife). 

710.  Albertite. 

Massive.  Velvet-black.  Adamantine  lustre ;  brittle. 
C.c. :  carbon  86,  hydrogen  9,  nitrogen  2.9,  oxygen  2.  Hoy, 
Orkney  ;  Strathpeffer,  Ross ;  Hillsborough,  New  Brunswick. 

711.  Piauzite. 

Massive ;  imperfect  conchoidal,  sectile.  H.  =  1.5 ;  G.  = 
1.22.  Dimly  translucent  on  very  thin  edges ;  resinous. 
Blackish  brown ;  streak  yellowish  brown.  Fuses  at  600° 
Fahr.,  and  burns  with  an  aromatic  odor,  lively  flame,  and 
dense  smoke.  Sol.  in  ether  and  caustic  potash.  Piauze 
near  Rudolfswerth  in  Carniola. 

712.  Ixolyte. 

Massive ;  conchoidal  fracture.  H.  =  7 ;  G.  =  1.008. 
Resinous.  Hyacinth-red ;  streak  ochre-yellow.  Rubbed 
between  the  fingers  it  emits  an  aromatic  odor ;  becomes 
soft  at  119°,  but  is  still  viscid  at  212°.  Oberhart  near  Glogg- 
nitz  in  Austria. 

713.  Amber  ( Succinite ),  CioIIsO. 

Round  irregular  lumps,  grains,  or  drops.  Fracture  per¬ 
fect  conchoidal;  slightly  brittle.  H.  =  2  to  2.5;  G.  —  1 
to  1.1.  Transparent  to  translucent  or  almost  opaque ;  res¬ 
inous.  Honey-yellow,  hyacinth-red,  brown,  yellowish 
white;  also  streaked  or  spotted.  When  rubbed  emits  an 
agreeable  odor,  and  becomes  negatively  electric.  It  melts 
at  550°,  emitting  water,  an  empyreumatic  oil,  and  succinic 
acid ;  it  burns  with  a  bright  flame  and  pleasant  odor,  leav¬ 
ing  a  carbonaceous  remainder;  only  a  small  part  is  soluble 
in  alcohol.  C.c. :  79  carbon,  10.5  hydrogen,  and  10.5  oxy¬ 
gen.  Derived  chiefly  from  an  extinct  coniferous  tree 
(Pinites  succinifer),  and  found  in  the  Tertiary  and  diluvial 
formations  of  many  countries,  especially  Northern  Germany 
and  shores  of  the  Baltic,  Sicily,  Spain,  and  Northern  Italy, 
rarely  in  Britain  (on  the  shores  of  Fife,  Norfolk,  Suffolk, 
and  Essex,  and  at  Kensington,  near  London).  Used  for 
ornamental  purposes,  and  for  preparing  succinic  acid  and 
varnishes.  Krantzite,  from  Nienburg,  is  essentially  the  same. 

714.  Retinite  ( Retinasphalt ). 

Roundish  or  irregular  lumps ;  fracture  uneven  or  con¬ 
choidal  ;  very  easily  frangible.  H.  —  1.5  to  2 ;  G.  =  1.05 
to  1.15.  Translucent  or  opaque ;  resinous  or  glistening. 
Yellow  or  brown.  Melts  at  a  low  heat,  and  burns  with  an 
aromatic  or  bituminous  odor.  C.c. :  in  general  carbon,  hy¬ 
drogen,  and  oxygen,  in  very  uncertain  amount.  Bovey, 
Halle,  Cape  Sable,  and  Osnabriick.  Pyroretinite  from  Aussig 
in  Bohemia  is  similar. 

715.  Walchowite,  C12H9O. 

Rounded  pieces,  with  a  conchoidal  fracture.  H.  =  1.5  to 
2;  G.  =  1.035  to  1.069.  Translucent,  resinous.  Yellow 
with  brown  stripes,  and  a  yellowish  white  streak.  It  fuses 
at  482°,  and  burns  readily.  Soluble  partially  (7.5  per  cent.) 
in  ether;  in  s.  acid  forms  a  dark-brown  solution.  C.c.: 
80.4  carbon,  10.7  hydrogen,  and  8.9  oxygen.  Walchow  in 
Moravia. 

716.  Copaline  ( Fossil  Copal,  Highgate  Resin),  C40H64O. 

Irregular  fragments.  H.  =  1.5;  G.  =  1.046.  Translu- 


1  Abundant  and  widely  distributed  in  the  United  States.  See 
Dana,  System  of  Mineralogy,  p.724  (N.  Y.,  1882).— Am.  Ed. 


cent,  resinous ;  bums  with  light  yellow  flame  and  much 
smoke  ;  alcohol  dissolves  little  of  it ;  becomes  black  in  sul¬ 
phuric  acid.  C.c.:  85.54  carbon,  11.63  hydrogen,  2.76  oxy¬ 
gen.  Highgate  near  London.  A  similar  resin  from  Settling- 
Stones  mine  in  Northumberland,  found  in  flat  drops  or 
crusts  on  calc-spar,  is  infusible  at  500°  Fahr. ;  G.  =  1.16  to 
1.54;  it  contains  85.13  carbon,  10.85  hydrogen,  and  3.26 
ashes. 

717.  Berengelite,  C40H62O8. 

Amorphous  ;  conchoidal  fracture.  Dark  brown,  inclining 
to  green ;  yellow  streak.  Resinous :  unpleasant  odor,  and 
bitter  taste.  Fuses  below  212°,  and  continues  soft  after¬ 
wards  at  ordinary  temperatures ;  easily  soluble  in  alcohol. 
C.c. :  72.40  carbon,  9.28  hydrogen,  18.31  oxygen.  San  Juan 
de  Berengela  in  Peru. 

718.  Guayaquillite,  C20H26O3. 

Amorphous ;  yielding  easily  to  the  knife,  and  very  friable. 
G.  =  1.092.  Pale  yellow.  Slightly  resinous.  Fluid  at  212°, 
viscid  when  cold ;  slightly  soluble  in  water,  and  largely  in 
alcohol,  forming  a  yellow  fluid  with  a  bitter  taste.  C.c. : 
77.01  carbon,  8.18  hydrogen  and  14.80  oxygen.  Guayaquil 
in  South  America. 

Bogbutter,  from  the  Irish  peat  mosses,  is  similar ;  it  melts 
at  124°,  is  easily  soluble  in  alcohol,  and  contains  73.70  car¬ 
bon,  12.50  hydrogen,  and  13.72  oxygen. 

719.  Hartine,  C2(,H20-f  H. 

Round  masses  or  thin  layers.  Brittle,  but  easily  cut  with 
a  knife.  G.  =  1.6.  Resinous.  Reddish  brown  by  reflected 
and  deep  red  by  transmitted  light ;  streak  light  brown.  Be¬ 
comes  black  on  exposure.  C.c. :  86.43  carbon,  8.01  hydrogen, 
5.56  oxygen.  In  the  main  coal  seam  at  Middleton  near 
Leeds,  and  at  Newcastle. 

720.  Ozocerite  ( Native  Paraffin),  CH. 

Amorphous,  sometimes  fibrous.  Very  soft,  pliable,  and 
easily  fashioned  with  the  fingers.  G.  =  0.94  to  0.97.  Glim¬ 
mering  or  glistening;  semitranslucent.  Yellowish  brown 
or  hyacinth-red  by  transmitted,  dark  leek-green  by  re¬ 
flected  light.  Strong  paraffin  or  aromatic  odor ;  fuses  easily 
to  a  clear  oily  fluid ;  at  higher  temperature  burns  with  a 
clear  flame,  seldom  leaving  any  ashes ;  readily  soluble  in 
oil  of  turpentine,  with  great  difficulty  in  alcohol  or  ether. 
C.c. :  85.7  carbon,  and  14.3  hydrogen.  Binny  (Linlithgow), 
and  Edinburgh;  Slanik  and  Zietriska  in  Moldavia,  near 
Gaming  in  Austria,  and  Baku ;  also  at  Urpeth  coal-mine 
near  Newcastle-on-Tyne.  Pyropissite  may  be  a  variety. 

721.  Hatchettine  (Mineral  Tallow). 

Flaky,  like  spermaceti ;  or  subgranular,  like  beeswax ; 
soft  and  flexible.  G.  =  0.6.  Translucent;  weak  pearly. 
Yellowish  white,  wax-yellow,  or  greenish  yellow.  Greasy, 
inodorous;  readily  soluble  in  ether.  C.c.:  85.91  carbon, 
14.62  hydrogen,  or  similar  to  ozocerite.  Loch  Fyne  (fusible 
at  115°),  Merthyr-Tydvil,  Schaumburg. 

722.  Fichtelite,  C4H3. 

Crystalline  (oblique  prismatic)  lamella;,  which  swim  in 
water,  but  sink  in  alcohol.  White  and  pearly.  Fuse  at 
114°,  but  again  become  crystalline  on  cooling.  Very  easily 
soluble  in  ether,  and  precipitated  by  alcohol.  C.c. :  88.9 
carbon  and  11.1  hydrogen.  In  pine  wood  in  a  peat-moss 
near  Redwitz  in  Bavaria. 

723.  Hartite,  C6H5. 

Anorthic ;  but  mostly  like  spermaceti  or  white  wax,  and 
lamellar.  Sectile,  but  not  flexible.  H.  =  1 ;  G.  =c  1.046. 
Translucent;  dull  resinous.  White.  Melts  at  165°,  and 
burns  with  much  smoke.  Very  soluble  in  ether,  much  less 
so  in  alcohol.  C.c.:  87.8  carbon,  and  12.2  hydrogen.  Ober¬ 
hart  in  Austria. 

724.  Konlite,  C2H. 

Crystalline  folia  and  grains.  Soft.  G.  =  0.88.  Trans¬ 
lucent  ;  resinous.  White,  without  smell.  Fuses  at  120°  to 
137°.  Sol.  in  n.  acid;  precipitated  by  water  in  a  white 
crystalline  mass.  C.c. :  92.3  carbon,  7.7  hydrogen.  Uznach 
near  St.  Gall,  Redwitz. 

725.  SCHEERERITE,  CH2. 

Oblique  prismatic ;  tabular  or  acicular.  Soft  and  rather 
brittle.  G.  =  1  to  1.2.  Translucent ;  resinous  or  adamantine. 
White,  inclining  to  yellow  or  green.  Feels  greasy,  has  no 
taste,  and  when  cold  no  smell,  but  when  heated  a  weak 
aromatic  odor.  Insoluble  in  water ;  readily  sol.  in  alcohol, 
ether,  and  n.  and  s.  acids.  C.c. :  75  carbon,  25  hydrogen. 
Uznach.  Branchite,  white,  translucent,  fusing  at  167°,  is 
similar ;  Montevaso  in  Tuscany. 

726.  Idrialite,  C3H2. 

Massive;  fracture  uneven  or  slaty;  sectile.  H.  =  1  to 
1.5;  G.  =  1.4  to  1.6  (1.7  to  3.2).  Opaque;  resinous.  Gray¬ 
ish  or  brownish  black ;  streak  blackish  brown,  inclining  to 
red.  Feels  greasy.  Burns  with  a  thick  smoky  flame,  giving 
out  sulphurous  acid,  and  leaving  some  reddish  brown  ashes. 
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C.c. :  77  idrialine  (=  94.7  carbon  and  5.3  hydrogen)  and  18 
cinnabar,  with  a  little  silica,  alumina,  pyrite,  and  lime. 
The  idrialine  may  be  extracted  by  warm  olive  oil  or  oil  of 
turpentine  as  a  pearly  shining  mass,  difficultly  fusible. 
Idria. 

727.  Torbanite. 

Massive ;  fracture  subcon choidal.  Yellow,  brown-gray, 
and  light  brown.  H.  =  1.5  to  2 ;  G.  =  1.28.  C.c. :  60  to  65 
carbon,  9  hydrogen,  4  to  5  oxygen,  10  to  20  silicate  of  alu¬ 
mina.  When  distilled  below  redness  yields  a  burning  fluid 
holding  paraffin  in  solution ;  above  redness  a  large  quantity 
of  highly  illuminating  gas.  Shown  by  the  microscope  to 
consist  of  granules  of  a  yellow  bituminoid  wax,  with  inter¬ 
stitial  shaly  matter.  Torbanehill  in  Scotland,  Pilsen  in 
Bohemia,  Kurakina  and  Murayevna  in  Russia. 

728.  Dopplerite. 

Jelly-like  elastic  masses.  Brownish  black  ;  streak  brown. 
Greasy  lustre.  H.  =0.5 ;  G.  =  1.1.  After  drying  H.  =2.5 ; 
G.  =  1.5.  Insoluble  in  alcohol  and  ether.  An  acid  substance 
related  to  humic  acid.  From  peat  beds,  Aussee  (Styria) 
and  Switzerland. 

THE  COALS. 

729.  Anthracite  ( Glance  Coal). 

Massive  and  disseminated;  rarely  columnar.  Fracture 
conchoidal ;  brittle.  H.  =  2to2.5;  G.  =  1.4  to  1.7.  Opaque, 
brilliant  metallic.  Iron-black ;  streak  unaltered.  Perfect 
conductor  of  electricity.  Burns  difficultly  with  a  very  weak 
or  no  flame,  and  does  not  cake ;  in  the  closed  tube  yields  a 
little  moisture,  but  no  empyreumatic  oil ;  detonates  with 
nitre.  C.c. :  carbon  above  90  per  cent.,  with  1  to  3  oxygen, 
1  to  4  hydrogen,  and  0  to  3  nitrogen ;  and  ashes  chiefly  of 
silica,  alumina,  lime,  and  peroxide  of  iron.  Common  in 
some  parts  of  all  coal  fields  ;  and  especially  in  the  United 
States,  as  in  Rhode  Island,  Massachusetts,  and  above  all  in 
Pennsylvania.  Used  chiefly  for  manufacturing  metals. 

730.  Common  Coal  ( Blaclc  Coal,  Stone  or  Mineral  Coal, 
Bituminous  Coal). 

Compact,  slaty,  or  confusedly  fibrous ,  often  dividing  into 


rhomboidal,  columnar,  or  cubical  fragments.  Fracture 
conchoidal,  uneven,  or  fibrous;  rather  brittle  or  sectile. 
II.  =  2  to  2.5;  G.=  1.2tol-5.  Vitreous,  resinous,  or  silky 
in  the  fibrous  variety.  Blackish  brown,  pitch-black,  or 
velvet-black.  Burns  easily,  emitting  flame  and  smoke,  with 
a  bituminous  odor;  heated  in  the  closed  tube  yields  much 
oil.  C.c. :  74  to. 90  carbon,  with  0.6  to  8  or  15  oxygen,  3  to  6 
hydrogen,  0  to  1  to  2  nitrogen,  0.1  to  3  sulphur,  and  1  to  11 
earthy  matters  or  ash,  in  100  parts. 

Slate  Coal  or  Splint  has  a  thick  slaty  structure,  and  an  un¬ 
even  fracture.  Cherry  Coal  is  the  name  applied  to  the  brittle 
highly  lustrous  variety  common  in  the  English  coal  fields. 
Caking  Coal  is  a  more  bituminous  variety  which  undergoes 
semifusion  when  ignited,  caking  or  agglutinating  during 
combustion.  Cannel  Coal  has  a  resinous,  glimmering  lustre, 
and  a  flat-conchoidal  fracture,  breaks  into  irregular  cubical 
fragments,  but  is  more  solid  and  takes  a  higher  polish  than 
other  varieties.  This  burns  with  a  bright  flame,  and  yields 
much  gas.  Abundant  in  many  lands,  as  in  England,  Scot¬ 
land,  and  Ireland,  in  Belgium  and  France,  in  Germany  and 
Southern  Russia.  .British  America  and  the  United  States 
possess  immense  fields,  especially  in  the  valley  of  the  Mis¬ 
sissippi.  Also  found  iu  China,  Japan,  Hindustan,  Australia, 
Borneo,  and  several  of  the  Indian  islands. 

731.  Lignite  (Jet,  Brown  Coal). 

Distinctly  vegetable  iu  origin, — the  external  form,  and 
very  often  the  internal  woody  structure,  being  preserved. 
The  texture  is  compact,  woody,  or  earthy.  Fracture  con¬ 
choidal,  woody,  or  uneven ;  soft  and  often  friable.  G.  = 
0.5  to  1.5.  Lustre  sometimes  resinous,  mostly  glimmering 
or  dull.  Brown,  black,  or  rarely  gray.  Burns  easily  with 
an  unpleasant  odor ;  colors  solution  of  potash  deep  brown. 
C.c. :  47  to  73  carbon,  2.5  to  7.5  hydrogen,  8  to  33  oxygen 
(with  nitrogen),  and  1  to  15  ashes.  Jet  is  pitch-black,  with 
conchoidal  fracture  and  resinous  lustre.  Brown  coal  occurs 
at  Bovey -Tracy  in  Devonshire ;  also  in  Germany,  Hungary, 
France,  Italy,  and  Greece.  The  SurUirbrand  of  Iceland 
seems  a  variety.  Used  as  fuel,  but  much  inferior  to  com¬ 
mon  coal.  The  Oolitic  coals  of  Yorkshire,  Antrim,  Brora, 
Mull,  and  Skye  are  intermediate  varieties. 
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Abriachanite,  581 
Acanthite,  170 
Acmite,  570 
Actinolite,  578 
Adamite,  410 
Adinole,  590 
Adularia,  589 
iEgerine,  571 
A£schynite,  688 
Agalmatolite,  647 
Aikinite,231 
Alabandine,  180 
Alabaster,  319  , 
Alalite,  507 
Albertite,  710 
Albite,  590 
Alexandrite,  94 
Algodonite,  192 
Allanite,  474 
Allemontite,  7 
Allochroite,  493 
Allomorphite,  313 
Allopalladium,  30 
Allophane,  639 
Almandine,  493 
Alstonite,  283 
Altaite,  163 
Alum,  341 
Aluminite,  329 
Alunite,  343 
Alunogene,  328 
Amalgam,  24 
Amazon  stone,  589 
Amber,  713 
Amblygonite,  450 
Amblystegite,  565 
Amethyst,  81, 135 
Amianthus,  567,  578 
Amphibole,  578 
Amphodelite,  591 
Analcime,  605 
Anatase,  96 
Anauxite,  641 
Andalusite,  460 
Andesine,  594 
Anglesite,  316 
Anhydrite,  312 
Ankerite,  274 
Annabergite,  388 
Annerodite,  682 
Annivite,  233 
Anomite,  515 
Anorthite,  591 
Anthophyllite,  577 
Anthracite,  729 
Anthraeonite,  272 
Antigorite,  551 


Antimonial  nickel, 

184 

Antimony,  6 
Apatelite)  331 
Apatite,  443 
Aphrite,  272 
Aphrodite,  545 
Apophyllite,  603 
Aquamarine,  586 
Aragonite.  281 
Arcanite,  308 
Ardennite,  677 
Arfvedsonite,  579 
Argentite,  169 
Arkansite,  97 
Arksutite,  41 
Arquerite,  23 
Arsenic,  6 
Arseniosiderite,  429 
Arsenolite,  123 
Asbestos,  578 
Asphaltum,  709 
Astrakanite,337 
Astrophyllite,  530 
Atacamite,  0J 
Atopite,  376 
Augite,  567 
Aurichalcite,  297 
Avaite,  28 
Avanturine,  135 
Axinite,  494 
Azurite,  294 
Babingtonite,  575 
Baikalite,  567 
Barsovite,  596 
Baryta-mica,  521 
Baryte,  313 
Baryto-calcite,  287 
Baryto-celestine,  314 
Bastite,  564 
Bastnaesite,  37 
Beaumontite,  614 
Beauxite,  112 
Beegerite,  160 
Beraunite,  400 
Berengelite,  717 
Bergholz,  660 
Berthierine,  562 
Berthierite,  218 
Beryl,  586 
Berzelinite,  166 
Berzelite,  370 
Beudantite,  456 
Bieberite,  327 
Binnite,  221 
Biotite,  512 
Bismite,  126 


Bismuth,  8 
Bismuthine,  209 
Bismuth  ite,  302 
Bismutoferrite,  667 
Bismuto-sphserite, 
288 

Bitter-spar,  273 
Bitumen,  708, 709 
Bleiniere,  701 
Blende,  177 
BISdite,  337 
Blomstrandite,  685 
Bloodstone,  135' 
Bodenite,  474 
Bogbutter,  718 
Bogoslovskite,  492 
Bole,  655 
Bolivite,  256 
Bolognese  stone,  313 
Boltonite,  476 
i  Bonsdorfite,  585 
Boracite,  262 
Borax,  266 
Bornite,  190 
Borocalcite,  267 
Botryogene,  347 
Botryolite,  470 
Boulangerite,  227 
Bournonite,  230 
Branchite,  726 
Brandisite,  524 
Braunite,  100 
Bravaisite,  653 
Breislackite,  567 
Breithauptite,  184 
Breunnerite,  276 
Brewsterite,  615 
Brochantite,  334 
Bromite,  56 
Brongniartine,  311 
Bronzite,  564 
Brookite,  97 
Brown  coal,  731 
Brucite,  114 
Brushite,  377 
Bunsenite,  76 
Bustamite,  574 
Byrichrite,  155 
Byssolite,  578 
Cacholong,  137 
Cacoxene,  402 
Cairngorm,  135 
Calaite,  404 
Calamine,  280 
Calcite,  calc-spar, 
272 

Caledonite,  350 


>  Calomel,  49 
Cancrimte,  506 
Caporcianite,  612 
Carbuncle,  493 
Carnallite,  62 
Carnat,  631 
Carnelian,  135 
Carpholite,  656 
Carphosiderite,  332 
Cassiterite,  98 
Cassiterotantalite, 
691 

Castor,  573 
Catapleite,  674 
Cat’s-eye,  135 
Cawk,  313 
Celadonite,  560 
Celestine,  315 
Centrolite,  488 
Cerargyrite,  54 
Cerine,  474 
Cerite,  484 
Cerussite,  286 
Cervantite,  130 
Chabasite,  608 
Chalcanthite,  333 
Chalcedony,  135 
Chalcolite,  439 
Chalcomenite,  257 
Chalcophanite,  12 2 
Chalcophyllite,  435 
Chalcopyrite,  189 
Chalcosiderite,  4:30 
Chalcotrichite,  73 
Chalk,  272 
Chalybite,  277 
Chamoisite,  562 
Chert,  135 
Chiastolite,  460 
Childrenite,  432 
Chileuite,  197 
Chiolite,  42 
Chiviatite,  248 
Chladnite,  563 
Chloantite,  146 
Chlorite,  531 
Chloritoid,  526 
Chlorocalcite,  53 
Chloropal,  657 
Chlorophseite,  556 
Chlorophyllite,  585 
Chlorospinel,  93 
Chodnemte,43 
Chondrarsenite.  395 
Chondrodite,  482 
Chonicrite,  535 
Chrome  ochre,  637 


Chromite,  89 
Chrysoberyl,  94 
Chrysocolla,  491 
Chrysolite,  478 
Chrysoprase,  135 
Chrysotile,  549 
Cimolite,  638 
Cinnabar,  198 
Cinnamon  stone,  493 
Cipollino,  272 
Clarite,  246 
Clausthalite,  161 
Clay  ironstone,  277 
Clays,  629 
Clinochlore,  533 
Clinoclase,  424 
Clintonite,  524 
Coals,  729-731 
Cobaltite,  143 
Cobaltspath,  279 
Cobalt  vitriol,  327 
Coccinite,  58 
Coccolite,  567 
Coeruleolactin,  405 
Colophonite,  493 
Coloradoite,  202 
Columbite,  693 
Condurrite,  192 
Connellite,  72 
Copatine,  716 
Copiapite,  331 
Copper,  18 
Copperas,  324 
Copper-blende,  238 
Coquimbite,  330 
Cordierite,  585 
Cornwallite,  418 
Corundophyllite,  533 
Corundum,  81 
Cotton-stone.  623 
Cotunnite,  60 
!  Covelline,  188 
Crednerite,  102 
Crichtonite,  83 
Crocalite,  622 
Crocoisite,  355 
Cronstedtite,  539 
Crookesite,  167 
Cryolite,  40 
Cryophyllite,  517 
Cryptolite,  367 
Cuban,  191 
Cube  ore,  403 
Cuprite,  73 
Cuproplumbite,  159 
Cyanite,  461 
Cymophane,  94 


Cyprine,  475 
Danalite,  497 
Danburite,  495 
Darwinite,  192 
I  Datholite,  467 
I  Davidsonite,  586 
Davine,  506 
Dechenite,  373 
Delafossite,  73 
Delessite,  538 
Demidowite,  492 
Dermatine,  555 
Descloizite,  414 
Diadochite,  454 
Diallage,  568 
Dialogite,  278 
Diamond,  13 
Diaspore,  107 
Dichroite,  585 
Dickinsonite,  392 
Dietrichite,  341 
Dihyrite,  419 
Dimorphite,  207 
Diopside,  567 
Dioptase,  490 
Dipbanite,  522 
Dipyre,  502 
Discrasite,  176 
Disthene,  461 
Dolomite,  273 
Domeykite,  192 
Dopplerite,  728 
Dufrenite,  399 
Dufrenoysite,  223 
Durangite,  451 
Dysanalyte,  683 
Dysluite,  91 
'  Ecdemite,  458 
Edingtonite,  620 
Ehlite,  421 
Eisennickelkies,  182 
Elseolite,  506 
Elaterite,  708 
Electrum,  25 
Eleonorite,  401 
Eliasite,  113 
Embolite,  55 
Embrethite,  227 
Emerald,  81,  586 
Emerald-nickel,  298 
Emery,  81 
Emmonite,  284 
Emplectite,  216 
Enargite,  245 
Enstatite,  563 
Eosite,  359 
1  Eosphorite,  433 
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Epiboulangerite,  250 
Epichlorite,  533 
Epidote,  473 
Epigenite,  24!) 
Epistilbite,  613 
Epsomite,  321 
Erinite,  418 
Erithrosiderite,  65 
Erythrite,  386 
Esmarkite,  585 
Euchroite,  417 
Euclase,  468 
Eucrasite,  643 
Eudialite,  673 
Eudnophile,  605 
Eukairite,  168 
Eukolite,  673 
Eulytine,  498 
Eupbyllite,  523 
Euxenite,  687 
Evansite,  406 
Evigtokite,  47 
Fahlerz,  237 
Fahlunite,  585 
Fairfieldite,  394 
Famatinite,  247 
Fargite,  623 
Faroelite,  626 
Fassaite,  567 
Faujasite,  607 
Fayalite,  477 
Folinite,  655 
Felsdbanyite,  329 
Felspars,  589-597 
Ferberite,  36 1 
Fergusonite,  695 
Ferrotitanite,  670 
Fetbol,  655 
Fibroferrite,  331 
Fichtelite,  722 
Fillowite,  390 
Fiorite,  137 
Fire-blende,  252 
Fischerite,  407 
Flint,  135 
Fluellite,  39 
Fluocerine,  36 
Fluocerite,  35 
Fluorite,  fluor-spar, 

33 

Forchliammerite, 

557 

Foresite,  621 
Forsterite,  476 
Fovvlerite,  574 
Franklinite,  88 
Frenzelite,  210 
Friedelite,  628 
Frieseite,  186 
Frieslebenite,  224 
Fuchite,  519 
Fuller's  earth,  632 
Gadolinite,  471 
Gahnite,  91 
Galactite,  623 
Galena,  158 
Galmei,  485 
Garnet,  493 
Gaylussite,  292 
Gearksutite,  46 
Gehlenite,  504 
Gelbeisenerz,  345 
Geocronite,  211 
Gersdorflite,  147 
Gibbsite,  116 
Gieseckite,  585,  650 
Gigantolite,  585 
Gilbertite,  519 
Giobertite,  276 
Girasol,  137 
Gismondine,  624 
Glagerite,  >35 
Glaserite,  •>  G 
Glauberite,  HI 
Glaucodote,  144 
Glauconite,  559 
Glaucophane,  582 
Gmelinite,  609 
Gold,  25 
Goslarite,  322 
Gothite,  108 
Grammatite,  578 
Graphic  granite,  589 
Graphite,  14 
Greenockite,  179 
Greenovite,  668 
Grunauite,  154 
Grunerite,  584 
Guanajuatite,  201 
Guayaquillite,  718 
Guejarite,  211 
Gummite,  120 
Gymnite,  547 
Gypsum,  319 
Gyrolite,  604 
Haematite,  82 
Haidingerite,  379 
Hair-salt,  328 
Halite,  51 
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Halloysite,  632 
Hamartite,  38 
Harmotome,  617 
Hartine,  719 
Hartite,  723 
Hatchettine,  721 
Hatchettolite,  699 
Hauerite,  150 
Haughtonite,  513 
Hausmannite,  99 
Hauyne,  510 
Haydenite,  608 
Haytorite,  467 
Heliotrope,  135 
Helvine,  496 
Hepatite,  313 
Hercynite,  92 
Herderite,  452 
Hermannite,  583 
Herrengrundite,  348 
Hersehelite,  611 
Hessite,  174 
Heterozite,  391 
Heulandite,  614 
Hisingerite,  659 
Hislopite,  272 
Hjelmite,  696 
Homilite,  469 
Hopeite,  409 
Horbachite,  156 
Hornblende,  578 
Hdrnesite,  383 
Hornstone,  135,  589 
Hubnerite,  365 
Hudsonite,  567 
Humboldtilite,  .503 
Humite,  482 
Hureaulite,  391 
Huronite,  585 
Hyacinth,  138 
Hyalite,  137 
Hyalophane,  595 
Hyalosiderite,  478 
Hydrargillite,  116 
Hydroboracite,  270 
Hydromagnesite,  293 
Hydrophane,  137 
Hydrophite,  552 
Hydrotalcite,  118 
Hydrozincite,  296  . 
Hygrophilite,  652 
Hypersthene,  565 
Hypochlorite,  667 
Hypostilbite,  612 
Ilypoxanthite,  661 
Ice. 74 

Iceland  spar,  272 
Ice-spar,  589 
Ichthyophthalmite, 

603 

Idocrase,  475 
Idrialite,  726 
Ilmenile,  83 
Indicolite,  466 
Inverarite,  182 
Iodite,  57 
Iolite,  585 
Iridium,  28 
Iridosmium,  32 
Irite,  89 
Iron,  16 
Iserine,  84 
Ixolvte,  712 
Jacobsite,  87 
Jade,  578 
Jadeite,  597 
Jalpaite,  171 
Jamesonite,  222 
Jarosite,  314 
Jasper,  135 
Jeffersonite,  569 
Jet,  731 

Joliannite,  336 
Jordanite,  236 
Joseite,  12 
Julianite,  234 
Kainite,  352 
Kiimmereritc,  532 
Kaolin,  629 
Karelinite,  255 
Karstenite,  312 
Keilhauite,  669 
Kermesite,  253 
Kieserite,  320 
Kilbrickenite,  242 
Killinite,  572,  651 
Kirwanite,  558 
Klaprothite,  220 
Klipsteinite,  662 
Knebellite,  480 
Kobaltbeschlag,  386 
Kobellite,  228 
Kollyrite,  634 
Komarit,  664 
Kongsbergite,  23 
Konigine,  335 
Konlite,  724 


Koppite,  681 
Kotschubeyite,  533 


!  Kottigite,  387 
!  Krantzite,  713 
Kraurite;  399 
Kreittomte,  91 
Kremersite,  64 
Krisuvigite,  334 
Krokidolite,  581 
Kuhnite.  370 
Kupferblau,  492 
Kyrosite,  140 
Labradorite,  593 
Lanarkite,  317 
Langite,  335 
Lanthanite,  303 
Lapis-lazuli,  511 
Lasionite,  405 
Latrobite,  591 
Laumontite,  612 
Laurite,  204 
Lautite,  172 
Lavendulan,  386 
Lazulite,431 
Lead, 19 
Leadhillite,  306 
Leadspar,  286 
Leberkies,  140 
Leelite,  689 
Lenzinite,  632 
Leonhardite,  612 
Lepidolite,  518 
Lepidomelane,  514 
Lepolite,  591 
Lerbachite,  200 
Lettsomite,  351 
Leuclitenbergite,  532 
Leucite,  505 
Leucophane,  587 
Leuc.opyrite,  142 
Levyne,  610 
Lherzolite,  567 
Libethenite,  411 
Liebenerite,  649 
Liebigite,  301 
Lievnte,  483 
Lignite,  731 
Lime-mica,  522 
Limestone,  272 
Limnite,  117 
Limonite,  110 
Linarite,  349 
Lindakerite,  299  « 

Linnaeite,  152 
Liroconite,  434 
Lithiophilite,  369 
Lithomarge,  631 
Lithoxylon,  137 
Loam,  629 
Loweite,  338 
I  Luchssapphir,  585 
Lueullite,  272 
Ludlamite,  389 
Ludwigite,  265 
Lumachello,  272 
Liineburgite,  457 
Luunite,  423 
Luzonite,  246 
Lydian  stone,  135 
Magnesia-mica,  512 
Magnesia-ferrite,  86 
Magnesite,  275 
Magnetite,  85 
Magnolite,  35-1 
Malachite,  295 
Malacolite,  567 
Malacone,  642 
Maldonite,  196 
Mallardite,  326 
Malthazite,  633 
Manganese,  red,  278 
Manganese-spar,  574 
Manganite,  109 
Manganocalcite,  285 
Marble,  272 
Marcasite,  140 
Marceline,  100 
Margarite,  522 
Margarodite,  519 
Marl,  272 
Marmoiite,  550 
Martite,  82 
Mascagnine,  309 
Masonite,  527 
Massicot,  78 
Matlockite,  66 
Maxite,  306 
Meerschaum,  544 
Megabasite,  360 
Meionite,  500 
Melaconite,  79 
Melanite,  493 
Melanterite,  324 
Melinophane,  588 
Mellilite,  503 
Mellite,  704 
Meionite,  193 
Melopsite,  631 
Mendipite,  67 
Meneghinite,  235 
Mengite,  690 


Menilite,  137 
Mercury,  20 
Mesolite,  623 
Meteoric  iron,  16 
Miargyrite,  212 
Mica,  512 
Microcline,  589 
Microlite,  684 
Microsommite,  507 
Miemite,  273 
Milarite,  673 
Millerite,  181 
Miloschin,  635 
Mimetesite,  446 
Minium,  104 
Mirabilite,  318 
Mispickel,  141 
Misy,  331 
Mixite,  425 
Mizzonite,  501 
Molybdenite,  203 
Molybdite,  127 
Molysite,  61 
Monazite,  368 
Monradite,  543 
Montanite,  353 
Montebrasite,  450 
Monticellite,  481 
Montmorillonite,  636 
Moonstone,  589 
Morenosite,  323 
Morion,  135 
Morocochite,  213 
Morvenite,  617 
Mosandrite,  672 
Moss-agate,  135 
Mottramite,  420 
Murchisonite,  589 
Muriacite,  312 
Muscovite,  519 
Mussite,  567 
Myelin,  631 
Nacrite,  630 
Nadorite,  702 
Nagyagite,  195 
Naphtha,  707 
Natrolite,  622 
Natron,  290 
Naumannite,  173 
Needle-ore,  231 
Nemalite,  114 
Nepheline,506 
Nephrite,  578 
Newberyite,  378 
Newjanskite,  31 
Nickel,  arseniate  of, 
371 

Nickelerz,  372 
Nickelite,  183 
Nitratine,  258 
Nitre,  259 
Nitrocalcite,  260 
Nitromagnesite,  261 
Nohlite,  698 
Nontronite,  657 
Nosean,  509 
Oehran,  655 
CErstedite,  675 
Okenite,  602 
Oligoclase,  592 
Olivenite,  412 
Olivine,  478 
Oneosin,  648 
Oolite,  272 
Oosite.  585 
Opal,  136, 137 
Orangite,  645 
Orpiment,  206 
Orthite,  474 
Orthoclase,  589 
Osmiridium,  31 
Ottrelite,  528 
Oxalite,  706 
Oxhaveerite,  603 
Ozocerite,  720 
Pachnolite,  44 
Paisbergite,  r>74 
Palladium,  z9 
Paraffin,  720 
Paragonite,  520 
Pargasite,  578 
Parisite,  305 
Paulite,  565 
Pectolite,  59t> 
Peganite,  408 
Peliom,  585 
Pennine,  532 
Pentlandite,  182 
Percylite,  71 
Periclase,  75 
Pericline,  590 
Peridote,  478 
Perovskite,  680 
Petalite,  673 
Petroleum,  707 
Petuntze,  589 
Petzite,  175 
Phacolite,  608 
Pharmacolite,  381 


Pharmaeosiderite, 

403 

Phenacite,  489 
Phillipsite,  616 
Phlogopite,  516 
Phcenico-ehroite,  356 
Phosgenite,  304 
Phosphorochalcite, 

423 

Piauzite,  711 
Pickeringite,  341 
Picotite,  93 
Picrolite,  549 
Picrophyll,  541 
Picrosmiue,  542 
Piedmontite,  473 
Pilolite,  580 
Pimelite,  548 
Pinguite,  658 
Finite,  585 
Pinitoid,  654 
Pisolite,  272 
Pissophane,  332 
Pitch  blende,  90 
Pitticite,  455 
Plagionite.  219 
Plasma,  135 
Platiniridium,  27 
Platinum,  26 
Plattnerite,  103 
Pleonaste,  93 
Plinthite,  655 
Plombgomme,  442 
Plumbocaleite,  272 
Plumbostib,  227 
Pollux,  606 
Polyargyrite,  244 
Polybasite,  243 
Polycrase,  686 
Polydymite,  154 
Polyhalite,  340 
Polyhydrite,  659 
Polymignite,  689 
Polytelite,  239 
Porcelain  earth,  629 
Porpezite,  25 
Potstone,  540 
Prase,  135 
Praseolite,  585 
Prehnite,  627 
Prosopite,  48 
Proustite,  226 
Psilomelane,  121 
Psittacinite,  374 
Pucherite,  375 
Pufflerite,  619 
Pycnite,  463 
Pycnotrop,  536 
Pyrallolite,  554 
Pyrargillite,  585 
Pyrargyrite,  225 
Pyrite,  139,  140,  151, 

185, 189 

Pyroaurite,  119 
Pyrochlore,  684 
Pyrochroite,  115 
Pyrolusite,  101 
Pyromorphite,  444 
Pyrope,  493 
Pyrophyllite,  640 
Pyrophysalite,  463 
Pyropissite,  720 
Pyroretinite,  714 
Pyrorthite,  474 
Pyrosclerite,  534 
Pyrosmalite,  529 
Pyrostilpnite,  252 
Pyroxene,  567 
Pyrrhite,  684 
Pyrrhotite,  151 
Quartz,  135 
Rammelsbergite,  149 
Razoumoffskin,  637 
Realgar,  205 
Reddingite,  396 
Reddle,  82 
Redruthite,  164 
Reinite,  363 
Reissite,  613 
Resins,  707-728 
Retinite,  714 
Reussine,  337 
Rhagite,  426 
Rhodizite,  264 
Rhodochrome,  532 
Rhodonite,  574 
Ripidolite,  533 
Rittingerite,  187 
Rivotite,  703 
Rock  crystal,  135 
Rock-salt,  51 
Rock  soap,  655 
Romanzowite,  493 
Romeite,  700 
Roscoelite,  678 
Roselite,  380 
Rothoffite,  493 
Rottisite,  664 
Rubellan,  512 


Rubellite,  466 
Rubicella,  93 
Ruby,  81, 93 
Rutile,  95 
Salilfte,  567 
Salmiac,  52 
Salt,  51 
Saltpetre,  259 
Samarskite,  697 
Sandbergerite,  521 
Sanidine,  589 
Saponite,  548 
Sapphire,  81 
Sapphire  d  eau,  585 
Sapphirine,  93 
Sapphirite,  465 
Sarcolite,  499 
Sartorite,  214 
Sassoline,  105 
Satin-spar,  281 
Saussurite,  697 
Savon  de  verrier,101 
Saynite,  154 
Scapolite,  502 
Scarbroite,  634 
Scheelite,  361 
Scheererite,  725 
Schiller  spar,  564 
Schirmente,  220 
Schneebergite,  700 
Schneiderite,  22 
Schorl,  466 
Schorlomite,  670 
Schwartzembergite, 
68 

Scolecite,  623 
Scorodite,  397 
Selenite,  319 
Selenium,  3 
Selensulphur,  2 
Senarmontite,  124 
Serpentine,  549 
Shale,  629 
Siderite,  135, 277 
Sideroschisolite,  539 
Siderosilicite,  661 
Siegenite,  1  3 
Sillimanite,  462 
Silver,  21 
Sinter,  137 
Sisserskite,  32 
Skutterudite,  157 
Slate  clay,  629 
Slate  spar,  272 
Smaltine,  145 
Smikite,  325 
Smithsonite,  280 
Soda-chabasite,  609 
Sodalite,  508 
Soda-mica,  520 
Spadaite,  546 
;  Spar,  heavy,  313 
Spathiopyrite,  142 
Sphene,  868 
Spinel,  93 
Spodumene,  572 
Stannite,  185 
Stassfurtite,  263 
Staurolite,  464 
Steatite.  540 
Steinheilite,  585 
Stephanite,  240 
Sternbergite,  186 
Stibiconite,  130 
Stibnite,  208 
Stilbite,  618 
Stilpnomelane.  561 
Stolpenite,  655 
Stolzite,  362 
Strahlstein,  578 
Strengite,  398 
Stromeyerite,  165 
Strontianite,  284 
Struvite,  428 
Studerite,  233 
Stylotyp,  232 
Succinite,  713 
Sulphur,  1 
Sunstone,  592 
Surturbrand,  731 
Susannite,  307 
Sussexite,  271 
Svanbergite,  453 
Sylvanite,  194 
Sylvite,  50 
Symplesite,  385 
Syngenite,  339 
Szaboite,  576 
Szaibelyite,  269 
j  Tabergite,  532 
Tabular  spar,  566 
Tachhydrite,  63 
Tagilite,  416 
Talc,  540 
Talcosite,  640 
Tallingite,  70 
Tantalic  ochre,  134 
Tantalite,  691 
Tapiolite,  692 
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Telluric  bismuth,  9 
Telluric  iron,  16 
Tellurite,  133 
Tellurium,  4  ;  black, 
195 ;  graphic,  194 
Tennantite,  238 
Tenorite,  80 
Tephroite,  479 
'i'etradymite,  10 
Tetrahedrite,  237 
Tharandite,  273 
Thenardite,  310 
Thermonatrite,  289 
Thomsenolite,  45 
Thomsonite,  626 
Thorite,  644 
Thraulite,  659 
Thrombolite,  703 
Thulite,  472 
Thuringite,  537 
Tiemannite,  199 
Tilkerodite,  161 
Tin,  15 ;  ores  of,  98 
Tinder-ore,  129 


Tinkal,  266 
Titanomorphite,  679 
Tobermorite,  601 
Tocornaclite,  59 
Topaz,  81,  463 
Torbanite,  727 
Tourmaline,  466 
Travertino,  272 
Tremolite,  578 
Triclasite,  585 
Tridymite,  136 
Triphylite,  369 
Triplite,  448 
Triploidite,  393 
Trippkeite,  459 
Tritomite,  646 
Trogerite,  427 
Trona,  291 
Troostite,  487 
Tschewkinite,  671 
Tufa,  272 
Tungstite,  128 
Turgite,  106 
Turnerite,  368 


Turquoise,  404 
Tyrite,  695 
Tyrolite,  422 
Ulexite,  268 
I  Ullmannite,  148 
Umber,  661 
Uraninite,  90 
Uranite,  436 
Uranocircite,  438 
Uranophane,  665 
Uranospinite,  437 
Uranotantalite,  697 
Uranothorite,  644 
Uranotile.  666 
Uran-vitnol,  336 
|  Urao,  291 
|  Urusite,  346 
■  Uwarowite,  493 
I  Yalentineite,  125 
I  Vanadiue-bronzite, 
568 

i  Vanadinite,  445 
Variscite,406 
i  Varvicite,  101 


Vauquelinite,  357 
Venus’s  hair,  95 
Veszelyite,  413 
Villarsite,  553 
Vitriol,  green,  324; 

red,  347 ;  white,  322 
Vitriol  ochre,  331 
Vivianite,  384 
Voglite,  300 
Volborthite,  415 
Volgerite,  131 
Voltaite,  342 
Voltzine,  254 
Vulpinite,  312 
Wad,  121 
Wagnerite,  447 
Walehowite,  715 
Walkerite,  599 
Walpurgite,  441 
Wapplerite,  382 
Warringtonite,  335 
Washingtonite,  83 
Water,  74 
Wavellite,  405 


Websterite,  329 
Wehrlite,  11 
Weissgiltigerz,  239 
Weissite,  585 
Whewellite,  706 
Whitneyite,  192 
Willem  ite,  486 
Wiserine,  366 
Withamite,  473 
Withe  rite,  282 
Wittichenite,  229 
WOhlerite,  676 
Woichite,  230 
Wolframite,  364 
Wolfsbergite,  217 
Wolkonskoite,  663 
Wollastonite,  566 
Woodwardite,  351 
Wulfenite,  358 
Wurtzite,  178 
Xanthocon,  251 
Xantholite,  464 
Xanthophyllite,  525 
Xanthosiderite,  111  I 


Xenotime,  366 
Xonotlite,  600 
Xylite,  660 
Yellow  earth,  655 
Yttrocerite,  34 
Yttroilmenite,  697 
Yttrotantalite,  694 
Yttrotitanite,  669 
Yu,  627 
Zaratite,  298 
Zeagonite,  625 
Zeolites,  598-628 
Zepharovichite,  406 
Zeunerite,  440 
Zinc,  17 
Zincite,  77 
Zinckenite,  215 
Zinnwaldite,  517 
Zircon,  138 
Zoisite,  472 
Zorgite,  162 
/  Zundererz,  132 
Zwieselite,  449 

(M.  F.  H.) 


MINERAL  WATERS.  No  absolute  line  of  demar¬ 
cation  can  be  drawn  between  ordinary  and  mineral 
waters.  There  is  usually  in  the  latter  an  excess  of 
mineral  constituents  or  of  temperature,  but  some 
drinking-waters  contain  more  mineral  constituents 
than  others  that  are  called  mineral  waters,  and  many 
very  pure  waters,  both  cold  and  warm,  have  been  re¬ 
garded  for  ages  as  mineral  springs. 

As  to  the  origin  of  mineral  waters,  there  is  much  in 
what  the  elder  Pliny  said,  that  waters  are  such  as  the 
soil  through  which  they  flow.  Thus  in  limestone  and 
chalk  districts  an  excess  of  lime  is  usually  present ;  and 
the  waters  of  a  particular  district  have  much  resem¬ 
blance  to  each  other — as  in  the  Eifel,  in  Auvergne,  and 
in  the  Pyrenees.  But  this  is  only  a  partial  explana¬ 
tion,  for  waters  are  by  no  means  necessarily  uniform 
throughout  a  particular  geological  formation.  We  do 
not  know  with  any  certainty  the  depth  from  which  va¬ 
rious  mineral  waters  proceed,  nor  the  various  distances 
from  the  surface  at  which  they  take  up  their  different 
mineral  constituents. 

The  source  of  the  temperature  of  thermal  waters  re¬ 
mains  a  subject  of  much  uncertainty.  Among  the  as¬ 
signed  causes  are  the  internal  heat  of  the  globe,  or  the 
development  of  heat  by  chemical  or  electrical  agencies 
in  the  strata  through  which  they  arise. 

Their  occasional  mtermittence  is  doubtless  often  de¬ 
pendent  on  the  periodical  generation  of  steam,  as  in 
the  case  of  the  Geysers.  A  few  geological  facts  are  cer¬ 
tain,  which  bear  on  the  origin  of  mineral  waters.  Such 
springs  are  most  abundant  in  volcanic  districts,  where 
many  salts  of  soda  and  much  carbonic  acid  are  present. 
They  occur  most  frequently  at  meetings  of  stratified 
with  unstratified  rocks,  in  saddles,  and  at  points  where 
there  has  been  dislocation  of  strata. 

The  diffusion  of  mineral  waters  is  very  extended. 
Pliny  was  quite  correct  in  observing  that  they  are  to 
be  found  on  alpine  heights  and  arising  from  the  bot¬ 
tom  of  the  ocean.  They  are  found  at  the  snow  in  the 
Himalayas  and  they  rise  from  the  sea  at  Baiae  and 
Ischia.  They  are  to  be  found  in  all  quarters  of  the 

flobe,  but  more  particularly  in  volcanic  regions,  as  in  the 
lifel  and  Auvergne,  in  tne  Bay  of  Naples,  and  parts 
of  Greece,  in  Iceland,  New  Zealand,  and  Japan.  But 
there  are  few  countries  in  which  they  are  not  to  be 
foundj  except  in  very  flat  ones  and  in  deltas  of  rivers, 
— for  instance,  in  the  north  of  France,  where  they  are 
very  few,  and  in  Holland,  from  which  they  are  absent. 
France,  Germany,  Italy,  and  Spain,  as  well  as  Greece, 
Asia  Minor,  and  the  Caucasus,  are  all  rich  in  mineral 
waters.  The  British  Isles  have  a  fair  though  not  very 
large  proportion  of  them.  There  are  a  few  in  Sweden 
and  Norway.  They  are  abundant  in  the  United  States, 
less  so  in  Canada.  They  are  found  in  the  Azores  and 
in  the  West  India  Islands.  Of  their  occurrence  in 
the  interior  of  Africa  or  of  Australia  we  know  little  ; 
and  the  same  is  true  of  South  America.  But  they  are 
met  with  in  Algiers,  in  Egypt,  and  in  the  Holy  Land. 


The  vast  Indian  peninsula  has  for  its  size  a  compara¬ 
tively  small  supply. 

As  the  effects  of  mineral  waters  on  the  bodily  sys¬ 
tem  have  been  found  to  be  different  from  those  of 
drinking-waters,  an  explanation  of  this  has  been  natu¬ 
rally  sought  for.  It  has  been  imagined  that  there  is 
something  special  in  the  nature  of  mineral  waters, 
that  their  heat  is  not  ordinary  heat,  that  their  condi¬ 
tion  is  a  peculiar  electric  one.  Some  French  modern 
writers  even  say  that  they  have  a  certain  life  in  them, 
that  their  constitution  is  analogous  to  that  of  the  se¬ 
rum  of  the  blood.  But  we  must  pass  by  these  specu¬ 
lations,  and  be  guided  as  far  as  possible  by  ascertained 
facts,  respecting  the  action  on  the  system  of  water,  of 
heat  and  cold,  and  of  the  mineral  constituents  present. 

Mineral  waters,  when  analyzed,  are  found  to  contain 
a  great  many  substances,  althougn  some  of  them  occur 
only  in  very  minute  quantities :  soda,  magnesia,  cal¬ 
cium,  potash,  alumina,  iron,  boron,  iodine,  bromine, 
arsenic,  lithium,  caesium,  rubidium,  fluorine,  barium, 
copper,  zinc,  manganese,  strontium,  silica,  phospho¬ 
rus,  besides  extractive  matters,  and  various  organic 
deposits  known  under  the  name  of  glairin  or  baregin. 
Of  gases,  there  have  been  found  carbonic  acid,  hydro- 
sulphuric  acid,  nitrogen,  hydrogen,  oxygen,  and  am¬ 
monia.  Of  all  these  by  far  the  most  important  in  a 
therapeutic  point  of  view  are  sodium,  magnesia,  and 
iron,  carbonic  acid,  sulphur,  and  perhaps  hydro- 
sulphuric  acid.  These  substances,  detected  separately 
by  chemists,  are  in  their  analyses  combined  by  them 
into  various  salts,  if  not  with  absolute  certainty,  un¬ 
doubtedly  with  a  close  approximation  to  it.  These 
combinations  are  very  numerous,  and  some  waters 
contain  ten  to  twenty  of  them ,  but  there  are  always 
some  predominating  ones,  which  mark  their  character, 
while  many  of  them,  such  as  caesium,  rubidium,  or 
fluorine,  occur  in  mere  traces,  and  cannot  be  assumed 
to  be  of  any  real  importance.  Mineral  waters  there¬ 
fore  resolve  themselves  into  weaker  or  stronger  solu¬ 
tions  of  salts  and  gases  in  water  of  higher  or  lower 
temperature.  For  medical  purposes  they  are  used 
either  externally  or  internally,  for  bathing  or  for  drink¬ 
ing.  As  the  quantity  of  salts  present  commonly  bears 
but  a  very  small  proportion  to  that  of  the  fluid  con¬ 
taining  them,  water  becomes  a  very  influential  agent  in 
mineral-water  treatment,  about  which  it  is  therefore 
necessary  to  say  something. 

For  the  action  of  hot  and  cold  baths  the  reader  is 
referred  to  the  article  Baths.  But  it  may  be  observed 
here  that,  according  to  the  most  generally  received 
opinion,  the  cutaneous  surface  does  not  absorb  any 
portion  of  the  salts  in  a  mineral-water  bath,  althougn 
it  may  absorb  a  little  gas  (an  alkaline  water,  for  in¬ 
stance,  at  most  acting  as  a  slight  detergent  on  the 
skin),  and  that  neither  salts  nor  gases  have  any  action 
on  the  system,  except  as  stimulants  of  the  skin,  with 
partial  action  on  the  respiratory  organs. 

It  seems  to  be  ascertained  that  drinking  considerable 
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amounts  of  cold  water  reduces  the  temperature  of  the 
body,  diminishes  the  frequency  of  the  pulse,  and  in¬ 
creases  the  blood  pressure  temporarily.  Water  when 
introduced  into  the  stomach,  especially  if  it  be  empty, 
is  quickly  absorbed  ;  but,  although  much  of  the  water 
passes  into  the  veins,  there  is  no  proof  that  it  ever 
produces  in  them,  as  is  sometimes  supposed,  a  state 
of  fluidity  or  wateriness.  Therapeutically,  the  imbi¬ 
bition  of  large  quantities  of  water  leads  to  a  sort  of 
general  washing  out  of  the  organs.  This  produces  a 
temporary  increase  of  certain  excretions,  augmented 
diuresis,  and  a  quantitative  increase  of  urea,  of  chloride 
of  sodium,  and  of  phosphoric  and  sulphuric  acids  in 
the  urine.  Both  the  sensible  and  the  insensible  per¬ 
spirations  are  augmented.  A  draught  of  cold  water 
undoubtedly  stimulates  the  peristaltic  action  of  the 
intestines.  On  the  whole  water  slightly  warm  is  best 
borne  by  the  stomach,  and  is  more  easily  absorbed  by 
it  than  cold  water ;  and  warm  waters  are  more  useful 
than  cold  ones  when  there  is  much  gastric  irritability. 

In  addition  to  the  therapeutic  action  of  mineral 
waters,  there  are.  certain  very  important  subsidiary 
considerations  which  must  not  be  overlooked.  An  in¬ 
dividual  who  goes  from  home  to  drink  them  finds  him¬ 
self  in  a  different  climate,  with  possibly  a  considerable 
change  in  altitude.  His  diet  is  necessarily  altered,  and 
his  usual  home  drinks  are  given  up.  There  is  a  change 
in  the  hours  of  going  to  bed  and  of  rising.  He  is  re¬ 
lieved  from  the  routine  of  usual  duties,  and  thrown 
into  new  and  probably  cheerful  society.  He  takes 
more  exercise  than  when  at  home,  and  is  more  in  the 
open  air,  and  this  probably  at  the  best  season  of  the 
year.  So  important  has  this  matter  of  season  and 
climate  been  found  that  it  is  an  established  axiom  that 
waters  can  be  used  to  the  greatest  advantage  during 
the  summer  months  and  in  fine  weather,  and  during 
the  periods  most  convenient  for  relaxation  from  busi¬ 
ness.  Summer  is  therefore  the  bath  season,  but  of 
late  years  provision  has  been  made  in  many  places, 
with  the  aid  of  specially  constructed  rooms  and  pas¬ 
sages,  for  carrying  out  cures  satisfactorily  during  the 
winter  season,  e.g .,  at  Aix-la-Chapelle,  Wiesbaden, 
Baden  Baden,  Baden  in  Switzerland,  Dax,  Vichy,  and 
Bath.  The  ordinary  bath  season  extends  from  the 
15th  of  May  to  the  20th  or  30th  of  September.  The 
season  for  baths  situated  at  considerable  elevations 
commences  a  month  later  and  terminates  some  ten 
days  earlier.  Mineral  waters  may  be  employed  at 
home,  but  patients  seldom  so  use  them  ;  and  this 
necessarily  limits  the  time  of  their  use.  It  is  common 
to  declare  that  the  treatment  should  last  for  such  or 
such  a  period.  But  the  length  of  time  for  which  any 
remedy  is  to  be  used  must  depend  on  its  effect,  and  on 
the  nature  of  the  particular  case.  It  is  found,  how¬ 
ever,  that  the  continued  use  of  mineral  waters  leads 
to  certain  disturbances  of  the  system,  which  have  been 
called  crises,  such  as  sleeplessness,  colics,  and  diar¬ 
rhoea,  and  to  skin  eruptions  known  as  la  poussie. 
This  cause,  and  also  certain  peculiarities  of  the  female 
constitution,  have  led  to  the  period  of  three  weeks  to 
a  month  being  considered  the  usual  period  for  treat¬ 
ment.  A  certain  after-treatment  is  often  prescribed — 
such  as  persistence  in  a  particular  diet,  visiting  springs 
or  climates  of  a  different  and  usually  of  a  tonic  char¬ 
acter,  or  continuing  for  a  certain  time  to  drink  the 
waters  at  home.  It  may  be  added  that  the  advantage 
i  of  having  recourse  to  mineral  waters  is  often  felt  more 
after  than  during  treatment. 

Since  improved  methods  of  bottling  have  been  dis¬ 
covered,  and  the  advantage  of  an  additional  supply  of 
carbonic  acid  has  been  appreciated,  the  export  of 
Waters  from  their  sources  has  increased  enormously, 
and  most  of  the  principal  waters  can  now  be  advanta¬ 
geously  used  at  nome.  It  may  be  added  that  many 
of  the  artificial  imitations  of  them  are  excellent. 

The  history  of  the  use  of  mineral  waters  can  only 
just  be  alluded  to.  They  have  been  employed  from 
the  earliest  periods,  and  traces  of  Roman  work  have 


been  found  at  most  of  the  European  baths  which  are 
now  in  favor, — at  almost  all  the  thermal  ones.  Occa¬ 
sionally  new  springs  are  discovered  in  old  countries, 
but  the  great  majority  of  them  have  been  long  known. 
They  have  varied  in  popularity,  and  the  modes  of 
applying  them  have  also  varied,  but  less  so  than  has 
been  the  case  with  most  of  the  ordinary  medicines. 
Warm  waters,  and  those  containing  small  quantities 
of  mineral  constituents,  appear  to  have  remained  more 
steadily  in  favor  than  any  other  class  within  the  appro¬ 
priate  sphere  of  mineral  waters,  which  is  limited  to 
the  treatment  of  chronic  disease. 

The  attempt  has  been  made  to  range  mineral  waters 
according  to  their  therapeutic  action,  according  to  their 
internal  or  external  use,  but  most  generally  according 
to  their  chemical  constituents  so  far  as  they  have  been 
from  time  to  time  understood  ;  and  a  judicious  classi¬ 
fication  undoubtedly  is  a  help  towards  their  rational 
employment.  But  their  constituents  are  so  varied, 
and  the  gradations  between  different  waters  are  so 
finely  shaded  off,  that  it  has  been  found  impossible  to 
propose  any  one  definite  scientific  classification  that  is 
not  open  to  numberless  objections.  Thus  a  great  many 
of  the  sulphur  waters  are  practically  earthy  or  saline 
ones.  Yet  because  they  contain  very  minute  amounts 
of  such  a  gas  as  hydrosulphuric  acid,  an  ingredient  so 
palpable  as  always  to  attract  attention,  it  is  considered 
necessary  to  class  them  under  the  head  of  sulphur. 
The  general  rule  is  to  attempt  to  class  a  water  under 
the  head  of  its  predominant  element ;  but  if  the 
amount  of  that  be  extremely  small,  this  leads  to  such 
waters  as  those  of  Mont  Dore  being  classified  as  alka¬ 
line  or  arseniated,  because  they  contain  a  very  little 
soda  and  arsenic.  The  classification  in  the  following 
table,  which  is  that  usually  adopted  in  Germany,  has 
the  merit  of  comparative  simplicity,  and  of  freedom 
from  theoretical  considerations,  which  in  this  matter 
influence  the  French  much  more  than  the  German 
writers.  The  more  important  constituents  only  are 
given.  The  amount  of  solid  constituents  is  the  num¬ 
ber  of  parts  to  one  thousand  parts  of  the  water ;  the 
temperature  of  thermal  springs  is  added.  The  waters 
are  classified  as  indifferent,  earthy,  salt,  sulphuretted, 
iron,  alkaline,  alkaline  saline — with  subvarieties  of 
table  waters  and  purging  waters. 

In  addition  to  their  solid  constituents,  gas  is  present 
in  many  waters  in  considerable  quantity.  There  is  a 
little  oxygen  and  a  good  deal  of  nitrogen  in  some  of 
them ;  the  quantity  of  hydrosulphuric  acid,  even  in 
strong  sulphuric  waters,  is  wonderfully  small ;  but  the 
volume  of  carbonic  acid  present  is  often  very  large, — 
for  instance,  in  the  case  of  Kissingen,  Schwalbach, 
and  Selters.  Carbonic  acid  is  so  generally  diffused 
that  it  is  practically  a  very  important  agent  in  the 
therapeutics  of  mineral  waters.  Springs  that  contain 
it  are  far  the  most  agreeable  to  the  taste,  and  conse¬ 
quently  most  popular  with  patients.  The  immediate 
effect  of  the  carbonic  acid  which  they  contain  is  that 
of  pleasant  stimulation  to  the  stomach  and  system, 
although  it  can  scarcely  be  said  to  approach,  as  some 
have  thought,  the  slighter  forms  of  stimulation  from 
alcoholic  drinks.  Extremely  little  appears  to  be 
known  of  its  actual  operation  on  the  system :  a  part 
of  what  is  swallowed  is  returned  by  eructation,  and  a 
part  passes  on  to  the  intestines  ;  whether  any  appre¬ 
ciable  quantity  reaches  the  blood  is  doubtful.  There 
is  no  question  that  carbonic  acid  increases  diuresis. 
Practically  it  is  found  to  aid  digestion,  helping  the 
functions  of  the  stomach,  and  in  a  slight  degree  the 
peristaltic  action  of  the  intestines.  The  increased 
flow  of  urine  may  be  caused  by  its  favoring  the  ab¬ 
sorption  of  water  by  the  stomach.  In  some  baths 
carbonic  acid  is  so  abundant  that  precautions  have  to 
be  taken  to  prevent  its  tendency  to  accumulate  on 
account  of  its  heavy  specific  gravity.  .  Carbonic  acid 
gas,  used  as  a  bath,  proves  stimulating  to  the  skin 
and  to  the  general  system ;  but  its  employment  has 
not  answered  the  expectations  formed  of  it. 
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Indifferent  Waters  scarcely  vary  in  chemical  qualities  from 
ordinary  drinking  water ;  but  they  are  usually  of  higher 
temperature.  Their  therapeutic  action,  which  is  mainly 
exercised  through  baths,  has  been  explained  on  the  theory 
of  peculiarities  of  their  electric  or  thermal  condition,  about 
which  we  know  nothing  definite,  and  on  the  presence  in 
some  of  them  of  a  large  quantity  of  nitrogen.  It  has  also 
been  ascribed  to  the  various  organic  substances  in  some  of 
them,  such  as  glairin,  which  when  collected  is  sometimes 


useful  as  a  cataplasm.  These  waters  are  not  often  much 
drunk,  but  any  efficiency  they  may  have  in  dyspepsia  and 
perhaps  in  neuralgic  diarrhoeas  must  be  attributed  to  the 
favorable  action  of  hot  water  on  the  digestion.  The  waters 
of  this  class,  especially  the  hotter  ones  in  the  form  of  baths, 
are  extremely  useful  in  resolving  the  effects  of  inflamma¬ 
tion,  in  thickenings  of  the  joints,  and  in  chronic  rheuma¬ 
tism  and  gout.  They  also  are  often  effective,  especially  the 
cooler  ones,  in  neuralgia  and  in  some  hysterical  affections. 


Table  I. — Typical  Mineral  Waters. 


Indiffer¬ 

ent. 

Gastein, 

95°-118°. 

Earthy. 

Leuk, 

123.8°. 

Salt. 

Kissin- 

gen. 

Salt. 

Sea- 

Water. 

Sulphur. 

Aix-la- 

Chapella, 

113°-140°. 

Iron. 

Sehwal- 

bach. 

Alkaline. 

Vichy, 

105.8°. 

Alkaline- 

Saline. 

Carlsbad, 

119°-138°. 

Table 

Water. 

Selters. 

Purging 

Water. 

Hunyadi 

Janos. 

Solids. 

Bicarbonate  of  soda . 

.6449 

.0206 

4.883 

1.92 

1.2 

“  potash . 

.352 

magnesia. 

.0017 

.013 

.017 

.45 

.0506 

.2122 

.303 

.18 

“  calcium.... 

.0195 

.012 

1.06 

2.38 

.157 

.2213 

.434 

.428 

Sulphate  of  soda . 

.0208 

.050 

.2831 

.0079 

.292 

2.37 

15.9 

potash . 

.0135 

.038 

.1527 

.0037 

.16 

“  magnesia . 

.308 

.588 

2.96 

.46 

16.0 

calcium . 

1.520 

.389 

.25 

Sulphide  of  sodium.  . 

.0136 

Chloride  of  sodium . 

.0428 

5.52 

25.21 

2.616 

.534 

1.03 

2.2 

1.3 

“  potash . 

.286 

magnesia . 

.303 

3.39 

Carbonate  of  iron . 

.0005 

.023 

0.277 

.0837 

.003 

.01 

Silicic  acid . . 

.0496 

.036 

.0320 

Gases. 

Carbonic  acid . 

3.19 

5.35 

2.6 

.76 

2.24 

.45 

Hydrosulphuric  acid . 

trace 

They  are  sometimes  prescribed  in  urinary  affections,  in 
which  case  they  probably  assist  by  dilution.  The  effects 
of  many  of  these  waters  are  aided  by  the  baths  often  being 
situated  at  considerable  elevations  and  in  out-of-the-way 
spots,  whence  the  Germans  called  them  Wildbdder.  They 
are  very  widely  diffused,  being  found  in  all  quarters  of  the 
globe,  especially  in  volcanic  districts.  There  are  many  in 
New  Zealand;  in  America  the  hottest  are  in  the  West  and 
in  California. 

Table  II.1 — Indifferent  Waters. 


Locality. 

Height 
in  Feet. 

Temp. 

°  Fahr. 

For  what  prescribed. 

,Evian,Lake  of  Geneva 

Badenweiler,  Baden.. 

Buxton,  England . 

Schlangenbad,  Nassau 

Sacedon,  Spain . 

Wildbad,  Wurtemb’g 

Pfeffers,  Switzerland. 
Ragatz,  “ 

Panticosa.S. Pyrenees 

Teplitz,  Bohemia . 

Gastein,  Austria . 

1,100 

1,425 

980 

800 

1,500 

1,320 

2,115 

1,570 

5,110 

648 

3,315 

82 

80-87 

85 

90-101 

99 

95 

85-95 

101-120 

95-118 

f  Nervous  cases,  dyspepsia, 

I  urinary  affections. 

/  For  mild  rheumatic  treat- 
1  ment ;  a  health  resort. 

/  Gout  a  id  rheumatism 
1  (nitrogen  present), 
f  Nervous  cases, female  dis- 
\  orders,  skin. 

/  Rheumatism,  gout,  cuta- 
1  neous  affections, 
j  Gout  and  rheumatism, 
\  neuralgia,  thickenings. 
Do.  do.  do. 

Do.  do.  do. 

/  Do.  (nitrogen  present) ; 
1  spee’l  action  in  phthisis, 
j  Gout,  rheumatism,  old 

I  injuries,  joints  or  bones. 
Do. ;  soothes  nerv’s  system. 

Earthy  Waters. — These  differ  chiefly  from  the  indifferent 
waters  in  containing  an  appreciable  quantity  of  salts, 
among  which  sulphate  or  carbonate  of  lime  or  of  magnesia 
predominates.  The  great  majority  of  them  are  of  high 
temperature.  They  produce  the  same  effects  as  the  indif¬ 
ferent  waters,  but  are  perhaps  less  efficacious  in  neuralgic 
affections,  while  they  are  more  employed  in  some  of  the 
chronic  scaly  eruptions.  There  was  formerly  a  tendency 
to  consider  these  waters  useful  in  urinary  affections ;  but  at 
the  present  day  it  is  only  the  colder  ones  that  have  come 

.  1  In  this  and  the  following  tables  a  selection  is  given  of  some 
of  the  best-known  mineral  waters  in  various  European  countries 
that  possess  establishments.  Their  chief  peculiarities  of  eleva¬ 
tion,  of  temperature,  and  constituents  are  briefly  noted.  The 
curative  effects,  necessarily  alluded  to  very  generally,  are  those 
usually  attributed  to  them. 


into  repute  for  the  expulsion  of  gravel  and  biliary  calculi 
and  in  the  treatment  of  affections  of  the  bladder  generally. 
Some  of  them  have  also  of  late  years  been  considered  to 
exercise  a  favorable  influence  on  scrofula,  and  to  be  useful 
in  the  early  stages  of  pulmonary  phthisis.  This  has  been 
attributed  to  the  salts  of  lime  present  in  them,  although  it 
is  known  that  most  of  its  salts  pass  through  the  system  un¬ 
altered.  Many  of  these  baths,  such  as  Leuk  and  Bormio, 
enjoy  the  advantages  of  great  elevation,  but  Bath,  other¬ 
wise  one  of  the  best  of  them,  lies  low. 


Table  III. — Earthy  Waters. 


Locality. 

Height 
in  Feet. 

Temp. 

°  Fahr. 

Therapeutic  action. 

Warm.  Cold. 

'  Contrexeville,  ) 

Vosges . f 

Lippe  Springe,) 
N.  Germany../ 

Wildungen,  do... 

Weissenberg,  ) 
Switzerland ..  / 

Pougues,  France. 

* 

Baden,  Switz’rl’d 

Leuk,  do. 

Bormio,  N.  Italy.. 

Lucca,  Italv . 

Bath,  England.... 
Dax,  S.  of  France 
B.  de  Bigorres,  1 
Pyrenees . / 

1,050 

2,600 

600 

1,180 

4,400 

4.400 

1.400 
1,800 

117-122 

93-123 

86-104 

108-122 

108-122 

139 

64-123 

/  Special  action  in  calcu- 
t  lous  affections. 

|  Supposed  to  be  useful  in 

1  phthisis. 

fSpecial  use  in  urinary 
/  complaints;  contains 
(  iron. 

/Resorted  to  for  pulmo- 
1  nary  affections. 
(Dyspepsia,  diabetes,  he- 
/  patic  and  urinary  con- 
(  cretions. 

/  Rheumatism,  goufiparal- 
j  ysis,  scaly  eruptions. 
Do., 'some  female  compl’ts. 
Do.  do.  old  sprains. 

Do.  do.  do. 

Do.  do.  do. 

Do.  do. 

Do. ;  chlorosis,  neuralgia. 

Salt  Waters  are  so-called  from  containing  a  predominant 
amount  of  chloride  of  sodium.  They  also  generally  con¬ 
tain  chlorides  of  magnesia  and  of  lime,  and  occasionally 
small  amounts  of  lithium,  bromide,  and  iodine.  They 
further  often  contain  a  little  iron,  which  is  an  important 
addition.  The  great  majority  of  the  drinking  wells  have 
a  large  supply  of  carbonic  acid.  There  are  cold  and  hot 
salt  springs.  Sometimes  they  are  used  for  drinking,  some¬ 
times  for  bathing ;  and  the  double  use  of  them  is  often  re¬ 
sorted  to. 

The  normal  quantity  of  common  salt  consumed  daily  by 
man  is  usually  set  down  at  about  300  grains.  The  max¬ 
imum  quantity  likely  to  be  taken  at  any  well  may  be  225 
grains,  but  commonly  not  more  than  half  of  that  amount 
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is  taken.  The  increase  to  the  usual  daily  amount  is  there¬ 
fore  probably  not  much  more  than  one-third.  Still  it  may 
be  presumed  that  the  action  of  a  solution  of  salt  on  an 
empty  stomach  is  different  from  that  of  the  same  amount 
of  salt  taken  with  food.  Salt  introduced  into  the  stomach 
excites  the  secretion  of  gastric  juice,  and  favors  the  peris¬ 
taltic  actions,  and  when  taken  in  considerable  quantity  is 
distinctly  aperient.  We  thus  see  how  it  is  useful  in  dys¬ 
pepsia,  in  atony  of  the  stomach  and  intestines,  and  some¬ 
times  in  chronic  intestinal  catarrh.  Salt  when  absorbed 
by  the  stomach  appears  again  in  the  urine,  of  which  it  in¬ 
creases  the  amount  both  of  fluid  and  of  solid  constituents, 
especially  of  the  urea.  It  seems  therefore  to  be  pretty  cer¬ 
tain  that  considerable  quantities  of  salt  taken  into  the  cir¬ 
culation  increase  the  excretion  of  nitrogenous  products 
through  the  urine,  and  on  the  whole  accelerate  the  trans¬ 
formation  of  tissue.  Salt  is  thus  useful  in  scrofula  by 
stimulating  the  system,  and  also  in  anaemia,  especially 
when  iron  is  also  present.  In  some  German  stations,  as  at 
Soden,  carbonated  salt  waters  are  considered  to  be  useful 
in  chronic  laryngitis  or  granular  pharyngitis. 

Baths  of  salt  water,  as  usually  given,  rarely  contain 
more  thon  3  per  cent,  of  chloride  of  sodium,  some  of  the 
strongest  perhaps  from  8  to  10  per  cent.  Their  primary  ac¬ 
tion  is  as  a  stimulant  to  the  skin,  in  which  action  it  is  prob¬ 
able  that  the  other  chlorides,  especially  that  of  calcium, 
and  still  more  the  carbonic  acid  often  present,  cooperate. 
In  this  way,  and  when  aided  by  various  processes  of  what 
may  be  termed  water  poultices  and  packing,  they  are  often 
useful  in  removing  exudations,  in  chronic  metritis  and  in 
some  tumors  of  the  uterus,  and  generally  in  scrofula  and 
rachitis,  and  occasionally  in  some  chronic  skin  affections. 

The  French  accord  high  praise  to  some  of  their  thermal 
salt  waters  in  paralysis,  and  some  German  ones  are  used  in 
a  similar  way  in  spinal  affections.  The  salt  waters  are 
sometimes  so  strong  that  they  must  be  diluted  for  bathing. 
In  other  cases  concentrated  solutions  of  salt  are  added  to 
make  them  sufficiently  strong.  These  waters  are  widely 
diffused,  but  on  the  whole  Germany  is  richest  in  them, 
especially  in  such  as  are  highly  charged  with  salt.  The 
Kissingen  springs  may  be  considered  as  typical  of  the 
drinking  wells,  and  sea-water  of  bathing  waters.  The  air 
of  salt-works  and  pulverization  of  the  water  are  employed 
in  German  baths  as  remedial  agents. 

Salt  springs  are  found  in  many  quarters  of  the  world, 
but  the  chief  carbonated  groups  for  drinking  purposes 
occur  in  Germany,  and  at  Saratoga  in  America,  where  very 
remarkable  wells  indeed  are  to  be  found.  France  and 
England  have  no  springs  of  this  class.  The  stronger  wells, 
used  chiefly  for  bathing,  occur  where  there  are  salt-bear - 


Table  IV. — Salt  Springs. 


Locality. 

Temp. 

°  Fahr. 

Therapeutic  Action. 

Soden,  near  1 

Frankfort . j 

Homburg,  near  j 

Frankfort . j 

2  Kissingen,  Bavaria 
o  Pyrmont,  N.  Ger- 1 
°  many . ) 

Kreuznach,  near) 
Bingen..... . J 

> 

Wiesbaden,  Nassau 

Baden-Baden . 

Bourbonne,  1 

Haute-Marne...  j 

Balaruc,  S.  France. 

G  Salins,  Moutiers,  1 
Savoy  (1480  ft.),  j 

Brides,  Savoy,  ) 
^  (1700  ft.) . J 

Acqui,  N.  Italy . 

Abano,  do . 

Caldas  de  Mom-) 
buy,  n.  Barcel’a  J 

Cestona,  Guipuz- ) 
coa,  Spain . ) 

155 

156 

114-149 

116.6 

96 

95 

169 

185 

153-158 

88-94 

(Dyspepsia,  anaemia,  scrofula, 

)  special  for  th  roat  &  phthisis. 

( Dyspepsia,  slighter  hepatic 
(  affections,  chlorosis,  gout. 

In  all  essentials  the  same. 

( Better  known  for  its  iron  ;  has 

1  a  good  salt  drinking  spring. 

(  A  salt  well  with’t  carb'c  acid, 
-J  used  in  scrofula  and  anaemia; 

1  bathing  more  important. 
(Used  in  dyspepsia  and  gout; 

the  bathing  is  most  impor- 
1  tant. 

/ Still  milder  water ;  uses  simi- 
|  lar;  gout. 

( Rheumatism,  neuralgia,  ef- 
1  fects  of  malaria. 

( Do. ;  special  for  treatment  of 
|  paralysis. 

( Scrofula,  ansemia,  loss  of  pow- 
1  er,  sexual  disorders. 

( Act  on  liver  and  digestive 

1  canal ;  used  for  obesity, 
j  Rheumatism ;  special  treat- 
1  ment  with  the  bath  deposit. 

( Chiefly  as  baths ;  mud  of  bath 
)  used  for  poultice. 
(Rheumatism,  sciatica,  old  in- 
1  juries. 

( Rheumatism,  indigestion, 

)  bronchitis. 

Almost  all  the  above  stations  have  several  springs  of  various 
strengths :  the  cold  may  be  said  to  vary  from  14  to  5.8  per  cent,  of 
chloride  of  sodium ;  the  warm  are  generally  weaker,  perhaps 
varying  from  6.8  to  1.6. 

ing  strata,  as  in  Germany,  Galicia,  Italy,  Switzerland, 
France,  and  "England.  Very  powerful  waters  of  this  class 
are  those  of  St.  Catherines  in  Canada. 

The  presence  of  minute  portions  of  iodine  or  bromine  in 


salt  waters  is  by  no  means  infrequent,  and  they  appear  in 
considerable  quantity  in  some  few.  It  is,  however,  ex¬ 
tremely  doubtful  whether  any  known  spring  contains  a 
sufficient  quantity  of  iodine,  still  more  of  bromine,  to  act 
specially  on  the  system,  even  if  that  action  were  not  neces¬ 
sarily  superseded  by  the  presence  of  the  large  quantity  of 
other  salts  with  which  they  are  associated.  Some  of  the 
best  known  springs  of  the  kind  are:  Challes,  Wildegg, 
Castrocaro,  Hall,  Adelheid’s  Quelle,  Krankenheil,  Kreuz- 
nach,  Woodhall  Spa. 

Iron  or  Chalybeate  Waters. — Iron  usually  exists  in  waters 
in  the  state  of  protoxide  or  its  carbonate,  less  frequently 
as  sulphate  or  crenate,  and  very  rarely  if  at  all  as  chloride. 
The  quantity  present  is  usually  extremely  small.  It  may 
be  said  to  vary  from  .12  to  .03  in  the  1000  parts  of  water. 
Some  wells  considered  distinct  chalybeates  contain  less 
than  .03.  Many  wells,  especially  in  Germany,  have  a  rich 
supply  of  carbonic  acid,  which  is  unfortunately  wanting 
in  French  and  English  ones. 

It  has  long  been  the  prevalent  idea  that  want  of  iron  in 
the  blood  is  the  main  cause  of  chlorosis  and  of  other  an¬ 
aemic  conditions,  and  that  these  conditions  are  best  re¬ 
lieved  by  a  supply  of  that  metal.  Since  the  detection  of 
it  in  haemoglobuline  this  view  has  been  still  more  popular. 
It  is  pretty  certain  that  the  blood  contains  37  to  47  grains 
and  the  whole  system  70  to  74  grains  of  iron;  and  it  has 
been  calculated  that  in  normal  conditions  of  the  system 

Table  V. — Stronger  Salt  Waters. 


Locality. 


Rheinfeld,  Aargau.Switzerl. 

Salzungen,  N.  Germany . 

Ischl,  Austria  (1440  ft.) . 

Hall,  Tyrol  (1700  ft.) . 

Reichenhall,  near  Salz-  ) 

burg  (1800  ft.) . ; 

Bex,  Rhone  Valley  (1400  ft.) 

Castrocaro,  Tuscany . 

Droitwich,  near  Worcester... 
Sea  Water . 

Rehme,  Westphalia  (92°  F.) 

Nauheim,  Wetterau  (80°-) 
103°  F.) . ; 


o.5t?  u 

Therapeutic  Application. 

Or^C^ 

g  CO  H  o 

f  Scrofula, effects  of  inflam- 

|  mation,  chronic  exuda- 

311 

•j  tions,  some  chronic  ex¬ 
anthemas,  rheumat’m, 
(  uterine  infiltrations. 

256 

Do.  do. 

256 

Do.  do. 

255 

Do.  do. 

224 

Do.  do. 

156 

Do.  do. 

36 

Do.  do. 

233.6 

Do.  do. 

30.4 

24-85 

( Do. ;  special  use  in  locd- 
(  motor  ataxia. 

29 

Do.  do. 

Table  VI. — Iron  Waters. 


Locality. 


Rippoldsau,  Black  Forest- 

Horn  burg,  near  Frankfort.. 

jElster,  Saxony . 

Liebenstein,  N.  Germany. .. 

j.Schwalbach,  Nassau . 

Booklet,  near  Kissingen . 

Griesbach,  Black  Forest . 

Franzensbad,  Bohemia . 

Pyrmont,  Germany . 

Spa,  Belgium . 

Petersthal,  Black  Forest... 
St.  Moritz,  Engadine,  1 

Switzerland .  j 

Forges-les-Eaux,  France . 

La  Malou,  H6rault,  1 

France  (temp.  88°) .  J 

Recoaro,  North  Italy . 

Tunbridge  Wells,  England 

Muspratt  Spring,  Harro-1 
gate  (chloride) . j 


Height 
in  Feel 

Carb.  c 
Iron 

Therapeutic  Use. 

1,886 

1,465 

911 

900 

600 

1,614 

1,293 

1,000 

1,333 

.12 

.10 

.08 

.08 

.08 

•08 

.07 

.07 

.07 

.06 

.04 

(For  amemic  condit’ns, 

(  laxative. 

Do.  do.  do. 

Do.  do.  do. 

(  Do.;  much  of  a  ladies’ 

(  bath. 

Do.  do.  do. 

(  Do.;  laxative;  a  la- 
(  dies’  bath. 

Do.  do.  do. 

Do. 

Do. 

Do.;  laxative. 

5,464 

.03 

Do.;  sought  for  its  air. 

... 

.06 

Do. 

... 

.08 

Do. 

1,463 

.04 

.06 

Do. 

(  Do. ;  deficient  in  car- 
)  bonic  acid. 

.15 

somewhat  more  than  one  grain  of  iron  is  taken  daily  in 
articles  of  food,  and  that  the  same  amount  is  passed  in  the 
faeces;  for  although  the  stomach  takes  the  iron  up  it  is  ex¬ 
creted  by  the  alimentary  canal  mainly,  it  Being  doubtful 
whether  any  is  excreted  in  the  urine.  It  is  possible  by 
drinking  several  glasses  to  take  in  more  than  a  grain  of 
carbonate  of  iron  in  the  day,  equivalent  to  half  that 
amount  of  metallic  iron.  It  lias  further  been  ingeniously 
reckoned  from  practice  that  10  to  15  grains  of  metallic  iron 
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suffice  to  supply  the  deficiency  in  the  system  in  a  case  of 
chlorosis.  It  is  thought  probable  that  a  portion  of  the  iron 
taken  up  in  water  is  in  certain  pathological  states  not  ex¬ 
creted,  but  retained  in  the  system,  and  goes  towards  mak¬ 
ing  up  the  want  of  that  metal.  But,  whether  this  or  any 
other  explanation  be  satisfactory,  there  is  no  question  as 
to  the  excellent  effects  often  produced  by  drinking  chalyb¬ 
eate  waters  (especially  when  they  are  carbonated),  and 
by  bathing  in  those  which  are  rich  in  carbonic  acid  after 
they  have  been  artificially  heated.  As  regards  the  drink¬ 
ing  cure  we  must  not,  however,  forget  that  carbonate  and 
chloride  of  sodium,  and  also  the  sulphate,  are  often  present 
and  must  be  ascribed  a  share  in  the  cure.  Thus  chloride 
of  sodium  is  a  powerful  adjuvant  in  the  strong  Stahl  Quelle 
of  Homburg  and  in  the  Putnam  Well  at  Saratoga.  A  whole 
category  of  female  complaints  is  treated  successfully  with 
these  waters.  Indeed  ansemia  from  any  source,  as  after 
fever  or  through  loss  of  blood,  and  enlargements  of  the 
spleen,  are  benefited  by  them.  The  stimulating  action  of 
the  copious  supply  of  carbonic  acid  in  steel  baths  is  a  very 
important  adjuvant;  no  one  now  believes  in  direct  absorp¬ 
tion  of  iron  from  the  bath.  Iron  waters  are  scarcely  ever 
thermal.  They  are  extremely  common  in  all  countries, — 
frequently  along  with  sulphuretted  hydrogen  in  bogs,  and 
near  coal-measures.  But  such  springs  and  non-carbonated 
wells  generally  are  weak,  and  not  now  held  in  much 
esteem. 

It  may  be  added  that  some  of  the  strongest  known  iron 
wells  are  sulphated  or  aluminated.  They  are  styptic  and 
astringent,  and  can  only  be  used  diluted.  They  are  some¬ 
times  useful  as  an  application  to  ulcers  and  sores.  Such 
springs  have  often  been  brought  into  notice,  but  never  re¬ 
tain  their  popularity.  They  are  known  in  the  Isle  of  Wight, 
in  Wales,  in  Scotland,  as  well  as  in  Elba,  etc. ;  and  of  late 
years  the  Bedford  Alum  and  Oak  Orchard  Springs,  U.  S., 
have  been  brought  into  notice,  the  latter  containing  10 
grains  of  free  sulphuric  acid  in  the  pint.  All  such  springs 
have  been  considered  useful  in  scrofula,  anaemia,  and  chronic 
diarrhoeas. 

Sulphur  Springs. — Waters  having  the  odor  of  hydrosul- 
phuric  acid,  however  slightly,  are  usually  called  sulphur 
ones.  They  owe  their  smell  sometimes  to  the  presence  of 
the  free  acid,  sometimes  to  sulphides  of  sodium,  calcium,  or 
magnesia,  and  sometimes  to  both.  Hydrosulphuric  acid  is 
absorbed  more  freely  by  cold  than  by  hot  water,  and  is 
therefore  most  abundant  in  cold  springs.  The  sulphides 
decompose  and  give  off  the  gas.  Most  of  these  springs  occur 
near  coal  or  shale  measures,-  or  strata  containing  fossils,  or 
in  moors  and  in  places  generally  where  organic  matter  is 
present  in  the  soil  or  strata.  Many  of  them  contain  so  little 
mineral  impregnation  that  they  might  as  well  be  classed 
among  the  indifferent  or  earthy  waters.  One  group  con¬ 
tains  a  considerable  amount  of  chloride  of  sodium,  another 
of  sulphate  of  lime,  while  a  third  has  little  mineral  im¬ 
pregnation,  but  contains  sulphides. 

Hydrosulphuric  acid  is  a  strong  poison,  and  its  action  on 
the  system  has  been  pretty  well  ascertained.  It  has  been 
assumed  that  the  gas  in  mineral  waters  acts  similarly, 
though  in  a  modified  degree;  but  there  is  next  to  nothing 
absolutely  known  of  the  action  of  the  small  quantities  of 
the  gas  that  are  present  in  mineral  waters,  and  which  cer¬ 
tainly  have  no  toxic  effect.  It  has  been  assumed  that  this 
gas  has  some  special  action  on  the  portal  system  and  so  on 
the  liver.  On  the  connection  of  metallic  poisoning  with 
the  liver  has  been  founded  the  idea  that  sulphur  waters  are 
useful  in  metallic  intoxication.  Drinking  large  quantities 
of  these  waters,  especially  of  such  as  contain  sulphates  or 
chlorides  of  sodium  or  magnesia,  combined  with  hot  baths 
and  exercise,  may  help  to  break  up  albuminates,  but  there 
is  no  proof  of  the  action  of  the  sulphur. 

For  similar  reasons,  and  primarily  to  counteract  mercurial 
poison,  sulphur  waters  have  been  considered  useful  in  syphi¬ 
lis.  But  it  may  be  well  to  remember  that  at  most  baths 
mercury  is  used  along  with  them.  No  doubt  they  are  fre¬ 
quently,  like  other  warm  waters,  useful  in  bringing  out  old 
eruptions,  acting  in  this  way  as  a  test  for  syphilitic  poison, 
and  in  indicating  the  treatment  that  may  be  required.  Sul¬ 
phur  waters,  both  hot  and  cold,  are  used  in  gout  and  rheu¬ 
matism,  in  dyspepsia,  in  hepatic  and  cutaneous  affections ; 
and  of  late  years  inhalation  of  them  has  been  popular  in 
phthisis  and  in  laryngeal  affections.  They  have  long  been 
popular  remedies  in  cutaneous  affections.  While  so  much 
doubt  has  been  cast  on  the  action  of  the  sulphur  of  these 
waters,  it  may  be  admitted  that  the  sulphides  are  probably 
decomposed  in  the  stomach  and  hydrosulphuric  acid  gener¬ 
ated.  That  gas  is  probably  a  slight  stimulant  to  the  intes¬ 
tine.  What  hydrosulphuric  acid  reaches  the  blood  is  elimi¬ 
nated  by  the  lungs.  There  seems  to  be  no  doubt  that  tbe 
gas  is  absorbed  in  small  quantities  by  the  skin. 

It  is  in  sulphur  waters  chiefly  that  glairiu  and  baregin 


occur.  This  peculiar  organic  substance  has  been  found 
both  in  American  and  in  European  springs.  Cold  sulphur 
springs  are  very  widely  diffused  throughout  the  world. 
Thermal  ones  are  not  so  common.  Perhaps  the  largest 
though  not  the  strongest  group  of  the  latter  is  to  be  found 


Table  VII. — Cold  Sulphur  Springs. 


Locality. 

Hydrosul- 
phuricAcid 
absorbed  in 
Water. 

Sulphide 

of 

Sodium. 

42.3 

23.1 

.008 

15.1 

j.pilV  '  do  (3593  ft.) . 

44.5 

Challes,  Savoy  (900  ft.) . ! . 

.478 

.106 

7.34 

.207 

Strathpeffer,  Scotland . 

.026 

Table  VIII. —  Warm  Sulphur  Springs. 


Locality. 

Height 
in  Feet. 

Temp. 

°  Fahr. 

Sulphide 

of 

Sodium. 

Hydrosul- 
phuricAcid 
absorbed  in 
Water. 

Aix-la-Chapelle,  Germ’y 

534 

131-140 

.01 

.3 

Baden,  near  Vienna . 

95-115 

.052 

2.5 

Schinznach,  Switzerland 

1,060 

80-92 

... 

37.8 

Lavey,  Rhone  Valley . 

1,350 

92-113 

3.5 

Hercules  Bad,  Banat . 

500 

110 

42.6 

Aix-les-Bains,  Savoy . 

765 

108.5 

27.2 

Luchon,  Pyrenees . 

2,000 

135.5 

.07 

Bareges,  do . 

4,100 

113 

.04 

... 

Amffle-les-Bains,  Pyre’s. 

810 

87-147 

.01 

... 

Cauterets,  do. 

3,254 

71-134 

.02 

... 

Eaux  Bonnes,  do. 

2,400 

90.5 

.02 

... 

Archena,  Murcia,  Spain. 

... 

126 

... 

... 

in  the  Pyrenees.  We  may  remark  again  how  very  little 
hydrosulphuric  acid  there  is  in  many  of  the  most  favorite 
sulphur  springs,  including  the  very  popular  White  Sulphur 
ones  of  Virginia.  There  seems  to  be  something  peculiarly 
unsatisfactory  in  the  analysis  of  sulphur  waters,  and  there 
has  been  difficulty  in  constructing  the  accompanying  imper¬ 
fect  tables. 

Some  of  the  most  powerful  cold  wells  are  those  of  Challes 
(with  its  very  peculiar  water),  Leuk,  and  Harrogate. 
Uriage  has  a  very  large  amount  of  chloride  of  sodium  in  its 
springs.  Cold  sulphur  waters  are  on  the  whole  more  used  in 
affections  of  the  liver  and  indigestion  than  warm  ones.  The 
general  effects  of  warm  sulphur  waters  differ  so  little  at  the 
various  baths  as  to  make  it  difficult  to  mention  anything 
special  to  particular  localities.  Schinznach  has  a  reputation 
in  skin  complaints,  Cauterets,  Eaux  Bonnes,  and  Challes  in 
laryngeal  affections,  the  two  Aixes,  Luchon,  and  Archena 
in  syphilis. 

Alkaline  Waters  are  such  as  contain  carbonate  (chiefly  bi¬ 
carbonate)  of  soda,  along  with  an  excess  of  carbonic  acid. 
Of  the  action  of  those  carbonates  it  is  known  that  when 
taken  into  the  stomach  they  are  neutralized  by  the  gastric 
juice,  and  converted  into  chloride  of  sodium.  On  their  in¬ 
troduction  into  the  stomach  they  produce  an  increased  flow 
of  gastric  juice.  If  given  during  or  immediately  after 
meals  in  any  quantity,  they  impede  digestion.  They 
slightly  increase  peristaltic  action,  but  only  feebly,  unless 
assisted  by  other  salts.  They  act  slightly  as  diuretics.  Of 
the  connection  between  the  biliary  system  and  alkalies, 
which  undoubtedly  exists,  not  much  is  known  with  cer¬ 
tainty.  The  alkalization  of  the  blood  by  them  is  assumed 
by  many,  but  not  proved.  It  is  very  doubtful  whether 
they  reduce  the  quantity  of  fibrine  in  the  blood,  and  thus 
induce  a  lowered  state  of  the  system,  or  whether  they  have 
any  direct  tendency  to  combine  with  fat  and  carry  off  a 
portion  of  superfluous  adipose  tissue.  Their  excess  of  car¬ 
bonic  acid,  through  its  action  on  the  stomach,  favors  the 
operation  of  alkaline  waters.  They  have  been  classed  as 
follows :  (I.)  simple  alkalines,  where  carbonate  of  soda  is  the 
main  agent;  (II.)  waters  containing  in  addition  some 
chloride  of  sodium ;  (III.)  waters  containing  sulphates  of 
soda  or  of  magnesia.  All  these  classes  may  be  said  to  bo 
used  in  gout,  lithiasis,  affections  of  the  liver,  catarrh,  and 
obstructions  of  the  gall  ducts,  in  dyspepsia,  chronic  catarrh 
of  the  stomach,  and  diarrhoea,  in  obesity,  and  in  diabetes. 
Some  of  the  waters  of  the  second  class  are  supposed  to  influ¬ 
ence  bronchial  catarrhs  and  incipient  phthisis,  while  the 
more  powerful  sulphated  waters  of  the  third  class  are  espe- 
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daily  useful  in  catarrh  of  the  stomach,  and  in  affections  of 
the  biliary  organs;  of  these  only  one  of  importance  (Carls¬ 
bad)  is  thermal.  The  rival  cold  waters  of  Tarasp  contain 
twice  as  much  carbonate  of  soda.  The  cold  ones  are  chiefly 
used  internally,  the  thermal  ones  both  internally  and  ex¬ 
ternally.  The  latter,  besides  acting  as  warm  water,  slightly 
stimulate  the  skin  when  the  carbonic  acid  is  abundant,  and 

Table  IX. — Alkaline  Waters. 


Class  l.— Simple  Alkaline. 

Locality. 

Carb. 

Soda. 

Therapeutic  Uses. 

Vais,  South  France . 

Bilin,  Bohemia . 

Vichv,  France  (105°  F.) . 

Neuenahr,  Rhineland  (92° ) 
-97°  F.) .  / 

La  Malou,  France  (97°  F.).... 

Vidago,  Portugal . 

7.1 

4.2 
5.1 

1.0 

( Catarrh  of  stomach,  gout, 
<  renal  and  biliary  calculi, 

(  liver  complaints,  diabetes. 
Do.  do.  do. 

Do.  do.  do. 

/Mucous  catarrh,  diabetes 

1  specially. 

/  Do. ;  sedative  effect  on  ner- 
(  vous  system. 

/Do.:  gout,  urinary  affect’s, 
X  —‘‘The  Portug’se  Vichy.” 

Class  II.—  With  Chloride  of  Sodium  varying  from  4.8  to  1  in  amount. 


Locality. 


|  H’ght  Temp.  Carb. 
in  Ft.  °Fahr.  |  Soda. 


Luhatschowitz,  ) 
Moravia . / 

Tonnistein,  ) 

Rhine  Valley.../ 

Ems,  Nassau . 

Ischia,  Italy . 

Royat,  Auvergne... 
Mont  Dore,  do.  ... 
Bourboule,  do.  ... 


1,600 


1,400 

3,300 

2,800 


85-115 

/  up  to 
\  170 

80-95 

100-114 

107-125 


8.4 

2.5 

2.0 

2.0 

1.3 


Therapeutic  Uses. 


(Springs  rich  both  in 
carb.  soda  and  chlo¬ 
ride  of  sodium. 
(Light  antacid  tonic 
[  to  stomach. 

[  Spec’l  in  female  com¬ 
plaints  and  mucous 
membrane, 
f  Specially  rheumat’m 
and  female  comp’ts. 
fDo.  and  some  skin 
affections. 

[  Asthma,  chronic  lar¬ 
yngitis. 

( Scrofula,  rachitis,  cu¬ 
taneous  affections, 


Class  III.—  With  Sulphate  of  Soda  varying  from  5.2  to  2  in  amount, 
and  Carbonate  of  Soda  varying  from  3.55  to  .51  in  amount. 


Locality. 

Height 
in  Feet. 

Elster,  Saxony . 

1,460 

Marienbad,  Bohemia 

1,012 

Franzensbad,  do. 

1,293 

Tarasp,  Lower  En-) 

4,000 

gadine . ( 

Carlsbad,  Bohemia) 
(121°-164°  F.) . / 

1,200 

Therapeutic  Uses. 


/  Action  on  abdominal  organs, 
\  female  complaints. 

Do. ;  special  use  in  obesity. 
Do. ;  specially  a  ladies’  bath. 

!  Powerful  action  on  abdominal 
viscera. 

Gout,  liver  affections,  biliary 
and  renal  calculi,  diabetes. 


the  carbonate  of  soda  has  some  slight  detergent  effect  on  the 
cutaneous  surface  like  soap.  These  waters  are  unknown  in 
England.  They  are  most  abundant  in  countries  of  extinct 
volcanoes. 

Classes  I.  and  II.  of  alkaline  waters  may  be  said  to  have 
a  subvariety  in  acidulated  springs  or  carbonated  waters,  in 
which  the  quantity  of  salts  is  very  small,  that  of  carbonic 
acid  large.  These  table  waters  are  readily  drunk  at  meals. 
They  have  of  late  years  been  so  widely  exported  as  to  be 
within  the  reach  almost  of  everyone.  Their  practical  impor¬ 
tance  in  aiding  digestion  is  in  reality  much  greater  than  one 
could  expect  from  their  scanty  mineralization.  They  are 
drunk  by  the  country  people,  and  also  largely  exported  and 
imitated.  They  are  very  abundant  on  the  Continent,  and, 
although  some  of  the  best-known  ones  enumerated  above 
are  German  and  French,  they  are  common  in  Italy  and 
elsewhere:  Heppiugen,  Roisdorf,  Landskro,  Apollinaris, 
Selters,  Briickenau,  Gieshiibel,  all  German;  St.  Galmier, 
Pougues,  Chateldon,  French. 

Associated  with  Class  III.  is  that  of  the  strongly  sulphated 
waters  known  in  Germany  as  bitter  or  purging  waters, 
which  have  of  late  deservedly  come  into  use  as  purgative 
agents.  They  are  almost  wanting  in  France  and  in  Amer¬ 
ica,  and  there  are  no  very  good  ones  in  England.  The 
chief  supply  is  from  Bohemia  and  Hungary.  The  numer¬ 
ous  waters  of  Ofen  are  the  best-known,  and  some  of  them 
are  stronger  than  the  Hunyadi,  of  which  an  analysis  has 


been  given  in  Table  I.  They  are  easily  imitated.  Some 
of  the  best-known  are  Ofen,  Piillna,  Saidschiitz,  Friedriclis- 
hall,  Birmerstoff,  Kissingen. 

Two  other  classes  of  waters  demand  a  few  words  of  no¬ 
tice.  The  French  have  much  faith  in  the  presence  of  mi¬ 
nute  quantities  of  arsenic  in  some  of  their  springs,  and  trace 
arsenical  effects  in  those  who  drink  them,  and  some  French 
authors  have  established  a  class  of  arsenical  waters.  Bour¬ 
boule  in  Auvergne  is  the  strongest  of  them,  and  is  said  to 
contain  -j^th  of  a  grain  of  arseniate  of  soda  in  7  ounces  of 
water.  Baden-Baden,  according  to  Bunsen’s  latest  analysis, 
has  a  right  to  be  considered  an  arsenical  water.  It  is,  how¬ 
ever,  extremely  doubtful  whether  the  small  amounts  of  ar¬ 
seniate  of  soda  which  have  been  detected,  accompanied  as 
they  are  by  preponderating  amounts  of  other  salts,  have 
any  actual  operation  on  the  system.  The  following  are 
among  the  most  noted  springs:  Bourboule,  Mont  Dore, 
Royat,  Salies  (Bigorres),  Plombieres,  Baden-Baden. 

Of  late  years  lithium  has  been  discovered  in  the  waters  of 
Baden-Baden  ;  and  various  other  places  boast  of  the  amount 
of  that  substance  in  their  springs.  Indeed  a  new  bath  has 
been  established  at  Assmannshausen  on  the  Rhine  in  con¬ 
sequence  of  the  discovery  of  a  weak  alkaline  spring  con¬ 
taining  some  lithium.  Not  very  much  is  known  of  the  ac¬ 
tion  of  lithium  in  ordinary  medicine,  and  it  undoubtedly 
does  not  exist  in  medicinal  doses  even  in  the  strongest 
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Lebanon,  Columbia  Co.,) 
N.  Y.  (73°  F.) . / 

Healing,  Bath  Co.,  Va.) 
(88°  F.) . / 


Therapeutic  Application. 


Warm,  Bath  Co.,  Va.  1  | 
(98°  F.) . / 

Hot,  Bath  Co.,  Va.  (110°  F.) 

Paso  Robles,  San  Luis,) 
Obispo  Co.,  Cal.  (122°F.)  / 

Hot,  Garland  Co.,  Ark.) 
(93-150°  F.) . / 

Gettysburg,  Adams  Co. ,  Pa. 

Sweet,  Monroe  Co.,  W. 

Va.  (74°  F.) . 

Berkeley,  Morgan  Co., 

W.  Va.  (74°  F.) . 

Alleghany, Montgomery 
Co.,  Va . 

Bethesda,  Waukesha  ) 
Co.,  Wis . / 

'  Lower  Blue  Lick,  Nicho- ) 

las  Co.,  Ky . / 

Sharon, SchoharieCo.,N.Y. 

White  Sulphur,  Green-) 
brier  Co.,  Va . i 

Salt  Sulphur,  Monroe  1 
Co.,  W.  Va . / 

Bedford,  Bedford  Co.,  Pa¬ 
st.  Catherines,  Ontario, ) 

Can . / 

Caledonia,  Ontario,  Can... 

Hathorne,  Saratoga,  N.  Y. 
Ballston, Saratoga  Co.,  N.  Y, 

Oak-Orchard  Acid,  Gen- ) 
esee  Co.,  N.  Y . / 

Rawley,  Rockingham 

Co.,  Va . . 

Sweet  Chalybeate,  Al¬ 
leghany  Co.,  Va . 

RockbridgeAlum,  Rock¬ 
bridge  Co.,  Va . . . 

Cooper's  Well,  Hinds 

Pa  M  i  cc 

'Crab  Orchard,  Lincoln 

Co.,  Ky . 

Midland,  Midland  Co.,) 

Mich . / 

’Bladon,  Choctaw  Co., 
Ala.  (carbonated  al¬ 
kaline) . 

Congress,  Santa  Clara 
Co.,  Cal.(saline  alkal’e) 
St.  Louis,  Gratiot  Co... 
Mich,  (simple  alkal’e) 


(Scrofulous  ulcers  and  ophthal¬ 
mia,  ozaena, chronic  diarrhoea 
and  dysentery,  secondary 
and  tertiary  syphilis. 

(  Chronic  and  subacute  rheuma- 
-<  tism,  gout,  neuralgia,  neph- 
I  ritic  and  calculous  diseases. 

( Chronic  rheumatism,  gout, 
<  diseases  of  liver,  neuralgia, 
(  contractions  of  joints. 


(Dartrous  diseases  of  skin, 
functional  diseases  of  uterus, 
chronic  mercurial  and  lead 
poisoning. 

!  Calculus,  gravel,  catarrh  of 
stomach  or  bladder, dyspepsia 
Gravel,  dyspepsia  (diuretic, 
diaphoretic). 

Neuralgia  (restorative). 

Purgative,  diuretic. 

(Diabetes  mellitus,  gravel,  in-- 
flammation  of  bladder,  drop- 
(  sy,  albuminuria  (diuretic). 

Aperient  and  alterative. 

do.  do. 

(Dartrous  skin  diseases,  dis- 
-<  eases  of  the  bladder,  jaun 
(_  dice,  dyspepsia. 

Do. ;  scrofula  and  syphilis. 

/  Anaemia,  gravel,  calculus 
\  (strongly  diuretic). 

/  Rheumatism,  gout,  scrofula, 
(  neuralgia. 

Rheumatism,  gout. 
/Dyspepsia,  jaundice,  abdomi- 
t  nal  plethora. 

Do.  do.  do. 

{Ulcers,  diseases  of  the  skin, 
passive  haemorrhages,  atonic 
diarrhcea(has  10  grains  of  free’ 
sulphuric  acid  in  the  pint). 

/  Chlorosis  and  anaemia  gen- 
(  erally ;  tonic. 

Do.  do.  do. 

Scrofula,  chronic  diarrhoea. 

/  Anaemia,  chlorosis,  chronic  dl- 
(  arrhoea,  dropsy. 


/Dyspepsia,  neuralgia,  chronio 
(  and  subacute  rheumatism. 
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springs.  Among  these  springs  are  those  of  Baden-Baden, 
Assmannshausen,  Elster,  Royat,  Ballston  Spa,  and  Saratoga 
(U.  S.). 

American  Mineral  Waters. — The  number  of  springs 
in  the  United  States  and  Canada  to  which  public  attention 
has  been  called  on  account  of  their  supposed  therapeutic 
virtues  is  very  large,  amounting  in  all  to  more  than  three 
hundred.  Of  this  number  comparatively  few  are  in  Can¬ 
ada,  and  of  these  not  more  than  six  (St.  Catherines,  Cale¬ 
donia,  Plantagenet,  Caxton,  Charlottesville,  and  Sandwich) 
have  attained  general  celebrity.  The  first  three  belong  to 
the  saline  class,  the  Caxton  is  alkaline-saline,  and  the  last 
two  are  sulphur  waters.  The  St.  Catherines  is  remarkable 
for  the  very  large  amounts  of  sodium,  calcium,  and  magne¬ 
sium  chlorides  which  it  contains,  its  total  salts  (450  grains 
in  the  pint)  being  more  than  thi’ee  times  the  quantity  con¬ 
tained  in  the  brine-baths  of  Kreuznach  in  Prussia.  The 
Charlottesville  and  Sandwich  springs  likewise  surpass  the 
noted  sulphur- waters  of  Europe  in  their  excessive  percen¬ 
tages  of  sulphuretted  hydrogen,  the  former  containing 
more  than  3  and  the  latter  4.72  cubic  inches  of  this  gas  in 
the  pint. 

The  mineral  springs  in  the  United  States  are  very  un¬ 
equally  distributed,  by  far  the  larger  number  of  those  which 
are  in  high  medical  repute  occurrin  along  the  Appala¬ 
chian  chain  of  mountains,  and  more  especially  on  or  near 
this  chain  where  it  passes  through  the  States  of  Virginia, 
West  Virginia,  and  New  York.  The  Devonian  and  Silurian 
formations  which  overlie  the  Eozoic  rocks  along  the  course 
of  the  Appalachian  chain  have  been  greatly  fissured — the 
faulting  of  the  strata  being  in  some  places  of  enormous 
magnitude— by  the  series  of  upheavals  which  gave  rise  to 
the  many  parallel  mountain  ridges  of  the  Appalachians. 
In  many  places  the  springs  occur  directly  along  the  lines 
of  fault.'  The  various  classes  of  mineral  waters  are  like¬ 
wise  very  unequally  represented,  the  alkaline  springs,  and 
those  containing  Glauber  and  Epsom  salts,  being  much  in¬ 
ferior  to  their  European  representatives.  On  the  other 
hand,  the  very  numerous  and  abundant  springs  of  baratoga 
compare  very  favorably  with  the  Selters  and  similar  saline 
waters,  and  among  the  many  American  chalybeate  springs 
the  subclass  represented  by  the  Rockbridge  Alum  is  un¬ 
equalled  in  regard  to  the  very  large  percentages  of  alumina 
and  sulphuric  acid  which  it  contains.  Besides  its  greater 
amount  of  mineral  constituents  (135  grains  per  pint),  the 
Ballston  spring  surpasses  the  similar  saline  waters  of  Hom- 
burg,  Kissingen,  Wiesbaden,  and  Selters  in  its  percentage 
of  carbonic  acid  (53  cubic  inches).  It  is  also  remarkable 
for  the  very  large  proportion  of  carbonate  of  lithia,  amount¬ 
ing  to  0.701  grain.  Thermal  springs  are  especially  numerous 
in  the  territories  west  of  the  Mississippi  and  in  California. 
Those  in  the  east  mostly  occur  in  Virginia  along  the  south¬ 
ern  portion  of  the  Appalachian  chain  ;  in  the  Middle  and 
New  England  States  Lebanon  is  the  only  important  thermal 
spring.  On  page  455  is  a  list  of  thirty  American  springs,  the 
design  being  to  represent  as  many  of  the  more  noted  spas 
as  possible,  while  at  the  same  time  enumerating  the  best 
representatives  of  the  classes  and  subclasses  into  which 
mineral  waters  are  divided  according  to  the  German 
method  of  classification. 

Bibliography— 1.  German  :  E.  Osann,  DarsteUung  der  HeilqueUen 
Europas,  3  vols.,  Berlin,  1839-43:  J.  Seegen,  Handbuch  der  Heilquel- 
lenlehre,  Vienna,  1862;  B.  M.  Lersch,  Ilijdrockemie,  1870,  and  many 
other  works;  Helfft,  Handbuch  d.  Balneotherapie,  8th  ed.,  Berlin, 
1874;  Valentiner,  Handbuch  d.  Balneotherapie,  Berlin,  1876 ;  L.  Leli- 
m&nn,  Beider  u.  Bruuuen  Lehrc ,  Bonn,  1877  \  J.  Braun,  System.  Lehr- 
buch  d.  Balneotherapie ,  4th  ed.,  by  Fromm,  Berlin,  1880 ;  O.  Leich- 
tenstern,  Balneotherapie,  Leipsic,  1880.  2.  French :  Dictwnnaire 

des  Eaux  minerales,  etc.,  by  MM.  Durand-Fardel,  etc.,  2  vols.,  Paris, 
1860 :  J.  Lefort,  TraiU  de  Chemie  Hydrololagique,  2d  ed.,  Pans,  1873  ; 
C  James,  Guide  Pratique  aux  Eaux  minerales,  Paris  (many  edi¬ 
tions)  ;  Mace,  Guide  aux  Villes  d' Eaux.  etc.,  Paris,  1881 ;  Joanne  and 
Le  Pileur,  Les  Bains  d’ Europe,  Pans.  3.  Swiss;  Meyer  Ahrens, 
HeilqueUen  der  Schweitz,  Zurich,  1867 ;  Gsell  Fels,  Die  Bader  und 
Kurorte  der  Schweitz,  Zurich,  1880.  4.  Italian :  G.  Jervis,  Guida  alle 
Acque  Minerali  d' Italia,  Turin,  1876,  etc. ;  E.  F.  Harless,  Die  Hei’- 
quellen  und  Kurbader  Italiens,  Berlin,  1848.  5.  Spanish:  Rubio, 
Tratado  de  las  Fuentes  Minerales  de  Espaiia,  Madrid,  1853;  Don  J. 
de  Antelo  y  Sanchez  has  recently  published  a  work  on  Spanish 
waters.  6.  English :  T.  Short,  History  of  the  Mineral  Waters,  London, 
1734 ;  J.  Rutty,  Methodical  Synopsis  of  Mineral  Waters,  London,  1757 ; 
Granville,  Spas  of  England,  1841 ;  E.  Lee,  Mineral  Springs  of  Eng¬ 
land,  London,  1841 ;  J.  Macpherson,  Our  Baths  and  Wells,  1871 ;  Id., 
Baths  and  WeUs  of  Europe,  1873;  and  H.  Weber’s  English  edition  of 
Braun,  London,  1875.  A  great  portion  of  the  literature  is  to  be 
found  in  monographs  on  particular  places.  7.  American:  J.  Bell, 
The  Mineral  and  Thermal  Springs  of  the  United  States  and  Canada, 
1855 ;  Moorman,  The  Mineral  Waters  of  the  United  States  and  Canada, 
1867 :  Chandler,  Lecture  on  Water,  1871 ;  Walton,  The  Mineral  Springs 
of  the  United  States  and  Canada,  1875.  (J.  M. — a.  r.  l.) 

MINERVA  [i,e.,  menes-va ,  endowed  with  mind) 
was  the  Roman  goddess  who  presided  over  all  handi¬ 
crafts,  inventions,  arts,  and  sciences.  She  was  prob¬ 
ably  an  Etruscan  deity,  but  her  character  was  modified 


on  Roman  soil  through  her  identification  with  tho 
Greek  Pallas  Athena  (see  Athena ).  .  No  legend  of 
her  birth  is  recorded;  the  Roman  deities  were  abstrac¬ 
tions,  not  distinct  persons  with  an  individual  history. 
Her  chiefworship  in  Rome  was  in  the  temple  built  by 
Tarquin  on  the  Capitol,  where  she  was  worshipped 
side  by  side  with  Jupiter  and  Juno.  This  foundation 
may  be  assigned  to  Etruscan  influence.  She  had  also 
an  old  temple  on  the  Aventine,  which  was  a  regular 
meeting-place  for  dramatic  poets  and  actors.  The 
dedication  day  of  the  temple  and  birthday  of  the  god¬ 
dess  was  March  19,  and  this  day  was  the  great  festival 
of  Minerva,  called  quinquatrus  because  it  fell  on  the 
fifth  day  after  the  Ides.  The  number  five  was  sacred 
to  the  goddess.  All  the  schools  had  holidays  at  this 
time,  and  the  pupils  on  reassembling  brought  a  fee 
(minerval)  to  the  teachers.  In  every  house  also  the 
quinquatrus  was  a  holiday,  for  Minerva  was  patron  of 
the  women’s  weaving  and  spinning  and  the  workmen’s 
craft.  At  a  later  time  the  festival  was  extended  over 
five  days,  and  games  were  celebrated.  This  feature  is 
evidently  due  to  the  Graecizing  conception  of  Minerva 
as  the  goddess  of  war.  To  this  same  Graecizing  ten¬ 
dency  we  must  attribute  the  lectisterniuvn  to  Minerva 
and  Neptune  conjointly  after  the  battle  of  the  Trasi- 
mene  Lake.  The  23d  had  always  been  the  day  of  the 
tubilustrium,  or  purification  of  the  trumpets,  so  that 
the  ceremony  came  to  be  on  the  last  day  of  Minerva’s 
festival.  Trumpets  were  used  in  many  religious  cere¬ 
monies  ;  and  it  is  very  doubtful  whether  the  tubilus¬ 
trium  was  really  connected  with  Minerva.  There  was 
another  temple  of  Minerva  on  the  Caelian  Hill,  and  a 
festival  called  the  lesser  quinquatrus  was  celebrated 
there  on  June  h3-15,  chiefly  by  the  flute-players. 

Minerva  of  the  Cselian  temple  was  called  Capta;  June  19 
was  the  foundation  day  of  this  temple  and  the  birthday  of 
the  goddess.  The  palladium,  an  archaic  image  of  Pallas,  was 
brought  from  Troy  to  Lavinium,  and  thence  to  Rome  by 
the  family  of  the  Nautii;  it  was  preserved  in  the  temple  of 
Vesta  as  a  pledge  of  the  safety  of  the  city.  There  are  some 
traces  of  an  identification  of  Minerva  with  the  Italian  god¬ 
dess  Nerio,  wife  of  Mars ;  it  is  probable  that  March  19  was 
originally  a  feast  of  Mars. 

Besides  Preller,  Rom.  Myth.,  and  Hartung,  Relig.  d.  Romer,  etc., 
see  Jordan,  Ephem.  Epigraph.,  i.  238;  Mommsen,  C.  I.  L.,  i.  388; 
Usener,  Rhein.  Mus.,  xxx.  222. 

MINGRELIA,  a  former  principality  of  Transcau¬ 
casia,  which  became  subject  to  Russia  in  1804,  and 
since  1867  has  constituted  three  circles  of  the  govern¬ 
ment  of  Kutais — Letchgum,  Senakh,  and  Zugdidi. 
The  country  corresponds  to  the  ancient  Colchis ;  and 
Izgaur  or  Iskuriah  on  the  Black  Sea  coast,  whicb  was 
the  capital  during  the  period  of  Mingrelian  independ¬ 
ence  under  the  Dadian  dynasty,  is  to  be  identified  with 
the  ancient  Dioscurias,  a  colony  of  Miletus.  The  Min- 
grelians  (still  almost  exclusively  confined  to  the  Min¬ 
grelian  territory,  and  numbering  197,000)  are  closely 
akin  to  the  Georgians.  See  Caucasus,  vol.  v.  p.  224, 
and  Georgia. 

MINIATURE  is  a  term  which  by  common  usage 
has  come  to  be  applied  to  two  different  branches  of 
painting.  Derived  from  the  Latin  word  minium,  the 
red  pigment  used  in  the  primitive  decoration  of  MSS. , 
j  in  the  first  place  it  is  the  technical  word  employed  to 
describe  a  painting  in  a  MS.  ;  and,  from  the  fact  of 
such  pictures  being  executed  on  a  reduced  scale,  it  has 
its  secondary  and  modern  signification  of  a  small,  or 
miniature,  portrait.  In  the  latter  sense  it  belongs  to 
the  general  subject  of  painting.  Here  it  is  proposed 
to  trace  the  development  of  the  miniature  in  MSS.  of 
the  different  schools  of  Europe. 

The  rise  of  the  art  of  Illumination,  in  which  the 
miniature  plays  so  important  a  part,  has  been  de¬ 
scribed  under  that  heading  ;  and  something  has  been 
said  in  that  place  about  the  earliest  extant  specimens 
of  miniature  painting.  Unfortunately  we  cannot  with 
any  certainty  reach  farther  back  than  the  4th  century  for 
the  most  ancient  of  them  ;  and  all  remaining  examples 
between  that  period  and  the  7th  century  in  Greek  and 
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Latin  MSS.  can  be  counted  on  the  fingers.  The  two 
famous  codices  of  Virgil  in  the  Vatican  Library  stand 
preeminent  as  the  most  ancient  Latin  MSS.  decorated 
with  paintings.  The  miniatures  in  the  first  of  them, 
the  Codex  Romanus ,  are  large  and  roughly  yet  boldly 
executed  paintings,  which  have  no  pretension  to 
beauty,  and  are  simply  illustrations ;  but  they  are  as 
old  as  the  4th  century,  and  are  of  the  highest  value  in 
enabling  us  to  appreciate  the  debased  style  to  which 
classical  art  had  descended,  and  which  no  doubt  was 
more  largely  employed  than  we  might  think.  The 
second  MS. ,  the  Schedce  Vaticance ,  which  may  also  be 
assigned  to  the  4th  century,  is  far  more  artistic  and 
retains  a  good  deal  of  the  grace  of  classic  art.  Of  the 
same  kina,  but  of  rather  later  date,  are  the  fragments 
of  the  Iliad  in  the  Ambrosian  Library  at  Milan,  the 
miniatures  of  which  are  generally  of  excellent  design. 
Next  comes  the  Dioscondes  of  the  Imperial  Library 
at  Vienna,  with  its  semi-classical  portrait-miniatures 
executed  at  the  beginning  of  the  6th  century.  Of  a 
rather  later  period  are  the  paintings  which  illustrate 
the  Greek  MS.  of  Genesis  in  the  same  library.  A  far 
finer  and  older  MS.  of  the  same  book  of  the  Penta¬ 
teuch  once  existed  in  the  Cottonian  Library,  but  was 
almost  totally  destroyed  by  fire.  The  few  fragments 
of  the  miniatures  which  once  filled  this  volume,  and 
which  were  of  the  5th  century,  are  sufficient  to  show 
what  excellent  work  could  be  done  in  the  capital  of 
the  Eastern  Empire,  from  whence  the  MSS.  most  prob¬ 
ably  came.  The  late  interesting  discovery  of  an  illus¬ 
trated  MS.  of  the  Gospels  in  Greek,  of  the  latter  part 
of  the  6th  century,  at  Rossano  in  Southern  Italy,  adds 
another  number  to  our  scanty  list  of  early  volumes  of 
this  class,  which  is  closed  by  the  Latin  Pentateuch  in 
the  library  of  the  earl  of  Ashbumham.  This  last  MS. , 
however,  is  not  older  than  the  7th  century.  It  was 
executed  in  Italy,  and  is  adorned  with  many  large 
miniatures,  not  of  high  artistic  merit,  but  of  great 
interest  for  the  history  of  painting  and  of  cos¬ 


tume. 

Coeval  with  the  MSS.  which  have  just  been  enu¬ 
merated  are  the  beautiful  mosaics  and  wall-paintings 
which  are  seen  at  Rome,  Ravenna,  and  in  other  parts 
of  Italy,  serving  as  standards  of  comparison  and  carry¬ 
ing  on  the  history  of  art  where  MSS.  fail  us.  The 
strong  and  ever-increasing  Byzantine  element  which 
appears  in  these  works  prepares  us  to  find  the  pre¬ 
dominance  of  the  same  influence  when  we  again  pick 
up  the  broken  thread  of  the  history  of  miniature 
painting.  We  may  then,  at  this  point,  turn  for  a 
moment  to  the  East  of  Europe  and  state  briefly  what 
remains  of  Greek  art  in  MSS.  Of  Greek  miniatures 
there  are  still  many  fine  examples  extant,  but,  except¬ 
ing  those  which  have  been  noticed  above,  there  are 
few  which  are  earlier  than  the  11th  century.  At  this 
period  the  miniature  appears  in  the  set  form  which  it 
retained  for  the  next  two  or  three  hundred  years ;  and 
the  connection  between  its  style  and  that  of  the  mosaics 
is  too  evident  for  us  to  be  at  a  loss  to  explain  the 
course  of  development.  The  figure  drawing  is  delicate, 
but  rather  exaggerated  in  length ;  the  colors  are  bril¬ 
liant  ;  and  the  whole  effect  is  heightened  by  glittering 
backgrounds  of  gold.  In  some  few  instances,  however, 
the  Greek  artist  breaks  away  from  conventionalism, 
and,  especially  when  portraying  the  divine  features  of 
the  Saviour  or  some  subject  which  deeply  stirs  his 
feelings,  he  surprises  us  with  the  noble  dignity  with 
which  he  invests  his  figures.  Minuteness  also  caught 
the  fancy  of  these  Byzantine  miniaturists ;  and  there 
still  remain  MSS.,  such  as  Psalters  and  saints  lives, 
adorned  throughout  with  delicate  little  drawings  ot 
great  symmetry  and  beauty.  The  ornamentation  which 
was  employed  in  Greek  MSS.  in  the  period  of  which 
we  are  speaking,  either  as  frames  for  miniatures  or  as 
borders  or  head-pieces,  is  designed  evidently  alter 
Eastern  types,  and  has  more  than  an  accidental  like¬ 
ness  to  the  patterns  which  are  seen  in  the  tapestries 
and  Drayer-carpets  of  Persia.  After  the  13th  century 


decadence  sets  in,  and  we  need  not  follow  the  course 
of  Byzantine  art  in  MSS.  farther  than  to  notice  that 
immediately  from  it  sprang  such  national  styles  as 
those  of  Russia,  Bulgaria,  and  modern  Greece. 

Meanwhile,  in  the  West,  under  the  fostering  care  of 
Charlemagne,  arose  a  great  school  of  decoration  in 
MSS.,  which  at  the  close  of  the  8th  and  beginning  of 
the  9th  century  were  multiplied  and  enriched  with  all 
the  splendor  that  colors  and  gilding  could  give  to  them. 
But  the  books  thus  ornamented  were  almost  always 
copies  of  the  Gospels,  or  Bibles,  or  church  service 
books,  which  afforded  little  scope  for  invention.  Hence 
among  the  miniatures  of  this  period  we  have  an  endless 
repetition  of  portraits  of  the  evangelists,  drawn,  for 
the  most  part,  in  a  lifeless  way  after  Byzantine  tra¬ 
ditions,  and  degenerating,  as  time  passes,  into  positive 
ugliness.  The  few  miniatures  of  other  descriptions, 
such  as  Biblical  illustrations,  show  no  great  merit,  ana 
a  half-barbaric  splendor  was.  generally  preferred  to  ar¬ 
tistic  effect.  But  an  exception  must  be  made  in  regard 
to  the  style  of  drawing  found  in  the  MS.  known,  on 
account  of  its  present  resting-place,  as  the  Utrecht 
Psalter.  This  volume  is  filled  from  beginning  to  end 
with  delicately  drawn  pen  illustrations,  designed  and 
executed  with  a  facility  which,  compared  with  the 
mechanical  and  clumsy  drawing  of  other  Continental 
MSS.  of  the  period,  is  astonishing.  And  these  draw¬ 
ings  are  of  particular  interest  for  us,  as  they  are  of  the 
style  which  was  adopted  in  England  and  which  gives 
to  Anglo-Saxon  art  its  distinctive  aspect.  Executed 
about  the  year  800  or  early  in  the  9th  century,  and 
probably  in  the  north  of  France,  the  volume  was  soon 
Drought  to  England,  where,  however,  MSS.  of  the 
same  kind,  it  may  be  assumed,  had  long  before  been 
introduced.  The  light  “fluttering”  outlines  of  the 
drapery  and  other  details  of  the  drawings  seem  to 
suggest  that  the  original  models  were  derived  directly 
from  Roman  life,  and  perhaps  partly  copied  from 
sculpture  ;  but  those  models  must  pave  gone  through 
many  modifications  before  passing  into  the  style  of  tne 
drawings  of  the  Psalter.  That  the  MS.  was  copied 
from  an  older  one  there  can  be  scarcely  a  doubt ;  and 
it  is  not  impossible  that  the  original  archetype  may 
date  back  some  centuries  earlier.  May  not  MSS.  which 
St.  Augustine  and  his  successors  brought  from.  Rome 
have  contained  drawings  of  the  same  kind?  This  style 
of  drawing  was,  at  all  events,  adopted  and  became 
nationalized  in  England;  but  it  had  there  a  rival  in 
the  Irish  school  of  ornamentation,  introduced  from 
the  north  of  the  island.  The  early  civilization  of  Ire¬ 
land  placed  her  in  the  van  of  art  development  in  these 
islands.  The  wonderfully  intricate  interlaced  designs 
which  render  Irish  MSS.  of  the  7th  and  8th  centuries 
such  marvels  of  exact  workmanship  derive  their  origin, 
in  all  probability,  from  the  metal-work  of  earlier  ages. 
But,  apart  from  ornamentation,  the  Irish  miniatures 
of  saints  and  evangelists  are  extraordinary  and  gro¬ 
tesque  instances  of  purely  mechanical  drawing,  which 
cause  us  to  wonder  how  the  same  eyes  and  hands  which 
assisted  in  the  creation  of  such  beautiful  specimens  of 

Eure  ornament  could  tolerate  such  caricatures  of  the 
uman  shape.  The  explanation  is  perhaps  to  be  found 
in  superstitious  regard  for  tradition.  This  style  of  art 
was  carried  by  the  monks  to  Iona  and  thence  to  Lin- 
disfarne,  where  was  founded  the  school  which  pro¬ 
duced,  in  the  8th  and  9th  centuries,  the  richly  orna¬ 
mented  codices  of  Durham.  While,  then,  Byzantine 
models  were  copied  on  the  Continent,  the  free  drawing 
introduced  from  the  south  and  the  intricate  ornamen¬ 
tation  brought  in  from  the  north  were  practised  in 
England  ;  but  the  free  drawing,  with  its  accompanying 
decoration  copied  from  foliage,  and  gradually  developing 
into  beautiful  borders  harmoniously  colored,  gained 
the  day,  and  lasted  down  to  the  time  of  the  Norman 
conquest.  The  one  great  fault  of  this  latter  style  of 
drawing  strikes  the  eye  at  the  first  glance.  This  is  the 
inordinate  length  of  limb  with  which  the  human  figures 
are  endowed.  But  this  blemish  is  forgotten  when  one 
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comes  to  appreciate  the  many  points  of  merit  in  the 
designs. 

In  Italy,  after  a  long  period  of  inactivity,  two  very 
different  styles  of  decoration  of  MSS.  sprang  into  ex¬ 
istence.  The  first  of  these  was  that  of  the  Lombardic 
school,  which  is  distinguished  by  intricate  patterns  and 
bright  coloring.  The  large  initial  letters  which  are 
found  in  the  MSS.  of  the  11th  and  12th  centuries,  the 
best  period  of  this  style,  are  often  a  perfect  maze  of 
interlaced  bands  and  animal  forms,  and  are  extremely 
handsome  and  effective.  Figure  drawing,  however, 
seems  to  have  been  but  little  practised  by  the  Lom¬ 
bardic  artists,  but  such  as  there  is  appears  on  a  broad 
scale  and  well  executed.  In  the  collections  of  Monte 
Cassino  are  some  of  the  best  examples  of  this  school. 
In  the  second  style  which  developed  in  Italy  the  By¬ 
zantine  influence  is  at  first  most  marked.  Indeed, 
among  its  early  specimens  of  the  13th  century  are  some 
which  might  pass  for  the  work  of  Greek  artists.  But 
the  genius  of  the  Italians  soon  assimilated  the  foreign 
element,  and  produced  a  national  school  which  spread 
throughout  the  peninsula  and  afterwards  extended  its 
influence  to  Southern  France  and  Spain.  It  is,  how¬ 
ever,  remarkable  that  in  a  country  which  produced 
such  fine  pictures  and  wall-paintings  at  an  early  date 
there  is  comparatively  little  miniature  painting  in  con¬ 
temporary  MSS.  A  curious  and  early  instance  of  this 
kind  of  art  occurs  in  a  MS.  in  the  British  Museum, 
written  and  ornamented  with  a  series  of  miniatures  at 
Winchester,  in  the  12th  century,  in  which  are  two 
paintings  which  are  purely  Italian  and  of  more  than 
ordinary  excellence. 

In  the  majority  of  the  extant  Italian  miniatures  of 
the  14th  century  the  influence  of  the  great  artists  of 
the  Florentine  school  is  manifest.  The  peculiar  treat¬ 
ment  of  flesh  tints,  painted  in  body  color  over  a  foun¬ 
dation  of  olive-green,  and  the  peculiar  vermilion  and 
other  colors  which  need  be  but  once  seen  to  be  ever 
afterwards  recognized  as  belonging  to  this  school,  are 
constantly  present.  The  figures  are  generally  rather 
shortened  and  the  drapery  carried  in  straight  folds, 
very  different  characteristics  from  the  swaying  figures 
and  flowing  drapery  of  the  English  and  French  artists 
of  the  same  period.  The  ornamentation  which  accom¬ 
panied  this  style  of  miniature  generally  consists  of 
heavy  scrolls  and  foliated  or  feather-like  pendants  from 
the  initial  letters,  with  spots  of  gold  set  here  and 
there  in  the  border.  There  are  also  extant  some  ex¬ 
amples  of  a  most  beautiful  kind  of  ornamentation 
which  appears  to  have  originated  in  Central  Italy,  and 
which  seems  to  partake  of  the  qualities  of  both  the 
styles  of  Italian  art  of  which  we  have  been  speaking, 
combining  the  drawing  of  the  Florentine  school  with 
a  lighter  coloring  which  may  have  been  suggested  by 
the  Lombardic. 

Of  native  Spanish  miniature  art  little  can  be  said. 
In  the  Yisigotnic  MSS.  of  the  early  Middle  Ages  there 
is  no  ornament  beyond  roughly  colored  initial  letters 
and  some  barbaric  figure  drawing.  A  little  later,  how¬ 
ever,  we  get  some  indication  of  national  peculiarities 
in  the  MSS.  of  the  10th,  11th,  and  12th  centuries. 
Here  there  appear  miniatures,  stiff  and  rude  in  their 
drawing,  but  exhibiting  the  unmistakable  Spanish  pre¬ 
dilection  for  sombre  colors, — dusky  reds  and  yellows 
and  even  black  entering  largely  into  the  compositions. 

The  materials  at  our  disposal  of  the  10th,  11th,  and 
12th  centuries  show  the  gradual  development  in  France 
and  W estern  Germany  of  a  fine  free-hand  drawing  which 
was  encouraged  by  the  proportionately  increasing  size 
of  books.  Both  in  outline  and  color  the  fully  devel¬ 
oped  miniatures  of  the  12th  century  are  on  a  grand 
scale ;  and  initial  letters  formed  of  scrolls  and  in¬ 
terfacings  assume  the  same  proportions.  The  figure 
drawing  of  this  time  is  frequently  of  great  excellence, 
the  limbs  being  well-proportioned ;  care  is  also  be¬ 
stowed  upon  the  arrangement  of  the  drapery,  which  is 
made  to  follow  the  shape  and,  as  it  were,  to  cling  to  the 
body. 


But  the  great  revulsion  from  the  broad  effects  and 
bold  grandeur  of  the  12th  century  to  the  exact  details 
and  careful  finish  of  the  13th  century  is  nowhere  more 
striking  than  in  miniature  painting  in  MSS.  With  the 
opening  of  the  new  period  we  enter  on  a  new  world  of 
ideas.  Large  books  generally  disappear  to  give  place 
to  smaller  ones  ;  minute  writing  supersedes  the  large 
hand  ;  and  miniatures  appear  in  circumscribed  spaces 
in  the  interior  of  initial  letters.  The  combination  of 
the  miniature  with  the  initial  brings  it  into  close  con¬ 
nection  with  the  ornamental  border,  which  develops 
pari  passu  with  the  growth  of  the  miniature  and  by 
degrees  assumes  the  same  national  and  distinctive 
characteristics.  Burnished  gold  was  now  also  freely 
used,  tending  to  give  the  miniature  a  more  decorative 
character  than  formerly.  In  England,  Northern  France, 
and  the  Netherlands  the  style  of  miniature  painting  of 
this  period  was  much  the  same  in  character ;  and  it  is 
often  difficult  to  decide  from  which  of  these  countries 
a  MS.  is  derived.  English  work,  however,  may  be 
often  dist  inguished  by  its  lighter  coloring,  while  deeper 
and  more  brilliant  hues  and  a  peculiar  reddish  or  copper 
tinge  in  the  gold  marks  French  origin.  The  drawing 
of  the  Flemish  artists  was  scarcely  so  good,  the  out¬ 
lines  being  frequently  heavy  and  the  colors  rather  dull. 
Of  the  Rhenish  or  Cologne  school  examples  are  more 
scarce ;  but  they  generally  show  greater  contrasts 
in  the  colors,  which,  though  brilliant,  are  not  so  pleas¬ 
ing.  As  the  century  advanced,  and  particularly  at  its 
close,  national  distinctions  became  more  defined. 
English  artists  paid  more  attention  to  graceful  drawing 
and  depended  less  upon  color.  In  some  of  their  best 
productions  they  are  satisfied  with  slightly  tinting  the 
figures,  finding  room  in  the  backgrounds  for  display  of 
brilliant  colors  and  gilding.  In  France  the  drawing, 
though  exact,  is  hardly  so  graceful,  and  color  plays  a 
more  important  part.  From  the  13th  to  the  middle 
of  the  15th  century  great  decorative  effect  is  obtained 
by  the  introduction  of  diapered  or  other  highly  orna¬ 
mented  backgrounds.  Of  landscape,  properly  so  called, 
there  is  but  little,  a  conventional  hill  or  tree  being 
often  taken  as  sufficient  indication.  Borders  begin  in 
the  13th  century  in  the  form  of  simple  pendants  from 
the  initial  letters,  terminating  in  simple  buds  or  cusps. 
But  once  arrived  fairly  in  the  14th  century,  a  rapid 
development  in  all  parts  of  the  decoration  of  MSS. 
takes  place.  There  is  greater  freedom  in  the  drawing: 
the  borders  begin  to  throw  out  branches  and  the  bud 
expands  into  leaf.  This  is  the  best  period  of  English 
miniature  painting,  many  of  the  fine  MSS.  of  this  cen¬ 
tury  which  are  preserved  in  the  public  libraries  bear¬ 
ing  witness  to  the  skill  and  delicate  touch  of  native 
artists.  In  France  the  decoration  of  MSS.  received  a 


great  impetus  from  the  patronage  of  King  John  and 
Charles  V . ,  of  whose  famous  libraries  many  handsome 
volumes  are  still  to  be  seen ;  and  later  in  the  century 
the  duke  of  Berri  carried  on  the  same  good  work. 

With  regard  to  miniature  art  in  Germany  there  are 
so  few  examples  to  guide  us  that  little  can  be  said. 
Most  of  them  are  rough  in  both  drawing  and  coloring: 
and  in  the  few  remaining  specimens  of  really  good 
work  foreign  influence  is  distinctly  seen.  In  the  west 
the  art  of  France  and  Flanders,  and  in  the  south  that 
of  Italy,  are  predominant.  Perhaps  the  finest  MS. 
of  this  southern  style  to  be  seen  in  England  is  a  Psalter 
belonging  to  Lord  Ashburnham,  which  was  probably 
executed  in  the  14th  century  at  Prague,  and  is  full  of 
miniatures  which  in  drawing  and  coloring  follow  the 
Italian  school. 

When  we  enter  the  15th  century  we  find  great 
changes  in  both  the  great  English  and  French  schools. 
In  England  the  graceful  drawing  of  the  previous  cen¬ 
tury  has  disappeared.  At  first,  however,  some  beau¬ 
tiful  examples  of  purely  native  work  were  produced, 
and  still  remain  to  excite  our  admiration.  Probably 
the  most  perfect  of  these  MSS.  are  the  Sherborne 
Missal  belonging  to  the  duke  of  Northumberland,  and 
a  very  beautiful  volume,  a  Book  of  Hours,  in  the 
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library  of  Lord  Asliburnham.  The  care  bestowed  upon 
the  modelling  of  the  features  is  particularly  noticeable 
in  English  work  of  this  period.  In  decoration  the 
border  of  the  14th  century  had  by  this  time  grown  to 
a  solid  frame  surrounding  the  page ;  but  now  another 
form  of  most  effective  ornament  was  also  used,  con¬ 
sisting  of  twisted  feather-like  scrolls  brightly  colored 
and  gilt.  As  the  century  advanced  native  English 
work  died  out,  and  French  and  then  Flemish  influence 
stepped  in. 

In  France  immense  activity  was  shown  all  through 
the  15th  century  in  the  illumination  and  illustration 
of  books  of  all  kinds,  sacred  and  profane  ;  and  it  is  in 
the  MSS.  of  that  country,  and,  a  little  later,  in  those 
of  the  Low  Countries,  that  we  can  most  exactly  watch 
the  transition  from  mediaeval  to  modern  painting. 
Early  in  the  century  there  were  executed  in  France 
some  of  the  most  famous  MSS.  which  have  descended 
to  us.  In  these  the  coloring  is  most  brilliant,  the 
figure  drawing  fairly  exact ;  and  the  landscape  begins 
to  develop.  The  border  has  grown  from  the  branch¬ 
ing  pendant  to  a  framework  of  golden  sprays  or  of 
conventional  and  realistic  leafage  and  flowers.  Towards 
the  middle  of  the  century  the  diaper  disappears  for¬ 
ever,  and  the  landscape  is  a  recognized  part  of  the 
miniature ;  but  perspective  is  still  at  fault,  and  the 
mystery  of  the  horizon  is  not  solved  until  the  century 
is  well  advanced.  And  now  Flemish  art,  which  had 
long  lain  dormant,  sprang  into  rivalry  with  its  French 
sister,  under  the  stimulus  given  to  it  by  the  V an  Eycks, 
and  the  struggle  was  carried  on,  but  unequally,  through 
the  rest  of  the  century.  French  art  gradually  deteri¬ 
orates  ;  the  miniatures  become  flat  ana  hard ;  nor  are 
these  defects  compensated  for  by  the  meretricious 
practice  of  heightening  the  colors  by  profusely  touch¬ 
ing  them  with  gold.  The  Flemish  artists,  on  the 
other  hand,  went  on  improving  in  depth  and  softness 
of  coloring,  and  brought  miniature  painting  to  rare 
perfection.  The  borders  also  which  they  introduced 
gave  scope  for  the  study  of  natural  objects.  Flowers, 
insects,  birds,  and  jewels  were  painted  in  detached 
groups  on  a  solid  framework  of  color  surrounding  the 
page. 

But  if,  as  the  15th  century  drew  to  its  close,  the 
Flemings  had  outstripped  their  French  rivals,  they  had 
now  more  powerful  antagonists  to  contend  with.  The 


Italians  had  been  advancing  with  rapid  strides  towards 
the  glories  of  the  Renaissance.  Early  in  the  century 
there  arose  a  taste  for  older  models.  As,  for  their 
writing  and  afterwards  for  their  printing,  they  went 
back  to  the  11th  and  12th  centuries  for  their  standards, 
so  they  adopted  again  the  interlacing  designs  of  the 
Lombardic  school  for  their  ornament,  and  produced 
beautiful  borders  of  twining  patterns  relieved  by  color ; 
or  they  took  natural  objects  for  their  models,  and 
painted  borders  of  delicate  flowers  made  still  more 
brilliant  with  clustering  stars  of  gold.  Later,  they 
drew  from  the  ancient  classical  designs  inspiration  for 
the  wonderful  borders  of  arabesques,  medallions,  grif¬ 
fins,  human  forms,  antique  objects,  etc.,  which  they 
brought  to  such  perfection  early  in  the  next  century. 
Their  miniatures  rose  to  the  rank  of  exquisitely  finished 
pictures,  and  were  executed  by  some  of  the  best  artists 
working  under  the  patronage  of  such  great  houses  as 
those  of  Sforza  and  Medici. 

Here  then,  having  advanced  to  the  threshold  of  the 
domain  of  modern  painting,  we  leave  these  two  great 
schools  of  miniaturists  in  possession  of  the  west  of 
Europe.  The  Flemings  had  the  wider  field  ;  they  were 
wanderers  from  home ;  and  their  works  are  scattered 
through  many  lands,  from  England  in  the  north  to 
Spain  in  the  south.  But  Italian  art  had  greater  inhe¬ 
rent  strength,  and  will  always  hold  the  first  rank.  To 
instance  a  few  of  the  more  famous  MSS.  of  this  closing 
period  of  miniature  painting :  the  Breviary  of  Isabella 
the  Catholic,  in  the  British  Museum,  is  a  masterpiece 
of  Flemish  art  produced  in  Spain;  the  Grimani 
Breviary  at  Venice  is  another  fine  example  of  the  same 
school.  Some  beautiful  Italian  miniatures  (executed 
for  Leo  X.  and  others)  were  in  the  collection  lately 
sold  by  the  duke  of  Hamilton.  The  earl  of  Ashburn- 
ham  possesses  a  most  delicately  illuminated  Book  of 
Hours  written  for  Lorenzo  dei  Medici  by  the  famous 
scribe  Sinibaldo  in  1485,  as  well  as  a  MS.  to  which 
Perugino  and  his  contemporaries  contributed  paint¬ 
ings.  And  in  one  MS.,  a  Book  of  Hours  belonging 
to  Mr.  Malcolm  of  Poltalloch,  are  gathered  some  of 
the  best  miniatures  of  both  schools,  viz. ,  a  series  of 
exquisite  paintings  by  Milanese  artists  supplemented 
by  later  ones  of  the  finest  Flemish  type.  (e.  m.  t.  ) 
MINIMS.  See  Francis  (St.)  of  Paola,  vol.  ix. 
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THE  art  of  mining  consists  of  those  processes  by 
which  useful  minerals  are  obtained  from  the 
earth’s  crust.  This  definition  is  wider  than  what  is 
popularly  known  as  mining,  for  it  includes  not  only 
underground  excavations  but  also  open  workings ;  <  at 
the  same  time  it  excludes  underground  workings  which 
are  simply  used  for  passages,  such  as  railway  tunnels 
and  sewers,  and  galleries  for  military  purposes.  We 
must  remark  also  that  the  word  ‘ '  mine,  ’  or  its  equiva¬ 
lent  in  other  languages,  varies  in  signification  in 
different  countries  on  account  of  legal  enactments  or 
decisions  which  define  it.  Thus,  in  France  and  Bel¬ 
gium,  the  workings  for  mineral  are  classified  by  the 
law  of  1810,  according  to  the  nature  of  the  substance 
wrought,  into  mines,  mini&res ,  et  carneres.  In  the 
United  Kingdom,  on  the  contrary,  it  is  the  nature  of 
the  excavation  which  decides  the  question  for  certain 
legislative  purposes,  and  the  term  mine  is  restricted  to 
workings  which  are  carried  on  underground  by  arti¬ 
ficial  light.  The  consequence  is  that  what  is  merely 
an  underground  stone  quarry  in  France  becomes  a  true 
mine  in  England,  whilst  the  open  workings  for  iron 
ore,  such  as  exist  in  Northamptonshire,  would  be  true 
mines  under  the  French  law.  It  is  necessary,  there¬ 
fore,  in  an  article  on  mining,  to  go  beyond  the  English 
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legal  definition  of  a  mine,  and  include  the  methods  of 
working  minerals  in  excavations  open  to  daylight  as  well 
as  in  those  which  are  purely  subterranean.  Further¬ 
more,  as  it  is  customary  for  the  miner  to  cleanse  his 
ore  to  a  greater  or  less  extent  before  selling  it  to  the 
smelter,  we  shall  treat,  under  the  head  of  mining, 
those  processes  which  are  commonly  known  as  the 
dressing  or  mechanical  preparation  of  ores;  and, 
finally,  a  few  remarks  will  be  made  concerning  legisla¬ 
tion  affecting  mines  in  the  United  Kingdom,  accidents 
in  mines,  and  the  production  of  the  useful  minerals  in 
various  parts  of  the  globe. 

The  subject  therefore  will  be  dealt  with  as  follows: 

1 .  Manner  in  which  the  useful  minerals  occur  in  the 
earth’s  crust,  viz.,  tabular  deposits  and  masses;  faults 
or  dislocations. 

2.  Prospecting,  or  search  for  mineral. 

3.  Boring  with  rods  and  ropes ;  diamond  drill. 

4.  Breaking  ground;  tools  employed;  blasting  by 
various  methods;  machine  drills;  driving  levels  and 
sinking  shafts. 

5.  Principles  of  employment  of  mining  labor. 

6.  Means  of  securing  excavations  by  timber  or 
masonry. 

7.  Exploitation,  or  the  working  away  of  strata  or  veins. 
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8.  Carriage  or  transport  of  minerals  through  under¬ 
ground  roads. 

9.  Winding,  or  raising  in  the  shafts,  with  the  ma¬ 
chinery  and  apparatus  required. 

10.  Drainage  of  mines,  adit-levels,  pumps,  pumping 
engines. 

11.  Ventilation  and  lighting  of  mines. 

12.  Means  of  descending  into  and  ascending  from 
mines. 

13.  Dressing  or  mechanical  preparation  of  minerals. 

14.  Recent  legislation  affecting  mines  in  the  United 
Kingdom. 

15.  Accidents  in  mines. 

16.  Useful  minerals  produced  in  various  parts  of  the 
globe. 

1.  Manner  in  which  the  Useful  Minerals  Occur. — 
The  repositories  of  the  useful  minerals  may  be  classi¬ 
fied  according  to  their  shape  as  (A)  tabular  deposits, 
and  (B)  masses. 

A.  Tabular  Deposits. — These  are  deposits  which 
have  a  more  or  less  flattened  or  sheet-like  form.  They 
may  be  divided,  according  to  their  origin,  into  (1)  beds 
or  strata,  and  (2)  mineral  veins  or  lodes. 

(1)  Beds. — Geology  teaches  us  that  a  large  propor¬ 
tion  of  the  rocks  met  with  at  the  surface  of 
the  earth  consist  of  substances  arranged  in 
distinct  layers,  owing  to  the  fact  that  these 

rocks  have  been  formed  at  the  bottom  of  seas,  lakes, 
or  rivers  by  the  gradual  deposition  of  sediment,  by 
precipitation  from  solutions,  and  by  the  growth  or 
accumulation  of  animal  and  vegetable  organisms.  If 
any  one  of  these  layers  consists  of  a  useful  mineral,  or 
contains  enough  to  make  it  valuable,  we  say  that  we 
have  a  deposit,  in  the  form  of  a  bed,  stratum,  or  seam. 
Of  course  the  most  important  of  all  bedded  or  strati¬ 
fied  deposits  is  coalj  but,  in  addition,  we  have  beds  of 
anthracite,  lignite,  iron  ore,  especially  in  the  Oolitic 
rocks,  cupriferous  shale,  lead-bearing  sandstone,  silver¬ 
bearing  sandstone,  diamond-,  gold-,  and  tin-Dearing 
gravels,  to  say  nothing  of  sulphur,  rock-salt,  clays, 
various  kinds  of  stone,  such  as  limestone  and  gypsum, 
oil-shale,  alum-shale,  and  slate. 

The  characteristic  feature  of  a  bed  is  that  it  is  a 
member  of  a  series  of  stratified  rocks.  The  layer 
above  it  is  called  the  roof  of  the  deposit,  and  the  one 
below  it  is  the  floor.  Its  thickness  is  the  distance  from 
the  roof  to  the  floor  at  right  angles  to  the  planes  of 
stratification  ;  its  dip  is  the  inclination  downwards 
measured  from  the  horizontal ;  its  strike  is  the  direc¬ 
tion  of  a  horizontal  line  drawn  in  the  middle  plane. 

The  thickness  of  beds  that  are  worked  varies  within 
very  wide  limits.  Whilst  the  thickness  of  certain 
workable  beds  of  coal  is  only  1  foot,  and  that  of  the 
Mansfield  cupriferous  shale  only  10  to  20  inches,  we 
find  on  the  other  hand  one  of  the  beds  of  lead-bearing 
sandstone  at  Mechernich  no  less  than  85  feet  thick, 
and  beds  of  slate  far  exceeding  that  thickness.  It 
must  not  be  supposed,  however,  that  the  thickness  of 

a  bed  necessarily  remains  -  _  — 

uniform.  Occasionally  this 
is  the  case  over  a  very  large 
area ;  but  frequently  the 
thickness  varies,  and  the 
bed  may  dwindle  away 
gradually,  or  increase  in 
size,  or  become  divided  into  ■  ■■  . 

two  owing  to  the  appear¬ 
ance  of  a  parting  of  value¬ 
less  rock.  Fig.  1  shows  beds  of  shale,  limestone,  iron 
ore  and  sandstone.  Any  one  of  these  beds  may  be 
valuable  enough  to  be  worked. 

(2)  Mineral  Veins  or  Lodes. — Veins  or  lodes  are 
tabular  or  sheet-like  deposits  of  mineral 
which  have  been  formed  since  the  rocks  by 
which  they  are  surrounded;  they  differ, 

therefore,  by  their  subsequent  origin  from  beds,  which, 
as  just  stated,  are  of  contemporaneous  origin  with  the 
inclosing  rocks  (although  of  course  cases  occur  in  which 
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the  deposit  is  lying  unconformably  upon  very  much 
older  strata,  or  is  covered  unconformably  by  very 
much  younger  strata).  It  is  necessary  to  explain  that 
the  term  “vein”  in  this  definition  is  used  in  a  more 
restricted  sense  than  is  sometimes  customary  among 
miners,  who  speak  of  veins  of  coal,  clay-ironstone,  ami 
slate,  which  geologically  are  true  beds.  They  see  a 
band  of  valuable  mineral  or  rock,  and,  careless  of  its 
origin,  call  it  metaphorically  a  vein  or  seam.  On  the 
other  hand,  the  definition  is  broader  than  that  which 
prevails  among  some  geologists,  who  would  confine 
the  term  vein  to  deposits  occupying  spaces  formed  by 
fissures. 

The  term  “lode”  was  defined  in  1877  by  Mr.  Justice 
Field  in  the  celebrated  Eureka  v.  Richmond  case  as  fol¬ 
lows:  “  We  are  of  opinion,  therefore,  that  the  term,  as  used 
in  the  Acts  of  Congress,  is  applicable  to  any  zone  or  belt  of 
mineralized  rock  lying  within  boundaries  clearly  separating 
it  from  the  neighboring  rocks.”  This  interpretation  seems 
suitable  for  the  peculiar  mining  tenure  of  the  United 
States,  where  the  discoverer  of  a  vein  or  lode  can  obtain  a 
mining  clhim  of  500  yards  in  length  along  the  lode.  It 
protects  the  prospector,  whose  object  is  to  obtain  a  secure 
title,  the  mode  of  origin  of  the  deposit  being  a  matter  of 
small  importance  to  him  so  long  as  it  is  worth  working.  In 
many  cases  also  it  would  be  impossible  to  decide  upon  the 
mode  of  origin  until  workings  had  progressed  considerably, 
and  even  then  there  would  be  room  for  disputes. 


No  doubt  a  very  large  number  of  mineral  veins  are 
simply  the  contents  of  fissures ;  others  are  bands  of 
rock  impregnated  with  ore  adjacent  to  fissures  or 
planes  of  separation  ;  others,  again,  have  been  formed 
by  the  more  or  less  complete  replacement  of  the  con¬ 
stituents  of  the  original  rock  by  particles  of  ore. 

Veins  may  occur  in  igneous  or  in  sedimentary  rocks, 
and  in  the  latter  they  frequently  cut  across  the  planes 
of  stratification. 


Like  a  bed,  a  vein  has  its  dip  and  strike ;  but,  as  the  dip 
of  veins  is  generally  great,  the  inclination  is  usually  meas¬ 
ured  from  the  vertical,  and  is  then  spoken  of  as  the  underlie 
or  hade.  The  bounding  planes  of  a  vein  are  called  the  walls 
or  cheeks,  and  they  are  frequently  smooth  and  striated, 
showing  that  one  side  must  have  slid  against  the  other. 
The  upper  wall  is  known  as  the  hanging  wall,  the  lower  one 
as  the/oo<  wall.  The- width  of  a  vein  is  measured  at  right 
angles  to  the  walls. 

A  typical  example  of  a  fissure-vein  is  shown  in  Fig.  2, 
representing  a  lead  lode  in  slate  at  Wheal  Mary  Ann  mine1 
in  Cornwall.  It  is  evident  that  a  fissure  in  the  surrounding 
slate  has  here  been  filled  up  by  the  successive  deposition  of 
bands  of  mineral  on  both  sides. 

A  large  proportion  of  the  contents  of  a  lode  may  consist 
of  fragments  of  the  walls  that  have  fallen  into  the  original 

fissure,  and  these  are  often 
tightly  cemented  together 
by  minerals  that  have  been 
introduced  subsequently. 
The  horizontal  section  of 
part  of  the  Comstock  lode* 
(Plate  IV.)  shows  much 
“country”  rock  inclosed 
within  the  walls. 

Where  a  lode  consists  of 
rock  impregnated  with  ore, 
the  mineralized  part  may 
fade  away  gradually  into 
the  surrounding  rock 
( country )  without  there  be¬ 
ing  any  distinct  wall,  as  shown  in  Fig.  3,  which  is  an  illus¬ 
tration  taken  from  the  Great  Flat  Lode3  near  Redruth  in 
Cornwall. 

The  celebrated  Ruby  Hill  deposit  in  the  Eureka  district, 


Fig.  2. 


1  C.  Le  Neve  Foster,  “  Remarks  on  the  Lode  at  Wheal  Mary 
Ann,  Menheniot,”  Trans.  Roy.  Geol.  Soc.  Cornwall,  vol.  ix.  p. 
153. 

2  James  D.  Hague,  in  United  States  Geological  Exploration  of  the 
Fortieth  Parallel,  vol.  iii.,  “Mining  Industry,”  Washington,  1870, 
Atlas,  plate  11. 

3  C.  Le  Neve  Foster,  “  On  the  Great  Flat  Lode  south  of  Redruth 
and  Camborne,  and  on  some  other  Tin  Deposits  formed  by  the 
Alteration  of  Granite,”  Quart.  Jour.  Geol.  Soc.,  vol.  xxxiv.  p. 
644. 
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Fig.  3. 


Nevada,  is  a  mineralized  zone  of  dolomitic  limestone  vary¬ 
ing  in  Width  from  Loot  .Granite.  _  „  . 

a  few  inches  to  450  ^  .K 

feet,  and  having  a 
mean  width  of  250 
feet.  It  contains 
numerous  irregular  --•»  ,  - 
ore  bodies,  which  Ay  4  >£***  * -VV 
consist  mainly  of 
highly  ferruginous 
carbonate  of  lead, 
rich  in  silver  and 
gold.  This  min¬ 
eralized  limestone 
baud,  long  called  a  lode  by  miners,  has  been  determined 
by  the  decision  just  mentioned  to  be  a  lode  in  the  eyes  of 
the  law. 

Veins  often  continue  for  a  great  distance  along  their 
strike.  The  Van  lode  in  Montgomeryshire  is  known  for  a 
length  of  9  miles,  whilst  the  Great  Quartz  Vein  in  Cali¬ 
fornia  has  been  traced  for  a  distance  of  no  less  than  80 
miles.  Veins  are  of  less  uniform  productiveness  than  beds, 
and  are  rarely  worth  working  throughout.  Rich  portions 
alternate  with  poor  or  worthless  portions.  The  rich  parts 
have  received  various  names  according  to  the  forms  they 
assume;  Fig.  4  repre- 
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sents  a  longitudinal 
section  along  the 
strike  ( course )  of  a 
lode,  and  the  stip¬ 
pled  parts  are  ore- 
bodies  ;  B,  B,  B  are 
bunches  ;  A  is  a  large 
bunch  or  course  of 
ore;  when  an  ore- 
body  forms  a  sort  of 
continuous  column 
we  have  a  shoot,  and 

ore-bodies  which  on  being  excavated  leave  chimney-like 
openings  are  called  pipes  (Fig.  4,  C).  In  the  United  States 
the  Spanish  word  bonanza,  literally  meaning  “  fair  weather” 
or  “  prosperity,”  is  frequently  used  for  a  rich  body  of  ore. 

The  richness  of  veins  is  dependent  in  many  cases  upon 
the  nature  of  the  adjacent  rock  {country),  upon  the  underlie, 
and  upon  the  strike,  variations  in  any  one  of  these  three 
elements  being  often  sufficient  to  cause  a  decided  change  of 
productiveness. 

Various  theories  have  been  formed  concerning  the  origin 
of  mineral  veins.  Some  geologists  suppose  that  the  min¬ 
erals  now  constituting  the  veins  have  been  dissolved  out  of 
the  adjacent  rocks  and  redeposited  in  the  vein  cavity; 
others,  on  the  contrary,  believe  that  the  ores  have  been 
brought  up  from  great  depths  by  mineral  springs.  In  all 
probability  both  theories  are  correct,  some  lodes  having 
been  formed  by  the  former  process  and  some  by  the  latter; 
and,  furthermore,  other  lodes  appear  to  owe  their  origin  to 
a  gradual  substitution  of  valuable  minerals  in  the  place  of 
some  of  the  constituents  of  a  worthless  rock.  One  of  the 
most  important  contributions  to  the  science  of  ore-deposits 
of  late  years  has  been  the  discovery  by  Professor  F.  Sand- 
berger  of  small  quantities  of  silver,  lead,  copper,  nickel, 
cobalt,  bismuth,  arsenic,  antimony,  and  tin  in  silicates, 
such  as  olivine,  augite,  hornblende,  and  mica,  which  are 
constituents  of  igneous  rocks.  He  therefore  regards  these 
rocks  as  the  sources  from  which  lodes  have  derived  their 
riches. 

B.  Masses. — These  are  deposits  of  mineral,  often  of 
irregular  shapes,  which  cannot  be  distinctly 
Masses.  recognized  as  beds  or  veins.  Such,  for  in¬ 
stance,  are  the  red  haematite  deposits  of  the  Ulverston 
district  (Fig.  51 *)  and  the  brown  haematite  deposits 
(churns)  of  the  Forest  of  Dean,  which  occupy  irregu- 
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Fig.  5 —Vertical  Section,  Roanhead  Mine.  A,  Mountain  Lime¬ 
stone  ;  B,  red  haematite ;  C,  sand  and  clay ;  D,  gravel.  Scale  bbW 

1  Fr  Moritz  Wolff,  “  Beschreibung  der  Rotheisenerzlagerstatten 

von  West  Cumberland  und  North  Lancashire,”  Stahl  und  Eisen,  2 

Jahrgang,  No.  12,  plate  vi. 


lar  cavities  in  the  Mountain  Limestone.  These  may 

have  been  formed  by 
the  percolation  of  water 
bringing  down  iron  in 
solution  from  overly¬ 
ing  Triassic  rocks. 
Other  examples  of 
masses  are  the  cala¬ 
mine  deposits  of  Alten- 

.  6.— Vertical  Section,  Altenberg.  L.,rfr2  Ax*  n\  q„,._ 

,  slate ;  d,  dolomite ;  C,  calamine f  V*]g*  b\  ftal 

.  clav.  dinia,  and  Lombardy, 

the  iron  ore  deposits 


in  Missouri,  such  as  Iron  Mountain  and  Pilot  Knob, 
the  huge  upright  “necks”  or  “pipes”  of  diamanti- 
ferous  rock  in  South  Africa,  and  the  granite  decom¬ 
posed  in  situ  worked  for  china  clay  in  Cornwall. 

Under  this  head  also  are  included  by  most  authors 
the  so-called  “stockworks”  or  “reticulated  masses,” 
names  applied  to  masses  of  sedimentary  or  igneous 
rock  which  are  penetrated  by  so  many  little  mineral 
veins  as  to  make  the  whole  worth  excavating. 

It  must  be  understood  that  we  cannot  expect  nature  to 
make  distinct  lines  of  demarcation  between  the  different 
kinds  of  deposits.  Though  we  may  be  able  to  see  clearly 
that  a  seam  of  coal  is  contemporaneous  with  the  inclosing 
rocks,  and  that  a  vein  intersecting  beds  of  shale  and  sand¬ 
stone  was  formed  subsequently,  cases  frequently  occur 
where  the  origin  of  the  mineral  is  uncertain.  For  example, 
we  have  the  lead-bearing  sandstone  of  Mechernich  and  the 
silver-bearing  sandstone  of  Utah.  The  grains  of  sand  are 
of  sedimentary  origin  ;  but  opinions  differ  as  to  whether 
the  lead  and  silver  respectively  were  deposited  with  the 
sand  or  were  introduced  subsequently  by  solutions  percolat¬ 
ing  through  the  beds.  In  the  case  of  the  well-known  bed 
of  Cleveland  ironstone,  Dr.  Sorby  considers  that  the  iron 
was  “  derived  partly  from  mechanical  deposition  and  partly 
from  subsequent  chemical  replacement  of  the  originally  de¬ 
posited  carbonate  of  lime.”  3 *  Furthermore,  a  bed  may  be  so 
folded  and  contracted  as  to  lose  its  original  sheet-like  form 
in  places  and  assume  the  shape  of  an  irregular  mass.  This 
may  happen  even  with  a  coal  seam.4 

All  kinds  of  deposits  are  subject  not  only  to  irregularities 
of  origin  dependent  upon  their  mode  of  forma-  Faults 
tion  but  also  to  dislocations  or  shiftings  known 
as  faults,  heaves,  or  throws. 

We  will  take  the  case  of  a  bed  (Fig.  7).  AB  is  a  seam 
which  ends  off  suddenly  at  B,  whilst  the  continuation  is 
found  at  a  lower  level  at  CD.  The  bed  was  evidently  once 
continuous ;  but  a  fracture  took  place  along  the  line  XY, 
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followed  by  a  displacement.  As  a  rule  the  portion  of  rock 
on  the  hanging-wall  side  of  a  fault  appears  to  have  slid 
downwards,  but  occasionally  this  is  not  so,  and  we  have  a 
reversed  fault  (Fig.  8).  It  is  very  evident,  in  some  cases, 

that  the  motion  took  place,  not 
along  the  line  of  greatest  dip, 
but  in  a  diagonal  direction, 
causing  a  displacement  side¬ 
ways  as  well  as  downwards. 
Nevertheless,  where  beds  or 
veins  are  not  horizontal,  a  mere 
shift  along  the  line  of  dip  is 
sufficient  to  cause  an  apparent 
heave  sideways.  This  will  be 
understood  from  Fig.  9.  Let 
AB  and  CD  represent  two  por¬ 
tions  of  a  lode  dislocated  by  the 
fault  EF.  The  point  B'  corresponded  originally  with  B, 
and  the  dislocation  was  caused  by  a  simple  sliding  of  B' 

•  M.  Braun,  Zeitschr.'d.  d.  geol,  Gesellsch. ,  1857 ,  vol.  ix. ;  and  A.  von 
Groddeck,  Die  Lehre  von  den  LagerstdUcn  der  Erze,  Leipsic,  1879,  p. 

04‘> 

“  »  Quart.  Jour.  Geol.  Soc.,  vol.  xxxv.  (1879),  p.  85,  Anniversary 
Address  of  the  President.  .  ,  ,  ... 

4  J.  Gallon,  Lectures  on  Mining,  vol.  1.  p.  60,  and  Atlas,  plate  viii. 
fig.  44. 


Fig.  9. 


462 


MINING. 


[prospecting. 


along  the  line  of  dip  BB\  An  instance  of  the  complication 
caused  by  a  succession  of  faults  is  shown  in  Fig.  10.1 

2.  Prospecting ,  or  Search  for  Mineral. — The  object 
of  the  prospector  is  to  discover  valuable  p  „ 

deposits  of  mineral.  This  search  is  beset  p 
with  many  difficulties :  the  outcrops  of  mineral  deposits 


Fig.  10.— Vertical  Section,  Penhalls  Mine,  Cornwall.  G,  G,  G. 
small  veins  called  gossans  in  the  St.  Agnes  district. 

are  frequently  hidden  by  soil ;  the  nature  of  the  de¬ 
posit  itself  is  generally  entirely  changed  near  the  sur¬ 
face  ;  and,  in  addition  to  this,  the  explorer  may  have 
to  pursue  his  work  in  trackless  forests  far  away  from 
anv  settlements. 

The  prospector  seeks  for  natural  sections  of  the 
rocks,  such  as  occur  in  cliffs  or  in  river  valleys  and 
their  tributary  gullies  and  gorges ;  he  examines  the 
materials  constituting  the  river-beds,  often  digging  up 
and  washing  portions  in  a  pan,  in  order  to  ascertain 
whether  they  contain  traces  of  the  heavy  ores  or  metals. 
If,  while  prospecting  in  a  valley,  he  discovers  stones 
that  have  the  appearance  of  having  once  belonged  to 
veins,  he  endeavors  to  trace  them  to  their  source,  and 
is  perhaps  rewarded  by  finding  similar  fragments,  but 
less  water-worn,  as  he  goes  up  the  stream  ;  further  on 
he  may  come  upon  large  blocks  of  veinstuff  lying  about, 
and  finally  find  the  vein  itself  laid  bare  in  a  gorge,  or 
at  the  bottom  of  a  brook,  or  possibly  projecting  above 
the  soil  in  the  form  of  huge  crags  of  quartz.  Thus  at 
the  Great  Western  quicksilver  mine  in  California  the 
outcrop  of  the  vein  appears  as  a  dike  over  100  feet 
wide,  and  having  precipitous  sides  in  places  75  feet 
high.2  Loose  pieces  of  veinstuff  found  lying  about  are 
known  in  Cornwall  as  shoad-stones,  and  shoading  is 
the  term  given  to  the  process  of  tracking  them  to  the 
parent  lode. 

The  upper  portion  of  a  deposit  is  frequently  much  altered 
by  atmospheric  agencies,  and  hears  little  resemblance  to  the 
u'udecomposed  bed  or  vein  which  will  eventually  be  met 
with  at  a  greater  or  lesser  depth.  The  principal  difference 
consists  in  the  change  of  sulphides  into  oxides  or  oxidized 
compounds.  Thus  iron  pyrites,  wThich  is  such  a  common 
constituent  of  mineral  veins,  is  .converted  into  hydrated 
oxide  ©f  iron,  and  a  vein  originally  consisting  largely  of 
iron  pyrites  and  quartz  now  becomes  a  cindery  mixture  of 
quartz  and  ochre,  known  in  Cornwall  ns  gossan.  This  gossan, 
or  iron  hat,  may  often  furnish  important  indications  con¬ 
cerning  the  nature  of  the  lode  itself,  because  such  minerals 
as  pyromorphite  or  cerussitc  point  to  the  existence  of  gale¬ 
na,  whilst  melaconite,  cuprite,  malachite,  and  azurite  are 
the  forerunners  of  chalcopyrite  or  copper  glance.  The  gos¬ 
san  itself  may  contain  a  sufficient  quantity  of  valuable  ores 
to  be  worth  working. 

The  seams  containing  native  sulphur  in  Sicily  often  show 
no  trace  of  that  element  immediately  at  the  surface,  as  the 
sulphur-bearing  limestone  weathers  into  a  soft  white  granu¬ 
lar  or  pulverulent  variety  of  gypsum  called  briscale  by  the 
miners,  and  considered  by  them  as  affording  important  in¬ 
dications  concerning  the  bed  itself.3 

Other  signs  of  mineral  deposits  are  given  by  springs  and 
by  certain  plants  dependent  upon  the  deposit  or  its  asso¬ 
ciated  minerals  for  part  of  their  nourishment.  The  appear¬ 
ance  of  the  so-called  lode-lights  may  be  explained  by  the 
production  of  phosphoretted  hydrogen  from  the  action  of 

’  .T.  \V.  Pike,  “  On  some  remarkable  heaves  or  throws  in  Penhalls 
Mine,”  Quart.  Jour.  Oeot.Soc.,  vol.  xxii.  p.  537. 

-  but  her  Wagoner,  “The  Geology  of  the  Quicksilver  Mines  of 
California,”  Engineering  and  Mining  Journal ,  vol.  xxxiv.  p.  334. 

3  borenzo  Parodi,  Suit'  Eslrazionc  dello  Sot/o  in  Hicilia,  1873,  pp. 
7  and  24. 


I  organic  matter  and  water  upon  phosphates,  which  are  so 
I  common  in  the  upper  parts  of  mineral  veins  ;  and  one  hears 
also  of  differences  in  the  appearance  of  the  vegetation  along 
the  line  of  the  deposit,  of  places  where  snow  will  not  lie  in 
winter,  and  of  vapors  hanging  over  the  ground.  Though 
some  writers  refuse  to  put  any  value  upon  these  indications, 
they  should  not  be  entirely  overlooked,  because  the  outcrop 
of  a  lode,  of  different  nature  and  texture  to  the  surround¬ 
ing  rocks,  and  which  is  generally  a  channel  for  water,  may 
readily  cause  the  phenomena  just  mentioned.  Where  the 
surface  is  cultivated  and  the  natural  springs  are  tapped  by 
adit-levels  or  other  mine-workings,  these  appearances  can¬ 
not  be  looked  for  to  any  great  extent.  With  one  special 
mineral,  magnetic  iron,  the  position  of  the  deposit  may  be 
traced  out  with  some  degree  of  accuracy  with  a  dipping 
needle ;  this  is  used  in  Sweden. 

After  having  acquired  an  idea  of  the  position  of  a 
vein  or  seam  by  some  of  the  surface  indications  just 
mentioned,  it  is  necessary,  before  attacking  it  by  shafts 
or  levels,  to  obtain  more  certain  data  concerning  it.  In 
the  case  of  mineral  veins,  trenches  are  dug  at  right 
angles  to  the  supposed  strike  ;  and,  when  the  upper 
part  of  the  deposit  has  been  cut  in  several  places,  its 
general  course  and  dip  can  be  determined  sufficiently 
tor  the  purpose  of  arranging  the  future  workings. 
These  trenches  are  called  “costean  pits;”  in  some 
cases,  instead  of  a  trench,  a  pit  is  sunk  a  short  distance 
and  a  little  tunnel  driven  out. 

Where  the  mineral  to  be  wrought  occurs  as  a  bed  or 
mass,  the  process  of  boring  is  resorted  to,  and  indeed 
this  method  is  also  applied  in  the  case  of  veins,  es¬ 
pecially  in  the  United  States.  Boring  is  a  work  of 
such  importance  that  it  deserves  to  be  treated  under  a 
separate  heading. 

3.  Boring  with  Rods  and  Ropes — Diamond  Drills. 
— The  object  of  boring  is  to  reach  a  deposit  Boring: 
by  a  small  hole  and  ascertain  its  nature,  its 
depth  from  the  surface,  thickness,  dip,  and  strike. 
Bore-holes  are  also  used  for  obtaining  water,  brine, 
and  petroleum,  which  either  rise  to  the  surface  or 
have  to  be  pumped  up  from  a  certain  depth,  and 
finally  for  tapping  water  in  old  workings  or  for  effect¬ 
ing  ventilation.  The  methods  of  boring  may  be 
classified  as  follows:  (1)  boring  with  the  rod;  (2) 
boring  with  the  rope;  (3)  boring  with  the  diamond 
drill. 

In  the  first  method  tools  for  cutting  and  removing 
the  rock  are  fixed  to  rods,  which  are  length-  . 
ened  as  the  hole  increases  in  depth,  and  °nngrods. 
which  are  worked  by  hand  or  by  machinery 
at  the  surface.  Where  the  ground  is  soft,  such  as 
sand  or  clay,  tools  like  augers  can  be  employed ;  but 
in  harder  ground  it  becomes  necessary  to  have  recourse 
to  percussion ;  various  forms  of  chisel  are  used,  the 
simplest  being  made  of  the  shape  shown  in  Fig.  ]].* 
The  rods  generally  consist  of 
bars  of  square  iron,  from  1 
inch  to  2  inches  on  the  side. 
The  length  of  each  rod  de¬ 
pends  upon  the  height  of  the 
tower,  derrick,  or  shears  erected 
above  the  bore-hole,  which 
should  be  an  exact  multiple  of 
the  individual  parts.  These  are 
made  in  lengths  of  1 5  to  30  or 
Fig.  li— Chisels.  Fig.  12.  rarely  40  feet,  and  with  a  suit¬ 
able  tower  it  is  possible  to  detach 
or  attach  two  or  three  lengths  at  a  time,  instead  of 
having  to  make  or  unmake  every  joint.  The  mode  of 
connection  usually  preferred  is  by  a  screw  joint  as 
shown  in  Fig.  12;  care  is  taken  to  have  all  the  joints 
exactly  alike,  so  that  any  two  bars  can  be  screwed  to¬ 
gether.  In  order  to  diminish  the  weight  of  the  rods, 
which  becomes  considerable  in  deep  boles,  wood  has 
sometimes  been  employed.  The  rods  are  connected  by 
male  and  female  screws  attached  to  the  rods  by  sockets 
of  sheet  iron,  or  by  a  fork-like  arrangement.  At  the 
surface  a  head  is  screwed  to  the  uppermost  rod  by 

1  Serlo,  Leitjaden  sur  Bergbaukunde,  Berlin,  1878,  p.  59. 
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which  the  rods  can  be  lifted,  and  they  are  turned  by 
means  of  cross-bars  called  tillers. 

When  the  depth  is  small  the  rods  are  lifted  by  hand  and 
then  allowed  to  drop,  being  turned  slightly  at  each  lift  so  that 
the  cutting  chisel  may  strike  a  new  place  each  time.  For 
greater  depths  a  lever  has  to  be  employed,  the  rods  being 
suspended  at  one  end,  whilst  the  other  end  can  be  pressed 
down  by  men  using  their  hands  or  feet.  The  spring  pole 
Is  another  arrangement,  in  which  the  elasticity  of  a  long 
pole  is  made  use  of  for  lifting  the  rod  at  each  stfoke.  The 
length  of  the  stroke  can  be  maintained  the  same  while  the 
bore-hole  is  deepened  by  means  of  a  screw  in  a  swivel-head 
at  the  top  of  the  rod. 

With  deep  holes,  and  especially  those  of  large  diameter, 
steam  machinery  has  to  be  employed  for  working  the  rod ; 
the  engine  may  be  direct-acting  and  stand  immediately 
above  the  bore-hole,  but  a  commoner  arrangement  is  to  em¬ 
ploy  a  single-acting  cylinder  working  a  beam.  Occasionally 
also  the  beam  is  actuated  by  a  connecting-rod  worked  by  a 
crank. 

,  The  actual  boring  machinery  has  now  been  described, 
and  the  mere  boring  appears  to  be  a  very  simple 
'matter,  consisting  only  in  lifting  the  rod  a  little 
and  allowing  it  to  drop,  the  rod  being  turned 
slightly  before  each  stroke.  Nevertheless  the 
process  of  putting  down  a  bore-hole  is  not  so 
simple  as  it  seems,  for  there  are  numerous  indis¬ 
pensable  accessory  operations  which  take  up 
much  time.  In  the  first  place  the  debris  have  to 
be  removed,  and  in  order  to  effect  this  the  rods 
must  be  drawn  up,  the  swivel-head  is  discon¬ 
nected  and  a  cap  screwed  on.  A  length  of  rods 
is  now  drawn  up  by  a  hand  or  steam  windlass  and 
disconnected.  It  is  well  to  have  as  many  caps  as  there  are 
lengths  to  be  drawn  up,  and  then  each  length  can  be  sus¬ 
pended  in  the  house.  Sometimes  a  grip 
which  catches  the  rod  at  the  bulging  joint 
is  used  instead  of  a  cap.  The  next  operation 
consists  in  lowering  by  means  of  a  rope  the 
shell-pump  or  sludger,  which  is  a  hollow  cyl¬ 
inder  with  a  clack  or  a  ball-valve  (Fig.  13). 

It  is  worked  up  and  down  a  little  till  it  is 
filled,  and  it  is  then  drawn  up  and  emptied 
at  the  surface.  The  operation  is  repeated,  if 
necessary,  and  the  boring  is  resumed  with 
the  rod. 

Occasionally  a  bore-hole  has  to  be  widened 
slightly  with  a  tool  called  a  reamer.  Soft 
beds  may  have  to  be  bored  through  with  a 
wimble ;  and,  unless  the  rocks  are  hard  and 
firm,  the  hole  has  to  be  lined  with  a  tube, 
generally  of  sheet-iron.  Accidents  may  oc¬ 
cur,  causing  an  immense  amount  of  trouble, 
such  as  the  breaking  of  rods  or  chisel,  and 
many  ingenious  implements  have  been  de¬ 
vised  for  seizing  the  broken  rod  or  the  frag¬ 
ments  of  tools  which  prevent  further  progress 
with  the  work. 

In  boring  at  considerable  depths,  the  weight 
of  the  rod  becomes  so  great  that  much  vibra¬ 
tion  ensues  when  the  mass  is  suddenly  ar¬ 
rested  by  the  chisel  striking  against  the  bot¬ 
tom  of  the  hole.  Various  devices  have  been 
contrived  for  overcoming  this  difficulty  and 
producing  a  tool  which  will  act  independently 
of  the  rod.  One  of  the  best-known  arrange¬ 
ments  is  the  free-falling  tool  invented  by 
Kind  (Fig.  14).1  The  head  of  the  actual  boring-rod  is  held 
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Chester  have  lon^  used  with  success,  in  many  parts  of 
England  and  various  other  countries,  a  system  of  bor¬ 
ing  by  means  of  a  flat  hempen  rope. 

The  most  important  modification  of  late  years  in 
the  process  of  making  bore-holes  is  the  in¬ 
troduction  of  the  diamond  drill.  The  work-  DmidrilL 
ing  part  of  the  drill  consists  of  the  so-called 
crown,  which  is  a  short  piece  of  tube  made  of  cast 
steel,  at  one  end  of  which  a  number  of  black  diamonds 
are  fastened  into  small  cavities 
(Fig.  15).  The  crown  is  screwed 
on  to  wrought-iron  pipes,  which 
constitute  the  boring  rod.  Ma¬ 
chinery  at  the  surface  causes  the 
rod  to  rotate,  and  the  result  is 
the  cutting  of  an  annular  groove 
at  the  bottom  of  the  hole,  leaving 
a  core,  which,  breaking  off  from 
time  to  time,  is  caught  by  a  little 
shoulder,  and  brought  up  to  the 
surface  with  the  rod.  In  places 
where  it  is  not  necessary  to  make 
any  verification  of  the  rocks  tra¬ 
versed,  the  crown  is  arranged 
with  diamonds  in  the  centre  also. 
The  debris,  in  either  case,  are  washed  away  by  a 
stream  of  water,  which  is  forced  down  the  tube  and 
flows  up  the  sides  of  the  hole.  With  this  system  a 
bore-hole  can  be  deepened  continuously  at  a  speed 
altogether  unattainable  by  the  other  methods,  which 
require  stoppages  for  cleaning  out.  It  has  the  further 
advantage  of  making  it  possible  to  drill  holes  in  any 
direction  ;  and  prospecting  diamond  drills  are  con¬ 
stantly  used  with  much  success  inside  many  metal 
mines,  especially  in  the  United  States. 

Fig.  162  shows  the  Little  Champion  Rock-Drill,  which  is 
largely  employed  in  the  Lake  Superior  district  for  prospect¬ 
ing.  It  can  be  used  above  or  below  ground.  Two  inclined 
cylinders  drive  a  horizontal  crank  shaft,  which  works  bevel 
gear,  causing  the  drill  to  revolve.  At  the  same  time  a 
countershaft  is  likewise  set  in  motion,  and  this  effects  the 
advance  of  the  drill  by  gearing  driving  the  feed-screw ;  as 
there  are  three  kinds  of  gearing,  the  speed  can  be  varied  at 
pleasure.  The  feed-screw  and  its  connections  are  carried 
by  a  swivel-head,  and  this  can  be  turned  so  as  to  drill  holes 
at  an  angle.  The  drum  shown  above  the  cylinders  is  used  for 
hoisting  out  the  drill-rods  by  a  rope.  The  rods  are  lap- 
welded  iron  tubes  If  inches  in  diameter,  fitted  with  a 
bayonet  joint. 


Fig.  15.— Diamond 
Drill. 


Fig.  14, 


by  a  click  or  grapple  ;  when  the  main  rod  descends,  the  re¬ 
sistance  of  the  water  in  the  hole  slightly  stops  the  sliding 
disk  D,  the  jaws  J,  J  open,  the  head  is  disengaged,  and  the 
boring  part  falls  and  strikes  the  bottom  without  any  inju¬ 
rious  vibrations  being  communicated  to  the  main  rod. 
When  this  descends  farther  the  head  is  caught  again  by 
the  click.  Special  tools  also  are  used  for  cutting  an  an¬ 
nular  groove  at  the  bottom  of  a  bore-hole  and  breaking 
off  the  core,  which  is  then  brought  up,  with  certain  pre¬ 
cautions,  so  as  to  show  the  nature  and  dip  of  thestrata 
traversed. 

In  order  to  obviate  the  great  loss  of  time  which 
ensues  from  connecting  and  disconnect- 
Snhnrone  ing  long  lengths  of  rods,  recourse  may 
P  be  had  to  boring  with  the  rope.  In  this 
method,  known  as  the  Chinese  method,  the  chisel  is 
worked  by  a  rope  in  the  same  manner  as  the  sludger 
already  described.  Messrs.  Mather  and  Platt  of  Man- 

1  J.  Callon,  Lectures  on  Mining,  vol.  i.,  Atlas,  plato  ix.  fig.  52. 


Fig.  16.— Little  Champion  Rock-Drill. 


Fig.  17. 


Another  light  portable  prospecting  drill  for  unaerground 
work  is  represented  in  Fig.  17.3  It  is  intended  for  drilling 
holes  U  inches  in  diameter  to  a  depth  of  150  feet.  The 

0  Engineering  and  Mining  Journal,  vol.  xxxiii.  p.  119. 

*  Ibid.,  vol.  xxxiii.  p.  273; 
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cores  which  it  yields  are  $  inch  in  diameter.  It  has  double 
oscillating  cylinders  3V  inches  in  diameter  with  34  inches 
stroke,  which  are  run  up  to  a  speed  of  800  revolutions. 
The  drill  can  be  set  to  bore  in  any  direction  by  turning  the 
swivel-head  on  which  it  is  carried. 

The  larger  rock-drill  used  by  the  American  Diamond 
Rock  Boring  Company  for  putting  down  holes  to  a  depth  of 
2000  feet  consists  of  a  20  horse-power  boiler  with  two  oscil¬ 
lating  6-inch  cylinders  and  the  necessary  gearing  for  work¬ 
ing  the  drill,  all  mounted  upon  a  carriage,  so  that  the  whole 
machine  is  readily  moved  from  place  to  place.  The  feed  is 
effected  by  gearing  or  by  hydraulic  pressure ;  a  2£-inch 
crown  is  employed,  leaving  a  2-inch  core.  Each  separate 
drill-rod  is  10  feet  long.  The  total  weight  of  the  machine 
is  about  4  tons. 

4.  Breaking  Ground — Tools  Employed — Blasting 
by  Various  Methods  —  Machine  Drills  —  Driving  Levels 
and  Sinking  Shafts. — The  kind  of  ground  in  which 
mining  excavations  have  to  be  earned  on  varies  within 
the  widest  limits,  from  loose  quicksands  to  rocks  which 
are  so  hard  that  the  best  steel  tools  will  scarcely  touch 
them. 

Loose  ground  can  be  removed  with  the  shovel ;  but 
Tools  *n  the  sPec*al  case  °f  peat  sharp  spades  are 
employed,  which  cut  through  the  fibres  and 
furnish  lumps  or  sods  of  convenient  form  for  drying 
and  subsequent  use  as  fuel.  What  is  called  fair,  soft,  or 
easy  ground,  such  as  clay,  shale,  decomposed  clay-slate, 
and  chalk,  re¬ 
quires  the  use 
of  the  pick 
and  the  shov¬ 
el.  The  pick 
is  a  tool  of 
very  variable 
form,  accord¬ 
ing  to  the  ma¬ 
terial  operat¬ 
ed  on.  Thus 
there  are  the 
navvy’s  pick, 
the  single- 
pointed  pick  with  a  striking  head  at 
the  other  end  called  the  ^oil-pick  (Fig. 

18),  and  numerous  varieties  of  tne 
double-pointed  pick  (Fig.  19),  the 
special  tool  of  the  collier,  but  also 
largely  used  in  metal  mining.  When 
the  ground,  though  harder,  is  never- 
theless  “jointy,”  or  traversed  by 
many  natural  fissures,  the  wedge  comes 
into  play.  The  Cornish  tool  known  as 
a  gad  is  a  pointed  wedge  (Fig.  20).  The  so-called 
“pick  and  gad  ”  work  consists  in  breaking  away  the 
easy  ground  with  the  point  of  the  pick,  wedging  off 
pieces  with  the  gad  driven  in  by  a  sledge  or 
the  poll  of  the  pick,  or  prizing  them  off  with 
the  pick  after  they  have  been  loosened  by 
the  gad.  The  Saxon  gad  is  held  on  a  little 
handle,  and  is  struck  with  a  hammer.  It  is 
used  for  wedging  off  pieces  of  jointy  ground, 
and  in  former  days  even  hard  rocks  were  ex- 
cay  ated  by  its  aid.  The  process  consisted  in 
chipping  out  a  series  of  parallel  grooves  and 
then  chipping  away  the  ridges  left  between  the 
grooves.  As  a  method  of  working  this  process  is 
obsolete ;  but  it  is  useful  on  a  small  scale  for  cutting 
recesses  ( hitches )  for  timber,  for  dressing  the  sides  of 
levels  or  shafts  before  putting  in  dams,  and  for  doing 
work  in  places  where  blasting  might  injure  pumps  or 
other  machinery. 

We  now  come  to  hard  ground  ;  and  in  this  class  we 
have  a  large  proportion  of  the  rocks  met  with  by  the 
miner,  such  as  slate  of  various  kinds,  hard  grits  and 
sandstone,  limestone,  the  metamorphic  schists,  granite, 
and  the  contents  of  many  mineral  veins.  Rocks  of 
this  kind  are  attacked  by  boring  and  blasting.  The 
tools  employed  are  the  jumper,  the  borer  or  drill, 
the  hammer,  the  sledge  ( mallet ,  Cornwall),  the  scraper 
and  charger,  the  tamping  bar  or  stemmer,  in  some 


places  the  pricker  or  needle,  the  claying  bar,  the  crow¬ 
bar,  and  finally  the  shovel  for  clearing  away 
'f  the  broken  rock. 

The  jumper  (Fig.  21 )  is  merely  a  long  bar  of 
'iron  terminating  in  two  chisel-like  edges  made 
of  steel ;  generally  there  is  a  swelling  in  the 
middle,  and  sometimes  the  jumper  tapers  all 
the  way  from  the  middle  to  the  edge  or  bit. 
The  jumper  is  most  commonly  used  when  it  is 
necessary  to  bore  holes  downwards,  and  is 
largely  employed  in  quarries;  occasionally  it 
is  used  in  boring  holes  horizontally,  as,  for  in¬ 
stance,  in  the  salt  mines  of  Cheshire.  The 
jumper  is  held  in  the  desired  direction,  lifted 
|  up,  and  thrust  down ;  it  is  turned  a'  little  after 
y  each  stroke. 

However,  the  miner’s  tool  is  generally  the 
borer  proper,  or  drill  (Fig.  22),  which  is  a  bar 
of  round  or  octagonal  steel,  usually  from  l 
inch  to  1£  inches  in  diameter,  with  one  end 
Fig.  21.  forged  into  a  chisel-shaped  edge,  the  exact 
'  shape  and  degree  of  sharpness  varying  ac¬ 
cording  to  the  hardness  of  the  rock.  The  hole 

I  is  bored  by  striking  the  drill  with  a  ham¬ 
mer  or  sledge  and  turning  it  after  each  blow. 
Boring  is  said  to  be  single-handed  if  the 
miner  holds  the  drill  in  one  hand  and  strikes 
with  the  hammer  in  the  other,  whilst  it  is 
called  double-handed  when  one  man  turns  and 
another  strikes.  The  hammers  for  single- 
handed  boring  usually  vary  in  weight  from  2 
to  6  or  7  ft).  The  double-handed  boring  ham¬ 
mer,  or  sledge  (Fig.  23),  weighs  from  6  to  10 
lb  or  more.  If  a  hole  is  directed  downwards, 
Fra.  22.  the  mjner  pours  in  a  little  water  and  bores  the 
hole  wet.  From  time  to  time  he  draws  out  the  sludge 
with  the  scraper,  a  little  disk  at  the  end  of  a  metal  rod, 
and  he  takes  a  fresh  borer  when  the  tool  he  is  using 


Fra.  23.— Sledge-Hammer. 


has  become  blunt.  The  depth  bored  varies  with  the 
rock  and  the  nature  of  the  excavation ;  but  in  driving 
levels  in  the  ordinary  way  the  depth  is  commonly  from 
18  inches  to  3  feet. 

Holes  for  blasting  are  sometimes  bored  by  tools  like 
carpenters’  augers.  One  of  the  simplest,  which  is 
used  in  some  French  slate-mines,  is  very  like  a  brace 
and  bit,  and  the  tool  is  kept  pressed  against  the  rock 
by  means  of  a  screw  fixed  in  a  frame  resting  on  the 
ground. 

The  pricker,  or  needle,  is  a  slender  tapering  rod  of 
copper  or  bronze,  with  a  ring  at  the  large  end.  It  is 
used  for  maintaining  a  hole  in  the  tamping  through 
which  the  charge  can  be  fired.  The  use  of  needles 
made  of  iron  is  prohibited  in  many  countries,  on  ac¬ 
count  of  the  danger  of  their  striking  sparks  which 
might  fire  the  charge.  The  tamping  bar,  or  stemmer , 
is  a  rod  of  iron,  copper,  or  bronze,  _  or  iron  shod  with 
copper,  and  it  is  used  for  ramming  in  dried  clay,  slate 
pounded  up,  or  other  fine  material,  upon  the  powder, 
and  so  creating  a  resistance  sufficient  to  make  the  gases 
generated  by  the  explosion  of  the  charge  rend  the  rock 
in  the  manner  required.  The  claying  bar  is  used  for 
lining  wet  holes  with  clay,  and  so  rendering  them 
temporarily  Ayater-tight. 

Shovels  vary  much  in  different  districts.  In  the 
southwest  of  England  the  long-handled  shovel  is  pre¬ 
ferred  to  the  common  one  with  a  short  handle  j  in 
Germany  the  ore  or  rubbish  is  frequently  scraped  into 
a  tray  with  a  sort  of  hoe. 
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In  addition  to  these  tools  the  miner  requires  an  ex- 
FTnlnsiv.<,  plosive,  and  a  means  of  firing  the  charge  at 
the  bottom  of  the  hole  which  will  give  him 
time  to  escape.  Twenty  years  ago  gunpowder  was  the 
only  explosive  in  common  use  in  mines,  but  at  the 
present  day  its  place  has  been  taken  to  a  very  large 
extent  by  mixtures  containing  nitro-glycerin  or  gun¬ 
cotton.  The  powder  used  for  blasting  in  mines  usu¬ 
ally  contains  less  saltpetre  than  that  which  is  employed 
for  sporting  or  military  purposes.  The  following  is 
an  analysis  of  mining  powder  by  Captain  Noble  and 
Sir  F.  Abel : 1 


Saltpetre . 61.66 

Potassium  sulphate...  0.12 
chloride ...  0.14 

Sulphur  . 15.06 

Carbon  . 17.93 

Hydrogen  .  0.66 


Oxygen .  2.23 

Ash .  0.59 

Water .  1.61 


100.00 


Gunpowder  compressed  into  cylinders  of  diameters 
suitable  for  bore-holes,  and  provided  with  a  central 
hole  for  the  insertion  of  the  fuse,  has  lately  been 
brought  forward  with  some  success. 

_  Nitro-glycerin  or  glyceryl  nitrate  is  a  light-yellow 
oily  liquid  which  is  very  sensitive  to  shocks  •  under 
the  action  of  a  fulminating  cap  it  explodes  with  great 
violence.  Its  chemical  composition  is  expressed  by 
the  formula  C3H5(N02)303  or  (C3H5)3N03 ;  its  specific 
gravity  is  1.6.  It  has  been  found  so  dangerous  that 
its  use  by  itself  has  been  given  up ;  but  on  the  other 
hand  the  mixture  of  nitro-glycerin  and  infusorial  earth 
( Kieselgiihr )  called  dynamite  or  giant  powder  is  now 
one  of  the  commonest  explosives  met  with.  It  has  the 
advantage  over  powder  that  it  is  far  more  powerful, 
that  it  may  be  used  in  wet  holes  or  under  water,  that 
it  is  very  effective  even  in  ground  full  of  “vughs”  or 
cavities,  and  that  it  requires  no  hard  tamping,  which 
is  always  a  source  of  danger.  Its  plasticity  too  enables 
it  to  fill  the  space  at  the  bottom  of  a  bore-hole,  which 
is  rarely  a  true  cylinder,  more  completely  than  any 
solid  cartridge  can  do.  One  disadvantage  is  that  it 
has  to  be  thawed  in  cold  weather,  and  there  is  also  the 
fact  that  occasionally  the  whole  of  a  charge  of  dyna¬ 
mite  fails  to  go  off,  and  unnoticed  remnants  have  ex¬ 
ploded  and  caused  serious  and  even  fatal  accidents 
when  struck  with  the  pick  or  borer.  The  danger  is 
enhanced  when  the  remnants  have  been  left  in  contact 
with  water,  which  causes  a  separation  of  the  sensitive 
nitro-glycerin,  so  that  even  a  blow  upon  the  adjacent 
rock  may  lead  to  an  accident  if  any  of  the  explosive 
oil  has  ieaked  into  cracks.  The  strongest  dynamite 
contains  about  75  per  cent,  of  nitro-glycerin,  the  rest 
being  kieselguhr.  A  newer  explosive  is  blasting  gela¬ 
tin  ;  it  is  made  by  mixing  nitro-cotton  with  nitro¬ 
glycerin,  until  enough  nitro-cotton  has  been  dissolved 
to  convert  the  nitro-glycerin  into  a  jelly-like  mass. 
The  blasting  gelatin  in  ordinary  use  contains  no  less 
than  93  per  cent,  of  nitro-glycerin,  with  7  per  cent, 
of  nitro-cotton,  and  its  strength  is  very  great. 

Gun-cotton  per  sc  is  not  much  in  favor  in  ordinary 
mining  ;  but  mixed  with  some  nitrate  or  mixture  of 
nitrates,  such  as  the  nitrates  of  barium  and  potassium, 
and  known  as  cotton  powder,  tonite,  and  potentite,  it 
is  employed  extensively.  Though  not  quite  so  power¬ 
ful  as  dynamite,  nitrated  gun-cotton  possesses  the 
important  advantage  of  not  requiring  to  Ibe  thawed  in 
cold  weather.  As  in  the  case  of  dynamite,  accidents 
have  been  caused  by  remnants  of  charges ;  and  with 
both  explosives  it  is  necessary  to  examine  carefully  the 
bottoms  of  all  holes  after  blasting,  and  to  destroy  any 
possible  remnants  by  firing  off  a  detonator  in  any  bot¬ 
tom  or  “socket”  which  cannot  with  certainty  be  pro¬ 
nounced  free  from  danger. 

The  commonest  method  of  firing  a  charge  is  by 
means  of  the  safety-fuse,  a  cord  containing 
Safety-fuse.  a  CQre  gUI]p0Wder  introduced  during  tlje 

1  “  On  Fired  Gunpowder,”  Phil.  Trans.,  1880,  p.  225. 
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process  of  manufacture;  it  may  be  rendered  water¬ 
proof  by  tar  or  gutta-percha. 

In  blasting  in  the  ordinary  way  the  charge  of  gunpowder 
is  put  in  either  loose  or  inclosed  in  a  paper  bag,  and  it  is 
pressed  down  to  the  bottom  of  the  hole  with  a  wooden  stick, 
whilst  a  piece  of  fuse  also  is  inserted  extending  from  the 
charge  well  beyond  the  hole.  If  the  powder  is  loose  the 
miner  carefully  wipes  down  the  sides  of  the  hole  with  a 
wet  swab  stick  (a  wooden  rod  with  the  fibres  frayed  at  one 
end),  or  with  a  wisp  of  hay  twisted  round  the  scraper,  in 
order  to  remove  any  loose  grains  adhering  to  the  fuse  or 
the  sides  of  the  hole,  and  then  presses  in  a  wad  of  hay  or 
paper.  A  little  fine  tamping,  often  the  dust  from  boring  x 
dry  hole,  is  now  thrown  in  and  rammed  down  with  the 
wooden  charging  stick,  and  the  same  process  is  repeated, 
and  when  harder  tamping  is  required  the  metal  bar  is 
brought  into  operation,  until  the  hole  is  completely  filled. 

As  the  safety-fuse  burns  slowly,  at  the  rate  of  about  2  or 
3  feet  a  minute,  the  miner  can  secure  ample  time  for  retreat 
by  taking  a  sufficient  length.  It  is  usual  to  ignite  the  fuse 
by  a  candle-end  fixed  under  it  by  a  piece  of  clay,  and  it 
takes  a  little  time  for  the  candle  to  burn  through  the  fuse. 

The  old  plan  of  firing  a  charge,  which  is  still  in  use  in 
many  places,  consists  in  inserting  the  needle  into  the  charge 
and  then  tamping  up  the  hole.  Care  is  taken  to  draw  out  the 
needle  a  little  as  the  tamping  proceeds,  so  as  to  prevent  too 
much  force  being  required  for  its  final  withdrawal.  The  small 
hole  left  in  this  way  serves  for  the  insertion  of  a  straw,  rush, 
or  series  of  small  quills,  filled  with  fine  powder,  which  like 
the  fuse  reaches  from  the  charge  to  the  outside.  A  short 
squib  which  shoots  a  stream  of  sparks  down  the  needle  hole 
is  also  used  occasionally.  The  straw  or  squib  is  lighted  by 
some  kind  of  slow  match,  made  either  by  dipping  a  cotton 
strand  in  melted  sulphur  or  soaking  a  piece  of  paper  or  a 
lucifer  in  the  tallow  of  a  candle;  touch -paper  also  is  used. 

Dynamite,  blasting  gelatin,  gun-cotton,  and  cotton-powder 
are  fired  by  the  detonation  of  a  fulminating  cap.  A  long 
copper  cap  containing  fulminate  of  mercury  is  fastened  into 
the  safety-fuse  by  squeezing  with  a  pair  of  nippers,  and  is 

then  inserted  into  a  small  cart¬ 
ridge  of  the  explosive  (primer), 
and  placed  above  the  rest  of 
the  charge.  Fig;  24  shows  a 
hole  charged  with  two  dyna¬ 
mite  cartridges,  a  primer  with 
cap,  and  filled  up  with  water 
as  tamping.  Sometimes  gun¬ 
cotton  is  fired  by  a  small 
charge  of  powder  above  it. 

Several  substitutes  for  ex¬ 
plosives  have  been  tried  with 
the  object  of  getting  rid  of  the 
flame,  which  is  dangerous  in 
collieries  giving  off  fire-damp. 
Among  these  may  be  men¬ 
tioned  plugs  of  dry  wood 
which  swell  when  wetted,  wedges  worked  by  hydraulic 
pressure,  cartridges  containing  compressed  air  at  extremely 
high  pressures,  and  lastly  cartridges  of  compressed  lime 
which  expands  when  water  is  brought  into  it. 

For  tlie  purpose  of  firing  several  holes  simulta¬ 
neously,  Messrs.  Bickford,  Smith  &  Co.,  the  original 

inventors  and  mak¬ 
ers  of  the  safety- 
fuse,  have  brought 
out  a  new  fuse  (Fig. 
25),  the  action  of 
which  will  be  easily 
understood  from  the 
figure.  An  ordinary 
fuse  is  fixed  into  a 
metal  case  called  the  igniter,  from  which  a  number  of 
instantaneous  fuses  convey  fire  to  as  many  separate 
holes.  It  is  found  in  practice  that  this  fuse  answers 
very  well. 

Charges  may  be  readily  fired  singly  or  simulta¬ 
neously  with  the  aid  of  electricity,  either  of  Blasting  by 
high  tension  obtained  from  a  frictional,  mag-  electricity, 
neto-electric,  or  dynamo-electric  machine,  or  of  low  ten¬ 
sion  from  a  galvanic  battery.  The  former  is  preferred. 


Fig.  24. 


Fig.  25. 


Fig.  26  shows  a  section  of  one  of  Brain’s  high-tension 
fuses.  A  is  a  cylindrical  wooden  case  containing  a  paper 
cartridge  B,  with  an  electric  igniting  composition  C  at  the 
bottom.  Two  copper  wires  D,  D  inclosed  in  gutta-percha 
E,  E  reach  down  to  the  composition,  where  they  are  about 
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fa  inch  apart.  A  copper  cap  or  detonator  G  is  fixed  on  to 
the  small  end  of  the  wooden  case.  The  insulated  wires  D, 
'  D  are  long  enough  to  reach  beyond  the  bore-hole;  The 
ends  of  the  wires  are  scraped  bare,  and  one  wire  of  the  first 
hole  is  twisted  together  with  a  wire  of  the  next  hole,  and  so 
on,  and  finally  the  two  odd  wires  of  the  first  and  last  hole 


Fig.  26. 

are  connected  to  the  two  wires  of  a  single  cable,  or  to  two 
separate  cables,  extending  to  some  place  of  safety  to  which 
the  men  can  retreat.  Here  the  two  cable  wires  are  con¬ 
nected  by  binding  screws  to  a  frictional  electrical  machine 
or  dynamo  exploder.  A  few  turns  of  the  handle  charge  a 
condenser,  and  by  pressing  a  knob  or  by  some  other  device 
the  circuit  is  completed  and  the  discharge  effected.  The 
electricity  passes  through  the  fuse  wires  making  a  spark  at 
each  break,  and  so  firing  the  electric  igniting  composition. 
The  flame  flashes  through  the  hole  H,  and  ignites  the  ful¬ 
minating  mercury  I,  the  detonation  of  which  causes  the 
explosion  of  the  dynamite,  blasting  gelatin,  or  tonite  sur¬ 
rounding  the  cap. 

One  great  advantage  of  electric  firing  is  that  the 
miner  can  retire  to  a  perfectly  safe  place  before  attempt¬ 
ing  to  explode  the  charge.  This  is  important  in  sink¬ 
ing  shafts,  where  the  means  of  escape  are  less  easy 
than  in  levels.  A  second  advantage  is  that  there  is  no 
danger  of  a  “  hang  fire,”  an  occasional  source  of  acci¬ 
dents  with  the  ordinary  safety-fuse. 

One  of  the  greatest  improvements  in  the  art  of  mining 
Machine  during  the  last  few  years  has  been  the  in- 
dnlis.  troduction  of  machinery  for  boring  holes 

for  blasting;  most  of  the  machines  imitate  percussive 
boring  by  hand,  but  a  few  rotary  machines  are  also  in 
use.  A  percussive  drill  or  perforator  consists  of  a 
cylinder  with  a  piston  to  which  the  drill  is  fastened. 
Compressed  air  is  made  to  act  alternately  on  each  side 
of  the  piston,  and  in  this  manner  the  drill  receives  its 
reciprocating  motion.  Various  arrangements  have 
been  adopted  for  securing  the  automatic  rotation  of 
the  drill.  In  some  cases  also  the  advance  forward  of 
the  machine,  as  the  hole  is  deepened,  is  also  effected 
automatically  ;  but  in  many  of  the  best  drills  this  work 
is  left  to  the  man  in  charge.  It  is  impossible  within 
the  limits  of  this  article  to  describe  the  various  drills 
now  in  use,  or  even  to  make  a  complete  enumeration 
of  them. 

The  following,  in  alphabetical  order,  are  the  names  of 
some  of  the  best-known  drills:  Barrow,  Beaumont,  Bur¬ 
leigh,  Champion,  Cornish,  Cranston,  Darlington,  Desidera¬ 
tum,  Dcering,  Dubois  and  Francois,  Dynamic,  Eclipse, 
Excelsior,  Ferroux,  Frohlich,  Ingersoll,  Laxey,  Mackean, 
Osterkampf,  Baud,  Itoanhead,  Sandycroft,  Schram.  An 
account  of  two  of  the  simplest,  the  Barrow  and  the  Darling¬ 
ton  drills,  will  be  sufficient  to  give  a  general  idea  of  the 
construction  of  these  machines. 

“The  Barrow  drill  (Fig.  27)  consists  essentially  of  a  gun- 
Barrow  metal  cylinder  C  about  2  feet  in  length  and  4 
drill.  inches  in  diameter,  in  which  works  a  cast-steel 

piston  rod  D,  fitted  with  two  pistons  G,  about 
12  inches  apart,  mid-way  between  which  is  the  tappet,  or 
boss,  G'.  In  a  valve-box  on  the  top  of  the  cylinder  is  placed 
the  oscillating  slide-valve  H  (shown  separately),  hinged  at 
M,  which  is  worked  by  the  reciprocation  of  the  tappet  G' 


coming  in  contact  with  its  lower  edges,  which  for  this  pur¬ 
pose  are  formed  with  two  slopes  at  each  end,  as  shown.  It 
has  ports  corresponding  with  openings  in  the  slide-valve 
face  for  admitting  the  fresh  steam  or  compressed  air  from 
the  inlet  pipe  I  (Fig.  28)  to  the  ports  j  at  each  end  of  the 
cylinder,  and  for  letting  the  spent  or  exhaust  air  or  steam 
escape  by  the  exhaust  pipe  J.  This  simple  arrange¬ 
ment  constitutes  the  whole  valve  gear  of  the  machine. 

“  The  borer  is  inserted  into  a  hole  formed  in  the 
fore  end  of  the  piston  rod,  and  is  fixed  therein  by 
means  of  a  screw.  Its  rotation  is  effected  by  hand,  by 
means  of  the  handle  D"  turning  a  spindle  D',  which 
is  so  fitted  by  means  of  the  cotter  d,  made  fast  in  the 
piston  DG,  and  fitting  in  a  slot  in  the  spindle  D',  that 
the  latter  can  slide  in  the  piston  DG,  but  when  turned 
by  the  handle  causes  the  piston  to  turn  with  it.  The 


Fig.  27. 


Fig.  28. 

spindle  D'  has  a  pinion  E  gearing  into  the  pinion  F, 
on  the  adjusting  and  feeding  screw  C',  so  that  when 
the  piston  D  is  turned  by  means  of  the  handle  D”  the 
cylinder  C  is  simultaneously  pushed  along  the  bed-plate  A. 
These  pinions  can  be  easily  disconnected  by  loosening  the 
nut/,  and  thus  the  piston  and  the  adjusting  screw  can  be 
turned  independently  of  one  another  when  required. 

“  The  borers  used  are  respectively  li  inches,  1&  inches, 
and  1  inch  in  diameter,  the  length  of  the  stroke  4  inches,  and 
the  maximum  number  of  blows  about  three  hundred  per 
minute.  The  air  is  brought  down  about  400  fathoms  from 
surface,  at  a  pressure  of  50  to  55  lb  to  the  square  inch,  in 
wrought-iron  pipes  2  inches  in  diameter  in  the  shaft,  and 
l£  inches  in  the  level,  and  admitted  through  a  flexible  tube 
into  the  inlet  I  on  the  left  hand  side  of  the  cylinder.  The 
cost  of  the  pipes  is  rather  under  7d.  a  foot,  or  about  3s.  3d. 
per  fathom.  The  air  is  compressed  at  the  surface  by  a  14- 
iuch  compressor,  worked  by  a  12-inch  horizontal  engine, 
capable,  however,  of  working  two  machine  drills.  The 
gross  weight  of  the  machine,  including  the  bed-plate  and 
gudgeon,  is  about  115  lb.” 

The  method  of  fixing  the  machine  for  work  is  as  follows : 
“  The  bed-plate  A  of  the  machine  is  formed  with  a  gudgeon 
A'  which  fits  into,  and  can  be  adjusted  to  any  position  in,  a 
socket  formed  in  or  on  a  clamp  B',  which  can  be  fixed  on 
any  part  of  the  wrought-iron  bar  or  column  B,  thus  form¬ 
ing  a  universal  joint.  This  bar  or  column  can  be  placed  in 
position  either  horizontally  or  vertically,  as  may  be  most 
convenient,  but  is  generally  placed  across  the  level,  against 
the  sides  of  which  it  is  secured  by  means  of  the  clamp  L, 
and  adjusting  screw  M,  and  claws  N  and  N'.  If  necessary, 
wooden  wedges  O,  O'  are  driven  in  between  the  claws  and 
the  wall  to  make  it  still  firmer.  The  weight  of  the  bar  is 
about  120  lb.”1 

Air-compressing  plant  of  greater  size  has  now  been  erected 
at  Dolcoath  mine,  to  which  the  above  description  refers. 
At  Snailbeach  mine  in  Shropshire  they  have  two  air-com¬ 
pressors  of  18  inches  diameter  and  5  feet  stroke ;  the  air- 
main  is  at  first  9  inches  in  diameter,  then  6  inches,  whilst 
2-inch  gas-pipe  is  used  in  the  levels. 

A  rock-drill,  which  has  done,  and  is  doing,  excellent  work 
is  that  of  Mr.  John  Darlington.  Its  construe-  Dari  in  v- 

tion  will  be  understood  by  referring  to  Figs.  29,  ton  drill. 

30,  and  31 ;  a  is  the  cylinder,  b  the  piston 
rod,  c  the  borer;  d,  d  are  two  openings  for  bring¬ 
ing  in  compressed  air,  either  of  which  may  be  used 
according  to  the  position  of  the  drill;  e  is  the  inlet 
hose  with  a  stopcock,  /  drill-holder,  g  stretcher  bar,  h 
piston,  j  rifled  bar  for  turning  piston  and  drill,  k 
ratchet  wheel  attached  to  rifled  bar  /  rifled  nut  fixed 
in  the  piston  head,  m  wood  for  lessening  weight  of 
piston  rod  and  blocking  space,  »  portway  for  allow¬ 
ing  the  compressed  air  to  pass  to  the  top  of  the 
piston  and  give  the  blow,  o  exhaust  portway.  The 
action  of  the  drill  is  as  follows.  The  compressed 
air  is  always  acting  on  the  under  side  of  the  piston, 
and  when  the  upper  side  of  the  piston  communi- 

1  Proc.  Mining  Institute  of  Cornwall,  vol.  i.,  1877,  p.  12. 
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cates  with  the  outer  atmosphere  the  piston  moves  rapidly 
backwards  and  uncovers  the  portway  n.  The  compressed  air 
Tushes  through  and  presses  against  the  upper  side  of  the 
piston,  which  has  a  greater  area  than  the  lower  side,  the 
difference  being  equal  to  the  area  of  the  piston  rod.  The 
piston  is  driven  rapidly  downwards  and*  the  drill  strikes 


its  blow.  At  the  same  time  it  uncovers  the  exhaust  port  o, 
and  then  the  constant  pressure  on  the  annular  area  on  tne 
under  side  of  the  piston  produces  the  return  stroke.  The 
number  of  blows  per  minute  is  from  six  hundred  to  eight 
hundred.  The  rotation  of  the  drill  is  effected  by  the  rifled 
bar.  On  the  down-stroke  of  the  piston  the  bar  with  its 


I  j  -  i  r  i  ;  i  i  i  i  i  i  _ i _ i 

Inches  12  *  9  A  3  0  1  2  Feet. 

Fig.  29. — Side  Elevation  of  Darlington’s  Rock-Drill.— 


ratchet  wheel  is  free  to  turn  under  a  couple  of  pawls,  and 
consequently  the  piston  moves  straight  whilst  the  bar  and 
ratchet  wheel  turn.  When  the  up-stroke  is  being  made  the 
ratchet  wheel  is  held  by  the  pawls  and  the  piston  is  forced 


to  make  part  of  a  revolution.  As  the  hole  is  deepened  the 
cylinder  is  advanced  forwards  by  turning  the  handle  p; 
this  works  an  endless  screw  q  passing  through  a  nut  at¬ 
tached  to  the  cylinder ;  r  is  the  cradle  carrying  the  feed- 
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Fig.  30.— Horizontal  Section  of  Darlington’s  Rock  Drill. — 


screw  and  supporting  the  cylinder.  It  is  centred  on  the 
clamp  s.  As  this  clamp  can  be  fixed  in  any  position  on  the 
bar,  and  as  the  cradle  can  be  turned  on  the  clamp,  it  is  evi¬ 
dent  that  holes  can  be  bored  in  any  direction. 

In  driving  a  level  with  the  Darlington  drill  it  is  usual  to 


fix  the  stretcher  bar  horizontally  across  the  level  so  as  to 
command  the  upper  part  of  the  face;  holes  can  then  be 
bored  with  the  cradle  above  the  bar  or  below  it.  The  bar 
is  then  shifted  low  enough  to  bore  the  bottom  holes.  It  is 
found  that  all  the  necessary  holes  can  be  bored  from  two 
positions  of  the  bar.  The  bar  therefore  has 
simply  to  be  fixed  twice ;  the  alterations  in  posi¬ 
tion  for  boring  holes  in  various  directions  are 
managed  by  shifting  the  clamp  on  the  bar  and 
turning  the  cradle  on  the  clamp.  Fig.  31  shows 
the  stretcher  bar  fixed  in  a  vertical  position,  which 
is  sometimes  convenient. 

In  order  to  clear  out  the  sludge  from  holes  that 
are  “  looking  downwards,”  a  jet  of  water,  supplied 
from  a  hose  attached  to  a  half-inch  gas-pipe  lead¬ 
ing  from  a  cistern  at  a  higher  level,  is  made  to 
play  into  the  holes  during  the  process  of  boring. 

For  sinking  shafts  Mr.  Darlington  has  the  drill 
fixed  in  a  cylindrical  case  with  a  large  external 
thread  which  works  in  a  nut  on  the  clamp.  The 
drill  is  fed  forwards  by  turning  a  hand-wheel  at¬ 
tached  to  the  case. 


Fig.  31. 


Rotating  machine  drills  are  also  used  in 
mines  as  well  as  those  with  percus¬ 
sive  action.  Stapff  pointed  out  R°ffri‘irf 
some  years  ago  that,  if  a  rock 
may  be  chipped  off  by  power  communicated 
by  a  blow,  it  may  also  be  chipped  off  by  a  simi¬ 
lar  amount  of  power  communicated  by  pres- 
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sure.  Brandt’s  rotatory  boring-machine  consists  of  a 
hollow  borer  which  has  a  steel  crown  with  cutting  edges 
screwed  on.  The  tool  is  kept  tight  against  the  rock 
by  the  pressure  of  a  column  of  water,  and  is  at  the 
same  time  made  to  rotate  by  two  little  water-pressure 
engines,  whilst  a  stream  of  water  passing  down 
through  the  borer  washes  away  the  debris  and  keeps 
the  cutting  edges  cool.  In  principle,  therefore,  this 
drill  resembles  the  original  diamond  boring  machine 
of  De  la  Roche-Tolay  and  Perret,  save  that  the  crown 
is  made  of  steel  and  not  of  diamonds.  During  the  last 
few  years  it  has  been  tried  with  success  in  railway 
tunnels  and  in  mines.  Jarolimek’s  drill1  acts  also  by 
rotation,  but  the  borer  is  fed  forwards  and  pressed 
against  the  rock  by  a  differential  screw  arrangement. 
The  machine  can  be  worked  by  hand,  or  by  a  little 
water-pressure  or  compressed-air  engine  or  an  electro¬ 
motor.  In  working  certain  minerals  occurring  in 
seams  the  undercutting  may  be  performed  by  ma¬ 
chines  similar  to  those  used  in  coal  mines  (see  vol.  vi. 
p.  64).  .  , 

We  now  come  to  the  application  of  the  tools  and 
machine  drills  to  the  purpose  of  breaking  ground  for 
driving  levels  and  sinking  shafts. 

A  level  or  drift  is  a  more  or  less  horizontal  passage 
or  tunnel,  whilst  a  shaft  is  a  pit  either  ver- 
Drivmg  tical  or  inclined.  In  driving  a  level  by  hand 
labor  in  hard  ground,  the  first  thing  the 
miner  has  to  do  is  to  take  out  a  cut,  i.  e. ,  blast  out  a  pre¬ 
liminary  opening  in  the  “  end  ’  or  “  forebreast.  I  he 
position  of  this  cut  is  determined  by  the  joints,  which 
the  miner  studies  carefully  so  as  to  obtain  the  greatest 
advantage  from  these  natural  planes  of  division.  Thus 
Fig.  32  shows  a  case  in  which,  owing  to  joints,  it  was 


advisable  to  begin  with  a  hole  No.  1,  and  then  bore 
and  blast  2,  3,  and  4  one  after  the  other.  The  miner 
as  a  rule  does  not  plan  the  position  of  any  hole  until 
the  previous  one  has  done  its  work  ;  in  fact  he  regu¬ 
lates  the  position  and  depth  of  each  hole  by  the  par¬ 
ticular  circumstances  of  the  case.  Though  a  vein  and 
its  walls  may  be  hard,  there  is  occasionally  a  soft  layer 
of  clay  (DD,  DD,  Fig.  33)  along  one  wall  (dig,  Corn¬ 
wall;  gouge ,  United  States).  The  miner  then  works 
this  away  with  the  pick,  and,  having  excavated  a  groove 
as  deep  as  possible,  he  can  now  blast  down  the  lode  by 
side  holes  and  so  push  the  level  forward. 

In  sinking  a  shaft  a  similar  method  of  proceeding  is 
observed.  A  little  pit  {sink)  is  blasted  out 
shafts'8  m  most  convenient  part,  and  the  exca¬ 
vation  is  widened  to  the  full  size  by  a  suc¬ 
cession  of  blasts,  each  hole  being  planned  according  to 
circumstances.  This  series  of  operations  is  repeated, 
and  the  shaft  is  thus  gradually  deepened. 

Where  boring  machinery  is  employed,  less  atten¬ 
tion,  and  sometimes  no  attention,  is  paid  to  natural 
joints,  because  when  once  the  drill  is  in  its  place  it  is 
very  little  trouble  to  bore  a  few  more  holes,  and  the 
work  can  then  be  carried  on  according  to  a  system 
which  is  certain  of  effecting  the  desired  result. 

A  common  method  of  procedure  for  hard  ground  is 
Driving  shown  in  Figs.  34  and  35.  Four  centre 
levels  with  holes  are  bored  about  a  foot  apart  at  first, 
machine  put  converging  till  at  a  depth  of  3  feet  they 
are  within  6  inches  or  less  of  each  other 
1  Ocsterrcichischc  ZcUschrift/ur  Berg-  unci  HuUenwescn,  1881. 


Other  holes  are  then  bored  around  them  until  the  end 
is  pierced  by  twenty  or  thirty  holes  in  all.  The  four 
centre  holes  are  then  charged  and  fired  simultaneously, 
either  by  electricity  or  by  Bickford  s  instantaneous  fuse, 
and  the  result  is  the  removal  of  a  large  core  of  rock. 
The  holes  round  the  opening  are  then  charged  and 
fired,  generally  in  volleys  of  several  holes  at  a  time, 
and  the  level  is  thus  carried  forward  for  a  distance  of 
3  feet.  If  the  ground  is  more  favorable  fewer  holes 


are  required,  and  they  may  be  bored  deeper,— in  fact 
as  much  as  6  feet  in  some  instances.  Occasionally  the 
four  centre  holes  are  directed  so  that  they  meet  at  the 
apex  of  an  acute  pyramid,  and  then,  after  all  ha\e 
been  charged  with  blasting  gelatin,  only  one  ot  them 
receives  a  primer  and  cap  ;  the  shock  ot  the  explosion 
of  one  charge  fires  the  other  three  adjacent  charges 
simultaneously.  The  preliminary  opening  is  not  neces¬ 
sarily  made  in  the  centre  of  a  level,  and  sometimes  it 
is  blasted  out  in  the  bottom  or  one  side. 

In  sinking  shafts  by  boring  machinery  operations  are 
conducted  much  in  the  same  way  as  in  levels,  Sinking 
save  of  course  that  the  holes  are  directed  down-  grafts  with 
wards.  Figs.  36  and  37  are  a  section  and  plan  machine 

of  a  shaft  which  is  now  being  sunk  at  the  Fox-  drills, 

dale  mines  in  the  Isle  of  Man.  About  forty-five 
holes  are  bored  in  the  bottom  of  the  shaft  before  the  drills 
are  removed  ;  two  of  the  holes  A,  B,  and  occasionally  four, 


Fig.  36.  Fig.  37. 


are  bored  only  4  feet  deep,  and  are  blasted  -with  ordinary 
fuse.  They  serve  simply  to  smash  up  and  weaken  the  core; 
then  the  six  holes  nearest  the  centre,  which  are  8  feet  deep, 
are  blasted  all  together  with  Bickford’s  instantaneous  fuse, 
and  the  result  is  the  removal  of  a  large  core  leaving  a  deep 
sink.  The  remaining  holes  are  fired  in  volleys  of  four  at  a 
time  in  the  ordi  ry  way.  In  this  manner  the  shaft,  w  hich 
is  in  hard  granite,  is  being  deepened  at  the  rate  of  3J  or  4 
fathoms  a  month.  Tonite  is  the  explosive  used. 

Sundry  machines  have  been  invented  and  used  for  driv¬ 
ing  levels  without  blasting.  Some  cut  up  the  face  into  small 
chips  which  can  easily  be  removed,  hut  they  have  not  made 
their  way  at  present  into  ordinary  mining.  The  Bosseyeuse 
of  MM.  Dubois  and  Francois  acts  on  a  different  principle. 
It  is  a  strong  machine  worked  by  compressed  air.  It  first  of 
all  drills  holes  4  inches  in  diameter  by  percussion  ;  a  strik¬ 
ing  head  is  then  substituted  for  the  drill,  and  wedges,  on  the 
principle  of  the  plug  and  feathers,  are  inserted  into  the 
holes ;  and  powerful  blows  wTith  the  striking  head  wredge  off 
the  rock  in  lumps.  This  machine  is  being  used  with  suc¬ 
cess  in  Belgium  for  driving  levels  and  crosscuts  in  fiery 
mines. 

Some  comparative  experiments  between  hand-labor,  a 
percussive  drill,  and  a  rotatory  drill  have  lately  been  made 
in  one  of  the  Freiberg  mines,1  aud  the  results  arc  of  much 
interest  and  importance.  The  actual  figures  are  as  follows, 

i  Jahrbuch  fur  das  Berg-  und  Huttenwesen  ini  Konigreiche  Sachsen 
avfdas  Jahr  1882,  p.  18,  and  abstract  in  Proc.  Inst.  Civ.  Eng.,  vol. 
lxix.,  1881-82,  part  iii.  p,  51. 
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the  cost  including,  in  the  case  of  the  machines,  interest, 
depreciation,  and  cost  of  repairs,  and  cost  of  steam-power, 
supposing  water-power  not  available: 


Hand- 

Sctiram’s 

Brandt’s 

boriug. 

Drill. 

Drill. 

Distance  driven  per  week  ini 

0.95 

4.5 

5.0 

metres . J 

Cost  in  marks  per  metre  driven  j 

120  to 
123.5 

77.4  to 

85.25 

74.34 

Wages  realized  by  the  miners,  1 
in  marks,  per  8  hours  shift...  j 

1.85  to 

3.48  to 

3.76 

2.05 

3.66 

The  advantages  of  machine  work  are  very  marked  indeed 
both  as  regards  rate  and  cost  of  driving,  and  wages  earned 
by  the  men.  Brandt’s  rotatory  drill  did  its  work  cheaper 
and  faster  than  Schram’s  machine  ;  but  nothing  is  said  in 
the  original  notice  of  the  advantage  of  a  machine  driven  by 
compressed  air  for  ventilating  workings  such  as  advanced 
headings  in  which  these  drills  are  employed. 

Brandt’s  machine  was  worked  with  water  at  a  pressure 
of  83V  atmospheres,  of  which  56.6  atmospheres  were  ob¬ 
tained  by  pressure  pumps  provided  with  an  accumulator, 
and  26.9  atmospheres  by  natural  fall,  owing  to  the  working 
level  being  277  metres  below  the  pumps.  The  water  was 
conveyed  to  the  machine  in  iron  pipes  of  IV  inches  diameter 
inside.  The  diameter  of  the  holes  bored  was  2$  inches,  and 
they  could  be  bored  in  gneiss  at  the  rate  of  li  inches  per 
minute.  The  stretcher  bar  on  which  the  machine  is  carried 
is  hollow,  and  has  a  piston  which  can  be  forced  out  by  hy¬ 
draulic  pressure  so  as  to  fix  the  bar  firmly.  A  similar  bar 
is  sometimes  used  with  percussive  drills.1 

As  a  method  of  breaking  ground  the  ancient  process  of 
fire-setting  requires  to  be  mentioned.  Before  blasting  was 
known  it  was  largely  employed,  but  its  use  is  now  confined 
to  a  few  places  on  the  Continent  where  the  rocks  are  ex¬ 
ceedingly  hard  and  where  wood  is  abundant  and  cheap. 
Piles  of  wood  are  heaped  up  against  the  face  of  the  work¬ 
ings  and  set  on  fire.  On  returning  to  the  working-place 
two  or  three  days  afterwards,  when  the  rocks  have  cooled 
a  little,  it  is  found  that  the  ground  has  split  and  flaked  off, 
and  that  much  has  been  loosened  which  can  be  removed  by 
the  pick  and  wedge. 

We  finally  come  to  water  as  an  agent  for  removing  rocks. 
Streams  of  water  were  formerly  used  in  South  Wales  for 
working  beds  of  clay  ironstone  at  the  outcrop.  The  water 
washed  away  the  clay  and  shale  and  left  the  clean  nodules 
of  ironstone.  The  china  clay  of  Cornwall  is  also  worked 
by  water;  a  stream  of  water  is  turned  on  to  the  soft  mass, 
and  the  workman  loosens  the  ground  with  a  pick ;  the 
water  carries  oft'  the  particles  of  decomposed  rock  in  sus¬ 
pension  to  regular  settling  pits.  Water  under  pressure  has 
rendered  vast  services  to  the  miner  in  working  auriferous 
alluvia.  The  system  is  described  and  figured  at  p.  664  of 
vol.  x.,  so  it  is  unnecessary  here  to  enter  into  details.  In 
the  special  case  of  salt-mines  recourse  may  be  had  to  the 
solvent  action  of  water,  directed  by  suitable  jets,  for  mak¬ 
ing  excavations. 

5.  Principles  of  Employment  of  Mining  Labor. — 
Modes  of  As  a  large,  proportion  of  the  expenditure 
paying  in  mining  is  for  actual  manual  labor,  it  is 
miners.  very  important  that  means  should  be  taken 
to  prevent  any  waste  in  this  department.  Three  prin¬ 
ciples  are  in  vogue,— payment  by  time,  by  work  done 
either  measured  or  weighed,  and  by  the  value  ot  the 

ore  extracted.  . 

The  overseers,  called  captains  in  many  metal  mines, 
are  naturally  paid  by  the  month,  and  where  strict 
supervision  can  be  exercised,  such  as  is  possible  at  the 
surface,  on  the  dressing-floors  for  instance,  the  same 
principle  may  be  adopted  ;  but  when  men  are  working 
underground,  and  often  in  small  gangs  of  only  two 
or  three  persons  at  some  distance  apart,  piecework  ot 
some  kind  is  more  economical  and  satisfactory  in  every 

In  driving  levels  and  sinking  shafts  it  is  usual  for  the 
men  to  work  at  a  certain  price  per  running  yard  or 
fathom.  The  agents  have  to  see  that  the  excavation, 
whether  shaft  or  level,  is  maintained  ot  the  lull  di¬ 
mensions  agreed  upon,  and  preserved  in  the  proper 
direction.  At  the  end  of  a  certain  time,  generally  a 
month,  the  work  is  measured  by  the  agent,  h  rom  the 

1  Annales  des  Mines,  ser.  8,  ii.,  pi.  1,  fig.  6, 1882. 


gross  amount  obtained  by  multiplying  the  price  by  the 
number  of  fathoms  driven  or  sunk  it  is  necessary  to 
deduct  the  cost  of  the  materials  supplied  to  the  men 
by  the  mining  company,  such  as  explosives,  steel, 
candles,  etc.,  and  the  remainder  is  divided  among  the 
persons  who  took  the  contract.  When  the  useful 
mineral  is  being  obtained  the  men  may  be  paid  at  so 
much  per  cubig  yard  or  fathom  excavated,  or  at  so 
much  per  ton  of  mineral  extracted ;  the  overseer  of 
course  has  to  see,  in  this  latter  case,  that  worthless 
rock  is  not  sent  to  the  surface.  Payment  by  the 
number  of  inches  bored  is  a  method  in  use  in  some 
countries,  where  the  men  are  not  experienced  or  enter¬ 
prising  enough  to  undertake  the  work  in  any  other 
way.  A  foreman  points  out  to  the  men  the  position 
and  direction  in  which  the  holes  must  he  bored,  mea¬ 
sures  them  when  completed,  and  subsequently  charges 
and  fires  them. 

The  third  method  is  that  which  is  known  as  the 
tribute  system.  The  miner  working  on  tribute  is 
allowed  to  speculate  upon  the  value  of  the  ore  in  a 
certain  working  area  assigned  to  him  and  called  his 
pitch.  He  gives  the  mining  company  all  the  ore  he 
extracts  at  a  certain  proportion  of  its  value,  after  he 
has  paid  all  the  cost  of  breaking  it,  hoisting  it  to  the 
surface,  and  dressing  it.  Thus,  supposing  he  takes  a 
pitch  at  5s.  in  the  £,  and  produces  marketable  copper 
ore  of  the  value  of  £50,  his  share  will  be  50  X  5s.  = 
£12,  10s.,  less  the  cost  of  the  materials  he  has  been 
supplied  with,  and  all  expenses  for  winding,  dressing, 
sampling,  etc. 

6.  Means  of  Securing  Excavations  by  Timber ,  Iron, 
and  Masonry. — The  following  kinds  of  tim-  Timbering, 
ber  are  those  most  frequently  employed  for 
securing  excavations  underground :  oak,  larch,  pitch 
pine,  spruce  fir,  and  acacia.  In  many  mines  the  tim¬ 
ber  is  attacked  by  dry  rot,  which  gradually  renders  it 
useless,  and  when  the  timber  has  often  to  be  renewed 
the  expense  may  be  very  considerable.  Various 
methods  of  preventing  dry  rot  have  been  tried  with 
more  or  less  success,  such  as  letting  water  trickle  oyer 
the  timber  in  the  mine  or  treating  it  with  preservative 
solutions  beforehand.  Brine,  creosote,  and  solutions  of 
chloride  of  zinc,  sulphate  of  zinc,  sulphate  of  copper, 
and  sulphate  of  iron  increase  the  duration  of  timber.  It 
was  found  by  experiments  carried  on  at  Commentry  dur¬ 
ing  a  long  series  of  years  that  one  of  the  best  plans  was 
to  soak  the  timber  for  twenty-four  hours  in  a  strong 
solution  of  sulphate  of  iron.  The  total  cost  was  only 
}d.  per  yard  of  prop,  whilst  the  timber  lasted  eleven 
times  as  long  as  when  this  simple  treatment  was  omit¬ 
ted.  .  .  i  i  i  j 

Timber  is  used  in  various  forms — either  whole  and 
merely  sawn  into  lengths,  or  squared  up,  or  sawn  in 
half,  or  sawn  into  planks  of  various  thicknesses. 

Where  the  roof  of  a  bed  is  weak  it  may  be  kept  up  by 

simple  props ;  but  in 
some  coal-mines  and 
clay-mines  a  better 
support  is  obtained 
by  logs  (chocks)  laid 
two  by  two  crosswise 
(Fig.  38). 

Though  a  level  is 
an  excavation  of  a 
very  simple  nature, 
the  methods  of  tim- 
Fig.  38.  bering  it  vary  con¬ 

siderably,  because 
the  parts  requiring  support  may  either  be  the  roof  alone, 
or  the  roof  and  one  or  two  sides,  or  the  roof,  sides,  and 

bottom.  .  ,  , 

If  the  roof  only  is  weak,  as  is  the  case  with  a  soft  lode 
between  two  hard  walls,  a  cap  with  a  few  boards  resting  on 
it  (Fig.  39)  is  sufficient  to  prevent  falls.  If  one  side  is  weak 
the  cap  must  be  supported  by  a  side  prop  or  leg  (Fig.  40), 
and  very  often  by  two  legs.  The  forms  of  joint  between 
the  cap  and  leg  are  numerous  (Fig.  41),  depending  to  a 
great  extent  upon  the  nature  of  the  pressure,  whether  com¬ 
ing  upon  the  top  or  sides.  With  round  timber  the  top  of 
the  leg  is  sometimes  hollowed  as  shown  in  Fig.  42  A,  but 
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occasionally  the  joint  is  flat  and  a  thick  nail,  or  nog,  is  put 


Fig,  39.  Fig.  40. 

in  (Fig.  42  B)  to  prevent  the  effects  of  side  pressure,  or, 
better,  a  piece  of  thick  plank  is  nailed  uuder  the  cap  (Fig. 


43).  Where  the  floor  of  a  level  is  soft  and  weak,  a  sole- 
piece  or  sill  becomes  necessary,  and,  if  the  sides  or  roof  are 


Fig.  43.  Fig.  44. 

likely  to  fall  in,  a  lining  of  poles  or  planks  is  used  (Fig. 
43). 

In  some  very  heavy  ground  in  the  Comstock  lode  a 
special  system  of  timbering  is  adopted  (Fig.  44). 

If  the  ground  is  loose,  so  that  the  roof  or  sides,  or  both, 
will  run  in  unless  immediately  supported,  the  method  of 
working  called  spilling  or  poling  is  pursued.  It  consists  in 
supporting  the  weak  parts  by  boards  or  poles  kept  in  ad¬ 


vance  of  the  last  frame  set  up.  The  poles  or  boards  (laths) 
are  driven  forward  by  blows  from  a  sledge,  and  the  ground 
is  then  worked  away  with  the  pick  ;  as  soon  as  a  sufficient 
advance  has  been  made  a  new  frame  is  set  up  to  support  the 
ends  of  the  poles  or  boards  and  the  process  is  repeated  (Figs. 
45  and  46).  In  running  ground  it  is  necessary  to  have  the 
laths  fitting  closely  together,  and  the  working  face  also 
must  be  supported  by  breast  boards  kept  in  place  by  little 
struts  resting  against  the  frame.  These  are  removed  and 
advanced  one  by  one  after  the  laths  in  the  roof  and  side 
have  been  driven  beyond  them. 


On  account  of  the  high  price  of  timber,  iron  is  sometimes 

employed  in 

Iron 
supports. 


its  place.  One 
method  in  use 
in  the  Harz  consists  in 
bending  a  rail  into  the 
form  shown  in  Fig.  47  and 
making  it  support  other 
rails  laid  longitudinally, 
against  which  flattish 
stones  are  placed ;  the 
vacant  spaces  are  then 
filled  with  rubbish.  Ma¬ 
sonry  has  long  Ma 
been  used  for 
supporting  the  sides  of 
mining  excavations.  The 
materials  necessary  are 
Fig.  47.  stone,  ordinary  bricks,  or 

slag-bricks,  and  they  may 
be  built  up  alone  ( dry  walling )  or  with  the  aid  of  mortar  or 
hydraulic  cement.  The  bottom  of  a  level  is  occasionally 
lined  with  concrete  to  carry  a  large  stream  of  water,  which 
otherwise  might  run  into  lower  workings  through  cracks 
and  crevices.  Dry  walling  is  not  uncommon,  and  it  may  be 
combined  with  the  use  of  timber  (or  iron)  as  shown  in  Fig. 
69,  in  which  a  level  is  maintained  between  two  walls  keeping 
back  a  mass  of  rubbish.  Figs.  48  and  49  show  methods  of 
securing  a  drift  by  arches  when  a  lode  has  been  removed. 

The  timbering  required  for  shafts  varies  according  to  the 
nature  of  the  ground  and  the  size  of  the  exca-  Timberinff 
vation.  A  mere  lining  of  planks  set  on  their  for  shafts! 
edges  (Fig.  50)  suffices  for  small  shafts,  corner 
pieces  being  nailed  to  keep  the  successive  frames  together. 


Fig.  48. 


Fig.  49. 


In  some  of  the  salt-mines  of  Cheshire  the  shafts  are  lined 
with  4-inch  planks  united  by  mortise  and  tenon  joints. 

The  usual  method  of  securing  shafts 
is  by  sets  or  f  rames.  Each  set  consists 
of  four  pieces,  two  longer  ones  called 
wall-plates  and  two  shorter  ones  called 
end-pieces.  They  are  joined  by  simply 
halving  the  timber  as  shown  in  Fig. 
51.  A  more  complicated  joint  (Fig.  52) 
is  often  preferred.  The  separate  frames 
are  kept  apart  by  corner  pieces  ( studdles ,  Cornwall ;  jogs, 


Fig.  52. 

Flintshire),  and  loose  ground  is  prevented  from  falling  in 
by  boards  or  poles  outside  the  frames. 

As  shafts  aae  frequently  used  for  the  several  purposes  of 
pumping,  hoisting,  and  affording  means  of  ingress  and 
egress  by  ladders,  it  becomes  necessary  in  such  cases  to 
divide  them  into  compartments.  Pieces  of  timber  parallel 
to  the  end -pieces  (buntons  or  dividings)  are  fixed  across  the 
shaft,  and  serve  to  stay  the  wall-plates  and  carry  the  guides 
as  well  as  to  support  planks  ( casing  boards)  which  are  nailed 
to  them  so  as  to  form  a  continuous  partition  or  brattice. 


A - J 

Fig.  50. 
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Tito  magnificent  timbering  of  some  of  the  shafts  on  the 
Comstock  lode  is  described  by  Mr.  James  D.  Hague  as  fol¬ 
lows  : 1  “  The  timbering  consists  of  framed  sets  or  cribs  of 
square  timber,  placed  horizontally,  4  feet  apart,  and  sepa- 


Fig.  56. 


Fig.  54. 


Fig.  55. 


rated  by  uprights  or  posts  introduced  between  them.  Cross¬ 
timbers  for  the  partitions  between  the  compartments  form 
a  part  of  every  set.  The  whole  is  covered  on  the  outside 
by  a  lagging  of  3-inch  plank  placed  vertically.”  Figs.  53, 
54,  and  55,  copied  from  Mr.  Hague’s  plates,  illustrate  this 
method  of  timbering.  Fig.  53  is  a  plan  of  the  shaft :  “  S,  S 
are  the  longitudinal  or  sill-timbers,  T,  T  the  transverse  end- 
timbers,  P  partition-timbers,  r  guide-rods  between  which 
the  cage  moves,  g  gains  cut  in  the  sill-timbers,  to  receive 
the  ends  of  the  posts.  The  sheathing  or  lagging  is  seen 
inclosing  the  whole  frame.”  Fig.  54  is  a  transverse  section 
through  the  partition  P  of  Fig.  53,  “  between  the  pumping 
compartment  and  the  adjoining  hoisting  compartment, 
looking  towards  the  latter.  In  this  figure,  G,  G  are  the 
posts,  S  the  sill-timbers,  P  the  partition-timbers,  the  ends 
of  which  are  framed  with  short  tenons  that  are  received  in 
gains  cut  in  the  sill-timbers  and  the  ends  of  the  posts,  r 
guide-rod,  l  lagging  or  sheathing.”  Fig.  55  is  an  end  view 
of  the  frame  shown  in  Fig.  53.  “  The  single  piece  T  forms 

the  end,  while  the  double  pieces  P  forming  the  partitions 
are  seen  beyond.”  “  The  outer  timbers  of  each  set,  that  is, 
the  two  sides  and  ends  of  the  main  frame,  are  14  inches 
square ;  the  posts,  ten  in  number,  four  at  the  corners  and 
two  at  each  end  of  the  three  partitions,  are  of  the  same 
size.  The  dividing  timbers,  forming  the  partitions,  are  12 
inches  square.” 

When  ground  is  loose  or  running  recourse  must  be  had  to 
a  spilling  process  like  that  described  for  levels.  Strong  balks 
of  timber  are  fixed  at  the  surface  or  in  ■  solid  ground,  and 
then  the  first  frame  is  hung  from  these  bearers,  and  each 
successive  frame  from  the  one  above  it.  Iron  bars  with  cot¬ 
ters  may  be  used  for  suspending  the  sets ;  but  on  the  Com¬ 
stock  lode  each  bolt  is  made  in  two  parts  with  a  tightening 
screw  in  the  middle,  and  the  sets  can  thus  be  kept  very 
firmly  together.  The  laths  are  driven  in  advance,  in  the 
manner  explained  in  the  case  of  levels,  and  a  new  frame  is 
put  in  as  soon  as  the  excavation  has  been  sufficiently  deep¬ 
ened  within  the  protecting  sheath  of  boards.  In  very  un¬ 
stable  ground  it  may  be  necessary  to  put  in  the  frames 
touching  each  other,  so  that  the  shaft  becomes  incased  in  a 
solid  box  of  timber,  occasionally  14  inches  thick. 

Like  levels,  shafts  may  be  lined  with  masonry  or  brick¬ 
work,  and  these  have  the  advantage  of  being  far 
Masonry  more  permanent  than  timber,  and  of  requiring 
for  scans.  fewer  repairs.  This  kind  of  shaft-lining  is  es¬ 
pecially  desirable  in  the  loose  ground  near  the  surface  ;  be¬ 
cause,  if  the  working  is  discontinued  temporarily,  the  shaft 
still  remains  secure  and  available  for  use  at  any  future 
time,  whereas  if  timber  is  put  in  it  often  decays,  the  top  of 
the  shaft  collapses,  and  much  expense  is  incurred  in  the  pro¬ 
cess  of  reopening  it.  The  section  of  the  shafts  that  are 
walled  is  generally  circular  as  affording  the  best  resistance 
to  pressure  j  but  elliptical  walling  is  also  met  with.  Another 
shape  is  like  a  rectangle,  save  that  the  sides,  instead  of  being 
straight,  form  curves  of  large  radius.  The  walling  may  be 
dry  or  with  mortar,  according  to  circumstances. 

i  Untied,  States  Geological  Exploration  oj  the  Fortieth  Parallel,  vol.  iii., 
“  Mining  Industry,”  p.  103. 


The  masonry  is  put  in  either  in  one  length  or  in  successive 
portions  in  descending  order,  and  this  is  the  usual  plan. 
The  shaft  is  sunk  a  certain  depth,  with  temporary  timber¬ 
ing  if  necessary,  and  when  firm  ground  has  been  reached  a 

bed  is  cut  out  round  the 
shaft,  and  on  this  is  placed 
a  crib  or  curb  AB  (Fig.  56)4 
consisting  of  segments  of 
timber  which  form  a  ring. 
This  serves  for  a  founda¬ 
tion  for  the  brickwork, 
which  is  built  up  to  the 
surface ;  the  temporary 
timbering  is  removed,  and 
the  space  filled  up  with 
earth  or  concrete.  Sink¬ 
ing  is  then  resumed  below 
the  curb,  and  for  a  certain 
distance  of  a  smaller  di¬ 
ameter,  so  as  to  leave  a 
bracket,  or  ledge,  to  sup¬ 
port  the  first  curb.  On 
arriving,  after  a  certain 
depth  of  sinking,  at  an¬ 
other  firm  bed,  a  second 
curb  CD  is  put  in  and  a 
portion  of  brickwork  built 
up.  When  the  ledge  of 
rock  is  reached,  it  is  care¬ 
fully  removed  in  small  sections  and  the  brickwork 
brought  up  to  the  first  curb.  This  process  is  re¬ 
peated  till  the  shaft  is  completed,  or  reaches  rock  in 
which  no  masonary  is  requisite.  If,  owing  to  the  nature  of 
the  ground,  it  is  impossible  at  first  to  find  a  firm  seat  for 
the  curbs,  it  becomes  necessary  to  hang  them  by  iron  bolts 
from  a  strong  bearing  frame  at  the  surface. 

When  shafts  pass  through  very  watery  strata,  it  is  most 
desirable  to  stop  all  influx  into  the  mine  for  the  purpose  of 
saving  the  heavy  expense  of  pumping.  The  manner  in 
which  this  is  effected  by  a  watertight  lining,  known  as  tub¬ 
bing,  is  described  in  the  article  Coal,  vol.  vi.  p.  59,  where 
will  also  be  found  an  account  of  Triger’s  plan  of  sinking 
shafts  with  compressed  air,  and  the  very  successful  method 
of  boring  shafts  through  water-bearing  ground  invented  by 
Messrs.  Kind  &  Chaudron. 

7.  Exploitation ,  or  Working  Away  of  Veins ,  Beds , 
and  Masses. — We  have  described  how  shafts 
are  sunk  and  levels  driven,  and  we  now 
come  to  the  processes  employed  in  re¬ 
moving  the  mineral. 

The  deposit  must  first  of  all  be  reached  by  a  shaft,  or, 
where  the  contour  of  the  country  permits  it,  by  a  level. 
In  the  case  of  a  vein  an  exploratory  shaft  is  often  sunk 
on  the  course  of  the  lode  for  20  or  30  fathoms,  and,  if 
the  indications  found  in  a  level  driven  out  from  this 
shaft  warrant  further  prosecution  of  the  mine,  a  first 
working  shaft  is  sunk  to  intersect  the  lode  at  a  depth 
of  100  fathoms  or  more  from  the  surface.  Crosscuts 


Exploita¬ 

tion. 


are  then  driven  out  at  intervals  of  10,  15,  or  20  fathoms 
to  reach  the  lode,  as  shown  in  Fig.  57,  which  repre¬ 
sents  a  section  at  right  angles  to  the  line  of  strike. 
Sometimes  the  main  shafts  are  carried  down  all  the  way 
3  J.  Callon,  Lectures  on  Mining,  vol.  i.,  Atlas,  plate  xxviii. 
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along  the  dip  of  the  deposit,  though  perpendicular 
shafts  have  the  advantages  of  quicker  and  cheaper 
winding  and  cheaper  pumping,  to  say  nothing  of  the 
possibility  of  utilizing  the  cages  for  the  rapid  descent 
and  ascent  of  the  miners.  If  an  inclined  shaft  appears 
to  be  advisable,  great  care  should  be  taken  to  sink  it  in 
a  straight  line.  In  either  case  levels  are  driven  out 
along  the  strike  of  the  lode  as  shown  in  the  longitudi¬ 
nal  section  Fig.  58,  in  the  hopes  of  meeting  with  valu- 
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able  ore-bodies  such  as  are  represented  by  the  stippled 
portions  of  the  figure.  For  the  purpose  of  affording 
ventilation,  and  still  further  exploring  the  ground  and 
working  it,  intermediate  shafts,  called  winzes  (Corn¬ 
wall)  or  sumps  (North  Wales),  are  sunk  in  the  lode. 

The  actual  mode  of  removing  the  lode  itself  depends  a 
good  deal  upon  circumstances,  viz.,  its  width,  the  nature  of 
its  contents,  and  the  walls  that  inclose  it ;  hut  the  methods 
of  working  may  generally  be  brought  under  one  of  two 
heads,  viz.,  underhand  stoping  or  overhand  stoping.  The 
word  slope  is  equivalent  to  step,  and  the  term  stoping  means 
working  away  any  deposit  in  a  series  of  steps.  Underhand 
or  bottom  stopes  are  workings  arranged  like  the  steps  of  a 
staircase  seen  from  above,  whilst  overhand  or  back  stopes 
are  like  similar  steps  seen  from  underneath.  Both  methods 
have  their  advantages  and  dis¬ 
advantages,  and  both  are 
largely  used. 

We  will  first  take  under- 
„  .  .  j  hand  stoping,  as 
Underhand  js  the  older 

°PinS-  method.  In  the  old 
days  the  miner  began  in  the 
floor  of  the  level  (Fig.  59),  and 
sank  down  a  few  feet,  remov¬ 
ing  the  part  1 ;  he  followed  with 
2,  3,  4,  etc.,  until  the  excava¬ 
tion  finally  presented  the  appearance  shown  in  Fig.  60.  Any 
valueless  rock  or  mineral  was  deposited  upon  platforms  of 
timber  (stulls),  and  the  ore  was  drawn  up  into  the  level  by 
a  windlass.  One  great  disadvantage  of  this  method  is  that 
the  ore  and  water  have  to  be  drawn  up  some  distance  by 


stopes,  and  one  largely  employed  in  Cornwall  at  the  present 

day,  consists  in  re¬ 
serving  any  attack 
upon  the  ore-ground 
until  a  lower  level 
has  been  driven.  An 
intermediate  shaft 
(winze)  between  the 
two  levels  is  then 
made,  either  by  sink¬ 
ing  from  the  upper 
level  or  rising  from 
the  lower  one.  The 
-work  of  stoping  is 
commenced  at  the 
two  upper  ends  of 
the  winze,  and  the  lode  is  removed  in  a  succession  of  steps, 
the  workings  assuming  the  appearance  exhibited  in  Fig. 
61.  The  steps  are  generally  made  steep,  so  that  the  ore 
may  readily  roll  into  the  winze,  and  so  that  the  bore-holes 
may  do  better  execution  ;  but  these  steep  stopes  are  danger¬ 
ous  if  a  man  happens  to  slip  and  fall.  The  huge  open  chasms 
left  by  the  removal  of  a  large  lode  in  this  way'  are  also  a 
source  of  danger  ;  for  there  is  always  a  risk  of  falls  of  rock, 
and  from  places  which  cannot  easily'  be  examined. 

Figs.  62  and  63,  kindly  supplied  by  Captain  Josiah 
Thomas,1  explain  the  general  arrangement  of  the  workings 
of  the  largest  tin  mine  in  Cornwall.  The  lode  after  pro¬ 
ducing  copper  ores  to  a  considerable  depth  changed  its 
character  and  became  rich  in  tin.  The  workings  for  tin  ore 
are  confined  almost  entirely  to  the  granite.  The  section 
Fig.  62  shows  that  the  main  shaft  of  the  mine  is  at  first  ver¬ 
tical  and  then  carried  down  on  the  dip  of  the  lode. 
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FIG.  59. 


Fig.  60. 

hand  labor ;  much  timber  is  required  for  the  stulls  if  there 
is  a  large  quantity  of  worthless  stuff  in  the  vein,  or  if  the 
sides  are  weak.  The  advantages  are  that  ore  can  be  worked 
away  as  soon  as  the  level  is  driven,  that  the  men  are  always 
boring  downwards,  and,  lastly,  that  the  ore  can  be  carefully 
picked  after  it  is  broken,  without  fear  of  any  valuable  par¬ 
ticles  being  lost. 

A  more  economical  method  of  working  by  underhand 


Fitiioms  100  '50  0  — 100  Fathoms 

Fig.  62.— Transverse  Section,  Dolcoath  Mine,  Cornwall. 

The  process  of  overhand  stoping  is  precisely  the  reverse 
of  that  which  has  been  just  described ;  the  work  is  com 
menced  from  a  rise  (Fig.  64  A),  or  better  from  „  , 

the  two  bottom  ends  of  a  winze  (Fig.  64  B).  stoping  ° 
As  soon  as  the  men  have  excavated  a  sufficient 
height  of  the  roof  of  the  level,  they  put  in  strong  pieces  of 
timber  from  wall  to  wall,  and  cover  these  cross-pieces 
(stempels,  stull-pieces)  with  boards  or  poles,  and  throw  down 
the  rubbish  upon  the  platform  (stull,  banning)  thus  formed. 
In  the  midst  of  the  rubbish  chimney-like  openings  (mills, 
passes)  are  reserved,  lined  with  boards  or  dry-walling,  and 
closed  at  the  bottom  with  shoots  provided  with  doors.  The 
ore  is  thrown  into  these  passes,  which  are  tapped  when 

1  See  Report  of  Miners'  Association  of  Devon  and  Cornwall  for  1S82, 
and  R.  J.  Frecheville,  Trans.  Roy.  Geol.  Soc.  Cornwall,  vol.  x.  part  ~ 
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necessary ;  the  ore  falls  into  the  tram-wagon  placed  ready 
to  receive  it. 

Fig.  65  gives  a  transverse  section  showing  the  rubbish 
resting  on  the  stull.  This  is  what  may  be  called  the  typ¬ 


ical  method  of  stoping,  when  the  lode  affords  rubbish 
enough  for  the  men  to  stand  on  and  to  keep  them  close  to 
the  rock  they  are  attacking.  Very  often  such  is  not  the 
case,  and  the  whole  of  the  lode  has  to  be  sent  to  the  surface 
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Fig.  63. — Longitudinal  Section,  Main  Lode,  Dolcoath  Mine,  Cornwall. 


for  treatment.  If  the  walls  are  firm,  the  lode  is  some-  I  firm  bed  of  rubbish  while  at  work,  and  there  is  no  fear  of  a 
times  stoped  away,  a  stull  put  in,  and  a  sufficient  heap  of  J  collapse  of  the  mine.  In  certain  special  cases  rubbish  is  sent 

down  from  the  surface  to 
fill  up  the  excavations. 

The  advantages  of  over¬ 
hand  stoping  are — that 
the  miner  is  assisted  by 
gravity  in  his  work,  that 
no  ore  or  rock  has  to  be 
drawn  up  by  hand  labor, 
and  that  less  timber  is  re¬ 
quired.  On  the  other 
hand,  the  miner  is  always 
menaced  by  falls,  but  as 
he  is  close  by  he  can 
constantly  test  the  solid¬ 
ity  of  the  roof  and  sides 
by  sounding  them  with 
his  sledge ;  there  is  the 
further  disadvantage  that 
particles  of  ore  may  be 
lost  in  the  rubbish,  but 
laying  down  boards  or 


Fig.  64. 


broken  ore  is  left  upon  the  stull  to  give  the  men  good  stand¬ 
ing  ground ;  the  excess  is  thrown  over  the  ends  of  the  stull, 
or  the  great  heap  is  tapped  by  cutting  a  hole  in  the  stull- 
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Fig.  66. 

covering,  and  allowing  a  quantity  to  run  down  into  the 

level.  .  ... 

Another  method  consists  in  putting  in  temporary  stages 
upon  which  the  men  stand  to  do  their  work,  whilst  the  ex¬ 
cavation  is  left  as  an  open  space  (Fig.  66).  This  mode  of 
working  is  incompatible  with  weak  walls.  If  a  lode  does 
not  afford  rubbish  enough  for  completely  filling  up  the  ex¬ 
cavated  space,  or  if  it  is  too  narrow  for  the  men  to  do  their 
work  comfortably,  one  of  the  walls  may  be  cut  into  and 
blasted  down  (Fig.  67),  so  that  the  men  always  stand  upon  a 


Fig.  67. 

this  loss  is  often  prevented  by 


Fig.  68. 

sheets  of  iron  while  the  lode  is  being  broken  down. 
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When  very  wide  lodes  come  to  be  worked,  recourse  is 
.  ^  often  had  to  special  methods.  The  great  lode 
wide  lofes  at  t^le  famous  Van  mine,  in  Montgomeryshire, 
is  sometimes  40  feet  in  width,  and  the  hanging 
wall  is  weak.  The  lode  is  stoped  away  overhand,  and  the 
cavities  packed  with  rubbish,  part  of  -which  is  derived  from 
the  lode  itself,  whilst  the  greater  portion  is 
supplied  from  a  special  quarry  at  the  surface. 
Fig.  68 1  explains  the  details  of  the  case.  A  is  the  original 
crosscut  (not  in  the  line  of  section)  by  which  the  lode  wTas 
reached,  B  is  the  flucan,  C  the  bastard  lode,  generally  worth¬ 
less,  E  the  main  lode,  H  permanent  levels,  and  K  ore-pass 
reserved  amidst  the  rubbish  (deads)  D,  I  pass  down  which 
rubbish  is  shot,  N  crosscut  connecting  the  level  H  with  P 
the  permanent  level  in  the  country . 

If  the  lode  is  not  firm  enough  to  allow  of  the  stopes  being 
carried  for  its  full  width,  the  crosscut  method  is  adopted ; 
the  workings  in  this  case,  instead  of  proceeding  along  the 
strike,  are  carried  across  the  deposit  from  one  wall  to  an¬ 
other. 

The  lode  is  removed  in  successive  'horizontal  slices,  A,  B, 
C,  D,  E,  and  for  each  slice  a  level  (L,  Fig.  69)  is  driven, 


Fig.  70. 

either  in  the  lode,  or  partly  or  entirely  in  the  country ; 
from  this  level  crosscuts  are  put  out  6  or  8  feet  wide,  as 
shown  in  the  plan  (Fig.  70).  These  are  regularly  timbered 
according  to  the  necessities  of  the  case,  and,  when  No.  1  is 
completed,  No.  2  is  begun,  and  the  rubbish  from  No.  2 
thrown  into  the  empty  space  of  No.  1  crosscut.  If  the  quan¬ 
tity  is  insufficient,  deads  are  brought  in  from  the  surface  or 
from  exploratory  workings  in  worthless  rock  in  the  neigh¬ 
borhood.  Sometimes  the  crosscuts  are  not  driven  side  by 
side,  but  1  and  5  would  be  driven  first,  leaving  2,  3,  and  4 
as  a  solid  pillar ;  then  3  would  be  worked  away,  and  finally 
2  and  4  between  the  timber  and  rubbish  on  each  side.  The 
greater  part  of  the  timber  can  be  recovered  when  the  next 
slice  above  is  taken  off,  as  the  props  are  put  in  with  the 
small  ends  downwards,  and  can  be  drawn  up  with  levers. 
M  (Fig.  69)  is  a  level  reserved  in  the  deads  for  traffic  and 
ventilation.  This  method  of  working  is  applicable  not  only 
to  lodes  but  also  to  irregular  masses. 

In  working  away  the  soft  “bonanzas”  or  ore  bodies  of  the 
,,  .  .  great  Comstock  lode,  which  are  from  10  to  30  or 

lode.S  even  40  or  50  feet  wide;  and  which  are  inclosed  in 

very  unstable  ground,  a  special  method  of  tim¬ 
bering  is  employed  (Figs.  71  and  72). 2  “  It  consists  in  fram¬ 
ing  timbers  together  in  rectangular  sets,  each  set  being 
composed  of  a  square  base 
placed  horizontally,  formed 
of  four  timbers,  sills,  and 
cross  pieces,  4  to  6  feet  long, 
framed  together,  surmount¬ 
ed  by  four  posts  6  to  7  feet 
high,  at  each  corner,  and 
capped  by  a  framework, 
similar  to  that  of  the  base. 

These  cap-pieces,  forming 
the  top  of  any  set,  are  at 
the  same  time  the  sills  or 
base  of  the  next  set  above, 
the  posts,  as  the  sets  rise 
one  above  the  other  in  the 
stope,  being  generally  placed 
in  position  directly  over 
those  below.”  “The  timbers 
are  usually  of  12-inch  stuff 
square-hewn  or  sawn.”  Each 
post  has  a  tenon  9  inches 
long  at  the  upper  end,  and 
a  tenon  of  2  inches  at  the 
lower  end,  which  fit  into 
mortises  in  the  cap  and  sill 

1  C.  Le  Neve  Foster,  “Notes  on  the  Van  Mine,”  Trans.  Roy. 
Geol.  Soc.  Cornwall,  vol.  x.  p.  41. 

!  James  D.  Hague,  United  States  Geological  Exploration  oj  the  For¬ 
tieth  Parallel,  vol,  id.,  “  Mining  Industry,”  p.  112. 


Fig.  72. 


respectively  ;  and  “the  sills  and  caps  have  short  tenons  on 
each  end  and  shoulders  cut  to  receive  the  ends  of  the  post 
and  the  horizontal  cross-pieces.”  The  walls  of  the  excava¬ 
tion  are  sustained  by 
a  lagging  of  3-inch  or 
4-inch  plank.  The 
whole  width  of  the 
ore  body  is  stoped 
away  at  once,  and  its 
place  supplied  by 
timbering,  and  final¬ 
ly  the  vacant  space  is 
filled  with  waste  rock 
derived  from  dead 
^IG>  73,  work  in  the  mine  or 

from  special  excavations, — underground  quarries  in  fact, — 
in  barren  ground.  The  stoping  is  carried  on  overhand, 
starting  from  an  intermediate  shaft  or  winze,  and  Fig.  73 
will  explain  how  the  different  frames  are  built  up  one  above 
the  other. 

Another  method  of  working  a  wide  lode  is  to  attack  it 
in  slices  parallel  to  the  dip,  working  away  each  slice  sepa¬ 
rately  as  if  it  were  a  lode  of 
ordinary  dimensions,  and  fill¬ 
ing  up  with  rubbish  (Fig.  74). 

We  now  come  to  beds  or 
seams.  The  mode  Worki 
of  working  the  0f  beds, 
most  important 
beds  that  occur  in  the  earth’s 
crust,  viz.,  coal  seams,  has  al¬ 
ready  been  described  in  the 
article  Coal  (vol.  vi.  p.  60  sq.), 
and  details  have  been  given 
concerning  the  removal  of  the 
mineral  by  pillar  working  and 
long-wall  working.  Both 
these  methods  are  applicable 
in  the  case  of  seams  of  other  minerals.  Such  for  instance 
are  the  beds  of  fire-clay  and  clay-ironstone  which  are 
wrought  by  both  the  processes  just  mentioned,  and  often  in 
connection  with  coal. 

Next  in  importance  to  coal  is  ironstone,  and  a  brief  ac¬ 
count  of  the  workings  in  the  Cleveland  district  will  ex¬ 
plain  the  manner  in  which  more  than  one-third  of  the  iron 
ore  raised  in  the  British  Isles  is  obtained  by  mining.  It 
resembles  the  “  bord  and  pillar  ”  system  used  for  working 
coal  in  Durham. 

The  Cleveland  ore  occurs  in  the  form  of  a  bed  from  6  to 
16  feet  thick  in  the  Middle  Lias,  lying  pretty 
level.  A  mainway  (Fig.  75)  is  driven  about  12  ironstone 
feet  wide  for  a  considerable  distance,  and  at  workings, 
right  angles  to  it  bords  are  driven  5  yards  wide 
for  a  length  of  30  yards,  and  then  at  right  angles  a  wall  7  or 
8  feet  wide  and  20  yards  long.  By  drivages  of  this  kind 
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Fig.  75. 

the  bed  is  cut  up  into  pillars  or  blocks  30  yards  long  by  20 
yards  wide.  The  pillars  are  subsequently  removed  in  the 
following  way.  A  place,  or  drift,  ah,  6  feet  wide,  is  driven 
across  the  pillar  10  yards  from  the  corner,  and  portions 
(lifts)  about  6  yards  wide  are  worked  away  in  the  order  1, 
2,  3.  After  No.  1  lift  has  been  removed,  the  timber  put  in 
to  support  the  roof  temporarily  is  withdrawn,  and  the  roof 
is  allowed  to  fall ;  No.  2  is  then  taken,  and  No.  3  in  tho 
same  way.  While  these  lifts  are  being  taken  out,  another 
place  cd  is  being  driven  across  the  pillar  10  yards  from  tho 
first,  and  the  pillar  removed  entirely  by  a  series  of  fresh  lifts. 

Fig.  76  represents  in  section  and  plan  the  chambers  and 
pillars  of  the  underground  gypsum  quarries  Gypsum 
which  supply  the  well-known  plaster  of  Paris  quarries, 
to  all  the  world.3  The  principal  bed  is  from 

3  Callon,  Lectures  on  Mining ,  vol.  ii.  plate  xii. 
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50  to  60  feet  in  thickness ;  pillars  are  left  10  feet  square  at 
the  base,  and  the  stalls  be¬ 
tween  them  are  16  feet  wide. 

The  workings  are  slightly 
arched,  and  are  not  carried 
up  to  the  roof,  for  the  pur¬ 
pose  of  better  maintaining 
the  security  of  the  cham¬ 
bers,  because  heavy  damages 
would  have  to  be  paid  if 
they  “caved  in”  and  ren¬ 
dered  the  surface  useless.  A 
similar  layer  left  for  the 
floor  prevents  creep  (see 
Coal,  vol.  vi.  p.  60),  and 
enables  the  underground 
roads  to  be  kept  in  good 
repair. 

Underground  slate  quarries  afford  examples  of  very 
Slate  various  methods  of  removing  thick  beds  of 

quarries.  mineral  of  comparatively  little  intrinsic  value. 

At  Angers  in  France,  where  the  beds  dip  at  a 
high  angle,  the  underground  workings  are  carried  on  like 
an  open  quarry  under  a  strong  roof  of  slate ;  the  floor  is 


Fig.  76. 


Open 

workings. 


Fig.  78.  Fig.  79. 

-A,  A,  pillars  of  slate ;  B,  B,  rubbish ;  C,  C,  slate  cham¬ 
bers.  Scale  5b\,5. 


continually  being  worked  away  in  steps,  and  an  immense 
open  chamber  is  left.  In  the  Festiniog  district  in  North 
Wales  the  principal  bed,  or  vein  as  it  is  called,  is  more  than 
100  feet  thick  in  places,  and  the  method  of  working  con¬ 
sists  in  making  alternate  pillars  and  chambers  each  30  feet 
to  50  feet  wide  along  the  strike  (cross-section  and  plan, 
(Figs.  77  and  78).  The  pillars  follow  lines  of  natural  cross- 
rending  PP',  which  commonly  make  an  angle  of  25°  to  35° 
with  the  direction  of  the  dip.  The  excavations  are  ar¬ 
ranged  in  regular  lines,  and  form  continuous  chambers  ex¬ 
tending  very  often  from  the  surface  to  the  very  lowest 
workings.  A,B,C,D  are  the  original  working  levels.  The 
slate  of  the  supporting  pillars  is  entirely  lost,  as  these  can¬ 
not  be  removed  with  safety.  This  method  of  working  re¬ 
quires  a  strong  roof.  In  the  Ardennes,  on  the  contrary,  the 
pillars  are  carried  along  indefinitely  along  the  strike  (Fig. 
79,  cross-section).  The  slate  in  each  longitudinal  chamber 
is  removed  in  slices  parallel  to  the  bedding,  and  the  men 
stand  upon  the  rubbish,  w'hich  finally  fills  up  the  chambers 
completely.  * 

Rock-salt  constitutes  another  important  mineral  which 
occurs  in  the  form  of  stratified  deposits.  The 
principal  source  of  Cheshire  salt  is  a  bed  84  feet 
thick  lying  horizontally ;  but  only  the  bottom 
part,  15  feet  to  18  feet  thick,  is  mined.  Pillars  10  yards 
square  are  left  promiscuously  about  25  yards  apart,  as  shown 
iu  Fig.  80,  which  represents  part  of  Marston  Hall  rock-salt 
mine.1  The  workings  are  advanced  by  making  in  the 
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Fig.  81. 


upper  part  an  excavation  5  feet  9  inches  high,  called  the 
roofing  (a,  Fig.  81);  and  then  the  lower  two-thirds  of  the 
part  worked  are  removed  by  blasting  slanting  holes.  Many 

'  Joseph  Dickinson,  “  Report  on  the  Salt  Districts,”  Reports  of 
the  Inspectors  of  Mines  for  the  year  1881,  p.  66. 


of  the  old  salt  mines  have  collapsed  from  weakness  of  the 
roof  or  insufficiency  of  the  pillars,  and  have  become  inun¬ 
dated  ;  the  brine  is  then  extracted  by  pumping  and  evapor¬ 
ated  for  salt. 

In  some  countries,  especially  when  the  beds  of  salt  are 
impure  or  much  mixed  with  clay  or  shale,  the  formation 
of  brine  is  conducted  regularly  by  making  a  network  of 
drivages  within  a  rectangular,  elliptical,  or  circular  area 
in  thick  beds  of  saliferous  marl,  and  then  introducing  fresh 
water  by  pipes,  so  as  to  form  underground  ponds  which 
gradually  dissolve  the  roof  and  sides.  The  brine  is  drawn 
off  and  either  pumped  up  or  conveyed  by  adits  to  the 
surface. 

A  few  words  remain  to  be  said  about  open  workings. 
Some  minerals  are  always  obtained  in  this  way ; 
others  are  worked  open  before  regular  under¬ 
ground  mining  begins;  and,  thirdly,  it  often 
happens  that  underground  and  surface  work  are  both  car¬ 
ried  on  simultaneously  on  the  same  deposit.  Among  de¬ 
posits  worked  open-cast  are  peat,  numerous  kinds  of  stone, 
iron  ore,  cupreous  pyrites,  lead  ore,  gold-  and  tin-bearing 
alluvia,  and  diamantiferous  rock. 

Owing  to  its  soft,  spongy,  and  fibrous  texture,  and  the 
fact  of  its  often  lying  below  the  water-level,  peat  has  to  be 
worked  in  a  special  manner.  Trenches  are  dug 
about  a  foot  deep  with  a  sharp  spade,  which  cuts 
out  sods  of  convenient  size  for  drying  and  burning. 
When  one  layer  has  been  removed  in  this  way, 
another  is  taken  off,  and  so  on.  If  water  is  reached 
the  working  can  still  be  pursued  by  using  the  long 
spade  ( grand  louchet,  France)  with  a  handle  of  16  or 
20  feet.  It  cuts  out  a  sod  3  or  4  feet  long  at  each 
thrust. 

When  a  deposit  is  more  or  less  solid  the  work¬ 
ings  are  frequently  arranged  in  steps,  the  height 
and  breadth  of  each  depending  upon  the  firmness  of 
the  rock. 

In  many  cases  the  first  work  consists  in  removing 
worthless  rock  at  the  surface  ( overburden ),  and  where 
the.  underlying  deposit  is  thick  or  very  valuable  it 
will  pay  to  remove  a  very  great  thickness  of  over¬ 
burden,  on  account  of  the  advantages  of  work¬ 
ing  a  deposit  open.  These  advantages  are — entire 
removal  of  the  deposit  without  loss  in  pillars,  no  ex¬ 
pense  for  timbering  or  for  packing  with 
rubbish  or  for  ventilating  or  lighting  the 
workings,  better  ventilation,  easier  super¬ 
vision,  longer  working  hours,  less  danger. 

As  an  example  of  a  large  open  working 
may  be  mentioned  the  great  Penrhyn  slate 
quarry  near  Bangor,  employing  about  3000 
hands,  and  worked  by  a  succession  of  ter¬ 
races  on  an  average  60  feet  high  by  30  feet 
wide  (Fig.  82).  Reference  has  already  been 
made  to  the  thick  lead-bearing  sandstone 
of  Mechernich,  which  is  in  part  worked  as 
an  open  quarry.  Mokta-el-Hadid,  near 
Bona  in  Algeria,  and  the  Rio  Tinto  mines  in  Spain,  afford 
instances  of  extensive  combined  open  and  underground 
workings  for  iron  ore  and  cupriferous  pyrites  respectively. 

Local  laws  regulating  the  size  of  the  working  areas,  or 
claims  owned  by  separate  individuals  or  com¬ 
panies,  considerably  affect  the  methods  of  work¬ 
ing.  This  is  especially  the  case  with  the  diamond 
deposits  of  South  Africa.  The  diamantiferous  rock  at  the 
celebrated  Kimberley  mine  (formerly  called  Colesberg 
Kopje)  occurs  in  the  shape  of  an  elliptical  upright  mass,  the 
greatest  length  being  about  330  yards  and  the  greatest 
breadth  about  200  yards.  The  superficial  area  is  about  9 
acres;  the  mass  extends  downwards  within  almost  per¬ 
pendicular  walls  of  shale,  and  is  worked  in  places  to  a 
depth  of  about  400  feet.  The  claims  are  only  31  feet 
square,  and  are  more  than  four  hundred  in  number, 
and  these  have  in  some  instances  been  subdivided 
into  portions  as  small  as  the  sixteenth  of  a  claim; 
but,  as  at  the  present  time  one  company  may  own 
very  many  claims,  the  number  of  individual  hold¬ 
ings  is  less  numerous  than  formerly  when  the  limit 
was  two  claims.  The  working  is  carried  on  verti¬ 
cally  downwards,  and,  as  the  claims  are  not  all  worked 
at  the  same  rate,  those  that  progress  most  rapidly 
are  surrounded  by  perpendicular  walls  of  neighbor¬ 
ing  claims.  The  shale,  or  reef ,  inclosing  the  deposit 
is  constantly  falling  into  the  huge  open  pit,  and  has 
to  be  cut  away  to  a  slope,  the  expense  of  this  work 
being  charged  to  the  claim-holders  generally  by  the  mining 
board.  The  diamantiferous  rock  is  extracted  by  innumer¬ 
able  wire-rope  inclines. 

We  have  already  referred  to  the  method  of  working  gold- 
bearing  alluvia  by  the  hydraulic  process,  which  has  ren- 
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dered  such  services  in  the  United  States  (Gold,  vol.  x. 
Evils  at-  P-  664).  At  the  same  time  one  must  not  be 
tending  by-  blind  to  the  evils  of  this  method  of  working, 
diaulie  which  have  at  last  necessitated  legislative 
mining.  interference.  Some  idea  of  the  extent  of  the  mis¬ 

chievous  results  of  hydraulic  mining  will  be  gathered  from 
the  statement  that  one  working  alone,  the  Gold  Eun  Ditch 
and  Mining  Company,  for  the  last  eight  years  has  been  dis¬ 
charging  4000  to  5000  cubic  yards  of  sand,  gravel,  and 
boulders  daily  for  a  period  of  five  months  each  year,  into  a 
tributary  of  the  Sacramento.  As  a  natural  consequence 
deposits  are  formed  lower  down  the  river,  obstructing  the 
navigable  channels,  rendering  overflows  more  frequent  and 
destructive,  and  causing  valuable  laud  to  be  destroyed  by 
deponTS  of  sand.  The  superior  court  of  Sacramento  county, 
California,  has  recently  decided  that  the  hydraulic  mining 
companies  must  build  dams  to  impound  the  coarse  and 
heavy  debris,  or  take  other  efficacious  means  to  prevent  their 
being  washed  down  the  rivers. 

8.  Carriage  or  Transport  of  Minerals  along  the 
Under-  Underground  Roads— After  the  mineral 
ground  lias  been  broken  down  in  a  deposit  it  is 
transport,  necessary  to  pick  out  any  barren  rock  and 
then  convey  to  the  surface  all  that  is  of  value. 

The  simplest  and  oldest  method  of  transport  along 
underground  roads  is  carriage  on  the  back, 
workers  by  an(l  this  method  may  still  be  seen  at  the 
present  day  even  in  countries  where  the  art 
of  mining  is  generally  highly  advanced.  Thus,  for 
instance,  in  the  little  slate  mines  near  Cochcm  on  the 
Moselle  men  and  lads  carry  up  all  the  blocks  of  slate 
upon  their  backs,  walking  upon  steps  cut  in  the  rock  ; 
they  come  up  with  their  hands  upon  the  ground  bent 
almost  double  under  the  weight  of  the  block,  which 
rests  upon  a  thick  pad.  Again,  the  blocks  of  slate  are 
still  carried  on  the  back  from  the  actual  working  place 
to  the  nearest  tram-road,  in  the  slate  mines  of  the 
Ardennes.  In  the  Sicilian  sulphur  mines  the  same 
method  is  common,  and  it  is  found  also  in  parts  of 
Spain  and  China,  where  baskets  are  used,  whilst  bags 
are  employed  in  Mexico  and  also  in  Japan.  Even  in 
England  the  system  still  survives  in  the  Forest  of 
Dean,  where  boys  carry  iron  ore  in  wooden  trays  from 
the  very  irregular  ore-producing  cavities  either  to  the 
surface  or  to  the  nearest  shaft. 

Sledges,  or  sleds ,  enable  greater  loads  to  be  trans¬ 
ported  ;  but  they  are  not  available  unless 
Sledges.  t]10  conVeyance  is  along  roads  sloping  down¬ 
wards.  They  have  been  largely  employed  in  coal 
mines,  and  are  still  resorted  to  in  some  collieries  for 
conveying  the  coal  from  the  working-place  to  the  nearest 
tram-road.  . 

We  next  come  to  wheeled  carriages.  The  simplest 
is  the  wheelbarrow.  The  barrow  used  in 
carriages  Cornwall  at  the  present  day  is  not  unlike 
that  figured  more  than  three  centuries  ago 
by  Agricola.  The  navvy’s  barrow  is  more  advanta- 

f'eous,  but  it  requires  a  wider  and  higher  level.  The 
arrow  runs  upon  the  natural  floor  of  the  level,  upon 
boards,  or  upon  thin  strips  of  iron.  Carts  drawn  by 
horses  may  be  used  in  large  underground  quarries. 
Excepting  in  special  cases  it  is  advisable  to  replace 
barrows  by  wagons  running  upon  rails.  The  oldest 
form  is  the  German  Hund.  It  consists  of  a  rectangu¬ 
lar  wooden  body,  with  four  wheels,  resting  upon  two 
boards  as  rails,  and  it  is  kept  on  the  track  by  a  pin 
which  runs  between  the  boards. 

Cast-iron  tram-plates  were  introduced  in  the  last 
century,  and  were  finally  succeeded  by  iron  rails,  which 
are  now  in  general  use,  though  steel  threatens  to  dis¬ 
place  iron  in  this  as  in  other  departments  of  mining. 
Various  forms  of  rail  are  employed.  The  simplest  is 
a  bar  of  iron  set  on  its  edge  in  transverse  sleepers, 
or  flat  iron  nailed  to  longitudinal  sleepers.  Small 
T-lieaded  and  bridge  rails  are  not  uncommon.  In  the 
Harz  the  rails  sometimes  lie  on  stone  sleepers  ;  a  hole 
is  bored  in  the  stone,  plugged  with  wood,  and  the  rail 
is  nailed  on.  The  gauge  varies  from  14  inches  to  3 
feet  or  more;  20  inches  to  22  inches  is  a  common 
gauge  in  metal  mines.  Arrangements  of  course  have 


to  be  made  for  passing  from  one  line  to  another  by 
•points ;  but  the  transference  is  frequently  best  effected 
cy  putting  down  fiat  plates  of  cast  iron,  upon  the 
smooth  surface  of  which  the  wagons  can  be  handled 
with  ease  and  turned  in  any  direction ;  raised  ledges 
guide  the  wheels  into  any  particular  track. 

The  form  and  size  of  the  wagons  running  upon  the 
rails  necessarily  vary  according  to  the  size  of  the  under¬ 
ground  roads  and  the  manner  in  which  the  mineral  is 
raised  in  the  shaft.  In  some  mines  the  practice  exists 
of  loading  the  mineral  in  the  level  into  an  iron  bucket 
(kibble)  standing  upon  a  trollei /,  which  is  merely  a 
small  platform  upon  wheels.  This  trolley  is  pushed 
(trammed)  to  the  shaft  •  the  full  kibble  is  hooked  on 
to  the  winding-rope  ana  drawn  up,  whilst  an  empty 
kibble  is  placed  upon  the  trolley  and  trammed  back 
along  the  level,  where  it  is  again  loaded  from  a  shoot 
(mill,  pass)  or  by  the  shovel.  The  usual  plan,  how¬ 
ever,  is  to  have  a  wagon,  which  is  tipped  on  coming 
to  an  enlargement  of  the  shaft  (plat,  lodge)  where  the 
level  joins  it.  These  wagons  may  be  made  of  wood 
or  sheet-iron,  and  of  late  years  sheet-steel  for  the  body 
and  cast-steel  for  the  wheels  have  been  coming  into 
favor. 

The  most  modern  system  in  metal  mines  is  to  imi¬ 
tate  collieries,  and  use  wagons  which  are  drawn  up  in 
cages.  Fig.  83  represents  the  plain  but  strong  wagon 

of  the  Van  mines,  consist¬ 
ing  of  a  rectangular  body 
of  sheet-iron  resting  on  an 
oak  frame,  and  provided 
with  cast-steel  wheels.  The 
wheels  are  loose  upon  the 
axles,  which  themselves 
run  loose  in  the  pedestals. 
The  wagon  is  emptied  by 
being  run  on  to  a  “tip¬ 
pler,”  which  enables  it  to  be  completely  overturned 
with  great  ease.  A  commoner  plan  is  to  construct  the 
wagon  with  a  hinged  door  at  one  end,  and  the  contents 
are  discharged  by  opening  this  door  and  raising  the 
body. 

The  motive  power  for  tramming  wagons  along  the  levels 
of  metal  mines  is  generally  supplied  by  men  or  hoys, 
though,  where  large  quantities  have  to  be  extracted,  and 
where  the  roads  are  favorable,  recourse  may  be  had  to 
ponies  and  horses  and  the  various  kinds  of  mechanical 
haulage  described  in  Coal,  vol.  vi.  p.  64. 

Trains  of  cars  are  sometimes  drawn  along  underground 
railways  by  locomotives ;  they  have  the  great  disadvantage 
of  polluting  the  air  with  the  products  of  combustion,  and 
consequently  they  are  not  available  unless  the  ventilation 
is  very  good.  A  small  locomotive  of  2  horse-power  nominal 
is  used  on  an  181-inch  track  in  the  adit-level  of  the  Great 
Laxey  mine  (Isle  of  Man),  now  approaching  a  mile  in  length, 
and  full-sized  locomotives  ply  along  the  adit  of  the  Rio 
Tinto  mines.  Locomotives  worked  by  compressed  air  im¬ 
prove  the  ventilation  instead  of  injuring  it,  and  are  not  a 
source  of  danger  in  cases  where  fire-damp  may  be  present ; 
but,  except  in  special  cases,  they  cannot  be  worked  so 
cheaply  as  engines  fired  with  coal.  Conveyance  by  electric 
railroads  underground  has  hardly  gone  beyond  the  experi¬ 
mental  stage,  but  the  results  obtained  at  the  Zaukeroda 
colliery  in  Saxony1  show  that  electricity  can  be  applied 
with  profit  in  this  department  of  mining. 

A  few  instances  of  transport  by  boats  may  still  be  met  with. 
The  boats  used  in  the  underground  canal  at  R 

Klausthal  are  31  feet  long  by  4  feet  6  inches 
wide,  and  2  feet  11  inches  deep.  Each  boat  carries  5  or  6 
tons. 

Where  roads  have  a  strong  gradient,  inclined  planes  are 
employed,  either  self-acting  if  the  mineral  has  to  be  lowered, 
or  worked  by  stationary  engines  if  the  mineral  has  to  be 
raised  (see  Coal,  vol.  vi.  p.  65). 

9.  Winding,  or  Raising  in  the  Shafts ,  with  the  Ma¬ 
chinery  and  Apparatus  required.  — In  speak-  ^ indin  r 

ing  of  the  transport  by  underground  roads, 
we  mentioned  that  the  mineral  is  occasionally  brought 
to  the  surface  on  the  backs  of  men  or  boys.  In  other 
cases  daylight  is  reached  by  adit-levels  provided  with 

1  Jahrbuch  fur  das  Berg -  und  Huttenwesen  im  Konigreiche  Sachsen 
auf  das  Jahr  1883,  p.  50. 
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railroads ;  but  in  by  far  tbe  greater  number  of  mines 
it  is  necessary  to  hoist  the  mineral,  and  often  much 
rubbish,  up  vertical  or  inclined  pits  generally  known 
as  shafts. 

In  beginning  to  sink  a  shaft  from  the  surface,  or  in 
sinking  a  winze,  hand-power  applied  by  a  windlass  is 
sufficient.  The  broken  rock  at  the  bottom  of  the  shaft 
is  shovelled  into  a  wooden  or  iron  bucket  (kibble), 
which  is  drawn  up  by  a  rope  passing  round  the  barrel 
of  the  windlass.  When  a  depth  of  20  or  30  yards  has 
been  reached  it  is  more  advantageous  to  introduce 
horse-power,  and  the  usual  machine  by  which  this 
power  is  applied,  called  a  gin  or  horse-wliim,  is  a  com¬ 
mon  sight  in  many  metalliferous  districts.  It  consists 
of  a  vertical  axis  carrying  a  barrel  or  drum  8  to  12  feet 
in  diameter,  round  which  is  coiled  the  rope,  which 
after  passing  over  a  pulley  hangs  down  the  shaft. 
The  axis  carries  an  iron  pin  at  each  end,  the  lower  one 
working  in  a  stone  and  the  upper  one  in  a  socket  in 
the  span-beam  or  cross-bar  of  the  supporting  frame. 
Under  the  barrel  is  a  long  driving  beam  to  which  a 
horse  is  harnessed,  and,  as  will  be  readily  understood, 
the  kibble  is  drawn  up  or  lowered  down  as  the  horse 
walks  round.  It  is  most  economical  to  have  two  kib¬ 
bles,  for  then  they  balance  each  other. 

Where  steam  and  water-power  are  not  available,  a 
large  number  of  horses  or  mules  are  sometimes  har¬ 
nessed  to  whims,  and  ore  raised  from  depths  of  200 
fathoms.  These,  however,  are  exceptional  cases ;  and, 
especially  since  the  introduction  of  portable  engines, 
the  use  of  steam-power  even  for  comparatively  small 
depths,  such  as  100  yards,  is  daily  increasing.  In  hilly 
districts  water-power  is  generally  at  hand,  and  huge 
reservoirs  are  frequently  constructed  for  storing  the 
rainfall,  and  so  affording  an  adequate  and  constant 
supply.  It  may  be  utilized  by  water-wheels,  turbines, 
and  water-pressure  engines. 

There  are  three  systems  of  winding  by  steam  or 
water-power  which  are  in  regular  use:  (1)  by. buck¬ 
ets  (kibbles),  baskets,  or  bags  swinging  loose  in  the 
shafts;  (2)  by  boxes  working,  between  guides  (skips, 
Cornwall) ;  (3)  by  cages  carrying  one  or  more  wagons. 

The  buckets  are  made  of  wood,  sheet-iron,  or  sheet-steel, 
•p  .  .  Their  shape  varies ;  it  may  be  round  or  ellip- 
uc  e  s.  tical,  straight  in  the  side  or 
bulging  in  the  middle.  Fig.  84  repre¬ 
sents  a  kibble  made  of  sheet-iron.  When 
the  shaft  is  inclined,  the  side  upon  which 
the  kibble  slides  is  carefully  lined  with 
boards  ( bed-planks )  resting  upon  cross¬ 
sleepers.  Planks  of  hard  wood  like 
beech  last  longer  and  require  fewer  re¬ 
pairs  than  deal  boards.  In  the  Harz, 
poles  fixed  lengthwise  take  the  place  of 
boards,  which  are  customary  in  Great 
Britain.  Even  where  shafts  are  perpen¬ 
dicular  a  lining  of  planks  is  often  put  in 
round  the  winding  compartment,  unless 
the  space  is  considerable,  and  the  kibble 
then  glides  up  smoothly,  and  there  is  less 
risk  of  accidents.  A  more  modern  system  Fig.  84. 
is  to  use  wire-rope  guides  for  the  kibble, 
which  is  thus  kept  from  swinging  about.  Another  advan¬ 
tage  of  this  plan  is  that  a  light  cage  can  easily  be  substituted 
for  the  kibble  and  used  for  the  ascent  and  descent  of  the 
men.  Mr.  Galloway  has  patented  a  method  of  sinking 
shafts  with  wire-rope  guides,  the  upper  ends  of  which  are 
coiled  upon  drums  at  the  surface.  By  adopting  this  expe¬ 
dient  the  guides  can  be  lengthened  as  the  shaft  is  deep¬ 
ened. 

A  word  must  be  said  about  the  actual  loading  and  empty¬ 
ing  of  the  kibble.  Sometimes,  as  already  mentioned,  the 
kibble  is  filled  at  the  working-place  or  from  a  shoot  (pass, 
Cornwall)  carried  down  into  the  level,  and  then  conveyed 
on  a  trolley  to  the  shaft,  where  it  is  hooked  on  to  the  rope 
and  drawn  up.  More  frequently  the  filler  standing  in  the 
plat  loads  the  kibble  with  a  shovel ;  and  in  order  to  save 
time  two  kibbles  are  often  provided,  one  being  filled  while 
the  other  is  making  the  journey  to  and  from  the  surface. 
In  this  case  it  is  necessary  to  have  some  kind  of  clevis,  which 
will  enable  the  kibble  to  be  readily  detached  from  the  wind¬ 
ing-rope,  and  quickly  and  securely  fastened  on  again.  On 
its  arriving  at  the  surface  the  lander  seizes  an  eye  or  ring 


at  the  bottom  of  the  kibble  by  a  pair  of  tongs  suspended  by 
a  chain,  and  the  rope  is  now  lowered.  The  kibble  is  thus 
turned. over  and  the  contents  fall  into  a  tram-wagon. 

The  inconveniences  of  this  method  qf  winding  are  con¬ 
siderable,  especially  in  inclined  shafts  where  the  direction 
and  amount  of  the  inclination  are  not  constant.  There  is 
great  wear  and  tear  of  the  bed-plank  and  casing-boards; 
and,  unless  constant  attention  is  paid  to  repairs,  places  are 
worn  out  where  the  kibble  catches,  causing  the  rope  to 
break.  The  fall  of  a  kibble  and  its  contents  not  only  does 
much  damage  to  the  shaft,  but  also  is  a  source  of  danger  to 
the  men.  The  introduction  of  boxes  (skips) 
working  between  guides  or  conductors  was  -kips, 

therefore  a  decided  step  in  advance,  for  the  system  allows 
the  winding  to  be  carried  on  with  less  friction  and  with 
greater  rapidity  and  safety.  The  guides  are  often  made  of 
pieces  of  timber  (like  r,  Fig.  53)  bolted  to  the  end-pieces 
and  dividings.  It  is  only  in  perpendicular  shafts  that 
guides  made  of  wire-rope  or  iron  rods  can  be  applied.  The 
skip  is  a  box  of  rectangular  section  made  of  sheet-iron  or 
sheet-steel,  with  a  sloping  bottom,  and  provided  with  a 
hinged  door  closed  by  a  bolt  for  discharging  its  contents. 
Fig.  85*  shows  how  the  skip  runs  upon  the  guides  by  means 


of  four  cast-iron  or  (better)  cast-steel  wheels.  In  an  in¬ 
clined  shaft  the  guides  sometimes  have  iron  rails  laid  on 
them  so  as  to  diminish  the  wear.  Some  of  the  skips  in 
Cornwall  are  made  to  hold  as  much  as  a  ton  and  a  half  of 
tin-bearing  rock.  The  skip  is  filled  with  a  shovel  by  a  man 
standing  in  the  plat,  but  a  better  plan  is  to  arrange  shoots 
leading  from  large  hoppers,  so  that  the  ere  can  be  made  to 
run  in  without  any  shovelling.  The  skip  is  sometimes  tilted 
completely  over  instead  of  being  emptied  by  a  hinged 
door;  this  arrangement  is  in  use  in  some  of  the  German 
mines,  where  the  skip  is  made  of  wood,  and  is  guided  on 
each  side  by  two  pins  or  rollers  running  between  two  con¬ 
ductors.  When  the  skip  has  reached  the  surface  two 
catches  are  made  to  support  the  lower  rollers,  whilst  the 
upper  ones  pass  through  openings  in  the  front  guides,  and 
the  skip,  turning  upon  the  lower  ones,  is  tipped  over  and 
so  emptied. 

The  most  satisfactory  system  of  winding  is  by  cages; 
there  is  less  handling  of  the  mineral,  and  the  Cage, 

hoisting  proceeds  at  far  greater  speed.  This 
system,  which  is  almost  universal  in  collieries,  is  employed 
also  for  working  deposits  of  other  minerals,  and,  though 
in  vein-mining  the  skip  and  kibble  still  prevail  in  England, 
the  managers  are  beginning  to  recognize  the  advantages  of 


i 


1  Moissenet,  Annates  des  Mines,  ser.  6,  vol.  ii.,  1862,  plate  vii. 
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the  cage  and  equip  their  mines  with  more  modern  appli- 

f.n'ees  than  have  hitherto  been  customary.  The  cages  used 
n  the  mines  on  the  Comstock  lode  are  very  light  and  sim¬ 
ple  in  construction,  as  will  be  seen  from  Fig.  86.  The  cage 
In  fact  is  a  mere  timber  platform,  5  feet  by  4,  resting  on  iron 


r  \« 


Fig.  86.— Cage  used  in  Comstock  Lode. 

bars  p,  and  supported  by  iron  rods  on  each  side.  It  is  pro¬ 
vided  with  a  sheet-iron  bonnet  to  protect  the  men  if  they 
are  inside,  and  also  with  safety  catches  t,  t,  which  come  into 
play  if  the  rope  breaks.  The  hand  levers  Tc,  h  at  the  ends 
of  the  cage  raise  up  blocks  which  keep  the  car  in  its  place 
during  the  ascent  or  descent ;  g,  g  are  guides  for  the  end  of 
the  crossbar  b ;  c,  bar  working  teeth  t,  t  by  levers ;  f,  “  ear” 
or  “shoe”  embracing  the  guide-rod  in  shaft;  r,  lifting  bar; 
s,  strong  spring. 

The  most  important  details  concerning  the  use  of  cages, 
ropes,  and  other  hoisting  appliances  such  as  pulleys,  pulley- 
frames,  detaching  hooks,  and  winding  engines,  have  already 
been  set  forth  in  the  article  Coal,  vol.  vi.  p.  69;  and  it  is 
therefore  needless  to  repeat  these  particulars,  especially  as 
the  art  of  winding  mineral  cheaply,  speedily,  and  safely 
has  been  carried  to  a  far  greater  pitch  of  perfection  in  col¬ 
lieries  than  in  the  majority  of  metal  mines.  It  is  often 
convenient  to  fix  winding  engines  underground  for  the 
purpose  of  sinking  shafts  and  winzes,  and  drive  them  by 
compressed  air  brought  down  in  pipes  from  the  surface. 

The  Koepe  system  of  winding,  which  appears  to,be  viewed 
with  favor  on  the  Continent,  consists  in  having 
Koepe  what  is  practically  an  endless  rope  with  one 
Bystem.  large  sheave  over  the  shaft,  in  the  place  of  the 
two  drums.  There  are  two  cages,  and  the  rope  below  them 
acts  as  a  counterbalance,  so  that  the  load  is  uniform  through¬ 
out. 

The  most  novel  hoisting  apparatus  is  that  of  M.  Blanchet 
(Coal,  vol.  vi.  p.  71),  which  has  now  been  regu- 
Blanchet's  iar]y  at  work  in  the  Hottinguer  shaft  at  Epinac 
in  France  for  the  last  six  years.  M.  Blauchet’s 
method  consists  in  fixing  in  the  shaft  a  large  pipe  in  which 
is  arranged  a  piston ;  from  this  is  suspended  a  cage  carry¬ 
ing  wagons.  By  exhausting  the  air  above  the  piston  the 
load  is  gradually  forced  up  by  the  atmospheric  pressure 
below  it.  The  Hottinguer  shaft  is  660  yards  deep,  and  the 
pipe  is  5  feet  3  inches  in  diameter,  made  up  of  a  succession 
of  cylinders  of  sheet  iron  about  -fy  inch  thick  and  4  feet  4 
inches  high,  joined  by  flanges  and  bolts.  The  485  rings 
composing  the  long  pipe  weigh  altogether  418  statute  tons. 
The  cage  has  nine  decks,  and  arrangements  are  made  for 
unloading  three  at  a  time ;  each  wagon  holds  half  a  ton,  so 
that  the  total  useful  load  is  44  tons.  The  speed  of  hoisting 
is  20  feet  per  second.  If  two  hoisting  pipes  are  connected 
the  dead  weights  may  be  made  to  balance  each  other,  and 
the  power  required  is  simply  that  which  is  necessary  to 
overcome  the  weight  of  the  useful  load.  All  the  men  prefer 
the  pneumatic  hoist  to  the  ordinary  cage  for  descending  and 
ascending  the  mine,  and  are  regularly  lowered  and  raised 
by  it.  The  advantages  claimed  by  M.  Blanchet  for  this  system 
are — (1)  the  possibility  of  hoisting  from  depths  at  which 


rope-winding  would  no  longer  be  practicable ;  (2)  getting  rid 
of  the  costly  ropesand  dangers  connected  with  rope-winding ; 
(3)  better  utilization  of  the  engine  power;  (4)  improvement 
of  the  ventilation  and  diminution  of  the  amount  of  fire¬ 
damp. 

10.  Drainage. — The  mineral  having  been 
raised  to  the  surface,  the  task  of  the  miner 
might  appear  to  be  at  an  end  ;  but  this  is  not 
the  case,  for  it  is  further  necessary  that  he 
should  keep  his  mine  free  from  water  and  foul 
air.  These  two  indispensable  operations  of 
draining  and  ventilating  frequently  require  spe¬ 
cial  appliances  which  add  considerably  to  the 
general  cost  of  mining. 

In  all  cases  where  it  is  possible,  endeavors 
should  be  made  t  o  keep  the  water  out  Drain 
of  a  mine,  so  as  to  save  the  expense 
of  pumping  it ;  and  the  method  of  putting  in  a 
watertight  lining  ( tubbing )  in  a  shaft  has  been 
already  described  (Coal,  vol.  vi.  p.  59).  When 
large  streams  of  water  happen  to  be  intersected 
by  underground  workings,  and  threaten  to  over¬ 
power  the  available  pumping  machinery,  or 
when  it  is  advisable  to  save  the  expense  of 
draining  abandoned  workings,  the  entry  of  this 
water  into  the  mine  may  often  be  prevented  by 
stoppings,  called  dams,  constructed  of  timber  or 
brickwork. 

In  spite  of  all  precautions,  the  miner  gener¬ 
ally  has  to  contend  with  water  which  percolates 
into  the  workings.  Four  methods  of  getting 
rid  of  this  water  are  available,  viz.,  adits, 
siphons,  winding  machinery,  and  pumps. 

An  adit,  day-level,  or  sough  is  a  nearly  horizontal 
tunnel  with  one  end  opening  at  the  surface,  Adits 
allowing  the  water  to  drain  away  naturally. 

In  hilly  countries  mines  are  often  worked  entirely  by 
adits,  and  even  when  a  mine  is  deepened  below  the 
drainage  level  the  utility  of  the  adit  is  still  threefold  : 
it  lessens  the  quantity  of  water  which  tends  to  percolate 
into  the  lower  workings ;  it  lessens  the  depths  to  which 
the  water  has  to  be  pumped  ;  and,  by  furnishing  a 
certain  amount  of  fall,  it  enables  water  to  be  applied 
as  power.  On  account  of  these  important  advantages 
some  very  long  and  costly  adits  have  been  driyen  for 
the  purpose  of  aiding  the  miners  in  certain  metalliferous 
districts. 

Thus  in  the  Harz  the  Ernest  Augustus  adit  (“Ernst 
August  Stolln  ”)  lias  been  driven  a  distance  of  nearly  6 £ 
miles  into  the  Klausthal  district.  The  total  length  of  the 
adit,  including  the  branches,  is  no  less  than  14  miles.  It 
intersects  many  of  the  lodes  at  a  depth  of  upwards  of  400 
yards  from  the  surface.  The  total  cost  of  this  adit  is  esti¬ 
mated  at  £85,500. 

Another  long  adit  is  the  celebrated  “  Rothsclionberger 
Stolln,”  which  unwaters  some  of  the  most  important  mines 
at  Freiberg  in  Saxony.  The  length  of  the  main  or  trunk 
adit  is  more  than  8i  miles;  the  gradient  of  the  greater  part 
of  it  is  only  1.18  inch  in  100  yards.  The  branches  of  this 
adit  among  the  mines  are  more  than  16  miles  in  length,  so 
that  the  total  length  of  the  main  adit  with  its  branches 
amounts  to  nearly  25  miles.  Many  of  the  mines  are  now 
drained  naturally  to  a  depth  of  250  to  300  yards.  The  cost 
of  the  main  tunnel  was  £359,334,  or  nearly  £24  per  yard, 
but  this  includes  the  cost  of  eight  shafts,  heavy  expenses  for 
pumping  from  these  shafts,  the  walling  of  the  adit  for  J  mile, 
and  all  general  expenses.  The  length  of  time  occupied  in 
driving  this  adit  was  thirty-three  years.  The  “  Kaiser 
Josef  II.  Erhstolln  ”  in  Hungary  is  another  remarkable 
mining  tunnel,  which  was  commenced  in  1782,  and  com¬ 
pleted  in  1878  at  a  total  cost  of  4,599,000  florins.  It  is  101 
miles  in  length,  extending  from  the  valley  of  the  river 
Gran  to  the  town  of  Scheinnitz,  where  it  intersects  the  lodes 
at  depths  varying  from  300  to  600  yards  according  to  the 
contour  of  the  surface. 

In  Cornwall  the  Great  County  adit  was  driven  for  the 
purpose  of  relieving  the  Gwennap  mines  of  their  water, 
and  it  was  pushed  on  nearly  to  Redruth.  This  adit  differs 
from  the  great  works  undertaken  in  Germany  by  the  fact 
that  it  commences  in  the  mining  district,  and  though  the 
length  of  all  the  drivages  amounts  to  more  than  30  miles, 
the  water  from  the  most  distant  mine  does  not  run  more 
than  about  6  miles  before  reaching  daylight.  The  average 
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depth  is  only  70  or  80  yards  from  the  surface.  In  fact  this 
great  adit,  though  a  work  of  great  utility,  when  the  Gwen- 
nap  district  was  in  a  flourishing  condition,  is  merely  a  net¬ 
work  of  comparatively  shallow  drivages,  often  along  the 
lodes  themselves,  among  the  mines,  and  therefore  for  bold¬ 
ness  of  execution  cannot  for  one  moment  be  compared  to 
the  great  Schemnitz,  Freiberg,  and  Klausthal  drainage 
tunnels  which  have  just  been  mentioned.  The  Blackett 
Level  in  Northumberland  is  an  adit  which  has  been  driven 
a  distance  of  about  4f  miles,  and  it  will  have  to  be  extended 
about  2  miles  further  before  reaching  Allenheads.  Its  depth 
from  the  surface  at  this  place  will  be  about  200  yards. 

The  main  part  of  the  Halkyn  tunnel  in  Flintshire  is  2 
miles  1256  yards  in  length,  and  the  branch  driven  out  to 
Rhosesmor  mine  intersected  the  vein  at  a  distance  of  809 
yards,  making  a  total  of  about  3  J  miles.  The  greatest  depth 
from  the  surface  is  230  yards,  and  the  average  depth  in 
Halkyn  Mountain  about  215  yards.  The  length  and  depth 
of  this  adit  are  not  remarkable ;  but  the  great  quantity  of 
water  discharged  is  a  point  of  considerable  interest  and 
importance.  It  is  estimated  that  this  adit  is  now  discharging 
15  million  gallons  or  66,000  tons  of  water  in  twenty-four 
hours,  although  the  outflow  is  purely  natural,  for  no  mines 
are  pumping  water  into  it.  It  is  now  easy  to  understand 
that  the  Rhosesmor  mine,  though  provided  with  powerful 
pumping  machinery,  was  unable  to  cope  with  the  springs  it 
encountered. 

In  the  United  States  the  famous  Sutro  tunnel  is  an  adit 
of  which  the  main  branch,  4  miles  in  length,  reaches  the 
great  Comstock  lode  in  Nevada  at  a  depth  of  1700  feet.  The 
total  cost  of  this  tunnel,  which  was  completed  in  nine  years, 
is  estimated  to  have  been  $7,000,000.  The  quantity  of  water 
running  out  daily  in  1879  was  12,000  tons,  at  a  temperature 
of  123°  Fahr.  at  the  mouth  of  the  tunnel.  All  this  water 
must  otherwise  have  been  pumped  to  the  surface  at  a  cost 
estimated  at  $3000  a  day.  The  obstacles  to  progress  were 
very  great :  not  only  was  the  heat  extreme,  but  swelling 
ground  was  encountered  which  snapped  the  strongest  tim¬ 
ber.  Thanks,  however,  to  the  untiring  energy  of  Mr. 
Adolph  Sutro,  the  difficulties  were  at  last  successfully  over¬ 
come,  and  this  great  work  will  long  remain  as  a  monument 
to  his  foresight,  skill,  and  patient  pertinacity. 

The  Atlantic-Pacific  tunnel,1  which  was  commenced  in 
1880,  will  pierce  the  heart  of  the  Rocky  Mountains  under 
Gray’s  Peak,  Colorado.  It  is  being  driven  from  both  sides 
of  the  watershed,  and  will  have  a  total  length  of  4|  miles 
from  end  to  end. 


machin¬ 
ery. 


Siphons  have  been  used  for  unwatering  workings  in 
special  cases  ;  hut  of  course  they  will  not 
Sip  ons.  act  un]egs  tjie  'barrier  over  which  the  water 
is  raised  is  very  decidedly  less  than  33  feet. 

When  workings  cannot  be  drained  by  tunnels  or 
siphons  it  is  necessary  to  raise  the  water 
Winding  mechanically,  either  to  the  surface  or  at  all 
events  to  an  adit  through  which  it  can  flow 
away  naturally.  If  the  amount  of  water  is 
not  too  considerable,  it  is  often  convenient  to  use  the 
winding  machinery  and  draw  up  the  water  in  special 
buckets  ( water-barrels )  or  tanks.  The  bucket  may  be 
tilted  over  on  reaching  the  surface,  or  it  may  be  emptied 
by  a  valve  at  the  bottom.  This  means  of  raising  water 
is  often  adopted  while  sinking  shafts,  when  it  may  be 
desirable  to  wait  till  the  whole  or  a  portion  of  the  shaft 
is  completed  before  putting  in  the  final  pumping 
machinery. 

The  varieties  of  pumps  used  in  mines  are  numerous. 

In  small  sinkings  hand -pumps,  either 
Pumps.  direct-acting  or  rotary,  may  be  applied ; 
steam-jet  pumps  on  the  principle  of  the  Giffard  injec¬ 
tors  are  also  used ;  and  pulsometers,  though  requiring 
a  large  expenditure  of  steam,  have  the  advantages  of 
being  quickly  fixed,  of  occupying  little  space,  and  of 
working  with  sandy  or  muddy  water.  They  are  capa¬ 
ble,  therefore,  of  rendering  great  services  in  special 
cases.  When  we  come  to  the  definitive  machinery 
erected  in  large  mines  of  considerable  depth,  we  find 
that  the  prevailing  types  of  pumps  are  few.  They 
may  be  classified  as  follows:  (A)  lifting  and  force 
pumps  worked  by  rods  in  the  shaft  actuated  by  wind, 
water,  or  steam-power  ;  (B)  force-pumps  at  the  bottom 
of  the  shaft  worked  by  steam,  compressed-air,  or 
hydraulic  pressure. 


1  Mining  and  Scientific  Frees,  San  Francisco,  1882,  vol,  xlv.  p.  241. 


A.  In  describing  the  first  method  we  have  to  consider 
the  motive  power,  the  rods,  and  the  actual  pumps  them¬ 
selves. 

Windmills  have  the  disadvantage,  which  is  often  fatal, 
that  the  power  is  not  constant.  By  erecting  an  auxiliary 
steam-engine,  which  can  be  set  to  work  if  wind  fails,  this 
evil  is  overcome ;  and  at  the  Mona  Mines  in  Anglesea  a 
windmill  pumps  up  water  from  a  depth  of  80  fathoms  at 
the  rate  of  upwards  of  90  gallons  per  minute.  As  the  site 
of  the  mine  is  breezy,  there  is  wind  enough  to  work  the 
mill  about  one-half  of  the  time. 

Water-power  was  for  a  long  period  the  principal  agent 
employed  in  draining  mines,  and  it  is  still  of  the  greatest 
utility  in  many  districts,  reservoirs  being  constructed  to 
collect  and  store  the  rainfall.  Some  idea  of  the  scale  upon 
which  these  works  are  conducted  will  be  gathered  from  the 
following  figures  relating  to  the  Harz  mines.  In  1868  there 
were  “  sixty-seven  reservoirs  covering  an  area  of  604  acres, 
and  having  a  storage  capacity  of  336,000,000  cubic  feet.” 5 
The  total  length  of  the  various  leats,  races,  and  other  water¬ 
courses,  including  the  six  principal  adits,  is  about  170  stat¬ 
ute  miles.  The  net  power  extracted  is  reckoned  at  1870 
horse-power,  but  less  than  one-fourth  of  this  is  used  for 
pumping. 

Water-power  is  applied  to  pumping  machinery  by  water¬ 
wheels,  turbines,  and  rotary  or  non-rotary  water-pressure 
engines.  Excepting  the  case  of  the  latter,  the  rotary  motion 
has  to  be  converted  into  a  reciprocating  motion  by  a  crank ; 
and  furthermore  with  turbines  the  speed  must  be  reduced 
very  considerably  by  intermediate  gearing. 

Overshot  wheels  are  the  commonest  prime  movers  when 
pumps  are  worked  by  water-power ;  water-wheels  are  fre¬ 
quently  constructed  40  or  50  feet  in  diameter,  and  at  the 
Great  Laxey  mine,  in  the  Isle  of  Man,  one  of  the  wheels  is 
no  less  than  72  feet  6  inches  in  diameter  and  6  feet  in  the 
breast.  The  power  is  conveyed  from  the  water-wheel  by  a 
connecting  rod  to  a  bell-crank  (bob)  placed  over  the  shaft; 
and  when,  owing  to  the  contour  of  the  ground,  the  wheel 
has  to  be  plaeed  at  a  distance,  it  is  connected  to  the  bob  by 
the  so-called  flat  rods,  made  of  wood,  bars  of  iron,  or  wire- 
rope,  travelling  backwards  and  forwards,  and  supported  by 
pulleys  or  oscillating  upright  beams. 

Water-pressure  engines  have  the  advantage  of  being  able 
at  once  to  utilize  any  amount  of  fall,  and  those  which  are 
direct-acting  can  be  applied  immediately  to  the  main  rod 
of  the  pumps. 

Steam,  however,  is  the  power  used  par  excellence  in  drain¬ 
ing  mines;  indeed  the  first  applications  of  steam-power 
were  made  for  this  purpose,  and  Watt’s  great  inventions 
owed  their  birth  to  the  necessities  of  mines  which  could  no 
longer  be  drained  by  the  water-power  at  their  command. 

The  principal  type  of  engine  is  that  known  as  the  Cornish 
engine,  which  is  a  single-acting  condensing 
beam  engine  working  expansively.  Its  mode  enSne 
of  action  may  be  briefly  described  as  follows. 

The  steam  is  let  in  at  the  top  of  the  cylinder  and  presses 
down  the  piston,  which  is  connected  with  one  end  of  a  large 
beam,  whilst  the  main  rod  of  the  pumps  is  attached  to  the 
other.  When  the  piston  has  completed  its  course  the  equi¬ 
librium  valve  is  opened  by  a  cataract,  and,  the  pressure  on 
both  sides  of  the  piston  being  now  equal,  the  weight  of  the 
pump  rods,  or  rather  the  excess  of  their  weight  over  that 
of  the  counterbalances,  causes  them  to  drop  and  force  up 
the  water  from  the  mine  by  means  of  the  plungers,  which 
will  be  described  immediately.  Double-acting  rotary  en¬ 
gines  working  the  pumps  by  Cranks  may  also  be  met 
with; 

The  rod  in  the  shaft,  known  as  the  main  rod  or  spear  rod, 
is  usually  made  of  strong  balks  of  timber  butted  together 
and  connected  by  strapping  plates  fastened  by  bolts.  It 
serves  to  work  either  lifting-pumps  or  force-pumps,  or  both. 

The  lifting-pump,  or  drawing  lift  (Fig.  87), 3  consists  of 
the  windbore,  the  clack-piece,  the  clack-seat  piece,  the 
working  barrel  surmounted  by  pumps,  and  the  bucket  with 
its  rod.  The  whole  works  like  any  ordinary  pump,  and 
needs  no  special  explanation. 

The  force-pump  used  in  mines,  known  as  the  plunger- 
pump,  consists  of  a  solid  piston  ( plunger )  (Fig.  88) 3  work¬ 
ing  through  a  stuffing-box  in  a  pump  standing  on  the  H- 
piece.  This  has  a  valve  which  communicates  with  the 
windbore  resting  in  the  cistern.  Above  the  H-piece  comes 
the  door-piece  with  another  valve,  and  then  a  series  of 
pipes,  generally  of  cast  iron,  but  occasionally  of  wrought 
iron,  constituting  the  column.  The  upward  motion  of  the 


*  “  Notes  on  the  new  Deep  Adit  in  the  Upper  Harz  Mines,”  by 
H.  Bauerman,  Report  of  the  Miners'  Association  of  Cornwall  and 
Devonshire ,  1868,  p.  21. 

3  Michell  and  Letcher  on  “  Cornish  Mine  Drainage.”  Forty- 
Third  Amvx’/j  Report  Qf  the  Royal  Cornwall  Polytechnic  Society,  p.  21L 
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plunger,  which  is  attached  to  the  main  rod,  causes  an  in¬ 
flow  of  water,  which  is  forced  into  the  column  when  the 
plunger  descends.  It  is  usual  to  fix  a  drawing  lift  at  the 
bottom  of  the  shaft,  which  raises  the  water  into  a  first 


cistern,  and  thence  a  plunger  forces  it  into  a  second  cistern 
some  60  yards  higher  up ;  and  it  is  continually  forced  from 
cistern  to  cistern  until  it  reaches  the  adit  or  the  surface. 

There  are  numerous  important  matters  which  require 
special  attention,  such  as  the  valves,  catches,  balance-bobs, 
guiding  arrangements  for  the  rod  in  inclined  shafts,  the 
V-bobs,  fend-off  bobs,  and  running  loops,  which  have  to  be 
used  when  there  are  bends  in  the  shaft ;  but  space  will  not 
permit  of  more  than  mere  mention  of  these  details. 

Such  then  is  the  standard  arrangement  worked  by  steam 
or  water  power  for  pumping  from  mines.  The  great  ad¬ 
vantage  of  the  system  consists  in  the  employment  of  the 
plunger,  because  it  is  simply  necessary  for  the  machine  to 
raise  a  weight  slightly  greater  than  that  of  the  water, 
which  is  forced  up  afterwards  by  the  down-stroke  of  the 
rods.  Leaks  are  readily  discovered,  and  the  stuffing-box 
can  be  easily  screwed  up  as  the  packing  wears ;  this  is  one 
great  reason  of  the  superiority  of  the  plunger  compared 
with  a  piston  working  in  a  barrel. 

The  modifications  of  this  system  relate  more  to  the  en¬ 
gines  employed  than  to  the  actual  pumps  themselves. 

The  cylinder  of  the  Cornish  engine  is  sometimes  reversed 
and  stands  over  the  shaft,  the  main  rod  being  attached  di¬ 
rectly  to  the  piston.  This  type  of  engine,  known  as  the 
Bull  engine  in  Cornwall,  dispenses  with  the  ponderous 
beam,  but  it  has  the  greal  disadvantage  of  obstructing  the 
mouth  of  the  shaft.  The  use  of  two  cylinders  combined, 
as  invented  by  Woolf,  causes  less  strain  upon  the  main  rod 
and  pumps  ( pit-woric)  and  machinery  generally,  as  the  in¬ 
itial  velocity  of  the  piston  is  smaller  and  the  engine  starts 
with  less  jerk.  The  cylinders  are  placed  side  by  side  or 
one  above  the  other. 

Kley,  of  Bonn,  has  constructed  engines  on  the  Woolf 
system  with  steam  acting  on  both  sides  of  the 
eP^nes  pistons.  He  makes  the  excess  of  the  weight  of 
the  rod  over  that  of  the  counterbalances  suffi¬ 
cient  to  raise  only  half  the  weight  of  the  water  and  to 
overcome  the  friction,  and  then  in  the  descending  stroke 
the  steam  acts  on  the  top  of  the  piston  and  so  makes  up  for 
the  insufficiency  in  force  of  the  rods.  As  the  steam  acts  on 
both  sides  of  the  piston  the  same  amount  is  consumed,  it  is 
true,  but  a  smaller  cylinder  will  do  the  work,  and  the 
original  cost  of  the  engine  is  lessened.  The  same  engineer 
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of  late  years  has  put  up  several  pumping  engines  in  Bel¬ 
gium,  Germany,  and  France  of  30  to  560  horse-power,  with 
a  fly-wheel  which  serves  simply  to  regulate  the  stroke  of 
the  piston,  so  that  the  crank  always  stops  before  or  after 
the  dead  point  till  the  cataract  starts  another  stroke.  The 
engines  are  double-acting,  with  two  cylinders  and  beam. 
The  advantage  of  working  with  the  fly-wheel  is  that  the 
main  rod  and  pumps  are  set  in  motion  without  the  injuri¬ 
ous  jerk  unavoidable  with  a  Cornish  engine  worked  at  a 
high  rate  of  expansion. 

M.  Guinotte,  the  well-known  Belgian  engineer,  also 
adopts  a  fly-wheel,  and  the  engines  he  has 
erected  at  Mariemont  and  elsewhere  are  single- 
ac'ing  rotary  engines  with  one  cylinder.  The 
peculiarity  of  the  fly-wheel  is  that  he  can  weight  it  in  any 
way  he  pleases;  and  he  so  overcomes  the  difficulty,  which 
occurs  in  other  rotary  machines,  of  its  being  impossible  to 
work  them  below  a  certain  speed.  His  object  has  been  to 
make  the  speed  slow  at  the  beginning  and  end  of  a  stroke, 
so  as  to  avoid  the  injurious  shocks  to  the  valves  and  ma¬ 
chinery  generally  from  sudden  starts  and  stoppages.  In 
order  to  make  the  main  rod  act  by  traction  only  and  not 
compression,  which  may  be  advisable  with  iron  rods,  the 
plungers  are  sometimes  reversed ;  whilst  Kraft  of  Seraing 
has  introduced  the  Rittinger  pump,  which  consists  of  a 
hollow  moving  plunger  with  a  valve  inside,  and  a  plunger 
case  above  it  working  over  a  hollow  fixed  plunger.  By 
this  arrangement  both  the  up  and  the  down  stroke  of  the 
engine  cause  water  to  be  forced  up ;  and  this  pump  is  used 
with  a  double-acting  rotary  engine. 

B.  We  must  now  speak  of  the  second  class  of  pumps,  viz., 
force-pumps  worked  by  steam,  water-power,  or  compressed 
air  at  the  bottom  of  the  shaft. 

The  steam  pumps  are  of  very  various  descriptions,1  but 
they  mostly  consist  of  one  or  two  plungers,  or  rams,  set  in 
motion  by  a  rotary  or  a  non-rotary  engine,  which  may  or 
may  not  work  with  expansion  and  condensation.  The 
plunger  or  ram  is  generally  fixed  directly  on  to  the  piston, 
and  works  in  the  same  line,  consequently  the  power  is 
transmitted  to  the  plunger  with  the  least  possible  loss. 
The  "water  is  forced  up  the  shaft  in  one  long  column.  En¬ 
gines  and  pumps  of  this  kind  are  easily  kept  in  order;  all 
the  parts  are  readily  accessible.  The  miner  is  able  to  dis¬ 
pense  with  the  heavy  beam,  the  massive  engine-house,  the 
long  main  rod  and  its  connections  and  bobs,  the  various 
cisterns  and  plungers,  and  instead  he  has  a  compact  and 
easily  supervised  machine  and  a  simple  line  of  pipes  tak¬ 
ing  up  but  little  space  in  the  shaft;  the  pump  can  therefore 
be  erected  and  set  to  work  very  quickly,  and  this  is  a  mat¬ 
ter  of  the  utmost  importance  in  emergencies.  It  is  true 
that  these  direct-acting  steam-pumps,  even  when  worked 
by  a  compound  engine,  cause  a  greater  consumption  of  coal 
than  the  Cornish  engine;  but,  as  a  set  off,  there  is  the 
economy  in  first  cost,  erection,  and  repairs  which  has  led 
to  their  adoption  more  especially  in  collieries.  The  steam 
is  generated  by  boilers  underground,  or  is  conveyed  from 
the  surface  in  well-jacketed  pipes. 

If  natural  water-power  is  available  water-pressure  en¬ 
gines  working  the  plunger  directly  are  often  employed, 
and  indeed  such  water-power  may  be  created  artificially 
for  use  in  workings  where  steam-power  is  objectionable  on 
account  of  the  heat.  There  are  other  reasons  too  for  em¬ 
ploying  water  for  transmitting  power;  where  the  length 
of  the  rods  is  very  great,  and  they  have  to  be  worked 
quickly,  there  is  a  great  liability  to  breakages ;  in  order  to 
overcome  these  difficulties  at  the  mines  on  the  Comstock 
lode,  Mr.  Joseph  Moore2  uses  a  steam-engine  at  the  surface 
to  work  an  hydraulic  accumulator,  and  then  by  pipes  con¬ 
veys  the  water  under  pressure  to  hydraulic  engines  work¬ 
ing  plungers.  These  are  fixed  at  2400  feet  from  the  surface, 
and  force  the  water  in  one  column,  813  feet  high,  to  the 
level  of  the  Sutro  tunnel.  The  exhaust  water  is  returned 
to  the  surface  in  pipes  and  used  over  again.  The  pumps 
are  now  raising  1600  to  1700  gallons  per  minute. 

Where  compressed  air  is  being  supplied  to  a  mine  for 
drilling  and  winding  purposes,  it  is  often  convenient  to 
employ  it,  by  means  of  direct-acting  pumps,  such  as  are 
generally  used  with  steam,  for  the  drainage  of  small  tem¬ 
porary  sinkings ;  and  occasionally  large  pumps  raisiug  con¬ 
siderable  quantities  of  water  are  worked  in  this  way. 

11.  Ventilation  and  Lighting. — The  composition  of 
the  air  of  the  atmosphere  is  about  one-fifth  by  volume 
of  oxygen  and  four-fifths  of  nitrogen,  with  a  little 
carbonic  acid  gas  ;  more  exactly,  the  standard  amount 
of  oxygen  may  be  taken  at  20.9  per  cent.,  and  that  of 
the  carbonic  acid  gas  at  0. 03  per  cent.  The  atmos- 

1  Stephen  Michell,  Mine  Drainage,  London,  1881. 

1  Trans,  Inst,  Engineers  and  Shipbuilders  in  Scotland,  1882. 
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phere  of  mines  is  subject  to  various  deteriorating  in¬ 
fluences  :  not  only  do  noxious  gases  escape  from  the 
rocks  into  the  underground  excavations,  but  also  the 
very  agents  employed  in  the  execution  of  the  work 
itself  pollute  the  air  considerably. 

The  dangerous  emanations  of  fire-damp  in  collieries 
have  been  already  described  (Coal,  vol.  vi. 
ous "gases.  P-  67) ;  and  with  reference  to  this  gas  it  is 

simply  necessary  to  say  that  its  presence  is 
not  entirely  confined  to  coal  mines.  Large  quantities 
have  been  observed  in  Silver  Islet  mine,1  Lake  Supe¬ 
rior,  where  several  explosions  have  occurred,  whdst 
small  quantities  are  met  with  in  the  stratified  iron¬ 
stone  of  Cleveland,  and  also  in  the  Cheshire  salt  mines; 
jets  of  the  gas  may  be  seen  constantly  burning  in  the 
salt  mine  at  Bex  in  Switzerland  ;  a  little  has  been  no¬ 
ticed  also  in  lead  mines  in  Wales  and  Derbyshire.  In 
the  Sicilian  mines  the  amount  given  off  by  the  black 
carbonaceous  shales  interstratified  with  the  sulphur 
beds  is  sufficient  to  cause  dangerous  explosions.  It 
has  been  pointed  out  (vol.  vi.  p.  67)  that  carbonic  acid 
gas  exudes  from  coal ; 2  it  escapes  also  from  some 
mineral  veins.  At  the  lead  mines  of  Pontgibaud  in 
Central  France  it  is  so  abundant  that  special  fans  have 
to  be  provided  for  getting  rid  of  it ;  very  distinct 
issues  of  this  gas  may  be  observed  at  the  Foxdale 
mines  in  the  Isle  of  Man,  and  in  the  Alston  Moor  dis¬ 
trict  it  is  not  uncommon.  This  gas  is  likewise  given 
off  in  the  Sicilian  sulphur  mines,  where  also  the  highly 
poisonous  sulphuretted  hydrogen  is  of  frequent  occur¬ 
rence,  the  water  in  the  workings  being  often  saturated 
with  it.  Small  quantities  of  mercurial  vapor  occur  in 
quicksilver  mines. 

Such  then  are  the  principal  gases  which  naturally 
Products  of  pollute  the  atmosphere  of  mines,  and  have 
respiration,  to  be  swept  out  Dy  ventilation.  In  addi- 
blasting,  etc.  tjon  these  we  have  the  products  of  the 
respiration  of  the  men  and  animals  in  the  pit,  and 
those  due  to  the  combustion  of  candles  or  lamps,  and 
the  explosion  of  gunpowder,  dynamite,  etc. 

Dr.  Angus  Smith  3  reckons  that  two  men  working  eight 
hours,  and  using  £  lb  of  candles  and  12  oz.  of  gunpowder, 
produce  25.392  cubic  feet  of  carbonic  acid  (anhydride)  at  70° 
F., — viz.,  10.32  by  breathing,  12.276  by  candles,  and  2.796  by 
gunpowder. 

The  products  of  the  explosion  of  gunpowder  have  been 
carefully  studied  by  Captain  Noble  and  Sir  Frederick  Abel, 
and  the  following  figures,  showing  proportions  by  weight, 
are  copied  from  the  valuable  paper4  containing  the  results 
of  some  of  their  researches : 


Curtis  &  Harvey’s 
No.  6  Gunpowder. 

Mining 

Powder. 

Total  solid  products . 

57.74 

47.04 

Total  gaseous  products . 

41.09 

51.35 

Water . 

1.17 

1.61 

100.00 

100.00 

— 

The  solid  residue  of  the  mining  powder  consisted  mainly  of 
potassium  carbonate,  potassium  monosulphide,  and  sulphur. 
The  percentage  ennposition  by  volume  of  the  gas  produced 
was : 


1  Engineering  and  Mining  Journal ,  vol.  xxxiv.  p.  322. 

2  A.  Schondorff.  “  Untersuchuug  der  ausziehenden  Wetter- 

strome  in  den  Steinkohlenbergwerken  des  Saarbeckens,”  Zeit- 
schrift  fur  das  Berg-,  Hiitten-,  und  Salinen-Wesen  im  Ih-eussischen 
Staate,  vol.  xxiv.  p.  73;  and  Cl.  Winkler,  “Die  chemische  Unter- 
6uchung  der  bei  verschiedenen  Steinkohlengruben  Sachsens 
ausziehenden  Wetterstrome  und  ihre  Ergebnisse,”  Jahrbuch  fiir 
das  Berg-  und  Huttenwescn  im  Konigreiche  Sachsen  auf  das  Jahr 
1882,  p.  65.  „  J. 

3  Report  of  the  Commission's  Appointed  to  Inquire  into  the  Condi¬ 
tion  of  all  Mines  in  Great  Britain  to  which  the  Provisions  of  the  Act  23 
&  24  Viet.  c.  151  do  not  apply.  Appendix  B.,  p.  224. 

4  “  On  Fired  Gunpowder,”  Captain  Noble  and  Mr.  F.  A.  Abel, 

Phil.  Trans.,  1880,  p.  278. 
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Curtis  &  Harvey, 
No.  6. 

Mining 

Powder. 

Carbonic  anhydride . 

50.22 

32.15 

Carbonic  oxide . 

7.52 

33.75 

Nitrogen . 

34.46 

19  03 

Sulphuretted  hydrogen . 

2.08 

7.10 

Marsh  gas . 

2.46 

2.73 

Hydrogen . 

3.26 

5.24 

100.00 

100.00 

The  volume  (calculated  for  a  temperature  of  0°  C.  and 
barometer  760  mm.  of  mercury)  of  permanent  gases  gener¬ 
ated  by  the  explosion  of  1  gramme  of  dry  powder  is — 

Curtis  &  Harvey,  No.  6 . 241.0  cubic  centimetres. 

Mining . 360.3  “  “ 

MM.  Sarrau  and  Vieille  have  communicated  to  the 
Academy  of  Sciences5  the  results  of  their  researches  con¬ 
cerning  the  decomposition  of  certain  explosives,  and  more 
particularly  gun-cotton  and  nitrated  gun-cotton.  The  fol¬ 
lowing  table  shows,  in  litres,  the  volume  (at  0°  C.  and  760 
mm.  of  mercury)  of  each  of  the  gases  per  kilogramme  of  the 
substance  exploded  in  a  closed  vessel : 


Kind  of  Explosive. 

o 

o 

Cl 

o 

o 

w 

55 

o 

a 

et 

o 

CO 

a 

Total. 

Pure  gun-cotton . . 

234 

234 

166 

107 

741 

Gun-cotton  and  nitrate  of] 

potash  (50  per  cent,  of 

each) . 

Gun-cotton  (40  per  cent.)' 
and  nitrate  of  ammon  ia 

... 

171 

... 

109 

45 

... 

... 

325 

184 

211 

6 

401 

(60  per  cent.) . 

Nitro-glycerin . 

295 

147 

25 

467 

Ordinary  blasting  powder.. 

64 

150 

4 

65 

... 

4 

i7 

304 

If,  however,  the  explosive  is  decomposed  at  a  pressure 
approaching  that  of  the  atmosphere,  the  volumes  (again  ali 
0°  C.  and  760  mm.  of  mercury )  are  very  different,  as  shown 
below : 


Kind  of  Explosive. 

O 

55 

O 

o 

CSI 

o 

o 

w 

55 

i 

Total. 

Pure  gun-cotton . 

a  59 

237 

104 

45 

33 

7 

565 

Gun-cotton  and  nitrate  of  pot- ) 

J 

ash  (50  per  cent,  of  each’)....  j 

... 

Gun-cotton  (40  per  cent. )  and  i 

nitrate  of  ammonia  (60  per  V 

VS. 

65 

103 

12 

112 

... 

414 

cent.) . ) 

Nitro-glycerin . 

218 

162 

58 

7 

6 

1 

452 

- i 

When  explosives  are  decomposed  in  this  way  they  liber¬ 
ate  nitric  oxide  and  carbonic  oxide,  and  the  analyses  of  MM. 
Sarrau  and  Vieille  confirm  the  practical  experience  of 
miners,  who  complain  greatly  of  noxious  fumes  when, 
owing  perhaps  to  a  bad  detonator,  a  charge  of  dynamite  or 
tonite  fails  to  explode  properly. 

The  air  of  mines  is  finally  deteriorated  by  organic  matter 
contained  in  the  exhalations  of  the  men  and  animals  em¬ 
ployed,  and  in  the  products  of  decaying  timber,  by  dust, 
and  by  the  solid  particles  constituting  the  smoke  of  ex¬ 
plosives.  It  must  be  recollected  also  that  the  injury  to  the 
air  is  not  confined  to  the  addition  of  the  gases  and  sub¬ 
stances  just  mentioned ;  but  the  proportion  of  oxygen  is 
diminished  by  the  combustion  of  candles,  by  respiration, 
the  decay  of  timber,  and  decomposition  of  some  minerals 
such  as  iron  pyrites.  Dr,  Angus  Smith6  sums  up  the  results 
of  his  analyses  of  the  air  of  British  metdlrmines  as  follows : 

Percentage  by  volume. 


Oxygen,  average  of  339  specimens . 20.26 

“  of  ends . 20.18 

“  other  parts . 20.32 

“  in  currents . 20.65 

“  in  large  cavities . 20.77 

“  just  under  shafts . 20.42 

“  in  sumps . 20.14 

Carbonic  acid . 0.785 


He  considers  air  with  20.9  per  cent,  oxygen  as  normal, 
and  air  with  proportions  between  that  and  20.6  as  impure ; 

5  “  Recherches  exp£rimentales  sur  la  decomposition  de  quelques 
explosifs  en  vase  clos;  composition  des  gaz  formes,”  Oomptea 
Rendus,  1880,  pp.  1058  and  1112. 

6  Op.  cit.,  p.  222. 
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anil  where  the  percentage  of  oxygen  descends  below  20.6  he 
calls  the  air  exceedingly  bad.  According  to  these  standards, 
only  10.67  per  cent,  of  the  samples  showed  the  air  to  be 
normal  or  nearly  so ;  24.69  per  cent,  were  decidedly  impure ; 
whilst  64.63  per  cent,  or  nearly  two-thirds  of  the  samples 
were  exceedingly  bad.  The  amount  of  oxygen  in  one  speci¬ 
men  was  as  low  as  18.52  per  cent.,  whilst  the  carbonic  acid 
often  exceeded  1  per  cent,  and  in  several  instances  2  per 
cent.  It  is  evident  that  twenty  years  ago  the  ventilation 
of  British  metal-mines  was  anything  but  satisfactory,  and 
even  now  there  is  room  for  improvement. 


Having  explained  the  reasons  why  the  air  of  mines 
must  be  constantly  renewed,  we  must  now  point  out 
how  this  desirable  end  is  effected. 

Two  systems  are  employed, — natural  ventilation  and 
Systems  of  artificial  ventilation  ;  but,  as  both  systems 
ventilation.  ]iave  been  described  (Coal,  vol.  vi.  p.  66), 
little  remains  to  be  said  here,  especially  as  the  ventilat¬ 
ing  machines  in  metalliferous  mines  generally  can¬ 
not  for  one  moment  be  compared  with  the  powerful 
appliances  employed  in  collieries.  In  vein-mining 
there  are  generally  many  more  shafts  than  in  collieries, 
and  natural  currents  are  set  up  which  are  often  con¬ 
sidered  sufficient  for  ventilating  the  mines ;  neverthe¬ 
less,  the  advanced  workings,  such  as  the  ends,  rises, 
and  winzes, — in  fact  all  workings  in  the  form  of  a 
cul-de-sac, — are  likely  to  require  special  means  of  ven¬ 
tilation  as  soon  as  they  proceed  a  little  distance  from 
the  main  air-current. 

The  means  of  ventilating  a  drift  or  heading  are 
various.  If  a  natural  or 
artificial  draught  exists  at 
the  mouth  of  the  drift, 
it  may  be  diverted  by  an 
upright  partition  ( brat¬ 
tice ),  or  an  air-way  may 
be  constructed  along  the 
roof  or  floor  by  a  hori¬ 
zontal  partition  of  planks 
( air-sollar )  (Fig.  89).  In  this  way  a  sufficient  supply 
is  secured  at  the  end  or  fore-breast. 

The  water-blast  is  another  simple  appliance ;  it  is 
precisely  the  same  as  the  well-known  tromp,  and  it 
mows  a  current  of  air  through  square  pipes  made  of 
boards,  or  better  through  cylindrical  pipes  of  sheet 


-c'uniwjji 

* '// /////)', 
Fig.  89. 


Fig.  90. 


zinc.  The  fall  of  water  may  be  applied  by  Williams’s 
water-jet,  shown  in  Fig.  90.  The  jet  of  water  acts  like 
an  injector,  and  creates  a  powerful  current. 

Small  fans  driven  by  boys,  or  better  by  small  water¬ 
wheels  or  other  machinery,  are 
frequently  applied,  and  the 
Harz  blower  (duck  machine , 

Cornwall)  (Fig.  91)  is  not  un¬ 
common.  This  is  merely  an 
air-pump  of  very  simple  con¬ 
struction,  which  is  worked  by 
the  main  rod  of  the  pumps, 
and  can  be  arranged  so  as  to 
exhaust  the  foul  air  or  force  in 
fresh  air. 

In  working  in  blasting 
ground,  boring  machines 
driven  by  compressed  air 
are  becoming  more  and  more 
largely  used  every  day,  and  the 
exhaust  air  escaping  from  the 
machines  is  invaluable  for  ven¬ 
tilation.  At  the  same  time,  on  Fig.  91. 

account  of  volley  firing,  the 
quantities  of  deleterious  gasps  generated  in  a  short 


space  of  time  are  very  considerable ;  and,  in  order  to 
get  rid  of  them  speedily,  the  compressed  air  may  be 
utilized  for  working  a  Korting  aspirator  or  the  some¬ 
what  similar  ventilator  of  Mr.  Teague,  a  Aspirators, 
jet  of  compressed  air  turned  into  a  ventilat¬ 
ing  pipe,  which  creates  an  exhaust  (Fig.  921).  Natu¬ 
rally  this  ventilator  is  merely  brought  into  play  at 
the  time  of  blasting,  and  while  the  boring  machinery 
is  out  of  use.  When  compresed  air  is  being  supplied 
^  x  on  a  large  scale  to 

a  mine  for  boring 
and  winding  ma¬ 
chinery,  it  is  often 
convenient  to  con¬ 
vey  it  by  a  small 
gas-pipe  to  work- 
Fig.  92.  ing  places  in  which 

the  ventilation  is  inadequate.  Of  course,  in  one  sense, 
it  is  very  uneconomical  to  compress  air  to  a  pressure 
of  60  or  70  lb.  to  the  square  inch  for  ventilating  pur¬ 
poses  only ;  but  where  compressing  machinery  is  always 
at  work  on  the  mine,  it  may  be  better  to  be  a  little 
wasteful  of  cheap  power  at  the  surface  than  to  go  to 
the  greater  expense  of  having  a  man  or  boy  to  work  a 
fan  underground. 

Mines  are  lighted  by  lamps,  torches,  candles,  and 
electricity.  The  subject  of  safety  lamps  for  fiery  mines 
has  already  been  discussed  (see  Coal,  vol.  Lighting, 
vi.  p.  67),  and  consequently  the  question  of 
illuminating  mines  may  be  treated  in  a  very  summary 
manner. 


Lamps  vary  very  much  in  shape  and  size.  The  Sicilian 
miner  has  a  mere  shallow  cup  of  unglazed  pottery;  the 
Saxon  a  small  tin  or  brass  lamp  in  a 
wooden  box  lined  with  tinplate  and  open 
in  front.  In  the  Harz  the  miner  prefers 
a  heavy  flat  iron  lamp  with  a  hook  by 
which  it  is  stuck  into  the  timber  or  any 
crack  in  the  rocks  ;  in  France,  Northern 
Italy,  and  parts  of  Spain,  the  iron  lamp  is 
lenticular  in  shape  and  also  suspended  by 
a  hook.  In  Scotland,  and  parts  of  Germany 
and  the  United  States,  a  small  tin  lamp 
of  the  shape  shown  in  Fig.  93  is  very  com¬ 
mon  ;  the  hook  enables  it  to  be  carried  on 
the  hat  while  climbing  ladders,  and  to  be  fixed  up  under¬ 
ground.  Olive  oil  and  rape  oil  are  burnt  in  these  lamps; 
petroleum  lamps  are  employed  occasionally. 

The  miners  of  England  and  Wales  still  cling  to  the  tallow 
candle;  and  when  surrounded  by  a  lump  of  clay  it  can  easily 
and  quickly  be  fixed  in  the  working-place  or  carried  upon 
the  liat  when  climbing.  Gas  brought  down  from  the  surface 
answers  for  illuminating  large  excavations,  such  as  on-set¬ 
ting  places  and  engine-rooms. 

Up  to  the  present  time  the  electric  light  has  been  but 
little  used  underground  on  account  of  its  want  of  portability, 
and  the  smallness  of  the  spaces  requiring  illumination. 
Very  often  a  few  men  only  are  employed  in  each  working- 
place,  and  consequently  the  expense  incurred  in  fixing  and 
shifting  the  lamps  and  maintaining  them  alight  would  be 
out  of  proportion  to  the  value  of  the  work  executed.  How¬ 
ever,  au  incandescent  electric  lamp  has  been  invented 
weighing  only  10  lb,  which  gives  the  light  of  three  candles 
for  six  hours,  and  it  may  be  reasonably  expected  that  im¬ 
provements  will  be  made  which  will  render  the  electric 
light  more  available  for  underground  purposes  than  it  is  at 
present.  When  the  area  requiring  illumination  is  large, 
an  arc-lamp  may  he  used  with  advantage. 

Among  the  first  successful  applications  of  electric  lighting 
to  underground  excavations  may  be  mentioned  that  of  M. 
Blavier  at  the  Angers  slate  quarries.2  In  the  year  1879  he 
fixed  two  Serrin  lamps  in  one  of  the  large  underground 
chambers  with  an  area  of  2400  square  yards,  and  he  found 
that  they  gave  light  enough  for  all  the  men  at  work.  The 
total  cost,  reckoning  everything,  viz.,  coal,  carbons,  repairs, 
labor,  depreciation  of  plant,  and  interest  on  capital,  is  50 
francs  per  day ;  the  gas  formerly  in  use  cost  54  francs  a  day 
and  gave  much  less  light.  It  is  evident,  however,  that  the 
arc  lights  can  only  be  applied  with  advantage  in  special 
cases  where  a  large  number  of  men  are  concentrated  in  one 
working  area  which  can  be  illuminated  from  one  or  two 
points. 


1  Trans.  Roy.  Qeol.  Soc.  Cornwall,  vol.  x.  p.  142. 

2  M.  Blavier,  “L’Eclairage  eiectrique  aux  Ardoisi^res  d’ An¬ 
gers,”  Annales  des  Mines,  ser.  7,  vol.  xvii.,  1880,  p.  5. 
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The  large  chambers  in  the  salt  mine  of  Maros-Ujv&r  in 
Hungary  have  been  regularly  lighted  up  by  electricity 
since  1880.  The  cost  is  somewhat  greater  than  that  of  the 
tallow,  oil,  or  petroleum  formerly  in  use;  but  on  the  other 
hand,  the  illumination  is  better,  the  men  can  do  more  work 
and  are  more  easily  supervised,  whilst  the  air  of  the  mine 
is  not  deteriorated  by  the  products  of  combustion  of  the 
lamps.1 

12.  Means  of  Descending  into  and  Ascending  from 
Mines. — Where  mines  are  worked  by  adit-levels  the 
M  men  naturally  walk  in  along  the  ordinary 

access  0  roadways ;  such  mines,  however,  are  excep¬ 
tional,  and  the  men  generally  have  to  climb 
down  and  up  by  ladders,  or  are  raised  and  lowered  by 
machinery.  The  means  of  access  to  and  from  workings 
may  be  classified  as  follows:  (1)  steps  and  slides;  (2) 
ladders;  (3)  cages;  (4)  man-engines. 

If  a  lode  or  seam  is  inclined  at  an  angle  of  40°  or  50° 
from  the  horizon,  steps  may  be  cut  in  the  floors  of  the  de- 
Steps.  posit  if  it  is  firm  enough,  or  wooden  stairs  may 

be  put  in  with  a  hand-rail.  Even  with  higher 
dips  steps  may  be  arranged  by  directing  them  in  a  line 
intermediate  between  the  dip  and  the  strike.  In  speaking 
of  conveyance  underground,  reference  has  already  been 
made  to  the  practice  of  carrying  sulphur  ore  in  Sicily  and 
slate  in  Germany  up  to  the  surface  by  steps ;  and  steps  may 
be  found  in  other  foreign  mines  and  occasionally  in  Great 
Britain.  They  are  much  less  fatiguing  than  ladders  placed 
Slides  80  tllat  Part  °f  th®  weight  of  the  body  rests 
upon  the  arms.  In  some  of  the  Austrian  salt 
mines  the  men  descend  by  wooden  slides  inclined  at  angles 
varying  from  30°  to  50°,  flattening  at  the  bottom  to  destroy 
the  velocity  gradually;  the  ascent  is  effected  by  steps. 

Ladders  are  very  largely  used  in  metal  mines  all  over 
the  world,  but  they  vary  a  good  deal  in  different,  coun- 
Ladders  tr'es-  The  ladder  consists  of  two  sides  and 
a  series  of  rungs  ( staves ,  Cornwall).  The 
sides  are  usually  made  of  wood,  and  the  rungs  of  wood 
or  iron.  The  distance  between  the  rungs  is  important ; 
10  inches  from  centre  to  centre  is  sufficient,  for  climb¬ 
ing  upon  ladders  with  the  rungs  12  inches  apart  is  de¬ 
cidedly  more  fatiguing.  On  the  Continent  wooden 
rungs  are  commoner  than  iron  ones,  and  oak  is  pre¬ 
ferred.  Sometimes  the  wooden  staves,  instead  of 
being  round,  are  flat,  so  as  to  stand  more  wear,  and 
iron  sides  may  be  seen  in  places  where  dry  rot  is  very 
bad.  Platforms  should  be 
fixed  at  short  intervals,  not 
exceeding  3  or  4  fathoms  in 
perpendicular  shafts,  so  as  to 
prevent  falls  from  having  fatal 
consequences. 

In  many  cases  sufficient  at¬ 
tention  is  not  paid  to  the 
angle  of  inclination  of  the 
ladders.  A  ladder  is  climbed 
with  the  least  fatigue  when 
the  person  uses  his  arms 
simply  to  steady  himself,  and 
is  not  compelled  to  pull  him¬ 
self  up  by  them,  as  on  a  ver¬ 
tical  ladder,  or  to  support 
much  of  the  weight  of  his 
body  by  them,  as  happens 
with  a  very  flat  one.  The  best  angle  is  about  20°  from 
the  vertical,  and  in  Belgium  the  authorities  have  very 
wisely  decreed  that  no  ladder  shall  be  inclined  at  an 
angle  of  less  than  10°  from  the  vertical.  Furthermore, 
of  the  two  arrangements  shown  in  Fig.  94  A  is  better 
than  B,  because  it  not  only  affords  a  greater  inclina¬ 
tion  for  the  ladders,  but  also  renders  it  less  likely  that 
a  man  will  drop  through  the  opening  ( manhole )  in  the 
platform  ( sollar )  if  he  loses  his  hold  and  falls.  These 
may  seem  trifling  matters ;  but,  leaving  aside  the  ques¬ 
tion  of  safety,  the  economy  derived  from  fixing  the 
ladders  at  the  best  inclination  is  by  no  means  small. 
To  make  this  apparent  we  must  recollect  the  depths  to 
and  from  which  men  have  to  climb,  viz.,  300,  400, 

1  Oesterreichische  Zeiischrift  fur  Berg-  und  Huttenwesen,  1882,  No. 

25,  p.  296. 


Fig.  94. 


and  even  500  yards.  It  is  important,  therefore,  to 
save  every  unnecessary  expenditure  of  energy,  which, 
though  trifling  for  one  ladder,  becomes  considerable 
when  repeated  a  great  number  of  times.  When  a  mine 
has  reached  a  depth  of  200  yards,  and  a  fortiori  when  it 
exceeds  it,  mechanical  appliances  should  be  introduced 
for  raising  and  lowering  the  men,  because  time  and 
strength  are  wasted  by  climbing.  Medical  men  also 
are  agreed  that  excessive  ladder-climbing  is  injurious 
to  the  health  of  the  miner.  Therefore,  both  upon 
hygienic  and  financial  grounds,  one  of  the  first 
thoughts  in  working  a  mine  should  be  the  conveyance 
of  the  men  up  and  down  the  shafts  by  machinery  with 
the  least  possible  fatigue. 

In  collieries  and  other  mines  worked  by  perpendicu¬ 
lar  shafts,  it  has  long  been  customary  to 
raise  and  lower  the  men  by  the  ordinary  Cages, 
winding  machinery  already  described.  In  the  United 
Kingdom  it  is  necessary  that  guides  should  be  used  if 
the  shaft  exceeds  50  yards  in  depth;  safety -catches 
and  disengaging  hooks  (Coal,  vol.  vi.  p.  70)  are  fre¬ 
quently  applied  for  the  purpose  of  preventing  acci¬ 
dents.  The  simplicity  of  this  method  of  ingress  and 
egress  naturally  renders  it  popular,  and  statistics  prove 
that,  where  proper  precautions  are  used,  it  is  exceed¬ 
ingly  safe. 

The  first,  man-engine  was  put  up  in  the  Harz  in 
1833,  and  nine  years  later  a  similar  machine 
was  fixed  in  Tresavean  mine  in  Cornwall.  engines! 
Since  that  time  this  very  useful  means  of 
conveying  workmen  up  and  down  shafts  has  been  re¬ 
sorted  to  in  other  mining  districts,  and  especially  in 
Belgium  and  Westphalia. 

Two  kinds  of  man-engine  are  in  use,  the  double-rod  ma¬ 
chine  and  the  single-rod  machine.  The  double-rod  or  orig¬ 
inal  man-engine  consists  of  two  reciprocating  rods  like  the 
main  rods  of  pumps,  carrying  small  platforms  upon  which 
the  men  stand.  The  stroke  is  from  4  to  16  feet,  and  the 
little  platforms  are  so  arranged  that  they  are  always  oppo¬ 
site  each  other  at  the  beginning  and  end  of  each  stroke. 

Figs.  95  and  96  represent  the  rods  in  the  two  final  posi¬ 
tions.  A  man  who  wishes  to  descend  steps  upon  platform 
b  (Fig.  95) ;  the  rod  B  goes  down,  and  A  goes  up,  so  that  b 
(Fig.  96)  is  brought  opposite  c.  The  man  steps  across  from 
b  to  c,  and  then  the  rod  A  makes  a  down-stroke,  B  an  up¬ 
stroke.  Platform  c  is  now 
opposite  d  (Fig.  95),  and  the 
:J|P  man  again  steps  across ;  and 
hffif  thus,  by  constantly  stepping 
|§p  from  the  rod  as  it  completes 
Ip  its  down-stroke,  the  man  is 
a  b  "TT  K'  gradually  conveyed  to  the 

bottom  of  the  shaft.  By  re¬ 
versing  the  process,  or,  in 
other  words,  by  stepping  off 
on  to  the  opposite  platform 
as  soon  as  the  rod  has  corn¬ 
ed  HI  if!  pleted  its  up-stroke,  the  man 

m  is  raised  to  the  surface,  with- 
p  out  any  fatigue  beyond  that 
P  of  the  very  slight  effort  of 
m  stepping  sideways.  If  each 
p  rod  makes  four  up  and  down 
fi.  strokes  of  10  feet  each  per 
fp  minute,  the  rate  of  asceut  or 
p  descent  will  be  80  feet  per 
p  minute. 

^  The  single-rod  man-engine 


Up  has  one  rod  carrying  steps, 
'  whilst  fixed  platforms  are 
Fig.  95.  Fig.  96.  Fig.  97.  arranged  in  the  shaft  so  as 

to  correspond  exactly  with 
them  (Fig.  97).  If  a  man  wants  to  go  down,  he  steps  on  to 
A  when  the  up-stroke  is  completed ;  the  rod  goes  down  and 
A  is  brought  down  opposite  to  the  fixed  platform  b,  on  to 
which  he  steps  off.  He  then  waits  on  b  until  the  rod  has 
finished  its  up-stroke.  B  is  brought  opposite  b ;  he  steps  on 
to  B,  the  rod  goes  down  and  he  is  brought  opposite  c,  where 
he  steps  off  again  and  waits.  By  reversing  the  operation  he 
is  gradually  lifted  to  the  top  of  the  shaft.  The  single-rod 
engine  may  be  used  by  men  going  up  while  others  are  go¬ 
ing  down,  provided  that  there  is  sufficient  room  upon  the 
fixed  platforms  ( sollars ).  The  best  plan  is  to  have  sollars 
right  and  left,  as  shown  in  the  figure,  and  then  the  ascend- 
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ing  men  step  off  to  tlie  left,  for  instance,  while  the  descend¬ 
ing  men  take  the  right-hand  sollars.  The  ascending  man 
steps  on  to  the  man-engine  as  soon  as  the  descending  man 
steps  off,  and  so  the  rod  may  be  always  carrying  men  up  >r 
down.  The  usual  stroke  in  Cornwall  is  12  feet,  and  there 
are  from  three  to  five  or  six  strokes  a  minute.  With  five 
strokes  the  men  descend  10  fathoms  a  minute,  or  in  other 
words  a  descent  or  ascent  of  300  fathoms  occupies  half  an 
hour.  The  reciprocating  motion  is  best  obtained  from  a 
crank,  because  in  this  case  the  speed  is  diminished  gradually 
at  the  dead  points,  and  the  danger  of  an  accident  in  step¬ 
ping  off  and  on  is  thereby  diminished ;  man-engines,  how¬ 
ever,  are  sometimes  driven  by  direct-acting  engines. 

Man-engine  rods  are  constructed  of  wood  or  iron ;  and  at 
Andreasberg  in  the  Harz  each  rod  is  replaced  by  two  wire 
ropes.  Like  a  pump  rod  the  man-engine  rod  requires 
proper  balance  bobs  and  catches,  and  for  the  safety  of  the 
men  a  handle  is  provided  at  a  convenient  height  above  each 
step. 

The  man-engine  has  one  great  advantage  over  the  cage, 
which  consists  in  the  fact  that  it  can  be  safely  applied  in 
inclined  and  even  crooked  shafts ;  aud  it  is  for  this  reason 
that  man-engines  have  been  adopted  in  many  metal-mines 
unprovided  with  vertical  shafts. 

Careful  comparisons  as  regards  safety  of  travelling  have 
been  made  in  Prussia  between  ladders,  man-engines,  and 
cages.  The  average  accidental  death-rate  is  shown  by  the 
accompanying  table,  which  gives  averages  for  a  period  of  ten 
years,  1871  to  1880 : 


Ladders. 

Man- 

engines. 

Cages. 

Average  annual  number  of) 

men  travelling . J 

Total  number  of  persons  killed.. 
Average  ann’l  death-rate  per  1000 

73,942 

75 

0.101 

7,191 

41 

0.570 

64,071 

74 

0.115 

The  table  shows  that  the  cage  is  nearly  as  safe  as  ladders. 
In  reality,  if  the  actual  distance  travelled  were  taken  into 
account,  the  cage  would  appear  to  be  safer,  because  we  may 
fairly  assume  that  the  mines  in  which  men  are  hoisted  by 
cages  are  on  the  whole  very  much  deeper  than  those  in 
which  men  ascend  and  descend  by  ladders.  The  man-engine 
appears  to  be  decidedly  more  dangerous  than  either  the 
cage  or  ladders.  Here  again  a  distinction  requires  to  be 
made  between  the  single-rod  and  the  double-rod  machines, 
aud  the  Prussian  statistics  include  many  of  the  latter.  It 
will  be  readily  understood  that  a  fall  in  a  naked  shaft  with 
few  fixed  platforms  is  much  more  likely  to  be  fatal  than  a 
fall  in  the  shaft  of  a  single-rod  man-engine  which  is  closed 
with  the  exception  of  the  manhole  at  intervals  of  12  feet. 
The  Belgian  waroequeres  are  rendered  safer  than  the  Harz  or 
Saxon  man-engines  by  having  a  railing  round  the  back  of 
each  platform  on  the  rod.  Some  of  the  double-rod  machines 
are  made  with  large  platforms  so  that  two  persons  can  stand 
on  them,  one  going  up  and  the  other  going  down,’  or  both 
travelling  in  the  same  direction.  The  use  of  double-rod 
man-engines  has  been  entirely  abandoned  in  the  United 
Kingdom.  The  death-rate  from  accidents  on  man-engines 
in  Cornwall  and  Devon  during  the  nine  years  1873  to  1881 
was  0.17  per  1000  persons  using  them,  whilst  the  annual 
death-rate  per  1000  persons  using  ladders  wasslightly  higher, 
viz.,  0.19.  If  the  actual  distance  travelled  were  taken  into 
account,  the  scale  would  turn  more  decidedly  in  favor  of 
the  man-engine. 

The  cost  of  raising  and  lowering  men  by  the  man-engine 
is  not  great.  At  Dolcoath,  a  tin-mine  in  Cornwall  approach¬ 
ing  400  fathoms  in  depth  (see  Figs.  62,  63),  it  is  reckoned 
that  lid.  per  man  per  day  covers  all  expenses,  including 
interest  upon  the  capital  expended  and  depreciation  of 
plant. 


13.  Dressing  or  Mechanical  Preparation  of  Ores. — 
In  a  large  number  of  cases  the  mineral,  as 
ofores!g  it  is  raised  from  the  mine,  is  not  ready  for 
sale.  It  usually  requires  to  be  subjected 
to  mechanical  processes  whereby  the  good  ore  is  en¬ 
tirely  or  partly  freed  from  valueless  veinstone.  These 
processes,  which  in  a  few  special  instances  are  aided 
by  calcination  in  furnaces,  are  known  as  the  dressing 
or  mechanical  preparation  of  the  ores.  As  a  rule  the 
valuable  ore  is  specifically  heavier  than  the  veinstone, 
and  most  of  the  separating  processes  are  based  upon 
the  fact  that  the  heavy  particles  of  ore  will  fall  in  water 
more  quickly  than  the  light  particles  of  veinstone. 

The  processes  of  mechanical  preparation  may  be 


Disinte¬ 
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classified  as  follows:  (1)  washing  and  hand-sorting; 
(2)  disintegration,  or  reduction  in  size ;  (3)  classifica¬ 
tion  by  size  or  by  equivalence  ;  (4)  concentration. 

(1)  Sometimes  the  ore  coming  from  the  mine  re¬ 
quires  simply  to  be  freed  from  adhering 
particles  of  clay  in  order  to  be  rendered  fit  a”  ing‘ 
for  sale,  at  other  times  the  washing  is  necessary  as  a 
preliminary  process  previous  to  sorting  by  hand.  The 
operation  is  performed  either  by  raking  the  ore  back¬ 
wards  and  forwards  upon  a  grating  under  a  stream  of 
water,  or  in  a  box  containing  water,  or,  thirdly,  by 
means  of  an  inclined  revolving  iron  drum  worked  by 
hand  or  any  other  motive  power.  The  machines  used 
for  this  purpose,  known  as  washing  trommels,  are  re¬ 
volving  cylinders  or  truncated  cones  of  sheet-iron  pro¬ 
vided  with  teeth  inside.  The  ore  is  fed  in  at  one  end, 
is  subjected  to  the  action  of  a  stream  of  water,  and  is 
discharged  at  the  other  end. 

The  stuff,  i.e.,  the  mixed  ore,  veinstone,  and  coun¬ 
try  rock,  having  been  cleansed,  it  is  now  possible  to 
make  a  separation  by  hand.  Women  and  children  are 
generally  employed  for  this  work,  as  their  labor  is 
cheaper  and  their  sight  sharper  than  that  of  men. 
The  stuff  is  spread  out  on  a  table,  and  various  classes 
are  picked  out  according  to  the  nature  of  the  products 
furnished  by  the  mine.  Thus  in  a  lead  mine  we  may 
have — (a)  clean  galena,  (b)  mixed  ore,  i.e.,  pieces  con¬ 
sisting  partly  of  galena  and  partly  of  barren  veinstone, 
(c)  barren  veinstone  and  country  rock.  This  is  a  most 
simple  case ;  very  frequently  we  have  to  deal  with  a 
vein  producing  ores  of  two  metals,  especially  in  the 
cases  of  lead  and  zinc,  and  then  the  classification  into 
various  qualities  becomes  more  complicated. 

(2)  Reduction  in  size  is  necessary  for  two  reasons. 
Even  when  an  ore  is  sufficiently  clean  for 
the  smelter,  the  large  lumps  are  often 
crushed  by  the  miner  for  the  sake  of  ob¬ 
taining  a  fair  sample  of  the  whole,  or  supplying  a 
product  which  is  at  once  fit  for  the  furnace.  The  chief 
reason,  however,  for  disintegration  lies  in  the  fact  that 
the  particles  of  ore  are  generally  found  inclosed  in  or 
adhering  to  particles  of  barren  veinstone. 

The  disintegration  is  effected  by  hand  or  by  ma¬ 
chinery.  Large  blocks  of  ore  and  veinstone  are  broken 
by  men  with  large  sledge  hammers,  and  the  reduction 
in  size  is  continued  very  often  by  women  with  smaller 
hammers.  Sometimes  the  blow  of  the  hammer  is 
directed  so  as  to  separate  the  good  from  the  poorer 
parts,  and  hand-picking  accompanies  this  process, 
called  cobbing.  Ore  may  be  crushed  fine  by  a  flat- 
headed  hammer  ( bucking  iron )  on  an  iron  plate. 

The  machines  used  for  reducing  ores  to  smaller  sizes 
are  very  numerous ;  here  it  is  impossible  to  do  more 
than  briefly  call  attention  to  those  most  commonly  used. 
These  are  stone-breakers,  stamps,  rolls,  mills,  and  cen¬ 
trifugal  pulverizers. 

The  stone -breaker,  or  rock-breaker,  is  a  machine 
with  two  jaws,  one  of  which  is  made  to  approach  the 
other,  and  so  crack  any  stone  which  lies 
between  them.  The  best  known  stone- 
breaker  is  the  machine  invented  by  Blake, 
which  has  rendered  inestimable  services  to  the  miner 
for  the  last  twenty  years,  and  the  introduction  of 
which  constituted  a  most  important  step  in  advance  in 
the  art  of  ore-dressing.  Its  mode  of  action  is  very 
simple.  When  the  shaft  A  (Fig.  98)  revolves,  an 
eccentric  raises  the  “pitman”  B,  and  this,  by  means 
of  the  toggle-plates  C,  C,  causes  the  movable  jaw  D 
to  approach  the  fixed  jaw  E  by  about  f  inch  at  the 
bottom.  When  the  pitman  descends  the  jaw  is  drawn 
back  by  an  india-rubber  spring.  The  jaws  are  usually 
fluted,  the  ridges  of  one  jaw  being  opposite  the  grooves 
of  the  other,  and  they  are  so  constructed  that  the 
wearing  parts  are  quickly  and  easily  replaced. 

Mr.  Marsden  of  Leeds  has  lately  introduced  a  pul¬ 
verizer,  constructed  on  the  principle  of  the  stone- 
breaker,  which  will  reduce  large  stones  to  the  finest 
powder  in  one  operation.  The  moving  jaw  has  an  up- 


Stone- 

breaker. 


DRESSING.] 


MINING. 


485 


and-down  as  well  as  the  old  backwards-  and-forwards 
motion,  and  the  stones  are  first  cracked  and  then 
ground  by  the  double  action. 


Fig.  98—  Blake’s  Stonebreaker,  improved  by  Marsden. 


Stamps  are  pestles  and  mortars  worked  by  machin- 
Stamps  ery-  The  construction  of  the  modem  Cali- 
p  ‘  fomia  stamp  mill  with  revolving  heads  is 
explained  in  Gold,  vol.  x.  p.  664,  and  the  description 
need  not  be  repeated.  In  Cornwall  the  older  form 
with  rectangular  heads  still  prevails. 

It  is  impossible' to  give  any  correct  average  figures 
representing  the  work  done  by  a  stamping  mill,  be¬ 
cause  this  varies  with  the  hardness  of  the  stuff  treated 
and  the  fineness  to  which  it  must  be  reduced.  How¬ 
ever,  it  is  usual  in  Cornwall  to  reckon  1  ton  of  tinstuff 
and  in  California  1  to  1 1  ton  of  gold  quartz  stamped 
per  horse- power  in  twenty-four  hours. 

Stamps  are  principally  used  in  dressing  the  ores  of 
gold,  silver,  and  tin,  but  are  occasionally  employed  for 
those  of  copper  and  lead.  The  stamps  described  at 
vol.  x.  p.  664,  act  simply  by  gravity.  Another  form, 
which  has  met  with  favor  in  the  Lake  Superior  dis¬ 
trict,  is  the  direct-acting  or  Ball  stamp,  which  works 
like  a  steam  hammer,  the  blow  of  the  head  being  as¬ 
sisted  by  the  pressure  of  steam.  At  the  Calumet  and 
Hecla  Mill,  Lake  Superior,  each  Ball  stamp  is  capable 
of  crushing  130  tons  in  twenty-four  hours.  In  a  third 
kind  of  stamps,  the  heads  are  lifted  by  a  crank,  and 
the  power  of  the  up-stroke  compresses  a  cushion  of 
air  (pneumatic  stamps)  or  a  spring,  storing  up 

Giwer  which  makes  the  down-stroke  strike  a  heavier 
ow.  , 

Revolving  rolls  were  introduced  in  the  west  of  Eng¬ 
land  in  the  early  part  of  the  present  cen- 
Rolls'  tury  to  replace  bucking  by  hand.  The  ma¬ 
chine,  now  often  known  as  the  Cornish  crusher,  con¬ 
sists  of  two  cast-iron  or  steel  cylinders  which  revolve 
towards  each  other,  whilst  at  the  same  time  they  are 
kept  pressed  together  by  levers  or  springs.  The  cylin¬ 
ders  or  rolls  are  generally  from  18  inches  to  2  feet  or 
2  feet  8  inches  in  diameter,  and  12  to  22  inches  wide. 
Stone  mills  constructed  like  flour  mills  are  employed 
in  some  countries  for  reducing  ores  to  pow- 
Milis.  der ;  and  the  arrastra ,  which  consists  of 
heavy  stones  dragged  round  upon  a  stone  bed,  has 
rendered  good  service  in  grinding  and  amalgamating 

fold  and  silver  ores,  in  spite  of  its  being  slow  and  cum- 
ersome.  Edge-runners  (Chilian  mills)  also  deserve 
mention. 

Iron  mills,  known  as  pans,  with  grinding  surfaces 
made  of  chilled  cast  iron  and  arranged  so  that  they 
can  be  quickly  and  easily  replaced  when  worn  out,  are 
greatly  m  vogue  in  the  United  States  for  the  treat¬ 
ment  of  ores  of  gold  and  silver;  the  ore  delivered  to 
them  is  already  finely  divided,  and  they  are  intended, 
not  only  still  further  to  reduce  the  size  of  the  particles, 
but  also  and  more  especially  to  effect  the  amalgama¬ 
tion  of  the  precious  metals  with  quicksilver.  The 
pulverizers  used  in  Cornwall  for  grinding  grains  of  tin 


ore  with  a  little  waste  still  adhering  to  them  are  also 
iron  mills. 

The  centrifugal  pulverizers  are  machines  by  which 
the  pieces  of  ore  are  thrown  with  great  velocity 
against  bars  or  arms,  or  against  each 
other,  and  so  reduced  to  powder ;  in  puiverizlrs! 
other  machines  iron  balls  or  iron  rol¬ 
lers  are  whirled  by  centrifugal  force  against  an 
iron  casing,  and  grind  any  mineral  contained  in¬ 
side  it.  These  pulverizers  are  much  less  used 
than  stone-breakers,  stamps,  and  rolls  for  the 
disintegration  of  metallic  ores. 

(3)  Classification  of  a  crushed  ore  into  sizes  is 
absolutely  necessary  in  some  cases  and  advis¬ 
able  in  others,  because  the  subsequent 
concentration  is  dependent  upon  the  tion  of  ores! 
fall  of  the  particles  in  water,  as  will 
be  presently  explained.  Classification  by  size  is 
effected  by  sieves.  Hand  sieves  and  flat  sieves 
placed  one  above  the  other  have  been  superseded 
at  most  dressing  establishments  by  cylindrical  or 
conical  revolving  screens  known  as  trommels. 
These  screens  are  made  of  wire  web  or  of  per¬ 
forated  sheets  of  metal,  and  they  are  often  arranged 
so  as  to  discharge  one  into  the  other,  so  that  the  ore 
from  a  crusher  can  quickly  be  separated  into  classes  of 
various  sizes. 

With  sizes  of  less  than  1  millimetre  inch)  trom- 
mele  are  no  longer  employed,  and  recourse  is  had  to 
the  so-called  separators  or  classifiers.  These  are  boxes 
in  the  shape  of  inverted  cones  or  pyramids  into  which 
the  finely-crushed  ore  is  brought  by  means  of  a  current 
of  water  ;  a  jet  of  clean  water  is  often  made  to  rise  up 
in  the  bottom  ;  the  larger  and  the  specifically  heavier 
particles  fall  and  are  discharged  with  a  stream  of  water 
at  or  near  the  bottom,  whilst  the  smaller  and  specifi¬ 
cally  lighter  particles  flow  away  at  the  top.  The  sep¬ 
arators  do  not  effect  a  true  classification  by  size  ;  they 
merely  cause  a  division  by  equivalence ,  a  term  which 
will  be  explained  immediately. 

(4)  We  now  have  to  deal  with  the  enriching  of  the 
ore,  or  the  concentration  of  the  valuable 
particles  into  as  small  a  bulk  as  is  econorn-  Oration! 
ically  advantageous.  The  concentration  is 
generally  brought  about  by  the  fall  of  the  particles 
in  water.  Occasionally  the  fall  in  air  is  utilized;  mer¬ 
cury  is  employed  as  a  collecting  agent  in  the  case  of 
gold  and  silver,  and  in  a  few  instances  magnetism  can 
be  applied. 

The  concentration  in  water  depends  upon  the  differ¬ 
ence  in  specific  gravity  of  the  valuable  ore  and  the 
waste  veinstone  or  rock.  A  piece  of  galena  with  a 
specific  gravity  of  7.5  sinks  to  the  bottom  more  ouickly 
than  a  similar  piece  of  quartz,  the  density  of  which  is 
only  2.6.  Nevertheless  a  large  piece  of  quartz  may 
fall  to  the  bottom  as  quickly  as  a  sniall  piece  of  galena. 
Particles  which  have  equal  velocities  of  fall,  though 
differing  in  size  and  specific  gravity,  are  said  to  be 
equal-falling ,  or  equivalent.  P.  von  Rittinger  shows 
that  a  sphere  of  quartz  of  \  inch  in  diameter  would 
sink  in  water  exactly  as  quickly  as  a  sphere  of  galena 
of  ts  inch  in  diameter,  and  these  two  particles  are 
therefore  equal-falling.  Consequently,  before  we  can 
separate  properly  by  water  it  is  necessary  to  classify 
the  particles  by  size,  so  that  equivalence  shall  not  pre¬ 
vent  a  separation  or  lessen  its  sharpness.  It  is  never¬ 
theless  true  that  in  the  early  part  of  the  fall  of  equiva¬ 
lent  grains  the  influence  of  the  specific  gravity  prepon¬ 
derates,  and  the  denser  particles  take  the  lead  ;  there¬ 
fore,  by  a  frequent  repetition  of  very  small  falls,  particles 
which  have  not  been  closely  sized  may  still  be  separated. 

The  principal  machine  for  concentrating  particles  of 
sizes  ranging  between  1  inch  and  inch  . 

is  the  jig  or  jigger.  The  hand  jigger  is  1ggerB. 

merely  a  round  sieve  which  is  charged  with  the 
crushed  ore  and  then  moved  up  and  down  in  a  tub  full 
of  water.  The  particles  gradually  arrange  themselves 
in  layers,  the  heaviest  on  the  bottom  and  the  lightest 
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at  the  top.  On  lifting  out  the  sieve  the  light  waste 
can  be  skimmed  oil'  with  a  scraper,  leaving  the  con¬ 
centrated  product  below  ready  for  the  smelter  or  for 
further  treatment.  Similar  sieves  worked  by  ma¬ 
chinery  were  for  a  long  time  employed  in  dressing 
establishments,  but  the  introduction  of  the  improved 
continuous  jiggers  has  led  to  their  abandonment  in  all 
works  of  any  impor¬ 
tance.  The  continu¬ 
ous  jigger  is  one  of  the 
most  useful  dressing 
machines  of  the  pres¬ 
ent  day.  It  consists 
of  a  box  or  hutch  di¬ 
vided  by  a  partial  par¬ 
tition  into  two  com¬ 
partments  ;  in  one  is 
fixed  a  flat  sieve  s 
(Fig.  99),  which  car¬ 
ries  the  ore,  and  in 
the  other  a  piston  p 
is  made  to  work  up 
and  down  by  means 
of  an  eccentric.  The 
hutch  being  full  of 
water,  the  movement 
of  the  piston  causes 
the  water  to  rise  up 
and  fall  down  through 
the  ore,  lifting  it  and 
letting  it  fall  repeat¬ 
edly.  The  effect  of  these  frequent  lifts  and  falls  is  to 
cause  a  separation  of  the  previously  sized  ore  into  layers 
of  rich  mineral  at  the  bottom,  light  waste  at  the  top, 
and  particles  of  ore  mixed  with  waste  in  the  middle. 


Pig.  99. 


The  great  value  of  these  jiggers  is  the  continuous  dis¬ 
charge  of  the  products  without  stoppages  for  their  removal. 
Several  methods  are  in  vogue,  viz.,  the  end  discharge,  the 
central  discharge,  and  the  discharge  through  the  meshes 
of  the  sieve.  With  the  first,  the  enriched  product  lying  at 
the  bottom  of  the  sieve  passes  out  through  openings  at  the 
end  of  the  jigger,  and  the  amount  escaping  is  governed  by 
an  adjustable  cap  or  shutter,  by  which  the  size  of  the  open¬ 
ings  can  be  increased  or  diminished  at  pleasure ;  the  mid¬ 
dle  product  can  be  discharged  by  openings  placed  a  little 
higher  up,  whilst  the  waste  is  washed  over  the  top  of  the 
end  of  the  jigger  at  each  pulsation.  Very  often  a  first  sieve 
simply  separates  a  concentrated  product  and  discharges  the 
poorer  product  into  a  second  sieve,  where  a  similar  separa¬ 


tion  is  effected.  With  the  central  discharge,  a  pipe  is 
brought  up  through  the  bottom  of  the  sieve,  and  the  size 
of  the  opening  for  the  escape  of  the  concentrated  ore  is  reg¬ 
ulated  by  a  cylindrical  cap  which  can  be  raised  or  lowered 
by  a  screw.  The  discharge  through  the  sieve  is  especially 
adapted  for  the  finer  products  from  the  crusher,  though  it 
is  also  used  in  some  cases  for  grains  up  to  }  inch  in  diam¬ 
eter,  The  mesh  of  the  sieve  is  chosen  so  that  the  particles 


under  treatment  will  just  pass  through,  but  above  the  sieve 
a  layer  of  clean  ore  is  placed  which  prevents  anything  but 
the  heavier  particles  from  being  discharged.  The  pulsa¬ 
tions  of  the  water,  as  before,  cause  a  separation  into  layers, 
and  the  heavy  rich  particles  find  their  way  through  the 
bed  and  drop  into  the  hutch,  whence  they  can  be  drawn  off 
through  a  hole  at  pleasure.  The  poorer  part  passes  over  a 
simple  sill  at  the  end  of  the  sieve,  or  to  a  second  sieve  if 
necessary.  Three  or  four  sieves  are  occasionally  arranged 
in  a  row  in  one  machine. 

Fig.  100  is  a  section  through  the  two  sieves  of  a  Harz  sand 
jig.  The  pistons  act  in  the  manner  explained  by  Fig.  99. 

The  smaller  sizes  are  concentrated  by  a  variety  of 
machines.  The  action  of  many  of  them  is  based  upon 
the  behavior  of  particles  carried  down  an  inclined 
plane  by  a  thin  stream  of  water.  If  the  gradient  of  the 
plane  and  the  strength  of  the  thin  current  are  properly 
arranged,  the  denser  particles  will  be  deposited  and 
the  specifically  lighter  ones  washed  away,  although 
they  may  be  equal-falling  if  allowed  to  settle  in  deep 
water. 

The  principal  machines  for  concentrating  fine  sands 
and  slimes  are  the  frame,  rotating  frame,  percussion 
frame,  side-blow  percussion  frame,  revolving  belt  and 
Frue  vanner,  the  hand  buddle,  the  round  buddle,  and 
the  keeve. 


upon 
Frames. 


The  frame  is  simply  an  inclined  wooden  table 
which  a  thin  deposit  is  formed  by  the  sheet 
of  ore-and-waste-bearing  water  which  is  made 
to  flow  over  it  gently.  The  stream  is  then  stopped  and  the 
deposit  washed  off  by  hand  or  automatically,  and  collected 
in  pits  for  subsequent  retreatment  by  similar  appliances  if 
necessary. 

The  rotating  frame  is  a  round  table  with  a  very  flat  con¬ 
vex  conical  surface ;  the  ore  for  suspension  flows  on  at  one 
part  of  the  centre  and  forms  a  thin  deposit  which  is  richest 
at  the  top  and  poorest  at  the  bottom,  and  this  deposit  is 
washed  off  so  as  to  form  two  classes  by  means  of  jets  of 
water,  under  which  the  table  passes  as  it  turns  round. 
Concave  rotating  tables,  fed  at  the  circumference,  are  also 
employed. 

The  percussion  frame,  the  Stossheerd  of  the  Germans,  is  a 
table  suspended  by  four  chains  which  receives  a  succession 
of  blows  from  a  cam  in  the  direction  of  the  stream  flowing 
over  it ;  after  each  blow  it  bumps  against  a  piece  of  timber 
before  receiving  the  next  blow.  These  bumps  cause  the  ore 
to  settle,  and  after  a  thick  deposit  is  formed  it  is  dug  off 
with  the  shovel,  the  upper  end  being  richer  than  the  mid¬ 
dle  or  the  tail. 

Rittinger’s  side-blow  percussion  frame  is  a  suspended 
rectangular  table  ABCD  (Fig.  101),  receiving  blows  and 

bumps  on  the  side  and 
not  on  the  end.  A  stream 
of  orey  water  S  is  fed  on 
at  the  corner  A;  clean 
water  W  is  supplied  by 
the  other  head -boards  H, 
H,  H ;  and  the  table  is 
pushed  out  by  cams  in 
the  direction  of  the  arrow, 
and  is  driven  back  by  a 
spring  so  that  the  cross¬ 
piece  E  strikes  against  a 
bumping-block  K.  The 
light  particles'  travel 
down  the  table  much  fast¬ 
er  than  the  heavy  ones, 
and  take  a  comparatively 
straight  course;  whereas 
the  heavy  and  richer  par¬ 
ticles  remain  on  the  table, 
subject  to  the  influence  of 
the  side-blows,  for  a  much 
longer  time,  and  travel¬ 
ling  along  a  curved  path 
reach  the  bottom  at  F. 
The  middle  class  is  dis¬ 
charged  at  G  and  the  poor  waste  at  K.  The  exact  degree 
of  richness  of  the  products  can  be  regulated  by  altering  the 
pointers,  strips  of  wood  which  can  be  turned  so  as  to  divide 
the  stream  of  ore  and  waste  where  thought  most  desirable. 
The  great  advantage  of  this  machine  over  the  old  percus¬ 
sion  frame  is  its  continuous  action. 

The  Frue  vanner  (Fig.  102)  may  be  looked  upon  as  an 
improved  form  of  Brunton’s  simple  revolving 
belt.  It  is  an  endless  band  of  india-rubber  vannef0 
cloth,  flanged  on  each  side,  which  revolves 
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slowly  in  the  direction  of  the  arrows,  whilst  at  the  same 
time  it  is  shaken  side¬ 
ways  by  a  crank  mo¬ 
tion.  The  orey  water 
is  fed  on  at  A,  clean 
water  at  B.  The  natu¬ 
ral  path  of  the  particles 
is  down  the  inclined 
belt,  but  the  specifically 
heavier  ones  settle  upon 
it  and  are  carried  up¬ 
wards.  Those  that  can  resist  the  action  of  the  stream  of 
clean  water  at  B  go  over  the  end  and  are  washed  oil'  as  the 
belt  passes  through  the  tank.  The  poor  stuff  falls  into  the 
waste  launder.  The  degree  of  concentration  can  be  regu¬ 
lated  by  the  slope  and  speed  of  the  belt  and  the  strength 
of  the  streams  of  ore  and  water.  The  Frue  vanner  has  the 
disadvantage  that  it  makes  only  two  classes,  rich  and  poor, 
without  any  intermediate  product. 

The  hand  buddle  is  a  rectangular  wooden  box  with  a 
_  ...  sloping  bottom.  A  stream  of  fine  ore  and  waste 

Buddies.  suspended  in  water  is  fed  in  at  the  upper  end 
and  gradually  forms  a  deposit  on  the  bed  of  the  buddle. 
A  boy  with  a  broom  keeps  the  cop  of  the  sediment  smooth, 
so  as  to  insure  regularity  of  action.  After  a  thick  deposit 
has  accumulated,  it  is  dug  out  in  sections  which  decrease 
in  richness  from  the  upper  end  (head)  to  the  lower  end  (tail). 

Round  buddies,  like  rotating  frames,  are  of  two  kinds, 
convex  and  concave.  The  convex  round  buddle  (Figs. 
1031  and  104)  is  a  circular  pit  with  a  truncated  cone,  or 
head,  of  varying  size  in  the  centre,  and  a  bottom  sloping  to¬ 
wards  the  circumference.  The  orey  stream  A  falling  over 
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this  head  runs  down  gently,  depositing  the  heaviest  parti¬ 
cles  near  the  top,  the  lighter  ones  further  down,  whilst  the 
lightest  of  all  flow  away  at  C.  The  surface  of  the  sediment 
is  kept  even  by  revolving  brushes  D.  This  machine  may 
be  compared  to  a  number  of  hand  buddies  arranged  radially 
round  a  centre.  The  deposit  that  is  formed  is  dug  out  in 


Fig.  104. 

rings  of  varying  richness.  The  concave  buddle  is  a  circular 
pit  with  the  bottom  sloping  towards  the  centre.  The  stream 
of  ore  is  fed  all  round  the  circumference,  and  runs  inwards 
to  the  middle,  where  the  lightest  particles  escape.  The  rich 
head  is  of  course  near  the  circumference. 

The  keeve  is  a  large  tub  in  which  the  fine  stuff  is  stirred 
__  with  water  and  then  is  allowed  to  settle  from 

Keeve.  a  sta^e  0f  suspension  while  blows  are  being 
struck  on  the  side  of  the  tub.  The  deposit  is  afterwards 

1  Henry  T.  Ferguson,  “On  the  Mechanical  Appliances  UsqcI  for 
Dressing  Tin  and  Copper  Ores  in  Cornwall,”  Proc.  Inst.  Mech.  Png., 
1873,  pi.  41. 


scraped  out  in  layers  which  increase  in  richness  as  they  ap¬ 
proach  the  bottom. 

The  series  of  processes  employed  in  dressing  an  ore 
varies,  not  only  according  to  the  nature  of  Dr  ggin  dif 
the  particular  mineral  to  be  concentrated,  ferent  ores! 
but  also  according  to  the  size  of  its  particles 
and  the  nature  of  the  other  minerals  with  which  it  is 
associated. 

With  gold  the  reduction  in  size  is  usually  effected 
by  stone-breakers  and  stamps,  and  much  of  Gold 
the  metal  is  then  caught  by  mercury ;  what 
escapes  is  concentrated  with  its  accompanying  pyrites 
by  inclined  tables  covered  with  blankets,  or  by  bud¬ 
dies,  and  the  concentrate  is  treated  by  amalgamation 
or  chlorination.  See  Gold,  vol.  x.  pp.  664,  666. 

In  the  case  of  silver  the  ore  is  frequently  pulverized 
by  stamps,  and  the  resulting  pulp  amalga-  silver 
mated  in  pans  or  barrels.  The  ore  may 
also  be  concentrated  by  any  of  the  various  machines 
described,  and  delivered  to  the  smelter.  Many  of  the 
ores  of  silver  are  sent  to  the  smelting  works  without 
any  concentration  by  water,  as  this  would  cause  a  seri¬ 
ous  loss. 

Lead  ore  is  generally  crushed  by  rolls,  often  after  a 
preliminary  reduction  in  size  by  the  stone-  Lead 
breaker.  The  crushed  ore  is  classified  by 
revolving  screens  down  to  the  size  of  1  mm. ,  and  the 
resulting  grains  concentrated  by  jigging;  dredge ,  or 
grains  of  ore  and  matrix,  must  be  recrushed, 
sized,  and  jigged.  The  finer  sizes  are  classified 
by  pyramidal  boxes  and  concentrated  by  frames, 
rotating  tables,  and  buddies. 

Zinc  ore  is  dressed  in  the  same  way  as  lead 
ore  ;  and,  as  galena  and  zinc-blende  zinc 

are  frequently  intimately  associated 
together,  it  is  necessary  to  separate  them  by 
the  use  of  the  jig,  buddle,  and  frame. 

Tin -bearing  rock  is  crushed  by  the  stone- 
breaker  and  then  stamped  fine.  The 
resulting  sand  and  slime  may  be  con¬ 
centrated  by  the  repeated  use  of  the  round 
buddle,  with  the  keeve  for  a  final  cleaning ;  but 
often  the  sand  only  is  enriched  by  the 
buddle,  whilst  the  very  finest  particles,  constitut¬ 
ing  an  almost  impalpable  mud  (dime )  when  mixed 
with  water,  are  treated  by  frames.  When  much  pyrites 
is  present  it  is  necessary  to  make  a  preliminary  con¬ 
centration  and  roast  the  enriched  product  ( witts )  in  a 
furnace.  The  calcination  converts  the  heavy 
iron  and  arsenical  pyrites  into  a  light  oxide 
which  can  be  got  rid  of  with  the  rest  of  the  waste 
by  huddling  and  framing.  The  final  product 
from  the  keeve  is  clean  enough  to  approach  pure 
cassiterite  in  the  percentage  of  metal.  Alluvial 
tin  ore  is  concentrated  in  sluice-boxes ,  and 
sometimes  by  jiggers,  after  a  preliminary  treat¬ 
ment  in  a  puddling-machine  (Gold,  vol.  x.  p. 
663)  if  there  are  balls  of  clay  which  have  to  be 
broken  up.  When  the  alluvial  ore  occurs  as  a 
hard  conglomerate  [cement),  it  has  to  be 
stamped. 

Copper  ores  are  treated  by  crushing  by  rolls 
and  sometimes  stamps,  sizing  by  copper, 
trommels,  and  then  jigging  and  hud¬ 
dling  ;  but  as  some  of  the  ores  are  very  friable 
and  easily  carried  away  by  water,  hand-pick¬ 
ing  is  employed  to  a  greater  extent  than  with 
lead  and  tin  ore,  and  the  enrichment  by  water 
is  not  carried  so  far  on  account  of  the  inevitable 
loss  that  would  ensue.  The  amount  of  concentration 
depends  upon  the  distance  from  the  smelting  works, 
and  the  mine-owner  has  to  calculate  whether  it  is  best 
to  get  a  low  price  for  a  large  quantity  of  ore,  after  pay¬ 
ing  the  carriage,  or  a  higher  price  for  a  smaller  lot 
[ parcel )  when  due  allowance  nas  been  made  for  the 
cost  of  dressing  and  loss  sustained  in  that  process. 
Thus,  for  instance,  in  Cornwall,  the  ore  containing 
copper  pyrites  is  dressed  so  as  to  contain  only  from  5 
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to  8  or  9  per  cent,  of  metal,  because  it  can  easily  be 
conveyed  to  Swansea  by  sea,  and  because  further  re¬ 
duction  in  bulk  would  cause  greater  loss  in  value  than 
the  saving  of  freight.  . 

The  loss  in  dressing  is  very  considerable.  P.  von 
Rittinger  estimates  it  at  from  30  to  50  per 
dressing.  cent. ,  and  stubborn  facts  bear  out  his  con¬ 
clusions.  Heaps  of  refuse  from  dressing 
floors  are  frequently  worked  over  again  with  profit ; 
and  in  the  year  1881  no  less  than  909  tons  of  “black 
tin”  (i.e. ,  concentrated  tin  ore  fit  for  the  smelter), 
worth  £35,283,  were  extracted  from  the  muddy  water 
allowed  to  flow  away  from  the  dressing  floors  of  some 
of  the  principal  Cornish  tin  mines. 

The  fall  in  air  has  been  employed  instead  of  the  fall  in 
water  for  concentrating  purposes,  and  several  ingenious  air- 
jigs  have  been  constructed  and  worked  upon  this  principle. 

In  exceptional  cases  magnetic  attraction  may  be  utilized. 

Magnetic  iron  can  be  separated  in  this  way,  and 
the  magnetic  process  is  applied  for  treating 
ism.  °  mixed  blende  and  chalybite,  the  specific  gravi¬ 
ties  of  which  are  too  close  to  rende  concentra¬ 
tion  by  water  practicable.  The  mixed  ore  is  calcined,  and 
the  chalybite  is  thus  converted  into  magnetic  iron,  which 
can  be  extracted  by  a  magnetic  separator,  leaving  salable 
blende. 

Before  concluding  this  part  of  the  subject  we  will 
Recent  briefly  enumerate  the  principal  improve- 
improve-  ments  that  have  been  made  in  metal-mining 
ments.  during  the  last  quarter  of  a  century.  They 
are  as  follows :  diamond-drill  for  prospecting ;  machine 
drills  for  driving,  sinking,  and  stoping;  use  of  com¬ 
pressed  air  for  winding  underground  ;  stronger  explo¬ 
sives,  especially  the  nitro-glycerin  compounds  dynamite 
and  blasting  gelatin  ;  increased  use  of  steel  for  various 
purposes;  Blake’s  stone-breaker  and  continuous  jig¬ 
gers  ;  extended  application  of  hydraulic  mining ;  larger 
employment  of  electricity  both  for  blasting  purposes 
and  for  signalling  by  telegraph  and  telephone.  _  It  may 
be  reasonably  hoped  that  ere  long  electricity  will  render 
increased  services  to  the  miner  for  lighting  the  work¬ 
ings  and  for  the  transmission  of  power. 

14.  Recent  Legislation  affecting  Mines  in  the  United 
Recent  Kingdom. x— In'England  the  person  owning 

British  leg-  the  surface  of  a  freehold  is  prima  facie  en- 
islation.  titled  to  all  the  minerals  underneath,  ex¬ 
cepting  in  the  case  of  mines  of  gold  and  silver,  which 
belong  to  the  crown.  The  crown,  however,  does  not 
claim  gold  and  silver  extracted  from  the  ores  of  the 
baser  metals.  The  ownership  of  the  minerals  can  be, 
and  often  is,  severed  from  that  of  the  surface,  the 
latter  being  sold  whilst  the  mineral  rights  are  reserved 
by  the  original  owner.  Local  customs,  now  regulated 
by  Acts  of  Parliament,  are  still  in  force  in  Derbyshire 
(High  Peak  Mining  Customs  and  Mineral  Courts  Act, 
1851,  14  &  15  Viet.  c.  94,  and  the  Derbyshire  Mining 
Customs  and  Mineral  Courts  Act,  1852,  15  &  16  Viet, 
c.  43)  and  in  the  Forest  of  Dean  (1  &  2  Viet.  c.  43, 
and  24  &  25  Viet.  c.  40).  The  Stannaries  Act  (32  & 
33  Viet.  c.  19)  regulates  the  commercial  dealings  of 
mining  companies  in  Cornwall  and  Devon,  and  pro¬ 
vides  for  their  liquidation. 

The  working  of  the  mines  in  the  United  Kingdom 
is  controlled  by  five  Acts  of  Parliament,  viz.,  “The 
Coal  Mines  Regulation  Act,  1872”  (35  &  36  Viet.  c. 
76),  “The  Metalliferous  Mines  Regulation  Acts,  1872 
and  1877”  (35  &  36  Viet.  c.  77,  and  38  &  39  Viet.  c. 
39),  “The  Stratified  Ironstone  Mines  (Gunpowder) 
Act,  1881”  (44  &  45  Viet,  c.  26),  and  “The  Slate 
Mines  (Gunpowder)  Act,  1882”  (45  Viet.  c.  3).  The 
last  three  Acts  simply  refer  to  the  annual  returns,  and 
exemptions  from  certain  restrictions  concerning  the 
use  of  gunpowder. 

The  Coal  Mines  Regulation  Act  applies  to  mines  of  coal, 
stratified  ironstone,  shale,  and  fire-clay.  The  Metalliferous 


Mines  Regulation  Act  applies  to  all  mines  not  included 
under  the  Coal  Mines  Act,  and  therefore  controls  not  only 
workings  for  lead,  tin,  copper,  and  iron,  commonly  known 
as  mines,  but  also  the  salt-mines,  and  underground  quarries 
worked  for  stone,  slate,  or  other  earthy  minerals.  The 
principal  provisions  of  the  Coal  Mines  Regulation  Act 
have  been  set  forth  at  vol.  vi.  p.  73 ;  those  of  the  Metallifer¬ 
ous  Mines  Regulation  Act  are  similar,  but  less  strict  owing 
to  the  almost  complete  absence  of  fire-damp.  One  impor¬ 
tant  difference  is  that  the  manager  of  a  mine  under  the 
Metalliferous  Act  need  not  hold  any  certificate  of  compe¬ 
tency  or  service. 

Other  Acts  of  Parliament  are  the  “  Explosives  Act,  1875  ” 
(38  Viet.  c.  17),  regulating  the  manner  in  which  explosives 
are  stored ;  the  “  Elementary  Education  Acts,  1876  and 
1880”  (38  &  39  Viet.  c.  79,  and  43  &  44  Viet.  c.  23),  regulat¬ 
ing  the  employment  of  children ;  the  “  Factory  and  Work¬ 
shop  Act,  1878”  (41  Viet.  c.  16),  which  applies  to  the  dressing 
floors  of  mines  under  the  Metalliferous  Mines  Regulation 
Act. 

The  statute  of  Elizabeth  (43  Eliz.  c.  2)  which  was  passed 
for  raising  money  for  the  relief  of  the  poor  mentions  coal 
mines,  but  omits  other  mines ;  these  have  been  made  subject 
to  poor-rates  by  “  The  Rating  Act,  1874  ”  (37  &  38  Viet.  c.  54). 
The  “  Employers’  Liability  Act,  1880  ”  (43  &  44  Viet.  c.  42),' 
extends  and  regulates  the  liability  of  employers  to  make 
compensation  for  personal  injuries  suffered  by  workmen  in 
their  service.  Finally,  if,  as  sometimes  happens,  works  are 
put  up  at  a  mine  for  roasting  copper  ores  with  common  salt 
in  order  to  extract  the  metal  by  the  wet  way,  the  provisions 
of  the  “Alkali,  etc.,  Works  Regulation  Act,  1881”  (44  & 
45  Viet.  c.  37),  must  be  attended  to. 

It  is  thus  very  evident  that  the  laws  affecting  mines  have 
received  most  important  additions  during  the  last  few  years. 

15.  Accidents  in  Mines. — Mining  is  one  of  the  occu¬ 
pations  that  may  decidedly  be  called  haz-  Accidents, 
ardous.  This  fact  has  been  thoroughly  im¬ 
pressed  upon  the  public  mind  by  explosions  of  fire¬ 
damp  in  collieries  ;  but,  though  accidents  of  this  kind 
are  appalling,  owing  to  the  number  of  victims  who 
perish  at  one  time,  fire-damp  is  by  no  means  the  worst 
enemy  with  which  the  miner  has  to  contend.  Falls  of 
roof  and  sides  both  in  collieries  and  metal  mines  are 
far  more  fatal  in  their  results.  With  the  risks  attend¬ 
ing  the  collier’s  calling  we  need  not  deal,  as  statistics 
upon  this  subject  have  been  already  given  (see  Coal, 
vol.  vi.  p.  74) ;  but  the  figures  in  the  following  table 
relating  to  metalliferous  mines  prove  that  the  occupa¬ 
tion  of  the  metal  miner  is  very  little  less  dangerous. 

This  table*  shows  that  the  average  accidental  mortality 
of  the  persons  employed  underground  in  metalliferous  mines 
is  2.37  per  1000.  During  the  ten  years  1873-1882  the  cor¬ 
responding  mortality  at  mines  under  the  Coal  Mines  Act 
was  2.57,  showing  a  difference  of  only  0.20  per  1000  in  fa¬ 
vor  of  the  metal  miner  ;  and  when  we  take  the  well-known 
metalliferous  district  of  Cornwall  and  Devon  we  find  a 
death-rate  for  the  ten  years  mentioned  of  2.63  per  1000, 
which  therefore  exceeds  that  of  coal  mines. 

Reference  to  the  table  shows  that  more  than  one-third  of 
the  deaths  were  caused  by  falls  of  ground.  The  actual  per¬ 
centages  of  the  deaths  are  as  follows :  falls  of  ground  35.5,  in 
shafts  26.2,  miscellaneous  25.1,  on  surface  13.1.  The  acci¬ 
dents  in  shafts  are  due  to  falls  from  ladders,  cages,  and  man- 
engines,  ropes  and  chains  breaking,  overwinding,  and  other 
causes,  whilst  the  miscellaneous  accidents  include  numer¬ 
ous  fatalities  in  connection  with  blasting  operations.  The 
surface  accidents  are  mostly  caused  by  persons  becoming 
entangled  in  machinery,  and  there  have  been  several  fatal 
boiler  explosions. 

In  spite,  however,  of  all  the  dangers  to  which  miners  are 
exposed,  they  are  less  likely  to  be  the  victims  of  accident 
than  railway  servants,  among  whom  the  rate  of  fatal  acci¬ 
dents  varies  from  2.5  per  1000  on  passenger  traffic  lines  to  3.5 
per  1000  on  lines  possessing  a  heavy  goods  traffic.3 

Statistics  concerning  accidents  in  mines  are  published  by 
many  foreign  countries;  the  most  minute  are  those  pre¬ 
pared  by  the  Government  mining  engineers  in  Prussia. 
The  average  annual  death-rates  per  1000  persons  employed 
below  ground  and  above  ground  from  accidents  in  mines 
in  Prussia  during  the  fifteen  years  1867  to  1881  have  been: 
coal  mines  2.952,  lignite  mines  2.474,  metal  mines  1.446, 
other  mines  1.693,  all  the  mines  together  2.476.  In  making 


1  For  information  concerning:  the  laws  relating  to  mines  in  the 
United  Kingdom,  see  W.  Bainbridge,  A  Treatise  on  the  Law  of  Mines 
and  Minerals,  1873,  and  Arundel  Rogers,  The  Law  relating  to  Mines, 
Minerals,  and  Quarries  in  Great  Britain  and  Ireland,  with  a  Summary 
of  the  Laws  of  Foreign  Stales,  1816. 


2  From  Reports  of  H.  M.  Inspectors  of  Mines  for  the  year  1882,  p. 
xxxvi. 

3  The  Rate  of  Fatal  and  Non- Fatal  Accidents  in  and  about  Mines 
and  on  Railways,  vrith  the  Cost  of  Insurance  against  such  Accidents, 
by  Francis  G.  P.  Neison,  London,  1880. 
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any  comparison  between  these  figures  and  those  we  have 
given  for  Great  Britain,  it  is  necessary  to  recollect  that  the 
mines  under  the  Coal  Mines  Act  include  some  workings 
which  in  Prussia  would  be  classed  as  metalliferous,  and 


that  British  mines  under  the  Metalliferous  Act  include 
underground  stone-quarries. 

Before  concluding  the  subjects  of  accidents,  it  is  neces¬ 
sary  to  point  out  that  successful  etforts  have  been  made  of 


Mines  classed  under  the  Metalliferous  Mines  Regulation  Act  in  Great  Britain  and  Ireland. 


Persons  Employed. 

Number  of  Deaths  from  Accidents. 

Death-rate  from  Accidents  per 
1000  persons  employed. 

Under  Ground. 

Above 

Gro’d. 

Gen¬ 

eral 

Total. 

Under 

Ground. 

Above 

Ground. 

Total. 

Fallsof 

Gro’d. 

In 

Shafts. 

Miscel- 

lan’us. 

Total. 

Under 

Gro’d. 

Above 

Gro’d. 

Under  Ground 
and 

Above  Ground. 

1874 

34,036 

22,325 

56,361 

40 

34 

15 

89 

14 

103 

2.61 

0.62 

1.82 

1875 

34,905 

23,168 

58,073 

32 

35 

33 

100 

19 

119 

2.86 

0.82 

2.05 

1876 

34,109 

23,388 

57,497 

25 

16 

23 

64 

6 

70 

1.87 

0.25 

1.21 

1877 

34,095 

23,300 

57,395 

41 

21 

24 

86 

11 

97 

2.52 

0.47 

1.69 

1878 

30,624 

20,834 

51,458 

27 

19 

23 

69 

8 

77 

2.25 

0.38 

1.49 

1879 

28,265 

18,795 

47,060 

24 

16 

16 

56 

8 

64 

1.98 

0.42 

1.36 

1880 

32,045 

20,863 

52,908 

31 

21 

19 

71 

13 

84 

2.21 

0.62 

1.59 

-  1881 

33,291 

21,651 

54,942 

36 

22 

32 

90 

9 

99 

2.70 

0.41 

1.80 

1882 

33,814 

21,692 

55,506 

30 

27 

17 

74 

18 

92 

2.18 

0.83 

1.65 

Total  and  averages') 
for  the  nine  years  j 

295,184 

196,016 

491,200 

286 

211 

202 

699 

106 

805 

2.37 

0.54 

1.63 

late  years  to  mitigate  their  results.  In  the  first  place,  per¬ 
sons  equipped  with  the  Fleuss  breathing  apparatus  can  now 
enter  mines  after  explosions,  in  spite  of  the  noxious  and 
irrespirable  gases,  and  save  lives  which  would  otherwise  be 
sacrificed.1  Secondly,  by  means  of  the  instruction  afforded 
by  classes  established  by  the  St.  John  Ambulance  Associa¬ 
tion,  miners  are  learning  how  best  to  render  first  aid  to  the 
injured  before  the  arrival  of  a  medical  man,  and  there  is 
no  doubt  that  many  valuable  lives  have  been  lost  in  times 
past  for  want  of  this  knowledge.  Thirdly,  a  vast  amount 
of  good  has  been  done  by  the  establishment  of  Miners’ 
Permanent  Relief  Societies  in  different  districts,  which  af¬ 
ford  aid  to  persons  disabled  by  accidents  and  to  the  depend¬ 
ent  relatives  of  those  who  have  unfortunately  lost  their 
lives  by  any  mining  fatality. 

16.  Useful  Minerals  produced  in  Various  Parts  of  the  Globe. 

Great  Britain  and  Ireland. — The  mineral  produce  of  the 
United  Kingdom  for  the  year  1881  is  summed  by  Mr. 
Robert  Hunt 2  as  follows : — • 


Minerals. 

Quantities. 

Values. 

Tons.  Cwts. 

£  *.  d. 

Coal . 

154,184,300  0 

65,528,327  10  0 

Iron  ore . 

17,446,065  6 

6,201,068  6  6 

Tin  ore . 

12,898  3 

697,444  5  3 

Copper  ore . 

52,556  1 

190,057  8  7 

Lead  ore . 

64,702  5 

656,725  0  0 

Zinc  ore . 

35,527  7 

110,043  10  8 

Iron  pyrites . 

43,616  14 

30,033  6  5 

Gold  ore . 

1  lA 

18  0  0 

Silver  ore . 

5  19 

358  7  0 

Cobalt  and  nickel  ore . 

63  14 

309  12  8 

Manganese . 

2.884  0 

6,441  5  0 

Wolfram . 

54  7 

544  1  9 

Ochre  and  umber . 

7,996  9 

12,286  7  0 

Arsenic . 

6,156  8 

45,070  7  6 

Fluor  spar,  etc . 

372  14 

253  10  0 

Clays . 

2,401,421  0 

1,200,210  0  0 

Salt . . . 

2,298,220  0 

1,149,110  0  0 

Barytes . 

21,313  11 

23,894  3  10 

Sundry  minerals,  includ-j 

ing  coprolites,  gypsum,  > 

... 

349,500  0  0 

calc-spar,  shales,  etc . ) 

The  total  value  of  minerals  produced  in  1881  was  £76,- 
201,695,  2s.,  exclusive  of  slate,  building-stone,  limestone, 
and  other  stones  worked  by  mines  and  quarries.  ^ 

The  quantity  of  coal  raised  in  1882  was  156,499,9/  /  tons. 
The  metals  obtained  from  the  ores  produced  in  the 
United  Kingdom  in  1881  were — 

1  Reports  of  H.  M.  Inspectors  of  Mines  for  the  year  1881,  Mr.  Bell’s 

Report,  p.  463.  .  .  .  . 

2  Mineral  Statistics  of  the  United  Kingdom  for  1881,  p.  ix. 


Metals, 

Quantities. 

Values. 

Gold . ounces 

Silver,  from  ore .  “ 

Silver,  from  lead .  “ 

Pig  iron .  tons 

Tin .  “ 

Copper .  “ 

Lead .  “ 

Zinc .  “ 

Other  metals,  estimated . 

4 y2 

1,650 

308,398 

8,144,449 

8,615 

3,875 

48,567 

14,947 

£ 

18 

360 

67,140 

20,361,122 

839,680 

263,500 

728,805 

252,608 

1,275 

Total  value  of  metals  produced) 
in  1881 . } 

... 

£22,514,508 

The  total  value  of  minerals  and  metals  obtained  from  the 
mines  and  other  mineral  workings  of  the  United  Kingdom 


in  1881  was — 

£ 

Coal .  65,528,327 

Metals  as  above .  22,514,508 

Minerals,  not  reduced— salt,  clays,  etc .  2,817,652 


£90,860,487 

From  these  tables  it  is  evident  that  coal  and  iron  are  by 
far  the  most  important  mineral  productions  of  the  United 
Kingdom,  as  94  per  cent,  of  the  total  value  is  due  to  these 
two  substances. 

France. — The  mineral  productions  of  France3  for  the 
year  1880  are  set  forth  in  the  following  table: 


Quantities. 

Values. 

Mineral  fuel . 

Metric  Tons. 
19,362,000 
248,000 
144,000 
2,874,000 
133,000 
53,000 
333,000 
367,000 

Francs. 

246,687,000 

2,755,000 

1,023,000 

14,909,000 

2,114.000 

4,690,000 

11,814,000 

6,719,000 

Peat . 

Asphalt  rock  and  bituminous  shale 
Iron  ore . 

Iron  pyrites  and  sulphur . 

Metallic  ores . .*. . 

Rock-salt . 

Bay-salt . . . 

General  totals . 

23,514,000 

290,711,000 

The  quantities  of  metal  produced  in  France  from  native 
and  foreign  ores  in  1880  4  were — 


Pig  iron...l,725,000  metric  tons. 

Lead  .  6,500  “  “ 

Copper....  3,400  “  “ 

Zinc .  16,200  “ 


Nickel .  30  metric  tons. 

Gold .  31  kilogrammes. 

Silver . 40,400  “ 


Aluminium  1,150 


8  Statistique  de  l' Industrie  Minirale  et  des  Appareils  d  Vapeur  en 
France  et  en  Algtrie,  Ann£e  1880,  Paris,  1882,  p.  45. 

4  Statistique  de  V  Industrie  Minirale  et  des  Appareils  d  Vapeur  en 
France  et  en  Algerie,  Annee  1880,  Paris,  1882,  pp.  59  and  72. 
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Germany. — The  mining  industry  of  the  German  empire  is 
of  high  importance.  The  output  of  the  mines  in  1881  is 
shown  by  the  following  table, — taken  from  the  Stat.  Jalirb. 
fur  da:  Deutsche  Reich ,  Berlin,  1883,  p.  27.  The  production 
of  common  salt,  potassium  chloride,  and  other  salts  from 


brine  is  also  considerable.  The  total  quantity  for  the  Ger¬ 
man  empire  in  1881  was  693,000  metric  tons,  worth  33,- 
567,000  marks,  including  113,200  tons  of  potassium  chloride 
valued  at  14,090,000  marks. 

Austria-Hungary. — Among  the  famous  mines  of  the  Aus- 


Silver 

Iron  Pyrites 

Total  Value 

Rock- 

Potash 

Iron 

Zinc 

Lead 

Copper 

and 

and  other 

of  all  the 

Coal. 

Lignite. 

Salt. 

Salts. 

Ore. 

Ore. 

Ore. 

Ore. 

Gold 

Vitriol  and 

Products. 

Mining 

Ore. 

Alum  Ores. 

Products. 

Unit 

Unit 

Unit 

Unit 

Unit 

Unit 

Unit 

Unit 

Unit 

Unit 

Unit 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

loon 

Metric 

Metric 

Metric 

Metric 

Metric 

Metric 

Metric 

Metric 

Metric 

Metric 

Metric 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Prussia1 . 

437805 

10412.2 

207.8 

545.4 

3906.3 

659.2 

159.7 

523.6 

0.1 

142.0 

33.2 

326,423 

Bavaria . 

519.8 

18.1 

0.9 

75.6 

0.8 

0.02 

... 

1.1 

1.5 

5,124 

Saxony3 . 

3707.8 

600.7 

... 

23.8 

1.7 

0.1 

26.7 

0.1 

1.2 

33,057 

Wurtemberg . 

84.2 

... 

19.3 

0.1 

... 

752 

Baden . 

9.4 

... 

0.3 

... 

0.02 

110 

Hesse . 

... 

30.7 

133.8 

... 

... 

0.6 

1,115 

Mecklenburg . 

... 

12.3 

...* 

... 

... 

... 

46 

Thuringia . 

0.9 

735.3 

... 

... 

28.4 

0.02 

0.4 

1.4 

1,626 

Brunswick . 

273.7 

... 

96.4 

0.9 

... 

... 

18.0 

1,578 

Anhalt . 

766.1 

19.0 

360.5 

... 

1.4 

... 

2.1 

6,344 

Schaumburg-Lippe.. 

108.9 

... 

... 

... 

... 

... 

... 

... 

... 

965 

Waldeck . 

32.3 

... 

... 

... 

0.02 

170 

Alsace-Lorraine . 

560.9 

3.2 

... 

... 

1096.0 

0.3 

... 

2.4 

9.7 

6,690 

German  empire . 

48688.2 

12852.3 

311.9 

905.9 

5411.9 

659.5 

164.8 

523.7 

26.8 

146.1 

67.7 

384,000 

Luxemburg . 

... 

... 

2161.9 

... 

... 

... 

... 

... 

4,994 

Together . 

48688.2 

12852.3 

311.9 

905.9 

7573.8 

659.5 

164.8 

523.7 

26.8 

146.1 

67.7 

388,994 

tria-Huugarian  empire  may  be  mentioned  those  of  Hungary 
and  Transylvania  for  gold  aud  silver;  Styria  produces 
much  of  the  iron;  quicksilver  is  yielded  by  the  mines  of 
Idria  in  Caruiola,  lead  and  silver  by  those  of  Przibram  in 
Bohemia;  salt  is  obtained  in  the  Austrian  Alps  and  in 
Galicia,  which  also  produces  petroleum  and  ozokerite. 

The  production  of  minerals  and  metals  in  Austria 4  during 
the  year  1881  was  as  follows  : 


Gold  ore...  784  metric 
Silver  ore.  12,383  “ 

Quicksilver 

ore .  48,204 

Copperore  4,445  “ 

Iron  ore...  618,963  “ 

Lead  ore...  13,542  “ 

Zinc  ore...  27,339  “ 

Manganese 

ore .  9,109  “ 

Graphite...  13,379  “ 

Petroleum  1.249  “ 

Lignite . 8,961,498  “ 

Coal . 6,343,315 


tons— Metallic  gold....  18.6  kilogrs. 

“  —  “  silver..  31,359 

“  —  “  merc’y  398  metric  t’s. 

“  —  “  copper  481  “ 

“  —  “  iron.. ..379, 639  “ 

„  /  “  lead...  6,385  “ 

( Litharge .  2,996  “  “ 

“  —Metallic  zinc....  4,119  “  “ 


Exclusive  of  salt  the  value  of  the  produce  of  the  Austrian 
mines  in  1881  was  44,693,692  florins.  The  total  output  of 
salt  in  1881  was  267,279  metric  tons,  valued  according  to 
the  monopoly  prices  at  23,000,498  florins. 


Hungary  in  1879  5  produced 

Gold .  1,593  kilogrammes. 

Silver . 18,660 

Copper .  1,035  metric  tons. 

Lead .  1,967 

Mercury  ...  22  “ 


Iron . 118,321  metric  tons* 

Coal . 674,008  “  “ 

Lignite . 932,475  “  “ 

Iron  pyrites..  56,282  “  “ 


Belgium.  —  Belgium  is  rich  in  coal,  the  output  in  1881 
being  no  less  than  16,873,951  metric  tons,  valued  at  163,- 
704,242  francs.  Though  it  produces  iron  ores,  it  is  largely 
dependent  upon  other  countries,  and  especially  the  grand- 
duchy  of  Luxemburg,  for  supplies  for  its  blast  furnaces. 
The  principal  lead  mine  is  that  of  Bleiberg,  and  the  cala¬ 
mine  deposits  in  the  neutral  territory  of  Moresnet  have  long 
been  worked  with  success  by  the  celebrated  Vieille  Mon- 
tagne  Company,  which  also  owns  zinc  mines  in  Belgium, 
Germany,  Sweden,  Sardinia,  and  Algeria. 

Ritssia. — In  a  vast  empire  like  Russia  it  is  not  surprising 
that  there  should  be  valuable  deposits  of  a  great  variety  of 
minerals.  Among  the  most  important  are  the  auriferous 


1  Detailed  statistics  concerning  the  mineral  produce  of  Prussia 
are  given  every  year  in  the  Zeitschrift  fur  das  Berg-,  Hutten-,  und 
Salinen-Wesen  im  Preussischen  Staate  (Berlin). . 

2  Quantity  less  than  50  tons. 

3  Detailed  statistics  of  the  mineral  produce  of  Saxony  are  given 
yearly  in  the  Jahrtmchfur  das  Berg-  und  Huttenwesen  im  Kbnigreiche 
Sachsen  (Freiberg). 

4  Stat.  Jahrb.  des  k.  k.  Ackerbau-Ministeriums  fur  1881,  Heft  iii 
Lief.  1,  Vienna,  1882. 

5  “  Der  Bergwerksbetrieb  Ungams  im  Jahre  1879,”  Oesterreich- 

ische  Zeitschrift  fur  Berg-  und  Huttenwesen,  1881,  p.  271. 


alluvia  of  the  Ural  Mountains  aud  Siberia,  which  in  1880 
yielded  115,940  troy  lb  of  gold,  worth  more  than  5  millions 
sterling.  Platinum  is  found  associated  with  the  gold-bear¬ 
ing  sands  of  the  Urals ;  the  output  in  1880  was  7895  troy 
lb.  Zinc  ore  is  largely  worked  in  Poland.  Important  sup¬ 
plies  of  chromic  iron  ore  are  derived  from  the  Urals,  amount¬ 
ing  in  1880  to  more  than  8000  tons.  The  metallic  copper 
produced  in  1880  was  about  3100  tons,  and  the  oil  wells  of 
Baku  yielded  in  that  year  346,000  tons  of  petroleum.  Rus¬ 
sia  also  possesses  mines  of  iron  ore,  manganese,  lead,  silver, 
coal,  and  lignite.  A  little  tin  ore  is  furnished  by  Finland. 

Italy. — The  most  important  mineral  in  Italy  6  is  sulphur, 
359,540  tons  (metric),  worth  36,448,453  lire,  having  been  ob¬ 
tained  in  1880,  and  mainly  from  seams  containing  the  native 
element  in  the  Miocene  rocks  of  Sicily  and  Romagna. 

The  celebrated  iron  mines  of  the  island  of  Elba  have  been 
worked  from  very  early  times,  and  furnish  a  valuable  ore ; 
aud  the  deposits  of  calamine,  lead  ore,  and  silver  ore  in 
Sardinia  form  no  small  proportion  of  the  mineral  wealth  of 
the  Italian  kingdom.  The  gold  mines  in  and  near  the 
Val  Anzasea  (Piedmont)  are  producing  more  than  7000 
ounces  of  metal  yearly. 

Spain. — Spain  is  justly  celebrated  for  its  mineral  wealth. 
It  produces  more  cupreous  pyrites  than  any  other  country 
in  the  world,  and  very  large  amounts  of  lead  ore  and  quick¬ 
silver;  and  its  iron  ores  are  abundant  and  of  excellent 
quality.  The  principal  lead  mines  are  in  the  provinces  of 
Jaen  (Andalusia)  and  Murcia,  and  the  total  amount  of 
metallic  lead  produced  in  Spain  or  from  Spanish  ores  is  esti¬ 
mated  to  be  120,000  tons  yearly. 

Cinnabar,  the  heavy  red  ore  of  mercury,  naturally  at¬ 
tracted  attention  at  a  very  early  date,  and  the  world- 
renowned  Almaden  mine  has  been  worked  from  time 
immemorial.  The  output  in  1880  was  1387i  tons  (metric) 
of  quicksilver.7 

The  cupreous  pyrites,  often  known  as  sulphur  ore,  is  ob¬ 
tained  from  the  province  of  Huelva,  where  vast  deposits 
occur  over  a  belt  of  country  nearly  100  miles  long  by  20 
miles  wide.  The  Rio  Tinto  mines  are  the  largest  in  the 
district,  and  are  worked  on  a  gigantic  scale.  The  company 
employs  upwards  of  10,000  hands,  or  more  persons  than  are 
engaged  in  all  the  Cleveland  iron  mines,  and  the  output  is 
upwards  of  a  million  tons  per  annum.  About  one-quarter 
of  this,  containing  3i  per  cent,  of  copper,  is  exported,  mainly 
for  the  manufacture  of  sulphuric  acid  and  subsequent  treat¬ 
ment  for  copper  and  silver,  whilst  the  remaining  three- 
quarters,  with  2i  to  2J  per  cent,  of  copper,  are  treated  on 
the  spot.  The  ore  contains  rather  less  than  1  oz.  of  silver 
to  the  ton,  and  a  few  grains  of  gold.  These  are  profitably 
extracted  from  the  burnt  ore  by  Claudet’s  process,  and  som\ 
idea  of  the  importance  of  the  copper  and  silver  will  6b 

c  Nntizie  statistiche  sulla  Industria  Miner  aria  in  Italia  dal  1860  at 
1880,  Rome,  1881,  p.  406. 

7  Estadlstica  Minera  de  Espah\  correwondietite  al  afio  de  1880 
Madrid,  1882,  p.  37. 
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gained  by  reference  to  the  following  figures.1  During  the 
year  1881  there  were  obtained  from  cupreous  pyrites  im¬ 
ported  into  the  United  Kingdom  in  1881,  mainly  from  Spain 
and  Portugal,  14,000  tons  of  copper,  258,463  oz.  of  silver,  and 
1490  oz.  of  gold.  The  total  value  of  the  silver  and  gold  was 
£64,195. 

The  total  output  of  iron  oi-e  in  1880  was  3,565,338  metric 
tons, 2  more  than  two-thirds,  viz.,  2,683,627  tons,  being  ob¬ 
tained  from  the  celebrated  mines  near  Bilbao  in  the  prov¬ 
ince  of  Biscay.  England,  France,  Belgium,  and  Germany 
lire  glad  to  draw  supplies  of  excellent  red  and  brown 
haematite  from  the  Bilbao  mines.  Murcia  comes  next  in 
importance  to  Biscay,  with  a  production  of  539,328  tons. 

Portugal. — The  great  mineral  belt  of  Huelva  extends  into 
Portugal,  <*nd  deposits  of  cupreous  pyrites  almost  identical 
with  that  of  RioTinto  have  been  wrought  from  very  early 
ages.  The  principal  mine,  San  Domingos,  is  close  to  the 
Spanish  frontier.  It  is  estimated  that  the  workings  had 
yielded  up  to  the  year  1877  no  less  than  3,578,745  English  tons 
of  cupreous  pyrites,  by  far  the  greater  part  of  this  having 
been  extracted  in  recent  times.  The  quantity  of  ore  raised 
from  the  mine  in  1882  was  405,029  tons.  . 

Portugal  possesses  notable  manganese  mines,  but  pro¬ 
duces  comparatively  small  quantities  of  iron,  lead,  and 
copper. 

Norway. — The  mines  at  Kongsberg  are  famous  for  the 
large  quantities  of  native  silver  they  produce,  and  enor¬ 
mous  masses  are  sometimes  met  with.  The  annual  output  is 
from  10,000  to  12,000  troy  ounces.  Copper  ore  and  cupreous 
pyrites  are  also  mined  in  Norway,  and  there  are  important 
workings  for  nickel  and  cobalt  and  for  apatite.  Alluvial 
gravels  have  been  washed  for  gold  in  Norwegian  Finmark. 

Sweden. — The  most  important  mineral  obtained  in  Swe¬ 
den  is  iron  ore,  much  being  in  the  form  of  magnetite ;  red 
haematite  also  is  mined,  and  brown  haematite  is  dredged 
up  from  some  of  the  lakes.  The  principal  iron  produc¬ 
ing  districts  are  those  of  Norberg,  Daunemora,  Nora,  and 
Perseberg.  The  output  of  the  Swedish  mines  in  1880  was — 

Iron  ore .  775,205  tons.  I  Zinc  ore .  43,452  tons. 

Lead  ore .  12,988  “  |  Copper  ore .  29,380  “ 

Greece. — One  of  the  most  interesting  undertakings  of 
modern  times  has  been  the  re-working  of  the  Laurium 
mines,  which  are  situated  in  the  southern  extremity  of  At¬ 
tica  ;  and  an  account  of  them  written  by  Cordelia  furnishes 
many  curious  details  concerning  the  methods  of  mining, 
washing,  and  smelting  employed  by  the  ancients.  The 
workings  for  lead  and  silver  appear  to  have  been  carried  on 
with  the  greatest  vigor  between  600  b.c.  and  the  Pelopon¬ 
nesian  War,  and  were  finally  abandoned  in  the  1st  century 
of  the  Christian  era.  Huge  piles  of  slag  which  had  accu¬ 
mulated  from  the  old  smelting  works  were  found  to  be  well 
worth  being  re-worked  for  silver  and  lead,  and  operations 
were  commenced  in  1864.  Five  years  later  the  old  heaps 
of  mine  refuse  began  to  be  treated,  and  at  last  in  1875  a 
French  company  resumed  working  the  mine.  A  Greek 
company  employing  some  3000  persons  is  now  producing  an¬ 
nually  from  the  old  mine  heaps  no  less  than  8000  to  9000  tons 
of  pig  lead,  yielding  45  oz.  of  silver  to  the  ton,  whilst  the 
mines  of  the  Compagniefrangaise  des  mines  du  Laurium  made  an 
output  in  1881  of  36,664  tons  (metric)  of  roasted  calamine, 
with  40  to  60  per  cent,  of  zinc,  in  addition  to  lead  ore  and 
mixed  ores.  Cordelia  calculates  that  during  the  three  hun¬ 
dred  years  the  Laurium  mines  were  worked  by  the  ancients 
the  total  amountof  lead  produced  was  2,100,000  tons,  with  22  V 
million  troy  fb  of  silver.  Besides  this  the  ancients  left  behind 
two  million  tons  of  lead  slags  containing  on  an  average 
10.67  per  cent,  of  lead,  109  million  tons  of  mine  refuse  with 
II  to  18  per  cent,  of  lead,  and  excavations  to  the  extent  of  51 
million  cubic  yards  with  lead  ore  still  in  sight.  They  did 
not  touch  the  calamine  deposits.3  Next  in  importance  to 
lead,  silver,  and  zinc  comes  bay-salt,  and  after  that  emery. 
The  island  of  Naxos  furnished  3300  metric  tons  of  emery 
in  1877,  valued  at  £28,000.’ 

Africa. — Algeria  is  rich  in  iron,  and  three-fourths  of  the 
value  of  its  total  mineral  output  are  due  to  ores  of  this 
metal.  In  1880  the  iron  mines  produced  614,000  metric  tons 
of  ore,  Mokta-el-hadid  mine,  near  Bona,  alone  yielding  about 
300,000  tons.  Algeria  also  possesses  mines  of  copper,  lead, 
zinc,  and  antimony.  „  ,  , 

The  name  “  Gold  Coast,”  applied  to  part  of  the  shores  ot 
Africa,  denotes  its  productiveness  of  the  precious  metal, 
and  it  is  probable  that  very  important  supplies  of  gold  will 
one  day  be  derived  from  various  districts  of  the  Dark  Con¬ 
tinent. 


Cape  Colony  possesses  rich  copper  mines  in  the  Namaqua 
laud  division,  which  in  1882  produced  ore  and  metal  worth 
£331,546 ;  however,  the  most  valuable  and  remarkable  min¬ 
eral  deposits  of  Africa  at  the  present  time  are  the  diamond 
mines.  The  first  diamonds  were  obtained  from  recent  gravel 
in  the  bed  of  the  Vaal  River,  and  it  was  afterwards  discovered 
that  the  precious  stones  could  be  obtained  from  the  so-called 
dry  diggings.  The  most  important  of  these,  the  Colesberg 
Kopje,  now  known  as  the  Kimberley  mine,  produced  in 
1881  diamonds  weighing  900,000  carats,  worth  £1,575,000. 
Three  other  neighboring  mines  are  Old  De  Beer’s,  which 
yielded  300,000  carats  in  1881,  worth  £600,000,  Du  Toit’s 
Pan,  and  Bulfontein.  The  value  of  the  diamonds  raised  in 
South  Africa  since  1870  amounts  to  forty  millions  sterling;4 
indeed  the  Kimberley  mine  alone  was  estimated  in  1877  to 
have  already  produced  ten  million  pounds  worth  of  dia¬ 
monds,  extracted  from  4  million  tons  of  diamantiferous 
rock. 

Asia. — For  many  centuries  India  was  regarded  as  possess¬ 
ing  fabulous  mineral  wealth,  and  a  strong  basis  for  this  idea 
may  be  found  in  the  existence  of  traces  of  mining  on  a 
very  extensive  scale.  No  doubt  in  early  days  India  did 
supply  what  then  appeared  to  be  very  large  quantities  of 
metals,  and  a  country  that  produces  gold  and  precious 
stones  is  apt  to  be  endowed  by  the  popular  mind  with 
boundless  riches.  The  actual  amounts  of  mineral  raised  in 
India  at  the  present  day  are  comparatively  small.  Gold 
exists  over  considerable  areas,  but  it  remains  to  be  proved 
that  the  gold  mines  of  the  Wynaad  and  Mysore  can  be  prof¬ 
itably  worked  by  British  companies.  Diamonds  occur  and 
are  worked  in  alluvial  diggings  and  in  a  conglomerate  be¬ 
longing  to  the  Viudhyan  formation.  Sapphires  and  rubies 
are  obtained  from  Upper  Burmah.  Ceylon5  produced  in 
1880  no  less  than  10,286  tons  of  graphite  or  plumbago,  val¬ 
ued  at  £192,879.  Petroleum  is  abundant  in  Upper  Burmah, 
and  oil  from  wells  has  been  utilized  for  upwards  of  twenty 
centuries.  The  total  output  in  1873  was  estimated  to  be 
about  10,000  tons  yearly.  Tin  ore  occurs  and  is  worked  in 
Tenasserim.  Passing  into  Siam  and  the  Malay  Peninsula 
we  find  deposits  of  alluvial  tin  ore,  producing  what  is 
known  in  commerce  as  Straits  tin.  A  little  to  the  east  are 
the  islands  of  Banca  and  Billiton,  which  for  many  years 
have  been  a  source  of  wealth  to  the  Dutch  Government. 
The  sales  of  Banca  tin  in  1881  amounted  to  4339  tons,  and 
those  of  Billiton  tin  to  4735  tons,  whilst  11,475  tons  of  Straits 
tin  were  exported  from  Penang  and  Singapore.6  Stannif¬ 
erous  alluvia  are  also  worked  in  Karimon,  Singkep,  and 
Sumatra,  whilst  the  latter  island  possesses  also  valuable 
seams  of  coal. 

Borneo  furnishes  coal,  antimony  ore,  and  some  cinnabar ; 
and  river-gravels  are  washed  for  diamonds,  gold,  and  plat¬ 
inum. 

There  is  no  doqbt  that  the  mineral  wealth  of  China  is 
enormous.  In  addition  to  important  coal-fields  it  possesses 
numerous  metallic  mines.  The  province  of  Yunnan  in  the 
south  of  the  empire  seems  to  be  specially  favored  with  re¬ 
gard  to  metalliferous  wealth,  for  mines  of  gold,  silver,  cop¬ 
per,  lead,  tin,  and  iron  are  worked  there,  whilst  jade  and 
precious  stones  are  found  in  the  beds  of  rivers. 

Japan  produces  more  than  3000  tons  of  copper  yearly,  or 
about  as  much  as  the  British  Isles.  The  output  of  lead  and 
tin  is  insignificant,  but  the  quantity  of  silver,  exceeding 
300,000  oz.  yearly,  is  worthy  of  notice.  Gold,  iron,  and  pe¬ 
troleum  are  other  products  of  Japan. 

The  gold  of  Siberia  has  been  mentioned  in  speaking  of 
Russia. 

Canada. — The  Dominion  of  Canada  is  rich  in  minerals. 
Goldbearing  quartz  veins  are  worked  in  Nova  Scotia,  whilst 
in  British  Columbia  alluvial  deposits  are  the  main  source 
of  the  supply.  Silver  occurs  on  Lake  Superior,  the  most 
important  mine  being  that  of  Silver  Islet,  which  from  1869 
to  the  spring  of  1877  yielded  21  million  ounces  of  silver, 
and  gave  a  profit  of  £200,000. 

Rocks  resembling  the  copper-bearing  strata  of  the  United 
States  territory  are  mined  in  Michipicoten  Island  in  Lake 
Superior.  Iron  ores,  in  the  form  of  magnetite,  red  1  Hema¬ 
tite,  limonite,  and  ilmenite,  are  worked  in  various  parts  of 
Canada. 

Petroleum  is  derived  from  oil  wells  in  Western  Ontario, 
and  the  quantity  refined  in  1875  was  about  210,000  barrels, 
each  of  40  gallons.  It  is  in  Ontario  also  that  the  veins  of 
apatite  exist  from  which  a  large  amount  of  that  useful  min¬ 
eral  has  been  raised,  as  well  as  in  Quebec. 

United  Stales. — The  mineral  wealth  of  the  United  States 


1  Hunt,  Mineral  Statistics,  etc.,  p.  45. 

2  Estadistica  Minera  de  Es])aHa  correspondiente  at  ano  de  1880, 

Madnd^l882^i^.  15.(  Mineralogisch_geo]ogische  Reiseskizzen  aus 
Gnechenland,”  Bog-  und  huttenmdnnische  Zeitung,  vol.  xln.,  is»d, 

7  [Serpho  (anc,  Seriphus),  in  the  $gean  Sea,  yields  a  fine  iron  ore.- Am.  Ed.] 


*  A.  J.  Macdonald,  “The  Valueof  the  Cape  as  a  Dependency  of 
Great  Britain,”  The  Times ,  3d  May,  1883. 

6  Statistical  Abstract  for  the  Several  Colonialand  other  Possessions  of 
the  United  Kingdom  in  each  year  from  1860  to  1880,  London,  1882,  p. 
39. 

o  Hunt,  Min.  Slat,  for  1881,  p.  9. 


492 


MINING. 


[mineral  produce  op 


is  admirably  summed  up  by  Mr.  Eichard  P.  Rotliwell  in 
his  address  to  the  American  Institute  of  Mining  Engi¬ 
neers.1 

“  Production  of  Coal,  Metal,  and  Petroleum  in  1881. 2 


Anthracite .  30,261 ,940  tons  (of  2240  ft). 

bituminous  coal .  42,417,764  “  (of  2000  ft). 

Pig  iron .  4,144,000  “  (of  2240  ft). 

Lead .  105,000  “ 

Copper .  31,000  ••  “ 

Quicksilver .  59,000  flasks  (of  76%  ft.  avoir.): 

Gold .  831,870,000  (=1,541,711  oz.). 

Silver .  845,078,000  (=  34,865,960  oz.). 

Petroleum . .  27,264,000  barrels  (of  42  gallons). 


“  The  statistics  of  other  useful  minerals  and  metals  show  an 
equally  marvellous  advance  during  the  past  thirty  years.  The 
production  of  pig  iron,  which  in  1852  was  541,000  net  tons,  in  1861 
was  653,000  tons,  and  in  1871  was  1,708,000  tons.  Ten  years  later, 
in  1881,  we  produced  no  less  than  4,144,000  tons,  an  increase  in 
thirty  years  of  nearly  800  per  cent. 

“  Lead,  which  appears  at  14,400  tons  in  1852,  varied  but  little 
from  that  figure  until  the  construction  of  railroads  into  the  ar¬ 
gentiferous  lead-mining  districts  of  the  West  about  1870.  Eureka, 
Nevada,  Utah,  and  more  recently  Colorado,  with  its  Leadville 
bonanzas,  rapidly  raised  the  production  from  18,000  tons  in  1871 
to  47,000  tons  in  1873,  75,000  tons  in  1877,  and  105,000  tons  in  1881. 

“  Our  production  of  copper  steadily  increased  from  1000  tons  in 
1852  to  31,000  tons  in  1881,— the  enormous  output  of  that  unrivalled 
mine  Calumet  and  Hecla  steadying  the  production  and  neutral¬ 
izing  the  fluctuations  of  the  lesser  mines. 

“  Quicksilver  has  shown  wide  fluctuations,  due  more  to  trade 
combinations  than  to  the  condition  of  the  mines.  In  1852  the 


output  amounted  to  20,000  flasks;  but  it  went  as  low  as  10,000 
flasks  in  1860,  and  rose  to  53,000  flasks  five  years  later;  from  this 
it  declined  to  15,000  flasks  in  1875,  though  in  the  following  year  it 
grew  to  75,000  flasks.  Last  year  we  produced  59,000  flasks. 

“  Gold  is  the  only  metal  in  which  our  production  has  been  de¬ 
clining.  In  1852  it  amounted  to  860,000,000 ;  but,  with  some  fluc¬ 
tuations,  it  has  now  declined  to  less  than  832,000,000  annually. 

“  The  production  of  silver,  on  the  contrary,  has  largely  in¬ 
creased.  Commencing  in  1859  with  8100,000,  it  has  now  attained 
845,000,000.  In  1877  only  were  these  figures  exceeded,  and  then 
only  by  about  81,000,000. 

“'The  production  of  petroleum,  that  great  American  industry, 
has  grown  with  wonderful  rapidity.  In  1859  it  commenced  with 
only  3000  barrels,  and,  after  an  almost  uniform  increase,  it  at¬ 
tained  last  year  the  enormous  figures  of  27,000,000  barrels.  Scien¬ 
tific  investigation  has  recently  raised  a  note  of  warning  in  this 
industry,  asserting  the  limited  area  of  oil-producing  territory 
and  its  approaching  exhaustion.” 


Some  valuable  statistics  concerning  the  production  of  the 
precious  metals  in  the  United  States  are  contained  in  a  re¬ 
port  issued  by  the  Census  Bureau.3  The  output  for  the  year 
ended  31st  May,  1880,  is  summed  up  as  follows : 


Gold. 

Silver. 

Total. 

Ounces. 

Value. 

Ounces. 

Value. 

Value. 

Deep  mines... 
Placers . 

1,033,974 

580,767 

$21,374,152 

12,005,511 

31,717,297 

80,177 

$41,007,296 

103,661 

$62,381,448 

12,109,172 

All  mines . 

1,614,741 

$33,379,663 

31,797,474 

$41,110,957 

$74,490,620 

The  State  producing  the  greatest  value  is  Colorado,  viz., 
$19,249,172,  or  gold  130,607  oz.  and  silver  12,800,119  oz. ; 
California  comes  next,  having  produced  $18,301,828  of  bul¬ 
lion,  and  then  Nevada,  with  $17,318,909. 

The  greatest  gold  producer  among  the  States  and  Terri¬ 
tories  is  California,  with  829,676  oz.  of  gold,  half  from  deep 
mines  and  half  from  placers.  Next  follows  Nevada,  with 
236,468  oz.  of  gold,  of  which  'only  about  1  per  cent,  came 
from  placer  mines ;  then  Dakota,  159,920  oz.  of  gold,  nearly 
entirely  produced  by  deep  mines ;  and  in  the  fourth  rank 
Colorado,  130,607  oz.,  with  a  placer  production  of  less  than 
5000  oz. 

The  greatest  silver  producer  is  Colorado,  with  12,800,119 
oz. ;  then  Nevada,  9,614,561  oz. ;  then  Utah,  3,668,365  oz. ; 
Montana  2,246,938  oz. ;  and  fifthly  Arizona,  1,798,920  oz. 

It  is  useless  within  the  limits  of  this  article  to  attempt  to 
convey  an  adequate  idea  of  the  enormous  mineral  resources 
of  the  United  States.  We  can  merely  very  briefly  allude  to 


some  of  the  principal  deposits,  which  are  of  commercial 
value  on  account  of  their  magnitude,  of  scientific  interest 
owing  to  their  mode  of  occurrence,  and  of  technical  impor¬ 
tance  as  having  led  to  the  introduction  of  considerable  im¬ 
provements  in  the  arts  of  mining,  milling,  and  dressing. 

Among  these  may  be  mentioned  the  coal  and  anthracite 
mines  and  oil  wells  of  Pennsylvania,  the  gold  and  quick¬ 
silver  mines  of  California,  the  silver  mines  of  Nevada,  the 
lead  and  silver  mines  of  Colorado,  and  the  copper  mines  of 
Lake  Superior.  The  articles  Coal  (vol.  vi.  p.  56)  and  Gold 
(vol.  x.  p.  661)  may  be  referred  to  for  information  concern¬ 
ing  the  occurrence  of  these  minerals  and  the  method  of  ex¬ 
tracting  gold  by  hydraulic  mining  and  improved  stamping 
machinery. 

Quicksilver  in  the  form  of  native  mercury  and  cinnabar 
occurs  in  considerable  abundance  in  California,  and  much 
of  it  is  found  in  connection  with  serpentine,  either  in  the 
serpentine  itself  or  in  sandstone  near  its  junction  with  ser¬ 
pentine.  The  most  important  mines  are  those  of  New 
Almaden  in  the  central  part  of  the  State  near  San  Jose. 
The  deposit  at  Sulphur  Bank  in  Lake  County  is  of  much 
geological  interest.  It  consists  of  native  sulphur,  gypsum, 
and  cinnabar  in  a  decomposed  andesitic  lava  close  to  an  ex¬ 
tinct  geyser  from  which  boiling  water  still  issues.  The  top 
of  the  bank  was  worked  open-cast  for  sulphur,  and  then  for 
sulphur  and  cinnabar,  and  now  underground  mining  is  car¬ 
ried  on  in  stratified  sandstone  and  shale  impregnated  with 
cinnabar  and  underlying  the  lava. 

Some  of  the  most  marvellous  silver  mines  in  the  world 
are  those  upon  the  Comstock  lode  in  Nevada.  jqate  IV 
A  horizontal  section  of  part  of  this  great  vein 
is  shown  on  Plate  IV.,  copied  from  the  excellent  and  well- 
known  report  of  Mr.  J.  H.  Hague.4  The  strike  is  nearly 
north  and  south,  and  the  dip  about  43°  to  the  east.  “  The 
vein  matter  of  the  Comstock  consists  of  crushed  and 
decomposed  country  rock,  clay,  and  quartz.”  “  Up  to  Janu¬ 
ary  1,  1880,  the  Comstock  had  yielded  in  twenty  years 
about  $325,000,000  worth  of  bullion.  The  total  length  of 
shafts  and  galleries  is  about  250  miles.  The  number  of  men 
employed  in  the  mines  in  January,  1880,  was  2800,  earning 
average  wages  of  $4  a  day.  At  the  same  date  340  men  were 
at  work  in  the  amalgamating  mills.”  5  The  heat  of  the  Com¬ 
stock  lode  is  remarkable.  On  the  2700  feet  level  of  the 
Yellow  Jacket  mine  Mr.  Becker  found  the  temperature  of 
the  water  to  be  153°,  that  of  the  air  126° ;  whilst  the  water 
in  the  Yellow  Jacket  shaft  at  a  depth  of  3065  feet  has  a  tem¬ 
perature  of  170°  Fahr.6  During  the  last  few  years  the  Com¬ 
stock  lode  has  been  falling  oif  in  productiveness.  In  1876 
the  total  yield  of  the  Comstock  lode  was  $38,572,984  (gold, 
$18,002,906;  silver,  $20,570,078).  During  the  census  year 
ending  May  31, 1880,  the  product  of  the  whole  Comstock 
district,  including  outlying  veins,  was  $6,922,330  (gold, 
$3,109,156 ;  silver,  $3,813,174),  showing  a  decline  of  $31,650,- 
654,  or  82.06  per  cent.,  since  1876.7 

Though  the  extraction  of  silver  from  its  ores  may  be  re¬ 
garded  as  the  business  of  the  metallurgist  rather  than  of 
the  miner,  we  must  not  forget  to  mention  that  it  is  to  the 
necessities  of  the  treatment  of  the  Nevada  ores  that  we  owe 
the  system  of  pan  amalgamation  first  developed  in  that 
State  and  practised  since  in  Colorado. 

Another  district  in  Nevada  which  cannot  be  passed  over 
in  silence  is  that  which  contains  the  Eureka  and  Richmond 
mines,  which  are  celebrated,  not  only  for  the  silver  they 
have  produced,  but  also  for  the  important  trial  in  which 
the  issue  hinged  upon  the  definition  of  the  term  vein  or 
lode  (p.  460).  The  bullion  produced  in  the  Eureka  district 
from  ore  raised  and  treated  during  the  census  year  ended 
May  31,  1880,  was — gold,  62,893  oz. ,  and  silver,  2,037,666 
oz. ;  worth  altogether  $3,934,621. 8 

The  history  of  Leadville  in  Colorado  seems  like  a  ro¬ 
mance  when  we  read  of  the  rapid  development  of  the  mines, 
the  creation  of  a  large  and  important  town,  the  erection  of 
smelting  works  and  the  building  of  railways,  under  very 
adverse  conditions,  in  the  heart  of  the  Rocky  Mountains,  all 
within  the  space  of  four  or  five  years.  It  affords  additional 
proof  that  the  miner  is  the  true  pioneer  of  civilization. 
The  main  facts  concerning  the  Leadville  deposits  are  ad¬ 
mirably  summed  up  by  Mr.  S.  F.  Emmons,  from  whose  re¬ 
port  9  we  borrow,  not  only  the  following  facts,  but  also  the 
geological  section  across  the  district  (Plate  IV.). 

The  principal  deposits  of  the  region  are  found  at  or  nea> 


1  Engineering  and  Mining  Journal,  vol.  xxxiv.  p.  174. 

2  The  total  production  of  coal  in  the  United  States  in  1882 
amounted  to  86,862,614  tons  of  2240  ft  (Colliery  Guardian  for  1883,  p. 
731).  The  quantities  of  metals  produced  in  1882  are  estimated  to 
be — pig  iron  4,623,323  gross  tons  of  2240  1b  each,  lead  123,000  gross 
tons,  copper  40,000  gross  tons  (The  Iron,  Steel,  and  Allied  Trades  in 
1882,  p.  188 ;  Eng.  and  Min.  Jour.,  vol.  xxxv.  p.  27). 

3  Clarence  King,  special  agent  of  the  Census,  Statistics  of  the  Pro¬ 

duction  of  the  Precious  Metals  in  the  United  States,  Washington,  1881, 

p.  69. 


4  United  States  Geological  Exploration  of  the  Fortieth  Parallel,  vol 
iii.,  Mining  Industry,  Atlas,  plate  11. 

5  Clarence  King,  First  Annual  Report  of  the  U.S.  Geological  Survey 
p.  39. 

6  Op.  cit.,  pp.  44,  45. 

7  Clarence  King,  Statistics  of  the  Production  of  the  Precious  Metals 
in  the  United  States,  Washington,  1881,  p.  19. 

8  Op.  cit.,  p.  21. 

*  Abstract  of  a  Report  upon  the  Geology  and  Mining  Industry  of 
Leadville,  Colorado,  Washington,  1882. 
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the  junction  of  the  porphyry  with  the  Blue  limestone, 
which  is  the  lowest  member  of  the  Carboniferous  formation. 
This  bed  is  about  150  or  200, feet  thick,  and  consists  of  dark 
blue  dolomitic  limestone.  At  the  top  there  are  concretions 
of  black  chert.  The  porphyry  occurs  in  intrusive  sheets 
which  generally  follow  the  bedding,  and  almost  invariably 
a  white  porphyry  is  found  overlying  the  Blue  limestone. 
This  porphyry  is  of  Secondary  age ;  it  is  a  white  homoge¬ 
neous-looking  rock,  composed  of  quartz  and  felspar  of  even 
granular  texture,  in  which  the  porphyritic  ingredients, 
which  are  accidental  rather  than  essential,  are  small  rect¬ 
angular  crystals  oj"  white  felspar,  occasional  double  pyra¬ 
mids  of  quartz,  and  fresh  hexagonal  plates  of  biotite  or 
black  mica.  Along  the  plane  of  contact  with  the  porphyry 
the  limestone  has  been  transformed,  by  a  process  of  gradual 
replacement,  into  a  vein  consisting  of  argentiferous  galena, 
cerussite,  and  cerargyrite,  mixed  with  the  hydrous  oxides  of 
iron  and  manganese,  chert,  granular  cavernous  quartz,  clay, 
heavy  spar,  and  “  Chinese  talc,”  a  silicate  and  sulphate  of 
alumina.  The  vein  seems  to  have  been  formed  by  aqueous 
solutions,  which  took  up  their  contents  from  the  neighboring 
eruptive  rocks  and  brought  about  the  alteration  of  the  lime¬ 
stone  as  they  percolated  downwards  through  it.  In  Carbonate 
Hill,  a  gradual  passage  may  be  observed  from  dolomite  into 
earthy  oxides  of  iron  and  manganese.  The  masses  of  work¬ 
able  ore  are  extremely  irregular  in  shape,  size,  and  distri¬ 
bution.  They  are  often  30  to  40  feet  thick  vertically,  and 
occasionally  80  feet,  but  only  over  a  small  area.  The  rich 
ore  bodies  are  commonest  in  the  upper  part  of  the  ore-bear¬ 
ing  stratum  At  Fryer  Hill  the  Blue  limestone  is  almost 
entirely  replaced  by  vein  material. 

In  the  census  year  ended  May  31,  1880,  Lake  County, 
Colorado,  which  includes  the  Leadville  district,  produced 
28,226  gross  tons  of  lead,  with  3830  oz.  of  gold  and  8,853,946 
oz.  of  silver,  of  a  total  value  of  $13,032,464.' 

The  most  important  copper  mines  of  the  United  States 
are  those  on  Lake  Superior,  where  the  native  metal  occurs 
“  in  veins,  in  large  masses,  or  scattered  more  or  less  uni¬ 
formly  in  certain  beds  which  are  either  amygdaloid  or  con¬ 
glomerates.”2 

The  copper-producing  districts  are  those  of  Ontonagon, 
Keweenaw  County,  and  Portage  Lake.  The  last  named 
contains  the  famous  Calumet  and  Hecla  mine,  which  alone 
produced  15,837  tons  of  copper  in  1880,  or  about  half  .the 
entire  output  of  the  United  States.  The  deposit  from  whence 
this  vast  amount  of  copper  was  obtained  is  a  bed  of 
conglomerate,  generally  called  a  vein,  dipping  about 
38°  northwest.  It  has  been  worked  for  a  depth  of 
2250  feet  on  the  incline.  In  1875  the  stuff  stamped 
yielded  4t  per  cent,  of  copper. 

In  conclusion,  we  will  point  out  that  the  value  of 
the  mining  industry  of  the  United  States  exceeds 
that  of  any  other  country  in  the  world,  Mr.  Porter  es¬ 
timating  it  for  1879-1880  at  360  million  dollars,  and 
that  of  Great  Britain  at  325  millions.3  Germany 
holds  the  third  rank,  followed  by  France  and  Russia. 

The  United  States  produce  33  per  cent.4  of  the  gold 
yield  of  the  whole  world,  50  per  cent,  of  the  siiver, 

22  per  cent,  of  the  pig  iron,5  29  per  cent,  of  the  steel, 
and  about  25  per  cent,  of  the  lead. 

Mexico  has  been  renowned  for  its  gold  and  silver 
mines  ever  since  the  Spaniards  first  took  possession 
of  it,  and  its  production  is  still  very  considerable. 

Indeed,  after  the  United  States,  it  still  produces 
far  more  silver  than  any  other  country  in  the  world. 

The  average  annual  output  of  silver  during  the  _ 
twenty-five  years  1851  to  1875  is  estimated  by  Dr. 

Adolf  Soetbeer  at  501,520  kilogrammes,  or  16,124,235  Jf" 


oz.  ;6  whilst  the  average  annual  output  of  gold  dur-  _ 

ing  the  same  period  was  1785  kilogrammes,  or  57.389 
oz.  Tin  ore  occurs  in  considerable  quantities  in 
Mexico,  and  is  likely  to  be  worked  on 
as  soon  as  the  tin  district  is  opened  up 
Central  America  possesses  numerous  gold 
South  America. — Venezuela  produces  gold,  copper, 
and  a  little  lead.  The  copper  is  found  at  Aroa,  near 
the  north  coast,  and  the  gold  in  the  province  of 
Guiana,  which  is  now  producing  upwards  of  100,000  j. 

oz.  annually.  It  is  highly  probable_ that  the  exis-  1 


unfortunate  expedition  in  search  of  “El  Dorado.”  French 
Guiana  contains  workable  deposits  of  gold,  and  yielded 
72.168  oz.  in  1880. 

The  chain  of  the  Andes  forms  a  long  belt  of  mineral-pro¬ 
ducing  country.  Beginning  with  the  United  States  of 
Colombia  we  have  a  country  rich  in  gold,— the  State  of  An- 
tiquoia  being  especially  favored  in  this  respect.  The  annual 
yield  of  all  the  states  is  about  200,000  oz.  Colombia  has 
mines  of  rock  salt,  yielding  19,000  tons  a  year,  and  the 
emerald  mine  at  Muzo  has  long  been  famous.  Peru  is  re¬ 
nowned  for  its  silver  mines ;  the  best-known  are  those  of 
Cerro  de  Pasco,  situated  at  an  elevation  of  14,000  feet  above 
the  sea-level.  Passing  into  Bolivia,  we  must  notice  the 
silver,  mines  of  Potosi,  the  wealth  of  which  is  proverbial. 
Chili  is  best  known  as  the  principal  copper-producing  coun¬ 
try  of  South  America ;  but  its  silver  mines  are  not  unim¬ 
portant,  and  beds  of  nitrate  of  soda  are  largely  wrought. 

The  most  remarkable  gold  mines  of  Brazil  lie  in  the 
province  of  Minas  Geraes,  whilst  diamonds  are  obtained  in 
that  of  Matto  Grosso.  In  the  Argentine  Republic  gold, 
silver,  and  copper  mines  are  worked,  especially  in  the 
provinces  on  the  eastern  flanks  of  the  Andes. 

The  total  annual  output  of  the  precious  metals  in  South 
America  is  estimated  to  be  upwards  of  300,000  oz.  of  gold, 
and  2,000,000  oz.  of  silver.  In  1877  Chili  exported  35,128 
metric  tons  of  metallic  copper,  in  addition  to  ore  and  regu- 
lus. 

Australia. — Australia  is  remarkably  rich  in  minerals,  es¬ 
pecially  gold  (see  Gold,  vol.  x.  p.  662),  tin,  and  copper,  and 
its  coal  deposits  are  likely  to  be  largely  utilized  in  the 
future. 

Queensland,  though  a  young  colony,  has  already  made 
itself  famous  for  gold  and  tin,  and  it  also  possesses  vast  re¬ 
sources  of  coal  and  copper,  in  addition  to  the  ores  of  other 
metals.  The  quantity  of  gold  sent  hy  escort  from  the  dif¬ 
ferent  gold  fields  was  204,388  oz.  in  1880,  in  addition  to 
what  was  carried  by  private  hands.  Tin  ore  was  first  worked 
in  1872  near  the  border  of  the  colony  with  New  South 
Wales,  and  large  quantities  of  stream  tin  have  been  ob¬ 
tained  from  very  shallow  alluvial  diggings  near  Stanthorpe. 
Like  gold,  the  tin  ore  is  not  confined  to  one  district;  it  oc¬ 
curs  and  is  worked  at  the  North  Palmer  diggings ;  a  little 
to  the  south  is  Great  Western,  rich  in  tin  ore,  and  so  is 
Herberton  to  the  northeast  on  the  other  side  of  the  Divid¬ 
ing  range. 
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tence  of  this  gold  was  known  to  the  Indians,  who  reported 
it  to  Sir  Walter  Raleigh,  and  so  led  him  to  undertake  his 

1  Clarence  King,,  op.  tit.,  p.  47. 

2  Charles  E.  Wright,  commissioner,  Annual  Report  of  the  Com¬ 
missioner  of  Mineral  Statistics  for  the  State  of  Michigan  for  1880,  Lan¬ 
sing,  Michigan,  1881. 

3  Robert  P.  Porter,  The  West  from  the  Census  of  1880,  Chicago 
and  London,  1882,  p.  19. 

4  Clarence  King,  op.  tit.,  p.  93. 

5  James  M.  Swank,  Statistics  of  the  Iron  and  Steel  Productions  of 

the  United  States,  Washington,  1881,  p.  179. 

*  Dr.  Adolf  Scetbeer,  Edelmetall-Produktion,  Gotha,  1879,  p.  60. 


Fig.  105.— Sketch  Map  of  Part  of  Vegetable  Creek,  New  South 
Wales,  showing  recent  and  ancient  tin  deposits.  The  stippled 
part  represents  tin-hearing  alluvium.  The  shaded  part  AB 
denotes  basalt,  which  has  covered  the  lower  portions  of  the 
ancient  tin-bearing  alluvia  (deep  leads),  as  explained  in  Fig. 
106.  The  rest  is  granite. 

In  1881  New  South  Wales7  produced  minerals  and  metals 
worth  £2,373,191,  viz.,  149,627  oz.  of  gold,  1,775,224  tons  of 
coal,  8200  tons  of  tin,  5493  tons  of  copper,  6560  tons  of  iron, 

7  Annual  Report  of  the  Department  of  Mines,  New  South  Wales,  for 
the  year  1881,  Melbourne,  1882,  p.  8. 
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besides  silver,  oil-shale,  and  antimony.  In  addition  to  the 
facts  concerning  the  occurrence  of  gold  already  mentioned 
(loc.  cit.),  it  is  interesting  to  note  that  auriferous  conglom¬ 
erates  containing  the  precious  metal  in  payable  quantities 
have  been  discovered  and  worked  in  this  colony  in  rocks 
of  the  age  of  the  Coal  Measures.1  The  most  important  tin 
district  is  that  of  Vegetable  Creek,  in  New  England,  which 
from  1872  to  1880  produced  20,988  tons  of  tin  ore.  The  ac¬ 
companying  map  (Fig.  105 2)  shows  the  recent  alluvium 


which  has  hitherto  been  the  main  source  of  the  supply,  and 
the  deep  leads  which,  as  far  as  explored  at  present,  promise 
still  greater  riches.  The  section  (Fig.  1062)  shows  that 
these  deep  leads,  like  those  of  the  gold  fields  (Gold,  vol.  x. 
p.  661),  are  old  alluvia  preserved  under  a  capping  of  basaltic 
lava.  There  are  also  numerous  tin  lodes  which  are  begin¬ 
ning  to  be  worked. 

Victoria  heads  the  list  of  gold -producing  British  colonies, 
having  yielded  in  18823  as  much  as  864,610  oz.,  of  which 


Deep  Lead, 

Lead,  about  150  ft.  deep ;  Lead, 

about  50  ft.  deep,  tin  wash  from  2  ft.  about  60  ft.  deep, 
not  rich.  to  15  ft.  thick.  and  very  rich. 


Fig.  106.— Enlarged  Section  (on  AB  of  Fig.  105)  across  Deep  Leads  in  Vegetable  Creek,  New  South  Wales. 


352,078  oz.  were  derived  from  alluvial  deposits,  and  512,532 
oz.  from  quartz  mines.  1077  tons  of  tin  ore  were  raised  and 
375  tons  of  antimony  ore. 

South  Australia  is  the  great  copper-producing  province, 
though  the  yield  is  not  so  great  as  it  was  ten  years  ago. 
The  principal  mines  now  at  work  are  on  Yorke’s  Penin¬ 
sula.  In  1881 4  South  Australia  produced  3824  tons  of  cop¬ 
per,  worth  £263,370,  and  21,638  tons  of  copper  ore,  worth 
£154,926. 

In  1881  Western  Australia  exported  1400  tons  of  lead  ore, 
valued  at  £11,204. 

Tasmania,  like  some  parts  of  Australia,  is  rich  in  tin  ore, 
which  is  now  obtained  principally  from  an  alluvial  deposit 
at  Mount  Bischoff.  The  ore  is  now  almost  entirely  smelted 
in  the  colony,  and  in  1880  the  exports  were  3951  tons  of 
metal  and  3  tons  of  ore,  worth  altogether  £341,736. 

New  Zealand  furnishes  a  considerable  amount  of  gold  from 
quartz  reefs  and  alluvial  diggings.  The  annual  exports 
during  the  ten  years  1862  to  1872  were  often  600,000  and 
even  700,000  oz.  Of  late  years  the  yield  has  gradually 
diminished,  and  in  1880  only  303,215  oz.,  valued  at  £1,220,- 
263,  were  exported.  Silver  is  exported  to  the  extent  of 
20,000  to  30,000  oz.  annually ;  it  is  mainly  derived  from  the 
gold  obtained  in  the  Thames  district,  which  contains  about 
30  per  cent,  of  the  less  valuable  metal.  Coal  is  worked  in 


several  places,  but  the  total  output  is  at  present  compara¬ 
tively  small. 

New  Caledonia. — The  discovery  of  nickel  ore  in  this  island 
by  M.  Gamier  in  1867  was  one  of  great  mineralogical  in¬ 
terest,  and  it  has  since  borne  fruits  of  considerable  com¬ 
mercial  importance.  The  New  Caledonia  ores  are  hydrous 
silicates  of  nickel  and  magnesium,  which  occur  in  veins  in 
serpentine,  and  contain  from  7  to  18  per  cent,  of  metal.  The 
mineral  is  found  on  the  Mont  d’Or  not  far  from  Noumea, 
Most  of  the  ore  is  sent  to  France  to  be  treated. 

To  the  list  of  works  on  mining  mentioned  in  the  article  Coal 
(vol.  vi.  p.  75)  the  following  may  be  added:  Gallon,  Cours  d' ex¬ 
ploitation  des  Mines,  Paris,  1874,  and  English  translation  by  C.  Le 
Neve  Foster  and  W.  Galloway ;  Serlo,  Leilfaden  stir  Bergbaukunde, 
Berlin,  1878;  Zoppetti,  Arte  mineraria,  Milan,  1882;  A.  von  Grod- 
deck,  Die  Lehre  von  den  LagersUitten  der  Erse,  Leipsic,  1879  ;  P.  von 
Rittinger,  Lehrbuch  der  AiifbereUungslrunde,  Berlin,  1867 ;  Jahrbuch 
fur  das  Berg-  und  Huttenwesen  irn  Konigreiche  Sachsen,  Freiberg, 
annually  ;  Annual  Reports  of  H.M.  Inspectors  of  Mines;  Preliminary 
Report  of  Her  Majestyfs  Commissioners  Appointed  to  Inquire  into  Ac¬ 
cidents  in  Mines,  London,  1881;  Annates  des  Mines,  Paris,  6  parts, 
published  yearly;  The  Engineering  and  Mining  Journal,  New 
York,  published  weekly  ;  Transactions  of  the  American  Institute  of 
Mining  Engineers,  Philadelphia;  Die  berg-  und  huttenmdnnische 
Zeitung,  Leipsic,  weekly;  Oesterreichische  Zeitschrift  fur  Berg-  und 
Huttenwesen,  Vienna,  weekly.  (c.  L.  n.  p.) 


MINISTRY.  Ever  since  the  introduction  of  mo¬ 
narchical  institutions  into  England  the  sovereign  has 
always  been  surrounded  by  a  select  body  of  confiden¬ 
tial  advisers  to  assist  the  crown  in  the  government  of 
the  country.  At  no  period  could  a  king  cf  England 
act,  according  to  law,  without  advice  in  the  public 
concerns  of  the  kingdom  ;  the  institution  of  the  crown 
of  England  and  the  institution  of  the  privy  council  are 
coeval.  At  the  era  of  the  Norman  Conquest  the 
king’s  council,  or  as  it  is  now  called  the  privy  council, 
was  composed  of  certain  select  members  of  the  aristoc¬ 
racy  and  great  officers  of  state,  specially  summoned 
by  the  crown,  with  whom  the  sovereign  usually  ad¬ 
vised  in  matters  of  state  and  government.  In  the 
earlier  stages  of  English  constitutional  history  the 
king’s  councillors,  as  confidential  servants  of  the 
monarch,  were  present  at  every  meeting  of  parliament 
in  order  to  advise  upon  matters  judicial  in  the  House 
of  Lords  ;  but  in  the  reign  of  Richard  II.  the  privy 
council  dissolved  its  judicial  connection  with  the  peers 
and  assumed  an  independent  jurisdiction  of  its  own. 
It  was  in  the  reign  of  Henry  VI.  that  the  king’s 
council  first  assumed  the  name  of  privy  council,  and  it 
was  also  during  the  minority  of  this  sovereign  that  a 
select  council  was  gradually  emerging  from  out  of  the 
larger  body  of  the  privy  council,  which  ultimately 
resulted  in  the  institution  of  the  modern  cabinet. 
Since  the  Revolution  of  -1688,  and  the  development  of 
the  system  of  parliamentary  government,  the  privy 

'  Annual  Report  of  the  Department  of  Mines,  New  South  Wales,  for 
the  year  1876,  Sydney,  1877,  p.  173. 

2  “Furnished* by  Mr.  W.  H.  Wesley. 

3  Mineral  Statistics  of  Victoria  for  the  year  1882,  Melbourne,  1883, 
p.  7. 

4  Statistical  Register  of  the  Province  of  South  Australia  for  the  year 

1881,  Adelaide,  1882. 


council  has  dwindled  into  comparative  insignificance 
when  contrasted  with  its  original  authoritative  posi¬ 
tion.  The  power  once  swayed  by  the  privy  council  is 
now  exercised  by  that  unrecognized  select  committee 
of  the  council  which  we  call  the  cabinet.  The  practice 
of  consulting  a  few  confidential  advisers  instead  of  the 
whole  privy  council  had  been  resorted  to  by  English 
monarchs  from  a  very  early  period  *,  but  the  first 
mention  of  the  term  cabinet  council  in  contradistinc¬ 
tion  to  privy  council  occurs  in  the  reign  of  Charles  I. 
when  tne  burden  of  state  affairs  was  intrusted  to  the 
committee  of  state  which  Clarendon  says  was  enviously 
called  the  ‘  ‘  cabinet  council.  ’  ’  At  first  government  by 
cabinet  was  as  unpopular  as  it  was  irregular..  Until 
the  formation  of  the  first  parliamentary  ministry  by 
William  III.  the  ministers  of  the  king  occupied  no 
recognized  position  in  the  House  of  Commons  ;  it  was 
indeed  a  moot  point  whether  they  were  entitled  to  sit 
at  all  in  the  lower  chamber,  and  they  were  seldom  of 
one  mind  in  the  administration  of  matters  of  impor¬ 
tance.  Before  the  Revolution  of  1688  there  were 
ministers,  but  no  ministry  in  the  modern  sense  of  the 
word;  colleague  schemed  against  colleague  in  the 
council  chamber,  and  it  was  no  uncommon  thing  to  see 
ministers  opposing  one  another  in  parliament  upon 
measures  that  ought  to  have  been  supported  by  a 
united  cabinet.  As  the  exchange  from  government 
by  prerogative  to  government  by  parliament,  conse¬ 
quent  upon  the  Revolution  of  1688,  developed,  and 
the  House  of  Commons  became  more  and  more 
the  centre  and  force  of  the  state,  the  advantage  of 
having  ministers  in  the  legislature  to  explain  and  de 
fend  the  measures  and  policy  of  the  executive  Govern¬ 
ment  began  gradually  to  be  appreciated.  The  public 
authority  of  the  crown  being  only  exercised  in  acts  of 
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administration,  or,  in  other  words,  through  the  me¬ 
dium  of  ministers,  it  became  absolutely  necessary  that 
the  advisers  of  the  sovereign,  who  were  responsible 
for  every  public  act  of  the  crown  as  well  as  for  the 
general  policy  they  had  been  called  upon  to  administer, 
should  have  seats  in  both  Houses  of  Parliament.  The 
presence  of  ministers  in  the  legislature  was  the  natural 
consequence  of  the  substitution  of  government  by 
arliament  for  the  order  of  things  that  had  existed 
efore  1688.  Still  nearly  a  century  had  to  elapse 
before  political  unanimity  in  the  cabinet  was  recognized 
as  a  political  maxim.  From  the  first  parliamentary 
ministry  of  William  III.  until  the  rise  of  the  second 
Pitt  divisions  in  the  cabinet  were  constantly  occurring, 
and  a  prime  minister  had  more  to  fear  from  the  in¬ 
trigues  of  his  own  colleagues  than  from  the  tactics  of  the 
opposition.  In  1812  an  attempt  was  made  to  form  a 
ministry  consisting  of  men  of  opposite  political  prin¬ 
ciples,  who  were  invited  to  accept  office,  not  avowedly 
as  a  coalition  Government,  but  with  an  offer  to  the 
Whig  leaders  that  their  friends  should  be  allowed  a 
majority  of  one  in  the  cabinet.  This  offer  was  declined 
on  the  plea  that  to  construct  a  cabinet  on  “a  system 
of  counteraction  was  inconsistent  with  the  prosecution 
of  any  uniform  and  beneficial  course  of  policy.”  From 
that  date  it  has  been  an  established  principle  that  all 
cabinets  are  to  be  formed  on  some  basis  of  political 
union  agreed  upon  by  the  members  composing  the 
same  when  they  accept  office  together.  It  is  now  also 
distinctly  understood  that  the  members  of  a  cabinet 
are  jointly  and  severally  responsible  for  each  other’s 
acts,  and  that  any  attempt  to  separate  between  a  par¬ 
ticular  minister  and  his  colleagues  in  such  matters  is 
unfair  and  unconstitutional. 

The  leading  members  of  an  administration  constitute 
the  Cabinet  ( q.v .).  The  members  of  an  administra¬ 
tion  who  are  sworn  of  the  council,  but  who  are  not 
cabinet  ministers,  are  the  lord-lieutenant  of  Ireland, 
the  vice-president  of  the  council  for  education,  the 
judge  advocate  general,  and  the  chief  officers  of  the 
royal  household.  The  subordinate  members  of  an  ad¬ 
ministration  who  are  never  in  the  cabinet,  and  who 
are  seldom  raised  to  the  distinction  of  privy  councillors, 
are  the  junior  lords  of  the  treasury,  the  joint-secre¬ 
taries  to  the  treasury,  the  paymaster-general,  the 
junior  lords  of  the  admiralty,  the  parliamentary  under¬ 
secretaries  of  state,  and  the  law  officers  of  the  crown. 

During  the  present  century  the  power  of  ministers 
has  been  greatly  extended,  and  their  duties  more  dis¬ 
tinctly  marked  out.  Owing  to  the  development  of  the 
system  of  parliamentary  government,  much  of  the 
authority  which  formerly  belonged  to  English  sover¬ 
eigns  has  been  delegated  to  the  hands  of  responsible 
ministers.  As  now  interpreted,  the  leading  principles 
of  the  British  constitution  are  the  personal  irrespon¬ 
sibility  of  the  sovereign,  the  responsibility  of  ministers, 
and  the  inquisitorial  power  of  parliament.  At  the 
head  of  affairs  is  the  prime  minister,  and  the  difference 
between  theory  and  practice  is  curiously  exemplified  by 
the  post  he  fills.  The  office  is  full  of  anomalies.  Like 
the  cabinet  council  the  prime  ministeris  unknown  to  the 
law  and  the  constitution,  for  legally  and  according  to  the 
fictions  of  the  constitution  no  one  privy  councillor  has 
as  such  any  superiority  over  another,  yet  practically 
the  premier  is  the  pivot  on  which  the  whole  adminis¬ 
tration  turns.  He  is  the  medium. of  intercourse  be¬ 
tween  the  cabinet  and  the  sovereign;  he  has  to  be 
cognizant  of  all  matters  of  real  importance  that  take 
place  in  the  different  departments  so  as  to  exercise  a 
controlling  influence  in  the  cabinet;  he  is  virtually  re- 
sponsible  for  the  disposal  of  the  entire  patronage  of 
the  crown  ;  he  selects  his  colleagues,  and  by  his  resig¬ 
nation  of  office  dissolves  the  ministry.  Yet,  though 
intrusted  with  this  power,  and  wielding  an  almost 
absolute  authority,  he  is  in  theory  but  the  equal  ol  the 
colleagues  he  appoints  and  whose  opposition  he  can 
silence  by  the  threat  of  dissolution.  The  prime  minis¬ 
ter  is  nominated  by  the  sovereign.  I  offered,  said 


Sir  Robert  Peel  on  his  resignation  of  office,  l'  no  opin¬ 
ion  as  to  the  choice  of  a  successor.  That  is  almost  the 
only  act  which  is  the  personal  act  of  the  sovereign :  it 
is  for  the  sovereign  to  determine  in  whom  her  confi¬ 
dence  shall  be  placed.”  Yet  this  selection  by  the 
crown  is  practically  limited.  No  prime  minister  could 
carry  on  the  government  of  the  country  for  any  length 
of  time  who  did  not  possess  the  confidence  of  the 
House  of  Commons  ;  and  royal  favor,  if  it  were  ever 
invidiously  exercised,  would  ultimately  have  to  yield 
to  a  regard  for  the  public  interests.  As  a  general  rule 
the  prime  minister  holds  the  office  of  first  lord  of  the 
treasury,  either  alone  or  in  connection  with  that  of  chan¬ 
cellor  of  the  exchequer.  Before  1806  the  premiership 
was  occasionally  held  in  connection  with  different  other 
offices, — a  secretaryship  of  state,  the  privy  seal,  and 
the  like, — but  it  is  now  almost  invariably  associated 
with  the  post  of  first  lord  of  the  treasury.  With  the 
exception  of  the  premier,  whose  duties  are  more  general 
than  departmental,  the  work  of  the  other  members  of 
the  administration  is  exemplified  by  the  title  of  the 
offices  to  which  they  are  called.  The  lord  chancellor,  in 
addition  to  the  jurisdiction  which  he  exercises  in  his 
judicial  capacity,  is  prolocutor  of  the  House,  of  Lords 
by  prescription,  the  keeper  of  the  sovereign’s  con¬ 
science,  the  general  guardian  of  all  infants,  idiots,  and 
lunatics,  ana  to  him  belongs  the  appointment  of  all  the 
justices  of  the  peace  throughout  the  kingdom.  .  In 
former  times  the  lord  chancellor  was  frequently  prime 
minister  ;  the  earl  of  Clarendon  in  the  reign  of  Charles 
II. ,  however,  was  the  last  who  occupied  that  position. 
The  lord  president  of  the  council,  who  is  always  a 
member  of  the  Upper  House,  presides  over  the  depart¬ 
ment  of  the  privy  council,  exercises  a  general  superin¬ 
tendence  over  the  education  department,  and  has  to 
frame  minutes  of  council  upon  subjects  which  do  not 
belong  to  any  other  department  of  state.  Subordinate 
to  his  department  are  separate  establishments  in  rela¬ 
tion  to  public  health,  the  cattle  plague,  and  quarantine. 
The  post  of  lord  privy  seal  is  one  of  great  trust,  though 
its  duties  are  not  very  onerous,  since  they  simply  con¬ 
sist  in  applying  the  privy  seal  once  or  twice  a  week  to 
a  number  of  patents.  Ever  since  the  days  of  Henry 
VIII.  the  privy  seal  has  been  the  warrant  of  the 
legality  of  grants  from  the  crown  and  the  authority  of 
the  lord  chancellor  for  affixing  the  great  seal.  The 
lord  privy  seal  is  always  a  member  of  the  cabinet.  As 
his  official  duties  are  light  he  is  at  liberty  to  afford 
assistance  to  the  administration  in  other  ways,  and  he 
has  often  to  attend  to  matters  which  require  the  inves¬ 
tigation  of  a  member  of  the  Government. 

The  secretaries  of  state  are  among  the  most  important 
members  of  the  ministry,  and  within  the  present  century 
their  number  has  been  increased  and  their  duties  more 
specially  consolidated.  The  ancient  English  monarchs  were 
always  attended  by  a  learned  ecclesiastic,  known  at  first  as 
their  clerk,  and  afterwards  as  secretary,  who  conducted  the 
royal  correspondence ;  but  it  was  not  until  the  end  of  the 
reign  of  Queen  Elizabeth  that  these  functionaries  were 
called  secretaries  of  state.  Upon  the  direction  of  public 
affairs  passing  from  the  privy  council  to  the  cabinet  after 
1688,  the  secretaries  of  state  began  to  assume  those  high 
duties  which  now  render  their  office  one  of  the  most  influ¬ 
ential  of  an  administration.  Until  the  reign  of  Henry  VIII. 
there  was  generally  only  one  secretary  of  state,  but  at  the 
end  of  his  reign  a  second  principal  secretary  was  appointed. 
Owing  to  the  increase  of  business  consequent  upon  the  union 
of  Scotland,  a  third  secretary,  in  1708,  was  created,  but  a 
vacancy  occurring  in  this  office  in  1746  the  third  secretary¬ 
ship  was  dispensed  with  until  1768,  when  it  was  again 
instituted  to  take  charge  of  the  increasing  colonial  business. 
However,  in  1782  the  office  was  again  abolished,  and  the 
charge  of  the  colonies  transferred  to  the  home  secretary ; 
but  owing  to  the  war  with  France  in  1794  a  third  secretary 
was  once  more  appointed  to  superintend  the  business  of  the 
war  department,  and  seven  years  later  the  colonial  business 
was  attached  to  his  department.  In  1854  a  fourth  secretary 
of  state  for  the  exclusive  charge  of  the  war  department  and 
in  1858  a  fifth  secretaryship  for  India  were  created.  There 
are  therefore  now  five  principal  secretaries  of  state,  four  of 
whom,  with  their  political  under-secretaries,  occupy  seats 
in  the  House  of  Commons.  One  of  these  secretaries  of  state 
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is  always  a  member  of  the  House  of  Lords,  The  secretaries 
of  state  are  the  only  authorized  channels  through  which 
the  royal  pleasure  is  signified  to  any  part  of  the  body  poli¬ 
tic,  and  the  counter-signature  of  one  of  them  is  necessary 
to  give  validity  to  thesigu  manual ;  thus,  while  thepersonal 
immunity  of  the  sovereign  is  secured,  a  responsible  adviser 
for  every  act  is  provided  who  has  to  answer  for  whatever 
course  the  crown  has  pursued.  The  secretaries  of  state 
constitute  but  one  office,  and  are  coordinate  in  rank  and 
equal  in  authority.  Each  is  competent  in  general  to  execute 
any  part  of  the  duties  of  the  secretary  of  state,  the  division 
of  duties  being  a  mere  matter  of  arrangement.  These  duties 
are  of  the  deepest  importance  to  the  welfare  of  the  nation. 
The  home  secretary  controls  all  matters  relating  to  the  in¬ 
ternal  affairs  of  the  country :  he  is  responsible  for  the  pres¬ 
ervation  of  the  public  peace  and  for  the  security  of  life  and 
property  throughout  the  kingdom  ;  he  exercises  extensive 
powers  over  the  civil  and  military  authorities  of  the  coun¬ 
try,  and  has  a  direct  controlling  power  over  the  adminis¬ 
tration  of  justice  and  police  in  the  municipal  boroughs,  over 
the -police  in  and  around  London,  and  over  the  county  con¬ 
stabulary;  and  he  is  especially  responsible  for  the  exercise 
of  the  royal  prerogative  in  the  reprieve  or  pardon  of  con¬ 
victed  offenders  or  the  commutation  of  their  sentences.  The 
foreign  secretary,  as  his  name  implies,  is  the  official  organ 
of  the  crown  in  all  communications  between  Great  Britain 
and  foreign  powers  ;  he  negotiates  all  treaties  or  alliances 
with  foreign  states,  protects  British  subjects  residing  abroad, 
and  demands  satisfaction  for  any  i  uj  uries  they  may  sustain  at 
the  hands  of  foreigners.  The  secretary  of  state  for  the  colo¬ 
nies  has  to  superintend  the  government  of  the  various 
colonial  possessions  of  the  British  crown :  he  appoints  the 
governors  over  the  different  dependencies  of  the  crown,  and 
sanctions  or  disallows  the  enactments  of  the  colonial  legis¬ 
latures.  This  latter  power  has  of  late  years  been  much 
curtailed  owing  to  the  establishment  of  responsible  govern¬ 
ment  in  most  of  the  colonies ;  still  it  is  the  duty  of  the 
secretary  of  the  colonies  to  correspond  with  the  colonial 
governors  and  to  offer  such  suggestions  as  maybe  expedient 
to  assist  the  deliberations  of  the  colonial  councils  and  to 
promote  the  welfare  of  colonial  subjects.  Until  the  year 
1854  the  direction  of  military  affairs  was  practically  divided 
between  the  commander-in-chief  at  the  horse  guards,  the 
board  of  ordnance,  the  secretary  at  war,  and  the  secretary 
of  state  for  war  and  the  colonies.  Upon  the  declaration  of 
hostilities,  however,  against  Russia  in  1854,  the  duties  of 
war  minister  were  separated  from  those  of  colonial  secre¬ 
tary,  and  a  secretary  of  state  for  war  appointed,  in  whose 
hands  the  supreme  and  responsible  authority  over  the 
whole  military  business  of  the  country  formerly  transacted 
by  the  various  departments  was  placed.  The  actions  of  the 
commander-in-chief  are  subject  to  the  approval  of  the  sec¬ 
retary  of  state  for  war.  The  duties  of  the  commander-in¬ 
chief  embrace  the  discipline  and  patronage  of  the  army  and 
the  direct  superintendence  of  the  personnel  of  the  army ; 
with  the  exception  of  those  duties,  everything  connected 
with  the  management  of  the  army  in  peace  or  war  (its 
materiel  and  civil  administration,  etc.)  remains  in  the  hands 
of  the  war  minister.  The  subordinate  position  of  the  com- 
mander-iu-chief  is  the  result  of  the  British  system  of  par¬ 
liamentary  government.  The  secretary  of  state  for  war  is 
the.  minister  of  the  crown  and  not  of  parliament;  although 
he  is  responsible  to  parliament  for  the  advice  he  may  give 
to  the  sovereign,  yet  it  is  in  the  execution  of  the  royal  au¬ 
thority  and  prerogative  that  he  is  superior  to  the  officer 
commanding  in  chief.  The  principle  of  the  constitutional 
army  is  that  command,  preferment,  and  honor  come  to  it 
from  the  crown ;  but  the  general  principle  is  equally  un¬ 
disputed  that  for  all  pecuniary  remuneration  it  is  made  to 
depend  on  parliament.  By  the  constitution  the  crown  ex¬ 
ercises  its  authority  only  through  responsible  advisers,  and 
hence  it  follows  that  the  secretary  of  state  for  war  is 
supreme  over  any  authority  in  the  army,  including  the 
officer  commanding  in  chief.  From  1784  to  1858  the  terri¬ 
tories  belonging  to  the  British  crown  in  the  East  Indies 
were  governed  by  a  department  of  state  called  the  board 
of  control  in  conjunction  with  the  court  of  directors  of  the 
East  India  Company.  In  1858  this  double  government  was 
abolished,  and  the  entire  administration  of  the  British  em¬ 
pire  in  India  was  assumed  by  the  crown,  and  all  the  powers 
formerly  exercised  by  the  East  India  Company  and  the 
board  of  control  were  transferred  to  a  fifth  principal  secre¬ 
tary  of  . state.  The  secretary  for  India  is  responsible  for 
eveiything  connected  with  the  Indian  Government  at  home 
and  abroad  ;  the  whole  of  the  Indian  revenues  are  at  his 
disposal,  and  the  governor-general  of  India  is  subject  to  his 
control.  To  assist  him  in  his  labors,  and  to  act  as  a  check 
upon  the  exercise  of  his  otherwise  arbitrary  administrative 
powers,  this  secretary  has  the  aid  of  a  council  of  state  for 
India,  consisting  of  fifteen  persons,  of  which,  however,  he 


is  the  president.  The  members  of  the  council  tor  India 
cannot  sit  in  the  House  of  Commons. 

The  duties  of  the  other  members  of  the  ministry  can  be 
briefly  dismissed.  The  chancellor  of  the  exchequer  at 
present  exercises  all  the  powers  which  formerly  devolved 
upon  the  treasury  board  ;  he  has  the  entire  control  of  all 
matters  relating  to  the  receipt  and  expenditure  of  public 
money;  he  frames  the  annual  estimates  of  the  sums  re¬ 
quired  to  defray  the  expenditure  of  government  in  every 
branch  of  the  public  service;  and  it  is  his  duty  to  lay  before 
the  country  the  annual  statement  of  the  estimated  expenses 
of  government  and  of  the  ways  and  means  by  which  it  is 
proposed  to  defray  those  charges,  including  the  imposition 
or  remission  of  taxes.  The  first  lord  of  the  admiralty 
(since  the  abolition  of  the  office  of  lord  high  admiral),  with 
the  aid  of  the  junior  lords,  who  are  called  the  lords  of  the 
admiralty,  conducts  the  administration  of  the  entire  naval 
force  of  the  empire  both  at  home  and  abroad,  and  is  re¬ 
sponsible  to  parliament  for  all  his  political  proceedings  ;  as 
the  admiralty  is  but  an  executive  board,  it  is,  however, 
subject  on  certain  matters — the  number  of  men  required  for 
the  naval  service,  the  distribution  of  the  fleet,  the  strength 
of  foreign  squadrons,  etc. — to  the  control  of  the  cabinet. 
The  president  of  the  board  of  trade  takes  cognizance  of  all 
matters  relating  to  trade  and  commerce,  and  has  to  protect 
the  mercantile  interests  of  the  United  Kingdom;  until 
1864  it  was  not  necessary  for  the  president  to  have  a  seat  in 
the  cabinet,  but  since  that  date  he  has  always  been  a  cabinet 
minister  in  order  to  insure  for  his  advice  on  commercial 
matters  a  due  consideration ;  in  1867  the  office  of  vice- 
president  of  the  board  was  abolished.  The  chancellor  of 
the  duchy  of  Lancaster  exercises  jurisdiction  over  all  mat¬ 
ters  of  equity  relating  to  lands  held  of  the  crown  in  right 
of  the  duchy  of  Lancaster ;  the  office  is,  however,  practically 
a  sinecure,  and  is  usually  filled  by  a  leading  statesman  whose 
.time  is  at  the  service  of  the  Government  for  the  considera¬ 
tion  of  such  important  questions  as  do  not  come  within  the 
province  of  other  departments.  In  1832  the  public  works 
and  buildings  of  Great  Britain  were  for  the  first  time 
placed  under  the  control  of  a  responsible  minister  of  the 
crown,  and  were  assigned  to  the  charge  of  the  commission¬ 
ers  of  woods  and  forests;  but  in  1851  the  department  of 
public  works  was  separated  from  the  woods  and  forests  and 
erected  into  a  board  under  the  name  of  the  office  of  her 
majesty’s  works  and  public  buildings.  The  first  commis¬ 
sioner  of  works  is  the  head  of  the  board,  and  in  his  hands 
is  placed  the  custody  of  the  royal  palaces  and  parks  and  of  all 
public  buildings  not  specially  assigned  to  the  care  of  other 
departments.  Since  the  establishment  of  his  office  the  first 
commissioner  has  frequently  had  a  seat  in  the  cabinet.  The 
duties  of  the  postmaster-general,  of  the  president  of  the 
local  government  board,  and  of  the  minor  members  of  the 
administration  are  so  obvious  from  the  titles  of  the  offices 
they  hold  as  not  to  call  for  any  special  mention. 

The  prime  minister  is  responsible  for  the  distribution  of 
the  chief  offices  of  government  between  the  two  Houses  of 
Parliament.  Owing  to  the  development  of  the  House  of 
Commons  within  the  present  century  it  is  now  considered 
advisable  that  a  larger  proportion  of  cabinet  ministers 
should  have  seats  in  that  chamber  than  was  formerly  the 
case.  In  the  first  cabinet  of  George  III.  only  one  of  its 
members  was  in  the  House  of  Commons  and  thirteen  in  the 
House  of  Lords.  In  1783  Mr.  Pitt  was  the  sole  cabinet  min¬ 
ister  in  the  Commons.  In  1801  four  cabinet  ministers  were 
in  the  Commons  and  five  in  the  Lords.  In  1804  Mr.  Pitt 
and  Lord  Castlereagh  were,  out  of  a  cabinet  of  twelve,  the 
only  ministers  in  the  Commons.  In  the  Grenville  ministry 
(“All  the  Talents”),  of  a  cabinet  of  eleven,  seven  were  in 
the  Lords  and  four  in  the  Commons.  In  1809,  of  Mr.  Per¬ 
ceval’s  cabinet,  six  were  peers  and  four  commoners.  In  1812, 
of  Lord  Liverpool’s  cabinet,  ten  were  peers  and  only  two 
commoners.  In  1818,  out  of  a  cabinet  of  fourteen,  six  were 
commoners ;  and  in  1822,  out  of  a  cabinet  of  fifteen,  nine 
were  peers.  Since  the  Reform  Act  of  1832,  however,  the 
leading  members  of  Government  have  been  more  equally 
apportioned  between  the  two  Houses. 

See  May,  Constitutional  History  of  England;  Cox,  Institutions  of 
the  English  Government;  Alpheus  Todd,  On  Parliamentary  Govern¬ 
ment;  Cooke,  History  of  Party.  (a.  c.  e.) 

MINK.  The  genus  Putorius ,  belonging  to  the  fam¬ 
ily  Mustelidcc ,  or  Weasel-like  animals  (see  Mamma¬ 
lia,  vol  xv.  p.  447),  contains  a  few  species  called 
Minks,  distinguished  from  the  rest  by  slight  structural 
modifications,  and  especially  by  semi-aquatic  habits. 
They  form  the  subgenus  Lutreola  of  Wagner,  the  ge¬ 
nus  Vison  of  Gray.  As  in  other  members  of  the  genus, 
the  dental  formula  is  i  f ,  c  f .  p  §,  m  4  ;  total  34.  They 
are  distinguished  from  the  Polecats,  Stoats,  and  Wea- 
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sels,  which  constitute  the  remainder  of  the  group,  by 
the  facial  part  of  the  skull  being  narrower  and  more 
approaching  in  form  that  of  the  Martens,  by  the  pre¬ 
molar  teeth  (especially  the  first  of  the  upper  jaw) 
being  larger,  by  the  toes  being  partially  webbed,  and 
by  the  absence  of  hair  in  the  intervals  between  the 
naked  pads,  of  the  soles  of  the  feet.  The  two  best- 
known  species,  so  much  alike  in  size,  form,  color,  and 
habits  that  although  they  are  widely  separated  geo¬ 
graphically  some  zoologists  question  their  specific  dis¬ 
tinction,  are  P.  lutreola ,  the  Norz  or  Sumpf-otter 
(Marsh-Otter)  of  Eastern  Europe,  and  P.  vison,  the 
Mink  of  North  America.  The  former  inhabits  Fin¬ 
land,  Poland,  and  the  greater  part  of  Russia,  though 
not  found  east  of  the  Ural  mountains.  Formerly  it 
extended  westward  into  Central  Germany,  but  it  is 
now  very  rare,  if  not  extinct,  in  that  country.  The 
latter  is  found  in  places  which  suit  its  habits  through¬ 
out  the  whole  of  North  America.  Another  form,  P. 
sibiricus,  from  Eastern  Asia,  of  which  much  less  is 
known,  appears  to  connect  the  true  Minks  with  the 
Polecats. 

The  name  may  have  originated  in  the  Swedish  maenk  ap¬ 
plied  to  the  European  animal.  Captain  John  Smith,  in  his 
History  of  Virginia  (1626),  at  p.  27,  speaks  of  “  Martins,  Powle- 
cats,  YVeesels,  and  Miukes,”  showing  that  the  animal  must 
at  that  time  have  been  distinguished  by  a  vernacular  ap¬ 
pellation  from  its  congeners.  By  later  authors,  as  Lawson 
(1709)  and  Pennant  (1784),  it  is  often  written  “  Minx.”  For 
the  following  description,  chiefly  taken  from  the  American 
form  (though  almost  equally  applicable  to  that  of  Europe) 
we  are  mainly  indebted  to  Elliott  Coues’s  Fur-bearing  Ani¬ 
mals  of  North  America,  1877. 

In  size  it  much  resembles  the  English  Polecat, — the  length 
of  the  head  and  body  being  usually  from  15  to  18  inches, 
that  of  the  tail  to  the  end  of  the  hair  about  9  inches.  The 
female  is  considerably  smaller  than  the  male.  The  tail  is 
bushy,  but  tapering  at  the  end.  The  ears  are  small,  low, 
rounded,  and  scarcely  project  beyond  the  adjacent  fur.  The 
pelage  consists  of  a  dense,  soft,  matted  under  fur,  mixed 
with  long,  stiff,  lustrous  hairs  on  all  parts  of  the  body  and 
tail.  The  gloss  is  greatest  on  the  upper  parts ;  on  the  tail 
the  bristly  hairs  predominate.  Northern  specimens  have 
the  finest  and  most  glistening  pelage ;  in  those  from  south¬ 
ern  regions  there  is  less  difference  between  the  under  and 
over  fur,  and  the  whole  pelage  is  coarser  and  harsher.  In 
color,  different  specimens  present  a  considerable  range  of 
variation,  but  the  animal  is  ordinarily  of  a  rich  dark  brown, 
scarcely  or  not  paler  below  than  on  the  general  upper  parts ; 
but  the  back  is  usually  the  darkest,  and  the  tail  is  nearly 
black.  The  under  jaw,  from  the  chin  about  as  far  back  as 
the  angle  of  the  mouth,  is  generally  white.  In  the  Euro¬ 
pean  mink  the  upper  lip  is  also  white,  but  as  this  occasion¬ 
ally  occurs  in  American  specimens,  it  fails  as  an  absolutely 
distinguishing  character.  Besides  the  white  on  the  chin, 
there  are  often  other  irregular  white  patches  on  the  under 
parts  of  the  body.  In  very  rare  instances  the  tail  is  tipped 
with  white.  The  fur,  like  that  of  most  of  the  animals  of 
the  group  to  which  it  belongs,  is  an  important  article  of 
commerce. 

The  principal  characteristic  of  the  Mink  in  comparison 
with  its  congeners  is  its  amphibious  mode  of  life.  It  is  to 
the  water  what  the  other  Weasels  are  to  the  land,  or  Mar¬ 
tens  to  the  trees,  being  as  essentially  aquatic  in  its  habits 
as  the  Otter,  Beaver,  or  Musk-rat,  and  spending  perhaps 
more  of  its  time  in  the  water  than  it  does  on  land.  It 
swims  with  most  of  the  body  submerged,  and  dives  with 
perfect  ease,  remaining  long  without  coming  to  the  surface 
to  breathe.  It  makes  its  nest  in  burrows  in  the  banks  of 
streams,  breeding  once  a  year  about  the  month  of  April, 
and  producing  five  or  six  young  at  a  birth.  Its  food  con¬ 
sists  of  frogs,  fish,  freshwater  molluscs  and  crustaceans,  as 
well  as  mice,  rats,  musk -rats,  rabbits,  and  small  birds.  In 
common  with  the  other  animals  of  the  genus,  it  has  a  very 
peculiar  and  disagreeable  effluvium,  which,  according  to 
Coues,  is  more  powerful,  penetrating,  and  lasting  than  that 
of  any  animal  of  the  country  except  the  Skunk.  It  also 
possesses  the  courage,  ferocity,  and  tenacity  of  life  of  its 
allies.  When  taken  young,  however,  it  can  be  readily 
tamed,  and  lately  Minks  have  been  extensively  bred  in 
captivity  in  America  both  for  the  sake  of  their  fur  and  for 
the  purpose  of  using  them  in  like  manner  as  Ferrets  in 
England,  to  clear  buildings  of  rats.  (w.  H.  F.) 

MINNEAPOLIS,  the  county  seat  of  Hennepin 
county,  Minnesota,  United  States,  and  in  1880  the 
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first  city  of  the  State  as  regards  population,  lie3  on 
both  banks  of  the  Mississippi,  at  tne  falls  of  St.  An¬ 
thony,  1 4  miles  by  river  above  St.  Paul.  The  east  side 
was  first  settled,  under  the  name  of  St.  Anthony, 
which  was  incorporated  as  a  city  in  1860.  The  west 
side  settlement,  named  Minneapolis,  was  incorporated 
as  a  city  in  1867,  and  soon  surpassed  St.  Anthony  in 
population.  In  1872  the  two  cities  were  united  under 
the  name  of  Minneapolis.  The  chief  industries  are  the 
manufacture  of  flour  and  of  lumber,  for  which  the  falls 
supply  abundant  water-power.  The  Mississippi  here 
flows  over  a  limestone  bed  resting  upon  a  friable  white 
sandstone;  hence  erosion  is  rapid,  and  the  river  banks 
show  that  the  falls  have  receded  from  a  position  at  the 
mouth  of  the  Minnesota  river.  In  1851  90  feet  of  the 
limestone  gave  way  at  once  ;  and,  as  the  rock  bed  ex¬ 
tends  but  1200  feet  above  the  present  site  of  the  falls, 
the  destruction  ol  the  water-power  was  threatened. 
This  has  been  averted  by  the  construction  of  an  apron, 
or  inclined  plane,  of  timber,  with  heavy  cribwork  at 
the  bottom,  and  the  building  of  a  concrete  wall  in  the 
bed  of  sandstone  behind  the  falls  and  underneath  the 
channel  of  the  river.  For  this  work  the  United  States 
Government  appropriated  $550,000  and  the  citizens 
of  Minneapolis  contributed  $334,500.  The  city  has 
twenty-seven  flour-mills,  which  can  produce  29,272 
barrels  a  day.  The  total  product  for  the  year  ended 
September  1,  1882,  was  2,301,667  barrels.  The  ship¬ 
ments  of  lumber  for  1880  were  164,620,000  feet.  The 
population  in  1870  was  18,079;  and  in  1900,  202,718. 
MlNNESANGER.  See  Germany,  vol.  x.  p.  469. 

MINNESOTA,  one  of  the  Northwestern  States  of 
the  American  Union,  extending  from  43°  30/  N.  lat. 
to  the  British  possessions  (about  49°  N. 
lat.)  and  from  Wisconsin  and  Lake  Su¬ 
perior  on  the  east  to  Dakota  on  the  west,  between  the 
meridians  of  89°  39/  and  97°  5/  W.  long.  Its  area, 
including  half  of  the  lakes,  straits,  and  rivers  along 
its  boundaries,  except  Rainy  Lake  and  Lake  of  the 
Woods,  amounts  to  83,365 1  square  miles. 

The  surface  of  Minnesota  is  diversified  by  few  ele¬ 
vations  of  any  great  height.  In  general  it  is  an  undu¬ 
lating  plain,  breaking  in  some  sections  into  rolling 
prairie,  and  traversed  by  belts  of  timber.  It  has  an 
average  elevation  above  sea-level  of  about  1000  feet. 
The  water-shed  of  the  north  (which  determines  the 
course  of  the  three  great  continental  river  systems) 
and  that  of  the  west  are  not  ridges  or  hills,  but  eleva¬ 
tions  whose  inclination  is  almost  insensible.  The 
southern  and  central  portions  of  the  State  are  chiefly 
rolling  prairie,  the  upper  part  of  which  is  crossed 
N.  W.  to  S.  E.  by  the  forest  belt  known  as  the  Big 
Woods, — a  stretch  of  deciduous  forest  trees  with  an 
area  of  about  5000  square  miles.  North  of  the  47th 
parallel  the  great  Minnesota  pine  belt  reaches  from 
Lake  Superior  to  the  confines  of  the  Red  River  valley, 
including  the  region  of  the  head  waters  of  the  Mis¬ 
sissippi  and  its  upper  tributaries  as  well  as  those  of  the 
Superior  streams.  North  of  the  pine  region  there  is 
but  a  stunted  growth  of  tamarack  and  dwarf  pine. 
In  the  northeast  are  found  the  rugged  elevations  of 
the  granite  uplift  of  the  shores  of  Lake  Superior, 
rising  to  a  considerable  height ;  while  in  the  north¬ 
west  the  surface  slopes  away  to  the  level  prairie  reaches 
of  the  Red  River  valley.  The  surface  elevation  of 
the  State  varies  from  800  to  2000  feet  above  sea-level. 
A  short  line  of  hills  in  the  northeast  reaches  the 
latter  altitude,  while,  only  the  valleys  of  the  Red 
River,  the  Mississippi,  and  the  Minnesota  fall  below 
the  former. 

Geology  and  Soil. — The  geology  has  not  yet  been 
mapped  out  with  the  precision"  attained  in  other 
States.  The  great  central  zone,  from  Lake  Superior 
to  the  southwestern  extremity  of  the  State,  is  occu¬ 
pied  by  granitic  and  metamorphic  rocks,  succeeded,  in 

1  U.  S.  census  gives  area  of  79,205  square  miles  land  surfaoe. 
State  reports  give  area  of  83,531  square  miles.  The  discrepancy 
covers  the  water  surface.— Am.  Ed. 
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the  southeast,  by  narrower  bands  of  later  formation. 
Within  the  great  Azoic  area  lies  the  central  water-shed 
of  the  continent,  from  which  the  St.  Lawrence  system 
sends  its  waters  towards  the  Atlantic,  the  Mississippi 
towards  the  Gulf  of  Mexico,  and  the  Red  River  of 
the  North  to  Hudson’s  Bay.  These  primordial  rocks 
carry  back  the  geologic  history  of  Minnesota  to  pre- 
Silurian  times.  They  form  in  the  northeast,  in  the 
neighborhood  of  Lake  Superior,  an  extremely  rough 
and  hilly  country,  but  as  they  reach  the  central  and 
southwestern  portions  of  the  State  they  for  the  most 
part  disappear  beneath  the  surface  drift.  This  cen¬ 
tral  belt  is  succeeded,  on  the  south  and  east,  by  a 
stretch  of  sandstone,  partially  the  true  red  Potsdam 
and  partially  a  similar  but  lighter-colored  stratum, 
which  some  have  proposed  to  designate  the  St.  Croix 
Sandstone.  Isolated  beds  of  sandstone  are  found  in 
various  parts  of  the  State.  The  northwestern  corner, 
stretching  east  from  the  Red  River  valley,  is  believed 
to  be  Cretaceous;  but  the  great  depth  of  drift  and 
alluvium,  disturbed  by  no  large  rivers,  prevents  a 
positive  conclusion.  The  Lower  Magnesian  limestone 
underlies  the  extreme  southeastern  portion  of  the 
State,  and  extends  along  the  west  side  of  the  Missis¬ 
sippi  to  a  point  a  little  below  St.  Paul ;  thence  it  takes 
a  course  almost  semicircular,  and  finally  passes  out  of 
the  State  at  the  southwestern  boundary.  The  Trenton 
limestone  occupies  a  large  field  in  the  south  and  south¬ 
east  ;  it  comes  to  the  surface  in  long  irregular  bands, 
and  an  island  of  it  underlies  the  cities  of  Minneapolis 
and  St.  Paul  with  the  adjacent  districts.  The  Galena 
limestone,  the  Masquoketa  shales,  the  Niagara  lime¬ 
stone,  and  the  rocks  of  the  Devonian  age  in  turn  pre¬ 
vail  in  the  other  counties  of  the  south  and  east  ;  while 
the  existence  of  the  St.  Peter  sandstone  would  scarcely 
be  known  but  for  its  outcropping  along  the  bluffs  of 
the  Mississippi,  and  at  the  famous  waterfall  of  Minne¬ 
haha.  From  these  various  formations  numerous  kinds 
of  stone  valuable  for  building  purposes  are  obtained. 
The  gray  granite  of  St.  Cloud  is  extremely  hard  and  en 
during.  The  Lower  Magnesian  furnishes  two  especially 
handsome  building-stones, — the  pink  limestone  known 
as  Kasota  stone,  and  the  cream-colored  stone  of  Red 
Wing,  both  easily  worked,  and  hardening  by  exposure 
to  atmospheric  changes.  Naturally,  from  its  location 
underneath  the  principal  cities  of  the  State,  the 
Trenton  limestone  is  the  most  widely  used.  Sand 
suitable  for  glass-making,  and  argillaceous  deposits 
abound.  The  clays  which  make  up  so  large  a  portion 
of  the  surface  drift  of  the  State  are  almost  wholly  of 
lacial  origin.  Overlying  the  deposits  of  sand,  gravel, 
oulders,  and  clay  is,  in  most  portions  of  the  State,  a 
sandy  loam,  very  finely  divided,  rich  in  organic  matter, 
deep  brown  or  black  in  color,  and  of  the  greatest  fer¬ 
tility.  It  is  this  soil  which  has  given  to  the  State  its 
reputation  for  productiveness.  Its  depth  varies  from 
2  to  5  feet  in  various  parts  of  the  State,  and  it  has  been 
described  by  Dr.  Owen  as  “  excellent  in  quality,  rich  as 
well  in  organic  matter  as  in  those  mineral  salts  which 
give  rapidity  to  the  growth  of  plants,  while  it  has  that 
durability  which  enables  it  to  sustain  a  long  succession 
of  crops.” 

Rivers  and  Lakes. — The  State  holds  a  unique  place  with 
refereuce  to  the  great  water  systems  of  the  continent. 
The  Mississippi  takes  its  rise  in  Lake  Itasca,  north  of  the 
centre  of  the  State.  Before  it  leaves  the  State  limits 
it  becomes  a  great  river,  half  a  mile  wide,  and  from 
5  to  20  feet  deep.  It  drains  with  its  tributaries  all  the 
southern  and  central  portions  and  a  large  area  of  the 
northern  part  of  the  State.  It  is  navigable  as  far  as  St. 
Paul,  and  at  Minneapolis  the  falls  of  St.  Anthony  afford 
unrivalled  facilities  for  manufacturing.  Of  the  many  afflu¬ 
ents  of  the  Mississippi  the  most  important  is  the  Minne¬ 
sota,  which  after  a  course  of  about  440  miles  flows  into  the 
main  stream  at  Fort  Snelling,  Smiles  above  St.  Paul.  The 
source  of  the  Minnesota  is  hut  1  mile  from  Lake  Traverse, 
the  origin  of  the  Bed  River  of  the  North,  aud  it  is  navi¬ 
gable  during  the  high-water  season  for  about  300  miles. 
Its  principal  tributaries  are  the  Blue  Earth,  Chippewa,  Red¬ 
wood,  Lac  qui  Parle,  and  Pomme  do  Terre,  The  Red  River 


system  drains  the  northwestern  part  of  the  State,  and  its 
waters  finally  pass  into  Hudson’s  Bay,  as  also  do  those  from 
the  country  drained  by  streams  flowing  to  the  Rainy  Lake 
river  and  the  lakes  along  the  northern  boundary  line. 
East  of  this  lies  the  region  tributary  to  Lake  Superior  and 
the  St.  Lawrence  system.  This  comprises  an  area  within 
the  State  estimated  at  9000  square  miles.  Its  principal 
river  is  the  St.  Louis.  There  are  altogether  about  2796 
miles  of  navigable  water  in  Minnesota.1 

The  number  of  lakes  is  estimated  at  seven  thousand. 
They  are  of  all  sizes,  and  are  found  chiefly  in  the  northern 
two-thirds  of  the  state.  They  have  been  classified  geologi¬ 
cally  into  glacial  or  drift  lakes,  fluviatile  or  river  lakes, 
occupying  basins  on  river  courses,  and  lakes  having  rock 
basins  either  scooped  out  by  the  action  of  glaciers  or  formed 
by  the  relative  position  of  different  geological  formations. 
By  far  the  greater  number  give  evidence  of  glacial  action 
in  their  origin.  They  abound  over  the  region  most  deeply 
covered  by  the  surface  drift,  and  are  especially  prevalent  in 
morainic  districts,  forming  the  southern  fringe  of  the  la¬ 
custrine  area  of  North  America.  With  the  melting  of  the 
ice-sheet  which  once  overspread  Minnesota  its  innumerable 
lakes  came  into  existence ;  and  the  gentle  acclivity  of  its 
slopes,  precluding  rapid  erosive  action,  has  tended  to  give 
permanence  to  the  depressions  constituting  their  basins. 
The  census  returns  give  4160  square  miles  of  water  surface 
within  the  State.  Most  of  the  lakes  are  exceedingly  pic¬ 
turesque  in  their  surroundings.  Forests  skirt  their  shores, 
which  are  seldom  marshy;  and  their  waters,  abounding  in 
various  kinds  of  fish,  are  clear  and  cool.  Besides  the  sani¬ 
tary  advantages  afforded  by  the  lakes,  as  supplying  places 
for  recreation  and  delightful  summer  resorts,  they  affect 
the  climate  to  some  extent,  tempering  the  extremes  com¬ 
monly  experienced  in  northern  latitudes.  The  fact  that 
many  of  the  lakes  are  gradually  drying  up  must  be  explained 
by  agricultural  operations.  The  largest  lakes,  exclusive  of 
Superior,  lying  wholly  or  in  part  in  Minnesota  are  as  follows : 
Lake  of  the  Woods,  612  square  miles ;  Red,  342 ;  Mille  Lacs, 
198;  Leech,  194;  Rainy,  146;  Winnibigoshish,  78;  and  Ver¬ 
milion,  63. 

Flora  and  Fauna. — The  flora  and  fa" ’.'.a  present  no  marked 
differences  from  those  of  other  States  in  the  same  latitude. 
In  a  partial  list  of  the  birds  of  Minnesota,  two  hundred  and 
eighty-one  species  are  enumerated.  Of  winter  birds  fifty- 
two  species  have  been  classified,  twenty -three  of  them  being 
permanent  residents. 

Climate. — The  State  lies  so  far  north  as  to  have  a  low  mean 
annual  temperature,  and  so  far  inland  as  to  have  the  char¬ 
acteristic  continental  climate.  Its  elevation  above  sea-level 
gives  an  agreeable  rarefaction  to  the  atmosphere,  and  makes 
the  prevalence  of  fogs  and  damp  weather  unknown.  Be¬ 
tween  June  and  January  there  is  an  annual  variation  from 
the  summer  heat  of  Southern  Ohio  to  the  winter  cold  of 
Montreal.  The  winter,  usually  commencing  in  November, 
and  continuing  till  near  the  end  of  March,  is  not  a  period 
of  intense  continued  cold,  but  is  subject  to  considerable 
variations.  As  a  rule,  the  comparative  dryness  of  the  at¬ 
mosphere  neutralizes  the  severest  effect  of  excessive  cold. 
The  snowfall  is  extremely  light  during  most  of  the  winter, 
but  as  spring  approaches  precipitation  becomes  greater,  and 
there  are  frequently  heavy  snowfalls  in  February  and 
March.  The  change  from  winter  to  summer  is  rapid,  vege¬ 
tation  sometimes  seeming  to  leap  into  full  and  active  growth 
within  the  space  of  a  few  weeks.  The  summer  months 
bring  days  of  intense  heat,  but,  with  comparatively  rare 
exceptions,  the  nights  are  deliciously  cool.  Hot  days  and 
cool  nights  make  the  ideal  weather  for  a  good  wheat  crop; 
and  the  forcing  heats  of  summer  produce  in  luxuriant  growth 
the  vegetable  life  which  belongs  to  the  Middle  States,  The 
Smithsonian  chart  assigns  to  Minnesota  an  average  tem¬ 
perature  for  the  hottest  week  in  summer  of  from  85°  to  90°, 
and  for  the  coldest  week  in  winter  from  10°  to  20°  below 
zero.  The  mean  annual  average,  for  all  below  47°  of  latitude, 
it  gives  as  40°.  Observations  at  St.  Paul,  extending  over  a 
period  of  more  than  thirty -five  years,  show  the  following 
mean  temperatures :  spring,  45.6° ;  summer,  70.6°;  autumn, 
40.9° ;  winter,  16.1° ;  average,  44.6°.  The  average  annual 
_  linfall  is  about  25.5  inches.  While  this  is  not  large,  it  is 
so  distributed  as  best  to  subserve  the  purposes  of  vegetable 
growth.  No  moisture  is  lost  in  superfluous  spring  and 
autumn  rains,  or  in  the  cold  and  non-producing  part  of  the 
year,  the  precipitation,  which  in  winter  is  less  than  2  inches, 
increasing  to  about  12  for  the  summer.  To  the  season  of 
vegetable  growth  belong  70  percent,  of  the  yearly  measures 
of  heat,  76  per  cent,  of  the  rainfall,  and  76  per  cent,  of  the 
atmospheric  humidity.  The  prevailing  winds  are  from  the 
south  or  southeast.  In  1880  rain  or  snow  fell  on  150  days, 
and  in  1881  on  167.  It  is  evident  that  the  causes  which 

1  These  figures  cover  the  shore  line  of  navigable  waters.— 
Am.  Ed. 
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mitigate  the  actual  severity  of  the  climate  as  felt,  which 
produce  so  large  a  number  of  clear  days,  and  which  forbid 
the  continued  presence  of  a  large  amount  of  moisture  in 
the  atmosphere,  are  those  which  render  a  climate  healthful 
in  the  highest  degree.  Minnesota  has  been  for  many  years 
a  favorite  resort  for  invalids.  The  curative  properties  of  its 
climate  are  especially  marked  in  the  case  of  pulmonary 
complaints. 

Agriculture. — The  leading  industry  of  the  State  is  agri¬ 
culture.  The  character  of  the  surface  soil  varies  in  different 
parks  of  the  State  with  the  character  of  the  underlying 
strata.  The  fertile  land  comprises  about  three-fourths  of 
the  entire  area  of  the  State.  The  drift  soil  proper  of  the 
south  and  centre,  including  the  Minnesota  valley  and  the 
greater  part  of  that  of  the  Mississippi,  contains  silica  and 
calcareous  matter,  and  is  interspersed  with  alluvial  river 
bottoms.  The  limestone  soil,  ir.  which  there  is  a  large  cal¬ 
careous  element,  lies  chiefly  m  the  western  slope  of  the 
Mississippi.  The  Red  River  vr  lley  consists  of  an  argillaceous 
mould,  rich  in  organic  deposits.  Around  Lake  Superior, 
wherever  arable  land  is  to  be  found,  it  is  marked  by  a  rich 
trap  soil.  North  of  the  central  fertile  area,  and  in  the 
neighborhood  of  the  sources  of  the  Mississippi,  is  much 
swampy  land,  susceptible  of  easy  drainage,  with  a  large 
tract  of  sand  and  other  drift  detritus,  unfavorable  to  pro¬ 
duction.  Maize  and  potatoes  flourish,  and  the  uplands,  which 
support  hardwood  ridges,  are  suited  to  general  agriculture. 
To  the  extreme  north  the  surface,  while  indicating  mineral 
wealth,  is  utterly  unfit,  except  in  occasional  isolated  areas, 
for  purposes  of  tillage. 

Wheat  has  hitherto  been  the  staple  product  of  the  State. 
Soil  and  climate  are  such  as  to  insure  a  large  average  yield, 
while  the  superior  quality  of  the  grain  has  given  it  a  wide 
reputation.  The  other  cereals  are  also  cultivated  with  suc¬ 
cess.  The  tendency  to  diversify  agriculture,  especially  in 
the  southern  part  of  the  State,  has  been  stimulated  by  several 
partial  failures  of  the  wheat  crop,  the  locust  invasions,  and 
the  competition  of  the  farther  northwest. 

The  area  of  the  State  includes  39,791,265  acres  surveyed, 
10,968,575  acres  not  surveyed,  and  2,700,000  acres  of  lake 
surface.  The  total  sales  of  public  and  railroad  lands  in  1879 
and  1880  were  not  far  from  4,000,000  acres.  It  is  estimated 
that  the  aggregate  of  lands  yet  undisposed  of,  three-fourths 
of  which  may  be  profitably  cultivated,  is  nearly  20,000,000 
acres,  exclusive  of  the  lands  belonging  to  the  State.  White 
Earth  Indian  reservation  has  thirty -six  townships  of  prai¬ 
rie  and  timber  land;  and  Red  Lake  reservation  contains 
3,200,000  acres. 

Forestry. — A  special  census  bulletin  estimates  the  mer¬ 
chantable  white  pine  standing,  May  31,  1880,  as  amount¬ 
ing  in  all  to  6,100,000,000  feet.  The  entire  cut  for  the 
census  year  1880  was  540,997,000  feet.  Of  hardwood 
forest  3,840,000  acres  remain,  capable  of  yielding  57,600,000 
cords  of  wood. 

Every  encouragement  is  afforded,  both  by  the  railway 
corporations  and  the  State,  to  tree-planting  on  the  prairies. 
A  quarter  section  is  given  to  any  one  who  will  plant  and 
keep  in  good  condition  40  acres  of  timber  for  eight  years. 
In  1880  there  were  planted  25,331  acres  of  trees,  exclusive 
of  those  bordering  highways  and  the  windbreaks  along  the 
railroad  lines. 

Manufactures. — The  manufactures  of  Minnesota  are  yet 
in  their  infancy.  The  abundant  water-power  of  the  State, 
its  proximity  to  the  coal-fields  of  Iowa,  its  superior  trans¬ 
portation  facilities,  and  the  large  demand  for  manufactured 
commodities  are,  however,  rapidly  developing  this  branch 
of  industry.  The  most  important  industries  are  the  man¬ 
ufacture  of  flour  and  that  of  lumber.  The  former  naturally 
established  itself  in  a  State  of  immense  wheat  yield  and 
abundant  water-power.  It  received  its  greatest  stimulus 
from  the  invention  and  adoption  of  the  middlings  purifying 
process,  which  produces  the  highest  grade  of  flour,  and  to 
which  the  hard  spring  wheat  of  Minnesota  is  especially 
adapted.  Among  other  manufacturing  industries  actively 
prosecuted  are  the  making  of  brick,  pottery,  stoneware,  and 
agricultural  implements,  and  also  meat-packing. 

Commerce. — The  geographical  position  of  Minnesota  gives 
it  extensive  commercial  interests.  Two  continental  water¬ 
ways  terminate  within  the  State.  The  Mississippi  affords 
continuous  navigation  to  European  ports  during  eight 
months  of  the  year.  From  Duluth  numerous  lines  of  vessels 
traverse  the  chain  of  great  lakes,  and  transport  the  products 
of  the  west  to  the  eastern  seaboard.  Three  great  trans¬ 
continental  railway  lines  are  connected  more  or  less  directly 
with  the  railroad'  system  of  the  State.  Twelve  lines  of 
railway  from  every  part  of  Minnesota  converge  at  the  con¬ 
tiguous  cities  of  St.  Paul  and  Minneapolis,  and  three  great 
trunk  lines  from  these  centres  to  Chicago  secure  the  ad¬ 
vantages  of  a  lively  competition. 

Education. — The  common  school  system  is  supported  by 


land  grants,  a  local  tax,  and  a  State  tax.  The  superintendent 
of  instruction  is  appointed  by  the  governor.  County  super¬ 
intendents  are  chosen  by  popular  vote.  Common  school 
districts  have  boards  of  three  trustees  each.  Six  directors 
are  appointed  for  independent  districts.  The  permanent 
fund  in  1881  was  $4,850,000,  and  the  current  fund  $260,835. 
The  State  university,  located  at  Minneapolis,  is  governed 
by  a  board  of  regents,  consisting  of  the  governor  of  the 
State,  the  superintendent  of  public  instruction,  the  president 
of  the  university,  and  six  others ;  both  sexes  are  admitted, 
and  tuition  is  free.  The  State  supports  three  normal  schools. 
Forty-two  academies  and  six  colleges  are  sustained  by  de¬ 
nominational  or  private  enterprise. 

Administration—  The  departments  of  Government  are,  as 
in  all  the  States,  the  legislative,  the  executive,  and  the  ju¬ 
dicial.  The  State  contains  seventy-eight  counties,  of  which 
some  are  still  subject  to  change  of  boundary.  From  these 
are  elected  by  districts  forty-seven  senators  and  one  hundred 
and  three  members  of  the  House  of  Representatives.  The 
State  officers  are  a  governor,  lieutenant-governor,  secretary 
of  state,  treasurer,  and  attorney-general,  all  elected  by  tho 
people.  The  term  of  office  is  two  years.  The  governor  has 
power  to  veto  separate  items  of  a  money  bill.  The  judiciary 
is  elective,  and  the  term  of  office  seven  years.  The  State 
requirements  for  citizenship  are  residence  in  the  United 
States  one  year,  in  the  State  four  months,  and  in  the  election 
district  ten  days  preceding  an  election.1  Women  are  allowed 
to  vote  for  school  officers  and  upon  questions  relating  to  the 
management  of  schools,  and  are  also  eligible  to  such  offices. 
No  county  can  contain  more  than  400  square  miles.  The 
legislature  meets  biennially.  Extra  sessions  may  be  called, 
but  no  session  can  exceed  sixty  days  in  length.  Under  the 
last  apportionment  the  State  is  entitled  to  five  Representa¬ 
tives  in  the  national  Congress. 

The  annual  valuation  of  property  for  1882,  as  equalized 
by  the  State  board,  gives  the  personal  property  as  $79,219,- 
445,  the  real  estate  $242,938,170.  This  represents  a  total 
actual  value  of  not  far  from  $750,000,000. 

While  Minnesota  was  still  a  Territory,  but  after  it  had 
adopted  a  State  constitution,  an  amendment  was  added  to 
the  constitution  authorizing  the  issue  of  a  large  amount  of 
bonds  in  aid  of  railway  construction.  Shortly  afterwards, 
the  companies  having  failed  to  fulfil  their  contracts  and  de¬ 
faulted  payment,  the  State  foreclosed  its  mortgage  on  the 
lands,  franchises,  etc.,  of  the  roads,  and  turned  them  over 
to  other  companies.  By  another  amendment  to  the  consti¬ 
tution,  the  payment  of  the  bonds  was  made  contingent  upon 
the  result  of  a  popular  vote.  Several  proposals  having  fail¬ 
ed  to  receive  this  sanction,  the  necessity  for  it  was  removed 
in  1881  by  a  decision  of  the  supreme  court,  declaring  the 
amendment  unconstitutional.  The  legislature  immediately 
met,  accepted  a  plan  of  settlement  proposed  by  the  bond¬ 
holders  themselves,  and  over  $4,000,000  worth  of  new  bonds 
were  issued  in  exchange  for  the  old.  For  the  payment  of 
the  principal  and  interest  of  these  the  people  have  voted 
(November,  1882)  to  set  aside  as  a  sinking  fund  the  proceeds 
of  500,000  acres  of  land  belonging  to  the  State  internal  im¬ 
provement  fund,  the  deficit  to  be  paid  out  of  the  tax  on 
railroad  earnings.  These  bonds  include  all  the  State  debt 
except  about  $200,000.  A  tax  of  3  per  cent,  imposed  on  the 
gross  earnings  of  all  railroads  within  the  State  will  .soon 
meet  all  expenses  except  provision  for  educational,  penal, 
and  charitable  institutions. 

Popidation. — The  population  of  the  State  was  6077  at  the 
census  of  1850,  172,023  in  1860,  439,706  in  1870,  and  780,773 
(419,149  males  and  361,624  females)  in  1880.  According  to 
the  last  census  299,800  whites  had  been  born  in  the  State; 
and  of  the  267,676*  foreign-born  inhabitants  of  the  State  107,- 
770  came  from  Scandinavian  countries  and  68,277  from  the 
United  Kingdom  and  the  British  colonies,  while  77,505  ac¬ 
knowledge  the  German  as  their  native  tongue.  The  increase 
of  population  in  the  State  for  the  last  decade  of  years  alone 
was  75  per  cent.  The  most  important  cities  are  St.  Paul, 
the  capital,  and  Minneapolis,  with  41,473  and  46,887  inhab¬ 
itants  respectively  in  1880;  Winona  had  10,208  and  Still¬ 
water  9055.  Pop.  1900,  1,751,394. 

History. — Missionary  efforts  and  the  trading  spirit  first 
induced  white  men  to  venture  as  far  into  the  unexplored 
Northwest  as  the  boundaries  of  what  is  now  the  State  of 
Minnesota.  The  earliest  accounts  of  its  natural  features 
and  native  tribes  appear  in  tho  Jesuit  writings.  The  “  Re¬ 
lations”  of  1670-71  allude  to  the  Sioux  or  Dakotas.  In 
1678  a  company  was  formed  for  trading  with  this  tribe. 
Du  Luth  was  leader  of  this  expedition,  and  later  on  went 
from  Lake  Superior  to  the  Mississippi  by  canoe.  But  the 
first  published  account  is  that  of  Louis  Hennepin,  a  Recol¬ 
lect  monk,  who,  in  1680,  visited  the  falls  of  St.  Anthony, 


1  Alien  citizenship  is  controlled  by  United  States  Naturalization 
Laws,  which  prescribe  five  years’  residence  in  the  country  as  a 
qualification  for  citizenship.— Am.  Ed.  j 
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and  gave  them  their  name,  from  that  of  his  patron  saint. 
For  a  century  the  only  visitants  of  the  wild  region  were  a 
few  missionaries,  and  a  number  of  fur  traders  who  found 
the  profit  of  the  journey  to  more  than  counterbalance  its 
perils  and  hardships.  To  the  latter  class  belong  Perrot, 
who  reached  the  Mississippi  by  way  of  the  Fox  and  Wiscon¬ 
sin  in  1684,  and  founded  at  Lake  Pepin  the  first  trading  post 
iu  the  State,  and  Le  Sueur,  a  Canadian,  who  ascended  the 
great  river  from  its  mouth,  and  established  another  post 
above  Lake  Pepin.  Captain  John  Carver,  the  explorer  of 
the  country  of  the  Upper  Mississippi,  visited  the  falls  of  St. 
Anthony  in  1766,  being  the  first  British  traveller  who 
reached  the  spot.  On  March  20,  1804,  Upper  Louisiana  was 
organized,  consisting  of  Arkansas,  Missouri,  Iowa,  and  a 
large  portion  of  Minnesota.  From  this  time  onwards  the 
progress  of  exploration  was  rapid,  and  settlement  followed 
in  its  train.  The  first  really  extensive  exploration  of  any 
large  part  of  what  is  now  Minnesota  was  made  between 
1817  and  1823,  by  Major  S.  H.  Long,  of  the  United  States 
engineer  corps,  iu  command  of  a  Government  expedition. 
About  the  same  time  the  Red  River  received  its  first  visi¬ 
tant.  Thomas  Douglas,  earl  of  Selkirk,  an  Englishman  of 
eccentric  character,  went,  in  1817,  to  what  is  now  Winnipeg, 
by  way  of  York  River.  Having  been  struck  with  the  agri¬ 
cultural  possibilities  of  the  region  about  the  Red  River  of 
the  North,  he  induced  a  colony  of  Swiss  farmers  to  settle 
there.  These  were  disappointed  in  the  country,  and  unused 
to  the  severity  of  the  climate,  so  that  they  finally  removed 
to  the  vicinity  of  St.  Paul  and  contributed  to  the  earliest 
development  of  the  agricultural  industry  of  the  State.  In 
1821  Colonel  Snelling  built,  at  the  junction  of  the  Minnesota 
and  Mississippi  rivers,  a  stronghold  which  he  named  Fort 
St.  Anthony.  The  name  was  changed  to  Fort  Snelling  in 
his  honor,  in  1824,  and  the  fort  is  still  an  important  post  as 
a  base  of  supplies  for  the  newer  Northwest.  The  first  st°aru- 
boat  made  its  appearance  at  the  head  of  navigation  in  1823. 
The  settlement  of  St.  Paul,  one  of  the  oldest  towns  as  well 
as  the  capital,  is  commonly  dated  from  1846,  at  which  time 
there  were  a  few  shanties  on  its  site.  Population  now  be¬ 
gan  to  arrive  in '  constantly  increasing  numbers,  and  on 
March  3,  1849,  a  bill  passed  Congress  for  organizing  the  Ter¬ 
ritory.  It  was  proposed  at  one  time  to  name  it  Itasca,  but 
the  name  Minnesota,  meaning  “sky-tinted  water,”  and 
originally  applied  to  the  river  bearing  that  title,  was  finally 
retained.  The  western  boundary  of  the  Territory  was  fixed 
at  the  Missouri  River.  The  population  was  but  4057,  the 
largest  town  had  but  a  few  hundred  inhabitants,  and  a  large 
part  of  the  soil  of  the  Territory  still  belonged  to  the  Indians. 
But  progress  now  began  in  earnest.  A  constitution  was 
adopted  in  1857,  and  on  May  11, 1858,  Minnesota  was  admit¬ 
ted  as  a  State,  with  a  population,  according  to  the  last  Ter¬ 
ritorial  census,  of  150,037. 

One  of  the  first  acts  of  the  new  State  was  the  issue  of  the 
railroad  bonds  noticed  above.  Soon  after  came  the  civil 
war.  Within  two  months  of  Lincoln’s  first  call  for  troops 
the  first  Minnesota  regiment,  over  one  thousand  strong,  was 
mustered  into  service.  By  August  of  1862  ten  regiments 
had  been  called  for  and  furnished.  In  all,  the  State  supplied 
to  the  armies  of  the  Union  25,052  men,  or  about  one-seventh 
of  its  entire  population  at  the  outbreak  of  the  war. 

In  the  meantime  there  occurred,  in  1862,  the  horrible  out¬ 
break  known  as  the  Sioux  massacre.  Settlements  were  cut 
off,  isolated  settlers  murdered,  and  even  a  strong  post  like 
Fort  Ridgely  was  attacked.  The  outbreak  spread  over  a 
large  portion  of  the  State ;  several  severe  engagements  were 
fought ;  and  it  was  not  until  the  State  had  a  thoroughly 
equipped  military  force  ready  for  the  campaign  that  the 
Indians  began  to  flee  or  to  give  themselves  up.  By  this 
time  over  700  persons  had  been  murdered,  200,  chiefly  wo¬ 
men,  taken  captive;  eighteen  counties  were  ravaged,  and 
30,000  people  were  homeless.  The  property  loss  was  not 
less  than  $3,000,000. 

During  these  local  and  national  disturbances  the  material 
prosperity  of  the  State  was  unabated.  Notwithstanding  the 
heavy  cost  of  the  civil  war  and  the  Sioux  massacre,  the  cen¬ 
sus  of  1865  showed  a  population  of  250,099.  Railroad  con¬ 
struction  began  to  be  energetically  carried  forward ;  ih  1870 
329  miles  were  made  and  1096  miles  were  in  operation ;  a 
road  to  Lake  Superior  was  completed,  and  the  Northern 
Pacific  was  fairly  under  way.  In  1873-76,  and  to  some  ex¬ 
tent  in  1877,  successive  visitations  of  locusts  destroyed  the 
crops  of  the  southwestern  counties.  The  sufferers  were  re¬ 
lieved  by  the  State,  and  no  repetition  of  the  scourge  has 
since  been  experienced.  (j.  g.  p.) 

MINNOW  {Leuciscus  phoxinus  or  Phoxinus  Icevis ) 
is  the  smallest  British  Cyprinoid,  readily  distinguished 
by  its  very  small  scales.  It  is  abundant  in  rivers, 
brooks,  and  lakes,  always  swimming  in  schools,  and 
shifting  its  ground  in  search  of  food,  which  consists  of 


every  kind  of  vegetable  and  animal  substance.  It 
ranges  from  Southern  Europe  to  Scandinavia,  and  from 
Ireland  into  Northeastern  Asia;  in  the  Alps  it  attains 
to  a  higher  altitude  than  any  other  Cyprinoid,  viz. ,  to 
nearly  8000  feet.  Its  usual  size  varies  between  2  and 
3  inches;  but  in  suitable  localities,  especially  in  Ger¬ 
many,  it  is  known  to  reach  a  length  of  from  4  to  5 
inches.  The  colors  vary  with  age  and  season  ;  a  series 
of  dark  spots  or  cross-bands  along  the  sides  is  always 

resent,  but  the  males  assume  in  summer  a  nuptial 

ress  of  scarlet  or  purple  on  the  lower  parts  of  the 
head  and  body.  The  minnow  is  used  as  bait;  it  can 
also  be  introduced  with  facility  and  with  great  advan¬ 
tage  into  ponds  in  which  there  is  otherwise  a  scarcity 
of  food  for  more  valuable  fishes,  such  as  trout,  perch, 
and  pike. 

MINO  DI  GIOVANNI  (1431-1486),  called  da 
Fiesole,  was  born  at  Poppi  in  the  Casentino  in  1431. 
He  had  property  at  Fiesole,  whence  his  usual  name. 
Vasari’s  account  of  him  is  very  inaccurate  and  full  of 
contradictions.  Mino  was  a  friend  and  fellow-worker 
both  with  I),  da  Settignano  and  Matteo  Civitale,  all 
three  being  about  the  same  age.  There  is  considerable 
similarity  in  their  works,  showing  mutual  influence. 
Mino’s  sculpture  is  remarkable  for  its  gem-like  finish 
and  extreme  delicacy  of  detail,  as  well  as  for  its  spirit¬ 
uality  and  strong  devotional  feeling.  No  other  sculp¬ 
tor  portrayed  the  virginal  purity  of  the  Madonna  or 
the  soft  infant  beauty  of  the  Divine  Child  with  greater 
tenderness  and  refinement.  Of  Mino’s  earlier  works,  the 
finest  are  in  the  duomo  of  Fiesole,  the  altar-piece  and 
tomb  of  Bishop  Salutati,  executed  about  1464.  In  the 
Badia  of  Florence  are  some  of  Mino’s  most  important, 
sculptures — an  altar-piece  and  the  tombs  of  Bernardo 
Giugni,  1466,  and  the  Margrave  Hugo,  1481 — all 
sculptured  in  white  marble,  with  beautiful  life-sized 
recumbent  effigies  and  attendant  angels.  The  pulpit 
in  Prato  cathedral,  finished  in  1473,  is  very  delicately 
sculptured,  with  bas-reliefs  of  great  minuteness,  but 
somewhat  weakly  designed.  Soon  after  the  completion 
of  this  work  Mino  paid  a  visit  of  some  years  to  Borne, 
where  he  executed  several  fine  pieces  of  sculpture,  such 
as  the  tomb  of  Pope  Paul  II.  (now  in  the  crypt  of  St. 
Peter’s),  the  tomb  of  Francesco  Tornabuoni  in  S. 
Maria  Sopra  Minerva,  and  a  beautiful  little  marble 
tabernacle  for  the  holy  oils  in  S.  Maria  in  Trastevere. 
There  can  be  little  doubt  that  he  was  also  the  sculptor 
of  several  of  the  very  lovely  monuments  in  S.  Maria 
del  Popolo,  especially  those  in  the  sacristy  of  Bishop 
Gomiel  and  Archbishop  Rocca,  1482,  and  the  marble 
reredos,  also  in  the  sacristy,  given  by  Pope  Alexander 
VI.  Some  of  Mino’s  portrait  busts  and  delicate  pro¬ 
file  bas-reliefs  are  preserved  in  the  Bargello  at  Flor¬ 
ence;  they  are  full  of  life  and  expression,  though  with¬ 
out  the  extreme  realism  of  Verrocchio  and  other 
sculptors  of  his  time.  He  died  in  1486. 

See  Vasari,  Milaneses  ed.,  1878-82;  Perkins,  Italian  Sculp¬ 
tors ;  Winckelmann  and  D’Agincourt,  Sloria  della  Scultura, 
1813. 

MINOR.  See  Infant. 

MINORCA.  See  Balearic  Islands. 
MINORITES.  See  Franciscans. 

MINOS,  a  legendary  king  of  Crete,  in  whom  both 
historical  and  religious  elements  are  united.  The  his¬ 
torical  element  lies  in  the  fact  that  an  early  civiliza¬ 
tion  and  maritime  power  had  its  seat  in  Crete.  The 
Phoenician  intercourse  played  a  great  part  in  develop¬ 
ing  this  island  state,  and  Minos  is  sometimes  called  a 
Phoenician.  The  name  Minoa  is  often  found  where 
Phoenician  influence  was  strongest,  e.  g. ,  at  Megara. 
The  laws  and  constitution  which  existed  from  a  very 
early  time  in  Crete  were  attributed  to  Minos,  to  whom 
they  were  revealed  by  Zeus.  After  his  death  he  be¬ 
came  the  judge  of  the  dead ;  he  is  one  of  the  forms 
assumed  by  the  old  conception  of  the  first  man,  who  is 
after  death  king  and  god  among  the  dead.  It  is  there¬ 
fore  highly  probable  that  the  name  Minos  is  the  Greek 
form  of  the  original  Manva ,  i.  e.,  “endowed  with 
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thinking,  which  is  seen  in  the  Hindu  Manu  and  the 
Germanic  Mann.  As  in  all  other  heroized  forms  of 
the  god  of  the  dead,  there  is  both  a  terrible  and  a  wise 
and  beneficent  side  in  the  character  of  Minos.  Cretan 
legends  described  him  as  the  wild  huntsman  of  the 
forests  and  mountains,  the  lover  of  the  nymphs, 
though  his  love  means  death  to  them.  His  death  is 
localized  in  the  far  west,  in  the  land  of  sunset ;  his 
grave  was  shown  at  Camicusnear  Agrigentum,  attached 
to  a  temple  of  Aphrodite.  He  pursued  Daedalus 
thither,  and  the  daughters  of  Cocalus,  the  king  of  Agri¬ 
gentum,  killed  him  by  pouring  boiling  water  over  him 
in  the  bath,  an  obvious  myth  of  the  sun  dying  in  the 
sea.  Minos,  the  god  of  the  dead,  is,  according  to  the 
usual  rule,  the  sun-god,  who  goes  to  illumine  the  dead 
when  he  dies  on  the  earth.  His  wife  is  Pasiphae,  the 
moon-goddess,  who  had  an  oracle  by  dreams  at  Thala- 
mae  in  Laconia.  The  union  of  the  sun  and  the  moon, 
the  bull  and  the  cow,  gave  rise  to  many  quaint  and 
ugly  legends:  Pasiphae  loved  the  bull  of  Minos,  was 
aided  by  the  stratagem  of  Daedalus,  and  gave  birth  to 
the  Minotaur,  half  bull  and  half  man.  The  Minotaur 
is  one  of  those  monstrous  forms  which  were  suggested 
to  the  Greek  fancy  by  the  quaint  animals  common  in 
Oriental  art.  It  was  shut  up  in  the  Labyrinth  ( q .  v. ), 
which  was  constructed  by  the  skilled  artist  Daedalus. 
Now  a  son  of  Minos  named  Androgeus  had  been  killed 
by  the  Athenians,  and  Minos  as  a  punishment  required 
that  seven  Athenian  youths  and  seven  maidens  should 
be  sent  every  ninth  year  and  given  up  to  the  Minotaur 
to  be  devoured.  When  this  sacrifice  took  place  for 
the  third  time  Theseus  came  as  one  of  the  hostages, 
and  slew  the  Minotaur  with  the  help  of  Ariadne. 
Throughout  these  legends  we  see  the  close  relation  of 
Minos  to  the  Phoenician  sun-god  Melkarth,  and  per¬ 
ceive  the  way  in  which  different  places  where  Phoe¬ 
nician  influence  can  be  traced,  Athens,  Sieily,  etc. ,  are 
brought  together  in  religious  myths. 

MINOTAUR.  See  Minos. 

MINSK,  a  western  government  of  Russia,  is  bounded 
by  Vilna,  Vitebsk,  and  Moghileff  on  the  N.  and  E., 
and  by  Tchernigoff,  Kieff,  Volhyn  ia,  and  Grodno  on 
the  S.  and  W.,  and  has  an  area  of  35,220  square  miles. 
The  surface  is  undulating  and  hilly  in  the  northwest, 
where  a  narrow  plateau  and  a  range  of  hills  of  the 
Tertiary  formation  runs  to  the  northeast,  separating 
the  basin  of  the  Niemen,  which  flows  into  the  Baltic, 
from  that  of  the  Dnieper,  which  sends  its  waters  into 
the  Black  Sea.  The  range, which  averages  from  800  to 
1000  feet,  culminates  in  Lysaya  Gora  (1129  feet).  The 
remainder  of  the  province  is  flat,  450  to  650  feet  above 
the  sea-level,  covered  with  sands  and  clays  of  the  gla¬ 
cial  and  post-glacial  periods.  Two  broad  shallow 
depressions,  drained  by  the  Berezina  and  the  Pripet, 
cross  the  province  from  north  to  south  and  from  west 
to  east;  and  these,  as  well  as  the  triangular  space 
between  them,  are  covered  with  immense  marshes 
(often  occupying  200  to  600  square  miles),  numberless 
ponds  and  small  lakes,  peat-bogs,  downs,  and  moving 
sands,  as  well  as  with  dense  forests.  This  country, 
and  especially  its  southwestern  part,  is  usually  known 
under  the  name  of  Polyesie  (“The  Woods’’).  Alto¬ 
gether,  marshes  take  up  15  per  cent,  and  marshy 
forests  no  less  than  55  per  cent,  of  the  entire  area  of 
the  province  (60  to  71  per  cent,  in  several  districts). 
The  forests,  however,  consist  of  full-grown  trees  in  the 
higher  districts  of  the  northwest  only,  those  which 
occupy  the  marshy  ground  consisting  of  small  and 
stunted  pine,  birch,  and  aspen.  The  climate  of  the 
Polyesie  is  harsh  and  extremely  unhealthy  ;  malarias 
and  an  endemic  disease  of  the  bulbs  of  the  hair 
(Jcoltun.plica  Polonica)  are  the  plagues  of  these  tracts, 
the  evil  being  intensified  by  tne  areadful  poverty  of 
the  population.  Communication  is  very  difficult.  The 
railway  from  Poland  to  Moscow  has,  so  far  as  Minsk 
is  concerned,  taken  advantage  of  the  plateau  above 
mentioned  ;  but  still  it  has  to  cross  the  broad  marshy 
depression  of  the  Berezina.  A  successful  attempt  was 


recently  made  to  drain  the  marshes  of  the  Polyesie  by 
a  system  of  canals,  and  more  than  4,500,000  acres 
have  thus  been  rendered  suitable  for  pasture  and 
agriculture.  Two  great  tributaries  of  the  Dnieper,  the 
Berezina  and  the  Pripet,  both  navigable,  with  num¬ 
berless  subtributaries,  many  of  which  are  also  navi¬ 
gable,  are  the  natural  outlets  for  the  marshes  of  the 
rovince.  The  Dnieper  flows  along  its  southeastern 
order  for  160  miles,  and  the  Niemen  on  the  north¬ 
western  for  130  miles.  The  affluents  of  the  Baltic,  the 
Duna  (Dwina),  and  the  Vistula  are  connected  by  three 
canals  with  tributaries  of  the  Dnieper.  The  popula¬ 
tion  of  the  province  (1,183,200  in  1873)  may  be  esti¬ 
mated  at  about  2,581,400,  mostly  White  Russians  (67 
percent.);  there  are  also  Poles  (about  11  percent.), 
especially  in  the  western  districts,  Jews  (more  than  10 
per  cent.),  Little  Russians  (5  per  cent.),  and  Russians 
(2  per  cent.).  About  70,000  are  considered  to  be 
Lithuanians;  there  are  also  4000  Tartars,  whose 
presence  can  be  traced  to  the  raids  of  their  ancestors 
on  Lithuania  in  the  13th  century,  and  about  2000 
German  agriculturists  who  settled  m  last  century. 

The  chief  occupation  of  the  inhabitants  is  agriculture, 
which  is,  however,  very  unproductive  in  the  lowlands ;  in 
the  Polyesie  the  peasants  rarely  have  pure  bread  to  eat. 
Only  23.8  per  cent,  of  the  area  is  under  crops,  the  average 
yield  being  1,600,000  quarters  of  corn  and  1,170,000  quarters 
of  potatoes.  Cattle-breeding  is  very  imperfectly  devel¬ 
oped,  the  meadows  being  marshy  throughout  the  lowlands. 
Hunting  and  bee-keeping  are  sources  of  income  in  the 
Polyesie,  and  fishing  gives  occupation  to  about  twenty  thou¬ 
sand  persons.  The  chief  source  of  income  for  the  inhabi¬ 
tants  of  the  lowlands  is  the  timber  trade.  Timber  is  floated 
down  the  rivers,  and  tar,  pitch,  various  products  of  bark, 
potash,  charcoal,  and  numerous  sorts  of  timber-ware 
(wooden  dishes,  etc.  )  are  manufactured  in  villages  to  a  great 
extent;  and  ship-buikling  is  carried  on  along  the  Dnieper, 
Pripet,  and  Niemen.  Shipping  is  also  an  important  source 
of  income,  owing  to  the  traffic  on  the  canals  and  rivers  of 
the  province.  In  1877  560  boats  and  1120  rafts  with  170,000 
cwts.  of  cargo  left  the  banks  of  the  Berezina  and  Pripet ; 
and  the  traffic  on  the  Dnieper  and  Niemen  was  nearly  as 
great.  The  industrial  arts  are  almost  entirely  undevel¬ 
oped.  There  are,  however,  several  distilleries  and  tan¬ 
neries  ;  and  woollen-stuffs,  candles,  tobacco,  and  sugar  are 
manufactured  to  a  limited  extent.  Corn  is  exported  from 
the  western  districts,  buo  imported  to  the  same  amount  into 
the  southern  parts ;  the  chief  export  trade  is  in  produce  of 
forest  industries.  The  province  is  crossed  by  two  important 
railways,  one  of  which  connects  Poland  with  Moscow,  and 
the  other  Libau  and  Yilna  with  the  provinces  of  Little 
Eussia ;  the  great  highway  from  Warsaw  to  Moscow  crosses 
the  province  in  the  south,  and  its  passage  through  the 
Berezina  is  protected  by  the  first-class  fortress  of  Bobruisk. 
Minsk  is  divided  into  nine  districts,  of  which  the  capitals 
are — Minsk  (43,500  inhabitants),  Bobruisk  (26,850),  Borisoff 
(5650),  close  by  the  place  where  Napoleon  I.  crossed  the 
Berezina  on  his  retreat  from  Moscow,  Igumen  (2200),  Mozyr 
(4200),  Novogrodek  (9000),  Pinsk  (18,000),  Eyechitsa  (4300), 
and  Slutsk  (17,200).  The  province  is  well  provided  with 
secondary  schools,  but  primary  education,  especially  in  the 
Polyesie,  is  in  a  very  backward  state. 

The  country  now  occupied  by  the  province  of  Minsk 
was,  as  far  as  historical  records  extend,  an  abode  of  Slavo¬ 
nians.  That  portion  of  it  which  was  occupied  by  the 
Krivichi  became  part  of  the  Polotsk  principality  and  so  of 
“White  Eussia”',  the  other  portion,  occupied  by  the  Dre- 
govichi  and  Drevlans,  became  part  of  the  “  Black  Eussia  ” ; 
whilst  the  southwestern  portion  of  it  was  occupied  by 
Yatvyags  or  Lithuanians.  During  the  12th,  13th,  and  14th 
centuries  it  was  divided  among  several  principalities,  which 
were  incorporated  with  the  great  principality  of  Lithuania, 
and  later  were  annexed  to  Poland.  Eussia  took  possession 
of  this  country  in  1793.  In  1812  it  was  invaded  by  the 
army  of  Napoleon  I. 

Minsk,  the  capital  of  the  above  province,  is  situated 
on  the  Svisloch,  a  tributary  of  the  Berezina,  at  the 
junction  of  the  Moscow  and  Warsaw  and  the  Libau 
and  Kharkoff  railways,  465  miles  by  rail  west  from 
Moscow.  It  has  90,912  inhabitants,  of  whom  one- 
third  are  Jews  of  the  poorest  class;  the  others  are 
White  Russians,  Poles,  and  Tartars  (about  700).  The 
manufactures  are  few  and  insignificant.  Since  the 
introduction  of  railways  the  commercial  importance  of 
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the  place,  which  formerly  was  slight,  has  begun  to  in¬ 
crease. 

Minsk  is  mentioned  in  Russian  annals  in  the  11th  cen¬ 
tury  under  the  name  of  Myen’sk  or  Menesk.  In  1066  and 
1096  it  was  devastated,  first  by  Izyaslav  and  afterwards  by 
Vladimir.  It  changed  rulers  many  times  until  the  13th 
century,  when  it  became  a  Lithuanian  fief.  In  the  15th 
century  it  became  part  of  Poland,  but  as  late  as  1505  it  was 
ravaged  by  Tartars,  and  in  1508  by  Russians.  In  the  18th 
century  it  was  taken  several  times  by  Swedes  and  Russians. 
Russia  annexed  it  in  1793.  Napoleon  I.  took  it  in  1812. 

MINSTREL.  The  “minstrels,”  according  to 
Bishop  Percy,  ‘  ‘  were  an  order  of  men  in  the  Middle 
Ages  who  united  the  arts  of  poetry  and  music,  and 
sang  verses  to  the  harp  of  their  own  composing,  who 
appear  to  have  accompanied  their  songs  with  mimicry 
and  action,  and  to  have  practised  such  various  means 
of  diverting  as  were  much  admired  in  those  rude 
times,  and  supplied  the  want  of  more  refined  enter¬ 
tainments.”  This  conception  of  the  “minstrel”  has 
been  generally  accepted  in  England  ever  since  Percy 
published  his  Reliqiies  of  Ancient  Poetrrj,  which  he 
gave  to  the  world  as  the  products  of  the  genius  of 
these  anonymous  popular  poets  and  harpers.  The 
name  has  been  fixed  in  the  language  by  the  usage  of 
romantic  poets  and  novelists;  Scott’s  “last  minstrel” 
and  Moore’s  “minstrel  boy”  were  minstrels  in  Percy’s 
sense  of  the  word.  The  imagination  was  fascinated 
by  this  romantic  figure,  and  the  laborious  and  soured 
antiquary  Ritson  argued  in  vain  that  nobody  before 
Bishop  Percy  had  ever  applied  the  word  minstrel  to 
such  an  order  of  men,  that  no  such  order  of  men  ever 
did  exist  in  mediaeval  England,  and  that  the  historical 
English  “minstrels,”  so-called,  were  a.  much  less 
gifted  and  respectable  class,  being  really  instrumental 
musicians,  either  retainers  or  strollers. 

The  dispute  between  Ritson  and  Percy  was  partly  a 
dispute  about  a  word,  and  partly  a  dispute  about  his¬ 
torical  facts ;  and  there  can  be  little  doubt  that  Ritson 
was  substantially  right  in  both  respects.  The  roman¬ 
tic  bishop  transferred  to  the  mediaeval  English  min¬ 
strel  the  social  status  and  brilliant  gifts  of  the  Anglo- 
Saxon  gleoman  or  scrip,  and  the  French  troubadour  in 
the  flourishing  period  of  Provencal  poetry.  That  the 
gleemen  sang  to  the  harp  verses  of  their  own  compos¬ 
ing,  that  some  of  them  travelled  from  court  to  court 
as  honored  guests,  while  others,  were  important  at¬ 
tached  court  officials,  and  all  received  costly  presents, 
is  a  well-attested  historical  fact.  The  household  bard 
at  Heorot  in  the  poem  of  Beowulf,  a  man  who  bore 
many  things  in  mind,  and  found  skilfully  linked  words 
to  express  them,  was  one  of  King  Hrothgar’s  thanes  ; 
the  gleeman  of  the  Traveller's  Song  had  visited  all 
the  tribal  chiefs  of  Europe,  and  received  many  precious 
gifts,  rings,  and  bracelets  of  gold.  The  incidents  in 
these  poems  may  not  be  historic,  but  they  furnish  in¬ 
dubitable  testimony  to  the  social  position  of  the  glee- 
man  in  those  days ;  a  successful  gleeman  was  as  much 
honored  as  a  modern  poet-laureate,  and  as  richly 
rewarded  as  a  fashionable  prima  donna.  Further,  the 
strolling  gleeman  of  a  humbler  class  seems  to  have 
been  respected  as  a  non-combatant ;  this  much  we  may 
infer  from  the  stories  about  Alfred  and  Anlaff  having 
penetrated  an  enemy’s  camp  in  the  disguise  of  glee- 
men,  whether  these  stories  are  true  or  not,  for  other¬ 
wise  they  would  not  have  been  invented.  The  position 
of  poets  and  singers  in  Provence  from  the  11th  to  the 
13th  century  is  still  clearer.  The  classification  of 
them  by  King  Alphonso  of  Castile  in  1273,  by  which 
time  honorable  designations  were,  getting  mixed,  may 
help  to  determine  the  exact  position  of  the  English 
“minstrel.”  There  was  first  the  lowest  class,  the 
bvfos,  who  strolled  among  the  common  people,  singing 
ribald  songs,  playing  on  instruments,  showing  feats  of 
skill  and  strength,  exhibiting  learned  dogs  and  goats, 
and  so  forth ;  then  the  joglars  or  joculatores ,  who 
played,  sang,  recited,  conjured,  men  of  versatile  powers 
of  entertainment,  who  performed  at  the  houses  of  the 
nobility,  and  were  liberally  remunerated  ;  then  the 


trobadars ,  or  inventores,  whose  distinction  it  was  to 
compose  verses,  whether  or  not  they  had  sufficient  ex¬ 
ecutive  faculty  to  sing  or  recite  them. 

If  we  compare  these  distinctions  with  Percy’s  defi¬ 
nition  of  the  minstrel,  we  see  that  his  minstrel  would 
have  corresponded  with  the  joglar ,  who  also  wrote 
his  own  songs  and  recitations.  Now  in  the  palmy  days 
of  Provencal  song  there  were  many  professional 
joglars,  such  as  Arnaut  Daniel  or  Perdigo,  who  stood 
high  among  the  most  brilliant  troubadours,  and  visited 
on  terms  of  social  equality  with  nobles  and  princes. 
But  long  before  English  became  the  court  language  the 
fashion  had  disappeared,  and  a  new  division  of  func¬ 
tions  had  been  developed.  In  Chaucer’s  time  the 
poet  of  society  no  longer  sang  his  verses  to  harp  or 
fiddle,  or  amused  his  patrons  with  feats  of  legerde¬ 
main;  the  king’s  gestour  (teller  of  gestes)  discharged 
the  professional  duty  of  amusing  with  witty  stories ; 
and  the  social  position  of  the  joglar  had  very  much 
sunk.  Ritson  was  perfectly  right  in  saying  that  no 
English  poet  of  any  social  position  was  a  professional 
reciter  to  the  harp  of  verses  of  his  own  composing. 
The  Provencal  joglar,  travelling  from  court  to  court, 
combined  our  modern  functions  of  poet,  society  jour¬ 
nalist,  entertainer,  and  musician.  But  about  the  time 
when  the  word  “minstrel”  came  to  be  applied  to  him, 
the  English  joglar  was  rapidly  sinking  or  had  already 
sunk  to  the  social  position  of  the  modern  strolling 
mountebank,  travelling  showman,  or  music-hall  singer, 
and  the  word  minstrel  had  had  a  separate  history  be¬ 
fore  it  became  synonymous  (as  in  the  Catlwlicon  Angli- 
cum  of  1483)  with  gestiadator ,  histrio,  joculator ,  and 
other  names  for  strolling  entertainers..  Derived  from 
the  Low  Latin  ministralis,  it  was  originally  applied  to 
those  retainers  whose  business  it  was  to  play  upon 
musical  instruments  for  the  entertainment  of  their 
lords.  In  Chaucer’s  Squire's  Tale ,  the  “  minstralles” 
play  before  King  Cambuscan  as  he  dines  in  state 
“  bifom  him  at  the  bord  deliciously,”  and  the  “loude 
minstralcye”  precedes  him  when  he  rises  and  with¬ 
draws  to  the  ornamented  chamber, 

Ther  as  they  sownen  diuerse  instrumentz, 

That  it  is  lyk  an  heuen  for  to  here. 

But  even  in  Chaucer’s  time  there  were  less  respectable 
musicians  than  those  of  the  king’s  household — strolling 
musicians,  players  on  trumpets,  clarions,  taborets, 
lutes,  rebecks,  fiddles,  and  other  instruments.  These 
also  were  known  by  the  generic  name  of  minstrels, 
whether  because  many  of  them  had  learnt  their  art  in 
noble  households  before  they  took  to  a  vagabond  life, 
or  because  the  more  respectable  of  them  affected  to  be 
in  the  service  or  under  the  patronage  of  powerful 
nobles,  as  later  on  companies  of  strolling  players 
figured  as  the  “servants”  of  distinguished  patrons. 
All  the  allusions  to  minstrels  in  literature  from  Lang- 
land’s  time  to  Spenser’s  point  to  them  as  strolling 
musicians.  Some  of  them  may  have  sung  to  the  harp 
verses  of  their  own  composing,  and  some  of  them  may 
have  composed  some  of  the  ballads  that  now  charm  us 
with  their  fresh  and  simple  art ;  but  the  profession  of 
the  “minstrel,”,  properly  so-called,  was  much  less 
romantic  than  Bishop  Percy  painted  it.  It  was  not 
merely  ‘ ‘  the  bigots  of  the  iron  time  ’  ’.  that  ‘ ‘  called  their 
harmless  art  a  crime  ”  ;  in  a  repressive  Act  passed  by 
Henry  IV.  they  appear  with  “westours,  rymours,  et 
autres  vacabondes  ”  among  the  turbulent  elements  of 
the  community. 

In  a  passage  in  Malory’s  Morte  Darthur ,  the  word 
minstrel  is  applied  to  a  personage  who  comes  much 
nearer  the  ideal  of  the  Provencal  joglar.  When  Sir 
Dinadan  wished  to  infuriate  King  Mark,  he  composed 
a  satirical  song,  and  gave  it  to  Elyot  a  harper  to  sing 
through  the  country,  Tristram  guaranteeing  him 
against  the  consequences.  When  King  Mark  took 
him  to  task  for  this,  the  harper’s  answer  was,  “Wit 
you  well  I  am  a  minstrel,  and  I  must  do  as  I  am  com¬ 
manded  of  these  lords  that  I  bear  the  arms  of.  ”  And 
because  he  was  a  minstrel  King  Mark  allowed  him  to 
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go  unharmed.  The  service  done  by  Elyot  the  harper 
m  the  old  romance  is  a  good  illustration  of  the  politi¬ 
cal  function  of  the  itinerant  mediaeval  joculator ;  but 
even  lie  did  not  sing  verses  of  his  own  composing,  and 
he  was  not  a  “minstrel”  in  the  sense  in  which  the 
word  was  used  by  romantic  poets  after  the  publication 
of  Percy’s  Rdiques.  (w.  M.) 

MINT.  The  mint  is  the  place  where  the  coinage 
of  a  country  is  manufactured,  and  whence  it  is  issued 
by  sovereign  authority,  under  special  conditions  and 
regulations.  The  privilege  of  coining  has  in  all  ages 
and  countries  belonged  to  the  sovereign,  and  has,  in 
England  at  least,  been  rarely  delegated  to  any  subject, 
and  in  any  case  in  a  restricted  form,  the  crown  always 
reserving  the  right  of  determining  the  standard,  de¬ 
nomination,  and  design  of  the  coins. 

At  a  very  early  stage  of  civilization  it  was  found 
necessary  to  have  some  definite  medium  of  exchange, 
in  order  to  avoid  the  great  inconvenience  arising  from 
the  system  of  payment  in  kind,  which  was  the  primi¬ 
tive  and  natural  method.  It  was  not  long  before 
metal,  came  to  be  used  as  such  a  medium,  probably 
from  its  durability  and  portability,  and  in  the  case  of 

fold  and  silver  on  account  of  their  intrinsic  value. 

'he  less  liable  the  value  of  a  metal  is  to  change  the 
better  is  it  suited  for  a  standard  of  value. 

Though  historians  assure  us  that  metals  were  found 
in  Britain  at  a  very  early  period,  there  does  not  appear 
to  be  any  evidence  that  the  mines  were  worked  until 
considerably  later  than  the  time  at  which  the  use  of 
metal  as  a  medium  of  exchange  was  introduced.  It  is 
probable  therefore  that  the  metals  for  exchange  were 
imported  into  Britain  long  before  the  native  mines 
were  developed. 

The  metals  chiefly  used  were  silver  and  brass,  which 
were  at  first  simply  exchanged  by  weight  for  commodi¬ 
ties  of  all  kinds.  As  commercial  transactions  became 
more  numerous  and  more  complicated,  this  system  of 
payment  grew  troublesome,  ana  it  was  found  conveni¬ 
ent  to  divide  the  mass  of  metal  into  small  parts,  which 
soon  took  the  form  of  rough  coins.  But  the  principle 
of  payment  by  weight  was  retained  through  many  cen¬ 
turies,  and  is  perpetuated,  though  in  name  only,  in 
the  word  “  pound.  ” 

Records  of  attempts  to  organize  the  coinage  of  Eng¬ 
land  are  found  as  far  back  as  the  Anglo-Saxon  period, 
and  it  is  known  that  on  the  dissolution  of  the  .Hep¬ 
tarchy  the  mints  were  regulated  by  laws  framed  in  the 
witenagemot.  The  first  monarch  who  appears  to 
have  dealt  successfully  with  the  organization  of  the 
coinage  was  Athelstan,  who  framed  laws  for  the  regu¬ 
lation  of  the  mints,  and  appointed  officers  whose  titles 
and  duties  are  then  first  recorded.  The  only  officers 
connected  with  the  coinage  of  whom  mention  is  found 
before  this  time  are  the  “moneyers,”  who  appear  to 
have  been  alone  responsible  for  the  manufacture  of  the 
coin  ;  but  it  is  probable  that  even  then  there  existed 
some  officer  who  had  authority  over  them.  In  early 
Saxon  and  Norman  times  the  number  of  moneyers 
was  considerable,  mints  being  established  in  almost 
every  important  town,  as  might  be  expected  at  a 
period  wnen  communication  between  distant  places 
was  extremely  difficult.  They  appear  to  have  been 
the  officers  who  actually  performed  the  work  of  mak¬ 
ing  the  coin,  the  mint  master  in  latter  times  contract¬ 
ing  with  them,  at  a  high  rate,  for  the  work.  They 
were  responsible  for  the  purity  and  perfection  of  the 
coins  produced,  as  appears  from  the  fact  that  it  was 
they  who  were  punished  (as  traitors)  in  the  case  of  any 
deficiency  in  weight  or  fineness.  They  had  prescrip¬ 
tive  rights  in  the  coinage,  and  in  modern  times  (even 
so  late  as  1850)  claimed  to  have  corporate  privileges ; 
but  it  is  clear,  on  the  authority  of  Ruding,  that  they 
never  were  a  “corporation  ”  separate  from  other  offi¬ 
cers  of  the  mint.1  The  number  of  mints  was  greatly 

i  Among  the  special  privileges  which  they  undoubtedly  en- 
joyed  was  exemption  from  local  taxation,  as  appears  in  a  writ  of 


reduced  after  the  Norman  Conquest,  but  continued  to 
be  considerable  until  the  reign  of  Richard  I.,  when  the 
work  of  coining  for  the  whole  kingdom  was  concen¬ 
trated  in  the  mint  in  the  Tower  of  London.  Only  one 
provincial  mint  (Winchester)  remained  till  a  later 
date. 

An  important  reorganization  of  the  coinage  took 
place  in  1325  under  Edward  II.,  the  regulations  then 
framed  for  the  manufacture  and  issue  of  the  coins 
forming  the  basis  of  those  still  in  force.  The  principal 
officers  under  these  regulations  were — master,  warden, 
comptroller,  king’s  assay  master,  king’s  clerks,  and 
cuneator.  The  office  of  cuneator  was  one  of  great  im¬ 
portance  at  a  time  when  there  existed  a  multiplicity 
of  mints,  since  he  had  the  sole  charge  of  all  the  dies 
used  not  only  at  the  mint  in  the  Tower  of  London  but 
also  in  the  provinces.  He  chose  the  engravers  and 
presented  them  to  the  barons  of  the  exchequer  in  order 
that  they  might  take  the  oath  of  fidelity ;  he  superin¬ 
tended  their  work,  and  was  generally  answerable  for 
the  perfection  of  the  dies  before  they  were  issued  for 
use  in  the  various  mints  of  the  country.  The  office, 
which  was  hereditary,  ceased  to  exist  when  the  pro¬ 
vincial  mints  were  suppressed.  In  its  place  was  insti¬ 
tuted  the  office  of  clerk  of  the  irons,  whose  functions 
were  more  limited,  and  were  not  hereditary.  This 
office  was  only  recently  abolished. 

In  the  Middle  Ages  an  important  duty  devolving 
on  the  officers  of  the  mint  was  the  collection  of  the 
seigniorage  which  was  levied  on  the  coining  of  money, 
not  only  for  the  purpose  of  covering  the  expenses  of 
minting,  but  also.as  a  source  of  revenue  to  the  crown 
which  the  sovereign  claimed  by  virtue  of  his  preroga¬ 
tive.  In  former  times  the  collection  of  the  seigniorage 
was  intrusted  to  the  warden,  who  also  superintended 
the  manufacture  of  the  coins,  so  far  as  to  insure  the 
proper  relations  between  the  moneyers  on  the  one  hand 
and  the  state  on  the  other.  He  does  not  appear,  how¬ 
ever,  to  have  had  any  responsibility  with  regard  to  the 
fineness  and  weight  of  the  coins. 

The  king’s  assay  master  was  specially  charged  with 
all  matters  relating  to  the  accuracy  of  the  standard. 
The  officer  next  in  rank  to  him  was  the  comptroller, 
who  presented  annually  to  the  barons  of  the  exchequer 
a  report  of  all  the  gold  and  silver  money  struck  in  the 
kingdom  during  the  year.  These  reports,  which  were 
always  written  upon  parchment,  constitute  the  chief 
mint  records.  The  king’s  clerk  exercised  a  general 
superintendence  and  kept  an  account  of  all  the  mint 
transactions.  As  the  work  of  the  mint  became  more 
extensive  and  more  complicated,  other  officers  were 
added,  such  as  the  surveyor  of  the  meltings,  surveyor 
of  the  money  presses,  and  many  others. 

The  present  arrangements  with  regard  to  the  officers 
of  the  mint  were  made  in  18702  when  several  impor¬ 
tant  changes  took  place  in  the  mint  establishment.  Up 
to  that  time  there  had  been  two  controlling  officers, — 
the  master,  who  in  some  instances  was  selected  on  ac¬ 
count  of  distinguished  scientific  attainments  (as  in  the 
cases  of  Sir  John  Herschel  and  Professor  Graham), 
and  the  deputy  master  and  comptroller.  A  careful 
inquiry,  however,  having  led  to  the  conclusion  that  the 
control  of  the  mint  might  with  advantage  be  concen¬ 
trated  in  the  hands  of  a  single  officer  of  experience  in 
the  conduct  of  public  business,  it  was  decided,  on  the 
death  of  Professor  Graham,  to  intrust  the  actual  ad¬ 
ministration  of  the  department  to  the  deputy  master, 
— the  office  and  title  of  master  of  the  mint  being  held 
by  the  chancellor  of  the  exchequer  for  the- time  being, 
without  salary.  At  the  same  time  the  services  of  a 
scientific  officer  were  secured,  by  the  appointment  of 
a  chemist  of  the  mint.  The  coining  and  die  depart¬ 
ment  and  the  melting  department  were  united  under 
the  name  of  the  operative  department,  and  placed  un¬ 
der  a  single  superintendent.  The  first  deputy  master 

Henry  III.,  which  commands  the  mayor  of  London  not  to  dis¬ 
turb  them  “by  exacting  tallages  contrary  to  their  privileges.’* 
Sometimes  also  houses  were  allowed  to  them  rent  free. 
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appointed  under  the  new  regulations  was  the  Hon.  C. 
W.  Fremantle,  C.B.,  to  whom  the  public  are  indebted 
for  a  series  of  Annual  Reports  which  have  given  a 
new  and  increased  interest  to  the  subject  of  the  coin¬ 
age,  and  may  be  said  to  constitute  in  themselves  a  mint 
literature. 

The  actual  operations  of  coining  in  early  times  were 
few  in  number  and  simple  in  character.  The  metals 
forming  the  alloy  were  melted  together  in  the  propor¬ 
tion  necessary  to  bring  them  to  the  required  standard, 
and  the  alloy  thus  obtained  was  cast  into  bars,  which 
were  reduced  by  hammering  to  the  requisite  thickness. 
They  were  then  cut  with  shears  into  pieces  more  or 
less  regular  in  size  and  form,  roughly  annealed,  and 
finally  impressed  with  the  prescribed  device  by  a  blow 
with  a  hammer. 

The  last-named  appears  to  have  been  the  only  part 
of  the  process  which  was  performed  with  any  great 
amount  of  care.  The  blank  piece  was  placed  by  the 
hand  upon  a  die  fixed  into  a  block  of  wood  having  a 
large  heavy  base  to  resist  the  oscillation  caused  by  the 
blow  ;  the  die  on  which  was  engraved  the  device  for 
the  reverse  of  the  coin  was  then  placed  upon  the  upper 
side  of  the  blank  and  held  by  means  of  a  holder,  round 
which  was  placed  a  roll  of  lead  to  protect  the  hand  of 
the  operator  while  heavy  blows  were  struck  with  a 
hammer  by  an  assistant  workman.  One  of  the  earliest 
improvements  in  coining  was  the  introduction  of  a  tool 
in  shape  resembling  a  pair  of  tongs,  the  two  dies  being 
placed  one  at  the  extremity  of  each  leg.  This  avoided 
the  necessity  of  readjusting  the  dies  between  successive 
strokes  of  the  hammer,  and  insured  greater  accuracy 
in  the  impression.  It  was  long  before  the  system  of 
coining  by  hand  was  superseded  by  the  coining-press, 
or  mill,  which,  even  after  its  first  introduction,  was 
only  very  slowly  adopted.  Several  attempts  were  made 
to  introduce  machinery  for  coining  before  it  was  brought 
into  active  use,  the  objection  to  it  being  its  great  ex¬ 
pense.  The  mill  and  screw  were  finally  introduced  into 
the  mint  under  Charles  II.,  when  many  improvements 
were  also  made  in  the  preliminary  operations.  Steam- 
power  was  first  applied  in  1810,  when  the  vacuum  screw - 
press  was  introduced.  In  1839  Uhlhorn  invented  the 
Jever-press,  which  still  remains  in  use. 

The  subject  of  the  design  on  coins,  besides  being  in¬ 
teresting  both  from  an  artistic  and  an  historical  point 
of  view,  becomes  very  important  when  it  is  remem¬ 
bered  that  it  is  the  impression  of  the  coin  with  the 
authorized  device  which  makes  it  legally  current.  The 
artistic  merits  of  the  design  of  the  early  Greek  coins 
are  well  known,  and  prove  that  the  dies  from  which 
the  coins  were  struck  must  have  been  engraved  with 
much  skill  and  care.  The  form  of  the  coins  before 
being  stamped  was  at  first  merely  that  of  natural 
rounded  nuggets  of  gold,  or  of  the  silver-gold  alloy 
known  as  electrum.  Such  coined  nuggets  of  gold  are 
still  to  be  found  among  the  hill  tribes  of  India.  Simple 
nuggets  were  afterwards  replaced  by  roughly-fashioned 
masses  like  half  bullets,  a  form  which  rendered  it  easy 
to  impart  high  relief  4o  the  obverse  and  comparatively 
low  relief  to  the  reverse  of  the  coins.  The  early  British 
coins 1  had  for  their  prototype  the  gold  “stater’  of 
Philip  of  Macedon,  but  the  design  of  this  beautifully 
finished  coin  was  so  roughly  imitated  by  a  succession 
of  British  copyists  that  ultimately  the  wreath  round 
the  head  of  the  monarch  alone  survived,  and  that  in  a 
scarcely  recognizable  form.  It  is  not  only  in  the  early 
British  coins  that  the  influence  of  classical  art  may  be 
seen,  for  it  is  very  evident  in  some  of  the  present  day, 
the  most  notable  instances  being  the  reverse  of  the 
bronze  coinage;  and  the  beautiful  design  of  St.  George 
and  the  dragon  by  Pistrucci,  which  is  still  used  as  an 
alternative  design  for  the  sovereign.  It  has  been  as¬ 
certained  that  the  impressions  on  the  reverse  of  very 
early  Greek  coins  were  produced  by  the  rough  surface 
of  the  anvil  or  the  nail  head  on  which  they  were  placed, 
while  the  obverse  was  struck  with  the  die.  A  little 
i  see  Evans,  Com  of  the  Ancient  BrUons. 


later  the  device  on  the  reverse  of  the  coins  was  obtained 
by  placing  the  blank  piece  on  small  points  of  metal 
arranged  in  geometrical  forms  which  caused  corre¬ 
sponding  indentations  on  the  coins  when  struck  with 
the  hammer.  The  beauty  and  accuracy  of  design  on 
coins  gradually  increased  as  art  and  manual  skill  devel¬ 
oped,  and  probably  culminated  at  the  period  of  the 
Renaissance. 

Although  it  has  been  the  custom  since  the  time  of 
the  Saxons  to  stamp  coins  with  the  head  of  the  reign¬ 
ing  monarch,  it  does  not  appear  that  any  attempt  at 
actual  portraiture  was  made  in  England  until  the 
reign  of  Henry  VII.,  who  “about  the  eighteenth 
or  nineteenth  year  of  his  reign,  did  make  a  great 
alteration  in  the  form  of  his  coin,  upon  which  his 
head  was  now  represented  in  profile,  and  with  a  good 
resemblance  of  his  other  pictures.”2  Since  then  much 
care  seems  to  have  been  taken  to  stamp  the  coins  with 
a  true  likeness  of  the  monarch.  In  most  cases  the 
heads  bear  a  striking  resemblance  to  the  portraits 
drawn  by  the  great  artists  of  the  respective  periods, 
and  were,  indeed,  generally  designed  by  artists  of  emi¬ 
nence.  Some  of  the  Milan  coinage  of  Louis  XII.  is 
said  to  have  been  designed  by  Leonardo  da  Vinci,  and 
similar  work  is  attributed  to  Benvenuto  Cellini. 

In  very  early  times  the  silver  coins  were  equal  in 
weight  and  in  tale,  each  penny  weighing  24  grains  or 
1  pennyweight.  The  amount  now  denominated  a  pound 
was  a  pound  weight  of  standard  or  sterling  silver. 
This  principle  was  in  fact,  however,  not  strictly  ad¬ 
hered  to,  the  coins  frequently  falling  below  the  standard 
of  weight.  This  deviation  may  possibly  have  arisen 
from  the  imperfection  of  the  methods  of  manufacture, 
but  Ruding  ( Annals  of  the  Coinage)  considers  it  to 
have  occurred  from  design,  as  the  deficiency  in  weight 
was  sometimes  made  a  source  of  profit.  The  deviation 
from  the  standard  weight  permitted  by  law,  now  called 
the  ‘  ‘  remedy,  ’  ’  and  anciently  called  the  ‘ 1  shere,  ’  ’  was 
taken  advantage  of  to  a  large  extent,  so  that  the  coins 
suffered  considerable  diminution,  particularly  when, 
as  frequently  happened,  they  were  also  “clipped  ”  as 
soon  as  they  were  issued.  When  these  coins  were 
called  in  they  were  taken  by  weight  and  not  by  tale, 
so  that  the  possessors  suffered  considerable  loss.  In 
later  times  the  great  improvements  in  the  method  of 
manufacture  made  it  easy  to  attain  far  greater  ac¬ 
curacy  both  of  weight  and  fineness ;  consequently  the 
remedy  permitted  by  law  has  been  considerably  re¬ 
duced,  and  the  possibility  of  making  a  large  amount 
of  profit  by  this  means  proportionally  diminished.3 

The  seigniorage  levied  on  the  coining  of  money  was 
not  a  fixed  rate,  but  varied  considerably  at  different 
times,  and  accrued  from  a  deduction  made  from  the 
bullion  coined.  It  was  abolished  by  an  Act  of  Charles 

11.,  which  provided  that  whoever  brought  sterling 
silver  or  standard  gold  to  the  mint  should  receive  in 
exchange  an  equal  weight  of  current  coin,  the  expenses 
of  coining  being  defrayed  by  means  of  duties  levied 
upon  certain  commodities  of  common  use.  The  seign¬ 
iorage  on  silver  was  revived  in  the  reign  of  George 

111. ,  when  that  part  of  the  Act  of  Charles  II.  which 
related  to  the  coining  of  silver  without  charge  was  re¬ 
pealed,  and  another  Act  was  passed  requiring  every 
pound  of  silver  to  be  coined  into  sixty-six  shillings  in¬ 
stead  of  sixty-two, — the  four  shillings  realized  on  each 
lound  of  silver  by  this  depreciation  of  its  value  being 
landed  over  to  the  master  of  the  mint  to  defray  the 
expenses  of  assaying,  loss,  and  manufacture.  An  Act 
of  William  IV.  required  the  seigniorage  on  the  silver 
coinage  to  be  paid  to  the  credit  of  the  Consolidated 

s  See  Martin  Folkes,  Tables  of  English  Silver  and  Gold  Coins. 

*  Two  notable  instances  are  recorded  of  the  use  that  has  been 
made  at  various  times  of  the  shere,  or  remedv,  as  a  means  of 
profit,  one  being  in  the  reign  of  Queen  Elizabeth,  when  Lonison, 
then  master  of  the  mint,  finding  the  allowance  made  him  under 
his  contract  was  insufficient  to  cover  the  expenses  of  coining, 
availed  himself  of  the  remedy  on  the  silver  coinage,  amounting 
to  6l4d.  in  the  pound  troy.  The  other  occurred  at  the  time  of  the 
great  recoinage  of  silver  in  the  reign  of  William  III.,  when  the 
profit  of  the  shere  amounted  to  3d.  per  pound  weight,  or  rather 
more  than  8s,  in  every  hundred  pounds  of  money. 
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Fund,  and  the  charges  of  the  mint  to  be  brought  an¬ 
nually  before  parliament.  Against  the  profit  derived 
by  the  state  from  this  source  must  be  placed  the  ex¬ 
pense  of  maintaining  the  silver  coinage  in  a  condition 
fit  for  circulation  by  frequently  withdrawing,  recoining, 
and  reissuing  the  silver  coins.  A  vote  of  £15,000  is 
annually  taken  in  the  mint  estimates  for  the  loss  on 
the  recoinage  of  silver. 

In  former  times  the  work  of  the  mint  was  performed 
by  contract,  the  mint  master  undertaking  the  manu¬ 
facture  of  the  coinage  at  a  stated  price,  and  paying  the 
moneyers  and  other  officers  and  workmen  under  him  at 
a  fixed  tariff.  The  agreement  made  between  the  crown 
and  the  mint  master,  called  the  “master’s  indenture,” 
was  sometimes  purposely  kept  secret.  This  system 
appears  to  have  prevailed  from  the  reign  of  Edward 
I. ,  when  an  agreement  was  entered  into  between  the 
king  and  the  first  master  of  the  mint  (appointed  about 
1279).  Under  this  agreement  an  allowance  was  se¬ 
cured  to  the  master  to  cover  all  the  expenses  of  coinage. 
Although  the  master  of  the  mint  ceased  to  be  a  con¬ 
tractor,  the  arrangement  with  the  managers  continued 
in  force  up  to  1851. 

The  work  of  coinage  was  transferred  in  1810  from 
the  Tower  of  London,  where  it  had  been  carried  on 
for  many  centuries,  to  the  present  Mint  on  Tower  Hill, 
not  far  from  the  Bank  of  England.  The  head  of  the 
department,  as  has  already  been  stated,  is  the  chan¬ 
cellor  of  the  exchequer  for  the  time  being,  who  is  ex 
officio  master  of  the  mint, — the  practical  direction  of 
the  work  being  placed  in  the  hands  of  a  permanent 
officer,  the  deputy  master,  who  is  responsible  for  its 
due  performance.  From  the  English  mint  is  supplied 
the  coinage  for  the  whole  of  the  British  empire,  in¬ 
cluding  the  colonies,  with  the  exception  of  Australia ; 
the  latter  and  the  East  Indies  are  supplied  from  branch 
mints  established  at  Sydney  and  Melbourne,  and  the 
mints  of  Calcutta  and  Bombay.  In  addition  to  the 

fold,  silver,  and  bronze  coins  current  in  the  United 
[ingdora,  the  English  mint  strikes  gold  coins  of  the 
value  of  two  dollars  for  Newfoundland ;  silver  coins  of 
the  value  of  fifty,  twenty-five,  twenty,  ten,  and  five 
cents  respectively  for  Newfoundland  and  Canada; 
bronze  pence  and  halfpence  of  special  design  for  Jersey, 
and  nickel  pence,  halfpence,  and  farthings  for  the 
West  Indies.  The  number  of  coins  of  each  separate 
denomination  issued  varies  considerably  in  different 
years,  the  demand  for  special  denominations  of  coin 
naturally  determining  the  supply. 

The  following  table  (from  official  sources)  shows  the  value 


of  the  gold  and  silver  coins  issued  during  the  ten  years 
1871-81.  The  total  value  of  the  bronze  coin  issued  in  the 
same  period  is  £112,890. 


Date. 

Gold  Coinage.1 

Silver  Coinage. 

Sovereigns. 

Half- 

Sov’gns. 

Total 

Value. 

Half- 

Crowns. 

Florins. 

1872 

1873 

1874 

1875 

1876 

1877 

1878 

1879 

1880 
1881 

£ 

13,643,885 

2,382,835 

519,629 

3.294J05 

1,106,289 

17,525 

3,645,853 

£ 

1,617,556 

1,001,733 

941,936 

243,264 

1,401,943 

981,468 

1,158,780 

17,525 

504,199 

£ 

15,261,441 

3,384,568 

1,461.565 

243,264 

4,696,648 

981,468 

2,265,069 

35,050 

4,150,052 

£ 

273,240 

138,996 

79,200 

55,836 

183,150 

112,662 

168,102 

280,170 

£ 

692,010 

596,574 

180,774 

114,246 

60,786 

68,706 

178,596 

135,432 

232,254 

256,806 

24,610,721 

7,868,408 

32,479,129 

1,291,356 

2,516,184 

Date. 

Silver  Coinage.2 

Shil¬ 

lings. 

Six¬ 

pences. 

Four¬ 

pences. 

Three¬ 

pences. 

Two¬ 

pences. 

Pence. 

Totals. 

£ 

£ 

£s. 

£  «. 

£  s. 

£ 

£ 

1  1872 

443,322 

94,446 

69  6 

13,916  2 

39  12 

33 

1,243,836 

1873 

324,324 

109,890 

69  6 

60,744  2 

39  12 

33 

1,081,674 

1874 

275,022 

105,732 

69  6 

55,694  2 

39  12 

33 

890,604 

1875 

217,800 

81 ,378 

69  6 

41,438  2 

39  12 

33 

594,000 

1876 

38,412 

20,988 

69  6 

22,826  2 

39  12 

33 

222,354 

1877 

163,350 

101,772 

69  6 

31,142  2 

39  12 

33 

420,948 

1878 

156,222 

65,538 

69  6 

30,350  2 

39  12 

33 

613,998 

1879 

180,576 

83,160 

69  6 

37,082  2 

39  12 

33 

549,054 

1880 

242,154 

96,426 

69  6 

22,430  2 

39  12 

33 

761,508 

1881 

262,548 

156,816 

69  6 

40,646  2 

39  12 

33 

997,128 

2,303,730 

916,146 

693  0 

346,269  0 

396  0 

330 

7,375,104 

The  British  sovereign  or  twenty -shilling  piece  was  first 
issued  by  proclamation  dated  1st  July,  1817,  superseding  the 
guinea  or  twenty-one-shilling  piece.  Crown  pieces  of  the 
nominal  value  of  five  shillings  were  first  struck  in  the 
reign  of  Henry  VIII.,  sixpences  and  threepenny-pieces 
are  first  mentioned  in  the  reign  of  Edward  VI.,  while  the 
groat  or  fourpenny-piece  was  coined  as  early  as  the  reign 
of  Edward  I. ;  the  florin  or  two-shilling -piece  was  introduced 
in  1849.  Copper  money  was  first  coined  by  Charles  II.  in 
1665,  but  does  not  appear  to  have  been  issued  until  1672. 
Copper  was  replaced  by  bronze  in  1860. 

The  weight  and  fineness  of  the  various  denominations  of 
coin  struck  at  the  Royal  Mint  is  shown  in  the  first  schedule 
of  the  Coinage  Act  (33  Viet.  c.  10),  1870: 


Denomination  of  Coin. 


Gold— 

Five  pound . 

Two  pound . 

Sovereign.  . 

Half-sovereign  . 

Silver— 

•  Crown . 

Half-crown . 

Florin. . 

Shilling . 

Sixpence . 

Groat  or  fourpence, 

Threepence . 

Twopence . 

Penny . 

Bronze — 

Penny . 

Halfpenny . 

Fartning . 


Standard  Weight. 

Least  Current  Weight. 

Standard  Fineness. 

Remedy  Allowance. 

Imperial 

Weight. 

Grains. 

Metric 

Weight. 

Grammes. 

Imperial 

Weight. 

Grains. 

Metric 

Weight. 

Grammes. 

Weight  per  Piece. 

Millesimal 

Fineness. 

Imperial 

Grains. 

Metric 

Grammes. 

616.37239 

39.94028 

612.50000 

39.68935 

H  fine  gold,  ^ 

1.00000 

0.06479 

| 

246.54895 

15.97611 

245.00000 

15.87574 

[  allov ;  or  mille-  ] 

0.40000 

0.02592 

123.27447 

7.98805 

122.50000 

7.93787 

f  simal  fineness  , 

0.20000 

0.01296 

[  0.002 

61.63723 

3.99402 

61.12500 

3.96083 

916.66. 

0.10000 

0.00648 

436.36363 

28.27590 

' 

1.81818 

0.11781 

218.18181 

14.13795 

0.90909 

0.05890 

174.54545 

11.31036 

JJ  fine  silver, 

0.72727 

0.04712 

87.27272 

5.65518 

A  alloy;  or 

0.36363 

0.02356 

43.63636 

2.82759 

millesimal 

0.18181 

0.01178 

0.004 

29.09090 

1.88506 

fineness 

0.12121 

0.00785 

21.81818 

1.41379 

925. 

0.09090 

0.00589 

14.54545 

0.94253 

0.06060 

0.00392 

7.27272 

0.47126 

... 

0.03030 

0.00196 

145.83333 

9.44984 

Mixed  metal : 

2.91666 

0.18899 

1 

87.50000 

5.66990 

>•  copper,  tin,  and  s 

1.75000 

0.11339 

s-  None. 

43.75000 

2.83495 

J 

zinc. 

0.87500 

0.05669 

The  weight  and  fineness  of  the  coins  specified  in  this 
schedule  are  according  to  what  is  prov  ided  by  the  Act  56 
Geo.  III.  c.  68,  that  the  gold  coin  of  the  United  Kingdom 


'  In  these  gold  returns  fractions  of  pounds  sterling  are  omitted. 
2  The  numbers  and  weights  of  the  fourpences,  twopences,  and 
pence,  being  Maundy  coins,  are  the  same  for  each  of  the  years; 
4518  fourpences,  4752  twopences,  and  7920  pence. 
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of  Great  Britain  ancl  Ireland  should  hold  such  weight  and 
fineness  as  were  prescribed  in  the  then  existing  mint  in¬ 
denture,  that  is  to  say,  that  there  should  be  nine  hundred 
and  thirty-four  sovereigns  and  one  ten-shilling  piece  con¬ 
tained  in  20  lb  weight  troy  of  standard  gold,  of  the  fineness, 
at  the  trial  of  the  same,  of  22  carats  fine  gold  and  2  carats 
of  alloy  in  the  pound  weight  troy,  and  further,  as  regards 
silver  coin,  that  there  should  be  sixty -six  shillings  in  every 
pound  troy  of  standard  silver  of  the  fineness  of  11  ounces 
2  pennyweights  of  fine  silver  and  18  pennyweights  of  alloy 
in  every  pound  weight  troy. 

The  present  standard  of  fineness  for  gold,  22  parts  fine  or 
pure  gold  and  2  parts  of  alloyed  metal,  was  finally  adopted 
in  the  reign  of  Charles  II.,  and  has  remained  unchanged 
up  to  the  present  time.  Before  the  passing  of  the  Act  de¬ 
termining  this  standard  considerable  changes  had  been 
made  from  time  to  time,  the  highest  degree  of  fineness 
having  been  reached  in  the  reign  of  Henry  III.,  when  the 
first  gold  coins  were  struck  of  the  standard  of  24  carats 
pure  gold.  The  standard  of  fineness  for  gold  at  some  dif¬ 
ferent  periods  may  be  seen  from  the  following  table,  which 
shows  the  composition  of  some  of  the  ancient  gold  trial 
plates,  of  which  portions  are  preserved  in  the  Mint : 


Date. 

Standard  prescribed 
by  Law. 

In  Carats  1  Decimal 
and  Grains.  Equivalent 

I 

Standard 
found  by 
Assay. 

Remedy  or 
Permitted  Varia¬ 
tion  in  Car’ts  and 
in  Thousandths. 

1349 

4  carat,  or 

13.9 

1477 

23 

3* 

994.8 

Gold 

993.5 

4 

<« 

5.2 

1527 

22 

0 

916.6 

ii 

915.5 

4 

6.9 

1543  (?) 

23 

0 

958.4 

<< 

954.4 

$ 

6.9 

1553' 

23 

3i 

994.8 

fi 

990.3 

£ 

6.9 

1560 

22 

0 

916.6 

if 

913.7 

4 

6.9 

1560 

23 

3J 

994.8 

if 

994.3 

4 

5.2 

1593 

22 

0 

916.6 

if 

915.9 

4 

6.9 

1605 

23 

3J 

994.8 

if 

990.3 

4 

5.2 

1649 

22 

0 

916.6 

fi 

913.0 

4 

6.9 

1660 

23 

3J 

994.8 

if 

990.9 

4 

6.9 

1660 

22 

0 

916.6 

«( 

912.9 

4 

6.9 

1688 

22 

0 

916.6 

if 

914.6 

4 

6.9 

1707 

22 

0 

916.6 

if 

917.1 

4 

6.9 

1728 

22 

0 

916.6 

if 

916.1 

4 

6.9 

1829 

22 

0 

916.6 

if 

915.3 

1*5 

2.6 

1873 

22 

0 

916.6 

if 

916.61 

2.0 

1873 

Supplementary  plate. 

Pure  gold. 

... 

The  earliest  trial  plate  of  which  there  is  any  record  was 
made  in  the  seventeenth  year  of  Edward  IV.  Before  that 
time  it  would  seem  that  the  coins  were  compared  with 
others  known  to  be  of  standard  fineness,  since  among  the 
Cotton  MSS.  is  preserved  the  account  of  the  trial  of  the 
pyx  of  gold  nobles  in  1349,  when  the  coins  were  compared 
with  an  ounce  of  florins  of  Florence  kept  in  the  Treasury 
as  standards.  The  first  gold  coins  were  24  carats  fine  or 
pure  gold.  Edward  III.  caused  coins  to  be  struck  of  23 
carats  31  grains  fine  in  1345,  but  no  trial  plate  of  this 
standard  was  made  until  1477.  Henry  VIII.  lowered  the 
standard  to  22  carats,  but  caused  coins  to  be  struck  both  of 
that  and  the  former  standards.  The  greatest  debasement 
of  the  standard  ever  reached  in  England  was  in  1546,  when 
it  sunk  as  low  as  20  carats.  It  reached  a  low  point  in  the 
early  part  of  Edward  VI.’s  reign,  but  was  raised  towards 
the  end  of  it  to  22  carats;  and  it  was  still  further  raised  to 
23  carats  3V  grains  by  Elizabeth,  who,  however,  caused  gold 
coins  of  22  carats  also  to  be  struck.  Charles  II.  on  his  ac¬ 
cession  rejected  the  trial  plates  of  the  standard  of  22  carats 
which  had  been  made  under  the  Commonwealth,  and 
caused  others  to  be  made  of  the  standard  of  23  carats  3! 
grains.  No  coins,  however,  appear  to  have  been  struck  of 
this  standard.  The  same  monarch  afterwards  fixed  the 
standard  at  22  carats ;  and  no  variation  in  the  legal  stand¬ 
ard  has  occurred  since  that  time.  The  last  new  trial  plates, 
made  in  1873,  were  alloyed  with  copper  only,  in  order  that 
they  might  correspond  with  the  composition  of  the  British 
gold  coins,  former  plates  having  been  alloyed  with  silver  and 
copper.  At  the  same  time  supplementary  plates  of  pure  gold 
and  silver  were  prepared  in  order  that  the  greatest  possible 
accuracy  might  be  secured. 

The  present  standard  of  fineness  of  silver  for  coinage  was 
fixed  at  a  very  early  period,  but  has  been  subject  to  con¬ 
siderable  variation  since  the  reign  of  Edward  I.,  the  first 
Euglish  monarch  who  debased  the  silver  coinage.  In  the 
reign  of  Henry  VIII.  it  was  once  reduced  as  low  as  4  ounces 
of  silver  to  8  of  alloying  metal,  and  Edward  VI.  reduced 
it  even  lower.  It  was  restored  by  Elizabeth  to  the  original 
standard. 

The  following  table  shows  the  composition  of  some  of 


the  ancient  silver  trial  plates  of  which  portions  have  been 
preserved  in  the  Mint : 


Standard  prescribed 

by  Law. 

Remedy  for 

Standard 

Permitted  Varia- 

Bate. 

found  by 

tion  in  Dwts.  and 

In  Ozs. 

Decimal 

Assay. 

in  Thousandths. 

and  Dwts. 

Equivalent 

No  date. 

Silver  757.4 

1477 

11  2 

925.0 

ii 

923.5 

2  dwts. 

1527  (?) 

if 

885.5 

1542 

9  6 

775.0 

if 

763.6 

3  dwts.  (?)  or  12.5 

1553 

11  2 

925.0 

ft 

927.0 

2  “  “  8.4 

1560 

11  2 

925.0 

ii 

930.2 

2  “  “  8.4 

1600 

3  0 

250.0 

ft 

252.0 

3  “  “  12.5 

1601 

11  2 

925.0 

(4 

925.1 

2  “  “  8.4 

1604 

11  2 

925.0 

if 

922.7 

2  dwts. 

1649 

11  2 

925.0 

if 

923.7 

2  “ 

1660 

11  2 

925.0 

ft 

924.2 

2  dwts.,  or  8.4 

1688 

11  2 

925.0 

it 

922.0 

2  “  8.4 

1707 

11  2 

925.0 

ff 

922.0 

2  “  8.4 

1728 

11  2 

925.0 

If 

928.9 

2  dwts. 

1829 

11  2 

925.0 

ii 

925.0 

1  dwt.,  or  4.2 

1873 

11  2 

925.0 

ii 

924.96 

4.0 

1873 

Supplementary  plate. 

Pure  silver. 

... 

The  alloy  used  for  the  bronze  coinage  is  composed  of  95 
per  cent,  of  copper,  4  of  tin,  and  1  of  zinc.  The  bronze 
coinage  superseded  the  old  copper  coinage  in  1860,  the  lat¬ 
ter  having  been  in  use  since  the  reign  of  Charles  II.  The 
vicissitudes  of  the  copper  coinage  were  even  greater  than 
those  of  the  superior  coinages,  coins  for  Ireland  having 
been  issued  at  one  time  of  pewter  and  of  other  alloys  in 
which  scarcely  any  copper  was  contained. 

The  annual  testing  of  the  standard  of  gold  and  sil¬ 
ver  coins,  called  the  trial  of  the  pyx,  from  the  “pyx  ” 
or  chest  in  which  the  coins  to  be  examined  are  kept, 
is  a  ceremony  of  very  ancient  institution.  It  arose 
from  the  circumstance  that  the  mint  master  was  origi¬ 
nally  a  contractor,  under  the  crown,  for  the  manufac¬ 
ture  of  the  coinage,  and  it  was  therefore  necessary 
that  periodical  examinations  of  the  coins  should  be 
held  in  order  to  ascertain  that  the  terms  of  his  con¬ 
tract  had  been  complied  with.  At  the  present  day, 
when  the  mint  master  is  no  longer  a  contractor,  but 
an  officer  of  the  crown,  the  trial  of  the  pyx  has  a 
somewhat  different  object ;  but  it  would  appear  from 
the  description  of  these  periodical  examinations  in 
I  some  of  the  earliest  mint  records  that  but  little  change 
has  taken  place  in  the  manner  of  conducting  them. 
The  finished  coins  are  delivered  to  the  mint  master  in 
weights  called  “journey  weights,”  supposed  to  be  the 
weight  of  coin  which  could  be  manufactured  in  a  day 
when  the  operations  of  coining  were  performed  by  the 
hand.  The  journey  weight  of  gold  is  15  ft)  troy,  coined 
into  701  sovereigns  or  1402  half-sovereigns.  The  jour¬ 
ney  weight  of  silver  is  60  ft)  troy.  From  each  journey 
weight  a  coin  is  taken  and  deposited  in  the  “  pyx  ”  or 
chest  for  the  annual  trial.  This  is  made  by  the  free¬ 
men  of  the  goldsmiths’  company  under  the  direction 
of  the  crown  in  the  presence  of  the  queen’s  remem¬ 
brancer,  who  administers  the  oath  to  the  jury  and  pre¬ 
sides  over  the  proceedings.  The  coins  selected  for 
trial  are  compared  with  pieces  cut  from  trial  plates  of 
standard  fineness,  which  are  in  the  keeping  of  the 
warden  of  the  standards,  these  pieces  being  assayed 
against  the  coins  under  examination.  If  the  coins  are 
found  to  be  of  the  standard  fineness  and  weight,  with¬ 
in  certain  limits,  a  verdict  to  that  effect  is  drawn  up 
by  the  jurors  and  presented  to  the  Treasury. 

In  consequence  of  the  impossibility  of  insuring  an 
absolutely  exact  admixture  of  metals  in  coining,  it  has 
been  found  necessary  at  all  times  to  allow  to  the  mint 
master  a  certain  margin,  or  “remedy,”  within  which 
coins  may  vary  in  weight  and  fineness  from  the  fixed 
standard  and  still  be  considered,  of  the  current  stan¬ 
dard.  The  remedy  of  fineness  for  English  gold  coin 
is  now  fixed  at  2  parts  per  1 000.  The  great  impor¬ 
tance  of  maintaining  the  standard  of  fineness  for  gold 
will  be  evident  when  it  is  stated  that  the  variation  of 
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fa  of  a  milli£me  (or  thousandth  part)  above  or  below 
the  standard  causes  a  gain  or  loss  of  £100  in  every 
million  sterling.  Gold  coins  would  be  within  the 
remedy  of  fineness  permitted  by  law  if  the  amount  of 
precious  metal  contained  in  them  varied  from  914.6  to 
918.6  parts  in  1000  ;  and,  although  this  remedy  cannot 
be  considered  to  be  more  than  would  meet  occasional 
and  unavoidable  deviation  from  the  exact  standard, 
still,  in  the  case  of  gold,  but  a  very  small  part  of  the 
remedy  of  fineness  is  actually  used,  the  coins  seldom 
falling  below  916.3  parts  of  gold  in  1000,  or  rising 
above  917.0,  while  the  mean  composition  of  many  mil¬ 
lions  of  coins  issued  from  .the  mint  is  often  of  the  pre¬ 
cise  legal  standard,  916.66.  The  remedy  of  fineness 
for  silver  coin,  which  appears  to  have  been  always 

Greater  than  that  for  gold  coin,  is  4  parts  per  1000. 

'he  remedy  of  weight  for  gold  is  1.6  per  1000  parts, 
that  for  silver  4. 17,  and  that  for  bronze  20.  Extreme 
care  is  taken  to  prevent  the  issue  from  the  mint  of  any 
coins  that  exceed  these  permitted  variations  in  weight 
and  standard,  each  coin  Deing  weighed  separately,  and 
all  those  found  to  be  above  or  below  the  standard  being 
returned  to  the  melting-house. 

Since  the  real  value  of  the  gold  coinage  is  the  same 
as  its  nominal  value,  it  is  of  the  first  importance  that 
gold  coins  which  are  below  the  standard  weight  should 
not  be  allowed  to  circulate,  otherwise  holders  of  large 
quantities  of  gold  coin  are  liable  to  considerable  loss. 
After  a  certain  amount  of  wear  a  gold  coin  in  passing 
from  hand  to  hand  loses  weight  and  becomes  legally 
uncurrent.  By  the  Coinage  Act  it  is  made  compulsory 
for  every  person  to  “cut,  break,  or  deface”  any  coin 
tendered  to  him  in  payment  which  is  below  the  current 
weight,  the  person  tendering  it  bearing  the  loss;  but, 
as  no  penalty  is  imposed  for  disregard  of  this  obliga¬ 
tion,  the  law  is  practically  without  effect.  The  with¬ 
drawal  of  light  coin  from  circulation  was  formerly  ac¬ 
complished  solely  by  the  Bank  of  England,  the  mint 
regulations  making  provision  for  the  receipt  of  gold 
tendered  for  coinage  only  in  the  form  of  bars.  The 
bank  undertook  to  purchase  the  light  gold  from  the 
public  at  the  rate  of  £3,  17s.  6£d.  an  ounce,  a  price 
which,  as  compared  with  the  mint  value  of  £3, 
17s.  lO^d.,  entailed  a  loss  of  no  less  than  4d.  an 
ounce  on  the  seller.  This  loss  was  occasioned 
chiefly  by  the  circumstance  that  the  bank,  being 
obliged  before  sending  the  light  gold  to  the  mint 
for  recoinage  to  melt,  assay,  and  cast  it  into  bars,  found 
it  necessary  to  deduct  the  sum  of  2jd.  an  ounce  from 
the  rate  of  £3,  17s.  9d.  an  ounce  at  which  it  was  al¬ 
lowed  by  statute  to  purchase  gold  for  coinage,  in  order 
to  cover  the  expense  of  these  operations  and  the  loss 
incident  to  them.  The  heavy  loss  in  price,  added  to 
that  from  deficient  weight,  occasioned  constant  disre¬ 
gard  of  the  law  requiring  all  light  coin  to  be  cut  or  de¬ 
faced,  and  consequently  a  large  amount  of  light  gold 
continued  to  be  circulated.  After  the  passing  ot  the 
Coinage  Act  in  1870,  accordingly,  fresh  regulations 
were  made,  by  which  the  mint  authorities  undertook 
to  receive  light  gold  coin  for  recoinage,  returning  to  the 
importer  the  full  mint  value  of  £3,  17s.  10^d.  an 
ounce,  thus  reducing  the  loss  to  that  arising  from  de¬ 
ficiency  of  weight  only.  As  the  Bank  of  England  was 
enabled  by  these  regulations  to  raise  its  price  for  light 
gold  to  the  rate  of  £3, 17s.  9d.,  the  same  rate  at  which 
it  is  bound  to  purchase  ingots  of  standard  gold,  greater 
inducements  were  offered  to  the  public  to  send  in  light 
gold  for  recoinage,  and  its  withdrawal  from  circulation 
was  in  consequence  greatly  facilitated.  It  is  evident, 
however,  that,  as  the  deficiency  in  weight  must  entail 
some  loss  on  the  holders  of  light  gold  com,  they  will 
be  disposed  to  keep  it  in  circulation  as  long  as  possi¬ 
ble;  consequently  only  a  small  proportion  of  gie  light 
gold  received  by  bankers  finds,  its  way  to  the  Bank  ot 
England  and  thence  to  the  mint  for  reeomage  lhe 
result  of  some  careful  experiments  made  by  the  late 
Mr.  Stanley  Jevons,  and  published  by  him  in  the 
Journal  of  the  Statistical  Society  (vol.  xxxi.  p.  42b), 


showed  that  a  sovereign  becomes  so  light  as  to  be 
legally  uncurrent  at  the  end  of  eighteen  years.  The 
last  state  measure  taken  for  the  withdrawal  of  light 
gold  coin  from  circulation  was  the  issue  of  a  royal 
proclamation  in  1842  calling  attention  to  the  laws  and 
regulations  relating  to  light  gold  coin,  and  instructing 
those  persons  whose  duty  it  was  to  enforce  them  to  see 
that  they  were  carried  out.  From  the  beginning  of 
July,  1842,  to  the  end  of  March,  1845,  £14,000,000  in 
light  gold  coin  was  withdrawn  from  circulation  and  re¬ 
coined.  This  amount  was  estimated  to  represent  95 
per  cent,  of  the  whole  of  the  light  gold  then  in  circu¬ 
lation.  In  order  to  facilitate  this  withdrawal  the 
Treasury  had  in  June,  1842,  entered  into  arrangements 
with  the  Bank  of  England  by  which  the  bank  was  en¬ 
abled  to  purchase  light  gold  on  behalf  of  the  Govern¬ 
ment,  at  the  full  mint  value  of  £3,  17s.  10^d.  an 
ounce.  Light  coin,  however,  continued  to  be  sent  into 
the  bank  for  some  time  after  it  had  reverted  to  its 
original  rate  of  payment  for  light  gold,  i.e.,  £3,  17s. 
6£d.  an  ounce.  The  expense  to  the  state  of  this  with¬ 
drawal,  including  the  expenses  of  recoinage,  was  £67,- 
816.  As  no  important  withdrawal  of  worn  gold  coin 
has  occurred  since  that  time,  it  is  evident  that  a  large 
amount  of  light  gold  must  be  at  the  present  time  m 
circulation,  and  that  the  loss  in  weight  must  be  con¬ 
siderably  greater  than  that  of  the  coins  withdrawn  in 
1842,  tbe  oldest  of  which  were  not  more  than  twenty- 
five  years  old,  tbe  first  issue  having  taken  place  in 
1817.  It  bas  been  proved  by  experiment  that  the 
average  loss  of  .weight  in  worn  sovereigns  and  half- 
sovereigns  now  in  circulation  is  about  3d.  in  each  sov¬ 
ereign,  and  that  the  deficiency  in  fineness  of  a  large 
proportion  of  the  coin  amounts  to  about  £400  per  mu- 
lion.  This  deficiency  arisesfrom  the  trial  plate  of  1829, 
which  determined  the  standard  of  a  portion  of  the 
coins  still  in  circulation,  being  itself  below  the  legal 
standard.  Taking  the  gold  circulation  at  £100,000,000, 
of  wliicb  about  50  per  cent,  is  light,  it  is  estimated 
that  the  amount  to  be  recoined  cannot  be  less  than 
£50,000,000,  on  which  the  loss  from  deficiency  of  gold, 
both  in  weight  and  fineness,  must  be  reckoned  at 
about  £650,000,  independent  of  the  expenses  of  re- 
coinage. 

In  the  case  of  the  silver  coinage,  the  loss  consequent 
on  the  withdrawal  and  recoinage  of  silver  money  is  now 
covered  by  the  seigniorage  arising  from  the  difference 
between  the  real  and  the  nominal  value  of  the  coins. 
Before  the  adoption  of  gold  as  the  sole  standard  of 
.value,  the  conditions  attending  the  withdrawal  and  re¬ 
coinage  of  silver  were  much  the  same  as  those  for  gold. 
In  the  period  between  the  reign  of  Charles  II.  ana  the 
accession  of  William  III.  the  condition  of  the  silver 
coinage  became  so  unsatisfactory  as  to  demand  the  at¬ 
tention  of  parliament.  A  recommendation  made  at  the 
suggestion  of  Sir  Isaac  Newton  for  a  recoinage  of  silver 
was  at  first  strenuously  opposed, but  was  finally  adopted. 
In  the  eourse  of  the  discussion  the  question  of  raising 
tbe  standard  of  weight  and  fineness  arose,  and  this 
important  change  would  probably  have  been  made  but 
for  the  representations  of  Locke,  who  warmly  took  up 
the  question  and  convinced  the  Government  of  the 
desirability  of  preserving  the  established  standard. 
In  the  great  recoinage  of  silver,  the  loss  arising  from 
clipped  and  defaced  coin  was  borne  by  the  public,  the 
money  being  raised  by  means  of  a  special  tax  on  glass 
windows.  The  silver  reissued  at  this  time  amounted 
to  £7,000,000,  and  the  tax  raised  to  cover  loss  and  the 
expenses  of  coinage  to  £1,200,000.  The  work  of  this 
recoinage  was  so  great  that  the  resources  of  the  mint 
in  London  were  found  to  be  unequal  to  the  pressure 
put  upon  them,  and  therefore  mints  were  either  re¬ 
vived  or  established  for  the  first,  time  in  a  few  of  the 
large  provincial  towns.  In  addition  to  this  ten  fur¬ 
naces  were  erected  behind  the  Treasury  at  Whitehall 
to  melt  down  the  old  pieces.  By  these  means.the  reno¬ 
vation  of  the  silver  coinage  was  completed  within  the 
1  year.  The  new  silver  coins  then  issued  were  the  first 
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which  fiad  milled  edges,  the  milling  having  been  intro¬ 
duced  in  order  to  prevent  clipping. 

The  mode  in  which  the  silver  currency  is  distributed 
throughout  the  kingdom  is  explained  by  the  late  Mr.  George 
Forbes,  cashier  of  the  Bank  of  England,  as  follows: 

Every  banker  in  the  kingdom  lias  a  banker  who  is  his 
agent  in  London.  Every  London  banker  has  an  account 
with  the  Bank  of  England.  In  the  Bank  of  England  there 
is  a  department  devoted  to  the  issue  and  receipt  of  silver 
coin.  If  in  a  district  there  is  a  deficiency  of  silver  cur¬ 
rency,  the  bankers  of  the  district  are  the  first  to  find  it  out. 
They  at  once  write  to  their  London  agents,  who  draw  on 
their  account  with  the  Bank  of  England,  and  obtain  what 
silver  is  required,  which  they  send  to  the  country  banker. 
On  the  other  hand,  if  there  is  a  surplus  of  silver  in  a  dis¬ 
trict  it  accumulates  in  the  coffers  of  the  local  bankers,  who 
send  it  up  to  their  London  agents,  and  they  send  it  into  the 
Bank  of  England.  If  there  is  a  general  demand  for  silver 
currency,  the  stock  which  the  Bank  of  England  endeavors 
to  keep  on  hand  becomes  unduly  diminished,  and  immedi¬ 
ate  notice  of  the  fact  is  conveyed  to  the  mint  authorities, 
who  proceed  with  all  convenient  speed  to  coin  a  supply  of 
florins,  shillings,  sixpences,  or  of  all  of  these  coins,  as  the 
nature  of  the  demand  may  require. 

Gold  bullion  for  coinage  is  supplied  to  the  mint  al¬ 
most  entirely  by  the  Bank  of  England,  the  bank  being 
bound  by  law  to  purchase  at  the  rate  of  £3,  ]  7s.  9d. 
an  ounce  any  gold  bullion  of  the  legal  standard  which 
the  public  may  bring  for  sale.  Private  individuals  are 

ermitted  to  bring  bullion  to  the  mint,  and  to  receive 

ack  the  full  amount  (at  £3,  17s.  10£d.  an  ounce)  con¬ 
verted  into  coin,  free  of  any  charge  for  loss  or  manu¬ 
facture  ;  but,  as  they  are  subject  to  considerable  delay, 


all  “importations”  of  bullion  being  converted  into 
coin  in  the  order  in  which  they  are  brought  to  the 
mint,  the  public  practically  prefer  to  sell  their  bullion 
to  the  bank,  and  receive  its  value  without  delay.  In 
order  to  be  accepted  by  the  bank,  the  bullion  must  be 
cast  into  ingots  and  assayed,  a  guarantee  being  given 
by  certain  recognized  assayers  that  the  gold  is  of  a  cer¬ 
tain  standard  fineness.  This  is  known  as  the  “trade 
assay.”  When  the  bank  requires  gold  to  be  struck, 
due  notice  is  sent  to  the  deputy  master,  and  on  a  fixed 
day  the  bullion  is  conveyed  to  the  mint  and  delivered 
into  his  custody.  It  arrives  in  the  form  of  ingots,  each 
weighing  about  200  ounces,  the  aggregate  value  of  each 
importation  being  about  £144,000.  When  the  ingots 
arrive  at  the  mint  a  small  sample  is  taken  from  each 
and  assayed, 1  the  result  being  sent  to  the  authorities 
of  the  bank  in  order  that  it  maybe  compared  with  that 
of  the  trade  assay.  If  the  bank  authorities  find  that 
the  two  assays  agree,  within  certain  limits,  as  to  weight 
and  fineness,  the  ingots  are  immediately  sent  to  the 
operative  department  of  the  mint  to  be  converted  into 
coin.  The  mint  assay  affords  the  basis  for  calculating 
the  amount  of  copper,  the  alloying  metal,  that  must 
be  melted  with  the  gold  in  order  to  produce  the  stand¬ 
ard  prescribed  by  law.  The  case  of  silver  is  somewhat 
different,  the  bullion  being  purchased  by  the  depart¬ 
ment  at  its  market  value,  which  varies  from  year  to 
year.  During  the  ten  years  ending  1881  the  average 
price  of  silver  bullion  sank  gradually  from  fiO^d.  to 
fillfd.  The  silver  bullion  arrives  at  the  mint  in  the 
form  of  ingots,  each  of  which  weighs  about  1000 


„•  - 

Fig.  1.  Royal  Mint,  Tower  Hill,  London.  Plan  showing  the  Operative  Department  as  rearranged  in  1881-82. 


ounces,  the  value  of  each  set  of  ingots  varying  con¬ 
siderably.  The  ingots,  both  of  gold  and  silver,  are 
weighed  on  a  balance  capable  of  turning  with  1  grain 
when  loaded  with  1200  ounces. 

The  operations  of  coinage  have  undergone  some 
slight  changes  with  the  introduction  of  new  machin¬ 
ery  and  the  increased  extent  of  the  Royal  Mint,  since 
the  reconstruction  of  the  operative  department  in 


1881.*  The  plan  (Fig.  1)  shows  the  present  arrange¬ 
ment  of  the  operative  department. 

The  operations  employed  in  the  manufacture  of  gold 
and  silver  coin  are  as  follows  (incidental  operation? 
being  printed  in  smaller  type) : 

1  The  assays  are  conducted  in  the  manner  alreadj  described  in 
the  articles  Assaying  and  Gold. 

2  In  order  to  provide  a  stock  of  silver  coin  during  the  tempo¬ 
rary  suspension  of  the  work  of  the  mint,  a  large  coinage  of  silver 
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I.  Assaying  the  bullion. 

II.  Melting  the  metal. 

(a)  Addition  of  the  amount  of  copper  necessary  to 
form  the  prescribed  alloy ;  ( b )  pouring  the  metal 
into  moulds  so  as  to  form  bars ;  (c)  dressing  these 
bars  to  remove  rough  edges  and  hollow  ends  ;  (d) 
recovery  of  precious  metals  from  crucibles  and 
“  sweep.” 

III.  Assaying  portions  of  metal  cut  from  certain 
bars,  to  ascertain  whether  sufficient  accuracy  has  been 
attained  in  the  standard  fineness. 

IV.  Rolling  the  bars  into  strips  or  “fillets.” 

Annealing  the  fillets  (in  some  cases). 

V.  Adjusting  the  fillets  by  a  final  rolling,  and  in 
some  cases  by  the  use  of  the  drawbencli. 

Testing  the  fillets  to  ascertain  whether  they  are  of 
sufficient  accuracy  as  regards  thickness. 

VI.  Cutting  out  disks  or  blanks  from  the  fillets. 

Adjusting  the  blanks  in  weight  (in  some  mints). 

VII.  Edge-rolling  the  blanks  to  produce  a  raised 

rim. 


Annealing  the  blanks  and  (in  some  cases)  “blanch¬ 
ing”  or  “  pickling”  them  in  dilute  acid. 

VIII.  Coining  or  stamping  the  device  on  the  blanks, 
by  means  of  engraved  steel  dies. 

Milling  the  edges  of  the  blanks  or  (in  some  cases) 
impressing  a  device,  inscription,  or  ornament 
upon  them. 

IX.  Weighing  each  coin,  usually  by  the  aid  of  au¬ 
tomatic  machinery. 

X.  Assaying  and  weighing  pieces  taken  from  the 
finished  coin  before  it  is  issued  to  the  public. 

The  foregoing  list  will  make  it  clear  that  the  opera¬ 
tions  of  minting  consist,  not  simply  in  the  mechanical 
production  of  accurately  adjusted  disks  of  metal  the 
purity  alone  of  which  has  to  be  guaranteed,  but  in  the 
formation  of  an  alloy  composed  of  precious  and  base 
metals  in  definite  proportions.  The  accuracy  of  the 
“standard  fineness  .  of  the  alloy  after  melting  must 
be  absolutely  ascertained  ;  the  alloy  must  be  protected 
during  manufacture  against  a  change  of  standard,  and 
finally  its  correctness  must  be  verified  after  it  has  been 
converted  into  coin. 


Fig.  2.— Furnace  Apparatus. 


The  precious  metals  are  weighed  on  entering  the 
mint,  as  well  as  during  various  stages  in  the  manufac¬ 
ture  of  coin.  The  finished  coins  are  also  weighed  in 
bulk  before  they  are  issued  to  the  public. 

The  operations  incidental  to  the  coinage  of  bronze 
and  silver  differ  from  those  described  in  relation  to 

was  Issued,  and  50  tons  of  bronze  coins  were  manufactured  by 
contract  in  the  autumn  of  1881.  The  governor  of  the  Bank  of 
England  had  previously  reported  that  the  stock  of  gold  coin  held 
by  the  bank  was  abnormally  large,  and  that  no  inconvenience 
would  anse  “if  the  mint  were  to  cease  coining  sovereigns  and 
half-sovereigns  for  a  period  of  six  months  or  a  year  or  even 
more.” 


gold  in  some  unimportant  details  only  ;  and  the  weight 
and  composition  of  the  bronze  coins  are  not  so  care¬ 
fully  guarded  as  is  the  case  with  gold  and  silver. 

Subjoined  are  the  details  of  the  operations  involved 
in  the  conversion  of  bullion  into  coin  at  the  British 
mint. 

After  being  assayed  and  weighed  in  the  manner  already 
described  the  bullion  is  taken  to  the  melting- 
house,  where  the  details  of  treatment  for  silver  metal, 
and  gold  respectively  differ  somewhat.  (The 
subsequent  operations  are  nearly  identical  for  both  metals.) 
The  silver  melting-house  (see  Fig.  1)  contains  eight  fur- 
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naces,  of  the  kind  shown  at  A  Fig.  2,  the  part  of  the  fur¬ 
nace  containing  the  crucibles  being  below  the  lids  B,  B. 
Crucibles  of  cast  iron  were  formerly  employed,  but  these 
were  replaced  in  1853  by  wrought  iron  pots,  which  have 
since  1870  been  in  turn  abandoned  in  favor  of  crucibles 
made  of  a  mixture  of  clay  and  graphite,  each  crucible  being 
capable  of  containing  about  3000  oz.  Such  crucibles  are 
very  generally  adopted  throughout  the  Indian  and  Conti¬ 
nental  mints,  but  the  form  and  dimensions  given  to  them 
vary.  The  fuel  employed  in  England  is  coke,  about  75  lb 
of  which  are  required  to  melt  3000  oz.  of  standard  silver. 
Sufficient  draught  is  afforded  by  the  flue  C  and  by  a  chim¬ 
ney  about  35  feet  high  which  communicates  with  it.  The 
silver  and  copper  are  melted  together ;  and  before  the  metal 
is  poured  into  moulds  it  is  stirred  with  an  iron  rod  having 
a  flattened  end.  The  surface  of  the  molten  metal  is  cov¬ 
ered  with  a  layer  of  charcoal  to  prevent  oxidation  of  the 
copper.  The  crucible  with  its  contents  is  then  removed 
from  the  furnace  by  the  aid  of  a  crane  and  tongs  W,  and  is 
placed  in  a  cradle  M,  which  can  he  tilted  by  means  of  a 
handle  D.  By  the  intervention  of  toothed  wheels  E,  F,  G, 
H,  and  K  acting  on  a  rack  the  handle  turns  the  crucible  on 
the  fulcrum  formed  by  a  spindle,  so  that  the  contents  of 
the  crucible  may  be  poured  into  the  moulds  N  mounted  on 
a  carriage  OP,  running  on  rails  Q,  Q.  The  moulds  now  in 
use  in  London  are  of  such  dimensions  as  to  enable  bars  to 
be  cast  12  inches  long  and  ®  inch  thick.  The  width  of  the 
bars  varies,  according  to  the  coin  to  be  produced,  from  1®  to 
2®  inches. 

When  the  metal  has  solidified  in  the  moulds  it  is  re¬ 
moved,  and  the  bars  are  trimmed  by  the  aid  of  a  revolving 
circular  file,  their  ends  being  cut  off  and  returned  to  the 
melting  pot.  Portions  of  metal  are  then  cut  from  certain 
of  the  bars,  and  sent  to  the  assay  department.  The  bars  are 
weighed  before  they  pass  to  the  subsequent  operations  of 
coinage,  in  order  that  the  amount  of  metal  retained  by  the 
crucibles  or  carried  into  the  flues  may  be  ascertained.  Gold 
bullion  is  melted  in  a  similar  way,  but  the  crucibles  are 
smaller,  and  contain  only  1200  oz.  Their  contents  are 
poured  by  hand  into  moulds,  one  end  of  the  tongs  by  which 
the  crucible  is  grasped  being  supported  by  a  chain  and  sus¬ 
pended  from  the  roof.1  In  many  Continental  mints  it  is 
very  generally  the  practice  to  leave  the  crucible  containing 
the  precious  metals  in  the  furnace,  and  to  pour  the  contents 
into  the  moulds  by  the  aid  of  small  ladles  of  wrought  iron 
lined  with  clay. 

It  has  been  pointed  out  in  Gold  (vol.  x.  p.  668)  that  mi¬ 
nute  quantities  of  certain  metals  render  standard  gold  ex¬ 
tremely  brittle  and  unfit  for  coinage.  If  either  the  gold 
bullion  or  the  copper  used  as  an  alloying  metal  should  be 
impure,  brittle  bars  will  be  the  result.  Should  this  prove 


Into  one  or  other  of  these  rooms  the  bars  which  have 
been  cast  in  the  melting-house  are  brought,  Rolling, 
and  are  rolled  into  strips  the  thickness  of  which 
depends  on  the  kind  of  coins  to  be  produced.  Gold  is  rolled 
in  one  room  and  silver  or  bronze  in  the  other.  The  details 
of  manipulation  involved  in  the  conversion  of  gold,  silver, 
or  bronze  bars  into  coin,  however,  do  not  differ  materially, 
and  the  coinage  of  sovereigns  will  therefore  be  taken  as 
typical. 

Each  room  contains  six  pairs  of  rolls,  the  diameter  of  the 
rolls  varying  from  10  to  14  inches.  Smaller  diameters  are 
employed  in  most  European  mints,  but  on  the  other  hand 
the  use  of  very  narrow  rolls  of  far  larger  diameter  has 
often  been  suggested,  and  there  appears  to  he  good  ground 
for  the  belief  that  the -rigidity  of  such  rolls  would  enable 
strips  or  fillets  of  more  uniform  thickness  to  be  produced 
than  is  the  case  at  present.  The  iron  frame  CC  (Fig.  3)  is 
firmly  bolted  to  the  stone  D,  which  rests  on  a  solid  founda¬ 
tion  EE.  This  frame  supports  the  two  rolls  A,  B,  the  lower 
of  which  B  revolves,  but  is  not,  like  the  upper,  capable  of 
adjustment  in  a  vertical  plane.  The  upper  roll  is  centred 
in  bearings,  and  may  be  raised  or  lowered  by  means  of 
screws  connected  with  toothed  wheels  F,  F,  which  are 
turned  by  a  handle  G,  both  wheels  being  moved  simulta¬ 
neously  by  worms  on  the  rod  H.  The  bearings  of  the  upper 
roll  are  connected  by  vertical  rods  with  weights  below  the 
level  of  the  floor ;  and  as  it  rises  with  the  screws,  it  can 
thus  be  readily  adjusted  in  a  line  exactly  parallel  with  the 
lower  roll,  at  a  sufficient  distance  from  it  to  admit  the  bar 
which  is  to  be  reduced  to  a  strip  or  fillet.  The  rolls  are 
turned  by  the  shaft  NN,  the  main  wheel  M,  and  the  gear¬ 
ing  K,  L,  O,  P.  The  sockets  r  by  which  the  upper  roll  is 
connected  with  the  gearing  by  the  shaft  I  are  not  rigid,  as 
is  the  case  with  the  shaft  Q  of  the  lower  roll,  but  admit  of 
the  adjustment  of  the  roll.  The  portion  of  the  roll  used 
is  determined  by  a  guide  a  little  wider  than  the  bar. 2  The 
rolls  throughout  this  department  are  driven  at  the  rate  of 
about  32  revolutions  in  a  minute.  The  iron  frame  CC  is 
braced  by  rods  a,  s ;  and  blocks  bearing  the  driving  shafts 
are  shown  at  k,  k,  p,  p. 

The  initial  thickness  of  a  sovereign  bar  is  Ithsof  an  inch. 
The  bars  are  weighed  out  to  the  workmen  in  batches  of 
about  sixty  bars,  an  entire  batch  being  passed  through  the 
rolls  under  precisely  the  same  conditions  of  adjustment. 
The  bars  are  only  slightly  reduced  in  width  by  repeated 
passages  through  the  rolls,  but  are  successively  reduced  in 
thickness  in  the  first  stages  of  the  rolling  by  -j^th  of  an 
inch,  while  in  the  later  stages  the  reduction  in  thickness  at 
each  passage  through  the  rolls  is  less  than  x^5th  of  an  inch, 
and  finally  one  or  two  “  spring  pinches  ”  are  given  to  the 
bars  by  simply  passing  them  through  the  rolls  without  alter¬ 
ing  the  adjustment.  The  testing  of  the  fillets,  to 
ascertain  whether  they  are  of  the  accurate  thickness, 
is  effected  by  the  aid  of  the  gauge  plate  (Fig.  4), 
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Fig.  3.— -Rolls. 

to  be  the  case,  the  bars  are  remelted  and  chlorine  gas  is 
passed  through  the  molten  mass  in  the  manner  described  in 
Gold,  vol.  x.  p.  667. 

The  engine-room  (shown  in  Fig.  1)  contains  three  60- 
horse-power  vertical  condensing  engines,  which  are  pro¬ 
vided  with  Corliss  valves,  and  are  specially  devised  for  meet¬ 
ing  the  constantly  varying  strain  to  which  they  are  sub¬ 
jected  by  the  machinery,  the  whole  of  which  they  are 
capable  of  driving.  The  central  engine  acts  directly  on 
either  or  both  of  the  rolling  rooms  placed  on  each  side  of 
the  engine-house.  There  is,  however,  an  additional  20- 
horse-power  compound  beam  engine  usually  employed,  in 
connection  with  the  pumps  of  a  deep  artesian  well. 

1  A  new  form  of  furnace  devised  by  M.  A.  Piat  of  Paris  has  re¬ 
cently  been  introduced.  In  these  furnaces  the  portion  which 
contains  the  crucible  may  be  detached  from  the  flue,  so  as  to  ad¬ 
mit  of  the  molten  metal  being  poured  into  moulds  without  re¬ 
moving  the  crucible  from  the  incandescent  fuel.  Four  of  such 
furnaces  have  been  fitted  up  in  the  gold  melting-house,  but  have 
not  as  yet  been  used  for  gold  melting ;  in  the  melting  of  silver 
and  bronze,  however,  they  are  known  to  effect  considerable 
economy  in  labor,  fuel,  and  crucibles. 


Fig.  4. — Gauge  Plate. 

which  consists  of  two  steel  bars  set  at  a  low  angle 
in  relation  to  each  other  and  graduated  to  vo\n;th  of 
an  inch.  It  will  be  evident  that  the  weight  of  the 
finished  coin  depends  upon  the  thickness  of  the 
fillets ;  and  to  show  how  accurately  the  rolling  must 
be  performed  it  may  be  pointed  out  that,  in  the  case  of  the 
half-sovereign,  a  variation  of  y^JraAth  of  an  inch  above  or 
below  the  accurate  thickness  (or  a  range  of  TO^mjtk  of  an 
inch)  throws. the  coin  out  of  “remedy.” 

The  repeated  passage  through  the  rolls  is  attended  by  a 
considerable  increase  of  hardness  in  the  metal,  and  it  is 
therefore  in  some  cases  necessary  to  anneal  the  fillets  re¬ 
peatedly  during  the  rolling.  In  the  case  of  fillets  for 
sovereigns  the  annealing  may  be  entirely  dispensed  with 
if  the  initial  thickness  of  the  bars  does  not  exceed  gths  of 
an  inch.  Fillets  for  half  sovereigns  have  only  to  he  an¬ 
nealed  once.  In  some  European  mints  the  fillets  are  an¬ 
nealed  frequently ;  in  one  mint  the  operation  is  performed 

4  In  the  second  rolling  room  shown  in  the  plan  on  the  right  of 
the  engine-house,  the  frames  and  gearing  of  the  rolls  are  of  newer 
pattern  than  those  in  the  first  room.  In  some  of  the  six  pairs  the 
bottom  rolls  revolve  and  drive  the  upper  ones.  In  the  pair  of 
“  breaking-down  ”  rolls  in  this  room,— that  is,  the  roll  by  which  the 
fillets  are  first  treated,— the  upper  roll  is  stationary,  the  lower 
roll  alone  revolving.  The  necessary  “  bite  ”  is  given  to  the  fillet, 
when  its  end  is  introduced,  by  slightly  turning  the  upper  roll  by 
means  of  a  ratchet-wheel  and  lever. 
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after  each  passage  through  the  rolls.  The  furuace  used  for 
the  purpose  is  geneially  so  arranged  as  to  permit  the  flame 
to  play  over  the  fillets,  which  are  sometimes  freely  exposed 
to  its  action,  hut  are  more  often  inclosed  in  cases  or  tubes. 
Muffle  furnaces  are  frequently  used.  The  furnace  used  in 
the  Royal  Mint  is  a  simple  form  of  reverberatory  furnace. 
The  final  rolling  is  given  by  a  pair  of  finishing  rolls  capable 


of  more  accurate  adjustment  than  the  “  breaking-down  ” 
rolls. 

The  fillets  of  gold  or  silver  are  in  some  cases,  though  not 
always,  submitted  to  an  appliance  known  as 
the  drag  bench,  shown  in  Figs.  5,  6,  7.  Its 
object  is  to  equalize  the  thickness  of  the  fillets 
by  drawing  them  between  steel  cylinders.  The  ends  of  the 


Drag 

bench. 


Fig.  7. 

Figs.  5, 6, 7.— Drag  Bench. 


fillets  are  first  flattened  in  a  little  appliance,  which  need 
not  be  described. 

The  essential  fea¬ 
ture  of  the  ma¬ 
chine  now  used  in 
the  mint  consists 
of  two  small  steel 
cylinders  A,  A, 
which  do  not  re¬ 
volve,  and  are  held 
in  position  in  the 
plates  D,  D  by 
clamp  pieces  F,  F 
screwed  against 
them.  The  por¬ 
tions  of  metal  may 
be  adjusted  by  the 
aid  of  a  wheel  and 
screw  H  (Figs.  6, 

7),  and  by  small 
adjusting  screws/, 
f.  The  part  of  the 
machine  contain¬ 
ing  the  steel  cylin¬ 
ders  is  fixed  at  the 
end  of  a  long 
bench,  and  gear¬ 
ing  at  the  other 
end  of  this  bench 
drives  an  endless 
chain  BB  (Fig.  6), 
one  link  or  other 
of  which  catches 
the  carriage, 
shown  in  plan  in 
Fig.  5,  and  drags 
it  along  as  soon  as 
its  end  /  is  de¬ 
pressed  by  the 
handle  r.  The  car¬ 
riage  runs  on  the 
wheels  d,  d.  The 
drawing  of  the  fillet  C  is  conducted  as  follows.  Its  flattened 
end  is  introduced  between  the  steel  cylinders,  and  is 
grasped  by  the  jaws  a.  The  jaws  turn  on  the  pin  c,  and 
while  the  fillet  is  being  dragged  through  the  cylinders  the 
axle  of  the  wheels  d,  d  tends  to  increase  the  grip  of  the 
jaws  by  acting  on  their  inclined  ends.  Directly  the  strain 
on  the  fillet  is  released,  the  pins  i,  i  and  the  weight  h 
loosen  the  jaws  and  at  the  same  time  raise  the  end  of  the 
carriage  so  as  to  arrest  its  further  progress  along  the  bench. 
The  carriage  is  then  moved  forward  by  the  handle  s  until  the 
jaws  enter  the  hollowed  portion  N  and  grasp  another  fillet. 

Formerly— when  fillets  were  rolled  from  thick  bars— this 
appliance  played  a  more  important  part  in  coining  opera¬ 
tions  than  at  present.  It  is  now  only  used  for  fillets  from 


Fig.  8.— Cutting  Machine. 
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Fig.  9. 


which  sovereigns  and  half-sovereigns  are  to  be  produced. 
Before  fillets  are  passed  on  to  the  next  operation — that  ol 
cutting  from  them  the  disks  or  blanks  destined  to  form  the 
coin — they  are  carefully  tested  by  a  skilful  workman  called 
the  “  tryer,”  who  cuts  one  or  two  blanks  from  Trying 
the  sides  of  each  fillet  by  the  aid  of  a  cutter 
worked  by  hand.  These  blanks  are  weighed  on  a  delicate 
balance  against  a  standard  weight,  and  the  experience  of 
the  operator  enables  him  to  determine  whether  the  varia¬ 
tion  from  the  exact  weight  will  justify  his  sending  the 
fillets  forward  to  the  cutting  room.  In  any  case  he  divides 
the  fillets  into  two  or  more  classes  for  a  reason  that  will  be 
explained  presently. 

The  cutters  employed  in  the  mint  until  quite  recently 
were  of  complicated  construction,  but  these  cuttine 
have  been  replaced  by  a  simple  machine  (Fig.  blanks! 
8)  which,  by  the  revolution  of  an  eccentric  A, 
causes  two  short  steel  cylinders,  mounted  on  a  block  of  iron 
B  suitably  guided,  to  enter  two  holes  firmly  fixed  in  a  plate 

on  the  bed  of  the  machine. 
When  the  fillet  FF  is  in¬ 
terposed  between  the  short 
cylinders  and  the  holes, 
the  former  force  disks  of 
metal  through  the  holes, 
the  fillet  being  advanced 
at  each  stroke  of  the  machine  by  small  gripping  rolls  C,  C', 
C"  actuated  by  a  ratchet-wheel  E,  driven  from  the  shaft 
which  bears  the  eccentric  A.  The  disks  pass  down  the 
tube  G  to  a  receptacle  placed  on  the  floor.  In  the  case  of 
very  large  silver  coins,  only  one  disk  is  cut  in  the  width  of 
the  fillet,  and  in  some  few  mints  disks  for  gold  coin  are  also 
cut  in  this  way,  but  it  is  far  more  usual  to  cut  two  disks  in 
the  width  of  the  fillet,  the  position  of  the  cutters  being  so 
arranged  as  to  remove  blanks  in  the  manner  shown  in  Fig. 
9.  In  cutting  disks  for  bronze  coin  extreme  precision  is 
not  necessary,  and  it  has  therefore  been  found  possible  to 
obtain  five  at  each  stroke  of  the  machine. 

It  will  be  evident  that  the  rough  classification  of  the 
fillets  according  to  their  thickness,  to  which  reference  has 
already  been  made,  renders  it  easy  to  compensate  for  slight 
irregularities  in  thickness  caused  by  rolling,  by  employing 
cutters  of  a  slightly  larger  diameter  than  the  standard  size 
for  fillets  which  are  too  thin. 

The  fillets  after  the  removal  of  the  disks  present  the  per¬ 
forated  appearance  shown  in  Fig.  9.  The  residual  metal, 
called  “  scissel,”  which  amounts  to  from  25  to  30  per  cent, 
of  the  metal  operated  upon,  is  returned  to  the  melting-house 
in  bundles  weighing  180  oz.  It  may  be  mentioned  here 
that  all  attempts  to  cut  disks  or  blanks  for  coinage  from  the 
ends  of  rods  or  cylinders,  and  thus  to  avoid  the  production 
of  scissel,  have  hitherto  failed. 

The  next  operation  to  which  the  blanks  are  submitted 
varies  in  different  mints.  In  some,  each  blank  A(jjustment 
is  weighed  by  hand  or  by  automatic  machinery,  0f  blanks, 
and  each  blank  that  is  too  heavy  is  adjusted 
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either  to  an  exact  weight  or  to  within  the  remecij  pre¬ 
scribed  by  law.  On  the  Continent  it  is  very  generally  the 
practice  to  adjust  blanks  by  the  aid  of  a  file,  or  by  a  machine 
that  removes  a  fine  shaving  of  metal  from  the  surface  of 


the  blank.  In  mints  where  mechanical  adjustment  is 
adopted  there  is  a  tendency  to  produce  “  too  heavy  ”  blanks 
in  the  rolling  and  cutting  departments,  as  it  is  impossible 
to  adjust  blanks  which  are  too  light.1 


Fig.  10. 

In  the  London  mint  finished  coin  alone  is  weighed,  so 
that  the  blanks  after  leaving  the  cutting-room  pass  directly 
to  an  edge-rolling  machine,  which  thickens  the  edge  of  each 
blank  so  as  to  form  a  rim  intended  to  protect  the  impression 
on  the  finished  coin.  The  operation  of  edge-rolling  is  called 
“  marking,”  and  the  method  of  conducting  it  varies  con¬ 
siderably  in  different  mints. 

In  the  Royal  Mint  the  blanks  are  made  to  pass  in  quick 
succession,  at  the  rate  of  six  hundred  a  minute,  between  a 
circular  groove  in  the  face  of  a  revolving  steel  disk  and  a 
groove  in  a  fixed  block  placed  parallel  to  the  face  of  the  re¬ 
volving  disk.  The  groove  in  the  block  exactly  corresponds 
to  that  on  the  disk ;  and,  as  the  distance  between  the  block 
and  the  disk  is  slightly  less  than  the  diameter  of  the  blank 
submitted  to  the  operation,  the  result  is  that  before  the 
blank  escapes  from  the  machine  its  edge  has  been  thick¬ 
ened.  The  operation  may  be  varied  by  admitting  the 
blanks  between  a  groove  in  the  peri] her y  of  a  revolving 
wheel  and  a  groove  in  a  segmented  block,  placed  at  a  dis¬ 
tance  from  the  wheel  rather  less  than  the  diameter  of  the 
blank.  The  wheel  and  block  may  be  either  vertical  or 
horizontal. 

In  some  cases  the  edges  of  the  blanks,  at  the  same  time 
that  they  are  thickened,  receive  the  impression  of  a  legend, 
or  inscription,  or  an  ornamental  device.  When  this  is  the 
case  the  blank  is  rolled  between  two  planes,  one  of  which 
is  fixed  and  bears  the  device,  while  the  other  has  a  recipro¬ 
cating  motion  imparted  to  it,  or  the  edge  of  the  blank  re¬ 
ceives  the  impression,  which  may  be  either  raised  or  sunk, 
from  a  collar  surrounding  the  blank  in  the  coining-press,  as 
will  be  afterwards  explained. 

Before  passing  to  the  coining  press  the  blanks  either  of 
.  ..  gold  or  silver  are  annealed.  In  many  mints  the 

thTblaAkl.  object  of  the  heating  is  not  only  to  soften  the 
blanks  before  they  receive  the  impression,  but 
also  to  produce  a  film  of  oxide  of  copper  on  their  surface. 
This  is  attained  in  various  ways.  In  England  gold  blanks 
are  placed  in  cylindrical  crucibles  of  plumbago  and  covered 
with  a  layer  of  charcoal,  heated  in  a  reverberatory  furnace, 
and  when  the  blanks  reach  cherry-redness  they  are  cooled 
by  plunging  them  in  water.  The  thin  film  of  oxide  of  cop¬ 
per  thus  formed  on  the  surface  of  the  gold  or  silver  blanks 
is  readily  soluble  in  dilute  sulphuric  acid,  and  the  removal 
of  a_small  portion  of  the  alloying  metal  in  this  way  con¬ 


Fig.  11. 

stitutes  “  blanching  ”  ©r  “  pickling  ”  the  coin.  The  method 
of  conducting  the  operation  varies  somewhat  in  different 
mints,  mainly,  however,  in  the  strength  of  the  acid  used, 
which  varies  from  3°  to  5°  of  the  hydrometer  of  Baum6. 
The  solution  is  sometimes  heated  to  96°  to  98°  C.,  while  in 
other  cases  the  blanks  are  introduced  into  the  solution 
while  at  a  red  heat.  The  latter  method  is,  however,  objec¬ 
tionable,  as  a  dense  layer  of  pure  metal  is  found  at  the  sur¬ 
face  of  the  blank  which  is  apt  to  protect  the  underlying 
oxide  of  copper  from  the  action  of  the  acid.  The  blanks 
are  afterwards  washed  in  pure  water  and  dried  either  in 
sawdust  or  in  copper  vessels  heated  by  steam  jackets.  The 
object  of  the  process  is  to  improve  the  appearance  of  the 
finished  coin  by  removing  all  traces  of  impurity  from  the 
surface  of  the  blank.  It  has,  however,  been  abandoned  in 
the  British  mint  except  in  the  case  of  some  of  the  smaller 
silver  coins,  mainly  because  the  soft  superficial  layer  of 

i  A  description  of  a  machine  used  for  the  adjustment  of  blanks 
will  be  found  in  Dingier’ s  Polytechnisches  Journal  (1882,  ccxlv.  61, 
pi.  6) ;  and  some  years  ago  Mr.  J.  M.  Napier  devised  for  the  Indian 
mints  a  beautiful  machine  which  first  ascertains  how  much  it  is 
necessary  to  cut  from  each  blank  in  order  to  reduce  it  to  the 
standard'  weight,  and  then  removes  the  necessary  amount  of 
metal  and  no  more.  The  initial  cost  of  such  machinery,  how¬ 
ever,  is  considerable.  In  1849  M.  Diereck,  director  of  the  mint  in 
Paris,  endeavored  to  substitute  a  chemical  for  a  mechanical 
treatment  by  submitting  the  heavy  gold  blanks  to  aqua  regia, 
which  it  was  anticipated  would  bring  them  within  the  pre¬ 
scribed  limits  of  accuracy.  The  results  were  not  satisfactory, 
and  the  attempt  was  abandoned.  In  1870  the  present  chemist  of 
the  mint,  Professor  W.  Chandler  Roberts,  showed  that  gold  al¬ 
loyed  with  copper  might  be  removed  from  heavy  blanks  with  sin¬ 
gular  regularity  by  means  of  a  suitable  solvent  aided  by  a  battery. 
The  blanks  are'  arranged  in  a  frame  of  wood  and  submitted  to 
the  action  of  a  solution  of  cyanide  of  potassium,  the  heavy  blanks 
forming  the  dissolving  pole  of  the  battery.  The  process  was  not 
used  in  the  London  mint,  as  it  became  evident  that  it  could  not 
profitably  replace  the  present  system,  under  which  finished  coins 
alone  are  weighed  and  the  manufacture  of  good  coin  only  is  paid 
for.  It  was,  liowever,  introduced  into  the  Bombay  mint  in  1870 
by  the  late  Mr.  L.  G.  Hines,  who  extended  its  usefulness  by  trans¬ 
ferring  the  metal  dissolved  from  the  heavy  blanks  to  blanks 
which  are  too  light,  the  latter  being  by  this  means  raised  to  the 
prescribed  weight.  The  process  has  now  fairly  taken  its  place  as 
an  ordinary  operation  of  coining,  and  its  importance  to  the  mints 
where  it  is  used  may  be  gathered  from  the  fact  that  in  the  In¬ 
dian  mints  no  less  than  1300  tons  of  silver  were  converted  into 
coin  in  one  year  (1879),  so  that  the  saving  effected  by  its  intro  ■ 
duction  must  be  considerable. 
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metal  wears  away  with  undue  rapidity.  Certain  precau¬ 
tions  suggested  in  1869  by  Mr.  Hill,  the  superintendent  of 
the  operative  department,  for  avoiding  oxidation  or  tarnish¬ 
ing  of  the  metal  during  coinage,  rendered  the  abolition  of 
the  process  possible. 

The  blanks  receive  the  impression  which  constitutes  them 

.  .  coins  from  engraved  dies.  Each  is  placed  in 

pressing  the  lower  of  two  dies,  and  the  upper  die  is 

brought  forcibly  down  upon  it.  The  lateral 
escape  of  the  metal  is  prevented  by  a  collar  which  surrounds 
the  blank  while  it  is  being  struck.  This  collar  may  be 
either  plain  or  engraved,  and  if  the  latter  is  the  case  any 
device  or  ornament  it  may  bear  will  be  imparted  to  the  edge 
of  the  blank. 

The  coining  presses  used  in  various  mints  may  be  divided 
into  three  types:  (1)  the  screw  press  worked  by  atmos¬ 
pheric  pressure,  (2)  the  eccentric  press,  and  (3)  the  lever 
press.  The  first  of  these  (see  Ency.  Brit.,  8th  ed.,  vol.  vii.  p. 
92)  has  now  been  abandoned.  In  the  eccentric  press  the 
power  is  applied  to  a  shaft  bearing  an  eccentric  which  acts 
by  means  of  a  connecting  rod  upon  a  vertical  slide  holding 
the  die  which  is  brought  down  on  the  blank.  This  form  of 
press  is  used  in  the  mint  at  Constantinople,  where  the  atmos¬ 
pheric  screw  press  is  also  still  retained.  Of  the  third  type, 
the  lever  press,  there  are  two  modifications,  devised  respec¬ 
tively  by  Thonnelier  and  by  Uhlhorn.  The  details  of  the 
Uhlhorn  press  have  been  improved  by  Messrs.  R.  Heaton  & 
Sons  of  Birmingham;  and,  their  superiority  to  the  old 
vacuum  screw  press  having  been  demonstrated  by  careful 
experiments,  they  have  been  finally  adopted  in  the  newly 
arranged  mint,  which  contains  fourteen  of  them.  This  press 
is  shown  in  Figs.  10  and  11.  It  is  driven  from  below  the 
floor  of  the  press-room  by  bands  which  pass  over  fast  and 
loose  pulleys  on  the  same  shaft  that  bears  the  fly-wheel. 
The  loose  pulley,  however,  is  only  used  when  it  is  necessary 
to  stop  the  machine  entirely,  as  the  fly-wheel  is  permitted 
to  revolve  without  imparting  motion  to  the  shaft  so  long  as 
a  lever  M,  worked  from  the  front  of  the  machine,  does  not 
cause  the  fly-wheel  to  be  connected  with  the  driving  wheel 
by  means  of  two  pins.  The  dies  are  placed  in  the  front  part 
of  the  machine  (Fig.  10).  The  lower  one  is  firmly  fixed  to 
the  bed,  while  the  upper  is  held  at  A  by  the  upper  of  two 
jaws  F  and  A',  or  levers,  the  fulcra  of  which  are  so  close 
together  as  almost  to  coincide,  the  lower  jaw  A'  bearing  the 
collar  which  encircles  the  blank  while  it  is  being  converted 
into  a  coin;  the  upper  jaw  F,  A,  governed  by  the  weighted 
lever  H  shown  below  the  bed  of  the  machine,  has  a  tendency 
to  rise  a  sufficient  distance  to  admit  the  blank  between  the 
upper  and  lower  die.  A  crank  B  on  the  shaft  bearing  the 
fly-wheel  is  connected  by  a  rod  C  with  the  bent  lever  D,  and 
this  bent  lever,  acting  through  the  toggle  joint  and  a  piece 
of  metal  E  connected  with  the  jaw  that  bears  the  upper  die, 
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forces  it  down,  and  thus  squeezes  the  blank  between  the 
upper  and  lower  dies.  A  cam  on  the  crank  shaft  acting  on 
the  lower  of  the  two  levers  G  shown  below  the  bed  of  the 
machine  causes  the  lower  jaw  A'  bearing  the  collar  which 
surrounded  the  blank  to  be  depressed  sufficiently  to  leave 
the  finished  coin  freely  resting  on  the  lower  die,  from 
whence  it  is  driven  down  the  shoot  N  by  the  next  blank  in 
succession.  Coins  are  produced  at  rates  varying  from  60  to 
120  a  minute,  90  a  minute  giving  the  best  results.  The 
blanks  to  be  converted  into  coins  are  placed  on  the  slide  J ., 
and  the  advance  of  each  blank  in  succession  is  regulated  by 
the  rod  called  the  “  layer  on  ”  K,  the  backward  and  forward 
movement  of  which  is  also  regulated  by  an  eccentric  on  the 
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crank  shaft.  The  details  of  this  part  of  the  machine  are 
shown  in  plan,  Fig.  12. 

The  last  operation  before  the  finished  coin  is  returned  to 
the  mint  office  for  issue  to  the  public  is  the 
weighing  each  gold  or  silver  piece  separately. 

This  is  effected  in  the  American  and  in  most 
Continental  mints  by  hand,  but  in  England  automatic 
balances  of  beautiful  construction  are  employed.  They  were 
originally  devised  for  separating  worn  pieces  from  those  of 
current  weight,  but  they  are  now  employed  to  distinguish 
between  “  light,”  “  heavy,”  and  “  good  ”  pieces,  the  latter 
alone  being  permitted  to  pass  into  circulation.  In  the  newly 
arranged  department  thirty  such  machines  are  provided. 
Each  is  driven  from  overhead  shafting  by  means  of  gut 
lines.  The  driving  pulleys  derive  their  motion  from  a  small 
atmospheric  engine,  which  is  found  to  give  more  satisfactory 
results  than  would  bo  the  case  if  the  steam-engine  were  em¬ 
ployed  directly.  Each  balance  is  worked  by  a  cone  pulley 
A  (Fig.  13)  by  a  gut  line  passing  round  it  from  the  loose 
pulleys  B,  the  necessary  tension  being  imparted  to  the  line 
by  means  of  a  spring  C.  The  tension  of  the  line  is,  how¬ 
ever,  but  slight,  for  if  the  action  of  the  balance  is  arrested 
by  accident  the  cord  slides  over  the  cone  pulley  A  without 
turning  it.  It  will  be  obvious  that  the  use  of  the  cone 
pulley  enables  the  machine  to  be  driven  with  varying  de¬ 
grees  of  speed.  The  toothed  wheel  D  is  mounted  on  the 
spindle  which  bears  the  driving  pulley  A,  but  it  acts  only 
through  the  intervention  of  a  friction  cheek,  which  is  so 
lightly  screwed  against  the  driving  wheel  that  it  would 
cease  to  act  if  the  machine  should  be  accidentally  deranged. 
The  wheel  D  sets  in  motion  the  wheels  E,  E',  E".  The  cam 
F,  acting  on  the  curved  extremity  of  the  rocking  frame  G, 
causes  the  slide  H  to  bring  forward  one  of  a  series  of  coins 
(arranged  in  the  hopper  I)  until  it  rests  on  the  plate  J  of 
the  balance  beam,  of  which  beam  a  portion  is  shown  in  an 
enlarged  drawing  above  the  balance,  while  the  plate  that 
receives  the  coin  is  also  shown  in  a  separate  drawing  tp  the 
left  of  the  machine.  Another  cam  K  then  comes  into  play, 
and  enables  the  forceps,  shown  at  L,  to  release  the  rod  M  U 
which  the  balance  plate  J  is  attached.  The  forceps  L  serve! 
to  keep  the  rod  steady  while  the  coin  is  being  placed  on  the 
plate  J.  A  rod  shown  at  N  is  then  raised  by  the  cam  O,  the 
lower  extremity  of  the  rod  being  kept  steady  by  a  pin  slid¬ 
ing  in  a  hole  in  the  bottom  plate  of  the  balance,  and  its 
upper  end  by  a  pin  which  works  into  the  central  support  of 
the  balance  beam.  At  the  base  of  this  rod  N,  and  at  right 
angles  to  it,  there  is  a  metallic  bar  QQ,  the  ends  of  which 
pass  through  stirrups  in  the  pendants  M  and  P  from  the  op¬ 
posite  ends  of  the  beam.  The  elevation  of  this  horizontal 
rod  by  the  cam  O  simultaneously  releases  both  ends  of  the 
beam,  and  the  coin  placed  on  the  beam  plate  has  then,  for 
the  first  time,  a  direct  influence  on  the  beam.  If  the  coin 
is  “  too  light”  the  counterpoise R  in  the  cage  at  the 
end  of  the  rod  P  will  raise  the  coin,  and  the  revolu¬ 
tion  of  the  machine  then  causes  part  of  the  cam  K 
to  perm  it  a  spring  to  close  the  forceps  L  and  to  hold 
the  pendant  M  firm.  An  indicating  finger  T  then 
falls,  and  by  means  of  a  horizontal  lever  UU',  which 
fits  into  one  of  three  inverted  steps  on  the  bottom 
of  the  shoot  V,  determines  over  which  of  three 
orifices  W,W',W''  in  the  bottom  plate  of  the  bal¬ 
ance  this  shoot  shall  stand.  In  the  meantime  the 
advance  of  the  slide  H  brings  the  next  piece  forward, 
and  displaces  the  coin  which  has  hitherto  occupied 
the  beam  plate  J,  forcing  the  coin  down  the  shoot 
V,  and  thence  through  the  orifice  W  into  a  recep¬ 
tacle,  external  to  the  balance,  destined  for  the  re¬ 
ception  of  “  light  coin.”  If  this  next  piece  should 
be  “  too  heavy  ”  it  will  not  only  raise  the  counter¬ 
poise  R  but  will  also  elevate  a  little  wire  S,  which 
would  otherwise  remain  undisturbed  on  a  support. 
This  little  wire  represents  the  “working  remedy” 
for  the  particular  denomination  of  coin  in  question, 
which,  for  safety,  is  less  by  ^th  of  a  grain  than  the 
remedy  permitted  by  law.  The  undue  weight  of  the 
“heavy  coin”  will  depress  the  right  end  of  the  balance 
beam  and  its  pendant  M  to  the  lowest  possible  point, 
and  the  indicating  finger  T  will,  in  this  case,  determine  that 
the  rod  UU'  shall  occupy  the  lowest  step  of  the  shoot  V,  which 
will  consequently  stand  over  the  orifice  W"  in  the  bottom 
plate  of  the  balance  which  communicates  with  the  recep¬ 
tacle  for  the  “  heavy  ”  coins,  and  the  heavy  corn  on  the 
beam  plate  will  be  driven  down  the  shoot  by  the  next  coin 
in  succession.  If  the  coin  which  is  next  brought  forward 
by  the  slide  H  should  be  a  “good”  one,  that  is,  if  it  is  within 
the  working  “  remedy,”  its  action  will  be  as  follows.  It  may 
be  slightly  heavier  than  the  counterpoise,  but  not  suffi¬ 
ciently  heavy  to  lift  both  the  counterpoise  and  the  remedy 
wire.  The  balance  beam  consequently  remains  approxi¬ 
mately  horizontal,  and  the  indicating  finger  T  will  cause 
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the  rod  UU'  to  strike  the  centre  step  of  the  shoot  V,  which 
will  then  stand  over  the  central  orifice  W'  in  the  bed  plate 
which  communicates  with  a  receptacle  for  “  good  ”  coins, 
into  which  the  coin  will  find  its  way,  as  soon  as  it  is  driven 
from  the  beam  plate  by  the  next  coin  of  the  series.  It  will 
be  evident  that  this  excellent  appliance  both  weighs  and 
classifies  the  coins.  About  twenty-three  coins  are  passed 
through  it  in  a  minute. 

In  order  to  show  the  importance  of  extreme  accuracy  in 
weighing,  it  may  be  pointed  out  that,  although  by  the  Coin¬ 
age  Act  of  1870  the  “  remedy”  or  allowed  variation  above 
or  below  the  standard  weight  of  a  sovereign  is  only  £th  of 
a  grain,  yet  in  a  million  sterling  of  sovereigns  the  difference 
between  the  least  and  the  greatest  weight  the  law  allows 
would  be  no  less  than  £3244. 

The  manufacture  of  coin  is  not  the  only  work 


which  is  performed  in  the  Royal  Mint.  All  medals 
issued  to  the  army  and  navy,  as  well  as  those  given  by 
the  Royal  Society  and  the  university  of  London  and 
some  others,  are  struck  in  the  mint,  and  their  prepa¬ 
ration  forms  a  considerable  part  of  the  work  of  the  die 
department.  Since  1874  the  clasps  and  bars  for  the 
medals  have  also  been  manufactured  in  the  mint, 
Whence  they  have  been  issued  completely  mounted. 
Another  operation,  not  connected  with  the  coinage, 
which  is  performed  in  the  mint  is  the  assay  of  the 
1  ‘  diet  ’  ’  or  metal  scraped  from  the  gold  and  silver  plate 
manufactured  at  Sheffield  and  Birmingham  under  the 
direction  of  the  warden  of  the  standard,  of  wrought 
plate  for  those  towns.  By  Act  of  Parliament  it  i» 
directed  that  this  shall  be  brought  once  in  each  year 


Fig.  13.— Automatic  Balance. 


to  the  mint  to  be  assayed  by  the  “king’s  assay  mas¬ 
ter,”  under  the  supervision  of  an  officer  appointed  by 
the  lords  of  the  Treasury. 

The  gold  coin  in  circulation  in  Great  Britain  is  esti¬ 
mated  at  £100,000,000.  It  may  be  well  to  add  the 
following  table,  which  gives  the  value  of  the  gold  and 
silver  coinages  of  four  of  the  most  important  foreign 
countries,  in  two  recent  years: 


1880. 

1881. 

Gold. 

Silver. 

Gold. 

Silver. 

United  States.. 

Germany . 

Austria . 

France...— . 

£12,461,655 

1,332,430 

493,605 

£5,481,941 

1,674,712 

£19,370,178 

326,837 

485,999 

83,646 

£5,587,840 

1,805,734 

259,910 

£14,287,690 

£7,156,653 

£20,266,660 

£7,653,484 

The  value  of  the  gold  coinage  of  the  American  mints 
during  the  fiscal  year  ending  June,  1882,  amounted  to 


$89,413,447.50,— being  greater  than  that  of  any  pre*- 
vious  year  in  their  history.  (w.  c.  R.— . R.  A.  H. ) 

MINT,  botanically  Mentha ,  a  genus  of  labiate  plants, 
comprising  about  twenty  species  of  perennial  nerbs, 
widely  distributed  throughout  the  temperate  and  sub¬ 
tropical  portions  of  the  globe.  All  the  species  are 
furnished  with  square  stems,  opposite,  aromatic  leaves, 
and  creeping  roots.  The  flowers  are  arranged  in  axil¬ 
lary  cymes,  which  either  form  separate  whorls  or  are 
crowded  together  into  a  terminal  spike.  The  corolla 
is  usually  small,  and  of  a  pale  purple  or  pinkish  color; 
it  has  four  nearly  equal  lobes,  and  incloses  two  long 
and  two  short  stamens..  Great  difficulty  is  experienced 
by  botanists  in  discriminating  the  species  of  this  genus 
by  reason  of  the  occurrence  of  a  large  number  of  inter¬ 
mediate  forms,  nearly  three  hundred  of  which  have 
been  named  and  described.  Many  of  these  varieties 
are  permanent  in  consequence  of  being  propagated  by 
stolons. 

In  Britain  nine  of  the  recognized  species  are  indig¬ 
enous.  Mentha  viridis ,  L.,  or  Spearmint,  grows  in 
marshy  meadows,  and  is  the  species  commonly  used 
for  culinary  purposes ;  it  is  distinguished  by  its  smooth, 
sessile  leaves  and  lax  tapering  flower-spikes.  Mentha 
sylvestris,  L.,  or  Horsemint,  chiefly  differs  from  the 
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above  in  its  coarser  habit  and  hairy  leaves,  which  are 
silky  beneath,  and  in  its  denser  flower-spikes.  This 
plant  is  supposed  to  be  the  mint  of  Scripture,  as  it  is 
extensively  cultivated  in  the  East,  and  is  much  used  in 
cookery ;  it  was  one  of  the  bitter  herbs  with  which  the 
paschal  Jamb  was  eaten.  M.  rotundifolia  resembles 
the  last  in  size  and  habit,  but  is  readily  distinguished 
by  its  rounded  wrinkled  leaves,  which  are  shaggy 
beneath,  and  by  its  lanceolate  bracts.  The  last  two 
species  usually  grow  on  damp  waste  ground  near  road¬ 
sides.  M.  aqriatica ,  or  Capitate  Mint,  grows  in  ditches 
and  by  the  side  of  streams,  and  is  easily  recognized  by 
its  rounded  flower-spikes  and  stalked  hairy  leaves. 
M.  piperita,  or  Peppermint,  has  stalked  smooth  leaves 
ana  an  oblong  obtuse  terminal  spike  of  flowers  ;  it  is 
extensively  cultivated  for  its  volatile  oil.  M.  pratensis 
belongs  to  a  group  of  mints  whichj  unlike  the  fore¬ 
going,  have  the  flowers  arranged  in  axillary  whorls 
and  never  in  terminal  spikes ;  it  otherwise  bears  some 
resemblance  in  foliage  and  habit  to  M.  viridis.  M. 
sativa,  the  Whorled  Hairy  Mint,  grows  by  damp  road¬ 
sides,  and  M.  arvensis  in  cornfields ;  they  are  distin¬ 
guished  from  M.  pratensis  by  their  hairy  stalked 
leaves,  which  in  M.  arvensis  are  all  equally  large,  but 
in  M.  sativa  are  much  smaller  towards  the  apex  of  the 
stem.  M.  pulegium ,  commonly  known  as  Penny¬ 
royal,  more  rarely  as  Plea-mint,  has  small  oval  obtuse 
leaves  and  flowers  in  axillary  whorls,  and  is  remark¬ 
able  for  its  creeping  habit  and  peculiar  odor.  It  dif¬ 
fers  from  all  the  mints  above  described  in  the  throat 
of  the  calyx  being  closed  with  hairs.  It  is  met  with 
in  damp  places  on  grassy  commons,  and  forms  a  well- 
known  domestic  remedy  for  female  disorders. 

All  the  plants  of  the  genus  Mentha  abound  in  a  vol¬ 
atile  oil,  which  is  contained  in  small  receptacles  hav¬ 
ing  the  appearance  of  resinous  dots  in  the  leaves  and 
stems.  The  odor  of  the  oil  is  similar  in  several  spe¬ 
cies,  but  is  not  distinctive,  the  same  odor  occurring  in 
varieties  of  distinct  species,  while  plants  which  cannot 
be  distinguished  by  any  botanical  character  possess  the 
same  odor.  Thus  the  peppermint  flavor  is  found  in 
M.  pipeiita ,  in  M.  incana ,  and  in  Chinese  and  Japa¬ 
nese  varieties  of  M.  arvensis.  Other  forms  of  the  last- 
named  species  growing  in  Ceylon  and  Java  have  the 
flavor  of  the  common  garden  mint,  M.  viridis,  and  the 
same  odor  is  found  to  a  greater  or  less  degree  in  M. 
sylvestris,  M.  rotundifolia  and  M.  canadensis.  A  ber¬ 
gamot  scent  is  met  with  in  a  variety  of  M.  aqvatica 
and  in  forms  of  other  species.  Most  of  the  mints  may 
be  found  in  blossom  in  August. 

The  name  mint  is  also  applied  to  plants  of  other 

fenera,  Monarda  punctata  being  called  Horsemint, 
hjcnaiithemum  linifolium,  Mountain  Mint,  and  Nepeta 
Cataria,  Catmint. 

MINTO,  Sir  Gilbert  Elliot,  First  Earl  of 
(1751-1814),  was  descended  from  an  old  border  family, 
the  Elliots  of  Minto,  and  was  born  at  Edinburgh, 
April  23,  1751.  His  fatherj  Sir  Gilbert  Elliot,  was  a 
member  of  the  administration  of  Pitt  and  Grenville, 
and  is  spoken  of  by  Horace  Walpole  as  “one  of  the 
ablest  men  in  the  House  of  Commons.”  Young  Elliot 
was  educated  by  a  private  tutor,  with  whom  at  the 
age  of  twelve  he  went  to  Paris,  where  David  Hume, 
who  was  then  secretary  of  the  embassy,  undertook, 
from  friendship  to  his  father,  the  special  charge  of 
superintending  his  studies.  After  spending  the  win¬ 
ters  of  1766  and  1767  at  Edinburgh  University,  Elliot 
entered  Oxford.  On  quitting  the  university,  he  be¬ 
came  a  member  of  Lincoln’s  Inn,  and  was  in  1774 
called  to  the  bar.  He  entered  parliament  in  1776,  the 
year  of  his  father’s  death.  Although  he.  gave  a  gen¬ 
eral  support  to  Lord  North’s  administration,  he  from 
the  beginning  occupied  an  independent  position,  and  in 
1782  supported  the  address  of  the  Commons  against 
an  offensive  war  with  America.  From  this  time  he 
became  a  declared  follower  of  Fox  and  Burke,  with 
the  latter  of  whom  he  gradually  came  to  be  on  terms 
of  great  intimacy.  He  was  created  Baron  Minto  in 


U97,  and  after  filling  several  diplomatic  posts  with 
great  success  became  in  1807  governor-general  of  India. 
The  character  and  events  of  his  rule  m  India  are  de¬ 
scribed  in  vol.  xii.  p.  805.  He  was  created  Earl  of 
Minto  and  Viscount  Melgund  in  1813.  He  returned 
to  England  in  1814,  and  died  on  June  21st  of  that 
year. 

See  Life  and  Letters  of  Sir  Gilbert  Elliot,  first  Earl  of  Minto, 
from  1751  to  1806,  1874 ;  and  Life  and  Letters,  1807-14,  1880. 
See  also  Mirabeau. 

MINUCIUS  FELIX,  Marcus,  one  of  the  earliest, 
if  not  the  earliest,  of  the  Latin  apologists  for  Chris¬ 
tianity.  01  his  personal  history  nothing  is  known, 
and  even  the  date  at  which  he  wrote  can  be  only  approx¬ 
imately  ascertained.  Jerome  ( De  Vir.  III.  58)  speaks 
of  him  as  “Komae  insignis  causidicus,”  but  in  this 
he  is  probably  only  improving  on  the  expression  of 
Lactantius  {Inst.  Div.,  v.  1)  who  speaks  of  him  as 

'  non  ignobilis  inter  causidicos  loci.”  He  is  now 
exclusively  known  by  his  Octavius ,  a  dialogue  on 
Christianity  between,  the  pagan  Caecilius  Natalis1  and 
the  Christian  Octavius  Januarius,  a  provincial  solici¬ 
tor,  the  friend  and  fellow-student  of  the  author.  The 
scene  is  pleasantly  and  graphically  laid  on  the  beach 
at  Ostia  on  a  holiday  afternoon,  and  the  discussion  is 
represented  as  arising  out  of  the  homage  paid  by  Cse- 
cilius,  in  passing,  to  the  image  of  Serapis.  His  argu¬ 
ments  for  paganism,  which  proceed  partly  upon  ag¬ 
nostic  grounds,  partly  upon  the  inexpediency  of  dis¬ 
turbing  long-established  religious  beliefs,  partly  upon 
the  known  want  of  culture  in  Christians,  the  alleged 
indecency  of  their  worship,  and  the  inherent  absurd¬ 
ity  of  their  doctrines,  are  taken  up  seriatim  by  Octa¬ 
vius,  with  the  result  that  the  assailant  is  convinced, 
postponing,  however,  the  discussion  of  some  things 
necessary  for  perfect  instruction  to  a  future  occasion. 
The  form  of  the  dialogue,  modelled  on  the  De  Natura 
Deorum  and  De  Divinatione  of  Cicero,  shows,  much 
care  and  ability,  and  its  style  is  on  the  whole  both  vig¬ 
orous  and  elegant  if  at  times  not  exempt  from  some¬ 
thing  of  the  affectations  of  the  age.  If  the  doctrines  of 
the  Divine  unity,  the  resurrection,  and  future  rewards 
and  punishments  be  left  out  of  account,  the  work  has  less 
the  character  of  an  exposition  of  Christianity  than  of 
a  philosophical  and  ethical  polemic  against  the  absurd¬ 
ities  of  crass  polytheism.  Christology  and  the  other 
metaphysics  of  distinctively  Christian  theology  are  en¬ 
tirely  passed  over,  and  the  canonical  Scriptures  are  not 
quoted,  hardly  even  alluded  to. 

The  Octavius  is  admittedly  earlier  than  Cyprian's  De  Idol- 
orum  Vanitate,  which  borrows  from  it;  how  much  earlier 
can  he  determined  only  by  settling  the  relation  in  which  it 
stands  to  Tertullian’s  Apologeticum.  The  argument  for  the 
priority  of  Minucius  has  been  most  exhaustively  set  forth  by 
Ebert  (“Tertullians  Verhaltniss  zu  Minucius  Felix,”  in  vol. 
v.  of  the  philologico-historical  series  in  Abhandl.  d.  K'cmig. 
Sachs.  Gesellsch.  der  Wissenschaften,  1868),  who  has  been  fol¬ 
lowed  by  Teuffel  (Rom.  Lit.,  sec.  368),  Keim  ( Celsus ’  Wahres 
Wort,  1873),  Kuhn,  and  other  scholars.  The  opposite  view 
is  ably  maintained  by  Professor  Salmon  (“  Minucius  Felix,” 
in  Smith’s  Diet.  Christ.  Biogr.,  1882).  The  Octavius  was  first 
printed  (Rome,  1543)  as  the  eighth  hook  of  Arnobius  Adv. 
Gentes  ;  Balduinus  (Heidelberg,  1560)  first  assigned  it  to  its 
proper  author.  There  have  been  numerous  subsequent 
editions,  the  best  being  that  of  Halm  in  the  Corp.  Scriptor. 
Eccl.  Lat.  (Vienna,  1867).  See  Kuhn’s  monograph,  Der  Octa¬ 
vius  des  Minucius  Felix  (1882). 

MINUET  (Fr.  Menuet ,  from  [pas]  menus),  a  very 
graceful  kind  of  dance,  consisting  of  a  coupee,  a  high 
step,  and  a  balance.  .  Its  invention  is  universally 
ascribed  to  the  inhabitants  of  Poitou.  The  melody 
begins  with  the  down  beatj  and  contains  three  crotch¬ 
ets  in  a  bar.  The  music  is  made  up  of  two  strains, 
which,  from  being  repeated,  are  ca  lied  reprises,  each 
consisting  of  eight  or  more  bars,  but  very  rarely  of  an 
odd  number.  Walther  speaks  of  a  minuet  in  Lully’s 
opera  of  Roland,  each  strain  of  which  contains  ten 
bars,  the  sectional  number  being  five, — a  circumstance 

1  This  name  occurs  in  six  inscriptions  of  the  years  211-217 
found  at  Constantine  (Cirta),  North  Africa  (C.  I.  L.,  vol.  viii.).  * 
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which  renders  it  very  difficult  to  be  danced ;  but  Lully’s 
sy swm  of  phrasing  was  remarkably  irregular.  Mod¬ 
ern  instrumental  composers  have  introduced  into  their 
symphonies  and  quartetts,  etc.,  minuets  of  rapid 
movement  and  fanciful  character,  followed  by  supple¬ 
mentary  strains  (called  trios)  in  a  different  style.  Some 
of  these  compositions  bear  but  very  slight  resemblance 
to  the  older  forms ;  and  many  of  them  begin  with  the 
third  beat  in  the  bar.  The  finest  minuets  we  possess 
are  those  in  Handel’s  Samson  and  Mozart’s  Don  Gio¬ 
vanni, 

MIRABEAU,  Honors  Gabriel  Riqueti,  Comte 
DE  (1749-1791),  one  of  the  greatest  statesmen  and 
orators  France  has  ever  produced,  was  born  at  Bignon, 
near  Nemours,  on  March  9,  749.  M.  de  Lomenie  has 
shown  that  the  family  of  Riquet  or  Riqueti  came  orig¬ 
inally  from  the  little  town  ->f  Digne,  that  they  won 
wealth  and  municipal  honors  as  merchants  at 
Marseilles,  and  that  in  1570  Jean  Riqueti  bought 
the  chateau  and  estate  of  Mirabeau,  which  had  up 
to  that  time  belonged  to  the  great  Provencal  family 
of  Barras,  and  took  the  title  of  esquire  a  few  years 
later.  In  1685  Honor6  Riqueti  obtained  the  title  of 
Marquis  de  Mirabeau,  and  his  son  Jean  Antoine 
brought  honor  to  it.  He  served  with  distinction 
through  all  the  later  campaigns  of  the  reign  of  Louis 
XIV.,  and  especially  distinguished  himself  in  1705  at 
the  battle  of  Cassano,  where  he  was  so  severely 
wounded  in  the  neck  that  he  had  ever  after  to  wear  a 
silver  stock ;  yet  he  never  rose  above  the  rank  of  col¬ 
onel,  owing  to  his  eccentric  habit  of  speaking  un¬ 
pleasant  truths  to  his  superiors.  On  retiring  from  the 
service  he  married  Frangoise  de  Castellane,  a  remark¬ 
able  woman,  who  long  survived  him,  and  he  left  at 
his  death,  in  1737,  three  sons — Victor,  Marquis  de 
Mirabeau  (see  next  article),  Jean  Antoine,  Bailli  de 
Mirabeau,  and  Comte  Louis  Alexandre  de  Mirabeau. 
The  great  Mirabeau  was  the  elder  surviving  son  of  the 
marquis.  When  but  three  years  old  he  had  a  virulent 
attack  of  confluent  small- pox  which  left  his  face  for¬ 
ever  disfigured,  and  contributed  not  a  little  to  nourish 
his  father’s  dislike  to  him.  His  early  education  was 
conducted  by  Lachabeaussiere,  father  of  the  better 
known  man  of  letters,  after  which,  being  like  his  father 
and  grandfather  destined  for  the  army,  then  the  only 
profession  open  to  young  men  of  family,  he  was  en¬ 
tered  at  a  pension  militaire  at  Paris,  kept  by  an  Abbe 
Choquart.  Of  this  school,  which  had  Lagrange  for 
its  professor  of  mathematics,  we  have  an  amusing 
account  in  the  1  fe  of  Gilbert  Elliot,  first  earl  of  Minto, 
who  with  his  brother  Hugh,  afterwards  British  min¬ 
ister  at  Berlin,  there  made  the  acquaintance  of  Mira¬ 
beau,  an  acquaintance  which  soon  ripened  into  friend¬ 
ship,  and  to  which  Mirabeau  in  later  life  owed  his 
introduction  into  good  English  society.  On  leaving 
this  school  in  1767  he  received  a  commission  in  the 
cavalry  regiment  of  the  Marquis  de  Lambert,  which 
his  grandfather  had  commanded  years  before.  He  at 
once  began  love  making,  and  in  spite  of  his  ugliness 
succeeded  in  winning  the  heart  of  the  lady  to  whom 
his  colonel  was  attached,  which  led  to  such  scandal 
that  his  father  obtained  a  lettre  de  cachet,  and  the 
young  scapegrace  was  imprisoned  in  the  isle  of  Rh6. 
The  love  affairs  of  Mirabeau  form  quite  a  history  by 
themselves,  and  a  well-known  history,  owing  to  the 
celebrity  of  the  letters  to  Sophie ;  and  the  behavior 
of  the  marquis  in  perpetually  imprisoning  his  son  is 
equally  well  known,  and  as  widely  blamed.  Yet  it  may 
be  asserted  that  until  the  more  durable  and  more 
reputable  connection  with  Madame  de  Nehra  these 
love  episodes  were  the  most  disgraceful  blemishes  in  a 
life  otherwise  of  a  far  higher  moral  character  than  has 
been  commonly  supposed.  As  to  the  marquis,  his  use 
of  lettres  de  caichet  is  perfectly  defensible  on  the  theory 
of  the  existence  of  lettres  de  cachet  at  all.  They  were 
meant  to  be  used  (see  Lettres  de  Cachet)  by  heads 
of  families  for  the  correction  of  their  families,  and 
Mirabeau,  if  any  son,  surely  deserved  such  correction. 


Further,  they  did  have  the  effect  of  sobering  the  cub 

Erit,  and  the  more  creditable  part  of  his  life  did  aot 
egin  till  he  left  Vincennea  Mirabeau,  it  may  be 
remarked  at  once,  was  not  a  statesman  of  the  Alcibi- 
ades  type,  and  he  did  not  develop  his  great  qualities 
of  mind  and  character  until  his  youthful  excesses  were 
over.  These  will  be  passed  over  as  rapidly  as  possible, 
for  it  was  not  till  1781  that  the  qualities  which  made 
him  great  began  to  appear. 

On  being  released  from  his  first  imprisonment,  the 
young  count,  who  had  always  intended  to  continue  his 
military  career,  obtained  leave  to  accompany  as  a  vol¬ 
unteer  the  French  expedition  which  was  to  effect  the 
reduction  of  Corsica.  The  conquest  was  one  of  sheer 
numerical  strength,  for  the  whole  population  was  on 
the  side  of  Paoli,  and  Mirabeau,  perceiving  the  value 
of  public  opinion,  is  said  to  have  written  a  treatise  on 
the  oppression  the  Genoese  had  formerly  exercised 
over  the  island,  which  the  Government  was  ready  to 
publish  had  not  the  Marquis  de  Mirabeau  thought  fit 
to  destroy  it  because  of  its  divergence  from  his  own 
philosophical  and  economical  views.  For  his  services 
in  Corsica  Mirabeau  was  made  a  captain  of  dragoons, 
though  not  in  any  particular  regiment,  and  on  his  re¬ 
turn  his  father  endeavored  to  make  use  of  the  literary 
ability  he  had  shown  for  the  advancement  of  his  own 
economical  theories.  He  tried  to  keep  on  good  terms 
with  his  father,  though  he  could  not  advocate  all  his 
ideas,  and  even  went  so  far  in  1772  as  to  marry  a  rich 
heiress,  a  daughter  of  the  Marquis  de  Mangnane, 
whose  alliance  his  father  had  procured  for  him.  He 
did  not  live  happily  with  her,  and  in  1774  was  ordered 
into  semi-exile  in  the  country,  at  his  father’s  request, 
where  he  wrote  his  earliest  extant  work,  the  Essai  sur 
le  Despotisme.  His  violent  disposition  now  led  him  to 
quarrel  with  a  country  gentleman  who  had  insulted  his 
sister,  and  his  semi-exile  was  changed  by  lettre  de 
cachet  into  imprisonment  in  the  Chateau  d’lf.  In 
1775  he  was  removed  to  the  castle  of  Joux,  to  which, 
however,  he  was  not  very  closely  Confined,  having  full 
leave  to  visit  in  the  town  of  Pontarli^r.  Here  he  met 
Marie  Ther^se  de  Monnier,  his  Sophie  as  he  called  her, 
a  married  woman,  for  whom  he  conceived  a  violent 
passion.  Of  his  behavior  nothing  too  strong  can  be 
said :  he  was  introduced  into  the  house  as  a  friend, 
and  betrayed  his  trust  by  inducing  Madame  de  Monnier 
to  fall  in  iove  with  him,  and  all  his  excuses  about  over¬ 
whelming  passion  only  make  his  conduct  more  despic¬ 
able.  The  affair  ended  by  his  escaping  to  Switzerland, 
where  Sophie  joined  him  ;  they  then  went  to  Holland, 
where  he  lived  by  hack-work  for  the  booksellers; 
meanwhile  Mirabeau  had  been  condemned  to  death  at 
Pontarlier  for  rapt  et  vol ,  of  which  he  was  certainly 
not  guilty,  as  Sophie  had  followed  him  of  her  own 
accord,  and  in  May,  1777,  he  was  seized  by  the  French 
police,  and  imprisoned  by  a  lettre  de  cachet  in  the 
castle  of  Vincennes.  There  he  remained  three  years 
and  a  half,  and  with  his  release  ends  the  first  and  most 
disgraceful  period  of  his  life.  During  his  imprison¬ 
ment  he  seems  to  have  learnt  to  control  his  passions 
from  their  very  exhaustion,  for  the  early  part  of  his 
confinement  is  marked  by  the  indecent  letters  to  Sophie 
(first  published  in  1793),  and  the  obscene  Erotica 
Biblion  and  Ma  Conversion ,  while  to  the  later  months 
belongs  his  first  political  work  of  any  value,  the  Let¬ 
tres  ae  Cachet.  The  Essai  sur  le  Despotisme  was  an 
ordinary  but  at  times  eloquent  declamation,  showing 
in  its  illustrations  a  wide  miscellaneous  knowledge  of 
history,  but  the  Lettres  de  Cachet  exhibits  a  more 
accurate  knowledge  of  French  constitutional  history 
skilfully  applied  to  an  attempt  to  show  that  an  existing 
actual  grievance  was  not  only  philosophically  unjust 
but  constitutionally  illegal.  It  shows,  though  still  in 
rather  a  diffuse  and  declamatory  form,  that  application 
of  wide  historical  knowledge,  keen  philosophical  per¬ 
ception,  and  genuine  eloquence  to  a  practical  purpose, 
which  was  the  great  characteristic  of  Mirabeau,  both 
as  a  political  thinker  and  as  a  statesman. 
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With  his  release  from  Vincennes  begins  the  second 
period  of  Mirabeau’s  life.  He  found  that  his  Sophie 
was  an  idealized  version  of  a  rather  common  and  ill- 
educated  woman,  and  she  speedily  consoled  herself 
with  the  affection  of  a  young  officer,  after  whose  death 
she  committed  suicide.  Mirabeau  first  set  to  work  to 
get  the  sentence  of  death  still  hanging  over  him  re¬ 
versed,  and  by  his  eloquence  not  only  succeeded  but 
got  M.  de  Monnier  condemned  in  the  costs  of  the 
whole  law  proceedings.  From  Pontarlier  he  went  to 
Aix,  where  he  claimed  the  court’s  order  that  his  wife 
should  return  to  him.  She  naturally  objected,  but  his 
eloquence  would  have  won  his  case,  even  against 
Portalis,  the  leader  of  the  Aix  bar,  had  he  not  in  his 
excitement  accused  his  wife  of  infidelity,  on  which  the 
court  pronounced  a  decree  of  separation.  He  then 
with  his  usual  impetuosity  intervened  in  the  suit  pend¬ 
ing  between  his  father  and  mother  before  the  parle- 
ment  of  Paris,  and  so  violently  attacked  the  ruling 
powers  that  he  had  to  leave  France  and  again  go  to 
Holland,  and  try  to  live  by  literary  work.  About  this 
time  began  his  connection  with  Madame  de  Nehra, 
which  sweetened  the  ensuing  years  of  toil  and  brought 
out  the  better  points  of  his  character.  She  was  the 
daughter  of  Zwier  van  Haren,  a  Dutch  statesman  and 
political  writer,  and  was  a  woman  of  a  far  higher  type 
than  Sophie,  more  educated,  more  refined,  and  more 
capable  of  appreciating  Mirabeau’s  good  points  and 
helping  him  to  control  his  passions.  With  her  the 
lion  became  a  lamb,  and  his  life  was  strengthened  by 
the  love  of  his  petite  horde,,  Madame  de  Nehra,  her 
baby  son,  afterwards  Lucas  de  Montigny,  and  his  little 
dog  Chico.  After  a  period  of  work  in  Holland  he  be¬ 
took  himself  to  England,  where  his  treatise  on  Let- 
tres  de  Cachet  had  been  much  admired,  and  where  he 
was  soon  admitted  into  the  best  Whig  literary  and 

{jolitical  society  of  London,  through  his  old  schoolfel- 
ow  Gilbert  Elliot,  who  had  now  inherited  his  father’s 
baronetcy  and  estates,  and  become  a  leading  Whig 
member  of  parliament.  Sir  Gilbert  introduced  him 
freely,  but  of  all  his  English  friends  none  seem  to  have 
been  so  intimate  with  nim  as  Lord  Lansdowne,  and 
Mr.  (afterwards  Sir  Samuel)  Romilly.  The  latter  be¬ 
came  particularly  attached  to  him,  and  really  under¬ 
stood  his  character;  and  it  is  strange  that  his  remarks 
upon  Mirabeau  in  the  fragment  of  autobiography 
which  he  left,  and  Mirabeau’s  letters  to  him,  should 
have  been  neglected  by  French  writers.  Romilly  was 
introduced  to  Mirabeau  by  D’lvernois,  and  readdy  un¬ 
dertook  to  translate  the  Considerations  on  the  Order 
of  Cincinnatus.  Romilly  writes  thus  of  him  in  his 
autobiography : 

“The  count  was  difficult  enough  to  please;  he  was  suffi¬ 
ciently  impressed  with  the  beauties  of  the  original.  He 
went  over  every  part  of  the  translation  with  me,  observed 
on  every  passage  in  which  justice  was  not  done  to  the 
thought  or  the  force  of  the  expression  lost,  and  made 
many  useful  criticisms.  During  this  occupation  we  had 
occasion  to  see  one  another  often,  and  became  very  inti¬ 
mate;  and,  as  he  had  read  much,  had  seen  a  great  deal  of 
the  world,  was  acquainted  with  all  the  most  distinguished 
persons  who  at  that  time  adorned  either  the  royal  court  or 
the  republic  of  letters  in  France,  had  a  great  knowledge  of 
French  and  Italian  literature,  and  possessed  very  good  taste, 
his  conversation  was  extremely  interesting  and  not  a  little 
instructive.  I  had  such  frequent  opportunities  of  seeing 
him  at  this  time,  and  afterwards  at  a  much  more  important 
period  of  his  life,  that  I  think  his  character  was  well  known 
to  me.  I  doubt  whether  it  has  been  so  well  known  to  the 
world  and  I  am  convinced  that  great  injustice  has  been 
done  him.  This,  indeed,  is  not  surprising,  when  one  con¬ 
siders  that,  from  the  first  moment  of  his  entering  upon  the 
career  of  an  author,  he  had  been  altogether  indifferent  how 
numerous  or  how  powerful  might  be  the  enemies  he  should 
provoke.  His  vanity  was  certainly  excessive ;  but  I  have 
no  doubt  that,  in  his  public  conduct  as  well  as  in  his 
writings,  he  was  desirous  of  doing  good,  that  his  ambition 
was  of  the  noblest  kind,  and  that  he  proposed  to  himself 
the  noblest  ends.  He  was,  however,  like  many  of  his 
countrymen,  who  were  active  in  the  calamitous  Revolution 
which  afterwards  took  place  not  sufficiently  scrupulous 
about  the  means  by  which  those  ends  were  to  be  accom¬ 


plished.  He  indeed  to  some  degree  professed  this;  and 
more  than  once  I  have  heard  him  say  that  there  were  occa¬ 
sions  upon  which  ‘  la  petite  morale  etait  ennemie  de  la 
grande.’  It  is  not  surprising  that  with  such  maxims  as 
these  in  his  mouth,  unguarded  in  his  expressions,  and  care¬ 
less  of  his  reputation,  he  should  have  afforded  room  for  the 
circulation  of  many  stories  to  his  disadvantage.  Violent, 
impetuous,  conscious  of  the  superiority  of  his  ialents,  and 
the  declared  enemy  and  denouncer  of  every  species  of 
tyranny  and  oppression,  he  could  not  fail  to  shock  the  pre¬ 
judices,  to  oppose  the  interests,  to  excite  the  jealousy,  and 
to  wound  the  pride  of  many  descriptions  of  persons.  A 
mode  of  refuting  his  works,  open  to  the  basest  and  vilest  of 
mankind,  was  to  represent  him  as  a  monster  of  vice  and 
profligacy.  A  scandal  once  set  on  foot  is  strengthened  and 
propagated  by  many,  who  have  no  malice  against  the  object 
of  it.  They  delight  to  talk  of  what  is  extraordinary ;  and 
what  more  extraordinary  than  a  person  so  admirable  for 
his  talents  and  so  contemptible  for  his  conduct,  professing 
in  his  writings  principles  so  excellent  and  in  all  the  offices 
of  public  and  private  life  putting  in  practice  those  which 
are  so  detestable?  I  indeed  possessed  demonstrative  evi¬ 
dence  of  the  falsehood  of  some  of  the  anecdotes  which  by 
men  of  high  character  were  related  to  his  prejudice.” — Life 
of  Sir  S.  Romilly ,  vol.  i.,  p.  58. 

This  luminous  judgment,  the  best  that  is  extant  on 
the  character  of  Mirabeau,  deserved  to  be  quoted  at 
length  ;  it  must  be  noted  that  it  was  written  by  a  man 
of  acknowledged  purity  of  life,  who  admired  Mirabeau 
in  early  life,  not  when  he  was  a  statesman,  but  when 
he  was  only  a  struggling  literary  man.  This  close 
association  with  Romilly,  and  his  friends  Baynes,  Trail, 
and  Wilson,  does  credit  to  Mirabeau,  and  must  have 
helped  that  moral  revolution  against  his  passions 
which  was  passing  within  him.  He  was  a  warm  friend, 
and  first  made  Romilly  acquainted  with  Lord  Lans¬ 
downe,  and  tried  to  get  him  a  seat  in  parliament 
Lord  Lansdowne  was  himself  an  extraordinary  man, 
and  the  first  of  the  new  Whigs  might  well  feel  sym¬ 
pathy  with  the  statesman  of  the  French  Revolution. 
The  Considerations  sur  Vordre  de  Cincinnatus  which 
Romilly  translated  was  the  only  important  work  Mira¬ 
beau  wrote  in  the  year  1785,  and  it  is  a  good  specimen 
of  his  method.  He  had  read  a  pamphlet  published  in 
America  attacking  the  proposed  order,  which  was  to 
form  a  bond  of  association  between  the  officers  who 
had  fought  in  the  American  War  of  Independence 
against  England ;  the  arguments  struck  him  as  true 
and  valuable,  so  he  rearranged  them  in  his  own  fashion, 
and  rewrote  them  in  his  own  oratorical  style.  He  soon 
found  such  work  not  sufficiently  remunerative  to  keep 
his  “petite  horde”  in  comfort,  and  then  turned  his 
thoughts  to  employment  from  the  French  foreign 
office  either  in  writingor  in  diplomacy.  He  first  sent 
Madame  de  Nehra  to  Paris  to  make  his  peace  with  the 
authorities,  in  which  she  was  completely  successful, 
and  then  returned  himself,  hoping  to  get  employment 
through  an  old  literary  collaborates  of  his,  Dunval, 
who  was  at  this  time  director  of  the  finances  of  the 
department  of  foreign  affairs.  One  of  the  functions 
of  this  official  was  to  subsidize  political  pamphleteers, 
and  Mirabeau  had  hoped  to  be  so  employed,  but  he 
ruined  his  chances  by  a  series  of  financial  works.  On 
his  return  to  Paris  he  had  become  acquainted  with 
Clavi&res,  a  Genevese  exile,  who  was  minister  of 
finance  during  the  Revolution,  and  who  now  intro¬ 
duced  him  to  a  banker  named  Pauchaud.  From  them 
he  heard  plenty  of  abuse  of  stock-jobbing,  and  seizing 
their  ideas  he  began  to  regard  stock-jobbing,  or  agiot- 
age,  as  the  source  of  all  evil,  and  to  attack  in  his  usual 
vehement  style  the  Banque  de  St.  Charles  and  the 
Compagnie  des  Eaux.  This  was  at  least  disinterested 
on  his  part,  for,  while  his  supporters  were  poor,  the 
bankers  he  attacked  were  rich,  and  would  gladly  have 
bought  his  silence ;  but  Mirabeau,  though  ever  ready 
to  take  money  for  what  he  wrote,  never  sold  his 
opinions,  or  wrote  what  he  did  not  really  believe.  The 
very  eloquence  of  his  style  rests  upon  the  enthusiastic 
conviction  that  he  himself  was  right,  and  those  who 
differed  from  him  were  stupidly  and  wilfully  wrong. 
This  last  pamphlet  brought  him  into  a  controversy 
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with  Beaumarchais,  who  certainly  did  not  get  the  best 
of  it,  but  it  lost  him  any  chance  of  literary  employment 
from  Government.  However,  his  ability  was  too  great 
to  be  neglected  by  a  great  minister  such  as  M.  de  Ver- 
gennes  undoubtedly  was,  and  after  a  preliminary  tour 
m  the  early  spring  of  1786  he  was  dispatched  in  June, 
1786,  on  a  secret  mission  to  the  court  of  Prussia,  from 
which  he  returned  in  January,  1787,  and  of  which  he 

gave  a  full  account  in  his  Histoire  Secrete  de  la  Cour 
e  Berlin.  The  months  he  spent  at  Berlin  were  im¬ 
portant  ones  in  the  history  of  Prussia,  for  in  them 
Frederick  the  Great  died.  The  letters  just  mentioned 
show  clearly  what  Mirabeau  did  and  what  he  saw,  and 
equally  clearly  how  unfit  he  was  to  be  a  diplomatist ; 
for,  with  all  his  knowledge  of  men  and  his  influence 
over  them,  he  thought  (and  showed  he  thought)  too 
much  of  himself  ever  to  be  able  to  surprise  their  secret 
thoughts  and  intentions.  He  certainly  failed  to  con¬ 
ciliate  the  new  king  Frederick  William;  and  thus 
ended  Mirabeau’s  one  attempt  at  diplomacy.  During 
his  journey  he  had  made  the  acquaintance  of  a  Major 
Mauvillon,  whom  he  found  possessed  of  a  great  num¬ 
ber  of  facts  and  statistics  witn  regard  to  Prussia ;  these 
he  made  use  of  in  a  great  work  on  Prussia  published 
in  1788,  as  B,om illy  says,  to  show  that  he  could  write 
more  than  a  fugitive  pamphlet.  But,  though  his 
Monarchic  Prussienne  gave  him  a  general  reputation 
for  historical  learning,  he  had  in  this  same  year  lost  a 
chance  of  political  employment.  He  had  offered  him¬ 
self  as  a  candidate  for  the  office  of  secretary  to  the 
Assembly  of  Notables  which  the  king  had  just  con¬ 
vened,  and  to  bring  his  name  before  the  public  pub-  j 
lished  another  financial  work,  the  Denonciation  de  j 
V  Agiotage,  dedicated  to  the  king  and  notables,  which 
abounded  in  such  violent  diatribes  that  he  not  only 
lost  his  electionj  but  was  obliged  to  retire  to  Tongres  ; 
and  he  further  injured  his  prospects  by  publishing  the 
reports  he  had  sent  in  during  his  secret  mission  at 
Berlin.  But  1789  was  at  hand;  the  states-general  was 
summoned ;  Mirabeau’s  period  of  probation  was  over, 
and  he  was  at  last  to  have  that  opportunity  of  showing 
his  great  qualities  both  as  statesman  and  orator  on  a 
worthy  arena. 

On  hearing  of  the  king’s  determination  to  summon 
the  states-general,  Mirabeau  started  to  Provence,  and 
offered  to  assist  at  the  preliminary  conference  of 
the  noblesse  of  his  district.  They  rejected  him  ;  he 
appealed  to  the  tiers  etat ,  and  was  returned  both  for 
Aix  and  for  Marseilles.  He  elected  to  sit  for  the 
former  city,  and  was  present  at  the  opening  of  the 
states-general  on  May  4,  1789.  From  this  time  the 
record  of  Mirabeau’s  life  forms  the  best  history  of  the 
first  two  years  of  the  Constituent  Assembly,  for  at  every 
important  crisis  his  voice  is  to  be  heard,  though  his 
advice  was  not  always  followed.  It  is  impossible  here 
to  detail  minutely  the  history  of  these  two  eventful 
years ;  it  will  be  rather  advisable  to  try  and  analyze 
the  manner  in  which  Mirabeau  regarded  passing 
eventSj  and  then  show  how  his  policy  justifies  our 
analysis. 

Mirabeau  possessed  at  the  same  time  great  logical 
acuteness  and  most  passionate  enthusiasm  ;  he  was 
therefore  both  a  statesman  and  an  orator,  and  the  in¬ 
terest  of  the  last  two  years  of  his  life  lies  mainly  in 
the  gradual  but  decided  victory  of  the  statesmanlike 
and  practical  over  the  impulsive  and  oratorical  qualities. 
From  the  beginning  Mirabeau  recognized  that  govern¬ 
ment  exists  in  order  that  the  bulk  of  the  population 
may  pursue  their  daily  work  in  peace  and  quiet,  and 
that  for  a  Government  to  be  successful  it  must  be 
strong.  In  this  practical  view  of  the  need  of  a  strong 
executive  lies  one  of  Mirabeau’s  greatest  titles  to  the 
name  of  statesman.  At  the  same  time  he  thoroughly 
comprehended  that  for  a  Government  to  be  strong  it 
must  be  in  harmony  with  the  wishes  of  the  majority 
of  the  people,  and  that  the  political  system  of  Louis 
XIV.  was  now  falling  for  lack  of  this.  He  had  care¬ 
fully  studied  the  English  constitution  in  England 


under  the  guidance  of  such  men  as  Lord  Lansdowne, 
Sir  Gilbert  Elliot  ,  and  Rom  illy,  and  appreciated  it 
with  the  wise  approval  of  its  powers  of  expansion 
which  characterized  the  new  Whigs,  and  not  with  the 
blind  admiration  of  Burke.  He  understood  the  key¬ 
notes  of  the  practical  success  of  the  English  constitu¬ 
tion  to  be  the  irresponsibility  of  the  king,  the  solidarity 
of  the  ministers,  and  the  selection  of  the  executive 
from  among  the  majority  of  the  representatives  of  the 
country ;  and  he  hoped  to  establish  in  France  a  system 
similar  in  principle,  but  without  any  slavish  imitation 
of  the  details  of  the  English  constitution. 

In  the  first  stage  of  the  history  of  the  states-general 
Mirabeau’s  part  was  very  great.  He  was  soon  recog¬ 
nized  as  a  leader,  to  the  chagrin  of  Mounier,  because 
he  always  knew  his  own  mind,  and  was  prompt  at 
emergencies.  To  him  is  to  be  attributed  the  successful 
consolidation  of  the  National  Assembly,  its  continuance 
in  spite  of  De  Brez6  and  the  carpenters,  and  the 
address  to  the  king  for  the  withdrawal  of  the  troops 
assembled  by  De  Broglie.  When  the  taking  of  the 
Bastille  had  assured  the  success  of  the  Revolution,  he 
was  the  one  man  who  warned  the  Assembly  of  the 
futility  of  passing  fine-sounding  decrees  and  the  neces¬ 
sity  for  acting.  He  declared  that  the  famous  night 
of  August  4  was  but  an  orgy,  giving  the  people  an  im¬ 
mense  theoretical  liberty  while  not  assisting  them  to 
practical  freedom,  and  overthrowing  the  old  regime 
before  a  new  one  could  be  constituted.  Still  more  did 
he  show  his  foresight  when  he  attacked  the  dilatory 
behavior  of  the  Assembly,  which  led  to  the  catastrophes 
of  the  5th  and  6th  October.  He  implored  the  Assem¬ 
bly  to  strike  while  the  iron  was  hot,  and  at  once  solve  in 
a  practical  manner  the  difficult  problems  presented  by 
the  abolition  of  feudalism.  But  the  Assembly  con¬ 
sisted  of  men  inexperienced  in  practical  politics,  who 
dreamed  of  drawing  up  an  ideal  constitution  preluded 
by  a  declaration  of  rights  in  imitation  of  the  Americans; 
and  for  two  months  the  Assembly  discussed  in  what 
words  the  declaration  should  be  expressed,  while  the 
country  was  in  a  state  of  anarchy,  declaring  old  laws 
and  customs  abolished  and  having  no  new  ones  to  obey 
or  follow,  disowning  the  old  administrative  system  and 
having  no  new  one  yet  instituted,  while  Paris  was 
starving  and  turbulent,  and  the  queen  and  friends 
planning  a  counter-revolution.  The  result  of  these 
two  months’  theorizing  was  the  march  of  the  women 
to  Versailles,  and  the  transfer  of  the  king  to  Paris. 
Mirabeau  now  saw  clearly  that  his  eloquence  would  not 
enable  him  to  guide  the  Assembly  by  himself,  and  that 
he  must  therefore  try  to  get  some  support.  He  wished 
to  establish  a  strong  ministry,  which  should  be  re¬ 
sponsible  like  an  English  ministry,  but  to  an  assembly 
chosen  to  represent  the  people  of  France  better  than 
the  English  House  of  Commons  then  represented 
England.  He  first  thought  of  becoming  a  minister  at 
a  very  early  date,  if  we  may  believe  a  story  contained 
in  the  Memoires  of  the  Duchesse  d’Abrantes,  to  the 
effect  that  ip  May,  1789,  the  queen  tried  to  bribe  him, 
but  that  he  refused  to  be  bribed  to  silence,  and  ex¬ 
pressed  his  wish  to  be  a  minister.  The  indignation 
with  which  the  queen  repelled  the  idea  may  have  been 
the  cause  of  his  thinking  of  the  Due  ,d’ Orleans  as  a 
possible  constitutional  king,  because  his  title  would  of 
necessity  be  parliamentary.  But  the  weakness  of 
Orleans  was  too  palpable,  and  in  a  famous  remark 
Mirabeau  expressed  his  utter  contempt  for  him.  He 
also  attempted  to  form  an  alliance  with  Lafayette,  but 
the  general  was  as  vain  and  as  obstinate  as  Mirabeau 
himself,  and  had  his  own  theories  about  a  new  French 
constitution.  Mirabeau  tried  for  a  time,  too,  to  act 
with  Necker,  and  obtained  the  sanction  of  the  Assem¬ 
bly  to  Necker’ s  financial  scheme,  not  because  it  was 
good,  but  because,  as  he  said,  “no  other  plan  was 
before  them,  and  something  must  be  done.” 

Hitherto  weight  has  been  laid  on  the  practical  side 
of  Mirabeau’s  political  genius  ;  his  ideas  with  regard 
to  the  Revolution  after  the  5th  and  6th  October  must 
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now  be  examined,  and  this  can  be  done  at  length, 
thanks  to  the  publication  of  Mirabeau’s  correspondence 
with  La  Marck,  a  study  of  which  is  indispensable  for 
any  correct  knowledge  of  the  history  of  the  Revolution 
between  1783  and  1791.  The  Comte  de  la  Marck  was 
a  Flemish  lord  of  the  house  of  Aremberg,  who  had 
been  proprietary  colonel  of  a  regiment  in  the  service 
of  France  ;  he  was  a  close  friend  of  the  queen,  and  had 
been  elected  a  member  of  the  states-general.  His 
acquaintance  with  Mirabeau,  commenced  in  1788, 
riDened  during  the  following  year  into  a  friendship, 
which  La  Marck  hoped  to  turn  to  the  advantage  of  the 
court.  After  the  events  of  the  5th  and  6th  of  October 
he  consulted  Mirabeau  as  to  what  measures  the  king 
ought  to  take,  and  Mirabeau,  delighted  at  the  oppor¬ 
tunity,  drew  up  an  admirable  state-paper  which  was 
presented  to  the  king  by  Monsieur,  afterwards  Louis 
XVIII.  The  whole  of  this  Memoir e  should  be  read 
to  get  an  adequate  idea  of  Mirabeau’s  genius  for  poli¬ 
tics  ;  here  it  must  be  merely  summarized. 


The  main  position  is  that  the  king  is  not  free  in  Pans ; 
ke  must  therefore  leave  Paris  and  appeal  to  France.  “Paris 
n’en  veut  que  l’argent ;  les  provinces  demandent  des  lois.” 
But  where  must  the  king  go  ?  “  Se  retirer  k  Metz  ou  sur 
toute  autre  frontier©  serait  declarer  la  guerre  k  la  nation  et 
abdiquer  le  trone.  Un  roi  qui  est  la  seule  sauvegarde  de 
Bon  peuple  ne  fuit  point  devant  son  peuple;  il  le  prend 
pour  juge  de  sa  conduite  et  de  ses  principes.”  He  must 
then  go  towards  the  interior  of  France  to  a  provincial 
capital,  best  of  all  to  Bouen,  and  there  he  must  appeal  to 
the  people  and  summon  a  great  convention.  It  would  be 
ruin  to  appeal  to  the  noblesse,  as  the  queen  advised:  un 
corps  de  noblesse  n’est  point  une  armee,  qui  puisse  com- 
battre.”  When  this  great  convention  met,  the  king  must 
show  himself  ready  to  recognize  that  great  changes  have 
taken  place,  that  feudalism  and  absolutism  have  forever 
disappeared,  and  that  a  new  relation  between  king  and 
people  has  arisen,  which  must  be  loyally  observed  on  both 
sides  for  the  future.  “  II  est  certain,  d’ailleurs,  qu’il  faut 
une  grande  revolution  pour  sauver  le  royaume,  que  la 
nation  a  des  droits,  qu’elle  est  en  chemin  de  les  recouvrer 
tous,  et  qu’il  faut  non  seulement  les  retablir,  mais  les  con¬ 
sol  ider  ”  To  establish  this  new  constitutional  position 
between  king  and  people  would  not  be  difficult,  because 
“  l’indivisibilit6  du  monarque  et  du  peuple  est  dans  le 
cceur  de  tous  les  Francis ;  il  faut  qu’elle  exist©  dans 
Faction  et  le  pouvoir.” 

Such  was  Mirabeau’s  programme,  which  he  never 
diverged  from,  but  which  was  far  too  statesmanlike,  to 
be  understood  by  the  poor  king,  and  far  too  positive 
as  to  the  altered  condition  of  the  monarchy  to  be 
palatable  to  the  queen.  -Mirabeau  followed  up  his 
Memoire  by  a  scheme  of  a  great  ministry  to  contain  all 
men  of  mark,— Necker  as  prime  minister,  to  render 
him  as  powerless  as  he  is  incapable,  and  yet  preserve 
his  popularity  for  the  king,”  the  archbishop  ot  Bor¬ 
deaux,  the  Due  de  Liancourt,  the  Due  de  la  Rochefou¬ 
cauld,  La  Marck,  Talleyrand  bishop  of  Autun  at  the 
finances,  Mirabeau  without  portfolio,  Target  mayor  ot 
Paris,  Lafayette  generalissimo  to  reform  the  army, 
Segur  (foreign  affairs),  Mounier,  and  Chapelier.  This 
scheme  got  noised  abroad,  and  was  ruined  by  a  decree 
of  the  Assembly  of  November  7, 1789,  that  no  member 
of  the  Assembly  could  become  a  minister ;  this  decree 
destroyed  any  chance  of  that  necessary  harmony  be¬ 
tween ‘the  ministry  and  the  majority  of  the  representa¬ 
tives  of  the  nation  existing  in  England,  and  so  at  once 
overthrew  Mirabeau’s  present  hopes  and  any  chance 
of  the  permanence  of  the  constitution  then  being 
devised.  The  queen  utterly  refused  to  take  Mirabeau  s 
counsel,  and  La  Marck  left  Paris.  However,  in  April 
1790  he  was  suddenly  recalled  by  the  Comte  de  Mercy- 
Argenteau,  the  Austrian  ambassador  at  Pans,  and  the 
queen’s  most  trusted  political  adviser,  and  from  this 
time  to  Mirabeau’s  death  he  became  the  medium  ot 
almost  daily  communications  between  the  latter  and 
the  queen.  Mirabeau  at  first  attempted  again  to  make 
an  alliance  with  Lafayette  by  a  letter  in  which  he  says, 
“Les  Barnave,  les  Duport,  les  Lameth  ne  vous  la- 
tiguent  plus  de  leur  active  inaction  ;  on  singe  long- 
temps  l’adresse,  non  pas  la  force.  But  it  was  useless 


to  appeal  to  Lafayette  ;  he  was  not  a  strong  man  him¬ 
self,  and  did  not  appreciate  “la  force”  in  others. 
From  the  month  of  May,  1790,  to  his  death  in  April, 
1791,  Mirabeau  remained  in  close  and  suspected  but  not 
actually  proved  connection  with  the  court,  and  drew 
up  many  admirable  state-papers  for  it.  In  return  the 
court  paid  his  debts ;  but  it  ought  never  to  be  said 
that  he  was  bribed,  for  the  gold  of  the  court  never 
made  him  swerve  from  his  political  principles — never, 
for  instance,  made  him  a  royalist.  He  regarded  him¬ 
self  as  a  minister,  though  an  unavowed  one,  and  be¬ 
lieved  himself  worthy  of  his  hire.  Undoubtedly  his 
character  would  have  been  more  admirable  if  he  had 
acted  without  court  assistance,  but  it  must  be  remem¬ 
bered  that  his  services  deserved  some  reward,  and  that 
by  remaining  at  Paris  as  a  politician  he  had  heen  un¬ 
able  to  realize  his  paternal  inheritance.  Before  his 
influence  on  foreign  policy  is  discussed,  his  behavior 
on  several  important  points  must  be  noticed.  On  the 
great  question  of  the  veto  he  took  a  practical  view,  and 
seeing  that  the  royal  power  was  already  sufficiently 
weakened,  declared  for  the  king’s  absolute  veto,  and 
against  the  compromise  of  the  suspensive  veto.  He 
knew  from  his  English  experiences  that  such  a  veto 
would  be  hardly  ever  used  unless  the  king  felt  the 

ale  were  on  his  side,  in  which  case  it  would  be  a 
d  check  on  the  representatives  of  the  people,  and 
also  that  if  it  was  used  unjustifiably  the  power  of  the 
purse  possessed  by  the  representatives  and  the  vepr 
constitutional  organization  of  the  people  would,  as  in 
England  in  1688,  bring  about  a  bloodless  revolution, 
and  a  change  in  the  person  intrusted  with  the  royal 
dignity.  He  saw  also  that  much  of  the  inefficiency  of 
the  Assembly  arose  from  the  inexperience  of  the  mem¬ 
bers,  and  their  incurable  verbosity:  so,  to  establish 
some  system  of  rules,  he  got  his  friend  Romilly  to 
draw  up  a  detailed  account  of  the  rules  and  customs 
of  the  English  House  of  Commons,  which  he  trans¬ 
lated  into  French,  but  which  the  Assembly,  puffed  up 
by  a  belief  in  its  own  merits,  refused  to  use.  On  the 
great  subject  of  peace  and  war  he  supported  the  king’s 
authority,  and  with  some  success.  What  was  the  good 
of  an  executive  which  had  no  power?  Let  it  be  re¬ 
sponsible  to  the  representatives  of  the  nation  by  al] 
means ;  but  if  the  representatives  absorbed  all  exec¬ 
utive  power  by  perpetual  interference,  there  would  be 
six  hundred  kings  of  France  instead  of  one,  which 
would  hardly  be  a  change  for  the  better.  Again  Mira¬ 
beau  almost  alone  of  the  Assembly  understood  the 
position  of  the  army  under  a  limited  monarchy.  Con¬ 
trary  to  the  theorists,  he  held  that  the  soldier  ceased 
to  be  a  citizen  when  he  became  a  soldier ;  he  must 
submit  to  be  deprived  of  his  liberty  to  think  and  act, 
and  must  recognize  that  a  soldier’s  first  duty  is  obe¬ 
dience.  With  such  sentiments,  it  is  no  wonder  that  he 
approved  of  Bouille’s  vigorous  conduct  at  Nancy, 
which  was  the  more  to  his  credit  as  Bouilfo  was  the 
one  hope  of  the  court  influences  opposed  to  him. 
Lastly,  in  matters  of  finance  he  showed  his  wisdom  : 
he  attacked  Necker’ s  “caisse  d’escompte,”  which  was 
to  have  the  whole  control  of  the  taxes,  as  absorbing 
the  Assembly’s  power  of  the  purse ;  and  he  heartily 
approved  of  the  system  of  assignats,  but  with  the 
important  reservation  that  they  should  not  be  issued 
to  the  extent  of  more  than  one-half  the  value  of  the 
lands  to  be  sold.  This  restriction  was  not  observed, 
and  it  was  solely  the  enormous  over-issue  of  assignats 
that  caused  their  great  depreciation  in  value. 

Of  Mirabeau’s  attitude  with  regard  to  foreign  aflairs 
it  is  necessary  to  speak  in  more  detail.  He  held  it  to 
be  just  that  the  French  people  should  conduct  their 
Revolution  as  they  would,  and  that  no  foreign  nation 
had  any  right  to  interfere  with  them,  so  long  as  they 
kept  themselves  strictly  to  their  own  affairs.  But  he 
knew  also  that  neighboring  nations  looked  with  un¬ 
quiet  eyes  on  the  progress  of  affairs  in  France,  that 
they  feared  the  influence  of  the  Revolution  on  their 
own  peoples,  and  that  foreign  monarchs  were  being 
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prayed  by  the  French  emigres  to  interfere  on  behalf 
of  the  French  monarchy.  To  prevent  this  interfer¬ 
ence,  or  rather  to  give  no  pretext  for  it,  was  his 
guiding  thought  as  to  foreign  policy.  He  had  been 
elected  a  member  of  the  comite  diplomatique  of  the 
Assembly  in  July,  1790,  and  became  its  reporter  at 
once,  and  in  this  capacity  he  was  able  to  prevent  the 
Assembly  from  doing  much  harm  in  regard  to  foreign 
affairs.  He  had  long  known  Montmonn,  the  foreign 
secretary,  and,  as  matters  became  more  strained  from 
the  complications  with  the  princes  and  counts  of  the 
empire,  he  entered  into  daily  communication  with  the 
minister,  advised  him  on  every  point,  and,  while 
dictating  his  policy,  defended  it  in  the  Assembly. 
Thus  in  this  particular  instance  of  the  foreign  office, 
for  the  few  months  before  Mirabeau’s  death,  a  har¬ 
mony  was  established  between  the  minister  and  the 
Assembly  through  Mirabeau,  which  checked  for  a  time 
the  threatened  approach  of  foreign  intervention,  and 
maintained  the  honor  of  France  abroad.  Mirabeau’s 
exertions  in  this  respect  are  not  his  smallest  title  to 
the  name  of  statesman  ;  and  how  great  a  work  he  did 
is  best  proved  by  the  confusion  which  ensued  in  this 
department  of  affairs  upon  his  death. 

For  indeed  in  the  beginning  of  1791  his  death  was 
very  near ;  and  he  knew  it  to  be  so.  The  wild  excesses 
of  his  youth  and  their  terrible  punishment  had  weak¬ 
ened  his  strong  constitution,  and  his  parliamentary 
labors  completed  the  work.  So  surely  did  he  feel  its 
approach  that  some  time  before  the  end  he  sent  all  his 
apers  over  to  his  old  English  friend  and  school-fellow, 
ir  Gilbert  Elliot,  who  kept  them  under  seal  until 
claimed  by  Mirabeau’s  executors.  In  March  his  ill¬ 
ness  was  evidently  gaining  on  him,  to  his  great  grief, 
because  he  knew  how  much  depended  on  his  life,  and 
felt  that  he  alone  could  yet  save  France  from  the  dis¬ 
trust  of  her  monarch  and  the  present  reforms,  and 
from  the  foreign  interference,  which  would  assuredly 
bring  about  catastrophes  unparalleled  in  the  history  of 
the  world.  On  his  life  hung  the  future  course  of  the 
Revolution.  Every  care  that  science  could  afford  was 
given  by  his  friend  and  physician,  the  famous  chemist 
Cabanis,  to  whose  brochure  on  his  last  illness  and 
death  the  reader  may  refer.  The  people,  whose  faith 
in  him  revived  in  spite  of  all  suspicions,  when  they 
heard  that  he  was  on  his  death-bed,  kept  the  street  in 
which  he  lay  quiet ;  but  medical  care,  the  loving  solici¬ 
tude  of  friends,  and  the  respect  of  all  the  people  could 
not  save  his  life.  His  vanity  appears  in  its  most  gi- 

Sintic  proportions  in  his  last  utterances  during  his 
ness ;  but  many  of  them  have  something  grand  in 
their  sound,  as  his  last  reported  expression,  when  he 
looked  upon  the  sun :  “If  he  is  not  God,  he  is  at  least 
His  cousin-german.  ’  ’  When  he  could  speak  no  more 
he  wrote  with  a  feeble  hand  the  one  word  “dormir,” 
and  on  April  2,  1791,  he  died. 

With  Mirabeau  died,  it  has  been  said,  the  last  hope  of  the 
monarchy ;  but,  with  Marie  Antoinette  supreme  at  court, 
oan  it  be  said  that  there  could  ever  have  been  any  real  hope 
for  the  monarchy?  Had  she  been  but  less  like  her  imperi¬ 
ous  mother,  Louis  would  have  made  a  constitutional  mon¬ 
arch,  but  her  will  was  as  strong  as  Miraheau’s  own,  and  the 
Bourbon  monarchy  had  to  meet  its  fate.  The  subsequent 
events  of  the  Eevolution  justified  Mirabeau’s  prognostica¬ 
tions  in  his  first  m6moire  of  October  15,  1789.  The  royal 
family  fled  towards  the  German  frontier,  and  from  that 
moment  there  sunk  deep  into  the  hearts  of  the  people  not 
only  of  Paris,  but  of  the  provinces,  a  conviction  that  the 
king  and  queen  were  traitors  to  France,  which  led  inevita¬ 
bly  to  their  execution.  The  noblesse  and  the  foreign  aid  on 
which  the  queen  relied  proved  but  a  source  of  weakness. 
The  noblesse,  Mirabeau  had  said,  was  no  army  which  could 
fight;  and  truly  the  army  of  the  emigres  could  do  nothing 
against  revolutionary  France  in  arms.  The  intervention  of 
foreign  aid  only  sealed  the  king’s  fate,  and  forwarded  the 
progress  of  the  Revolution,  not  in  a  course  of  natural  de¬ 
velopment,  but  to  the  terrible  resource  of  the  Reign  of  Ter¬ 
ror.  With  regard  to  the  Assembly  too,  and  its  constitution, 
Mirabeau  had  shown  his  foresight.  The  constitution  of  1791, 
excellent  as  it  was  on  paper,  and  well  adapted  to  an  ideal 
state,  did  not  deal  adequately  with  the  great  problems  of 


the  time  in  France,  and  by  its  ridiculous  weakening  of  the 
executive  was  unsuited  to  a  modern  state.  Surely  if  events 
ever  proved  a  man’s  political  sagacity,  the  history  of  the 
French  Revolution  proved  Mirabeau’s. 

A  few  words  must  be  added  on  Mirabeau’s  manner  of  work 
and  his  character. 

No  man  ever  so  thoroughly  used  other  men’s  work,  and 
yet  made  it  all  seem  his  own.  “  Je  prends  mon  bien  ou  je 
le  trouve  ”  is  as  true  of  him  as  of  Moliere.  His  first  literary 
work,  except  the  bombastic  but  eloquent  Essai  sur  le  Despo- 
tisme,  was  a  translation  of  Watson’s  Philip  II.,  accomplished 
in  Holland  with  the  help  of  Durival ;  his  Considerations  sur 
Vordre  de  Cincinnatus  was  based  on  an  American  pamphlet, 
and  the  notes  to  it  were  contributed  by  Target ;  while  his 
financial  writings  were  all  suggested  by  the  Genevese  exile 
Clavieres.  During  the  Revolution  he  received  yet  more 
help;  men  were  proud  to  labor  for  him,  and  did  not  mur¬ 
mur  because  he  absorbed  all  the  credit  and  fame.  Dumont, 
Clavieres,  Duroveray,  Pellenc,  Lamourette,  and  Reybaz 
were  but  a  few  of  the  most  distinguished  of  his  collabora¬ 
tors.  Dumont  was  a  Genevese  exile,  and  an  old  friend  of 
Romilly’s,  who  willingly  prepared  for  him  those  famous  ad¬ 
dresses  which  Mirabeau  used  to  make  the  Assembly  pass  by 
sudden  bursts  of  eloquent  declamation ;  Clavieres  and  Du¬ 
roveray  helped  him  in  finance,  and  not  only  worked  out  his 
figures,  but  even  wrote  his  financial  discourses.  Pellenc 
was  his  secretary,  and  wrote  the  speeches  on  the  goods  of 
the  clergy  and  the  right  of  making  peace,  and  even  the 
Abbe  Lamourette  wrote  the  speeches  on  the  civil  constitu¬ 
tion  of  the  clergy.  Reybaz,  whose  personality  has  only 
been  revealed  within  these  last  ten  years,  not  only  wrote 
for  him  his  famous  speeches  on  the  assignats,  the  organiza¬ 
tion  of  the  national  guard,  etc.,  which  Mirabeau  read  word 
for  word  at  the  tribune,  but  even  the  posthumous  speech  on 
succession  to  estates  of  intestates,  which  Talleyrand  read  in 
the  Assembly  as  the  last  work  of  his  dead  friend.  Yet 
neither  the  gold  of  the  court  nor  another  man’s  conviction 
would  make  Mirabeau  say  what  he  did  not  himself  believe, 
or  do  what  he  did  not  himself  think  right.  He  took  other 
men’s  labor  as  his  due,  and  impressed  their  words,  of  which 
he  had  suggested  the  underlying  ideas,  with  the  stamp  of 
his  own  individuality ;  his  collaborators  themselves  did  not 
complain, — they  were  but  too  glad  to  be  of  help  in  the  great 
work  of  controlling  and  forwarding  the  French  Revolution 
through  its  greatest  thinker  and  orator.  True  is  that  re¬ 
mark  of  Goethe’s  to  Eckermann,  after  reading  Dumont’s 
Souvenirs :  “  At  last  the  wonderful  Mirabeau  becomes  natural 
to  us,  while  at  the  same  time  the  hero  loses  nothing  of  his 

greatness.  Some  French  journalists  think  differently . 

The  French  look  upon  Mirabeau  as  their  Hercules,  and  they 
are  perfectly  right.  But  they  forget  that  even  the  Colossus 
consists  of  individual  parts,  and  that  the  Hercules  of  an¬ 
tiquity  is  a  collective  being — a  gigantic  personification  of 
deeds  done  by  himself  and  by  others.” 

There  was  something  gigantic  about  all  Mirabeau’s 
thoughts  and  deeds.  The  excesses  of  his  youth  were  be¬ 
yond  all  bounds,  and  severely  were  they  punished;  his 
vanity  was  immense,  but  never  spoilt  his  judgment;  his 
talents  were  enormous,  but  could  yet  make  use  of  those  of 
others.  As  a  statesman  his  wisdom  is  indubitable,  but  by 
no  means  universally  recognized  in  his  own  country. 
Lovers  of  the  ancien  regime  abuse  its  most  formidable  and 
logical  opponent;  believers  in  the  Constituent  Assembly 
cannot  be  expected  to  care  for  the  most  redoubtable  adver¬ 
sary  of  their  favorite  theorists,  while  admirers  of  the  repub¬ 
lic  of  every  description  agree  in  calling  him  from  his  connec¬ 
tion  with  the  court  the  traitor  Mirabeau.  As  an  orator  mor« 
justice  has  been  done  him :  his  eloquence  has  been  likened 
to  that  of  both  Bossuet  and  Vergniaud,  but  it  had  neither 
the  polish  of  the  old  17th-century  bishop  nor  the  flashes  of 
genius  of  the  young  Girondin.  It  was  rather  parliamentary 
oratory  in  which  he  excelled,  and  his  true  compeers  are 
rather  Burke  and  Fox  than  any  French  speakers.  Person¬ 
ally  he  had  that  which  is  the  truest  mark  of  nohility  of 
mind,  a.  power  of  attracting  love,  and  winning  faithful 
friends.  “  I  always  loved  him,”  writes  Sir  Gilbert  Elliot  to 
his  brother  Hugh ;  and  Romilly,  who  was  not  given  to 
lavish  praise,  says,  “  I  have  no  doubt  that  in  his  public  con¬ 
duct,  as  in  his  writings,  he  was  desirous  of  doing  good,  that 
his  ambition  was  of  the  noblest  kind,  and  that  he  proposed 
to  himself  the  noblest  ends.”  What  more  favorable  judg¬ 
ment  could  be  passed  on  an  ambitious  man !  What  finer 
epitaph  could  a  statesman  desire ! 

The  best  edition  of  Mirabeau’s  works  is  that  published  by 
Blanchard  in  1822,  in  10  vols.,  of  which  two  contain  his  CEuvres 
Oratoires;  from  this  collection,  however,  many  of  his  less  import¬ 
ant  works,  and  the  Monarchic  Prussienne,  in  4  vols.,  1788,  are 
omitted.  For  his  life  consult  Mirabeau:  Memo  ires  sur  sa  vie  litte- 
raire  et  privee,  4  vols.,  1824,  and,  what  is  of  mast  importance,  Mb~ 
moires  biographiques,  litter  a  ires,  et  potiliques  de  Mirabeau  beriispar  lui- 
mcme,  par  tonpire,  son  oncle,  et  son  fils  adoptif  which  was  issued  by 
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M.  Lucas  de  Montigny  in  8  yols.,  Paris,  1834.  See  also  Dumont, 
Souvenirs  sur  Mfrabeau,  1832;  Duval,  Souvenirs  sur  Mirabeau,  1832; 
Victor  Hugo,  Etude  sur  Mirabeau,  1834 ;  Mirabeau' s  Jugendleben, 
Breslau,  1832 ;  Schneidewin,  Mirabeau  und  seine  Zeit,  Leipsic,  1831 ; 
Mirabeau,  a  Life  History,  London,  1848.  The  publication  of  the 
Correspondence  entre  Mirabeau  et  le  Comte  de  la  March,  by  Ad.  Ba- 
court,  2  yols.,  1851,  marks  an  epoch  in  our  exact  knowledge  of 
Mirabeau  and  his  career.  The  most  useful  modern  books  are 
Louis  de  Lomdnie,  Les  Mirabeau,  1878,  which,  however,  chiefly 
treats  of  his  father  and  uncle ;  Ph.  Plan,  Un  CoUaborateur  de  Mira¬ 
beau,  1874,  treating  of  Reybaz,  and  throwing  infinite  light  on  Mi- 
rabeau’s  mode  of  work  ;  and,  lastly,  H.  Reynald,  Mirabeau  et  la 
Constituante,  1873.  On  his  eloquence  and  the  share  his  collabora¬ 
tors  had  in  his  speeches,  see  Aulard,  L’Assembl&e  Constituante,  1882. 
For  his  death  see  the  curious  brochure  of  his  physician  Cabanis, 
Journal  de  la  maladie  et  de  la  mart  de  Mirabeau,  Paris,  1791. 

(h.  m.  s.) 

MIRABEAU,  Victor  Riqueti,  Marquis  de 
(1715-1789),  himself  a  distinguished  author  and  po¬ 
litical  economist,  but  more  famous  as  the  father  of  the 
great  Mirabeau,  was  born  at  Pertuis  near  the  old 
chateau  de  Mirabeau,  on  October  4,  1715.  He  was 
brought  up  very  sternly  by  his  father,  and  in  1729 
joined  the  army.  He  took  keenly  to  campaigning, 
but  never  rose  above  the  rank  of  captain,  owing  to  his 
being  unable  to  get  leave  at  court  to  buy  a  regiment. 
In  1737  he  came  into  the  family  property  on  his  father’s 
death,  and  spent  some  pleasant  years  till  1743  in  lit¬ 
erary  companionship  with  his  dear  friends  Vauvenar- 
gues  and  Lefranc  de  Pompignan,  which  might  have 
continued  had  he  not  suddenly  determined  to  marry — 
not  for  money,  but  for  landed  estates.  The  lady  whose 
property  he  fancied  was  Marie  Genevieve,  daughter 
of  a  M.  de  Vassan,  a  brigadier  in  the  army,  and  widow 
of  the  Marquis  de  Saulveboeuf,  whom  he  married 
without  previously  seeing  her  on  April  21, 1743.  While 
in  garrison  at  Bordeaux,  Mirabeau  had  made  the  ac¬ 
quaintance  of  Montesquieu,  which  may  have  made  him 
turn  his  thoughts  to  political  speculations  ;  anyhow  it 
was  while  at  leisure  alter  retiring  from  the  army  that 
he  wrote  his  first  work,  his  Testament  Politique  (1747), 
which  demanded  for  the  prosperity  of  France  a  return 
of  the  French  noblesse  to  their  old  position  in  the  Mid¬ 
dle  Ages.  This  work,  written  under  the  influence  of 
the  feudal  ideas  impressed  upon  him  by  his  father, „was 
followed  in  1750  by  a  book  on  the  Utility  des  JEtats 
Provenciaux ,  full  of  really  wise  considerations  for  local 
self-government,  which  was  published  anonymously, 
and  had  the  honor  of  being  attributed  to  Montesquieu 
himself.  In  1756  Mirabeau  made  his  first  appearance 
as  a  political  economist  by  the  publication  of  his  Ami 
des  Hommes  ou  traiti  de  la  population.  This  work 
has  been  often  attributed  to  the  influence,  and  in  part 
even  to  the  pen,  of  Quesnay,  the  founder  of  the  eco¬ 
nomical  school  of  the  physiocrats,  hut  was  really  writ¬ 
ten  before  the  marquis  had  made  the  acquaintance  of 
the  physician  of  Madame  de  Pompadour.  In  1760  he 
published  his  TMorie  de  V  Impot,  in  which  he  attacked 
with  all  the  vehemence  of  his  son  the  farruers-general  of 
the  taxes,  who  got  him  imprisoned  for  eight  days  at 
Vincennes,  and  then  exiled  to  his  country  estate  at 
Bignon.  At  Bignon  the  school  of  the  physiocrats  was 
really  established,  and  the  marquis  surrounded  him¬ 
self  with  devotees,  and  eventually  in  1765  bought  the 
Journal  de  V  agriculture,  du  commerce ,  et  des  finances, 
which  became  the  organ  of  the  school.  He  was  dis¬ 
tinctly  recognized  as  a  leader  of  political  thinkers  by 
Prince  Leopold  of  Tuscany,  afterwards  emperor,  and 
by  Gustavus  III.  of  Sweden,  who  in  1772  sent  him  the 
rand  cross  of  the  order  of  Vasa.  But  the  period  of 
is  happy  literary  life  was  over ;  and  his  name  was  to 
be  mixed  up  in  a  long  scandalous  lawsuit.  Naturally 
his  marriage  had  not  been  happy ;  he  had  separated 
from  his  wife  by  mutual  consent  in  1762,  and  had,  he 
believed,  secured  her  safety  in  the  provinces  by  a  lettre 
de  cachet,  when  in  1772  she  suddenly  appeared  in 
Paris,  and  soon  after  commenced  proceedings  for  a 
separation.  The  poor  marquis  did  not  know  what  to 
do  ;  his  sons  were  a  great  trouble  to  him,  and  it  was 
one  of  his  own  daughters  who  had  encouraged  his  wife 
to  take  this  step.  Yet  he  was  determined  to  keep  the 
£asp  quiet  if  possible  for  the  sake  of  Madame  de  Pailly, 


a  Swiss  lady  whom  he  had  loved  since  1756.  But  his 
wife  would  not  let  him  rest ;  her  plea  was  rejected  in 
1777,  but  she  renewed  her  suit,  and,  though  the  great 
Mirabeau  had  pleaded  his  father’s  case,  was  successful 
in  1781,  when  a  decree  of  separation  was  pronounced. 
This  trial  had  quite  broken  the  health  of  the  marquis, 
as  well  as  his  fortune  ;  he  sold  his  estate  at  Bignon, 
and  hired  a  house  at  Argenteuil,  where  he  lived  qui¬ 
etly  till  his  death  on  July  11,  1789. 

For  the  whole  family  of  Mirabeau,  the  one  book  to  refer 
to  is  Louis  de  Lomenie’s  Les  Mirabeau,  2  vols.,  1878,  and  it 
is  greatly  to  be  regretted  that  the  talented  author  did  not 
live  to  treat  the  lives  of  the  great  Mirabeau  and  his  brother. 
See  also  Lucas  de  Montigny’s  Memoires  de  Mirabeau,  and,  for 
the  marquis’s  economical  views,  De  la  Vergne’s  Economists 
frangais  du  18m“  siecle. 

MIRAGE.  See  Light,  vol.  xiv. ,  p.  604. 

MIRAMON,  Miguel,  a  Mexican  soldier  of  French 
extraction,  was  born  in  the  city  of  Mexico,  September 
29, 1832,  and  shot  along  with  the  emperor  Maximilian 
at  Queretaro,  June  19,  1867.  While  still  a  student  he 
helped  to  defend  the  military  academy  at  Chapultepeo 
against  the  forces  of  the  United  States ;  and,  entering 
the  army  in  1852,  he  rapidly  came  to  the  front  during 
the  civil  wars  that  disturbed  the  country.  It  was 
largely  due  to  Miramon’s  support  of  the  ecclesiastical 
party  against  Alvarez  and  Comonfort  that  Zuloaga 
was  raised  to  the  presidency ;  and  in  1859  he  was  called 
to  succeed  him  in  that  office.  Decisively  beaten,  how¬ 
ever,  by  the  Liberals,  he  fled  the  country  in  1 860,  and 
spent  some  time  in  Europe  earnestly  advocating  foreign 
intervention  in  Mexican  affairs  ;  and  when  he  returned 
it  was  as  a  partisan  of  Maximilian.  His  ability  as  a 
soldier  was  best  shown  by  his  double  defence  of  Puebla 
in  1856. 

MIRANDA,  Francesco. (1754—1816),  was  born  at 
Santa  Fe  in  New  Granada,  in  1754.  He  entered  the 
army,  and  served  against  the  English  in  the  American 
War  of  Independence.  The  success  of  that  war  in¬ 
spired  him  with  the  hope  of  being  the  Washington  of 
his  own  country,  and  a  belief  that  the  independence  of 
Spanish  America  would  increase  its  material  prosper¬ 
ity.  With  these  views  he  began  to  scheme  a  revolu¬ 
tion,  but  his  schemes  were  discovered  and  he  had  only 
just  time  to  escape  to  the  United  States.  Thence  he  went 
to  England,  where  he  was  introduced  to  Pitt,  but  chiefly 
lived  with  the  leading  members  of  the  opposition — Fox, 
Sheridan,  and  Romilly.  Finding  no  help  in  his  revo 
lutionary  schemes,  he  travelled  over  the  greater  part 
of  Europe,  notably  through  Austria  and  Turkey,  till 
he  arrived  at  the  court  of  Russia,  where  he  was  warmly 
received,  but  from  which  he  was  dismissed,  though 
with  rich  presents,  at  the  demand  of  the  Spanish  am¬ 
bassador,  backed  up  by  the  envoy  of  France.  The 
news  of  the  dispute  between  England  and  Spain  about 
Nootka  Sound  in  1790  recalled  him  to  England,  where 
he  saw  a  good  deal  of  Pitt,  who  had  determined  to 
make  use  of  him  to  “  insurge  ”  the  Spanish  colonies,  but 
the  peaceful  arrangement  of  the  dispute  again  destroyed 
his  hopes.  In  April,  1792,  he  went  to  Paris,  with  in¬ 
troductions  to  Potion  and  the  leading  Girondists,  hop¬ 
ing  that  men  who  were  working  so  hard  for  their  own 
freedom  might  help  his  countrymen  in  South  America. 
France  had  too  much  to  do  in  fighting  for  its  own  free¬ 
dom  to  help  others  ;  but  Miranda’s  friends  sent  him  to 
the  front  with  the  rank  of  general  of  brigade.  He 
distinguished  himself  under  Dumouriez,  was  intrusted 
in  February,  1793,  with  the  conduct  of  the  siege  of 
Maestricht,  and  commanded  the  left  wing  of  the  French 
army  at  the  disastrous  battle  of  Neerwinden.  Although 
lie  had  given  notice  of  Dumouriez’s  projected  treach¬ 
ery,  he  was  put  on  his  trial  for  treason  on  May  12.  He 
was  unanimously  acquitted,  but  was  soon  again  thrown 
into  prison,  and  not  released  till  after  the  9th  Thermi- 
dor.  He  again  mingled  in  politics,  and  was  sentenced 
to  be  deported  after  the  struggle  of  Vendemiaire.  Yet 
he  escaped,  and  continued  in  Paris  till  the  coup  cTttat 
of  Fructidor  caused  him  finally  to  take  refuge  in  Eng- 
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land.  He  now  found  Pitt  and  Dundas  once  more  ready 
to  listen  to  him,  and  the  latter  sent  a  special  minute 
to  Colonel  Picton,  the  governor  of  Trinidad,  to  assist 
General  Miranda’s  schemes  in  every  possible  way; 
but,  as  neither  of  them  would  or  could  give  him 
substantial  help,  he  went  to  the  United  States, 
where  President  Adams  gave  him  fair  words,  but 
nothing  more.  Onc-e  more  he  returned  to  England, 
where  Addington  might  have  done  something  for  him 
but  for  the  signature  of  the  peace  of  Amiens  in  1802. 
At  the  peace,  though  in  no  way  amnestied,  he  re¬ 
turned  to  Paris,  but  was  promptly  expelled  by  the 
First  Consul,  who  was  then  eager  to  be  on  good  terms 
with  the  court  of  Spain.  Disappointed  in  further 
efforts  to  get  assistance  from  England  and  the  United 
States,  he  decided  to  make  an  attempt  on  his  own 
responsibility  and  at  his  own  expense.  Aided  by  two 
American  citizens,  Colonel  Smith  and  Mr.  Ogden,  he 
equipped  a  small  ship,  the  “Leander,”  in  1806,  and 
with  the  help  of  the  English  admiral  Sir  A.  Cochrane 
made  a  landing  near.  Caracas,  and  proclaimed  the 
Colombian  republic.  He  had  some  success,  and  would 
have  had  more  had  not  a  false  report  of  peace  between 
France  and  England  caused  the  English  admiral  to 
withdraw  his  support.  At  last,  in  1810,  came  his 
opportunity;  the  events  in  Spain  which  brought  about 
the  Peninsular  War  had  divided  the  authorities  in 
Spanish  America,  some  of  whom  declared  for  Joseph 
Bonaparte,  others  for  Ferdinand  VII.,  while  others 
again  held  to  Charles  IV.  At  this  moment  Miranda 
again  landed,  and  had  no  difficulty  in  getting  a  large 
party  together  who  declared  a  republic  both  in  Vene¬ 
zuela  and  New  Granada  or  Colombia.  But  Miranda’s 
desire  that  all  the  South  American  colonies  should 
rise,  and  a  federal  republic  be  formed,  awoke  the  self¬ 
ishness  and  pride  of  individual  provincial  administra¬ 
tions,  and  thus  weakened  the  cause,  which  further 
was  believed  to  be-  hateful  to  heaven  owing  to  a  great 
earthquake  on  March  26,  1812.  The  count  of  Monte 
Verde,  the  Bourbon  governor,  had  little  difficulty  in 
defeating  the  dispirited  forces  of  Miranda,  and  on 
July  26  the  general  capitulated  on  condition  that  he 
should  be  deported  to  the  United  States.  The  con¬ 
dition  was  not  observed;  Miranda  was  moved  from 
dungeon  to  dungeon,  and  died  in  1816  at  Cadiz. 

There  are  allusions  to  Miranda’s  early  life  in  nearly  all 
memoirs  of  the  time,  but  they  are  not  generally  very  accu¬ 
rate.  For  his  trial  see  Buchez  et  Roux,  Histoire  Parlemen- 
taire,  xxvii.  26-70.  For  his  later  life  see  Biggs,  History  of 
Miranda's  Attempt  in  South  America,  London,  1809:  and 
Veggasi,  Eevolucion  de  la  Colombia. 

MIRANDOLA.  See  Pico. 

MIRKHOND  (1433-1498).  Mohammed  'bin  KM- 
wandshah  bin  Mahmud,  commonly  called  Mfrkhwand 
or  Mfrkhawand,  more  familiar  to  Europeans  under  the 
name  of  Mirkhond,  was  born  in  1433,  the  son  of  a 
very  pious  and  learned  man  who,  although  belonging 
to  an  old  Bokhara  family  of  Sayyids  or  direct  descend¬ 
ants  of  the  Prophet,  lived  and  died  in  Balkh.  From 
his  early  youth  he  applied  himself  to  historical  studies 
and  literature  in  general.  In  Herat,  where  he  spent 
the  greater  part  of  his  life,  he  gained  the  favor  of  that 
famous  patron  of  letters,  Mir  'Ali'slrir  (born  1440), 
who  served  his  old  schoolfellow  the  reigning  sultan 
Husain  (who  as  the  last  of  the  Tiimi rides  in  Persia 
ascended  the  throne  of  Iler&t  in  1468),  first  as  keeper 
of  the  seal,  afterwards  as  governor  of  Jurj&n.  At  the 
request  of  this  distinguished  statesman  and  writer1 
Mirkhond  began,  about  1474,  in  the  quiet  convent 
of  Khilasiyah,  which  his  patron  had  founded  in  Herat 
as  a  house  of  retreat  for  literary  men  of  merit,  his 
great  work  on  universal  history,  the  largest  ever  writ¬ 
ten  in  Persian,  and  to  the  present  day  an  inexhaust¬ 
ible  mine  of  information  both  to  Eastern  and  Western 
scholars.  It  is  named  Rauzat-ussafd  Ji  sirat-ulanbid 

1  Mir  'Alishir  not  only  excelled  as  poet  both  in  Chaghat&i,  in 
■which  his  epopees  gained  him  the  foremost  rank  among  the 
classic  writers  in  that  language,  and  in  Persian,  but  composed  an 
excellent  tadhkirah  or  biography  of  contemporary  Persian  poets. 


xcalmuluk  walkhulafd  or  Garden  of  Purity  on  the 
Biography  of  Prophets ,  Kings ,  and  Caliphs.  That 
the  author  has  made  no  attempt  at  a  critical  examin¬ 
ation  of  historical  traditions  can  scarcely  be  called  a 
peculiar  fault  of  his,  since  almost  all  Oriental  writers 
are  equally  deficient  in  sound  criticism ;  more  censur¬ 
able  is  his  flowery  and  often  bombastic  style,  but  in 
spite  of  this  drawback,  and  although,  in  our  own  age, 
the  discovery  of  older  works  on  Asiatic  history  has 
diminished  to  some  extent  the  value  of  Mirkhond ’s 
Rauzat ,  it  still  maintains  its  high  position  as  one  of  the 
most  marvellous  achievements  in  literature  from  the 
pen  of  one  man,  and  often  elucidates,  by  valuable  text- 
corrections,  various  readings,  and  important  additions, 
those  sources  which  have  lately  come  to  light.  It 
comprises  seven  large  volumes  and  a  geographical  ap¬ 
pendix;  but  internal  evidence  proves  beyond  doubt 
that  the  seventh  volume,  the  history  of  the  sultan 
Husain  (1438-1505),  together  with  a  short  account  of 
some  later  events  down  to  1523,  cannot  have  been 
written  by  Mirkhond  himself,  who  died  in  1498.  He 
may  have  compiled  the  preface,  but  the  main  portion 
of  this  volume  is  probably  the  work  of  his  grandson, 
the  equally  renowned  historian  Khwandarmr  (1475- 
1534),  to  whom  also  a  part  of  the  appendix  must  be 
ascribed. 

The  following  is  a  summary  of  the  contents  of  the  other 
six  volumes.  Vol.  i. :  Preface  on  the  usefulness  of  historical 
studies,  history  of  the  creation,  the  patriarchs,  prophets,  and 
rulers  of  Israel  down  to  Christ,  and  the  Persian  kings  from 
the  mythical  times  of  the  Peshd^dians  to  the  Arab  conquest 
and  the  death  of  the  last  Sdsdnian  Yazdajird  III.  in  30  a.h. 
(651  a.d.).  Vol.ii.:  Mohammed,  Abubekr,  'Omar,  'Othmdn, 
and  'Ali.  Vol.  iii. :  The  twelve  im£ms  and  the  Omayyad 
and  'Abbfisid  caliphs  down  to  656  a.h.  (1258  a.d.).  Vol.  iv. 
The  minor  dynasties  contemporary  with  and  subsequent  to 
the  'Abbdsids,  down  to  778  a.h.  (1376  a.d.),  the  date  of  the 
overthrow  of  the  Kurds  by  Timur.  Vol.  v. :  The  Moghuls 
down  to  Timtir’s  time.  Vol.  vi. :  Timur  and  his  successors 
down  to  Sultan  Husain’s  accession  in  873  A.H.  (1468  a.d.). 
The  best  accounts  of  Mirkhond’s  life  are  De  Sacy’s  “  Notice 
sur  Mirkhond  ”  in  his  Memoires  sur  diverses  antiquites  de  la. 
Perse,  Paris,  1793;  Jourdain’s  “Notice  de  l’histoire  univer- 
selle  de  Mirkhond  ”  in  the  Notices  et  Extraits,  vol.  ix.,  Paris. 
1812  (together  with  a  translation  of  the  preface,  the  history 
of  the  Ismailians,  the  conclusion  of  the  sixth  volume,  and  a 
portion  of  the  appendix) ;  Elliot,  History  of  India,  vol.  iv.  p. 
127  sq. ;  Morley,  Descriptive  Catalogue,  London,  1854,  p.  30  sq. ; 
Rieu,  Cat.  of  Persian  MSS.  of  the  Brit.  Mus.,  vol.  i.,  London, 
1879,  p.  87  sq.  Mirkhond’s  patron,  Mir  'Alishir,  to  whom 
the  Rauzat  is  dedicated,  died  three  years  after  him  (1501). 

Besides  the  lithographed  editions  of  the  whole  work  in  folio, 
Bombay,  1853,  and  Teheran,  1852-56,  and  a  Turkish  version,  Con¬ 
stantinople,  1842,  the  following  portions  of  Mirkhond's  history 
have  been  published  by  European  Orientalists :  Early  Kings  of 
Persia,  by  D.  Shea,  London,  1832  (Oriental  Translation  Fund); 
L’ Histoire  de  la  dynastie  des  Sassanides,  by  S.  de  Sacy  (in  the  above- 
mentioned  Memoires)-,  Histoire  des  Sassanides  ( texts  Person),  by 
Jaubert,  Paris,  1843  ;  Historia  priorum  regum  Persarum.  Pers.  ana 
Lat.,  by  Jenish,  Vienna,  1782;  Mirchondi  historia  Taheridarum, 
Pers.  and  Lat.,  by  Mitscherlik,  Gottingen,  1814,  2d  ed.,  Berlin, 
1819;  Historia  Samanidarum,  Pers.  and  Lat.,  by  Wilken,  Gottin¬ 
gen,  1808;  Histoire  des  Samanides,  translated  by  Defremery,  Paris, 
1845;  Historia  Ghaznevidarum,  Pers.  and  Lat.,  by  Wilken,  Berlin, 
1832;  Geschichte  der  Sultane  aus  dem  Geschlechle  Bujeh,  Pers.  and 
German,  by  Wilken,  Berlin,  1835;  followed  by  Erdmann’s  Erldu- 
terungund  Ergdnzung,  Kazan,  1836;  Historia  Seldschuckidarum,  ed. 
Vullers,  Giessen,  1837,  and  a  German  translation  by  the  same; 
Histoire  des  Sultans  du  Kliarezm.,  in  Persian,  by  DefrOmery,  Paris, 
1842;  History  of  the  Atabeks  of  Syria  and  Persia,  in  Persian,  by  W. 
Morley,  London,  1848;  Historia  Ghuridarum,  Pers.  and  Lat.,  by 
Mitscherlik,  Frankfort,  1818 ;  Histoire  des  Sultans  Ghurides,  trans¬ 
lated  into  French  by  DefrOmery,  Paris,  1844;  Vie  de  Djenahiz- 
Khan,  in  Persian,  by  Jaubert,  Paris,  1841  (see  also  extracts  from 
the  same  5th  volume  in  French  translation  by  LanglOs  in  vol.  vi. 
of  Notices  et  Extraits,  Paris,  1799,  p.  192  sq.,  and  by  Hammer  in  Sur 
les  origines  Russes,  St.  Petersburg,  1825,  p.  52  sq.);  “  Timvir’s  Ex¬ 
pedition  against  Tuktamish  KMn,”  Persian  and  French,  by 
Charmoy,  in  Memoires  de  I’Acad.  Imptr.  de  St.  Petersbourg,  1836, 
pp.  270-321  and  441-471.  (h.  e.) 

MIROPOLIE,  a  town  of  Russia,  situated  in  the 
government  of  Kursk,  district  of  Suja,  83  miles  south¬ 
west  of  Kursk  and  25  miles  from  the  Sumy  railway 
station.  It  is  supposed  to  have  been  founded  in  the 
17th  century,  when  it  was  fortified  against  the  raids 
of  the  Tartars.  The  fertility  of  the  soil  led  to  the 
settlement  of  large  villages  dose  by  the  fort,  and  the 
1 10,800  inhabitants  of  this  town  are  still  engaged  mostly 
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In  agriculture.  There  is  also  an  extensive  manufac¬ 
ture  of  boots. 

MIRROR.  It  is  only  since  the  early  part  of  the 
16th  century  that  mirrors  have  become  articles  of 
household  furniture  and  decoration.  Previous  to  that 
time — from  {lie  12th  to  the  end  of  the  15th  century — 
pocket  mirrors  or  small  hand  mirrors  carried  at  the 

firdle  were  indispensable  adjuncts  to  ladies’  toilets. 

'he  pocket  mirrors  consisted  of  small  circular  plaques 
of  polished  metal  fixed  in  a  shallow  circular  box, 
covered  with  a  lid.  Mirror  cases  were  chiefly  made 
of  ivoiy,  carved  with  relief  representations  of  love  or 
domestic  scenes,  hunting,  and  games,  and  sometimes 
illustrations  of  popular  poetry  or  romance.  Gold  and 
silver,  enamels,  ebony,  and  other  costly  materials  were 
likewise  used  for  mirror  cases,  on  which  were  lavished 
the  highest  decorative  efforts  of  art  workmanship  and 
costly  jewelling.  The  mirrors  worn  at  the  girdle  had 
no  cover,  but  were  furnished  with  a  short  handle.  In 
625  Pope  Boniface  IV.  sent  Queen  Ethelberga  of 
Northumbria  a  present  of  a  silver  mirror;  and  there 
is  ample  evidence  that  in  early  Anglo-Saxon  times 
mirrors  were  well  known  in  England.  It  is  a  remark¬ 
able  fact  that  on  many  of  the  sculptured  stones  of 
Scotland,  belonging  probably  to  the  7th,  8th,  or  9th 
oentury,  representations  of  mirrors,  mirror  cases,  and 
combs  occur. 

The  method  of  backing  glass  with  thin  sheets  of 
metal  for  mirrors  was  well  known  in  the  Middle  Ages 
at  a  time  when  steel  and  silver  mirrors  were  almost 
exclusively  employed.  Vincent  de  Beauvais,  writing 
about  1250,  says  that  the  mirror  of  glass  and  lead  is 
the  best  of  all  “quiavitrum  propter  transparentiam 
melius  recipit  radios.  ”  It  is  known  that  small  convex 
mirrors  were  commonly  made  in  Southern  Germany 
before  the  beginning  of  the  16th  century,  and  these 
continued  to  be  in  demand  under  the  name  of  bull’s- 
eyes  ( Ochsen-Augen)  till  comparatively  modern  times. 
They  were  made  by  blowing  small  globes  of  glass  into 
which  while  still  hot  was  passed  through  the  pipe  a 
mixture  of  tin,  antimony,  and  resin  or  tar.  When 
the  globe  was  entirely  coated  with  the  metallic  com¬ 
pound  and  cooled  it  was  cut  into  convex  lenses,  which 
of  course  formed  small  but  well-defined  images.  It 
appears  that  attention  was  drawn  to  this  method  of 
making  mirrors  in  Venice  as  early  as  1317,  in  which 
year  a  “  Magister  de  Alemania,  ”  who  knew  how  to 
work  glass  for  mirrors,  broke  an  agreement  he  had 
made  to  instruct  three  Venetians,  leaving  in  their 
hands  a  large  quantity  of  mixed  alum  and  soot  for 
which  they  could  find  no  use. 

It  was,  however,  in  Venice  that  the  making  of  glass 
mirrors  on  a  commercial  scale  was  first  developed ;  and 
that  enterprising  republic  enjoyed  a  rich  and  much- 
prized  monopoly  of  the  manufacture  for  about  a  cen¬ 
tury  and  a  half.  In  1 507  two  inhabitants  of  Murano, 
representing  that  they  possessed  the  secret  of  making 
perfect  mirrors  of  glass,  a  knowledge  hitherto  con¬ 
fined  to  one  German  glass-house,  obtained  an  exclu¬ 
sive  privilege  of  manufacturing  mirrors  for  a  period 
of  twenty  years.  In  1564  the  mirror-makers  of  Venice, 
who  enjoyed  peculiar  privileges,  formed  themselves 
into  a  corporation.  The  products  of  the  Murano 
glass-houses  quickly  supplanted  the  mirrors  of  polished 
metal,  and  a  large  and  lucrative  trade  in  Venetian 
glass  mirrors  sprang  up.  They  were  made  from  blown 
cylinders  of  glass  which  were  slit,  flattened  on  a  stone, 
carefully  polished,  the  edges  frequently  bevelled,  and 
the  backs  “  silvered  ”  by  an  amalgam.  The  glass  was 
remarkably  pure  and  uniform,  the  ‘  ‘  silvering  bright, 
and  the  sheets  sometimes  of  considerable  dimensions. 
In  the  inventory  of  his  effects  made  on  the  death  ot 
the  great  French  minister  Colbert  is  enumerated  a 
Venetian  mirror  46  by  26  inches,  in  a  silver  frame, 
valued  at  8016  livres,  while  a  picture  by  Raphael  is 
put  down  at  3000  livres.  .  .  .  .  .,  e 

The  manufacture  of  glass  mirrors,  with  the  aid  ot 
Italian  workmen,  was  practised  in  England  by  oir 


Robert  Mansel  early  in  the  17th  century,  and  about 
1670  the  duke  of  Buckingham  was  concerned  in  a 
glass-work  at  Lambeth  where  flint  glass  was  made  for 
looking-glasses.  These  old  English  mirrors,  with 
bevelled  edges  in  the  Venetian  fashion,  are  still  well 
known. 

The  V enetians  guarded  with  the  utmost  jealousy  the 
secrets  of  their  varied  manufactures,  and  gave  most 
exceptional  privileges  to  those  engaged  in  such  indus¬ 
tries.  By  their  statutes  any  glassmaker  carrying  his 
art  into  a  foreign  state  was  ordered  to  return  on  the 
pain  of  imprisonment  of  his  nearest  relatives,  and 
should  he  disobey  the  command  emissaries  were  dele¬ 
gated  to  slay  the  contumacious  subject.  In  face  of 
such  a  statute  Colbert  attempted  in  1664,  through  the 
French  ambassador  in  Venice,  to  get  Venetian  artists 
transported  to  France  to  develop  the  two  great  indus¬ 
tries  of  mirror-making  and  point-lace  working.  The 
ambassador,  the  bishop  of  Beziers,  pointed  out  that 
to  attempt  to  send  the  required  artists  was  to  court 
the  risk  of  being  thrown  into  the  Adriatic,  and  lie 
further  showed  that  Venice  was  selling  to  France  mir¬ 
rors  to  the  value  of  100,000  crowns  and  lace  to  three 
or  four  times  that  value.  Notwithstanding  these  cir¬ 
cumstances,  however,  twenty  Venetian  glass-mirror 
makers  were  sent  to  France  in  1665,  and  the  manu¬ 
facture  was  begun  under  the  fostering  care  of  Colbert 
in  the  Faubourg  St.  Antoine,  Paris.  But  previous  to 
this  the  art  of  blowing  glass  for  mirrors  had  been  ac¬ 
tually  practised  at  Tour-la-Ville,  near  Cherbourg,  by 
Richard  Lucas,  Sieur  de  Nehou,  in  1653  ;  and  by  the 
subsequent  combination  of  skill  of  both  establish¬ 
ments  French  mirrors  soon  excelled  in  quality  those 
of  Venice.  The  art  received  a  new  impulse  in  France 
on  the  introduction  of  the  making  of  plate  glass, 
which  was  discovered  in  1691.  The  St.  Gobain  Glass 
Company  attribute  the  discovery  to  Louis  Lucas  of 
Nehou,  and  over  the  door  of  the  chapel  of  St.  Gobain 
they  have  placed  an  inscription  in  memory  of  “Louis 
Lucas  qui  inventa  in  1691  le  methode  de  couler  lea 
glaces  et  installa  la  manufacture  en  1695  dans  le 
chateau  de  Saint  Gobain.” 

Manufacture. — Th e  term  “silvering,”  as  applied  to  the 
formation  of  a  metallic  coating  on  glass  for  giving  it  the 
properties  of  a  mirror,  was  till  quite  recently  a  misnomer, 
seeing  that  till  about  1840  no  silver  was  used  in  the  process. 
Now,  however,  a  large  proportion  of  mirrors  are  made  by 
depositing  on  the  glass  a  coating  of  pure  silver,  and  the  old 
amalgamation  process  is  comparatively  little  used. 

The  process  of  amalgamation  consists  in  applying  a  thin 
amalgam  of  tin  and  mercury  to  the  surface  of  glass,  which 
is  done  on  a  perfectly  flat  and  horizontal  slab  of  stone 
bedded  in  a  heavy,  iron-bound  wooden  frame,  with  a  gutter 
running  round  the  outer  edge.  On  the  surface  of  this  table, 
which  must  be  perfectly  smooth  and  level,  is  spread  a  sheet 
of  thin  tin-foil,  somewhat  larger  than  the  glass  to  be  oper¬ 
ated  on,  and  after  all  folds  and  creases  have  been  com¬ 
pletely  removed,  by  means  of  stroking  and  beating  with  a 
covered  wooden  rubber,  the  process  of  “  quickening  ”  the 
foil  is  commenced.  A  small  quantity  of  mercury  is  rubbed 
lightly  and  quickly  over  the  whole  surface,  and  the  scum 
of  dust,  impure  tin,  and  mercury  is  taken  off.  Mercury  is 
then  poured  upon  the  quickened  foil,  until  there  is  a  body 
of  it  sufficient  to  float  the  glass  to  be  silvered  (about  i  inch 
deep),  and,  the  edge  at  one  of  the  sides  having  been  cleared 
of  the  scum  peculiar  to  mercury,  the  glass  (scrupulously 
cleaned  simultaneously  with  the  above  operations)  is  slid 
from  that  side  over  the  surface  of  the  mercury.  Weights 
are  placed  over  the  surface  until  the  greater  part  of  the 
amalgamated  mercury  is  pressed  out,  the  table  is  then 
tilted  diagonally,  by  means  of  dumb-screws,  and  all  super¬ 
fluous  mercury  finds  its  way  to  the  gutter.  The  glass  is 
left  twenty-four  hours  under  weights ;  it  is  then  turned 
over  silvered  side  up,  and  removed  to  a  drainer  with  inclin¬ 
ing  shelves,  where  by  alow  degrees,  as  it  dries  and  hardens, 
it  is  brought  to  a  vertical  position,  which  in  the  case  of 
large  sheets  may  not  be  arrived  at  in  less  than  a  month. 
This  process  yields  excellent  results,  producing  a  brilliant 
silver-white  metallic  lustre  which  is  only  subject  to  alter¬ 
ation  by  exposure  to  high  temperatures,  or  by  contact  with 
damp  surfaces;  but  the  mercurial  vapors  to  which  tha 
workmen  are  exposed  give  rise  to  the  most  distressing  and 
fatal  affections. 


524 


MIRROR. 


In  1835  Baron  Liebig  observed  that,  on  heating  aldehyde 
with  an  ammoniacal  solution  of  nitrate  of  silver,  in  a  glass 
vessel,  a  brilliant  deposit  of  metallic  silver  was  formed  on 
the  surface  of  the  glass.  To  this  observation  is  due  the 
modern  process  of  silvering  glass.  In  practice  the  process 
was  introduced  about  1840 ;  and  it  is  now  carried  on,  with 
several  modifications,  in  two  distinct  ways,  called  the  hot 
and  the  cold  process  respectively.  In  the  former  method 
there  is  employed  horizontal  double-bottomed  metallic 
table,  which  is  heated  with  steam  to  from  35°  to  40°  C. 
The  glass  to  be  silvered  is  cleaned  thoroughly  with,wet 
whiting,  then  washed  with  distilled  water,  and  prepared 
for  the  silver  with  a  sensitizing  solution  of  tin,  which  is 
well  rinsed  off  immediately  before  its  removal  to  the  sil¬ 
vering  table.  The  table  being  raised  to  the  proper  temper¬ 
ature,  the  glass  is  laid,  and  the  silvering  solution  at  once 
poured  over  it,  before  the  heat  of  the  fcible  has  time  to  dry 
any  part  of  the  surface  of  the  glass.  The  solution  used  is 
prepared  as  follows:  in  half  a  litre  of  distilled  water  100 
grammes  of  nitrate  of  silver  are  dissolved ;  to  this  there  is 
added  of  liquid  ammonia  (sp.  gr.  0.880)  62  grammes ;  the 
mixture  is  filtered,  and  made  up  to  8  litres  with  distilled 
water,  and  7.5  grammes  of  tartaric  acid  dissolved  in  30 
grammes  of  water  are  mixed  with  the  solution.  About  2.5 
litres  are  poured  over  the  glass  for  each  superficial  metre  to 
be  silvered.  The  metal  immediately  begins  to  deposit  on 
the  glass,  which  is  maintained  at  about  40°  C.  (104°  F.), 
and  in  little  more  than  half  an  hour  a  continuous  coating 
of  silver  is  formed.  The  silvered  surface  is  then  cleaned 
by  very  cautiously  wiping  with  a  very  soft  chamois  rubber, 
and  treated  a  second  time  with  a  solution  like  the  first,  but 
containing  a  double  quantity  of  tartaric  acid.  This  solu¬ 
tion  is  applied  in  two  portions,  and  thereafter  the  glass  is 
once  more  carefully  cleared  of  all  unattached  silver  and 
refuse  and  removed  to  a  side  room  for  backing  up. 

In  silvering  by  the  cold  process  advantage  is  taken  of 
the  power  of  inverted  sugar  to  reduce  the  nitrate  of  silver. 
This  process  has  been  adopted  for  the  silvering  of  mirrors 
for  astronomical  telescopes,  notably  for  Leverrier’s  great 
telescope  in  the  Paris  Observatory.  For  ordinary  mirror 
silvering  the  following  is  the  process  recommended  by  H. 
E.  Benrath.  Two  solutions  are  prepared,  the  first  of  which 
contains  the  silver  salt  and  the  second  the  sugar  prepara¬ 
tion.  For  the  silver  solution  800  grammes  of  nitrate  of 
silver  and  1200  grammes  of  nitrate  of  ammonium  are  dis¬ 
solved  in  10  litres  of  water,  and  1.3  kilos  of  pure  caustic 
soda  in  10  litres  of  water,  and  of  each  of  these  solutions  1 
litre  is  added  to  8  litres  of  water,  which  is  allowed  to  rest 
till  the  sediment  forms  and  then  decanted.  The  second 
solution — inverted  sugar — is  prepared  by  dissolving  150 
grammes  of  loaf  sugar  with  15  grammes  of  vinegar  in  0.5 
litre  of  water,  and  boiling  the  solution  for  half  an  hour. 
After  cooling  it  is  made  up  with  water  to  4200  cubic  centi¬ 
metres.  The  silvering  is  done  on  horizontal  tables  in  a 
well-lighted  and  moderately  heated  apartment,  and  the 
glass  is  cleaned  with  scrupulous  care.  For  each  square  cen¬ 
timetre  of  glass  operated  on  15  cubic  centimetres  of  the  sil¬ 
ver  solution  above  described  are  measured  out,  and  from 
7  to  10  per  cent,  of  the  solution  of  inverted  sugar  is  added, 
both  being  quickly  stirred  together  and  poured  rapidly 
and  evenly  over  the  glass.  The  reduction  immediately 
begins,  and  the  solution  exhibits  tints  passing  through 
rose,  violet,  and  black,  till  in  about  seven  minutes  it  again 
becomes  transparent  and  the  deposit  of  metal  is  complete. 
This  first  deposit  is  extremely  thin,  and  allows  the  trans¬ 
mission  of  bluish  rays.  The  exhausted  solution  with  float¬ 
ing  and  unattached  dust-like  granules  of  silver  is  carefully 
wiped  off,  the  silvered  surface  washed  with  distilled  water 
and  again  treated  with  the  mixed  solutions  to  the  extent 
of  half  the  quantity  used  in  the  first  application.  The  fin¬ 
ished  surface  is  wiped  and  washed  in  the  most  thorough 
manner, — for  the  least  trace  of  caustic  soda  left  would  de¬ 
stroy  the  mirror.  The  further  processes  are  the  same  in 
both  methods  of  silvering. 

The  deposit  of  silver  on  glass  is  not  so  adherent  and  un¬ 
alterable  under  the  influence  of  sunlight  and  sulphurous 
fumes  as  the  tin-mercury  amalgam,  and  moreover  real  sil¬ 
vered  glass  has  a  slightly  yellowish  tinge.  These  defects 
have  been  overcome  by  a  process  introduced  by  M.  Lenoir, 
which  consists  of  brushing  over  the  silvered  surface  with 
a  dilute  solution  of  cyanide  of  mercury,  which  instanta¬ 
neously  forming  a  kind  of  amalgam  renders  the  deposit  at 
once  much  whiter  and  more  firmly  adherent  than  before. 
To  protect  the  thin  metallic  film  from  mechanical  injury 
and  the  chemical  action  of  gases  and  vapors,  it  is  coated 
with  shellac  or  copal  varnish,  over  which  when  dry  are 
applied  two  coatings  of  red-lead  paint. 

Platinum  Mirrors. — A  cheap  process  of  preparing  mirror 
glass  is  to  some  extent  prosecuted  in  France,  whereby  a 
thin  but  very  adherent  deposit  of  platinum  is  formed  on 


the  glass.  A  solution  of  chloride  of  platinum  with  a  pro¬ 
portion  of  litharge  and  borate  of  lead  dissolved  in  essential 
oil  of  spike  is  applied  with  a  brush  to  well-cleaned  glass, 
which  is  then  placed  on  edge  in  a  muffle  furnace,  and  the 
platinum  is  thus  burned  in,  forming  an  exceedingly  thin 
but  brilliant  metallic  backing  having  a  somewhat  gray 
lustre.  It  is  used  ouly  for  the  lids  of  cheap  boxes,  toys, 
ornamental  letters,  etc. 

Magic  Mirrors. — Hand  mirrors  of  metal  are  still  in  com¬ 
mon  use  in  Oriental  countries,  and  especially  in  Japan  and 
China  they  continue  to  be  the  prevalent  form  of  looking- 
glass.  In  the  former  country  indeed  bronze  mirrors  are 
articles  of  the  greatest  importance  in  the  generally  meagre 
furnishing  of  houses,  and  besides  possess  a  religious  sig¬ 
nificance.  They  have  been  known  and  used  from  the  most 
remote  period,  mention  of  them  being  found  in  Chinese 
literature  of  the  9th  century.  The  (reputed)  first  made 
Japanese  mirror,  preserved  at  Ise,  is  an  object  of  the  high¬ 
est  veneration  in  Japan,  and  an  ancient  mirror,  connected 
with  which  is  a  tradition  to  the  effect  that  it  was  given  by 
the  sun-goddess  at  the  foundation  of  the  empire,  is  a  prin¬ 
cipal  article  of  the  Japanese  regalia.  The  mirrors  of  Japan 
vary  in  form  and  size,  but  in  general  they  consist  of  thin 
disks,  from  3  to  12  inches  in  diameter,  of  speculum  metal 
with  handles  cast  in  one  piece.  The  polished  face  of  the 
mirror  is  slightly  convex  in  form,  so  that  a  reflected  image 
is  seen  proportionately  reduced  in  size ;  the  back  of  the  disk 
is  occupied  with  characteristic  Japanese  ornamentation  and 
inscriptions  in  bold  relief,  and  its  rim  is  also  raised  to  the 
back.  Much  attention  has  been  attracted  to  these  mirrors 
by  a  singular  physical  peculiarity  which  in  a  few  cases  they 
are  found  to  possess.  These  are  known  as  magic  mirrors 
from  the  fact  that  when  a  strong  beam  of  light  is  reflected 
from  their  smooth  and  polished  surface,  and  thrown  on  a 
wh  ite  screen,  an  image  of  the  raised  ornaments  and  char¬ 
acters  on  the  back  of  the  mirror  is  formed  with  more  or 
less  distinctness  in  the  disk  of  light  on  the  screen.  This 
peculiarity  has  at  no  time  been  specially  observed  by  the 
Japanese,  but  in  China  it  attracted  attention  as  early  as  the 
11th  century,  and  mirrors  possessed  of  this  property  sell 
among  the  Chinese  at  ten  or  even  twenty  times  the  price 
sought  for  the  ordinary  non-sensitive  examples.  The  true 
explanation  of  the  magic  mirror  was  first  suggested  by  the 
French  physicist  Person,  who  observed  that  the  reflecting 
surface  of  the  mirrors  was  not  uniformly  convex,  the  por¬ 
tions  opposite  relief  surfaces  being  plane.  Therefore,  as  he 
says,  “  the  rays  reflected  from  the  convex  portion  diverge 
and  give  but  a  feebly  illuminated  image,  while,  on  the  con¬ 
trary,  the  rays  reflected  from  the  plane  portions  of  the 
mirror  preserve  their  parallelism,  and  appear  on  the  screen 
as  an  image  by  reason  of  their  contrast  with  fhe  feebler 
illumination  of  the  rest  of  the  disk.”  That  such  differ¬ 
ences  of  plaue  in  the  mirror  surface  arise  is  an  accidental 
circumstance  due  to  the  manner  in  which  it  is  prepared,  a 
process  explained  by  Professors  Ayrton  and  Perry,  by  whom 
ample  details  of  the  history,  process  of  manufacture,  and 
composition  of  Oriental  mirrors  have  been  published.  A 
preliminary  operation  in  polishing  the  surface  consists  of 
scoring  the  cast  disk  in  every  direction  with  a  sharp  tool. 
The  thicker  portions  with  relief  ornament  oiler  more  resist¬ 
ance  to  the  pressure  of  the  tool  than  the  thin  flat  portions* 
which  tend  to  yield  and  form  at  first  a  concave  surface,  but 
this  by  the  reaction  of  its  elasticity  rises  afterwards  and 
forms  a  slightly  convex  surface  while  the  more  rigid  thick 
portions  are  comparatively  little  affected.  This  irregularity 
of  surface  is  inconspicuous  in  ordinary  light,  and  does  not 
visibly  distort  images ;  but  when  the  mirror  reflects  a  bright 
light  on  a  screen  the  unequal  radiation  renders  the  minute 
differences  of  surface  obvious.  The  ingenious  theory  of 
Person  has  been  established  by  experiments  communicated 
by  M.  Govi  to  the  academy  of  Turin  in  1864-65,  and  more 
recently  by  investigations  of  MM.  Bertin  and  Dubosq.  See 
Annales  de  Cliimie  et  de  Physique  (5th  ser.,  vol.  xx.).  (j.  pa.) 

Ancient  Mirrors. 

The  mirror  of  classical  antiquity  ( Kdronrpov ,  speculum) 
was  a  thin  disk  of  bronze  slightly  convex  on  one  side  and 
polished,  usually  provided "  with  a  handle,  sometimes 
mounted  on  a  stand  in  the  form  of  a  female  figure  (see 
Costume,  vol.  vi.  p.  400,  Fig.  1),  sometimes  fixed  inside  a 
circular  bronze  case.  The  common  size  is  that  of  an  ordi¬ 
nary  hand  mirror.  Examples  large  enough  to  take  in  the 
whole  figure  appear  to  have  been  rare.  Mirrors  of  glass  are 
mentioned,  and  though  none  of  them  have  been  found  their 
existence  need  not  be  questioned  altogether,  since  the  pro¬ 
cess  of  silvering  occasionally  employed  on  bronze  mirrors 
suggests  that  an  analogous  process  may  have  been  applied 
to  glass.  But  the  very  large  number  of  mirrors  still  exist¬ 
ing  from  antiquity  shows  that  bronze  was  the  regular  ma- 
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terial  employed.  The  alloy  known  as  speculum,  producing 
a  very  hard  metal  with  great  reflecting  power,  is  compar¬ 
atively  seldom  met  with.  Silver  mirrors  are  mentioned, 
but  none  have  as  yet  been  found. 

The  principal  feature  of  ancient  mirrors,  especially  those 
of  Etruria^  is  the  design  incised  on  the  back  (see  Etruria, 
vol.  viii.  p.  564).  While  twelve  incised  specimens  are  all 
that  are  as  yet  known  from  Greece,  the  number  found  in 
Etruria  must  be  nearly  a  thousand.  As  a  rule  the  subjects 
incised  are  taken  from  Greek  mythology  and  legend,  the 
names  of  the  persons  represented  being  frequently  added 
in  Etruscan  letters  and  orthography.  In  most  cases  the 
styje  of  drawing,  the  types  of  the  figures,  and  the  manner 
of  composing  the  groups  are  true  to  the  characteristics  of 
Greek  art.  Some  may  have  been  imported  from  Greece ; 
but  the  greater  number  appear  to  have  been  more  or  less 
faithfully  imitated  from  such  designs  as  occurred  on  the 
almost  innumerable  painted  Greek  vases  which  the  Etrus¬ 
cans  obtained  from  Greece.  Even  where  distinctly  Etrus¬ 
can  figures  are  introduced,  such  as  the  heroes  ALlius  and 
Cafiius  Vibenna  on  a  mirror  in  the  British  Museum,  Greek 
models  are  followed.  The  characteristics  of  Greek  art  here 
referred  to  date  from  a  little  before  400  b.c.,  and  last  for 
some  time  after.  In  this  period  would  fall  the  majority  of 
the  Etruscan  mirrors,  and  to  this  period  also  belong  the 
Greek  incised  mirrors,  among  which  may  be  mentioned  for 
their  beauty  one  representing  Leucas  and  Corinthus,  in¬ 
scribed  with  their  names  (engraved,  Monuments  Grecs,  1873, 
pi.  3,  published  by  the  Association  pour  l’encouragement  des 
Etudes  Grecques),  and  another  in  the  British  Museum  {Ga¬ 
zette  Arch.,  ii.  pi.  27),  on  the  back  of  which  is  a  figure  of 
Eros  which  has  been  silvered  over.  With  this  last-men¬ 
tioned  mirror  was  found  the  bronze  case  used  to  contain  it, 
on  the  back  of  which  is  a  group  of  Aphrodite  and  Eros  in 
repoussee.  It  was  found  in  Crete.  But  most  of  the  Greek 
mirrors  and  mirror-cases  having  artistic  designs  are  from 
Corinth.  One  bears  the  name  of  the  artist,  'An-oXXay  ivoui 
(engraved,  Arch.  Zeitung,  1862,  pi.  166,  Fig.  1). 

Archaic  art  (about  500  b.c.)  is  represented  by  a  mirror  in 
the  British  Museum  from  Suuium  in  Attica.  The  mirror 
itself  is  quite  plain,  but  the  stand  is  composed  of  a  draped 
female  figure,  above  whose,  head  float  two  cupids.  From 
Etruria  there  is  a  comparatively  small  number  with  archaic 
incised  designs.  It  may  be  concluded  that  the  luxury  of 
mirrors  enriched  with  incised  designs  was  not  freely  in¬ 
dulged  before  400  b.c.  in  Etruria  and  never  to  any  extent 
in  Greece.  A  special  centre  of  incised  mirrors  was  the 
Latiari  town  of  Prseneste  (Palestrina),  and  it  is  of  interest 
in  regard  to  some  of  the  mirrors  found  there  that  they 
have  inscriptions  in  early  Latin.  Artistically  they  have  a 
purely  Greek  character.  Plain  mirrors  are  found  wherever 
Greek  and  Eoman  civilization  spread,  and  it  may  be  seen 
from  a  specimen  found  in  Cornwall,  now  in  the  British 
Museum,  that  the  Celtic  population  of  England  had  adopted 
the  form  and  substance  of  the  mirror  from  their  conquer¬ 
ors.  This  specimen  is  enriched  with  a  Celtic  pattern  in¬ 
cised.  The  shape  of  the  handle  testifies  to  native  origi¬ 
nality.  Mirrors  were  used  in  Greece,  perhaps  rarely,  for 
divination,  as  appears,  for  example,  from  Pausanias  (vii. 
21,  5),  the  method  being  to  let  the  mix-ror  down  into  a  well 
by  means  of  a  string  till  it  reached  close  to  the  surface  of 
the  water.  When  it  was  pulled  up  after  a  little  it  was  ex¬ 
pected  to  show  the  face  of  the  sick  person  on  whose  behalf 
the  ceremony  was  performed.  This  was  at  Pati’as. 

The  principal  publications  on  ancient  mirrors  are  Gerhard, 
EtrusHsehe  Spiegel,  Berlin,  1843-67,4  vols.,  containing  430  plates; 
for  the  Greek  mirrors,  Mylonas,  'EAAijvixa  Kdrompa,  Athens,  1876, 
and  Dumont,  Bullet,  de  Corresp.  Rellen.,  1877,  p.  108;  see  also  Fried- 
ericlis,  Kleinere  Kunst  und  Industrie  im  Alterthum,  Dvisseldorf,  1871. 
p.  18  sq. ;  and  Marquardt  and  Mommsen,  Handbuch  der  romischen 
Alterthiimer,  vii.  pt.  2,  p.  670.  (a.  s.  m.) 

MIRZAPUR,  a  district  in  the  Northwestern  Prov¬ 
inces  of  India,  lying  between  23°  5U  30"  and  25°  3U 
N.  lat.,  and  between  82°  9'  15"  and  83°  O'  36"  E. 
long.,  is  bounded  on  the  N.  by  Jaunpur  and  Benares, 
on  the  E.  by  Shahabad  and  Lohardaga,  on  the  S.  by 
Sargujii  state,  and  on  the  W.  by  Allahabad  and  Rewah 
state,  and  has  an  area  of  5217  square  miles.  It  is 
crossed  from  east  to  west  by  the  Vindhya  and  Kaimur 
ranges.  A  central  jungly  plateau  connects  these,  and 
separates  the  valley  of  the  Ganges  from  that  of  the 
Son. 

The  population  in  1872  was  1,015,203  (males,  520,496; 
females,  494,707),  of  whom  949,644  were  Hindus,  64,809  Mo¬ 
hammedans,  and  750  Christians.  The  non-Asiatic  popula¬ 
tion  numbered  623.  Only  three  towns  had  a  population 
exceeding  5000;  Mirz;ipur,  67,274;  Chauar,  10,154;  and 
Abraura,  9091.  Out  of  a  Government-assessed  area  of  3048 
square  miles,  1313  are  cultivated,  49^  cultivable  waste,  aud 


1238  uncultivable.  The  part  of  Mirzdpur  which  lies  north 
of  the  Vindhyds  is  vei-y  highly  cultivated  and  thickly 
peopled,  but  the  rest  of  the  district  consists  largely  of 
ravines  and  forests,  with  a  very  sparse  population.  Local 
manufactures  comprise  carpets  of  a  superior  description, 
brass  ware,  and  shellac.  The  East  Indian  Railway  traverses 
the  district,  along  the  right  bank  of  the  Ganges,  for  a  dis¬ 
tance  of  32  miles.  The  climate  is  slightly  warmer  and 
damper  than  that  of  districts  farther  north  and  east.  The 
mean  annual  rainfall  is  42.7  inches. 

Mirzapur,  chief  town  and  administrative  head¬ 
quarters  of  the  above  district,  is  situated  on  the 
south  bank  of  the  Ganges,  56  miles  below  Allahabad 
(25°  9'  43"  N.  lat.,  82°  38'  10"  E.  long.).  The  popu¬ 
lation  in  1872  was  67,274,  of  whom  55,917  were  Hindus 
and  11,053  Mohammedans.  Up  to  quite  recent  years 
Mirzapur  was  the  largest  mart  in  Upper  India  for  grain 
and  cotton  ;  but  of  late  its  commercial  importance  has 
rapidly  decreased,  owing  to  the  establishment  of 
through  railway  communication  with  Bombay  via 
Jabalpur,  and  the  rise  of  Cawnpore  to  the  position  of 
a  mercantile  centre.  The  river  front,  lined  with  stone 
ghats  or  flights  of  stairs,  and  exhibiting  numerous 
mosques,  Hindu  temples,  and  dwelling-houses  of  the 
wealthier  merchants,  with  highly  decorated  facades 
and  richly  carved  balconies  and  door-frames,  is 
handsome;  but  the  interior  of  the  town  is  mainly 
composed  of  mud-huts.  The  manufacture  of  shel¬ 
lac  gives  employment  to  about  four  thousand  per¬ 
sons  ;  brass  ware  and  carpets  are  also  made.  The  im¬ 
ports  consist  of  grain,  sugar,  cloth,  metals,  fruit, 
spices,  tobacco,  lac,  salt,  and  cotton  ;  the  same  articles, 
with  manufactured  lac-dye,  shellac,  and  ghi,  are  ex¬ 
ported.  Pop.  (1901)  79,787 

MISDEMEANOR.  “The  word  misdemeanor,” 
says  Russell  (On  Grimes ,  vol.  i.  chap,  iv.),  “is  applied 
to  all  those  crimes  and  offences  for  which  the  law  has 
not  provided  a  particular  name.”  Stephen,  in  his 
Digest  of  the  Criminal  Law,  adopts  the  following 
mode  of  distinguishing  between  misdemeanor  ana 
other  crimes.  “Every  crime  is  either  treason,  felony, 
or  misdemeanor.  Every  crime  which  amounts  to 
treason  or  felony  is  so  denominated  in  the  definitions 
of  crimes  hereinafter  contained.  All  crimes  not  so 
denominated  are  misdemeanors.  ”  It  is  customary  to 
speak  of  misdemeanor  as  implying  a  less  degree  of 
crime  than  felony  (see  Felony).  “Misdemeanors,” 
observes  Russell  in  the  passage  already  cited,  “have 
been  sometimes  termed  mispi'isions  ;  indeed  the  word 
misprision,  in  its  larger  sense,  is  used  to  signify  every 
considerable  misdemeanor  which  has  not  a  certain 
name  given  to  it  in  the  law,  and  it  is  said  that  a  mis¬ 
prision  is  contained  in  every  felony  whatsoever,  so  that 
the  offender  may  be  prosecuted  for  misprision  at  the 
option  of  the  crown.”  Misprision,  in  a  more  restricted 
sense  (or  negative  misprision),  is  the  concealment  of 
an  offence.  Positive  misprisions  are  contempts  or  mis¬ 
demeanors  of  a  public  character,  e.g.,  maladministra¬ 
tion  of  high  officials,  contempt  of  the  sovereign  or 
magistrates,  etc.  The  rule  as  to  punishment,  when  no 
express  provision  has  been  made  by  law,  is  that  “every 
person  convicted  of  a  misdemeanor  is  liable  to  fine  and 
imprisonment  without  hard  labor  (both  or  either),  and 
to  be  put  under  recognizances  to  keep  the  peace  and 
be  of  good  behavior,  at  the  discretion  of  the  court  ’  ’ 
(Stephen’s  Digest ,  art.  22).  By  28  &  29  Viet.  c.  67 
risoners  convicted  of  misdemeanor  and  sentenced  to 
ard  labor  shall  be  divided  into  two  divisions,  one  of 
which  shall  be  called  the  first  division,  and  when  a  per¬ 
son  convicted  of  misdemeanor  is  sentenced  to  impris¬ 
onment  without  hard  labor  the  court  may  order  him  to 
be  treated  as  a  first-class  misdemeanant,  who  shall  not 
be  deemed  a  “criminal  prisoner  ”  within  the  meaning 
of  that  Act.  The  Prison  Act,  1877  (§§  40,  41),  re¬ 
quires  prisoners  convicted  of  sedition  or  seditious  libel, 
or  attached  for  contempt  of  court,  to  be  treated^ as 
misdemeanants  of  the  first  class. 

In  New  York  and  some  other  States  of  the  Amer¬ 
ican  Union  the  legislature  has  defined  felony  as  any 
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crime  which  .ib  or  may  be  punishable  with  death  or  im¬ 
prisonment  in  a  State  prison,  all  other  crimes  being 
misdemeanors. 

MISHNAH.  The  Mishnah,  in  the  most  familiar 
application  of  the  name,  is  the  great  collection  of  legal 
decisions  by  the  ancient  rabbis  which  forms  in  each 
Talmud  the  text  on  which  the  Gemara  rests,  and  so  is 
the  fundamental  document  of  the  oral  law  of  the  Jews. 
The  question  What  is  Mishnah  ?  was  asked,  however, 
as  early  as  the  latter  part  of  the  1st  or  the  early  part 
of  the  2d  century,  though  in  a  somewhat  different  sense 
and  for  a  somewhat  different  purpose.1  It  will  be  an¬ 
swered  in  the  course  of  this  article  in  all  its  bearings. 

1.  Name. — Rabbinic  tradition  has  fixed  the  point¬ 
ing  Mishnah  by  giving  its  status  constructus  as 

Mishnath.  Although  the  word  Mishnah  is  not  found 
in  the  Bible,  it  is  no  doubt  a  classical  Hebrew  term, 
signifying  something  closely  akin  to  Mishneh  (which 
term  occurs  more  than  once  there),  as  may  be  seen  on 
comparing  Mikvah  with  Mikveh,  Mi/cnah  with  MiJcneh , 
Ma'alah  with  Ma'aleh ,  and  Mafah  with  Mar'eh , 
each  two  of  which  are,  however  they  may  vary  in  prac¬ 
tical  application,  unquestionably  synonymous  terms. 
The  practical  significations  of  Mishnah  are  seven  in 
number:  (1)  repetition,  i.  e. ,  tradition:2  as  such  it  is 
the  equivalent  of  the  devrepuoetg  of  Epiphanius,3  the 
traditiones  et  devrepAocig  of  Jerome,4  the  devrepaxng  of 
Justinian,5  and  the  H'Jt?  minS  (“the  second  to  the 
law”)  of  the  Arukh6;  (2)  recitation  from  memory,  in 
contradistinction  to  reading  from  a  book  ;7  (3)  study  : 
as' such  it  is  the  equivalent  of  Midrash  in  the  former 
part  of  its  third  signification  ;  (4)  instruction :  as  such 
it  is  the  equivalent  of  Midrash  in  the  latter  part  of  its 
third  signification  ;8  (5)  system,  style,  view,  line  of 
study  and  instruction:  as  such  it  is  identical  with 
the  Talmudical  Shittah  ;9  (6)  a  paragraph  of  the  Mish¬ 
nah  ;  it  is  invariably  employed  in  this,  sense  in  the 
Babylonian  Talmud,  and  is  identical  with  the  word 
Ilalakhah,  used  for  the  same  purpose,  in  the  Pales¬ 
tinian  Talmud;  and  (7)  the  collection  of  the  decisions 
of  the  whole  “oral  law,”  i. e. ,  the  Mishnah  in  the  con¬ 
crete  sense.  The  word  Mishnah  has  three  different 
plurals :  (1  j  the  traditional  Mishnayoth  for  signification 
(7),  formed  on  the  analogy  of  Mikvaoth  (not,  as  some 
think,  on  that  of  Mikraoth  or  Midrashoth)  ;  (2)  the 
correct,  though  questioned,  Mishniyyoth  for  significa¬ 
tion  (6),  formed  on  the  analogy  of  Parshvfuoth  from. 
Parashah  (or  Par  shah),  not  to  speak  of  that  of 
Ma'asiyyoth  from  Ma'aseh;  (3),  the  somewhat  inele¬ 
gant,  but  correct,  Mishnoth,10  which  also  serves  for 
signification  (6).  Significations  (1),  (2),  (3),  (4),  and 
(5)  have,  however  inconsistent  it  may  appear  when  one 
takes  into  consideration  their  respective  equivalents, 
no  plural  whatever.  So  much  for  the  Hebrew  Mish¬ 
nah.  The  Aramaic  Mathnitho  will  be  spoken  of  later. 

1  See  T.  B.,  Kiddushin,  49a. 

*  The  root  Shanoh  {T\'yd),  from  which  Mishnah  is  immediately 

derived,  is  not  merely,  as  is  often  thought,  to  learn,  to  teach,  but 
to  repeat;  and  it  is  in  reality  this  last  meaning  which  underlies 
the  two  former. 

a  Hseres.,  xv.  (xara  ypaja/uareW),  in  fine.  Epiphanius  was  a  native 
of  Palestine,  even  if  he  was  not,  as  some  think,  of  Jewish  parent¬ 
age.  As  a  Palestinian  writer  on  Jewish  and  semi-Jewish  matters 
he  must  have  had  more  than  a  superficial  knowledge  of  the 
Jewish  traditions  (the  Mishnah,  etc.).  And  indeed,  to  judge  from 
the  account  he  gives  of  the  various  Jewish  traditions  (although 
the  text  of  this  account  is  extremely  corrupt  in  every  way),  he 
was  pretty  well  informed.  For  he  tells  us  that  the  Jews  have  four 
kinds  of  traditions :  such  as  are  ascribed  to  Moses  (by  which  he 
»o  doubt  means  the  HalaJchah  le-Mosheh  mis-Sinai);  such  as  are 
ascribed  to  the  sons  of  Asmonseus  (by  which  he  means  the  Teka- 
noth,  etc.,  of  the  Beth  Dino  shel  Hashmonai ;  see  T.  B.,  'Abodah 
Zarah,  36 b) ;  such  as  are  ascribed  to  R.  'AkJbah  (the  great  teacher 
and  martyT) ;  and  such  as  are  ascribed  to  R.  Andan,  etc.  (Rabbi 
Yehudah  Hannasi). 

*  In  Isaiam.  cap.  viii.  11-15. 

*  Nov.  cxlvi.  (Ilepi  'E/3paiW)  k e<£.  a,  in  medio. 

*  Article  nitPD  (first  definition). 

1  Contrast  Shanoh  (nj$)  with  Karo  (KID). 

s  See  article  Midrash,  p.  297. 

*  See  Schiller-Szinessy,  Catalogue  of  Hebrew  MSS.  in  the  Cambridge 
University  Library,  ii.  p.  94. 

10  See  MS.  Add.  464  (University  Library,  Cambridge),  leaf  2836. 


2.  Contents  and  Nature.  —  The  Mishnah  consists 
chiefly  of  HalaJchah  ;u  there  is,  comparatively  speak¬ 
ing,  little  Agadahn  to  be  found  in  it.  It  is  not,  how¬ 
ever,  as  many  think,  either  a  commentary  on  the 
Halakhic  portions  of  the  Pentateuch,  or  on  the  ordi¬ 
nances  of  the  Sopherim ,  or  on  both  together.  It  rather 
presupposes  the  knowledge  of,  and  respect  for,  both 
the  Mosaic  and  the  Sopheric  laws,  and  it  only  dis¬ 
cusses,  and  finally  decides  on,  the  best  mode  and  man¬ 
ner  of  executing  these.  The  discussions  and  eventual 
decisions  to  be  found  in  the  Mishnah  owe  their  exist¬ 
ence  principally  to  deep  meditation  on  these  two  kinds 
of  laws,  notably  on  the  former,  by  the  rabbis  of  various 
ages,  but  chiefly  by  those  who  lived  fifty  years  before 
and  one  hundred  and  fifty  years  after  the  rise  of  Chris¬ 
tianity,  the  names  of  whom  it  faithfully  gives,  along 
with  their  respective  discussions  and  decisions.  There 
are  but  few  cases  to  be  found  in  the  Mishnah  which 
would  critically  come  under  the  denomination  of  an 
Ilalakhah  le-Mosheh  mis-Sinai ,  i.e.,  an  explanation  (of 
a  law)  as  directly  given  by  God  to  Moses,  and  in 
uninterrupted  succession  received  from  him  by  the 
rabbis.  Several  cases  given  under  this  name  in  the 
Mishnah  are  not  Iona  fide  eases;13  for  the  test  of  such 
an  Ilalakhah  is  that  it  must  never  have  been  contested 
by  any  one.14 

3.  Method. — A  Mishnah ,  if  genuine,  never  begins 
with  a  passage  of  the  Pentateuch,  and  even  compara¬ 
tively  seldom  brings  direct  proof  from  or  gives  refer¬ 
ence  to  it.  When  there  is  any  exception  to  this  rule 
it  will  be  found,  on  close  examination,  either  that  such 
a  paragraph  belongs  to  a  very  early  age  (that  of  the 
Sopherim ),  or  that  it  is  to  be  found  in  another  work 
of  the  “  oral  law,”  and  is  simply  copied  in  the  Mishnah , 
or,  what  is  more  likely,  that,  if  independent,  it  be¬ 
longs  to  a  very  late  age,  or,  finally,  that  the  proof  or 
the  reference  thus  given  is  only  a  later  addition.  One 
example  of  the  true  method  of  the  Mishnah  will,  per¬ 
haps,  better  illustrate  the  foregoing  statement  than  a 
sheet  full  of  theorizing  on  the  subject  •.  and  this  one 
example  will  the  more  surely  suffice  because  of  its 
mixed  (Mosaic  and  Sopheric)  character.  It  is  the 
very  first  paragraph  of  the  whole  Mishnah ,  and  runs 
thus :  ‘  ‘  From  what  time  (of  the  day)  does  (may,  should) 
one  read  the  Shema'  (‘  the  taking  upon  oneself  the 
yoke  of  the  heavenly  kingdom’)  . in  the  evening?” 
The  Mishnah  does  not  begin :  One  is  in  duty  bound  to 
read  the  Shema'  in  the  evening,  because  it  is  written 
(Deut.  vi.  7),  “And  when  thou  liest  down.”  .For,  in 
the  first  place,  the  law  to  read  the  Shema r  evening  and 
morning  is  not  unquestionably  Mosaic,  as  the  words, 

‘ '  And  thou  shalt  talk  of  them,  etc. ,  ”  do  not  refer  to 
this  passage  of  the  law  particularly,  but  rather  to  the 
words  of  the  Pentateucn  in  general  ;15  and,  secondly, 
it  is  needless  to  say  that  one  is  in  duty  bound  to  recite 
the  Shema'  twice  a  day,  since  every  Jew  readily  ac¬ 
knowledges  this  duty,  and  executes  it,  although  it  is 
not  Mosaic.  This  duty  of  reading  the  Shema',  the 
grounds  on  which  this  duty  rests,  and  how  it  is  best 
fulfilled,  are  fully  and  ably  discussed,  developed,  and 
finally  settled  in  that  part  of  the.  Talmud  called 
Gema/ra i16 — the  business  of  which  it  is  to  discuss  the 
words  of  the  Mishnah  and  to  show  the  sources  of  the 
tradition,  and  eventually  the  passage  in  the  Pentateuch 

• 

11  This  word,  derived  from  the  root  Halokh  (^bil),  to  go,  is  syn¬ 
onymous  with  Minhag  (custom,  practice)  and  Mishpat  (rule)  etc. 

12  For  the  meaning  of  this  term  and  the  Agadic  parts  which  are 
to  he  found  in  the  Mishnah,  see  Midrash. 

1*  See  R.  Asher  b.  Yehiel  (Harosh)  Hilekhoth  Mikvaoth  (coming 
close  after  this.  Rabbi’s  commentary  on  Niddah,  in  the  printed 
editions  of  the  Bab.  Talmud),  i.  1. 

h  There  are,  however,  at  least  sixteen  such  bona  fide  cases  to  be 
found  in  the  works  of  the  “oral  law.” 

is  See  T.  B.,  Berakhoth,  on  Deut.  xi.  19. 

I6  Gemara,  or  Qemoro,  signifies  concretely  discussion  on  and  final 
settlement  of  the  contents  of  the  Mishnah,  from  gemar  ( 101),  to 
study  deeply,  to  come  to  a  final  result ;  which  last  signification 
is,  to  some  extent, to  be  found  also  in  the  Hebrew  root  gamor  (fiOify 
Compare  T.  B.,  Bobo  MetsCo,  33 a,  and  Rashi,  in  loco. 
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4.  Purpose.  —  Although  it  is  a  book  containing 
Halakhic  decisions,  the  Mishnah  was  never  intended, 
as  many  think,  to  enable  the  reader  thereof  to  decide 
from  it  immediately.  This  mistake  is  old1  and  widely 
spread, — but  a  mistake  nevertheless.  The  purpose  of 
the  Mishnah  was  and  is  simply  to  exhibit  the  develop¬ 
ment  of  the  “oral  law”  and  the  view  taken  of  this 
development  by  the  rabbis  of  various  times.  For  this 
reason  one  finds  side  by  side  with  the  opinions  of  the 
majority  those  also  of  the  minority,  which  latter  are 
very  carefully  given.  But  why,  since  these  opinions 
of  the  minority  can  have  no.  decisional  effect?  The 
Mishnah'  itself  (' Eduyyoth 2  i.  5)  answers  this  ques¬ 
tion  :  it  is  that  the  teacher  or  the  judge  of  later  ages 
may  be  thus  enabled,  if  he  have  good  grounds  for 
taking  a  view  different  from  that  of  the  majority  as 

iven  hundreds  of  years  before,  to  reverse  the  old 

ecision,  by  forming,  on  the  strength  of  the  example 
before  him,  with  others  who  agree  with  him  (or  with¬ 
out  them,  if  only  one  vote  was  wanted  to  reverse  the 
majority)  a  fresh  majority.  Thus  the  Jewish  “oral 
law  ’  ’  can  never  become  ossified  like  the  laws  of  the 
Medes  and  Persians. 

5.  Language.  —  The  Mishnah  is,  on  the  whole, 
written  in  almost  pure  Hebrew ;  and  even  the  origin¬ 
ally  non-Hebrew  words  (Aramaic,  Greek,  Latin,  etc. ) 
are  so  skilfully  Hebraized  that  they  are  a  most  credit¬ 
able  testimony  to  the  linguistic  powers  both  of  rilany 
of  the  disputants  mentioned  in  it,  whose  very  words 
are  in  most  cases  given,  and  of  the  editor3  or  editors 
who  revised  them. 

6.  Age  and  Authorship. — R.  Yehudah  Hannasi  (the 
Prince),  the  reputed  author  (in  reality  only  the  princi- 

al  and  best  among  the  editors)  of  the  Mishnah ,  was 

orn  before  the  year  140  of  the  Christian  era.  His 
name  was  in  full  Yehudah  b.  Shime'on  b.  Gamliel  b. 
Shime'on  b.  Gamliel4  b.  Shime'on  b.  Hillel.  On 
account  of  his  holy  living  he  was  surnamed  Rabbenu 
Hakkadosh,  and  on  account  of  his  great  learning  and 
authority  he  was  called  simply  “Rabbi”  (“ My 
Teacher  ’  ’  par  excellence).  Rabbi  and  his  time,  how¬ 
ever,  are  no  terminus  a  quo  for  the  composition  of  the 
Mishnah.  For,  not  to  speak  of  many  isolated  Mish¬ 
niyyoth  which  can  be  brought  home  to  R.  Meir,  to  R. 
'Akibah,  to  Hillel,5  to  Yose  b.  Yo'ezer,6  and  to 
others,  even  to  the  earlier  Sopherim ,7  we  find  that  R. 
Yose  b.  Halaphta  of  the  1st  century  already  quotes 
the  beginning  and  ending  of  a  whole  Mishnic  treatise 
(Kelirnr),  and  that  in  the  same  century  (or  very  early  in 
the  2d)  another  treatise  consisting  of  early  testimonies 
(' Eduyyoth9)  was  put  into  order.  Moreover,  although 

1  See  T.  B„  Sotah,  12a. 

s  The  word  flVIp  is  variously  pointed:  'Aduyoth,  * Ediyoth , 
and,  as  in  the  text,  Eduyyoth,  which  last,  if  the  name  come  from 
because  of  the  testimony  of  the  witnesses  on  which  this 
Massekheth  chiefly  rests,  would  be  the  only  correct  one.  But  it 
ought  to  be  remarked  that  the  Babylonian  teachers  must  have 
spelled  it  'Idiyyoth  (best  things),  since  its  equivalent  is  given  by 
them  as  Behirto  (or  Behirotho).  See  T.  B.,  Berakhoth,  ‘Ala  and  else- 
where 

8  The  Hebrew  spoken  in  the  house  of  the  principal  editor  of  the 
Mishnah  was  so  correct  that  rabbis  actually  learnt  the  meaning 
of  uncommon  words  of  the  Bible  from  the  handmaidens  of  thi3 
house.  See  T.  B.,  Bosh  Hasshanah,  266.  As  for  Rabbi  himself,  he 
was  not  merely  a  fine  Hebrew  scholar,  but  a  fine  Greek  scholar 
also.  He  was  also  a  purist;  for  in  T.  B.,  Sotah,  49 b,  he  is  reported 
to  have  exclaimed,  “  Why  should  any  one  speak  in  Palestine 
‘Sursi’?  Let  him  speak  either  Hebrew  or  Greek !”  In  using  the 
word  “Sursi”  for  “Surith  ”  (Syriac),  he  no  doubt  makes  a  pun¬ 
ning  allusion  to  the  mixed  (cut  up)  character  of  the  language, 
corrupted  from  Hebrew,  Chaldee,  Persian,  Greek,  and  Latin. 

4  This  was  the  teacher  of  St.  Paul. 

6  In  addition  to  such  well-known  Agadic  Mishniyyoth  as  those 
which  are  distinctly  ascribed  in  Aboth  to  Hillel,  see  Mishnah 
giddushin,  iv.  1 ;  and  contrast  it  with  the  language  and  style  of 
the  Mishnah  in  general,  and  that  of  Massekhto  Kiddushin  in  par¬ 
ticular. 

*  Mishnah  'Eduyyoth,  viii.  4. 

i  See  Mishnah  Ma’aser  Sheni,  v.  7 ;  Sotah,  v.  1,  2,  Nega'im,  xii.  5, 
6,  7,  etc. ;  though  it  cannot  be  said  that  these  passages  preserve 
the  teaching  of  the  Sopherim  in  their  original  purity. 

8  See  Mishnah  Kelim,  in  fine. 

»  See  T.  B.,  Berakhoth,  28a:  “It  is  handed  down  orally  (ton) 
that  'Eduyyoth  was  on  that  day  (when  R.  El'azar  b.  ‘Azaryah  was 
installed  as  president)  gone  through,”  i.e.,  redacted. 


the  phrases  Mishnath  R.  Eliezer  h.  Ya'akob  and 
Mishnath  R.  * Akibah 11  do  simply  signify  the  systems, 
styles,  and  views  of  these  two  eminent  teachers,  there 
can  be  little  doubt  that  they  and  others  besides  them 
presided  over  colleges  in  which  the  whole  Halakhio 
matter  was  systematically  treated  and  regularly  gone 
through.  Nor  are  Rabbi  and  his  time  tor  the  com¬ 
position  of  the  Mishnah  a  terminus  ad  quern ,  for  the 
Mishnah  was  not  brought  to  a  close  till  a  very  long 
time  afterwards.  Not  only  did  R.  Hiyya  Rabbah,  R. 
Hosha'yah  Rabbah,  and  Shime'on  bar  Kappara  redact 
Mishnayoth,12  but  in  the  Mishnah  before  us  notices  are 
actually  found  which  reach  to  the  end  of  the  3d  cen¬ 
tury,  if  not  even  later.  The  statement  that  Rabbi  was 
the  first  to  write  down  the  Mishnah  is  untrue,  because 
the  thing  is  impossible.  For  the  two  Talmuds,  of 
which  that  of  Babylonia  was  not  finished  before  the 
6th  century  (if  then),  know,  certainly,  nothing  of  the 
writing  down  of  the  Mishnah.  On  the  contrary,  their 
language  throughout  presupposes  the  Mishnah  in  their 
time  to  have  been  what  its  name  indicates,  a  repeti¬ 
tion,  i.e.,  a  thing  acquired  by  continual  recitation,  be¬ 
cause,  like  the  other  works  of  the  “oral  law”  ( Torah 
shebbe'al  peh ),  it  was  to  be,  and  was,  handed  down 
orally.13  As  for  the  difficulty  of  keeping  in  memory 
such  a  stupendous  and  vast  work  as  the  Mishnah ,  it  is 
sometimes  forgotten  in  this  controversy  that  memory 
was  aided  by  a  great  variety  of  mnemotechnic  means, 
such  as  numbers  and  names  of  teachers,  and  by  the 
existence  of  other  works  of  the  “oral  law,”  which, 
although  they  also  were  not  written  down,  could  be 
easily  kept  in  memory  because  they  rested  on  letters, 
words,  and  verses  of  the  written  Pentateuch.  Any¬ 
how,  there  is  ample  evidence,  both  negative  and  posi¬ 
tive,  that  the  Mishnah  as  we  now  have  it  was  not  com¬ 
mitted  to  writing  in  the  times  of  Rabbi  or  for  long 
afterwards.  But  it  certainly  does  not  follow  that  no 
merit  is  due  to  Rabbi  in  connection  with  the  Mishnah. 
His  merit  in  connection  with  it  is  great  in  every  way. 
For  (1)  Rabbi  was  himself  a  link  in  the  chain  of  tradi¬ 
tion,  since  he  had  “received”  from  his  own  father 
and  so  on  up  to  his  ancestor  Hillel  and  even  higher ; 
(2)  he  gave  in  the  Mishnah  his  own  decisions,  in  most 
cases  in  accordance  with  those  of  the  famous  R.  Meir, 
which  are  thus  in  a  great  part  secured  to  us ;  (3)  in 
giving  his  own  decisions  he  preserved  to  us  also  a  good 
many  decisions  of  the  teachers  of  the  2d  century ;  (4) 
in  collecting  all  these  decisions  he  anxiously  ascertained 
the  genuine  formulas  of  the  older  Mishniyyoth  ;14  (5) 
he  did  not  merely  reproduce  the  formulas  which  he 
esteemed  the  best,  but  discussed  them  anew  in  his  own 
college,  which  was  composed  of  men  of  the  highest 
eminence,  as  is  well  known  ;  (6)  although  he  gave  on 
the  whole  the  very  language  ofthe.  teachers  who  pre¬ 
ceded  him,  he  gauged  it,  guarding  it  against  the  bar¬ 
barisms  wnich  are  so  plentiful  in  the  other  works  of 
the  “oral  law;”  and  (7)  he  scattered  the  Mishnah 
broadcast  (though  only  by  word  of  mouth)  over  all 
Palestine  and  Babylonia  by  means  of  the  disciples  who 
flocked  to  him  from  all  parts  of  those  countries.  If 
the  Mishnah ,  as  it  now  exists,  is  not  entirely  his,  it 
certainly  belongs  to  him  in  a  great  measure  and  in 
more  than  one  sense. 

7.  Value  and  Appreciation— Whatever  can  be  said 
in  favor  of  the  Agadah  applies  with  equal  if  not 
greater  force  to  the  Mishnah,  as  the  latter  is  a  canon¬ 
ical  and  therefore  more  reliable  work  of  the  “oral 
law.”  The  Mishnah  is  one  of  the  richest  mines  of 
archaeology  which  the  world  possesses.  But  it  waits 
yet  for  the  master  touch  to  break  the  spell  which  holds 
it  bound.  Great,  however,  as  the  value  of  the  Mish¬ 
nah  is,  its  popularity  has  never  been  steady,  but  has 
been  continually  fluctuating,  and  that  for  various 

w  T.  B.,  Yebamoth,  495. 

11  Mishnah  Synhedrin,  iii.  4. 

12  See  Kohdeth  Rabbah  on  ii.  8  in  medio. 

is  see  particularly  T.  B.,  Bobo  Metsio,  33 a  and  b ;  and  compare 
also  Rasni,  in  loco. 

i *  See  T.  Y.,  Ma'aser  Sheni,  v.  1 ;  and  compare  the  preceding  note. 


528 


MISHNAH. 


reasons.  Even  Rabbi  in  bis  time  had  to  appeal  for 
due  attention  to  it.  Whilst  it  was  neglected  in  troub¬ 
lous  times  by  the  masses,  who  ran  after  the  Agadah,1 
which,  .besides,  being  consoling,  needed  no  particular 
study,  it  was,  in  prosperous  times,  neglected  by  the 
rabbis  themselves  through  the  study  of  the  Bible  and 
the  Talmud. J  And  much  more  was  this  the  case  when 
the  Talmud  had  developed  from  a  mere  studious  ac¬ 
tivity  to  two  concrete  works  of  large  size. 

8.  The  Ultimate  Writing  Down  of  the  Mishnah. — 
The  troubles  of  the  unhappy  Jews  had  multiplied 
everywhere.  The  masses,  as  already  stated,  preferred, 
in  consequence  of  these  troubles,  the  Agadah.  But 
the  number  of  the  learned  also  diminished  through 
these  troubles  day  by  day ;  and  the  comparatively  few 
that  remained  preferred  more  and  more  the  Talmud 
(in  Palestine  the  Palestinian  and  in  Babylonia  the 
Babylonian),  which  was  a  better  field  for  the  exercise 
of  their  ingenuity.  The  fate  of  the  Mishnah  would 
have  been  sealed  had  it  not  been  ultimately  written 
down.  But  the  writing  down  of  Halakhah  en  masse 
had  been  prohibited  in  early  times.  Two  considera¬ 
tions,  however,  ultimately  removed  all  scruples.  (1) 
It  was  a  time  to  do  something  for  God,  even  if  by  such 
doings  His  law  was  apparently  destroyed.3  Let  one 
(and  a  minor)  law  be  disregarded,  so  that  many  (and 
higher)  laws  be  preserved.  The  Halakhoth  of  the 
Mishnah  were  numerous  and  the  students  few;  the 

ower  of  tyranny  increased  and  that  of  the  memory 

ecreased  by  reason  of  the  persecution.  (2)  The  lan¬ 
guage  of  the  Mishnah ,  although  pure,  and  indeed 
purer  than  the  language  of  several  books  of  the  Bible, 
was  so  concise  and  terse  that  it  could  not  be  under¬ 
stood  without  a  commentary ;  and,  therefore,  even 
after  being  written  down,  it  would  virtually  retain  its 
oral  character. 

9.  Recensions. — The  Mishnah  has  three  principal 
recensions  :  (1)  the  Mishnah  as  presented  in  the  work 
standing  by  itself ;  (2)  that  on  which  the  Palestinian 
Talmud  rests ;  and  (3)  that  of  the  Babylonian  Talmud. 
The  first-named  and  the  last-named  Mishnayoth  have 
always  been  known  as  complete ;  the  second,  however, 
was  supposed  for  several  hundred  years  to  be  imperfect, 
lacking  four  Perakim  in  Shabhath ,  two  entire  Mas- 
se/chtoth  in  the  Seder  Nezikin,  the  whole  of  the  Seder 
Kodoshim.  and  by  far  the  greater  part  of  the  Seder 
Tohorothf  But  since  1869  this  recension  also  has 
been  known  to  have  been  always  complete ;  and  it  is 
to  be  found  in  its  entirety  in  a  MS.  purchased  in  that 
year  for  the  University  Library  of  Cambridge  (Add. 
470,  1).  Besides  these  three  there  are  many  minor 
recensions,  touching,  however,  only  isolated  readings. 
These  last  are  to  be  attributed  chiefly  to  copyists. 
The  origin  of  the  difference  between  the  principal  re¬ 
censions  is  to  be  sought  in  the  following  two  facts :  (1) 
Rabbi  had  himself  gone  twice  through  the  Mishnah 
and  had  himself  considerably  altered  the  wording  of 
the  text  ;5  and  (2)  his  successors  in  early  and  late  times 
had  wilfully  altered  and  corrected  the  original  text. 

10.  Divisions  and  Detailed  Contents  of  the  Mishnah.  —  The 
Mishnah  in  all  recensions  is  divided  into  six  Sedarim 
(orders),  each  of  which  contains  a  number  of  Massekhtoth 6 

1  See  Midrash,  p.  297,  note  14. 

8  R.  Yohanan  said,  This  Mishnah  ( Boraitho ),  that  no  study  can 
excel  that  of  Oemara,  was  taught  in  the  time  of  (and  by)  Rabbi 
himself.  Then  the  people  went  after  Oemara  and  neglected  the 
study  of  the  Mishnah.  Whereupon  he  again  bade  them  ever  run 
more  after  Mishnah  than  after  Gernara.  T.  B.,  Bobo  Metsio,  33 b, 
and  Rashi,  in  loco. 

8  This  is  a  somewhat  inexact  application  of  Ps.  cxix.  126,  but  it 
has  been  more  than  once  acted  upon  both  in  ancient  and  modern 
times  by  the  Lews.  Compare  the  explanation  given  in  T.  B.,  Be- 
rakhoth,  63a, "and  Menahoth,  99 a. 

4  Niddah  is  the  only  Masseklieth  of  this  Seder  of  which  three 
entire  Perakim  are  to  be  found  in  the  printed  editions.  Compare 
Schiller-Szinessy,  Occasional  Notices,  etc.,  i.  (Cambridge,  1878,  8vo) 

p.  8.  * 

5  See  T.  B.,  Bobo  Metsio,  44a,  and  elsewhere. 

6  Whether  the  word  Massekheth  comes  from  Masokh  (!|DO,  to 
pour  into,  to  mix,  etc.),  or  from  Nasokh  (!|bj,  to  pour,  to  mix,  to 
weave,  etc.),  it  signifies  in  either  case  here  a  mould,  a  form,  a 
frame.  Masseklieth  has  three  several  plurals;  (1)  the  common 


(treatises),  which  stand  in  connection  with  one  another. 
These  are  subdivided  into  Perakim  (chapters),  and  these 
again  into  Halakhoth  or  Mishmyyoth  (paragraphs  called  Mish- 
noth).1  The  number  of  the  Sedarim  is  six,  that  of  the  Mas¬ 
sekhtoth  sixty,8  and  that  of  the  Perakim  523,  or,  with  a  fourth 
Pereic  to  Bikkurim,  524.®  The  following  is  a  scheme  of  the 
whole  Mishnah.10 

I.  Zera'im  (on  Agriculture,  preceded  by  the  Treatise  on 
Thanksgivings11).  (1)  Berakhoth  (blessings),  in  nine  chap¬ 
ters;  (2)  Peah  (Lev.  xix.  9,  etc.),  in  eight  chapters;  (3) 
Demai  (fruit,  grain,  etc.,  doubtful  if  tithed),  in  seven  chap¬ 
ters;  (4)  Kil'ayim  (mixtures  of  plants,  animals,  and  gar¬ 
ments  respectively),  in  nine  chapters;  (5)  Shebi'ith  (year  of 
release),  in  ten  chapters;  (6)  Terumoth  (gifts  to  the  priests), 
in  eleven  chapters;  (7)  Ma'aser  Sheni 12  (Deut.  xiv.  22-27), 
in  five  chapters;  (8)  Ma'aser  Rishon,  otherwise  Ma'aser  oth 
(Levitical  tithes),  in  five  chapters;  (9)  Hallah  ( Num.  xv. 
19-21),  in  four  chapters;  (10)  'Orlah  (Lev.  xix.  23),  in  three 
chapters;  and  (11)  Bikkurim  (Deut.  xxvi.  1-10)  in  three 
(commonly  four)  chapters. 

II.  Mo'ed  (on  Festival  Times).  (1)  Shabhath  (Sabbath), 
in  twenty-four  chapters;  (2)  'Erubin  (mixtures,  i.e.,  ideal 
union  of  divided  spaces),  in  ten  chapters ;  (3)  Pesah  (com¬ 
monly  Pesahim,  i.e.,  Passover),  in  ten  chapters ;  (4)  Kippu- 
rim  (commonly  Yoma,  i.e.,  “the  day”  [of  atonement]),  in 
eight  chapters;  (5)  Shekalim  (Exod.  xxx.  12-15),  in  eight 
chapters;  (6)  Sukkah  (Lev.  xxiii.  34-43),  in  five  chapters; 
(7)  Betsah(‘'  an  egg,”  so  called  from  the  beginning  of  the 
treatise;  also  Yom  Tob,  i.e.,  on  work  prohibited,  or  per¬ 
mitted,  on  festivals),  in  five  chapters;  (8)  Rosh  Hasshanah 
(on  the  various  kinds  of  new  year,  as  religious  or  civil,  the 
king’s  accession  and  coronation,  etc),  in  four  chapters ;  (9) 
Ta’aniyyoth  (fast-days),  in  four  chapters ;  (10)  Megillah  (read¬ 
ing  of  the  book  of  Esther,  other  readings,  etc.),  in  four  chap¬ 
ters;  (11)  Hagigah  (festival-offerings),  in  three  chapters; 
(12)  Mashkin  (so  called  from  the  beginning  of  the  treatise, 
but  commonly  Mo'ed  Katan,  on  work  prohibited,  or  per¬ 
mitted,  on  the  middle  holidays  of  Passover  and  Taberna¬ 
cles),  in  three  chapters. 

III.  Nasiiim  (Women).  (1)  Nasliim  (so  called  from  the 
first  distinctive  word  of  the  treatise,  but  commonly  Yeba- 
moth,  on  sisters-in-law,  the  levirate,  etc.),  in  sixteen  chap¬ 
ters;  (2)  Kethuboth  (marriage-pacts,  settlements,  etc.),  in 
thirteen  chapters;  (3)  Nedarim  (vows),  in  eleven  chapters; 
(4)  Nazir  (Num.  vi.  2-21),  in  nine  chapters;  (5)  Gittin  (bills 
of  divorcement  and  other  bills),  in  nine  chapters ;  (6)  Kid- 
dushin  (betrothal  and  marriage),  in  four  chapters;  (7)  Sota 
(mostly  Sotah,  Num.  v.  12-31),  in  nine  chapters. 

IV.  Nezikim,  commonly  Nezikin  (Damages,  etc.;  see 
Exod.  xxi.,  xxii.,  etc.).  (1)  Nezikin  (commonly  Bobo  Kammo, 
the  Former  Gate,  in  ten  chapters;  Bobo  Metsi'o,  the  Middle 
Gate,  in  ten  chapters ;  and  Bobo  Bathro,  the  Last  Gate,  in 
ten  chapters13),  in  thirty  chapters;  (2)  Synhedrin  (courts  of 
justice,  etc.),  in  eleven  chapters;  (3)  Makkoth  (“forty 
stripes  save  one,”  etc.),  in  three  chapters;  (4)  Shebu'oth 
(oaths,  etc.),  in  eight  chapters ;  (5)  'Eduyyoth  (testimonies) 
or  'Idiyyoth  (chiefest  or  best  things14),  in  eight  chapters; 
(6)  'Abodah  Zarah  (idolatry),  in  five  chapters;  (7)  Aboth  (see 
Midrash,  p.  297),  in  five  chapters;  (8)  Horayoth  (judicial 
errors,  teachings,  and  decisions),  in  three  chapters. 

V.  Kodoshim  (Holy  Things).  (1)  Zebahim 15  (sacrifices), 
in  fourteen  chapters;  (2)  Menahoth  (meat-offerings),  in  thir¬ 
teen  chapters ;  (3)  Shehitath  Hullin  (slaying  animals  for  com¬ 
mon  food ;  commonly  Hullin,  or  common  food),  in  twelve 
chapters ;  (4)  Bekhoroth  (the  first-born  of  beast  and  man),  in 
nine  chapters ;  (5)  'Arakhim,  commonly  Erachin  (on  valua¬ 
tions;  see  Lev.  xxvii.  2-33),  in  nine  chapters;  (6)  Temurah 
(Lev.  ix.  10,  33),  in  seven  chapters;  (7)  Karethoth,  not  Keri - 

Massekhtoth  (not  Massikhtoth) ;  (2)  the  less  common  Massekhoth  (see 
MS.  Add.  470. 1,  belonging  to  the  University  Library  of  Cambridge, 
leaf  69a  and  elsewhere);  and  (3)  Massekhtiyyoth  (nVTODD),  see 
Midrash  Rabbah  on  Canticles  vi.  8, 9.  The  Aramaic  Massekhlo  (not 
Massikhto)  has  in  the  plural  Massekhotho,  the  use  of  which  is,  how¬ 
ever,  very  uncommon. 

7  Compare  above,  p.  526. 

8  Compare  Midrash  Rabbah  on  Canticles  vi.  8, 9. 

9  Others  include,  instead  of  a  fourth  Pereic  of  Bikkurim,  the 
Perek  Rabbi  Meir,  i.e.,  the  treatise  “On  the  Acquisition  of  the 
Law.”  The  original  Mishnah,  however,  had  neither  of  these  two 
Perakim. 

10  in  this  scheme  the  Cambridge  MS.  of  the  Mishnah  is  taken  as 
the  groundwork,  while  the  variations  in  title,  etc.,  are  given  from 
the  common  texts. 

11  Compare  St.  Paul’s  words,  Eph.  v.  20,  tixapiamvvTes  navrort 

VTT€p  navTiov. 

12  On  the  apparent  anomaly  of  Ma'aser  Sheni  preceding  Ma'aser 
Rishon,  see  Schiller-Szinessy’s  Catalogue  of  Hebrew  MSS,  in  the 
Camlyndge  University  Library,  vol.  ii.,  p.  1,  note  4. 

18  In  the  Cambridge  MS.  Add.  470, 1,  Massefahto  Nezikin  is  given 
correctly  as  one,  containing  thirty  chapters.  Compare  T.  B., 
Bobo  Kammo,  leaf  102a,  'Abodah  Zarah,  la,  and  Midrash  Shemuel,  v. 

14  See  p.  527,  note  2. 

14  Also  known  under  Shehitath  Kodoshim. 
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thoth  (sms  the  punishment  of  which  is  excision),  in  six 
chapters  ;  (8 )  Me'ilah  (Num.  v.  6,  7),  in  six  chapters;  (9) 
Midcwth  (description  of  the  temple  and  its  measurements; 
see  Midrash,  p.  297),  in  five  chapters;  (10)  Tamid  (per¬ 
petual  or'  daily  sacrifice),  in  six  (commonly  arranged  in 
seven)  chapters;  (11)  Kinnim  (sacrifices  of  birds),  in  three 
chapters. 

Vh  Tohoroth  (Purifications).  (1)  Kelim  (impurities  of 
vessels),  in  thirty  chapters ;  (2)  Oholoth  (Num.  xix.  14-16, 
etc.),  in  eighteen  chapters;  (3 )  Nega'im  (plague  of  leprosy 
In  man,  house,  and  garment),  in  fourteen  chapters;  (4) 
Parah,  (Num.  xix.  1-19),  in  twelve  chapters;  (5)  Tolioroth 
(euphemism  for  impurities),  in  ten  chapters:  (6)  Mikvaoth 
(religious  baths),  in  ten  chapters;  (7)  Nidclah  (Lev.  xv. 
19-33),  in  ten  chapters;  (8)  Makhshirim  (liquids  predispos¬ 
ing  for  the  contraction  of  impurities,  Lev.  xi.  34),  in  six 
chapters;  (9)  Zabim  (Lev.  xv.  2-33),  in  five  chapters;  (10) 
Tebid  Yom  (Num.  xix.  19),  in  four  chapters;  (11)  Yadayim 
(purification  of  the  hands),  in  four  chapters;  (12)  'Okotsin 
(stalks,  peel,  etc.,  of  fruit),  in  three  chapters. 

11.  Editions. — The  editions  of  Mishnah,  whether  as  a  hook 
by  itself  or  as  contained  in  the  Babylonian  Talmud,  are  too 
numerous  to  be  mentioned  here.  The  editio  princeps  of  the 
Mishnah,  as  a  separate  book,  appeared  (with  Maimonides’s 
commentary)  at  Naples  in  1492  (see  Maimonides),  and  that 
as  contained  in  the  Babylonian  Talmud  at  Venice  in  1520- 
23,  both  in  folio.  As  part  of  the  Palestinian  Talmud  the 
Mishnah  came  out  also  at  Venice,  in  1523-24,  folio.  This  Tal¬ 
mud,  however,  being  defective,  its  Mishnah  naturally  is  in¬ 
complete  too  (see  p.  528) ;  and  it  is,  moreover,  “  corrected  ”  by 
the  scribe,  of  1288-89  (see  Schiller-Szinessy,  Occasional  No¬ 
tices,  etc.,  i.  pp.  8, 11).  The  syndics  of  the  University  Press 
of  Cambridge  have  therefore  laid  the  learned  public  under 
considerable  obligations  by  publishing  for  the  first  time  the 
complete  original  Mishnah  on  which  the  Palestinian  Talmud 
rests,  from  the  unique  MS.  preserved  in  the  University 
Library.1 

12.  Translations. — There  exist  translations  of  the  Mishnah 
in  Latin,  German,  and  English.  (1)  There  is  a  Latin  trans¬ 
lation  by  the  brothers  Abendana,  (R.  Ya'akob  and  R.  Yit¬ 
shak).  The  former  was  Haham  (Hakham,  i.e.,  chief  rabbi)  of 
the  Sepharadim  in  England,  and  the  latter  was  teacher  of 
Hebrew  and  Rabbinic  at  Cambridge  and  Oxford,  succes¬ 
sively.  Both  brothers,  correspondents  in  1660  of  Buxtorf, 
were  fine  Hebrew  and  Latin  scholars  (see  Schiller-Szinessy, 
“The  Abendanas,”  in  Jewish  World  of  December  5,  1879). 
This  translation  is  preserved  in  the  Cambridge  University 
Library  MS.  Mm.  1,  4-8.2  (2)  The  Abendanas’  version  was 
before  Surenhusius  when  he  compiled,  from  old  and  new 
materials,  his  Latin  translation,  which  appeared  (with  the 
text  of  the  Mishnah  and  the  translation  also  of  the  commen¬ 
taries  of  Maimonides  and  “  Bertinoro  ”)  at  Amsterdam  in 
1698-1703,  folio.  The  great  indebtedness  of  Surenhusius  to 
the  Abendanas  is  a  fact  either  unknown  to  or  ignored  hy 
the  bibliographers.3  (3)  A  German  translation  by  Rabe 
came  out  in  German  letters  at  Onolzbach  in  1760-63,  4to. 
(4)  The  version  last  named  was  in  the  possession  of  the 
anonymous  author  of  the  translation,  printed  in  Rabbinic 
letters,  in  the  Vienna  edition  of  the  Mishnah  with  the  com¬ 
mentary  Kaph  Nahath,  1817-35,  8vo.  This  author  (or  edi¬ 
tor)  silently  “  used  ”  the  work  of  his  predecessor.  (5)  Both 
these  translations  were  surpassed  in  German  diction,  as  well 
as  in  correctness  of  rendering,  by  that  which  came  out  in 
Hebrew  square  letters  at  Berlin  in  1832-34,  4to,  and  which, 
no  doubt,  belongs  to  I.  M.  Jost  the  historian.  (6)  the  Eng¬ 
lish  translation  which  came  out  at  London  in  1843,  8vo,  by 
De  Sola  and  Raphall,  extends  only  over  eighteen  treatises. 

13.  Commentaries. — The  commentaries  on  the  Mishnah  are 
almost  as  numerous  as  the  editions,  and  cannot  therefore  be 
specifically  enumerated  here.  The  principal  and  the  oldest, 
however,  are  the  following.  (1)  The  two  Talmuds  them¬ 
selves,  of  which,  at  present, 4  the  Babylonian  is  the  only 

1  See  Mr.  W.  H.  Lowe’s  able  edition  of  this  grand  work  (The 
Mishnah  on  which  the  Palestinian  Talmud  rests,  Cambridge,  1883, 8vo). 

2  According  to  Picciotto  (Sketches  of  Anglo- Jewish  History,  Lon¬ 
don,  1875,  8vo,  p.  55),  R.  Yitshak  Abendana  translated  the  Mishnah 
and  its  commentaries  (Maimonides  and  “  Bertinoro  ”  ?)  also  into 
Spanish. 

8  Surenhusius  was  also  aided  in  his  grand  work  by  the  books 
and  notes  of  Guisius  (in  Berakhoth,  Peah,  Demai,  KiVayim,  Shebi- 
ith,  Terumoth,  and  Ma'aseroth,  i.-iii,  3),  Schmid  (in  Shabbath  and 
’Erubin),  Houting  (Rosh  Hasshanah),  Lund  ( Ta'anith),  Otho  ( Sheka¬ 
lim ),  Wagenseil  ( Solah ),  Cocceius  ( Makkoth ),  Fagius  (Aboth),  Ar- 
noldi  (Tamid),  L’Empereur  (Middoth),  and  Ulmann  (Zebahim  and 
Karetlioth).  But  without  the  Abendanas  Surenhusius  could  never 
have  commenced,  much  less  executed,  the  great  task  he  had  be¬ 
fore  him. 

4  For  the  probability  that  the  missing  parts  of  the  Palestinian 
Talmud  will  one  day  come  to  light  somewhere  in  the  East,  see 
Schiller-Szinessy  in  the  Academy,  February  23,  1878;  He-Chaluz, 
Xi. ;  and  Steinschneider,  Handschriften-  Verseichnisse  der  koniglichen 
Bibliothek  zu  Berlin,  ii.,  etc.  (1878,  4to),  p.  65,  where  a  passage  of 
Palestinian  Gemara  of  'Okotsin  is  actually  quoted. 
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(and  that  but  comparatively)  perfect  one,  or  at  all  events 
the  more  extensive  of  the  two.  It  ought,  however,  to  be 
stated,  first,  that  the  Palestinian  Talmud  has  Gemara  on  the 
whole  order  Zera  in i,  whilst  the  Babylonian  has  it  on  the 
first  ‘  treatise  ”  only  of  that  order  (Berakhoth),  and,  sec¬ 
ondly,  that  the  Gemarath  Shekalim  in  the  Babylonian  Talmud 
is  only  borrowed  from  the  Palestinian  Talmud.  (2)  The 
commentaries  on  Zera'im,  Tohoroth,  etc.,  by  Rabbenu  Hai 
Gaon,  who  was  the  last,  most  learned,  and  in  every  way 
noblest  of  the  Geonim.5  He  flourished  in  the  10th  and  11th 
centuries.  Part  of  the  commentaries  (viz.,  that  on  To¬ 
horoth)  has  appeared  in  the  collection  Kobets  Ma'ase  Yede 
Ueonlm,  etc.  (Berlin,  1856,  8vo).  (3)  The  commentary  on 

various  treatises  of  the  B.  Talmud,  and  indirectly  on  the 
Mishnah,  by  Rabbenu  Gershom  Meor  Haggolah  (the  “  Light 
of  the  Diaspora,”6  flourished  in  the  10th  and  11th  centu¬ 
ries).  Fragments  of  this  commentary  are  incorporated  in 
the  ordinary  Talmud  editions  (  e.g.,  Nedarim,  22b,  etc.),  but 
the  greater  part  lies  as  yet  in  manuscript  in  various  libra- 
ries;  (4)  The  commentary  of  Rabbenu  Hananeel,  who  lived 
at  Kairawan  (in  Africa)  in  the  10th  andllth  centuries.  His 
commentary  on  the  Talmud,  and  thus  indirectly  on  the 
Mishnah,  is  now  being  published  in  the  Vilna  edition  of  the 
Babylonian  Talmud.7  (5)  The  commentary  of  Rashi  (ob. 
1105)  in  all  those  parts  of  the  B.  Talmud  on  which  that 
“  prince  of  commentators  ”  wrote.  Here  ought  to  be  men- 
tioned  also  the  separate  editio  princeps  of  this  commentary 
as  far  as  the  Mishnah  is  concerned,  which  appeared  at  Leghorn 
in  1653-54,  8vo.  (6)  The  supplements  and  additions  to  the 
commentary  of  Rashi  by  his  son-in-law  Rabbenu  Yebudah 
b.  Nathan  (e.g.,  T.  B.,  Makhoth,  196,  etc.),  and  by  his  grand¬ 
sons  Rabbenu  Shemuel  b.  Meir  (vulgo  Rashbam  ;  see  Pesahim, 
996,  and  Bobo  Bathro,  29a,  etc.)  and  Rabbenu  Shema’yah  b. 
Simhah  of  Vitri,8  who  interpreted  the  Massekheth  Middoth 
before  Rashi,  his  grandfather  (see  Schiller-Szinessy,  Cata¬ 
logue  of  the  Hebrew  MSS.  preserved  in  the  University  Li- 
brary  of  Cambridge,  ii.  p.  89).  (7)  The  commentary  on  the 
whole  Mishnah  by  Maimonides  (q.v.).  (8)  The  commentary 
liy  R.  Abraham  b.  David  of  Posquieres  (vulgo  Rabad)  on 
'  Eduyyoth  (see  editions  of  the  B.  Talmud),  Kinnim  (with 
two  other  commentaries  by  Rabbenu  Zerahyah  Hallevi  and 
R.  Asher  b.  Yehiel,  Constantinople,  1751,  folio)  and  on  many 
other  Mislmiyyoth  of  the  orders  Zera'im  and  Tohoroth  (in  his 
“  strictures  ”  on  Maimonides,  Mishneh  Torah,  books  Zera'im 
and  Tohorah).  (9)  The  commentary  of  R.  Shimshon  of  Sens 
(who,  like  the  foregoing,  was  a  contemporary  and  opponent 
of  Maimonides)  on  the  orders  of  Zera'im  (with  supplements 
taken  from  the  works  of  the  somewhat  older  R.  Yitshak  b. 
Malkitsedek)  and  Tohoroth .9  (10)  The  commentary  by  R. 
Meir  of  Rothenburg  (the  celebrated  captive  of  Rudolph  of 
Hapsburg) ;  see  under  (13)  below.  (11)  The  commentary 
by  R.  Asher  b.  Yehiel  (a  disciple  of  the  foregoing,  who  died 
at  Toledo  in  1327)  on  twenty -one  treatises  of  the  orders  i. 
and  vi.  (12)  The  commentary  on  the  whole  Mishnah,  by 
Rabbenu  ’Obadyah  di  Bertinoro  (flourished  in  the  15th  and 
16th  centuries),  the  editions  of  which  are  very  numerous. 
(13)  The  commentary  on  the  whole  Mishnah,  by  R.  Yomtob 
Lipmann  Heller  (flourished  in  the  16th  and  17th  centuries). 
This  famous  teacher,  rabbi  in  some  of  the  greatest  congre¬ 
gations  of  the  Jews  (Prague,  Vladimir,  and  Cracow),  incor¬ 
porated  much  of  the  commentary  of  R.  Meir  of  Rothenburg; 
compare  under  (10). 

14.  Works  Subsidiary  and  Auxiliary  to  the  Mishnah. — These 
may  be  summed  up  under  the  word  Mathnitho.  M  ,  . 
Mathnitho  is  ostensibly  the  Aramaic  equivalent  at 
of  the  Hebrew  Mishnah;  in  reality,  however,  it  signifies 
and  comprises,  not  merely  everything  which  is  understood 
under  that  name,  but  also  Boraitho  (in  full,  Mathnitho  Borai- 
tho),  i.e.,  four  other  works  of  the  oral  law,  and  many  liter¬ 
ary  notices  of  Mishnicand  pre-Mishnic  times  besides,  which 
are  scattered  throughout  the  Talmuds  and  other  early  Rab¬ 
binic  works. 

The  first  of  these  is  Tosephto.  As  its  name  indicates,  To- 
sephto  is  “Addition,”  i.e.,  to  the  canonical  Mish-  T 
nah.  All  Mishnah  teachers  from  time  immemorial,  osePm°- 
notably  R.  'Akibah  and  R.  Yehudah  Hannasi,  left  out,  when 
they  taught  Mishnah,  a  large  mass  of  kindred  and  explana- 

6  He  was  also  a  poet  of  no  mean  standing.  See  his  Musar  Haskel 
(or  Hassekhel),  ed.  princ.  Fano,  1505  (?),  4to. 

6  In  the  synod  called  together  by  Rabbenu  Gershom,  among 
several  “ordinances”  was  also  one  that  no  Jew  is  allowed  to 
marry  more  than  one  wife. 

7  His  commentary  on  Pesahim  appeared  at  Paris  in  1868,  and 
that  on  Makkoth  at  Leipsic  in  1876,  both  in  8vo. 

8  These  writers  (together  with  Rabbenu  Meir  another  son-in- 
law  and  Rabbenu  Ya’akob  another  grandson  of  Rashi)  are  the 
first  of  the  so-called  Tosaphists,  whose  activity  continued  down 
to  the  early  part  of  the  14th  century. 

9  Whether  the  commentary  on  Tamid  printed  under  his  name, 
together  with  that  of  R.  Asher  b.  Yehiel  on  the  same  treatise 
(Prague,  1725,  4to),  is  really  his  is  still  matter  of  dispute. 


530 


MISHNAR 


tory  matter,  which  they  only  occasionally  and  supplementa- 1 
rily  mentioned,  i.e.,  when  absolutely  wanted.  The  chief  col¬ 
lection  of  this  additional  matter,  not  incorporated  in  the  sys¬ 
tem  of  the  canonical  Mishnah,  is  called  Tosepheth  in  Hebrew 
and  Tosephto  (or  Tosiphta  as  some  less  correctly  write  it)  in 
Aramaic.  The  Aramaic  singular  and  the  Hebrew  plural 
occur  already  in  the  Talmuds  and  Midrashim.1  Tosephto 
shares  with  the  Mishnah,  which  it  enlarges  and  explains, 
the  number  of  orders  and  treatises,  but  not  that  of  chapters, 
of  which  it  has  only  452.  The  oldest  collection  of  Tosephtic 
matter,  even  as  the  oldest  collection  of  Mishnic  matter,  is 
due  to  R.  'Akibah.  But,  whilst  the  Mishnah,  as  a  work,  was 
first  sifted  by  his  disciple  R.  Meir,  Tosephto,  as  a  work,  was 
first  sifted  by  another  disciple  R.  Nehemyah ;  and  just  as 
R.  Meir’s  Mishnah  was  sifted  again  by  Rabbi  and  others  after 
him,  and  was  not  written  down  before  the  6th  century,  so 
Tosephto  was  sifted  again  by  R.  Hiyya,  R.  Hosha'yah,  and 
others,  and  was  not  written  down  in  its  entirety  before  the 
6th  century.  It  is  no  wonder,  then,  that  it  now  contains 
matter  of  a  considerably  later  age.  Tosephto  is  not  merely 
of  great  help  for  understanding  the  Mishnah,  which  is,  in  a 
certain  sense,  incomplete  without  it,  but  for  the  precise  and 
exact  knowledge  of  Jewish  archaeology  and  other  sciences, 
and  in  its  Agadic  parts,  of  which  there  are  many,  for  the 
Greek  Scriptures  also.  Here  ought  also  to  be  mentioned 
Aboth  de-Rabbi  Nathan,  which  is,  no  doubt,  Tosephto  to  the 
Mishnah  of  Aboth.  Tosephto  used  to  be  printed  till  within 
the  last  forty  years2  as  an  appendix  to  the  Riph,  i.e.,  the 
Hilekhoth  Rab  Alphes  (a  compendium  of  the  Talmud  by  R. 
Yitshak  b.  Ya'akob  Al-Phesi,  or  Al-Phasi,  i.e.,  of  Fez,  ob. 
1103),  which  appeared  first  with  this  appendix  at  Venice, 
1521-22,  folio.  Here,  however,  it  was  not  edited  critically 
or  printed  with  even  -ordinary  care.  But  in  the  Vienna 
edition  of  the  Babylonian  Talmud  (1860-72)  it  came  out, 
for  the  first  time,  worthily  after  a  MS.  till  then  uncollated 
which  is  preserved  in  the  Court  Library.  Dr.  Zuckerman- 
del  has  since  published  it  from  the  Erfurtand  Vienna  MSS., 
with  collations. 3  A  Latin  translation  of  Tosephto  (with  the 
Hebrew  text)  is  to  be  found  under  the  name  of  Tosaphta,  in 
Blasius  Ugolinus’s  Thesaurus  Antiquitatum  Sacrarum  (^vii. 
-xx.).  It  comprises,  however,  only  the  orders  Zera'im, 
Mo'ed,  and  Kodoshim,  and  came  out  at  Venice  in  the  years 
1755-57,  folio. 

The  second  of  these  pieces  of  literature  is  Mekhilto.  This 
Mekhilto  wor(l  is  the  Aramaic  equivalent  of  the  Hebrew 
Middah  (measure),  and  hence  signifies  mould, 
form,  i.e.,  of  Scriptural  exegesis,  notably  of  part  or  parts  of 
the  Pentateuch.  As  such  it  might,  of  course,  stand  for  any 
kind  of  commentary  on  any  book  of  the  Pentateuch,  and 
have  been  composed  by  any  one.  And  we  find,  indeed,  that 
Mekhilto  signified  at  one  time  a  commentary  on  the  books 
Exodus,  Leviticus,  Numbers,  and  Deuteronomy,  either  by 
R.  Yishma'el  or  by  R.  ‘Akibah,4  at  another  time  a  com¬ 
mentary  on  Exodus,  by  R.’  Shime'on  b.  Yohai,5  and  at  an¬ 
other  time  again  a  commentary  on  the  last  four  books  of 
Moses  by  (Shime'on)  Ben  ‘Azzai.6  Mekhilto  now,  however, 
means  a  commentary  on  the  greater  part  of  Exodus,  ascribed 
to  R.  Yishma’el  (flourished  in  the  1st  century) ;  although,  in 
reality,  this  teacher  cannot  have  been  the  author  of  the 
book,  seeing  that  his  name  is  more  than  seventy  times 
mentioned  in  it.  The  reason  why  the  ancients  called  the 
book  by  his  name  is,  no  doubt,  because  the  first  words  of 
the  real  work  are  Amar  Rabbi  Yishma'el.  Like  the  other 
works  of  the  “  oral  law,”  Mekhilto  was  not  written  down 
before  the  6th  century,  a  fact  which  accounts  also,  in  part 
at  least,  for  the  loss  of  several  portions  of  this  commentary, 
which,  at  present,  only  extends  from  xii.  1  to  xxv.  3,  with 
several  gaps  between.  That  Mekhilto  was  once  fuller  than 
it  is  now  we  know,  not  only  from  a  statement  made  by 
Maimonides  and  others,  but  from  a  MS.  (Add.  394, 1,  in  the 
University  Library  of  Cambridge,  leaf  406),  where  an  ex¬ 
tract  is  given  by  a  Franco-German  author  of  the  12th  or  13th 
century.  The  Talmud  knows  the  name  Mekhilto,  and 
actually  quotes  Boraithoth  (non-canonical  Mishniyyoth)  which 
are  to  be  found  in  our  book ;  and  yet  the  existing  Mekhilto  can 
scarcely  have  been  known  to  the  teachers  of  the  Talmud. 
Mekhilto  is  by  some  called  Midrash  and  by  others  Mishnah ; 
both  names  are  in  a  certain  sense  correct.  It  is  Midrash  in  sub¬ 
stance,  inasmuch  as  it  contains  exegesis,  and  in  form,  inas¬ 


much  is  it  is  subdivided  into  Parshiyyoth  and  follows  the  order 
of  the  Scriptural  verses.  But  it  is  Mishnah  in  substance,  inas¬ 
much  as  it  not  only  deals  with  the  groundwork  of  the  Mish¬ 
nah,  but  consists  of  Boraithoth  (non-canonical  Mishniyyoth), 
and  in  form,  inasmuch  as  it  is.  like  the  canonical  Mishnah,  di¬ 
vided  into  Massekhtoth.  These  latter  are  nine  in  number,  and 
are  called  respectively  (1)  Dephisha  (with  18  Parshiyyoth 
and  1  Pethihto  or  introduction),  (2)  Beshallah,  (with  6  Par¬ 
shiyyoth  and  1  Pethifito),  (3)  Deshiretha  (with  10  Parshiyyoth), 
(4)  Vayyassa'  (with  6  Parshiyyoth),  (5)  'Amalek  (with  2  Par¬ 
shiyyoth),  (6)  Yithro  (with  2  Parshiyyoth),  (7)  Bahodesh  <with 
11  Parshiyyoth),  (8)  Nezikin  and  Kaspo  (with  20  Parshiyyoth), 
and  (9)  Shabbetho  (with  2  Parshiyyoth — 1  in  the  pericope 
Ki  thissa  and  1  in  that  of  Vayyakhel).  Mekhilto  was  published 
first  at  Constantinople  in  1515,  under  the  name  of  Sepher 
Hammekhilto,  and  in  1545  at  Venice  as  Midrash  Hammekhilto. 
In  1712  it  appeared  at  Amsterdam  with  a  commentary. 
In  1744  it  appeared  again  at  Venice  with  a  Latin  trans¬ 
lation  by  Blasius  Ugolinus  (Thes.  Antiq.  Sacr.,  xiv.).  In 
1801  it  appeared  at  Leghorn  with  a  different  comment¬ 
ary.  In  1844  it  came  out  at  Vilna  with  a  new  com¬ 
mentary.  All  these  are  in  folio.  The  best  and  cheapest 
editions  with  commentaries  are  those  by  Weiss  (1865)  and 
Friedmann  (1870),  both  printed  at  Vienna,  and  in  8vo. 

The  third  of  these  pieces  of  literature  is  Siphro.  Both 
Leviticus  itself,  because  it  is  the  most  difficult  „.  , 
of  all  Mosaic  books,  and  the  oldest  Rabbinic  ipnro. 
commentary  on  it,  because  it  is  the  most  difficult  of  all  com¬ 
mentaries  on  the  Scriptures,  have  been  from  time  immemo¬ 
rial  known  under  the  name  of  Siphro  (i.e,  the  Book).7 *  This 
book  and  this  commentary  are  also  called  Torath  Kohanim, 
and  the  former  is  spoken  of  in  the  Talmud  already  as 
Siphro  debe  Rab.&  This  latter  expression  has  led  many  great 
men  (among  others  Maimonides)9  to  ascribe  the  authorship 
of  this  commentary  to  Rab  (Abba  Arikho,  a  nephew  and 
disciple  of  R.  IJiyya).  But  such  a  view  is  erroneous  in  the 
extreme,  as  the  book  is,  so  far  as  form  and  substance  go,  both 
older  and  later  than  Rab,  paradoxical  as  this  statement  may 
appear.  It  is  older  in  its  origin  and  in  its  matter,  for  not 
merely  do  all  the  anonymous  Boraithoth  which  are  to  be 
found  in  it  belong  to  R.  Yehudah  b.  Il'ai,  a  teacher  of  the 
1st  century,  but  one  of  the  sons  of  Rabbi  (of  the  2d  century) 
had  actually  taught  another  rabbi  two-thirds  of  a  third,  i.e., 
two-ninths  of  this  work.10  It  is  later  than  Rab,  for  in  it  are 
found  one  “  authority  ”  and  several  “  results  ”  of  much  later 
date  than  that  of  this  great  Babylonian  teacher.11  The  fact 
is,  the  word  Rab  in  the  phrase  Siphro  debe  Rab  is  not  a  proper 
name  at  all,  but  simply  stands  for  “  teacher,”  and  debe  Rab 
thus  signifies  “  of  a  school,”  a  term  used  for  any  teacher  and 
any  school  of  any  time.  Although  most  of  the  Boraithoth 
which  it  contains  are  as  old  as  the  1st  century,  this  book  as 
such  cannot  have  been  written  down  earlier  than  the  6th, 
in  accordance  with  the  treatment,  in  this  respect,  of  all  the 
other  Halakhic  works  of*  the  “  oral  law.”  Siphro,  although 
it  bears  on  the  pericopes  and  verses  of  Leviticus,  and  is  on 
account  of  this  fact  by  many  called  a  Midrash,  is  in  reality 
Mishnah,12— a,  name  borne  out  by  the  nature  of  its  contents, 
which  are  mostly  Mishnic,  and  sometimes  represent  actual 
canonical  Mishniyyoth.  Siphro  exhibits  a  curious  conglomer¬ 
ation  of  matter.  It  opens  with  the  “  Rules  of  the  Interpre¬ 
tation  of  Scripture,”  ascribed  to  R.  Yishma’el, — a  Boraitht 
which,  although  important  in  itself,  is  not  more  important 
for  this  than  for  any  other  commentary  on  the  Pentateuch. 
And  this  conglomerate  nature  shows  itself  even  more  strik¬ 
ingly  in  form;  for  Siphro  contains  as  forms  of  division 
Dibburim,  Mekhilto,  Parshiyyoth  (some  of  which  mean  peri¬ 
copes,  whilst  others  mean  chapters),  Perakim  and  Pislcoth. 
All  this  points,  of  course,  to  various  divisions  of  the  book 
made  at  various  times.  Whilst  none  of  these  divisions  can 
be  later  than  the  12th  century,13  the  earliest  is  at  least  a3 
old  as  the  2d,  and  belongs  perhaps  to  the  1st.14  Siphro  is 
chiefly  of  importance  for  the  understanding  of  the  Mishnah 
of  the  orders  Kodoshim  and  Tohoroth  (which  were,  no  doubt, 
the  earliest  Mishniyyoth  put  into  “  order  ”) ;  but,  whilst  it  is 
a  sure  help  for  Mishnah,  the  Mishnah  is  no  sure  help  for  it: 
Siphro  is  a  genuine  specimen  of  the  “  oral  law,”  inasmuch  as 
it  cannot  be  mastered  without  a  teacher.  Owing  to  the  diffi¬ 
culty  of  understanding  it,  Siphro  has  not  been  often  studied, 
and  consequently  not  often  printed.  The  editio  princeps  is 


1  See  T.  Y.,  Shabbath,  viii.  1,  etc.;  T.  R., Synhedrin,  86a  andelsi 
where;  Midrash  Rabbah  on  Ecclesiastes  v.  8,  etc.  There  can  t 
little  doubt  that  in  some  places  the  word  RD3D1D  ought  to  t 
transliterated  Tosephotho  (i.e.,  as  plural). 

2  That  on  the  order  Zera'im  came  out  at  Vilna  in  1799,  4to;  bi 
in  its  entirety  it  came  only  out  between  1837, 1841,  and  1871,  foli. 

3  Issued  at  Pasewalk  and  Treves  from  1877  to  1882,  Svo. 

4  See  Maimonides’s  preface  to  the  Mishneh  Torah. 

6  See  Nahmanides’s  commentary  on  the  Pentateuch  (on  Gei 

xlix.  31). 

0  See  Yuhasin  Hasshalem  (ed.  Filipowski,  London  and  Edii 

burgh,  1867,  8vo.),  p.  30,  col.  2. 


<  See  T.  B.,  Berdkhoth,  186  and  Rashi,  in  loco.  The  Siphro  said 
here  to  have  been  studied  by  Benaiah  the  son  of  Jehoiada  may 
well  have  been  our  Leviticus,  though  of  course  it  cannot  have 
been  the  Siphro  with  which  we  are  here  concerned. 

3  Ibid. 

9  Preface  to  Mishneh  Torah. 

10  See  T.  B.,  Kiddushin,  33a. 

11  See  the  pericope  Kedoshim,  vi. 

12  Its  original  founder  (R.  Yehudah  b.  Il’ai)  identifies  Mishnah 
and  Midrash,  T.  B.,  Kiddushin,  49a. 

13  They  were  known  to  R.  Abraham  b.  David  (Rabab). 

14  T.  B.,  lfiddushin,  33a. 
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of  1545;.  the  second  edition  with  the  commentary  Korban 
Aharon  is  of  1609-11,  both  at  Venice.  The  third  edition 
with  the  just-named  commentary  is  of  1702,  and  came  out 
at  Dessau.  ,  The  fourth  edition,  with  a  Latin  translation,  is 
to  be  found  in  Blasius  Ugolinus’s  Thesaurus  Antiquitatum, 
Saerarum,  etc.,  Venice,  1744  (vol.  xiv.).  All  these  are  in 
folio.  The  fifth  edition,  with  the  commentary  'Azarath 
Kohanim  (vol.  i.),  appeared  at  Vilna,  1845,  4to.  The  sixth 
edition,  with  the  commentary  'Asirith  Haephah,  appeared  at 
Lemberg,  1848,  folio.  The  seventh  edition,  with  the  com¬ 
mentary  Hattorah  Veham-Mitsvah,  appeared  at  Bucharest, 
1860,  4to.  The  eighth  edition,  with  the  commentary  of  R. 
Abraham  b.  David  of  Posquieres,  etc.,  appeared  at  Vienna, 
1862 ;  and  the  ninth  edition,  with  the  commentary  by  R. 
Shimshon  of  Sens,  appeared  at  Warsaw,  1866,  both  in  folio. 

The  fourth  of  these  pieces  of  literature  is  Siphere.  Siphere 
Siphere  or  Siphere  debe  Itab,  which  in  earlier  times  cer¬ 
tainly  included  t'he  oldest  Rabbinic  commenta¬ 
ries  on  Exodus,  Numbers,  and  Deuteronomy  (and  perhaps 
also  that  on  Leviticus),  means  now  the  oldest  Rabbinic  com¬ 
mentary  on  the  last  two  books  of  Moses  only.  Both  books 
are  divided  into  Piskoth  (paragraphs),  of  which  Siphere  on 
Numbers  has  161,  whilst  that  on  Deuteronomy  has  357.  The 
ancient  division  into  Boraithoth  cannot  now  be  accurately 
traced.  The  work  commences  now  at  Numbers  v.  1,  and 
goes  to  the  end  of  Deuteronomy.  The  passages  anonymously 
given  in  Siphere  are  ascribed  by  the  Babylonian  Talmud1  to 
R.  Shime'on  b.  Yohai,  the  favorite  disciple  of  R.  'Akibah, 
and  the  reputed  author  of  the  Zohar.  But  although  he  is  no 
doubt  the  virtual  author  of  Siphere,  seeing  that  most 
Boraithoth  which  are  to  be  found  therein  are  his,  he  cannot 
be,  technically  speaking,  its  author.  For,  in  the  first  place, 
he  is  not  only  repeatedly  named  in  the  book,  but  several 
times  actually  contradicted  by  others ;  and,  secondly,  there 
are  several  passages  anonymously  given,  in  the  book,  which 
can  only  be  the  result  of  “  Talmudic  ”  study,  and  must  be 
consequently  posterior  to  the  composition  of  the  Talmud. 
The  fact  is  that  Siphere,  like  the  other  works  of  the  “  oral 
law,”  was  not  written  down  before  the  6th  century.  It 
ought  to  be  mentioned  here  that  the  rabbis  of  the  11th,  12th, 
and  13th  centuries,  and  even  somewhat  later,  speak  also  of 
another  Siphere  which  they  variously  designate  as  Siphere 
Panim  Sheni,  Siphere  shel  Panim  Sheni,  Siphere  Bemidbar  Sinai, 
Siphere  Zutta,  and  Siphere  simply.  To  judge  from  the  ex¬ 
tracts  which  have  come  down  to  us,  that  work  must  not 
only  have  been  of  much  later  date,  but  also  of  far  less  value 
than  the  work  in  our  hands.  Siphere  appeared  for  the  first 
time  in  1545,  and  with  a  Latin  translation  by  Blasius  Ugo- 
linus,  in  his  Thesaurus,  etc.  (vol.  xv.),  in  1744,  both  at 
Venice,  and  in  folio.  The  third  edition  appeared  at  Ham¬ 
burg  in  1789,  and  the  fourth  at  Sulzbach  in  1802,  both  in 
4to.  The  fifth  edition,  with  the  commentary  Zera'  Abraham, 
appeared  in  two  volumes,  of  which  the  first  was  printed  at 
Dyhernfurt«in  1811  and  the  second  at  Radawell  in  1820, 
both  in  folio.  The  sixth  and  best  edition  is  that  of  Fried¬ 
mann  (Vienna,  1864),  and  the  seventh  is  that  of  Lemberg, 
1866,  both  in  8vo. 

There  is  also  a  fifth  piece  of  Mishnic.  literature  known 
Rornitho  specially  by  the  name  Boraitho.  Besides  the 
Boraithoth  constituting  Tosephto,  Melchilto,  Siphro, 
and  Siphere,  there  are  hundreds  of  other  Boraithoth  to  be 
found  scattered  about  in  both  Talmuds.  These  are,  however, 
mere  fragments  of  the  vast  Mishnayoth  (entire  Mishnic 
works 2)  composed  by  Bar  Kappara,  Rabbi  Hiyya,  and  hun¬ 
dreds  of  other  teachers,  which  in  course  of  time  must  have 
perished.  There  is,  however,  enough  left  of  the  Mishnah, 
canonical  and  non-canonical,  to  prove  the  correctness  of  the 
cabbalistic  remark  that  Mishnah  is  the  equivalent  of  Nesha- 
mah  (soul).  This  is  no  mere  trifling  based  on  the  fact  that 
the  two  words  (nj^D.DDtyi)  accidentally  consist  of  the 
same  letters;  it  is  rather  an  enunciation  of  an  intrinsic 
truth :  what  the  soul  ( Neshamah )  is  to  the  body,  the  Mish¬ 
nah  is  to  Mosaism.  The  soul  gives  life  to  the  body,  and  the 
Mishnah  gives  life  to  the  Pentateuch.  For  the  letter  killeth, 
but  the  spirit  giveth  life !  (s.  m.  s.-s.) 

MISKOLCZ,  capital  of  the  Cis-Tisian  county  of 
Borsod,  Hungary  (48°  6'  N.  lat.,  20°  49'  E.  long.),  is 
picturesquely  situated  in  a  valley  watered  by  the 
Szinva,  90  miles  northeast  from  Budapest,  with  which, 
as  also  with  Debreczen  and  Kassa  (Ivaschau),  it  is  di¬ 
rectly  connected  by  railway.  Miskolcz  is  one  of  the 
most  thriving  provincial  towns  in  the  kingdom,  and 
has  many  fine  buildings,  including  Roman  Catholic, 
Greek  Catholic,  Lutheran,  and  Calvinist  churches 
and  schools,  a  Minorite  convent,  synagogue,  Hunga- 

1  Synhedrin,  86 a. 

s  According  to  T.  B.,  Hagigah,  14a,  there  existed  at  one  time  no 
less  than  six  or  seven  hundred  Mishnah  orders. 


rian  theatre,  hospital,  royal  and  circuit  courts  of  law, 
salt  and  tax  offices,  and  the  administrative  bureaus  for 
the  county.  There  are  manufactories  of  snuff,  porcelain, 
boots  and  shoes,  and  prepared  leather,  and  both  steam 
and  water  mills. .  The  trade  is  chiefly  in  grain,  wheateu 
flour,  wine,  fruit,  cattle,  hides,  honey,  wax,  and  the 
agricultural  products  of  the  neighborhood.  The  great 
fairs,  held  five  times  a  year,  are  much  resorted  to  by 
strangers  from  a  distance.  Not  far  from  the  town  are 
stone  quarries  and  iron  mines.  At  the  end  of  i90U  the 
(civil)  population  amounted  to  43,096,  of  whom  the 
majority  were  Magyars  by  nationality. 

During  the  16th  and  17th  centuries  Miskolcz  suffered  much 
from  the  desolating  hordes  of  Ottomans  who  then  ravaged 
the  country,  as  also  from  the  troops  of  various  Transylvanian 
princes  and  leaders,  especially  those  of  George  Rakoczy  and 
Emeric  Tokolyi.  In  1781, 1843,  and  1847  it  was  devastated 
by  fire,  and  on  the  30th  August,  1878,  a  great  portion  of  the 
town  was  laid  in  ruins  by  a  terrific  storm.  (See  Hungary. 
vol.  xii.  p.  389.) 

MISREPRESENTATION.  See  Fraud. 

MISSAL/  the  book  containing  the  liturgy,  or  office 
of  the  mass,  of  the  Latin  Church.  This  name  (e.g., 
Missale  Gothicum,  Francorum,  Gallicanum  Vetus) 
began  to  supersede  the  older  word  Sacramentary  (Sac- 
ramentarium,  Liber  Sacramentorum)  from  about  the 
middle  of  the  8th  century.  At  that  period  the  books 
so  designated  contained  merely  the  fixed  canon  of  the 
mass  or  consecration  prayer  (actionem,  precem  cano- 
nicam,  canonem  actionis),  and  the  variable  collects, 
secretae  or  orationes  super  oblata,  prefaces,  and  post¬ 
communions  for  each  fast,  vigil,  festival,  or  feria,  of 
the  ecclesiastical  year;  for  a  due  celebration  of  the 
Eucharist  they  required  accordingly  to  be  supple¬ 
mented  by  other  books,  such  as  the  Antiphonarium, 
afterwards  called  the  Graduate ,  containing  the  proper 
antiphons  (introits),  responsories  (graduals),  tracts, 
sequences,  offertories,  communions,  and  other  portions 
of  the  communion  service  designed  to  be  sung  by  the 
schola  or  choir,  and  the  Leetionarium  (or  Epistolarium 
and  Evan  gel  istarium)  with  the  proper  lessons.  After¬ 
wards  missals  began  to  be  prepared  containing  more 
or  less  fully  the  antiphons  and  lessons,  as  well  as  the 
prayers  proper  to  the  various  days,  and  these  were 
called  missalia  plenaria.  All  modern  missals  are  of 
this  last  description.  The  Missale  Romanum  ex  de- 
creto  SS.  Concilii  Tridentini  restitutum,  now  in  almost 
exclusive  use  throughout  all  the  churches  of  the  Latin 
obedience,  owes  its  present  form  to  the  council  of  Trent, 
which  among  its  other  tasks  undertook  the  prepara¬ 
tion  of  a  correct  and  uniform  liturgy,  and  intrusted 
the  work  to  a  committee  of  its  members.  This  com¬ 
mittee  had  not  completed  its  labors  when  the  council 
rose,  but  the  pope  was  instructed  to  receive  its  report 
when  ready  and  to  act  upon  it.  The  “  reformed  mis¬ 
sal”  accordingly  was  promulgated  by  Pius  V.  on  July 
14, 1570,  and  its  universal  use  enjoined  on  all  branches 
of  the  Catholic  Church,  the  only  exceptions  allowed 
being  in  the  case  of  churches  having  local  and  indepen¬ 
dent  liturgies  which  had  been  kept  in  unbroken  use  for 
at  least  two  centuries. 4  It  has  subsequently  undergone 
slight  revisions  under  Clement  VIII.  (1604)  and  Urban 
VIII.  (1634);  and  various  new  masses,  both  obliga¬ 
tory  and  permissive,  universal  and  local,  have  been 
added  by  the  competent  authority.  Although  the 
Roman  is  very  much  larger  in  bulk  than  any  other 
liturgy,  it  need  hardly  be  explained  that  the  commu¬ 
nion  office  to  which  it  relates  is  not  in  itself  inordi¬ 
nately  long.  By  much  the  greater  part  of  it  is  con¬ 
tained  in  the  “ordinary”  and  “canon”  of  the  mass, 
usually  placed  about  the  middle  of  the  missal,  and 
occupies,  though  in  large  type,  only  a  few  pages  in 
any  printed  copy.  The  work  owes  its  bulk  and  com- 

3  Missalis  (sc.,  liber),  Missale,  from  Missa;  see  vol.  viii.  p.  572. 

4  The  English  missal  consequently  continued  to  be  used  by 
English  Catholics  until  towards  the  end  of  the  17th  century,  when 
it  was  superseded  by  the  Roman  through  Jesuit  influence.  The 
Galliean  liturgy  held  its  ground  until  much  more  recentlv  but 
has  now  succumbed  under  the  Ultramcntanism  of  the  bishops. 
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plexity  to  two  circumstances.  On  the  one  hand,  in 
the  celebration  of  the  sacrifice  of  the  mass  practically 
nothing  is  left  to  the  impulse  or  discretion  of  the 
officiating  priest ;  everything — what  he  is  to  say,  the 
tone  and  gestures  with  which  he  is  to  say  it,  the  cut 
and  color  of  the  robe  he  is  to  wear — is  carefully  pre¬ 
scribed  either  in  the  general  rubrics  prefixed  to  the 
text,  or  in  the  running  rubrics  which  accompany  it.1 2 
On  the  other  hand,  the  Roman,  like  all  the  Western 
liturgies,  is  distinguished  from  those  of  the  Eastern 
Church  by  its  flexibility.  Partly  by  conscious  effort, 
no  doubt,  but  partly  also  by  happy  accident,  a  well- 
marked  distinctive  character  has  been  given  in  one  or 
all  of  the  above-mentioned  respects  to  the  office  for 
each  ecclesiastical  season,  for  each  fast  or  festival  of 
the  year,  almost  for  each  day  of  the  week ;  and  pro¬ 
vision  has  also  been  made  of  a  suitable  communion 
service  for  many  of  the  special  and  extraordinary  occa¬ 
sions  both  of  public  and  of  private  life.  This  richness 
of  variety  is  seen  not  only  in  the  collects  but  also  in 
the  lessons  and  antiphonal  parts  of  the  service,  pas¬ 
sages  of  Scripture  in  the  selection  and  collocation  of 
which  an  exquisite  delicacy  of  religious  and  aesthetic 
instinct  has  been  for  the  most  part  strikingly  shown. 

The  different  parts  of  the  Roman  communion  office 
are  not  all  of  the  same  antiquity.  Its  essential  and 
characteristic  features  are  most  easily  caught,  and  their 
rationale  best  understood,  by  reference  to  the  earliest 
Sacramentaries  (particularly  the  Gregorian,  which  was 
avowedly  the  basis  of  the  labors  of  the  Tridentine 
committee),  to  the  Gregorian  Antiphonary ,  and  to  the 
oldest  redaction  of  the  Ordo  Romanus.3  The  account 
of  the  mass  (qualiter  Missa  Romana  celebratur)  as 
given  by  the  Sacramentarium  Gregorianum  is  to  the 
effect  that  there  is  in  the  first  place  ‘ 1  the  Introit  ac¬ 
cording  to  the  time,  whether  for  a  festival  or  for  a 
common  day;  thereafter  Kyrie  Eleison. .  (In  addition 
to  this  Gloria  in  Excels is  Deo  is  said  if  a  bishop  be 
[the  celebrant],  though  only  on  Sundays  and  festivals; 
but  a  priest  is  by  no  means  to  say  it.  except  only  at 
Eastertide.  When  there  is  a  litany  (quando  letania 
agitur)  neither  Gloria  in  Excelsis  nor  Alleluia  is  sung. ) 
Afterwards  the  Oratio  is  said,  whereupon  follows  the 
Apostolus ,  also  the  Gradual  and  Alleluia.  Afterwards 
the  Gospel  is  read.  Then  comes  the  Offertorinm3  and 
the  Oratio  super  oblata  is  said.”  Then  follow  the 
Sursum  Corda ,  the  Preface ,  Canon ,  Lord’s  Prayer  and 
“  embolism”  (eyfloXiG/ia  or  insertion,  Libera  nos,  Dom- 
ine) ,  given  at  full  length  precisely  as  they  still  occur 
in  the  Roman  missal. 

In  every  liturgy  of  all  the  five  groups  a  passage 
similar  to  this  occurs,  beginning  with  Sursum  Corda, 
followed  by  a  Preface  and  the  recitation  of  the  Sanctus 
or  Angelic  Hymn.  The  “canon]’  or  consecration 
prayer,  which  in  all  of  them  comes  immediately  after, 
invariably  contains  our  Lord’s  words  of  institution, 
and  (except  in  the  Nestorian  liturgy)  concludes  with 
the  Lord’s  Prayer  and  ‘ ‘  embolism. ’  ’  But  within  this 
framework  there  are  certain  differences  of  arrange¬ 
ment,  furnishing  marks  by  which  the  various  groups 
of  liturgies  can  be  classified  (see  vol.  xiv.  p.  714  sq. ). 
Thus  it  is  distinctive  of  the  liturgy  of  J erusalem  that 
the  “great  intercession  ”  for  the  quick  and  dead  follows 
the  words  of  institution  and  an  Epiklesis  {kniKlyoiq  rov 
wevyaroq  ayiov)  or  petition  for  the  descent  of  the  Holy 

1  In  all  the  older  liturgies  the  comparative  absence  of  rubrics  is 
conspicuous  and  sometimes  perplexing.  It  is  very  noticeable  in 
the  Roman  Sacramerdarics,  but  the  want  is  to  some  extent  sup¬ 
plied  by  the  very  detailed  directions  for  a  high  pontifical  mass  in 
the  various  texts  of  the  Ordo  Romania  mentioned  below.  That 
there  was  no  absolutely  fixed  set  of  Rubrics  in  use  in  France 
during  the  8th  century  is  shown  by  the  fact  that  each  priest  was 
required  to  write  out  an  account  of  his  own  practice  (“  libellum 
ordinis”)  and  present  it  for  approbation  to  the  bishop  in  Lent 
(see  Baluze,  Cap.  Reg.  Franc.,  i.  824,  quoted  in  Smith’s  Diet,  of 
Chr.  Antiq.,  li.  1521). 

2  For  the  genealogical  relationships  of  the  Roman  with  other 
liturgies,  the  reader  is  referred  to  the  article  Liturgy  (vol.  xiv. 
712  sq.),  where  some  account  is  also  given  of  the  three  Sacramen- 
taries.  For  the  doctrines  involved  in  the  “  sacrifice  of  the  mass,” 
see  Eucharist,  vol.  viii.  p.  571  sq. 

3  Some  editions  do  not  mention  the  Offertory  here. 


Spirit  upon  the  gifts  ;  in  the  Alexandrian  the  “great 
intercession  ”  has  its  place  in  the  Preface;  in  the  East 
Syrian  it  comes  between  the  words  of  restitution  and 
the  Epiklesis ;  in  the  Ephesino  it  comes  before  the 
Preface;  while  in  the  Roman  it  is  divided  into  two, 
the  commemoration  of  the  living  being  before,  and 
that  of  the  dead  after,  the  words  of  institution.  Other 
distinctive  features  of  the  Roman  liturgy  are  (1 )  the 
position  of  the  “  Pax”  after  the  consecration,  and  not 
as  in  all  the  other  liturgies  at  a  very  early  stage  of  the 
service,  before  the  Preface  even;  and  (2)  the  absence 
of  the  Epiklesis  common  to  all  the  others.4  The  words 
of  its  “canonical  prayer”  are  of  unknown  antiquity; 
they  are  found  in  the  extant  manuscripts  of  the  Sacra- 
mentarium  Gelasianum,  and  were  already  old  and  of 
forgotten  authorship  in  the  time  of  Gregory  the  Great 
who,  in  a  letter  to  John,  bishop  of  Syracuse  ( Registr . 
Epist.,  vii.  64),  speaks  of  it  as  “the  prayer  composed 
by  a  ‘scholastic’”  (precem  quam  scholasticus  com- 
posuerat).  The  same  letter  is  interesting  as  containing 
Gregory’s  defence,  on  the  ground  of  ancient  use,  oi 
certain  parts  of  the  Roman  ritual  to  which  the  bishop 
of  Syracuse  had  taken  exception  as  merely  borrowed 
from  Constantinople.  Thus  we  learn  that,  while  at 
Constantinople  the  Kyrie  Eleison  was  said  by  all  si¬ 
multaneously,  it  was  the  Roman  custom  for  the  clergy 
to  repeat  the  words  first  and  for  the  people  to  respond, 
Christe  Eleison  being  also  repeated  an  equal  number 
of  times.  Again,  the  Lord’s  Prayer  was  said  immedi¬ 
ately  after  the  consecration  aloud  by  all  the  people 
among  the  Greeks,  but  at  Rome  by  the  priest  alone. 

The  somewhat  meagre  and  imperfect  liturgical  details 
furnished  by  the  Sacramentarium  Gregorianum  are 
supplemented  in  a  very  full  and  interesting  manner  by 
the  successive  texts  of  the  Ordo  Romanus,  the  first  of 
which  dates  from  about  the  year  730.  The  ritual  they 
enjoin  is  that  for  a  pontifical  high  mass  in  Rome  itself; 
but  the  differences  to  be  observed  by  a  priest  “quando 
in  statione  facit  missas”  are  comparatively  slight. 
Subjoined  is  a  precis  of  Ordo  Romanus  I. 

It  is  first  of  all  explained  that  Rome  has  seven  ecclesias¬ 
tical  regions,  each  with  its  proper  deacons,  suhdeacons,  and 
acolytes.  Each  region  has  its  own  day  of  the  week  for  high 
ecclesiastical  functions,  which  are  celebrated  by  each  in  ro¬ 
tation.  [This  accounts  for  the  Statioad  S.  Mariam  Majorem, 
ad  S.  Crucem  in  Jerusalem,  ad  S.  Petrum,  etc.,  prefixed  to 
most  of  the  masses  in  the  Gregorian  Sacramentary,  and  still 
retained  in  the  “  Proprium  de  Tempore  ”  of  the  Roman 
missal.]  The  regulations  for  the  assembling  and  marshalling 
of  the  procession  by  which  the  pontiff  is  met  and  then  es¬ 
corted  to  the  appointed  station  are  minutely  given,  as  well 
as  for  the  adjustment  of  his  vestments  “ut  bene  sedeant,” 
when  the  sacristy  has  been  reached.  He  does  not  leave  the 
sacristy  until  the  Introit  has  been  begun  by  the  choir  in  the 
church.  Before  the  Gloria  he  takes  his  stand  at  the  altar, 
and  after  the  Kyrie  Eleison  has  been  sung  (the  number  of 
times  is  left  to  his  discretion)  he  begins  the  Gloria  in  Excelsis, 
which  is  taken  up  by  the  choir.  During  the  singing  he 
faces  eastward ;  at  its  close  he  turns  round  for  a  moment 
to  say  “  Pax  vobis,”  and  forthwith  proceeds  to  the  Oratio  ■> 
This  finished,  all  seat  themselves  in  order  while  the  sub¬ 
deacon  ascends  the  ambo  and  reads  [the  Epistle].  After  he 
has  done,  the  cantor  with  his  book  (cantatorio)  ascends  and 
gives  out  the  response  ( Responsum )  with  the  Alleluia  and 
Tractus  in  addition  if  the  season  calls  for  either.  The  deacon 
then  silently  kisses  the  feet  of  the  pontiff'  and  receives  his 
blessing  in  the  words  “Dominus  sit  in  corde  tuo  et  in  labiis 
tuis.”  Preceded  by  acolytes  with  lighted  candles  and  sub¬ 
deacons  burning  incense,  he  ascends  the  ambo,  where  he 
reads  the  Gospel.  At  its  close,  with  the  words  “  Pax  tibi  ” 
and  “  Dominus  vobiscum,”  the  pontiff,6  after  another  Oratio 
descends  to  the  “  senatorium  ”  accompanied  by  certain  of 
the  inferior  clergy,  and  receives  in  order  the  oblations  of 
the  rulers  (oblationes  principum),  the  archdeacon  who  fol¬ 
lows  taking  their  “amulas”  of  wine  and  pouring  them  into 
a  larger  vessel ;  similar  offerings  are  received  from  the  other 
ranks  and  classes  present,  including  the  women.  This  con¬ 
cluded,  the  pontiff  and  archdeacon  wash  their  hands,  the 

4  This  was  one  of  the  points  discussed  at  the  council  of  Flor¬ 
ence,  and  Cardinal  Bessarion  for  a  time  succeeded  in  persuading 
the  Greeks  to  give  up  the  Epiklesis. 

5  Quam  oollectam  dicunt,  Ord.  Rom.  II. 

6  After  singing  “  Crqflo  in  unum  Deum,”  Ord.  Rom.  II. 
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offerings  being  meanwhile  arranged  by  the  subdeacons  on 
the  altar,  and  water,  supplied  by  the  leader  of  the  choir 
(archiparaphonista),  being  mingled  writh  the  wine.  During 
this  ceremony  the  schola  have  been  engaged  in  singing  the 
Offertorium;  when  all  is  ready  the  pontiff  signs  to  them  to 
stop,  and  enters  upon  the  Preface,  the  subdeacous  giving  the 
responses.  At  the  Angelic  Hymn  (Sanctus)  all  kneel  and 
continue  kneeling,  except  the  pontiff,  who  rises  alone  and 
begins  the  Canon.  At  the  words  “per  quern  lisec  omnia” 
the  archdeacon  lifts  the  cup  with  the  oblates,  and  at  “  Pax 
Domini  sit  semper  vobiscum  ”  he  gives  the  peace  to  the 
clergy  in  their  order,  and  to  the  laity.  The  pontiff  then 
breaks  off  a  particle  from  the  consecrated  bread  and  lays  it 
upon  the  altar ;  the  rest  he  places  on  the  paten  held  by  the 
deacon.  It  is  then  distributed  while  Agnus  Dei  is  sung.  The 
pontiff  in  communicating  puts  the  particle  into  the  cup, 
saying,  “  Fiat  commixtio  et  consecratio  corporis  et  sanguinis 
Domini  nostri  Jesu  Christi  accipientibus  nobis  in  vitam 
seternam.”  Those  present  communicate  in  their  order  under 
this  species  also.  As  the  pontiff  descends  into  the  senatorium 
to  give  the  communion  the  schola  begins  the  communion 
Antiphon,  and  continues  singing  the  Psalm  until,  all  the 
people  having  communicated,  they  receive  the  sign  to  begin 
the  Gloria,  after  which,  the  verse  having  been  again  re¬ 
peated,  they  stop.  The  celebrant,  then,  facing  eastward, 
offers  the  Oratio  ad  Complendum,  which  being  finished  the 
archdeacon  says  to  the  people  “Ite,missaest,”  they  respond¬ 
ing  with  “  Deo  gratias.” 

To  complete  our  idea  of  the  Roman  communion 
office  as  it  was  prior  to  the  end  of  the  8th  century  we 
must  now  turn  to  the  Gregorian  Antiphonarius  sive 
Gradualis  L/iber  ordinatm  per  circulum  anni,  which, 
as  its  name  implies,  coptains  those  variable  portions 
of  the  mass  which  were  intended  to  he  sung  by  the 
schola  or  choir.  It  gives  for  each  day  for  which  a 
proper  mass  is  provided — (1)  the  Aniiphona  (Anti- 
phona  ad  Introitum)  and  Psalmus ;  (2)  the  Responso¬ 
rium  and  Versus ,  with  its  Alleluia  and  Versus;  (3)  the  Of¬ 
fertorium  and  Versus  ;  (4)  the  Communio  and  Psalmus. 
Some  explanation  of  each  of  these  terms  is  necessary. 
(1 )  The  word  Antiphon  (avTi<puyovl  Old  English  Antefn, 
English  Anthem)  in  its  ecclesiastical  use  has  reference 
to  the  very  ancient  practice  of  relieving  the  voices  of 
the  singers  by  dividing  the  work  between  _  alternate 
choirs.  In  one  of  its  most  usual  meanings  it  has  the 
special  signification  of  a  sentence  (usually  scriptural) 
constantly  sung  by  one  choir  between  the  verses  of  a 
psalm  or  hymn  sung  by  another.  According  to  the 
Roman  liturgiologists  it  was  Pope  Celestine  who  en¬ 
joined  that  the  Psalms  of  Davicl  should  be  sung  (in 
rotation,  one  presumes)  antiphonally  before  mass  ;  in 
rocess  of  time  the  antiphon  came  to  be  sung  at  the 
eginning  and  end  only,  and  the  psalm  itself  was 
reduced  to  a  single  verse.  In  the  days  of  Gregory  the 
Great  the  introit  appears  to  have  been  sung  precisely 
as  at  present, — that  is  to  say,  after  the  antiphon 
(proper  and  par  excellence ),  the  Psalmus  with  its 
Gloria ,  then  the  antiphon  again.  <  (2)  The  Respon- 
sorium ,  like  the  Greek  antiphon,  derives  its  name  from 
the  -responsive  manner  of  singing.  As  introduced 
between  the  epistle  and  gospel  it  was  probably  at  first 
a  comparatively  long  passage,  usually  an  entire  psalm 
or  canticle,  originally  given  out  by  the  cantor  from  the 
steps  from  which  the  epistle  had  been  read  (hence  the 
later  name  Graduale),  the  response  tjeing  taken  up 
by  the  whole  choir.  (3)  The  Offertorium  and  Com¬ 
munio  correspond  to  the  “hymn  from  the  book  of 
Psalms”  mentioned  by  early  authorities  (see,  for  ex¬ 
ample,  Augustine,  Retr.:  ii.  11  ;  Ap.  Const.,  viii.  13) 
as  sung  before  the  oblation  and  also  while  that  which 
had  been  offered  was  being  distributed  to  the  people. 
A  very  intimate  connection  between  these  four  parts 
of  the  choral  service  can  generally  be  observed ;  thus, 
taking  the  first  Sunday  in  the  ecclesiastical  year,  we 
find  both  in  the  Antiphonary  and  in  the  modern  Missal 
that  the  antiphon  is  Ps.  xxv.  1-3,  the  psalmus  Ps.  xxv. 
4,  the  responsorium  (graduale)  and  versus  Ps.  xxv.  3 
and  xxv.  4,  the  offertorium  and  versus  Ps.  xxv.  1-3 
and  Ps.  xxv.  5.  The  communio  is  Ps.  lxxxv.  12,  one 
of  the  verses  of  the  responsorium  being  Ps.  lxxxv.  7. 
In  the  selection  of  the  introits  there  are  also  traces  of 


a  certain  rotation  of  the  psalms  in  the  Psalter  having 
been  observed. 

The  first  pages  of  the  modem  Roman  missal  are 
occupied  with  the  Calendar  and  a  variety  of  explana¬ 
tions  relating  to  the  year  and  its  parts,  and  the  manner 
of  determining  the  movable  feasts.  The  general  ru¬ 
brics  ( Rubrical  Generates  Missalis)  follow,  explaining 
what  are  the  various  kinds  of  mass  which  may  be 
celebrated,  prescribing  the  hours  of  celebration,  the 
kind  and  color  of  vestments  to  be  used,  and  the  ritual 
to  be  followed  (ritus  celebrandi  missam),  and  giving 
directions  as  to  what  is  to  be  done  in  case  of  various 
defects  or  imperfections  which  may  arise.  The  P  a¬ 
pa  ratio  ad  Missam,  which  comes  next,  is  a  short 
manual  of  devotion  containing  psalms,  hymns,  and 
prayers  to  be  used  as  opportunity  may  occur  before 
and  after  celebration.  Next  comes  the  proper  of  the 
season  ( Proprium  Missarum  de  Tempore ),  occupying 
more  than  half  of  the  entire  volume.  It  contains  the 
proper  introit,  collect  (one  or  more),  epistle,  gradual 
(tract  or  sequence),  gospel,  offertory,  secreta  (one  or 
more),  communion,  and  post-communion  for  every 
Sunday  of  the  year,  and  also  for  the  festivals  and 
ferias  connected  with  the  ecclesiastical  seasons,  as  well 
as  the  offices  peculiar  to  the  ember  days,  Holy  Week, 
Easter,  and  W  hitsuntide.  Between  the  office  for  Holy 
Saturday  and  that  for  Easter  Sunday  the  ordinary  of 
the  mass  ( Or  do  Missce),  with  the  solemn  and  proper 
prefaces  for  the  year,  and  the  canon  of  the  mass  are 
inserted.  The  proper  of  the  season  is  followed  by  the 
proper  of  the  saints  ( Proprium  Sanctorum),  contain¬ 
ing  what  is  special  to  each  saint’s  day  in  the  order  of 
the  calendar,  and  by  the  Commune  Sanctorum,  con¬ 
taining  such  offices  as  the  common  of  one  martyr  and 
bishop,  the  common  of  one  martyr  not  a  bishop,  the 
common  of  many  martyrs  in  paschal  time,  the  common 
of  many  martyrs  out  of  pascnal  time,  and  the  like.  A 
variety  of  masses  to  be  used  at  the  feast  of  the  dedica¬ 
tion  of  a  church,  of  masses  for  the  dead,  and  of  votive 
masses  (as  for  the  sick,  for  persons  journeying,  for 
bridegroom  and  bride)  follow,  and  also  certain  benedic¬ 
tions.  Most  missals  have  an  appendix  also  containing 
certain  local  masses  of  saints  to  be  celebrated  “ex 
indulto  apostolico.” 

Masses  fall  into  two  great  subdivisions:  (1)  ordi¬ 
nary  or  regular  (secundum  ordinem  officii),  celebrated 
according  to  the  regular  rotation  of  fast  and  feast, 
vigil  ana  feria,  in  the  calendar :  (2)  extraordinary  or 
occasional  (extra  ordinem  officii),  being  either  ‘  ‘  votive  ” 
or  “for  the  dead,”  and  from  the  nature  of  the  case 
having  no  definite  time  prescribed  for  them.  Festival 
masses  are  either  double,  half-double,  or  simple,  an 
ordinary  Sunday  mass  being  a  half-double.  The  dif¬ 
ference  depends  on  the  number  of  collects  and  secretae ; 
on  a  double  only  one  of  each  is  offered,  on  a  half¬ 
double  there  are  two  or  three,  and  on  a  simple  there 
may  be  as  many  as  five,  or  even  seven,  of  each.  Any 
mass  may  be  either  high  (missa  solennis)  or  low  (missa 
privata).  The  distinction  depends  on  the  number  of 
officiating  clergy,  certain  differences  of  practice  as  to 
what  is  pronounced  aloud  and  what  inaudibly,  the  use 
or  absence  of  incense,  certain  gestures,  and  the  like. 
Solitary  masses  are  forbidden ;  thfere  must  be  at  least 
an  acolyte  to  give  the  responses.  The  vestments  pfe- 
scribed  for  the  priest  are  the  amice,  alb,  cingulum  or 
girdle,  maniple,  _  stole,  and  chasuble  (planeta) ;  see 
Costume,  vol.  vi.  p,  408.  There  are  certain  distinc¬ 
tions  of  course  for  a  bishop  or  abbot.  The  color  of 
the  vestments  and  of  the  drapery  of  the  altar  varies 
according  to  the  day,  being  either  white,  red,  green, 
violet,  or  black.  This  last  custom  does  not  go  much 
further  back  than  Innocent  III.,  who  explains  the 
symbolism  intended. 

Subjoined  is  an  account  of  the  manner  of  celebrat¬ 
ing  high  mass  according  to  the  rite  at  present  in  force. 

1.  The  priest  who  is  to  celebrate,  having  previously  con¬ 
fessed  (if  necessary)  and  having  finished  matins  and  lauds, 
is  *o  seek  leisure  for  private  prayer  (fasting)  and  to  uso  an 
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he  has  opportunity  the  “prayers  before  mass”  already  re¬ 
ferred  to.  How  the  robing  in  the  sacristy  is  next  to  be  gone 
about  is  minutely  prescribed,  and  prayers  are  given  to  be 
used  as  each  article  is  put  on.  The  sacramental  elements 
having  previously  been  placed  on  tho  altar  or  on  a  credence 
table,  the  celebrant  enters  the  church  and  takes  Ins  stand 
before  the  lowest  step  of  the  altar,  having  the  deacon  on  ms 
rio-ht  and  the  subdeacon  on  his  left.  After  invoking  the 
Trinity  (Iu  nomine  Patris,  etc.)  he  repeats  alternately  with 
those  who  are  with  him  the  psalm  “  Judica  me,  Ik' us, 
which  is  preceded  in  the  usual  way  by  an  antiphon  (Introibo 
ad  altar e  Dei),  and  followed  also  by  the  Gloria  and  Anti¬ 
phon.1  The  versicle  “  Adjutorium  nostrum,  with  its  re¬ 
sponse  “Qui  fecit,”  is  followed  by  the  “  Confiteor,” 2  said 
alternately  by  the  priest  and  by  the  attendants,  who  in  turn 
respond  with  the  prayer  for  divine  forgiveness^  Miserea- 
tur.”  The  priest  then  gives  the  absolution  (  Indulgen- 
tiarn”),  and  after  the  versicles  and  responses  beginning 
“Deus,  tu  con  versus”  he  audibly  says,  Oremus,  and 
ascending  to  the  altar  silently  offers  two  short  prayers,  one 
asking  for  forgiveness  and  liberty  of  access  through  Christ, 
and  another  indulgence  for  himself  “  through  the  merits 
of  thy  saints  whose  relics  are  here.  Receiving .the  thu¬ 

rible  from  the  deacon  he  incenses  the  altar,  and  is  thereafter 
himself  incensed  by  the  deacon.  He  then  reads  the  Introit, 
which  is  also  sung  by  the  choir  ;  the  “  Kyrie  E  eison  is 
then  said,  after  which  the  words  Gloria  in  Excelsis  are 
sung  by  the  celebrant  and  the  rest  of  the  hymn  completed 

by  the  choir.  ,,  .  ...  ,,  „ 

2.  Kissing  the  altar,  and  turning  to  the  people  with  the 
formula  “  Dominus  vobiscum,”  the  celebrant  proceeds  with 
the  collect  or  collects  proper  to  the  season  or  day,  which  are 
read  secretlv.  The  epistle  for  the  day  is  then  read  by  the 
subdeacon,  and  is  followed  by  the  gradual,  tract,  alleluia,  or 
sequence,  according  to  the  time.4  This  finished,  the  deacon 
places  the  book  of  the  gospels  on  the  altar,  and  the  celebrant 
blesses  the  incense.  The  deacon  kneels  before  the  altar  and 
offers  the  prayer  “  Muuda  cor  meum,”  afterwards  takes  the 
book  from  the  altar,  and  kneeling  before  the  celebrant  asks 
his  blessing,  which  he  receives  with  the  words  Dominus 
sit  in  corde  tuo.”  Having  kissed  the  hand  of  the  priest,  he 
goes  accompanied  by  acolytes  with  incense  and  lighted 
candles  to  the  pulpit,  and  with  a  “  Dominus  vobiscum  and 
minutely  prescribed  crossings  and  incensings  gives  out  and 
reads  the  gospel  for  the  day,  at  the  close  °f  which  Laus 
tibi,  Christe  ”  is  said,  and  the  book  is  brought  to  the  cele¬ 
brant  and  kissed  with  the  words  “  Per  evangelica  dicta  de- 
lean  tur  nostra  delicta.”  The  celebrant  then  standing  at  t  e 
middle  of  the  altar  sings  the  words  “  Credo  m  unum  Deum, 
and  the  rest  of  the  Nicene  creed  is  sung  by  the  choir. 

3  With  “  Dominus  vobiscum  ”  and  Oremus  the  cele¬ 
brant  proceeds  to  read  the  Offertory,  which  is  also  sung  by 
the  choir.  This  finished  he  receives  the  paten  with  the 
host  from  the  deacon,  and  after  offering  the  host  with  the 
prayer  beginning  “  Suscipe,  Sancte  Pater”  places  it  upon 
the  corporal .  The  deacon  then  ministers  wine  and  the  sub¬ 
deacon  water,  and  before  the  celebrant  mixes  the  water  with 
the  wine  he  blesses  it  in  the  prayer  “  Deus  qui  humause. 
He  then  takes  the  chalice,  and  having  offered  it  (  Offerimus 
tibi,  Domiue”)  places  it  upon  the  corporal  and  covers  it 
with  the  pall.  Slightly  bowing  over  the  altar,  he  then 
offers  the  prayer  “In  spiritu  humilitatis,  and,  lifting  up 
his  eyes  and  stretching  out  his  hands,  proceeds  with  Vem 
sanctificator.”  After  blessing  the  incense  (  Per  interces- 
sionem  beati  Michaelis  arcliangeli”)  he  takes  the  thurible 
from  the  deacon  and  incenses  the  bread  and  wine  and  altar, 
and  is  afterwards  himself  incensed  as  well  as  the  others  m 
their  order.  Next  going  to  the  epistle  side  of  thealtar  he 
washes  his  fingers  as  he  recites  the  verses  of  the  26th  Psalm 
beginning  “  Lavabo.”  Returning  and  bowing  before  the 
middle  of  the  altar,  with  joined  hands  he  says,  Suscipe, 
sancta  Trinitas,”  then  turning  himself  towards  the  people 
he  raises  his  voice  a  little  and  says,  ‘  Orate,  fratres  (  that 

1  This  antiphon  is  not  to  be  confounded  with  the  Antiphona 
ad  Introitum  further  on.  This  use  of  the  43d  Psalm  goes  as  far 
back  at  least  as  the  end  of  the  11th  century,  being  mentioned  by 
Micrologus  (1080).  It  is  omitted  in  masses  for  the  dead  and  during 

2  a  form  very  similar  to  the  present  is  given  by  Micrologus, 
and  it  is  foreshadowed  even  in  liturgical  literature  of  the  8th 

C631  During  Lent  and  Advent,  and  in  masses  for  the  dead  this  is 
omitted.  In  low  masses  it  is  of  course  said,  not  sung  (if  it  is  to 
be  said).  It  may  be  added  that  this  early  position  of  the  Gloria 
in  Excelsii  is  one  of  the  features  distinguishing  Roman  from 
Ephesine  use.  ,  .  _ ,  „ 

4  The  tract  is  peculiar  to  certain  occasions,  especially  of  a 
mournful  nature,  and  is  sung  by  a  single  voice.  By  a  sequence  is 
Understood  a  more  or  less  metrical  composition,  not  in  the  words 
of  Scripture,  having  a  special  bearing  on  the  festival  of  the  day. 
See,  for  example,  the  sequence,  “  Lauda  Sion  Salvatorem,  on 
Corpus  Christi  day. 

4  On  certain  days  the  Credo  is  omitted. 


my  sacrifice  and  yours  may  be  acceptable  to  God 
Almighty”),  the  response  to  which  is  Suscipiat  Domintis 
sacrificium  de  manibus  tuis,”  etc.  He  then  recites  the  secret 
prayer  or  prayers,  and  at  the  end  says,  with  an  audible 
voice,  “  Per  omnia  ssecula  sseculorum  (R.  Amen  ). 

4.  Again  saluting  with  a  “  Dominus  vobiscum, „  he  lifts 
up  his  hands  and  goes  on  to  the  Sursuin  Corda  and  the 
rest  of  the  Preface.  A  different  intonation  is  given  for  each 
of  the  prefaces.6  At  the  Sanctus  the  handbell  is  rung.  It 
there  is  a  choir  the  Sanctus  is  sung  while  the  celebrant  goes 
on  with  the  Canon.7  After  the  words  of  consecration  of  the 
wafer,  which  are  said  “secretly,  distinctly,  and  attentively, 
the  celebrant  kneels  and  adores  the  host,  rising  elevates  it, 
and  replacing  it  on  the  corporal  again  adores  it  (the  bell 
meantime  being  rung).6  The  same  rite  is  observed  when 
the  chalice  is  consecrated.  Immediately  before  the  Lord  s 
Prayer,  at  the  words  “  per  ipsum  et  cum  ipso  et  in  ipso,  the 
sign  of  the  cross  is  made  three  times  over  the  chalice  with 
the  host,  and  towards  the  close  of  the  embolism  the  frac¬ 
tion  of  the  host  takes  place.  After  the  words  Pax  Domini 
sit  semper  vobiscum  ”  the  emission  of  the  particle  into  the 
cup  takes  place  with  the  words  “  Hsec  commixtio  et  conse- 
cratio,”  etc.  The  celebrant  then  says  the  Agnus  Dei  three 

tU5.C  While  the  choir  sings  the  Agnus  Dei  and  the  Com¬ 
munion,  the  celebrant  proceeds, still  “secrete,”  with  the  re¬ 
mainder  of  the  office,  which  though  printed  as  part  ot  the 
canon  is  more  conveniently  called  the  Communion  and 
Post-communion.  After  the  prayer  for  the  peace  and  unity 
of  the  church  (“Domine  Jesu  Christe,  qui  dixisti  )  he 
salutes  the  deacon  with  the  kiss  of  peace,  saying,  Pax 
tecum-”  the  subdeacon  is  saluted  in  like  manner,  and  then 
conveys  the  “pax”  to  the  rest  of  the  clergy  who  may  be 
assisting.  The  celebrant  then  communicates  under  both 
species  with  suitable  prayers  and  actions,  and  afterwards 
administers  the  sacrament  to  the  other  communicants  it 
there  be  any.  Then  while  the  wine  is  poured  into  the  cup 
for  the  first  ablution  he  says,  “  Quod  ore  sumpsimus ;  hav¬ 
ing  taken  it  he  says,  “Corpus  tuum,  Domine.  After  the 
second  ablution  he  goes  to  the  book  and  reads^  the  Com¬ 
munion.  Then  turning  to  the  people  with  Dominus 
vobiscum  ”  he  reads  the  Post-communion  (one  or  more) ; 
turning  once  more  to  the  congregation  he  uses  the  old  dis¬ 
missal  formula  “  Dominus  vobiscum  ”  (R.  Et  cum  spiritu 
tuo),  and  “Ite,  missa  est”  [or  “  Benedicamus  Domino,  in 
those  masses  from  which  “  Gloria  in  Excelsis  has  been 
omitted]  (R.  Deo  Gratias).  Bowing  down  before  the  altar 
he  offers  the  prayer  “  Placeat  tibi,  sancta  Trinitas,  then 
turning  round  he  makes  the  sign  of  the  cross  over  the  con¬ 
gregation  with  the  words  of  the  benediction  (  Benedicat  ).9 

He  then  reads  the  passage  from  the  gospel  of  John  begin¬ 
ning  with  “  In  orincipio  erat  Verbum,”  or  else  the  proper 
gospel  of  the  day.10  ( J-  s-  BL-) 


MISSIONS.  The  history  of  Christian  missions 
may,  for  practical  purposes,  be  best  divided  into  three 
chief  periods — (1)  the  primitive,  (2)  the  mediaeval,  and 
(3)  the  modern.  None  of  these  periods  can  be  neg¬ 
lected,  for  they  have  an  intimate  connection  with  each 
other,’  and  illustrate  the  activity  respectively  of  indi¬ 
viduals,  of  the  church  in  her  corporate  capacity,  and  ot 
societies. 

1.  The  Primitive  Period. 

Christian  missions  had  their  origin  in  the  example 
and  the  command  of  our  Lord  Himself  (Matt,  xxvin. 
19);  and  the  unparalleled  boldness  on  the  part  ot  the 
Founder  of  Christianity,  which  dared  to  anticipate  for 
the  Christian  faith  a  succession  of  efforts  which  should 
never  cease  to  cause  its  propagation  to  be  undertaken 
as  “a  distinct  and  direct  work,”  has  been  justified  by 
the  voice  of  history.11  Whereas  other  religions  have 
spread  from  country  to  country  as  component  parts  ot 

«  Now  eleven ;  they  were  at  one  time  much  more  numerous. 

i  The  approved  usage  appears  to  be  in  that  case  that  it  is  sung 
as  far  as  ‘‘Hosanna  in  Excelsis”  before  the  elevation,  and  Bene- 
dictus  qui  venit”  is  reserved  till  afterwards.  In  France  it  was  a 
verv  common  custom,  made  general  for  a  time  at  the  request  of 
Louis  XII.,  to  sing  “  O  salutans  hostia ”  at  the  elevation. 

s  The  history  of  the  practice  of  elevating  the  host  is  somewhat 
obscure.  It  seems  to  have  arisen  out  of  the  custom  of  holding  up 
the  oblations,  as  mentioned  in  the  Ordo  Romanus  (see  above). 
The  elevation  of  the  host,  as  at  present ^  practised,  was  first  en¬ 
joined  by  Pope  Honorius  III.  The  use  of  the  handbell  at  the  ele¬ 
vation  is  still  later,  and  was  first  made  general  by  Gregory  XI. 

a  The  benediction  is  omitted  in  masses  for  the  dead. 

10  The  reading  of  the  passage  from  John  on  days  which  had.  not 
a  proper  gospel  was  first  enjoined  by  Pius  V. 

11  Davison,  On  Prophecy,  p.  278. 
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popular  opinion,  have  travelled  with  migration  or  con¬ 
quest,  have  passed  in  the  train  of  things  and  by  the 
usual  channels  of  communication,  the  first  foundations 
of  the  church  had  hardly  been  laid  before  individual 
missionary  activity  marked  the  life  of  each  one  of  the 
circle  of  the  apostles. 

Of  the  actual  details  of  their  labors  we  have  been 
permitted  to  know  but  little.  Three  only  of  the  im¬ 
mediate  followers  of  the  Saviour  have  any  conspicuous 
place  in  the  apostolic  records,  and  the  most  illustrious 
in  the  whole  domain  of  missionary  activity,  St.  Paul, 
did  not  belong  to  the  original  twelve.  His  activity 
took  the  form  of  journeys  and  voyages,  chiefly  to  large 
towns,  where  his  message  found  a  point  of  contact 
either  with  the  J  ewish  synagogue  or  the  aspirations  of 
the  Gentile  world.  The  result  of  his  labors  and  of 
those  of  his  successors  was  that  towards  the  middle  of 
the  2d  century  the  church  had  gradually  extended  its 
conquests  through  Asia  Minor.  Greece,  Italy,  Southern 
Gaul,  and  Northern  Africa.1  Ecclesiastical  history  can 
tell  but  little  of  the  church’s  earliest  teachers,  and  the 
infancy  of  many  of  the  primitive  congregations  is 
wrapped  in  hopeless  darkness.  Whatever  was  effected 
was  due  to  the  evangelizing  labors  of  individual 
bishops  and  clergy,  who  occupied  themselves  “in  sea¬ 
son  and  out  of  season,  ’  ’  and  toiled  zealously  and  effec¬ 
tively  in  the  spread  oi  the  church,  though  leaving  no 
record  of  their  devotion.  Amongst  the  most  distin¬ 
guished  representatives  of  this  individual  activity  in 
the  4th  and  5th  centuries  may  be  mentioned  Ulfila,  the 
“apostle  of  the  Goths,”  about  325;  Frumentius,  a 
bishop  of  Abyssinia,  about  327  ;  Chrysostom,  who 
founded  at  Constantinople  in  404  A.  D.  an  institution  in 
which  Goths  might  be  trained  to  preach  the  gospel  to 
their  own  people  ;a  Valentinus,  the  “  apostle  of  Nori- 
cum,”  about  440;  and  Honoratus,  who  from  his 
monastic  home  in  the  islet  of  Lerins,  about  410,  sent 
forth  numerous  laborers  to  Southern  and  W estem  Gaul, 
to  become  the  leading  missionaries  of  their  day  among 
the  masses  of  heathendom  in  the  neighborhood  of 
Arles,  Lyons,  Troyes,  Metz,  and  Nice. 

2.  The  Mediaeval  Period. 

With  the  5th  century  the  church  found  a  very  dif¬ 
ferent  element  proposed  to  her  missionary  energies 
and  zeal.  Her  outposts  of  civilization  had  scarcely 
been  planted  when  she  was  confronted  with  number¬ 
less  hordes  which  had  long  been  gathering  afar  off  in 
their  native  wilds,  and  which  were  now  precipitated 
over  the  entire  face  of  Europe.  Having  for  some  time 
ceased  to  plead  for  toleration,  and  learnt  to  be  aggres¬ 
sive,  she  not  only  stood  the  shock  of  change  but  girded 
herself  for  the  difficult  work  of  calming  the  agitated 
elements  of  society,  of  teaching  the  nations  a  higher 
faith  than  a  savage  form  of  nature  worship,  of  purify¬ 
ing  and  refining  their  recklessness,  independence,  and 
uncontrollable  love  of  liberty,  and  fitting  them  to  be¬ 
come  members  of  an  enlightened  Christendom. 

(a)  The  Celtic  Missionaries.  —The  first  pioneers  who 
went  forth  to  engage  in  this  difficult  enterprise  came 
from  the  secluded  Celtic  churches  of  Ireland  and  the 
Scottish  Highlands,  which,  though  almost  forgotten 
amidst  the  desolating  contest  which  was  breaking  up 
the  Roman  world,  were  no  sooner  founded  than  they 
sent  forth  “armies  of  Scots ”  to  pour  back  upon  the 
Continent  the  gifts  of  civilization  and  the  gospel.  Of 
many  who  deserve  mention  in  connection  with  this 
period,  the  most  prominent  were — Columba,  the  foun¬ 
der  of  the  famous  monastery  of  Iona,  and  the  evange- 
lizer  of  the  Albanian  Scots  and  northern  Piets ;  Aidan, 
the  apostle  of  Northumbria:  Columbanus,  the  apostle 
of  the  Burgundians  of  the  Vosges;  Callich  or  Gallus, 
the  evangelizer  of  Northeastern  Switzerland  and  Ale- 
mannia;  Kilian,  the  apostle  of  Thuringia;  and  Trud- 
pert,  the  martyr  of  the  Black  Forest.  The  zeal  of  these 
singular  men  at  the  head  of  ardent  disciples  seemed 

l  Justin,  Dial.  c.  117;  Tertull.,  Apoi.,  #7 ;  Id.,  Adv.  Jud.,  7. 

*  Theodoret,  H.  £.,  v.  30. 


to  take  the  world  by  storm.  Travelling  generally  in 
companies,  and  carrying  a  simple  outfit,  these  Celtic 
pioneers  flung  themselves  on  the  Continent  of  Europe, 
and,  not  content  with  reproducing  at  Annegray  or 
Luxeuil  the  willow  or  brushwood  huts,  the  chapel  and 
the  round  tower,  which  they  had  left  behind  in  Derry 
or  in  the  island  of  Hy,  they  braved  the  dangers  of  the 
northern  seas,  and  penetrated  as  far  as  the  Faroes  and 
even  far  distant  Iceland.3 

(b)  The  English  Missionaries. — Thus  they  laid  the 
foundations,  awing  the  heathen  tribes  by  their  indom¬ 
itable  spirit  of  self-sacrifice  and  the  sternness  of  their 
rule  of  life.  But,  marvellous  as  it  was,  their  work 
lacked  the  element  of  permanence ;  and  it  became  clear 
if  Europe  was  to  be  carried  through  the  dissolution  of 
the  old  society,  and  missionary  operations  consolidated, 
a  more  practical  system  must  be  devised  and  carried 
out.  The  men  for  this  work  were  now  ready.  Re¬ 
stored  to  the  commonwealth  of  nations  by  the  labors 
of  the  followers  of  Augustine  of  Canterbury  and  the 
Celtic  missionaries  from  Iona,  the  sons  of  the  newly 
evangelized  English  churches  were  ready  to  go  forth 
to  the  help  of  their  Teutonic  brothers  in  the  German 
forests.  The  energy  which  warriors  were  accustomed 
to  put  forth  in  their  efforts  to  conquer  was  now  “ex¬ 
hibited  in  the  enterprise  of  conversion  and  teaching  ”  4 
by  Wilfrid  on  the  coast  of  Friesland,5  by  Willibrord  in 
the  neighborhood  of  Utrecht,®  by  the  martyr-brothers 
Ewald  or  Hewald  amongst  the  “old”  or  continental 
Saxons,7  by  Swidbert  the  apostle  of  the  tribes  between 
the  Ems  and  the  Yssel,  bg  Adelbert,  a  prince  of  the 
royal  house  of  Northumbria,  in  the  regions  north-east 
of  Holland,  by  Wursing,  a  native  of  Friesland,  and  one 
of  the  disciples  of  Willibrord,  in  the  same  region,  and 
last,  not  least,  by  the  famous  Winfrid  or  Boniface,  the 
“apostle  of  Germany,”  who  went  forth  first  to  assist 
Willibrord  at  Utrecht,  then  to  labor  in  Thuringia  and 
Upper  Hessia,  then,  with  the  aid  of  his  kinsmen  Wuni- 
bald  and  Willibald,  their  sister  Walpurga,  and  her 
thirty  companions,  to  consolidate  the  work  of  earlier 
missionaries,  and  finally  to  die  a  martyr  on  the  shore  of 
the  Lauwer  Zee. 

(c)  Scandinavian  Missions. — Devoted,  however,  as 
were  the  labors  of  Boniface  and  his  disciples,  the  bat¬ 
tle  was  not  yet  nearly  won.  All  that  he  and  they  and 
the  emperor  Charlemagne  after  them  achieved  for  the 
fierce  untutored  world  of  the  8th  century  seemed  to 
have  been  done  in  vain  when,  in  the  9th,  “on  the  north 
and  northwest  the  pagan  Scandinavians  were  hanging 
about  every  coast,  and  pouring  in  at  every  inlet ;  when 
on  the  east  tbe  pagan  Hungarians  were  swarming  like 
locusts  and  devastating  Europe  from  the  Baltic  to  the 
Alps  ;  when  on  the  south  and  southeast  the  Saracens 
were  pressing  on  and  on  with  their  victorious  hosts. 
It  seemed  then  as  if  every  pore  of  life  were  choked, 
and  Christendom  must  be  stifled  and  smothered  in  the 
fatal  embrace.  ’  ’ 8  But  it  was  even  now  that  one  of  the 
most  intrepid  of  missionary  enterprises  was  undertaken, 
and  the  devoted  Anskar  went  forth  and  proved  him¬ 
self  a  true  apostle  of  Denmark  and  Sweden,  sought 
out  the  Scandinavian  viking  in  his  native  home  and 
icy  fiords,  and,  after  persevering  in  the  face  of  appar¬ 
ently  insurmountable  difficulties  and  hardships,  handed 
on  the  torch  of  self-denying  zeal  to  others,  who  “cast¬ 
ing  their  bread  on  the  waters”  saw,  after  the  lapse  of 
many  years,  the  close  of  the  monotonous  tale  of  burn¬ 
ing  churches  and  pillaged  monasteries,  and  taught  the 
fierce  Northman  to  lay  aside  his  old  habits  of  piracy, 
and  gradually  learn  respect  for  civilized  institutions. 

(d)  Slavonic  Missions.— Thus  the  “gospel  of  the 
kingdom  ”  was  successively  proclaimed  to  the  Roman, 
the  Celtic,  the  Teutonic,  and  the  Scandinavian  world. 

*  See  A.  W.  Haddan,  “  Scots  on  the  Continent,”  Remains,  p. 
256. 

4  Church,  Gifts  of  Civilization,  p.  330. 

6  Bede,  H.  E.,  v.  19.  _ _ 

«  “  Annal.  Xantenses,”  Pertz,  Mon.  Germ.,  ii.  220. 

1  Bede,  H.  E.,  v.  10. 

•  See  i  .iff ht. foot,  Ancient  and  Modem  Missions. 
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A  contest  still  more  stubborn  remained  with  the  Sla¬ 
vonic  tribes,  with  their  triple  and  many-headed  divini¬ 
ties,  their  powers  of  good  and  powers  of  evil,  who  could 
he  approached  only  with  fear  and  horror,  and  propiti¬ 
ated  only  with  human  sacrifices.  Mission  work  com¬ 
menced  in  Bulgaria  during  the  latter  part  of  the  9th 
century ;  thence  it  extended  to  Moravia,  where  two 
Greek  missionaries — Cyril  and  Methodius— provided 
for  the  people  a  Slavonic  Bible  and  a  Slavonic  Liturgy ; 
thence  to  Bohemia,  and  so  onwards  to  the  Scythian 
wilds  and  level  steppes,  where  arose  the  Russian  king¬ 
dom  of  Ruric  the  Northman,  and  where  about  the 
close  of  the  10th  century  the  Eastern  Church  “silently 
and  almost  unconsciously  bore  into  the  world  her  might¬ 
iest  offspring.  ’  ’ 1  But,  though  the  baptism  of  Vladimir 
and  the  flinging  of  the  triple  and  many-headed  idols 
into  the  waters  of  the  Dnieper  was  a  heavy  blow  to 
Slavonic  idolatry,  mission  work  was  carried  on  with 
hut  partial  success  ;  and  it  taxed  all  the  energies  of 
Albrecht,  bishop  of  Bremen,  of  Vicilin,  bishop  of  Old¬ 
enburg,  of  Bishop  Otto  of  Bamberg  the  apostle  of  the 
Pomeranians,  of  Adalbert  the  martyr-apostle  of  Prus¬ 
sia,  to  spread  the  word  in  that  country,  in  Lithuania, 
and  in  the  territory  of  the  Wends.  It  was  not  till 
1168  that  the  gigantic  four-headed  image  of  Swantevit 
was  destroyed  at  Arcona,  the  capital  of  the  island  of 
Riigen,  and  this  Mona  of  Slavonic  superstition  was 
included  in  the  advancing  circle  of  Christian  civiliza¬ 
tion.  As  late  as  1230  human  sacrifices  were  still  being 
offered  up  in  Prussia  and  Lithuania,  and,  in  spite  of 
all  the  efforts  of  the  Teutonic  Knights  to  expel  by  force 
the  last  remains  of  heathenism  from  the  face  of  Eu¬ 
rope,  idolatrous  practices  still  lingered  amongst  the 
people,  while  in  the  districts  inhabited  by  the  Lapps, 
though  successful  missions  had  been  inaugurated  as 
early  as  1335,  Christianity  cannot  be  said  to  have  be¬ 
come  the  dominant  religion  till  at  least  two  centuries 
later. 

(e)  Moslem  Missions.— The  mention  of  the  order  ot 
the  Teutonic  Knights  reminds  us  how  the  crusading 
spirit  had  affected  Christendom,  and  exchanged  the 
patience  of  a  Boniface  or  an  Anskar  for  the  fiery  zeal 
of  the  warrior  of  the  cross.  Still  it  is  refreshing  to 
notice  how  even  now  there  was  found  the  famous  Ray¬ 
mond  Lully  to  protest  against  propagandised  by  the 
sword,  to  urge  on  pope  after  pope  the  necessity  of  mis¬ 
sions  amongst  the  Moslems,  and  to  seal  his  testimony 
with  his  blood  outside  the  gates  of  Bugiah  in  Northern 
Africa  (June  30,  1315).  Out  of  the  crusades,  how¬ 
ever,  arose  other  efforts  to  bear  the  banner  of  the  cross 
into  the  lands  of  the  East,  and  to  develop  the  work 
which  Nestorian  missionaries  from  Baghdad,  Edessa, 
and  Nisibis  had  already  inaugurated  along  the  Mala¬ 
bar  coast,  in  the  island  of  Ceylon,  and  in  the  neigh¬ 
borhood  of  the  Caspian  Sea.  In  1245  the  Roman 
pontiff  sent  two  embassies,  one  to  charge  the  Mongol 
warriors  to  desist  from  their  desolating  inroads  into 
Europe,  the  other  to  attempt  to  win  them  over  to  the 
Christian  faith.  The  first,  a  party  of  four  Domini¬ 
cans,  sought  the  commander-in-chief  of  the  Mongol 
forces  in  Persia;  the  second,  consisting  of  Franciscans, 
made  their  way  into  Tartary,  and  sought  to  convert 
the  successor  of  Oktai-Khan.  Their  exertions  were 
seconded  in  1253  by  the  labors  of  another  Franciscan 
whom  Louis  IX.  of  France  sent  forth  from  Cyprus,2 
while  in  1274  the  celebrated  traveller  Marco  Polo, 
accompanied  by  two  learned  Dominicans,  visited  the 
court  of  Kublai-Khan,  and  at  the  commencement 
of  the  14th  century  two  Franciscans  penetrated  as  far 
as  Peking,  and  kept  alive  a  flickering  spark  of  Chris¬ 
tianity  in  the  Tartar  kingdom,  even  translating  the 
New  Testament  and  the  Psalter  into  the  Tartar  lan¬ 
guage,  and  training  youths  for  a  native  ministry.3 

(/)  Missions  to  India  and  the  New  World. — These 

1  Stanley,  Eastern  Church,  p.  294. 

2  Neander,  vii.  69;  Hakluyt,  171 ;  Hue,  i.  207. 

2  Neander,  vii.  79 ;  Gieseler,  iv.  259, 260 ;  Hardwick,  Middle  Ages, 

235-337. 


tentative  missions  in  the  East  were  now  to  be  supple¬ 
mented  by  others  on  a  larger  scale.  In  1486  the  Cape 
of  Good  Hope  was  rounded  by  Dias,  and  in  1508  the 
foundations  of  the  Portuguese  Indian  empire  were  laid 
by  Albuquerque.  Columbus  also  in  1492  had  landed 
on  San  Salvador,  and  the  voyages  of  the  Venetian 
Cabot  along  the  coast  of  North  America  opened  up  a 
new  world  to  missionary  enterprise.  These  bold  dis¬ 
coverers  had  secured  the  countenance  of  the  pope  on 
the  condition  that  wherever  they  might  plant  a  flag 
they  should  be  also  zealous  in  promoting  the  extension 
of  the  Christian  faith.  Thus  a  grand  opportunity  was 
given  to  the  churches  of  Portugal  and  Spain.  But  the 
zeal  of  the  Portuguese,  even  when  not  choked  by  the 
rising  lust  of  wealth  and  territorial  power,  took  too 
often  a  one-sided  direction,  repressing  the  Syrian 
Christians  on  the  Malabar  coast,  and  interfering  with 
the  Abyssinian  Church,4  while  the  fanatic  temper  ot 
the  Spaniard,  maddened  by  his  prolonged  conflict  with 
the  infidel  at  home,  betrayed  him  into  methods  ot 

Sagating  his  faith  which  we  cannot  contemplate 
out  a  shudder,  consigning,  in  Mexico  and  Peru, 
multitudes  who  would  not  renounce  their  heathen 
errors  to  indiscriminate  massacre  or  abject  slavery. 
Their  only  defender  for  many  years  was  the  famous 
Las  Casas,  who,  having  sojourned  amongst  them  till 
1516,  has  drawn  a  terrible  picture  of  the  oppression  he 
strove  in  vain  to  prevent/  Some  steps  indeed  were 
taken  for  disseminating  Christian  principles,  and  the 
pope  in  granting  territory  to  the  crowns  of  Spain  and 
Portugal  had  specially  urged  this  duty,  and  had  been 
instrumental  in  inducing  a  band  of  missionaries,  chiefly 
of  the  mendicant  orders,  to  go  forth  to  this  new  mis¬ 
sion  field.7  But  the  results  were  scanty.  Only  five 
bishoprics  had  been  established  by  1520,  and  the  num¬ 
ber  of  genuine  converts  was  small.  In  settling,  how¬ 
ever,  his  realm  the  conqueror  of  Mexico  evinced  no 
little  solicitude  for  the  spiritual  welfare  of  his  charge; 
and  the  labors  of  the  devoted  men  whom  he  begged 
the  emperor  to  send  out  were  successful  in  banishing 
every  vestige  of  the  Aztec  worship  from  the  Spanish 
settlements.8 

(g)  The  Jesuit  Missions. — It  was  during  the  period 
at  which  we  have  now  arrived  that  the  great  organi¬ 
zation  of  the  Jesuits  came  into  existence,  and  one  of 
the  first  of  Loyola’s  associates,  Francis  Xavier,  was 
also  one  of  the  greatest  and  most  zealous  missionaries 
ofhis  or  any  other  era.  Encouraged  by  the  joint  co¬ 
operation  of  the  pope  and  of  John  III.  of  Portugal, 
and  strongly  tinged  like  Loyola  with  ideas  of  chivalrv 
and  self-devotion,  he  disembarked  at  Goa  on  the  6th 
of  May,  1542,  and  before  his  death  on  the  Isle  of  St. 
John  (Hiang-Shang),  December  2, 1552,  he  had  roused 
the  European  Christians  of  Goa  to  a  new  life,  labored 
with  singular  success  amongst  the  Paravars,  a  fisher 
caste  near  Cape  Comorin,  gathered  many  converts  in 
the  kingdom  of  Travancore,  visited  the  colony  at 
Malacca,  made  his  way  to  and  founded  a  mission  in 
Japan,  thence  revisited  Goa,  and  impelled  by  the 
quenchless  desire  to  unfurl  the  banner  of  the  cross  in 
China,  had  set  out  thither  to  fall  a  victim  to  malignant 
fever  at  the  early  age  of  forty-six,  within  sight  ol  that 
vast  empire  whose  conversion  had  been  the  object  of 
his  holy  ambition.  .  . 

The  immediate  successor  of  Xavier,  Antonio  Crimi- 
nalis,  was  regarded  by  the  Jesuits  as  the  first  martyr 
of  their  society  (1562).  Mattheo  Ricci,  an  Italian  by 
birth,  was  also  an  indefatigable  missionary  in  China 
for  twenty-seven  years,  while  the  peculiar  methods  of 
unholy  compromise  with  Brahmanism  in  India  fol¬ 
lowed  by  Robert  de’  Nobili  drew  down  the  condemna¬ 
tory  briefs  of  pope  after  pope,  and  were  fatal  to  the 
vitality  of  his  own  and  other  missions.  Other  repre- 


4  Geddes,  History  of  the  Church  of  Malabar,  p,  4 ;  Neale 
Church,  ii.  343. 

5  Prescott,  Conquest  of  Mexico,  i.  318,  iu.  218. 

«  Relacion  de  la  Destruycion  de  las  Indies. 

T  Prescott,  Mexico,  in.  218  n. 

*  Prescott,  iii.  219. 
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sentatives  of  the  same  order  worked  with  success  in 
evangelizing  the  Spanish  settlement  of  Paraguay  in 
1582,  while  their  defeated  foes  the  Huguenots  sent 
forth  under  a  French  knight  of  Malta  a  Dody  of  de¬ 
voted  men  to  attempt  the  formation  of  a  Christian 
colony  at  Rio  Janeiro.  By  the  close  of  the  16th  cen¬ 
tury  the  unflagging  zeal  of  the  Jesuits  led  to  a  more 
complete  development  and  organization  of  the  mis¬ 
sionary  system  of  the  Roman  Church.  To  give  unity 
and  solidity  to  the  work  of  missions,  a  committee  of 
cardinals  was  appointed  under  thfi  name  of  the  “  Con- 
gregatio  de  propaganda  fide,”  and  to  it  was  intrusted 
the  entire  management  or  the  mission,  conducted 
under  the  superintendence  of  the  pope.  The  scheme 
originated  with  Gregory  XIII. ,  but  was  not  fully  or¬ 
ganized  till  forty  years  afterwards,  when  Gregory  XV. 
gave  it  plenary  authority  by  a  bull  dated  June  2, 1622. 
Gregory’s  successor,  Urban  VIII.,  supplemented  the 
establishment  of  the  congregation  by  founding  in  con¬ 
nection  with  it  a  great  missionary  college,  where  Euro¬ 
peans  might  be  trained  for  foreign  labors,  and  natives 
might  be  educated  to  undertake  mission  work  wherever 
new  colonies  were  settled.  At  this  college  is  the  mis¬ 
sionary  printing-press  of  the  Roman  Church,  and  its 
library  contains  an  unrivalled  collection  of  literary 
treasures  bearing  on  the  particular  work.  From  its 
walls  have  gone  forth  numbers  of  devoted  men,  who 
have  proved  themselves  able  to  promote  in  a  singular 
degree  the  enlargement  of  the  boundaries  of  the  church 
by  means  of  material  as  well  as  spiritual  forces. 

3.  The  Modern  Period. 

This  last  period  of  missionary  activity  is  distin¬ 
guished  in  a  special  degree  by  the  exertions  of  societies 
lor  the  development  of  mission  work. 

As  contrasted  with  the  colossal  display  of  power  on 
the  part  of  the  Church  of  Rome,  it  must  be  allowed 
that  the  churches  which  in  the  1 6th  century  broke  off 
from  their  allegiance  to  the  Latin  centre  at  first  pre¬ 
sented  a  great  lack  of  anxiety  for  the  extension  of  the 
gospel  and  the  salvation  of  the  heathen.  The  causes 
of  this,  however,  are  not  far  to  seek.  The  isolation 
of  the  Teutonic  churches  from  the  vast  system  with 
which  they  had  been  bound  up,  the  conflicts  and  trou¬ 
bles  among  themselves,  the  necessity  of  fixing  their 
own  principles  and  defining  their  own  rights,  concen¬ 
trated  their  attention  upon  themselves  and  tbeir  own 
home  work,  to  the  neglect  of  work  abroad. 

Still  the  development  of  the  maritime  power  of 
England,  which  the  Portuguese  and  Spanish  mon¬ 
archies  noted  with  fear  and  jealousy,  was  distinguished 
by  a  singular  anxiety  for  the  spread  of  the  Christian 
faith.  Edward  VI.  in  his  instructions  to  the  naviga¬ 
tors  in  Willoughby’s  fleet,  Cabot  in  those  for  the 
direction  of  the  intended  voyage  to  Cathay,  good  old 
Hakluyt,  who  promoted  many  voyages  of  aiscoveiy 
in  addition  to  writing  their  history,  agree  with  Sir 
Humphrey  Gilbert’s  chronicler  that  “the  sowing  of 
Christianity  must  be  the  chief  intent  of  such  as  shall 
make  any  attempt  at  foreign  discovery,  or  else  what¬ 
ever  is  builded  upon  other  foundation  shall  never  obtain 
happy  success  or  continuance.  ’  ’  When  on  the  last  day 
of  the  year  1600  Queen  Elizabeth  granted  a  charter  to 
George,  earl  of  Cumberland,  and  other  “adventurers,” 
to  be  a  body  corporate  by  the  name  of  ‘  ‘  The  Gover¬ 
nor  and  Company  of  Merchants  of  London  trading 
with  the  East  Indies,”  the  expressed  recognition  of 
higher  duties  than  those  of  commerce  may  by  some  be 
deemed  a  mere  matter  of  form,  and,  to  use  the  words 
of  Bacon,  “what  was  first  in  God’s  providence  was 
but  second  in  man’s  appetite  and  intention.”  Yet  a 
keen  sense  of  missionary  duty  marks  many  of  the 
chronicles  of  English  mariners.  Notably  was  this  the 
case  with  the  establishment  of  the  first  English  colony 
in  America,  that  of  Virginia,  by  Sir  Walter  Raleigh. 
The  philosopher  Heriot,  one  of  his  colleagues,  labored 
for  the  conversion  of  the  natives,  amongst  whom  the 
first  baptism  is  recorded  to  have  taken  place  on  August 


1 3,  1587 J  Raleigh  himself  presented  as  a  parting  gift 
to  the  Virginian  Company  the  sum  of  £100  “for  the 
propagation  of  the  Christian  religion  in  that  settle¬ 
ment.  ’2  When  James  1.  granted  letters  patent  for  the 
occupation  of  Virginia,  it  was  directed  that  the  “word 
and  service  of  God  be  preached,  planted,  and  used  as 
well  in  the  said  colonies  as  also  as  much  as  might  be 
among  the  savages  bordering  among  them’  ’  ;  and  the 
honored  names  of  Nicolas  Ferrar,  John  Ferrar,  Dr. 
Donne,  and  Sir  John  Sandys,  a  pupil  of  Hooker,  are 
all  found  on  the  council  by  which  the  borne  manage¬ 
ment  of  the  colony  was  conducted. 

In  the  year  1618  was  published  The  True  Honor  of 
Navigation  and  Navigators,  by  John  Wood,  D.D., 
dedicated  to  Sir  Thomas  Smith,  governor  to  the  East 
India  Company,  and  much  about  the  same  time  ap¬ 
peared  the  well-known  treatise  of  the  famous  Grotius, 
De  Veritate  Religionis  Christianas ,  written  for  tbe  ex¬ 
press  use  of  settlers  in  distant  lands.  The  wants, 
moreover,  of  the  North  American  colonies  did  not 
escape  the  attention  of  Archbishop  Laud  during  his 
official  connection  with  them  as  bisnop  of  London,  and 
he  was  developing  a  plan  for  promoting  a  local  episco¬ 
pate  there  when  his  troubles  began,  and  his  scheme 
was  interrupted.  During  the  Protectorate,  in  1649,  an 
ordinance  was  passed  for  “the  promoting  and  propa- 
ating  of  the  gospel  of  Jesus  Christ  in  New  England” 
y  the  erection  of  a  corporation,  to  be  called  by  the 
name  of  the  President  and  Society  for  the  Propagation 
of  the  Gospel  in  New  England,  to  receive  and  dispose 
of  moneys  for  the  purpose,  and  a  general  collection  was 
ordered  to  be  made  in  all  the  parishes  of  England  and 
Wales;  and  Cromwell  himself  desired  a  scheme  for 
setting  up  a  council  for  the  Protestant  religion,  which 
should  rival  the  Roman  Propaganda,  ana  consist  of 
seven  councillors  and  four  secretaries  for  different 
provinces.3  On  the  restoration  of  the  monarchy, 
through  the  influence  of  Richard  Baxter  with  Lord 
Chancellor  Hyde,  the  charter  already  granted  by 
Cromwell  was  renewed,  and  its  powers  were  enlarged. 
For  now  the  corporation  was  styled  “  The  Propagation 
of  the  Gospel  in  New  England  and  the  parts  adjacent 
in  America,”  and  its  object  was  defined  to  be  “not 
only  to  seek  the  outward  welfare  and  prosperity  of 
those  colonies,  but  more  especially  to  endeavor  the 
good  and  salvation  of  their  immortal  souls,  and  the 
publishing  the  most  glorious  gospel  of  Christ  among 
them.  ’  ’  On  the  list  of  the  corporation  the  first  namea 
is  the  Earl  of  Clarendon,  while  the  Hon.  Robert 
Boyle  was  appointed  president.  Amongst  the  most 
eminent  of  its  missionaries  was  the  celebrated  John 
Eliot,  who,  encouraged  by  Boyle,  and  assisted  by  him 
with  considerable  sums  of  money,  brought  out  the 
Bible  in  the  Indian  language  in  1661-64,  having  re¬ 
vealed  at  the  end  of  the  Indian  grammar  which  he  had 
composed  the  secret  of  his  success :  “  prayer  and  pains, 
through  faith  in  Jesus  Christ,  will  do  anything.’1 
Boyle  displayed  in  other  ways  his  zeal  for  the  cause  of 
missions.  He  contributed  to  the  expense  of  printing 
and  publishing  at  Oxford  the  four  Gospels  and  the 
Acts  of  the  Apostles  in  the  Malay  language,  and  at  his 
death  left  £5400  for  the  propagation  of  the  gospel  in 
heathen  lands. 

The  needs  of  the  colonial  church  soon  excited  the 
attention  of  others  also,  and  great  efforts  were  made 
by  Bishop  Beveridge,  Archbishop  Wake,  Archbishop 
Sharpe,  Bishop  Gibson,  and  afterwards  by  the  philo¬ 
sophic  Bishop  Berkeley,  and  Bishop  Butler,  the 
famous  author  of  the  Analogy ,  to  develop  the  colonial 
church  and  provide  for  the  wants  of  the  Indian  tribes. 
In  1696  Dr.  Bray,  at  the  request  of  the  governor  and 
assembly  of  Maryland,  was  selected  by  the  bishop  of 
London  as  ecclesiastical  commissary ;  and,  having  sold 
his  effects,  and  raised  money  on  credit,  he  sailed  for 

i  Hakluyt,  Voyages,  iii.  345. 

4  Oldy,  Life  of  Raleigh,  p.  118. 

*  Neale,  History  of  New  England,  i.  p.  260 ;  Burnet,  History  qf  Ms 
oum  Timet,  i.  p.  132. 
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Maryland  in  1699,  where  he  promoted,  in  various 
ways,  the  interests  of  the  church.  Returning  to  Eng¬ 
land  in  1700-1,  and  supported  by  all  the  weight  of 
Archbishop  Tenison  and  Bishop  Compton,  he  was 
graciously  received  by  William  III.,  and  received 
letters  patent  under  the  great  seal  of  England  for 
creating  a  corporation  by  the  name  of  the  ‘  ‘  Society 
for  the  Propagation  of  the  Gospel  in  Foreign  Parts” 
on  the  16th  of  June,  1701. 

With  the  establishment  of  this  corporation  the  era 
of  the  activity  of  societies  for  carrying  out  mission 
work  may  be  said  to  commence,  though  the  opening 
of  the  18th  century  saw  other  movements  set  on  foot 
for  the  same  object.  Thus  in  1705  Frederick  IV.  of 
Denmark  founded  a  mission  on  the  Coromandel  coast, 
and  inaugurated  the  labors  of  Ziegenbalg,  Schultze, 
and  Schwartz,  whose  devotion  and  success  told  with 
such  remarkable  reflex  influence  on  the  church  at 
home.  Again  in  1731  the  Moravians  illustrated  in  a 
signal  degree  the  growing  consciousness  of  obligation 
towards  the  heathen.  Driven  by  persecution  from  Mo¬ 
ravia,  hunted  into  mountain-caves  and  forests,  they 
had  scarcely  secured  a  place  of  refuge  in  Saxony  before, 
“though  a  mere  handful  in  numbers,  yet  with  the 
spirit  of  men  banded  for  daring  and  righteous  deeds, 
they  formed  the  heroic  design,  and  vowed  the  execu¬ 
tion  of  it  before  God,  of  bearing  the  gospel  to  the 
savage  and  perishing  tribes  of  Greenland  and  the  West 
Indies,  of  whose  condition  report  had  brought  a  mourn¬ 
ful  rumor  to  their  ears.  ’  ’  And  so,  literally  with  “  neither 
bread  nor  scrip,’'’  they  went  forth  on  their  pilgrimage, 
and,  incredible  as  it  sounds,  within  ten  years  they  had 
established  missions  in  the  islands  of  the  West  Indies, 
in  South  America,  Surinam,  Greenland,  among  the 
North  American  tribes,  in  Lapland,  Tartary,  Algiers, 
Guinea,  the  Cape  of  Good  Hope,  and  Ceylon.1 

Such  were  the  preparations  for  the  more  general 
movements  during  the  last  hundred  years,  and  the 
manifestation  of  missionary  zeal  on  a  scale  to  which  it 
would  be  difficult  to  find  a  parallel  in  Western  Chris¬ 
tianity. 

The  progress  that  has  been  made  may  be  best  judged 
of  from  consideration  of  the  following  details  : 

(a)  At  the  close  of  the  last  century  there  were  only  seven 
missionary  societies  in  existence,  properly  so  called.  Of 
these  three  only,  the  Society  for  the  Propagation  of  the 
Gospel  in  Foreign  Parts,  the  Halle-Danish  Society,  and  the 
Moravians,  had  been  at  work  for  the  greater  part  of  the 
century,  whilst  four,  the  Church  Missionary  Society,  the 
Baptist  Missionary  Society,  the  London  Missionary  Society, 
and  the  Dutch  Society  at  Rotterdam,  began  their  work  only 
in  its  tenth  decade.  To-day  these  seven  have,  in  Europe  and 
America  alone,  increased  to  upwards  of  seventy,  and  to  these 
must  be  added,  not  only  several  independent  societies  in  the 
colonies,  but  numerous  missionary  associations  on  a  smaller 
scale,  the  offspring  of  English  and  American  societies. 

( b )  The  following  chronological  lists  illustrate  the  growth 
of  missionary  societies  in  Britain  and  the  United  States: 

Great  Britain  and  Ireland. 

1691.  Christian  Faith  Society  for  the  West  Indies. 

1698.  Society  for  Promoting'Christian  Knowledge. 

1701.  Society  for  the  Propagation  of  the  Gospel  in  Foreign  Parts. 
1732.  Moravian  (Episcopal)  Missions  of  the  United  Brethren. 

1792.  Baptist  Missionary  Society. 

1795.  London  Missionary  Society. 

1796.  Scottish  Missionary  Society. 

1799.  Church  Missionary  Society. 

1799.  Religious  Tract  Society. 

1804.  British  and  Foreign  Bible  Society. 

1808.  London  Society  for  Promoting  Christianity  among  the  Jews. 
1813.  Wesleyan  Missionary  Society. 

1817.  General  Baptist  Missionary  Society. 

1823.  Colonial  and  Continental  Church'Society. 

1829.  Church  of  Scotland  Mission  Boards. 

National  Bible  Society  of  Scotland. 

1831.  Trinitarian  Bible  Society. 

1832.  Wesleyan  Ladies’  Auxiliary  for  Female  Education  in 

Foreign  Countries. 

1834.  Society  for  Promoting  Female  Education  in  the  East. 

1835.  United  Secession  (now  United,  Presbyterian)  Foreign  Mis¬ 

sions. 

1836.  Colonial  Missionary  Society. 

1840.  Foreign  Aid  Society. 

Coral  Missionary  Fund. 

1  Holmes.  Hist.  Sketches  of  the  Missions  of  the  United  Brethren  p.  3; 
Grant,  Bampton  Lectures,  p.  190. 


1840.  Welsh  Calvinistic  Methodist  Missionary  Society. 

1841.  Colonial  Bishoprics  Fund. 

1841.  Edinburgh  Medical  Missionary  Society. 

Waldensian  Missions  Aid  Fund. 

1843.  British  Society  for  the  Propagation  of  the  Gospel  among  the 
Jews. 

1843.  Free  Church  of  Scotland  Missions. 

1843.  Primitive  Methodist  African  and  Colonial  Missions. 
Methodist  New  Connection  in  England  Foreign  Missions. 

1844.  South  American  Missionary  Society. 

1849.  Evangelical  Continental  Society. 

1852.  Indian  Female  Normal  School  Society. 

1853.  Lebanon  Schools. 

1855.  Presbyterian  Church  in  England  Foreign  Missions. 

1856.  Turkish  Missions  Aid  Society. 

1856.  United  Methodist  Free  Churches  Foreign  Missions. 

1858.  Christian  Vernacular  Education  Society  for  India. 

1860.  Central  African  Mission  of  the  English  Universities. 

1860.  British  Syrian  Schools. 

Melanesian  Mission. 

1865.  Ladies’ Association  for  Promoting  Female  Education  among 

the  Heathen. 

1866.  China  Inland  Mission. 

1867.  Delhi  Female  Medical  Mission. 

1867.  "Friends”  Foreign  Mission  Association. 

1868.  Cape  Town  Aid  Association.  *■ 

1869.  “Friends”  Mission  in  Syria  and  Palestine. 

Irish  Presbyterian  Missions. 

1876.  Spanish  and  Portuguese  Church  Aid  Society. 

Columbia  Mission. 

Original  Secession  Church  Indian  Mission. 

1877.  Cambridge  Mission  to  Delhi. 

1880.  Church  of  England  Zenana  Missionary  Society. 

United  States  of  America. 

1733.  Corporation  for  the  Propagation  of  the  Gospel  in  New  Eng¬ 
land. 

1787.  Society  for  Propagating  the  Gospel  among  the  Indians  at 
Boston. 

1800.  New  York  Missionary  Society. 

Connecticut  Missionary  Society  for  Indians. 

1803.  United  States  Mission  to  the  Cherokees. 

1806.  Western  Missionary  Society  for  Indians. 

1810.  Board  of  Commissioners  for  Foreign  Missions. 

1814.  Baptist  Missionary  Union. 

1833.  Free-Will  Baptist  Foreign  Missionary  Society  in  India. 

1835.  Foreign  Missions  of  the  Protestant  Episcopal  Church. 

1837.  Board  of  Foreign  Missions  of  the  Presbyterian  Church. 

1837.  Evangelical  Lutheran  Foreign  Missionary  Society. 

1839.  Methodist  Episcopal  Church  Missionary  Society. 

1842.  Seventh-Day  Baptist  Missionary  Society. 

Strict  Baptist  Missionary  Society. 

1843.  Baptist  Free  Missionary  Society. 

1845.  Methodist  Episcopal  Church,  South. 

1845.  Southern  Baptist  Convention. 

1846.  American  Missionary  Association. 

1857.  Board  of  Foreign  Missions  of  (Dutch)  Reformed  Church. 

1859.  Board  of  Foreign  Missions  of  United  Presbyterian  Church. 
American  United  Brethren,  Moravian. 

United  States  German  Evangelical  Missionary  Society. 
American  Mexican  Association. 

Indian  Home  Missionary  Association. 

Indian  Missionary  Association. 

Local  Baptist  Missionary  Society. 

Women’s  Union  Zenana  Missionary  Society. 

(c)  At  the  beginning  of  the  present  century  the  total  sum 
contributed  for  Protestant  missions  can  hardly  be  said  to 
have  amounted  to  £50,000;  in  1882  the  amount  raised  by 
British  contributions  alone  to  foreign  missions  amounted 
to  upwards  of  £1,090, 000, 2  thus  divided : 


Church  of  England  Missions . £460,935 

Joint  Societies  of  Churchmen  and  Nonconformists .  153,320 

Nonconformist  Societies,  English  and  Welsh .  313,177 

Scottish  and  Irish  Societies . 155,767 

Roman  Catholic  Societies .  10,910 


(d)  At  the’  same  date  it  is  calculated  that  there  were 
about  5000  heathen  converts  under  instruction,  not  count¬ 
ing  those  belonging  to  the  Roman  Catholic  missions.  At 
the  present  day  the  converts  from  heathenism  may  be  esti¬ 
mated  certainly  at  no  less  than  1,800,000,  a  single  year 
(1878)  showing  an  increase  of  about  60,000. 

(e)  When  the  Society  for  the  Propagation  of  the  Gospel 
was  founded  in  1701,  there  were  probably  not  twenty  cler¬ 
gymen  of  the  Church  of  England  in  foreign  parts.  The 
spiritual  coudition  of  the  settlers  in  America  and  elsewhere 
was  terrible  in  the  extreme,  and  no  effort  was  then  made  by 
the  church  to  win  over  the  heathen  to  Christ.  But  now 
the  position  which  the  church  holds  in  the  British  colonies 
and  dependencies  and  many  parts  of  heathendom  is  recog¬ 
nized  by  all.  In  those  regions  where  the  society  labors,  and 
which  before  it  commenced  its  work  were  spiritually  the 
“ waste  places”  of  the  earth,  there  are,  including  the 
American  Church  (the  first  fruits  of  the  society’s  efforts), 
138  bishops,  more  than  5000  clergy,  and  upwards  of  2,000,000 
members  of  the  communion. 

The  above  tables  sufficiently  indicate  how  varied  are 
the  missionary  agencies  now  at  work,  covering  the 
heathen  world  with  a  network  of  mission  outposts, 

*  See  Scott  Robertson,  Analysis  of  British  Contributions  to  Foreion 
Missions,  1883. 
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'which  within  the  last  century  have  won  nearly  two 
millions  ot  converts  to  the  Christian  faith. 

The  continuity  of  missionary  enthusiasm  maintained 
through  the  primitive,  the  mediaeval,  and  the  modern 
periods  of  the  church’s  history,  operating  at  every 
critical  epoch,  and  surviving  after  periods  of  stagna¬ 
tion  and  depression,  is  a  very  significant  fact.  It  is 
true  that  other  religions  have  been  called  missionary 
religious,  and  that  one  of  them  occupies  the  first  place 
in  the  religious  census  of  mankind.1  But  the  mis¬ 
sionary  activity  of  Buddhism  is  a  thing  of  the  past, 
aud  no  characteristic  rite  distinguishing  it  has  found 
its  way  into  a  second  continent ;  while,  as  for  Moham¬ 
medanism,  the  character  of  its  teaching  is  too  exact  a 
reflection  of  the  race,  time,  place,  and  climate  in  which 
it  arose  to  admit  of  its  becoming  universal.2  These 
and  other  religions  of  the  far  East  may  still  maintain 
their  hold  over  millions,  but  it  must  be  admitted  that 
their  prospect  of  endurance  in  the  presence  of  advanc¬ 
ing  Christianity  is  very  small,  and  it  is  difficult  to 
trace  the  slightest  probability  of  their  harmonizing 
with  the  intellectual,  social,  and  moral  progress  of  the 
modern  world.  With  all  its  deficiencies,  the  Christian 
church  has  gained  the  “nations  of  the  future,’’  and 
whereas  in  the  3d  century  the  proportion  of  Christians 
to  the  whole  human  race  was  only  that  of  one  in  a 
hundred  and  fifty,  this  has  now  been  exchanged  foi; 
one  in  five,3  and  it  is  indisputable  that  the  progress  of 
the  human  race  at  this  moment  is  entirely  identified 
with  the  spread  of  the  influence  of  the  nations  of 
Christendom. 

Side  by  side  with  this  continuity  of  missionary  zeal, 
a  noticeable  feature  is  the  immense  influence  of  indi¬ 
vidual  energy  and  the  subduing  force  of  personal 
character.  Around  individuals  penetrated  with  Chris¬ 
tian  zeal  and  self-denial  has  centred  not  merely  the 
life,  but  the  very  existence,  of  primitive,  mediaeval, 
and  modern  missions.  What  Ulfala  was  to  the  Gothic 
tribes,  what  Columba  and  his  disciples  were  to  the 
early  Celtic  missions,  what  Augustine  or  Aidan  was  to 
the  British  Isles,  what  Boniface  was  to  the  churches 
of  Germany  and  Anskar  to  those  of  Denmark  and 
Sweden,  that,  on  the  discovery  of  a  new  world  of  mis¬ 
sionary  enterprise,  was  Xavier  to  India,  Hans  Egede 
to  Greenland,  Eliot  to  the  Red  Indians,  Martyn  to 
the  church  of  Cawnpore,  Marsden  to  the  Maoris, 
Carey  and  Marshman4  to  Burmah,  Heber,  Wilson, 
Milman,  and  Duff  to  India,  Gray,  Livingstone,  Mac¬ 
kenzie,  Steere,  Callaway  to  Africa,  Broughton  to 
Australia,  Patteson  to  Melanesia,  Mountain5and  Eeild 
to  Newfoundland,  Crowther  to  the  Niger  Territory, 
Brett  to  Guiana.  At  the  most  critical  epochs  such 
men  have  ever  been  raised  up,  and  the  reflex  influ¬ 
ence  of  their  lives  and  self-denial  has.  told  upon  the 
church  at  home,  while  apart  from  their  influence  the 
entire  history  of  important  portions  of  the  world’s 
surface  would  have  been  altered. 

If  from  the  agents  themselves  we  turn  to  the  work 
that  has  been  accomplished,  it  will  not  be  disputed  that 
the  success  of  missions  has  been  marked  amongst  rude 
and  aboriginal  tribes.  What  was  true  in  the  early 
missions  has  been  found  true  in  these  latter  times. 
The  rude  and  barbarous  northern  peoples  seemed  to 
fall  like  “full  ripe  fruit  before  the  first  breath  of  the 
ospel.”  The  Goths  and  the  Vandals  who  poured 
own  upon  the  Roman  empire  were  evangelized  so 
silently  and  rapidly  that  only  a  fact  here  and  there  re¬ 
lating  to  their  conversion  has  been  preserved.  #  Now 
this  is  exactly  analogous  to  modern  experience  in  the 
South  Seas,  America,  and  Africa.  We  must  here 
content  ourselves  with  a  cursory  survey  of  what  mis¬ 
sionary  enterprise  has  accomplished  in  those  regions 
and  among  the  more  civilized  nations  of  Eastern  Asia. 

The  Smith  Seas—  That  missions  have  done  much  in  these 

1  Max  Muller,  Chips,  iv.  p.  265. 

'*  Newman,  Grammar  of  Assent,  p.  424.  . 

*  Lightfoot,  Comparative  Progress  of  Ancient  and  Modem  Missions, 

V  8. 

4  Carey  and  Marshman  were  at  Serampore.  The  Americans, 
Judson  and  Boardman,  went  to  Burmah. — Am.  Ed. 

*  j  Mountain  id.  1825)  was  bishop  of  Quebec.  A.  G.  Spencer 


regions  in  suppressing  cannibalism,  human  sacrifices,  and 
infanticide,  humanizing  the  laws  of  war,  and  elevating  the 
social  condition  of  women,  is  a  fact  confirmed  by  the  re¬ 
searches  of  Meinicke,  Waitz,  Gerland,  Oberlander,  and  even 
of  Darwin.6 

In  Australia  work  among  the  aborigines,  wherever  it  has 
been  zealously  conducted,  has  been  blessed  with  signal 
success.  Amongst  the  Papuans1  the  Moravian  stations  of 
Ebenezer  in  the  district  of  Wimmera,  and  Ramahyuck  in 
that  of  Gippsland,  can  point  to  their  little  villages  of  125 
native  Christian  inhabitants,  their  cleanly  houses,  and  their 
well-ordered  churches.  In  the  district  of  South  Adelaide, 
at  Point  Macleay,  the  Scottish  Presbyterian  Mission  has 
been  similarly  successful,  while  in  New  Zealand  the  native 
population  was  converted  almost  within  a  single  gener¬ 
ation.  In  the  islands  north  and  northwest  of  Australia 
the  Dutch  missionaries  have  been  especially  successful  in 
the  Minahassa  (see  Celebes),  of  whose  114,000  inhabitants 
more  than  80,000  have  been  won  over  to  the  Christian 
faith,  forming  195  communities  with  125  schools;  and  in 
Southern  Borneo,  the  Rhenish  Mission  in  the  south  and  the 
Society  for  the  Propagation  of  the  Gospel  in  the  north  have 
been  enabled  to  establish  themselves  firmly,  while  the 
former  society  has  also  done  a  great  work  among  the  Bat- 
taks  in  Sumatra.  Amongst  the  dark-colored  races  of  Poly¬ 
nesia  missionary  work  has  made  great  advances  through 
the  labors  of  the  London  Missionary  Society,  the  Wesley- 
ans,  and  the  American  Board.  Making  Tahiti  its  basis  of 
operations,  the  first-named  society  has  carried  on  mis¬ 
sionary  operations  in  the  islands  of  Australasia,  Hervey, 
Samoa,  Tokelau,  and  Ellice,  while  the  American  Board  has 
witnessed  equally  favorable  results  in  the  Sandwich  Islands, 
and  in  Micronesia  (Caroline,  Marshall,  and  Gilbert  Islands) 
the  agents  of  the  Hawaiian  Association  are  actively  at 
work  under  the  direction  of  American  missionaries.  In 
Melanesia  the  Society  for  the  Propagation  of  the  Gospel, 
the  Wesleyans,  the  London  Missionary  Society,  and  the 
Presbyterians  are  all  actively  engaged.  The  Fiji  group 
stands  out  as  one  of  the  most  promising  centres  of  Christian 
civilization,  and  the  governor,  Sir  A.  Gordon,  was  enabled 
to  report  in  1879  that,  out  of  a  population  of  about  120,000, 
102,000  are  now  regular  worshippers  in  the  churches,  which 
number  800,  while  over  42,000  children  are  in  attendance 
in  1534  Christian  day  schools.  The  Loyalty  Islands  have 
been  occupied  partly  by  Roman  Catholic  missions  and 
partly  by  the  London  Missionary  Society,  while  in  the  New 
Hebrides  the  missionaries  of  the  Free  Church  of  Scotland 
and  of  the  Presbyterian  churches  of  Canada,  New  Zealand, 
and  Australia,  in  spite  of  many  obstacles,  the  unhealthi¬ 
ness  of  the  climate,  and  the  variety  of  the  dialects  spoken, 
have  upwards  of  3000  natives  receiving  Christian  teaching, 
800  communicants,  and  100  native  teachers.  On  the  islands 
of  Banks,  Santa  Cruz,  and  Solomon,  the  English  Episcopal 
Church  is  achieving  no  little  success,  sending  native  youths 
for  months  at  a  time  to  Norfolk  Island  to  receive  instruc¬ 
tion,  whence  they  return  again  in  order  to  spread  the 
knowledge  of  truth  at  home.  These  islands  will  ever  be 
famous  in  connection  with  the  martyr  death  of  the  noble 
Bishop  Patteson. 

The  Uncivilized  Peoples  of  America.  —  The  quiet,  humble 
labors  of  the  Moravians  have  accomplished  much  in  Green¬ 
land  and  Labrador,  whilst  among  the  Indians  of  Canada 
and  the  people  of  Hudson’s  Bay  the  Society  for  the  Propa¬ 
gation  of  the  Gospel  has  not  labored  in  vain,  nor  the 
Church  Missionary  Society  in  the  dioceses  of  Rupertsland, 
Red  River,  Saskatchewan,  and  Moosonee.  At  Columbia,  on 
the  coast  of  the  Pacific,  a  practical  missionary  genius 
named  William  Duncan  has  succeeded  in  civilizing  a  body 
of  Indians  degraded  by  cannibalism,  and  at  his  Metlakahtla 
mission  stands  at  the  head  of  a  community  of  some  thou¬ 
sand  persons,  which  has  a  larger  church  than  is  to  be  found 
between  there  and  San  Francisco.  Testimony  to  the  value 
of  the  results  achieved  was  borne  in  1876  by  Lord  Dufferin, 
then  governor-general  of  Canada,  who  declared  that  he 
could  hardly  find  words  to  express  his  astonishment  at 
what  he  witnessed.  Amongst  the  Indian  tribes  of  the 
United  States  work  is  carried  on  by  the  Moravians,  the 
American  Board  of  Missions,  the  Presbyterians  of  the 
North  and  South,  the  Baptists,  the  Episcopal  Methodists, 
and  the  American  Missionary  Society;  and  the  result  is 
that  27,000  Indians,  divided  amongst  the  171  communities 
of  different  denominations  (including  the  Roman  Catholic) 
are  in  full  membership  with  the  church,  and  have  219 
places  of  worship,  besides  366  schools  attended  by  about 
12,222  Indian  children.  The  Cherokees,  the  Choctaws,  the 
Creeks,  the  Chickasaws,  have  their  own  churches,  schools, 
aud  academies,  and  may  compare  favorably  both  intellect¬ 
ually  and  morally  with  their  white  neighbors  in  Missouri, 

preceded  Feild,  and  was  first  Anglican  bishop  in  Newfoundland, 
from  1839-43.— Am.  Ed. 

®See  Christlieb,  Foreign  Missions,  p.  88. 

7  The  aboriginal  Australians  are  not  Papuan,  but  probably  an 
allied  race.  See  Vol.  XIX.,  pp.  435-36.— Am.  Ed. 
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Arkansas,  and  Texas.1  Amongst  tlie  negroes  in  the  United 
States  more  than  1000  places  of  worship  have  been  built 
since  the  last  war,  while  the  American  Missionary  Associ¬ 
ation  alone  has  erected  26  academies  with  about  6000 
students  for  the  purpose  of  preparing  freed  slaves  to  be 
teachers  and  missionaries.  Amongst  the  Indians  on  the 
Essequibo  and  Berbice  in  British  Guiana,  the  missions  of 
the  Society  for  the  Propagation  of  the  Gospel  have  been 
rapidly  extended,  and  now  upwards  of  half  the  Indian 
population  are  members  of  Christian  churches.  In  the 
British  West  Indies,  through  the  united  labors  of  various 
missionary  societies,  out  of  1,000,000  inhabitants  upwards 
of  248,000  are  returned  as  regular  members  of  the  churches, 
85,000  as  communicants,  while  78,600  children  receive  in¬ 
struction  in  1123  day  schools,  of  which  number  about  45,000 
belong  to  Jamaica. 

Passing  to  the  southern  promontory  of  South  America, 
we  find  that  the  self-denying  labors  of  Allen  Gardiner  are 
beginning  to  justify  the  devotion  that  prompted  them.  The 
London  South  American  Missionary  Society  not  only  car¬ 
ries  on  its  operations  in  the  Falkland  Islands,  where  youths 
from  Tierra  del  Fuego  receive  instruction,  but  has  founded 
stations  in  Tierra  del  Fuego  itself,  has  roused  the  natives 
of  Patagonia  from  their  spiritual  deadness,  and  has  ex¬ 
tended  its  labors  even  to  the  Indians  in  Brazil. 

Africa. — Here  there  are  three  great  regions  of  missionary 
activity, — on  the  west  coast,  in  the  south,  and  in  some  parts 
of  the  east. 

The  largest  and  most  fruitful  mission  field  in  West  Africa 
is  that  of  Sierra  Leone,  where  at  least  seven-eighths  of  the 
people  are  now  Christians,  though  the  first  mission  does 
not  date  further  back  than  the  present  century ; 2  and  im¬ 
portant  results  have  also  been  obtained  in  Senegambia  (on 
the  Pongas),  in  Old  Calabar,  and  in  the  republic  of  Liberia. 
On  the  Gold  and  Slave  Coasts  the  labors  of  English  Wesleyan 
missionaries  and  of  the  North  German  missionary  societies 
have  been  crowned  with  no  small  success,  while  the  Basel 
Society,  which  celebrated  its  jubilee  in  1878,  has  extended 
its  sphere  of  activity  to  Ashantee,  translating  the  Scriptures 
into  the  native  languages,  and  changing  primeval  marshes 
into  bright-looking  Christian  villages.  In  the  Yoruba  lands 
the  Church  Missionary  Society  has  11  stations,  5994  Chris¬ 
tians,  and  1657  scholars,  while  on  the  Niger  we  are  con¬ 
fronted  with  the  interesting  spectacle  of  negro  preachers  and 
teachers  laboring  under  the  colored  Bishop  Crowther,  car¬ 
rying  on  a  work  which  within  the  last  few  years  was  conse¬ 
crated  by  the  blood  of  martyrs. 

South  Africa  has  for  some  time  been  a  centre  of  missionary 
activity.  Here  thirteen  British  and  Continental  associations 
have  proved  that  all  the  South  African  races,  Hottentots 
and  Kaffres,  Fingoes  and  Bechuanas,  Basutos  and  Zulus, 
are  capable  of  attaining  a  considerable  degree  of  Christian 
civilization,  and  can  not  only  be  instructed  in  handicraft 
and  agriculture,  but  trained  as  ministers  and  teachers.  A 
single  instance  of  this  is  afforded  in  British  Kaffraria  by  the 
Lovedale  Institute  of  the  Free  Church  of  Scotland,  where 
youths  from  all  the  above-mentioned  tribes  are  taught  along 
with  Europeans,  and  every  Sunday  sixty  students  proclaim 
the  gospel  in  the  neighboring  villages.  In  the  cause  of 
mission  work  here  few  ever  labored  more  zealously  than  the 
late  Bishop  Gray,  whose  diocese,  when  first  constituted,  in- 
eluded  the  whole  colony  of  the  Cape,  but  whose  successor 
has  now  for  his  suffragans  the  bishops  of  Grahamstown, 
Maritzburg,  St.  Helena,  Bloemfontein,  Zululand,  St.  John’s, 
and  Pretoria. 

East  and  East  Central  Africa,  so  long  neglected,  is  now 
being  rapidly  occupied  by  missionary  enterprise.  Here  the 
island  of  Madagascar  has  been  in  great  part  evangelized, 
while  on  the  island  of  Mauritius  the  Anglican  Mission  has 
developed  preeminent  results.  On  the  mainland,  the  coast 
of  Zanzibar  calls  for  special  notice.  Here  the  little  island 
of  the  same  name  has  long  been  the  seat  of  the  Universities 
Mission  to  Central  Africa,  and  the  heroic  Bishop  Steere  has 
not  only  erected  a  cathedral  on  the  site  of  the  former  slave- 
market,  but  translated  the  New  Testament  into  Sawahili,  a 
language  which  can  be  understood  by  the  tribes  around  the 
lakes,  and  even  in  Uganda. 

China. — “  O  mighty  fortress !  when  shall  these  impenetra¬ 
ble  brazen  gates  of  thine  be  broken  through?”  was  the 
mournful  exclamation  of  Valignani,  the  successor  of  Xavier, 
as  he  gazed  in  sadness  at  the  mountains  of  China.  The 
words  well  express  the  incredible  difficulties  which  this 
largest  and  most  thickly  peopled  heathen  land  in  the  world, 
with  its  petrified  constitution  and  culture  of  three  thousand 
years,  presents  in  the  way  of  missionary  effort.  The  coun¬ 
try  itself,  the  people,  their  speech,  their  manners,  their  re¬ 
ligion,  their  policy,  seemed  to  unite  in  opposing  an  insuper- 

*  See  Christlieb,  Foreign  Missions,  pp.  98,  99. 

*  8ee  Lightfoot,  Ancient  and  Modern  Missions,  p.  10. 


able  barrier,  but  history  has  to  record  how  efforts  have  been 
made  by  many  bodies,  and  at  many  times,  to  break  it  down. 
An  early  Nestorian  Church  established  itself  in  the  empire, 
but  was  either  uprooted,  or  died  out  in  course  of  time.  In 
the  16th  century  the  Jesuits  undertook  the  task,  and  in 
spite  of  the  persecutions  which  they  have  undergone  the 
missions  of  the  Roman  Church,  with  their  numerous  foreign 
clergy  and  their  hosts  of  natives  of  different  ecclesiastical 
degrees,  have  attained  no  small  measure  of  success.  Before 
the  country  was  really  opened  to  foreigners  by  the  treaty 
of  Tientsin,  pioneers  proceeded  thither  from  America,  and 
from  the  London  Missionary  Society.  The  labors  of  Dr. 
Legge  in  translating  and  reducing  to  system  the  Chinese 
classics  are  well  known.  At  the  present  day  it  is  estimated 
that  there  are  upwards  of  29  societies  at  work  in  the  coun¬ 
try,  with  about  250  ordained  missionaries  and  63  female 
teachers,  and  the  number  is  constantly  increasing.  These 
societies,  of  which  the  largest  proportion  belong  to  England, 
and  the  next  largest  to  America,  support,  it  is  estimated, 
20  theological  schools,  30  higher  boarding  schools  for  boys 
with  611  scholars,  38  for  girls  with  777  scholars,  177  day 
schools  for  boys  with  4000  to  5000  pupils  in  attendance,  82 
for  girls  with  1307,  while  16  missionary  hospitals  and  24 
dispensaries  are  under  the  direction  of  medical  missionaries, 
whose  work  in  China  has  been  recognized  almost  from  the 
first  as  the  source  of  the  greatest  blessing.  The  mission 
centres  stud  the  east  coast  from  Hong  Kong  and  Canton  to 
the  frontiers  of  Manchuria  in  the  north;  thence  they  ad¬ 
vance  little  by  little  every  year  into  the  interior ;  while  as 
yet  the  western  provinces  are  scarcely  touched  by  mis¬ 
sionary  effort.  The  literary  labors  of  the  various  societies 
have  been  carried  on  with  the  utmost  perseverance  ;  and 
on  the  foundations  laid  by  a  Morrison  and  a  Milne  later 
toilers  have  been  enabled  to  raise  a  superstructure  of  trans¬ 
lations  of  various  portions  of  the  Bible,  as  well  as  various 
Christian  books  and  religious  and  general  periodicals  which 
constitute  a  means  of  vast  importance  towards  gradually 
gaining  over  this  land  of  culture.  At  Peking  a  Russian  mis¬ 
sion  has  been  laboring  for  more  than  one  hundred  and  fifty 
years.  The  Society  for  the  Propagation  of  the  Gospel  and 
the  Church  Missionary  Society  have  lately  opened  up  new 
centres  in  this  almost  limitless  country.3 

Japan. — Of  the  missions  in  Japan  it  is  as  yet  too  early  to 
forecast  the  future.  The  signing  of  the  commercial  treaties 
of  1854  and  1858  with  America  and  England  was  followed 
in  1859  hy  efforts  on  the  part  of  the  American  churches  to 
extend  a  knowledge  of  Christianity,  and  in  these  Bishop 
Williams,  an  accomplished  Japanese  scholar,  proved  himself 
a  valuable  leader  and  guide.  Soon  afterwards  other  societies 
found  their  way  into  the  country,  and  in  March,  1872,  the 
first  Japanese  congregation,  of  11  converts,  was  constituted 
in  Yokohama.  Within  the  last  eight  years  these  11  have 
increased  to  1200,  while  the  American  missions  have  been 
supplemented  by  those  of  the  Church  Missionary  Society 
and  the  Society  for  the  Propagation  of  the  Gospel.  Nearly 
every  mission  has  what  may  be  called  a  high  school  for 
girls,  and  these  institutions  are  very  popular.  Thousands 
of  copies  also  of  the  Gospels  have  been  circulated  in  Japan¬ 
ese,  and  representatives  of  nearly  all  the  missions  are  en¬ 
gaged  in  translating  the  entire  New  Testament,  while  a 
Russo-Greek  mission  has  established  itself  in  the  north,  and 
is  advancing  steadily,  having  already  made  about  3000  con¬ 
verts.4  Thus,  when  it  is  considered  that  in  the  beginning 
of  the  17th  century  the  Japanese  Government  drove  out  the 
Portuguese  and  massacred  the  native  Catholic  converts,  and 
prohibited  all  Christians  under  pain  of  death  from  ever 
setting  foot  in  the  country,  and  when  it  is  borne  in  mind 
that  many  of  these  old  laws  against  Christianity  have  not 
yet  been  repealed  and  that  the  old  distrust  of  strangers  is 
still  plainly  discernible  among  the  governing  classes,  it  is 
clear  that,  while  there  is  much  ground  for  hope,  effectual 
results  can  only  be  the  work  of  time. 

India. — What  is  true  of  China  and  Japan  applies  with 
tenfold  force  to  India.  Here  the  results  achieved  resemble 
those  which  were  attained  in  the  conflict  between  Christi¬ 
anity  and  the  religion  of  old  pagan  Rome,  with  its  mass  of 
time-honored  customs  interwoven  with  the  literature,  in¬ 
stitutions,  and  history  of  the  empire.  Against  the  influence 
of  prestige  and  settled  prejudice  the  wave  of  the  gospel  beat 
for  centuries  in  vain.  Slowly  and  gradually  it  was  under¬ 
mining  the  fabric,  but  no  striking  results  were  immediately 
visible.  So  also  in  India  with  the  Hindu  proper  Christi¬ 
anity  has  hitherto  made  inappreciable  progress,  while 
among  the  rude  aboriginal  or  non-Aryan  tribes  its  success 
has  been  remarkable.  'Independently  of  Roman  Catholic 
missions  upwards  of  twenty-eight  societies  are  earnestly 

3  The  Roman  Catholic  Mission  had  404,530  converts  in  China  in 
1876,  with  a  yearly  increase  of  about  2000. 

*  Christlieb,  Foreign  Missions,  p.  222. 
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engaged  in  the  English  mission  field,  and  the  following 
figures  will  give  some  idea  of  the  progress  that  has  been 
made  during  the  last  twenty  or  thirty  years.  In  British 
India,  including  Burmah  and  Ceylon,  it  is  estimated  that 
in  1852  there  were  22,400  communicants  and  128,000  native 
Christians  young  and  old ;  in  1862  these  had  increased  to 
49,681  communicants  and  213,182  native  Christians ;  in  1872 
there  had  been  a  further  increase  to  78,494  communicants 
and  318,363  native  Christians,  while  in  1878  the  latter  fig¬ 
ures  rose  to  460,000.  When  we  look  at  the  share  that  each 
of  the  societies  has  had  in  this  increase,  we  find  that  the 
Society  for  the  Propagation  of  the  Gospel  and  the  Church 
Missionary  Society  together  have  since  1850  increased  in 
membership  from  61,442  to  upwards  of  164,000;  the  London 
Missionary  Society  from  20,000  to  upwards  of  48,000; 
the  Presbyterian  missions  of  Scotland,  England,  Ireland, 
and  America  from  800  to  10,000;  the  Basel  mission  in  India 
from  1000  to  6805;  the  Baptist  missionary  societies  (includ¬ 
ing  the  American  as  well  as  the  English)  from  30,000  to 
90,000;  the  five  Lutheran  societies  from  3316  to  about 
42,000.  In  some  places  the  progress  made  has  been  excep¬ 
tionally  rapid.  In  Cuddapah,  e.g.,  in  the  Telugu  territory, 
the  Society  for  the  Propagation  of  the  Gospel  and  the  Lou¬ 
don  Missionary  Society  labored  side  by  side  for  upwards  of 
thirty  years  without  winning  over  more  than  200  converts. 
Then  on  a  sudden  there  sprang  up  a  revival  among  the  non¬ 
caste  population,  and  the  200  became  nearly  11,000.  Among 
the  Kols,  after  five  years’  waiting,  the  Gossner  missionaries 
baptized  their  first  converts  in  1850 ;  now  in  the  German 
and  English  stations  together  these  amount  to  about  40,000. 
Since  the  famine,  however,  in  1878-79,  the  increase  of  new 
converts  has  been  still  more  rapid,  and  the  practical  expe¬ 
rience  of  the  superiority  of  Christian  pity  to  heathen 
selfishness  and  of  the  helplessness  of  their  heathen  deities, 
united  with  the  effect  produced  by  persistent  missionary 
labor  in  past  years,  brought  thousands  into  the  fold  of  the 
church.  Thus  in  the  Tinnevelly  district,  where  the  Church 
Missionary  Society  carries  on  its  operations,  upwards  of 
11,000  heathens  applied  in  1878  to  Bishop  Sargent  and  his 
native  clergy  for  instruction  preparatory  to  baptism.1  In 
the  same  district,  iu  connection  with  the  Society  for  the 
Propagation  of  the  Gospel,  between  July,  1877,  and  the  end 
of  June,  1878,  upwards  of  23,564  persons  betook  themselves 
to  Bishop  Caldwell  and  his  fellow-laborers  for  Christian 
teaching.  Thus  the  English  Church  missions  in  Tinnevelly 
and  Ramnad  received  in  little  more  than  a  year  and  a  half 
an  increase  of  35,000  souls,7  and  the  Propagation  Society  is 
now  proclaiming  the  gospel  in  nearly  six  hundred  and  fifty 
villages  in  the  Tinnevelly  district,  amongst  not  merely 
food-seeking  “  rice  Christians”  but  those  who  have  had  the 
courage  to  face  severe  persecution  for  joining  the  Christian 
church.  Encouraging  progress  has  also  been  made  among 
the  Santals  and  the  Karens  in  Burmah  and  Pegu.  Speak¬ 
ing  generally,  it  may  be  said  that  the  largest  proportion  of 
native  converts  is  in  the  south,  in  the  presidency  of  Madras  ; 
next  to  Southern  India  the  most  fruitful  field  is  Burmah, 
where  the  American  Baptist  missions  are  carrying  on 
a  successful  work  among  the  Karens,  while  the  Pro¬ 
pagation  Society  has  founded  many  schools  on  the 
Irawadi,  and  penetrated  up  to  Rangoon,  and  beyond 
British  territory  to  Mandalay ;  next  in  point  of  num¬ 
bers  stand  Bengal  and  the  Northwest  Provinces.  Here 
the  largest  contingent  is  supplied  by  the  missions  in 
Chuti&  Nagpur,  among  the  aboriginal  tribes  of  the 
Kols,  while  the  Santal  mission  also  presents  many 
promising  features.  For  the  Punjab  districtand  that 
of  Sind,  the  Church  Missionary  Society  has  planted 
in  Lahore  a  flourishing  theological  seminary  for 
Christian  Hindus,  Sikhs,  and  Mohammedans,  and 
Christianity  has  advanced  thence  by  way  of  Peshawar 
into  Afghanistan  and  Kashmir.  It  thus  appears  that 
by  far  the  greatest  measure  of  success  has  been  obtained 
among  the  aboriginal  races  and  those  who  are  either 
of  low  caste  or  of  no  caste  at  all,  while  the  real  strong¬ 
holds  of  the  Hindu  religion  and  civilization  still  stand 
out  like  strong  fortresses  and  defy  the  attempts  of  the 
besiegers.  Still  the  disintegrating  agency  of  contact 
with  Christianity  is  working  out  its  slow  but  sure  re¬ 
sults.  “  Statistical  facts,”  writes  Sir  Bartle  Frere,  “  can 
in  no  way  convey  any  adequate  idea  of  the  work  done 
in  any  part  of  India.  The  effect  is  often  enormous 
where  there  has  not  been  a  single  avowed  conversion. 

The  teaching  of  Christianity  amongst  160  millions  of 
civilized  industrious  Hindus  and  Mohammedans  in 
India  is  effecting  changes,  moral,  social,  and  political, 
which  for  extent  and  rapidity  in  effect  are  far  more 
extraordinary  than  any  that  have  been  witnessed 
in  modern  Europe.”  “  The  number  of  actual  converts 

1  Abstract  of  Church  Missionary  Society’s  Report  for  1879,  p.  13, 

1  Report  of  the  Propagation  Society  for  1879,  p.  31  sq. 


to  Christianity  in  India,”  says  Lord  Lawrence,  “does 
not  by  any  means  give  an  adequate  result  of  mission¬ 
ary  labors.  There  are  thousands  of  persons  scattered 
oyer  India  who  from  the  knowledge  they  have  acquired 
either  directly  or  indirectly  through  dissemination  of 
Christian  truth  and  Christian  principles  have  lost  all  belief 
in  Hinduism  and  Mohammedanism,  and  are  in  their  con¬ 
duct  influenced  by  higher  motives,  who  yet  fear  to  make 
an  open  profession  of  the  change  in  them  lest  they  should 
be  looked  upon  as  outcasts  and  lepers  by  their  own  people.’* 
To  some  such  a  negative  result  may  at  first  appear  discour¬ 
aging  ;  but,  read  by  the  light  of  history,  it  marks  a  natural, 
almost  a  necessary,  stage  of  transition  from  an  ancient  his¬ 
torical  religion  to  Christianity.  The  Brahma  Somaj  is  not 
the  first  instance  where  a  system  too  vague  and  shadowy 
and  too  deficient  in  the  elements  of  a  permanent  religion 
has  filled  the  interval  between  the  abandonment  of  the  old 
and  the  acceptance  of  a  new  faith.  The  cultured  classes 
amongst  the  Greeks  and  Romans  experienced  in  their  day, 
after  the  popular  mythology  had  ceased  to  satisfy,  a  period  of 
semi-skepticism  before  Christianity  had  secured  its  hold. 
Meantime  in  India  the  indirect  agencies  which  are  at  work — 
the  results  of  war  and  conquest,  of  European  science  and 
European  literature,  of  the  telegraph  and  the  railway,  the 
book  and  the  newspaper,  the  college  and  the  school,  the 
change  of  laws  hallowed  by  immemorial  usage,  the  disregard 
of  time-honored  prejudices,  the  very  presence  of  Europeans 
in  all  parts  of  the  country — all  these  various  influences  are 
gradually  bringing  about  results  analogous  to  that  to  which 
Sir  James  Mackintosh  referred  in  a  conversation  with  Henry 
Martyn,  when  the  Oriental  world  was  made  Greek  by  the 
successors  of  Alexander  in  order  to  make  way  for  the  reli¬ 
gion  of  Christ.  But  when  to  these  indirect  influences  we 
add  the  effects  of  direct  missionary  instruction,  of  training 
schools  like  those  of  the  Free  Church  of  Scotland  in  Mad¬ 
ras,  of  Bishop  Sargent  in  Tinnevelly,  of  Bishop  Cotton  in 
the  Northwest  Provinces,  of  Zenana  missions  now  carried 
on  on  an  extensive  scale  amongst  the  female  population,  of 
the  numerous  missionary  presses  at  work  circulating  thou¬ 
sands  of  copies  of  the  Holy  Scriptures  and  of  Christian 
books,  it  is  obvious  that,  small  and  insignificant  as  these 
agencies  may  seem  compared  with  the  magnitude  of  the 
work  required  to  be  done,  there  has  been  a  great  advance 
made  during  recent  years.  The  present  century  of  missions 
may  favorably  compare  with  the  primitive  and  mediaeval 
ages  of  the  church,  and  the  continuity  of  the  missionary 
spirit  operating,  as  we  have  seen,  after  long  periods  of  stag¬ 
nation  and  depression  is  the  best  guarantee  of  its  ultimate 
and  more  complete  success  at  the  close  of  the  present  epoch, 
during  which,  to  use  Karl  Ritter’s  expression,  *  almost  all 
the  rivers  of  the  earth  have  begun  to  run  in  double  cur¬ 
rents,  and  nearly  all  the  seas  and  rivers  have  become  the 
seas  and  rivers  of  civilization.”  (a.  F.  m.) 

MISSISSIPPI.  The  territory  drained  by  the  Mis¬ 
sissippi  River  and  its  tributaries  includes  the  greater 


part  of  the  United  States  of  America  lying  between 
the  Alleghany  Mountains  on  the  east  and  the  Rocky 
Mountains  on  the  west,  and  has  an  area  (1,244,000 
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square  miles)  considerably  larger  than  all  Central 
Europe.  The  central  artery  through  which  the  drainage 
of  this  region  passes  is  called  the  Mississippi  River  for 
about  ]  300  miles  above  its  mouth.  The  name  is  then 
usurped  by  a  tributary,  while  the  main  stream  becomes 
known  as  the  Missouri.  From  its  remote  sources  in 
the  Rocky  Mountains  to  the  Gulf  of  Mexico  the  total 


length  of  the  river  is  about  4200  miles.  The  other 
principal  tributaries  are  the  Ohio,  the  Arkansas,  and 
the  Red  River,  but  the  Yazoo  and  the  St.  Francis 
often  make  dangerous  contributions  in  seasons  of 
flood. 

The  tables  given  below  exhibit  the  hydraulic  fea¬ 
tures  of  the  Mississippi  and  its  principal  tributaries. 


Tributaries  of  the  Lower  Mississippi. 


River. 

Distance 

from 

Mouth. 

Elevation 

above  Sea. 

Width 

between 

Banks. 

Range 

between 

High  and 

Low  Water. 

High  Water 

Cross  Seet’n. 

Remarks. 

Missouri — 

Miles. 

2,908 

2,824 

2,644 

1,894 

842 

Feet. 
6,800  ? 
4,319 
2,845 
2,188 
1,065 
756 

Feet. 

Feet. 

Sq.  feet. 

Area  of  basin,  518,000  square  miles ;  rainfall,  20.9 
inches ;  annual  discharge,  3^$j  billions  [i. 
3,780,000,000,000]  cubic  feet;  ratio  between 
drainage  and  rainfall,  ;  mean  discharge 

1,500 

1.500 

2.500 
3,000 
3,000 

6 

484 

20 

75,000 

75,000 

per  second,  120,000  cubic  feet. 

0 

381 

35 

Upper  Mississippi — 

1,330 

998 

1,680 

1,290 

670 

> 

Area  of  basin,  169,000  square  miles ;  rainfall, 
35.2  inches;  annual  discharge,  3 A  billions 
cubic  feet;  ratio  between  drainage  and  rain- 

120 

658 

1,200 

5,000 

5,000 

20 

100,000 

310 

505 

16 

100,000 

100,000 

fall,  mean  discharge  per  second,  105,000 

cubic  feet. 

0 

381 

35 

Ohio — 

1,265 

975 

1,649 

699 

1 

Area  of  basin,  214,000  square  miles;  rainfall 
41.5  inches ;  annual  discharge,  5  billions  cubic 
feet ;  ratio  between  drainage  and  rainfall, ; 
mean  discharge  per  second,  158,000  cubic  feet. 

1,200 

45 

50,000 

515 

432 

42 

0 

275 

3,000 

51 

150,000 

J 

Arkansas— 

1,514 

1,289 

992 

10,000 

3,672 

1,658 

418 

150 

5,000 

5,000 

6 

30,000 

Area  of  basin,  189,000  square  miles ;  rainfall, 
29.3  inches ;  annual  discharge,  2  billions  cubic 
’  feet ;  ratio  between  drainage  and  rainfall,  ; 

522 

1,500 

1,500 

1,500 

25 

70,000 

70,000 

70,000 

12,000 

250 

252 

35 

mean  discharge  per  second,  63,000  cubic  feet. 

0 

162 

45 

I  Red  River — 

1,200 

820 

2,450 

641 

2,000 

8 

Area  of  basin,  97,000  square  miles;  rainfall,  39 
inches;  annual  discharge,  l-$j  billions  cubic 
feet ;  ratio  between  drainage  and  rainfall^fo ; 
mean  discharge  per  second,  57,000  cubic  feet. 

2'000 

330 

180 

800 

25 

40,000 

40,000 

0 

54 

800 

45 

The  Lower  Mississippi. 


Distance 

from 

Mouth. 

High  Water 
Elevation 
above  Sea. 

Fall  per 

Mile. 

Width 

between 

Banks. 

Least  Low 
Water  Depth 
upon  the 
Bars. 

Range 
between 
High  and 
Low  Water. 

Miles. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Mouth  of  Missouri . 

1,286 

416.0 

... 

... 

' 

... 

St.  Louis . 

1,270 , 

408.0 

0.500 

... 

>•  2.0 

37.0 

Cairo . 

1,097 

322.0 

0.497 

] 

. 

51.0 

Columbus . 

1,076 

310.0 

0.571 

►  4,470 

k  n 

47.0 

Memphis . . 

872 

221.0 

0.436 

J 

. 

40.0 

Gaines  Landing . 

647 

149.0 

0.320 

... 

Natchez . 

378 

66.0 

0.309 

[  4,080 

!-  6.0 

51.0 

Red  River  Landing . 

316 

49.5 

0.266 

; 

44.3 

Baton  Rouge . 

245 

33.9 

0.220 

2  OOO 

... 

31.1 

Donaldsonville . 

193 

25.8 

0.156 

... 

24.3 

Carrollton . 

121 

15.2 

0.147 

... 

14.4 

Fort  St.  Philip . 

37 

5.2 

0.119 

[  2,470 

... 

4.5 

Head  of  Passes . 

17 

2.9 

0.115 

i 

... 

2.3 

Gulf. . 

0 

0.0 

0.171 

... 

... 

0.0 

v 


■So  oj 
°  CD  )> 
ostc-gf^ 

o  H 


Sq.  feet. 

191,000 

199,000 

|  200,000 

* 

199,000 


Remarks. 


Drainage  area,  1,244,000 
square  miles;  rainfall, 
30.4  inches;  annual  dis¬ 
charge  (including  three 
outlet  bayous  j,  21^  bil¬ 
lions  of  cubic  feet;  ra¬ 
tio  between  drainage 
and  rainfall,  mean 
discharge  per  second, 
675,000  cubic  feet. 


Below  the  influx  of  the  Ohio  the  Mississippi  trav¬ 
erses  alluvial  bottom  lands  liable  to  overflow  in  flood 
seasons.  The  soil  is  of  inexhaustible  fertility,  pro¬ 
ducing  large  crops  of  corn  in  the  northern  portion, 
cotton  in  the  middle  district,  and  sugar,  rice,  and  orange 
groves  near  the  mouth.  These  bottom  lands,  averaging 
about  40  miles  in  width,  extend  from  north  to  south 
for  a  distance  of  500  miles,  having  a  general  southern 
slope  of  8  inches  to  the  mile.  The  river  winds  through 
them  in  a  devious  course  for  1 1 00  miles,  occasionally 
on  the  east  side  washing  bluffs  from  100  to  300  feet  in 


height,  but  usually  confined  by  banks  of  its  own  cre¬ 
ation,  which,  as  with  all  sediment-bearing  rivers  of 
like  character,  are  highest  near  the  stream  itself.  The 
general  lateral  slope  towards  the  foot  hills  is  about  6 
inches  in  5000  feet,  but  the  normal  fall  in  the  first  mile 
is  about  7  feet.  Thus  apparently  following  a  low  ridge 
through  the  bottom  lands,  the  tawny  sea  sweeps  on¬ 
ward  with  great  velocity,  eroding  its  banks  in  the  bends 
and  rebuilding  them  on  the  points,  now  forming  islands 
by  its  deposits,  and  now  removing  them  as  the  direc¬ 
tion  of  the  flow  is  modified  by  the  never-ending  changes 
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in  progress.  Chief  aipong  such  changes  is  the  forma¬ 
tion  of  cut-offs.  Two>  eroding  bends  gradually  ap¬ 
proach  each  other  until  the  water  forces  a  passage 
across  the  narrow  neck.  As  the  channel  distance  be¬ 
tween  these  bends  may  be  many  miles,  a  cascade  per¬ 
haps  5  or  6  feet  in  height  is  formed,  and  the  torrent 
rushes  through  with  a  roar  audible  for  miles.  The 
banks  dissolve  like  sugar.  In  a  single  day  the  course 
of  the  river  is  changed,  and  steamboats  pass  where  a 
few  hours  before  the  plough  had  been  at  work.  The 
checking  of  the  current  at  the  upper  and  lower 
mouths  of  the  abandoned  channel  soon  obstructs  them 
by  deposit,  and  forms  in  a  few  years  one  of  the  char¬ 
acteristic  crescent  lakes  which  are  so  marked  a  feature 
on  the  maps. 

The  total  area  of  the  bottom  lands  is  about  32,000 
square  miles,  of  which  only  a  narrow  strip  along  the 
immediate  banks  of  the  main  river  and  of  its  principal 
bayous  and  tributaries  has  even  yet  been  brought 
under  cultivation.  A  proper  system  of  protection 
against  overflow  would  throw  open  2,500,000  acres  of 
rich  sugar  land,  7,000,000  acres  of  the  best  cotton  land 
in  the  world,  and  1,000,000  acres  of  corn  land  of  un¬ 
surpassed  fertility. 

The  work  of  embankment  began  in  1717,  when  the 
engineer  De  la  Tour  erected  a  dyke  or  levee  1  mile 
long  to  protect  the  infant  city  of  New  Orleans  from 
overflow.  Progress  at  first  was  slow.  In  1770  the 
settlements  extended  only  30  miles  above  and  20  miles 
below  New  Orleans;  but  by  1828  the  levees,  although 
quite  insufficient  in  dimensions,  had  become  continu¬ 
ous  nearly  to  the  mouth  of  Red  River.  In  1850  a  great 
impulse  was  given  to  systematic  embankment  by  the 
4J.  S.  Government,  which  gave  over  to  the  several 
States  all  unsold  swamp  and  overflowed  lands  within 
their  limits  to  provide  a  fund  for  reclaiming  the  dis¬ 
tricts  liable  to  inundation.  The  action  resulting  from 
this  caused  alarm  in  Louisiana,  for  the  great  bottom 
lands  above  were  believed  to  act  as  reservoirs  to  re¬ 
ceive  the  highest  flood  wave ;  and  it  was  imagined  that 
if  they  were  closed  by  levees  the  lower  country  would 
be  overwhelmed  whenever  the  river  in  flood  rose 
above  its  natural  banks.  The  aid  of  the  Government 
was  invoked,  and  Congress  immediately  ordered  the 
necessary  investigations  and  surveys.  This  work  was 
placed  in  charge  of  Captain  (now  General)  Humphreys, 
and  an  elaborate  report  covering  the  results  of  ten 
years  of  investigation  was  published  just  after  the  out- 
Dreak  of  the  civil  war  in  1861.  The  second  of  the 
tables  given  above,  and  indeed  most  of  the  physical 
facts  respecting  the  river,  are  quoted  from  this  stand¬ 
ard  authority. 

To  understand  the  figures  of  the  table  it  should  be 
noted  that  at  the  mouth  of  Red  River,  316  miles 
above  the  passes,  the  water  surface  at  the  lowest  stage 
is  only  5A  feet  above  the  level  of  the  Gulf,  where  the 
mean  tidal  oscillation  is  about  1A  feet.  The  river 
channel  in  this  section  is  therefore  a  freshwater  lake, 
nearly  without  islands,  2600  feet  wide  and  100  feet 
deep  along  the  deepest  line.  At  the  flood  stage  the 
surface  rises  50  feet  at  the  mouth  of  Red  River,  but 
of  course  retains  its  level  at  the  Gulf,  thus  giving  the 
head  necessary  to  force  forward  the  increased  volume 
of  discharge.  Above  the  mouth  of  Red  River  the 
case  is  essentially  different.  The  width  increases  and 
the  depth  decreases;  islands  become  numerous  ;  the 
oscillation  between  high  and  low  water  varies  but  little 
from  50  feet  until  the  mouth  of  the  Ohio  is  reached — 
a  distance  of  about  800  miles.  Hence  the  general  slope 
in  long  distances  is  here  nearly  the  same  at  all  stages, 
and  the  discharge  is  regulated  by  the  varying  resist¬ 
ances  of  cross  section,  and  by  local  changes  in  slope 
due  to  the  passage  of  flood  waves  contributed  by  the 
different  tributaries.  The  effect  of  these  different  phys¬ 
ical  conditions  appears  in  the  comparative  volumes 
which  pass  through  the  channel.  At  New  Orleans  the 
maximum  discharge  hardly  reaches  1,200,000  cubic 
feet  per  second,  and  a  rising  river  at  high  stages  i 


carries  only  about  100,000  cubic  feet  per  second  more 
than  when  falling  at  the  same  absolute  level;  while  just 
below  the  mouth  of  the  Ohio  the  maximum  flood  vol¬ 
ume  reaches  1,400,000  cubic  feet  per  second,  and  at 
some  stages  a  rising  river  may  carry  one-third  more 
water  than  when  falling  at  the  same  absolute  level. 
The  percentage  of  sedimentary  matter  carried  in  sus- 
ension  by  the  water  varies  greatly  at  different  times, 
ut  is  certainly  not  dependent  upon  the  stage  above 
low  water.  It  is  chiefly  determined  by  the  tributary 
whence  the  water  proceeds,  but  is  also  influenced  by 
the  caving  of  the  hanks,  which  is  always  excessive 
when  the  river  is  rapidly  falling  after  the  spring  flood. 
In  long  periods  the  sedimentary  matter  is  to  the  water 
by  weight  nearly  as  1  to  1500,  and  by  bulk  as  1  to 
2900.  The  amount  held  in  suspension  and  annually 
contributed  to  the  Gulf  constitutes  a  prism  1  mile 
square  and  263  feet  high.  In  addition  to  this  amount 
a  large  volume,  estimated  at  1  mile  square  and  27  feet 
high  annually,  is  pushed  by  the  current  along  the 
bottom  and  thus  transported  to  the  Gulf. 

The  mean  annual  succession  of  stages  for  long  periods 
is  quite  uniform,  but  so  many  exceptions  are  noted 
that  no  definite  prediction  can  safely  be  made  for  any 
articular  epoch.  The  river  is  usually  lowest  in  Octo- 
er.  It  rises  rapidly  until  checked  by  the  freezing  of 
the  northern  tributaries.  It  begins  to  rise  again  in 
February,  and  attains  its  highest  point  about  the  1st 
of  April.  After  falling  a  few  feet  it  again  rises  until, 
early  in  J une,  it  attains  nearly  the  same  level  as  before. 
After  this  it  rapidly  recedes  to  low  water  mark.  As  a 
rule  the  river  is  above  mid-stage  from  January  to  Au¬ 
gust  inclusive,  and  below  that  level  for  the  remainder 
of  the  year. 

It  has  been  established  by  measurement  and  obser¬ 
vation  that  the  great  bottom  lands  above  Red  River 
before  the  construction  of  their  levees  did  not  serve 
as  reservoirs  to  diminish  the  maximum  wave  which 
assed  through  Louisiana  in  great  flood  seasons.  They 
ad  already  become  filled  by  local  rains  and  by  water 
escaping  into  them  from  the  Mississippi  through 
numerous  bayous,  so  that  at  the  date  of  highest  water 
the  discharge  into  the  river  near  their  southern  borders 
was  fully  equal  to  the  volume  which  the  wave  had  lost 
in  passing  along  their  fronts. 

In  fine  the  investigations  between  1850  and  1860 
established  that  no  diversion  of  tributaries  was  possi¬ 
ble  ;  that  no  reservoirs  artificially  constructed  could 
keep  back  the  spring  freshets  which  caused  the  floods ; 
that  the  making  of  cut-offs,  which  had  sometimes  been 
advocated  as  a  measure  of  relief,  so  far  from  being 
beneficial,  was  in  the  highest  degree  injurious  ;  that, 
while  outlets  within  proper  limits  were  theoretically 
advantageous,  they  were  impracticable  from  the  lack 
of  suitable  sites ;  and,  finally,  that  levees  properly  con¬ 
structed  and  judiciously  placed  would  afford  protection 
to  the  entire  alluvial  region. 

During  the  civil  war  (1861-65)  the  artificial  embankments 
were  neglected ;  hut  after  its  close  large  sums  were  expended 
by  the  States  directly  interested  in  repairing  them.  The 
work  was  done  without  concert  upon  defective  plans,  and 
a  great  flood  early  in  1874  inundated  the  country,  causing 
terrible  suffering  and  loss.  Congress,  then  in  session,  passed 
an  Act  creating  a  commission  of  five  engineers  to  determine 
and  report  on  the  best  system  for  the  permanent  reclama¬ 
tion  of  the  entire  alluvial  region.  Their  report,  rendered 
in  1875,  indorsed  the  conclusions  of  that  of  1861,  and  advo¬ 
cated  a  general  levee  system  on  each  hank.  This  system 
comprised — (1)  a  main  embankment  raised  to  specified 
heights  sufficient  to  restrain  the  floods;  and  (2),  where 
reasonable  security  against  caving  required  considerable 
areas  near  the  river  to  he  thrown  out,  exterior  levees  of  such 
a  height  as  to  exclude  ordinary  high  waters  but  to  allow 
free  passage  to  great  floods,  which  as  a  rule  only  occur  at 
intervals  of  five  or  six  years.  'The  back  country  would 
thus  be  securely  protected  and  a  safe  refuge  would  be  pro¬ 
vided  for  the  inhabitants  and  domestic  animals  living  upon 
the  portion  subject  to  occasional  overflow.  An  engineering 
organization  was  proposed  for  constructing  and  maintain¬ 
ing  these  levees,  and  a  detailed  topographical  survey  was 
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recommended  to  determine  their  precise  location.  Congress 
promptly  approved  and  ordered  the  survey ;  but  strong  op¬ 
position  on  constitutional  grounds  was  raised  to  the  con¬ 
struction  of  the  levees  by  the  Government. 

In  the  meantime  complaints  began  to  be  heard  respecting 
the  low-water  navigation  of  the  river  below  the  mouth  of 
the  Ohio.  Forty-three  places  above  the  mouth  of  Red 
River  afforded  depths  of  less  than  10  feet,  and  thirteen 
places  depths  less  than  5  feet,  the  aggregate  length  of  such 
places  being  about  150  miles.  A  board  of  five  army  engi¬ 
neers,  appointed  in  1878 to  considera  plan  of  relief,  reported 
that  10  feet  could  probably  be  secured  by  narrowing  the 
wide  places  to  about  3500  feet  with  hurdle  work,  brush 
ropes,  or  brush  dykes  designed  to  cause  a  deposit  of  sedi¬ 
ment,  and  by  protecting  caving  banks,  when  necessary,  by 
such  light  and  cheap  mattresses  as  experience  should  show 
to  be  best  suited  to  the  work.  Experiments  in  these  meth¬ 
ods  were  soon  begun  upon  the  river  above  Cairo,  and  have 
since  proved  of  decided  benefit. 

In  June,  1879,  Congress  created  a  commission  of  seven 
members  to  mature  plans  to  correct,  permanently  deter¬ 
mine,  and  deepen  the  channel,  to  protect  the  banks  of  the 
river,  to  improve  and  give  safety  to  navigation,  to  prevent 
destructive  floods,  and  to  promote  and  facilitate  commerce. 
Up  to  1882  appropriations  amounting  to  £1,285,000  were 
made  to  execute  the  plans  of  this  commission,  but  with  pro¬ 
visos  that  none  of  the  funds  were  to  be  expended  in  repair¬ 
ing  or  building  levees  for  the  protection  of'  land  against 
overflow,  although  such  levees  might  be  constructed  if 
necessary  to  deepen  the  channel  and  improve  navigation. 
Acting  under  this  authority,  the  commission  have  allotted 
considerable  sums  to  repair  existing  breaks  in  the  levees,  but 
their  chief  dependence  is  upon  contracting  the  channel  at 
low  water  by  promoting  lateral  deposits,  and  upon  protect¬ 
ing  the  high-water  banks  against  caving  by  mats  of  brush, 
wire,  etc.,  ballasted  where  necessary  with  stone, — substan¬ 
tially  the  plans  proposed  by  the  army  board  of  1878. 

The  bars  at  the  efflux  of  the  passes  at  the  mouths  of  the 
Mississippi  have  long  been  recognized  as  serious  impedi¬ 
ments  to  commerce.  The  river  naturally  discharges 
through  three  principal  branches,  the  Southwest  Pass, 
the  South  Pass,  and  the  Northeast  Pass,  the  latter  through 
two  channels,  the  most  northern  of  which  is  called  Pass 
6  l’Outre.  The  ruling  depth  on  the  several  bars  varies 
with  the  discharge  over  them,  which  in  turn  is  con¬ 
trolled  by  the  successive  advances  of  the  passes.  In 
the  natural  condition  the  greatest  depth  does  not  exceed 
12  or  13  feet.  The  first  appropriation  by  Congress  to  secure 
increased  depth  was  made  in  1837,  and  was  expended  in  an 
elaborate  survey  and  in  a  system  of  dredging  by  buckets, 
but  the  plan  of  a  ship  canal  was  also  discussed.  At  the  next 
appropriation,  made  in  1852,  a  board  of  officers,  appointed 
by  the  war  department,  recommended  trying  in  succession — 
(1)  stirring  up  the  bottom  by  suitable  machinery,  (2)  dredg¬ 
ing  by  buckets,  (3)  constructing  parallel  jetties  5  miles  long 
at  the  Southwest  Pass,  to  be  extended  as  found  necessary, 
(4)  closing  lateral  outlets,  and  (5)  constructing  a  ship  canal. 
A  depth  of  18  feet  was  secured  by  the  first  plan,  and  was 
maintained  until  the  available  funds  were  exhausted. 
Under  the  next  appropriation  (1856)  an  abortive  attempt 
was  made  to  apply  the  plan  of  jetties  to  the  Southwest  Pass. 
This  failed  from  defects  in  execution  by  the  contractors, 
but  a  depth  of  18  feet  was  finally  secured  by  dredging  and 
scraping.  The  report  of  1861  discussed  the  subject  of  bar 
formation  at  length.  Although  it  approved  the  plan  of  jet¬ 
ties  and  closure  of  outlets  as  correet  in  theory,  the  stirring 
up  of  the  bottom  by  scrapers  during  the  flood  stages  of  the 
river  (six  months  annually)  was  recommended  by  it  as  the 
most  economical  and  least  objectionable.  After  the  war, 
this  recommendation  was  carried  into  effect  for  several  years 
with  improved  machinery,  giving  at  a  moderate  annual  cost 
a  depth  at  times  reaching  20  feet  at  extreme  low  water,  but 
experience  indicated  that  not  much  more  than  18  feet  could 
be  steadily  maintained.  This  depth,  entirely  satisfactory  at 
first,  soon  became  insufficient  to  meet  the  growing  demands 
of  commerce,  and  in  1873  Major  Howell,  the  engineer  in 
charge,  revived  the  project  of  a  ship  canal.  The  subject  was 
discussed  carefully  by  a  board  of  army  engineers,  the  ma¬ 
jority  approving  a  ship  canal.  In  1874  Congress  constituted 
a  special  board  which,  after  visiting  Europe  and  examining 
similar  works  of  improvement  there,  reported  in  favor  of 
constructing  jetties  at  the  South  Pass,  substantially  upon  the 
plan  used  by  Mr.  Caland  at  the  mouth  of  the  Meuse ;  and  in 
March,  1875,  Captain  J.  B.  Eads  and  associates  were  author¬ 
ized  by  Congress  to  open  by  contract  a  broad  and  deep  chan¬ 
nel  through  the  South  Pass  upon  the  general  plan  proposed 
by  this  board.  This  contract  called  for  “  the  maintenance 
of  a  channel  30  feet  in  depth,  and  350  feet  in  width  for 
twenty  years  ”  by  “  the  construction  of  thoroughly  substan¬ 
tial  and  permanent  works  by  which  said  channel  may  be 


maintained  for  all  time  after  their  completion.”  The  jetties 
were  to  be  not  less  than  700  feet  apart.  The  sum  of  £1,080,000 
was  to  be  paid  for  obtaining  this  channel,  and  £412,000  for 
maintaining  it  for  twenty  years.  In  addition,  the  contract¬ 
ors  were  authorized  to  use  any  materials  on  the  public  lands 
suitable  for,  and  needed  in  the  work.  The  South  Pass  was 
12^  miles  long.  It  had  an  average  width  of  730  feet  and  a 
minimum  interior  channel  depth  of  29  feet.  The  distance 
from  the  30-foot  curve  inside  the  pass  across  the  bar  to 
the  30-foot  curve  outside  was  11,900  feet.  The  minimum 
depth  at  average  flood  tide  on  the  bar  was  about  8  feet.  The 
discharge  at  the  mouth  was  about  57,000  cubic  feet  of  water 
per  second,  transporting  annually  about  22  million  cubic 
yards  of  sediment  in  suspension  to  the  Gulf.  A  small  island 
and  shoal  existed  at  the  head  of  the  pass,  the  channel  there 
having  a  minimum  depth  of  17  feet.  The  work  was  begun 
on  June  2d,  1875,  and  has  been  so  far  successful  that  during 
the  year  ending  June  30th,  1882,  a  channel  was  maintained 
having  a  least  depth  of  30  feet  between  the  jetties,  and  ex¬ 
tending  through  the  bar.  Its  least  width  was  20  feet,  the 
average  being  105  feet.  The  26-foot  channel  had  a  least 
width  of  200  feet  except  for  a  few  days.  In  the  pass  itself 
the  26-foot  channel  had  a  least  width  of  50  feet.  A  very 
powerful  dredge-boat  was  at  work  between  and  beyond  the 
jetties  87  days,  of  which  51  were  devoted  to  the  channel  in 
the  Gulf.  A  deepening  of  6  feet  has  occurred  in  Pass  a  1’Outre 
near  its  head  since  1875.  Up  to  the  present  time  the  work 
has  proved  of  great  benefit  to  the  commerce  of  New  Or¬ 
leans. 

For  further  details,  see  Riveb  Engineering. 

(h.  l.  a.) 

MISSISSIPPI,  one  of  the  Southern  States  of  the 
American  Union,  derives  its  name  from  the 
river  which  for  more  than  500  miles  forms  a  e 
its  western  boundary  between  the  35th  and  31st  par¬ 
allels  of  north  latitude,  separating  it  from  Arkansas, 
and  Louisiana.  The  boundary  with  the  latter  State* 
is  continued  along  the  31st  parallel,  for  110  miles,  to 
the  Pearl  River,  and  then  down  the  Pearl  to  its  mouth. 
The  Gulf  of  Mexico,  eastward  from  the  mouth  of 
Pearl  River,  completes  the  southern  boundary.  On 
the  north  the  35th  parallel,  from  the  Mississippi  River 
to  the  Tennessee,  separates  the  State  from  Tennessee, 
and  the  boundary  then  follows  the  latter  river  to  the 
mouth  of  Bear  Creek,  in  34°  53/  N.  lat.  and  88°  15' 
W.  long.  The  eastern  boundary  of  the  State,  sepa¬ 
rating  it  from  Alabama,  follows  a  line  drawn  from  the 
mouth  of  Bear  Creek  about  seven  degrees  west  of  south 
to  what  was  “the  northwestern  corner  of  Washington 
county  on  the  Tombigbee,”  and  thence  due  south  to 
t  he  Gulf  of  Mexico.  Ship,  Horn,  Cat,  and  Petit  Bois 
islands,  and  those  nearer  the  shore,  form  a  part  of 
Mississippi.  The  extreme  length  of  the  State,  north 
and  south,  is  330  miles,  and  its  maximum  breadth  is 
188  miles.  Under  the  United  States  surveys,  begun 
in  1803,  the  State  has  been  divided  into  townships  and 
sections,  except  such  parts  as  were  at  the  first  owned 
by  individuals.  The  area  of  the  State  is  given  in  the 
census  reports  for  1900  as  46,810  square  miles. 

Topography. — There  are  no  mountains  in  Missis¬ 
sippi,  but  a  considerable  difference  of  level  exists  be¬ 
tween  the  continuously  low,  flat,  alluvial  region  lying 
along  and  between  the  Mississippi  and  Yazoo  rivers, 
called  “the  Bottom,”  and  nearly  all  the  remainder  of 
the  State,  which  is  classed  as  upland.  The  latter  part, 
comprising  five-sixths  of  the  whole,  is  an  undulating 
plateau  whose  general  elevation  above  the  water  of  the 
Gulf  of  Mexico  increases  to  150  feet  within  a  few  miles 
of  the  coast,  and  varies  elsewhere  from  150  to  500  or 
600  feet.  Some  exceptional  ridges  are  probably  800 
feet  high.  The  streams  of  this  region  flow  in  valleys 
varying  in  width  from  a  few  hundred  yards  to  several 
miles.  The  fall  of  each  river  is  not  great,  and  is  quite 
uniform.  Usually  a  considerable  part  of  the  valley  of 
each  larger  stream  is  several  feet  above  its  present  high- 
water  mark,  and  forms  the  “  hommock,  or  “second 
bottom  ”  lands.  On  some  of  the  rivers  the  lowest  part 
of  the  valley,  subject  to  overflow,  is  several  miles  in 
width,  and  bears  a  resemblance  to  the  Mississippi 
Bottom. 

Ridges  or  plateaus  everywhere  in  the  upland  region 
divide  the  contiguous  basins  of  creeks  and  rivers,  de- 
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scending  more  or  less  abruptly  to  their  valleys.  In  the 
northeastern  part  of  the  State,  almost  level  prairies 
cover  large  areas  overlying  a  Cretaceous  formation 
called  Rotten  Limestone. 

A  line  of  abrupt  bluffs,  extending  southward  from 
the  northwest  corner  of  the  State,  divides  the  upland 
region  from  the  Bottom,  where  the  general  surface  lies 
below  the  high-water  level  of  the  Mississippi  River.  A 
few  low  rjdges,  running  north  and  south,  and  embracing 
about  2&o>;f00  acres,  are  barely  above  high  water. 
The  cultivated  lands  in  the  Bottom  lie  on  these,  and 
on  the  borders  of  the  rivers  and  the  numerous  lakes 
and  bayous,  where  the  surface  is  slightly  elevated. 
Low  swamps  or  marshes,  in  which  flourish  large  cy¬ 
press  trees  ( Taxodium  distichum),  lie  between  the 
streams,  and  frequently  receive  the  surface  drainage 
from  their  banks.  Large  forest  trees  and  dense  cane- 
brakes  ( Arund inciria  gigantea)  occupy  the  drier 
ground.  The  Mississippi  River  is  prevented  from  flood¬ 
ing  the  Bottom  during  high  water  by  a  system  of  levees 
or  embankments  built  bj’  a  fund  derived  partly  from 
taxation  on  the  land  and  partly  from  the  proceeds  of 
the  sale  of  public  lands  in  the  State  classed  as  “  swamp 
lands,  ’  ’  which  were  given  over  for  this  purpose  by  Con¬ 
gress.  The  only  compensation  for  the  injury  done 
when  breaks  in  the  levees  (“crevasses”)  occur  is  the 
deposit  of  alluvial  matter  left  by  the  overflow,  which 
adds  to  the  productiveness  of  the  already  wonderfully 
fertile  s-  il.  The  present  levee  system  usually  protects 
about  one-fourth  of  the  4,000,000  acres  in  the  Bottom. 
Many  crescent-shaped  lakes  (“cut-offs”)  occur  in  the 
Bottom.  Similar  phenomena  present  themselves  in  the 
channels  of  the  other  rivers  having  wide  bottoms. 

The  volume  of  water  in  the  streams  varies  greatly 
during  the  year,  and  is  usually  largest  between  the 
months  of  January  and  April.  During  high  water  all 
the  larger  streams  are  navigable  by  steamboats.  These 
ply  upon  the  Mississippi,  Tennessee,  and  Yazoo  rivers 
throughout  the  whole  year.  The  rivers  flowing  into 
the  Grulf  are  much  obstructed  by  sand  bars,  and  are 
chiefly  used  for  floating  logs  to  the  saw-mills  on  the 
coast. 

The  best  and  only  deep  harbor  on  the  coast  is  the 
well-protected  roadstead  inside  of  Ship  Island.  It  has 
a  depth  of  27  feet,  a  firm  clay  bottom,  and  is  readily 
accessible  to  lighters  from  the  shallower  harbors  along 
the  coast. 

Climate. — Near  the  waters  of  the  Gulf  of  Mexico  the  cli¬ 
mate  is  much  milder  than  in  the  northern  parts  of  the 
State.  On  the  southern  borders  the  temperature  rarely 
falls  to  32°  Fahr.,  or  exceeds  95°,  the  annual  mean  being 
about  68°.  The  orange,  lemon,  almond,  banana,  and  olive 
ca^  be  grown  without  protection.  In  the  latitude  of  Vicks- 
bu.g  the  temperature  ranges  from  98°  to  20°,  very  rarely 
lower ;  the  annual  mean  is  65°.  The  range  in  the  northern 
part  of  the  State  is  from  98°  to  15°,  or  rarely  10°,  and  the 
annual  mean  is  61°.  The  first  and  last  hoar-frosts  occur,  in 
the  central  parts  of  the  State,  usually  in  the  latter  parts  of 
October  and  March.  The  ground  is  seldom  frozen  to  the 
depth  of  3  inches,  and  only  for  a  few  days  at  a  time.  The 
rainfall  on  the  coast  is  60  to  65  inches  per  annum,  and  at 
the  northern  boundary  50  inches.  While  about  two-thirds 
of  this  precipitation  occurs  in  winter  and  spring,  a  month 
seldom  passes  without  several  inches  of  rainfall. 

Land  and  sea  breezes  in  the  south,  and  variable  winds 
elsewhere,  make  the  heat  of  summer  tolerable.  In  health¬ 
fulness  Mississippi  compares  favorably  with  other  States. 
The  average  death-rate  of  thirteen  States,  variously  situ¬ 
ated,  as  given  in  the  census  of  1880,  is  1.38  per  cent. ;  that 
of  Mississippi  is  1.19  per  cent.  Where  the  surface  is  flat 
and  poorly  drained  malarial  fevers  are  prevalent  during 
the  warm  season.  Yellow  fever  has  become  epidemic  after 
importation,  but  strict  quarantine  has  been  successful  in 
preventing  it. 

Geology. — In  accordance  with  an  Act  of  the  legislature 
passed  in  1850,  an  agricultural  and  geological  survey  of  the 
State  was  begun,  which  continued,  with  interruptions,  until 
1871.  Two  reports  have  been  published,  one  in  1854  and 
another  in  1860. 

The  geological  structure  of  the  State  is  comparatively 
simple,  and  closely  related  to  that  of  the  adjacent  States. 
The  older  formations  are  nearly  all  overlaid  by  deposits  of 
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the  Quaternary  period,  which  will  be  described  last.  In 
the  extreme  northeastern  portion  are  found  the  oldest  rocks 
in  the  State, — an  extension  of  the  Subcarboniferous  forma¬ 
tion  which  underlies  the  Warrior  coal-fields  of  Alabama. 
The  strata  here  show  some  traces  of  the  upheaval  which 
formed  the  Appalachian  mountain  chain,  whose  southwest 
termination  is  found  in  Alabama.  When  this  chain  formed 
the  Atlantic  mountain-border  of  the  continent,  excepting 
this  northeast  corner,  Mississippi  had  not  emerged  from  the 
waters  of  the  ancient  Gulf  of  Mexico.  As  the  shore-line  of 
the  Gulf  slowly  receded  southward  and  westward,  the  sedi¬ 
ment  at  its  bottom  gradually  came  to  the  surface,  and  con¬ 
stituted  the  Cretaceous  and  Tertiary  formations  of  this  and 
adjacent  States.  Wherever  stratification  is  observed  in 
these  formations  in  Mississippi,  it  shows  a  dip  west  and 
south  of  20  or  30  feet  to  the  mile.  The  Cretaceous  region 
includes,  with  the  exception  of  the  Subcarboniferous,  all 
that  part  of  the  State  eastward  of  a  line  cutting  the  Ten¬ 
nessee  boundary  in  89°  3'  W.  long.,  and  drawn  southward 
and  eastward  through  the  towns  of  Ripley,  Pontotoc,  and 
Starkville,  crossing  into  Alabama  in  latitude  32°  45'.  Four 
groups  of  Cretaceous  strata  have  been  determined  in  Missis¬ 
sippi,  defined  by  lines  having  the  same  general  direction  as 
the  one  just  described.  The  oldest,  bordering  the  Subcar¬ 
boniferous,  is  the  Eutaw  or  Coffee  group,  characterized  by 
bluish -black  or  reddish  laminated  clays,  and  yellow  or  gray 
sands,  containing  lignite  and  fossil  resin.  Westward  and 
southward  to  the  city  of  Columbus  is  the  Tombigbee  sand 
group,  consisting  chiefly  of  fine-grained  micaceous  sands  of 
a  greenish  tint,  with  many  marine  fossils.  Next  in  order, 
westward  and  southward,  is  the  Rotten  Limestone  group, 
made  up  of  a  material  of  great  uniformity, — a  soft  chalky 
rock,  white  or  pale  blue,  composed  chiefly  of  tenacious  clay, 
and  white  carbonate  of  lime  in  minute  crystals.  Borings 
show  the  total  thickness  of  this  group  to  be  about  1000  feet. 
Fossils  are  abundant,  but  species  are  few.  The  latest  Cre¬ 
taceous  is  the  Ripley  group,  lying  west  of  the  northern  part 
of  the  last-named  group,  and  characterized  by  hard  crys¬ 
talline  white  limestones,  and  dark-colored,  micaceous,  glau¬ 
conitic  marls,  whose  marine  fossils  are  admirably  pre¬ 
served.  One  hundred  and  eighty  species  have  been  de¬ 
scribed.  The  total  thickness  of  the  Cretaceous  is  about 
2000  feet.  Deposits  of  the  Tertiary  period  form  the  basis 
of  more  than  half  the  State,  extending  from  tke  border  of 
the  Cretaceous  westward  nearly  or  quite  to  the  Yazoo 
and  Mississippi  Bottom,  and  southward  to  within  a  few 
miles  of  the  Gulf  coast.  Seven  groups  of  the  Tertiary  strata 
have  been  distinguished.  Beginning  nearest  the  Cretaceous, 
the  Flatwoods  group  is  characterized  by  gray  or  white 
clays,  and  a  soil  which  responds  poorly  to  tillage.  The 
Lagrange  group,  lying  to  the  west  of  the  last,  is  marked  by 
gray  clays  and  sands,  fossil  plants,  and  beds  of  lignite  or 
brown  coal,  sometimes  8  feet  in  thickness.  The  Buhrstone 
group,  lying  southwestward  from  the  last,  is  characterized 
by  beds  of  white  siliceous  clays,  and  of  silicified  shells,  and 
sandy  strata  containing  glauconite  in  valuable  quantities. 
The  Claiborne  group  lies  south  of  the  last,  and  is  slightly 
developed  in  Mississippi,  but  well-marked  in  Alabama. 
The  Jackson  group,  southwest  of  the  last  two,  is  made  up 
chiefly  of  soft  yellowish  limestones  or  marls,  containing 
much  clay,  and  sandy  strata  with  glauconite.  Zeuglodon 
bonesand  other  marine  fossils  are  abundant.  The  Vicksburg 
group  lies  next  in  order  southwestward,  and  is  character¬ 
ized  by  crystalline  limestones  and  blue  and  white  marls. 
Marine  fossils  are  very  abundant.  More  than  one  hundred 
and  thirty  species  have  been  determined.  The  Grand  Gulf 
group,  showing  a  few  fossil  plants  and  no  marine  fossils, 
extends  southward  from  the  last  to  within  a  few  miles  of 
the  coast. 

The  oldest  formation  of  the  Quaternary  period  is  the 
“orange  sand”  or  “stratified  drift,”  which  immediately 
overlies  all  the  Cretaceous  groups  except  the  prairies  of  the 
Rotten  Limestone,  and  all  the  Tertiary  except  the  Flat- 
woods  and  Vicksburg  groups  and  parts  of  Jackson.  Its 
depth  varies  from  a  few  feet  to  over  200  feet,  and  it  forms  the 
body  of  most  of  the  hills  in  the  State.  Its  materials  are 
pebbles,  clays,  and  sands  of  various  colors  from  white  to 
deep  red,  tinged  with  peroxide  of  iron,  which  sometimes 
cements  the  pebbles  and  sands  into  compact  rocks.  The 
shapes  of  these  ferruginous  sandstones  are  very  fantastic, — 
tubes,  hollow  spheres,  plates,  etc.,  being  common.  The 
name  stratified  drift  is  used  by  the  geologist  of  Alabama  to 
indicate  its  connection  with  the  northern  drift.  The  fossils 
are  few,  and  in  some  cases  probably  derived  from  the 
underlying  formations.  Well-worn  pebbles  of  amorphous 
quartz,  agate,  chalcedony,  jasper,  etc.,  are  found  in  the 
stratified  drift  along  the  western  side  of  the  Tertiary  region 
of  the  State,  and  from  Columbus  northward.  “  While  this 
formation  is  not  well  understood,  it  seems  tolerably  well 
established  that  the  melting  of  the  great  glaciers  of  the 
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north  furnished  the  water  which  brought  with  it  fragments 
of  the  rocks  over  which  it  passed,  and  flowed  into  the  Gulf 
with  a  current  which  was  most  rapid  where  the  pebbles 
were  dropped,  but  overspread  the  remainder  of  the  State 
with  a  gentler  flow,  leaving  sands  and  clays  ”  (E.  A.  Smith). 
The  second  Quaternary  formation  is  the  Port  Hudson,  oc¬ 
curring  within  20  miles  of  the  Gulf  coast,  and  probably  out¬ 
cropping  occasionally  in  the  Mississippi  Bottom.  Clays, 


Geological  Map  of  Mississippi  State. 


gravel,  and  sands,  containing  cypress  stumps,  drift-wood, 
and  mastodon  bones,  are  characteristic.  The  loess  or  bluff 
formation  lies  along  the  bluffs  bordering  the  Bottom,  nearly 
continuously  through  the  State.  Its  fine-grained,  unstrati¬ 
fied  silt  contains  the  remains  of  many  terrestrial  animals, 
including  fifteen  mammals. 

The  surface  and  subsoil  of  nearly  all  the  upland  region 
of  Mississippi,  the  southern  part  being  the  exception,  is 
composed  of  yellow  loam  or  brick-clay  containing  no  fossils, 
and  showing  no  stratification.  The  soil  of  the  Rotten  Lime¬ 
stone  region  is  similar  in  its  general  make-up,  but  is  black, 
and  contains  more  lime  and  clay.  Both  are  regarded  as  an 
independent  aqueous  deposit,  posterior  to  the  stratified 
drift  and  bluff  formations,  and  anterior  to  the  alluvium  of 
the  present  epoch.  The  “  second  bottoms,”  probably,  are 
later  than  the  yellow  loam,  and  belong  to  the  “terrace 
epoch.”  The  latest  formation,  alluvium,  is  strongly  marked, 
and  covers  a  large  area  in  the  Yazoo  and  Mississippi  Bot¬ 
tom,  and  along  other  streams. 

The  following  are  the  equivalents  of  the  Mississippi 
groups  in  Dana’s  Geology : 

{20d  Alluvium . Alluvium. 

20c  Loam  and  loess . Loam  and  loess. 

206  Port  Hudson . Port  Hudson. 

20a  Drift . Stratified  drift. 

f  Upper....  /  Grand  Gulf. 


Tertiary . 19a  Eocene,...!  Middle.. 


'  Vicksburg, 
f  Jackson. 
Claiborne. 


t  „„„„  J  Buhrstone,  Lagrange. 

•.Lower . |  Flatwoods. 

. Upper .  I  Rouen  Limestone. 

18a . Lower . 

Subcarboniferous . * . Keokuk. 


Cretaceous. 
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Minerals—  Metallic  ores  are  not  found  in  Mississippi  in 
paying  quantities.  The  only  valuable  minerals  are  sand¬ 
stones  and  limestones,  marls,  sands,  lignite  or  brown  coal, 
and  fire-clays.  None  of  these  have  been  extensively  brought 
into  market.  Potable  water  is  found  almost  everywhere. 
Artesian  wells  furnish  it  in  the  Rotten  Limestone  region, 
when  bored  into  the  underlying  Coffee  strata. 

Fauna. — Mississippi  affords  perhaps  no  species  which  are 
■  -  -  not  found  in  the  neighboring  States.  There  are 
thirty  or  forty  species  of  Mammalia,  the  most  remark  - 
j\  able  being  the  American  opossum,  still  quite  abun¬ 
dant.  The  deer  ( Cervus  virginianus),  black  bear  (  Ursus 
americanus),  wolves  ( Canis  lupus  and  Lupus  americanus), 
catamount  ( Felis  concolor),  and  wildcat  ( Lynx  rufus) 
have  much  decreased  in  number,  and  may.  like  the 
buffalo  and  elk,  shortly  become  extinct.  About  one 
hundred  and  fifty  species  of  birds  are  found  during  at 
least  part  of  the  year.  Many  are  seen  only  in  tran¬ 
situ,  and  about  twenty  species  from  the  north  spend 
the  winter  here.  The  mocking  bird  ( Mimus polyglottus), 
the  most  remarkable  songster,  is  very  abundant.  The 
wild  turkey  (Meleagris  gallipavo)  survives  by  virtue 
of  its  wary  and  watchful  character.  Over  fifty  species 
of  Eeptilia  have  been  found,  prominent  among  which 
is  the  alligator  (A.  mississippiensis),  which  attains  a 
length  of  12  or  15  feet,  and  is  common  in  the  southern 
river  bottoms.  The  rattlesnake,  moccasin,  and  copper¬ 
head,  venomous  serpents,  are  occasionally  found. 
About  half  of  the  sixty- three  species  of  fish  abound¬ 
ing  in  the  fresh  and  salt  waters  of  the  State  are  valu¬ 
able  for  food.  The  edible  oysters  and  crustaceans  of 
the  coast  are  remarkably  fine. 

Flora. — Originally  nearly  the  entire  State  was 
covered  with  a  growth  of  forest  trees  of  large  size, 
mostly  deciduous.  The  undergrowth  was  kept  down 
by  annual  burnings  by  the  natives,  and  the  ground 
became  carpeted  with  grasses  and  herbs.  Over  129 
species  of  forest  trees  are  found:  many  valuable  ones 
are  abundant,  and  their  timber  constitutes  a  large 
item  in  the  resources  of  the  State.  Of  the  15  species 
of  oak  the  most  valuable  are  the  live-oak  ( Q.  rimu), 
found  near  the  coast,  and  the  white-oak  (Q.  alba), 
widely  distributed.  The  cypress  ( Taxodium  distichum ) 
is  very  abundant  in  the  bottoms.  Various  species  of 
hickory,  the  chestnut,  black  walnut,  sweet  gum,  cu¬ 
cumber  tree,  cottonwood  i  Populus  deltoides),  red  cedar, 
elms,  holly,  magnolias,  maples,  ash,  persimmon,  syca¬ 
more,  tupelo,  and  many  others  valuable  for  their 
timber,  are  abundant  and  of  large  size.  The  long¬ 
leaved  pine  (P.  australis)  forms  the  principal  forest 
growth  south  of  lat.  32°  15'.  It  attains  a  diameter 
of  2  or  3  feet,  has  a  tall  and  shapely  trunk,  and  its 
timber  is  unsurpassed  in  the  variety  of  its  uses.  The 
census  reports  estimate  the  merchantable  timber  of 
this  species  now  standing  in  the  State  at  18,200,000,000 
feet,  board  measure.  The  amount  cut  in  1880  was 
108,000,000  feet.  The  short-leaved  pine  (P.  mitis),  almost  as 
valuable,  is  found  in  various  parts,  the  quantity  now  stand¬ 
ing  being  estimated  at  6,775,000,000  feet.  The  total  value 
of  the  pine  timber  of  the  State  is  about  $250,000,000. 

Agriculture  is  the  leading  industry  in  Mississippi.  Over 
300,000  of  the  population  are  directly  engaged  in  the  culti¬ 
vation  of  4,895,000  acres  of  land.  The  character  of  the  soil 
is  varied,  and  all  is  productive,  except  that  in  the  Flatwoods 
region  and  in  the  district  covered  with  long-leaved  pine, 
where  only  the  valleys  are  fertile.  At  least  half  the  State 
is  exceptionally  fertile.  Not  more  than  one-fourth  of  the 
arable  land  has  been  brought  into  cultivation,  and  two  mil¬ 
lions  of  acres  of  the  best  lands  in  the  State,  lying  in  the 
Bottom,  might  be  made  arable  by  proper  drainage. 

Cotton  is  the  chief  agricultural  product ;  in  1880  Missis¬ 
sippi  ranked  first  among  the  States  in  the  amount  raised. 
The  crop  of  1879-80  amounted  to  955,808  bales,  worth  $43,- 
000,000.  There  were  produced  also  of  cotton  seed  28,000,000 
bushels,  worth  $3,000,000 ;  of  Indian  corn,  21,340,800  bush¬ 
els  ;  of  oats,  1,959,620  bushels ;  of  wheat,  218,890  bushels ; 
of  rice,  1,718,950  tt>.  Small  quantities  of  rye,  barley,  mo¬ 
lasses,  and  tobacco,  and  abundant  crops  of  potatoes,  yams, 
pease,  and  all  garden  vegetables,  are  annually  produced. 

Fruits  of  various  kinds  flourish  in  many  parts  of  the  State, 
and,  with  early  vegetables,  are  largely  shipped  to  the  north¬ 
ern  markets  in  spring  and  early  summer.  The  value  of  tho 
cotton  crop  is  about  three  times  as  great  as  that  of  all  the 
other  products  of  the  soil,  which  are  sometimes  insufficient 
for  home  consumption.  Economically  this  specialization 
of  agriculture  is  to  be  regretted ;  but  successful  efforts  are 
being  made  to  diversify  it  by  growing  other  crops  to  which 
the  soil  and  climate  are  equally  well  suited. 

Manufactures. — The  principal  articles  manufactured  are 
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lumber,  cotton  and  woollen  goods,  cotton-seed  oil,  and  agri¬ 
cultural  implements. 

Population. — The  number  of  inhabitants  according  to  the 
different  census  returns  from  1850  is  given  in  the  following 
table : 


Census. 

Total. 

White. 

Colored. 

Density  per 
Sq.  Mile. 

1850 

606,526 

295,718 

310,808 

13.09 

1860 

791,314 

353  910 

437,404 

17.07 

1870 

829,609 

384,549 

445,060 

17.9 

1900 

1,551,270 

643,640 

907,630 

33.5 

Of  the  colored  population,  mostly  freedmen  and  their 
descendants,  1738  were  Indians  or  half-breeds  in  1880,  and 
about  60,000  mulattoes.  The  whites  own  nearly  all  the 
farms  and  other  real  property.  The  total  property  valuation 
in  the  State  decreased  from  $607,324,911  in  1860  to  $209,197,- 
345  in  1870,  on  account  of  the  losses  in  war  and  the  libera¬ 
tion  of  the  slaves.  There  has  been,  however,  a  rapid  in¬ 
crease  in  the  last  decade.  The  towns  in  the  State  have 
small  populations;  in  1880  Vicksburg  had  11,814  inhabi¬ 
tants,  Natchez  7058,  and  Jackson,  the  State  capital,  5204. 

Administration. — The  three  departments,  legislative,  ex¬ 
ecutive,  and  judiciary,  are  similar  to  those  of  other  States. 
The  governor  and  other  executive  officers  are  elected  for 
four  years.  The  legislature,  which  meets  biennially,  is  com¬ 
posed  of  forty  senators,  serving  four  years,  and  ohfe  hundred 
and  twenty  representatives,  serving  two  years.  These  are 
apportioned  to  the  seventy-four  counties  according  to  popu¬ 
lation,  and  elected  by  the  people.  The  judiciary  officers, 
consisting  of  three  justices  of  the  supreme  court,  twelve 
Gircuit  judges,  and  twelve  chancellors,  are  appointed  by  the 
governor  with  the  consent  of  the  senate.  One  attorney- 
general  and  twelve  district  attorneys  are  elected  by  the 
people.  The  State  maintains  a  public  school  system,  with 
separate  schools  for  the  two  races,  costing  in  1880  $830,704, 
besides  a  State  university  and  other  schools  of  high  grade 
for  each  of  the  races. 

History. — Mississippi  was  first  visited  by  Europeans  in 
1540,  when  the  adventurous  expedition  of  De  Soto  reached 
its  northern  parts.  After  the  disastrous  termination  of  this 
expedition  no  other  Europeans  visited  this  region  until 
1673,  when  Joliet  and  Pere  Marquette  descended  the  Missis¬ 
sippi  to  lat.  33°.  In  1682  La  Salle  and  Tonty  descended  to 
the  mouth  of  the  river,  and  claimed  the  whole  region 
drained  by  it  for  the  king  of  France,  giving  it  the  name 
Louisiana.  In  1699  the  first  colonists  reached  the  coast  of 
Mississippi,  sent  from  France  under  Iberville.  Settlements 
were  made  on  Ship  Island  and  Cat  Island,  and  upon  the 
mainland  on  the  eastern  side  of  Biloxi  Bay,  at  Bay  St.  Louis, 
and  at  Mobile.  The  colony  did  not  prosper,  and  in  1712 
Anthony  Crozat  obtained  by  charter  from  the  king  all  the 
commercial  privileges  of  the  Lower  Mississippi  valley.  Un¬ 
der  his  management  the  colony  languished,  and  in  1717  the 
king  accepted  the  surrender  of  his  charter,  and  granted 
another  with  more  extended  privileges  to  the  “Western 
Company,”  or  “Mississippi  Scheme,”  with  John  Law  as 
director-general,  and  Bienville  as  governor  of  the  colony. 
Under  this  management  the  rich  alluvial  lands  on  the 
Mississippi  river  began  to  be  occupied ;  tobacco,  rice,  and 
indigo  were  cultivated,  and  African  slaves  were  introduced. 
Settlements  were  made  near  the  present  city  of  Natchez  in 
1720.  Two  years  later,  Law’s  company  becoming  bankrupt, 
much  embarrassment  in  the  colony  followed,  and  troubles 
also  began  with  the  natives.  On  November  28, 1729,  the 
Natchez  Indians  surprised  and  murdered  about  200  of  the 
white  male  residents,  and  made  captives  of  about  500  wo¬ 
men  and  children  and  negroes.  A  war  followed,  resulting 
in  the  destruction  of  the  Natchez  tribe.  The  representatives 
of  the  “  Western  Company  ”  returned  their  franchises  to  the 
king  in  1732,  the  number  of  colonists  and  slaves  being  then 
about  7000.  After  two  unsuccessful  campaigns  against  the 
Chickasaw  Indians  in  the  northern  part  of  what  is  now 
Mississippi,  Bienville  was  superseded  by  the  Marquis  de 
Yaudreuil  in  1740. 

By  the  treaty  . of  Paris,  in  1763,  France  ceded  all  her  pos¬ 
sessions  east  of  the  Mississippi  river  to  England,  excepting 
the  island  of  New  Orleans,  ceded  to  Spain.  The  British 
province  of  West  Florida  at  first  extended  eastward  from 
the  Mississippi  River  along  the  Gulf  coasts,  with  its  northern 
limit  at  the  31st  parallel  of  north  latitude.  Soon  afterwards 
the  northern  boundary  was  fixed  at  a  line  drawn  eastward 
from  the  point  where  the  Yazoo  River  unites  with  the  Mis¬ 
sissippi. 

Under  British  rule  the  Natchez  country,  which  had  been 
deserted  sincfe  the  massacre  of  1729,  and  the  southern  part 
of  the  present  State  of  Mississippi,  rapidly  filled  with 
Settlers,  many  of  them  emigrants  from  the  Atlantic  colo¬ 


nies.  Cotton,  indigo,  and  sugar  were  cultivated,  and  negro 
slaves  continued  to  be  freely  introduced.  During  the  revo¬ 
lutionary  war  of  the  Atlantic  colonies,  West  Florida,  being 
far  removed,  remained  undisturbed  until  1779.  Spain  and 
England  being  then  at  war,  Galvez,  the  governor  of  New 
Orleans,  aided  by  sympathizers  with  the  revolutionary 
colonists,  took  possession  of  the  whole  of  West  Florida  for 
the  king  of  Spain.  At  the  peace  of  1783  England  acknowl¬ 
edged  the  31st  parallel  as  the  southern  boundary  of  the 
United  States,  and  ceded  West  Florida  to  Spain.  The  dis¬ 
trict  between  the  31st  parallel  and  the  parallel  through  the 
mouth  of  the  Yazoo  was  therefore  claimed  by  the  United 
States  and  by  Spain,  the  latter  being  in  possession.  After 
tedious  negotiations  the  latter  power  relinquished  the  dis¬ 
trict  in  March  1798,  and  Congress  at  once  formed  it  into 
“the  Mississippi  Territory,”  which  extended  from  the 
Mississippi  River  eastward  between  the  two  above-men¬ 
tioned  parallels  of  latitude  to  the  Chattahoochee  River. 

The  State  of  Georgia  claimed  as  a  part  of  its  domain  all 
of  the  district  east  of  the  Mississippi  River,  and  between  the 
31st  and  35th  parallels.  In  1802  it  ceded  its  claims  to  the 
Federal  Government  for  certain  considerations,  and  in  1804 
Congress  extended  the  limits  of  the  Mississippi  Territory 
northward  to  the  35th  parallel.  Nearly  all  of  the  Terri¬ 
tory  was  then  owned  by  the  native  Indians.  The  Choctaws 
occupied  the  southern  part,  and  the  Chickasaws  the  north¬ 
ern  part  of  what  is  now  the  State  of  Mississippi.  In  1812 
the  United  States  troops  occupied  Spanish  West  Florida, 
and  the  district  east  of  Pearl  River  and  south  of  lat.  31° 
was  added  to  the  Mississippi  Territory.  The  Territory  was 
divided  by  the  present  line  between  Alabama  and  Missis¬ 
sippi,  and  the  State  of  Mississippi  admitted  into  the  Union 
in  1817.  In  1830-32  the  native  tribes  exchanged  their 
lands  for  others  west  of  the  Mississippi  River  and  were 
nearly  all  removed,  and  a  rapid  influx  of  settlers  followed. 
In  January,  1861,  the  State  seceded  from  the  Federal  Union, 
and,  joining  the  Southern  Confederacy,  furnished  a  large 
number  of  troops  during  the  civil  war.  It  was  the  field  of 
many  important  campaigns,  and  suffered  great  losses. 
Exhausted  by  the  conflict,  and  harassed  by  processes  of 
political  reconstruction,  the  State  was  in  a  deplorable  con¬ 
dition  for  several  years.  But  within  the  last  decade  an  era 
of  prosperity  commenced,  marked  by  a  large  increase  in 
population  and  great  activity  in  agricultural  and  other 
pursuits. 

Literature. — Gayarr6,  History  of  Louisiana;  Monette,  History  of 
the  Valley  of  the  Mississippi,  New  York,  1846;  Claiborne,  Mississippi 
as  a  Province,  Territory,  and  State,  Jackson,  1880;  Wailes,  Agri- 
cutlure  and  Geology  of  Mississippi,  Jackson,  1854;  Hilgard,  Agri¬ 
culture  and  Geology  of  Mississippi,  Jackson,  1860 ;  Smith,  Outline  of 
the  Geology  of  Alabama,  Montgomery,  1880 ;  Wall,  Handbook  of 
Mississippi,  Jackson,  1882.  (a.  B.  F.) 

MISSOLONGHI,  or  MeSOLONGHI  (M eaoloyyiov) 
a  city  of  Greece,  the  chief  town  of  the  nomarchy  of 
Acarnania  and  iEtolia,  situated  on  the  north  side  of 
the  Gulf  of  Patras,  about  7  miles  from  the  coast,  in 
the  midst  of  a  shallow  lagoon,  with  a  population  of 
8394  in  1896,  is  notable  for  the  siege  of  two  months 
which  Mavrocordatos  with  a  handful  of  men  sustained 
in  1821  against  a  Turkish  army  11,000  strong,  and  for 
the  more  famous  defence  of  1825-26  (see  vol.  xi.  p. 
111).  B  yron  diedthereinl  824,  and  is  commem  orat  ed 
by  a  cenotaph. 

MISSOURI,  a  Central  State  of  the  American 
Union,  lying  almost  midway  between  the  pl  yn 
Atlantic  and  the  Rocky  Mountains,  British 
America  and  the  Gulf  of  Mexico.  Its  eastern  boun¬ 
dary  is  the  Mississippi,  separating  it  from  Illinois, 
Kentucky,  and  Tennessee.  North  and  south  its  boun¬ 
daries  with  Iowa  and  Arkansas  respectively  are  mainly 
coincident  with  the  parallels  of  40°  30/  and  36°  3CK  N. 
lat.  ;  but  a  small  peninsula  between  the  Mississippi 
and  St.  Francois  rivers  stretches  34  miles  farther 
south  between  Arkansas  and  Tennessee.  The  western 
border,  with  Nebraska,  Kansas,  and  the  Indian  Terri¬ 
tory,  is  nearly  coincident  with  the  course  of  the  Mis¬ 
souri  to  the  junction  of  that  stream  with  the  Kansas, 
and  then  follows  the  meridian  of  17°  40'  W.  of  Wash¬ 
ington  (94°  43'  W.  of  Greenwich).  The  area  of  the 
State  is  69,415  square  miles,1  the  extreme  length  from 
north  to  south  282  miles,  the  extreme  width  348  miles. 
Missouri  is  divided  into  a  northern  and  southern  por¬ 
tion  by  the  Missouri  River,  flowing  400  miles  in  a 

1  The  area  of  the  State  is  given  in  the  U.  S.  Census  Reports  of 
1880  as  68,735  square  miles,  while  State  reports  give  the  figures  in 
the  text. — Am.  Ed. 
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generally  easterly  direction  from  its  junction  with  the 
Kansas  to  the  point  12  miles  above  St.  Louis  where  it 
unites  with  the  Mississippi.  Northern  Missouri  has  a 
surface  broken  and  hilly,  but  not  mountainous.  It  is 
mainly  prairie  land,  well  watered  by  streams,  and  fit 
for  agriculture ;  but  there  is  a  good  deal  of  timber  in 
the  eastern  parts,  especially  along  the  bold  bluffs  of  the 
two  great  rivers.  _  Southern  Missouri  is  almost  equally 
divided  between  timber  land  in  the  east  and  prairie  in 
the  west.  In  its  southwestern  portion  rises  the  table- 
fland  of  the  Ozark  hills  (highest  point  1600  feet  above 
the  sea).  The  Osage,  the  Gasconade,  and  other 
streams  flow  northward  and  eastward  into  the  Mis¬ 
souri.  The  southeastern  lowlands  form  an  undulating 
country,  readily  drained  after  rain,  with  fertile  ridges 
generally  running  north  and  south,  occasional  abrupt 
isolated  hills,  forests  of  oak,  hickory,  elm,  maple,  ash, 
locust,  willow,  persimmon,  pecan,  chestnut,  and  cherry 
trees,  and  in  the  lowest  parts  swamps  and  morasses. 
High  rocky  bluffs  extend  along  the  banks  of  the  Mis¬ 
sissippi  from  the  mouth  of  the  Meramec  river  to  Ste. 
Genevieve,  rising  sometimes  precipitously  to  the 
height  of  350  feet  above  the  water,  and  low  bottom 
lands  with  many  lakes  and  lagoons  extend  from  Ste. 
Genevieve  to  the  Arkansas  border.  The  southeast 
corner  of  the  State  is  275  feet  above  the  sea,  the 
northeast  corner  445  feet,  and  the  northwest  corner 
1000  feet. 

Climate. — The  climate  of  Missouri,  lying  as  it  does 
far  from  the  ocean  and  unprotected  by  mountain 
ranges,  is  one  of  extremes  in  heat  and  cold,  moisture 
and  drought.  The  Ozark  Range  is  high  enough  to  in¬ 
fluence  the  climate  locally,  but  not  to  affect  that  of  the 
whole  State.  The  mean  summer  temperature  for  the 
ten  years  1870-80  ranged  from  75°  in  the  northwest  of 
the  State  to  78.5°  in  the  southeast ;  but  the  thermom¬ 
eter  has  been  known  to  rise  to  104°.  The  winter  tem¬ 
perature  averaged  33. 87°  for  the  whole  State,  varying 
from  28.5°  in  tne  northwest  to  39.5°  in  the  southeast. 
In  some  winters  the  temperature  hardly  falls  to  zero  ; 
in  others  20°  below  zero  have  been  registered.  The 
Mississippi  at  St.  Louis  freezes  over  once  in  four  or 
five  years  ;  but  this  is  partly  caused  by  the  accumula¬ 
tions  of  floating  ice  coming  down  from  the  north. 
The  river  has  closed  as  early  as  the  first  week  in 
December,  and,  again,  has  remained  open  until  the 
last  week  in  February,  It  is  in  cold  seasons  sometimes 
passable  for  the  heaviest  teams.  The  Missouri  River 
is  often  closed  during  the  whole  winter.  The  mean 
annual  temperature  of  the  State  varies  from  53°  to 
58°.  The  climate  is,  on  the  whole,  dry ;  for,  in  spite 
of  the  abundant  rains,  especially  in  the  spring,  evap¬ 
oration  is  so  rapid  that  the  atmosphere  is  rarely  over¬ 
loaded  with  moisture.  April  is  the  driest  month. 
The  greatest  amount  of  rain  falls  in  the  southeastern 
part  of  the  State.  An  unusual  amount  of  fair  weather, 
prevailing  clearness  of  sky,  general  salubrity  of  soil 
and  climate,  are  chief  among  the  natural  advantages 
of  this  great  State. 

Geology. — The  stratified  rocks  of  Missouri  belong 
to  the  following  divisions:  Quaternary,  Tertiary, 
Carboniferous,  Devonian,  Silurian,  and  Archaean. 
The  Quaternary  system  comprises  the  drift,  155 
feet  thick ;  the  bluff  200  feet  above  the  drift ; 
then  the  bottom  prairie,  35  feet  thick ;  and  on  the 
surface  the  alluvium,  30  feet  in  thickness.  Clays 
with  strata  of  sands,  marls,  and  humus  form  the 
alluvial  bottoms  of  the  two  great  rivers  of  the  State, 
and  make  up  a  soil  deep,  light,  and  incomparably  rich. 
Beneath  the  alluvium  is  found  the  bottom  prairie,  made 
up  also  of  sands,  clays,  and  vegetable  moulds.  This 
formation  is  found  only  in  the  bottom  lands  of  the 
Missouri  and  Mississippi  rivers,  and  more  abundantly 
in  those  of  the  former.  Numerous  and  well-pre¬ 
served  organic  remains  are  found  in  the  bottom  prairie, 
including  the  shells  found  in  great  quantities  in  the 
bluff  and  remains  of  the  mastodon  and  many  trees 
and  plants.  Below  this  formation,  resting  upon  the 


drift,  is  the  bluff.  This  rests  upon  the  ridges  and 
river  bluffs,  and  thus  is  topographically  higher,  al¬ 
though  geologically  lower,  than  the  bottom  prairie. 
It  is  composed  chiefly  of  a  gray  siliceous  marl,  colored 
sometimes  to  a  deep  brown  or  red  by  the  stains  of 
oxide  of  iron.  This  formation  extends  along  the 
bluffs  of  the  Missouri  from  Fort  Union  to  its  mouth, 
and  is  found  capping  those  of  the  Mississippi  from 
Dubuque  to  the  mouth  of  the  Ohio.  It  is  sometimes 
200  feet  thick  ;  at  St.  Joseph  it  is  140,  at  Booneville 
100,  at  St.  Louis  50,  in  Marion  county  only  30  feet. 
This  formation  has  interesting  fossils  {Elepha-s  primi- 
genius ,  etc. ).  The  drift,  the  lowest  of  the  Quaternary 
system,  appears  in  the  altered  drift,  the  boulder  forma¬ 
tion,  made  up  largely  of  the  igneous  and  metamorphic 
rocks,  with  rocks  from  the  Palaeozoic  strata  upon 
which  the  others  rest.  Large  boulders,  five  or  six 
feet  in  diameter,  are  found,  usually  of  granite  or 
metamorphic  sandstone ;  no  fossils  except  a  few  logs 
in  the  altered  drift  have  been  found  in  this  formation. 
The  Tertiary  formation  in  Missouri  is  composed  of 
clays,  shales,  iron  ores,  sandstone,  and  sand,  and  ex¬ 
tends  along  the  bluffs  and  bottoms  of  the  southeast 
part  of  the  State.  Iron  ore  is  found  in  this  formation 
in  great  abundance ;  sand  of  the  best  quality  for 
glass-making  and  clays  for  pottery  and  stoneware  also 
abound.  Below  the  Tertiary  bed  are  found  rocks 
which  strongly  resemble  Cretaceous  beds  found  in 
other  places  in  the  United  States.  These  strata  are 
in  sucn  a  state  of  irregularity  and  disturbance  as  to 
indicate  the  occurrence  of  some  great  movements 
after  their  deposition  and  before  the  formation  of  the 
Tertiary  strata.  The  Upper  Carboniferous  system,  or 
coal  measures,  made  up  of  sandstone,  limestone,  marl, 
coal,  and  iron  ores,  covers  an  area  of  more  than 
23,000  square  miles  in  Missouri,  occupying  the  western 
and  northern  portions  of  the  State.  The  supply  of 
bituminous  ana  cannel  coals  found  here  would  seem  to 
be  well-nigh  inexhaustible.  In  the  Lower  Carbo¬ 
niferous  rock  are  found  many  varieties  of  limestone  and 
sandstone.  Among  these  are  the  Upper  Archimedes 
Limestone,  200  feet ;  Ferruginous  Sandstone,  195 
feet;  Middle  Archimedes  Limestone,  50  feet;  St. 
Louis  Limestone,  250  feet.  The  Devonian  system  is 
represented  by  limestone  in  Marion,  Ralls,  Pike,  Cal¬ 
laway,  Saline,  and  Ste.  Genevieve  counties,  among 
which  occur  the  Chouteau  Limestone,  85  feet ;  Litho¬ 
graphic  Limestone,  125  feet ;  Onondaga  Limestone, 
100  feet.  Of  the  Upper  Silurian  series  are  the  fol¬ 
lowing  formations :  Lower  Helderberg,  350  feet ; 
Niagara  Group,  200  feet;  Cape  Girardeau  Limestone, 
60  feet.  Prominent  among  the  Lower  Silurian  forma¬ 
tions  are  the  Trenton  Limestone,  360  feet;  the  Black 
River  and  Bird’s-Eye  Limestone  ;  and  the  Magnesian 
series.  The  last-named  series  is  valuable  both  in  a 
scientific  and  an  economic  sense.  It  covers  much  of 
the  southern  and  southeastern  portions  of  the  State, 
and  in  it  are  found  vast  deposits  of  lead,  zinc,  copper, 
cobalt,  iron  ores,  and  marble.  The  Archaean  rocks 
occur  below  the  Silurian  deposits,  and  contain  siliceous 
and  other  slates  in  which  no  fossils  are  found.  The 
porphyry  rocks  of  this  formation  also  contain  iron 
ores. 

Coal. — The  exposed  coal  In  Missouri  includes  upper, 
middle,  and  lower  measures.  In  the  first  are  about  4  feet 
of  coal,  and  the  area  of  exposure  is  about  8400  square 
miles.  The  middle  coal  measures  contain  about  7  feet  of 
coal,  and  cover  an  exposed  area  of  about  2000  square  miles. 
The  lower  measures  have  five  workable  seams,  varying 
from  18  inches  in  thickness  to  4$  feet,  and  also  some  thin 
seams  of  only  a  few  inches.  In  1880  556,304  bushels1  of 
bituminous  coal  were  raised  in  thirty-five  counties  of  Mis¬ 
souri,  the  value  at  the  pit  mouth  being  $1,060,225.  $642,772 
were  paid  in  wages  to  2599  persons.  The  Missouri  coal 
mines  are  easily  worked. 

Iron. — The  iron  ores  are  red  haematite,  red  oxide,  specu- 
lar  iron,  brown  haematite  or  limonite,  and  clay  ironstone. 

1  The  U  S.  Census  Reports  of  1880  place  the  production  of  bitu¬ 
minous  coal  in  Missouri  for  that  year  at  543.990  tons,  valued  at 
$1,037,100.— Am.  Ed.  w 
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Manganiferous  and  siliceous  specular  ores  occur  in  the 
porphyries  of  the  Archaean  rocks,  and  in  the  granites.  The 
greatest  exposure  of  specular  iron  yet  discovered  is  Iron 
Mountain,  the  purest  mass  or  body  of  iron  ore  known. 
Analysis  shows  it  £o  contain  from  65  to  69  per  cent,  of  me¬ 
tallic  iron.  The  ore  of  Shepherd  Mountain  is  not  so  rich 
as  that  of  Iron  Mountain,  but  is  uniform  in  character,  free 
from  sulphur  and  phosphoric  acid  and  on  the  whole  supe¬ 
rior  to  any  other  yet  developed  in  Missouri.  Pilot  Knob 
ore  gives  53  to  60  per  cent,  metallic  iron,  and  has  few  dele¬ 
terious  substances.  It  is  fine-grained,  light  bluish  gray  in 
color.  The  ore  of  the  Scotia  iron  banks  and  Iron  Ridge 
are  much  alike  in  appearance  and  character,  being  specular 
boulders  imbedded  in  soft  red  haematite.  In  some  of  these 
boulders  are  cavities  in  which  the  ore  has  taken  botryoidal 
form,  and  upon  these  peroxide  of  iron  crystallizations  are 
so  formed  that  a  gorgeous  show  of  prismatic  colors  is  pre¬ 
sented.  The  above  are  the  chief  deposits  of  iron  ores,  but 
limonites  are  found  mostly  in  the  southern  parts  of  the 
State.  The  counties  of  Ste.  Genevieve,  Madison,  St.  Fran¬ 
cois,  Cape  Girardeau,  Bollinger,  Wayne,  Stoddard,  Wash¬ 
ington,  Reynolds,  Shannon,  Carter,  and  Ripley  have  the 
greatest  exposures  of  these  ores,  although  they  are  found 
in  many  others.  The  supply  of  iron  ores  is,  indeed,  prac¬ 
tically  inexhaustible. 

Lead. — Second  only  to  iron  among  the  metals  of  Missouri 
is  the  vast  deposit  of  lead  found  in  the  southern  parts  of  the 
State.  The  great  disseminated  lead  region  occupies  about 
one-half  of  the  northern  portion  of  Madison,  and  about  as 
much  of  St.  Francois  county.  It  is  in  the  magnesian  lime¬ 
stone  that  the  largest  quantities  have  been  found.  In 
Franklin  county  galena  is  found  in  abundance  in  ferru¬ 
ginous  clay  and  coarse  gravel.  In  the  great  mammoth 
mine  in  Washington  county  is  a  succession  of  caves  in 
which  millions  of  pounds  of  lead  were  found  adhering  to 
the  sides  and  roofs.  The  central  lead  district  of  the  State 
comprises  the  counties  of  Cole,  Cooper,  Moniteau,  Morgan, 
Miller,  Benton,  Maries,  Camden,  and  Osage ;  the  southern 
lead  region  the  counties  of  Pulaski,  Laclede,  Texas, 
Wright,  Webster,  Douglass,  Ozark,  and  Christian.  The 
western  lead  district  includes  the  counties  of  Hickory, 
Dallas,  Polk,  St.  Clair,  Cedar,  and  Dade ;  the  southwestern 
the  counties  of  Jasper,  Newton,  Lawrence,  Stone,  Barry, 
and  McDonald.  The  two  counties  Jasper  and  Newton  pro¬ 
duce  fully  one-half  of  the  pig  lead  of  Missouri.  The  lead 
mines  of  Granby  are  among  the  best-known  in  the  State, 
and  millions  of  pounds  of  lead  have  been  taken  from  these 
lands. 

Copper  deposits  have  been  found  in  several  counties, 
chiefly  in  the  southwestern  part  of  the  State.  Zinc  is 
found,  in  the  shape  of  sulphuret  and  also  silicate  of  zinc, 
in  nearly  all  the  lead  mines  in  Southwestern  Missouri.  It 
has  often  occurred  in  such  masses  as  seriously  to  hinder 
mining  operations,  and  until  very  recent  years,  when  rail¬ 
road  facilities  have  given  this  ore  a  market,  it  was  thrown 
aside  as  worthless.  It  is  now  an  important  and  profitable 
adjunct  of  the  lead  mines  of  Missouri.  Cobalt  and  nickel 
are  found  at  Mine  La  Motte  and  in  a  few  other  places. 
Silver  is  found  in  small  quantities  in  lead  mines  in  Madison 
county,  combined  with  the  lead. 

Clays  for  the  manufacture  of  ordinary  brick  for  building 
purposes  and  for  fire-brick  exist  in  quantities  beyond  com¬ 
putation,  and  kaolin  has  been  found  in  a  few  places.  Mar¬ 
ble  of  various  shades  and  qualities  abounds  in  Missouri,  and 
is  an  important  item  in  its  mineral  wealth.  Limestones  and 
sandstones  suitable  for  building  purposes  are  found  in  many 
parts  of  the  State. 

Agriculture. — Indian  corn,  wheat,  oats,  and  tobacco  are 
the  staple  products;  but  cotton,  hemp,  and  flax  are  also 
raised  to  some  extent  in  the  southern  counties.  The  aver¬ 
age  yield  of  wheat  to  the  acre  is  30  bushels,  and  that  return 
is  often  far  exceeded.  No  flour  is  of  a  higher  quality  or 
more  in  demand  in  foreign  as  well  as  home  markets  than 
that  made  from  Missouri  wheat.  Indian  corn  is  especially 
used  in  fattening  live  stock.  Blue  grass,  timothy,  red-top, 
and  red  and  white  clover  grow  luxuriantly,  and  favor 
stock-raising.  In  some  parts  of  the  State  pasturage  can  be 
had  all  the  year  round,  and  the  cheapness  of  corn  makes 
the  raising  of  pork,  in  particular,  a  very  profitable  business. 
All  varieties  of  fruit  can  be  very  successfully  cultivated. 
The  more  tender  fruits,  such  as  apricots,  nectarines,  figs,  and 
many  choice  kinds  of  grapes,  grow  here  as  well  as  the 
more  northern  fruits — the  apple,  the  pear,  the  plum,  and 
the  cherry.  Apples  and  peaches  do  well  in  all  parts  of  the 
State.  Six  native  varieties  of  grapes  are  found  in  luxu¬ 
riant  growth,  and  many  cultivated  varieties  have  been 
successfully  introduced.  No  State,  not  even  California, 
can  hope  ultimately  to  rival  Missouri  in  the  production  of 
both  red  and  white*  wines.  Sheep-raising  has  proved  remu- 
nerativ©  in  th©  southern  counties  chiefly,  where  the  mild 


climate,  the  fine  grasses,  and  the  abundance  of  good  water 
are  especially  favorable  to  this  branch  of  agricultural  in¬ 
dustry.  There  are  in  Missouri,  in  round  numbers,  10,000,- 
000  acres  of  improved  and  13,000,000  of  unimproved  land, 
including  9,000,000  acres  of  woodland.  The  cash  value  of 
the  farms  is  estimated  at  $90,000,000.!  In  1880  there  were 
on  the  farms  in  the  State  667,776  horses,  192,027  mules  and 
asses,  9020  oxen,  661,405  cows,  1,410,507  other  cattle,  1,411,- 
298  sheep,  aud  4,553,123  swine.  Missouri  is  the  fourth 
maize-producing  State  of  the  Union  ;  it  supplies  more  wine 
than  any  State  except  California,  and  is  a  rival  of  Ken¬ 
tucky,  Virginia,  Tennessee,  and  Maryland  in  the  culture 
of  tobacco,  which  is  a  staple  in  the  rich  counties  in  the 
northern  central  part  of  the  State,  bordering  upon  the 
Missouri  River.  No  State  raises  so  many  mules,  asses,  and 
hogs.  The  production  of  cereals  in  1880  was — corn,  202,- 
485,723  bushels ;  wheat,  24,966,627  bushels ;  rye,  535,426 
bushels ;  oats,  20,670,958  bushels ;  barley,  123,031  bushels ; 
buckwheat,  57, f>40  bushels.  The  production  of  tobacco 
for  the  same  year  was  12,015,657  ft  from  15,521  acres, 
valued  at  $600,256.  Three-fourths  of  this  amount  was 
raised  in  Chariton,  Marion,  Randolph,  Howard,  Callaway, 
and  Saline  counties. 

Wild  Animals. — Red-deer  are  found  in  every  part  of  the 
State,  especially  in  the  thinly-settled  and  mountainous  dis¬ 
tricts.  Venison,  indeed,  in  its  season,  is  as  cheap  as  good 
beef  in  the  markets  of  St.  Louis.  Wild  turkeys  are  numer¬ 
ous  in  the  swampy  and  mountainous  districts,  and  are  found 
in  all  parts  of  the  State.  Prairie  chickens,  or  pinnated 
grouse,  are  found  in  the  prairie  portion  of  Missouri,  and  are 
shipped  in  great  numbers  to  Eastern  markets.  In  all  parts 
of  Missouri  are  found  the  quail  or  Virginia  partridge,  thou¬ 
sands  of  barrels  of  which  are  shipped  from  the  State  each 
season.  The  rabbit,  a  species  of  hare,  is  so  common  as  to  be 
considered  a  pest.  The  gray  squirrel  and  the  red  fox-squir¬ 
rel  are  also  found  in  large  numbers  all  over  the  State.  Black 
bass,  perch,  catfish,  buffalo  fish,  suckers,  and  pike  are  the 
leading  varieties  of  native  fish. 

Manufactures. — In  1880  Missouri  had  about  20,000  manu¬ 
facturing  establishments,  in  which  a  capital  of  about 
$125,000,000  was  employed.  The  products  of  these  establish¬ 
ments  were  valued  at  upwards  of  $300,000,000.*  The  leading 
manufacturing  counties  outside  of  the  city  of  St.  Louis  are 
Jackson,  Buchanan,  St.  Charles,  Marion,  Franklin,  Greene, 
Cape  Girardeau,  Platte,  Boone,  and  Lafayette;  but  more 
than  three-fourths  of  the  manufactures  are  produced  at  St. 
Louis,  which  is  the  fourth  manufacturing  city  of  the  Union. 
The  chief  manufacture  is  that  of  flour,  which  employs  about 
900  mills,  and  is  rapidly  increasing.  Twenty-four  mills  made 
in  St.  Louis,  in  1880,  2,142,949  barrels  of  flour,  having  a 
daily  output  of  more  than  11,000  barrels.  St.  Louis  millers 
and  dealers  sent  in  1880  to  Europe  and  South  America 
619,103  barrels  of  flour ;  and  at  the  world’s  fairs  at  Paris, 
Vienna,  and  Philadelphia,  Missouri  flour  received  the  first 
award.  The  iron  industry,  which  stands  second  in  impor¬ 
tance,  is  yet  only  in  its  infancy,  and  St.  Louis  seems  destined 
to  be  one  of  the  great  centres  of  iron  and  steel  manufacture. 
The  amount  of  iron  made  in  Missouri  in  1880,  in  twenty- 
two  establishments  employing  3139  hands,  was  125,758  tons. 
St.  Louis  made  the  same  year  102,664  tons  of  pig-iron,  steel, 
aud  rolled  iron  and  blooms.  The  yearly  values  of  a  number 
of  other  industries  are  estimated  as  follows :  meat  packing, 
$20,000,000 ;  lumber,  $10,000,000 ;  bags  and  bagging,  $7,000,- 
000 ;  saddlery,  $7,000,000 ;  oil,  $6,000,000 ;  printing  and  pub¬ 
lishing,  $5,500,000 ;  furniture,  $5,000,000 ;  carriages  and  wag¬ 
ons,  $4,500,000 ;  marble  and  stone,  $4,000,000 ;  tin,  copper, 
and  sheet-iron,  $4,000,000 ;  agricultural  implements,  $2,000,- 
000.  The  manufacture  of  glass  and  glass-ware  is  carried  on 
to  a  considerable  extent,  especially  in  St.  Louis.  At  Crystal 
City,  on  the  Mississippi,  30  miles  below  St.  Louis,  is  a  very 
large  deposit  of  sand  suitable  for  the  manufacture  of  plate- 
glass,  and  a  company  has  been  organized  and  is  now  in  suc¬ 
cessful  operation,  with  a  capital  of  $1,000,000. 

Commerce. — The  extensive  commerce  of  Missouri  centres 
at  St.  Louis,  between  which  city  and  the  ports  on  the  Mis¬ 
sissippi  and  Missouri  rivers  steamboats  are  constantly  ply¬ 
ing.  Railroad  transportation  has,  in  recent  years,  furnished 
superior  and  cheaper  facilities  for  much  of  the  trade  which 
formerly  depended  upon  the  rivers.  The  trade  in  cotton 
especially  has  been  greatly  increased  in  Missouri  since  1870 
by  the  use  of  railroad  transportation,  which  has  made  St. 
Louis  one  of  the  great  cotton  centres  of  the  United  States. 
Extensive  cotton  presses  were  built  in  St.  Louis  in  that 
year,  and  the  receipts  of  cotton  from  the  more  southern 

1  The  U.  S.  Census  Reports  of  1880  give  Missouri  16,745,031  acres 
of  improved  lands,  and  place  the  value  of  farms,  including 
land,  fences,  and  buildings  at  $375,633,307.— Am.  Ed. 

1  The  U.  S.  Census  Reports  of  1880  give  Missouri  8592  manufactur¬ 
ing  establishments,  with  a  capital  of  $72,507,844,  and  an  annual 
production  of  $165,386,205.— Am,  Ed, 
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States  has  increased  rapidly— from  12,264  bales  in  1869-70 
to  457,563  bales  in  1879-80.  Railroad  connections  have 
made  the  interior  portions  of  Arkansas  and  Texas  more 
accessible  to  St.  Louis  than  to  the  southern  ports  of  ship¬ 
ment,  and  the  trade  with  the  southwest,  with  the  Indians, 
and  with  Mexico  is  constantly  increasing.  In  1870  St.  Louis 
was  made  by  Act  of  Congress  a  port  of  entry  to  which  for¬ 
eign  merchandise  could  be  brought  in  bond.  The  value  of 
the  direct  imports  for  the  year  ending  30th  June,  1882,  was 
$1,934,342. 

Population. — Missouri  is  divided  into  114  counties.  The 
following  table  gives  the  number  of  inhabitants  since  1850: 


Year. 

Males. 

Females. 

Total. 

Density  per 
Sq.  Mile. 

1850 

357,832 

324,212 

682,044 

14.371 

1860 

622,201 

559,811 

1,182,012 

18.08 

1870 

896,347 

824,948 

1,721,295 

26.34 

1880 

1,127,187 

1,041,193 

2,168,380 

31.55 

Population  in  1900,  3,106,665. 

In  1880  the  foreign-born  residents  numbered  211,578,  or 
9.7  per  cent.,  of  whom  109,974  were  Germans  and  Scandina¬ 
vians;  there  were  also  145,046  of  African  descent.  The 
early  settlers  of  the  State  were  French,  and  their  descend¬ 
ants  are  still  found  in  St.  Louis  and  Ste.  Genevieve  and  a  few 
other  smaller  towns.  Many  Germans  have  recently  settled 
in  all  parts  of  the  State,  while  English,  Irish,  Scotch,  and 
Swedes  have  also  made  Missouri  their  home  in  considerable 
numbers.  The  native  American  population  is  mostly  de¬ 
scended  from  immigrants  from  the  States  of  Kentucky, 
Tennessee,  North  Carolina,  and  Virginia.  During  recent 
years  there  has  been  a  large  accession  to  the  population 
from  the  Eastern  and  Northwestern  States. 

St.  Louis,  the  chief  city  of  the  Mississippi  valley,  situated 
upon  the  Mississippi  river  about  12  miles  below  the  mouth 
of  the  Missouri,  has  a  population  of  350,518 ;  Kansas  City, 
a  thriving  town  on  the  western  border,  situated  on  the 
hanks  of  the  Missouri,  has  55,785 ;  St.  Joseph,  in  the  north¬ 
west,  has  32,431;  Hannibal,  in  the  northeast,  has  11,074; 
and  Jefferson  City  (the  State  capital),  in  the  centre,  has 
5271. 

Education. — Missouri  has  a  public  school  system  of  educa¬ 
tion  first  adopted  in  1839.  There  are  district  schools, 
elementary  and  ungraded ;  city  schools,  graded,  with  high 
school  courses ;  four  normal  schools,  and  a  State  university. 
Free  public  schools  for  white  and  colored  children  between 
the  ages  of  six  and  twenty  years  are  required  by  law  for 
every  district  in  the  State.  Besides  these  public  institu¬ 
tions  supported  by  the  State  there  are  many  private  schools 
and  colleges  for  both  sexes.  Chief  among  these  are  the  St. 
Louis  University,  an  institution  managed  by  the  Jesuits ; 
the  College  of  Christian  Brothers,  also  under  the  control  of 
the  Roman  Catholics ;  and  Washington  University,  a  non¬ 
sectarian  endowed  school,  which  has  property  estimated  at 
$1,000,000,  and  more  than  1300  students.  The  Baptists 
have  a  college  at  Liberty  called  William  Jewell  College ; 
the  Congregationalists  one  at  Springfield  called  Drury  Col¬ 
lege  ;  and  the  Methodists  and  Presbyterians  several  colleges 
and  seminaries. 

Religion. — The  early  settlers  of  Missouri  were  Roman 
Catholics,  and  in  the  river  towns  may  he  found  to-day  a 
large  number  of  that  faith.  The  Baptists  have  88,999 
members,  with  1385  churches;  the  Methodists,  96,270 
members,  and  918  churches;  the  Protestant  Episcopal 
Church,  5,000  members  and  65  church  buildings ;  the 
Presbyterians,  with  their  various  branches,  34,628  members 
and  706  churches. 

Administration. — The  legislative  power  is  vested  in  a  body 
consisting  of  a  senate  and  a  house  of  representatives,  which 
meets  once  in  every  two  years,  on  the  first  Wednesday  after 
the  first  day  of  January  next  after  the  election  of  the  mem¬ 
bers  thereof.  Members  of  the  legislature  are  paid  a  sum  not 
to  exceed  $5  a  day  for  the  first  seventy  days  of  the  session,  and 
after  that  not  to  exceed  $1  a  day  for  the  remainder  of  the 
session.  They  are  also  allowed  mileage.  The  executive 
department  consists  of  a  governor,  a  lieutenant-governor, 
a  secretary  of  state,  a  State  auditor,  State  treasurer,  an 
attorney-general,  and  a  superintendent  of  public  instruc¬ 
tion;  these  are  all  elected  by  the  people.  The  supreme 
executive  power  is  vested  in  the  governor,  who  is  chosen 
for  four  years,  as  are  also  the  other  members  of  this 
department.  The  governor  has  a  qualified  veto  upon  the 
acts  of  the  legislature,  and  such  other  powers  as  are 
common  to  that  officer  in  the  several  States.  The  judicial 
power  of  the  State  is  lodged  in  a  supreme  court,  the  St. 
Louis  court  of  appeals,  circuit  courts,  criminal  courts,  pro- 

1  4.cU)rding  t0  the  figures  of  the  U.  S.  Census  the  density  for  1850 
was  9.90 ;  1860, 17.22 ;  1870,  25.04 ;  1880,  31.55.-Am.  Ed.  * 


bate  courts,  and  municipal  courts.  All  judicial  officers  are 
elected  by  the  people.  Judges  of  the  supreme  court  are 
elected  for  ten  years,  those  of  the  St.  Louis  court  of  appeals 
for  twelve  years,  and  those  of  the  circuit  courts  for  six 
years.  Executive  and  judicial  officers  are  liable  to  impeach¬ 
ment  by  the  house  of  representatives.  All  impeachment 
cases  are  tried  by  the  senate. 

Every  male  citizen  of  the  United  States,  and  every  male 
person  of  foreign  birth  who  may  have  declared  his  intention 
to  become  a  citizen  of  the  United  States,  according  to  law, 
not  less  than  one  year  nor  more  than  five  years  before  he 
offers  to  vote,  who  is  over  the  age  of  twenty-one  years,  is 
entitled  to  vote  at  all  elections  by  the  people,  if  he  has 
resided  in  the  State  one  year  immediately  preceding  the 
election  at  which  he  offers  to  vote,  and  has  resided  in  the 
county,  city,  or  town  where  he  shall  offer  to  vote  at  least 
sixty  days  immediately  preceding  the  election. 

History. — On  the  9th  April,  1682,  the  French  voyager  and 
discoverer  La  Salle  took  possession  of  the  country  of  Louis¬ 
iana  in  the  name  of  the  king  of  France.  Its  limits  were 
quite  indefinite,  and  included  the  present  territory  of 
Missouri  (see  Louisiana).  The  first  settlements  of  Missouri 
were  made  in  Ste.  Genevieve  and  at  New  Bourbon,  but  un¬ 
certainty  exists  as  to  the  exact  date.  By  some  the  year  is 
fixed  at  1763 ;  by  others,  and  by  many  traditions,  as  early 
as  1735.  St.  Louis  was  settled  by  Pierre  Laclede  Liguest, 
a  native  of  France.  The  site  was  chosen  in  1763,  and  in 
February,  1764,  Auguste  Chouteau  went  at  the  order  of 
Liguest  to  the  spot  previously  selected,  and  built  a  small 
village.  For  a  long  time  the  settlements  were  confined  to 
the  neighborhood  of  the  river.  On  the  31st  of  October,  1803, 
the  Congress  of  the  United  States  passed  an  Act  by  which 
the  president  was  authorized  to  take  possession  of  the  terri¬ 
tory  according  to  the  treaty  of  Paris,  and  the  formal 
transfer  of  Lower  Louisiana  was  made  on  20th  December, 
1803.  In  1804  Congress  divided  the  territory  into  two  por¬ 
tions.  The  northern  part,  commonly  called  Upper  Louisi¬ 
ana,  was  taken  possession  of  in  March,  1804.  In  June,  1812, 
Missouri  was  organized  as  a  Territory,  with  a  governor  and 
general  assembly.  The  first  governor  (1813-1820)  was 
William  Clarke.  In  1818  Missouri  applied  for  admission  to 
the  Union  as  a  State.  Two  years  of  bitter  controversy  fol¬ 
lowed,  which  convulsed  the  country  and  threatened  the 
dissolution  of  the  Union.  This  controversy  followed  a  reso¬ 
lution  introduced  into  Congress  which  had  in  view  an  anti- 
slavery  restriction  upon  the  admission  of  Missouri  to  the 
Union.  This  was  at  last  settled  by  the  adoption  of  the 
“  Missouri  compromise,”  which  forbade  slavery  in  all  that 
portion  of  the  Louisiana  purchase  lying  north  of  36°  30' 
except  in  Missouri,  and  on  19th  July,  1820,  Missouri  was  ad¬ 
mitted  to  the  Union.  A  convention  to  frame  a  constitution 
had  already  been  called,  and  the  constitution  then  adopted 
remained  without  material  change  until  1865.  The  first 
general  assembly  under  the  constitution  met  in  St.  Louis  in 
September,  1820,  and  Alexander  McNair  was  chosen  governor 
in  August.  The  seat  of  government  was  fixed  at  St.  Charles 
in  1820,  and  removed  to  Jefferson  City,  the  present  State 
capital,  in  1826.  The  first  census  of  the  State  was  taken  in 
1821,  when  the  number  of  inhabitants  was  found  to  be 
70,647,  of  whom  11,254  were  slaves.  In  the  Black  Hawk 
war  in  1832,  the  Florida  war  in  1837,  and  the  Mexican  war 
in  1846  Missouri  volunteer  troops  did  their  share  of  the 
work.  In  the  troubles  in  Kansas,  and  the  hitter  discussion 
upon  the  question  of  slavery,  Missouri  was  deeply  involved. 

A  strong  feeling  in  favor  of  secession  showed  itself  in  many 
parts  of  the  State.  Governor  Jackson,  in  his  inaugural  ad¬ 
dress  on  the  4th  of  January,  1861,  said  that  Missouri  must 
stand  by  the  slaveholding  States,  whatever  might  be  their 
course.  The  election  of  a  majority  of  Union  men,  however, 
as  delegates  to  a  convention  called  to  consider  the  affairs  of 
the  nation,  showed  that  public  sentiment  was  hostile  to  se¬ 
cession,  and  the  convention  adjourned  without  committing 
the  State  to  the  secession  party.  United  States  troops  were 
soon  gathered  at  St.  Louis,  and  forces  were  also  sent  to 
Jefferson  City,  and  to  Rolla.  Governor  Jackson  fled  from 
the  capital,  and  summoned  all  the  State  troops  to  meet  him 
at  Booneville.  General  Lyon2  defeated  these  troops,  17th 
June,  1861,  and  soon  most  of  the  State  was  under  the  control 
of  the  United  States  forces.  The  State  convention  was  re¬ 
assembled.  This  body  declared  vacant  the  offices  of  gov¬ 
ernor,  lieutenant-governor,  and  secretary  of  state,  and  filled 
them  by  appointment.  The  seats  of  the  members  of  the 
legislature  were  also  declared  vacant.  Governor  Jackson 
soon  issued  a  proclamation  declaring  the  State  out  of  the 
Union,  and  Confederate  forces  were  assembled  in  large 
numbers  in  the  southwestern  part  of  the  State.  General 
Lyon  was  killed  at  the  battle  of  Wilson’s  Creek  near  Spring- 
field,  and  General  Fremont,  commanding  the  department  of 
the  west,  decreed  martial  law  throughout  the  State.  For  a 
year  matters  were  favorable  to  the  Confederates,  and  at  the 
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opening  of  1862  their  troops  held  nearly  half  the  State ;  but 
in  February  a  Federal  force  under  General  Curtis  drove 
General  Price  into  Arkansas.  He  returned  in  1864,  and 
overran  a  large  part  of  the  State,  but  was  finally  forced  to 
retreat,  and  but  little  further  trouble  arose  in  Missouri 
during  the  war.  Missouri  furnished  to  the  United  States 
army  during  the  war  108,773  troops.  In  1865  a  new  consti¬ 
tution  was  adopted  by  the  people.  In  1869  the  XV.  Amend¬ 
ment  to  the  United  States  constitution  was  adopted  by  a 
large  majority.  In  1875  still  another  State  constitution  was 
drawn  up  by  a  convention  called  for  that  purpose,  and  rati¬ 
fied  by  the  people,  and  is  now  the  fundamental  law  of  the 
State.  (M.  s.  s.) 

MISTLETOE1  {Viscum  album,  L.),  a  species  of 
Viscum,  of  the  family  Loranthacece.  The  whole  genus 
is  parasitical,  and  seventy-six  species  have  been  de¬ 
scribed  ;  but  only  the  mistletoe  proper  is  a  native  of 
Europe.  It  forms  an  evergreen  bush,  about  4  feet  in 
length,  thickly  crowded  with  (falsely)  dichotomous 
branches  and  opposite  leaves.  The  leaves  are  about  2 
inches  long,  obovate-lanceolate,  yellowish  green ;  the 
dioecious  flowers,  which  are  small  and  nearly  of  the 
same  color  but  yellower,  appear  in  February  and 
March  ;  the  fruit,  which  when  ripe  is  filled  with  a  vis¬ 
cous  semitransparent  pulp  (whence  birdlime  is  derived), 
is  almost  always  white,  but  there  is  said  to  be  a  variety 
with  red  fruit.  The  mistletoe  is  parasitic  both  on  de¬ 
ciduous  and  evergreen  trees  and  shrubs,  and  “it  would 
be  difficult  to  say  on  what  dicotyledonous  trees  it  does 
not  grow  ”  (Loudon).  In  England  it  is  most  abundant 
on  the  apple  tree,  but  rarely  found  on  the  oak.  The 
fruit  is  eaten  by  most  frugivorous  birds,  and  through 
their  agency,  particularly  that  of  the  thrush  (hence 
missel-thrush  or  mistle-thrush),  the  plant  is  propa¬ 
gated.  (The  Latin  proverb  has  it  that  ‘  ‘  T urdus  malum 
sibi  cacat”  ;  but  tne  sowing  is  really  effected  by  the 
bird  wiping  its  beak,  to  which  the  seeds  adhere,  against 
the  bark  of  the  tree  on  which  it  has  alighted.)  The 
growth  of  the  plant  is  slow,  and  its  durability  propor¬ 
tionately  great,  its  death  being  determined  generally 
by  that  of  the  tree  on  which  it  has  established  itself. 
See  Loudon,  Arboretum  et  Fruticetum  Britannicum, 
vol.  ii.  p.  1021  (1838).  The  mistletoe  so  extensively 
used  in  England  at  Christmas  tide  is  largely  derived 
from  the  apple  orchards  of  Normandy. 

Pliny  ( H .  N.,  xvi.  92-95;  xxiv.  6)  has  a  good  deal  to  tell 
about  the  viscum,  a  deadly  parasite,  though  slower  in  its  ac¬ 
tion  than  ivy.  He  distinguishes  three  “  genera.”  “  On  the 
fir  and  larch  grows  what  is  called  stelis  in  Euboea  and  hy- 
phear  in  Arcadia.”  Viscum,  called  dryos  hyphear,  is  most 
plentiful  on  the  esculent  oak  (quercus),  but  occurs  also  on 
the  robur,  Prunus  sylvestris,  and  terebinth.  Hyphear  is  use¬ 
ful  for  fattening  cattle  if  they  are  hardy  enough  to  with¬ 
stand  the  purgative  effect  it  produces  at  first;  viscum  is 
medicinally  of  value  as  an  emollient,  and  in  cases  of  tumor, 
ulcers,  and  the  like ;  and  he  also  notes  it  “  conceptum  fcemi- 
narum  adjuvare  si  omnino  secum  habeant.”  Pliny  is  also 
our  authority  for  the  reverence  in  which  the  mistletoe  when 
found  growing  on  the  robur  was  held  by  the  Druids.  The 
robur,  he  says,  is  their  sacred  tree,  and  whatever  is  found 
growing  upon  it  they  regard  as  sent  from  heaven  and  as  the 
mark  of  a  tree  chosen  by  God.  Such  cases  of  parasitism  are 
rare,  and  when  they  occur  attract  much  attention  (est  au- 
tem  id  rarum  admodum  inventu  et  repertum  magna  re- 
ligione  petitur),  particularly  on  the  sixth  (day  of  the)  moon, 
with  which  their  months  and  years  and,  after  the  lapse  of 
thirty  years,  their  “ages”  begin.  Calling  it  in  their  own 
language  “  all  heal  ”  (omnia  sanantem),  after  their  sacrifices 
and  banquets  have  been  duly  prepared  under  the  tree,  they 
bring  near  two  white  bulls  whose  horns  are  then  for  the  first 
time  bound.  The  priest  clothed  with  a  white  robe  ascends  the 
tree,  cuts  [the  mistletoe]  with  a  golden  hook ;  it  is  caught  in 
a  white  mantle.  They  then  slay  the  victims,  praying  God  to 
prosper  His  gift  to  them  unto  whom  He  has  given  it.  Pre¬ 
pared  as  a  draught,  it  is  used  as  a  cure  for  sterility  and  a 
remedy  for  poisons.  The  mistletoe  figures  also  in  Scandi¬ 
navian  legend  as  having  furnished  the  material  of  the  arrow 

1  Greek  or  i(os,  hence  Latin  viscum,  Italian  vischio  or  visco, 
and  French  gui.  The  English  word  is  the  Anglo-Saxon  misteltan, 
Icelandic  misteUeinn,  in  which  tan  or  teinn  means  a  twig,  and  mil¬ 
let  may  be  associated  either  with  mist  in  the  sense  of  fog,  gloom, 
because  of  the  prominence  of  mistletoe  in  the  dark  season  of  the 
year,  or  with  the  same  root  in  the  sense  of  dung  (from  the  char¬ 
acter  of  the  berries  or  the  supposed  mode  of  propagation). 


with  which  Baldur  (the  sun-god)  was  slain  by  the  blind  god 
Hoder.  Most  probably  this  story  had  its  origin  in  a  par¬ 
ticular  theory  as  to  the  meaning  of  the  word  mistletoe. 

MITAU  (the  Lettish  Jelgava).  a  town  of  Russia, 
capital  of  the  government  of  Courland.  It  is  situated 
27  miles  by  rail  to  the  southwest  of  Riga,  on  the  right 
bank  of  the  river  Aa,  in  a  fertile  plain  which  rises  only 
12  feet  above  sea-level,  and  whicn  probably  has  given 
its  name  to  the  town  {Mitte  in  der  Aue).  At  nigh 
water  the  plain  and  sometimes  also  the  town  are  inun¬ 
dated.  Mitau  is  surrounded  by  a  canal  occupying  the 
place  of  former  fortifications.  Another  canal  was  dug 
through  the  town  to  provide  it  with  water ;  but  this 
now  receives  the  sewage,  and  water  is  brought  in  cars 
from  a  distance  of  3  miles.  Though  so  near  Riga, 
Mitau  has  quite  a  different  character.  It  has  regular 
broad  streets,  bordered  with  the  low  pretty  mansions 
of  the  German  nobility  who  reside  at  the  capital  of 
Courland  either  to  enjoy  the  social  amusements  for 
which  Mitau  is  renowned  or  to  provide  education  to 
their  children.  Mitau  is  well  provided  with  educa¬ 
tional  institutions.  A  gymnasium  occupies  a  former 
palace  of  the  dukes  of  Courland,  and  has  a  rich  library; 
and  there  are  about  forty  other  schools.  The  town  is 
also  the  seat  of  a  society  of  art  and  literature,  of  a 
natural  history  society,  which  has  a  good  local  museum, 
and  of  the  Lettish  Literary  Society.  The  old  castle 
of  the  dukes  of  Courland,  which  has  witnessed  so 
many  conflicts,  was  destroyed  by  the  Duke  Biron,  who 
erected  in  its  place  a  spacious  palace,  now  occupied  by 
the  governor  and  the  courts.  Mitau  has  22,200  inhabi¬ 
tants,  mainly  Germans,  but  including  also  Jews  (about 
6000),  Letts  (5000),  and  Russians.  Manufactures  are 
few,  those  of  wrought-iron  ware  and  of  white-lead 
being  the  most  important.  The  river  Aa  brings  Mitau 
in  connection  with  the  trade  of  Riga,  small  vessels 
carrying  goods  to  the  amount  of  about  £150,000  a  year. 

Mitau  is  supposed  to  have  been  founded  in  1266  by  the 
grand-master  Conrad  Mandern.  It  has  often  changed  its 
rulers.  In  1345,  when  it  was  plundered  by  Lithuanians,  it 
was  already  an  important  town.  In  1561  it  became  the 
residence  of  the  dukes  of  Courland.  During  the  17th  cen¬ 
tury  it  was  thrice  taken  by  the  Swedes.  Russia  annexed  it 
with  Courland  in  1795.  At  the  beginning  of  this  century 
it  was  the  residence  of  the  count  of  Provence  (afterwards 
Louis  XVIII.).  In  1812  it  was  taken  by  Napoleon  I. 

MITCHEL,  Ormsby  McKnight  (1810-1862), 
American  general  and  writer  on  astronomy,  was  born 
in  Union  county,  Kentucky,  August  28,  1810.  He 
began  life  as  a  clerk,  but,  obtaining  an  appointment  to 
a  cadetship  at  West  Point  in  1825,  he  graduated  there, 
in  1829,  and  became  assistant  professor  of  mathematics 
in  1831.  Subsequently  he  was  called  to  the  bar,  but 
forsook  law  to  become  professor  of  mathematics  and 
natural  philosophy  at  Cincinnati  college.  There  he 
established  an  observatory,  of  which  he  became  direc¬ 
tor.  From  1859  to  1861  he  was  director  of  the  Dudley 
observatory  at  Albany.  He  took  part  in  the  war  as 
brigadier-general  of  volunteers,  and  for  his  skill  and 
rapidity  in  seizing  certain  important  strategic  points 
was  on  April  11,  1862,  made  major-general.  He  died 
of  yellow  fever  at  Beaufort,  South  Carolina,  October 
30,  1862.  Besides  making  important  improvements 
on  several  astronomical  instruments,  Mitcnel  was  the 
author  of  several  works  on  astronomy,  the  principal 
of  which  are  The  Planetary  and  Stellar  Worlds  (1848) 
and  The  Orbs  of  Heaven  (1851).  See  Memoir  by 
Headley  (1865). 

MITCHELL,  Sir  Thomas  Livingstone  (1792— 
1855),  Australian  explorer,  was  a  son  of  Mitchell  of 
Craigend,  Stirlingshire,  where  he  was  born,  June  16, 
1792.  From  1808  to  the  end  of  the  Peninsular  War 
he  served  in  Wellington’s  army,  and  for  his  services 
received  the  medal  and  five  clasps,  and  was  raised  to 
the  rank  of  major.  He  was  appointed  to  survey  the 
battlefields  of  the  Peninsula,  and  his  map  of  the  Lower 
Pyrenees  is  still  admired.  In  1827  he  was  appointed 
deputy  surveyor-general,  and  afterwards  surveyor- 
general,  of  New  South  Wales.  He  devoted  himself 
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to  the  exploration  of  Australia,  making  four  expedi¬ 
tions  for  that  purpose  between  1831  and  1846.  Dur¬ 
ing  these  expeditions  he  discovered  the  Peel,  the 
Namoi,  the  Gwyder,  and  other  rivers,  traced  the  course 
of  the  Darling  and  Glenelg,  and  was  the  first  to  pene¬ 
trate  into  that  portion  of  the  country  which  he  named 
Australia  Felix.  His  last  expedition  was  mainly  de¬ 
voted  to  the  discovery  of  a  route  between  Sydney  and 
the  Gulf  of  Carpentaria,  and  during  the  journey  he 
explored  the  Fitzroy  Downs,  and  discovered  the  Bal- 
onne,  Victoria,  Warrego,  and  other  streams.  In  1838, 
while  in  England,  Mitchell  published  the  narrative  of 
his  first  three  journeys,  Three  Expeditions  into  the  In¬ 
terior  of  East  Australia  (2vols. ).  In  1839  he  was 
knighted  and  made  a  D.C.L.  of  Oxford.  During  this 
visit  he  took  with  him  some  of  the  first  specimens  of 
gold  and  the  first  diamond  found  in  the  country.  In 
1848  the  narrative  of  his  second  expedition  was  pub¬ 
lished  in  London,  Journal  of  an  Expedition  into  the 
Interior  of  Tropical  Australia.  In  1851  he  was  sent 
to  report  on  the  Bathurst  gold-fields,  and  in  1853  he 
again  visited  England  and  patented  his  boomerang 
propeller  for  steamers.  He  died  at  his  residence  at 
Darling  Point,  Sydney,  October  5,  1855. 

Besides  the  above  works,  Mitchell  wrote  a  book  on  Geo¬ 
graphical  and  Military  Surveying  (1827),  an  Australian  Geog¬ 
raphy,  and  a  translation  of  the  I/usiad  of  Camoens. 

MITE.  Mites  ( Acarina )  are  minute  creatures  which 
form  a  large  division  of  the  Arachnida,  distinguished 
by  the  absence  of  any  constriction  between  the  cephalo- 
thorax  and  abdomen.  Linnaeus  included  nil  in  the 
single  genus  Acanis.  They  are  now  divided  into 
Several  families  (most¬ 
ly  containing  numer¬ 
ous  genera),  viz., 

Trombidiidce  (harvest 
mites),  usually  scarlet 
specks  seen  running 
on  stones,  grass,  etc. , 
in  hot  weather ;  Tet- 
ranychi,  which,  al¬ 
though  not  bright  red, 
are  the  red  spider  of 
our  green-houses,  and 
are  distinguished  by 
feet  with  knobbed 
hairs ;  Bdellidce ,  long- 
snouted  mites  with 
antenniform  palpi ;  pIG  i—Cheyletus  flabdlifer. 
Cheyletidce  (Fig.  1)5> 

the  so-called  book -mites, — ferocious,  predatory  little 
beings,  quite  unconnected  with  books ;  Hydrachnidce, 


Fig.  2 .—Leiosoma  palmicinctum ;  nymph. 

freshwater  mites  with  swimming  legs,  mostly  beautiful 
creatures  of  brilliant  colors;  Limnocaridce ,  crawling 
freshwater  or  mud  mites ;  Halicaridce,  chiefly  marine  ; 


Gamasidce ,  hard-skinned  brown  mites  often  parasitic 
on  insects,  and  best  known  by  the  females,  and  young 
of  both  sexes,  found  on  the  common  dung  beetle 
( Geotrupes  stercorarius) ;  Ixodidae the  true  ticks,  not 
to  be  confounded  with  the  sheep-tick,  etc. ,  which  are 
wingless  flies ;  Oribatidce ,  beetle  mites,  so  called  from 
their  resemblance  to  minute  beetles  (these  are  never 
parasitic ;  they  undergo  transformations  almost  as 
strange  as  those  of  insects,  many  of  the  immature' 
forms  being  quaint  and  beautiful,  see  Fig.  2)  j  Myo- 
biadce ,  bizarre  parasites  of  the  mouse,  etc.,  with  pe¬ 
culiar  holding  claws  ;  Tyroglyphidce.  the  cheese  mites ; 
Analgidce,  found  on  the  feathers  of  birds ;  Sarcoptidce, 
the  itch  mites ;  Arctisconidce ,  the  water  bears ;  Demo- 
dicidce ,  found  in  the  sebaceous  follicles  of  the  human 
nose,  etc. ;  and  Phytoptidae ,  the  gall  mites,  which 
attack  the  leaves  of  plants,  making  tiny  gall-like  ex¬ 
crescences. 

The  sexes  are  distinct  individuals  ;  the  reproduction 
is  oviparous  ;  the  larva  is  almost  always  hexapod, 
though  the  later  stages  have  eight  legs  ;  that  answer¬ 
ing  to  the  pupa  of  insects  is  active,  and  is  called  the 
nymph.  The  breathing  in  the  first-named  eleven 
families  is  tracheal,  the  position  of  the  stigmata  vary¬ 
ing  greatly ;  in  the  last-named  six  families  it  is  by  the 

General  body  surface.  No  heart  or  circulation  of  the 
lood  is  known  to  exist ;  the  alimentary  canal  is  usually 
somewhat  on  the  insect  type,  but  with  csecal  prolonga¬ 
tions  to  the  stomach,  the  reproductive  organs  often 
more  on  the  crustacean  type.  There  is  generally  a 
single  very  large  nerve-ganglion  above  the  oesophagus, 
sending  nerve-branches  to  the  various  parts.  The  legs 
have  ordinarily  five  to  seven  joints,  rarely  three ;  the 
feet  are  usually  terminated  by  claws  or  suckers,  or 
both,  sometimes  by  bristles.  The  mandibles  are 
generally  large,  oftenest  chelate  (like  a  lobster’s  claw), 
sometimes  style-like  piercing  organs,  and  of  other 
forms.  The  maxillae  vary  much  :  they  may  be  pierc¬ 
ing  or  crushing  organs,  or  may  coalesce  to  form  a 
maxillary  lip  ;  there  is  usually  one  pair  of  maxillary 
palpi,  no  others.  Sometimes  there  is  a  lingua,  and  in 
the  Gamasidce  a  galea.  Antennae  are  not  found. 

Mites  are  distributed  all  over  the  known  world. 
They  have  been  found  in  Franz- Josef ’s  Land  and 
Spitzbergen  and  in  the  hottest  tropical  regions,  as  well 
as  the  temperate  zones.  Often  very  similar  species 
come  from  all  parts.  They  are  numerous  in  amber  of 
the  Tertiary  epoch. 

The  best  known  species  are  probably  those  which 
injure  man  or  his  works,  viz. ,  the  itch  mite,  the  cheese 
mite,  the  so-called  harvest-bug,  and  the  red  spider. 
The  dog-tick  is  also  well  known. 

The  itch  mite  {Sarcoptes  scabiei,  Fig.  3)  is  a  minute, 
almost  circular,  flattened,  colorless  creature,  with  skin 
covered  with  wavy  wrinkles,  and  a  number  of  triangu¬ 
lar  points  arising  from  that  of  the  back  ;  legs  short, 
the  two  front  pairs  and  the  fourth  pair  in  the  male 

terminated  by  suckers 
on  long  stalks,  the  two 
hind  pairs  in  the  female 
and  third  pair  in  the 
male  having  long  bris¬ 
tles  instead.  It  is  para¬ 
sitic  on  human  beings: 
the  males  and  young  re¬ 
main  chiefly  on  the  sur¬ 
face  of  the  skin,  but  are 
difficult  to  find  ;  the  fe¬ 
male  burrows  under  the 
scarf-skin,  causing  the 
intense  itching  of  sca¬ 
bies  by  the  action  of  her 
chelate  mandibles  as  she 
eats  her  way.  A  small 
watery  pustule  is  raised 
near  where  the  acarua 
Fig.  3.— The  Itch  Mite  ( Sarcoptes  entered  the  skin, 

scabiei );  female.  After  Meguin.  and  others  arise;  the 
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creature  is  not  found  in  the  pustule,  hut  at  the  further 
end  of  a  short  tunnel  which  may  be  half  an  inch  long. 
The  eggs  are  laid  in  the  tunnel  after  the  acarus  has 
passed;  they  hatch  and  multiply  rapidly.  The  disease 
can  be  certainly  cured ;  the  usual  mode  is  to  rub  the 
whole  body  with  sulphur  ointment,  which  is  best  done 
after  a  warm  bath,  allow  it  to  remain  on  all  night,  and 
wash  off  in  the  morning.  This  treatment  should  be 
repeated  once  or  twice  at  intervals  of  a  day  or  two. 
Other  applications  of  sulphur,  as  sulphurous  acid,  sul¬ 
phur  vapor  baths,  etc.,  are  efficacious.  All  clothes 
which  have  touched  the  skin  must  be  disinfected  by 
heat.  The  disease  is  highly,  contagious.  Most  mam¬ 
mals  have  their  peculiar  varieties  of  itch  mite. 

The  cheese  mite  ( Tyroglyphus  siro )  is  an  elliptical, 
fat-bodied,  colorless  acarus  with  smooth  skin  and  very 
long  hairs.  It  breeds  in  thousands  in  old  cheese, 
flour,  grain,  etc. ,  and  does  much  damage.  There  are 
numerous  allied  species-  some  belonging  to  the  genus 
Glycwhagus  are  elegantly  ornamented  with  plumes  or 
leaf-like  hairs. 

The  red-spider  ( Tetranychus  telarius)  attacks  the 
leaves  of  plants  or  trees,  and  is  a  great  pest  in  green¬ 
houses.  It  spins  a  slight  web  on  the  surface  of  the 
leaves,  and  lives  in  companies  on  the  web ;  it  is  of  a 
rusty  red  or  brown. 

The  harvest  bugs,  thought  by  some  writers  to  be  a 
species,  and  by  them  called  Leptus  autumnal™,  are 
simply  the  larvae  of  several  species  of  Trombidium. 
They  are  predatory,  but  will  attach  themselves  tempo¬ 
rarily  to  the  human  skin,  and  produce  the  violent  itch¬ 
ing  felt  on  the  lower  parts  of  the  legs  after  walking 
through  dry  grass  in  autumn.  On  inspection  with  a 
glass  the  creature  may  be  seen  as  a  minute  scarlet 
point.  A  drop  of  benzine  will  probably  get  rid  of  the 
intruder. 

The  dog-tick,  like  the  harvest-bug,  is  not  really 
parasitic  on  mammals,  though  it  attaches  itself  tem¬ 
porarily  ;  its  ordinary  food  may  probably  be  vegetable. 

(a.  d.  m.) 

MITFORD,  Mary  Russell  (1786-1855),  born  at 
Alresford,  Hampshire,  on  the  16th  of  December,  1786, 
retains  an  honorable  place  in  English  literature  as  the 
authoress  of  Our  Village ,  a  series  of  sketches  of  vil¬ 
lage  scenes  and  characters  unsurpassed  in  their  kind, 
and  after  half  a  century  of  imitations  as  fresh  as  if 
they  had  been  written  yesterday.  Washington  Irving 
was  Miss  Mitford’s  literary  model,  but  her  work  is 
thoroughly  original  and  spontaneous,  the  free  outflow 
of  a  singularly  charming  character.  The  shortest  ac¬ 
count  of  her  life  would  be  incomplete  without  a  refer¬ 
ence  to  the  scapegrace  father  who  was  the  centre  of 
her  affections,  ana  the  “only  begetter”  of  all  that  is 
most  delightful  and  characteristic  in  her  writing.  Dr. 
Mitford  first  spent  his  wife’s  fortune  in  a  few  years; 
then  he  spent  also  in  a  few  years  the  greater  part  of 
£20,000  which  his  daughter  drew  (in  1797,  at  the  age 
often)  as  a  prize  in  a  lottery;  then  he  lived,  for  most 
years  of  his  life,  on  a  small  remnant  of  his  fortune  and 
the  proceeds  of  his  daughter’s  literary  industry.  In 
the  little  village  of  Three  Mile  Cross,  near  Reading, 
in  a  small  cottage  which  Miss  Mitford  says  was  “  a  fine 
lesson  in  condensation,  ’  the  doctor  was  the  stay,  sup¬ 
port,  and  admiration  of  all  the  loafers  in  the  neigh¬ 
borhood,  while  his  daughter,  who  had  called  herself 
his  mamma,  and  treated  him  as  her  little  boy  from  the 
time  when  she  was  herself  a  little  girl,  found  an  un¬ 
failing  charm  in  his  “friskings,”  and  was  the  loving 
slave  of  all  his  good-humored  exactions.  The  father 
kept  fresh  in  his  daughter  the  keen  delight  in  incon¬ 
gruities,  the  lively  sympathy  with  self-willed  vigorous 
individuality,  and  the  womanly  tolerance  of  its  excess 
which  inspire  so  many  of  her  sketches  of  character. 
The  woman  who  lived  in  close  attendance  on  such  an 
“awful  dad,”  refused  all  holiday  invitations  because 
he  could  not  live  without  her,  and  worked  incessantly 
for  him,  except  when  she  broke  off  her  work  to  read 
him  the  sporting  newspapers,  evidently  wrote  from  the 


heart  in  her  bright  portraits  of  such  characters  as  the 
Talking  Lady,  the  Talking  Gentleman,  Joel  Brent, 
J ack  Rapley,  Tom  Cordery,  Lizzy,  Lucy,  and  Harriet. 
Her  writing  has  all  the  charm  of  perfectly  unaffected 
spontaneous  humor,  combined  with  quick  wit  and  ex¬ 
quisite  literary  skill.  She  died  January  10, 1855. 

Miss  Mitford’s  youthful  ambition  was  to  be  “the  greatest 
English  poetess,”  and  her  first  publications  were  poems  in 
the  manner  of  Coleridge  and  Scott  (Miscellaneous  Verses, 
1810,  of  sufficient  mark  to  be  reviewed  by  Scott  in  the 
Quarterly;  Christine,  a  metrical  tale,  1811;  Blanche,  1813). 
Later  on  she  essayed  writing  plays  ( Julian ,  1823;  The  Fos - 
cari,  1826;  Dramatic  Scenes,  1827:  Rienzi,  1828;  Charles  the 
First,  1828).  But  the  prose  to  which  she  was  driven  by  do¬ 
mestic  necessities  has  rarer  qualities  than  her  verse.  The 
first  series  of  Our  Village  sketches  appeared  in  1824,  a  second 
in  1826,  a  third  in  1828,  a  fourth  in  1830,  a  fifth  in  1832, 
and  Belford  Regis,  a  novel  in  which  the  neighborhood  and 
society  of  Beading  were  idealized,  in  1835.  Her  Recollec - 
tions  of  a  Literary  Life  (1853)  is  a  series  of  causeries  about 
her  favorite  books.  Five  volumes  of  her  Life  and  Letters 
were  published  in  1870  and  1872,  showing  her  to  have  been 
a  delightful  letter-writer ;  two  volumes  of  letters  to  her 
appeared  in  1882. 

MITHRADATES,  or,  as  it  is  often  wrongly  spelt, 
Mithridates  (i.e.,  “given  by  the  god  Mithras’  ’),  was 
a  favorite  name  of  the  Pontic  kings  in  the  third  and 
second  centuries  B.C.,  and  was  also  common  in  Persia 
and  the  neighboring  countries.  The  dynasty  of  Pontus 
was  a  Persian  family,  claiming  descent  from  the  Achse* 
menidse,  and  the  earliest  of  them  known  in  history 
was  satrap  under  the  Persian  empire.  When  that 
empire  was  destroyed  Mithradates  II.  made  himself 
king  of  Pontus ;  and  he  and  his  successors  gradually 
spread  their  power  over  a  great  part  of  Cappadocia 
and  Paphlagonia.  Several  of  them  intermarried  with 
the  Seleuciaae  and  other  Greek  royal  families,  and 
something  of  the  Hellenic  civilization  was  ingrafted 
on  the  native  non-Hellenic  character  of  the  kingdom. 
The  names  Mithradates,  Pharnaces,  and  Ariobarzanes, 
all  non-Hellenic,  alternate  in  the  family.  The  province 
of  Phrygia  was  sold  in  the  most  scandalous  way  by  the 
Roman  consul  Aquillius  to  Mithradates  V.,  who  died 

Srobably  in  120  B.c.  He  was  succeeded  by  his  son 
lithradates  Eupator,  sixth  of  the  name,  one  of  those 
remarkable  conquerors  that  arise  from  time  to  time  in 
the  East.  He  was  a  boy  when  his  father  died,  and 
for  seven  years  lived  the  wandering  life  of  a  hunter 
pursued  by  assassins.  His  courage,  his  wonderful 
bodily  strength  and  size,  his  skill  in  the  use  of  weapons, 
in  riding,  and  in  the  chase,  his  speed  of  foot,  his 
capacity  for  eating  and  drinking,  and  at  the  same  time 
his  quick  and  penetrating  intellect,  his  wonderful 
mastery  of  twenty-two  languages, — all  these  qualities 
are  celebrated  by  the  ancients  to  a  degree  which  is 
almost  incredible.  With  a  surface  gloss  of  Greek 
education,  he  united  the  subtlety,  the  superstition,  and 
the  obstinate  endurance  of  an  Oriental.  He  was  a 
virtuoso,  and  collected  curiosities  and  works  of  art ;  he 
assembled  Greek  men  of  letters  round  him  ;  he  gave 
prizes  to  the  greatest  poets  and  the  best  eaters.  He 
spent  much  of  his  time  in  practising  magic  arts,  the 
interpretation  of  dreams,  and  other  superstitious  cere¬ 
monies  ;  and  it  was  believed  that  he  had  so  saturated 
his  body  with  poisons  that  none  could  injure  him.  He 
trusted  no  one  ;  he  murdered  his  nearest  relations,  his 
mother,  his  sons,  the  sister  whom  he  had  married ;  to 
prevent  his  harem  from  falling  a  trophy  to  his  ene¬ 
mies  he  murdered  all  his  concubines,  and  his  most 
faithful  followers  were  never  safe.  He  once  disap¬ 
peared  from  his  palace,  no  one  knew  whither,  and  re¬ 
turned  after  some  months,  having  wandered  over  all 
Asia  Minor  in  disguise.  Except  in  the  pages  of  ro¬ 
mance  or  the  tales  of  the  Thousand  and  One  Nights 
it  would  be  difficult  to  find  anything  to  rival  the  ac¬ 
count  given  of  Mithradates  by  the  gravest  of  his¬ 
torians.  These  qualities  fitted  him  to  be  the  opponent 
of  Roman  arms  in  Asia  Minor,  to  be  the  champion  of 
the  East  in  its  struggle  against  the  destroying  and  yet 
civilizing  power  of  the  W est.  He  resisted  the  Romans 
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for  eighteen  years,  yet  we  can  hardly  credit  him  with 
much  real  generalship  or  organizing  power.  He  could 
collect  masses  of  men  and  hurl  them  against  the  Ro¬ 
man  legions ;  everything  that  boundless  energy  and 
boundless  hatred  could  do  he  did ;  but  the  strength 
of  his  opposition  to  the  Romans  lay  in  the  fact  that 
all  the  dislike  inspired  by  Rome  in  the  worst  and  most 
cruel  time  of  her  rule  was  arrayed  on  his  side. 

No  direct  collision  took  place  between  the  Romans 
and  Mithradates  for  thirty-two  years,  though  the  re¬ 
public  took  away  Phrygia  from  him  in  120  B.c.,  and 
several  times  thwarted  his  designs  in  Paphlagonia  and 
Cappadocia.  The  rupture  came  about  the  time  of  the 
Social  War.  Mithradates,  prompted,  it  is  said,  by 
envoys  from  the  Italian  allies,  took  advantage  of  the 
intestine  struggles  in  Italy.  War  broke  out  in  88,  on 
the  ostensible  cause  of  disputes  about  the  kingdom  of 
Bithynia  :  Mithradates  rapidly  overran  Galatia,  Phry¬ 
gia,  and  Asia,  defeated  the  Roman  armies,  and  made 
a  general  massacre  of  the  Romans  resident  in  Asia. 
He  also  sent  large  armies  into  European  Greece,  and 
his  generals  occupied  Athens.  But  Sulla  in  Greece 
and  Fimbria  in  Asia  defeated  his  armies  in  several 
battles ;  the  Greek  cities  were  disgusted  by  his  sever¬ 
ity,  and  in  84  B.c.  he  concluded  peace,  abandoning  all 
his  conquests,  surrendering  seventy  ships,  and  paying 
a  fine  of  2000  talents.  Murena  invaded  Pontus  with¬ 
out  any  good  reason  in  83,  but  was  defeated  in  82. 
Difficulties  constantly  arose  between  the  two  adver¬ 
saries,  and  in  74  a  general  war  broke  out.  Mithra¬ 
dates  defeated  Cotta,  one  of  the  Roman  consuls,  at 
Chalcedon ;  but  Lucullus  worsted  him  in  several  en¬ 
gagements,  and  drove  him  finally  in  72  B.c.  to  take 
refuge  in  Armenia  with  his  son-in-law  Tigranes.  After 
two  great  victories  in  69  and  68,  Lucullus  was  discon¬ 
certed  by  mutiny  among  his  troops  and  the  defeat  of 
his  lieutenant  Fabius  (see  vol.  xv.  p.  58).  In  66  he 
was  superseded  by  Pompey,  who  completely  defeated 
both  Mithradates  and  Tigrane3.  The  former  estab¬ 
lished  himself  in  64  at  Panticapaeum,  and  was  planning 
new  campaigns  against  .he  Romans  when  his  own 
troops  revolted,  and,  after  vainly  trying  to  poison  him¬ 
self,  he  ordered  a  Gallic  mercenary  to  kill  him.  So 
perished  the  greatest  enemy  that  the  Romans  had  to 
encounter  in  Asia  Minor.  His  body  was  sent  to  Pom¬ 
pey,  who  buried  it  in  the  royal  sepulchre  at  Sinope. 

MITHRAS  was  a  Persian  god  whose  worship  spread 
over  the  Roman  world  during  the  2d  and  3d  centuries 
after  Christ.  His  name  is  found  in  the  oldest  records 
of  the  East  Aryan  races.  In  the  Rig -Veda,  Mitra,  i.  e. , 
the  friend,  and  Varuna,  i.  e. ,  Ovpavog,  are  a  pair  of  gods 
regularly  associated :  they  denote  the  heaven  of  day  and 
the  heaven  of  night.  Mithras  is  therefore  by  origin  the 
god  of  the  bright  heaven  and  of  day,  closely  related  in 
conception  to,  and  yet  expressly  distinguished  from,  the 
sun.  In  the  developed  Old  Persian  religion  of  Zoroaster 
Mithras  retained  a  place;  he  was  not  one  of  the  greatest 
gods,  but  was  first  of  a  triad  which,  while  less  pure 
embodiments  of  the  divine  nature,  were  more  easy  for 
men  to  comprehend  and  to  worship.  The  seventh 
month,  which  bears  his  name,  and  the  sixteenth  day 
of  every  month  were  sacred  to  Mithras ;  prayers  were 
offered  to  him  at  sunrise,  at  mid-day,  and  at  sunset. 
When  the  Persians  conquered  Assyria  and  Babylonia 
their  religion  was  much  affected  by  the  worship  of 
these  more  educated  races.  The  worship  of  foreign 
deities  was  introduced,  that  of  Persian  deities  was 
changed  in  character  ;  and  the  gods  were  represented 
by  images.  The  cultus  of  Mithras  now  became  far 
more  prominent,  he  was  identified  with  the  sun,  and 
an  elaborate  ritual  with  the  non-Aryan  accompaniment 
of  mysteries  was  established.  This  revolution  had 
begun  before  Herodotus  (i.  131)  could  identify  Mith¬ 
ras  with  the  Assyrian  goddess  Mylitta,  and  it  became 
more  thorough  during  the  4th  century  B.C. 

It  is  in  this  most  developed  form  that  we  know  the 
cultus  of  Mithras.  The  god  of  light  becomes  by  a 
ready  transition,  which  is  made  in  the  very  oldest 


Aryan  records,  the  god  of  purity,  of  moral  goodness, 
of  knowledge.  There  goes  on  in  the  world  as  a  whole, 
and  in  the  life  of  each  man,  a  continual  struggle  be¬ 
tween  the  power  of  good  and  the  power  of  evil;  Mith¬ 
ras  is  always  engaged  in  this  contest,  and  his  religion 
teaches  all,  men  and  women  alike,  to  aid  in  the  battle. 
Victory  in  this  battle  can  be  gained  only  by  sacrifice 
and  probation,  and  Mithras  is  conceived  as  always  per¬ 
forming  the  mystic  sacrifice  through  which  the  good 
will  triumph.  The  human  soul,  which  has  been  sepa¬ 
rated  from  the  divine  nature  and  has  descended  to 
earth,  can  reascend  and  attain  union  with  God  through 
a  process  of  fasting  and  penance  which  is  taught  in 
the  mysteries ;  the  sacrifice  which  is  being  always 
offered  by  Mithras  makes  this  ascent  and  union  possi¬ 
ble.  Those  who  were  initiated  in  the  mysteries  of 
Mithras  had  to  pass  through  a  long  probation,  with 
scourging,  fasting,  and  ordeal  by  water,  and  were  then 
admitted  as  soldiers  fighting  on  behalf  of  Mithras. 
This  was  the  lowest  terrestrial  grade,  but  there  were 
still  two  others  to  attain }  the  Bull  and  the  Lion,  each 
involving  further  probation,  before  the  soul  could  rise 
above  the  earth.  It  then  ascended  by  the  grades  of 
Vulture,  Ostrich,  and  Crow  through  the  region  of 
aether  ;  and  then  it  strove  to  become  pure  fire  through 
the  grades  of  Gryphon,  of  Perses,  and  of  the  Sun. 
Finally  the  soul  attained  complete  union  with  the  divine 
nature  through  the  grades  of  Father  Eagle,  of  Father 
Falcon,  and  of  Father  of  Fathers.  A  holy  cave  on  a 
hill  was  the  central  point  in  the  worship  ;  and  the 
mystic  rites  involved  watching  and  fasting  all  night 
till  sunrise  brought  the  triumph  of  light. 

The  worship  of  Mithras  became  known  to  the  Ro¬ 
mans  through  the  Cilician  pirates  captured  by  Pompey 
about  70  B.c.  It  gained  a  footing  in  Rome  under  Do- 
mitian,  was  regularly  established  by  Trajan  about  100 
A.D.,  and  by  Commodus  about  190.  Finally  the  mys¬ 
teries  were  prohibited  and  the  holy  cave  destroyed  in 
378.  Dedicatory  inscriptions  to  Deo  Soli  Invicto  Mith- 
rce ,  and  votive  reliefs  of  Roman  work,  are  very  common. 
The  usual  representation  shows  Mithras  in  the  mystic 
cave  performing  the  mystic  sacrifice ;  a  young  man  in 
Oriental  costume  kneels  with  one  knee  on  a  prostrate 
bull,  grasping  the  head  and  pulling  it  back  with  the 
left  hand,  while  with  the  right  he  plunges  his  sword 
into  its  neck.  A  dog,  a  snake,  and  a  scorpion  drink 
the  blood  that  flows  from  the  bull ;  a  crow  sits  on  the 
rock  behind  Mithras  ;  the  figures  of  the  sun  and  of 
the  moon  occupy  the  two  sides  of  the  relief. 

See  Lajarde,  Recherches  sur  le  Oulte  de  Mithras. 

MITRE.  See  Costume,  vol.  vi.  p.  410 ;  and  Her¬ 
aldry,  vol.  xi.  p.  635. 

MITSCHERLICH,  Eilhardt  (1794-1863),  was 
born  January  7,  1794,  at  Neuende  near  Jever,  in  the 

frand  duchy  of  Oldenburg,  where  his  father  was  pastor. 

le  was  educated  at  the  gymnasium  of  Jever  under 
the  historian  Schlosser.  In  1811  he  went  to  Heidel¬ 
berg,  where  he  devoted  himself  to  philology,  giving 
special  attention  to  the  Persian  language.  In  1813  he 
went  to  Paris,  partly  for  study,  partly  with  the  view 
of  obtaining  permission  to  join  a  French  embassy  to 
Persia.  The  political  events  of  1814  put  an  end  to 
this  scheme,  and  Mitscherlich  returned  to  Germany. 
He  then  set  to  work  on  a  history  of  the  Ghurides  and 
Kara-Chitayens,  manuscript  materials  for  which  he 
found  in  the  university  library  of  Gottingen,  and  a 
portion  of  which  he  published  in  1815.  Still  anxious 
to  visit  Persia,  he  resolved  to  study  medicine  in  order 
that  he  might  enjoy  that  freedom  of  travel  usually 
allowed  in  the  East  to  physicians.  He  began  at  Got¬ 
tingen  with  the  study  of  chemistry,  and  tnis  so  com¬ 
pletely  arrested  his  attention  that  he  gave  up  the  idea 
of  the  journey  to  Persia  and  the  medical  profession. 
In  1818  he  went  to  Berlin,  where  he  worked  in  the 
laboratory  of  Professor  Link.  He  made  analyses  of 
phosphates  and  phosphites,  arseniates  and  arsenites, 
confirming  the  observations  of  Berzelius  as  to  their 
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composition.  In  the  course  of  these  investigations  he 
observed  that  corresponding  phosphates  and  arseniates 
crystallized  in  the  same  form. 

This  was  the  germ  from  which  grew  the  theory  of 
isomorphism.  In  order  to  follow  out  his  discovery 
Mitscherlich  set  to  work  to  learn  crystallography.  His 
teacher  was  a  fellow  student,  Gustav  Rose,  to  whose 
penetrating  mind  and  profound  knowledge  of  mineral¬ 
ogy  have  Been  due  some  of  the  most  interesting  de¬ 
velopments  and  illustrations  of  the  theory  of  iso¬ 
morphism.  Having  measured  the  inclinations  of  the 
laces  of  aVast  number  of  natural  and  artificial  crystals, 
he  established  the  principles  of  isomorphism  very  much 
as  we  now  hold  them. 

It  is  right  that  we  should  remember  that  Mitscher- 
lich  was  not  the  first  to  notice  the  fact  that  two  different 
substances  might  have  the  same  crystalline  form,  or 
that  one  element  could  partially  replace  another  without 
great  change  of  form.  Rom6  de  l’Isle  in  1772  men¬ 
tions  mixecT vitriols  containing  variable  proportions  of 
iron  and  copper,  and  Leblanc  in  1802  showed  that  the 
crystalline  form  remains  the  same  although  the  pro¬ 
portions  vary  both  in  the  case  of  these  mixed  vitriols 
and  in  that  of  mixed  alums.  Yauquelin  had  already, 
in  1797,  proved  that  alum  might  contain  variable  quan¬ 
tities  of  ammonia  without  any  corresponding  variation 
of  crystalline  form. 

The  authority  of  Haiiy,  who  laid  down  as  one  of  his 
principles  that  each  compound  has  its  own  crystalline 
form,  for  a  time  kept  these  observations  in  the  back- 

{ 'round.  Further  cases  were,  however,  observed.  Wol- 
aston  (1812)  accurately  measured  the  angles  of  the 
rhombohedral  carbonates,  and  proved  that  the  forms 
of  these  minerals,  although  nearly  the  same,  are  not 
absolutely  identical.  He  showed  that  a  similar  close 
approximation  to  identity  exists  in  the  case  of  the 
vitriols.  Fuchs  in  1815  brought  forward  his  theory  of 
4  4  vicarious  constituents.  ’  ’  Gay-Lussac  proved  that  a 
crystal  of  common  alum  continues  to  grow  when  placed 
in  a  solution  of  ammonia  alum,  and  cases  of  crystallized 
mixtures  were  pointed  out  by  the  French  mineralogist 
Beudant.  But  notwithstanding  these  foreshadowings, 
of  which  we  know,  on  the  evidence  of  Gustav  Rose, 
that  Mitscherlich  was  wholly  ignorant,  there  was  at 
the  time  of  which  we  are  now  speaking  no  trace  of  a 
theory,  but  merely  isolated  observations.  The  theory 
of  isomorphism  is  the  work  of  Mitscherlich.  It  was 
communicated  to  the  Berlin  Academy  on  December  9, 
1819. 

In  that  year  Berzelius  paid  a  visit  to  Berlin,  and 
was  so  struck  with  Mitscherlich’s  ability  that  he  sug¬ 
gested  him  to  the  minister  Altenstein  as  the  most 
fitting  successor  to  Klaproth  in  the  chair  of  chemistry 
in  that  university.  It  is  not  surprising  that  this  idea 
was  not  carried  out.  It  was  only  four  years  since 
Mitscherlich  had  begun  to  study  chemistry ;  he  had 
never  lectured,  nor  had  he  published  anything  on  the 
subject. 

Although  Altenstein  did  not  at  that  time  carry  out 
the  proposal  of  Berzelius,  he  was  so  far  impressed  by 
it  that  he  obtained  for  Mitscherlich  a  Government 
grant  to  enable  him  to  continue  his  studies  under  Ber¬ 
zelius. 

In  1820  he  went  to  Stockholm,  where  he  worked  for 
a  year  in  Berzelius’s  laboratory.  In  1822  he  was  ap¬ 
pointed  extraordinary  and  in  1825  ordinary  professor 
in  Berlin.  In  the  course  of  an  investigation  into  the 
slight  differences  discovered  by  Wollaston  in  the  angles 
of  the  rhombohedra  of  the  carbonates  isomorphous 
with  calc-spar,  Mitscherlich  observed  that  the  angle  in 
the  case  of  calc-spar  varied  with  the  temperature.  On 
extending  his  inquiry  to  other  non-isotropic  crystals 
he  observed  a  similar  variation,  and  was  thus  led,  in 
1825,  to  the  discovery  that  non-isotropic  crystals,  when 
heated,  expand  unequally  in  the  direction  of  dissimilar 
axes.  In  the  following  year  he  discovered  the  change, 
produced  by  change  of  temperature,  in  the  direction 
of  the  optic  axes  of  selenite.  The  discovery  (also  in 


1826)  that  sulphur  can  be  obtained  in  two  absolutely 
distinct  crystalline  forms  threw  much  light  on  the  iact 
that  the  two  minerals  calc-spar  and  aragonite  have  the 
same  composition  but  perfectly  different  forms.  Other 
cases  of  this  property,  to  which  Mitscherlich  gave  the 
name  of  dimorphism,  were  arrived  at  not  long  after. 

In  1833  he  made  a  series  of  careful  determinations 
of  the  vapor  densities  of  a  large  number  of  volatile 
substances,  and  proved  that  Gay-Lussac’s  law  as  to  the 
roportions  by  volume  in  which  oxygen,  nitrogen,  hy- 
rogen,  and  chlorine  unite  with  one  another  holds 
generally  for  volatile  elements,  and  that  the  simplicity 
of  the  relation  of  the  volume  of  the  compound  to  that 
of  the  component  gases  is  also  general. 

In  pure  chemistry  Mitscherlich’s  discoveries  were 
mainly  connected  with  isomorphism.  Thus  he  obtained 
selenic  acid  in  1827,  and  showed  the  isomorphism  of 
its  salts  with  the  sulphates,  and  examined  with  great 
care  the  manganates  and  permanganates,  showing  their 
isomorphism  with  the  sulphates  and  with  the  per¬ 
chlorates  respectively.  But  he  did  much  important 
work  unconnected  with  this  special  subject.  We  may 
in  particular  refer  to  his  discovery  of  the  relation  of 
benzene  to  benzoic  acid,  of  nitro-benzene,  and  of  a 
considerable  number  of  the  derivatives  of  benzene. 

In  1833  he  published  his  Lehrbuch  der  Chemie ,  a 
student’s  text-book  of  chemistry  of  the  most  thor¬ 
oughly  practical  and  yet  rigidly  scientific  kind,  from 
the  study  of  which  teachers  of  chemistry  may  still 
derive  many  a  valuable  hint.  His  interest  in  mineral¬ 
ogy  led  him  to  the  study  of  the  geology  of  volcanic 
regions,  and  he  made  frequent  visits  to  the  Eifel  with 
a  view  to  the  discovery  of  a  theory  of  volcanic  action. 
He  did  not,  however,  publish  any  papers  on  the  sub¬ 
ject,  but  since  his  death  his  notes  have  been  arranged 
and  published  by  Dr.  Roth  in  the  Memoirs  of  the 
Berlin  Academy  (1866).  In  December,  1861 ,  symptoms 
of  heart  disease  made  their  appearance,  but  he  was 
able  to  carry  on  his  academical  work  till  December, 
1862.  He  died  at  Schoneberg  near  Berlin  on  28th 
August,  1863. 

Mitscherlich’s  published  papers  are  chiefly  to  be  found  in 
the  Abhandlungen  of  the  Berlin  Academy,  in  Poggendorff’s 
Anncden,  and  in  the  Annales  de  Chimie  et  de  Physique.  The 
fourth  edition  of  the  Lehrbuch  der  Chemie  was  published  in 
1844 ;  a  fifth  was  begun  in  1855,  but  was  not  completed. 

(A.  c.  B.) 

MITYLENE,  or  Mytilene.  See  Lesbos. 

MIZPAH  (nsyp)  and  Mizpeh  (n|?p)  are  Hebrew 
words  for  a  “  place  of  prospect,”  or  high  commanding 
point.  The  cities  of  Palestine  generally  occupied  such 
positions  ;  and  so  in  the  Old  Testament  we  find  several 
places  bearing  the  name  of  “  The  Mizpah  ”  (Mizpeh). 
Sometimes  a  determining  genitive  is  added ;  “  The 
Mizpeh  of  Gilead”  (Judg.  xi.  29),  “The  Mizpeh  of 
Moab”  (1  Sam.  xxii.  3). 

(1)  The  most  famous  of  these  places  is  that  in  Gilead,  a 
noted  sanctuary  (Judg.  xi.  11 ;  Hosea  v.  1),  claiming  conse¬ 
cration  from  the  sacrifice  of  Jacob  (Gen.  xxxi.  54)  and  the 
masseba  or  sacred  stone  erected  by  him  (ver.  45).  The  nar¬ 
rative  of  Gen.  xxxi.  45  sq.  is  somewhat  obscure,  and  not  all 
from  one  hand.  We  gather,  however,  from  it  that  another 
name  of  “The  Mizpah”  was  Galeed,  i.e.,  Gilead.  Thus 
Mizpah,  Mizpeh  Gilead,  Gilead  (Hos.  vi.  8),  Ramath  Mizpeh 
(i.e.,  the  height  of  Mizpeh,  Josh.  xiii.  26),  and  Ramoth 
Gilead  (the  heights  of  Gilead),  or  simply  The  Ramah  (2 
Kings  viii.  28,  29),  are  almost  universally  taken  to  be  one 
place.  With  this  it  agrees  that  Ramoth  Gilead  was  a  city 
of  refuge,  which  points  to  an  early  sanctity.  The  place  is 
prominent  throughout  the  history.  It  was  the  seat  of 
Jephthah  (Judg.  xi.),  the  mourning  for  whose  daughter 
probably  gives  us  a  glimpse  into  the  ancient  rites  of  a  pro¬ 
vincial  sanctuary,  the  residence  of  one  of  Solomon’s  officers 
(1  Kings  iv.  13),  and  a  hotly  disputed  frontier  city  in  the 
wars  between  Syria  and  the  house  of  Omri,  before  which 
Ahab  fell  (1  Kings  xxii.),  and  in  which  the  military  revolt 
of  Jehu  was  organized  (2  Kings  ix.).  Masplia  was  still  a 
strong  place  in  the  Greek  period,  and  was  taken  by  Judas 
Maccabaeus  (1  Mac.  v.  35).  Eusebius  knows  Ramoth  as  a 
place  15  miles  west  of  Philadelphia  or  Rabbah  of  Ammon. 
It  is  therefore  commonly  identified  with  El-Salt,  the  modem 
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capital  of  the  Belkd ;  but  this  cannot  be  said  to  be  made  out. 
(2)  The  Benjamite  Mizpah  or  Mizpeh,  also  a  sanctuary,  is 
often  named  in  the  history  of  Samuel.  It  was  a  border 
fortress  of  King  Asa  (1  Kings  xv.  22),  and  the  residence  of 
Gedaliah  as  governor  of  Judaea  after  the  fall  of  Jerusalem 
(Jer.  xl.).  Its  old  sanctity  was  still  remembered  in  the 
Maccabee  times,  and  from  1  Mac.  iii.  46  we  conclude  that  it 
commanded  a  view  of  Jerusalem.  The  most  probable  identi¬ 
fication  is  with  the  prominent  hill-top  of  Neby  Samwil. 
There  was  (3)  another  Mizpeh  in  the  low  country  of  Judah 
(Josh.  xv.  38),  and  (4)  a  land  or  valley  of  Mizpeh  (Josh.  xi. 
3,  8)  under  Mount  Hermon. 

MNEMONICS,  or  artificial  helps  to  the  memory, 
have  been  employed  in  a  more  or  less  systematic  form 
from  a  very  early  period.  Mnemonics  (to  fivijpomKov,  sc. 
rixvrj/ia  or  napayyelfia)  were  much  cultivated  by  Greek 
sophists  and  philosophers,  and  are  repeatedly  referred 
to  by  Plato  and  Aristotle.  In  later  times  the  inven¬ 
tion  was  ascribed  to  the  poet  Simonides,1  perhaps  for 
no  other  reason  than  that  the  strength  of  his  memory 
was  famous.  Cicero,  who  attaches  considerable  im¬ 
portance  to  the  art,  but  more  to  the  principle  of  order 
as  the  best  help  to  memory,  speaks  of  Carneades  (or 
perhaps  Charmades)  of  Athens  and  Metrodorus  of 
Scepsis  as  distinguished  examples  of  the  use  of  well- 
ordered  images  to  aid  the  memory.  The  latter  is  said 
by  Pliny  to  have  carried  the  art  so  far  ut  nihil  non 
iisdem  verbis  redder et  auditum.  The  Romans  valued 
such  helps  as  giving  facility  in  public  speaking.  The 
method  used  is  described  by  tne  author  of  Rhet.  ad 
Jleren.,  iii.  16-24;  see  also  Quintilian  (Inst.  Or.,  x. 
1,2),  whose  account  is,  however,  somewhat  incomplete 
and  obscure.  In  his  time  the  art  had  almost  ceased  to 
be  practised.  The  Greek  and  Roman  system  of  mne¬ 
monics  was  founded  on  the  use  of  mental  places  and 
signs  or  pictures.  #  The  thing  to  be  remembered  was 
localized  in  the  imagination,  and  associated  with  a 
symbol  which  concretely  represented  what  it  was  de¬ 
sired  to  retain  in  the  memory,  special  care  being  taken 
that  the  symbols  should  be  as  vivid,  pleasing,  and  im¬ 
pressive  as  possible.  The  most  usual  method  was  to 
choose  a  large  house,  of  which  the  apartments,  walls, 
windows,  statues,  furniture,  etc.,  were  severally  asso¬ 
ciated  with  certain  names,  phrases,  events,  or  ideas, 
by  means  of  symbolic  pictures ;  and  to  recall  these  it 
was  only  necessary  to  search  over  the  apartments  of 
the  house  till  the  particular  place  was  discovered 
where  they  had  been  deposited  by  the  imagination. 
As  the  things  to  be  remembered  increased,  new  houses 
could  be  built,  each  set  apart  to  a  certain  class  of  ideas 
or  events,  and  these  houses  were  again  constructed 
into  a  mnemonic  town.  In  accordance  with  this  sys¬ 
tem,  if  it  were  desired  to  fix  an  historic  date  in  the 
memory,  it  was  localized  in  an  imaginary  town  divided 
into  a  certain  number  of  districts,  each  with  ten  houses, 
each  house  with  ten  rooms,  and  each  room  with  a 
hundred  quadrates  or  memory-places,  partly  on  the 
floor,  partly  on  the  four  walls,  partly  on  the  roof. 
Thus,  if  it  were  desired  to  fix  in  the  memory  the  date 
of  the  invention  of  printing  (1436),  an  imaginary  book, 
or  some  other  symbol  of  printing,  would  be  placed  in 
the  thirty-sixth  quadrate  or  memory  place  of  the 
fourth  room  of  the  first  house  of  the  historic  district 
of  the  town.  The  success  of  the  method  depended 
largely  on  the  power  of  the  imagination  to  give  the 
different  houses,  rooms,  etc.,  characteristic  varieties 
of  aspect,  and  we  may  suppose  that  it  was  the  effort 
to  frame  suitable  images  and  places,  giving  an  adven¬ 
titious  interest  to  dry  details,  that  constituted  the  real 
advantage  of  the  system.  Except  that  the  rules  of 
mnemonics  are  referred  to  by  Martianus  Capella, 
nothing  further  is  known  regarding  the  practice  of  the 
art  until  the  13th  century,  when  the  system  of  the 
Romans  was  revived  and  a  good  many  treatises  were 
published  on  the  subject.  Among  the  voluminous 
writings  of  Roger  Bacon  is  a  tractate  De  Arte  Memora- 
tiva,  which  exists  in  MS.  at  Oxford.  Raymond  Lully 


J  Pliny,  H.  N.,v ii. 24.  Cicero,  De  Or.,  ii.  86,  mentions  this  belie 
Without  committing  himself  to  it. 


devoted  special  attention  to  mnemonics  in  connection 
with  his  ars  generalis.  The  first  important  modifica¬ 
tion  of  the  method  of  the  Romans  was  that  invented 
by  Conrad  Celtes,  a  German  poet,  who,  in  his  Epitoma 
in  utramque  Ciceronis  rhetoricam  cum  arte  memorativa 
nova  (1492),  instead  of  places  made  use  of  the  letters 
of  the  alphabet.  About  the  end  of  the  15th  century 
Petrus  de  Ravenna  awakened  such  astonishment  in 
Italy  by  his  mnemonic  feats  that  he  was  believed  by 
many  to  be  a  necromancer.  His  Phoenix  Artis  Me¬ 
moriae,  published  at  Venice  in  1491  in  four  volumes, 
went  through  as  many  as  nine  editions,  the  seventh 
appearing  at  Cologne  in  1608.  An  impression  equally 

great  was  produced  about  the  end  of  the  16th  century 
y  Lambert  Schenkel,  who  taught  mnemonics  in 
France,  Italy,  and  Germany,  and,  although  he  was 
denounced  as  a  sorcerer  by  the  university  of  Louvainj 
published  in  1593  his  tractate  De  Memoria  at  Douai 
with  the  sanction  of  that  celebrated  theological  faculty. 
The  most  complete  account  of  his  system  is  given  in 
two  works  by  his  pupil  Martin  Sommer,  published  at 
Venice  in  1619.  Giordano  Bruno,  in  connection  with 
his  exposition  of  the  ars  generalis  of  Lully,  included  a 
memoria  technica  in  his  treatise  De  Umbris  Idearum. 

About  the  middle  of  the  17th  century  Winckelmann 
made  known  what  he  called  the  “  most  fertile  secret” 
in  mnemonics,  namely,  the  use  of  letters  with  figures 
so  as  to  express  numbers  by  words ;  and  the  philoso¬ 
pher  Leibnitz  adopted  an  alphabet  very  similar  to  that 
of  Winckelmann  in  connection  with  his  scheme  for  a 
form  of  writing  common  to  all  languages.  Winckel¬ 
mann’ s  method  was  modified  and  supplemented  in 
regard  to  many  details  by  Richard  Grey,  who  pub¬ 
lished  a  Memoria  Technica  in  1730.  The  principal 
part  of  Grey’s  method  is  briefly  this :  “To  remember 
anything  in  history,  chronology,  geography,  etc.,  a 
word  is  formed,  the  beginning  whereof  being  the  first 
syllable  or  syllables  of  the  thing  sought,  does,  by  fre¬ 
quent  repetition,  of  course  draw  after  it  the  latter  part, 
which  is  so  contrived  as  to  give  the  answer.  Thus,  in 
history,  the  Deluge  happened  in  the  year  before  Christ 
two  thousand  three  hundred  forty-eight ;  this  is  signi¬ 
fied  by  the  word  Del etok,  Del  standing  for  Deluge  and 
etolc  for  2348.”  To  assist  in  retaining  the  mnemonical 
words  in  the  memory  they  were  formed  into  memorial 
lines.  The  vowel  or  consonant  which  Grey  connected 
with  a  particular  figure  was  chosen  arbitrarily  ;  but  in 
1806  Feinaigle,  a  monk  from  Salem  near  Constance, 
began  in  Paris  to  expound  a  system  of  mnemonics,  one 
feature  of  which  was  to  represent  the  numerical  figures 
by  letters  chosen  on  account  of  some  similarity  to  the 
figure  to  be  represented  or  some  accidental  connection 
with  it.  This  alphabet  was  supplemented  by  a  com¬ 
plicated  system  of  localities  and  signs,  with  the  aim  of 
expressing,  by  a  more  vivid  and  impressive  symbol, 
ideas  which  for  want  of  this  are  apt  to  pass  from  the 
memory,  and  of  establishing  between  ideas  of  the 
same  group  an  intimate  relation,  so  that  the  mention 
of  the  one  would  suggest  the  other.  Feinaigle,  who 
published  a  Notice  sur  la  mnSmonique  at  Paris  in  1806, 
came  to  England  in  1811,  and  in  the  following  year 
published  The  New  Art  of  Memori/.  A  simplified 
form  of  Feinaigle’s  method  was  published  in  1823  by 
Aime  Paris,  and  the  use  of  symbolic  pictures  was  re¬ 
vived  in  connection  with  the  latter  by  a  Pole,  Jazwin- 
sky,  of  whose  system  an  account  was  published  by  J. 
Bern,  under  the  title  Exposi  General  de  la  Methods 
Mnemonique  Polonaise,  perfectionnle  d  Paris ,  Paris, 
1839.  Various  other  modifications  of  the  systems  of 
Feinaigle  and  Aim4  Paris  were  advocated  by  subse¬ 
quent  mnemonists,  among  them  being  the  Phreno- 
tvping  or  Brain-Printing  method  of  Beniowsky,  the 
Phreno-Mnemotechny  of  Gouraud,  and  the  Mnemo- 
technik  of  Carl  Otto,  a  Dane.  The  more  complicated 
mnemonic  systems  have  fallen  almost  into  complete 
disuse ;  but  methods  founded  chiefly  on  the  laws  of 
association  have  been  taught  with  some  success  in 
Germany  by,  among  others,  Kothe,  who  is  the  author 
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of  Lehrbuch  der  Mnemonik ,  and  Katechismus  der 
Geddclitnisskunst ,  both  of  which  have  gone  through 
several  editions  ;  and  in  England  by  Dr.  Edward  Pick, 
whose  Memory  and  the  Rational  Means  of  Improving 
it  has  also  obtained  a  wide  circulation.  In  certain 
cases  mnemonical  devices  may  be  found  of  consider¬ 
able  service;  but  all  systems  which  have  aimed  at 
completeness  have  been  found  rather  to  puzzle  than 
aid  the  memory.  The  fullest  history  of  mnemonics  is 
that  given  by  J.  C.  F.  von  Aretin  in  his  Systematische 
Anleitung  zur  Theorie  und  Praxis  der  Mnemonik , 
1810. 

MOA.  See  Dinornis. 

MOAB.  Moab  and  Ammon  (children  of  Lot)  con¬ 
stitute  along  with  Edom  and  Israel  (children  of  Isaac) 
that  group  of  four  Hebrew  peoples  which  in  early  an¬ 
tiquity  had  issued  from  the  Syro-Arabian  wilder¬ 
ness,  and  settled  on  the  border  of  the  cultivated  coun¬ 
try  eastward  of  the  great  depression  which  extends 
from  the  Gulf  of  Elath  to  the  Dead  Sea,  and  up  the 
valley  of  the  Jordan.  According  to  the  book  of 
Genesis,  they  had  come  out  of  Mesopotamia,  and  so 
were  precursors  of  the  larger  wave  which  followed 
from  the  same  quarter,  forming  the  most  southern  out¬ 
post  of  the  Aramaean  immigration  into  the  lands  of 
Canaan  and  Heth.  Whether  the  Hebrews  were  origi¬ 
nally  Aramaeans  is  questionable,  but  it  is  certain  that, 
like  the  Aramaeans,  they  were  distinct  from  the 
Canaanites,  whose  conquerors  they  were.  Such  was 
the  relation  of  the  old  and  new  inhabitants,  not  only 
in  Western  Palestine,  after  the  Israelite  occupation, 
but  also,  and  from  a  much  earlier  period,  in  Eastern 
Palestine,  where  the  aborigines  were  Amorites — that 
is  Canaanites — and  where  the  Bne  Ammon  and  Moab 
and  the  Bne  Isaac  successively  settled  in  their  lands. 
The  old  population  did  not  disappear  before  the  con¬ 
querors,  but  continued  to  subsist  among  them.  In  a 
considerable  district — namely,  in  Gilead — the  Amorites 
even  remained  unsubdued,  and  thus  formed  a  gap, 
only  imperfectly  filled  up  by  the  Bne  Ammon,  between 
the  Hebrew  line  of  immigration  on  the  south  and  the 
Aramaean  line  more  to  the  north, — a  gap  which  did 
not  begin  to  close  until*  the  historical  period.  From 
this  district  they  even  endeavored,  and  with  some  suc¬ 
cess,  as  will  be  afterwards  seen,  to  recover  the  terri¬ 
tory  which  had  been  taken  from  them  in  the  south. 
But  where  they  were  the  subjects  of  the  Hebrews  they 
constituted  the  basis  of  the  population,  the  mainstock 
of  the  working  and  trading  classes.  The  extent  of 
their  influence  over  the  conquerors  may  be  judged 
from  the  fact  that  it  was  their  speech  which  gained  the 
upper  hand.  The  Moabites,  and  doubtless  also  the  Am¬ 
monites  and  Edomites,  spoke  the  language  of  Canaan 
as  well  as  the  Israelites.  They  must  have  learned  it 
from  the  Canaanites  in  the  land  eastward  of  Jordan, 
prior  to  the  period  at  which  Jacob  immigrated  to  and 
returned  from  Egypt.  Our  knowledge  is  extremely 
imperfect  as  regards  other  departments  of  the  Canaan- 
ite  influence ;  but  in  religion  it  has  left  a  noticeable 
trace  in  the  cultus  of  Baal-Peor,  which  was  carried  on 
in  Moabite  territory,  but  was  certainly  of  Canaanite 
origin. 

The  assumption  that  the  change  of  language  was  first 
brought  about  by  the  Israelites  in  the  land  which  is  called 
by  preference  that  of  Canaan,  is  rendered  untenable  by  the 
fact  that  the  Moabites  also  spoke  Canaanitish.  It  is  vain 
to  urge  against  the  identity  of  Hebrew  and  Canaanitish  the 
distinction  between  Phoenician  and  Hebrew;  for  doubtless 
similar  distinctions  existed  between  the  dialect  of  the 
Phoenician  coast  towns  and  that  of  the  Hivites,  Amorites, 
and  Canaanites  generally,  whose  language  the  Hebrews 
borrowed.  That  the  Aramaeans  of  Damascus,  who  also 
were  compelled  to  mingle  with  the  Hethites  in  the  country 
of  which  they  had  taken  possession,  nevertheless  retained 
their  original  tongue,  is  to  be  explained  by  the  circumstance 
that  they  continued  to  maintain  direct  relations  with  the 
mother-country  of  Mesopotamia,  and  moreover  had  greater 
internal  cohesion.  The  designation  Amorites,  usually  given 
in  the  Old  Testament  to  the  original  inhabitants  of  Eastern 
Palestine,  is  substantially  synonymous  with  that  of  Canaan¬ 


ites,  although  not  quite  so  comprehensive.  The  Palestine 
of  the  Pre-Israelitic  period,  which  in  the  Pentateuch  is 
called  the  land  of  Canaan,  figures  in  Amos  as  the  land  of 
the  Amorites.  While,  however,  the  former  name  is  be¬ 
stowed  chiefly  upon  that  portion  of  the  earlier  population 
which  had  remained  unconquered,  the  latter  is  given  to  the 
portion  against  which  the  Israelites  first  directed  their  at¬ 
tack,  and  in  whose  territory  they  settled.  This  took  place 
in  the  mountain  district,  first  to  the  east  and  afterwards  to 
the  west  of  Jordan.  For  this  reason  the  Amorites,  as  con¬ 
trasted  with  the  Canaanites  of  the  cities  of  the  level  coun¬ 
try,  are  a  highland  race,  like  the  Hebrews  themselves,  but 
belong  exclusively  to  the  past.  In  the  time  of  the  Biblical 
narrators,  the  Canaanites  are  still  living  here  and  there  in 
the  land,  but  the  Amorites  have  once  lived  where  the 
Israelites  now  are.  This  explains  the  fact  that,  while  in 
ordinary  peaceful  circumstances  the  Canaanites  are  named 
as  the  old  inhabitants,  the  Amorites  are  immediately  sub¬ 
stituted  for  them  wherever  war  and  conquest  are  spoken  of. 
Sihon  and  Og,  with  whom  Moses  does  battle,  are  kings  of 
the  Amorites;  in  like  manner  it  is  with  the  twelve  kings 
of  the  Amorites  that  Joshua  has  to  deal  westward  of  the 
Jordan.  The  Amorites  as  an  extinct  race  of  course  assume 
a  half-mythical  character,  and  are  represented  as  giants 
tall  as  cedars  and  strong  as  oaks. 

Just  as  Israel  was  the  people  of  Jehovah,  and  Am¬ 
mon  the  people  of  Milcom,  Moab  was  the  people  of 
Chemosh  (^E^,  Num.  xxi.  29).  The  kingship  of 
Chemosh  was  regarded  as  thoroughly  national  and  po¬ 
litical  in  its  character,  but  did  not  on  that  account  ex¬ 
clude  the  institution  of  a  human  king,  which  existed 
in  Moab  much  earlier  than  in  Israel ;  in  the  time  of 
Moses  the  Moabites  had  a  king,  and  the  institution  was 
even  then  an  old  one.  The  capitals  of  the  kingdom 
were  Ar-Moab  and  Kir-Moab,  south  from  the  Arnon ; 
these  were  not,  however,  the  constant  residences  of 
the  kings,  who  continued  to  live  in  their  native  places, 
as,  for  example,  Meslia  in  Dibon.  Doubtless  there 
were  changes  of  dynasty,  and  traces  exist  of  a  power¬ 
ful  aristocracy  (Ariele  Moab ;  2  Sam.  xxiii.  20). 

The  land  of  the  Moabites,  the  BalkA,  is  bounded 
northward  and  southward  by  Mount  Gilead  and  Wadi 
’1-Ahsa,  westward  and  eastward  by  the  Dead  Sea  and 
the  Wilderness  ;  it  is  divided  into  two  portions  by  the 
deep  bed  of  the  Arnon,  that  to  the  north  being  the  more 
level  (Mishor),  and  that  to  the  south  being  more  broken 
up,  and  constituting  the  proper  stronghold  of  the  na¬ 
tion.  The  soil  is  peculiarly  adapted  for  sheep-farm¬ 
ing  (2  Kings  iii. )  and  the  culture  of  the  vine  (Isa. 
xvi.).1 

The  historical  importance  of  the  Moabites  lies 
wholly  in  their  contact  with  Israel,  and  we  have  no 
knowledge  of  them  apart  from  this.  After  the  Israel¬ 
ites  had  quitted  Egypt  and  passed  a  nomadic  life  for 
about  a  generation  in  the  neighborhood  of  Kadesh, 
they  migrated  thence,  still  under  the  leadership  of 
Moses,  into  Northern  Moab,  dispossessing  the  Arnqr- 
ites,  who  had  made  themselves  masters  of  that  dis¬ 
trict.  The  interval  from  Kadesh  to  the  Arnon  could 
be  passed  only  by  a  good  understanding  with  Edom, 
Moab,  and  Ammon, — a  proof  that  the  ethnical  rela¬ 
tionships,  which  at  a  later  period  were  expressed  only 
in  legend,  were  at  that  time  still  living  and  practical. 
In  all  probability  the  Moabites  called  the  Israelites  to 
their  aid ;  they  were  not  as  yet  aware  that  this  little 
pastoral  people  was  destined  one  day  to  become  to 
them  a  greater  danger  than  the  Canaanites  by  whom 
they  were  threatened  at  the  moment.2 

\  There  does  not  seem  to  have  been  any  difference  in  this  re¬ 
spect  between  the  northern  and  southern  portions ;  instead  of 
Heshbon,  Sibmah,  and  Jaezer  (Isa.  xvi.),  the  poet  Hatim  of  Tayyi, 
a  little  before  Mohammed,  names  MaAb  and  Zoar  as  the  chief 
wine  centres  (YAkiit,  iv.  377, 19). 

2  The  facts  as  a  whole  are  indubitable ;  it  cannot  be  an  inven¬ 
tion  that  the  Israelites  settled  first  in  Kadesh,  then  in  Northern 
Moab,  and  thence  passed  into  Palestine  proper.  The  only  doubt¬ 
ful  point  is  whether  the  song  in  Num.  xxi.  27  sqq.  is  contempo¬ 
rary  evidence  of  these  events.  It  is  certainly  not  a  forgery,  but 
it  is  a  question  whether  it  really  refers  to  the  destruction  of 
the  kingdom  of  the  Amorites  at  Heshbon.  This  reference  rests 

entirely  upon  the  words  jITVD  'T3K  which  might  very 

well  be  omitted  as  a  mere  gloss,  in  which  case  the  song  would 
naturally  be  understood  as  directed  against  the  Moabites  them¬ 
selves;  it  is  in  this  last  sense  that  it  is  taken  by  the  author  of  Jer. 
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As  the  story  of  Balaam  indicates,  the  Moabites  would 
willingly  have  been  rid  of  their  cousins  after  their  ser¬ 
vice  had  been  rendered,  but  were  unable  to  prevent 
them  from  settling  in  the  land  of  Sihon.  The  migra¬ 
tion  of  the  tribes  of  Israel  into  Western  Palestine, 
however,  and  the  dissolution  of  their  warlike  confed¬ 
eration  soon  afterwards  made  a  restoration  of  the  old 
frontiers  possible.  If  King  Eglon  took  tribute  of 
Beniamin  at  Jericho,  the  territory  between  Arnon  and 
Jordan  must  also  have  been  subject  to  him,  and  Reu¬ 
ben  must  even  then  have  lost  his  land,  or  at  least  his 
liberty.  It  would  appear  that  the  Moabites  next  ex¬ 
tended  their  attacks  to  Mount  Gilead,  giving  their 
support  to  the  Ammonites,  who  during  the  period  of 
the  judges,  were  its  leading  assailants.  So  close  was 
the  connection  between  Moab  and  Ammon  that  the 
boundary  between  them  vanishes  for  the  narrators 
(Judges  xi.). 

Gilead  was  delivered  from  the  Ammonites  by  Saul, 
who  at  the  same  time  waged  a  successful  war  against 
Moab  ;  the  fact  is  lightly  touched  upon  in  1  Sam.  xiv. 
47,  as  if  this  were  a  matter  of  course.  The  establish¬ 
ment  of  the  monarchy  necessarily  involved  Israel  in 
feuds  with  its  neighbors  and  kin.  The  Moabites  be¬ 
ing  the  enemies  of  the  Israelite  kingdom,  David  nat¬ 
urally  sent  his  people  for  shelter  thither  when  he  had 
broken  with  Saul  •  the  incident  is  precisely  analogous 
to  what  happened  when  he  himself  at  a  later  period 
took  refuge  from  Saul’s  persecution  in  Philistine  ter¬ 
ritory,  and  needs  no  explanation  from  the  book  of 
Ruth.  As  soon  as  he  ceased  to  be  the  king’s  enemy 
by  himself  becoming  king,  his  relations  with  Moab 
became  precisely  those  of  his  predecessor.  The  war 
in  which  apparently  casual  circumstances  involved 
him  with  Hanun  ben  Nahash  of  Ammon  really  arose 
out  of  larger  causes,  and  thus  spread  to  Moab  and 
Edom  as  well.  The  end  of  it  was  that  all  the  three  He¬ 
brew  nationalities  were  incorporated  with  the  kingdom 
of  Israel ;  the  youngest  brother  eclipsed  and  subdued 
his  seniors,  as  Balaam  had  foreseen.  Through  the 
work  of  Saul  and  David  the  political  system  of  Pales¬ 
tine  was  altogether  changed  ;  the  smaller  peoples  were 
lo  longer  a  match  for  Israel,  which  established  a  de¬ 


cisive  preponderance,  and  transformed  what  had  hith¬ 
erto  been  jealousy  on  the  part  of  Moab  and  Ammon 
as  well  as  of  Edom  into  bitter  hatred  ;  this  hatred 
did  not  cease  even  after  "nothing  but  a  religious  sha¬ 
dow  remained  of  what  had  once  been  the  political  su¬ 
premacy  of  the  people  of  Jehovah. 

The  struggle  with  Ammon  which  David  began  ulti¬ 
mately  assumed  larger  dimensions,  and  brought  the 
Aramaeans  also  into  the  field  against  him.  He  was 
successful,  indeed,  against  them  also,  and  destroyed 
their  most  powerful  kingdom ;  but  after  his  death 
they  recovered  themselves,  and  pressed  steadily  on 
from  the  borders  of  the  wilderness  towards  the  sea ;  at 
their  head  were  those  kings  of  Damascus  who  had 
established  themselves  on  the  ruins  of  Zoba.  In  pres¬ 
ence  of  these  enemies  the  already  fading  distinction 
between  the  ruling  and  the  subject  nationality  within 
the  kingdom  of  Israel  now  completely  disappeared ; 
wid  even  towards  the  Canaanites  outside  the  relations 
of  the  kings  became  friendly.  It  is  in  one  instance  ex¬ 
pressly  stated  that  the  common  danger  threatening 
from  the  East  had  to  do  with  this  (2  Sam.  viii.  9  sqq. ). 
But,  conversely,  it  was  natural  that  Ammon  and  Moab 
should  make  common  cause  with  the  Aratmeans ;  such 
an  attitude  was  suggested  by  geographical  position 
and  old  connections,  but  above  all  by  their  helpless  fury 
against  Israel.  Both  nationalities  must  have  succeeded 
in  emancipating  themselves  very  soon  after  David’s 

fssi^n  in  Stad,e’s  Zeitschr.  f.  A  Tliche  Wissensch 

XihPnfMAn9hL^-iSuaei  §ot,  fhe  better  of  the  Amorites  on  the 
Midian n n  t h o  ”  *1 m  a  d ^ < k  1  f  the  Edomites  vanquish  the 
in  Oidpnn^  H^i  of  Moabv(Gen-  xxxvi.  35) ;  this  took  place 

1,0  <Tlde°n  s  time,  as  is  borne  out  by  the  fact  that  between  Hadad 
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death,  and  only  now  and  then  was  some  strong  king  of 
Israel  able  again  to  impose  the  yoke  for  a  time,  not  upon 
the  Ammonites  indeed,  but  upon  Moab.  The  first  to  do 
so  was  Omri,  who  garrisoned  a  number  of  their  towns 
and  compelled  the  king  to  acknowledge  Israel’s  suze¬ 
rainty  by  a  yearly  tribute  of  sheep,— a  state  of  matters 
which  continued  to  the  death  of  Ahab  ben  Omri.  But 
when  that  brave  king  fell  in  battle  with  the  Ara¬ 
maeans  at  Ramoth  Gilead  (about  850  B.C.),  Mesha  of 
Dibon,  then  the  ruler  of  Moab,  seized  the  favorable 
opportunity  to  make  himself  and  his  people  indepen¬ 
dent.  In  his  famous  inscription  he  tells  how,  through 
the  wrath  of  Chemosh,  the  land  had  fallen  into  the 
enemy’s  power  and  endured  forty  years  of  slavery,  and 
how  by  the  grace  of  Chemosh  the  yoke  is  now  broken 
and  the  Israelites  ignominiously  driven  off.  In  the 
Bible  we  find  only  the  curt  statement  that  Moab  re¬ 
belled  against  Israel  after  the  death  of  Ahab  (2  Kings 
i. ) ;  on  the  other  hand,  there  is  a  full  narrative  of  a 
later  attempt  on  the  part  of  Joram  ben  Ahab  to  bring 
Mesha  again  into  subjection— an  attempt  which  prom¬ 
ised  very  well  at  first,  but  ultimately  failed  completely. 
Joram ’s  invasion  took  place  not  from  the  north  but 
(probably  very  unexpectedly  to  the  enemy)  from  the 
frontier  of  Edom  over  the  Wadi  ’1-Ahs&  ;  he  marched 
through  J udah  and  Edom,  and  the  kings  of  those  coun¬ 
tries  served  as  auxiliaries.  He  defeated  a  Moabite  army 
on  the  frontier,  penetrated  into  the  country  and  laid  it 
waste  ;  he  laid  siege  to  the  fortress  of  Kir-Moab  so 
closely  as  to  reduce  it  to  great  straits.  But  these 
straits  seem  to  have  filled  the  besieged  with  a  des¬ 
perate  courage,  for  the  fortunes  of  war  suddenly 
changed.  The  Israelites  were  compelled  to  retire  home¬ 
ward,  a  great  wrath  (of  Jehovah)  having  come  upon 
them,  that  is,  a  severe  disaster  having  befallen  them, 
which  is  not  described,  but,  from  the  nature  of  the 
case,  must  have  been  a  sudden  surprise  and  defeat  by 
the  enemy. 1 

As  the  Moabites  owed  their  liberation  from  Israelite 
supremacy  to  the  battle  of  Ramah— that  is,  to  the 
Aramaeans— we  accordingly  find  them  (as  well  as  the 
Ammonites)  afterwards  always  seconding  the  Ara¬ 
maeans  in  continual  border  warfare  against  Gilead  in 
which  they  took  cruel  revenge  on  the  Israelites.  With 
what  bitterness  the  latter  in  consequence  were  wont  to 
speak  of  their  hostile  kinsfolk  can  be  gathered  from 
Gen.  xix.  30  sqq.. — the  one  trace  of  open  malice  in  the 
story  of  the  patriarchs,  and  all  the  more  striking  as  it 
occurs  m  a  narrative  of  which  Lot  is  the  hero  and 
saint,  which  therefore  in  its  present  form  is  of  Moabite 
origin,  although  perhaps  it  has  a  still  older  Canaanite 
nucleus.  Of  these  border  wars  we  learn  but  little, 
although  from  casual  notices  it  can  be  seen  (2  Kings 
xin.  20 ;  Amos  i.  13 ;  comp.  2  Kings  v.  2)  that  they 
were  long  kept  up,  although  not  quite  uninterruptedly. 
But  when  at  length  the  danger  from  the  Aramaeans 
was  removed  for  Israel  by  the  intervention  of  the  As¬ 
syrians,  the  hour  of  Moab’s  subjection  also  came; 
Jeroboam  II.  extended  his  frontier  over  the  eastern 
territory,  as  far  as  to  the  brook  of  the  willows  (Wadi 
1-Ahsd).  (Perhaps  the  song  of  Num.  xxi.  27  sqq.  has 
reference  to  these  events.)  A  vivid  picture  of  the  con¬ 
fusion  and  anguish  then  prevalent  in  Moab  has  been 
preserved  to  us  in  the  ancient  prophecy  of  Isa.  xv., 
xvi.,  which  indeed  would  have  greater  historical  value 

i  The  narrative  of  Mesha  in  his  inscription  has,  strange  to  sav 
not  unfrequently  been  regarded  as  parallel  with  2  Kings  iii.,  and 
the  conclusion  been  drawn  that  the  Biblical  narrative  completely 
inverts  the  true  state  of  the  case,— it  is  difficult  to  see  for  what 
motives,  for  there  is  no  braggadocio  in  2  Kings  iii.  But  it  is  per- 
fectly  clear  that  the  narrative  of  2  Kings  iii.  presupposes  the  revolt 
oi  Mesha  as  an  old  affair ;  while,  on  the  other  hand,  Mesha’s  story 
on  tlie  stele  in  the  Louvre  is  a  narrative  of  this  very  revolt  and 
its  immediate  consequences;  it  is  accordingly  to  be  regarded  as 
parallel  with  2  Kings  l.  1.  Elisha’s  miracle  in  Wadi  q-AhsA  (2 
Kings  in.  16)  is  explained  by  the  locality  ,  Ahs4  means  a  sandv 
ground  with  moist  subsoil,  where,  by  digging  trenches,  water  is 
?her  (Probably  compulsory)  participation  of 
the  king  of  Edom  in  Joram’s  expedition  against  Moab  mav 
perhaps  be  brought  into  connection  with  the  act  that  the  Moab¬ 
ites  burned  to  lime  the  bones  of  a  king  of  Edom  (Amos  ii  l) 
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if  we  Were  able  to  tell  precisely  what  in  it  depicts  the 
present,  and  what  is  prediction  of  the  future.1 

This  utterance  of  an  older  prophet  was  repeated  some 
decennia  later  by  the  prophet  Isaiah,  with  the  addition 
of  a  clause  adapting  it  to  nis  time,  to  the  effect  that  the 
Assyrians  would  carry  out  in  all  its  fulness  the  hitherto 
imperfectly-exeeuted  threat.  The  Assyrians  actually 
subjugated  the  Moabites,  as  well  as  the  other  small 
peoples  of  that  region  ;  Dut  the  blow  was  apparently 
not  so  grave  as  Isaiah  had  predicted.  They  lay  more 
out  of  the  way  than  their  western  neighbors,  and  per¬ 
haps  their  resistance  to  the  scourge  of  God  was  not  so 
obstinate  as  to  demand  the  sharpest  measures.  What 
made  it  all  the  easier  for  them  to  reconcile  themselves 
to  the  new  situation  was  the  fact  that  the  Israelites 
suffered  much  more  severely  than  they.  From  these 
their  deadly  enemies  they  were  henceforth  forever 
free.  They  did  not  on  that  account,  however,  give  up 
their  old  hatred,  but  merely  transferred  it  from  Israel 
to  Judah.  The  political  annihilation  of  the  nation 
only  intensified  in  J erusalem  the  belief  in  its  religious 
prerogative,  and  against  this  belief  the  hostility  of 
neighbors  was  aroused  more  keenly  than  ever.  The 
deepest  offence  at  the  religious  exclusiveness  of  the 
people  of  Judaea,  which  then  first  began  to  manifest 
itself,  was,  as  is  easily  understood,  taken  by  their  near¬ 
est  relatives,  Edom  and  Moab.  They  gave  terrible 
expression  to  their  feelings  when  the  Chaldaeans  urged 
them  on  like  uncaged  beasts  of  prey  against  the  rebel¬ 
lious  Jews  ;  and  they  joined  loudly  in  the  general 
chorus  of  malignant  joy  which  was  raised  over  the 
burning  of  the  temple  and  the  ruin  of  the  holy  city. 2 

“  Because  Moab  saith  :  Behold  the  house  of  J udah 
is  like  all  the  other  nations,  therefore  do  I  open  his 
land  to  the  Bne  Kedem,”  says  the  prophet  Ezekiel 
(xxv.  8  sqq.).  His  threat  against  the  Moabites  as  well 
as  against  the  Edomites  and  Ammonites  is  that  they 
shall  fall  before  the  approach  of  the  desert  tribes. 
Probably  in  his  day  the  tide  of  Arabian  invasion  was 
already  slowly  rising,  and  of  course  it  had  first  to  over¬ 
take  the  lands  situated  on  the  desert  border.  At  all 
events  the  Arab  immigration  into  this  quarter  began 
at  an  earlier  date  than  is  usually  supposed :  it  con¬ 
tinued  for  centuries,  and  was  so  gradual  that  the  pre¬ 
viously-introduced  Aramseizing  process  could  Quietly 
go  on  alongside  of  it.  The  Edomites  gave  way  before 
the  pressure  of  the  land-hungry  nomads,  and  settled 
in  the  desolate  country  of  J  udah ;  the  children  of  Lot, 
on  the  other  hand,  appear  to  have  amalgamated  with 
them, — the  Ammonites  maintaining  their  individuality 
longer  than  the  Moabites,  who  soon  entirely  disap¬ 
peared. 

Israel  and  Moab  had  a  common  origin,  and  their 
early  history  was  similar.  The  people  of  Jehovah  on 
the  one  hand,  the  people  of  Chemosh  on  the  other, 
had  the  same  idea  of  the  Godhead  as  head  of  the 
nation,  and  a  like  patriotism  derived  from  religious 
belief, — a  patriotism  capable  of  extraordinary  efforts, 
and  which  has  had  no  parallel  in  the  West  either  in 
ancient  or  in  modem  times.  The  mechanism  of  the 
theocracy  also  had  much  that  was  common  to  both 
nations  ;  in  both  the  king  figures  as  the  deity’s  repre¬ 
sentative,  priests  and  prophets  as  the  organs  through 
whom  he  makes  his  communications.  But,  with  all 
this  similarity,  how  different  were  the  ultimate  fates 
of  the  two!  The  history  of  the  one  loses  itself  ob- 


1  In  Isa.  xv.  xvi.  it  is  presupposed  that  the  attack  upon  Moab 
has  been  made  from  the  north,  at  a  time  when  Judah  is  a  com¬ 
paratively  powerful  kingdom,  exercising  sovereignty  over  Edom 
also,  and  in  a  position  to  afford  shelter  to  the  fugitive  Moabites, 
thus  not  being  itself  at  war  with  them.  These  marks  taken  to- 

f ether  can  only  apply  to  the  period  of  Jeroboam  II.  and  Uzziah. 

litzig  will  have  it  that  Jonah  ben  Amittai  wrote  Isa.  xv.  xvi. ; 
but  according  to  2  Kings  xiv.  25  that  prophet  preached  prosperity 
to  Jeroboam,  and  not  disaster  to  the  Moabites. 

a  Zeph.  ii.  8  sq. ;  2  Kings  xxiv.  2,  and  Jer.  xii.  9  sqq. ;  Ezek.  xxv. 
8  sqq.  It  need  hardly  be  said  that  the  Moabites  snared  the  fate 
of  all  the  Palestinian  peoples  when  supremacy  passed  from  the 
Assyrians  to  the  Chaldaeans,  and  that,  notwithstanding  their 
hatred  of  the  Jews,  they  had  no  difficulty  in  seeking  alliances 
with  them,  when  occasions  arose  on  which  they  could  be  made 
useful  (Jer.  xxvii.  3). 


scurely  and  fniitlessly  in  the  sand  ;  that  of  the  other 
issues  in  eternity.  One  reason  for  the  difference  (which, 
strangely  enough,  seems  to  have  been  felt  not  by  the 
Israelites  alone  but  by  the  Moabites  also)  is  obvious. 
Israel  received  no  gentle  treatment  at  the  hands  of  the 
world  ;  it  had  to  carry  on  a  continual  conflict  with 
foreign  influences  and  hostile  powers  ;  and  this  per¬ 
petual  struggle  with  gods  and  men  was  not  profitless, 
although  the  external  catastrophe  was  inevitable. 
Moab  meantime  remained  settled  on  his  lees,  and  was 
not  emptied  from  vessel  to  vessel  (Jer.  xlviii.  11),  and 
corruption  and  decay  were  the  result.  This  explana¬ 
tion,  however,  does  not  carry  us  far,  for  other  peoples 
with  fortunes  as  rude  as  those  of  Israel  have  yet  failed 
to  attain  historical  importance,  but  have  simply  disap¬ 
peared.  The  service  the  prophets  rendered  at  a  criti¬ 
cal  time,  by  raising  the  faith  of  Israel  from  the  tem¬ 
poral  to  the  eternal  sphere,  has  already  been  spoken 
of  in  the  article  Israel. 

Sources. — The  Old  Testament  (Ruth  and  Chronicles,  how¬ 
ever,  being  of  no  historical  worth  in  this  connection),  and 
the  inscription  of  Mesha,  on  the  stone  of  Dibon,  discovered 
in  1868,  and  now  in  the  Louvre.  The  Berlin  Moabitica  are 
valueless, — Schlottmann  himself,  the  unshaken  champion  of 
their  genuineness,  conceding  that  they  are  mere  scribbling, 
and  do  not  even  form  words,  much  less  sentences.  The  lit¬ 
erature  of  the  subject  is  to  be  found  in  the  commentaries  on 
the  Old  Testament  books,  and  in  those  on  the  inscription 
of  Mesha.  (j.  we.) 

MO'ALLAKjCt.  Al-Mo'aTlakdt  is  tbe  title  of  a 
group  of  seven  longisb  Arabic  poems,  which  have 
come  down  to  us  from  tbe  time  before  Islam.  Tbe 
name  signifies  “tbe  suspended”  (pi.),  the  traditional 
explanation  being  that  these  poems  were  hung  up  by 
the  Arabs  on  or  in  the  Ka'ba  at  Mecca.  The  oldest 
passage  known  to  the  writer  where  this  is  stated  occurs 
in  the  'Ikd  of  the  Spanish  Arab,  Ibn  Abd-Rabbih 
(a.d.  861-940),  Bul&k  ed.  vol.  iii.  p.  116  sq.  __  We  read 
there:  “The  Arabs  had  such  an  interest  in  poetry, 
and  valued  it  so  highly,  that  they  took  seven  long 
pieces  selected  from  the  ancient  poetry,  wrote  them  in 
gold  on  rolls  (?)  of  Coptic  cloth,  and  hung  them  up 
('allakat)  on  the  curtains  which  covered  the  Ka'ba. 
Hence  we  speak  of  ‘the  golden  poem  of  Amraalkais,’ 
‘the  golden  poem  of  Zohair.’  The  number  of  the 
golden  poems  is  seven  ;  they  are  also  called  ‘  the  sus¬ 
pended1  ( al-Mo'allakdt ).”  Similar  statements  are 
frequent  in  later  Arabic  works.  But  against  this  we 
have  the  testimony  of  a  contemporary  of  Ibn  'Abd- 
Rabbih,  the  grammarian  Nahh&s  (ob.  A.D.  949),  who 
says  in  his  commentary  on  the  Mo'allak&t:  “As  for 
the  assertion  that  they  were  hung  up  in  [sic]  the  Ka'ba, 
it  is  not  known  to  any  of  those  who  have  handed  down 
ancient  poems.  ” 8  This  cautious  scholar  is  unquestion¬ 
ably  right  in  rejecting  a  story  so  utterly  unauthenti¬ 
cated.  The  customs  of  the  Arabs  before  Mohammed 
are  pretty  accurately  known  to  us  ;  we  have  also  a  mass 
of  information  about  the  affairs  of  Mecca  at  the  time 
when  the  Prophet  arose  ;  but  no  trace  of  this  or  any¬ 
thing  like  it  is  found  in  really  good  and  ancient  au¬ 
thorities.  We  hear,  indeed,  of  a  Meccan  hanging  up 
a  spoil  of  battle  on  the  Ka'ba  (Ibn  Hish&m,  ea.  Wus- 
tenfeld,  p.  431).  Less  credible  is  the  story  of  an  im¬ 
portant  document  being  deposited  in  that  sanctuary, 
for  this  looks  like  an  instance  of  later  usages  being 
transferred  to  pre-Islamic  times.  But  at  all  events 
this  is  quite  a  different  thing  from  the  hanging  up  of 
poetical  manuscripts.  To  account  for  the  disappear¬ 
ance  of  the  Mo'allakdt  from  the  Ka'ba  we  are  told,  in 
a  passage  of  late  origin  (De  Sacy,  Chrestom.,  ii.  480), 
that  they  were  taken  down  at  the  capture  of  Mecca  by 
the  Prophet.  But  in  that  case  we  should  expect  some 
hint  of  the  occurrence  in  the  circumstantial  biogra¬ 
phies  of  the  Prophet,  and  in  the  works  on  the  history 
of  Mecca  ;  and  we  find  no  such  thing.  That  long  poems 
were  loritten  at  all  at  that  remote  period  is  im¬ 
probable  in  the  extreme.  All  that  we  know  of  the 

3  Ernst  Frenkel,  AurNaM/U?  Oommentarzur  Mu'allaqa  des  Imruifr 
Qa is  (Halle,  1876),  p.  viii. 
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diffusion  of  Arabic  poetry,  even  up  to  a  time  when 
the  art  of  writing  had  become  far  more  general  than 
it  was  before  the  spread  of  Islam,  points  exclusively  to 
oral  tradition.  Moreover,  it  is  quite  inconceivable  that 
there  should  have  been  either  a  guild  or  a  private  in¬ 
dividual  of  such  acknowledged  taste,  or  of  such  influ¬ 
ence,  as  to  bring  about  a  consensus  of  opinion  in  favor 
of  certain  poems.  Think  of  the  mortal  offence  which 
the  canonization  of  one  poet  must  have  given  to  his 
rivals  and  their  tribes !  It  was  quite  another  thing  for 
an  individual  to  give  his  own  private  estimate  of  the 
respective  merits  of  two  poets  who  had  appealed  to 
him  as  umpire  ;  or  for  a  number  of  poets  to  appear  at 
large  gatherings,  such  as  the  fair  of  'Ok&z,  as  candi¬ 
dates  for  the  place  of  honor  in  the  estimation  of  the 
throng  which  listened  to  their  recitations.  In  short, 
this  legend,  so  often  retailed  by  later  Arabs,  and  still 
more  frequently  by  Europeans,  must  be  entirely  re¬ 
jected.1  The  story  is  a  pure  fabrication  based  on  the 
name  “suspended.”  The  word  was  taken  in  its  lit¬ 
eral  sense ;  and  as  these  poems  were  undoubtedly 
prized  above  all  others  in  after  times,  the  same  opinion 
was  attributed  to  “the  [ancient]  Arabs,”  who  were 
supposed  to  have  given  effect  to  their  verdict  in  the 
way  already  described. .  A  somewhat  simpler  version, 
also  given  by  Nahh&s  in  the  passage  already  cited,  is 
as  follows:  “Most  of  the  Arabs  were  accustomed  to 
meet  at  'Ok&z  and  recite  verses ;  then  if  the  king  was 
pleased  with  any  poem,  he  said,  ‘  Hang  it  up,  and  pre¬ 
serve  it  among  my  treasures.’  ”  But,  not  to  mention 
other  difficulties,  there  was  no  king  of  all  the  Arabs  ; 
and  it  is  hardly  probable  that  any  Arabian  king  at¬ 
tended  the  fair  at  'Okav.  The  story  that  the  poems 
were  written  in  gold  has  evidently  originated  in  the 
name  “the  golden  poems”  (literally  “the  gilded”), 
a  figurative  expression  for  excellence.  We  must  in¬ 
terpret  the  designation  “suspended”  on  the  same 
principle.  In  all  probability  it  means  those  (poems) 
which  have  been  raised,  on  account  of  their  value,  to 
a  specially  honorable  position.  Another  derivative  of 
the  same  root  is  ' ilk ,  ‘‘  precious  thing.” 

The  selection  of  these  seven  poems  can  scarcely  have 
been  the  work  of  the  ancient  Arabs  at  all.  It  is  much 
more  likely  that  we  owe  it  to  some  connoisseur  of  a 
later  date.  Now  Nahh&s  says  expressly  in  the  same 
passage :  “  The  true  view  of  the  matter  is  this :  when 
Hammad  arr&wiya  (Hamm&d  the  Rhapsodist)  saw  how 
little  men  cared  for  poetry,  he  collected  these  seven 
pieces,  urged  people  to  study  them,  and  said  to  them : 

*  These  are  the  [poems]  of  renown.  ’  ’  ’  And  this  agrees 
with  all  our  other  information.  Hammad  (who  lived 
in  the  first  three  quarters  of  the  8th  century  A.  D.)  was 
perhaps  of  all  men  the  one  who  knew  most  Arabic  po¬ 
etry  by  heart.  The  recitation  of  poems  was  his  pro¬ 
fession.  To  such  a  rhapsodist  the  task  of  selection  is 
in  every  way  appropriate ;  and  it  maybe  assumed  that 
he  is  responsible  also  for  the  somewhat  fantastic  title 
of  ‘  ‘  the  suspended.  ’  ’ 

The  collection  of  Hamm&d  appears  to  have  consisted 
of  the  same  seven  poems  which  are  found  in  our  mod¬ 
ern  editions,  composed  respectively  by  Amraalkais, 
Tarafa,  Zohair,  Labid,  'Antara,  'Amr  ibn  Kolthiim, 
and  H&rith  ibn  Hilliza.  These  are  enumerated  both 
by  Ibn  'Abd-Rabbih,  and,  on  the  authority  of  the 
older  philologists,  by  Nahh&s ;  and  all  subsequent 
commentators  seem  to  follow  them.  We  have,  how¬ 
ever,  evidence  of  the  existence,  at  a  very  early  period, 
of  a  slightly  different  arrangement.  Two  of  the  fore¬ 
most  authorities  in  Arabic  poetry  are  AM  'Obaida 
and  Mofaddal, —  men  who  for  care  and  accuracy 
in  preserving  the  genuine  text  were  far  ahead 

1  Doubts  had  already  been  expressed  by  various  scholars,  when 
Hengstenberg— rigid  conservative  as  he  was  in  theology— ope:  ly 
challenged  it ;  and  since  then  it  has  been  controverted  at  length 
in  Noldeke’s  Beitrdge  zur  Kenntniss  der  Poesie  der  cdten  Araber  (Han¬ 
over,  1864),  p.  xvii.  sqq.  Our  highest  authority  on  Arabic  poetry. 
Professor  Ahlwardt,  concurs  in  this  conclusion ;  see  his  Berner- 
kungen  liber  die  Aechiheit  der  alien  arabischen  Gediehie  (1872),  p 


of  their  much  older  contemporary  Hammad.  Both 
of  these  inserted  a  poem  by  N&bigha  and  one  by 
A'sha  in  place  of  those  of  'Antara  and  H&rith ; 2 
and  if  our  informant  has  expressed  himself  cor¬ 
rectly,  they  also  called  this  modified  collection 
Mo'allakat.  Mofaddal  employs,  besides,  the  names 
‘  ‘  the  seven  long  [poems]  ’  ’  and  ‘  ‘  the  necklaces.  ’  ’  This 
last  became  afterwards  a  common  title  for  the  seven 
poems.  The  comparison  of  songs  to  strings  of  pearls 
is  a  very  apt  one,  from  the  nature  of  the  Arabic  poem, 
composed  as  it  is  of  separate  loosely-connected  parts. 
Hence  it  became  so  popular  that  even  in  ordinary 
prose  to  speak  in  rhythmical  form  is  called  simply 
nazm ,  ‘  ‘  to  string  pearls.  ’  ’  Mofaddal  expressly  op¬ 
poses  the  view  of  those  who  did  not  acknowledge  tne 
preeminence  of  the  seven  poets  selected  by  him.  This 
appears  to  be  an  attack  on  Hammad  for  including  in 
his  collection  the  works  of  two  men  who  for  poetic 
fame  could  certainly  never  enter  the  lists  with  N&bi- 

f(ha  and  A'sh&.  It  is  prima  facie  more  likely  that  a 
ater  writer  should  have  replaced  the  less  famous  poets 
by  those  who  were  universally  placed  in  the  first  rank, 
than  vice  versa.  Perhaps  another  fact  is  of  some  im¬ 
portance  here.  Hammad,  a  Persian  by  descent,  was 
a  client  of  the  Arab  tribe,  Bakr  ibn  Wail.  In  the 
heathen  period  this  tribe  was  much  at  war  with  the 
closely-related  tribe  Taghlib.  Now  of  all  Arabic  po¬ 
ems  none  was  more  famous  than  that  in  which  'Amr 
ibn  Kolthiim  celebrates  in  glowing  terms  the  praises 
of  his  tribe  Taghlib.  If,  therefore,  Hammad’s  collec¬ 
tion  embraced  this  poem,  it  was  very  natural  for  him 
to  gratify  his  patrons  the  Bakrites  by  placing  alongside 
of  it  that  of  Harith — a  Bakrite  and  contemporary  of 
'Amr— where  he  extols  his  own  tribe  and  assails  the 
Taghlibites  with  bitter  scorn.  Such  considerations 
did  not  affect  AM  'Obaida  and  Mofaddal. 

The  authority  of  these  men  has  so  far  prevailed 
that  the  poems  of  their  favorites  Nabigha  and  A'sha 
often  appear  in  the  manuscripts,  not  indeed  instead  of 
those  of  'Antara  and  H&rith,  hut  after  the  other  seven. 
Thus  we  sometimes  read  of  nine  Mo'allak&t.  The  first 
author  in  whom  the  writer  has  observed  this  is  the  great 
philosophic  historian  Ibn  Khaldiin  (a.d.  1332-1406)  ; 
he  mentions  instead  of  H&rith  the  far  more  celebrated 
'Alkama  ;  whether  relying  on  ancient  authority,  or  by 
an  oversight,  we  cannot  tell.  In  an  excellent  collec¬ 
tion  of  forty-nine  long  poems  by  Abu  Zaid  al-Korashf 
(date  unknown)  Mofaddal’s  seven  poets  appear  in  the 
first  class,  “the  necklaces;”  but  N&bigha  and  A'sh& 
are  each  represented  by  a  different  piece  from  that 
usually  reckoned  among  the  Mo'allak&t.  By  this  editor 
the  name  “golden  poems,”  which,’  as  we  have  seen, 
sometimes  occurs  as  a  synonym  of  “Mo'allak&t,”  is 
applied  to  seven  quite  distinct  songs.8  This  uncertainty 
as  to  the  selection  and  the  titles  may  serve  as  an 
additional  proof  that  the  “suspension,  on  the  Ka'ba 
or  anywhere  else,  is  a  fable. 

The  lives  of  these  seven  (or  nine)  poets  were  spread 
over  a  period  of  more  than  a  hundred  years.  The 
earliest  of  them,  according  to  the  common  and  prob¬ 
ably  correct  opinion,  was  Amraalkais  (pronounced  also 
Imroolkais,  Imraalkais,  etc.),  regarded  by  many  as 
the  most  illustrious  of  Arabian  poets.  His  exact  date 
cannot  be  determined ;  but  probably  the  best  part  of 
his  career  fell  within  the  first  half  of  the  6th  century. 
He  was  a  scion  of  the  royal  house  of  the  tribe  Kinda, 
which  lost  all  its  power  at  the  death  of  King  Harith 
ibn  'Amr  in  the  year  529.4  The  poet’s  royal  father, 
Hojr,  by  some  accounts  a  son  of  this  H&rith,  was 
killed  by  Bedouins.  The  son  led  an  adventurous  life 
as  a  refugee,  now  with  one  tribe,  now  with  another, 
and  appears  to  have  died  young.  The  anecdotes 
related  of  him — which,  however,  are  very  untrust- 


2  The  passage  is  cited  by  Noldelke,  Beitrdge,  p.  xx.  sq. 

3  See  NOldeke,  Beitrdge,  p.  xxl.,  and  the  catalogue  of  the 
Arabic  codd.  in  the  British  Museum,  p.  480  sqq. 

*  See  Tabari's  Geschichte  der  Perser  und  Araber  .  .  .  ubersetd  von 
Th.  Nbldeke  (Leyden,  1879),  p.  171. 
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worthy  in  detail — as  well  as  his  poems,  imply  that  the 
glorious  memory  of  his  house  and  the  hatred  it  in¬ 
spired  were  still  comparatively  fresh,  and  therefore 
recent. 

The  Mo'allaka  of  'Amr  hurls  defiance  against  the 
king  of  Hira,  'Amr  son  of  Mundhir,  who  reigned 
from  the  summer  of  554  till  568  or  569,  and  was  after¬ 
wards  slain  by  our  poet.1  This  prince  is  also  addressed 
by  Harith  in  his  Mo'allaka.  Of  Tarafa,  who  is 
said  to  have  attained  no  great  age,'  a  few  satirical 
verses  have  been  preserved,  directed  against  this  same 
king.  This  agrees  with  the  fact  that  a  grandson  of 
the  Kais  ibn  Khalid,  mentioned  as  a  rich  and  influ¬ 
ential  man  in  Tarafa’s  Mo'allaka  (v.  80  or  81),  figured 
at  the  time  of  the  battle  of  Dhii  Kar,  in  which  the 
tribe  Bakr  routed  a  Persian  army.  "  This,  battle  falls 
between  A.D.  604  and  610  (Noldeke’s  Tabari ,  p.  311). 

The  Mo'allaka  of  'Antara  and  that  of  Zohair 
contain  allusions  to  the  feuds  of  the  kindred  tribes 
'Abs  and  Dhobyan.  Famous  as  these  contests  were, 
their  time  cannot  be  ascertained.  But  the  date  of  the 
two  poets  can  be  approximately  determined  from  other 
data.  Ka'b,  son  of  Zohair,  composed  first  a  satire, 
and  then,  in  the  year  630,  a  eulogy  on  the  Prophet ; 
another  son,  Bojair,  had  begun,  somewhat  sooner,  to 
celebrate  Mohammed.  'Antara  killed  the  grandfather 
of  the  Ahnaf  ibn  Kais  who  died  at  an  advanced  age 
in  A.D.  686  or  687  ;  he  outlived  'Abdallah  ibn  Simma, 
whose  brother  Doraid  was  a  very  old  man  when  he 
fell  in  battle  against  the  Prophet  (early  in  A.D.  630) ; 
and  he  had  communications  with  Ward,  whose  son, 
the  poet  'Orwa,  may  perhaps  have  survived  the  flight 
of  Mohammed  to  Medina.  From  all  these  indications 
we  may  place  the  productive  period  of  both  poets  in 
the  end  of  the  6th  century.  The  historical  back¬ 
ground  of  'Antara’s  Mo'allaka  seems  to  lie  somewhat 
earlier  than  that  of  Zohair’ s. 

To  the  same  period  appears  to  belong  the  poem  of 
'Alkama,  which,  as  we  have  seen,  Ibn  Khaldun  reck¬ 
ons  amongst  the  Mo'allakat.  This  too  is  certainly  the 
date  of  Nabigha,  who  was  one  of  the  most  distin¬ 
guished  of  Arabic  poets.  For  in  the  poem  often  reck¬ 
oned  as  a  Mo'allaka,  as  in  many  others,  he  addresses 
himself  to  the  above-named  No'man,  king  of  Hira, 
who  reigned  in  the  two  last  decades  of  the  6th  century. 
The  same  king  is  mentioned  as  a  contemporary  in  one 
of  'Alkama’ s  poems. 

The  poem  of  A’shA,  which  Mofaddal  placed  among 
the  Mo'allakAt,  contains  an  allusion  ito  the  battle  of 
Dhii  Kar  (under  the  name  “Battle  of  Hinw,”  v.  62). 
This  poet,  not  less  famous  than  Nabigha,  lived  to 
compose  a  poem  in  honor  of  Mohammed,  and  died  not 
long  before  A.D.  630. 

Labid  is  the  only  one  of  these  poets  who  embraced 
Islam.  His  Mo'allaka,  however,  like  almost  all  his 
other  poetical  works,  belongs  to  the  pagan  period.  He 
is  said  to  have  lived  till  661  or  even  later ;  certainly  it 
is  true  of  him,  what  is  asserted  with  less  likelihood  of 
several  others  of  these  poets,  that  he  lived  to  a  ripe 
old  age. 

We  have  already  mentioned  that  the  old  Arabic 
poetry  was  transmitted  not  by  manuscripts  but  simply 
through  oral  tradition.  Many  pieces,  especially  the 
shorter  ones,  may  have  owed  their  preservation  to  their 
hold  on  the  popular  memory.  _  But  fortunately,  there 
was  a  class  of  men  who  made  it  their  special  business 
to  learn  by  rote,  and  repeat,  the  works  either  of  a 
single  poet  or  of  several.  The  poets  themselves  used 
the  services  of  such  rhapsodists  ( rdtois ).  The  last 
representative  of  this  class  is  Hammad,  the  man  who 
formed  the  collection  of  Mo'allakat ;  but  he,  at  the 

i  See  Noldeke’s  Tabari,  pp.  170, 172.  ,  „ 

*  This  evidence  might  be  supplemented  from  a  poem  in  Zo- 
hair’s  name,  whose  author  describes  himself  as  a  man  of  ninety 
years,  and  in  which  the  downfall  of  King  No'm&n  of  Hira  (a.d. 
601,  see  Tabari,  p.  347)  is  spoken  of  as  a  not  very  recent  event. 
But  the  genuineness  of  this  poem  is  more  than  doubtful  (see 
Ahlwardt,  op.  cit.,  p.  64,  and  C.  J.  Lyall  in  the  Academy,  March  13, 
1880,  p.  192.) 
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same  time,  marks  the  transition  from  the  rhapsodist 
to  the  critic  and  scholar.  Now,  when  we  consider  that 
more  than  a  century — in  some  cases  two  centuries — 
elapsed  before  the  poems  were  fixed  by  literary  men, 
we  must  be  prepared  to  find  that  they  have  not  re¬ 
tained  their  original  form  unaltered.  The  most  favor¬ 
able  opinion  of  the  rhapsodists  would  require  us  to 
make  allowance  for  occasional  mistakes ;  expressions 
would  be  interchanged,  the  order  of  verses  disarranged, 
passages  omitted,  and  probably  portions  of  different 
poems  pieced  together.  The  loose  structure  of  the 
ancient  poems  rendered  them  peculiarly  liable  to  cor¬ 
ruptions  of  this  kind.  But  the  fact  is  that  Hammad 
in  particular  dealt  in  the  most  arbitrary  fashion  with 
the  enormous  quantity  of  poetry  which  be  professed  to 
know  thoroughly.  He  is  even  charged  with  falsifica¬ 
tions  of  all  sorts  in  this  department.  Of  others,  again 
— and  notably  of  the  great  philologist  Khalaf,  lPthe 
Bed  ” — it  is  credibly  reported  that  they  used  their  in¬ 
timate  knowledge  of  the  style  and  language  of  the 
ancients  to  pass  off  whole  poems  of  their  own  making 
as  the  productions  of  earlier  authors.  The  worst  an¬ 
ticipations  are  only  too  completely  confirmed  by  an 
examination  of  such  pieces  as  are  still  preserved,  as  is 
shown  most  conclusively  in  Ahlwardt’s  Bemerkungen , 
already  cited.  _  The  seven  Mo'allakat  are  indeed  free 
from  the  suspicion  of  forgery,  but  even  in  them  verses 
are  frequently  transposed ;  in  all  there  are  lacunae ; 
and  probably  all  contain  verses  which  do  not  belong  to 
them.  Some  of  them  have  more  than  one  introduc¬ 
tion.  This  is  the  case  even  with  the  poem  of  'Amr, 
although,  as  the  finest  panegyric  of  his  very  powerful 
tribe,  it  must  have  had  a  wide  circulation.  The  true 
introduction  begins  at  v.  9  ;  before  that  we  find 
another  which  certainly  does  not  belong  to  this  poem, 
and  can  hardly  be  the  work  of  the  same  poet.  'Amr 
lived  in  the  desert  regions  near  the  lower  Euphrates, 
under  the  Persian  dominion  ;  whereas  the  author  of 
v.  8  boasts  of  his  carousals  in  several  parts  of  Roman 
Syria,  and  in  v.  1  he  speaks  of  drinking  wine  from  a 
place  in  Northern  Syria.  It  is  evident  that  all  attempts 
to  restore  the  original  order,  to  fill  up  blanks,  or  to 
remove  interpolations,  can  only  be  carried  to  a  certain 
degree  of  probability  at  the  best ;  there  must  always 
be  a  large  subjective  element  in  judgments  on  points 
of  the  kind.  Still  less  can  we  hope  to  discover  and 
rectify  the  minor  changes,  in  single  expressions  or 
grammatical  forms,  which  the  text  may  have  under¬ 
gone  before  it  was  fixed  in  writing.  It  may  be  re¬ 
marked  in  this  connection  that  where  any  ancient  song 
has  been  transmitted  through  two  different  grammati¬ 
cal  schools  it  generally  appears  in  two  considerably 
divergent  forms,  each  having  been  taken  down  from 
the  lips  of  a  separate  rawl.  Of  secondary  importance 
are  the  errors  due  to  later  copyists.  Considerable  as 
these  often  are,  we  are,  at  least  in  many  cases,  better 
able  to  correct  them. 

Even  the  masters  of  old  Arabian  poetry  do  not  ex¬ 
hibit  such  characteristic  differences  in  their  general 
manner  and  style  as  to  leave  in  the  mind  a  clear  idea 
of  their  individuality.  A  few  distinct  poetic  types 
emerge,  but  the  great  majority  of  these  poets  present 
a  somewhat  monotonous  aspect  to  the  Western  scholar, 
who  indeed  can  at  best  have  but  a  very  imperfect  feel¬ 
ing  for  nuances  of  style  in  this  field.  But  if  we  a>-e 
thus  unable  to  isolate  the  various  constituent  parts  of 
this  poetical  literature,  and  pass  a  critical  opinion  on 
each,  we  do  get  from  this  literature,  as  a  whole,  what 
is  of  far  greater  importance  than  an  aesthetic  estimate 
of  this  or  that  particular  poet,  viz.,  a  poetic  picture  of 
the  whole  life  and  activity  of  that  remarkable  people 
which,  amid  the  endless  agitation  and  endless  same¬ 
ness  of  its  existence,  and  in  an  extremely  inhospitable 
region,  was  preparing  one  of  the  mightiest  revolutions 
in  the  history  of  the  world.  This  collective  impres¬ 
sion  is  hardly  impaired  by  the  involuntary  alterations 
made  by  the  r&wfs  ;  nor  is  it  greatly  distorted  by  the 
forgers  of  the  2d  century  of  Islam,  who  were  thor- 
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oughly  familiar  with  the  spirit  and  style  of  antiquity, 
ana  seldom  did  violence  to  them. 

The  critics  of  the  2d  and  3d  centuries  A.  H.  unani¬ 
mously  ranked  the  poets  of  the  heathen  period  above 
those  of  Islam  ;  ana  in  that  verdict  we  must  concur. 
The  older  Moslem  poets  were  for  the  most  part  mere 
Epigoni,  content,  for  better  or  worse,  to  borrow  the 
style  of  their  pagan  predecessors.  It  is  only  natural, 
therefore,  that  the  seven  best  poems  should  have  been 
selected  from  the  productions  of  heathenism.  But 
how  these  particular  seven  came  to  be  fixed  upon,  it 
is  difficult  to  decide.  It  is  remarkable  that  people  who 
knew  thousands  of  such  poems  should  have  agreed  as 
to  the  superiority  of  five,  and  only  differed  about  two. 
No  doubt  the  selection  was  greatly  influenced  by  the 
widely  established  reputation  of  certain  poets,  like 
Amraalkais,  Zohair,  and  Tarafa  ;  while  in  other  cases 
single  poems,  such  as  that  of  'Amr,  stood  in  high  re¬ 
pute  for  special  reasons.  Still,  even  we,  with  a  much 
narrower  range  of  selection,  should  hardly  pick  out 
these  seven  as  the  finest.  In  all  probability  our  choice 
would  not  light  on  a  single  one  of  them.  The  truth  is, 
our  aesthetic  ideal  is  essentially  different  from  that  of 
those  old  litterateurs.  And,  while  we  may  certainly 
consider  our  own  taste,  formed  on  the  model  of  the 
Greeks  and  the  best  of  the  moderns,  to  be  on  the 
whole  purer  than  theirs,  we  must  not  forget  that  they 
had  the  advantage  of  perfect  knowledge  of  the  lan¬ 
guage  and  the  subject-matter,  and  could  thus  perceive 
a  multitude  of  beautiful  and  delicate  touches,  which 
we  either  miss  entirely  or  realize  with  laborious.  effort. 
The  world  of  the  old  Arabian  poet  lay  at  an  infinite 
remove  from  ours.  His  mental  horizon  was  narrow  : 
but  within  that  horizon  every  minute  detail  was  seized 
and  designated  with  precision.  Among  the  nomads, 
for  example,  the  smallest  point  of  the  horse  or  camel 
that  the  eye  can  see  has  its  importance ;  the  language 
has  precise  and  generally  understood  words  for  them 
all,  where  ours  has  only  technical  terms.  It  is  the 
same  with  all  the  physical  properties  of  the  animal — 
its  paces,  etc.  Thus,  when  a  poet  faithfully  described 
the  exterior  and  the  deportment  of  his  camel,  that 
was  to  his  hearers — ana  the  same  is  true  of  later 
critics — a  genuine  pleasure,  because.  the  description 
conveyed  to  them  a  definite  pictorial  impression.  But 
we  do  not  understand  the  details  of  the  picture ;  or, 
when  at  best  with  all  the  resources  of  tradition  and 
natural  history  we  have  gained  some  tolerable  compre¬ 
hension  of  them,  the  whole  still  leaves  us  indifferent. 
A  camel  to  us  is  simply  not  a  poetical  object ;  and  even 
a  horse  ceases  to  be  aesthetically  interesting — except 
erhaps  to  a  sportsman — when  one  is  asked  to  go  over 
is  points  in  detail.  For  this  reason  we  are  apt  to  find 
a  great  part  of  Tarafa’ s  Mo'allaka,  and  many  parts  of 
the  poems  of  Amraalkais,  viewed  as  poetry,  distaste¬ 
ful  rather  than  interesting.  More  attractive  are  the 
descriptions  of  the  life  ana  habits  of  wild  animals  in 
the  desert,  such  as  the  wild  ass  and  some  species  of 
antelope,  which  the  poets  are  fond  of  introducing  (see, 
e.g.,  the  Mo'allaka  of  Labfd).  There  are  also  many 
vivid  sketches  from  nature  to  be  met  with, — nature,  of 
course,  as  seen  in  the  very  monotonous  Arabian  land¬ 
scape.  Monotony,  indeed,  is  a  predominant  charac¬ 
teristic  of  this  poetry.  When  one  first  reads  poems 
where  the  bard  begins  by  shedding  tears  over  the 
scarcely  perceptible  traces  of  the  dwelling,  of  his  be¬ 
loved  m  years  gone  by,  one’s  sympathy  is  aroused. 
But  when  poem  after  poem  is  found  to  commence  with 
the  same  scene,  and  possibly  with  almost  the  same 
words  the  emotion  is  somewhat  damped.  No  doubt 
such  occurrences  must  really  have  been  very  common 
in  the  nomad  life;  nevertheless  the  suspicion  becomes 
at  last  irresistible  that  for  the  most  part  all  this  is 
pure  fiction.  Nor  can  we  be  sure  that  the  poets  are 
are  always  to  be  taken  auserieux  when  they  describe 
those  carousals,  and  other  adventures  in  peace  and  war, 
of  which  they  love  to  boast.  They  are  probably  more 
serious  in  the  narratives  of  their  love  experiences : 


these  are  often  very  highly  colored,  and  yet  are  Always 
pervaded  by  a  certain  natural  refinement,  which  is  too 
often  wanting  in  the  later  erotic  poetry  of  the  Mos¬ 
lems.  But  there,  too,  our  enjoyment  is  frequently 
marred  by  minute  and  even  prosy  descriptions  of  the 
physical  charms  of  the  object  of  affection. 

The  lyrical  and  even  the  more  rhetorical  passages  of 
the  poems  make  in  general  a  deeper  impression  upon 
us  than  the  descriptive  portions,  to  which  they  owe 
their  distinctive  character,  and  which  are  often  inti¬ 
mately  blended  with  the  former.  When  those  old 
Arabs  are  really  moved  by  love,  or  rage,  or  grief, 
when  personal  or  tribal  vanity  vents  itself  in  immod¬ 
erate  boasting,  invective,  or  banter,  then  they  strike 
chords  that  thrill  our  breasts.  In  those  passages 
where  genuine  human  feeling  is  stirred,  they  also  dis¬ 
play  far  greater  individuality  than  in  the  more  con¬ 
ventional  descriptions.  Especially  affecting  are  the 
numerous  passages  or  complete  poems  which  mourn 
over  the  beloved  and  venerated  dead.  Their  sober 
practical  philosophy  too,  as  it  is  presented  in  the 
Mo'allaka  of  Zohair  and  in  many  of  Labid’s  poems, 
is  really  impressive. 

The  Mo'allak4t  are  highly  characteristic  specimens 
of  this  poetry.  They  exhibit  nearly  all  its  merits  as 
well  as  most  of  its  defects.  Amongst  its  merits  we 
ought,  perhaps,  to  include  the  unfailing  regularity  of 
the  verse.  That  a  people  living  under  such  extremely 
simple  conditions  should  have  cultivated  a  purely 
quantitative  metre,  so  euphonious  and  so  rigorously 
adhered  to,  is  a  fact  worthy  of  our  highest  admiration. 
It  is  one  evidence  of  that  sense  of  measure  and  fixed 
form  which  is,  in  other  directions  also,  a  marked 
feature  in  the  life  and  speech  of  the  Arabs.  The 
mere  fact  that  in  their  verses  they  give  so  much  atten¬ 
tion  to  elegance  of  expression  deserves  commendation. 
Amongst  the  defects  of  this  poetry  we  must  empha¬ 
size  the  loose  connection  between  the  separate  parts. 
We  require  a  poem,  like  any  other  work  of  art?  to  be 
a  compact  unity ;  the  Arabs  and  many  other  Orientals 
lay  all  the  stress  on  the  details.  In  the  Mo'allaka  of 
Tarafa,  for  instance,  after  the  poet  has  spoken  long 
enough  about  his  beloved,  he  starts  off  in  this  fashion: 
“But  I  banish  care  when  it  cpmes  near  with  a  ’’ — she- 
camel  of  such  and  such  qualities,  and  then  proceeds 
to  give  a  description  of  his  riding-camel.  Equally 
abrupt  transitions  occur  in  almost  all  these  poems, 
generally  more  than  once,  in  the  same  poem.  In 
many  cases  a  sort  of  unity  is  preserved  by  making  the 
different  sections  represent  so  many  scenes  from  the 
life  of  the  poet  or  from  the  common  life  of  the 
Bedouins ;  but  even  then  there  is  something  unsatis¬ 
factory  in  the  want  of  real  connection.  It  does  not 
mend  matters  much  when  the  poet  keeps  up  a  merely 
mechanical  transition ;  as,  for  example,  when  he  speaks 
first  of  his  camel,  then  with  the  words  “  it  is  as  swift 
as  a  wild  ass  which,”,  etc.,  passes  to  a  description  of 
that  animal,  and  again  proceeds,  “or  as  swift  as  an 
ostrich  which,”  etc.,  in  order  to  introduce  the  ostrich. 

This  loose  structure  of  the  poems  explains  the  fact 
that  from  a  very  early  period  particular  pieces  were 
culled  from  larger  works  and  recited  by  themselves. 
For  the  town- Arabs  of  later  times  this  procedure  was 
especially  convenient.  For  them  the  wild  ass  or  oryx- 
antelope  had  little  attraction  ;  and  on  the  camel  they 
bestowed  about  as  much  notice  as  we  do  on  our  dray- 
horses  and  wagons.  But  the  love  and  hate,  the  pride 
and  scorn,  the  fierce  lust  of  revenge  and  the  wailing 
grief,  the  bravery  and  the  gayety,  which  breathed 
through  the  old  Bedouin  songs,  had  an  intense  fasci¬ 
nation  for  them.  We  see  that  their  attitude  towards 
that  poetry  had  in  some  degree  approximated  to  our 
own.  Hence  it  is  that  some  anthologies  from  the  old 
poetry,  made  by  men  of  learning  and  ability,  with  an 
eye  to  contemporary  tastes,  are  on  the  whole  much 
more  pleasing  to  us  than  the  complete  poems  them¬ 
selves.  This  is  eminently  true  of  the  excellent  collec¬ 
tion  edited  by  Abu  Tanunam,  himself  a  considerable 
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poet  (first  half  of  the  9th  century),  under  the  title 
‘  Hamasa”  (Valor).  This  collection,  which,  how¬ 
ever,  embraces  many  pieces  of  the  Moslem  period,  is 
certainly  fitted  to  give  a  European  a  rather  too  favor¬ 
able  idea  of  ancient  Arabic  poetry.  Whoever  wishes 
really  to  know  that  poetry — and  without  this  know¬ 
ledge  it  is  impossible  to  understand  the  Arabs  them¬ 
selves  or  their  language — must  betake  himself  to  those 
which,  like  the  Mo'aliak&t  and  others,  have  been  pre¬ 
served  more  or  less  in  their  integrity. 

The  Mo’allakit  have  been  repeatedly  printed,  separately 
and  collectively,  both  in  the  West  and  the  East,  generally 
with  an  Arabic  commentary.  A  good  commentary  by  a 
competent  European  is  a  real  desideratum.  A  work  of  this 
kind  would  do  more  for  the  understanding  of  the  poems 
than  any  poetical  translation,  which  must  always  fail  in 
rendering  these  definite  concrete  expressions  of  the  Arabs 
for  which  we  possess  neither  the  idea  nor  the  image.  A 
translation  must  either  be  a  mere  paraphrase  or  else  sub¬ 
stitute  something  utterly  vague.  (th.  n.) 

MOBILE,  a  city  and  port  of  entry  of  the  United 
States,  the  capital  of  Mobile  county,  and  though  not 
the  capital,  the  largest  city  of  Alabama,  lies  140  miles 
east  of  New  Orleans,  on  a  sandy  plain  on  tbe  west 
bank  of  Mobile  River,  one  of  the  arms  of  the  Alabama. 
The  municipal  boundary  includes  an  area  about  6 
miles  long  by  2  or  3  in  breadth ;  but,  excluding  the 
suburban  villas  scattered  about  the  nearer  hills,  the 
portion  occupied  by  the  buildings  of  the  city  proper  is 
not  more  than  a  mile  square.  In  the  matter  of  pav¬ 
ing  and  shade  the  streets  are  generally  good,  and  Gov¬ 
ernment  Street  especially,  with  its  fine  oak  trees  and 
gardens,  forms  an  attractive  promenade.  Besides  the 
spacious  granite  building  erected  in  1859  to  accommo¬ 
date  the  Custom-House,  the  Post  Office,  and  the 
United  States  courts,  the  principal  edifices  are  the 
Roman  Catholic  cathedral  of*  the  Immaculate  Concep¬ 
tion  (1833),  Christ  Church  (Episcopal)  (1837),  the 
City  Hospital  (1830),  the  United  States  Marine  Hos¬ 
pital  (1836),  the  Providence  Infirmary,  the  conjoint 
market-house  and  municipal  buildings,  Barton  Acad¬ 
emy  (occupied  by  the  high  schools),  and  the  Alabama 
Medical  College  (founded  in  1859).  About  6  miles 
out,  at  Spring  Hill,  is  the  Jesuit  College  of  St. 
Joseph,  established  by  Bishop  Portier  in  1832.  As  a 
commercial  centre  Mobile  is  in  some  respects  very 
favorably  situated.  It  is  the  only  port  of  Alabama ; 
the  estuary  on  which  it  stands  is  the  outlet  for  several 
navigable  rivers ;  and  it  is  the  seaward  terminus  of 
the  Mobile  and  Ohio  railroad,  the  Mobile  and  Mont- 
omery,  and  the  Grand  Trunk.  But,  on  the  other 
and,  it  lies  25  miles  from  the  coast ;  the  lagoon-like 
bay,  cut  off  from  the.  Gulf  of  Mexico  by  the  narrow 
isthmus  of  Mobile  Point,  is  extremely  shallow ;  and  in 
1879  no  vessel  drawing  more  than  13  feet  could  load 
and  unload  in  the  harbor  with  safety.  Since  1827.,  it 
is  true,  various  works  have  been  undertaken  to  im- 

£rove  the  approaches :  the  Choctaw  Pass  and  the 
log  River  Bar,  which  had  formerly  a  depth  of  little 
more  than  5  and  8  feet  respectively,  were  deepened  to 
17  feet  by  1882;  but  Mobile  will  not  take  rank  as  a 
satisfactory  ocean  port  till  the  scheme  (now  in  oper¬ 
ation)  for  constructing  a  wide  channel  more  than  20 
feet  deep  right  through  the  bay  has  been  fully  carried 
out.  The  cost  of  the  necessary  works  being  beyond 
the  power  both  of  the  city  and  State,  Congress  has 
granted  $270,000  for  the  purpose  of  widening  the 
channel  to  200  feet,  and  deepening  it  to  23  feet.  A 
private  company,  established  in  1876,  has  built  a 
breakwater  in  the  bay,  and  greatly  increased  the 
safety  of  the  harbor.  For  the  years  between  1855 
and  1859  the  average  value  of  exports  and  imports 
was  respectively  $23,419,266  and  $711,420;  the  follow¬ 
ing  figures  for  recent  years  show  a  considerable  decline 
on  the  total. 

In  cotton,  which  forms  the  staple  export,  the  falling  off  is 
particularly  noticeable,  632,308  bales  being  the  average  for 

1855  to  1859,  and  365,945,  392,319,  and  265,040  bales  the 


Years  ending  in 
June, 

Exports. 

Imports. 

1877 

812,784,171 

8648,404 

1878 

9,493,306 

1,148,442 

1879 

6,219,818 

544,628 

1880 

7,188,740 

425,519 

1881 

6,595,140 

671,252 

1882 

3,258,605 

396,573 

quantities  for  1879, 1880,  and  1881.  A  great  deal  of  what 
comes  to  the  Mobile  market  is  sent  to  New  Orleans  for  ship¬ 
ment,  partly  that  it  may  obtain  a  higher  price  as  “  Orleans  ” 
cotton.  Lumber,  shingles,  turpentine  and  rosin,  fish  and 
oysters,  and  coal,  are  also  important  items,  but  do  not  make 
in  the  aggregate  so  much  as  half  the  value  of  the  cotton. 
Among  the  local  industrial  establishments  are  several  spin¬ 
ning-mills,  breweries,  cooperages,  shipbuilding  yards,  foun¬ 
dries,  and  sash  and  door  works.  The  market  gardeners  of 
the  outskirts  produce  a  large  quantity  of  cabbages,  potatoes, 
watermelons,  tomatoes,  etc.,  to  supply  the  cities  of  the  West¬ 
ern  and  Northern  States  (value  in  1879,  $112,520;  1880, 
$174,483;  1881,  $159,706 ;  1882,  $367,194;  1883,  estimated 
$700,000).  Though  in  1820  it  had  no  more  than  2672  inhabit¬ 
ants,  Mobile  had  31,255  in  1880 ;  the  figures  for  the  inter¬ 
mediate  decades  being  3194  (1830),  12,672  (1840),  20,515 
(1850),  29,258  (1860),  and  38,461  (1900). 

Founded  as  a  fort  by  Lemoyne  d’Iberville  (de  Bienville) 
in  1702,  Mobile  continued  to  be  the  capital  of  the  colony  of 
Louisiana  till  1723,  when  this  rank  was  transferred  to  New 
Orleans.  The  site  selected  by  Lemoyne  was  probably  about 
20  miles  above  the  present  position,  which  was  first  occu¬ 
pied  after  the  floods  of  1711.  By  the  treaty  of  Paris,  1763, 
Mobile  and  a  part  of  Louisiana  were  ceded  to  Britain ;  but 
in  1780  the  fort  (now  Fort  Charlotte)  was  captured  by  the 
Spanish  general  Galvez,  and  in  1783  it  was  recognized  as 
Spanish  along  with  other  British  possessions  on  the  Gulf  of 
Mexico.  General  Wilkinson,  ex-governor  of  Louisiana,  re¬ 
covered  the  town  for  Louisiana  in  1813,  and  in  1819,  though 
its  population  did  not  exceed  2500,  it  was  incorporated  as  a 
city.  In  1864-65  Mobile  and  the  neighborhood  was  the 
scene  of  important  military  and  naval  engagements.  The 
Confederates  had  surrounded  the  city  by  three  lines  of  de¬ 
fensive  works,  but  the  defeat  of  their  fleet  by  Admiral 
Farrag»t,  and  the  capture  of  Fort  Morgan,  Spanish  Fort,  and 
Fort  Blakely,  led  to  its  immediate  evacuation.  As  a  muni¬ 
cipal  corporation,  Mobile  had  got  into  such  financial  dif¬ 
ficulties  by  1879  that  its  city  charter  was  repealed,  and  a 
board  of  commissioners  established  for  the  liquidation  of  its 
debt  of  $2,497,856. 

MOBIUS,  August  Ferdinand  (1790-1868),  astron¬ 
omer  and  mathematician,  was  born  at  Schulpforte, 
November  17, 1790.  At  Leipsic,  Gottingen,  ana  Halle 
he  studied  for  four  years,  ultimately  devoting  himself 
to  mathematics  and  astronomy.  In  1815  he  settled  at 
Leipsic  as  privat-docent,  and  the  next  year  became 
extraordinary  professor  of  astronomy  in  connection 
with  the  university.  Later  he  was  chosen  director  of 
the  university  observatory,  which  was  erected  (1818— 
21 )  under  his  superintendence.  In  1844  he  was  elected 
ordinary  professor  of  higher  mechanics  and  astronomy,  a 
position  which  he  held  till  hisdeath, September  26, 1868. 
His  doctor’s  dissertation,  De  computandis  occultationi- 
biis  fixarum  per  planetas .  (Leipsic,  1815),  established 
his  reputation  as  a  theoretical  astronomer.  Die  Haupt- 
s'dtze  der  Astronomie  (1836),  Die  Elemente  der  Me- 
chanik  des  Himmeh  (1843),  may  be  noted  amongst  his 
other  purely  astronomical  publications..  Of  more  gen¬ 
eral  interest,  however,  are  his  labors  in  pure  mathe¬ 
matics,  which  appear  for  the  most  part  in  Crelle’s 
Journal  from  1828  to  1858.  These  papers  are  chiefly 
geometrical,  many  of  them  being  developments  and 
applications  of  the  methods  laid  down  in  his  great 
work,  Der  Barycentrische  Calcul  (Leipsic,  1827), 
which,  as  the  name  implies,  is  based  upon  the  proper¬ 
ties  of  the  mean  point  or  centre  of  mass.  Any  point 
in  a  plane  (or  in  space)  can  be  represented  as  the 
mean  point  of  three  (or  four)  fixed  points  by  giving 
to  these  proper  weights  or  coefficients, — an  obvious 
principle  which  leads  in  the  hands  of  Mobius  to  what 
no  doubt  is  the  chief  novel  feature  of  the  work,  a  sys¬ 
tem  of  homogeneous  coordinates.  Besides  this,  how¬ 
ever,  the  work  abounds  in  suggestions  and  foreshadow* 
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ings  of  some  of  the  most  striking  discoveries  in  more 
recent  times — such,  for  example,  as  are  contained  in 
Grassmann’ s  Ausdehnungslehre  and  Hamilton’ s  Quater¬ 
nions.  He  must  be  regarded  as  one  of  the  leaders  in 
the  introduction  of  the  powerful  methods  of  modern 
geometry  that  have  been  developed  so  extensively  of 
late  by  Von,Standt,  Cremona,  and  others. 

MOCHA,  a  town  of  Yemen  on  the  coast  of  the  Red 
Sea,  in  E.  long.  43°  20',  N.  lat.  13°  19'.  The  point 
of  the  coast  where  Mochd.  lies  appears  to  have  owed 
early  importance  to  its  good  anchorage,  for  the  Muza 
of  the  Periplus  ( Geog .  Gr.  Min.,  i.  273  sqq.),  a  great 
seat  of  the  Red  Sea  trade  in  antiquity,  seems  to  be 
identical  with  the  modern  Muza'  (Yfikut,  iv.  680 ; 
Niebuhr,  JJesc.  de  V  Arabie,  p.  195),  a  few  miles  in¬ 
land  from  Mocha.  Mocha  itself  is  a  modern  town, 
which  rose  with  the  coffee  trade  into  a  short-lived 
prosperity.  The  French  expedition  of  1709  found  it  a 
place  of  some  10,000  inhabitants,  and  its  importance 
had  increased  half  a  century  later,  when  Niebuhr 
visited  it.  The  chief  trade  was  then  with  British 
India.  Lord  Valencia  in  1806  still  found  the  town. to 
present  an  imposing  aspect,  with  its  two  castles,  min¬ 
arets,  and  lofty  buildings;  but  the  population  had 
sunk  to  5000.  The  internal  disorders  of  Arabia  and 
the  efforts  of  Mohammed  Ali  to  make  the  coffee  trade 
again  pass  through  India  accelerated  its  fall,  and  the 
place  is  now  a  mere  village.  Mochd,  never  produced 
coffee,  and  lies  indeed  in  a  quite  sterile  plain;  the 
European  name  of  Mochd,  coffee  is  derived  from  the 
shipment  of  coffee  there.  The  patron  saint,  Sheikh 
Shadali,  was,  according  to  legend,  the  founder  of  the 
city  and  father  of  the  coffee  trade. 

MOCKING-BIRD,  or  Mock-Bird  (as  Charleton, 
Ray,  and  Catesby  wrote  its  name),  the  Mimus  poly- 
glottus  of  modern  ornithologists,  and  the  well-known 
representative  of  an  American  group  of  birds  usually 
placed  among  the  Thrushes  [g.v.),  Turdidee ,  though 
often  regarded  as  forming  a  distinct  section  of  that 
Family,  differing  by  having  the  tarsus  scutellate  in 
front,  while  the  typical  Thrushes  have  it  covered  by 
a  single  horny  plate.  The  Mocking-bird  inhabits  the 
greater  part  of  the  United  States,  being  in  the  North 
only  a  summer-visitant ;  but,  though  breeding  yearly 
in  New  England,  is  not  common  there,  and  migrates 
to  the  South  in  winter,  passing  that  season  in  the  Gulf 
States  and  Mexico.  It  appears  to  be  less  numerous 
on  the  western  side  of  the  Alleghanies,  though  found 
in  suitable  localities  across  the  continent  to  the  .Pacific 
coast,  but  not  farther  northward  than  Wisconsin,  Rnd 
it  is  said  to  be  common  in  Kansas.  Audubon  states 
that  the  Mocking-birds  which  are  resident  all  the  year 
round  in  Louisiana  attack  their  travelled  brethren  on 
the  return  of  the  latter  from  the  North  in  autumn. 
The  names  of  the  species,  both  English  and  scientific, 
have  been  bestowed  from  its  capacity  of  successfully 
imitating  the  cry  of  many  other  birds,  to  say  nothing 
of  other  sounds,  in  addition  to  uttering,  notes  of  its 
own  which  possess  a  varied  range  and  liquid  fulness 
of  tone  that  are  unequalled,  according  to  its  admirers, 
even  by  those  of  the  Nightingale  (q.  v. ).  This 
opinion  may  perhaps  be  correct;  but,  from  the  nature 
of  the  case,  a  satisfactory  judgment  can  scarcely  be 
pronounced,  since  a  comparison  of  the  voice  of  the 
two  songsters  can  only  be  made  from  memory,  and 
that  is  of  course  affected  by  associat  ions  of  ideas  which 
would  preclude  a  fair  estimate.  To  hear  either  bird 
at  its  best  it  must  be  at  liberty;  and.  the  bringing  to¬ 
gether  of  captive  examples.,  unless  it  could  be  done 
with  so  many  of  each  species  as  to.  insure  an  honest 
trial,  would  be  of  little  avail.  Plain  in  plumage,  being 
grayish-brown  above  and  dull  white  below,  while  its 
quills  are  dingy  black,  variegated  with  white,  there  ,  is 
little  about  the  Mocking-bird’s  appearance  beyond  its 
graceful  form  to  recommend  it ;  but  the  lively  gestic¬ 
ulations  it  exhibits  are  very  attractive,  and  therein 
its  European  rival  in  melody  is  far  surpassed,  for  the 
cock-bird  mounts  aloft  in  rapid  circling  flight,  and, 


alighting  on  a  conspicuous  perch,  pours  forth  his  ever- 
changing  song  to  the  delight  of  all  listeners  ;  while  his 
actions  in  attendance  on  his  mate  are  playfully  demon¬ 
strative  and  equally  interest  the  observer.  The  Mock¬ 
ing-bird  is  moreover  of  familiar  habits,  haunting  the 
neighborhood  of  houses,  and  is  therefore  a  general 
favorite.  The  nest  is  placed  with  little  regard  to  con¬ 
cealment,  and  is  not  distinguished  by  much  care  in  its 
construction.  The  eggs,  from  three  to  six  in  number, 
are  of  a  pale  bluish-green,  blotched  and  spotted  with 
light  yellowish-brown.  They,  as  well  as  the  young, 
are  muah  sought  after  by  snakes,  but  the  parents  are 
often  successful  in  repelling  these  deadly  enemies,  and 
are  always  ready  to  wage  war  against  any  intruder  on 
their  precincts,  be  it  man,  cat,  or  hawk.  Their  food 
is  various,  consisting  of  berries,  seeds,  and  insects. 

Some  twelve  or  fourteen  other  species  of  Mimus  have  been 
recognized,  mostly  from  South  America;  but  M.  orpheus 
seems  to  be  common  to  some  of  the  Greater  Antilles,  and 
M.  hitti  is  peculiar  to  Jamaica,  while  the  Bahamas  have  a 
local  race  in  M.  bahamensis.  The  so-called  Mountain  Mock¬ 
ing-bird  ( Oreoscoptes  montanus)  is  a  form  not  very  distant 
from  Mimus;  but,  according  to  Mr.  Ridgway,  it  inhabits 
exclusively  the  plains  overgrown  with  Artemisia  of  the  in¬ 
terior  tableland  of  North  America,  and  is  not  at  all  imita¬ 
tive  in  its  notes,  so  that  it  is  an  instance  of  a  misnomer. 
Of  the  various  other  genera  allied  to  Mimus,  those  known 
in  the  United  States  as  Threshers,  and  belonging  to  the 
genus  Harporhynchus— of  which  six  or  eight  species  are 
found  in  North  America,  and  are  very  Thrush -like  in  their 
habits— must  be  mentioned;  but  there  is  only  room  here  to 
dwell  on  the  Cat-bird  ( Galeoscoptes  carolinensis),  which  is 
nearly  as  accomplished  an  imitator  of  sounds  as  its  more 
celebrated  relative,  with  at  the  same  time  peculiar  notes  of 
its  own,  from  one  of  which  it  has  gained  its  popular  name. 
The  sooty -gray  color  that,  deepening  into  blackish-brown 
on  the  crown  and  quills,  pervades  the  whole  of  its  plumage 
— the  lower  tail-coverts,  which  are  of  a  deep  chestnut,  ex¬ 
cepted — renders  it  a  conspicuous  object;  and  though,  for 
some  reason  or  other,  far  from  being  a  favorite,  it  is  always 
willing  when  undisturbed  to  become  intimate  with  men’s 
abodes.  It  has  a  much  wider  range  on  the  American  con¬ 
tinent  than  the  Mocking-bird,  and  is  one  of  the  few  species 
that  are  resident  in  Bermuda,  while  on  more  than  one  oc¬ 
casion  it  is  said  to  have  appeared  in  Europe. 

The  name  Mocking-bird,  or  more  frequently  Mock- 
Nightingale,  is  in  England  occasionally  given  to  some  of 
the  Warblers  ( q.v .),  especially  the  Blackcap  ( Sylvia  atriea - 
pitta),  and  the  Sedge-bird  ( Acrocephalus  schcenobsenus).  In 
India -and  Australia  the  same  name  is  sometimes  applied  to 
other  species.  (A.  N.) 

MODENA,  one  of  tbe  principal  cities  of  Northern 
Italy,  formerly  the  capital  of  a  duchy,  and  still  the 
chief  town  of  a  province  and  the  seat  of  an  archbishop, 
is  situated  in  the  open  country  in  the  south  side  of  the 
valley  of  the  Po,  between  the  Secchia  to  the  west  and 
the  Panaro  to  the  east.  By  rail  it  is  31  miles  E.S.E. 
of  Parma,  24  W.N.W.  of  Bologna,  and  37  S.  of  Man¬ 
tua.  The  observatory  stands  135  feet  above  the  level 
of  the  sea,  in  44°  38'  52"  N.  lat.  and  10°  55'  42"  E. 
long.  Dismantled  since  1816,  and  now  largely  con¬ 
verted  into  promenades,  the  fortifications  still  give  the 
city  an  irregular  pentagonal  contour,  modified  at  the 
northwest  comer  by  the  addition  of  a  citadel,  also  pen¬ 
tagonal.  Within  this  circuit  there  are  various  open 
areas — the  spacious  Piazza  d’ Armi  in  front  of  the  cita¬ 
del,  the  public  gardens  in  the  northeast  of  the  city,  the 
Piazza  Grande  in  front  of  the  cathedral,  and  the  Piazza 
Reale  to  the  south,  of  the  palace.  The  iEmilian  Way 
crosses  obliquely  right  through  the  heart  of  the  city, 
from  the  Bologna  Gate  in  the  east  to  that  of  Sant 
Agostino  in  the  west.  Commenced  by  the  countess 
Matilda  in  1099,  after  the  designs  of  Lanfranc,  and 
consecrated  in  1184,  the  cathedral  (St.  Geminian’s)  is 
a  low  but  handsome  building,  with  a  lofty  crypt,  three 
eastern  apses,  and  a  fagade  still  preserving  some  cu¬ 
rious  sculptures  of  the  12th  and  15th  centuries.  The 
bell-tower,  named  La  Ghirlandina  from  the  bronze 
garland  surrounding  the  weathercock,  is  lined  with 
white  marble,  and  is  315  feet  high  ;  in  the  basement 
may  be  seen  the  wooden  bucket  captured  by  the 
Modenese  from  the  Bolognese  in  the  affray  at  Zappo- 
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lino  (1325),  and  rendered  famous  by  Tassoni’s  Secchia 
Rapita.  Of*  the  other  churches  in  Modena,  San  Pie¬ 
tro  nas  terra-cottas  by  the  local  artist  Begarelli,  and  S. 
Agostino  (now  S.  Michele)  contains  the  tomb  of  Sigo- 
nius  and  the  tombstone  of  Muratori.  The  old  ducal 
palace,  begun  by  Duke  Francis  I.  in  1635  from  the  de¬ 
signs  of  Avanzini,  and  finished  by  Francis  Ferdinand 
vT,  is  an  extensive  marble  building,  and  now  contains 
the  library  (Bib.  Palatina ,  see  vol.  xiv.  p.  530),  pic¬ 
ture-gallery,  and  museum.  Many  of  the  best  pictures 
in  the  ducal  collection  were  sold  in  the  18th  century, 
and  found  their  way  to  Dresden.  The  valuable  Museo 
Lapidario  in  a  budding  near  Porta  Sant’  Agostino  is 


1.  Museo  Lapidario. 

2.  S.  Agostino. 

3.  Academy  of  Fine  Arts 

4.  S.  Domenico. 

5.  Royal  Palace. 


Plan  of  Modena. 

6.  Archbishop’s  Palace. 

7.  Cathedral. 

8.  Campanile  Ghirlandina. 

9.  University. 

10.  S.  Pietro. 


well  known  to  the  classical  antiquary  through  Cave- 
doni’s  Dichiarazione  dec/li  antichi  marmi  Modmesi 
(1828),  and  the  supplements  in  the  Memoirs  of  the 
Academy,  vol.  ix.,  etc.  The  university  of  Modena, 
originally  founded  in  1683  by  Francis  II. ,  is  mainly  a 
medical  and  legal  school,  but  has  also  a  faculty  of  phys¬ 
ical  and  mathematical  science.  It  has  about  twenty- 
five  professors,  and  from  700  to  750 student  s  ;  a  library 
of  20,000  volumes,  an  observatory,  botanical  gardens^ 
an  ethnographical  museum,  etc.  The  old  academy  of 
the  Dissonanti ,  dating  from  1684,  was  restored  by 
Ferdinand  in  1814,  and  now  forms  the  flourishing  Koy- 
al  Academy  of  Science  and  Art  (. Memoirs  since  1833)  ; 
and  there  are  besides  in  the  city  an  Italian  Society  ot 
Science  founded  bv  Anton  Mario  Lorgna,  an  academy 
of  fine  arts,  a  military  college  (1859),  an  important  ag¬ 
ricultural  college,  and  a  lyceum  and  gymnasium,  both 
named  after  Muratori.  In  industrial  enterprise  the 
Modenese  show  but  little  activity,  silk  and  linen  goods 
and  iron-wares  being  almost  the  only  products. ot  any 
note.  Commerce  is  stimulated  by  a  good  position  in 
the  railway  system,  and  by  a  canal  which  opens  a 
water-wav  by  the  Panaro  and  the  I  o  to  the  Adriatic. 
The  population  of  the  city  was  32,248  m  1861,  and 
28,434  in  1901 ;  that  of  the  commune  55,512  in  1861, 
and  64,843  in  1901. 

The  Duchy  of  Modena,  an  independent  sovereign 
state  (1452  to  1859),  ultimately  extended  from  the  Po 
to  the  Mediterranean,  and  was  bounded  N.  by  Lom¬ 
bardy  and  the  Papal  States,  E.  by  the  Papal  States 

and  Tuscany,  S.  by  Tuscany,  Sardinia,  and  the  Med¬ 


iterranean,  and  W.  by  Sardinia  and  the  duchy  of  Parma. 
Its  greatest  length,  from  Porto-Vecchio,  on  its  north¬ 
ern  frontier  towards  Mantua,  to  the  outlet  of  the  Par- 
mignola  torrent,  on  the  Sardinian  frontier,  was  84J 
miles ;  and  its  greatest  width,  from  the  pass  of  Calama, 
on  the  Papal  and  Tuscan  frontier,  to  the  right  bank  of 
the  Enza,  on  the  frontier  of  Parma,  was  37  miles.  The 
area  was  2371  square  miles,  of  which  three-fifths  were 
mountainous.  In  1855  the  population  was  606,159. 
The  duchy  had  six  provinces — Modena,  Reggio,  Gua- 
stalla,  Frignano,  Garfagnana,  Massa-Carrara. 

Modena  is  the  ancient  Mutina,  which  was  annexed  by 
the  Romans  along  with  the  rest  of  the  territory  of  the  Boii. 
In  183  b.c.  Mutina  became  the  seat  of  a  Roman  colony. 
During  the  civil  wars  Marcus  Brutus  held  out  within 
its  walls  against  Pompeius  in  78  B.c.,  and  in  44  B.c.  the 
place  was  defended  by  D.  Brutus  against  M.  Antony. 
The  4th  century  found  Mutina  in  a  state  of  decay ;  the 
ravages  of  Attila  and  the  troubles  of  the  Lombard 
period  left  it  a  ruined  city  in  a  wasted  land.  In  the  8th 
century  its  exiles  founded,  at  a  distance  of  4  miles  to 
the  northwest,  a  new  city,  Citta  Geminiana  (still  repre¬ 
sented  by  the  village  of  Cittanova) ;  but  about  the  close 
of  the  9th  century  Modena  was  restored  and  refortified 
by  its  bishop,  Laedoinus.  When  it  began  to  build  its 
cathedral  (1099  a.d.)  the  city  was  part  of  the  possessions 
of  the  countess  Matilda  of  Tuscany ;  but  when,  in  1184, 
the  edifice  was  consecrated  by  Lucius  III.,  it  was  a  free 
community.  In  the  wars  between  Frederick  II.  and 
Gregory  IX.  it  sided  with  the  emperor,  though  ulti¬ 
mately  the  papal  party  was  strong  enough  to  introduce 
confusion  into  its  policy.  In  1288  Obizzo  d’Este  was 
recognized  as  lord  of  the  city;  after  the  death  of  his 
successor,  Azzo  VIII.  (1308),  it  resumed  its  communal 
independence ;  but  by  1336  the  Este  family  was  again 
in  power.  Constituted  a  duchy  in  1452  in  favor  of  Borso 
d’Este,  and  enlarged  and  strengthened  by  Hercules  II., 
it  became  the  ducal  residence  on  the  incorporation  of 
Ferrara  with  the  States  of  the  Church  (1598).  Francis 
I.  (1629-1658)  erected  the  citadel  and  commenced  the 
palace,  which  was  largely  embellished  by  Francis  II. 
Rinaldo  ( ob .  1737)  was  twice  driven  from  his  city  by 
French  invasion.  To  Francis  III.  (1698-1780)  the  city 
was  indebted  for  many  of  its  public  buildings.  Hercules 
III.  (1727-1803)  saw  his  states  transformed  by  the  French 
into  the  Cispadine  Republic,  and,  having  refused  the 
principality  of  Breisgau  and  Ortenau,  offered  him  in 
compensation  by  the  treaty  of  Campo  Formio,  died  an 
exile  at  Treviso.  His  only  daughter,  Maria  Beatrice, 
married  Ferdinand  of  Austria  (son  of  Maria  Theresa), 
and  in  1814  their  eldest  son,  Ferdinand,  received  back 
the  Stati  Estensi.  His  rule  was  subservient  to  Austria, 
reactionary,  and  despotic.  On  the  outbreak  of  the  French 
Revolution  of  1830,  Francis  IV.  seemed  for  a  time  dis¬ 
posed  to  encourage  the  corresponding  movement  in 
Modena;  but  no  sooner  had  the  Austrian  army  put  an  end 
to  the  insurrection  in  Central  Italy  than  he  returned  to 
his  previous  policy.  Francis  Ferdinand  V.,  who  succeeded 
in  1846,  followed  in  the  main  his  father’s  example.  Obliged 
to  leave  the  city  in  1848,  he  was  restored  by  the  Austrians 
in  1849;  ten  years  later,  on  20th  August,  1859,  the  repre¬ 
sentatives  of  the  Modenese,  under  the  direction  of  Carlo 
Farini,  declared  their  territory  part  of  the  kingdom  of 
Italy,  and  their  decision  was  confirmed  by  the  plebiscite  of 
1860 

Natives  of  Modena  are  Fallopius  the  anatomist,  Tarquinia 
Molza,  Sadoletius,  Sigonius,  Tassoni,  and  Cavedoni  the 
archaeologist ;  the  names  of  Zaccaria,  Tiraboschi,  and  Mu- 
ratori  are  associated  with  its  library.  Tiraboschi  s  Biblio¬ 
theca  Modenensis,  6  vols.,  contains  an  account  of  all  the 
literary  personages  of  the  duchy. 


See  Vedriani,  Storia  di  Modena,  1666;  Tiraboschi,  Mm.  storiche 
modenesti,  1793;  Scharfenberg,  Geseh.  des  Herzogth.  Modena,  1859; 
Oreste  Raetri  Modena  descritta,  1860;  Baraldi,  Stona  di  Modena; 
vlldrighi Diz  sZico,  etc.,  delle  contrade  di  Modena,  1879-80;  Cres- 
pell  am ,  Guida  di  Modena,  1879;  Galvani,  Mem.  star,  intomo  la  vita  di 
Francesco  IV.,  4  vols. 

MODICA,  a  city  of  Italy,  in  the  province  of  Syra¬ 
cuse  in  Sicily,  8  miles  from  the  south  coast,  on  the  line 
of  railway  decreed  in  1879  between  Syracuse  and  Licata. 
It  lias  increased  its  communal  population  from  30,547 
in  1861  to  48,926  in  1901,  and  is  a  well-built  and  flour¬ 
ishing  place.  Of  note  among  the  public  buildings  are 
the  old  castle  on  the  rock,  the  mediaeval  convent  of  the 
Franciscans,  and  the  churches  of  S.  Maria  del  Carmine 
(1150)  and  S.  Maria  di  Betlern— this  last  containing 
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rains  of  the  ancient  temple  destroyed  by  the  earth¬ 
quake  of  1693.  Modica  is  the  point  from  which  the 
remarkable  prehistoric  tomb  and  dwelling-caves  of  Yal 
d’Ispica  are  usually  visited.  An  early  dependency  of 
Syracuse,  Motyca  or  Mutyca  was  in  Cicero’s  days  a 
fairly  important  municipium.  In  modern  times  it  was 
held  as  a  countship  by  the  dukes  of  Alba.  Placido 
Caraffa  has  written  a  prolix  history  of  the  city,  which 
may  be  found  in  Graevius,  Thes.  Ant.  et  Hist.  ltal. , 
Vol.  xii. 

MOE,  JoRGEN  Engebretsen  (1813-1882),  Norwe- 

fian  poet  and  comparative  mythologist,  was  born  at 
[ole  in  Sigdal,  Ringer  ike,  Norway,  on  22d  _  April, 
1813,  and  entered  the  university  of  Christiania  as  a 
theological  student  at  the  age  of  seventeen.  After 
leaving  the  university  in  1839  he  acted  as  tutor  in 
various  schools  and  families,  and  in  1845  was  appointed 
professor  of  theology  in  the  Military  School  of  Nor¬ 
way,  which  post  he  held  until  1853,  when  he  became 
resident  chaplain  in  his  native  parish  of  Sigdal.  In 
1863  he  received  the  living  of  Bragernaes,  Drammen  ; 
in  1870  that  of  Vest  Aker,  near  Christiania;  and  in 
1875  the  bishopric  of  Christiansand,  where  he  died  on 
27th  March,  1882. 

Moe’s  first  publication  was  a  volume  of  Norse  “  songs, 
ballads,  and  staves,”  which  appeared  in  1840 ;  it  was  fol¬ 
lowed  in  1841  by  the  Norske  Folke-eventyr  (Norwegian  Popu¬ 
lar  Tales),  which  he  had  collected  along  with  his  school¬ 
fellow  Asbjornsen.  The  work  excited  such  interest  as  a 
contribution  to  the  study  of  comparative  mythology  that 
in  1847  he  was  sent  by  the  Government  through  Thelemark 
and  Ssetersdal  to  increase  his  collection  of  stories.  The  sec¬ 
ond  (enlarged)  edition,  with  a  preface  by  Moe,  appeared  in 
1852.  In  1851  his  I  Bronden  og  i  Tjernet  (In  the  Well  and 
in  the  Tarn),  a  delightful  collection  of  prose  stories  for 
children,  appeared,  and  it  was  followed  in  1859  by  a  vol¬ 
ume  of  poems  entitled  En  liden  Julegave  (A  Little  Christmas 
Present).  In  1877  he  prepared  a  collected  edition  of  his 
works  in  two  volumes,  the  stories  he  had  published  along 
with  Asbj ornsen  being  excluded.  Many  of  the  Folke-eventyr 
( Popular  Tales  from  the  Norse )  were  translated  by  Sir  George 
Dasent  in  1859. 

MOESIA  (in  Greek  Mysia,  or,  to  distinguish  it  from 
the  country  of  the  same  name  in  Asia,  Mysia  in  Eu¬ 
rope),  in  ancient  geography  the  territory  immediately 
to  the  south  of  the  Danube  corresponding  in  the  main 
to  Servia  and  Bulgaria.  It  became  a  Roman  province 
between  27  B.c.  and  6  A.D.,  probably  about  16  B.c.1 
In  the  time  of  Tiberius  and  Caius  the  province  was 
under  the  same  governor  with  Macedonia  and  Achaia. 
It  was  divided  by  Domitian  into  two  provinces,  Mcesia 
Superior  (Servia)  and  Mcesia  Inferior  (Bulgaria) ;  and 
the  same  emperor  completed  the  great  military  road 
along  the  line  of  the  Danube,  increased  the  strength 
of  the  Roman  forces  in  the  country,  and,  by  the  con¬ 
quest  of  Dacia,  saved  it  from  the  inroads  by  which  it 
had  been  harassed  from  the  time  of  Tiberius.  The 
Goths  invaded  Moesia  in  250  A.D.,  and  at  last,  in  395, 
a  number  of  them,  afterwards  known  as  Moesogoths, 
obtained  permission  to  settle  in  the  province.  The 
Slavonians  and  Bulgarians  appear  in  the  7th  century. 

The  boundary  between  Upper  and  Lower  Moesia  was  not 
marked,  as  Ptolemy  (iii.  9, 10)  states,  by  the  river  Cebrus 
or  Ciabrus  (Cibritza  or  Zibru),  but,  as  may  be  inferred  from 
an  inscription  (6125,  C.  Inscr.  Lat.,  vol.  iii.  2,  additamenta), 
lay  between  Almus  (Lorn)  and  Eatiaria  (Artcher).  Upper 
Moesia,  or,  as  it  was  often  called,  Mcesia  Prima,  contained — 
Singidunum  (Belgrade),  headquarters  of  Legio  IV.  Flavia, 
and  in  the  3d  century  a  colonia ;  Viminacium  (Kostolatz), 
headquarters  of  Leg.  VII.  Claud.,  and  designated  sometimes 
municipium  .ZElium,  but  more  usually  colonia  (a  rank  be¬ 
stowed  on  it  by  Gordianus) ;  Bononia  (Widin) ;  Eatiaria, 
which,  on  the  loss  of  Dacia,  became  the  headquarters  of 
Leg.  XIII.  gemina,  and  remained  a  large  town  till  it  was 
destroyed  by  Attila ;  Eemesiana  (Mustapha  Pasha  Palanka), 
which  has  furnished  inscriptions  belonging  to  the  uniden¬ 
tified  Ulpiana;  and  Naissus  (Nissa  or  Nish),  the  birthplace 
of  Constantine  the  Great.  Lower  Mcesia  (Moesia  Secunda) 
contained  —  Oescus  (Colonia  Ulpia,  mod.  Gigen),  head¬ 
quarters,  after  loss  of  Dacia,  of  Leg.  V.  Maced. ;  Novae  (Sis- 
tova),  at  a  late  date  a  camp  of  Leg.  I.  Ital.,  and  afterwards 

J  See  A.  W.  Zumpt,  Commented.  Epigraph.,  ii.  253  sqq. 


chief  seat  of  Theodoric  king  of  the  Goths;  Nicopolis  ad 
Istrum  (Nikup),  really  on  the  Iatrus  or  Yantra,  a  memorial 
of  Trajan’s  victory  over  the  Dacians;  Pristra  (Eustchuk), 
Asamus  (Nicopoli  on  the  Osma),  Darostorum  (Silistria), 
Odessus  (Varna),  Tomi  (Kustendje),  Troesmis  (I^litza). 

See  Roesler,  Romanische  Studien.  1871 :  Pfitzner,  OescL  der  R5m. 
Kaiserlegionen,  1881,  pp.  152-161 ;  Hahn,  in  Dkschr.  K.  AJc.  der  Wits. 
Ph.  H.  Cl.,  Vienna,  1861,  p.  228. 

MOFFAT,  a  health  resort  of  some  note  in  Scotland, 
is  situated  in  Upper  Annandale,  Dumfriesshire,  occu¬ 
pying  an  agreeable  position  at  the  base  of  the  Gallow 
Hill,  63  miles  from  Edinburgh,  and  42  miles  from 
Carlisle  by  railway.  The  Spa,  which  is  \h  miles  above 
the  town  (525  feet  above  sea-level),  is  sulphureous 
with  some  saline  ingredients,  and  is  used  in  gout,  rheu¬ 
matism,  and  dyspepsia.  Population  (1881)  2161  ;  in 
the  season  about  4000. 

MOFFAT,  Robert,  D.D.  (1795-1883),  African 
missionary,  was  born  at  Ormiston,  Haddingtonshire, 
Scotland,  on  21st  December,  1795,  of  humble  parent¬ 
age.  Moffat  learned  the  craft  of  gardening,  but  in 
1814  offered  himself  to  the  London  Missionary  So¬ 
ciety,  who,  in  1816,  sent  him  out  to  South  Africa. 
After  spending  a  year  in  Namaqua  Land,  with  the 
powerful  and  dreaded  chief  Africaner,  whom  he  con¬ 
verted,  Moffat  returned  to  Cape  Town  in  1819,  and 
married  Miss  Mary  Smith,  a  remarkable  woman  and 
most  helpful  wife.  In  1820  Moffat  and  his  wife  left 
the  Cape  and  proceeded  to  Griqua  Town,  and  ulti¬ 
mately  settled  at  Kuruman,  among  the  Bechuana 
tribes  lying  to  the  west  of  the  Yaal  River.  Here  he 
worked  as  a  missionary  till  1870,  when  he  reluctantly 
returned  finally  to  his  native  land.  He  made  frequent 
journeys  into  the  neighboring  regions,  as  far  north  as 
the  Matabele  country,  to  the  south  of  the  Zambesi. 
The  results  of  these  journeys  he  communicated  to  the 
Royal  Geographical  Society  [Jour.  R.  G.  /S'.,  xxv., 
xxviii.,  and  Proc. ,  ii.),  and  when  in  England  in  1842 
he  published  his  well-known  Missionary  Labors  and 
Scenes  in  South  Africa.  Single-handed  he  translated 
the  whole  of  the  Bible  into  Bechuana.  While  solici¬ 
tous  to  turn  the  people  to  Christian  belief  and  practice^ 
Moffat  was  perhaps  the  first  to  take  a  broad  view  of 
the  missionary  function,  and  to  realize  the  importance 
of  inducing  the  savage  to  adopt  the  arts  of  civiliza¬ 
tion.  He  himself  was  builder,  carpenter,  smith,  gar¬ 
dener,  farmer, _  all  in  one,  and  by  precept  and  example 
he  succeeded  in  turning  a  horde  of  bloodthirsty  sav¬ 
ages  into  a  ‘  ‘  people  appreciating  and  cultivating  the 
arts  and  habits  of  civilized  life,  with  awritten'language 
of  their  own.”  Now  we  find  more  or  less  Christian¬ 
ized  communities  extending  from  Kuruman  to  near 
the  Zambesi.  Moffat  met  with  incredible  discourage¬ 
ment  and  dangers  at  first,  which  he  overcame  by  his 
strong  faith,  determination,  and  genial  humor.  It 
was  largely  due  to  him  that  the  work  of  Livingstone, 
his  son-in-law,  took  the  direction  which  it  did.  On 
his  return  to  England,  Moffat  received  a  testimonial 
of  about  £6000.  He  died  at  Leigh,  near  .Tunbridge 
Wells,  9th  August,  1883. 

See  Scenes  and  Services  in  South  Africa,  the  Story  of  Moffat’s 
Missionary  Labors,  London,  1876;  and  publications  of  the 
London  Missionary  and  the  B.  and  F.  Bible  Societies. 

MOGADOR,  or  Suerah  (Berber  Tasurt ),  the  most 
southern  seaport  town  on  the  Atlantic  coast  of  Mo¬ 
rocco  and  the  capital  of  the  province  of  Haha,  stands 
from  10  to  20  feet  above  high  water  on  a  projecting 
ridge  of  calcareous  sandstone  in  31°  30'  N.  lat.  and  10° 
44'  W.  long.  In  certain  states  of  wind  and  sea  it  is 
turned  almost  into  an  island,  and  a  sea-wall  protects 
the  road  to  Saffi.  The  streets  are  regular  ana,  for  a 
Moorish  town,  broad  and  clean.  Within  the  walls 
there  are  three  distinct  divisions  :  the  citadels  old  and 
new  with  the  government  buildings  ;  to  the  northwest 
the  outer  town  with  its  spacious  markets  in  the  centre; 
and  at  the  northwest  corner  the  Mellah,  or  Jews’  quar¬ 
ter.  In  the  citadels  the  houses  are  fairly  good,  and 
considerable  attention  is  paid  to  sanitary  matters. 
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Water  is  brought  from  the  Kseb,  about  1J  miles  to  the 
south,  by  an  aqueduct.  The  prosperity  of  Mogador 
is  due  to  its  commerce  *,  only  a  few  gardens  break  the 
barrenness  of  the  immediate  vicinity.  The  harbor  or 
roadstead,  though  apparently  protected  by  the  island 
and  quarantine  station  of  Mogador,  is  extremely  dan¬ 
gerous  during  west  and  southwest  winds.  Trade  is 
carried  on  mainly  with  Marseilles,  London,  Gibraltar, 
and  the  Canaries, — the  principal  exports  being  al¬ 
monds,  goat-skins,  gums,  olive  oil,  and  ostrich  feath¬ 
ers,  and  the  principal  imports  cotton  goods  (half  of 
the  total)  and  tea.  The  average  value  of  the  exports 
for  the  five  years  1877-1881  was  about  £210,000,  the 
imports  rather  less.  Attention  has  been  frequently 
directed  to  the  value  of  Mogador  as  a  health  resort, 
especially  for  consumptive  patients.  The  climate  is 
remarkably  steady ;  mean  temperature  of  the  hottest 
month  71.06°,  of  coldest  month  58. 69°.  The  annual 
rainfall  is  only  10  or  12  inches,  and  the  rainy  days  of 
winter  and  spring  about  28.  The  sirocco  is  but  rarely 
felt.  The  population  is  about  15,000  (7000  Jews, 
about  150  foreigners).  Jews,  Protestants,  and  Roman 
Catholics  have  religious  edifices  in  the  town. 

A  place  called  Mogador  is  marked  in  the  1351  Portulan 
of  the  Laurentian  Library,  and  the  map  in  Hondius’s  Atlas 
Minor  shows  the  island  of  Mogador  I.  Domegador ;  but  the 
origin  of  the  present  town  is  much  more  recent.  Mogador 
was  founded  by  Sultan  Mohammed,  and  completed  in  1770. 
The  town  received  from  the  Moors  the  name  of  Suerah 
(little  picture),  while  the  Portuguese  called  it  after  the 
shrine  of  Sidi  Mogadul,  which  lies  towards  the  south  half¬ 
way  to  the  village  of  Diabat,  and  forms  a  striking  landmark 
for  seamen.  In  1844  the  citadel  was  bombarded  by  the 
French. 

MOGHILEFF,  a  northwestern  government  or  pro¬ 
vince  of  the  Russian  empire,  situated  on  the  Upper 
Dnieper,  between  the  provinces  of  Vitebsk  and  Smol¬ 
ensk  on  the  north  and  east,  Tchernigoff  and  Minsk  on 
the  south  and  west.  In  the  north  it  is  occupied  by 
the  watershed  which  separates  the  basins  of  the  Dwina 
and  the  Dnieper,  an  undulating  tract  from  650  to  900 
feet  above  the  sea-level,  and  covered  nearly  every¬ 
where  with  forests.  This  watershed  slopes  gently  to 
the  south,  that  is,  to  the  valley  of  the  Dnieper,  which 
enters  the  province  from  the  northeast  and  flows  west 
and  afterwards  due  south.  The  southern  part  of  the 
province  is  flat  and  has  much  in  common  with  the 
Polyesie  of  the  province  of  Minsk  ;  it  is,  however, 
more  habitable,  the  marshes  being  less  extensive. 

The  province  is  covered  by  the  Tertiary  formation ;  De¬ 
vonian  sandstone  appears  in  the  north,  and  Carboniferous 
limestones  in  the  east.  The  soil  is  mostly  sand,  clay  (brick- 
clay  and  potter’s-clay  are  not  uncommon),  and  peat-bogs, 
with  a  few  patches  of  “  black-earth.”  The  climate  is  rude 
and  wet,  the  average  yearly  temperature  at  the  Gorki  me¬ 
teorological  observatory  being  40.4°  Fahr.  (14.2°  in  January, 
and  63.8°  in  July) ;  cold  nights  in  summer  are  often  the 
cause  of  bad  crops.  The  province  has  about  2,024,300  in¬ 
habitants  (947,625  in  1870),  mostly  White-Russians  (78  per 
cent.),  belonging  to  the  Greek  Church ;  Jews  are  numerous 
(16  per  cent.) ;  Poles,  belonging  mostly  to  the  nobility, 
make  only  3  per  cent,  of  the  population.  Agriculture  is  the 
chief  occupation ;  nearly  one  half  (46  per  cent.)  of  the  sur¬ 
face  of  the  province  is  under  crop ;  but,  except  after  unusually 
good  harvests,  corn  is  imported,  chiefly  by  the  navigable 
channels  of  the  Dnieper  and  Sozh.  There  are  many  distil¬ 
leries  on  the  estates  of  landowners,  and  wine-spirit  is  ex¬ 
ported.  The  hemp  culture  is  important ;  hemp  and  hemp- 
seed  oil  are  exported  to  Riga.  The  province  has  one  large 
paper-mill,  a  few  iron  and  copper  works,  and  minor  manu- 
nurtures 

The  province  of  Moghileff  is  divided  into  eleven  districts, 
with  the  chief  towns:  Moghiletf  (47,591  inhabitants), 
Chausy  (4200),  Tcherikoff  (3900),  Gomel  (13,030),  Gorki, 
formerly  the  seat  of  an  agricultural  institute  (5050),  Klim- 
ovichi  (4000),  Mstislavl  (6700),  Orsha  (5350),  Rogacheff 
(7750),  Staryi  Bykhoff  (5200),  and  Syenno  (2550).  Of  about 
80  other  municipal  towns,  we  name  Shkloff  (13,000  in¬ 
habitants),  Dubrovka  (7000),  Kricheff  (4000). 

This  province  was  inhabited  in  the  10th  century  by  the 
Krivichi  and  Radimichi.  In  the  14th  century  it  became 
part  of  Lithuania  and  afterwards  of  Poland.  Russia  an¬ 
nexed  it  in  1772. 


Moghileff  on  the  Dnieper,  a  town  of  Russia, 
capital  of  the  province  of  same  name.  It  is  situated 
on  both  banks  of  the  Dnieper,  40  miles  south  of  the 
Orsha  station  of  the  railway  between  Moscow  and 
Warsaw.  A  railway  along  the  Dnieper  will  soon  bring 
Moghileff  into  railway  communication  with  these 
capitals. 

Moghileff  is  mentioned  for  the  first  time  in  the  14th  cen¬ 
tury  as  a  dependency  of  the  Vitebsk,  or  of  the  Mstislavl 
principality.  At  the  beginning  of  the  15th  century  it  be¬ 
came  the  personal  property  of  the  Polish  kings.  But  it  was 
continually  plundered — either  by  Russians,  who  attacked 
it  six  times  during  the  16th  century,  or  by  Cossacks,  who 
plundered  it  three  times.  In  the  17th  century  its  inhabi¬ 
tants  who  belonged  to  the  Greek  Church  suffered  much 
from  the  persecutions  of  the  Union.  In  1654  it  surrendered 
to  Russia,  but  in  1661  the  Russian  garrison  was  massacred 
by  the  inhabitants.  In  the  18th  century  it  was  taken  sev¬ 
eral  times  by  Russians  and  by  Swedes,  and  in  1708  Peter  I. 
ordered  it  to  be  destroyed  by  fire.  It  was  annexed  to  Rus¬ 
sia  in  1772.  Of  47,591  inhabitants  two-thirds  are  Jews  and 
the  remainder  White-Russians,  with  a  few  Poles  (2500).  Its 
manufactures  are  without  importance ;  but  one  branch  of 
trade,  namely,  the  preparation  of  skins,  has  maintained  it¬ 
self  for  many  centuries.  The  commerce  is  mostly  in  the 
hands  of  Jews;  corn,  salt,  sugar,  and  fish  are  brought  from 
the  south,  whilst  skins  and  manufactured  ware  imported 
from  Germany  (partly  by  smugglers)  are  sent  to  the  south¬ 
ern  provinces. 

MOGHILEFF  on  the  Dniester  ( Mohilov ),  a  dis¬ 
trict  town  of  Russia,  situated  in  the  province  of  Po- 
dolia,  on  the  left  bank  of  the  Dniester,  87  miles  east- 
southeast  of  Kamenets-Podolsk,  and  43  miles  from  the 
Zhmerinka  railway  iunction.  It  has  20,000  inhabi¬ 
tants,  nearly  one-half  of  whom  are  Jews ;  the  re¬ 
mainder  are  Little  Russians,  Poles  (1500),  and  a  few 
Armenians.  The  Little-Russian  inhabitants  of  Mog¬ 
hileff  carry  on  agriculture,  gardening,  wine,  and  mul¬ 
berry  culture.  The  Jews  and  Armenians  are  engaged 
in  a  brisk  trade  with  Odessa,  to  which  they  send  corn, 
wine,  spirits,  and  timber,  floated  down  from  Galicia, 
as  well  as  with  the  interior,  to  which  they  send  manu¬ 
factured  wares  imported  from  Austria. 

Moghileff,  named  in  honor  of  the  Moldavian  hospodar 
Mohila,  was  founded  by  Count  Potocki  about  the  end  of 
the  16th  century.  Owing  to  its  situation  on  the  highway 
from  Moldavia  to  the  Ukraine,  at  the  passage  across  the 
Dnieper,  it  developed  rapidly.  For  more  than  150  years  it 
was  disputed  by  the  Cossacks,  the  Poles,  and  the  Turks.  It 
remained  in  the  hands  of  the  Poles,  and  was  annexed  to 
Russia  in  1795.  The  Crown  purchased  it  from  Count  Po¬ 
tocki  in  1806. 

MOGILAS,  Petrus  (c.  1600-1647),  metropolitan 
of  Kieff  from  1632,  belonged  to  a.  noble  Wallachian 
family,  and  was  born  about  the  year  1600.  He  studied 
for  some  time  at  the  university  of  Paris,  and  first  be¬ 
came  a  monk  in  1625.  He  was  the  author  of  a  Cate¬ 
chism  (Kieff,  1645)  and  other  minor  works,  but  is 

rincipally  celebrated  for  the  Orthodox  Confession. 

rawn  up  at  his  instance  by  the  abbot  Kosslowski  of 
Kieff,  approved  at  a  provincial  synod  in  1640,  and  ac¬ 
cepted  by  the  patriarchs  of  Constantinople,  Jerusa¬ 
lem,  Alexandria,  and  Antioch  in  1642-3.  and  by  the 
synod  of  Jerusalem  in  1672.  See  Greek  Church, 
vol.  xi.  p.  141. 

There  are  numerous  editionsof  the  Confession  in  Russian ; 
it  has  been  edited  in  Greek  and  Latin  by  Panagiotes  (Am¬ 
sterdam,  1662), by  Hofmann  (Leipsic,  1695),  and  by  Kimmel 
(Jena,  1843),  and  there,  is  a  German  translation  by  Frisch 
(Frankfort,  1727). 

MOGUL,  or  Mughal,  the  Arabic  and  Persian 
form  of  the  word  Mongol,  usually  applied  to  the  Mon¬ 
gol  empire  in  India.  See  India,  vol.  xii.  p.  833  sqq. 

MOTlACS,  a  market  town  in  the  Trans-Danubian 
county  of  Baranya,  Hungary,  stands  on  the  right  bank 
of  the  west  arm  of  the  Danube,  25  miles  east-southeast 
of  P6cs  (Fiinflcirchen),  with  which  it  is  connected  by 
railway,  45°  58'  N.  lat.,  18°  37'  E.  long.  At  Moh&cs 
there  are  several  churches  and  schools  belonging  both 
I  to  the  Roman  Catholics  and  the  Calvinists,  also  the 
'  summer  palace  of  the  bishop  of  P6cs,  a  monastery,  an 
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old  castle,  and  a  station  for  steamers  plying  on  the 
Danube,  by  which  means  a  considerable  commerce  in 
wine  and  the  agricultural  produce  of  the  neighborhood 
is  earned  on  with  Budapest  and  Vienna.  Not  far 
from  MoMcs  are  coal-mines,  and  the  town  is  an  im¬ 
portant  coal  depot  of  the  Danubian  Steam  Navigation 
Company.  The  population  in  1900  was  15,832  (Mag¬ 
yars,  Serbs,  and  Germans). 

Two  great  battles  fougbt  in  the  vicinity  of  the  town  mark 
the  commencement  and  close  of  the  Turkish  dominion  in 
Hungary.  In  the  first,  29th  August,  1526,  the  Hungarian 
army  under  Louis  II.  was  annihilated  by  the  Ottoman  forces 
led  by  Soliman  the  Magnificent  (see  vol.  xii.  p.  383).  In  the 
second,  12th  August,  1687,  the  Austrians  under  Charles  of 
Lorraine  gained  a  great  and  decisive  victory  over  the  Turks, 
whose  power  was  afterwards  still  further  broken  by  Prince 
Eugene  of  Savoy. 

MOHAIR  is  the  woolly  hair  of  a  variety  of  the  com¬ 
mon  or  domestic  goat  inhabiting  the  regions  of  Asiatic 
Turkey,  of  which  Angora  is  the  centre,  whence  the 
animal  is  known  as  the  Angora  Goat  (see  Goat,  vol.  x. 
p.  631).  Goat’s  hair  has  been  known  and  used  as  a 
textile  material  in  the  East  from  the  most  remote  pe¬ 
riods  ;  but  neither  the  Angora  goat  nor  its  wool  was 
known  in  Western  Europe  till,  in  1655,  the  animal 
was  described  by  the  naturalist  Tournefort.  That  tex¬ 
tures  of  mohair  were  in  use  in  England  early  in  the 
18th  century  is  obvious  from  Pope’s  allusion  : 

“  And,  when  she  sees  her  friend  in  deep  despair, 
Observes  how  much  a  chintz  exceeds  mohair.” 

Owing,  however,  to  the  jealous  restrictions  of  the 
Turkish  power,  it  was  not  till  1820  that  mohair  be¬ 
came  a  regular  article  of  import  into  the  United  King¬ 
dom.  In  that  year  a  few  bales  came  into  the  market ; 
but  so  little  was  the  material  appreciated  that  it  only 
realized  lOd.  per  lb.  In  1870  average  mohair  fleece 
was  selling  at  five  times  that  price.  From  the  small 
beginning  of  1820  the  imports  gradually  waxed,  and 
the  trade  received  a  very  considerable  impetus  through 
the  introduction  in  1836,  by  Titus  Salt,  of  the  analo¬ 
gous  fibre  alpaca.  The  increasing  demand  for  and 
value  of  mohair  early  stimulated  endeavors  to  acclima¬ 
tize  the  Angora  goat  in  other  regions  ;  but  all  Euro¬ 
pean  attempts  have  failed,  owing  to  humid  and  un- 

fenial  climates.  In  1849  a  flock  was  taken  by  Dr.  J. 

\  Davis  to  the  United  States  of  America,  and  since 
that  time  many  fresh  drafts  have  been  obtained  and 
distributed  to  Virginia  and  various  Southern  States, 


and  to  California  and  Oregon  in  the  West.  In  these 
high  and  dry  regions  the  goats  thrive  ;  and  the  flocks 
in  the  Western  States  now  number  many  thousands. 
The  Angora  goat  has  also  been  introduced  into  the 
Cape  of  Good  Hope  with  much  success.  The  first  im¬ 
portation  of  mohair  from  the  Cape,  made  in  1862, 
amounted  to  1036  lb  ;  and  now  about  one-tenth  of  the 
total  British  supply  is  received  from  that  source.  Mo¬ 
hair  has  also  been  received  in  England  from  goats 
reared  successfully  in  Fiji,  where  they  were  first  intro¬ 
duced  in  1874,  and  there  are  also  thriving  flocks  in 
Australia. 

The  trade  in  mohair  between  Asia  Minor  and  Western 
Europe  is  controlled  in  Constantinople.  There  upwards  of 
twenty  varieties  of  fleeces  are  distinguished  according  to 
the  localities  of  their  production,  the  richest  and  most  lus¬ 
trous  qualities  being  produced  in  hilly  and  forest  regions, 
while  the  fleeces  from  the  open  plains  are  comparatively 
kempy,  coarse,  and  cottony.  From  the  Lake  Van  district 
on  the  eastern  borders  of  Asiatic  Turkey  a  distinct  and  in¬ 
ferior  variety  of  wool  is  obtained.  It  is  known  in  commerce 
as  Van  mohair,  and  consists,  to  the  extent  of  about  70  per 
cent.,  of  white  wool  slightly  streaked  with  black,  with  30 
per  cent,  of  colored  red  and  black  wool.  At  Konieh  in  the 
south,  also,  an  inferior  mohair  known  as  Pelotons  is  pro¬ 
duced,  80  per  cent,  of  which  is  black  and  red,  and  the  re¬ 
mainder  white.  The  average  weight  of  an  Angora  goat 
fleece  is  from  5  to  6  lb.  The  finest  quality  of  wool  is  obtained 
from  the  first  clip,  which  is  made  in  the  second  year  of  the 
animal.  She-goats  yield  the  best  wool,  after  which  come 
wethers,  while  the  rams  give  the  coarsest  fleeces.  Angora 
mohair  is  a  brilliant  white  lustrous  fibre,  elastic  and  wiry 
in  character,  and  devoid  of  felting  properties.  It  attains 
the  length  of  four  or  five  inches,  but  the  long  fibre  is  mixed 
with  an  undergrowth  of  shorter  wool,  which  in  the  spinning 
process  is  combed  out  as  “  noils”  for  separate  use.  It  is  a 
material  of  enormous  durability,  and,  owing  to  its  remark¬ 
able  elasticity,  it  is  especially  fitted  for  working  into  long 
piled  fabrics,  such  as  plush  and  imitation  furs,  or  for  use  in 
braids  and  bindings,  and  in  boot  and  other  laces.  It  is  largely 
used  for  making  Utrecht  velvet  or  furniture  plush  for  the 
upholstering  of  railway  carriages,  etc.,  a  trade  centred  at 
Amiens.  In  the  making  of  imitation  seal-skins,  and 
imitation  beaver,  otter,  chinchilla,  and  other  furs,  and 
for  carriage  rugs  generally,  mohair  is  extensively  employed. 
Many  dress  fabrics  of  mixed  mohair  and  alpaca,  cotton,  or 
silk  are  also  manufactured ;  but  with  changes  in  fashion 
such  materials  are  constantly  changing  in  style,  composi¬ 
tion,  and  name.  Mohair  is  also  used  for  making  certain 
qualities  of  lace,  and  an  imitation  of  ostrich  feathers  for 
use  as  trimming  has  been  made  from  the  fibre.  The  imports 
of  mohair  into  the  United  Kingdom  during  1882  amounted 
to  16,859,771  ft,  valued  at  £1,433,584,  a  quantity  largely  in 
excess  of  the  imports  of  any  previous  year. 
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Under  this  head  is  given  the  history  of  Mohammed 
and  his  successors  to  the  fall  of  the  Eastern  Caliphate, 
with  a  sketch  of  the  institutions  and  civilization  of  the 
Moslem  empire  and  an  account  of  the  Koran.  The 
later  history  must  be  sought  under  the  names  of  in¬ 


dividual  countries  and  dynasties.  What  falls  to  he 
said  of  the  social  and  religious  aspects  of  Islam  in 
modern  times  will  he  given  under  the  two  great  di¬ 
visions  of  Sunnites  and  ShI'ites. 


PART  I.— MOHAMMED  AND  THE  FIRST  FOUR  CALIPHS. 


MOHAMMED1  or  MAHOMET,  the  founder  of 
Islam,  first  appears  in  the  full  light  of  history 
with  his  Flight  to  Medina  (The  Hijra),  A. D. 
Plate  vi  i.  Q22 ;  and  this  date,  not  that  of  his  birth, 
has  been  fittingly  chosen  as  the  epoch  of  the  Moslem 

1  The  name  Mohammad  means  in  Arabic  “  the  praised,”  and 
it  has  been  supposed  that  this  epithet  was  conferred  on  the 
Prophet  after  his  mission  to  mark  him  out  as  the  promised  Par¬ 
aclete.  This,  however,  is  incorrect  (Noldeke,  Gesch.  d.  Qnrans 
[Gott.  1860],  p.  6,  note  2 ;  Sprenger,  Leben  und  Lehre  des  M.,  i.  155 sc/.) 
The  name  is  found,  although  it  was  not  common,  among  the 
heathen  Arabs.  Renan  has  shown  it  to  occur  on  a  Greek  inscrip¬ 
tion  of  the  early  part  of  the  2d  century  of  the  Christian  era 
(Boeckh,  C.  I.  (?.,  4500),  and  Mohammed  ibn  Maslama  of  Medina, 
a  contemporary  of  the  Prophet,  bore  it  as  his  original  name,  as 
appears  from  the  fact  that  his  brother  was  called  Mahmtid,  it 
being  a  favorite  practice  to  give  to  brothers  variations  of  the 
same  name,  as  Anas  and  Mtiius,  Sahl  and  Sohail,  Monabbih  and 


Era.  The  best  attested  tradition2  places  his  first  ap¬ 
pearance  as  a  prophet  in  Mecca  some  twelve  years 
earlier  ( circa  610).  He  was  then  forty  years  old  :  the 
fortv  must  be  taken  as  a  round  number,  but  as  such  is 
doubtless  trustworthy.  Thus  the  birth  of  Mohammed 
fills  about  570  A. D.  :  it  is  said  to  have  fallen  in  the 
year  when  AbraM,  the  Abyssinian  viceroy  of  Yemen, 
made  the  expedition  against  Mecca,  mentioned  in  the 

Nobaih  (Sprenger,  i.  158,  note  2).  That  Mohammed  calls  himself 
Ahmad,  in  sur.  lxi.  6,  in  order  to  adapt  his  name  to  a  supposed 
prophecy,  proves  nothing ;  on  the  other  hand,  the  men  of  Mecca, 
on  occasion  of  a  treaty  with  the  Moslems,  demanded  that  the 
Prophet  should  not  call  himself  messenger  of  God,  but  Moham¬ 
med  ibn  ' Abdall&h,  using  his  old  familiar  name ;  see  J.  Well- 
hausen,  Vakidi’s  Kitdb  al-Maghazi  in  verkurzier  deutscher  WiedergabQ 
(Berl.  1882),  p.  257. 

*  Noldeke,  ut  supra,  p.  54  eq. 
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Koran,  when  the  Arabs  first  saw  the  elephant  and 
first  suffered  from  smallpox.1 

At  the  time  of  Mohammed’s  birth  and  youth  nothing 
seemed  less  likely  than  that  the  Arabs  should  pres- 
Arabia  at  ently  make  their  triumphal  entrance  into 
the  birth  the  history  of  the  world  as  victors  over  the 
ofM°-  Greeks  and  Persians.  Nowhere  in  the  Pen- 
amm  .  insuja  was  there  an  independent  state  of  any 
considerable  power  and  importance.  At  the  beginning 
of  the  6th  century  indeed  the  princes  of  Kinda  had 
attempted  to  form  a  national  kingdom,  uniting  in  par¬ 
ticular  the  tribes  of  Central  Arabia ;  but  this  kingdom 
was  nothing  more  than  an  epic  prelude  to  the  true 
history  of  the  Arabs,  which  begins  with  Islam.  After 
the  fall  of  the  Kindite  dynasty,  the  old  anarchy  reigned 
again  among  the  nomads  of  the  Nejd  and  the  Hij&z ; 
in  all  other  quarters  Greek  or  Persian  influence  pre¬ 
dominated,  extending  from  the  frontier  deep  into  the 
interior  by  the  aid  of  two  vassal  states — the  kingdom 
of  the  Ghassanids  in  the  Hauran  under  Greek  suzer¬ 
ainty,  and  that  of  the  Lakhmids  in  Hira  and  Anbar 
under  the  Persian  empire.  "The  antagonism  between 
Byzantium  and  Ctesiphon  was  reflected  in  the  feuds 
of  these  Arab  lordships;  but  indeed  the  rivalry  of 
Greek  and  Persian  exercised  its  influence  even  on  the 
distant  south  of  the  Peninsula.  Urged  on  bv  the 
Greeks,  the  Abyssinians  had  overthrown  the  Chris¬ 
tian- hating  realm  of  the  Himyarites,  the  sunken  rem¬ 
nant  of  the  ancient  might  of  the  Sabaeans  (a.d.  526), 
the  Persians  had  helped  a  native  prince  again  to  expel 
the  Christians  ( circa  570),  and  since  then  the  Persians 
had  retained  a  footing  in  the  land.  Toward  the  close 
of  the  6th  century,  their  direct  and  indirect  influence 
in  Arabia  greatly  surpassed  that  of  the  Greeks :  and 
since  the  Kindites  had  fallen  before  the  kings  of  Hira, 
it  extended  right  through  the  Nejd  into  Yemen.2 

In  the  Hijaz  and  western  Nejd,  the  district  from 
which  Islam  and  the  Arab  empire  took  their  begin¬ 
ning,  Greeks  and  Persians,  Ghassanids  and  Lakhmids, 
had  not  much  influence:  the  nomad  tribes,  and  the 
few  urban  commonwealths  that  existed  there,  lived 
free  from  foreign  interference,  after  the  manner  of 
their  fathers.  Mohammed’s  city  was  Mecca,  where 
Mecca  the  Banu  Kinana  had  formed  a  settlement 
round  the  Ka'ba,  the  sanctuary  of  a  num¬ 
ber  of  confederate  tribes  (Ahabish)  belonging  to  that 
district.  The  feast  annually  observed  in  the  days  be¬ 
fore  the  full  moon  of  the  month  Dhii  ’1-Hijja  at  Mecca 
and  at'Arafa  and  Kozah  in  the  vicinity,  presented 
strong  attractions  for  all  inhabitants  of  the  Hij&z,  and 
grew  into  a  great  fair,  at  which  the  Meccans  sold  to 
the  Bedouins  the  goods  they  imported  from  Syria. 
Feast  and  fair  gave  the  city  the  prosperity  which  it 
shared  with  other  cities  which,  like  Mecca,  had  the 
advantage  of  lying  near  the  meeting-place  of  the  two 
great  natural  roads  to  Yemen — that  from  the  north¬ 
west  along  the  Bed  Sea  coast,  and  that  from  the  north¬ 
east  following  the  line  of  the  mountains  that  traverse 

By  tileir  trading  journeys  the  Koraish4  had  acquired 
a  knowledge  of  tfie  world,  especially  of  the  Graeco- 
Syrian  world  :  the  relative  superiority  of  their  culture 
raised  them  not  only  above  the  Bedouins,  but  above 
the  agricultural  population  of  such  a  city  as  Medina ; 
the  art  of  reading  and  writing  was  pretty  widely  dif¬ 
fused  among  them.  The  Koraish  within  the  city  were 
the  Band  Ka'b  ibn  Loay,  those  in  the  surrounding 
country  Band  'Amir  ibn  Loay  ;  the  townsmen  proper 

l  Noldeke,  Oesch.  d.  Perser  und  Amber  zur ZeU,  der  Sasamden  am 

■  VoSKte’tf  ffito  &S>h'!EAc£mijnae  Percev.1, 
Fxgii  mr  Fhistoire  des  Arabes,  vol.  ii. ;  Muir,  Life  of  Mah.,\ ol.  l. 

»  Marr  al-Zahrdn,  near  Mecca,  is  accordingly  said 
TwA  yinint  at*  which  the  crreat  emigration  of  tnbes  from  Yemen 
parted  tato  two  streamsfinoving  northwest  and  northeast  re- 

8P4eThVce^oraish  were  the  branch  of  Kintaa  settled  in  and  about 
Mecca  Vhev  arSled  also  Ghdlib  and  Fihr,  but  the  last  name 
Krticmarly  tppUed  to  those  of  the  Koraish  who  did  not  live 

within  the  town. 


were  again  subdivided  into  Motayyabdn  and  Ahl&f— 
the  latter  were  the  new  citizens,  who  were  distinguished 
from  the  old  settlers  by  the  same  name  in  other  Ara¬ 
bian  towns,  as  in  Taif  and  Hira.  The  community  was 
a  mere  confederation  of  neighboring  septs,  each  occu¬ 
pying  its  own  quarter ;  there  was  no  magistracy,  the 
town  as  such  had  no  authority.  All  political  action 
centred  in  the  several  septs  and  their  heads  ;  if  they  ■ 
held  together  against  outsiders,  this  was  due  to  in¬ 
terest  and  a  sense  of  honor,  a  voluntary  union  strength¬ 
ened  by  the  presence  of  public  opinion.  In  the  time 
of  Mohammed,  the  most  numerous  and  wealthy  sept 
was  that  of  the  Band  Makhzum ;  but  that  of  the 
Banu  'Abdshams  was  the  most  distinguished.  The 
Band  Omayya  were  the  most  powerful  house  of  'Abd¬ 
shams  ;  their  head,  Abd  Sofyan  ibn  Harb,  exercised 
a  decisive  influence  in  the  concerns  of  the  whole  com¬ 
munity.  Mohammed  himself  was  of  the  Band  H&shim  • 
it  is  affirmed  that  these  had  formerly  enjoyed  and 
claimed  of  right  the  position  actually  enjoyed  by  the 
Band  Omayya,  but  this  assertion  seems  to  have  had 
its  origin  in  the  claims  to  the  Caliphate  which  the 
Hashimites  (the  house  of  'Ah  and  the  ’Abb&sids)  sub¬ 
sequently  set  up  against  the  Omayyads.5 

Mohammed’s  father,  'Abdallah  b.  'Abdalmottalib, 
did  not  live  to  see  the  son’s  birth,  and  his  Youth 
mother  Amina  died  while  he  was  still  a  Pr<°^te 
child.  Mohammed  was  then  cared  for  first 
by  his  grandfather,  'Abdalmottalib,  and  after  his  death 
by  his  oldest  paternal  uncle,  Abd  Talib  b.  'Abdal¬ 
mottalib.  He  was  kindly  treated,  but  shared  the 
hardships  of  a  numerous  and  very  poor  family;  he 
herded  sheep  and  gathered  wild  berries  in  the  desert. 
This  is  all  that  we  know  of  his  youth  (sur.  xciii.  6),  all 
else  is  legend,  containing  at  most  an  occasional  frag¬ 
ment  of  truth.8 

It  was,  we  are  told,  in  his  twenty-fifth  year  that  Mo¬ 
hammed,  on  the  recommendation  of  his  uncle,  entered 
the  house  and  business  of  a  wealthy  widow  named 
Khadija.  For  her  he  made  commercial  journeys,  thus 
learning  to  know  part  of  Palestine  and  Syria,  and 
perhaps  receiving  impressions  which  fnxetified  in  his 
soul.7  By  and  by  he  married  the  widow,  who  was 
much  his  senior ;  he  was  a  shrewd  man,  with  prepos¬ 
sessing  countenance,  fair  of  skin,  and  black-haired.  The 
marriage  was  happy,  and  blessed  with  several  children. 
The  two  sons,  however,  died  young;  from  the  elder 
the  father  received  the  surname  Abu  ’l-K&sim.  Ihe 
most  famous  of  the  daughters  was  F4tima,  who  mar¬ 
ried  her  father’s  cousin,  'All  b.  Abi  Talib. 

During  his  married  life  with  Khadija,  Mohammed 
came  in  contact  with  a  religious  movement 
which  had  laid  hold  on  some  thoughtful 


minds  in  Medina,  Mecca,  and  Taif..  In 


Arabian 
religion. 

Mecca,  as  elsewhere,  Arabian  heathenism  was  a  tradi¬ 
tional  form  of  worship,  chiefly  concentrated  in  great 
feasts  at  the  holy  places ;  it  was  clung  to  because  it 
had  come  down  from  the  fathers.  The  gods  were 
many ;  their  importance  was  not  due  to  the  attnbutes 
ascribed  to  them,  but  to  their  connection  with  special 
circles  in  which  they  were  worshipped.  They  were 
the  patrons  of  septs8  and  tribes,  and  symbolized,  so  to 
speak,  the  holy  unity  which  united  the  present  and 


6  St 


r,  vol.  iii.  p.  cxx.  sq. 


«  The^faditioii  reiatesAtha?as  an  infant  Mohammed  was  in¬ 
trusted  to  a  Bedouin  foster-mother,  Halima,  who  brought  him  up 
among  her  people,  the  Band  Sa  d  b.  Laith.  Sprenger  (i.  162  sq?) 
will  have  it  that  this  precise  statement  is  also  a  fiction ;  but  he  is 
probably  wrong.  It  can  hardly  be  disputed  that  Bedouin  women 
were  accustomed  to  suckle  the  children  of  townsfolk/or  wages, 
and  Mohammed’s  “milk-kinship”  with  the  Band  Sad lb.  Laith 
is  confirmed  by  what  happened  at  and  after  the  battle  of  Honam. 
A  nephew  of  Mohammed  was  also  brought  up  among  the  Sa  d. 
Comp.  Vakidi,  ut  supra,  pp.  364,  877  jg.,.43l,  note  1. 

i  He  saw  the  mute  witnesses  of  divine  judgment,  the  rock- 
dwellings  of  Hijr  and  the  Dead  Sea;  perhaps,  too,  he  was  im¬ 
pressed  oy  the  figure  of  some  venerable  monk  (Bahira  legends). 
Comp.  Ibn  Hishdm,  p.  115  sq.  .-  Sprenger,  i.  p.  178  sqq. 

»  Vakidi,  p.  850;  Idols  were  found  in  every  house,  and  homage 
was  paid  to  them  when  men  went  out  or  in  to  gain  their  blessing. 
Abd  Bajrdt  made  and  sold  them ;  there  was  a  lively  trade  In  idols 
with  the  Bedouins. 


670 


MOHAMMEDANISM. 


[MOHAMMED. 


past  members  of  these.  Above  them  all  stood  All&h, 
the  highest  and  universal  God. 1  By  him  the  holiest 
oaths  were  sworn  ;  in  his  name  ( Bismika  Alldhmrnmd) 
treaties  and  covenants  were  sealed ;  the  lower  gods 
were  not  fit  to  be  invoked  in  such  cases,  as  they  be¬ 
longed  to  one  party  instead  of  standing  over  both. 
The  enemy  was  reminded  of  Allah  to  deter  him  from 
inhuman  outrage;  enemy  of  Allah  ('aduw  Allah, 
deooTvyr/c)  was  the  name  of  opprobrium  for  a  villain. 
But,  since  Allah  ruled  over  all  and  imposed  duties  on 
all,  it  was  not  thought  that  one  could  enter  into  special 
relations  with  him.  In  worship  he  had  the  last  place, 
those  gods  being  preferred  who  represented  the  interests 
of  a  specific  circle,  and  fulfilled  the  private  desires  of 
their  worshippers.2  Neither  the  fear  of  Allah,  how¬ 
ever,  nor  reverence  for  the  gods  had  much  influence. 
The  chief  practical  consequence  of  the  great  feasts  was 
the  observance  of  a  truce  in  the  holy  months,  and  this 
in  course  of  time  had  become  mainly  an  affair  of  pure 
practical  convenience.  In  general,  the  disposition  of 
the  heathen  Arabs,  if  it  is  at  all  truly  reflected  in  their 
poetry,  was  profane  in  an  unusual  degree.  Wine,  the 
chase,  gaming,  and  love  on  the  one  side  ;  vengeance, 
feuds,  robbery,  and  glory  on  the  other,  occupy  all  the 
thoughts  of  the  old  poets.  Their  motives  to  noble 
deeds  are  honor  and  family  feeling ;  they  hardly  name 
the  gods,  much  less  feel  any  need  of  them.  The  man 
sets  all  his  trust  on  himself :  he  rides  alone  through 
the  desert,  his  sword  helps  him  in  dangei-j  no  God 
stands  by  him,  he  commends  his  soul  to  no  saint.  His 
reckless  egoism  may  expand  to  noble  self-sacrifice  for 
the  family  and  the  tribe ;  but  in  this  heroism  religious 
impulses  have  no  part,  there  is  nothing  mystical  in 
these  hard,  clear,  and  yet  so  passionate  natures.  The 
only  vein  of  what  can  in  any  sense  be  called  religious 
feeling  appears  when  the  volcano  has  burned  itself  out 
and  the  storm  of  life  is  over ;  then,  it  may  be,  a  wail 
is  heard  over  the  vanity  of  all  the  restless  activity  that 
is  now  spent.3  It  is  very  possible  that  religion  meant 
more  to  the  sedentary  Arabs  than  to  the  nomads,  to 
whom  almost  all  the  ancient  poetry  belongs ;  but  the 
difference  cannot  have  been  great.  The  ancient  inhab¬ 
itants  of  Mecca  practised  piety  essentially  as  a  trade, 
just  as  they  do  now;  their  trade  depended  on  the 
feast,  and  its  fair  on  the  inviolability  of  the  Haram  and 
on  the  truce  of  the  holy  months.4 

1  The  particular  .gods  are  said  to  have  been  regarded  as  chil¬ 
dren  of  A114h  (D'rOK  'J3).  Prom  sur.  liii.  21,  xxxvii.  149,  it  ap¬ 
pears  that  the  Meccans  called  their  goddesses  daughters  of  Allah ; 
perhaps  it  was  their  disputes  with  Mohammed  that  forced  them 
to  this  view.  At  first,  certainly,  al-Lat  and  al-'Ozza  were  names 
of  the  wife  of  the  supreme  god ;  sexual  dualism  dominated  in  the 
oldest  Arab  idea  of  the  godhead.  It  was  Mohammed  who  first 
reduced  the  gods  to  Jinns— i.e.,  to  subordinate  demons  and  ko- 
bolds— as  he  did  not  deny  their  existence,  but  only  stripped  off 
their  divinity.  To  say  that  the  oldest  Arabs  worshipped  Jinns  is 
as  unreasonable  as  to  say  that  they  worshipped  the  devil ;  for  Is¬ 
lam  degraded  the  gods  to  Shaitans  as  well  as  to  Jinns.  Supersti¬ 
tion  certainly  played  its  part  among  the  Arabs,  but  superstition 
is  not  religion. 

3  Vakidi,  pp.  368,  note  1,  370,  note  1 ;  Sprenger,  iii.  457  sq.,  512. 
Whether  the  feast  at  Mecca  was  celebrated  in  honor  of  All&h 
before  Mohammed,  is  very  doubtful.  It  would  seem  that  Hobal 
was  worshipped  in  the  Ka'ba  (Ibn  Hishiim,  p.  97  sq.),  and  Kozah 
in  Mozdalifa  ( Vakidi,  p.  428) ;  it  is  possible,  however,  that  'All&h 
stood  to  Hobal  among  the  Arabs  as  El  to  Jahwfe  among  the  He¬ 
brews.  Ritual  sacrifices  were  generally  presented  to  a  god  who 
had  a  proper  name ;  but  the  trace  of  a  religious  rite  which  still 
survived  in  the  ordinary  killing  of  beasts  for  food,  possibly  con¬ 
sisted  even  before  Mohammed  in  the  invocation  of  the  name  of 
All&h  (Sprenger,  ii.  478,  note  1;  but  comp.  Vakidi,  p.  160,  note  1,  p.  158). 

s  “  We  hasten  towards  an  unknown  goal,  and  forget  it  in  eating 
and  drinking.  We  are  sparrows  and  flies  and  worms,  but  more 
daring  than  famishing  wolves.  ...  My  roots  reach  down  to  the 
depths  of  the  earth ;  but  this  Death  spoils  me  of  my  youth,  and 
of  my  soul  he  spoils  me  and  of  my  body,  and  right  soon  he  lays 
me  in  the  dust.  I  have  urged  my  camel  through  every  desert, 
wide-etretching  and  shimmering  with  mirage ;  and  I  have  ridden 
in  the  devouring  host,  reaching  after  the  honors  of  greedy  perils, 
and  I  joined  in  the  fray  under  everv  sky  till  I  longed  for  the 
home-coming  instead  of  booty.  But  can  I,  after  Hanth’s  death 
and  after  the  death  of  Hoir,  the  noble  host— can  I  hope  for  a 
softer  lot  from  the  change  of  time,  which  does  not  forget  the  hard 
mountains  ?  I  know  that  I  must  soon  be  transfixed  by  his  talon 
and  tooth  as  befell  my  father  and  my  grandsire,  not  to  forget 
him  that  was  slain  at  Kol&b.”— Amraalkais,  ed.  Slane,  No  10  n 
33 ;  ed.  Ahlwardt,  No  5.  '  ’  F 

T  4  See,  on  Arabian  heathenism,  Pococke,  Specimen  hist.  Arabum  ; 
i  m  *jMSWn  (ieT  vorislamischen  Araber  (Leip.,  1863) ;  Sprenger, 


The  religion  of  the  Arabs  before  Mohammed  was 
decrepit  and  effete. 5  Many  anecdotes  and  The 

verses  prove  that  indifference  and  scoffing  i^anifs. 
neglect  of  the  gods  was  nothing  uncommon. 

The  need  for  a  substitute  for  the  lost  religion  was  not 
very  widely  felt.  But  there  were  individuals  who  were 
not  content  with  a  negation,  and  sought  a  better  re¬ 
ligion.  Such  were  Omayyab.  Abi  ’1-Salt  in  T&if,  Zaid. 
b.  'Amr  in  Mecca,  Abu  Kais  b.  Abl  Anas,  and  Abu 
'Amir  in  Medina.6  They  were  called  Hanifs,  probably 
meaning  “penitents,”  men  who  strive  to  free  them¬ 
selves  from  sin.7  They  did  not  constitute  a  regular 
sect,  and  had  in  fact  no  fixed  and  organized  views. 
They  had,  no  doubt,  intercourse  with  one  another,  but 
were  not  a  close  society ;  they  thought  more  of  their 
own  souls  than  of  propaganda ;  only  in  Medina  they 
seem  to  have  been  more  numerous.  They  rejected 
polytheism  and  acknowledged  Alldh,  but  not  so  much 
on  intellectual  grounds  as  on  grounds  of  conscience. 
Faith  in  the  one  God  was  with  them  identical  with 
pious  resignation  ( Isldm )  to  his  will ;  their  monotheism 
was  most  closely  allied  to  the  sense  of  responsibility 
and  of  a  coming  judgment ;  it  stood  opposed  to  the 
worldly  ideas  of  the  idolaters,  and  was  an  impulse  to 
upright  and  sin-avoiding  walk.  They  were  not  theo¬ 
rists,  but  ascetics.  It  was  the  primitive  ideas  of  Law 
and  Gospel  (“the  religion  of  Abraham”)  that  lived 
again  in  them.  They  felt  on  the  whole  less  attracted 
towards  the  developed  forms  of  the  religion  of  revela¬ 
tion  ;  they  rather  sought  after  some  new  form ;  few  of 
them  attached  themselves  to  existing  religious  com¬ 
munities. 

Mohammed,  it  would  appear,  came  into  connection 
with  these  Hanifs  through  a  cousin  of  his  wife,  War- 
aka  b.  Naufal,  who  was  one  of  them.  Their  doctrines 
found  a  fruitful  soil  in  his  heart ;  he  was  seized  with 
a  profound  sense  of  dependence  on  the  omnipresent 
and  omnipotent  Lord,  and  of  responsibility  towards 
him.  Following  the  example  of  old  Zaid  b.  'Amr,  he 
now  frequently  withdrew  for  considerable  periods  to 
the  solitude  of  the  bare  and  desolate  Mount  Hira,  and 
meditated  there  with  prayer  and  ascetic  exercises.  For 
years,  perhaps,  he  went  on  in  these  purely  individual 
exercises,  without  anything  to  distinguish  him  essen¬ 
tially  from  the  others  who  held  similar  views.  But  in 
him  the  Hamfite  ideas  lodged  themselves  in  a  natural 
temperament  which  had  a  sickly  tendency  to  excite¬ 
ment  and  vision,  and  so  produced  a  fermentation  that 
ended  in  an  explosion.8  Thus  he  became  a  prophet ; 
he  felt  himself  constrained  to  leave  the  silent  circle  oi 
ascetics  and  make  a  propaganda  for  the  truth.  In  this 
resolve  he  was  unquestionably  influenced  by  what  he 
knew  of  the  example  of  the  Biblical  prophets,  perhaps 
also  by  the  circumstance  that  a  longing  after  a  new 
founder  of  religion  was  diffused  among  the  Hanifs,  and 
found  support  in  some  dim  acquaintance  with  the 
Messianic  hopes  of  the  Jews. 

That  Mohammed  did  not  independently  produce  his 
own  ideas  is  indisputable ;  nor  is  it  to  be  jewish  and 
doubted  that  he  derived  them  from  the  Christian 
Hanifs.  But  what  was  the  ultimate  source  influence, 
of  these  first  motions  towards  Islam  ?  In  general  they 

6  Vakidi,  p.  293,  note  1. 

6  See,  for  Omayya,  Kitdb  ai-Aghdnl  (BfilAk  ed.).  Hi.  186  sq.;  for 
Zaid,  Ibn  Hishiim,  p.  143  sq. ;  for  Abu  Kais,  id.  348  sq.,  39  sq. ;  and 
for  Abd  'Amir,  Vakidi,  pp.  103, 161,  190,  410. 

7  Sprenger  (p.  38  sq.)  connects  Hanif  with  f|jn,  and  expounds  it 

per  antiphrasin  as  lucusanon  lucendo,  on  the  ingenious  fashion 
of  A.  Geiger.  As  tahannuth  =  tahanmif  is  the  technical  name  of 
such  solitary  ascetic  practices  as  "Mohammed  himself  engaged  in 
before  his  call,  Hanii  may  be  taken  to  mean  a  mutahanmf  by  pro¬ 
fession.  The  connection  between  hanif  and  tahannvj is  certain, 
and  it  seems  equally  certain  that  tahannvf  as  an  equivalent  of 
tahannuth  comes  not  from  hanif  but  from  hivth  (for  frinf),  and  means 
not  to  play  the  Hanif  but  to  concern  oneself  with  one’s  sin,  to 
purge  oneself  of  it. 

8  It  is  disputed  whether  Mohammed  was  epileptic,  cataleptic, 
hysteric,  or  what  not ;  Sprenger  seems  to  think  tnat  the  answer 
to  this  medical  question  is  the  key  to  the  whole  problem  of  Islam. 

It  is  certain  that  he  had  a  tendency  to  see  visions,  and  suffered 
from  fits  which  threw  him  for  a  time  into  a  swoon,  without  loss 
of  inner  consciousness. 
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are  ascribed  to  a  Jewish  source.  Jews  were  very 
numerous  in  Hij&z  and  Yemen,  and  had  perfectly  free 
intercourse  with  the  Arabs,  to  whom  they  undoubtedly 
imparted  a  quantity  of  Biblical  and  religious  material. 
Mohammed  in  particular  was  indebted  to  the  Jews  for 
almost  all  the  stories  and  a  great  part  of  the  laws  of  the 
Koran  (laws  of  marriage,  purity,  etc. ),  and  the  theo¬ 
logical  language  of  Islam  is  full  of  Jewish  words.  But 
the  original  and  productive  forces  of  Islam  did  not 
spring  from  Judaism,  least  of  all  the  ideas  of  the 
Judgment  and  of  the  inexorable  demands  set  before 
the  creature  by  his  Creator,  which  are  so  dominant  in 
the  older  suras.  A  distinction  must  be  drawn  between 
the  primitive  impulses  and  the  material  added  later ; 
Mohammed  did  not  get  his  leaven  from  the  Jews,  they 
only  supplied  him  afterwards  with  meal.  Neither  in 
truth  can  Christianity  be  viewed  as  the  proper  source 
of  Islam — Christianity,  that  is,  in  any  oi  its  great  his¬ 
torical  developments.  The  Arabs  knew  Greek,  Syrian, 
and  Abyssinian-Himyaritic  churches ;  manifold  in¬ 
fluences  from  these  doubtless  reached  Islam,  but  in 
none  of  them  did  the  idea  of  Judgment  still  stand  as 
the  central  point  of  religion  ;  the  living  sense  of  divine 
reality  ruling  over  the  life  was  half  extinguished  by 
the  developments  of  theology.  But  in  the  Syro-Baby- 
lonian  desert,  off  the  line  of  the  church’s  main  ad¬ 
vance,  primitive  forms  of  Christianity,  perhaps  also  of 
Essenism,  still  survived,  which  the  course  of  church 
history  had  left  untouched.  To  these  belong  on  the 
one  hand  the  Sabians  Baptists,”  from  J^),  on  the 
other  the  numerous  anchorets  of  these  regions.  The 
connection  of  Islam  with  the  Sabians  appears  from  the 
fact  that  in  Mecca  and  TAif  its  adherents  were  simply 
known  as  Sabians.1  From  them,  however,  were  de¬ 
rived,  it  would  seem,  for  the  most  part  only  externals, 
though  the  importance  of  these  must  on  no  account 
be  undervalued.  The  deepest  influence  exercised  on 
the  Hanifs,  and  through  them  on  the  Prophet,  ap¬ 
pears  to  have  come  from  the  anchorite  ascetics.  How 
popular  they  were  with  the  Arabs,  appears  from  the 
Bedouin  poetry ;  what  power  they  exercised  over  the 
minds  even  of  the  heathen,  is  proved  by  various  epi¬ 
sodes  in  the  history  of  Ghassan  and  Hi'ra ;  how  well 
the  Arabs  knew  the  difference  between  them  and  the 
shaven  clergy,  is  seen  in  the  instructions  of  Abfibekr 
to  the  commanders  in  the  Syrian  campaigns.  It  was 
not  their  doctrine  that  proved  impressive,  but  the 
genuine  earnestness  of  their  consecrated  life,  spent  in 
preparation  for  the  life  to  come,  for  the  day  of  judg¬ 
ment,  and  forming  the  sharpest  contrast  to  the  pro¬ 
fanity  of  heathenism.  Ascesis  and  meditation  were 
the  chief  points  with  the  Hanifs  also,  and  they  are 
sometimes  called  by  the  same  name  with  the  Christian 
monks. 2 *  It  can  hardly  be  wrong  to  conclude  that  these 
nameless  witnesses  of  the  Gospel,  unmentioned  in 
church  history,  scattered  the  seed  from  which  sprang 
the  germ  of  Islam. 

The  tradition  gives  a  telling  story  of  the  way  in 
Moham-  which  Mohammed  at  length  came  to  pro- 
med’s  first  claim  openly  what  had  long  been  living  and 
viston.  working  within  him  ;  in  other  words,  how 
he  became  a  prophet.  Once,  in  the  month  of  Rama- 
dan,  while  he  repeated  his  pious  exercises  and  medita¬ 
tions  on  Mount  HM,  the  angel  Gabriel  came  to  him 
by  night  as  he  slept,  held  a  silken  scroll  before  him 
and  compelled  him,  though  he  could  not  read,  to  recite 
what  stood  written  on  it.®  This  was  the  first  descent 


of  a  passage  of  the  heavenly  book,  the  source  of  reve¬ 
lation  from  which  Moses  and  Jesus  and  all  prophets 
had  drawn  •  and  so  Mohammed  was  called  to  be  a 
prophet.  The  words  with  which  Gabriel  had  sum¬ 
moned  him  to  read  remained  graven  on  his  heart. 
They  were  the  beginning  of  sur.  xcvi. : 

“  Bead !  in  the  name  of  thy  Lord,  who  created,  created 
man  from  a  drop.  Bead !  for  thy  Lord  is  the  Most  High 
who  hath  taught  by  the  pen,  hath  taught  to  man  what  he 
knew  not.  Nay  truly  man  walketh  in  delusion,  when  he 
deems  that  he  suffices  for  himself ;  to  thy  Lord  they  must 
all  return.” 

What  is  here  recorded  is  the  commencement,  not  of 
Mohammed’s  knowledge,  but  of  his  prophesying.  That 
the  latter  was  due  to  a  vision  experienced  by  him  on  a 
night  of  the  month  Ramadan  (sur.  xcvii.  1,  ii.  181)  is 
certain,  and  it  is  at  least  very  possible  that  the  form 
of  the  vision  was  governed  by  the  traditional  concep¬ 
tion  of  revelation  and  prophecy  which  Mohammed  had 
learned  to  accept.4 *  It  is,  of  course,  uncertain  whether 
the  words  in  wnich  the  angel  called  the  Prophet  are 
really  contained  in  sur.  xcvi.  Certainly  this  sfira  is 
very  early,  and  its  contents  are,  indeed,  the  best  ex¬ 
pression  of  the  original  ideas  of  Islam.  Man  lives  on 
content  with  himself,  but  he  must  one  day  return  to 
his  Creator  and  Lord,  and  give  account  to  him.  This 
is  in  a  sense  the  material  principle  of  the  oldest  faith 
of  Islam  ;  the  formal  principle  is  the  very  prominent 
doctrine  of  revelation  in  writing  copied  from  the 
heavenly  book. 

When  the  angel  left  him — so  the  tradition  runs  on 
— Mohammed  came  to  Khadija  and  recounted  the  oc¬ 
currence  to  her  in  much  distress ;  he  thought  that  he 
was  possessed.  She,  however,  comforted  him,  and  con¬ 
firmed  him  in  the  belief  that  he  had  received  a  revela¬ 
tion  and  was  called  as  a  messenger  of  God.  Yet  his 
doubts  returned,  when  there  ensued  a  break  in  the 
revelation,  and  they  reached  a  distressing  height.  He 
was  often  on  the  point  of  seeking  death  by  casting 
himself  down  from  Mount  Hiifi.  It  is  usually  assumed 
that  this  state  of  anguish  lasted  from  two  to  three 
years.  Then  the  angel  is  said  to  have  suddenly  ap¬ 
peared  a  second  time ;  he  came  to  Khadija  in  great 
excitement,  and  said  :  “Wrap  me  up  !  wrap  me  up  !” 
This,  it  must  be  explained,  was  done  when  he  fell  into 
one  of  his  swoons;  and  on  this  occasion,  as  often 
thereafter,  the  revelation  came  during  an  attack.  Then 
was  sent  down  sfira  lxxiv.  beginning  with  the  address 
— “0  thou  enveloped  one!”  Henceforth  there  was 
no  interruption  and  no  doubt ;  the  revelations  followed 
without  break,  and  the  Prophet  was  assured  of  his 
vocation. 

That  Mohammed  did  pass  through  many  doubts  and 
much  distress  before  he  reached  this  assurance,  may 
well  be  believed  (sur.  xciii.  3) ;  but  the  systematic 
development  of  the  doctrine  of  the  fatra,  or  interval 
of  from  two  to  three  years  between  the  first  The  fatra 
and  second  revelation,  belongs  to  a  later 
stage  of  tradition.  It  appears  that  it  was  devised  to 
dispose  of  the  controversy  whether  Mohammed  lived 
as  a  prophet  in  Mecca  for  ten  or  for  twelve  years ;  per¬ 
haps,  too,  it  was  desired  to  solve  another  difficulty — viz., 
whether  sur.  xcvi.  or  sur.  lxxiv.  was  the  beginning  oi 
the  revelation — in  a  sense  that  should  do  some  justice 
to  the  rival  claims  of  each.6  The  tradition  may  also  have 
been  influenced  by  the  circumstance  that  Mohammed, 
in  the  first  three  years  of  his  mission,  did  not  appear  as 


1  Ibn  Hish4m  (p.  835)  relates  that  the  Banvi  Jadhima  announced 
their  conversion  to  Islam  to  Kh&lid  in  the  words,  “We  are  be¬ 
come  Sabians.”  Renan,  Etudes  d'histoire  rel.  (1863),  p.  257,  mis¬ 
understands  this  utterance. 

2  Ab\l  'Amir  is  as  often  called  R&hib  as  Hanif.  All  the  accounts 

indicate  that  the  Hanifs  stood  nearer  to  Christianity  than  to 

Judaism,  not  only  'in  T&if  but  elsewhere.  Interesting  in  the 

highest  degree  is  a  verse  ascribed  to  Sakhr  al-Ghay  in  the  Hod- 
hallian  Poems,  ed.  Kosegarten  18, 11.  A  thundercloud  is  there 

described,  the  centre  of  which  is  an  impenetrable  mass ;  only  on 
the  outer  fringe  a  restless  motion  is  discernible.  “  Its  fringes  on 
the  mountain-ridge  (al-MalA)  are  like  Christians  celebrating  a 
banquet  when  they  have  found  a  Hanif  (and  so  run  to  and  fro  in 
the  restlessness  of  glad  excitement)',” 


8  Of  course  any  one  can  read  in  a  vision.  The  question  dis¬ 
cussed  even  by  Moslems,  as  to  whether  the  Prophet  could  read 
or  not,  has  at  least  no  place  in  this  connection. 

4  H.  Dodwell,  “  De  Tabulis  cceli,”  in  Fabricius,  Cod.  pseud.  V.  T., 
2d  ed.,  ii.  551  sq.  Compare,  in  the  Koran,  especially  sur.  lxxxvii. 
6,  “  We*will  cause  thee  so  to  read  that  thoumayest  forgetnothing 
save  what  God  will.”  The  following  progress  is  noteworthy-! 
Isaiah’s  lips  are  touched  to  purge  them  of  sin  (Isa.  vi.  7) ;  Jere¬ 
miah’s  are  touched  by  the  Lord  to  put  His  word  in  his  mouth 
(Jer.  i.  9) ;  Ezekiel  receives  the  revelation  as  a  roll  of  a  book 
which  he  has  to  swallow  (Ezek.  iii.  2). 

5  See  Sprenger  in  Z.  D.  M.  6.,  1859.  p.  173  sq. ;  Noldeke,  op.  cit., 
67  sq.  Ewald  thinks  that  the  vocatives  at  the  beginning  of  sur. 
lxxiv.  and  lxxiii.  mean  simply— 0  long  sleeper.  This  view  la 
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a  public  preacher,1  but  only  sought  recruits  for  his  own 
cause  ana  the  cause  of  All4h  in  private  circles.  First,  he 
gained  the  inmates  of  his  own  house, — his  wife  Khadija, 
First  his  ffeedman  Zaid  b.  Haritha,  his  cousin 

converts.  'All  (of  whose  nurture  he  had  relieved  Abu 

Tilib,  a  poor  man  with  many  children),  and 
finally  his  dearest  friend  Abubekr  b.  Abi  Kohafa.  The 
last  named  won  for  him  several  other  adherents : 
'Othman  b.  Affan,  Zobair  b.  al-Awwam,  Abd  al- 
Rahm&n  b.  'Auf,  Sa'd  b.  Abl  Wakkas,  Talha  b.  'Ob- 
aid  Allah,  all  names  of  note  in  the  subsequent  history 
of  Islam.  Soon  there  was  a  little  community  formed, 
whose  members  united  in  common  exercises  of  prayer. 

To  the  Ha  riffs,  especially  to  the  family  of  Zaid  b. 
Amr,  their  relation  was  friendly  ;  they  had  the  name 
of  Moslem  in  common,  and  there  was  hardly  any  dif¬ 
ference  of  principle  to  separate  them.  The  personality 
of  the  prophet  had  given  an  altogether  new  impulse  to 
a  movement  already  in  existence ;  that  was  all.  To 
found  a  new  religion  was  in  no  sense  Mohammed’s 
intention ;  what  he  sought  was  to  secure  among  his 
people  the  recognition  of  the  old  and  the  true.  He 
preached  it  to  the  Arabs  as  Moses  had  before  him 
preached  to  the  Jews,  and  Jesus  to  Christians ;  it  was 
all  one  and  the  same  religion  as  written  in  the  heavenly 
book.  The  differences  between  the  several  religions  of 
the  book  were  not  perceived  by  him  till  a  much  later 
period. 

It  is  not  difficult  to  understand  why  Mohammed 
should  in  the  first  instance  have  turned  to  those  who 
were  most  readily  accessible  to  him ;  but  the  nature  of 
his  mission  did  not  suffer  him  to  rest  content  with 
this ;  it  compelled  him  to  make  public  proclamation 
of  the  truth.  One  of  his  dependents,  Ark  am  b.  Abf 
Arkarn,  offered  for  this  purpose  his  house,  which  stood 
close  by  the  sanctuary,  and  thus  the  Moslems  obtained 
a  convenient  meeting-place  within  the  town,  instead 
of,  as  hitherto,  being  compelled  to  resort  to  ravines 
and  solitary  places.2  Here  Mohammed  preached,  and 
here  too  it  was  that  he  received  some  converts  to  Islam. 
But  he  did  not  obtain  any  great  results  among  the 
Meccans.  What  he  had  to  say  was  already  in  substance 
familiar  to  them ;  all  that  was  new  was  the  enthusiasm 
with  which  he  proclaimed  old  truth.  But  this  enthu¬ 
siasm  failed  to  make  any  impression  on  them  ;  they  set 
him  aside  as  a  visionary,  or  as  a  poet,  or  simply  as  one 
possessed.  In  their  eyes  it  was  a  fatal  flaw  that  his 
supporters  were  drawn  from  the  slave-class  and  the 
lower  orders,  and  the  ranks  of  the  young ;  it  would 
have  been  quite  another  matter  if  one  of  the  rulers  or 
elders  had  believed  in  him.  This  circumstance  was  a 
source  of  annoyance  to  the  Prophet  himself ;  in  sur. 
lxxx.  we  find  him  rebuked  by  God  for  having  repulsed 
in  an  unkind  way  a  blind  beggar  who  had  interrupted 
him  as  he  was  endeavoring  to  win  over  a  man  of  influ¬ 
ence— an  endeavor  which  proved  of  no  avail. 

This  indifference  of  the  Meccans  embittered  the 
messenger  of  God,  and  led  him  to  give  to  his  preach¬ 
ing  a  polemical  character  which  it  had  not  hitherto 
possessed.  In  the  oldest  suras  we  have  monotheism 
in  its  positive  and  practical  form.8  God  is  the  all- 
powerful  Lord  and  all-knowing  Judge  of  man  ;  he 
demands  loyal  self- surrender  and  unconditional  obe- 


worthy  of  consideration.  The  Moslem  exegetes  thoroughly  ur 
derstand  the  art  of  giving  to  general  expressions  of  the  Kora: 
specific  reference  to  historical  events  which  they  have  themselve 
invented  to  facilitate  exegesis. 

1  Ibn  Hishdm,  p.  166. 

2  It  does  not  appear  that  Arkam’s  house  was  of  the  nature  of  ai 
asylum  to  which  Mohammed  betook  himself  for  refuge  from  th 
ill-treatment  to  which  he  was  subjected  in  his  own  home,  nor  i 
there  any  evidence  that  he  ever  lived  in  it.  It  was  simply  th 
meeting-house  of  the  oldest  Islam.  Prayer  continued  to  be  offers 
within  it  until  the  conversion  of  'Omar,  who  was  bold  enough  t 
choose  the  Ka'ba  itself,  the  centre  of  heathenism,  as  the  Moslen 
pl?c£2fPFayer-  C?mP-  Muir- li-  P-  Sprenger,  i.  p.  434. 

.  ”  hat  is  meant  by  practical  monotheism  is  most  easily  undei 
stood  by  reference  to  Matt.  vi.  24  aqq.,  x.  28  sqq.,  and  to  Luther’ 
exposition  of  the  first  commandment  in  the  catechisms;  it  is  th 
essence  of  religion.  We  do  not,  of  course,  mean  that  this  practica 
monotheism  is  expressed  in  the  Koran  with  as  much  purity  am 
depth  as  in  the  Gospel.  r 


dience;  the  service  he  requires  is  a  serious  life, 
characterized  in  particular  by  prayer,  almsgiving, 
and  temperance.  That  the  worship  of  other  gods 
beside  Allah  is  excluded  by  these  views,  goes  with¬ 
out  saying ;  still  it  is  noteworthy  that  the  sharp  nega¬ 
tions  of  monotheism  acquired  prominence  only  by 
degrees.  It  was  in  his  indignation  against  the  cold 
mockery  with  which  he  was  met  that  Mohammed 
first  assumed  an  attitude  of  hostility  towards  the 
worship  of  polytheism,  while  at  the  same  time  he 
gave  much  greater  prominence  to  his  own  mis¬ 
sion,  just  because  it  was  not  acknowledged.  He  now 
began  to  threaten  the  infidels  with  the  judgment  of 
God  for  their  contempt  of  His  message  and  His 
messenger;  he  related  to  them  the  terrible  punish¬ 
ments  that  in  other  cases  had  fallen  on  those  who 
refused  to  hear  the  voice  of  their  prophet,  applying 
the  old  legends  to  the  circumstances  of  the  present 
with  such  directness  that  it  was  superfluous  expressly 
to  add  the  morals.  This  could  not  fail  to 
irritate  the  Meccans,  especially  as  after  all 
the  new  religion  gained  ground.  What 
Mohammed  attacked  as  ungodly  and  abominable  were 
their  holy  things:  they  were  jealous  for  their  gods  and 
their  fathers.  Their  attachment  to  the  traditional 
worship  was  the  greater  that  the  prosperity  of  their 
town  rested  upon  it  •  for  they  had  not  yet  learned  that 
the  Ka'ba  was  no  institution  of  heathenism.  They 
found,  however,  no  other  way  to  remove  the  public 
scandal  than  to  approach  AM  TAlib,  the  Prophet’s 
uncle  and  the  head  of  his  family,  asking  him  to  im¬ 
pose  silence  on  the  offender,  or  else  to  withdraw  from 
him  his  protection.  Abd  Talib  was  not  personally 
convinced  of  Mohammed’s  mission,  but  he  did  not 
choose  to  impose  conditions  on  the  enjoyment  of  his 
protection.  At  length,  however,  when  the  Meccans 
adopted  a  threatening  tone  and  said  that  he  must 
either  restrain  his  nephew  from  his  injurious  attacks, 
or  openly  take  side  for  Mohammed  and  against  them, 
he  sent  for  his  nephew,  told  him  how  things  stood,  and 
urged  him  not  to  involve  them  both  in  ruin.  Moham¬ 
med  was  deeply  moved ;  he  thought  his  uncle  wished 
to  get  rid  of  him ;  yet  he  could  not  and  would  not 
withdraw  from  the  divinely-imposed  necessity  which 
impelled  him  to  preach  his  convictions.  ‘  ‘  Though 
they  gave  me  the  sun  in  my  right  hand,”  he  said, 
“and  the  moon  in  my  left,  to  bring  me  back  from  my 
undertaking,  yet  will  I  not  pause  till  the  Lord  carry 
my  cause  to  victory,  or  till  I  die  for  it.”  With  this 
he  burst  into  tears,  and  turned  to  go  away.  But  Abii 
Talib  called  him  back  and  said  :  “  Go  in  peace,  son  of 
my  brother,  and  say  what  thou  wilt,  for,  by  God,  I 
will  on  no  condition  abandon  thee.  ’  ’ 

The  protection  of  his  uncle  did  not  relieve  Moham¬ 
med  from  all  manner  of  petty  insults  which  he  had  to 
endure  from  his  enemies  from  day  to  day ;  but  no  one 
ventured  to  do  him  serious  harm,  for  the  family  feud 
which  this. would  necessarily  have  produced  was  not  to 
be  lightly  incurred.  Less  fortunate  than  the  Prophet, 
however,  were  such  of  his  followers  as  occupied  de¬ 
pendent  positions,  and  had  no  family  support ;  espe¬ 
cially  the  converted,  bondmen  and  bondwomen,  who 
found  no  consideration,  and  were  often  treated  with 
actual  cruelty.  For  some  of  these  Abubekr  purchased 
freedom.  .  There  seem  to  have  been  no  martyrs,  but 
the  situation  of  many  Moslems  became  so  intolerable 
that  they  fled  to  Abyssinia.  The  Abyssinian  Chris¬ 
tians  were  quite  looked  upon  as  their  religious  kins¬ 
men. 

A  breach  with  one’s  people  is  for  the  Arab  a  breach 
with  God  and  the  world  ;  he  feels  it  like  a 
living  death.  Mohammed,  who  remained  Tjary  con£ 
in  Mecca,  naturally  made  every  effort  to  heal  promise* 

the  breach  with  his  townsmen,  and,  as 
naturally,  the  latter  met  him  hall-way.  He  even  went 
so  far  as  to  take  the  edge  from  his  monotheism.  Once, 
when  the  heads  of  the  Koraish  were  assembled  at  the 
Ka'ba,  Mohammed*  we  are  told,  came  to  them  and 
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began  to  recite  before  them  sur.  liii.1  When  he  came 
to  the  passage,  ‘  ‘  What  think  ye  of  al-L&t  and  al-'Ozza, 
and  of  Manat  the  third  with  them!”  the  devil  put 
words  in  his  mouth  which  he  had  long  wished  to  have 
by  revelation  from  God,  viz. :  “These  are  the  sublime 
Cranes,2  whose  intercession  may  be  hoped  for.  ’  ’  The 
auditors  were  surprised  and  delighted  by  this  recogni¬ 
tion  of  their  goddesses,  and  when  Mohammed  closed 
the  siira  with  the  words,  “So  prostrate  yourselves 
before  Allah  and  do  service  to  him,”  they  all  with  one 
accord  complied.  They  then  professed  their  satisfac¬ 
tion  with  his  admissions,  and  declared  themselves 
ready  to  recognize  him.  But  the  messenger  of  God 
went  home  disquieted.  In  the  evening  Gabriel  came 
to  him,  and  Mohammed  repeated  to  nim  the  siira: 
whereupon  the  angel  said:  ‘What  hast  thou  doner 
thou  hast  spoken  in  the  ears  of  the  people  words  that 
I  never  gave  to  thee.”  Mohammed  now  fell  into 
deep  distress,  fearing  to  be  cast  out  from  the  sight  of 
God.  But  the  Lord  took  him  back  to  His  grace  and 
raised  him  up  again.  He  erased  the  diabolical  verse 
and  revealed  the  true  reading,  so  that  the  words  now 
ran  :  “What  think  ye  of  al-Lat  and  al-'Ozza,  and  of 
Manat  the  third  with  them?  The  male  [offspring] 
for  you  and  the  female  for  God?  That  were  an  unjust 
division!”  When  the  new  version  reached  the  ears 
of  the  Meccans  they  compared  it  with  the  old,  and 
saw  that  the  Prophet  had  broken  the  peace  again.  So 
their  enmity  broke  out  again  with  fresh  violence. 

It  is  generally  and  justly  suspected  that  this  com- 

gromise  did  not  rest  on  a  momentary  inspiration  of 
atan,  but  was  the  result  of  negotiations  and  protracted 
consideration.  Nor  was  the  breach  so  instantaneous 
as  is  represented ;  the  peace  lasted  more  than  one  day. 
There  is  no  doubt  as  to  the  fact  itself.  Every  religion 
must  make  compromises  to  gain  the  masses.  But  for 
Mohammed  the  moment  for  this  had  not  yet  arrived  ; 
later  on  he  used  the  method  of  compromise  with  great 
effect 

The  news  of  the  peace  between  Mohammed  and  the 
Meccans  had  recalled  the  fugitive  Moslems  from  Abys¬ 
sinia  ; 3  on  their  return  the  actual  state  of  affairs  proved 
very  different  indeed  from  what  they  had  been  led  to 
expect,  and  it  was  not  long  before  a  second  emigration 
took  place.  By  degrees  as  many  as  a  hundred  and  one 
Moslems,  mostly  of  the  younger  men,  in  little  groups, 
had  again  migrated  to  Abyssinia,  where  they  once 
more  met  with  a  friendly  reception.  Among  them 
were  Ja'far,  the  brother  of  ' All,  and  the  Prophet  s 
daughter  Rokayya,  along  with  her  husband  'Othman 
b.  'Affdn.*  *  . ,  ■  ,  , 

Mohammed’s  position  was  very  considerably  altered 
for  the  worse,  both  subjectively  and  in  other  respects, 
by  his  precipitate  withdrawal  from  the  compromise 
almost  as  soon  as  it  had  been  made.  He  himself  in¬ 
deed,  although  long  and  salutarily  humbled  by  the 
remembrance  of  his  fall  (sur.  xvii.  75  sqq.),  never 
abandoned  faith  in  his  vocation ;  his  followers  also  did 
not  permit  themselves  to  be  led  away.  But  the  Mec¬ 
cans,  from  the  way  in  which  he  had  at  first  given  out 

i  The  authorities  for  this  are  Ihn  Sa'd,  the  secretary  of  WAkidi, 
to  whom  we  owe  the  preservation  of  Wdkidi’s  materials  for  the 
Meccan  period,  and  especially  Tabari  ;  comp.  Muir,  n.  150  sqq. 
The  common  tradition  ignores  the  fact  itself,  but  knows  its  result, 
the  return  of  the  Abyssinian  fugitives. 

*  “Al-ghardnlk  al-'old,"  fine-sounding  but  perhaps  meaningless 
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a  verse  as  God’s  word,  and  afterwards  withdrawn  it  as 
a  suggestion  of  Satan,  did  not  hesitate  to  draw  the 
inference  that  the  whole  of  his  boasted  revelation  was 
nothing  but  a  manifest  imposture.  To  their  cold  and 
unfeeling  logic  the  Prophet  had  nothing  to  oppose 
save  passionate  assurances. 

Fortunately  for  the  Moslems,  precisely  at  this  junc¬ 
ture,  when  matters  were  assuming  so  gloomy  Hamza 
an  aspect  for  their  little  company,  two  con-  and  ‘°“ar- 
versions  took  place,  which  were  well  fitted  to  revive 
their  courage.  Mohammed’s  uncle,  Hamza  b.  ’Abdal- 
mottalib,  felt  his  family  pride  wounded  by  the  injurious 
treatment  which  the  former  had  received  from  Abii 
Jahl,  head  of  the  great  and  wealthy  family  of  the 
Banu  Makhziim,  and  in  order  to  become  publicly  his 
champion,  he  adopted  Islam.  Of  much  more  im¬ 
portance  still  was  the  conversion  in  the  same  year  (the 
sixth  of  the  Call)  of  'Omar  b.  al-Khattab.  'Omar 
was  then  only  twenty-six  years  of  age,  and  neither  rich 
nor  noble ;  but  his  imposing  figure  and  his  unbending 
strength  of  will  gave  him  a  personal  influence,  which 
immediately  made  itself  felt  in  a  very  marked  manner 
in  favor  of  Islam.  Until  now  its  religious  gatherings 
had  taken  place  privately,  especially  in  the  house  of 
Arkam ;  but  ’Omar  offered  his  prayers  at  the  Ka'ba 
as  publicly  as  possible,  and  his  example  was  followed 
by  the  other  Moslems.  Their  religious  exercises  were 
no  longer  gone  about  in  secret,  but  ostentatiously  and 
before  the  eyes  of  all. 

So  far  as  can  be  gathered,  it  was  at  this  time  that 
the  opposition  between  Mohammed  and  his  townsmen 
reached  its  highest  pitch.  The  feeling  that  he  had 
somewhat  committed  himself  embittered  him  ;  he  was 
determined  to  atone  for  his  previous  concessions  to 
polytheism  by  uncompromising  polemic  against  it.  A 
personal  element,  which  had  lurked  from  the  first  in 
the  war  of  principles,  became  by  degrees  increasingly 
dominant.  The  idols  were  less  displeasing  to  Allah 
than  the  idolaters ;  his  own  worship  was  a  matter  of 
less  concern  to  him  than  the  recognition  of  his  mes¬ 
senger.  With  ever-increasing  distinctness  the  pro¬ 
phetic  utterances  came  to  be  mere  words  of  threaten¬ 
ing  and  rebuke  against  the  Meccans;  it  was  impossible 
not  to  recognize  in  Noah  and  Moses  or  Abraham  the 
prophet  himself.  The  coming  judgment  upon  Mecca, 
and  the  hour  of  it,  were  either  in  plain  words  or  veiled 
allusion  the  continual  theme  of  the  “  admonish er; 
but  theoftener  and  the  more  urgently  it  was  repeated, 
the  less  was  the  impression  it  produced.  The  Meccans 
did  not,  on  the  whole,  suffer  themselves  to  be  much 
disturbed  by  the  prospect  of  the  terrible  overthrow 
which  was  portrayed  before  them  in  vivid  colors.  1  hey 
were  even  profane  enough  to  express  a  desire  to  see 
the  long-threatened  catastrophe  arrive  at  last,  and  their 
audacity  went  so  far  as  to  complain  of  the  revelations 
with  which  Mohammed  sought  to  stir  their  feelings  as 
being  tedious.5  They  did  not  in  the  least  believe  that 
the  Biblical  narratives,  which  he  related  with  special 
pride,  were  known  to  him  by  revelation ;  on  the  con¬ 
trary,  they  pretended  to  know  perfectly  well  the  human 
source  from  which  he  had  derived  them  (sur.  xvi.  105 ; 
xxv.  5;  xliv.  13).  It  is  very  interesting  to  find  Mo¬ 
hammed  in  presence  of  their  unbelief  referring  to  the 
recognition  and  approval  with  which  he  met  arnpng 
the  children  of  Israel  (sur.  vi.  114 ;  x.  94 ;  xiii.  36 


*  Herriich,  etwas  dunkel  zwar, 
Doch  es  klingt  recht  wunderbar.” 


Comp  Noldeke,  op.  cit.,  p.  80.  Hobal,  though  the  chief  god  of  the 
Meccans,  is  not  mentioned  in  the  Koran  either  here  or  elsewhere. 
Perhaps  as  God  of  the  Ka’ba  be  was  already  identified  with  Allah 
by  the  Meccans,  or  was  so  identified  by  Mohammed. 

*«  _ • _ /I  1  r,  rt  *«nnth  Poioh  r»t  ThP  till, I 


^^chro^fio^of^tW^period^iVof  course  in  the  highest  degree 
uncertuin,  and  the  order  of  the  events  hard  to  ascertain.  Thus 
it  can  scarcely  be  determined  whether  the  above-mentioned 
scene  wito  Abl  TAlib  ought  to  be  placed  before  or  after  the  com- 

Pr°DthmAn  and  Rokayya,  however,  members  of  the  noble  house 
of  Omayya,  soon  returned,  along  with  many  0$}}®™-  •lbe  rest 
remained  in  exile  until  the  seventh  year  of  the  Flight. 


sqq.;  xvii.  108  ;  xxviii.  52  sq.;  xxxiv.  6),  and  particu¬ 
larly  to  find  him  appealing  to  the  testimony  of  a 

•  T  1  1 nnmo  f  Ci  11M  vllM  Q  O/V/V  1 
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course,  it  was  that  the  material  of  his  Old  Testament 
and  Haggadistic  narratives  was  derived.  At  the  same 
time  it  is  clear  that  he  himself  must  have  believed 
these  to  have  come  directly  to  him  in  a  second  reve¬ 
lation  from  above,  otherwise  he  would  hardly  have 
taken  his  stand  in  the  presence  of  his  opponents  upon 

*  Ibn  HishAm,  pp.  191, 236  tq. 
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the  testimony  of  the  Jews.  Such  a  self-deception 
seems  indeed  hardly  credible  to  us,  but  it  is  impossible 
to  impute  to  the  Arab  prophet  too  complete  an  absence 
of  the  critical  faculty. 

The  Koraish  at  last  lost  all  patience.  Their  heads  en¬ 
tered  into  a  solemn  compact  to  break  off  all 
diet.  nter*  intercourse  with  the  Hasbimids,  as  they  de¬ 
clined  to  separate  themselves  from  Moham¬ 
med.  The  Hashimids  submitted  to  the  interdict  for  the 
sake  of  their  relative,  although  for  the  most  part  they 
were  not  believers  on  him.  Along  with  the  Banu  ’  1-Mot- 
talib  they  withdrew  into  the  separate  quarter  of  their 
chief,  into  the  so-called  Shi'b  Abi  Tdlib  ;  only  one  of 
their  number,  Abff  Lahab,  separated  himself  from  them, 
and  made  common  cause  with  the  Meccans.  All  buying 
and  selling  with  the  excommunicated  persons  being 
forbidden,  these  found  themselves  reduced  occasionally 
to  outward  distress,  as  well  as  excluded  from  all  fel¬ 
lowship.  This  treatment,  although  apparently  never 
carried  out  with  absolute  strictness,  did  not  fail  of  its 
effect.  The  Prophet’s  more  remotely  attached  ad¬ 
herents  fell  away  from  him,  and  his  efforts  for  the 
spread  of  Islam  were  crippled.  All  he  could  do  was 
to  encourage  those  who  remained  faithful,  and  to  set 
himself  to  seek  the  conversion  of  his  relations. 

This  state  of  matters,  after  continuing  for  from  two 
to  three  years,  at  last  became  intolerable  to  the  Meccans 
themselves,  who  had  a  variety  of  relations  with  the 
excommunicated  family.  In  the  tenth  year  of  the  Call 
(a.d.  619-620)  five  of  the  leading  citizens  paid  a  visit 
to  the  Shi'b  Abi  T&lib  and  induced  the  Banff  H&shim 
and  al-Mottalib  to  come  out  of  their  retirement  and 
again  appear  among  their  fellow-citizens.  The  rest  of 
tne  Koraish  were  taken  by  surprise,  and  did  not  venture, 
by  setting  themselves  against  the  fait  accompli ,  to  run 
the  risk  of  what  might  have  become  a  dangerous  breach. 
The  story  goes  that  a  lucky  accident  released  them 
from  the  solemn  oath  under  which  they  had  laid  them¬ 
selves  with  reference  to  the  Banff  H&shim, — the  mice 
had  destroyed  the  document,  hung  up  in  the  Ka'ba, 
on  which  it  was  recorded. 

Mohammed  was  now  free  once  more  ;  but  he  no 
The  Pro-  longer  thought  of  carrying  on  his  polemic 
phet’s  new  against  the  Meccans  or  of  seeking  to  in¬ 
policy.  fluence  them  at  all.  In  his  relations  to 
them  three  stadia  can  be  distinguished,  although  it  is 
easier  to  determine  their  character  than  their  chro¬ 
nology.  In  the  first  instance,  his  endeavor  was  to 
propitiate  them  and  win  them  over  to  his  side ;  when 
other  methods  failedj  he  even  went  so  far  as  to  make 
complimentary  mention  of  their  goddesses  in  one  of 
his  revelations,  and  thus  to  set  up  a  compromise  with 
heathenism.  When  this  compromise  failed,  he  forth¬ 
with  commenced  an  imbittered  assault  upon  the  idola¬ 
ters,  which  ended  in  the  outlawry  of  himself  and  of 
his  family.  And  now,  the  ban  having  been  removed, 
he  gave  the  Meccans  up,  abandoning  them  to  their  hard¬ 
ness  of  heart.  It  haa  become  clear  to  him  that  in  his 
native  town  Islam  was  to  make  no  progress,  and  that 
his  position  was  untenable.  His  feeling  of  separation 
was  increased  all  the  more  with  the  death  of  his  faithful 
Khadija  about  this  time,  followed  soon  afterwards  by 
that  of  Abff  Tfflib,  his  noble  protector.  He  accord¬ 
ingly  came  to  the  determination  to  take  his  chance  in  the 
neighboring  T&if,  and  set  out  thither  alone. 
Onl  ffs  arrival  he  asked  the  heads  of  the  town 
whether  they  would  be  willing  to  receive 
him  and  protect  the  free  proclamation  of  his  doctrines. 
He  was  answered  in  the  negative  ;  the  mob  drove  him 
out  of  the  town  and  pursued  him  until  he  found  refuge 
in  a  vineyard,  the  property  of  two  noble  Meccans.  In 
the  deepest  despondency  he  again  took  the  homeward 
road.  Tradition  has  it  that  he  found  comfort  in  the 
fact  that  at  least  the  Jinns  listened  to  him  as  by  the 
way  he  chanted  the  Koran  in  the  sacred  grove  of 
Nakhla.1  In  the  present  circumstances  it  was  now 

1  Sm-  ilvlffl;  lixU.  l.  On  the  impossibility  of  historically 
nxmg  the  date  of  this  occurrence  see  Noldeke,  op.  cti.,  p.  101. 
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impossible  for  him  to  return  into  the  town,  after  having 
openly  announced  his  intention  of  breaking  with  it  ana 
joining  another  community.  He  did  not  venture  to 
do  so  until,  after  lengthened  negotiations,  he  had  as¬ 
sured  himself  of  the  protection  of  a  leading  citizen, 
Mot'im  b'Adf.  Notwithstanding  all  that  had  happened, 
he  resolved,  two  months  after  the  death  of  Knadya, 
to  enter  upon  a  second  marriage  with  Sauda  bint 
Zam'a,  the  widow  of  an  Abyssinian  emigrant. 

Chance  soon  afterwards  brought  to  pass  what  fore¬ 
thought  (on  his  journey  to  Taif)  had  failed  to  accom¬ 
plish.  After  having  given’up  the  Meccans,  Moham¬ 
med  was  wont  to  seek  interviews  with  the  Arabs  who 
came  to  Mecca,  Majanna,  Dhff ’1-Majiiz,  and  'Ok&z, 
for  the  purpose  of  taking  part  in  the  feasts  and  fairs, 
and  to  preach  to  them.2  On  one  such  occasion,  in  the 
third  year  before  the  Flight  (a.  d.  619-620), 
he  fell  in  with  a  small  company  of  citizens  ofMedTna 
of  Medina,  who  to  his  delight  did  not  ridi¬ 
cule  him,  as  was  usually  the  case,  but  showed  both 
aptness  to  understand  and  willingness  to  receive  his 
doctrines.  For  this  they  had  been  previously  pre¬ 
pared,  alike  by  their  daily  intercourse  with  the  numer¬ 
ous  Jews  who  lived  in  confederation  with  them  in  their 
town  and  neighborhood,  and  by  the  connections  which 
they  had  with  the  Nabataeans  and  Christian  Arabs  of 
the  north.  Hanifitism  was  remarkably  widely  diffused 
among  them,  and  at  the  same  time  there  were  move¬ 
ments  of  expectation  of  a  new  religion,  perhaps  even 
of  an  Arabian  Messiah,  who  should  found  it.  Medina 
was  the  proper  soil  for  Mohammed’s  activity.  It 
is  singular  that  he  owed  such  a  discovery  to  accident. 
He  entered  into  closer  relations  with  the  pilgrims  who 
had  come  from  thence,  and  asked  them  to  try  to  find 
out  whether  there  was  any  likelihood  of  his  being  re¬ 
ceived  in  their  town.  They  promised  to  do  so,  and  to 
let  him  hear  from  them  in  the  following  year. 

At  the  pilgrim  feast  of  next  year,  accordingly, 
twelve  citizens  of  Medina  had  a  meeting  with  Moham¬ 
med,*  and  gave  him  their  pledge  to  have  no  god  but 
Allfth,  to  withhold  their  hands  from  what  was  not 
their  own,  to  flee  fornication,  not  to  kill  new-born  in¬ 
fants,  to  shun  slander,  and  to  obey  God’s  messenger  as 
far  as  was  fairly  to  be  asked.4  This  is  the  First 
so-called  First  Homage  on  the 'Akaba.5  The  Homage 
twelve  men  now  returned,  as  propagandists  °nkll?e 
of  Islam,  to  their  homes  with  the  injunction  • a  a‘ 
to  let  their  master  hear  of  the  success  of  their  efforts 
at  the  same  place  on  the  following  year.  One  of  the 
Meccan  Moslems,  Mos'ab  b.  'Omair,  was  sent  along 
with  or  after  them,  in  order  to  teach  the  people  of 
Medina  to  read  the  Koran,  and  instruct  them  m  the 
doctrines  and  practices  of  Islam. 

Islam  spread  very  quickly  on  the  new  soil.  It  is  easy 
to  understand  how  his  joy  strengthened  the  Prophet’s 
spirit  to  try  a  higher  flight.  As  a  symptom  of  his  ex¬ 
alted  frame  we  might  well  regard  his  famous  night- 
journey  to  Jerusalem  (sur.  xvii.  1  ;  vi.  2),  if  we  could 
be  sure  that  it  belonged  to  this  period.6  The  prophecy 
also  of  the  final  triumph  of  the  Komans  over  the  Per¬ 
sians  (contained  in  sur.  xxx.  1  sqq.)  might  very  well 
pass  for  an  expression  of  his  own  assurance  of  victory, 
as  at  that  time  he  still  had  a  feeling  of  solidarity  with 
the  Christians.  But  the  prophecy  (the  only  one  con- 


2  Muir  (ii.  181  sq.)  assumes,  with  good  reason,  that  he  had 
already  done  so  during  the  time  when  he  was  living  in  the  Shi'b 
Abi  T&lib,  and  assigns  to  this  period  the  story  that  Ab\i  Lahab 
followed  him  in  this  in  order  to  counteract  his  preaching,  and 
sow  tares  among  the  wheat. 

8  Sprenger  (ii.  526)  identifies  this  meeting  with  the  first,  which 
tradition  distinguishes  from  it  and  places  a  year  earlier.  He  is 
probably  right. 

4  Afterwards  this  was  called  the  women’s  oath.  It  is  a  note¬ 
worthy  summary  of  the  features  by  which  Islam  is  distinguished 
from  heathenism. 

6  On  the  'Akaba  compare  Vakidi,  pp.  417,  427,  429.  It  was  a  sta¬ 
tion  between  ’Arafa  and  Min  A 

®  See  Muir,  ii.  219  sqq. ;  Sprenger,  ii.  527  sqq. ;  and  on  the  other 
side,  Noldeke,  Koran,  j>.  102.  The  masrd  was  afterwards  called 
mCrdj  (ascension),  and,  originally  represented  as  a  vision,  camo 
to  be  regarded  as  an  objective  though  instantaneous  occurrence. 
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tained  in  the  Koran),  belongs,  it  would  appear,  to  a 
much  earlier  date. 1 

At  the  Meccan  festival  of  the  last  year  before  the 
Flight  (in  March,  622)  there  presented  themselves 
among  the  pilgrims  from  Medina  seventy-three  men 
and  two  women  who  had  been  converted  to  Islam.  In 
the  night  after  the  day  of  the  sacrifice  they  again  had 
an  interview  with  the  Prophet  on  the  'Akaba ;  Al- 
’Abbds,  his  uncle,  who  after  Abu  T&lib’s  death  had 
Second  become  head  of  the  Banu  Hashim,  was 

Homage.  also  present.  This  is  the  so-called  Second 

Homage  on  the  'Akaba,  at  which  Moham¬ 
med’s  emigration  to  Medina  was  definitely  settled. 
Al-' Abbas  solemnly  transferred  his  nephew  from  un¬ 
der  his  own  protection  to  that  of  the  men  from  Me¬ 
dina,  after  these  had  promised  a  faithful  discharge  of 
the  duties  this  involved.  They  swore  to  the  Prophet 
to  guard  him  against  all  that  they  guarded  their 
wives  and  children  from.  He,  on  the  other  hand, 
promised  thenceforward  to  consider  himself  wholly  as 
one  of  themselves,  and  to  adhere  to  their  society. 
According  to  the  tradition  this  remarkable  scene  was 
brought  to  a  close  by  a  sudden  noise. 

The  Meccans  soon  got  wind  of  the  affair,  notwith¬ 
standing  the  secrecy  with  which  it  had  been  gone  about, 
but  Ibn  Obay,  the  leader  of  the  Medina  pilgrim  cara¬ 
van,  whom  they  questioned  next  morning,  was  able 
with  good  conscience  to  declare  that  he  knew  nothing 
at  all  about  it,  as,  being  still  a  heathen,  he  had  not 
been  taken  into  the  confidence  of  his  Moslem  com¬ 
rades,  and  he  had  not  observed  their  absence  over 
night.  The  Meccans  did  not  gain  certainty  as  to  what 
had  occurred,  until  the  men  of  Medina  had  left.  They 
set  out  after  them,  but  by  this  they  gained  nothing. 
They  next  tried,  it  is  said,  violently  to  prevent  their  own 
Moslems  from  migrating.  After  a  considerable  pause, 
they  renewed  the  persecution  of  the  adherents  of  the 
Prophet,  compelling  some  to  apostasy,  and  shutting 
up  others  in  prison.  But  the  measures  they  adopted 
were  in  no  case  effective,  and  at  best  served  only  to 
precipitate  the  crisis.  A  few  days  after  the  homage 
on  the  'Akaba,  Mohammed  issued  to  his  followers  the 
formal  command  to  emigrate.  In  the  first 
gration.  month  of  the  first  year  of  the  Flight  (April, 
622)  the  emigration  began;  within  two 
months  some  150  persons  had  reached  Medina.  Apart 
from  slaves,  only  a  few  were  kept  behind  in  Mecca.2 

Mohammed  himself  remained  to  the  last  in  Mecca, 
in  the  company  of  Abiibekr  and  'All.  _  His  reason  for 
doing  so  is  as  obscure  as  the  cause  of  his  sudden  flight. 
The  explanation  offered  of  the  latter  is  a  plan  laid  by 
the  Meccans  for  his  assassination,  in  consequence  of 
which  he  secretly  withdrew  along  with  Abiibekr.  For 
two  or  three  days  the  two  friends  hid  themselves  in  a 
cave  of  Mount  Thaur,  south  from  Mecca,  till  the  pur¬ 
suit  should  have  passed  over  (sur.  ix.  40).  They  then 
took  the  northward  road  and  arrived  safely  in  Medina 
on  the  12th  of  Babf  of  the  first  year  of  the  Flight.3 
Meanwhile,  'All  remained  three  days  longer  in  Mecca, 
for  the  purpose,  it  is  alleged,  of  restoring  to  its  owners 
all  the  property  which  had  been  intrusted  for  safe 
keeping  to  the  Prophet.  The  Koraish  left  him  entirely 
unmolested,  and  tnrew  no  obstacle  in  the  way  when  at 
last  he  also  took  his  departure. 

With  the  flight  to  Medina  a  new  period  in  the  life 
of  the  Prophet  begins ;  seldom  does  so  great  a  revolu¬ 
tion  occur  in  the  circumstances  of  any 
in°MeSnad  man.  Had  he  remained  in  Mecca  he  would 
in  the  best  event  have  died  for  his  doctrine, 

1  See  on  the  one  hand  Muir  (ii.  223  sqq  )  and  Sprenger  (11. .527 
sag,),  and  on  the  other  Noldeke  ( Qoran ,  p.  102 ;  Tabari,  p.  298).  The 
manner  in  which  Sprenger  seeks  to  make  the  prophecy  a  vaticir 
nium  ex  eventu  is  unfair. 

4  Ibu  Hish&m,  pp.  315  sg.,  319  so.  3li  ,  „  , 

3  The  12th  of  Rabi'  is,  according  to  tradition,  the  Prophet’s 
birthday,  the  day  of  his  arrival  in  Medina,  and  the  day  of  his 
death.  It  is  certain  that  he  died  at  mid-day  on  Monday  the  12th 
of  Rabi',  but  the  other  statements  are  all  the  more  suspicious 
because  they  also  speak  of  Monday  and  mid-day.  Comp.  Nol¬ 
deke,  Qoran,  p.  59  eq , 


and  its  triumph  would  not  have  come  until  after  his 
death.  The  Flight  brought  it  about  that  he,  the 
founder  of  a  new  religion,  lived  also  to  see  its  com¬ 
plete  victory,— that  in  his  case  was  united  all  that  in 
Christendom  is  separated  by  the  enormous  interval 
between  Christ  ana  Constantine.  He  knew  how  to 
utilize  Islam  as  the  means  of  founding  the  Arabian 
commonwealth ;  hence  the  rapidity  of  its  success. 
That  this  was  of  no  advantage  tor  the  religion  is  easily 
understood.  It  soon  lost  the  ideality  of  its  begin¬ 
nings,  for  almost  from  the  first  it  became  mixed  up 
with  the  dross  of  practical  .considerations.  In  reach¬ 
ing  its  goal  so  soon  its  capability  of  development 
was  checked  for  all  time  to  come ;  in  every  essential 
feature  it  received  from  Mohammed  the  shape  which 
it  has  ever  since  retained.  It  ought  not,  however, 
to  be  overlooked  that  the  want  of  ideality  and 
spiritual  fruitfulness  was  partly  due  to  its  Arabian 
origin. 

Mohammed  in  the  first  instance  took  up  his  quar¬ 
ters  in  the  outlying  village  of  Kob&,  where  several  of 
his  most  zealous  adherents  had  their  homes,  and  had 
already  built  a  mosque.  It  was  not  until  after  some 
days  had  passed,  and  he  had  made  himself  sure  of  the 
best  reception,  that  he  removed  to  the  city  itself,  which 
at  that  time  bore  the  name  of  Yathrib.  All  were 
anxious  to  have  him ;  in  order  that  none  might  feel 
themselves  slighted,  he  left  the  decision  to  the  camel 
(al-Kaswa)  on  which  he  rode.  It  knelt  down  in  an 
open  space  in  the  quarter  of  the  Band  Najj&r,  which 
he  accordingly  selected  as  the  site  of  the  mosque  and 
of  his  own  house.  At  first  he  took  quarters  for  seven 
months  in  the  house  of  Abu  Ayyiib ;  within  this  in¬ 
terval  the  mosque  was  finished,  which  was  to  serve  at 
once  as  the  place  of  religious  gatherings  and  as  the 
common  hall.  _  Close  to  it  was  the  Prophet’s  private 
dwelling,  consisting  of  the  huts  of  his  wives,  in  one  or 
other  of  which  he  lived.  At  that  time  he  had  only  one 
wife,  the  Sauda  already  mentioned;^ but  soon  he  mar¬ 
ried,  in  addition,  the  youthful '  Aisha,  the  daughter 
of  lus  friend  Abiibekr,  who  acquired  great  influence  over 
him.  Some  of  the  leading  emigrants  built  houses  in 
the  same  neighborhood,  while  the  rest  continued  to  be 
quartered  with  the  people  of  Medina. 

Medina  is  situated  on  a  westward  spur  of  the 
Arabian  tableland,  on  the  Wadi  Kan&t.  It  is  an  oasis 
amongst  barren  rocks,  mostly  of  volcanic  M  din 
origin.  The  inhabitants  supported  them-  e  ina" 
selves  by  their  date  palms  and  by  the  field  and  garden 
fruits  that  grew  under  their  shadow ;  they  had  their 
homes  partly  in  the  town  itself  and  partly  in  the  sub¬ 
urbs  and  outlying  villages.  At  one  time  the  oasis  had 
belonged  to  the  Jews,  as  the  similar  oases  to  the  north 
still  did — Wadi  ’1-Kora,  Khaibar,  Fadak,  Taimd.  But 
some  centuries  before  Mohammed’s  time,  Arabs  of 
Yemen,  the  Banu  Kaila,  had  immigrated  and  partially 
driven  the  Jews  away.  Many  Jews,  however,  still 
continued  to  live  there,  partly  scattered  among  the 
Arab  tribes  and  under  their  protection,  partly  also  in 
independent  communities  such  as  the  Kainokd,  the 
Nadir,  and  the  Koraiza.  For  them  it  was  a  great  ad¬ 
vantage  that  the  Arabs  were  not  agreed  among  them¬ 
selves.  The  Banu  Kaila  were  divided  into 
two  branches,  the  Aus  and  the  Khazraj,  Khazraj. 
who  were  constantly  at  daggers  drawn. 

The  mutual  hate  which  burned  within  them,  from 
time  to  time  manifested  itself  in  murder  and  assassi¬ 
nation,  if  by  any  chance  one  of  the  Aus  had  wandered 
into  a  Khazraj  ite  quarter,  or  vice  versd.  Shortly  be¬ 
fore  the  arrival  of  Mohammed,  the  battle  of  Bo'&th 
had  taken  place  within  the  liberties  of  Medina,  in 
which  the  Aus,  with  the  help  of  their  Jewish  allies, 
had  vanquished  the  Khazraj  and  broken  their  prepon¬ 
derance.  The  Khazraj  were  the  more  numerous  and 
powerful,  and  seem  to  have  been  on  the  point  of  mak¬ 
ing  their  leading  man,  Ibn  Obay,  the  king  of  Medina  • 
by  the  battle  of  Bo’dth  the  balance  of  parties — and 
anarchy — was  preserved  in  the  interests  of  a  third,  who 
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came  in  at  the  right  moment  to  settle  these  feeble  and 
exhausting  feuds,  and  restore  order. 

The  circumstances  were  singularly  fitted  to  change 
Mohammed’s  the  religious  influence  which  Mohammed 
influence  at  brought  along  with  him  into  another  of  a 
Medina.  political  character,  and  from  being  a 
prophet  to  make  him  the  founder  of  a  commonwealth. 
The  Arabs  had  hitherto  been  accustomed  to  lay  before 
their  Kdhins,  or  priestly  seers,  at  the  sanctuaries,  for 
decision  in  God's  name,  all  sorts  of  disputes  and  hard 
questions  which  ordinary  means  were  inadequate  to 
aecide.  The  religious  prestige  which  Mohammed  en¬ 
joyed  led  directly  to  his  being  frequently  called  in  as 
adviser  and  iudge.  In  Medina  quarrels  and  complica¬ 
tions  were  abundant,  and  an  authority  to  stand  over 
both  parties  was  much  needed.  Mohammed  met  this 
need  in  the  manner  which  was  most  acceptable  to  the 
Arabs ;  the  authority  he  exercised  did  not  rest  upon 
force,  but  upon  such  a  voluntary  recognition  of  the 
judgment  of  God  as  no  one  had  any  need  to  be 
ashamed  of.1  In  principle,  it  was  the  same  kind  of 
judicial  and  public  influence  as  had  been  possessed  by 
the  old  Kahins,  but  its  strength  was  much  greater. 
This  arose  not  only  from  the  peculiarly  favorable  cir¬ 
cumstances,  but  above  all  from  Mohammed’s  own  per¬ 
sonality.  It  is  impossible  to  understand  the  history 
until  one  has  mastered  the  fact  of  his  immense  spiritual 
ascendency  over  the  Arabs.  The  expedient  of  giving 
oneself  out  for  the  messenger  of  God,  and  one’s  speech 
as  the  speech  of  God,  is  of  no  avail  to  one  who  finds 
no  credence;  and  credence  such  as  Mohammed  received 
is  not  given  for  any  length  of  time  either  to  an  impos¬ 
tor  or  a  dupe.  Even  the  respect  in  which  he  was  held 
as  a  prophet  would  have  helped  him  little  if  his  de¬ 
cisions  had  been  foolish  and  perverse.  But  they  were 
in  accordance  with  truth  and  sound  understanding ; 
he  saw  into  things,  and  was  able  to  solve  their  riddle ; 
he  was  no  mere  enthusiast,  but  a  thoroughly  practical 
nature  as  well. 

It  was  not  long  before  he  was  able  to  demand  as  of 
right  that  which,  in  the  first  instance,  had  been  a  vol¬ 
untary  tribute.  “Every  dispute  which  ye  have  one 
with  another  ye  shall  bring  before  God  and  Moham¬ 
med  so  runs  the  text  in  the  original  constitution  for 
Medina,  set  up  in  the  first  years  after  the  Flight;2 
and  in  the  Koran  a  rebuke  is  given  to  those  who  con¬ 
tinue  to  seek  the  administration  of  justice  at  the  hands 
of  the  false  gods,  i. e. ,  of  their  priests  and  seers.3 
With  incredible  rapidity  the  Prophet  as  a  veritable 
“  hakim  biamr  Allan  ’  ’  had  come  to  be  the  most  pow¬ 
erful  man  in  all  Medina. 

Mohammed  thus  laid  the  foundations  of  his  posi¬ 
tion  in  a  manner  precisely  similar  to  that  which  Moses 
T  (Exod.  xviii.)  is  said  to  have  followed  ; 

and  just  as  tlie  Torah  grew  out  of  the  de¬ 
cisions  of  Moses,  so  did  the  Sunna  out  of  those  of 
Mohammed.  It  was  perhaps  in  judicial  and  regu¬ 
lative  activity,  which  he  continued  quietly  to  carry  on 
to  the  very  end  of  his  life,  that  his  vocation  chiefly 
lay.  At  aU  events  his  work  in  this  direction  was  ex¬ 
tremely  beneficial,  if  only  because  he  was  the  creator 
of  law  and  justice  where  previously  there  had  been 
nothing  but  violence,  self-help,  or  at  best  voluntary 
arrangement.  But  the  contents  of  his  legislation 
also  (if  it  can  be  called  by  such  a  name)  marked  a 
distinct  advance  upon  what  had  been  the  previous  use 
and  wont  in  Arabia.  In  particular,  he  made  it  his 
special  care  to  set  a  fence  round  the  rights  of  prop¬ 
erty,  and  to  protect  and  raise  the  place  of  woman  in 


1  Very  significant  is  it  that  the  Moslems  were  ready  to  submit 
even  to  punishment  with  stripes,  if  awarded  by  God. 
a  Ibn  Hish&m,  342, 17. 

8  Ibn  Hish&m,  360,  8  sag.  Joias  b.  Sowaid  and  other  hypocrites 
were  summoned  before  Mohammed  by  their  believing  relatives 
on  account  of  some  dispute ;  but  they  in  their  turn  summoned  the 
plaintiffs  before  the  Kahins,  who  in  the  days  of  heathenism  had 
been  their  judges.  It  was  with  reference  to  this  that  sur.  iv.  63 
was  revealed;  “  Hast  thou  not  taken  note  of  those  who  profess  to 
be  believers,  yet  wish  to  carry  on  their  suit  before  the  false 
gods?” 


marriage.  Blood  revenge  he  retained  indeed,  but 
completely  altered  its  character  by  reserving  to  him¬ 
self  the  right  of  permitting  it ;  in  other  words,  the 
right  of  capital  sentence.  #  It  need  not  be  said  that  in 
many  ways  he  availed  himself  of  that  which  already 
existed,  whether  in  the  form  of  Arab  usage  or  or 
Jewish  law ;  he  followed  the  latter,  in  particular,  in 
his  laws  relating  to  marriage. 

The  new  situation  of  affairs  inevitably  brought  it 
about  that  religion  was  made  a  mere  servant  in  the 
work  of  forming  a  commonwealth.  Never  peiiffion 

has  this  service  been  better  performed ;  g 

never  has  it  been  utilized  with  greater  adroitness  as  a 
means  towards  this  end.  In  Mecca,  Islam  had  origi¬ 
nally  been  nothing  more  than  the  individual  conviction 
of  Mohammed  ;  it  was  only  after  severe  struggles  that 
he  went  so  far  as  to  preach  it,  and  even  his  preaching 
had  no  other  aim  than  to  create  individual  conviction 
in  others.  What  he  said  was  of  the  simplest  descrip¬ 
tion — that  people  ought  to  believe  in  God  and  in  judg¬ 
ment  to  come,  that  men  ought  to  live  their  lives  se¬ 
riously  and  not  waste  them  in  follies,  that  one  ought 
not  to  be  high-mjnded  or  covetous,  and  so  on.  A 
community  arose,  it  is  true,  even  in  Mecca,  and  was 
confirmed  by  the  persecutions.  There  also  religious 
meetings  were  held  and  social  prayers.  But  every¬ 
thing  was  still  in  a  very  fluid  and  rudimentary  stage  ; 
religion  retained  its  inward  character.  It  was  not 
until  the  first  two  years  after  the  Flight  that  it  grad¬ 
ually  lost  this,  and  became,  if  not  exclusively,  yet  to  a 
very  large  extent,  a  mere  drill  system  for  the  com¬ 
munity.  No  god  but  the  one  God  (14  il4h  ilia  ’llah) 
was  the  entire  sum  of  their  dogmatic,  and  less  impor¬ 
tance  was  attached  to  belief  in  it  than  to  profession  of 
it.  It  was  the  watchword  and  battle-cry.  The  prayers5 
took  the  form  of  military  exercises;  they  were  imi¬ 
tated  with  the  greatest  precision  by  the  congregation, 
after  the  example  of  the  Imam.  The  mosque  was,  in 
fact,  the  great  exercising  ground  of  Islam  ;  it  was 
there  that  the  Moslems  acquired  the  esprit  de  corps 
and  rigid  discipline  which  distinguished  their  armies. 

Next  to  the  monotheistic  confession  (tauhid)  and  to 
prayer  (salat)  came  almsgiving  (zakdt,  sadaka)  as  a 
third  important  means  by  which  Mohammed  awakened 
and  brought  into  action  among  his  followers  the  feel¬ 
ing  of  fellowship.  The  alms  Dy  and  by  grew  to  be  a 
sort  of  tithe,  which  afterwards  became  the  basis  of  the 
Moslem  fiscal  system,  and  so  at  the  same  time  the  ma¬ 
terial  foundation  of  the  Moslem  state.  Religion  re¬ 
ceived  so  practical  a  development  that  of  alms  nothing 
but  the  name  remained,  and  the  convenient  fiction  that 
the  taxes  had  to  be  paid  to  God. 

Just  in  proportion  to  the  closeness  of  the  union  into 
which  Islam  brought  its  followers  did  its  exclusiveness 
towards  them  that  were  without  increase. 

If  in  Mecca  Mohammed  in  his  relations  to  Increased 
the  other  monotheistic  religions  had  ob-  exc  ne\t 
served  the  principle,  “  he  that  is  not 
against  me  is  for  me,”  in  Medina  his  rule  was  “he 
that  is  not  for  me  is  against  me.  ’  ’  As  circumstances 
were,  he  had  to  adjust  matters  chiefly  with  the  Jews. 
Without  any  intention  on  their  part,  they  T-  Je 
had  helped  to  prepare  the  ground  for  him  ws' 

in  Medina ;  he  had  great  hopes  from  them,  and  at 
first  treated  them  on  no  different  footing  from  that  of 
the  Arab  families  which  recognized  him.  But  as  his 
relations  with  the  Aus  and  Khazraj  consolidated,  those 

4  This  is  to  be  understood  as  applying  to  the  system  as  a  whole. 
Of  course,  there  are  always  individuals  who  break  through  sys¬ 
tem  ;  but  the  historical  power  of  Islam  rests  upon  the  system. 
To  the  system  also  belongs  the  spiritual  jargon  which  Mohammed 
introduced.  It  was  no  longer  permissible  to  say  “  Good  morn¬ 
ing  !  ”  (Tm  saMhan),  the  phrase  now  ran,  “  Peace  be  with  thee !” 
and  on  every  occasion  pious  forms  of  speech  were  demanded. 
Characteristic  of  the  puritanism  of  the  system  is  the  prohibition 
of  wine  and  of  gaming,  first  issued  in  the  years  immediately 
following  the  Flight,  and  the  contempt  for  poetry. 

5  They  were  five  in  number — at  sunrise,  noon,  afternoon,  sun¬ 
set,  and  late  evening.  Each  prayer  consisted  originally  of  two, 
afterwards  of  four,  prostrations.  The  chief  weekly  public  ser¬ 
vice  (jom'a),  with  sermon,  was  held  on  Friday  at  mid-day. 


VOL.  XVI 


MOHAMMEDANISM 


PLATBVTU. 


' 


< 

1 


MOHAMMED.] 


MOHAMMEDANISM. 


577 


which  lie  had  with  the  Jews  became  less  close.  The 
conjunction  of  religious  with  political  authority,  the 
development  of  civil  polity  out  of  religion,  of  the 
kingship  from  the  prophetic  function,  was  precisely 
what  they  objected  to.1 2  On  the  other  hand,  while 
the  old  polity  of  Medina,  broken  up  and  disorganized 
as  it  was,  had  no  difficulty  in  tolerating  foreign  ele¬ 
ments  within  its  limits,  the  new  political  system  created 
by  Islam  changed  the  situation,  and  rendered  it  neces¬ 
sary  that  these  should  be  either  assimilated  or  ex¬ 
pelled. 

Mohammed’s  hostility  to  the  Jews  found  expression, 
in  the  first  instance,  theoretically  more  than  practi¬ 
cally,1  and  especially  in  the  care  with  which  he  now 
differentiated  certain  important  religious  usages  which 
he  had  taken  over  from  Judaism,  so  that  they  became 
distinguishing  marks  between  Islam  and  Mosaism. 
Thus,  for  example,  he  altered  the  direction  of  prayer 
(Kibla),  which  formerly  used  to  be  towards  Jerusalem, 
so  that  it  now  was  towards  Mecca ;  and  for  the  fast  on 
the  10th  of  Tisri  ('Ashura)  he  substituted  that  of  the 
month  of  Ramadan.®  In  appointing  Friday  as  the 
principal  day  of  public  worship,  he  may  also  possibly 
have  had  some  polemical  reference  to  the  Jewish  Sab¬ 
bath.  Of  these  alterations  the  greatest  in  positive 
importance  is  the  transference  of  the  Kibla  to  Mecca. 
It  symbolizes  the  completion  of  the  Arabizing  process 
which  went  on  step  by  step  with  the  change  Islam 
underwent  from  being  an  individual  to  being  a  political 
religion.  In  substituting  the  Meccan  Ka'ba  for  the 
sanctuary  at  Jerusalem,  Mohammed  did  not  merely 
bid  farewell  to  Judaism  and  assert  his  independence 
of  it ;  what  he  chiefly  did  was  to  make  a  concession  to 
heathenism,  and  bring  about  a  nationalization  of  Is¬ 
lam,  for  the  purpose  of  welding  together  the  Arab 
tribes  (Kabail)  into  one  community.  Of  similar  sig¬ 
nificance  was  the  institution  of  the  feast  of  sacrifice 
('id  al-dohd.)  on  the  day  of  the  Meccan  festival.  The 
Moslems  were  to  observe  the  latter  as  much  as  pos¬ 
sible,  even  if  they  could  not  be  actually  present  on  the 
spot. 

Thus  we  have  the  five  chief  precepts  of  Islam — (1) 
Confession  of  the  unity  of  God;  (2)  stated  prayer; 
Prpppnts  of  (3)  almsgiving  ;  (4)  the  fast  of  Ramadan  ; 
isiainP  (5)  observance  of  the  festival  of  Mecca. 

Capable  of  having  deeper  meanings  at¬ 
tached  to  them,  but  meritorious  also,  even  in  a  merely 
external  observance,  they  were  an  excellent  instru¬ 
mentality  for  producing  that  esprit  de  corps,  that 
obedience  to  Allah  and  his  messenger,  which  consti¬ 
tuted  the  strength  of  the  Moslem  system.  Up  till 
that  time  blood-relationship  had  been  the  foundation 
of  all  political  and  social  relations  in  Arabia ;  upon 
such  a  foundation  it  was  impossible  to  raise  any  en¬ 
during  edifice,  for  blood  dissociates  as  much  as  it 
unites.  But  now,  religion  entered  upon  the  scene  as 
a  much  more  energetic  agent  in  building  the  social 
structure  ;  it  ruthlessly  broke  up  the  old  associations, 
in  order  to  cement  the  thus  disintegrated  elements 
into  a  new  and  much  more  stable  system.  The  very 
hearts  of  men  were  changed ;  the  sanctity  of  the  old 
relationships  faded  away  in  the  presence  of  Allah  • 
brother  would  have  slain  brother,  had  Mohammed 
willed  it.  The  best  Moslem  was  he  who  was  the  most 
remorseless  in  separating  from  the  old  and  attaching 
himself  to  the  new;  Mohammed  gave  preference  to 
active  natures,  even  if  they  occasionally  kicked  over 


1  While  Islam  had  the  effect  of  uniting  the  Arabs  politically, 
uniformity  of  religion  in  the  case  of  the  Jews  had  no  such  ef¬ 
fect  ;  on  the  contrary,  the  mutual  feuds  and  hatreds  in  which 
they  indulged  conduced  greatly  to  the  advantage  of  the  Moslems. 
The  Jews,  of  course,  recognized  Mohammed’s  supremacy  as  a 
fact,  but  they  denied  any  legal  title  thereto  as  arising  from  his 
prophetic  office. 

2  Compare  the  well-known  second  sdra,  in  which  a  long  attack 
is  made  on  Judaism. 

3  A  connection  with  the  Christian  fasts  is  usually  alleged.  It 
is  possible  that  Christian  influence  may  have  to  do  with  the  long 
duration  of  the  fasts,  but  it  cannot  have  anything  to  do  with  the 
selection  of  Ramadan ;  for  in  the  first  years  after  the  Flight, 
Ramadan  fell  not  in  spring  but  in  December. 
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the  traces;  contemplative  piety  received  from  him 
only  the  praise  of  words.  Over  the  anarchical  rule  of 
a  multitude  of  families  the  sole  sovereignty  of  God 
forth  triumphant;  its  subjects  were  united  by 
the  firmest  of  all  bonds.  Every  Moslem  was  every 
Moslem  s  brother,  and,  as  matter  of  course,  took  his 
part  as  against  every  non-Moslem.  Outside  of  Islam 
there  was  neither  law  nor  safety ;  Allah  alone  was 
powerful,  and  he  protected  those  only  who  acknowl¬ 
edged  his  sole  sovereignty. 

The  Emigrants  (Mohajira),  who  along  with  the 
Prophet  had  fled  from  Mecca,  were  the 
kernel  and  the  cement  of  the  community.  Emigrants 
It  was  made  all  the  easier  for  them  to  give  afendere! 
effect  to  the  fundamental  principle,  that 
citizenship  in  Medina  depended  not  on  family  but  on 
faith,  because  the  natives  themselves  (Ansdr,  “the 
Defenders”),  consisting  of  Aus  and  Khazraj,  neutral¬ 
ized  one  another  by  their  mutual  enmity.  Mo¬ 
hammed  seems  at  first  to  have  cherished  the  design 
not  only  of  entirely  disowning  relationship  with  non- 
Moslems,  but  also  of  obliterating  as  much  as  possible, 
within  Islam,  the  distinctions  of  blood,  by  means  of 
the  common  faith.  He  established  between  Emigrants 
and  individual  citizens  of  Medina  relationships  of 
brotherhood,  which  also  involved  heirship.  But  he 
soon  abandoned  this  line,  and  expressly  recognized  the 
validity  and  sacredness,  within  Islam ,  of  the  old  rights 
of  family  and  inheritance  (sur.  viii.  76).  Thus  he  re¬ 
frained  from  carrying  out  to  its  full  logical  conse¬ 
quence  the  theoretical  principle  of  equalization,  but  on 
practical  grounds  permitted  the  old  order  of  society  to 
continue.  At  a  subsequent  period,  he  even  conceded 
to  relationship  and  the  ties  of  blood  far  larger  rights 
than  were  compatible  with  Islam,  and  thus  himself 
laid  the  foundations  of  the  violent  quarrel  which  rent 
the  community,  more  particularly  in  the  time  of  the 
Omayyads;  _  Similarly  it  might  be  said  that  commun¬ 
ism  was  originally  involved  in  the  principles  of  Islam  ; 
but  it  is  characteristic  that  from  the  first  the  alms 
were  less  employed  for  the  equalization  of  society,  than 
for  strengthening  the  hands  of  the  ruling  power.  It 
frequently  happens  that  a  religious  revolution  finds 
expression  also  in  the  region  of  social  polity  ;  but  it  is 
remarkable  to  observe  how  Islam  utilized  the  religious 
leaven  from  the  first  for  a  positive  reorganization  of 
society,  and  neutralized  the  destructive  tendency  which 
that  leaven  is  wont  to  show  in  political  affairs.  It  did 
not  indeed  succeed  in  totally  destroying  the  radical 
tendency,  as  the  history  of  the  caliphate  shows.  But, 
on  the  whole,  the  equality  before  God  which  Islam 
teaches  interfered  hardly  at  all  with  the  subordination 
of  men  to  their  human  leaders ;  both  were  demanded 
by  religion,  both  were  taken  sincerely,  and  each  was 
found,  in  practice,  reconcilable  with  the  other.  _ 

That  this  new  and  drastic  principle,  thrown  into  the 
chaos  of  existing  relations,  must  have  exercised  a 
mighty  power  both  of  attraction  and  repulsion  is  obvi¬ 
ous.  More  than  one  naive  expression  bears  witness  to 
the  astonishment  with  which  the  Arabs  regarded  the 
strange  spirit  which  animated  the  community  of  the 
Moslems — the  firmness  with  which  they  held  together, 
the  absolute  and  willing  obedience  which  they  gave  to 
their  leaders,  the  recklessness  with  which  they  disre¬ 
garded  everything  that  before  Islam,  or  outside  of  it, 
was  looked  upon  as  holy.  Some  natures  felt  them¬ 
selves  attracted  by  these  peculiarities,  especially  if  on 
other  grounds  they  felt  little  difficulty  in  severing 
themselves  from  their  old  connections;  but,  on  the 
whole,  feelings  of  antipathy  prevailed. 

Even  in  Medina  itself  this  antipathy  was 
widespread.  The  so-called  hypocrites  (mo- 
n&fikun)  were  either  only  half-attached  to  the  Prophet 
or  in  their  inmost  hearts  unfavorably  disposed ;  they 
were  kept  from  overt  action  partly  by  the  absence  of 
a  decided  opinion,  partly  by  the  terrorism  which  the 
convinced  Moslems  exercised.  The  reproach  of  hypoo 
risy  brought  against  them  means  chiefly  that  they  did 
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not  manifest  a  full  acceptance  of  the  new  political  re¬ 
lations.  They  could  not  reconcile  themselves  to  the 
position  of  having  never  a  word  to  say  in  their  own 
town,  and  of  being  compelled  to  obey  the  Prophet 
from  Mecca  and  those  who  had  come  with  him.  For 
a  time  the  danger  was  imminent  that  all  Medina  (the 
Emigrants  of  course  excepted)  might  be  infected  with 
hypocrisy,  if  one  may  call  it  hypocrisy  when  for  a 
moment  nature  and  blood  asserted  themselves  against 
religious  discipline  and  burst  its  bonds.  The  younger 
portion  of  the  community,  however,  was  on  the  whole 
enthusiastic  for  Mohammed ;  the  hypocrites  were  for 
the  most  part  older  men,  especially  heads  of  families, 
who  found  it  difficult  to  put  up  with  the  loss  of  politi¬ 
cal  influence  which  they  were  suffering.  As  chief  of 
their  number  Ibn  Obay  is  always  named,  the  foremost 
man  of  Medina,  whom  the  Khazraj  had  thought 
of  crowning  as  king,  before  matters  were  so  funda¬ 
mentally  changed  by  Islam.  Mohammed’s  attitude 
towards  him  and  the  hypocrites  in  general  was  that 
of  connivance, — thoroughly  appropriate  here,  where 
political  rather  than  religious  affairs  were  involved, 
and  the  question  was  one  less  of  principle  than  of 
power. 

The  founding  of  the  state  upon  the  feeling  of  fellow¬ 
ship  generated  by  religion,  was  without  question  the 
Prophet’s  greatest  achievement:  the  community  of 
Medina  was  the  tool,  its  heroic  faith  the  force,  by 
means  of  which  Islam  attained  the  results  which  figure 
so  largely  in  the  history  of  the  world.1  Moslem  tradi¬ 
tion,  however,  does  not  stop  to  inquire  what  it  was  that 
constituted  the  inward  strength  of  Islam,  but  goes  on 
at  once  to  relate  what  were  its  outward  manifestations. 
Its  information  on  the  subject  of  the  period  of  Mo¬ 
hammed’s  sojourn  in  Medina  is  given  under  the  title 
of  “  the  campaigns  (maghazf)  of  the  apostle  of  God.” 
With  a  few  of  the  smaller  tribes  in  the  neighborhood 
of  Medina  (Johaina,  Mozaina,  Ghifar,  Aslam),  and 
with  the  Ktioz&'a,  Mohammed  retained  relations  of 
peace  and  amity ;  benevolent  _  neutrality  gradually 
grew  into  alliance,  and  finally  union  with  the  common¬ 
wealth  of  Medina.  But  towards  all  the  rest  of  Arabia 
his  very  principles  placed  him  in  an  attitude  of  war. 
Ever  since  Islam  from  being  a  religion  had  become  a 
kingdom,  he  was  compelled  to  vindicate,  by  means  of 
war  against  unbelievers,  its  claims  to  supremacy ;  the 
conflict  of  principles  had  to  be  settled  by  the  sword, 
the  sole  sovereignty  of  Allah  demonstrated  by  force  to 
the  rebels  who  showed  unwillingness  to  accept  it. 
More  literally  than  Christ  could  Mohammed  say  of 
himself  that  he  was  come  not  to  bring  peace  but  a 
sword.  Islam  was  a  standing  declaration  of  war  against 
idolaters. 

The  nearest  object  against  which  to  direct  the  holy 
war  (jih&d)  was  presented  by  the  Meccans. 
The  holy  Against  them  first  did  Mohammed  bring 
into  operation  the  new  principle,  that  it 
is  faith  and  not  blood  that  separates  and  unites. 
According  to  Arab  notions  it  was  a  kind  of  high 
treason  on  his  part  to  leave  his  native  town  in  order 
to  join  a  foreign  society ;  on  the  part  of  the  people 
of  Medina  it  was  an  act  of  hostility  to  Mecca  to  re¬ 
ceive  him  among  them.  The  Meccans  would  have 
been  fully  justified  on  their  side  in  taking  arms  against 
the  Moslems,  but  they  refrained,  being  too  much  at 
their  ease,  and  shrinking  besides  from  fratricidal  war. 
It  was  the  Moslems  who  took  the  initiative ;  aggres¬ 
siveness  was  in  their  blood.  Mohammed  began  with 
utilizing  the  favorable  position  of  Medina,  on  a  moun¬ 
tain  spur  near  the  great  highway  from  Yemen  to  Syria, 
to  intercept  the  Meccan  caravans.  Originally  he  sent 
forth  only  the  Emigrants  to  take  part  in  the  expedi- 

1  The  credit  of  being  the  founder  of  the  Moslem  state  cannot 
be  transferred  to  'Omar,  but  must  be  left  with  Mohammed.  It 
was  not  'Omar  who  created  that  feeling  of  oneness  which  en¬ 
abled  him,  for  example,  suddenly  to  recall  a  general  like  Kh&lid 
from  his  career  of  victory  without  eliciting  a  mnrmur.  The 
miracle  is  the  “primitive  cell”  of  Medina,  not  the  fact  that  in 
course  of  time  success  gave  it  the  force  of  an  avalanche. 


tions,  as  the  people  of  Medina  had  pledged  themselves 
to  defend  him  only  in  the  event  of  nis  being  attacked  ; 
soon,  however,  they  also  joined  him.  What  first  in¬ 
duced  them  to  do  so  was  the  prospect  of  booty ;  after¬ 
wards  it  was  impossible  to  separate  themselves,  so  great 
was  the  fusion  of  elements  which  had  been  quietly 
going  on  within  the  crucible  of  Islam. 

The  first  plunder  was  taken  in  the  month  Rajab, 
A.H.  2  (Autumn.  623),  in  which  circumstance  was  at 
once  seen  the  advantage  arising  from  the  change  of 
conscience  brought  about  by  the  new  religion  ;  for  in 
Rajab  feuds  and  plundering  raids  were  held  to  be  un¬ 
lawful.  Relying  upon  the  sacredness  of  this  month  a 
caravan  of  Koraish  was  returning  from  Tiif  laden  with 
leather,  wine,  and  raisins.  But  this  did  not  prevent 
Mohammed  from  sending  out  a  band  of  Emigrants  to 
surprise  the  caravan  at  Nakhla,  between  Tdif  and 
Mecca ;  his  orders  to  this  effect  were  given  in  a  docu¬ 
ment  which  was  not  to  be  unsealed  until  two  days  after 
the  departure  of  the  expedition.  The  plan  was  carried 
out,  and  the  surprise  was  all  the  more  successful,  because 
the  robbers  gave  themselves  the  outward  semblance  of 
pilgrims ;  one  Meccan  was  killed  in  the  struggle.  But 
the  perfidy  with  which  in  this  instance  Mohammed’s 
advanced  religious  views  enabled  him  to  utilize  for  his 
own  advantage  the  pious  custom  of  the  heathen  roused 
in  Medina  itself  such  a  storm  of  disapproval,  that  he 
found  himself  compelled  to  disavow  his  own  tools.  In 
Mohammedan  tradition,  the  contents  of  the  unambigu¬ 
ous  document  in  which  he  ordered  the  surprise  are 
usually  falsified. 

The  Koraish  still  remained  quiet ;  another  outrage 
had  yet  to  come.  In  Ramadan  A.H.  2 
(December,  623),  the  return  of  their  great  BatBedr! 
Syrian  caravan  was  expected,  and  Moham¬ 
med  resolved  to  lie  in  wait  for  it  at  Bedr,  a  favorite 
watering-place  and  camping-ground,  northward  from 
Medina.  For  this  purpose  he  set  out  thither  in  person 
along  with  308  men ;  but  the  leader  of  the  caravan,  the 
Omayyad  Abii  Sofy&n,  got  word  of  the  plan  and  sent 
a  messenger  to  Mecca  with  a  request  for  speedy  help. 
Concern  about  their  money  and  goods  at  last  drove  the 
Koraish  to  arms ;  a  very  short  interval  found  them, 
900  strong,  on  the  road  to  Bedr.  By  the  way  they 
received  intelligence  that  the  caravan  had  made  a  cir¬ 
cuit  to  the  west  of  Bedr,  and  was  already  in  safety. 
Nevertheless  they  resolved,  at  the  instance  of  the  Makh- 
zumit  Abii  J ahl,  for  the  sake  of  their  honor,  to  con¬ 
tinue  their  march.  When  the  Moslems  first  got  touch 
of  them  at  Bedr,  they  took  them  for  the  caravan ; 
their  surprise  on  discovering  the  truth  may  be  im¬ 
agined.  But,  kept  firm  by  the  courage  of  their  leader, 
they  resolved  to  face  the  superior  numbers  of  the 
enemy.  On  the  morning  of  Friday,  the  17th  of  Rama¬ 
dan,  the  encounter  took  place.  A  number  of  duels 
were  fought  in  the  front,  which  were  mostly  decided 
in  favor  of  the  Moslems.  The  Meccans  at  last  gave  up 
the  fight,  strictly  speaking  for  no  other  cause  than  that 
they  did  not  see  any  reason  for  carrying  it  on.  They 
were  reluctant  to  shed  the  blood  of  their  kinsmen; 
they  were  awestruck  in  presence  of  the  gloomy  deter¬ 
mination  of  their  adversaries,  who  did  know  what  they 
were  fighting  for,  and  were  absolutely  reckless  of  conse¬ 
quences.  After  a  number  of  the  noblest  and  oldest  of 
the  Koraish,  including  at  last  Abii  Jahl,  had  fallen, 
those  who  remained  took  to  flight.  The  number  of 
the  dead  is  said  to  have  been  as  great  as  that  of  the 
prisoners.  Two  of  the  latter,  whom  he  personally 
hated,  Mohammed  caused  to  be  put  to  death — 'Okba 
b.  Abi  Mo'ait  and  al-Nadr  b.  al-H&rith.  When  the 
last  named  had  perceived,  from  the  Prophet’s  malig¬ 
nant  glance,  the  danger  in  which  he  stood,  he  implored 
an  old  friend  of  his  among  the  Moslems  for  his  inter¬ 
cession.  This  request  being  refused,  al-Nadr  said  : 
“  Had  the  Koraish  taken  thee  prisoner,  thou  hadst  not 
been  put  to  death  as  long  as  I  had  lived to  which 
the  apologetic  reply  was  :  “  I  do  not  doubt  it,  but  I  am 
differently  placed  from  thee,  for  Islam  has  made  an  end 
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of  the  old  relations.  ’  ’  To  the  remaining  prisoners  life 
was  spared  on  payment  by  their  kinsmen  of  a  heavy 
ransom  ;  but  Mohammed  is  said  to  have  afterwards 
reproached  himself  for  having  allowed  considerations 
of  earthly  gain  to  keep  him  back  from  sending  them 
all  to  hell  as  they  deserved. 

The  battle  of  Bedr  is  not  only  the  most  celebrated 
Eff  t  f  battles  in  the  memory  of  Moslems ;  it 
th^battie.  was  really  also  of  great  historical  import¬ 
ance.  It  helped  immensely  to  strengthen 
Mohammed’s  position.  Thenceforward  open  opposi¬ 
tion  to  him  in  Medina  was  impossible  ;  families  which 
had  hitherto  withdrawn  themselves  from  his  influence 
were  so  thoroughly  cowed  by  some  atrocious  murders 
carried  out  in  obedience  to  his  orders,  that  they  went 
over  to  Islam.  He  was  now  in  a  position  to  proceed  to 
break  up  the  autonomy  of  the  Jews.  In  the  first  in¬ 
stance,  he  addressed  himself  to  the  weak  Band  Kai- 
noki,  demanding  their  acceptance  of  Islam  ;  on  their 
refusal,  he  took  the  earliest  opportunity  that  offered 
itself  to  declare  war  against  them.  Aft  a  short  siege 
they  were  compelled  to  surrender ;  and  ti  7  might  con¬ 
gratulate  themselves  that  their  old  ally,  It  _  Obay,  was 
able  to  concuss  the  Prophet  into  sparing  their  lives, 
and  contenting  himself  with  their  banishment  from 
Medina.  Soon  afterwards  other  blows  were  struck  in 
the  shape  of  assassinations,  by  means  of  which  Moham¬ 
med  put  out  of  the  way  several  of  the  Jews  whom  he 
hated  most,  such  as  Ka'b  b.  al-Ashraf  and  Ibn 
Sonaina.1  The  state  of  fear  to  which  the  rest  were 
reduced  may  readily  be  imagined  ;  they  came  to  the 
Prophet  and  begged  him  to  be  propitious.  If  in  other 
days  their  dislike  had  found  somewhat  public  expres¬ 
sion  in  all  sorts  of  witticisms  and  scornful  sayings,  they 
were  now  at  least  modest  and  quiet,  and  kept  their 
hatred  to  themselves. 

The  Meccans  also  were  very  deeply  impressed  by  the 
defeat  inflicted  on  them  by  the  Moslems.  They  saw 
clearly  that  the  blow  must  be  avenged,  and  they  took 
comprehensive  measures  for  their  campaign.  After 
a  year’s  delay,  their  preparations  being  now  complete, 
and  their  allies  (Ahdblsh)  assembled,  they  set  out 
under  the  command  of  Abfi.  Sofy&n,  and  without  any 
check  reached  Medina,  where  they  pitched  their  camp 
to  the  northeast  of  the  city,  in  the  green  cornfields  by 
Mount  Oljod.  In  Medina  the  elders  were  for  awaiting 
the  attack  on  the  town  and  defending  themselves 
within  it,  but  the  young  men  hurried  the  Prophet  into 
the  determination  to  meet  the  enemy  without  the 
gates  ;  this  resolution  once  come  to  he  persevered  in, 
even  after  those  who  had  urged  him  to  it  had  changed 
,  „  their  minds.  On  the  morning  of  Saturday, 

Ohod!°f  the  7th  of  Shawwal,  a.h.  3  (Jan.,  Feb., 
625),  the  armies  met.  At  first  the  battle 
seemed  to  be  going  once  more  in  favor  of  the  Moslems  ; 
one  after  another  the  standard-bearers  and  champions 
of  the  enemy  fell,  the  whole  host  wavered,  and  even 
the  camp  was  gained.  But  here  their  lust  for  plunder 
did  them  an  evil  turn.  Mohammed  had  covered  his 
left  flank  against  the  Meccan  horsemen  by  a  number 
of  bowmen,  whom  he  had  ordered  on  no  account  to 
leave  their  post.  But  as  soon  as  they  saw  that  the 
enemy’s  camp  was  taken,  they  threw  off  all  discipline, 
and  determined  to  have  their  share  of  what  was  going. 
It  thus  became  possible  for  the  Meccan  cavalry  to  fall 
upon  the  Moslem  rear,  and  snatch  back  the  victory 
that  had  already  been  won.  In  the  confusion  which 
now  ensued  Mohammed  himself  was  wounded  in  the 
face,  and  for  some  time  lay  for  dead,  on  the  ground. 


i  The  murderer  of  Ibn  Sonaina  was  Mohayyisa  b.  Mas'tid  of 
whose  elder  brother,  Ho  waisa,  he  had  been  a  sworn  ally.  Howaisa 
struck  the  murderer  in  consequence,  and  reproached  him  with 
his  treacherous  ingratitude,  saying  that  much  of  the  fat  in  his 
body  had  come  from  the  estate  of  the  Jew.  Mohayyisa’s  reply 
was  ■  “  If  he  who  bade  me  kill  him  were  also  to  bid  me  kill  thee, 
I  should  obey  ”  The  brother,  amazed,  asked  him  if  he  was  seri¬ 
ous  and  when  the  other  assured  him  that  he  was,  Howaisa  ex¬ 
claimed  •  “  By  God,  a  religion  which  brings  it  to  this  is  a  stupen¬ 
dous  one,”  and  forthwith  became  a  convert.  The  story  ( Vakidi, 
p.  98)  is  too  characteristic  to  be  passed  over. 


Among  the  slain  was  found  his  uncle,  Hamza  b.  'Ab- 
dalmottalib,  “the  lion  of  God  ;  ”  his  liver  was  cut  out 
and  carried  to  Abu  Sofy&n’s  wife,  Hind  bint  'Otba, 
whose  father  had  been  killed  by  Hamza  at  Bedr. 
But  the  Meccans  did  not  know  how  to  follow  up  their 
triumph.  Instead  of  at  once  attacking  Medina— 
where,  to  be  sure,  a  second  struggle  with  Ibn  Obay, 
who  with  his  following  had  not  taken  part  in  the  battle 
at  Ohod,  would  have  been  necessary — they  contented 
themselves  with  the  honor  of  their  victory,  and  took 
the  road  home,  after  having  summoned  the  Moslems 
to  a  repetition  in  the  following  year  of  the  duel  at 
Bedr.  Mohammed  even  pursued  them  for  a  short 
distance  on  the  following  day  (as  far  as  to  Hamra  al- 
Asad),  of  course  only  for  the  sake  of  appearances,  that 
the  Arabs  might  not  suppose  him  to  have  been  daunted 
by  his  defeat. 

Nothing  came  of  the  proposed  meeting  at  Bedr,  the 
Meccans  failing  to  put  in  an  appearance. 

The  principal  event  of  a.h.  4  was  the  ex-  BaexPeUedr 
pulsion  of  the  Band  Nadir,  the  most  dis¬ 
tinguished  and  powerful  Jewish  family  in  Medina 
(Summer,  625).  Mohammed,  under  some  pretext, 
suddenly  broke  with  them  and  ordered  their  departure 
within  ten  days,  on  pain  of  death.  Relying  upon  the 
support  of  Ibn  Obay,  they  resolved  to  resist,  and  sus¬ 
tained  a  siege  within  their  walls  ;  but  the  ally  they 
had  counted  on  proved  a  broken  reed,2  and  they  were 
soon  compelled  to  surrender.  They  were  permitted  to 
withdraw,  taking  along  with  them  all  their  movable 
property  except  their  arms.  With  music  and  roll  of 
arum,  the  women  in  gala  dress,  they  marched  through 
the  streets  of  Medina,  on  their  way  to  Khaibar,  where 
they  had  property.  Their  land  the  Prophet  appro¬ 
priated  to  himself  (sur.  lix.  7)  ;  the  income  derived 
from  it  could  be  employed  to  meet  the  numerous 
claims  that  were  made  upon  him.  He  seems  also 
to  have  handed  over  some  of  it  to  the  Emigrants, 
who  until  then  had  acquired  no  property  in  land  in 
Medina. 

Meanwhile,  the  Band  Nadir  were  not  idle  in  Khai¬ 
bar,  but  left  no  stone  unturned  to  annihilate  their 
mortal  enemy.  They  succeeded  in  bringing  about  an 
alliance  of  the  Koraish  and  the  great  Bedouin  tribes 
of  Solaim  and  Ghatafan,  for  the  suppression  of  Islam. 
In  the  month  Dhd  '1-ka'da,  A.H.  5  (March,  627),  the 
three  armies  set  out,  i0,000  strong,  under  the  com¬ 
mand  of  Abu  Sofyan.  Mohammed  received  word  of 
this  through  the  Khoz&'a,  who  secretly  played  into 
his  hands,  and  on  this  occasion  he  resolved,  not  as 
formerly  to  offer  battle  on  the  open  field,  but  to  make 
preparation  for  a  siege.  For  the  most  part  the  houses 
of  the  town  were  built  so  close  to  one  another  as  to 
make  a  continuous  wall ;  at  the  northwest  corner  only 
was  there  a  wide  open  space,  through  which  an  enemy 
could  easily  effect  an  entrance.  Here  Mohammed, 
with  the  advice  and  direction  of  the  Persian  freedman 
Salman,  drew  a  ditch,  behind  which  he  intrenched 
himself  with  the  Moslems,  the  hill  of  Sal'3  protecting 
their  rear.  This  fosse,  which  has  become  famous,  ana 
has  even  given  its  name  to  the  entire  cam- 
paign  (the  War  of  the  Fosse),  fully  served  War  £j^ee 
its  purpose.  The  enemy  with  their  cavalry 
perseveringly  directed  their  attack  on  this  spot,  but 
were  constantly  repelled  by  the  vigilant  and  courageous 
defence  of  the  fosse.  They  at  last  gave  up  all  hope 
of  reaching  their  end  in  this  way,  unless  a  simulta¬ 
neous  attack  were  to  succeed  in  another  quarter.  To 
assist  them  in  this,  they  endeavored  to  stir  up  the 
Koraiza,  the  last  autonomous  family  of  Jews  still  re¬ 
maining  in  Medina,  having  their  settlements  in  the 
southeast  of  the  town.  The  Nadirite  Hoyay  b. 
Akhtab,  the  most  zealous  promoter  of  the  alliance 
against  Mohammed,  undertook  charge  of  the  negotia¬ 
tions,  and  succeeded  at  last  in  persuading  their  prince, 

2  The  sympathy  shown  by  many  scholars  for  Ibn  Obay,  whose 
weakness  degenerated  into  faithlessness,  is  unjustified. 

8  Now  the  citadel,  it  would  seem. 
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Ka'b  b.  Asad,  to  break  bis  pact  of  neutrality  with  the 
Moslems.  But  nothing  came  of  it.  The  Jews  doubted 
the  perseverance  of  the  Koraish  and  their  allies — they 
had  their  fears  lest,  if  the  struggle  proved  a  protracted 
one,  the  besiegers  might  withdraw  and  leave  them  to 
their  fate.  They  accordingly  demanded  hostages  in 
security  against  such  an  event,  being  otherwise  de¬ 
termined  not  to  break  up  all  hope  of  reconciliation 
with  Mohammed  by  entering  the  contest.  This  atti¬ 
tude,  in  turn,  aroused  suspicion  on  the  part  of  the 
besiegers,  whom  it  was  not  difficult  to  convince  that 
the  Jews  were  demanding  hostages  of  them  for  the 
purpose  of  handing  them  over  to  Mohammed,  and  so 
making  their  peace  with  him.  All  this  crippled  their 
activities  still  more  than  did  the  failure  of  their  own 
attacks  upon  the  fosse.  The  season  also  was  against 
them  ;  the  weather  was  windy,  the  nights  extremely 
cold,  and,  worst  of  all,  the  fields  yielded  nothing. 
From  this  cause  the  chief  sufferers  were  the  Bedouins, 
who  had  brought  no  forage  for  their  camels  and 
horses.  Mohammed,  who  appears  to  have  been  kept 
well  informed  of  their  mood,  judged  it  expedient 
to  open  negotiations  with  them.  These  were  soon 
broken  off  indeed,  but  the  mere  fact  that  the  Ghatafan 
had  ever  entered  upon  them  was  enough  to  create 
mutual  suspicion  amongst  the  allies.  One  stormy 
night  the  Meccans  suddenly  raised  the  siege,  after  it 
had  lasted  fourteen  days,  and  returned  home ;  they 
were  followed  by  the  Ghatafan  and  Solaim.  It  was 
with  no  small  joy  that  the  Moslems  on  the  following 
morning  discovered  the  departure  of  the  enemy ;  it 
would  have  been  impossible  for  them  to  have  held  out 
much  longer,  exhausted  as  they  were,  not  less  by  cold 
and  hunger,  than  by  the  fatigues  of  constantly  mount¬ 
ing  guard.  As  soon  as  Mohammed  had  given  them 
permission  to  leave  the  camp  beside  the  hill  of  Sal , 
they  dispersed  with  the  greatest  alacrity  to  their 
homes. 

Mohammed,  however,  did  not  allow  them  much 
time  to  recruit.  Hardly  had  they  reached 
theKoraiza.  their  abodes,  when  he  again  called  them  to 
arms  against  the  treacherous  Koraiza.  The 
unlucky  Jews  had  been  given  over  to  the  sword  by  the 
withdrawal  of  the  allies  ;  a  siege  of  fourteen  days  com¬ 
pelled  them  to  surrender  unconditionally.  The  men 
were  driven  in  chains  to  the  house  of  Osama  b.  Zaid, 
whence  on  the  following  morning  Mohammed  caused 
them  to  be  brought  one  by  one  to  the  market-place  of 
Medina,  and  there  executed.  This  continued  till  late 
in  the  evening.  They  were  six  or  seven  hundred  in 
number,  and  among  them  was  the  Nadirite  Hoyay  b. 
Akhtab,  the  author  of  the  War  of  the  Fosse,  who  had 
left  the  Meccans  to  join  his  fortunes  with  those  of  the 
Koraiza.  By  accepting  Islam  these  men  could  have 
saved  their  lives,  but  they  preferred  death.  No  more 
magnificent  martyrdom  is  known  to  history.  The 
women  and  children  were  sold  into  slavery  ;  one  young 
woman  only,  Banana,  suffered  the  penalty  of  death  for 
having  broken  the  head  of  a  Moslem  with  a  millstone 
during  the  siege.  With  joyous  heart  and  smiling  .  faca 
she  went  to  meet  her  death,  never  forgotten  by’Aisha, 
with  whom  she  was  when  her  name  was  called.  The 
Prophet  selected  for  himself  the  fair  Raihana,  and 
married  her,  after  having  caused  her  to  become  a 
convert  to  Islam. 

The  War  of  the  Fosse  was  the  last  attack  made  by 
the  Koraish  upon  Medina ;  Mohammed  now  began  to 
take  the  offensive  towards  Mecca.  This  he  at  first  set 
about  with  extreme  diplomacy,  utilizing  the  festival, 
and  the  truce  of  God  subsisting  at  the  time  of  the 
festival,  for  the  purpose  of  paying  a  visit  to  his  native 
town.  Although  unsuccessful  in  winning  to  his  side 
the  neighboring  tribes  of  Bedouins,  it  was  nevertheless 
with  a  considerable  following  (1500  men)  that  in 
Dhti  ’1-ka'daA.H.  6  (March,  628), 1  he  set  out  on  his 
journey.  In  a  dream  he  had  had  the  key  of  the  Ka'ba 
delivered  to  him ;  on  the  strength  of  this  his  follow- 
1  Wbldeke,  Tabari,  p,  303,  note  1;  Vakidi,  p.  18. 


ers  believed  firmly  in  the  success  of  the  expedition. 
But  the  Koraish  were  determined  that  the  pretext  of 
pilgrimage  should  not  avail  their  adversary;  they 
summoned  their  allies  and  formed  a  camp  to  the  north 
of  their  town  for  the  purpose  of  preventing  the  en¬ 
trance  of  the  Moslems.  Mohammed  was  „ 
forced  to  halt  at  Hodaibiya  on  the  borders  ”  1  lya' 

of  the  sacred  territority,  and  it  was  in  vain  that  by  fair 
speeches  he  sought  to  obtain  permission  to  make  the 
circuit  of  the  Ka'ba.  He  felt  himself  too  weak  to  force 
his  way,  and  accordingly  preferred  to  treat.  While 
the  envoys  were  passing  to  and  fro,  there  suddenly 
arose  an  alarm  in  the  Moslem  camp  ;  they  apprehended 
a  sudden  act  of  treachery  on  the  part  of  tne  Meccans. 
It  was  on  this  occasion  that  the  famous  Homage  under 
the  Tree  took  place,  when  Mohammed  pledged  his 
followers  by  striking  hands  that  they  would  stand  by 
him  and  go  to  death  for  his  sake.  Some  of  the 
Koraish  agents  witnessed  the  scene,  and  were  im¬ 
mensely  impressed  by  it ;  such  an  enthusiastic  obedi¬ 
ence  as  Mohammed  received,  such  an  ascendency  over 
the  minds  of  men  as  he  exercised,  they  had  never  before 
conceived  to  be  possible,  and  on  their  return  they  urged 
their  people  in  the  strongest  way  not  to  permit  mat¬ 
ters  to  come  to  extremities.  The  Koraish  accordingly 
judged  it  best  to  offer  a  bargain  with  Mohammed,  the 
terms  being  that  for  this  year  he  was  to  withdraw,  so 
that  the  Arabs  might  not  say  that  he  had  forced  an 
entrance,  but  that  on  the  following  year  he  was  to 
return  and  be  permitted  to  remain  three  days  within 
the  sacred  territory  for  the  purpose  of  sacrifice.  After 
some  discussion  Mohammed  accepted  this  proposal, 
although  zealous  Moslems  detected  a  discreditable 
shortcoming  in  matters  of  faith,  in  so  far  as  it  involved 
turning  back  within  sight  of  the  Ka'ba  without  being 
allowed  to  accomplish  the  sacred  circuit.  When  the 
agreement  was  to  Decommitted  to  writing,  Mohammed 
dictated  the  words :  “In  the  name  of  AJl&h,  the  mer¬ 
ciful  Rahman”;*  but  the  Meccan  plenipotentiary, 
Sohail  b.  'Amr,  declared  that  he  knew  nothing  about 
Rahm&n,  and  insisted  upon  the  customary  formula, 
“In  thy  name,  Allahomma!  ”  The  Moslems  mur¬ 
mured,  but  Mohammed  yielded.  He  then  went  on  to 
dictate:  “This  is  the  treatv  of  peace  between  the 
apostle  of  God;  ”  ...  Sohail  anew  protested  ;  to 
acknowledge  Mohammed  as  the  apostle  of  God,  would 
be  to  declare  himself  his  follower  ;  the  designation 
ought  to  be  simply  Mohammed  b.  'Abdallah.  The 
Moslems  murmured  louder  than  before,  and  refused  to 
consent  to  the  change.  The  heads  of  the  two  tribes 
of  Medina,  Osaid  b.  Hodair  and  Sa'd  b.  'Ob&da,  held 
the  hand  of  the  scribe  and  declared  that  “Mohammed 
the  apostle  of  God”  must  be  written,  or  the  sword 
must  decide.  The  Meccan  representatives  whispered 
to  one  another  words  of  amazement  at  the  spirit  dis¬ 
played  by  these  men.  But  Mohammed  made  a  sign 
to  the  zealots  to  hold  their  peace,  and  again  gave  way 
(sur.  xvii.  110).  The  writing  which  now  took  shape 
ran  as  follows : 

“  In  thy  name,  O  God !  This  is  the  treaty  of  peace  con¬ 
cluded  by  Mohammed  b.  'Abdallah  and  Sohail  b.  'Amr. 
They  have  agreed  to  allow  their  arms  to  rest 
for  ten  years.  During  this  time  each  party  The  Treaty, 
shall  be  secure,  and  neither  shall  injure  the 
other ;  no  secret  damage  shall  be  inflicted,  but  uprightness 
and  honor  prevail  betwixt  us.  Whosoever  wishes  to  enter 
into  treaty  and  covenant  with  Mohammed  can  do  so,  and 
whosoever  wishes  to  enter  into  treaty  and  covenant  with 
the  Koraish  can  do  so.  But  if  a  Koraishite  comes  without 
permission  of  his  guardian  (Wall)  to  Mohammed,  he  shall 
be  delivered  up ;  but  if.  on  the  other  hand,  one  of  Moham¬ 
med’s  people  comes  to  the  Koraish  he  shall  not  be  delivered 
up.  This  year  Mohammed  with  his  companions  must  with¬ 
draw  from  us,3  but  next  year  he  may  come  amongst  us  and 
remain  for  three  days,  yet  without  other  weapons  than 
those  of  a  traveller,  the  swords  remaining  in  their  sheaths.” 

*  Rahmsin  Is  a  name  of  God  which  Mohammed  had  taken 
from  the  Jews  and  used  with  special  preference. 

.,8  The‘‘us  ”  is  remarkable,  and  sounds  as  if  the  treaty  had  been 
dictated  by  the  Meccans. 
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The  first  result  of  the  treaty  was  that  the  Khozaa 
declared  for  alliance  with  Mohammed ;  while,  on  the 
other  hand,  the  Bekr  b.  Kinana  joined  themselves  to 
the  Koraish. 

To  compensate  his  followers  for  the  apparent  result- 
iessness  of  this  expedition,  Mohammed  immediately 
War  with  after  their  return  led  them  out  against  the 
Khaibar.  rich  Jews  of  Khaibar  (northwards  from 
Medina),  whither  the  Band  Nadir  had  mi¬ 
grated,  and  from  which  place  they  had  unceasingly 
stirred  up  opposition  against  the  Prophet.  Hitherto 
he  had  contented  himself  with  putting  out  of  the  way, 
by  means  of  assassination,  some  of  their  leading  men 
who  seemed  to  him  to  be  particularly  dangerous,  such 
as  Abd  R&fi'  and  Yosair  d.  Rdzim,1  but  now  he  re¬ 
sorted  to  wholesale  measures.  In  Moharram,  a.h.  7 
(May,  628),  he  made  his  appearance  before  Khaibar 
with  a  powerful  army ;  in  the  plunder  only  those  who 
had  taken  part  in  the  expedition  of  Hodaibiya  were  to 
share,  but  many  others  besides  accompanied  them. 
The  Jews,  although  aware  of  the  hostility  of  Moham¬ 
med’s  intentions,  were  nevertheless  taken  completely 
by  surprise  when  one  morning  they  saw  him  and  his 
troops  encamp  before  their  strongholds.  One  of  their 
leaders  had  given  them  the  excellent  advice  not  to 
shut  themselves  up  by  families  in  their  quarters, 
but  to  construct  a  common  camp  in  the  fields,  other¬ 
wise  they  were  likely  to  share  the  fate  of  their  co-relig¬ 
ionists  in  Medina.  But  they  replied  that  their  strong¬ 
holds  were  of  a  different  sort,  perched  on  impregnable 
summits,  and  they  remained  shut  up  within  them. 
They  had  neither  discipline  nor  order,  courage  nor 
devotion.  As  they  were  wanting  in  community  of 
feeling,  so  also  were  they  lacking  in  leaders.  Their 
best  man,  Saldm  b.  Mishk4m_,  lay  on  a  sick-bed;  his 
place  was  by  no  means  supplied  by  Kinana  b.  b.  Abf 
u-Holfaik.  When  they  suddenly  became  aware  that 
they  had  been  completely  abandoned  by  their  Arab 
allies,  the  Ghataf&n,  their  heart  utterly  failed  them. 
When  besieged  in  any  of  their  citadels,  they  hardly 
ever  waited  to  be  stormed,  but  after  one  or  two  sorties 
evacuated  it  and  withdrew  to  another,  where  the  same 
story  was  repeated.  Thus  citadel  after  citadel  fell  into 
the  hands  of  the  Moslems ;  treachery,  which  had  some- 
Ruin  of  ^ing  to  do  with  the  surrender,  was  well- 
theJews.  nigh  superfluous.  From  Al-Nat&t  the  Jews 
were  driven  to  Al-Shikk,  and  at  last  noth¬ 
ing  was  left  to  them  but  Al-Katiba  (with  Al-Watih 
and  Solalim).  *  There  they  remained  shut  up  and  filled 
with  fear,  without  even  risking,  as  formerly,  single 
combats  and  skirmishes  before  their  citadels.  After 
some  time  they  asked  for  peace,  and  obtained  it  on  the 
footing  that  they  retained  their  lives,  wives  and  chil¬ 
dren,  and  one  garment  each,  but  gave  up  all  their 

Sroperty,  the  penalty  of  concealing  anything  being 
eath.  Kinana  b.  b.  Abi  ’1-Hokalk  was  cruelly  tortured, 
and  at  last  put  to  death  because  he  had  buried  the 
renowned  jewels  of  his  family :  thus  at  the  same  time 
his  handsome  wife  Safiya  bint  Hoyay  was  left  free  for 
Mohammed. 

His  marriage  with  “the  daughter  of  the  king” 
wound  up  the  prosperous  campaign.  Safiya  felt  no 
repulsion  towards  the  man  who  had  caused  the  death 
of  her  father  Hoyay,  and  of  her  husband  Kinana; 
she  gracefully  accommodated  herself  to  the  situation. 
More  worthy  was  the  demeanor  of  another  Jewess, 
Zainab,  who  made  the  attempt  to  poison  the  execu¬ 
tioner  of  her  people,  and  atoned  for  this  offence  by  her 
death.  The  attempt  was  unsuccessful,  but  Mohammed 
believed  that  even  in  his  last  illness  he  could  trace  the 
effects  of  the  poison. 

Simultaneously  with  Khaibar,  Fadak  also  fell  into 
his  hands,  and  shortly  afterwards  Wadi  ’1-Kord,,  where 
also  there  were  settlements  of  Jews.  The  plunder  was 
very  considerable.  So  far  as  it  consisted  of  movables, 

«  Vakidi,  pp.  170,  239. 

•  Such  were  the  names  of  the  three  separate  quarters  of  Khai¬ 
dar,  each  one  made  up  of  a  complex  of  houses  and  citadels. 


it  was  gathered  into  a  heap,  and  put  up  to  auction : 
the  proceeds  were  then  divided.  Mohammed  insisted 
very  strictly  that  no  one  should  be  permitted  to  plun¬ 
der  for  his  own  hand.  The  property  in  land,  palm  plan¬ 
tations,  vegetable  gardens,  were  allowed  for  the  time 
being  to  remain  at  a  rent  in  the  hands  of  the  Jews; 
half  of  the  produce  had  to  be  paid  to  the  new  owners. 
The  lion’s  share  of  the  spoil  fell  to  the  lot  of  God,  i.e.. 
of  the  Prophet— a  fifth  of  the  movables,  of  the  real 
estate  a  larger  proportion.  He  consequently  had  at 
his  command  considerable  material  resources,  and  he 
well  knew  how  to  employ  them,  not  only  for  the  en¬ 
richment  of  his  family,  but  also  for  gaining  over  to 
his  side  such  individuals  as  were  more  accessible  to 
payment  than  to  principles. 

The  peace  of  Hodaibiya,  with  the  subsequent  con¬ 
quest  of  Khaibar,  closes  the  first  period  of  Moham¬ 
med’s  life  at  Medina  ;  strictly  speaking,  indeed,  it 
merely  confirmed  the  status  which  in  point  of  fact  the 
War  of  the  Fosse  had  already  given  him.  If  at  first 
it  seemed  as  if  Mohammed  had  shamefully  given  way, 
it  soon  became  apparent,  nevertheless,  that  the  advan¬ 
tage  lay  with  him.  “No  victory  of  Islam ,  ’  ’  Abiibekr 
was  wont  to  say,  “  has  more  importance  than  the  treaty 
of  Hodaibiya ;  men  are  always  for  hurrying  things  on, 
but  God  lets  them  ripen.  ’  ’  “  Previously  there  had  sub¬ 
sisted  a  wall  of  partition  between  the  Moslems  and  the 
rest  of  men ;  they  never  spoke  to  each  other ;  wherever 
they  met,  they  began  to  fight.  Subsequently  hostility 
died  down;  security  and  mutual  confidence  took  its 

})lace.  Every  man  of  even  moderate  intel- 
igence  who  heard  of  Islam  joined  it ;  in  spreadPof 
the  twenty-two  months  during  which  the  p  Islam, 
truce  subsisted,  the  number  of  conversions 
was  greater  than  throughout  the  whole  of  the  previ¬ 
ous  period  ;  the  faith  diffused  itself  in  all  directions 
among  the  Arabs.  ’  ’ 

As  a  religion  Islam  did  not  attract  the  Arabs ;  they 
had  no  inclination  to  pray,  read  the  Koran,  and  give 
alms.  Of  this  they  had  given  sufficient  evidence  by 
their  perennial  feuds  with  Mohammed,  and  by  the 
murder  of  divers  of  his  missionaries  who  were  sent  to 
teach  them  the  faith.3  We  can  hardly  believe  that  a 
new  spirit  now  suddenly  possessed  them.  Their  change 
of  attitude  was  merely  aue  to  the  imposing  effect  of 
the  rising  might  of  Islam.  They  began  to  respect  the 
Moslems,  who,  in  spite  of  their  small  numbers,  could 
defy  a  whole  world,  because  they  were  of  one  mind, 
and  did  not  ask  what  the  world  thought.  They  saw 
that,  in  the  great  conflict  between  Mecca  and  Medina, 
in  which  as  actors  or  as  spectators  they  had  all  par¬ 
ticipated,  the  victory  inclined  more  and  more  to  the 
side  of  Medina,  that  force  could  accomplish  nothing 
against  faith.  The  prestige  of  Mecca  was  shaken  by 
the  War  of  the  Fosse,  and  was  not  restored  by  the 
treaty  of  Hodaibiya,  in  which  the  Koraish  waved 
Mohammed  off  with  the  open  hand,  and  at  the  same 
time  permitted  him  to  return  next  year.  Islam  had 
“stretched  out  its  neck  ’  ’—had  consolidated  itself  into 
indestructible  existence — it  now  fought  for  victory. 
There  was,  moreover,  another  argument  in  favor  of 
the  new  religion,  to  which  the  Arabs  were  very  sensi-  . 
ble, — the  rich  booty,  to  wit,  which  the  Moslems  ac¬ 
quired  by  their  continual  forays.  There  is  no-question 
that  the  material  success  of  Islam  was  the  chief  force 
that  attracted  new  adherents. 

The  treaty  of  Hodaibiya  gave  a  breathing-space  to 
the  two  combatants,  and  of  this  the  Prophet 
reaped  the  whole  advantage.  The  truce,  Results  of 
which  lasted  for  almost  two  years,  brought  to  With  Mecca! 
the  Meccans  an  almost  unbroken  series  of 
humiliations  and  losses.  Contrary  to  all  expectation, 
the  provision  made  in  their  favor,  by  which  Moham¬ 
med  bound  himself  to  send  back  such  of  their  sons  as 
deserted  to  him  before  their  majority,  turned  to  their 
hurt,  so  that  they  had  to  ask  Mohammed  to  have  it 

*  See  Vakidi,  pp.  153-157  (Bir  Ma'ilna  and  al-Raji  ),  and  the  gen 
etal  view  of  these  feuds,  ibid  29  «^, 
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changed.1  Still  more  serious  for  them  was  the  deser¬ 
tion  of  .  three  eminent  men,  Khalid  b.  al-Walfd,  Amr 
b.  al-'As,  and  'Othman  b.  Talha,  whom  the  Prophet 
received  with  open  arms.  Next  year  they  looked  on 
with  shame  and  concealed  indignation  when  the 
Prophet,  availing  himself  of  his  stipulated  right,  en¬ 
tered  the  city  with  2000  men,  and  performed  the  sacred 
ceremonies  ('Omrat  al-Kada,  March,  629).  Still  they 
were  afraid  to  break  with  him  again,  and  did  not  even 
venture  to  rid  themselves  of  his  spies,  the  Khozd'a, 
who  lived  in  their  midst.  “When  they  put  one  foot 
forward  they  draw  the  other  back ;  they  are  convinced 
that  Mohammed  will  win  ” — such  was  the  impression 
the  Koraish  made  on  the  Bedouins,  who  have  a  very 
keen  instinct  in  matters  of  this  sort.  They  had  lost 
confidence  in  themselves ;  they  knew  that  the  fight  was 
not  fought  out,  but  they  dared  not  seek  to  bring  it  to 
a  decision. 

Against  their  will  the  decision  came.  The  Band 
Bekr  fell  upon  Mohammed’s  friends,  the  Khoza'a, 
and  were  supported  by  some  of  their  Koraishite  allies. 
The  Khozdites  complained  to  the  Prophet,  who  eagerly 
seized  tne  pretext  for  war.  In  vain  did  the 
renewed.  Meccans  send  Abd  Sofydn  to  Medina  to 
renew  the  truce  ;  they  could  not  move  the 
Prophet  from  his  purpose.  In  Ramadan,  A.H.  8 
(January,  630),  he  moved  against  Mecca  with  an  army 
of  10,000  men.  With  the  Emigrants  and  the  Defenders 
were  mustered  the  Aslam,  Grhifar,  Mozaina,  Johaina, 
and  Ashja‘ ;  the  Solaim  and  the  Khozd'a  joined  them 
on  the  way.  The  Bedouins  were  drawn  by  the  hope 
of  booty  ;  the  Fazdrite  'Oyaina  was  sorely  vexed  that 
he  had  left  his  Ghatafdn  at  home,  not  knowing  what 
was  in  view,  for  Mohammed  at  first  kept  the  aim  of  his 
expedition  a  secret.  Some  of  the  Meccan  nobles  must, 
however,  have  known  it ;  Makhrama  b.  Naufal,  for 
example,  and  the  Prophet’s  uncle,  Abbds,  did  not 
await  the  capture  of  their  city,  but  deserted  to  the 
enemy  while  he  was  still  distant.  Abd  Sofyan,  in 
particular,  must  have  been  in  the  secret ;  it  appears 
that  at  Medina  he  received  the  promise  that  the  holy 
oity  should  be  spared  if  it  yielded  pacifically,  and  that 
he  pledged  himself  to  do  his  best  to  play  into  the  hands 
of  the  Prophet.2  But  before  the  populace  it  was 
necessary  to  keep  up  the  appearance  of  a  sudden  sur¬ 
prise,  an  inevitable  submission  to  an  unforeseen  display 
of  force.  The  same  comedy  was  repeated  afterwards  at 
Taif ;  the  headmen  treated  with  the  Prophet  without 
consulting  the  Thakafites,  and  then  contrived  that  the 
result  of  their  policy  should  appear  to  be  forced  by  the 
course  of  events.  The  Moslems  were  on  the  border  of  the 
holy  land  before  the  Meccans  suspected  their  approach ; 
then  suddenly  one  night  10,000  fires  were  seen  rising 
to  heaven  to  the  northwest  of  the  holy  city, 
of  Mecca  In  well-feigned  surprise  Abd  Sofyan  has¬ 
tened  to  the  hostile  camp ;  he  returned 
with  the  news  that  the  Moslems  were  at  the  gates, 
that  an  improvised  resistance  could  effect  nothing 
against  their  force ;  the  only  wise  course  was  a  sur¬ 
render — Mohammed  had  promised  security  to  those 
who  remained  in  their  houses  or  threw  away  their 
weapons.  The  terrified  Meccans  had  hardly  any  other 
course  open  to  them  than  to  follow  this  advice.  And 

i  Abii  Basir  had  fled  to  Mohammed  to  Medina;  the  Meccans 
demanded  his  surrender.  He  was  given  up,  in  spite  of  his  pas¬ 
sionate  remonstrances,  to  the  two  messengers  sent  to  fetch  him. 
But  on  the  road  he  fell  on  one  of  them  ana  slew  him  with  his  own 
sword ;  the  other  hastened  back  to  Medina  in  horror.  Abd  Basir 
followed,  thinking  Mohammed  had  now  done  enough  to  satisfy 
the  Meccans.  Only,  however,  when  the  messenger  refused  the 
charge  of  so  dangerous  a  prisoner,  did  Mohammed  permit  the 
latter  to  go  off  where  he  pleased,  refusing  to  allow  him  to  stay 
with  the  Moslems.  Accordingly  Abd  Basir  made  for  the  coast- 
road  of  the  Syrian  caravans,  and  became  'the  leader  of  other  Mos¬ 
lem  fugitives  from  Mecca,  who  quickly  gathered  round  him. 
They  intercepted  all  caravans,  divided  the  prey,  and  slew  the 
men.  Abd  Basir’s  robberies  at  length  induced  the  Meccans  to 

ask  Mohammed  by  letter  to  allow  him  to  join  his  community, 
and  so  put  an  end  to  the  mischief. — Vakidi,  p.  261 ;  Ibn  Hish&m, 

p.  757  sqq. 

4  The  tradition  indeed  is  silent,  but  Muir  (iv.  120)  is  justified  in 
drawing  this  inference  from  the  course  of  events. 


now  the  Moslems  entered  the  city  from  several  sides  at 
once,  meeting  only  at  one  point  with  an  easily  quelled 
resistance.  Mohammed  insisted  that  there  should  be 
no  violence ;  he  pledged  the  captains  to  avoid  all  blood¬ 
shed.  Ten  persons  only  were  put  to  the  ban,  and  of 
these  one-half  were  subsequently  pardoned.  He  took 
all  pains  to  preserve  the  sanctity  of  Mecca  unimpaired, 
confirmed  the  rights  and  privileges  therewith  connected, 
and  maeje  it  plain  that  tne  old  cultus  should  not  be  less 
flourishing  under  Islam.  The  ceremonies  were  re¬ 
tained  save  only  that  he  abolished  all  idols,  both  the 
domestic  gods  found  in  every  house  and  the  images  in 
and  round  the  Ka'ba.  But  every  sanctuary  outside 
of  Mecca  was  destroyed,  except  such  as  had  a  part  in 
the  celebration  of  the  Feast,  and  so  stood  in  connection 
with  the  Ka'ba  itself.  Thus  the  Meccan  worship 
gained  a  new  and  unique  importance.  Mohammed's 
reform  did  for  Mecca  what  Josiah’s  did  for  Jeru¬ 
salem.3 

The  last  step  towards  that  identification  of  the  Ka'ba 
with  Islam,  which  made  it  the  religious  centre  of  the 
Moslem  world,  was  not  taken  till  the  following  year, 
when  the  famous  Renunciation  (Bard’ a)  of  sur.  ix. 
forbade  the  heathen  to  share  in  the  Feast,  which  was 
henceforth  to  be  a  strictly  Moslem  ordinance,  and  at 
the  same  time  abrogated  the  peace  of  the  holy  months. 
A  year  later  (Dhu  ’1-Hijja,  A.H.  10,  March,  632)  he 
himself  celebrated  the  Feast  for  the  first  time  in  the 
orthodox  fashion,  introducing  certain  modifications  on 
the  traditional  practice  and  reducing  certain  varieties 
of  use  to  uniform  rule.  >  In  all  this  he  professed  to 
reestablish  the  true  ancient  use,  purged  of  heretical 
deviations  from  the  example  of  Abraham.  At  the 
same  time  he  remodelled  the  Calendar,  forbidding  the 
occasional  interpolation  of  a  month  as  an  arbitrary  and 
human  invention,  and  establishing  the  true  lunar  year 
of  twelve  lunations. 

We  return  to  the  capture  of  Mecca.  The  submis¬ 
sion  of  the  Koraish  was  followed  by  that  . 

of  their  nomad  brethren  and  allies.  But  ^Hawtata! 
the  neighboring  Hawdzin,  to  whom  be¬ 
longed  also  the  Thalcafite  inhabitants  of  Taif,  assem¬ 
bled  for  battle  with  the  Moslems.  They  camped  in 
Autas  between  Taif  and  Mecca.  Mohammed  advanced 
against  them,  and  battle  was  joined  in  the  valley  of 
Honain.  The  Moslems  were  broken  by  the  first  charge 
of  the  foe ;  for  a  moment  the  Prophet  himself  was  m 
danger,  till  the  Khazraj  rallied  round  him,  checked 
the  onset  of  the  Hawdzin,  and  at  length  turned  them 
to  flight.  A  vast  booty  rewarded  the  victors  ;  for  the 
Hawazin  had  brought  all  their  herds  and  non-combat¬ 
ants  with  them  and  placed  them  in  the  rear,  that  they 
might  feel  what  they  were  fighting  for.4  Mohammed 
caused  the  prey  to  be  conveyed  to  the  glen  of  Ji'nina, 
outside  the  northwest  border  of  the  Haram,  a  little 
way  off  the  great  valley  that  descends  from  Taif ;  he 
himself  pressed  on  to  Taif  itself.  Here,  however,  he 
failed  in  his  object ;  in  a  dream  he  saw  a  cock  peck  a 
hole  in  a  bowl  of  cream  that  was  set  before  him,  so 
that  the  contents  ran  out.  After  fourteen  days  he  gave 
up  the  siege  and  marched  to  Ji'rana  to  deal  with  the 
booty.  _  He  had  deferred  this  task  in  the  hope  that  the 
Hawazin  would  be  tempted  to  embrace  Islam  in  order 
to  recover  their  families  and  cattle.  But  as  they  still 
sent  no  ambassadors,  he  had  to  yield  to  the  pressure 
of  the  Bedouins  and  divide  the  spoil.  When  it  was 
too  late,  the  messengers  of  the  Hawazin  appeared  to 
announce  their  conversion  ;  they  had  now  to  give  up 
their  herds,  and  content  themselves  that  their  wives 
and  children  were  restored  to  them,  through  the  me¬ 
diation  of  the  Prophet  with  their  new  masters.  The 
Bedouins  received  compensation  for  what  they  gave 
up ;  the  Emigrants  and  Defenders  gave  up  their  cap¬ 
tives  freely.  Altogether  the  men  of  Medina  fared 
worse  in  the  distribution  of  booty,  though  they  had 

3  Snouck-Hurgronje,  Het  Mekkaansche  Feest,  Leyden.  1880. 

4  Among  them  were  relatives  of  the  Prophet’s  foster-mother, 
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borne  the  brunt  of  the  conflict ;  those  who  fared  best 
were  the  nobles  of  Mecca,  who  had  no  share  in  the 
fight,  but  whom  Mohammed  desired  to  conciliate  by 
gifts  (sur.  ix.  60). 

The  fall  of  Mecca  reacted  powerfully  on  the  future 
Aggrandize-  development  of  Islam.  Again  the  saying 
ment  of  the  came  true  ;  victa  victores  cepit ;  the  victory 
Koraish.  0f  ]yios]eins  over  the  Koraish  shaped 
itself  into  a  domination  of  the  Koraish  over  the 
Moslems.  For  this  the  Prophet  himself  was  to  blame. 
In  making  Mecca  the  Jerusalem  of  Islam,  he  was 
ostensibly  moved  by  religious  motives;  but  in  reality 
Mohammed’s  religion  had  nothing  to  do  with  the 
heathenish  usages  of  the  Ka'ba  and  the  Great  Feast. 
To  represent  Abraham  as  the  founder  of  the  ritual  was 
merely  a  pious  fraud.  What  Mohammed  actually 
sought,  was  to  recommend  Islam  to  Arabic  prejudices 
by  incorporating  this  fragment  of  heathenism,  and  at 
the  same  time  he  was  influenced  by  his  local  patriotism. 
Henceforth  these  local  feelings  became  quite  the  main¬ 
spring  of  his  conduct ;  his  attitude  to  the  Koraish 
was  determined  entirely  by  the  spirit  of  clannishness. 
Hence  the  extraordinary  value  he  set  on  the  concili¬ 
ation  of  their  chiefs ;  one  gains  the  impression  that  he 
cared  more  for  this  than  for  the  conversion  of  all  the 
rest  of  the  world.  He  left  to  them  all  that  they  already 
had ;  he  gave  them  in  addition  whatever  they  asked, 
if  only  they  would  be  •  his  good  friends.  Abti  Sofyan 
was  a  great  man  already,  but  Mohammed  hastened  to 
raise  his  power  by  giving  him  rule  over  a  broad  tract 
southward  from  Mecca.  He  used  every  means  to 
make  their  conversion  easy  to  the  Koraish,  and  to  con¬ 
vince  them  that  they  were  losing  little  and  gaining 
much.  They  had  the  sense  to  understand  this  and  act 
accordingly ;  they  were  soon  the  best  of  Moslems,  and 
that  for  the  best  practical  reasons. 

The  men  of  Medina,  as  was  natural,  felt  themselves 
slighted  in  a  special  degree  by  this  petting  of  the 
Koraish.  They  had  done  all  and  sacrificed  all  for  the 
Prophet ;  were  others  now  to  reap  the  fruit  of  their 
labors  ?  Had  they  by  years  of  struggle  made  Moham¬ 
med  Lord  of  Mecca  only  that  they  might  surrender  in 
favor  of  Mecca  the  place  they  had  hitherto  held?  Did 
he  indeed  esteem  kinship  so  much  more  than  tried 
service  to  the  Faith  ?  The  Defenders  had  good  ground 
for  discontent,  but  Mohammed  appeased  them  easily 
enough.  He  reminded  them  of  their  fellowship  to¬ 
gether  in  the  great  days  of  the  past,  of  all  that  he 
had  done  for  them,  and  they  for  him  ;  he  prom¬ 
ised  that  their  town  should  still  be  his  residence,  and 
so  the  political  capital  of  Islam  (Madinat  al-Islam). 
Then  all  the  men  wept  till  their  beards  were  wet,  and 
said  :  “O  apostle  of  God,  we  are  content  with  our 
share  and  lot !  ” 

The  Defenders  murmured  at  the  preference  shown 
The  Kh&ri-  to  the  Koraish,  because  they  desired  prefer- 
jites.  '  ence  for  themselves.  But  already  there 
were  movements  of  an  opposition  from  principle  which 
deemed  it  a  falling  away  from  Islam  to  give  any  heed 
to  kinship  instead  of  to  faith.  It  is  related  that  the 
beginnings  of  the  Kharijites  (Dissenters)  go  back  to 
the  distribution  of  booty  in  W.  Ji'rana.1  Certain  it 
is  that  a  worldly  bias,  which  had  indeed  been  intro¬ 
duced  into  Islam  long  before,  then  first  became  visible 
to  every  eye.  Certain  it  is  that  Mohammed  then  sowed 
the  seeds  of  the  deep  dissensions  that  rent  his  follow¬ 
ing  after  his  death— of  the  struggle  between  religious 
democracy,  such  as  Islam  demanded,  and  the  national 
aristocracy,  which  alone  was  really  fit  to  hold  rule  in 
Arabia.  It  was  Mohammed  who  placed  the  helm  in 
the  hands  of  the  Koraish  and  opened  the  way  to  sover¬ 
eignty  for  Abu  Sofyan  and  his  house,  the  Omayyads. 
If  the  Khariiite  Dhii  ’1-khowaisira  spoke  out  against 
the  Prophet  himself  at  Ji'rana,  the  feeling  that  moved 
him  was  quite  sound. 

The  last  years  of  the  Prophet  were  like  the  mgath- 
l  Vakidi,  p.  377.  Ibn  Hishto,  p.  884. 


ering  of  a  harvest  laboriously  reaped.  The  conquest 
of  Mecca,  so  great  was  the  impression  it  produced,  was 
called  “  the  Conquest,”  as  if  it  contained  in  itself  all 
others.  From  every  side  in  the  next  two  conversion 
years,  the  sheikhs  streamed  to  Medina  to  of  Arabia, 
open  negotiations  for  the  acceptance  of  Islam  by  their 
tribes ;  if  they  did  not  come  spontaneously,  Moham¬ 
med  sent  to  them.  A  change  of  heart  on  the  part  of  the 
Arabs  had  no  more  share  in  these  than  in  former  con¬ 
versions.  It  cost  them  no  struggle  to  cast  away  their 
idols;  the  images  and  the  sanctuaries  fell  quietly 
enough.  Heathenism  was  a  dead  thing ;  superstitions 
could  be  transplanted  into  Islam.  The  unique  sov¬ 
ereignty  of  All&li  was  clearly  evidenced  in  the  fact 
that  no  might  could  withstand  his.  It  is  safe  to  affirm 
that  the  accessions  to  Islam  were  due  to  political  more 
than  religious  impulses,  and  meant  adherence  to  the 
state  of  Medina  rather  than  to  monotheism.  The 
power  to  which  that  city  had  grown,  acted  as  a  force 
of  attraction  upon  the  Arabs;  and  their  subjection 
was  not  the  mere  effect  of  fear,  but  expressed  also 
that  sense  of  the  necessity  for  peace  and  order,  which 
had  led  to  the  founding  of  states  in  the  two  previous 
centuries.  Thus  it  becomes  intelligible  that  from  every 
side,  by  a  sort  of  natural  necessity,  the  masses  of 
Arabian  society  were  drawn  towards  the  centre  of 
attraction  at  Medina,  and  that  the  Prophet  received 
the  homage  of  distant  tribes  which  he  could  not  have 
influenced  directly.  The  Christian  tribes  were  not 
behind  the  rest,  they  were  Arabs  first  and  Christians 
after.  Only  the  Christians  of  Najr&n  remained  true 
to  their  faith  ;  so  did  the  Jews  in  all  parts,  and  the 
Magians  in  the  province  of  Bahrain.2  The  last  named, 
as  idolaters,  ought  not  in  strictness  to  have  been  toler¬ 
ated  in  the  Moslem  state ;  but  practical  considerations 
broke  through  theory,  and  the  men  of  system  had  to 
accept  the  inconsistency  with  the  best  grace  they  could. 

The  signs  of  submission  were — (1)  the  performance 
of  the  five  daily  prayers,  or  at  least  the  proclamation 
of  the  times  of  prayer  by  the  Muedhdhin;  (2)  the 
payment  of  the  alms-tax  j 8  (3)  the  acceptance  of  the 
Moslem  Law,  which  was  introduced  by  qualified  dele- 

Stes  from  Medina.  Otherwise  things  remained  as 
ey  were ;  Mohammed  was  careful  not  to  meddle  with 
tribal  affairs,  and  strengthened  the  existing  aristocra¬ 
cies  wherever  he  could  do  so.  The  change  of  faith  was 
effected  by  treaty  ;  the  populace  was  not  consulted,  * 
and  the  whole  negotiations  were  directed  by  the  Elders 
and  Chiefs.  For,  in  fact,  purely  political  interests 
were  involved. 

A  single  case,  about  which  our  information  is  excep¬ 
tionally  full,  will  suffice  in  illustration.  The 
Hawazin  had  joined  Mohammed  after  the  4 

battle  of  Honain,  and  now  preached  the  duty  of  holy 
warfare  against  their  kinsmen,  the  Thakafites  of  T&if, 
who  were  still  heathens.  They  made  raids  on  the 
cattle  pastured  without  the  city,  and  made  captives  of 
those  who  ventured  abroad.  The  Thakafites  were  ex¬ 
posed,  alone  and  helpless,  to  the  advances  of  Islam ; 
they  dared  not  stir  a  foot  beyond  their  walls.  The 
heads  of  the  city  found  the  situation  untenable,  and 
resolved  to  do  homage  to  the  Prophet  for  the  sake  of 
peace.  Ten  ambassadors  proceeded  to  Medina,  and 
negotiations  began  as  to  the  conditions  of  the  conver¬ 
sion  of  the  Thakif.  The  envoys  desired  that  fornica¬ 
tion,  usury,  and  wine-drinking  should  be  permitted  to 
them  ;  this  Mohammed  refused  (sur.  xvii.  234 ;  ii. 
278 ;  v.  92) ;  and  they  consented  to  yield  the  point 
when  it  was  explained  that,  indispensable  as  these 
three  practices  might  seem,  the  other  Moslems  had 
learned  to  give  them  up.  There  was  more  difficulty 
about  the  Rabba  or  Goddess  of  T&if  (al-L&t).  The 
ambassadors  begged  that,  as  a  concession  to  the  foolish 
multitude,  they  might  retain  her  for  three  years.  When 

2  Non-Moslem  subjects  were  made  to  pay  an  arbitrary  capita¬ 
tion  or  income  tax. 

*  The  expenditure  of  this  tax  was  regulated  in  the  case  of  some 
tribes  by  special  treaty. 
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they  found  Mohammed  resolute,  they  came  down  suc¬ 
cessively  to  two  years,  one  year,  and  a  month.  Even 
this  was  refused ;  Mohammed’s  sole  concession  was 
that  they  should  not  be  obliged  to  destroy  their  goddess 
with  their  own  hands.  The  deputation  returned,  and 
had  nearly  reached  T&if,  when  'Abdyah'l  counselled 
the  others  to  make  as  if  they  had  broken  off  the  nego¬ 
tiation,  and  not  to  confess  the  conclusion  of  the  pact 
till  the  Thakif  showed  no  stomach  for  battle  with 
Mohammed.  With  faces  covered,  like  men  who  have 
no  good  news,  they  rode  into  the  town,  and  first  paid 
the  customary  visit  to  the  temple  of  the  Rabba.  Then 
they  told  their  tribesmen  the  conditions  of  treaty,  de¬ 
clared  them  intolerable,  and  reviled  Mohammed  as  a 
hard  and  arrogant  man. .  “And  so,”  they  concluded, 
“prepare  for  war,  lay  in  provisions  for  two  years; 
Mohammed  will  surely  not  maintain  the  siege  longer ; 
dig  a  fosse  to  protect  ymir-stroiffghbld,  and  lose  no 
time.”  The  Thakafites  at  first  agreed  to  this;  but  in 
a  few  days  they  lost  courage,  and  bade  the  negotiators 
return  and  accept  the  conditions.  These  then  con¬ 
fessed  the  truth,  and  added  that  Mohammed’s  emissa¬ 
ries  would  presently  appear  to  destroy  the  Rabba.  The 
destruction  took  place  accordingly,  to  the  terror  of  the 
women  and  children,  but  without  a  single  man  raising 
his  hand. 

The  pilgrimage  undertaken  by  Mohammed  in  the 
year  10  (March,  632)  was  like  a  very  triumph.  All 
Arabia,  apart  from  the  vassals  of  Persia  and  Greece, 
lay  at  his  feet.  The  greatest  success  of  his  life  had 
been  effected  by  sheer  moral  force  without  a  stroke  of 
the  sword.  But  Arabia  no  longer  sufficed  him  ;  he 
had  wider  aims.  In  his  last  years  he  began 
th^Greeks  to  extend  the  holy  war  against  the  Greeks. 

Even  on  his  return  from  Hodaibiya,  he  be- 

f;an  to  direct  envoys  to  several  foreign  potentates,  with 
etters  demanding  their  adhesion  to  Islam.  One  of 
these  envoys  was  seized  and  beheaded  in  the  Belkd, 
(the  ancient  Moab).  Hence  sprang  the  first  campaign 
against  the  Greeks,  i.e.  the  Arabs  who  were  subject  to 
the  Greek  empire.  The  army  directed  against  them 
was,  however,  entirely  defeated  at  Mu’ta  (autumn, 
629)  ;  Khalid  succeeded  with  difficulty  in  rallying  and 
leading  back  the  broken  remnant  of  the  host.  Next 
summer  the  Nabataeans  who  visited  the  market  of 
Medina  spread  a  rumor  that  the  Emperor  Heraclius 
was  collecting  a  vast  force  to  attack  the  Moslems ;  and 
Mohammed  set  forth  to  meet  him  at  the  head  of 
30,000  men,  but  got  no  farther  than  Tabiik,  on  the 
southern  borders  of  ancient  Edom,  when  the  rumor 
was  found  to  be  false.  The  expedition,  however,  was 
not  altogether  fruitless,  as  it  led  to  the  submission  of 
several  small  Jewish  and  Christian  communities  in 
the  north  of  the  Peninsula.  Mohammed  equipped 
a  new  expedition  against  the  Greeks  on  his 
Mohammed,  return  from  his  “farewell  pilgrimage,”  and 
'  it  was  just  ready  to  start  when  he  died,  on 
Monday,  8th  June,  632. 

In  forming  an  estimate  of  one  who  has  exercised  so 
unexampled  an  influence  on  the  history  of  the  world, 
we  shall  do  well  to  bear  in  mind  the  hint  of  Gibbon, 
that  “some  reverence  is  surely  due  to  the  fame  or 
heroes  and  the  religion  of  nations.  ’  ’  The  grounds  on 
which  Mohammed  may  be  condemned  are  partly  found 
in  his  private  life.  Although  on  the  whole,  even  after 
he  had  become  ruler  of  all  Arabia,  he  maintained  the 
original  poverty  and  simplicity  of  his  establishment, 
never  set  store  by  money  and  estate,  eating  and  drink¬ 
ing  and  soft  clothing,  strictly  continued  to  fast  and 
watch  and  pray  after  his  first  fashion,  and  that,  too, 
plainly  out  of  a  heartfelt  need  and  without  any  osten¬ 
tation,  he  nevertheless  in  one  point  at  least  used  his 
supreme  authority  as  prophet  to  make  provision  for 
the  flesh.  He  claimed  to  be  personally  exempt  from 
those  restrictions  in  regard  to  the  female  sex  which  lay 
upon  all  other  Moslems,  and,  as  is  well  known,  he 
made  very  extensive  application  of  this  fundamental 
principle.  This  fact  is  quite  rightly  urged  against  him 


as  a  reproach ;  even  pious  Moslems  have  been  scan¬ 
dalized  by  it.  At  the  same  time,  it  is  unnecessary  to 
judge  him  on  this  account  more  harshly  than  we  do 
Charlemagne,  the  most  Christian  king  of  the  Franks  ; 
in  any  case  we  must  not  apply  the  standards  of  the 
present  day  to  the  circumstances  of  old  Arabia.  Of 
much  weightier  and  indeed  of  crushing  character  is  the 
accusation,  that  he  did  not  really  believe  himself  to  be 
a  prophet,  but  merely  of  set  purpose  played  the  part 
of  one.  For  the  first  years  of  his  activity  indeed  this 
charge  is  not  now  any  longer  maintained  ;  it  is  univer¬ 
sally  granted  that  at  that  period  his  enthusiasm  was 
enuine  and  real.  But  in  Medina,  we  are  told,  he  used 
is  prophetic  character  simply  as  a  pretext  for  the 
establishment  of  his  power.  It  seems  to  the  present 
writer  that  into  this  opinion  there  enter  modern  no¬ 
tions  as  to  the  separation  between  religion  and  the  civil 
magistracy,  which  ought  to  be  carefully  kept  out  of 
sight.  By  any  other  instrumentality  than  that  of  a 
prophet  it  would  hardly  have  been  possible  to  found 
the  state  of  Medina ;  religion  was  the  soul  of  the  com¬ 
munity.  The  founding  of  a  religion  and  the  forming 
of  a  state  were  not  connected  in  so  merely  external  a 
way  as  is  usually  supposed ;  on  the  contrary,  the  one 
was  the  natural  and  necessary  consequence  of  the  other. 
This  must  certainly  be  conceded,  that,  if  we  are  to 
make  any  distinctions  at  all,  Islam  was  far  less  rich  in 
religious  meaning  than  in  social  forces.  The  Koran  is 
Mohammed’s  weakest  performance ;  the  weight  of  his 
historical  importance  lies  in  his  work  at  Medina  and 
not  in  that  at  Mecca.  And  it  is  a  fact  that  the  poli¬ 
tician  in  him  outgrew  the  prophet  more  and  more,  and 
that  in  many  cases  where  he  assigned  spiritual  motives 
he  merely  did  so  to  give  a  fair  appearance  to  acts  that 
emanated  from  secular  regards.  In  this  respect  it  ap¬ 
pears  to  us  particularly  objectionable  that  he  gave  out 
as  revelations  of  God  and  placed  in  the  Koran  all  sorts 
of  regulations  and  orders  of  the  day,  which  proceeded 
simply  from  his  own  deliberations  or  even  in  part  were 
suggested  to  him  by  advisers  from  outside.  At  the 
same  time  the  element  of  self-deception  is  not  excluded 
even  here  ;  he  took  for  a  message  sent  down  from 
heaven  everything  which  in  his  cataleptic  fits  passed 
through  his  mind,  however  close  might  be  its  agree¬ 
ment  with  his  own  previously  cherished  thoughts.  It 
was  pardonable  that  he  went  on  with  the  idea  after  he 
had  once  grasped  it,  that  he  blew  upon  the  coals  when 
the  flame  threatened  to  die  out.  It  is  less  easy  to  free 
him  from  the  reproach  of  perfidy  and  cruel  vindictive¬ 
ness.  The  surprise  of  Nakhla  in  the  month  Rajab 
(ordered  by  him,  though  he  afterwards  repudiated  it), 
the  numerous  assassinations  which  he  instigated,  the 
execution  of  the  600  Jews  at  the  close  of  the  War  of 
the  Fosse,  burden  the  Prophet  heavily,  and  sufficiently 
explain  the  widespread  antipathy  in  which  he  is  hela. 
Yet  even  in  this  respect  it  is  well  not  to  forget  the  in¬ 
stance,  already  cited,  of  Charlemagne.  It  is  precisely 
the  man  of  vast  aims  who  finds  it  most  difficult  to  keep 
the  beaten  path. 

After  the  death  of  Mohammed  arose  the  question 
who  was  to  be  his  “representative  ”  (Khalifa,  Caliph). 
The  choice  lay  with  the  community  of  Medina  ;  so 
much  was  understood ;  but  whom  were  they  to  choose? 
The  natives  of  Medina  believed  themselves  to  be  now 
once  more  masters  in  their  own  house,  and  wished  to 
promote  one  of  themselves.  But  the  Emigrants  as¬ 
serted  their  opposing  claims,  and  with  success,  having 
brought  into  the  town  a  considerable  number  of  outside 
Moslems,1  so  as  to  terrorize  the  men  of  Medina,  who 
besides  were  still  divided  into  two  parties.  .... 
The  Emigrants’  leading  spirit  was  ‘Omar ;  caliptu 
he  did  not,  however,  cause  homage  to  be 
paid  to  himself  but  to  Abiibekr,  the  friend  and  father- 
in-law  of  the  Prophet. 

The  affair  would  not  have  gone  on  so  smoothly,  had 
not  the  opportune  defection  or  the  Arabians  Revolt  of 
put  a  stop  to  the  inward  schism  which  the  Arab*. 

1  Compare  Muir,  lv.  263, 
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threatened.  Islam  suddenly  found  itself  once 
more  limited  to  the  community  of  Medina ;  only 
Mecca  and  Taif  remained  true.  The  Bedouins  were 
willing  enough  to  pray,  indeed,  but  less  willing  to  pay 
taxes  ;  their  defection,  as  might  have  been  expected, 
was  a  political  movement.1  None  the  less  was  it  a  re¬ 
volt  from  Islam,  for  here  the  political  society  and  the 
religious  are  identical.  A  peculiar  compliment  to  Mo¬ 
hammed  was  involved  in  the  fact  that  the  leaders  of 
the  rebellion  in  the  various  districts  did  not  pose  as 
princes  and  kings,  but  as  prophets  ;  in  this  the  secret 
of  Islam’s  success  appeared  to  lie. 

.  Abdbekr  Droved  himself  quite  equal  to  the  perilous 
situation.  In  the  first  place,  he  allowed  the  expedition 
against  the  Greeks,  already  arranged  by  Mohammed, 
auietly  to  set  out,  limiting  himself  for  the  time  to  the 
defence  of  Medina.  On  the  return  of  the  army  he  pro¬ 
ceeded  to  attack  the  rebels.  The  holy  spirit  of  Islam 
kept  the  men  of  Medina  together,  and  inflamed  them 
to  a  death-defying  zeal  for  the  faith ;  while,  on  the 
other  side,  the  Arabs  as  a  whole  had  no  other  bond  of 
Defeat  of  u,llon  and  no  better  source  of  inspiration 
the  rebels,  than  universal  egoism.  As  was  to  be  ex¬ 
pected,  they  were  worsted ;  eleven  small 
flying  columns  of  the  Moslems,  sent  out  in  various  di¬ 
rections,  sufficed  to  quell  the  revolt.  Those  who  sub¬ 
mitted  were  forthwith  received  back  into  favor,  those 
who  persevered  in  rebellion  were  punished  with  death. 
The  majority  accordingly  converted,  the  obstinate  were 
extirpated.  In  Yamama  only  was  there  a  severe  strug¬ 
gle  ;  the  Band  Hanifa  under  their  prophet  Mosailima 
fought  bravely,  but  here  also  Islam  triumphed. 

The  internal  consolidation  of  Islam  in  Arabia  was, 
strange  to  say,  brought  about  by  its  diffusion  abroad. 
The  holy  war  against  the  border  countries  which 
Mohammed  had  already  inaugurated,  was  the  best 
means  for  making  the  new  religion  popular  among 
the  Arabs ;  for,  in  spreading  by  means  of  the  sworn 
the  worship  of  All&n,  opportunity  was  at  the  same 
time  afforded  for  gaining  rich  booty.  This  vast  move¬ 
ment  was  organized  by  Islam,  but  the  masses  were 
induced  to  join  it  by  quite  other  than  religious  mo¬ 
tives.  Nor  was  this  by  any  means  the  first  occasion 
on  which  the  Arabian  caldron  had  overflowed ;  once 
and  again  in  former  times  emigrant  swarms  of  Be¬ 
douins  had  settled  on  the  borders  of  the  wilderness. 
This  had  last  happened  in  consequence  of  the  events 
which  destroyed  the.  prosperity  of  the  old  Sabaean 
kingdom.  At  that  time  the  small  Arabian  kingdoms 
of  Ghassan  and  Hira  had  arisen  in  the  western  and 
eastern  borderlands  of  cultivation  ;  these  now  pre¬ 
sented  to  Moslem  conquest  its  nearest  and  natural 
goal.  But  inasmuch  as  Hira  was  subject  to  the  Per¬ 
sians,  and  Eastern  Palestine  to  the  Greeks,  the  annex¬ 
ation  of  the  Arabians  involved  the  extension  of  the 
war  beyond  the  limits  of  Arabia  to  a  struggle  with 
the  two  great  powers. 

After  the  subjugation  of  Middle  and  Northeastern 
Arabia,  Khalid  b.  al -Wall'd  proceeded  by 
order  of  the  Caliph  to  the  conquest  of  the 
districts  on  the  Lower  Euphrates.  Thence 
he  was  summoned  to  Syria,  where  hostilities  had  also 
broken  out.  Damascus  fell  late  in  the  summer  of  635, 
and  on  20th  August,  636,  the  great  decisive  battle 
on  the  Hieromax  (Yarmiik)  was  fought,  which  caused 
the  Emperor  Heraclius  finally,  to  abandon  Syria.2 
Left  to  themselves,  the  Christians  henceforward  de¬ 
fended  themselves  only  in  isolated  cases  in  the  forti  • 
fled  cities  ;  for  the  most  part  they  witnessed  the  dis¬ 
appearance  of  the  Byzantine  power  without  regret. 
Meanwhile  the  war  was  also  carried  on  against  the 
Persians  in  Tr4k,  unsuccessfully  at  first,  until  the  tide 
turned  at  the  battle  of  KAdisi'ya  (end  of 
KMiaiya  637).  In  consequence  of  the  defeat  which 
they  here  sustained,  the  Persians  were 

1  See  Noldeke,  Beitr&ge  zur  Kenntntis  der  Poetic  der  alien  Araber 

^s^e  chfejef Mtmoires  d'Hist.  et  dc  Gtoa.  Orient.,  No.  3.  Leyden, 
18*1 ;  Noldeke,  D.  if.  Z„  1875,  p.  76  sqq. !  Beladhori,  187. 
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forced  to  abandon  the  western  portion  of  their  empire 
and  limit  themselves  to  Eran  proper.  The  Moslems 
made  themselves  masters  of  Ctesiphon  (Madam),  the 
residence  of  the  Sasanides  on  the  Tigris,  and  con¬ 
quered  in  the  immediately  following  years  the  country 
of  the  two  rivers.  In  639  the  armies  of  Syria  and 
‘Irak  were  face  to  face  in  Mesopotamia.  In  a  short 
time  they  had  taken  from  the  Aryans  all  the  principal 
old  Semitic  lands, — Palestine,  Syria,  Mesopotamia, 
Assyria,  and  Babylonia.  „  To  these  was  soon  added 
Egypt,  which  Amr  b.  al-‘As,  aided  by  the 
national  and  confessional  antipathies  of  Egypt 
the  Copts  towards  the  Greeks,  overran 
with  little  trouble  in  641. 3  This  completed  the  circle 
of  the  lands  bordering  on  the  wilderness  of  Arabia : 
within  these  limits  annexation  was  practicable  ana 
natural,  a  repetition  indeed  of  what  had  often  previ¬ 
ously  occurred.  The  kingdoms  of  Ghassan  and  Hira, 
advanced  posts  hitherto,  now  became  the  headquarters 
of  the  Arabs  ;  the  new  empire  had  its  centres  on  the 
one  hand  at  Damascus,  on  the  other  hand  at  Cufa  and 
Basra,  the  two  newly-founded  cities  in  the  region  of 
old  Babylonia.  The  capital  of  Islam  continued  in¬ 
deed  for  a  while  to  be  Medina,  but  soon  the  Hij&z 
and  the  whole  of  Arabia  proper  lay  quite  on  the  out- 
skirt  of  affairs. 

It  is  striking  to  notice  how  easily  the  native  popula¬ 
tions  of  the  conquered  districts,  exclusively  or  pre¬ 
vailingly  Christian,  adapted  themselves  to  the  new 
rule.  .  Their  nationality  had  been  broken  long  ago, 
but  intrinsically  it  was  more  closely  allied  to  the 
Arabian  than  to  the  Greek  or  Persian.  Their  re¬ 
ligious  sympathy  with  the  West  was  seriously  im¬ 
paired  by  dogmatic  controversies;  from  Islam  they 
might  at  any  rate  hope  for  toleration,  even  though 
their  views  were  not  in  accordance  with  the  theology 
of  the  Emperor  of  the  day.  The  lapse  of  the  masses 
from  Christendom  to  Islam,  however,  which  took 
place  during  the  first  century  after  the  conquest,  is 
only  to  be  accounted  for  by  the  fact  that  in  reality 
they  had  no  inward  relation  to  the  gospel  at  all.  They 
changed  their  creed  in  order  to  acquire  the  rights  ana 
privileges  of  Moslem  citizens.  In  no  case  were  they 
compelled  to  do  so;  on  the  contrary,  the  Omayyad 
Caliphs  saw  with  displeasure  the  diminishing  proceeds 
of  the  poll-tax  derived  from  their  Christian  subjects. 

It  would  have  been  a  great  advantage  for  the  solid¬ 
ity  of  the  Arabian  empire  if  it  had  confined  itself 
within  the  limits  of  those  old  Semitic  lands,  with  per¬ 
haps  the  addition  of  Egypt.  But  the  Persians  were 
not  so  ready  as  the  Greeks  to  give  up  the 
contest ;  they  did  not  rest  until  the  Mos-  of^ran. 
lems  had  subjugated  the  whole  of  the 
Sasanid  empire.  The  most  important  event  in  the 
protracted  war  which  led  to  the  conquest  of  Eran, 
was  the  battle  of  Nehawend  in  641  ;*  the  most  ob¬ 
stinate  resistance  was  offered  by  Persis  proper,  and 
especially  by  the  capital,  Istakhr  (Persepolis).  In  the 
end,  all  the  numerous  and  somewhat  autonomous 
provinces  of  the  Sasanid  empire  fell,  one  after  the 
other,  into  the  hands  of  the  Moslems,  and  the  young 
Shahanshah,  Yezdegerd,  was  compelled  to  retire  to 
the  farthest  corner  of  his  realm,  where  he  came  to  a 
miserable  end.5  But  in  more  than  one  case  the  work 
of  conquest  had  to  be  done  over  again  ;  it  was  long 
before  the  Eranians  learned  to  accept  the  situation. 
Unlike  the  Christians,  of  Western  Asia,  they  had  a 
vigorous  feeling  of  national  pride,  based  upon  glorious 
memories  and  especially  upon  a  church  having  a  con¬ 
nection  of  the  closest  kina  with  the  state.  Internal 
disturbances  of  a  religious  and  political  character  and 
external  disasters  had  long  ago  shattered  the  empire 
of  the  Sasanids  indeed,  but  the  Eranians  had  not  yet 
lost  their  patriotism.  They  were  fighting,  in  fact, 

*  See  H.  Zotenberg  in  Joum.  as.,  1879  (xiii.  291-386).  Comp.  Gott. 
Gel.  Am.,  1881,  p.  587  sqq. 

4  The  accounts  differ;  see  Beladhori,  305.  The  chronology  of 
the  conquests,  as  is  well  known,  is  in  many  points  unoertain. 

‘  Beladh.,  315  eq. ;  Tabari,  L  1068. 
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against  the  despised  and  hated  Arabs,  in  defence  of 
their  holiest  possessions,  their  nationality,  and  their 
faith.  They  were  subjugated,  but  their  subjection 
was  only  outward.  The  commonwealth  of  Islam 
never  succeeded  in  assimilating  them  as  the  Syrian 
Christians  were  assimilated.  Even  when  in  process 
of  time  they  did  accept  the  religion  of  the  Prophet, 
they  leavened  it  thoroughly  with  their  own  peculiar 
leaven,  and,  especially,  deprived  it  of  the  practical 
political  and  national  character  which  it  had  assumed 
after  the  Flight  to  Medina.  To  the  Arabian  state 
they  were  always  a  thorn  in  the  flesh,  it  was  they  who 
helped  most  largely  to  break  up  its  internal  order,  and 
it  was  from  them  also  that  it  at  last  received  its  out¬ 
ward  deathblow.  The  fall  of  the  Omayyads  was  their 
work,  and  with  the  Omayyads  fell  the  Arabian  em¬ 
pire.  The  course  of  Islam’s  political  history  during 
its  first  centuries  is  denoted  by  the  removal  of  the 
capital  from  Damascus  to  Cufa,  and  from  Cufa  to 
Baghdad,  the  latter  occupying,  approximately,  the  site 
of  the  ancient  Ctesiphon. 

But  we  must  return  to  the  period  of  Abiibekr.  He 
died  after  a  short  reign,  on  22d  August,  634, 
and  as  matter  of  course  was  succeeded  by 

p  '  ‘Omar.  To  'Omar’s  ten  years’  Caliphate 
belong  for  the  most  part  the  great  conquests.  He 
himself  did  not  take  the  field,  but  remained  in  Medina, ; 
he  never,  however,  suffered  the  reins  to  slip  from  his 
grasp,  so  powerful  was  the  influence  of  his  personality 
and  the  Moslem  community  of  feeling.  His  political 
insight  is  shown  by  the  circumstance  that  he  endeav¬ 
ored  to  limit  the  indefinite  extension  of  Moslem  con¬ 
quest,  and  to  maintain  and  strengthen  the  national 
Arabian  character  of  the  commonwealth  of  Islam  ; 1 
also  by  his  making  it  his  foremost  task  to  promote  law 
and  order  in  its  internal  affairs.  The  saying  with 
which  he  began  his  reign  will  never  grow  antiquated  : 
“  By  Gfod,  he  that  is  weakest  among  you  shall  be  in 
my  sight  the  strongest,  until  I  have  vindicated  for  him 
his  rights ;  but  him  that  is  strongest  will  I  treat  as  the 
weakest  until  he  complies  with  the  laws.’’  It  would 
he  impossible  to  give  a  better  general  definition  of  the 
function  of  the  State.  After  the  administration  of 
justice  he  directed  liis  organizing  activity,  as  the  cir¬ 
cumstances  demanded,  chiefly  towards  financial  ques¬ 
tions — the  incidence  of  taxation  in  the  conquered 
territories,*  and  the  application  of  the  vast  resources 
which  poured  into  the  treasury  at  Medina.  It  must 
not  be  brought  against  him  as  a  personal  reproach, 
that  in  dealing  with  these  he  acted  on  the  principle 
that  the  Moslems  were  the  chartered  plunderers  of  all 
the  rest  of  the  world.  But  he  had  to  atone  by  his 
death  for  the  fault  of  his  system ;  a  workman  at  Cufa, 
driven  to  desperation  by  absurd  fiscal  oppressions, 
stabbed  him  in  the  mosque  at  Medina.  He  died  in 
the  beginning  of  November.  644. 

Before  his  death  'Omar  had  nominated  six  of  the 
leading  Emigrants  who  should  choose  the 
ST  Caliph  from  among  themselves— 'Othman, 
’All,  Zobair,  Talha,  Sa'd  b.  Abi  Wakk&s, 
and  Abd  al-Rahm&n  b.  *Auf.  The  last  named  de¬ 
clined  to  be  candidate,  and  decided  the  election  in 
favor  of  'Othm&n  b.  ‘Affan.  Under  this  weak  sover¬ 
eign  the  government  of  Islam  fell  entirely  into  the 
hands  of  the  Koraish  nobility.  We  have  already  seen 
that  Mohammed  himself  prepared  the  way  for  this 
transference ;  Abiibekr  ana  'Omar  likewise  helped  it ; 
the  Emigrants  were  unanimous  among  themselves  in 
thinking  that  the  precedence  and  leadership  belonged 
to  them  as  of  right.  Thanks  to  the  energy  of  'Omar, 
they  were  successful  in  appropriating  to  themselves 

1  He  sought  to  make  the  whole  nation  a  great  host  of  God ;  the 
Arabs  were  to  be  soldiers  and  nothing  else.  They  were  forbidden 
to  acquire  landed  estates  in  the  conquered  countries ;  all  land 
was  either  made  state  property  or  was  restored  to  the  old  owners 
subject  to  a  perpetual  tribute  which  provided  pay  on  a  splendid 
scale  for  the  army. 

*  Noldeke,  Tabari,  246.  To  'Omar  also  is  due  the  establishment 
of  the  Era  of  the  Flight. 


the  succession  to  the  Prophet.  Thev  indeed  rested 
the  claims  they  put  forward  in  the  undeniable  prionty 
of  their  services  to  the  faith,  but  they  also  appealed 
to  their  blood  relationship  with  the  Prophet,  as  a 
legitimation  of  their  right  to  the  inheritance  ;  and  the 
ties  of  blood  connected  them  with  the  Koraish  in 
general.  In  point  of  fact  they  felt  a  greater  solidarity 
with  these  than,  for  example,  with  the  natives  ol 
Medina :  nature  had  not  been  expelled  by  faith.8  The 
supremacy  of  the  Emigrants  naturally  furnished  the 
means  of  transition  to  the  supremacy  of  the  Meccan 
aristocracy.  'Othm&n  did  all  in  his  power  to  press 
forward  this  development  of  affairs.  He  belonged  to 
the  foremost  family  of  Mecca,  the  Omayyads,  and  that 
he  should  favor  his  relations  and  the  Koraish  as  a 
whole,  in  every  possible  way,  seemed  to  him  a  matter 
of  course.  Every  position  of  influence  and  emolument 
was  assigned  to  them ;  they  themselves  boastingly 
called  the  important  province  of  'Ir&k  the  garden  of 
Koraish.  In  truth,  the  entire  empire  had  become  that 
garden.  Nor  was  it  unreasonable  that  from  the  secu¬ 
larization  of  Islam  the  chief  advantage  should  be 
reaped  by  those  who  best  knew  the  world.  Such  were 
beyond  all  doubt  the  patricians  of  Mecca,  and  after 
them  those  of,  T&if,  people  like  Khalid  b.  al-W  alid, 
'Amr  b.  al-'As,  'Abdallah  b.  Abi  Sarlj,  Moghira  b. 
Sho'ba,  and  above  all,  old  Abd  Sofy&n  with  his  son 
Mo'&wiya,  the  governor  of  Syria. 

Against  the  rising  tide  of  worldliness  an  opposition, 
however,  now  began  to  appear.  It  was  led  Movement 
by  what  may  be  called  the  spiritual  noblesse  . 
of  Islam,  which,  as  distinguished  from  the  m  ' 
hereditary  nobility  of  Mecca,  might  also  be  designated 
as  the  nobility  of  merit,  consisting  of  the  “Defenders,” 
and  especially  of  the  Emigrants  who  had  lent  them¬ 
selves  to  the  elevation  of  the  Koraish,  but  by  no 
means  with  the  intention  of  allowing  themselves  to 
be  thereby  effaced.  The  opposition  was  headed 
by  'All,  Zobair,  Talha,  both  as  leading  men  among 
the  Emigrants  and  as  disappointed  candidates  for 
the  Caliphate,  who  therefore  were  jealous  of  'Oth¬ 
man.  Tneir  motives  were  purely  selfish;  not  God’s 
cause  but  their  own,  not  religion  but  power  and  pre¬ 
ferment,  were  what  they  sought.4  Their  party  was  a 
mixed  one.  To  it  belonged  the  men  of  real  piety,  who 
saw  with  displeasure  the  promotion  to  the  first  places 
in  the  commonwealth  of  the  great  lords  who  had  actu¬ 
ally  done  nothing  for  Islam,  and  had  joined  themselves 
to  it  only  at  the  twelfth  hour,  while  those  who  had 
borne  the  burden  and  heat  of  the  day  were  passed  by. 
But  the  majority  were  merely  a  band  of  men  without 
views,  whose  aim  was  not  a  change  of  system  but  of 
persons,  that  they  themselves  might  fatten  in  the  va¬ 
cant  places.  Everywhere  in  the  provinces  there  was 
agitation  against  the  Caliph  and  his  governors,  except 
in  Syria,  where  'Othm&n’s  cousin,  Mo'&wiya  b.  Abi 
Sofy&n,  carried  on  a  wise  and  strong  administration. 
The  movement  was  most  energetic  in  'Irak  and  in 
Egypt,  Its  ultimate  aim  was  the  deposition  of  'Oth¬ 
m&n  in  favor  of  'AH,  whose  own  services  as  well  as  his 
close  relationship  to  the  Prophet  seemed  to  give  him 
the  best  claim  to  the  Caliphate.  Even  then  there  were 
enthusiasts  who  held  him  to  be  a  sort  of  Messiah. 

The  malcontents  sought  to  gain  their  end  by  force. 
In  bands  they  came  from  the  provinces  to  Medina  to 
concuss  'Othm&n  into  concession  of  their  demands. 
From  the  Indus  and  Oxus  to  the  Atlantic  the  world 
was  trembling  before  the  armies  of  the  Caliph,  but  in 
Medina  he  had  no  troops  at  hand.  He  propitiated  the 
mutineers  by  concessions,  but  as  soon  as  they  had  gone, 

*  Even  In  the  list  of  the  slain  at  the  battle  of  Honain  the  Emi¬ 
grants  are  enumerated  along  with  the  Meccans  and  Koraish,  and 
distinguished  from  the  men  of  Medina. 

4  It  was  the  same  opposition  of  the  spiritual  to  the  secular  no¬ 
bility  that  afterwards  showed  itself  in  the  revolt  of  the  sacred 
cities  against  the  Omayyads.  The  movement  triumphed  with 
the  elevation  of  the  ‘AbMsids  to  the  throne.  But,  that  the  spirit¬ 
ual  nobility  was  fighting  not  for  principle  but  for  personal  advan¬ 
tage  was  as  apparent  in  'All’s  hostility  against  Zobair  and  Talha 
|  as  in  that  of  the  'Abb&sids  against  the  followers  of  Ali. 
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he  let  matters  resume  their  old  course.  Thus  things 
went  on  from  worse  to  worse.  In  the  following 
year  (656)  the  leaders  of  the  rebels  came  once  more 
from  Egypt  and  'Irak  to  Medina  with  a  more  numer¬ 
ous  following  ;  and  the  Caliph  again  tried  his  former 
plan  of  making  promises  which  he  did  not  intend  to 
keep.  But  the  rebels  caught  him  in  a  flagrant  breach 
of  his  word,  and  now  demanded  his  abdication,  besieg¬ 
ing  him  in  his  own  house,  where  he  was  defended  bjr 
a  few  faithful  subjects.  As  he  would  not  yield,  they 
at  last  took  the  building  by  storm  and  put  him  to 
death,  an  old  man  of  eighty.  His  death  in  the  act  of 
maintaining  his  rightswas  of  the  greatest  service  to 
his  house  and  of  corresponding  disadvantage  to  the 
enemy. 

Controversy  now  arose  among  the  leaders  of  the  op¬ 
position  as  to  the  inheritance.  The  mass 
of  the  mutineers  summoned  ‘All  to  the 
.  Caliphate,  and  compelled  even  Talha  and 
Zobair  to  do  him  homage.  But  soon  these  two,  along 
with  'Aisha,  the  mother  of  the  faithful,  who  had  an 
old  grudge  against  "All,  succeeded  in  making  their  es¬ 
cape  to  'Irak,  where  at  Basra  they  raised  the  standard 
of  rebellion.  'All  in  point  of  fact  had  no  real  right  to 
the  succession,  and  moreover  was  actuated  not  by  piety 
but  by  ambition  and  the  desire  of  power,  so  that  men 
of  penetration,  even  although  they  condemned  ’Oth- 
man’s  method  of  government,  yet  refused  to  recognize 
his  successor.  The  new  Caliph,  however,  found  means 
of  disposing  of  their  opposition,  and  at  the  battle  of 
the  Camel,  fought  at  Basra  Jn  November,  656,  Talha 
and  Zobair  were  slain,  and 'Aisha  was  taken  prisoner. 

But  even  so  'All  had  not  secured  peace.  With  the 
Mo’&wiva  m\ir^er  'Othman  the  dynastic  principle 
gained  the  twofold  advantage  of  a  legitimate 
cry — that  of  vengeance  for  the  blood  of  the  gray¬ 
haired  Caliph,  and  of  a  distinguished  champion,  the 
Syrian  governor  Mo'awiya.  Mo'awiya  was  not  in¬ 
clined  to  recognize  'All,  and  the  latter  did  not  venture 
to  depose  him.  To  have  done  so  would  have  been  use¬ 
less,  for  Mo'awiya’ s  position  in  Syria  was  impregnable. 
The  kernel  of  his  subjects  consisted  of  genuine  Arabs, 
not  only  recent  immigrants  along  with  Islam,  but  also 
old  settlers  who,  through  contact  with  the  Roman  em¬ 
pire  and  the  Christian  church,  had  taken  on  a  measure 
of  civilization.  Through  the  Ghassanids  these  latter 
had  become  habituated  to  monarchical  government 
and  loyal  obedience,  and  for  a  long  time  much  better 
order  had  prevailed  amongst  them  than  elsewhere  in 
Arabia.  Syria  was  the  proper  soil  for  the  rise  of  an 
Arabian  kingdom,  and  Mo'awiya  was  just  the  man  to 
make  use  of  the  situation.  He  exhibited  'Othman’s 
blood-stained  garment  in  the  mosque  at  Damascus, 
and  incited  his  Syrians  to  vengeance. 

'Alf  s  position  in  Cufa  was  much  less  advantageous. 
The  population  of  'Irak  was  already  mixed  up  with 
Persian  elements;  it  fluctuated  greatly,  and  was  largely 
composed  of  fresh  immigrants.  Islam  had  its  head¬ 
quarters  here;  Cufa  and  Basra  were  the  home  of  the 
pious  and  of  the  adventurer,  the  centres  of  religious 
and  political  movement.  This  movement  it  was  that 
had  raised  'AH  to  the  Caliphate,  but  yet  it  did  not' 
really  take  any  personal  interest  in  him.  Religion ! 
proved  for  him  a  much  less  trustworthy  and  more  aan-  \ 
gerous  support  than  did  the  conservative  and  secular  j 
feeling  of  Syria  for  the  Omayyads.  Mo’awiya  could 
either  act  or  refrain  from  acting  as  he  chose,  secure  in 
either  case  of  the  obedience  of  his  subjects.  ‘AH,  on  j 
the  other  hand,  was  unable  to  convert  enthusiasm  for 
the  principle  inscribed  on  his  banner  into  enthusiasm 
for  his  person.  It  was  necessary  that  he  should  ac- 
commoaate  himself  to  the  wishes  of  his  supporters, 
and  at  the  same  time  it  was  impossible,  for  these 
wishes  were  inconsistent.  They  compelled  him  sud¬ 
denly  to  break  off  the  battle  of  Siffxn,  which  he  was 
on  the  point  of  gaining  over  Mo'awiya,  because  the 
Syrians  fastened  copies  of  the  Koran  to  their  lances  to 
denote  that  not  the  sword  but  the  word  of  God  should 


decide  the  contest  (end  of  July,  657).  But  in  yielding 
to  the  will  of  the  majority  he  excited  the  displeasure 
of  the  minority,  the  genuine  zealots,  who  in  Mo'awiya 
were  opposing  the  enemy  of  Islam,  and  who  regarded 
'All  s  entering  into  negotiations  with  him  as  a  denial 
of  the  faith.  When  the  negotiations  failed  and  war 
was  resumed,  the  Kharijites  refused  to  follow  'All’s 
army,  and  he  had  to  turn  his  arms  in  the  first  instance 
against  them.  He  succeeded  in  disposing  of  them 
without  difficulty,  but  in  his  success  he  lost  tne  soul 
of  his  following.  For  they  were  the  true  champions 
of  the  theocratic  principle ;  through  their  elimination 
it  became  clear  that  the  struggle  had  in  no  sense  any¬ 
thing  to  do  with  the  cause  of  God.  'All’s  defeat  was 
a  foregone  conclusion,  once  religious  enthusiasm  had 
failed  him;  the  secular  resources  at  the  disposal  of  his 
adversaries  were  far  superior.  Fortunatelv  for  him  he 
was  murdered  (end  of  January,  661),  thereby  posthu¬ 
mously  attaining  an  importance  in  the  eyes  of  a  large 
part  of  the  Mohammedan  world  (Shl'a)  which  he  had 
never  possessed  during  his  life.  His  son  Hasan  made 
peace  with  Mo'&wiya. 

The  Kharijites  are  the  most  interesting  feature  of 
the  then  phase  of  Islam.  In  the  name  of 
religion  they  raised  their  protest  against  TheKji*ri* 
alio  wing  the  whole  great  spiritual  move¬ 
ment  to  issue  in  a  secular  and  political  result,  in  the 
establishment  within  the  conquered  territories  of  an 
Arabian  kingdom,  a  kingdom  which  diametrically  con¬ 
tradicted  the  theocratic  ideal.  Islam  was  then  on  the 
point  of  making  its  peace  with  the  world,  not  without 
a  certain,  apostasy  from  its  original  principles,  for 
which  Mohammed  himself  had  paved  the  way.  Life 
was  no  more  dominated  by  religion,  but  came  to  terms 
with  it  and  parted  company.  This  development  was 
favored  by  the  government,  which  desired  before  all 
things  to  have  peace.  Orthodoxy  arose,  and  thereby 
religion  was  tamed  and  divested  of  every  dangerous 
element;  strictly  speaking,  it  became  a  compromise, 
according  to  which  the  letter  of  the  precept  was  cor¬ 
rectly  followed,  in  order  that,  in  everything  besides,  a 
man  might  obey  his  own  inclinations.  The  conditions 
under  which  any  one  might  make  sure  of  heaven  were 
— on  the  one  hand,  the  performance  of  “good  works,” 
i.e.,  of  such  opera  operanda  as  had  a  special  churchly 
merit  assignea  to  them ;  on  the  other  hand,  faith  in 
the  absolute  sovereignty  of  God  even  over  the  wills  of 
men.  About  morals  God  showed  little  concern — the 
usual  view  of  orthodox  shamanism.  This  was  by  no 
means  the  original  standpoint  of  Islam,  although  the 
transition  to  it  was  made  at  an  early  stage,  and  by  the 
Prophet  himself.  Originally  Islam — i.  e. ,  religious  res¬ 
ignation — was  only  the  complement  of  pious  effort;  a 
man  set  himself  about  even  the  hardest  and  apparently 
purposeless  tasks,  because  he  believed  the  issue  to  lie 
entirely  in  the  hand  of  God.  But  now  all  this  was  re¬ 
versed  ;  a  man  acted  according  to  his  humor,  because 
his  destiny  had  nothing  to  do  with  his  inherent  quali¬ 
ties,  but  was  dependent  entirely  on  Alldh’s  caprice. 
The  Kharijites  protested  not  merely  against  the  dy¬ 
nastic  principle  and  the  rule  of  the  Omayyads,  but  also 
against  orthodoxy;  they  disputed  the  doctrine  of  pre¬ 
destination  and  the  proposition  that  a  great  sinner 
could  yet  be  a  good  Moslem,  because  they  did  not  un¬ 
derstand  how  to  divorce  religion  from  practice.  To 
some  degree  they  call  to  mind  the  Montanists,  but 
their  opposition  was  much  more  energetic  in  its  ex¬ 
pression.1 

Sources. — For  the  history  of  Mohammed  these  are — (1)  the 
Koran;  (2)  the  theologico-historical  tradition  - 
or  Hadjth.  The  latter  is  chronologically  ar¬ 
ranged  in  the  biographies,  of  which  those  of  Ibn  Ishak  and 
of  Wdkidi  are  the  oldest  and  most  important.  Ibn  lshak’s 
work  in  its  complete  form  is  now  to  be  found  only  in'  Ihn 
Hishim’s  revision  (ed.  Wiistenfeld),  but  large  and  numer¬ 
ous  fragments  of  the  original  are  given  by  Tabari  (ed.  De 
Jong).  Of  Wdkidi  the  Kit&b  al-Maghdzi,  i.e.,  the  history  of 

1  On  the  farther  development  of  Islam  compare  Houtsma,  De 
Stryd  over  het  Dogma,  Leyden,  1875. 
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Mohammed  in  Medina,  is  still  extant  (abridged  German 
translation  by  Wellhausen,  1882) ;  his  collections  for  the 
earlier  period  are  known  to  us  through  the  work  of  Ibn 
Sa'd  his  secretary  ( Tabdkat ,  unedited).  The  Hadith  is  set 
forth  more  systematically,  according  to  subjects,  in  the 
great  collections  of  tradition  by  Mdlik  b.  Anas,  Bokhdri, 
Moslim,  etc.  (Buldk  editions).  A  subsidiary  authority  is 
the  humanistic  tradition  of  the  Odabd,  with  which  the 
poetry  may  be  reckoned.  The  principal  collections  of  this 
class  are  the  Kit  ah  al-Agh&ni  (Bulak  edition)  and  the  Kamil 
(ed.  Wright).  For  the  period  after  Mohammed  the  most 
important  work  is  the  Chronicle  of  Tabari  (Leyden  edition) ; 
the  history  of  the  conquest  is  treated  briefly  after  the  best 
authorities  by  Belddhori  (ed.  De  Goeje,  1866). 

Literature. — The  genuine  tradition  of  the  Arabs  with  ref¬ 
erence  to  their  prophet  was  first  introduced  into  Europe  by 
the  French,  beginning  with  Gagnier  and  ending  with  the 


valuable  work  of  Caussin  de  Perceval.  Weil  and,  after  him, 
Noldeke  especially,  have  the  merit  of  having  shown  how 
to  use  the  Koran  in  conjunction  with  the  Arab  tradition  as 
a  main  source.  Of  modern  biographies  the  most  important 
are  those  of  Muir  and  Sprenger;  research  has  not  yet  got 
beyond  them,  although  there  is  room  for  this.  For  the  his¬ 
tory  of  the  Caliphs,  the  standard  book  is  still  the  well-known 
work  of  Weil,  although  since  it  was  published  considerable 
additions  have  been  made  to  our  knowledge  of  the  sources, 
thanks  specially  to  the  labors  of  Dozy,  De  Goeje,  and  other 
Dutchmen.  Hitherto  the  main  object  has  been  to  bring 
together  the  materials  in  this  department  of  research,  and 
a  comprehensive  treatment  of  the  entire  subject  has  not  as 
yet  been  accomplished  ;  still  reference  may  be  made  in  this 
connection  to  Dozy  (Histoire  de  I’Islamisme),  and  A.  von  Kre- 
mer  ( Gesch .  der  herrschenden  Ideen  d.  Islam,  and  Kulturge- 
schichte  d.  Orients  unter  den  Khalifen).  (J.  WB.) 


PART  II.— THE  EASTERN  CALIPHATE. 


Sect.  I.— The  Omayyads. 

1.  In  commencing  the  history  of  the  Omayyad 
dynasty  we  must  first  recur  to  the  causes 
vads°may’  which  brought  about  the  triumph  of  this 
family,  and  which  led  its  chief  to  substitute 
Damascus  for  Medina  as  the  seat  of  the  Caliphate  ;  an 
event  which  led  to  profound  changes  in  the  Moslem 
empire,  and  exercised  a  considerable  influence  on  its 
development.  In  the  same  way,  at  a  later  date,  the 
transfer  of  the  Caliphate  from  Damascus  to  Baghdad 
marked  the  accession  of  a  new  family  to  the  supreme 
power,  and  gave  Islam  a  new  direction. 

In  the  time  of  Mohammed  the  Arabs  were  divided 
into  an  infinite  number  of  tribes,  some  settled,  others 
nomadic,  which  were  constantly  at  war  with  each 
other.  The  Prophet  united  them  into  one  body,  but 
he  could  not  entirely  eradicate  the  hatred  which  had 
existed  for  ages  between  tribe  and  tribe.  Thus  the 
people  of  Mecca  and  those  of  Medina  hated  each 
other,  because  the  former  were  a  branch  of  the  race 
of  Ma'add,  the  great  ancestor  of  the  tribes  of  the 
North  ; 1  while  the  latter  belonged  to  the  Yemenite 
race,  or  that  of  the  South.  The  conquest  of  Mecca 
by  Mohammed  and  his  allies  of  Medina  only  exas¬ 
perated  this  hatred,  and  the  nobles  of  the  Koraish 
swore  to  take  revenge  on  the  Yemenites,  as  soon  as 
they  should  be  able  to  do  so.  One  of  the  mo^|t  violent 
opponents  of  the  Prophet  had.  been,  as  we  have  seen, 
the  father  of  that  very  Mo’dwiya  who  founded  the 
Omayyad  dynasty,  Abii  Sofydn,  grandson  of  Omayya, 
the  leader  of  the  Meccans  in  the  battle  at  Ohod ;  and 
it  is  related  that  his  wife  Hind,  having  found  Hamza, 
Mohammed’s  uncle,  among  the  dead,  cut  open  his 
body,  and  tore  out  and  devoured  his  liver.  We  have 
also  seen  how  Abii  Sofydn  ultimately  made  his  sub¬ 
mission  and  embraced  Islam,  but  only  under  compul¬ 
sion.  His  son  Mo'dwiya  became,  it  is  true,  one  of 
Mohammed’s  secretaries ;  but  we  know  that  his  faith 
was  never  very  strong,  and  that  he  always  made  his 
religion  subordinate  to  the  interests  of  his  family. 
Even  in  his  youth  he  had  conceived  the  project  of  re¬ 
covering  the  supreme  power  for  his  own  race,  and  it 
has  been  related  above  how  the  inner  conflicts  of  Islam 
under  the  Caliphates  of  'Othinan  and  All  carried  him 
forwards  towards  this  goal. 

Mo'dwiya  might,  no  doubt,  have  marched  to  the 
help  of  'Othman  with  an  army  of  Syrians ;  but  the 

E reservation  of  the  Caliph,  his  relative,  would  not 
ave  served  the  purposes  of  his  burning  ambition, 
and  we  may  say  without  hesitation  that  it  was  with 
secret  joy  that  the  prefect  of  Damascus  heard  of  the 
fatal  result  of  the  plot  against  ‘Othman.  The  Syrians 
were  entirely  devoted  to  Mo'awiya.  Polite,  amiable, 
and  generous,  he  had  gained  the  goodwill  of  all  the 
Arabs  of  Syria,  for  whom  Islam  had  remained  a  dead 
letter,  and  who,  continuing  Bedouins  at  heart,  shared 
the  feelings  of  their  chief  against  the  new  aristocracy 

»  The  Ma'addites  are  also  often  called  Mod&rites  and  Kaisites, 
after  their  ancestors  Modar  and  K&is. 


of  Medina.  Consequently,  when  AH,  'Othmdn’s 
successor,  summoned  Mo'dwiya  for  the  last  time  to 
acknowledge  him,  and  when  Mo’dwiya,  assembling  his 
partisans  in  the  mosque  of  Damascus,  asked  their 
advice,  they  replied  that  it  was  his  part  to  command, 
and  theirs  to  obey  and  to  act.  The  enthusiasm  of  the 
Syrians  was  great ;  and  Mo'dwiya  having  ordered  a 
levy  en  masse ,  within  three  days  every  able-bodied  man 
had  joined  his  standard.  Syria  alone  supplied  Mo'dwiya 
with  more  troops  than  all  the  rest  of  the  provinces  put 
together  furnished  to  AH,  who  is  said  to  have  ad¬ 
dressed  his  soldiers  with  these  bitter  words  \  “  I  would 
gladly  exchange  ten  of  you  for  one  of  Mo'dwiya’ s  sol¬ 
diers.”  Then  he  added — in  allusion  to  the  savage 
action  of  Hind,  Mo'dwiya’ s  mother,  on  the  field  of 
battle  at  Ohod— “By  God !  he  will  gain  the  victory, 
this  son  of  the  liver-eater  1”  . 

'AH’s  gloomy  anticipations  were  fulfilled ;  but  it  was 
by  stratagem  that  Mo'dwiya  gained  his  victory.  The 
battle  of  Sifffn,  the  abortive  negotiations  that  followed, 
and  the  withdrawal  of  the  Khdrijites,  have  been  al¬ 
ready  spoken  of.  The  negotiations  ended  in  the  con¬ 
ference  of  Diimat  al-Jandal,  a  small  place ;  situated 
between  Syria  and  'Irdk,  about  seven  days’  journey 
from  Damascus  and  thirteen  from  Medina.  Here  in 
Ramadan,  a.h.  37  (a.d.  657-658),  Abii  Miisd  and 
’Amr  b.  al-'As  (the  famous  conqueror  of  Egypt)  ap¬ 
peared  as  arbitrators  for  'AH  and  Mo'dwiya  respect¬ 
ively,  and  the  cunning  of  the  latter  induced  Abii  Miisd 
to  pronounce  both  pretendants  deprived  of  whatever 
rights  either  might  have  to  the  Caliphate,  and  to  say 
that  it  now  rested  with  the  Moslems  to  make  a  new 
choice.  'Amr,  who  was  only  waiting  for  this  declara¬ 
tion,  rose  in  his  turn,  and  said  to  the  Arabs  who  were 
crowding  round  the  platform:  “0  people,  ye  hear 
what  Abii  Miisd  says.  He  himself  renounces  the 
claims  of  his  master.  I  also  agree  to  the  deprivation 
of  AH,  but  I  proclaim  my  master  Mo'dwiya  Mo-&wiya  ! 
Caliph.”  Abii  Miisd  cried  out  against 
this  treachery,  but  no  one  would  listen  to  him,  and  he 
fled  for  refuge  to  Mecca,  where  he  ultimately  recog¬ 
nized  the  claims  of  Mo'dwiya,  even  in  AH’s  lifetime. 
This  event  marks  the  commencement  of  the  Omayyad 
dynasty.  Amr  went  in  triumph  to  Damascus,  where 
the  Syrians  took  the  oath  of  fidelity  to  Mo'dwiya. 

In  Ird^,  on  the  other  hand,  with  the  exception  of 
the  Khdrijites,  all  the  people  remained  faithful  to  the 
cause  of  'All,  who,  mounting  the  pulpit  at  Cufa, 
summoned  his  army  to  the  field,  and  fixed  their  ren¬ 
dezvous  at  Nokhaila,  a  small  place  not  far  from  the 
city.  The  Khdrijites  had  taken  refuge  at  Nahrowdn, 
and  AH  found  it  necessary  to  attack  them  there,  before 
marching  against  the  Syrians.  At  his  arrival  niost  of 
the  rebels  dispersed,  except  from  fifteen  to  eighteen 
hundred  fanatics,  who  remained  at  their  post  and 
allowed  themselves  to  be  slaughtered  to  the  last  man. 
Thus  rid  of  the  Khdrijites,  All  meant  to  direct  his 
march  towards  Syria,  but  his  soldiers  refused  to  move, 
and  declared  their  intention  of  first  taking  some  rest 
at  Cufa.  Compelled  to  inaction,  'AH  returned  to 
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Cufa,  while  Mo'awiya  gave  his  attention  to  securing 
the  possession  of  the  provinces.  At  the  beginning 
of  a.h.  38  (a.d.  658-659),  Egypt  was  lost  to  'All. 
*Amr  b.  al-'As  was  sent  thither  by  Mo'dwiya,  and 
marched  without  delay,  at  the  head  of  five  thousand 
men,  against  'All’s  vicegerent,  Mohammed,  son  of  the 
late  Caliph,  Abubekr.  The  brave  general  Ashtar, 
whom  'All  sent  to  the  help  of  Mohammed,  was  poi¬ 
soned  at  Kolzom  by  the  prefect  of  that  place,  acting 
under  secret  orders  from  Mo'awiya,  and 'All’s  troops 
retraced  their  steps.  Meanwhile,  in  Egypt  itself,  a 
partisan  of  the  Omayyads,  Mo'awiya  b.  Hodaij,  who 
was  at  the  head  of  six  thousand  fighting  men,  had 
declared  against  Mohammed,  and  driven  him  from 
Fostat.  On  his  arrival  in  Egypt,  'Anir  effected  a 

i‘ unction  with  Mo'dwiyab.  Hodaij,  and  the  unfortunate 
lohammed,  beaten  by  his  adversaries,  fell  into  the 
hands  of  Ibn  Hodaij,  who  put  him  to  death. 

While  Egypt  was  thus  being  lost  to  'All,  commo¬ 
tions  were  excited  at  Basra  itself  by  a  partisan  of  the 
Omayyads.  These  were,  however,  put  down  by  the 
governor  of  that  city,  Ziy&d.  This  man  was  Mo'awi¬ 
ya’  s  own  brother,  but  illegitimate,  and  not  having 
been  acknowledged  by  his  father,  Abu  Sofyan,  he 
had  revenged  himself  by  embracing  the  party  of  'All. 
Ziyad  was  renowned  among  the  Arabs  for  his  elo¬ 
quence,  his  resolution,  andliis  courage.  At  a  later 
period,  Mo'dwiya  gained  him  over  to  his  cause  by 
publicly  acknowledging  him  as  his  brother.  At  the 
time  we  speak  of,  he  was  a  faithful  servant  of  'AH, 
and  as  soon  as  the  revolt  of  Basra  was  put  down,  he 
marched  into  Farsistan,  where  he  maintained  peace 
and  kept  the  inhabitants  in  their  allegiance.  Mean¬ 
while,  however,  the  other  provinces  were,  falling  one 
after  the  other  under  the  power  of  Mo'awiya.  His 
generals  penetrated  into  the  heart  of  Chaldaea ;  and 
even  in  Arabia  where  'All’s  generals  had  at  first 
gained  some  advantages,  Bosr 1  b.  Artah  obtained  pos¬ 
session  of  Medina  A.H.  40  (a.d.  660-661),  and  com¬ 
pelled  its  inhabitants  to  acknowledge  Mo'dwiya.  After 
this  he  marched  upon  Mecca,  expelled  Gotham,  ’All’s 
governor,  and  there  also  exacted  an  oath  of  obedience 
to  his  master.  Following  up  his  successes,  Bosr  did 
not  hesitate  to  press  southward,  and  soon  gained  pos¬ 
session  of  Yemen.  ’All  was  now  no  longer  master  of 
anything  but  'Irak  and  a  part  of  Persia,  and  even  of 
these  provinces  the  former  was  menaced  by  the  Sy¬ 
rians,  as  we  have  seen.  Taking  advantage  of  some 
artial  successes  gained  by  his  forces  in  Arabia  and  in 
yria,  'All  made  overtures  for  peace,  but  they  were 
rejected.  Mo'awiya  believed  himself  too  sure  of  ulti¬ 
mate  success  to  be  willing  to  share  the  empire. 

It  was  then  that  three  men  of  the  Khariiites  con¬ 
ceived  the  project  of  delivering  Islam  from  those  who 
were  desolating  it  with  fire  and  blood.  'Abd  al-Rah- 
mdn  b.  Moljam,  Boraik  b.  'Abdallah,  and'Amr  b.  Bekr 
agreed  that  on  the  very  same  day  the  first  should  kill 
’All  at  Cufa.  the  second,  Mo'awiya  at  Damascus,  and 
the  third  'Amr  b.  al-'As  at  Fostdt.  They  fixed  on 
Friday  the  15th  of  Ramadan,  A.H.  40,  when  they  were 
sure  of  finding  their  victims  at  the  mosque.  The  plot 
was  put  in  execution,  but  'AH  alone  fell. 
tiorfof'Aii.  On  the  appointed  day,  Boraik  made  his 
way  into  the  mosque  of  Damascus,  and 
stabbed  Mo'awiya  in  the  back  with  his  sword.  Be¬ 
fore  he  could  repeat  the  blow  he  was  seized,  and  Mo¬ 
'awiya  recovered  from  his  wound.  As  for  'Amr,  he 
had  been  kept  at  home  by  illness ;  his  place  at  the 
mosque  was  taken  by  Kharija,  the  chief  of  his  guards; 
and  it  was  he  who  fell  beneath  the  blows  of 'Amr  b. 
Bekr.  'Abd  al-Rahmdn  was  more  successful.  As 
'AH  was  entering  the  mosque,  he  dealt  him  a  blow  on 
the  head  with  his  sword,  and  stretched  him  on  the 

Sound  mortally  wounded.  Two  days  later  'AH  died,  and 
e  assassin  was  put  to  death  with  horrible  torments. 

1  Not  Bishr,  as  some  historians  call  him.  Bosr  gave  his  name 
to  a  fortress  near  Kairaw£n.  Bel4dhori  calls  him  Bosr  b.  Abi 
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'All  left  two  sons,  Hasan  and  Hosain.  The  people 
of  'Irak  chose  Hasan  Caliph.  "But  he,  not  having 
his  father’s  energy,  recoiled  before  the  prospect  of  a 
war  with  Mo'awiya.  Though  he  had  an  army  of  forty 
thousand  men  at  his  disposal,  he  preferred  to  renounce 
the  Caliphate.  Besides,  one  of  nis  generals,  Kais  b. 
Sa’d,  who  had  urged  him  to  continue  the  struggle, 
and  had  himself  tried  the  chance  of  arms,  had' just 
been  beaten  by  the  Syrians.  In  consequence  of  this 
defeat  ,  a  mutiny  had  broken  out  in  Hasan’s  army.  He 
abdicated,  and  only  demanded,  in  exchange  for  the 
power  which  he  resigned,  pardon  for  his  relatives  and 
a  yearly  pension  of  five  millions  of  dirhems,2  together 
with  the  revenues  of  the  Persian  city  of  Dardbgird. 
A  treaty  to  this  effect  was  concluded  between  Mo'a¬ 
wiya  and  Hasan,  in  spite  of  the  opposition  of  Hosain, 
who  exhorted  his  brother  to  continue  the  struggle  ; 
and  Mo'awiya  entered  Cufa  at  the  head  of  his  army; 
according  to  some  authorities  towards  the  end  of  the 
month  of  Rabf  I.,  A.H.  41  (July,  a.d.  661),  according 
to  others  a  month  or  two  later.  Hasan  retired  to  Me¬ 
dina,  where  he  died  eight  or  nine  years  afterwards, 
poisoned,  it  is  said,  by  order  of  the  Caliph. 

Mo'awiya,  who  now  remained  sole  master  of  the 
Moslem  empire,  was,  however,  not  yet  uni¬ 
versally  acknowledged.  Five  thousand 
Kharijites  made  head  against  him  in  the 
province  of  Ahwaz,  the  ancient  Susiana,  and  a  revolt 
broke  out  at  Basra.  Ziyad  himself,  Mo'awiya’s  brother, 
refused  to  take  the  oath  to  him,  and  fortified  himself 
at  Istakhr,  the  ancient  Persepolis.  The  revolt  at 
Basra  was  put  down  by  Bosr  b.  Artdh,  and  Moghlra 
b.  Slio'ba,  whom  Mo'awiya  had  named  prefect  of 
Cufa,  accepted  the  task  of  bringing  about  a  reconcilia¬ 
tion  with  Ziyad.  Ziydd  refused  to  take  the  oath  of 
allegiance  only  because  he  feared  being  called  to  ac¬ 
count  for  certain  sums  of  money  which  were  missing 
from  the  public  treasury  of  Persia.  Mo'awiya  prom¬ 
ised  to  shut  his  eyes  to  these  irregularities  ;  and  Ziydd 
came  to  Damascus  and  was  very  well  received  by  the 
Caliph,  who  hastened  to  adopt  the  bastard  as  his  bro¬ 
ther,  to  the  great  scandal  of  all  pious  Moslems.*  After 
acknowledging  Ziydd,  who  thus  became  Ziydd  son  of 
Abu  Sofyan,  Mo'awiya  intrusted  him  with  the  gov¬ 
ernment  of  Basra  and  Persia,  and  afterwards  with  that 
of  Cufa,  when  Moghfra  b.  Sho'ba  died.  Ziyad  gov¬ 
erned  'Irak  with  the  greatest  vigor,  to  the  full  satis¬ 
faction  of  Mo'dwjya,  who  further  placed  the  whole  of 
Arabia  under  his  authority ;  but  in  that  same  year, 
A.H.  53  (a.d.  672-673),  Ziyad  died.  It  seems  that 
Mo'awiya  had  thought  of  him  as  his  successor  in  the 
Caliphate.  After  Ziydd’s  death,  the  Caliph  wished  to 
secure  the  throne  for  his  own  son  Yazfd.  This  was  a 
new  violation  of  the  customary  rights  of  Islam  ;  for  Mo¬ 
hammed,  whose  actions  served  as  a  rule,  had  not  in 
his  lifetime  appointed  any  one  as  his  successor.  Mo¬ 
'awiya,  who  was  a  statesman  above  everything,  and 
who  held  religion  very  cheap  when  it  interfered  with 
his  objects,  did  not  hesitate  to  create  a  precedent.  He 
met,  however,  at  first  with  vigorous  opposition,  and  it 
was  not  till  some  years  later  that  lie  ventured  to 
have  his  intentions  publicly  announced  from  the  pul¬ 
pit.  In  Syria  the  people  took  the  oath  of  allegiance 
to  Yazld;  in  Arabia  and  'Irak  public  opinion  declared 
itself  against  the  step  which  Mo'awiya  had  taken. 
The  Caliph  was  not  moved ;  threats  prevailed  over 
the  obstinacy  of  the  people  of 'Irak,  and  Mo'&wiya  re¬ 
paired  to  Arabia  in  person,  at  the  head  of  an  army,  to 
intimidate  the  inhabitants  of  Mecca  and  Medina.  As 
may  be  supposed,  the  principal  fomenters  of  the  re¬ 
sistance  in  Arabia  were  the  sons  of  the  first  Caliphs, 
'Abd  al-Rahman  the  son  of  Abiibekr,  'Abdallah  the 
son  of  'Omar,  and  Hosaiu  the  son  of  'AH ;  for,  by  sub- 

1  The  dirhem  is  a  silver  coin  worth  about  a  franc. 

8  At  a  later  period,  the  ’AbMsid  Caliph  Mahdi  thought  it  right 
to  have  the  names  of  Ziy&d  and  his  descendants  struck  (iff  the 
rolls  of  the  Koraish ;  but,  after  his  death,  the  persons  concerned 
gained  over  the  chief  of  the  rolls-office,  and  got  their  names  re¬ 
placed  on  the  lists.  See  Tabari,  iii.  479. 
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mitting,  they  would  have  renounced  all  hope  of  being 
themselves  chosen  by  the  people.  Another  'Abdallah, 
son  of  that  Zobair  who  had  been  among  the  six  can¬ 
didates  nominated  at  the  death  of  'Omar  for  the 
choice  of  the  Moslems,  was  also  one  of  the  warmest 
opponents  of  the  pretensions  of  Mo'awiya.  All  the 
efforts  of  the  Caliph  to  win  over  these  personages  to 
his  side  having  proved  vain,  he  ordered  them  to  be 
brought  into  the  mosque  at  Mecca,  each  between  two 
soldiers ;  then,  having  mounted  the  pulpit,  he  called 
on  the  bystanders  to  take  the  oath  of  allegiance  to  his 
son  ;  adding  that  'Abd  al-Rahman,  Hosain,  and  the 
two  'Abdallahs  would  raise  no  objection.  They,  in 
their  terror,  did  not  utter  a  word,  and  the  assembly 
took  the  oath.  Then  Mo'&wiya,  without  concerning 
himself  further  about  the  malcontents,  returned  to 
Damascus. 

'  While  thus  occupied  at  home,  Mo^awiya  did  not 
neglect  foreign  affairs.  'Amr  b.  al-'As,  governor  of 
Egypt,  died  A.H.  43  (A.D.  663-664),  and  was  followed 
by  several  prefects  in  succession,  under  one  of  whom 
the  general  Mo'awiya  b.  Hodaij  undertook  several  ex¬ 
peditions  into  the  province  of  Africa.  In  the  year 
50  (a.d.  670)  he  advanced  as  far  as  Camunia,  now 
Sfisa,  near  which  city  he  laid  the  foundations  of  the 
celebrated  Kairawan,  and  even  went  on  to  Sabaratha,  a 
town  situated  near  the  seashore,  and  opposite  to  the 
island  of  C’rina.  The  emperor,  Constantine  IV.,  had 
sent  thither  thirty  thousand  Greeks,  who  were  beaten 
and  compelled  to  reembark  in  haste.  Mo'awiya  b. 
Hodaij  returned  to  Egypt  after  his  victory,  and  the 
Caliph  now  considered  the  position  of  the  Moslems  in 
Africa  so  strong,  that  he  separated  that  province  from 
Egypt,  and  appointed  as  governor  of  Africa  'Okba  b. 
Naff',  who  permanently  established  Kairawan,  in  a 
plain  situated  at  a  little  distance  from  the  first  encamp¬ 
ment  of  Mo'awiya  b.  Hodaij.  According  to  some  his¬ 
torians,  the  new  city  was  completed  A.H.  55  (a.d. 
674-675). 

In  the  East  the  successes  of  the  Moslems  were  still 
more  brilliant.  Ziyad,  brother  of  Mo'awiya,  as  soon 
as  he  was  appointed  governor  of  'Irak  and  Persia,  sent 
an  army  into  Khorasan.  It  advanced  as  far  as  the 
Oxus,  crossed  that  river,  and  returned  loaded  with 
booty  taken  from  the  wandering  Turkish  tribes  of 
Transoxiana.  Bokhara  was  occupied  by  a  son  of  Ziyad, 
and  Sa'd,  son  of  the  Caliph  'Othman,  whom  Mo'awiya 
had  made  governor  of  Khoras&n,  marched  against 
Samarkand,  A.H.  56  (a.d.  675-676).  Other  generals 
penetrated  as  far  as  the  Indus,  and  overran  and  con¬ 
quered  Mxiltan,  Kabiilistan,  Mokran,  and  Sijistan. 

In  the  North  the  Moslems  were  not  less  fortunate  in 
their  attacks  on  the  Byzantine  empire.  Mo'awiya, 
while  still  only  governor  of  Syria,  had  gained  posses¬ 
sion  of  Armenia,  and  had  sent  a  fleet  against  Cyprus, 
which,  in  conjunction  with  that  of  the  governor  of 
Egypt,  had  effected  the  conquest  of  that  island.  En¬ 
couraged  by  the  result  of  this  expedition,  he  gave  the 
order  for  new  incursions  in  the  Mediterranean.  His 
fleet  of  twelve  hundred  vessels  invested  the  islands  of 
Cos,  Crete,  and  Rhodes.  The  famous  Colossus  of 
Rhodes  was  broken  to  pieces,  and  it  is  said  that  the 
bronze  of  which  it  was  made  was  bought  by  a  Jew  of 
Emesa,  and  formed  a  load  for  nine  hundred  and  eighty 
camels.  The  Arabs  even  dared  to  threaten  Constan¬ 
tinople,  which  owed  its  safety  only  to  the  Greek  fire. 
Yazid,  the  son  of  Mo'&wiya,  took  part  in  these  expe¬ 
ditions,  but  with  no  great  ardor,  and  in  the  year  58 
(a.d.  677-678)  Mo'awiya  concluded  a  thirty  years’ 
peace  with  Constantine  IV.  Two  years  later  he  died 
at  Damascus,  after  a  reign  of  nearly  twenty  years. 
He  had  been  governor  of  Syria  for  the  same  length  of 
time.  Before  his  death,  he  sent  for  his  son  Yazid,  and 
having  pointed  out  how  he  had  smoothed  down  all 
difficulties  for  him,  he  advised  him  to  spare  no  effort 
to  preserve  the  attachment  of  the  Syrians.  He  urged 
him  also  to  keep  a  close  watch  on  the  actions  of  Hosain 
b.  'All,  and  of  the  other  pretenders  who  had  refused 


to  take  the  oath  of  allegiance  to  him  ;  but  he  added 
that,  should  they  rebel,  Yazid  ought  to  treat  them  with 
clemency,  and  not  to  forget  their  illustrious  origin.  By 
failing  to  act  upon  this  wise  advice,  Yazid  rendered 
irreconcilable  that  formidable  schism  which,  even  at 
the  present  day,  still  divides  the  Moslem  world,  and 
which,  at  all  periods,  has  been  a  source  of  calamity  to 
Islam. 

2.  Yazid  had  not  his  father’s  genius.  Passionately 
fond  of  pleasure,  and  careless  about  relig-  Yazid  I. 
ion,  he  bestowed  more  care  on  turning  a 

retty  couplet  than  on  consolidating  the  strength  of 

is  empire.  During  his  short  reign  he  committed 
three  actions  for  which  Moslems  never  pardoned  his 
memory :  the  murder  of  Hosain,  son  of  'All  and 
grandson  of  the  Prophet ;  the  pillage  of  Medina  ;  and 
the  taking  of  the  Ka'ba,  the  venerated  temple  of 
Mecca ;  crimes  which  were  not  redeemed  in  the  eyes 
of  the  people  by  a  few  fortunate  expeditions  on  the 
part  of  ms  generals.1 

Immediately  on  ascending  the  throne,  in  the  month 
Rajab,  A.H.  60  (April,  a.d.  680),  Yazid  sent  a  circular 
to  all  his  prefects,  with  an  official  announcement  of  his 
father’s  death,  and  an  order  to  administer  the  oath  of 
allegiance  to  their  respective  subjects.  In  particular, 
he  charged  the  new  prefect  whom  he  appointed  to 
Medina,  his  own  cousin  Walld  b.  'Otba,  to  strike  off 
the  heads  of  Hosain  son  of  'All,  'Abd  al-Rahman  son 
of  Abubekr,  'Abdallah  son  of  'Omar,  and  'Abdallah 
son  of  Zobair,  if  they  again  refused  to  acknowledge 
him.  Terrified  at  such  a  commission,  Walld  did  not 
dare  to  act  with  rigor  against  Hosain  and  'Abdall&h  b. 
Zobair,  both  of  whom  refused  to  take  the  oath,  but 
allowed  them  to  escape  to  Mecca.  Yazid  immediately 
deprived  him  of  his  office,  and  appointed  in  his  place 
'Amr  b.  Sa'ld,  already  governor  of  Mecca.  Once  in 
the  Holy  City,  'Abdallah  b.  Zobair  thought  himself  in 
such  perfect  safety  that  he  began  to  intrigue  with  the 
Meccans  to  have  himself  proclaimed  Caliph  in  Arabia. 
At  Cufa  the  news  of  the  flight  of  Hosain  produced 
great  agitation  among  the  partisans  of  the  family  of 
'All,  who  were  numerous  there,  and  they  sent  several 
addresses  to  the  grandson  of  the  Prophet,  inviting  him 
to  take  refuge  with  them,  and  promising  to  have  him 
proclaimed  Caliph  in  'Irak.  Hosain,  who  knew  the 
fickleness  of  the  people  of  'Irak,  hesitated  to  yield  to 
their  entreaties  ;  hut  Ibn  Zobair,  who  was  desirous  to 

et  rid  at  all  costs  of  so  formidable  a  rival,  persuaded 

im  that  he  ought  to  go  and  put  himself  at  the  head 
of  the  people  of  'Irak,  and  enter  on  an  open  struggle 
with  Yazid.  Hosain  began  by  sending  his  cousin  Mos- 
lim  b.  'Akll  to  Cufa,  and  from  him  he  learned  that 
many  of  the  inhabitants  of  that  city  appeared  really 
decided  to  support  him.  _  The  prefect  of  Cufa,  No'mdn 
b.  Bashir,  though  apprised  of  these  proceedings,  did 
not  choose  to  make  them  known  to  Yazid,  as  he  was 
reluctant  to  act  with  severity  against  a  descendant 
of  the  Prophet.  Information,  however,  reached  the 
Caliph,  who  deprived  No'mdn  of  his  office,  and  ordered 
'Obaid  Allah,  son  of  the  famous  Ziyad,  and  then  gov¬ 
ernor  of  Basra,  to  give  up  his  post  there  to  his  brother 
'Othman  and  to  repair  in  person  to  Cufa,  in  order  to 
watch  the  partisans  of  'All  in  that  city.  'Obaid  Allah 
obeyed,  entered  Cufa,  and,  ascending  the  pulpit  the 
very  day  after  his  arrival,  publicly  announced  nis  firm 
intention  of  putting  to  death  any  one  who  should  re¬ 
bel.  Moslim  b.  'Akll  was  given  up  by  a  traitor  and 
executed.  Meanwhile  Hosain,  on  receiving  his  cousin’s 
dispatches,  had  already  set  out  from  Mecca  with  all 
his  family,  and  had  reached  Kddislya  (a  place  situated 
only  fifteen  parasangs 2  from  Cufa,  and  noted  for  the 
defeat  sustained  there  by  the  Persians  during  the 
Caliphate  of  'Omar),  when  he  received  the  news  of 

1  Salam  b.  ZiyM  invaded  Sogdiana,  and  brought  back  immense 
booty  to  Merv.  In  Africa  'Okba  b.  N&fi'  invaded  the  whole  coast 
of  the  Mediterranean  as  far  as  Morocco.  On  his  return,  however 
he  fell  into  an  ambuscade  laid  by  the  Berbers,  who  killed  him 
and  took  I£airaw&n. 

*  [The  parasang  is  nearly  equivalent  to  one  German  mile  or 
four  of  the  English.— Am.  Ed.] 
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these  vexatious  occurrences.  He  wished  to  retrace  his 
steps  immediately,  but  the  friends  of  Moslim  dis¬ 
suaded  him  from  doing  so,  crying  out  for  revenge,  and 
representing  to  him  that  doubtless  he  had  only  to  show 
himself  under  the  walls  of  Cufa  to  be  received  with 
enthusiasm  by  its  inhabitants.  Hosain  accordingly 
pursued  his  journey  towards  Cufa.  But  'Obaid  Allah, 
who  was  watching  all  his  movements,  sent  four  thou¬ 
sand  horsemen,  devoted  to  the  Omayyad  cause,  to  meet 
him,  with  orders  to  bring  Hosain  before  him  either 
alive  or  dead.  The  commander  of  these  horsemen  was 
’Omar  b.  Sa'd,1  to  whom  'Obaid  Allah  had  promised 
the  government  of  Media  as  a  reward,  if  his  expedition 
should  succeed.  The  Omayyads  met  Hosain  in  the 
Kerbeia  pHin  of  Kerbela,  opposite  to  Cufa,  before 
he  had  reached  the  Euphrates,  and  sur¬ 
rounded  him.  'Omar  b.  Sa'd  himself  sought  out 
Hosain  and  summoned  him  to  surrender.  Hosain 
declared  himself  ready  to  renounce  his  pretensions, 
provided  he  were  allowed  to  return  to  Mecca  with  his 
followers,  or  were  even  sent  to  Damascus.  When 
'Obaid  Allah  was  informed  of  this  proposal,  he  simply 
repeated  his  former  order  to  bring  Hosain  to  Cufa, 
dead  or  alive  ;  and,  fearing  the  defection  of  'Omar  b. 
Sa'd,  he  sent  out  another  troop  of  horsemen  under  the 
orders  of  a  certain  Shimr.  On  the  9th  of  Moharram 
in  the  year  61  (9th  October,  a.d.  680),  Shimr  reached 
Kerbel4,  and  summoned  Hosain  afresh  to  surrender 
at  discretion.  Hosain  preferred  to  die  sword  in  hand, 
and  on  the  following  day,  after  a  desperate  struggle, 
he  was  cut  down  with  all  his  followers.  His  head  was 
cut  off  and  carried  to  Cufa,  and  then  sent  to  Damascus. 
His  body  was  not  buried  till  the  following  day.  Only 
the  women  of  his  family  were  spared,  and  one  of  his 
sons;  these  Were  taken  by  Yazid ’s  order  to  Medina, 
where  the  sight  of  their  mourning  and  the  tale  of  their 
sufferings  caused  a  profound  sensation.  The  horror 
and  grief  of  the  partisans  of 'All’s  family  were  great. 
Hence  the  names  of  Yazld,  'Obaid  Allah,  and  Sliimr, 
have  been  held  accursed  ever  since  by  the  Shi'ites.2 
They  observe  the  10th  of  Moharram  as  a  day  of  public 
mourning.  Among  the  Persians,  stages  are  erected  in 
public  places  on  that  day,  and  plays  are  acted,  rep 
resenting  the  misfortunes  of  the  family  of 'All.3  The 
Omayyads  themselves  were  loud  in  their  reprobation 
of  this  impious  massacre,  and  all  Moslems,  without 
distinction  of  party,  considered  it  a  monstrous  act. 

At  Mecca  the  news  was  received  with  a  degree  of 
indignation  of  which  'Abdallah  b.  Zobair  took  advan¬ 
tage  tp  assume  the  title  of  Caliph.  As  early  as  a.h, 
60,  the  new  prefect  of  Medina  had  tried  to  secure  his 
person.  He  had  sent  against  him  a  force  of  two 
thousand  men,  at  whose  head  was  placed  a  brother  of 
the  pseudo-Caliph  himself,  called  'Amr,  who,  having 
been  accused  by  'Abdall&h  of  maintaining  a  guilty  in¬ 
tercourse  with  one  of  his  wives,  had  become  his  bitter 
enemy.  'AhdalMh  collected  an  army,  and  placed  it 
under  the  orders  of  'Abdall&h  b.  Safwan,  who  com¬ 
pletely  defeated  the  Omayyad  troops.  The  brother 
of  the  pseudo-Caliph  was  taken  and  put  to  death.  At 
the  news  of  this  defeat,  Yazid  swore  that  Ibn  Zobair 
should  never  appear  before  him  but  as  a  prisoner  in 
chains.  He  dismissed  the  new  prefect  of  Medina,  and 
reinstated  Walid  b.  'Otba,  who,  in  the  year  61,  went 
to  Mecca  to  try  to  seize  'Abdallah  b.  Zobair.  The 
latter,  in  derision,  wrote  to  Yazfd  :  “Walid  is  a  mad¬ 
man,  who  will  ruin  everything  by  his  folly ;  send  in 
his  place  another  governor  to  repair  the  wrong's  he  has 
done.”  Yazfd  thought  that  'AbdaMh  meant  these 
words  as  a  step  towards  reconciliation ;  hastened  to 
deprive  Walfd  of  his  office ;  appointed  'Othmdn  b. 
Mohammed  in  his  place ;  and  even  sent  envoys  to  Ibn 

l  son  of  the  famous  Sa'd  b.  Abi  Wakkds,  conqueror  of  Persia 
under 'Omar,  and  founder  of  Cufa.  .  .  .. 

t  Shi'ites  comes  from  Shi' a.  a  word  which  in  Arabic  signifies 
“  sectary.”  It  is  the  name  given  to  the  partisans  of  the  family 
of 'Ali,  who  acknowledge  no  legitimate  Caliphate  outside  of  that 
family.  Shi'ism  is  the  religion  of  Persia. 

3  See  Chodzko,  TheaJtrepersan.  Paris,  1878. 


Zobair.  He,  however.  Would  not  listen  to  them ;  he 
thought  he  could  reckon  upon  the  devotion  of  the 
people  of  Mecca,  and  further  hoped  that  Medina  itself 
would  declare  against  Yazfd.  This,  in  fact,  took  place 
in  the  year  63  (a.  d.  682-683).  The  people  of  Medina, 
stirred  up  by  a  certain  'Abdall&h  b.  Hanzala,  who  had 
had  a  near  view  of  Yazfd  at  the  court  of  Damascus, 
and  had  been  scandalized  by  the  profligacy  of  his  life, 
revolted,  drove  the  governor  and  all  the  Omayyads  out 
of  Medina,  and  proclaimed  the  dethronement  of  Yazfd. 
The  Caliphate  was  even  offered  by  some  to  'Alf,  that 
one  of  tne  sons  of  Hosain  who  had  escaped  the  mas¬ 
sacre  of  Kerbela  ;  but  'Alf  wisely  refused  it.  At  the 
news  of  this  revolt,  Yazid  first  sent  an  ambassador  to 
Medina.  This  step  proving  fruitless,  he  next  collected 
an  army  of  from  ten  to  twelve  thousand  Syrians,  and 
intrusted  their  command  to  Moslim  b.  'Okba,  who 
passed,  and  with  good  reason,  for  a  man  who  would 
recoil  from  nothing.  This  general,  though  weighed 
down  by  age  and  sickness,  marched  against  Medina, 
took  it,  after  a  battle  known  as  the  day  of  Harra  * 
(26th  Dhii  '1-Hijja  63,  26th  August,  683),  capture 
and  gave  up  the  city  for  three  days  to  and  pillage 
massacre  and  pillage.  Torrents  of  blood  of  Medina, 
flowed,  and  hence  Moslim  b.  'Okba  received  the  sur¬ 
name  of  Mosrif  (the  Prodigal).  On  the  fourth  day, 
Moslim  repaired  to  the  mosque,  and  received  the  oath 
of  allegiance  from  all  those  of  the  citizens  of  Medina 
who  had  not  been  able  to  make  their  escape.  The 
news  reached  Mecca  a  few  days  later,  and  fell  like  a 
thunderstroke  on  Ibn  Zobair  and  his  adherents,  who 

S repared  for  war,  expecting  from  day  to  day  to  see 
loslim  appear  before  the  walls  of  their  city.  He  had, 
in  fact,  started  for  Mecca  immediately  after  the  con¬ 
quest  of  Medina;  but  he  died  on  the  road,  and  the 
command  was  taken  by  Hosain  b.  Nomair.  The 
Omayyad  army  arrived  before  Mecca  a  month  after  the 
capture  of  Medina,  and  found  Ibn  Zobair  ready  to 
defend  it.  A  number  of  the  citizens  of  Medina  had 
come  to  the  aid  of  the  Holy  City,  as  well  as  many 
Kharijites  and  Shi'ites,  at  the  head  of  whom  was  a 
certain  Mokhtar  b.  Abi  'Obaid,  who  subsequently 
played  a  very  important  part  in  Tr4k.  In  spite  of  the 
sorties  of  the  Meccans,  the  Syrian  army  in¬ 
vested  the  city.  Hosain  b.  Nomair  had 
caused  balistas  to  be  placed  on  the  neighbor¬ 
ing  heights  ;  and  these,  under  the  management  of  an 
Abyssinian  soldier,  hurled  against  the  Ka'ba  enormous 
stones  and  vessels  full  of  blazing  bitumen,  with  such 
effect  that  the  temple  took  fire  and  was  consumed. 
After  a  siege  of  two  months,  Ibn  Zobair  was  beginning 
to  despair,  when  he  received,  through  an  Arab  of  the 
desert,  news  of  the  death  of  Yazid.  The  Caliph  had 
in  fact  died  on  the  15th  of  Rabf  I.  (11th  November, 
683).  Hosain  b.  Nomair  immediately  offered  the 
Caliphate  to  Ibn  Zobair,  on  condition  that  he  should 
grant  a  complete  amnesty  to  all  those  who  had  taken 
part  in  the  battle  of  Harra  and  in  the  siege  of  Mecca. 
'Abdallah  had  the  folly  to  refuse,  and  Hosain  then  re¬ 
turned  to  Damascus. 

Thus  rid  of  his  enemy,  'Abdallah  caused  the  title  of 
Prince  of  the  True  Believers  (Amir  al-  IbnZobair 
mo’minfn)  to  be  conferred  on  him— a  title  proclaimed 
which  'Omar  had  already  received,  and  Prince  of  the 
which  was  afterwards  adopted  by  all  the  Behevers' 
Caliphs.  He  sent  one  of  his  brothers,  'Obaid  Allah, 
to  Medina,  and  chose  as  governor  of  Egypt  'Abd  al- 
Rahm&n  b.  Jahdam,  who  repaired  to  that  province, 
and  caused  the  authority  of  Ibn  Zobair  to  be  acknowl¬ 
edged  there.  At  Basra  and  at  Cufa,  many  of  the 
inhabitants  did  not  hesitate  to  acknowledge  him,  and 
received  a  Zobairite  governor,  while  the  Kh&rijites 
and  the  Shi'ites  rose  in  revolt — the  former  at  Basra 
under  the  leadership  of  Nafi'  b.  Azrak,  the  latter  at 
Cufa  under  that  of  Solaimdn  b.  Sorad — and  expelled 
the  Omayyad  governor,  'Obaid  Allah  b.  Ziydd,  who 

*  Harra  is  the  volcanic  district  outside  of  Medina.  One  of  the 
gates  of  the  city  is  called  the  Gate  of  Ibarra. 
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took  refuge  at  Damascus.  Mesopotamia  soon  followed 
the  example  of  ’Ir&k.  Even  in  Syria,  the  population 
seemed  disposed  to  forsake  the  cause  of  the  Omayyads. 
The  Kharijites  and  Mokhtar  b.  Abi  'Obaid,  who  had 
supported  lbn  Zobair,  now  repented  of  having  labored 
for  the  elevation  of  this  pretender,  and  quitted  Mecca. 
The  son  of  Zobair,  remaining  thenceforth  sole  master 
of  Mecca,  occupied  himself  tranquilly  in  rebuilding  the 
Ka'ba,  which  he  restored  on  its  ancient  foundations. 

3.  It  was  in  the  midst  of  this  break-up  of  his  party 
Mo'&wiya  ii.  tha.t,  immediately  after  the  death  of  Yazfd, 

'his  eldest  son,  Mo'awiya  II.,  was  elected 
Caliph  at  Damascus  at  the  age  of  only  seventeen  or 
twenty.  He  was  a  young  man  of  weak  character,  and 
imbued,  it  is  said,  with  Shfite  opinions.  He  felt  him¬ 
self  incapable  of  ruling,  and  was  contemplating  abdica¬ 
tion,  when  he  died,  after  a  reign  of  but  forty  days,  by 
poison,  as  some  say ;  of  the  plague,  as  others  assert. 
The  Caliphate  was  immediately  offered  to  'Othm&n  b. 
'Otba  b.  Abf  Sofy&n,  cousin  of  Mo'&wiya  II. ;  for 
Khdlid,  the  second  son  of  Yazfd,  was  only  sixteen 
years  old.  'Othman  b.  'Otba,  however,  having  made 
it  a  condition  of  his  election  that  he  should  not  be 
compelled  to  enter  on  any  war,  or  to  condemn  any  one 
to  death,  the  choice  fell  at  Damascus  on  Merwan  b. 
al-Hakam,  a  descendant  of  Omayya  through  his  grand¬ 
father  AM  1- As,  but  on  condition  that  he  should 
marry  Maisiin,  the  widow  of  Yazfd,  and  should  appoint 
Khalid,  her  son,  as  his  successor. 

4.  Merwdn  b.  al-ljakam  had  been  secretary  to  the 
Merw&n  I  Caliph 'Othman,  and  governor  of  Medina 

under  Mo'awiya  I.  Yazfd,  on  his  ac¬ 
cession  to  power,  had  dismissed  him  and  put  Walfd  b. 
'Otba  in  his  place  ;  but  Merwdn  had  continued  to  live 
at  Medina,  and  had  been  driven  from  it  during  the  re¬ 
volt  of  the  year  63,  and  again  in  the  following  year, 
when  'Obaid  Allah  b.  Zobair  had  taken  possession  of 
that  city  in  the  name  of  his  brother.  It  might  have 
been  thought  that  Merwdn  would  cherish  a  deep 
hatred  of  ‘Abdallah  lbn  Zobair ;  but  he  was  an  old 
man  of  sixty-two  at  the  time  of  his  election,  and, 
dreading  an  unequal  struggle,  he  was  on  the  point  of 
making  his  submission  to  the  Meccan  Caliph.  The 
drooping  courage  of  Merwdn  was  revived  by  his  son 
'Abd  al-Melik  and  by  'Obaid  Allah  b.  Ziydd,  and  he 
resolved  to  try  the  chances  of  war. 

Dahhak  b.  Kais,  governor  of  Damascus,  had  de¬ 
clared  himself  on  the  side  of  lbn  Zobair,  and  had  raised 
an  army,  principally  from  among  the  tribe  of  Kais. 
This  tribe  had  taken  offence  because  Mo'awiya  I.  and 
Yazfd  had  chosen  their  wives  from  the  Yemenite  tribe 
of  Kalb,  and,  continuing  to  resent  their  conduct,  now 
refused  to  acknowledge  Khalid  as  the  heir-presump¬ 
tive  of  Merwdn.  It  was  therefore  on  the  Yemenites 
that  Merwdn  had  to  depend  for  the  suppression  of 
Dahhdk’s  rebellion.  The  latter  had  an  army  of  nearly 
sixty  thousand  horsemen,  while  Merwan  could  bring 
together  only  thirteen  thousand  infantry.  The  two 
armies  met  at  Marj  Raliit,  a  few  miles  from  Damascus, 
and,  after  a  series  of  combats  which  lasted  for  twenty 
days,  Merwdn ’s  troops  gained  a  complete  victory,  and 
Dahhak  was  among  the  killed.  The  Syrian  provinces 
hastened  to  acknowledge  the  conqueror,  and  Merwan 
was  able  to  turn  his  attention  to  Egypt,  which,  as  will 
be  remembered,  had  submitted  to  the  Meccan.  'Abd 
al-'Azfz,  a  son  of  Merwdn,  had  already  marched  to 
Aila  on  the  Red  Sea,  and  was  preparing  to  enter  Egypt ; 
Merwan  joined  him,  and  the  Zobairite  governor  of 
Egypt,  beaten  by  their  united  forces,  was  obliged  to 
seek  safety  in  night.  Merwan  made  'Abd  al-'Azfz 
governor  of  the  province.  At  the  beginning  of  the 
year  65  (a.d.  684-685)  Merwdn  returned  in  haste  to 
Syria ;  for,  during  his  absence,  a  brother  of  lbn  Zobair, 
named  Mos'ab,  had  invaded  that  province.  Merwdn 
triumphed  over  Mos'ab ;  but  an  army  of  four  thousand 
men,  which  he  had  sent  to  the  IJijaz,  and  in  which 
was  Hajjaj  b.  Yusuf— then  quite  a  young  man,  but 
wno  afterwards  played  so  important  a  part  under  'Abd 


al-Melik— was  cut  to  pieces.  This  defeat  was  redeemed 
by  a  victory  gained  by  his  generals,  ’Obaid  Alldh  b. 
Ziyad  and  Hosain  b.  Nomair,  at  ‘Ain  al-Warda  over 
a  small  army  of  Shfites  led  by  Solaiman  b.  Sorad. 
But  while  the  battle  was  being  fought,  in  Ramadan,  65 
(April-May,  685),  Merwdn  died  ;  suffocated,  it  is  said, 
by  his  wife  Maisiin,  because  he  had  insulted  her  son 
Khdlid,  and  had  broken  his  word  by  nominating  his 
own  son  'Abd  al-Melik  as  his  successor.  The  accession 
of  'Abd  al-Melik  was  attended  with  no  difficulty,  as  he 
was  acknowledged  by  the  whole  of  Syria  and  Egypt. 
The  Kaisites  naturally  rallied  round  him,  because  ne 
had  not  a  drop  of  Yemenite  blood  in  his  veins. 

5.  When  'Abd  al-Melik  ascended  the  throne,  there 
still  remained  much  to  be  done  before  the  <Abd  al 
unity  of  the  empire  could  be  reestablished.  Melik! 
Ibn  Zobair  was  still  master  of  Arabia  and 
of  'Irdk,  though  in  the  latter  province  his  authority 
was  very  much  shaken  by  the  permanent  rebellion  of 
the  Shfites  at  Cufa,  and  of  the  Kharijites  at  Basra, 
The  Zobairite  general  Mohallab  had,  it  is  true,  suc¬ 
ceeded  in  forcing  back  the  Kharijites  into  Susianaand 
Persia ;  but  at  Cufa  the  Shfites,  at  the  instigation  of 
Mokhtdr,  continued  their  agitation.  Mokhtdr,  as  we 
have  seen,  had  withdrawn  from  Mecca  after  the  rais¬ 
ing  of  the  siege  by  Hosain  b.  Nomair.  He  returned 
to  Cufa,  and  there  fomented  serious  disturbances. 
Many  of  the  inhabitants  of  that  city  repented  bitterly 
of  having  allowed  Hosain,  the  grandson  of  the  Prophet, 
to  be  massacred.  Amid  the  general  disorder  of  the 
Moslem  empire,  Mokhtar  hoped  to  make  his  own  au¬ 
thority  acknowledged  in  'Irdk  and  Mesopotamia.  He 
put  himself  forward  as  the  avenger  of  the  family  of 
'All,  and  pretended  to  have  been  commissioned  by  a 
son  of  'All,  Mohammed  b.  Hanafiya,1  who  was  living 
at  Medina,  to  give  effect  to  his  rights  to  the  Caliphate. 
Many  Shfites  believed  him,  and,  detesting  their  chief 
Solaiman  b.  Sorad,  joined  Mokhtdr.  On  learning  these, 
intrigues,  the  Zobairite  governor  threw  him  into  prison. 
Soon  after  the  defeat  of  Solaimdn  at 'Ain  al-Warda,  at 
the  request  of  Mokhtdr’ s  brother-in-law,  who  was  no 
other  than  'Abdallah  the  son  of  Omar,  the  governor  con¬ 
sented  to  set  him  at  liberty,  on  his  swearing  to  make  no 
further  attempts  against  him.  As  Solaiman  had  fallen 
on  the  field  of1  battle  at  'Ain  al-Warda,  all  the  Shfites 
now  acknowledged  Mokhtar  as  their  chief.  He,  how¬ 
ever,  considering  himself  bound  by  his  oath,  remained 
inactive  until  the  governor  who  had  imposed  it  was 
replaced  by  'Abdallah  b.  Motf.  The  new  Zobairite 
governor,  suspecting  with  reason  that  Mokhtar  was 
about  to  recommence  his  intrigues,  thought  it  advis¬ 
able  to  invite  him  to  his  house,  with  the  intention  of 
having  him  arrested.  Mokhtdr  called  his  partisans 
together,  and  plotted  with  them  to  take  Ibn  Motf  by 
surprise.  As,  however,  Sa'd,  one  of  the  Shf'ite  chiefs, 
asked  for  a  delay  of  a  week,  for  the  purpose  of  collect¬ 
ing  troops,  Mokhtar  was  obliged  to  feign  illness  in 
order  to  evade  the  governor’s  invitation,  and  took  care 
to  surround  himself  with  a  numerous  body  of  guards. 
Meanwhile  Sa'd,  who  had  only  demanded  this  delay 
in  order  to  ascertain  the  real  wishes  of  Mohammed  b. 
Hanafiya,  sent  off  four  confidential  messengers  to 
Medina,  to  ask  Mohammed  whether  he  had  really 
confided  the  care  of  his  interests  to  Mokhtdr.  Mo¬ 
hammed  contented  himself  with  replying  vaguely  that 
it  was  the  bounden  duty  of  every  good  Moslem  to  take 
part  with  the  family  of  the  Prophet.  These  words 
were  interpreted  in  favor  of  Mokhtar,  and  thencefor¬ 
ward  all  the  Shfites  followed  him  blindly  as  their 
chief.  Mokhtdr  fixed  the  middle  of  the  month  Rabf 
I.,  a.h.  66,  for  the  commencement  of  hostilities. 
During  the  night  of  the  13th  to  the  14th,  the  conspira¬ 
tors  intended  to  gain  possession  of  the  city  by  a  coup 

1  That  is  to  say,  the  son  of  the  Hanafite  woman.  The  mother 
of  Mohammed  was  of  the  tribe  of  tjanifa.  Even  before  MokhtAr, 
Mohammed  had  partisans  who  looked  on  him  as  destined  to  be 
Caliph.  These  sectaries  received  the  name  of  KaisAnites,  from  a 
freedman  of '  Ali,  called  KaisAn.who  was  the  most  ardent  advocate 
of  Mohammed’s  pretensions.  After  Mokhtar  had  declared  in  favor 
of  Mohammed,  his  supporters  received  the  name  of  MokhtAritea. 
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de  main ;  but  the  governor  was  on  his  guard,  and 
ReYoit  of  Mokhtdr  and  his  Shi'ites  took  the  course 
Mokhtar  at  °*  leaving  Cufa.  They  numbered  sixteen 
Cufa.  thousand  resolute  men.  All  the  armies 
which  'Abdallah  b.  Mott  sent  against  them 
were  successively  beaten,  and  Mokhtdr  soon  reentered 
Luia  in  triumph,  compelling  the  Zobairite  governor 
to  flee  to  Basra.  Once  master  of  Cufa,  Mokhtdr 
thought  himself  already  in  possession  of  the  empire. 
He  sent  emissaries  to  Medina,  to  Mosul,  to  Maddin, 
and  even  into  Azerbaijan,  with  orders  to  induce  the 
people  to  take  the  oath  of  allegiance  to  him.  He  then 
sent  his  generals,  Yazid  b.  Anas  and  Zofar,  against 
the  Omayyad  army,  which  had  entered  Mesopotamia 
after  the  battle  of  'Ain  al- W arda,  and  these  prevented 
4"e.  advance  of  the  Syrians  into  'Irak.  Another  of 
Mokhtdr  s  generals,  Ibrahim  b.  Mdlik,  inflicted  a 
serious  defeat  on  the  Syrians  near  Mosul,  and  ‘Obaid 
All&h  b.  Ziydd,  who  commanded  them,  fell  in  the 
battle.  Ibrdhfm  was  rewarded  by  Mokhtar  with  the 
government  of  Mosul.  Mokhtdr  himself  next  took 
the  title  of  “lieutenant  of  the  Mahdi',” 1  and  inserted 
in  the  Khotba,  on  Friday’s  preaching,  a  prayer  on 
behalf  of  Mohammed  b.  Ijanafiya  ;  which  was  equiva¬ 
lent  to  declaring  him  Caliph.  After  this,  urged  on  by 
his  adherents,  he  caused  all  those  who  had  taken  part 
in  the  massacre  of  Hosain,  the  grandson  of  the  Prophet 
like  ’Omar  b.  Sa'd  and  Shimr,  to  be  sought  out  anc 
put  to  death. 

While  these  events  were  occurring,  the  Caliph  at 
Damascus,  'Abd  al-Melik,  sent  an  army  of  observation 
to  the  frontiers  of  Arabia.  Mokhtar,  having  been 
informed  of  this,  feigned  an  intention  to  help  Ibn 
Zobair,  and  dispatched  a  body  of  three  thousand  men 
from  Cufa,  under  the  command  of  a  certain  Shardhil. 
His  real  object  was  to  concentrate  forces  at  Medina, 
with  a  view  to  attacking  Ibn  Zobair.  But  the  latter 
penetrated  his  design,  and  two  thousand  Meccans 
marched  by  his  orders  to  meet  Sharahil,  who  was 
defeated. 

In  the  same  year  (a.h.  66)  Mohammed  b.  Hanafiya 
had  gone  to  Mecca  to  perform  the  ceremonies  of  tne 
pilgrimage.  Ibn  Zobair  took  advantage  of  this  to 
seize  his  person,  and  confined  him  in  a  small  house 
adjoining  the  well  of  Zamzam,  within  the  precincts  of 
the  Ka'ba.  Mohammed  succeeded  in  conveying  in¬ 
telligence  of  his  detention  to  Mokhtdr ;  and  he,  de¬ 
lighted  to  find  his  aid  implored  by  the  very  man  whose 
follower  he  called  himself,  swore  to  effect  his  rescue. 
He  dispatched  a  thousand  chosen  horsemen,  who 
managed  to  conceal  their  march  so  well,  that  they  were 
under  the  walls  of  Mecca  before  the  son  of  Zobair  had 
been  able  to  make  the  slightest  preparations  for  de¬ 
fence.  They  made  their  way  into  the  Holy  City;  but, 
being  unwilling  to  draw  the  sword  on  that  sacred 
ground,  they  armed  themselves  with  sticks,  broke  in 
the  doors  of  the  house  in  which  Mohammed  b.  Hana¬ 
fiya  was  imprisoned,  rescued  him,  and  escorted"  him 
out  of  the  city.  A  son  of  Mohammed  called  'All,  who 
had  also  been  thrown  into  prison,  likewise  succeeded 
in  escaping,  and  rejoined  his  father  at  some  distance 
from  Mecca. 

In  the  following  year,  Ibn  Zobair,  who  was  deter¬ 
mined  to  get  rid,  at  all  costs,  of  so  dangerous  an  ad¬ 
versary  as  Mokhtar,  ordered  his  brother  Mo§'ab  to 
effect  a  junction  with  Mohallab,  the  conqueror  of  the 
Khdrijites,  and  to  march  against  Cufa.  Mo§'ab  and 
Mohallab  invested  that  city,  and  Mokhtar,  making  a 
sortie  against  them,  was  beaten,  taken  prisoner,  and 
beheaded.  'Irdfc:  thus,  for  the  second  time, 
Mokhtar.  fell  under  the  rule  of  Ibn  Zobair.  Ibrd- 
hfm  b.  Malik,  who  held  Mosul  in  the  name 
of  Mokhtdr,  submitted  to  the  conquerors,  on  condition 
of  retaining  his  government;  but  Mo§'ab  deprived 
i  Mahdi,  or  “  the  well-guided,"  is  the  name  given  by  the  Shi'ites* 
to  that  member  of  the  family  of  'Ali  who,  according  to  their 
belief,  is  one  day  to  gain  possession  of  the  whole  world,  and  set 
up  the  reign  of  righteousness  in  it.  In  Mokhtar’s  time,  Moham¬ 
med  b.  Ijanafiya  was  looked  upon  as  the  Mahdi. 


him  of  his  office,  and  put  Mohallab  in  his  place.  He 
himself  was  appointed  governor  of  'Irak  by  his  brother, 
and,  having  installed  himself  at  Basra,  placed  Cufa 
under  the  orders  of  his  lieutenant  Hdrith.  The  year 
after,  the  Khdrijites  of  Susiana  raised  a  fresh  insur- 
rection,  and  invaded  'Irdk.  Mohallab  had  to  be  re- 
called  from 'Mosul,  and  during  his  absence  it  was 
Ibrahim  b.  Malik  whom  Mog'ab  chose  to  supply  his 
place.  The  period  of  the  pilgrimage  causea  a  mo¬ 
mentary  truce  to  all  these  struggles,  and  in  that  year 
was  seen  the  curious  spectacle  of  four  different  stand¬ 
ards  planted  near  Mecca,  belonging  respectively  to 
four  party  chiefs,  each  of  whom  was  a  pretender  to 
the  empire:  the  standard  of  Abdalldhb.  Zobair,  Caliph 
°f  Mecca;  that  of  the  Caliph  of  Damascus,  'Abd 
al-Melik ;  that  of  the  son  of  'Alf,  Mohammed  b. 
tlanafiya ;  and  that  of  the  Khdrijites,  who  were  at 
that  time  under  the  command  of  Najda  b.  'Amir. 
Such,  however,  was  the  respect  inspired  by  the  holy 
places,  that  no  disorders  resulted  from  the  presence 
of  so  many  inveterate  rivals. 

.  The  Omayyad  Caliph,  whose  troops  had  been  beaten 
in  Mesopotamia,  and  who  had  been  hitherto  content 
to  watch  the  frontiers  of  Arabia,  was  again  prevented 
from  pushing  on  military  operations  more  actively  by 
the  breaking  out  of  troubles  in  Syria.  At  the  begin- 
of  A-H.  69  (A.D.  688-689),  'Abd  al-Melik  having 
left  Damascus  at  the  head  of  a  numerous  army,  with 
the  purpose  of  marching  against  'Irdk,  the 
Omayyad  'Amr  b.  Sa'id,  whom  he  had  ap- 
pointed  governor  of  Damascus,  took  advan¬ 
tage  of  his  absence  to  lay  claim  to  the  supreme  power, 
and  to  have  himself  proclaimed  Caliph  by  his  partisans. 
'Abd  al-Melik  was  obliged  to  retrace  his  steps,  and  to 
lay  siege  to  his  own  capital.  The  garrison  of  Damas¬ 
cus  took  fright,  and  deserted  their  posts;  so  that 
‘Amr  b.  Sa'id,  abandoned  by  his  followers,  was  com- 
elled  to  surrender  at  discretion.  'Abd  al-Melik  at 
rst  meant  to  spare  him,  but  he  afterwards  changed 
his  mind,  and  struck  off  his  head  with  his  own  hand. 
Scarcely  had  he  suppressed  this  revolt,  when  the  Em¬ 
peror  of  Constantinople,  Justinian  II.,  in  violation  of 
the  thirty  years’  truce  formerly  concluded  between 
Mo'dwiya  I. ,  and  Constantine  IV. ,  sent  a  Greek  army  to 
invade  Syria.  'Abd  al-Melik  was  obliged  to  buy  peace 
for  the  time,  for  he  required  all  his  forces  to  dispute 
the  empire  with  the  son  of  Zobair.  _  He  consented,  it 
is  asserted,  to  pay  the  Greeks  an  indemnity  of  one 
thousand  pieces  of  gold  weekly.  He  then  gave  his 
attention  to  the  renewal  of  the  projected  expedition 
against  'Irdk.  Mo§'ab  the  Zobairite  had  rendered 
himself  odious  to  the  inhabitants  of  Basra  and  Cufa 
by  his  exactions,  and  a  party  favorable  to  '"Abd  al-Melik 
was  already  forming  in  those  cities.  The  Omayyad 
Caliph  marched  forth  at  the  head  of  an  army  composed 
of  Syrians  and  Egyptians,  and  encamped  three  para- 
sangs  from  the  plain  of  Dair  al-Jdthalik,  not  far  from 
the  site  of  Baghdad,  where  Mos'ab  had  established 
his  army.  Before  joining  battle,"  'Abd  al-Melik  had 
written  secretly  to  all  the  chiefs  of  Mo§'ab’s  army, 
making  them  the  most  seductive  promises  if  they 
would  agree  to  desert  the  cause  of  Mos'ab.  This  step 
was  crowned  with  success,  and  on  "the  eve  of  the 
battle,  which  took  place  on  the  13th  Jomadi  II.,  a.  h. 

71  (23d  November,  6901,  several  of  these  generals 
passed  into  the  camp  of  'Abd  al-Melik  with  jj  f  t  - 
arms  and  baggage.  Mo?'ab  nevertheless  death  of 
attacked  his  enemy,  but  during  the  battle  Mos'ab. 
he  found  himself  deserted  by  his  troops,  and,  not 
choosing  to  survive  his  defeat,  he  caused  himself  to  be 
slain.  This  victory  opened  the  gates  of  Cufa  to  'Abd 
al-Melik,  and  all  'Irdk  received  him  with  acclama¬ 
tions.  He  remained  forty  days  at  Cufa,  and  then, 
having  given  the  government  to  his  brother  Bishr, 
while  Khdlid  b.  'Abdalldh  received  that  of  Basra,  he 
returned  in  triumph  to  Damascus.  Soon  after,  the 
Omayyad  arms  having  sustained  a  check  from  the 
Khdrijites  in  Farsistan,  the  Caliph  gave  Khdlid  orders 


•  [For  Sunnite  views  of  the  Mahdi  see  Vol.  XXII.,  p.  700.— Am.  EdJ 
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to  march  against  those  sectaries  with  the  support  of 
Mohallab,  who  was  their  terror,  and  of  the  governor 
of  Key.  Khalid  succeeded  completely  in  this  expedi¬ 
tion,  and  drove  the  Kharijites  out  of  Ahwaz,  Farsis- 
tan,  and  Kirman.  On  his  side  the  Omayyad  Caliph 
stirred  up  a  revolt  in  Khoras&n,  a  province  which  still 
remained  faithful  to  the  Zobairite  cause.  Its  gover¬ 
nor  was  treacherously  assassinated  by  his  lieutenant 
Bokair,  who  received,  as  the  price  of  this  service,  the 
governorship  of  the  province. 

Only  Arabia  now  remained  to  Ibn  Zobair.  In  A.h. 

72  '  Abd  al-Melik  made  preparations  for  depriving  him 
of  it.  Accordingly  he  raised  an  army ;  but 
Second  siege  w^en  hjs  generals  found  that  another  siege 
o  x  ecca.  ]yjecca  was  }n  contemplation,  not  one  of 
them  was  willing  to  accept  such  a  mission.  An  obscure 
officer,  Hajjaj  b.  Yusuf,  boldly  offered  to  lead  the  expe¬ 
dition.  ‘  'Abd  al-Melik  had  little  confidence  m  him,  and 
therefore  at  first  placed  only  two  or  three  thousand 
horsemen  under  his  command.  Hajj&j  set  out,  trav¬ 
ersed  the  Hijaz  without  resistance,  and  pitched  his 
camp  at  Taif,  not  far  from  Mecca.  Ibn  Zobair  tried  to 
dislodge  him  ;  but  in  the  frequent  encounters  between 
his  troops  and  those  of  IJajjaj,  the  latter  always  had  the 
advantage.  'Abd  al-Melik  then  decided  on  sending 
him  a  reinforcement  of  five  thousand  men,  on  receiving 
which  Hajjaj  invested  Mecca.  The  blockade  lastedsev- 
eral  months,  during  which  the  city  was  a  prey  to  all  the 
horrors  of  siege  and  famine.  Hajjaj  had  set  up  balis- 
tas  on  the  neighboring  heights,  and  poured  a  hail  of 
stones  on  the  city  and  the  Ka’ba.  Famine  at  length 
triumphed  over  the  last  adherents  of  the  son  of 
Zobair.  Ten  thousand  fighting  men,  and  even  several 
of  the  sons  of  the  pretender,  left  the  city  and  surren¬ 
dered.  Mecca  being  thus  left  without  defenders, 
Hajjaj  took  possession  of  it,  and  invested  the  Ka'ba. 
Then  the  son  of  Zobair,  seeing  that  ruin  was  inevi¬ 
table,  went  to  his  mother  Asma,  who  had  reached  the 
age  of  a  hundred,  and  asked  her  counsel.  She  an¬ 
swered  that  he  must  die  sword  in  hand ;  and  when,  in 
embracing  him  for  the  last  time,  she  felt  the  cuirass 
which  he  wore,  she  exclaimed  that  such  a  precaution 
was  unworthy  of  a  man  resolved  to  perish.  ‘Abdal¬ 
lah  took  off  his  cuirass,  and  taking  refuge  in  the 
Ka'ba,  passed  the  night  there  in  prayer.  At  daybreak 
of  the  14th  of  Jom&di  L  in  the  year  73  (1st  October, 
692),  the  Omayyad  troops  made  their  way  into  the 
mosque.  'Abdallah  attacked  them  furiously,  notwith¬ 
standing  his  advanced  age,  but  at  last  fell,  over¬ 
whelmed  by  numbers.  His  head  was  cut 
Death  of  0ff  carried  to  Hajjaj,  and  sent  by  the  victo- 

Ibn  Zobair.  general  t()  Damaacug.  i 

With  Ibn  Zobair  perished  the  influence  which  the 
early  companions  of  Mohammed  had  hitherto  exer¬ 
cised  over  Islam.  Medina  and  Mecca,  though  they 
continued  to  be  the  Holy  Cities,  had  no  longer  the 
political  importance  which  had  enabled  them  to  main¬ 
tain  a  struggle  with  Damascus.  Temporal  interests, 
represented  by  Damascus,  will  henceforth  have  prece¬ 
dence  over  those  of  religion:  policy  will  outweigh 
fanaticism  ;2  and  the  centre  of  Islam,  now  permanently 
removed  beyond  the  limits  of  Arabia,  will  be  more 
easily  affected  by  foreign  influences,  and  assimilate 
more  readily  their  civilizing  elements.  Damascus, 
Cufa  and  Basra  will  attract  the  flower  of  all  the 
Moslem  provinces;  and  thus  that  great  intellectual, 
literary,  and  scientific  movement  which  is  to  reach  its 
apogee  under  the  'Abbasid  Caliphs  at  Baghdad,  will 

become  daily  more  marked.  .  M 

By  the  death  of  the  son  of  Zobair,  Abd  al-Melik 
...  .  remained  sole  Caliph;  for  Mohammed  b. 
Melik  sole  Hanaffya  reckoned  for  nothing  since  the 
Caliph.  death  of  Mokhtar,  whose  creature  he  had 


i  On  these  events,  see  Quatremere,  Mimoire  hMorique  mr  la  vie 
d'Abd-AUah  b.  Zobair.  Paris,  1832.  t  .  . 

*  It  is  said  that  the  Caliph  ‘Abd  al-Mehk  affected  great  piety 
before  his  elevation.  At  the  moment  when  he  was  first  saluted 
with  the  title  of  Caliph,  he  closed  a  copy  of  the  Koran  which  was 
in  his  hands,  saying :  “  We  must  now  part," 


been.  The  only  remaining  danger  was  from  the  Khari¬ 
jites,  who,  though  incessantly  repulsed,  as  incessantly 
returned  to  the  charge.  Hajjaj  had  remained  after 
his  victory  at  Mecca,  where  he  was  occupied  in  re¬ 
building  the  Ka’ba,  ruined  for  the  second  time  by  his 
engines  of  war.  In  the  year  75,  'Abd  al-Melik,  alarmed 
at  the  news  which  reached  him  from  Persia  and  'Irak, 
named  Hajj&j  governor  of  that  province,  and  gave  him 
the  most  extensive  powers  for  the  reestablishment  of 
order.  The  troops  of  'Irak,  who  accompanied  Mohal¬ 
lab  in  an  expedition  against  the  Kharijites,  had  aban¬ 
doned  their  general  and  dispersed  to  their  homes,  and 
nothing.could  induce  them  to  return  to  their  H  ....  .Q 
duty.  Hajjaj,  arriving  unexpectedly  at  •  i^k. 
Cufa,  ascended  the  pulpit  at  the  moment 
when  the  people  were  assembled  for  morning  prayers, 
and  delivered  an  energetic  address  to  them,  which  de¬ 
picts  his  character  so  well  that  some  passages  from  it 
may  be  cited : 

“  Men  of  Cufa,  I  see  before  me  heads  ripe  for  the  harvest, 
and  the  reaper— I  am  he!  I  seem  to  myself  already  to  see 
blood  between  turbans  and  shoulders.  I  am  not  on§  of 
those  who  can  be  frightened  by  an  inflated  bag  of  skin,  nor 
need  any  one  think  to  squeeze  me  like  dried  figs.  I  have 
been  chosen  on  good  grounds ;  and  it  is  because  I  have 
been  seen  at  work  that  I  have  been  picked  out  from  among 
others.  The  Prince  of  the  Believers  has  spread  before  him 
the  arrows  of  his  quiver,  and  has  tried  every  one  of  them 
by  biting  its  wood.  It  is  my  wood  that  he  has  found  the 
hardest  and  the  bitterest,  and  I  am  the  arrow  which  he 
shoots  against  you." 

Thereupon  Hajjaj  ordered  that  every  man  capable  of 
bearing  arms  should  immediately  join  Mohallab  in 
Susiana,  and  swore  that  all  who  made  any  delay  should 
have  their  heads  struck  off.  This  threat  produced  its 
effect,  and  Hajjaj  proceeded  to  Basra,  where  his  pres¬ 
ence  was  followed  by  the  same  result.  Mohallab,  re¬ 
inforced  by  the  army  of  'Irak,  at  last  succeeded,  after 
a  struggle  of  eighteen  months,  in  subjugating  the 
Kharijites,  and  was  able,  at  the  beginning  of  A.H.  78, 
to  return  to  Hajjaj  at  Basra.  The  latter  loaded  him 
with  honors,  and  made  him  governor  of  Khoras&n, 
whence  he  directed  several  expeditions  against  Trans- 
oxiana.  . 

While  Mohallab  was  fighting  against  the  Kharijites 
in  Persia,  Hajjaj  himself  nad  had  to  struggle  against 
rebellion.  Three  Kharijites,  S&lih,  §habib  and  Mo- 
tarrif,  had  succeeded  in  creating  a  party  in  Mesopota¬ 
mia  and  'Irak.  The  second  had  even  pushed  his 
audacity  so  far  as  to  march  upon  Cufa,  and  for  a  mo¬ 
ment  had  occupied  that  city.  Haij&j  overcame  the 
rebels ;  and  through  his  vigilance,  Katari  b.  al-Foja  a, 
another  Kharijite  chief,  after  being  pursued  as  far  as 
Tabarist&n,  on  the  Caspian  Sea,  was  taken  and  killed 
by  two  Omayyad  generals. 

When  he  gave  the  government  of  Khorasan  to  Mo¬ 
hallab,  Hajjaj  had  committed  that  of  Sijist&n  to  'Obaid 
Allah  b."  Abi  Bakra.  At  the  beginning  of  A.H.  79, 
'Obaid  Allah’s  troops  were  beaten  by  the  king  of 
Kabul.  Hajjaj  thought  it  advisable  to  remove  'Obaid 
Allah  and  to  replace  him  by  the  captain  of  his  guards, 
'Abd  al-Rahman  b.  al-Ash'ath.  This  was  a  bad  choice, 
for  Ibn  al-Ash'ath  had  often  given  proofs  of 
an  insubordinate  temper,  and  Hajjaj  soon  had  Ash'ath. 

occasion  to  repent  of  it.  In  fact,  soon  after 
his  arrival  in  Sijistan,  'Abd  al-Rahman,  whose  army  was 
composed  of  contingents  from  Cufa  and  Basra,  always 
ready  for  revolt,  conceived  the  design  of  an  insurrec¬ 
tion  against  the  authority  of  Ilajj&j.  Popular  move¬ 
ments  often  go  beyond  the  object  first  proposed ;  and 
not  only  did  the  troops  welcome  joyfully  the  idea  of 
marching  against  the  hated  governor  of  'Irak,  but  they 
even  proclaimed  the  dethronement  of  'Abd  al-Melik, 
and  saluted  Ibn  al-Ash'ath  as  Caliph.  The  new  pre¬ 
tender  entered  Farsist&n  and  Ahwaz,  and  it  was  in  this 
last  province,  near  Shuster,  that  Hajjaj  came  up  with 


»  In  a.h.  78,  ‘Abd  al-Melik  had  made  KhorAsAn  and  SijistAn  de¬ 
pendent  on  the  governor  of  IrAk,  so  that  HajjAj  had  the  right  of 
directly  nominating  the  governors  of  those  provinces. 
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huH,  after  receiving  from  Syria  the  reinforcements 
which  he  had  demanded  in  all  haste  from  the  Caliph. 
Hajjaj  was  beaten  and  obliged  to  retreat.  Ibn  al- 
Ash'ath  pursued  him  as  far  as  Basra,  which  opened 
its  gates  to  him ;  but  fortune  soon  changed,  and  he  was 
again  driven  out  by  his  adversary.  Ibn  al-Ash'ath 
then  turned  his  arms  against  Cufa,  and  with  aid  from 
within,  obtained  possession  of  it;  thus  cutting  the 
communications  of  Hajjaj  with  Syria.  The  latter, 
thus  compelled  to  leave  Basra,  took  the  field,  and 
pitched  his  camp  at  Dair  al-Jamajim,  two  days’  jour¬ 
ney  from  Basra.  Ibn  al-Ash'ath  marched  against  him 
at  the  head  of  his  army.  The  condition  of  'Irak  caused 
the  greatest  uneasiness  at  Damascus,  and  'Abd  al-Melik 
hoped  to  stifle  the  revolt  by  proposing  to  the  insur¬ 
gents  the  dismissal  of  Hajjaj  from  his  post.  The  in¬ 
surgents  rejected  this  offer,  and  hostilities  recom¬ 
menced.  At  the  end  of  three  months,  in  Jomadf  II., 

a.  h.  83  (July,  702),  a  decisive  action  took  place.  Vic¬ 
tory  declared  for  Hajjaj.  Ibn  al-Ash'ath  fled  to  Basra, 
where  he  managed  to  collect  fresh  troops ;  but,  having 
been  agaih  beaten,  he  took  refuge  in  Susiana,  from 
which  he  was  driven  by  a  son  of  Hajjaj.  The  rebel 
then  retired  into  Sijistan,  and  afterwards  sought  an 
asylum  with  the  king  of  Kabul.  As  soon  as  his  parti¬ 
sans  had  rejoined  him,  he  penetrated  into  Khorasan, 
in  order  to  raise  an  insurrection  there.  The  governor 
of  this  province  was  at  that  time  Yazfd,  son  of  the 
celebrated  Mohallab,  who  had  died  in  the  year  82. 
Yazfd  marched  against  Ibn  al-Ash'ath,  and  cut  his 
army  to  pieces.  From  that  time  the  pretender  disap¬ 
peared  ;  and  it  is  thought  that,  having  again  taken 
refuge  with  the  king  of  Kabul,  he  was  .betrayed  by  him 
and  put  to  death. 1  It  was  during  this  long  struggle  that, 
in  the  year  83,  Hajjaj  laid  ,the  foundations  of  the  city 
of  Wasit  (the  Intermediate) ;  so  called  because  it  is 
situated  midway  between  Cufa  and  Basra.  Some  time 
after  the  suppression  of  this  revolt,  in  the  year  84, 
Hajjaj  deprived  Yazfd  b.  Mohallab  of  the  government 
of  Khorasan,  accusing  him  of  partiality  towards  the 
rebels,  and  appointed  in  his  stead  first  his  brother 
Mofaddal  b.  Mohallab,  and  nine  months  after  Kotaiba 

b.  Moslim,  who  was  destined  at  a  later  period  to 
extend  the  sway  of  the  Moslems  in  the  East  as  far  as 
China. 

While  these  events  were  taking  place,  ‘Abd  al-Melik 
Progress  of  was  engaged  in  the  West  in  a  struggle 
the  Moslem  against  the  Greeks.  We  have  seen  that  in 
arms.  the  year  69  the  Caliph,  compelled  as  he  then 
was  to  direct  all  his  efforts  towards  'Irak  and  Arabia, 
had  concluded  a  disgraceful  peace  with  Justinian  II. 
It  was  not  till  A.H.  73  (a.d.  692-693)  that  he  resumed 
hostilities  in  Armenia,  Asia  Minor,  and  Africa.  The 
operations  in  Asia  Minor  and  in  Armenia  were  in¬ 
trusted  to  Mohammed  b.  Merwan,  brother  of  the 
Caliph,  and  to  'Othm&n  b.  Walfd.  They  beat  the 
Greeks  at  first ;  but,  in  consequence  of  subsequent  re¬ 
verses,  the  Moslems  were  compelled  to  accept  peace, 
which  was  broken  anew  by  the  Greeks  about  the  year 
75  or  76,  the  Caliph  in  one  of  his  letters  to  Justinian 
II.  having  used  expressions  which  displeased  the 
Christian  monarch.  In  retaliation,  Justinian  threat¬ 
ened  to  have  legends  offensive  to  Islam  struck  on  his 
coins.  As,  up  to  that  time,  the  Moslems  had  no  special 
First  coinage  of  their  own,  and  principally  used 

Arabic  Byzantine  and  Persian  money,  this  menace 

coinage.  led  'Abd  al-Melik  to  institute  a  purely 
Arabic  coinage.  It  was  a  Jew  of  Taima,  named  So- 
mair,  who  commenced  its  fabrication.  Justinian  II. 
refused  to  receive  these  coins  in  payment  of  the  tribute, 
and  declared  the  treaty  at  an  end.  The  incensed  Mos¬ 
lems  fought  valiantly,  and  succeeded  in  extending  their 

1  This  king  of  KAbtil  is  called  Ratbil  or  Rotbil  by  some  histo¬ 
rians,  and  Zenbil  by  others.  See  Weil,  Qeschichte  der  ChcUtfen,  i. 
449 ;  Tabari  transl.  by  Zotenberg,  iv.  127 ;  and  Mas'tidi,  transl.  by 
Barbier  de  Meynard,  index,  s.  v.  Rotbil.  According  to  Abulfeda’s 
Geography,  p.  343,  Ibn  al-Ash'ath  was  killed  in  the  province  of 
Arrokhaj  ( Arrachosia) ,  and  his  head  was  sent  to  Damascus  and 
Egypt. 


frontiers  to  Mar'ash,  on  the  side  of  Asia  Minor,  and 
to  Amid,  on  the  side  of  Armenia.  From  this  time 
forth  the  Moslems  made  yearly  expeditions  against  the 
Greeks;  but  they  were  only  razzias,  for  which  the 
Greeks  often  avenged  themselves  by  incursions  into  the 
territory  of  Islam. 

In  Africa  we  have  seen  that  'Okba  b.  Ndfi'  had  been 
slain  by  the  Berbers,  who  had  taken  Kairawdn.  In 
a  year  73  'Abd  al-Melik  sentHassan  b.  No'mdn  into 
Africa,  at  the  head  of  a  numerous  army.  He  retook 
Kairawan,  swept  the  coast  as  far  as  Carthage,  expel¬ 
ling  the  Greek  garrisons  from  all  the  fortified  places, 
and  then,  turning  his  arms  against  the  Berbers,  beat 
them  so  completely  that  they  submitted  for  a  long  time 
to  the  tribute  and  the  conscription.  But  when  Hassdn 
left  Africa,  the  Greeks,  under  the  successor  of  Justi¬ 
nian,  retook  the  coast-line.  Hassdn  prepared  to  return 
to  Africa,  but  he  previously  demanded  from  the  gov¬ 
ernor  of  Egypt,  'Abd  al-'Azfz,  the  recall  of  a  freed- 
man,  whom  he  had  appointed  governor  of  a  part  of 
the  province  of  Africa.  'Abd  al-'Azfz  refused,  and 
Hassdn  went  to  Damascus  to  complain  to  the  Caliph. 
Soon  after  his  arrival  at  the  capital  he  died,  and 
the  governor  of  Egypt  placed  Miisd  b.  Nosair  at  the 
head  of  the  expedition.  This  general  reconquered  the 
seaboard  as  far  as.  Carthage,  and  drove  the  Greeks 
permanently  from  it.  The  daring  Miisd  continued  his 
triumphant  march,  and  took  possession  of  the  whole 
of  the  coast  to  Tlemcen.  One  of  his  lieutenants,  in 
the  year  82,  carried  a  reconnoissance  by  sea  as  far  as 
Sicily.  The  Moslem  fleet  having  been  destroyed  by  a 
storm,  Miisd  equipped  another,  and  intrusted  its  com¬ 
mand  to  his  brother  Abdalldh,  who  returned  to  Sicily 
and  effected  a  razzia  there.  Merwan,  the  father  of 
'Abd  al-Melik,  had  designated  as  successor  to  the  latter 
his  other  son,  'Abd  al-'Azfz,  governor  of  Egvpt.  Abd 
al-'Aziz  haying  died  in  the  year  84,  'Abd  al-Melik 
chose  as  heirs  of  the  empire,  first  his  son  Walfd,  and 
after  him  his  second  son  Solaimdn.2  He  himself  sur¬ 
vived  'Abd  al-'Azfz  only  two  years,  and  died  14th 
Shawwal  86  (8th  October,  705),  at  the  age  of  about 
sixty.  His  reign  was  one  of  the  most  unquiet  in  the 
annals  of  Islam,  but  also  one  of  the  most  glorious. 
'Abd  al-Melik  not  only  brought  triumph  to  the  cause 
of  the  Omayyads,  but  extended  and  strengthened  the 
Moslem  power  externally.  Amid  so  many  grave  anxie¬ 
ties,  he  yet  found  time  for  his  pleasures.  He  was 
passionately  fond  of  poetry,  and  his  court  was  crowded 
with  poets,  whom  he  loaded  with  favors,  even  if  they 
were  Christians,  like  Akhtal.  In  his  reign  flourished 
also  the  two  celebrated  rivals  of  Akhtal,  Jarir  and 
Farazdak.8 

6.  Immediately  on  his  accession  Walfd  confirmed 
Hajjaj  in  the  government  of  ’Irak,  and  appointed  as 
governor  of  Medina  his  cousin  'Omar  b.  walldl 
'Abd  al-'Azfz,  who  was  received  there  with 
joy,  his  piety  and  gentle  character  being  well  known. 
Under  his  government  important  works  were  under¬ 
taken  at  Medina  and  Mecca  by  order  of  Walfd,  who, 
having  no  rivals  to  struggle  against,  was  able  to  give 
his  attention  to  pacific  occupations.  The  mosque  of 
Medina  was  enlarged,  wells  were  sunk,  the  streets 
widened,  and  hospitals  established.  At  Mecca  many 
improvements  were  introduced.  The  reputation  of 
'Omar  attracted  to  the  two  Holy  Cities  a  great  number 
of  the  inhabitants  of  ‘Irak,  who  were  groaning  under 
the  iron  hand  of  Hajjaj.  The  latter,  who  was  not  a 
man  to  let  his  prey  escape  from  his  grasp,  was  so 
urgent  with  Walfd  that  he  obtained  the  dismissal  of 
'Omar  b.  'Abd  al-'Azfz  in  the  year  93,  and  the  ap¬ 
pointment  of  'Othman  b.  Hayyan  at  Medina,  and  of. 
Khdlid  b.  Abdallah  at  Mecca.  These  two  prefects 
compelled  the  refugees  at  Mecca  and  Medina  to  return 
to  'Irdk,  where  many  of  them  were  cruelly  treated  and 

2  ’Abd  al-Melik  had  several  other  sons,  two  of  whom,  Yazid  and 
HisMm.  also  reiened. 

3  See  Caussin  de  Perceval,  Journal  asiatique ,  2®  s6rie,  vols.  xiii. 
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even  put  to  death  by  Hajj&j.  It  was  probably  his 
cruelty  which  drove  so  many  men  of  'Ir&k  to  enlist  in 
the  armies  of  the  East  and  the  South ;  and  this  may 
in  some  degree  account  tor  the  unheard-of  successes 
of  Kotaiba  b.  Moslim  in  Transoxiana,  and  of  Moham¬ 
med  b.  Kasim  in  India.  They  may  also  be  explained 
by  the  ambition  of  Hajjaj,  who,  it  is  said,  cherished 
the  project  of  creating  a  vast  empire  for  himself  to  the 
east  and  south  of  the  Moslem  realm,  and  had  secretly 
promised  the  government  of  China  to  the  first  of  his 
generals  who  should  reach  that  country.  Be  this  as 
it  may,  in  the  course  of  a  very  few  years  Kotaiba  con¬ 
quered  the  whole  of  Bokharia,  Kh&rizm,  and  Irans- 
oxiana  or  Ma  wara-annahr,  as  far  as  the  frontiers  or 
China.  Meanwhile  Mohammed  b.  Kasim  invaded 
Mokran,  Sind,  and  Miiltan,  carried  off  an  immense 
booty,  and  reduced  the  women  and  children  to  slavery. 
In  Armenia  and  Asia  Minor,  Maslama,  brother  oi  the 
Caliph  Walid,  and  his  lieutenants,  also  obtained  nu¬ 
merous  successes  against  the  Greeks.  In  Armenia, 
Maslama  even  advanced  as  far  as  the  Caucasus. 

The  most  important  achievement,  however,  or 
Walid’ s  reign  was  the  conquest  of  Spain.  The  narra¬ 
tive  of  this  conquest  belongs  specially  to 
of  Spain*  the  history  of  Spain;  and  we  shall  there- 

P  fore  only  touch  briefly  on  it  here.  We  have 
seen  that,  even  in  the  Caliphate  of  'Abd  al-Mel|k 
Mus&  b.  Nosair  had  penetrated  as  far  as  llemcen  in 
Africa.  Un'der  Walid,  Mdsd,  who  had  been  appointed 
governor  of  Africa,  entered  Morocco,  occupied  Fez  and 
Tangier,  and  then  returned  to  Kairaw&n,  having  made 
his  lieutenant  T^rik  governor  of  Tangier  and  ot  all  the 
West  of  Africa.  The  town  of  Ceuta  still  held  out 
under  its  governor  Julian,  who  held  it  in  the  name  of 
Witiza,  king  of  Spain.  Witiza  having  been  de¬ 
throned  by  Roderic,  Julian  thought  he  might  find  the 
Arabs  useful  allies  in  the  struggle  which  he  proposed 
to  carry  on  against  the  usurper,1  and  entered  into  ne¬ 
gotiations  with  T&rik.  The  latter,  foreseeing  the 
possibility  of  conquering  for  the  advantage  of  the 
Arabs  a  country  which  had  been  represented  to  him 
as  a  paradise,  requested  instructions  from  Mus4,  who 
referred  the  matter  to  the  Caliph.  Walid  gave  Musa 
carte  blanche ,  and  Tarik  hastened  to  make  alliance 
with  Julian.  He  first,  however,  sent  four  ships,  with 
five  hundred  men  under  the  command  of  Tarif,  to  re¬ 
connoitre  the  country.  This  expedition  was  success¬ 
ful,  and  T&rik,  now  certain  of  meeting  no  serious  op¬ 
position  to  his  landing,  passed  into  Spain  himself,  at 
the  head  of  twelve  thousand  men,  in  the  year  92  (A.D. 
710-711),  and  landed  at  the  spot  which  thence  re¬ 
ceived  the  name  of  Jabal-Tarik,  or  Mountain  of 
Tarik,”  a  name  which  was  afterwards  corrupted  by 
the  Westerns  into  Gibraltar.  At  the  news  of  this  in¬ 
vasion,  Roderic  led  a  numerous  army  against  the 
Arabs,  but  was  completely  routed  near  Cadiz,  and  per¬ 
ished  in  the  conflict.  Miisd,  jealous  of  the  success  ot 
his  lieutenant,  hastened  to  Spain  with  eighteen  thou¬ 
sand  men,  and  his  first  step  on  arriving  was  to  send 
Tarik  orders  to  suspend  his  march.  But  iarik,  tar 
from  obeying,  divided  his  little  army  into  three  corps, 
and  obtained  possession  successively  of  Ecya,  Malaga, 
Elvira,  Cordova,  and  Toledo.  Musf,  hopeless  of  ar¬ 
resting  the  victorious  march  of  Tarik,  determined  to 
play  the  part  of  a  conqueror  himself,  and  took  Seville, 
Carmona,  and  Merida.  On  rejoining  T&nk  at  Toledo, 
the  first  step  he  took  was  to  throw  him  into  prison. 
The  Caliph,  however,  gave  orders  that  he  should  be 
set  at  liberty  and  restored  to  his  command.  lhe 
conquerors  then  shared  the  country  between  them,  ana, 
•in  less  than  three  years,  all  Spain  was  subdued,  to  the 
very  foot  of  the  Pyrenees.  Meanwhile  Walid,  fearing 
to  see  Musd  declare  his  independence,  recalled  him 
to  Damascus.  He  obeyed  after  appointing  his  son 
'Abd  al-'Aziz  governor  of  Spain,  and.  assigning  Seville 
as  his  residence.  Miisa  left  Spain  in  the  month  of 

i  According  to  Eastern  chronicles,  Julian’s  hatred  of  Roderic 
arose  from  the  latter’s  having  dishonored  his  daughter. 


Safar,  a.h.  95  (October-November,  713),  in  company 
with  Tarik,  bringing  an  immense  booty  to  Damascus, 
and  leading  in  his  train  a  great  number  of  prisoners. 
His  journey  from  Ceuta  to  Damascus  was  one  long 
triumph.  He  reached  Egypt  in  the  month  of  Rabi'  1. 
in  the  following  year  (Nov. -Dec.  714),  and  then  moved 
on  by  short  marches  towards  Damascus,  where  he  did 
not  arrive  till  two  months  and  a  half  later,  at  the  very 
moment  when  Walid  had  just  breathed  his  last,  and 
his  brother  Solaiman  had  been  saluted  as  Caliph,  lhe 
renowned  Hajjaj  had  preceded  his  sovereign,  and  had 
expired  five  days  before  the  end  of  Ramadan,  a.h.  95. 
Musa  did  not  receive  the  reward  due  to  his  distin¬ 
guished  services.  Accused  of  peculation  by  the  new 
Caliph,  he  was  beaten  with  rods,  and  condemned  to  a 
fine  of  100,000  pieces  of  gold;  and  all  his  goods  were 
confiscated.  Solaiman  did  not  stop  here  :  he  caused 
'Abd  al-'Aziz,  the  son  of  Musi,  to  be  put  to  death 
in  Spain,  and  carried  his  cruelty  so  far  as  to  show  his 
severed  head  to  Musa,  asking  him  whether  he  recog¬ 
nized  it.  He  replied  that  it  was  the  head  of  a  man  a 
thousand  times  superior  to  him  who  had  ordered  his 
death.  Miisa  died  soon  after.  As  for  Tink,  there  is 
no  further  mention  of  him  after  the  beginning  of  the 
reign  of  Solaiman,  and  we  must  therefore  suppose 
that  he  retired  into  private  life. 

7.  Solaimin  had  nearly  missed  the  throne, 
in  the  very  year  of  his  death,  wished  to 
have  his  'son  'Abd  al-'Aziz  b.  Walid 
chosen  as  his  successor,  and  had  offered 
Solaiman  a  great  sum  of  money  to  induce  him  to 
surrender  his  rights  to  the  Caliphate ;  but  Solai¬ 
man  obstinately  refused  to  do  so.  Walid  went  still 
further,  and  sent  letters  to  the  governors  of  all  the 
provinces,  calling  on  them  to  make  the  people  take 
the  oath  of  allegiance  to  his  son.  None  except  Hajj&j 
and  Kotaiba  b.  Moslim  consented  thus  to  set  at 
nought  the  order  of  succession  established  by  'Abd 
al-Melik ;  and  Solaiman  succeeded  without  difficulty 
at  the  death  of  his  brother.  We  can  easily  oonceive 
the  hatred  felt  by  Solaiman  for  Hajjaj,  and  for  all 
that  belonged  to  him,  far  or  near.  Hajj&j  himselt 
escaped  by  death ;  but  Solaiman  poured  out  his 
wrath  on  his  family,  and  strove  to  undo  all  that  he 
had  done.  First  of  all,  Mohammed  b.  K&sim,  the 
conqueror  of  India,  who  was  cousin  to  Hajjaj,  was 
dismissed  from  his  post  and  outlawed.  Hajjaj  had 


Walid, 

Solaim&n. 


deprived  Yazid  b.  Mohallab  of  the  government  of 
Khoras&n  ;  Solaiman  conferred  on  him  that  of  'Irak- 
Kotaiba  b.  Moslim,  on  learning  the  accession  of  Solai¬ 
man,  knew  that  his  own  ruin  was  certain,  and  there¬ 
fore  anticipated  the  Caliph  by  a  revolt.  But  Solaiman 
induced  Kotaiba’ s  troops  to  desert  by  authorizing  them 
to  return  to  their  homes;  and  when  the  illustrious 
general  sought  to  carry  his  army  with  him,  a  conspir¬ 
acy  was  formed  against  him  which  ended  in  his  mur¬ 
der.  Yazid  b.  Mohallab,  who  preferred  Khoras&n  to 
'Irak,  obtained  permission  to  exchange.  Immediately 
on  his  return  to  Khor&san  he  set  on  foot  a  series  of 
new  expeditions  against  Jorjan  and  Tabaristan.  But 
the  inhabitants  of  Khorisdn,  which  he  governed  op¬ 
pressively,  made  complaints  against  him  to  the  Caliph, 
accusing  him  of  practising  extortions  in  order  to  obtain 
such  a  sum  of  money  as  would  enable  him  to  rebel 
against  his  sovereign.  From  that  day  Solaiman  de¬ 
termined  to  get  rid  of  Yazid.  As,  however,  he  was 
then  dreaming  of  the  conquest  of  Constantinople,  he 
thought  it  prudent  to  dissemble  his  dissatisfaction  for 
some  time.  _  . 

The  Byzantine  empire  was  disturbed  by  internal 
troubles  during  the  years  A.D.  715-717.  Solaim&n  re¬ 
solved  to  take  advantage  of  these  in  order  to  rid  him¬ 
self  forever  of  the  hereditary  enemy  of  Islam,  and 
prepared  a  formidable  expedition.  A  fleet  of  eigh¬ 
teen  hundred  vessels,  equipped  at  Alexandria,  sailed 
to  the  coasts  of  Asia  Minor,  took  on  board  the  Moslem 
army,  commanded  by  Maslama,  and  transported  it  to 
Europe.  This  army  appeared  under  the  walls  of  Con- 
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stantinople,  15th  August,  717,  five  months  after  Leo 
III.,  the  Isaurian,  had  ascended  the  throne.  Once 
more  the  Greek  fire  prevailed  against  the  Moslems. 
Their  fleet  was  destroyed  by  this  terrible  engine  of 
war ;  the  army  could  obtain  no  fresh  supply  of  provi¬ 
sions,  and  suffered  all  the  horrors  of  famine.  Mean¬ 
while  the  Caliph,  who  desired  to  be  present  in  person 
at  the  taking  of  Constantinople,  had  set  out  to  join 
the  army.  He  fell  ill  at  Dabik,  not  far  from  Aleppo, 
and  died  there  on  the  22d  of  September,  in  the  same 
year;  after  having  nominated  as  nis  own  successor  his 
cousin,  'Omar  b.  'Abd  al-'Azfz,  and  as  successor  to 
the  lattert  Yazfd  b.  'Abd  al-Melik,  his  own  brother. 
In  vain  did  the  new  Caliph  dispatch  from  Egypt  a 
fleet  of  four  hundred  ships  to  carry  arms  and  provi¬ 
sions  to  the  army  before  Constantinople  •  this  fleet 
also  was  destroyed  by  the  Greeks,  and  the  Moslem 
army  was  decimated  by  famine,  and  soon  by  the  plague 
as  well.  A  hundred  thousand  men  perished  miserably 
under  the  walls  of  Constantinople,  and  Maslama 
brought  back  to  Asia  Minor  a  mere  handful  of  sol¬ 
diers,  and  that  with  great  difficulty. 

8.  'Omar  b.  'Abd  al-'Azfz,  incensed  at  this  dis- 
•OmArii  aster,  took  his  revenge  on  the  Christians 
of  his  own  states  by  excluding  them  from 
all  public  employments,  in  spite  of  the  great  services 
they  rendered  there,  and  by  loading  them  with  im¬ 
posts  to  such  an  extent  that  one  public  functionary 
wrote  thus  to  the  Caliph:  “  If  things  continue  to  go 
on  in  Egypt  as  at  present,  all  the  Christians  will  be¬ 
come  Moslems  to  escape  taxation,  and  the  state  will 
lose  its  revenue. ”  To  this  the  pious 'Omar  replied: 
‘  ‘  I  should  look  on  the  conversion  of  all  the  Christians 
as  a  great  piece  of  good  fortune;  for  God  sent  his 
Prophet  to  act  the  part  of  an  apostle,  and  not  of  a  tax- 
gatherer.”  By  his  religious  intolerance,  by  the  sim¬ 
plicity  of  his  life,  and  by  his  vigor  in  observing  the 
precepts  of  his  religion  and  enforcing  their  observance, 
'Omar  has  acquired  in  Moslem  history  the  reputation 
of  a  saint.  But  the  sanctity  of  a  prince  does  not  in¬ 
sure  the  greatness  of  a  state ;  and  the  reign  of  'Omar, 
as  we  shall  see,  was  injurious  rather  than  advanta- 
eous  to  Islam.  He  alienated  the  provincial  governors 
y  his  severity ;  and  the  family  of  ‘Abbas  took  advan¬ 
tage  of  the  general  discontent  to  stir  up  the  people 
secretly,  and  thus  to  prepare  the  way  for  the  fall  of  the 
dynasty. 

It  mil  be  remembered  that  Solaimin  died  before 
carrying  out  his  purpose  of  deposing  Yazid  b.  Mo- 
hallab,  the  governor  of  Khorasan.  ’Omar  II.  took 
it  on  himself  to  fulfil  this  design.  He  summoned 
Yazid  to  his  presence,  and  on  his  arrival  at  Damascus, 
threw  him  into  prison,  and  demanded  the  restitution 
of  the  money  wnich  he  believed  him  to  have  misap¬ 
propriated.  As  Yazid  alleged  that  he  could  render  no 
account  of  it,  the  Caliph  banished  him  to  Dahlak,  a 
small  island  in  the  Red  Sea,  but  soon  brought  him 
back,  and  placed  him  in  close  confinement.^  It  was 
not  till  a.h.  101,  when  'Omar  II.  was  dying,  that 
Yazid  succeeded  in  escaping  and  took  refuge  in  'Irak. 
Mokhallad,  the  son  of  Yazid,  whom  his  father,  on 
quitting  Khoras&n,  had  left  there  as  his  lieutenant,  was 
also  summoned  to  Damascus,  and  the  Caliph  at  first 
appointed  Jarrah  b.  'Abdallah  governor  of  that  prov¬ 
ince,  but  soon  after,  on  receiving  complaints  against 
him,  replaced  him  by  ‘Abd  al -Rahman  al-Koshairf, 
whom  he  desired  to  use  every  effort  for  the  conver¬ 
sion  of  the  unbelievers,  rather  than  to  think  of  ex¬ 
tending  the  Moslem  power  by  force  of  arms.  With  so 

Sacific  a  disposition,  it  is  easy  to  understand  that  the 
aliph  did  not  signalize  his  reign  by  any  conouest; 
except  a  revolt  of  the  Khirijites  in  '  Irak,  which  was 
suppressed  by  Maslama,  his  caliphate  was  not  distin¬ 
guished  by  any  warlike  event.  Its  most  noticeable 
occurrence,  as  we  have  said  above,  was  the  commence¬ 
ment  of  the  'Abbisid  movement. 

The  'Abbisid  family  derived  its  name  from  'Abbis, 
who  was  Mohammed’s  uncle  on  the  father’s  side,  and 


who,  during  the  Prophet’s  life,  had  enjoyed  universal 
consideration  among  the  Moslems.  It  was 
he  who,  at  the  death  of  the  Prophet,  had  movement* 
the  charge  of  washing  the  corpse.  The 
first  Caliphs,  Abdbekr,  'Omar,  ‘Othman,  and  ’All, 
showed  the  utmost  deference  to  'Abbis ;  and  his 
eldest  son  'Abdallih  had  been  united  in  the  closest 
friendship  with  Hosain,  the  unfortunate  son  of  ’AH. 
After  the  assassination  of  ‘All,  and  the  slaughter  of 
Hosain,  'Abdallah  had  retired  to  Mecca,  and  there 
brought  up  his  numerous  family  in  hatred  of  the 
Omayyads.  It  was  from  his  youngest  son  ‘All,  born 
A.H.  40,  that  the  'Abbisid  dynasty  sprung.  Under 
the  Caliph  'Abd  al-Melik,  this  'All  was  living  at  Da¬ 
mascus  ;  but,  on  his  marrying  Labb&ba,  the  divorced 
wife  of  'Abd  al-Melik,  the  Caliph  conceived  a  great 
aversion  for ‘All.  Wall'd,  the  son  and  successor  of 
'Abd  al-Melik,  inherited  his  father’s  prejudices,  sub¬ 
jected  All  to  every  kind  of  insult,  and  drove  him 
from  his  court.  Walfd’s  successor,  Solaim&n,  gave 
him  leave  to  return  to  Damascus,  but  ‘All,  instead  of 
availing  himself  of  this  permission,  preferred  to  retire 
to  Homaima,  a  town  situated  in  the  south  of  Syria,  on 
the  confines  of  Arabia.  It  was  in  this  retirement  that 
his  son  Mohammed  conceived  the  design  of  supplant¬ 
ing  the  Omayyad  dynasty.  We  have  said  that  the 
first  'Abbasids  were  closely  united  with  the  family  of 
'AH.  Mohammed  b.  'Ah',  the  'Abb&sid,  saw  clearly 
that  it  was  only  among  the  followers  of  'All  that  he 
was  likely  to  be  able  to  form  a  party.  To  attain  this 
object,  he  formed  the  plan  of  making  it  believed  that 
a  descendant  of  the  Prophet’s  son-in-law  had  trans¬ 
mitted  to  him  his  rights  to  the  Caliphate.  It  will  be 
remembered  that  Mohammed  b.  Hanafiya  had  come 
forward  as  a  pretender  to  the  throne  at  the  troublous 
period  when  Ibn  Zobair  and  'Abd  al-Melik  were  dis¬ 
puting  the  Caliphate.  #  According  to  the  story  of  the 
'Abbisids,  Abd  Hdshim  'Abdallih,  the  son  of  Ibn 
Hanafiya,  had  gone  to  IJomaima,  to  the  house  of  Mo¬ 
hammed  b.  ‘Ali,  and  had  made  on  his  deathbed  a 
legal  transfer  of  his  rights  to  Mohammed,  by  appoint¬ 
ing  him  his  heir.  Whatever  may  be  the  truth  re¬ 
specting  this  transfer,1  Mohammed  the  'Abb&sid 
spread  abroad  the  report  of  it,  and  chose  especially  for 
its  propagation  the  provinces  in  which  the  family  of 
“Ali  had  the  greatest  number  of  adherents,  'Irak  and 
Khorisin.  Emissaries  sent  by  him  into  these  two 
provinces,  under  the  caliphate  of  'Omar  II. ,  began  to 
stir  up  the  people  in  secret  against  the  reigning  house. 
'Omar  was  probably  acquainted  with  these  intrigues, 
but  he  had  not  time  to  repress  them,  for  he  diea  on 
the  20th  or  25th  of  Rajab,  a.h.  101  (5th  or  10th  Feb¬ 
ruary,  720),  after  a  reign  of  about  two  years  and  a 
half. 

9.  Yazfd,  the  son  of  'Abd  al-Melik,  ascended  the 
throne  without  resistance.  His  first  care  Vo  , .  TT 
was  to  pursue  Yazfd  b.  Mohallab,  who  had 
escaped  from  his  prison  and  taken  refuge  in  'Irdlf. 
Besides  reasons  of  state,  Yazfd  II.  had  personal  rea¬ 
sons  for  ill-will  to  Yazfd  b.  Mohallab.  One  of  the 
wives  of  the  new  Caliph,  the  same  who  gave  birth  to 
that  son  of  Yazfd  II.  who  afterwards  reigned  under 
the  name  of  Walfd  II.,  was  niece  to  the  celebrated 
Hajjij,  who,  as  it  will  be  remembered,  had  hated  and 
persecuted  Yazfd  b.  Mohallab.  Aware  of  the  alliance 
of  the  new  Caliph  with  the  family  of  Hajjaj,  the  son 
of  Mohallab  had  made  every  effort  to  escape  as  soon 
as  he  was  informed  of  the  illness  of  'Omar  II. ;  for  he 
well  knew  that  Yazfd  II.  would  spare  neither  him  nor 
his  family.  In  fact,  the  Caliph  sent  express  orders  to 
the  prefect  of  'Irik  to  arrest  all  the  brothers  and  other 
members  of  the  family  of  Mohallab  who  were  to  be 
found  at  Basra ;  and  this  order  was  immediately  car¬ 
ried  out.  But  Yazfd  b.  Mohallab  had  many  partisans 

1  The  'Abb&sid  Caliph  Ma’mtin  certainly  did  not  believe  in  it. 
for  he  thought  it  his  duty  to  restore  the  Caliphate  to  the  family  or 
'Ali,  by  appointing  as  his  successor  'Ali  Riija,  a  descendant  of  the 
Caliph  'All 
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in  'Ir&k.  He  collected  a  small  army,  and  fought  with 
such  valor  that  in  a  short  time  he  succeeded  in  mak¬ 
ing  himself  master  of  Basra,  where  he  had  himself 
proclaimed  Caliph.  The  public  treasury  fell  into  his 
bands,  and  he  employed  it  in  paying  his  troops  and  in 
raising  fresh  ones,  whom  he  sent  on  expeditions  into 
Khuzistan  or  Ahwaz,  Farsistan,  Mokr&n,  and  Sind. 
As  this  revolt  threatened  to  spread  far  and  wide,  Yazid 
II.  was  obliged  to  have  recourse  for  its  suppression  to 
the  celebrated  Maslama.  Early  in  a.h.  102,  this  illus¬ 
trious  general  took  the  field,  and  completely  defeated 
Ibn  Mohallab  near  Basra.  Yazid  fell  in  the  battle, 
and  his  brothers  fled  beyond  the  Indus,  but  were  pur¬ 
sued  and  slain  by  the  lieutenants  of  Maslama. 

This  revolt  suppressed,  Yazid  II.  was  able  to  give 
his  thoughts  to  the  extension  of  the  empire,  an  object 
which  had  been  so  much  neglected  by  his  predecessor. 
Several  expeditions  were  directed  against  Farghana  in 
Transoxiana,  against  the  Khazars  in  Armenia,  and 
against  the  Greeks  in  Asia  Minor,  but  without  any 
very  decided  results.  In  Africa,  serious  troubles  had 
been  caused  by  the  appointment  as  governor  of  a  cer¬ 
tain  Yazid  b.  Abi  Moslim,  who  had  been  secretary  to 
Hajjaj,  and  who  followed  the  example  of  his  master’s 
implacable  harshness.  The  Berbers  rose  in  insurrec¬ 
tion.  slaughtered  the  unfortunate  governor,  and  chose 
in  his  place  Mohammed  b.  Aus.  The  Caliph  at  first 
ratified  this  choice,  but  soon  after  dismissed  Moham¬ 
med  from  his  post,  and  replaced  him  by  Bishr  b.  Saf- 
wan,  who  sent  out  an  expedition  against  Sicily. 

In  Europe,  the  Arabs  obtained  at  first  some  degree 
of  success.  Under  the  orders  of  Samah,  then  gov¬ 
ernor  of  Spain,  they  crossed  the  Pyrenees,  and  took 
possession  of  Narbonne ;  but,  having  been  beaten  at 
Toulouse,  they  had  to  retrace  their  steps.  It  was  the 
celebrated  Abderame  ('Abd  al-Rahman)  who  effected 
their  retreat 

Yazid  II.  died  three  years  later  of  a  lingering  ill¬ 
ness,  caused,  it  is  said,  by  his  grief  for  the  death  of  a 
favorite  slave-girl.  At  his  accession,  Yazid  had  des¬ 
ignated  as  his  successors,  in  the  first  place  his  son 
Hish&m,  and  in  the  second  his  son  Wand.  Hisham 
ascended  the  throne  without  opposition. 

10.  Hisham  was  a  pious  prince  and  an  enemy  of 
luxury ;  as  rigid  in  his  religion  as  'Omar  II. 
Hisham.  rpQ  geVenty  may  in  part  be  attributed 
the  disturbances  which  broke  out  in  the  provinces 
during  his  reign.  The  governors  were  accustomed 
to  remain  loyal  to  the  Caliphs  only  when  the  latter 
did  not  exact  from  them  too  rigorous  an  account. 
Hisham  was,  besides,  very  avaricious,  a  fault  highly 
calculated  to  make  him  odious  to  those  about  him. 
Lastly,  he  favored  the  Yemenites,  and  this  alienated 
from  him  the  powerful  party  of  the  Kaisites.  All 
these  circumstances  emboldened  the  'Abb&sids  to  carry 
on  actively  their  propaganda  in  ‘Irik  and  Khor&san, 
and  it  succeeded  beyond  their  hopes.  The  Kaisite 
tribes,  offended  at  seeing  the  Caliph  bestow  the  best 
posts  on  Yemenites,  were  ready  to  espouse  with  en¬ 
thusiasm  the  cause  of  any  one  whose  aim  was  the  over¬ 
throw  of  the  Omayyads.  Rebellion  had  been  smoul¬ 
dering  in  the  provinces  for  thirteen  years  ;  it  broke  out 
at  last  at  Cufa  and  in  the  whole  of ’Irak,  under  chiefs 
called  Moghfra  and  Bahliil ;  and  when  these  insur¬ 
gents  had  been  chastised,  others  sprang  up  in  their 
place,  'Amr  al-Yashkorl,  Al-'Anazf,  and  Al-Sakhtay- 
&nl.  The  prefect  of 'Irik,  Khalid  b.  'Abdallah,  was 
accused  of  favoring  this  revolt,  was  degraded,  and  re¬ 
placed  by  Yiisuf  b.  'Omar,  who  threw  nim  into  prison, 
where  he  remained  for  eighteen  months.  This  meas¬ 
ure  increased  the  discontent  of  the  people  of  'Irak, 
and  a  member  of  the  family  of  'AH,  Zaid  b.  'AH,  col¬ 
lected  round  him  a  small  body  of  partisans,  and  had 
himself  proclaimed  Caliph,  A.H.  122  (a.D.  739-740). 
-7  -a  v.  ill.  Unfortunately  for  Zaid,  he  had  to  do  with 
1  ’  ‘  the  same  Cufans  whose  fickleness  had  al¬ 

ready  been  fatal  to  his  family.  In  the  moment  of  dan¬ 
ger  he  was  deserted  by  his  troops,  slain  in  an  unequal 


conflict,  and  his  head  sent  to  Damascus.  In  Khori- 
san  also  there  were  very  serious  disturbances.  In  the 
year  106  (a.d.  724-725)  there  had  already  been  a  re¬ 
volt  at  Balkh,  excited  by  the  emissaries  of  the  'Abbd- 
sids.  The  following  years  brought  with  them  fresh 
troubles,  which  led  to  the  dismissal  of  the  governor  of 
Khorasan,  Asad,  the  brother  of  Khiilid  b.  Abdall&h, 
who  had  been  prefect  of  'Irak.  Under  the  successors 
of  Asad,  who  were  successively  Ashras,  b.  'Abdal¬ 
lah,  Jonaid  b.  'Abd  al-Rahm&n,  and  'Asim  b.  'Ab¬ 
dallah,  seditions  broke  out  in  Transtpxiana,  which  were 
repressed  with  great  difficulty ;  and  it  was  not  until  the 


»  - - * - - region.  —  — - 

emissaries,  nevertheless,  secretly  continued  their  prop¬ 
aganda. 

In  India,  several  provinces  which  had  been  converted 
to  Islam  under  the  Caliphate  of  'Omar  II.  declared 
themselves  independent ;  and  this  led  to  the  founding 
of  several  strong  cities  for  the  purpose  of  controlling 
those  provinces.  It  was  thus  that  the  cities  of  Mah- 
fuza  and  Mansura  had  their  origin. 

In  the  north  and  northwest  of  the  empire  there  were 
no  internal  disorders,  but  tbe  Moslems  had  much  to  do 
to  maintain  themselves  there  against  the  Alans,  the 
Turkomans,  and  the  Khazars.  The  illustrious  Mas¬ 
lama  lost  his  life  in  battle,  and  Merwan  b.  Mohammed, 
afterwards  Caliph,  took  his  place  as  prefect  of  Arme¬ 
nia  and  Azerbaijan.  He  succeeded  in  imposing  peace 
on  the  petty  princes  of  the  Eastern  Caucasus,  and  in 
consolidating  the  Arab  power  in  that  quarter.  The 
war  against  the  Byzantines  lasted  during  the  whole  of 
Hish&m’s  reign,  'in  Asia  Minor,  the  Moslems  reoocu- 
pied  Caesarea,  and  laid  siege  to  Nicaea.  Arab  writers 
even  declare  that  Constantine,  afterwards  Emperor  of 
Constantinople,  was  made  prisoner  in  the  year  114 
(a.d.  732-733),  but  the  Byzantine  authorities  make 
no  mention  of  this  fact.  On  the  other  hand,  they 
notice  an  important  defeat  of  the  Moslem  arms  in  a.d. 
739.  This  defeat,  which  is  acknowledged  by  the  Arab 
writers,  cost  the  life  of  their  general,  'AbdalULh,  sur- 
named  al-Battal— “  the  hero  ’’—whose  prowess  still 
lives  in  the  memory  of  the  people  of  Asia  Minor. 

In  Africa  several  successive  prefects  were  fully  occu¬ 
pied  in  repressing  the  constant  insurrections  of  the 
Berbers,  in  Spain,  the  attention  of  the  Moslems  was 
principally  turned  to  avenging  their  defeats  beyond  the 
Pyrenees.  As  early  as  the  second  year  of  the  reign  of 
Hisham,  'Anbasa,  governor  of  Spain,  crossed  the 
Pyrenees,  and  pushed  on  military  operations  vigor¬ 
ously.  Carcassonne  and  Nimes  were  taken.  The 
death  of  'Anbasa,  in  A.H.  107  (a.d.  725-726),  put  a 
stop  to  hostilities ;  but  they  recommenced  still  more 
vigorously  nix  years  later.  'Abd  al-Rahman  (Abde¬ 
rame),  the  same  who,  under  Yazid  II.,  had  led  back 
to  Spain  the  remnants  of  the  Moslem  army,  crossed 
the  mountains  anew,  and  penetrated  into  Gascony  by 
the  passage  of  Roncevaux.  The  Moslems  beat  the 
Duke  Eudes,  gained  possession  of  Bordeaux,  and  over¬ 
ran  the  whole  of  Southern  Gaul  as  far  as  the  Loire. 
But  in  a.h.  114  (a.d.  732)  Charles  Martel,  whose  aid 
the  Duke  of  Aquitaine  had  implored,  succeeded  in  in¬ 
flicting  on  'Abd  al-Rahm&n  so  severe  a  defeat,  near 
Poitiers,  that  the  Moslems  were  obliged  to  effect  a 
hasty  retreat,  and  to  return  to  Spain.  Two  years  later 
the  new  {governor  of  Spain,  'Okba  b.  al-Hajjaj,  re¬ 
entered  Gaul,  and  pushed  forward  expeditions  as  far 
as  Burgundy  and  Dauphin^.  Charles  Martel,  with  the 
help  of  the  Lombards,  again  drove  back  the  Arabs  as 
far  as  Narbonne.  Thenceforth  the  continual  revolts 
of  the  Berbers  in  Africa  on  the  one  side,  and  on  the 
other  the  internal  troubles  which  disturbed  Spain,  and 
which  led  at  a  later  period  to  its  independence,  offered 
insurmountable  obstacles  to  the  ambition  of  the  Mos¬ 
lems,  and  prevented  their  resuming  the  offensive. 

Such  was  the  state  of  the  empire  when  Hish&m  died 
on  the  6th  of  Rabf  II.,  A.H.  125  (6th  of  Feb.,  A.D. 
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743),  after  a  reign  of  twenty  years.  He  had  not  been 
wanting  in  energy  and  ability.  Yet  under  his  reign 
the  Moslem  power  declined  rather  than  advanced,  and 
signs  of  the  decay  of  the  Omayyad  dynasty  began  to 
show  themselves.  The  history  of  his  four  successors, 
Wali'd  II.,  Yazid  III.,  Ibr&him,  and  Merwan  II.,  is 
but  the  history  of  the  fall  of  the  Omayyads. 

11.  Walid  II.,  the  son  of  Yazid  II.,  ascended  the 
Walid  ii.  throne  without  opposition  at  the  death  of 

Hish&m ;  but  he  soon  made  himself  so 
much  hated  and  despised  by  his  debaucheries  and  his 
irreligion  that  even  the  sons  of  Hisham  and  of  Walid 
I.  plotted  with  the  enemies  of  the  Omayyads.  Yazid, 
one  of  the  sons  of  Walid  I.,  went  so  far  as  to  take 
openly  the  title  of  Caliph,  and  to  march  against  Da¬ 
mascus,  which  Walid  II.  had  quitted  for  fear  of  a 
pestilence  which  was  then  raging  there.  This  step 
was  fatal  to  the  Caliph.  The  inhabitants  of  Damas¬ 
cus  opened  their  gates  to  Yazid,  who  took  possession 
of  the  arsenals,  and  used  the  arms  they  contained  to 
equip  new  troops.  Walid  II.,  on  his  side,  collected 
his  adherents  and  marched  against  his  rival.  The  two 
armies  met  at  a  place  called  Bakhrd,  on  the  confines 
of  Syria  and  Arabia.  Yazid  had  no  difficulty  in  over¬ 
coming  his  opponent,  who  was  abandoned  by  his  own 
soldiers.  Walid  II.  died  fighting,  having  reigned 
little  more  than  a  year,  and  his  head  was  taken  to  Da¬ 
mascus,  and  carried  about  the  city  at  the  end  of  a  spear. 
(Jom&di  II.,  a.h.  126,  March- April,  744.) 

12.  The  death  of  Walid  II.,  far  from  appeasing  the 

Yazid  hi  troubles  of  the  state,  put  its  unity  in  greater 

jeopardy  than  ever.  The  distant  provinces 
escaped  from  the  power  of  the  new  Caliph.  In  Africa, 
'Abd  al-Rahman  b.  Habib  declared  himself  indepen¬ 
dent.  In  Spain,  every  emir  aspired  to  free  himself  from 
a  suzerainty  which  appeared  to  him  only  nominal.  In 
Khor&san  th6  'Abb&sid  emissaries  were  more  and  more 
busy,  acting  in  the  name  of  Ibrahim  b.  Mohammed, 
who  had  become  the  head  of  the  family  by  the  death 
of  his  father,  Mohammed  b.  'All.  Even  in  Syria 
Yazid  III.  saw  his  authority  disputed.  Himself  be¬ 
longing  to  the  sect  of  Mo  tazilites,  who  rejected  the 
doctrine  of  predestination — a  sect  to  which  we  shall 
have  occasion  to  recur  in  treating  of  the  religious  his¬ 
tory  of  Islam — he  aroused  all  the  orthodox  against 
him.  Besides  this,  many  of  the  Syrians,  from  a  sud¬ 
den  change  of  feeling,  now  desired  to  avenge  the  death 
of  Walid  II.  The  inhabitants  of  Emesa  revolted,  and 
marched  against  Damascus.  They  were  beaten  at  a 
place  called  Thaniyat  al-'Okab,  or  the  Eagle’s  Pass, 
twelve  miles  from  the  capital.  Palestine  rose  in  its 
turn,  and  chose  as  its  Caliph  another  Yazid,  cousin  of 
the  reigning  prince.  This  revolt  also  was  suppressed. 
But  a  greater  danger  menaced  Yazid  III.  The  Omay¬ 
yad  Merw&n  b.  Mohammed,  who  was,  as  we  have  said, 
governor  of  Armenia  and  of  Azerbaijan,  also  prepared 
to  dispute  the  supreme  power  with  the  Caliph  of  Da¬ 
mascus,  and  invaded  Mesopotamia.  Yazid  III. ,  in  his 
alarm,  offered  him  the  government  of  this  last  prov¬ 
ince  as  the  price  of  peace.  Merwan  accepted  these 
conditions,  but  he  would  probably  not  have  left  his 
rival  long  at  rest,  had  not  the  latter  died  after  a  reign 
of  only  six  months. 

13.  Yazid  III.  left  his  brother  Ibrahim  as  his  suc- 

cessor.  At  the  news  of  Y azid’ s  death ,  Mer- 
m'  wan  collected  a  powerful  army  and  entered 
Syria.  Having  beaten  Ibrahim’s  generals  one  after 
the  other  and  taken  Emesa,  he  advanced  rapidly  to¬ 
wards  Damascus.  Solaiman  b.  Hisham  tried  to  op¬ 
pose  his  march,  but  he  was  defeated  at  'Ain  al-Jarr, 
between  Baalbec  and  Damascus,  and  the  Caliph  Ibra¬ 
him  took  flight ;  while  Solaim&n,  the  son  of  Hish&m, 
laid  hands  on  the  public  treasure,  and  then  fled  in 
turn.  Merw&n  entered  Damascus,  and  caused  himself 
to  be  proclaimed  Caliph.  The  reign  qf  Ibrahim  had 
lasted  only  two  months.  Ibr&him  himself  soon  ac¬ 
knowledged  the  new  Caliph,  and  submitted  to  his  au¬ 
thority. 


14.  Merwan  II.  was  a  man  of  energy,  and  might  have 
revived  the  strength  of  his  dynasty,  if  the  „  x 
ferment  in  the  east  of  the  empire  had  env6n  n- 
been  less  strong.  Unfortunately  for  him,  the  'Abbd- 
sid  movement  had  never  ceased  to  gain  ground  in 
Khor&s&n,  and  the  chief  adherent  of  the  family 
of  'Abbas,  Abd  Moslim,  was  in  no  degree  inferior  to 
the  Caliph  in  energy  and  ability.  This  Abu  Moslim, 
whose  origin  is  obscure  and  disputed,  had  been  distin¬ 
guished  by  the  'Abbasid  Mohammed  b.  'All.  the 
same  who  alleged  that  he  had  been  appointed  heir 
to  the  claims  of  the  family  of  'All  to  the  supreme 
power.  If  we  may  believe  the  legend,  Moham¬ 
med  had  even  foretold  that  the  accession  of  his 
family  would  take  place  in  the  year  of  the  ass,1  through 
the  efforts  of  Abu  Moslim,  and  that  one  of  his  three 
sons  would  ascend  the  throne.  These  three  sons  were : 
Ibrahim,  'Abdallah,  called  Abd  ’l-'Abb&s,  and  'Ab- 
dall&h,  called  Abu  Ja'far.  Whatever  we  may  think 
of  this  prediction,  it  is  certain  that  under  Merwan  II. 
Abd  Moslim  was  the  principal  emissary  of  the  ‘Abba¬ 
sid  Ibrahim,  and  had  been  able  to  form  a  vast  con¬ 
spiracy  in  Khor&s&n,  which  broke  out  in  a.h.  128,  at 
the  very  moment  when  it  had  been  discovered  by  Nasr 
h.  Sayyar,  the  Omayyad  governor  of  the  province. 
Even  before  this,  Merw&n  II.  had  had  to  repress  dis¬ 
orders  which  had  broken  out  in  Syria,  Palestine,  and 
'Irak  ;  and  the  Caliph  could  now  rely  so  little  on  Syria 
that  lie  had  thought  it  necessary  to  quit  Damascus,  and 
to  fix  his  abode  at  Harr&n,  in  Mesopotamia.  On  learn¬ 
ing  the  revolt  of  Abu  Moslim,  Merwan  II.  wrote  to 
Nasr  b.  Sayyar,  directing  him  to  act  with  vigor  against 
the  fomenters  of  sedition.  It  was  easier  to  give  such 
an  order  than  to  execute  it,  for  Abd  Moslim  was  at  the 
head  of  a  numerous  aimy,  absolutely  devoted  to  the 
'Abb&sids.  Merwan  II.  thought  it  necessary  at  the 
same  time  to  secure  the  person  of  the  'Abb&sid  pre¬ 
tender  Ibrahim,  who  was  still  living  at  Homaima. 
Ibr&him  was  therefore  arrested,  conveyed  to  Harran, 
and  thrown  into  prison.  He  found  means,  however, 
of  communicating  with  his  lieutenant  Abd  Moslim,  and 
the  latter,  who  had  received  the  most  extensive  powers 
from  his  chief,  marched  direct  upon  Merv,  the  capital 
of  Khoras&n,  and  drove  out  the  governor  Nasr.  At 
the  news  of  this  the  Caliph,  no  longer  able  to  restrain 
his  anger,  had  his  captive  Ibrahim  put  to  death  ;  an 
execution  which,  at  a  later  period,  brought  upon  the 
Omayyads  the  most  terrible  reprisals.  The  brother  of 
Ibr&him,  Abd  ’l-'Abbas,  surnamed  Saffah,  “The  San¬ 
guinary,”  on  account  of  his  cruelties,  having  hy  Ibra¬ 
him’s  death  become  chief  of  the  ’Abb&sids,  immedi¬ 
ately  quitted  Homaima  with  all  the  members  of  his 
family,  and  took  refuge  in  Khor&s&n,  that  his  presence 
there  might  sanction  and  encourage  the  insurrection. 
Abd  Moslim,  now  master  of  Khorasan  by  the  capture 
of  Merv,  had  meanwhile  sent  an  army  against  'Irak, 
under  the  orders  of  Kahtaba  b.  Shabib,  who  had  beaten 
the  Omayyad  army,  commanded  by  Yazid  b.  Hobaira, 
governor  of  that  province.  In  A.H.  132  Abd  ’l-'Abbas 
arrived  at  Merv.  After  remaining  there  some  time, 
waiting  for  a  favorable  moment,  he  decided  on  openly 
assuming  the  title  of  Caliph.  He  installed  Alg  ff 
himself  in  the  governor’s  palace,  and  thence  assumes 
went  in  state  to  the  mosque,  where  he  the  title  of 
mounted  the  pulpit,  and  officiated  in  the  Caliph, 
capacity  of  successor  of  the  Prophet.  All  those  pres¬ 
ent  took  the  oath  of  allegiance  to  him,  and  Abd  ’l-'Ab¬ 
bas  returned  to  the  palace,  over  which  the  black  flag 
was  flying,  black  being  the  distinctive  color  of  the  'Ab¬ 
basids.2  But  he  did  not  remain  long  at  Merv.  Com- 

1  To  understand  this  allusion  we  must  know  that  Merw&n  II. 
had  received  the  nickname  of  Himdr,  “the  ass.”  on  account  of 
his  temperance  and  the  strength 'of  his  constitution. 

2  Historians  are  divided  as  to  the  date  at  which  black  became 
the  'Abb&sid  color.  According  to  some,  the  first  'AbMsids  wore 
a  robe  of  black  silk  as  early  as  at  the  battle  called  that  of  the 
Camel.  According  to  others,  it  was  only  after  the  murder  of 
Ibr&him  by  Merw&n  that  the  'Abb&sids  adopted  black  as  a  sign 
of  mourning.  See  Quatrem&re,  Mttwires  historioues  sur  la  dynastie 
des  khcUtfes  dbbassides.  Paris,  1837. 
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mitting  the  government  of  that  city  to  his  uncle 
Dawiid,  he  went  to  review  his  army,  and  divided  it 
into  several  corps,  which  he  directed  against  different 
points.  After  this  he  went  to  Chaldaea,  and  there  es¬ 
tablished  himself  in  a  spot  not  far  from  Cufa,  to  which 
he  gave  the  name  of  H&shimfya,  or  the  city  of  H&shim, 
the  ancestor  of  his  own  family  and  of  that  of  the 
Prophet.  Another  of  his  uncles,  'Abdallah  b.  'All, 
whom  he  had  sent  on  an  expedition  against  the  city  of 
Shahrozur,  took  possession  of  that  place,  and  leaving 
Abii  ’Aun  'Abd  al-  Melik  b.  Yazid  there  as  governor, 
rejoined  his  nephew  and  sovereign  at  H&shimlya. 
Meanwhile  the  Omayyad  Caliph  had  marched  against 
Shahrozur.  Abd.  'Aun  went  out  to  meet  him,  and 
was  joined  by  a  strong  reinforcement  of  cavalry  under 
'Abdall&h  b.  'All.  The  ‘Abb&sids  only  numbered 
forty-five  thousand  soldiers,  but  these  were  experienced 
and  resolute  warriors.  The  Omayyad  army,  though 
much  more  numerous,  was  ill  commanded  and  devoid 
of  spirit.  A  battle  ensued,  and  fortune  favored  the 
rebels.  In  vain  did  Merwan  show  himself  everywhere ; 
his  soldiers  gave  way  and  repassed  the  Zab  in  disorder, 
hurrying  away  in  their  flight  the  unfortunate  Merw&n. 


(Jom&di  II.  11,  A.H.  132,  25th  January,  750.)  This 
victory  cost  the  Omayyads  their  empire.  Triumph 
Merwan  attempted  at  first  to  take  refuge  at  of  the  'Ab- 
Mosul ;  but  the  inhabitants  of  that  city  nav-  bAsids. 
ing  declared  for  the  enemy,  the  prince  went  to  his 
capital  Harran,  whence  he  was  soon  driven  by  the 
army  of  ‘Abdall&h  b.  ‘All.  From  Harran  Merwfin  fled 
successively  to  Emesa,  to  Damascus,  to  Palestine,  and 
finally  to  Egypt.  He  was  pursued  without  intermission 
by  §alih,  brother  of  'Abdallah  b.  'All,  who  at  last 
came  up  with  him  at  Bii?fr,  on  the  frontiers  of  the 
Delta.  Merw&n  took  refuge  in  a  Coptic  church  ;  but 
the  'Abbasids  pursued  him  into  the  building,,  and  slew 
him  at  the  foot  of  the  altar.  His  head  was  cut  off  and 
sent  to  Cufa,  where  the  new  Caliph  then  was. 

Thus  perished  in  the  East  the  dynasty  of  the  house 
of  Omayya,  which,  having  been  founded  by  usurpa¬ 
tion,  had  only  maintained  itself  by  shedding  torrents 
of  blood,  and  was  destined  to  perish  in  blood.  We  now 
enter  upon  the  history  of  tne  new  dynasty,  whose 
origin  we  have  described,  and  under  which  the  power 
and  glory  of  Islam  reached  their  highest  point. , 

Here  we  give  the 


Genealogical  Table  of  the  Omayyads. 

Omayya. 


U. 


Abii  ’ 


JJakam. 

4.  MebwAn  I. 


Mohammed. 

14.  Mebwan  n. 

6.  WalId  I.  7.  SoLAIMAN. 

! 

12.  YxziD  III.  13.  iBBAHiM. 


5.  ‘Abd  al-Melik.  ‘Abd  al-  'Aziz, 

_ j _  8.  Omab  II. 

9.  Yazid  II.  10.  Hisham. 

11.  WalId  n. 


Harb. 


Abd  Sofyin. 

1.  Mo'Iwiya  L 
2.  YazId  I. 

3.  Mo'awiya  n.  j 


Sect.  II.— The  'AbbAsids. 

1.  From  the  death  of  Merw&n  may  be  reckoned  the 
Abli  real  accession  of  the  'Abbasid  dynasty  to 

'l-'Abb&s  the  Caliphate,  which  thus  returned  to  the 

al-Safl&h.  hands  of  the  grand-nephews  of  the  Pro¬ 
phet.  Abii  ’l-'Abb&s,  whose  proper  name  was  'Ab¬ 
dallah,  and  who  afterwards  received  the  surname  of 
Saff  4h,  was,  as  has  been  said  above,  a  man  of  ener¬ 
getic  will,  who  hesitated  at  nothing  to  insure  the 
triumph  of  his  dynasty.  When  he  caused  himself  to 
be  proclaimed  Caliph  at  Cufa,  one  of  his  partisans, 
Abii  Salama,  who  had  till  then  believed  that  Abii  ’1- 
’ Abb&s  was  working  to  restore  the  posterity  of  ’All  to 
the  throne,  and  not  to  gain  possession  of  the  empire 
for  himself,  hesitated  to  take  the  oath  of  obedience  to 
the  new  Caliph.  Abii  ’l-'Abbds  immediately  resolved 
on  his  destruction,  but  fearing  that  Abii  Salama  might 
have  a  secret  understanding  with  the  conqueror  of 
Khoris&n,  he  began  by  sending  his  own  brother  Abii 
Ja'far  into  that  province  to  sound  Abii  Moslim.  The 
latter  loudly  disclaimed  any  alliance  with  Abii  Salama, 
and,  that  no  suspicion  might  rest  upon  him,  he  sent  a 
confidential  agent  to  Cufa,  and  had  Abii  Salama  as¬ 
sassinated.  Still  further  to  prove  his  zeal  for  the 
house  of  'Abb&s,  Abii  Moslim  also  got  rid  of  Solai- 
man  b.  Kathfr,  another  'Abb&sid  emissary,  whom  he 
suspected  of  partiality  towards  the  family  of  'All.  On 
his  side,  Abii  ’l-'Abb&s  caused  'AbdaMh  b.  Mo'&wiya, 
an  adherent  of  All’s  family,  to  be  treacherously  slain, 
though  he  had  distinguished  himself  in  the  wars 
against  Merw&n.  As  for  the  Omayyads,  they  were 
systematically  followed  up  and  put  to  death.  The 
new  Caliph  desired  to  exterminate  that  family,  not 
only  for  tne  sake  of  revenge,  but  also  that  he  might 
deprive  the  Syrians  of  any  pretext  for  fresh  insurrec- , 


tions.  In  fact,  hardly  had  Abii  ’l-'Abb&s  been  pro¬ 
claimed  Caliph  at  Cufa,  when  the  Omayyad  governor 
of  Kinnesrln,  Abii  1-Ward  b.  Kauthar,  notwithstand¬ 
ing  that  he  had  taken  the  oath  to  the  new  sovereign, 
gave  the  signal  for  revolt  in  the  name  of  the  Omay¬ 
yads.  Abd  ’1-' Abbas  immediately  ordered  his  uncle 
'Abdall&h  b.  'All,  who  had  been  made  goveraor  of 
Palestine,  to  act  with  the  utmost  rigor  against  all 
members  of  the  Omayyad  family  on  whom  ne  could 
lay  his  hands.  That  he  might  let  none  of  them  es¬ 
cape,  'Abdall&h  pretended  to  grant  an  amnesty  to  all 
Omayyads  who  should  come  in  and  acknowledge  the 
new  Caliph,  and  even  promised  them  the  restitution 
of  all  their  property.  Ninety  members  of  that  unfor 
tunate  family  allowed  themselves  to  be  entrapped  by 
these  specious  promises,  and  'AbdaMh,  on  pretence 
of  sealing  the  reconciliation  of  the  two  parties,  invited 
them  to  a  banquet.  But  when  they  were  all  collected, 
a  body  of  executioners  rushed  into  the  hall,  and  slew 
the  Omayyads  with  blows  from  whips  and  rods. .  A 
grandson  of  Hish&m,  'Abd  al -Rahman  b.  Mo'awiya, 
who  had  taken  refuge  in  Africa,  alone  escaped  this 
massacre.  It  was  he  who,  at  a  later  date,  founded  in 
Spain  the  Omayyad  dynasty  of  Cordova.  The  cruelty 
of  the  'Abbasids  excited  a  feeling  of  horror  in  the 
whole  of  Syria,  and  the  revolt  soon  became  general. 
Abii  ’1-Wardb.  Kauthar  found  himself  at  the  head 
of  forty  thousand  men,  and  pitched  his  camp  at  Mari 
al-Akhram,  a  plain  near  Kinnesrin.  The  revolt  spread, 
even  to  Mesopotamia  and  'Irdk.  One  of  Merw&n’s 
former  generals,  Ish&l?  b.  Moslim,  laid  siege  to  Har¬ 
ran,  while  Yazfd  b.  Hobaira,  formerly  governor  of 
Tr4k,  raised  an  insurrection  at  W&sit.  In  Khor&sfin 
1  also,*  as  many  as  thirty  thousand  malcontents  took  up 
arms  against  Abii  Moslim.  Notwithstanding  this  for- 
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midable  display  of  force,  the  'Abbdsids  remained  con¬ 
querors.  In  Syria,  'Abdallah  b.  'All  beat  Abii  ’1- 
W ard  at  Maij  al-Akhram.  Abii  Ja'far,  brother  of  the 
Caliph,  compelled  Ishdk  b.  Moslim  and  Yazid  b.  Ho- 
baira  in  succession  to  submit.  Lastly,  Abii  Moslim 
quieted  the  rising  in  Khorasan.  Mosul  also  attempted 
an  insurrection,  but  Yafcyd,  a  brother  of  the  Caliph, 
quenched  the  revolt  in  streams  of  blood.  All  the 

Srovinces  being  thus  reduced  to  peace,  the  new  Caliph 
istributed  them  among  the  principal  members  of  his 
fomily  and  his  best  generals.  To  his  brother  Abii 
Ja'far  he  gave  a  part  of  Mesopotamia,  Azerbaijan, 
and  Armenia  -  to  nis  uncle  'Abdallah  b.  All,  Syria : 
to  his  uncle  Dawiid,  Arabia,  Hijdz,  Yamdma,  ana 
Yemen;  to  his  cousin  ’Isa  b.  Musd,  the  province  of 
Cufa.  Abii  Moslim  continued  in  possession  of  the 

fovernment  of  Khorasdn,  Transoxiana.  and  a  part  of 
arsistdn.  Egypt  was  intrusted  to  Abii  ‘Aun.  An¬ 
other  uncle  of  the  Caliph,  Solaimdn  b.  All,  received 
the  government  of  Basra,  with  Bahrain  and  ‘Oman. 
Lastly,  the  province  of  Mosul  was’  taken  from  the 
cruel  Yahya,  and  granted  to  one  of  the  uncles  of  Abii 
’l-'Abbds,  Ismd'il  b.  'All,  who  received  besides  the 
government  of  Ahwdz.  In  Sind,  the  Omayyad  gov¬ 
ernor  had  succeeded  in  maintaining  himself  but  was 
defeated  by  an  army  sent  against  him  under  Miisd,  b. 
Ka'b,  and  the  black  standard  of  the  ’Abbdsids  was 
raised  over  the  city  of  Mansiira.  If  we  omit  Africa 
and  Spain  in  describing  this  division  of  the  provinces 
of  the  empire,  it  is  because  the  ‘Abbdsids  never  gained 
any  real  footing  in  Spain,  while  Africa  remained  in 
only  nominal  subjection  to  the  new  dynasty. 

Abii  ’l-'Abbds,  after  having  definitively  established 
his  power,  left  the  town  of  Hdshimiya  and  fixed  his 
residence  at  Anbdr,  where  he  died  on  the  13th  of  Dhii 
’1-Hijja,  A.H.  136  (9th  June,  754). 

2.  Abii  ’l-'Abbds  had  designated  as  his  successors, 
Abti  Ja’far  ?rst  -^-bii  J a’far,  and  after  him  his  cousin 
ai-Man§tir.  Isd  b.  Miisd.  At  the  moment  of  the  death 
of  Abii  ’l-'Abbds,  Abii  Ja’far,  who  then 
assumed  the  title  of  Al-Man§iir,  “the  Victorious,” 
was  not  in  Trdk-  He  had  undertaken  the  leadership 
of  the  pilgrims  who  had  started  on  the  journey  to 
Mecca,  and  among  whom  figured  the  celebrated  Abii 
Moslim.  ‘Abdalldh  b.  'All,  uncle  of  Abii  ’l-'Abbds, 
dissatisfied  at  having  been  excluded  from  the  succes¬ 
sion,  took  advantage  of  this  absence  to  revolt.  Hav¬ 
ing  raised  an  army  and  proclaimed  himself  Caliph,  he 
marched  against  Harrdn  and  laid  siege  to  it.  On  re¬ 
ceiving  this  news,  Abii  Ja'far  hastened  to  return  to 
Anbdr  in  company  with  Abii  Moslim,  whom  he  placed 
at  the  head  of  his  troops,  and  sent  against  the  rebel. 
At  the  approach  of  Abii  Moslim,  'Abdalldh,  who  had 
among  his  troops  a  body  of  seventeen  thousand  men 
of  Khordsdn,  fearing  that  they  might  declare  for  Abii 
Moslim,  had  them  all  slaughtered,  as  the  historians 
assert,  by  his  Syrians,  and  then  hastened  to  meet  his 
enemy.  The  two  armies  met  at  Nisibis,  and,  after  a 
number  of  skirmishes,  a  decisive  engagement  took 
place  on  the  7th  of  Jornadi  II.,  a.h.  137  (28th  No¬ 
vember,  754).  'Abdalldh  was  defeated  and  compelled 
to  submit  to  Al-Man§iir,  who  spared  his  life.  The 
new  and.  brilliant  service  thus  rendered  by  Abii  Mos¬ 
lim  to  his  sovereign  ought  to  have  placed  him  even 
higher  in  the  favor  of  Mansiir  than  he  already  stood. 
On  the  contrary,  it  was  the  cause  of  his  ruin.  The 
Caliph  wished  to  commit  the  task  of  maintaining  order 
in  Syria  to  Abii  Moslim’  but  the  latter  refused  to  give 
up  his  government  of  Knorasdn,  where  he  enjoyed  an 
extraordinary  reputation,  and  possessed  numerous  ad¬ 
herents,  and,  instead  of  obeying  the  order  of  the  Ca¬ 
liph,  directed  his  march  towards  the  East.  Thence¬ 
forth  Mansiir  looked  on  him  only  as  a  dangerous  rebel, 
and  sought  for  means  of  getting  rid  of  him.  On  pre¬ 
tence  of  conferring  with  him  on  business  of  state,  he 
induced  him  to  come  to  Maddin  (the  ancient  Ctesi- 
phon),  caused  him  to  be  put  to  death  by  his  guards, 
and  ordered  his  body  to  be  thrown  into  the  Tigris. 


Thus  miserably  perished  the  real  founder  of  the  Ab- 
basid  dynasty,  after  having  accomplished  his  work, 
which,  as  the  historians  assert,  cost  the  lives  of  more 
than  600,000  men.  Notwithstanding  the  defeat  of 
'Abdalldh  b.  ’All  and  the  murder  of  Abii  Moslim,  the 
spirit  of  rebellion  was  not  yet  broken.  Risings  took 
place  in  Mesopotamia  and  to  a  still  greater  extent  in 
Khordsdn;  and  the  Caliph’s  troops  were  repeatedly 
beaten  by  the  rebels;  but  order  was  at  last  reestab¬ 
lished  by  Manor’s  generals,  by  Khdzim  b.  Khozaima 
in  Mesopotamia,  and  by  Mohammed  b.  al-Ash‘ath  in 
Khordsdn. 

About  the  same  time  Africa  and  Spain  escaped 
from  the  dominion  of  the  Eastern  Caliphate  ;  the 
former  for  a  season,  the  latter  permanently.  The 
cause  of  the  revolt  of  Africa  was  as  follows :  As  soon 
as  Mansiir  ascended  the  throne,  he  wrote  to  'Abd  al- 
Rahmdn,  announcing  the  death  of  Abii  ’1-  Abbds,  and 
requiring  him  to  take  the  oath  of  allegiance.  'Abd 
al-Rabmdn  sent  in  his  adhesion  to  the  new  Caliph, 
and  added  a  few  presents  of  little  value.  The  Caliph 
was  so  much  dissatisfied  that  he  replied  bv  a  threat¬ 
ening  letter  which  excited  the  anger  of  'Abd  al- 
Rahmdn.  He  called  the  people  together  at  the  hour 
of  prayer,  mounted  the  pulpit,  publicly  cursed  Man¬ 
siir,  and  then  declared  his  deposition  from  the  Cali¬ 
phate.  He  next  caused  a  circular  letter  to  be  written, 
commanding  all  Maghrebins  to  refuse  obedience  to 
the  Caliph  ;  and  this  letter  was  circulated  and  read 
from  the  pulpit  throughout  the  whole  extent  of  the 
Maghrib  (the  West).  A  brother  of  'Abd  al-Rahmdn, 
Ilyds,  saw  in  this  revolt  an  opportunity  of  obtaining 
the  government  of  Africa  for  himself.  Seconded  by 
many  of  the  inhabitants  of  Kairawan.  who  had  re¬ 
mained  faithful  to  the  cause  of  the  'Abbdsids,  he  at¬ 
tacked  his  brother,  slew  him,  and  proclaimed  himself 
governor  in  his  stead.  This  revolution  in  favor  of  the 
'Abbdsids  was,  however,  of  no  long  duration.  IJabib, 
the  eldest  son  of  'Abd  al-Rahmdn,  had  fled  on  the 
night  of  his  father’s  murder,  and  Ilyds  caused  him  to 
be  pursued,  with  the  object  of  transporting  him  to 
Andalusia.  Habib  was  captured,  but  the  vessel  which 
was  to  convey  him  to  Spain  having  been  detained  in 
ort  by  stress  of  weather,  the  partisans  of  indepen- 
ence  took  arms,  rescued  Habib,  and  prepared  to  resist 
Ilyds,  who  was  marching  against  them  at  the  head  of 
an  army.  Under  these  circumstances  a  fortunate  idea 
occurred  to  Habib.  He  challenged  his  uncle  Ilyds  to 
single  combat.  Ilyds  hesitated,  but  his  own  soldiers 
compelled  him  to  accept  the  challenge.  He  measured 
arms  with  Habib,  and  was  laid  prostrate,  by  him  with 
a  thrust  of  his  lance.  The  party  of  independence 
thus  triumphed,  and  several  years  elapsed  before  the 
’Abbdsid  general,  Al-Aghlab,  was  a,ble  to 
enter  Hairawdn,  and  regain  possession  of  labltesm 
Africa  in  the  name  of  the  Eastern  Caliph.  Africa. 
From  this  time  forward,  it  must  be  added, 

Africa  only  nominally  belonged  to  the  'Abbdsids  ;  for, 
under  the  Caliphate  of  Hanin  al-Rashid,  Ibrdhlm, 
the  son  of  Al-Aghlab,  who  was  invested,  with  the 
overnment  of  Africa,  founded  in  that  province  a 
istinct  dynasty,  that  of  the  Aghlabites.. 

Coincidently  with  the  revolt  in  Africa,  the  inde¬ 
pendent  Caliphate  of  the  Western  Omayyads  was 
founded  in  Spain.  The  long  dissensions  -  . 

which  had  preceded  the  fall  of  that  dy-  caliphate, 
nasty  in  the  East,  had  already  prepared  the 
way  for  the  independence  of  a  province  so  distant 
from  the  centre  of  the  empire.  Every  petty  emir 
there  tried  to  seize  sovereign  power  for  himself,  and 
the  people  groaned  under  the  consequent  anarchy. 
Weary  of  these  commotions,  the  Arabs  of  Spain  at 
last  came  to  an  understanding  among  themselves  for 
the  election  of  a  Caliph,  and  their  choice  fell  upon  the 
last  survivor  of  the  Omayyads,  ‘Abd  al-Rahmdn  b. 
Mo’dwiya,  grandson  of  the  Caliph  Hishdm.  This 
prince  was  wandering  in  the  deserts  of  Africa,  pur¬ 
sued  by  his  implacable  enemies,  but  everywhere  pro- 
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tected  and  concealed  by  the  desert  tribes,  who  pitied 
his  misfortunes  and  respected  his  illustrious  origin. 
A  deputation  from  Andalusia  sought  him  out  in 
Africa,  and  offered  him  the  Caliphate  of  Spain,  which 
he  accepted  with  joy.  On  25th  September,  a.d.  755, 
'Abd  al-Rahman  landed  in  the  Iberian  Peninsula, 
where  he  was  universally  welcomed,  and  speedily 
founded  at  Cordova  the  Western  Omayyad  Caliph¬ 
ate,  with  which  this  history  has  no  further  con- 
cern. 

While  Mansiir  was  thus  losing  Africa  and  Spain, 
he  was  trying  to  take  from  the  Greeks  the  city  of 
Malatiya,  which,  from  the  importance  of  its  situation, 
was  looked  on  as  the  key  of  Asia  Minor.  In  A.  H. 
139-140  (a.d.  756-757),  a  Moslem  army  of  70,000  men 
invested  the  place,  and,  after  a  vigorous  siege,  Mala¬ 
tiya  was  taken  by  assault.  After  this  success  the 
Moslems  marched  through  Cilicia,  entered  Pamphylia, 
and  cut  to  pieces  a  Greek  army  on  the  banks  of  the 
Melas.  The  Greeks  asked  and  obtained  a  seven  years’ 
truce,  which  Mansiir  was  the  more  disposed  to  grant 
because  new  and  very  serious  troubles  had  been  stirred 
up  in  his  empire  by  certain  sectaries  of  Khorasan, 
called  Rawandfs.  These  Rawandfs,  like  many  other 
Persian  sectaries,  admitted  a  number  of  dogmas  com¬ 
pletely  foreign  to  Islam,  such  as  the  transmigration 
of  souls  and  the  incarnation  of  the  Deity  as  a  man. 
They  believed,  for  instance,  as  historians  assure  us, 
that  divine  honors  ought  to  be  paid  to  the  Caliph 
Mansur.  They  had  their  name  from  Rawand,  a  city 
near' Isfahan,  where  the  sect  originated.  A  great 
number  of  these  sectaries  had  repaired  to  Ilashimfya, 
the  residence  of  the  Caliph,  and  there  persisted  in 
marching  in  procession  round  his  palace,  as  if  it  had 
been  the  Ka'ba.  Mansur,  refusing  to  receive  this 
impious  homage,  caused  the  principal  chiefs  of  the 
sect  to  be  seized  and  thrown  into  prison.  The  R&- 
wandfs  immediately  rose  in  revolt,  broke  open  the 
prison  doors,  rescued  their  chiefs,  and  pushed  their 
audacity  so  far  as  to  besiege  the  Caliph  in  his  own 

Salace.  Very  fortunately  for  Mansiir,  the  populace 
eclared  against  the  R&wandis  and  massacred  them  ; 
but  from  that  time  forward  he  took  a  dislike  to  the 
city  of  Hashimfya,  and  resolved  to  choose  another 
residence.  He  had  at  first  thought  of  fixing  his  place 
of  abode  at  Cufa  ;  but  he  remembered  the  fickle  char¬ 
acter  of  the  inhabitants,  and  decided  on  founding  an 
entirely  new  city  on  the  banks  of  the  Tigris.  His 
choice  fell  upon  a  spot  near  the  ancient  Ctesiphon, 
J  .  the  capital  of  the  Sassanids,  called  Bagh- 
of  Baghdad,  dad.  There  he  himself  laid  the  first  stone 
of  the  city  which  was  to  be  the  centre  of 
the  civilized  world  as  long  as  the  Caliphate  lasted. 
A  revolt,  however,  of  some  importance  soon  called 
Mansiir’ s  attention  from  the  building  of  Baghdad. 
The  ‘descendants  of  'All,  who  had  had  reason  to  think 
that  the  ‘Abbisids  were  laboring  for  their  advance¬ 
ment,  were  now  cruelly  undeceived.  In  A.  H.  145 
(a.d.  762-763),  Mohammed  Mahdf,  great-grandson 
of  Hosain,  and  surnamed  Al-Nafs  al-Zakfya  (“the 
pure  soul”),  collected  a  large  number  of  adherents  at 
Medina,  and  had  himself  proclaimed  Caliph.  The 
governor  of  Cufa,  Tsii  b.  Miisa,  received  orders  to 
march  against  him  and  entered  Arabia.  The  partisans 
of  'Ah  were  defeated,  and  Mohammed  Mahdf  fell  in 
battle.  But  meanwhile  his  brother  Ibrahim  had  gone 
to  Basra,  and  had  there  succeeded  in  exciting  a  revolt, 
in  presence  of  which  the  'Abbasid  governor  had  been 
obliged  to  capitulate.  The  adherents  of  'All,  em¬ 
boldened  by  this  success,  spread  themselves  over 
'Irak,  and  obtained  possession  of  several  places,  among 
which  was  the  city  of  W&sit.  Ibr&hfm  was  already 
advancing  towards  Cufa,  at  the  head  of  a  strong  army, 
when  'Is!  b.  Musa,  who  had  been  hastily  recalled 
from  Arabia,  threw  himself  in  his  way.  A  terrible 
conflict  took  place.  At  last  Ibr&hfm  fell,  pierced  by 
an  arrow,  and,  in  spite  of  the  desperate  efforts  of  his 
followers,  his  body  remained  in  the  hands  of  the  enemy. 


The  partisans  of  'All  then  dispersed,  and  never  again 
ventured  to  have  recourse  to  arms. 

The  Caliph  was  highly  delighted  when  he  heard  of 
the  decisive  victor  gained  by  Tsa,  but,  far  from  re¬ 
warding  his  valiant  cousin,  he  tried  to  compel  him  to 
renounce  his  right  of  succession  to  the  Caliphate,  with 
the  view  of  substituting  as  heir-presumptive  his  own 
son  Mohammed.  Tsa  at  first  energetically  refused  to 
abandon  his  rights  ;  but  Mansur  did  not  hesitate  at  a 
shameless  deception,  and  produced  false  witnesses, 
who  swore  that  'Isa  had  waived  his  claim  in  favor  ,of 
Mohammed  b.  Mansur.  However  unwillingly,  Ts& 
was  obliged  to  yield  his  priority  to  Mohammed,  but  it 
was  understood  that,  in  case  of  the  death  of  the  latter, 
the  succession  should  return  to  Tsa.  One  of  the  false 
witnesses  was,  it  is  asserted,  Khalid  b.  Barmak,  the 
head  of  that  celebrated  Persian  family  the  Barmecides, 
which  played  so  important  a  part  in  the  reign  of 
Hanin  al-Rashfd.  To  this  Khalid,  Mansur  had  in¬ 
trusted  the  elevated  post  of  minister  of  finance. 

In  A.H.  158  (a.d.  774-775)  Man§iir,  feeling  the  de¬ 
cline  of  his  powers,  resolved  to  undertake  for  the  last 
time  the  pilgrimage  to  Mecca.  At  the  last  station  on 
the  route  he  had  a  fall  from  his  horse,  and  died  at  the 
gate  of  the  Holy  City.  He  was  nearly  seventy  years 
of  age,  and  had  reigned  for  twenty-two  years.  He 
was  buried  at  Mecca. 

3.  Mohammed  b.  Mansiir  was  at  Baghdad  when  he 
received  the  news  of  his  father’ s  death,  and  hastened 
to  have  himself  proclaimed  Caliph,  He  then 
took  the  title  of  Mahdf  (“the  well-direc-  Mahdi. 
ted  ” ).  To  make  his  accession  welcome  to 
his  subjects,  be  began  by  granting  an  amnesty  to  a  great 
number  of  persons  who  had  incurred  the  anger  of 
Mansur,  ana  had  been  thrown  into  prison.  Among 
these  was  a  certain  Dawiid  b.  Ya'kiib,  whom  Mahdf 
afterwards  made  his  prime  minister.  But,  on  the 
other  hand,  Mahdf  did  not  choose  to  confirm  in  their 
posts  the  provincial  governors  in  whom  his  father  had 
placed  confidence ;  he  supplied  their  places  by  crea¬ 
tures  of  his  own.  These  changes  displeased  the  peo¬ 
ple  of  Khorasan,  who  revolted  under  the  leadership 
of  a  certain  Yusuf  b.  Ibrahim,  surnamed  Al-Barm. 
Mahdf  sent  against  him  his  general  Yazfd  b.  Mazyad, 
who,  after  a  desperate  struggle,  defeated  Yiisuf,  took 
him  prisoner,  and  brought  him  in  triumph  to  Baghdad, 
where  he  was  put  to  the  torture  and  crucified.  Mahdf 
had  been  scarcely  a  year  on  the  throne,  when  he  re¬ 
solved  to  accomplish  the  pilgrimage  to  Mecca,  and  at 
the  same  time  to  visit  the  tomb  of  nis  father.  Leaving 
his  eldest  son  Musa  as  governor  of  Baghdad,  he  set 
off,  accompanied  by  his  second  son  Hanin  and  a 
numerous  suite.  The  chroniclers  relate  that  the  Caliph 
had  ordered  a  great  number  of  camels  to  be  laden 
with  snow,  and  that  he  reached  Mecca  without  having 
exhausted  this  store.  Immediately  on  his  arrival  in 
the  Holy  City,  he  applied  himself,  at  the  request  of 
the  inhabitants,  to  the  renewal  of  the  veils  which 
covered  the  exterior  walls  of  the  Ka'ba.  For  a  very 
long  time  these  veils  had  been  placed  one  over  another, 
no  care  having  been  taken  to  remove  the  old  covering 
when  a  new  one  was  put  on ;  so  that  the  accumulated 
weight  caused  uneasiness  respecting  the  stability  of  the 
walls.  Mahdf  caused  the  temple  to  he  entirely  stripped, 
and  covered  the  walls  again  with  a  single  veil  of  great 
richness.  On  this  occasion  he  distributed  considerable 
largesses  among  the  Meccans.  From  Mecca,  Mahdf 
went  to  Medina,  where  he  caused  the  mosque  to  be 
enlarged.  During  his  stay  in  that  city  he  formed 
himself  a  guard  of  honor,  composed  of  five  hundred 
descendants  of  the  Ans&r,1  to  whom  he  assigned  lands 
in  'Ir&k  to  be  held  in  fief.  Struck  by  the  difficulties 
of  every  kind  which  had  to  be  encountered  by  poor 
pilgrims  who  desired  to  repair  to  Mecca  from  Bagh¬ 
dad  and  its  neighborhood,  he  resolved  to  come  to  their 
help.  His  first  care  was  to  have  the  road  from  Bagh- 

1  The  first  citizens  of  Medina  who  embraced  Islam  were  called 
Anf&r ;  see  above,  p.  577. 
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dad  to  Mecca  laid  out,  and  its  divisions  marked  by 
milestones.  He  next  ordered  the  construction  at  every 
stage  of  a  kind  of  inn,  where  the  poorer  travellers 
might  find  shelter  and  food.  He  also  saw  to  having 
new  wells  dug  and  cisterns  built  along  the  whole  route. 

Whilst  he  was  devoting  himself  to  these  pious 
labors,  lie  was  menaced  by  a  dangerous  revolt  in 
Khorasdn.  Its  leader  was  a  sectary  called  Hakim, 
surnamed  Al-Mokanna'  or  the  Veiled  One,  because  he 
never  appeared  in  public  without  having  his  face  cov¬ 
ered  with  a  mask.  Al-Mokanna'  hoped  to  gather  a 
great  number  of  adherents  around  him,  and  to  govern 
the  province  as  absolutely  as  Abii  Moslim  had  for¬ 
merly  done.  His  religious  teaching  consisted  in  the 
assertion  that  God  had  several  times  become  incarnate 
among  men,  and  that  his  last  incarnation  was  Mokan- 
na'  himself.  Many  Persians  were  seduced  by' his 
words,  and  still  more  by  the  hope  of  plundering  the 
property  of  the  Moslems,  which  Mokanna'  promised 
to  give  up  to  them.  The  governor  of  Khordsan  and 
several  other  generals  who  marched  against  these  sec¬ 
taries  were  defeated  ;  but  at  last  the  Caliph  charged  a 
skilful  captain,  Sa'fd  al-Harasln,  with  the  direction  of 
operations,  and  Said,  having  compelled  the  impostor 
to  throw  himself  into  the  city  of  Kash,  soon  reduced 
him  to  a  choice  between  surrender  and  death.  Mo¬ 
kanna'  preferred  the  latter  alternative,  and  took  poison. 

These  disturbances  did  not  suffice  to  turn  Mahdi’s 
thoughts  from  the  hereditary  enemy  of  the  Caliphate. 
Every  summer  he  sent  expeditions  into  Asia  Minor 
against  the  Greeks  ;  but  these  were  not  successful, 
and  the  Caliph  decided  on  leading  his  army  in  person. 
Having  levied  in  Khorasan  a  large  number  of  those 
mountaineers  who  had  always  distinguished  themselves 
by  their  valor,  he  assembled  his  army  in  the  plains  of 
Barad&n,  on  the  banks  of  the  Tigris,  and  commenced 
his  march  A.H.  163,  taking  with  him  his  second  son 
Hariin,  and  leaving  his  eldest  son  Mus&  as  governor  of 
Baghdad.  The  latter  was  also  designated  as  his  succes¬ 
sor  in  the  Caliphate,  'Isa  b.  Mus4  having  definitively 
renounced  the  throne.  Mahdi  traversed  Mesopota¬ 
mia  and  Syria,  entered  Cilicia,  and  established  himself 
on  the  banks  of  the  Jaihan  (Pyramus).  Thence  he 
dispatched  an  expeditionary  force,  at  the  head  of 
which  his  son  H&r\in  was  nominally  placed.  In  reality, 
that  prince  being  too  young  to  direct  military  opera¬ 
tions,  the  chief  command  was  exercised  by  his  tutor, 
the  Barmecide  Yahya  b.  Khalid.  Harun  took  the 
fortress  of  Samalii  after  a  siege  of  thirty-eight  days. 
In  consequence  of  this  feat  of  arms,  Mahdi  made 
Harun  governor  of  Azerbaijan  and  Armenia.  Two 
years  later  war  broke  out  afresh  between  the  Moslems 
and  the  Greeks.  Leo  IV.,  Emperor  of  Constantino¬ 
ple,  had  recently  died,  leaving  the  crown  to  Constantine 
Porphyrogenitus.  This  prince  was  then  only  ten  years 
old,  and  would  have  been  incapable  of  governing.  His 
mother  Irene  took  the  regency  on  herself.  By  her 
orders  an  army  of  90,000  men,  under  the  command  of 
Michael  Lachonodracon,  entered  Asia  Minor.  The 
Moslems,  on  their  side,  invaded  Cilicia  under  the  orders 
of  'Abd  al-Kabir,  but  were  defeated  by  the  Greeks. 
Mahdi  then  recalled  his  son  Hariin,  and  enjoined  on 
him  to  avenge  the  failure  of  the  arms  of  Islam.  Hariin 
assembled  an  army  of  nearly  100,000  men,  and  con¬ 
ceived  the  project  of  carrying  the  war  to  the  very 
gates  of  Constantinople.  The  patrician  Nicetas,  who 
sought  to  oppose  his  march,  was  defeated  by  H&riin’s 
general,  Yazid  b.  Mazyad,  and  forced  to  take  refuge  at 
Nicomedia.  Harun  marched  through  Asia  Minor,  and 
pitched  his  camp  on  the  shores  of  the  Bosphorus. 
Irene  took  alarm,  sued  for  peace,  and  obtained  it,  but 
on  humiliating  conditions.  This  brilliant  success  in¬ 
creased  Mahdi’s  affection  for  H£nin  to  such  an  extent 
that  he  resolved,  a  few  years  later,  to  declare  him  his 
successor  instead  of  Miis&.  It  was  necessary  first  to 
obtain  from  Musa  a  renunciation  of  his  rights ;  and 
for  this  purpose  his  father  recalled  him  from  Joij&n, 
where  he  was  then  engaged  on  an  expedition  against 


the  rebels  of  Tabaristdn.  Mdsd,  who  had  had  in¬ 
formation  of  his  father’s  intentions,  refused  to  obey  this 
order.  Mahdi  determined  to  march  in  person  against 
his  rebellious  son  (a.h.  169),  and  set  out,  accompanied 
by  H&riin.  But,  after  his  arrival  at  M&sabadnan,  a 
place  in  Persian  Tr&k  or  Jabal,  the  Caliph  died  sud¬ 
denly,  at  the  age  of  only  forty-three.  There  are  two 
versions  of  the  cause  of  his  death  :  some  attribute  it 
to  an  accident  met  with  in  hunting;  others  believe 
him  to  have  been  poisoned.  If  this  was  really  the 
case,  although  we  have  no  proofs  against  Mdsd,  we  may 
reasonably  suspect  him  of  having  been  privy  to  the 
sudden  death  of  his  father. 

4.  Mahdi  having  died  before  he  could  carry  out  his 
plan  for  assuring  the  throne  to  H&nin,  the 
succession  naturally  fell  to  Miisd,  and  he  mdl‘ 
was  proclaimed  Caliph  at  Baghdad  in  the  year  of  his 
father’s  death.  He  took  the  title  of  H&di  (He  who 
directs).  H&rtin  made  no  opposition  to  the  accession 
of  his  brother,  and  the  army  which  had  accompanied 
Mahdi  returned  peacefully  from  Jabal  to  Baghcf&d. 

The  accession  of  a  new  Caliph  doubtless  appeared 
to  the  partisans  of  the  house  of  'All  a  favorable  oppor¬ 
tunity  for  a  rising.  Hosain  b.  'All,  a  descendant  of 
that  Hasan  who  had  formerly  renounced  his  pretensions 
to  the  Caliphate  through  fear  of  Mo'dwiya  I. ,  raised 
an  insurrection  at  Medina  with  the  support  of  numerous 
adherents,  and  had  himself  proclaimed  Caliph.  But 
having  unfortunately  conceived  the  idea  of  going  on 
pilgrimage  to  Mecca,  he  was  attacked  at  Fakh  by  a 
party  of  'Abbdsids,  and  perished  in  the  combat.  His 
cousin  Idris  b.  'Abdallah  succeeded  in  escaping  and 
fled  to  Egypt,  whence  he  passed  into  Morocco ;  and 
there,  at  a  later  period,  his  son  founded  the  Idrlsite 
dynasty. 

Had!,  as  may  be  supposed,  had  never  been  able  to 
forget  that  he  had  narrowly  escaped  being  supplanted 
by  his  brother.  He  formed  a  plan  for  excluding  H&riin 
from  the  Caliphate,  and  transmitting  the  succession  to 
his  own  son  Jafar.  He  neglected  no  possible  means 
of  attaining  this  object,  and  obtained  the  assent  of  his 
ministers,  and  of  the  principal  chiefs  of  his  army, 
who  took  the  oath  of  allegiance  to  Ja’far.  Only  Yahya 
b.  Khalid  the  Barmecide,  Hariin’ s  former  tutor,  ab¬ 
solutely  refused  to  betray  the  interests  of  his  pupil. 
In  a  discussion  which  took  place  between  him  and  the 
Caliph  on  this  subject,  Yahya  showed  such  firmness 
and  boldness  that  Had!  resolved  on  his  death,  and 
Harthama  b.  A'yan,  one  of  the  bravest  generals  of  the 
empire,  had  already  received  the  order  to  go  and  take 
his  head,  when  the  Caliph  died  suddenly.  One  of 
those  terrible  domestic  dramas  had  been  acted  of  which 
so  many  were  afterwards  seen  in  the  palace  of  the 
Caliphs.  The  mother  of  H£di  and  Hariin  was  Khai- 
zoran,  a  haughty  and  intriguing  woman,  whose  aim  it 
was  to  get  the  direction  of  affairs  into  her  own  hands, 
leaving  Hddi  only  the  shadow  of  power.  Her  influence 
over  all  matters  of  government  was  so  well  understood 
that  her  door  was  beset  all  day  by  a  crowd  of  petition¬ 
ers,  who  neglected  the  Caliph  and  preferred  to  address 
their  requests  to  her.  IKdi  soon  became  indignant  at 
the  subordinate  part  which  his  mother  wished  him  to 
play,  and  after  a  dispute  on  the  matter,  he  attempted 
to  poison  her.  Khaizor&n,  hoping  to  find  a  more  sub¬ 
missive  instrument  of  her  will  in  her  second  son,  and 
wishing  to  protect  herself  against  fresh  attempts  at 
murder,  caused  H&di  to  be  taken  unawares  and  smoth¬ 
ered  with  cushions  by  two  young  slaves  whom  she  had 
presented  to  him.  (Rabf  I.,  a.h.  170,  Sept.,  a.d. 
786.) 

5.  We  have  now  reached  the  most  celebrated  name 
among  the  Arabian  Caliphs,  celebrated  not  HAnin  ai- 
only  in  the  East,  but  in  the  West  as  well,  RasWd. 
where  the  stories  of  the  Thousand  and  One  Nights 
have  made  us  familiar  with  that  world  which  the  nar¬ 
rators  have  been  pleased  to  represent  to  us  in  such 
brilliant  colors. 

Qn  the  unexpected  death  of  Hadi,  the  generals  and 
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ministers  who  had  declared  against  Hdnin,  perceiving 
that  popular  favor  did  not  incline  to  the  son  of  the 
late  Caliph,  hastened  to  rally  round  the  son  of  Khai- 
zordn;  and  Hdnin,  surnamed  Al-Rashid  (The  Up¬ 
right),  ascended  the  throne  without  opposition.  His 
first  act  was  to  choose  as  prime  minister  his  former 
tutor,  the  faithful  Yahyd  d.  Khdlid,  and  to  confide 
important  posts  to  the  two  sons  of  Yahyd,  Fa<jll  and 
Ja'far,  the  former  of  whom  was  also  his  own  foster- 
brother.  The  Barmecide  family  were  endued  in  the 
highest  degree  with  those  qualities  of  generosity  and 
liberality  which  the  Arabs  prized  so  highly.  Thus  the 
chroniclers  are  never  wearied  in  their  praises  of  the 
Barmecides.  Loaded  with  all  the  burdens  of  govern¬ 
ment,  Yahyd  brought  the  most  distinguished  abilities 
to  the  exercise  of  his  office.  He  put  the  frontiers  in 
&  state  of  defence,  and  supplied  all  that  was  wanting 
for  their  security.  He  filled  the  public  treasury,  ana 
carried  the  splendor  of  the  throne  to  the  highest 
point.  The  following  anecdote  will  show  what  an 
amount  of  earnest  affection  the  Barmecide  family 
succeeded  in  winning : 

After  Hdrdn,  as  we  shall  relate  farther  on,  had  ruined  the 
Barmecides  of  whose  influence  he  was  jealous,  he  forbade 
the  poets  to  compose  elegies  on  the  disgrace  of  the  family, 
and  commanded  that  all  who  disobeyed  this  order  should 
be  punished.  One  day,  as  one  of  the  soldiers  of  the  Caliph’s 
guard  was  passing  near  a  ruined  building,  he  perceived  a 
man  holding  a  paper  in  his  hand,  and  reciting  aloud,  and 
with  many  tears,  a  lament  over  the  ruin  of  the  palace  of 
the  Barmecides.  The  soldier  arrested  the  man  and  led  him 
to  the  palace  of  the  Caliph,  who  ordered  the  culprit  to  be 
brought  before  him,  and  asked  him  why  he  had  infringed 
his  orders.  “  Prince,”  replied  the  man,  “  let  me  relate  my 
history  to  thee ;  when  thou  hast  heard  it,  do  with  me  as 
thou  wilt.  I  was  an  inferior  clerk  under  Yahyd  b.  Khdlid. 
He  said  to  me  one  day :  *  Thou  must  invite  me  to  thy  house.’ 
‘My  lord,’  I  replied,  ‘I  am  quite  unworthy  of  such  an 
honor,  and  my  house  is  not  fit  to  receive  thee.’  *  No,’  said 
Yahyd, ‘thou  must  absolutely  do  what  I  require  of  thee.’ 

‘  In  that  case,’  answered  I,  *  grant  me  some  little  delay  that 
I  may  make  suitable  arrangements.’  Yahyd  granted  me 
some  months.  As  soon  as  I  informed  him  that  I  was  ready, 
he  repaired  to  my  abode,  accompanied  by  his  two  sons,  Fadll 
and  Ja'far,  and  by  some  of  his  most  intimate  friends. 
Scarcely  had  he  dismounted  from  his  horse  when  he  begged 
me  to  give  him  something  to  eat.  I  offered  him  some  roasted 
chickens.  When  he  had  eaten  his  fill,  he  went  over  the 
whole  of  my  house,  and  having  seen  it  all,  he  asked  me  to 
6how  him  the  buildings  attached  to  it.  *  My  lord,’  said  I, 
‘thou  hast  seen  everything.’  ‘No,’  said  he,  ‘thou  hast 
another  house.’  In  vain  I  assured  him  that  I  had  but  one ; 
he  persisted  in  his  assertion,  and,  sending  for  a  mason,  or¬ 
dered  him  to  make  an  opening  in  the  wall.  ‘  My  lord,’  said 
I,  ‘  may  I  venture  thus  to  make  my  way  into  my  neighbor’s 
house  ?’  ‘  It  matters  not,’  replied  he.  When  a  doorway  had 
been  opened,  he  passed  through  it,  followed  by  his  two  sons, 
and  I  went  after  him.  We  entered  a  delightful  garden, 
well  planted  and  watered  by  fountains.  In  this  garden 
stood  a  beautiful  house  with  pavilions  adorned  with  furni¬ 
ture  and  carpets,  and  filled  with  slaves  of  hoth  sexes,  all  of 
perfect  beauty.  ‘  All  this  is  thine,’  said  Yahyd  to  me.  I  kissed 
his  hands  and  poured  out  my  thanks  to  him ;  and  then  I 
learned  that  on  the  very  day  when  he  had  spoken  to  me  of 
inviting  him  he  had  bought  the  land  adjoining  to  my  house, 
and  had  had  it  laid  out  for  me  without  my  ever  suspecting 
it.  I  had  certainly  noticed  that  building  was  going  on,  but 
I  was  far  from  imagining  that  all  this  was  intended  for  me. 
Ya^yd  next  addressed  himself  to  Ja'far  and  said :  ‘  Here  are 
certainly  a  house  and  servants,  but  who  will  provide  for 
their  support?’  ‘ I,’ replied  Ja'far,  ‘ will  give  him  a  farm 
and  its  dependencies,  and  will  send  him  the  deed  of  gift.’ 

‘  Very  well,’  continued  Yahyd;  ‘but  how  is  he  to  live  until 
he  shall  receive  the  revenue  of  his  property?’  ‘I  owe  him 
a  thousand  pieces  of  gold,’  said  Fadl,  ‘  and  I  will  send  them 
to  his  house.’  Thanks  to  these  magnificent  gifts,  I  after¬ 
wards  gained  great  wealth, — wealth  which  I  still  enjoy. 
Since  that  day,  I  have  never  lost  any  opportunity  of  singing 
the  praises  of  that  noble  family.  And  now,  Prince,  slay  me 
if  thou  wilt ;  I  am  ready  to  die.”  Hdrun,  affected  by  this 
tale,  let  the  man  depart,  and  in  future  forbade  no  man  to 
weep  for  the  tragical  end  of  the  sons  of  Barmak.  ( El-Fachri , 
ed.  Ahlwardt,  p.  237.) 

Although  the  administration  of  Hdnin’ s  states  was 
committed  to  skilful  hands,  yet  the  first  years  of  his 
long  reign  were  not  free  from  troubles.  Towards  the 


year  176  (a.D.  792-793),  a  member  of  the  house  of 
'Ah',  named  Yaliyd  b.  ‘Abdallah,  who  had  taken 
refuge  at  Dailam  on  the  shores  of  the  Caspian  Sea, 
succeeded  in  forming  a  powerful  party,  and  publicly 
announced  his  pretensions  to  the  Caliphate.  Hdnin 
immediately  sent  an  army  of  50,000  men  against  the 
rebel,  under  the  command  of  Fadl.  Reluctant,  how¬ 
ever,  to  fight  against  a  descendant  of  the  Prophet, 
Fadl  first  attempted  to  induce  him  to  submit,  by  prom¬ 
ising  him  safety  for  his  life  and  a  brilliant  position  at 
the  court  of  Baghdad.  Yahyd  accepted  these  condi¬ 
tions,  but  he  required  that  the  Caliph  should  send  him 
letters  of  pardon  countersigned  by  the  highest  legal 
authorities  and  the  principal  personages  of  the  empire. 
Hdnin  consented  to  do  so,  and  Yahj’d,  furnished  with 
the  Caliph’s  safe-conduct,  repaired  to  Baghdad,  where 
he  met  with  a  splendid  reception.  At  the  end  of  some 
months,  however,  he  was  calumniously  accused  of  con¬ 
spiracy,  and  the  Caliph,  seizing  this  opportunity  of 
ridding  himself  of  a  rival  who  might  prove  dangerous, 
threw  him  into  prison,  where  he  was  soon  after  put  to 
death.  Dreading  fresn  insurrections,  Hdnin  thought 
it  well  to  secure  the  person  of  another  descendant  of 
‘All,  Musa  b.  Ja'far,  who  was  resident  at  Medina, 
where  he  enjoyed  the  highest  consideration.  The  un¬ 
fortunate  man  was  sent  to  Baghddd,  and  there  died  by 
poison. 

Meanwhile  Hanin  did  not  forget  the  hereditary 
enemy  against  whom  he  had  already  fought.  Under 
his  reign  all  the  strong  places  of  Syria  were  formed 
into  a  special  province,  which  received  the  name  of 
’Awa§im.  The  charge  of  fortifying  the  city  of  Tarsus 
was  committed  to  Faraj,  the  chief  of  the  Turkish 
soldiers,  whom  the  Caliphs  were  beginning  to  employ, 
and  who  were  at  later  period  to  become  their  masters. 
The  ancient  Anazarbus  was  rebuilt,  and  garrisoned 
with  a  military  colony  from  Khordsdn.  Thanks  to 
these  measures,  the  Moslem  armies  were  able  to  ad¬ 
vance  boldly  into  Asia  Minor.  Ishdk  b.  Solaimdn 
entered  Phrygia  and  defeated  the  Greek  governor  of 
that  province.  A  Moslem  fleet  destroyed  that  of  the 
Greeks  in  the  Gulf  of  Satalia.  Hdnin  in  person  in¬ 
vaded  Asia  Minor  in  the  year  181  (a.D.  797-798),  and 
during  the  following  years  his  generals  gained  con¬ 
tinual  victories  over  the  Byzantines,  so  that  Irene  was 
compelled  to  sue  for  peace.  An  attack  by  the  Khazars 
called  the  Caliph’s  attention  from  his  successes  in  Asia 
Minor.  That  people  had  made  an  irruption  into  Ar¬ 
menia,  and  their  attack  had  been  so  sudden  that  the 
Moslems  were  unable  to  defend  themselves,  and  a 
hundred  thousand  of  them  had  been  reduced  to  cap¬ 
tivity.  Two  valiant  generals,  Khozaima  b.  Khdzim 
and  Yazfd  b.  Mazyad,  marched  against  the  Khazars 
and  drove  them  out  of  Armenia. 

In  the  midst  of  the  cares  of  war,  Hdnin  did  not 
forget  his  religious  duties,  and  few  years  passed  with¬ 
out  his  making  the  pilgrimage.  In  one  of  these  pil¬ 
grimages,  A.H.  186  (a.D.  802),  he  was  accompanied  by 
his  two  eldest  sons,  Mohammed  and  Abdalldh,  and 
having  determined  to  fix  the  order  of  succession  in  so 
formal  a  manner  as  to  take  away  all  pretext  for  future 
contentions,  he  executed  a  deed  by  which  he  appointed 
Mohammed  his  immediate  heir  ;  after  him  'Abdalldh, 
and  after  ‘Abdalldh  a  third  of  his  sons,  named  Kasim. 
Mohammed  received  the  surname  of  Al-Amfn  (The 
Sure),  ’Abdalldh  that  of  Al-Ma’miin  (He  in  whom 
men  trust),  and  K&sim  that  of  Mo’tamin  billdh  (He 
who  trusts  in  God).  Hanin  further  stipulated  that 
Ma’miin  should  have  as  his  share,  during  the  lifetime 
of  his  brother,  the  government  of  the  eastern  part  of 
the  empire.  Each  of  the  parties  concerned  swore  to 
observe  faithfully  every  part  of  this  deed,  which  the 
Caliph  caused  to  be  hung  up  in  the  Ka'ba,  imagining 
that  it  would  be  thus  guaranteed  against  all  violation 
on  the  part  of  men.  These  precautions  were  to  be 
rendered  vain  by  the  perfidy  of  Amfn.  We  shall  see 
hereafter  how  he  kept  his  oath,  and  how  he  expiated 
his  treachery  by  death. 


'A  BBABIDS.  ] 


MOHAMMEDANISM. 


606 


It  was  in  the  following  year,  at  the  very  moment 
when  the  Barmecides  thought  their  position  most 
secure,  that  Harun  brought  sudden  ruin  upon  them. 
The  causes  of  their  disgrace  have  been  differently 
stated  by  the  annalists.  Smne  relate  that  the  Caliph, 
preferring  to  all  other  society  that  of  his  sister  'Ab- 
b&sa  and  of  Ja'far  b.  Yahyti,  resolved  to  unite  them 
in  marriage,  in  order  to  be  able  to  bring  them  together 
in  his  presence  without  a  breach  of  etiquette.  He 
meant,  however,  that  Ja'far  should  continue  to  be 
only  the  nominal  husband  of  his  sister.  Ja'far  ac¬ 
cepted  this  condition,  but  it  was  not  long  before  he 
forgot  it,  and  the  Caliph  learned  that  his  sister  had 

5iven  birth  to  a  son.  _  This,  it  is  said,  was  the  cause  of 
a' far’s  disgrace,  which  involved  his  father  and  his 
brother.  This  story  may  be  true ;  but  the  principal  cause 
of  the  fall  of  the  Barmecides  appears  to  nave  consisted 
in  the  abuses  of  power  of  which  they  had  been  guilty, 
and  in  the  sovereign  influence  which  they  exercised  on 
those  around  them.  The  Barmecides  lived  in  a  mag¬ 
nificent  palace  opposite  to  that  of  the  Caliph.  Seeing 
one  day  an  extraordinary  crowd  around  the  dwelling 
of  his  first  minister,  Hanin  was  moved  to  say :  ‘ ‘  Verily 
Yahyi  has  taken  all  business  into  his  own  hands ;  be 
it  is  who  really  exercises  supreme  power ;  as  for  me,  I 
am  Caliph  onlv  in  name.”  This  secret  dissatisfaction 
was  increased  by  a  new  act  of  disobedience  on  the  part 
of  Ja'far.  Hardn  had’  ordered  him  to  put  to  death 
secretly  a  member  of  the  house  of  ’AH,  whose  intrigues 
he  dreaded.  Ja'far  allowed  the  victim  to  escape, 
and  afterwards  swore  to  the  Caliph  that  his  orders  had 
been  executed.  ^  Soon  after,  however,  information 
against  him  was  given  to  Hardn,  who,  after  compelling 
Ja'far  to  acknowledge  the  truth,  had  his  head  struck 
off  and  brought  toj  him  by  Masrur,  the  chief  of  his 
eunuchs.  On  the  very  next  day  Yahyd,  his  son  Fadl, 
and  all  the  other  Barmecides,  were  arrested  and  im¬ 
prisoned  ;  all  their  property  was  confiscated ;  and 
Harun  chose  as  his  prime  minister  Fadl  b.  Rabf,  who 
had  been  his  chamberlain. 

In  the  same  year,  a  revolution  broke  out  at  Con¬ 
stantinople,  which  overthrew  the  Empress  Irene,  and 
raised  Nicephorus  to  power.  The  new  emperor  had 
scarcely  ascended  the  throne,  when  he  thought  him¬ 
self  strong  enough  to  refuse  the  payment  of  tribute, 
and  wrote  an  insulting  letter  to  Hanin,  who  contented 
himself  with  replying :  “Thou  shalt  not  hear,  but  see-, 
my  answer.”  He  then  assembled  an  army,  entered 
Asia  Minor,  and  took  Heraclea,  plundering  and  burn¬ 
ing  along  his  whole  line  of  march,  till  Nicephorus,  in 
his  alarm,  sued  for  peace.  Scarcely  had  the  Caliph 
returned  into  winter  quarters,  when  Nicephorus  broke 
the  treaty.  Notwithstanding  the  rigor  of  the  season, 
Hanin  retraced  his  steps,  and  this  time  Nicephorus 
was  compelled  to  observe  his  engagements.  The  year 
after,  a.h.  189  (a.d.  804-805),  disturbances  arose  in 
Khordsdn.  They  were  caused  by  the  malversations  of 
the  governor  of  that  province,  'AH  b.  'Isd,  and  the 
Caliph  went  in  person  to  Merv  to  judge  of  the  reality 
of  tne  complaints  which  had  reached  him.  'AH  b.  'Isd 
hastened  to  meet  the  Caliph  on  his  arrival  at  Ray. 
He  brought  with  him  a  great  quantity  of  presents, 
which  he  distributed  with  such  profusion  among  the 
courtiers  that  every  one  found  a  thousand  reasons  for 
excusing  his  conduct.  Hanin  confirmed  him  in  his 
post  and  returned  to  Baghddd,  through  which,  how¬ 
ever,  he  only  passed,  and  went  on  to  Rakka  on  the 
Euphrates,  a  city  which  became  his  habitual  residence. 
He  did  not  long  enjoy  the  repose  which  he  went  there 
to  seek,  for  Nicephorus  again  broke  the  treaty  of  peace, 
and  the  Caliph  was  obliged  to  take  the  field  anew. 
Once  more  Nicephorus  was  beaten,  and  so  completely 
that  he  was  obliged  to  submit  to  the  very  harsh  condi¬ 
tions  which  the  victor  imposed  on  him. 

TVo  years  later,  new  disturbances  broke  out  in 
Khordsdn,  where  a  certain  Rdfi'  b.  Laith  had  revolted. 
Hdriin  set  out  again  for  that  province,  accompanied 
by  his  son  Ma’miin.  It  was  to  be  his  last  journey. 


He  was  attacked  by  a  tumor  in  the  abdomen,  and 
struggled  in  vain  against  this  malady,  which  carried 
him  off  a  year  after  his  departure,  A.H.  193  (a.d.  808- 
809),  just  on  his  arrival  at  the  city  of  Tils,  the  birth¬ 
place  of  the  great  epic  poet  of  Persia,  Firdausi.  H^- 
run  was  only  forty-seven  years  of  age. 

6.  On  the  death  of  Hanin,  his  minister  Fadl  b.  Rabf' 
hasten  ed  to  call  together  all  the  troops  of  the 
late  Caliph,  and  to  lead  them  back  to  Bagh-  Amln' 
did,  in  order  to  place  them  in  the  hands  of  the  new  sov¬ 
ereign,  Amin.  He  even  led  back  the  corps  which  was 
intended  to  occupy  Khorisan,  and  which  ought  to  have 
fallen  to  the  share  of  Ma’miin.  according  to  the  testa¬ 
ment  of  Hanin.  Fadl  b.  Rabf'  thus  committed  a  serious 
violation  of  the  rights  of  Ma’miin ;  but  he  cared  little 
for  this,  being  chiefly  desirous  of  winning  the  confi¬ 
dence  of  the  new  Caliph.  He  was  quite  aware,  how¬ 
ever,  that  in  thus  acting  he  was  making  Ma’mtin  his 
irreconcilable  enemy  ;  and  he  therefore  purposed  to  use 
every  endeavor  to  arouse  against  him  the  enmity  of  his 
brother  Amin.  He  advised  him  to  exclude  Ma’  mtin  from 
the  succession,  and  the  Caliph  was  weak  enough  to  listen 
to  him.  Receiving  the  order  to  resign  his  government 
of  Khoras&n  and  to  repair  to  Baghdad,  Ma’miin  was 
greatly  perplexed;  but  his  tutor  and  vizier,  Fadlb.  Sahl. 
reanimated  his  courage,  and  pointed  out  to  him  that,  if 
he  obeyed  the  orders  of  the  Caliph,  certain  death 
awaited  him  at  Baghddd.  Ma’miin  resolved  to  hold 
out  against  Amfn,  and  found  pretexts  for  eluding  the 
orders  of  his  brother  and  remaining  in  Khordsdn. 
Amin,  in  his  anger,  caused  the  testament  of  his  father, 
which,  as  we  have  seen,  was  preserved  in  the  Ka'ba, 
to  be  destroyed,  declared,  on  his  own  authority,  the 
rights  of  Ma’miin  to  the  Caliphate  to  be  forfeited,  and 
caused  the  army  to  swear  allegiance  to  his  own  son 
Miisa,  a  child  five  years  of  age,  on  whom  he  bestowed 
the  title  of  Natik  bil-Hakk,  “He  who  speaks  ac¬ 
cording  to  truth  ”  (a.h.  194,  A.D.  809-810).  On 
hearing  the  news,  Ma’miin,  strong  in  the  rightfulness 
of  his  claim,  retaliated  by  suppressing  the  Caliph’s 
name  in  all  public  acts.  Amin  immediately  dispatched 
to  Khordsdn  an  army  of  fifty  thousand  men2  under 
the  command  of  'All  b.  ‘isd.  Ma’miin,  on  his  side, 
raised  troops  among  his  faithful  people  of  Khordsdn, 
and  intrusted  their  command  to  Tahir  b.  Hosain,  who 
displayed  remarkable  abilities  in  the  war  that  ensued. 
In  the  following  year  the  two  armies  met  under  the 
walls  of  Ray,  and  victory  declared  for  Tahir.  Ma’miin 
now  no  longer  hesitated  to  take  the  title  of  Caliph. 
The  year  after,  Amfn  placed  in  the  field  two  new 
armies,  commanded  respectively  by  Ahmed  b.  Mazyad 
and  'Abdallah  b.  Homaid  b.  Kahtaba.  The  skilful 
Tahir  b.  Hosain  succeeded  in  creating  divisions  among 
the  troops  of  his  adversaries,  and  obtained  possession,' 
without  striking  a  blow,  of  the  city  of  Holwan,  an 
advantage  which  placed  him  at  tne  very  gates  of 
Baghddd.  Ma’miin  immediately  sent  T&hir  reinforce¬ 
ments  under  the  orders  of  Harthama  D.  A'yan,  which 
enabled  him  to  maintain  a  firm  hold  on  all  the  con¬ 
quered  territory,  and  to  continue  his  victorious  march 
to  the  capital.  Reverses  naturally  lead  to  fresh  re¬ 
verses.  One  after  the  other  the  provinces  fell  away 
from  Amfn,  and  he  soon  found  himself  in  possession 
of  Baghdad  alone,  which  was  speedily  invested  by  the 
troops  of  Tahir  and  Harthama.  That  unfortunate  capi¬ 
tal,  though  blockaded  on  every  side,  made  a  desperate 
defence  for  two  years.  Ultimately  the  eastern  part  of 
the  city  fell  into  the  hands  of  Tahir,  and  Amfn,  de¬ 
serted  by  his  followers,  was  compelled  to  surrender. 
He  resolved  to  treat  with  Harthama,  as  he  hated  Ta¬ 
hir  ;  but  this  step  caused  his  ruin.  Tahir  learned  by 
his  spies  that  Harthama  was  to  receive  the  Caliph  in 
person,  and  gave  orders  to  a  body  of  horsemen  to 
arrest  Amfn  as  he  issued  from  Baghdad  under  cover 
of  the  night.  On  the  banks  of  the  Tigris,  Harthama 
awaited  Amfn  with  a  boat,  but  scarcely  had  the  Ca¬ 
liph  set  foot  in  it,  when  the  agents  of  Tahir  poured 
on  it  a  storm  of  arrows  and  stones.  The  boat  sank, 
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and  the  Caliph  had  to  make  his  escape  by  swimming. 
But  he  was  closely  followed  up,  and  had  scarcely  left 
the  river  when  he  fell  into  the  hands  of  his  enemies, 
who  shut  him  up  in  a  hut  and  went  to  inform  Tahir 
of  the  capture.  The  victorious  general  immediately 
ordered  him  to  be  put  to  death,  and  the  order  was  car¬ 
ried  out.  The  head  of  the  unfortunate  Amin  was  cut 
off  and  sent  to  Ma’miin,  a.h.  198.  It  was  presented 
to  him  by  his  vizier,  Fadl  b.  Sahl,  surnamed  Dhii 
’l-Riy&satain,  or  “the  man  with  two  governments,” 
because  his  master  had  committed  to  nim  both  the 
ministry  of  war  and  the  general  administration. 
Ma’mun,  on  seeing  the  head,  hid  his  joy  beneath  a 
feigned  display  of  sorrow. 

7.  On  the  day  following  that  on  which  Amm  had 
Ma’miin  perished  so  miserably,  Tahir  caused  Ma’miin 
to  be  proclaimed  at  Baghdad.  The  acces¬ 
sion  of  this  prince  appeared  likely  to  put  an  end  to  the 
evils  of  civil  war,  and  to  restore  to  the  empire  the  or¬ 
der  necessary _  for  its  prosperity.  It  was  not  so,  how¬ 
ever.  The  reign  of  Ma’mun — that  reign  on  which  art, 
science,  and  letters,  under  the  patronage  of  the  Caliph, 
threw  so  brilliant  a  lustre — had  a  very  stormy  begin¬ 
ning.  Ma’miin  was  in  no  haste  to  remove  to  Baghadd, 
but  continued  to  make  Merv  his  temporary  residence. 
In  his  gratitude  to  the  two  men  to  whom  he  owed  his 
throne,  he  conferred  on  Tahir  the  government  of  Mes¬ 
opotamia  and  Syria,  and  chose  as  prime  minister  of 
the  empire  Fadl  b.  Sahl,  who  had  been  already  his 
vizier  in  the  government  of  Khorasan.  The  adherents 
of  'All  seized  on  the  elevation  of  Ma’mun  to  power  as 
a  pretext  for  fresh  revolts  at  Mecca,  at  Medina,  and  in 
Tr&k.  At  Cufa  a  certain  Ibn  Tabataba  also  broke  out 
into  open  rebellion,  and  placed  an  army  in  the  field 
under  one  of  his  partisans,  Abii  ’1-Saraya.  Hasan  b. 
Sahl,  brother  of  Ma’miin’s  prime  minister,  who  had 
been  made  governor  of  all  the  provinces  conquered  by 
T&hir,  immediately  sent  troops  against  Cufa.  They 
were  defeated,  and  Abii  ’1-Sarayd,  encouraged  by  this 
first  success,  and  no  longer  finding  a  secondary  part 
sufficient  for  his  ambition,  poisoned  his  chief  Ibn  Tab- 
&taba,  and  put  in  his  place  another  of  the  family  of 
’All,  Mohammed  b.  Mohammed,  whom,  on  account  of 
his  extreme  youth,  he  hoped  to  govern  at  his  will. 
Fresh  troops  sent  against  Abii  ’1-Saraya  fared  no  better 
than  the  first,  and  several  cities  of  'Irak,  as  Basra, 
Wasit,  and  Madain,  fell  into  the  hands  of  the  rebels. 
Abii  ’1-Saraya  was  already  marching  against  Baghdad, 
when  Hasan  b.  Sahl,  in  great  alarm,  hastily  recalled  Har- 
thama  b.  A'yan,  one  of  the  heroes  of  the  civil  war,  who 
was  already  on  his  way  back  to  Merv.  As  soon  as  this 
general  had  returned  from  Khordsdn,  the  face  of  affairs 
changed.  The  adherents  of  'All  were  everywhere  driven 
back,  and  the  whole  of  'Irik  fell  again  into  the  hands 
of  the  'Abbasids.  Cufa  was  taken  by  assault,  and 
both  Abii  ’1-Sariyi  and  Mohammed  b.  Mohammed  were 
made  prisoners.  The  former  had  his  head  struck  off; 
the  latter  was  sent  to  Khorasan.  The  revolt  in  Arabia 
was  also  quickly  stifled,  and  it  might  have  been  sup- 

{losed  that  peace  was  about  to  be  reestablished.  This, 
rnwever,  was  by  no  means  the  case.  The  civil  war 
had  caused  a  swarm  of  vagabonds  to  spring,  as  it 
were,  from  underground  at  Baghdad.  They  proceeded 
to  treat  the  capital  as  a  conquered  city ;  and  such  was 
their  audacity  that  they  plundered  houses  and  carried 
off  women  and  children  at  mid-day.  It  became  neces¬ 
sary  for  all  good  citizens  to  organize  themselves  into 
a  regular  militia,  in  order  to  master  these  ruffians. 
Meanwhile,  at  Merv,  Ma’mun  was  adopting  a  decision 
which  fell  like  a  thunderbolt  on  the  'Abbasids.  In 
A.H.  201  (a.d.  816-817),  under  pretence  of  putting  an 
end  to  the  continual  revolts  of  the  partisans  of  'Alf, 
and  acting  on  the  advice  of  his  prime  minister,  Fadl, 
he  publicly  designated  as  his  successor  in  the  Caliphate 
'AH  b.  Miisd,  a  direct  descendant  of  Hosain  the  son 
of  'AU,  and  proscribed  black,  the  color  of  the  'Abbd- 
sids,  in  favor  of  that  of  the  house  of  'All,  green. 
This  step  was  well  calculated  to  delight  the  followers 


of  'All,  but  it  naturally  could  not  fail  to  exasperate  the 
'Abbasids  and  their  partisans.  The  people  of  Bagh- 
ddd  refused  to  take  the  oath  to  'All  b.  Miisd  as  heir- 
presumptive,  declared  Ma’mun  deposed,  ibrdhimb. 
and  elected  his  uncle  Ibrahim,  son  of  ai-Mahdi 
Mahdl.  to  the  Caliphate. 1  The  news  reached  Baghdad1 
the  Caliph  only  indirectly,  for  his  minister, 

Fadl,  desiring  to  leave  Ma’mun  only  the  shadow  of 
power,  kept  all  important  events  carefully  from  his 
knowledge.  The  eyes  of  the  Caliph  were  opened, 
and  he  now  perceived  that  Fadl  had  been  treating 
him  as  a  puppet.  His  anger  knew  no  bounds.  Fadl 
was  one  day  found  murdered,  and  'All  b.  Miisd  died 
suddenly.  The  historians  bring  no  open  accusation 
against  Ma’mun  of  having  got  nd  of  these  two  person¬ 
ages  ;  but  it  seems  clear  that  it  was  not  chance  that 
did  him  such  a  seasonable  service.  Ma’miin  of  course 
affected  the  profoundest  grief,  and,  in  order  to  disarm 
suspicion,  appointed  as  his  prime  minister  the  brother 
of  Fadl,  Hasan  b.  Sahl,  whose  daughter  Biiran  he 
also  afterwards  married.  But  on  the  other  hand,  in  order 
to  quiet  the  people  of  Baghdad,  he  wrote  to  them : 

‘  ‘  The  cause  of  your  dissatisfaction  in  the  business  of 
'All  b.  Musa  no  longer  exists ;  since  he  who  was  the 
object  of  your  resentment  has  iust  died.”  From  that 
moment  the  pseudo-caliph  Ibrahim  found  himself 
deserted,  and  was  obliged  to  seek  safety  in  conceal¬ 
ment.  His  precarious  reign  had,  however,  lasted 
nearly  two  years.  Ma’miin  now  decided  on  making  a 
public  entry  into  Baghdad,  but  to  show  that  he  came 
as  a  master,  he  still  displayed  for  several  days  the 
green  flag  of  the  house  of  'All,  though  at  last,  at  the 
entreaty  of  his  courtiers,  he  consented  to  resume  the 
black.  From  this  time  the  real  reign  of  Ma’miin  be¬ 
gan,  freed  as  he  now  was  from  the  guardianship  of 
Fadl.  His  general  Tahir  alone  continued  to  excite  his 
suspicions.  Under  the  pretence  that  he  could  no 
longer  endure  the  sight  of  the  murderer  of  his  brother, 
he  removed  Tdhir  to  a  distance  by  appointing  him 

{governor  of  Khordsdn.  Like  most  of  the  great  Mos- 
em  generals,  Tahir,  it  is  said,  conceived  the  project 
of  creating  an  independent  kingdom  for  himself,  llis 
death,  a.h.  207,  prevented  its  realization  ;  but  as  his 
descendants  succeeded  him  one  after  the  other  in  the 
post  of  governor,  he  may  be  said  to  have  really  founded 
a  dynasty  in  Khorasan.  When,  two  years  later,  the 
impostor  Babak  set  up  a  communistic  sect  in  Armenia 
and  Azerbaijan,  it  was  a  son  of  Tahir,  'Abdalldh,  who 
was  commissioned  by  Ma’mun  to  put  him  down.  Not¬ 
withstanding  his  ability,  Abdallah  could  not  accom¬ 
plish  the  task,  and  it  was  only  under  Ma’miin’s  suc¬ 
cessor  that  Bdbak  was  taken  and  put  to  death. 

Ever  since  Ma’miin’s  entry  into  Baghdad,  the 
pseudo-caliph  Ibrahim  had  led  a  wandering  life.  He 
was  arrested  one  night  in  Baghdad,  under  the  dis¬ 
guise  of  a  woman,  and  brought  before  Ma’miin.  The 
latter  generously  pardoned  him,  and  also  granted  an 
amnesty  to  the  former  minister  of  Amin,  Fadl  b.  Rabl  , 
although  he  had  been  the  chief  promoter  of  the  ter¬ 
rible  civil  war  which  had  so  lately  shaken  the  empire. 
After  that  time,  Ibrdhim  the  son  of  Mahdl  lived 
peacefully  at  the  court,  cultivating  the  arts  of  singing 
and  music,  in  which  he  excelled. 

Tranquillity  being  now  everywhere  reestablished, 
Ma’miin  gave  himself  up,  without  hindrance,  to  his 
scientific  and  literary  tastes.  He  caused  works  on 
mathematics,  astronomy,  medicine,  and  philosophy, 
to  be  translated  from  the  Greek.  It  was  also  by  his 
orders  that  two  learned  mathematicians  undertook  the 
measurement  of  a  degree  of  the  earth’s  circumference. 
Ma’miin  interested  himself,  too,  in  questions  of  re¬ 
ligious  dogma.  Shocked  at  the  opinion  which  had 
spread  among  the  Moslem  doctors,  that  the  Koran 
was  the  uncreated  word  of  God,  he  published  an  edict 
commanding  them  to  renounce  this  error.  Several 
distinguished  doctors,  and,  among  others,  the  cel- 

•  \9n  lhis  event,  see  a  remarkable  essay  by  Barbiei  de  Meynard. 
in  the  Journal  asiatique  for  March- April,  1869.  7  ^ 
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ebrated  Ibn  Hanbal,  founder  of  one  of  the  four  or¬ 
thodox  Moslem  sects,  were  obliged  to  appear  before  an 
inquisitorial  tribunal ;  and  as  they  persisted  in  their 
belief  respecting  the  Koran,  they  were  thrown  into 
prison.  Meanwhile,  war  having  broken  out  between 
th^  Greeks  and  the  Moslems,  Ma’mtin  set  out  for 
Asia  Minor,  to  put  himself  at  the  head  of  his  army. 
On  his  arrival  at  Tarsus,  he  received  from  the  governor 
of  Baghdad  the  report  of  the  tribunal  of  inquisition, 
and  ordered  that  the  culprits  should  be  sent  off  to  him. 
Happily  for  these  unfortunate  doctors,  they  had 
scarcely  started  on  the  road  to  the  frontiers,  when 
news  of  the  Caliph’s  death  reached  Baghdad.  Ma’- 
mun  having  bathed  in  the  Podendon,  a  burning  fever 
was  the  result,  which  brought  him  to  the  grave  in  a.h. 
218  (a.d.  833).  Before  his  death,  he  designated  as 
his  successor  his  brother  Mo'tasim  billah  (He  who 
seeks  defence  in  God),  whom  he  had  for  a  long  time 
preferred  to  Mo’tamin. 

8.  The  accession  of  the  new  Caliph  Mo'tasim  met 
at  first  with  active  opposition  in  the  army, 
bni4h?.,m  where  a  powerful  party  had  been  formed 
in  favor  of  'Abbds,  the  son  of  Ma’mdn. 
Thanks,  however,  to  the  disinterested  conduct  of  that 
prince,  civil  war  was  averted.  'Abbas  publicly  re¬ 
nounced  all  pretension  to  the  Caliphate,  and  took  the 
oath  of  allegiance  to  his  uncle.  Mo’tamin,  the  son  of 
Harun,  imitated  the  conduct  of  'Abbds,  and  the  whole 
army  accepted  Mo'tasim,  who  made  his  public  entry 
into  Baghadd  in  the  month  of  Ramadan,  218. 

The  new  Caliph,  far  from  putting  a  stop  to  the  per¬ 
secution  which  had  been  directed  against  the  orthodox 
doctors,  took  up  and  carried  out  the  views  of  Ma’mdn. 
The  doctor  Ibn  Hanbal  was  beaten  with  rods  and 
thrown  into  prison,  together  with  several  of  his  com¬ 
panions,  and  was  not  restored  to  liberty  till  the  Caliph¬ 
ate  of  Motawakkil.  This  persecution  had  already 
rejudiced  the  people  against  Mo'tasim,  and  their 
iscontent  became  more  marked  when  the  Caliph  cre¬ 
ated  a  new  body  of  troops,  specially  intended  to  watch 
over  his  person.  This  new  guard  was  composed  of 
Turks,  an  unbridled  and  undisciplined  body  of  sol¬ 
diery,  who,  moreover,  held  in  open  contempt  the  reli¬ 
gious  precepts  of  Islam.  Tired  of  the  excesses  of 
every  kind  committed  by  the  Turks,  the  people  of 
Baghdad  rose  in  insurrection,  and  Mo'tasim,  not  daring 
to  act  with  severity  either  against  his  guard  or  the  cit¬ 
izens,  took  the  course  of  quitting  the  city.  Leaving 
the  government  of  the  capital  in  the  hands  of  his  son 
Wdthik  billah  (He  who  trusts  in  God),  he  established 
himself  with  his  guard  at  Sdmarra,  a  small  place  sit¬ 
uated  a  few  leagues  above  Baghdad,  and  changed  its 
name  to  Sorra-man-ra’a  (He  rejoices  who  sees  it).  This 
resolution  of  Mo'tasim  was  destined  to  prove  fatal  to 
his  dynasty ;  for  it  placed  the  Caliphs,  at  the  mercy  of 
their  Praetorians.  In  fact,  from  the  time  of  Mo'tasim, 
the  Caliphate  became  the  plaything  of  the  Turkish 
guard,  and  its  decline  was  continuous.  Some  glorious 
feats  of  arms,  however,  were  still  performed  under 
Mo'tasim.  The  sectary  Babak  was  at  last  taken  by 
Afslnn,  a  Turkish  general  of  the  Caliph,  in  the  year 
223  (a.d.  837-838).  Babak  was  carried  to  Baghdad, 
led  through  the  city  on  the  back  of  an  elephant,  and 
then  delivered  to  the  executioners,  who  cut  off  his 
arms  and  his  legs.  Afshin,  however,  was  very  ill  re¬ 
warded  for  his  services,  for  shortly  afterwards  the  Ca¬ 
liph  had  him  put  to  death  on  a  charge  of  heresy. 

The  death  of  Ma’mun  had  for  the  moment  sus¬ 
pended  hostilities  with  Constantinople;  under  Mo'tasim 
the  war  was  rekindled.  A  valiant  Greek  general, 
Manuel,  who  had  incurred  the  displeasure  of  the  Em¬ 
peror  Theophilus,  took  refuge  with  the  Caliph,  who 
eagerly  welcomed  him  and  gave  him  a  command. 
Manuel  began  by  reducing  Khorasdn,  which  had  risen 
in  revolt,  and  Mo'tasim  was  so  well  satisfied  with  him 
that  he  thought  of  *  employing  him  against  his  own 
countrvmen.  This  was  precisely  what  Theophilus 
dreaded,  and  he  took  measures  accordingly  to  bring 


back  the  banished  general  to  his  side.  He  sent  an 
ambassador  to  Mo'tasim,  under  pretence  of  ransoming 
some  Greek  prisoners  ;  but  the  real  object  of  his  mis¬ 
sion,  which  he  contrived  to  communicate  to  Manuel, 
was  the  recall  of  that  general.  Manuel,  feigning  great 
animosity  against  his  country,  himself  asked  to  be 
allowed  to  lead  a  Moslem  army  into  Cappadocia.  The 
Caliph  granted  his  request,  and  sent  with  him  his  own 
son  Wdthik  billah.  But,  as  soon  as  they  reached  the 
frontiers  of  Cappadocia,  Manuel  confessed  to  the  young 
prince  that  his  intention  was  to  return  to  Constanti¬ 
nople,  and  quitted  the  army.  Theophilus,  taking  ad¬ 
vantage  of  the  confusion  into  which  the  departure  of 
Manuel  had  thrown  the  Moslems,  made  an  incursion 
into  Syria,  laid  waste  that  province  as  far  as  Zabafra, 
and  returned  loaded  with  booty.  At  the  news  of  this 
disaster,  Mo'tasim  assembled  a  formidable  army,  esti¬ 
mated  at  more  than  two  hundred  thousand  men,  pene¬ 
trated  into  Asia  Minor,  beat  the  Greeks,  and  took  the 
city  of  Amorium,  which  he  ordered  to  be  razed  to  the 
ground.  A  revolt  which  broke  out  at  Baghddd  in 
favor  of  his  nephew  'Abbas,  the  son  of  Ma’mdn,  com¬ 
pelled  the  Caliph  to  turn  back.  Mo'tasim  had  the 
unfortunate  'Abbas  arrested,  and  he  was  soon  after 
found  dead  in  his  prison.  Mo'tasim  survived  him 
only  four  years.  He  died  at  Sorra-man-ra’a,  in  a.h. 
227  (a.d.  841-842).  . 

9.  His  son  Wathik,  who  succeeded  him,  showed 
himself  no  less  intolerant  on  the  doctrinal  question  of 
the  uncreated  Koran.  He  carried  his  zeal  wathik 
to  such  a  point  that,  on  the  occasion  of  an 
exchange  of  Greek  against  Moslem  prisoners,  in  the 
year  231  (a.d.  845-846),  he  ordered  that  all  the  Mos¬ 
lem  captives  who  would  not  declare  their  belief  that 
the  Koran  was  a  human  work,  should  be  left  in  the 
hands  of  the  enemy.  The  reign  of  Wathik  billdh  was 
not  otherwise  marked  by  any  very  striking  events. 
He  died  in  232  (a.d.  846-847),  after  a  reign  of  five 
years.  As  he  had  appointed  no  successor  before  his 
death,  the  principal  personages  of  the  state  at  first 
cast  their  eyes  on  his  son  Mohammed  ;  but  they  had 
scarcely  saluted  him  with  the  title  of  Caliph,  when 
they  changed  their  purpose,  and  offered  the  supreme 
power  to  Motawakkil  'ala  ’llah  (He  who  trusts  to  God), 
brother  of  Wdthik.  This  prince  was  therefore  elected 
in  the  same  year  in  which  Wdthik  died. 

10.  The  first  act  of  Motawakkil  was  an  atrocious 
cruelty.  He  seized  Mohammed  b.  'Abd  al-Melik,  his 
brother’s  vizier,  who  had  always  been  his  Motawakkil. 
enemy,  and  ordered  him  to  be  placed  in  a 

furnace  bristling  within  with  iron  points,  which  was 
then  raised  to  a  red  heat.  The  Caliph  looked  on  at 
the  agonies  of  his  victim,  incessantly  repeating  :  ‘‘Pity 
is  a  weakness.”  This  had  been  the  favorite  maxim  of 
the  unfortunate  vizier.  An  impostor  named  Moham¬ 
med  b.  Faraj  had  set  himself  up  as  a  prophet,  giving 
out  that  he  was  Moses  risen  from  the  dead.  By  means 
of  this  gross  fabrication,  he  had  contrived  to  attract 
twenty-seven  followers.  The  Caliph  had  him  seized, 
and  condemned  him  to  perpetual  imprisonment;  but 
first  he  compelled  each  of  the  followers  of  Mohammed 
to  give  the  pretended  prophet  ten  blows  on  the  head 
with  his  fist ;  and  the  poor  wretch  expired  under  the 
hands  of  his  own  disciples.  (a.H.  235,  a.d.  849-850.) 

In  the  year  of  his  elevation  to  the  Caliphate,  Mota¬ 
wakkil  had  regulated  the  succession  to  the  empire  in 
his  own  family,  by  designating  as  future  Caliphs  his 
three  sons,  Montasir  billah  (He  who  seeks  help  in 
God),  Mo'tazz  billdh  (Strong  through  God),  and  Mo- 
wayyad  billdh  (Assisted  by  God).  In  acting  thus,  his 
object  was  to  protest  against  the  tendency  of  his  pre¬ 
decessors  to  favor  the  house  of  'All,  and  to  guard 
against  the  attainment  of  the  Caliphate  by  any  mem¬ 
ber  of  that  house.  Motawakkil  displayed  the  most  ex¬ 
treme  hatred  for  the  descendants  of  the  Prophet.  He 
even  went  so  far  as  to  destroy  the  chapel  erected  over 
the  tomb  of  Hosain  at  Kerbeld,  and  forbade  the  Shi' 
ites  to  visit  the  spot.  Not  content  with  attacking  the 
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liberty  and  the  property  of  the  descendants  of  'Ali,  he 
insulted  their  belief,  by  taking  buffoons  into  his  pay, 
•whose  business  it  was  to  turn  the  person  of  'All  into 
mockery.  He  also  persecuted  the  Christians  and  the 
Jews ;  excluding  them  from  all  public  employments, 
and  obliging  them  to  send  their  children  to  Moslem 
schools.  In  the  year  237,  a  revolt  broke  out  in  Arme¬ 
nia.  The  Caliph  sent  the  Turk  Bugha  against  the 
rebels ;  but  they  met  him  with  a  vigorous  resistance, 
and  it  was  four  years  before  peace  was  restored  to  the 
province.  During  that  time  the  Greeks  effected  a  de¬ 
scent  on  Egypt,  and  Damietta  was  taken  and  burned. 
Motawakkn  caused  Damietta  to  be  fortified,  and  trans¬ 
ferred  his  own  residence  to  Damascus,  doubtless  that 
he  might  be  able  to  keep  a  closer  watch  on  the  pro¬ 
ceedings  of  the  Byzantines.  He  soon  thought  himself 
strong  enough  to  take  the  offensive,  and  poured  his 
Turkish  soldiery  into  Asia  Minor,  where  they  encoun¬ 
tered  the  same  Manuel  who  had  been  formerly  received 
at  the  court  of  Mo'tasim.  After  an  alternation  of  suc¬ 
cesses  and  reverses,  both  Moslems  and  Greeks  retired 
from  the  conflict.  Motawakkil  then  returned  to  his 
residence  at  Sorra-man-ra’a,  and  there  caused  a  mag¬ 
nificent  quarter  to  be  built,  which  he  called  J a'fariyya.1 
There  he  gave  himself  up  to  debaucheries ;  till  at  last, 
during  one  of  his  orgies,  he  was  murdered  by  a  Turkish 
soldier  named  Wa§if,  who  had  been  bribed  to  the  deed 
by  his  own  son  Montasir  bill&h  (a.h.  247,  A.D.  861- 
862). 

11.  On  the  very  night  of  his  father’s  assassination 

Montasir  had  himself  proclaimed  Caliph. 
Montasir.  conspirators  among  the  Turkish  sol¬ 

diery  compelled  him  to  deprive  nis  two  brothers, 
Mo'tazz  and  Mowayyad,  who  were  not  agreeable  to 
them,  of  their  rights  of  succession.  Montasir  did  not 
long  enjoy  the  fruits  of  his  crime.  He  died  five  months 
after,  by  poison,  it  is  said. 

12.  The  Turkish  soldiery,  which  now  arrogated  to 

itself  the  mastery  over  the  Caliphate,  chose 
Mosta  in.  jn  succession  to  Montasir  his  cousin  Ahmed , 
who  took  the  title  of  Mosta'fn  billdh  (He  who  looks 
for  help  to  God).  Under  the  reign  of  this  feeble 
prince,  the  Greeks  inflicted  serious  losses  on  the  Mos¬ 
lems  in  Asia  Minor.  The  Turkish  soldiery,  instead  of 
attempting  to  repair  these  losses,  revolted  against  the 
Caliph  whom  they  had  themselves  chosen,  and  plun¬ 
dered  the  city  of  Sorra-man-ra’a.  Taking  advantage 
of  these  disorders,  a  descendant  of 'AH,  named  Hasan, 
gained  possession  of  Tabaristdn  and  Jorjdn,  and  per¬ 
manently  deprived  the’ Eastern  Caliphate  of  those  pro¬ 
vinces.  At  the  same  time,  insurrections  sprang  up  in 
every  part  of  the  empire.  Next,  the  chiefs  of  the 
Turkish  soldiery,  in  their  mutual  jealousies,  began  to 
tear  each  other  to  pieces.  The  infatuated  Caliph  fled 
from  Sorra-man-ra’a,  and  took  refuge  at  Baghdad. 
The  Turks  now  resolved  on  his  destruction,  and  forget¬ 
ting  that  they  themselves  had  deprived  Mo'tazz  billdh, 
brother  of  Montasir,  of  his  legitimate  rights,  chose 
him  as  their  Caliph.  They  next  placed  at  their  head 
a  brother  of  Mo'tazz,  named  Mowaffak  bilbih,  and  be¬ 
sieged  Mosta'fn  at  Baghdad.  At  the  end  of  one  month 
(a.h.  252,  A.D.  866),  Mosta'fn  surrendered,  and  was 
put  to  death. 

"13.  Mo'tazz  billdh,  thus  called  to  the  throne  by  the 
M  .  very  men  who  had  previously  sought  to 

°  azz'  exclude  him  from  it,  resolved  to  free  him¬ 
self  from  the  yoke  of  the  formidable  Turkish  soldiery 
which  thus  made  and  unmade  Caliphs.  But  to  main¬ 
tain  a  struggle  against  such  terrible  adversaries,  the 
new  sovereign  would  have  needed  an  ability  and  energy 
which  he  did  not  possess.  He  made,  indeed,  a  very 
impolitic  beginning  in  getting  rid  of  his  brothers  Mo¬ 
wayyad  and  Mowaffak,  of  whom  he  put  the  former  to 
death,  and  drove  the  latter  into  exile.  Some  time  after, 
it  is  true,  he  had  the  satisfaction  of  seeing  Wa§ff,  one 
of  the  chiefs  of  the  Turkish  soldiery,  lose  his  life  in  a 

1  That  Is,  "City  of  Ja'far."  Ja'far  was  Motawakkil’s  own  proper 
name. 


mutiny  of  his  own  treeps ;  and  that  of  defeating  in 
person  another  chief,  Bugha,  whom  he  afterwards 
caused  to  be  beheaded.  But  in  the  following  year 
(a.h.  254),  the  Turks  chose  as  their  leaders  the  sons  of 
Wa§ff  and  Bugha,  §&lib  and  Mohammed,  who  avenged 
their  fathers  by  plundering  the  palace  of  the  prime 
minister  and  besieging  that  of  the  Caliph,  whom  they 
seized  and  threw  into  close  confinement,  where  he  died 
of  hunger  and  thirst,  A.  H.  255. 

14.  Immediately  after  the  fall  of  Mo'tazz,  the 
Turks  brought  from  Baghdad  one  of  the 

sons  of  Wdthik  billah,  and  proclaimed  Mohtad1' 
him  Caliph,  with  the  title  of  Mohtadf  billdh  (Guided 
by  God).  Mohtadf,  a  man  of  noble  and  generous 
spirit,  exerted  himself,  but  in  vain,  to  release  his 
predecessor  from  prison.  Having  failed  in  this, 
he  kept  the  precarious  measure  of  power  which  his 
masters  left  him,  and  applied  it  to  the  regeneration 
of  Moslem  society,  the  decay  of  which  appeared  to  him 
imminent.  He  forbade  wine  and  games  of  chance ;  he 
devoted  himself  to  the  administration  of  justice ;  he 
examined  in  person  every  sentence  passed  by  the 
judges,  and  gave  public  audience  to  the  people  twice  a 
week  for  the  redress  of  their  grievances.  The  farmers 
of  the  revenue  were  subjectedto  strict  control,  and  the 
taxes  were  considerably  lightened.  It  seemed  as  if 
these  reforms  were  likely  to  reestablish  order  and  pros¬ 
perity  in  the  empire.  But  Mohtadf  came  too  late,  and 
the  Turks  did  not  leave  him  time  to  finish  his  work. 
S&lih,  one  of  the  chiefs  of  the  Turkish  soldiery,  having 
been*  assassinated  by  a  rival,  Mohtadf  punished  the 
guilty  person  with  rigor.  The  Turks,  in  their  rage, 
beset  the  palace  and  slaughtered  the  unfortunate  Ca¬ 
liph  (a.h.  256,  A.D.  870). 

15.  Whether  from  weariness,  or  from  repentance, 
the  Turkish  soldiery  discontinued  for  a  time  jfo-tamid 
their  hateful  excesses.  A  son  of  Motawak¬ 
kil  was  brought  out  of  prison  to  succeed  his  cousin,  and 
reigned  for  twenty-two  years  under  the  name  of 
Mo'tamid  'ala  ’llAh  (He  whose  support  is  God).  Dur¬ 
ing  his  reign  two  great  events  took  place,  tokens  and 
precursors  of  the  dissolution  of  the  Caliphate.  Eastern 
Persia  and  Egypt  separated  themselves  by  force  from 
the  empire,  ana  two  new  dynasties  established  them¬ 
selves  in  these  countries,  those  respectively  of  the  Saf- 
fd.rids  and  the  (JMldnids.  The  founder  of  the  former, 
Y a'kub  b.  Laith,  was  the  son  of  a  coppersmith  (§af- 
fdr).  At  the  head  of  a  band  of  resolute  men,  he  in¬ 
vaded  successively  Khorasdn,  Kirmdn,  and  Sijistdn, 
and  at  last  the  Caliph  Mo'tamid,  powerless  to  arrest 
his  progress,  was  obliged  to  give  an  official  recognition 
to  accomplished  facts.  But  Ya'kiib  was  not  satisfied 
with  this;  he  soon  possessed  himself  of  Tabaristdn, 
Fdrsistdn,  and  Ahw&z,  and  thence  marched  against 
Baghdad.  Fortune,  however,  deserted  him ;  he  was 
beaten  in  the  neighborhood,  of.  Wdsit  (a.h.  262),  and 
compelled  to  return  to  Persia  in  order  to  levy  a  new 
army  there.  In  265  he  resumed  his  march  against 
Baghdad,  but  was  obliged  by  sickness  to  halt  at  Jon- 
dfsabur,  where  he  died;  not,  however,  till  he  had  ob¬ 
tained  from  the  Caliph  a  formal  investiture  of  all  the 
provinces  he  had  conquered.  He  was  succeeded  by  his 
brother  ‘Amr.  On  the  other  side,  a  certain  Ahmed  b. 
Tdldn,  the  son  of  a  freedman,  who  had  obtained  from 
the  Caliph  the  post  of  governor  of  Egypt,  planned  the 
creation  for  himself  of  an  independentkingaom.  Under 
Mo'tamid  he  even  invaded  Syria,  and  perhaps  would 
have  pushed  his  conquests  still  farther,  had  not  death 
overtaken  him  in  A.H.  270  (a. d.  883-884).  His  son 
Khomaniya  succeeded  him  in  Egypt,  and  though,  at 
a  later  period,  he  submitted  to  pay  tribute  to  Mo'tadid, 
nevertheless  a  dynasty  had  been  founded  in  that 
country  which  lasted  for  twenty-one  years  longer. 
Mo'tamid  died  eight  years  after  Ahmed  b.  Tdlun. 

16.  The  reign  of  Mo'tadid  billMi  (He  who  seeks  his 

support  in  God),  who  succeeded  his  uncle  . 

Mo'tamid,  is  principally  remarkable  for  the  10  •  a 
rise  of  the  celebfated  sect  of  the  Carmathians  (KariL- 
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mita),  who  for  two  centuries  laid  waste  the  Moslem 
empire,  and  for  the  extinction  of  the  Saffarid  dynasty 
in  Persia,  where  it  was  replaced  by  that  of  the  Samd- 
nids.  Some  details  respecting  the  origin  and  the  creed 
of  the  Carmathians  will  be  found  in  the  third  section 
of  this  article.  We  shall  content  ourselves  here  with 
stating  the  fact  that  these  sectaries,  who  were  numer¬ 
ous  in  'Irak,  Syria,  and  Eastern  Arabia,  kept  in  check 
all  the  armies  which  were  sent  against  them.  Under 
the  reign  of  Mo'tadid  they  invaded  Mecca  and  com¬ 
mitted  great  ravages  there.  In  a.h.  281,  Mo'tadid  re¬ 
paired  the  disasters  which  they  had  caused  there,  and 
raised  important  works  about  the  Ka'ba.  Mo'tadid 
died  in  289  (a.d.  902),  leaving  the  throne  to  his  son 
Moktafl  billyh.  . 

17.  Moktaff  bill&h  (He  who  sufficeth  himself  in  God) 

reigned  for  six  years,  during  which  he  had 
Moktat.  constantly  to  struggle  against  the  Carma¬ 
thians.  One  of  his  generals,  indeed,  gained  a  signal 
victory  over  these  sectaries  ;  out,  to  avenge  their  de¬ 
feat,  they  lay  in  wait  for  a  caravan  which  was  on  its 
return  from  Mecca,  and  massacred  twenty  thousand 
pilgrims.  This  horrible  crime  raised  the  whole  of 
Arabia  against  them.  The  Carmathians  were  beaten 
again,  and  Dhikriiya,  one  of  their  ablest  generals,  was 
taken  and  put  to  death.  The  sectaries  remained 
quiet  for  some  time,  and  the  Caliph  took  advantage 
of  this  respite  to  take  Egypt  from  the  house  of 
Tulun,  and  to  confer  its  government  on  the  Ikhshldites. 
Moktafl  died  a.h.  295  (A.D.  907-908).  His  activity 
and  energy  revived  for  a  moment  the  prestige  of 
the  Caliphate  ;  but  this  fleeting  renewal  of  its  great¬ 
ness  was  soon  to  disappear,  and  decay  resumed  its 
course. 

18.  The  new  Caliph,  Moktadir  billah  (Powerful 
•  , ,  ..  through  God),  was  only  thirteen  years  of 
Moktadir.  age  wjien  ]je  ascended  the  throne.  His  ex¬ 
treme  youth  prejudiced  the  people  of  Baghdad  against 
him  ;  they  rebelled,  and  swore  allegiance  to  'Abdallah, 
son  of  the  former  Caliph  Mo'tazz  ;  but  the  party  of 
Moktadir  prevailed,  and  his  rival  was  put  to  death. 
Moktadir,  however,  was  too  young  to  exercise  any  real 
power ;  he  was  governed  by  his  eunuchs.  He  was,  be¬ 
sides  a  man  of  feeble  character,  and  looked  on  help¬ 
lessly  at  the  death-struggle  of  the  empire,  upon  which 
calamities  of  every  kind  now  poured  in.  The  Greeks 
invaded  Mesopotamia.  A  truce  was  concluded  with 
them  ;  but  the  Carmathians  then  recommenced  their 
disorders  in  Syria.  The  indolence  of  the  Caliph,  and 
his  inaction  in  the  face  of  this  danger,  alienated  all 
hearts  from  him ;  and  the  eunuch  Munis,  the  princi¬ 
pal  chief  of  his  party,  took  the  lead  in  deposing  him 
and  proclaiming  in  his  stead  his  brother  Kahir  billah 
(Victorious  through  God),  in  the  year  317  (a.d.  929- 
930).  Kahir,  however,  having  refused  to  distribute  a 
donative  to  the  army  on  the  occasion  of  his  accession, 
a  counter-revolution  took  place,  and  Moktadir,  who 
had  been  imprisoned,  was  taken  from  his  dungeon  and 
replaced  on  the  throne,  only  three  days  after  his  de¬ 
position.  Favored  by  these  disturbances;  the  gover¬ 
nor  of  Mosul,  N&sir  al-Daula,  declared  himself  inde¬ 
pendent,  and  founded  definitively  the  dynasty  of  the 
Hamd&nites  ;  thus  causing  an  additional  dismember¬ 
ment  of  the  empire.  The  Carmathians  in  their  turn, 
under  the  guidance  of  a  new  chief,  Abu  Tahir,  obtained 
possession  of  Mecca,  and  carried  off  the  celebrated 
black  stone  of  the  Ka'ba,  which  they  did  not  restore 
till  very  long  afterwards.  Meanwhile  the  eunuch 
Munis  had  been  disgraced.  He  withdrew  at  first  to 
Mosul,  to  the  court  of  Nasir  al-Daula;  but  it  was  to. 
raise  an  army  and  march  upon  Baghdad,  where  the 
Caliph  had  again  fixed  his  abode.  The  object  of  Mdms 
was  not  to  attack  the  Caliph,  but  only  to  take  ven¬ 
geance  on  his  personal  enemies.  Moktadir  was_  in¬ 
duced  by  evil  counsellors  to  make  a  sally  against 
Miinis  His  troops  were  put  to  the  rout,  and  he  him¬ 
self  feil  on  the  field  of  battle,  in  the  year  320  (a.d. 
932). 


With  the  reign  of  Moktadir  is  connected  one  of  the 
greatest  events  in  the  history  of  the  Caliph-  The  F4_ 
ate,  the  foundation  of  the  Fatimite  dynasty,  tixnites. 
which  reigned,  first  in  the  Maghrib  and 
then  in  Egypt,  for  nearly  three  centuries.  The  first  of 
this  family  who  put  forward  any  pretensions  to  the  Ca¬ 
liphate  was  Obaid  All&h,  surnamed  the  Mahdf,  or 
Messiah  of  the  followers  of  'All,  who  gave  himself  out 
as  a  direct  descendant  of  'All,  through  his  wife  Fatimaj 
the  daughter  of  Mohammed,  whence  the  name  of 
Fatimite.  It  seems  to  be  proved  that  'Obaid  Allah 
was  really  descended  from  a  certain  'Abdall&h  b. 
Maimun  el-Kaddab,  the  founder  of  the  Ismailian 
sect,  of  which  the  Carmathians  were  only  a  branch. 
This  'Obaid  Allah  had  himself  become  pontiff  of  the 
Ismailians.  As  early  as  the  Caliphate  of  Moktafl, 
one  of  'Obaid  Allah’s  missionaries,  named  Abu  Ab¬ 
dallah,  had  succeeded  in  gaining  numerous  partisans  in 
the  province  of  Africa;  then  subject  to  the  Aghlabites, 
and  the  victories  of  this  missionary  had  wrested  East^ 
ern  Africa  from  the  family  of  Aghlab  when  Moktadir 
ascended  the  throne.  'Obaid  Allah  then  repaired  to 
his  new  realm  (a.h.  303),  and  founded  the  city  of  Mah- 
dfya,  which  he  made  his  capital.  He  tried  also,  hut 
without  success,  to  seize  Egypt ;  the  conquest  of  that 
country  was  reserved  for  one  of  his  successors,  Mo'izz 
li-dfn-illah.  Obaid  Allah  died  two  years  after  Mok¬ 
tadir,  leaving  to  his  son  Kaim  an  empire  already  suffi¬ 
ciently  powerful  to  cause  uneasiness  to  the  Abbasids, 
to  the  Omayyads  of  Spain,  and  to  all  the  Christian 
princes  whose  states  bordered  on  the  Mediterranean. 

19.  K&hir  billah,  on  being  raised  anew  to  the  throne 
after  the  death  of  his  brother  Moktadir, 
still  bore  ill-will  to  his  patrons,  and  tried  to  -AbMsids. 
free  himself  from  their  guardianship.  The  K4kir. 
emirs  of  his  court  dethroned  him  a  second 
time  and  put  out  his  eyes.  One  of  his  nephews  was 
then  proclaimed  Caliph  under  the  name  of  R&df  billah 
(Content  through  God).  This  prince,  who  Radi, 
was  entirely  governed  by  those  about  his 
person,  created,  in  favor  of  a  certain  Abubekr  Moham¬ 
med  b.  Raik,  the  office  of  Amfr  al-Omara,  or  Emir  of 
the  Emirs,  which  nearly  corresponds  to  that  of  Mayor 
of  the  Palace  among  the  Franks.1  The  Amfr  al-Omard, 
was  charged  with  the  administration  of  civil  and  mili¬ 
tary  affairs.  He  also  acted  as  the  Caliph’s  deputy  in 
sacerdotal  functions,  and  was  named  next  after  him  in 
the  public  prayers.  Thenceforth  the  Caliphate  was  no 
longer  anything  but  an  empty  shadow.  During  the 
reigns  of  Kahir  and  Radi,  the  Carmathians  became 
more  audacious  than  ever.  The  Amfr  al-Omara  was 
obliged  to  purchase  from  them  the  freedom  of  pilgrim¬ 
age  to  Mecca  at  the  price  of  a  disgraceful  treaty,  thus 
the  Caliphate  found  itself  almost  reduced  to  the  prov¬ 
ince  of  Baghdad.  Khoras&n,  Transoxiana,  Kiiman, 
and  Persia  were  in  the  hands  of  independent  sovereigns, 
the  S&manids,  the  Biiyids,  and  a  prince  named  W  ash- 
imgfr.  The  Hamdanites  possessed  Mesopotamia ;  the 
Sajites,  Armenia;  Egypt  was  under  the  rule  of  the 
Ikhshldites;  Arabia  was  held  by  the  Carmathians; 
Africa,  as  we  have  seen,  had  become  the  prey  of  the 
F&timites.  The  single  transient  success  obtained  by 
Radi  was  the  capture  of  Mosul  in  A.H.  328  (AH).  939- 
40)*;  and  even  this  success  he  owed  to  the  Turk  Bejkem, 
who  had  succeeded  Mohammed  b.  Raik  as  Amir  al- 

OmarA  ,  , 

Radf  died  in  the  following  year,  and  was  succeeded 
by  Mottakf  lill&h  (He  who  fears  God).  Mottaki. 
From  his  very  accession,  this  prince  saw 
himself  exposed  to  the  attacks  of  a  certain  Al-Barfdf, 
who  had  carved  out  for  himself  a  principality  in  Chal- 
daea,  and  who  now  laid  siege  to  Baghdad.  Nasir  al- 
Daula,  prince  of  Mosul,  who  had  been  reinstated  in 
his  government,  offered  an  asylum  to  Mottakf ;  put  his 
troops  at  his  disposal,  and  succeeded  in  repelling  Al- 
Barfdf.  In  return  he  obtained  the  office  of  Amfr  al- 
Omara.  But  there  were  other  competitors  for  that 
1  See  DefWmery,  Mcmoire  sur  les  Emirs  al-Ontfra,  Paris,  1848. 
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post.  Turun,  a  funner  lieutenant  of  Be j kern,  pro¬ 
tested  sword  in  hand  against  the  choice  of  the  Caliph, 
and  threatened  Baghdad.  Ikhstnd,  sovereign  of 
Egypt,  offered  Mottakl  a  refuge  in  his  states;  but 
Turun,  fearing  to  see  the  Caliph  obtain  such  powerful 
support,  found  means  to  entice  him  to  his  tent,  and 
had  his  eyes  put  out,  A.H.  333  (a.d.  944-945). 

As  successor  to  Mottakl,  Turun  chose  Mostakfi  billah 
Mostakfi.  (He  who  places  his  whole  trust  in  God). 

This  prince,  like  his  predecessors,  was  a 
mere  puppet  in  the  hands  of  his  ministers.  A  new 
Amir  al-Omara,  Zirak  b.  Shirzad,  made  himself  so 
hateful  to  the  people  of  Baghdad  by  his  deeds  of  vio¬ 
lence  and  rapacity  that  they  besought  the  help  of  the 
Biiyids.  Ahmed,  the  third  prince  of  that  dynasty, 
entered  Baghdad,  overthrew  Zi'rak,  and  took  his  place 
under  the  title  of  Mo'izz  al-Daula.  Mostakfi  soon  had 
enough  of  this  new  master,  and  ventured  to  conspire 
against  him.  The  plot  was  discovered,  and  Mo'izz  al- 
Daula  had  the  eyes  of  the  Caliph  put  out.  There 
were  now  at  Baghdad  three  Calipns  who  had  been  de¬ 
throned  and  blinded, — Kahir,  Mottakl,  and  Mostakfi. 
Mo'izz  al-Daula  thought  for  a  moment  of  restoring 
the  illusory  title  of  Caliph  to  the  descendants  of  'All. 
He  feared,  however,  lest  this  should  lead  to  the  recov¬ 
ery  by  the  Caliphs  of  their  former  supremacy,  and  his 
choice  fell  on  a  son  of  Moktadir  under  the  name  of 
Motl'  lillah  (He  who  obeys  God).  Reserving  to  him¬ 
self  all  the  powers  and  revenues  of  the  Caliph,  he  al¬ 
lowed  Motl'  merely  a  secretary  and  a  moderate  pension. 
The  prince  of/  Mosul,  who  began  to  think  his  posses- 
Moti\  sions  threatened  by  the  neighborhood  of 

Mo'izz,  entered  on  a  struggle  with  him  and 
tried  to  wrest  Baghdad  from  him  ;  but  he  failed,  and 
was  obliged  to  submit  to  the  payment  of  tribute.  We 
have  said  above  that  Mo'izz  al-Daula  professed  a  great 
veneration  for  the  house  of  'All.  His  preference 
showed  itself  in  public  acts.  He  caused  the  most  ter¬ 
rible  imprecations  against  the  Omayyads  to  be  posted 
up  at  the  doors  of  the  mosques.  This  step  irritated 
men’s  Is ;  and  a  general  insurrection  was  immi¬ 
nent  at  'hdad,  when  Mo'izz  died  (a.h.  356),  leav¬ 
ing  his  p  ;ver  to  his  son  'Izz  al-Daula. 

While  the 'Abbasid  family  was  thus  dying  out  in 
shame  and  degradation,  the  Fatimites,  in  the  person 
of  Mo'izz  li-dln-illah,  were  reaching  the  highest  de¬ 
gree  of  power  and  glory  (see  Egypt,  vol.  vii.  p.  651 
sqq).  Jauhar,  a  general  of  Mo'izz  li-dm-illdh,  con¬ 
quered  Egypt  for  his  master,  and  Ai’abia  acknowledged 
the  sovereignty  of  the  Fatimites.  >  The  Carmathians, 
who  had  so  long  contended  against  the  'Abbasids, 
now  came  to  better  terms  with  Motl',  and  their  gen¬ 
eral  made  the  Caliph  the  offer  of  driving  back  the 
Fatimites,  on  condition  of  his  granting  him  the  gov¬ 
ernment  of  Egypt.  Motl'  preferred  to  stand  neutral 
in  the  struggle;  and  the  Carmathian  general,  who 
with  the  support  of  Motl*  might  perhaps  have  tri¬ 
umphed  over  Mo'izz,  was  beaten  by  his  powerful  rival. 
Motl',  having  been  struck  by  paralysis,  was  obliged  to 
*  abdicate  in  the  year  363  (a.d.  973-974), 
i  1 '  and  left  the  empty  title  of  Caliph  to  his 

son  Tai'  li-amr-illdh  (Obedient  to  the  command  of 
God).  The  new  Caliph  lived  at  first  in  peace,  for  it 
was  now  the  office  of  Amir  al-Omara  which  provoked 
ill-will.  Under  the  reign  of  Tai'  the  Biiyia  princes 
contended  furiously  with  one  another  for  the  office  of 
Emir,  and  one  of  them,  'Adod  al-Daula,  having  con¬ 
quered  'Izz  al-Daula,  took  the  title,  never  before  em- 
loyed,  of  Shahinsh&h,  or  king  of  kings.  On  his 
eath  he  transmitted  his  office  to  his  three  sons,  who 
held  it  successively  under  the  names  of  Shams  al- 
Daula,  Sharaf  al-Daula,  and  Baha  al-Daula.  The  last, 
who  was  as  avaricious  as  he  was  ambitious,  took 
offence  at  the  Caliph  Tal'  for  having  disposed  of  cer¬ 
tain  sums  of  money,  of  which  he  wished  to  reserve  the 
management  to  himself,  compelled  him  to  abdicate  in 
A.H.  381,  and  replaced  him  by  a  grandson  of  Moktadir, 
who  took  the  name  of  Kadir  billah  (Powerful  through 


God),  and  reigned  forty-one  years  under  the  tutelage 
of  the  Biiyids.  Meanwhile  events  were  preparing  the 
fall  of  the  Biiyids.  In  Persia,  Mahmiid  of  Ghazni 
was  founding  the  powerful  empire  of  the  Ghaznevids, 
which  extended  to  the  Indus,  and  the  Seljiik  Turks 
were  already  invading  the  Khorasdn.  It  was  under 
the  successor  of  Kadir  billah  that  that  sanguinary 
revolution  took  place  which  was  to  give  over  tne  gov¬ 
ernment  of  Baghdad  to  the  Seljiiks. 

Kadir  billah  died  in  A.H.  422  (a.d.  1030-31),  and 
was  succeeded  by  Kdim  bi-amr-illah  (He  K^im 
who  is  charged  with  the  business  of  God). 

The  new  Caliph,  groaning  under  the  iron  hand  of  his 
Amir  al-Omara,  called  to  his  aid  the  Seljiik  Toghril 
Beg,  who  entered  Baghdad  in  the  month  of  Ramadan 
in  the  year  447  (a.d.  1055-1056),  overthrew  the  Biiy¬ 
ids,  and  took  their  place.  Some  years  later,  Toghril 
married  the  daughter  of  the  Caliph.  At  his  death, 
Toghril  left  to  his  nephew  Alp  Arslan  the  title  of  Sul¬ 
tan,  a  flourishing  empire,  and  uncontrolled  power. 
As  for  Kaim,  he  enjoyed  the  Caliphate  in  peace  under 
the  tutelage  of  Alp  Arslan  and  of  his  successor  Malik 
Shah,  till  his  death  in  A.H.  467.  His  MnvtoHt 
grandson,  Moktadi  bi-amr-illah  (He  who 
obeys  the  orders  of  God),  who  succeeded  him,  owed  to 
the  power  of  Malik  Shdli  the  honor  of  recovering  his 
supremacy  in  Arabia.  At  Medina  and  Mecca  his 
name  was  substituted  in  the  public  prayers  for  those 
of  the  Fatimite  Caliphs.  This  was,  after  all,  a  mere 
gratification  to  his  vanity,  for  Malik  Shall  was  the  real 
sovereign,  and  the  Caliph  thought  himself  highly  hon 
ored  in  marrying  the  daughter  of  his  powerful  patron. 
This  union,  however,  far  from  drawing  closer  the 
bonds  of  friendship  between  Malik  Shdh  and  Mok¬ 
tadi,  became  on  the  contrary  a  cause  of  strife.  The 
Caliph  having  put  away  his  wife,  who  had  wearied 
him  Dy  her  peevish  humors,  was  compelled  by  Malik 
Shah  to  appoint  the  child  whom  he  nad  had  by  her 
as  his  successor,  to  the  prejudice  of  his  eldest  son. 
Malik  Shah  also  exiled  his  son-in-law  to  Basra.  Just, 
however,  as  this  order  was  about  to  be  carried  out, 
Malik  Shah  died.  Moktadi  survived  him  only  a  few 
months.  It  was  during  the  reign  of  his  sue-  Mostazhir 
cessor  Mostazhir  billah  (a.h.  487-512)  that  and  the  last 
the  first  crusade  took  place.  We  need  not  Caliphs, 
here  enter  into  the  details  of  those  wars.  It  is  suffi¬ 
cient  to  say  that  from  the  date  of  the  first  crusade 
Baghdad  ceases,  so  to  speak,  to*  have  any  special  his¬ 
tory.  The  successors  of  Mosta?hir  billah  (He  who 
seeks  to  triumph  through  God)  were — Mostarsliid 
billah  (He  who  asks  guidance  from  God),  A.H.  512- 
529  ;  Rashid  billah  (Just  through  God),  A.H.  529-530; 
Moktali  li-amr-illah  (He  who  follows  thfe  orders  of 
God),  a.h.  530-555;  Mostanjid  billah  (He  who  in¬ 
vokes  help  from  God),  A.H.  555-566;  and  MostadF 
bi-amr-illah  (He  who  seeks  enlightenment  in  the  or¬ 
ders  of  God),  a.h.  566-575.  Under  this  last,  the  Fati¬ 
mite  dynasty  was  at  length  destroyed,  and  Egypt  fell 
again  under  the  spiritual  authority  of  the  Calipns  of 
Baghdad.  It  was  one  of  the  generals  of  the  Emir 
Niir  al-dfn,  the  celebrated  Salih  al-dfn  (Saladin),  who 
made  this  important  conquest  in  a.h.  567  (a.d.  1171— 
1172).  He  maintained  himself  in  Egypt  as  Sultan, 
founded  a  new  dynasty,  that  of  the  Ayyu bites,  and  in 
some  sort  compelled  Nasir  li-din-illah  (He  who  helps 
the  religion  of  God),  the  successor  of  Mostadx’  (a.h. 
575-622),  to  acknowledge  his  title  and  to  ratify  his 
usurpation. 

A  still  more  formidable  danger  was  now  threatening 
Baghdad.  The  terrible  Jinghiz  Khan  was 
issuing  from  the  depths  of  Asia  at  the  head  Mongols6 
of  his  Mongols,  and  was  beginning  to  in¬ 
vade  Transoxiana.  Under  Nasir  li-dfn-illdh’s  succes¬ 
sors,  Zahir  billah  (Victorious’  through  God),  a.h. 
622-623,  and  Mostansir  billah  (He  who  asks  help  from 
God),  A.H.  623-640,  the  Mongol  invasion  advanced 
with  immense  strides ;  and  when,  after  them,  Mosta- 
sim  billah  (He  who  seeks  his  defence  in  God)  was 
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named  Caliph  in  the  year  640  (A.D.  1242-1243),  the 
last  days  of  the  Caliphate  had  arrived.  Hulagu,  who 
was  then  sovereign  among  the  Mongols,  determined 
to  make  himself  master  of  the  whole  of  Western  Asia. 
He  placed  himself  at  the  head  of  his  immense  hordes, 
swept  everything  before  him  on  his  march,  and  ar¬ 
rived  under  the  walls  of  Baghdad.  In  vain  did  Mos- 
tasim  sue  for  peace.  The  siege  was  actively  pursued, 
and  on  the  29th  of  Moharram,  656  (5th  February, 
1258),  the  Mongols  forced’  their  way  into  Baghdad  and 
planted  the  standard  of  Hulagu  on  the  highest  of  its 
towers.  The  city  was  given  up  to  fire  and  slaughter ; 
Mosta'§im  was  thrown  into  prison,  and  died  there  a 
few  days  after;  and  with  him  expired  the  Eastern 
Caliphate,  which  had  lasted  626  years,  from  the  death 
of  Mohammed. 


Genealogical  Table  of  the  'Abbasid  Caliphs  down 
to  the  Fall  of  Baghdad. 

•Abbits. 

•Abdallah. 

•it 


Mohammed. 


Ibihim.  1.  Abu  ’1--Abbds. 


2.  Mansur. 
3.  Mahdi. 


4.  HMi.  5.  Hdrun  al-Rashid. 


6.  Amin.  7.  Ma’mfin.  8.  Mo'tasim. 

i  i  F 

Mohammed.  9.  W&thik.  10.  Motawakkil. 
12.  Mosta'in.  14.  Mohtadi. | 
Mowaffak.  11.  Montasir.  15.  Mo'tamid.  13.  Mo'tazz. 

I  ’ 

16.  Mo'tadid. 

J _ 

I  I  I 

19.  Kdbir.  18.  Moktadir.  17.  Moktafi. 

| 22.  Mostakfi. 

Ishdk.  23.  Moti\  21.  Mottaki.  20.  B£di. 
24.  xli'. 

25.  KMir. 

26.  Klim. 

Mohammed  Dhakhirat  al-Diu. 

27.  Moktadi. 

28.  Mostazhir. 

I 

31.  Moktafi.  29.  Mostarshid. 

I  ’  I 

32.  Mostanjid,  30.  £&hid. 

33.  Mostadi’. 

34.  N&ir. 

I  ’ 

35.  ££hir. 

36.  Mostansir. 

I 

37.  Mosta'sim. 


In  vain,  three  years  later,  did  a  scion  of  the  race  of 
the  Abbasids,  who  had  taken  refuge  in  Egypt,  make  an 
effort  to  restore  a  dynasty  which  was  now  forever  ex¬ 
tinct.  At  the  head  of  a  few  followers,  he  marched 


against  Baghddd,  but  was  repulsed  by  the  governor 
of  that  city,  and  died  fighting.  At  a  later  period, 
another  descendant  of  the  'Abbasids  also  sought  an 
asylum  in  Egypt.  The  Sultan  Baibars,  after  a  judicial 
investigation  of  his  origin,  proclaimed  him  Caliph 
under  the  name  of  Ilakim  bi-amr-ill&h.  His  sons  in¬ 
herited  this  empty  title,  but,  like  their  father,  remained 
in  Egypt,  without  power  or  influence.  This  shadow 
of  sovereignty  continued  to  exist  till  the  conquest  of 
Egypt  by  the  Turks. 


Sect.  III. — Sketch  of  the  Institutions  and 
Civilization  of  the  Eastern  Caliphate. 

Mohammed  had  begun  to  bestow  political  unity  on 
Arabia ;  but  he  had  done  still  more  :  he  had  given  her 
the  Koran,  as  the  starting-point  and  base  of  the  future 
civilization  of  Islam.  It  was  for  the  preservation  and 
the  better  understanding  of  the  sacred  text  that  the 
first  believers  were  led  to  create  grammar  and  lexicog¬ 
raphy,  and  to  make  collections  of  the  poems  of  their 
own  and  former  times,  those  “witnesses  of  the  mean¬ 
ing  of  words,  ’  ’  as  the  Arabs  call  them.  To  elucidate 
questions  of  dogma  they  created  theology.  Jurispru¬ 
dence,  in  like  manner,  issued  from  the  Koran,  ana  the 
historical  sciences  at  first  gathered  around  it.  As  early 
as  the  first  century  of  the  Flight,  schools  were  founded 
in  'Irak,  at  Basra  and  at  Cufa,  in  which  all  the  ques¬ 
tions  to  which  the  study  of  the  Koran  gave  rise  were 
stated,  and  answered  in  different  ways.  Natural 
science  and  mathematics  were  less  directly  concerned 
with  the  sacred  book,  and  were  consequently  neglected 
during  the  whole  period  of  the  Omayyad  dynasty. 
They  only  began  to  be  cultivated  when,  under  the 
’Abbasids,  the  study  of  philosophy  led  to  the  use  of 
translations  from  the  Greek.  The  institutions  of  Islam 
were  developed,  no  doubt,  as  new  wants  made  them¬ 
selves  felt,  in  proportion  to  the  extension  of  the  J  em¬ 
pire  ;  but  they  were  nevertheless  founded  on  trim  drst 
arrangements  made  by  the  Prophet,  and  hand  1  iown 
by  him  in  the  Koran.  ;  ><* 

Under  the  first  four  Caliphs  these  institutions  con¬ 
tinued  in  a  rudimentary  state.  The  Caliph  Political 
(Khalifa,  substitute  or  successor)  was  and  swial 
elected  by  the  Moslem  community;  and,  institutions, 
after  receiving  from  all  its  members  the  oath  of  fidel¬ 
ity  (Bai'a)  which  they  were  bound  to  take,  united 
the  temporal  and  spiritual  powers  in  his  own  hands. 
He  was  at  the  same  time  high  priest,  ruler,  and  judge. 
He  was  compelled,  however,  by  the  very  extent  of.  the 
empire  to  delegate  his  powers  to  those  agents  ['Amil, 

Elural '  Ommal )  whom  he  commissioned  to  represent 
im  in  the  provinces.  The  State  revenues,  which 
entered  the  public  treasury  [Bait  al-mdl),  were  com¬ 
posed — (1)  of  the  tithe,  or  tax  for  the  poor  (Zakdt), 
which  every  Moslem  was  bound  to  pay;  (2)  of  the 
fifth,  raised  on  all  booty  taken  in  war,  the  rest  being 
divided  among  the  warriors;  (3)  of  the  poll-tax  ( Jizya ) 
and  the  land-tax  ( Khardj ),  which  only  affected  non- 
Moslem  subjects.  The  Caliph  administered  the  reve¬ 
nues  of  the  State  at  his  own  pleasure,  applying  them 
to  the  necessities  of  war,  to  public  works,  to  the  pay¬ 
ment  of  officials,  to  the  support  of  the  poor,  and  to  the 
distribution  of  the  annual  pensions,  in  which  every 
Moslem  had  originally  a  right  to  share.  The  State 
could  possess  landed  property.  .  Under  'Omar  I.  we 
find  that  the  pasture-land  belonging  to  the  State  sup¬ 
ported  not  less  than  forty  thousand  camels  and  horses. 
To  'Omar  I.  was  due  the  regulation  of  the  poll-tax  by 
a  fixed  scale.  The  rich,  whether  Christians  or  Jews, 
paid  four  dinars  (about  thirty-two  shillings)  yearly; 

Seople  of  the  middle  class,  two  dinars ;  the  poor,  one 
inar.  Besides  this  payment  in  money,  the  subject- 
races  had  to  make  contributions  in  kind,  intended  for 
the  support  of  the  troops..  The  land-tax  consisted  of 
a  general  rent  in  proportion  to  the  extent,  character, 
and  fertility  of  the  lands  possessed  by  the  conquered. 
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As  the  sums  produced  by  these  different  imposts  were 
,  often  very  considerable,  it  became  neces- 
The  Diw  .  garv  ag  ear]y  as  tjje  Caliphate  of  'Omar  I. , 
to  create  a  special  office,  charged  with  the  accounts  of 
their  expenditure.  Its  organization  was  borrowed  by 
'Omar  from  the  Persians,  and  it  retained  its  Persian 
name  of  Dfwan,  a  term  afterwards  applied  to  all  gov¬ 
ernment  offices.  The  Arabs  at  that  time  being  too 
illiterate  for  such  employment,  the  task  of  keeping  the 
registers  of  the  Diwdn  was  intrusted  to  Greeks,  Copts, 
and  Persians.  ’Omar  also  gave  his  attention  to  the 
apportionment  of  the  individual  pensions  of  the  Faith¬ 
ful.  Every  one  received  a  larger  or  smaller  sum 
according  to  the  greater  or  less  nearness  of  his  con¬ 
nection, with  the  family,  or  the  tribe,  of  the  Prophet. 
Thus  ‘Aisha,  who  had  been  the  favorite  wife  of  Mo¬ 
hammed,  received  a  yearly  pension  of  twelve  thousand 
dirhems  ; 1  the  other  widows  of  the  Prophet  only  re¬ 
ceived  ten  thousand.  The  H&shimites  and  Mottalib- 
ites,  that  is,  the  members  of  the  Prophet’s  family, 
also  received  ten  thousand  dirhems.  The  Emigrants 
and  the  Defenders,  or  those  citizens  of  Mecca  and 
Medina  who  had  been  the  first  to  embrace  Islam,  had 
five  thousand  dirhems;  and  that  was  the  sum  which 
"Omar  I.  allotted  to  himself.*  For  every  other  Moslem 
of  full  age,  the  pension  varied  from  4000  to  300  dirh¬ 
ems.  We  can  easily  understand  what  an  influence  the 
hope  of  this  pension  must  have  exerted  on  the  con¬ 
quered  races,  and  how  much  it  must  have  contributed 
to  their  conversion.  On  accepting  Islam  they  acquired 
a  right  to  the  pension,  besides  ceasing  to  pay  the  land- 
tax  and  the  poll-tax.  * 

Even  in  the  earliest  days  of  Islam  the  Arabs  were 
Military  not  entirely  devoid  of  military  skill.  Many 
institu-  of  their  tribes  had  been  brought  into  rela- 
tions-  tions  with  the  Greeks  and  Persians,  and 
had  acquired  from  them  some  ideas  of  the  art  of  war. 
Thus,  in  the  time  of  Mohammed,  the  division  of  an 
army  into  a  centre,  right  and  left  wings,  vanguard 
and  rearguard,  was  understood,  and  the  art  of  defend¬ 
ing  a  camp  or  a  city  by  .entrenchments  was  also  known. 
The  Arabs  fought  on  foot,  on  horseback,  and  mounted 
on  camels.  The  arms  of  the  infantry  consisted  of  a 
spear,  a  sword,  and  a  shield,  and  sometimes  also  of  a 
bow  and  arrows.  The  horsemen  fought  chiefly  with 
the  lance.  For  defensive  arms,  besides  the  shield,  the 
Arabs  were  acquainted  with  the  helmet,  the  coat  of 
mail,  and  the  cuirass  of  leather  covered  with  plates  of 
iron.  It  was  not  till  the  period  of  the  Omayyads 
that  they  began  to  employ  military  engines,  such  as 
the  balista.  The  army  was  divided  by  tribes;  and 
each  tribe  had  its  flag,  which  consisted  of  a  piece  of 
cloth  fastened  to  a  lance.  As  regards  the  recruitment 
of  their  armies,  every  man  able  to  carry  arms  was 
originally  bound  to  render  military  service.  'Omar  I., 
to  whom  Islam  owes  so  many  of  its  institutions,  was 
the  first  to  divide  his  armies  into  distinct  corps,  and 
to  assign  to  each  corps  a  fixed  station.  These  stations 
were  the  province  of  Cufa,  that  of  Basra,  and  after¬ 
wards  the  provinces  of  Emesa,  of  the  Jordan,  and  of 
Palestine.  These  provinces  afterwards  became  mili¬ 
tary  colonies,  all  the  inhabitants  of  which  were  bound 
to  render  military  service,  as  distinguished  from  the 
other  provinces,  where  service  was  optional,  or  at  all 
events  regulated  by  the  necessities  of  the  moment. 

With  the  accession  of  Mo'awiya  I.  to  the  supreme 
power,  the  mechanism  of  the  state  was 
modified  and  became  more  complicated. 
Mo'awiya  endeavored  to  copy  the  ceremo¬ 
nial  of  foreign  courts.  He  built  himself  a  palace  at 
Damascus,  and  set  up  a  throne  in  the  audience-cham¬ 
ber,  the  door  of  which  was  kept  by  a  chamberlain 
( Hdjib ).  When  he  attended  the  service  at  the  mosque, 
he  occupied  a  close  pew  with  a  grating  in  front 

1  The  dirhem  was  equivalent  to  one  franc. 

*  His  moderation  was  not  imitated  by  his  successor  'Othm&n, 
who  made  it  his  principal  object  to  enrich  all  the  members  of  his 

own  family  at  the  expense  of  the  rest  of  the  Moslems. 


Ceremo¬ 

nial. 


(Makstira).  When  he  left  his  palace,  he  was  sur¬ 
rounded  by  a  bodyguard  (Shorta),  commanded  by  a 
provost  ( Sahib  al-Shor(a).  Lastly,  in  his  own  life¬ 
time,  he  caused  his  son  Yazfd  to  be  acknowledged  as  his 
heir-presumptive,  and  thus  established  the  principle 
of  hereditary  succession,  which  was  opposed  to  the 
spirit  of  Islam,  and  was  the  source  of  every  kind  of 
calamity.  As  regards  the  administration  Heredi- 
of  the  State,  Mo'awiya  acted  at  his  own  tarysuc- 
will  and  pleasure.  Thus,  in  order  to  se-  cession, 
cure  the  services  of  'Amr  b.  al-’  As,  the  conqueror  of 
Egypt,  he  gave  up  to  him  the  revenues  of  that  prov¬ 
ince,  a  part  of  which  ought  to  have  gone  to  the  State. 
He  also  took  an  important  step  with  regard  to  the 
annual  pensions  of  the  Faithful,  which  he  reduced  by 
about  two  "and  a  half  per  cent.  The  administration 
of  the  public  funds  in  the  different  provinces  was  left 
to  their  Prefects,  who  were  expected  to  pay  into  the 
public  treasury  only  the  surplus  of  their  respective 
revenues.  The  empire  had  been  at  first  divided  into 
ten  provinces:  1.  Syria  (subdivided  into  _  . 

four  Jond,  or  military  districts);  2.  Cufa,  r 
with  Arabian  ‘Irak  and  Persian  'Irak ;  3.  Basra, 

with  Persia,  Sijistan,  Khorasan,  Bahrain,  and  'Om&n ; 
4.  Armenia ;  5.  Mecca ;  6.  Medina ;  7.  The  Indian 
Marches ;  8.  Africa ;  9.  Egypt ;  10.  Yemen.  Mo'a¬ 
wiya,  however,  subsequently  thought  proper  to  make 
Khorasan  a  separate  province.  Under  his  successors, 
and  according  to  the  necessities  of  the  moment,  it 
was  sometimes  reunited  to  the  government  of  'Irak* 
In  'Irak  itself,  Mo'awiya  joined  Basra  and  its  depend¬ 
encies  to  Cufa. 

Under  Mo'&wiya  the  Prefects  had  the  most  exten¬ 
sive  civil  and  military  powers.  They  had  p  . 
even  the  right  of  the  direct  appointment  r  ec 
of  their  Sub-Prefects.  Mo'awiya,  notwithstanding, 
thought  it  advisable  to  disconnect  from  their  powers 
the  offices  of  Judge  {Kadi)  and  of  Religious  Official 
( Imdrn ),  which  were  intrusted  to  special  functionaries 
named  directly  by  the  Caliph.  The  Caliph  was,  how¬ 
ever,  always  at  liberty  to  modify  these  arrangements 
at  his  own  pleasure.  Under  the  successors  of  Mo'awiya, 
we  find  certain  Prefects  invested  at  the  same  time  with 
the  dignities  of  Cadi  and  Inidm. 

It  was  also  to  Mo'awiya  that  the  State  owed  the 
creation  of  a  Chancery  (Dfw&n  al-akhtam,  „ 
or  Seals-office),  in  which  all  decrees  pro-  Chancery* 
ceeding  from  the  Caliph  were  registered;  so  that, 
when  once  issued,  these  decrees  could  not  be  falsified. 
Mo'awiya  also  exerted  himself  to  insure  rapidity  of 
communication  throughout  the  empire,  by 
instituting  the  courier-post  ( Barid ),  in 
imitation  of  the  post  of  the  Persians  and  Byzan¬ 
tines. 

After  Mo'awiya  we  must  come  down  to  the  time  of 
'Abd  al-Melik  to  meet  with  any  important  innovations 
in  Moslem  institutions.  Before  the  reign  of  that 
Caliph  the  books  of  the  public  offices  were  kept  by 
Christians  and  Persians,  and  drawn  up  in  Greek  and 
Persian.  *Abd  al-Melik  ordered  the  exclusive  em- 

Kloyment  of  the  Arabic  language,  and  substituted 
loslems  for  all  the  Christian  and  Persian  clerks  in 
the  government  offices.  It  was  this  same  Caliph  who 
founded  the  monetary  system  of  Islam,  and  M 
who  was  the  first  to  strike  dinars  (pieces  °n  y’ 
of  gold  worth  about  ten  francs),  and  dirhems  (pieces 
of  silver  worth  about  a  franc),  with  legends  in  Arabic. 
The  postal  system  was  also  very  much  improved  and 
developed  under  this  prince.  'Abd  al-Melik  was  pow¬ 
erfully  seconded  by  the  famous  Hajj&j,  who  was  able 
to  reestablish  in  ‘Irak  the  disputed  principle  of  ob¬ 
ligatory  military  service,  and  who  also  succeeded,  by 
skilful  management,  in  raising  the  condition  of  agri¬ 
culture  in  that  province.  #  Wall'd,  the  successor  of 
'Abd  al-Melik,  especially  distinguished  himself  by  the 
foundation  of  religious  institutions.  In  his  Religious 
reign  the  mosque  of  Damascus,  half  of  foimda- 

which  had  hitherto  remained  in  the  hands  tions. 
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of  the  Christians,  was  appropriated  exclusively  to  the 
Moslems,  and  considerably  embellished.  Hospitals 
were  also  established  for  lepers,  the  poor,  the  blind, 
and  the  sick.  The  pious  'Omar  II.  devoted  all  his 
efforts  to  the  embellishment  of  the  mosque  of  Damas¬ 
cus.  An  edict  of  ‘Omar  I.  had  forbidden  Moslems  to 
acquire  landed  property,  agriculture  being  considered 
an  occupation  unworthy  of  a  free  man.  This  law  had 
fallen  into  disuse;  but  Omar  II.  put  it  in  force  again, 
and  declared  null  and  void  every  purchase  of  land 
made  by  a  Moslem  subsequently  to  a.h.  100.  The 
effects  of  this  law  might  have  been  fatal  to  the  em¬ 
pire,  but  it  again  became  obsolete  under  the  Caliphate 
of  Hishdm. 

At  the  accession  of  the  'Abbasids  the  centre  of  the 
Institu  empire  was  displaced.  Damascus  fell  from 
tionslU  the  rank  of  its  capital  to  that  of  a  provin- 
under  the  cial  town  ;  while  Baghddd,  a  small  and  un- 
sids.  known  village,  became  the  mistress  of  the 

world.  Under  the  first  'Abbasid  the  em¬ 
pire — not  including  the  province  of  Baghdad — was 
divided  as  follows :  1.  The  province  of  Cufa ;  2.  The 

grovince  of  Basra,  with  the  district  of  the  Tigris, 
Bahrain  and  ‘Oman:  3.  Hijaz  and  Yamama;  4. Ye¬ 
men  ;  5.  Ahwaz ;  6.  Farsistan  ;  7.  Khorasan  ;  8.  The 
province  of  Mosul;  9.  Mesopotamia,  with  Armenia 
and  Azerbaijan  :  10.  Syria;  11.  Egypt  and  the  prov¬ 
ince  of  Africa  (Spain  being  a  dependency  of  Africa) ; 
12.  Sind.  _  Al-Saffah  afterwards  made  Palestine  a  dis¬ 
tinct  province,  and  separated  Armenia  and  Azerbaijan 
from  Mesopotamia.  Still  later,  Harun  al-Rashfd  cre¬ 
ated  a  new  province  to  the  north  of  Syria,  which  re¬ 
ceived  the  name  of  'Awasim.  Each  newly-conquered 
province  was  always  united  to  that  one  of  the  older 
provinces  to  which  it  was  nearest. 

Simultaneously  with  the  accession  of  the  ‘Abbdsids, 
Persian  influence  began  to  preponderate.  The  Per¬ 
sian  Khdlid  b.  Barmak  was  intrusted  with  the  ad¬ 
ministration  of  the  finances  ( Diwdn  al-Khardj)  by  Al- 
Saffah,  who  was  also  the  first  Caliph  who  transferred 
Prim  the  burden  of  public  affairs  from  himself  to 

MkSfter.  a  Prime  Minister  (  Wazir,  whence,  in  Euro¬ 
pean  languages,  the  term  Vizier).  The 
title  of  Wazir  was  unknown  to  the  Omayyads.  The 
office  of  Prime  Minister  was  of  Persian  origin.  It 
existed  till  the  time  of  the  Caliph  R&di,  when  that  of 
Amfr  al-Omara  was  substituted  for  it.  When  the 
Caliphs  had  fallen  under  the  tutelage  of  the  Budds, 
it  was  the  latter  who  chose  Viziers,  leaving  to  the 
Caliphs  only  Secretaries  {Ray is  al-Ruwasd).  Under 
the  Seljuk  Sultans  the  Caliphs  were  again  permitted 
to  choose  their  own  Viziers. 

The  institution  of  the  office  of  Vizier  was  not  the 
least  among  the  causes  of  the  decadence  of  the  Eastern 
Caliphate.  The  'Abbasids  gradually  became  unac¬ 
customed  to  the  exercise  of  power  and  the  management 
of  affairs,  and  thus  lost  all  direct  influence  over  their 
subjects.  Besides  the  Minister  of  Finance  and  the 
Vizier,  the  'Abbdsids  created  another  important  office, 
that  of  Postmaster-General  ( Sahib  al-Barid),  whose 
duty  it  was  to  collect  at  a  central  office  all  the  informa¬ 
tion  which  arrived  from  the  provinces,  and  to  transmit 
it  to  the  Prime  Minister.  Thus  the  ad- 
trat?veiS"  ministrative  services  were  greatly  extended 
services.  under  the  'Abbasids.  They  were  subdi¬ 
vided  as  follows :  1.  Diwdn  al-Khardj ,  or 
Ministry  of  Finance ;  2.  Diwdn  al-Diyd',  or  Bureau 
of  State  Property;  3.  Diwdn  al-Zimdm,  Registry 
Office  or  Exchequer  Office ;  4.  Diwdn  al-Jond ,  or 
Ministry  of  War  ;  5.  Nazar  al-Mazdlim,  or  Court  of 
Appeal;  6.  Diwdn  al-Mawdli  wal-Ghilmdn ,  or  Bu¬ 
reau  of  the  freedmen  and  slaves  of  the  Caliphs ;  7. 
Diwdn  Zimdm  al-Nafalpdt,  or  Office  of  Expenditure ; 
8.  Diwdn  al-Barid,  or  Office  of  the  Posts ;  9.  Diwdn 
al-Rasdil,  or  Office  of  Correspondence;  10.  Diwdn 
al-Tauki'  or  Office  of  the  Imperial  Seal  and  of  the 
registration  of  official  documents.  There  were  also 
offices  for  the  dispatch  and  reception  of  official  docu¬ 


ments,  and  for  the  inspection  of  weights  and  meas¬ 
ures. 

We  cannot  better  conclude  this  brief  summary  of 
the  institutions  of  the  Caliphate  than  by  organtza- 
giving  a  sketch  of  the  organization  of  the  tion  of  the 
State,  according  to  the  Moslem  authors  state- 
themselves. 

The  supreme  chief  received  the  title  of  Caliph,  or 
of  Commander  of  the  Faithful  (Amir  al- 
Mo’minln).  He  united  in  his  own  person  all  CalIph‘ 
the  powers  of  the  State ;  his  Ministers  and  all  public 
functionaries  acted  only  by  virtue  of  a  commission  from 
him.  They,  like  all  other  Moslems,  were  at  the  mercy 
of  the  Caliph,  who  had  power  of  life  and  death  over 
them.  As  spiritual  chief,  the  Caliph  was  also  the  su¬ 
preme  judge  in  questions  of  dogma.  In  theory  he  held 
his  powers  by  the  free  choice  of  the  majority  of  Mos¬ 
lems ;  but,  when  he  had  once  received  their  oath  of 
allegiance,  he  became  their  absolute  master.  The  first 
condition  of  eligibility  to  the  Caliphate  was  to  belong  to 
the  tribe  of  Koraish.  In  Moslem  belief,  the  subjects  of 
the  Caliph  owed  him  obedience  and  aid  so  long  as  he 
should  fulfil  his  duties  with  exactness.  These  con¬ 
sisted  in  maintaining  the  principles  of  religion,  in  ad¬ 
ministering  justice  scrupulously,  in  defending  the 
territory  and  assuring  its  safety,  in  carrying  on  war  for 
the  subjugation  of  the  infidels,  and  in  spending  the 
public  revenue  in  conformity  to  the  law.  If  the  Caliph 
failed  in  the  performance  of  his  duty,  rebellion  against 
him  became  lawful. 

The  Ministers  might  be  absolute  or  dependent.  If 
dependent,  they  simply  executed  the  orders  o 

of  their  sovereign.  If  absolute,  they  took 
his  place,  and  exercised  all  the  powers  of  a  Caliph  ex¬ 
cept  that  they  could  not,  at  least  in  theory,  designate 
any  successor  to  the  reigning  Caliph.  It  was  only  to 
the  Caliph  himself  that  they  were  responsible  for  their 
actions. 

The  Prefects,  when  once  appointed,  whether  by  the 
Caliph  or  the  Vizier,  became  so  many  petty  prefects, 
sovereigns,  and,  legally,  owed  an  account 
of  their  actions  only  to  the  Caliph,  or  to  his  Prime 
Minister,  when  the  latter  was  absolute. 

The  Generals  were  appointed  either  by  the  Caliph 
or  by  the  Vizier,  or  lastly  by  the  Prefect,  Generals, 
when  only  a  local  war  was  in  question. 

They  were  sometimes  invested  with  very  extensive 
powers,  such  as  those  of  concluding  treaties  of  peace, 
of  administering  justice,  and  of  dividing  the  booty. 
The  General,  in  his  turn,  appointed  the  officers 
( Nakibs )  and  under-officers  ('Arifs).  It  was  a  general 
order  that  infidels,  before  hostilities  against  them  were 
opened,  should  be  summoned  to  embrace  the  faith,  or 
to  submit  by  capitulation.  The  conversion  of  infidels 
was  valid,  even  when  effected  sword  in  hand,  on  the 
field  of  battle,  and  the  new  convert  became  inviolable 
in  person  and  property.  On  the  other  hand,  every 
infidel  taken  prisoner  was  sold  as  a  slave,  with  his  wife 
and  children.  He  might  even  be  put  to  death.  Apos¬ 
tates  were  never  to  be  spared ;  they  were  put  to  death, 
and  their  property  confiscated. 

Justice  was  administered  by  Cadis,  appointed  either 
by  the  Caliph,  by  the  Vizier,  or  by  the  Pre-  „ 
feet.  To  be  eligible  as  a  Cadi  (Kddi),  it 
was  requisite  that  a  man  should  be — 1.  A  male  and 
of  respectable  age ;  2.  In  full  possession  of  his  mental 
and  physical  faculties ;  3.  A  free  man ;  4.  A  Moslem  ; 
5.  Of  good  moral  character ;  6.  Acquainted  with  the 
principles  of  the  law  and  their  application.  The  duties 
of  the  Cadi  were  to  examine  into  the  disputes  and  law¬ 
suits  brought  before  him  ;  to  enforce  the  execution  of 
his  judgments ;  to  name  judicial  councils  for  the  ad¬ 
ministration  of  the  goods  of  minors,  madmen,  etc. ;  to 
administer  the  mortmain  property  of  mosques  and 
schools  (waif,  plural  woMf  ) ;  to  watch  over  the  exe¬ 
cution  of  wills ;  to  inflict  due  legal  penalties  on  those 
guilty  of  crimes  or  misdemeanors ; 1  and  to  inspect  the 

1  The  principal  offences  were— apostasy,  neglect  of  religious 
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highways  ana  public  buildings.  When  any  locality 
possessed  no  Imam,  or  public  officiator  at  the  mosque, 
it  was  the  Cadi  who  performed  this  duty.  The  assist¬ 
ants  of  the  Cadi  were  Notaries  ( Shohud ),  Secretaries 
(  Omand ),  and  Deputies  (. Nayibln ).  If  the  Cadi  died, 
his  subordinates  lost  their  offices  ipso  facto.  On  the 
other  hand,  the  death  of  a  Caliph  did  not  nullify  the 
powers  of  the  Cadi ;  but  it  was  necessary  that  he 
should  be  confirmed  by  the  new  sovereign. 

The  Court  of  Appeal  ( Nazar  al-Mazdlim)  was  in¬ 
stituted  to  take  cognizance  of  those  causes 
in  which  the  parties  concerned  appealed 
from  the  judgment  of  the  Cadi.  The  sit¬ 
tings  of  this  court  were  presided  over  by  the  Caliph  in 
person.  It  was  established  by  the  Omayyad  ‘Abd  al- 
Melik.  The  last  Caliph  who  sat  in  public  to  examine 
appeal  cases  was  Mohtadi.  After  him  a  special  judge 
was  appointed  to  the  function  of  president  of  the  Court 
of  Appeal. 

Besides  the  Judges  there  were  Inspectors  ( Mohtasib ), 

charged  with  the  police  of  the  markets  and 
Inspectors.  ^  ^  ^  The  Mottasil)>8  duty 

was  to  take  care  that  weights  and  measures  were  not 
falsified,  and  that  buyers  were  not  deceived  as  to  the 
quality  of  the  goods  sold.  He  had  the  power  of  inflict¬ 
ing  summary  punishment  on  delinquents,  but  only  in 
the  case  of  flagrant  offences.  If  the  person  charged 
denied  the  facts,  he  was  to  be  brought  before  the  Cadi. 
As  regards  morals,  the  Mohtasib  took  care  that  widows 
and  divorced  women  should  not  remarry  before  the 
expiration  of  the  legal  period  prescribed  by  the  Koran. 
Slaves  and  beasts  of  burden  were  placed  under  his 
guardianship,  and  he  protected  them  from  ill-treat¬ 
ment  on  the  part  of  their  masters.  The  Mohtasib  was 
also  commissioned  to  prevent  public  scandals,  such  as 
the  sale  of  wine;  to  forbid  Christians  and  Jews  from 
building  houses  higher  than  those  of  the  Faithful; 
and  to  enforce  their  wearing  on  their  dress  a  distinctive 
mark  (  Ghiyar). 

Besides  the  offices  already  described,  there  existed 
three  others  which  require  mention:  those  of  the  Mar¬ 
shals  of  the  Nobility  (Nilcdbat  al-Ashraf ) ,  of  the 
Imams,  and  of  the  Emirs  of  the  Pilgrimage. 

The  Marshals  of  the  Nobility  were  appointed  in  the 
Marshal  of  different  provinces  either  by  the  Caliph,  by 
the  No-  his  representatives,  or  by  the  Grand  Mar- 
bilUy.  shal.  Their  functions  were  to  superintend 
the  descendants  of  the  family  of  the  Prophet,  who 
formed  the  nobility  of  Islam,  and  to  keep  a  register  of 
all  the  births  and  deaths  which  occurred  in  the  families 
of  the  members  of  this  nobility.  In  every  province 
there  were  two  Marshals,  one  for  the  family  of  'All, 
the  other  for  the  'Abbasids. 

The  duty  of  the  Imam  was  to  recite  the  public 
Im&m.  prayers  in  the  mosque.  He  was  appointed 
by  the  Caliph  or  his  representatives,  and 
chose  in  his  turn  his  Mo'edhdhins,  who  called  the 
Faithful  to  prayer  from  the  tops  of  the  minarets.  In 
the  Friday  prayers  it  was  the  duty  of  the  Imam  to  in¬ 
voke  publicly  the  blessings  of  Heaven  on  the  reigning 
Caliph. 

The  leadership  of  the  yearly  pilgrimage  to  the  temple 
of  Mecca  was  considered  a  great  honor.  It 
was  almost  always  the  Caliph  himself  or 
one  of  his  near  relatives  who  assumed  the 
function  of  Amir  al-Hajj.  The  duties  of  this  leader 
of  the  pilgrimage  were:  1.  To  escort  the  pilgrims  in 
safety  on  their  journeys  to  Mecca  and  back  ;  2.  To  di¬ 
rect  the  religious  ceremonies  during  the  sojourn  of  the 
pilgrims  at  the  Holy  City. 

Such,  briefly  stated,  was  the  organization  of  the  Mos¬ 
lem  State.  Let  us  now  say  a  few  words  on  its  religion. 
We  need  not  now  recur  to  the  subject  of  the  doc¬ 
trines  of  Mohammed,  which  are  treated  of 
in  their  own  place ;  but  it  is  important  to 
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duties,  refusal  to  pay  taxes,  theft,  adultery,  outrages,  and  mur¬ 
der.  The  penalties  were  imprisonment,  fines,  corporal  punish¬ 
ment,  and  death. 


show  what  they  became  after  the  time  of  the  Prophet, 
and  what  movements  they  aroused  in  Islam.  The  di¬ 
versity  of  the  conquered  races  was  of  itself  sufficient  to 
introduce,  in  the  course  of  ages,  serious  modifications 
of  the  earlier  religion. 

But,  from  the  very  first,  the  Koran  contained  within 
itself  the  germs  of  discord.  As  long  as  men  were  con¬ 
tent  to  adopt  its  teachings  without  discussion,  ortho¬ 
doxy  might  boast  of  maintaining  itself  unbroken.  But 
as  soon  as  they  sought  to  examine  deeply  into  its  mean¬ 
ing,  difficulties  arose,  which  necessarily  led  the  strongest 
minds  into  doubt  and  uncertainty.  In  particular,  the 
conception  of  God,  predestination,  and  free-will,  as 
presented  by  the  Koran,  could  not  bear  examination. 
As  early  as  the  first  century  of  the  Flight  a  theological 
school  was  founded  at  Basra,  the  most  renowned  master 
of  which,  Hasan  al-Basrf,  introduced  the  critical 
critical  study  of  dogmas.  His  disciples,  st^y  o£ 
who  were  for  the  most  part  Persians,  could  ogin 
not  fail  soon  to  discover  that  the  Koran  often  contra¬ 
dicted  itself,  and  especially  that  it  left  many  dogmatic 
difficulties  unresolved.  One  of  the  disciples  of  Hasan, 
Wasil  b.  'Ata,  set  forth  his  scruples  publicly,  depart¬ 
ing  on  three  points  from  the  orthodox  doctrine.  Tlie 
Koran  affirms  the  attributes  of  God;  Wasil  b.  Ata 
denied  them;  because,  he  says,  if  the  attributes  of 
God  are  eternal,  they  constitute  in  some  sort  so  many 
deities.  We  ought  not  therefore  to  affirm  the  existence 
of  an  attribute — that  of  justicej  for  example — but 
simply  to  affirm  that  God  is  essentially  just.  The  Ko¬ 
ran  admits  the  doctrine  of  predestination;  Wasil  re¬ 
jected  it,  as  incompatible  with  the  theory  of  rewards 
and  punishments  in  another  life,  which  presumes  ab¬ 
solute  free-will  in  man.  The  Koran  speaks  only  of 
paradise  and  hell ;  Wasil  admitted  a  purgatory.  The 
sect  founded  by  Wasil  received  the  name  M  .  . 

of  Mo'tazilite  (dissident)  or  Kadarite,  that  M  iues! 

is  to  say,  which  recognizes  in  man  a  power 
(Kadar)  over  his  own  actions.  Another  sect,  that  of 
tlie  Jabarites  (Partisans  of  constraint )  agreed  with  the 
Mo'tazilites  on  the  question  of  the  attributes,  but  were 
diametrically  opposed  to  them  on  that  of  jabarites. 
free-will.  The.  Jabarites  denied  to  man  the 
slightest  share  in  his  own  actions,  and  believed  the  very 
smallest  actions  of  men  to  be  the  effect  of  predestina¬ 
tion.  The.  Koran,  not  concerning  itself  with  the  con¬ 
tradiction  involved,  admits  at  the  same  time  the  re¬ 
sponsibility  of  man  and  the  absolute  predestination  of 
his  actions.  The  Jabarites  rejected  all  responsibility, 
and  believed  that  man  is  predestined  from  all  eternity 
to  paradise  or  to  hell,  for  no  other  reason  than  that 
God  has  so  willed  it.  A  third  sect,  that  sifatites. 
of  the  Sifatites  (Partisans  of  the  Attributes ), 
contended  energetically  against  the  two  former.  Keep¬ 
ing  to  the  text  of  the  sacred  book,  they  alleged,  for 
example,  that  when  it  is  said  in  the  Koran  that  God 
is  seated  on  his  throne,  the  expression  must  be  taken 
literally.  They  thus  fell  into  the  grossest  anthropo¬ 
morphism,  a  doctrine  which  was  very  far  from  the 
ideas  of  Mohammed.  In  the  face  of  these  heterodox 
sects,  the  orthodox  made  but  a  poor  figure.  Rejecting, 
in  their  commentaries  on  the  Koran,  the  explanations 
alike  of  the  Mo'tazilites,  of  the  Jabarites,  and  of  the 
Sifatites,  but  acknowledging  their  inability  to  refute 
i  them  systematically,  they  merely  opposed  to  them  a 
i  declaration  that  the  Koran  was  neither  to  be  explained 
allegorically  nor  always  taken  literally;  and  they  con¬ 
cluded  that,  where  two  contradictory  expressions  could 
not  be  reconciled,  a  mystery  must  be  admitted  to  exist, 
which  it  would  be  vain  to  attempt  to  fathom.  But 
they  did  not  always  keep  within  the  limits  of  dis¬ 
cussion.  Under  the  reign  of  ’Abd  al-Melik  they  suc¬ 
ceeded  in  bringing  about  a  persecution  of  the  sec¬ 
taries. 

The  Mo'tazilites,  the  Jabarites,  and  the  Sifatites 
were  dangerous  only  to  the  Church.  Other  sects  arose, 
which  put  the  State  itself  in  peril.  It  will  be  remem- 
!  bered  that,  at  the  time  of  the  dispute  between  'All  and 
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Mo’awiya,  twelve  thousand  of  the  partisans  of  the 
TTha.rijit.Ps  former  deserted  him.  These  revolters,  or 
Kharijites,  originated  one  of  the  most  for¬ 
midable  sects  which  ever  existed  in  Islam.  The 
Khdrijites  rejected  in  principle  the  Caliphate  and 
the  Imam  ate.  At  all  events,  they  did  not  acknowledge 
the  exclusive  right  of  the  Koraish  to  the  Caliphate,  but 
declared  that,  if  it  was  absolutely  necessary  to  elect  a. 
Caliph,  his  origin  was  of  little  consequence,  provided 
he  fulfilled  his  duties  conscientiously  and  exactly.  We 
have  seen  for  what  a  length  of  time  they  kept  the 
Omayyads  in  check.  When  they  had  been  put  down 
in  Asia,  they  passed  into  Africa,  and  there  made  nu¬ 
merous  proselytes  .  among  the  Berbers,  disposed  as 
these  were,  by  their  independent  character,  to  adopt 
with  enthusiasm  the  principle  of  anarchy.  The  most 
terrible,  however,  of  the  militant  sects  which  were 
Shl'ites.  formed  in  the  bosom  of  Islam  was  that  of 
the  Shl'ites.  Originally  the  Shfites  were 
simply  the  partisans  of  *Alf  and  of  his  descendants. 
In  the  course  of  time,  when  the  whole  of  Persia  had 
adopted  the  cause  of  the  family  of  'All,  Sin' ism  be¬ 
came  the  receptacle  of  all  the  religious  ideas  of  the 
Persians,  and  Dualism,  Gnosticism,  and  Manicheism, 
were  to  be  seen  reflected  in  it.  Even  in  the  lifetime 
of  ‘All,  a  converted  Jew,  named  ’Abdallah  b.  Saba, 
had  striven  to  introduce  foreign  elements  into  Islam. 
Thus,  he  alleged  that  ’All  was  to  be  adored  as  an  in¬ 
carnation  of  the  Deity.  These  ideas,  though  rejected 
with  horror  by  'All  himself,  and  by  the  greater  part  of 
the  first  Shl'ites,  gradually  made  way;  and  all  the  di¬ 
rect  descendants  of  'All  became  veritable  deities  in  the 
eyes  of  their  respective  partisans.  A  further  distinc¬ 
tion  between  the  Shfites  and  other  sects  is,  that  they 
introduced  the  practice  of  giving  the  Koran  an  alle¬ 
gorical  interpretation.  This  system  permitted  them 
to  see  in  the  sacred  book  whatever  meaning  they  chose, 
and  was  carried  out  at  a  later  date,  as  we  shall  see,  by 
the  founder  of  the  Ismailian  sect. 

Under  the  'Abbasids  it  seemed  for  a  moment  that  the 
Shi'ite  doctrines  were  about  to  triumph, 
dox  sectsT  We  know,  in  fact,  that  the  founder  of  that 
dynasty  gave  himself  out  as  the  heir  of 
the  house  of  'All.  But  reasons  of  state  prevailed, 
and  the  ’Abb&sids,  false  to  their  first  professions,  on 
the  whole  supported  orthodoxy.  Under  their  reign 
were  established  the  four  orthodox  sects, — Malikite, 
Hanafite,  Shafi’ite,  and  Hanbalite,  which  even  at  this 
day  divide  between  them  the  whole  Moslem  world.0 
They  are  named  after  their  founders, — Malik,  Abu 
Hanffa,  Shafi'i,  and  Ibn  Hanbal.  These  sects  only 
differ  from  each  other  on  a  few  points  of  civil  and  re¬ 
ligious  jurisprudence.  They  agree  on  questions  of 
dogma.  It  was  not,  however,  without  difficulty  that 
orthodoxy  succeeded  in  obtaining  the  victory.  Un¬ 
der  Ma’miin  and  other  Caliphs  several  doctors,  as 
we  have  seen,  were  persecuted  for  believing  that 
the  Koran  was  the  uncreated  word  of  God.  From 
the  time  of  Motawakkil,  however,  orthodoxy  regained 
the  upper  hand.  Still,  this  reaction  would  not  have 
lasted  long,  in  face  of  the  advance  in  science  which 
marked  the  accession  of  Ma’miin.  to  power,  if  the 
orthodox  had  had  no  other  defensive  weapons  than 
material  force  and  the  assent  of  the  majority.  As  phi¬ 
losophy  made  its  way  in  Islam,  thanks  to  the  trans¬ 
lations  from  Greek  authors,  which  were,  made  princi¬ 
pally  during  the  Caliphate  of  Ma’miin,  it  called  forth 
in  men’s  minds  a  movement  of  scientific  curiosity  which 
might  have  been  fatal  to  orthodoxy.  In  the  tenth 
century  of  our  era  a  society  of  encyclopedists  was 
formed  at  Ba§ra,  who,  under  the  name  of  Ikhwan  al- 
Safa,  or  Brothers  of  Purity,  put  forth  a  number  of 
very  curious  treatises,  in  which  all  sorts  of  physical 
and  metaphysical  questions  were  discussed  and  re¬ 
solved  in  a  scientific  manner.1  There  is  no  doubt 
that  these  lucid  and  attractive  writings  would  have 

i  The  most  important  have  been  translated  into  German  by 
Professor  Dieterici. 


led  tc  a  great  religious  revolution,  if  the  orthodox 
had  not  understood  the  danger  of  their  position,  and 
applied  themselves  also  to  the  study  of  philosophy, 
for  the  purpose  of  employing  it  in  the  service  of  the 
faith,  it  was  thus  that  towards  the  middle  of  the  tenth 
century,  a  certain  Abu  ’1-Hasan  al-Ash'ari,  . 

a  descendant  of  that  Abu' M usd,  al-Ash'ari  Asn  arU 

who  had  formerly  acted  the  part  of  arbitrator  in  the 
dispute  between  Mo  d, wiy a  and ‘All,  struck  out  a  sys¬ 
tem  in  which  religion  appeared  to  be  reconciled  with 
philosophy ;  a  system  which  was  naturally  sure  to  at¬ 
tract  all  commonplace  minds — that  is  to  say,  the  greater 
number.  Ash'arism,  or  philosophic  theology  (Kalam), 
was  adopted  with  enthusiasm  by  the  triumphant 
orthodox  doctors,  and  thenceforth  pure  philosophy 
and  the  heterodox  sects  ceased  to  extend  their  in¬ 
fluence.2 

The  creation,  however,  of  this  philosophical  theology 
bad  not  done  away  with  all  dangers  for  orthodoxy. 
We  have  seen  above  that  the  Sln  a  were  divided  into 
several  sects,  each  holding  for  one  of  the  direct  de¬ 
scendants  of  ‘All,  and  paying  him  the  reverence  due  to 
a  deity.  One  of  these  sects,  called  the  Ismailian,  be¬ 
cause  it  acknowledged  Ismd’fl,  the  seventh  Imam  or 
Pontiff-  of  the  posterity  of  'All,  as  its  chief,  was  the 
source  of  the  greatest  disorders  in  the  Moslem  empire, 
and  was  not  far  from  being  triumphant  in  Asia,  as  it 
was  for  a  long  time  in  Egypt.  The  Ismail-  _ 
ians,  like  all  the  other  Shl'ites,  believed  in  smai  ians‘ 
the  coming  of  a  Messiah,  whom  they  called  the  Mahdl, 
and  who,  according  to  them,  was  one  day  to  appear  on 
earth,  in  order  to  establish  the  reign  of  justice  and 
equity,  and  to  take  vengeance  on  the  oppressors  of  the 
family  of  ‘All.  They  also  believed  in  a  God  of  far 
more  elevated  character  than  the  God  of  the  Koran, 
one  who  was  unapproachable  by  human  reason,  and 
who  had  created  the  universe,  not  directly,  but  by  the 
intermediate  action  of  a  sublime  being,  the  Universal 
Reason,  produced  by  an  act  of  God’s  will.  The  Uni¬ 
versal  Reason,  in  its  turn,  had  produced  the  Universal 
Soul,  which  on  its  part  had  given  birth  to  primitive 
Matter,  to  Space,  and  to  Time.  These  five  principles 
were  the  causes  of  the  universe.  Man,  emanating  from 
them,  had  a  tendency  to  reascend  towards  his  source. 
The  chief  end  of  his  being  was  to  attain  to  perfect 
union  with  the  Universal  Reason.3  But,  left  to  him¬ 
self,  man  would  have  been  powerless  to  attain  this  end. 
The  Universal  Reason  and  the  Universal  Soul  there¬ 
fore  became  incarnate  among  men,  in  order  to  guide 
them  towards  the  light.  These  incarnations  were  no 
other  than  the  prophets  in  all  ages,  and,  in  the  last 
period,  the  Imams  of  the  posterity  of  ’All.  In  the 
second  half  of  the  ninth  century,  a  Persian,  born  in 
Susiana  and  named  'Abdallah  b.  Maimiin  al-Kaddab, 
nourished  the  dream  of  destroying  Islam,  and  thought 
these  doctrines,  suitably  modified,  likely  to  be  highly 
useful  in  carrying  out  his  purpose.  He  devised  a  sys¬ 
tem  at  once  religious,  philosophical,  political,  and  so¬ 
cial,  in  which,  as  he  thought,  all  beliefs  were  to  meet 
and  mingle,  but — and  in  this  consisted  its  originality — a 
system  so  graduated  to  suit  different  degrees  of  intel¬ 
ligence,  that  the  whole  world  should  become  one  vast 
Masonic  association.  The  chief  of  the  Ismailians,  the 
Imam  Ismail,  having  died,  ’Abdallah  asserted  that 
his  son  Mohammed  b.  Ismail  was  to  succeed  him  as 
the  founder  of  this  new  religion,  which  it  was  'Abdal¬ 
lah’s  mission  to  announce  to  the  world.  Since  the 
creation  of  the  world,  as  'Abdall&h  asserted,  there  had 
been  six  religious  periods,  each  marked  by  an  incarna¬ 
tion  of  the  Universal  Reason  in  the  person  of  a  prophet. 
Adam,  Noah,  Abraham,  Moses,  Jesus,  and  Mohammed 
had  been  the  prophets  of  these  periods.  Their  mis¬ 
sion  had  been  to  invite  men  to  accept  more  and  more 

®  See  Houtsma,  De  Strijd  over  het  dogma  in  den  Isldm  tot  op  el- 
Ash'ari ;  and  Spitta,  Zur  Geschichte  Abu  'l-Hasan  ad- As' art's. 

3  It  need  hardly  be  said  that  all  these  doctrines  were  borrowed 
from  Gnosticism  and  from  Neo-Platonism.  See  on  the  Ismailian 
sect  Gnyard,  Fragments  retatifs  <i  la  doctrine  des  Ismadiens,  and  Un 
grand-vuiitre  des  Assassins  au  temps  de  Saiadin. 


[For  correction,  see  p.  591  supra,  note  2.  The  Shi  ites  are  also  numerous  in  India.— Am.  Ed.J 
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perfect  forms  of  religion.  The  seventh  and  last  religion, 
and  the  most  perfect  of  all,  was  that  of  Mohammed  b. 
Ismail,  the  true  Messiah.  The  Ismailians,  as  may  be 
imagined,  readily  embraced  the  theories  of  ’AbdaU&h. 
In  addressing  other  sects  and  religions,  ’Abdallah  used 
special  arguments  with  each.  With  the  philosophers 
he  dwelt  on  the  philosophical  principles  of  his  doctrine. 
The  conversion  of  Christians,  Moslems,  or  Jews,  was  a 
more  difficult  task.  'Abdallah  had  established  several 
degrees  of  initiation,  and  it  was  only  by  slow  degrees, 
and  with  the  most  minute  precautions,  that  he  gained 
a  mastery  over  the  mind  of  the  future  proselyte.  His 
curiosity  was  first  aroused  by  allegorical  interpretations 
of  the  Old  Testament,  the  Gospels,  and  the  Koran, 
and  by  proposing  to  him  religious  problems  which 
could  not  be  solved  by  any  of  the  existing  religions. 
The  solution  of  these  problems  was  not  to  be  given  to 
him  till  he  should  have  signed  a  compact  and  sworn 
never  to  reveal  the  mysteries  with  which  he  was  made 
acquainted.  If  he  took  this  pledge  he  thenceforward 
belonged,  body  and  soul,  to  the  sect ;  and  woe  to  him  if 
he  made  any  attempt  to  withdraw  himself  from  the  au¬ 
thority  of  his  chiefs !  The  compact  signed,  the  newly- 
initiated  disciple  had  to  make  a  certain  payment,  which 
went  to  swell  the  treasury  of  the  sect.  The  secret  society 
founded  by  'Abdallah  soon  had  a  great  number  of 
members,  and  its  missionaries  spread  themselves  over 
the  Moslem  world.  Towards  887  A.D.  an  Ismailian, 
Hamdan,  surnamed  Karmat,  founded  the  branch  sect 
of  the  Carmathians,  whose  exploits  have  been  recorded 
above.  The  Ismailian  preachers  also  made  numerous 
proselytes  in  Africa  and  in  Egypt;  and  in  A.D.  909, 
'Obaid  Allah,  a  descendant  of  the  founder  of  the  sect, 
but  who  passed  as  a  member  of  the  family  of  Ah', 
founded  the  Fatimite  dynasty.  Under  the  Fatimite 
..  Caliph  Hakim,  a  new  religion  sprang  out  of 
I  tnmtes.  Jgxnailism,  that  of  the  Druses,  so  called 
from  its  inventor,  a  certain  Darazf  or  Dorzi.  This  re¬ 
ligion  differs  little  from  Ismailism,  except  that  it  in¬ 
troduces  the  dogma  of  the  incarnation  of  God  himself 
on  earth,  under  the  form  of  the  Caliph  Hakim.  This 
heresy  did  not  survive  the  reign  of  IJakim  in  Egypt. 
When  the  Fatimite  Caliph  Mostansir  ascended  the 
throne,  he  reestablished  the  Ismailian  belief ;  and  the 
Druses,  driven  from  Egypt,  took  refuge  in  the  Lebanon, 
where  they  still  exist.  As  for  the  Egyptian  Ismailians, 
they  disappeared  at  the  time  of  the  conquest  of  that 
province  by  the  pious  and  orthodox  Ayytibite  Saladin. 
This,  however,  was  not  a  final  deliverance  of  Islam 
from  that  formidable  heresy.  A  hundred  years  before 
the  return  of  Egypt  to  orthodoxy,  a  Persian  named 
Hasan  Sabbah,  who  had  been  initiated  into  Ismailism 
at  Cairo,  in  the  household  of  the  Caliph  Mostansir, 
had  founded  at  Alamtit,  on  the  southern  shores  of  the 
Caspian  Sea,  that  Persian  branch  of  the  Ismailians 
known  to  all  the  world  under  the  name  of  the  Assas¬ 
sins,1  who  held  in  check  the  most  powerful 
Assassins.  pr[nce3  0f  Islam,  till  they  were  destroyed 
by  the  Mongol  invasion.  From  Persia,  Hasan  Sabbah 
succeeded  in  filling  Syria  with  his  Assassins,  and  every 
one  knows  the  part  they  played  during  the  Crusades. 
The  Assassins  of  Syria  have  never  entirely  disappeared. 
Even  at  this  day  some  are  to  be  found  in  the  Lebanon. 
There  are  also  some  representatives  of  the  sect  in  Per¬ 
sia,  in  India,  and  even  in  Zanzibar;  but  since  the  13th 
century  they  have  become  completely  inoffensive. 

To  conclude  this  sketch  of  the  development  of  re¬ 
ligious  beliefs,  it  remains  to  say  a  few  words  on  one 
of  the  most  remarkable  manifestations  of  Islam, — its 
gifi  mysticism,  or  Sufism.  In  principle,  mys- 

•  ticism  is  rather  a  mode  of  practising  reli¬ 

gion  than  a  distinct  religion ;  it  depends  on  the  char¬ 
acter  of  the  believer’s  mind,  and  adapts  itself  to  all 
dogmas.2  It  is  the  especial  tendency  of  tender  and 


1  From  HasMshln ,  or  eaters  of  Hashish— that  is,  Cannabis  Indica. 
1  See  Guyard,“  ’Abd  ar-RazzAk'et  son  traits  de  la  predestination 
et  du  libre  arbitre,”  Journ.,  asiat.,  Feb.-Mar.,  1873 ;  Dozy,  Het  Islam- 
isme,  2d  ed.,  1880. 


dreamy  spirits.  Thus  among  the  Moslems  it  is  a 
woman  who  is  considered  to  have  founded  mysticism. 
This  woman,  named  Rabfia,  lived  in  the  first  century 
of  the  Hijra,  and  was  buried  at  Jerusalem.  Her  doc¬ 
trine  was  simply  the  theory  of  Divine  love.  She 
taught  that  God  must  be  loved  above  all  things,  be¬ 
cause  he  alone  is  worthy  of  love ;  and  that  everything 
here  below  must  be  sacrificed  in  the  hope  of  one  day 
attaining  to  union  with  God.  These  views  were  too 
similar  to  the  Neo-Platonic  ideas  respecting_the  union 
of  the  human  intellect  with  the  Universal  Reason  not 
to  have  an  attraction  for  the  Gnostics,  who  abounded 
in  the  Slii'ite  sects.  Mysticism  therefore  made  great 
progress  in  Persia,  and  assumed  the  character  of  a 
sect  towards  the  year  200  of  the  Flight.  A  certain 
Abii  Said  b.  Abfl-Khair  was  the  first  who  advised 
his  disciples  to  forsake  the  world  and  embrace  a  mon¬ 
astic  life,  in  order  to  devote  themselves  exclusively  to 
meditation  and  contemplation :  a  practice  which  may 
very  probably  have  been  borrowed  from  India.  The 
disciples  of  Abii  Said  wore  a  garment  of  wool  (Stif), 
whence  they  received  the  name  of  Stiffs.  Stifism 
spread  more  and  more  in  Persia,  and  was  enthusiasti¬ 
cally  embraced  by  those  who  wished  to  give  themselves 
up  undisturbed  to  philosophical  speculation.  Thus, 
under  the  color  of  Sufism,  opinions  entirely  subversive 
of  the  faith  of  Islam  were  professed.  In  its  first  form 
Sufism  was  quite  compatible  with  Moslem  dogma.  It 
was  satisfied  to  profess  a  contempt  for  life,  and  an  ex¬ 
clusive  love  of  God,  and  to  extol  ascetic  .practices,  as 
the  fittest  means  of  procuring  those  states  of  ecstasy 
during  which  the  soul  was  supposed  to  contemplate 
the  Supreme  Being  face  to  face.  But  by  degrees, 
thanks  to  the  adepts  whom  it  drew  from  the  ranks  of 
heterodoxy,  Siifism  departed  from  its  original  purpose, 
and  entered  on  discussions  respecting  the  Divine  na¬ 
ture,  which  in  some  cases  finally  led  to  Pantheism. 
The  principal  argument  of  these  Pantheistic  Stiffs  was 
that  God  being  one,  the  creation  must  make  a  part 
of  his  being  ;  since  otherwise  it  would  exist  externally 
to  him,  and  would  form  a  principle  distinct  from  him  ; 
which  would  be  equivalent  to  looking  on  the  universe 
as  a  deity  opposed  to  God.  In  the  reign  of  Moktadir, 
a  Persian  Stiff  named  Hallaj,  who  taught  publicly 
that  every  man  is  God,  was  tortured  and  put  to  death. 
After  this  the  Stiffs  showed  more  caution,  and  veiled 
their  teachings  under  oratorical  phrases.  Moreover, 
it  was  not  all  the  Stiffs  who  pushed  logical  results  so 
far  as  to  assert  that  man  is  God.  They  maintained 
that  God  is  all,  but  not  that  all  is  God.  Stifism  exists 
in  Persia  even  in  our  own  day. 

It  has  been  explained  that,  under  the  Abbasids, 
four  orthodox  sects  were  established,  and  Law. 
that  these  sects  differed  among  themselves 
principally  with  regard  to  jurisprudence.  The  law  of 
Islam  is  one  of  its  most  original  creations,  and  can 
only  be  compared  in  history  with  the  development  of 
Roman  law.  The  laws  laid  down  by  Mohammed  in 
the  Koran  might  suffice  for  the  Arabs  as  long  as  they 
were  confined  within  the  bounds  of  their  peninsula. 
When  their  empire  was  extended  beyond  these  limits, 
it  was  inevitable  that  this  first  code  should  become  in¬ 
sufficient  for  their  wants.  As  early  as  the  time  of  the 
first  four  Caliphs  it  was  necessary,  in  giving  judgment 
on  the  new  cases  which  presented  themselves,  to  have 
recourse  to  analogy,  and  to  draw  inspiration  from  de¬ 
cisions  given  by  Mohammed,  but  not  recorded  in  the 
Koran.  The  first  fountains,  therefore,  of  law  were, 
besides  the  sacred  book,  the  traditions  of  Mohammed, 
or  Hadith,  the  collective  body  of  which  con-  Th& 

stitutes  the  Surma ,  or  custom.  These  tra-  Hadith. 
ditions  were  for  a  long  time  preserved  only 
in  the  memory  of  the  companions  of  Mohammed,  and 
of  those  to  whom  they  had  been  orally  communicated. 
But  at  the  beginning  of  the  second  century  of  the 
Flight  the  need  was  felt  of  fixing  tradition  in  writing; 
and  it  was  at  Medina  that  the  first  collection  of  them 
was  made.  It  was  due  to  the  jurisconsult  Malik 
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b.  Anas.  He  rejected  from  his  collection  with  the 
M&iik  and  greatest  care  all  traditions  which  appeared 

sch°°i  doubtful,  and  only  preserved  about  seven- 
°  e  ma.  teea  hundred,  which  he  arranged  in  the 
order  of  their  subjects.  To  this  collection  he  gave 
the  name  of  Mowatta ,  or  Beaten  Path.1  After  him 
came  the  celebrated  Bokhari,  the  compiler  of  the 
$<thih,2  in  which  he  brought  together  about  seven 
thousand  traditions,  carefully  chosen.  The  fyiliih  has 
continued  to  be  the  standard  work  on  the  subject  of 
tradition. 

The  traditions  did  not  always  supply  the  means 
of  deciding  difficult  causes.  The  first  four  Caliphs 
were  often  obliged  to  have  recourse  to  their  own  iudg- 
tvip  Ath<sr  ment  in  the  ^administration  of  justice.  Then- 
decisions  {'Athdr)  were  also  collected  at  Me¬ 
dina,  and  helped  to  swell  the  store  of  juridical  matter. 

In  Irak  another  school  of  law  was  formed,  which  is 
distinguished  from  that  of  Medina  by  a 
greater  degree  of  independence.  While  the 
lawyersof  Medinaheld  strictly, to  the  Koran, 
the  traditions  of  the  Prophet,  and  the  'Atliar,  those  of 
'Irak  admitted,  in  addition  to  these,  the  deductive  or 
analogical  method  ( Kiyds ),  according  to  which  it  was 
lawful  to  create  precedents,  provided  there  was  no  de¬ 
parture  from  the  spirit  of  the  sacred  book,  from  the 
traditions  of  tlm  Prophet,  or  from  the  corresponding 
decisions  of  the  first  four  Caliphs.  Ibn  Abf  Laila,  who 
filled  the  office  of  judge  in  'Irak  under  the  caliphate  of 
Mansiir,  was  one  of  the  first  to  apply  this  system.  His 
renown,  however,  was  eclipsed  by  that  of  his  contem¬ 
porary  Abu  Hanffa,  who  worked, out  a  complete  system 
of  jurisprudence,  with  which  his  name  has  continued 
to  be  connected  (Hanifite  law).  Fifty  years  after  the 
death  of  Abfi  Hanffa,  Shdfi'f,  a  pupil  of  M&lik,  ap¬ 
peared  at  Baghdad,  and  founded  in  nis  turn  an  inter¬ 
mediate  system,  in  which  he  endeavored  to  hold  an 
equal  balance  between  the  purely  traditional  and  the 
deductive  methods.  The  fourth  system  reputed  ortho¬ 
dox  is  that  of  Ibn  Hanbal,  a  pupil  of  Shafi'f.  Ibn 
ijanbal  strove  above  all  things  to  bring  back  religious 
observances  to  their  primitive  purity.  His  doctrine 
was  a  kind  of  puritanism.  As  may  be  supposed,  each 
of  these  systems  has  been  subsequently  developed  and 
commented  on  in  a  multitude  of  works,  even  the  names 
of  which  it  is  impossible  to  enumerate.  In  order,  how¬ 
ever,  to  give  some  idea  of  what  a  Moslem  treatise  on 
jurisprudence  is,  we  shall  p^int  out  the  principal  sub¬ 
jects  contained  in  it.  It  treats  successively :  1.  Of 
Purification  (ablutions  commanded  by  the  law,  purifi¬ 
cation  of  women,  circumcision,  etc.) ;  2.  Of  Prayer  as 
commanded  by  the  law  ;  3.  Of  Funerals  ;  4.  Of  Tithe 
and  Almsgiving;  5.  Of  the  legal  Fast ;  6.  Of  the  Pil¬ 
grimage  to  Mecca :  7.  Of  Commercial  and  other  trans¬ 
actions  ;  8.  Of  Inheritance ;  9.  Of  Marriage  and 
Divorce;  10.  Of  the  Faith;  11.  Of  Crimes  and  Misde¬ 
meanors;  12.  Of  Justice;  13.  Of  the  Imdmate  or 
spiritual  power,  and  of  the  Caliphate  or  temporal 
power.  It  is  thus  a  complete  code,  religious,  civil, 
penal,  and  governmental,  that  Moslem  treatises  on 
jurisprudence  set  before  us ;  a  code  which  embraces 
and  foresees  all  the  circumstances  both  of  public  and 
private  life. 

The  development  of  science  and  literature  runs  par¬ 
allel  with  the  development  of  law.  Before 
sconce  and  t|ie  tjme  0f  Mohammed  the  Arabs  had  been 
distinguished  only  by  a  rare  poetical  talent. 
Islam  was  the  signal  for  the  springing  up  of  all  the  sci¬ 
ences  and  of  literature.  While  the  study  of  the  dogmas 
and  ordinances  of  the  Koran  was  producing  theology 
and  jurisprudence,  the  necessity  of  preserving  the  exact 
text  of  the  sacred  book,  and  of  teaching  the  new  con¬ 
verts  the  language  of  the  Prophet,  was  giving  birth  to 


1  Published  at  Tunis,  in  India,  and  at  Cairo,  a.h.  1280,  with  the 

commentary  of  Zarttai.  _  .  .  .  .  ....  _  ,, 

2  Krehl’s  edition  (Leyden)  is  still  unfinished.  An  edition,  fully 

vocalized,  in  8  vols.,  appeared  at  B\il4Jf ,  a.h.  1296. 


grammar  and  lexicography.  The  first  school  of  grammar 
was  established  at  Basra.  The  first  attempts  Grammar 
at  grammar  are  generally  attributed  to  a 
certain  Abu  ’1-Aswad  al-Do'ali,  who  was  tutor  to  the 
children  of  Ziyad,  the  brother  of  MoAwiya.  Accord¬ 
ing,  however,  to  some  authors,  the  honor  of  having 
discovered  the  first  elements  of  grammar  ought  to  be 
attributed  to  a  Persian,  named  'Abd  al-Rahman  b. 
Hormuz.  Be  this  as  it  may,  a  foreign  influence  must 
be  recognized  at  the  very  commencement  of  this  science. 
The  vowel-marks,  for  instance,  were  imitated  from 
those  of  the  Syriac.  The  division  of  the  parts  of  speech 
into  nouns,  verbs,  and  particles  was  indirectly  borrowed 
from  Greek  grammar.  Yet  the  Moslems,  once  in  pos¬ 
session  of  the  principles  of  grammar,  knew  how  to 
develop  and  apply  them  in  an  admirable  manner.  A 
perfect  galaxy  of  grammarians-  arose  in  the  track  of 
Abu  ’1-Aswad;  a  rival  school  to  that  of  Ba§ra  was 
established  at  Cufa,  and  grammar  attained  its  highest 
degree  of  perfection  under  the  first  'Abbasids ;  as  is 
shown  by  the  voluminous  treatise  of  Sibawaihi,  known 
under  the  name  of  Kitdb3  or  the  Book  par  excellence. 

In  lexicography,  the  Arabs  were  at  first  content  to 
explain  the  rarer  words  of  the  Koran,  of  the  . 

traditions,  and  of  the  ancient  poems ;  and  to  eraphy] 
collect  lists  of  terms  applying  to  the  same 
object,  as  the  camel,  the  horse,  the  sword,  etc.  Thus 
small  collections  were  formed,  which  served  afterwards 
for  the  composition  of  dictionaries.  The  first  dictionary 
properly  so  called,  composed  in  Arabic,  appears  to  have 
been  the  Kitdb  al-' Ain  of  Khalil  b.  Ahmed  al-Farahidi, 
a  contemporary  of  Harun  al-Rashid.  After  him  came 
Jauhari,  whose  Sahdfa  may  still  be  consulted  with 
profit.  The  celebrated  Zamakhshari  composed  a  dic¬ 
tionary  of  metaphors  under  the  title  of  Asds  al-Ba- 
Idf/ha.  Lastly,  Tha'alibi,  in  the  1 1  th»  century  of  our 
era,  drew  up  his  Filch  al-Logha ,4  a  work  specially 
devoted  to  synonyms.  The  accessory  branches  of  phi¬ 
lology  gave  occasion  to  some  important  works.  The 
ancient  poems  and  proverbs  were  collected  and  com¬ 
mented  on.  Thus  Abu  Tammam  formed  his  Anthology, 
called  HamAsa  ( q .  v. ),  and  Maidani  his  collection  of 
proverbs  ( Kitdb  amthdl  al-Arab ).5  The  poet  and 
study  of  poetry,  with  special  regard  to  its  romance, 
rhythm,  led  Khalil  b.  Ahmed,  already  men¬ 
tioned  as  a  grammarian  and  lexicographer,  to  the  con¬ 
ception  of  prosody.  He  wrote  the  first  treatise  on  that 
science,  which  served  as  a  model  to  all  subsequent 
writers  on  metre.6  Pure  literature  remained  confined  to 
poetry.  It  was  not  that  the  Arabs  were  without  any 
conception  of  the  romance,  the  tale,  or  the  novel.  The 
adventures  of  Antar,  the  romances  of  Dhii  ’1-Him- 
ma  and  of  Saif  al-Yazan,  the  Thousand  and  One 
Nights,  and  various  collections  of  stories  and  novels, 
such  as  the  Faraj  ba' da  'l-Shidda  and  the  compilation 
of  Bikd'i,  well  known  by  the  extracts  which  Kosegar- 
ten  has  given  in  his  Chrestomathy ; — all  these  show 
clearly  that  the  Arabs  were  not  devoid  of  imagination, 
at  least  if,  as  we  believe,  these  tales  and  romances  were 
not  pure  and  simple  imitations  from  the  Persian.  It 
must  be  acknowledged,  however,  that  these  few  pro¬ 
ductions  do  not,  any  more  than  the  MaJcdmat  of  Ha- 
madham  and  of  Hariri,  constitute  a  very  important 
literature.  The  drama,  the  epic,  the  romance  of  char¬ 
acter,  were  absolutely  unknown  to  the  Arabs.  Poetry, 
on  the  other  hand,  an  endowment  of  the  ancient 
Arabs,  continued  to  live  and  flourish  as  long  as  the 
Eastern  Caliphate  lasted.  We  may  count  poets  by  the 
hundred,  eminent  in  every  department  of  that  art :  in 
descriptive,  erotic,  martial,  and  philosophic  poetry ;  in 
odes,  in  satires,  etc.  The  great  collection  entitled 
Kitdb  al-Ac/hdni ,7  compiled  by  Isfah&m,  contains  a 
choice  of  the  finest  poems,  accompanied  by  very  in- 

s  The  first  part  of  which  has  just  been  published  by  H.  Deren 
bourg  (Paris,  1882).  4  Published  by  Roshaid  Dahdah. 

3  Translated  by  Freytag  (Bonn,  1838-43),  with  the  Arabic  text  of 
the  proverbs.  "  6  See  Freytag,  Arabische  Verskunst. 

7  Published  at  Bdl&lf,  a.h.  1286  (20  vols).  See  also  Kosegarten, 
Alt  Ispahanensu  liber  cantilenarum,  tom.  i.  Greifswald,  1840. 
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structive  notices  of  the  poets,  and  of  the  circumstances 
under  which  they  composed  such  and  such  pieces.  Be¬ 
sides  this,  many  Dfwans,  or  complete  editions  of  the 
works  of  poets,  have  come  down  to  us.  They  bear  the 
celebrated  names  of  Nabigha,  of  'Antara,  of  Tarafa, 
of  Zohair,  of  ’Alkama,  of  Amraalkais,  of  Shantara, 
of  Labid,  in  the  pre-Islauiic  period  (see  Mo'allakat); 
of  Jarir,  Akhtal,  and  Farazdak,1  in  the  Omayyad 
period ;  and  of  Abu  Nowas,2  Abu  ’l-'Atahiya,  Moslim,3 
Motanabbi’  ( q.v .),  and  Abu  ’l-'Ala,4  in  the  period 
of  the  'Abbasids.  And  this  list  contains  only  the  most 
illustrious  names. 

With  the  accession  of  the  'Abb&sids  to  power,  Mos¬ 
lem  culture  entered  on  a  path  fruitful  in  scientific  pro¬ 
gress.  The  second  Caliph  of  that  family,  Mansur,  was 
surrounded  by  Syrian  Christians  of  great  learning,  and 
Translations  equally  well  acquainted  with  the  Greek, 
from  the  Syriac,  and  Arabic  languages,  and  took  ad- 
Greek.  vantage  of  their  abilities  to  have  a  number 
of  foreign  books  translated  into  Arabic,  Thanks  to 
him,  the  writings  of  Aristotle,  Ptolemy,  and  Euclid 
spread  a  taste  for  science  among  the  Moslems.  The 
Caliph  Ma'miin  was  one  of  those  who  most  encour¬ 
aged  translations  from  the  Greek.  In  this  way  the 
Moslems  became  acquainted  with  the  most  important 
productions  of  the  ancient  world.  Plato,  the  works  of 
the  Alexandrian  school,  those  of  Hippocrates,  Diosco- 
rides,  and  Galen,  were  familiar  to  them.  Through  the 
Persians  many  Indian  writings  also  became  accessible 
to  them,  such  as  the  fables  of  Bidpai,5  and  certain 
treatises  on  astronomy  and  algebra.  The  study  of 
philosophy  in  all  its  branches  was  at  one  time  in 
fashion,  and  to  appreciate  the  success  with  which  it 
was  cultivated  in  Islam,  we  need  only  recall  the  great 
names' of  Al-Kindi,  Al-Farabi,  Ibn  Sind,  (Avicenna), 
Ibn  Baja  (Avempace),  and  Ibn  Roshd  (Averroes), 
whose  scientific  teaching  swayed  the  Middle  Ages,  and 
led  to  the  revival  of  learning  in  the  West. 

In  history  and  geography  the  Moslems  distinguished 
,  themselves.  The  taste  for  history  had  been 
geography3  developed  among  them  by  the  necessity  of 
collecting  all  traditions  relating  to  the  Pro¬ 
phet,  and  by  that  of  preserving  their  own  genealogies. 
The  study  of  geography  was  a  result  of  their  conquests. 
One  of  their  most  ancient  historical  productions  was 
the  biography  of  Mohammed,  composed  by  Mohammed 
b.  Ishdk  under  the  caliphate  of  Mansur.  Wakidi, 
another  author  of  the  8th  century  of  our  era,  compiled 
a  history  of  the  first  Moslem  conquests.  At  a  later 
period,  Baladhorf  wrote  on  the  same  subject  his  Kitdb 
Futuh  al-Bolddn .6  General  history  also  soon  became 
a  subject  of  study,  and  in  the  9th  century  after  Christ, 
Ibn  Kotaiba  compiled  his  Kitdb  al-Ma'drif,1  a  treatise 
on  universal  history.  In  the  10th  century  two  great 
historians  flourished,  Tabari  and  Mas'udi,  by  the  first 
of  whom  we  have  a  very  extensive  chronicle,8  and  by 
the  second  a  general  history,  entitled  Momj  al-Dhahab 
(see  Mas'udI).  After  them  came  a  perfect  galaxy  of 
well-known  historians  and  biographers,  such  as  Hamza 
of  Isfahan,  Ibn  al-Tiktaka,  Nowairi,  Makrizi,  Abii 
’1-Fida,  Abu  ’1-Faraj,  Al-Makin,  Ibn  al-Athir,  Soyiitfi 
and  Ibn  Khaldun,9  not  to  speak  of  many  others  who 
compiled  local  chronicles  and  histories,  such  as  those 
of  Mecca,  Medina,  Damascus,  and  Baghdad.  As  biog¬ 
raphers,  Nawawi  and  Ibn  Khallikan10  are  celebrated. 

i  See  Caussin  de  Perceval  in  the  Journal  asiatique,  2d  ser.,  vols. 

X  «  See  Ahlwardt,  Die  Weingedichte  des  Abu  Nuwas  (Greifswald, 
1861),  and,  for  a  Cairo  edition,  Z.  D.  M.  <?.,  xxi.  674. 

3  Edited  by  De  Goeje.  .  _ 

4  See  Rieu,  De  Abul-Alse  vita  et  carminibw,  and  Kremer  in  Z.  D. 
M.  G.,  xxix.,  xxx.,  xxxi. 

6  Translated  from  the  Arabic  by  Knatchbull. 

«  Edited  by  De  Goeje  (Leyden,  1866). 

i  Edited  by  Wiistenfeld  (Gottingen,  1850). 

8  In  course  of  publication  at  Leyden,  edited  by  De  Goeje,  with 
the  assistance  of  J.  Barth,  Th.  Noldeke,  P.  de  Jong,  E.  Prym,  H. 
Thorbecke,  S.  Frenkel,  I.  Guidi,  D.  H.  Muller,  M.  Th.  Houtsma, 
S.  Guyard,  and  V.  Rosen. 

9  Most  of  these  have  been  published  by  Gottwaldt,  Ahlwardt, 
Reiske,  Pocock,  Erpenius,  Tornberg. 

19  The  former  has  been  edited  by  Wvistenfeld(Gbttingen,  1842-47), 


The  history  of  physicians  and  philosophers,  by  Ibn 
Abi  Osaibiya,  deserves  to  be  placed  in  the  first  rank, 
side  by  side  with  the  history  of  religions  and  sects 
by  Shahrastam. 11 

'  The  Moslems  were  not  less  active  in  the  study  of 
geography.  In  the  9th  century,  Ya’kubi  wrote  his 
Kitdb  ul-Boldan ,  or  Book  of  Countries,  in  which  lie 
described  the  principal  cities  of  the  Moslem  empire. 12 
After  him,  Ibn  Khordadhbeh  composed  his  Kitdb  al- 
Masdlik  wal-Mamalik,  or  Book  of  Roads  and  Prov¬ 
inces,  in  which  his  principal  object  is  to  point  out  the 
different  routes,  and  to  give  an  account  of  the  reve¬ 
nues  derived  from  every  province. 13  His  contemporary 
Kodama  soon  after  published  his  treatise  on  the  work 
of  clerks,  in  which,  after  a  notice  of  the  various  gov¬ 
ernment  offices,  he  gives  a  description  of  the  provinces 
of  the  empire  with  an  account  of  the  post-routes, 
their  stages  and  distances,  and  of  the  revenues  of  each 
provinca  Ahmed  b.  Abi  Yakub  al-Yakubi  wrote 
a  description  of  Asia  Minor  and  Ifrikiya.  Several  of 
the  writings  of  the  historian  Mas’iidi  also  afford  highly 
valuable  information  on  geography.  To  Yakut  we  owe 
a  great  geographical  dictionary  under  the  title  of 
Mo  jam  al-Bolddn .“  Lastly,  Istakhri,  Ibn  Haukal, 
Mokaddasi,  Benin (,  Bakri,  Zamakhshari,  Edrfsf,  and 
Abii  ’1-Fidd  have  left  us  important  treatises,  narratives 
of  travels,  and  geographical  dictionaries. 15  Among  the 
literature  of  voyages  and  travels  we  must  also  mention 
the  curious  Chain  of  Histories  associated  with  the  name 
of  the  merchant  Solaimdn  and  the  narratives  of  Na§iri 
Khosru,16  of  Ibn  Jobair,17  and  of  Ibn  Batura  [q.v.). 

The  sciences  connected  with  geography,  such  as  as¬ 
tronomy  and  cosmography,  were  also  culti-  Astronomy 
vated  by  the  Moslems.  As  early  as  the  and  cos- 
reign  of  Man§ur,  the  Sanscrit  treatise  on  mography. 
astronomy  entitled  Siddhanta  had  been  translated  into 
Arabic.  Under  Ma’nnin,  two  observatories  were 
founded,  one  at  Baghdad,  the  other  at  Damascus,  and 
two  degrees  of  the  terrestrial  meridian  were  measured 
by  order  of  that  Caliph.  Al-Kharizmi,  librarian  to 
Ma’nuin,  composed  his  Rasm  al-Ard,  or  configuration 
of  the  earth,  in  which  the  name  of  every  place  was 
accompanied  by  its  latitude  and  longitude.  Astro¬ 
nomical  tables  were  drawn  up  by  Yahya,  Habash,  Abii 
Ma'shar  (Abumazar),  and  Al-Battani  (Albategni). 
Treatises  on  astronomy  were  composed  by  Al-Farghani 
and  Al-Kindi.  Al-Battam,  of  whom  we  have  just 
spoken,  was  the  author#of  important  works  on  the 
obliquity  of  the  ecliptic  and  on  the  precession  of  the 
equinoxes.  We  may  mention  in  the  last  place  the 
curious  writings  of  Dimashki  and  Kazwini  on  general 
cosmography,  embracing  several  physical  sciences.18 

The  study  of  mathematics  was  carried  very  far. 
The  Moslems  not  only  received  arithmetic, 
geometry,  trigonometry,  and  algebra  from  matics 
the  Greeks  and  Hindus,  but  themselves 
gave  a  further  development  to  those  sciences.  The 
works  of  Al-Kharizmi  served  as  guides  to  those  learned 
men  in  Europe  who  first  turned  their  attention  to 
algebra  in  the  1 6th  century. 

The  sciences  of  physics  and  chemistry,  on  the  other 
hand,  remained  in  their  infancy.  In  physical  . 

science  we  can  only  mention  a  few  works  on  science. 
Optics.  As  for  Music,  its  study  was  limited 
to  the  practical,  and  though  we  may  name  the  impor¬ 
tant  treatise  of  Al-Far&bi  on  the  theory  of  Music — & 
treatise  itself  drawn  entirely  from  Greek  sources — we 

the  latter  translated  into  English  by  MacGuckin  de  Slane  (Lond. 
1843-71). 

11  Published  by  Cureton  (Lond.1842-46),  and  translated  into  Ger¬ 
man  by  Haarbriicker  (Halle,  1850-51). 

12  Edited  by  A.W.  Th.  Juynboll  and  De  Goeje  (Leyden,  1860-61.) 

13  Published  and  translated  by  Barbier  de  Meynard. 

14  Edited  by  Wiistenfeld  (Leipzig,  1866-70). 

15  Published,  and  some  translated,  by  De  Goeje,  Sachau,  Wiis- 
tenfeld,  De  Grave,  Jaubert,  Dozy,  Amari  and  Schiaparelli, 
Reinaud,  and  De  Slane.  The  last  volume  of  Abii  ’l-Fid&’s  Geog¬ 
raphy  is  now  in  the  press. 

Published  and  translated  by  Schefer  (Paris,  1881). 

17  Edited  by  W.  Wright  (Leyden,  1852). 

18  Published  and  translated  by  Mehren,  Wiistenfeld,  and  Eth6. 
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must  acknowledge  that  Acoustics,  properly  so  called, 
are  not  at  all  taken  into  consideration  by  him.  Chem¬ 
istry,  considered  as  an  exact  science,  continued  un¬ 
known  to  the  Moslems  ;  yet  they  cultivated  Alchemy 
with  eagerness,  in  their  search  after  the  transmuta¬ 
tion  of  metals,  and  Alchemy  is  the  mother  of  Chem¬ 
istry.  Medicine,  in  the  hands  of  the  Arabs,  remained 
such  as  they  had  borrowed  it  from  the  Greeks.  As 
their  religion  forbade  dissection,  the  Moslems  were 
never  able  to  rise  above  a  rude  empiricism.  They  con¬ 
tented  themselves  with  adding  to  their  own  prescrip¬ 
tions,  which  they  pretended  to  have  received  from  the 
Prophet,  those  of  the  Greek  physicians.  The  works  of 
Avicenna  prove  this;  and  Ibn  al  Bai tar’s  treatise  on  the 
pharmacopoeia  also  shows  how  small  a  part  observa¬ 
tion  played  in  Arabian  medicine. 1  Zoology,  botany,  and 
mineralogy  made  no  greater  progress ;  but  they  were 
at  least  among  the  subjects  which  attracted  the  at¬ 
tention  of  learned  Moslems.  The  great  treatise  by 
Damiri,  entitled  Haxidit  al-IIaiwan,  or  Life  of  Animals, 
is  of  interest  mainly  from  the  legends  it  contains  ;2 
and  the  treatise  on  mineralogy  by  Taifashi  interests  us 
principally  by  the  details  it  gives  on  the  origin  of 

Erecious  stones  and  the  art  of  cutting  them.  It  would 
e  unjust  to  conclude  this  sketch  without  adding  that 
the  Moslems  possess  also  a  great  number  of  technical 
treatises  on  the  art  of  war,  on  military  engines,  and 
the  Greek  fire,  on  falconry  and  hunting,  and  on  certain 
industries,  such  as  those  of  glass,  pottery,  and  metals. 
They  have  also  written  on  magic,  on  the  interpretation 
of  dreams,  and  on  sleight  of  hand.  These  works  have 
as  yet  been  very  little  investigated.  W e  shall  no  doubt 
find  in  them  interesting  revelations  on  the  history  of 
the  industrial  arts,  and  on  the  history  of  superstitions. 
With  an  empire  so  vast  as  that  of  the  Moslems,  we 

Commerce  ma^  eas^y  conceive  how  extensive  their 
mmerce.  commerce  an(j  jn(Justry  must  have  been. 

Commerce  had  at  all  times  been  held  in  honor  by  the 
Arabs.  Long  before  the  days  of  Mohammed,  the 
Koraish  annually  sent  caravans,  laden  with  all  the 
products  of  Yemen,  into  Syria.  Maritime  commerce 
also  was  already  flourishing  in  Chaldsea  in  the  5th  cen¬ 
tury  of  our  era.  The  city  of  Hfra  was  frequented  by 
ships  coming  from  the  Red  Sea,  from  India,  and  even 
from  China.  Obolla  was  the  emporium  for  the  mer¬ 
chandise  of  India.  It  was  principally  thither  that 
teakwood  was  brought,  which  served  for  the  construc¬ 
tion  of  ships  and  houses.  Thus  the  Arabs,  when  they 
conquered  Chaldsea,  found  maritime  commerce  in  full 
activity  there,  and  took  advantage  of  it.  Under  the 
'Abbasids,  Basra .  supplanted  Ilira  and  Obolla,  and 
became  the  principal  port.  The  history  of  Sindibad 
(Sinbad  the  Sailor)  shows  how  active  foreign  commerce 
was  under  the  'Abbasids,  and  with  what  courage  the 
Arab  sailors  confronted  danger.  Moslem  colonies  were 
established  all  along  the  coasts  of  Persia  and  India,  and 
Moslem  voyagers  did  not  fear  to  venture  as  far  as  the 
China  Seas.  On  the  West,  the  commercial  movement 
was  not  less  active.  Caravans  laden  with  the  products 
of  Spain  left  Tangier,  traversed  the  whole  of  Northern 
Africa,  and  reached  Syria,  Arabia,  and  Mesopotamia. 
Others  passed  through  Asia  Minor,  Armenia,  Persia, 

PART  III.— T 

The  Koran  (Ko'ran)  is  the  foundation  of  Islam.  It 
is  the  sacred  book  of  more  than  a  hundred  millions  of 
men,  some  of  them  nations  of  immemorial  civilization, 
by  all  of  whom  it  is  regarded  as  the  immediate  word 
of  God.  And  since  the  use  of  the  Koran  in  public 
worship,  in  schools  and  otherwise,  is  much  more  exten¬ 
sive  than,  for  example,  the  reading  of  the  Bible  in 
most  Christian  countries,  it  has  been  truly  described 
as  the  most  widely-read  book  in  existence.  This  circum¬ 
stance  alone  is  sufficient  to  give  it  an  urgent  claim  on  our 
attention,  whether  it  suit  our  taste  and  fall  in  with  our 
religious  and  philosophical  views  or  not.  Besides,  it 

i  The  treatise  has  been  translated  into  French  by  Dr.  Leclerc. 

*  Printed  at  Bulak,  a.h.  1292. 


Khoras&n,  and  Turkestan,  as  far  as  the  frontiers  of 
China,  while  the  route  of  others  again  was  alon^  the 
eastern  coast  of  Africa,  whence  they  Drought  back  ivory 
and  black  slaves.  Thus  the  silks  of  China,  and  the 
spices,  camphor,  steel,  and  precious  woods  of  India, 
were  poured  into  the  empire,  while  the  Moslems  ex- 
ported,their  glass,  their  dates,  their  cotton  stuffs,  their 
refined  sugar,  and  their  wrought  tools,  to  those  coun¬ 
tries.  The  manufacture  of  glass  was  an  in¬ 
dustry  of  old  standing  among  them.  The  factures* 
glass  of  Syria  was  celebrated,  and  we  know 
that  flint-glass  and  enamels  were  also  made  at  Bagh¬ 
dad.  Dates  were  cultivated  principally  in  the  neigh¬ 
borhood  of  Basra,  and  also  in  Persia  and  Khuzistdn. 
Refined  sugar  also  came  from  the  coast  of  Persia.  As 
regards  steel,  the  manufacture  of  armor  and  weapons 
was  the  specialty  of  the  people  of  'Irak,  of  Bahrain, 
of  ‘Oman,  and  of  Yemen.  The  Syrians  had  the  credit 
of  forging  excellent  sword-blades.  In  Syria  too  were 
made  mirrors  of  polished  steel.  The  weaving  of  vari¬ 
ous  stuffs  formed  an  important  branch  of  industry. 
The  striped  stuffs  of  Yemen,  and  the  tissues  of  Bagh¬ 
dad,  Herat,  Tawwaj,  and  Fasa,  enjoyed  a  high  repute. 
Damascus  was  renowned  for  the  silk  fabrics  which  have 
taken  their  name  from  that  city.  The  silks  of  Yemen, 
of  Egypt,  and  of  Cufa,  had  also  a  high  reputation. 
Tunis  produced  gauze,  and  muslin  figured  with  gold. 
Egypt  manufactured  brocade,  Armenia  supplied  satin. 
The  carpet  manufacture  under  the  Caliphs  had  already 
reached  the  excellence  which  it  has  maintained  to  our 
own  days.  At  that  time  the  carpets  most  valued  came 
from  Farsistan  and  Tabaristan.  J eweliery  and  trinkets 
found  numerous  outlets,  as  may  be  supposed.  This 
traffic  was  principally  carried  on  in  the  East  by  the 
J  ews. 

We  know  that  the  religion  of  the  Prophet  forbade 
any  representation  of  the  human  figure.  Art 

This  prohibition  does  not  appear  to  have 
been  long  observed,  for  we  find  that  the  walls  of  pal¬ 
aces  and  of  the  houses  of  the  rich  were  covered  with 
paintings.  There  was  a  school  of  painting  at  Basra, 
and  a  historian  gives  us  the  names  of  two  painters  of 
high  celebrity  in  their  art, — Ibn  'Aziz  and  Ko.^air. 

The  manufacture  of  paper  was  carried  on  very  ex¬ 
tensively,  a  fact  -which  is  easily  explained  when  we 
think  of  the  literary  activity  of  the  Moslems.  The 
Arabs  originally  used  parchment.  For  this,  after  the 
conquest  of  Egypt,  they  substituted  papyrus,  which 
was  itself  supplanted  by  paper,  when  the  Arabs  had 
opened  communications  with  China.  Paper  mills  were 
established  in  several  of  the  provinces,  and  at  Baghdad 
itself.  Simultaneously  with  the  appearance  of  this 
precious  substance,  the  art  of  binding  became  one  of 
the  most  flourishing  industries,  as  did  also  the  trades 
of  the  shoemaker,  the  saddler,  and  the  dyer,  etc.,  etc. 
Retail  commerce,  lastly,  undertook  the  distribution  of 
the  products  of  agriculture  and  industry.  In  almost 
all  the  cities  of  the  empire  markets  were  held,  where 
the  fruiterer  and  grocer  (Bafckdl),  the  butcher  (Jaz- 
zdr),  the  armorer  (SailcaT),  the  bookseller  (  Warrdk), 
and  the  druggist  and  perfumer  (' Attar),  offered  their 
wares  for  sale.3  (st.  G.) 

HE  KORAN. 

is  the  work  of  Mohammed,  and  as  such  is  fitted  to 
afford  a  clue  to  the  spiritual  development  of  that  most 
successful  of  all  prophets  and  religious  personalities. 
It  must  be  owned  that  the  first  perusal  leaves  on  a 
European  an  impression  of  chaotic  confusion, — not 
that  the  book  is  so  very  extensive,  for  it  is  not  quite 
so  large  as  the  New  Testament.  This  impression  can 
in  some  degree  be  modified  only  by  the  application  of  a 
critical  analysis  with  the  assistance  of  Arabian  tradition. 

To  the  faith  of  the  Moslems,  as  has  been  said,  the 
Koran  is  the  word  of  God,  and  such  also  is  the  claim 

8  For  further  information  on  Moslem  civilization,  see  Kremer’a 
important  work,  CidturgeschicMe  des  Orients  unter  den  Chalifen. 
Vienna,  1875-77. 
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which  the  book  itself  advances.  For  except  in  sur.  i. 
— which  is  a  prayer  for  men — and  some  few  passages 
where  Mohammed  (vi.  104,  114;  xxvii.  93;  xlii.  8), 
or  the  angels  (xix.  65;  xxxvii.  164  sqq.)  speak  in  the 
first  person  without  the  intervention  of  the  usual 
imperative  “say”  (sing,  or  pi.),  the  speaker  through¬ 
out  is  God,  either  in  the  first  person  singular,  or  more 
commonly  the  plural  of  majesty  “we.”  The  same 
mode  of  address  is  familiar  to  us  from  the  prophets 
of  the  Old  Testament ;  the  human  personality  disap- 
ears,  in  the  moment  of  inspiration,  behind  the  God 
y  whom  it  is  filled.  But  all  the  greatest  of  the;  He¬ 
brew  prophets  fall  back  speedily  upon  the  unassuming 
human  “  I  ” ;  while  in  the  Koran  the  divine  “  I  ”  is  the 
Moham-  stereotyped  form  of  address.  Mohammed, 
mod  s  view  however,  really  felt  himself  to  be  the  in- 
of  revela-  strument  of  God  ;  this  consciousness  was 

tlon-  .  no  doubt  brighter  at  his  first  appearance 

than  it  afterwards  became,  but  it  never  entirely  forsook 
him.  We  might  therefore  readily  pardon  him  for  giv¬ 
ing  out,  not  only  the  results  of  imaginative  and  emo¬ 
tional  excitement,  but  also  many  expositions  or  decrees 
which  were  the  outcome  of  cool  calculation,  as  the  word 
of  God,  if  he  had  only  attained  the  pure  moral  alti¬ 
tude  which  in  an  Isaiah  or  a  Jeremiah  fills  us  with  ad¬ 
miration  after  the  lapse  of  ages. 

The  rationale  of  revelation  is  explained  in  the  Koran 
itself  as  follows  :  In  heaven  is  the  original  text  (“the 
mother  of  the  book,”  xliii.  3;  “a  concealed  book,” 
lv.  77;  “a  well-guarded  tablet,”  lxxxv.  22).  By  a 
process  of  “sending  down”  ( tanzil ),  one  piece  after 
another  was  communicated  to  the  Prophet.  The 
mediator  was  an  angel,  who  is  called  sometimes  the 
“Spirit”  (xxvi.  193),  sometimes  the  “holy  Spirit  ” 
(xvi.  104),  and  at  a  later  time  “Gabriel”  (ii.  91). 
This  angel  dictates  the  revelation  to  the  Prophet,  who 
repeats  it  after  him,  and  afterwards  proclaims  it  to  the 
world  (lxxxvii.  6,  etc.).  It  is  plain  that  we  have  here 
a  somewhat  crude  attempt  of  the  Prophet  to  represent 
to  himself  the  more  or  less  unconscious  process  by 
which  his  ideas  arose  and  gradually  took  shape  in  his 
mind.  It  is  no  wonder  if  in  such  confused  imagery 
the  details  are  not  always  self-consistent.  When,  for 
example,  this  heavenly  archetype  is  said  to  be  in  the 
hands  of  an  exalted  “scribe”  (lxxx.  13  sqq.),  this 
seems  a  transition  to  a  quite  different  set  of  ideas, 
namely,  the  books  of  fate,  or  the  record  of  all  human 
actions — conceptions  which  are  actually  found  in  the 
Koran.  It  is  to  be  observed,  at  all  events,  that 
Mohammed’s  transcendental  idea  of  God,  as  a  Being 
exalted  altogether  above  the  world,  excludes  the 
thought  of  direct  intercourse  between  the  Prophet  and 
God. . 

It  is  an  explicit  statement  of  the  Koran  that  the 
Component  sacred  book  was  revealed  (“sent  down”) 
parts  of  the  by  God,  not  all  .at  once,  but  piecemeal  and 
oran-  gradually  (xxv.  34).  This  is  evident  from 
the  actual  composition  of  the  book,  and  is  confirmed 
by  Moslem  tradition.  .  That  is  to  say,  Mohammed 
issued  his  revelations  in  fly-leaves  of  greater  or  less 
extent.  A  single  piece  of  this  kind  was  called  either, 
like  the  entire  collection,  ho' ran,  i. e. ,  “recitation  ”  or 
“reading:”  or  kitdb ,  “writing;”  or  sura ,  which  is 
the  late-Hebrew  shurd,  and  means  literally  “series.” 
The  last  became,  in  the  lifetime  of  Mohammed,  the 
regular  designation  of  the  individual  sections  as  dis¬ 
tinguished  from  the  whole  collection  ;  and  accordingly 
it  is  the  name  given  to  the  separate  chapters  of  the 
existing  Koran.  These  chapters  are  of  very  unequal 
length.  Since  many  of  the  shorter  ones  are  undoubt¬ 
edly  complete  in  themselves,  it  is  natural  to  assume 
that  the  longer,  which  are  sometimes  very  compre¬ 
hensive,  have  arisen  from  the  amalgamation  of  various 
originally  distinct  revelations.  This  supposition  is 
favored  by  the  numerous  traditions  which  give  us  the 
circumstances  under  which  this  or  that  short  piece, 
now  incorporated  in  a  larger  section,  was  revealed; 
and  also  by  the  fact  that  the  connection  of  thought  in 


the  present  suras  often  seems  to  be  interrupted.  And 
in  reality  many  pieces  of  the  long  suras  have  to  be 
severed  out  as  originally  independent;  even  in  the 
short  ones  parts  are  often  found  which  cannot  have 
been  there  at  first.  At  the  same  time  we  must  beware 
of  carrying  this  sifting  operation  too  far, — as  Noldeke 
now  believes  himself  to  have'done  in  his  earlier  works, 
and  as  Sprenger  also  sometimes  seems  to  do.  That 
some  suras  were  of  considerable  length  from  the  first 
is  seen,  for  example,  from  xii.,  which  contains  a  short 
introduction,  then  the  history  of  Joseph,  and  then  a 
few  concluding  observations,  and  is  therefore  perfectly 
homogeneous.  In  like  manner,  xx. ,  which  is  mainly 
occupied  with  the  history  of  Moses,  forms  a  complete 
whole.  The  same  is  true  of  xviii.,  which  at  first  sight 
seems  to  fall  into  several  pieces ;  the  history  of  the 
seven  sleepers,  the  grotesque  narrative  about  Moses, 
and  that  about  Alexander  “the  Horned,”  are  all  con¬ 
nected  together,  and  the  same  rhyme  runs  through  the 
whole  sura.  Even  in  the  separate  narrations  we  may 
observe  how  readily  the  Koran  passes  from  one  sub¬ 
ject  to  another,  how  little  care  is  taken  to  express  all 
the  transitions  of  thought,  and  how  frequently  clauses 
are  omitted,  which  are  almost  indispensable.  We  are 
not  at  liberty,  therefore,  in  every  case- where  the  con¬ 
nection  in  the  Koran  is  obscure,  to  say  that  it  is  really 
broken,  and  set  it  down  as  the  clumsv  patchwork  of 
a  later  hand.  Even  in  the  old  Arabic  poetry  such 
abrupt  transitions  are  of  very  frequent  occurrence.  It 
is  not  uncommon  for  the  Koran,  after  a  new  subject 
has  been  entered  on,  to  return  gradually  or  suddenly 
to  the  former  theme, — a  proof  that  there  at  least  sepa¬ 
ration  is  not  to  be  thought  of.  In  short,  however  im¬ 
perfectly  the  Koran  may  have  been  redacted,  in  the 
majority  of  cases  the  present  suras  are  identical  with 
the  originals. 

How  these  revelations  actually  arose  in  Mohammed’s 
mind  is  a  question  which  it  is  almost  as  idle  to  discuss 
as  it  would  be  to  analyze  the  workings  of  the  mind  of 
a  poet.  In  his  early  career,  sometimes  perhaps  in  its 
later  stages  also,  many  revelations  must  have  burst 
from  him  in  uncontrollable  excitement,  so  that  lie  could 
not  possibly  regard  them  otherwise  than  as  divine  in¬ 
spirations.  We  must  bear  in  mind  that  he  was  no  cold 
systematic  thinker,  but  an  Oriental  visionary,  brought 
up  in  crass  superstition,  and  without  intellectual  dis¬ 
cipline  ;  a  man  whose  nervous  temperament  had  been 
powerfully  worked  on  by  ascetic  austerities,  and  who 
was  all  the  more  irritated  by  the  opposition  he  en¬ 
countered,  because  lie  had  little  of  the  heroic  in  his 
nature.  Filled  with  his  religious  ideas  and  visions,  he 
might  well  fancy  he  heard  the  angel  bidding  him  recite 
what  was  said  to  him.  There  may  have  been  many  a 
revelation  of  this  kind  which  no  one  ever  heard  but 
himself,  as  he  repeated  it  to  himself  in  the  silence  of 
the  night  (lxxiii.  4).  Indeed  the  Koran  itself  admits 
that  he  forgot  some  revelations  (lxxxvii.  7).  But  by 
far  the  greatest  part  of  the  book  is  undoubtedly  the 
result  of  deliberation,  touched  more  or  less  with  emo¬ 
tion,  and  animated  by  a  certain  rhetorical  rather  than 
poetical  glow.  Many  passages  are  based  upon  purely 
intellectual  reflection.  It  is  said  that  Mohammea  occa¬ 
sionally  uttered  such  a  passage  immediately  after  one 
of  those  epileptic  fits  which  not  only  his  followers,  but 
(for  a  time  at  least)  he  himself  also,  regarded  as  tokens 
of  intercourse  with  the  higher  powers.  If  that  is  the 
case,  it  is  impossible  to  say  whether  the  trick  was  in 
the  utterance  of  the  revelation  or  in  the  fit  itself. 

How  the  various  pieces  of  the  Koran  took  literary 
form  is  uncertain.  Mohammed  himself,  so 
far  as  we  can  discover,  never  wrote  down  The^ri£en 
anything.  The  question  whether  he  could 
read  and  write  has  been  much  debated  among  Moslems, 
unfortunately  more  with  dogmatic  arguments  and 
spurious  traditions  than  authentic  proofs.  At  present, 
one  is  inclined  to  say  that  he  was  not  altogether  ignor¬ 
ant  of  these  arts,  but  that  from  want  of  practice  he 
found  it  convenient  to  employ  some  one  else  whenever 
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he  had  anything  to  write.  After  the  flight  to  Medina 
(a.d.  622)  we  are  told  that  short  pieces — chiefly  legal 
decisions — were  taken  down  immediately  after  they 
were  revealed,  by  an  adherent  whom  he  summoned  for 
the  purpose  ;  so  that  nothing  stood  in  the  way  of  their 
publication.  Hence  it  is  probable  that  in  Mecca, 
where  the  art  of  writing  was  commoner  than  in  Medina, 
he  had  already  begun  to  have  his  oracles  committed  to 
writing.  That  even  long  portions  of  the  Koran  existed 
in  written  form  from  an  early  date  may  be  pretty  safely 
inferred  from  various  indications;  especially  from  the 
fact  that  in  Mecca  the  Prophet  had  caused  insertions 
to  be  made,  and  pieces  to  be  erased  in  his  previous 
revelations.  For  we  cannot  suppose  that  he  knew  the 
longer  sfiras  by  heart  so  perfectly  that  he  was  able 
after  a  time  to  lay  his  finger  upon  any  particular  pas¬ 
sage.  In  some  instances,  indeed,  he  may  have  relied 
too  much  on  his  memory.  For  example,  he  seems  to 
have  occasionally  dictated  the  same  sura  to  different 
persons  in  slightly  different  terms.  In  such*cases,  no 
doubt,  he  may  have  partly  intended  to  introduce  im¬ 
provements  ;  and  so  long  as  the  difference  was  merely 
in  expression,  without  affecting  the  sense,  it  could 
occasion  no  perplexity  to  his  followers.  _  None  of  them 
had  literary  pedantry  enough  to  question  the  consist¬ 
ency  of  the  divine  revelation  on  that  ground.  In  par¬ 
ticular  instances,  however,  the  difference  of  reading 
was  too  important  to  be  overlooked.  Thus  the  Koran 
itself  confesses  that  the  unbelievers  cast  it  up  as  a  re¬ 
proach  to  the  Prophet  that  God  sometimes  substituted 
one  verse  for  another  (xvi.  103).  On  one  occasion, 
when  a  dispute  arose  between  two  of  his  own  followers 
as  to  the.  true  reading  of  a  passage  which  both  had  re¬ 
ceived  from  the  Prophet  himself,  Mohammed  is  said 
to  have  explained  that  the  Koran  was  revealed  in 
seven  forms.  In  this  apparently  genuine  dictum  seven 
stands,  of  course,  as  in  many  other  cases,  for  an  in¬ 
definite  but  limited  number.  But  one  may  imagine 
what  a  world  of  trouble  it  has  cost  the  Moslem  theo¬ 
logians  to  explain  the  saying  in  accordance  with  their 
dogmatic  beliefs.  A  great  number  of  explanations  are 
current,  some  of  which  claim  the  authority  of  the 
Prophet  himself;  as,  indeed,  fictitious  utterances  of 
Mohammed  play  throughout  a  conspicuous  part  in  the 
exegesis  of  the  Koran.  One  very  favorite,  but  utterly 
untenable  interpretation  is  that  the  “seven  forms” 
are  seven  different  Arabic  dialects. 

When  such  discrepancies  came  to  the  cognizance  of 
Mohammed  it  was  doubtless  his  desire  that 
readings*1  only  one  °f  t^ie  conflicting  texts  should  be 
considered  authentic ;  only  he  never  gave 
himself  much  trouble  to  have  his  wish  carried  into  effect. 
Although  in  theory  he  was  an  upholder  of  verbal  inspi¬ 
ration,  he  did  not  push  the  doctrine  to  its  extreme 
consequences;  his  practical  good  sense  did  not  take 
these  things  so  strictly  as  the  theologians  of  later 
centuries.  Sometimes,  however,  he  did  suppress 
whole  sections  or  verses,  enjoining  His  followers  to  efface 
or  forget  them,  and  declaring  them  to  be  “  abrogated.” 
A  very  remarkable  case  is  that  of  the  two  verses  in 
liii.,when  he  had  recognized  three  heathen  goddesses  as 
exalted  beings,  possessing  influence  with  God.  ( Supra , 


p.  573.)  .  . 

So  much  for  abrogated  readings ;  the  case  is  somewhat 
different  when  we  come  to  the  abrogation  of 
lawsgated  *aws  an,l  directions  to  the  Moslems,  which 
often  occurs  in  the  Koran.  There  is  noth¬ 
ing  in  this  at  variance  with  Mohammed’s  idea  of  God. 
God  is  to  him  an  absolute  despot,  who  declares  a  thing 
right  or  wrong  from  no  inherent  necessity  but  by  his 
arbitrary  fiat.  This  God  varies  his  commands  at  pleas¬ 
ure,  prescribes  one  law  for  the  Christians,  another  for 
the  Jews,  and  a  third  for  the  Moslems  ;  nay,  he  even 
changes  his  instructions  to  the  Moslems  when  it  pleases 
him.  Thus,  for  example,  the  Koran  contains  very  dif¬ 
ferent  directions,  suited  to  varying  circumstances,  as 
to  the  treatment  which  idolaters  are  to  receive  at 
the  hands  of  believers.  But  Mohammed  showed  no 


anxiety  to  have  these  superseded  enactments  destroyed. 
Believers  could  be  in  no  uncertainty  as  to  which  of  two 
contradictory  passages  remained  in  force;  and  they 
might  still  find  edification  in  that  which  had  become 
obsolete.  That  later  generations  might  not  so  easily 
distinguish  the  “  abrogated  ”  from  the  “  abrogating  ” 
did  not  occur  to  Mohammed,  whose  vision,  naturally 
enough,  seldom  extended  to  the  future  of  his  religious 
community.  Current  events  were  invariably  kept  in 
view  in  the  revelations.  In  Medina  it  called  forth  the 
admiration  of  the  Faithful  to  observe  how  often  God 
gave  them  the  answer  to  a  question  whose  settlement 
was  urgently  required  at  the  moment.  The  same 
naivete  appears  in  a  remark  of  the  Caliph  'Othm&n 
about  a  doubtful  case :  “If  the  Apostle  of  God  were 
still  alive,  methinks  there  had  been  a  Koran  passage 
revealed  cfn  this  point.  ’ Not  unfrequently  the  divine 
word  was  found  to  coincide  with  the  advice  which  Mo¬ 
hammed  had  received  from  his  most  intimate  disciples. 
“  Omar  was  many  a  time  of  a  certain  opinion,”  says 
one  tradition,  ‘  ‘  and  the  Koran  was  then  revealed  ac¬ 
cordingly.  ’  ’ 

The  contents  of  the  different  parts  of  the  Koran  are 
extremely  varied.  Many  passages  consist  of 
theological  or  moral  reflections.  We  are  re-  th°Koran. 
minded  of  the  greatness,  the  goodness,  the 
righteousness  of  God  as  manifested  in  Nature,  in  his¬ 
tory,  and  in  revelation  through  the  prophets,  especially 
through  Mohammed.  God  is  magnified  as  the  One, 
the  All-powerful.  Idolatry  and  all  deification  of 
created  beings,  such  as  the  worship  of  Christ  as  the 
Son  of  God,  are  unsparingly  condemned.  The  joys 
of  heaven  and  the  pains  of  hell  are  depicted  in  vivid 
sensuous  imagery,  as  is  also  the  terror  of  the  whole 
creation  at  the  advent  of  the  last  day  and  the  judgment 
of  the  world.  Believers  receive  general  moral  instruc¬ 
tion,  as  well  as  directions  for  special  circumstances. 
The  lukewarm  are  rebuked,  the  enemies  threatened 
with  terrible  punishment,  both  temporal  and  eternal. 
To  the  skeptical  the  truth  of  Islam  is  held  forth ;  and 
a  certain,  not  very  cogent,  method  of  demonstration 
predominates.  In  many  passages  the  sacred  book  falls 
into  a  diffuse  preaching  style,  others  seem  more  like 
proclamations  or  general  orders.  A  great  number  con¬ 
tain  ceremonial  or  civil  laws,  or  even  special  commands 
to  individuals  down  to  such  matters  as  the  regulation 
of  Mohammed’s  harem.  In  not  a  few,  definite  ques¬ 
tions  are  answered  which  had  actually  been  pro¬ 
pounded  to  the  Prophet  by  believers  or  infidels.  Mo¬ 
hammed  himself,  too,  repeatedly  receives  direct  injunc¬ 
tions,  and  does  not  escape  an  occasional  rebuke.  One 
sfira  (i.)  is  a  prayer,  two  (cxiii.,  _cxiv.)  are  magical  for¬ 
mulas.  Many  suras  treat  of  a  single  topic,  others  em¬ 
brace  several. 

From  the  mass  of  material  comprised  in  the  Koran 
— and  the  account  we  have  given  is  far  Narratives 
from  exhaustive — we  should  select  the  his¬ 
tories  of  the  ancient  prophets  and  saints  as  possessing 
a  peculiar  interest.  The  purpose  of  Mohammed  is  to 
show  from  these  histories  how  God  in  former  times 
had  rewarded  the  righteous  and  punished  their  ene¬ 
mies.  For  the  most  part  the  old  prophets  only  serve 
to  introduce  a  little  variety  in  point  of  form,  for  they 
are  almost  in  every  case  fac-similes  of  Mohammed  him¬ 
self.  They  preach  exactly  like  him,  they  have  to  bring 
the  very  same  charges  against  their  opponents,  who 
on  their  part  behave  exactly  as  the  unbelieving  inhab¬ 
itants  of  Mecca.  The  Koran  even  goes  so  far  as  to 
make  Noah  contend  against  the  worship  of  certain 
false  gods,  mentioned  by  name,  who  were  worshipped 
by  the  Arabs  of  Mohammed’s  time.  In  an  address 
which  is  put  in  the  mouth  of  Abraham  (xxvi.  75  sqq.) 
the  reader  quite  forgets  that  it  is  Abraham,  and  not 
Mohammed  (or  God  himself)  who  is  speaking.  Other 
narratives  are  intended  rather  for  amusement, 
although  they  are  always  well  seasoned  with  edifying 
phrases.  It  is  no  wonder  that  the  godless  Koraishites 
thought  these  stories  of  the  Koran  not  nearly  so  en- 
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tertaining  as  those  of  Rostam  and  Ispatidiar  related 
by  Nadr  the  son  of  Harith,  who  had  learned  on  the 
Euphrates  the  heroic  mythology  of  the  Persians.  But 
the  Prophet  was  so  exasperated  by  this  rivalry  that 
when  Nadr  fell  into  his  power  after  the  battle  of  Badr, 
he  caused  him  to  be  executed:  although  in  all  other 
cases  he  readily  pardoned  his  fellow-countrymen. 

These  histories  are  chiefly  about  Scripture  charac- 
Relation  to  ters,  especially  those  of  the  Old  Testament, 
the  Old  and  But  the  deviations  from  the  Biblical  narra- 
New  Testa-  tives  are  very  marked.  Many  of  the  altera¬ 
tions  are  found  in  the  legendary  anecdotes 
of  the  Jewish  Haggada  and  the  New  Testament  Apoc¬ 
rypha;  but  many  more  are  due  to  misconceptions 
such  as  only  a  listener  (not  the  reader  of  a  book)  could 
fall  into.  The  most  ignorant  Jew  could  never  have 
mistaken  Haman  (the  minister  of  Ahasuerus)  for  the 
minister  of  Pharaoh,  or  identified  Miriam  the  sister  of 
Moses  with  Mary  (=  Miriam)  the  mother  of  Christ. 
In  addition  to  such  misconceptions  there  are  sundry 
capricious  alterations,  some  of  them  very  grotesque, 
due  to  Mohammed  himself.  For  instance,  in  his  ig¬ 
norance  of  everything  out  of  Arabia,  he  makes  the 
fertility  of  Egypt — where  rain  is  almost  never  seen 
and  never  missed — depend  on  rain  instead  of  the  inun¬ 
dations  of  the  Nile  (xii.  49).  It  was  through  the  Jews 
also  that  he  borrowed  his  account  of  Alexander  “the 
Horned”;  an  epithet  which  is  to  be  explained,  after 
old  Hottinger,  from  the  great  multitude  of  coins  where 
Alexander  is  represented  with  the  ram’s-horn  of  Am¬ 
mon.  Besides  Jewish  and  Christian  histories  there 
are  a  few  about  old  Arabian  prophets.  In  these  he 
seems  to  have  handled  his  materials  even  more  freely 
than  in  the  others. 

The  opinion  has  already  been  expressed  that  Mo¬ 
hammed  did  not  make  use  of  written  sources.  Coin¬ 
cidences  and  divergences  alike  can  always  be  accounted 
for  by  oral  communications  from  Jews  who  knew  a 
little  and  Christians  who  knew  next  to  nothing.  Even 
in  the  rare  passages  where  we  can  trace  direct  resem¬ 
blances  to  the  text  of  the  Old  Testament  (comp.  xxi. 
105  with  Ps.  xxxvii.  29  ;  i.  5  with  Ps.  xxvii.  11)  or  the 
New  (comp.  vii.  48  with  Luke  xvi.  24;  xlvi.  19  with 
Luke  xvi.  25),  there  is  nothing  more  than  might  read¬ 
ily  have  been  picked  up  in  conversation  with  any  Jew 
or  Christian.  In  Medina,  where  he  had  the  oppor¬ 
tunity  of  becoming  acquainted  with  Jews  of  some  cul¬ 
ture,  he  learned  some  things  out  of  the  Mishna,  e.g. 
v.  35  corresponds  almost  word  for  word  with  Mishna 
Sunh.  iv.  5 ;  compare  also  ii.  183  with  Mishna  Ber. 
i.  2.  That  these  are  only  cases  of  oral  communication 
will  be  admitted  by  any  one  with  the  slightest  knowl¬ 
edge  of  the  circumstances.  Otherwise  we  might  even 
conclude  that  Mohammed  had  studied  the  Talmud; 
e.g.  the  regulation  as  to  ablution  by  rubbing  with  sand, 
where  water  cannot  be  obtained  (iv.  46),  corresponds  to 
a  talmudic  ordinance  {Ber.  15  a).  Of  Christianity  he 
can  have  been  able  to  learn  very  little  even  in  Medina; 
as  may  be  seen  from  the  absurd  travesty  of  the  insti¬ 
tution  of  the  Eucharist  in  v.  112  sag.  For  the  rest,  it 
is  highly  improbable  that  before  the  Koran  any  real 
literary  production — anything  that  could  be  strictly 
called  a  book — existed  in  the  Arabic  language. 

In  point  of  style  and  artistic  effect,  the  different  parts 
of  the  Koran  are  of  very  unequal  value.  An 
style‘  unprejudiced  and  critical  reader  will  cer¬ 
tainty  find  very  few  passages  where  his  aesthetic  sus¬ 
ceptibilities  are  thoroughly  satisfied.  But  he  will  of¬ 
ten  be  struck,  especially  in  the  older  pieces,  by  a  wild 
force  of  passion,  and  a  vigorous,  if  not  rich,  imagina¬ 
tion.  Descriptions  of  heaven  and  hell,  and  allusions 
to  God’s  working  in  Nature,  not  unfrequently  show 
a  certain  amount  of  poetic  power.  In  other  places 
also  the  style  is  sometimes  lively  and  impressive; 
though  it  is  rarely  indeed  that  we  come  across  such 
strains  of  touching  simplicity  as  in  the  middle  of  xciii. 
The  greater  part  of  the  Koran  is  decidedly  prosaic; 
much  of  it  indeed  is  stiff  in  style.  Of  course,  with 


such  a  variety  of  material,  we  cannot  expect  every  part 
to  be  equally  vivacious,  or  imaginative,  or  poetic.  A 
decree  about  the  right  of  inheritance,  or  a  point  of 
ritual,  must  necessarily  be  expressed  in  prose,  if  it  is 
to  be  intelligible.  No  one  complains  of  the  civil  laws 
in  Exodus  or  the  sacrificial  ritual  in  Leviticus,  because 
they  want  the  fire  of  Isaiah  or  the  tenderness  of  Deu¬ 
teronomy.  But  Mohammed’s  mistake  consists  in  per¬ 
sistent  and  slavish  adherence  to  the  semi-poetic  form 
which  he  had  at  first  adopted  in  accordance  with  his 
own  taste  and  that  of  his  hearers.  For  instance,  he 
employs  rhyme  in  dealing  with  the  most  prosaic  sub¬ 
jects,  and  thus  produces  the  disagreeable  effect  of  in¬ 
congruity  between  style  and  matter.  It  has  to  be 
considered,  however,  that  many  of  those  sermonizing 
pieces  which  are  so  tedious  to  us,  especially  when  we 
read  two  or  three  in  succession  (perhaps  in  a  very  in¬ 
adequate  translation),  must  have  had  a  quite  different 
effect  when  recited  under  the  burning  sky  and  on  the 
barren  soil  of  Mecca.  There,  thoughts  about  God’s 
greatness  and  man’s  duty,  which  are  familiar  to  us 
from  childhood,  were  all  new  to  the  hearers — it  is 
hearers  we  have  to  think  of  in  the  first  instance,  not 
readers — to  whom,  at  the  same  time,  every  allusion 
had  a  meaning  which  often  escapes  our  notice.  When 
Mohammed  spoke  of  the  goodness  of  the  Lord  in 
creating  the  clouds,  and  bringing  them  across  the 
cheerless  desert,  and  pouring  them  out  on  the  earth  to 
restore  its  rich  vegetation,  that  must  have  been  a  pic¬ 
ture  of  thrilling  interest  to  the  Arabs,  who  are  accus¬ 
tomed  to  see  from  three  to  five  years  elapse  before  a 
copious  shower  comes  to  clothe  the  wilderness  once 
more  with  luxuriant  pastures.  It  requires  an  effort 
for  us,  under  our  clouded  skies,  to  realize  in  some  de¬ 
gree  the  intensity  of  that  impression. 

The  fact  that  scraps  of  poetical  phraseology  are  spe¬ 
cially  numerous  in  the  earlier  suras,  enables  Rhetorical 
us  to  understand  why  the  prosaic  mercan-  form  and 
tile  community  of  Mecca  regarded  their  ec-  rhyme, 
centric  townsman  as  a  “poet,”  or  even  a  “possessed 
poet.”  Mohammed  himself  had  to  disclaim  such 
titles,  because  he  felt  himself  to  be  a  divinely-inspired 
prophet ;  but  we  too,  from  our  standpoint,  shall  fully 
acquit  him  of  poetic  genius.  Like  many  other  pre¬ 
dominantly  religious  characters,  he  had  no  apprecia¬ 
tion  of  poetic  beauty  ;  and  if  we  may  believe  one  anec¬ 
dote  related  of  him,  at  a  time  when  every  one  made 
verses  he  affected  ignorance  of  the  most  elementary 
rules  of  prosody.  Hence  the  style  of  the  Koran  is  not 
poetical  but  rhetorical;  and  the  powerful  effect  which 
some  portions  produce  on  us  is  gained  by  rhetorical 
means.  Accordingly  the  sacred  book  has  not  even  the 
artistic  form  of  poetry  ;  which,  among  the  Arabs,  in¬ 
cludes  a  stringent  metre,  as  well  as  rhyme.  The 
Koran  is  never  metrical,  and  only  a  few  exceptionally 
eloquent  portions  fall  into  a  sort  of  spontaneous  rhythm. 
On  the  other  hand,  the  rhyme  is  regularly  maintained; 
although,  especially  in  the  later  pieces,  after  a  very 
slovenly  fashion.  Rhymed  prose  was  a  favorite  for^a 
of  composition  among  the  Arabs  of  that  day,  and  Mo¬ 
hammed  adopted  it ;  but  if  it  imparts  a  certain  spright¬ 
liness  to  some  passages,  it  proves  on  the  whole  a  bur¬ 
densome  yoke.  The  Moslems  themselves  have  ob¬ 
served  that  the  tyranny  of  the  rhyme  often  makes 
itself  apparent  in  derangement  of  the  order  of  words, 
and  in  tne  choice  of  verbal  forms  which  would  not 
otherwise  have  been  employed;  e.g.  an  imperfect  in¬ 
stead  of  a  perfect.  In  one  place,  to  save  tne  rhyme, 
he  calls  Mount  Sinai  Sinfn  (xcv.  2)  instead  of  Sind 
(xxiii.  20) ;  in  another  Elijah  is  called  1  h/dnin.  (xxxvii. 
130)  instead  of  Ilt/ds  (vi.  85;  xxxvii.  123)  The  sub¬ 
stance  even  is  modified  to  suit  exigencies  of  rhyme. 
Thus  the  Prophet  would  scarcely  have  fixed  on  the 
unusual  number  of  eight  angels  round  the  throne  of  God 
(lxix.  17)  if  the  word  thamanii/ah,  “eight,”  bad  not 
happened  to  fall  in  so  well  with  the  rhyme.  And 
when  lv.  speaks  of  two  heavenly  gardens,  each  with 
two  fountains  and  two  kinds  of  fruit,  and  again  of  two 
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similar  gardens,  all  this  is  simply  because  the  dual 
termination  {dn)  corresponds  to  the  syllable  that  con¬ 
trols  the  rhyme  in  that  whole  sura.  In  the  later 
pieces,  Mohammed  often  inserts  edifying  remarks,  en¬ 
tirely  out  of  keeping  with  the  context,  merely  to  com¬ 
plete  his  rhyme.  In  Arabic  it  is  such  an  easy  thing 
to  accumulate  masses  of  words  with  the  same  termina¬ 
tion,  that  the  gross  negligence  of  the  rhyme  in  the 
Koran  is  doubly  remarkable.  One  may  say  that  this 
is  another  mark  of  the  Prophet’s  want  of  mental  train¬ 
ing,  and  incapacity  for  introspective  criticism. 

On  the  Vhole,  while  many  parts  of  the  Koran 
Stviistic  undoubtedly  have  considerable  rhetorical 
weak-  power,  even  over  an  unbelieving  reader,  the 
nesses.  book,  aesthetically  considered,  is  by  no  means 
a  first-rate  performance.  To  begin  with  what  we  are 
most  competent  to  criticise,  let  us  look  at  some  of  the 
more  extended  narratives.  It  has  already  been  noticed 
how  vehement  and  abrupt  they  are  where  they  ought 
to  be  characterized  by  epic  repose.  Indispensable 
links,  both  in  expression  and  in  the  sequence  of  events, 
are  often  omitted,  so  that  to  understand  these  histories 
is  sometimes  far  easier  for  us  than  for  those  who  heard 
them  first,  because  we  know  most  of  them  from  better 
sources.  Along  with  this,  there  is  a  great  deal  of 
superfluous  verbiage  ;  and  nowhere  do  we  find  a  steady 
advance  in  the  narration.  Contrast  in  these  respects 
the  history  of  Joseph  (xii.)  and  its  glaring  impro¬ 
prieties,  with  the  admirably-conceived  and  admirably- 
executed  story  in.  Genesis.  Similar  faults  are  found 
in  the  non-narrative  portions  of  the  Koran.  The  con¬ 
nection  of  ideas  is  extremely  loose,  and  even  the  syntax 
betrays  great  awkwardness.  Anacolutha  are  of  fre¬ 
quent  occurrence,  and  cannot  be  explained  as  conscious 
literary  devices.  Many  sentences  begin  with  a  ‘  ‘  when 
or  “on  the  day  when”  which  seems  to  hover  in  the 
air,  so  that  the  commentators  are  driven  to  supply  a 
“think  of  this”  or  some  such  ellipsis.  Again,  there 
is  no  great  literary  skill  evinced  in  the  frequent  and 
needless  harping  on  the  same  words  and  phrases  ;  in 
xviii. ,  for  example,  “till  that”  (hattdidhd)  occurs  no 
fewer  than  eight  times.  Mohammed,  in  short,  is  not 
in  any  sense  a  master  of  style.  This  opinion  will  be 
indorsed  by  any  European  who  reads  through  the  book 
with  an  impartial  spirit  and  some  knowledge  of  the 
language,  without  taking  into  account  the  tiresome 
effect  of  its  endless  iterations.  But  in  the  ears  of  every 
pious  Moslem  such  a  judgment  will  sound  almost  as 
shocking  as  downright  atheism  or  polytheism.  Among 
the  Moslems,  the  Koran  has  always  been 
the’styiistic  looked  on  as  the  most  perfect  model  of  style 
perfection  and  language.  This  feature  of  it  is  in  their 
erf  the  dogmatic  the  greatest  of  all  miracles,  the 
incontestable  proof  of  its  divine  origin. 
Such  a  view  on  the  part  of  men  who  knew  Arabic  in¬ 
finitely  better  than  the  most  accomplished  European 
Arabist  will  ever  do,  may  well  startle  us.  In  fact,  the 
Koran  boldly  challenged  its  opponents  to  produce  ten 
suras,  or  even  a  single  one,  like  those  of  the  sacred 
book,  and  they  never  did  so.  That,  to  be  sure,  on 
calm  reflection,  is  not  so  very  surprising.  Revelations 
of  the  kind  which  Mohammed  uttered,  no  unbeliever 
could  produce  without  making  himself  a  laughing¬ 
stock.  However  little  real  originality  there  is  in  Mo¬ 
hammed’s  doctrines,  as  against  his  own  countrymen  he 
was  thoroughly  original,  even  in  the  form  of  his  ora¬ 
cles.  To  compose  such  revelations  at  will  was  beyond 
the  power  of  the  most  expert  literary  artist ;  it  would 
have  required  either  a  prophet,  or  a  shameless  impos¬ 
tor.  And  if  such  a  character  appeared  after  Moham¬ 
med,  still  he  could  never  be  anything  but  an  imitator, 
like  the  false  prophets  who  arose  about  the  time  of  his 
death  and  afterwards.  That  the  adversaries  should 
produce  any  sample  whatsoever  of  poetry  or  rhetoric 
equal  to  the  Koran  is  not  at  all  what  the  Prophet  de¬ 
mands.  In  that  case  he  would  have  been  put  to 
shame,  even  in  the  eyes  of  many  of  his  own  followers, 
by  the  first  poem  that  came  to  hand.  Nevertheless, 


it  is  on  a  false  interpretation  of  this  challenge  that  the 
dogma  of  the  incomparable  excellence  of  the  style  and 
diction  of  the  Koran  is  based.  The  rest  has  been  ac¬ 
complished  by  dogmatic  prejudice,  which  is  quite 
capable  of  working  other  miracles  besides  turning  a 
defective  literary  production  into  an  unrivalled  master¬ 
piece  in  the  eyes  of  believers.  This  view  once  ac¬ 
cepted,  the  next  step  was  to  find  everywhere  evidence 
of  the  perfection  of  the  style  and  language.  And  if 
here  and  there,  as  one  can  scarcely  doubt,  there  was 
among  the  old  Moslems  a  lover  of  poetry  who  had  his 
difficulties  about  this  dogma,  he  had  to  beware  of 
uttering  an  opinion  which  might  have  cost  him  his 
head.  We  know  of  at  least  one  rationalistic  theolo¬ 
gian  who  defined  the  dogma  in  such  a  way  that  we  can 
see  he  did  not  believe  it  (Shahrastani,  p.  39).  The 
truth  is,  it  would  have  been  a  miracle  indeed  if  the 
style  of  the  Koran  had  been  perfect.  For  although 
there  was  at  that  time  a  recognized  poetical  style, 
already  degenerating  to  mannerism,  a  prose  style  did 
not  exist.  All  beginnings  are  difficult;  and  it  can 
never  be  esteemed  a  serious  charge  against  Mohammed 
that  his  book,  the  first  prose  work  of  a  high  order  in 
the  language,  testifies  to  the  awkwardness  of  the  be¬ 
ginner.  And  further,  we  must  always  remember  that 
entertainment  and  aesthetic  effect  were  at  most  subsi¬ 
diary  objects.  The  great  aim  was  persuasion  and  con¬ 
version;  and,  say  what  we  will,  that  aim  has  been 
realized  on  the  most  imposing  scale. 

Mohammed  repeatedly  calls  attention  to  the  fact 
that  the  Koran  is  not  written,  like  other 
sacred  books,  in  a  strange,  language,  but  in  Fworfs! 
Arabic,  and  therefore  is  intelligible  to  all. 

At  that  time,  along  with  foreign  ideas,  many  foreign 
words  had  crept  into  the  language ;  especially  Aramaic 
terms  for  religious  conceptions  of  Jewish  or  Christian 
origin.  Some  of  these  had  already  passed  into  gen¬ 
eral  use,  while  others  were  confined  to  a  more  limited 
circle.  Mohammed,  who  could  not  fully  express  his 
new  ideas  in  the  common  language  of  his  countrymen, 
but  had  frequently  to  find  out  new  terms  for  himself, 
made  free  use  of  such  Jewish  and  Christian  words,  as 
was  done,  though  perhaps  to  a  smaller  extent,  by  cer¬ 
tain  thinkers  and  poets  of  that  age  who  had  more  or 
less  risen  above  the  level  of  heathenism.  In  Moham¬ 
med’s  case  this  is  the  less  wonderful,  because  he  was 
indebted  to  the  instruction  of  Jews  and  Christians 
whose  Arabic — as  the  Koran  pretty  clearly  intimates 
with  regard  to  one  of  them — was  very  defective.  Nor 
is  it  very  surprising  to  find  that  his  use  of  these  words 
is  sometimes  as  much  at  fault  as  his  comprehension  of 
the  histories  which  he  learned  from  the  same  people — 
that  he  applies  Aramaic  expressions  as  incorrectly  as 
many  uneducated  persons  now  employ  words  derived 
from  the  French.  Thus,  for  Iain  means  really  “re¬ 
demption,”  but  Mohammed  (misled  by  the  Arabic 
meaning  of  the  root  “  sever,”  “  decide  ”)  uses 

it  for  “revelation.”  Alilla  is  properly  “  Word,”  but 
in  the  Koran  “religion.”  lttiytin  (lxxxiii.  18,  19)  is 
apparently  the  Hebrew  name  of  God,  Eli/on ,  “the 
Most  High”  ;  Mohammed  uses  it  of  a  heavenly  book 
(see  S.  Fraenkel,  Devocabulis  in  antiquis  Arabian  car- 
minibvs  et  in  Corano  peregrinis,  Leyden,  1880,  p.  23). 
So  again  the  word  m athanl  is,  as  Geiger  has  conjec¬ 
tured,  the  regular  plural  of  the  Aramaic  mathnithd , 
which  is  the  same  as  the  Hebrew  AJishna,  and  de¬ 
notes,  in  Jewish  usage,  a  legal  decision  of  some  of  the 
ancient  Rabbins.  But  in  the  Koran  “the  seven 
Mathdni  ’  ’  (xv.  87)  are  probably  the  seven  verses  of 
sura  i.,  so  that  Mohammed  appears  to  have  under¬ 
stood  it  in  the  sense  of  “saying,”,  or  “sentence” 
(comp,  xxxix.  24).  Words  of  Christian  origin  are  less 
frequent  in  the  Koran.  It  is  an  interesting  fact  that 
of  these  a  few  have  come  over  from  the  Abyssinian: 
such  as  hawdrtytin ,  “apostles,”  mdida ,  “table,”  and 
two  or  three  others  ;  these  all  make  their  first  appear¬ 
ance  in  suras  of  the  Medina  period.  The  word  shaitdn, 
••  Satan.”  which  was  likewise  borrowed,  at  least  in  the 
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first  instance,  from  the  Abyssinian,  had  probably  been 
already  introduced  into  the  language.  Sprenger  has 
rightly  observed  that  Mohammed  makes  a  certain 
parade  of  these  foreign  terms,  as  of  other  peculiarly 
constructed  expressions  ;  in  this  he  followed  a  favorite 
practice  of  contemporary  poets.  It  is  the  tendency  of 
the  imperfectly  educated  to  delight  in  out-of-the-way 
expressions,  and  on  such  minds  they  readily  produce  a 
remarkably  solemn  and  mysterious  impression.  This 
was  exactly  the  kind  of  effect  that  Mohammed  desired, 
and  to  secure  it  he  seems  even  to  have  invented  a  few 
odd  vocables,  as  ghislin  (lxix.  36),  sijjin  (lxxxin.  7, 
8),  tasnim  (lxxxiii.  27),  and  salsdbu  (lxxvi.  18).  But, 
of  course,  the  necessity  of  enablingTiis  hearers  to  under¬ 
stand  ideas  which  they  must  have  found  sufficiently 
novel  in  themselves,  imposed  tolerably  narrow  limits 
on  such  eccentricities. 

The  constituents  of  our  present  Koran  belong  partly 
Date  of  t0  the  Mecca  period  (before  622  A.  D. ) ,  partly 
the  several  to  the  period  commencing  with  the  flight 
parts.  to  ]\[e(Jina  (from  the  autumn  of  622  to  8th 

June,  632).  Mohammed’s  position  in  Medina  was  en¬ 
tirely  different  from  that  which  he  had  occupied  in  his 
native  town.  In  the  former  he  was  from  the  first  the 
leader  of  a  powerful  party,  and  gradually  became  the 
autocratic  ruler  of  Arabia ;  in  the  latter  he  was  only 
the  despised  preacher  of  a  small  congregation.  This 
difference,  as  was  to  be  expected,  appears  in  the 
Koran.  The  Medina  pieces,  whether  entire  suras  or 
isolated  passages  interpolated  in  Meccan  siiras,  are  ac¬ 
cordingly  pretty  broadly  distinct,  as  to  their  contents, 
from  those  issued  in  Mecca.  In  the  great  majority  of 
cases  there  can  be  no  doubt  whatever,  whether  a  piece 
first  saw  the  light  in  Mecca  or  in  Medina ;  and  for  the 
most  part  the  internal  evidence  is  borne  out  by  Mos¬ 
lem  tradition.  And  since  the  revelations  given  in 
Medina  frequently  take  notice  of  events  about  which 
we  have  pretty  accurate  information,  and  whose  dates 
are  at  least  approximately  known,  we  are  often  in  a 
position  to  fix  their  date  with  at  any  rate  considerable 
certainty ;  here  again  tradition  renders  valuable  assist¬ 
ance.  Even  with  regard  to  the  Medina  passages,  how¬ 
ever,  a  great  deal  remains  uncertain,  partly  because 
the  allusions  to  historical  events  and  circumstances  are 
generally  rather  obscure,  partly  because  traditions 
about  the  occasion  of  the  revelation  of  the  various 
pieces  are  often  fluctuating,  and  often  rest  on  misunder¬ 
standing  or  arbitrary  conjecture.  But  at  all  events  it 
is  far  easier  to  arrange  in  some  sort  of  chronological 
order  the  Medina  siiras  than  those  composed  in  Mecca. 
There  is,  indeed,  one  tradition  which  professes  to 
furnish  a  chronological  list  of  all  the  siiras.  But  not 
to  mention  that  it  occurs  in  several  divergent  forms, 
and  that  it  takes  no  account  of  the  fact  that  our  present 
siiras  are  partly  composed  of  pieces  of  different  dates, 
it  contains  so  many  suspicious  or  undoubtedly  false 
statements,  that  it  is  impossible  to  attach  any  great 
importance  to  it.  Besides,  it  is  a  priori  unlikely  that 
a  contemporary  of  Mohammed  should  have  drawn  up 
such  a  list ;  and  if  any  one  had  made  the  attempt,  he 
would  have  found  it  almost  impossible  to  obtain  relia¬ 
ble  information  as  to  the  order  of  the  earlier  Meccan 
siiras.  We  have  in  this  list  no  genuine  tradition,  but 
rather  the  lucubrations  of  an  undoubtedly  conscientious 
Moslem  critic,  who  may  have  lived  about  a  century 
after  the  Flight. 

Among  the  revelations  put  forth  in  Mecca  there  is  a 
considerable  number  of  (for  the  most  part) 
ThcMec-  short  siiras,  which  strike  every  attentive 
can  s  r  .  rea(jel.  as  being  the  oldest.  They  are  in  an 
altogether  different  strain  from  many  others,  and  in  their 
whole  composition  they  show  least  resemblance  to  the 
Medina  pieces.  It  is  no  doubt  conceivable — as  Spreng¬ 
er  supposes — that  Mohammed  might  have  returned  at 
intervals  to  his  earlier  manner;  but  since  this  group 
possesses  a  remarkable  similarity  of  style,  and  since  the 
gradual  formation  of  a  different  style  is  on  the  whole 
an  unmistakable  fact,  the  assumption  has  little  prob¬ 


ability  ;  and  we  shall  therefore  abide  by  the  opinion 
that  these  form  a  distinct  group.  At  the  opposite  ex¬ 
treme  from  them  stands  another  cluster,  showing  quite 
obvious  affinities  with  the  style  of  the  Medina  siiras, 
which  must  therefore  be  assigned  to  the  later  part  of 
the  Prophet’s  work  in  Mecca.  Between  these  two 
groups  stand  a  number  of  other  Meccan  siiras,  which 
in  every  respect  mark  the  transition  from  the  first 
period  to  the  third.  It  need  hardly  be  said  that  the 
three  periods — which  were  first  distinguished  by  Pro¬ 
fessor  Weil— are  not  separated  by  sharp  lines  of  divi¬ 
sion.  With  regard  to  some  siiras,  it  may  be  doubtful 
whether  they  ought  to  be  reckoned  amongst  the  mid¬ 
dle  group,  or  with  one  or  other  of  jthe  extremes.  And 
it  is  altogether  impossible,  within  these  groups,  to 
establish  even  a  probable  chronological  arrangement 
of  the  individual  revelations.  In  default  of  clear  allu¬ 
sions  to  well-known  events,  or  events  whose  date  can 
be  determined,  we  might  indeed  endeavor  to  trace  the 
psychological  development  of  the  Prophet  bj7  means 
of  the  Koran,  and  arrange  its  parts  accordingly.  But 
in  such  an  undertaking  one  is  always  apt  to  take  sub¬ 
jective  assumptions  or  mere  fancies  for  established 
data,  (rood  traditions  about  the  origin  of  the  Meccan 
revelations  are  not  very  numerous.  In  fact  the  whole 
history  of  Mohammed  previous  to  the  Flight  is  so  im¬ 
perfectly  related  that  we  are  not  even  sure  in  what 
year  he  appeared  as  a  prophet.  Probably  it  was  in 
a.d.  610 ;  it  may  have  been  somewhat  earlier,  but 
scarcely  later.  If,  as  one  tradition  #  says,  xxx.  1  sq. 
(“The  Romans  are  overcome  in  the  nearest  neighbor¬ 
ing  land”)  refers  to  the  defeat  of  the  Byzantines  by 
the  Persians,  not  far  from  Damascus,  about  the  spring 
of  614,  it  would  follow  that  the  third  group,  to  which 
this  passage  belongs,  covers  the  greater  part  of  the 
Meccan  period.  And  it  is  not  in  itself  unlikely  that 
the  passionate  vehemence  which  characterizes  the  first, 
group  was  of  short  duration.  Nor  is  the  assumption 
contradicted  by  the  tolerably  well  attested,  though  far 
from  incontestable  statement,  that  when  'Omar  was 
converted  (a.d.  615  or  616),  xx.,  which  belongs  to  the 
second  group,  already  existed  in  writing.  But  the 
reference  of  xxx.  1  sq.  to  this  particular  battle  is  by  no 
means  so  certain  that  positive  conclusions  can  be  drawn 
from  it.  It  is  the  same  with  other  allusions  in  the 
Meccan  suras  to  occurrences  whose  chronology  can  be 
partially  ascertained.  It  is  better,  therefore,  to  rest 
satisfied  with  a  merely  relative  determination  of  the 
order  of  even  the  three  great  clusters  of  Meccan  reve¬ 
lations. 

In  the  pieces  of  the  first  period  the  convulsive  excite¬ 
ment  of  the  Prophet  often  expresses  itself 
with  the  utmost  vehemence.  He  is  so  car-  cansdras." 
ried  away  by  his  emotion  that  he  cannot 
choose  his  words  ;  they  seem  rather  to  burst  from  him. 
Many  of  these  pieces  remind  us  of  the  oracles  of  the 
old  heathen  soothsayers,  whose  style  is  known  to  us 
from  imitations,  although  we  have  perhaps  not  a 
single  genuine  specimen.  Like  those  other  oracles, 
the  siiras  of  this  period,  which  are  never  very  long, 
are  composed  of  short  sentences  with  tolerably  pure 
but  rapidly-changing  rhymes.  The  oaths,  too,  with 
which  many  of  them  begin,  were  largely  used  by  the 
soothsayers.  Some  of  these  oaths  are  very  uncouth 
and  hard  to  understand,  some  of  them  perhaps  were 
not  meant  to  be  understood,  for  indeed  all  sorts  of 
strange  things  are  met  with  in  these  chapters.  Here 
and  there  Mohammed  speaks  of  visions,  and  appears 
even  to  see  angels  before  him  in  bodily  form.  There 
are  some  intensely  vivid  descriptions  of  the  resurrec¬ 
tion  and  the  last  day  which  must  have  exercised  a  de¬ 
monic  power  over  men  who  were  quite  unfamiliar  with 
such  pictures.  Other  pieces  paint  in  glowing  colors 
the  joys  of  heaven  and  the  pains  of  hell.  However, 
the  siiras  of  this  period  are  not  all  so  wild  as  these ; 
and  those  which  are  conceived  in  a  calmer  mood  ap¬ 
pear  to  be  the  oldest.  Yet,  one  must  repeat,  it  ia 
exceedingly  difficult  to  make  out  any  strict  chronologi- 
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cal  sequence.  For  instance,  it  is  by  no  means  certain 
whether  the  beginning  of  xcvi.  is  really,  what  a  widely- 
circulated  tradition  calls  it,  the  oldest  part  of  the  whole 
Koran.  That, tradition  goes  back  to  the  Prophet’s 
favorite  wife  'Aisha;  but  as  she  was  not  bom  at;  the 
time  when  the  revelation  is  said  to  have  been  made,  it 
can  only  contain  at  the  best  what  Mohammed  told  her 
years  afterwards,  from  his  own  not  very  clear  recollec¬ 
tion,  with  or  without  fictitious  additions.  And,  more¬ 
over,  there  are  other  pieces  mentioned  by  others  as  the 
oldest.  In  any  case  xcvi.  1  sqq.  is  certainly  very  early. 
According  to  the  traditional  view,  which  appears  to  be 
correct,  it  treats  of  a  vision  in  which  the  Prophet  re¬ 
ceives  an  injunction  to  recite  a  revelation  conveyed  to 
him  by  the  angel.  It  is  interesting  to  observe  that  here 
already  two  things  are  brought  forward  as  proofs  of 
the  omnipotence  and  care  of  God  :  one  is  the  creation 
of  man  out  of  a  seminal  drop — an  idea  to  which  Mo¬ 
hammed  often  recurs;  the  other  is  the  then  recently 
introduced  art  of  writing,  which  the  Prophet  instinct¬ 
ively  seizes  on  as  a  means  of  propagating  his  doctrines. 
It  was  only  after  Mohammed  encountered  obstinate 
resistance  that  the  tone  of  the  revelations  became 
thoroughly  passionate.  In  such  cases  he  was  not  slow 
to  utter  terrible  threats  against  those  who  ridiculed  the 
preaching  of  the  unity  of  God,  of  the  resurrection,  and 
of  the  judgment.  His  own  uncle  Abu  Lahab  had 
rudely  repelled  him,  and  in  a  brief  special  sura  (cxi. ) 
he  and  his  wife  are  consigned  to  hell.  The  suras  of 
this  period  form  almost  exclusively  the  concluding 
portions  of  the  present  text.  One  is  disposed  to  as¬ 
sume,  however,  that  they  were  at  one  time  more  nu¬ 
merous,  and  that  many  of  them  were  lost  at  an  early 
period. 

Since  Mohammed’s  strength  lay  in  his  enthusiastic 
and  fiery  imagination  rather  than  in  the  wealth  of 
ideas  and  clearness  of  abstract  thought  on  which  exact 
reasoning  depends,  it  follows  that  the  older  suras,  in 
which  the  former  qualities  have  free  scope,  must  be 
more  attractive  to  us  than  the  later.  In  the  suras  of 
the  second  period  the  imaginative  glow  perceptibly 
diminishes ;  there  is  still  fire  and  animation,  but  the 
tone  becomes  gradually  more  prosaic.  As  the  feverish 
restlessness  subsides,  the  periods  are  drawn  out,  and 
the  revelations  as  a  whole  become  longer.  The  truth 
of  the  new  doctrine  is  proved  by  accumulated  instances 
of  God’s  working  in  nature  and  in  history ;  the  objec¬ 
tions  of  opponents,  whether  advanced  in  good  faith  or 
in  jest,  are  controverted  by  arguments  ;  but  the  dem¬ 
onstration  is  often  confused  or  even  weak.  The  his¬ 
tories  of  the  earlier  prophets,  which  had  occasionally 
been  briefly  touched  on  in  the  first  period,  are  now  re¬ 
lated,  sometimes  at  great  length.  On  the  whole,  the 
charm  of  the  style  is  passing  away. 

There  is  one  piece  of  the  Koran,  belonging  to  the 
beginning  of  this  period,  if  not  to  the  close  of  the 

"  former,  which  claims  particular  notice. 

The  Fitiha.  jg  j  tjie  lord’s  Prayer  of  the  Mos¬ 

lems,  and  beyond  dispute  the  gem  of  the  Koran.  The 
words  of  this  sura,  which  is  known  as  al-fdtilia  (“  the 
opening  one  ’  ’ )  are  as  follows  : 

(1)  In  the  name  of  God,  the  compassionate  compassioner. 

(2)  Praise  be  [literally  “  is  ”]  to  God,  the  Lord  of  the  worlds, 

(3)  the  compassionate  compassioner,  (4)  the  Sovereign  of 
the  day  of  judgment.  (5)  Thee  do  we  worship  and  of  Thee 
do  we  heg  assistance.  (6)  Direct  us  in  the  right  way ;  (7) 
in  the  way  of  those  to  whom  Thou  hast  been  gracious,  on 
whom  there  is  no  wrath,  and  who  go  not  astray. 

The  thoughts  are  so  simple  as  to  need  no  explana¬ 
tion  ;  and  yet  the  prayer  is  full  of  meaning.  It  is 
true  that  there  is  not  a  single  original  idea  of  Mo¬ 
hammed’s  in  it.  Several  words  and  turns  of  expres¬ 
sion  are  borrowed  directly  from  the  Jews,  in  particular 
the  designation  of  God  as  the  ‘  Compas- 
Rahmdn.  sioner Rahmdn.  This  is  simply  the 
Jewish  Rnhmdnd,  which  was  a  favorite  name  for  God 
in  the  Talmudic  period.  Mohammed  seems  for  a 
while  to  have  entertained  the  thought  ot  adopting 
Vol.  XVI. — 777 


al-Ralpnan  as  a  proper  name  of  God,  in  place  of 
Allah ,  which  was  already  used  by  the  heathens.1 
This  purpose  he  ultimately  relinquished,  but  it  is  just 
in  the  suras  of  the  second  period  that  the  use  of 
Rahman  is  specially  frequent.  It  was  probably  in 
the  first  siira  also  that  Mohammed  first  introduced 
the  formula,  “  In  the  name  of  God,”  etc.  It  is  to  be 
regretted  that  this  prayer  must  lose  its  effect  through 
too  frequent  use,  for  every  Moslem  who  says  his  five 
prayers  regularly— as  the  most  of  them  do— repeats  it 
not  less  than  twenty  times  a  day. 

The  siiras  of  the  third  Meccan  period,  which  form 
a  pretty  large  part  of  our  present  Koran,  are  almost 
entirely  prosaic.  Some  of  the  revelations 
are  of  considerable  extent,  and  the  single  ^nsdras! 
verses  also  are  much  longer  than  in  the  older 
suras.  Only  now  and  then  a  gleam  of  poetic  power 
flashes  out.  A  sermonizing  tone  predominates.  The 
suras  are  very  edifying  for  one  who  is  already  recon¬ 
ciled  to  their  import,  but  to  us  at  least  they  do  not 
seem  very  well  fitted  to  cariy  conviction  to  the  minds 
of  unbelievers.  That  impression,  however,  is  not  cor¬ 
rect,  for  in  reality  the  demonstrations  of  these  longer 
Meccan  siiras  appear  to  have  been  peculiarly  influential 
for  the  propagation  of  Islam.  Mohammed’s  mission 
was  not  to  Europeans,  but  to  a  people  who,  though 
quick-witted  and  receptive,  were  not  accustomed  to 
logical  thinking,  while  they  had  outgrown  their  ancient 
religion. 

When  we  reach  the  Medina  period  it  becomes,  as 
has  been  indicated,  much  easier  to  understand  the 
revelations  in  their  historical  relations,  .. 
since  our  knowledge  of  the  history  of  Mo-  estiras! 
hammed  in  Medina  is  tolerably  complete. 

In  many  cases  the  historical  occasion  is  perfectly  clear, 
in  others  we  can  at  least  recognize  the  general  situation 
from  which  they  arose,  and  thus  approximately  fix 
their  time.  There  still  remains,  however,  a  remnant, 
of  which  we  can  only  say  that  it  belongs  to  Medina. 

The  style  of  this  period  bears  a  pretty  close  resem¬ 
blance  to  that  of  the  latest  Meccan  period.  It  is  for 
the  most  part  pure  prose,  enriched  by  occasional  rhe¬ 
torical  embellishments.  Yet  even  here  there  are  many 
bright  and  impressive  passages,  especially  in  those 
sections  which  may  be  regarded  as  proclamations  to  the 
army  of  the  faithful.  For  the  Moslems,  Mohammed 
has  many  different  messages.  At  one  time  it  is  a 
summons  to  do  battle  for  the  faith  ;  at  another,  a 
series  of  reflections  on  recently  experienced  success  or 
misfortune,  or  a  rebuke  for  their  weak  faith  ;  or  an 
exhortation  to  virtue,  and  so  on.  He  often  addresses 
himself  to  the  “doubters,”  some  of  whom  vacillate 
between  faith  and  unbelief,  others  make  a  pretence  of 
faith,  while  others  scarcely  take  the  trouble  even  to  do 
that.  They  are  no  consolidated  party,  but  to  Moham¬ 
med  they  are  all  equally  vexatious,  because,  as  soon  as 
danger  has  to  be  encountered,  or  a  contribution  is 
levied,  they  all  alike  fall  away.  There  are  frequent 
outbursts,  ever  increasing  in  bitterness,  against  the 
Jews,  who  were  very  numerous  in  Medina  and  its 
neighborhood  when  Mohammed  arrived.  He  has 
much  less  to  say  against  the  Christians,  with  whom  he 
never  came  closely  in  contact ;  and  as  for  the  idolaters, 
there  was  little  occasion  in  Medina  to  have  many 
words  with  them.  A  part  of  the  Medina  pieces  con¬ 
sists  of  formal  laws  belonging  to  the  ceremonial,  civil, 
and  criminal  codes ;  or  directions  about  certain  tem¬ 
porary  complications.  The  most  objectionable  parts  of 
the  whole  Koran  are  those  which  treat  of  Moham¬ 
med’s  relations  with  women.  The  laws  and  regula¬ 
tions  were  generally  very  concise  revelations,  but  most 
of  them  have  been  amalgamated  with  other  pieces  of 
similar  or  dissimilar  import,  and  are  now  found  in 
very  long  siiras. 

Such  is  an  imperfect  sketch  of  the  composition  and 

1  Since  in  Arabic  also  the  root  signifies  “  to  have  pity.,” 
the  Arabs  must  have  at  once  perceived  the  force  of  the  r  ew 
name. 
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the  internal  history  of  the  Koran,  but  it  is  probably 
sufficient  to  show  that  the  book  is  a  very  heterogeneous 
collection.  If  only  those  passages  had  been  preserved 
which  had  a  permanent  value  for  the  theology,  the 
ethics,  or  the  jurisprudence  of  the  Moslems,  a  few 
fragments  would  have  been  amply  sufficient.  Fortu¬ 
nately  for  knowledge,  respect  for  t  he  sacredness  of  the 
letter  lias  led  to  the  collection  of  all  the  revelations 
that  could  possibly  be  collected, — the  “abrogating” 
along  with  the  “abrogated,”  passages  referring  to 
passing  circumstances  as  well  as  those  of  lasting  im¬ 
portance.  Every  one  who  takes  up  the  book  in  the 
proper  religious  frame  of  mind,  like  most  of  the  Mos¬ 
lems,  reads  pieces  directed  against  long-obsolete  ab¬ 
surd  customs  of  Mecca  just  as  devoutly  as  the  weight¬ 
iest  moral  precepts, — perhaps  even  more  devoutly, 
because  he  does  not  understand  them  so  well. 

At  the  head  of  twenty-nine  of  the  suras  stand  certain 
initial  letters,  from  which  no  clear  sense  can  be 
u»rtmCn0US  obtained.  Thus,  before  ii.  iii.  xxxi.  xxxii.  we 
find  <*))  ( Alif  Lam  Mim),  before  xl.-xlvi. 

(Hd  Him).  Noldeke  at  one  time  suggested  that  these  ini¬ 
tials  did  not  belong  to  Mohammed’s  text,  but  might  be  the 
monograms  of  possessors  of  codices,  which,  through  negli¬ 
gence  ou  the  part  of  the  editors,  were  incorporated  in  the 
final  form  of  the  Koran  ;  he  now  deems  it  more  probable 
that  they  are  to  be  traced  to  the  Prophet  himself,  as 
Sprengcr,  Loth,  and  others  suppose.  One  cannot  indeed 
admit" the  truth  of  Loth’s  statement  that  in  the  proper 
opening  words  of  these  suras  we  may  generally  find  an 
allusion  to  the  accompanying  initials  ;  but  it  can  scarcely 
be  accidental  that  the  first  verse  of  the  great  majority  of 
them  (in  iii.  it  is  the  second  verse)  contains  the  word 
“book,”  “ revelation,”  or  some  equivalent.  They  usually 
begin  with:  “This  is  the  book,”  or  “Revelation  (‘down 
sending’)  of  the  book,”  or  something  similar.  Of  suras 
which  commence  in  this  way  only  a  few  (xviii.  xxiv.  xxv. 
xxxix.)  want  the  initials,  while  only  xxix.  and  xxx.  have 
the  initials  and  begin  differently.  These  few  exceptions 
may  easily  have  proceeded  from  ancient  corruptions;  at 
all  events  they  cannot  neutralize  the  evidence  of  the  greater 
number.  Mohammed  seems  to  have  meant  these  letters  for 
a  mystic  reference  to  the  archetypal  text  in  heaven.  To  a 
man  who  regarded  the  art  of  writing,  of  which  at  the  best 
he  had  but  a  slight  knowledge,  as  something  supernatural, 
and  who  lived  amongst  illiterate  people,  an  ABC  may  well 
have  seemed  more  significant  than  to  us  who  have  been 
initiated  into  the  mysteries  of  this  art  from  our  childhood. 
The  Prophet  himself  can  hardly  have  attached  any  partic¬ 
ular  meaning  to  these  symbols  ;  they  served  their  purpose 
if  they  conveyed  an  impression  of  solemnity  and  enigmat¬ 
ical  obscurity.  In  fact,  the  Koran  admits  that  it  contains 
many  things  which  neither  can  be,  nor  were  intended  to 
be,  understood  (iii.  5).  To  regard  these  letters  as  ciphers  is 
a  precarious  hypothesis,  for  the  simple  reason  that  cryptog¬ 
raphy  is  not  to  be  looked  for  in  the  very  infancy  of  Arabic 
writing.  If  they  are  actually  ciphers,  the  multiplicity  of 
possible  explanations  at  once  precludes  the  hope  of  a  plau¬ 
sible  interpretation.  None  of  the  efforts  in  this  direction, 
whether  by  Moslem  scholars  or  by  Europeans,  have  led  to 
convincing  results.  This  remark  applies  even  to  the  in¬ 
genious  conjecture  of  Sprenger,  that  the  letters  uny.(j<*'r  » 
(Kdf  He  Yd’ Ain  Sad)  before  xix.  (which  treats  of  John  and 
Jesus,  and,  according  to  tradition,  was  sent  to  the  Christian 
king  of  Abyssinia)  stand  for  Jesus  Nazarenus  Rex  Judseorum. 
Sprenger  arrives  at  this  explanation  by  a  very  artificial 
method ;  and  besides,  Mohammed  was  not  so  simple  as  the 
Moslem  traditionalists,  who  imagined  that  the  Abyssinians 
could  read  a  piece  of  the  Arabic  Koran.  It  need  hardly  be 
said  that  the  Moslems  have  from  of  old  applied  themselves 
with  great  assiduity  to  the  decipherment  of  these  initials, 
and  have  sometimes  found  the  deepest  mysteries  in  them. 
Generally,  however,  they  are  content  with  the  prudent 
conclusion,  that  God  alone  knows  the  meaning  of  these 
letters. 

When  Mohammed  died,  the  separate  pieces  of  the 
Transmis-  Koran,  notwithstanding  their  theoretical 
sion  of  the  sacred  ness,  existed  only  in  scattered  copies  ^ 
Koran.  they  were  consequently  in  great  danger  or 
being  partially  or  entirely  destroyed.  Many  Moslems 
knew  large  portions  by  heart,  but  certainly  no  one 
knew  the  whole  ;  and  a  merely  oral  propagation  would 
have  left  the  door  open  to  all  kinds  of  deliberate  and 
inadvertent  alterations.  Mohammed  himself  had  never 
thought  of  an  authentic  collection  of  his  revelations ; 


he  was  usually  concerned  only  with  the  object  of  the 
moment,  and  the  idea  that  the  revelations  would  be 
destroyed  unless  he  made  provision  for  their  safe  pres¬ 
ervation,  did  not  enter  his  mind.  A  man  destitute 
of  literary  culture  has  some  difficulty  in  anticipating 
the  fate  of  intellectual  products.  But  now,  after  the 
death  of  the  Prophet,  most  of  the  Arabs  revolted 
against  his  successor,  and  had  to  be  reduced  to  sub¬ 
mission  by  force.  Especially  sanguinary  was  the  con¬ 
test  against  the  prophet  Maslama  (Mubarrad,  Kamil 
443,  5),  an  imitator  of  Mohammed,  commonly  known 
by  the  derisive  diminutive  Mosailima.  At  that  time 
(a.d.  633)  many  of  the  most  devoted  Moslems  fell,  the 
very  men  who  knew  most  Koran  pieces  by  heart. 
’Omar  then  began  to  fear  that  the  Koran  might  be 
entirely  forgotten,  and  he  induced  the  Caliph  Abubekr 
to  undertake  the  collection  of  all  its  parts.  The  Caliph 
laid  the  duty  on  Zaid,  the  son  of  Thabit,  a 
native  of  Medina,  then  about  twenty-two  Koran, 
years  of  age,  who  had  often  acted  as  aman¬ 
uensis  to  the  Prophet,  in  whose  service  he  is  even  said 
to  have  learned  the  Jewish  letters.  The  account  of 
this  collection  of  the  Koran  has  reached  us  in  several 
substantially  identical  forms,  and  goes  back  to  Zaid 
himself.  According  to  it,  he  collected  the  revelations 
from  copies  written  on  flat  stones,  pieces  of  leather, 
ribs  of  palm-leaves  (not  palm-leaves  themselves),  and 
such-like  material,  but  chiefly  “  from  the  breasts  of 
men,”  i.e.  from  their  memory.  From  these  he  wrote 
a  fair  copy,  which  he  gave  to  Abubekr,  from  whom  it 
came  to  his  successor  'Omar,  who  again  bequeathed  it 
to  his  daughter  Hafsa,  one  of  the  widows  of  the 
Prophet.  This  redaction,  commonly  called  al-soliof 
(“the  leaves”),  had  from  the  first  no  canonical  au¬ 
thority  ;  and  its  internal  arrangement  can  only  be 
conjectured. 

The  Moslems  were  as  far  as  ever  from  possessing  a 
uniform  text  of  the  Koran.  The  bravest  of  their 
warriors  sometimes  knew  deplorably  little  about  it; 
distinction  on  that  field  they  cheerfully  accorded  to 
pious  men  like  Ibn  Mas'ud.  It  was  inevitable,  how¬ 
ever,  that  discrepancies  should  emerge  between  the 
texts  of  professed  scholars,  and  as  these  men  in  their 
several  localities  were  authorities  on  the  reading  of  the 
Koran,  quarrels  began  to  break  out  between  the  levies 
from  different  districts  about  the  true  form  of  the 
sacred  book.  During  a  campaign  in  A. H.  30  (a.d. 
650-1),  Hodhaifa,  the  victor  in  the  great  and  decisive 
battle  of  Nehawand — which  was  to  the  empire  of  the 
Sasanids  what  Gaugamela  was  to  that  of  the  Achae- 
menidae —  perceived  that  such  disputes  might  become 
dangerous,  and  therefore  urged  on  the  Ca- 
liph  ’Othman  the  necessity  for  a  universally  Koran'. n  S 
binding  text.  The  matter  was  intrusted  to 
Zaid,  who  had  made  the  former  collection,  with  three 
leading  Koraishites.  These  brought  together  as  many 
copies  as  they  could  lay  their  hands  on,  and  prepared 
an  edition  which  was  to  be  canonical  for  all  Moslems. 
To  prevent  any  further  disputes,  they  burned  all  the 
other  codices  except  that  of  Hafsa,  which,  however, 
was  soon  afterwards  destroyed  by  Merwan,  the  gov¬ 
ernor  of  Medina.  The  destruction  of  the  earlier  co- 
dices  was  an  irreparable  loss  to  criticism  ;  but,  for  the 
essentially  political  object  of  putting  an  end  to  contro¬ 
versies  by  admitting  only  one  form  of  the  common 
book  of  religion  and  of  law,  this  measure  was  necessary. 

The  result  of  these  labors  is  in  our  hands  ;  as  to  how 
they  were -conducted  we  have  no  trustworthy  informa¬ 
tion,  tradition  being  here  too  much  under  the  influence 
of  dogmatic  presuppositions.  The  critical  methods  of 
a  modern  scientific  commission  will  not  be  expected 
of  an  age  when  the  highest  literary  education  for  an 
Arab  consisted  in  ability  to  read  and  write.  It  now 
seems  to  me  highly  probable  that  this  second  redaction 
took  this  simple  form  :  Zaid  read  off  from  the  codex 
which  he  had  previously  written,  and  his  associates, 
simultaneously  or  successively,  wrote  one  copy  each  to 
his  dictation.  It  certainly  cannot  have  been,  by  chance 
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that,  according  to  sure  tradition,  they  wrote  exactly 
four  copies.  Be  that  as  it  may,  it  is  impossible  now  to 
distinguish  in  the  present  form  of  the  book  what  belongs 
to  the  first  redaction  from  what  is  due  to  the  second. 

In  the  arrangement  of  the  separate  sections,  a  classi¬ 
fication  according  to  contents  was  impracticable  because 
of  the  variety  ot  subjects  often  dealt  with  in  one  sura. 
A  chronological  arrangement  was  out  of  the  question, 
because  the  chronology  of  the  older  pieces  must  have 
been  imperfectly  known,  and  because  in  some  cases 
passages  of  different  dates  had  been  joined  together. 
Indeed,  systematic  principles  of  this  kind  were  alto¬ 
gether  disregarded  at  that  period.  The  pieces  were 
accordingly  arranged  in  indiscriminate  order,  the  only 
rule  observed  being  to  place  the  long  suras  first  and 
the  shorter  towards  the  end,  and  even  that  was  far 
from  strictly  adhered  to.  The  short  opening  sura  is 
so  placed  on  account  of  its  superiority  to  the  rest,  and 
two  magical  formulae  are  kept  for  a  sort  of  protection 
at  the  end;  these  are  the  only  special  traces  of  design. 
The  combination  of  pieces  of  different  origin  may  pro¬ 
ceed  partly  from  the  possessors  of  the  codices  from 
which  Zaid  compiled  his  first  complete  copy,  partly 
from  Zaid  himself.  The  individual  suras  are  sepa¬ 
rated  simply  by  the  superscription — “In  the  name 
of  God,  the  compassionate  Compassioner,”  which  is 
wanting  only  in  the  ninth.  The  additional  headings 
found  in  our  texts  (the  name  of  the  sura,  the  number 
of  verses,  etc.)  were  not  in  the  original  codices,  and 
form  no  integral  part  of  the  Koran. 

It  is  said  that  'Othman  directed  Zaid  and  his  asso¬ 
ciates,  in  cases  of  disagreement,  to  follow  the  Koraish 
dialect ;  but,  though  well  attested,  this  account  can 
scarcely  be  correct.  The  extremely  primitive  writing 
of  those  days  was  quite  incapable  of  rendering  such 
minute  differences  as  can  have  existed  between  the 
pronunciation  of  Mecca  and  that  of  Medina. 

'Othman’s  Koran  was  not  complete.  Some  pas- 
The  Koran  sages  are  evidently  fragmentary;  and  a  few 
not  com-  detached  pieces  are  still  extant  which  were 
plete.  originally  parts  of  the  Koran,  although 

they  have  been  omitted  by  Zaid.  Amongst  these  are 
some  which  there  is  no  reason  to  suppose  Mohammed 
desired  to  suppress.  Zaid  may  easily  have  overlooked 
a  few  stray  fragments,  but  that  he  purposely  omitted 
anything  which  he  believed  to  belong  to  the  Koran  is 
very  unlikely.  It  has  been  conjectured  that  in  defer¬ 
ence  to  his  superiors  he  kept  out  of  the  book  the 
names  of  Mohammed’s  enemies,  if  they  or  their  fami¬ 
lies  came  afterwards  to  be  respected.  But  it  must  be 
remembered  that  it  was  never  Mohammed’s  practice 
to  refer  explicitly  to  contemporary  persons  and  affairs 
in  the  Koran.  Only  a  single  friend,  his  adopted  son 
Zaid  (xxxiii.  37),  and  a  single  enemy,  his  uncle  Abii 
Lahab  (cxi.) — and  these  for  very  special  reasons — are  j 
mentioned  by  name;  and  the  name  of  the  latter  has 
been  left  in  the  Koran  with  a  fearful  curse  annexed  to 
it,  although  his  son  had  embraced  Islam  before  the 
death  of  Mohammed.  So,  on  the  other  hand,  there 
is  no  single  verse  or  clause  which  can  be  plausibly 
made  out  to  be  an  interpolation  by  Zaid  at  the  in¬ 
stance  of  Abubekr,  'Omar,  or  'Othman.  Slight  cleri¬ 
cal  errors  there  may  have  been,  but  the  Koran  of 
’Othman  contains  none  but  genuine  elements, — though 
sometimes  in  very  strange  order. 

Of  the  four  exemplars  of  'Othman’s  Koran,  one  j 
was  kept  in  Medina,  and  one  was  sent  to  each  of  the 
three  metropolitan  cities,  Cufa,  Basra,  and  Damascus. 
It  can  still  be  pretty  clearly  shown  in  detail  that  these 
four  codices  deviated  from  one  another  in  points  of 
orthography,  in  the  insertion  or  omission  of  a  wa 
(“ana”),  and  such-like  minutife  ;  but  these  varia¬ 
tions  nowhere  affect  the  sense.  All  later  manuscripts 
are  derived  from  these  four  originals. 

At  the  same  time,  the  other  forms  of  the  Koran  did 
not  at  once  become  extinct.  In  particular 
£tb?r  we  have  some  information  about  the  codex 
of  Obay.  If  the  list  which  gives  the  order 


of  its  suras  is  correct,  it  must  have  contained  substan¬ 
tially  the  same  materials  as  our  text ;  in  that  case 
Obay  must  have  used  the  original  collection  of  Zaid. 
The  same  is  true  of  the  codex  of  Ibn  Mas'iid,  of  which 
we  have  also  a  catalogue.  It  appears  that  the  prin¬ 
ciple  of  putting  the  longer  suras  before  the  shorter  was 
more  consistently  carried  out  by  him  than  by  Zaid. 
He  omits  i.  and  the  magical  formulae  of  cxiii. ,  cxiv. 
Obay,  on  the  other  hand,  had  embodied  two  additional 
short  prayers,  which  we  may  regard  as  Mohammed’s. 
One  can  easily  understand  that  differences  of  opin¬ 
ion  may  have  existed  as  to  whether  and  how  far  for¬ 
mularies  of  this  kind  belonged  to  the  Koran.  Some 
of  the  divergent  readings  of  both  these  texts  have 
been  preserved,  as  well  as  a  considerable  number  of 
other  ancient  variants.  Most  of  them  are  decidedly 
inferior  to  the  received  readings,  but  some  are  quite 
as  good,  and  a  few  deserve  preference. 

The  only  man  who  appears  to  have  seriously  opposed 
the  general  introduction  of 'Othman’s  text  ,r 
is  Ibn  Mas'ud.  He  was  one  of  the  oldest  Ibn  M“ud* 
disciples  of  the  Prophet,  and  had  often  rendered  him 
personal  service;  but  lie  was  a  man  of  contracted 
views,  although  he  is  one  of  the  pillars  of  Moslem 
theology.  His  opposition  had  no  effect.  Now  when 
we  consider  that  at  that  time  there  were  many  Mos¬ 
lems  who  had  heard  the  Koran  from  the  mouth  of  the 
Prophet,  that  other  measures  of  the  imbecile  'Othman 
met  with  the  most  vehement  resistance  on  the  part  of 
the  bigoted  champions  of  the  faith,  that  these  were 
still  further  incited  against  him  by  some  of  his  am¬ 
bitious  old  comrades  until  at  last  they  murdered  him, 
and  finally  that  in  the  civil  wars  after  his  death  the 
several  parties  were  glad  of  any  pretext  for  branding 
their  opponents  as  infidels; — when  we  consider  all  this, 
we  must  regard  it  as  a  strong  testimony  in  favor  of 
'Othman’s  Koran  that  no  party,  not  even  that  of 'All, 
found  fault  with  his  conduct  in  this  matter,  or  repu¬ 
diated  the  text  formed  by  Zaid,  who  was  one  of  the 
most  devoted  adherents  of  ’Othman  and  his  family. 


But  this  redaction  is  not  the  close  of  the  textual  history 
of  the  Koran.  The  ancient  Arabic  alphabet 
was  very  imperfect;  it  not  only  wanted  marks  histor^of 
for  the  short,  and  in  part  even  for  the  long  vow-  the  text, 
els,  but  it  often  expressed  several  consonants 
by  the  same  sign.  Hence  there  were  many  words  which 
could  be  read  in  very  different  ways.  This  variety  of  pos¬ 
sible  readings  was  at  first  very  great,  and  many  readers 
seem  to  have  actually  made  it  their  object  to  discover  pro¬ 
nunciations  which  were  new,  provided  they  were  at  all 
appropriate  to  the  ambiguous  text.  There  was  also  a  dia¬ 
lectic  license  in  grammatical  forms,  which  had  not  as  yet 
been  greatly  restricted.  An  effort  was  made  by  many  to 
establish  a  more  refined  pronunciation  for  the  Koran  than 
was  usual  in  common  life  or  in  secular  literature.  The 
various  schools  of  “  readers  ”  differed  very  widely  from  one 
another ;  although  for  the  most  part  there  was  no  important 
divergence  as  to  the  sense  of  words.  A  few  of  them  gradu¬ 
ally  rose  to  special  authority,  and  the  rest  disappeared. 
Seven  readers  are  generally  reckoned  chief  authorities,  but 
for  practical  purposes  this  number  was  continually  reduced 
in  process  of  time;  so  that  at  present  only  two  “  reading- 
styles  ”  are  in  actual  use, — the  common  style  of  Hafs,  and 
that  of  Naff,  which  prevails  in  Africa  to  the  west  of  Egypt. 
There  is,  however,  a  very  comprehensive  massoretic  liter¬ 
ature  in  which  a  number  of  other  styles  are  indicated.  The 
invention  of  vowel-signs,  of  diacritic  points  to  distinguish 
similarly  formed  consonants,  and  of  other  orthographic  signs, 
soon  put  a  stop  to  arbitrary  conjectures  on  the  part  of  the 
readers.  Many  zealots  objected  to  the  introduction  of  these 
innovations  in  the  sacred  text,  but  theological  consistency 
had  to  yield  to  practical  necessity.  In  accurate  codices,  in¬ 
deed,  all  such  additions,  as  well  as  the  titles  of  the  sura, 
etc.,  are  written  in  colored  ink,  while  the  black  characters 
profess  to  represent  exactly  the  original  of  'Otlim&n.  But 
there  is  probably  no  copy  quite  faithful  in  this  respect. 

In  European  libraries,  beside  innumerable  modern  manu¬ 
scripts  of  the  Koran,  there  are  also  codices,  or  Manu- 

fragments,  of  high  antiquity,  some  of  them  scripts! 

probably  dating  from  the  1st  century  of  the 
Flight.  For  the  restoration  of  the  text,  however,  the  works 
of  ancient  scholars  on  its  readings  and  modes  of  writing  are 
more  important  than  the  manuscripts;  which,  however 
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elegantly  they  may  be  written  and  ornamented,  proceed 
from  irresponsible  copyists.  The  original,  written  by  'Oth- 
man  himself,  has  indeed  been  exhibited  in  various  parts  of 
the  Mohammedan  world.  The  library  of  the  India  Office 
contains  one  such  manuscript,  bearing  the  subscription : 
“  Written  by  'Othmiln  the  son  of  'Aftan.”  These,  of 
course,  are  barefaced  forgeries,  although  of  very  ancient 
date ;  so  are  those  which  profess  to  be  from  the"  hand  of 
'All,  one  of  which  is  preserved  in  the  same  library.  In  re¬ 
cent  times  the  Koran  has  been  often  printed  and  litho¬ 
graphed,  both  in  the  East  and  the  West. 

Shortly  after  Mohammed’s  death  certain  individuals  ap- 
Commen-  plied  themselves  to  the  exposition  of  the 

tators.  Koran.  Much  of  it  was  obscure  from  the  be¬ 

ginning,  other  sections  were  unintelligible  apart 
from  a  knowledge  of  the  circumstances  of  their  origin. 
Unfortunately,  those  who  took  possession  of  this  field  were 
not  very  honorable.  Ibn  'Abbfis,  a  cousin  of  Mohammed’s, 
and  the  chief  source  of  the  traditional  exegesis  of  the 
Koran,  has,  on  theological  and  other  grounds,  given  cur¬ 
rency  to  a  number  of  falsehoods ;  and  at  least  some  of  his 
pupils  have  emulated  his  example.  These  earliest  exposi¬ 
tions  dealt  more  with  the  sense  and  connection  of  whole 
verses  than  with  the  separate  words.  Afterwards,  as  the 
knowledge  of  the  old  language  declined,  and  the  study  of 
philology  arose,  more  attention  began  to  be  paid  to  the 
explanation  of  vocables.  A  good  many  fragments  of  this 
older  theological  and  philological  exegesis  have  survived 
from  the  first  two  centuries  of  the  Flight,  although  we  have 
no  complete  commentary  of  this  period.  Most  of  the  ex¬ 
pository  material  will  perhaps  be  found  in  the  very  large 
commentary  of  the  celebrated  Tabari  (a.d.  839-923),  of 
which  an  almost  complete  copy  is  in  the  Viceregal  library 
at  Cairo.  Another  very  famous  commentary  is  that  of 
Zamakhshari  (a.d.  1075-1144),  edited  by  Nassau-Lees,  Cal¬ 
cutta,  1859 ;  but  this  scholar,  with  his  great  insight  and 
still  greater  subtlety,  is  too  apt  to  read  his  own  scholastic 
ideas  into  the  Koran.  The  favorite  commentary  of  Baidfiwi 
(06.  a.d.  1286),  edited  by  Fleischer,  Leipsic,  1846-1848,  is  lit¬ 
tle  more  than  an  abridgment  of  Zamakhshari’s.  Thousands 
of  commentaries  on  the  Koran,  some  of  them  of  prodigious 
size,  have  been  written  by  Moslems  ;  and  even  the  number 
of  those  still  extant  in  manuscript  is  by  no  means  small. 
Although  these  works  all  contain  much  that  is  useless  or 
false,  yet  they  are  invaluable  aids  to  our  understanding  of 
the  sacred  book.  An  unbiassed  European  can,  no  doubt, 
see  many  things  at  a  glance  more  clearly  than  a  good  Mos¬ 
lem  who  is  under  the  influence  of  religious  prejudice ;  but 
we  should  still  be  helpless  without  the  exegetical  literature 
of  the  Mohammedans.  Nevertheless,  a  great  deal  remains 


1  to  be  accomplished  by  European  scholarship  for  the  correct 
j  interpretation  of  the  Koran.  We  want,  for  example,  an 
exhaustive  classification  and  discussion  of  all  the  Jewish 
elements  in  the  Koran ;  a  praiseworthy  beginning  has 
already  been  made  in  Geiger’s  youthful  essay:  Was  hat 
Mahomet  aus  dem  Jifdenthum  aufgenommen  f  (Bonn,  1833). 
We  want  especially  a  thorough  commentary,  executed  with 
the  methods  and  resources  of  modern  science.  No  Euro¬ 
pean  language,  it  would  seem,  can  even  boast  Trans- 
of  a  translation  which  completely  satisfies  mod-  lations" 
era  requirements.  The  best  are  in  English ; 
where  we  have  the  extremely  paraphrastic,  but  for  its  time 
admirable  translation  of  Sale  (repeatedly  printed),  that  of 
Rodwell  (1861),  which  seeks  to  give  the  pieces  in  chrono¬ 
logical  order,  and  that  of  Palmer  (1880),  who  wisely  follows 
the  traditional  arrangements.  The  introduction  which  ac¬ 
companies  Palmer’s  translation  is  not  in  all  respects  abreast 
of  the  most  recent  scholarship.  Considerable  extracts  from 
the  Koran  are  well  translated  in  E.  W.  Lane’s  Selections  from 
the  Kur-an. 

Besides  commentaries  on  the  whole  Koran,  or  on  special 
parts  and  topics,  the  Moslems  possess  a  whole  literature  bear¬ 
ing  on  their  sacred  book.  There  are  works  on  the  spelling 
and  right  pronunciation  of  the  Koran,  works  on  the  beauty 
of  its  language,  on  the  number  of  its  verses,  words  and  let¬ 
ters,  etc. ;  nay,  there  are  even  works  which  would  nowadays 
be  called  “  historical  and  critical  introductions.”  More¬ 
over,  the  origin  of  Arabic  philology  is  intimately  connected 
with  the  recitation  and  exegesis  of  the  Koran.  To  exhibit 
the  importance  of  the  sacred  book  for  the  whole  mental 
life  of  the  Moslems  would  be  simply  to  write  the  history  of 
that  life  itself;  for  there  is  no  department  in  which  its  all- 
pervading,  but  unfortunately  not  always  salutary  influence 
has  not  been  felt. 

The  unbounded  reverence  of  the  Moslems  for  the  Koran 
reaches  its  climax  in  the  dogma  that  this  book, 
as  the  divine  word,  i.e.  thought,  is  immanent  Eternity 
in  God,  and  consequently  eternal  and  uncreated.  Koran 
That  dogma  has  been  accepted  by  almost  all 
Mohammedans  since  the  beginning  of  the  3d  century.  Some 
theologians  did  indeed  protest  against  it  with  great  energy ; 
it  was  in  fact  too  preposterous  to  declare  that  a  book  com¬ 
posed  of  unstable  words  and  letters,  and  full  of  variants, 
was  absolutely  divine.  But  what  were  the  distinctions  and 
sophisms  of  the  theologians  for,  if  they  could  not  remove 
such  contradictious,  and  convict  their  opponents  of  heresy  ? 

The  following  works  may  be  specially  consulted  :  Weil,  Einleit- 
ung  in  den  Koran,  2d  ed.,  1878;  Th.  Noldeke,  Geschichte  des  Qordn's 
(Gottingen,  1860);  and  the  Lives  of  Mohammed  by  Muir  and 
Sprenger.  (th.  n.) 
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*AbbAs,  575,  597; 

house  of,  597  sq. 

'AbbAsid  dynasty, 
600-611. 

'Abd  al-Melik,  592. 

Abderame,  598,  599 
sq. 

Abubekr,  572,  584  sq. 

Abd  IJanifa,  617. 

Abu  ’1-'  Abbds,  599  sq. 

Abu  Lahab,  574. 

Abd  Moslim,  599,  I 
600. 

Abd  TAlib,  569,  572. 

Africa  conquered, 
590,  595 ;  revolts, 
601. 

Aghlabites,  601,  609. 

'All,  572,  586,  588; 
house  of,  597,  602, 
606. 

Amin,  605. 

Amir  al-OmarA,  609. 

'Amr  b.  al-'As  (Am- 
rou ),  582,  588,  590. 

Arab  heathenism, 
569. 

Ash'ari,  615. 

Assassins,  616. 

Baghdad  founded, 
302. 

Band  KainokA,  579. 

Band  Nadir,  579. 

Barmecides,  604. 

Basra,  585,  612 ; 

school  of,  614. 


Bedr  (battle),  578. 
Bokhari,  588. 

Bdyid  dynasty,  609, 
610. 

Cadi,  613. 

Caliph,  584,  611,  613. 
Carmathiaus,  609, 
616. 

Commerce,  619. 
Ctesiphon,  585. 

Cufa  (Kufa),  587, 592, 

6tC. 

Dahliak,  592. 

“  Defenders  ”  (An- 
sAr),  577. 

Diwan,  612,  613. 
Ddmat  al-Jandal, 
588. 

“  Emigrants  ”  (Mo¬ 
ll  Ajirin),  577,  586. 
FAtima,  569. 
FAtimites,  609-616. 
Fatra,  571. 

Fosse,  War  of  the, 
579. 

Ghassiin,  569,  585. 
Grammarians,  617. 
Greeks,  wars  with, 
590,  593,  595,  596, 
603.  604,  607,  608. 
Uadi,  603. 

I.Iajjiij ,  592,  594  sqq. 
HamdAnite  dynasty, 
‘  609. 

IJamza,  573,  580. 
Hanifs,  570. 


HArdn  al-Rashid, 

603. 

flasan  b.  'All,  589. 
HAshimites,  569. 
Hegira,  Hijra. 
Hieromax  (battle), 
585. 

Hijra,  568,  575. 

Hira,  569,  585. 

5irA,  Mt.,  570. 
Historians,  618. 
Hodaibiya  (treaty), 
580. 

Hosain  b.  'All,  590. 

“  Hypocrites,”  577. 
Ibn  al-Ash'ath,  594. 
Ibn  Hanbal,  607, 
617. 

Ibn  Mas'dd,  579. 

Ibn  Obay,  575,  578. 
Ibn  Zobair,  590,  591, 
593,  sqq. 

IbrAhhn  (Caliph), 
599. 

Ikhshidites,  609. 
ImAms.  614 ;  of  house 
of 'All,  615. 

'IsA  b.  MdsA,  602  sq. 
IslAm,  570 ;  chief 
precepts,  577. 
Ismailians,  614. 
Jabarites,  614. 

Ja'far,  604,  605. 

Jews,  571,  573,  575, 
576,  579. 

Ji'rAna,  582. 


Kadarites,  614. 
KAdisiya  (battle), 
'  585. 

KairawAn,  590. 
KerbelA  (battle),  591. 
Khadija,  569,  571, 
574. 

Khaibar,  575,  581  sq. 
IChAlid,  582,  585. 
KhArijites,  585,  587, 
588,  592,  594, 615. 
Koraish,  569, 582, 586. 
Koran,  619-628. 
Koraiza,  580. 
Kotaiba  b.  Moslim, 
’  596. 

Law,  616. 

Mahdi  (Caliph),  602 ; 
Mohammed  the, 
602. 

Malatiya,  602. 

MAlik  b.  Anas,  588, 
615,  676. 

Ma'mdn,  605,  606. 
Mansdr,  601  sq. 
Martel,  Charles,  598. 
Maslama,  597,  598. 
Mecca,  569  sqq.,  582, 
592,  594. 

Medina,  569,  571  sqq., 
610. 

MerwAn  I.,  592  ;  M. 
II.,  599. 

MoAwiya  I.,  586,  588 
sq. ;  M.  II.,  592. 
Mohallab,  592  sqq. 


Mohammed,  568- 
584;  M.  b.  Hana- 
fiya,  592. 

Mokhtar,  591  sqq. 

Money,  595,  612. 

Montasir,  608. 

Moslim  b.  'Okba, 
591 

Mosta'in,  608. 

Mo'tasim,  607. 

Mo'tamid,  608. 

Motawakkil,  607. 

Mo'tazilites,  614. 

MdsA,  595  sq. 

NehAwend  (battle), 
585 

'Obaid  AllAh,  591. 

Obay,  627. 

Ofiod  (battle),  579. 

'Okba,  590. 

'Omar  I.,  573,  586; 
'O.  II.,  597. 

Omayyads,  569,  583, 
586;  dynasty,  588- 
600;  in  Spain,  601. 

Orthodox  sects,  615. 

'Othman,  572,  573, 
586;  Koran,  626, 
627 

Poets,  617. 

Provinces,  612. 

Ramadan,  577. 

RAwandi  sect,  602. 

Revenues,  611. 

Saft'Arid  dynasty, 
608. 


Samarkand,  590. 

Science,  618. 

Siffin  (battle),  587. 

ShAfi'i,  617. 

Shi'ites,  587,  591. 

SolaimAn,  596. 

Sorra-man-ra'a,  601 . 

Spain  conquered, 
596 ;  Caliphate,  601, 

Sufism,  616. 

Sunna,  576,  616. 

Tabuk,  584. 

TAif,  569, 574, 582, 584 

TArik,  596. 

Theology,  614. 

Tradition  (Hadith) 
587, 616.  ' 

Tdlunid  dynasty, 
608. 

Turks,  607  sq. 

Turun,  610. 

Vizier,  613. 

WAkidi,  587,  618. 

Walidl.,595;  W.  II., 
599. 

WAthik,  607. 

YafiyA'  b.  'AbdallAh, 
604. 

Yazid  I.,  590  sq. ;  Y. 
II..  597;  Y.  III., 
599;  Y.  b.  Mohal¬ 
lab,  597,  598. 

Zaidb.  All,  598. 

ZiyAd,  589,  590. 


Note.— Arabic  has  only  three  short  vowels,  ranging  between  the  short  sounds  of  a  and  e,  e  and  i,  o  and  u  respectively.  In  the 
transcription  adopted  these  are  given  by  a  or  e,  i  and  o  respectively.  The  corresponding  long  vowels  are  d,  i.  u.  The  latter  two 
have  the  sound  of  English  ee  and  oo,  and  are  so  written  by  some  English  scholars.  In  the  transcription  of  consonants  th  is  as  the  th  in 
thin,  dh  the  th  in  the-,  dots  are  put  under  hard  letters  which  have  no  exact  English  equivalent:  kh  (often  written  ch)  is  nearly  the 
Scottish  or  German  ch\  '  is  a  deep  breathing,  seldom  pronounced  by  Europeans ;  gh  a  guttural  something  like  modern  Greek  y  or 
4he  Northumberland  burr.  In  a  few  names  the  conventional  spelling  is  used.  In  proper  names  b.  stands  for  ibn,  “  son  of.” 
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MOHL,  Jules  (1S00-1 876),  Orientalist,  was  born 
at  Stuttgart  25th  October,  1800,  and  educated  for  the 
Lutheran  Church  at  Tubingen  ;  but  his  inclinations 
carried  him  from  theology  through  Hebrew  to  Oriental 
studies,  and  in  1823  he  betook  himself  to  Paris,  at  that 
time,  under  He  Sacy,  the  great  European  school  of 
Eastern  letters.  He  soon  acquired  reputation,  and 
from  1826  to  1833  was  nominally  professor  at  Tiibin- 
en,  with  permission  to  continue  his  studies  in  France, 
ut  he  never  entered  on  the  duties  of  this  office,  Paris 
having  become  his  second  home.  In  1826  he  was 
charged  by  the  French  Government  with  the  prepara¬ 
tion  of  an  edition  of  the  Shah  Ndmeh ,  the  first  vol¬ 
ume  of  which  appeared  in  1838,  while  the  seventh  and 
last  was  left  unfinished  at  his  death  ;  in  1844  he 
was  nominated  to  the  Institut,  and  in  1847  he  became 
professor  of  Persian  at  the  College  de  France.  But 
Ids  knowledge  and  interest  extended  to  all  departments 
of  Oriental  learning,  and  this  catholicity  of  taste,  united 
to  a  singular  impartiality  of  judgment  and  breadth  of 
view,  gave  him  a  quite  remarkable  personal  influence 
on  the  course  of  Eastern  learning  in  France.  The 
chief  sphere  of  this  influence  was  the  Societe  Asiatique, 
which  he  served  for  many  years  as  secretary-adjunct, 
as  secretary,  and  finally  as  president.  His  annual  re¬ 
ports  on  Oriental  science,  presented  to  the  society 
from  1840  to  1867,  and  collected  after  his  death  (4tii 
January,,  1876,  at  Paris)  under  the  title  Vingt-sept 
Ans  ties  Etudes  Orientales  (Paris,  1879),  are  an  admira¬ 
ble  history  of  the  progress  of  Eastern  learning  during 
these  years,  and  justify  the  high  esteem  in  which  he 
was  held  by  scholars. 

MOHLER,  Johann  Adam  (1796-1838),  Roman 
Catholic  theologian,  was  born  at  the  village  of  Igers- 
heim  in  Wiirtemberg  on  6th  May,  1796,  and,  after 
studying  philosophy  and  theology  in  the  Lyceum  at 
Ellwangen,  entered  the  Wilhelmstift  in  the  university 
of  Tubingen  in  1817.  Ordained  to  the  priesthood  in 
1819,  he  was  appointed  to  a  curacy  at  Riedlingen,  but 
speedily  returned  as  “repetent”to  Tubingen,  where 
he  became  privat-docent  in  1822,  extraordinary  pro¬ 
fessor  of  theology  in  1826,  and  ordinary  in  1828.  The 
controversies  excited  by  his  Symbolik  (1832)  proved  so 
unpleasant  that  in  1835  he  accepted  a  call  to  the  uni¬ 
versity  of  Munich.  In  1838  he  was  appointed  to  the 
deanery  of  Wurzburg,  but  died  shortly  afterwards  (12th 
April,  1838). 

Mohler  wrote  Die  Einheit  in  der  Kirche  (Tubingen,  1825) ; 
Athanasius  der  Grosse  u.  d.  Kirche  seiner  Zeit  irn  Kampfe  m.  cl. 
Arianismus  (2  vols.,  Mainz,  1827) ;  Symbolik,  Oder  Darstellung 
der  dogmatischen  Gegensdtse  der  Katholiken  u.  Protestanten  nach 
ihren  offentlichen  Bekenntnissschriften  (Mainz,  1832;  8th  ed., 
1871-72 ;  Eng.  transl.  by  J.  B.  Robertson,  1843) ;  and  Neue 
Untersuchungen  der  Lehrgegensiitze  zwischen  den  Katholiken  u. 
Protestanten  (1834).  His  Gesammelte  Schriften  u.  Aufsatze 
were  edited  by  Dollinger  in  1839 ;  his  Patrologie  by  Reith- 
mayr,  also  in  1839 ;  and  a  Biographie  by  Worner  was  pub¬ 
lished  at  Ratisbon  in  1866.  It  is  with  the  Symbolik  that  his 
name  is  chiefly  associated ;  the  interest  excited  by  it  in 
Protestant  circles  is  shown  by  the  fact  that  within  two  years 
of  its  appearance  it  had  elicited  three  replies  of  considerable 
importance,  those  namely  of  Baur,  Marheineke,  and  Nitzsch. 
But,  although  characterized  by  abundant  learning  and 
acuteness,  as  well  as  by  considerable  breadth  of  spiritual 
sympathy,  and  thus  a  stimulative  and  suggestive  work,  it 
cannot  be  said  to  have  been  accepted  by  Catholics  themselves 
as  embodying  an  accurate  objective  view  of  the  actual  doc¬ 
trine  of  their  church.  The  liberal  school  of  thought  of 
which  Mohler  was  a  prominent  exponent  was  discouraged 
in  official  circles,  while  Protestants,  on  the  other  hand,  com¬ 
plain  that  the  author  has  failed  to  grasp  the  vast  signifi¬ 
cance  of  the  Reformation  as  a  great  movement  in  the  spir¬ 
itual  history  of  mankind,  while  expending  needless  pains 
on  an  exposition  of  the  doctrinal  shortcomings,  inconsis¬ 
tencies,  aud  contradictions  of  the  individuals  who  were  its 
leaders. 

MOHR,  Karl  Friedrich  (1806-1879),  a  philoso¬ 
pher  whose  greatest  claims  to  scientific  distinction  are 
as  yet,  though  indubitable,  only  partially  admitted, 
was  the  son  of  a  well-to-do  druggist  in  Coblentz,  and 
was  born  4th  November,  1806.  Being  a  delicate  child, 


he  received  much  of  his  early  education  at  home,  in 
great  part  in  his  father’s  laboratory.  To  this  may  be 
traced  much  of  the  skill  he  showed  in  devising  instru¬ 
ments  and  methods  of  analysis  which  arc  still  in 
common  use  in  chemical  and  pharmaceutical  labora¬ 
tories.  At  the  age  of  21  he  studied  chemistry  under 
Gmelin,  and,  after  five  years  spent  in  Heidelberg, 
Berlin,  and  Bonn,  returned  with  the  degree  of  Pb.D. 
to  join  his  father’s  establishment.  On  the  death  of 
his  father  in  1840,  he  succeeded  to  the  business,  retir¬ 
ing  from  it  for  scientific  leisure  in  1857.  Serious  pecu¬ 
niary  losses  led  him  at  the  age  of  57  to  become  a 
privat-docent  in  Bonn,  where  he  was  soon  after  ap¬ 
pointed,  by  the  direct  influence  of  the  emperor,  extra¬ 
ordinary  professor  of  pharmacy.  In  private  and 
domestic  life  he  was  a  man  of  singularly  winning 
manners,  intensely  fond  of  music  and  poetry,  for  the 
latter  of  which  he  showed  wonderful  memory.  But 
his  uncompromising  spirit — perhaps  we  might  even  in 
some  cases  say  his  wrongheadedness — in  matters  of 
scientific  and  theological  authority  had  raised  such  a 
host  of  enemies  that  even  royal  influence  could  not 
secure  his  further  advancement.  Although  he  stood 
at  the  very  head  of  the  scientific  pharmacists  of 
Germany,  his  name  was  deliberately  omitted  from  the 
list  of  the  commission  intrusted  with  the  preparation 
of  the  Pharmacopoeia  Germanica.  Yet  in  that  work 
many  of  his  ideas  and  processes  were  incorporated  by 
the  very  men  who  had  previously  denounced  them, 
lie  died  in  October,  1879. 

Mohr’s  best-known  work  is  his  Lehrbuch  der  chemisch-ana- 
lytischen  Titrirmethode  (1855),  which  has  already  run  through 
many  editions,  and  which  was  specially  commended  by 
Liebig.  His  improvements  in  methods  of  chemical  analysis 
occupy  a  long  series  of  papers  extending  over  some  fifty 
years.  He  also  published  a  number  of  physical  papers  on 
subjects  such  as  Hail,  St.  Elmo’s  Fire,  Ground-ice,  etc., 
and  a  curious  notice  of  the  earliest  mention  of  Ozone.  He 
shows  that  Homer,  on  four  different  occasions,  mentions 
the  sulphurous  smell  produced  by  lightning,  and  employs 
the  very  word  from  which  the  name  of  Ozone  was  long 
afterwards  coined.  In  1866  appeared  his  Geschichte  der  Erde, 
eine  Geologie  auf  neuer  Grundlage,  which  has  obtained  a  wide 
circulation. 

But  he  will  be  remembered  in  future  times  mainly  on 
account  of  a  paper,  Ueber  die  Natur  der  Wdrrne,  published 
in  1837,  which  unfortunately  has  not  yet  appeared  in  full 
in  an  English  translation.  The  history  of  this  paper  is 
remarkable.  It  was  refused  admission  into  PoggendorJJTs 
Annalen,  and  was  then  sent  to  Baumgartner  of  Vienna,  in 
whose  Zeitschrift  fiir  Physik,  etc.,  it  was  at  once  published. 
As  no  proof-sheets  reached  Mohr,  he  concluded  that  his 
paper  had  been  lost  or  rejected,  and  contented  himself  with 
publishing  a  short  analysis  in  the  Annalen  der  Phcermacie , 
of  which  he  was  an  editor.  This  analysis,  it  is  only  fair 
to  say,  though  probably  prepared  by  the  author  himself, 
gives  a  very  inadequate  idea  of  the  scope  and  merit  of  the 
paper.  In  1864  Dr.  Akin  unearthed  the  paper  from  the 
forgotten  pages  of  the  Zeitschrift,  and  the  author  was 
enabled  to  reprint  it  with  notes,  while  the  recent  discus¬ 
sions  as  to  the  history  of  Conservation  of  Energy  were  still 
being  carried  on.  Along  with  it  he  issued  a  number  of 
other  papers  of  greatly  inferior  merit. 

Unless  some  still  earlier  author  should  be  discovered, 
there  can  be  no  doubt  that  Mohr  is  to  be  recognized  as  the 
first  to  enunciate  in  its  generality  what  we  now  call  “con¬ 
servation  of  energy.”  The  thesis  of  his  paper  must  be 
stated  in  his  own  words, — “  Besides  the  54  known  chemical 
elements,  there  is  in  the  physical  world  one  agent  only, 
and  this  is  called  Kraft  (energy).1  It  may  appear,  accord¬ 
ing  to  circumstances,  as  motion,  chemical  affinity,  cohesion, 
electricity,  light,  and  magnetism ;  and  from  any  one  of 
these  forms  it  can  be  transformed  into  any  of  the  others.” 
Even  now,  after  nearly  half  a  century  of  rapid  advance  in 
science,  it  would  be  difficult  to  improve  this  statement 
except  by  inserting,  as  regards  transformation  of  energy, 
some  such  guarding  expression  as  “  in  whole  or  in  part.” 
But  if  Mohr  had  inserted  this,  he  might  have  had  claims 
to  the  “  dissipation  of  energy”  also.  Mohr’s  starting-point 
appears  to  have  been  the  discovery  (by  Forbes)  of  the  polar¬ 
ization  of  radiant  heat.  He  goes  through  the  whole  of 
the  then  range  of  physics,  pointing  out  the  explanation  of 

1  It  is  to  be  remembered  that  even  the  most  accurate  authorities 
in  Germany— as,  for  instance,  Von  Helmholtz  in  his  Essay  of  1847 
—used  till  quite  recently  the  word  Kraft  in  the  sense  of  Energy. 
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each  experimental  result  as  a  transformation  of  energy, 
mentioning  even  the  electric  currents  produced  by  electro¬ 
magnetic  induction  as  a  transformation  of  the  energy  re¬ 
quired  to  draw  the  coil  from  the  magnet — one  of  the  earlier 
methods  used  by  Joule  for  quantitative  determinations. 
His  numerical  results,  based  on  data  quoted  from  various 
books,  are,  it  is  true,  very  inaccurate;  the  correct  experi¬ 
mental  determinations  we  owe  to  Joule.  But  it  must  be 
remembered  that  these  speculations,  daring  as  they  were 
and  accurate  (on  the  whole)  as  they  have  been  found  to  be, 
required  the  confirmation  which  they  received  from  the 
experimental  work  of  Colding  and  Joule,  or  from  the  Essay 
of  Yon  Helmholtz,  whose  basis  also  is  wholly  experi¬ 
mental,  being  the  fact  that  “  perpetual  motion  ”  is  recog¬ 
nized  as  unattainable. 

MOIR,  David  Macbeth  (1798-1 851),  the  “Delta” 
of  Blackwood's  Magazine,  one  of  its  most  popular 
contributors  in  its  early  days,  was  born  at  Musselburgh 
5th  January,  1798,  and  was  a  physician  in  active  prac¬ 
tice  there  from  his  manhood  to  his  death  (6th  July, 
1851).  He  seems  to  have  been  a  man  of  winning 
manners  and  noble  integrity  of  character,  and  the  in¬ 
trinsic  value  of  his  poetry  has  been  in  consequence 
somewhat  overestimated  by  critics  of  repute  who  en¬ 
joyed  his  personal  acquaintance.  He  had  no  inde¬ 
pendent  vein  as  a  writer  of  serious  verse,  and  his  tech¬ 
nical  qualities  as  a  poet  do  not  bear  examination.  But 
his  verses  were  undoubtedly  popular  with  the  readers 
of  the  magazine  at  the  time.  A  collection  of  them 
was  edited  by  Thomas  Aird  in  1852.  As  a  kindly  hu¬ 
morist  “Delta”  had  a  more  original  turn.  HisAttfo- 
biography  of  Mansie  Wauch ,  published  separately  in 
1828,  is  a  Scotch  classic.  And  some  of  his  satirical 
squibs  on  passing  events  were  written  with  great  fresh¬ 
ness  and  spirit.  His  Outlines  of  the  Ancient  History 
of  Medicine  { 1831)  evidence  his  industry  and  versa¬ 
tility  of  talent.  His  S/cetch  of  the  Poetical  Literature 
of  the  past  Half  Century  (1851)  is  more  remarkable 
for  the  grace  of  its  rhetorical  ornaments  than  for  depth 
or  freshness  of  insight. 

MOIR,  George  (1800-1870),  author  of  the  treatises 
on  “Poetry”  and  “Romance”  in  the  seventh  edition 
of  the  Encyclopaedia  Britannica ,  and  born  at  Aberdeen 
in  1800,  was  an  Edinburgh  lawyer  of  very  varied  ac¬ 
complishments.  He  was  appointed  professor  of  rhet¬ 
oric  in  1835,  professor  of  Scots  law  in  1864 ;  he  had  a 
considerable  success  at  the  Scottish  Bar,  was  succes¬ 
sively  sheriff  of  Ross  and  sheriff  of  Stirling,  and  was  a 
frequent  contributor  to  Blackwood's  Magazine.  Moir 
honorably  maintained  the  literary  traditions  of  Edin¬ 
burgh  law.  He  was  a  man  of  very  wide  reading, 
catholic  sympathy,  and  fastidious  taste,  alive  to  very 
various  degrees  and  kinds  of  excellence  in  literature, 
but  too  critical  and  hard  to  please  to  do  justice  to  his 
own  wealth  of  ideas.  He  died  in  1870. 

MOISSAC,  chief  town  of  an  arrondissement  in  the 
department  of  Tarn-et-Garonne,  France,  is  situated  on 
the  right  bank  of  the  Tarn,  and  on  the  railway  line 
from  Bordeaux  to  Cette,  17  miles  west-northwest  of 
Montauban.  The  church  of  St.  Peter,  belonging  to 
the  15th  century,  has  a  doorway  of  the  12th  century, 
remarkable  for  its  elaborate  and  beautiful  sculpture, 
representing  Scriptural  scenes.  Connected  with  the 
choir  of  the  church  is  a  cloister  dating  from  the.  be¬ 
ginning  of  the  12th  century,  and  one  of  the  finest 
specimens  of  this  kind  of  building  in  France;  the 
pointed  arches  are  supported  by  small  columns  with 
sculptured  capitals.  The  town  has  a  large  trade  in 
corn  and  flour,  and  the  mills  afford  employment  to  a 
considerable  number  of  persons.  The  population  in 
19J1  was  4,638. 

The  town  owes  its  origin  to  an  abbey  founded  between 
630  and  640  by  St.  Amand,  the  friend  of  Dagobert.  After 
being  devastated  by  the  Saracens,  the  abbey  was  restored 
by  Louis  of  Aquitaine,  son  of  Charlemagne.  Subsequently 
it  was  made  dependent  on  Cluny,  but  in  1618  it  was  secu¬ 
larized  by  Pope  Paul  V.,  and  replaced  by  a  house  of  Augus- 
tiniau  monks,  which  was  suppressed  at  the  Revolution. 
The  town,  which  was  erected  into  a  commune  in  the  13th 


century,  was  taken  by  Richard  Cceur  de  Lion,  and  by  Simon 
de  Moutfcrt. 

MOKADDASf.  Shams  al-Di'n  Abd  Abdalldh  Mo¬ 
hammed  ibn  Ahmad  al-Mokaddasf,  tie.,  of  Jerusalem, 
also  called  al-Bashshari,  was  the  author  of  a  famous 
description  of  the  lands  of  Islam,  which  much  sur¬ 
passes  the  earlier  works  of  the  same  kind.  His  pa¬ 
ternal  grandfather  was  an  architect  of  eminence,  who 
constructed  many  public  works  in  Palestine,  and  his 
mother’s  family  was  opulent.  He  was  himself  a  well- 
educated  and  talented  man,  with  an  exorbitant  idea  of 
his  own  qualities,  and  some  curious  affectations,  such 
as  that  of  imitating  for  each  region  the  dialect  of  its 
inhabitants.  His  descriptions  rest  on  very  extensive 
travels  continued  through  a  long  series  of  years.  His 
first  pilgrimage  was  made  at  the  age  of  twenty,  but 
his  book  was  not  published  till  a.h.  375  (985-6  A.D.), 
when  he  was  forty  years  old.  The  two  MSS.  (at  Berlin 
and  Constantinople)  represent  a  later  recension  (a.h. 
378).  The  book  became  known  in  Europe  through 
the  copy  brought  from  India  by  Sprenger,  and  was 
edited  by  De  Goeje  in  1877  as  the  third  part  of  his 
Biblioth.  Geographorum  Arabiconim. 

MOKANNA  (. Al-Mokanna' ,  “the  veiled ”)  was,  as 
explained  above,  p.  603,  the  surname  given  to  Hakim, 
or  'Atd,  a  man  of  unknown  parentage,  originally  a 
fuller  in  Merv,  who  posed  as  an  incarnation  of  Deity, 
and  headed  a  revolt  in  Khordsan  against  the  caliph 
Mahdi.  Much  is  related  of  his  magical  arts,  especially 
of  a  moonlike  light  visible  for  an  enormous  distance 
which  he  made  to  rise  from  a  pit  near  Nakhshab.  He 
died  by  poison  in  a.h.  163  (779-80  a.d. ). 

MOKSHAN,  a  town  of  Russia,  situated  in  the 
government  of  Penza,  27  miles  to  the  northwest  of  the 
capital  of  the  province,  and  18  miles  from  the  Ranzay 
railway  station.  It  has  10,072  inhabitants,  who  are 
engaged  in  agriculture,  or  work  in  flour-mills,  oil- 
works,  tanneries,  and  potash -works.  A  few  merchants 
export  corn  and  flour.  Mokshan,  which  was  built  in 
1535  as  a  fort  to  protect  the  country  from  the  raids  of 
the  Tatars  and  Kalmuks,  is  supposed  to  occupy  the 
site  of  the  town  of  Mescheryaks,  Murundza,  men¬ 
tioned  as  early  as  the  9th  century.  It  has  begun  rap¬ 
idly  to  increase  since  the  railway  between  Moscow  and 
Penza  was  made. 

MOLA,  or  Mola  di  Bari,  a  seaport  town  of  Italy, 
in  the  province  of  Bari,  13  miles  from  Bari  on  the 
railway  to  Brindisi.  It  is  an  old-fashioned  place  with 
irregular  streets,  but  outside  of  the  walls  several  new 
districts  have  grown  up.  The  foreign,  and  to  some 
extent  also  the  coasting,  trade  has  considerably  declined 
since  1863,  but  the  communal  population  has  in¬ 
creased  from  12,574  in  1861  to  13,962  in  1901.  Little 
is  known  about  the  early  history  of  Mola ;  it  was 
sold  by  Alphonso  I.  to  Landolfo  Maramoldo  in  1436, 
and  ten  years  afterwards  to  N iccolo  Tovaldo. 
MOLASSES.  See  Sugar. 

MOLAY,  Jacques  de,  a  native  of  Burgundy,  be¬ 
came  grand-master  of  the  order  of  the  Temple  in 
1298,  and  was  the  last  who  held  that  dignity.  He  was 
burned  at  the  stake  in  1 314.  See  Templars. 

MOLDAVIA.  SeeRouMANiA. 

MOLE  (contracted  form  of  mould-warp,  i.  e. ,  mould- 
caster),  a  term  restricted  in  England  to  the  common 
mole  ( Talpa  europcea ),  a  small,  soft-furred,  burrowing 
mammal,  with  minute  eyes,  and  broad  fossorial  fore¬ 
feet,  belonging  to  the  order  Insectivora  and  family 
Talpidce ,  but  generally  applied  elsewhere  to  any  un¬ 
derground  bun-owing  animal  of  the  class  Mammalia. 
Thus,  in  North  America  we  find,  representing  the  same 
family,  the  star-nosed  moles  ( Condylura ),  and  the 
shrew  moles  ( Scalops  and  Scapanus) ;  in  South 
Africa,  the  golden  moles  of  the  far-removed  family 
Chrysochlondce ;  and  in  Southeast  Europe,  Asia,  and 
South  Africa,  the  rhizophagous  rodent  moles  of  the 
order  Rodentia  and  families  Spalacidce  and  Muridoe 
(see  Mammalia,  vol.  xv.  pp.  409,  424,  Figs.  64  and 
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Talpa  europcea,  the  Common  Mole,  type  of  the 
genus  Talpa , 1  is  about  six  inches  in  length,  of  which 
the  tail  measures  somewhat  more  than  an  inch ;  the 
body  is  long  and  cylindrical,  and,  owing  to  the  very  an¬ 
terior  position  of  the  forelimbs,  the  head  appears  to 
rest  between  the  shoulders ;  the  muzzle  is  long  and 
obtusely  pointed,  terminated  by  the  nostrils,  which  are 
close  together  in  front ;  the  minute  eye  is  almost  hidden 
by  t he  fur;  the  ear  is  without  a  conch,  opening  on  a 
level  with  the  surrounding  integument;  the  forelimbs 
are  rather  short  and  very  muscular,  terminating  in 
broad,  naked,  shovel-shaped  feet,  the  palms  normally 
directed  outwards,  each  with  five  subequal  digits  armed 
with  strong  flattened  claws ;  the  hind-feet,  on  the  con¬ 
trary,  are  long  and  narrow,  and  the  toes  are  provided 
with  slender  claws.  The  body  is  densely  covered  with 
soft,  erect,  velvety  fur, — the  hairs  uniform  in  length 
and  thickness,  except  on  the  muzzle  and  short  tail,  the 
former  having  some  straight  vibrissae  on  its  sides, 
whilst  the  latter  is  clothed  with  longer  and  coarser 
hairs.  The  fur  is  generally  black,  with  a  more  or  less 
grayish  tinge,  or  brownish-black,  but  various  paler 
shades  up  to  pure  white  have  been  observed. 

The  food  of  the  mole  consists  chiefly  of  the  common 
earth-worm,  in  pursuit  of  which  it  forms  its  well- 
known  underground  excavations.  Its  habits,  so  diffi¬ 
cult.  to  observe,  were  many  years  ago  most  patiently 
studied  and  described  by  M.  Henri  le  Court.  Like 
many  other  mammals  the  mole  has  a  lair  or  fortress  to 
which  it  may  retire  for  security.  This  is  constructed 
with  much  ingenuity.  It  consists  of  a  central  nest 
formed  under  a  hillock  which  is  placed  in  some  pro¬ 
tected  situation,  as  under  a  bank,  or  between  the  roots 
of  trees.  The  nest,  which  is  lined  with  dried  grass  or 
leaves,  communicates  with  the  main-run  by  four  pas¬ 
sages,  one  of  which  only  joins  it  directly,  leading  down¬ 
wards  for  a  short  distance  and  then  ascending  again  ; 
the  other  three  are  directed  upwards  and  communicate 
at  regular  intervals  with  a  circular  gallery  constructed 
in  the  upper  part  of  the  hillock,  which  in  turn  com¬ 
municates  by  five  passages  leading  downwards  and 
outwards  with  another  much  larger  gallery  placed 
lower  down  on  a  level  with  the  central  nest,  from  which 
passages  proceed  outwards  in  different  directions,  one 
only  communicating  directly  with  the  main-run,  while 
the  others,  curving  round,  soon  join,  or  end  in  culs-de- 
sac.  The  maiti-run  is  somewhat  wider  than  the 
animal’s  body,  its  walls  are  smooth,  and  formed  of 
closely  compressed  earth,  its  depth  varying  according 
to  the  nature  of  the  soil,  but  ordinarily  from  four  to 
six  inches.  Along  this  tunnel  the  animal  passes  back¬ 
wards  and  forwards  several  times  daily,  and  here  traps 
are  laid  by  mole-catchers  for  its  capture.  From  the 
main-run  numerous  passages  are  formed  on  each  side, 
along  which  the  animal  hunts  its  prey,  throwing  out 
the  soil  in  the  form  of  mole-hills.  The  mole  is  the 
most  voracious  of  mammals,  and,  if  deprived  of  food, 
is  said  to  succumb  in  from  ten  to  twelve  hours.  Almost 
any  kind  of  flesh  is  eagerly  devoured  by  captive  moles, 
which  have  been  seen  by  various  observers,  as  if  mad¬ 
dened  by  hunger,  to  attack  animals  nearly  as  large  as 
themselves,  such  as  birds,  lizards,  frogs,  and  even 
snakes ;  toads,  however,  they  will  not  touch,  and  no 
form  of  vegetable  food  attracts  their  notice.  If  two 
moles  be  confined  together  without  food,  the  weaker  is 
invariably  devoured  by  the  stronger.  They  take 
readily  to  the  water— in  this  respect,  as  well  as  in 
external  form,  resembling  their  representatives  on  the 

1  Eight  species  may  be  recognized,  and  arranged,  according  to 
their  dentition,  as  follows : 

(A.)  i.  §,  c.  J,  prm.  J,  m.  §  X  2  (T.  wogura).  .  . 

(B  )  i.  g,  c.  i,  prm.  },  m.  3  X  2  (T.  europlea,  cseca,  longirostm,  mi- 

crura). 

(C.)  i.  3,  c.  V,  prm.  },  m.  3  X  2  (T.  leucrura,  leptura). 

(D.)  i.  3,  c.  prm.  3.  m.  3  X  2  (T.  moschata). 

Except  in  T.  europxa.  the  eyes  are  covered  by  a  membrane.  In 
T.  micrura  the  short  tail  is  concealed  by  the  fur.  T.  europsea  ex¬ 
tends  from  England  to  Japan.  T.  caeca  is  found  south  of  the  Alps, 
the  remaining  species  are  all  Asiatic,  and  of  them  two  only—  T. 
micrura  and  T.  leucrura— occur  south  of  the  Himalayas.  (See  j 
Dobson,  Monograph  of  the  lusectivora ,  Part  ii.,  1883.) 


North  American  continent.  Bruce,  writing  in  1793, 
remarks  that  he  saw  a  mole  paddling  towards  a  small 
island  in  the  Loch  of  Clunie,  180  yards  from  land,  on 
which  he  noticed  mole-hills. 

The  sexes  come  together  about  the  second  week  in 
March,  and  the  young — generally  from  four  to  six  in 
number — which  are  brought  forth  in  about  six  weeks, 
quickly  attain  their  full  size. 

The  mole  exhibits  in  its  whole  organization  the  most 
perfect  adaptation  to  its  peculiar  mode  of  life.  In  the  struc¬ 
ture  of  the  skeleton  very  striking  departures  from  the 


Skeleton  of  Mole  X  3  (lower  jaw  removed  to  show  base  of  skull). 

c.  calcaneum ;  c.h.,  clavicular  articulation  of  the  humerus ;  cl., 
clavicle ;  e.c,  external  condyle  of  humerus ;  /.,  femur ;  fb,  fibula ; 
fc,  falciform  bone  (radial  sesamoid) :  h,  humerus ;  i.c,  internal 
condyle  of  humerus ;  il,  left  iliac  bone ;  i.p,  ramus  of  the  ilium 
and  pubis ;  is.,  ischium ;  id,  ridge  of  insertion  of  latissimus  dorsi 
muscle;  l.t,  lesser  trochanter;  m,  manubrium  sterni;  o,  fourth 
hypapophysial  sesamoid  ossicle;  ol,  olecranon;  p.,  pubic  bone 
widely  separated  from  that  of  the  opposite  side ;  pa.,  patella ;  p.m., 
ridge  for  insertion  of  pectoralis  major  muscle ;  pt.,  pectineal  emi¬ 
nence;  r,  radius;  rb,  first  rib;  s,  plantar  sesamoid  ossicle  corre¬ 
sponding  to  the  radial  sesamoid  (os  falciforme)  in  the  manus ; 
sc.,  scapula;  s.h.,  scapular  articulation  of  the  humerus ;  t,  tibia; 
«,  ulna. 

typical  mammalian  forms  are  noticeable.  The  first  sternal 
bone  is  so  much  produced  anteriorly  as  to  extend  forward 
as  far  as  a  vertical  line  let  down  from  the  second  cervical 
vertebra,  carrying  with  it  the  very  short  almost  quadrate 
clavicles,  which  are  articulated  with  its  anterior  extremity 
and  distally  with  the  humeri,  being  also  connected  liga- 
mentously  with  the  scapulae.  The  forelimbs  are  thus 
brought  opposite  the  sides  of  the  neck,  and  from  this  posi¬ 
tion  a  threefold  advantage  is  derived;  in  the  first  place, 
as  this  is  the  narrowest  part  of  the  body,  they  add  but  little 
to  the  general  width,  which,  if  increased,  would  lessen  the 
power  of  movement  in  a  confined  space;  secondly,  this 
position  allows  of  a  longer  forelimb  than  would  otherwise 
be  possible,  aud  so  increases  its  lever  power;  and,  thirdly, 
although  the  entire  limb  is  relatively  very  short,  its  ante¬ 
rior  position  enables  the  animal,  when  burrowing,  to  thrust 
the  claws  so  far  forward  as  to  be  in  a  line  with  the  end  of 
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the  muzzle,  the  importance  of  which  is  evident.1  Posteri¬ 
orly,  we  find  the  hind  limbs  similarly  removed  out  of  the 
way  by  approximation  of  the  hip-joints  to  the  centre  line  of 
the  body.  This  is  effected  by  inward  curvature  of  the  in¬ 
nominate  bones  at  the  acetabula  to  such  an  extent  that  they 
almost  meet  in  the  centre,  while  the  pubic  bones  are  widely 
separated  behind.2  The  shortness  of  the  forelimb  is  due 
to  the  humerus,  which,  like  the  clavicle,  is  so  much  reduced 
in  length  as  to  present  the  appearance  of  a  flattened  X- 
shaped  bone,  with  prominent  ridges  and  deep  depressions 
for  the  attachments  and  origins  of  the  powerful  muscles 
connected  with  it.  Its  proximal  extremity  presents  two 
rounded  prominences;  the  smaller,  the  true  head  of  the 
bone,  articulates  as  usual  with  the  scapulae;  the  larger, 
which  is  really  the  external  tuberosity  rounded  off,  forms  a 
separate  synovial  joint  with  the  end  of  the  clavicle.  This 
double  articulation  gives  to  a  naturally  loose  joint  the  rigid¬ 
ity  necessary  to  support  the  great  lateral  pressure  sustained 
by  the  forelimb  in  excavating.  The  forearm  bones  are 
normal,  but  those  of  the  forefeet  are  much  flattened  and 
laterally  expanded.  The  great  width  of  the  forefoot  is  also 
partly  due  to  the  presence  of  a  peculiar  falciform  bone, 
lying  on  the  inner  side  of  the  palm  and  articulating  by  its 
proximal  extremity  with  the  wrist.  Into  the  radial  side 
and  under  surface  of  this  bone  is  inserted  a  tendon  derived 
from  that  of  the  palmaris  longus  muscle,  which,  acting 
upon  it  as  an  abductor,  separates  it  from  the  side  of  the 
palm,  and  so  increases  the  width  of  the  latter,  at  the  same 
time  rendering  the  palmar  integument  tense. 

The  muscles  acting  on  these  remarkably  modified  limbs 
are  all  homologous  with  those  of  the  cursorial  insectivora, 
differing  only  in  their  relative  development.  The  tendon 
of  the  biceps  traverses  a  long  osseous  tunnel,  formed  by  the 
great  expansion  of  the  margin  of  the  bicipital  groove  for 
the  insertion  of  the  large  pectoralis  major  muscle ;  the  an¬ 
terior  division  of  the  latter  muscle  is  unconnected  with  the 
sternum,  extending  across  as. a  muscular  band  between  the 
humeri,  and  coordinating  the  motions  of  the  forelimbs. 
The  teres  major  and  latissimus  dorsi  muscles  are  of  im¬ 
mense  size,  probably  relatively  larger  than  in  any  other 
mammal,  and  are  inserted  together  into  the  prominent 
ridge  below  the  pectoral  attachment ;  they  are  the  princi¬ 
pal  agents  in  the  excavating  action  of  the  limb.  The  cer¬ 
vical  muscles  connecting  the  slender  scapulae,  and  through 
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N  the  conception  of  the  atomic  as  opposed  to  the 
continuous  and  infinitely  divisible  constitution  of 
matter,  it  is  supposed  that  portions  of  matter  called 
atoms  exist,  which  are  separated,  or  are  capable  of 
being  separated,  from  each  other  by  empty  space.  (See 
Atom.  )  It  may  be  the  case  that  each  atom  has  un¬ 
changeable  shape  and  volume  as  well  as  unchangeable 
mass,  but  such  a  conception  of  an  atom  is  not  essential 
to  the  hypothesis.  It  is  not  even  necessary,  as  ex¬ 
plained  in  the  article  Atom  (vol.  iii. ,  p.  34),  to  main¬ 
tain  that  no  part  of  space  can  be  in  two  atoms  at 
the  same  time.  But  one  attribute  of  the  atom  upon 
which  its  permanence,  or,  so  to  speak,  its  personal 
identity,  depends,  is  its  constituent  mass,  and  this  re¬ 
mains  the  same,  unchanged  and  unchangeable,  through 
all  time. 

Boscovich,  indeed,  goes  so  far  as  to  regard  the  atom 
as  a  mere  centre  of  force,  the  result  of  whose  existence 
is  that  no  two  atoms  or  centres  can  approach  each  other 

1  It  is  most  interesting  to  observe  how,  in  the  golden  moles 
( Chrysochloridx )  of  South  Africa,  the  necessary  modifications  of 
the  corresponding  parts  of  the  body  and  limbs  fitting  them  for 
fossorial  action  and  underground  progression  have  been  brought 
about  in  a  totally  different  manner.  In  them  the  manubrium 
sterni  is  not  anteriorly  elongated,  neither  are  the  clavicles  short¬ 
ened  ;  but  this  is  made  up  for  by  a  deep  hollowing  out  of  the 
antero-lateral  walls  of  the  thorax,  the  ribs  in  these  parts  and  the 
sternum  being  convex  inwards,  the  long  clavicles  have  their  dis¬ 
tal  extremities  pushed  forward,  and  the  concavities  on  the  sides 
and  inferior  surface  of  the  thorax  lodge  the  thick  muscular  arms. 

2  In  Jacobs’s  Talpx  Europex  Anatome  (Jena,  1816)  this  part  of  the 
pelvic  wall  (marked  pt  in  the  Fig.)  was  identified  with  the  sym¬ 
physis  pubis,  whereas  the  true  pubic  bones  are  widely  separated 
(as  shown  atp).  In  this  mistake  he  has  been  followed  by  most 
comparative  anatomists ;  and  hence  the  mole  is  generally  be¬ 
lieved  to  present  the  unique  peculiarity  that  the  outlets  of  the 
urinary,  generative,  and  digestive  organs  do  not  pass  through 
the  arch  of  the  pelvis. 


them  the  forelimbs,  with  the  centre  line  of  the  neck  and 
with  the  occiput  are  large,  and  the  ligamentum  nuchae  be¬ 
tween  them  is  ossified  (as  in  all  true  moles) ;  the  latter  con¬ 
dition  appears  to  be  due  to  the  prolongation  forwards  of  the 
sternum  (described  above),  preventing  all  flexion  of  the 
head  downwards;  and,  accordingly,  the  normal  office  of 
the  ligament  being  lost,  it  ossifies,  and  so  affords  a  more 
fixed  point  for  the  origins  of  the  superficial  cervical  muscles. 

The  skull  is  long,  with  slender  zygomatic  arches ;  the 
nasal  bones  are  strong  and  early  become  united,  and  in 
front  of  them  the  nostrils  are  continued  forwards  in  tubes 
formed  of  thick  cartilage,  the  septum  between  which  be¬ 
comes  partially  or  wholly  ossified  beneath.  There  are  7 
cervical,  13  dorsal,  6  lumbar,  6  sacral,  and  10-12  caudal  ver¬ 
tebrae  ;  of  the  dorsal  and  lumbar  there  may  be  one  vertebra 
more  or  less.  The  sacral  vertebrae  are  united  by  their 
greatly  expanded  and  laterally  compressed  spinous  pro¬ 
cesses,  and  all  the  others,  with  the  exception  of  the  cervi¬ 
cal,  are  very  closely  and  solidly  articulated  together,  so  as 
to  support  the  powerful  propulsive  and  fossorial  actions  of 
the  limbs.  Dentition:  i.  $,  c.  I,  prm.  f,  m.  f,  X  2=44 
teeth.  The  upper  incisors  are  simple  chisel -edged  teeth ; 
the  canine  is  long  and  two-rooted  ;  then  follow  three  sub¬ 
equal  conical  premolars,  and  a  fourth,  much  larger,  and 
like  a  canine;  these  are  succeeded  by  three  molars  with  W- 
shaped  cusps.  In  the  lower  jaw  the  three  incisors  on  each 
side  are  slightly  smaller,  and  slant  more  forwards ;  close 
behind  them  is  a  tooth  which,  though  quite  like  them, 
must,  from  its  position  in  front  of  the  upper  canines  when 
the  jaws  are  closed,  be  considered  as  the  canine  ;  behind  it, 
but  separated  by  an  interval,  is  a  large  double-rooted  con¬ 
ical  tooth,  the  first  premolar;  the  three  following  premo¬ 
lars  are  like  the  corresponding  teeth  above,  but  smaller, 
and  are  succeeded,  as  above,  by  three  molars. 

The  geographical  distribution  of  the  common  mole  may 
be  said  to  exceed  that  of  all  the  other  known  species  of  the 
genus  to  which  it  belongs  taken  together.  It  extends  from 
England  to  Japan,  and  from  the  Dovre-Fjeld  Mountains  in 
Scandinavia  and  the  Middle  Dwina  region  in  Russia  to 
Southern  Europe  and  the  southern  slopes  of  the  Himalayas, 
where  it  occurs  at  an  elevation  of  10,000  feet.  In  Great 
Britain  it  is  found  as  far  north  as  Caithness,  but  in  Ireland 
and  in  the  Western  Isles  of  Scotland  (except  Mull)  it  is 
altogether  unknown.  (g.  e.  d.) 
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within  a  certain  distance,  while  other  physicists  regard 
the  atomic  volume  as  a  distinct  portion  of  space  occu¬ 
pied  by  that  atom  to  the  exclusion  of  every  other,  and 
comprising  within  it  matter  ideally  infinitely  divisible, 
but  the  parts  of  which  in  fact  never  have  been,  and 
never  can  be,  separated  from  each  other.  In  this  lat¬ 
ter  mode  of  viewing  the  subject,  all  the  conclusions  of 
mechanics  which  are  based  on  the  conception  of  the 
continuity  and  infinite  divisibility  of  matter  may  be  ap¬ 
plied  to  the  equilibrium  or  motion  of  each  individual 
atom,  the  atomic  theory  merely  introducing  the  addi¬ 
tional  hypothesis  that,  in  fact,  these  persistent  entities 
called  atoms  do  exist,  and  that  out  of  them  all  sub¬ 
stances  which  affect  our  senses  are  constructed.  The 
theory  of  universal  gravitation  requires  us  to  believe 
in  the  existence  of  forces  or  actions  between  every  por¬ 
tion  of  matter  and  every  other  portion,  determinate  in 
magnitude  and  direction,  and  such  that,  when  on  the 
infinitely  divisible  hypothesis  the  volumes  of  these  por¬ 
tions  are  indefinitely  diminished,  these  mutual  forces 
are  inversely  proportional  to  the  square  of  the  distance 
between  the  portions  (the  distance  between  any  two 
points,  one  in  the  volume  of  each  portion,  being  in  this 
case  taken  as  the  distance  between  the  portions),  and 
directly  proportional  to  the  products  of  the  masses,  or 
quantities  of  the  two  portions  of  matter, — such  forces 
being  regarded  provisionally  as  ultimate  facts,  while 
inviting  further  analysis  and  explanation.  Chemical 
and  chemico-physical  investigations  indicate  the  exis¬ 
tence  of  other  actions  between  portions  of  matter,  fol¬ 
lowing  other  and  for  the  most  part  unknown  laws,  and 
rapidly  becoming  inappreciable  as  the  distance  between 
the  reacting  portions  is  increased.  All  these  hypoth¬ 
eses  are  to  be  retained  on  the  hypothesis  of  discrete 
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atoms  as  above  enunciated,  the  mutual  actions  be¬ 
tween  atoms  being  the  resultant  of  the  actions  be¬ 
tween  the  various  portions  of  their  constituent  mat¬ 
ter.  The  volumes  of  the  atoms  are  so  small  that,  for 
any  sensible  distances  apart,  the  line  of  the  resultant 
mutual  action  between  them  may  be  taken  as  coinci¬ 
dent  with  the  line  joining  any  point  in  the  volume  of 
one  to  any  point  in  the  volume  of  the  other,  but,  for 
distances  or  parts  comparable  with  the  linear  dimen¬ 
sions  of  the  atoms,  the  size  and  shape  of  their  bound¬ 
ing  surfaces  must  be  taken  into  consideration,  and  per¬ 
haps  alsO'the  law  of  distribution  of  their  constituent 
matter  within  that  surface.  In  all  respects,  unless  we 
accept  the  Boscovichian  hypothesis,  we  simply  regard 
the  atom  as  made  up,  so  to  speak,  of  infinitely  divisi¬ 
ble  matter,  while  substances,  as  we  know  them,  are 
built  up  of  indestructible  and  unchangeable  atoms. 

With  this  conception  of  an  atom,  as  thus  explained, 
we  might  be  content  to  rest,  confessing  our  total  igno¬ 
rance  of  the  mode  in  which  such  atoms  are  built  up  into 
actual  substances,  being  satisfied  to  regard  such  sub¬ 
stances  as  composed  of  these  distinct  portions  of  mat¬ 
ter  separated,  or  capable  of  being  separated,  by  empty 
space  from  other  portions.  But  the  molecular  hypoth¬ 
esis  of  the  constitution  of  different  kinds  of  substances 
aims  at  analyzing  this  process  by  which  substances  are 
built  up  out  of  their  constituent  atoms.  The  molecule 
of  any  substance  is,  by  some  chemists,  defined  as  being 
the  smallest  portion  of  that  substance  to  which  can  be 
attributed  all  the  chemical  properties  of  the  substance ; 
by  others,  as  the  smallest  portion  which,  so  long  as  the 
substance  is  chemically  unchanged,  keeps  together 
without  complete  separation  of  its  parts.  In  the  lan¬ 
guage  of  Clausius’s  theorem,  if  the  parts  of  the  mole¬ 
cule  have  internal  motion,  the  kinetic  energy  of  such 
internal  motion  is  equal  to  the  virial  of  the  mutual  at¬ 
tractive  forces  of  the  parts.  Thus  the  formation  of 
the  molecule  of  each  particular  substance  is  viewed  as 
an  essential  step  in  the  process  of  building  up  that  sub¬ 
stance  out  of  its  constituent  atoms.  Tne  molecule  is 
first  built  up  out  @f  atoms  arranged  in  its  formation 
according  to  a  definite  type,  and  then  the  substance  it¬ 
self  is  constituted  of  these  molecules.  Of  course  mole¬ 
cules  may  be,  and  in  fact  in  many  particular  substances 
are,  supposed  to  be  monatomic  ;  that  is  to  say,  the  in¬ 
termediate  step  of  building  up  the  molecule  out  of  the 
atoms  has,  in  these  particular  substances,  been  omitted, 
the  atoms  and  molecules  becoming  then  identical.  The 
particular  arrangement  of  the  formed  molecules  in  the 
building  up  of  the  substance  determines  the  physical 
state  of  that  substance, — that  is,  its  fluid,  solid,  gas¬ 
eous,  crystalline,  or  amorphous  state  ;  but  the  chemi¬ 
cal  properties  of  the  substance  depend  upon  the  con¬ 
stitution  of  the  molecule.  As  the  investigations  and 
theories  of  chemistry  appear  to  indicate  irresistibly  the 
existence  of  permanent  atoms,  so  do  they  also  lead  al¬ 
most  as  necessarily  to  the  conception  of  the  molecule 
as  an  entity  which  bears  the  same  relation  to  special 
substances  that  the  atoms  bear  to  matter  generally. 
So  long  as  the  molecule  endures,  the  substance  of 
which  it  is  the  molecule  retains  its  chemical  proper¬ 
ties  ;  with  the  dissolution  of  the  molecule,  the  sub¬ 
stance,  as  that  special  substance,  perishes ;  the  atoms 
alone  continue,  and  are  free  to  enter  into  other  combi¬ 
nations.  The  permanence  of  the  molecule  is  relative, 
that  of  the  atom  absolute.  This  conception  of  the 
molecular  constitution  of  substances  suggests  physical 
questions  of  great  interest,  such  as  the  shape,  volume, 
and  mass  of  tbe  constituent  molecules,  and  the  relative 
motions  of  which  their  parts  are  susceptible  ;  and  the 
answers  to  these  questions  cannot  fail  to  be  of  great 
value  in  chemical  and  chemico-physical  investigations, 
as  well  as  in  the  theories  of  light  and  electricity. 

Now,  whatever  differences  may  exist  between  the 
properties  of  different  substances  in  the  solid  and 
liquid  states,  there  are  certain  properties  which,  in  the 
gaseous  state,  manifest  themseves  with  no  variation 
whatever  in  all  substances  alike.  Hence  the  explana¬ 


tion  of  these  common  properties — or  gaseous  laws,  as 
they  are  called — has  long  possessed  a  peculiar  fascina¬ 
tion  for  physicists.  The  tendency  to  expand  or  fill  all 
accessible  space,  manifested  by  all  gases,  proves  that 
on  the  molecular  hypothesis  their  compound  atoms  or 
molecules  must  be  continually  tending  to  fly  apart. 
We  must  conceive  gases  as  constituted  of  molecules, 
not  only  separable  but  actually  separated  by  space 
void  of  the  matter  of  which  these  gases  consist ;  and  it 
may  be  most  reasonably  expected,  therefore,  that  any 
general  laws  to  which  substances  in  this  state  conform 
may  afford  us  a  valuable  insight  into  the  constitution 
of  these  separate  molecules. 

Now  the  general  laws  to  which  all  gases  conform 
are :  (1)  Boyle's  law — that,  in  a  given  mass  of  any  gas 
kept  at  constant  temperature,  the  pressure  per  unit  of 
area  upon  the  containing  surface  increases  in  the  same 
proportion  as  the  volume  occupied  by  the  gas  is  di¬ 
minished,  or  at  least  with  very  slight  deviation  from 
exact  proportionality  ;  (2)  Charles's  law — that,  if  the 
temperature  be  varied  while  the  pressure  upon  the  gas 
remains  the  same,  the  gas  increases  by  ?|7d  of  its 
volume  at  zero  centigrade  for  every  degree  of  centi¬ 
grade  added  to  the  temperature,  or,  which  in  combi¬ 
nation  with  Boyle’s  law  is  the  same  thing,  that  if  the 
density  be  constant,  the  pressure  is  directly  propor¬ 
tional  to  the  temperature  measured  from  the  point 
— 273°  Centigrade,  this  point  being  called  the  zero  of 
absolute  temperature  ;  (3)  Avogadro' s  law — which  as¬ 
serts  that  all  gases  at  the  same  temperature  and  pres¬ 
sure  contain  the  same  number  of  molecules  in  the  same 
volume ;  and  (4)  Dalton's  law — that  in  a  mixture  of 
different  gases,  when  there  is  equilibrium,  each  gas  be¬ 
haves  as  a  vacuum  to  all  the  rest. 

It  was  at  one  time  considered  that  these  phenom¬ 
ena  might  be  explained  on  the  hypothesis  of  mutual 
repulsive  forces  between  the  parts  of  which  the  gas  is 
composed,  whether  they  were  regarded  as  constituted 
of  molecules  or  of  infinitely  divisible  continuous  mat¬ 
ter,1  but  it  has  been  shown  in  the  article  Atom 
(vol.  iii. ,  p.  35  sq .)  that  there  ase  at  least  two  absolutely 
conclusive  reasons  why  this  explanation  cannot  be  ac¬ 
cepted.  These  objections,  together  with  the  experi¬ 
mental  fact  proved  by  Joule  that  gases,  or  at  anyrate 
atmospheric  air,  expand  into  vacuum  with  scarcely 
any  appreciable  change  of  temperature,  must  be  con¬ 
sidered  fatal  to  any  mutual-force  theory  of  gaseous  ac¬ 
tion,  and,  accordingly,  physicists  have  been  driven  to 
seek  for  other  methods  of  explaining  these  laws.  The 
explanation  which  has  been  more  developed  than  any 
other  is  that  known  as  the  kinetic  theory  of  gases, 
which  regards  the  intrinsic  energy  of  a  gaseous  mass 
as  residing,  not  in  the  potential  energy  of  intermolecu- 
lar  forces,  but  mainly  in  the  kinetic  energy  of  the 
molecules  themselves,  which  are  assumed  to  be  in  a 
state  of  continual  relative  velocity,  admitting  at  the 
same  time  a  possible  small  intermolecular  potential 
energy,  and  it  may  be  also  an  interatomic  energy,  be- 

*■  An  argument  in  favor  of  the  molecular  constitution  of  gases 
to  which  attention  was  first  called  by  Professor  Osborne  Reynolds 
(Memoir  “  On  some  Dimensional  Properties  of  Matter  in  the  Gas¬ 
eous  State,”  Phil.  Trans.,  1879),  is  derived  from  certain  phenomena 
observed  in  highly-rarefied  gases,  and  in  the  transpiration  of 

gases  through  porous  plates.  If,  according  to  this  argument,  we 
ad  in  a  gas  to  do  with  a  continuous  plenum,  such  that  every 
portion  must  possess  the  same  properties,  then  these  properties 
must  exist  independently  of  the  amount  of  gas  contained  in  any 
space,  although  their  sensible  effects  might  be  increased  or  di¬ 
minished  by  a  variation  in  that  amount.  If,  then,  we  can  find 
properties  of  a  gas  depending  on  the  size  of  the  space  in  which  it 
is  inclosed,  and  on  the  quantity  of  gas  inclosed  In  this  space,  we 
have  proof  that  gas  is  not  continuous— in  other  words,  possesses 
dimensional  structure.  Such  properties  we  do  find  in  highly- 
rarefied  gases,  as,  for  instance,  in  the  phenomena  of  Crooke’s  ra¬ 
diometer.  The  motion  of  the  vanes  when  one  side  is  heated  by 
incident  rays  appears  to  depend  on  the  distance  between  the 
vane  and  the  containing  walls  of  the  vessel  bearing  some  not 
very  high  ratio  to  the  distance  between  the  particles  or  molecules 
of  the  gas.  At  least  no  satisfactory  explanation  of  the  phenom¬ 
ena  consistent  with  the  gas  being  continuous  has  yet  been  sug¬ 
gested. 

Again,  Professor  0.  Reynolds,  from  his  experiments  on  the 
transpiration  of  gases  through  a  porous  plate,  finds  a  relation  be¬ 
tween  the  gas  and  the  coarseness  or  fineness  of  the  plate,  which 
would  not  exist  were  the  gas  continuous. 
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tween  the  atoms  of  the  individual  molecules.  That 
some  such  persistent  relative  motion  does  exist  in 
every  gaseous  mass  is  evident  from  the  rapidity  with 
which  odors  penetrate  the  stillest  air  where  no  breath 
ot  wind — that  is,  of  absolute  motion  of  translation  of 
the  mass  as  a  whole  or  any  portion  of  finite  size — is 
perceptible.  It  becomes  an  interesting  question 
whether  the  laws  ol  mechanics  admit  of  a  mass  thus 
constituted  ever  arriving  at  a  state  of  permanence; 
that  is  to  say,  whether,  consistently  with  the  hypothe¬ 
sis  of  infinite  irregularities  in  the  directions  arid  mag¬ 
nitudes  of  velocities  of  individual  molecules,  there  may 
be  found  any  properties  of  the  mass  in  the  aggregate 
which  remain  constant,  and  in  agreement  with  the  ac¬ 
cepted  laws  common  to  all  gases.  Now  the  physical 
theory  of  heat  compels  us  to  regard  the  intrinsic  en¬ 
ergy  of  any  gaseous  mass  as  dependent  entirely  or 
almost  entirely  upon  the  temperature.  If,  therefore, 
this  intrinsic  energy  is  to  be  sought  for  in  the  kinetic 
energy  of  the  moving  molecules,  it  follows  that  the 
average  value  of  the  kinetic  energy  of  the  molecules 
taken  throughout  the  mass  must  be  also  a  function  of 
the  temperature. 

We  will  proceed  to  investigate  the  condition  of  per¬ 
manence  of  a  number  of  molecules  moving  about 
irregularly  in  any  bounded  space  ;  and,  for  simplicity’s 
sake,  we  shall  first  of  all  restrict  ourselves  to  the  case 
of  monatomic  molecules. 

We  know  nothing  of  the  size  or  shape  of  these 
atoms,  except  that  the  volume  of  each  one  must  be 
incomparably  smaller  than  that  of  the  containing  re¬ 
gion.  In  shape  we  shall,  as  the  simplest  hypothesis, 
regard  them  as  spherical.  We  shall  suppose  that 
there  are  no  intermolecular  forces  between  any  two 
such  atoms,  except  of  such  a  nature  as  to  be  practi¬ 
cally  insensible  when  the  atoms  are  not  geometrically 
in  contact,  and  similarly  as  regards  the  forces  between 
the  atoms  and  the  material  bounding  surface,  such 
forces  being  of  the  nature  called  “conservative.”  So 
that  in  point  of  fact  we  are  investigating  the  mechan¬ 
ical  properties  of  an  infinitely  large  number  of  infin¬ 
itely  small  and  perfectly  elastic  spheres  moving  about 
in  a  given  region  and  subject  to  frequent  collisions. 

Problem. — A  very  large  number  of  smooth  elastic  spheres, 
equal  in  every  respect,  are  in  motion  within  a  region  of  space  of 
given  volume,  and  therefore  occasionally  impinge  upon  each  other 
with  various  degrees  of  relative  velocity  and  in  various  relative 
directions  ;  required  to  find  the  law  of  distribution  of  velocities 
in  order  that  such  distribution  may  be  permanent. 

Let  N  be  the  total  number  of  spheres,  and  let 

X  (it,  v,  w)  du  dv  dw 

be  the  number  of  spheres  whose  component  velocities,  par¬ 
allel  to  the  axes,  are  intermediate  between  u  and  u  -f-  du,  v 
and  w  and  w-\-dw  respectively. 

If  c  be  the  resultant  velocity  of  any  of  these  last-men¬ 
tioned  spheres,  and  if  0  be  the  inclination  of  c  to  the  axis 
of  z,  and  <(<  that  of  the  plane  cz  to  the  plane  xz,  the  last- 
mentioned  expression  will  become,  by  changes  of  the  inde¬ 
pendent  variables  from  x,  y,  z,  to  9,  <p,  and  c, 

X  ( u ,  v,  id)  c 2  sin  9  d9  d<p  dc. 

Let  a  spherical  surface  of  radius  unity  be  described  about 
any  origin  as  centre,  and  let  da  be  written  for  the  element 
sin  9  d9  dip  on  this  surface,  then  the  last-written  expression 
becomes 

X  (u,  v,  w)  c 2  dc  da. 

Since  for  the  same  magnitude  of  the  resultant  velocities 
all  directions  of  motion  must  be  equally  probable,  it  follows 
that  the  coefficient  of  dc  da  in  the  last  written  expression 
must  be  a  function  of  c  only,  and  therefore  the  number  of 
spheres  having  component  velocities  between  u  and  it  -f- 
du,  v  and  v  -f -dv,  w  and  w -J- dw,  must  be 
(c)  du  dv  dw. 

It  is  required  to  find  the  form  of  ^  in  order  that  the 
value  of  this  expression  may  be  unaffected  by  collisions. 
The  solution  is,  that  the  number  of  spheres  with  component 
velocities  between  the  limits  it  and  it  -j-  du,  v  and  v  -j-  dv,  w 
and  w  -}-  dw  must  be 

-4e  ^ H  du  dv  dw ; 
or  Ae  ~  hc 2  c2  dc  da, 

employing  the  notation  already  used. 


Integrating  with  respect  to  da  from  0  to  4a,  we  find  for 
the  number  of  spheres  with  velocities  between  c  and  c-j-dc 
the  expression 

4t  Ae  dc. 

Again,  since  the  number  with  component  velocities  be¬ 
tween  it  and  it  -f-  du,  v  and  v  -j-  dv,  w  and  w  -f-  dw  is 
Ae-h  W  +  v*  +  w>)  dudvdw> 

or  (l yje-^du)  (fJe~^dv)  {f'Ae-hw2  dw), 

it  follows  that  the  number  of  spheres  having  velocities  in¬ 
termediate  between  it  and  u  -j-  du  parallel  to  the  x  axis  is 

-  hw 2 


Ae~htt 2  du 


e-Kl  v  f 

oo  oo 

^Ae~hni  du, 
h 


dw; 


that  is, 

where  A  is  to  be  determined  by  the  equations 
~A  C  e~^u2  du  =  N, 

h  J  rr. 


or 


therefore 


A^  =  N; 
hi 

a  —  -NM  . 
A—  — 


that  is  to  say,  the  number  of  spheres  having  velocities  be¬ 
tween  c  and  c  — j-  dc  is 

4hi  ,  , 

7=-Ne-  hc  dc. 

V  a 

Multiplying  this  expression  by  c,  and  integrating  the  prod¬ 
uct  with  regard  to  c  from  0  to  oo ,  and  dividing  by  N,  the 
meau  velocity  for  all  the  spheres  becomes 

2 

Vldi  ’ 


and  multiplying  by  c2  instead  of  by  c,  we  find  the  mean 
square  of  all  the  velocities  to  be 

3^ 

2  h’ 

In  the  preceding  investigation  no  account  has  been  taken 
of  collisions  between  the  spheres  and  the  inclosing  bound¬ 
ary  of  the  region  in  which  they  are  contained,  because  in 
every  such  collision  the  magnitude  of  the  velocity  of  each 
sphere  is  unaltered  and  its  direction  is  changed  according 
to  the  ordinary  law  of  reflection,  whence  it  is  evident  that 
the  distribution  is  unaffected  by  such  collisions.  Also,  the 
investigation  has  been  confined  to  the  cases  of  spheres 
colliding  in  pairs,  but  since  there  need  be  no  limit  to  the 
smallness  of  the  interval  between  any  pair  of  collisions  the 
result  really  embraces  the  cases  of  simultaneous  collisions 
between  three  or  more  spheres;  for  if  a  sphere  A  collides 
with  another  B,  and  immediately  afterwards  with  a  third 
C,  the  resultant  velocity  of  A  after  this  second  collision 
must  be  the  same  as  if  it  had  collided  with  B  and  C  simul¬ 
taneously. 

The  foregoing  investigation  has  been  giveu  in  some  de¬ 
tail  because  the  principles  upon  which  it  proceeds  are  essen¬ 
tially  the  same  as  those'  by  which  all  questions  of  the  dis¬ 
tribution  of  energy  among  a  great  number  of  moving 
bodies  are  determined,  although  it  may  be  found,  as  well 
as  the  detailed  investigations  of  the  results  immediately 
following,  in  published  memoirs  and  systematic  treatises 
on  the  kinetic  theory  of  gases. 

If  the  spheres  be  not  all  of  equal  mass,  but  if  there  be 
within  the  region  N spheres  of  mass  m,  N’  of  mass  to',  and  so 
on,  then  it  may  be  proved,  by  reasoning  exactly  similar  to 
the  foregoing,  that  when  the  permanent  or  stable  state  of 
motion  has  been  attained  the  number  of  spheres  of  the  N 
set  with  component  velocities  between  it  and  u-\-du,  v  and 
v-j-dv,  w  and  ic-f-dia  is 

him? 

Ae  %  du  dv  dw, 

and  the  number  of  the  N'  set  having  component  velocities 
between  it'  and  it'  -f-  du',  v'  and  v'  -f-  dv',  w'  and  w'  -)-  dw',  is 
hm'c'2 

A'e  ~  du'  dv'  dw', 

where  c2  =  it2  -f-  v2  -}-  w2,  c'2  =tt's  -J-  a'2  +  w'2,  h  is  a  constant 
the  same  for  both  sets,  and 

a=N  /mh_ \§  N'  (m’h\  f 

a  W  ;  ■  A  Kr)  • 

and  so  on  if  there  be  any  other  sets. 

The  mean  velocity  and  meau  square  velocity  of  each 
sphere  of  the  N  set  are 
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— PE  and  _3_  respectively, 

Vi r  \  mh  mh 

and  the  mean  kinetic  energy  of  each  of  such  spheres  is 

3 

2  h’ 

the  last  result  being  common  to  all  the  sets. 

If  the  spheres  in  the  given  region  be  acted  on  by  any 
given  forces  tending  to  fixed  centres,  and  functions  of  the 
distances  of  the  centres  of  the  spheres  from  the  centres  of 
force,  we  may  not  in  such  case  assume,  a  priori,  that  the 
chances  of  velocities  in  all  directions  are  the  same ;  but  we 
may  assume  that  the  number  of  spheres  of  any  set  ( N ) 
with  coordinates  of  their  centres  intermediate  between  x 
and  x  -f-  dx,  y  and  y-\-dy,  z  and  z  -(-  dz,  and  component  veloc¬ 
ities  intermediate  between  u  and  u  -f-  du,  v  and  v-j-dv,  w 
and  iv  dw,  is 

i p  (x,  y,  z,  u,  v,  w)  dx  dy  dz  du  dv  dw. 

In  the  state  of  permanence  the  form  of  must  be  inde¬ 
pendent  of  the  time  (<),  so  long  as  the  sphere  is  moving  free 
from  collisions  with  any  other. 

From  the  last-mentioned  condition  it  must  follow  that, 
if  <pi  =ai,  <Pi  =(i2,  etc.,  be  any  equations  among  the  varia¬ 
bles  determining  the  position  and  motion  of  any  sphere  ob¬ 
tained  by  the  elimination  of  t  from  the  equations  of  motion 
of  that  sphere,  then  must  be  of  the  form  (<Pu  <Pi,  etc.). 
With  the  assumption,  then,  that  the  number  of  spheres  of 
the  given  set  with  variables  between  the  above-mentioned 
limits  is 

<//  {<l> i,  dx...dw, 

we  find  for  the  form  of  d,  by  reasoning  like  the  foregoing, 
~h 

Ae  \  ~  / ,  where  x  is  the  potential  energy  of  the 

sphere  in  the  position  x,  y,  z,  and  c2  =  u2  -|-  vl  -j-  w2,  and  h 
is  a  constant,  the  same  for  all  the  sets. 

f, 

If  we  integrate  the  expression  Ae  \  *  /dx  dy  dz 

du  dv  dw  for  all  values  of  x,  y,  z  within  the  given  region,  we 
find  for  the  number  of  spheres  of  any  set  with  component 
velocities  between  u  and  u  -j-  du,  v  and  v  -j-  dv,  w  and  w  -f-  dw, 
kmc 2 
2~ 


Be 


du  dv  dw. 


whence  we  easily  see  that  the  chances  of  velocities  in  all 
directions  are  the  same,  and  that  the  mean  velocity  and 

2V^2t 

mean  square  velocity  of  any  sphere  of  this  set  are 

o 

and - respectively,  and  the  mean  kinetic  energy  of  any 

mh 

3 

such  sphere  is  — ,  and  therefore  the  same  for  all  the  sets. 

21i 

Furthermore,  if  we  integrate  the  expression 

-» (*+’■£) 

Ae  \  /  dx  dy  dz  du  dv  dw 

for  all  values  of  u,  v,  and  w  from  -  oo  to  -|-  oo  respectively, 

we  obtain  a  result  of  the  form  Ce  ~  dx  dy  dz,  and  there¬ 
fore  the  number  of  spheres  of  the  set  in  question  with  cen¬ 
tres  within  the  elementary  volume  dx  dy  dz,  or,  what  is  the 
same  thing  with  the  exception  of  a  constant  factor,  the 
chance  of  the  centre  of  any  sphere  of  that  set  being  within 

that  elementary  volume,  is  Ce  ~  **  dxdydz,  so  that  the  den¬ 
sity  of  the  Wset  of  matter  in  the  neighborhood  of  the  point 
x,  y,  z  is  mCe~ 

We  are  now  in  a  position  to  compare  the  physical  proper¬ 
ties  of  a  medium  composed  of  monatomic  molecules  in  mo¬ 
tion,  and  free  from  any  intermolecular  or  interatomic  forces 
with  those  of  ordinary  gases,  so  long  at  least  as  the  atoms 
are  spherical. 

Consider  two  contiguous  portions  of  such  a  medium  sepa¬ 
rated  by  any  plane  parallel  to  that  of  yz,  and,  since  the  dis¬ 
tribution  and  motion  of  each  set  of  spheres  is  independent 
of  all  the  other  sets,  let  us  confine  our  attention  to  the 
spheres  of  the  N  set.  Suppose  that  there  are  N  such  spheres 
per  unit  volume  in  the  neighborhood  of  the  point  x,  y,  z, 
whose  component  velocities  parallel  to  the  axis  of  x  are  be¬ 
tween  M  and  «  -j-  du.  The  number  of  these  spheres  which 
cross  the  elementary  area  dy  dz  in  time  dt  will  be  the  same 
as  the  number  of  the  dN  spheres  whose  centres  are  situated 
within  the  elementary  parallelopiped  dx  dy  dz,  in  which  dx 
is  equal  to  udt,  and  this  number  is 
Nu  dy  dz  dt. 

Each  of  these  spheres  carries  across  with  it  a  momentum 


parallel  to  x  equal  to  mu  ,*  the  total  momentum  parallel  to 
x  transferred  across  dy  dz  in  time  dt  is  therefore 
mNu2  dy  dz  dt. 

If  m  be  positive,  this  is  positive  momentum  transferred  from 
the  negative  to  the  positive  side  of  the  plane  y  z ;  and  if  n 
be  negative,  this  is  negative  momentum  similarly  trans¬ 
ferred  from  the  positive  to  the  negative  side  of  that  plane. 
In  either  case  it  follows  that  by  the  mere  motion  of  these 
spheres  across  the  area  dy  dz  the  positive  momentum  paral¬ 
lel  to  the  axis  of  x  is  diminished  by  the  quantity  mNu 1  dy 
dz  dt  on  the  negative  side  of  the  plane  y  z,  and  increased 
by  the  same  quantity  on  the  positive  side  of  that  plane  in 
the  time  dt ;  m  being,  as  before,  the  mass  of  each  sphere. 
Hence,  on  the  whole,  there  is  a  transference  of  positive  x 
momentum  in  the  time  dt  across  the  area  dy  dz  equal  to  mdy 

dz  dt  S  u2N  ;  that  is,  equal  to 

-oo 

dy  dz  dt  pw2, 

where  p  is  the  density  of  the  N  matter  at  the  point  x,  y,  z, 
and  M2  is  the  mean  square  of  the  x  velocities. 

But  either  by  integration  or  general  reasoning  it  is  easily 

seen  that  m2  =V  ,  where  v2  is  the  mean  square  of  the  re- 
3 

sultant  velocities  of  the  N  spheres,  and  is  equal,  as  we  have 
proved,  to 

J5 

mh  ’ 

Therefore,  there  is  a  transference  of  positive  momentum 
from  the  negative  to  the  positive  side  of  the  plane  y  z  across 
the  area  dy  dz  in  time  dt  equal  to 
p  dy  dz  dt 
mh 

Each  separate  sphere  whose  component  velocities  are  «,  v, 
and  w  carries  across  the  same  area  y  and  z  momenta  equal 
to  mv  and  mw  respectively,  so  that  in  the  time  dt  there  are 
carried  across  the  area  dy  dz  y  and  z  momenta  equal  to  Zmuv 
dy  dz  dt  and  Zmuw  dy  dz  dt,  respectively.  By  symmetry  it  is 
clear  that  Ymuv  and  Zrnuw  are  separately  zero.  Therefore, 
the  resultant  mutual  actions  of  the  two  portions  of  the 
medium  under  consideration  in  the  time  dt  is  the  transfer¬ 
ence  across  the  elementary  area  dy  dz  of  a  quantity  of  x 

v2 

momentum  equal  to  pdy  dz  dt  —  from  the  negative  to  the 

3 

positive  side  of  the  bounding  plane.  If  this  mutual  action, 
or,  as  it  is  generally  called,  “  pressure,”  when  referred  to  unit 
of  surface,  be  denoted  by  the  symbol  p,  we  get  the  equation 


or 


v2 

p  dy  dz  dt  —  pdy  dz  dt  -g-  > 


v3 

P  =  P3~  = 


P 

mh 


Since  the  momenta  parallel  to  y  and  s  remain  unaltered, 
it  follows  that  the  mutual  action  or  pressure  between  con¬ 
tiguous  portions  of  the  medium  in  the  neighborhood  of  any 
point  is  normal  to  the  bounding  surface  at  that  point.  Since 


also  the  expression  for  p  or  is  independent  of  the  direction 

of  the  x  axis,  it  follows  that  the  pressure  at  any  point  of  the 
medium  is  the  same  in  all  directions. 

If  the  contiguous  portions  of  the  medium  be  separated  by 
a  material  instead  of  an  ideal  plane,  it  will  be  necessary  for 
the  maintenance  of  equilibrium  that  there  should  bean  ac¬ 
tion  between  this  plane  and  the  adjacent  medium,  equiva¬ 
lent  to  the  transference  of  momentum,  estimated  above  ;  but 
action  measured  by  the  rate  per  unit  of  time  at  which  mo¬ 
mentum  is  generated  constitutes  moving  force  or  statical 
pressure.  Hence  the  force  or  pressure  between  the  plane 
and  medium  is  normal  to  the  plane,  independent  of  the 
direction  of  the  plane  through  the  point,  and  equal  to  the 


value  of  at  the  point. 
mh 


When  several  sets  of  spheres  are  present  together  in  the 
region  under  consideration,  the  distribution  of  the  centres 
and  of  the  velocities  of  each  set  is,  as  we  have  seen,  inde¬ 
pendent  of  the  coexistence  of  the  other  sets.  If,  therefore, 
Pi,  pi,  etc.,  be  the  densities  of  the  matter  of  the  different  sets 
in  the  neighborhood  of  the  point  x,  y,  z.  and  if  pi,  p2,  etc.,  be 
the  pressures  at  that  point  defined  as  above,  and  if  mi,  mi, 
etc.,  be  the  masses  of  the  spheres  of  each  of  the  sets,  and  p 
the  total  pressure,  we  get 

p=pi  -j-ps-f-d'C. 


“T&+ 


Pi 

mh 


-f  etc. 


636 


MOLECULE. 


Hence  we  arrive  at  the  following  conclusions:  (1)  there 
is  one  physical  quantity  having  the  same  value  for  every 
set  of  spheres — namely,  the  mean  kinetic  energy  of  each 
3 

sphere,  or  ^ ;  let  this  quantity  be  called  r ;  (2)  the  distribu¬ 


tion  of  the  positions  and  velocities  of  the  spheres  of  each 
set  is  independent  of  the  co-existence  of  the  remaining  sets, 
and  is  in  all  respects  the  same  as  if  that  particular  set  ex¬ 
isted  alone  in  the  region  considered ;  (3)  the  pressure  at  any 
point  referred  to  unit  of  surface  at  any  point  of  the  medium 


arising  from  the  action  of  any  one  of  the  sets  is  7~-pr,  where 


P  is  the  density  of  that  particular  set  at  the  point  in  question, 
and  r  is  the  physical  quantity  above  referred  to  as  common 
to  all  the  sets. 

This  third  inference  may  be  expanded  into  the  following 
three  laws :  (a)  if  r  be  kept  constant,  then  the  pressure  aris¬ 
ing  from  each  set  varies  as  the  density  of  that  set ;  (p)  if  p 
be  kept  constant,  then  the  pressure  from  each  set  varies  as 
r;  (y)  if  the  pressures  for  all  the  sets  be  the  same,  then 


p_ 

m 


is  also  the  same,  or  the  number  of  spheres  per  unit  vol¬ 


ume  is  the  same. 

Now  suppose  there  is  a  mixture  of  any  number  of  gases 
in  any  region ;  when  there  is  equilibrium  there  is  one  physi¬ 
cal  quantity,  namely,  temperature,  which  is  the  same  for 
all ;  the  intrinsic  energy  of  this  mixture  depends,  as  we 
know,  upon  its  temperature,  and  the  energy  of  these  mov¬ 
ing  spheres  is  entirely  kinetic,  and  may  be  conceived,  there¬ 
fore,  to  be  a  function  of  the  mean  vis  viva.  Let  us  then 
assume  that  in  this  medium  of  moving  spheres  we  have  a 
representation  of  a  mass  of  gases,  and  that  what  is  called  the 
temperature  of  the  gaseous  mass  is  nothing  else  than  the  r 
or  mean  kinetic  energy  of  each  moviug  sphere.  Then,  with 
this  assumption,  the  three  parts  (a,  /3,  y)  of  inference  (3) 
above  correspond  to  the  gaseous  laws  connected  with  the 
names  of  Boyle,  Charles,  and  Avogadro  respectively,  and  in¬ 
ference  (2)  corresponds  with  the  law  of  Dalton  concerning 
gaseous  mixtures. 

We  may  also  deduce  the  ordinary  hydrostatical  equations 
of  equilibrium  from  the  formulae  which  we  have  ob¬ 
tained. 

For,  since  these  equations  give  us 

p  =  ,  and  p  =  mBe  , 

mh 


we  get 

^£  =  -p-^  =  pX,  and  ~  =  - mX, 
dx  dx  dx 

and  similarly 

^-  =  ?Y,  =  PZ , 

ay  dz 

where  X,  Y,  and  Z  are  the  component  impressed  forces,  or 
the  negatives  of  the  space  variations  of  x  along  the  coordi¬ 
nate  axes. 

So  far,  therefore,  the  physical  properties  of  a  perfect  gas 
or  mixture  of  such  gases  correspond,  in  all  respects,  with 
the  physical  properties  of  a  medium  consisting  of  a  set  of 
elastic  spheres,  or  of  a  mixture  of  sets  of  such  spheres,  with 
the  sole  assumption  that  the  physical  property  termed  temr 
perature,  in  the  case  of  the  gas,  corresponds  to,  or  is  repre¬ 
sented  by,  the  mean  kinetic  energy  of  each  of  the  spheres, 
and  that  each  sphere  represents  the  chemical  atom. 

There  are,  however,  physical  properties  of  gases  which 
this  theory  fails  to  explain.  The  most  important  of  these 
is  the  ratio  of  the  specific  heats  at  constant  volume  and 
constant  temperature  respectively.  The  specific  heat  of 
gas  expanding  while  being  heated  under  a  constant  pres¬ 
sure  is  greater  than  that  of  gas  heated  with  a  constant  vol¬ 
ume,  as  when  it  is  contained  in  a  rigid  vessel,  for  the  obvi¬ 
ous  physical  reason  that  in  the  former  case  a  portion  of  the 
heat  is  converted  into  mechanical  work,  namely,  that  per¬ 
formed  by  the  expansion  under  the  constant  pressure. 
This  ratio  of  the  specific  heat  of  gas  under  constant  pressure 
to  the  specific  heat  with  constant  volume  has  been  deter¬ 
mined  for  many  gases  with  great  accuracy,  chiefly  from 
observations  of  the  velocity  of  sound  in  such  gases,  in 
which  velocity  the  value  of  this  ratio  bears  a  very  impor¬ 
tant  part. 

Now,  on  the  assumption  of  the  gas  being  constituted  of  a 
number  of  elastic  spheres  in  rapid  but  irregular  motion 
among  each  other,  and  the  physical  property  of  temperature 
being  represented  or  measured  by  the  mean  vis  viva  of  each 
sphere,  the  ratio  of  these  specific  heats  must  be  exactly  1|. 

For,  if  v  be  the  volume  occupied  by  a  unit  of  mass  of  this 
moving  sphere  medium,  and  r  the  number  of  spheres  to  the 
unit  mass,  and  if  p  be  the  density,  it  follows  that 


rm  —  pv  —  1. 


Also  we  know  that  p,  the  pressure  referred  to  unit  sur¬ 
face,  is  given  by  the  equation 


where  r  is  the  mean  vis  viva.  If  now  r  increase  from 
r  to  t-(-  <5r,  while  v  remains  constant,  the  increase  of  in¬ 
trinsic  energy  must  be,  from  definition,  r&r.  Also  if  there 
be  a  similar  change  in  r  without  the  restriction  of  v  being 
constant,  but  supposing  p  to  be  constant,  there  is  external 
mechanical  work  performed  equal  to  p&v,  where  6v  is  the 
increase  of  volume.  Also 


and  therefore  the  wnole  energy  required  to  be  supplied, 
from  without  must  be  in  this  case 


rSr  -I-  —  r<5r. 

1  3 


Or  the  ratio  of  the  energies  to  he  supplied  from  without,  in 
order  that  the  mean  vis  viva  of  the  moving  sphere  medium 
should  be  increased  by  the  same  amount  in  the  two  cases 
respectively,  becomes 

r- f-  —  r 
3 

- ~r - >  or  If 


If  therefore  the  gaseous  mass  be  adequately  represented  by 
the  moving  sphere  medium,  the  ratio  of  the  specific^heats 
must  be 

Mercury  vapor  is  the  only  gas  for  which  the  ratio  has  so 
large  a  value  as  this.  Several  of  the  more  permanent 
gases  have  the  ratio  equal  to  1.408,  while  in  others  it  falls 
as  low  as  1.26.  The  value  for  mercury  vapor,  as  determined 
by  Kundt  and  Warburg  ( Poggendorff ,  clvii.  353),  is  between 
1.695  and  1.631,  the  mean  of  all  the  observations  being  some¬ 
what  under  1.6.  If  any  value  above  1.6  be  insisted  on  it 
will  be  impossible  to  retain  the  theory  as  above  enunciated. 
In  point  of  fact  we  may  say,  in  anticipation  of  what  has 
yet  to  come,  that  there  is  no  modification  of  the  kinetic 
theory  as  hitherto  treated  which  could  give  a  higher  value 
for  the  ratio  in  question  than  1§. 

It  follows  from  what  has  been  proved  that  either  all 
known  gases  and  vapors,  except  the  vapor  of  mercury,  and 
perhaps  cadmium,  must  be  polyatomic,  or  else  that  the  at¬ 
tempts  to  explain  the  constitution  of  gases  by  the  kinetic 
theory  must  be  abandoned.  We  must  therefore  proceed 
further  to  investigate  the  physical  properties  of  a  medium 
consisting  of  compound  atoms  or  molecules  built  up  of 
atoms  in  any  definite  arrangement,  such  molecules  being  in 
a  condition  of  irregular  motion  among  themselves,  such  as 
we  have  supposed  in  the  cases  of  the  spherical  atoms  hith¬ 
erto  considered. 

It  will  be  observed,  on  reference  to  the  cases  of  the 
spheres  hitherto  investigated,  that,  whether  there  be  forces 
to  fixed  centres  in  action  on  the  medium  or  not,  the  chance 
of  any  sphere  having  the  coordinates  of  its  centre  and  its 
component  velocities  between  x  and  x  -f-  dx,  y  and  y  -f  dy,  z 
and  z  -j—  dz,  u  and  u  4-  du,  v  and  v  -f-  dv,  w  and  w  -f  -  dw,  is  propor- 
—JiE 

tional  to  e  decdy  dz  du  dv  dw,  where  E  is  the  total  energy, 
kinetic  and  potential,  of  the  sphere  in  the  state  of  position 
and  motion  defined  by  x,  y,  z,  u,  v,  w. 

We  may  generalize  this  proposition,  and  prove  that  when 
the  sphere  is  replaced  by  a  molecule  of  any  shape  and  con¬ 
stitution,  so  as  to  be  defined  as  to  position  and  motion  by  r 
generalized  coordinates  qi...qr  with  their  corresponding  mo¬ 
menta  pi—pr,  the  chances  of  the  molecule  having  its  defin¬ 
ing  variables  between  the  limits  q\  and  qi-\-dqi...pr  and 
Pr-f ~dpT,  or,  what  is  the  same  thing,  the  number  of  such 
molecules  at  any  time  with  variables  thus  limited,  whether 
there  be  forces  to  fixed  centres  or  not,  and  whether  inter¬ 
atomic  forces  or  intermolecular  forces  are  or  are  not  in 
action  on  the  molecular  aggregate,  is  proportional  to 

e~hE*  dqi...dpt, 

where  h  is  a  constant,  the  same  for  all  molecules,  and 
Er  is  the  total  energy,  kinetic  and  potential,  of  the  mole¬ 
cule  in  the  free  state  as  to  position  and  motion,  the  poten¬ 
tial  energy  being  that  of  the  fixed  centre  forces  on  the 
molecule,  together  with  that  of  its  interatomic  forces,  in 
the  given  position. 

The  problem  before  us  may  be  stated  thus : 

A  number  of  similar  molecules  possessing  in  the  whole  n 
degrees  of  freedom,  where  n  is  very  large,  are  in  motion  in 
a  region  of  space  bounded  by  a  material  envelope,  under 
the  action  either  of  forces  to  fixed  centres  (called  external 
forces)  or  of  forces  between  different  molecules  and  differ¬ 
ent  parts  of  the  same  molecule,  as  %ell  as  by  forces  between 
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the  fixed  boundary  and  the  contained  molecules,  all  of  them 
conservative,  so  that  the  total  energy,  kinetic  and  potential, 
of  the  aggregate  remains  always  the  same ;  it  is  required  to 
find  the  chance  of  a  group  of  any  one  or  more  molecules 
possessing  in  the  whole  r  degrees  of  freedom,  defined  by 
the  coordinates  qi—qr  and  momenta  p\--pr,  where  r  is  small 
compared  with  n,  having  its  variables  between  the  limits  qi 
and  qi  -j-  dq\...pr  and  pr  +  dpr. 

We  might  start  with  the  assumption  made  above  in  the 
case  of  the  spheres  under  central  forces,  that  this  chance 
must  be  of  the  form 

xp  (0i,  02,  etc.)  dqi...dpr, 

where  0i  ==  ai,  02  ~  «2,  etc.,  are  obtained  by  the  elimination 
of  t  between  the  equations  of  motion  of  the  r  group  under 
the  fixed  centre  and  boundary  forces  and  those  between  its 
component  atoms,  because  there  is  nothing  in  the  concep¬ 
tion  of  a  molecule  beyond  that  of  a  system  with  a  number 
of  degrees,  of  freedom,  and  under  internal  forces ;  and  in 
this  case,  considering  the  generality  of  the  assumption  as 
to  the  external  forces,  it  would  be  impossible  to  conceive 
the  existence  of  any  general  equation,  independent  of  the 
time,  between  the  variables,  except  that  of  the  conservation 
of  energy,  so  that  the  chance  in  question  becomes 

Xp  (Er)  dqi...dpT, 

where  Er  is  above  defined,  and  it  remains  to  determine  the 
form  of  xp. 

If  we  considered  a  second  group  of  one  or  more  molecules 
containing  s  degrees  of  freedom  (where  s  may  or  may  not  be 
equal  to  r,  but,  like  r,  is  much  smaller  than  w),and  defined 
by  the  coordinates  and  momenta  gr+i...gr+s,  Pr+yPr+», 
then  the  two  groups  together  contain  r-f-$  degrees  of  free¬ 
dom  defined  by  the  variables  qi~.pr+„  and  since  r-|-s  is 
small  compared  with  n,  the  chance  of  this  group  having  its 
variables  between  gi  and  gi  +  dgi...pr+,  and  pr+g  -f  dpr+s 
must  be 

xp  (Er+I)  dqi...dpr+s. 

But  this  chance  must  be  equal  to  the  chance  of  the  r  group 
being  fixed  in  the  state  gi,  gi  +  dqi...pr,  pr-\-dpr,  multiplied 
by  the  chance  of  the  remaining  s  group  being  in  the  state 
qT+v  qr+1+dqr+v..pr+„  pr+g+dpT+B,  where  the  r  group 

are  so  fixed. 

Now  to  find  this  latter  chance  we  observe  that  it  is  the 
chance  of  the  s  group  being  in  their  required  limits  of  po¬ 
sition  and  motion,  when  the  internal  forces  between  the  r  and 
s  group  become  forces  between  the  s  group  and  fixed 
centres. 

If  the  total  kinetic  energy  of  the  r  group  in  their  given 
state  be  Tr,  and  that  of  the  r-f-s  group  be  Tr+8,  the  total 
kinetic  energy  of  the  s  group  must  be  Tr+.~  Tr- 

Also  if  the  total  potential  energy  of  the  r-j-s  group  un¬ 
der  the  influence  of  all  forces  be  x^^  this  is  made  up 
of — 

(1)  xr,  the  potential  energy  of  the  r  group  to  fixed  centres, 

and  of  its  internal  forces ; 

(2)  xs,  similarly  taken  for  the  s  group ;  and 

(3) rXf,  the  potential  energy  of  the  r  and  s  group  forces. 
And  when  the  r  group  is  fixed  the  potential  energy  of  the  s 
group  is  reduced  to  (2)  and  (3),  or  is  xr_i_8  -  Xr. 

Therefore  l£e  chance  of  the  s  group  having  its  variables 
within  the  required  limits  when  the  r  group  is  fixed  must  be 

xp  {Er+e-Er)  dqr+1...dpr+t. 

Therefore 

xp{Er)  xp  ( Er+,  -  Er)dq1...dpr+S=xp  (Er+I)  dqi...dpr+t> 
or  xp  (Er)  xp  {Er+t- Er)  =tp-(Er+t). 

Therefore  xp  ( % )  ==  e  @x=e~  hx  suppose. 

And  the  chances  of  the  r  group  having  its  variables  be¬ 
tween  the  limits  gi  and  gi  +  dgi-..pr  and  pr-\-  dpr  must,  in 
the  state  of  permanent  or  stable  motion,  be  proportional  to 

e-hEr  dqi...dpr, 
which  was  to  be  proved. 

Supposing  now  that  the  aggregate  of  molecules  under  con¬ 
sideration  consists  of  a  number  of  sets  of  similar  molecules, 
the  number  of  molecules  in  one  of  these  sets  being  N,  where 
N  is  very  large,  and  suppose  that  each  of  these  N molecules 
possesses  <r  degrees  of  freedom  defined  by  the  coordinates 
qi...qa  with  the  momenta  pi---pa,  and  that  its  mass  is  m. 
Three  of  these  coordinates  may  be  taken  as  the  rectangular 
■  coordinates  of  its  centre  of  mass,  in  which  case  the  corre¬ 


sponding  momenta  will  be  mu,  mv,  mw,  where  u,  v,  and  w  are 
the  component  velocities  of  translation  of  that  centre  of  mass. 
Then  in  this  case,  if  qi...qa,  pi---pa  be  the  remaining  coordi¬ 
nates  and  momenta  of  the  molecule,  the  chance  of  the  mole¬ 
cule’s  variables  being  within  the  limits  x  and  x  -\-dx...pa 
and  pa-\-dpa  will  be  proportional  to 

-h  (x-f/)  -h—-  (w2-f-r2-f -w2) 

e  dxdy  dzdqi...dpi  e  2  dudvdw....{ I), 

where  T,  the  kinetic  energy  of  the  molecule,  is  equal  to 

-^(a2  +  r2-l-w2)-f  /, 

where  /  is  a  quadratic  function  of  the  p’s,  having  as  coeffi¬ 
cients  known  functions  of  the  g’s. 

If  we  integrate  the  expression  (I)  for  all  possible  values 
of  x,  y,  z,  g4"-g<7,p4—Po-,  we  obtain  an  expression  of  the 
form 

_  h_™_  c2 

Be  2  du  dv  dw . (II), 

where  B  is  independent  of  u,  v,  and  w,  and  c2  =  u2  -f-  v2  -f  -  wl. 
From  the  form  of  (II)  it  follows,  exactly  as  in  the  cases  of 
the  elastic  spheres,  that  the  chances  of  all  directions  of  the 
velocity  of  translation  of  a  molecule  are  equal,  that  the 
mean  velocity  and  mean  square  velocity  of  translation  of 
each  molecule  are 

^Jand-i- 

|/  mh  m'1 

respectively,  and  that  the  mean  kinetic  energy  of  transla- 

3 

tion  is  — ,  and  the  same  for  a  molecule  of  any  set. 

2h 

Again,  if  T  be  the  mean  total  kinetic  energy  of  the 
molecule,  then 

. 

/  /  /...  e~  k  (*+  T)  dx  ...  dpa 

and  if  we  evaluate  this  expression,  paying  attention  to  the 
form  of  T  as  a  quadratic  function  of  the  p’s  mentioned 

above,  we  shall  find  for  (III)  the  expression  . 

2  h 

It  follows  from  this  result  that  each  additional  degree  of 
freedom  of  the  molecule  increases  the  mean  total  kinetio 

energy  of  the  molecule  by  the  quantity  — U,  which  is  the 

2ft 

meau  kinetic  energy  of  translation  parallel  to  any  one  of 
the  axes,  and  that  the  total  kinetic  energy  is  proportional 
to  the  number  of  such  degrees  of  freedom. 

If,  again,  we  integrate  the  expression  (I)  for  all  values  of 
the  momenta,  we  obtain  an  expression  of  the  form 

Ce  ~hx  dx  dy  ds  dq^.-dq^ . (IV), 

where  x  is  the  potential  energy  of  the  molecule  due  to  fixed 
centre  and  to  interatomic  forces  in  the  position  defined  by 
x,  y,  z,  qi...qa.  The  dimensions  of  the  molecule  are  so  small 
that  we  may  regard  forces  from  each  fixed  centre  on  differ¬ 
ent  parts  of  the  molecule  as  parallel  and  equal  and  functions 
of  the  distance  of  the  centre  of  mass  from  that  fixed  centre,  so 
that,  if  the  part  of  x  arising  from  these  fixed  centre  forces 
be  called  xi,  Xi  will  be  a  function  of  x,  y,  z,  and  of  these 
variables  only,  the  remaining  part  of  x  (arising  from  inter¬ 
atomic  forces),  which  may  be  called  X2,  will  be  a  function  of 
the  <r- 3  variables  g4-..gff. 

If  in  (IV)  we  write  X1+X2  for  x,  and  then  integrate  for 
all  values  of  g4...gff,  we  obtain  an  expression  of  the  form 

De~hxidxdydz . (V), 

where  D  is  independent  of  x,  y,  z,  and  therefore  p  the  den¬ 
sity  of  the  N  molecule  matter  in  the  neighborhood  of  the 
point  x,  y,  z,  is 

mDe  ~  hxK 

From  these  results  all  the  propositions  proved  above  with 
reference  to  the  aggregate  of  elastic  spheres  or  monatomic 
molecules,  as  to  the  correspondence  of  the  physical  proper¬ 
ties  of  such  an  aggregate  with  those  of  gases  as  indicated  by 
the  gaseous  laws,  may  be  deduced  also  for  this  aggregate  of 

polyatomic  molecules.  So  that  if  T  be  equal  to  or 

the  mean  kinetic  energy  of  agitation  of  any  one  of  the  ag¬ 
gregate  of  moving  molecules,  if  v  be  the  volume  occupied 
by  unit  of  mass,  r  the  number  of  molecules  in  unit  of  vol¬ 
ume,  and  m  the  mass  of  each  molecule,  we  have,  exactly  as 
in  the  case  referred  to, 
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and 


mr  =  1,  pv 
pv  =  -^-rY. 

O 


We  also  get  the  ordinary  hydrostatical  equations 


dJL  =  Px, 

dx  dy 


PY, 


dp 

dz 


=  PZ 


from  this  expression  for  p  combined  with  the  equation 
p  =  mDe  ~  hXl 

remembering  that 

J*L=-viX,  J£±=-mY,  J^L  =  -mZ, 
dx  dy  dz 


whence  the  coincidence  of  the  physical  properties  of  this 
aggregate  of  polyatomic  moving  molecules  with  those  of  a 
gas,  on  the  assumption  that  the  temperature  represents  the 
mean  kinetic  energy  of  agitation,  is  at  once  apparent. 

It  can  be  shown  also  that  the  aggregate  of  moving  mole¬ 
cules,  such  as  we  conceive  a  gas  to  be,  possesses  another  very 
important  physical  property  which,  by  its  analogy  to  the 
second  law  of  thermo-dynamics,  affords  additional  evidence 
of  the  relation  between  the  phenomena  of  heat  and  those 
of  aggregates  in  some  kind  of  motion,  —  the  property  in 
question  being  that,  if  in  any  aggregate  of  moving  molecules 
the  mean  kinetic  energy  of  any  one  of  them  be  called  r, 
and  if  SQ  be  an  increment  of  energy  imparted  to  the  aggre¬ 
gate  from  without,  then—  is  a  perfect  differential. 

If  to  this  aggregate  we  apply  a  certain  small  quantity  S Q 
of  heat  or  energy  from  without,  and  if  S r  be  the  increase 
of  the  mean  kinetic  energy  of  agitation  when  the  volume 
is  unaltered,  then  this  constancy  of  volume  prevents  any 
of  the  energy  SQ  from  being  absorbed  in  doing  external 
work ;  but  it  is  conceivable  that  the  increase  of  r  may 
cause  such  a  change  in  the  average  state  of  the  molecule  as 
to  produce  a  variation  S\  in  the  mean  potential  energy  of 
the  molecule,  <bc  being  proportional  to  <5r. 

Therefore  SQ  =  r  j  —■  -f-  J  Sr. 


therefore  SQ  =  r  {  Y  -f-  j  Sr. 


If  the  volume  vary  by  Sv,  the  pressure  being  constant,  then 
we  must  add,  external  work,  or  pSv,  to  the  energy  absorbed, 
so  that  if  the  whole  external  energy  now  applied  be  S'Q, 
and  the  increase  of  temperature  Sr  be  the  same  in  both 
cases,  we  have 

«  H+wY 

But  if  p  be  constant,  then  as  before 
pSv  —  2-Y  Sr, 

and  therefore  the  ratio  of  S'Q  to  SQ,  or  of  the  two  specific 
heats  at  constant  pressure  and  constant  volume  respectively, 
becomes 

<r-f  3  il  +  2 


<r  +  3 


dx 

dr 


is  unknown  in  all  respects  except  that  it  must  be  posi- 

dr 

tive ;  also  we  know  that  a  must  be  integral  and  not  less 
than  3 :  if  we  denote  3  -Y-  hy  e  we  have  for  the  ratio 

ar 


or 


a  — j—  2  —j—  C 
<r  +«  ’ 


which,  with  the  necessary  limitations  of  a  and  e,  cannot  be 
greater  than  IS  or  1.6,  and  in  this  limiting  case  the  gas 
must  be  monatomic. 

If,  therefore,  any  value  above  1.6  of  the  ratio  for  mercury 
vapor  be  insisted  upon,  the  theory  must  be  abandoned  so 
far  as  present  investigations  are  concerned.  If,  however, 
the  difference  between  1.6  and  any  higher  value  given  by 
the  observations  be  regarded  (as  within  reasonable  limits  of 
experimental  error,  this  value  for  mercury  vapor,  a  gas 


which  on  chemical  grounds  is  regarded  as  monatomic,  may 
be  viewed  as  confirming  the  theory,  at  least  pro  tanto. 

If  two  spherical  atoms  were  united  by  a  rigid  rod  to 
form  a  molecule,  such  a  molecule  would  have  five  degrees 
of  freedom  and  the  specific  heat  ratio  would  in  this  case  be 
If,  for  e  would  then  be  zero.  This  value  has  a  plausible 
approximation  to  the  observed  value  1.408  of  the  ratio  in  a 
great  number  of  two-atom  gases,  such  as  hydrogen,  nitro¬ 
gen,  oxygen,  and  others,  but  all  observations  agree  so  com¬ 
pletely  in  the  ratio  1.408,  or  from  1.405  to  1.408,  that  it 
hardly  seems  reasonable  to  regard  the  difference  .008  as 
within  the  limits  of  experimental  error,  unless,  indeed,  we 
had  grounds  for  suspecting  a  tendency  to  excess  in  all  the 
methods  employed  for  the  determination  of  the  ratio.  But 
there  are  other  difficulties  more  formidable  still,  arising 
from  the  spectroscopic  properties  of  heated  gases.  The 
light  emitted  by  such  gases,  so  long  as  they  are  of  no  great 
density,  never  presents  a  continuous  spectrum,  but  a  spec¬ 
trum  consisting  of  bright  lines  with  intervening  dark 
spaces.  Thus  the  spectrum  of  hydrogen  gives  thirty -two 
bright  lines,  that  of  mercury  vapor  six  lines,  that’of  nitro¬ 
gen  eighteen,  and  so  on.  So  long  as  light  is  regarded  as  an 
energy  intercommunicable  with  heat,  and  light  of  definite 
refraugibility  is  referred  to  vibrations  of  given  period,  we 
must  regard  these  discontinuous  spectra  as  connected  with, 
and  arising  from,  vibrations  of  determinate  periods  in  the 
molecule  of  the  heated  gas.  And  if  a  gas  such  as  hydro¬ 
gen  or  nitrogen  be  constituted,  as  we  are  supposing,  of  an 
indefinite  repetition  of  similar  molecules,  it  must  follow 
that  such  molecules  must  be  capable,  at  any  rate  when  not 
too  closely  packed  together,  of  as  many  independent  vibra¬ 
tions  as  there  are  bright  lines  in  the  spectrum ;  that  is  to 
say,  in  addition  to  the  three  degrees  of  freedom  arising 
from  motion  of  translation  in  solid  space,  each  molecule 
must  possess  as  many  additional  degrees  of  freedom  or  pos¬ 
sible  relative  motion  of  its  parts  as  are  indicated  by  the 
number  of  spectrum  lines.  The  degrees  of  freedom  corre¬ 
sponding  to  motion  of  translation  cannot  well  contribute 
anything  to  these  luminous  vibrations  owing  to  their  as¬ 
sumed  irregularity  and  independence  of  any  law;  but  it  is 
otherwise  with  the  internal  or  relative  degrees  of  freedom 
of  each  molecule,  for,  unless  the  gas  be  very  dense,  we 
may  easily  conceive  a  sufficient  interval  of  time  between 
one  encounter  and  the  next  of  any  molecule  with  another 
for  very  many  vibrations,  each  according  to  its  own  law,  to 
take  place  in  the  relative  positions  of  different  parts  of 
the  molecule.  At  each  encounter  the  whole  molecule 
would  be  roughly  shaken,  and  when  the  encounters  in¬ 
creased  in  frequency  the  vibrations  would  become  irregu¬ 
lar  and  the  spectrum  would  degenerate  into  a  general  dif¬ 
fused  light  of  no  definite  refrangibility,  just  as  music 
degenerates  into  ordinary  noise.  And  this  is  exactly  what 
occurs  in  the  spectra  of  dense  gases. 

To  bring  the  theory,  therefore,  into  agreement  with  ob¬ 
served  phenomena,  we  require  very  many  more  degrees  of 
freedom  in  each  molecule  than  could  possibly  be  assigned 
to  it  in  accordance  with  the  observed  value  of  the  ratios 
of  the  specific  heats, — mercury  vapor,  for  example,  ad¬ 
mitting  with  difficulty  the  minimum  number  of  three 
such  degrees,  as  we  have  just  now  seen,  while  its  spectrum 
would  require  at  least  nine.  And  the  difficulty  increases 
as  we  pass  to  hydrogen  and  other  gases. 

We  might  perhaps  conceive,  with  the  view  of  possibly 
explaining  this  difficulty,  that  there  were  in  all  gases  a 
number  of  composite  molecules  with  many  degrees  of  free¬ 
dom  mixed  up  with  the  other  molecules  with  three  or  five 
such  degrees,  but  in  so  small  a  proportion  Co  these  mole¬ 
cules  that  their  presence  produces  no  appreciable  effect 
upon  the  specific  heats ;  or,  since  we  have  no  experimental 
determination  of  the  specific  heats  of  gases  at  light-giving 
temperature,  we  might,  at  least  until  such  experimental 
determination  has  been  arrived  at,  conceive  that  our  atoms 
may  change  their  constitution  under  increased  temper¬ 
ature,  and  become  themselves  capable  of  vibration.  There 
is  nothing  in  the  conception  of  an  atom  as  we  are  consider¬ 
ing  it  which  is  really  inconsistent  with  such  an  hypothesis. 

Certain  observed  phenomena  accompanying  dissociation 
and  combination  give  rise  to  other  difficulties  in  the  way 
of  the  acceptance  of  the  kinetic  theory  in  addition  to 
those  arising  from  the  equal  distribution  of  mean  kinetic 
energy  just  now  discussed.  For  when  nitrogen  and  hydro¬ 
gen,  for  example,  are  mixed  in  proportion  to  form  ammonia, 
it  is  observed  (1)  that  at  ordinary  temperatures  they  do  not 
exhibit  the  slightest  tendency  to  combine  directly  with 
each  other,  while,  on  the  other  hand,  (2)  ammonia  at  or¬ 
dinary  temperatures  does  not  exhibit  the  slightest  tendency 
to  decompose  into  nitrogen  or  hydrogen.  But  ammonia 
when  subjected  to  certain  very  high  temperatures  becomes 
partially  decomposed — that  is,  becomes  a  mixture  of  so 
I  many  parts  of  ammonia  and  of  so  many  other  parts  of 
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nitrogen  and  hydrogen  in  the  proportions  to  form  ammo¬ 
nia  ;  and  if  the  temperature  be  high  enough  the  decompo¬ 
sition  may  be  complete.  But,  in  accordance  with  the 
kinetic  theory,  the  conditions,  whatever  they  may  be, 
which  at  high  temperature  cause  the  ammonia  to  decom¬ 
pose,  must  sometimes  occur  to  individual  molecules  at 
ordinary  temperature,  because  temperature,  as  we  under¬ 
stand  it,  merely  indicates  a  certain  quantity  of  kinetic 
energy,  and  therefore  in  a  gas,  however  cold,  there  will  be 
always  some  molecules  in  a  state  for  dissociation;  and  this 
dissociation  having  taken  place  can  by  (1)  never  be  com¬ 
pensated  by  recombination;  therefore  dissociation  should 
be  going  on  in  ammonia  at  all  temperatures,  and  this  result 
is  contrary  to  the  observed  phenomena  (2).  It  might  pos¬ 
sibly  be  conceived,  as  a  way  of  meeting  this  last-mentioned 
difficulty,  that  the  dissociation  attendant  upon  high  tem¬ 
perature — that  is,  upon  an  average  large  molecular  velocity 
of  translation — requires  that  there  should  be  a  fairly  rapid 
repetition  of  encouuters  among  molecules  moving  with 
dissociation  velocity  to  insure  the  production  of  dissoci¬ 
ation,  and  that  in  the  case  of  a  gas  at  low  temperature,  or 
small  average  velocity,  the  chance  of  two  molecules  en¬ 
countering  one  another  at  high  velocities  is  small,  and  the 
chance  of  any  molecule  meeting  with  any  rapid  succession 
of  such  encounters  is  practically  insensible,  and  therefore 
that  the  dissociation  spoken  of  really  never  takes  place. 

As  above  stated,  we  conceive  that  in  any  gas  at  ordinary 
pressure  and  temperature  the  intermolecular  forces  are 
very  small  in  the  aggregate — that  is,  in  Clausius’s  lan¬ 
guage,  have  a  very  small  virial, — by  which  is  understood, 
not  that  the  forces  themselves,  where  acting,  are  small,  but 
that,  considering  the  whole  aggregate  of  molecules  at  any 
instant,  there  are  very  few  pairs  near  enough  to  each  other 
to  exert  any  appreciable  force  on  each  other.  Or,  if  we 
could  watch  any  individual  molecule  for  any  time,  we 
should  find  that  during  by  far  the  greater  portion  of  the 
time  it  was  sensibly  free  from  any  action  by  surrounding 
molecules.  The  distance  traversed  by  the  type  molecule 
between  the  instant  when  it  passes  out  of  the  sphere  of 
action  of  one  molecule  and  the  instant  when  it  passes  into 
the  sphere  of  action  of  the  next — that  is,  from  one  en¬ 
counter  to  another — is  called  its  free  path. 

We  may  find  the  chance  that  a  molecule  starting  from  any 
point  with  velocity  to  in  a  uniform  gas  shall  have  free  path 
between  x  and  x-\~dx  from  that  point. 

If  a  be  the  chance  for  such  a  molecule  of  free  path  at 
least  unity,  then  a*  is  the  chance  of  a  free  path  at  least  2. 
Hence  the  chance  of  free  path  at  least  x  must  be  of  the 
form  ax. 

Following  the  method  employed  by  O.  E.  Meyer,1  let  us 
write  this  in  the  form 


x 


where  therefore 

i=-  1  ; 

log  a 

then  the  chance  of  free  path  x  -f-  dx  is 

_  x  -f-  dx 
e  l 

The  chance  that  such  a  molecule  shall  have  its  first  en¬ 
counter  between  x  and  x  -j-  dx  is  the  difference  of  these  two 
expressions ;  that  is, 

x 

"T  *1. 

e  i 

This  is  the  chance  of  a  free  path  between  x  and  x  -f-  dx. 
The  mean  free  path  for  such  a  molecule  must  then  be 


X 

This  is  the  meaning  of  the  constant  l  in  e  l  .  But  if  we 
denote  by  B  the  number  of  encounters  which  a  molecule 
moving  through  space  with  velocity  w  experiences  on  the 
average  per  unit  of  time, 


Hence  the  chance  for  such  a  molecule  of  free  path  be¬ 
tween  x  and  x-j-dx  is 

_Bx 

—  e  “  dx, 

O)  1 

with  the  above  definition  of  B.  .  . 

Tha  chance  of  a  molecule  whose  velocity  is  to  having  tree 


1  Kinetische  Theorie  der  Gase,  Breslau,  18i  i. 


path  a;  is  of  course  the  same  as  the  chance  of  its  free  path 
having  the  duration  — .  If  t  —  —  ,  the  chance  of  duration 

(xJ  (i) 

between  t  and  t  -[-  dt  is  thus 

—  e  ~  M  wdt ;  or  Be  ~  M  dt. 

CJ 


Meyer  determines  the  value  of  B,  if  the  molecules  be 
spheres,  in  the  form 


(_)«-! 


I1+TT3",‘-T2-31“W  + 

nrsh-sk 


o 

where  &  =  — — =  and  s  is  the  sum  of  the  radii  of  two  mole- 
V  *h> 

cules. 

It  will  be  observed  that  the  series  converges  very  rapidly 
if  (o2h  is  less  than  unity,  the  successive  coefficients  being 


1  _JL  +_L 

3  ’  30  ’  r  210  ’ 


1 

1512’ 


11880 ’ 


etc. 


Having  found  B  for  the  number  of  encounters  experi¬ 
enced  per  unit  of  time  by  a  molecule  having  velocity  <o, 
we  have  for  the  average  number  of  encounters  experienced 
by  any  molecule  per  unit  of  time,  which  we  denote  by  C, 


4  x.® 

C=  hi  J  e~hco\ flBdu. 

From  which  Meyer  deduces 

C  —  2  .  Ns 2 

h 

=fl  VlT.  Nir*. 

Hence  the  mean  value  of  the  free  path  for  all  molecules, 

irrespective  of  velocity,  is  L  =  ~  =  — - - - 

0  W2  Ns2 


Thus  the  kinetic  theory  of  gases  presents  to  us  the  con¬ 
ception  of  apparently  perfect  rest,  as  the  result  of  motion 
irregular  in  detail  but  permanent  and  stable  on  the  average. 
Whatever  difficulty  may  be  felt  at  first  sight  in  the  accept¬ 
ance  of  this  theory  in  the  case  of  a  medium  at  rest  is 
greatly  enhanced  when  we  pass  to  the  contemplation  of  a  dis¬ 
turbed  medium  like  a  mass  of  gas  through  which  a  wave  of 
sound  is  passing.  In  our  ordinary  investigations  of  such  a 
disturbance  the  gas  is  treated  as  a  continuous  body,  sub¬ 
jected  to  small  relative  motions  of  its  parts,  accompanied  by 
corresponding  variations  of  internal  pressure.  When  a  dis¬ 
turbance  or  a  local  condensation  or  rarefaction  is  set  up  in 
any  portion  of  this  gas  we  calculate  the  resulting  effects  by 
the  well-known  equations  of  sound  motion.  But  on  this 
kinetic  theory  the  medium  is  supposed  to  consist  of  a  num¬ 
ber  of  discrete  masses — elastic  spheres  or  the  like — which 
preserve  the  physical  properties  of  the  medium  merely  by 
the  recurrence  of  their  mutual  collisions,  such  collisions 
obeying  no  law  in  individual  cases,  but  preserving  a  certain 
average  uniformity  in  the  motion  of  the  whole  aggregate; 
and  we  need  some  further  investigation  to  assure  ourselves 
of  the  applicability  of  the  ordinary  treatment  of  wave  mo¬ 
tion  to  such  a  medium. 

Now  we  observe  that  the  physical  properties  of  our  me¬ 
dium,  so  far  as  the  relation  between  pressure,  density,  and 
temperature  is  concerned,  merely  require  that  the  tem¬ 
perature  be  measured  by  the  mean  total  kinetic  energy 
of  translation,  and  that  the  mean  kinetic  energy  of  trans¬ 
lation  parallel  to  any  fixed  line  be  equal  to  one-third 
of  the  mean  total  energy  of  translation.  If  the  mole¬ 
cules  constituting  any  portion  of  this  medium  were  ani¬ 
mated  by  a  common  velocity  or  acceleration,  the  physical 
properties  of  this  portion  would  be  similarly  determined 
by  the  velocities  and  kinetic  energies  relative  to  the  com¬ 
mon  motion.  When  the  distribution  of  such  relative 
velocities  is  stable  or  permanent,  the  average  relative 
kinetic  energy  in  any  fixed  direction  is  one-third  of  the 
average  relative  total  kinetic  energy,  such  property  consti¬ 
tuting  normal  distribution. 

Suppose  that  in  any  portion  of  a  medium,  consisting  of 
equal  elastic  spheres,  this  distribution  has  been  disturbed — 
that  is,  Swim2,  Emv2,  and  Swiw2,  are  unequal.  If  F  were  the 
relative  velocity  of  any  pair  of  spheres  after  such  disturb¬ 
ance  and  before  they  collide,  and  0  the  angle  between  F  and 
the  common  normal  at  the  point  of  impact,  then  the  nor¬ 
mal  and  tangential  relative  velocities  before  impact  are 
Fcos  e  and  Fsin  0,  and  after  impact  they  become  -Fcos  0  and 
Fsin  0  respectively.  The  relative  velocity  after  impact,  re¬ 
solved  in  the  direction  of  relative  velocity  before  impact,  is 
therefore 

|  -  F  cos2  0  -{-  F  sin2  0, 
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or  -  V  cos  26 ;  and  the  chance  of  0  being  between  6  and 
is 

sin  20  do. 

Therefore  the  average  square  relative  velocity  resolved 
in  the  original  direction  becomes  after  impact 

V2  j  cos2  2d  sin  26  do,  or  — — . 

J  0  3 

The  relative  velocity  after  impact  in  the  plane  of  V,  and 
the  normal  perpendicular  to  the  direction  of  V  before  im¬ 
pact  is 

Y  sin  6  cos  0-j-F  sin  0  cos  0,  or  V  sin  20. 

And,  if  a  fixed  line  be  taken  in  the  plane  perpendicular  to 
V,  the  average  value  of  the  square  of  the  relative  veloc¬ 
ity  after  impact,  resolved  parallel  to  this  line,  is 


V2 

2t- 


2 

sin3  29  cos2  <p  do  d<p,  or 

0 


Y1 

3 


as  before. 


Hence  we  conclude  that,  in  whatever  manner  the  distri¬ 
bution  is  disturbed  iu  any  portion  of  the  medium  at  any 
instant,  it  will,  for  all  those  pairs  of  spheres  which  within 
any  given  interval  encounter  each  other,  have  assumed  the 
normal  distribution  after  that  interval. 

If  r  denote  the  average  time  between  two  collisions  for 
any  given  sphere,  the  chance  that  this  sphere  shall  continue 


for  any  time  t  free  from  collisions  is,  as  we  have  seen,  e  r. 

If,  therefore,  D  be  the  number  of  spheres  within  any  re¬ 
gion  whose  total  relative  velocity  is  between  w  and  w  -f-  dw, 
but  so  distributed  that  the  mean  square  of  their  relative 


velocities  along  any  fixed  line  is  not  >  then  after  a  time  t 


considerably  greater  than  r,  say  ten  times  r,  the  number  of 
the  D  spheres  which  have  escaped  collision  will  be  utterly 
inconsiderable,  and  the  distribution  will  have  become  nor¬ 
mal  throughout  the  region. 

Suppose,  for  instance,  that  a  sound  wave  is  passing  along 
a  tube  filled  with  air, 

C  B  P  C  E 

o  ) 


the  air  in  the  tube  is,  at  any  instant,  in  a  state  of  alternate 
compression  and  rarefaction,  as  at  C,  R,  C,  R  above. 

If  the  note  sounded  be  (say)  500  vibrations  per  second, 
the  length  of  the  wave  CR  is  about  y0°0°  feet,  and  the  time 
taken  by  the  wave  in  traversing  that  distance  is  about  ^ $5th 
of  a  second. 

The  air  in  any  section  of  the  tube  near  P  has  alternately 
a  small  positive  momentum  and  an  equal  small  negative 
momentum,  the  reversal  taking  place  in  every  ^Jgth  of  a 
second ;  also  the  same  cause  which  produces  the  average 
momentum  in  either  case,  disturbs  the  distribution  of  en¬ 
ergy  among  the  x,  y,  and  z  directions,  i.e.,  it  is  always  pro¬ 
ducing  an  excess  or  defect  in  mu 2  above  or  below  that  of 
mu2  and  mw2.  By  what  has  been  proved  above,  this  abnor¬ 
mal  distribution  of  energy  becomes  inappreciable,  owing  to 
molecular  collisions  in  a  time  considerably  less  than  y^^th 
of  a  second — in  fact,  in  about  cTUJtfVtiinyth  of  a  second,  when 
the  value  of  T  for  atmospheric  air  is  considered.  It  is  there¬ 
fore  legitimate,  in  calculating  the  velocity  of  sound  in  air 
(at  least  on  the  elastic  sphere  hypothesis),  to  regard  the  dis¬ 
tribution  as  always  normal  in  any  section  of  the  tube,  the 
air  in  that  section  or  in  any  elementary  portion  of  it  pos¬ 
sessing,  as  a  whole,  any  given  velocity  or  acceleration,  esti¬ 
mated  as  if  we  were  dealing  with  a  continuous  mass. 


Diffusion  of  Gases. 

If  any  further  light  is  to  be  thrown  on  the  physical 
nature  of  a  molecule  from  investigations,  experimental 
or  analytical,  concerning  gases,  it  will  most  probably 
be  by  means  of  experiments  on  the  diffusion  of  gases, 
or  else  on  the  internal  friction  or  viscosity  of  gases,  and 
the  comparison  of  these  results  with  those  obtained 
analytically  by  the  methods  of  the  kinetic  theory. 
Such  investigations  have  been  undertaken  experimen¬ 
tally  by  Graham,  Loschmidt,  Maxwell,  0.  E.  Meyer, 
and  others.  An  account  of  them  will  be  found  in 
0.  E.  Meyer’s  work  above  referred  to.  The  same 
problems  have  also  been  discussed  analytically  by 
Maxwell,1  and  by  Stefan,  0.  E.  Meyer,  and  Boltzmann 

v  l  Phil.  Mag.,  July,  1860,  and  Feb.  and  March,  1868. 


in  the  treatises  referred  to  below.  We  proceed  to  give 
a  short  account  of  Meyer’s  results. 

The  term  “diffusion  ”  has  sometimes  been  applied 
to  the  process  by  which  a  gas  passes  through  a  porous 
diaphragm.  This,  however,  is  now  generally  denomi¬ 
nated  transpiration.  It  has  also  been  applied  to  the 
expansion  of  a  gas  into  vacuum,  as  on  the  removal  of 
a  diaphragm  separating  the  gas  from  an  exhausted 
receiver.  This  is  now  generally  denominated  free  ex¬ 
pansion.  We  shall  understand,  as  is  now  usual,  by  the 
term  diffusion  the  process  by  which,  when  two  or  more 
gases  are  mixed  throughout  any  space  in  different  pro¬ 
portions  at  different  points,  but  so  that  if  all  molecules 
were  of  the  same  gas  the  whole  would  be  in  equilib¬ 
rium,  the  different  gases  pass  through  each  other  and 
tend  to  equalize  the  proportions  at  all  points  in  the 
space. 


Suppose,  for  instance,  a  tube  containing  a  mixture  of  two 
gases,  A  and  B,  at  constant  temperature  and  constant  pres¬ 
sure  of  the  combined  gases  throughout  the  tube  and  subject 
to  no  forces,  but  the  density  of  gas  A  increasing  and  that  of 
B  diminishing  from  one  end  of  the  tube  to  the  other.  Let 
the  axis  of  the  tube  be  taken  for  the  axis  of  x.  If  Na  be  the 
number  of  molecules  of  gas  A,  and  N b  the  number  of  mole¬ 
cules  of  gas  B  in  unit  volume,  we  have,  owing  to  the  con¬ 
stant  pressure  and  temperature  at  all  poiuts  of  the  tube, 
Naf-Nb—N,  a  constant.  But  at  a  given  instant  Na  and 
Nb  at  any  point  are  severally  functions  of  x.  It  will  be 
found  that  under  these  circumstances  more  molecules  of  gas 
A  pass  through  any  section  of  the  tube,  which  may  be  in 
the  plane  of  yz,  in  one  direction,  say  from  left  to  right,  than 
in  the  opposite  direction.  On  the  other  hand,  more  mole¬ 
cules  of  gas  B  pass  from  right  to  left  than  from  left  to  right. 
And  this  will  go  on  till  the  mixture  becomes  uniform 
throughout  the  tube. 

The  investigation  of  the  rate  at  which  the  unequal  distri¬ 
bution  tends  to  equalize  itself  in  this  simple  case — that  is, 
the  excess  of  the  number  of  molecules  of  gas  A  which  cross 
a  section  of  the  tube  from  left  to  right  over  the  number 
crossing  in  the  same  time  from  right  to  left — is  the  problem 
of  diffusion.  We  give  the  results  obtained  by  O.  E.  Meyer  as 
follows:  if  the  molecules  of  the  two  gases  had  the  same 
mass  and  dimensions  (to  put  an  ideal  case),  then  the  excess 
of  molecules  of  either  gas  passing  through  the  section  in 
one  direction — that  is,  the  stream  velocity — would  be 


dNa 

dx 


ul,  where  l  denotes  the  mean  free  path  for  a  mole¬ 


cule  having  velocity  to,  and  toZ  is  the  average  value  of  that 
function  for  all  molecules  of  the  gas. 

When  we  come  to  deal  with  two  gases,  the  molecules  of 
one  not  being  of  the  same  size  and  dimensions  with  those 
of  the  other,  we  shall  find  that,  in  the  absence  of  any  com¬ 
mon  velocity  of  the  two  gases  at  the  plane  of  yz,  more,  or 
fewer,  molecules  of  gas  A  would  cross  the  plane  per  unit  of 
time  from  left  to  right  than  of  gas  B  from  right  to  left,  be¬ 
cause,  assuming  constant  pressure  and  temperature  of  the 
mixture  at  every  point  in  the  tube,  the  number  of  mole¬ 
cules  of  the  two  gases  combined  must  be  the  same  at  every 
point — that  is,  Naf-Nb  =  N  where  N  is  constant.  Hence 


dN  dNh 

a  o 


Now  the  excess  of  molecules  of  gas  A  coming  from  left 

.  1  dNa  —  . 

to  right  per  unit  of  time  is  w— - —  toZa>  and  similarly  the 

°  dx 

excess  of  molecules  of  gas  B  crossing  from  right  to  left  per 

unit  of  time  is  4"  to  h  ,  if  we  now  distinguish  by  suf- 
a  dx 


fixes  a  and  b  quantities  relating  to  the  two  gases  respec¬ 
tively.  Here  la  and  Zj  are  mean  free  paths  for  velocity  to 
of  the  two  kinds  of  molecules  through  the  mixed  gases, 
and  t ola  is  not  generally  equal  to  toZj.  Hence  the  total  number 
of  molecules  crossing  the  plane  from  left  to  right  exceeds 
the  number  coming  from  right  to  left  by  ^  ^  (to  la  -  to Zj ). 

Meyer  here  assumes  that  the  combined  gases  have  a  com¬ 


mon  velocity  -  —  (wi  -  toZ&),  and  that  such  common  ve- 
3  dx 

locity  will  not  affect  the  relative  motion  of  the  molecules. 
On  that  hypothesis  the  rate  of  diffusion  can  be  calculated 
as  follows.  The  proportion  of  the  stream  of  the  combined 
gases  which  consists  of  molecules  of  gas  A  is 
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^a  1  j- _  '  _  ^ 

Na  -Rvj"  ¥  ~dT  { “*«  "  “'b  }  • 

Hence  the  total  surplus  number  of  molecules  of  gas  A 
passing  through  unit  area  of  the  plane  per  unit  of  time  is 


=  A  dN<* 

3  dx 


N„ 


(“lb  ~  “l 


'a)+  “la  | 


-^a  + 

1  d  Na  ,  _  _ 

~  ~d*  l  Nb  011(1  +  Na  ulb  }  * 

1  dNa  (  _  _ 

°r  3 N~dar  \Nb  +  N*  ulb  }  . 

The  expression 

--  |  AT&  tola  -f-  Na  toib  | 

is  defined  to  be  the  “coefficient  of  diffusion”  of  gas  A  into 
tA  is  evidently  the  same  as  that  of  gas  B  into  gas  A. 
1  he  Relation  of  the  Coefficient  of  Diffusion  to  Density. — It 
can  be  shown  that  l  w ,  the  mean  free  path  for  a  molecule 
having  velocity  &>,  is  for  any  single  gas  inversely  propor¬ 
tional  to  the  density,  and  for  any  mixture  of  gases  inversely 
pioportional  to  A,  the  aggregate  volume  occupied  by  matter 

inunitspace.  Hence,  in  the  expression  A  Til  Hi  is  in- 

3  dx 

versely  proportional  to  the  density,  or  to  A,  as  the  case 
may  be. 

1  ra^6  ^^us'ou  011  tla  is  theory  depends  upon 

IT  fix  ^ence’  ^iven  the  absolute  increase  of  density 

of  a  gas  per  unit  of  length,  that  is,  given  the  rate  of 

dx 

diffusion  ought  to  vary  inversely  as  the  density  of  the 
combined  gases.  On  the  other  hand,  given  the  propor¬ 
tional  increase  of  the  density,  or  A^  the  rate  of  diffu- 

N  dx 

sion  ought  to  be  independent  of  the  density,  because  in 
that  case  varies  directly,  and  oil  inversely,  as  N.  The 
analytical  result,  that  at  given  temperatures,  and  given  the 
absolute  value  of  A^,  the  rate  of  diffusion  is  inversely 

proportional  to  the  density  of  the  gases  agrees  with  the 
experimental  results  obtained  by  Loschmidt  for  carbonic 
acid  gas  and  air,  carbonic  acid  gas  and  hydrogen,  hydro¬ 
gen  and  oxygen.1 

Relation  of  the  Coefficient  of  Diffusion  to  Temperature. — The 
coefficient  of  diffusion  varies  directly  as  the  square  root  of 
the  absolute  temperature,  for 

B  ' 

and 

^  *  f  -aU2,2^2+ i 

+  <V¥  1 


B  =  2  Ns>  - 7 = 


V  h 

or,  if  oiV  h  =  y, 


B  =  2Ns2 


V  7T 
Vh 


Hence 


—  -J/2 


v2  i  2y2-f-l 


A_  V h 


**  V  n  Ns2 

where  ^  denotes  a  certain  function,  and 


do>  e 


oo 


Cf>-  hiSl 

s*a>  2  y4, 1  i  r™ 

*J0*‘  ""»Tj0' 


_  yl  A  —  J  _  ,/Z 

!  »  n  n  ®  |  dye  y  y*ipy oo  j/y 


This  analytical  result  also  agrees  fairly  with  Loschmidt’s 
experiments  above  referred  to. 

Friction  or  Viscosity  op  Gases. 

Suppose  two  layers  of  gas  separated  by  an  imaginary 
plane,  similar  in  all  respects  except  that  the  molecules 
of  one  have  a  small  common  momentum  in  a  certain 
direction  parallel  to  the  plane.  We  may  take  the  im¬ 
aginary  plane  for  that  of  yz ,  and  the  average  direction 
of  motion  of  the  molecules  on  one  side  of  the  plane, 

1  Sitzungsberichte,  1870,  Bd.  Ixi.  S.  380. 

2  See  Meyer’s  Kin.  Theorie,  p.  295. 
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e,9-  y  the  left-hand  side,  for  the  axis  of  ,?/,  the  molecules 
on  the  right-hand  side  of  the  plane  having  no  average 
momentum.  I  hen  the  molecules  crossing  from  the  left 
to  the  right  side  carry  with  them  an  average  momen¬ 
tum  m  the  direction  y,  and  so  tend  to  impress  the  right- 
hand  stratum  ol  gas  with  that  momentum.  On  the 
other  hand,  the  molecules  of  the  right-hand  stratum 
crossing  the  plane  into  the  left-hand  one  have,  relatively 
to  the  molecules  in  the  latter,  an  average  momentum  in 
the  opposite  direction,  and  therefore  tend  to  dimin¬ 
ish  the  average  momentum  of  the  left-hand  stratum. 
Hence,  if  we  attempt  to  cause  one  stratum  of  gas  to 
pass  over  another  in  parallel  planes,  we  experience  a 
resistance  due  to  the  interchange  of  molecules  between 
the  portions  of  gas  separated  by  the  plane.  This  is  in 
some  respects  analogous  to  sliding  friction  between  solid 
bodies,  and  is  called  by  German  writers  the  “  fric- 
tion  (Reibung),  by  Maxwell  and  others  the  “vis¬ 
cosity,  ol  the  gas.  Meyer3  investigates  this  effect  of 
friction  in  a  manner  somewhat  similar  to  that  employed 
in  case  of  diffusion,  and  obtains  for  the  coefficient  of 
viscosity  £  mNU. 

Relation  of  the  Coefficient  of  Viscosity  to  Density  and  Tempera¬ 
ture.  The  viscosity  of  a  gas  is  independent  of  the  density, 

being,  accord ing  to  O.  E.  Meyer,  Hi.  Now,  for  any  one 

gas,  lM  is,  as  we  haveseen,  inversely  proportional  to  the  den¬ 
sity,  and  therefore  oil  is  inversely  proportional  to  the  den- 
sity..  On  the  other  hand,  N  is  directly  proportional  to  the 
density.  Hence  the  viscosity  is  independent  of  the  den- 
sity.  This  agrees  with  the  result  obtained  by  Maxwell 
from  the  kinetic  theory  in  1860,  and  with  the  results  of  ex¬ 
periments  by  Maxwell4  and  O.  E.  Meyer.5  Also,  experi¬ 
ments  by  O.  E.  Meyer  and  Springmiihl6  on  the  transpiration 
of  gases  show  that  the  times  in  which  two  different  gases 
under  similar  circumstances  flow  through  a  tube  maintain 
the  same  constant  ratio  to  one  another.  As  in  the  case  of 
the  coefficient  of  diffusion,  oil  is  inversely  proportional  to 
the  square  root  of  the  absolute  temperature.  As  both  the 
coefficient_of  diffusion  and  that  of  viscosity  depend  on  the 
function  oil ,  it  should  be  possible  from  experiments  on  vis¬ 
cosity  to  determine  the  rate  of  diffusion.  Experiments  with 
this  object  have  been  conducted  by  Stefan7  with  very  satis¬ 
factory  results,  his  calculated  values  for  the  coefficient  of 
diffusion  agreeing  very  closely  with  those  determined  by 
Loschmidt’s  direct  experiment.8 

We  have  given  the  above  results  for  the  coefficients  of 
diffusion  and  viscosity  from  O.  E.  Meyer’s  work,  because 
his  method  has  met  with  very  general  acceptance.  It  has 
been  shown,  however,  by  Boltzmann,9  that  the  method  is 
incomplete.  Meyer’s  results  can  only  be  obtained  on  the 
assumption  that  the  molecules  of  a  gas  undergoing  diffusion 
or  internal  friction,  which  have  any  given  velocity,  as  w, 
are  moving  with  that  velocity  in  all  directions  indifferently. 
We  may  calculate  the  number  of  molecules  having  velocity 
w  that  pass  through  a  given  plane  during  a  short  time  dt, 
starting  from  encounters  at  any  given  distance  from  the 
plane.  If  we  assume  that  the  molecules,  issuing  from  such 
encounters  with  velocity  w,  move  indifferently  in  all  direc¬ 
tions,  we  obtain  Meyer’s  result.  This  assumption  is  true 
only  of  a  gas  at  rest— that  is,  having  no  velocity  of  transla¬ 
tion — so  that  our  result  so  obtained  would  express,  in  case 
of  diffusion,  the  rate  at  which  two  gases  begin  to  diffuse,  if 
given  at  any  instant  both  at  rest— that  is,  with  no  stream 
velocity— but  mixed  in  unequal  proportions  in  different 
parts  of  space.  In  any  actual  case  of  diffusion,  either  of  the 
two  diffusing  gases  acquires  a  small  velocity  of  translation. 

If  we  take  this  velocity  into  account  in  calculating  the 
number  of  molecules  of  the  gas  passing  through  a  plane,  ac¬ 
cording  to  Meyer’s  method,  we  shall  find  that  it  introduces 
two  new  terms,  one  of  which,  when  the  motion  becomes 
steady,  is  equal  and  opposite  to  the  result  obtained  by 
Meyer.  This  is  proved  by  Boltzmann  in  the  case  of  vis¬ 
cosity  in  the  treatise  above  referred  to.  The  same  proof  is 
easily  applied  in  the  case  of  diffusion. 

3  See  pp.  311-325  of  the  work  above  referred  to. 

4  Proceedings  oj  the  Royal  Society,  8th  February,  1866. 

5  Poggendorff’s  Annaten,  1871,  cxliii.  14. 

8  Pogg.  Ann.,  1873,  cxlviii.  1  and  526. 

7  Silzungsber.  d.  k.-k.  Akad.,  1872,  lxv.  323. 

8  For  a  full  account  of  these  and  other  experiments  on  diffusion 
and  viscosity,  see  O.  E.  Meyer,  Kinetische  Theorie  d.  Oase,  under  the 
heads  “ Reibung”  and  "Diffusion.” 

9  “  Zur  Gas-Reibung,”  in  the  Sitzungsber.  d.  k.-k.  Akad.,  1881. 
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Stefan’ t  Method. — Stefan1  regards  the  two  diffusing  gases 
as  having  small  velocities  of  translation,  or  stream  veloci¬ 
ties,  mi  and  Ufi,  in  opposite  directions,  so  that  the  molecules 
of  one  gas,  of  mass  mi,  have  an  average  momentum  mmi  in 
direction  from  left  to  right,  and  those  of  the  other  gas,  of 
mass  rivi,  an  average  momentum  from  right  to  left.  By 
virtue  of  encounters  between  the  two  sets  of  molecules,  each 
gas  is  always  imparting  to  the  other  a  portion  of  its  own 
average  momentum,  and  receiving  from  the  other  a  cor¬ 
responding  momentum  in  the  opposite  direction.  The 
momentum  so  transferred  or  interchanged  is  what  Stefan 
calls  the  resistance  which  one  gas  offers  to  the  other’s  diffu¬ 
sion.  In  this  investigation  Stefan  assumes  that  all  classes 
of  molecules  of  one  gas,  whatever  their  molecular  velocity 
in  space,  have  the  same  average  velocity  in  the  direction  of 
diffusion — that  is,  the  same  stream  velocity — so  that  the 
motion  of  the  molecules  of  a  diffusing  gas  would  be  exactly 
represented  by  considering  the  molecules  of  a  gas  at  rest — 
that  is,  with  only  its  molecular  velocity — at  the  same  tem¬ 
perature  and  pressure,  and  then  giving  to  each  molecule  the 
additional  common  velocity  u  in  the  direction  of  diffusion. 
Boltzmann,  however,  shows  that,  in  order  correctly  to  rep¬ 
resent  the  motion  of  the  diffusing  gas,  we  must  impart  to 
molecules  having  different  molecular  velocities  independ¬ 
ent  of  direction  different  common  velocities  in  the  direction 
of  diffusion.  And  it  will  be  found  that  the  resistance  of 
the  gases  is  sensibly  modified  by  this  property.2 

The  complete  solution  of  the  problem — that  is,  the  de¬ 
termination  of  u  as  a  function  of  w,  on  the  hypothesis  that 
the  molecules  are  elastic  spheres— is  difficult. 

If  we  assume  molecules  to  be  centres  of  force  varying  in¬ 
versely  as  the  nth  power  of  the  distance,  so  that  the  force 

at  distance  r  is  — — ,  where  y  is  constant,  we  obtain  the  fol- 
rn 

lowing  result.  We  assume  the  molecules  of  gas  A  whose 
absolute  velocities  are  between  w  and  w  -(-  dw  to  have  an 
average  stream  velocity  u  in  direction  of  the  tube,  where  u 
is  a  function  of  w.  Then,  if  the  terminal  condition  at  the 
ends  of  the  tube  be  maintained  constant,  we  obtain  an  equa¬ 
tion  of  the  form 

p  dNb  4n-8  miwi2  T^a 
N  dx  3n  -  3  mi  +  unit  volume 

multiplied  by  the  average  value  for  all  molecules  of  gas  A 
n- 5 

of  uVn~ \  where  Fis  the  relative  velocity  of  two  molecules, 
one  taken  from  each  gas,  and  C  is  a  constant,  and  mi,  mi  the 
masses  of  the  molecules  of  gas  A  and  gas  B  respectively. 

By  making  n  infinite  we  obtain  the  result  for  elastic 
n-  5 

spheres :  in  that  case  F”'-1  =  F,  and  the  problem  is  to  find  the 
average  value  of  u  V. 

Since  p  varies  as  the  absolute  temperature,  and  the  aver¬ 
age  value  of  F  varies  as  the  square  root  of  the  absolute  tem¬ 
perature,  we  may  infer  that  the  average  value  of  u — that 
is,  the  stream  velocity— will  vary  approximately  as  the 
square  root  of  the  temperature,  as  it  appears  to  do  from 
experimental  evidence.  If,  on  the  other  hand,  n  —  5,  F 

^ — Q 

disappears,  and  =  !•  1 11  this  case  the  analytical  deter¬ 
mination  of  u  presents  no  difficulty ;  but  in  the  result  the 
stream  velocity  varies  as  the  absolute  temperature,  which 
accords  less  satisfactorily  with  experiments. 

On  Molecular  Dimensions. 

Many  attempts  have  been  made  in  recent  years  to 
form  an  estimate  or  conjecture,  more  or  less  accurate, 
of  the  numerical  value  of  the  dimensions  of  a  molecule 
and  the  absolute  force  between  molecules.3 

In  accordance  with  the  view  of  the  subject  considered 
in  this  article,  we  are  here  concerned  with  such  specu¬ 
lations  only  in  so  far  as  they  are  founded  upon  the 

1  Memoir  “  On  the  Dynamical  Theory  of  Diffusion  ”  (Sitzungsber. 
d.  k.-k.  Akad.,  lxv.). 

2  For  Boltzmann’s  own  treatment  of  the  subject  we  cannot, 
within  the  limits  of  this  article,  do  more  than  refer  the  reader  to 
the  memoir  above  mentioned,  “  Zur  Gas-Reibung,”and  another 
as  yet  unfinished  memoir  “  On  Diffusion,”  in  the  Sitzungsber.  d. 
k.-k.  Akad.,  1882. 

3  An  account  of  these  will  he  found  in  O.  E.  Meyer’s  Km. 

Theoi~ie  d.  Oase,  in  Professor  Tait’s  Recent  Advances  in  Physical  Sci¬ 
ence,  lect.  xii.,  and  in  the  following  memoirs:  Phil.  Mag.,  July, 
1879,  “  On  the  Size  of  Molecules,”  by  N.  D.  C.  Hodges ;  Phil.  Mag., 

March,  1880,  “  On  the  Mean  Free  Path  of  Molecules,”  by  the  same 

author.  See,  also,  lecture  delivered  by  Sir  W.  Thomson  at  the 

Royal  Institution,  2d  Feb.  1883. 


kinetic  theory  of  gases,  or  supported  by  it.  The  phe¬ 
nomena  of  diffusion  and  viscosity  especially  have  af¬ 
forded  grounds  for  estimates  of  molecular  dimensions. 

It  is  first  necessary  to  define  what  is  meant  by  the 
dimensions  of  a  molecule.  Regarded  as  an  elastic 
sphere,  it  has  dimensions  with  the  conception  of  which 
we  are  familiar.  It  is  not,  of  course,  seriously  con¬ 
tended  by  any  physicists  that  the  molecules  of  a  gas 
are  actually  hard  elastic  spheres,  exerting  no  force  on 
each  other  at  any  distance  greater  than  that  of  actual 
contact,  and  then  an  infinite  force.  It  is  necessary  to 
conceive  the  forces  as  finite,  although  they  may  di¬ 
minish  so  rapidly  with  the  distance  as  that  the  mo¬ 
tions  of  molecules  in  the  aggregate  differ  little  from 
what  they  would  be  if  the  molecules  were  ideal  elastic 
spheres.  Nevertheless,  they  must  be  finite  forces;  and, 
that  being  the  case,  it  is  difficult,  if  not  impossible,  to 
frame  a  definition  of  the  boundary  of  a  molecule,  ex¬ 
cept  as  a  certain  surface  at  which  the  forces  acting  be¬ 
tween  the  molecule  in  question  and  other  molecules 
attain  a  certain  value. 

If,  for  instance,  we  were  to  regard  a  molecule  as  a  centre  of 
force,  exerting  an  attractive  force  and  a  repulsive  force 

t 

we  might  define  the  molecule  to  he  a  sphere  of  radius  a, 
r1 

such  that  ^-r  =  ^r.  In  like  manner,  regarding  a  molecule 
a4 * *  a7 

as  a  centre  of  force,  repelling  according  to  the  law  of  the 
inverse  fifth  power  of  the  distance,  we  might  define  the 
magnitude  of  a  molecule  as  a  sphere  of  radius  equal  to  the 
least  distance  to  which  two  molecules,  whose  relative  ve¬ 
locity  is  equal  to  the  mean  velocity  of  the  centres  of  force, 
approach  each  other  in  a  direct  encounter. 

If  on  any  hypothesis  concerning  the  nature  of  a  molecule, 
or  the  law  of  force  which  acts  during  encounters,  we  can 
calculate  the  coefficient  of  viscosity  or  diffusion  analytic¬ 
ally,  a  comparison  of  the  analytical  result  with  results  ob¬ 
tained  by  experiment  may  afford  the  means  of  determining 
the  absolute  numerical  value  of  the  constants  used  in  the 
analysis.  For  example,  if  we  consider  the  molecules  as 
elastic  spheres,  and  if  we  consider  for  a  moment  Meyer’s 
results  as  correct,  or  approximately  correct,  the  coefficient 
of  viscosity  for  any  single  gas  can  be  put  in  the  form 

where  N  is  the  number  of  molecules  in  unit  of 

volume,  m  the  mass  of  a  molecule.  Now,  for  every  value  of 
oila  the  mean  free  path  of  a  molecule  with  that  velocity  is 

equal  to  \/h  where  s  is  twice  the  radius  of  a  molecule 

multiplied  by  a  numerical  factor  which  can  be  determined 
to  any  required  degree  of  accuracy.  Also  at  given  temper¬ 
ature  and  pressure  the  numerical  value  of  \/h  is  known. 
It  follows  that  we  can  calculate  the  numerical  value  of  the 
coefficient  of  viscosity  by  analytical  methods  in  terms  of 

Nirs2  to  any  required  degree  of  accuracy.  Let  it  be  ^ng2' 

If  by  experiments  on  viscosity  we  can  determine  the 
numerical  value  of  the  same  coefficient  in  the  form  CA, 
when  Ci  is  a  mere  numerical  quantity,  we  have  immedi- 

C  C 

ately  the  equation  C\  =  ^^,or  Nss1  =  -q\  This  gives  in 

absolute  numerical  measure  the  value  of  Nns‘l,  or  four  times 
thesumof  the  great  circle  areas  of  all  the  molecules  in  unit 
of  volume,  supposing  them  to  be  spherical.  If  we  attempt 
to  use  the  coefficient  of  diffusion  instead  of  viscosity  in  this 
method,  we  are  met  by  the  difficulty  that  the  analytical 
result  contains  now  two  unknown  quantities  instead  of  one 
- — namely,  the  radii  of  the  respective  molecules  of  the  two 
gases  in  question.  If  this  difficulty  be  got  over  by  a  com¬ 
parison  of  results  obtained  in  different  experiments,  the 
greater  certainty  attending  the  observations  on  diffusion 
might  perhaps  compensate  for  the  additional  mathematical 
difficulty,  and  render  diffusion  at  least  equally  trustworthy 
with  viscosity  as  a  method  for  estimating  molecular  dimen¬ 
sions.  Again,  on  the  hypothesis  of  repulsion  between  mole¬ 
cules  according  to  the  law  of  the  inverse  fifth  power  of  the 
distance,  we  can  calculate  analytically  the  rate  of  diffusion 
between  two  reservoirs  connected  by  a  tube  as  above  de¬ 
scribed,  the  result  containing  only  one  unknown  constant, 
viz.,  y,  the  constant  of  absolute  force.  Comparing  the  ana¬ 
lytical  result  with  the  results  of  experiments  on  diffusion 
through  such  a  tube  as  above  described,  if  we  find  them 
capable  of  being  harmonized  by  attributing  any  numerical 
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value  to  n,  we  should  have  good  reason  for  concluding  that 
the  law  of  force  assumed  is  to  a  certain  extent  at  least  the 
true  law,  and  that  the  particular  value  of  y  is  that  which 
harmonizes  the  analytical  with  the  experimental  results. 
And  the  determination  of  y,  the  absolute  force,  corresponds 
to,  or  indeed  is,  the  determination  of  the  size  of  the  mole¬ 
cule. 

Until  all  the  mathematical  hypotheses  have  been  fully 
developed,  no  very  great  reliance  can  be  placed  on  the 
results  of  such  comparisons,  even  assuming  that  the  experi¬ 
mental  results  themselves  are  to  be  depended  upon.  How¬ 
ever  valuable  the  experiments  may  be  for  other  purposes, 
they  are  not  valuable  for  the  purpose  of  determining  molec- 
ular  dimensions  until  our  mathematical  analysis  is  suffi¬ 
ciently  advanced  to  enable  us  to  interpret  the  experiment. 
At  present  it  is  perhaps  impossible  to  deduce  from  the  ex¬ 
periments  any  other  result  bearing  on  this  question  than 
that  the  coefficients  of  diffusion  and  viscosity  increase  with 
increasing  temperature,  and  probably  contain  an  important 
term  proportional  to  the  square  root  of  the  absolute  temper¬ 
ature.  If,  indeed,  it  can  be  shown  that  that  is  the  only 
term,  and  if  it  can  be  also  shown  that  the  density  of  one  of 
two  diffusing  gases  in  a  tube  through  which  steady  diffusion 
is  going  on  tends  to  vary  in  geometrical  progression,  then 
the  analysis  will  lead  us  to  the  conclusion  that  molecules  of 
gases  behave  in  their  physical  relations  to  each  other  as  if 
they  were  elastic  spheres. 

The  following  method  has  also  been  suggested  for  esti¬ 
mating  the  magnitude  of  molecules  of  mercury.  Mercury 
is  regarded  by  most  chemists  as  monatomic.  Let  us  assume 
that  its  molecules  are  conducting  spheres ;  on  that  assump¬ 
tion  we  may  calculate  the  specific  inductive  capacity  of 

mercury  vapor  on  Faraday’s  hypothesis  to  be  — where 

X  is  the  ratio  which  the  aggregate  volume  of  all  the  spher¬ 
ical  molecules  in  unit  volume  bears  to  unit  volume.  If 
now  K,  the  specific  inductive  capacity  of  mercury  vapor, 

1  I  Q\ 

can  be  determined  experimentally,  the  equation  K=  ^ 

affords  a  ground  for  estimating  the  value  of  A, — that  is,  the 
aggregate  volume  of  the  molecules. 

Another  method,  originally  proposed  by  Van  der  Waals, 
is  founded  on  the  small  deviations  from  Boyle’s  law  ob¬ 
served  in  all  gases.  Suppose  a  vessel  of  volume  V  contain¬ 
ing  a  number  Ni  of  elastic  spheres,  each  of  mass  m,  moving 
with  a  certain  average  kinetic  energy.  Let  pi  be  the  pres¬ 
sure.  Let  a  second  class  of  elastic  spheres,  in  number  Nt, 
each  of  the  same  mass  m  as  the  former  class  and  having  the 
same  average  kinetic  energy,  be  introduced  into  the  vessel. 
If  the  second  class  of  spheres  could  freely  penetrate  the  first, 
and  vice  versa,  so  that  there  should  be  no  restrictions  on  a 
sphere  of  the  first  class  and  a  sphere  of  the  second  being  in 
the  same  place  at  the  same  time,  then  the  pressure  on  the 
walls  of  the  vessel  would  be  increased  in  the  exact  proportion 
2Vi  4-N2 

■ — — •  Boyle’s  law  would  be  exactly  fulfilled.  But  if 

the  spheres  cannot  penetrate  each  other,  the  volume 
occupied  by  the  second  class  of  spheres  is  not  V,  but 
4 

V-  o"  if  r  he  the  radius  of  a  sphere  of  the  first  class. 

Consequently  the  pressure  due  to  the  second  class  of  spheres 
is  rather  greater  than  it  should  be,  and  there  is  a  small 
deviation  from  Boyle’s  law.  Van  der  Waals  treats  the 
pressure  as  proportional  to  the  number  of  encounters,  and 
therefore  inversely  proportional  to  the  mean  free  path, 
which  is  evidently  diminished  by  any  increase  in  the  mag¬ 
nitude  of  the  spheres,  and  diminished  more  than  in  propor¬ 
tion  by  any  increase  in  the  number. 

(h.  w.  w.— s.  h.  b.) 
Chemical  Aspect. 

The  word  Molecule  is  used  by  chemists  to  express  the 
unit  of  a  pure  substance,  that  quantity  of  it  which  its 
formula  ought  to  represent.  What  this  quantity  is,  in 
any  particular  case,  must  be  ascertained  by  studying 
the  chemical  actions  by  which  the  substance  is  pro¬ 
duced  and  the  chemical  changes  which  it  undergoes. 
We  may  give  one  or  two  illustrations  to  show  how  this 
can  be  done,  as  well  as  to  indicate  the  limits  within 
which  these  methods  can  be  applied. 

The  formula  usually  assigned  to  acetic  acid  is  C2H402. 
This  agrees  with  almost  all  the  chemical  actions  in 
which  it  takes  part.  Thus,  one  quarter  of  the  hydro¬ 
gen  is  replaceable  by  other  metals,  as  in  C2H3K02,  etc. ; 
and  one,  two,  or  three  quarters  of  the  hydrogen  can  be 
replaced  by  chlorine.  There  must,  therefore,  be  four 


(or  a  multiple  of  four)  atoms  of  hydrogen  in  the  mole¬ 
cule.  Similarly,  half  the  oxygen  can  be  replaced  by 
sulphur,  and  one-half  of  the  oxygen  along  with  one- 
quarter  of  the  hydrogen  can  be  replaced  by  chlorine. 
There  must,  therefore,  be  two  (or  a  multiple  of  two) 
atoms  of  oxygen  in  the  molecule.  Again,  the  forma¬ 
tion  of  marsh  gas  and  carbonate  of  soda,  when  acetate 
of  soda  is  heated  with  caustic  soda,  and  the  formation 
of  aceto  nitrile  from  cyanide  of  potassium  and  iodide 
of  methyl,  show  that  the  carbon  in  acetic  acid  is  divis¬ 
ible  by  two,  or  that  the  molecule  contains  two  (or  a 
multiple  of  two)  atoms  of  carbon.  C2H402  is  the  sim¬ 
plest  formula  which  fulfils  these  conditions,  but  the 
existence  of  an  acid  acetate  of  potash  and  an  acid  ace¬ 
tate  of  ammonia,  the  formulae  of  which  are  usually 
written  C2H3K02,  C2H402  and  C2H3(NH4)02,  C2H402, 
as  if  these  were  compounds  derived  from  two  molecules 
of  acetic  acid,  might  lead  us  to  C4H804,  as  this  shows 
that  the  hydrogen  is  divisible  by  eight.  In  the  same 
way,  we  can  easily  satisfy  ourselves  that  C6H,0O5  or 
some  multiple  of  it,  is  the  formula  of  starch  ;  that 
C8H5NO,  or  some  multiple  of  it,  is  the  formula  of  indigo 
blue,  and  so  on.  But  it  is  not  easy  to  determine  by 
purely  chemical  methods  whether  these  formulae  them¬ 
selves,  or  multiples  of  them,  really  represent  the  mole¬ 
cule.  A  simple  formula  may  suffice  for  a  great  many 
of  the  reactions  of  a  substance,  and  may  enable  us  to 
represent  a  great  many  of  its  derivatives,  and  yet  reac¬ 
tions  and  derivatives  may  be  discovered  which  require  a 
multiple  of  that  simple  formula.  This  has  already  been 
indicated  in  reference  to  acetic  acid,  and  a  very  striking 
illustration  is  supplied  by  mellitic  acid.  For  a  long 
time  the  formula  C4H204  was  used  for  this  acid,  and 
by  means  of  it  all  the  then  known  derivatives  were 
represented.  But  later  investigations  by  Baeyer 
proved  that  this  formula  must  be  multiplied  by  three, 
the  new  derivatives  obtained  by  him  not  being  capable 
of  representation  with  any  formula  simpler  than 
C12H6012.  V ery  many  examples  of  the  same  kind  might 
be  adduced,  but  those  given  may  serve  to  show  the 
nature  of  the  difficulty  of  settling  the  formula  and 
with  it  the  molecular  weight  of  a  substance.  It  need 
scarcely  be  said  that  the  multiple  formula  represents 
everything  which  the  simple  formula  represents  and 
something  more,  and  that  chemists  as  a  rule  take  the 
simplest  formula  which  will  answer  the  purpose. 
These  chemical  methods  of  determining  the  formula 
and  molecular  weight  apply  equally  to  all  pure  sub¬ 
stances,  but  they  do  not  give  us  absolute  values,  only 
numbers  to  which  the  molecular  weights  are  propor¬ 
tional.  And  for  purely  chemical  purposes  these  are 
all  that  we  require.  Thus,  when  a  chemist  speaks  of 
acting  on  a  molecule  of  succinic  acid  with  two  mole¬ 
cules  of  pentachloride  of  phosphorus,  he  means  that 
he  mixes  them  in  the  proportion  of  1 18  parts  of  the 
former  to  2  x  177.5  of  the  latter.  For  the  sake  of 
precision  we  sometimes  speak  of  a  molecule  of  water 
(or  other  substance)  in  grammes,  or  even  of  a  gramme- 
molecule,  a  grain-molecule ,  etc.  Thus,  in  the  case 
just  mentioned  a  gramme-molecule  of  succinic  acid 
means  118  grammes  of  succinic  acid,  etc. 

But,  while  for  practical  purposes  these  proportional 
numbers  are  quite  sufficient,  we  cannot  leave  out  of 
view  their  relation  to  the  actual  constitution  of  matter. 
There  is  good  reason  to  believe  that  matter  consists  of 
discrete  particles,  and  that  every  pure  substance  is 
made  up  of  small  portions  of  matter,  all  alike,  so  that 
one  of  them,  if  we  could  examine  it,  would  give  us  a 
complete  idea  of  the  chemical  composition,  constitu¬ 
tion,  and  character  of  the  substance.  These  small  por¬ 
tions,  of  which  the  smallest  quantity  of  the  substance 
which  we  can  examine  contains  many  millions,  we  may 
call  molecules.  From  the  character  which  we  have 
supposed  this  molecule  to  possess — viz.,  that  it  fully 
represents  all  the  chemical  properties  of  the  substance 
— it  will  be  seen  that  these  real,  ultimate  molecules 
must  be  proportional  to  the  molecular  weights  ascer¬ 
tained  by  chemical  means  ;  so  that,  while  for  practical 
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laboratory  or  manufacturing  purposes  we  use  the 
gramme,  the  pound,  or  the  ton  as  our  unit,  and  speak 
of  18  grammes,  pounds,  or  tons,  as  the  case  may  be, 
of  water,  as  a  molecule  (or  gramme-molecule,  ton- 
molecule,  etc.),  in  dealing  with  the  actual  constitution 
of  matter  we  should  use  as  our  unit  the  mass  of  a  sin¬ 
gle  atom  of  hydrogen,  and  our  gramme-molecule  would 
then  be  a  definite,  very  large,  but  not  yet  accurately 
ascertained,  number  of  real  molecules. 

It  has  been  already  shown  above  that,  on  the  kinetic 
theory  of  gas,  a  gas  consists  of  a  number  of  particles 
moving  about  in  straight  lines  in  all  directions,  and 
that  in  a  homogeneous  gas  which  follows  Boyle’s  and 
Charles’ s  laws  these  particles  are  all  alike.  The  masses 
of  the  particles  of  different  gases  are  therefore  to  one 
another  in  the  same  proportion  as  the  densities  of  the 

fases,  temperature .  ana  pressure  being  the  same. 

'hus,  in  gases,  the  independently  moving  particles  of 
the  kinetic  theory  are  the  molecules  of  which  the 
chemist  is  in  search,  and  it  becomes  important  that  we 
should  compare  our  chemically  found  molecular  weights 
with  the  densities.  Theoretically  accurate  results 
could  be  obtained  only  in  the  case  of  a  perfect  gas ;  but 
small  deviations  from  Boyle’s  and  Charles’s  laws  do  not 
interfere  with  the  application  of  this  method.  Chemi¬ 
cal  methods,  as  we  have  already  seen,  lead  us  to  a  par¬ 
ticular  number,  or  a  multiple  of  it,  so  that  our  choice 
is  as  a  rule  limited  to  two  or  three  numbers  widely 
differing  from  one  another.  We  find  that  if  we  do  not 
exceed  the  limits  of  chemical  stability  a  gas  approaches 
the  state  of  a  perfect  gas  as  the  temperature  increases, 
or  as  the  pressure  diminishes.  Now  if  one  of  the 
numbers  rendered  probable  by  chemical  evidence  nearly 
coincides  with  that  given  by  comparison  of  gas  densi¬ 
ties,  under  conditions  where  the  substance  sensibly  de¬ 
viates  from  Boyle’s  and  Charles’s  laws,  we  find  that 
by  diminishing  the  pressure  or  increasing  the  tempera¬ 
ture  within  the  limits  of  chemical  stability,  and  thus 
bringing  the  substance  nearer  the  state  of  a  perfect 
gas,  the  correspondence  between  these  two  numbers 
becomes  closer.  This  has  already  been  pointed  out 
and  illustrated  in  the  article  Chemistry,  vol.  v.  p. 
406. 

We  can  now  compare  the  results,  in  the  case  of 
gases,  of  the  chemical  and  of  the  physical  determina¬ 
tion  of  molecular  weight,  by  giving  some  examples, 
placing  side  by  side  the  formula  and  molecular  weight 
adopted  by  chemists,  and  the  mass,  in  grammes,  of 
the  gas  occupying  the  volume  of  22.33  x  760 Ip  X  (273 
►f-  C/27 3  litres.  This  volume  is  that  which  one  gramme 
of  an  ideal  gas  having  the  molecular  weight  1,  and 
perfectly  following  Boyle’s  and  Charles’s  laws,  would 
occupy  at  pressure  p  millimetres  of  mercury  and  tem¬ 
perature  t°  C.  If,  then,  w  be  the  molecular  weight  of 
any  gas,  w  grammes  of  it  should  occupy  this  volume, 


Name. 

For¬ 

mula. 

w. 

m. 

Sulphuretted  hydrogen . 

Nitrous  oxide . 

Ammonia . 

H2S 

n2o 

NH, 

ch34 

c,h4 

34 

44 

17 

44 

16 

28 

34.04 

44.08 

17.12 
44.14 

16.13 
28.44 

Carbonic  acid . 

Marsh  gas . 

Olefiant  gas . 

Hydrogen . 

H2 

Cfo 

p4 

As. 

Al2Brs 

FeaCl# 

2 

32 

71 

124 

300 

192 

64 

534 

325 

2 

32 

71.27 

125.9 

294.5 
194 

63.5 

537.5 
328.8 

at  100°  C. 

“  500°  C. 

“  860°  C. 

“  500°  C. 

“1000°  c. 

“  440°  C. 

“  440°  C. 

Oxygen . 

Chlorine . 

Phosphorus . 

Arsenic . 

Sulphur . 

Bromide  of  aluminium . 

Ferric  chloride . 

Sal-ammoniac . 

Oil  of  vitriol . 

NH4C1 

h,so4 

53.5 

98 

208.5 

68 

29.6 

50.24 

J'140 

1  105.4 
22.76 

at  350°  C. 

“  440°  C. 

“  200°  C. 

“  300°  C. 

“  80°  C. 

Pentaehloride  of  phos-1 

phorus . J 

Sulphide  of  ammonium . 

pci, 

(NH4)2S 

and  slight  deviation  from  this  would  indicate  slight 
deviation  from  Boyle’s  and  Charles’s  laws.  In  the 
annexed  table  w  is  the  molecular  weight  and  m  the 
mass  contained  in  22.33  X  760 Ip  X  (273  +  C/273  litres. 
Where  the  temperature  is  not  specially  stated,  the  de¬ 
terminations  were  made  under  the  usual  atmospheric 
conditions. 

A  comparison  of  the  values  of  w  and  m  leads  to  the 
following  conclusions: 

(1)  In  the  case  of  a  very  great  number  of  substances, 
of  which  only  a  few  specimens  are  given  in  the  table, 
the  two  determinations  agree,  the  slight  differences  of¬ 
ten  observed  being  evidently  due  to  deviation  of  the 
substance  from  the  state  of  a  perfect  gas.  (2)  In  a 
considerable  number  of  substances,  physical  evidence 
leads  to  a  multiple  of  the  simplest  number  satisfying 
the  chemical  conditions.  This  cannot  be  looked  upon 
as  a  disagreement  between  the  methods,  because,  if  a 
particular  formula  satisfies  the  chemical  conditions, 
any  multiple  of  it  will  necessarily  do  so ;  and  indeed, 
in  many  of  the  cases  we  are  now  considering,  it  is 

Eossible  from  chemical  considerations  to  justify  the 
igher  molecular  weight  after  it  has  been  suggested, 
although  such  chemical  considerations  might  not  in  all 
cases  have  warranted  its  adoption  without  external 
support.  Thus,  we  are  not  without  chemical  evidence 
in  favor  of  the  formulae  H2,  Cl2,  02,  or  even  Al23r6  and 
Fe2Cl6,  although  chemists  would  probably  have  con¬ 
tented  themselves  with  H,  Cl,  0,  AlBr3,  and  FeCl3, 
had  it  not  been  for  the  evidence  of  gas  and  vapor  den¬ 
sity,  and  certainly  without  the  latter  no  one  would 
have  thought  of  P4,  As4,  or  Se.1  (3)  There  are  a  num¬ 
ber  of  substances  in  the  case  of  which  there  is  an  ap¬ 
parent  disagreement  between  the  results  of  the  two 
ways  of  determining  molecular  weight.  Such  sub¬ 
stances  are  said  to  have  an  anomalous  gas  or  vapor 
density.  The  expression  anomalous  vapor  density  is 
sometimes  applied  to  the  case  of  such  substances  as 
phosphorus  and  arsenic,  but  not  very  accurately.  It 
would  be  better  to  say  that  these  substances  have  an 
unexpected  vapor  density,  because  their  complex  mo¬ 
lecular  formulae,  while  not  clearly  indicated  by  their 
chemical  character,  are  not  at  variance  with  any  estab¬ 
lished  law. 

We  shall  therefore  reserve  the  term  “anomalous 
vapor  density”  for  those  substances  the  molecular 
weight  of  which  as  given  by  their  vapor  density  is  not 
reconcilable  with  any  formula  which  is  chemically  admis¬ 
sible.  In  the  case  of  some  substances,  such  as  the  oxides 
of  chlorine,  it  has  been  shown  that  the  discrepancy  was 
due  to  errors  of  observation,  impure  specimens  having 
been  used  in  the  experiments ;  but  there  still  remain 
many  substances  having,  in  the  sense  above  indicated, 
an  anomalous  vapor  density.  These  substances  have 
therefore  been  examined  with  special  care,  with  the 
result  of  completely  vindicating  the  kinetic  theory, 
and  of  disclosing  a  very  interesting  and  theoretically  im¬ 
portant  kind  of  chemical  change.  We  shall  take,  as 
instances  of  such  anomalous  vapor  densities,  the  sub¬ 
stances  in  the  last  division  of  the  table,  and  show  how 
the  anomaly  has  in  these  cases  been  explained. 

Sal-ammoniac  has  the.  composition  represented  by 
the  formula  NH4C1.  This  formula  agrees  with  all  the 
chemical  actions  of  the  substance  ana  of  all  the  sub¬ 
stances  in  any  way  related  to  it,  but  it  does  not  agree 
with  the  results  of  vapor  density  determinations. 

1  It  is  important  as  a  matter  of  scientific  history  to  note  that 
this  agreement  of  gas  density  and  chemical  molecular  weight 
was  first  indicated  by  Gay-Lussac,  who  showed  that  the  ratio  of 
the  densities  of  two  gases  stood  in  a  very  simple  arithmetical  rela¬ 
tion  to  the  ratio  of  their  chemical  equivalents.  Avogadro  'in  1811 
brought  forward  his  famous  hypothesis,  that  the  number  of 
molecules  in  a  given  volume  of  gas  is  independent  of  the  nature 
of  the  gas,  or  that  the  densities  of  gases  (temperature  and  pres¬ 
sure  being  the  same)  are  to  one  another  as  the  masses  of  their 
molecules.  This  hypothesis  is  now  shown  to  be  in  accordance 
with  the  kinetic  theory  of  gas,  and  is  known  as  “  Avogadro's 
law.”  See  Atom,  vol.  iii.  p.  36,  where  a  slight  confusion  has  been 
caused  by  using  the  word  “equivalent”  instead  of  “  molecule,” 
and  by  not  sufficiently  distinguishing  between  the  discovery  of 
Gay-Lussac  and  the  hypothesis  of  Avogadro. 
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When  sal-ammoniac  is  heated  it  is  converted  into  vapor 
or  gas,  and  this  vapor  or  gas  is  reconverted  into  solid 
sal-ammoniac  when  it  is  cooled.  This  looks  exactly 
like  the  process  of  sublimation,  and  it  was  universally 
supposed  that  the  vapor  given  off  when  sal-ammoniac 
is  heated  was  really  sal-ammoniac  vapor.  But  its  vapor 
density  corresponds,  not  to  the  formula  NH4C1  and 
the  molecular  weight  53.5,  but  to  the  half  of  this. 
Now  this  formula  does  not  admit  of  division,  and  the 
explanation  at  once  suggests  itself,  that  the  vapor  ex¬ 
amined  was  not  really  the  vapor  of  sal-ammoniac,  but 
of  hydrochloric  acid  and  ammonia  gases,  the  products 
of  the  decomposition  of  sal-ammoniac. 

This  would  of  course  completely  explain  the  appa¬ 
rent  anomaly ;  each  molecule  NH4C1  dividing  into  two 
molecules  NH3  and  HC1,  the  gas  from  a  given  weight 
of  sal-ammoniac  would  of  course  contain  twice  as  many 
molecules  and  occupy  twice  the  space  which  it  would 
do  if  no  such  decomposition  had  occurred.  On  this 
supposition  the  mixed  gases  would  remain  uncombined 
as  long  as  the  temperature  was  above  the  decomposing 
point  of  sal-ammoniac  ;  if  the  temperature  fell  below 
this  point  they  would  unite  and  reproduce  sal-ammo¬ 
niac.  It  was  necessary,  however,  to  prove  that  this 
decomposition  occurs. 

As  has  been  shown  above  (p.  641),  the  rate  of  dif¬ 
fusion  of  a  gas  depends  upon  its  density.  In  this  case 
the  two  gases  into  which  the  substance  may  be  supposed 
to  break  up  at  the  moment  of  volatilization  differ  con¬ 
siderably  in  density;  we  ought,  therefore,  to  be  able 
to  effect  partial  separation  by  means  of  diffusion,  and 
it  has  been  shown  that  such  partial  separation  actually 
does  occur.  Thus,  if  we  have  hydrogen  gas  on  one 
side  of  a  porous  diaphragm  and  volatilized  sal-ammo¬ 
niac  on  the  other  side,  we  find  after  a  time  that,  mixed 
with  the  hydrogen  on  the  one  side,  we  have  what  we 
may  for  shortness  call  sal-ammoniac  vapor — that  is, 
a  vapor  which  when  cooled  forms  solid  sal-ammoniac 
— with  an  excess  of  ammonia,  which,  being  less  dense 
than  hydrochloric  acid  gas,  has  diffused  faster ;  while 
on  the  other  side,  also  mixed  with  hydrogen  which  has 
diffused  through  the  diaphragm,  we  have  sal-ammoniac 
vapor  with  excess  of  hydrochloric  acid,  the  denser  and 
more  slowly  diffusing  gas.  This  of  course  proves  that 
the  decomposition  has  occurred,  but  it  does  not  prove 
that  the  vapor  of  sal-ammoniac  consists  entirely  of 
hydrochloric  acid  and  ammonia  mixed  with  one  an¬ 
other.  That  this  in  fact  is  not  the  case  has  been 
shown  by  an  ingenious  experiment.  The  two  gases 
were  separately  raised  to  a  temperature  higher  than 
that  at  which  sal-ammoniac  volatilizes,  and  were  then 
allowed  to  mix  in  a  vessel  kept  at  the  same  tempera¬ 
ture  as  the  two  gases.  In  this  vessel  a  delicate  ther¬ 
mometer  was  placed,  and  it  was  found  that  the  mixing 
of  the  two  gases  was  accompanied  by  a  small  but  very 
decided  evolution  of  heat.  This  proves  that  some 
chemical  combination  takes  place,  and  that  the  mixed 
gases  must  contain  some  vapor  of  NH4C1.  Moreover, 
careful  determinations  of  the  vapor  density  of  sal- 
ammoniac  prove  that  it  is  a  little  more  than  the  mean 
of  the  densities  of  ammonia  and  hydrochloric  acid  (as 
compared  with  air  at  the  same  temperature  and  press 
ure,  1.01  instead  of  0.  9255  at  350°  C.);  and  this  in¬ 
crease  of  density  on  mixing  the  hot  gases  is  easily  ex 
plained  by  supposing  that  a  small  proportion  is  in  the 
condition  of  NH4C1,  while  the  most  of  the  gas  con 
sists  of  separate  NH3  and  HC1  molecules. 

In  a  similar  way  it  has  been  shown  that  the  vapor 
of  oil  of  vitriol  is  a  mixture  of  two  vapors, — that  of 
water  H20,  and  that  of  sulphuric  anhydride,  S03 ; 
and  that  sulphide  of  ammonium  when  volatilized 
breaks  up  into  two  volumes  of  ammonia  and  one  ot 
sulphuretted  hydrogen,  (NH4)2S  =  2NH3-|-;  H2S.  We 
find,  therefore,  that  in  the  former  case,  as  in  that  ot 
sal-ammoniac,  w  —  2 m,  and  in  the  latter,  w  ?>m. 

This  peculiar  kind  of  decomposition  is  now  known  by 
the  name  “  dissociation.”  (See  vol.  v.  pp.  411,  412.)  In  the 
cases  we  have  mentioned  the  substances  undergo  nearly 


complete  dissociation  at  the  temperature  at  which  they  vol¬ 
atilize,  and  recombination  takes  place  when  they  are  cooled 
and  again  assume  the  solid,  or,  as  in  the  case  of  oil  of  vit¬ 
riol,  the  liquid  state.  These  substances  are  therefore  not 
suited  for  the  illustration  of  the  whole  course  of  dissocia¬ 
tion.  This  has  been  carefully  studied  in  the  case  of  some 
compounds,  in  which  the  dissociation  is  far  from  complete, 
at  the  boiling-point  of  the  substance,  with  the  result  that, 
if  AB  be  the  compound  dissociating  into  the  separate  mole¬ 
cules  A  and  B ,  we  may  represent  the  amount  of  dissocia¬ 
tion  as  the  ratio  of  the  number  of  pairs  of  separate  A  and 
B  molecules  to  the  total  number  of  pairs  of  A  and  B,  both 
separate  and  combined.  This  ratio  we  may  call  R,  so  that 
when  dissociation  is  complete  R=  1. 

(1)  R  increases  as  the  temperature  rises.  (2)  dR/dt  (where 
(  is  temperature)  is  a  maximum  when  R  =  %.  (3)  The 
presence  of  excess  of  either  A  or  B  diminishes  the  value  of 
R.  For  instance,  PCI5  is  nearly  completely  dissociated  into 
PCI3  and  Cl2  at  300°  C. ;  but  if  a  large  excess  of  PCI3  is 
mixed  with  the  vapor  it  is  found  to  contain  scarcely  any 
Cl2,  so  that  dissociation  is  greatly  diminished  by  the  pres¬ 
ence  of  excess  of  PCI3.  These  experimental  results  are  oa- 
pable  of  explanation  on  the  kinetic  theory  of  gas,  if  we 
adopt  Pfaundler’s  hypothesis.  This  is,  that  for  each  case 
of  dissociation  there  is  a  limiting  value  for  the  internal 
kinetic  energy 1  of  a  molecule  of  AB.  If  a  molecule  of  AB, 
by  encounters  with  other  molecules  or  with  the  wall  of  the 
vessel  containing  the  gas,  acquires  a  greater  amount  of  in¬ 
ternal  kinetic  energy  than  this  limit,  it  at  once  breaks  up 
into  A  and  B,  so  that  in  the  gaseous  mixture  there  are  no 
molecules  of  AB  having  more  internal  kinetic  energy  than 
the  limit.  Further,  if  two  molecules,  one  of  A  and  one  of 
B,  meet  one  another  with  such  a  velocity  and  with  such  an 
amount  of  internal  kinetic  energy  that  together  the  internal 
kinetic  energy  is  less  than  the  limit,  they  will  unite  to  form 
a  molecule  of  AB.  Thus  the  molecules  with  great  internal 
kinetic  energy  will  be  separate  molecules  of  A  and  B ;  those 
with  small  internal  kinetic  energy  will  mostly  he  united  as 
AB.  This  hypothesis  has  been  to  a  considerable  extent 
worked  out  and  applied  by  Pfaundler  and  by  Naumann, 
and  the  deductions  from  it  agree  fairly  well  with  the  re¬ 
sults  of  experiment ;  but  in  some  points  the  theory  has  not 
been  fully  developed,  and  in  some  it  does  not  seem  alto¬ 
gether  to  accord  with  observed  facts.  Some  of  these  dif¬ 
ficulties  have  been  mentioned  above.  We  know  enough  of 
the  nature  of  dissociation  to  see  that  it  belongs  to  the  class 
of  balanced  chemical  actions,  in  which  a  chemical  change  is 
reversible,  and  equilibrium  is  kept  up,  with  constant  ex¬ 
ternal  conditions,  by  the  two  opposite  chemical  changes 
taking  place  to  an  equal  extent  in  a  given  time.  We  can 
see  that  all  such  cases  are  explicable  by  the  statistical 
method,  but  we  cannot  apply  this  method  mathematically 
until  we  know  more  of  the  intimate  nature  of  the  molecules 
and  of  the  way  in  -which  they  act  upon  one  another.  In 
this  discussion  of  dissociation  we  have  looked  specially  at 
the  cases  in  which  A,  B,  and  AB  are  all  gaseous,  because  it 
was  the  question  of  anomalous  vapor  densities  which  led 
us  to  treat  of  the  subject.  Dissociation  also  occurs  where 
one  or  two  of  the  substances  are  solid  or  liquid. 

We  now  see  with  what  restrictions  the  method  of  vapor 
density  is  applicable  to  the  determination  of  molecular 
weight,  and  we  can  understand  more  fully  the  example 
given  in  the  article  Chemistry,  vol.  v.  p.  406.  It  is  there 
shown  that  acetic  acid  vapor  does  not  conform  to  the  laws 
of  Boyle  and  Charles  until  the  temperature  is  raised  to 
about  250°,  at  the  ordinary  barometric  pressure.  At  and 
above  that  temperature  the  vapor  density  corresponds  to  the 
formula  CzmCh.  At  lower  temperatures  the  density  cor¬ 
responds  to  a  higher  molecular  weight.  Now  Playfair  and 
Wanklyn  determined  the  vapor  density  at  much  lower 
temperatures  than  the  ordinary  boiling  point  of  acetic  acid, 
by  greatly  diminishing  the  pressure  of  the  acetic  acid  vapor. 
This  they  accomplished  by  mixing  it  with  a  large  quantity 
of  hydrogen,  so  that  the  pressure  due  to  aoetic  acid  vapor 
formed  only  a  small  traction  of  the  total  pressure.  The 
vapor  density  of  acetic  acid  at  the  low  temperatures  at  which 
they  worked  was  found  to  correspond  very  nearly  with  the 
formula  GiHsCh,  and,  by  comparing  this  result  with  what 
has  been  said  (p.  643)  of  the  chemical  evidence  as  to  the 
molecular  weight  of  acetic  acid,  we  may  reasonably  con¬ 
clude  that  the  molecule  of  acetic  acid  at  low  temperatures 
is  C4H8O4,  and  that  as  the  temperature  is  raised  it 
undergoes  dissociation,  each  molecule  dividing  into  two  of 
GiEUCh.  This  is  then  a  case  where  A  and  B  are  equal,  and 
A  A  divides  into  A-f-A.  Another  instance  of  the  same  kind 
is  probably  to  be  found  in  peroxide  of  nitrogen  (Chemistry, 

1  Bv  internal  kinetic  energy  is  meant  the  kinetic  energy  of 
motion  of  the  parts  of  the  molecule  relatively  to  one  another,  in 
contradistinction  to  the  kinetic  energy  of  motion  of  the  molecule 
as  a  whole. 
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p.  445),  where  N2O4  divides  into  Similarly, 

sulphur  vapor  has,  at  temperatures  helow  500°  C.,  a  density 
corresponding  to  the  formula  S6.  This  dissociates  as  the 
temperature  rises  until,  about  1000°  C.,  the  density  corre¬ 
sponds  to  the  formula  S2  (Chemistry,  p.  420). 

We  have  now  seen  that  chemistry  receives  great  assist¬ 
ance  in  the  determination  of  molecular  weight  from  physics, 
hut  this  assistance  is  almost  entirely  confined  to  the  case 
of  gases,  or  of  substances  which  can  be  volatilized.  The 
phenomena  of  the  diffusion  of  liquids  show  us  that  there 
also  there  are  independently  moving  particles;  but  the 
laws  of  liquid-diffusion  have  not  been  sufficiently  general¬ 
ized  to  give  us  much  help  in  the  determination  of  the  rel¬ 
ative  masses  of  these  particles.  In  liquids  it  is  probable 
that  the  particles  are  very  near  each  other,  and  that  their 
shape  and  their  mutual  action,  as  well  as  their  mass  and 
the  temperature,  determine  their  rate  of  motion. 


In  solids  we  have  no  independently  travelling  particles* 
and  it  is  perhaps  scarcely  correct  to  speak  of  a  molecular 
structure  of  solids  at  all.  Solids  are  no  doubt  composed  of 
atoms,  and  those  atoms  are  evidently  arranged  in  what  may 
may  be  called  a  tactical  order.  When  the  solid  is  fused  or 
dissolved  or  volatilized,  it  breaks  into  molecules,  each  rep¬ 
etition  of  the  pattern,  if  we  may  use  the  expression,  being 
ready  to  become  an  independent  thing  under  favorable  cir¬ 
cumstances.  But,  while  these  potential  molecules  of  solids 
cannot  perhaps  be  properly  called  molecules  in  a  physical 
sense,1  for  chemical  purposes  we  may  call  them  so,  for  they 
are  the  smallest  portions  of  the  substance  which  fully  rep¬ 
resent  it  chemically,  and,  as  we  have  seen,  this  is  the  chem¬ 
ical  molecule,  the  quantity  which  should  be  represented  by 
the  formula.  (a.  c.  b.) 


MOLESKIN  is  a  stout  heavy  cotton  fabric  of 
leathery  consistence  woven  as  a  satin  twill  on  a  strong 
warp.  It  is  finished  generally  either  as  a  bleached 
white  or  as  a  slaty  drab  color,  but  occasionally  it  is 
printed  in  imitation  of  tweed  patterns.  Being  an  ex¬ 
ceedingly  durable  and  economical  texture,  it  was  for¬ 
merly  much  more  worn  by  workingmen,  especially  out¬ 
door  laborers,  than  is  now  the  case.  It  is  also  used 
for  gun-cases,  carriage-covers,  and  several  purposes  in 
which  a  fabric  capable  of  resisting  rough  usage  is  de¬ 
sirable. 

MOLES  WORTH,  Sir  William  (1810-1855),  the 
eighth  baronet,  was  born  in  London,  23d  May,  1810, 
and  succeeded  to  the  extensive  family  estates  in  Devon 
and  Cornwall  in  1823.  On  the  passing  of  the  Reform 
Act  of  1832  he  was  returned  to  parliament,  though 
only  twenty-two  years  old,  for  the  eastern  division  of 
the  county  of  Cornwall,.  to  support  the  ministry  of 
Lord  Grey.  For  some  time  he  took  little  part  in  the 
debates  of  the  House  of  Commons;  but  in  April, 
1835,  he  founded,  in  conjunction  with  Mr.  Roebuck, 
the  London  Review ,  as  an  organ  of  the  politicians 
known  to  the  world  as  “Philosophic  Radicals.”  After 
the  publication  of  two  volumes  he  purchased  the  West¬ 
minster  Review ,  and  for  some  time  the  united  mag¬ 
azines  were  edited  by  him  and  J.  S.  Mill.  From  1837 
to  1841  Sir  William  Molesworth  sat  for  the  borough 
of  Leeds,  and  during  those  years  acquired  considerable 
influence  in  the  House  of  Commons  by  his  speeches 
and  by  his  tact  in  presiding  over  the  select  committee 
on  Transportation.  From  1841  to  1845  he  remained 
in  private  life,  occupying  his  leisure  time  in  editing 
the  works  in  Latin  and  English  of  Thomas  Hobbes  of 
Malmesbury,  a  recreation  which  cost  him  no  less  than 
£6000.  In  the  latter  year  he  was  returned  for  the 
borough  of  Southwark,  and  retained  that  seat  until 
his  death.  On  his  return  to  parliament  he  devoted 
special  attention  to  the  condition  of  the  colonies,  and 
delivered  many  speeches  in  favor  of  a  reduction  in 
colonial  expenditure  and  on  their  better  administration. 
His  arguments  on  these  questions  changed  the  opinions 
of  the  members  of  the  House  of  Commons;  and  the 
criticisms  of  the  daily  press,  aided  by  the  printing  of 
his  speeches,  led  to  the  gradual  acceptance  of  his  views 
by  the  electors  at  large.  It  was  not,  however,  until 
many  years  afterwards  that  he  was  allowed  full  oppor¬ 
tunity  for  working  out  the  difficult  problems  connected 
with  the  Government  of  Great  Britain.  Office  was 
conferred  upon  him  in  December,  1852,  by  Lord  Aber¬ 
deen,  but  it  was  the  minor  post  of  directing  the  pub¬ 
lic  improvements  and  crown  lands  of  his  own  country, 
and  the  chief  work  by  which  his  name  was  brought  into 
prominence  at  this  time  was  the  construction  of  the 
new  Westminster  Bridge.  At  last,  in  July,  1855,  he  was 
called  to  preside  over  the  Colonial  Office,  but  unfor¬ 
tunately  its  duties  were  no  sooner  intrusted  to  his  care 
than  he  was  cut  off  by  death  (22d  October,  1855),  to 
the  universal  regret  of  his  countrymen,  for  he  had 
lived  down  the  animosities  of  his  youth,  and  had  at¬ 
tracted  to  himself  the  sympathies  of  all  thoughtful 
men.  The  influence  which  his  views  had  acquired, 


and  still  retain,  may  be  judged  from  the  fact  that  in 
1878  the  delegates  of  the  Transvaal  Government  put 
forward,  as  the  chief  argument  for  the  withdrawal  of 
the  English  from  the  Transvaal,  the  substance  of  his 
speech  on  the  abandonment  of  the  Orange  River  Ter¬ 
ritory  in  1854. 

A  full  pedigree  of  the  Molesworth  family  is  printed  in 
Sir  John  Maclean’s  Trigg  Minor,  vol.  i. ;  the  titles  of  his 
speeches  and  works  may  be  found  in  the  Bibl.  Comubiensis, 
vols.  i.  and  iii.  The  name  of  Sir  William  Molesworth  is 
frequently  mentioned  in  the  biographies  of  Mill,  Cobden, 
Carlyle,  Grote,  and  Panizzi. 

MOLFETTA,  a  city  and  seaport  of  Italy,  in  the 

Srovince  of  Ban,  16  miles  by  rail  north -northwest  of 
!ari.  .  From  the  sea  it  presents  a  fine  appearance  with 
its  white  stone  houses  and  the  remains  of  its  turretted 
walls ;  and  there  are  several  buildings  of  considerable 
pretensions.  The  castle  was  in  the  14th  century  the 
prison  of  Otho,  duke  of  Brunswick.  The  cathedral 
is  dedicated  to  St.  Conrad.  .Molfetta  has  well-fre¬ 
quented  markets,  a  small  foreign  trade  (6000  tons  in 
1881),  and  such  industries  as  cotton  and  net  weaving, 
soap-boiling,  and  rope -spinning.  The  population  was 
39.867  in  1901. 

Molfetta  (Melficta  or  Malfitum)  was  given  by  Charles  V. 
to  the  duke  of  Termoli  in  1522,  and  during  his  lordship  it 
was  grievously  sacked  by  the  French  under  Lautrec.  In 
1631  Cesare  Gonzaga  took  the  title  of  duke  of  Guastalla  and 
prince  of  Molfetta;  but  in  1640  the  fief  was  sold  to  the 
Spinola  family,  and  in  1798  incorporated  with  the  royal  do¬ 
main.  The  bishopric  holds  directly  of  the  papal  see. 

MOLIERE  (1622-1673),  to  give  Jean  Baptiste  Po¬ 
quelin  the  stage  name  which  he  chose,  for  some  undis¬ 
covered  reason,  to  assume,  was  born  in  Paris,  probably 
in  January,  1622.  The  baptismal  certificate  which  is 
usually,  and  almost  with  absolute  certainty,  accepted 
as  his  is.  dated  15th  January,  1622,  but  it  is  not  pos¬ 
sible  to  infer  that  he  was  born  on  the  day  of  his  chris¬ 
tening.  The  exact  place  of  his  birth  is  also  disputed, 
but  it  seems  tolerably  certain  that  he  saw  the  light  in 
a  house  of  the  Rue  St.  Honore.  His  father  was  Jean 
Poquelin,  an  upholsterer,  .who,  in  1631,  succeeded  his 
own  uncle  as  “valet  tapissier  de  chambre  du  roi.” 
The  family  of  Poquelin  came  from  Beauvais,  where 
for  some  centuries  they  had  been  prosperous  trades¬ 
men.  The  legend  of  their  Scotch  descent  seems  to 
have  been  finally  disproved  by  the  researches  of  M.  E. 
R6v6rend  du  Mesnil.  The  mother  of  Moliere  was 
Marie  Cress6;  and  on  his  father's  side  he  was  con¬ 
nected  with  the  family  of  Mazuel,  musicians  attached 
to  the  court  of  France.  In  1632  Moliere  lost  his 
mother ;  his  father  married  again  in  1633.  The  father 
possessed  certain  shops  in  the  covered  Halle  de  la  Foire, 
Saint  Germain  des  Pres,  and  the  biographers  have 
imagined  that  Moli&re  might  have  received  bis  first 
bent  towards  the  stage  from  the  spectacles  offered  to 

1  It  may  be  urged  that  the  cleavage  of  crystals  indicates  that 
they  possess  a  molecular  structure,  but  a  tactical  or  pattern-like 
arrangement  of  atoms  may  easily  be  supposed  to  present  planes 
of  easier  separation,  without  the  assumption  of  really  independ¬ 
ent  molecules. 
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the  holiday  people  at  the  fair.  Of  his  early  education 
little  is  known;  but  it  is  certain  that  his  mother  pos¬ 
sessed  a  Bible  and  Plutarch’s  Lives,  books  which  an 
intelligent  child  would  not  fail  to  study.  In  spite  of  a 
persistent  tradition,  there  is  no  reason  to  believe  that 
the  later  education,  of  Moliere  was  neglected.  “  II  fit 
ses  humanitez  au  College  de  Clermont,  ’  ’  says  the  brief 
life  of  the  comedian  published  by  his  friend  and  fellow- 
actor,  La  Orange,  in  the  edition  of  his  works  printed 
in  1682.  La  Grange  adds  that  Moliere  “  eut  l’advan- 
tage  de  suivre  M.  le.  Prince  de  Conti  dans  toutes  ses 
classes.”  As  Conti  was  seven  years  younger  than 
Moliere,  it  is  not  easy  to  understand  how  Moliire  came 
to  be  the  school  contemporary  of  the  prince.  Among 
more  serious  studies  the  Jesuit  fathers  encouraged 
their  pupils  to  take  part  in  ballets,  and  in  later  life 
Moliere  was  a  distinguished  master  of  this  sort  of  enter¬ 
tainment.  According  to  Grimarest,  the  first  writer 
who  published  a  life  of  Moliere  in  any  detail  (1705), 
he  not  only  acquired  “his  humanities,”  but  finished 
his  “philosophy”  in  five  years.  He  left  the  College 
de  Clermont  in  1641,  the  year  when  Gassendi,  a  great 
contemner  of  Aristotle,  arrived  in  Paris.  The  Logic 
and  Ethics  of  Aristotle,  with  his  Physics  and  Meta¬ 
physics ,  were  the  chief  philosophical  text-books  at  the 
College  de  Clermont.  But  when  he  became  the  pupil 
of  Gassendi  (in  company  with  Cyrano  de  Bergerac, 
Chapelle,  and  Hesnaut),  Moliere  was  taught  to  appre¬ 
ciate  the  atomic  philosophy  as  taught  by  Lucretius. 
There  seems  no  doubt  that  Moli&re  began,  and  almost 
or  quite  finished,  a  translation  of  the  De  Natura  Re¬ 
rum.  According  to  a  manuscript  note  of  Trallage, 
published  by  M.  Paul  Lacroix,  the  manuscript  was 
sold  by  Moli&re’s  widow  to  a  bookseller.  His  philo¬ 
sophic  studies  left  a  deep  mark  on  the  genius  of  Moliere. 
In  the  Jugement  de  Pluton  sur  les  deux  Parties  des 
Nouveaux  Dialogues  des  Morts  (1684),  the  verdict  is 
“  que  Moliere  ne  parleroit  point  de  Philosophic.  ”  To 
“talk  philosophy”  was  a  favorite  exercise  of  his 
during  his  life,  and  his  ideas  are  indicated  with  suffi¬ 
cient  clearness  in  several  of  his  plays.  There  seems 
no  connection  between  them  and  the  opinions  of  “  Mo- 
li^re  le  Critique  ”  in  a  dialogue  of  that  name,  published 
in  Holland  in  1709.  From  his  study  of  philosophy,  too, 
he  gained  his  knowledge  of  the  ways  of  contemporary 
pedants,— <>f  Pancrace  the  Aristotelian,  of  Marpnorius 
the  Cartesian,  of  Trissotin,  “qui  s’attache  pour  l’ordre 
au  P6ripatetisme,”  of  Philaminte,  who  loves  Plato¬ 
nism,  of  Belise,  who  relishes  “les  petits  corps,”  and 
Armande,  who  loves  “les  tourbillons.”  Grimarest 
has  an  amusing  anecdote  of  a  controversy  in  which 
Moliere,  defending  Descartes,  chose  a  lay-brother  of  a 
begging  order  for  umpire,  while  Chapelle  appealed  to 
the  same  expert  in  favor  of  Gassendi.  His  college 
education  over,  Moliere  studied  law,  and  there  is  even 
evidence — that  of  tradition,  in  Grimarest,  and  of  Le 
Boulanger  de  Chalussay,  the  libellous  author  of  a  play 
called  Elomire  Hypochondre — to  prove  that  he  was 
actually  called  to  the  bar.  More  trustworthy  is  the 
passing  remark  in  La  Grange’s  short  biography  (1682), 
“aw  sortir  des  icoles  de  droit,  il  choisit  la  profession  de 
com6dien.”  Before  joining  a  troop  of  half-amateur 
comedians,  however,  Moliere  had  some  experience  in 
his  father’s  business.  In  1637  his  father  had  obtained 
for  him  the  right  to  succeed  to  his  own  office  as.“  valet 
tapissier  de  chambre  du  roi.”  The  document  is  men¬ 
tioned  in  the  inventory  of  Moliere’s  effects,  taken  after 
his  death.  When  the  king  travelled  the  valet  tapissier 
accompanied  him  to  arrange  the  furniture  of  the  royal 
quarters.  There  is  very  good  reason  to  believe  (Loise- 
leur,  Points  Ohscurs,  p.  94)  that  Moliere  accompanied 
Louis  XIII.  as  his  valet  tapissier  to  Provence  in  1642. 
It  is  even  not  impossible  that  Moliere  was  the  young 
valet  de  chambre  who  concealed  Cinq  Mars  just  before 
his  arrest  at  Narbonne,  13th  June,  1642..  But  this  is 
part  of  the  romance  rather  than  of  the  history  of  Mo- 
li^re.  Our  next  glimpse  of  the  comedian  we  get  in  a 
document  of  6th  January,  1643.  Moliere  acknowl¬ 


edges  the  receipt  of  money  due  to  him  from  his  de¬ 
ceased  mother’s  estate,  and  gives  up  his  claim  to 
succeed  his  father  as  “valet  de  chambre  du  roi.  ”  On 
28th  December  of  the  same  year  we  learn,  again  from 
documentary  evidence,  that  Jean  Baptiste  Poquelin, 
with  Joseph  Bejard,  Madeleine  Bejard,  Genevieve 
Bejard,  and  others  have  hired  a  tennis-court,  and 
fitted  it  up  as  a  stage  for  dramatic  performances.  The 
company  called  themselves  L’lllustre  Theatre,  illustre 
being  then  almost  a  slang  word,  very  freely  employed 
by  tne  writers  of  the  period. 

We  now  reach  a  very  important  point  in  the  private 
history  of  Moli&re,  which  it  is  necessaiy  to  discuss  at 
some  length  in  defence  of  the  much-maligned  character 
of  a  great  writer  and  a  good  man.  Moli&re’s  connection 
with  the  family  of  Bejard  brought  him  much  unhappi¬ 
ness.  Thefather  of  this  family,  Joseph  Bejard  theelder, 
was  a  needy  man  with  eleven  children  at  least.  His 
wife’s  name  was  Marie  Herv6.  The  most  noted  of  his 
children,  companions  of  Moliere,  were  Joseph,  Made¬ 
leine,  Genevieve,  and  Armande.  Of  these,  Madeleine 
was  a  woman  of  great  talent  as  an  actress,  and  Mo- 
liere’s  friend,  or  perhaps  mistress,  through  all  the 
years  of  his  wanderings.  Now,  on  14th  February 
1662  (for  we  must  here  leave  the  chronological  ^order  of 
events),  Moliere  married  Armande  Claire  Elisabeth 
Gresinde  Bejard.  His  enemies  at  that  time,  and 
a  number  of  his  biographers  in  our  own  day,  have 
attempted  to  prove  that  Armande  B6jard  was  not  the 
sister,  but  the  daughter  of  Madeleine,  and  even  that 
Moli&re’s  wife  may  have  been  his  own  daughter  by 
Madeleine  Bejard.  The  arguments  of  M.  Arsine 
Houssaye  in  support  of  this  abominable  theory  are 
based  on  reckless  and  ignorant  confusions,  and  do  not 
deserve  criticism.  But  the  system  of  M.  Loiseleur  is 
more  serious,  and  he  goes  no  further  than  the  idea 
that  Madeleine  was  tne  mother  of  Armande.  This, 
certainly,  was  the  opinion  of  tradition,  an  opinion  based 
on  the  slanders  of  Montfleury,  a  rival  or  Moli&re’s, 
on  the  authority  of  the  spiteful  and  anonymous  author 
of  La  Fameuse, Comedienne  (1688),  and  on  the  no  less 
libellous  play,  Elomire  Hypochondre.  In  1821  tradi¬ 
tion  received  a  shock,  for  Beffara  then  discovered 
Moli^re’s  “acte  demariage,”  in  which  Armande,  the 
bride,  is  spoken  of  as  the  sister  of  Madeleine  Bejard, 
by  the  same  father  and  mother.  The  old  scandal,  or 
art  of  it,  was  revived  by  M.  Fournier  and  M.  Bazin, 
ut  received  another  blow  in  1863.  M.  Soulie  then 
discovered  a  legal  document  of  10th  March,  1643,  in 
which  the  widow  of  Joseph  Bejard  renounced,  in  the 
name  of  herself  and  her  children,  his  inheritance, 
chiefly  a  collection  of  unpaid  bills.  Now  in  this  docu¬ 
ment  all  the  children  are  described  as  minors,  and 
among  them  is  ‘  ‘  une  petite  non  encore  baptisee.  ’  ’  This 
little  girl,  still  not  christened  in  March,  1643,  is  uni¬ 
versally  recognized  as  the  Armande  B6jard  afterwards 
married  by  Moli&re.  We  reach  this  point,  then,  that 
when  Armande  was  an  infant  she  was  acknowledged  as 
the  sister,  not  as  the  daughter,  of  Madeleine  BdjarcL 
M.  Loiseleur  refuses,  however,  to  accept  this  evidence 
Madeleine,  says  he,  had  already  become  the  mother, 
in  1638,  of  a  daughter  by  Esprit  Raymond  de  Moir- 
moron,  comte  de  Modene,  and  chamberlain  of  Gaston 
due  d’ Orleans,  brother  of  Louis  XIII.  In  1642  Mo¬ 
dene,  who  had  been  exiled  for  political  reasons,  “was 
certain  to  return,  for  Richelieu  had  just  died,  and 
Louis  XIII.  was  likely  to  follow  him.”  Now  Made¬ 
leine  was  again — this  is  M.  Loiseleur’s  hypothesis — 
about  to  become  a  mother,  and  if  Mod&ne  returned, 
and  learned  this  fact,  he  would  not  continue  the 
liaison ,  still  less  would  he  marry  her, — which,  by  the 
way,  he  could  not  do,  as  his  wife  was  still  alive.  Made- 
leine3  therefore,  induced  her  mother  to  acknowledge 
the  little  girl  as  her  own  child.  In  the  first  place,  all 
this  is  pure  unsupported  hypothesis.  In  the  second 
place,  it  has  always  been  denied  that  Board’s  wife 
could  have  been  a  mother  in  1643,  owing  to  her  ad¬ 
vanced  age,  probably  fifty-three.  But  M.  Loiseleur 
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himself  says  that  Marie  Herv6  was  young  enough  to 
make  the  story  “sufficiently  probable.”  If  it  was 
probable,  much  more  was  it  possible.  M.  Loiseleur 
supports  his  contention  by  pointing  out  that  two  of  the 
other  children,  described  as  legally  minors,  were  over 
twenty-five,  and  that  their  age  was  understated  to 
make  the  account  of  Armande’s  birth  more  probable. 
Nothing  is  less  likely  than  that  Mod^ne  would  have 
consulted  this  document  to  ascertain  the  truth  about  the 
parentage  of  Armande,  yet  M.  Loiseleur’ s  whole  theory 
rests  on  that  extreme  improbability.  It  must  also  be 
observed  that  the  date  of  the  birth  of  Joseph  Bejard 
is  unknown,  and  he  may  have  been,  and  according  to 
M.  Jal  ( Dictionnaire  Critique ,  p.  178)  must  have  been, 
a  minor  when  he  was  so  described  in  the  document  of 
10th  March,  1643,  while  Madeleine  had  only  passed  her 
twenty-fifth  birthday,  her  legal  majority,  by  two 
months.  This  view  of  Josephus  age  is  supported  by 
Bouquet  (Molilre  &  Rouen ,  p.  77).  M.  Loiseleur’s 
only  other  proof  is  that  Marie  Herv6  gave  Armande  a 
respectable  dowry,  and  that,  as  we  do  not  know  whence 
the  money  came,  it  must  have  come  from  Madeleine. 
The  tradition  in  Grimarest,  which  makes  Madeleine 
behave  en  femme  furieuse,  when  she  heard  of  the  mar¬ 
riage,  is  based  on  a  juster  appreciation  of  the  char¬ 
acter  of  women.  It  will  be  admitted,  probably,  that 
the  reasons  for  supposing  that  Moli&re  espoused  the 
daughter  of  a  woman  who  had  been  his  mistress  (if 
she  had  been  his  mistress)  are  flimsy  and  inadequate. 
The  affair  of  the  dowry  is  insisted  on  by  M.  Li  vet 
(La  Fameuse  Comedienne ,  reprint  of  1877,  p.  143). 
But  M.  Livet  explains  the  dowry  by  the  hypothesis 
that  Armande  was  the  daughter  of  Madeleine  and  the 
comte  de  Mod&ne,  which  exactly  contradicts  the  theory 
of  M.  Loiseleur,  and  is  itself  contradicted  by  dates,  at 
least  as  understood  by  M.  Loiseleur.  Such  are  the 
conjectures  by  which  the'foul  calumnies  of  Moltere’s 
enemies  are  supported  in  the  essays  of  modern  French 
critics. 

To  return  to  the  order  of  events,  Moli&re  passed  the 
vear  1643  in  playing  with,  and  helping  to  manage,  the 
Theatre  Illustre.  The  company  acted  in  various  tennis- 
courts,  with  very  little  success.  Moliere  was  actually 
arrested  by  the  tradesman  who  supplied  candles,  and 
the  company  had  to  borrow  money  from  one  Aubrey  to 
release  their  leader  from  the  Grand  Chatelet  (13th 
August,  1645).  The  process  of  turning  a  tennis-court 
into  a  theatre  was  somewhat  expensive,  even  though 
no  seats  were  provided  in  the  pit.  The  troupe  was  for 
a  short  time  under  the  protection  of  the  due  a  Orleans, 
but  his  favors  were  not  lucrative.  The  due  de  Guise, 
according  to  some  verses  printed  in  1646,  made  Moli&re 
a  present  of  his  cast-off  wardrobe.  But  costume  was 
not  enough  to  draw  the  public  to  the  tennis-court 
theatre  of  the  Croix  Noire,  and  empty  houses  at  last 
obliged  the  Theatre  Illustre  to  leave  Paris  at  the  end 
of  1646. 

“  Nul  animal  vivant  n’entra  dans  n6tre  salle,”  says 
the  author  of  the  scurrilous  play  on  Moliere,  JElomire 
Hypochondre.  But  at  that  time  some  dozen  travelling 
companies  found  means  to  exist  in  the  provinces,  ana 
Moliere  determined  to  play  among  the  rural  towns. 
The  career  of  a  strolling  player  is  much  the  same  at 
all  times  and  in  all  countries.  The  Roman  Comique 
of  Scarron  gives  a  vivid  picture  of  the  adventures  and 
misadventures,  the  difficulty  of  transport,  the  queer 
cavalcade  of  horses,  mules,  and  lumbering  carts  that 
drag  the  wardrobe  and  properties,  the  sudden  meta¬ 
morphosis  of  the  tennis-court,  where  the  balls  have 
just  been  rattling,  into  a  stage,  the  quarrels  with 
loca.  squires,  the  disturbed  nights  in  crowded  coun¬ 
try  mns,  all  the  loves  and  wars  of  a  troupe  on  the 
march.  Perrault  tells  us  what  the  arrangements  of 
th  theatre  were  in  Moli&re’s  early  time.  Tapestries 
wer  hung  round  the  stage,  and  entrances  and  exits 
vero  made  by  struggling  through  the  heavy  curtains, 
vhicfc  often  knocked  off  the  hat  of  the  comedian,  or 
gave  .  strange  cock  to  the  helmet  of  a  warrior  or  a 


god.  The  lights  were  candles  stuck  in  tin  sconces  at 
the  back  ancT  sides,  but  luxury  sometimes  went  so  far 
that  a  chandelier  of  four  candles  was  suspended  from 
the  roof.  At  intervals  the  candles  were  let  down  by  a 
rope  and  pulley,  and  any  one  within  easy  reach  snuffed 
them  with  his  fingers.  A  flute  and  tambour,  or  two 
fiddlers,  supplied  tne  music.  The  highest  prices  were 
paid  for  seats  in  the  dedans  (cost  oi  admission  five- 
pence)  ;  for  the  privilege  of  standing  up  in  the  pit  two- 
pence-halfpenny  was  the  charge.  The  doors  were 
opened  at  one  o’clock,  the  curtain  rose  at  two. 

The  nominal  director  of  the  Theatre  Illustre  in  the 
provinces  was  Du  Fresne ;  the  most  noted  actors  were 
Moliere,  the  Bejards,  and  Du  Parc,  called  Gros  Ren6. 
It  is  extremely  difficult  to  follow  exactly  the  line  of 
march  of  the  company.  They  played  at  Bordeaux, 
for  example,  but  the  date  of  this  performance,  when 
Moli&re  (according  to  Montesquieu)  failed  in  tragedy 
and  was  pelted,  is  variously  given  as  1644-45 
(Trallage),  1647  (Loiseleur),  1648-58  (Lacroix). 
Perhaps  the  theatre  prospered  better  elsewhere  than  * 
in  Paris,  where  the  streets  were  barricaded  in 
these  early  days  of  the  war  of  the  Fronde.  We  find 
Moli&re  at  Nantes  in  1648,  at  Fontenay-le-Compte,  and 
in  the  spring  of  1649  at  Agen,  Toulouse,  and  prob¬ 
ably  at  Angouleme  and  Limoges.  In  January,  1650, 
they  played  at  Narbonne,  and  between  1650  and  1653 
Lyons  was  the  headquarters  of  the  troupe.  An  Janu¬ 
ary,  1653,  or  perhaps  1655,  Moliere  gave  II  Et  our  di  at 
Lyons,  the  first  of  his  finished  pieces,  as  contrasted 
with  the  slight  farces  with  which  he  generally  diverted 
a  country  audience.  It  would  be  interesting  to  have 
the  precise  date  of  this  piece,  but  La  Grange  ( 1 682)  says 
that  “in  1653  Moliere  went  to  Lyons,  where  he  gave 
his  first  comedy,  L’Etourdi,”  while  in  his  Registre  La 
Grange  enters  the  year  as  1655.  At  Lyons  De  Brie 
rnd  his  wife,  the  famous  Mile,  de  Brie,  entered  the 
troupe,  and  Du  Parc  married  marquise  de  Gorla,  better 
known  as  Mile,  du  Parc.  The  libellous  author  of  La 
Fameuse  Comidienne  reports  that  Moli&re’ s  heart  was 
the  shuttlecock  of  the  beautiful  Du  Parc  and  De  Brie, 
and  the  tradition  has  a  persistent  life.  Moli&re’s  own 
opinion  of  the  ladies  and  men  of  his  company  may  be 
read  between  the  lines  of  his  Impromptu  de  Versailles. 
In  1653  Prince  de  Conti,  after  many  political  adven¬ 
tures,  was  residing  at  La  Grange,  near  P6z6nas,  in 
Languedoc,  and  chance  brought  him  into  relations 
with  his  old  schoolfellow  Moli&re.  Conti  had  for  first 

gentleman  of  his  bedchamber  the  abb6  Daniel  de 
bsnac,  whose  memoirs  now  throw  light  for  a  moment 
on  the  fortunes  of  the  wandering  troupe.  Cosnac  en- 

f aged  the  company  “of  Moli&re  and  of  La  B6jart 
ut  another  company,  that  of  Cormier,  nearly  inter¬ 
cepted  the  favor  of  the  prince.  Thanks  to  the  resolu¬ 
tion  of  Cosnac,  Moliere  was  given  one  chance  of  ap¬ 
pearing  on  the  private  theatre  of  La  Grange.  The 
excellence  of  his  acting,  the  splendor  of  the  costumes, 
and  the  insistence  of  Cosnac,  and  of  Sarrasin,  Conti’s 
secretary,  gained  the  day  for  Moli&re.  and  a  pension 
was  assigned  to  his  company  (Cosnac,  Mtmoires,  i. 

1 28,  Paris,  1852).  As  Cosnac  proposed  to  pay  Moli&re 
a  thousand  crowns  of  his  own  money  to  recompense 
him  in  case  he  was  supplanted  by  Cormier,  it  is  obvious 
that  his  profession  had  become  sufficiently  lucrative. 
In  1654,  during  the  session  of  the  estates  of  Langue¬ 
doc,  Moli&re  and  his  company  played  at  Montpellier. 
Here  Moli&re  danced  in  a  ballet  ( Le  Ballet  des  Incom¬ 
patibles)  in  which  a  number  of  men  of  rank  took  part, 
according  to  the  fashion  of  the  time.  Moli&re’s  own 
rSles  were  those  of  the  Poet  and  the  Fishwife.  The 
sport  of  the  little  piece  is  to  introduce  opposite  char¬ 
acters,  dancing  ana  singing  together.  Silence  dances 
with  six  women,  Truth  with  four  courtiers,  Money 
with  a  poet,  and  so  forth.  Whether  the  ballet,  or  any 
parts  of  it,  are  by  Moli&re,  is  still  disputed  (La  Jeu- 
nesse  de  Molih-e ,  suivie  du  Ballet  des  Incompatibles ,  P. 
L.  Jacob,  Paris,  1858).  In  April,  1655,  it  is  certain 
that  the  troupe  was  at  Lyons,  where  they  met  and 
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hospitably  entertained  a  profligate  buffoon,  Charles 
d’Assoucy,  who  informs  the  ages  that  Moliere  kept 
open  house,  and  “  une  table  bien  gamie.  ’  ’  November, 
1655,  found  Moliere  at  P6z6nas,  where  the  estates  of 
Languedoc  were  convened,  and  where  local  tradition 
points  out  the  barber’s  chair  in  which  the  poet  used  to 
sit  and  study  character.  The  longest  of  Moli&re’ s  ex¬ 
tant  autographs  is  a  receipt,  dated  at  Pez6nas,  4th 
February,  1656,  for  6000  livres,  granted  by  the  estates 
of  Languedoc.  This  year  was  notable  for  the  earliest 
representation,  at  B6ziers,  of  Moli&re’s  second  fin¬ 
ished  comedy,  the  Dipit  Amoureux.  Conti  now  with¬ 
drew  to  Paris,  and  began  to  “make  his  soul,”  as  the 
Irish  say.  Almost  his  first  act  of  penitence  was  to 
discard  Moli&re’s  troupe  (1657),  which  consequently 
found  that  the  liberality  of  the  estates  of  Languedoc 
was  dried  up  forever.  Conti’s  relations  with  Moliere 
must  have  definitively  closed  long  before  1666,  when 
the  now  pious  prince  wrote  a  treatise  against  the  stage, 
and  especially  charged  his  old  schoolfellow  with  keep¬ 
ing  a  new  school,  a  school  of  atheism  ( Traiti  de  la. 
Comedies  p.  24,  Paris,  1666).  Moliere  was  now  (1657) 
independent  of  princes  and  their  favor.  He  went  on 
a  new  circuit  to  N  femes,  Orange,  and  Avignon,  where 
he  met  another  old  class-mate,  Chapelle,  and  also  en¬ 
countered  the  friend  of  his  later  life,  the  painter 
Mignard.  After  a  later  stay  at  Lyons,  ending  with  a 
piece  given  for  the  benefit  of  the  poor  on  the  27th 
February,  1658,  Moliere  passed  to  Grenoble,  returned 
to  Lyons,  and  is  next  found  in  Rouen,  where,  we 
should  have  said,  the  Theatre  Illustre  had  played  in 
1643  (F.  Bouquet,  La  Troupe  de  Molilre  d  Rouen.,  p. 
90,  Paris,  1880).  At  Rouen  Moli&re  must  have  made 
or  renewed  the  acquaintance  of  Pierre  and  Thomas 
Corneille.  His  company  had  played  pieces  by  Cor¬ 
neille  at  Lyons  and  elsewhere.  The  real  business  of 
the  comedian  in  Rouen  was  to  prepare  his  return  to 
Paris.  “After  several  secret  journeys  thither  he  was 
fortunate  enough  to  secure  the  patronage  of  Monsieur, 
the  king’s  only  brother,  who  granted  him  his  protec¬ 
tion,  and  permitted  the  company  to  take  his  name, 
presenting  them  as  his  servants  to  the  king  and  the 
queen-mother”  (Preface  to  La  Grange’s  edition  of 
1682).  The  troupe  appeared  for  the  first  time  before 
Louis  XIV.  in  a  theatre  arranged  in  the  old  Louvre 
(24th  October,  1658). 

Moli&re  was  now  thirty-six  years  of  age.  He  had 
gained  all  the  experience  that  fifteen  years  of  practice 
could  give.  He  had  seen  men  and  cities,  and  noted  all 
the  humors  of  rural  and  civic  France.  He  was  at  the 
head  of  a  company  which,  as  La  Grange,  his  friend 
and  comrade,  says,  “sincerely  loved  him.”  He  had 
the  unlucrative  patronage  of  a  great  prince  to  back 
him,  and  the  jealousy  of  all  playwrights,  and  of  the 
old  theatres  of  the  H6tel  de  Bourgogne  and  the  Marais, 
to  contend  against.  In  this  struggle  we  can  follow  him 
by  aid  of  the  Registre  of  La  Grange  (a  brief  diary  of 
receipts  and  payments),  and  by  the  help  of  notices  in 
the  rnymed  chronicles  of  Loret. 

The  first  appearance  of  Moliere  before  the  king  was 
all  but  a  failure.  Nicomide,  by  the  elder  Corneille, 
was  the  piece,  and  we  may  believe  that  the  actors  of 
the  Hotel  de  Boulogne,  who  were  present,  found 
much  to  criticise.  When  the  play  was  over,  Moli&re 
came  forward  and  asked  the  king’s  permission  to  act 
“  one  of  the  little  pieces  with  which  he  had  been  used 
to  regale  the  provinces.  ’  ’  The  Docteur  Amoureux ,  one 
of  several  slight  comedies  admitting  of  much  “  gag,” 
was  then  performed,  and  “  diverted  as  much  as  it  sur¬ 
prised  the  audience.  ’  ’  The  king  commanded  that  the 
troupe  should  establish  itself  in  Paris  (Preface,  ed. 
1682).  The  theatre  assigned  to  the  company  was  a 
salle  in  the  Petit  Bourbon,  in  a  line  with  the  present 
Rue  du  Louvre.  Some  Italian  players  already  occu¬ 
pied  the  house  on  Tuesdays,  Fridays,  and  Sundays ; 
the  company  of  Moliere  played  on  the  other  days. 
The  first. piece  played  in  the  new  house  (3d  Nov.,  1658) 
was  L'  Etourdi.  La  Grange  says  the  comedy  had  a 


great  success,  producing  seventy  pistoles  for  each 
actor.  The^  success  is  admitted  even  by  the  spiteful 
author  of  Elomire  Hypochondre  (Paris,  1670): 

“  Je  jouai  l’Etourdi,  qui  fut  une  merveille.” 

The  success,  however,  is  attributed  to  the  farcical 
element  in  the  play  and  the  acting — the  ^cuckoo  cry  of 
Moli£re’s  detractors.  The  original  of  L' Etourdi  is  the 
Italian  comedy  (1 629)  L' Inawertito,  by  Nicolo  Barbieri 
detto  Beltrame ;  Moli&re  pushed  rather  far  his  right  to 
“  take  his  own  wherever  he  found  it.”  Had  he  writ¬ 
ten  nothing  more  original,  the  contemporary  critic  of 
the  Festin  de  Pierre  might  have  said,  not  untruly,  that 
he  only  excelled  in  stealing  pieces  from  the  Italians. 
The  piece  is  conventional;  the  stock  characters  of  the 
prodigal  son,  the  impudent  valet,  the  old  father  occupy 
the  stage..  But  the  dialogue  has  amazing  rapidity,  and 
the  vivacity  of  M.  Coquelin  in  Mascarille  still  makes 
L' Etourdi  a  favorite  on  the  stage,  though  it  can¬ 
not  be  read  with  very  much  pleasure.  The  next 
piece,  new  in  Paris,  though  not  in  the  provinces,  was 
the  Depit  Amoureux  (first  acted  at  Beziers,  1656). 
The  play  was  not  less  successful  than  L' Etourdi. 
It  has  two  parts,  one  an  Italian  imbroglio ;  the  other, 
which  alone  keeps  the  stage,  is  the  original  work  of 
Moli&re,  though,  of  course,  the  idea  of  amantium  irce 
is  as  old  as  literature.  “  Nothing  so  good,”  says  Mr. 
Saintsbury,  “  had  yet  been  seen  on  the  French  stage, 
as  the  quarrels  and  reconciliations  of  the  quartette  of 
master,  mistress,  valet,  and  soubrette.”  Even  the 
hostile  Le  Boulanger  de  Chalussay  ( Elomire  Hypo- 
chondre)  admits  that  the  audience  was  much  of  this 
opinion: 

“  Et  de  tous  les  cot6s  chacun  cria  tout  haut, 

‘  C’est  la  faire  et  jouer  les  pieces  comme  il  faut.’  ” 

The  same  praise  was  given,  perhaps  even  more  de¬ 
servedly  ,to  Les  Pricieuses  Ridicules  (18th  November, 
1659).  Doubts  have  been  raised  as  to  whether  this 
famous  piece,  the  first  true  comic  satire  of  contempo¬ 
rary  foibles  on  the  French  stage,  was  a  new  play.  La 
Grange  calls  it  piice  nouvelle  in  his  Registre ,  but,  as 
he  enters  it  as  ,the  third pilce  nouvelle ,  he  may  only  mean 
that,  like  L' Etourdi,  it  was  new  to  .Paris.  The  short 
life  of  1682,  produced  under  La  Grange’s  care,  and 
probably  written  by  Marcel  the  actor,  says  the  Pri- 
cieuses  was  “made”  in  1659.  There  is  another  con¬ 
troversy  as  to  whether  the  ladies  of  the  H6tel  Ram- 
bouillet,  or  merely  their  bourgeoises  and  rustic  imitators, 
were  laughed  at.  Menage,  in  later  years  at  least,  pro¬ 
fessed  to  recognize  an  attack  on  the  over-refinement 
and  affectation  of  the  original  and,  in  most  ways,  hon¬ 
orable  pricieuses  of  the  Il6tel  Rambouillet.  But  Cha¬ 
pelle  and  Bachaumont  had  discovered  provincial  pre¬ 
deuses,  hyperaesthetic  literary  ladies,  at  Montpellier 
before  Moli&re’s  return  to  Paris;  and  Fureti£re,  in  the 
Roman  Bourgeois  (1666),  found  Paris  full  of  middle- 
class  prideuses  who  had  survived,  or,  like  their  mod¬ 
ern  counterparts,  had  thriven  on  ridicule.  Another 
question  is,  Did  Moli&re  copy  from  the  earlier  Pre- 
deuses  of  the  abb6  de  Pure  ?  This  charge  of  plagiarism 
is  brought  by  Somaize,  in  the  preface  to  his  Vendibles 
Pricieuses.  De  Pure’s  work  was  a  novel  (1656)  from 
which  the  Italian  actors  had  put  together  an  acting 
piece  in  their  manner,  that  is,  a  thing. of  “gag,”  ana 
improvised  speeches.  The  reproach  is  interesting  only 
because  it  proves  how  early  Moli&re  found  enemies  who, 
like  Thomas  Corneille  in  1659,  accused  him  of  being 
skilled  only  in  farce,  or,  like  Somaize,  charged  him 
with  literary  larceny.  These  were  the  stock  criticisms 
of  Moliere’ s  opponents  as  long  as  he  lived.  The  suc¬ 
cess  of  the  Prideuscs  Ridicules  was  immense;  on  one 
famous  occasion  the  king  was  a  spectator,  leaning 
against  the  great  chair  of  the  dying  Cardinal  Mazarin. 
The  play  can  never  cease  to  please  while  literary  affec¬ 
tation  exists,  and  it  has  a  comic  force  of  deathless  en¬ 
ergy.  Yet  a  modern  reader  may  spare  some  sympathy 
for  the  poor  heroines,  who  do  not  wish,  in  courtship, 
to  “  begin  with  marriage,”  but  prefer  first  to  have  some 
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less  formidable  acquaintance  with  their  wooers.  Mo- 
li&re’s  next  piece  was  less  important,  and  more  purely 
farcical,  Sganarelle;  ou  le  Cocu  Imaginaire  (28  th  May, 
1660).  The  public  taste  preferred  a  work  of  this  light 
nature,  and  Sganarelle  was  played  every  year  as  long 
as  Moliere  lived.  The  play  was  pirated  by  a  man  who 
pretended  to  have  retained  all  the  words  in  his  mem¬ 
ory.  The  counterfeit  copy  was  published  by  Ribou,  a 
double  injury  to  Moli&re,  as,  once  printed,  any  com¬ 
pany  might  act  the  play.  With  his  habitual  good  na¬ 
ture,  Moli&re  not  only  allowed  Ribou  to  publish  later 
works  of  his,  but  actually  lent  money  to  that  knave 
(Soulie,  Recherches ,  p.  287). 

On  11th  October,  1660,  the  Theatre  du  Petit  Bour¬ 
bon  was  demolished  by  the  superintendent  of  works, 
without  notice  given  to  the  company.  The  king 
gave  Moliere  the  Salle  du  Palais  Royal,  but  the  ma¬ 
chinery  of  the  old  theatre  was  maliciously  destroyed. 
Meanwhile  the  older  companies  of  the  Marais  and 
the  Hotel  de  Bourgogne  attempted  to  lure  away  Mo- 
li&re’s  troupe,  but,  as  La  Grange  declares  ( Registre , 
p.  26),  “all  the  actors  loved  their  chief,  who  united 
to  extraordinary  genius  an  honorable  character  and 
charming  manner,  which  compelled  them  all  to  protest 
that  they  would  never  leave  him,  but  always  share  his 
fortunes.’’  While  the  new  theatre  was  being  put  in 
order,  the  company  played  in  the  houses  of  the  great, 
and  before  the  king  at  the  Louvre.  In  their  new  house 
(originally  built  by  Richelieu)  Moli&re  began  to  play 
on  20th  January,  1661.  Moliere  now  gratified  his 
rivals  by  a  failure.  Don  Garde  de  Navarre ,  a  heavy 
tragi-comedy,  which  had  long  lain  among  his  papers, 
was  first  represented  on  4th  February,  1661.  Either 
Moli&re  was  a  poor  actor  outside  comedy,  or  his  man¬ 
ner  was  not  sufficiently  “stagy,”  and,  as  he  says,  “de¬ 
moniac,”  for  the  taste  of  the  day.  His  opponents 
were  determined  that  he  could  not  act  in  tragi-comedy, 
and  he,  in  turn,  burlesqued  their  pretentious  and  ex¬ 
aggerated  manner  in  a  later  piece.  In  the  Pddeuses 
(sc.  ix.)  Moliere  had  already  rallied  “les  grands  come- 
diens”  of  the  Hotel  Bourgogne.  “Les  autres,”  he 
makes  Mascarille  say  about  his  own  troupe,  “sont  des 
ignorants  qui  recitent  comme  Ton  parle,  ils  ne  savent 
pas  faire  ronfler  les  vers.  ’’  All  this  was  likely  to  irri¬ 
tate  the  grands  comediens,  and  their  friends,  who 
avenged  themselves  on  that  unfortunate  jealous  prince, 
Don  Garcie  de  Navarre.  The  subject  of  this  unsuc¬ 
cessful  drama  is  one  of  the  many  examples  which  show 
how  Moli&re’s  mind  was  engaged  with  the  serious 
or  comic  aspects  of  jealousy,  a  passion  which  he 
had  soon  cause  to  know  most  intimately.  Meantime 
the  everyday  life  of  the  stage  went  on,  and  the  door¬ 
keeper  of  the  Theatre  St.  Germain  was  wounded  by 
some  revellers  who  tried  to  force  their  way  into  the 
house  (La  Grange,  Registre).  A  year  later,  an  Italian 
actor  was  stabbed  in  front  of  Moliere’s  house,  where 
he  had  sought  to  take  shelter  (Campardon,  Nouvelles 
Pieces,  p.  20).  To  these  dangers  actors  were  peculiarly 
subject:  Moliere  himself  was  frequently  threatened 
by  the  marquises  and  others  whose  class  he  ridiculed 
on  the  stage,  and  there  seems  even  reason  to  believe 
that  there  is  some  truth  in  the  story  of  the  angry  mar¬ 
quis  who  rubbed  the  poet’s  head  against  his  buttons, 
thereby  cutting  his  face  severely.  The  story  comes 
late  (1725)  into  his  biography,  but  is  supported  by  a 
passage  in  the  contemporary  play,  Zelinde  (Paris,  1663, 
scene  viii. ).  Before  Easter,  Moli&re  asked  for  two 
shares  in  the  profits  of  his  company,  one  for  himself, 
and  one  for  his  wife,  if  he  married.  That  fatal  step  was 
already  contemplated  (LaGrange).,  On  24th  June  he 
brought,  out  for  the  first  time  L' Ecole  des  Maris.  The 

General  idea  of  the  piece  is  as  old  as  Menander,  and 
loli&re  was  promptly  accused  of  pilfering  from  the 
Adelphi  of  Terence.  One  of  the  jicelles  of  the  comedy 
is  borrowed  from  a  story  as  old,  at  least,  as  Boccaccio, 
and  still  amusing  in  a  hovel  by  Charles  de  Bernard. 
It  is  significant  of  Moliere’ s  talent  that  the  grotesque 
and  baffled  paternal  wooer,  Sganarelle,  like  several 


other  butts  in  Moliere’ s  comedy,  does  to  a  certain  ex¬ 
tent  win  our  sympathy  and  pity  as  well  as  our  laugh¬ 
ter.  The  next  new  piece  was  Les  Fascheux ,  a  comiaie- 
ballet ,  the  Comedy  of  Bores,  played  before  the  king  at 
Fouquet’s  house  at  Vaux  le  Vicomte  (August  15-20, 
1661).  The  comedians,  without  knowing  it,  were 
perhaps  the  real  “fascheux”  on  this  occasion,  for 
Fouquet  was  absorbed  in  the  schemes  of  his  insatiable 
ambition  ( Quo  non  ascendant?  says  his  motto),  and 
the  king  was  organizing  the  arrest  and  fall  of  Fouquet, 
his  rival  in  the  affections  of  La  Valli&re.  The  author 
of  the  prologue  to  Les  Fascheux ,  Pellisson,  a  friend 
of  Fouquet’s,  was  arrested  along  with  the  superinten¬ 
dent  of  finance.  Pellisson’s  prologue  and  name  were 
retained  in  later  editions.  In  the  dedication  to  the 
king  Moliere  says  that  Louis  suggested  one  scene  (that 
of  the  Sportsman),  and  in  another  place  he  mentions 
that  the  piece  was  written,  rehearsed,  and  played  in  a 
fortnight.  The  fundamental  idea  of  the  play,  the  in¬ 
terruptions  by  bores,  is  suggested  by  a  satire  of  Regn- 
ier’s,  and  that  by  a  satire  of  Horace.  Perhaps  it  may 
have  been  the  acknowledged  suggestions  of  the  king 
which  made  gossips  declare  that  Moli&re  habitually 
worked  up  hints  and  memoires  given  him  by  persons 
of  quality  ( Nouvelles  Nouvelles ,  1663). 

In  February,  1662,  Moliere  married  Armande  Bejard. 
The  date  is  given  thus  in  the  Registre  of  La  Grange  : 
“  Mardy  14,  Les  Visionnaires,  L  Ecol  des  M. 

Part.  Visit  e  chez  M®  d’Equeuilly.” 

And  on  the  margin  he  has  painted  a  blue  circle,  his 
way  of  recording  a  happy  event,  with  the  words,  “  Ma¬ 
nage  de  M.  de  Moli&re  au  sortir  de  la  Yisite.”  M. 
Loiseleur  gives  the  date  in  one  passage  as  29th  Feb¬ 
ruary,  in  another  as  20th  February.  But  La  Grange 
elsewhere  mentions  the  date  as  “Shrove  Tuesday,” 
which  was,  it  seems,  14th  February.  Elsewhere  M. 
Loiseleur  makes  the  date  of  the  marriage  a  vague  day 
“in  January.”  The  truth  is  that  the  marriage  con¬ 
tract  is  dated  23d  January,  1662  (Souli6,  Documents , 
p.  203).  Where  it  is  so  difficult  to  establish  the 
date  of  the  marriage,  a  simple  fact,  it  must  be  infi¬ 
nitely  harder  to  discover  the  truth  as  to  the  conduct 
of  Madame  Moliere.  The  abominable  assertions  of 
the  anonymous  libel,  Les  Intrigues  de  MolxCre  et  celles 
de  sa  Femme;  ou  la  Fameuse  Comedienne  (1688), 
have  found  their  way  into  tradition,  and  are  accepted 
by  many  biographers.  But  M.  Livet  and  M.  Bazin 
have  proved  that  the  alleged  lovers  of  Madame  Mo- 
li&re  were  actually  absent  from  France,  or  from  the 
court,  at  the  time  when  they  are  reported,  in  the  libel, 
to  have  conquered  her  heart.  A  conversation  between 
Chanelle  and  Moli&re,  in  which  the  comedian  is  made 
to  tell  the  story  of  his  wrongs,  is  plainly  a  mere  fiction, 
and  is  answered  in  Grimarest  by  another  dialogue  be¬ 
tween  Moli&re  and  Rohault,  in  which  Moliere  only 
complains  of  a  jealousy  which  he  knows  to  be  un¬ 
founded.  It  is  noticed,  too,  that  the  contemporary 
assailants  of  Moliere  counted  him  among  jealous  but 
not  among  deceived  husbands.  The  hideous  accusa¬ 
tion  brought  by  the  actor  Montfleury,  that  Moli&re 
had  married  his  own  daughter,  Louis  XIV.  answered 
by  becoming  the  godfather  of  Moli&re’s  child.  The 
king,  indeed,  was  a  firm  friend  of  the  actor,  and,  when 
Moli&re  was  accused  of  impiety  on  the  production  of 
Don  Juan  (1665),  Louis  gave  him  a  pension.  We 
need  not  try  to  make  Madame  Moliere  a  vertu,  as 
French  ladies  of  the  theatre  say,  but  it  is  certain  that 
the  charges  against  her  are  unsubstantiated.  It  is 
generally,  thought  Moliere  drew  her  portrait  in  Le 
Bourgeois  Gentilhomme,  acte  iii.  sc.  ix.,  “  elle  est 
capricieuse,  mais  on  souffre  tout  des  Belles.” 

From  1662  onward  Moli&re  suffered  the  increasing 
hatred  of  his  rival  actors.  La  Grange  mentions  the 
visit  of  Floridor  and  Montfleury  to  the  queen-mother, 
and  their  attempt  to  obtain  equal  favor,  ‘  ‘  la  troupe 
de  Moli&re  leur  donnant  beaucoup  de  jalouzie  ”  (12th 
August,  1662).  On  26th  December  was  played  for 
the  first  time  the  admirable  Ulcole  des  Femmes ,  which 
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provoked  a  literary  war,  and  caused  a  shower  of  “  pa¬ 
per  bullets  of  the  brain.”  The  innocence  of  Agnes 
was  called  indecency  ;  the  sermon  of  Arnolphe  was  a 
deliberate  attack  on  Christian  mysteries.  We  have 
not  the  space  to^discuss  the  religious  ideas  of  Moli&re ; 
but  both  in  L'  Ecole  des  Femmes  and  in  Don  Juan  he 
does  display  a  bold  contempt  for  the  creed  of  “  boiling 
chaldrons”  and  of  a  physical  hell.  A  brief  list  of  the 
plays  and  pamphlets  provoked  by  L' Ecole  des  Femmes 
is  all  we  can  offer  in  this  place. 

December  26,  1662. — ficole  des  Femmes. 

February  9,  1663. — Nouvelles  Nouvelles,  by  De  Vis6.  Mo¬ 
liere  is  accused  of  pilfering  from  Straparola. 

June  1,  1663. — Moliere’s  own  piece,  Critique  de  V Ecole  des 
Femmes.  In  this  play  Moliere  retorts  on  the  critics,  and  es¬ 
pecially  on  his  favorite  butt,  the  critical  marquis. 

August,  1663. — Zilinde,  a  play  by  De  Vise,  is  printed.  The 
scene  is  in  the  shop  of  a  seller  of  lace,  where  persons  of 
quality  meet,  aud  attack  the  reputation  of  “  Elomire,”  that 
is,  Moliere.  He  steals  from  the  Italian,  the  Spanish,  from 
Furetiere’s  Francion,  “  il  lit  tous  les  vieux  bouquins,”  he 
insults  the  rwblesse,  he  insults  Christianity,  and  so  forth. 

November  17,  1663. — Portrait  du  Peintre  is  printed, — an  at¬ 
tack  on  Moliere  by  Boursault.  This  piece  is  a  detailed  crit¬ 
icism,  by  several  persons,  of  L’ficole  des  Femmes.  It  is  pro¬ 
nounced  dull,  vulgar,  farcical,  obscene,  and  (what  chiefly 
vexed  Moli&re,  who  knew  the  danger  of  the  accusation) 
impious.  Perhaps  the  only  biographical  matter  we  gain 
from  Boursault’s  play  is  the  interesting  fact  that  Moliere 
was  a  tennis-player.  On  4th  November,  1663,  Moliere  re¬ 
plied  with  L’ Impromptu  de  Versailles,  a  witty  and  merciless 
attack  on  his  critics,  in  which  Boursault  was  mentioned  by 
name.  The  actors  of  the  H6tel  de  Bourgogne  were  parodied 
on  the  stage,  and  their  art  was  ridiculed. 

The  next  scenes  in  this  comedy  of  comedians  were: 

November  30. — The  Panegyrique  de  V  Ecole  des  Femmes,  by 
Robinet. 

December  7. — Reponse  &  V Impromptu;  ou  la  Vengeance  des 
Marquis,  by  De  Visl. 

January  19, 1664. — L’ Impromptu  de  V Hotel  de  Condi.  It  is 
a  reply  by  a  son  of  Montfleury. 

March  17,  1664. — La  Guerre  Comique  ;  ou  Difense  de  V  Ecole 
des  Femmes. 

1664. — Lettre  sur  les  Affaires  du  Thedtre,  published  in 
Diversites  Galantes,  by  the  author  of  Zilinde. 

In  all  those  quarrels  the  influence  of  Corneille  was 
opposed  to  Moliere  while  his  cause  was  espoused  by 
Boileau,  a  useful  ally,  when  “les  comediens  et  les 
auteurs,  depuis  le  cedre  [Corneille?]  jusqu’ii  l’hysope, 
sont  diablement  animes  contre  lui  ”  ( Impromptu  de 
Versailles,  scene  v.). 

Moli&re’s  next  piece  was  Le  Mariage  Ford  (15th 
February,  1664),  a  farce  with  a  ballet.  The  comic 
character  of  the  reluctant  bridegroom  excites  con¬ 
temptuous  pity,  as  well  as  laughter.  From  the  end  of 
April  till  22d  May  the  troupe  was  at  Versailles,  acting 
among  the  picturesque  pleasures  of,  that  great  festival 
of  the  king’s.  The  Princesse  d' Elide  was  acted  for 
the  first  time,  and  the  three  first  acts  of  Tartu  ffe  were 
given.  Moli&re’s  natural  hatred  of  hypocrisy  had  not 
been  diminished  by  the  charges  of, blasphemy  which 
were  showered  on  him  after  the  Ecole  des  Femmes. 
Tartuffe  made  enemies  everywhere.  Jansenists  and 
Jesuits,  like  the  two  marquises  in  L'  Impromptu  de 
Versailles,  each  thought  the  others  were  aimed  at. 
Five  years  passed  before  Moli&re  got  permission  to 
play  the  whole  piece  in  public.  In  the  interval  it  was 
acted  before  Madame,  Conde,  the  legate,  and  was  fre¬ 
quently  read  by  Moliere  in  private  houses.  The  Ga¬ 
zette  of  17th  May,  1664  (a  paper  hostile  to  Moliere), 
says  that  the  king  thought  the  piece  inimical  to  relig¬ 
ion.  Louis  was  not  at  that  time  on  good  terras  with 
the  divots,  whom  his  amours  scandalized ;  but,  not 
impossibly,  the  queen-mother  (then  suffering  from  her 
fatal  malady)  disliked  the  play.  A  most  violent  attack 
on  Moliere,  “that  demon  clad  in  human  flesh,”  was  writ¬ 
ten  by  one  Pierre  Roull6  {Le  Roy  Glorieux  au  Monde, 
Paris,  1664).  This  fierce  pamphlet  was  suppressed, 
but  the  king’s  own  copy,  in  red  morocco  with  the  royal 
arms,  remains  to  testify  to  the  bigotry  of  the  author, 
who  was  cure  of  Saint  Barthelemy.  According  to 


Roull4,  Moliere  deserved  to  be  sent  through  earthly  to 
eternal  fires.  The  play  was  prohibited,  as  we  have 
seen,  but  in  August,  1665,  the  king  adopted  Moli4re’s 
troupe  as  his  servants,  and  gave  them  the  title  of 
“  troupe  du  roy.”  This,  however,  did  not  cause  Mo¬ 
liere  to  relax  his  efforts  to  obtain  permission  for 
Tartuffe  (or  Tartufe,  or  Tartufle,  as  it  was  variously, 
spelled),  and  his  perseverance  was  at  length  success¬ 
ful.  That  his  thoughts  were  busy  with  contempo¬ 
rary  hypocrisy  is  proved  by  certain  scenes  in  one 
of  his  greatest  pieces,  the  Festin  de  Pierre  or  Don 
Juan  (15th  February,  1665).  The  legend  of  Don 
Juan  was  familiar  already  on  the  Spanish,  Italian, 
and  French  stages.  Moliere  made  it  a  new  thing  : 
terrible  and  romantic  in  its  portrait  of  un  grand  seign¬ 
eur ^  mauvais  homme,  modern  in  its  suggested  substi¬ 
tution  of  la  humanite  for  religion,  comic,  even  among 
his  comedies,  by  the  mirthful  character  of  Sganarelle. 
The  piece  filled  the  theatre,  but  was  stopped,  probably 
by  authority,  after  Easter.  It  was  not  printed  by 
Moli&re,  and  even  in  1682  the  publication  of  the  full 
text  was  not  permitted.  Happily  the  copy  of  De  la 
Regnie,  the  chief  of  the  police,  escaped  obliterations, 
and  gave  us  the  full  scene  of  Don  Juan  and  the  Beggar. 
The  piece  provoked  a  virulent  criticism  ( Observations 
sur  le  Festin  de  Pierre ,  1665).  It  is  allowed  that 
Moli&re  has  some  farcical  talent,  and  is  not  unskilled 
as  a  plagiarist,  but  he  “attacks  the  interests  of 
Heaven,’  “keeps  a  school  of  infidelity,”  “insults  the 
king,”  “  corrupts  virtue,  ”  “offends  the  queen-mother,” 
and  so  forth.  Two  replies  were  published,  one  of 
which  is  by  some  critics  believed  to  show  traces  of  the 
hand  of  Moli&re.  The  king’s  reply,  as  has  been  shown, 
was  to  adopt  Moliere’ s  company  as  his  servants,  and 
to  pension  them.  L'  Amour  Medecin ,  a  light  comedy, 
appeared  22d  September,  1665.  In  this  piece  Moli&re, 
for  the  second  time,  attacked  physicians.  In  Decem¬ 
ber  there  was  a  quarrel  with  Racine  about  his  play  of 
Alexandre,  which  he  treacherously  transferred  to  the 
H6tel  de  Bourgogne.  June  4,  1666  saw  the  first  rep¬ 
resentation  of  that  famous  play,  Le  Misanthrope  {ou 
L'  Atrahiliaire  Amoureux,  as  the  original  second  title 
ran).  This  piece,  perhaps  the  masterpiece  of  Moliere, 
was  more  successful  with  the  critics,  with  the  court, 
and  with  posterity  than  with  the  public.  The  rival 
comedians  called  it  “  a  new  style  of  comedy,”  and  so  it 
was.  The  eternal  passions  and  sentiments  of  human 
nature,  modified  by  the  influence  of  the  utmost  refine¬ 
ment  of  civilization,  were  the  matter  of  the  piece. 
The  school  for  scandal  kept  by  C4lim&ne,  with  its 
hasty  judgments  on  all  characters,  gave  the  artist  a 
wide  canvas.  The  perpetual  ,  strife  between  the  sensi¬ 
ble  optimism  of  a  kindly  man  of  the  world  (Philinte) 
and  the  sceva  indignatio  of  a  noble  nature  soured 
(Alceste)  supplies  the  intellectual  action.  The  humors 
of  the  joyously  severe  Celim&ne  and  of  her  court, 
especially  of  that  deathless  minor  poet  Oronte,  supply 
the  lighter  comedy.  Boileau,  Lessing,  Goethe  nave 
combined  to  give  this  piece  the  highest  rank  even 
among  the  comedies  of  Moli&re.  As  to  the  “keys” 
to  the  characters  and  the  guesses  about  the  original 
from  whom  Alceste  was  drawn,  they  are  as  valueless 
as  other  contemporary  tattle. 

A  briefer  summary  must  be  given  of  the  remaining 
years  of  the  life  of  Moli&re.  The  attractions  of  Le 
Misanthrope  were  reinforced  (6th  August)  by  those  of 
the  Midecin  Malgre  Lui,  an  amusing  farce  founded  on 
an  old  fabliau.  In  December  the  court  and  the  co¬ 
medians  went  to  St.  Germain,  where,  among  other 
diversions,  the  pieces  called  Melicerte,  La  Pastorale 
Comique  (of  which  Moli&re  is  said  to  have  destroyed 
the  MS.),  and  the  charming  little  piece  Le  Sicilien, 
were  performed.  A  cold  and  fatigue  seem  to  have 
injured  the  health  of  Moliere,  and  we  now  hear  of  the 
consumptive  tendency  which  was  cruelly  ridiculed  in 
fflomire  Hypochondre.  Moliere  was  doubtless  obliged 
to  see  too  much  of  the  distracted  or  pedantic  physicians 
of  an  age  when  medicine  was  the  battlefield  of  tradi- 
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tion,  superstition,  and  nascent  chemical  science.  On 
17th  April,  1667,  Robinet,  the  rhyming  gazetteer,  says 
that  the  life  of  Moli&re  was  thought  to  be  in  danger. 
On  the  10th  of  June,  however,  he  played  in  Le  Sicilien 
before  the  town.  In  the  earlier  months  of  1667  Louis 
XIV.  was  with  the  army  in  Flanders.  There  were 
embassies  sent  from  the  comedy  to  the  camp,  and  on 
5th  August  it  was  apparent  that  Moliere  had  over¬ 
come  the  royal  scruples.  Tartuffe  was  played,  but 
Lamoignon  stopped  it  after  the  first  night.  La  Orange 
and  La  Torilliere  hastened  to  the  camp,  and  got  the 
king’s  promise  that  he  would  reconsider  the  matter  on 
his  return.  Moliere’ s  next  piece  (13th  January,  1668) 
was  Amphitryon ,  a  free — a  very  free — adaptation  from 
Plautus,  who  then  seems  to  have  engaged  his  atten¬ 
tion,  for  not  long  afterwards  he  again  borrowed  from 
the  ancient  writer  in  L'  Avare.  There  is  a  controversy 
as  to  whether  Amphitryon  was  meant  to  ridicule  M. 
de  Montespan,  the  husband  of  the  new  mistress  of 
Louis  XIV.  Michelet  has  a  kind  of  romance  based 
on  this  probably  groundless  hypothesis.  The  king  still 
saw  the  piece  occasionally,  after  he  had  purged  him¬ 
self  and  forsworn  sack  under  Madame  de  Maintenon, 
and  probably  neither  he  nor  that  devout  lady  detected 
any  personal  references  in  the  coarse  and  witty  comedy. 
As  usual,  Moliere  was  accused  of  plagiarizing,  this 
time  from  Rotrou,  who  had  also  imitated  Plautus. 
The  next  play  was  the  immortal  George  Dandin  (10th 
July),  first  played  at  a  festival  at  Versailles.  Prob- 
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of  one  of  his  old  farces,  but  the 
cal  members  of  a  county  family,  the  De  Sotenville, 
raises  the  work  from  farce  to  satiric  comedy.  The 
story  is  borrowed  from  Boccaccio,  but  is  of  unknown 
age,  and  always  new, — Adolphus  Crosbie  in  The 
Small  House  at  Allington  being  a  kind  of  modern 
George  Dandin.  Though  the  sad  fortunes  of  this 
peasant  with  social  ambition  do  not  fail  to  make  us 
pity  him  somewhat,  it  is  being  too  refined  to  regard 
George  Dandin  as  a  comedy  with  a  concealed  tragic  in¬ 
tention.  Moliere  must  have  been  at  work  on  L'  Avare 
before  George  Dandin  appeared,  for  the  new  comedy 
after  Plautus  was  first  acted  on  9th  September.  There 
is  a  tradition  that  the  piece  almost  failed;  but,  if  un¬ 
popular  in  the  first  year  of  its  production,  it  certainly 
gained  favor  before  the  death  of  its  author.  M.  de 
Pourceaugnac  (17th  September,  1669)  was  first  acted 
at  Chambord,  for  the  amusement  of  the  king.  It  is  a 
rattling  farce.  The  physicians,  as  usual,  bore  the 
brunt  of  Moliere’s  raillery,  some  of  which  is  still  appli¬ 
cable.  Earlier  in  1669  (5th  February)  Tartuffe  was 
played  at  last,  with  extraordinary  success.  Les  Amants 
Magnifiques,  a  comedy-ballet,  was  acted  first  at  Saint 
Germain  (10th  February,  1670).  The  king  might  have 
been  expected  to  dance  m  the  ballet,  but  from  Racine’s 
Britannicus  (13th  December,  1669)  the  majestical 
monarch  learned  that  Nero  was  blamed  for  exhibitions 
of  this  kind,  and  he  did  not  wish  to  out-Nero  Nero. 
Astrology  this  time  took  the  place  of  medicine  as  a 
butt,  but  the  satire  has  become  obsolete,  except,  per¬ 
haps,  in  Turkey,  where  astrology  is  still  a  power.  The 
Bourgeois  Gentilhomme,  too  familiar  to  require  an¬ 
alysis,  was  first  played  on  23d  October,  1670.’  The 
lively  Fourberies  de  Scapin  “saw  the  footlights”  (if 
footlights  there  were)  on  24th  May,  1671,  and  on  7th 
May  we  read  in  La  Grange,  “  les  Repetitions  de  Spsy- 
che  ont  commance.”  La  Grange  says  the  theatre  was 
newly  decorated  and  fitted  with  machines.  A  ‘  ‘  con¬ 
cert  of  twelve  violins  ”  was  also  provided,  the  company 
being  resolute  to  have  everything  handsome  about 
them.  New  singers  were  introduced,  who  did  not  re¬ 
fuse  to  sing  unmasked  on  the  stage.  Quinault  com- 

Sosed  the  words  for  the  music,  which  was  by  Lulli ; 

loli&re  and  Pierre  Corneille  collaborated  in  the  dia¬ 
logue  of  this  magnificent  opera,  the  name  of  which 
( Psyche )  La  Grange  eventually  learned  how  to  spell. 
The  Comtesse  d' Escarbagnas  (2d  February,  1672)  was 
another  piece  for  the  amusement  of  the  court,  and  made 


part  of  an  entertainment  called  Le  Ballet  des  Ballets. 
In  this  play,  a  study  of  provincial  manners,  Moliere 
attacked  the  financiers  of  the  time  in  the  person  of  M. 
Harpin.  The  comedy  has  little  importance  compared 
with  Les  Femmes  Savantes  (11th  February),  a  severer 
Precieuses ,  in  which  are  satirized  the  vanity  and  affec¬ 
tation  of  sciolists,  pedants,  and  the  women  who  admire 
them.  The  satire  is  never  out  of  date,  and  finds  its 
modern  form  in  Le  Monde  oil  Von  s’ ennuie,  by  M. 
Pailleron.  On  the  17th  February  Madeleine  B&jard 
died,  and  was  buried  at  St.  Paul.  She  did  not  go  long 
before  her  old  friend  or  lover,  Moliere.  His  Manage 
Ford,  founded,  perhaps,  on  a  famous  anecdote  of  De 
Gramont,  was  played  on  8th  July.  On  7th  August 
La  Grange  notes  that  Moliere  was  indisposed,  and 
there  was  no  comedy.  Moli&re’s  son  died  on  the  11th 
October.  On  22d  November  the  preparations  for 
the  Malade  Imaginaire  were  begun.  On  10tli  Feb¬ 
ruary,  1673,  the  piece  was  acted  for  the  first  time. 
What  occurred  on  17th  February  we  translate  from  the 
Registre  of  La  Grange  : 

“This  same  day,  about  ten  o’clock  at  night,  after  the 
comedy,  Monsieur  de  Moliere  died  in  his  house,  Rue  de 
Richelieu.  He  had  played  the  part  of  the  said  Malade, 
suffering  much  from  cold  and  inflammation,  which  caused 
a  violent  cough.  In  the  violence  of  the  cough  he  burst  a 
vessel  in  his  body,  and  did  not  live  more  than  half  an  hour 
or  three-quarters  after  the  bursting  of  the  vessel.  His  body 
is  buried  at  St.  Joseph’s,  parish  of  St.  Eustache.  There  is 
a  gravestone  raised  about  a  foot  above  the  ground.” 

Moli&re’s  funeral  is  thus  described  in  a  letter,  said 
to  be  by  an  eye-witness,  discovered  by  M.  Benjamin 
Fillon : 

“  Tuesday,  21st  February,  about  nine  in  the  evening,  was 
buried  Jean  Baptiste  Poquelin  Moliere,  tapissier  valet  du 
chambre,  and  a  famous  actor.  There  was  no  procession,  ex¬ 
cept  three  ecclesiastics;  four  priests  bore  the  body  in  a 
wooden  bier  covered  with  a  pall,  six  children  in  blue  car¬ 
ried  candles  in  silver  holders,  and  there  were  lackeys  with 
burning  torches  of  wax.  The  body  .  .  .  was  taken  to  St. 
Joseph’s  churchyard,  and  buried  at  the  foot  of  the  cross. 
There  was  a  great  crowd,  and  some  twelve  hundred  livres 
were  distributed  among  the  poor.  The  archbishop  had 
given  orders  that  Moliere  should  be  interred  without  any 
ceremony,  and  had  even  forbidden  the  clergy  of  the  diocese 
to  do  any  service  for  him.  Nevertheless  a  number  of  masses 
were  commanded  to  be  said  for  the  deceased.” 

When  an  attempt  was  made  to  exhume  the  body  of 
Moli&re  in  1792,  the  wrong  tomb  appears  to  have  been 
opened.  Unknown  is  the  grave  of  Moliere. 

Moliere,  according  to  Mile.  Poisson,  who  had  seen 
him  in  her  extreme  youth,  was  “neither  too  stout  nor 
too  thin,  tall  rather  than  short ;  he  had  a  noble  car¬ 
riage,  a  good  leg,  walked  slowly,  and  had  a  very  serious 
expression.  His  nose  was  thick,  his  mouth  large  with 
thick  lips,  his  complexion  brown,  his  eyebrows  black 
and  strongly  marked,  and  it  was  his  way  of  moving 
these  that  gave  him  his  comic  expression  on  the 
stage.”  “His  eyes  seemed  to  search  the  deeps  of 
men’s  hearts,”  says  the  author  of  Zelinde.  The  in¬ 
ventories  printed  by  M.  Soulie  prove  that  Moli&re  was 
fond  of  rich  dress,  splendid  furniture,  and  old  books. 
The  charm  of  his  conversation  is  attested  by  the  names 
of  his  friends,  who  were  all  the  wits  of  the  age,  and 
the  greater  their  genius  the  greater  their  love  of 
Moliere.  As  an  actor,  friends  and  enemies  agreed  in 
recognizing  him  as  most  successful  in  comedy.  His 
ideas  of  tragic  declamation  were  in  advance  of  his 
time,  for  he  set  his  face  against  the  prevalent  habit  of 
ranting.  His  private  character  was  remarkable  for 
gentleness,  probity,  generosity,  and  delicacy,  qualities 
attested  not  only  [by  anecdotes  but  by  the  evidence  of 
documents.  He  is 'probably  (as  Menander  is  lost)  the 
greatest  of  all  comic  writers  within  the  limits  of  social 
and  refined  as  distinguished  from  romantic  comedy, 
like  that  of  Shakespeare,  and  of  political  comedy,  like 
that  of  Aristophanes.  He  has  the  humor  which  is 
but  a  sense  of  the  true  value  of  life,  and  now  takes 
the  form  of  the  most  vivacious  wit  and  the  keenest 
observation,  now  of  melancholy,  and  pity,  and  wonder 
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at  the  fortunes  of  mortal  men.  In  the  literature  of 
France  his  is  the .  greatest  name,  and  in  the  literature 
of  the  modern  drama  the  greatest  after  that  of  Shake¬ 
speare.  Besides  his  contemplative  genius  he  possessed 
an  unerring  knowledge  of  the  theatre,  the  knowledge 
of  a  great  actor  and  a  great  manager,  and  hence  his 
plays  can  never  cease  to  hold  the  stage,  and  to  charm, 
if  possible,  even  more  in  the  performance  than  in  the 
reading. 

There  is  no  biography  of  Moliere  on  a  level  with  the 
latest  researches  into  his  life.  The  best  is  probably  that  of 
M.  Taschereau,  prefixed  to  an  edition  of  his  works  ( (Euvres 
Completes,  Paris,  1863).  To  this  may  be  added  Jules  Loise- 
leur’s  Les  Points  Obscurs  de  la  Vie  de  Moliere,  Paris,  1877. 
We  have  seen  that  M.  Loiseleur  is  not  always  accurate,  but 
he  is  laborious.  For  other  books  it  is  enough  to  recommend 
the  excellent  Bibliographie  Molieresque  of  M.  Paul  Lacroix' 
(1875),  which  is  an  all  but  faultless  guide.  The  best  edition 
of  Moliere’s  works  for  the,.  purposes  of  the  student  is  that 
published  in  Les  Grands  Ecrivains  de  la  France  (Hachette, 
Paris,  1874-1882).  The  edition  is  still  incomplete.  It  con¬ 
tains  reprints  of  many  contemporary  tracts,  and,  with  the 
Registre  of  La  Grange,  and  the  Collection  Molieresque  of  M. 
Lacroix,  is  the  chief  source  of  the  facts  stated  in  this  notice, 
in  cases  where  the  rarity  of  documents  has  prevented  the 
writer  from  studying  them  in  the  original  texts.  Another 
valuable  authority  is  the  Recherches  sur  Moli&re  et  sur  sa 
Famille  of  Ed.  Souli6  (1863).  Lotheisen’s  Moliere,  seinLeben 
und  seine  Werke  (Frankfurt,  1880),  is  a  respectable  German 
compilation.  Le  MolUriste  (Tresse,  Paris,  edited  by  M. 
Georges  Monval)  is  a  monthly  serial,  containing  notes  on 
Moliere  and  his  plays,  by  a  number  of  contributors.  The 
essays,  biographies,  plays,  and  poems  on  Moliere  are  ex¬ 
tremely  numerous.  The  best  guide  to  these  is  the  indis¬ 
pensable  Bibliographie  of  M.  Lacroix.  The  English  biogra¬ 
phies  are  few  and  as  a  rule  absolutely  untrustworthy. 

(A.  L.) 

MOLINA,  Luis  (1535-1600),  a  Spanish  Jesuit, 
whom  Pascal’s  Lettres  d'un  Provincial  have  rendered 
immortal,  was  born  at  Cuenca  in  1535.  Having  at  the 
age  of  eighteen  become  a  member  of  the  Company  of 
Jesus,  he  studied  theology  at  Coimbra^  and  afterwards 
became  professor  in  the  university  of  Evora,  Portugal. 
From  this  post  he  was  called,  at  the  end  of  twenty 
years,  to  tne  chair  of  moral  theology  in  Madrid, 
where  he  died  on  12th  October,  1600.  Besides  other 
works  he  wrote  Liberiarbitriicum  gratice  donis,  divina 
prcescientia ,  providentia ,  prcedestinatione  et  reproba- 
tione ,  concordia  (4to,  Lisbon,  1588);  a  commentary  on 
the  first  part  of  the  Summa  of  Thomas  Aquinas  (2 
vols.,  fob,  Cuenca,  1593)  ;  and  a  treatise  De  Justitia 
et  Jure  (6  vols.,  1593-1609).  It  is  to  the  first  of  these 
that  his  fame  is  principally  due.  It  was  an  attempt  to 
reconcile,  in  words  at  least,  the  Augustinian  doctrines 
of  predestination  and  grace  with  the  Semipelagianism 
which,  as  shown  by  the  recent  condemnation  of  Bajus 
( q.v .),  had  become  prevalent  in  the  Roman  Catholic 
Church.  Assuming  that  man  is  free  to  perform  or  not 
to  perform  any  act  whatever,  Molina  maintains  that 
this  circumstance  renders  the  grace  of  God  neither  un¬ 
necessary  nor  impossible :  not  impossible,  for  G-od 
never  fails  to  bestow  grace  upon  those  who  ask  it  with 
sincerity ;  and  not  unnecessary,  for  grace,  although  not 
an  efficient,  is  still  a  sufficient  cause  of  salvation.  Nor, 
in  Molina’s  view,  does  his  doctrine  of  free-will  exclude 
predestination.  The  omniscient  God,  by  means  of  His 
^‘scientia  media”  (the  phrase  is  Molina’s  invention, 
though  the  idea  is  also  to  be  found  in  his  older  con¬ 
temporary  Fonseca),  or  power  of  knowing  future  con¬ 
tingent  events,  foresees  how  we  shall  employ  our  own 
free-will  and  treat  His  proffered  grace,  and  upon  this 
foreknowledge  He  can  found  His  predestinating  de¬ 
crees.  These  doctrines,  although  in  harmony  with  the 
prevailing  feeling  of  the  Roman  Catholic  Church  of 
the  period,  and  further  recommended  by  their  marked 
opposition  to  the  teachings  of  Luther  and  Calvin, 
excited  violent  controversy  in  some  quarters,  especially 
on  the  part  of  the  Dominicans,  and  at  last  rendered  it 
necessary  for  the  pope  (Clement  VIII. )  to  interfere. 
At  first  (1594)  he  simply  enjoined  silence  on  both 
parties  so  far  as  Spain  was  concerned ;  but  ultimately, 

i  [A  French  litterateur  (bom  1807),  wrote  novels  collected  as 
et  la  Renaissance.  His  younger  brother  Tules.  was  a  dramatist  ar 


in  1598,  he  appointed  the  “Congregatio  de  Auxiliis 
Gratise  ’  ’  for  tne  settlement  of  the  dispute,  which  be¬ 
came  more  and  more  a  party  one.  After  holding 
very  numerous  sessions,  the  “congregation”  was  able 
to  decide  nothing,  and  in  1607  its  meetings  were  sus- 
ended  by  Paul  V.,  who  announced  his  intention  of 
imself  pronouncing  judgment  in  due  time.  He  con¬ 
tented  himself,  however,  in  1611,  with  prohibiting  all 
further  discussion  of  the  question  “de  auxiliis,”  and 
studious  efforts  were  made  to  control  the  publication 
even  of  commentaries  on  Aquinas.  The  Molinist  sub¬ 
sequently  passed  into  the  Jansenist  controversy,  and  it 
is  as  a  champion  of  Jansenism  that  Pascal  in  the 
Provincial  Letters  attacks  Molina  and  the  scientia 
media  (see  Jansenism). 

MOLINE,  a  city  of  the  United  States,  in  Rock 
Island  county,  Illinois,  is  situated  in  a  picturesque 
district  on  the  left  bank  of  the  Mississippi,  opposite 
the  upper  end  of  Rock  Island.  First  settled  in  1832, 
the  town  was  organized  as  a  city  in  1872.  It  is  noted 
for  its  water-power,  developed  and  maintained  by  the 
Government,  and  for  the  number  and  importance  of 
its  manufacturing  establishments.  By  means  of  a  dam 
nearly  a  mile  in  length,  from  the  Illinois  shore  to  the 
island,  an  almost  uniform  head. of  7  feet  of  water  is 
obtained,  which  is  used  in  driving  the  machinery  of 
the  Government  arsenal  on  the  island,  and  in  supply¬ 
ing  power  to  several  factories.  Beds  of  bituminous 
coal  are  mined  in  the  neighborhood,  and  three  lines  of 
railway  pass  through  the. city,  affording  with  the  river 
ample  means  of  communication..  The  most  prominent 
manufactures  are  agricultural  implements  and  ma¬ 
chinery  generally,  wagons,  organs,  paper,  and  stoves. 
Moline  has  nine  churches,  a  complete  system  of  graded 
free  schools,  including  a  high  school,  and  a  tree  li¬ 
brary.  The  population  increased  from  4066  in  1870 
to  7805  in  1880,  and  with  the  suburbs  the  number  is 
now  estimated  at  17,248. 

MOLINOS,  Miguel  de  (1627-c.  1696),  a  Spanish 
priest  whose  name  is  intimately  associated  with  that 
type  of  religion  known  in  Italy  and  Spain  during  the 
latter  half  of  the  17th  century  as  Quietism,  was  born 
of  good  family  in  the  d:ocese  of  Saragossa,  on  21st 
December,  1627.  Having  entered  the  priesthood, 
he  settled  about  his  fortieth  year  in  Rome,  where  he 
speedily  rose  to  high  repute  as  a  father  confessor,  and 
gained  many  distinguished  friends,  among  whom  were 
several  cardinals,  including  Odescalchi  (afterwards 
Innocent  XI.,  1676).  In  1675  he  published  at  Rome 
a  small  duodecimo  volume  entitled  Guida  spirituale 
che  disinvolge  Vanima  ela  conduce  per  V interior  cam- 
ino  air  acquisto  della  perfettacontemplazionee  del  ricco 
tesoro  della  pace  interiore,  which  was  soon  afterwards 
followed  by  the  Breve  trattato  della  cottidiana  com- 
munione,  usually  bound  up  with  it  in  later  editions. 
The  work,  which  breathes  a  spirit  of  simple  and  ear¬ 
nest  piety,  is  designed  to  show  how  inward  peace  may 
be  found  by  what  may  be  called  contemplative  or  pas¬ 
sive  prayer,  by  obedience,  by  frequent  communion, 
and  by  inward  mortification  ;  it  was  widely  circulated, 
and  greatly  increased  the  popularity  of  its  author, 
whom  Innocent  XI.  after  his  elevation  provided  with 
rooms  in  the  Vatican,  and  is  said  to  have  also  taken  as 
his  spiritual  director.  Its  doctrine  of  the  passivity  of 
the  highest  contemplation  and  purest  prayer  . does  not 
appear  to  have  raised  the  slightest  discussion  until 
after  the  publication,  in  1681,  of  the  Concordia  tra  la 
fatica  e  la  quiete  nell'  oratione ,  by  the  J esuit  preacher, 
Paolo  Segneri.  Although  scrupulously  refraining 
from  any  mention  of  the  name  of  Molinos,  and  in¬ 
deed  displaying  considerable  moderation  as  a  contro¬ 
versialist,  Segneri  by  this  tract  and  by  another  with 
which  he  followed  it  up  brought  upon  himself  much 
unpopularity  ;  and  so  great  did  the  excitement  become 
that  a  committee  was  at  last  appointed  by  the  Inqui¬ 
sition  to  investigate  his  own  views  as  well  as  to  ex¬ 
amine  the  writings  of  Molinos  and  of  his  friend 
Petrucci  (author  of  La  contemplazione  mistica  acquis- 
Chroniqy.es  Nationales,  also  a  History  of  Napoleon  III.  and  Le  Mayen 
d  translator  from  Shakespeare  and  the  classics.— Am.  Ed.] 
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tata).  The  report  (1682)  was  entirely  favorable  to 
the  doctrines  of  the  Guida  Spirituale,  the  writings 
of  Segneri  being  censured  as  scandalous  and  hereti¬ 
cal  •  but  in  1685,  in  consequence  of  representations 
made  to  the  pope  by  Louis  XIV. ,  under  the  Jesuit 
influence  of  Pere  La  Chaise,  both  Petrucci  and  Moli- 
nos  were  laid  under  arrest,  and  the  papers  of  the 
latter,  including  a  voluminous  correspondence,  seized. 
Petrucci  was  soon  afterwards  liberated,  and  relieved 
from  further  persecution  by  the  gift  of  a  cardinal’s 
hat ;  but,  after  Molinos  had  languished  in  confine¬ 
ment  for  two  years,  suddenly  200  persons,  many  of 
them  of  high  rank,  were  also  apprehended  by  order 
of  the  Inquisition  for  what  were  then  for  the  first 
time  called  “Quietist”  opinions.  In  1687  the  pope 
signified  his  approval  of  the  condemnation  pronounced 
by  the  Inquisition  on  sixty-eight  doctrines  imputed  to 
Molinos.  The  ‘  ‘  heretic  ’  ’  forthwith  ‘  ‘  abj  ured  ’  ’  these, 
and  thus  escaped  the  flames  indeed,  but  did  not  regain 
his  liberty.  Of  his  later  years  nothing  is  known  ; 
according  to  the  most  probable  accounts  he  languished 
in  imprisonment  until  28th  December,  1696. 

The  evidence  on  which  certain  charges  of  immorality 
against  Molinos  were  based  is  unknown,  and  the  degree  of 
his  responsibility  for  certain  of  the  condemned  propositions 
is  obscure ;  but  a  perusal  of  the  Guida  Spirituale  at  least 
does  not  disclose  to  the  candid  reader  any  reason  wherefore 
Molinos  should  not  have  been  tolerated  within  a  church 
Which  has  canonized  St.  Theresa.  The  explanation  of  the 
treatment  to  which  he  was  subjected  is  most  probably  to  be 
sought  rather  in  the  negative  than  in  the  positive  aspects 
of  his  teaching,  and  still  more  in  the  passing  exigencies  of 
party  politics.  As  Tholuck  remarks,  it  was  hardly  to  be 
expected  that  the  Society  of  Jesus  should  regard  as  other¬ 
wise  than  highly  dangerous  a  man  who  “declared  confes¬ 
sion  and  outward  mortification  to  be  work  only  for  begin¬ 
ners,  who  himself  abstained  from  confessing  for  twelve 
years  on  end,  by  whose  advice  countless  monks  and  nuns 
had  thrown  aside  chaplets,  images,  and  reliques,  that  they 
might  worship  God  in  the  spirit,  and  who,  moreover,  stood 
well  with  the  fashionable  world  and  with  the  pope  him¬ 
self.”  The  Guida  Spirituale  was  published  in  Spanish  at 
Madrid  in  1676,  and  frequently  afterwards ;  it  was  also 
translated  into  Latin  (Manuductio  Spiritualis,  Leipsic,  1687) 
by  A.  H.  Francke,  the  well-known  German  pietist  and 
philanthropist,  and  an  English  version  ( The  spiritual  guide, 


which  disentangles  the  soul  and  brings  it  by  the  inward  way  to 
the  getting  of  perfect  contemplation  and  the  rich  treasure  of  eter¬ 
nal  peace :  with  a  brief  treatise  concerning  daily  communion)  ap¬ 
peared  in  1688.  The  materials  for  a  history  of  the  Quietist 
controversy  are  very  fully  given  in  the  third  volume  of 
Gottfried  Arnold’s  Kirchen-und  Ketzerhistorie.  See  also 
Heppe,  Geschichte  der  quietistischen  Mystik  in  der  Katholischen 
Kirche  (Berlin,  1875);  Tholuck’s  article  on  “Molinos”  in 
Herzog’s  Realencyklopadie ;  and  Bigelow,  Molinos  the  Quietist, 
New  York,  1882. 

MOLISE,  now  Campobasso,  a  province  of  Italy, 
stretching  twenty  miles  along  the  coast  of  the  Adriatic, 
and  bounded  by  the  Abruzzi  (Chieti  and  Aquila), 
Terra  di  Lavoro  (Caserta),  Benevento,  and  Capitanata 
(Foggia).  Most  of  it  lies  on  the  northeastern  side  of 
the  Apennines,  and  is  watered  by  the  Biferno,  the 
Forlone,  and  the  Trigno ;  but  it  also  includes  the 
country  on  the  other  side  which  contains  the  head 
streams  of  the  Volturno.  About  five-sixths  of  the 
surface  may  be  described  as  mountainous  or  hilly,  the 
loftiest  range  being  the  Matese  on  the  borders  towards 
Benevento,  with  its  highest  point  in  Monte  Miletto, 
6750  feet.  The  population,  which  increased  from 
346,007  in  1861  to  366,571  in  1901,  is  mainly  depend¬ 
ent  on  pastoral,  and  agricultural  pursuits,  neither 
manufactures  nor  trade  being  highly  developed.  Ac¬ 
cording  to  the  census  of  1871,  there  were  six  places 
with  more  than  5,000  inhabitants  -Campobasso,  11,- 
899  ;  Riccia,  8,187 ;  Isernia,  8,047  ;  Agnone,  6,606  ; 
Cascalende,  6  783;  and  Larino,  5,891;  according  to 
the  census  of  1901,  21  of  the  133  communes  had  a 
population  exceeding  4,000. 

The  Molise  territory  was  in  ancient  times  part  of  the 
country  of  the  Sabines  and  Samnites.  Under  the  Lom¬ 
bards  it  was  included  in  the  duchy  of  Benevento ;  but  the 
districts  of  Sepino,  Boiano,  and  Isernia  were  cut  off  to 
form  a  domain  for  the  Bulgarians  who  had  come  to  assist 
King  Grimoald.  About  two  centuries  later  this  became 
the  countship  of  Boiano,  and  the  name  was  soon  after 
changed  to  countship  of  Molise,  probably  because  the  lord- 
ship  was  held  by  Ugone  di  Molisio,  or  Molise.  Attached 
under  Frederick  II.  to  the  Terra  di  Lavoro,  and  at  a  later 
date  incorporated  with  Capitanata,  the  district  did  not 
again  become  an  independent  province  till  1811.  In  1861 
it  surrendered  fifteen  communes  to  Benevento,  and  re¬ 
ceived  thirteen  from  Terra  di  Lavoro. 
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THE  Mollusca  form  one  of  the  great  “phyla,”  or 
sub-kingdoms  of  the  Animal  Pedigree  or  King¬ 
dom. 

Literary  History  of  the  Group.— The  shell-bearing 
forms  belonging  ito  this  group  which  were  known  to 
Linnaeus  were  placed  by  him  (in  1748)  in  the  third 
order  of  his  class  V ermes  under  the  name  ‘  ‘  Testacea,  ’  ’ 
whilst  the  Echinoderms,  Hydroids,  and  Annelids,  with 
the  naked  Molluscs,  formed  his  second  order,  termed 
“  Zoophyta.”  Ten  years  later  he  replaced  the  name 
“Zoophyta”  by  “  Mollusca,”  which  was  thus  in  the 
first  instance  applied,  not  to  the  Mollusca  at  present  so 
termed,  but  to  a  group  consisting  chiefly  of  other  organ¬ 
isms.  Gradually,  however,  the  term  Mollusca  became 
used  to  include  those  Mollusca  formerly  placed  among 
the  ‘‘Testacea,”  as  well  as  the  naked  Mollusca. 

It  is  important  to  observe  that  the  term  palama,  of 
which  Mollusca  is  merely  a  Latinized  form,  was  used 
by  Aristotle  to  indicate  a  group  consisting  of  the  Cuttle¬ 
fishes  only. 

The  definite  erection  of  the  Mollusca  into  the  position 
of  one  of  the  great  primary  groups  of  the  animal  king¬ 
dom  is  due  to  George  Cuvier  (1788-1800),  who  largely 
occupied  himself  with  the  dissection  of  representatives 
of  this  type  (l).1  An  independent  anatomical  investi¬ 
gation  of  the  Mollusca  had  been  carried  on  by  the  re- 

1  These  figures  refer  to  the  bibliography  at  the  end  of  the  article, 
pp.  721,  722. 


markable  Neapolitan  naturalist  Poli  (1791),  whose 
researches  (2)  were  not  published  until  after  his  death 
(1817),  and  were  followed  by  the  beautiful  works  of 
another  Neapolitan  zoologist,  the  illustrious  Delle 
Chiaje  (3). 

The  ‘  ‘  embranchement  ’  ’  or  sub-kingdom  Mollusca,  as 
defined  by  Cuvier,  included  the  following  classes  of  shell¬ 
fish  :  1,  the  cuttles  or  poulps,  under  the  name  Cepha¬ 
lopoda  ;  2,  the  snails,  whelks,  and  slugs,  both  terres¬ 
trial  and  marine,  under  the  name  Gastropoda  ;  3,  the 
sea-butterflies  or  winged-snails,  under  the  name  Pter- 
Opoda  ;  4,  the  clams,  mussels,  and  oysters,  under  the 
name  Acephala  ;  5,  the  lamp-shells,  under  the  name 
Brachiopoda  ;  6,  the  sea-squirts  or  ascidians,  under 
the  name  Nuda  ;  and  7,  the  barnacles  and  sea-acorns, 
under  the  name  Cirrhopoda. 

The  main  limitations  of  the  sub-kingdom  or  phylum 
Mollusca,  as  laid  down  by  Cuvier,  ana  the  chief  divi¬ 
sions  thus  recognized  within  its  limits  by  him,  hold  good 
to  the  present  day.  At  the  same  time,  three  of  the 
classes  considered  by  him  as  Mollusca  have  been  one 
by  one  removed  from  that  association  in  consequence 
of  improved  knowledge,  and  one  additional  class,  in¬ 
corporated  since  his  day  with  the  Mollusca  with  general 
approval,  has,  after  more  than  forty  years,  been  again 
detached  and  assigned  an  independent  position  owing 
to  newly  acquired  knowledge. 

The  first  of  Cuvier’s  classes  to  be  removed  from  the 
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Mollusca  was  that  of  the  Cirrhopoda.  Their  affinities 
with  the  lower  Crustacea  were  recognized  by  Cuvier 
and  his  contemporaries,  but  it  was  one  of  the  brilliant 
discoveries  of  that  remarkable  and  too-little-honored 
naturalist,  J.  Vaughan  Thompson  of  Cork,  which  de¬ 
cided  their  position  as  Crustacea.  The  metamorphoses 
of  the  Cirrhopoda  were  described  and  figured  by  him 
in  1830  in  a  very  complete  manner,  and  the  legitimate 
conclusion  as  to  their  affinities  was  formulated  by  him 
(4).  Thus  it  is  to  Thompson  (1830),  and  not  to  Bur- 
meister  (1834),  as  erroneously  stated  by  Keferstein, 
that  the  merit  of  this  discovery  belongs.  The  next 
class  to  be  removed  from  Cuvier’s  Mollusca  was  that 
of  the  Nuda,  better  known  as  Tunicata.  In  1866  the 
.Russian  embryologist  Kowalewsky  startled  the  zoologi¬ 
cal  world  with  a  minute  account  of  the  developmental 
changes  of  Ascidia,  one  of  the  Tunicata  (5),  and  it  be¬ 
came  evident  that  the  affinities  of  that  class  were  with 
the  Vertebrata,  whilst  their  structural  agreements  with 
Mollusca  were  only  superficial.  The  last  class  which 
has  been  removed  from  the  Cuvierian  Mollusca  is  that 
of  the  Lamp-shells  or  Brachiopoda.  The  history  of  its 
dissociation  is  connected  with  that  of  the  class,  viz. ,  the 
Polyzoa  or  Bryozoa,  which  has  been  both  added  to  and 
again  removed  from  the  Mollusca  between  Cuvier’s 
date  and  the  present  day.  The  name  of  J.  Vaughan 
Thompson  is  again  that  which  is  primarily  connected 
with  the  history  of  a  Molluscan  class.  In  1830  he 
pointed  out  that  among  the  numerous  kinds  of 

polyps  ”  at  that  time  associated  by  naturalists  with 
the  Hydroids,  there  were  many  which  had  a  peculiar 
and  more  elaborate  type  of  organization,  and  for  these 
he  proposed  the  name  Polyzoa  (6).  Subsequently  (7) 
they  were  termed  Bryozoa  by  Ehrenberg  (1831). 

Henri  Milne-Edwards  in  1844  demonstrated  (8)  the 
affinities  of  the  Polyzoa  with  the  Molluscan  class  Bra¬ 
chiopoda,  and  proposed  to  associate  the  three  classes 
Brachiopoda,  Polyzoa,  and  Tunicata  in  a  large  group 
“  Molluscoidea,  ”  coordinate  with  the  remaining  classes 
of  Cuvier’s  Mollusca,  which  formed  a  group  retaining 
the  name  Mollusca.  By  subsequent  writers  the  Poly¬ 
zoa  have  in  some  cases  been  kept  apart  from  the  Mol¬ 
lusca  and  classed  with  the  “  Vermes  ;”  whilst  by  others 
(including  the  present  writer)  they  have,  together  with 
the  Brachiopoda,  been  regarded  as  true  Mollusca.  The 
recent  investigation  by  Mr.  Caldwell  (1882)  of  the  de¬ 
velopmental  history  of  Phoronis  (9),  together  with 
other  increase  of  knowledge,  has  now,  however,  estab¬ 
lished  the  conclusion  that  the  agreement  of  structure 
supposed  to  obtain  between  Polyzoa  and  true  Mollusca 
is  delusive ;  and  accordingly  they,  together  with  the 
Brachiopoda,  have  to  be  removed  from  the  Molluscan 
phylum.  Further  details  in  regard  to  this,  the  last 
revolution  in  Molluscan  classification,  will  be  found  in 
the  article  Polyzoa. 

As  thus  finally  purified  by  successive  advances  of 
embryological  research,  the  Mollusca  are  reduced  to 
the  Cuvierian  classes  of  Cephalopoda,  Pteropoda, Gas¬ 
tropoda,  and  Acephala.  Certain  modifications  in  the 
disposition  of  these  classes  are  naturally  enough  ren¬ 
dered  necessary  by  the  vast  accumulation  of  knowledge 
as  to  the  anatomy  and  embryology  of  the  forms  com¬ 
prised  in  them  during  fifty  years.  Foremost  amongst 
those  who  have  within  that  period  labored  in  this 
group  are  the  French  zoologists  Henri  Milne-Edwards 
(20)  and  Lacaze  Duthiers  (21),  to  the  latter  of  whom 
we  owe  the  most  accurate  dissections  and  beautiful 
illustrations  of  a  number  of  different  types.  To  Kol- 
liker  (22),  Gegenbaur  (23),  and  more  recently  Spen- 
gel  (24),  amongst  German  anatomists,  we  are  indebted 
lor  epoch-making  researches  of  the  same  kind.  In 
England,  Owen’s  anatomy  of  the  Pearly  Nautilus  (10), 
Huxley’s  discussion  of  the  general  morphology  of  the 
Mollusca  (11),  and  Lankester’s  embryologies!  investiga¬ 
tions  (12),  have  aided  in  advancing  our  knowledge  of 
the  group.  Two  remarkable  works  of  a  systematic 
character  dealing  with  the  Mollusca  deserve  mention 
here —the  Manual  of  the  Mollusca  by  the  late  l)r.  b.  I . 


Woodward,  a  model  of  clear  systematic  exposition,  and 
the  exhaustive  treatise  on  the  Malacozoa  or  Weich- 
thiere  by  the  late  Professor  Keferstein  of  Gottingen, 
published  as  part  of  Bronn’s  Classen  und  Ordnungen 
des  Thier-Reichs.  The  latter  work  is  the  most  com¬ 
pletely  illustrated  and  most  exhaustive  survey  of 
existing  knowledge  of  a  large  division  of  the  animal 
kingdom  which  has  ever  been  produced,  and,  whilst 
forming  a  monument  to  its  lamented  author,  places  the 
student  of  Molluscan  morphology  in  a  peculiarly  favor¬ 
able  position. 

Classes  of  the  Mollusca.-^- The  classes  of  the  Mollusca 
which  we  recognize  are  as  follows : 

Phylum  Mollusca. 

Branch  A.— Glossophora.  Branch  B— Lipocephala 

(= Acephala,  Cuvier). 
Class  1.— Gastropoda.  Class  1— Lamellibranchia 

Br.  a. — Isopleura.  (Syn.  Conchifera). 

Examples — Chiton,  Neo-  Examples — Oyster,  Mussel, 

menia.  Clam,  Cockle. 

Br.  b. — Anisopleura. 

Examples — Limpet,  Whelk, 

Snail,  Slug. 

Class  2. — Scaphopoda. 

Example — Tooth-shell. 

Class  3. — Cephalopoda. 

Br.  a. — Pteropoda. 

Examples — Hyalsea,  Pneu- 
modermon. 

Br.  b. — Siphonopoda. 

Examples — Nautilus,  Cuttles, 

Poulp. 

General  Characters  of  the  Mollusca. — The  forms 
comprised  in  the  above  groups,  whilst  exhibiting  an 
extreme  range  of  variety  in  shape,  as  may  be  seen  on 
comparing  an  Oyster,  a  Cuttle-fish,  and  a  Sea-slug 
such  as  Doris ;  whilst  adapted,  some  to  life  on  dry  land, 
others  to  the  depths  of  the  sea,  others  to  rushing 
streams ;  whilst  capable,  some  of  swimming,  others  of 
burrowing,  crawling,  or  jumping,  some,  on  the  other 
hand,  fixed  and  immobile  ;  some  amongst  the  most 
formidable  of  carnivores,  others  feeding  on  vegetable 
mud,  or  on  the  minutest  of  microscopic  organisms — -vet 
all  agree  in  possessing  in  common  a  very  considerable 
number  of  structural  details  which  are  not  possessed  in 
common  by  any  other  animals. 

The  structural  features  which  the  Mollusca  do  pos¬ 
sess  in  common  with  other  animals  belonging  to  other 
great  phyla  of  the  animal  kingdom  are  those  charac¬ 
teristic  of  the  Coelomata,  one  of  the  two  great  grades 
(the  other  and  lower  being  that  of  the  Ccelentera)  into 
which  the  higher  animals,  or  Enterozoa  as  distin¬ 
guished  from  the  Protozoa,  are  divided  (13).  The 
Enterozoa  all  commence  their  individual  existence  as  a 
single  cell  or  plastid,  which  multiplies  itself  by  trans¬ 
verse  division.  Unlike  the  cells  of  the  Protozoa,  these 
embryonic  cells  of  the  Enterozoa  do  not  remain  each 
like  its  neighbor  and  capable  of  independent  life,  but 
proceed  to  arrange  themselves  in  two  layers,  taking  the 
form  of  a  sac.  The  cavity  of  the  two-cell -layered  sac 
or  Diblastula  thus  formed  is  the  primitive  gut  or  arch- 
enteron.  In  the  Ccelentera,  whatever  subsequent 
changes  of  shape  the  little  sac  may  undergo  as  it  grows 
up  to  be  Polyp  or  Jelly-fish,  the  original  arch-enteron 
remains  as  the  one  cavity  pervading  all  regions  of  the 
body.  In  the  Coelomata  the  arch-enteron  becomes  in 
the  course  of  development  divided  into  two  totally  dis¬ 
tinct  cavities  shut  off  from  one  another — an  axial 
cavity,  the  met-enteron,  which  retains  the  functjton 
of  a  digestive  gut ;  and  a  peri-axial  cavity,  the  CCELOM 
or  body -cavity,  which  is  essentially  the  blood -space, 
and  receives  the  nutritive  products  of  digestion  and  the 
waste  products  of  tissue-change  by  osmosis.  The  Mol¬ 
lusca  agree  in  being  Ccelomate  with  the  phyla  Verte¬ 
brata,  Platyhelmia  (Flat-worms),  Echinoderma,  Ap- 
pendiculata  (Insects,  Ringed-worms,  etc.),  and  others, — 
in  fact,  with  all  the  Enterozoa  except  the  Sponges, 
Corals,  Polyps,  and  Medusae. 
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In  common  with  all  other  Coelomata,  the  Mollusca 
are  at  one  period  of  life  possessed  of  a  prostomium  or 
region  in  front  of  the  mouth,  which  is  the  essential 
portion  of  the  “  head,”  and  is  connected  with  the  prop¬ 
erty  of  forward  locomotion  in  a  definite  direction  and 
the  steady  carriage  of  the  body  (as  opposed  to  rotation 
of  the  body  on  its  long  axis).  As  a  result,  the  Coelo¬ 
mata,  and  with  them  the  Mollusca,  present  (in  the  first 
instance)  the  general  condition  of  body  known  as  bilat¬ 
eral  symmetry  ;  the  dorsal  is  dilferentiated  from  the 
ventral  surface,  whilst  a  right  and  a  left  side  similar 
to,  or  rather  the  complements  of,  one  another  are  per¬ 
manently  established.  In  common  with  all  other 
Coelomata,  the  Mollusca  have  the  mouth  and  first  part 
of  the  alimentary  canal  which  leads  into  the  met-ente- 
ron  formed  by  a  special  invagination  of  the  outer  layer 
of  the  primitive  body-wall,  not  to  be  confounded  with 
that  wnich  often,  but  not  always,  accompanies  the 
antecedent  formation  of  the  arch-enteron  ;  this  invagi¬ 
nation  is  termed  the  STOMODEUM.  Similarly,  an  anal 
aperture  is  formed  in  connection  with  a  special  invagi¬ 
nation  which  meets  the  hinder  part  of  the  met-enteron, 
and  is  termed  the  proctodeum. 

In  common  with  many  (if  not  all)  Coelomata,  the 
Mollusca  are  provided  with  at  least  one  pair  of  tube¬ 
like  organs,  which  open  each  by  one  end  into  the 
coelom  or  body  cavity,  and  by  the  other  end  to  the  ex¬ 
terior,  usually  in  the  neighborhood  of  the  anus.  These 
are  the  nephridia. 

Like  all  other  Coelomata,  the  Mollusca  are  also  pro¬ 
vided  with  special  groups  of  cells  forming  usually 
paired  or  median  growths  upon  the  walls  of  the  coelomic 
cavity,  the  cells  being  specially  possessed  of  reproduc¬ 
tive  power,  and  differentiated  as  egg-cells  and  sperm- 
cells.  These  are  the  gonads.  As  in  other  Coelomata, 
the  cells  of  the  gonads  may  escape  to  the  exterior  in 
one  of  two  ways — either  through  the  nephridia,  or,  on 
the  other  hand,  by  special  apertures. 

As  in  all  other  Coelomata,  the  cells,  which  build  up 
respectively  the  primary  outer  layer  of  the  body,  the 
lining  layer  of  the  met-enteron,  and  the  lining  layer  of 
the  coelom,  are  multiplied  and  differentiated  in  a 
variety  of  ways  in  the  course  of  growth  from  the  early 
embryonic  condition.  Tissues  are  formed  by  the  ad¬ 
hesion  of  a  number  of  similarly  modified  cells  in  def¬ 
inite  tracts.  As  in  all  Coelomata,  there  is  a  consider¬ 
able  variety  of  tissues  characterized  by,  and  differen¬ 
tiated  in  relation  to,  particular  physiological  activities 
of  the  organism.  Not  only  the  Coelomata  but  also  many 
Coelentera  show,  in  addition  to  the  epithelia  (the 
name  given  to  tissue  which  bounds  a  free  surface, 
whether  it  be  that  of  the  outer  body-wall,  of  the  gut, 
or  of  a  blood-space),  also  deeper  lying  tissues,  of  whicn 
the  first  to  appear  is  muscular  tissue,  and  the  second 
NERVOUS  tissue. 

The  epithelia  are  active  in  throwing  off  their  con¬ 
stituent  cells  (blood-corpuscles  from  the  wall  of  the 
coelom),  or  in  producing  secretions  (glands  of  body- 
wall  and  of  gut),  or  in  forming  horny  or  calcareous 
plates,  spines,  and  processes,  known  as  cuticular 
products  (shells  and  bristles  of  the  body-wall,  teeth 
of  the  tongue,  gizzard,  etc. ). 

In  the  Mollusca,  as  in  all  other  Coelomata,  in  corre¬ 
spondence  with  the  primary  bilateral  symmetry  and  in 
relation  to  the  special  mechanical  conditions  of  the 
prostomium,  the  nervous  tissue  which  is  in  Coelentera, 
and  even  in  Flat-worms,  diffused  over  the  whole  body 
in  networks,  tends  to  concentrate  in  paired  lateral 
tracts,  having  a  special  enlargement  in  the  prostomium. 
The  earlier  plexiform  arrangement  is  retained  in  the 
nervous  tissue  of  the  walls  oi  the  alimentary  canal  of 
many  Coelomata,  whilst  a  concentration  to  form  large 
nerve-masses  (ganglia),  to  which  numerous  afferent 
and  efferent  fibres  are  attached,  affects  the  nervous 
tissue  of  the  body-wall. 

In  all  Coelomata,  including  Mollusca,  muscular  tissue 
is  developed  in  two  chief  layers,  one  subjacent  to  the 
deric  or  outer  epithelium  (somatic  musculature),  and 


a  second  surrounding  the  alimentary  canal  (splanch¬ 
nic  musculature).  Thus,  primarily,  in  Coelomata 
the  body  has  the  character  of  two  muscular  sacs  or 
tubes,  placed  one  within  the  other  and  separated  from 
one  another  by  the  coelomic  space.  The  somatic  mus¬ 
culature  is  the  more  copious  and  develops  very  gen¬ 
erally  an  outer  circular  layer  {i.  e. ,  a  layer  in  which  the 
muscular  fibres  run  in  a  direction  transverse  to  the  long 
axis  of  the  body)  and  a  deeper  longitudinal  layer -to 
these  oblique  and  radiating  fibres  may  be  added.  The 
splanchnic  musculature,  though  more  delicate,  ex¬ 
hibits  a  circular  layer  nearer  the  enteric  epithelium, 
and  a  longitudinal  layer  nearer  the  coelomic  surface. 

In  Coelomata  and  in  many  Coelentera  there  are  found 
distributed  between  the  tracts  of  muscular  tissue, 
bounding  them  and  giving  strength  and  consistency 
also  to  the  walls  of  the  body,  of  the  alimentary  canal, 
of  the  coelom,  and  of  the  various  organs  and  tissue- 
masses  (such  as  nerve-centres,  gonads,  etc.)  connected 
with  these,  tracts  of  tissue  the  function  of  which  is 
skeletal.  The  skeletal  tissue  of  Mollusca,  in  com¬ 
mon  with  that  of  other  Coelomata,  exhibits  a  wide 
range  of  minute  structure,  and  is  of  differing  density 
in  various  parts ;  it  may  be  fibrous,  membranous,  or 
cartilaginous.  The  Mollusca,  in  common  with  the 
other  Coelomata,  exhibit  a  remarkable  kind  of  associa¬ 
tion  between  the  various  forms  of  skeletal  tissue  and 
the  epithelium  which  lines  the  coelomic  cavity.  The 
coelomic  cavity  contains  a  liquid  which  is  albuminous 
in  chemical  composition  (blood-lymph  or  hemo- 
lymph),  and  into  this  liquid  cells  are  shed  from  the 
coelomic  epithelium.  They  float  therein  and  are  known 
as  blood  corpuscles  or  lymph  corpuscles.  The  coe- 
lomic  space  with  its  contained  haemolymph  is  not  usually 
in  Coelomata,  and  is  not  in  Mollusca,  a  simple  even- 
walled  cavity,  but  is  broken  up  into  numerous  passages 
and  recesses  by  the  outgrowths-both  of  the  alimentary 
canal  and  of  its  own  walls.  By  the  adhesion  of  its 
opposite  walls,  and  by  an  irregularity  in  the  process  of 
increase  of  its  area  during  growth,  the  coelom  becomes 
to  a  very  large  extent  a  spongy  system  of  intercommu¬ 
nicating  lacune  or  irregular  spaces,  filled  with  the 
coelomic  fluid.  At  the  same  time,  the  coelomic  space 
has  a  tendency  to  push  its  way  in  the  form  of  narrow 
canals  and  sinuses  between  the  layers  of  skeletal  tissue, 
and  thus  to  permeate  together  with  the  skeletal  tissue 
in  the  form  of  a  spongy,  or  it  may  be  a  tubular,  net¬ 
work  all  the  apparently  solid  portions  of  the  animal 
body.  This  association  of  the  nutritive  and  skeletal 
functions  is  accompanied  by  a  complete  identity  of  the 
tissues  concerned  in  these  functions.  Not  only  is  there 
complete  gradation  from  one  variety  of  skeletal  tissue 
to  another  ( e.g . ,  from  membranous  to  fibrous,  and  from 
fibrous  to  cartilaginous)  even  in  respect  of  the  form  of 
the  cells  and  their  intercellular  substance,  but  the 
coelomic  epithelium,  and  consequently  the  haemolymph 
with  its  floating  corpuscles  derived  from  that  epithe¬ 
lium,  is  brought  into  the  same  continuity..  The  skele¬ 
tal  and  blood-containing  and  -producing  tissues  in  fact 
form  one  widely-varying  but  continuous  whole,  which 
may  be  called  the  skeleto-trophic  system  of 
tissues. 

In  many  Coelomata  not  only  do  the  skeletal  tissues 
allow  the  coelomic  space  with  its  fluid  and  corpuscles 
to  penetrate  between  their  layers,  but  a  special  mode 
of  extension  of  that  space  is  found,  which  consists  in 
the  hollowing  out  of  the  solid  substance  of  elongated 
cells  having  the  form  of  fibres,  which  thus  become 
tubular,  and,  admitting  the  nutritive  fluid,  serve  as 
channels  for  its  distribution.  These  are  1 1  capillary  ves¬ 
sels, ’’and  it  has  yet  to  be  shown  that  such  are  formed 
in  the  Mollusca.  Larger  vessels,  however,  concerned 
in  guiding  the  movement  of  the  coelomic  fluid  in  special 
directions  are  very  usually  developed  in  the  Mollusca, 
as  in  other  Coelomata,  by  the  growth  of  skeletal  tissue 
around  what  are  at  first  ill-defined  extensions  of  the 
coelomic  space.  In  this  way  a  portion  of  the  coelomic 
space  becomes  converted  into  vessels,  whilst  a  large 
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art  remains  with  irregular  walls  extending  in  every 
irection  between  the  skeletal  tissues  and  freely  com¬ 
municating  with  the  system  of  vessels.  As  in  many 
other  Coelomata,  muscular  tissue  grows  around  the 
largest  vessel  formed  from  the  primitive  coelom,  which 
thus  becomes  a  contractile  organ  for  propelling  the 
blood-lymph  fluid.  This  “heart”  has  in  Mollusca, 
as  in  most  other  Coelomata  in  which  it  is  developed,  a 
dorsal  position.  A  communication  of  the  blood-lymph 
space  with  the  exterior  by  means  of  a  pore  situated  in 
the  foot  or  elsewhere  has  been  very  generally  asserted 
to  be  characteristic  of  Mollusca.  It  has  been  main¬ 
tained  that  water  is  introduced  by  such  a  pore  into  the 
blood,  or  admitted  into  a  special  series  of  water-vessels. 
It  has  also  been  asserted  that  the  blood-fluid  is  expelled 
by  the  Mollusca  from  these  same  pores.  Recent  investi¬ 
gation  (14)  has,  however,  made  it  probable  that  the 
pores  are  the  pores  of  secreting  glands,  and  do  not  lead 
into  the  vascular  system.  There  is,  it  therefore  ap¬ 
pears,  no  admission  or  expulsion  of  water  through  such 
pores  in  connection  with  the  blood,  although  in  some 
other  Coelomata  it  is  established  that  water  is  taken 
into  the  coelomic  space  through  a  pore  (Echinoderms), 
whilst  in  some  others  there  is  no  doubt  that  the 
coelomic  haemolymph  is  occasionally  discharged  in 

Suantity  through  pores  of  definite  size  and  character 
Earthworm,  etc.). 

We  have  thus  seen  that  the  Mollusca  possess,  in 
common  with  the  other  Coelomata — 1,  a  body  composed 
of  a  vast  number  of  cells  or  plastids,  arranged  so  as  to 
form  a  sac-like  body-wall ,  and  within  that  a  second  sac, 
the  met-enteron\  the  wall  of  which  is  separated  from 
the  first  by  a  coelom  or  blood-lymph  space ;  2,  a  stomo- 
dceum  and  a  proctodceum;  3,  a  prostomium,  together 
with  a  differentiated  dorsal  and  ventral  surface,  and  con¬ 
sequently  right  and  left  sides ,  i.  e. ,  bilateral  symmetry  ; 
4,  a  pair  of  nepliridia ;  5,  gonads  developed  on  the 
wall  of  the  coelom ;  6,  deric  epithelium  (producing 
horny  and  calcareous  deposits  on  its  surface),  enteric 
epithelium,  and  coelomic  epithelium  ;  7,  laterally  paired 
masses  of  nerve-tissue ,  especially  large  in  the  prosto- 
mial  region  (nerve-centres  or  ganglia ) ;  8,  muscidar 
tissue ,  forming  a  somatic  tunic  and  a  splanchnic  tunic ; 
9,  skeleto-trophic  tissues ,  consisting  of  membranous, 
fibrous,  and  cartilaginous  supporting  tissues,  and  of 
bloodvessels  and  the  walls  of  blood-spaces ,  the  coelomic 
epithelium ,  and  the  liquid  tissue  known  as  haemolymph 
(commonly  blood). 

Schematic  Mollusc. — Starting  from  this  basis  of 
structural  features  common  to  them  and  the  rest  of  the 
Coelomata,  we  may  now  point  out  what  are  the  pecu¬ 
liar  developments  of  structure  which  characterize  the 
Mollusca  and  lead  to  the  inference  that  they  are  mem¬ 
bers  of  one  peculiar  branch  or  phylum  of  the  animal 
pedigree.  In  attempting  thus  to  set  forth  the  domi¬ 
nating  structural  attributes  of  a  great  group  of  organ¬ 
isms  it  is  not  possible  to  make  use  of  arbitrary 
definitions.  Of  Mollusca,  as  of  other  great  phyla,  it  is 
not  possible  categorically  to  enunciate  a  series  of  struc¬ 
tural  peculiarities  which  will  be  found  to  be  true  in 
reference  to  every  member  of  the  group.  We  have  to 
remember  that  the  process  of  adaptation  in  the  course 
of  long  ages  of  development  has  removed  in  some  cases 
one,  in  other  cases  another,  of  the  original  features 
characteristic  of  the  ancestors  from  which  the  whole 
group  may  be  supposed  to  have  taken  origin,  and  that 
it  is  possible  (and  actually  is  realized  in  fact)  that  some 
organisms  may  have  lost  all  the  primary  characteristics 
of  Molluscan  organization,  and  yet  be  beyond  all  doubt 
definitely  stamped  as  Mollusca  by  the  retention  of 
some  secondary  characteristic  which  is  so  peculiar  as 
to  prove  their  relationship  with  other  Mollusca.  An 
example  in  point  is  found  in  the  curious  fish-like  form 
Phyllirhoe  (Fig.  58),  which  has  none  qf  the  primary 
characteristics  of  a  Mollusc,  and  yet  is  indisputably 
proved  to  belong  to  the  Molluscan  phylum  by  posses¬ 
sing  the  peculiar  and  elaborate  lingual  apparatus  pres¬ 
ent  in  one  branch  of  the  phylum,  the  Glossophora. 
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Fig.  1.— Schematic  Mollusc.  A.  Dorsal  aspect.  B.  Ventral  as¬ 
pect.  C.  The  heart,  pericardium,  gonads,  and  nephridia,  shown 
in  position.  D.  The  nervous  system ;  the  reader  is  requested  to 
note  that  the  cord  passing  backwards  from  g.pe  lies  beneath,  and 
does  not  in  any  way  unite  with  the  cord  which  passes  from  g.db 
to  g.pl.  E.  Diagram  in  which  the  body-wall  is  represented  as  cut 
in  the  median  antero-posterior  plane,  so  as  to  show  organs  in  po¬ 
sition,— the  shell-sac  is  seen  in  section,  but  the  shell  is  omitted. 

Letters  in  all  the  figures  as  follows :  a,  cephalic  tentacle ;  b,  head ; 
c,  edge  of  the  mantle-skirt  or  limbus  pallialis ;  d,  dotted  line  indi¬ 
cating  the  line  of  origin  of  the  free  mantle-skirt  from  the  sides  of 
the  visceral  hump ;  e,  outline  of  the  foot  seen  through  the  mantle- 
skirt  in  A,  which  is  supposed  to  be  transparent,  allowing  the 
position  of  this  and  of  the  various  parts  h,  i,  k,  l,  to,  to  be  seen 
through  its  substance ;  /,  edge  of  the  shell-follicle ;  g,  the  shell ; 
h,  the  osphradium,  paired  (Spengel’s  olfactory  organ);  i,  the 
ctenidium,  paired  (gill-plume);  k,  aperture  of  the  gonad,  paired; 
l,  aperture  of  one  of  the  two  nephridia;  to,  anus;  n,  posterior 
region  of  the  foot  reaching  farther  back  than  the  mass  of  viscera 
(dorsal  hump)  which  it  carries ;  o,  mouth ;  p,  plantar  surface  of 
the  foot;  q,  cut  edge  of  the  body-wall  of  the  dorsal  region;  r, 
coelomic  space  (blood-lymph  space  or  body-cavity),  mostly  occu- 

f>ied  by  liver,  but  to  some  extent  retained  as  blood-channels  and 
acunee,  s,  pericardial  cavity;  t,  gonad  (ovary  or  spermary), 
paired;  u,  nephridium,  paired;  v,  ventricle  of  the  heart  receiv¬ 
ing  the  right  and  the  left  auricles  at  its  sides,  and  sending  off  ante¬ 
riorly  a  large  vessel,  posteriorly  a  small  one ;  w,  the  cephalic  eye, 
paired ;  x,  dotted  ring  to  show  the  position  occupied  by  the  oesoph¬ 
agus  in  relation  to  the  nerve  ganglia  and  cords ;  y,  the  otocyst, 
paired;  z.l,  the  digestive  gland  (so-called  "liver”)  of  the  left 
side ;  z.g,  duct  of  the  digestive  gland  of  the  right  side ;  g.c,  cere¬ 
bral  ganglion  united  by  the  cerebral  commissure  to  its  fellow ; 
g.pl,  pleural  ganglion  united  by  the  cerebro-pleural  connective 
to  the  cerebral  ganglion,  and  by  the  pleuro-pedal  connective  to 
the  pedal  ganglion ;  g.pe,  the  pedal  ganglion  united  to  its  fellow 
by  the  pedal  commissure— the  two  sending  off  posteriorly  the 
long  ladder-like  pair  of  pedal  nerves ;  g.v,  the  visceral  ganglion 
(of  the  left  side)  united  by  the  visceral  loop  or  commissure  to  the 
similar  ganglion  on  the  right  side,  and  by  the  viscero-pleural 
connective  to  the  pleural  ganglion;  g.ab,  abdominal  ganglion 
developed  on  the  course  of  the  visceral  loop;  g.olf,  olfactory 
ganglion  placed  near  the  osphradium  on  a  nerve  taking  its  origin 
from  the  visceral  ganglion. 

organization  which  characterize  the  Mollusca,  we  find 
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it  most  convenient  to  construct  a  schematic  Mollusc, 
which  shall  possess  in  an  unexaggerated  form  the  vari¬ 
ous  structural  arrangements  which  are  more  or  less 
specialized,  exaggerated,  or  even  suppressed  in  partic¬ 
ular  members  of  the  group.  Such  a  schematic  Mol¬ 
lusc  is  not  to  be  regarded  as  an  archetype,  in  the  sense 
which  has  been  attributed  to  that  word,  nor  as  the 
embodiment  of  an  idea  present  to  a  creating  mind,  nor 
even  as  an  epitome  of  developmental  laws.  Were 
knowledge  sufficient,  we  should  wish  to  make  this 
schematic  Mollusc  the  representation  of  the  actual 
Molluscan  ancestor  from  which  the  various  living 
forms  have  sprung.  To  definitely  claim  for  our  sche¬ 
matic  form  any  such  significance  in  the  present  state 
of  knowledge  would  be  premature,  but  it  may  be  taken 
as  more  or  less  coinciding  with  what  we  are  justified, 
under  present  conditions,  in  picturing  to  ourselves  as 
the  original  Mollusc  or  archi-Mollusc  (more  correctly 
Archimalakion).  After  describing  this  schematic 
form,  we  shall  proceed  to  show  how  far  it  is  realized 
or  justified  in  each  class  and  order  of  Mollusca  suc¬ 
cessively. 

The  schematic  Mollusc  (Fig.  1,  A  to  E)  is  oblong 
in  shape,  bilaterally  symmetrical,  with  strongly  differ¬ 
entiated  dorsal  and  ventral  surface,  and  has  a  well- 
marked  head,  consisting  of  the  prostomium  ( b )  and 
the  region  immediately  behind  the  mouth.  Upon  the 
head  we  place  a  pair  of  short  cephalic  tentacles 
(a).  mouth  is  placed  in  the  median  line  anteri¬ 
orly,  and  is  overhung  by  the  prostomium  (B,  o) ;  the 
anus  is  placed  in  the  median  line  posteriorly,  well 
raised  on  the  dorsal  surface  (A,  m).  The  apertures 
of  a  pair  of  nephridia  are  seen  in  the  neighborhood 
of  the  anus  right  and  left  (A,  l).  Near  the  nephridial 
apertures,  and  in  front  of  them,  right  and  left,  are  the 
pair  of  apertures  (&)  appropriate  "to  the  ducts  of  the 
gonads  (generative  pores). 

The  most  permanent  and  distinctive  Molluscan  or¬ 
gan  is  the  foot  (Podium).  This  is  formed  by  an  ex¬ 
cessive  development  of  the  somatic  musculature  along 
the  ventral  surface, <  distinctly  ceasing  at  the  region  of 
the  head,  below  which  it  suddenly  projects  as  a  power¬ 
ful  muscular  mass  (B,  p ;  E,  p).  It  may  be  compared, 
and  is  probably  genetically  identical,  with  the  muscular 
ventral  surface  of  the  Planarians  and  with  the  suckers 
of  Trematoda,  but  is  more  extensively  developed  than 
are  those  corresponding  structures.  The  muscular  tis¬ 
sue  of  the  foot,  and  of  all  other  parts  of  the  body 
of  all  Mollusca,  is  cellular  and  unstriated,  as  distin¬ 
guished  from  the  composite  muscular  fibre  (consisting 
of  cell-fusions  instead  of  separable  cells)  which  occurs 
in  Arthropoda  and  in  Vertebrata,  and  which  has  the 
further  distinction  of  being  composed  of  alternating 
bands  of  substance  of  differing  refractive  power  (hence 
“striated”).  The  appearance  of  cross  striation  seen 
in  the  muscular  cells  of  some  Molluscs  (odontophore 
of  Haliotis,  Patella,  etc. )  requires  further  investigation. 
It  is  by  no  means  altogether  the  same  thing  as  the 
marking  characteristic  of  striated  muscular  fibre. 

Contrasting  with  the  ventral  foot  is  the  thin-walled 
dorsal  region  of  the  body,  which  may  be  termed  the 
antipodial  region.  This  thin-walled  region  is  formed 
by  soft  viscera  covered  in  by  the  comparatively  delicate 
and  non-muscular  body- wall  (Fig.  1,  E).  As  the  ven¬ 
tral  foot  is  clearly  separate  from  the  projecting  head, 
so  is  this  dorsal  region,  and  it  is  conveniently  spoken 
of  as  the  visceral  hump  or  “  dome  ”  (cupola).  Pro¬ 
tecting  the  visceral  dome  is  a  shell  (conchylium)  con¬ 
sisting  of  a  homy  basis  impregnated  with  carbonate 
of  lime,1  and  secreted  by  the  deric  epithelium  of  this 
region  of  the  body  (g).  The  shell  in  our  schematic 
Mollusc  is  single,  cap-shaped,  and  symmetrical.  It 
does  not  lie  entirely  naked  upon  the  surface  of  the 
visceral  dome,  but  is  imbedded  all  round  its  margin, 

1  As  to  the  minute  structure  of  the  shell  in  various  classes,  see 
Carpenter’s  article  “Shell”  in  the  Cyclop,  of  Anal,  and  Physiol. 
The  limits  of  our  snace  do  not  permit  us  to  deal  with  this  or 
other  histological  topics. 


to  a  large  extent  in  the  body-wall.  In  fact,  the  integu¬ 
ment  of  the  visceral  dome  forms  an  open  flattened  sac 
in  which  the  shell  lies.  This  is  the  primary  shell- 
sac,  or  follicle  (A  and  E,  /).  The  wall  of  the  body 
projects  all  round  the  visceral  dome  in  the  form  of  a 
flap  or  skirt,  so  as  to  overhang  and  conceal  to  some 
extent  the  head  and  the  sides  of  the  foot.  This  skirt, 
really  an  outgrowth  of  the  dorsal  body-wall,  is  called 
the  mantle-flap  (limbus  pallialis),  or  more  shortly 
the  mantle  or  pallium  (c).  The  space  between  the 
overhanging  mantle-flap  and  the  sides  and  neck  of  the 
animal  which  it  overhangs  is  called  the  sub-pallial 
space  or  chamber.  Posteriorly  in  this  space  are 
placed  the  anus  and  the  pair  of  nephridial  apertures 
(see  Fig.  1,  E). 

The  development  of  the  mantle-skirt  and  its  sub- 
pallial  space  appears  to  have  a  causal  relation,  in  the 
way  of  protection,  to  a  pair  of  processes  of  the  body- 
wall  which  spring,  one  on  the  right  and  one  on  the 
left,  from  the  sides  of  the  body,  nearer  the  anus  than 
the  mouth,  and  are  concealed  by  the  mantle-flap  to 
some  extent  (A,  B,  i).  These  processes  have  an  axis 
in  which  are  two  blood-vessels,  and  are  beset  with  two 
rows  of  flattened  filaments,  like  the  teeth  of  a  comb  in 
double  series.  These  are  the  ctenidia  or  gill-combs. 
Usually,  as  will  be  seen  in  the  sequ.el,  they  play  the 
part  of  gills,  but  since  in  many  Molluscs  (Lamelli- 
branchs)  their  function  is  not  mainly  respiratory,  and 
since  also  other  completely-formed  gills  are  developed 
as  special  organs  in  some  Molluscs  to  the  exclusion  of 
these  processes,  it  is  well  not  to  speak  of  them  simply 
as  “gills”  or  “branchiae,”  but  to  give  them  a  n on- 
physiological  name  such  as  that  here  proposed.  Near 
the  base  of  the  stem  of  each  ctenidium  is  a  patch  of 
the  epithelium  of  the  body-wall,  peculiarly  modified 
and  supplied  with  a  special  nerve  and  ganglion.  This 
is  Spengel’s  olfactory  organ, which  tests  the  respira¬ 
tory  fluid,  and  is  persistent  in  its  position  and  nerve- 
supply  throughout  the  group  Mollusca.  We  propose 
to  call  it  the  osphradium. 

Passing  now  to  the  internal  organs,  our  schematic 
Mollusc  is  found  to  possess  an  alimentary  canal, 
which  passes  from  mouth  to  anus  in  the  middle  line, 
leaving  between  it  and  the  muscular  body-wall  a  more 
or  less  spongy,  in  parts  a  spacious,  coelom.  The 
stomodeeum  is  large  and  muscular,  the  proctodoeum 
short ;  the  bulk  of  the  alimentary  canal  is  therefore 
developed  from  the  met-enteron  or  remnant  of  the 
arch-enteron  after  the  coelom  has  been  pinched  off 
from  it.  A  paired  outgrowth  of  the  met-enteron  forms 
the  glandular  diverticulum  known  as  the  digestive 
gland  or  (commonly)  liver  (E,  zg,  zl). 

Dorsally  to  the  alimentary  tract  the  coelom  is  spa¬ 
cious.  The  space  (C,  E,  s)  is  termed  the  pericar¬ 
dium,  since  it  is  traversed  by  a  vessel  running  fore  and 
aft  in  the  median  line,  which  has  contractile  muscular 
walls  and  serves  as  a  heart  to  propel  the  coelomic 
blood-fluid.  This  pericardial  space,  although  appar¬ 
ently  derived  from  the  original  coelom,  is  not  in  com¬ 
munication  with  the  other  spaces  and  bloodvessels 
derived  from  the  coelom  ;  it  never  (or  perhaps  in  a 
very  few  instances)  contains  in  the  adult  the  Molluscan 
blood  or  hasmolymph,  and  is  always  in  free  communi¬ 
cation  with  the  exterior  through  the  tubes  called  ne¬ 
phridia  (renal  organs).  The  heart  receives  sym¬ 
metrically  on  each  side,  right  and  left,  a  dilated  vessel 
bringing  aerated  blood  from  the  ctenidia.  These  di¬ 
lated  vessels  are  termed  the  auricles  of  the  heart ,  whilst 
the  median  portion  itself,  at  the  point  where  these 
vessels  join  it,  is  termed  the  ventricle  of  the  heart  (C,  v). 
The  vessel  passing  fore  and  aft  from  the  ventricle  gives 
off  a  few  trunks  which  open  into  spaces  of  the  coelom, 
the  so-called  lacunae;  these  are  excavated  in  every 
direction  between  the  viscera  and  the  various  bundles 
of  fibrous  and  muscular  tissue,  and  may  assume  more 
or  less  the  character  of  tube-like  vessels  with  definite 
walls.  Right  and  left  opening  into  the  pericardial 
coelom  is  a  coiled  tube,  the  farther  extremity  of  which 
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opens  to  the  exterior  by  the  side  of  the  anus.  These 
two  tubes  (C,  u)  are  the  symmetrically  disposed  NE- 
PIIRIDIA  (renal  organs). 

The  gonads  (ovaries  or  spermaries)  are  placed  in 
the  mid-dorsal  region  of  the  coelom  (0,  t),  and  have 
their  own  apertures  in  the  immediate  neighborhood 
of  those  of  the  nephridia.  The  apertures  are  paired 
right  and  left,  and  so  are  the  ducts  into  which  they 
lead ;  but  at  present  we  have  no  ground  for  determin¬ 
ing  whether  the  gonad  itself  was  primarily  in  Molluscs 
a  paired  organ  or  a  median  organ,  nor  have  we  any 
well-founded  conception  as  to  the  nature  of  the  ducts 
when  present,  and  their  original  relationship  to  the 


Fig.  2.— Ctenidia  of  various  Mollusca  (original).  A.  Of  Chiton ; 
/.(,  fibrous  tissue  ;  a.b.v,  afferent  bloodvessel ;  e.b.v.  efferent  blood¬ 
vessel  ;  g.l,  laterally  paired  lamellse.  B.  Of  Sepia ;  letters  as  in  A. 
C.  Of  Fissurella ;  letters  as  in  A.  D.  OfNucula;  d,  position  of 
axis  with  bloodvessels ;  a,  inner ;  b  and  c,  outer  row  of  lamellae. 
E.  Of  Paludina ;  i,  intestine  running  parallel  with  the  axis  of  the 
ctenidium  and  ending  in  the  anus  a ;  br.  rows  of  elongate  pro¬ 
cesses  corresponding  to  the  two  series  of  lamellae  of  the  upper 
figures. 

gonads.  The  genital  ducts  of  some  organisms  are 
modified  nephridia,  but  the  nature  of  those  of  Mol¬ 
lusca,  of  Arthropoda,  of  Echinoderma,  of  Nematoidea, 
and  of  some  Vertebrata  has  yet  to  be  elucidated. 

The  disposition  of  the  nerve-centres  is  highly  charac¬ 
teristic.  There  are  four  long  cords  composed  of  both 
nerve-fibres  and  nerve-cells  which  are  disposed  in 
pairs,  two  right  and  left  of  the  pedal  area  or  foot,  two 
more  dorsally  and  tending  to  a  deeper  position  than 
that  occupied  by  the  pedal  cords,  so  as  to  lie  freely 
within  the  coelomic  space  unattached  to  the  body-wall. 
These  are  respectively  the  pedal  nerve-cords  and 
the  VISCERAL  NERVE-CORDS.  The  latter  meet  and 
join  one  another  posteriorly.  A  right  and  left  (D,  g.  v) , 


and  a  median  abdominal  ( g.ah )  ganglion  are  placed  on 
these  cords,  and  from  them  are  given  off  the  osphra- 
dial  nerves  which  have  special  ganglia  ( g.olf ).  In  the 
region  of  the  prostomium  the  pedal  nerve-cords  are 
enlarged  behind  the  mouth,  forming  the  pedal  ganglia 
(g.pe) ;  and  are  united  by  nerve-fibres  to  one  another. 
From  this  spot  they  are  continued  forward  into  the 
prostomium,  where  they  enlarge  to  form  the  right  and 
left  cerebral  ganglia  ( g.c ),  which  are  united  to  one 
another  by  nerve-fibres  in  front  of  the  mouth,  just  as 
the  pedal  ganglia  are  behind  it.  On  their  way  for¬ 
wards  from  the  pedal  ganglia  to  the  cerebral  ganglia 
the  right  and  left  pedal  nerve-cords  are  joined  by  the 
right  and  left  visceral  cords  respectively,  the  point  of 
union  being  marked  on  either  side  by  a  swelling  ( g.pl ) 
known  as  the  pleural  ganglion.  Transverse  fibres  con¬ 
nect  the  right  and  left  pleural  ganglia  behind  the 
mouth.  The  visceral  nerve-cord  can  be  traced  up  on 
each  side  beyond  the  pleural  ganglion,  to  the  cerebral 
ganglion.  Thus  we  have  a  complete  double  nerve¬ 
ring  formed  around  the  oesophagus  by  the  two  pairs 
of  nerve-cords  which  are  in  this  region  drawn,  as  it 
were,  towards  each  other  and  away  from  their  lateral 
position  both  behind  and  before  the  stomodaeal  in¬ 
vagination.  Whilst  the  swollen  parts  of  the  nerve- 
tracts  are  termed  ganglia ,  the  connecting  cords  are 
conveniently  distinguished  either  as  connectives  or  as 
commissures.  Commissures  connect  two  ganglia  of  tne 
same  pair.  We  have  a  cerebral  commissure,  a  pedal 
commissure,  a  pleural  commissure,  and*  a  visceral 
commissure.  Connectives  connect  ganglia  of  dissim¬ 
ilar  pairs,  and  we  speak  accordingly  of  the  cerebro- 
pedal  connective,  the  cerebro-pleural  connective,  the 
pleuro-pedal  connective,  and  the  viscero-pleural  con¬ 
nective. 


An  enteric  nervous  system  forming  a  plexus  on 
the  walls  of  the  alimentary  canal  exists,  but  does  not 


Fig.  3.— Development  of  the  Pond-Snail,  Limnseus  stagnatis  (after 
Lankester,  15).  dc,  directive  corpuscles  (prseseminal  outcast 
cells) ;  ch,  egg-envelope  or  chorion ;  or,  oral  end  of  the  blasto- 
ore ;  r,  anal  end  of  the  blastopore.  A.  Formation  of  the  Di- 
lastula  by  the  invagination  of  larger  cells  into  the  area  of 
smaller  cells  (optical  section).  B.  View  of  the  same  specimen 
from  the  surface  of  invagination ;  the  smaller  cells  are  seen  at 
the  periphery;  by  division  they  will  multiply  and  extend 
themselves  over  the  four  larger  cells.  C.  Fully  formed  Diblas- 
tula,  surface  view  to  show  the  elongated  form  of  the  orifice  of 
invagination  or  blastopore ;  its  middle  portion  closes  up  and 
coincides  with  the  region  of  the  foot ;  the  extremity,  or,  coin¬ 
cides  with  the  mouth  and  stomodseum,  the  opposite  extremity, 
r,  with  the  anus.  D.  Optical  section  of  an  embryo  a  little  older 
than  A.  E.  Surface  view  of  the  same  embryo. 

exhibit  cords  and  ganglia  visible  to  the  naked  eye  except 
in  the  large  Dibranchiate  Cephalopods. 

Our  schematic  Mollusc  is  provided  with  certain 
organs  of  special  sense.  Tactile  organs  occur  on 
the  head  in  the  form  of  short  cephalic  tentacles 
(a).  Deeply  placed  are  a  pair  of  closed  vesicles  con¬ 
taining  each  a  calcareous  concretion  and  acting  as  au¬ 
ditory  organs  ;  these  are  known  as  otocysts  (D,  y ). 
They  are  situated  behind  the  mouth  in  the  foremost 
portion  of  the  foot.  At  the  base  of  each  cephalic 


660 


MOLLUSCA. 


[schematic  mollusc. 


tentacle  is  a  pigmented  eye-spot — the  cephalic  eye  1  olfactory  epithelium  at  the  base  of  the  ctenidium,  has 
(D,  w).  The  osphradium  (/t),  or  peculiar  patch  of  I  already  been  mentioned. 

To  the  scheme  thus  exhibited  of  the  possible  organ¬ 
ization  of  the  ancestral  Mollusc  we  shall  now  add  a 
sketch  of  the  mode  jn  which  this  form  of  body  and 
series  of  internal  organs  are  developed  from  the  egg. 

The  egg-cell  of  Mollusca  is  either  free  from  food  ma¬ 
terial — a  simple  protoplasmic  corpuscle — or  charged 
with  food  material  to  a  greater  or  less  extent.  Those 
cases  which  appear  to  be  most  typical — that  is  to  say, 
which  adhere  to  a  procedure  which  was  probably 
common  at  one  time  to  all  then  existing  Mollusca,  ana 
which  has  been  departed  from  only  in  later  and  special 
lines  of  descent — show  approximately  the  following 
history.  By  division  of  the  egg-cell  (Fig.  3,  A,  B ; 
Fig.  4,  A,  B  ;  and  Fig.  5)  a  mulberry-mass  of  embry¬ 
onic-cells  is  formed  (Morula),  which  dilates,  forming 
a  one-cell-layered  sac  (Blastula).  By  invagination  one 
portion  of  this  sphere  becomes  tucked  into  the  other — 
as  in  the  preparation  of  a  woven  night-cap  for  the  head 
(Fig.  6,  B  ;  Fig.  7,  A).  The  orifice  of  invagination 
(blastopore)  narrows,  and  we  now  have  a  two-cell¬ 
layered  sac, — the  Diblastula.  The  invaginated  layer 
is  the  enteric  cell-layer  or  endoderm ;  the  outer  cell- 
layer  is  the  deric  cell-layer  or  ectoderm.  The  cavity 
communicating  with  the  blastopore  and  lined  by  the 
endoderm  is  the  arc'n-enteron.  The  blastopore,  to- 

§  ether  with  the  whole  embryo,  now  elongates.  The 
lastopore  then  closes  along  the  middle  portion  of  its 
extent,  which  corresponds  with  the  later  developed 
foot.  At  the  same  time  the  stomodseum  or  oral  in¬ 
vagination  forms  around  the  anterior  remnant  of  the 
v  blastopore,  and  the  proctodaeum  or  anal  invagination 
forms  around  the  posterior  remnant  of  the  blastopore. 
There  are,  however,  variations  in  regard  to  the  relation 
of  the  blastopore  to  the  mouth  and  to  the  anus  which 
are  probably  modifications  of  the  original  process  de¬ 
scribed  above.  An  examination  of  Figs.  3,  4,  5,  6,  7, 
and  of  others  illustrative  of  the  embryology  of  par¬ 
ticular  forms  which  occur  later  in  this  article,  is  uow 
recommended  to  the  reader.  The  explanation  of  the 
figures  has  been  made  very  full  so  as  to  avoid  the  ne¬ 
cessity  of  special  descriptions  in  the  text.  Internally, 

Three-quarter  view  of  a  Diblastula,  to  show  the  orifice  of  in-  hv  flip  nirmimr  nfF  nf  n  nnir  of  lateral  nuto-rnwthe 
valuation  of  the  endoderm  or  blastopore,  bl.  H,  1.  Veliger  •  mPPlng  OI.  a  pair  Ot  lateral  OUt^rowtllS 

stage  later  than  D.  (Compare  Fig.  70  and  Fig.  72***).  (forming  part  of  the  indefinable  mesoblast  )  from 

the  enteric  cell-layer  the  foundations  of 
the  coelomic  cavity  are  laid.  In  some  Coe¬ 
lomata  these  outgrowths  are  hollow  and  of 
large  size.  In  Mollusca  they  are  not  hollow 
and  large,  which  is  probably  the  archaic 
condition,  but  they  consist  at  first  of  a  few 
cells  only,  adherent  to  one  another ;  these 
cells  then  diverge,  applying  themselves  to 
the  body-wall  and  to  the  gut-wall  so  as  to 
form  the  lining  layer  of  the  coelomic  cavity. 
Muscular  tissue  develops  from  deep-lying 
cells,  and  the  rudiments  of  the  paired 
nerve-tracts  from  thickenings  of  the  deric- 
cell  layer  or  ectoderm. 

The  external  form  meanwhile  passes 
through  highly  characteristic  changes, 
which  are  on  the  whole  fairly  constant 
throughout  the  Mollusca.  A  circlet  of  cilia 
forms  when  the  embryo  is  still  nearly  spheri¬ 
cal  (Fig.  4,  F ;  Fig.  6,  E ;  Fig.  7,  B),  in  an 
equatorial  position.  As  growth  proceeds, 
one  hemisphere  remains  relatively  small, 
the  other  elongates  and  enlarges.  Both 
Fig.  5  —  Early  stages  of  division  of  the  fertilized  egg-cell  in  Nassa  mutabilis  mouth  and  anus  are  nlaced  in  the  laro-pr 

(from  Balfour,  after  Bobretzky).  A.  The  egg-cell  has  divided  into  two  spheres,  mouin  anci  anus  are  piacea  in  me  larger 

of  which  the  lower  contains  more  food-material,  whilst  the  upper  is  again  area ,  the  smaller  area  IS  the  prostomium 
incompletely  divided  into  two  smaller  spheres.  Resting  on  the  dividing  upper  simply;  the  ciliated  band  is  therefore  in 

sphere  are  the  eight-shaped  “  directive  corpuscles,”  better  called  “praeseminal  mi  ,  ? „  ,i 

outcast  cells  or  apoblasts,”  since  they  are  the  result  of  a  cell-division  which  110n,t  ot  the  mouth.  1  he  lai  yal  form  thus 

affects  the  egg-cell  before  it  is  impregnated,  and  are  mere  refuse,  destined  to  produced  is  known  as  the  Trochosphere.  It 
disappear.  B.  One  of  the  two  smaller  spheres  is  reunited  to  the  larger  sphere.  pvflf»+lv  an-rnoc  with  the  lnn-ol  nf  man™ 
C.  The  single  small  sphere  has  divided  into  two,  and  the  reunited  maSs  has  5£ac“y  agJees  Wlttl  tne_lan  al  loi  m  ot  many 
divided  into  two,  of  which  one  is  oblong  and  practically  double,  as  in  B.  D.  tmaetopod  worms  and  other  Coelomata. 
Ea^i  ofthe  four  segment-cells  gives  rise  by  division  to  a  small  pellucid  cell  Most  remarkable  is  its  agreement  with  the 
E.  The  cap  of  small  cells  has  increased  m  number  by  repeated  formation  of  0,i,.u  *•_  -e  wti.  „  i  •  i  , 
pellucid  cells  in  the  same  way,  and  by  division  of  those  first  formed.  The  cap  form  Ot  the  W  heel  animalcules  or 

will  spread  over  and  inclose  the  four  segment-cells,  as  in  Fig.  3,  A,  B.  XVOtllera,  which  retain  the  prae-oral  ciliated 


Fig.  4.— Development  of  the  Pond-Snail,  Limnseus  stagnalia  (after 
Lankester,  15).  r,  directive  corpuscle;  bl,  blastopore;  en,  endo¬ 
derm  or  enteric  cell-layer;  ec,  ectoderm  or  deric  cell-layer;  v, 
velum ;  m,  mouth ;  /,  foot ;  t,  tentacles ;  fp,  pore  in  the  foot  (be¬ 
longing  to  the  pedal-gland?) ;  mf,  the  mantle-flap  or  limbus  pai- 
lialis;  sh,  the  shell;  l,  the  sub-pallial  space,  here  destined  to 
become  the  lung.  A.  First  four  cells  resulting  from  the  cleavage 
of  the  original  egg-cell.  B.  Side  view  of  the  same.  C.  Diblas¬ 
tula  stage  (see  Fig.  3),  showing  the  two  cell-layers  and  the  blas¬ 
topore.  D,  E,  F.  Trochosphere  stage,  D  older  than  E  or  F.  G. 
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Fig.  6. — Development  of  the  Oyster,  Ostrea  edulis  (modified  from 
Horst,  16).  A.  Blastula  stage  (one-cell-layered  sac),  with  com¬ 
mencing  invagination  of  the  wall  of  the  sac  at  bl,  the  blastopore. 
B.  Optical  section  of  a  somewhat  later  stage,  in  which  a  second 
invagination  has  commenced— namely,  that  of  the  shell-gland 
sk :  bl,  blastopore ;  en,  invaginated  endoderm  (wall  of  the  future 
arch-enteron) ;  ec,  ectoderm.  C.  Similar  optical  section  at  a  little 
later  stage.  The  invagination  connected  with  the  blastopore  is 
now  more  contracted,  d ;  and  cells,  me,  forming  the  mesoblast 
from  which  the  coelom  and  muscular  and  skeleto-trophic  tissues 
develop,  are  separated.  D.  Similar  section  of  a  later  stage.  The 
blastopore,  bl,  has  closed;  the  anus  will  subsequently  perforate 
the  corresponding  area.  A  new  aperture,  m,  the  mouth,  has  eaten 
its  way  into  the  invaginated  endodermal  sac,  and  the  cells  pushed 
in  with  it  constitute  the  stomodaeum.  The  shell-gland,  sk,  is 
flattened  out,  and  a  delicate  shell,  s,  appears  on  its  surface.  The 
ciliated  velar  ring  is  cut  in  the  section,  as  shown  by  the  two  pro¬ 
jecting  cilia  on  the  upper  part  of  the  figure.  The  embryo  is  now 
a  Trochosphere.  E.  Surface  view  of  an  embryo  at  a  period  almost 
identical  with  that  of  D.  F.  Later  embryo  seen  as  a  transparent 
object,  m,  mouth ;  ft,  foot ;  a,  anus ;  e,  intestine ;  st,  stomach ;  tp, 
velar  area  of  the  prostomium.  The  extent  of  the  shell  and  com¬ 
mencing  upgrowth  of  the  mantle-skirt  is  indicated  by  a  line 
forming  a  curve  from  a  to  F. 

N.B. — In  this  development,  as  in  that  of  Pisidium  (Figs,  150, 
151),  no  part  of  the  blastopore  persists  either  as  mouth  or  as  anus, 
but  the  aperture  closes,— the  pedicle  of  invagination,  or  narrow 
neck  of  the  invaginated  arch-enteron,  becoming  the  intestine. 
The  mouth  and  the  anus  are  formed  as  independent  in-pushings, 
the  mouth  with  stomodaeum  first,  and  the  short  anal  proctodaeum 
much  later.  This  interpretation  of  the  appearances  is  contrary 
to  that  of  Horst  (16),  from  whom  our  drawings  of  the  oyster’s  de¬ 
velopment  are  taken.  The  account  given  by  the  American  nat¬ 
uralist  Brooks  (19)  differs  greatly  as  to  matter  of  fact  from  that  of 
Horst,  and  appears  to  be  erroneous  in  some  respects. 

band  as  their  chief  organ  of  locomotion  and  prehension 
throughout  life.  So  far  the  young  Mollusc  has  not 
reached  a  definitely  Molluscan  stage  of  development, 
being  only  in  a  condition  common  to  it  and  other  Coelo¬ 
mata.  It  now  passes  to  the  veliger  phase,  a  definitely 
Molluscan  form,  in  which  the  disproportion  between 
the  area  in  front  of  the  ciliated  circlet  and  that  behind 
it  is  very  greatly  increased,  so  that  the  former  is  now 
simply  an  emarginated  region  of  the  head  fringed  with 
cilia  (Fig.  8;  Fig.  6,  F;  Fig.  7,  F;  and  Fig.  60,  A). 
It  is  termed  the  “velum,”  and  is  frequently  drawn 
out  into  lobes  and  processes.  As  in  the  Rotifera,  it 
serves  the  veliger  larva  as  an  organ  of  locomotion. 
In  a  very  few  Molluscs,  but  notably  in  the  Common 
Pond-Snail,  the  emarginated  bilobed  velum  is  retained 
in  full  proportions  in  adult  life  (Fig.  70),  having  lost 
its  marginal  fringe  of  specially  long  cilia  and  its  loco¬ 
motor  function.  The  body  of  the  Veliger  is  character¬ 


ized  by  the  development  of  the  visceral  hump  on 
one  surface,  and  by  that  of  the  foot  on  the  other. 
Growth  is  greater  in  the  vertical  dorso-ventral 
axis  than  in  the  longitudinal  oro-anal  axis ;  conse¬ 
quently  the  foot  is  relatively  small  and  projects  as 
a  blunt  process  between  mouth  and  anus,  which 
are  not  widely  distant  from  one  another,  whilst  the 
antipedal  area  projects  in  the  form  of  a  great 
hump  or  dome.  In  the  centre  of  this  antipedal 
area  there  has  appeared  (often  at  a  very  early 
period)  a  gland-like  depression  or  follicle  of  the 
integument  (Fig.  6,  C,  sk;  Fig.  7,  E,  F,  shot;  Fig. 
60,  B;  Fig.  68,  shs;  Fig.  72***,  ss).  This  is  the 
primitive  shell-sac  discovered  by  Lankester  (18) 
in  1871,  and  shown  by  him  to  precede  the  devel¬ 
opment  of  the  permanent  shell  in  a  variety  of 
Molluscan  types.  The  cavity  of  this  small  sac  be¬ 
comes  filled  by  a  horny  substance,  and  then  it  very 
usually  disappears,  whilst  a  delicate  shell,  com¬ 
mencing  from  this  spot  as  a  centre,  forms  and 
spreads  upon  the  surface  of  the  visceral  dome. 

The  embryonic  shell-sac  or  shell-gland  repre¬ 
sents  in  a  transient  form,  in  the  individual  devel¬ 
opment  of  most  Mollusca,  that  condition  of  the 
shell-forming  area  which  we  have  sketched  above 
in  the  schematic  Mollusc.  In  very  few  instances 
(in  Chiton,  and  probably  in  Limax),  as  we  shall 
see  below,  the  primitive  shell-sac  is  retained  and 
enlarged  as  the  permanent  shell-forming  area.  It 
is  supplanted  in  other  Molluscs  by  a  secondary 

a  shell-forming  area,  namely,  that  afforded  by  the 
free  surface  of  the  visceral  hump,  the  shell-form¬ 
ing  activity  of  which  extends  even  to  the  surface 
of  the  depending  mantle-skirt.  Accordingly,  in 
most  Mollusca  the  primitive  shell  is  represented 
only  by  the  horny  plug  of  the  primitive  shell-sac. 
The  permanent  shell  is  a  new  formation  on  a  new 
area,  and  should  be  distinguished  as  a  secondary  shell. 

The  ctenidia,  it  will  be  observed,  have  not  yet  been 
mentioned,  and  they  are  indeed  the  last  of  the  charac¬ 
teristic  Molluscan  organs  to  make  their  appearance. 
Their  possible  relation  to  the  prae-oral  and  post-oral 
ciliated  bands  of  embryos  similar  to  the  Trochosphere 
will  be  discussed  in  the  final  section  of  this  article  deal¬ 
ing  with  the  Polyzoa  and  Brachiopoda.  The  Veliger, 
as  soon  as  its  shell  begins  to  assume  definite  shape,  is 
no  longer  of  a  form  common  to  various  classes  of  Mol¬ 
lusca,  but  acquires  characters  peculiar  to  its  class.  At 
this  point,  therefore,  we  shall  for  the  present  leave  it. 

Systematic  Review  of  the  Classes  and  Orders 
of  Mollusca. 

We  are  now  in  a  position  to  pass  systematically  in 
review  the  various  groups  of  Mollusca,  showing  in 
what  way  they  conform  to  the  organization  of  our  sche¬ 
matic  Mollusc,  and  in  what  special  ways  they  have 
modified  or  even  suppressed  parts  present  in  it,  or 
phases  in  the  representative  embryonic  history  which 
lias  just  been  sketched.  It  will  be  found  that  the  foot, 
the  shell,  the  mantle-skirt,  and  the  ctenidia,  undergo 
the  most  remarkable  changes  of  form  and  propor¬ 
tionate  development  in  the  various  classes — changes 
which  are  correlated  with  extreme  changes  and  elabo¬ 
ration  in  the  respective  functions  of  those  parts. 

Division  of  the  Phylum  into  tioo  Branches. — The 
Mollusca  are  sharply  divided  into  two  great  lines  of 
descent  or  branches,  according  as  the  prostomial  region 
is  atrophied  on  the  one  hand,  or  largely  developed  on 
the  other. 

The  probabilities  are  in  favor  of  any  ancestral  form 
— the  hypothetical  archi-Mollusc  which  connected  the 
Mollusca  with  their  non-Molluscan  forefathers — hav¬ 
ing  possessed,  as  do  all  the  more  primitive  forms  of 
Coelomata,  a  well-marked  prostomium,  and  conse¬ 
quently  a  head.  The  one  series  of  Mollusca  descended 
from  the  primitive  head-bearing  Molluscs  have  ac¬ 
quired  an  organization  in  which  the  Molluscan  charac- 
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teristics  have  become  modified  in  definite  relation  to  a 
sessile  inactive  life.  As  the  most  prominent  result  of 
the  adaptation  to  such  sessile  life  they  exhibit  an  atro¬ 
phy  of  the  cephalic  region.  They  form  the  branch 
lipocephala — the  mussels,  oysters,  cockles,  and  clams. 
The  other  series  have  retained  an  active,  in  many 


Fig.  7.— Development  of  the  River-Snail,  Paludina  vivipara  (after 
Lankester,  17).  dc,  directive  corpuscle  (outcast  cell);  ae,  arch- 
enteron  or  cavity  lined  by  the  enteric  cell-layer  or  endodenn ;  bl, 
blastopore ;  vr,  velum  or  circlet  of  ciliated  cells ;  dv,  velar  area  or 
cephalic  dome;  sm,  site  of  the  as  yet  unformed  mouth;  /,  foot; 
mes,  rudiments  of  the  skeleto-trophic  tissues ;  pi,  the  pedicle  of 
invagination,  the  future  rectum;  shgl,  the  primitive  shell-sac  or 
shell-gland ;  m,  mouth ;  an,  anus.  A.  Diblastula  phase  (optical 
section).  B.  The  Diblastula  has  become  a  Trochosphere  by  the 
development  of  the  ciliated  ring  vr  (optical  section).  C.  Side 
view  of  the  Trochosphere  with  commencing  formation  of  the 
foot.  D.  Further  advanced  Trochosphere  (optical  section).  E.  The 
Trochosphere  passing  to  the  Veliger  stage,  dorsal  view  showing 
the  formation  of  the  primitive  shell-sac.  F.  Side  view  of  the 
same,  showing  foot,  shell-sac  {shgl),  velum  (vr),  mouth  and  anus. 

N.  B.— In  this  development  the  blastopore  is  not  elongated ;  it 
persists  as  the  anus.  The  mouth  and  stomodseum  form  independ¬ 
ently  of  the  blastopore. 

eases  a  highly  aggressive,  mode  of  life;  they  have, 
correspondingly,  not  only  retained  a  well-developed 
head,  Put  have  developed  a  special  aggressive  organ  in 
connection  with  the  mouth,  which,  on  account  of  its 
remarkable  nature  and  the  peculiarities  of  the  details 
of  its  mechanism,  serves  to  indicate  a  very  close  genetic 
connection  between  all  such  animals  as  possess  it. 
This  remarkable  organ  is  the  odontophore,.  consisting 
of  a  lingual  ribbon,  rasp,  or  radula,  with  its  cushion 
and  muscles.  On  account  of  the  possession  of  this 
organ  this  great  branch  of  the  Molluscan  phylum  may 
be  best  designated  glossophora.  Any  term  which 
merely  points  to  the  possession  of  a  head  is  objection¬ 
able,  since  this  is  common  to  them  and  the  hypotheti¬ 
cal  archi-Mollusca  from  which  they  descend.  The 
term  Odontophora,  which  has  been  applied  to  them, 
is  also  unsuitable,  since  the  organ  which  characterizes 
them  is  not  a  tooth,  but  a  tongue. 


The  general  structure  of  the  odontophore  (—  tooth- 
bearer,  in  allusion  to  the  rasp-like  ribbon)  of  the  glos- 
sophorous  Mollusca  may  be  conveniently  described  at 
once.  Essentially  it  is  a  tube-like  outgrowth — the 
radular  sac  (Fig.  9,  A,  <7,  n) — in'  the  median  line  of 
the  ventral  floor  of  the  stomodaeum,  upon  the  inner 


Fig.  8. — “  Veliger  ”  embryonic  form  of  Mollusca  (from  Gegen- 
baur).  v,  velum  ;  c,  visceral  dome  with  dependent  mantle-skirt; 

fi,  foot ;  t,  cephalic  tentacles ;  op,  operculum.  A.  Earlier,  and  B, 
ater,  Veliger  of  a  Gastropod.  C.  Veliger  of  a  Pteropod  showing 
lobe-like  processes  of  the  velum  and  the  great  paired  outgrowths 
of  the  foot. 

surface  of  which  is  formed  a  chitinous  band  (the 
radula)  beset  with  minute  teeth  like  a  rasp  {p).  An¬ 
teriorly  the  ventral  wall  of  the  diverticulum  is  converted 
into  cartilage  ( h ),  to  which  protractor  and  retractor 
muscles  are  attached  (/,-,!),  so  that  by  the  action  of  the 
former  the  cartilage,  with  the  anterior  end  of  the  rib¬ 
bon  resting  firmly  upon  it,  may  be  brought  forward 
into  the  space  between  the  lips  of  the  oral  aperture 
(au,  al ),  and  made  to  exert  there  a  backward  and  for¬ 
ward  rasping  action  by  the  alternate  contraction  of 
retractor  and  protractor  muscles  attached  to  the  carti¬ 
lage.  But  in  many  Glossophora  {e.g.,  the  Whelk)  the 
apparatus  is  complicated  by  the  fact  that  the  diverticu¬ 
lum  itself,  with  its  contained  radula,  rests  but  loosely 
on  the  cartilage,  and  has  special  muscles  attached  to 
each  end  of  it,  arising  from  the  body  wall ;  these  mus¬ 
cles  pull  the  whole  diverticulum  or  radular  sac  alter¬ 
nately  backwards  and  forwards  over  the  surface  of  the 
cartilage.  This  action,  which  is  quite  distinct  from 
the  movement  of  the  cartilage  itself,  may  be  witnessed 
in  a  Whelk  if  the  pharynx  be  opened  whilst  it  is  alive. 
It  has  also  been  seen  in  living  transparent  Gastropods. 
The  chitinous  ribbon  is  continuously  growing  forward 
from  the  tube-like  diverticulum  as  a  finger-nail  does 
on  its  bed,  and  thus  the  wearing  away  of  the  part 
which  rests  on  the  cartilage  and  is  brought  into  active 
use,  is  made  up  for  by  the  advance  of  the  ribbon  in 
the  same  way  as  the  wearing  down  of  the  finger-nail 
is  counterbalanced  by  its  own  forward  growth.  And, 
just  as  the  new  substance  of  the  finger-nail  is  formed 
in  the  concealed  part,  sunk  posteriorly  below  a  fold  of 
skin,  and  yet  is  continually  carried  forward  with  the  for¬ 
ward  movement  of  the  bed  on  which  it  rests,  and 
which  forms  its  undermost  layers,  so  is  the  new  sub¬ 
stance  of  the  radula  formed  in  the  compressed  ex¬ 
tremity  of  the  radular  sac  (n),  and  carried  forward 
by  the  forward  movement  of  the  bed  (0)  on  which 
it  rests,  and  by  which  is  formed  its  undermost 
layer.  This  forward-moving  bed  is  not  merely  the 
ventral  .wall  of  the  radular  diverticulum,  but  includes 
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also  that  portion  of  the  floor  of  the  oral  cavity  to 
which  the  radula  adheres  (as  far  forward  as  the  point 
/  in  Fig.  9,  A).  At  the  spot  where  the  radula  ceases, 
the  forward  growth-movement  of  the  floor  also  ceases, 


Fig.  9. — Odontophore  of  Glossophorous  Mollusca. 

A.  Diagram  showing  mouth,  oesophagus,  and  lingual  apparatus 

of  a  Gastropod  in  section,  au,  upper  lip ;  at,  lower  lip ;  b,  calca- 
reo-corneous  jaw  of  left  side ;  c,  outer  surface  of  the  snout ;  d, 
oesophagus ;  e,  fold  in  the  wall  of  the  oesophagus  behind  the  radu¬ 
lar  sac  (») ;  /,  anterior  termination  of  the  radula  and  its  bed,  the 
point  at  which  it  wears  away ;  g,  base  of  the  radular  sac  or  recess 
of  the  pharynx ;  h,  cartilaginous  piece  developed  in  the  floor  of 
the  pharynx  beneath  the  radula,  and  serving  for  the  attachment 
of  numerous  muscles,  and  for  the  support  of  the  radula ;  i,  ante¬ 
rior  muscles;  k,  posterior  muscles  attached  to  the  cartilage; 
l,  muscle  acting  as  a  retractor  of  the  buccal  mass ;  m,  muscle  at¬ 
tached  to  the  lower  lip;  n,  posterior  extremity  of  the  radular  sac ; 
o,  the  bed  of  the  radula  or  layer  of  cells  by  which  its  lower  sur¬ 
face  is  formed ;  p,  the  homy  radula  or  lingual  ribbon ;  q,  opening 
of  the  radular  sac  into  the  pharynx  or  buccal  cavity ;  r, cells  at  the 
extreme  end  of  the  inner  surface  of  the  radular  sac  which  pro¬ 
duce  as  a  “cuticular  secretion”  the  rows  of  teeth  of  the  upper 
surface  of  the  radula.  .  .  ,  . 

B.  Radula  or  lingual  ribbon  of  Paludma  mmpara,  stripped  from 
its  bed,— a  horny,  cuticular  product. 

C.  A  single  row  of  teeth  from  the  radula  of  Trochus  cmeranus. 
Rhi’pidoglossate ;  formula,  x  5.1.5.x. 

D.  A  single  row  of  teeth  from  the  radula  of  Faultima  fragihs. 

Ptenoglossate ;  formula,  x.O.x.  .  „ 

E.  A  single  row  of  teeth  from  the  radula  of  Chiton  cinereus.  Too 

elaborate  for  formulation.  . 

F.  A  single  row  of  teeth  from  the  radula  of  Patella  vulgata. 

FTa  single  row  of  teeth  from  the  radula  of  Cyprxa  helvola.  Taeni- 

oelossate  ^formula,  3.1.3.  ,  ,  „  „ 

H  A  single  row  of  teeth  from  the  radula  of  Nassa  annulala. 
Rachiglossate ;  formula,  1.1.1.  The  Common  Whelk  is  similar  to 
this. 

just  as  in  the  case  of  the  finger-nail  the  similar  growth- 
movement  ceases  at  the  line  where  the  nail  becomes 
free. 

The  radula  or  cuticular  product  of  the  slowly-moving 
bed  can  be  stripped  off,  and  is  then  found  to  consist  of 


a  ribbon-like  area,  upon  which  are  set  numerous  tooth¬ 
like  processes  of  various  form  in  transverse  rows,  which 
follow  one  another  closely,  and  exactly  resemble  one 
another  in  the  form  of  their  teeth  (Fig.  9,  B).  The 
tooth-like  processes  in  a  single  transverse  row  are  of 
very  different  shape  and  number  in  different  members 
of  the  Glossophora,  and  it  is  possible  to  use  a  formula 
for  their  description.  Thus,  when  in  each  row  there 
is  a  single  median  tooth  with  three  teeth  on  each  side 
of  it  more  or  less  closely  resembling  one  another,  as  in 
Fig.  9,  G,  we  write  the  formula  3.1.3.  When  there 
are  additional  lateral  pieces  of  a  different  shape  to 
those  immediately  adjoining  the  central  tooth,  we  in¬ 
dicate  them  by  the  figure  0,  repeated  to  represent  their 
number,  thus  0000.1.1.1.0000  is  the  formula  for  the 
lingual  teeth  of  Chiton  Stelleri.  A  single  median 
tooth,  an  admedian  series,  and  a  lateral  series  may  be 
thus  distinguished.  In  some  Glossophora  only  median 
teeth  are  present,  or  large  median  teeth  with  a  single 
small  admedian  tooth  on  each  side  of  it  (Fig.  9,  H) ; 
these  are  termed  Rachiglossa  (formula,  — .1. —  or 
1.1.1).  In  a  large  number  of  Glossophora  we  have 
three  admedian  on  each  side  and  one  median,  no  lat¬ 
eral  pieces  (Fig.  9,  G)  ;  these  are  termed  Teenioglossa 
(formula,  3.1.3).  Those  with  numerous  lateral  pieces, 
four  to  six  or  more  admedian  pieces,  and  a  median 
piece  or  tooth  (Fig.  9,  C)  are  termed  Rhipidoglossa 
(formula,  x. 6.1. 6.x,  where  x  stands  for  an  indefinite 
r. umber  of  lateral  pieces).  The  Toxoglossa  have 
1.0.1,  the  central  tooth  being  absent  and  the  lateral 
teeth  peculiarly  long  and  connected  with  muscles. 
The  term  Ptenoglossa  (Fig.  9,  D)  is  applied  to  those 
Glossophora  in  which  the  radula  presents  no  median 
tooth,  but  an  indefinite  and  large  number  of  admedian 
teeth,  giving  the  formula  x.O.x.  When  the  admedian 
teeth  are  indefinite  (forty  to  fifty),  and  a  median  tooth 
is  present,  the  term  Myriaglossa  is  applied  (formula 
x.  1 .  x).  It  must  be  understood  that  the  pieces  or  teeth 
thus  formulated  may  themselves  vary  much  in  form, 
being  either  flat  plates,  or  denticulated,  hooked,  or 
spine-like  bodies.  We  shall  revert  to  the  terms  thus 
explained  in  the  systematic  descriptions  of  the  groups 
of  Glossophora. 

The  muscular  development  in  connection  with  the 
whole  buccal  mass,  and  with  each  part  of  the  radular 
apparatus,  is  exceedingly  complicated, — as  many  as 
twenty  distinct  muscles  having  been  enumerated  in 
connection  with  this  organ.  In  addition  to  the  radula, 
and  correlated  with  its  development,  we  find  almost 
universally  present  in  the  Glossophora  a  pair  of  horny 
jaws  (usually  calcified)  developed  as  cuticular  produc¬ 
tions  upon  the  epidermis  of  the  lips  (Fig.  9,  A,  h). 
The  radula  and  the  shelly  jaws  of  the  Glossophora 
enable  their  possessors  not  only  to  voraciously  attack 
vegetable  food,  but  the  radula  is  used  in  some  in¬ 
stances  for  boring  the  shells  of  other  Mollusca,  and 
the  jaws  for  crushing  the  shells  of  Crustacea,  and  for 
wounding  even  Yertebrata. 

Phylum  MOLLUSCA. 

Branch  A. — GLOSSOPHORA. 

Character's. — Mollusca  with  head-region  more  or 
less  prominently  developed;  always  provided  with  a 
peculiar  rasping- tongue  —  the  odontophore  —  rising 
from  the  floor  of  the  buccal  cavity. 

The  Glossophora  comprise  three  classes,  chiefly 
distinguished  from  one  another  by  the  modifications 
of  the  foot. 

Class  I  — GASTROPODA. 

Characters. — Glossophora  in  which  (with  special 
exception  of  swimming  forms)  the  FOOT  is  simple, 
median  in  position,  and  flattened  so  as  to  form  a  broad 
sole-like  surface,  by  the  contractions  of  which  the 
animal  crawls,  often  divided  into  three  successive  re? 
gions — the  pro-,  meso-,  and  meta-podium — by  lateral 
constrictions. 
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The  Gastropoda  exhibit  two  divergent  lines  of 
descent  indicated  by  the  term  sub-class  (see  p.  672). 


gonads  placed  in  the  pericardium  discharging  by  the 
nephridia ;  no  special  generative  ducts. 


Sub-class  1. -GASTROPOD A  ISOPLEURA. 

Characters. — Gastropoda  in  which  not  only  the  head 
and  foot,  but  also  the  visceral  dome  with  its  contents 
and  the  mantle  retain  the  primitive  bilateral  sym¬ 
metry  of  the  archi-Mollusc.  The  anus  retains  its 
position  in  the  median  line  at  the  posterior  end  of  the 
body..  The  whole  visceral  mass,  together  with  the 
foot,  is  elongated,  so  that  the  axis  joining  mouth  and 
anus  is  relatively  long,  whilst  the  dorso-pedal  axis  at 
right  angles  to  it  is  short.  The  ctenidia,  the  ne¬ 
phridia,  GENITAL  DUCTS,  and  CIRCULATORY  ORGANS 
are  paired  and  bilaterally  symmetrical.  The  pedal 
and  visceral  nerve-cords  are  straight,  parallel  with 
one  another,  and  all  extend  the  whole  length  of  the 
body  ;  the  ganglionic  enlargements  are  feebly  or  not 
at  all  developed.  The  Isopleura  comprise  three  orders. 


Fig.  11.— Neomenia  carinata,  Tullberg  (after  Tullberg).  A.  Lat¬ 
eral  view.  B.  Ventral  view.  C.  Dorsal  view.  D.  Ventral  view 
of  a  more  extended  specimen,  a,  anterior;  b,  posterior  extremity; 
c,  furrow,  in  which  the  narrow  foot  is  concealed. 


The  order  Neomeniae  contains  the  two  genera  Neo¬ 
menia,  Tullberg  ( Solenopus ,  Sars )  (Fig.  11);  and 
Proneomenia,  Hubrecht. 


Order  3.— Chaetoderma. 


Order  1.— Polyplacophora  (the  Chitons). 

Characters. — Gastropoda  Isopleura  with  a  meta- 
meric  repetition  of  the  shell  to  the  number  of  eight. 
The  shells  of  the  primitive  type  are  partially  or  wholly 
concealed  in  shell-sacs  comparable  to  the  single  em¬ 
bryonic  shell-sac  of  other  Mollusca.  On  the  surface 
of  the  mantle-flap  numerous  calcified  spines  and  knobs 
are  frequently  developed.  The  ctenidia  are  of  the 
typical  form,  small  in  size  and  metamerically  repeated 
along  the  sides  of  the  body  to  the  number  of  sixteen 


Characters.  —  Gastropoda  Lsopleura  devoid  of  a 
shell,  which  is  replaced  by  numerous  minute  calcareous 
spines  standing  up  like  hairs  on  the  surface  of  the 


Fig.  Yl.—Chztoderma  nitidulum,  Loven  (after  Graff).  The  cepha¬ 
lic  enlargement  is  to  the  left,  the  anal  chamber  (reduced  pallial 
chamber,  containing  the  concealed  pair  of  ctenidia)  to  the  right. 


body;  body  much  elongated  so  as  to  be  vermiform; 
mantle-flap  as  in  Neomeniae ;  ctenidia  in  the  form  of  a 
pair  of  branchial  plumes,  one  on  each  side  of  the  anus, 


Fig.  10. — Three  views  of  Chiton.  A.  Dorsal  view  of  Chiton  Wos- 
nessenksii,  Midd.,  showing  the  eight  shells.  (After  Middendorf.) 
B.  View  from  the  pedal  surface  of  a  species  of  Chiton  from  the 
Indian  Ocean,  p,  foot ;  o,  mouth  (at  the  other  end  of  the  foot  is 
seen  the  anus  raised  on  a  papilla) ;  kr,  oral  fringe ;  br,  the  nu¬ 
merous  ctenidia  (branchial  plumes) ;  spreading  beyond  these,  and 
all  round  the  animal,  is  the  mantle-skirt.  (After  Cuvier.)  C.  The 
same  species  of  Chiton,  with  the  shells  removed  and  the  dorsal 
integument  reflected,  b ,  buccal  mass ;  mt  retractor  muscles  of  the 
buccal  mass;  ov,  ovary;  od,  oviduct;  i,  coils  of  intestines;  ao, 
aorta;  c',  left  auricle;  c,  ventricle. 

or  more ;  an  osphradium  or  area  of  ‘  ‘  olfactory  epithe¬ 
lium  ”  (Spengel)  is  found  at  the  base  of  each  ctenidium. 
The  other  organs  are  not  subject  to  metameric  repeti¬ 
tion.  The  odontophore  is  highly  developed ;  the  teeth 
of  the  lingual  ribbon  are  varied  in  form, — several  in 
each  transverse  row  (Fig.  9,  E).  Paired  genital  ducts 
distinct  from  the  paired  nephridia  are  present. 

The  order  Polyplacophora  contains  but  one  family, 
the  Chitonidce,  with  the  genera;  Chiton ,  Lin.  (Figs. 
10,  15,  etc.);  Cryptochiton,  Midd.,  1847;  and  Crypto- 
plax  ( =Chitonettus ),  Blainv.,  1818. 


Order  2.—  Neomeniffi. 

Characters.  —  Gastropoda  lsopleura  devoid  of  a 
shell,  which  is  replaced  by  innumerable  microscopic 
calcified  plates  or  spicules  set  in  the  dorsal  epidermis ; 
mantle-flap  not  lateral,  but  reduced  to  a  small  collar 
surrounding  the  anus ;  ctenidia  represented  by  a  sym¬ 
metrical  group  of  branchial  filaments  on  either  side  of 
the  anus;  foot  very  narrow,  sunk  in  a  groove ;  odon¬ 
tophore  feebly  developed,  but  the  radula  many-toothed ; 


Fig.  13  — Diagrams  of  the  alimentary  canal  of  lsopleura  (from 
Hubrecht).  o,  mouth;  a,  anus;  d,  alimentary  canal;  l,  liver  (di¬ 
gestive  gland).  A.  Neomenia  and  Proneomenia.  B.  Chaetoderma. 
C.  Chiton. 

foot  aborted,  its  position  being  indicated  by  a  longi¬ 
tudinal  furrow;  odontophore  greatly  reduced,  the 
radula  only  represented  by  a  single  tooth ;  gonads  and 
nephridia  as  in  Neomenia. 

The  order  Chaetoderma  contains  the  single  genus 
Chaetoderma  (Fig.  12). 
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Further  remarlcs  on  the  Tsopleurous  Gastropods. — 
The  union  of  the  Chitons  with  the  remarkable  worm¬ 
like  forms  Neomenia  and  Chaetoderma  was  rendered 
necessary  by  Hubrecht’ s  discovery  (25)  in  1881  of  a 
definitely  constituted  radula  and  odontophore  in  his 
new  genus  Proneomenia,  founded  on  two  specimens 
brought  from  the  arctic  regions  by  the  Barents  Dutch 
expedition. 

By  some  writers — e.g.,  Keferstein— the  Chitons 
have  been  too  intimately  associated  with  the  other 
G-astropoda,  whilst,  on  the  other  hand,  Gegenbaur 
seems  to  have  gone  a  great  deal  too  far  in  separating 
them  altogether  from  tne  other  Mollusca  as  a  primary 
subdivision  of  that  phylum,  inasmuch  as  they  are  inti- 


searches  of  Hubrecht  and  of  Sedgwick,  who  have  been 
the  first  to  apply  the  method  of  sections  to  the  study 
of  this  group. 

The  leading  points  in  the  modifications  of  mantle- 
flap,  foot,  ana  ctenidia  are  set  forth  in  the  preceding 
summaries,  and  in  the  accompanying  references  to  the 
figures.  With  regard  to  other  organs,  we  have  to  note 
tne  form  of  the  alimentary  canal  (Fig.  13),  which  is 
simplest  in  Chaetoderma,  symmetrically  sacculated  in 
Neomenia,  and  wound  upon  itself,  forming  a  few  coils, 
in  Chiton.  The  latter  has  a  compact  liver  with  arbo¬ 
rescent  duct,  which  is  represented  by  the  sacculi  in 
Neomenia  and  by  a  single  caecum  in  Chaetoderma. 
Salivary  glands  are  present  in  Chiton  and  in  Proneo¬ 
menia.  The  radula  is  highly  developed 
in  Chiton,  and,  though  present  in  Pro¬ 
neomenia,  has  not  been  described  in 
Neomenia.  A  single  tooth  in  Chaeto¬ 
derma  appears  to  represent  the  radula 
in  a  reduced  state.  The  circulatory 
organs  of  Chiton  alone  are  known 
with  any  degree  of  detail  (Fig.  10,  C). 
There  is  a  median  dorsal  bloodvessel — 
the  aorta — which  is  enlarged  to  form 
a  ventricle  in  the  posterior  region  of 
the  body.  On  either  side  the  ventricle 
is  connected  to  a  well-developed  auricle, 


V 


mately  bound  to  the  other  Glossophora  by  the  pos¬ 
session  of  a  thoroughly  typical  and  well-developed 
odontophore.  They  undoubtedly  stand  nearer  to  the 
archi-Mollusca  than  any  other  Glossophora  in  having 
retained  a  complete  bilateral  symmetry  and  the  primi¬ 
tive  shell-sac,  though  the  metameric  repetition  of  this 
organ  and  of  the  ctenidia  is  a  complication  of,  and 
departure  from,  the  primitive  character.  It  is  not 
improbable  that  in  the  calcareous  spines  and  plates  of 
the  dorsal  integument  of  Neomenia  and  Chaetoderma, 
which  occur  also  on  the  part  of  the  dorsum  uncovered 
by  shell  in  Chiton,  we  have  the  retention  of  a  condi¬ 
tion  preceding  the  development  of  the  solid  Molluscan 
shell,  or  a  reversion  to  it.  The  minute  calcareous 
bodies  may  have  the  same  relation  to  a  compact  shell 
which  the  shagreen  denticles  of  the  sharks  have  to  a 
continuous  dermal  bone. 

The  anatomy  of  the  Gastropoda  isopleura  has  been 
largely  elucidated  within  the  past  year  by  the  re¬ 


Fig.  14.— Diagrams  of  the  excretory  and  reproductive  organs  of  Isopleura  (after 
Hubrecht).  O,  ovary;  P,  pericardium;  N,  nephridium;  u,  external  aperture  of 
nephridium;  g,  external  aperture  of  the  genital  duct  of  Chiton;  r,  rectum;  Cl, 
cloacal  or  pallial  chamber  of  Neomeniae  and  Chaetoderma ;  Br,  ctenidia  (branchial 
plumes).  A.  Chaetoderma.  B.  Neomenia.  C.  Proneomenia.  D.  Chiton. 


Fig.  15.— Dissection  of  the  renal  organs  (nephridia)  of  Chiton 
siculus,  after  Haller  (Arbeiten, Zool.  Instit.,  Vienna,  1882).  F,  foot; 
L,  edge  of  the  mantle  not  removed  in  the  front  part  of  the  spe¬ 
cimen;  8.o. ,  oesophagus;  af,  anus;  gg,  genital  duct;  go,  external 
opening  of  the  same ,  eg,  stem  of  the  nephridium  leading  to  no, 
its  external  aperture ;  nk,  reflected  portion  of  the  nephridial  stem ; 
ng,  fine  casca  of  the  nephridium,  which  are  seen  ramifying  trans¬ 
versely  over  the  whole  inner  surface  of  the  pedal  muscular  mass. 

which  pours  into  it  the  aerated  blood  from  the  gills 
(ctenidia).  The  extent  to  which  vascular  trunks  are 
developed  has  not  been  determined,  but  vessels  to  and 
from  the  ctenidia,  and  in  the  mid-line  of  the  foot,  are 
known.  As  in  other  Mollusca,  the  vessels  do  not  ex¬ 
tend  far,  but  lead  into  lacunae  between  the  organs 
and  tissues.  Dorsal  and  ventral  vessels  have  been 
detected  in  Neomenia  and  Chaetoderma,  but  no  spe¬ 
cialized  heart. 

The  heart  of  Chiton  lies  in  a  space  which  is  to  be  re¬ 
garded  as  a  specialized  part  of  the  coelom,  and,  as  in  other 
Molluscs,  is  termed  the  pericardium.  In  front  of  this 
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space  in  Chiton  lies  the  ovary  (Fig.  1 4,  D).  In  the  other 
Isopleura  the  genital  bodies  (gonads)  lie  in  the  pericar¬ 
dium,  which  has  a  longer  form  and  extends  aorsally 
above  the  intestine.  Opening  into  the  pericardium 
equally  in  all  the  Isopleura  (Fig.  .14)  is  a  pair  of  bent 
tubes  which  lead  to  the  exterior.  These  are  the  nephri¬ 
dia,  which  in  Chiton  are  essentially  renal  in  function. 
Their  disposition  has  been  determined  by  Sedgwick  ( 26 ) , 
who  has  shown  that  each  nephridium  is  much  bent  on 
itself,  so  that,  as  in  the  nephridia  of  Conchifera  (organ 
of  Bojanus),  the  internal  aperture  lies  near  the  exter¬ 
nal.  From  the  folded  stem  of  the  nephridium  very 
numerous  secreting  cseca  are  given  off, — omitted  in  the 
diagram  (Fig.  14,  D),  but  accurately  drawn  in  Fig.  15. 
The  sexes  in  Chiton  are  distinct,  and  the  ovary  or  testis, 
as  the  case  may  be,  though  lying  in  and  filling  a 
chamber  of  the  original  coelom,  does  not  discharge 
into  the  pericardium,  but  has  its  own  ducts,  which 
pass  to  the  exterior  just  in  front  of  those  of  the  ne¬ 
phridia  (Fig.  14,  D,  g,  and  Fig.  16).  In  this  respect 
Chiton  is  less  primitive  than  the  other  Isopleura,  and 
even  than  some  other  Gastropods  (the  Zygobranchia), 
and  some  Conchifera  (Sponaylus,  etc.),  which  have 
no  special  genital  apertures,  but  make  use  of  the  ne¬ 
phridia  for  this  purpose.  In  Chiton  discrepans,  in 
which  there  are  sixteen  pairs  of  ctenidia,  the  orifices 
of  the  nephridia  are  coincident  with  the  sixteenth  pair 
of  ctenidia,  those  of  the  genital  ducts  with  a  point 
between  the  thirteenth  ana  fourteenth  ctenidia. 

In  the  Neomeniae  and  Chaetoderma  the  nephridia 
are  short  and  wide  (A7" in  Fig. 

14,  A,  B,  C),  and  function  as 
excretory  ducts  for  the  gen¬ 
ital  products,  the  gonads  be¬ 
ing  lodged  in  the  long  peri¬ 
cardium.  Their  separate  or 
united  apertures  open  near 
the  anus  into  the  small  cham¬ 
ber  formed  by  the  restriction 
of  the  mantle-skirt  to  the  im¬ 
mediate  neighborhood  of  the 
anus. 

The  nervous  system  of  the 
Gastropoda  Isopleura  is  rep¬ 
resented  in  the  diagram  Fig. 

17.  In  all  it  is  important  to 
observe  that  nerve-ganglion 
cells  are  by  no  means  limited 
to  special  swellings  —  the 
ganglia — but  are  abundant 
along  the  whole  course  of  the 
four  great  longitudinal  trunks. 

This  is  a  primitive  char¬ 
acter  comparable  to  that  pre¬ 
sented  by  the  nerve-cords  of 
Nemertine  worms,  and  of  the  Fig.  16.— Ovary  and  ovi- 
Arthropod  Peripata  Higher 

dltterentiation  in  other  Mol-  terior  and  posterior  suspen- 
lusca  leads  to  predominance  s°r  °f 
if  not  an  exclusive  presence  a,ovSuct.P  u  ’ 

of  nerve-fibres  in  the  cords; 

and  of  nerve-ganglion  cells  in  the  specialized  ganglia. 
The  numerous  transverse  .connections  of  the  pedal 
nerve  cords  in  Chiton  and  Neomenia  (seen  also  in  Fis- 
surella  (Fig.  36)  and  some  other  Gastropods)  are  com 
parable  to  the  transverse  connections  of  the  ventral 
nerve  cords  of  Chaetopod  worms  and  Arthropods.  In 
the  abundance  of  the  nervous  network  connected  with 
its  longitudinal  nerve-tracts,  Chiton  appears  to  retain 
something  of  the  early  condition  of  the  Coelomate 
nervous  system  when  it  had  the  form  of  a  sub-epider¬ 
mic  network  or  nerve-tunic  (seen  more  clearly  in  Pla- 
narians  and  some  Nemertines),  and  when  the  concen¬ 
tration  into  definitely  compacted  cords  had  not  set  in. 

Ganglia  are,  however,  distinguishable  upon  the 
nervous  cords  of  Chiton  (Fig.  18).  The  cerebral 
ganglia  are  not  distinguishable  as  such,  but  a  pair  of 
buccal  ganglia  (B  in  Fig.  18)  are  developed  on  two 


connectives  which  pass  forward  from  the  cerebral 
A  B 


V?  y 


pc 

Fig.  17.— Diagrams  of  4!\o  nervous  system  of  Isopleura  (after 
Hubrecht,  loc.  eit.).  c,  cerebral  ganglia ;  8,  sublingual  ganglia ;  v, 
pedal  (ventral)  nerve-cord ;  l,  visceral  (lateral)  nerve-cord ;  pc, 
post-anal  junction  of  the  visceral  nerve-cords.  A.  Proneomenia. 

B.  Neomenia.  C.  Chaetoderma.  D.  Chiton. 

region  to  the  great  muscular  mass  of  the  mouth.  These 

buccal  ganglia  are 
special  developments 
connected  with  the 
special  muscularity 
of  the  lips  and  odon- 
tophore,  and  are 
found  in  all  Glosso- 
phora,  but  not  in  the 
Lipocephala.  Such 
special  ganglia  related 
to  special  organs  (and 
not  introduced  in.  our 
schematic  Mollusc, 
Fig.  1 )  we  find  in  con¬ 
nection  with  the  si¬ 
phons  of  the  Lipoce¬ 
phala,  and  in  various 
positions  upon  the 
visceral  nerve-cords  of 

«  , q  .  .  .  _  ,  ,  other  Mollusca,  both 

Fig.  18. — Anterior  part  of  the  ner-  t  ; 

vous  system  of  Chiton  cinereus,  in  more  brlossophora  and  Ll- 
detail  (from  Gegenbaur,  Elements  of  pocephala.  A  pair 
Comp.  Anatomy).  B,  buccal  ganglia  nf  npdal  o-anojin  hnf 
(concerned  with  the  odontophore) ;  vLfj  gj/  ■ 

C,  cerebral  nerve-mass;  P,  pedal  little  developed  (p  in 

ganglion  and  commencement  of  pedal  Fig.  18 ) ,  and  a  special 
nerve-cord;  pi,  visceral  nerve-cord.  „  °  'o  ,  i 

The  sublingual  ganglia  are  not  SrouP  0*  sublingual 
lettered.  ganglia  are  present 
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in  Chiton.  _  On  the  whole, _  the  nervous  system  of  the 
Isopleura  is  exceedingly  simple  and  archaic,  whilst  it 
does  not  well  serve  as  a  type  with  which  to  compare 
that  of  other  Mollusca  on  account  of  the  small  amount 
of  concentration  of  its  nerve-ganglion  cells  into  ganglia, 
such  as  we  find  well  developed  in  other  forms. 

The  development  of  Neomeniaand  Chaetoderma  from 
the  egg  is  entirely  unknown,  that  of  Chiton  only  par¬ 
tially.  Impregnation  is  effected  when  the  eggs  have 
been  discharged  and  are  lying  beneath  the  mantle-skirt. 
A  trochosphere  larva  is  developed  from  the  Diblastula 
of  Chiton  (Loven). 

The  Chitons  are  found  in  the  littoral  zone  in  all 
parts  of  the  world,  and  are  exclusively  marine.  Ne- 
omenia,  Proneomenia,  and  Chaetoderma  have  hitherto 
been  dredged  from  considerable  depths  (100  fathoms 
and  upwards)  in  the  North  Sea,  Proneomenia  also  in 
the  Mediterranean  (Marion). 

Sub-class  2.— GASTROPODA  ANISOPLEURA. 

Characters. — Gastropoda  in  which,  whilst  the  head 
and  foot  retain  the  bilateral  symmetry  of  the  archi- 
Mollusca,  the  visceral  dome,  including  the  mantle-flap 
dependent  from  it,  and  the  region  on  which  are  placed 
the  ctenidia,  anus,  generative  and  nephridial  apertures, 


of  paired  organs  is  very  usual.  Those  placed  primi¬ 
tively  on  the  left  side  of  the  rectum,  which  in  virtue 
of  the  torsion  becomes  the  right  side,  are  the  setwhich 
suffer  (see  Fig.  19).  Some  Anisopleura,  after  having 
thus  acquired  a  strongly  marked  inequilateral  character 
in  regard  to  such  organs  as  the  ctenidia,  nephridia,  geni¬ 
tal  ducts,  heart,  and  rectum,  appear  by  further  change 
of  conditions  of  growth  to  have  acquired  a  superficial 
bilateral  symmetry 5  the  secondary  nature  of  which  is 
revealed  by  anatomical  examination  (Opisthobranchia, 
Natantia). 

In  all  groups  of  Anisopleura  examples  are  numerous 
in  which  the  shell  is  greatly  developed,  forming  a 
“house”  into  which  the  whole  animal  can  be  with¬ 
drawn,  the  entrance  being  often  closed  by  a  second 


I — 
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Fig.  19.— Diagram  to  show  the  effect  of  torsion  or  rotation  of  the 
visceral  hump  in  Gastropoda,  when  the  visceral  nerve  commis¬ 
sure  passes  above  the  intestine ;  A,  unrotated  ancestral  condition; 
B,  quarter-rotation ;  C,  complete  semi-rotation  (the  limit) ;  L,  left, 
R,  right  side  of  the  animal ;  an,  anus ;  In,  m,  primarily  left  ne- 
phridium  and  primarily  right  nephridium ;  Ig,  primarily  left 
(subsequently  the  sub-intestinal)  visceral  ganglion ;  rg,  primarily 
right  (subsequently  the  sub-intestinal)  visceral  ganglion.  The 
dotted  circle  indicates  the  basal  area  of  the  visceral  hump  which 
undergoes  rotation. 

have  been  subjected  to  a  rotation  tending  to  bring 
the  anus  from  its  posterior  median  position,  by  a 
movement  along  the  right  side,  forwards  to  a  position 
above  the  right  side  of  the  animal’s  neck,  or  even  to 
the  middle  line  above  the  neck.  This  torsion  is  con¬ 
nected  mechanically  with  the  excessive  vertical  growth 
of  the  visceral  hump  and  the  development  upon  its 
surface  of  a  heavy  shell.  The  sheIl  is  not  a  plate 
inclosed  in  a  shell-sac,  but  the  primitive  shell-sac 
appears  and  disappears  in  the  course  of  embryonic 
development,  and  a  relatively  large  nautiloid  shell 
(with  rare  exceptions)  develops  over  the  whole  surface 
of  the  visceral  hump  and  mantle-skirt.  .  Whilst  such 
a  shell  might  retain  its  median  position  in  a  swimming 
animal,  it  and  the  visceral  hump  necessarily  fall  to  one 
side  in  a  creeping  animal  which  carries  them  upper- 
Hiost.  .  .  , 

The  shell  and  visceral  hump  in  the  Anisopleura 
incline  normally  to  the  right  side  of  the  animal.  As 
mechanical  results,  there  arise  a  one-sided  pressure 
and  a  one-sided  strain,  together  with  a  one-sided  de¬ 
velopment  of  the  muscular  masses  which  are  related 
to  the  shell  and  foot.  Both  the  torsion  through  a 
semicircle  of  the  base  of  the  visceral  dome  and  the 
continued  leiotropic  spiral  growth  of  the  visceral  dome 
itself,  which  is  very  usual  in  the  Anisopleura,  appear 
to  be  traceable  to  these  mechanical  conditions.  At¬ 
rophy  of  the  representatives  on  one  side  of  the  body 


Fig.  21.— Nervous  sys¬ 
tem  of  Paludina  as  a  type 
of  the  Streptoneurous 
condition.  B,  buccal  (sub- 
cesophageal) ganglion;  G, 
cerebral  ganglion ;  Co, 
pleural  ganglion ;  P, 
pedal  ganglion  with  oto- 
cyst  attached;  p,  pedal 
nerve ;  A,  abdominal 
ganglion  at  the  extremity 
of  the  twisted  visceral 
“  loop ;”  sp,  supra-intes- 
tinal  visceral  ganglion  on 
the  course  of  the  right 
visceral  cord;  sb,  sub-in¬ 
testinal  ganglion  on  the 
course  of  the  left  visceral 
cord.  (From  Gegenbaur, 
after  Jhering.) 


Fig.  20.— Nervous  system  of 
Aplysia,  as  a  type  of  the  long- 
looped  Euthyneurous  condition. 

The  untwisted  visceral  loop  is 
lightly  shaded,  ce,  cerebral 
ganglion ;  pi,  pleural  ganglion ; 
pe,  pedal  ganglion;  ab.  sp,  ab¬ 
dominal  ganglion,  which  repre¬ 
sents  also  the  supra-intestmal 
ganglion  of  Streptoneura  and 
gives  off  the  nerve  to  theosphra- 
dium  (olfactory  organ)  o,  and 
another  to  an  unlettered  so- 
called  “genital”  ganglion.  The 
buccal  nerves  and  ganglia  are 
omitted.  (After  Spengel.) 

shelly  piece  carried  upon  the  foot  (the  operculum).  The 

flower  of  rapidly  extending  and  of  again  contracting 
arge  regions  of  the  body  to  an  enormous  degree  is 
usual,  as  in  the  Lipocephalous  Mollusca.  In  spite  of 
the  theories  which  have  been  held  on  this  matter,  it 
appears  highly  probable  that  no  fluid  from  without  is 
introduced  into  the  blood,  nor  is  any  expelled  during 
these  changes  of  form.  A  large  mucous  gland  with  a 
median  pore  is  usually  developed  on  the  ventral  sur¬ 
face  of  the  foot,  comparable  to  the  similar  gland  and 
pore  in  Lipocephala,  and  in  some  cases  [e.g. ,  Pyrula, 
Fig.  37,  B)  this  has  been  mistaken  for  a  water-pore. 

The  leiotropic  torsion  of  the  visceral  dome  has  had 
less  deep-seated  effect  in  one  series  of  Anisopleura 
than  in  another.  Accordingly,  as  the  loop  formed  by 
the  two  visceral  nerves  (Fig.  19)  is  or  is  not  caught, 
as  it  were,  in  the  twist,  we  are  able  to  distinguish  one 
branch  or  line  of  descent  with  straight  visceral  nerves 
—the  Euthyneura  (Fig.  20)— from  a  second  branch 
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with  the  visceral  nerves  twisted  into  a  figure-of-eight 
—the  Streptoneura  (Fig.  21 ).  Probably  the  Euthy- 
neura  and  the  Streptoneura  have  developed  independ¬ 
ently  from  the  ancestral  bilaterally  symmetrical  Gastro¬ 
pods.  The  escape  of  the  visceral  nerve-loop  from  the 
torsion  depends  on  its  having  acquired  a  somewhat 


Fig.  22. — Nervous  system  of  the  Pond-Snail,  Limnseus  stagnclis, 
as  a  type  of  the  short-looped  Euthyneurous  condition.  The  short 
visceral  “  loop  ”  with  its  three  ganglia  is  lightly  shaded,  ce, 
cerebral  ganglion ;  pe,  pedal  ganglion ;  pi,  pleural'  ganglion ;  ab, 
abdominal  ganglion ;  sp,  visceral  ganglion  of  the  left  side ;  op¬ 
posite  to  it  is  the  visceral  ganglion  of  the  right  side,  which  gives 
off  the  long  nerve  to  the  olfactory  ganglion  and  osphradium  o. 
In  Planorbis  and  in  Auricula  (Pulmonata,  allied  to  Limnseus) 
the  olfactory  organ  is  on  the  left  side  and  receives  its  nerve  from 
the  left  visceral  ganglion.  (After  Spengel.), 

deeper  position  and  shorter  extent,  previously  to  the 
commencement  of  the  phenomenon  of  torsion,  in  the 
ancestors  of  the  Euthyneura  than  in  those  of  the  Strep¬ 
toneura.  The  junction  of  the  two  halves  of  the  vis¬ 
ceral  loop  in  the  Euthyneura  is  below  the  anus,  and  the 
loop  is  therefore  not  caught  by  the  intestine.  In  the 
Streptoneura  the  junction  is  (as  in  the  Isopleura) 
above  the  anus. 

Branch  a. — STRFPTONEURA’(Spenge\,  1881). 

Characters. — Gastropoda  Anisopleura  in  which  the 
visceral  “loop”  (the  conterminous  visceral  nerves) 
embraces  the  intestine  and  therefore  shares  in  the  tor- 


placed  symmetrically  on  either  side  of  the  neck  in  the 
pallial  space.  Belated  to  them  is  a  simple  pair  of  os- 
phradial  patches.  Both  right  and  left  nephridia  are 
present,  the  actual  right  one  being  much  larger  than 
the  left.  Two  auricles  may  be  present  right  and  left 
of  a  median  ventricle  (Haliotis),  or  only  one  (Patella). 
The  Zygobranchia  are  further  very  definitely  charac¬ 
terized  by  the  archaic  character  of  absence  of  special 
genital  ducts.  The  generative  products  escape  by  the 
larger  nephridium.  The  sexes  are  distinct,  and  there 
is  no  copulatory  or  other  accessory  generative  appara¬ 
tus.  The  teeth  of  the  lingual  ribbon  are  highly  dif¬ 
ferentiated  (Rhipidoglossate).  The  visceral  dome  lies 
close  upon  the  oval  sucker-like  foot,  and  is  coextensive 
with  its  prolongation  in  the  aboral  direction. 

The  Zygobranchia  comprise  tliree  families,  arranged  in 
two  sub-orders. 

Sub-order  1.  Ctenidiobranchia. 

Character. — Large  paired  ctenidia  acting  as  gills. 

Family  1. — Haliotidse. 

Genera :  Haliotis  (Ear -Shell,  Ormer  in  Guernsey) ;  mostly 
tropical ;  Teinotis. 

Family  2. — Fissurellidse.  ' 

Genera :  Fissurella  (Key-hole  Limpet)  (Figs.  24, 36),  Emar- 
ginula,  Parmophorus  (Fig.  25) ;  mostly  tropical. 

Sub-order  2.  Phyllidiobranchia. 

Characters. — Ctenidia  reduced  to  wart-like  papillae ;  spe¬ 
cial  sub-pallial  lamellae,  similar  to  those  of  the  Opisthobranch 
Pleuro-phyllidia,  perform  the  function  of  gills. 

Family  3. — Patellidx. 

Genera:  Patella  (Limpet,  Figs.  26,  etc.),  Nacella  (Bonnet- 
Limpet),  Lottia. 

Further  Remarks  on  Zygobranchia. — The  Common 
Limpet  is  a  specially  interesting  and  abundant  ex¬ 
ample  of  the  remarkable  order  Zygobranchia.  A  com¬ 
plete  and  accurate  account  of  its  anatomy  has  yet  to  be 
written.  Here  we  have  only  space  for  a  brief  outline. 
The  foot  of  the  Limpet  is  a  nearly  circular  disc  of 
muscular  tissue ;  in  front,  projecting  from  and  raised 
above  it,  are  the  head  and  neck  (Figs.  26,  30).  The 
visceral  hump  forms  a  low  conical  dome  above  the  sub- 
circular  foot,  and  standing  out  all  round  the  base  of 
this  dome  so  as  to  completely  overlap  the  head  and 
foot,  is  the  circular  mantle-skirt.  The  depth  of  free 
mantle-skirt  is  greatest  in  front,  where  the  head  and 


Fig.  23. — Haliotis  tuberculala.  d,  foot ;  i,  tentacular  processes  of 
the  mantle.  (From  Owen,  after  Cuvier.) 


sion  of  the  visceral  hump,  the  right  cord  crossing 
above  the  left  so  as  to  form  a  figure-of-eight  (see  Fig. 
19). 

The  Streptoneura  comprise  two  orders — the  Zygo¬ 
branchia  and  the  Azygobranchia. 

Order  1.— Zygobranchia. 

Characters. — Streptoneura  in  which,  whilst  the  vis¬ 
ceral  torsion  is  very  complete  so  as  to  bring  the  anns 
into  the  middle  line  anteriorly  or  nearly  so,  the  atrophy 
of  the  primitively  left-side  organs  is  not  carried  out. 
The  right  and  left  ctenidia,  which  have  now  become 
left  and  right  respectively,  are  of  equal  size,  and  are 


Fig.  24.— Dorsal  aspect  of  a  specimen  of  Fissurella  from  which 
the  shell  has  been  removed,  whilst  the  anterior  area  of  the 
mantle-skirt  has  been  longitudinally  slit  and  its  sides  reflected. 
a,  cephalic  tentacle ;  b,  foot :  d,  left  (archaic  right)  gill-plume ;  e, 
reflected  mantle-flap ;  fi,  the  fissure  or  hole  in  the  mantle-flap 
traversed  by  the  longitudinal  incision  ;  /,  right  (archaic  left)  ne- 
phridium’s  aperture;  g,  anus;  h,  left  (archaic  right)  aperture  of 
nephridium  ;  p,  snout.  (Original.) 

neck  are  covered  in  by  it.  Upon  the  surface  of  the 
visceral  dome,  and  extending  to  the  edge  of  the  free 
mantle-skirt,  is  the  conical  shell.  When  the  shell  is 
taken  away  (best  effected  by  immersion  in  hot  water) 
the  surface  of  the  visceral  dome  is  found  to  be  cr 
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ered  by  a  black-colored  epithelium,  which  may  be  re¬ 
moved,  enabling  the  observer  to  note  the  position  of 
some  organs  lying  below  the  transparent  integument 
(Fig.  27).  The  muscular  columns  (c)  attaching  the  foot 
to  the  shell  form  a  ring  incomplete  in  front,  external  to 
which  is  the  free  mantle-skirt. 

The  limits  of  the  large  area 
formed  by  the  flap  over  the 
head  and  neck  (ecr)  can  be 
traced,  and  we  note  the  anal 
papilla  showing  through  and 
opening  on  the  right  shoulder, 
so  to  speak,  of  the  animal  into 
the  large  anterior  region  of 
the  sub-pallial  space.  Close 
to  this  the  small  renal  organ 
(?',  mediad)  and  the  larger 
renal  organ  (&,  to  the  right 
and  posteriorly)  are  seen,  also 
the  pericardium  (Z)  and  a  coil 
of  the  intestine  (int)  imbedded 
in  the  compact  liver. 

On  cutting  away  the  an¬ 
terior  part  of  the  mantle-skirt 
so  as  to  expose  the  sub-pallial 
chamber  in  the  region  of  the 
neck,  we  find  the  right  and 
left  renal  papillae  (discovered 

by  Lankester  (27)  in  1867)  on  FlG.25._Parmophoru8,seen 
either  side  the  anal  papilla  fr0m  the  pedal  surface,  o, 
(Fig.  28),  but  no  gills.  If  a  mouth;  T,  cephalic  tenta- 

Bimilar  examination  be  made  mlhicafgills  piacedon^he 
of  the  allied  genus  Fissurella  neck.  (Original.) 

(Fig.  24,  d),  we  find  right  and 
left  of  the  two  renal  apertures  a  right  and  left  gill- 
plume  or  ctenidium,  which  by  their  presence  here  and 
in  Haliotis  furnish  the  distinctive  character  to  which 
the  name  Zygobranchia  refers.  In  Patella  no  such 
plumes  exist,  but  right  and  left  of  the  neck  are  seen  a 


V 


termed  by  him  the  “ capito-pedal  orifices,”  being 
placed  near  the  junction  of  head  and  foot.  Spengei 
(24)  has,  however,  in  a  most  ingenious  way  shown 
that  these  bodies  are  the  representatives  of  the  typi¬ 
cal  pair  of  ctenidia,  here  reduced  to  a  mere  rudiment. 
Near  to  each  rudimentary  ctenidium  Spengei  has  dis¬ 
covered  an  olfactory  patch  or  osphradium  (consisting 
of  modified  epithelium)  and  an  olfactory  nerve-gan¬ 
glion  (Fig.  32).  It  will  be  remembered  that,  accord¬ 
ing  to  Spengei,  the  osphradium  of  Mollusca  is  defi¬ 
nitely  and  intimately  related  to  the  gill-plume  or  cteni¬ 
dium,  being  always  placed  near  the  base  of  that  organ ; 
further,  Spengei  has  shown  that  the  nerve-supply  of 
this  olfactory  organ  is  always  derived  from  the  visce¬ 
ral  loop.  Accordingly,  the  nerve-supply  affords  a 
means  of  testing  the  conclusion  that  we  have  in  Lan¬ 
kester’  s  capito-pedal  bodies  the  rudimentary  ctenidia. 
The  accompanying  diagrams  (Figs.  34,  35)  of  the  ner¬ 
vous  systems  of  Patella  and  of  Haliotis,  as  determined 
by  Spengei,  show  the  identity  in  the  origin  of  the 


Fig.  27—  Dorsa!  surface  of  the  Limpet  removed  from  its  shell 
and  deprived  of  its  black  pigmented  epithelium ;  the  internal 
organs  are  seen  through  the  transparent  Dody-wall.  c,  muscular 
bundles  forming  the  root  of  the  foot,  and  adherent  to  the  shell ; 
e,  free  mantle-skirt ;  em,  tentaculiferous  margin  of  the  same ;  i, 
smaller  (left)  nephridium  ;  k,  larger  (right)  nephridium  ;  l,  peri¬ 
cardium;  lx,  fibrous  septum,  behind  the  pericardium;  n,  liver; 
ini,  intestine ;  ecr,  anterior  area  of  the  mantle-skirt  overhanging 
the  head  (cephalic  hood).  (Original.) 

nerves  passing  from  the  visceral  loop  to  Spengel’s  ol¬ 
factory  ganglion  of  the  Limpet,  and  that  of  the  nerves 
which  pass  from  the  visceral  loop  of  Haliotis  to  the  ol- 


Fig.  26. — The  Common  Limpet  ( Patella  vulgata)  in  its  shell,  seen 
from  the  pedal  surface,  x,  y,  the  median  antero-posterior  axis ; 
a  cephalic  tentacle;  6,  plantar  surface  of  t*'0  '  *  frp‘1  ‘>Ho,p 

of  the  shell ;  d,  the  branchial  efferent  ves 
blood  to  the  auricle,  and  here  interrupting 
mellae ;  e,  margin  of  the  mantle-skirt ;  j,  gill 
but  special  pallial  growths,  comparable  to  t: 
dia) ;  g,  the  branchial  efferent  vessel ;  h,  fac 
advehent  vessel ;  i,  interspaces  between  the 
the  root  of  the  foot,  causing  the  separate  ar 
(Original.) 

pair  of  minute  oblong  yellow  bodies  (Fig.  28,  d),  which 
were  originally  described  by  Lankester  as  orifices  pos¬ 
sibly  connected  with  the  evacuation  of  the  generative  , 
products.  On  account  of  their  position  they  were  I 


1  carrying  aerated 
le  circlet  of  gill  la¬ 
mellae  (nut  ctenidia, 
ise  of  Pleurophylli- 
>r  of  the  branchial 
luscular  bundles  of 
»  seen  in  Fig.  27.  C. 


Fig.  28.— Anterior  portion  of  the  same  Limpet,  with  the  over¬ 
hanging  cephalic  hood  removed,  a,  cephalic  tentacle;  6,  foot; 
c,  muscular  substance  forming  the  root  of  the  foot ;  d,  the  capito- 
pedal  organs  of  Lankester  (=  rudimentary  ctenidia) ;  e,  mantle- 
skirt  ;  /,  papilla  of  the  larger  nephridium ;  g,  anus ;  h,  papilla  of 
the  smaller  nephridium ;  i,  smaller  nephridium ;  k,  larger  ne¬ 
phridium  ;  l,  pericardium ;  m,  cut  edge  of  the  mantle-skirt ;  n, 
liver ;  p,  snout.  (Original.) 

factory  patch  or  osphradium,  which  lies  in  immediate 
relation  on  the  right  and  on  the  left  side  to  the  right 
and  the  left  gill-plumes  (ctenidia)  respectively.  Ihe 
same  diagrams  serve  to  demonstrate  the  Streptoneu- 
rous  condition  of  the  visceral  loop  in  Zygobranchia. 

Thus,  then,  we  find  that  the  Limpet  possesses  a 
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Fig.  29.— The  same  specimen  viewed  from  the  left  front,  so  as  to 
show  the  sub-anal  tract  ( ff )  of  the  larger  nephridium,  by  which 
it  communicates  with  the  pericardium,  o,  mouth :  other  letters 
as  in  Fig.  28. 

from  the  modification  of  the  typical  Molluscan  cteni¬ 
dium.  These  gills  are  in  the  form  of  delicate  lamellae 
(Fig.  26,  /),  which  form  a  series  extending  completely 
round  the  inner  face  of  the  depending  mantle-skirt. 
This  circlet  of  gill-lamellae  led  Cuvier  to  class  the  Lim¬ 
pets  as  Cyclobranchiata,  and,  by  erroneous  identifica¬ 
tion  of  them  with  the  series  of  metamerically  repeated 
etenidia  of  Chiton,  to  associate  the  latter  Mollusc  with 
the  former.  The  gill -lamellae  of  Patella  are  processes 
of  the  mantle  comparable  to  the  plait-like  folds  often 
observed  on  the  roof  of  the  branchial  chamber  in  other 
Gastropoda  (e.  g., 

Buccinum  and  Halio-  ksi 

tis ) .  They  are  termed  \ 

pallial  gills.  The  i  r.  fBjljjk// 

only  other  Molluscs  N/  \*w 

in  which  they  are  ex- 

actly  represented  are  /  1111 

the  curious  Opistho-  k-sni _ _ _ '  * 

branchs  Phyllidia  and 
Pleurophyllidia  (Fig. 

57).  In  these,  as  in 

Patella,  the  typical 

etenidia  are  aborted,  ,  , — , 

and  flu  branchial 

function  is  assumed  ksp  ks! 

by  close-set  lamelli-  , 

form  processes  ar- 

ranged  in  a  series  be-  Fig.  30.— Diagram  of  the  two  renal 
nentli  the  mantle  organs  (nephridia),  to  show  their  rela- 
injciwi  uie  manue  tjon  ^  the  rectum  and  to  the  pencar- 

skirt  on  either  side  dium.  /,  papilla  of  the  larger  nephri- 
nf  the  font  Tn  h'io-  dium;  g,  anal  papilla  with  rectum 
oc  ini,A  S’  leading  from  it;  h,  papilla  of  the 

26j  a  the  large  bran-  smaller  nephridium,  which  is  only 
chial  vein  of  Patella  represented  by  dotted  outlines ;  Lpen- 
hrinmmr  hlnerl  frnm  cardium  indicated  by  a  dotted  out- 
bringing  blood  irom  iine,-at  its  right  side  are  seen  the  two 

the  gill -series  to  the  reno-pericardial  pores ;  ff  the  sub-anal 

heart  is  wn  •  where  tract  of  the  large  nephridium  given  off 
iieait  it,  seen  ,  wnere  near  itf,  papilla  an(fSeen  through  the 

it  crosses  the  series  unshaded  smaller  nephridium;  ks.a, 
of  lamellae  there  is  a  anterior  superior  lobe  of  the  large  ne- 

shnrt  interval  devoid  phridium;  te.Ueft  lobe  of  same  ;  fcs.p, 
snoi  i  inter  v  ai  devoid  postenor  lobe  of  same ;  ks.i,  inferior 

01  lamellae.  sub-visceral  lobe  of  same.  (Original.) 

The  heart  in  Pa¬ 
tella  consists  of  a  single  auricle  (not  two  as  in  Haliotis 
and  Fissurella)  and  a  ventricle ;  the  former  receives 
the  blood  from  the  branchial  vein,  the  latter  distrib¬ 
utes  it  through  a  large  aorta  which  soon  leads  into 
irregular  blood-lacunae. 

The  existence  of  two  renal  organs  in  Patella,  and 
their  relation  to  the  pericardium  (a  portion  of  the 
coelom),  is  important.  Each  renal  organ  is  a  sac  lined 
with  glandular  epithelium  (ciliated  cells  with  concre¬ 
tions)  communicating  with  the  exterior  by  its  papilla, 
and  by  a  narrow  passage  with  the  pericardium.  The 
connection  with  the  pericardium  of  the  smaller  of  the 


Fig.  31.— Diagram  of  a  vertical  antero-postero-median  section 
of  a  Limpet.  Letters  as  in  Figs.  28,  29,  with  following  additions: 
g,  intestine  in  transverse  section;  r,  lingual  sac  (radular  sac); 
rd,  radula ;  s,  lamellated  stomach ;  t,  salivary  gland ;  u,  duct  of 
same;  v,  buccal  cavity ;  w,  gonad  ;  br.a,  branchial  advehent  ves¬ 
sel  (artery) ;  br.v,  branchial  efferent  vessel  (vein) ;  bv,  blood¬ 
vessel  ;  odm,  muscles  and  cartilage  of  the  odontop  hore ;  cor, 
heart  within  the  pericardium.  (Original.) 


Fig.  32.— A.  Section  in  a  plane  vertical  to  the  surface  of  the  neck 
of  Patella  through  a,  the  rudimentary  ctenidium  (Lankester’s 
organ),  and  b,  the  olfactory  epithelium  (osphradium) ;  c,  the 
olfactory  (osphradial)  ganglion.  (After  Spengel.)  B.  Surface 
view  of  a  rudimentary  ctenidium  of  Patella,  excised  and  viewed 
as  a  transparent  object.  (Original.) 


Fig.  33.— Vertical  section  in  a  plane  running  right  and  left 
through  the  anterior  part  of  the  visceral  hump  of  Patella,  to 
show  the  two  renal  organs  and  their  openings  into  the  peri¬ 
cardium.  a,  large  or  external  or  right  renal  organ ;  ab,  narrow 
process  of  the  same  running  below  the  intestine  and  leading  by 
k  into  the  pericardium ;  b,  small  or  median  renal  organ ;  c,  pen- 
cardium;  d,  rectum;  e,  liver;  /,  manyplies;  g,  epithelium  of 
the  dorsal  surface;  h,  renal  epithelium  lining  the  renal  sacs;  i, 
aperture  connecting  the  small  sac  with  the  pericardium ;  k, 
aperture  connecting  the  large  sac  with  the  pericardium.  (From 
an  original  drawing  by  Mr.  J.  T.  Cunningham,  Fellow  of  Uni¬ 
versity  College,  Oxford.) 


symmetrically-disposed  pair  of  etenidia  in  a  rudimen¬ 
tary  condition,  and  justifies  its  position  among  Zygo- 
branchia.  At  the  same  time  it  possesses  a  totally  dis¬ 
tinct  series  of  functional  gills,  which  are  not  derived 


two  renal  organs  was  demonstrated  by  Lankester  in 
1867,  at  a  time  when  the  fact  that  the  renal  organ  of 
the  Mollusca,  as  a  rule,  opens  into  the  pericardium, 
and  is  therefore  a  typical  nephridium,  was  not  known. 
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Subsequent  investigations  (27)  carried  on  under  the 
direction  of  the  same  natur¬ 
alist  have  shown  that  the 
larger  as  well  as  the  smaller 
renal  sac  is  in  communication 
with  the  pericardium.  The 
walls  of  the  renal  sacs  are 
deeply  plaited  and  thrown 
into  ridges.  Below  the  sur¬ 
face  these  walls  are  excavated 
with  bloodvessels,  so  that 
the  sac  is  practically  a  series 
of  bloodvessels  covered  with 
renal  epithelium,  and  form¬ 
ing  a  meshwork  within  a 
space  communicating  with 
the  exterior.  The  larger  re¬ 
nal  sac  (remarkably  enough, 
that  which  is  aborted  in  other 
Anisopleura)  extends  between 
the  liver  and  the  integument 
of  the  visceral  dome  very _ vw 
widely.  It  also  bends  round  E|Sy*;s^edfeSJ  ‘Sd 
the  liver  as  shown  in  Fig.  30,  ganglia  are  omitted,  ce,  cere- 
and  forms  a  large  sac  on  half  “j£g£f ^rafgangUon  i 
or  the  upper  surface  of  the  pe,  pedal  ganglion ;  pe,pedal 
muscular  mass  of  the  foot.  PeI7e ;  «» « >  nerves  (right  and 

_ _ ,i  left)  to  the  mantle;  o,  olfac- 

xlere  it  lies  close  upon  the  tory  ganglion,  connected  by 
genital  body  (ovary  or  testis),  nerve  to  the  streptoneurous 
and  in  such  intimate  relation- visceral  1o°p-  (After  Spengei.) 


ship  with  it  that,  when  ripe,  the  gonad  bursts  into 
the  renal  sac,  and  its  products  are  carried  to  the  ex¬ 
terior  by  the  papilla  on  the  right  side  of  the  anus 
(Robin,  Dali).  This  fact  led  Cuvier  erroneously  to  the 
belief  that  a  duct  existed  leading  from  the  gonad  to 
this  papilla.  The  position  of  the  gonad,  best  seen  in 


Fro.  35.— Nervous  system  of  Haliotis ;  the  visceral  loop  is  lightly 
shaded ;  the  buccal  ganglia  are  omitted,  ce,  cerebral  ganglion ; 
pipe,  the  fused  pleural  and  pedal  ganglia ;  pe,  the  right  pedal 
nerve ;  ce.pl,  the  cerebro-pleural  connective ;  ce.pe,  the  cerebro- 
pedal  connective ;  s,  s',  right  and  left  mantle  nerves ;  ab,  abdom¬ 
inal  ganglion  or  site  of  same ;  o,  o,  right  and  left  olfactory  ganglia 
and  osphradia  receiving  nerve  from  visceral  loop.  (After 
Spengei.) 


the  diagrammatic  section  (Fig.  31),  is,  as  in  other 
Zygobranchia,  devoid  of  a  special  duct  communicating 
with  the  exterior.  This  condition,  probably  an  archaic 
one,  distinguishes  the  Zygobranchia  among  all  Glosso- 
phorous  Mollusca. 

The  digestive  tract  of  Patella  offers  some  interesting 
features.  The  odontophore  is  powerfully  developed  ; 
the  radular  sac  is  extraordinarily  long,  lying  coiled  in 


a  space  between  the  mass  of  the  liver  and  the  muscular 
foot.  The  radula  has  160  rows  of  teeth  with  twelve 
teeth  in  each  row.  Two  pairs  of  salivary  ducts,  each 
leading  from  a  salivary  gland,  open  into  the  buccal 
chamber.  The  oesophagus  leads  into  a  remarkable 
stomach,  plaited  like  the  manyplies  of  a  sheep,  and 
after  this  the  intestine  takes  a  very  large  number  of 
turns  imbedded  in  the  yellow  liver,  until  at  last  it 
passes  between  the  two  renal  sacs  to  the  anal  papilla. 
A* curious  ridge  (spiral?  valve)  which  secretes  a  slimy 
cord  is  found  upon  the  inner  wall  of  the  intestine. 
The  general  structure  of  the  Molluscan  intestine  has 
not.  been  sufficiently  investigated  to  render  any  com- 

Sarison  of  this  structure  of  Patella  with  that  of  other 
lollusca  possible.  The  eyes  of  the  Limpet  (28)  de¬ 
serve  mention  as  examples  of  the  most  primitive  kind 
of  eye  in  the  Molluscan  series.  They  are  found  one 
on  each  cephalic  tentacle,  and  are  simply  minute  open 

pits  or  depressions 
of  the  epidermis, 
the  epidermic  cells 
lining  them  being 
pigmented  and  con¬ 
nected  with  nerves 
(compare  Fig.  118). 

The  Limpet 
breeds  upon  the 
southern  English 
coast  in  the  early 
part  of  April,  but 
its  development  has 
not  been  followed. 
It  has  simply  been 
traced  as  far  as  the 
formation  of  a  Di- 
blastula  which  ac¬ 
quires  a  ciliated 
band,  and  becomes 
a  nearly  spherical 
Trochosphere.  It 
is  probable  that  the 
Limpet  takes  sev¬ 
eral  years  to  attain 
full,  growth,  and 
during  that  period 
it  frequents  the 
same  spot,  which 
becomes  gradually 
Fig.  36.— Nervous  system  of  Fissurella.  gunk  below  the  sur- 

pl,  pallial  nerve;  p,  pedal  nerve;  A,  ab- _ , 

Nominal  ganglia  in  the  Streptoneurous  rounding  surface, 
visceral  commissure,  with  supra-  and  sub-  especially  if  tile 
intestine  ganglion  on  each  side ;  B,  buc-  rnr,p  y,A  nnrhrmatp 
cal  ganglia;  C.  C,  cerebral  ganglia;  es,  ™CKr  De  Car  Donate 
cerebral  commissure ;  o,  otocysts  attached  01  lime.  At  low 
to  the  cerebro-pedal  connectives.  (From  tide  the  Limpet 
Gegenbaur,  after  Jhering.)  (being  a  strictly  in¬ 

tertidal  organism)  is  exposed  to  the  air,  and  is  to  be 
found  upon  its  spot  of  fixation ;  but  when  the  water 
again  covers  it,  it  (according  to  trustworthy  observers) 
quits  its  attachment  and  walks  away  in  search  of  food 
(minute  incrusting  algae),  and  then  once  more,  as  the 
tide  falls  returns  to  the  identical  spot,  not  an  inch  in 
diameter,  which  belongs,  as  it  were,  to  it.  Several 
million  Limpets — twelve  million  in  Berwickshire  alone 
— are  annually  used  on  the  east  coast  of  Britain  as  bait. 


Order  2.— Azygobranchia. 

Characters—  Strep  toneura  which,  as  a  sequel  to  the 
torsion  of  the  visceral  hump,  have  lost  by  atrophy  the 
originally  left  ctenidium  and  the  originally  left  nephri- 
dium,  retaining  the  right  ctenidium  as  a  comb-like 
gill-plume  to  the  actual  left  of.  the  rectum,  and  the 
right  nephridium  (that  which  is  the  smaller  in  the 
Zygobranchia)  also  to  the  actual  left  of  the  rectum, 
between  it  . and  the  gill-plume.  The  right  olfactory 
organ  only  is  retained,  and  may  assume  the  form  of  a 
comb-like  ridge  to  the  actual  left  of  the  ctenidium  or 
branchial  plume.  It  has  been  erroneously  described 
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as  the  second  gill,  and  is  known  as  the  parabranchia. 
The  rectum  itself  lies  on  the  animal’s  right  shoulder. 
The  presence  of  glandular  plication  of  the  surface  of 
the  mantle-flap  (Fig.  46,  x)  and  an  adrectal  gland 
(purple-gland,  Fig.  47,  gp)  are  frequently  observed. 
The  sexes  are  always  distinct ;  a  special  genital  duct 
(oviduct  or  sperm  duct)  unpaired  is  present,  opening 
either  by  the  side  of  the  anus  or,  in  the  males,  on  the 
right  side  of  the  neck  in  connection  with  a  large  penis. 
The  shell  is  usually  large  and  spiral ;  often  an  oper¬ 
culum  is  developed  on  the  upper  surface  of  the  hinder 
part  of  the  foot.  The  dentition  of  the  lingual  ribbon 
is  very  varied.  In  most  cases  the  visceral  hump  and 
the  foot  increase  along  axes  at  right  angles  to  one 
another,  so  that  the  foot  is  extended  far  behind  the 
visceral  hump  in  the  ab-oral  direction,  whilst  the  vis¬ 
ceral  hump  is  lofty  and  spirally  twisted. 

This  is  a  very  large  group,  and  is  conveniently  di¬ 
vided  into  two  sections,  the  Reptantia  and  the  Na- 
tantia.  The  former,  containing  the  immense  majority 
of  the  group,  breaks  up  into  three  sub-orders,  the 
Holochlamyaa,  Pneumonochlamyda,  and  Siphonochla- 
myda,  characterized  by  the  presence  or  absence  of  a 
trough-like  prolongation  of  the  margin  of  the  mantle- 
flap,  which  conducts  water  to  the  respiratory  chamber 
(sub-pallial  space  where  the  gill,  anus,  etc.,  are  placed), 
and  notches  the  mouth  of  the  shell  by  its  presence,  or 
again  by  adaptation  to  aerial  respiration.  The  sub¬ 
orders  are  divided  into  groups  according  to  the  char¬ 
acters  of  the  lingual  dentition.  In  some  Azygobran¬ 
chia  the  mouth  is  placed  at  the  end  of  a  more  or  less 
elongated  snout  or  rostrum  which  is  not  capable  of  in¬ 
troversion  (Rostrifera) ;  in  the  others  (Proboscidifera) 
the  rostrum  is  partly  invaginated  and  is  often  of  great 
length.  It  is 
and  is  withdra 


only  everted  when  the  animal  is  feeding, 
wn  (introverted)  by  the  action  of  special 


muscles ;  the  overworked  term  “  proboscis  ”  is  applied 
to  the  retractile  form  of  snout.  The  term  “intro- 
versible  snout,”  or  simply  “introvert,”  would  be  pref¬ 
erable.  The  presence  or  absence  of  this  arrangement 
does  not  seem  to  furnish  so  natural  a  division  of  the 
Reptant  Azygobranchia  as  that  afforded  by  the  char¬ 
acters  of  the  mantle-skirt. 

Section  a. — REPTANTIA. 

Characters. — Azygobranchia  adapted  to  a  creeping  life; 
foot  either  wholly  or  only  the  ruesopodium  in  the  form  of  » 
creeping  disc. 

Sub-order  1. — Holochlamyda. 

Characters. — Eeptant  Azygobranchia  with  a  simple  margin 
to  the  mantle-skirt,  and,  accordingly,  the  lip  of  the  shell 
unnotched ;  mostly  Rostrifera  (i.e.,  with  a  non-introversible 
snout),  and  vegetarian ;  marine,  brackish,  fresh-water 
terrestrial. 


a.  Rhipidoglossa  (x.4  to  7.1.4  to  7.x). 

Family  1. — Trochidse. 

Genera :  Turbo,  Lin. ;  Phasianella,  Lam. ;  Imperator,  Montf.; 
Trochus,  Lin. ;  RoteUa,  Lam. ;  Euomphaius,  Low. 

Family  2. — Neritidse. 

Genera :  Nerita,  L. ;  Neritina,  Lam. ;  Pileolus,  Low ;  Navi- 
ceUa,  Lam. 

Family  3. — Pleurotomaridx. 

Genera :  Pleurotomaria,  Defr. ;  Anatomus,  Montf.;  Stomatia, 
Helbing. 

£.  Ptenoglossa  (x.O.x). 

Family  4. — Scalaridse. 

Genus :  Scalaria,  Lam. 

Family  5. — Janthinidse. 

Genera :  Janthina,  Lam.  (Fig.  44) ;  Recluzia,  Petit. 

y.  Tsenioglossa  (3.1.3). 

Family  6. — Cerithidse. 

Genera :  Cerithium,  Brug. ;  Potamides,  Brong. ;  Nerinsea, 
Defr. 


Tabular  View  of  the  Subdivisions  of  the  Class  GASTROPODA,  arranged  so  as  to  show 

THEIR  SUPPOSED  GENETIC  RELATIONSHIPS. 


Class.— GASTROPODA. 
( Archisopleurum . ) 


Sub-class  1— Isopleuba. 


Sub-class  2.— Anisopleuba. 
( Archieuthyneurum .) 


Branch  a—  Stbeptoneuba. 
( Archizygobranchium. ) 


Branch  b. — Euthyneuba. 
( Archiopisthobranchium .) 


Order  1.  Zygobbanchia.  Order  2.  Azygobbanchia. 

( Archiholochlamydum .) 
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Family  7. — Melanidx. 

Genera :  Melania,  Lam. ;  Melanopsis,  Fer. ;  Ancylotus,  Lay. 
Family  Q.—Pyramidellidx. 

Genera :  Pyramidella,  Lam. ;  Stylina,  Flem. ;  Aclis,  Loven. 
Family  9. —  Turritellidx. 

Genera:  Turritella,  Lam.;  Csecum,  Flem. ;  Vermetus,  Adans.; 
Siliquaria,  Brug. 

Family  10. — Xenophoridx. 

Genus:  Phorus,  Montf.  (Fig.  39). 

Family  11. — Naticidx. 

Genera :  Natica,  Lam. ;  Sigaretus,  Lam. ;  Neritopsis,  Gra 
tel. 

Family  12. — Entoconchidx. 

The  single  genus  and  species  Entoconcha  mirabilis,  dis¬ 
covered  by  Joh.  Muller  in  1851,  parasitic  in  Synapta  di- 
gitata.  The  adult  form  is  not  known. 

Family  13. — Marsenidx. 

Genera:  Marscnia,  Leach;  Onchidiopsis,  Beck. 

Family  14. — Acmxidx. 

Genera:  Acmxa,  Eschsch.;  Lottia,  Gr. ;  (probably  these 
will  be  found  to  belong  to  the  Zygobranchia.) 

Family  15. — Capxilidx. 

Genera:  Capulus,  Montf. ;  Calyptrxa,  Lam.  (Fig.  40) ;  Tro - 
chita,  Schum. 

Family  16. — Littorinidx. 

Genera:  Littorina  (the  Periwinkles,  Fig.  46);  Modulus, 
Gray ;  Lacuna,  Turt. ;  Rissoa,  Frem. ;  Hydrobia,  Hartm. ; 
Assiminia,  Leach. 

Family  17. — Paludinidx. 

Genera :  Paludina  (Biver-Snail)  (Figs.  7,  21) ;  Bithynia, 
Gray;  Tanalia,  Gray. 

Family  18. —  Valvatidx. 

Genus:  Valvata  (Fig.  45),  fresh-water. 

Fatuily  19. — Ampullaridx. 

Genus:  Ampullaria  (can  breathe  air  by  means  of  the 
walls  of  the  pallia!  chamber  as  well  as  water  by  the 
gill ;  fresh-waters  of  tropical  America,  Africa,  and  East 
Indies). 

Sub-order  2. — Pneumonochlamyda. 

Characters. — Pallial  chamber  a  lung-sac ;  no  gill ;  mouth 
on  a  rostrum,  not  a  retractile  proboscis ;  terrestrial  habit. 
Family  20. — Cyclostomidx. 

Genera:  Cyclostoma,  Lam.;  Cyclophorus,  Montf.;  Ferussi- 
na,  Gratel. ;  Pupina,  Yignard. 

Family  21. — Helicinidx  (radula  rhipidoglossate  rather  than 
tsenioglossate). 

Genera ;  Stoastoma,  Adams ;  Trochatella,  Swains. ;  Helici- 
na,  Lam. ;  Proserpina,  Guild. 

Family  22. — Aciculidx. 

Genera :  Acicula,  Hartm. ;  Geomelania,  Pfr. 

Sub-order  3. — Siphonochlamyda. 

Characters. — Beptant  Azygobranchia  with  the  margin  of 
the  mantle  drawn  out  to  form  a  trough-like  siphon  which 
notches  the  lip  of  the  shell ;  shell  always  spiral ;  usually 
an  operculum,  horny  or  lamelliform  ;  either  a  rostrum  or  a 
retractile  proboscis ;  exclusively  marine ;  mostly  carnivo¬ 
rous. 

*Txnioglossa  (3.1.3). 

Family  1. — Strombidx. 

Genera  :  Strombus,  L. ;  Pteroceras,  Lam. ;  Rostellaria,  Lam. 
(Fig.  43). 

Family  2. — Aporrhaidx. 

Genus :  Aporrhais,  Da  Costa. 

Family  3. — Pedicularidx. 

Genus :  Pedicularia,  Swains. 

Family  4. — Dolidx. 

Genera .  Cassis,  Lam. ;  Cassidaria,  Lam. ;  Dolium,  Lam. ; 
Ficula,  Swains. 

Family  5. —  Tritonidx. 

Genera :  Tritonium,  Cuv.  (Fig.  42) ;  Ranella,  Lam. 

Family  6. — Cyprxidx  (the  Cowries). 

Genera:  Cyprxa,  L. ;  Ovulum,  Brug.  (Fig.  41);  Erato, 
Eisso. 

*Toxiglossa  (1.0.1).  / 

Family  7. — Conidx. 

Genus :  Conus,  L. 

Family  8. — Terebridx. 

Genus :  Terebra,  Adans. 

Family  9. — Pleurotomidx. 

Genus:  Pleurotoma,  Lam. 

Family  10. — Cancellaridx. 

Genus;  Cancellaria,  Lam. 

*Rachiglossa  (1.1.1  or  .1.). 

Family  11. — Muricidx. 

Genera:  Mur  ex,  L. ;  Trophon,  Montf.;  Fusus,  Brug.;  Py- 
rula,  Lam.  (Fig.  38) ;  Turbinella,  Lam. 
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Family  12. — Buccinidx. 

Genera:  Buccinum,  L. ;  Nassa,  Lam.  (Fig.  5),  Purpura, 
Brug.  (Fig.  47) ;  Concholepas,  Lam. ;  Magilus,  Montf. 
Family  13. — Mitridx. 

Genus :  Mitra,  Lam. 

Family  14. — Olividx. 

Genera :  Oliva,  Brug. ;  AnciUa,  Lam. ;  Harpa,  Lam. 
Family  15. —  Volutidx. 

Genera :  Voluta,  L. ;  Oymbium,  Montf. ;  MargineUa,  Lam. ; 
Volvaria,  Lam. 

Further  Remarks  on  the  Reptant  Azygobranchia.  — 
The  very  large  assemblage  of  forms  coming  under  this 
order  comprise  the  most  highly  developed  predaceous 
sea-snails,  numerous  vegetarian  species,  a  considerable 


e 


Fig.  37.— A.  Triton  variegatum,  to  show  the  proboscis  or  buccal 
introvert  (e)  in  a  state  of  eversion,  a,  siphonal  notch  of  the  shell 
occupied  by  the  siphonal  fold  of  the  mantle-skirt  (Siphono¬ 
chlamyda)  ;  6,  edge  of  the  mantle-skirt  resting  on  the  shell ;  c, 
cephalic  eye ;  d,  cephalic  tentacle ;  e,  everted  buccal  introvert 
(proboscis') ;  /,  foot ;  g.  operculum ;  h,  penis ;  i,  under  surface  of 
the  mantle-skirt  forming  the  roof  of  the  sub-pallial  chamber.  B. 
Sole  of  the  foot  of  Pyrula  tuba,  to  show  a,  the  pore  usually  said  to 
be  “aquiferous”  but  probably  the  orifice  of  a  gland;  b,  median 
line  of  foot. 

number  of  fresh-water,  and  some  terrestrial  forms, 
The  partial  dissection  of  a  male  specimen  of  the  Com 
mon  Periwinkle,  Littorina  littoralis,  drawn  in  Fig.  46, 
will  serve  to  exhibit  the  disposition  of  viscera  which 
prevails  in  the  group.  The  Dranchial  chamber  formed 
Dy  the  mantle-skirt  overhanging  the  head  has  been 
exposed  by  cutting  along  a  line  extending  backward 
from  the  letters  va  to  the  base  of  the  columella  muscle 
me,  and  the  whole  roof  of  the  chamber  thus  detached 
from  the  right  side  of  the  animal’s  neck  has  been 
thrown  over  to  the  left,  showing  the  organs  which  lie 
upon  the  roof.  No  opening  into  the  body-cavity  has 
been  made;  the  organs  which  lie  in  the  coiled  visceral 
hump  show  through  its  transparent  walls.  The  head 
is  seen  in  front  resting  on  the  foot  and  carrying  a  me¬ 
dian  non-retractile  snout  or  rostrum,  and  a  pair  of 
cephalic  tentacles  at  the  base  of  each  of  which  is  an 
eye.  In  many  Gastropoda  the  eyes  are  not  thus  ses¬ 
sile  but  raised  upon  special  eye-fcentacles  (Figs.  43,  69). 
To  the  right  of  the  head  is  seen  the  muscular  penis  p 
close  to  the  termination  of  the  vas  deferens  (spermatic 
duct)  vd.  The  testis  t  occupies  a  median  position  in 
the  coiled  visceral  mass.  Behind  the  penis  on  the 
same  side  is  the  hooklike  columella  muscle,  a  develop¬ 
ment  of  the  retractor  muscle  of  the  foot,  which  clings 
to  the  spiral  column  or  columella  of  the  shell  (see  Fig. 
42).  Tnis  columella  muscle  js  the  same  thing  as  the 
muscular  surface  marked  c  in  the  figures  of  Patella, 
marked  k  in  Fig.  91  of  Nautilus,  and  the  posterior  ad¬ 
ductor  of  Lamellibranchs  (Fig.  131). 

The  surface  of  the  neck  is  covered  by  integument 
forming  the  floor  of  the  branchial  cavity.  It  has  not 
been  cut  into.  Of  the  organs  lying  on  the  reflected 
mantle-skirt,  that  which  in  the  natural  state  lay  nearest 
to  the  vas  deferens  on  the  right  side  of  the  median  line 
of  the  roof  of  the  branchial  chamber  is  the  rectum  i', 
ending  in  the  anus  a.  It  can  be  traced  back  to  the 
intestine  i  near  the  surface  of  the  visceral  hump,  and 
it  is  found  that  the  apex  of  the  coil  formed  by  the 
hump  is  occupied  by  the  liver  h  and  the  stomach  v. 
Pharynx  and  oesophagus  are  concealed  in  the  head. 
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The  enlarged  glandular  structure  of  the  walls  of  the 
rectum  is  frequent  in  the  Azygobranchia,  as  is  also 
though  not  universally  the  gland  marked  ?/,  next  to  the 
rectum.  It  is  the  adrectal  gland,  and  in  the  genera 


Murex  and  Purpura  secretes  a  colorless  liquid  which 
turns  purple  upon  exposure  to  the  atmosphere,  and 
was  used  by  the  ancients  as  a  dye.  Near  this,  and  less 
advanced  into  the  branchial  chamber,  is  the  single 


Fig.  38.— Animal  and  shell  of  Pyrula  Ixvigata.  a,  siphon ;  6,  head-tentacles;  C,  head,  the  letter  placed  near  the  right  eye ;  <1,  the 
foot,  expanded  as  in  crawling ;  h,  the  mantle-skirt  reflected  over  the  sides  of  the  shell.  (From  Owen.) 


renal  organ  or  nephridium  r  with  its  opening  to  the 
exterior  r/.  Internally  this  glandular  sac  presents  a  sec- 


Fig.  39.— Animal  and  shell  of  Pharus  exutus.  a,  snout  (not  in- 
troversible) ;  6,  cephalic  tentacles ;  c,  right  eye;  d,  pro-  and  meso- 
podium,— to  the  right  of  this  is  seen  the  metapodium  bearing  the 
sculptured  operculum. 

ond  slit  or  aperture  which  leads  into  the  pericardium  (as 
is  now  found  to  be  the  case  in  all  Mollusca).  The  heart 


Fig.  40.— Shell  of  Calyptrsea,  seen  from  below  so  as  to  show  the 
inner  whorl  b,  concealed  by  the  cap-like  outer  whorl  a. 

c  lying  in  the  pericardium  is  seen  in  close  proximity  to 


Fig.  41. — Animal  and  shell  of  Ovulum.  6,  cephalic  tentacles; 
d,  foot ;  h,  mantle-skirt,  which  is  naturally  carried  in  a  reflected 
condition  so  as  to  cover  in  the  sides  of  the  shell. 


ac ; 


Fig.  42. — Section  of  the  shell 
of  Tritonium,  Cuv.  a,  apex; 
ac,  siphonal  notch  of  the  mouth 
of  the  shell ;  ac  to  pc,  mouth  of 
the  shell ;  w,  w,  whorls  of  the 
shell ;  s,  s,  sutures.  Occupying 
the  axis,  and  exposed  by  the 
section,  is  seen  the  “columella” 
or  spiral  pillar.  The  upper 
whorls  of  the  shell  are  seen  to 
be  divided  into  separate  cham¬ 
bers  by  the  formation  of  suc¬ 
cessively  formed  *  septa.” 
(From  Owen.) 


the  renal  organ,  and  consists 
of  a  single  auricle  receiv¬ 
ing  blood  from  the  gill,  and 
of  a  single  ventricle  which 
pumps  it  through  the  body 
by  an  anterior  and  poste¬ 
rior  aorta  (see  Fig.  105). 
The  surface  x  of  the  mantle 
between  the  rectum  and  the 
gill-plume  is  thrown  into 
folds  which  in  many  sea- 
snails  (Whelks,  etc.),  are 
very  strongly  developed. 
The  whole  of  thissurface  ap¬ 
pears  to  be  active  in  the  se¬ 
cretion  of  a  mucus-like  sub¬ 
stance.  The  single  gill- 
plume&rlies  to  the  left  of  the 
median  line  in  natural  posi¬ 
tion.  It  corresponds  to  the 
right  of  the  two  primitive 
ctenidia  in  the  untwisted  ar¬ 
chaic  condition  of  the  Mol- 
luscan  body,  and  does  not 
project  freely  into  the  bran¬ 
chial  cavity,  but  its  axis  is 
attached  (by  concrescence) 
to  the  mantle-skirt  (roof  of 
the  branchial  chamber).  It 
is  rare  for  the  gill-plume  of 
an  Anisopleurous  Gastro¬ 
pod  to  stand  out  freely  as  a 
plume,  but  occasionally  this 
more  archaic  condition  is 
exhibited,  as  in  Valvata 
(Fig.  45).  Next  beyond  (to 
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the  left  of )  the  gill-plume  we  find  the  so-called  para¬ 
branchia,  which  is  here  simple,  but  sometimes  lamel- 
lated  as  in  Purpura  (Fig.  47).  This  organ  has,  without 
reason,  been  supposed  to  represent  the  second  ctenidium 
of  the  typical  Mollusc,  which  it  cannot  do  on  account  of 
its  position.  It  should  be  to  the  right  of  the  anus  were 
this  the  case.  Recently  Spengel  has  shown  that  the  para- 
branchia  of  Gastropods  is  the  typical  olfactory  organ 
or  osphradium  in  a  highly-developed  condition.  The 


poda  (Fig.  112),  and  Lamellibranchia  (Fig.  144).  As 
contrasted  with  the  Zygobranchia  and  the  Isopleura, 
we  find  that  in  the  Azygobranchia  the  pedal  nerves  are 
distinctly  nerves  given  off  from  the  pedal  ganglia, 
rather  than  cord-like  nerve-tracts  containing  both 
nerve-cells  or  ganglionic  elements  and  nerve-fibres. 
Yet  in  some  Azygobranchia  (Paludina)  a  ladder-like 
arrangement  of  the  two  pedal  nerves  and  their  latera. 
branches  has  been  detected  (30).  The  histology  of 


Fig.  46.— Male  of  Littorina  liltoralis,  Lin.,  removed  from  its  shell ; 
the  mantle-skirt  cut  along  its  right  line  of  attachment  and  thrown 
over  to  the  left  side  of  the  animal  so  as  to  expose  the  organs  on  its 
inner  face,  a,  anus;  i,  intestine;  r,  nephridium  (kidney);  r', 
aperture  of  the  nephridium ;  c,  heart ;  br,  ctenidium  (gill-plume) ; 
pbr,  parabranchia  (  =  the  osphradium  or  olfactory  patch);  x, 
glandular  lamellae  of  the  inner  face  of  the  mantle-skirt ;  y,  ad- 
rectal  (purpuriparous)  gland ;  t,  testis ;  vd,  vas  deferens ;  p,  penis ; 
me,  columella  muscle  (muscular  process  grasping  the  shell) ;  v, 
stomach ;  h,  liver.  N.B.  Note  the  simple  snout  or  rostrum  not 
introverted  as  a  “  proboscis.” 


Fig.  44.— Female  Janthina,  with  egg-float  (a)  attached  to  the 
foot ;  6,  egg-capsules ;  c,  ctenidium  (gul-plume) ;  d,  cephalic  ten¬ 
tacles. 


Fig.  43.— Animal  and  shell  of  Rostellaria  rectirostris.  a,  snout  or 
rostrum ;  b,  cephalic  tentacle ;  c,  eye ;  d,  propodium  and  mesopo- 
dium;  e,  metapodium;  /,  operculum;  h',  prolonged  siphonal 
notch  of  the  shell  occupied  by  the  siphon,  or  trough-like  process 
of  the  mantle-skirt.  (From  Owen.) 


minute  structure  of  the  epithelium  which  clothes  it, 
as  well  as  the  origin  of  the  nerve  which  is  distributed 
to  the  parabranchia,  proves  it  to  be  the  same  organ 
which  is  found  universally  in  Molluscs  at  the  base  of 
each  gill-plume,  and  tests  the  indrawn  current  of  water 
by  the  sense  of  smell.  The  nerve  to  this  organ  is  given 
off  from  the  superior  (original  right,  see  Fig.  19)  vis¬ 
ceral  ganglion. 

The  figures  which  are  here  given  of  various  Azygo¬ 
branchia  are  in  most  cases  X 
sufficiently  explained  by 
the  references  attached  to 
them.  As  an  excellent 
general  type  of  the  ner¬ 
vous  system,  attention  may 
be  directed  to  that  of  Pa-  °V 
ludina  drawn  in  Fig.  21. 

On  the  whole,  the  ganglia 
are  strongly  individualized 
in  the  Azygobranchia, 
nerve-cell  tissue  being  con-  _  „  „ 

rvntrntpd  in  the  framrlia  ^  45.—  Valvaia  enstata, 
centraxea  in  tne  ganglia  Mim  0>  mouth ;  on,  opercu- 

and  absent  from  the  cords  lum ;  br,  ctenidium  (branchial 
(contrast  with  Zygobran-  «eStt"?SiK).Tg 
chia  and  Isopleura).  At  freely  projecting  ctenidium  of 
the  same  time,  the  junction  typical  form  not  having  its  axis 
„r>  .1  •  ’1  i_  "  0v,„,,0  fhsed  to  the  roof  of  the  bran- 

oi  the  visceral  loop  above  chial  chamber  is  the  notable 

the  intestine  prevents  in  all  character  of  this  genus. 
Streptoneura  the  shorten¬ 
ing  of  the  visceral  loop,  and  it  is  rare  to  find  a  fusion 
of  the  visceral  ganglia  with  either  pleural,  pedal,  or 
cerebral— a  fusion  which  can  and  does  take  place 
where  the  visceral  loop  is  not  above  but  below  the  in¬ 
testine,  e.g .,  in  the  Euthyneura  (Fig.  67),  Cephalo- 


the  nervous  system  of  Mollusca  has  yet  to  be  seriously 
inquired  into. 

The  alimentary  canal  of  the  Azygobranchia  presents 
little  diversity  of  character,  except  in  so  far  as  the 
buccal  region  is  concerned.  Salivary  glands  are  present, 
and  in  some  carnivorous  forms  (Dolium)  these  secrete 
free  sulphuric  acid  (as  much  as  two  percent,  is  present 
in  the  secretion),  which  assists  the  animal  in  boring 
holes  by  means  of  its  rasping  tongue  through  the  shells 
of  other  Molluscs  upon  which  it  preys.  A  crop-like 
dilatation  of  the  gut  and.  a  recurved  intestine,  imbedded 
in  the  compact  yellowish-brown  liver,  the  ducts  of 
which  open  into  it,  form  the  rest  of  the  digestive  tract 
and  occupy  a  large  bulk  of  the  visceral  hump.  The 
buccal  region  presents  a  pair  of  shelly  jaws  placed 
laterally  upon  the  lips,  and  a  wide  range  of  variation 
in  the  form  of  the  denticles  of  the  lingual  ribbon  or 
radula,  the  nature  of  which  will  be  understood  by  a 
reference  to  Fig.  9,  whilst  the  systematic  list  of  families 
given  above  shows  the  particular  form  of  dentition 
characteristic  of  each  division  of  the  order. 

The  modification  in  the  form  of  the  snout  upon  which 
the  mouth  is  placed,  leading  to  the  distinction  of  “  pro- 
boscidiferous  ”  and  “  rostriferous  ”  Gastropods,  re¬ 
quires  further  notice.  The  condition  usually  spoken  of 
as  a  “  proboscis  ”  appears  to  be  derived  from  tne  condi¬ 
tion  of  a  simple  rostrum  (having  the  mouth  at  its  ex¬ 
tremity)  by  tne  process  of  incomplete  introversion  of 
that  simple  rostrum.  There  is  no  reason  in  the  actual 
significance  of  the  word  why  the  term  “proboscis” 
should  be  applied  to  an  alternately  introversible  and 
eversible  tube  connected  with  an  animal’s  body,  and 
yet  such  is  a  very  customary  use  of  the  term.  The 
introversible  tube  may  be  completely  closed,  as  in  the 
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“proboscis”  of  Nemertean  worms,  or  it  may  have  a 
passage  in  it  leading  into  a 
non-eversible  oesophagus, 
as  in  the  present  case,  ana 
in  the  case  of  the  eversible 
pharynx  of  the  predatory 
Chaetopod  worms.  The 
diagrams  here  introduced 
(Fig.  48)  are  intended  to 
show  certain  important 
distinctions  which  obtain 
amongst  the  various  “intro¬ 
verts,”  or  intro-  and  e-ver- 
sible  tubes  so  frequently 

met  with  in  animal  bodies,  fig.  47. — Female  of  Purpura 
Supposing  the  tube  to  be  lapillus  removed  from  its  shell ; 

.  1“  i  the  mantle-skirt  cut  along  its 

completely  introverted  and  left  line  of  attachment  and 

to  commence  its  eversion,  thrown  over  to  the  right  side 
we  then  find  that  eversion 
may  take  place,  either  by  a 
forward  movement  of  the 
side  of  the  tube  near  its 
attached  base,  as  in  the 
proboscis  of  the  Nerner- 
tine  worms,  the  pharynx  of 
Chaetopods,  and  the  eye-tentacle  of  Gastropods,  or,  by 
a  forward  movement  of  the  inverted  apex  of  the  tube, 

a 


A 
aC 


of  the  animal  so  as  to  expose 
the  organs  on  its  inner  face,  a, 
anus;  vg,  vagina;  gp,  adrectal 
purpuriparous  gland ;  r',  aper¬ 
ture  of  the  nepliridium  (kid¬ 
ney)  ;  br,  ctenidium  (branchial 
plume) ;  br ,  parabranchia  (= 
the  comb-like  osphradium  or 
olfactory  organ). 
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Fig.  48.— Diagrams  explanatory  of  the  nature  of  so-called  pro¬ 
boscides  or  “introverts.”  A.  Simple  introvert  completely  intro¬ 
verted.  B.  The  same,  partially  everted  by  eversion  of  the  sides,  as 
in  the  Xemertine  proboscis  and  Gastropod  eye-tentacle  -  pleurec- 
bolic.  C.  The  same,  fully  everted.  D,  E.  A  similar  simple  introvert 
in  course  of  eversion  by  the  forward  movement,  not  of  its  sides,  but 
of  its  apex,  as  in  the  proboscidean  Rhabdoccels  =  acrecbolic.  F. 
Acrecbolic  (=  pleurembolic)  introvert,  formed  by  the  snout  of  the 
proboscidiferous  Gastropod,  al,  alimentary  canal;  d,  the  true 
mouth.  The  introvert  is  not  a  simple  one  "with  complete  range 
both  in  eversion  and  introversion,  but  is  arrested  in  introversion 
by  the  fibrous  bands  at  c,  and  similarly  in  eversion  by  the  fibrous 
bands  at  6.  G.  The  acrecbolic  snout  of  a  proboscidiferous  Gastro¬ 
pod,  arrested  short  of  complete  eversion  by  the  fibrous  band  b.  H. 
The  acrembolic  (=  pleurecbolic)  pharynx  of  a  Chaetopod  fully  in¬ 
troverted.  al,  alimentary  canal ;  at  d,  the  jaws ;  at  a,  the  mouth ; 
therefore  a  to  d  is  stomodseum,  whereas  in  the  Gastropod  (F)  a  to  d 
is  inverted  body-surface.  I.  Partial  eversion  of  H.  K.  Complete 
eversion  of  H.  (Original.) 


as  in  the  proboscis  of  the  Rhabdocoel  Planarians,  and 


(Fig.  48,  D,  E,  F,  G).  It  is  clear  that,  if  we  start  from 
the  condition  of  full  eversion  of  the  tube  and  watch 
the  process  of  introversion,  we  shall  find  that  the  pleu¬ 
recbolic  variety  is  introverted  by  the  apex  of  the  tube 
sinking  inwards;  it  maybe  called  acrembolic,  whilst 
conversely  the  acrecbolic  tubes  are  pleurembolic. 
Further,  it  is  obvious  enough  that  the  process  either 
of  introversion  or  of  eversion  of  the  tube  may  be 
arrested  at  any  point,  by  the  development  of  fibres 
connecting  the  wall  of  the  introverted  tube  with  the 
wall  of  the  body,  or  with  an  axial  structure  such  as  the 
oesophagus;  on  the  other  hand,  the  range  of  move¬ 
ment  of  the  tubular  introvert  may  be  unlimited  or  com¬ 
plete.  The  acrembolic  proboscis  or  frontal  introvert 
of  the  Nemertine  worms  has  a  complete  range.  So 
has  the  acrembolic  pharynx  of  Chaetopods,  if  we  con¬ 
sider  the  organ  as  terminating  at  that  point  where  the 
jaws  are  placed  and  the  oesophagus  commences.  So 
too  the  acrembolic  eye-tentacle  of  the  snail  has  a  com¬ 
plete  range  of  movement,  and  also  the  pleurembolic 
proboscis  of  the  Rhabdocoel  prostoma.  The  introverted 
rostrum  of  the  Azygobranch  Gastropods  presents  in 
contrast  to  these  a  limited  range  of  movement.  The 
“introvert”  in  these  Gastropods  is  not  the  pharynx 
as  in  Chsetonod  worms,  but  a  prae-oral  structure,  its 
apical  limit  neing  formed  by  the  true  lips  and  jaws, 
whilst  the  apical  limit  of  the  Chaetopod’s  introvert 
is  formed  by  the  jaws  placed  at  the  junction  of 
pharynx  and  oesophagus,  so  that  the  Chaetopod’s  in¬ 
trovert  is  part  of  the  stomodseum  or  fore-gut,  whilst 
that  of  the  Gastropod  is  external  to  the  alimentary 
canal  altogether,  being  in  front  of  the  mouth,  not 
behind  it,  as  is  the  Chaetopod’s.  Further,  the  Gastro¬ 
pod’s  introvert  is  pleurembolic  (and  therefore  acrec¬ 
bolic),  and  is  limited  both  in  eversion  and  in  introver¬ 
sion  ;  it  cannot  be  completely  everted  owing  to  the 
muscular  bands  (Fig.  48,  G),  nor  can  it  be  fully  intro¬ 
verted  owing  to  the  bands  (Fig.  48,  F)  which  tie  the 
axial  pharynx  to  the  adjacent  wall  of  the  apical  part 
of  the  introvert.  As  in  all  such  intro-  and  e-versible 
organs,  eversion  of  the  Gastropod  proboscis- is  effected 
by  pressure  communicated  by  the  muscular  body-wall 
to  the  liquid  contents  (blood)  of  the  body-space,  accom¬ 
panied  by  the  relaxation  of  the  muscles  which  directly 
pull  upon  either  the  sides  or  the  apex  of  the  tubular 
organ.  The  inversion  of  the  proboscis  is  effected  di¬ 
rectly  by  the  contracticfn  of  these  muscles.  In  various 
members  of  the  Azygobranehia  the  mouth-bearing 
cylinder  is  introversible  (t.  e. ,  is  a,  proboscis) — with  rare 
exceptions  these  forms  have  a  siphonate  mantle-skirt. 
On  the  other  hand,  many  which  have  a  siphonate 
mantle-skirt  are  not  provided  with  an  introversible 
mouth-bearing  cylinder,  but  have  a  simple  non-intro- 
versible  rostrum,  as  it  has  been  termed,  which  is  also 
the  condition  presented  by  the  mouth-bearing  region 
in  nearly  all  other  Gastropoda.  One  of  the  best  ex¬ 
amples  of  the  introversible  mouth -cylinder  or  proboscis 
which  can  be  found  is  that  of  the  Common  Whelk  and 
its  immediate  allies.  In  Fig.  37  the  proboscis  is  seen 
in  an  everted  state ;  it  is  only  so  carried  when  feeding, 
being  withdrawn  when  the  animal  is  at  rest.  Probably 
its  use  is  to  enable  the  animal  to  introduce  its  rasping 
and  licking  apparatus  into  very  narrow  apertures  for 
the  purpose  of  feeding,  e.g..  into  a  small  hole  bored 
in  the  shell  of  another  Moilusc. 

The  foot  of  the  Azygobranehia,  unlike  the  simple 
muscular  disc  of  the  Isopleura  and  Zygobrancliia,  is 
very  often  divided  into  lobes,  a  fore,  middle,  and  hind- 
lobe  (pro-,  meso-,  and  meta-podium,  see  Figs.  39  and 
43).  Very  usually,  but  not  universally,  tne  meta¬ 
podium  carries  an  operculum.  The  division  of  the 
foot  into  lobes  is  a  simple  case  of  that  much  greater 
elaboration  or  breaking  up  into  processes  and  regions 
which  it  undergoes  in  the  class  Cephalopoda.  iEven 
among  some  Gastropoda  (viz.,  the  Opisthobranchia), 
we  find  the  lobation  of  the  foot  still  further  carried 
out.  by  the  development  of  lateral  lobes,  the  epipodia, 
whilst  there  are  many  Azygobranehia,  on  the  other 
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hand,  in  which  the  foot  has  a  simple  oblong  form  with¬ 
out  any  trace  of  lobes. 

The  development  of  the  Azygobranchia  from  the 
egg  has  been  followed  in  several  examples,  e.ff., 
Paludina,  Purpura,  Nassa,  Vermetus,  Nentina.  As 
in  other  Molluscan  groups,  we  find  a  wide  variation  in 
the  early  process  of  the  formation  of  the  first  embry¬ 
onic  cells,  and  their  arrangement  as  a  Diblastula  de¬ 
pendent  on  the  greater  or  less  amount  of  food-yelk 
which  is  present  in  the  egg-cell  when  it  commences  its 
embryonic  changes.  In  Fig.  7,  the  early  stages  of 
Paludina  vivipara  are  represented.  There  is  but  very 
little  food-material  in  the  egg  of  this  Azygobranch,  and 
consequently  the  Diblastula  forms  by  invagination  ;  the 
blastopore  or  orifice  of  invagination  coincides  with  the 
anus,  and  never  closes  entirely.  A  well-marked 
Trochosphere  is  formed  by  the  development  of  an  equa¬ 
torial  ciliated  band ;  and  subsequently,  by  the  dispro¬ 
portionate  growth  of  the  lower  hemisphere,  the  Trocho¬ 
sphere  becomes  a  Veliger.  The  primitive  shell-sac  or 
shell-gland  is  well  marked  at  this  stage,  and  the  pha¬ 
rynx  is  seen  as  a  new  ingrowth  (the  stomodaeum), 
about  to  fuse  with  and  open  into  the  primitively  invagi- 
nated  arch-enteron  (Fig.  7,  F). 

In  other  Azygobranchs  (and  such  variations  are  rep¬ 
resentative  for  all  Mollusca,  and  not  characteristic  only 
of  Azygobranchia),  we  find  that  there  is  a  very  unequal 
division  of  the  egg-cell  at  the  commencement  of  em¬ 
bryonic  development  as  in  Nassa  (Fig.  5).  Conse¬ 
quently  there  is  strictly  speaking  no  invagination 
(emboly),  but  an  overgrowth  (epiboly)  of  the  smaller 
cells  to  inclose  the  larger.  The  general  features  of  this 
process  and  of  the  relation  of  the  blastopore  to  mouth 
and  anus  have  been  explained  above  in  treating  of  the 
development  of  Mollusca  generally.  In  such  cases  the 
blastopore  may  entirely  close,  and  both  mouth  and 
anus  develop  as  new  ingrowths  (stomodaeum  and  proc- 
todaeum),  whilst,  according  to  the  observations  of  Bo- 
bretzky,  the  closed  blastopore  may  coincide  in  position 
with  the  mouth  in  some  instances  (Nassa,  etc.),  instead 
of  with  the  anus.  But  in  these  epibolic  forms,  just  as 
in  the  embolic  Paludina,  the  embryo  proceeds  to  de¬ 
velop  its  ciliated  band  and  shell-gland,  passing  through 
the  ejffrlier  condition  of  a  Trochosphere  to  that  of  the 
Yeliger.  In  the  veliger  stage  many  Azygobranchia 
(Purpura,  Nassa,  etc.)  exhibit,  in  the  dorsal  region 
behind  the  head,  a  contractile  area  of  the  body-wall. 
This  acts  as  a  larval  heart,  but  ceases  to  pulsate  after  a 
time.  Similar  rhythmically  contractile  areas  are  found 
on  the  foot  of  the  embryo  Pulmonate  Limax  and  on 
the  yelk-sacjdistended  foot-surface)  of  the  Cephalopod 
Loligo  (see  Fig.  72**). 

The  history  of  the  shell  in  the  development  of  Azy¬ 
gobranchia  (and  other  Gastropods)  is  important.  Just 
as  the  primitive  shell-sac  aborts  and  gives  place  to  a 
cap-like  or  boat-like  shell,  so  in  some  cases  (Marsenia, 
Krohn)  has  this  first  shell  been  observed  to  be  shed, 
and  a  second  shell  of  different  shape  is  formed  be¬ 
neath  it. 

A  detailed  treatment  of  what  is  known  of  the  histo¬ 
genesis  in  relation  to  the  cell-layers  in  these  Mollusca 
would  take  us  far  beyond  the  limits  of  this  article, 
which  aims  at  exposing  only  the  well-ascertained  char¬ 
acteristic  features  of  the  Mollusca  and  the  various  sub¬ 
ordinate  groups.  There  is  still  a  great  deficiency  in  our 
knowledge  of  the  development  of  the  Gastropoda,  as 
indeed  of  all  classes  of  animals.  The  development  of 
the  gill  (ctenidium)  as  well  as  of  the  renal  organ,  and 
details  as  to  the  process  of  torsion  of  the  visceral 
hump,  are  still  quite  insufficiently  known. 

One  further  feature  of  the  development  of  the  Azy¬ 
gobranchia  deserves  special  mention.  Many  Gastro¬ 
poda  deposit  their  eggs,  after  fertilization,  inclosed  in 
capsules  ;  others,  as  Paludina,  are  viviparous  ;  others, 
again,  as  the  Zygobranchia,  agree  with  the  Lamelli- 
branch  Conchifera  (the  Bivalves)  in  having  simple 
exits  for  the  ova  without  glandular  walls,  and  there¬ 
fore  discharge  their  eggs  uninclosed  in  capsules  freely 


into  the  sea-water  ;  such  unencapsuled  eggs  are  merely 
inclosed  each  in  its  own  delicate  chorion.  When  egg- 
capsules  are  formed  they  are  often  of  large  size,  have 
tough  walls,  and  in  each  capsule  are  several  eggs  float¬ 
ing  in  a  viscid  fluid.  In  some  cases  all  the  eggs  in  a 
capsule  develop  ;  in  other  cases  one  egg  only  in  a  cap¬ 
sule  (Neritina),  or  a  small  proportion  (Purpura,  Buc- 
cinum),  advance  in  development ;  the  rest  are  arrested 
either  after  the  first  process  of  cell-division  (cleavage) 
or  before  that  process.  The  arrested  embryos  or  eggs 
are  then  swallowed  and  digested  by  those  in  the  same 
capsule  which  have  advanced  in  development.  The 
details  of  this  history  require  renewed  study,  our 
present  knowledge  of  it  being  derived  from  the  works 
of  Koren  and  Danielssen,  Carpenter  and  ClaparMe. 
In  any  case  it  is  clearly  the  same  process  in  essence  as 
that  of  the  formation  of  a  vitellogenous  gland  from  part 
of  the  primitive  ovary,  or  of  the  feeding  of  an  ovarian 
egg  by  the  absorption  of  neighboring  potential  eggs ; 
but  here  the  period  at  which  the  sacrifice  of  one  egg  to 
another  takes  place  is  somewhat  late.  What  it  is  that 
determines  the  arrest  of  some  eggs  and  the  progress¬ 
ive  development  of  others  in  the  same  capsule  is  at 
present  unknown. 

Section  6  (of  the  Azygobranchia).  NATANTIA. 

Characters. — Azygobranchiate  Streptoneura  which  have 
the  form  and  texture  of  the  body  adapted  to  a  free-swim¬ 
ming  pelagic  habit.  They  appear  to  be  derived  from  ho- 
lochlamydic  forms  of  Reptant  Azygobranchia.  The  foot 
takes  the  form  of  a  swimming  organ.  The  nervous  system 
and  sense-organs  (eyes,  otocysts,  and  osphradium)  are  highly 
developed.  The  odontophore  also  is  remarkably  developed, 
its  admedian  teeth  being  mobile,  and  it  serves  as  an  efficient 
organ  for  attacking  other  pelagic  forms  upon  which  the 
Natantia  prey.  The  sexes  are  distinct  as  in  all  Strepto¬ 
neura  ;  and  genital  ducts  and  accessory  glands  and  pouches 
are  present  as  in  all  Azygobranchia.  The  Natantia  ex¬ 
hibit  a  series  of  modifications  of  the  form  and  proportions 
of  the  visceral  mass  and  foot,  leading  from  a  condition 
readily  comparable  with  that  of  a  typical  Azygobranch  such 
as  Rostellaria,  with  the  three  regions  of  the  foot  (pro-,  meso-, 
and  meta-podium)  strongly  marked,  and  a  coiled  visceral 
hump  of  the  usual  proportions,  up  to  a  condition  in  which 
the  whole  body  is  of  a  tapering  cylindrical  shape,  the  foot 
a  plate-like  vertical  fin,  and  the  visceral  hump  almost  com¬ 
pletely  atrophied.  Three  steps  of  this  modification  may 
be  distinguished  as  three  sub-orders,  the  Atlantacea,  the 
Carinariacea,  and  the  Pterotracheacea. 


Sub-order  1. — Atlantacea. 

Characters. — Natantia  with  a  large  spirally- wound  visceral 
hump,  covered  by  a  hyaline  spiral  shell;  mantle-skirt 
large,  overhanging  a  well-developed  sub-pallial  branchial 
chamber  as  in  Azygobranchia,  to  the  wall  of  which  is  at¬ 
tached  the  branchial  ctenidium  ;  foot  well  developed,  divisi¬ 
ble  into  a  mobile  propodium,  a  mesopodium  on  which  is 
formed  a  sucker,  Tind  a  metapodium  which,  when  the 
animal  is  expanded,  extends  backwards  beyond  the  shell 
and  visceral  hump ;  upon  the  upper  surface  of  the  metapo¬ 
dium  is  developed  an  operculum. 

Genera :  Atlanta,  Oxygurus.  Probably  here  belong  the 
Palaeozoic -fossils  Bellerophon. 


Sub-order  2. — Carinariacea. 

Characters. — Visceral  hump  greatly  reduced  in  relative 
size;  shell  small,  cap-like,  hyaline;  ctenidium  (branchial 
plume)  projecting  from  the  small  sub-pallial  chamber; 
body  cylindrical ;  of  the  foot-lobes  only  the  mesopodium  is 
prominent,  provided  with  a  sucker,  and  compressed  later¬ 
ally  so  as  to  form  a  vertical  plate-like  fin  projecting  from 
the  ventral  surface ;  the  propodium  forms  simply  the  ven¬ 
tral  surface  of  the  anterior  region  of  the  cylindrical  body 
whilst  the  metapodium  forms  its  posterior  region. 

Genera:  Carinaria,  Cardiopoda. 


Sub-order  3. — Pterotracheacea. 

Characters. — Visceral  hump  still  further  reduced,  forming 
a  mere  oval  sac  imbedded  in  the  posterior  dorsal  region  of 
the  cylindrical  body;  no  shell ;  foot  as  in  Carinariacea  e x- 
cept  that  the  sucker  is  absent  from  the  mesopodium  in  the 
females. 

Geaera :  Plerotrachea,  Firuloides. 
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consequent  upon  their  changed  mode  of  life.  Such 
adaptations  are  the  transparency  and  colorlessness  of 
the  tissues,  and  the  modifications  of  the  foot,  which 
still  shows  in  Atlanta  the  form  common  in  Azygo¬ 
branchia  (compare  Fig.  49  and  Fig.  39). 

The  cylindrical  body  of  Pterotracheacea  is  par¬ 
alleled  by  the  slug-like  forms  of  Euthyneura. 
Spengel  has  shown  that  the  visceral  loop  of  the 
Natantia  is  Streptoneurous.  Special  to  the  Na- 
tantia  is  the  high  elaboration  of  the  lingual  ribbon, 
and,  as  an  agreement  with  some  of  the  Opistho- 
branchiate  Euthyneura  but  as  a  difference  from 
the  Azygobranchia,  we  find  the  otocysts  closely  at¬ 
tached  to  the  cerebral  ganglia.  This  is,  however, 
less  of  a  difference  than  it  was  at  one  time  sup¬ 
posed  to  be,  for  it  has  been  shown  by  Lacaze  Du- 
thiers,  and  also  by  Leydig,  that  the  otocysts  of 
Azygobranchia  even  when  lying  close  upon  the 
pedal  ganglion  (as  in  Fig.  21)  yet  receive  their 
special  nerve  (which  can  sometimes  be  readily 
isolated)  from  the  cerebral  ganglion  (see  Fig.  36). 
Accordingly  the  difference  is  one  of  position  of 
the  otocyst  and  not  of  its  nerve-supply.  The  Na¬ 
tantia  are  further  remarkable  for  the  high  devel¬ 
opment  of  their  cephalic  eyes,  and  for  the  typical 
character  of  their  osphradium  (Spengel’s  olfactory 
organ).  This  is  a  groove,  the  edges  of  which  are 
raised  and  ciliated,  lying  near  the  branchial  plume  in 
the  genera  which  possess  that  organ,  whilst  in  Firu- 
loides,  which  has  no  branchial  plume,  the  osphradium 
occupies  a  corresponding  position.  Beneath  the  ciliated 
groove  is  placed  an  elongated  ganglion  (olfactory  gan¬ 
glion)  connected  by  a  nerve  to  the  supra-intestinal 
(therefore  the  primitively  dextral)  ganglion  of  the  long 
visceral  nerve-loop,  the  strands  of  which  cross  one 
another, — this  being  characteristic  of  Streptoneura 
(Spengel). 

The  Natantia  belong  to  the  “  pelagic  fauna  ”  occur¬ 
ring  near  the  surface  m  the  Mediterranean  and  great 


Further  Remarks  on  the  Natantia  Azygobranchia. — 
Logically  the  Natantia  should  stand  as  we  have  placed 
them,  viz.,  as  a  special  branch  or  section  of  the  Azygo¬ 
branchia,  related  to  them  somewhat  as  are  the  Birds  to 


Fig.  49 .—Atlanta  (Oxygura)  Keraudrenii  (magnified  20 diameters) 
a,  mouth  and  odontophore;  b,  cephalic  tentacles;  c,  eye;  d,  pro¬ 
podium  ( B )  and  mesopodium  ;  e,  metapodium ;  /,  operculum  ; 
A,  mantle-chamber ;  i,  ctenidium  (gill-plume) ;  k,  retractor  muscle 
of  foot ;  l,  optic  tentacle ;  m,  stomach ;  n,  dorsal  surface  overhung 
by  the  mantle-skirt,  the  letter  is  close  to  the  salivary  gland ; 
o,  rectum  and  anus  ;  p,  liver ;  q,  renal  organ  (nephridium) ;  s, 
ventricle ;  u,  the  otocyst  attached  to  the  cerebral  ganglion ; 
w,  testis ;  x,  auricle  of  the  heart ;  y,  vesicle  on  genital  duct ; 
z,  penis.  (From  Owen.) 

the  Reptiles.  They  are  true  Azygobranchia  which 
have  taken  to  a  pelagic  life,  and  the  peculiarities  of 
structure  which  they  exhibit  are  strictly  adaptations  of 
the  structure  common  to  them  and  the  Azygobranchia 


B 


Fig.  50 .—Carinaria  medtterranea.  A.  The  animal.  B.  The  shell  removed.  C,  D.  Two  views  of  the  shell  of  Cardiopoda. 
a,  mouth  and  odontophore ;  b,  cephalic  tentacles ;  c,  eye ;  d,  the  fin-like  mesopodium ;  d',  its  sucker ;  e,  metapodium ;  /,  salivary 
glands  ;  h,  border  of  the  mantle-flap ;  i,  ctenidium  (gill-plume) ;  m,  stomach  ;  n,  intestine ;  o,  anus ;  p,  liver ;  t,  aorta,  springing  from 
the  ventricle;  u,  cerebral  ganglion;  v,  pleural  and  pedal  ganglion ;  w,  testis;  x,  visceral  ganglion;  y,  vesicula  seminalis ;  z,  penis. 
(From  Owen.) 


oceans  in  company  with  the  Pteropoda,  the  Siphono- 
phorous  Hydrozoa,  Salpse,  Leptocephali,  and  other 
specially-modified  transparent  swimming  representa¬ 
tives  of  various  groups  of  the  animal  kingdom.  In 
development  they  pass  through  the  typical  trocho- 
sphere  and  veliger  stages  provided  with  boat-like  shell. 

Branch  b.— EUTHYNEURA  (Spengel,  1881). 

Characters. — G-astropoda  Anisopleura  in  which  the 


visceral  loop  (the  conterminous  visceral  nerves)  does 
not  share  in  the  torsion  of  the  visceral  hump,  but, 
being  placed  entirely  below  the  intestine,  remains 
straight  and  untwisted,  the  junction  of  the  visceral 
cords  being  below,  and  not  above,  the  intestine  as  it  is 
in  Streptoneura.  Although  the  anus  is  not  brought  so 
far  forward  by  the  visceral  torsion  as  in  the  Strepto¬ 
neura,  and  may  even  by  secondary  growth  assume  a 
posterior  median  position,  yet,  as  fully  developed,  an 
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asymmetry  has  resulted  as  in  the  Azygobranchia,  only 


o 

Fig.  51  .—Pterotrachea  mutica,  seen  from  the  right  side,  a,  pouch 
for  reception  of  the  snout  when  retracted ;  c,  pericardium ; 
ph,  pharynx  ;  oc,  cephalic  eye ;  g,  cerebral  ganglion ;  </,  pleuro- 
pedal  ganglion ;  pr,  foot  (mesopodium) ;  v,  stomach ;  i,  intestine  ; 
n,  so-called  nucleus ;  br,  branchial  plume  (ctenidium);  w,  osph  ra¬ 
dium;  mt,  foot  (metapodium);  z,  caudal  appendage.  (After 
Refers  tein.) 

the  original  right  renal  organ,  right  ctenidium  (if  any), 
right  osphradium,  right  side  of  the  heart,  and  right 
genital  ducts  being  retained.  All  the  Euthyneura  are 


Fig.  52 .—Bulla  vexiUum  (Chemnitz),  as  seen  crawling,  d,  oral 
hood  (compare  with  Tethys,  Fig.  62,  B),  possibly  a  continuation 
of  the  epipodia;  b,  b',  cephalic  tentacles.  (From  Owen.) 


hermaphrodite.  The  lingual  ribbon  has  very  usually 
numerous  fine  denticles  un¬ 
differentiated  into  series  in 
each  row.  The  shell  is 
light  and  little  calcified ; 
often  it  is  not  developed  in 
the  adult,  though  present 
in  the  embryo.  An  oper¬ 
culum  often  found  in  the  „  .  „  .  , 

embryo,  is  never  present  in  /,*££> 

the  adult  (except  in  Torna-  lum. 

tella,  Fig.  53).  Many  Euthyneura  show  a  tendency  to, 
or  a  complete  accomplishment  of,  the  suppression  of  the 
mantle-skirt  as  well  as  of  the  shell,  also  of  the  ctenidi¬ 
um,  and  acquire  at  the  same  time  a  more  or  less  cylin¬ 
drical  (slug-dike)  form  of  body. 

The  Euthyneura  comprise  two  orders,  the  Opistho- 
branchia  and  the  Pulmonata. 


Order  L— Opisthobranchia. 

Marine  Euthyneura  the  more  archaic  forms  of  which 
have  a  relatively  large  foot  and  a  small  visceral  hump, 
from  the  base  of  which  projects  on  the  right  side  a 
short  mantle-skirt.  The  anus  is  placed  in  such  forms 
far  back  beyond  the  mantle-skirt.  In  front  of  the 


Fig  54  —Umbrella  mediterranea.  a,  mouth;  b,  cephalic  tenta¬ 
cle;  h,  gill  (ctenidium).  The  free  edge  of  the  mantle  is  seen  just 
below  the  margin  of  the  shell  (compare  with  Aplysia,  Fig.  63). 
(From  Owen.) 


anus,  and  only  partially  covered  by  the  mantle-skill, 


is  the  ctenidium  with  its  free  end  turned  backwards. 
The  heart  lies  in  front  of,  instead  of  to  the  side  of,  the 
attachment  of  the  ctenidium,  —  hence  Opistho¬ 
branchia  as  opposed  to  “  Prosobranchia,”  which  cor¬ 
respond  to  the  Streptoneura.  A  shell  is  possessed  in 
the  adult  state  by  but  few  Opisthobranchia,  but  all 
pass  through  a  veliger  larval  stage  with  a  nautiloid 
shell  (Fig.  60).  Many  Opisthobranchia  have  by  a  pro¬ 
cess  of  atrophy  lost  the 
typical  ctenidium  and 
tlie  mantle-skirt,  and 
have  developed  other 
organs  in  their  place. 
As  in  some  Azygo¬ 
branchia,  the  free  mar¬ 
gin  of  the  mantle-skirt 
is  frequently  reflected 
over  the  shell  when  a 
shell.exists;  and,  as  in 
some  Azygobranchia, 
broad  lateral  out¬ 
growths  of  the  foot  (epi¬ 
podia)  are  often  devel¬ 
oped,  which,  as  does  not 
occur  in  Azygobranchia, 
may  be  thrown  over  the 
Fig.  55.  —  Umbrella  mediterranea,  shell  or  naked  dorsal 
seen  from  above,  h,  mouth;  i,  ce-  n  ,r  .  v  i  r 

phalic  tentacles;  ft,  penis-sheath,  surface  01  the  body.  _ 
(After  Keferstein.)  I  he  variety  of  special 

developments  of  struc¬ 
ture  accompanying  the  atrophy  of  typical  organs  in 
the  Opisthobranchia  and  general  degeneration  of  or¬ 
ganization  is  very  great,  and  renders  their  classification 
difficult.  Two  sections  of  the  order  may  be  distin¬ 
guished,  according  as  the  typical  Molluscan  mantle- 
skirt  (limbus  pallialis)  is  or  is  not  atrophied,  and  with¬ 
in  each  section  certain  sub-orders. 

Section  a.  —  PALLIATA  ( —Tectibranchiata ,  Woodward) — 
the  typical  Molluscan  mantle-skirt  or  pallium  retained. 


Sub-order  1 . — Ctenidiobranchia. 

Characters. — Palliata  in  which  the  ctenidium  is  retained 
as  the  branchial  organ ,  with  rare  exceptions  a  delicate  shell, 
which  may  be  very  small  or  completely  inclosed  by  the  re¬ 
flected  margin  of  the  mantle  ;  epipodia  (lateral  outgrowths 
of  the  foot)  frequently  present. 

Family  1. — Tornatellidx. 

Genera :  Tornatella,  Lam.  (Fig.  53) ;  Oinulia,  Gray,  etc. 
Family  2  .—  Bullidx. 

Genera :  Bulla,  Lam.  (Fig.  52) ;  Acer  a,  Muller ;  Scaphander, 
Montf. ;  Bullxa,  Lam. ;  Doridium,  Meckel ;  Gastropteron, 
Meckel,  etc. 

Family  3. — Aplysiidx. 

Genera:  Aplysia,  Gmelin  (the  Sea-Hare)  (Figs.  20,  56, 
etc.) ;  DolobeUa,  Lam. ;  Lobiger,  Krohn,  etc. 

Family  4. — Pleurobranchidx. 

Genera :  Pleurobranchus,  Cuvier ;  Umbrella,  Chemnitz 
(Figs.  54,  55) ;  Buncina,  Forbes,  etc. 


Sub-order  2. — Phyllidiobranchia. 

Characters. — Palliata  in  which  the  ctenidia  have  atro¬ 
phied  ;  much  as  in  Patellidse  among  the  Zygobraucliiate 
Streptoneura  their  place  is  taken  by  laterally-placed  lamel¬ 
lae,  developed  from  the  inner  surface  of  the  bilaterally- 
disposed  mantle-skirt  in  two  lateral  rows. 

Family  5. — Phyllidiadse. 

Genera :  Phyllidia,  Cuvier ;  Pleurophyllidia,  Meek.  (Fig.  57.) 


Section  b. — NON-PALLIATA. 

Characters. — The  typical  Molluscan  mantle-skirt  is  atro¬ 
phied  in  the  adult.  No  shell  is  present  in  the  adult,  though 
the  dorsal  integument  may  be  strengthened  by  calcareous 
spicules  (Doris).  The  otocysts  are  not  sessile  on  the  pedal 
ganglia  as  in  other  Gastropods,  but,  as  in  the  Natantia  Azy¬ 
gobranchia,  lie  close  to  the  cerebral  ganglia.  In  one  sub¬ 
order  (Pygobranchia)  the  typical  ctenidium  appears  to  be 
retained  in  a  modified  form  ;  in  the  others  special  develop¬ 
ments  of  the  body-wall  take  its  place,  or  no  special  respi¬ 
ratory  processes  exist  at  all.  The  general  form  of  the  body 
is  slug-like,  the  foot  and  visceral  hump  being  coextensive, 
and  a  secondary  bilateral  symmetry  is  asserted  by  the 
usually  median  (sometimes  right-sided)  dorsal  position  of 
the  anus  on  the  hinder  part  of  the  body. 
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Sub-order  1. — Pygobranchia. 

Characters?—  The  ctenidium  assumes  the  form  of  a  circlet 
of  pinnate  processes  surrounding  the  median  dorsal  anus ; 
a  strongly-marked  epipodial  fold  may  occur  all  round  the 
foot  and  simulate  a  mantle-skirt  (see  Fig.  62,  C.  Doris) ; 
papillae  or  “  cerata  ”  of  the  dorsal  integument  may  occur  as 
well  as  the  true  ctenidium  (Fig.  61). 

Family  6. — Dorididse. 

Genera:  Doris,  L. ;  Ooniodoris,  Forbes;  Triopa,  Johnst. 
AEgirus,  Loven ;  Thecacera,  Fleming  ;  Polycera,  Cuvier  ; 
Idalia,  Leuckart ;  Anada,  Loven ;  Ceratosoma,  Adams ; 
Onchidoris,  Blainv. 

Sub-order  2. — Ceratonota. 

Characters. — The  typical  Molluscan  ctenidium  is  not  de¬ 
veloped  ;  upon  the  dorsal  area  is  developed  a  more  or  less 
numerous  series  of  cylindrical  or  branched  processes  (the 
cerata)  into  each  of  which  the  intestine  usually  sends  a 
process ;  anus  dorsal,  median,  or  right-sided. 

Family  7. —  Tritoniadse. 

Genera :  Tritonia,  Cuvier ;  Scyllsea,  L. ;  Tethys,  L.  (Fig.  62, 
B) ;  Dendronotus,  A.  and  H. ;  Do  to,  Oken. 

Family  8 .—Eolidse. 

Genera:  Eolis,  Cuvier  (Fig.  62,  A);  Glaucus,  Forster; 
Fiona,  A.  and  H.  (Fig.  67) ;  Embletonia,  A.  and  H. ;  Proc- 
tonotus,  A.  and  H. ;  Antiopa,  A.  and  H. ;  Hermsea,  Loven ; 
Alderia,  Allman. 

Sub-order  3. — Haplomorpha. 

Characters. — No  ctenidia,  cerata,  mantle-skirt,  or  other 
processes  of  the  body-wall ;  degenerate  forms  of  small  bize. 
Family  9. — Phyllirhoidse. 

Genera :  Phyllirhoe,  Peron  and  Lesueur  (Fig.  58);  Acer  a, 
Adams. 

Family  10. — Elysiadx. 

Genera  :  Elysia,  Risso  (Fig.  62,  D,  E) ;  Acteonia,  Quatref. ; 
Cenia,  A.  and  H. ;  Limapontia,  Johnston;  Rhodope,  Koll. 

Further  Remarks  on  the  Opisthobranchia. — The 
Opisthobranchia  present  the  same  wide  range  of  su¬ 
perficial  appearance  as  do  the  Azygobranchiate  Strep- 
toneura,  forms  carrying  well-developed  spiral  shells 
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Fig.  56. — Three  views  of  Aplysia  sp.,  In  various  conditions  of 
expansion  and  retraction,  t,  anterior  cephalic  tentacles ;  C2,  poste¬ 
rior  cephalic  tentacles;  e,  eyes;/,  metapodium;  ep,  epipodium; 
g,  gill-plume  (ctenidium) ;  m,  mantle-flap  reflected  over  the  thin 
oval  shell ;  os,  s,  orifice  formed  by  the  unclosed  border  of  the  re¬ 
flected  mantle-skirt,  allowing  the  shell  to  show;  pe,  the  spermatic 
groove.  (After  Cuvier.) 

and  large  mantle-skirts  being  included  in  the  group, 
together  with  flattened  or  cylindrical  slug-like  forms. 
But  in  respect  of  the  substitution  of  other  parts  for  the 
mantle-skirt  and  for  the  gill  which  the  more  degene¬ 
rate  Opisthobranchia  exhibit,  this  Order  stands  alone. 
Some  Opisthobranchia  are  striking  examples  of  degene¬ 
ration  (some  Haplomorpha),  having  none  of  those  re¬ 
gions.  or  processes  of  the  body  developed  which  dis¬ 
tinguish  the  archaic  Mollusca  from  such  flat-worms  as 
the  Dendrocoel  Planarians.  Indeed,  were  it  not  for 
their  retention  of  the  characteristic  odontophore  we 
should  have  little  or  no  indication  that  such  forms  as 


Phyllirhoe  and  Limapontia  really  belong  to  the  Mol¬ 
lusca  at  all.  The  interesting  little  Rhodope  Veranyii, 


Fig.  57.— Dorsal  and  ventral  view  of  Pleurophyllidia  lineata 
)tto),  one  of  the  Phyliidiobranchiate  Palliate  Opisthobranchs. 
u,  the  mouth ;  l,  the  lamelliform-sub-pallial  gills,  which  (as  in  Pa¬ 
tella)  replace  the  typical  Molluscan  ctenidium.  (After  Kefer- 
stein.) 

which  has  no  odontophore,  has  been  associated  by  sys- 
tematists  both  with  these  simplified  Opisthobranchs 
and  with  Bhabdocoel  Planarians  (29). 

In  many  respects  the  Sea-Hare  (Aplysia),  of  which 
several  species  are  known  (some  occurring  on  the  Eng¬ 
lish  coast),  serves  as  a  convenient  example  of  the  fullest 
development  of  the  organization  characteristic  of 
Opisthobranchia.  The  woodcut  (Fig.  .56)  gives  a  faith¬ 
ful  representation  of  the  great  mobility  ot  the  various 
parts  of  the  body.  The  head  is  well  marked  and  joined 
to  the  body  by  a  somewhat  constricted  neck.  It  car¬ 
ries  two  pairs  of  cephalic  tentacles  and  a  pair  of  ses¬ 
sile  eyes.  The  visceral  hump  is  low  and  not  drawn  out 


Fig.  58  —  Phyllirhol  bucephala,  twice  the  natural  size,  a  transpa¬ 
rent  pisciform  pelagic  Opisthobraneh.  The  internal  organs  are 
shown  as  seen  by  transmitted  light,  a,  mouth ;  b,  radular  sac ;  c, 
oesophagus :  d,  stomach ;  c',  intestine ;  /',  anus ;  g,  g',  g",  g'",  the 
lour  lobes  of  the  liver;  h,  the  heart  (auricle  and  ventricle) ;  l.  the 
renal  sac  (nephridium) ;  l',  the  ciliated  communication  of  the 
renal  sac  with  the  pericardium ;  m,  the  external  opening  of  the 
renal  sac ;  n,  the  cerebral  ganglion ;  o,  the  cephalic  tentacles ;  /, 
the  genital  pore;  y,  the  ovo-testes;  w,  the  parasitic  hydromedusa 
Mnestra,  usually  found  attached  in  this  position  by  the  aboral 
pole  of  its  umbrella.  (After  Keferstein.) 

into  a  spire.  The  foot  is  long,  carrying  the  oblong  vis¬ 
ceral  mass  upon  it,  and  projecting  (as  metapodium)  a 
little  beyond  it  (/).  Laterally  the  foot  gives  rise  to  a 
pair  of  mobile  fleshy  lobes,  the  epipodia  [ep),  which 
can  be  thrown  up  so  as  to  cover  in  the  dorsal  surface 


Fig.  59.— Accra  tndlaia.  A  single  row  of  teeth  of  the  radula. 
(Formula,  x.l.x.) 


of  the  animal.  Such  epipodia  are  common,  though  by 
no  means  universal,  among  Opisthobranchia.  The 
torsion  of  the  visceral  hump  is  not  carried  out  very 
fully,  the  consequence  being  that  the  anus  has  a  pos¬ 
terior  position  a  little  to  the  right  of  the  median  line 
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above  the  metapodium,  whilst  the  branchial  chamber 
formed  by  the  overhanging  mantle-skirt  faces  the  right 
side  of  the  body  instead  of  lying  well  to  the  front  as 
in  Streptoneura  and  as  in  Pulmonate  Euthy- 


fig.  60.— A.  Veliger-larva  of  an  Opisthobranch  (Polycera).  f, 
foot ;  op,  operculum ;  m»,  anal  papilla ;  ry,  dry,  two  portions  of  un¬ 
absorbed  nutritive  yelk  on  either  side  the  intestine.  The  right  oto- 
cyst  is  seen  at  the  root  of  the  foot.  B.  Trochosphere  of  an  Opis¬ 
thobranch  (Pleurobranchidium)  showing :  shgr,  the  shell-gland 
or  primitive  shell-sac ;  v,  the  cilia  of  the  velum ;  ph,  the  commenc¬ 
ing  stomodseum  or  oral  invagination;  ot,  the  left  otocyst;  pg, 
red-colored  pigment  spot.  C.  Diblastula  of  an  Opisthobranch 
(Polycera)  with  elongated  blastopore  oi.  (All  from  Lankester.) 


chosphere  stage  of  development  (Fig.  68),  which  dis¬ 
appears  and  is  succeeded  by  a  nautiloid  shell  (Fig.  60). 


neura.  The  gill-plume  which  in  Aplysia  is  the 
typical  Molluscan  ctenidium  is  seen  in  Fig.  63  pro¬ 
jecting  from  the  branchial  sub-pallial  space. 
The  relation  of  the  delicate  shell  to  the  mantle  is  pe¬ 
culiar,  since  it  occupies  an  oval  area  upon  the  visceral 
hump,  the  extent  of  which  is 
indicated  in  Fig.  56,  C,  but 
may  be  better  understood  by  a 
glance  at  the  figures  of  the  al¬ 
lied  genus  Umbrella  (Figs.  54, 

55),  in  which  the  margin  of  the 
mantle-skirt  coincides,  just  as 
it  does  in  the  Limpet,  with  the 
margin  of  the  shell.  But  in 
Aplysia  the  mantle  is  reflected 
over  the  edge  of  the  shell,  and 
grows  over  its  upper  surface  so 
as  to  completely  inclose  it,  ex¬ 
cepting  at  the  small  central  area 
s  where  the  naked  shell  is  ex¬ 
posed.  This  inclosure  of  the 
shell  is  a  permanent  develop¬ 
ment  of  the  arrangement  seen 
in  many  Streptoneura  ( e.g ., 

Pyrula,  Ovulum,  see  Figs.  38 
and  41),  where  the  border  of 
the  mantle  can  be,  and  usually 
is,  drawn  over  the  shell,  though 

it  is  withdrawn  (as  it  cannot  _  _  ^ _ _ 

be  in  Aplysia)  when  they  are  one  of'the  Pygobranchiate 
irritated.  From  the  feet  that 

Aplysia  commences  its  life  as  a  idium  peculiarly  modi- 
free-swi m mi ng  Veliger  with.afled^^o jncirci^the 
nautiloid  shell  not  inclosed  in  External  to  the  branchial 
anv  way  by  the  border  of  the  ctenidium  are  seen  ten 

mantle,  it  is  clear  that  the  in- 161 

closure  of  the  shell  in  the  adult  “cerata”  which  are  char¬ 
ts  a  secondary  process  Accord- ^Sr^ub^dlroTopl" 
ingly,  the  shell  OI  Aplysiamustthbbremchs,  the  Ceratono- ! 
not  be  confounded  with  a  primi-  ta  (see  Fig.  62,  A).  (From 
tire  shell  in  its  shell-sac,  such  ^fCSock*'*" 
as  we  find  realized  in  the  shells 

of  Chiton  and  in  the  plugs  which  form  in  the  remark¬ 
able  transitory  “shell-sac”  or  “shell-gland”  of  Mollus¬ 
can  embryos  (see  Figs.  7,  68,  and  72***).  Aplysia,  like 
other  Mollusca,  develops  a  primitive  shell-sac  in  its  tro- 


Fig.  61 Polycera  cristaia. 


Fig.  62. 

A.  Eolis  papillosn  (Lin.),  dorsal  view,  a,  b,  posterior  and  an¬ 
terior  cephalic  tentacles ;  c,  the  dorsal  “  cerata  ”  (hence  Cerato- 
branchia). 

B.  Tethys  leporina,  dorsal  view,  a,  the  cephalic  hood ;  6,  ce¬ 
phalic  tentacles ;  c,  neck ;  d,  genital  pore ;  e,  anus ;  /,  large  cerata ; 
g,  smaller  cerata ;  h,  margin  of  the  foot. 

C.  Doris  (Actinocyclus)  tuberculatus  (Cuv.),  seen  from  the  pedal 
surface,  m,  mouth  ;  b,  margin  of  the  head ;  /,  sole  of  the  foot ;  sp, 
the  mantle-like  epipodium. 

D.  E.  Dorsal  and  lateral  view  of  E/ysia  (Actseon)  viridis.  ep, 
epipodial  outgrowths.  (After  Keferstein.) 

This  forms  the  nucleus  of  the  adult  shell,  and,  as  the 
animal  grows,  becomes  inclosed  by  a  reflection  of  the 


3 


Fig.  63.  —  Aplysia  leporina  (camelus,  Cuv.),  with  epipodia  and 
mantle  reflected  away  from  the  mid-line,  a,  anterior  cephalic 
tentacle ;  b,  posterior  do. ;  between  a  and  6,  the  eyes ;  c,  right 
epipodium;  d,  left  epipodium;  e,  hinder  part  of  visceral  hump; 
fp,  posterior  extremity  of  the  foot ;  /a,  anterior  part  of  the  foot 
underlying  the  head;  g,  the  ctenidium  (branchial  plume) ;  h,  the 
mantle-skirt  tightly  spread  over  the  horny  shell  and  pushed  with 
it  towards  the  left  side ;  i,  the  spermatic  groove ;  k,  the  common 
genital  pore  (male  and  female) ;  l.  orifice  of  the  grape-shaped 
(supposed  poisonous)  gland;  m,  the  osphradium  (olfactory  organ 
of  Spengel) ;  n,  outline  of  part  of  the  renal  sac  (nephridium)  below 
the  surface;  o,  external  aperture  of  the  nephridium;  p,  anus. 
(Original.) 
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mantle-skirt.  In  reference  to  the  possible  comparison 
of  the  inclosed  shell  of  Aplysia  and  its  allies  with 
those  of  some  Slugs  and  of  Cuttle-fishes,  the  reader 
is  referred  to  the  paragraphs  dealing  especially  with 
those  Molluscs.  When  the  shell  of  an  Aplysia  in¬ 
closed  in  its  mantle  is  pushed  well  to  the  left,  the  sub- 
pallial  space  is  fully  exposed  as  in  Fig.  63,  and  the  va¬ 
rious  apertures  of  the  body  are  seen.  Posteriorly  we 
have  the  anus,  in  front  of  this  the  lobate  gill-plume, 
between  the  two  (hence  corresponding  in  position  to 
that  of  the  Azygobrancliia)  we  have  the  aperture  of 
the  renal  organ.  In  front,  near  the  anterior  attach¬ 
ment  of  the  gill-plume,  is  the  osphradium  (olfactory 
organ)  discovered  by  Spengel,  yellowish  in  color,  in 
the  typical  position,  and 
overlying  an  olfactory  gan¬ 
glion  with  typical  nerve- 
connection  (see  Fig.  20). 

To  the  right  of  Spengel' s 
osphradium  is  the  opening 
of  a  peculiar  gland  which 
has,  when  dissected  out, 
the  form  of  a  bunch  of 
grapes  ;  its  secretion  is  said 
to  be  poisonous.  On  the 
under  side  of  the  free  edge 
of  the  mantle  are  situated 
the  numerous  small  cuta¬ 
neous  glands  which,  in  the 
large  Aplysia  camel  us  (not 
in  other  species),  form  the 
purple  secretion  which  was 
known  to  the  ancients.  In 
front  of  the  osphradium  is 
the  single  genital  pore,  the 
aperture  of  the  common 
or  hermaphrodite  duct. 

From  this  point  there 
stretches  forward  to  the 
right  side  of  the  head  a 
groove  —  the  spermatic 
groove  —  down  which  the 
spermatic  fluid  passes.  In 
other  Euthyneura  this 
groove  may  close  up  and 
form  a  canal.  At  its  ter¬ 
mination  by  the  side  of  the  head  is  the  muscular  intro¬ 
verted  penis.  In  the  hinder  part  of  the  foot  (not 
shown  in  any  of  the  diagrams),  is  the  opening 
of  a  large  mucus-forming  gland  very  often  found  in 
the  Molluscan  foot. 

With  regard  to  internal  organization  we  may  com¬ 
mence  with  the  disposition  of  the  renal  organ  (neph- 
ridium),  the  external  opening  of  which  lias  already 
been  noted.  The  position  of  this  opening  and  other 
features  of  the  renal  organ  have  been  determined  re¬ 
cently  by  Mr.  J.  T.  Cunningham,  Fellow  of  University 
College,  Oxford,  who  writes  as  follows  from  Naples, 
February,  1883: 


Fig.  64. — Gonad,  and  accesso¬ 
ry  glands  and  ducts  of  Aplysia. 
i,  ovo-testis;  A,  hermaphrodite 
duct ;  g,  album  iniparous 

fland;  /,  vesicula  semmalis; 
,  opening  of  the  albuminipa- 
rous  gland  into  the  herma¬ 
phrodite  duct;  e,  hermaphro¬ 
dite  duct  (uterine  portion);  b, 
vaginal  portion  of  the  uterine 
duct;  c,  spermatheca;  d,  its 
duct;  a,  genital  pore.  (Origi¬ 
nal.) 


“  There  is  considerable  uncertainty  with  respect  to  the 
names  of  the  species  of  Aplysia.  There  are  two  forms 
which  are  very  common  in  the  Gulf  of  Naples,  and  which 
I  have  used  in  studying  the  anatomy  of  the  renal  organ  in 
the  genus.  One  is  quite  black  in  color,  and  measures  when 
outstretched  eight  or  nine  inches  in  length.  The  other  is 
light  brown  and  somewhat  smaller,  its  length  usually  not 
exceeding  seven  inches.  The  first  is  flaccid  and  sluggish  in 
its  movements,  and  has  not  much  power  of  contraction ; 
its  epipodial  lobes  are  enormously  developed  and  extend  far 
forward  along  the  body ;  it  gives  out  when  handled  an 
abundance  of  purple  liquid,  which  is  derived  from  cuta¬ 
neous  glands  situated  on  the  under  side  of  the  free  edge 
of  the  mantle.  In  the  Zoological  Station  this  form  is  known 
as  Ap.  leporina  ;  but  according  to  Blochmann  it  is  identical 
with  A.  camelus  of  Cuvier.  The  other  species  is  A.  depilans  ; 
it  is  firm  to  the  toueh,  and  contracts  forcibly  when  irritated ; 
the  secretion  of  the  mantle-glands  is  not  abundant,  and  is 
milky  white  in  appearance.  The  kidney  has  similar  rela¬ 
tions  in  both  genera,  and  is  identical  with  the  organ  spoken 
of  by  many  authors  as  the  triangular  gland.  Its  superficial 
extent  is  seen  when  the  folds  covering  the  shell  are  cut 


away  and  the  shell  removed ;  the  external  surface  forms  a 
triangle  with  its  base  bordering  the  pericardium  and  its 
apex  directed  posteriorly  and  reaching  to  the  left-hand  pos¬ 
terior  corner  of  the  shell-chamber.  The  dorsal  surface  of 
the  kidney  extends  to  the  left  beyond  the  shell-chamber 
beneath  the  skin  in  the  space  between  the  shell-chamber 
and  the  left  epipodium. 

“When  the  animal  is  turned  on  its  left-hand  side  and  the 
mantle-chamber  widely  opened,  the  gill  being  turned  over 
to  the  left,  a  part  of  the  kidney  is  seen  beneath  the  skin 
between  the  attachment  of  the  gill  and  the  right  epipodium 
(Fig.  63).  On  examination  this  is  found  to  be  the  under 
surface  of  the  posterior  limb  of  the  gland,  the  upper  sur¬ 
face  of  which  has  just  been  described  as  lying  beneath  the 
shell.  In  the  posterior  third  of  this  portion,  close  to  that 
edge  which  is  adjacent  to  the  base  of  the  gill,  is  the  exter¬ 
nal  opening  (Fig.  63,  o). 

“  When  the  pericardium  is  cut  open  from  above  in  an  an¬ 
imal  otherwise  entire,  the  anterior  face  of  the  kidney  is 
seen  forming  the  posterior  wall  of  the  pericardial  chamber ; 
on  the  deep  edge  of  this  face,  a  little  to  the  left  of  the  at¬ 
tachment  of  the  auricle  to  the  floor  of  the  pericardium,  is 
seen  a  depression ;  this  depression  contains  the  opening 
from  the  pericardium  into  the  kidney. 

“  To  complete  the  account  of  the  relations  of  the  organ ; 
the  right  anterior  corner  can  be  seen  superficially  in  the 
wall  of  the  mantle-chamber  above  the  gill.  Thus  the  base 
of  the  gill  passes  in  a  slanting  direction  across  the  right- 
hand  side  of  the  kidney,  the  posterior  end  being  dorsal  to 
the  apex  of  the  gland,  and  the  anterior  end  ventral  to  the 
right-hand  corner. 

“  As  so  great  a  part  of  the  whole  surface  of  the  kidney 
lies  adjacent  to  external  surfaces  of  the  body,  the  remain¬ 
ing  part  which  faces  the  internal  organs  is  small ;  it  consists 
of  the  left  part  of  the  under  surface  ;  it  is  level  with  the 
floor  of  the  pericardium,  and  lies  over  the  globular  mass 
formed  by  the  liver  and  convoluted  intestine. 

“  Mere  dissection  does  not  give  sufficient  evidence  con¬ 
cerning  such  communications  as  these  of  the  kidney  in 
Aplysia.  I  studied  the  external  opening  by  taking  a  series 
of  sections  through  the  surrounding  region  of  the  gland; 
to  demonstrate  the  internal  aperture  injected  a  solution  of 
Berlin  blue  into  the  pericardium;  it  did  not  fill  the  whole 
kidney  easily,  but  ran  down  into  the  part  adjacent  to  the 
base  of  the  gill.” 

Thus  the  renal  organ  of  Anlysia  is  shown  to  con  - 
form  to  the  Molluscan  type.  The  heart  lying  within 
the  adjacent  pericardium  has  the  usual  form,  a  single 
auricle  and  ventricle.  The  vascular  system  is  not  ex¬ 
tensive,  the  arteries  soon  ending  in  the  well-marked 
spongy  tissue  which  builds  up  the  muscular  foot,  epi- 
podia,  and  dorsal  body- wall. 

The  alimentary  canal  commences  with  the  usual 
buccal  mass ;  the  lips  are  cartilaginous,  but  not  armed 
with  horny  jaws,  though  these  are  common  in  other 
Opisthobranchs ;  the  lingual  ribbon  is  multidenticu- 
late,  and  a  pair  of  salivary  glands  pour  in  their  secre¬ 
tion.  The  oesophagus  expands  into  a  curious  gizzard, 


Fig.  65. — Follicles  of  hermaphrodite  gonads  of  Euthyneurous 
Anisopleura. — A,  of  Helix;  B, of  Eolidia.  a,  ova;  b,  developing 
spermatozoids ;  c,  common  efferent  duct. 

which  is  armed  internally  with  large  horny  processes, 
some  broad  and  thick,  others  spinous,  fitted  to  act  ad 
crushing  instruments.  From  tnis  we  pass  to  a  stom¬ 
ach  and  a  coil  of  intestine  imbedded  in  the  lobes  of  a 
voluminous  liver  ;  a  caecum  of  large  size  is  given  off 
near  the  commencement  of  the  intestine.  The  liver 
opens  by  two  ducts  into  the  digestive  tract. 

The  generative  organs  lie  close  to  the  coil  of  intes- 
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tine  and  liver,  a  little  to  the  left  side.  When  dis¬ 
sected  out  they  appear  as  represented  in  Fig.  64.  The 
essential  reproductive  organ  or  gonad  consists  of  both 
ovarian  and  testicular  cells  (see  Fig.  65).  It  is  an  ovo- 
testis.  From  it  passes  a  common  or  hermaphrodite 
duct,  which  very  soon  becomes  intwined  in  the  spire 
of  a  gland— the  albuminiparous  gland.  The  latter 
opens  into  the  common  duct  at  the  point  x,  and  here 
also  is  a  small  diverticulum  of  the  duct  y.  Passing  on, 
we  find  not  far  from  the  genital  pore  a  glandular  spher¬ 
ical  body  (the  spermatheca  a)  opening  by  means  of  a 
longish  duct  into  the 
common  duct,  and  then 
we  reach  the  pore  (Fig. 

63,  k).  Here  the  female 
apparatus  terminates. 

But  when  the  male  se¬ 
cretion  of  the  ovo-testis 
is  active,  the  seminal 
fluid  passes  from  the 
genital  pore  along  the 
spermatic  groove  (Fig. 

63)  to  the  penis,  and  is 
by  the  aid  of  that  eversi- 
ble  muscular  organ  in¬ 
troduced  into  the  genital 
pore  of  a  second  Aplysia, 
whence  it  passes  into 
the  spermatheca,  there 
to  await  the  activity  of 
the  female  element  of 
the  ovo-testis  of  this  sec¬ 
ond  Aplysia.  After  an 
interval  of  some  days — 
possibly  weeks — the  ova 
of  the  second  Aplysia 
commence  to  descend  the 
hermaphrodite  duct ; 
they  become  inclosed  in 
a  viscid  secretion  at  the 
point  where  the  albumi¬ 
niparous  gland  opens  in¬ 
to  the  duct  intertwined  with  it ;  and  on  reaching  the 
point  where  the  spermathecal  duct  debouches  they  are 
impregnated  by  the  spermatozoa  which  escape  now 
from  the  spermatheca  and  meet  the  ova. 

The  development  of  Aplysia  from  the  egg  presents 
many  points  of  interest  from  the  point  of  view  of  com¬ 
parative  embryology,  but  in  relation  to  the  morphol¬ 
ogy  of  the  Opisthobranchia  it  is  sufficient  to  point  to 
the  occurrence  of  a  trochosphere  and  a  veliger  stage 
(Fig.  60),  and  of  a  shell-gland  or  primitive  shell-sac 
(Fig.  68,  shs),  which  is  succeeded  by  a  nautiloid  shell. 

The  nervous  system  of  Aplysia  will  be  found  on  com¬ 
parison  of  Fig.  20,  which  represents  it,  with  our 
schematic  Mollusc  (Fig.  1,  D)  to  present  but  little 
modification.  It  is  in  fact  a  nervous  system  in  which 
the  great  ganglion-pairs  are  well-developed  and  dis¬ 
tinct.  The  Euthyneurous  visceral  loop  is  long,  and  pre¬ 
sents  only  one  ganglion  (in  Aplysia  camelus ,  but  two  dis- 
tinctganglia  joined  to  one  another  in  Aplysia  hybrida  of 
the  English  coast),  placed  at  its  extreme  limit,  repre¬ 
senting  both  the  right  and  left  visceral  ganglia  and  the 
third  or  abdominal  ganglion,  which  are  so  often  sepa¬ 
rately  present.  The  diagram  (Fig.  20)  shows  the 
nerve  connecting  this  abdomino-visceral  ganglion  with 
the  olfactory  ganglion  of  Spengel.  It  is  also  seen  to  be 
connected  with  a  more  remote  ganglion — the  genital. 
Such  special  irregularities  in  the  development  of  gan¬ 
glia  upon  the  visceral  loop,  and  on  one  or  more  of  the 
main  nerves  connected  with  it,  are,  as.  the  figures  of 
Molluscan  nervous  systems  given  in  this  article  show, 
very  frequent.  Our  figure  of  the  nervous  system  of 
Aplysia  does  not  give  the  small  pair  of  buccal  ganglia 
which  are,  as  in  all  G-lossophorous  Molluscs,  present 
upon  the  nerves  passing  from  the  cerebral  region  to 
the  odontophore. 

For  a  comparison  of  various  Opisthobranchs,  Aplysia 


Fig.  66.— Enteric  canal  of  ~Eoli- 
diapapdllosa.  ph,  pharynx ;  m,  mid- 

rt,  with  its  hepatic  appendages 
.  all  of  which  are  not  figured ; 
e,  hind  gut ;  an,  anus.  (From 
Gegenbaur,  after  Alder  and 
Hancock.) 


will  be  found  to  present  a  convenient  starting-point. 
It  is  one  of  the  more  typical  Opisthobranchs,  that  is  to 

say,  it  Delongs  to 
the  section  Pal- 
liata,  but  other 
members  of  the 
Palliata,  namely, 
Bulla  and  Torna- 
tella  (Figs.  52  and 
53),  are  less  ab¬ 
normal  than  Aply¬ 
sia  in  regard  ■  to 
their  shells  and 
the  form  of  the 
visceral  hump. 
They  have  naked 
spirally- twisted 
shells  which  may 
be  concealed  from 
view  in  the  living 
animal  by  the  ex¬ 
pansion  and  reflec¬ 
tion  of  the  epi- 
podia,  but  are  not 
inclosed  by  the 
mantle,  whilst  Tor- 
natella  is  remark¬ 
able  amongst  all 
Euthyneura  for  possessing  an  operculum  like  that  of 
so  many  Streptoneura. 

The.  great  development  of  the  epipodia  seen  in 
Aplysia  is  usual  in  Palliate  Opisthobranchs ;  it  occurs 
also  in  Elysia  (Fig.  62,  D)  among  Non-Palliata;  in 
Doris  it  seems  probable  that  the  mantle-like  fold  over- 


Fig.  67.— Central  nervous  system  of  Fi¬ 
ona  (one  of  the  Ceratonotous  Opistho¬ 
branchs),  showing  a  tendency  to  fusion 
of  the  great  ganglia.  A,  cerebral,  pleu¬ 
ral,  and  visceral  ganglia  united ;  B,  pe¬ 
dal  ganglion;  C,  buccal  ganglion;  D, 
oesophageal  ganglion  connected  with 
the  buccal ;  a,  nerve  to  superior  cephalic 
tentacle ;  6,  nerves  to  inferior  cephalic 
tentacles  ;  c,  nerve  to  generative  organs ; 

pedal  nerve ;  e,  pedal  commissure ;  e', 
visceral  loop  or  commissure  (?).  (From 
Gegenbaur,  after  Bergh.) 


Fig.  68.— Young  veliger  larva  of  an  Opisthobranch  (Pleuro* 
branchidium).  m,  mouth ;  v,  ciliated  band  marking  off  the  velum ; 
ng,  cerebral  ganglion  developing  from  epiblast,  within  the  velar 
area ;  ot,  otocvst  also  developing  from  epiblast ;  /,  foot ;  i,  intes¬ 
tine  ;  ry,  residual  nutritive  yelk ;  shs,  primitive  shell-sac  or  shell- 
gland.  (From  Lankester.) 


hanging  the  foot  is  to  be  interpreted  as  epipodium,  the 
mantle-skirt  being  altogether  absent,  as  shown  by  the 
naked  position  of  the  gills  and  anus  on  the  dorsal  sur¬ 
face  (Figs.  61  and  62,  C).  The  whole  surface  of  the 
body  becomes  greatly  modified  in  those  Non-Palliate 
forms  which  have  lost,  not  only  the  mantle-skirt  and 
the  shell,  but  also  the  ctenidium.  Many  of  these 
(Ceratonota)  have  peculiar  processes  developed  on  the 
dorsal  surface  (Fig.  62,  A,  B),  or  retain  purely  nega¬ 
tive  characters  (Fig.  62,' D).  The  chief  modification 
of  internal  organization  presented  by  these  forms,  as 
compared  with  ApljTsia,  is  found  in  the  condition  of 
the  alimentary  canal.  The  liver  is  no  longer  a  compact 
organ  opening  by  a  pair  of  ducts  into  the  median  di¬ 
gestive  tract,  but  we  find  very  numerous  hepatic  di¬ 
verticula  on  a  shortened  axial  tract  (Fig.  66).  These 
diverticula  extend  usually  one  into  each  of  the  dorsal 
papillae  or  “cerata”  when  these  are  present.  They 
are  not  merely  digestive  glands,  but  are  sufficiently 
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wide  to  act  as  receptacles  of  food,  and  in  them  the  di¬ 
gestion  of  food  proceeds  just  as  in  the  axial  portion  of 
the  canal.  A  precisely  similar  modification  of  the  liver 
or  great  digestive  gland  is  found  in  the  Scorpions, 
where  the  axial  portion  of  the  digestive  canal  is  short 
and  straight,  and  the  lateral  ducts  sufficiently  wide  to 
admit  food  into  the  ramifications  of  the  gland  there  to 
be  digested  ;  whilst  in  the  Spiders  the  gland  is  reduced 
to  a  series  of  simple  caeca. 

The  typical  character  is  retained  by  the  heart,  peri¬ 
cardium,  and  the  communicating  nephridium  or  renal 
organ  in  all  Opisthobranchs.  An  interesting  example 
of  this  is  furnished  by  the  fish-like  transparent  Phyll- 
irhoe  (Fig.  58),  in  which  it  is  possible  most  satisfac¬ 
torily  to  study  in  the  living  animal,  by  means  of  the 
microscope,  the  course  of  the  blood-stream,  and  also 
the  reno-pericardial  communication.  With  reference 
to  the  existence  of  pores  placing  the  vascular  system 
in  open  communication  with  the  surrounding  water, 
see  the  paragraph  as  to  Mollusca  generally.  In  a 
form  closely  allied  to  Aplysia  (Pleurobranchus)  such  a 
pore  leading  outwards  from  the  branchial  vein  has  been 
precisely  described  by  Lacaze  Duthiers.  No  sufch  pore 
has  been  detected  in  Aplysia.  In  many  of  the  Non- 
Palliate  Opisthobranchs  the  nervous  system  presents 
a  concentration  of  the  ganglia  (Fig.  67),  contrasting 
greatly  with  what  we  have  seen  in  Aplysia.  Not  only 
are  the  pleural  ganglia  fused  to  the  cerebral,  but  also 
the  visceral  to  these  (.see  in  further  illustration  the 
condition  attained  by  the  Pulmonate  Limnseus,  Fig.  22), 
and  the  visceral  loop  is  astonishingly  short  and  insig¬ 
nificant  (Fig.  67,  e/).  That  the  parts  are  rightly  thus 
identified  is  probable  from  Spengel’s  observation  of  the 
osphradium  and  its  nerye-supplv  in  these  forms ;  the 
nerve  to  that  organ,  which  is  placed  somewhat  ante¬ 
riorly — on  the  dorsal  surface — being  given  off  from  the 
hinder  part  (visceral)  of  the  right  compound  ganglion — 
the  fellow  to  that  marked  A  in  Fig.  67.  The  Cerato- 
notous  Opisthobranchs,  amongst  other  specialties  of 
structure,  are  stated  to  possess  (in  some  cases  at  any 
rate)  apertures  at  the  apices  of  the  ‘  ‘  cerata  ’  ’  or  dorsal 
papillae,  which  lead  from  the  exterior  into  the  hepatic 
caeca.  This  requires  confirmation.  Some  amongst 
them  (Tergipes,  Eolis)  are  also  remarkable  for  possess¬ 
ing  peculiarly  modified  epidermic  cells  placed  in  sacs 
at  the  apices  of  these  same  papillae,  which  resemble 
the  “  thread-cells  ”  of  the  Planarian  Flatworms  and 
of  the  Coelentera.  The  existence  of  these  thread-cells 
is  sufficiently  remarkable,  seeing  that  the  Non-Palliate 
Opisthobranchs  resemble  in  general  form  and  habit 
the  Planarian  worms,  many  of  which  also  possess 
thread-cells.  But  it  is  not  conceivable  that  their  pres¬ 
ence  is  an  indication  of  genetic  affinity  between  the 
two  groups,  rather  they  are  instances  of  homoplasy. 
The  development  of  many  Opisthobranchia  has  been 
examined — e.g.,  Aplysia,  Pleurobranchidium,  Elysia, 
Polycera,  Doris,  Tergipes.  All  pass  through  tro- 
chosphere  and  veliger  stages,  and  in  all  a  nautiloid 
or  boat-like  shell  is  developed,  preceded  by  a  well- 
marked  “shell-gland”  (see  Figs.  60  and  68).  The 
transition  from  the  free-swimming  veliger  larva  with 
its  nautiloid  shell  (Fig.  60)  to  the  adult  form  has  not 
been  properly  observed,  and  many  interesting  points 
as  to  the  true  nature  of  folds  (whether  epipodia  or 
mantle  or  velum)  have  yet  to  be  cleared  up  by  a  knowl¬ 
edge  of  such  development  in  forms  like  Tethys,  Doris, 
Phyllidia,  etc.  As  in  other  Molluscan  groups,  we  find 
even  in  closely-allied  genera  (for  instance,  in  Aplysia 
and  Pleurobranchidium,  and  other  genera  observed  by 
Lankester)  the  greatest  differences  as  to  the  amount  of 
food-material  by  which  the  egg-shell  is  incumbered. 
Some  form  their  Diblaetula  by  emboly  (Fig. '7),  others 
by  epiboly  (Fig.  5) ;  and  in  the  later  history  of  the 
further  development  of  the  inclosed  cells  (arch-enteron) 
very  marked  variations  occur  in  closely-allied  forms, 
due  to  the  influence  of  a  greater  or  less  abundance  of 
food-material  mixed  with  the  protoplasm  of  the 
egg. 


Order  2  (of  the  Euthyneura). — Pulmonata. 

Characters.  — Euthyneurous  Anisopleurous  Gastro¬ 
poda,  probably  derived  from  ancestral  forms  similar  to 
the  Palliate  Opisthobranchia  by  adaptation  to  a  terres¬ 
trial  life.  The  ctenidium  is  atrophied,  and  the  edge 
of  the  mantle-skirt  is  fused  to  the  dorsal  integument 
by  concrescence,  except  at  one  point  which  forms  the 
aperture  of  the  mantle-chamber,  thus  converted  into  a 
nearly-closed  sac.  Air  is  admitted  to  this  sac  for 
respiratory  and  hydrostatic  purposes,  and  it  thus  be¬ 
comes  a  lung.  An  operculum  is  never  present;  a 
contrast  being  thus  afforded  with  the  operculate  Pul¬ 
monate  Streptoneura  (Cyclostoma,  etc.),  which  differ 
in  other  essential  features  of  structure  from  the  Pul¬ 
monata.  The  Pulmonata  are,  like  the  other  Euthy¬ 
neura,  hermaphrodite,  with  elaborately-developed  cop- 
ulatory  organs  and  accessory  glands.  Like  other 
Euthyneura,  they  have  very  numerous  small  denticles 
on  the  lingual  ribbon.  The  ancestral  Pulmonata  appear 
to  have  retained  both  the  right  and  the  left  osphradia 
(Spengel’s  olfactory  organs),  since  in  some  (Planorbis, 
Auricularia)  we  find  the  single  osphradium  to  be  that 
of  the  original  left  side,  whilst  in  others  (Limnaeus)  it 
is  that  of  the  original  right  side. 

In  some  Pulmonata  (Snails)  the  foot  is  extended  at 
right  angles  to  the  visceral  hump,  which  rises  from  it 
in  the  form  of  a  coil  as  in  Streptoneura ;  in  others  the 
visceral  hump  is  not  elevatea,  but  is  extended  with 
the  foot,  and  the  shell  is  small  or  absent  (Slugs). 

The  Pulmonata  are  divided  into  two  sub-orders,  according 
to  the  position  of  the  cephalic  eyes. 

Sub-order  1. — Basommatophora. 

Characters. — Eyes  placed  mediad  of  the  cephalic  tentacles 
at  their  base ;  the  embryonic  velar  area  retained  in  adult 
life  as  a  pair  of  cephalic  lobes  (Fig.  70,  v) ;  male  and  female 
generative  apertures  separate,  placed  (as  is  typical  in  Aniso- 
pleura)  on  the  right  side  of  the  neck ;  visceral  hump  well 
developed,  with  a  well-developed  shell :  aquatic  in  habit. 
Family  1. — Limnseidse. 

Genera:  Limnseus,  Lam.  (Figs.  3,  4,  etc.);  Chilinia,  Gray; 

Physa,  Draparn. ;  Ancylus,  Geoff. ;  Planorbis,  Miill.,  etc. 
Family  2. — Auricididse. 

Genera:  Auricula,  Lam.;  Conovulus,  Lam.;  PithareUa, 

Wood.,  etc. 

Sub-order  2. — Stylommatophora. 

Characters. — Eyes  placed  on  the  summit  of  two  hollow 
tentacles ;  visceral  hump  well  or  not  at  all  developed ;  shell 
large  and  coiled,  or  minute  or  absent ;  almost  exclusively 
terrestrial. 

Family  1. — Helicidse. 

Genera :  Helix,  L.  (Figs.  69,  A ;  72*) ;  Vitrina,  Draparn. ; 

Sucdnea,  Draparn. ;  Bulimus,  Scopoli ;  Achatina,  Lam. ; 

Pupa,  Lam.;  Clausilia,  Draparn.,  etc. 

Family  2. — Limaddse  (Slugs). 

Genera :  Limax,  L. ;  Indiana,  Benson ;  Arion,  Ferussac 

(Fig.  69,  D);  Parmacdla,  Cuvier;  Testacella,  Cuvier  (Fig. 

69,  C),  etc. 

Family  3. — Onddiadse. 

Genera:  Onddium,  Buchanan;  Peronia,  Blainv.  (Fig.  72); 

Vaginulus,  Ferussac,  etc. 

Further  Remarks  on  Pulmonata. — The  land-snails 
and  slugs  forming  the  group  Pulmonata  are  widely  dis¬ 
tinguished  from  a  small  set  of  terrestrial  Azygobran- 
chia,  the  Pneumonochlamyda  (see  above),  at  one  time 
associated  with  them  on  account  of  their  mantle-cham¬ 
ber  being  converted  as  in  Pulmonata,  into  a  lung,  and 
the  ctenidium  or  branchial  plume  aborted.  The  Pneu¬ 
monochlamyda  (represented  in  England  by  the  common 
genus  Cyclostoma)  have  a  twisted  visceral  nerve-loop, 
an  operculum  on  the  foot,  a  complex  rhipidoglossate  or 
tsenioglossate  radula,  and  are  of  distinct  sexes ;  they  are, 
in  fact,  Azygobranchiate  Streptoneura.  The  Pulmonata 
have  a  straight  visceral  nerve-loop,  never  an  operculum 
(even  in  the  embryo),  and  a  multidenticulate  radula,  the 
teeth  being  equi-formal ;  and  they  are  hermaphrodite. 
Some  Pulmonata  (Limnseus,  etc. )  live  in  fresh  waters 
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a, (hough  breathing  air.  The  remarkable  discovery  has 
been  made  that  in  deep  lakes  such  Limnaei  do  not 
breathe  air,  but  admit  water  to  the  lung-sac  and  live 


coiled  visceral  hump,  at  the  other  cylindrical  or  flat- 
fcened  Slugs  (see  Fig.  69).  Limpet- 
like  forms  are  also  found  (Fig.  71, 
Ancylus).  The  foot  is  always  simple, 
Mslll§lpl^  with  its  flat  crawling  surface  extend- 
ing  from  end  to  end,  but  in  the  enr- 
bryo  Limnaeus  (Fig.  4,  H)  it  shows  a 
bilobed  character,  which  leads  on  to 
„  71-  Ancylus  the  condition  characteristic  of  Ptero- 

flumatUis,  a  patelli-  j 
form  aquatic  Pul- 

monate.  lhe  adaptation  of  the  Pulmonata 

to  terrestrial  life  has  entailed  little 
modification  of  the  internal  organization.  The  vascu¬ 
lar  system  appears  to  be  more  complete  in  them  than 
in  other  Gastropoda,  fine  vessels  and  even  capillaries 
being  present  in  place  of  lacunse,  in  which  arteries  and 
veins  find  their  meeting-point.  The  subject  has  not, 
however,  been  investigated  by  the  proper  methods  of 
recent  histology,  and  our  knowledge  of  it,  as  of  the 


Fig.  72. — Peronia  Tongse,  a  littoral  Pulmonate,  found  on  the  shores 
of  the  Indian  and  Pacific  Oceans  (Mauritius,  Japan). 

vascular  system  of  Molluscs  generally,  is  most  unsatis¬ 
factory.  In  one  genus  (Planorbis)  the  plasma  of  the 
blood  is  colored  red  by  haemoglobin,  this  being  the  only 
g  instance  of  the  presence  of 

-rtfqsfiv  this  body  in  the  blood  of 

IW  Glossophorous  Mollusca, 

j  I  though  it  occurs  in  corpus- 

\  )£*.  Hes  *n  blood  of  the 

/  bivalves  Area  and  Solen 

O  _Y/  /  (Lankester,  31). 

The  generative  apparatus 
*^\  (Helix)  may 

I]  serve  as  an  example  of  the 

|  hermaphrodite  apparatus 

4  common  to  the  Pulmonata 

\  '1%  and  Hpisthobranchia  (Fig. 

\  Ifli  \  72*).  From  the  ovo-testis, 

\  \W  a  [if  which  lies  near  the  apex  of 

\  \i\  IK  the  visceral  coil,  a  common 

\  l\V  Wv  hermaphrodite  duct  w.epro- 

\|N\  ceeds,  which  receives  the 

/ ?'s  duct  of  the  compact  white 
glSlp'Vrd  albuminiparous  gland  E.  d. , 

y\  \  and  then  becomes  much  en- 

VA  larged,  the  additional  width 

being  due  to  the  develop- 
(l  "v\  ment  of  glandular  folds, 

which  are  regarded  as  form¬ 
ing  a  uterus  u.  Where 
these  folds  cease  the  com¬ 
mon  duct  splits  into  two 


Fig.  69.— A  series  of  Stylommatophorous  Pulmonata,  showing 
transitional  forms  between  snail  and  slug. 

A.  Helix  pomatia  (from  Keferstein). 

B.  Hdicophanta.  brempes  (from  Keferstein,  after  Pfeiffer). 

C.  Testaeella  haliotidea,  (from  Keferstein). 

D.  Arionater,  the  Great  Black  Slug  (from  Keferstein). 

a,  Shell  in  A,  B,  C,  shell-sac  (closed)  in  D  ;  b,  orifice  leading 
into  the  subpallial  chamber  (lung). 


at  the  bottom.  The  lung-sac  serves  undoubtedly  as 
a  hydrostatic  apparatus  in  the  aquatic  Pulmonata,  as 
well  as  assisting  respiration.  It  is  not  improbable  that 


Fto.  TIP —Tb’nTiHpbr''dit>'*  re¬ 
productive  apparatus  of  the  Gar-  portions,  a  male  and  a  fe- 

ovo-tfsfe!  (tSfhemrapTrodite  “ale-  The  male  duct  v.d 
duct;  E.d.,  albuminiparous  becomes  fleshy  and  muscu- 
gland;  «,  uterine  dilatation  of  ]ar  near  its  termination  at 
the  hermaphrodite  duct;  cf.digi-  ,,  • .  ,  ro¬ 

tate  accessory  glands  on  the  ?e-  the  genital  pore,  forming 
male  duct;  p.s.,  caiciferous  the  penis  r>.  Attached  to 
gland  or  dart-sac  on  the  female  :r  „  rlivortienlnm  in 

duct;  R.f,  spermatheca  or  re-  n . '.s  a  aivertlCUlum  Jl.,  in 

ceptacle  of  the  sperm  in  copu-  which  the  spermatozoa 
lation,  opening  into  the  female  which  have  descended  from 
duct  v.a,  male  duct  (vas  defer-  .  j  j 

ens) ;  p,  penis ;  fl.,  flagellum.  the  ovo-testis  are  stored  and 

modelled  into  sperm  ropes 
or  spermatophores.  The  female  portion  of  the  duct  is 
more  complex.  Soon  after  quitting  the  uterus  it  is 
joined  by  a  long  duct  leading  from  a  glandular  sac,  the 
spermatheca  (R.f).  In  this  duct  and  sac  the  sperma¬ 
tophores  received  in  copulation  from  another  snail  are 


Fig.  70.— A,  B,  C.  Three  views  of  Limnaeus  stagnolU,  in  order  to 
show  the  persistence  of  the  larval  velar  area  v,  as  the  circum-oral 
lobes  of  the  adult,  m,  mouth  ;  /,  foot ;  v,  velar  area,  the  margin 
v  corresponding  with  the  ciliated  band  which  demarcates  the 
velar  area  or  velum  of  the  embryo  Gastropod  (see  Fig.  4,  D,  E,  F, 
H,  I,  v).  (Original.) 


here,  and  in  other  air-breathing  animals,  the  hydro¬ 
static  function  was  the  primary  one,  and  the  respira¬ 
tory  a  later  development. 

The  same  general  range  of  body-form  is  shown  in 
Pulmonata  as  in  the  Natant  Azygobranchia  and  in  the 
Opisthobranchia;  at  one  extreme  we  have  Snails  with 
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lodged.  In  Helix  hortensis  the  spermatheca  is  simple. 
In  other  species  of  Helix  a  second  duct  (as  large  in 
Helix  aspersa  as  the  chief  one)  is  given  off  from  the 
spermathecal  duct,  and  in  the  natural  state  is  closely 
adherent  to  the  wall  of  the  uterus.  This  second  duct 
has  normally  no  spermathecal  gland  at  its  termination, 
which  is  simple  and  blunt.  But  in  rare  cases  in  Helix 
aspersa  a  second  spermatheca  is  found  at  the  end  of 
this  second  duct.  Tracing  the  widening  female  duct 
onwards  we  now  come  to  the  openings  of  the  digitate 
accessory  glands  d,  d,  which  probably  assist  in  the  for¬ 
mation  of  the  egg-capsule.  Close  to  them  is  the  re¬ 
markable  dart-sac  ps,  a  thick-walled  sac,  in  the  lumen 
of  which  a  crystalline  four-fluted  rod  or  dart  consisting 
of  carbonate  of  lime  is  found.  It  is  supposed  to  act  in 
some  way  as  a  stimulant  in  copulation,  but  possibly  has 
to  do  with  the  calcareous  covering  of  the  egg-capsule. 
Other  Pulmonata  exhibit  variations  of  secondary  im¬ 
portance  in  the  details  of  this  hermaphrodite  appa¬ 
ratus. 

The  nervous  system  of  Helix  is  not  favorable  as  an 
example  on  account  of  the  fusion  of  the  ganglia  to  form 
an  almost  uniform  ring  of  nervous  matter  around  the 
oesophagus.  The  Pond-Snail  (Limnaeus)  furnishes,  on 
the  other  hand,  a  very  beautiful  case  of  distinct  ganglia 
and  connecting  cords  (Fig.  22).  The  demonstration 
which  it  affords  of  the  extreme  shortening  of  the 
Euthyneurous  visceral  nerve-loop  is  most  instructive 
and  valuable  for  comparison  with  and  explanation  of 
the  condition  of  the  nervous  centres  in  Cephalopoda, 
as  also  of  some  Opisthobranchia.  The  figure  (Fig.  22) 
is  sufficiently  described  in  the  letter-press  attached  to 
it ;  the  pair  of  buccal  ganglia  joined  by  the  connectives 
to  the  cerebrals  are,  as  in  most  of  our  figures,  omit¬ 
ted.  Here  we  need  only  further  draw  attention  to  the 
osphradium,  discovered  by  Lacaze  Duthiers  (32),  and 
shown  Jby  Spengel  to  agree  in  its  innervation  with  that 
organ  in  all  other  Gastropoda.  On  account  of  the 
shortness  of  the  visceral  loop  and  the  proximity  of 
the  right  visceral  ganglion  to  the  oesophageal  nerve¬ 
ring,  the  nerve  to  the  osphradium  and  olfactory  gang¬ 
lion  is  very  long.  The  position  of  the  osphradium 
corresponds  more  or  less  closely  with  that  of  the  van¬ 
ished  right  ctenidium,  with  which  it  is  normally  asso¬ 
ciated.  In  Helix  and  Limax  the  osphradium  has  not 
been  described,  and  possibly  its  discovery  might  clear 
up  the  doubts  which  have  been  raised  as  to  the  nature 


Fig.  72**.— Comparative  diagrams  of  an  embryo  Slug,  Limax 
(left),  and  an  embryo  Cuttle-fish ,  Loligo  (right),  sh,  internal  shell; 
pk,  embryonic  renal  organ  (Stiebel’s  canal)  in  Limax;  mt,  edge  of 
the  mantle-flap  in  Loligo ;  op,  cephalic  eye ;  l,  cephalic  tentacle ; 
to,  position  of  the  mouth ;  Ft,  the  foot;  Fu,  the  hinder  part  of  the 
foot  drawn  out  to  form  the  funnel  of  Loligo ;  con,  the  contractile 
yelk-sac  or  hernia-like  protrusion  of  the  mid-region  of  the  foot, 
corresponding  to  the  line  of  closure  of  the  blastopore  in  Limnaeus. 
N.B. — The  blastopore  in  the  embryo  of  Loligo,  whicn,  like  that  of 
a  bird,  is  much  distorted  by  excess  of  food-yelk,  does  close  at  the 
extremity  of  the  yelk-sac  con.  (Original.) 


of  the  mantle-chamber  of  those  genera.  In  Planor- 
bis,  which  is  dexiotropic  (as  are  a  few  other  genera  or 
exceptional  varieties  of  various  Anisopleurous  Gastro¬ 
pods)  instead  of  being  leiotropic,  the  osphradium  is 
on  the  left  side,  and  receives  its  nerve  from  the  left 

visceral  ganglion,  the  whole  series  of  unilateral  organs  a,L^a  iOWJ5U1i,iug  uuc  tllc, 

being  reversed.  This  is,  as  might  be  expected,  what  is  be  merely  phases  fused  by  continuity  of  growth 


found  to  be  the  case  in  all  “reversed  ”  Gastropods.  It 
is  also  the  case  in  the  Pulmonate  Auricula,  which  is 
leiotropic. 

The  shell  of  the  Pulmonata,  though  always  light 
and  delicate,  is  in  many  cases  a  well-developed  spiral 
“  house,”  into  which  the  creature  can  withdraw  itself ; 
and,  although  the  foot  possesses  no  operculum,  yet  in 
Helix  the  aperture  of  the  shell  is  closed  in  the  winter  by 
a  complete  lid,  the  “  hybernaculum,  ’  ’  more  or  less  calca¬ 
reous  in  nature,  which  is  secreted  by  the  foot.  In  Claus- 
ilia  a  peculiar  modification  of  this  lid  exists  permanently 
in  the  adult,  attached  by  an  elastic  stalk  to  the  mouth  of 
the  shell,  and  known  as  the  “  clausilium.  ”  In  Lim¬ 
naeus  the  permanent  shell  is  preceded  in  the  embryo 
by  a  well-marked  shell-gland  or  primitive  shell-sac 
(Fig.  72***),  at  one  time  supposed  to  be  the  develop¬ 
ing  anus,  but  shown  by  Lankester  to  be  identical  with 
the  ‘  ‘  shell-gland  ’  ’  discovered  by  him  in  other  Mol- 
lusca  (Pisidium,  Pleurobranchidium,  Neritina,  etc.). 
As  in  other  Gastropoda  Anisopleura,  this  shell-sac  may 
abnormally  develop  a  plug  of  chitonous  matter,  but 
normally  it  flattens  out  and  disappears,  whilst  the  cap¬ 
like  rudiment  of  the  permanent  shell  is  shed  out  from 
the  dome-like  surface  of  the  visceral  hump,  in  the 
centre  of  which  the  shell-sac  existed  for  a  brief  period. 

In  Clausilia,  according  to  the  observations  of  Gegen- 
baur,  the  primitive  shell-sac  does  not  flatten  out  and 
disappear,  hut  takes  the  form  of  a  flattened  closed  sac. 
Wit!  lin  this  closed  sac  a  plate  of  calcareous  matter  is 
developed,  and  after  a  time  the  upper  wall  of  the  sac 
disappears,  and  the  calcareous  plate  continues  to  grow 
as  the  nucleus  of  the  permanent  shell.  In  the  slug 
Testacella  (Fig.  69,  C)  the  shell-plate  never  attains  a 
large  size,  though  naked.  In  other  slugs,  namely, 
Limax  and  Arion,  the  shell-sac  remains  permanently 
closed  over  the  shell-plate,  which  in  the  latter  genus 
consists  of  a  granular  mass  of  carbonate  of  lime.  The 
permanence  of  the  primitive  shell-sac  in  these  slugs  is 
a  point  of  considerable  interest.  It  is  clear  enough 
that  the  sac  is  of  a  different  origin  from  that  of  Aply- 
sia  (described  in  the  section  treating  of  Opisthobran¬ 
chia),  being  primitive  instead  of  secondary.  It  seems 
probable  that  it  is  identical  with  one  of  the  open  sacs 
in  which  each  shell-plate  of  a  Chiton  is  formed,  and 
the  series  of  plate-like  imbrications  which  are  placed 
behind  the  single  shell-sac  on  the  dorsum  of  the  cu¬ 
rious  slug,  Plectrophorus,  suggest  the  possibility  of  the 
formation  of  a  series  of  shell-sacs  on  the 
back  of  that  animal  similar  to  those  which 
we  find  in  Chiton.  Whether  the  closed 
op  primitive  shell-sac  of  the  slugs  (and  with 
it  the  transient  embryonic  shell-gland  of 
all  other  Mollusca)  is  precisely  the  same 
thing  as  the  closed  sac  in  which  the  calca¬ 
reous  pen  or  shell  of  the  Cephalopod 
Sepia  and  its  allies  is  formed,  is  a  further 
question,  which  we  shall  consider  when 
dealing  with  the  Cephalopoda.  It  is  im¬ 
portant  here  to  note  that  Clausilia  fur¬ 
nishes  us  with  an  exceptional  instance  of 
the  continuity  of  the  shell  or  secreted  pro¬ 
duct  of  the  primitive  shell-sac  with  the 
adult  shell.  In  most  other  Mollusca  (Anisopleurous 
Gastropods,  Pteropods,  and  Conchifera),  there  is  a 
want  of  such  continuity;  the  primitive  shell-sac 
contributes  no  factor  to  the  permanent  shell,  or 
only  a  very  minute  knob-like  particle  (Neritina 
and  Paludina).  It  flattens  out  and  disappears  be¬ 
fore  the  work  of  forming  the  permanent  snell  com¬ 
mences.  And  just  as  there  is  a  Freak  at  this  stage,  so 
(as  observed  by  Krohn  in  Marsenia  =  Echinospira) 
there  may  be  a  break  at  a  later  stage,  the  nautiloid 
shell  formed  on  the  larva  being  cast,  and  a  new  shell 
of  a  different  form  being  formed  afresh  on  the  surface 
of  the  visceral  hump.  It  is,  then,  in  this  sense  that 
we  may  speak  of  primary,  secondary,  and  tertiary 
shells  in  Mollusca,  recognizing  the  fact  that  they  may 
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to  form  but  one  shell,  or  that  in  other  cases  they  may 
be  presented  to  us  as  separate  individual  things,  in 
virtue  of  the  non-development  of  the  later  phases,  or 
in  virtue  of  sudden  changes  in  the  activity  of  the  man¬ 
tle-surface  causing  the  shedding  or  disappearance  of 
one  phase  of  shell-formation  before  a  later  one  is  en¬ 
tered  upon. 

The  development  of  the  aquatic  Pulmonata  from 
the  egg  offers  considerable  facilities  for  study,  and  that 
of  Limnaeus  has  been  elucidated  by  Lankester,  whilst 
Rabl  has  with  remarkable  skill  applied  the  method  of 
sections  to  the  study  of  the  minute  embryos  of  Plan- 
orbis.  The  chief  features  in  the  development  of  Lim- 
naeus  are  exhibited  in  the  wood-cuts  (Figs.  3,  4,  and 
72***).  There  is  not  a  very  large  amount  of  food- 
material  present  in  the  egg  of  this  snail,  and  accord¬ 
ingly  the  cells  resulting  from  division  are  not  so  un¬ 
equal  as  in  many  other  cases.  The  four  cells  first 
formed  are  of  equal  size,  and  then  four  smaller  cells 
are  formed  by  division  of  these  four  so  as  to  lie  at  one 
end  of  the  first  four  (the  pole  corresponding  to 
that  at  which  the  “directive  corpuscles”  do  are  ex¬ 
truded  and  remain).  The  smaller  cells  now  divide  and 
spread  over  the  four  larger  cells  (Fig.  3);  at  the  same 
time  a  space — the  cleavage  cavity  or  blastocoel — forms 


Fig.  72***.— Embryo  of  Limnseus  slagnalis,  at  a  stage  when  the 
Trochosphere  is  developing  foot  and  shell-gland  and  becoming  a 
Veliger,  seen  as  a  transparent  object  under  slight  pressure,  ph, 
pharynx  (stomodaeal  invagination) ;  v,  v,  the  ciliated  band  mark¬ 
ing  out  the  velum;  ng,  cerebral  nerve-ganglion;  re,  Stiebel’s 
canal  (left  side),  probably  an  evanescent  embryonic  nephridium ; 
sh,  the  primitive  shell-sac  or  shell-gland ;  pi,  the  rectal  peduncle 
or  pedicle  of  invagination,  its  attachment  to  the  ectoderm  is  co¬ 
incident  with  the  hindmost  extremity  of  the  elongated  blastopore 
of  Fig.  3,  C ;  tge,  mesoblastic  (skeleto-trophic  and  muscular)  cells 
investing  gs,  the  bilobed  arch-enteron  or  lateral  vesicles  of  in- 
vaginated  endoderm,  which  will  develop  into  liver ;  /,  the  foot. 
(Original.) 

in  the  centre  of  the  mulberry-like  mass.  Then  the 
large  cells  recommence  the  process  of  division  and  sink 
into  the  hollow  of  the  sphere,  leaving  an  elongated 

froove,  the  blastopore,  on  the  surface  (Fig.  3,  C,  and 
ig.  4,  Gr).  The  mvaginated  cells  (derived  from  the 
division  of  the  four  big  cells)  form  the  endoderm  or 
arch-enteron ;  the  outer  cells  are  the  ectoderm.  The 
blastopore  now  closes  along  the  middle  part  of  its 
course,  which  coincides  in  position  with  the  future 
“foot.”  One  end  of  the  blastopore  becomes  nearly 
closed,  and  an  ingrowth  of  ectoderm  takes  place  around 
it  to  form  the  stomodaeum  or  fore-gut  and  mouth.  The 
other  extreme  end  closes,  but  the  invaginated  endo¬ 
derm  cells  remain  in  continuity  with  this  extremity  of 
the  blastopore,  and  form  the  “rectal  peduncle”  or 
“pedicle  of  invagination”  of  Lankester  (see  also  the 
account  and  figures  (Fig.  151,  A)  of  the  development 
of  the  bivalve  Pisidium),  although  the  endoderm  cells 
retain  no  contact  with  the  middle  region  of  the  now 
closed-up  blastopore.  The  anal  opening  forms  at  a 


late  period  by  a  very  short  ingrowth  or  proctodaeum 
coinciding  with  the  blind  termination  of  the  rectal  pe¬ 
duncle  (Fig.  72^**,  pi). 

The  body-cavity  and  the  muscular,  fibrous,  and  vas¬ 
cular  tissues  are  traced  partly  to  two  symmetrically- 
disposed  “mesoblasts,”  which  bud  off  from  the  in¬ 
vaginated  arch-enteron,  partly  to  cells  derived  from 
the  ectoderm,  which  at  a  very  early  stage  is  connected 
by  long  processes  with  the  invaginated  endoderm,  as 
shown  in  Fig.  3,  D.  The  external  form  of  the  embryo 
goes  through  the  same  changes  as  in  other  Gastropods, 
and  is  not,  as  was  held  previously  to  Lankester  s  ob¬ 
servations,  exceptional.  When  the  middle  and  hinder 
regions  of  the  blastopore  are  closing  in,  an  equatorial 
ridge  of  ciliated  cells  is  formed,  converting  the  embryo 
into  a  typical  “Trochosphere”  (Fig.  4,  E,  F), 

The  foot  now  protrudes  below  the  mouth  (Fig.  4), 
and  the  post-oral  hemisphere  of  the  Trochosphere  grows 
more  rapidly  than  the  anterior  or  velar  area.  The 
young  foot  snows  a  bilobed  form  (Fig.  4,  D,  /).  Within 
the  velar  area  the  eyes  and  the  cephalic  tentacles  com¬ 
mence  to  rise  up  (Fig.  4,  D,  t),  and  on  the  surface  of 
the  post-oral  region  is  formed  a  cap-like  shell  and  an 
encircling  ridge,  which  gradually  increases  in  prom¬ 
inence  and  becomes  the  freely  depending  mantle-skirt. 
The  outline  of  the  velar  area  becomes  strongly  emar- 
ginated  and  can  be  traced  through  the  more  mature 
embryos  to  the  cephalic  lobes  or  labial  processes  of 
the  adult  Limnaeus  (Fig.  70).. 

This  permanence  of  the  distinction  of  the  part  known 
as  the  velar  area  through  embryonic  life  to  the  adult 
state  is  exceptional  among  Mollusca,  and  is  therefore 
a  point  of  especial  interest  in  Limnaeus.  None  of  the 
figures  of  adult  Limnaeus  in  recent  works  on  Zoology 
show  properly  the  form  of  the  head  and  these  velar 
lobes,  and  accordingly  the  figures  here  given  have  been 
specially  sketched  for  the  present  article.  The  increase 
of  the  visceral  dome,  its  spiral  twisting,  and  the  grad¬ 
ual  closure  of  the  space  overhung  by  the  mantle-skirt 
so  as  to  convert  it  into  a  lung-sac  with  a  small  contrac¬ 
tile  aperture,  belong  to  stages  in  the  development 
later  than  any  represented  in  our  figures. 

W  e  may  now  revert  briefly  to  the  internal  organi¬ 
zation  at  a  period  when  the  Trochosphere  is  begin¬ 
ning  to  show  a  prominent  foot  growing  out  from  the 
area  where  the  mid-region  of  the  elongated  blastopore 
was  situated,  and  having  therefore  at  one  end  of  it 
the  mouth  and  at  the  other  the  anus.  Fig.  72***  repre¬ 
sents  such  an  embryo  under  slight  compression  as  seen 
by  transmitted  light.  The  ciliated  band  of  the  left 
side  of  the  velar  area  is  indicated  by  a  line  extending 
from  v  tov;  the  foot  /is  seen  between  the  pharynx 
ph  and  the  pedicle  of  invagination  pi.  The  mass  of 
the  arch-enteron  or  invaginated  endodermal  sac  has 
taken  on  a  bilobed  form  (compare  Pisidium.  Fig.  151), 
and  its  cells  are  swollen  {gs  and  tge).  This  bilobed  sac 
becomes  entirely  the  liver  in  the  adult;  the  intestine 
and  stomach  are  formed  from  the  pedicle  of  invagina¬ 
tion,  whilst  the  pharynx,  oesophagus,  and  crop  form  from 
the  stomodaeal  invagination  ph.  To  the  right  (in  the 
figure)  of  the  rectal  peduncle  is  seen,  the  deeply  invag¬ 
inated  shell-gland  ss,  with  a  secretion  sh  protruding 
from  it.  The  shell-gland  is  destined  in  Limnaeus  to 
become  very  rapidly  stretched  out,  and  to  disappear. 
Farther  up,  within  the  velar  area,  the  rudiments  of 
the  cerebral  nerve-ganglion  ng  are  seen  separating.from 
the  ectoderm.  A  remarkable  cord  of  cells  having  a 
position  just  below  the  integument  occurs  on  each  side 
of  the  head.  In  the  figure  the  cord  of  the  left  side  is 
seen,  marked  re.  This  paired  organ  consists  of  a  string 
of  cells  which  are  perforated  by  a  duct.  The  opening 
of  the  duct  at  either  end  is  not  known.  Such  cannu- 
lated  cells  are  characteristic  of  the  nephridia  of  many 
worms,  and  it  is  held  that  the  organs  thus  formed  in 
the  embryo  Limnaeus  are  embryonic  nephridia.  The 
most  important  fact  about  them  is  that  they  disappear, 
and  are  in  no  way  connected  with  the  typical  nephrid¬ 
ium  of  the  adult.  In  reference  to  their  first  observer 
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they  are  conveniently  called  “  Stiebel’s  canals.”  Other 
Pulmonata  possess,  when  embryos,  Stiebel’s  canals  in 
a  more  fully  developed  state,  for  instance,  the  common 
slug  Limax  (Fig.  72**,  pic).  Here  too  they  disappear 
during  embryonic  life.  Further  knowledge  concerning 
them  is  greatly  needed.  It  is  not  clear  whether  there 
is  anything  equivalent  to  them  in  the  embryos  of  ma¬ 
rine  Gastropoda  or  other  Mollusca,  'the  ectodermal 
cells  called  ‘  ‘  embryonic  renal  organs  ’  ’  in  some  Gastro¬ 
pod  embryos  having  only  a  remote  resemblance  to  them. 
The  three  pairs  of  transient  embryonic  nephridia  of 
the  medicinal  leech,  the  ciliated  cephalic  pits  of  Ne- 
mertines,  and  the  anterior  nephridia  of  Gephyraeans, 
all  suggest  themselves  for  comparison  with  these  enig¬ 
matical  canals. 

Marine  Pulmonata. — Whilst  the  Pulmonata  are  es¬ 
sentially  a  terrestrial  and  fresh-water  group,  there  is 
one  genus  of  slug-like  Pulmonates  which  frequent  the 
sea-coast  (Peronia,  Fig.  72),  whilst  their  immediate 
congeners  (Onchidium)  are  found  in  marshes  of  brack¬ 
ish  water.  Semper  (33)  has  shown  that  these  slugs 
have,  in  addition  to  the  usual  pair  of  cephalic  eyes,  a 
number  of  eyes  developed  upon  the  dorsal  integument. 
These  dorsal  eyes  are  very  perfect  in  elaboration,  pos¬ 
sessing  lens,  retinal  nerve-end  cells,  retinal  pigment, 
and  optic  nerve.  Curiously  enough,  however,  they 
differ  from  the  cephalic  Molluscan  eye  (for  an  account 
of  which  see  Fig.  118)  in  the  fact  that,  as  in  the  verte¬ 
brate  eye,  the  filaments  of  the  optic  nerve  penetrate 
the  retina,  and  are  connected  with  the  surfaces  of  the 
nerve-end  cells  nearer  the  lens  instead  of  with  the  op¬ 
posite  end.  The  significance  of  this  arrangement  is 
not  known,  but  it  is  important  to  note,  as  shown  by 
Hensen,  Hickson,  and  others,  that  in  the  bivalves 
Pecten  and  Spondylus.  which  also  have  eyes  upon  the 
mantle  quite  distinct  from  typical  cephalic  eyes,  there 
is  the  same  relationship  as  in  Onchidiadae  of  the  optic 
nerve  to  the  retinal  cells  (Fig.  145).  In  both  Oncnid- 
iadae  and  Pecten  the  pallia!  eyes  have  probably  been 
developed  by  the  modification  of  tentacles,  such  as  co¬ 
exist  in  an  unmodified  form  with  the  eyes.  The  On- 
chidiadae  are,  according  to  Semper,  pursued  as  food 
by  the  leaping  fish  Periophthalmus,  and  the  dorsal 
eyes  are  of  especial  value  to  them  in  aiding  them  to 
escape  from  this  enemy. 


Class  II.— SCAPHOPODA. 

Characters. — Mollusca  Glossophora  with  the  FOOT 
adapted  to  a  burrowing  life  in  sand  (Figs.  73,  74,  /). 
The  body,  and  to  a  much  greater  extent  the  mantle- 
skirt  and  the  foot,  are  elongated  along  the  primitive 
antero-posterior  (oro-anal)  axis,  and  retain,  noth  ex¬ 
ternally  and  in  the  disposition  of  internal  organs,  the 
archi-Molluscan  bilateral  symmetry.  The  mar¬ 
gins  of  the  mantle-skirt  of  opposite  sides  (right  and 
left)  meet  below  the  foot  ana  fuse  by  concrescence  ; 
only  a  small  extent  in  front  and  a  small  extent  behind 
of  the  mantle-margin  is  left  unfused.  Thus  a  cylin¬ 
drical  FORM  is  attained  by  the  mantle,  and  on  its 
surface  a  tubular  shell  (incomplete  along  the  ventral 
line  in  the  youngest  stages)  is  secreted  (Fig.  73,  D). 
The  foot  is  greatly  elongated,  and  can  be  protruded 
from  the  anterior  mantle-aperture.  It  has  a  charac¬ 
teristic  clavate  form  (Fig.  74,  /). 

The  pair  of  typical  ctenidia  are  symmetrically  de¬ 
veloped  in  the  form  of  numerous  gill-filaments  (Fig. 
74,  A,  g )  placed  at  the  base  of  the  cylindrical  cephalic 
prominence  or  snout  (Fig.  74,  e).  A  pair  of  nephridia 
(Fig.  74,  l)  are  present,  opening  near  the  anus  (Fig. 
74,  k).  The  right  serves  as  a  general  duct,  the  left  is 
apparently  renal  in  function.  The  liver  (p)  is  large 
and  bilobed,  the  lobes  divided  into  parallel  lobules. 
The_  nerve-ganglia  are  present  (Fig.  74,  C)  as  well- 
marked  cerebral,  pleural,  pedal,  and  visceral  pairs,  the 
typical  pleural  pair  being  closely  joined  to  the  cerebral. 
The  visceral  loop  or  commissure  is  untwisted,  that  is 
to  say,  the  Scaphopoda  are  euthyneurous.  Heart 


Fig.  73.—Dentaliumvulgare,  Da  C.  (after  Lacaze  Duthiers).  A.  Ven¬ 
tral  view  of  the  animal  removed  from  its  shell.  B.  Dorsal  view 
of  the  same.  C.  Lateral  view  of  the  same.  D.  The  shell  in  sec¬ 
tion.  E.  Surface  view  of  the  shell  with  gill-tentacles  exserted  as 
in  life,  a,  mantle  ;  a',  longitudinal  muscle ;  a",  fringe  surround¬ 
ing  the  anterior  opening  of  the  mantle-chamber ;  a"',  the  poste¬ 
rior  appendix  of  the  mantle ;  b,  anterior  circular  muscle  of  the 
mantle ;  b’,  posterior  do. ;  c,  &,  longitudinal  muscle  of  mantle ; 
e,  liver ;  /,  gonad ;  k,  buccal  mass  (showing  through  the  mantle) ; 
o,  left  nephridium  ;  s',  club-shaped  extremity  of  the  foot;  w,  w’, 
longitudinal  blood-sinus  of  the  mantle. 


The  embryo  is  remarkable  for  developing  five  cili¬ 
ated  rings  posterior  to  the  ciliated  ring  and  tuft  char¬ 
acteristic  of  the  trochosphere  larval  condition  of  Mol- 


Fig.  74.— Diagrams  of  the  anatomy  of  Dentalium.  A.  The  ante¬ 
rior  portion  of  the  tubular  mantle  is  slit  open  along  the  median 
dorsal  line,  and  its  cut  margins  (a)  reflected  so  as  to  expose  the 
foot,  snout,  and  gills.  B.  Lateral  view  with  organs  showing  as 
though  by  transparency.  C.  Similar  lateral  view  to  show  the 
number  and  position  of  the  nerve-ganglia  and  cords,  a,  the  man¬ 
tle-skirt  ;  b,  anterior  free  margin  of  the  same ;  c,  hinder  extension 
of  the  mantle-skirt;  d,  the  appendix  of  the  mantle-skirt  sepa¬ 
rated  by  a  valve  from  the  peri-anal  portion  of  the  sub-pallial 
chamber,  h;  e,  the  snout  or  oral  process;  /,  the  foot;  g,  the  cten- 
idial  filaments;  h,  the  peri- anal  part  of  the  sub-pallial  chamber; 
i,  the  pen-oral  part  of  the  same  chamber;  k,  the  .anus;  l,  the  left 
nephridium ;  m,  the  mouth  surrounded  by  pinnate  tentacles  ;  n, 
the  buccal  mass  and  odontophore ;  o,  oesophagus ;  p,  the  left 
lobe  of  the  liver;  g.p,  pedal  ganglion-pair;  p.c, cerebral  ganglicn- 
pair  ;  g.pl,  pleural  ganglion-pair ;  g.v,  visceral  ganglion-pair.  Pos¬ 
sibly  further  research  will  show  that  g.pl  is  the  typical  visceral 
ganglion-pair,  and  that  g.v  is  a  pair  of  olfactory  ganglia  placed 
on  the  visceral  loop  as  in  the  Lipocephala  according  to  SpengeL 
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luscs  generally.  These  rings  are  comparable  to  those 
ot  the  larva  of  Pneumodermon  (Fig.  84).  and  like 
them  disappear. 

The  class  Scaphopoda  is  not  divisible  into  orders  or 
families.  It  contains  only  three  genera:  Dentalium, 
L/.  (rigs.  73,  74);  Siphonodentalium,  Sars.  ;  and  En- 
tahum,  Dfr.  They  inhabit  exclusively  the  sand  on  the 
sea-coast  in  depths  of  from  10  to  100  fathoms. 

It  is  worthy  of  remark  that  the  Scaphopoda  consti¬ 
tute  among  the  Glossophora  a  parallel  to  the  sand¬ 
boring  forms  so  common  among  the  Lipocephala  (such 
as  Solen  and  Mya).  This  parallelism  is  seen  in  the 
special  mode  of  elongation  of  the  body,  in  the  form 
ot  the  foot,  and  in  the  tubular  form  of  the  mantle 
brought  about  by  the  concrescence  of  its  ventral  mar¬ 
gins,  as  in  the  Lipocephala  mentioned.  The  cylindri¬ 
cal  shell  of  Dentalium  is  also  comparable  to  the  two 
semi-cyhndncal  valves  of  the  shell  of  Solen ;  or,  better, 
to  the  tubular  shell  of  Aspergillum  and  Teredo.  Nev¬ 
ertheless,  it  is  necessary  to  consider  the  Scaphopoda 
as  standing  far  apart  from  the  Lipocephala,  and  as 
having  no  special  genetic  but  only  a  homoplastic  rela¬ 
tionship  to  them,  in  consequence  of  their  possessing 
a  well-developed  odontophore,  the  characteristic  organ 
of  the  Glossophora  never  possessed  by  any  Lipoce¬ 
phala. 


Class  III.— CEPHALOPODA. 

Characters. — Mollusca  Glossophora  with  the  foot 
primarily  adapted  to  a  free-swimming  mode  of  life. 
The  archi-Molluscan  bilateral  symmetry  predomi- 


Fig.  75. — Diagrams  of  a  series  of  Molluscs  to  show  the  form  of 
the  foot  and  its  regions,  and  the  relation  of  the  visceral  hump  to 
the  antero-posterior  and  dorso-ventral  axes.  (1)  A  Chiton.  (2)  A 
Lamellibranch.  (3)  An  Anisopleurous  Gastropod.  (4)  A  Theco- 
somatous  Pteropod.  (5)  A  Gymnosomatous  Pteropod.  (6)  A  Si- 
phonopod  (Cuttle).  A,P,  antero-posterior  horizontal  axis;  D,V, 
dorso-ventral  vertical  axis  at  right  angles  to  A,P;  o,  mouth;  a, 
anus;  ms,  edge  of  the  mantle-skirt  or  flap;  sp,  sub-pallial  cham¬ 
ber  or  space;  ff,  forefoot;  mf,  midfoot;  hf,  hindfoot;  e,  cephalic 
eyes ;  cd,  centro-dorsal  point  (in  6  only). 

nates  both  in  the  external  and  internal  organs  gen¬ 
erally,  though  in  many  cases  (especially  the  smaller 
forms)  a  one-sided  displacement  of  primitively  median 
organs  and  a  suppression  of  one  of  the  primitively 
paired  organs  is  to  be  noted. 

An  anterior,  median,  and  posterior  region  of 
the  foot  can  be  distinguished  (Fig.  75,  (4),  (5),  (6) ), 
corresponding  to  but  probably  not  derived  from  the 
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pro-,  meso-,  and  meta-podium  of  Gastropoda.  The 
forefoot  invariably  has  the  head  merged  into  it,  and 
grows  up  on  each  side  (right  and  left)  of  that  part  so 
as  to  surround  the  mouth,  the  two  upgrowths  of  the 
forefoot  meeting  on  the  dorsal  aspect  of  the  snout,— 
whence  the  name  Cephalopoda.  In  the  more  typical 
forms  of  both  branches  of  the  class,  the  peri-oral  por¬ 
tion  of  the  foot  is  drawn  out  into  paired  arm-like  pro¬ 
cesses,  either  very  short  and  conical  (Clio,  Eurybia), 
or  lengthy  (Pneumodermon,  Octopus) ;  these  niay  be 
beset  with  suckers  or  hooks,  or  both.  The  midfoot 
(Iig.  75,  mf)  is  expanded  into  a  pair  of  muscular  lobes 
right  and  left,  which  either  are  used  for  striking  the 
water  like  the  wings  of  a  butterfly  (Pteropoda),  or  are 
bent  round  towards  one  another  so  that  their  free  mar¬ 
gins  meet  and  constitute  a  short  tube,— the  siphon  or 
funnel  (Siphonopoda).  The  hind  foot  is  either  very 
small  or  absent. 

A  distinctive  feature  of  the  Cephalopoda  is  the  ab¬ 
sence  of  anything  like  the  torsion  of  the  visceral 
mass  seen  in  the  Anisopleurous  Gastropoda,  although 
as  an  exception  this  torsion  occurs  in  one  family  (the 
Limacinidae). 

The  anus,  although  it  may  be  a  little  displaced  from 
the  median  line,  is  (except  in  Limacinidae)  approxi¬ 
mately  median  and  posterior.  The  mantle-skirt 
may  be  aborted  (Gymnosomatous  Pteropoda) ;  when 
present  it  is  deeply  produced  posteriorly,  forming  a 
large  sub-pallial  chamber  around  the  anus.  As  in  our 
schematic  Mollusc,  by  the  side  of  the  anus  are  placed 
the  single  or  paired  apertures  of  the  nephridia,  the 
GENITAL  APERTURES  (paired  only  in  Nautilus,  in 
female  Octopoda,  female  Ommastrephes,  and  male 
Eledone),  and  the  paired  ctenidia  (absent  in  all 
Pteropoda).  The  visceral  hump  or  dome  is  ele¬ 
vated,  and  may  be  very  much  elongated  (see  Fig. 
a  ,  (4),  (5),  (6))  in  a  direction  almost  at  right  an- 
_  gles  to  the  primary  horizontal  axis  (A,  Pm  Fig. 

P  75)  of  the  foot. 

_  jp  A  shell  is  frequently,  but  not  invariably. 
hj  secreted  on  the  visceral  hump  and  mantle-skirt  of 
Cephalopoda;  but  there  are  both  Pteropoda  and 
Siphonopoda  devoid  of  any  shell.  The  shell  is 
usually  light  in  substance  or  lightened  by  air  cham¬ 
bers  in  correlation  with  the  free-swimming  habits 
of  the  Cephalopoda.  It  may  be  external,  when 
it  is  box-like  or  boat-like,  or  internal,  when  it  is 
plate-like.  Very  numerous  minute  pigmented 
sacs  capable  of  expansion  and  contraction,  and 
known  as  chromatophores,  are  usually  present 
in  the  integument  in  both  branches  of  the  class. 
The  gonads  of  both  sexes  are  developed  in  one 
individual  in  some  Cephalopoda  (Pteropoda).  in 
others  the  sexes  are  separate. 

Sense-organs,  especially  the  cephalic  eyes  and 
the  otocysts,  are  very  highly  developed  in  the 
higher  Cephalopoda.  The  osphradia  have  the 
typical  form  and  position  in  the  lower  forms,  but 
appear  to  be  more  or  less  completely  replaced  by 
other  olfactory  organs  in  the  higher.  The  normal 
nerve-ganglia  are  present,  but  the  connectives 
are  shortened,  and  the  ganglia  concentrated  and 
fused  in  the  cephalic  region.  Large  special  ganglia 


Fig.  76. 

Fig.  76. — SpiricUis  bulimoides,  Soul., _ „  „„„ . . . c 

larged  (from  Owen).  C  C,  pteropodial  lobes  of  the  midfoot; 
operculum  carried  on  the  hind-  foot :  <7,  spiral  shell. 

Fig.  77. — Operculum  of  Spirialis  enlarged. 


one  of  the  Limacinidae  en- 
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(optic,  stellate,  and  supra-buccal)  are  developed  in  the 
higher  forms  (Siphonopoda). 

The  Cephalopoda  exhibit  a  greater  range  from  low 
to  high  organization  than  any  other  Molluscan  class, 
and  hence  they  are  difficult  to  characterize  in  regard  to 
several  groups  of  organs ;  but  they  are  definitely  held 
together  by  the 
existence  in  all  of 
the  encroachment 
of  the  fore-foot  so 
as  to  surround  the 
head,  and  by  the 
functionally  im¬ 
portant  BILOBA- 
TION  OP  THE  MID¬ 
FOOT. 

Two  very  dis¬ 
tinct  branches  of 
the  Cephalopoda 
are  to  be  recog¬ 
nized:  the  one,  the 
Pteropoda,  more 
archaic  in  the  con¬ 
dition  of  its  bi- 
lobed  mid-foot, in¬ 
cluding  a  number 
of  minute,  and  in 
all  probability  de¬ 
generate,  oceanic  Fig.  77 a.—Cymbulia  Peronii,  Cuvier  (from 

a„dmSo°b"ureli4ord  “ 

ganization;  the  other,  the  Siphonopoda,  contain¬ 
ing  the  Pearly  Nautilus  and  the  Cuttles,  which 
have  for  ages  (as  their 
fossil  remains  show) 
dominated  among  the 
inhabitants  of  the  sea, 
being  more,  highly 
gifted  in  special  sense, 
more  varied  in  move¬ 
ment,  more  powerful 
in  proportion  to  size, 
and  more  heavily 
equipped  with  destruc¬ 
tive  weapons  of  offence 
than  any  other  marine 
organisms. 

Branch  a.  — PTER  0- 
PODA. 

Characters.  — Ceph¬ 
alopoda  in  which  the 
mid-region  of  the  foot 
is  (as  compared  with 
the  Siphonopoda)  in 
its  more  primitive  con¬ 
dition,  being  relatively 
largely  developed  and 
drawn  out  into  a  pair 
of  wing-like  muscular 
lobes  (identical  with 
the  two  halves  of  the 
siphon  of  the  Siphon¬ 
opoda)  which  are  used 
as  paddles  (see  Figs. 

76-86).  The  hind- 
region  of  the  foot  is 
often  aborted,  but 
may  carry  an  opercu¬ 
lum  (Figs. .  76,  77). 

The  fore-region  of  the 
foot  (that  embracing  Fig.  78—  Styliola  aeieula,  Rang.  sp. 
the  head)  is  also  often  enlarged  (from  Owen).  C  c,  the 
wing-like  lobes  of  the  mid-foot;  d, 
rudimentary,  but  may  median  fold  of  same;  e,  copulatory 
be  drawn  out  into  one  organ ;  h,  pointed  extremity  of  the 
nr  morn  r>airs  nf  t™  shell ;  i,  anterior  margin  of  the  shell ; 

or  more  pairs  or  ten-  n  stomach.  0>  iiVer;  u  hermaphro- 
tacles,  simulating  ce-  dite  gonad. 


phalic  tentacles,  and  provided  with  suckers  (Figs.  84, 
85).  .  , 

Though  the  visceral  hump  is  not  twisted  except  in 
the  Limacinidae  (Fig.  76),  there  is  a  very  general  ten¬ 
dency  to  one-sided  development  of  the  viscera,  and 
of  their  external  apertures  (as  contrasted  with  Siph¬ 
onopoda.  )  The  ctenidia  are  aborted,  with  the  possible 
exception  of  the  processes  (Fig.  85,  c)  at  the  end  of 
the  body  of  Pneumodermon.  The  vascular  system 
resembles  that  of  the  Gastropoda.  The  nephridium 
is  a  single  tubular  body  corresponding  to  the  right 
nephridium  of  the  typical  pair  of  the  archi-Mollusc. 
The  anal  aperture  is  usually  placed  a  little  to  the 
left  of  the  median  line,  more  rarely  to  the  right.  In 
the  Limacinidae  it  has  an  exceptional  position,  owing 
to  the  torsion  of  the  visceral  mass,  as  in  Anisopleurous 
Gastropoda. 

Jaws  and  a  lingual  ribbon  are  present  as  in  typical 
Glossophora,  the  dentition  of  the  ribbon  and  the  num¬ 
ber  of  jaw-pieces  presenting  a  certain  range  of  varia¬ 
tion.  Sense-organs  are  present  in  the  form  of  cephalic 
eyes  in  very  few  forms  (Cavolinia,  C’lione,  and  in  an 
undescribed  form  discovered  by  Suhm  during  the 
“Challenger”  Expedition);  otocysts  are  universally 
present.  The  osphradia  are  present  in  typical  form, 
although  the  ctenidia  are  aborted  ;  only  one  osphra- 
dium  (the  right  of  the  typical  pair)  is  present  (Fig.  87). 
The  gonads  are  both  male  and  female  in  the  same 
individual.  The  genital  aperture  is  single.  Copula¬ 
tory  organs,  often  of  considerable  size,  are  present 
(Fig.  86,  z). 

The  mantle  skirt  is  present  in  one  division  of  the 
Pteropoda  (Thecosomata),  and  in  these  an  extensive 
sub-pallial  chamber  is  developed,  the  walls  of  which 
in  the  absence  of  ctenidia  have  a  branchial  func¬ 
tion.  In  a  second  division  (Gymnosomata),  which 
comprises  forms  highly  developed  in  regard  to  the 
processes  of  the  fore-foot,  the  mantle-skirt  is  aborted. 
A  shell  is  developed  on  the  surface  of  the  visceral 
hump  and  mantle  skirt  of  the  Thecosomata,  whilst 
in  the  Gymnosomata,  which  have  no  mantle-skirt, 
there  is  in  the  adult  animal  no  shell.  The  embryo 
passes  through  a  trochosphere  and  a  veliger  stage 
(Fig.  81),  provided  with  boat-like  shell,  except  in 
some  Gymnosomata  in  which  the  Trochosphere  with 
its  single  velar  ciliated  band  becomes  metamorphosed 
into  a  larva  which  has  three  additional  ciliated  bands 
but  no  velum  (resembling  the  larva  of  the  Scaphopod 
Dentalium) ;  this  banded  larva  does  not  form  a  larval 
shell  (Fig.  84). 

The  Pteropoda  are  divided  into  two  orders. 


Order  1.— Thecosomata. 

Characters. — Pteropoda  provided  with  a  mantle- 
skirt,  and  with  a  delicate  hyaline  shell  developed  on 
the  surface  of  the  visceral  hump  and  mantle-skirt ;  vis¬ 
ceral  hump,  and  consequently  the  shell,  spirally  twisted 
in  one  family,  the  Limacinidae  ;  shell  often  with  con¬ 
tracted  mouth  and  dilated  body,  its  walls  sometimes 
drawn  out  into  spine-like  processes,  which  are  covered 
by  reflections  of  the  free  margin  of  the  mantle  (Cavo¬ 
linia,  Figs.  79,  80). 

Family  1. — Oymbuliidse. 

Genera  :  Tiedemannia,  Ckj. ;  Halopsyche,  Theceurybia  (Figs. 
82,  83),  Oymbulia,  P.  and  L.  (Fig.  77a). 

Family  2. — Conulariidse  (fossil). 

Genus :  Conularia,  Mill. 

Family  3. — Tentaculitidee  (fossil). 

Genera :  Tentaculites,  Schlth. ;  Cormdites,  Schlth. ;  Coleo- 
prion,  Sandb. 

Family  4. — Hyaleidse. 

Genera :  Triptera,  Q.  and  G. ;  Styliola,  Les.  (Fig.  78) ;  Bal- 
antium,  Lch. ;  Vaginella ,  Dand. ;  Cleodora,  P.  and  L. ;  Dra¬ 
ma,  Gr. ;  Pleuropm,  Escb. ;  Cavolinia,  Gioni.  (Figs.  79, 
80,  81). 
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Family  5. — Thecidx. 

Genera :  Theca,  Low  ;  Pierotheca,  Salt. 


their  free  borders  recurved  towards  the  middle  line, 
where  they  are  either  held  in  apposition  (Tetrabran- 


Fig.79.  Fig.  80. 

Fig.  79.— Cavolinia  tridentata,  Forsk.,  from  the  Mediterranean, 
magnified  two  diameters  (from  Owen),  a,  mouth;  b,  pair  of 
cephalic  tentacles;  C,  C,  pteropodial  lobes  of  the  midfoot;  d, 
median  web  connecting  these  ;  e,  e,  processes  of  the  mantle-skirt 
reflected  over  the  surface  of  the  shell ;  g,  the  shell  inclosing  the 
visceral  hump ;  h,  the  median  spine  of  the  shell. 

Fig.  80. — Shell  of  Cavolinia  tridentata,  seen  from  the  side,  f,  pos- 
tero-dorsal  surface ;  g,  antero-ventral  surface  ;  h,  median  dorsal 
spine ;  i,  mouth  of  the  shell. 


family  6. — Limacinidx. 

Genera :  Eccyliomphalas,  Porti. ;  Heterofusus,  Fig. ;  Spinalis, 
E.  S.  (Fig.  76) ;  Limacina,  Cuv. 

Order  2.—  Gymnosomata. 


Fig.  81. — Embryo  of  Cavolinia  tridentata  (from  Balfour,  after 
Fol.).  a,  anus;  f  median  portion  of  the  foot;  pn,  pteropodial 
lobe  of  the  foot ;  h,  heart ;  i,  intestine ;  ot,  otocyst ;  q,  shell ;  r, 
nephridium ;  s,  oesophagus ;  <x,  sac  containing  nutritive  yelk ;  mb, 
mantle-skirt ;  me,  sub-pallial  chamber ;  in,  contractile  sinus. 


Characters. — Pteropoda  devoid  of  mantle-skirt  and 


Fig.  83.— Shell 
of  Theceurybia 
norfolkensis ;  the 
lower  figure 
shows  the  nat¬ 
ural  size. 


Fig.  82.— Theceurybia  Gaudichaudii,  Soul,  (from  Owen).  Much 
enlarged ;  the  body-wall  removed,  a,  the  mouth ;  c,  the  pteropo¬ 
dial  lobes  of  the  foot ;  /,  the  centrally-placed  hindfoot ;  d,l,e, 
three  pairs  of  tentacle-like  processes  placed  at  the  sides  of  the 
mouth,  and  developed  (in  all  probability)  from  the  forefoot ;  o', 
anus ;  y,  genital  pore ;  k,  retractor  muscles ;  o  and  p,  the  liver ;  w, 
v,  w,  genitalia. 

shell ;  tentacular  processes  of  the  forefoot  well  devel¬ 
oped  and  provided  with  suckers. 

Family  1. — Pterocymodoceidx. 

Genus:  Pterocymodoce,  Kef. 

Family  2. — Clionidx. 

Genera :  Cliodita,  Q.  and  G. ;  Clionopsis,  Trosch. ;  Clione, 
Pall.  (Fig.  86). 

Family  3.  — Pneumodermidx. 

Genera:  Trichocyclus,  Esch. ;  Spongobranchia,  d’Orb.;  Pneu- 
modermopsis,  Kef. ;  Pneumodermon,  Cuv.  (Fig.  85). 


Branch  b.— SIPHONOPODA. 

Cephalopoda  in  which  the  two  primarily  divergent 
right  and  left  lobes  of  the  mid-region  of  the  foot  have 


chiata),  or  fused  with  one  another  to  form  a  complete 
cylinder  open  at  each  end  (Dibranchiata).  This  fis¬ 
sured  or  completely  closed  tube  is  the  siphon  (Fig.  75, 
(6)  mf)  characteristic  of  the  Siphonopocla,  and  is  used 
to  guide  the  stream  of  water  expelled  by  the  contrac¬ 
tions  of  the  walls  of  the  branchial  chamber.  The  pal- 
lial  skirt  is  accordingly  welldeveloped  and  muscular, 
subserving  by  its  contractions  not  only  respiration  but 
locomotion.  The  visceral  hump  is  never  twisted,  and 
accordingly  the  main  development  of  the  pallial  skirt 
and  chamber  is  posterior,  the  excretory  apertures, 
anus,  and  gills  having  a  posterior  position,  as  in  the 
archi-Mollusc.  At  the  same  time  the  visceral  hump 
is  usually  much  elongated  in  a  direction  corresponding 
to  an  oblique  line  between  the  vertical  dorso-ventral 


Fig.  84.— Larvae  of  Pneumodermon  (from  Balfour,  after  Gegen- 
baur).  The  prae-oral  ciliated  band  of  the  trochosphere  stage 
(velum)  has  atrophied.  In  A  three  post-oral  circlets  of  cilia  are 
present.  The  otocysts  are  seen,  and  the  rudiments  of  a  pair  of 

Erocesses  growing  from  the  head.  In  B  the  foremost  ciliated  ring 
as  disappeared ;  the  cephalic  region  is  greatly  developed,  and, 
as  compared  with  the  adult  (Fig.  85),  is  large  and  free;  the  pair 
of  hook-bearing  processes  on  each  side  of  the  mouth  are  retractile, 
probably  part  of  the  forefoot.  At  the  base  of  the  cephalic  snout 
are  seen  the  pair  of  arm-like  processes  (forefoot)  provided  with 
suckers,  and  behind  these  the  broad  pteropodial  lobes  or  wing¬ 
like  fins  of  the  midfoot. 

Fig.  85 .—Pneumodermon  violaceum,  d’Orb. ;  magnified  five  diam¬ 
eters.  a,  the  sucker-bearing  arms ;  b,  the  fins  of  the  midfoot  (in 
the  middle  line,  between  these,  is  seen  the  sucker-like  median 
portion  of  the  foot,  by  means  of  which  the  animal  can  crawl  as  a 
Gastropod) ;  c,  the  four  branchial  processes.  (After  Keferstein.) 
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and  the  horizontal  antero-posterior  axes  (see  Pier.  75, 

(6)). 

The  forepart  of  the  foot  which  surrounds  the 
mouth,  as  in  all  Cephalopoda,  is  drawn  out  into  four  or 
five  pairs  of  lobes,  sometimes  short,  but  usually  elon¬ 
gated  and  even  filiform.  These  lobes  either  carry  pe¬ 
culiar  sheathed  tentacles  (Nautilus),  or,  on  the  other 
hand,  acetabuliform  suckers,  which  may  be  associated 
with  claw-like  hooks  (Dibranchiata).  The  hindfoot 
is  probably  represented  by  the  valve  which  depends 
from  the  inner  wall 
of  the  siphon  in 
many  cases. 

A  shell  (Figs.  89, 

100)  is  very  gener¬ 
ally  present,  afford¬ 
ing  protection  to 
the  visceral  mass 
and  attachment  for 
muscles.  It  may 
be  external  or  in¬ 
closed  in  dorsal  up-  _  . 

pm wincr  fnlrla  nPflio  Fig.  86. — Chone  borealis,  L.;  magnified 
^  °  i  •  i  ,  two  diameters, — postero-ventral  aspect,  a, 

mantle,  which  (ex- the  cephalic  region  carrying  a'— three  pairs 
pent  in  Snirnla'l  of  cephalic  cones  provided  each  with  very 
i  "  jp  i  ‘/numerous  minute  sucker-like  processes, 

Close  up  at  an  earl}'  and  surrounded  by  a  hood-like  upgrowth, 
period  of  develop-  — an(i  &  the  more  elongated  tentacles  (the 
„„  p.  '  retractile  eye-tentacles  are  notseen,  being 
ment,  SO  as  to  torm  placed  dorsally);  c,  the  pteropodial  fins; 
a  shut  sac  in  which  d,  the  median  portion  of  the  foot;  o,  the 
the  shell  Usecreted.  penls'  <rre“ 

1  ne  ctenidia  are 

well  developed  as  paired  gill-plumes,  servin 
efficient  branchial  organs  (Figs.  101,  103,  am 

The  vascular  system  is  very  highly  developed  ;  the 
heart  consists  of  a  pair 
of  auricles  and  a  ven¬ 
tricle  (Figs.  104,  105). 

Branchial  hearts  are 
formed  on  the  advehent 
vessels  of  the  branchiae. 

It  is  not  known  to  what 
extent  the  minute  sub¬ 
division  of  the  arteries 
extends,  or  whether  there 
is  a  true  capillary  sys¬ 
tem. 

The  pericardium  is  ex¬ 
tended  so  as  to  form  a 
very  large  sac  passing 
among  t  he  viscera  dorsal- 
wards  and  sometimes 
containing  the  ovary  or  nerve-cen7res  & 


individuals.  The  genital  aperture  and  duct  is  some¬ 
times  single,  when  it  is  the  left ;  sometimes  the  tvr>i- 
cal  pair  is  developed  right  and  left  of  the  anus.  The 


as  the 
Fig.  2, 


irged  diagram  of  the 
of  Pneumodermon 


VlSCero-peri-  (from  Spengel,  after  Souleyet). 


testis — the 
cardial 

to  ^ _  j _  _  _ 

directly  or  through  the  ceral  ganglion ;  Vis.L.,  left  visceral 
Tipnl-mrlm  Tt  Ha  a  „„  ganglion ;  cpe,  right  cerebro-pedal 
nepiiriuia.  it  nas  no  connective;  epl,  right  cerebro-pleu- 

connection  With  thevas-ral  connective;  Osp.,  osph radium 
cjJar  system.  The  neph-  3 eL $o"e  ,he 

ndia  are  always  paired 

sacs,  the  walls  of  which  invest  the  branchial  advehent 
vessels  (Figs.  104,  108).  They  open  each  by  a  pore 
into  the  viscero-pericardial  sac  except  in  Nautilus.  The 
anal  aperture  is  median  and  raised  on  a  papilla.  Jaws 
(Fig.  88,  e)  and  a  lingual  ribbon  (Fig.  107)  are  well  de¬ 
veloped.  The  jaws  have  the  form  of  a  pair  of  power¬ 
ful  beaks,  either  horny  or  calcified  (Nautilus),  and  are 
capable  of  inflicting  severe  wounds. 

Sense-organs  are  highly  developed  ;  the  eye  exhibits 
a  very  special  elaboration  of  structure  in  the  Dibran¬ 
chiata,  and  a  remarkable  archaic  form  in  the  Nautilus. 
Otocysts  are  present  in  all.  The  typical  osphradium 
is  not  present,  except  in  Nautilus,  but  other  organs  are 
present  in  the  cephalic  region,  to  which  an  olfactory 
function  is  ascribed  both  in  Nautilus  and  in  the  other 
Siphonopoda. 

The  gonads  are  always  separated  in  male  and  female 


Fig.  88.— Male  (upper)  and  female  (lower)  specimens  of  Nautilus 
pompilius  as  seen  in  the  expanded  condition,  the  observer  looking 
down  on  to  the  buccal  cone  e;  one-third  the  natural  size  linear. 
The  drawings  have  been  made  from  actual  specimens  by  A.  G. 
Bourne,  B.Sc.,  and  serve  to  show  the  natural  disposition  "of  the 
tentacuiiferous  lobes  and  tentacles  of  the  circum-oral  portion  of 
the  foot  in  the  living  state,  as  well  as  the  great  differences 
between  the  two  sexes,  a,  the  shell ;  b,  the  outer  ring-like  ex¬ 
pansion  (annular  lobe)  of  the  circum-oral  muscular  mass  of 
the  forefoot,  carrying  nineteen  tentacles  on  each  side— pos- 


figure ;  |  _ 

foot,  each  carrying  twelve  tentacles  in  the  female,  in  the  male 
subdivided  into  p,  the  “  spadix  ”  or  hectocotylus  on  the  left  side, 
and  q,  the  “anti-spadix,”  a  group  of  four  tentacles  on  the  right 
side,— it  is  thus  seen  that  the  subdivided  right  and  left  inner 
lobes  of  the  male  correspond  to  the  undivided  right  and  left 
inner  lobes  of  the  female ;  d,  the  inner  inferior  lobe  of  the  fore¬ 
foot,  a  bilateral  structure  in  the  female  carrying  two  groups,  each 
of  fourteen  tentacles,  separated  from  one  another  by  a  lamellated 
organ  n,  supposed  to  be  olfactory  in  function— in  the  male  the 
inner  inferior  lobe  of  the  forefoot  is  very  much  reduced,  and  has 
the  form  of  a  paired  group  of  lamellae  (d  in  the  upper  figure) ;  e, 
the  buccal  cone,  rising  from  the  centre  of  the  three  inner  lobes, 
and  fringing  the  protruded  calcareous  beaks  or  jaws  with  a  series 
of  minute  papillae ;  /,  the  tentacles  of  the  outer  circum-oral  lobe 
or  annular  lobe  of  the  forefoot  projecting  from  their  sheaths ;  g, 
the  two  most  posterior  tentacles  of  this  series  belonging  to  that 
part  of  the  annular  lobe  which  forms  the  hood  (to  in  Pdgs.  90  and 
91) ;  i,  superior  ophthalmic  tentacle ;  k,  inferior  ophthalmic  ten¬ 
tacle  ;  1,  eye ;  to,  paired  laminated  organ  on  each  side  of  the  base 
of  the  inner  inferior  lobe  (d)  of  the  female,  probably  olfactory  in 
function;  n,  olfactory  lamellae  upon  the  inner  inferior  lobe"  (in 
the  female) ;  o,  the  siphon  (mid-foot) ;  p.  the  spadix  (in  the  male), 
the  hectocotylized  portion  of  the  left  inner  lobe  of  the  forefoot 
representing  four  modified  tentacles,  eight  being  left  unmodified ; 
g,  the  anti-spadix  (in  the  male),  being  four  of  the  twelve  tentacles 
of  the  right  inner  lobe  of  the  forefoot  isolated  from  the  remain- 
mg  eight,  and  representing  on  the  right  side  the  differentiated 
spadix  of  the  left  side.  The  four  tentacles  of  the  anti-spadix  are 
set,  three  on  one  base  and  one  on  a  separate  base. 

There  are  thus  in  the  female,  where  they  are  most  numerous, 
u'uety-fmir  tentacles,  thirty-eight  on  the  outer  annular  lobe,  four 
ophthalmic  (a  pair  to  each  eye),  twelve  on  each  of  the  right  and 
left  inner  lobes,  and  twenty-eight  on  the  inner  inferior  lobe. 

males  of  nearly  all  Siphonopoda  have  been  shown  to 
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be  characterized  by  a  peculiar  modification  of  the  arm¬ 
like  processes  or  lobes  of  the  forefoot,  connected  with 
the  copulative  function.  The  term  hectocotylization 


v 

Fig.  89. — Lateral  view  of  the  female  Pearly  Nautilus,  contracted 
by  spirit  and  lying  in  its  shell,  the  right  half  of  which  is  cut  away 
(from  Gegenbaur,  after  Owen),  a,  visceral  hump ;  b,  portion  of 
the  free  edge  of  the  mantle-skirt  reflected  on  to  the  shell,— the  edge 
of  the  mantle-skirt  can  be  traced  downwards  and  forwards  around 
the  base  of  the  midfoot  or  siphon  i ;  1,1,  superficial  origin  of  the 
retractor  muscle  of  the  midfoot  (siphon),  more  or  less  firmly 
attached  to  the  shell,  of  which  a  small  piece  (s)  is  seen  between 
the  letters  1,1;  s  (farther  back)  points  to  the  siphuncular  pedicle, 
which  is  broken  off  short  and  not  continued,  as  in  the  perfect 
state,  through  the  whole  length  of  the  siphuncle  of  the  shell,  also 
marked  s  and  s' ;  o  points  to  the  right  eye ;  t  is  placed  near  the 
extremities  of  the  contracted  tentacles  of  the  outer  or  annular 
lobe  of  the  forefoot, — the  jointed  tentacles  are  seen  protruding 
a  little  from  their  long  cylindrical  sheaths ;  v,  the  dorsal  “  hood  ” 
formedby  an  enlargement  in  this  region  of  the  annular  lobe  of 
the  forefoot  (m,  in  Figs.  90,  91) ;  V,  a  swelling  of  the  mantle-skirt, 
indicating  the  position  on  its  inner  face  of  the  nidamental  gland 
(see  Fig.  101,  g.n.). 

is  applied  to  this  modification  (see  Figs.  88,  95,  96). 
Elaborate  spermatophores  or  sperm -ropes  are  formed 
by  all  Sipbonopoda,  and  very  usually  the  female  pos- 


Fig.  90.— Spirit  specimen  of  female  Pearly  Nautilus,  removed 
from  its  shell,  and  seen  from  the  antero-dorsal  aspect  (drawn  from 
nature  by  A.  G.  Bourne),  m.,  the  dorsal  “hood”  formed  by  the 
enlargement  of  the  outer  or  annular  lobe  of  the  forefoot,  and 
corresponding  to  the  sheaths  of  two  tentacles  (g,  g  in  Fig.  88) ;  n., 
tentacular  sheaths  of  lateral  portion  of  the  annular  lobe ;  u.,  the 
left  eye ;  b.,  the  nuchal  plate,  continuous  at  its  right  and  left 
posterior  angles  with  the  root  of  the  midfoot,  and  corresponding 
to  the  nuchal  cartilage  of  Sepia;  c.,  visceral  hump;  d.,  the  free 
margin  of  the  mantle-skirt,  the  middle  letter  d.  points  to  that 
portion  of  the  mantle-skirt  which  is  reflected  over  a  part  of  the 
shell  as  seen  in  Fig.  89,  b ;  the  cup-like  fossa  to  which  b.  and  d. 
point  in  the  present  figure  is  occupied  by  the  coil  of  the  shell; 
g.a.  points  to  the  lateral  continuation  of  the  nuchal  plate  b.  to 
join  the  root  of  the  midfoot  or  siphon. 


for  providing  envelopes  to  the  eggs  (Fig.  102,  g.n.). 
The  egg  of  all  Siphonopoda  is  large,  and  the  develop¬ 
ment  is  much  modified  by  the  presence  of  an  excessive 
amount  of  food-material  diffused 
in  the  protoplasm  of  the  egg-cell. 
Trochosphere  and  veliger  stages 
of  development  are  consequently 
not  recognizable. 

The  Siphonopoda  are  divisible 
into  two  orders,  the  names  of 
which  (due  to  Owen)  describe  the 
number  of  gill-plumes  present; 
but  in  fact  there  are  several 
characters  of  as  great  importance 
as  those  derived  from  the  gills  by 
which  the  members  of  these  two 
orders  are  separated  from  one 
another. 


Order  1.—  Tetrabranchiata  (= 

Schizosiphona,  Tentaculifera). 

Characters.  —  Siphonopodous 
Cephalopods  in  which  the  inrolled 
lateral  margins  of  the  midfoot  are 
t  not  fused,  but  form  a  siphon  by 
apposition  (Fig.  101).  Thecircum- 
oral  lobes  of  the  forefoot  carry 
numerous  sheathed  tentacles  (not 
suckers)  (Fig.  88).  There  are  two 
airs  of  ctenidial  gills  (hence  Tetra- 
ranchiata),  and  two  pairs  of  ne- 
phridia,  consequently  four  nephri- 
|  dial  apertures  (Fig.  101. )  The  viscero-pericardial  cham- 
|  ber  opens  by  two  independent  apertures  to  the  exterior 

m 


Fig.  91. — Lateral  view  of  the  same  specimen  as  that  drawn  in 
Fig.  90.  Letters  as  in  that  figure  with  the  following  additions— e 
points  to  the  concave  margin  pf  the  mantle-skirt  leading  into  the 
sub-pallial  chamber ;  g,  the  midfoot  or  siphon ;  k,  the  superficial 
origin  of  its  retractor  muscles  closely  applied  to  the  shell  and 
serving  to  hold  the  animal  in  its  place ;  l,  the  siphuncular  pedicle 
of  the  visceral  hump  broken  off  short ;  v,  v,  the  superior  and  infe¬ 
rior  ophthalmic  tentacles. 

and  not  into  the  nephridial  sacs.  There  are  two  ovi¬ 
ducts  (right  and  left)  in  the  female  and  two  sperm- 
ducts  in  the  male,  the  left  duct  in  both  sexes  being 
rudimentary. 

A  large  external  shell  either  coiled  or  straight  is 
present,  and  is  not  inclosed  by  reflections  of  the  mantle- 
skirt,  except  such  narrow-mouthed  shells  as  that  of 
Gomphoceras,  which  were  probably  inclosed  by  the 
mantle  as  in  the  Dibranch  Spirula.  The  shell  consists 
of  a  series  of  chambers,  the  last  formed  of  which  is 
occupied  by  the  body  of  the  animal,  the  hinder  ones 
(successively  deserted)  containing  gas  (Fig.  89). 

The  pair  of  cephalic  eyes  are  hollow  chambers  (Fig. 
118,  A)  opening  to  the  exterior  by  minute  orifices 
(pinhole  camera),  and  devoid  of  refractive  structures. 
A  pair  of  osphradia  are  present  at  the  base  of  the  gills 
(Fig.  101,  olf).  Salivary  glands  are  wanting.  An 
ink-sac  is  not  present.  Branchial  hearts  are  not  de¬ 
veloped  on  the  branchial  advehent  vessels. 


Besses  special  capsule -forming  and  nidamental  glands 


Family  1. — Naittilidse. 
Genera :  [  Orthoceras ] , 


Breyn. ; 


[  Oyrtoceras ] ,  Groldfuss ; 
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[Gomphoceras],  Munster;  [Phragmoceras],  Brod. ;  [Gyro- 
ceras ],  Meyer;  [ Ascoceras ],  Barraude;  [ Oncoceras ],  Hall; 
[Lituites],  Breyn.;  [Trochoceras],  Barraude;  Nautilus,  L. 
(Figs.  88,  89,  90,  etc.) ;  [Clymenia],  Miinst. ;  [Nothoceras], 
Barraude. 

Family  2. — Ammonitidse. 

Genera:  [ Bactrites ],  Sanderg.;  [Goniatites],de  Haan ; 
[Rhabdoceras],  Hauer;  [Clydonites],  Hauer;  [Co- 
chloceras\,  Hauer;  [Baculina],  d’Orb. ;  [ Ceratites ], 
de  Haan ;  [ Baculites ],  Lam. ;  [ Toxoceras ],  d’Orb. ; 
[Crioceras],  Leveilld :  [Ptychoceras],  d’Orb. ;  [Ila- 
mites],  Parkinson ;  [Ancyloceras],  d’Orb.;  [.S'ca- 
phites], Parkinson;  [Ammonites],  Breyn. ;  [Turri- 
lites],  Lam. ;  [Helioceras],  d’Orb.;  [ Heteroceras ], 
d’Orb. 

N.B. — The  names  in  brackets  are  those  of 
extinct  genera. 

Order  2.— Dibranchiata  (=  Holosiphona,  Ace- 
tabulifera). 

Characters.  — Siphonopodous  Cephalopods  in 
which  the  inflected  lateral  margins  of  the  mid¬ 
foot  are  fused  so  as  to  form  a  complete  tubular 
siphon  (Fig.  96,  i).  The  circum-oral  lobes  of 
the  forefoot  carry  suckers  disposed  upon  them 
in  rows  (as  in  the  Pteropod  Pneumodermon), 
not  tentacles  (see  Figs.  92,  95,  96).  There  is  a 
single  pair  of  typical  ctenidia  (Fig.  103)  acting  as 


sometimes  that  of  one  side  only  is  developed  (Deca- 
poda,  except  Ommastrephes).  The  sperm-duct  is 
always  single  except,  according  to  Keferstein,  in  Ele- 
done  moschata. 


<  Fig.  92.— Sepia  officinalis,  L.,  half  the  natural  size,  as  seen  when 
dead,  the  long  prehensile  arms  being  withdrawn  from  the 

emches  at  the  side  of  the  head,  in  which  they  are  carried  during 
fe  when  not  actually  in  use.  a,  neck ;  b,  lateral  fin  of  the  man¬ 
tle-sac  ;  c,  the  eight  shorter  arms  of  the  forefoot;  d,  the  two  long 
.•prehensile  arms ;  e,  the  eyes. 

gills  (hence  Dibranchiata),  and  a  single  pair  of  neph- 
ridia  opening  by  apertures  right  and  left  of  the  median 
anus  (Fig.  103,  r),  and  by  similar  internal  pores  into 
the  pericardial  chamber,  which  consequently  does  not 
open  directly  to  the  surface  as  in  Nautilus.  The  ovi¬ 
ducts  are  sometimes  paired  right  and  left  (Octopoda), 


Fig.  93. — Decapodous  Siphonopods ;  one-fourth  the  natural  size 
linear.  A.  Cheiroteuthis  Veranyi,  d’Orb.  (from  the  Mediterranean). 
B.  Thysanoteuthis  rhombus,  Troschel  .(from  Messina).  C.  Loligopsis 
cyclura,  F6r.  and  d’Orb.  (from  the  Atlantic  Ocean). 

A  plate-like  shell  is  developed  in  a  closed  sac  formed 
by  the  mantle  (Figs.  98,  99),  except  in  the  Octopoda, 
which  have  none,  and  in  Spirula  (Fig.  100,  D)  and  the 
extinct  Belemnitidae,  which  have  a  small  chambered 
shell  resembling  that  of  Nautilus  with  or  without  the 
addition  of  plate-like  and  cylindrical  accessory  develop¬ 
ments  (Fig.  100,  C). 

The  pair  of  cephalic  eyes  are  highly-developed  ves¬ 
icles  with  a  refractive  lens  (Fig.  120),  cornea,  and  lid- 
folds, — the  vesicle  being  in  the  embryo  an  open  sac  like 
that  of  Nautilus  (Fig.  119).  Osphradia  are  not  present, 
but  cephalic  olfactory  organs  are  recognized.  One  or 
two  pairs  of  large  salivary  glands  with  long  ducts  are 
present.  An  ink-sac  formed  as  a  diverticulum  of  the 
rectum  and  opening  near  the  anus  is  present  in  all  Di¬ 
branchiata  (Fig.  103,  £),  and  has  been  detected  even  in 
the  fossil  Belemnitidte.  Branchial  hearts  are  devel¬ 
oped  on  the  two  branchial  advehent  bloodvessels  (Fig. 
104,  v</,  vi). 

The  Dibranchiata  are  divisible  into  two  sub-orders, 
according  to  the  number  and  character  of  the  arm-like 
sucker-bearing  processes  of  the  forefoot. 

Sub-order  1. — Decapoda. 

Characters.  —  Dibranchiata  with  the  forefoot  drawn  out- 
into  eight  shorter  and  two  longer  arms  (prehensile  arms), 
the  latter  being  placed  right  and  left  between  the  third  and 
fourth  shorter  arms.  The  suckers  are  stalked  and  strength¬ 
ened  by  a  horny  ring.  The  eyes  are  large  and  have  a  hori¬ 
zontal  in  place  of  a  sphincter-like  lid.  The  body  is  elon¬ 
gated  and  provided  with  lateral  fins  (lamelliform  expansions 
of  the  mantle).  The  mouth  has  a  buccal  membrane.  The 
mantle-margin  is  locked  to  the  base  of  the  siphon  hy  a  spe¬ 
cially-developed  cartilaginous  apparatus.  Numerous  water- 
pores  are  present  in  the  head  and  anterior  region  of  the 
body,  leading  into  recesses  of  the  integument  of  unknown 
significance.  The  oviduct  is  single ;  large  nidamental  glands 
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are  present.  The  viscero-pericardial  space  is  large,  and 
lodges  the  ovary  (Sepia).  There  is  always  a  shell  present 
which  is  inclosed  by  the  upgrowth  of  the  mantle,  so  as  to 
become  “internal." 


Desh. ;  [Belemnosis],  Edw. ;  [Conoteuthis],  d’Orb.  (Fig. 
100,  A) ;  [Acanthoteuthis],  R.  Wag. ;  [Bdemnites],  Lister, 
1678 ;  [Belemnitella],  d’Orb. ;  [Xiphoteuthis],  Huxley. 


Fig.  94. — Octopodous  Siphonopods  ;  one-fourth  the  natural  size 
linear.  A.  Pinnoctopus  cordijonnis,  Quoy  and  Gaim.  (from  New 
Zealand).  B.  Tremoctopus  violaceus,  Ver.  (from  the  Mediterranean. 
C.  Cranchia  scaJbra,  Owen  (from  the  Atlantic  Ocean ;  one  of  the 
Decapoda).  D.  Cirrhoteidhis  MiiUeri,  Esch.  (from  the  Greenland 
coast). 


Fig.  96. — Male  of  Parasira  cateniUata,  Steen- 
strup  ( Octopus  carena,  Ver.),  showing  the  hec¬ 
tocotylized  arm.  0,  <2,  P,  t4,  the  first,  second, 
third,  and  fourth  arms  or  processes  of  the 
forefoot ;  h,  the  third  arm  of  the  right  side 
hectocotylized ;  x,  the  apical  sac  of  the  hec- 
tocotylized  arm ;  y,  the  filament  which  issues 
from  the  sac  when  development  is  com¬ 
plete  ;  i,  the  siphon.  (From  Gegenbaur.) 


Section  a. — Decapoda  Calciphora. 
Character. — Internal  shell  calcareous. 


Family  3. — Sepiadx. 

Genera:  Sepia,  L.  (Figs.  92,  98,  etc.);  [ Belosepia ],  Voltz; 
Coccoteuthis,  Owen. 


Family  1. — Spirulidx. 

Genus  :  Spirula,  Lam.  (Fig.  100,  D). 


Section  b. — Decapoda  Chondrophora. 


Fig.  95.— A.  Male  specimen  of  Octopus  grcenlandicus,  with  the 
third  arm  of  the  right  side  hectocotylized.  B.  The  extremity  of 
the  hectocotylized  arm  magnified. 


Character. — Internal  shell  horny. 

Sub-section  a. — Myopsidx  (d’Orb.). 

Eye  with  closed  cornea,  so  that  the  surrounding  water 
does  not  touch  the  lens ;  mostly  frequenters  of  the  coast. 
Family  1. — Loligidse. 

Genera:  Loligo,  Schneid.  (Figs.  99,  etc.);  Loliolus,  Steen- 
strup;  Sepioteuthis,  Blv. ;  [Teuthopsis],  Desl. ;  [Leptoteu- 
this],  Meyer  ;  [Belemnosepia],  Ag. ;  [Bdoteuthis],  Miinst. 
Family  2. — Sepiolidse. 

Genera  :  Sepiola,  Schneid. ;  Rossia,  Owen. 

Sub-section  £. — Oigopsidx  (d’Orb.). 

Eye  with  open  cornea,  so  that  the  surrounding  water 
bathes  the  anterior  surface  of  the  lens ;  mostly  pelagic 
animals. 

Family  3. — Cranchiadse. ' 

Genus  :  Cranchia,  Leach  (Fig.  94,  C). 

Family  4. — Loligopsidx. 

Genus  :  Loligopsis,  Lam.  (Fig.  93,  C). 

Family  5. — Cheiroteuthidx. 

Genera :  Cheiroteuthis,  d’Orb.  (Fig.  93,  A) ;  Histioteuthis, 
d’Orb. 

Family  6. —  Thysanoteuthidx. 

Genus  :  Thysanoteuthis,  Troschel  (Fig.  93,  B). 

Family  7. — Onychoteuihidx. 

Genera :  Oonatus,  Gray ;  Onychoteuthis,  Lichtenst.  (Fig. 
97);  Onychia,  Lesueur;  Enoploteuthw,  d’Orb.,  Veranya, 
Krohn ;  [Plesioteuthis],  A.  Wag. ;  f  Celxno],  Miinst. ;  Dosvdi- 
cus,  Steenstrup ;  Ommastrephes,  d’Orb. 

Sub-order  2. — Octopoda. 


Family  2. — Belemnitidx. 

Genera:  [Spindirostra],  d’Orb.  (Fig.  100,  C) ;  [ Beloptera ], 


Characters. — Dibranchiata  with  the  forefoot  drawn  out 
into  eight  arms  only ;  suckers  sessile,  devoid  of  horny  ring; 
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eyes  small,  the  outer  skin  can  be  closed  over  them  by  a 
sphincter-like  movement.  The  body  is  short  and  rounded ; 
the  mantle  has  no  cartilaginous  locking  apparatus,  and  is 
always  fused  to  the  head  dorsally  by  a  broad  nuchal  band. 
No  buccal  membrane  surrounds  the  mouth.  The  siphon  is 
devoid  of  valves.  The  oviducts  are  paired;  there  are  no 
nidamental  glands.  The  viscero-pericardial  space  is  reduced 
to  two  narrow  canals, 


passing  from  the  nephri- 
dia  to  the  capsule  of  the 
genital  gland.  There  is  no 
shell  on  or  in  the  visceral 
hump. 

Family  1. — Cirrhoteuthidx. 

Genus :  Cirrhoteuthia, 

Esch.  ( Sciadephorus, 

Eeinh.)  (Fig.  94,  D). 

Family  2. — Odopodidse. 

Genera :  Pinnodopus, 

d’Orb.  (Fig.  94,  A); 

Octopus,  Lam.  (Fig. 

95) ;  Scxurgus,  Trosch.; 

Eledone,  Leach;  Boli- 
tsena,  Steenstrup. 

Family  3. — Philonexidse. 

Genera :  Tremodopus, 

Delle  Chiaje  ( Philo - 
nexis,  d’Orb.)  (Fig.  94, 

B) ;  Parasira,  Steen¬ 
strup  ( Octopus  catenu- 
latus,  F6r.,  is  the  fe¬ 
male,  and  Octopus  ca- 
rena,  Ver.,  is  the  male 
of  the  one  species  of 
this  genus  according 
to  Steenstrup  (Fig. 

96) );  Argonauta,  L.(the 
shell  of  this  genus  is 
formed  only  in  the 
female  by  the  ex¬ 
panded  ends  of  the 
two  large  “  arms  ”  of 
the  forefoot). 

Further  Remarks  on 
the  Cephalopoda. — In 
order  to  give  a  more 
precise  conception  of 
the  organization  of  the 
Cephalopoda  in  a  con¬ 
crete  form  we  select  the 
Pearly  Nautilus  for  fur¬ 
ther  description,  and  in 
passing  its  structure  in 
review  we  shall  take 
the  opportunity  of  com¬ 
paring  here  and  there 
the  peculiarities  pre¬ 
sented  by  that  animal 
with  those  obtaining 
in  allied  forms.  In  the 
last  edition  of  this  work 
the  Pearly  Nautilus  was 
made  the  subject  of  a 
detailed  exposition  by 
Professor  Owen,  and  it  Fig.  97.— Head  and  circum-oralpro- 

V,nq  qppmpd  acenrdinfflv  cesses  of  he  forefoot  of  Onycho- 
nas  seemed  accoroingiy  teuthis (from 0wen).  a, neck;  6, eye; 

appropriate  that  It  C)  the  eight  short  arms ;  d,  long  pre- 
should  be  somewhat  hensile  arms,  the  clavate  extremities 
.fi.  11,,  fwWprl  nn  flip  nvpc;  of  which  are  provided  with  suckers 
tully  treated  on  the  pres  at  c  and  witb  a  <j0Ukie  row  of  hooks 

ent  occasion  also,  lhe  beyond  at/.  The  temporary  con¬ 
firm -res  which  illustrate  junction  of  the  arms  by  means  of 
ngures  wnicil  illustrate  suckers  enables  them  to  act  in 

the  present  description  combination, 
are  (excepting  Fig.  89) 

original,  and  prepared  from  dissections  (made  un¬ 
der  the  direction  of  the  writer)  of  a  male  and  female 
Nautilus  pompilius ,  lately  purchased  for  the  Museum 
of  University  College,  London. 

Visceral  Hump  and  Shell. — The  visceral  hump  of 
Nautilus  (if  we  exclude  from  consideration  the  fine 
siphuncular  pedicle  which  it  trails,  as  it  were,  be¬ 
hind  it)  is  very  little,  if  at  all,  affected  by  the  coiled 
form  of  the  shell  which  it  carries,  since  the  animal 
always  slips  forward  in  the  shell  as  it  grows,  and  in¬ 


habits  a  chamber  which  is  practically  cylindrical  (Fig. 
89).  Were  the  deserted  chambers  thrown  off  instead 
of  being  accumulated  behind  the  inhabited  chamber 
as  a  coiled  series  of  air-chambers,  we  should  have  a 
more  correct  indication  in  the  shell  of  the  extent  and 
form  of  the  animal’s  body.  Amongst  Gastropods  it 
is  not  very  unusual  to  find  the  animal  slipping  forward 
in  its  shell  as  growth  advances  and  leaving  an  unoc¬ 
cupied  chamber  in  the  apex  of  the  shell.  This  may 
indeed  become  shut  off  from  the  occupied  cavity  by  a 
transverse  septum,  and  a  series  of  such  septa  may  be 
formed  (Fig.  42),  but  in  no  Gastropod  are  these  apical 
chambers  known  to  contain  a  gas  during  the  life  of 
the  animal  in  whose  shell  they  occur.  A  further  pecu¬ 
liarity  of  the  Nautilus  shell  and  of  that  of  the  allied 
extinct  Ammonites,  Scaphites,  Orthoceras,  etc.,  and 
of  the  living  Spirula,  is  that  the  series  of  deserted  air- 
chambers  are  traversed  by  a  cordlike  pedicle  extend¬ 
ing  from  the  centro-dorsal  area  of  the  visceral  hump  to 
the  smallest  and  first-formed  chamber  of  the  series. 
No  structure  comparable  to  this  siphuncular  pedicle 
is  known  in  any  other  Mollusca.  Its  closest  represen¬ 
tative  is  found  in  the  so-called  “contractile  cord”  of 
the  remarkable  form  Rhabdopleura,  referred  according 
to  present  knowledge  to  the  Folyzoa.  There  appears 
to  be  no  doubt  that  the  deserted  chambers  of  the 
Nautilus  shell  contain  in  the  healthy  living  animal  a 
gas  which  serves  to  lessen  the  specific  gravity  of  the 


Fig.  99. 

Fig.  98.— The  calcareous  Internal  shell  of  Sepia  officinalis,  the 
so-called  cuttle-bone,  a,  lateral  expansion ;  6,  anterior  cancel¬ 
lated  region ;  c,  laminated  region,  the  laminse  inclosing  air. 

Fig.  99.— The  horny  internal  shell  or  gladius  or  pen  of  Loligo. 

whole  organism.  The  gas  is  said  to  be  of  the  same 
composition  as  the  atmosphere,  with  a  larger  propor¬ 
tion  of  nitrogen.  With  regard  to  its  origin  we  have 
only  conjectures.  Each  septum  shutting  off  an  air- 
containing  chamber  is  formed  during  a  period  of  quies¬ 
cence,  probably  after  the  reproductive  act,  when  the 
visceral  mass  of  the  Nautilus  may  be  slightly  shrunk, 
and  gas  is  secreted  from  the  dorsal,  integument  so  as 
to  fill  up  the  space  previously  occupied  by  the  animal. 
A  certain  stage  is  reached  in  the  growth  of  the  animal 
when  no  new  chambers  are  formed.  The  whole  pro¬ 
cess  of  the  loosening  of  the  animal  in  its  chamber  and 
of  its  slipping  forward  when  a  new  septum  is  formed, 
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as  well  as  th-e  mode  in  which  the  air-chambers  may  be 
used  as  a  hydrostatic  apparatus,  and  the  relation  to 
tins  use,  it  any,  of  the  siphuncular  pedicle,  is  involved 
in  obscurity,  and  is  the  subject  of  much  ingenious 
speculation.  In  connection  with  the  secretion  of  gas 
anima^i  besides  the  parallel  cases  ranging  from 
the  Frotozoon  Arcella  to  the  Physoclistic  Fishes,  from 
tne  tlydroid  hiphonophora  to  the  insect-larva  Corethra, 
we  nave  the  identical  phenomenon  observed  in  the 
closely-allied  Sepia  when  recently  hatched.  Here,  in 
tl’e  pores  of  the  internal  rudimentary  shell,  gas  is  ob¬ 
servable,  which  has  necessarily  been  liberated  by  the 
tissues  which  secrete  the  shell,  and  not  derived  from 
any  external  source  (Huxley). 

.The  coiled  shell  of  Nautilus,  and  by  analogy  that  of 
the  Ammonites,  is  peculiar  in  its  relation  to  the  body 
ot  the  animal,  inasmuch  as  the  curvature  of  the  coil 
proceeding  from  the  centro-dorsal  area  is  towards  the 
head  or  forward,  instead  of  away  from  the  head  and 
backwards  as  in  other  discoid  coiled  shells  such  as 
Flanorbis  ;  the  coil  is  in  fact  absolutely  reversed  in 
the  two  cases.  Amongst  the  extinct  allies  of  the 


Fig.  loa-rnternal  shells  of  Cephalopoda  Siphonopoda.  A. 
Shell  of  Conoteuthis  dupimana,  d’Orb.  (from  the  Neocomian  of 
o^anCe)\.  R'  ?heli  orbigniana,  FCr.  (Mediterranean).  C. 

Shell  of  Spirulvrostra  BeUardti,  d’Orb.  (from  the  Miocene  of  Turin) 
Ihe  specimen  is  cut  so  as  to  show  in  section  the  chambered  shell 
and  the  laminated  “  guard  ”  deposited  upon  its  surface.  D.  Shell 
of  SpinUa  Isevts,  Gray  (New  Zealand). 

Nautilus  (Tetrabranchiata)  we  find  shells  of  a  variety 
of  shapes,  open  coils  such  as  Scaphites,  leading  on  to 
perfectly  cylindrical  shells  with  chamber  succeeding 
chamber  in  a  straight  line  (Orthoceras),  whence  again 
we  may  pass  to  the  cork-screw  spires  formed  by  the 
shell  of  Turrilites. 

Whilst  the  Tetrabranchiata,  so  far  as  we  can  recog¬ 
nize  their  remains,  are  characterized  by  these  large 
chambered  shells,  which,  as  in  Nautilus,  were  with  the 
exception  of  some  narrow-mouthed  forms  such  as 
Gomphoceras  but  very  partially  covered  by  reflections 
of  the  mantle-skirt  (Fig.  89,  b),  the  Dibranchiata 
present  an  interesting  series  of  gradations,  in  which 
we  trace — (a)  the  diminution  in  relative  size  of  the 
chambered  shell;  ( b )  its  complete  investiture  by  re¬ 
flected  folds  of  the  mantle  (Spirula,  Fig.  100,  D) ;  (c) 
the  concrescence  of  the  folds  of  the  mantle  to  form  a 
definitely-closed  shell-sac ;  {d)  the  secretion  by  these 
mantle-folds  or  walls  of  the  shell-sac  of  additional 
laminae  of  calcareous  shell-substance,  which  invest  the 
original  shell  and  completely  alter  its  appearance 
(Spirulirostra,  Fig.  100,  C ;  Belemnites) ;  (e)  the 
gradual  dwindling  and  total  disappearance  of  the 
original  chambered  shell,  and  survival  alone  of  the  cal¬ 
careous  laminae  .deposited  by  the  inner  walls  of  the 
sac  (Sepia,  Fig.  100,  B) ;  (/)  the  disappearance  of  all 
calcareous  substance  from  the  pen  or  plate  which  now 
represents  the  contents  of  the  shell-sac,  and  its  persist¬ 
ence  as  a  homy  body  simply  (Loligo,  Fig.  99)  ;  (r/)  the 
total  disappearance  of  the  shell-sac  itself,  and  conse¬ 
quently  of  its  pen  or  plate,  nevertheless  the  rudiments 


of  the  shell-sac  appearing  in  the  embryo  and  then 
evanescing  (Octopus).  The  early  appearance  of  the 
sac  of  the  mantle  in  which  the  shell  is  inclosed,  in 
Hibranchiata,  has  led  to  an  erroneous  identification  of 
this  sac  with  the  primitive  shell-sac  of  the  archi- 

HTq  <ng-,1)’  f  fCh‘ton  10>  A),  of  Arion 
ling.  69,  1),  a),  and  of  the  normally-developing  Mol- 
luscan  embryo  (Figs  68  and  72***,  sh).  The  first  ap¬ 
pearance  of  the  shell-sac  of  Dibranchiata  is  seen  m 
pSs.;  an(*  1-A  its  formation  as  an  open  upgrowth 
of  the  centro-dorsal  area  of  the  embryo  having  been 
demonstrated  by  Lankester  (34)  in  1873,  who  subse¬ 
quently  showed  (35)  that  the  same  shell-sac  appears 
and  disappears  without  closing  up  in  Argonauta  and 
Octopus,  and  pointed  out  the  distinctness  of  this  sac 
and  the  pnmitive  shell-gland.  The  shell  of  the  female 
Argonauta  is  not  formed  by  the  visceral  hump,  but  by 
the  enlarged  arms  of  the  foot,  which  are  in  life  always 
closely  applied  to  it. 

The  shell  of  such  Pteropoda  as  have  shells  (the 
I  hecosomata)  is  excessively  light,  and  fits  close  to  the 
animal,  no  air-chambers  being  formed.  It  is  important 
to  note  that  in  this  division  of  the  Cephalopoda  there 
is  the  same  tendency,  which  is  carried  so  far  in  the 
.Uibranchiate  feiphonopods,  for  the  mantle-skirt  to  be 
reflected  over  and  closely  applied  to  the  shell  (e  a  , 
Cavohma,  Figs.  79  and  80).  But  in  Pteropoda  there 
is  no  complete  formation  of  a  closed  sac  by  the  re- 
flected  ma-ntle  no  thickening  of  the  inclosed  shell,  no 
dwindling  of  the  original  shell  and  substitution  for  it 


viscper. 

Fid.  101.  — View  of  the  postero-ventral  surface  of  a  female 
.Pearly  Nautilus,  the  mantle-skirt  (c)  being  completely  reflected 
so  as  to  show  the  inner  wall  of  the  sub-pallial  chamber  (drawn 
from  nature  by  A.  G.  Bourne),  a,  muscular  band  passing  from 
the  mid-foot  to  the  integument ;  6,  the  valve  on  the  surface  of  the 
funnel-like  mid-foot,  partially  concealed  by  the  inrolled  lateral 
margin  of  the  latter ;  c,  the  mantle-skirt  retroverted ;  an,  the 
median  anus ;  x,  post-anal  papilla  of  unknown  significance  •  a  n 
mdamental  gland ;  r.ov.,  aperture  of  the  right  oviduct ;  l  ov' 
aperture  of  the  rudimentary  left  oviduct  (pyriform  sac  of  Owen)’’ 
neph.a  aperture  of  the  left  anterior  nephridium;  neph.p.,  aper¬ 
ture  of  the  left  posterior  nephridium ;  viscper.,  left  aperture  of  the 
viscero-pericardial  sac ;  olf,  the  left  osphradium  placed  near  the 
base  of  the  antenor  gill-plume.  The  four  gill-plumes  (ctenidia) 
are  not  lettered.  ' 

of  a  laminated  plate.  The  variety  of  form  of  the 
glass-like  shells  of  Pteropoda  is  a  peculiarity  of  that 
group. 

Head ,  Foot,  Mantle-skirt,  and  Sub-pallial  Cham¬ 
ber.  In  the  Pearly  Nautilus  the  ovoid  visceral  hump 
is  completely  encircled  by  the  free  flap  of  integument 
known  as  mantle-skirt  (Fig.  91,  d,  e).  In  the  antero- 
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dorsal  region  this  flap  is  enlarged  so  as  to  be  reflected 
a  little  over  the  coil  of  the  shell  which  rests  on  it.  In 


neph.a. 


wsc.per. 


Fig.  102. — View  of  the  postero-ventral  surface  of  a  male  Pearly 
Nautilus,  the  mantle-skirt  (c)  being  completely  reflected  so  as  to 
show  the  inner  wall  of  the  sub-pallial  chamber,  and  the  four 
ctenidia  and  the  foot  cut  short  (drawn  from  nature  by  A.  G. 
Bourne),  pe.,  penis,  being  the  enlarged  termination  of  the  right 
spermatic  duct ;  l.sp.,  aperture  of  the  rudimentary  left  spermatic 
duct  (pyriform  sac  of  Owen).  Other  letters  as  in  Fig.  101. 

the  postero-ventral  region  the  flap  is  deepest,  forming 
an  extensive  sub-pallial  chamber,  at  the  entrance  of 


or 


V,  ir 


R 


v.br 


Fig.  103.— View  of  the  postero-ventral  surface  of  a  male  Sepia, 
obtained  by  cutting  longitudinally  the  firm  mantle-skirt  and 
drawing  the  divided  halves  apart.  This  figure  is  strictly  com¬ 
parable  with  Fig.  101.  C,  the  nead ;  J,  the  midfoot  or  siphon, 
which  has  been  cut  open  so  as  to  display  the  valve  t;  R,  the 
glandular  tissue  of  the  left  nephridium  or  renal-sac,  which  has 
been  cut  open  (see  Fig.  108) ;  P,  P,  the  lateral  fins  of  the  mantle- 
skirt  ;  Br.  the  single  pair  of  branchiae  (ctenidia) ;  a,  the  anus, — 
immediately  below  it  is  the  opening  of  the  ink-bag ;  c,  cartilagi¬ 
nous  socket  in  the  siphon  to  receive  &,  the  cartilaginous  knob 
of  the  mantle-skirt,— the  two  constituting  the  “pallial  hinge 
apparatus  ”  characteristic  of  Decapoda,  not  found  in  Octopoda ; 
g,  the  azygos  genital  papilla  and  aperture;  'i.  valve  of  the  siphon 
(possibly  the  rudimentary  hindfoot);  m,  muscular  band  con¬ 
nected  with  the  forefoot  and  midfoot  '(siphon)  and  identical 
with  the  muscular  mass  k  in  Fig.  91 ;  r,  renal  papillae,  carrying 
the  apertures  of  the  nephridia:  v.br,  branchial  efferent  blood¬ 
vessel;  v.br',  bulbous  enlargements  of  the  branchial  bloodves¬ 
sels  (see  Figs.  104, 108) ;  t,  ink-bag.  (From  Gegenbaur.) 


which  e  is  placed  in  Fig.  91.  A  view  of  the  interior 
of  the  sub-pallial  chamber,  as  seen  when  the  mantle- 
skirt  is  retroverted  and  the  observer  faces  in  the  direc¬ 
tion  indicated  by  the  reference  line  passing  from  e  in 
Fig.  91,  is  given  in  Fig.  101.  With  this  should  be 
compared  the  similar  view  of  the  sub-pallial  chamber  of 
the  Dibranchiate  Sepia  (Fig.  103).  It  should  be  noted 
as  a  difference  between  Nautilus  and  the  Dibranchi- 
ates  that  in  the  former  the  nidamental  gland  (in  the 
female)  lies  on  that  surface  of  the  pallial  chamber 
formed  by  the  dependent  mantle-flap  (Figs.  101,  g.n.  ; 
89,  F),  whilst  in  the  latter  it  lies  on  the  surface  formed 
by  the  body-wall ;  in  fact  in  the  former  the  base  of  the 
fold  forming  the  mantle-skirt  comprises  in  its  area  a 
part  of  what  is  unreflected  visceral  hump  in  the  latter. 

The  apertures  of  the  two  pairs  of  nephridia,  of  the 
viscero-pericardial  sac,  of  the  genital  ducts,  and  of  the 
anus  are  shown  in  position  on  the  body-wall  of  the 
pallial  chamber  of  Nautilus  in  Figs.  101,  102.  There 
are  nine  apertures  in  all,  one  median  (the  anus),  and 
four  paired.  Besides  these  apertures  we  notice  two 
pairs  of  gill-plumes  which  are  undoubtedly  typical 
ctenidia,  and  a  short  papilla  (the  osphradium)  be¬ 
tween  each  anterior  and  posterior  gill-plume  (see 
Figs.  101,  102,  and  explanation).  As  compared  with 
this  in  a  Dibranchiate,  we  find  (Fig.  103)  only  four 
apertures,  viz.,  the  median  anus  with  adjacent  orifice 
of  the  ink-sac,  the  single  pair  of  nephridial  aper¬ 
tures,  and  one  asymmetrical  genital  aperture  (on 
the  left  side)  except  in  female  Octopoda  and  a  few 
others  where  the  genital  ducts  and  their  apertures 
are  paired.  No  viscero-pericardial  pores  are  present 
on  the  surface  of  the  pallial  chamber,  since 
in  the  Dibranchiata  the  viscero-pericardial 
sac  opens  by  a  pore  into  each  nephridium  in¬ 
stead  of  directly  to  the  surface.  A  single 
pair  of  ctenidia  (gill-plumes)  is  present  instead 
of  the  two  pairs  in  Nautilus.  The  existence 
of  two  pairs  of  ctenidia  and  of  two  pairs  of 
nephridia  in  Nautilus,  placed  one  behind  the 
other,  is  highly  remarkable.  The  interest  of 
this  arrangement  is  in  relation  to  the  general 
morphology  of  the  Mollusca,  for  it  is  impos¬ 
sible  to  view  this  repetition  of  organs  in  a 
linear  series  as  anything  else  than  an  instance 
of  metameric  segmentation,  comparable  to 
the  segmentation  of  the  ringed  worms  and 
Arthropods.  The  only  other  example  which 
we  have  of  this  metamerism  in  the  Mollusca 
is  presented  by  the  Chitons.  There  we  find 
not  two  pairs  of  ctenidia  merely,  but  sixteen 
pairs  (in  some  species  more)  accompanied  hy  a 
similar  metamerism  of  the  dorsal  integument, 
which  carries  eight  shells.  In  Chiton  the  ne¬ 
phridia  are  not  affected  by  the  metamerism  as 
they  are  in  Nautilus.  It  is  impossible  on  the 
present  occasion  to  discuss  in  the  way  which 
their  importance  demands  the  significance  of 
these  two  instances  among  Mollusca  of  incom¬ 
plete  or  partial  metamerism  ;  but  it  would  be 
wrong  to  pass  them  by  without  insisting  upon 
the  great  importance  which  the  occurrence  of 
these  isolated  instances  of  metameric  segmen¬ 
tation  in  a  group  of  otherwise  unsegmented 
organisms  possesses,  and  the  light  which  they 
may  be  made  to  throw  upon  the  nature  of  metamerio 
segmentation  in  general. 

The  foot  and  head  of  Nautilus  are  in  the  adult  in¬ 
extricably  grown  together,  the  eye  being  the  only  part 
belonging  primarily  to  the  head  which  projects  from 
the  all-embracing  foot.  The  forefoot  or  front  portion 
of  the  foot  in  2s  autilus  has  the  form  pf  a  number  of 
lobes  carrying  tentacles  and  completely  surrounding 
the  mouth  (Figs.  88,  89,  91).  The  midfoot  is  a  broad 
median  muscular  process  which  exhibits  in  the  most 
interesting  manner  a  curling  in  of  its  margins  so  as  to 
form  an  incomplete  siphon  (Fig.  101),  a  condition 
which  is  completed  and  rendered  permanent  in  the 
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tubular  funnel,  which  is  the  form  presented  by  the 
corresponding  part  of  Dibranchiata  (Fig.  96).  The 
hindtoot  possibly  is  represented  by  the  valvular  fold 
on  the  surface  of  the  siphon-like  midfoot.  In  the 
Pteropoda  the  wing-like  swimming  lobes  (epipodia  or 
pteropodia)  correspond  to  the  two  halves  of  the  siphon, 
and  are  much  the  largest  element  of  the  foot.  The 
forefoot  surrounding  the  head  is  often  quite  small, 
but  in  Clione  and  Pneumodermon  carries  lobes  and 
suckers.  A  hindfoot  is  in  Pteropoda  often  distinctly 
present;  it  is  open  to  doubt  as  to  whether  the  corre¬ 
sponding  region  of  the  foot  in  Siphonopoda  is  devel¬ 
oped  at  all. 

The  lobes  of  the  forefoot  of  Nautilus  and  of  the 
other  Siphonopoda  require  further  description.  It 
has  been  doubted  whether  these  lobes  were  rightly 
referred  (by  Huxley)  to  the.  forefoot,  and  it  has  been 
maintained  by  some  zoologists  (Grenacher,  Jhering) 
that  they  are  truly  processes  of  the  head.  It  appears 
to  the  present  writer  to  be  impossible  to  doubt  that 
the  lobes  in  question  are  the  fore-portion  of  the  foot 
when  their  development  is  examined  (see  Fig.  121, 
and  especially  Fig.  72**),  further,  when  the  fact  is 
considered  that  they  are  innervated,  by  the  pedal  gan- 

§lion,  and,  lastly,  when  the  comparison  of  such  a 
iphonopod  as  Sepia  is  made  with  such  a  Pteropod  as 
Pneumodermon  in  its  larval  (Fig.  84)  as  well  as  in  its 
adult  condition  (Fig.  85).  The  larval  Pneumodermon 


when  expanded.  The  drawings  show  very  strikingly 
e  ,  17,erence  between  male  and  female.  In  the 
female  (lower  figure),  we  observe  in  the  centre  of  the 
disc  the  buccal  cone  e  carrying  the  beak -like  pair  of 
jaws  which  project  from  the  finely  papillate  buccal 
membrane.  <  Three  tentaculiferous  lobes  of  the  fore¬ 
foot  are  in  immediate  contact  with  this  buccal  cone ; 
they  are  the  right  and  left  (c,  c)  inner  lobes,  as  we 
propose  to  call  them,  and  the  inferior  inner  lobe  (c?) , 
— <»lled  inferior  because  it  really  lies  ventralwards  of 
the  mouth.  This  inner  inferior  lobe  is  clearly  a 
double  one,  representing  a  right  and  left  inner  inferior 
lobe  fused  into  one.  A  lamellated  organ  on  its  sur- 
face,  probably  olfactory,  in  function  (;i),  marks  the 
separation  of  the  constituent  halves  of  this  double 
lobe.  Each  half  carries  a  group  of  fourteen  tentacles. 
I  he  right  and  the  left  inner  lobes  (c,  c)  each  carry 
twelve  tentacles.  External  to  these  three  lobes  the 
muscular  substance  of  the  mouth-embracing  foot  is 
raised  into  a  wide  ring,  which  becomes  especially 
thick  and  large  in  the  dorsal  region  where  it  is  nota¬ 
bly  modified  in  form,  offering  a  concavity  into  which 
the  coil  of  the  shell  is  received,  and  furnishing  a  pro¬ 
tective  roof  to  the  retracted  mass  of  tentacles.  This 
part  of  the  external  annular  lobe  of  the  forefoot  is 
called  the  “hood”  (Figs.  90,  91  j  m).  The  median 
an tero -posterior  line  traversing  this  hood  exactly  cor¬ 
responds  to  the  line  of  concrescence  of  the  two  halves 
of  the  forefoot,  which  primitively  grew  forward  one 


Fig.  104.— Circulatory  and  excretory  organs  of  Sepia  (from 
Gegenbaur,  after  John  Hunter),  br,  branchiae  (ctenidia) ;  c,  ven¬ 
tricle  of  the  heart ;  a,  anterior  artery  (aorta) :  a',  posterior  artery ; 
v,  the  right  and  left  auricles  (enlargements  of  the  efferent  bran¬ 
chial  veins);  if,  efferent  branchial  vein  on  the  free  face  of  the 
gill-plume;  v.c,  vena  cava;  vi,  vc,  advehent  branchial  vessels 
(branches  of  the  vena  cava,  see  Fig.  108) ;  v&',  abdominal  veins ; 
x,  branchial  hearts  and  appendages ;  re,  e,  glandular  substance 
of  the  nephridia  developed  on  the  wall  of  the  great  veins  on 
their  way  to  the  gills.  The  arrows  indicate  the  direction  of  the 
blood-current. 

shows  clearly  that  the  sucker-bearing  processes  of  that 
Mollusc  are  originally  far  removed  from  the  head  and 
close  in  position  to  the  pteropodial  lobes  of  the  foot. 
By  differential  growth  they  gradually  embrace  and 
obliterate  the  head,  as  do  the  similar  sucker-bearing 
processes  of  Sepia.  In  both  cases  the  sucker-bearing 
processes  are  “forefoot.”  The  forefoot  of  Nautilus 
completely  surrounds  the  buccal  cone  (Fig.  88,  e),  so 
as  to  present  an  appearance  with  its  expanded  tenta¬ 
cles  similar  to  that  of  the  disc  of  a  sea-anemone  (Ac¬ 
tinia).  No  figure  has  hitherto  been  published  exhibit¬ 
ing  this  circum-oral  disc  with  its  tentacles  in  natural 
position  as  when  the  animal  is  alive  and  swimming, 
the  small  figure  of  Valenciennes  being  deficient  in 
detail.  All  the  published  figures  represent  the  actual 
appearance  of  tne  contracted  spirit-specimens.  Mr. 
A.  G.  Bourne,  B.Sc.,  of  University  College,  has  pre¬ 
pared  from  actual  specimens  the  drawings  of  this  part 
in  the  male  and  female  Nautilus  reproduced  in  Fig. 
88,  and  has  restored  the  parts  to  their  natural  form 


Fig.  105.— Diagram  to  show  the  relations  of  the  heart  in  the 
Mollusea  (from  Gegenbaur).  A.  Part  of  the  dorsal  vascular 
trunk  and  transverse  trunks  of  a  worm.  B.  Ventricle  and  auri¬ 
cles  of  Nautilus.  C.  Of  a  Lamellibranch,  of  Chiton ,  or  of  Loligo. 
D.  Of  Octopus.  E.  Of  a  Gastropod,  a,  auricle ;  v,  ventricle ;  ac, 
arteria  cephalica  (aorta) ;  ai,  arteria  abdominalis.  The  arrows 
show  the  direction  of  the  blood-current. 

on  each  side  of  the  head,  and  finally  fused  together 
along  this  line  in  front  of  the  mouthy  The  tentacles 
carried  by  the  great  annular  lobe  are  nineteen  on  each 
side,  thirty-eight  in  all.  They  are  somewhat  larger 
than  the  tentacles  carried  on  the  three  inner  lobes. 
The  dorsalmost  pair  of  tentacles  (marked  g  in  Fig.  88) 
are  the  only  ones  which  actually  belong  to  that  part 
of  the  disc  which  forms  the  great  dorsal  hood  vi. 
The  hood  is,  in  fact,  to  a  large  extent  formed  by  the 
enlarged  sheaths  of  these  two  tentacles.  In  the  Am- 
monites  (fossil  Tetrabranchiata  allied  to  Nautilus)  the 
dorsal  surface  of  the  hood  secreted  a  shelly  plate  in 
two  pieces,  known  to  palaeontologists  as  Trigonellites 
and  Aptychus.  Possibly,  however,  this  double  plate 
was  carried  on  the  surface  of  the  bilobed  nidamental 
gland,  with  the  form  and  sculpturing  of  which,  in 
Nautilus,  it  closely  agrees.  All  the  tentacles  of  the 
circum-oral  disc  are  set  in  remarkable  tubular  sheaths, 
into  which  they  can  be  drawn.  The  sheaths  of  some 
of  those  belonging  to  the  external  or  annular  lobe  are 
seen  in  Fig.  91,  marked  n.  The  sheaths  are  muscular 
as  well  as  the  tentacles,  and  are  simply  tubes  from  the 
base  of  which  the  solid  tentacle  grows.  The  func¬ 
tional  significance  of  this  sheathing  arrangement  is  as 
obscure  as  its  morphological  origin.  With  reference 
to  the  latter,  it  appears  highly  probable  that  the 
tubular  sheath  represents  the  cup  of  a  sucker  such  as 
is  found  on  the  forefoot  of  the  Dibranchiata.  In  any 
case,  it  seems  to  the  writer  impossible  to  doubt  that 
each  tentacle,  and  its  sheath  on  a  lobe  of  the  circum- 
oral  disc  of  Nautilus,  corresponds  to  a  sucker  on  such 
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a  lobe  of  a  Dibrancbiate.  Keferstein  follows  Owen 
in  strongly  opposing  this  identification,  and  in  regard¬ 
ing  such  tentacle  as  the  equivalent  of  a  whole  lobe  or 
arm  of  a  Decapod  or  Octopod  Dibranch.  We  find  in 
the  details  of  these  structures,  especially  in  the  facts 
concerning  the  hectocotylus  and  spadix,  the  most  con¬ 
clusive  reasons  for  dissenting  from  Owen’s  view.  We 
have  so  far  enumerated  in  the  female  Nautilus  ninety 
tentacles.  Four  more  remain  which  have  a  very  pecu¬ 
liar  position,  and  almost  lead  to  the  suggestion  that 
the  eye  itself  is  a  modified  tentacle.  These  remaining 
tentacles  are  placed  one  above  (before)  and  one  below 
(behind)  each  eye,  and  bring  up  the  total  to  ninety- 
four  (Fig.  91,  v,  v).  They  must  be  considered  as  also 
belonging  to  the  forefoot  which  thus  surrounds  the 
eye. 

In  the  adult  male  Nautilus  we  find  the  following 
important  differences  in  the  tentaculiferous  disc  as 
compared  with  the  female  (see  upper  drawing  in  Fig. 
88).  The  inner  inferior  lobe  is  rudimentary,  and  car¬ 
ries  no  tentacles.  It  is  represented  by  three  groups 
of  lamellae  (cZ),  which  are  not  fully  exposed  in  the 
drawing.  The  right  and  left  inner  lobes  are  subdi¬ 
vided  each  into  two  portions.  The  right  shows  a 
larger  portion  carrying  eight  tentacles,  and  smaller 
detached  groups  (q)  of  four  tentacles,  of  which  three 
have  their  sheaths  united  whilst  one  stands  alone. 
These  four  tentacles  may  be  Called  the  “  anti-spadix.” 
The  left  inner  lobe  shows  a  similar  larger  portion  car¬ 
rying  eight  tentacles,  and  a  curious  conical  body  in 
front  of  it  corresponding  to  the  anti-snadix.  This  is 
the  “spadix”  of  Van  der  Hoeven  (36).  It  carries 
no  tentacles,  but  is  terminated  by  imbricated  lamellae. 
These  lamellae  appear  to  represent  the  four  tentacles 
of  the  anti-spadix  of  the  right  internal  lobe,  and  are 
generally  regarded  as  corresponding  to  that  modifica¬ 
tion  of  the  sucker-bearing  arms  of  male  Dibranchiate 
Siphonopods  to  which  the  name  “hectocotylus”  is 
applied.  The  spadix  is  in  fact  the  hectocotylized  por¬ 
tion  of  the  forefoot  of  the  male  Nautilus.  The  nec- 
tocotylized  arm  or  lobe  of  male  Dibranchiata  is  con¬ 
nected  with  the  process  of  copulation,  and  in  the  male 
Nautilus  the  spadix  has  probably  a  similar  signifi¬ 
cance,  though  it  is  not  possible  to  suggest  how  it  acts 
in  this  relation.  It  is  important  to  observe  that  the 
modification  of  the  forefoot  in  the  male  as  compared 
with  the  female  Nautilus  is  not  confined  to  the  exist¬ 
ence  of  the  spadix.  The  anti-spadix  and  the  reduc¬ 
tion  of  the  inner  inferior  lobe  are  also  male  peculiari¬ 
ties.  The  external  annular  lobe  in  the  male  does  not 
differ  from  that  of  the  female ;  it  carries  nineteen 
tentacles  on  each  side.  The  four  ophthalmic  tentacles 
are  also  present.  Thus  in  the  male  Nautilus  we  find 
altogether  sixty-two  tentacles,  the  thirty-two  addi¬ 
tional  tentacles  of  the  female  being  represented  by 
lamelliform  structures. 

If  we  now  compare  the  forefoot  of  the  Dibranchiata 
with  that  of  Nautilus,  we  find  in  the  first  place  a  more 
simple  arrangement  of  its  lobes,  which  are  either  four 
or  five  pairs  of  tapering  processes  (called  “arms”) 
arranged  in  a  series  around  the  buccal  cone,  and  a 
substitution  of  suckers  for  tentacles  on  the  surface  of 
these  lobes  (Figs.  92,  95,  96).  The  most  dorsally- 
placed  pair  of  arms,  corresponding  to  the  two  sides  of 
the  hood  of  Nautilus,  are  in  reality  the  most  anterior 
(see  Fig.  75,  (6)),  and  are  termed  the  first  pair.  In 
the  Octopoda  there  are  four  pairs  of  these  arms  (Figs. 
94,  95),  in  the  Decapoda  five  pairs,  of  which  the  fourth 
is  greatly  elongated  (Figs.  92,  93).  In  Sepia  and 
other  Decapoda  (not  all)  each  of  these  long  arms  is 
withdrawn  into  a  pouch  beside  the  head,  and  is  only 
ejected  for  the  purpose  of  prehension.  The  figures 
referred  to  show  some  of  the  variations  in  form  which 
these  arms  may  assume.  In  the  Octopoda  they  are 
not  unfrequently  connected  by  a  web,  and  form  an 
efficient  swimming-bell.  The  suckers  are  placed  on 
the  ad-oral  surface  of  the  arms,  and  may  be  in  one, 
two,  or  four  rows,  and  very  numerous.  In  place  of 


suckers  in  some  genera  we  find  on  certain  arms  or 
parts  of  the  arms  horny  hooks ;  in  other  cases  a  hook 
rises  from  the  centre  of  each  sucker.  The  hooks  on 
the  long  arms  of  Onychoteuthis  are  drawn  in  Fig. 
97.  The  forefoot,  with  its  apparatus  of  suckers  and 
hooks,  is  in  the  Dibranchiata  essentially  a  prehensile 
apparatus,  though  the  whole  series  of  arms  in  the 
Octopoda  serve  as  swimming  organs,  and  in  many 
( e.g .,  the  Common  Octopus  or  Poulp)  the  sucker¬ 
bearing  surface  is  used  as  a  crawling  organ. 

In  the  males  of  the  Dibranchiata  one  of  the  arms 
is  more  or  less  modified  in  connection  with  the  repro¬ 
ductive  function,  and  is  called  the  “hectocotylized 
arm.  ’  ’  This  name  is  derived  from  the  condition  as¬ 
sumed  by  the  arm  in  those  cases  in  which  its  modifi¬ 
cation  is  carried  out  to  the  greatest  extent.  These 
cases  are  those  of  the  Octopods  Argonauta  argo  and 
Parasira  catenulata  (Fig.  96).  In  the  males  of  these 
the  third  arm  (on  the  left  side  in  Argonauta,  on  the 
right  side  in  Parasira)  is  found  before  the  breeding 
season  to  be  represented  by  a  globular  sac  of  integu¬ 
ment.  This  sac  bursts,  and  from  it  issues  an  arm 
larger  than  its  neighbors,  having  a  small  sac  at  its  ex¬ 
tremity  in  Parasira  (Fig.  96,  x),  from  which  subse¬ 
quently  a  long  filament  issues.  Before  copulation  the 
male  charges  this  arm  with  the  spermatophores  or 
packets  of  spermatozoa  removed  from  its  generative 
orifice  beneath  the  mantle-skirt,  and  during  coitus  the 
arm  becomes  detached  and  is  left  adhering  to  the 
female  by  means  of  its  suckers.  A  new  arm  is  formed 
at  the  cicatrix  before  the  next  breeding  season.  The 
female,  being  much  larger  than  the  male,  swims  away 
with  the  detached  arm  lodged  beneath  her  mantle- 
skirt.  There,  in  a  way  which  is  not  understood,  the 
fertilization  of  the  eggs  is  effected.  Specimens  of  the 
female  Parasira  with  the  detached  arm  adherent  were 
examined  by  Cuvier,  who  mistook  the  arm  for  a  para¬ 
sitic  worm  and  gave  to  it  the  name  Hectocotylus. 
Accordingly,  the  correspondingly  modified  arms  of 
other  Siphonopoda  are  said  to  be  hectocotylized. 
Steenstrup  has  determined  the  hectocotylized  condi¬ 
tion  of  one  or  other  of  the  arms  in  a  number  of  male 
Dibranchs  as  follows :  in  all,  excepting  Argonauta 
and  Parasira,  the  modification  of  the  arm  is  slight, 
consisting  in  a  small  enlargement  of  part  or  the  whole 
of  the  arm,  and  the  obliteration  of  some  of  its  suckers, 
as  shown  in  Fig.  95,  A,  B ;  in  Octopus  and  Eledone 
the  third  right  arm  is  hectocotylized;  in  Russia  the 
first  left  arm  is  hectocotylized  along  its  whole  length, 
and  the  first  right  arm  also  in  the  middle  only ;  in 
Sepiola  only  the  first  left  arm  along  its  whole  length ; 
in  Sepia  it  is  the  fourth  left  arm  which  is  modified, 
and  at  its  base  only;  in  Sepioteuthis,  the  same  at 
its  apex;  in  Loligo,  the  same  also  at  its  apex;  in 
Loliolus,  the  same  along  its  whole  length  ;  in  Omma- 
strephes,  Onychoteuthis,  and  Loligopsis  no  hectocotyl¬ 
ized  arm  has  hitherto  been  observed. 

In  the  females  of  several  Dibranchs  (Sepia,  etc.) 
the  packets  of  spermatozoa  or  spermatophores  re¬ 
ceived  from  the  male  have  been  observed  adhering  to 
the  smaller  arms.  How  they  are  passed  in  this  case 
by  the  female  to  the  ova  in  order  to  fertilize  them  is 
unknown. 

Musculature 2  Fins,  and  Cartilaginous  Skeleton. — • 
Without  entering  into  a  detailed  account  of  the  mus¬ 
culature  of  Nautilus,  we  may  point  out  that  the  great 
muscular  masses  of  the  forefoot  and  of  the  midfoot 
(siphon)  are  ultimately  traceable  to  a  large  transverse 
mass  of  muscular  tissue,  the  ends  of  which  are  visible 
through  the  integument  on  the  right  and  left  surfaces 
of  the  body  dorsal  of  the  free  flap  of  the  mantle-skirt 
(Fig.  89,  l ,  Z,  and  Fig.  91,  &).  These  muscular  are® 
have  a  certain  adhesion  to  the  shell,  and  serve  both  to 
hold  the  animal  in  its  shell  and  as  the  fixed  supports 
for  the  various  movements  of  the  tentaculiferous  lobes 
and  the  siphon.  They  are  to  be  identified  with  the 
ring-like  area  of  adhesion  by  which  the  foot-muscle  of 
the  Limpet  is  attached  to  the  shell  of  that  animal  (see 
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Fig.  27).  In  the  Dibranchs  a  similar  origin  of  the 
muscular  masses  of  the  forefoot  and  miafoot  from 
the  sides  of  the  shell — modified,  as  this  is,  in  position 
and  relations — can  be  traced. 

.  1°  Nautilus  there  are  no  fin-like  expansions  of  the 
integument,  whereas  such  occur  in  the  Decapod  Di¬ 
branchs  along  the  sides  of  the  visceral  hump  (Figs. 
92,  93).  As  an  exception  among  Octopoda  lateral 
fins  occur  in  Pinnoctopus  (Fig.  94,  A),  and  in  Cirrho- 
teuthis  (Fig.  94,  D).  In  the  Pteropodous  division  of 
the  Cephalopoda  such  fin-like  expansions  of  the  dorsal 
integument  do  not  occur,  which  is  to  be  connected 
with  the  fact  that  another  region,  the  midfoot,  which 
in  Siphonopods  is  converted  into  a  siphon,  is  in  them 
expanded  as  a  pair  of  fins. 

In  Nautilus  there  is  a  curious  plate-like  expansion 
of  integument  in  the  mid-dorsal  region  just  behind 
the  hood,  lying  between  that  structure  and  the  por¬ 
tion  of  mantle-skirt  which  is  reflected  over  the  shell. 
This  is  shown  in  Fig.  90,  b.  If  we  trace  out  the  mar¬ 
gin  of  this  pla,te  we  find  that  it  becomes  continuous 
on  each  side  with  the  sides  of  the  siphon  or  midfoot. 
In  Sepia  and  other  Decapods  (not  in  Octopods)  a 
closely  similar  plate  exists  in  an  exactly  corresponding 
position  (see  b  in  Figs.  110,  111).  In  Sepia  a  carti¬ 
laginous  development  occurs  here  immediately  below 
the  integument  forming  the  so-called  “nuchal  plate,” 
drawn  in  Fig.  116,  D.  The  morphological  significance 
of  this  nuchal  lamella,  as  seen  both  in  Nautilus  and 
in  Sepia,  is  not  obvious.  Cartilage  having  the  struc¬ 
ture  shown  in  Fig.  117  occurs  in  various  regions  of 
the  body  of  Siphonopoda.  In  all  Glossophorous  Mol- 
lusca  the  lingual  apparatus  is  supported  by  internal 
skeletal  pieces,  having  the  character  of  cartilage ;  but 
in  the  Siphonopodous  Cephalopoda  such  cartilage  has 
a  wider  range. 

In  Nautilus  a  large  H -shaped  piece  of  cartilage  is 
found  forming  the  axis  of  the  midfoot  or  siphon 
(Fig.  116,  A,  B).  Its  hinder  part  extends  up  into  the 
head  and  supports  the  peri-oesophageal  nerve-mass 
(a),  whilst  its  two  anterior  rami  extend  into  the 
tongue-like  siphon.  In  Sepia,  and  Dibranchs  gener¬ 
ally,  the  cartilage  takes  a  different  form,  as  shown  in 
Fig.  116,  C.  _  The  processes  of  this  cartilage  cannot 
be  identified  in  any  way  with  those  of  the  capitopedal 
cartilage  of  Nautilus.  _  The  lower  larger  portion  of 
this  cartilage  in  Sepia  is  called  the  cephalic  cartilage, 
and  forms  a  complete  ring  round  the  oesophagus ;  it 
completely  invests  also  the  ganglionic  nerve-collar,  so 
that  all  the  nerves  from  the  latter  have  to  pass  through 
foramina  in  the  cartilage.  The  outer  angles  of  this 
cartilage  spread  out  on  each  side  so  as  to  form  a  cup- 
like  receptacle  for  the  eyes.  The  two  processes  spring¬ 
ing  right  and  left  from  this  large  cartilage  in  the 
median  line  (Fig.  116,  C)  are  the  “praeorbital  carti¬ 
lages;”  in  front  of  these,  again,  there  is  seen  a  piece 
like  an  inverted  T,  which  forms  a  support  to  the  base 
of  the  “arms”  of  the  forefoot,  and  is  the  “basi- 
brachial  ’  ’  cartilage.  The  Decapod  Dibranchs  have, 
further,  the  “nuchal  cartilage”  already  mentioned, 
and  in  Sepia,  a  thin  plate-like  “  sub-ostracal  ”  or  (so- 
called)  dorsal  cartilage,  the  anterior  end  of  which 
rests  on  and  fits  into  the  concave  nuchal  cartilage.  In 
Octopoda  there  is  no  nuchal  cartilage,  but  two  band¬ 
like  “  dorsal  cartilages.  ’  ’  In  Decapods  there  are  also 
two  cartilaginous  sockets  on  the  sides  of  the  funnel — 
“siphon-hinge  cartilages” — into  which  fleshy  knobs 
of  the  mantle-skirt  are  loosely  fitted.  In  Sepia,  along 
the  whole  base-line  of  each  lateral  fin  of  the  mantle 
(Fig.  92).  is  a  “ basi-pterygial  cartilage.”  It  is 
worthy  of  remark  that  we  have,  thus  developed,  in 
Dibranch  Siphonopods  a  more  complete  internal  car¬ 
tilaginous  skeleton  than  is  to  be  found  in  some  of  the 
lower  Vertebrates.  There  are  other  instances  of  car¬ 
tilaginous  endo- skeleton  in  groups  other  than  the 
Vertebrata.  Thus  in  some  capito-branchiate  Chaeto- 
pods  cartilage  forms  a  skeletal  support  for  the  gill- 
plumes,  whilst  in  the  Arachnids  (Mygale,  Scorpio) 


and  in  Limulus  a  large  internal  cartilaginous  plate — 
the  ento-sternite — is  developed  as  a  support  for  a  large 
series  of  muscles. 

Alimentary  Tract. — The  buccal  cone  of  Nautilus  is 
terminated  by  a  villous  margin  (buccal  membrane) 
surrounding  the  pair  of  beak-like  jaws.  These  are 
very  strong  and  dense  in  Nautilus,  being  calcified. 
Fossilized  beaks  of  Tetrabranchiata  are  known  under 
the  name  of  Rhyncholites.  In  Dibranchs  the  beaks 
are  horny,  but  similar  in  shape  to  those  of  Nautilus. 
They  resemble  in  general  those  of  a  parrot,  the  lower 
beak  being  the  larger,  and 
overlapping  the  upper  or 
dorsal  beak.  The  lingual 
ribbon  and  odontophoral  ap¬ 
paratus  has  the  structure 
which  is  typical  for  Glosso¬ 
phorous  Mollusca.  In  Fig. 
107,  A  is  represented  a  sin¬ 
gle  row  of  teeth  from  the 
lingual  ribbon  of  Nautilus, 
and  in  Fig.  107,  B,  C,  of 
other  Siphonopoda. 

In  Nautilus  a  long  and 
wide  crop  or  dilated  oesopha¬ 
gus  (cr,  Fig.  110)  passes 
from  the  muscular  buccal 
mass,  and  at  the  apex  of  the 
visceral  hump  passes  into  a 
highly  muscular  stomach,  re¬ 
sembling  the  gizzard  of  a 
bird  ( gizz}  Fig.  110).  A 
nearly  straight  intestine  pass¬ 
es  from  the  muscular  stom¬ 
ach  to  the  anus,  near  which 
naTof  “iTm  lfc  de^lops  a  small  caecum. 
Gegenbaur).  the  buccal  In  Other  Siphonopods  the 
mass  is  omitted,  oe,  cesoph-  oesophagus  is  usually  nar- 
rower  (Fig.  106,  oe\  and  the 
passed  through  the  pylorus ;  muscular  stomach  more  ca- 
pacious  (Fig.  106  o),  whilst 
tion;  i,  intestine;  a,  mk-  a  very  important  feature  in 
bag ;  b,  its  opening  into  the  the  alimentary  tract  is  formed 
rec  u“‘  by  the  caecum.  In  all  but 

Nautilus  the  caecum  lies  near  the  stomach,  and  may 
be  very  capacious — much  larger  than  the  stomach  in 
Loligo  vulgaris — or  elongated  into  a  spiral  coil,  as  in 
Fig.  106,  e.  The  simple  U-shaped  flexure  of  the  ali- 


Fig.  107.— Lingual  dentition  of  Siphonopoda.  A.  A  single  row 
of  lingual  teeth  of  Nautilus  pompilius  (after  Keferstein).  B.  Two 
rows  of  lingual  teeth  of  Sepia  officinalis  (after  Troschel).  C.  Lin¬ 
gual  teeth  of  Eledone  cirrhosa  (after  Loven). 

mentary  tract  as  seen  in  Fig.  106,  and  in  Fig.  110,  is 
the  only  important  one  which  it  exhibits  in  the  Ceph¬ 
alopoda, —  the  Pteropoda  (except  the  Limacinida) 
agreeing  with  the  Siphonopoda  in  this  simplicity  in 
consequence  of  their  visceral  hump  being  untwisted. 
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The  acini  of  the  large  liver  of  Nautilus  are  compacted 
into  a  solid  reddish-brown  mass  by  a  firm  membrane, 
as  also  is  the  case  in  the  Dibranchiata.  The  liver  has 
four  paired  lobes  in  Nautilus,  which  open  by  two  bile- 
ducts  into  the  alimentary  canal  at  the  commencement 
of  the  intestine.  The  bile-ducts  unite  before  entering 
the  intestine.  In  Dibranchiata  the  two  large  lobes  of 
the  liver  are  placed  antero-dorsally  (beneath  the  shell 
in  Decapoda),  and  the  bile-ducts  open  into  the  caecum. 
Upon  tne  bile-ducts  in  Dibranchiata  SPre  developed 
yellowish  glandular  diverticula,  which  are  known  as 
“pancreas,”  though  neither  physiologically  nor  mor¬ 
phologically  is  there  any  ground  for  considering  either 
the  so-called  liver  or  the  so-called  pancreas  as  strictly 
equivalent  to  the  glands  so  denominated  in  the  V erte- 
brata.  In  Nautilus  the  equivalents  of  the  pancreatic 
diverticula  of  the  Dibranchs  can  be  traced  upon  the 
relatively  shorter  bile-ducts. 

Salivary  glands  are  not  developed  in  Nautilus  un¬ 
less  a  pair  of  glandular  masses  lying  on  the  buccal 
cavity  are  to  be  considered  as  such.  In  the  Dibranchs, 
on  the  contrary,  one  (Sepia,  Loligo)  or  two  pairs  of 
large  salivary  glands  are  present,  an  anterior  and  a 
posterior  (Octopus,  Eledone,  Onychoteuthis).  Each 
pair  of  salivary  glands  has  its  paired  ducts  united  to 
form  a  single  duct,  which  runs  forward-  from  the 
glands  and  opens  into  the  buccal  cavity  near  the 


Fig.  108.— Diagram  of  the  nephridial  sacs,  and  the  veins  which 
run  through  them,  in  Sepia  officinalis  (after  Vigelius).  The  neph¬ 
ridial  sacs  are  supposed  to  have  their  upper  walls  removed,  v.c, 
vena  cava  ;  r.d.v.c,  right  descending  branch  of  the  same ;  r.s.v.c, 
left  descending  branch  of  the  same ;  v.b.a.,  vein  from  the  ink- 
bag  ;  v.m,  mesenteric  vein  ;  v.g,  genital  vein ;  v.a.d,  right  abdom¬ 
inal  vein;  v.a.s,  left  abdominal  vein;  v.p.d,  right  pallial  vein; 
v.p.s,  left  pallial  vein ;  c.b,  branchial  heart;  x,  appendage  of  the 
same ;  c.y,  capsule  of  the  branchial  heart ;  np,  external  aperture 
of  the  right  nephridial  sac ;  y,  reno-perieardial  orifice  placing 
the  left  renal  sac  or  nephridium  in  communication  with  the  vis¬ 
cero-pericardial  sac,  the  course  of  which  below  the  nephridial 
sac  is  indicated  by  dotted  lines ;  y',  the  similar  orifice  of  tne  right 
side ;  a.r,  glandular  renal  outgrowths ;  w.k,  viscero-pericardial  sac 
(dotted  outline). 

radula.  The  anterior  pair  of  glands  when  present 
lie  in  the  head  near  tne  buccal  mass,  the  posterior 
pair  lie  much  farther  back  beneath  the  liver,  at  the 
sides  of  the  oesophagus.  It  is  the  posterior  pair  which 
alone  are  present  in  Sepia  and  Loligo.  The  ink-bag 
is  Jto  be  considered  as  an  appendage  of  the  rectum. 
It  is  not  developed  in  Nautilus,  nor  in  the  Pteropoda  ; 
in  all  Dibranchiata  (even  in  the  fossil  Belemnites)  it  is 
present  (Fig.  106,  a ;  Fig.  103,  t),  and  has  been  ob¬ 
served  to  develop  as  a  diverticulum  of  the  rectum,  with 
spirally  plaited  walls  which  very  early  secrete  a  black 
pigment.  The  spiral  plaitings  of  the  walls  diminish 


in  relative  size  as  the  volume  of  the  sac  increases.  Its 
outer  surface  acquires  a  metallic  iridescence  similar  to 
that  of  the  integuments  of  many  fishes.  The  opening 
of  the  ink-sac  is  in  the  adult  sometimes  distinct  from 


vent  ao. 


Fig.  10s. — Diagram  to  show  the  relations  of  the  four  nephridial 
sacs,  the  viscero-pericardial  sac,  and  the  heart  and  large  vessels 
in  Nautilus  (drawn  by  A.  G.  Bourne),  neph,  nepli,  on  the  right  side 
point  to  the  two  nephridia  of  that  side  (the  two  of  the  opposite  side 
are  not  lettered),— each  is  seen  to  have  an  independent  aperture ; 
x  is  the  viscero-pericardial  sac,  the  dotted  line  indicating  its 
backward  extension  ;  vise.  per.  apert.  marks  an  arrow  introduced 
into  the  right  aperture  of  the  viscero-pericardial  sac;  r.e.,  r.e., 
point  to  the  glandular  enlarged  walls  of  the  advehent  branchial 
vessels,— two  small  glandular  bodies  of  the  kind  are  seen  to  pro¬ 
ject  into  each  nephridial  sac,  whilst  a  larger  body  of  the  same 
kind  depends  from  each  of  the  four  branchial  advehent  vessels 
into  the  viscero-pericardial  sac ;  v.c.  vena  cava ;  vent,  ventricle  of 
the  heart;  ao.,  cephalic  aorta  (the  small  abdominal  aorta  not 
drawn);  a.b.v,  advehent  branchial  vessel;  e.v.b.,  efferent  bran¬ 
chial  vessel. 

but  near  to  the  anus  (Sepia) ;  in  other  cases  it  opens 
into  the  rectum  near  the  anus.  The  ink-bag  of  Di¬ 
branch  Siphonopoda  is  possibly  to  be  identified  with 
the  adreetal  (purpuriparous)  gland  of  some  Gastro¬ 
poda. 


h 


Fig.  110.— Diagram  representing  a  vertical  approximately  me¬ 
dian  antero-posterior  section  of  Nautilus  pompilius  (from  a  draw¬ 
ing  by  A.  G.  Bourne).  The  parts  which  are  quite  black  are  the 
cut  muscular  surfaces  of  the  foot  and  buccal  mass,  a,  the  shell ; 
6,  the  nuchal  plate  identical  with  the  nuchal  cartilage  of  Sepia 
(see  Fig.  90,  b) ;  c,  the  integument  covering  the  visceral  hump ;  d, 
the  mantle  flap  or  skirt  in  the  dorsal  region  where  it  rests  against 
the  coil  of  the  shell;  e,  the  inferior  margin  of  the  mantle-skirt 
resting  on  the  lip  of  the  shell  represented  by  the  dotted  line ;/, 
the  pallial  chamber  with  two  of  the  four  gills ;  g,  the  vertically 
cut  median  portion  of  the  midfoot  (siphon) ;  h,  the  capito-pedal 
cartilage  (see  Fig.  116) ;  i,  the  valve  of  the  siphon ;  l,  the  siphun- 
cular  pedicle  (cut  short) ;  to.  the  hood  or  dorsal  enlargement  of 
the  annular  lobe  of  the  forefoot ;  n,  tentacles  of  the  annular  lobe ; 
p,  tentacles  of  the  inner  inferior  lobe;  g,  buccal  membrane;  r, 
upper  jaw  or  beak ;  s,  lower  jaw  or  beak ;  t,  lingual  ribbon ;  x,  the 
viscero-pericardial  sac ;  n.c,  nerve-collar ;  oe,  oesophagus ;  cr,  crop ; 
gizz,  gizzard ;  int,  intestine ;  an,  anus ;  ni,  nidamental  gland ;  nept, 
aperture  of  a  nephridial  sac ;  r.e.  renal  glandular  masses  on  tne 
walls  of  the  afferent  branchial  veins  (see  Fig.  109) ;  a.b.v.,  afferent 
branchial  vessel ;  e.b.v,  efferent  branchial  vessel ;  vt,  ventricle 
of  the  heart. 
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Coelom.  Blood-vascular  System,  and  Excretory  Or- 
ffa^s.  Nautilus  and  the  other  Siphonopoda  conform 
to  the  general  Molluscan  characters  in  regard  to  these 
organs.  Whilst  the  general  body-cavity  or  coelom 
torms  a  lacunar  blood-system  or  series  of  narrow  spaces 
connected  with  the  trunks  of  a  well-developed  vascular 
system,  that  part  of  the  original  coelom  surrounding 
tne  heart  and  known  as  the  Molluscan  pericardium 
becomes  shut  off  from  this  general  blood-lymph  sys¬ 
tem,  and  communicates,  directly  in  Nautilus,  in  the 
rest  through  the  nephridia,  with  the  exterior.  In  the 
oiphonopoda  this  specialized  pericardial  cavity  is  par¬ 
ticularly  large,  and  has  been  recognized  as  distinct 
from  the  blood-carrying  spaces,  even  by  anatomists 
^bo  have  not  considered  the  pericardial  space  of  other 
Mollusca  to  be  thus  isolated.  The  enlarged  pericar¬ 
dium,  which  may  even  take  the  form  of  a  pair  of  sacs, 
has  been  variously  named,  but  is  best  known  as  the 
viscero-pericardial  sac  or  chamber.  In  Nautilus  this 
sac  occupies  the  whole  of  the  postero-dorsal  surface 
and  a  part  of  the  antero-dorsal  (see  Fig.  110,  x),  in¬ 
vesting  the  genital  and  other  viscera  which  lie  below 
]t,  and  haying  the  ventricle  of  the  heart  suspended  in 
it.  Certain  membranes  forming  incomplete  septa,  and 
a  curious  muscular  band — the  pallio-cardiac  band — ■ 
traverse  the  sac.  The  four  branchial  advehent  veins, 
which  in  traversing  the  walls  of  the  four  nephridial 
sacs  give  off,  as  it  were,  glandular  diverticula  into  those 
sacs,  also  give  off  at  the  same  points  four  much  larger 


.  re 

n.n.a  visc.ber. 
apert. 

Fig.  Ill— Diagram  representing  a  vertical  approximately  me¬ 
dian  antero-posterior  section  of  Sepia  officinalis  (from  a  drawing  bv 
A.  G.  Bourne).  The  lettering  corresponds  witn  that  of  Fig.  110, 
with  which  this  drawing  is  intended  to  be  compared,  a,  shell 
(here  inclosed  by  a  growth  of  the  mantle) ;  b,  the  nuchal  plate 
(here  a  cartilage) ;  c  (the  reference  line  should  be  continued 
through  the  black  area  representing  the  shell  to  the  outline  be¬ 
low  it],  the  integument  covering  the  visceral  hump ;  d,  the  re¬ 
flected  portion  of  the  mantle-skirt  forming  the  sac  which  incloses 
the  shell ;  e,  the  inferior  margin  of  the  mantle-skirt  (mouth  of  the 

Sailial  chamber) the  pallial  chamber ;  g,  the  vertically  cut  me- 
ian  portion  of  the  midfoot  (siphon) ;  i,  the  valve  of  the  siphon ; 
m,  the  two  upper  lobes  of  the  forefoot ;  n,  the  long  prehensile  arms 
of  the  same ;  o,  the  fifth  or  lowermost  lobe  of  the  forefoot ;  p,  the 
third  lobe  of  the  forefoot ;  q,  the  buccal  membrane ;  v,  the  upper 
beak  or  jaw ;  s,  the  lower  beak  or  jaw ;  t,  the  lingual  ribbon  ;  x, 
the  viscero-pericardial  sac;  n.c,  the  nerve-collar;  er.,  the  crop; 
gizz.,  the  gizzard;  an,  the  anus;  c.t.,  the  left  ctenidium  or  gill- 
plume  ;  vent,  ventricle  of  the  heart ;  a.b.v,  afferent  branchial  ves¬ 
sel ;  e.b.v.  efferent  branchial  vessel ;  re,  renal  glandular  mass ;  n.n.a, 
left  nephridial  aperture :  visc.per.apert.,  viscero-pericardial  aper¬ 
ture  (see  Fig.  108);  br .6.,  branchial  heart ;  app.,  appendage  of  the 
same;  t.s.,  ink-bag.  6 

glandular  masses,  which  hang  freely  into  the  viscero- 
pericardial  chamber  (Fig.  109,  r.e).  In  Nautilus  the 
viscero-pericardial  sac  opens  to  the  exterior  directly  by 
a  pair  of  apertures,  one  placed  close  to  the  right  and 
one  close  to  the  left  posterior  nephridial  aperture  (Fig. 
101,  viscper.).  This  direct  opening  of  the  pericardial 
sac  to  the  exterior  is  an  exception  to  what  occurs  in  all 
other  Mollusca.  In  all  other  Molluscs  the  pericardial 
sac  opens  into  the  nephridia,  and  through  them  or  the 
one  nephridium  to  the  exterior.  In  Nautilus  there  is 
no  opening  from  the  viscero-pericardial  sac  into  the 
nephridia.  Therefore  the  external  pore  of  the  viscero- 
pericardial  sac  may  possibly  be  regarded  as  a  shifting  of 
the  reno-pericardial  orifice  from  the  actual  wall  of  the 
nephridial  sac  to  a  position  alongside  of  its  orifice. 
Parallel  cases  of  such  shifting  are  seen  in  the  varying 


position  of  the  orifice  of  the  ink-bag  in  Dibranchiata, 
ail  .  .the  orifice  of  the  genital  ducts  of  Mollusca, 
which  in  some  few  cases  {e.g.,  Spondylus)  open  into 
v?e  n.< sphrid ia,  whilst  in  other  cases  they  open  close  by 
the  side  of  the  nephridia  on  the  surface  of  the  body. 
Ihe  viscero-pericardial  sac  of  the  Dibranchs  is  very 
large  also,  and  extends  into  the  dorsal  region.  It  va¬ 
ries  m  shape— that  is  to  say,  in  the  extensions  of  its 
area  right  and  left  between  the  various  viscera — in  dif¬ 
ferent  genera,  but  in  the  Decapods  is  largest.  In  an 
extension  of  this  chamber  is  placed  the  ovary  of  Sepia, 
whilst  the  ventricle  of  the  heart  and  the  branchial 
hearts  and  their  appendages  also  lie  in  it.  It  is  pro¬ 
bable  that  water  is  drawn  into  this  chamber  through 
the  nephridia,  since  sand  and  other  foreign  matters 
are  found  in  it.  In  all  it  opens'into  the  pair  of  nephri¬ 
tic  sacs  by  an  orifice  on  the  wall  of  each,  not  far  from 
the  external  orifice  (Fig.  108,  y,  y').  There  does  not 
seem  any  room  for  doubting  that  each  orifice  corre¬ 
sponds  to  the  reno-pericardial  orifice  which  we  have 
seen  in  the  Gastropoda,  and  shall  find  again  in  the 
.Lamelhbranchia.  The  single  tube-like  nephridium 
and  the  pericardium  of  the  Pteropoda  also  communi¬ 
cate  by  an  aperture. 

The  circulatory  organs,  bloodvessels,  and  blood  of 
N  autuus  do  not  differ  greatly  from  those  of  Gastro¬ 
poda.  The  ventricle  of  the  heart  is  a  four-cornered 
body,  receiving  a  dilated  branchial  efferent  vessel  (au¬ 
ricle)  at  each  corner  (Fig.  109).  It  gives  off  a  cepha¬ 
lic  aorta  anteriorly,  and  a  smaller  abdominal  aorta 
posteriorly.  The  diagram,  Fig.  105,  serves  to  show 
how  this  simple  form  of  heart  is  related  to  the  dorsal 
vessel  of  a  worm  or  of  an  Arthropod,  and  how  by  a 
simple  flexure  of  the  ventricle  (D)  and  a  subsequent 
suppression  of  one  auricle,  following  on  the  suppression 
of  one  branchia,  one  may  obtain  the  form  of  heart 
characteristic  of  the  Anisopleurous  Gastropoda  (ex- 
.  cepting  the  Zygobranchia).  The  flexed  condition  of 
rin‘  the  heart  is  seen  in  Octopus,  and  is  to  some  extent 
approached  by  Nautilus,  the  median  vessels  not  pre¬ 
senting  that  perfect  parallelism  which  is  shown  in  the 
figure  (B).  The  most  remarkable  feature  presented 
by  the  heart  of  Nautilus  is  the  possession  of  four  in¬ 
stead  of  two  auricles,  a  feature  which  is  simply  related 
to  the  metamerism  of  the  branchiae.  By  the  left  side 
of  the  heart  of  Nautilus,  attached  to  it  by  a  mem¬ 
brane,  and  hanging  loosely  in  the  viscero-pericardial 
chamber,  is  the  pyriform  sac  of  Owen.  This  has  re¬ 
cently  been  shown  to  be  the  rudimentary  left  oviduct 
or  sperm-duct,  as  the  case  may  be  (Lankester  and 
Bourne,  37),  the  functional  right  ovi-sac  and  its  duct 
being  attached  by  a  membrane  to  the  opposite  side  of 
the  heart. 

The  cephalic  and  abdominal  aortae  of  Nautilus  ap¬ 
pear,  after  running  to  the  anterior  and  posterior  ex¬ 
tremes  of  the  animal  respectively,  to  open  into  sinus¬ 
like  spaces  surrounding  the  viscera,  muscular  masses, 
etc.  These  spaces  are  not  large,  but  confined  and 
shallow.  Capillaries  are  stated  to  occur  in  the  integu¬ 
ment.  In  the  Dibranchs  the  arterial  system  is  very 
much  more  complete  ;  it  appears  in  some  cases  to  end 
in  irregular  lacunae  or  sinuses,  in  other  cases  in  true 
capillaries  which  lead  on  into  veins.  An  investigation 
of  these  capillaries  in  the  light  of  modern  histological 
knowledge  is  much  needed.  From  the  sinuses  and 
capillaries  the  veins  take  origin,  collecting  into  a  large 
median  trunk  (the  vena  cava),  which  in  the  Dibranchs 
as  well  as  in  Nautilus  has  a  ventral  (postero-ventral) 
position,  and  runs  parallel  to  the  long  axis  of  the  ani¬ 
mal.  In  Nautilus  this  vena  cava  gives  off  at  the  level 
of  the  gills  four  branchial  advehent  veins  (Fig.  109, 
v.c.),  which  pass  into  the  four  gills  without  dilating. 

In  the  Dibranchs  at  a  similar  position  the  vena  cava 
gives  off  a  right  and  a  left  branchial  advehent  vein 
(Fig.  108,  r.s.v.c ,  r.d.v.c),  each  of  which,  traversing  the 
wall  of  the  corresponding  nephridial  sac  and  receiving 
additional  factors  (Fig.  108,  v.g ,  v.p.d,  v.a.d ,  v.b.a). 
dilates  at  the  base  of  the  corresponding  branchial 
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Elume,  forming  there  a  pulsating  sac — the  branchial 
eart  (Fig.  104,  x ;  and  Fig.  108,  c.  b).  Attached  to  each 
branchial  heart  is  a  curious  glandular  body,  which  may 
possibly  be  related  to  the  larger  masses  (r.e  in  Fig. 
109)  which  depend  into  the  viscero-pericardial  cavity 
from  the  branchial  advehent  veins  of  Nautilus.  From 
the  dilated  branchial  heart  the  branchial  advehent  ves¬ 
sel  proceeds,  running  up  the  ad-pallial  face  of  the  gill- 
plume  ( vt ,  vc',  Fig.  104).  From  each  gill-plume  the 
blood  passes  by  the  branchial  efferent  vessels  (y/,  Fig. 
104)  to  the  heart,  the  two  auricles  being  formed  by 
the  dilatation  of  these  vessels  ( v ,  v  in  Fig.  104). 

The  blood  of  Siphonopoda  contains  the  usual  amoe¬ 
boid  corpuscles,  and  a  diffused  coloring  matter — the 
htemocyanin  of  Fredericque — which  has  been  found  also 
in  the  blood  of  Helix,  and  in  that  of  the  Arthropods 
Homarus  and  Limulus.  It  is  colorless  in  the  oxidized, 
blue  in  the  deoxidized  state,  and  contains  copper  as  a 
chemical  constituent. 

The  nephridial  sacs  and  renal  glandular  tissue  are 
closely  connected  with  the  branchial  advehent  vessels 
in  Nautilus  and  in  theother  Siphonopoda.  The  arrange¬ 
ment  is  such  as  to  render  the  typical  relations  and 
form  of  a  nephridium  difficult  to  trace.  In  accordance 
with  the  metamerism  of  Nautilus  already  noticed, 
there  are  two  pairs  of  nephridia.  Each  nephridium 
assumes  the  form  of  a  sac  opening  by  a  pore  to  the  ex¬ 
terior.  As  is  usual  in  nephridia,  a  glandular  and  a 
non-glandular  portion  are  distinguished  in  each  sac  ; 
these  portions,  however,  are  not  successive  parts  of  a 
tube,  as  happens  in  other  cases,  but  they  are  localized 
arete  of  the  wall  of  the  sac.  The  glandular  renal  tis¬ 
sue  is,  in  fact,  confined  to  a  tract  extending  along  that 
part  of  the  sac’s  wall  which  immediately  invests  the 
great  branchial  advehent  vein.  The  vein  in  this  re¬ 
gion  gives  off  directly  from  its  wall  a  complete  herbage 
of  little  venules,  which  branch  and  anastomose  with 
one  another,  and  are  clothed  by  the  glandular  epithe¬ 
lium  of  the  nephridial  sac. 

The  secretion  is  accumulated 
in  the  sac  and  passed  by 
its  aperture  to  the  exte¬ 
rior.  Probably  the  nitroge¬ 
nous  excretory  product  is 
very  rapidly  discharged  • 
in  Nautilus  a  pink-colored 
powder  is  found  accumu¬ 
lated  in  the  nephridial 
sacs,  consisting  of  calcium 
phosphate.  The  presence 
of  this  phosphatic  calculus 
by  no  means  proves  that 
such  was  the  sole  excretion 
of  the  renal  glandular  tissue. 

In  Nautilus  a  glandular 
growth  like  that  rising  from 
the  wall  of  the  branchial  ves¬ 
sel  into  its  corresponding 
nephridial  sac,  but  larger 
in  size,  depends  from  each 
branchial  advehent  _  vessel 
into  the  viscero-pericardial 
sac, — probably  identical  with 

the  appendage  ot  the  Fl0  112 —Nervous  system  of 
branchial  hearts  Ot  Vl-  Nautilus  pornpilius  (from  Gegen- 
bl’anchs.  baur,  after  Owen),  t,  t,  gan- 

The  chief  difference,  other 

than  that  of  number,  between  ganglion  to  the  inner  series 

the  npnhridia  of  the  Di-  of  tentacles ;  t',  nerves  to  the 
tne  nepnriaia  or  me  xn  tentacles  of  the  outer  or  annu- 

branchs  and  those  ot  INauti-  ]ar  i0be;  b,  pedal  ganghon- 


dial  sac  [y,  y'  in  Fig.  108).'  The  external  orifices  of  the 
nephridia  axe  also  more  prominent  in  Dibranchs  than 
in  Nautilus,  being  raised  on  papillae  (rvp  in  Fig.  108  ;  r 
in  Fig.  103).  In  Sepia,  according  to  Vigelius  (38),  the 
two  nephridia  give  off  each  a.  diverticulum  dorsalwards, 
which  unites  with  its  fellows  and  forms  a  great  median 
renal  chamber,  lying  between  the  ventral  portions  of 
the  nephridia  and  the  viscero-pericardial  chamber. 
In  Loligo  the  fusion  of  the  two  nephridia  to  form  one 
sac  is  still  more  obvious,  since  the  ventral  portions  are 
united.  In  Octopus  the  nephridia  are  quite  separate. 


into  the  viscero-pericardial  visceral  ganglion-pairs);  d, 

•  i  _ 1  _ J  „ X* rr^-r>i tol  crnncrlinn  nlnr.ftd  on  the 


sence  in  the  former  of  a  pore  its  branchial  and  its  osphra- 

leading  from  the  nephridial 

sac  into  the  viscero-pencar- mantle-skirt. 


Fig.  114. 

Figs.  113, 114.— Nerve-centres  of  Octopus.  Figure  113  gives  a 
view  from  the  dorsal  aspect,  figure  114  one  from  the  ventral  as¬ 
pect.  true,  the  buccal  mass ;  ped,  pedal  ganglion ;  opt,  optic  gan¬ 
glion;  cer,  cerebral  ganglion;  pi,  pleural  ganglion;  vise,  visceral 
ganglion ;  css,  oesophagus ;  /,  foramen  in  the  nerve-mass  formed 
by  pedal,  pleural,  and  visceral  ganglion-pairs,  traversed  by  a 
bloodvessel. 

Tegumental  pores  have  not  been  described  in  Nau¬ 
tilus,  but  exist  in  Dibranchiata,  and  have  been  (proba 

bly  erroneously, 
but  further  in¬ 
vestigation  is 
needed)  supposed 
to  introduce  water 
into  the  vascular 
system.  A  pair 
of  such  pores 
leading  into  sub- 
tegumental  spaces 
of  considerable 
area,  the  nature 
of  which  is  im¬ 
perfectly  known, 
exist  on  the  back 
of  the  head  in 
Philonexis,  Tre: 
moctopus,  and 
Argonauta.  At 
..-n.vhc.  the  base  of  the 
arms  and  mouth 
four  such  pores 
are  found  in  His- 
tioteuthis  and 
Ommastrephes, 
six  in  Sepia, 
Loligo,  Onycho- 
teuthis.  Lastly,  a 
pair  of  such  pores 
are  found  in  the 
Decapoda  at  the 

Fig.  115.— Lateral  view  of  the  nervous  avnfe  kaHWlnla 
centres  and  nerves  of  the  right  side  of  arms,  leading  into 
Octopus  vulgaris  (from  a  drawing  by  A.  G.  an  extensive  Sub- 
Boume).  bg,  buccal  ganglion ;  cer.,  cere-  tPminlpnt-il  nmieh 
bral  ganglion;  ped.,  pedal  ganglion ;  pi.,  tegumental  pouen 
pleural,  and  vise.,  visceral  region  of  the  on  each  Side  OI 
pleuro-visceral  ganglion ;  gang,  stell.,  the  ^he  head  into 

right  stellate  ganglion  of  the  mantle  con-  ,  •  ,  ,i  i 

nected  by  a  nerve  to  the  pleural  portion ;  wnicn  tne  long 
n.visc.,  the  right  visceral  nerve;  n.olf.,  its  arms  can  be,  and 

(probably)  olfactory  branches:  n.br.,  its  Ualiallv  with- 

branchiai  branches.  usually  are,  with¬ 

drawn.  In  Sepia, 
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Sepiola,  and  Rossia  the  whole  arm  is  coiled  up  in  these 
sacs ;  in  Loligo  only  a  part  of  it  is  so ;  in  Histioteuthis, 
Ommastrephes,  and  Onychoteuthis,  the  sacs  are  quite 
small  and  do  not  admit  the  arms. 

Nervous  System. — Nautilus,  like  the  other  Cephal¬ 
opoda  (e.  g.,  Fneumodermon,  Fig.  87  ;  Octopus,  Fig. 
113),  exhibits  a  great  concentration  of  the  typical 
Molluscan  ganglia,  as  shown  in  Fig.  112.  The  gan¬ 
glia  take  on  a  band-like  form,  and  are  but  little 
differentiated  from  their  commissures  and  connec¬ 
tives, — an  archaic  condition  reminding  us  of  Chi¬ 
ton.  The  special  optic  outgrowth  of  the  cerebral 
ganglion,  the  optic  ganglion  (Fig.  112,  o),  is  char¬ 
acteristic  of  the  big-eyed  Siphonopoda.  The  cerebral 
ganglion-pair  (a)  lying  above  the  oesophagus  is  con¬ 
nected  with  two  sub-oesophageal  ganglion-pairs  of 
band-like  form.  The  anterior  of  these  is  the  pedal 
b,  b ,  and  supplies  the  forefoot  with  nerves  t\  t ,  as  also 
the  midfoot  (siphon).  The  hinder  band  is  the  vis¬ 
ceral  and  pleural  pair  fused  (compare  Fig.  112  with 
Fig.  87,  and  especially  with  the  typical  Euthyneurous 
nervous  system  of  Limnaeus,  Fig.  2 2) ;  from  its  pleural 
portjon  nerves  pass  to  the  mantle,  from  its  visceral 
portion  nerves  to  the  branchiae  and  genital  ganglion  ( d 
in  Fig.  112),  and  in  immediate  connection  with  the 
latter  is  a  nerve  to  the  osphradium  or  olfactory  papilla. 
No  buccal  ganglia  have  been  observed  in  Nautilus,  nor 
has  an  enteric  nervous  system  been  described  in  this 
animal,  though  both  attain  a  special  development  in 
the  Dibranchiata.  The  figures  (114  and  115)  repre¬ 
senting  the  nerve-centres  of  Octopus  serve  to  ex¬ 
hibit  the  disposition  of  these  parts  in  the  Dibranchiata. 
The  ganglia  are  more  distinctly  swollen  than  in  Nau¬ 
tilus.  In  Octopus  an  infra-buccal  ganglion-pair  are 
present  corresponding  to  the  buccal  ganglion-pair  of 
Gastropoda.  In  Decapoda  a  supra-buccal  ganglion- 
pair  connected  with  these  are  also  developed.  Instead 
of  the  numerous  radiating  pallial  nerves  of  Nautilus, 
we  have  in  the  Dibranchiata  on  each  side  (right  and 
left)  a  large  pleural  nerve  passing  from  the  pleural  por¬ 
tion  of  the  pleuro-viseeral  ganglion  to  the  mantle, 
where  it  enlarges  to  form  the  stellate  ganglion.  From 
each  stellate  ganglion  nerves  radiate  to  supply  the 
powerful  muscles  of  the  mantle-skirt.  The  nerves 
from  the  visceral  portion  of  the  pleuro-viseeral  gan¬ 
glion  have  the  same  course  as  in  Nautilus,  but  no 
osphradial  papilla  is  present.  An  enteric  nervous 
system  is  richly  developed  in  the  Dibranchiata,  con¬ 
nected  with  the  somatic  nervous  centres  through  the 
buccal  ganglia,  as  in  the  Arthropoda  through  the 
stomato-gastric  ganglia,  and  anastomosing  with  deep 
branches  of  the  visceral  nerves  of  the  viscero-pleural 
ganglion-pair.  It  has  been  especially  described  by 
Hancock  (39)  in  Ommastrephes.  Upon  the  stomach 
it  forms  a  single  large  and  readily-detected  gastric 
ganglion.  It  is  questionable  as  to  how  far  this  and 
the  “caval  ganglion”  formed  in  some  Decapoda  by 
branches  of  the  visceral  nerves  which  accompany  the 
vena  cava  are  to  be  considered  as  the  equivalents  of 
the  “abdominal  ganglion,”  which  in  a  typical  Gastro¬ 
pod  nervous  system  lies  in  the  middle  of  the  visceral 
nerve-loop  or  commissure,  having  the  right  and  left 
visceral  ganglia  on  either  side  of  it,  separated  by  a 
greater  or  less  length  of  visceral  nerve-cord  (see  Figs. 
20,  21,  22).  There  can  be  little  doubt  that  the  enteric 
nervous  system  is  much  more  developed  in  the  Di¬ 
branchiata  than  in  other  Mollusca,  and  that  it  effects 
a  fusion  with  the  typical  “visceral”  cords  more  ex¬ 
tensive  than  obtains  even  in  Gastropoda,  where  such 
a  fusion  no  doubt  must  also  be  admitted. 

Special  Sense-Organs. — Nautilus  possesses  a  pair 
of  osphradial  papillae  (Fig.  101,  olf),  corresponding  in 
position  and  innervation  to  Spengel’s  organ  placed  at 
the  base  of  the  ctenidia  (branchiae)  in  all  classes  of 
Mollusca.  This  organ  lias  not  been  detected  in  other 
Siphonopoda.  In  Pteropoda  it  is  well  developed  as  a 
single  ciliated  pit,  although  the  ctenidia  are  in  that 
group  aborted  (Fig.  87,  Osp.).  Nautilus  possesses 
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other  olfactory  organs  in  the  region  of  the  head.  Just 
below  the  eye  is  a  small  triangular  process  (not  seen  in 
our  figures),  having  the  structure  of  a  shortened  and 
highly-modified  tentacle  and  sheath.  By  Valencien¬ 
nes,  who  is  followed  by  Keferstein,  this  is  regarded  as 
an  olfactory  organ.  The  large  nerve  which  runs  to 
this  organ  originates  from  the  point  of  juncture  of  the 
pedal  with  the  optic  ganglion.  The  lamelliform  organ 
upon  the  inner  inferior  tentacular  lobe  of  Nautilus  is 

Eossibly  also  olfactory  in  function.  In  Dibranchs  be- . 

ind  the  eye  is  a  pit  or  open  canal  supplied  by  a  nerve 
corresponding  in  origin  to  the  olfactory  nerve  of  Nau¬ 
tilus  above  mentioned.  Possibly  the  sense  of  taste 
resides  in  certain  processes  within  the  mouth  of  Nau¬ 
tilus  and  other  Siphonopoda. 


1  ig.  116.— Cartilaginous  skeleton  of  Siphonopoda  (after  Kefer¬ 
stein).  A.  Capitopedal  cartilage  of  Nautilus  pompiUus ;  a  points  to 
the  ridge  which  supports  the  pedal  portion  of  the  nerve-centre. 
B.  Lateral  view  of  the  same, — the  large  anterior  processes  are 
sunk  in  the  muscular  substance  of  the  siphon.  C.  Cephalic  car¬ 
tilages  of  Sepia  officinalis.  D.  Nuchal  cartilage  of  Sepia  officinalis. 

The  otocysts  of  Nautilus  were  discovered  by  Mac¬ 
donald  (40).  Each  lies  at  the  side  of  the  head,  ventral 
of  the  eye,  resting  on  the  capito-pedal  cartilage,  and 


Fig.  117.— Minute  structure  of  the  cartilage  of  Loligo  (from 
Gegenbaur,  after  Furbringer).  a,  simple,  b,  dividing,  cells ;  e, 
canaliculi ;  d,  an  empty  cartilage  capsule  with  its  pores ;  e,  cana- 
liculi  in  section. 

supported  by  the  large  auditory  nerve  which  arises 
from  the  pedal  ganglion.  It  has  the  form  of  a  small 
sac,  1  to  2  mm.  in  diameter,  and  contains  whetstone¬ 
shaped  crystals,  such  as  are  known  to  form  the  otoliths 
of  other  Mollusca.  The  otocysts  of  Dibranchiata  are 
larger  and  deeply  sunk  in  the  cephalic  cartilage.  It 
has  been  shown  by  Lankester  that  they  develop  as 
open  pits  (Fig.  12i  (5),  (6),  o),  which  gradually  close 
up,  the  communication  with  the.  exterior  becoming 
narrowed  into  a  fine  canal,  which  is  reflected  over  one 
end  of  the  sac,  and  finally  has  its  external  opening 
obliterated.  A  single  otolith  only  is  found  in  all  Di¬ 
branchiata. 

The  eye  of  Nautilus  is  among  the  most  interesting 


706 


MOLLUSCA. 


[cephalopoda. 


structures  of  that  remarkable  animal.  No  other  ani¬ 
mal  which  has  the  same  bulk  and  general  elaboration 
of  organization  has  so  simple  an  eye  as  that  of  Nau¬ 
tilus.  When  looked  at  from  the  surface  no  metallic 
lustre,  no  transparent  coverings,  are  presented  by  it. 
It  is  simply  a  slightly  projecting  hemispherical  box 
like  a  kettle-drum,  half  an  inch  in  diameter,  its  sur¬ 
face  looking  like  that  of  the  surrounding  integument, 
whilst  in  the  middle  of  the  drum -membrane  is  a  minute 
hole  (Fig.  91,  w).  Owen  very  naturally  thought  that 
some  membrane  had  covered  this  hole  in  life,  and  had 
been  ruptured  in  the  specimen  studied  by  him.  It, 
however,  appears  from  tne  researches  of  Hensen  (41) 
that  the  hole  is  a  normal  aperture  leading  into  the 
globe  of  the  eye,  which  is  accordingly  filled  by  sea¬ 
water  during  life.  There  is  no  dioptric  apparatus  in 
Nautilus,  and  in  place  of  refracting  lens  and  cornea 
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B.  Gastropod  (Limax  or  Helix).  C.  Di- 


branchiate  Siphonopod  (Oigopsid).  Pal,  ey  elid  (outermost  fold) ; 
Co,  cornea  (second  fold) ;  Ir,  iris  (third  fold) ;  InP,  2,  *,  *,  different 
parts  of  the  integument ;  l,  deep  portion  of  the  lens ;  P,  outer  por¬ 
tion  of  the  lens ;  Co.ep,  ciliary  body ;  if.  retina ;  N.op,  optic  nerve ; 
O.op,  optic  ganglion;  x,  inner  layer  of  the  retina;  N.  S,  nervous 
stratum  of  the  retina.  (From  Balfour,  after  Grenacher.) 

we  have  actually  here  an  arrangement  for  forming  an 
image  on  the  principle  of  “the  pin-hole  camera.” 
There  is  no  other  eye  known  in  the  whole  animal 
kingdom  which  is  so  constructed.  The  wall  of  the  eye- 
globe  is  tough,  and  the  cavity  is  lined  solely  by  the 
naked  retina,  which  is  bathed  by  sea-water  on  one  sur¬ 
face  and  receives  the  fibres  of  the  optic  nerve  on  the 
other  (see  Fig.  118,  A).  As  in  other  Siphonopods 
( e.g .,  Fig.  120,  Ri,  Re,p),  the  retina  consists  of  two 
layers  of  cells  separated  by  a  layer  of  dark  pigment. 
The  most  interesting  consideration  connected  with  this 
eye  of  Nautilus  is  found  when  the  further  facts  are 
noted — (1)  that  the  elaborate  lens-bearing  eyes  of  Di- 
branchiata  pass  through  a  stage  of  development  in 
which  they  have  the  same  structure  as  the  eye  of  Nau¬ 
tilus — namely,  are  open  sacs  (Fig.  119);  and  (2),  that 
amongst  other  Mollusca  examples  of  cephalic  eyes  can 
be  found  which  in  the  adult  condition  are,  like  the 
eye  of  Nautilus  and  the  developing  eye  of  Dibranchs, 
simple  pits  of  the  integument,  the  cells  of  which  are 
surrounded  by  pigment  and  connected  with  the  fila¬ 
ments  of  an  optic  nerve.  Such  is  the  structure  of  the 
eye  of  the  Limpet  (Patella)  ;  and  in  such  a  simple  eye 
we  obtain  the  clearest  demonstration  of  the  fact  that 
the  retina  of  the  Molluscan  cephalic  eye,  like  that  of 
the  Arthropod  cephalic  eye  and  unlike  that  of  the 
Vertebrate  myelonic  eye,  is  essentially  a  modified  area 
of  the  general  epiderm,  and  that  the  sensitiveness  of 
its  cells  to  the  action  of  light  and  their  relation  to 
nerve-filaments  is  only  a  specialization  and  intensifying 
of  a  property  common  to  the  whole  epiderm  of  the 
surface  of  the  body.  What,  however,  strikes  us  as 
especially  remarkable  is  that  the  simple  form  of  a  pit, 
which  in  Patella  serves  to  accumulate  a  secretion  which 
acts  as  a  refractive  body,  should  in  Nautilus  be  glori¬ 
fied  and  raised  to  the  dignity  of  an  efficient  optical 
apparatus.  Natural  selection  has  had  an  altogether 


exceptional  opportunity  in  the  ancestors  of  Nautilus. 
In  all  other  Mollusca,  starting  as  we  may  suppose  from 
the  follicular  or  pit-like  condition,  the  eye  has  pro¬ 
ceeded  to  acquire  the  form  of  a  closed  sac,  the  cavity 
of  the  closed  vesicle  being  then  filled  partially  or  com¬ 
pletely  by  a  refractive  body  (lens)  secreted  by  its  walls 
(Fig.  118,  B).  This  is  the  condition  attained  in  most 
Gastropoda.  It  presents  a  striking  contrast  to  the 
simple  Arthropod  eye,  where,  in  consequence  of  the 
existence  of  a  dense  exterior  cuticle,  the  eye  does  not 
form  a  vesicle,  and  the  lens  is  always  part  of  that 
cuticle. 

In  the  Dibranchiate  division  of  the  Siphonopoda  the 
greatest  elaboration  of  the  dioptric  apparatus  of  the 
eye  is  attained,  so  that  we  have  in  one  sub-class  the 
extremes  of  the  two  lines  of  development  of  the  Mol¬ 
luscan  eye,  those  two  lines  being  the  punctigerous  and 
the  lentigerous.  The  structure  of  the 
Dibranchiate ’s  eye  is  shown  in  section  in 
Fig.  118,  C,  and  in  Fig.  120,  and  its  devel¬ 
opment  in  Fig.  119  and  Fig.  123.  The  open 
sac  which  forms  the  retina  of  the  young 
Dibranchiate  closes  up,  and  constitutes  the 
posterior  chamber  of  the  eye,  or  primitive 
optic  vesicle  (Fig.  123,  A,  poc).  The 
lens  forms  as  a  structureless  growth,  pro¬ 
jecting  inwards  from  the  front  wall  of  this 
vesicle  (Fig.  123,  B,  l).  The  integument 
around  the  primitive  optic  vesicle  which 
has  sunk  below  the  surface  now  rises  up 
and  forms  firstly  nearest  the  axis  of  the 
eye  the  iridian  folds  [if  in  B,  Fig.  123 ; 
ik  in  Fig.  120  ;  /r  in  Fig.  118),  and  then 
secondly  an  outer  circular  fold  grows  up  like 
a  wall  and  completely  closes  over  the  iridian  folds  and 
the  axis  of  the  primitive  vesicle  (Fig.  120,  C).  This 


Fig.  119.— Diagrams  of  sections  showing  the  early  stage  of  de¬ 
velopment  of  the  eye  of  Loligo  when  it  is,  like  the  permanent  eye 
of  Nautilus  and  of  Patella,  an  open  sac.  A.  First  appearance  of  the 
eye  as  a  ring-like  upgrowth.  B.  Ingrowth  of  the  ring-like  wall 
so  as  to  form  a  sac,  the  primitive  optic  vesicle  of  Loligo.  (From 
Lankester.) 

covering  is  transparent,  and  is  the  cornea.  In  the 
oceanic  Decapoda  the  cornea  does  not  completely  close, 
but  leaves  a  central  aperture  traversed  by  the  optic 
axis.  These  forms  are  termed  Oigopsidae  by  d’Orbigny 
(42 ) ,  whilst  the  Decapoda  with  closed  cornea  are  termed 
Myopsidse.  In  the  Octopoda  the  cornea  is  closed,  and 
there  is  yet  another  fold  thrown  over  the  eye.  The 
skin  surrounding  the  cornea  presents  a  free  circular 
margin,  and  can  be  drawn  over  the  surface  of  the  cor¬ 
nea  by  a  sphincter  muscle.  It  thus  acts  as  an  adjus¬ 
table  diaphragm,  exactly  similar  in  movement  to  the 
iris  of  V ertebrates.  Sepia  and  allied  Decapods  have 
a  horizontal  lower  eyelid,  that  is  to  say,  only  one-half 
of  the  sphincter-like  fold  of  integument  is  movable. 
The  exact  history  of  the  later  growth  of  the  lens  in 
the  Dibranchs’  eye  is  not  clear.  As  seen  in  Fig.  120,  it 
appears,  after  attaining  a  certain  size,  to  push  through 
the  front  wall  of  the  primitive  optic  vesicle  at  the 
point  corresponding  to  its  centre  of  closure,  and  to  pro¬ 
ject  a  little  into  the  anterior  chamber  formed  by  the 
cornea.  The  wall  of  the  primitive  optic  vesicle  adja¬ 
cent  to  the  imbedded  lens  (L)  now  becomes  modified, 
forming  a  so-called  “  ciliary  body,”  in  which  muscular 
tissue  is  present,  serving  to  regulate  the  focus  of  the 
lens  id  in  Fig.  120),  Bobretzky  (43)  differs  from 
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Lankester,  whose  view  is  above  given,  in  assigning  a 
distinet  origin  to  the  protruding  anterior  segment  of 
the  lens  (Z1  in  Fig.  118).  The  optic  ganglion,  as  well  as 
the  other  large  ganglia  of  the  Dibranchiata,  originate 
in  the  mesoblast  of  the  embryo.  The  connection  be¬ 
tween  the  cells  of  the  retina  and  the  nerve-fibres  pro¬ 
ceeding  from  the  optic  ganglion  must  therefore  be  a 
secondary  one. 

Chromatophores. — In  Nautilus  these  remarkable 
structures,  which  we  mention  here  as  being  intimately 
associated  with  the  nervous  system,  appear  to  be  absent. 
In  Dibranchiata  they  play  an  important  part  in  the 


Fig.  120. — Horizontal  section  of  the  eye  of  Sepia  (Myopsid).  KK, 
cephalic  cartilages  (see  Fig.  116) ;  C,  cornea  (closed) ;  L,  lens , 
ci,  ciliary  body ;  Ri,  internal  layer  of  the  retina ;  Re,  external 
layer  of  the  retina ;  p,  pigment  between  these ;  o,  optic  nerve ;  go, 
optic  ganglion ;  k  and  V,  capsular  cartilage ;  ik,  cartilage  of  the 
iris;  w,  white  body;  ae,  argentine  integument.  (From  Gegenbaur, 
after  Hensen.) 

economy,  enabling  their  possessor,  in  conjunction  with 
the  discharge  of  the  contents  of  the  ink-bag,  to  elude 
the  observation  of  either  prey  or  foe.  They  consist!  of 
large  vesicular  cells  [true  nucleated  cells  converted  into 
vesicles],  arranged  in  a  layer  immediately  below  the 
epidermis.  Each  chromatophore-cell  has  from  six  to 
ten  muscular  bands  attached  to  its  walls,  radiating  from 
it  star-wise.  The  contraction  of  these  fibres  causes  the 
chromatophore-cell  to  widen  out;  it  returns  to  its 
spherical  resting  state  by  its  own  elasticity.  In  the 
spherical  resting  state  such  a  cell  may  measure  .01 
mm.,  whilst  when  fully  stretched  by  its  radiating  mus¬ 
cles  it  covers  an  area  of  .5  mm.  The  substance  of  the 
chromatophore-cells  is  intensely  colored  with  one  of  the 
following  colors — scarlet,  yellow,  blue,  brown — which 
are  usually  of  the  greatest  purity  and  brilliance.  The  ac¬ 
tion  of  the  chromatophores  may  be  watched  most  readily 
in  young  Loligo,  either  under  the  microscope  or  with 
the  naked  eye.  The  chromatophores  are  suddenly  ex¬ 
panded,  and  more  slowly  retracted  with  rapidly-recur- 
jing  alternation.  All  the  blue,  or  all  the  red,  or  all  the 
yellow  may  he  expanded  and  the  other  colors  left 
quiescent.  Thus  the  animal  can  assume  any  particular 
hue,  and  change  its  appearance  in  a  dazzling  way  with 
extraordinary  rapidity.  There  is  a  definite  adaptation 
of  the  color  assumed  in  the  case  of  Sepia  and  others  to 
the  color  of  the  surrounding  rock  and  bottom. 

Gonads  and  Genital  Ducts— In  Nautilus  it,  has 
recently  been  shown  by  Lankester  and  Bourne  (37) 
that  the  genital  ducts  of  both  sexes  are  paired  right 
and  left,  the  left  duct  being  rudimentary  and  forming 
the  “pyriform  appendage,  described  by  Owen  as  ad¬ 


hering  by  membranous  attachment  to  the  ventricle  of 
the  heart,  and  shown  by  Keferstein  to  communicate  by 
a  pore  with  the  exterior.  Thus  the  Cephalopoda  agree 
with  our  archi-Mollusc  in  having  bilaterally  symmetri¬ 
cal  genital  ducts  in  the  case  of  tne  most  archaic  mem¬ 
ber  of  the  class.  The  ovary  (female  gonad)  or  the  testis 
(male  gonad)  lies  in  Nautilus  as  in  the  Dibranchs  in  a 
distinct  cavity  walled  off  from  the  other  viscera,  near 
the  centro-dorsal  region.  This  chamber  is  formed  by 
the  coelomic  or  peritoneal  wall ;  the  space  inclosed  is 
originally  part  of  the  coelom,  and  in  Sepia  and  Loligo 
is,  in  the  adult,  part  of  the  viscero-pericardial  chamber. 
In  Octopus  it  is  this  genital  chamber  which  communi¬ 
cates  by  a  right  and  a  left  canal  with  the  nephridium, 
and  is  the  only  representative  of  pericardium.  The 
ovary  or  testis  is  itself  a  growth  from  the  inner  wall 
of  this  chamber,  which  it  only  partly  fills.  In  Nautilus 
the  right  genital  duct,  which  is  functional,  is  a  simple 
continuation  to  the  pore  on  the  postero-dorsal  surface 
of  the  membranous  walls  of  the  capsule  in  which  lies 
the  ovary  or  the  testis,  as  the  case  may  be.  The  gonad 
itself  appears  to  represent  a  single  median  or  bilateral 
organ. 

The  true  morphological  nature  of  the  genital  ducts 
of  the  Cephalopoda  and  of  other  Mollusca  is  a  subject 
which  invites  speculation  and  inquiry.  In  all  the  cases 
in  which  such  ducts  continuous  with  the  tunic  of  the 
gonad  itself  occur — viz.,  in  Nematoid  worms,  in  Ar- 
thropoda,  and  in  Teleostean  fishes,  besides  Mollusca— 
there  is  an  absence  of  definite  knowledge  as  to  the  mode 
of  development  of  the  duct.  It  seems,  however,  from 
such  facts  as  have  been  ascertained,  that  the  gonad  lies 
at  first  freely  in  the  coelom,  and  that  the  duct  develops 
in  connection  with  the  genital  pore,  and  attaches  itself 
to  the  embryonic  gonad,  or  to  the  capsule  which  grows 
around  it.  The  question  then  arises  as  to  the  nature 
of  the  pore.  In  other  groups  of  animals  we  find  that 
the  pore,  and  funnel  or  tube  connected  with  it  by  which 
the  genital  products  are  conveyed  to  the  exterior,  is  a 
modified  nephridium  (usually  a  pair,  one  right  and  one 
left).  Is  it  possible  that  this  is  also  the  case  where  the 
duct  very  early  becomes  united  to  the  gonad,  and  even 
gives  rise  to  the  appearance  of  a  tubular  ovary  or  testis  ? 
Probably  this  is  the  case  in  Teleostean  fishes  (see  Hux¬ 
ley’s  observations  on  the  oviducts  of  the  smelt,  44) ; 
but  it  seems  to  be  a  tenable  position  that  in  other  cases, 
including  the  Mollusca,  the  genital  pore  is  a  simple 
opening  in  the  body-wall  leading  into  the  body -cavity 
or  coelom,  such  as  we  find  on  the  dorsal-surface  of  the 
earth-worm,  which  has  become  specialized  for  the  ex¬ 
trusion  of  the  genital  products.  Possibly,  as  in  Nem- 
ertine  and  Chaetopod  worms,  the  condition  preceding 
the  development  of  these  definite  genital  pores  was  one 
in  which  a  temporary  rupture  of  the  body -wall  occurred 
at  the  breeding  season,  and  this  temporary  aperture 
has  gradually  become  permanent.  The  absence  of 
genital  pores  in  Patella,  and  some  Lamellibranchs 
which  make  use  of  the  nephridia  for  the  extrusion  of 
their  genital  products,  suggests  that  the  very  earliest 
Mollusca  or  their  forefathers  were  devoid  of  genital 
ducts  and  pores.  In  no  Mollusca,  however,  is  the 
nephridium  used  in  the  same  way  as  a  genital  duct  as 
it  is  in  the  Chsetopoda,  the  Gephyraea,  and  the  Verte- 
brata  ;  for  the  open  mouth  of  the  nephridium  in  Mol¬ 
lusca  leads  into  the  pericardial  space,  and  it  is  not 
through  this  space  and  this  mouth  that  the  genital  pro¬ 
ducts  of  any  Mollusca  enter  the  nephridium  (except 
perhaps  in  Neomenia),  although  it  is  by  this  mouth 
that  the  genital  products  enter  the  nephridium  in  the 
former  classes  above  named.  Hence  tiie  arrangement 
in  Patella,  etc.,  is  to  be  looked  upon  as  a  special  de¬ 
velopment  from  the  simpler  condition  when  the  Mol¬ 
lusca  brought  forth  by  rupture  (=  schizodinic,  from 
bdtc,  travail),  and  not  as  derived  from  the  common 
arrangement  of  adaptation  of  a  nephridium  to  the 
genital  efferent  function  (=nephrodinic).1 

1  Ccelomate  animals  are,  according  to  this  nomenclature,  either 
Schizodinic  or  Porodinic,  The  Porodinic  group  is  divisible  into 
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The  functional  oviduct  of  Nautilus  forms  an  albu- 
winiparous  gland  as  a  diverticulum,  which  appears  to 
correspond  to  a  dilatation  in  the  male  duct,  which  suc¬ 
ceeds  the  testis  itself,  and  is  called  the  “  accessory 
gland.  ”  The  male  duct  has  a  second  dilatation  (Need¬ 
ham’s  sac),  and  then  is  produced  in  the  form  of  a  large 
papilla.  In  Dibranchs  the  genital  ducts  are  but  little 
more  elaborated.  They  are  ciliated  internally.  In 
female  Octopoda,  in  Ommastrephes,  and  in  one  male 
Octopod  ( Eledone  moschata)  the  genital  ducts  are 
paired,  opening  right  and  left  of  the  anus.  But  in  all 
other  Dibranchs  a  single  genital  duct  only  is  developed, 
viz.,  that  of  the  left  side,  and  leads  from  the  genital 
capsule  or  chamber  of  the  gonad  to  an  asymmetrically- 
placed  pore.  In  the  male  Dibranchs  the  genital  duct  is 
coiled  and  provided  with  a  series  of  glandular  dilatations 
and  receptacles.  These  are  connected  with  the  forma¬ 
tion  of  the  spermatophores.  In  the  Siphonopoda  the 
spermatic  fluid  does  not  flow  as  a  liquid  from  the  geni¬ 
tal  pore,  but  the  spermatozoa  are  made  up  into  little 
packets  before  extrusion.  In  other  Mollusca  ( Pulmon- 
ata)  and  in  other  animals  (Chaetopoda)  this  formation 
of  “  sperm-ropes  ”  is  known,  but  in  the  Siphonopoda 
it  attains  its  highest  development.  Exceedingly  com¬ 
plicated  structures  of  a  cylindrical  form  (sometimes  an 
inch  in  length)  are  formed  in  the  male  genital  duct  by 
a  secretion  which  imbeds  and  cements  together  the 
spermatozoa.  They  are  formed  in  Nautilus  as  well  as 
in  Dibranchs,  the  actual  manner  in  which  their  com¬ 
plicated  structure  is  produced  being  not  easily  conjec¬ 
tured.  Accessory  glands  not  forming  part  of  the  oviduct, 
but  furnishing  the  material  for  inclosing  the  eggs  in 
an  elastic  envelope,  are  found  as  paired  structures,  s 
opening  some  way  behind  the  anus  in  Nautilus  (101,  ' 
g.n.)  and  in  the  Dibranchs.  They  are  known  as  the  | 
nidamental  glands.  In  the  female  Sepia  they  are  par-  | 
ticularly  large  and  prominent,  and  are  accompanied  by  / 
a  second  smaller  pair.  ,  e 

Reproduction  and  Development.  — -The  details  of 
sexual  congress  and  of  the  actual  fertilization  of  the 
egg  are  quite  unknown  in  Nautilus,  and  imperfectly  in 
the  Dibranchs  and  the  Pteropoda.  Allusion  has  already 
been  made  to  the  subject  in  connection  with  the  hecto- 
cotylized  arm.  The  mature  eggs  of  Nautilus  are  un¬ 
known,  as  well  as  the  appearance  which  they  present 
when  deposited.  In  the  Dibranchs  the  eggs  are  always 
very  large  ;  in  some  cases  the  amount  of  food-yelk  in¬ 
fused  into  the  original  egg-cell  is  so  great  as  to  give  it 
the  size  of  a  large  pea.  This  results  in  that  mode  of 
development  which  is  only  known  outside  this  class 
among  the  Vertebrata;  it  is  discoblastic.  The  proto¬ 
plasm  of  the  fertilized  egg-cell  segregates  to  one  pole 
of  the  egg,  and  there  undergoes  cell-division,  resulting 
in  the  formation  of  a  disc  of  cleavage  cells  (Fig.  121, 
(1))  resembling  the  cicatricula  of  the  hen’s  egg,  which 
subsequently  spreads  over  and  invests  the  whole  egg 
(Fig.  121,  (2)).  For  details  of  this  process  we  must 
refer  the  reader  to  other  works  (45,  46)  ;  but  it  may 
here  be  noted  that  in  addition  to  the  layer  of  cleavage 
cells,  which  consists  of  more  than  one  stratum  of  cells 
in  the  future  embryonic  area  as  opposed  to  the  yelk- 
sac  area,  additional  cells  are  formed  in  the  mass  of 
residual  yelk  apparently  by  an  independent  process  of 
segregation,  each  cell  having  a  separate  origin,  whence 
they  are  termed  “autoplasts.”  The  autoplasts  event¬ 
ually  form  a  layer  of  fusiform  cells  (Fig.  121,  (7),  A; 
Fig.  122,  m  ;  and  Fig.  123,  ps ), — the  “yelk-mem¬ 
brane  ’  ’  which  everywhere  rests  upon  and  incloses  the 
residual  yelk.  The  cleavage  cells  form  a  single  layer 
on  the  yelk-sac  area  and  two  layers  on  the  embryonic 
area,  an  outer  layer  one  cell  deep  (Fig.  122,  ep),  and 

Nephrodinic  and  Idiodinic,  in  the  former  the  nephridium  serv¬ 
ing  as  a  pore,  in  the  latter  a  special  (iStos)  pore  being  developed. 
In  each  of  these  latter  groups  the  pore  may  be— (1)  devoid  of  a 
duct,  (2)  provided  with  a  duct  which  is  unattached  to  the  gonad 
and  opens  into  the  body-cavity,  (3)  provided  with  a  duct  which 
fuses  with  the  gonad.  The  genital  ducts  of  Idiodinic  forms  may 
be  called  Idiogonaducts,  as  distinguished  from  the  Nephrogona- 
ducts  of  nephrodinic  forms. 


Fig.  121.— Development  of  Loligo.  (1)  View  of  the  cleavage  of 
the  egg  during  the  first  formation  of  embryonic  cells.  (2)  Lateral 
view  of  the  egg  at  a  little  later  stage,  a,  limit  to  which  the  layer 
of  cleavage-cells  has  spread  over  the  egg ;  6,  portion  of  the  egg 
(shaded)  as  yet  uncovered  by  cleavage-cells ;  ap,  the  autoplasts ; 
kp,  cleavage-pole  where  first  cells  were  formed.  (3)  Later  stage, 
the  limit  a  now  extended  so  as  to  leave  but  little  of  the  egg-sur¬ 
face  ( b )  uninclosed.  The  eyes  (d),  mouth  (e),  and  mantle-sac  (u) 
have  appeared.  (4)  Later  stage,  anterior  surface,  the  embryo  is 
becoming  nipped  off  from  the  yelk  sac  ( g ).  (5)  View  of  an  em¬ 
bryo  similar  to  (3)  from  the  cleavage-pole  or  eentro-dorsal  area. 
(6)  Later  stage,  posterior  surface.  (7)  Section  in  a  median  dorso- 
ventral  and  antero-posterior  plane  of  an  embryo  of  the  same  age 
as  (4).  (8)  View  of  the  anterior  face  of  an  older  embryo.  (9)  View 
of  the  posterior  face  of  an  embryo  of  the  same  age  as  (8).  Letters 
in  (3)  to  (9) :  a,  lateral  fins  of  the  mantle ;  b,  mantle-skirt ;  c,  supra¬ 
ocular  invagination  to  form  the  “  white  body  ” ;  d,  the  eye ;  e,  the 
mouth ;  f1,  -’,  a,  *,  6,  the  five  paired  processes  of  the  forefoot ;  g, 
rhythmically  contractile  area  of  the  yelk-sac,  which  is  itself  a 
hernia-like  protrusion  of  the  median  portion  of  the  forefoot  (see 
Fig.  72**) ;  h,  dotted  line  showing  internal  area  occupied  by  yelk 
(food-material  of  the  egg) ;  k,  first  rudiment  of  the  midfoot  (paired 
iidges  which  unite  to  form  the  siphon  or  funnel) ;  l,  sac  of  the 
radula  or  lingual  ribbon ;  m,  stomach ;  n,  rudiments  of  the  gills 
(paired  ctenidia) ;  o,  the  otocysts,— a  pair  of  invaginations  of  the 
surface  of  the  midfoot;  p,  the  optic  ganglion;  p,  the  distal  por¬ 
tion  of  the  ridges  which  form  the  siphon  or  midfoot,  k,  being  the 
basal  portion  of  the  same  structure ;  r,  the  vesicle-like  rudiment 
of  the  intestine  formed  independently  of  the  parts  connected  with 
the  mouth,  s,  k,  m,  and  without  invagination ;  s,  rudiment  of  the 
salivary  glands;  /,  in  (7),  the  shell-sac  at  an  earlier  stage  open 
(see  Fig.  122),  now  closed  up ;  u,  the  open  shell-sac  formed  by  an 
uprising  ring-like  growth  of  the  eentro-dorsal  area ;  w,  in  (5)(  the 
mantle-skirt  commencing  to  be  raised  up  around  the  area  of  the 
shell-sac.  In  (7)  mes  points  to  the  middle  cell-layer  of  the  em¬ 
bryo,  ep  to  the  outer  layer,  and  h  to  the  deep  layer  of  fusiform 
cells  which  separates  everywhere  the  embryo  from  the  yelk  or 
food-material  lying  within  it,  (Original,) 
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an  inner — the  middle  layer  of  the  three — which  is  often 
thick  and  many  cells  deep  (Fig.  122,  m ) .  There  is  great 
difficulty  here  in  identifying  the  layers  with  the  three 
typical  layers  of  other  animal  embryos,  except  in  regard 
to  the  outermost,  which  corresponds  with  the  epiblast 
of  V ertebrates  in  many  respects.  The  middle  layer, 
however,  gives  rise  to  the  nerve-ganglia  as  well  as  to 
the  muscles,  coelom,  and  skeleto-trophic  tissues,  and  to 
the  mid-portion  of  the  alimentary  canal  with  its  hepatic 
diverticula,  the  liver  (see  Fig.  121,(7)  and  explanation, 
where  the  origin  of  the  mid-gut  as  a  vesicle  r  is  seen). 
It  is  clearly,  therefore,  something  more  than  the  meso- 


Fig.  122.— Section  through  the  still  open  shell-sac  occupying  the 
centro-dorsal  area  of  an  embryo  of  Loligo;  the  position  is  in¬ 
verted  as  compared  with  Fig.  121  (3)  and  (7).  ep,  outer  cell-layer  ; 
m,  middle  cell-layer ;  m',  deep  cell-layer  of  fusiform  cells ;  y,  the 
granular  yelk  or  food-material  of  the  egg ;  shs,  the  still  open 
shell-sac.  (From  Lankester.) 

blast  of  the  Vertebrate,  giving  rise,  as  it  does,  to  im¬ 
portant  organs  formed  both  by  epiblast  and  hypoblast 
in  other  animals.  Lastly,  the  yelk-membrane,  though 
corresponding  to  the  Vertebrate  hypoblast  in  position 
and  structure,  furnishes  no  part  of  the  alimentary  tract, 
but  disappears  when  the  yelk  is  completely  absorbed. 
In  fact,  the  developmental  phenomena  in  Sepia,  Loligo, 
and  Octopus  are  profoundly  perturbed  by  the  exces¬ 
sive  proportion  of  food-yelk.  Balfour  has  shown 
that  in  the  chick  the  orifice  of  closure  of  the  over¬ 
spreading  blastoderm  does  not  represent  the  whole  of 
the  blastopore,  but  that  this  is  in  part  to  be  sought  in 
the  widely-separated  primitive  streak.  The  present 
writer  has  little  doubt  that  a  structure  corresponding 
to  the  primitive  streak  of  the  chick,  and  lying  near  the 
klastic  pole,  will  be  found  in  Sepia  and  Loligo,  and  the 
strange  vesicular  origin  of  the  mid-gut  will  be  traced 
to  ana  explained  by  it. 

Leaving  this  difficult  question  of  the  cell-layers  of 
the  embryo,  we  would  draw  the  reader’s  attention  to 
the  series  of  sketches  representing  the  semi-transparent 
embryo  of  Loligo,  drawn  in  Fig.  121.  When  the 
cleavage  cells  have  nearly  inclosed  the  yelk,  the  upper 
or  embryonic  area  shows  the  rudiments  of  the  centro- 
dorsal  mantle-sac  or  pen-sac,  the  mouth,  the  paired 
optic  pits,  and  the  paired  otic  pits  (Fig.  121,  (3),  (5) ). 
The  eye-pits  close  up  (Fig.  119),  the  orifice  of  the 
mantle-sac  narrows,  and  its  margin  becomes  raised  and 
freely  produced  as  mantle-skirt ;  at  the  same  time  an 
hour-glass-like  pinching  in  of  the  whole  embryo  com¬ 
mences,  separating  the  embryo  proper  from  the  so- 
called  yelk-sac  (Fig.  121,  (4) ).  Around  the  “waist” 
of  constriction,  pair  by  pair,  ten  lobes  arise  (Fig.  121, 
(8)  ), — the  arms  of  the  forefoot.  It  now  becomes  ob¬ 
vious  that  the  yelk-sac  is  but  the  median  surface  of 
the  forefoot  bulged  out  inordinately  by  food-yelk,  just 
as  the  hind  region  of  the  foot  is  in  the  embryo  slug 
(see  Fig.  72**,  and  explanation).  Just  as  in  the  slug, 
this  dilated  yelk-holding  foot  is  rhythmically  contrac¬ 
tile,  and  pulsates  steadily  over  \he  area  g  in  Fig.  121 
(4).  At  this  stage,  and  long  subsequently,  the  mouth 
of  the  young  Cephalopod  is  in  no  way  surrounded  by 
the  forefoot,  but  lies  well  above  its  nascent  lobes  ( e  in 
Fig.  121).  Subsequently  it  sinks,  as  it  were,  between 
the  right  and  left  most  anterior  pair  of  the  series, 
which  grow  towards  one  another  and  fuse  above  it,  and 
leave  no  trace  of  their  original  position  and  relations. 


Fig.  121,  (6)  gives  a  view  of  the  postero-dorsal  surface 
of  an  embiyo,  in  which  the  important  fact  is  seen  of 
the  formation  of  the  funnel  or  siphon  by  the  union  of 
two  pieces  {q),  which  grow  up  each  independently,  one 
right  and  one  left,  like  the  sides  of  the  siphon  of 
Nautilus  or  the  swimming  lobes  of  a  Pteropod,  and 
subsequently  come  together,  as  shown  in  (9),  where  the 
same  fetter  q  indicates  the  same  part.  The  explana¬ 
tions  of  Figs.  121  and  123  are  given  very  full,  and  here, 
therefore,  we  shall  only  allude  to  two  additional  points. 
A  curious  mass  of  tissue  of  unknown  significance  oc¬ 
curs  in  the  orbit  of  Dibranchs,  known  as  the  white 
body  (w;  in  Fig.  120).  A  strongly-marked  invagi¬ 
nation  just  above  the  orbit  is  a  very  prominent 
feature  in  the  embryo  of  Loligo,  Sepia,  and 
Octopus,  and  appears  to  give  rise  to  this  so-called 
white  body.  This  invaginated  portion  of  the 
outer  cell-layer  is  seen  in  Fig.  121,  (8)  and  (9), 
lettered  c;  in  Fig.  123,  A  and  B,  it  is  lettered 
wb. 

Lastly,  in  Fig.  123,  A,  the  origin  of  the  optic 
nerve-ganglion  ng  from  the  cells  of  the  middle 
layer  should  be  especially  noticed.  In  some 
other  Molluscs  the  nerve-ganglia  have  fyeen  de¬ 
finitely  traced  to  the  outer  cell-layer,  whilst 
in  some  Gastropods,  according  to  Bobretzky, 
they  originate  as  here  shown  for  Loligo. 

The  egg-coverings  of  the  Dibranchiate  are  very  com¬ 
plete.  Argonauta  and  Octopus  deposit  each  egg  in  a 
firm  oval  case,  thin  and  transparent,  which  has  a  long 
stalk  by  which  (in  Octopus)  the  egg  is  fixed  in  com¬ 
pany  with  two  or  three  hundred  others  to  some  foreign 
object.  Sepia  incloses  each  egg  in  a  thick  envelope  of 
many  layers  resembling  india-rubber.  Loligo  incloses 
many  rows  of  eggs  in  a  copious  tough  jelly,  and  affixes 


Fig.  123.— Eight  and  left  sections  through  embryos  of  Loligo. 
A.  Same  stagers  Fig.  121  (4).  B.  Same  stage  as  Fig.  121  (8) ;  only 
the  left  side  ofthe  sections  is  drawn,  and  the  food-material  which 
occupies  the  space  internal  to  the  membrane  ym  is  omitted,  al, 
rectum  ;  is,  ink-sac  ;  ep,  outer  cell-layer ;  mes,  middle  cell-layer ; 
ym,  deep  cell-layer  of  fusiform  cells  (yelk -membrane) ;  ng,  optic 
nerve-ganglion ;  ot,  otocyst;  wb, the  ‘‘white  body”  of  the  adult 
ocular  capsule  forming  as  an  invagination  of  the  outer  cell-layer  ; 
mtf,  mantle-skirt ;  g,  gill ;  ps,  pen-sac  or  shell-sac,  now  closed ; 
dg,  dorsal  groove ;  poc.  primitive  optic  vesicle,  now  closed  (see 
Fig.  119);  l,  lens;  r,  retina;  soc,  second  or  anterior  optic  chamber 
still  open;  if,  iridean  folds.  C.  The  primitive  invagination  to 
form  one  of  the  otocysts,  as  seen  in  Fig.  121  (5)  and  (6).  (After 
Lankester.) 

a  dozen  or  twenty  such  egg-strings  to  one  spot.  Sepia 
and  Loligo  desert  their  eggs  when  laid.  The  female 
Octopus  most  jealously  guards  them,  building  a  nest 
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of  stones  and  incubating.  Argonauta  carries  hers  with 
her  in  a  special  brood-holding  shell. 

The  development  of  the  Pteropoda,  so  far  as  is 
known,  presents  no  points  of  contact  with  that  of  the 
Siphonopoda  rather  than  with  that  of  the  Gastropoda, 
owing  to  the  fact  that  in  them  the  egg  has  not  an  ex¬ 
cess  of  food-yelk.  Consequently,  we  find  typical  tro- 
chosphere  and  veliger  larvae  among  the  Thecosomata 
(Fig.  8,  C,  and  Fig.  81),  whilst  the  isolated  observa¬ 
tion  of  Gegenbaur  has  made  known  very  remarkable 
larvae  referable  to  the  Gymnosomata,  and  with  little 
doubt  to  Pneumodermon  (Fig.  84).  The  former  set  of 
larvae  are  sufficient  to  demolish  once  for  all  the  view 
which  has  been  entertained  by  some  zoologists,  viz., 
that  the  velar  disc  of  the  veliger  larva  is  the  same 
thing  as  the  pteropodial  lobes  of  the  midfoot  of 
Pteropoda.  The  latter  larvae  are  of  importance  in 
showing  that,  as  in  embryo  Siphonopods  so  in  embryo 
Pteropods,  the  sucker-bearing  lobes  of  the  forefoot 
are  truly  podial  structures,  and  only  embrace  the  head 
and  surround  the  mouth  as  the  result  of  late  embryonic 
growth. 

Branch  B .—LIPOCEPHALA. 

Characters. — Mollusca  with  the  head  region  unde¬ 
veloped.  No  cephalic  eyes  are  present;  the  buccal 
cavity  is  devoid  of  biting,  rasping,  or  prehensile  organs. 
The  animal  is  sessile,  or  endowed  with  very  feeble  loco¬ 
motive  powers.  The  Lipocephala  comprise  but  one 
class,  the  Lamellibranchia,  also  known  as  Elatobranchia 
and  Conchifera. 

Class  LAMELLIBRANCHIA. 

Characters. — Lipocephala  in  which  the  archaic  BI¬ 
LATERAL  symmetry  of  the  Mollusca  is  usually  fully 
retained,  and  raised  to  a  dominant  feature  of  the 
organization  by  the  lateral  compression  of  the  body 
and  the  development  of  the  shell  as  two  bilaterally  sym¬ 
metrical  plates  or  valves  covering  each  one  side  of  the 
animal.  The  foot  is  commonly  a  simple  cylindrical  or 
plough -share-shaped  organ,  used  for  boring  in  sand  and 
mud,  and  more  rarely  presents  a  crawling  disc  similar  to 
that  of  Gastropoda ;  in  some  forms  it  is  aborted.  The 
paired  ctenidia  are  very  greatly  developed  right  and 
left  of  the  elongated  body,  and  form  the  most  promi¬ 
nent  organ  of  tne  group.  Their  function  is  chiefly  not 
respiratory  but  nutritive,  since  it  is  by  the  currents 
produced  by  their  ciliated  surface  that  food-particles 
are  brought  to  the  feebly-developed  mouth  and  buccal 
cavity. 

The  Lamellibranchia  present  as  a  whole  a  somewhat 
uniform  structure,  so  that,  although  they  are  very 
numerous,  it  is  not  possible  to  divide  them  into  well- 
marked  sub-classes  or  sections,  and  orders.  The  chief 
points  in  which  they  vary  are — (1)  in  the  structure  of 
the  ctenidia  or  branchial  plates ;  (2)  in  the  presence  of 
one  or  of  two  chief  muscles,  the  fibres  of  which  run 
across  the  animal’s  body  from  one  valve  of  the  shell  to 
the  other  (adductors) ;  (3)  in  the  greater  or  less  elabo¬ 
ration  of  the  posterior  portion  of  the  mantle-skirt  so  as 
to  form  a  pair  of  tubes,  by  one  of  which  water  is  intro¬ 
duced  into  the  sub-pallial  chamber,  whilst  by  the  other 
it  is  expelled ;  (4)  in  the  perfect  or  deficient  symmetry 
of  the  two  valves  of  the  shell  and  the  connected  soft 
parts,  as  compared  with  one  another ;  (5)  in  the  de¬ 
velopment  of  the  foot  as  a  disc-like  crawling  organ 
(Area,  Nucula,  Pectunculus,  Trigonia,  Lepton,  Ga- 
leomma),  as  a  simple  plough-like  or  tongue-shaped 
organ  (Unionacea,  etc.),  as  a  recurved  saltatory  organ 
(Cardium,  etc.),  as  a  long  burrowing  cylinder  (Solena- 
cea,  etc.),  or  its  partial  (Mytilacea)  or  even  complete 
abortion  (Ostracea). 

The  essential  Molluscan  organs  are,  with  these  ex¬ 
ceptions,  uniformly  well  developed.  The  mantle- 
skirt  is  always  long,  and  hides  the  rest  of  the  animal 
from  view,  its  dependent  margins  meeting  in  the  mid¬ 
dle  line  below  the  ventral  surface  when  the  animal  is 
retracted  ;  it  is,  as  it  were,  slit  in  the  median  line  be¬ 


fore  and  behind  so  as  to  form  two  flaps,  a  right  and  a 
left ;  on  these  the  right  and  the  left  calcareous  valves 
of  the  shell  are  borne  respectively,  connected  by  an 
uncalcified  part  of  the  shell  called  the  ligament.  In 
many  embryo  Lamellibranchs  a  centro-dorsal  primi¬ 
tive  shell-gland  or  follicle  has  been  detected  (Figs. 
8  and  151).  The  mquth  lies  in  the  median  line  ante¬ 
riorly,  the  anus  in  the  median  line  posteriorly. 

Both  ctenidia  right  and  left  are  invariably  present, 
the  axis  of  each  taking  origin  from  the  side  of  tne  body 
as  in  the  schematic  archi-Mollusc  (see  Fig.  1  and  Fig. 
131).  A  pair  of  nephridia  opening  right  and  left, 
rather  far  forward  on  the  sides  of  the  body,  are  always 
present.  Each  opens  by  its  internal  extremity  into 
the  pericardium.  A  pair  of  genital  apertures,  con¬ 
nected  by  genital  ducts  with  the  paired  gonads,  are 
found  right  and  left  near  the  nephndial  pores,  except 
in  a  few  cases  where  the  genital  duct  joins  that  of  the 
nepliridium  (Spondylus).  The  sexes  are  often,  but 
not  always,  distinct.  No  accessory  glands  or  copula- 
tory  organs  are  ever  present  in  Lamellibranchs.  The 
ctenidia  often  act  as  brood-pouches. 

A  dorsal  contractile  heart,  with  symmetrical  right 
and  left  auricles  (Fig.  143,  A)  receiving  aerated  blood 
from  the  ctenidia  and  mantle-skirt,  is  present,  being 
unequally  developed  only  in  those  few  forms  which  are 
inequivalve.  The  typical  pericar'dium  is  well  de¬ 
veloped.  It  appears,  as  in  other  Mollusca,  not  to 
be  a  blood-space  although  developed  from  the  coelom, 
and  it  communicates  with  the  exterior  by  the  pair  of 
nephridia.  As  in  Cephalopoda  (and  possibly  other 
Mollusca)  water  can  be  introduced  through  the  ne- 
hridia  into  this  space.  The  alimentary  canal 
eeps  very  nearly  to  the  median  vertical  plane  whilst 
exhibiting  a  number  of  flexures  and  loopings  in  this 
plane.  A  pair  of  large  glandular  outgrowths,  the  so- 
called  “liver”  or  great  digestive  gland,  exists  as  in 
other  Molluscs.  A  pair  of  pedal  otocysts,  and  a  pair 
of  osphradia  at  the  base  of  the  gills,  appear  to  be 
always  present.  A  typical  nervous  system  is  present 
(Fig.  144),  consisting  of  a  cerebro-pleuro-visceral  gan¬ 
glion-pair,  united  by  connectives  to  a  pedal  ganglion- 
pair  and  an  osphradial  ganglion-pair  (parieto-splanch- 
nic). 

A  special  caecum  connected  with  the  pharynx  is 
sometimes  found,  containing  a  tough  flexible  cylinder 
of  transparent  cartilaginous  appearance  and  unknown 
significance,  called  the  “crystalline  style”  (Mactra), 
which  possibly  represents  the  radular  sac  of  Glosso- 
phora.  In  many  Lamellibranchs  a  gland  is  found  on 
the  hinder  surface  of  the  foot  in  the  mid  line,  which 
secretes  a  substance  which  sets  into  the  form  of  threads 
— the  so-called  “byssus” — by  means  of  which  the 
animal  can  fix  itself.  Sometimes  this  gland  is  found 
in  the  young  and  not  in  the  adult  (Anodon,  Unio, 
Cyclas).  In  some  Lamellibranchs  (Pecten,  Spondylus, 
Pholas,  Mactra,  Tellina,  Pectunculus,  Galeomma,  etc. ), 
although  cephalic  eyes  are  always  absent,  special  eyes 
are  developed  on  the  free  margin  of  the  mantle-skirt, 
apparently  by  the  modification  of  tentacles  which  are 
commonly  found  there  (Fig.  145).  The  existence  of 
pores  in  the  foot  and  elsewhere  in  Lamellibranchia  by 
which  liquid  can  pass  into  and  out  of  the  vascular 
system,  although  asserted  as  in  the  case  of  other  Mol¬ 
lusca,  appears  to  be  improbable.  It  has  yet  to  be 
shown  by  satisfactory  microscopic  sections  that  the 
supposed  pores  are  anything  but  epidermal  glands. 

The  Lamellibranchia  live  chiefly  in  the  sea,  some  in 
fresh  waters.  A  very  few  have  the  power  of  swimming 
by  opening  and  shutting  the  valves  of  the  shell  (Pecten, 
Lima) ;  most  can  slowly  crawl  or  rapidly  burrow  ; 
others  are,  when  adult,  permanently  fixed  to  stones  or 
rocks  either  by  the  shell  or  the  byssus.  In  develop¬ 
ment  some  Lamellibranchia  pass  through  a  free-swim¬ 
ming  trochosphere  stage  with  praeoral  ciliated  band  ; 
other  fresh-water  forms  which  carry  the  young  in 
brood-pouches  formed  by  the  ctenidia  have  suppressed 
this  larval  phase. 
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The  following  classification  and  enumeration  of 
genera  are  based  primarily  upon  the  characters  of  the 
adductor  muscles.  The  Heteromya  and  Monomya 
must  be  conceived  of  as  derived  from  forms  resembling 
such  Gastropodous  Isomya  as  Nucula  and  Trigonia, 
which  undoubtedly  are  the  nearest  living  represen¬ 
tatives  of  the  ancestral  Lipocephala,  and  bring  us 
nearest  to  the  other  branch  of  the  Mollusca,  the 
Glossophora. 

Order  1. — Isomya. 

Character. — Anterior  and  posterior  adductor  muscles  of 
approximately  equal  size. 

Sub-order  1. — Integripallia. 

Characters. — Marginal  attachment  of  the  mantle  to  the 
shell  not  inflected  to  form  a  sinus ;  siphons  not  developed 
in  some,  present  in  most. 

Family  1. — Arcacea. 

Genera :  Area,  L.  (Fig.  132) ;  Cucullsea,  Lam. ;  Pectunculus, 
Lam.;  Limopsis,  Sassi ;  Nucula,  Lam.  ( Fig.  134);  Isoarca, 
Munster;  Leda,  Schu.;  Yoldia,  Moll.;  Solenella,  Sowerby, 
etc. 

Family  2. — Trigoniacea. 

Genera :  Trigonia,  Brug. ;  Axinus,  Sow. ;  Lyrodesma, 
Conrad. 

Family  3. —  Unionacea. 

Genera :  TJnio,  Retz. ;  Castalia,  Lam. ;  Anodon,  Cuv.  (Figs. 
124,  etc.) ;  Iridina,  Lam. ;  Mycetopus,  d’Orb.,  etc. 

Family  4. — Lucinacea. 

Genera :  Lucina,  Brug. ;  Corbis,  Cuv. ;  Diplodonta,  Brown; 
Kellia,  Turton ;  Montacuta,  Turton  ;  Lepton,  Turton ; 
Galeomma,  Turton ;  Astarte,  Sow. ;  Crassatella,  Lam. ; 
Cardinia,  Ag. ;  Cardita,  Brug.,  etc. 

Family  5. — Cyprinacea. 

Genera  :  Tridacna,  Da  C. ;  Chama,  L. ;  Dimya,  Ron. ;  Di- 
ceras,  Lk. ;  Isocardia,  Lam.;  Hippopodium,  Sow.;  Car¬ 
dinal,  L. ;  Corbicula,  Meg. ;  Cyrena,  Lk. ;  Cycl'as,  Brug. 
(Fig.  146) ;  Pisidium,  Pfr.  (Figs.  148-153) ;  Cyprina,  Lam., 
etc. 

Sub-order  2. — Sinupallia. 

Characters. — Marginal  attachment  of  the  mantle  to  the 
shell  inflected  so  as  to  form  a  sinus  into  which  the  pallial 
siphons  can  be  withdrawn;  siphons  always  present,  and  large. 
Family  6. —  Veneracea. 

Genera:  Cypricardia,  Lam.;  Tapes,  Megl.;  Cyclina,  Desli. ; 
Cytherea,  Lam.  (Figs.  125,  etc.) ;  Chione,  Megl.;  Venus, 
L. ;  Lucinopsis,  F.  H. ;  Sanguinolaria,  Lam. ;  Psammobia, 
Lam.  (Fig.  130);  Tellina,  L. ;  Donax,  L. ;  Scrobicularia, 
Schu.;  Cumingia,  Sow.;  Rangia,  Dsml. ;  Mactra,  L.  (Fig. 
140) ;  Trigonella,  Da  C. ;  Vaganella,  Gr. ;  Lutraria,  Lam. 
Family  7. — Myacea. 

Genera:  Myochama, Stb. ;  Chamostrea,  Rois;  Pandora,  Sol.; 
Thracia,  Leach ;  Thetis,  Sow. ;  Pholadomya,  Sow. ;  Cor- 
bula,  Brug. ;  My  a,  Lam. ;  Saxicava,  Fleur  ;  Panopxa,  A£. ; 
Glycimeris,  Lam.;  Siliqua,  Mhlf.,  etc.;  Solen,  L. 

Family  8. — Pholadacea. 

Genera:  Clavagella,  Lam.;  Aspergillum,  Lam.  (Figs.  128, 
.  129) ;  Ilumphreyia,  Gr. ;  Pholas,  L. ;  Pholadidea,  Turt. ; 

Teredo,  L. ;  Teredina,  Lam.;  Furcella,  Oken,  etc. 

Order  2. — Heteromya. 

Characters. — Anterior  adductor  (pallial  adductor)  much 
smaller  than  the  posterior  adductor  (pedal  adductor) ;  si¬ 
phons  rarely  present. 

Family  1. — Mytilacea. 

Genera:  Mytilus,  L.  (Fig.  133);  Modiola,  Lam.;  Crenella, 
Brown ;  Lithodomus  Cuv. ;  Dreissena,  Ben.  (Fig.  136) ; 
Modiolarca,  Gr.,  etc. 

Family  2. — Mulleriacea. 

Genera  :  Aetheria,  Lam. ;  Mulleria,  Fer. 

Order  3. — Monomya. 

Characters. — Anterior  adductor  absent  in  the  adult;  si¬ 
phons  never  developed. 

Family  1. — Aviculacea.- 

Genera :  Cardiola,  Brdp. ;  Avicula,  Kl. ;  Malleus,  Lam. ; 
Inoceramus,  Sow. ;  Crenatula,  Lam. ;  Perna,  Brug.,  etc. 
Family  2. — Ostracea. 

Genera :  Ostrea,  L.  (Fig.  6) ;  Anomia,  L. ;  Spondylus,  L. ; 
Plicatula,  Lam.;  Vulsella,  Lam.;  Lima,  Brug.;  Pecten, 
L. ;  Hiunites,  Dfr.,  etc. 

Further  Remarks  on  the  Lamellibranchia. — The 
Lamellibranchia  are  the  only  members  of  the  Lipo- 
cephalous  branch  of  Mollusca  existing  at  the  present 
day ;  and  we  must  suppose  that,  whilst  on  the  one 
hand  the  earliest  Glossophorous  forms  were  developing 


from  the  archi-Mollusca  by  the  elaboration  of  the 
buccal  apparatus,  the  bivalved  sessile  Lamellibranchs 
were  developing  in  another  direction  from  univalve 
cephalophorous  ancestors.  The  large  bilobed  mantle- 


ax  «y  ij 

Fig.  124.— Diagrams  of  the  external  form  and  anatomy  of  Ano- 
donta  cygnea,  the  Pond-Mussel ;  in  all  the  figures  the  animal  is 
seen  from  the  left  side,  the  centro-dorsal  region  uppermost,  as  in 
the  drawings  of  Fig.  75,  which  compare.  (1)  Animal  removed 
from  its  shell,  a  probe  g  passed  into  the  sub-pallial  chamber 
through  the  excurrent  siphonal  notch.  (2)  View  from  the  ventral 
surface  of  an  Anodon  with  its  foot  expanded  and  issuing  from 
between  the  gaping  shells.  (3)  The  left  mantle-flap  reflected  up¬ 
wards  so  as  to  expose  the  sides  of  the  body.  (4)  Diagrammatic 
section  of  Anodon  to  show  the  course  of  the  alimentary  canal. 

(5)  The  two  gill-plates  of  the  left  side  reflected  upwards  so  as  to 
expose  the  fissure  between  foot  and  gill  where  the  probe  g  passes. 

(6)  Diagram  to  show  the  positions  of  the  nerve-ganglia,  heart,  and 
nephridia. 

Letters  in  all  the  figures  as  follows :  a,  centro-dorsal  area ;  b, 
margin  of  the  left  mantle-flap ;  c,  margin  of  the  right  mantle- 
flap  ;  d,  excurrent  siphonal  notch  of  the  mantle  margin ;  e,  in¬ 
current  siphonal  notch  of  the  mantle  margin ;  /,  foot ;  g,  probe 
passed  into  the  superior  division  of  the  sub-pallial  chamber 
through  the  excurrent  siphonal  notch,  and  issuing  by  the  side  of 
the  foot  into  the  inferior  division  of  the  sub-pallial  chamber ;  h, 
anterior  (pallial)  adductor  muscle  of  the  shells ;  i,  anterior  re¬ 
tractor  muscle  of  the  foot ;  k,  protractor  muscle  of  the  foot ;  l, 
posterior  (pedal)  adductor  muscle  of  the  shells ;  m,  posterior  re¬ 
tractor  muscle  of  the  foot ;  n,  anterior  labial  tentacle ;  o,  posterior 
labial  tentacle ;  p,  base-line  of  origin  of  the  reflected  mantle-flap 
from  the  side  of  the  body ;  q,  left  external  gill-plate ;  r,  left  in¬ 
ternal  gill-plate ;  rr,  inner  lamella  of  the  right  inner  gill-plate; 
rg,  right  outer  gill-plate ;  s,  line  of  concrescence  of  the  outer  la¬ 
mella  of  the  left  outer  gill-plate  with  the  left  mantle-flap ;  t,  pallial 
tentacles ;  u,  the  thickened  muscular  pallial  margin  which  ad¬ 
heres  to  the  shell  and  forms  the  pallial  line  of  the  left  side;  v, 
that  of  the  right  side ;  w,  the  mouth ;  x,  aperture  of  the  left  organ 
of  Bojanus  (nephridium)  exposed  by  cutting  the  attachment  of 
the  inner  lamella  of  the  inner  gill-plate;  y,  aperture  of  the  gen¬ 
ital  duct;  e,  fissure  between  the  free  edge  of  the  inner  lamella  of 
the  inner  gill-plate  and  the  side  of  the  foot,  through  which  the 
probe  g  passes  into  the  upper  division  of  the  sub-pallial  space ; 
aa,  line  of  concrescence  of  the  inner  lamella  of  the  right  inner 
gill-plate  with  the  inner  lamella  of  the  left  inner  gill-plate;  ab, 
ac,  ad,  three  pit-like  depressions  in  the  median  line  of  the  foot 
supposed  by  some  writers  to  be  pores  admitting  water  into  the 
vascular  system ;  ae,  left  shell  valve;  of,  space  occupied  by  liver; 
ag,  space  occupied  by  gonad ;  ah,  muscular  substance  of  the  foot; 
ai,  duct  of  the  liver  on  the  wall  of  the  stomach;  ak,  stomach: 
at,  rectum  traversing  the  ventricle  of  the  heart;  am,  pericardium; 
an,  glandular  portion  of  the  left  nephridium ;  ap,  ventricle  of  the 
heart ;  aq,  aperture  by  which  the  left  auricle  joined  the  ventricle ; 
ar,  non-glandular  portion  of  the  left  nephridium ;  as,  anus ;  at, 
pore  leading  from  the  pericardium  into  the  glandular  sac  of  the 
left  nephridium ;  au,  pore  leading  from  the  glandular  into  the 
non-glandular  portion  of  the  left  nephridium  ;  av,  internal  pore 
leading  from  the  non-glandular  portion  of  the  left  nephridium 
to  the  external  pore  x;  aw,  left  cerebro-pleuro- visceral  ganglion; 
ax,  left  pedal  ganglion ;  ay,  left  otocyst ;  as,  left  olfactory  ganglion 
(parieto-splanchnic) ;  bb,  floor  of  the  pericardium  separating  that 
space  from  the  non-glandular  portion  of  the  nephridia. 

flap  with  its  pair  of  shells  covering  in  the  whole  animal, 
the  current-producing  largely-expanded  ctenidia,  and 
the  reduced  cephalic  region  are  characters  which  go 
hand  in  hand,  and  were  simultaneously  acquired,  each 
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being  related  to  the  development  of  the  others.  Unless  (Fig.  27,  c).  and  the  columella  muscle  of  the  Gas- 
the  “  crystalline  style"  of Lamellibranchs  is  to  he  eon-  tropods  11  Tj~  1  rc 


sdered  as  the  rudiment  of  the  ”  radular  sac  "  of  Gk»s-  branchs. 


y.  It  is  always  large  in  Lameili- 
t  the  anterior  adductor  may  be  very  small 


sophora.  as  suggested  by  Balfour,  there  is  no  indication 
whatever  that  the  ancestors  of  the  LameUibraneh a 
had  acquired  a  representative  of  the  boceal  apparatus 
—  so  highly  developed  in  Gtassophora— before  di¬ 
verging  from  the  archi-Moflusca  :  that  is  to  say.  the 
common  ancestors  of  the  two  great  branches  of  Mol¬ 
lusc*  presented  the  distinctive  character  of  neither 
branch — they  had  not  an  aborted  cephalic  region,  and 
they  had  not  a  lingual  ribbon. 

As  an  example  of  the  organization  of  a  Lamelli- 
branch.  we  shall  review  the  structure  of  the  Common 
Pood- Mussel  {Amodomta  fyowcn).  comparing  its  struc¬ 
ture  with  those  of  other  Lamellibranehia.  The  Swan 
Mussel  has  superficially  a  perfectly-developed  bilateral 
symmetry.  The  left  side  of  the  animal  is  seen  as  when 
removed  from  its  shell  in  Fig.  124  (1 ).  The  valves  of 
the  shell  have  been  removed  %•  severing  their  adhes*  ns 
to  the  muscular  arere  h.  i  k,  L  w.  «l  The  free  edge 
of  the  left  half  of  the  mantle-skin  b  is  represented  as 
a  little  contracted  in  order  to  show  the  exactly  similar 
free  edge  of  the  right  half  of  the  mantle  skirt  e.  These 
edges  are  not  attached  to,  although  they  touch,  one 
another ;  each  flap  (right  or  left]  can  be  freely  thrown 
back  in  the  way  whk-h  has  been  carried  out  in  Fig. 
124.  (3)  for  that  of  the  left  side.  This  is  not  always 
the  case  with  Lamellibranchs:  there  is  in  the  group  a 
tendency  for  the  corresponding  edges  of  the  mantle- 
skirt  to  fuse  together  by  concrescence,  and  so  to  form 
a  more  or  less  completely  closed  bag.  as  in  the  Sea- 


Heteromya).  or  absent  altogether  (Monomya  .  The 
anterior  adductor  muscle  is  in  front  of  the  mouth  and 
alimentary  tract  altogether,  and  must  be  regarded  as  a 
special  and  peculiar  development  of  the  median  an¬ 
terior  part  of  the  mantle-flap  in  Heteromya  and  Isomya. 


Amongst  those  Lamellibranchs  which  have  only  a 
posterior  adductor  (Monomya).  it  is  remarkable  that 
the  oyster  has  been  found  (by  Huxley)  to  possess* 


phopoda  (Tkntahum >-  In  this  way  the  notches  J.  t  when  the  young  shells  and  muscles  first  develop,  a 


of  the  hinder  part  of  the  mantle-skirt  of  Anodon  are 
in  the  Siphonate  forms  conversed  into  rw.;.  separate 
holes,  the  edges  of  the  mantle  bane  elsewhere  fused 
together  along  this  hinder  margin.  Tun  her  than  this, 
the  part  of  the  mantle-skirt  bounding  the  two  hides  is 
frequently  drawn  oat  so  as  to  form  a  pair  of  tabes 
which  project  from  the  shell  (Figs.  130.  141 X  In  soch 
Lamellibranchs  as  the  oysters,  scallops,  and  many 
others  which  have  the  edges  of  the  mantle-skirt  quite 
free,  there  are  numerous  tentacles  upon  those  edges. 
In  An«>i>u  these  pallial  tentacles  are  confined  to  a  small 
area  surrounding  the  inferior  aphonal  notch  (Fig.  124, 

The  centro-dorsal  point  a  of  the  animal  of  Anodonta 
(Fig-  124.  (I)),  is  called  the  umbonal  area  :  the  great 
anterior  muscular  surface  A  is  that  of  the  anterior  ad¬ 
ductor  muscle.  the  posterior  similar  surface »  is  that  of 
the  posterior  adductor  muscle :  the  long  line  of  attach¬ 
ment  «  is  the  simple  "pallial  muscle.  — a  thickened 
ridge  which  is  seen  to  run  parallel  to  the  margin  of  the 
manrie-skm  in  this  LameL 
It  branch.  In  some  of  t  he 
Siphonate  Isomya.  which 
are  hence  termed  "Sinu- 
paHia."  the  pallial  muscle 
is  not  simple  bat  deeply  in¬ 
curved  at  the  posterior  re¬ 
gion  so  as  to  allow  of  the 
Wge  pallial  siphons  being 
retracted  within  the  shell  or  ft/tll 
expanded  at  will  (Fir.  127.  | 
and  Figs.  14k  141 X  . 

It  is  the  approximate 
equality  in  the  aieof  the  an¬ 
terior  and  posterior  ad¬ 
ductor  muscles  which  has 
kd  to  the  name  Isomya  for 
the  group  to  which  Anodon 
belongs.  The  hinder  ad¬ 
ductor  muscle  may  be  con¬ 
sidered  as  representing 
morphologically  the  trans¬ 
verse  fibres  of  the  root  of 
the  foot  of  Nautilus  bv  which  it  adheres  to  its  sh  -il 


well-marked  anterior  adductor  as  well  as  a  posterior 
one.  Accordingly  there  is  ground  for  supposing 
that  the  Monomya  have  been  developed  from  Isomya- 
Kke  ancestors  and  have  lost  by  atrophy  their  anterior 
adductor.  The  angle  adductor  muscle  of  the  Monomya 
is  separated  by  a  difference  of  fibre  into  two  portions, 
but  neither  of  these  can  be  regarded  as  possibly  repre¬ 
senting  the  anterior  adductor  of  the  other  Lamelli¬ 
branchs.  One  of  these  portions  is  more  ligamentous, 
and  serves  to  keep  the  two  shells  constantly  attached 


>hamlt 


Fig.  127. — Left  v&lre  of  the  same  shell  from  the  inner  iso*. 
vFigs.  12a,  I2S,  127  from  Owen.) 
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to  one  another,  whilst  the  more  fleshy  portion 
serves  to  close  the  shell  rapidly  when  it  has  beat 

In  removing  the  valves  of  the  shell  from  an  Anodon, 
it  is  necessary  not  only  to  cut  through  the  muscular 
attachments  of  the  body-wall  to  the  shell  but  to  sever 
also  a  strong  elastic  ligament,  or  spring  resembling 
FJe.  is.— view  of  tbe  two  india-rubber.joinimr  the  two  shells  about  the  umbonal 
"  area.  The  shell  of  Anodon  does  not  present  these 
^^2;  parts  in  the  most  strongly  marked  postion.  and  accord¬ 
ingly  our  figures  (Figs.  125,  136.  127)  represent  the 
valves  of  the  Sinupalliate  genus  Cytherea.  The  core 


(¥ig.  91.  i'X  the  annular  muscular  area  of  Patella  responding  p:.n~  are  n-.  _n:zable  in  Anodon.  Before 
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ring  to  the  figures  (125,  126)  for  an  explanation  of 
terms  applicable  to  the  parts  of  the  valve  and  the 
markings  on  its  inner  surface — corresponding  to  the 
muscular  area  which  we  have  already  noted  on  the 
surface  of  the  animal’s  body — we  must  specially  note 
here  the  position  of  that  denticulated  thickening  of  the 
dorsal  margin  of  the  valve  which  is  called  the  hinge 
(Fig.  127).  By  this  hinge  one  valve  is  closely  fitted 
to  the  other.  Below  this  hinge  each  shell  becomes 
concave,  above  it  each  shell  rises  a  little  to  form  the 


ward  course  and  leaves  the  sub-pallial  space  by  the 
upper  notch  d.  These  notches  are  known  in  Anodon 
as  the  afferent  and  efferent  si  phonal  notches  respect¬ 
ively,  and  correspond  to  the  long  tube-like  afferent 
inferior  and  efferent  superior  “siphons”  formed  by 
the  mantle  in  many  other  Lamellibranchs  (Fig. 
130). 

Whilst  the  valves  of  the  shell  are  equal  in  Anodon 
we  find  in  many  Lamellibranchs  (Ostraea,  Chama, 
Corbula,  etc.)  one  valve  larger,  and  the  other  smaller 
and  sometimes  flat,  whilst  the  larger  shell  may  be  fixed 
to  rock  or  to  stones  (Ostraea,  etc.).  A  further  varia¬ 
tion  consists  in  the  development  of  additional  shelly 
plates  upon  the  dorsal  line  between  the  two  large 
valves  (rholadidae).  In  Pholas  dactylus  we  find  a 

Sail-  of  umbonal  plates,  a  dors-umbonal  plate  and  a 
orskl  plate.  It  is  to  be  remembered  that  the  whole 
of  the  cuticular  hard  product  produced  on  the  dorsal 
surface  and  on  the  mantle-flaps  is  to  be  regarded  as 
the  “shell,”  of  which  a  median  band-like  area,  the 
ligament,  usually  remains  uncalcified,  so  as  to  result 
in  the  production  of  two  valves  united  by  the  elastic 
ligament.  But  the  shelly  substance  does  not  always 
in  boring  forms  adhere  to  this  form  after  its  first 


growth.  In  Aspergillum  the  whole  Of  the  tubular 
mantle  area  secretes  a  continuous  shelly 
tube,  although  in  the  young  condition  two 
valves  were  present.  These  are  seen  (Fig. 
129)  set  in  the  firm  substance  of  the  adult 
tubular  shell,  which  has  even  replaced  the 
ligament,  so  that  the  tube  is  complete. 
In  Teredo  a  similar  tube  is  formed  as  the 
animal  elongates  (boring  in  wood),  the 
original  shell-valves  not  adhering  to  it  but 
remaining  movable  and  provided  with  a 
special  muscular  apparatus  in  place  of  a 
ligament. 

Let  us  now  examine  the  organs  which 
lie  beneath  the  mantle-skirt  of  Anodon, 
and  are  bathed  by  the  current  of  water 
which  circulates  through  it.  This  can  be 
done  by  lifting  up  and  throwing  back  the 


Fig.  128.  Fig.  129. 

Fig.  128.— Shell  of  Aspergillum  vaginiferum  (from  Owen). 

Fig.  129.— Shell  of  Aspergillum  vaginiferum  to  show  the  original 
valves  a,  now  imbedded  in  a  continuous  calcification  of  tubular 
form  (from  Owen). 

left  half  of  the  mantle-skirt  as  is  represented  in  Fig. 
124  (3).  We  thus  expose  the  plough-like  foot  (/),  the 
two  left  labial  tentacles,  and  the  two  left  gill-plates  or 
left  ctenidium.  In  Fig.  124  (5),  one  of  the  labial  ten¬ 
tacles  n  is  also  thrown  back  so  as  to  show  the  mouth 
w ,  and  the  two  left  gill-plates  are  reflected  so  as  to 
show  the  gill-plates  of  the  right  side  (rr,  rq)  projecting 
behind  the  foot,  the  inner  or  median  plate  of  each  side 
being  united  by  concrescence  to  its  fellow  of  the  oppo¬ 
site  side  along  a  continuous  line  (era).  The  left  inner 
gill-plate  is  also  snipped  so  as  to  show  the  subjacent 
orifices  of  the  left  nephridium  *,  and  of  the  genital 
gland  (testis  or  ovary)  y.  The  foot  thus  exposed  in 
Anodon  is  a  simple  muscular  tongue-like  organ.  It 
can  be  protruded  between  the  flaps  of  the  mantle  (Fig. 
124  (1),  (2)),  so  as  to  issue  from  the  shell,  and  by  its 
action  the  Anodon  can  slowly  crawl,  or  burrow  in  soft 
mud  or  sand.  It  has  been  supposed  that  water  is 
taken  into  the  bloodvessels  of  the  Anodon  through 
pores  in  the  foot,  and  in  spite  of  opposition  this  view 
is  still  maintained  (Griesbach,  47).  In  Fig.  124  (2), 
the  letters  ab,  ac,  ad ,  point  to  three  pit-like  depres¬ 
sions,  supposed  by  Griesbach  to  be  pores  leading  into 
the  blood-system.  According  to  Carri&re  (48)  these 
pits  are  nothing  but  irregularities  of  the  surface ;  in 
some  cases  they  are  the  entrances  to  ramified  glands. 
Other  Lamellibranchs  may  have  a  larger  foot  rela¬ 
tively  than  has  Anodon.  In  Area  it  has  a  sole-like 
surface.  In  Area  too  and  many  others  it  carries  a 
byssus-forming  gland  and  a  byssus-cementing  gland. 
In  the  Cockles,  in  Cardium,  and  in  Trigonia,  it  is 
capable  of  a  sudden  stroke,  which  causes  the  animal 
to  jump  when  out  of  the  water,  in  the  latter  genus  to 
a  height  of  four  feet.  In  Mj'tilus  the  foot  is  reduced 
to  little  more  than  a  tubercle  carrying  the  apertures  of 
these  glands.  In  the  Oyster  it  is  absent  altogether. 


714 


MOLLUSCA. 


[lamellibranchia. 


Pig.  130.— Psammobiafl&rida,  right  side,  showing  expanded  foot  e,  and  g  incurrent  and 
o'  excurrent  siphons  (from  Owen). 


figure)  is  joined  at  its  base  in  front  of  the  mouth  (w) 
to  the  right  anterior  tentacle,  and  similarly  the  left  (o) 
and  right  posterior  tentacles  are  joined  behind  the 
mouth.  Those  of  Area  (i,  k  in  Fig.  132)  show  this 
relation  to  the  mouth  (a).  These  organs  are  charac¬ 
teristic  of  all  Lamellibranchs ;  they  do  not  vary  except 
in  size,  being  sometimes  drawn  out  to  streamer-like 
dimensions.  Their  appearance  and  position  suggest 


Pig  131.— Diagram  of  a  view  from  the  left  side  of  the  animal  of 
Anodonta  cygnsea,  from  which  the  mantle-skirt,  the  labial  tenta¬ 
cles,  and  the  gill-filaments  have  been  entirely  removed  so  as  to 
show  the  relations  of  the  axis  of  the  gill-plumes  or  ctenidia  g.  ft. 
a  centro-dorsal  area ;  b,  anterior  adductor  muscle ;  c,  posterior 
adductor  muscle;  d,  mouth;  e,  anus;  /,  foot;  g,  free  portion  of 
the  axis  of  left  ctenidium;  ft,  axis  of  right  ctenidium;  h,  portion 
of  the  avia  of  the  left  ctenidium  which  is  fused  with  the  base  of 
the  foot,  the  two  dotted  lines  indicating  the  origins  of  the  two 
rows  of  gill-filaments ;  to,  line  of  origin  of  the  anterior  labial  ten¬ 
tacle  ;  n,  nephridial  aperture ;  o,  genital  aperture ;  r,  line  of  origin 
of  the  posterior  labial  tentacle.  (Original.) 


that  they  are  in  some  way  related  morphologically  to 
the  gill-plates,  the  anterior  labial  tentacle  being  a  con¬ 
tinuation  of  the  outer  gill-plate,  and  the  posterior  a 
continuation  of  the  inner  gill-plate.  There  is  no  em- 
bryological  evidence  to  support  this  suggested  connec¬ 
tion,  and,  as  will  appear  immediately,  the  history  of 
the  gill- plates  in  various  forms  of  Lamellibranchs  does 
not  directly  favor  it.  Yet  it  is  very  probable  that  the 
labial  tentacles  and  gill-plates  are  modifications  of  a 
double  horseshoe-shaped  area  of  ciliated  filamentous 
processes  which  existed  in  ancestral  Mollusca  much  as 
in  Phoronis  and  the  Polyzoa,  and  is  to  be  compared 
with  the  continuous  prae-  and  post-oral  ciliated  band  of 
the  Echinid  larva  Pluteus  and  of  Tornaria  (49). 

The  gill-plates  have  a  structure  very  different  from 
that  of  the  labial  tentacles,  and  one  which  in  Anodon 
is  singularly  complicated  as  compared  with  the  con¬ 
dition  presented  by  these  organs  in  some  other  Lamelli¬ 
branchs,  and  with  what  must  have  been  their  original 
condition  in  the  ancestors  of  the  whole  series  of  living 
Lamellibranchia.  The  phenomenon  of  ‘  ‘  concrescence 
which  we  have  already  had  to  note  as  showing  itself 
so  importantly  in  regard  to  the  free  edges  of  the  mantle- 
skirt  and  the  formation  of  the  siphons,  is  what,  above 
all  things,  has  complicated  the  structure  of  the  Lamelli¬ 
branch  ctenidium.  Our  present  knowledge  of  the  in¬ 
teresting  series  of  modifications  through  which  the 
Lamellibranch  gill-plates  have  developed  to  their  most 


of  a  vascular  axis,  on  each  side  of 
which  is  set  a  row  of  numerous  la- 
melliform  or  filamentous  processes. 
These  processes  are  hollow,  and 
receive  the .  venous  blood  from, 
and  return  it  again  aerated  into, 
the  hollow  axis,  in  which  an  af¬ 
ferent  and  an  efferent  bloodvessel 
may  be  differentiated.  In  the 
genus  Nucula  (Fig.  134),  one  of  the 
Arcaceae,  we  have  an  example  of 
a  Lamellibranch  retaining  this 
plume-like  form  of  gill.  In  other 
Arcaceae  (e.g.,  Area  and  Pectunculus)  the  lateral  pro¬ 
cesses  which  are  set  on  the  axis  of  the  ctenidium  are 
not  lamellae,  but  are  slightly  flattened,  very  long  tubes 

or  hollow  filaments. 
These  filaments  are 
so  fine  and  are  set  so 
closely  together  that 
they  appear  to  form 
a  continuous  mem¬ 
brane  until  exam¬ 
ined  with  a  lens. 
The.  microscope 
shows  that  the 
neighboring  fila¬ 
ments  are  held  to¬ 
gether  by  patches 
of  cilia,  called  “cili¬ 
ated  junctions,” 
which  interlockwith 
one  another  just  as 
two  brushes  maybe 
made  to  do.  In 
Fig.  1 33  A,  a  portion 
of  four  filaments  of 
a  ctenidium  of  the 

Fig.132.— View  from  the  ventral  (pedal)  o  MuscpI  (Mvti- 
aspect  of  the  animal  of  Area  Nose,  the  pea-Mussel  (Mytl- 
mantle-flap  and  gill-filaments  having  lus)  IS  represented, 
been  cut  away,  o,  mouth;  6,  anus;  c,  Bovine-  nrpplsplvthp 
free  spirally  turned  extremity  of  the  naving  precisely  me 
gill-axis  or  ctenidial  axis  of  the  right  same  Structure  as 
side ;  d,  do.  of  the  left  side ;  e,f,  anterior  those  of  Area.  The 
portions  of  these  axes  fused  by  concres-  1:1  t  f  -p 

cence  to  the  wall  of  the  body ;  g,  anterior  nlaments  Ot  tile  gill 
adductor  muscle ;  ft,  posterior  adductor ;  (ctenidium)  01  My- 
i,  anterior  labial  tentacle;  k,  posterior  and  Area  time 

labial  tentacle;  l, base  line  of  the  foot ;  ?1US  ana  Area  thus 
m,  sole  of  the  foot ;  n,  callosity.  (Original.)  iorm  two  closely  set 

rows  which  depend 
from  the  axis  of  the  gill  like  two  parallel  plates. 
Further,  their  structure  is  profoundly,  modified  Dy  the 
curious  condition  of  the  free  ends  of  the  depending  fila¬ 
ments.  These  are  actually  reflected  at  a  sharp  angle — - 
doubled  on  themselves  in  fact — and  thus  form  an  addi¬ 
tional  row  of  filaments  (see  Fig.  133,  B).  Conse¬ 
quently,  each  primitive  filament  has  a  descending  and 
an  ascending  ramus,  and  instead  of  each  row  forming 
a  simple  plate,  the  plate  is  double,  consisting  of  a 
descending  and  an  ascending  lamella.  As  the  axis  of 
the  ctenidium  lies  by  the  side  of  the  body,  and  is  very 
frequently  connate  with  the  body,  as  so  often  happens 
in  Gastropods  also,  we  find  it  convenient  to  speak  of 
the  two  plate-like  structures  formed  on  each  ctenidial 
axis  as  the  outer  and  the  inner  gill-plate;  each  of 
these  is  composed  of  two  lamellae,  an  outer  (the  re¬ 
flected)  and  an  adaxial  in  the  case  of  the  outer  gill- 
plate,  and  an  adaxial  and  an  inner  (the  reflected)  in 
the  case  of  the  inner  gill-plate.  This  is  the  condition 
seen  in  Area  and  Mytilus,  the  so-called  plates  dividing 
upon  the  slightest  touch  into  their  constituent  fila¬ 
ments,  which  are  but  loosely  copjoined  by  their  “cili¬ 
ated-junctions.”  Complications  follow  upon  this  in 
other  forms.  Even  in  Mytilus  and  Area  a  connection 
is  here  and  there  formed  between  the  ascending  and 
descending  rami  of  a  filament  by  hollow  extensible  out¬ 
growths  called  “ interlamellar  junctions”  {il.j.  in  B, 
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Fig.  133).  Nevertheless  the  filament  is  a  complete 
tube  formed  of  chitonous  substance  and  clothed  ex¬ 
ternally  by  ciliated  epithelium,  internally  by  endothe- 


m  some  of  the  Siphonate  genera  of  Lamellibranehs. 
The  filaments  take  on  a  secondary  grouping,  the  sur¬ 
face  of  the  lamella  being  thrown  into  a  series  of  half- 


Fig.  133. — Filaments  of  the  ctenidium  of  i! fytilus  edulis 
(after  Holman  Peck).  A.  Part  of  four  filaments  seen  from 
the  outer  face  in  order  to  show  the  ciliated  junctions  c.j. 
B.  Diagram  of  the  posterior  face  of  a  single  complete  fila¬ 
ment  with  descending  ramus  and  ascending  ramus  ending 
in  a  hook-like  process,  ep.,  ep.,  the  ciliated  junctions ;  il.j., 
interlamellar  junction.  C.  Transverse  section  of  a  fila¬ 
ment  taken  so  as  to  cut  neither  a  ciliated  junction  nor  an 
interlamellar  junction,  /.e.,  frontal  epithelium ;  U.e1.,  IJ.e"., 
the  two  rows  of  latero-frontal  epithelial  cells  with  long  cilia ; 
ch,  chitonous  tubular  lining  of  the  filament;  lac.,  blood  la¬ 
cuna  traversed  by  a  few  processes  of  connective  tissue  cells ; 
b.c .,  blood-corpuscle. 


lium  and  lacunar  tissue — a  form  of  connective  tissue — 
as  shown  in  Fig.  133,  C.  Now  let  us  suppose,  as  hap¬ 
pens  in  the  genus  Dreissena — a  genus  not  far  removed 
from  Mytilus — that  the  ciliated  inter-filamentar  junc¬ 
tions  (Fig.  136)  give  place  to  solid  permanent  inter- 
filamentar  junctions,  so  that  the  filaments  are  con¬ 
verted,  as  it  were,  into  a  trellis-work.  Then  let  us 
suppose  that  the  interlamellar  junctions  which  we 
have  already  noted  in  Mytilus  become  very  numerous, 
large,  and  irregular ;  by  them  the  two  trellis-works  of 
filaments  would  be  united  so  as  to  leave  only  a  sponge¬ 
like  set  of  spaces  between  them.  Within  the  tra¬ 
beculae  of  the  sponge-work  blood  circulates,  and  be¬ 
tween  the  trabeculae  the  water  passes,  having  entered 
by  the  apertures  left  in  the  trellis-work  formed  by  the 
united  gill-filaments  (Fig.  138,  A,  B).  The  larger  the 
intralamellar  spongy  growth  becomes,  the  more  do 
the  original  gill-filaments  lose  the  character  of  blood¬ 
holding  tubes  and  tend  to  become  dense  elastic  rods 
for  the  simple  purpose  of  supporting  the  spongy- 
growtli.  This  is  seen  both  in  the  section  of  Dreissena 
gill  (Fig.  136)  and  in  those  of  Anodon  (Fig.  137,  A, 
B,  C).  In  the  drawing  of  Dreissena  the  individual 
filaments  /,  /,  /  are  cut  across  in  one  lamella  at  the 
horizon  of  an  interfilamentar  junction,  in  the  other 
(lower  in  the  figure)  at  a  point  where  they  are  free. 
The  chitonous  substance  ch  is  observed  to  be  greatly 
thickened  as  compared  with  what  it  is  in  Fig.  133,  C, 
tending  in  fact  to  obliterate  altogether  the  lumen  of 
the  filament.  And  in  Anodon  (Fig.  137,  C)  this  ob¬ 
literation  is  effected.  In  Anodon,  besides  being  thick¬ 
ened,  the  skeletal  substance  of  the  filament  develops  a 
specially  dense  rod-like  body  on  each  side  of  each  fila¬ 
ment.  Although  the  structure  of  the  ctenidium  is 
thus  highly  complicated  in  Anodon,  it  is  yet  more  so 


Fig.  134.— Structure  of  the  ctenidiaof  Nucula  (after  Mitsukuri) ; 
see  also  Fig.  2.  A,  Section  across  the  axis  of  a  ctenidium  with  a 
pair  of  plates— flattened  and  shortened  filaments— attached,  i,  j,  k, 
g  are  placed  on  or  near  the  membrane  which  attaches  the  axis  of 
the  ctenidium  to  the  side  of  the  body ;  a,  b,  free  extremities  of  the 
plates  (filaments) ;  d,  mid-line  of  the  inferior  border ;  e,  surface  of 
the  plate ;  t,  its  upper  border ;  h,  chitonous  lining  of  the  plate ;  r, 
dilated  blood-space ;  u,  fibrous  tract ;  o,  upper  bloodvessel  of  the 
axis ;  n,  lower  bloodvessel  of  the  axis ;  s,  chitonous  framework 
of  the  axis;  cp,  canal  in  the  same;  A,  B,  line  along  which  the 
cross-section  C  of  the  plate  is  taken.  B.  Animal  of  a  male  Bhirula 
proxima,  Say,  as  seen  when  the  left  valve  of  the  shell  and  the  left 
half  of  the 'mantle-skirt  are  removed,  a.a.,  anterior  adductor 
muscle;  p.a.,  posterior  adductor  muscle;  v.m,  visceral  mass:/, 
foot ;  g,  gill ;  I,  labial  tentacle ;  l.a.,  filamentous  appendage  of  the 
labial  tentacle ;  lb,  hood-like  appendage  of  the  labial  tentacle ;  m, 
membrane  suspending  the  gill  and  attached  to  the  body  along 
the  line  x,  y,z,w\  p,  posterior  end  of  the  gill  (ctenidium).  C. 
Section  across  one  of  the  gill-plates  (A,  B,  in  A)  comparable  with 
Fig.  133,  C.  i.a.,  outer  border ;  d.a.,  axial  border ;  l/.,  latero-frontal 
epithelium;  e,  epithelium  of  general  susface;  r,  dilated  blood- 
space  ;  h,  chitonous  lining  (compare  A). 

cylindrical  ridges,  each  consisting  of  ten  or  twenty 
filaments  ;  a  filament  of  much  greater  strength  and 
thickness  than  the  others  may  be  placed  between  each 
air  of  groups.  In  Anodon,  as  in  many  other  Lamelli- 
ranchs,  the  ova  and  hatched  embryos  are  carried  for 
a  time  in  the  ctenidia  or  gill  apparatus,  and  in  this 
particular  case  the  space  between  the  two  lamellae  of 
the  outer  gill-plate  is  that  which  serves  to  receive  the 
ova  (Fig.  137,  A).  The  young  are  nourished  by  a  sub¬ 
stance  formed  by  the  cells  which  cover  the  spongy 
interlamellar  outgrowths. 

There  are  certain  other  points  in  the  modification 
of  the  typical  ctenidium  which  must  be  noted  in  order 
to  understand  the  ctenidium  of  Anodon.  The  axis  of 
each  ctenidium,  right  and  left,  starts  from  a  point  well 
forward  near  the  labial  tentacles,  but  it  is  at  first  only 
a  ridge,  and  does  not  project  as  a  free  cylindrical  axis 
until  the  back  part  of  the  foot  is  reached.  This  is 
difficult  to  see  at  all  in  Anodon,  but  if  the  mantle-skirt 
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be  ent  irely  cleared  away,  and  if  the  dependent  lamellae 
which  spring  from  the  ctenidial  axis  be  carefully 
cropped  away  so  as  to  leave  the  axis  itself  intact,  we 
obtain  the  form  shown  in  Fig.  131,  where  g  and  h  are 


V  fr 

6  y  r  y 

Fig.  135.— Diagrams  of  transverse  sections  of  a  Lamellibranch  to 
show  the  adhesion,  by  concrescence,  of  the  gill-lamellse  to  the 
mantle-flaps,  to  the  foot,  and  to  one  another.  A,  shows  two  con¬ 
ditions  with  free  gill-axis ;  B,  condition  at  foremost  region  in 
Anodon;  C,  hind  region  of  foot  in  Anodon ;  D,  region  altogether 
posterior  to  the  foot  in  Anodon.  a,  visceral  mass ;  b,  foot ;  c,  man¬ 
tle-flap  ;  d,  axis  of  gill  or  ctenidium ;  e,  adaxial  lamella  of  outer 
gill-plate;  er,  reflected  lamella  of  outer  gill-plate ;/,  adaxial  la¬ 
mella  of  inner  gill-plate ;  fr,  reflected  lamella  of  inner  gill-plate ; 
g,  line  of  concrescence  of  the  reflected  lamellae  of  the  two  inner 
gill- plates ;  h,  rectum ;  i,  supra-branchial  space  of  the  sub-pallial 
chamber.  (Original.) 


Fig.  136.— Transverse  section  of  the  outer  gill-plate  of  Dreissena 
polymorpha  (after  Holman  Peck).  /,  constituent  gill-filaments ; 
ff,  fibrous  sub-epidermic  tissue ;  ch,  chitonous  substance  of  the 
filaments;  nch,  cells  related  to  the  chitonous  substance;  lac, 
iacunar  tissue ;  pig,  pigment-cells ;  be,  blood-corpuscles ;  fe,  frontal 
epithelium ;  Ife,  Ife',  two  rows  of  latero-frontal  epithelial  cells 
with  long  cilia ;  irf,  fibrous,  possibly  muscular,  substance  of  the 
interfilamentar  junctions. 


respectively  the  left  and  the  right  ctenidial  axes  pro¬ 
jecting  freely  beyond  the  body.  In  Area  this  can  be 
seen  with  far  less  trouble,  for  the  filaments  are  more 
easily  removed  than  are  the  consolidated  lamella? 
formed  by  the  filaments  of  Anodon,  and  in  Area  the 
free  axes  of  the  ctenidia  are  large  and  firm  in  texture 
(Fig.  132,  c,  cl).  . 

If  we  were  to  make  a  vertical  section  across  the  long 
axis  of  a  Lamellibranch  which  had  the  axis  of  its 
ctenidium  free  from  its  origin  onwards,  we  should  find 
such  relations  as  are  shown  in  the  diagram  Fig.  135,  A. 
The  gill  axis  d  is  seen  lying  in  the  sub-pallial  chamber 
between  the  foot  b  and  "the  mantle  c.  From  it  depend 
the  gill-filaments  or  lamellae — formed  by  united  fila¬ 
ments — drawn  as  black  lines  f.  On  the  left  side  these 
lamellae  are  represented  as  having  only  a  small  re¬ 
flected  growth,  on  the  right  side  the  reflected  ramus 
or  lamella  is  complete  (fr  and  er).  The  actual  con¬ 
dition  in  Anodon  at  the  region  where  the  gills  com¬ 
mence  anteriorly  is  shown  in  Fig.  135,  B.  The  axis 
of  the  ctenidium  is  seen  to  be  adherent  to,  or  fused 
by  concrescence  with,  the  body-wall,  and  moreover  on 
each  side  the  outer  lamella  of  the  outer  gill-plate  is 
fused  to  the  mantle,  whilst  the  inner  lamella  of  the 
inner  gill-plate  is  fused  to  the  foot.  If  wTe  pass  a  little 
backwards  and  take  another  section  nearer  the  hinder 
margin  of  the  foot,  we  get  the  arrangement  shown 
diagrammatically  in  Fig.  135,  C,  and  more  correctly 
in  Fig.  142.  In  this  region  the  inner  lamellae  of  the 
inner  gill-plates  are  no  longer  affixed  to  the  foot.  Pass¬ 
ing  still  further  back  behind  the  foot,  we  find  in  Ano¬ 
don  the  condition  shown  in  the  section  D.  Fig.  135. 
The  axes  %  are  now  free  ;  the  outer  lamellae  of  the 
outer  gill-plates  _(e?*)  still  adhere  by  concrescence  to  the 
mantle-skirt,  whilst  the  inner  lamellae  of  the  inner  gill- 
plates  meet  one  another  and  fuse  by  concrescence  at  g. 
In  the  lateral  view  of  the  animal  with  reflected  mantle- 
skirt  and  gill-plates,  the  line  of  concrescence  of  the 
inner  lamellae  of  the  inner  gill-plates  is  readily  seen  ; 

it  is  marked  aa  in  Fig.  124,  (5).  In  the 
same  figure  the  free  part  of  the  inner 
lamella  of  the  inner  gill-plate  resting  on 
the  foot  is  marked  z,  whilst  the  attached 
part — the  most  anterior — has  been  snipped 
with  scissors  so  as  to  show  the  genital  and 
nephridial  apertures  x  and  y.  The  concres¬ 
cence,  then,  of  the  free  edge  of  the  reflected 
lamellae  of  the  gill-plates  of  Anodon  is  very 
extensive.  It  is  important,  because  such  a 
concrescence  is  by  no  means  universal,  and 
does  not  occur,  for  example,  in  Mytilus  or 
in  Area;  further,  because  when  its  occur¬ 
rence  is  once  appreciated,  the  reduction  of 
the  gill-plates  of  Anodon  to  the  plume-type 
of  the  simplest  ctenidium  presents  no  diffi¬ 
culty;  and,  lastly,  it  has  importance  in  ref¬ 
erence  to  its  physiological  significance.  The 
mechanical  result  of  the  concrescence  of  the 
outer  lamellae  to  the  mantle-flap,  and  of  the 
inner  lamellae  to  one  another  as  shown  in 
section  1),  Fig.  135,  is  that  the  sub-pallial 
space  is  divided  into  spaces  by  a  horizontal 
septum.  The  upper  space  (i)  communicates 
with  the  outer  world  by  the  excurrent  or  su¬ 
perior  siphonal  notch  of  the  mantle  (Fig.  124, 
(/) ;  the  lower  space  communicates  by  the 
lower  siphonal  notch  (e  in  lug.  124).  The 
only  communication  between  the  two  spaces, 
excepting  through  the  trellis-work  of  the 
gill-plates,  is  by  the  slit  (z  in  Fig.  124,  (5)  ) 
left  by  the  non-concrescence  of  a  part  of 
the  inner  lamella  of  the  inner  gill-plate  with 
the  foot.  A  probe  (g)  is  introduced  through 
this  slit-like  passage,  and  it  is  seen  to  pass  out  by 
the  excurrent  siphonal  notch.  It  is  through  this 
passage,  or  indirectly  through  the  pores  of  the 
gill-plates,  that  the  water  introduced  into  the  lower 
sub-pallial  space  must  pass  on  its  way  to  the  excur- 
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rent  siphonal  notch.  Such  a  subdivision  of  the 
pallial  chamber,  and  direction  of  the  currents  set 
up  within  it  do  not  exist  in  a  number  of  Lamelli¬ 
branchs  which  have  the  gill-lamellae  comparatively 


The  blood  is  colorless,  and  has  colorless  amoeboid 
corpuscles  floating  in  it.  In  two  Lamellibranchs,  Solen 
( Ceratisolen j  legumen  and  Area  Noce ,  the  blood  is 


Fig.  137.— Transverse  sections  of  gill-plates  of  Anodon  (after 
Peek).  A.  Outer  gill-plate.  B.  Inner  gill-plate.  C.  A  portion 
of  B  more  highly  magnified,  ol.,  outer  lamella ;  i.l,  inner  lamella ; 
v,  bloodvessel ;  /,  constituent  filaments ;  lac,  lacunar  tissue  ;  ch, 
/chitonous  substance  of  the  filament ;  chr,  chitonous  rod  imbedded 
in  the  softer  substance  ch. 

free  (Mytilus,  Area,  Trigonia,  etc.),  and  it  is  in  these 
forms  that  there  is  least  modification  by  concrescence 
of  the  primary  filamentous  elements  of  the  lamellae. 
Probably  the  gill-structure  of  Lamellibranchs  will  ulti¬ 
mately  furnish  some  classificatory  characters  of  value 
when  they  have  been  thoroughly  investigated  through¬ 
out  the  class. 

The  alimentary  canal  of  Anodon  is  shown  in  Fig. 
124,  (4).  The  mouth  is  placed  between  the  anterior 
adductor  and  the  foot ;  the  anus  opens  on  a  median 
papilla  overlying  the  posterior  adductor,  and  dis¬ 
charges  into  the  superior  pallial  chamber  along  which 
the  excurrent  stream  passes.  The  coil  of  the  intestine 
in  Anodon  is  similar  to  that  of  other  Lamellibranchs, 
but  the  crystalline  style  and  its  diverticulum  are  not 
present  here.  The  rectum  traverses  the  pericardium, 
and  has  the  ventricle  of  the  heart  wrapped,  as  it  were, 
around  it.  This  is  not  an  unusual  arrangement  in 
Lamellibranchs,  and  a  similar  disposition  occurs  in 
some  Gastropoda  (Haliotis).  A  pair  of  ducts  {ai)  lead 
from  the  first  enlargement  of  the  alimentary  tract 
called  stomach  into  a  pair  of  large  digestive  glands,  the 
so-called  liver,  the  branches  of  which  are  closely  packed 
in  this  region  (a/).  The  food  of  the  Anodon,  as  of  other 
Lamellibranchs,  consists  of  microscopic  animal  and 
vegetable  organisms,  which  are  brought  to  the  mouth 
by  the  stream  which  sets  into  the  sub-pallial  chamber 
at  the  lower  siphonal  notch  (e  in  Fig.  124)*  Probably 
a  straining  of  water  from  solid  particles  is  effected  by 
the  lattice-work  of  the  ctenidia  or  gill-plates. 

The  heart  of  Anodon  consists  of  a  median  ventricle 
embracing  the  rectum  (Fig.  143,  A),  and  giving  off 
an  anterior  and  a  posterior  artery,  and  of  two  auricles 
which  open  into  the  ventricle  by  orifices  protected  by 
valves. 


owing  to  the  presence  of  corpuscles  impreg¬ 
nated  with  haemoglobin  (Lankester,  31).  In 
Anodon  the  blood  is  driven  by  the  ventricle 
through  the  arteries  into  vessel-like  spaces, 
which  soon  become  irregular  lacunae  surround¬ 
ing  the  viscera,  but  in  parts — e.g.,  the  labial 
tentacles  and  walls  of  the  gut — very  fine 
vessels  with  endothelial  cell-lining  are  found. 
The  blood  makes  its  way  by  large  veins  to  a 
venous  sinus  which  lies  in  the  middle  line 
below  the  heart,  having  the  paired  renal 
organs  (nephridia)  placed  between  it  and  that 
organ.  Hence  it  passes,  through  the  vessels 
of  the  glandular  walls  of  the  nephridia  right 
and  left  into  the  gill-lamellae,  whence  it  re¬ 
turns  through  many  openings  into  the  widely- 
stretched  auricles.  A  great  deal  more  pre¬ 
cision  has  been  given  to  accounts  of  the  struc¬ 
ture  of  arteries,  veins,  and  capillaries  in 
Anodon  than  the  facts  warrant.  The  Course 
of  the  blood-stream  can  only  be  somewhat 
vaguely  inferred  except  in  its  largest  outlines. 
Distinct  arterial  and  venous  channels  cannot 
be  distinguished  in  the  gill-lamellae,  in  spite 
of  what  Langer  (52)  has  written  on  the  sub- 
f  ject,  though  it  is  highly  probable  that  there 
is  some  kind  of  circulation  in  the  gills.  In 
the  filaments  of  the  gill  of  Mytilus  the 
tubular  cavity  is  divided  by  a  more  or  less 
complete  fibrous  septum  into  two  channels, 
presumably  for  an  ascending  and  a  descend¬ 
ing  blood-current.  The  ventricle  and  auri¬ 
cles  of  Anodon  lie  in  a  pericardium  which 
is  clothed  with  a  pavement  endothelium  (d, 
Fig.  143).  .  Veins  are  said  by  Keber  and 
others  to  open  anteriorly  into  it,  but  this  appears  to  be 
an  error.  It  does  not  contain  blood  or  communicate 
directly  with  the  blood-system;  this  isolation  of  the 
pericardium  we  have  noted  already  in  Gastropods  and 
Cephalopods.  A  good  case  for  the  examination  of 
the  question  as  to  whether  blood  enters  the  pericar¬ 
dium  of  Lamellibranchs,  or  escapes  from  the  foot,  or 
by  the  renal  organs  when  the  animal  suddenly  con¬ 
tracts,  is  furnished  by  the  Solen  legumen ,  which  has 
red  blood-corpuscles.  According  to  observations  made 
by  Penrose  (53)  on  an  uninjured  Solen  legumen ,  no 
red  corpuscles  are  to  be  seen  in  the  pericardial  space, 
although  the  heart  is  filled  with  them,  and  no  such 
corpuscles  are  ever  discharged  by  the  animal  when  it 
is  irritated. 

The  pair  of  nephridia  of  Anodon,  called  in  Lamelli¬ 
branchs  the  organ  of  Bojanus,  lie  below  the  membran¬ 
ous  floor  of  the  pericardium,  and  open  into  it  by  two 
well-marked  apertures  (e  and  /  in  Fig.  143).  Each 
nephridium,  after  being  bent  upon  itself  as  shown  in 
Fig.  143,  C,  D,  opens  to  the  exterior  by  a  pore  placed 
at  the  point  marked  x  in  Fig.  124,  (5),  (6).  It  is  no 
doubt  possible,  as  in  the  Gastropoda  and  Cephalopoda, 
for  water  to  enter  from  the  exterior  by  the  nephridia 
into  the  pericardium,  but  that  it  ever  does  so  is  as  yet 
not  proved.  What  is  certain  from  the  set  of  the 
ciliary  currents  is  that  liquid  generally  passes  out  of 
the  pericardium  by  the  nephridia.  One-half  of  each 
nephridium  is  of  a  dark-green  color  and  glandular  ( h 
in  Fig.  143).  This  opens  into  the  reflected  portion 
which  overlies  it  as  shown  in  the  diagram  Fig.  143, 
D,  i ;  the  latter  has  non-glandular  walls,  and  opens  by 
the  pore  k  to  the  exterior.  The  nephridia  may  be 
more  ramified  in  other  Lamellibranchs  than  they  are 
in  Anodon.  In  some  they  are  difficult  to  discover. 
That  of  the  common  oyster  has  recently  (1882)  been 
detected  by  Hoek  (54).  Each  nephridium  in  the 
oyster  is  a  pyriform  sac,  which  communicates  by  a 
narrow  canal  with  the  urino-genital  groove  placed  to 
the  front  of  the  great  adductor  muscle  ;  by  a  second 
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narrow  canal  it  communicates  with  the  pericardium. 
From  all  parts  of  the  pyriform  sac  narrow  stalk-like 
tubes  are  given  otf,  ending  in  abundant  widely-spread 
branching  glandular  caeca,  which  form  the  essential 
renal  secreting  apparatus.  The  genital  duct  opens  by 
a  pore  into  the  urino-genital  groove  of  the  oyster  (the 


//  f 


f  f  f  f  ff  f  f 


parable  to  the  pericardial  accessory  glandular  growths 
of  Cephalopoda. 

Nervous  System  and  Sense-organs. —  In  Anodon 
there  are  three  well-developed  pairs  of  nerve-ganglia 
(Fig.  144,  B,  and  Fig.  124  (6)  ).  An  anterior  pair, 
lying  one  on  each  side  of  the  mouth  (Fig.  144,  B,  a) 

and  connected 
7 p  |  7  />  in  front  of  it 

by  a  commis¬ 
sure,  are  the 
rep  r  e  s  e  n  t  a- 
tives  of  the 
cerebral,  pleu¬ 
ral,  and  vis¬ 
ceral  ganglia 
of  the  typi¬ 
cal  Mollusc, 
which  are  not 
here  differen¬ 
tiated  as  they 
are  in  Gas¬ 
tropods  (com- 

B  posterior  adductor  muscle;  g,  loot;  gygr’  JfJg  57) 

A  pair  placed 
144,  B,  b,  and 


Fig.  140.— Lateral  view  of  a  Mac- 
tra,  the  right  valve  of  the  shell  and 
right  mantle-flap  removed,  and  the 
siphons  retracted,  br,  br',  outer  and 
inner  gill-plates;  t,  labial  tentacle; 
ta,  tr,  upper  and  lower  siphons ;  ms, 
siphonal  muscle  of  the  mantle-flap ; 
ma,  anterior  adductor  muscle;  mp, 
posterior  adductor  muscle ;  p,  foot ; 
c,  umbo.  (From  Gegenbaur.) 


Fig  138  — Gill-lamellse  of  Anodon  (after  Peck).  A.  Fragment 
of  the  outer  lamella  of  an  inner  gill-plate  torn  from  the  connected 
inner  lamella,  the  subfilamentar  tissue  also  partly  cut  away  round 
the  edges  so  as  to  expose  the  filaments,  their  transverse  junctions 
tr  and  the  “windows”  left  in  the  lattice-work;  s/e,  internal  sur¬ 
face  of  the  lamella ;  v ,  vessel.  H.  Diagram  of  a  block  cugfrom 
the  outer  lamella  of  the  outer  gill-plate  and  seen  from  the  inter- 
lamellar  surface  (after  Peck).  /,  constituent  filaments ;  trf  fibrous 
tissue  of  the  transverse  interfilamentar  junctions ;  v,  bloodvessel ; 

interlamellar  junction.  The  series  of  oval  holes  on  the  back 
of’ the  lamella  are  the  water-pores  which  open  between  the  fila¬ 
ments  in  irregular  rows  separated  horizontally  by  the  transverse 
interfilamentar  junctions. 

same  arrangement  being  repeated  on  each  side  of  the 
body)  close  to  but  distinct  from  the  aperture  of  the 
nephridial  canal.  Hence,  except  for  the  formation  of 


close  together  in  the  foot  (Fig 
Fig.  124,  (6),  ax)  are  the  typical  pedal  ganglia; 
they  are  joined  to  the  cerebro-pleuro-visceral 
ganglia  by  connectives. 

Posteriorly  beneath  the  posterior  adductors, 
and  covered  only  by  a  thin  layer  of  elongated 
epidermal  cells,  are  the  olfactory  ganglia,  their 
epidermal  clothing  constituting  the  pair  of 
osphradia,  which  are  thus  seen  in  Lamelli¬ 
branchs  to  occupy  their  typical  position  and  to 
have  the  typical  innervation, — the  nerve  to 
each  osphradium  being  given  off  by  the  visce¬ 
ral  ganglion — that  is  to  say,  by  the  undiffer¬ 
entiated  cerebro-pleuro-visceral  ganglion  of  its 
proper  side.  This  identification  of  the  posterior 
ganglion-pair  of  Lamellibranchs  is  due  to 
Spengel  (11).  Other  anatomists  have  consid¬ 
ered  this  ganglion-pair  as  corresponding  to 
either  the  pleural  or  the  visceral  of  Gastropoda, 
or  to  both,  and  very  usually  it  is  termed  “  the  parieto- 
splanchnic  ”  (Huxley). 

The  sense-organs  of  Anodon  other  than  the  osphra¬ 
dia  consist  of  a  pair  of  otocysts  attached  to  the  pedal 
ganglia  (Fig.  124,  (6),  ay).  The  otocysts  of  Cyclas  are 
peculiarly  favorable  for  study  on  account  of  the  trans¬ 
parency  of  the  small  foot  in  which  they  lie,  and  may 
be  taken  as  typical  of  those  of  Lamellibranchs  gener¬ 
ally.  The  structure  of  one  is  exhibited  in  Fig.  146. 
A  single  otolith  is  present  as  in  the  veliger  embryos  of 
Opisthobranchia.  In  adult  Gastropoda  there  are  fre¬ 
quently  a  large  number  of  rod-like  otoliths  instead  of 


one. 


Fig.  139.— Transverse  sections  of  A,  a  Lamellibranch,  and  B, .an 
Tsopleurous  Gastropod  (Chiton),  to  show  the  relations  of  p,  the 
foot ;  br,  the  branchiae ;  and  in,  the  mantle.  (From  Gegenbaur.) 

a  urino-genital  groove,  the  apertures  are  placed  as 
they  are  in  Anodon.  Previously  to  Hoek’s  discovery 
a  brown-colored  investment  of  the  auricles  of  the  heart 
of  the  oyster  had  been  supposed  to  represent  the 
pephridia  in  a  rudimentary  state.  This  investment, 
which  occurs  also  in  Mytilus  but  not  in  Anodon,  may 
possibly  consist  of  secreting  cells,  and  may  be  com- 


Fig.  141.— The  same  animal  as  Fig.  140,  with  its  foot  and  siphons 
expanded.  Letters  as  in  Fig.  140.  (From  Gegenbaur.) 

Anodon  has  no  eyes  of  any  sort,  and  the  tentacles 
on  the  mantle  edge  are  limited  to  its  posterior  border. 
This  deficiency  is  very  usual  in  the  class  ;  at  the  same 
time,  many  Lamellibranchs  have  tentacles  on  the 
edge  of  the  mantle  supplied  by  a  pair  of  large  well- 
developed  nerves,  which  are  given  off  from  the  cere¬ 
bro-pleuro-visceral  ganglion-pair,  and  very  frequently 
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some  of  these  tentacles  have  undergone  a  special  meta¬ 
morphosis  converting  them  into  highly-organized  eyes. 
Such  eyes  on  the  mantle-edge  are  found  in  Pecten, 
Spondylus,  Lima, 


Ostrea  (?),  Pinna, 
Pectunculus,  Modi- 
ola,  Mytilus  (?), 
Cardium,  Tellina, 
Mactra,  Venus, 
Solen,  Pholas,  and 
Galeomma.  .  They 
are  totally  distinct 
from  the  cephalic  m 
eyes  of  typical  Mol- 
lusca,  and  have  a  br _ 
different  structure 
and  historical  devel¬ 
opment.  They  have 
not  originated  as  pits 
b  it  as  tentacles. 
They  agree  with  the 
dorsal  eyes  of  Onchi- 
dium  (Pulmonata) 
the  curious  fact 


in 


_ _  Fig.  142.—- Vertical  section  through  an 

I  flip  Anfip  n prvp  Anodonta,  about  the  mid-region  of  the 
tnat  tne  optic  neivefoot  TO(mantie.flap.  br,  outer,  fc'r'.inner 

penetrates  the  cap-  gill-plate  —  each  composed  of  two  la- 
sule  of  the  eye  and  mellae; /,  foot;  ventricle  of  the  heart; 

passes  in  front  of  the  ?£le :  p’  p  ’ pericardial  cavity ;  *’  in~ 
retinal  body  (Fig. 

145),  so  that  its  fibres  join  the  anterior  faces  of  the 
nerve-end  cells  as  in  V ertebrates,  instead  of  their  pos¬ 
terior  faces  as  in  the  cephalic  eyes  of  Mollusca  and 


ac 


must,  however,  be  distinctly  borne  in  mind  that 
there  is  a  fundamental  difference  between  the  eye  of 
Vertebrates  and  of  all  other  groups  in  the  fact  that 


Fig.  144.  — Nerve-ganglia  and  cords 
of  three  Lamellibranchs  (from  Gegen- 
baur) :  A,  of  Teredo ;  B,  of  Anodonta ; 
C,  of  Pecten.  a,  cerebral  ganglion- 
pair  (=.  cerebro-pleuro-visceral) ;  b, 
pedal  ganglion-pair;  c,  olfactory  (os- 
phradial)  ganglion-pair. 


Diagrams  showing  the  relations  of  pericardium  and 
a  Li 


nephridia  in  a  Lamellibranch  such  as  Anodon.  A.  Pericardium 
opened  dorsally  so  as  to  expose  the  heart,  and  the  floor  of  the 
pericardial  chamber  d.  B.  Heart  removed  and  floor  of  the  peri¬ 
cardium  cut  away  on  the  left  side  so  as  to  open  the  non-glandular 
sac  of  the  nephridium,  exposing  the  glandular  sac  6,  which  is 
also  cut  into  so  as  to  show  the  probe/.  C.  Ideal  pericardium  and 
nephridium  viewed  laterally.  D.  Lateral  view  showing  the 
actual  relation  of  the  glandular  and  non-glandular  sacs  of  the 
nephridium.  The  arrows  indicate  the  course  of  fluid  from  the 
pericardium  outwards,  o,  ventricle  of  the  heart ;  6,  auricle ;  bb, 
cut  remnant  of  the  auricle ;  c,  dorsal  wall  of  the  pericardium  cut 
and  reflected ;  e,  reno-pericardial  orifice ;  /,  probe  introduced  into 
the  left  reno-pericardial  orifice ;  a,  non-glandular  sac  of  the  left 
nephridium;  h,  glandular  sac  of  the  left  nephridium;  i,  pore 
leading  from  the  glandular  into  the  non-glandular  sac  of  the  left 
nephridium ;  k,  pore  leading  from  the  non-glandular  sac  to  the 
exterior ;  ac,  anterior,  ab,  posterior,  cut  remnants  of  the  intestine 
and  ventricle. 


Arthropoda;  moreover,  the  lens  is  not  a  cuticular 
product  but  a  cellular  structure,  which,  again,  is  a 
feature  of  agreement  with  the  Vertebrate  eye.  It 


in  the  Vertebrata  the 
retinal  body  is  itself 
a  part  of  the  central 
nervous  system,  and 
not  a  separate  modi¬ 
fication  of  the  epider¬ 
mis — myelonic  as  op¬ 
posed  to  epidermic. 
The  structure  of  the 
reputed  eyes  of  sev¬ 
eral  of  the  above- 
named  genera  has 
not  been  carefully  ex¬ 
amined.  In  Pecten 
and  Spondylus,  how¬ 
ever,  they  have  been 
fully  studied  (see  Fig. 
145,  and  explana¬ 
tion). 

The  gonads  of 
Anodon  are  placed 
in  distinct  male  and 
female  individuals. 
In  some  Lamelli- 
branchs  —  for  in¬ 
stance,  the  European 
Oyster  and  the  Pisi- 
dium  pusittum — the  sexes  are  united  in  the  same  indi¬ 
vidual;  but  here,  as  in  most  hermaphrodite  animals,  the 
two  sexual  elements  are  not  ripe  in  the  same  individual 
at  the  same  moment.  It  has  been  conclusively  shown 
that  the  Ostrea  edulis  does  not  fertilize  itself.  The 
American  Oyster  ( 0.  virginiana)  and  the  Portuguese 
a  Oyster  (0.  angvlata )  have  the  sexes  separate,  and 
J  fertilization  is  effected  in  the  open  water  after  the 
discharge  of  the  ova  and  the  spermatozoa  from  the  fej 
males  and  males  respectively.  In  the  Ostrea  edulis  fer' 
tilization  of  the  eggs  is  effected  at  the  moment  of  theii 
Ji  escape  from  the  uro-genital  groove,  or  even  before,  by 
means  of  spermatozoa  drawn  into  the  sub-pallial  charm 
J  ber  by  the  incurrent  ciliary  stream,  and  the  embryo! 

pass  through  the  early  stages  of  development  whilst 
c  entangled  between  the  gill-lamellae  of  the  female  parent 
SA(Fig.  6).  In  Anodon  the  eggs  pass  into  the  space  be* 
tween  the  two  lamellae  of  the  outer  gill-plate,  and  ar f 
there  fertilized,  and  advance  whilst  still  in  tnis  posi* 
tion  to  the  glochidium  phase  of  development  (Fig. 
147).  They  may  be  found  here  in  thousands  in  th{ 
summer  and  autumn  months.  The  gonads  themselve! 
are  extremely  simple  arborescent  glands  which  open  to 
the  exterior  by  two  simple  ducts,  one  right  and  one 
left,  continuous  with  the  wall  of  the  tubular  branches 
of  the  gland  (Fig.  124,  (5),  (6).  y).  _  In  no  Lamelli* 
branch  is  there  a  divergence  from  this  structure,  ex; 
cepting  that  in  some  (Ostrea)  the  contiguous  nephridia) 
and  the  genital  aperture  are  sunk  in  a  urino-genital 
groove,  which  in  other  cases  (Spondylus?)  may  par 
tially  close  up  so  as  to  constitute  a  single  pore  for  the 
nephridial  and  genital  ducts.  No  accessory  genital 
glands  are  present. 

The  development  of  Anodon  is  remarkable  for  the 
curious  larval  form  known  as  Glochidium  (Fig.  147), 
The  Glochidium  quits  the  gill-pouch  of  its  parent  and 
swims  by  alternate  opening  and  shutting  of  the  valves 
of  its  shell,  as  do  adult  Pecten  and  Lima,  trailing  at  the 
same  time  a  long  byssus  thread.  By  this  it  is  brought 
into  contact  with  the  fin  of  a  fish,  such  as  Perch,  Stick¬ 
leback,  or  others,  and  effects  a  hold  thereon  by  means 
of  the  toothed  edge  of  its  shells.  Here  it  becomes  em 
cysted,  and  is  nourished  by  the  exudations  of  the  fish. 

A  distinct  development  of  its  internal  organs  has 
been  traced  by  the  late  Professor  Balfour,  but  no 
one  has  followed  it  to  the  moment  at  which  it  drops 
from  the  fish’s  fin  and  assumes  the  form  of  shell  . 
characteristic  of  the  parent,  Other  Lamellibranchs 
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exhibit  either  a  trochosphere  larva  which  becomes 
a  Yeliger,  differing  only  from  the  Gastropod’s  and 
Pteropod’s  Yeliger  in  having  bilateral  shell-calcifica- 


figures  of  Gastropod  development  (Figs.  3,  4,  5,  7,  and 
72***).  Fig.  148  shows  the  cleavage  of  the  egg-cell 
into  four  (A),  and  at  a  later  stage  the  tucking  in  of 


Fig.  145.— Pallial  eye  of Spondylus  (from  Hickson),  a,  prse-corneal  epithelium ; 
b,  cellular  lens ;  c,  retinal  body ;  rl.  tapetum ;  e,  pigment ;  /,  retinal  nerve ;  g, 
complementary  nerve ;  h,  epithelial  cells  filled  with  pigment ;  k,  tentacle. 


Fig.  149—  Embryo  of  Pisidium  pusiilum  in  the  di 
blastula  stage,  surface  view  (after  Lankester).  The 
embryo  has  increased  in  size  by  accumulation  of 
liquid  between  the  outer  and  the  invaginated  cells 
The  blastopore  has  closed. 


tions  instead  of  a  single  central  one  ;  or,  like 
Anodon,  they  may  develop  within  the  gill- 
plates  of  the  mother,  though  without  present¬ 
ing  such  a  specialized  larva  as 
the  Glochidium.  An  example 
of  the  former  is  seen  in  the 
development  of  the  European 
Oyster,  to  the  figure  of  which 
and  its  explanation  the  reader 
is  specially  referred  (Fig.  6). 

An  example  of  the  latter  is 
seen  in  a  common  little  fresh-  ?7S  _  , 

water  bivalve,  the  Pisidium  c/capsuleTc^cili- 
pusillum,  which  has  been  a’ted  cells’  lining 
studied  by  Lankester  (12).  [qq. same '  °'  oto’ 
The  successive  stages  of  the 
development  of  this  Lamellibranch  are  illus¬ 
trated  in  the  woodcuts  Figs.148  to  153  inclu¬ 
sive.  These  should  be  compared  with  the 


Fig.  150.— B.  Same  embryo  as  Fig.  149,  in  optical 
median  section,  showing  the  invaginated  cells  hy 
which  form  the  arch-enteron,  and  the  mesoblastic 
cells  me  which  are  budded  off  from  the  surface  of 
the  mass  hy,  and  apply  themselves  to  the  inner  sur¬ 
face  of  the  deric  or  epiblastic  cell-layer  ep.  C.  The 
same  embryo  focused  so  as  to  show  the  mesoblastic 
cells  which'immediately  underlie  the  outer  cell-layer. 


Fig.  147.— Two  stages  in  the  development  of  Anodonta  (from  Balfour).  Both 
figures  represent  the  glochidium  stage.  A,  when  free  swimming,  shows  the 
two  dentigerous  valves  widely  open.  B,  a  later  stage,  alter  fixture  to  the  fin 
of  a  fish,  sh,  shell ;  ad,  adductor  muscle ;  s,  teeth  of  the  shell ;  by,  byssus ; 
a. ad,  anterior  adductor;  p.ad,  posterior  adductor;  mt,  mantle-flap;  /,  foot;  br, 
branchial  filaments ;  au.v,  otocyst ;  al,  alimentary  canal. 

growths. 


Fig.  148. — Embryos  of  Pisidium  pusillum  (after  Lankester).  A. 
Only  four  embryonic  cells  are  present,  still  inclosed  in  the  egg 
envelope.  B.  The  cells  have  multiplied  and  commenced  to  in- 
vaginate,  forming  a  blastopore  or  orifice  of  invagination,  bl. 


some  of  the  cells  to  form  an  invaginated 
series  (B).  The  embryonic  cells  continue 
to  divide,  and  form  an  oval  vesicle  contain¬ 
ing  liquid  (Fig.  149)  ;  within  this,  at  one 

fiole,  is  seen  the  mass  of  invaginated  cells 
Fig.  150,  hy).  These  invaginated  cells  are 
the  arch-enteron  ;  they  proliferate  and  give 
ofi"  branching  cells,  which  apply  themselves 
(Fig.  1 50,  C)  to  the  inner  face  of  the  vesicle, 
thus  forming  the  mesoblast  or  coelomic  out- 
The  outer  single  layer  of  cells  which  con¬ 
stitutes  the  surface  of  the  vesicle  (Fig.  147)  is  the 
ectoderm  or  epiblast  or  deric  cell-layer.  The  little 
mass  of  hypoblast  or  enteric  cell-mass  now  enlarges, 
but  remains  connected  with  the  cicatrix  of  the  blasto¬ 
pore  or  orifice  of  invagination  by  a  stalk,  the  rectal 
peduncle  (Fig.  151,  A,  rp).  The  enteron  itself  be¬ 
comes  bilobed  and  is  joined  by  a  new  invagination, 
that  of  the  mouth  and  stomodaeum,  ph.  Fig.  151,  B 
shows  the  origin  of  the  mouth  o,  being  a  deeper  view 
of  the  same  specimen  in  the  same  position  which  is 
drawn  in  Fig.  151 ,  A.  The  mesoblast  multiplies  its  cells, 
which  become  partly  muscular  and  partly  skeleto- 
trophic.  Centro-dorsally  now  appears  the  embryonic 
shell-gland  (Fig.  1 51 ,  C,  sh).  The  pharynx  or  stomo¬ 
daeum  is  still  small,  the  foot  not  yet  prominent.  A  later 
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,  FlG- 151.— Further  stages  in  the  development  of  Pisidium  pusil- 
mm  (after  Lankester).  A.  Optical  section  of  an  embryo  in  which 
the  foot  has  begun  to  develop.  B.  The  same  embryo  focused  to 
its  surface  plane  to  show  the  mouth  o.  C.  Later  embryo,  show- 
mg  the  shell-gland  sh.  D.  Lateral  view  of  the  same  embryo.  E 
Later  stage,  with  rudiments  of  the  mantle-flap,  lateral  view.  F. 
Still  later  stage,  with  shell- valves  and  branchial  filaments,  ep, 
epiblast ;  me,  mesoblast ;  al,  met-enteron ;  rp,  rectal  peduncle  or 
pedicle  of  invagination  connecting  the  met-enteron  wit  h  the  cica¬ 
trix  of  the  blastopore ;  o,  mouth  ;  ph,  pharynx  ;  sh,  shell-gland- 
mn,  mantle-flap ;  6r,  branchial  filaments ;  y,  granular  cells  of  doubt¬ 
ful  significance ;  v,  vesicular  structure  of  unknown  significance. 


Fig.  152.— Diagram  of  embryo  of  Pisidium  in  the  same  stage  as 
E'  in  Fig.  151.  m,  mouth  ;  /,  foot ;  ph,  pharynx ;  gs,  met-enteron  : 
pi,  rectal  peduncle  or  pedicle  of  invagination ;  shs,  shell-gland. 
(From  Lankester.)  i 


stage  is  seen  in  Fig.  152,  where  the  pharynx  is  widely 

open  and  the  foot 
prominent.  No  cili¬ 
ated  velum  or  prse- 
oral  (cephalic)  lobe 
ever  develops.  The 
shell-gland  disap¬ 
pears,  the  mantle- 
skirt  is  raised  as  a 
ridge  (Fig..  151,  E, 
run), the  paired  shell- 
valves  are  secreted, 
the  anus  opens  by  a 
proctodseal  ingrowth 
into  the  rectal  pe¬ 
duncle,  and  the  ru- 

- — -  diments  of  the  gills 

Fig.  153.— Diagram  of  embryo  of  Pisi-  (br)  and  of  the  ne- 
dium,  m  same  stage  as  F  in  Fig.  151  nbridin  CR) 

(after  Lankester).  m,  mouth;  x,  anus;  P“.llclia  t-JjJ  appear 
/,  foot;  br,  branchial  filaments;  mn,  (,-h lgS.  151,  Jb,  and 
mamin  of  the  mantle-skirt;  B,  organ  153, dorsal  and  lateral 
of  Bojanus  (nephridium).  The  un-  ’  <>  „  .  , 

shaded  area  gives  the  position  of  the  ^leus  ot  same  Stage), 
shell-yalve.  and  thus  the  chief 

organs  and  general 
form  of  the  adult  are  acquired.  Later  changes,  not 
drawn  here,  consist  in  the  growth  of  the  shell-valves 
over  the  whole  area  of  the  mantle-flaps,  and  in  the 
multiplication  of  the  gill-filaments  and  tlieir  consolida¬ 
tion  to  form  gilj-plates.  It  is  important  to  note  that 
the  gill-filaments  are  formed  one  by  one  posteriorly. 
The  labial  tentacles  are  formed  late.  In  the  allied 
genus  Cyclas,  a  byssus  gland  is  formed  in  the  foot  and 
subsequently  disappears,  but  no  such  gland  occurs  in 
Pisidium.  The  nerve-ganglia  and  the  otocysts  probably 
form  from  thickenings  of  the  epiblast, 'but  detailed 
observation  on  this  and  other  points  of  histogenesis  in 
the  Lamellibranchia  is  still  wanting. 
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MOLOCH,  or  Molech — in  Hebrew,  with  the  doubt¬ 
ful  exception  of  1  Kings  xi.  7,  always  with  the 
article — is  the  name  or  title  of  the  divinity  which  the 
men  of  Judah  in  the  last  ages  of  the  kingdom  were 
wont  to  propitiate  by  the  sacrifice  of  their  own  children. 
The  phrase  employed  in  speaking  of  these  sacrifices  is 
“  to  make  one’s  son  or  daughter  pass  through  fire  to 
the  Moloch”  (2  Kings  xxiii.  10;  Jer.  xxxii.  35,  and 
so  without  the  words  “  through  fire  ”  Lev.  xviii.  21)  ; 
but  it  appears  from  Ezek.  xvi.  20,  21  that  this  phrase 
denotes  a  human  holocaust,1  and  not,  as  sometimes 
has  been  thought,  a  mere  consecration  to  Moloch  by 
passing  through  or  between  fires,  as  in  the  Roman 
Palilia  and  similar  rites  elsewhere.  Human  sacrifices 
were  common  in  Semitic  heathenism,  and  at  least  the 
idea  of  such  sacrifices  was  not  unknown  to  Israel  in 
early  times  (Isaac,  Jephthah’s  daughter),  though  in 
the  sunny  days  of  the  nation,  when  religion  was  a  joy¬ 
ous  thing,  there  is  no  reason  to  think  that  they  were 
actually  practised.2  It  was  otherwise  in  the  neigh¬ 
boring  nations,  and  in  particular  we  learn  from  2  Kings 
iii.  27  that  the  piacular  sacrifice  of  his  son  and  heir 
was  the  last  offering  which  the  king  of  Moab  made  to 
deliver  his  country.  Even  the  Hebrew  historian 
ascribes  to  this  act  the  effect  of  rousing  divine  indig¬ 
nation  against  the  invading  host  of  Israel ;  it  is  not, 
therefore,  surprising  that  under  the  miseries  brought 
on  Palestine  by  the  westward  march  of  the  Assyrian 
power,  when  the  old  gladness  of  Israel’s  faith  was 
swallowed  up  in  a  crushing  sense  of  divine  anger,  the 
idea  of  the  sacrifice  of  one’s  own  son,  as  the  most  pow¬ 
erful  of  atoning  rites,  should  have  taken  hold  of  those 
kings  of  Judah  (Ahaz  and  Manasseh,  2  Kings  xvi.  3, 
xxi.  6)  who  were  otherwise  prone,  in  their  hopeless¬ 
ness  of  help  from  the  old  religion  (Isa.  vii.  12),  to  seek 
to  strange  peoples  and  their  rites.  Ahaz’s  sacrifice  of 
his  son  (which  indeed  rests  on  a  somewhat  late  au¬ 
thority)  must  have  been  an  isolated  act  of  despair ; 
human  sacrifices  are  not  among  the  corruptions  of  the 
popular  religion  spoken  of  by  Isaiah  and  Micah.  But 
in  the  7th  century,  when  the  old  worship  had  sustained 
rude  shocks,  and  all  religion  was  transformed  into  ser¬ 
vile  fear  (Micah  vi.  1  so.  belongs  to  this  period ;  see 
Micah),  the  example  of  Manasseh  spread  to  his  peo- 

1  In  2  Chron.  xxviii.  3  (parallel  to  2  Kings  xvi.  3)  a  single  letter 
is  transposed  in  the  phrase,  changing  the  sense  from  “  caused  to 
pass  through  the  fire  ”  to  “  caused  to  bum  with  fire.”  Geiger 
( Urschrift  und  Uebersetsung,  p.  305)  very  unnecessarily  supposes 
that  this  is  everywhere  the  original’  reading,  and  has  been 
changed  to  soften  the  enormity  ascribed  to  the  ancient  Hebrews. 
The  phrase  “  to  give  one’s  seed  to  Moloch,”  Lev.  xx.  2  sq.,  and  the 
fact  that  these  victims  were  (like  other  sacrifices)  regarded  as  food 
for  the  deity  (Ezek.  xvi.  20)  explain  and  justify  the  common 
reading. 

2  in  Hosea  xiii.  2  the  interpretation  “  they  that  sacrifice  men  ” 

is  improbable,  and  2  Kings  xvii.  17  and  Lev.  xviii.  xx.  are  of  too 

late  date  to  prove  the  immolation  of  children  to  Moloch  in  old 
Israel.  The  “  ban  ”  (Din),  which  was  a  religious  execution  of 
criminals  or  enemies,  was  common  to  Israel  with  its  heathen 
neighbors  (stone  of  Mesha),  but  lacked  the  distinctive  character 
of  a  sacrifice  in  which  the  victim  is  the  food  of  the  deity,  con¬ 
veyed  to  him  through  fire. 


le ;  and  Jeremiab  and  Ezekiel  make  frequent  and  in- 
ignant  reference  to  the  “high  places”  for  the  sacri¬ 
fice  of  children  by  their  parents  which  rose  beneath 
the  very  walls  of  the  temple  from  the  gloomy  ravine  of 
Hinnom  or  Tophet3  (Jer.  vii.  31,  xix. ,  xxxii.  35 ;  Ezek. 
xvi.  20,  xxiii.  37).  It  is  with  these  sacrifices  that  the 
name  of  “the  Moloch”  is  always  connected;  some¬ 
times  “the  Baal  ”  (lord)  appears  as  a  synonym.  At 
the  same  time,  the  horrid  ritual  was  so  closely  asso¬ 
ciated  with  Jehovah  worship  (Ezek.  xxiii.  39)  that 
Jeremiah  more  than  once  finds  it  necessary  to  protest 
that  it  is  not  of  Jehovah’s  institution  (vii.  31,  xix.  5). 
So  too  it  is  the  idea  of  sacrificing  the  firstborn  to  Je¬ 
hovah  that  is  discussed  and  rejected  in  Micah  vi.  It 
is  indeed  plain  that  such  a  sacrifice — for  we  have  here 
to  do,  not  with  human  victim^  in  general,  but  with  the 
sacrifice  of  the  dearest  earthly  thing — could  only  be 
paid  to  the  supreme  deity ;  and  Manasseh  and  his  peo¬ 
ple  never  ceased  to  acknowledge  Jehovah  as  the  God 
of  Israel,  though  they  sought  to  make  their  worship 
more  efficacious  by  the  adoption  of  foreign  rites.  Thus 
the  way  in  which  Jeremiah,  and  after  him  the  legis¬ 
lation  of  Leviticus  and  the  author  of  Kings,  seem  to 
mark  out  the  Moloch  or  Baal  as  a  false  god,  distinct 
from  Jehovah,  is  precisely  parallel  to  the  way  in  which 
Hosea  speaks  of  the  golden  calves  or  Baalim.  In  each 
case  the  people  thought  themselves  to  be  worshipping 
Jehovah  under  the  title  of  Moloch  or  Baal ;  but  the 
prophet  refuses  to  admit  that  this  is  so,  because  the 
worship  itself  is  of  heathenish  origin  and  character. 
“The  Moloch,”  in  fact,  like  “the  Baal,”  is  not  the 
proper  name  of  a  deity,  but  a  honorific  title,  as  ap¬ 
pears  from  the  use  of  the  article  with  it.  According 
to  the  Hebrew  consonants  it  might  simply  be  read 
“the  king,”  which  is  a  common  appellation  for  the 
supreme  deity  of  a  Semitic  state  or  tribe.4  And  so  the 
LXX.,  except  in  2  Kings  xxiii.  10,  and  perhaps  Jer. 
xxxii.  35,  actually  treat  the  name  as  an  appellative 
(“ruler,”  “rulers”).  The  traditional  pronunciation, 
which  goes  back  as  far  as  the  LXX.  version  of  Kings 
(Mo/Ax),  appears  to  mean  “the  kingship” — an  un¬ 
suitable  sense,  which  lends  probability  to  the  conjec¬ 
ture  that  the  old  form  was  simply  “the  king,”  and 
that  the  later  Jews  gave  it  the  vowels  of  ^P^,  the  con¬ 
temptuous  name  for  Baal  (G.  Hoffman  in  Z.  /.  AT.  IE, 
1883,  p.  124). 

From  these  arguments  it  would  appear  that  the  rise 
of  Moloch  worship  does  not  imply  the  introduction  into 
the  religion  of  Judah  of  an  altogether  new  deity,  but 
only  a  heathenish  development  of  Jehovah  worship, 
in  the  familiar  fashion  of  religious  syncretism,  and 
under  that  sense  of  the  inadequacy  of  the  old  popular 
ritual  to  divert  the  wrath  of  the  Godhead  which  was 
inspired  by  the  calamities  of  the  nation  in  the  7th  cen- 

3  The  etymology  of  the  word  Tophet  Is  obscure;  its  meaning 
appears  from  tophteh,  “  pyre,”  Isa.  xxx.  33. 

4  Compare  the  Tyrian  Melkart  (king  of  the  city)  and  the  two 
names  compounded  with  melek,  “king,”  in  2  Kings  xvii.  31. 
These  latter  cases  are  specially  instructive,  because  Adrammelech 
and  Annamelech  were  also  worshipped  by  the  sacrifice  of  chil¬ 
dren. 
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tury  B.C.,  and  led  to  more  than  one  new  development 
of  atoning  ritual.  The  key  to  the  phenomenon  is  to 
be  found  in  Micah  vi.,  not  in  any  vein  of  mythological 
speculation  as  to  the  forces  of  nature,  such  as  is  sup¬ 
posed  in  Moyers’ s  theory  that  Moloch  represents  the 
fiery  destructive  power  of  the  sun.  Moloch,  in  fact, 
in  the  Old  Testament  has  no  more  to  do  with  fire  than 
any  other  deity.  The  children  offered  to  him  were 
not  burned  alive  ;  they  were  slain  and  burned  like  any 
other  holocaust  (Ezek.  ut  supra;  Isa.  lvii.  5);  their 
blood  was  shed  at  the  sanctuary  (Jer.  xix.  4 ;  Ps.  cvi. 
38).  Thus  the  late  Rabbinical  picture  of  the  calf¬ 
headed  brazen  image  of  Moloch  within  which  children 
were  burned  alive  is  pure  fable,  and  with  it  falls  the 
favorite,  comparison  between  Moloch  and  the  Cartha¬ 
ginian  idol  from  whose  brazen  arms  children  were 
rolled  into  an  abyss  of  fire,  and  whom  Diodorus  (xix. 

1 4)  naturally  identifies  with  the  child-eater  Kronos, 
thus  leading  many  moderns  to  make  Moloch  the  planet 
Saturn.  On  the  other  hand,  the  Massoretic  text  of  1 
Kings  xi.  7  makes  Moloch  (without  the  article)  the 
name  of  the  god  of  the  Ammonites,  elsewhere  called 
Milcom  or  Malcarn.  Butin  this  place  the  LXX.  trans¬ 
lators  certainly  found  the  longer  form  DD^D  in  their 
MSS.  (as  the  Hebrew  still  reads  in  verse  33),  while  it 
is  plain  from  2  Kings  xxiii.  10,  13  that  the  worship  of 
Milcom  at  the  shrine  set  up  by  Solomon  was  distinct 
from  the  much  later  Moloch  worship  of  Tophet.  In 
the  usual  printed  text  of  the  LXX. ,  indeed,  this  dis¬ 
tinction  is  not  made  in  2  Kings  xxiii.  ;  but  this  is  an 
error  of  the  Roman  edition,  the  Vatican  MS.  really 
reading  MOAXOA  in  verse  13.  (w.  r.  s.) 

MOLUCCAS,  Moluccos,  or  Spice  Islands,  The, 
comprise,  in  the  wider  use  of  the  term,  all  the  islands 
of  the  East  Indian  Archipelago  between  Celebes  on 
the  west,  the  Papuan  Islands  and  New  Guinea  on  the 
east,  Timor  on  the  south,  and  the  open  Pacific  on  the 
north.  They  are  thus  distributed  over  an  area  meas¬ 
uring  about  450  miles  from  east  to  west,  and  about  800 
from  north  to  south,  and  include  — { 1 )  the  Moluccas 
proper  or  Ternate  group,  of  which  Jilolo  is  the  largest 
and  Ternate  the  capital ;  (2)  the  Batchian,  Obi,  and 
Sula  groups ;  (3)  the  Ambon  or  Amboyna  group,  of 
which  Ceram  (Serang)  and  Buru  are  the  largest ;  (4) 
the  Banda  Islands  (the  spice  or  nutmeg  islands  par 
excellence ),  of  which  Lantoir  or  Great  Banda  is  the 
largest,  and  Neir a  politically  the  most  important ;  (5) 
the  southeastern  islands,  comprising  Tenimber  or  Ti- 
mor-Laut,  Larat,  etc.  ;  (6)  the  Kei  Islands  and  the  Aru 
Islands,  of  which  the  former  are  sometimes  attached 
to  the  southeastern  group;  and  (7)  the  southwestern 
islands  or  the  Babber,  Sermatta,  Letti,  Wetter,  Roma, 
and  Damme  groups.  At  the  close  of  the  16th  century 
this  part  of  the  archipelago  was  divided  among  four 
rulers  settled  at  Ternate,  Tidore,  Jilolo,  and  Batchian. 
The  northern  portion  belongs  to  the  Dutch  resident- 
ship  of  Ternate,  the  southern  portion  to  that  of  Am¬ 
boyna. 

The  name  Moluccas  seems  to  be  probably  derived 
from  the  Arabic  for  “  king.”  Argensola  (1609)  uses 
the  forms  islas  Malucas ,  Maluco ,  and  el  Maluco  ;  Cor- 
onel  (1623),  islas  del  Moluco ;  and  Camoens,  Maluco. 

Compare  the  articles  on  Indian  Archipelago,  Arij 
Islands,  Jilolo,  Ternate,  etc.,  and  J.  J.  de  Hollander, 
Handleiding  bij  de  Beoefening  der  Land-  en  Volkenkunde  von 
Ned.  Oost.  Indie,  Breda,  1877  and  1882. 

MOLYBDENUM,  one  of  the  rarer  metallic  ele¬ 
ments  (symbol  for  atomic  weight,  Mo  =  96;  H  =  l), 
occurs  in  nature  chiefly  in  the  two  forms  of  Yellow 
Lead  Ore  (PbOMoOg)  and  Molybdenite  (MoSj).  The 
latter  mineral  is  very  similar  in  appearance  and  in  me¬ 
chanical  properties  to  graphite  or  black  lead,  and,  in 
fact,  wa”  long  confounded  with  it  chemically,  until 
Scheele  in  1778  and  1779  proved  their  difference  by 
showing  that  only  the  mineral  now  called  molybdenite 
yields  a  white  earth  on  oxidation.  The  metallic  radi¬ 


cal  of  the  earth,  after  its  discovery  by  Hjelm,  was 
called  molybdenum,  from  fib'kvfidoQ,  lead. 

By  heating  molybdenite  in  a  combustion  tube  in  a  current 
of  air,  we  obtain  the  trioxide  M0O3  (molybdic  acid)  as  a 
white  crystalline  sublimate.  This  substance,  when  heated 
to  redness  in  close  vessels,  fuses  without  much  volatiliza¬ 
tion  into  a  yellow  liquid,  which,  on  cooling,  freezes  into  a 
crystalline  radiated  mass  of  4.39  specific  gravity.  It  dis¬ 
solves  in  500  parts  of  cold,  and  in  960  of  hot  water.  It 
dissolves  readily  in  aqueous  ammonia  or  alkalies,  forming 
molybdates.  Like  silica,  it  combines  with  bases  in  a  great 
variety  of  proportions.  Of  these  many  salts,  an  ammonia 
salt  of  the  composition  3(NH4)«0 .  7M0O3+4H2O  (known  in 
laboratory  parlance  simply  as  molybdate  of  ammonia)  is 
the  most  important,  affording,  as  it  does,  the  most  delicate, 
characteristic,  and  widely  applicable  precipitant  for  ortho- 
phosphoric  acid.  To  detect  phosphoric  acid  in  any  sub¬ 
stance  soluble  in  water  or  nitric  acid,  add  first  to  a  solution 
of  molybdate  of  ammonia  an  excess  of  nitric  acid,  and  then 
(not  too  much)  of  the  nitric  solution  of  the  phosphate,  and 
keep  the  mixture  at  40°  C. ;  the  whole  of  the  phosphoric 
acid  gradually  separates  out  in  the  shape  of  a  canary- 
yellow  crystalline  precipitate  of  “  phospho-molybdate  of  am¬ 
monia,”  of  the  composition 

24Mo03  .  P2O5 . 3(NH<)20  I  I  iprrn 

+24M0O3 .  P2O5 . 2(nh4)2o.  H20  ;  lb±±2U 


(according  to  Gibbs),  which  is  insoluble  in  the  reagent, 
even  in  the  presence  of  dilute  nitric  acid,  but  soluble  in 
excess  of  phosphoric  acid.  By  treatment  of  this  complex 
ammonia  salt  with  aqua  regia  we  can  eliminate  its  acid 
24M0O3 .  P2O5 . 3H20  as  a  substance  soluble  in  water  and 
crystallizing  from  this  solution  with  59  molecules  of  water. 

This  phospho-molybdic  acid  plays  a  great  part  in  chemi¬ 
cal  toxicology,  being  a  generieally  characteristic  precipitant 
for  all  (organic)  alkaloids,  which  combine  with  it,  pretty 
much  as  ammonia  does,  into  precipitates  insoluble  in  dilute 
mineral  acids.  A  solution  of  the  acid  sufficient  for  this 
purpose  may  be  obtained  by  saturating  carbonate  of  soda 
solution  with  molybdic  acid,  adding  phosphate  of  soda,  one 
part  for  every  five  of  M0O3,  evaporating  to  dryness,  fusing, 
dissolving  in  water,  filtering,  and  adding  nitric  acid  until 
the  liquid  becomes  yellow. 

Metallic  molybdenum  is  obtained  by  reduction  of  the 
trioxide  in  hydrogen  gas  at  very  high  temperatures.  It  is 
thus  obtained  in  small  crystalline  granules  which  are  in¬ 
fusible  even  in  the  oxyhydrogen  flame.  An  alloy  of  the 
metal  with  four  or  five  per  cent,  of  carbon  (formerly  ac¬ 
cepted  as  molybdenum)  fuses  in  the  oxyhydrogen  flame 
into  a  silver-white  metal,  of  8.6  specific  gravity,  which  is 
harder  than  topaz  (Debray). 

Analysis. — Molybdenum  in  all  its  forms  is  readily  con¬ 
verted  into  molybdic  acid  by  oxidizing  agents,  such  as 
nitric  acid ;  or  if  in  non-volatile  forms  into  alkaline  molyb¬ 
date  by  fusion  with  carbonate  of  alkali  and  nitre.  Alka¬ 
line  molybdate  is  soluble  in  water;  the  solution,  on  a 
gradual  addition  of  hydrochloric  acid,  gives  first  a  white 
precipitate,  which  then  dissolves  in  the  excess  of  acid. 
When  a  piece  of  zinc  is  added  to  such  a  solution,  the  latter, 
through  gradual  reduction  of  its  M0O3  to  lower  oxides, 
assumes  first  a  blue,  then  a  green,  and  lastly  a  deep  black¬ 
ish-brown  color.  Molybdic  acid  colors  the  blowpipe  flame 
yellowish  green.  It  dissolves  in  fused  borax,  forming  a 
bead  which  in  the  oxidizing  flame  becomes  yellow  in  the 
heat,  but  almost  colorless  on  cooling ;  the  reducing  flame 
colors  it  dark  brown,  and  may  cause  the  separation  of 
brown  flakes  of  M0O2.  Compare  Chemistry,  vol.  v.  p.  469, 


MOMBASA,  or  less  correctly  Mombas,  the  Mwita 
of  the  Sawahili,  a  town  on  the  east  coast  of  Africa,  in 
4°  4'  S.  lat.,  with  the  best  harbor  on  all  the  Zanzibar 
mainland.  The  coralline  island  of  which  it  occupies 
the  eastern  portion  is  3  miles  long  by  2J  broad,  and 
lies  in  the  middle  of  a  double  inlet  of  the  sea  stretch¬ 
ing  northward  into  Port  Tudor  (so  called  after  the 
English  officer  who  surveyed  it)  and  westward  into 
Port  Reitz  (after  the  English  resident  who  died  while 
exploring  the  Pangani  River  in  1823).  Except  at  the 
western  end,  the  coast  of  the  island  consists  of  cliffs 
from  40  to  60  feet  high.  In  the  vicinity  of  the  town 
palms,  mangoes,  guavas,  baobabs,  and  cinnamon-trees 
flourish  abundantly,  and  farther  to  the  west  are 
stretches  of  virgin  forest,  the  haunt  of  monkeys,  wild 
hogs,  and  hyaenas.  The  citadel,  originally  constructed 
by  Xeixas  and  Cabrera  in  1635,  still  remains  in  good 
condition,  “a  picturesque  yellow  pile  with  long  but- 
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tressed  curtains,  '  but  has  preserved  little  of  its  Portu- 1 
guese  architecture.  Of  the  twenty  Portuguese  churches 
which  Mombasa  once  contained,  only  two  or  three  can 
be  identified.  A  few  of  the  houses  are  built  of  stone, 
but  most  of  them  are  mere  thatched  huts.  The  popu¬ 
lation  in  1844  was,  according  to  Dr.  Krapf,  from  8000  j 
to  10,000,  mostly  Wasawahui,  but  with  a  considerable 
number  of  Arabs  and  some  thirty  or  forty  Banyans. 
In  1857  Burton  estimated  the  inhabitants  at  8000  to 
9000,  and  in  1900  they  numbered  about  27,000.  The 
Arabs,  the  Wamwita,  and  the  Wakilindini  (the  two 
divisions  of  the  Wasawahili  residents,  of  which  the 
former  is  the  original  stock)  have  each  their  own  chief. 
In  1875-76  the  Church  Missionary  Society,  which 
made  Mombasa  one  of  its  stations  in  1844,  established 
a  settlement  for  liberated  slaves  at  Freretown  (Kisauni) 
on  the  mainland,  opposite  Mombasa.  By  1881  it 
consisted  of  about  450  persons,  of  whom  about  one- 
fourth  were  children  attending  school.  The  pupils 
are  taught  to  read  both  English  and  Sawahili  (Oh. 
Miss.  Intelligencer ,  1875-76  and  1881).  A  branch 
station  at  Rabbai  numbers  600  inhabitants. 


Mombasa  takes  its  name  from  Mombasa  in  Oman.  It  is 
mentioned  bv  Ibn  Batuta  in  1331  as  a  large  place,  and  at 
the  time  of  Vasco  da  Gama’s  visit  it  was  the  residence  of 
Calicut  Banyans  and  Christians  of  St.  Thomas,  and  the  seat 
of  considerable  commerce.  The  “  king  ”  of  the  city,  how¬ 
ever,  tried  to  entrap  Da  Gama,  and  with  this  began  a  series 
of  troubles  which  give  full  force  to  the  native  name  Mwiia 
(war).  The  principal  incidents  are  the  capture  and  burning 
of  the  place  bv  Almeyda  (1505),  Nuno  da  Cunha  (1529;,  and 
Duarte  de  Menezes  (1587)— this  last  as  a  revenge  for  its  sub¬ 
mission  to  the  sultan  of  Constantinople— the  building  of 
the  Portuguese  fort  ( 1594 !,  the  revolt  of  Yusuf  ibn  Ahmed 
1631),  the  erection  of  the  Portuguese  citadel  (1635  ,  the 
five  years’ siege  by  the  imam  of  Oman  (1660-65!,  and  the 
final  expulsion  of  the  Portuguese  1698  i.  In  1823  the  Ma- 
zara  family,  who  had  ruled  in  Mombasa  from  the  early 
part  of  the  18th  century,  placed  the  city  under  British 
protection ;  but  Britain  soon  withdrew,  and  left  the  place 
to  be  bombarded  and  captured  by  Sayyid  Said  of  Zanzibar, 
who  was  obliged  to  make  repeated  attacks  between  1829  and 
1833,  and  only  got  possession  in  1S34  by  treachery.  A  re¬ 
volt  against  Zanzibar  in  1875  was  put  down  by  British  as¬ 
sistance. 

See  Capt.  W.  F.  W.  Owen,  Xarratire,  etc.  (1833) ;  Capt.  Thomas 
Boteler,  Xarratire,  etc.  (1835);  Guillain,  Voyage  (Paris,  1856); 
Krapf.  Travels  (1860) ;  Burton,  Zanzibar  (1872). 
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THE  word  Monaehism,  or  Monasticism,  primarily 
meaning  the  act  of  “ dwelling  alone’’  (fiovaxog, 
fiovaZecv,  fiovoc),  has  come,  by  an  east’  and  natural  tran¬ 
sition,  to  denote  the  corporate  life  of  religious  com¬ 
munities  living  a  life  of  poverty,  celibacy,  and  obedi¬ 
ence,  under  a  fixed  rule  of  discipline.  The  root-idea 
of  monaehism.  in  all  its  varieties  of  age,  creed,  and 
country,  is  the  same — namely,  retirement  from  society 
in  search  of  some  ideal  of  life  which  society  cannot 
supply,  but  which  is  thought  attainable  by  abnegation 
of  self  and  withdrawal  from  the  world.  This  definition 
applies  to  all  the  forms  of  monaehism  which  have  left 
their  mark  on  history,  whether  amongst  Brahmans, 
Buddhists,  Jews,  Christians,  Moslems,  or  the  com¬ 
munistic  societies  of  the  present  day,  even  when  theo¬ 
retically  anti- theological. 

This  broad  general  conception  of  monaehism  is  dif¬ 
ferenced  in  the  following  ways  :  It  may  take  the  form 
of  absolute  separation,  so  far  as  practicable,  from  all 
human  intercourse,  so  as  to  give  the  whole  fife  to  soli¬ 
tary  contemplation — the  ancnoretic  type ;  or,  contrari¬ 
wise,  it  may  seek  fellowship  with  kindred  spirits  in  a 
new  association  for  the  same  common  end — the  coeno- 
bitictype;  it  may  abandon  society  as  incurably  corrupt,  I 
as  a  City  of  Destruction  out  of  which  the  fugitive 
must  flee"  absolutely — the  Oriental  view,  for  the  most  j 
part ;  or  it  may  consider  itself  as  having  a  mission  to 
influence  and  regenerate  society — which  has  been,  on 
the  whole,  and  with  minor  exceptions,  the  Western 
theory  of  the  monastic  life. 

The  question  has  been  warmly  debated  whether 
monaehism  be  an  evil  or  a  good,— whether  a  natural, 
perhaps  a  necessary,  part  of  Christianity  (as  being, 
indeea,  the  strict  logical  issue  of  the  triple  vow  of  bap¬ 
tism,  literally  construed),  or  a  foreign  element  intro¬ 
duced  into  it  with  unfortunate  results,  and  rather  an 
excrescence  on  its  system  than  an  orderly  and  healthy 
development.  Unlike  many  other  institutions  which 
have  needed  the  lapse  of  centuries  and  the  gradual 
approach  of  decay  and  degeneracy  to  show  their  weak 
places,  monaehism  in  its  Christian  form  displays  some 
of  its  most  unlovely  features  while  yet  almost  in  its 
cradle,  whereas  not  a  few  of  its  best  achievements 
belong  to  a  late  period  in  its  history;  and  it  has 
throughout  displayed  a  singular  elasticity  and  power 
of  talang  a  fresh  departure,  after  seeming  to  have  ex¬ 
hausted  its  energies.  Its  champions  and  its  opponents 
have  thus  always  had  ample  materials  for  their  briefs, 
and  there  is  little  probability  of  the  controversy  ever 


coming  to  an  end.  But  the  most  philosophical  mode 
of  viewing  its  relation  to  Christianity  is  to  recognize 
that  monaehism  has  made  a  part  of  every  creed  which 
has  attained  a  certain  stage  of  ethical  and  theosophical 
development ;  that  there  is  a  class  of  minds  for  which 
|  it  has  alwavs  had  a  powerful  attraction,  and  which  can 
I  otherwise  find  no  satisfaction  ;  and  consequently  that 
Christianity,  if  it  is  to  make  good  its  claim  to  be  a 
universal  religion,  must  provide  expression  for  a  prin¬ 
ciple  which  is  as  deeply  seated  in  human  nature  as  do¬ 
mesticity  itself,  albeit  limited  to  a  much  smaller  section 
of  mankind. 

Three  main  factors  combined  to  produce  the  phe¬ 
nomenon  of  monaehism  in  early  Christian- 
ity,  each  of  them  set  in  motion  by  the  g causes. 

I  general  dissolution  of  morals  in  the  pagan 
society  of  the  time,  of  which  we  get  a  sufficient  glimpse 
from  the  Christian  standpoint  in  the  first  chapiter  of 
the  Epistle  to  the  Romans,  and  from  the  pagan  stand¬ 
point  in  the  sixth  Satire  of  Juvenal.  These  three 
factors  were— (1 )  the  Oriental  tendency  towards  retire¬ 
ment,  contemplation,  and  asceticism,  influencing  the 
infant  Christian  church  through  the  agency  of  those 
Jewish  ascetics,  the  Essenes  and  Therapeutae,  who  had 
begun  long  before  the  gospel  times  both  the  solitary 
and  the  common  life  in  Palestine  and  Egypt,  and  who 
probably  contributed  many  converts  to  Christianity, 
and  became  practically  merged  therein,  as  they  dis¬ 
appear  from  history  in  the  first  century  of  the  Christian 
era ;  (2)  the  Hellenic  teaching  of  the  Alexandrine 
Neo-Platonists  on  the  purification  of  the  intellect  by 
abstention  from  physical  indulgence ;  and  (3),  perhaps 
a  more  powerful  influence  than  either,  that  old  Roman 
spirit  of  austerity  and  discipline  which,  while  looking 
back  regretfully  to  the  memories  of  the  simpler  habits 
of  republican  times,  could  find  nothing  amidst  the  social 
luxury  and  administrative  weakness  of  the  decaying 
empire  which  presented  its  ideal,  save  the  monastic 
system  with  its  rigid  proscription  of  luxury,  and  even 
of  comfort,  in  every  form.  The  first-named  of  these 
three  factors  was,  however,  necessarily  the  earliest  to 
operate.  The  Scriptures  attest  clearly  the  existence 
of  a  body  of  ascetics  in  the  persons  of  the  Nazarites, 
leading  always  for  a  certain  period,  and  sometimes  for 
j  life,  a  stricter  existence  than  the  ordinary  Jew ;  Elijah 
!  and  John  the  Baptist  furnished  examples  of  the  solitary 
!  hermit  type  :  tne  Schools  of  the  Prophets  at  least 
seem  to  have  been  celibate  and  coenobitic  communities, 

;  living  by  a  fixed  ascetic  rule  ;  and  it  is  familiar  to  all 
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that  such  was  the  actual  discipline  of  the  Essenes  (see  j  some  probability  to  the  notion  that  it  may  have  begun 
Essenes).  The  sect  of  the  Therapeutae,  known  to  us  very  soon  indeed,  especially  when  the  prominence 
only  from  the  book  De  Vita  Contemplativa  (ascribed  given  to  the  virgins  as  a  separate  and  seemingly  long- 


to  Philo),  and  described  as  chiefly,  though  not  ex¬ 
clusively,  established  in  Egypt,  bore  much  resemblance 
to  the  Essenes,  differing  from  them  for  the  most  part 
by  greater  austerity  in  the  matter  of  food,  and  by  their 


established  order  in  the  church  by  such  early  writers 
as  Tertullian  and  Cyprian  is  borne  in'  mind. 

Two  other  causes  must  be  taken  into  account  as 
tending  to  stimulate  monacliism  when  once  it  began. 


preference  for  the  solitary  life  over  the  common  fellow-  j  First  is  the  theological  opinion,  early  formulated,  and 
ship  of  the  Essenes ;  for  their  custom  was  that  each  j  never  since  without  many  advocates,  that  two  distinct 
member  confined  himself  to  his  lonely  dwelling  (called  j  standards  of  life  and  holiness  are  set  forth  in  the 
by  the  afterwards  famous  name  of  povaoriipiov)  through-  gospel :  that  of  precept,  and  that  of  “  counsels  of  per- 
out  the  week,  while  all  assembled  on  the  Sabbath  for  fection,” — the  former  binding  all  Christians  without 
joint  worship,  and  for  instruction  from  the  senior  of  exception,  the  latter  being  voluntary,  and  merely 
the  society.  So  closely  does  this  polity  resemble  that  I  offered  for  acceptance  to  such  as  aim  at  especial  sanc- 
of  several  of  the  earliest  Christian  societies  of  the  kind  tity.  The  second,  and  even  more  powerful,  agent  was 
that  Eusebius  devotes  a  chapter  of  his  Ecclesiastical  Gnosticism,  not  only  in  its  earlier  forms  and  in  the 
Eistoi'y  (ii.  17)  to  asserting  their  identity,  holding  that  kindred  spirit  of  Montanism,  but  still  more  in  its 

™  Manichsean  development,  when  its  dualism  led  to  ex¬ 

aggeration  of  the  antagonism  between  flesh  and  spirit, 
and  the  human  body  was  regarded  no  longer  as  a 
servant  to  be  trained,  but  as  an  enemy  to  be  crashed 
and  beaten  down  with  unrelenting  hostility.  But  in 


Philo  could  have  been  speaking  of  none  save  Christian 
ascetics,  a  view  in  which  he  is  followed  by  Sozomen 
and  Cassian  in  ancient  times,  as  also  by  many  moderns. 
This  view  has  been  rendered  much  more  probable  by 
recent  inquirers,  who  seem  to  have  made  out  that  the 
Be  Vit.  Coat,  is  spurious,  and  was  written  about  300 
A.D.;1  for  there  is  a  general  agreement  amongst  the 
fathers  that  the  monastic  life  did  not  begin  till  nearly 
two  hundred  years  after  Philo  lived  ;  and  Tertullian 
(160-240  A.D.)  declares  explicitly  that  Christians  in 
his  time  did  not  withdraw  from  society, — “We  are  not 
Indian  Brdhmans  or  Gymnosophists,  dwellers  in  woods, 
and  exiles  from  life ;  .  . 

the  world  ”  ( Apol .,  xlii.). 


every  age  of  monachism,  from  the  earliest  to  the 
latest,  social  disorders  and  insecurity  have  proved  the 
chief  feeders  of  the  cloister,  never  widely  popular  in 
times  of  healthy  and  orderly  national  life,  but  eagerly 
resorted  to  as  a  place  of  shelter  from  social  turbulence. 
There  are  five  main  classes  of  monastic  institutions, 

... _ .5 _ ,  each  of  which  approximately  marks  a  new  departure 

we  sojourn  with  you  in  in  the  history  of  Western  monachism  (for  the  East  has 
Yet  there  is  no  reason  to  |  never  had  more  than  the  first),  as  they  succeed  one 


doubt  that  the  leaven  of  Essenism  was  at  work  in  the  |  another  in  chronological  order,  without  in  any  instance 
church  from  t 
temper  which 

was  slow  and  DHI — — - ...  I 

same  stages  as  can  be  traced  by  careful  inquiry  in  the  All  of  these  have  communities  of  women,  either  actu- 
case  of  the  Essenes.  That  is  to  say,  the  new  converts  ally  affiliated  to  them,  or  formed  on  similar  lines, 
to  Christianitv,  being  for  the  most  part  dwellers  in  There  is  no  doubt  as  to  the  time  and  the  person, 
cities,  were  in  necessary  and  dailv  contact  with  the  when,  and  by  whom,  the  first  decisive  step 
heathen  society  around,  whose  relaxation  was  such  as  was  taken  which  left  a  marked  interval  for  Ascetios 
to  induce  an  even  greater  recoil  from  habits  of  self-  all  time  between  those  ascetics  who  con- 
indulgence  than  the  stricter  morality  of  their  new  tinued  to  live  in  family  life,  if  not  really  part  of  it,  or 
creed  enjoined,  so  that  a  body  known  by  the  name  of  \  who  at  least  dwelt  close  to  some  ordinary  church  to 
“Ascetics”  sprang  up  very  soon  within  the  church,  and  which  they  resorted  habitually,  and  the  seekers  after 
were  urged  on  to  still  greater  severity  of  life  when  the  some  more  retired  and  separate  mode  of  life,  whether 
rapid  progress  of  Chnstianitv  brought  large  numbers  singly  or  in  communities.  During  the  stress  of  the 
of  merely  nominal  converts  in,  whose  practice  fell  too  Decian  persecution  (249-250  A.D.)  Paul,  a  native  of 
conspicuously  below  their  profession.  The  desire  of  j  the  Lower  Thebaid,  born  of  wealthy  parents  about  228, 
protest  against  such  a  state  of  things  led  to  the  gradual  was  denoimeed  by  his  brother-in-law  to  the  authorities 
separation  of  the  devotees  into  a  kind  of  order  within  i  as  a  Christian,  and  fled  for  safety  into  the  desert, 
the  main  body,  and  to  their  actual  withdrawal  from  j  where  he  established  himself  in  a  cavern,  shaded  by  a 
habitual  intercourse  with  their  less  strict  fellows,  which  palm-tree,  and  with  a  spring  of  water  close  by.  There  he 
led  in  turn  to  their  departure  from  the  towns  into  i  remained  till  extreme  old  age,  dying,  if  we  may  accept 
more  secluded  places,  even  before  any  formal  eoncep- !  Jerome’s  chronology,  in  his  hundred  and  thirteenth 
tion  of  the  monastic  life  had  shaped  itself  in  their  |  year,  about  342.  Although  he  did  not  collect  any  band 
minds.  But  the  first  glimpse  obtainable  of  the  j  of  disciples  around  him,  nor  even,  so  far  as  is  recorded, 
“common  life,”  and  that  only  an  indistinct  one,  is  in  j  attract  any  casual  visitors,  except  his  more  famous 
the  New  Testament,  and  applies  to  women  alone.  I  successor,  Anthony,  who  is  alleged,  in  a  narrative  con- 
There  is  mention  in  the  pastoral  epistles  (1  Tim.  v.  j  taining  many  legendary  details,  to  have  had  an  mter- 
9-12)  of  a  class  of  widows,  apparently  not  as  mere  j  view  with  him  when  himsell  a  very  old  man,  the  day 
recipients  of  relief,  but  as  constituting  an  ecclesiastical  |  before  Paul’s  death  ;  yet  there  seems  reason  ,o  believe 
grade  ;  while  in  Acts  ix.  39  it  appears  as  if  a  number  of  i  that  the  fame  of  his  example  spread  sufficiently  to  in¬ 
women  belonging  to  this  order  were  united  in  some  kind  j  duce  imitation  of  it,  and  that  anchoretic  cells  began  to 
of  community  under  the  headship  of  Dorcas,  for  the  j  be  set  up  sparsely  in  the  deserts  even  before  Anthony 
narrative  rather  implies  that  thev  were  her  assistants  adopted  that  mode  of  life.  Anthony  s  career  differed 
in  makino-  clothing  for  the  poor  than  themselves  the  in  various  respects  from  that  of  his  precursor  In  the 
obiects  of  her  bounty.  This  conjecture  receives  some  |  first  place,  it  was  voluntary  choice,  not  fear  of  persecu- 
confirmation  from  the  mention  of  “  the  virgins  who  j  tion,  which  sent  him  into  solitude.  He  was  born  about 
are  called  widows”  (raC  izapdivovc  rac  Xeyopevac  xvpac)  ;  250  at  Coma  in  Ipper  Egypt,  of  wealthy  Christian 
in  the  shorter  recension  of  the  Ignatian  Epistle  to  the  I  parents,  and  was  left  at  eighteen  years  of  age  in  posses- 
Smvraseans,  and  from  the  statement  of  Athanasius,  sion  of  a  large  fortune  and  of  the  guardianship  of  a 
that  Anthony,  when  himself  about  to  begin  the  solitary  !  younger  sister.  He  had  received  what  was  probably  a 
life  which  he  is  regarded  as  having  instituted,  first  fair  vernacular  education,  but  distaste  for  study,  or 
Dlaced  his  sister  in  a  convent  of  virgins  (-apdevuva),—  perhaps  more  probably  that  difficulty  tfhich  contem- 
facts  which  prove  the  organization  of  women  at  an  plative  intellects  experience  in  the  acquisition  of  lan- 
earlier  date  in  community  life  than  of  men,  and  lend  gu ages,  left  him  unacquainted  with  Greek  or  Latin; 

,  yet  the  intimate  knowledge  of  Scripture  which  he 
i  See,  especially,  Lucius,  Die  Therapeuten,  1879.  i  afterwards  displayed  cannot  be  satisfactorily  accounted 
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for  in  any  other  way  than  as  the  result  of  attentive  pe¬ 
rusal,  since  no  mere  listening  to  the  lections  in  church 
would  suffice  to  convey  it ;  and  we  must  therefore  take 
Athanasius’s  statement  of  his  ignorance  of  letters  to 
denote  the  absence  of  culture,  not  as  implying  actual 
illiteracy.  One  day,  hearing  the  gospel  read,  “  Go 
and  sell  that  thou  hast,  and  give  to  the  poor  .  .  .  and 
come,  and  follow  Me,”  he  took  it  as  a  direct  address  to 
himself,  and  at  once  returned  home,  distributed  his 
property  amongst  his  neighbors,  reserving  only  a  small 
mm  for  the  support  of  his  sister  whom  he  placed  in 
charge  of  some  Christian  virgins,  and  then  betook 
himself  to  a  solitary  life,  first  visiting  the  most  emi¬ 
nent  ascetics  and  anchorets  he  could  find,  in  order  that 
he  might  learn  the  peculiar  merit  of  each,  and  imitate 
it.  He  fixed  his  dwelling  first  in  a  tomb,  then  in  a 
ruined  fort  near  the  Nile,  where  he  remained  for 
twenty  years,  leaving  it  but  once,  in  311,  to  encourage 
the  Christians  of  Alexandria  during  the  persecution 
of  Maximin ;  and  lastly  in  a  small  grove  of  date-palms, 
a  few  miles  west  of  the  western  coast  of  the  Red  Sea, 
near  the  base  of  Mount  Kolzim,  where  he  made  an 
inclosure  and  planted  it  as  a  garden.  He  quitted  this 
retirement  but  once  in  his  remaining  life,  when  he 
again  visited  Alexandria  in  335,  at  the  request  of 
Athanasius,  to  preach  against  the  Arians.  Yet  his 
fame  drew  not  only  frequent  visitors  to  his  cell,  but 
numerous  disciples  and  imitators  around  him,  attracted 
not  alone  by  his  pious  austerities,  but  by  his  cheerful 
and  courteous  manners  and  shrewd  practical  judg¬ 
ment.  He  made  the  solitary  life  honorable  and  pop¬ 
ular,  fully  justifying  Jerome’s  phrase  in  comparing 
him  with  Paul,  “  Hujus  vitae  auctor  Paulus,  illustrator 
etiam  Antonius.”  When  Anthony  died  in  356,  aged 
one  hundred  and  five,  the  desert  was  already  studded 
with  hermitages  in  every  direction,  and  the  second  great 
step  in  the  development  of  monachism  had  been  long 
taken  by  Pachomius,  who  stands  out  in  history  at  once  as 
the  founder  of  the  coenobitic  life  amongst  Christians  and 
as  the  author  of  the  first  formal  monastic  rule.  Born 
about  292,  and  converted  to  Christianity  in  early  man¬ 
hood  while  serving  in  the  army,  he  was  baptized  on  ob¬ 
taining  his  discharge,  and  at  once  adopted  the  ascetic  life 
under  the  direction  of  the  hermit  Palaemon,  with  whom 
he  retired  to  Tabennae,  an  island  in  the  Nile,  between 
Farshoot  and  Dendarah.  Here  he  began  his  new  insti*- 
tute,  whose  distinguishing  features  were  as  follows. 
The  monks  were  distributed  into  cells,  each  of  which 
contained  three  inmates,  known  in  this  relation  as 
syncelli  (the  usual  number  in  other  Egyptian  founda¬ 
tions  was  two  in  each  cell,  while  in  Syria  the  tenant 
had  no  partner).  A  large  number  of  such  cells  clus¬ 
tered  near  each  other  formed  a  laura ,  and  each  such 
laura  had  but  one  common  place  for  meals  and  other 
assemblies.  Work  and  fooa  were  apportioned  to  each 
inmate  according  to  his  physical  strength,  and  such  as 
were  permitted  exceptional  strictness  in  fasting  were 
not  to  undertake  the  heavier  tasks  of  bodily  labor. 
Their  dress  was  to  be  a  close  linen  tunic,  with  a  white 
goatskin  by  way  of  upper  garment,  which  they  were 
not  to  lay  aside  at  meals  or  in  bed,  but  only  when  they 
assembled  for  the  eucharist,  when  they  wore  their 
hoods  only  in  addition  to  the  tunic.  They  were  di¬ 
vided  into  twenty-four  groups  or  classes  numbered  ac¬ 
cording  to  the  letters  of  the  Greek  alphabet,  into  which 
they  were  distributed  according  to  their  intellectual 
and  spiritual  proficiency,  the  least  intelligent  being 
placed  in  class  <,  the  letter  of  simplest  form,  and  the 
ablest  in  class  f ,  the  most  complicated.  Each  group 
was  subdivided  into  bands  of  ten  and  a  hundred  under 
decurions  and  centurions,  and  all  subject  to  the  Abbot, 
who  was  himself  in  turn,  when  the  institution  spread 
and  ramified,  subject  to  the  Superior  (or  Archiman¬ 
drite)  of  the  mother-house  ;  while  the  finance  of  each 
house  was  managed  by  a  steward  (obcovdyog),  who  was 
similarly  accountable  to  the  treasurer  or  steward  at 
Tabennae.  Their  usual  food  was  bread  and  water; 
their  luxuries,  oil,  salt,  and  a  few  occasional  fruits  or 


vegetables,  chiefly  pulse ;  frugal  meals  which  they  ate 
in  strict  silence — sometimes  broken  by  the  voice  of  * 
reader,  appointed  to  recite  lections  from  the  Bible- 
each  man  so  wearing  his  hood  or  cowl  as  to  hide  his 
face  from  his  companions.  They  assembled  twice 
daily  for  common  prayer,  and  met  further  for  com¬ 
munion  on  Saturdays  and  Sundays.  A  strict  proba¬ 
tion  of  three  years  was  imposed  on  postulants  for  ad¬ 
mission,  during  which  they  were  confined  to  simple 
tasks  of  labor,  and  were  not  permitted  to  enter  upon 
actual  study  till  they  had  satisfactorily  passed  through 
this  term.  Their  work  was  tillage  for  their  own  im¬ 
mediate  wants,  and  weaving  mats  or  baskets  for  sale, 
to  procure  such  necessaries  as  their  direct  labor  was  in¬ 
sufficient  to  provide ;  and,  as  time  went  on,  other  handi¬ 
crafts  were  practised  in  the  cloisters,  such  as  those 
of  smiths,  tailors,  boat-builders,  tanners,  and  so  forth. 
Pachomius  induced  his  sister  to  found  a  convent  of 
nuns  governed  by  very  similar  rules,  and  subject  to 
the  authority  of  a  visitor  appointed  by  himself,  as 
superior  of  the  whole  institute.  Such  was  the  success 
of  the  Pachomian  rule  that  before  the  founder  died 
(between  348  and  360)  he  had  no  fewer  than  fourteen 
hundred  monks  in  his  own  coenobium,  and  seven 
thousand  altogether  under  his  authority.  Nor  was  its 
influence  confined  to  Tabennae  and  its  dependencies. 
Ammon  carried  the  rule  into  the  Nitrian  desert,  where 
five  thousand  monks  were  soon  collected  ;  Hilarion 
bore  it  into  Syria  and  Palestine,  Eustathius  of  Sebaste 
into  Armenia,  Ephraem  Syrus  into  Mesopotamia, 
Basil  the  Great  into  Cappadocia  and  Pontus  (though 
a  rule  of  his  own  framing  supplanted  it  later) ;  and, 
above  all,  it  was  brought  by  Athanasius  himself  into 
Italy,  whence  it  spread  over  the  West  till  modified  in 
various  ways  by  subsequent  legislation,  and  finally  dis¬ 
placed  by  the  Benedictine  institute.  And  such  was 
its  popularity,  meeting  as  it  did  a  need  of  the  time, 
that  its  votaries  in  Egypt  alone  amounted  by  the  5th 
century  to  more  than  a  hundred  thousand,  of  whom 
three-fourths  were  men.  This  rule  has  come  down  to 
us  in  two  very  different  forms  :  an  earlier  and  probably 
original  one,  preserved  for  us  in  the  Historia  Lausiaca 
of  Palladius,  bishop  of  Helenopolis  (367-430) — a  great 
storehouse  of  details  on  Egyptian  monachism,  which 
is  very  brief,  and  has  been  summarized  above — and  a 
much  longer  recension,  extending  to  194  heads  or 
chapters,  preserved  in  a  translation  by  Jerome,  in 
whose  time  the  monks  governed  by  it  had  increased  to 
fifty  thousand.  It  had  not,  however,  a  complete 
monopoly,  for  there  were  also  similar  rules  in  local  use, 
going  by  the  names  of  famous  ascetics  such  as  Paph- 
nutius,  Macarius,  and  Serapion  ;  nor  was  it  uncommon 
to  find  communities  wherein  two  or  three  different  rules 
were  followed  simultaneously  by  the  various  inmates. 
The  rule  of  Basil,  however,  proved  to  the  East  what 
that  of  Benedict  did  to  the  West,  in  that  it  practically 
absorbed  or  supplanted  all  its  predecessors,  while, 
unlike  the  great  Western  reform,  it  has  had  no  subse¬ 
quent  competitors,  and  remains  to  this  day  the  single 
monastic  code  of  the  Oriental  Church.  This  rule  is 
embodied  in  the  Ascetic  Sermons  of  Basil,  and  also  in 
two  recensions,  a  longer  and  a  shorter  one,  of  the  actual 

{irovisions  of  nis  code,  which  are  marked  with  not  a 
ittle  of  the  shrewd  practical  sense,  as  well  as  lofty 
piety,  which  characterized  the  founder, — being  especi¬ 
ally  noticeable  for  their  discouragement  of  the  solitary 
mode  of  life,  and  for  their  recommendation  of  labor. 
The  development  of  Oriental  monachism  thus  ceases 
with  the  Basilian  rule,  and  there  are  only  two  seeming 
exceptions  to  this  fact:  the  institution  of  the  Acoemeti 
(aitoiuT/Toi),  or  “sleepless”  monks  in  the  5th  century, 
for  the  purpose  of  keeping  up  unbroken  prayer  day 
and  night — a  system  copied  much  later  in  the  West  by 
the  communities  founded  for  “  perpetual  adoration 
and  the  erection  for  these  very  monks  of  the  great 
monastery  of  the  Studium  at  Constantinople  (named 
from  Studius,  its  founder),  which  was  the  Clunyof  its 
time  and  country,  as  a  centre  of  the  more  intellectual 


MONACHISM. 


727 


monastic  life,  and  as  the  model  of  stateliness  in  ecclesi¬ 
astical  ceremonial.1  Greek  monachism,  as  an  institute, 
lias  no  history  later  than  the  5th  century.  The  monks 
indeed  constantly  appear  as  factors  in  the  controversies 
of  the  centuries  which  followed,  at  once  the  polemical 
and  the  political  disputes  showing  them  equally  fierce 
and  eager  partisans  (notably  in  the  Iconoclastic  con¬ 
troversy,  which  found  them  the  most  ardent  champions 
of  images) ;  but  they  cannot  be  said  to  have  exerted 
much  influence  upon  society  till  a  very  late  period  of 
their  history,  when  they  were  instrumental  in  keeping 
the  national  spirit  and  the  national  religion  alive  in 
Russia  when  suffering  under  the  Tatar  yoke,  and 
they  performed  a  like  service  for  Greece  during  the 
centuries  of  Turkish  oppression.  It  may  further  be 
added  that,  however  low  the  intellectual  life  of  East¬ 
ern  monasteries  may  appear  when  judged  by  a  West¬ 
ern  standard,  the  clergy  who  are  trained  in  them, 
technically  known  as  the  “  Black  clergy,”  stand  much 
higher  in  character,  acquirements,  and  general  influ¬ 
ence  than  the  secular  or  “White  clergy  ”  of  the  par¬ 
ishes,  whether  in  Greece  or  in  Russia. 

It  has  been  already  mentioned  that  the  bad  side  of 
Irregular  monachism  appears  almost  as  early  as  its 
sects  of  good  side.  While  the  system  won  the  ad- 
the  East.  miration  of  all  the  most  eminent  Christian 
teachers  of  the  age  which  saw  its  birth  and  early  growth, 
and  while  we  are  met  by  a  still  more  remarkable  fact 
that  from  the  time  when  monachism  was  fairly  estab¬ 
lished  till  we  enter  on  the  Middle  Ages  there  are  but 
two  or  three  names  of  distinction  amongst  the  clergy, 
whether  as  writers  or  as  administrators,  to  be  found 
outside  the  ranks  of  monachism,  amongst  whom  the 
most  famous  are  Ambrose  and  Leo  the  Great,  never¬ 
theless,  there  is  a  heavy  account  on  the  other  side. 
Not  only  did  the  institute  speedily  find  itself  caricatured 
by  the  Messalians,  Euchites,  Gyrovagi,  Sarabaites  or 
Remoboth,  Circumcelliones,  and  other  companies  of 
professed  ascetics,  wild  in  doctrine,  vagrant  in  habits, 
and  turbulent  in  conduct,  but  the  more  genuine  societies 
had  scarcely  fewer  faults  in  too  many  cases.  Lay  in  their 
origin,  and  for  the  greater  part  of  their  earlier  history 
having  but  rarely  ecclesiastics  amongst  them  (a  single 
priest  ordained  for  each  monastery  to  minister  to  its 
inmates  being  the  utmost  allowed  for  a  considerable 
time),  they  were  not  subject  to  the  same  strict  inspec¬ 
tion  and  discipline  as  the  clergy,  in  case  a  whole  com¬ 
munity  chose  to  disregard  its  rule ;  though  of  course  it 
was  easy  to  deal  with  an  offender  who  had  the  tone  of 
his  monastery  against  him.  The  clergy  were  subject 
to  the  direct  control  of  the  bishops,  and  many  disci¬ 
plinary  canons  of  councils  laid  down  rules  for  their 
conduct ;  but  this  was  not  the  case  with  the  monks  for 
a  considerable  time — nor  indeed  ever  effectively  in  the 
East — and  their  lay  character  gave  them  practical  in¬ 
dependence  of  any  authority  external  to  their  abbot. 
And,  although  the  stringency  of  the  monastic  rule 
itself,  which,  even  before  actual  vows  began  to  be  in¬ 
troduced  (probably  on  the  recommendation  of  Basil), 
always  involved  during  compliance  with  it  the  three 
engagements  to  the  observance  of  poverty,  chastity, 
and  obedience,  which  make  up  the  staple  of  the  mon¬ 
astic  principle,  and  though  pains  were  taken  to  exclude 
unfit  applicants  (such  as  criminals,  slaves  who  had 
fled  for  reasons  other  than  ill-treatment,  or  persons 
who  had  kindred  dependent  on  them),  while  a  long 
probation  was  exacted  from  all  who  were  accepted, 
yet  it  was  impossible  that  more  than  a  small  propor¬ 
tion  of  the  many  thousands  who  flocked  in  during  the 
first  enthusiasm  for  the  new  movement  should  have 


i  This  great  abbey,  at  the  height  of  its  prosperity,  contained 
more  than  a  thousand  monks,  and  the  following  list  of  its  staff  of 
office-bearers,  due  to  Theodore  the  Studite,  may  be  usefully  com¬ 
pared  with  the  Western  monastic  hierarchy:  ,Hyoufiei'os (abbot), 
vTTOTaKTiKos  (prior),  o'ikovouos  (treasurer),  e™ rrri^ovapxvi  (ceremo- 
niarius),  eiurr/ptjn)?  (inspector),  Ka.vov6.px^  (precentor),  ro^px^ 
(seneschal),  KeMaptrrjs  (cellarer),  apur-njraptos  (refectioner)  pearia- 
pios  (sacrist),  i<*>u7n'i<m}s  (evigilator),  vo^o/co^os  (mfirmarer).  One 
or  two  of  the  offices  do  not  quite  correspond  in  East  and  West, 
but  the  general  resemblance  is  close. 


had  any  real  sympathy  with  the  restraints  and  aspira¬ 
tions  of  such  a  mode  of  life.  Severe  asceticism  operates 
differently  on  different  natures,  and  while  there  are 
some  whom  it  does  but  discipline  and  refine,  there  are 
more  whom  it  tends  to  coarsen  and  to  brutalize,  even 
apart  from  the  many  whom  it  is  apt  to  affect  with  mor¬ 
bidness,  if  not  actual  insanity.  And  it  is  unquestion¬ 
able  that  vast  numbers  of  those  who  entered  on  the 
monastic  life  came  from  the  poorer  classes,  in  search 
of  some  less  toilsome  mode  of  existence  than  they  had 
previously  led,  preferring  the  contemplative  societies, 
wherein  almost  no  labor,  certainly  none  of  a  severe  and 
trying  cast,  was  practised,  to  those  where  agriculture 
and  other  active  employments,  requiring  more  energy 
than  mat  and  basket  weaving,  were  enjoined.  Such 
men,  uneducated  and  undisciplined,  were  liable  to  be 
thrown  entirely  out  of  gear  by  the  complete  revolution 
in  their  mode  of  life, — especially  when  the  community 
they  joined  was  not  only  contemplative,  but  situated 
in  some  place  where  the  ungrateful  soil  made  tillage 
nearly  impracticable,  and  the  vast  numbers  crowded 
together  were  far  too  numerous  for  any  tasks  which 
could  be  assigned  them.  From  the  bosom  of  such  so¬ 
cieties  came  not  only  single  examples  of  exaggerated 
spiritual  pride,  bitter  fanaticism,  avaricious  greed  of 
the  scanty  articles  whose  usufruct  was  permitted,  fierce 
sensuality,  and  wild  religious  delusions,  but  they  gave 
birth  to  companies  like  the  / loonoi ,  or  ‘  ‘  grazing  monks, 
of  Mesopotamia  and  Palestine,  who  roved  about  shel¬ 
terless  and  nearly  naked  as  Sozomen  and  Evagrius  tell 
us,  in  the  mountains  and  deserts,  grovelling  on  the 
earth  and  browsing  like  cattle  on  the  herbs  they  casu¬ 
ally  found  ;  and  to  those  fierce  bands  of  Nitrian  and 
Syrian  ascetics  who,  reared  in  the  narrowest  of  schools, 
treated  any  divergence  from  their  own  standard  of 
opinion  as  a  crime  which  they  were  entitled  to  punish 
in  their  own  riotous  fashion,  two  instances  of  which 
have  left  an  indelible  brand  on  their  history, — the 
murder  of  Hypatia  in  Alexandria,  and  that  of  the  pa¬ 
triarch  Flavian  at  the  Robber  Synod  of  Ephesus.  An 
equally  singular,  but  more  sporadic  and  temporary, 
form  of  asceticism  was  that  of  the  Stylites  or  Pillar- 
hermits  ( arvliTcu ,  kiovltcu ),  who  followed  a  fashion  first 
set  by  Simeon,  a  Syrian  monk  who  spent  almost  half 
of  the  5th  century  on  the  summit  of  a  column  60  feet 
in  height.  This  unwonted  kind  of  austerity  at  first 
gave  rise  to  strong  objections,  even  from  hermits  them¬ 
selves,  and  a  messenger  was  sent  to  Simeon,  bidding 
him  in  the  name  of  a  synod  of  bishops  to  descend  from 
his  pillar,  but  with  instructions  to  permit  him  to  re¬ 
main  if  he  showed  himself  ready  to  comply.  Such 
proved  to  be  the  case  ;  and,  having  thus  assured  them¬ 
selves  that  he  was  not  influenced  by  spiritual  pride, 
they  left  him  to  follow  his  own  devices.  And  we  have 
the  direct  personal  testimony  of  the  wise  and  temperate 
Theodoret  that  he  exercised  a  strong  and  salutary  in¬ 
fluence  over  the  nomadic  Saracen  tribes,  converting 
many  hundreds  and  even  thousands  to  Christianity, 
besides  being  the  shrewd  and  trusted  adviser,  not  only 
of  the  peasants  who  flocked  to  him  for  counsel,  but  of 
Arab  princes,  Persian  kings,  and  even  Roman  emper¬ 
ors.  He  cannot  be  judged,  therefore,  by  ordinary 
standards,  and  it  is  more  than  likely  that  a  less  extra¬ 
ordinary  mode  of  life  would  have  given  him  less  power 
for  good ;  but  he  is  the  only  eminent  figure  in  the  class 
to  which  he  belongs,  and  the  fashion  he  set  may  be 
said  to  have  died  out  with  his  namesake,  the  younger 
Simeon,  a  century  later.  Even  when  the  healthier 
side  of  monachism  as  it  appeared  in  Egypt  and  Syria, 
is  dwelt  upon,  and  the  fullest  weight  is  allowed  to  the 
contemporary  pictures  drawn  by  great  Christian  wri¬ 
ters  of  the  monasteries  as  schools  of  a  philosophy  truer 
and  purer  than  that  of  the  Porch  or  the  Academy,  as 
places  where  the  equality  and  brotherhood,  merely 
dreamed  of  as  unrealizable  fancies  in  the  outer  world, 
could  be  seen  in  living  action — where  children,  deserted 
by  their  parents  or  otherwise  orphaned,  were  carefully 
reared — where  the  sick  were  lovingly  tended — where 
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calmness,  piety,  and  self-forgetfulness  were  the  rule  of 
all, — it  must  be  confessed  that  the  complaint  of  the  Gov¬ 
ernment,  embodied  in  the  hostile  legislation  of  the  Em¬ 
peror  Valens  in  373,  subjecting  monks  to  the  conscrip¬ 
tion  (which  drew  forth  an  indignant  protest  from 
Chrysostom),  that  monachism  was  injurious  to  society 
and  to  the  healthy  condition  of  civil  life  by  draining  off 
so  large  a  fraction  of  the  population  into  the  backwater 
of  the  cloister,  was  perfectly  well  founded.  And  no 
small  part  of  the  overthrow  of  Christianity  in  Egypt 
and  Syria  by  Islam  is  due  to  the  practical  withdrawal 
of  all  the  devout  from  family  and  public  life,  leaving 
no  spiritual  energy  to  cope  with  the  Koran  in  the  towns 
and  villages  whither  the  conquering  Arabs  came  to  set¬ 
tle  and  proselytize. 

The  history  of  monachism  in  the  West  is  far  more 
Propaga-  varied,  chequered,  and  interesting  than  in 
tion  in  the  the  East.  It  takes  its  beginning  from  the 
West.  visit  of  Athanasius  to  Rome  in  340,  during 
his  second  term  of  exile,  when  he  brought  with  him 
his  Life  of  St.  Anthony ,  and  pressed  his  example  on 
the  Roman  Christians  who  mourned  as  patriots,  not 
less  than  as  devotees,  over  the  lax  and  enervated  hab¬ 
its  of  society.  The  popular  imagination  was  caught 
at  once,  and  not  only  was  the  basis  of  monachism  suc¬ 
cessfully  laid  in  Rome  itself,  but  Eusebius  of  Vercelli 
introduced  it  into  Northern  Italy,  where  it  was  fostered 
a  little  later  by  the  illustrious  Ambrose  at  Milan.  From 
the  very  beginning  a  marked  difference  shows  itself 
in  the  spirit  of  Western  monachism  as  compared  with 
the  parent  institute  in  the  East.  Partly  from  dis¬ 
similarity  of  climate,  but  still  more  from  that  of  ra¬ 
cial  and  national  temperament,  there  has  always  been 
less  tendency  in  the  West  to  either  abstract  contempla¬ 
tion  or  severe  self-torture,  such  as  is  equally  common 
to  many  of  the  Egyptian  or  Syrian  ascetics  and  to  the 
Yogis  of  Hindustan.  Hard  work,  with  due  intervals 
for  food  and  recreation,  occupied  all  that  part  of  a 
Western  monk’s  time  which  was  not  devoted  to  prayer 
or  study,  and  a  careful  apportionment  of  his  duties 
throughout  the  day  gave  each  hour  its  appointed  task 
co  be  fulfilled,  leaving  very  few  loose  enas  of  time  to 
be  wasted.  It  is  true  that  the  Basilian  rule  aimed  at 
this  same  end,  and  that  a  very  minute  time-table  forms 
a  part  of  other  early  Eastern  codes ;  but,  as  already 
remarked,  the  work  was  neither  hard  enough  nor 
abundant  enough  to  provide  really  healthy  labor,  or  to 
occupy  the  mind  sufficiently  to  keep  it  from  vague 
speculation  or  morbid  brooding  during  the  hours  of 
so-called  toil.  From  this  fundamental  unlikeness 
springs  the  broad  distinction  between  the  two  types 
of  the  monastic  life,  in  that  the  West  did  not  merely 
provide  shelter  for  such  as  felt  unable  to  endure  the 
storms  of  the  world,  leaving  secular  society  to  take 
care  of  itself  as  best  it  could,  but,  contrariwise,  em¬ 
ployed  the  cloister  far  more  as  a  training-school  for 
the  strong,  as  the  standpoint  whence  to  work  the  lever 
which  moved  a  world.  Even  the  more  remotely  se¬ 
cluded  monasteries  of  the  West,  instead  of  serving  as 
refuges  wherein  the  inmates  might  effectually  cut 
themselves  off  from  all  intercourse  from  without,  were 
rather  military  outposts  and  frontier  forts  of  civiliza¬ 
tion,  which  taught  the  arts  of  peace,  the  processes  of 
agriculture,  and  at  least  the  rudiments  of  social  mo¬ 
rality,  to  the  rude  and  almost  nomadic  hunters  and 
forayers,  of  whom  many  of  the  wilder  tribes  in  out¬ 
lying  districts  consisted.  And  if  such  was  the  case 
even  where  the  conditions  seemed  least  favorable,  it 
may  readily  be  understood  what  an  ample  field  for 
exertion  the  more  settled  regions  provided. 

It  would  seem  that  it  was  some  modification  of  the 
Pachomian  rule  which  first  made  its  way  into  Europe, 
but  the  interest  excited  by  the  movement  led  to  va¬ 
riety  of  choice  on  the  part  of  the  teachers  who  aimed 
at  spreading  its  influence  in  Italy.  Thus,  Urseus, 
abbot  of  Pinetum  (probably  near  Ravenna),  translated 
the  Basilian  rule  into  Latin,  and  it  soon  took  root  in 
Southern  Italy,  where  it  continued  to  hold  its  ground 


for  a  considerable  time.  But  a  far  more  important 
part  in  the  propagation  of  the  monastic  institute  in 
the  West  was  taken  by  Jerome,  who,  after  spending  a 
considerable  time,  beginning  in  374,  first  as  a  hermit 
in  the  desert  of  Chalcis,  and  later  at  Constantinople, 
returned  to  Rome  in  382,  where  he  was  secretary  to 
Pope  Damasus.  He  acquired  much  influence  over  a 
distinguished  group  of  Roman  ladies  of  high  social 
position,  the  most  celebrated  of  whom  are  Paula,  and 
ler  daughters  Blesilla  and  Eustochium,  and  employed 
that  influence  in  urging  the  adoption  of  the  monastic 
life  upon  them.  •  Blesilla  died  early,  it  was  said  and 
believed  in  consequence  of  austerities  pressed  upon 
her  which  her  constitution  was  unable  to  bear ;  and 
the  unpopularity  which  this  report  brought  upon 
Jerome,  cooperating  with  the  death  of  his  patron 
D  miasus  and  other  causes,  drove  him  back  to  the  East, 
whither  Paula  and  Eustochium  also  betook  themselves, 
finally  settling  down  in  Bethlehem,  where  the  elder 
lady  built  three  convents,  of  one  of  which  she  was 
superior,  while  Jerome,  who  similarly  erected  a  mon¬ 
astery  for  monks  in  the  immediate  vicinity,  acted  as 
chaplain  and  director  to  the  community.  As  the 
taste  for  pilgrimages  had  already  become  deeply  rooted, 
the  convent  at  Bethlehem  was  ere  long  a  favorite  re¬ 
sort  of  pilgrims,  and  exerted  considerable  influence  in 
prompting  the  erection  of  similar  foundations  in  the 
West.  Quite  another  impulse  wa,s  given  to  the  further¬ 
ance  of  monachism  by  Augustine.  While,  amongst 
the  many  documents  which  have  been  ascribed  to  him, 
the  only  one  which  is  of  the  nature  of  a  monastic  code 
is  his  109th  Epistle,  addressed  in  terms  of  severe  re¬ 
proval  to  the  nuns  of  a  convent  he  had  himself  founded 
at  Hippo,  but  which  had  fallen  away  from  discipline, 
his  personal  example  gave  rise  to  a  new  type  of  the 
common  life,  in  that  he  formed  a  sort  of  college  of 
priests,  who  shared  the  episcopal  house  with  him,  ate 
at  a  common  table,  and  copied  in  other  particulars  the 
observances  of  monasteries,  but  without  losing  their 
secular  character.  This  was  the  origin  of  the  insti¬ 
tute  afterwards  famous  as  the  Austin  Canons,  a  founda¬ 
tion  of  the  11th  century.  It  is  true  that  Eusebius  of 
Vercelli  had  anticipated  Augustine  by  collecting  the 
clergy  of  his  cathedral  (and,  as  it  would  seem,  the 
remaining  ecclesiastics  of  the  city)  into  a  common 
dwelling,  but  the  difference  in  his  case  was  that  he 
obliged  them  to  adopt  the  habit  and  style  of  monks, 
and  thus  was  in  no  sense  the  originator  of  a  new  in¬ 
stitute.  Another  important  contribution  of  Au¬ 
gustine’s  to  the  history  of  the  common  life  is  his 
treatise  De  Opere  Monachorum,  wherein  he  sets  forth 
the  imperative  need  of  making  hard  work  an  invaria¬ 
ble  factor  of  the  monastic  profession,  notably  on  the 
ground  that  most  of  the  monks  in  Africa  came  from 
the  lower  ranks  of  society,  such  as  freedmen,  farm- 
laborers,  and  artisans,  who  were  spiritually  injured  by 
being  raised  into  a  grade  viewed  with  more  general 
respect  than  that  from  which  they  had  sprung,  while 
they  were  actually  subject  to  fewer  privations  and 
lighter  employment  than  they  had  been  accustomed 
to.  And  he  adds  that  amongst  other  evil  consequences 
of  this  idleness  was  that  they  were  found  tramping 
the  country  selling  sham  relics,  which  they  palmed 
off  on  the  unwary,  extorting  money  in  other  fashions 
also,  and  bringing  discredit  on  their  profession  by 
their  hypocrisy  ana  vices — a  picture  only  too  faithfully 
repeated,  by  the  Mendicants  a  thousand  years  after  the 
date  of  this  treatise.  The  5th  century  was  one  of 
rapid  progress  in  the  spread  of  monachism  in  the 
West.  Chief  amongst  those  who  helped  to  popular¬ 
ize  it  stands  the  name  of  John  Cassian  (350-433),  a 
monk  of  Bethlehem,  who  made  a  long  and  careful 
study  of  the  Egyptian  forms  of  monachism,  of  which 
he  has  bequeathed  us  valuable  details  in  his  De  Insti¬ 
tutions  Ccenobiorum  and  Collationes  Patrvm,  the 
former  of  which  is  a  treatise  on  the  monastic  life,  and 
indeed  virtually  a  rule,  though  a  somewhat  prolix  one, 
mainly  derived  from  Macarius,  while  the  latter  is  a 
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record  of  the  teachings  of  some  hermits  of  the  desert '  life,  which  might  and  did  flourish  equally,  he  urged, 
of  Scete.  Both  of  these  works  exercised  a  powerful  under  quite  different  conditions,  while  it  was  by  no 
influence  in  their  own  day,  and  the  second  retained  its  means  unfrequent  for  spiritual  pride,  if  not  Manichaean 
repute  much  longer,  having  been  warmly  approved  |  error,  to  lay  hold  of  those  who  devoted  themselves  to 
and  recommended  for  study  by  Benedict,  Bruno,  the  ascetic  profession.  This  was,  in  fact,  going  very 
Dominic,  and  Ignatius  Loyola,  all  four  founders  of  j  little  further  than  Chrysostom  had  done,  or  than  Nilus 


celebrated  orders.  Cassian  fixed  himself  at  Mar¬ 
seilles,  where  he  founded  a  famous  monastery,  of 
which  he  was  probably  abbot,  and  which  was  the  cen¬ 
tre  whence  monachism,  uniting  the  peculiarities  of 
East  and  West,  was  propagated  in  Southern  Gaul, 
and  notably  planted  in  the  island  of  Lerins,  which 
became  the  seat  of  one  of  the  most  eminent  monas- 


did  a  short  time  later.  But  Jovinian’s  divergence 
from  the  standard  of  his  day  was  not  confined  to  prac¬ 
tical  questions;  it  extended  to  theological  doctrines 
also,  and  accordingly  his  strictures  on  monachism, 
probably  more  incisive  and  less  qualified  than  those  of 
its  other  critics,  were  involved  in  his  condemnation  as 
a  heretic  by  synods  at  Rome  and  Milan  in  390.  The 


teries  of  the  early  Middle  Ages.  Northern  Gaul  had  j  reaction,  of  which  he  may  be  regarded  as  the  mouth- 
received  the  institute  earlier  through  the  agency  of  j  piece  rather  than  as  the  sole  representative,  was  thus 
Martin,  bishop  of  Tours  (316-397),  who  founded  j  effectually  crushed,  and  that  for  centuries.  And 
monasteries  near  Poitiers  and  in  his  own  diocese,  though  Jovinian  is  undoubtedly  more  in  accord  than 
which  were  soon  thronged,  so  that  his  funeral  was  at-  his  opponents  with  the  modem  temper  on  the  subject 
tended  by  two  thousand  monks.  Spain  was  even  j  of  monachism,  and  while  it  may  be  allowed  that^  his 
earlier  in  the  field  than  Gaul,  but  there  is  some  ob-  i  teaching  might  have  been  a  useful  corrective  in  East- 
scurity  as  to  the  history  of  the  introduction  of  mon- ;  era  Christendom,  where  family  life  was  all  but  over- 
achism  there,  all  that  is  certain  being  that  it  had  |  borne  by  asceticism,  yet  the  impartial  historian  most 


made  its  footing  good  before  380,  the  date  of  a  coun¬ 
cil  of  Saragossa  (Caesaraugusta)  which  forbade  priests 
to  assume  the  monkish  habit.  Still  more  obscurity 
hangs  over  the  first  establishment  of  monachism  in 


admit  that  his  success  would  have  been  an  irreparable 
misfortune  for  civilization  in  the  West.  Such  a  dis¬ 
passionate  estimate  of  asceticism  as  his,  if  widely 
entertained,  would  have  been  fatal  to  the  spread  of 


Britain,  as  to  which  no  trustworthy  records  have  come  monachism,  and  thus  one  of  the  most  important  con- 
down  to  us,  though  all  probability  points  to  its  im-  servative  and  statical  forces  in  the  preservation  of  the 
portation  from  Gaul  in  some  variety  of  the  Pachomian  older  culture,  one  of  the  most  powerful  dynamical 
rule  ;  while  Germany  did  not  receive  the  institute  till  forces  in  reducing  the  chaotic  materials  of  early  mediae- 


the  following  century. 

It  must  not  be  supposed,  however,  that  the  princi¬ 
ple  of  monachism  met  with  no  opposition  in  the  course 


val  society  to  order  and  coherence,  would  have  been 
lost  to  Europe  ;  nor  is  it  easy  to  conjecture  what  effect¬ 
ual  substitute  could  have  taken  its  place.  As  it  was, 


of  its  progress.  Apart  from  the  opposition  of  those  the  movement  was  not  checked  for  a  moment  by  this 
who  disliked  it  precisely  for  its  merits,  for  its  protest  partial  reaction  ;  and  not  only  did  the  older  communi- 
against  the  dissolute  morals  and  enervated  habits  of  a  ties  thrive  and  spread  during  the  5th  and  early  6th 
luxurious  and  rotting  society,  and  for  the  manner  in  j  centuries,  but  new  ones  were  established,— chief 
which  it  won  to  itself  many  of  the  noblest  and  most '  among  which  stand  those  of  Caesanus  of  Arles  and  of 
promising  of  the  young  and  ardent  of  both  sexes,  and  :  Donatus  of  Besangon  in  Southern  Gauf  that  of  lsi- 
without  taking  into  account  the  more  reasonable  ob-  dore  of  Seville  in  Spain,  and  the  early  Celtic  code,  of 
jections  of  statesmen,  there  were  not  lacking  warnings  which  only  traditional  fragments  sunuye,  but  which 
of  the  dangers  attending  exaggerations  of  the  princi-  seems  in  Britain  to  have  been  strongly  affected  by  tribal 
pie  of  monachism,  uttered  by  some  of  its  most  eminent  influences,  so  that  a  monastery  was  often  recruited 
upholders.  Augustine’s  sharp  censures  have  been  from  a  single  clan,  and  the  abbacy  became  hereditary 
already  mentioned,  and  to  them  may  be  added  the  in  the  family  of  the  chieftain,  a  fact  which  is  notice- 
decrees  of  the  council  of  Gangra  in  363,  or  thereabouts,  j  able  even  in  the  succession  of  the  abbots  of  Iona,  who 
which  anathematize  those  who  adopt  a  celibate  life  on  for  ten  elections  after  Columba  were  of  his  family  in 
the  ground  that  marriage  is  evil,  who  wear  a  peculiar  the  tribe  of  Conall  Gulban.1 

dress  as  a  mark  of  holiness,  condemning  such  as  use  |  But,  swiftly  as  monachism  spread  in  Europe  during 
ordinary  clothing,  or  who  desert  their  parents  or  chil-  the  breaking-up  of  the  Western  empire,  some  of  the 
dren  dependent  on  them  under  the  plea  of  desiring  to  causes  which  hastened  its  progress  also  tended  to  its 
i  i  _ .•  i: 1 Tli a  Hisliirhpd  state  ot  societv.  and.  in 


lead  an  ascetic  life.  So,  too,  the  great  Chrysostom, 
himself  a  warm  advocate  of  monachism,  found  himself 
obliged  to  teach  his  flock  the  sanctity  of  Christian 
family  life,  and  the  truth  that  there  was  often  as  much 
selfishness  as  piety  in  retirement  to  a  hermitage  from 
the  cares  and  duties  of  society.  These  arguments  and 


rapid  decay.  The  disturbed  state  of  society,  and,  in 
particular,  the  prevalence  of  petty  warfare,  drove  many 
thousands  of  persons  to  seek  a  quiet  refuge  in  the 
cloister  without  any  more  directly  religious  motive. 
When  once  there,  they  found  in  every  place  some  rule 
in  force  which  was  either  imported  directly  from  Egypt  # 


decisions  were,  however,  aimed  only  at  abuses  and  ex-  j  or  Syria,  or  else,  like  that  of  Caesanus,  modelled  on 
alterations  of  the  monastic  idea.  It  remained  for  Eastern  lines,  and  therefore  ill  suited  to  the  severer 
Jovinian  and  Vigilantius  to  assail  the  actual  principle.  :  climate  of  Europe  and  the  more  active  habits  of  the 
Their  writings  have  not  survived,  and  we  can  judge  of  |  people.  The  austerities  were  thus  too  oppressive  for 
their  arguments  only  from  the  account  given  of  them  general  observance,  and  the  result  was  a  widespread 
bv  their  chief  opponent  Jerome,  whose  eminent  gifts,  !  neglect  of  rules  which  continued  nominally  in  force, 
however  did  not  include  either  moderation  or  contro-  while  at  the  same  time  the  very  monks  who  had  ceased 
versial  fairness,  so  that  it  is  not  safe  to  assume  that  we  to  keep  them  laid  claim  to  speeialsanctity  on  the  pre- 
have  all  their  case  before  us.  As  regards  Vigilantius,  tence  of  then-  strict  way  of  life.  The  time  was  ripe  for 
he  accurately  represents  the  Puritan  type  of  mind  pro-  a  reform,  or  rather  for  a  wholly  new  departure  in  the 
testing  against  the  external  part  of  the  popular  religion  I  shape  of  a  rule  devised  to  meet  Western  needs,  and 
of  his  da v  often  with  good  reason,  but  also  showing  not  merely  adapted  more  or  less  clumsily  from  Oriental 
equal  intolerance  for  harmless,  if  not  useful,  practices  ;  asceticism.  The  fitting  man  to  accomplish  this  diffi- 
80  that  his  condemnation  of  monachism  is  only  part  of  cult  task  appeared  in  the  person  ot  Benedict  of  Nursia, 
his  general  objection  to  the  temper  of  his  time.  But  author  of  the  most  famous  of  all  monastic  codes  Born 
Jovmian’ s  objections  seem  to  have  gone  deeper.  He  of  a  respectable  famil\  about  480,  he  adopted  the 
had  been  himself  a  monk  (and  indeed  never  resumed  ascot  i*  life  at  fourteen  in  a  cave  near  Subiaco,  not  far 
secular  life)  but  he  disputed  absolutely  the  thesis  that  from  Rome,  where  he  remained  for  three  years,  at  the 
any  merit  lay  in  monachism,  celibacy,  fasting,  and  expiration  of  which  he  was  chosen  abbot  of  a  neighbor- 
asceticism  considered  in  themselves,  save  in  so  far  as 

they  contributed  to  foster  the  Christian  temper  and  1  1  Adamnan,  va.  Columb.,  cd.  Reeves. 
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ing  convent,  then  in  a  very  relaxed  state.  His  rule 
proved  too  stern  for  his  new  subjects,  who  attempted 
to  poison  him,  whereupon  he  resigned  his  office  and 
returned  to  Subiaco,  around  which  he  soon  erected 
twelve  monasteries,  each  peopled  by  an  abbot  and 
twelve  monks.  Fresh  attempts  on  his  life  and  on  the 
discipline  of  his  society  drove  him  out  again  in  the  year 
528,  when  he  fixed  his  dwelling  at  Monte  Cassino,  the 

{dace  where  his  celebrated  rule  was  drafted  in  the  fol- 
owing  year,  and  which  has  ever  since  prided  itself  on 
its  rank  as  the  cradle  of  the  Benedictine  Order  and  the 
premier  abbey  of  Western  Christendom.  The  famous 
institute  which  he  devised  has  a  great  surface  likeness 
to  the  rule  of  Basil,  which  alone  has  rivalled  it  in  per¬ 
manence,  though  far  below  it  in  diffusion  and,  it  may 
be  added,  in  services  to  humanity.  Superior  in  flex¬ 
ibility  and  in  the  power  of  adapting  itself  in  new  con¬ 
ditions  of  circumstance  and  society  to  any  rule  which 
preceded  it  (and  indeed  to  most  of  those  devised  later), 
the  effect  it  produced  in  its  own  immediate  day  and 
for  several  centuries  afterwards  is  almost  incalculable. 

Obedience,  silence,  humility ;  worship,  study,  and  work  ; 
Rule  of  such  are  ^e  i^eas  an<i  employments  with 
Benedict.  which  this  code  of  seventy-three  chapters  is 
occupied.  It  opens  with  a  sermonet  or  horta¬ 
tory  preface,  and  then  proceeds  to  define  the  existing 
classes  of  monks,  as  divided  into  Coenobites,  Anchorets, 
Sarabaites,  living  by  twos  and  threes  together  without  any- 
fixed  rule  or  lawful  superior,  and  Gyrovagi,  vagrant  tramps 
who,  even  at  that  time,  as  more  than  a  century  earlier, 
continued  to  bring  discredit  on  the  monastic  profession.  It 
was  one  great  aim  of  the  Benedictine  reform  to  extirpate 
these  two  latter  classes,  and  the  method  adopted  was  the 
addition  of  a  fourth  vow,  that  of  “stability,”  to  the  three 
usual  pledges.  This  fourth  vow  bound  the  monk  to  con¬ 
tinuance  in  his  profession,  and  even  to  residence  for  life  at 
the  monastery  in  which  he  was  professed,  unless  temporary 
absence  or  permanent  transfer  were  permitted  by  the  au¬ 
thorities,  and  thus  struck  directly  against  the  temper  of 
restlessness  and  desire  for  change  whicli  were  such  power¬ 
ful  factors  in  generating  the  irregular  and  wandering 
classes  just  named.  Chapter  ii.  describes  the  qualities  of 
an  abbot,  and  also  decrees  that  no  distinctions  of  worldly 
rank  or  station  are  to  be  recognized  amongst  the  inmates 
of  the  monastery.  Chapter  iii.  is  one  of  those  which  best 
enable  us  to  estimate  the  foresight  and  good  sense  of  Bene¬ 
dict.  It  enacts  that  the  abbot  is  to  call  the  entire  body  of 
the  brethreu  together  to  deliberate  on  any  weighty  matter, 
and  not  to  decide  it  until  he  has  heard  the  counsel  of  even 
the  very  youngest ;  while  in  matters  of  less  moment  con¬ 
sultation  with  the  elder  members  suffices.  Chapter  iv. 
enumerates  the  instruments  of  good  works,  summed  up  in 
seventy-two  pithy  maxims,  mainly  Scriptural  in  letter  or. 
spirit.  Chapter  v.  is  on  the  obedience  of  disciples.  Chapter 
vi.  is  on  silence,  recommending  spareness  and  wholesome¬ 
ness  of  speech,  but  not  laying  down  any  hard-and-fast  rules 
such  as  those  of  the  Trappists  of  a  later  day.  Chapter  vii. 
treats  of  humility,  including  injunctions  to  the  monk  to 
confess  his  secret  faults  and  thoughts  to  the  abbot,  to  do 
nothing  but  what  the  common  rule  or  the  example  of  his 
seniors  teaches,  and  to  exhibit  lowliness  and  meekness  in 
outward  bearing  as  well  as  in  the  inward  spirit.  Chapters 
ix.-xx.  are  occupied  with  directions  about  the  performance 
of  Divine  service,  so  far  as  relates  to  the  recitation  of  the 
Canonical  Hqurs,  seven  of  the  day  and  one  of  the  night. 
Chapter  xxi.  provides  for  the  appointment  of  deans  (officers 
over  ten  monks)  in  large  monasteries,  to  be  chosen  by  merit, 
and  not  by  mere  seniority.  Chapter  xxii.  prescribes  rules 
for  the  dormitory,  each  monk  to  have  a  separate  bed  with 
suitable  coverings,  and  to  sleep  in  his  hahit,  and  girded,  so 
as  to  be  ready  to  rise  at  a  moment’s  notice,  and  a  light  is  to 
be  kept  burning  in  the  dormitory  till  morning.  Eight 
chapters  (xxiii.-xxx.)  then  deal  with  offenders,  a  graduated 
scale  of  penalties  being  provided :  first,  private  admonition  ; 
next,  separation  from  the  brethren  at  meals  and  recreation  ; 
then  scourging ;  and,  finally  expulsion  in  the  case  of  hard¬ 
ened  offenders,  but  not  until  the  abbot  has  used  every 
means  to  soften  and  reclaim  them.  Even  in  this  last  event, 
the  outcast  may  be  received  again,  and  that  thrice,  on  the 
condition  of  forfeiting  his  seniority  and  descending  to  the 
lowest  place.  After  the  third  expulsion,  return  was  finally 
barred.  Chapter  xxxi.  is  on  the  character  and  duties  of 
the  cellarer,  an  important  officer  in  monasteries;  who  was 
steward,  and  had  the  charge  of  all  the  stores,  and  the  re¬ 
sponsibility  of  serving  them  out  as  needed  ;  while  the  next 
chapter  provides  for  the  appointment  of  inferior  officers  to 


take  charge  of  the  tools,  clothes,  and  other  goods  belonging 
to  the  monastery.  Chapter  xxxiii.  prohibits  any  monk  to 
give,  receive,  or  keep  aught  as  his  own  without  leave  of  the 
abbot,  who  is,  however,  bound  to  supply  him  with  all  nec¬ 
essaries.  Murmuring  at  anything  in  the  manner  of  distri¬ 
bution  is  censured  in  the  next  chapter  as  a  very  grave 
offence.  Chapter  xxxv.  ordains  that  the  brethren  are  to 
serve  in  the  kitchen  by  turns,  unless  excused  by  reason  of 
sickness  or  some  more  important  occupation,  and  that  who¬ 
ever  is  on  duty  on  Saturday  is  to  clean  up  for  the  week,  and 
to  deliver  all  the  cloths  and  utensils  to  the  cellarer  in  good 
condition  for  his  successor  in  office.  Chapter  xxxvi.,  while 
warning  the  sick  not  to  be  impatient  or  exacting,  gives 
careful  directions  for  their  comfort.  They  are  to  be  placed 
in  an  infirmary  and  to  be  committed  to  the  care  of  a  com¬ 
petent  attendant,  are  to  be  allowed  baths  as  often  as  is  ex¬ 
pedient,  and  a  flesh  diet  to  promote  their  recovery,  though 
against  the  rule  for  those  in  health.  Old  men  and  children 
are  also  to  be  dispensed  from  the  rigor  of  the  rule,  and  tlicv 
may  have  their  meals  before  the  usual  hours,  instead  of 
waiting  for  the  others.  Chapter  xxxviii.  directs  that  read¬ 
ing  aloud  during  meals  is  to  be  practised,  and  that  no  con¬ 
versation,  even  about  the  subject  of  the  reading,  is  to  be 
carried  on  by  the  brethren,  who  are  to  keep  silence,  using 
signs  if  they  need  anything.  The  reader  is  to  be  appointed 
for  a  week,  and  to  enter  upon  his  duties  on  Sunday.  He  is 
to  be  allowed  a  little  food  before  beginning  his  task,  lest  he 
should  become  faint,  and  is  to  finish  his  meal  afterwards 
along  with  the  kitcheners  and  waiters.  And  the  readers  are 
not  to  take  turns  of  duty  in  order,  hut  only  such  persons  are 
to  be  appointed  as  can  discharge  the  office  satisfactorily. 
Chapters  xxxix.  and  xl.  prescribe  the  daily  rations  of  food 
and  drink.  Two  meals  are  allowed,  consisting  of  two  cooked 
dishes  (pulmentaria),  to  permit  a  choice  of  food,  lest  one  or 
other  dish  should  be  unsuitable  to  any  one,  and  a  third  dish 
of  fruit  or  young  vegetables  is  granted  as  an  occasional  ad¬ 
dition.  A  pound  of  bread  is  to  be  served  out  daily  for  each, 
though  the  abbot  is  empowered  to  increase  the  rations  of 
such  as  had  extra  hard  work  to  do ;  while  the  rations  of 
children  are  to  be  proportionably  diminished,  and  flesh- 
meat  is  forbidden  to  all  except  the  sick  and  weak,  but  there 
is  no  prohibition  of  any  flesh  save  that  of  four-footed  beasts, 
thus  leaving  the  use  of  poultry,  eggs,  and  fish  optional.  One 
pint  of  wine  daily  is  allowed  to  each  monk,  but  the  hesita¬ 
tion  with  which  this  is  conceded  is  noteworthy  ;  and,  while 
the  prior  is  empowered  to  increase  the  allowance  if  he  judge 
it  well,  the  brethren  are  told  that  voluntary  abstinence  is  the 
best  course,  and  that  where  a  house  is  too  poor  to  provide 
wine  those  debarred  from  it  are  not  to  murmur.  Chapter 
xli.  prescribes  the  hours  for  meals  at  different  seasons  of  the 
year,  care  being  taken  that  both  meals  shall  be  taken  by 
daylight,  without  need  of  lamps.  Chapter  xlii.  directs  the 
monks  to  assemble  in  the  evening  for  a  reading,  preferably 
of  the  Collations  of  Cassian,  followed  by  compline,  after 
which  silence  is  to  be  strictly  observed,  save  for  some  neces¬ 
sary  cause.  Chapters  xliii.-xlvi.  impose  penalties  for  minor 
breaches  of  rule,  such  as  coming  late  to  prayers  or  meals. 
Chapter  xlvii.  gives  some  further  directions  as  to  Divine 
service,  throwing  on  the  abbot  or  his  deputy  the  responsi¬ 
bility  of  notifying  the  hour  for  it,  and  provides  that  no  in¬ 
competent  person  shall  be  set  to  chant  or  read.  Chapter 
xlviii.,  although  brief,  is  one  of  the  most  important  and 
characteristic  in  the  rule.  It  is  on  daily  manual  labor,  and 
begins  with  the  pithy  axiom,  “  Idleness  is  an  enemy  of  the 
soul  ”  ( Otiositas  inimica  est  animx).  It  proceeds  to  enjoin  that 
the  brethren  are  to  distribute  the  time  not  already  taken  up 
with  prayer,  meals,  and  sleep,  into  periods  of  manual  labor 
or  devout  reading.  From  Easter  till  the  1st  October  they 
are  to  work  from  prime  till  the  fourth  hour.  From  the 
fourth  until  nearly  the  sixth  hour  they  are  to  read.  On 
rising  from  meal-time  after  the  sixth  hour  they  are  to 
rest  in  silence  on  their  beds — the  familiar  siesta  of  warm 
countries — but  those  who  prefer  to  read  may  do  so,  provided 
they  disturb  no  one.  Nones  are  to  be  said  about  the  middle 
of  the  eighth  hour  (2.30  P.M.),  and  then  work  is  to  be  re¬ 
sumed  till  evening.  From  the  1st  October  till  the  beginning 
of  Lent  they  are  to  read  till  the  second  hour,  then  to  say 
terce,  after  which  to  work  till  the  ninth  hour.  At  the  ninth 
hour  they  are  to  leave  off  work,  and  after  their  meal  to  read 
spiritual  books  or  the  Psalms.  In  Lent  they  are  to  read 
from  the  morning  till  the  third  hour,  then  to  work  till  the 
end  of  the  tenth  hour.  And  every  one  is  to  have  a  book 
given  out  to  him  from  the  library  at  the  beginning  of  Lent, 
which  he  is  to  read  through ;  while  two  senior  brethren  are 
to  go  the  rounds  during  reading  hours  to  see  that  the  monks 
are  actually  reading,  and  neither  lounging  nor  gossiping. 
On  Sundays  all  are  to  read  throughout  the  day,  except  such 
as  have  special  duties  to  discharge ;  and  if  there  be  any  who 
either  cannot  or  will  not  read  or  meditate,  some  task  to 
keep  them  from  idling  is  to  be  assigned  them.  Sickly 


MONACHISM. 


731 


and  delicate  brethren  are  to  be  given  light  work,  suitable 
to  their  health.  Chapter  xlix.  suggests,  without  command¬ 
ing,  the  adoption  of  some  voluntary  self-denial  during  Lent, 
to  be  undertaken  with  the  abbot’s  approval  only, — austeri¬ 
ties  without  such  sanction  being  denounced  as  vainglorious. 
Chapter  1.  directs  that  brethren  who  work  at  a  distance,  so 
as  to  be  unable  to  attend  common  prayer,  are  to  recite  the 
office  where  they  may  happen  to  be.  Chapter  li.  prescribes 
that  monks  sent  on  an  errand,  and  expecting  to  return  the 
same  day,  are  not  to  eat  while  out,  unless  they  have  special 
leave  from  the  abbot.  Chapter  lii.  gives  a  few  directions  as 
to  behavior  in  the  oratory.  Chapter  liii.  contains  rules  for 
the  entertaiument  of  guests.  The  most  noteworthy  pro¬ 
visions  are  that  the  abbot  is  licensed  to  break  his  fast  with 
the  guests,  unless  on  a  church  fast-day,  in  order  to  bear  them 
company  at  meal-times ;  that  the  kitchen  for  the  abbot  and 
guests  is  to  be  separate  from  the  general  kitchen,  and  served 
by  the  same  two  brethren  for  a  year,  to  insure  that  no  addi¬ 
tional  labor  may  fall  on  the  ordinary  kitcheners  through 
the  unexpected  arrivals  of  strangers  needing  to  be  fed ;  that 
the  guest-room  be  intrusted  to  a  brother  (the  hospitaller), 
and  that  no  monk  shall  speak  to  or  mix  with  the  guests 
unless  by  special  appointment — a  very  salutary  regulation, 
in  view  of  the  miscellaneous  rout  of  visitors  likely  to  apply 
for  food  and  shelter.  Chapter  liv.  forbids  monks  to  receive 
letters,  tokens,  or  gifts,  even  from  their  nearest  kin,  without 
the  abbot’s  permission,  or  to  give  any  such  things  to  another ; 
and  the  abbot  is  empowered  to  transfer  presents  to  some 
person  other  than  him  for  whom  they  were  intended. 
Chapter  lv.  prescribes  the  dress,  and,  with  Benedict’s  usual 
good  sense,  leaves  it  wholly  in  the  abbot’s  discretion  to  pro¬ 
vide  clothing  suitable  to  the  climate  and  locality,  merely 
ruling  that  in  temperate  places  a  cowl  and  tunic,  thick 
in  winter  and  thin  in  summer,  with  a  scapular  (a  sleeve¬ 
less  woollen  garment  passed  over  the  head,  and  falling  down 
over  the  breast  and  back)  for  work  hours,  as  also  shoes  and 
stockings,  all  of  the  ordinary  country  make  and  cheapest 
kind,  shall  suffice.  Each  monk  is  to  have  a  change  of 
these  garments,  to  allow  of  washing,  and  yet  another  for 
use  when  sent  on  a  journey,  to  be  of  rather  better  materials, 
and  to  be  kept  in  the  general  wardrobe  when  not  in  actual 
wear.  The  old  clothes  are  to  be  given  up  when  new  ones 
are  served  out,  and  are  to  be  laid  by  in  the  wardrobe  for  the 
poor.  A  straw  mattress,  blanket,  quilt,  and  pillow  are  to  be 
furnished  for  each  bed  ;  and  in  addition  the  abbot  is  to  give 
every  monk  a  knife,  a  pen,  a  needle,  a  handkerchief,  and 
tablets.  Chapter  lvi.  rules  that  the  abhot  is  to  take  his 
meals  with  the  guests  and  strangers,  with  the  privilege,  if 
guests  be  few,  of  inviting  any  of  the  brethren  he  chooses, 
so  long  as  some  seniors  are  left  in  charge.  Chapter  lvii. 
prescribes  that  craftsmen  amongst  the  brethren  are  to  work 
with  the  abbot’s  permission,  and  if  their  work  is  to  be  for 
sale,  those  who  are  intrusted  with  making  the  bargains  are 
to  deal  honestly  with  purch  asers,  and  to  sell  rather  below 
the  current  trade  price.  Chapter  lviii.  lays  down  the  rules 
for  the  admission  of  new  members.  It  is  not  to  be  made 
too  easy.  The  postulant  is  to  be  allowed  to  knock  for 
entrance  in  vain  for  four  or  five  days,  then  to  be  brought 
into  the  guest-room  for  a  few  days  more,  and  so  be  trans¬ 
ferred  to  the  novice-house,  where  he  is  to  remain  under  the 
charge  of  a  senior  monk  for  two  months.  If  he  persevere 
at  the  end  of  this  time,  the  rule  is  to  be  read  over  to  him, 
and  the  option  of  departing  or  remaining  is  to  be  offered. 
If  he  persevere,  he  is  returned  to  the  novice-house  for  six 
months’  further  probation,  after  which  the  rule  is  again 
read  to  him  as  before,  and  yet  a  third  time  after  a  further 
term  of  four  months.  Not  till  he  has  surmounted  this  final 
ordeal  can  he  be  admitted  into  the  community,  and  before 
that  is  done  he  must  divest  himself  of  his  property,  either 
giving  it  to  the  poor,  or  making  a  deed  of  gift  to  the  monas¬ 
tery.  Then  he  is  allowed  to  sign  the  act  of  profession,  in¬ 
cluding  the  vow  of  stability,  which  he  is  to  lay  with  his 
own  hand  on  the  altar.  Chapter  lix.  provides  for  the  dedi¬ 
cation  of  young  children,  noble  or  poor,  by  their  parents  to 
the  monastic  life,  and  requires  a  promise  from  the  latter 
never  to  endow  the  oblate  with  any  property,  directly  or  in 
trust,  though  they  may  give  to  the  monastery  if  they  please 
and  reserve  the  life-income  to  themselves.  Chapter  lx. 
regulates  the  position  of  priests  who  desire  to  live  in  the 
monastery.  They  are  to  enjoy  no  relaxations  or  priority  in 
virtue  of  their  ecclesiastical  rank,  though  the  abhot  may 
assign  clerical  functions  to  them ;  and  a  somewhat  like  rule 
is  laid  down  for  clerks  in  minor  orders.  Chapter  lxi.  pro¬ 
vides  for  the  reception  of  strange  monks  as  guests,  and  for 
their  admission  if  desiring  to  join  the  community.  The 
abbot  is  enjoined  to  listen  to  any  criticisms  such  a  guest 
may  offer,  and  is  empowered  to  give  him,  if  accepted  as  a 
new  member,  higher  standing  than  that  of  his  entrance, 
but  is  forbidden  so  to  admit  a  monk  of  any  known  monas¬ 
tery  without  the  consent  or  letters  commendatory  of  its 


abbot.  Chapter  lxii.  rules  that  the  abbot  may  choose  a, 
monk  for  ordination  as  priest  or  deacon  ;  but  the  ordinee  is 
to  rank  in  the  house  from  the  date  of  his  admission,  except 
when  officiating,  or  if  the  community  and  the  abbot  single 
him  out  for  promotion  by  merit.  If  he  misbehave,  he  is  to 
be  reported  to  the  bishop,  and  if  continuing  to  misconduct 
himself,  shall  be  expelled,— only,  however,  in  case  of  obsti¬ 
nate  disobedience  to  the  rule.  Chapter  lxiii.  lays  down 
rules  for  the  gradation  of  rank  in  the  community,  and 
warns  the  abbot  against  arbitrary  government.  Chapter 
lxiv.  allows  the  abbot  to  be  chosen  either  by  the  common 
consent  of  the  whole  community,  or  by  a  select  electoral 
committee ;  and  the  lowest  in  standing  may  be  chosen,  if 
fit.  In  the  event  of  a  bad  choice,  the  bishop  of  the  diocese, 
the  neighboring  abbots,  or  even  the  neighboring  laity,  if 
having  reason  to  think  the  election  made  for  the  purpose 
of  keeping  up  abuses,  may  annul  it  and  appoint  another 
superior.  Chapter  lxv.  speaks  of  the  mischief  occasioned 
in  many  monasteries  by  the  rivalry  of  the  provost  or  prior 
with  the  abbot,  and  advises  that  no  such  officer  be  appointed ; 
yet,  if  the  circumstances  of  the  place  need  one,  the  abbot 
may  name  a  brother  to  the  post,  but  he  is  to  be  as  entirely 
subject  to  the  abbot  as  any  other  monk,  and  may  be  ad¬ 
monished,  deposed,  or  expelled  for  misconduct.  Chapter 
lxvi.  directs  the  appointment  of  a  porter  to  answer  at  the 
gate,  and  further  recommends  that  every  house  shall  have 
its  own  well,  mill,  garden,  bakery,  and  handicraftsmen,  to 
avoid  the  need  of  intercourse  with  the  outer  world.  Chapter 
lxvii.  directs  that  no  monk  shall  quit  the  cloister  without 
leave  of  the  abbot,  and  that,  on  the  return  of  any  from  a 
journey,  they  are  to  beg  the  prayers  of  the  community  for 
any  faults  they  have  committed  during  their  absence,  and 
are  forbidden  to  speak  of  what  they  have  heard  or  seen 
outside.  Chapter  lxviii.  bids  a  monk  who  has  received  a 
hard  or  impossible  command  to  undertake  it  patiently  and 
obediently.  If  he  find  it  beyond  his  powers,  he  may  men¬ 
tion  the  cause  quietly  to  his  superior;  and,  if  the  command 
is  still  persisted  in,  he  must  obey  as  best  lie  can.  Chapter 
lxix.  forbids  monks  to  uphold  or  defend  one  another  in  the 
monastery,  even  their  nearest  of  kin.  Chapter  Ixx.  forbids 
striking  or  excommunicating  another,  without  the  abbot’s 
authority,  and  provides  that  children,  until  fifteen,  shall  be 
subject  to  discipline  from  all  the  monks ;  but  any  who  shall 
chastise  those  above  fifteen  without  the  abbot’s  leave,  or  be 
unduly  severe  towards  the  younger,  shall  be  himself  pun¬ 
ishable  by  rule.  Chapter  lxxi.  lays  down  that  the  principle 
of  obedience  is  to  prevail  throughout  the  community,  not 
only  towards  the  abbot,  or  his  officers,  but  from  the  juniors 
towards  their  seniors.  Chapter  Ixxii.  is  a  brief  exhortation 
to  zeal ;  and  chapter  lxxiii.  a  note  to  the  effect  that  the 
Benedictine  rule  is  not  offered  as  an  ideal  of  perfection,  or 
even  as  equal  to  the  teachings  of  Cassian  and  Basil,  but  for 
mere  beginners  in  the  spiritual  life,  who  may  thence  pro¬ 
ceed  further. 

It  lias  been  necessary  to  make  this  detailed  analysis 
of  the  rule,  because  no  mere  summary  of  its  general 
scope  conveys  an  adequate  notion  of  it ;  and  it  plays 
so  important  a  part  in  the  history  of  European  civil¬ 
ization  that  it  is  expedient  to  obtain  a  clear  idea  of  its 
details  as  well  as  of  its  main  outlines.  The  first  pecu¬ 
liarity  in  it  meriting  attention  is  the  absence  of  any 
severe  austerities.  Plain  and  bare  as  the  food  and 
lodging  appear  if  tested  by  modern  notions,  yet  it  is  to 
be  remembered  that  what  is  called  “comfort”  is  a 
wholly  recent  idea,  and  even  still  scarcely  familiar,  it 
may  almost  be  said,  out  of  Great  Britain  and  its 
colonies.  The  scale  of  living  appointed  by  the  rule 
secures  a  greater  abundance  ol  the  necessaries  of  life, 
not  only  than  was  at  all  common  amongst  the  Italian 
poor  of  the  6th  century,  but  than  is  to  be  found 
amongst  the  humbler  peasantry  of  any  European 
country  at  the  present  day  ;  while  even  the  excluded 
superfluities  entered  but  little  into  the  habits  of  any 
save  the  very  wealthy.  Next,  high  thinking— the 
highest  thought  of  the  time — was  united  with  this 
plain  living,  as  the  considerable  stress  laid  upon  read¬ 
ing  attests.  To  this  part  of  the  code  is  due  the  great 
service  performed  by  the  Benedictines,  both  in  the 
erection  of  schools,  and  in  the  preservation  of  almost 
all  the  remains  of  ancient  Latin  literature  which  have 
come  down,  to  us.  It  made  it  not  only  possible  but 
easy  for  them  to  become  a  learned  order,  and  it  is  a 
very  imperfect  estimate  of  the  stride  forward  in  this 
provision  which  Mihnan  makes,  when  he  views  the  in- 
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junctions  as  to  reading  in  the  mere  light  of  expedients 
to  fill  up  time  somehow.  If  it  were  so,  the  hours  for 
reading  would  have  been  fewer,  shorter  and  more  oc¬ 
casional,  merely  rounding  off  the  intervals  between 
times  of  labor ;  but  they  are  just  as  prominent  and 
nearly  as  long  as  these.  It  is  true  that  Benedict, 
whose  own  education  had  been  abruptly  broken  off  by 
his  early  retreat  from  Rome,  did  not  specifically  enioin 
the  pursuit  of  learning  on  his  monks  ;  but  they  bor¬ 
rowed  the  idea  at  once  from  his  contemporary,  the 
celebrated  Cassiodorus,  the  real  founder  of  monastic 
learning,  of  which  his  monastery  of  Yiviers  in  Brut- 
tium  is  the  first  known  school.  But  the  most  valuable 
feature  of  the  rule  is  the  position  of  dignity  which  it 
assigns  to  work.  It  is  scarcely  possible  to  realize  at 
the  present  day  the  dishonor  into  which  toil  of  all 
kinds  had  sunk  in  the  days  of  Benedict.  Not  only 
had  the  institution  of  slavery  degraded  many  kinds  of 
occupation,  but  the  gradual  disappearance  from  Italy 
of  the  yeoman  class,  ruined  and  exiled  by  the  concen¬ 
tration  of  great  estates  (latifundia),  or  slain  in  the 
ceaseless  battles  of  competitors  for  empire  or  of  bar¬ 
barian  invaders,  left  few  save  serfs  and  bondsmen  to 
till  the  soil,  while  the  military  habits  of  the  invading 
tribes  led  them  to  contemn  any  life  except  that  of  a 
warrior.  It  is  the  special  glory  of  Benedict  that  he 
taught  the  men  of  his  day  that  work,  sanctified  by 

{jrayer,  is  the  best  thing  which  man  can  do,  and  the 
esson  has  never  been  wholly  lost  sight  of  since. 

The  new  institute  spread  with  even  more  astonish- 
Spread  and  inS  rapidity  than  the  earlier  monachism 
influence  of  which  it  practically  supplanted  in  the 
t?nBorderi(> 'West,  and  its  history  thenceforward  is, 
me  or  er.  one  jmp0rtant  exception,  that  of 

Western  conventual  life  for  some  centuries.  More¬ 
over,  besides  marking  the  close  of  the  first  or  tenta¬ 
tive  era  of  monachism,  when  all  kinds  of  crude  essays 
and  experiments  were  being  made,  and  being  itself  the 
beginning  of  a  new  and  settled  order,  it  has  the  dis¬ 
tinction  of  giving  greater  dignity  and  weight  to  the 
female  side  of  monachism  than  had  been  the  rule  pre¬ 
viously.  Numerous  and  crowded  as  convents  for 
women  were  in  the  early  church,  there  is  little  evi¬ 
dence  of  their  exercising  any  powerful  influence  as  a 
factor  in  the  practical  religious  life  of  the  time,  and 
though  a  few  individual  women  of  eminence,  a  Eu- 
phrosyne  or  a  Macrina,  illustrate  the  annals  of  the 
common  life  in  the  East,  yet  as  a  class  the  Basilian 
nuns  do  not  play  at  all  so  important  a  part  in  ecclesi¬ 
astical  history  as  the  spiritual  descendants  of  Scholas- 
tica,  sister  of  Benedict ;  for  the  same  flexibility  and 
comparative  gentleness  of  his  rule  which  made  it 
healthier  for  men  than  its  precursors  were  still  more 
effective  when  dealing  with  the  more  sensitive  organ¬ 
ization  of  women.  Accordingly,  the  Benedictine  nuns 
offer  a  far  greater  variety  of  type  than  their  Eastern 
sisters,  and  exerted  a  much  more  visible  influence  upon 
society,  even  before  those  newer  forms  of  the  organ¬ 
ization  of  women’s  work  in  the  church  were  devised 
which  have  given  it  much  additional  importance. 
Further,  whereas  the  most  serious  and  well-founded 
objection  alleged  against  monachism  is  that  by  parting 
large  companies  oi  men  and  women  irrevocably  from 
each  other,  and  treating  this  severance  as  an  indis¬ 
pensable  condition  of  the  highest  kind  of  life,  it  has 
tended  to  throw  discredit  on  marriage  and  the  family, 
and  so  to  weaken  society,  which  is  based  on  family  life 
alone,  a  strong  counter-plea  can  be  put  in  for  the  Ben¬ 
edictines.  Not  merely  are  they  free,  as  already  re¬ 
marked,  from  the  anti-social  tendencies  of  Oriental 
monachism,  which  actually  did  disintegrate  society  in 
Egypt,  but  their  institute  was  the  one  corrective  in  the 
early  Middle  Ages  of  those  habits  and  ideas  which 
tended  to  degrade  the  position  of  women.  The  cloister 
was  not  alone  the  single  secure  shelter  for  women  who 
had  no  strong  arm  to  rely  on,  but  it  provided  the  only 
alternative  profession  to  marriage,  and  that  one  recog¬ 
nized  by  public  opinion  as  of  even  higher  distinction, 


and  opening  to  women  positions  of  substantial  rank 
and  authority,  less  precarious  than  the  possession  of 
temporal  estates,  which  might  only  serve  to  attract 
cupidity,  and  so  invite  attack.  The  abbess  of  a  great 
Benedictine  house  was  more  than  the  equal  of  the  wife 
of  any  save  a  very  great  noble  ;  and,  as  single  women 
were  thus  not  obliged  to  look  to  wedlock  as  the  only 
path  to  safety  and  consequence,  they  were  enabled  to 
mate  on  more  equal  terms,  and  were  less  likely  to  be 
viewed  as  the  mere  toys  or  servants  of  the  stronger 
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But  the  special  eminence  of  the  Benedictines,  in 
which  they  were  without  even  the  semblance  of  rivalry 
till  the  Jesuits  arose,  is  that  they  were  a  missionary, 
civilizing,  and  educational  body.  It  is  true  that  the 
first  successful  efforts  to  convert  the  barbarian  con¬ 
querors  of  the  empire  somewhat  precede  their  entrance 
on  that  field  of  labor,  and  Ulfila  amongst  the  Moeso- 
Goths,  Valentinus  in  Bavaria,  and  Severinus  in  Aus¬ 
tria  had  achieved  much  even  before  Benedict  was  bora  ; 
but  their  work  needed  to  be  taken  up  on  a  larger  scale, 
and  by  a  permanent  organization  not  liable  to  be  im¬ 
perilled  by  the  death  of  any  one  missionary  or  group 
of  missionaries.  And  the  task  of  laying  the  very  foun¬ 
dations  of  civilized  society,  apart  from  the  question  of 
religious  conversion,  was  as  yet  quite  unessayed.  It 
was  as  teachers  of  what  for  those  times  was  scientific 
agriculture,  as  drainers  of  fens  and  morasses,  as  clearers 
of  forests,  as  makers  of  roads,  as  tillers  of  the  re¬ 
claimed  soil,  as  architects  of  durable  and  even  stately 
buildings,  as  exhibiting  a  visible  type  of  orderly  gov¬ 
ernment.,  as  establishing  the  superiority  of  peace  over 
war  as  the  normal  condition  of  life,  as  students  in  the 
library  which  the  rule  set  up  in  every  monastery,  as 
the  masters  in  schools  open  not  merely  to  their  own 
postulants  but  to  the  children  of  secular  families  also, 
that  they  won  their  high  place  in  history  as  benefac¬ 
tors  of  mankind.  No  doubt  there  was  another  side  to 
this  picture,  even  before  the  order  began  to  deteriorate 
collectively ;  but  the  good  actually  effected  far  ex¬ 
ceeded  the  evils  which  may  have  accompanied  it.  The 
Benedictine  institute  was  carried  to  Sicily  by  Placidus 
in  534 ;  to  France  by  Maurus,  Simplicius,  and  their 
companions  in  543  ;  to  Spain  at  a  somewhat  later  and 
uncertain  date ;  but  did  not  touch  any  of  the  Teutonic 
countries  till  the  very  end  of  the  century.  e 
That  work  was  chiefly  accomplished  by  an-  movement! 
other  agency,  that  of  the  Celtic  _  monks, 
themselves  disciples  of  a  Christianity  presumably  car¬ 
ried  to  Ireland  from  Gaul,  and  following  a  rule  seem¬ 
ingly  adapted  from  that  of  Pachomius.  The  early  his¬ 
tory  and  constitution  of  Irish  and  Scottish  monachism 
are  too  obscure  to  be  set  down  with  any  confidence, 
but  it  is  at  least  clear  that  it  was  mainly  tribal  in  or- 

Snization,  and  even  less  subject  to  episcopal  authority 
an  the  Eastern  and  Italian  forms.  The  same  holds 
?ood  of  the  Welsh  communities  which  survived  the 
3axon  invasions  of  Britain.  Legend  is  abundant,  trust¬ 
worthy  record  is  scanty,  and  only  a  few  facts  can  be 
rescued  from  oblivion.  Amongst  them  may  be  includ¬ 
ed  the  introduction  into  Scotland  of  a  species  of  mon¬ 
achism  resembling  that  of  Augustine,  by  Ninian,  first 
missionary  of  the  southern  Piets,  who  borrowed  his 
institute  from  Martin  of  Tours,  and  set  up  a  cathedral, 
a  house  of  canons,  and  a  school  of  learning  at  Whit¬ 
horn  ( Candida  Casa)  in  Galloway  before  the  close  of 
the  4th  century,  himself  dying,  it  is  thought,  about 
432  (iElred,  Vit.  Nin.).  The  foundation  of  the  sec¬ 
ond  model  of  Welsh  monachism  (the  first  has  gone 
below  the  horizon  of  history)  is  ascribed  to  the  bishops 
Germanus  of  Auxerre  and  Lupus  of  Troyes,  who  vis¬ 
ited  Britain  in  429  to  combat  the  prevalent  Pelagian- 
ism,  itself  a  form  of  opinion  due  to  a  British  monk. 
They  are  alleged  to  have  been,  directly  or  through 
their  disciples,  founders  of  great  monasteries  and 
schools  at  Hentland  on  the  Wye,  at  Llantwit.  Llancar- 
van,  Docwinni,  Bangor,  Whitland,  etc.  ;  while  among 
the  more  famous  names  connected  with  these  and  sim- 
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ilar  houses  may  he  mentioned  Asaph,  David,  Illtut, 
Dubric,  Cadoc,  Giildas  the  Wise,  and  Kentigern,  the 
last-named  being  a  zealous  missionary.  But  Ireland 
was  the  true  stronghold  of  Celtic  monachism,  and  be¬ 
fore  the  close  of  the  5th  century  was  already  thickly 
planted  with  religious  houses.  Armagh,  Clonard, 
Aran,  Lismore,  Cluain-ednech,  Clonfert,  and,  above 
all,  Benchor  or  Bangor,  the  famous  abbey  of  Comgall, 
on  the  coast  of  Down,  near  the  entrance  of  Belfast 
Lough,  are  some  of  the  more  conspicuous  foundations  ; 
and  there  are  numberless  stories  recorded  of  the  learn¬ 
ing,  the  austerities,  and  the  miracles  of  their  inmates. 
The  chief  interest  they  have  for  the  student  of  ecclesi¬ 
astical  history  lies  rather,  however,  in  the  colonies  they 
sent  forth  than  in  their  home  operations,  and  it  is  to 
the  great  foundation  of  Columba  (521-597)  at  Iona, 
the  hive  of  missions  and  home  of  Western  learning, 
more  than  to  any  Irish  monastery,  except  Bangor,  that 
the  Celtic  raid  on  heathenism  is  mainly  due.  The  rule 
of  Columba 1  resembles  the  Benedictine  in  prescribing 
three  kinds  of  employment — prayer,  work,  and  read¬ 
ing  ;  while  under  the  last-named  head  not  only  Scrip¬ 
ture  but  all  attainable  secular  learning  was  included, 
and  it  is  also  certain  that  the  work  of  copying  MSS. 
in  a  careful  and  beautiful  fashion,  which  became  so 
important  a  part  of  monastic  occupation,  reached 
maturity  first  at  Iona.  It  remains  only  to  say  in 
this  connection  that  the  discipline  of  Iona,  apparently 
borrowed  from  Irish  use,  made  the  abbot  supreme,  not 
merely  over  his  monks,  as  in  other  rules,  but  over  bish¬ 
ops  also,  whose  office  was  simply  that  of  ordaining 
such  as  were  to  be  promoted  to  holy  orders  ;2  they 
had  no  territorial  jurisdiction  as  rulers,  because  the 
monastery,  not  the  diocese,  was  the  primary  local 
unit  in  Celtic  Christianity,  and  thus  a  great  foun¬ 
der  or  abbot  was  of  more  account  and  power  than  a 
bishop.  Another  famous  pupil  of  Irish  monachism, 
Columbanus,  trained  at  Benchor  along  with  his  com¬ 
panion  Gallus,  exercised  a  powerful  influence  on  the 
religious  life  of  his  time  (543-615),  not  only  as  the 
founder  of  important  monasteries  at  Luxeuil,  Fonte- 
nay,  aud  Bobbio,  and  as  scholar  and  missionary,  but 
also  as  the  author  of  a  rule,  more  severe  both  in  its 
provisions  and  in  its  penalties  than  the  Benedictine, 
with  which  it  disputed  for  a  considerable  time  the 
first  place,  and  which  it  might  very  probably  have 
displaced,  had  not  the  Benedictine  institute,  as  of 
Italian  origin,  found  that  favor  at  Rome  which  a 
Celtic  code,  bearing  more  than  one  trace  of  divergence 
from  Latin  usages,  could  scarcely  expect.  With  the 
mention  of  another  prominent  name  in  the  list  of  dis- 
tinguished  Celtic  reformers  and  missionaries,  that  of 
Fursey,  abbot  of  Lagny  near  Paris  (c.  650),  we  close 
this  sketch  of  the  Celtic  movement  in  the  6th  and  7th 
centuries,  merely  adding  that  its  extent  and  influence 
may  be  partly  estimated  from  the  number  of  mon¬ 
asteries  founded  in  England  and  various  parts  of  the 
Continent  by  Irish  monks,  and  the  list  of  Celtic  saints 
recoverable  from  the  different  martyrologiesand  similar 
records.  The  former  amount  to  more  than  one  hun¬ 
dred  ;  the  latter  to  nearly  three  hundred. 

Returning  to  the  Benedictines,  the  most  important 
event  in  their  history  after  the  consolidation  of  their 
institute  was  the  favor  they  received  from  Gregory  the 
Great,  himself  once  a  monk,  who  set  himself  to  reform 
monastic  discipline,  then  at  a  very  low  ebb  save  where 
the  new  foundation  was  at  work.  He  enacted  several 
regulations  for  the  better  government  of  monasteries, 
such  as  prohibiting  the  admission  of  any  persons 
under  eighteen,  exacting  two  years’  novitiate,  enforc- 

i  Published  by  Dean  Reeves  in  Colton’s  Vmiaiion  of  Derry,  p. 
109,  and  in  another  form  by  Haddan  and  Stubbs,  Councils,  etc.,  n. 

v'%  so  Bede  tells  us:  “  Habere  autem  solet  ipsa  insula  rectorem 


exemolumforimi'  doctoris  illius,  qui  non  episcopus  sed  presbyter 
extitit  et  monachus”  {Hist.  Eccl.,  iii.  4);  though,  after  all,  the 
principle  ^precisely  that  of  the  Benedictine  rule  as  applied  to 
priests. 


ing  inclosure,  visiting  relinquishment  of  monachism 
with  imprisonment  for  life,  and  finally,  in  the  Lateran 
synod  of  601,  exempting  monasteries  in  all  cases  from 
the  jurisdiction  of  bishops  (a  measure  due,  it  appears, 
to  episcopal  misconduct  and  oppression  rather  than  to 
monastic  ambition),  thereby  abolishing  the  measure 
of  control  which  the  eighth  canon  of  Chalcedon  and 
the  legislation  of  Justinian  I.  in  535  had  left  in  the 
hands  of  the  diocesan,  and  leaving  onty  the  still  sur¬ 
viving  check,  that  the  bishop’s  consent  was  required 
for  the  erection  of  any  new  monastery.  The  mission 
of  the  monk  Augustine  to  England  in  596  was,  how¬ 
ever,  destined  to  produce  more  immediate  and  fortu¬ 
nate  results  than  this  piece  of  legislation.  It  brought 
Latin  monachism  into  a  part  of  Britain  whence  Welsh 
monachism  had  been  long  extirpated,  and  though 
little  success  attended  the  original  foundation  at  Can¬ 
terbury,  yet  two  other  houses  were  destined  to  be  the 
cradles  of  great  things.  Jarrow-on-Tvne,  founded  by 
Benedict  Biscop,  trained  the  illustrious  Bede,  to 
whom  is  due  the  monastic  school  of  York,  which  in 
its  turn  sent  out  Alcuin  to  reconstitute  European 
learning  under  the  fostering  hand  of  Charlemagne; 
Nutcell  in  Hampshire  reared  Boniface  to  be  the 
apostle  of  Germany,  and  founder  of  one  of  the  most 
celebrated  and  powerful  monasteries  of  the  Middle 
Ages,  that  of  Fulda.  Nevertheless,  decline  set  in 
very  soon,  and  the  8th  century  was  a  time  of  deteri¬ 
oration  amongst  both  the  seculars  and  the  Monastic 
regulars.  To  amend  the  former,  Chrode-  reformers, 
gang,  bishop  of  Metz,  instituted  in  760  an  8th  century, 
order  of  Canons  Regular,  living  by  a  rule  carefully 
based  on  and  adapted  from  the  Benedictine,  with  the 
bishop  as  abbot,  the  archdeacon  as  prior,  and  with  a 
general  likeness  in  all  the  details  ot  community  life, 
except  that  there  was  no  obligation  to  poverty,  and 
the  canons  were  allowed  to  enjoy  any  private  property 
and  such  fees  as  they  might  receive  for  the  perform¬ 
ance  of  religious  rites.  This  rule  became  extremely 
popular,  was  sanctioned  by  the  council  of  Aix-la- 
Chapelle  in  816,  and  was  adopted  in  most  cathedrals 
of  France,  Germany,  and  Italy  within  fifty  years 
after,  besides  making  some  way  in  England  also.  It 
prevailed  till  the  institute  of  the  Austin  Canons  was 
substituted  for  it.  And,  as  regards  the  laxity  amongst 
regulars  at  this  time,  there  is  extant  a  very  interest¬ 
ing  letter  from  Bede  addressed  to  Ecgberht,  arch¬ 
bishop  of  York,  calling  his  attention  to  the  excessive 
number  of  monasteries  in  Northern  England  which 
were  conducted  without  a  rule,  and  were  often  merely 
fictitious  institutions,  founded  by  laymen  with  the 
object  of  obtaining  charters  of  privilege  which  would 
exempt  them  from  civil  and  military  burdens,— such 
laymen  then  assuming,  without  warrant,  the  title  and 
powers  of  abbots,  and  filling  their  houses  either  with 
monks  expelled  from  their  own  societies,  or  with  lay 
retainers  induced  to  receive  the  tonsure  and  promise 
obedience.  Bede  calls  on  the  archbishop  to  convene  a 
synod  and  institute  a  visitation  for  the  correction  of 
these  abuses.  The  cause  of  the  decline  of  the  monas¬ 
teries  is  to  be  sought  in  their  popularity,  which 
brought  them  great  estates  and  other  kinds  of  wealth, 
leading  to  the  relaxation  of  the  vow  of  poverty, 
which  was  interpreted  as  merely  forbidding  individual 
property ;  in  the  growth  of  pluralities ;  and  in  yet 
another  cause  which  at  first  does  not  seem  to 
lead  in  the  same  direction— the  growing  custom 
of  ordaining  monks,  hitherto  laymen,  to  fit  them 
better  for  missionary  work.  But  this  led,  not  only  to 
much  more  intercourse  with  the  society  of  a  lax  and 
turbulent  age  than  suited  with  claustral  rules,  but  to 
ambition,  as  it  became  customary  to  fill  several  sees 
with  monks  from  certain  abbeys.  The  declension,  no¬ 
tably  in  the  habits  of  the  superiors  of  wealthy  houses, 
had  beeome  very  marked,  when  a  reformer  arose  in 
the  person  of  a  second  Benedict,  of  Aniane  in  the 
modern  department  of  the  Herault  (750-821),  who  in 
gratitude  for  an  escape  from  drowning  in  the  Ticino  in 
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774,  adopted  the  monastic  life,  and  changed  his  name 
Witiza  to  that  of  the  great  Nursian  monk.  But  he 
accounted  the  Benedictine  rule  too  easy,  and  adopted 
instead  the  severest  practices  of  Eastern  monachism. 
He  quitted  the  house  of  Seine,  where  he  had  been 
professed,  and  betook  himself  with  a  couple  of  com¬ 
panions  to  Aniane,  where  by  782  he  had  built  a  mon¬ 
astery  for  a  thousand  monks,  with  dependent  cells, 
and  collected  a  considerable  library,  paying  special 
attention  to  the  acquisition  of  the  rules  of  the  differ¬ 
ent  monastic  bodies  both  of  East  and  West.  He  was 
transferred  by  his  warm  patron,  the  emperor  Louis 
the  Pious,  to  an  abbey  built  for  him  near  Aix-la-Cha- 
pelle,  whence  he  acted  as  in  some  sense  a  superior- 
general  and  inspector  of  all  the  Benedictine  houses, 
and  drew  up  a  harmony  of  all  the  rules  he  had  col¬ 
lected  to  aid  him  in  the  task  of  reform.  What  he  ac¬ 
tually  effected  was  the  practical  abolition  of  most  of 
the  competing  codes,  so  as  to  leave  the  Benedictine  in 
nearly  sole  possession,  and  to  procure  the  enactment 
of  a  large  oody  of  canons  in  the  council  of  Aix-la- 
Chapelle  before  mentioned,  which  laid  down  detailed 
provisions  for  the  government  of  monasteries,  whose 
very  minuteness  made  them  vexatious  and  ultimately 
intolerable,  so  that  the  reform  lasted  scarcely  two 
generations  from  its  inception.  Parallel  with  the  time 
of  declension  and  partial  reform  just  described  was  the 
rise  and  decay  of  the  noble  and  far-sighted  school- 
system  projected  by  Charlemagne,  and  intrusted  to  the 
superintendence  of  Alcuin.  Its  relation  to  monachism 
as  distinguished  from  the  history  of  education,  is  that 
one  of  its  main  features  was  the  capitulary  of  789, 
which  directed  that,  besides  the  primary  school  at¬ 
tached  to  each  monastery,  all  the  more  important 
houses  were  to  found  ana  open  secondary  ones  also, 
with  a  higher  range  of  subjects,  even  if  such  schools 
were  interior  jor  claustral,  and  only  for  the  junior 
monks  and  novices,  not  exterior  and  free  to  the  gen¬ 
eral  public.  Several  of  these  schools  rose  to  consider¬ 
able  efficiency  and  repute,  notably  those  of  Fulda,  St. 
Gall,  Tours,  and  Rheims,  discharging  to  some  extent 
the  functions  of  universities.  But  the  weakness  of 
the  later  Carolings  involved  this  plan  in  the  troubles 
which  ended  in  the  break-up  of  the  empire  of  the 
Franks,  and  the  10th  century  saw  the  ena  of  it.  In 
England  monachism  shared  the  common  destiny  of 
decay.  It  had  been  marked  during  the  period  known 
as  the  Heptarchy  by  a  degree  of  royal  favor  unparal¬ 
leled  elsewhere;  for  it  may  almost  be  said  that  the 
number  of  kings,  queens,  and  persons  of  royal 
race  who  here  betook  themselves  voluntarily  to  the 
cloister — and  not  under  political  compulsion,  as  often 
in  contemporary  France — exceeds  the  aggregate  of 
those  in  all  other  countries.  Yet  it  is  likely  that  the 
fashion  set  in  this  wise  helped  to  hasten  decay,  by  in¬ 
ducing  many  persons  to  adopt  the  monastic  life  with 
little  taste  for  its  restrictions  ;  and  it  is  certain  that 
secularly  (chiefly  manifesting  itself  in  costly  dress), 
riotousness,  and  drinking  had  become  frequent  amongst 
the  English  monks  of  the  8th  and  the  early  part  of 
the  9th  century.  The  decay  was  further  precipitated 
by  the  spread  of  the  institute  of  Chrodegang,  which 
thinned  the  supply  of  recruits  to  monachism  proper,  as 
the  easier  life  of  canons  regular  was  preferred.  The 
same  cause  affected  the  convents  of  nuns,  for  an  order 
of  canonesses  was  established  about  this  time  on  simi¬ 
lar  lines.  The  one  bright  spot  in  the  history  of  9th 
century  monachism  is  the  conversion  of  Sweden  by 
Anskar,  a  monk  trained  in  the  famous  house  of  Old 
Corbie  in  Picardy,  which,  albeit  Benedictine,  had  been 
mainly  planted  by  a  colony  from  the  stricter  Colum- 
banian  house  of  Luxeuil,  and  had  thus  kept  the  tradi¬ 
tions  of  a  purer  time  almost  unimpaired. 

The  10th  century — emphatically  the  “Dark  Age” 
or  “Age  of  Lead” — was  the  time  when  monachism, 
both  in  East  and  West,  touched  its  lowest  point. 
Three  causes  contributed  to  this  in  the  West:  first 
be  placed  the  raids  of  the  Northmen  ;  next,  the 


growth  of  the  feudal  system,  converting  abbots  into 
secular  lords  in  virtue  of  the  lands  held  by  their 
monasteries  being  chargeable  with  feudal  obliga¬ 
tions  ;  and  lastly,  the  seizure  and  impropriation  of 
monastic  revenues  by  kings,  princes,  and  bishops. 
The  last  of  these  causes  was  at  work  in  the  East  also, 
further  complicated,  as  we  learn  from  the  decrees  of  a 
council  held  at  Constantinople  in  861,  by  the  founda¬ 
tion  of  monasteries  intended  from  the  first  merely  as 
sources  of  pecuniary  advantage  to  the  founders; 
although  the  success  of  Greek  monks  in  the  conver¬ 
sion  of  Bulgaria,  Moravia,  and,  somewhat  later,  South¬ 
ern  Russia,  showed  that  the  cloister  had  not  become 
quite  effete  even  Tinder  the  conditions  of  the  Byzantine 
empire  in  that  era. 

What  the  state  of  things  was  in  the  West,  even  at 
the  outset  of  the  10th  century,  may  be  learned  from 
the  language  of  the  council  of  Trosley,  near  Soissons, 
in  909.  It  speaks  of  the  ruin  of  many  abbeys  by  the 
heathen,  and  of  the  disorderly  condition  of  many 
which  survived.  Monks  abandon  their  profession  ; 
married  lay  abbots,  with  guards  and  hunting  retinue, 
occupy  the  cloisters  of  monks,  canons,  and  nuns ;  and 
the  rules  are  universally  disregarded.  But,  as  con¬ 
stantly  before,  so  then,  reformers  were  at  hand.  Berno 
first  abbot  of  Cluny  in  France,  Dunstan  in  England, 
and,  somewhat  later,  Anno  archbishop  of  Cologne  in 
Germany,  undertook,  and  to  a  considerable  extent 
effected,  the  work  of  reform.  Only  the  fiist  of  these, 
however,  calls  for  special  notice  here ;  and  it  will  suf¬ 
fice  to  say  that  Bemo,  after  having  been  abbot  of 
Beaume,  was  set  by  William  the  Pious,  duke  of  Aqui¬ 
taine,  over  his  new  foundation  of  Cluny  in  910,  where 
he  speedily  initiated  a  reform  of  the  Benedictine  rule, 
whose  very  name,  and  even  the  memory  of  the  reforms 
of  Benedict  of  Aniane,  had  been  forgotten  in  nearly  all 
the  so-called  religious  houses  of  the  time.  This  new 
rule  is  the  first  example  of  the  establishment  of  an 
order  within  an  already  existing  order,  of  which  it 
still  formed  part,  many  subsequent  instances  of  which 
occur  later.  It  was  stricter  than  the  original  code  in 
several  particulars,  notably  as  regards  fasting  and 
silence  ;  and  it  laid  especial  stress  on  liturgical  splen¬ 
dor.  Cluny  became  the  head  of  a  large  number  of  de¬ 
pendent  houses,  and,  under  the  government  of  Berno’s 
successors,  Odo,  Aymard,  Majolus  (who  refused  the 
papacy),  Odilo,  and  Hugh  I.,  rose  to  great  eminence, 
but  was  nearly  brought  to  ruin  by  Pontius,  abbot  in 
1109,  who  was  soon  deposed,  and  succeeded  by  Hugh 
II.,  and  then  by  Peter  the  Venerable,  who  completed 
the  work  of  drafting  the  statutes  of  the  new  order, 
begun  long  before,  but  not  finished,  by  his  predeces¬ 
sors.  In  his  time  (1093-1156)  the  Cluniacs  spread 
over  not  only  the  whole  of  France,  but  had  houses  in 
Italy,  Spain,  England,  Palestine,  and  in  Constantino- 

Ele  itself,  and  the  “Arch- Abbot,”  as  he  was  called, 
ad  more  than  300  churches,  colleges,  and  monaste¬ 
ries  under  his  authority.  It  is  enough  to  say,  with 
regard  to  Dunstan’s  reforms  in  England,  that  they 
were  directed  to  two  objects:  the  substitution  of 
monks  for  secular  canons,  and  the  introduction  of  the 
Benedictine  rule,  till  then  practically  unknown  in 
England,  into  the  monasteries, — for  the  monachism 
introduced  by  Augustine  belonged  to  an  earlier  type. 

The  11th  century  is  noticeable  for  several  events 
in  the  history  of  monachism  ;  first  of  which  Ncw 

stands  the  foundation  of  the  Order  of  Cam-  orders, 
aldoli  by  Romuald,  early  in  the  11th  cen-  nth  cen¬ 
tury,  a  strict  community  of  hermits,  living  uiy‘ 

by  the  system  of  an  Eastern  laura  of  detached  cells ; 
but  this  society  has  never  been  of  much  importance. 
The  Order  of  Vallombrosa,  founded  by  John  Gualbert 
in  1039,  is  more  remarkable,  as  being  the  first  to  in¬ 
troduce  the  grade  of  “  lay-brothers,  which  plays  so 
large  a  part  in  later  monastic  annals, — the  object  be¬ 
ing  at  once  to  open  the  cloister  to  a  class  previously 
barred  by  the  obligation  to  recite  the  office  in  choir, 
which  necessitated  a  certain  degree  of  education,  ana 
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to  lighten  the  strain  on  the  choir -brethren  by  relegat¬ 
ing  the  rough  work  of  the  monastery  to  an  inferior 
grade  of  inmates,  thus  securing  more  time  for  reading 
and  meditation  for  the  cultured  monks.  A  series  of 
struggles  between  bishops  and  abbots  in  this  cen¬ 
tury  in  respect  of  monastic  jurisdiction — the  practice 
having  constantly  vacillated  in  despite  of  Gregory 
the  Great’s  decision  400  years  earlier — issued  mainly, 
though  not  wholly,  in  favor  of  exemption,  and  the  re¬ 
forms  pushed  everywhere  rehabilitated  monachism  in 
popularity.  .  The  great  stimulus  given  to  the  spirit 
of  ecclesiastical  discipline  and  energy  by  the  Hildebran- 
dine  movement  continued  not  only  during  the  reign  of 
Gregory  VII. ,  but  for  a  considerable  time  after ; 
amongst  its  results  were  the  Order  of  Grammont, 
founded  in  1074,  but  not  transferred  to  the  place 
whence  it  is  named  till  1124 ;  the  far  more  celebrated 
and  influential  Carthusians,  a  peculiarly  ascetic 
community,  established  by  Bruno  at  the  Chartreuse, 
near  Grenoble,  in  1084,  which  still  boasts  that  it  is  the 
only  order  which  has  never  been  reformed  on  the 
ground  of  deviation  from  its  original  institute;  and 
the  Order  of  Fontevraud,  founded  for  both  monks  and 
nuns  (more  strictly,  canons  and  canonesses)  by  Robert 
of  Arbrissel  in  1100.  Regarding  the  last  named  two 
remarkable  facts  may  be  cited :  that  the  founder  in 
1115  intrusted  the  superior-generalship  of  the  whole 
institute  to  the  abbess  of  the  nuns  ;  and  that  he  pro¬ 
vided  that  new  abbesses  should  always  be  elected  from 
secular  women,  as  having  more  practical  knowledge  of 
affairs  and  capacity  for  administration  than  women 
trained  in  a  cloister.  There  is  yet  one  order  more  be¬ 
longing  to  this  period  of  new  foundations,  of  higher 
note  than  most — that  of  the  Cistercians,  founded  by 
Robert  of  Molesme  in  1098  at  Citeaux,  near  Dijon. 
This  society,  chiefly  famous  as  that  to  which  Bernard 
of  Clairvaux  belonged,  carried  its  asceticism  into  a  re¬ 
gion  whence  the  other  monastic  bodies  had  banished 
it,  that  of  Divine  service.  The  barest  simplicity  in 
buildings,  church  furniture,  and  worship  was  enjoined 
by  the  rule  :  plain  linen  or  fustian  vestments,  iron 
chandeliers,  brass  or  iron  censers,  no  plate  save  a 
chalice  and  a  tube  (and  those  of  silver  rather  than  of 
gold),  no  pictures,  stained  glass,  or  images,  and  only  a 
few  crosses  of  painted  wood,  and  the  most  rigid  sim¬ 
plicity  in  chanting, — such  was  the  ceremonial  code  with 
which  they  challenged  the  costly  ritual  of  Cluny.  A 
more  durable  innovation  was  the  institution  of  ‘  ‘  Gen¬ 
eral  Chapters,  ’  ’  to  which  every  abbot  of  a  Cistercian 
house  had  a  right  to  be  summoned  to  share  in  the 
deliberations  held  at  the  chief  establishment,  and 
which  he  was  even  bound  to  attend,  that,  while,  each 
dependent  house  thus  obtained  a  representation  in  the 
parliament  of  the  order,  it  could  be  called  on  to  render 
to  the  central  authority  an  account  of  its  own  doings. 
The  Austin  Canons,  already  mentioned,  were  probably 
founded  at  Avignon  about  1061,  and  the  Order  of 
Premontre  by  Norbert  in  1120.  This  society  was 
simply  a  stricter  body  of  Austin  Canons,  standing  to¬ 
wards  them  much  as  Cluny  did  to  the  Benedictines. 
But  there  are  yet  two  other  institutes  of  this  active 
period  which  differ  from  all  previous  foundations.  So 
far,  the  new  orders  are  merely  modifications,  more  or 
less  sweeping,  of  the  original  Egyptian  system,  but  the 
crusades  gave  birth  to  two  entirely  unprecedented 
forms  of  monachism  :  the  Military  Orders,  of  which 
the  most  celebrated  are  the  Templars,  the  Hospital¬ 
lers,  and  the  Teutonic  Knights;  and  convents  of 
women,  affiliated  to  these  orders,  who  were  appointed 
to  serve  in  the  lazar-houses,  hospitals,  and  similar  in¬ 
stitutions  attached  to  them,  and  whose  rule,  for 
the  first  time  in  monastic  history,  was  drawn  up  on  a 
distinctly  active  and  not  a  contemplative  basis.  W  ork  ot 
the  sort  had  been  done  long  before,  but  only  as  a  casual 
accident,  not  as  the  primary  object  of  a  community. 

The  military  orders  arose  in  a  more  accidental 
Military  fashion  than  any  other  variety  of  mona- 
orders.  chism,  being  due  to  the  desire  felt  to  lessen 


the  perils  which  attended  pilgrimage  to  Jerusalem, 
then  almost  as  much  part  of  the  religious  craving  of 
Christendom  as  the  hajj  to  Mecca  is  with  devout 
Moslems.  The  Templars  were  at  first  designed  only 
as  an  armed  escort  to  protect  the  visitors  from  at¬ 
tack,  and  the  idea  of  permanent  guardianship  of  the 
Holy  .Places  did  not  shape  itself  till  later ;  while  the 
Hospitallers  (afterwards  famous  as  Knights  of  Rhodes 
and  of  Malta,  as  the  main  bulwark  of  Christendom 
against  the  Turks,  and  as  maintaining  the  police  of  the 
Mediterranean  against  all  pirates  and  rovers)  borrowed 
the  first  idea  of  their  institute  from  the  knightly  order 
of  St.  Anthony  of  Vienne,  founded  in  Daupnine  about 
1095,  and  devoted  themselves  originally  to  tending  sick 
pilgrims  at  Jerusalem.  The  Teutonic  Knights  date 
from  the  third  crusade,  and  owe  their  foundation  to 
the  sufferings  of  the  duke  of  Swabia’s  army  at  the 
siege  of  Acre,  as  it  would  seem  that  the  Hospitallers 
were  either  unable  or  unwilling  to  supply  the  needed 
assistance.  These  knights,  when  at  last  the  Eastern 
crusades  were  abandoned,  turned  their  arms  against 
the  heathen  of  Prussia,  which  they  conquered,  as  also 
Livonia,  Courland,  and  Pomerania,  besides  keeping 
the  Slavonic  enemies  of  Germany  in  check  by  frequent 
raids  into  Lithuania  and  Poland,  holding  their  ground 
as  a  sovereign  order  for  three  centuries,  till  the  Refor¬ 
mation  brought  about  their  fall.  The  common  char¬ 
acteristic  of  all  these  orders  was  the  union  of  the 
seemingly  incompatible  qualities  of  the  monk  and  the 
soldier  in  the  same  persons,  of  the  convent  and  the 
barrack  in  the  same  house.  But  the  contrast  was  not 
so  sharp  to  mediaeval  eyes  as  it  would  be  to  modern 
ones  ;  for  while  knighthood  was  surrounded  with  reli¬ 
gious  ceremonies  and  sanctions  on  the  one  hand,  and 
on  the  other  the  feudal  rank  of  bishops  and  abbots 
made  them  in  some  sense  military  chiefs,  occasionally 
even  taking  the  field  in  person,  there  was  no  great 
difficulty  in  accepting  the  permanent  combination  of 
what  was  often  found  casually  united.  The  military 
orders  passed  away  when  their  work  was  ended :  the 
Templars,  as  the  victims  of  a  great  crime,  closed  by  a 
ghastly  tragedy  ;  the  Hospitallers,  and  those  Spanish 
and  Portuguese  orders  which  were  enrolled  as  regi¬ 
ments  against  the  Arab  invaders  of  the  Peninsula, 
though  titularly  still  existing,  yet  really  ceased  to  be 
more  than  a  name  when  the  Moslem  power  in  Europe 
was  finally  broken.  But  the  active  organization  of 
women  was  a  more  fruitful  germ,  and  has  never  since 
ceased  to  put  forth  new  developments,  varying  with 
the  noticed  wants  of  each  period.  To  this  epoch  be¬ 
longs  also  the  beginning  of  that  policy  of  the  Roman 
see  of  utilizing  the  monastic  orders,  won  over  by  special 
privileges  and  exemptions,  as  a  body  of  supporters — 
almost  a  militia— more  to  be  relied  on  than  the  secular 
clergy,  and  thereby  the  seed  of  conflict  between  secu¬ 
lars  and  regulars,  destined  to  work  much  evil  later  was 
sown,  and  also  the  beginning  made  of  that  denationali¬ 
zation  of  monachism  which  tended  from  the  first  to  its 
unpopularity  and  decay. 

It  was  found  that  a  new  order  was  the  best  safety- 
valve  for  enthusiasm  which  might  become  dangerous 
if  discouraged,  but  which  could  be  made  a  valuable 
ally  if  allowed  to  take  shape  in  a  fresh  society,  hoping 
to  surpass  all  its  precursors  ;  and  it  is  worth  remarking 
that  the  one  occasion  when  this  wise  policy  was  de¬ 
parted  from,  when  Peter  Waldo  vainly  sought  in  1179 
recognition  and  sanction  from  Pope  Alexander  III.  for 
his  proposed  institute  of  mission  preachers,  gave  rise 
to  a  sect  (the  Waldenses)  which  is  still  existing,  and 
which  has  given  trouble  to  the  Roman  Church  quite 
disproportionate  to  its  numbers  and  influence.  The 
Carmelites,  founded  by  Berthold  of  Calabria  on  Mount 
Carmel  about  1180,  and  incorporated  under  rule  by 
Albert,  Latin  patriarch  of  Jerusalem  in  1209,  were  the 
last  order  of  importance  which  sprang  up  at  this  time; 
for  the  Gilbertines,  an  English  order  founded  at 
Sempringham  in  Lincolnshire  in  1148,  curious  chiefly 
for  their  double  monasteries  for  men  and  women ;  the 
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Beguines,  c.  1170  (who  are,  however,  notable  for  their 
serai-secular  and  parochial  organization,  whence  many 
later  active  bodies  have  borrowed  hints) ;  the  Humi- 
liati,  c.  1196 ;  and  the  Trinitarians,  for  the  ransom  of 
captives  amongst  the  Moors  and  Saracens,  founded  by 
Jonn  de  Matha  and  Felix  de  Valois  in  1197,  never  rose 
to  great  influence  or  popularity,  though  the  Servites, 
an  order  of  the  year  1223,  became  powerful  in  Italy. 
This  period  of  rapid  multiplication  was  quickly  fol¬ 
lowed  by  one  of  equally  rapid  decay,  the  first  to  show 
clear  tokens  of  degeneracy  being  the  once  rigid  Cister¬ 
cians,  who  never  recovered  their  old  moral  footing,  and 
who,  it  may  be  mentioned,  were  accountable  for  much 
of  that  hatred  of  the  Church  of  the  Pale  in  Ireland 
by  the  natives,  which,  given  fresh  fuel  by  the  Refor¬ 
mation,  has  lasted  to  the  present  day.1 

Yet  another  fresh  departure  in  the  history  of  mona- 
chism,  in  some  respects  the  most  momentous  of  all, 
was  taken  in  the  13th  century  by  the  insti- 
Mendicant  tution  of  the  Mendicant  Orders,  or  Friars. 
Frifws!’  °r  Pope  Innocent  III.,  in  the  13th  of  the  70 
constitutions  or  canons  he  promulgated  at 
the  Lateran  council  in  1215,  had  expressly  forbidden 
the  foundation  of  any  new  orders,  bidding  all  who  de¬ 
sired  to  embrace  the  monastic  life  join  some  approved 
community,  and  similarly  directing  that  such  as  desired 
to  found  new  houses  should  take  their  rule  and  consti¬ 
tution  from  one  of  the  recognized  societies.  But 
circumstances  were  too  strong  for  him,  and  this  very 
pope  was  destined  himself  to  sanction  two  of  the  most 
remarkable  societies  which  the  Latin  Church  has  ever 
produced.  The  time  was  an  anxious  one.  The  specu¬ 
lative  activity  of  the  age,  coupled  with  the  abuses  in 
the  church,  was  multiplying  sects,  formidable  in  num¬ 
bers,  and  still  more  from  the  contrast  their  austere 
mode  of  life  presented,  not  only  to  that  of  the  secular 
society  of  the  day,  but  to  that  of  the  ecclesiastics, 
notably  those  of  rank,  whose  pomp  and  luxury  gave 
rise  to  the  first  faint  stirrings  of  a  revolutionary  spirit 
amongst  the  commons,  which  the  great  pope,  who  was 
then  the  most  conspicuous  figure  in  Europe,  did  not 
fail  to  observe.  No  effectual  weapon  of  resistance 
seemed  at  hand  ;  the  parochial  clergy,  yielding  to  the 
difficulties  which  an  isolated  rural  life  throws  in  the 
way  of  intellectual  effort  (far  graver  then  than  even 
now),  had  almost  everywhere  sunk  into  sloth  and  in¬ 
capacity  ;  the  monastic  orders  were  content,  _  in  the 
better  instances,  with  maintaining  their  own  internal 
discipline,  and  had  no  surplus  energy  for  external 
work,  while  in  the  worse  examples  (as  in  that  of  the 
Cistercians,  just  referred  to)  they  served  rather  as  bea¬ 
cons  of  warning  than  as  patterns  for  imitation  ;  and, 
in  short,  there  was  an  ever-increasing  mass  of  home 
mission  work  to  be  done,  and  no  one  to  do  it. 

But  the  two  men  who  were  to  do  it  were  already  at 
hand  in  the  persons  of  Francis  Bernardone  of  Assisi 
and  Dominic  Guzman  of  Osma.  The  ruling  idea  in 
the  mind  of  the  former  was  the  elevation  of  poverty 
to  the  first  place  amongst  Christian  graces,  as  the  most 
obvious  way  of  conforming  the  life  of  a  Christian  to 

'  There  is  a  very  curious  letter  from  Arnulf,  bishop  of  Lisieux, 
to  Pope  Alexander  III.  (1159-1181),  asking  him  to  dissolve  the 
Benedictine  abbey  of  Grestain  in  that  diocese,  and  to  draft  its 
inmates  into  other  houses,  which  illustrates  both  the  kind  of 
abuses  which  were  sometimes  found  and  the  desire  of  the  author¬ 
ities  to  suppress  them.  He  charges  the  monks  with  lack  of  char¬ 
ity  and  hospitality,  in  that  they  reserved  even  the  broken  scraps 
from  the  common  table  as  perquisites  for  their  private  friends ; 
that  they  habitually  quarrelled,  and  wounded  one  another  with 
their  knives,  being  prevented  from  homicide  only  by  the  knife- 
blades  having  no  point ;  that  one  monk  had  actually  murdered 
the  cook,  who  had  complained  of  his  visits  to  the  cook’s  wife ; 
that  the  abbot  did  not  provide  for  the  daily  wants  of  the  com¬ 
munity,  but  allowed  the  monks  to  roam  abroad,  picking  up  food 
for  themselves  as  best  they  might ;  that  some  of  them  had  caused 
the  death  of  a  sick  woman  by  plunging  her  into  ice-cold  water 
under  pretext  of  working  a  miraculous  cure ;  that  the  abbot  was 
frequently  absent  on  pretence  of  business,  but  really  living  a 
loose  life ;  that  he  had  been  thus  two  years  in  England,  till  re¬ 
called  by  the  bishop,  who  was  forced  to  send  him  away  again, 
after  appointing  a  deputy ;  that  this  deputy,  when  drunk,  had 
wounded  two  of  the  monks,  who  thereupon  murdered  him  ;  so 
that  the  house  was  practically  past  reformation,  and  ought  to  be 
dissolved. 


that  of  the  founder  of  his  faith ;  the  more  intellectual 
Spaniard  dreamed  of  an  aggressive  body  of  skilfully- 
trained  preachers,  able  at  once  to  grapple  with  the 
subtle  dialectic  of  the  enemies  of  the  established 
creed,  and  to  appeal  in  clear  and  homely  language  to 
the  uneducated,  amongst  whom  the  Albigenses  and 
other  sectaries  were  making  considerable  conquests. 
Francis,  the  poet  and  devotee,  in  renouncing  even  the 
scantiest  provision  which  the  strictest  orders  of  his 
time  secured  for  their  members,  and  bidding  his  fol¬ 
lowers  to  live  on  alms  daily  begged,  taking,  in  the  most 
literal  sense,  no  thought  for  the  morrow,  appealed  to 
the  popular  imagination,  always  ready  to  kindle  at  the 
sight  of  genuine  self-sacrifice ;  Dominic,  with  not  less 
insight  as  a  thinker  whose  first  care  was  for  doctrinal 
orthodoxy,  as  that  of  Francis  was  for  personal  piety, 
saw  that  there  was  a  demand  ready  to  spring  up  for 
more  exact  and  intelligent  religious  teaching  than  could 
then  be  had,  save  in  a  few  great  cities.  The  occasion 
which  urged  him  to  the  task  he  undertook  is  note¬ 
worthy.  He  had  long  been  a  canon  of  Osma,  the 
strictest  and  sternest  member  of  an  ascetic  community, 
when  in  1203  he  had  to  go  on  a  journey  with  his  bishop, 
which  brought  them  into  the  very  midst  of  the  Albi¬ 
genses  in  the  county  of  Toulouse,  where  they  saw  how 
powerless  the  clergy  were  to  contend  against  their 
rivals.  On  their  road  home  the  bishop  and  Dominic 
met  the  three  papal  legates  returning  discomfited  from 
Languedoc,  but  attended  with  as  much  pomp  as  a 
triumphal  progress  would  have  justified.  Dominic  re¬ 
buked  them  sternly,  telling  them  that  it  was  not  hy 
splendid  retinues  and  costly  garb  that  the  heretics  won 
their  converts,  but  by  zealous  preaching,  by  humility, 
by  austerity,  and  by  at  least  seeming  holiness.  Both 
the  new  founders  sought  and  obtained  at  Rome,  after 
some  difficulty,  the  approval  of  their  new  institutes, 
and  that  in  the  very  year  1215  which  had  seen  the 
formal  prohibition  of  all  fresh  orders.  Francis  speedily 
returned  to  his  home,  but  Dominic,  whose  idea  Bad  by 
this  time  expanded  from  that  of  converting  merely  the 
Albigenses  of  Provence  and  Languedoc  to  that  of  in¬ 
fluencing  the  whole  world  of  nominal  Christians  and 
outer  heathen,  settled  himself  in  Rome,  where  the 
pope  appointed  him  to  the  important  office  of  Master 
of  the  Sacred  Palace,  which  has  ever  since  been  held 
by  a  Dominican,  and  carries  with  it  the  authority  of 
chief  censorship  of  the  press.  The  two  new  founda¬ 
tions  borrowed  from  each  other,  Francis  copying 
Dominic’s  scheme  of  itinerant  preachers,  and  Dominic 
imposing  on  his  disciples  the  mendicant  poverty  of 
Assisi.  These  two  particulars,  the  total  absence — at 
any  rate  at  first — of  such  endowments  as  had  proved 
a  snare  to  the  older  societies,  and  the  substitution  of 
itinerancy  for  inclosure,  are  the  features  which  dis¬ 
tinguish  the  friars  from  the  monks  who  preceded  them. 
The  Franciscan  institute  was  a  bold  attempt  to  demo¬ 
cratize  the  church  ;  Dominic’s  Friar  Preachers,  though 
recruited  freely  from  men  of  a  humble  grade,  have 
always  had  somewhat  more  of  an  aristocratic  tone 
about  them,  due  to  their  intellectual  calling ;  they  have 
held  a  high  place  in  Christian  art,  counting  amongst 
them  such  names  as  Fra  Angelico  and  Baccio  della 
Porta  ;  and  their  reputation  for  orthodoxy  and  for  a 
purer  type  of  moral  theology  than  the  Jesuit  one  has 
always  stood  high.  They  also  count  amongst  their 
members  the  two  most  eminent  divines  of  the  Middle 
Ages,  Albertos  Magnus  and  Thomas  Aquinas,  and  they 
have  been  fruitful  in  producing  zealous  missionaries ; 
but  the  one  great  blot  on  their  career  is  that  they  have 
been  the  directors  and  officials  of  the  Inquisition  ever 
since  the  formal  constitution  of  that  tribunal  as  a  per¬ 
manent  organization.  The  Franciscans,  less  distin- 
uished  for  mental  triumphs  than  their  competitors, 
ave  yet  some  famous  names,  chief  of  which  are 
Duns  Scotus  and  Roger  Bacon — for  Bonaventura, 
though  set  by  the  Franciscans  as  the  “Seraphic 
Doctor”  in  competition  with  Aquinas,  the  “Angelic 
Doctor”  of  the  Dominicans,  is  scarcely  entitled  to 
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very  high  intellectual  rank — and  at  one  time  they 
seemed  likely  to  establish  as  firm  a  hold  on  the 
university  of  Oxford  as  the  Dominicans  did  on  that 
of  Paris.  The  swiftest  success  and  popularity  at¬ 
tended  the  two  new  orders  :  privileges  and  exemptions 
were  showered  on  them  from  Rome ;  wealth,  in 
despite  of  their  vow  of  mendicancy,  was  emulously 
thrust  unon  them  by  the  laity  ;  and,  above  all,  a 
remarkable  and  widespread  religious  revival,  a  dead¬ 
lift  to  ministerial  efficiency  in  every  direction,  repaid 
their  early  labors,  while  they  had  between  them  almost 
a  monopoly  of  the  popedom  for  nearly  two  hundred 
years.  And  one  peculiarity  of  their  organization  gave 
them  a  degree  of  strength  which  no  other  orders  pos¬ 
sessed.  Each  monastery  of  the  older  societies  was 
practically  isolated  and  independent  of  all  others,  un¬ 
less  it  were  itself  a  dependent  priory  or  cell  belonging 
to  a  greater  house.  Some  societies  had,  it  is  true, 
general  chapters,  but  these  were  rare,  and  at  best  only 
effectual  in  establishing  a  certain  uniformity  of  prac¬ 
tice  in  all  houses  of  the  same  rule.  But  the  Friars, 
like  the  Templars  and  Hospitallers  of  an  earlier  day, 
and  like  the  Jesuits  of  a  later  one,  were  enrolled  in 
something  of  military  fashion,  under  a  superior-general, 
with  wide  powers,  who  directed  and  controlled  their 
actions  from  one  central  point.  Every  group  of  neigh¬ 
boring  friaries  was  formed  into  a  congregation,  under  a 
local  head  or  provincial,  and  he  was  always  in  direct 
communication  with  the  general,  so  that  a  common 
government  united  the  whole  body  into  a  compact 
mass.  But  their  very  success  was  fatal  to  their  char¬ 
acter.  The  vow  of  poverty  was  the  first  part  of  their 
institute  to  break  down.  Even  before  they  began  to 
be  counted  amongst  the  richest  orders  of  Christendom, 
there  is  indisputable  evidence — that  of  Bonaventura, 
himself  general  of  the  Franciscans — that  the  mendi¬ 
cant  system  was  working  nothing  but  mischief.  He 
tells  us,  writing  while  the  order  was  still  very  young, 
and  within  fifty  years  of  the  founder’s  death,  that  it 
was  even  more  entangled  in  money  cares  and  business 
concerns  than  the  endowed  communities,  precisely 
because  there  were  no  funds  available  to  fall  back  on 
in  emergencies ;  that  the  brethren,  discouraged  from 
work  by  mendicancy,  were  habitually  idle ;  that  they 
roamed  about  in  disorderly  fashion  under  pretext  of 
questing ;  that  they  were  such  brazen  and  shameless 
beggars  as  to  make  a  Franciscan  as  much  dreaded  by 
travellers  as  a  highwayman  j  that  they  made  undesir¬ 
able  acquaintances,  thus  giving  rise  to  evil  reports  and 
scandal ;  that  conventual  offices  had  to  be  intrusted  to 
untried,  unspiritual,  and  incompetent  brethren;  that 
vast  sums  were  lavished  on  costly  buildings ;  arid  that 
the  friars  were  greedy  in  the  pursuit  of  burial  fees  and 
of  legacies,  so  that  they  encroached  upon  the  rights  of 
the  parochial  clergy.  If  such  were  the  mischiefs  at 
work  before  the  first  zeal  had  begun  to  cool,  it  may 
readily  be  gathered  how  entire  was  the  failure  at  a  later 
time.  Indeed*  as  regards  the  Franciscans,  not  only 
did  they  endeavor  to  evade  the  stringency  of  their  in¬ 
stitute  even  in  their  founder’s  lifetime,  but  the  whole 
society  was  soon  divided  into  two  hostile  camps,  one 
of  which  desired  to  adhere  closely  to  the  original  rule, 
while  the  other  was  content  to  fall  in  with  the  habits 
of  the  “possessioners,”  as  they  had  been  wont  con¬ 
temptuously  to  name  the  endowed  orders.  And  what 
is  very  curious  in  this  connection  is  that  the  friars  who 
were  loyal  to  the  principle  of  poverty  broke  away  for 
the  most  part  from  the  church,  forming  new  sects, 
such  as  the  Fratricelli,  or  attaching  themselves  to  elder 
ones,  like  the  Beghards  and  the  Apostolici,  which 
handed  on  in  secret  the  Gnostic  traditions  of  the  third 
century,  apparently  stamped  out  in  the  crusade  against 
the  Albigenses,  while  those  who  openly  disregarded  the 
will  of  their  founder  remained  steadfastly  in  the  Latin 
church.  No  order,  except  the  Benedictines,  has  had 
so  many  branches  and  reforms  as  the  Franciscans; 
amongst  which  it  will  suffice  to  name  the  Capuchins, 
the  Minims,  the  Observants,  and  the  Recollects ;  while 
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the  Poor  Clares,  the  nuns  of  the  institute,  have  also 
divided  into  Clarissines  and  Urbanists.  The  institu¬ 
tion  of  Tertiaries,  seculars  affiliated  to  the  order  as 
honorary  members,  while  continuing  to  live  in  the 
world,  and  adopting  a  certain  modified  daily  rule,  was 
a  powerful  factor  in  the  success  and  strength  of  the 
order,  and  was  adopted,  but  with  less  conspicuous 
results,  by  the  Dominicans.  The  rivalry  of  these  two 
great  bodies  with  each  other,  prolonged  with  much 
bitterness  for  centuries,  and  their  disputes  with  the 
parochial  clergy,  whom  they  long  displaced  in  general 
repute  and  influence,  belong  rather  to  general  church 
history  than  to  the  annals  of  monachism,  and  may  be 
passed  by  with  this  brief  allusion ;  while  it  suffices  to 
say  that  all  the  support  they,  and  the  other  less  im¬ 
portant  communities  of  the  same  kind,  such  as  the 
Carmelite  and  Austin  Friars,  received  from  the  popes, 
whose  most  effective  allies  tbey  were*  in  every  country 
where  their  houses  were  found,  was  not  able  to  avert 
their  decline  in  general  estimation ;  and  there  is  no 
figure  in  later  mediaeval  literature  on  which  the  vials 
of  contempt  and  indignation  are  so  freely  poured  as 
on  the  begging  friar,  and  that,  it  must  be  said,  de¬ 
servedly. 

As  the  1 3th  century  is  the  apogee  of  later  mona¬ 
chism,  so  the  decline  begins  steadily  at  the  Decline  of 
very  outset  of  the  14th  (which  is  also  the  _  mona- 
date  of  ordination  becoming  the  normal  chic^turv 
custom  for  choir-monks,  instead  of  the  ex-  y‘ 

ception,  as  formerly),  continuing  down  to  the  crash  of 
the  Reformation.1  The  great  schism  of  the  West,  the 
rise  of  the  Wickliffites  and  Lollards  in  England,  and 
of  the  body  later  known  as  Hussites  in  Bohemia,  could 
not  fail  to  act  injuriously  on  the  monastic  orders ;  and, 
though  the  creation  of  fresh  ones  continued,  none  of 
those  founded  during  this  era  were  influential,  and 
few  durable.  It  will  suffice  to  name  some  of  the  more 
prominent:  the  Olivetans  in  1313,  who  were  rigid 
Benedictines;  the  nuns  of  Bridget  of  Sweden  in  1363, 
who  followed  a  rule  compiled  from  those  of  Basil  and 
Augustine;  the  Hieronymite  monks  in  1374;  the 
Brethren  of  the  Common  Life,  founded  by  Gerard 
Groot  in  1376,  who  did  much  for  education  and  in 
home  mission  work,  but  are  chiefly  famous  now  in  vir¬ 
tue  of  one  member  of  their  society,  Thomas  a  Kempis ; 
the  Hieronymite  Hermits  in  1373-1377 ;  the  Minims  in 
1435 ;  the  Barnabites,  a  preaching  and  educational 
order,  in  1484 ;  the  Theatins  (a  body  of  Clerks  Regular 
who  aimed  at  little  more  than  raising  the  tone  of 
clerical  life,  made  but  slight  pretension  to  austerity, 
and  are,  indeed,  mainly  noticeable  as  having  suggested 
to  Ignatius  Loyffia  several  points  which  he  adopted  in 
regulating  the  mode  of  life  to  be  pursued  by  the  mem¬ 
bers  of  his  institute)  in  1 524 ;  and  the  Capuchins  in 
1525. 

In  the  Reformation  era  itself  the  monastic  bodies 
had  sunk  so  low  in  the  estimation  of  even  the  rulers  of 
the  church  that  one  clause  in  the  report  of  the  com¬ 
mittee  of  cardinals  appointed  by  Pope  Paul  III.  (a 
body  composed  of  Sadolet,  Contarini,  Reginald  Pole, 
Giberti,  Fregoso,  Badia,  Aleandro,  and  Caraffa,  after¬ 
wards  Paul  IV.),  delivered  in  1538,  was  worded  as 
follows : 

“  Another  abuse  which  needs  correction  is  in  the  religious 
orders,  because  they  have  deteriorated  to  such  an  extent 
that  they  are  a  grave  scandal  to  seculars,  and  do  the  greatest 
harm  by  their  example.  V^e  are  of  opinion  that  they 
should  be  all  abolished,  not  so  as  to  injure  [the  vested  in- 

i  The  language  of  Nicolas  de  Clamenges  (1360-1440)— rector  of 
the  university  of  Paris,  known  as  the  “Doctor  Theologus”— in 
his  treatise  De  Corrupto  Ecdesix  Statu,  paints  the  moral  decay  of 
the  monastic  bodies,  and  especially  of  the  Mendicants,  in  the  very 
darkest  colors.  He  not  only  charges  them  with  waste,  idleness, 
gluttony,  drunkenness,  and  profligacy,  but  alleges  the  condition 
of  convents  of  nuns  to  be  such  that  there  was  little  practical  dif¬ 
ference  between  allowing  a  girl  to  take  the  veil  and  openly  con¬ 
signing  her  to  a  life  of  public  vice.  And  the  Revelations  of  Bridget 
of  Sweden  (1302-1373),  approved  by  the  councils  of  Constance  and 
Basel,  and  by  Popes  Urban  VI.,  Martin  V.,  and  Paul  V.,  fully  con¬ 
firm  the  darkest  features  of  this  testimony  as  regards  the  religious 
houses  of  the  14th  century. 


738 


MONACHISM. 


terests  of]  any  one,  but  by  forbidding  them  to  receive 
novices ;  for  in  this  wise  they  can  be  quickly  done  away 
with  without  wrong  to  any  one,  and  good  religious  can  be 
put  in  their  place.  At  present  we  think  the  best  thing  to 
be  done  is  to  dismiss  all  the  unprofessed  youths  from  their 
monasteries.” 

As  this  formal  document  showed  the  current  of 
high  ecclesiastical  opinion,  so  the  lay  view  took  ex¬ 
pression  in  the  Epistolce.  Obscurorum  Virorum  of  Ul¬ 
rich  von  Hutten,  which  was  to  the  Dominicans  of  the 
16th  century  almost  what  the  Frovinciales  of  Pascal 
were  to  the  Jesuits  of  the  17th  ;  while  they  came  also 
under  the  more  delicate  scalpel  of  Erasmus’s  wit. 
Not  that  the  objections  were  wholly  new,  for  it  is  evi¬ 
dent  from  Thomas  Aquinas’s  defence  of  monachism 
against  its  detractors  that  they  were  nearly  all  used  in 
the  13th  century.  The  interests  involved  were,  how¬ 
ever,  too  vast  and  complicated,  the  supposed  impolicy 
of  an  admission  on  so  large  a  scale  of  the  charges  al¬ 
leged  against  monachism  by  the  men  of  the  New 
Learning  too  serious,  to  allow  of  any  such  sweeping 
measure  of  reform  as  that  proposed  by  the  cardinals 
being  carried  out.  A  certain  amount  of  discourage¬ 
ment  shown  towards  the  older  societies;  the  enact¬ 
ment  of  some  partial  corrections  by  the  council  of 
Trent,  not  touching  any  principle  whatever,  but  ap¬ 
parently  saying  something  because  public  feeling 
looked  for  something  to  be  said ;  and,  above  all,  the 
creation  of  a  new  type  of  order,  the  famous  Company 
of  the  Jesuits  (1534),  represent  the  total  action  taken 
by  the  Roman  Church  during  the  actual  crisis  of  the 
Reformation.  Apart  from  such  direct  revolts  from 
the  Latin  obedience  as  those  in  Bern,  Zurich,  Den¬ 
mark,  and  Sweden,  which  at  once  involved  the  monas¬ 
teries  in  the  general  overthrow  of  the  old  system  of 
things  religious,  the  most  remarkable  proceedings  in 
the  reaction  against  monachism  were  those  taken  in 
England,  at  a  time  when  no  breach  with  the  Roman 
Curia  was  thought  of.  So  far  back  as  the  13th  century 
Kings  John  and  Edward  I.,  and  yet  again  in  1337 
Edward  III.,  had  confiscated  the  “alien  priories,”  as 
those  houses  were*  called  which  were  dependencies  of 
foreign  monasteries,  and  the  last  named  let  out  their 
lands  and  tenements  until  the  peace  with  France  in 
1361,  when  he  restored  their  estates ;  and  similar  raids 
were  made  on  them  both  in  his  reign  and  in  that  of 
Richard  II.  Henry  IY.  showed  them  more  favor ; 
but  in  1410  the  House  of  Commons  proposed  the  con¬ 
fiscation  of  all  the  temporalities  held  by  bishops,  ab¬ 
bots,  and  priors,  petitioning  the  crown  to  employ  their 
revenues  m  paying  a  standing  army  of  knights  and 
soldiers,  in  augmenting  the  incomes  of  some  of  the 
nobles  and  gentry,  in  endowing  a  hurfdred  hospitals, 
and  in  making  small  yearly  payments  to  the  secular 
clergy.  This  fact  attests  the  unpopularity  of  the 
church  and  the  religious  orders  at  the  time,  and, 
though  the  large  scheme  was  dropped,  yet  in  1416 
parliament  dissolved  all  the  alien  priories,  and  vested 
their  estates  in  the  crown.  They  were  for  the  most 
part  applied  to  ecclesiastical  purposes  ;  but  some  por¬ 
tion,  at  any  rate,  passed  into  private  hands,  and  was 
permanently  alienated.  Hence  there  was  nothing  to 
create  surprise,  much  less  opposition,  when  Cardinal 
Wolsey  in  1523  obtained  bulls  from  the  pope  author¬ 
izing  the  suppression  of  forty  small  monasteries  and 
the  application  of  their  revenues  to  educational  foun¬ 
dations,  on  the  plea  that  these  lesser  houses  were 
quite,  useless,  and  not  homes  of  either  religion  or 
learning,  whereas  a  learned  clergy  was  imperatively 
needed  to  combat  the  new  religious  opinions  which 
were  making  rapid  way.  And  that  the  monasteries 
had  been  subject  to  serious  vicissitudes  all  along  ap¬ 
pears  from  the  fact  that  only  about  one-half  of  all  the 
foundations  known  to  have  been  made  in  England 
were  in  existence  at  the  date  of  the  dissolution. 
There  is  little  reason  to  trust  the  charges  of  immor¬ 
ality  brought  against  the  monks  when  Henry  VIII. 
had  once  resolved  on  the  pillage  of  the  monasteries, 
seeing  how  the  path  opened  by  Wolsey  could  be  fol¬ 


lowed  up.  The  characters  of  the  king  himself,  of 
Cromwell,  his  chief  agent  in  the  dissolution,  and  of 
Layton,  Legh,  and  others  of  the  visitors  appointed  to 
inquire  into  the  condition  of  the  houses,  are  such  as 
to  deprive  their  statements  of  all  credit ;  and,  besides, 
the  earlier  Act  of  dissolution,  granting  the  smaller 
monasteries  to  the  king,  limits  the  charges  of  miscon¬ 
duct  to  them,  expressly  acquitting  the  larger  houses. 
Nevertheless,  when  the  appetite  for  plunder  had  in¬ 
creased  with  the  first  taste  of  booty,  accusations  of 
precisely  the  same  sort  were  brought  up  against  the 

reat  monasteries,  though  in  no  instance  nas  any  veri- 

able  proof  been  preserved.1  But  there  can  be  no 
reasonable  doubt  (especially  in  view  of  the  visitations 
of  Archbishop  Warham  and  other  pre-Reformation 
prelates),  that  the  religious  houses,  viewed  simply  as 
corporate  estates,  had  been  very  badly  managed  for 
a  considerable  time,  were  heavily  incumbered,  and  a 
weight  round  the  neck  of  financial  progress  in  Eng¬ 
land  ;  and  that,  as  spiritual  agencies,  they  had  mainly 
outlived  their  usefulness,  so  that,  lamentable  as  were 
the  circumstances  of  their  destruction,  and  scandalous 
as  was  the  waste  of  the  property  seized,  there  is  little 
reason  to  suppose  that  any  practical  benefit  would 
have  flowed  from  their  continuance,  whatever  might 
have  been  the  advantages  of  an  honest  and  econom¬ 
ical  measure  of  reform,  or  even  of  transfer  to  other 
purposes  on  the  principle  of  cy  prts.2 

The  negative  evidence  of  the  effeteness  of  the  older 
orders  supplied  by  their  very  small  share  in  the  Coun¬ 
ter-Reformation,  which  lay  virtually  in  the  hands  of 
the  Jesuits  alone,  is  reinforced  by  the  reports  made  by 
the  emissaries  of  the  new  company  to  their  superiors, 
which  attest  that  the  accusations  of  the  German  re¬ 
formers  against  both  the  secular  and  regular  clergy  on 
the  score  of  ignorance  and  dissoluteness  were  only  too 
well  founded.  Accordingly  several  new  societies  were 
instituted  during  the  latter  half  of  the 
16th  century,  aiming  at  putting  new  wine  Bocieti«£ 
into  the  old  bottles  of  the  Carmelites,  Cis¬ 
tercians,  Augustinians,  Dominicans,  and  Benedictines ; 
but  none  of  them  proved  of  much  importance.  A 
larger  measure  of  success  attended  some  established 
on  an  active  basis,  such  as  the  Fathers  of  Christian 
Doctrine,  a  catechizing  order  erected  by  Pius  V.  in 
1571;  two  communities  for  tending  the  sick,  one 
founded  in  Italy  by  Camillo  de’  Lelli  in  1584,  the 
other,  the  Brothers  of  Charity,  by  John  of  God  at 
Granada  in  1538,  but  not  formally  sanctioned  till  1572; 
and  still  more  prosperity  attended  the  Ursuline  Nuns, 
a  community  chiefly  devoted  to  the  education  of  young 
girls,  founded  at  Brescia  by  Angela  de’  Merici  in  1537, 
and  confirmed  by  Paul  III.  in  1544.  Yet  with  the 
single  exception  of  the  Jesuits,  no  new  society  could 
be  said  to  have  laid  hold  in  any  degree  of  the  popu¬ 
lar  mind,  nor  were  the  attempts  to  revivify  the 
elder  bodies  continued.  It  remained  for  two  newer 
still  to  rehabilitate  the  waning  respect  for  monachism 
of  all  kinds,  and  that  by  borrowing  one  chief  feature 
of  the  Jesuit  organization,  the  abandonment  of  that 
principle  of  isolation  from  the  outer  world  which  lies 
at  the  root  of  true  monachism.3  Of  these  the  first 

1  A  full  examination  of  the  case  against  the  monasteries  will 
be  found  in  Dixon,  History  of  the  Church  of  England,  vol.  i.  pp. 
324-383. 

2  The  number  of  houses  suppressed  and  overthrown  by  the 
two  Acts  of  1536  and  1538  was  as  follows :  186  Benedictine  houses, 
173  Augustinians,  101  Cistercians,  33  Dominican,  Franciscan,  Car¬ 
melite,  and  Austin  friaries,  32  Prsemonstratensians,  28  Knights 
Hospitallers,  25  Gilbertines,  20  Cluniacs,  9  Carthusians,  3  Fonte- 
vraud,  3  Minoresses,  2  Bonhommes,  1  Brigittine;  total,  616. 
Their  aggregate  revenues  were  valued  at  £142,914, 12s.  9d.  annu¬ 
ally. 

3  Soon  after  the  Jesuits  rose  into  note  and  popularity,  a  very 
curious  and  little  known  extension  of  their  institute  was  made 
in  Flanders.  Two  English  ladies,  acting  with  the  sympathy  and 
counsel  if  not  at  the  recommendation  of  F.  Gerard,  rector  of  the 
Jesuit  college  at  Li6ge,  founded  a  community  which  they  named 
Jesuitesses,  adopting  the  rule  and  organization  of  the  famous 
company,  and  taking  the  three  usual  vows,  but,  with  a  bold  dis¬ 
regard  of  precedent,  not  only  omitting  the  customary  vow  of 
inclosure,  but  actually  sending  the  members  of  the  society  out 
as  itinerant  preachers.  Their  object  was  to  train  a  body  of  emis- 
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was  the  Oratory,  founded  by  Philip  Neri  in  1558,  but 
not  approved  by  authority  till  1577,  and  copied  inde¬ 
pendently  by  Cardinal  de  Berulle  at  Paris  in  1611. 
There  were  no  vows  imposed  on  the  members  of  this 
society,  though  they  lived  under  rule,  and  they  em¬ 
ployed  themselves  in  doing  all  kinds  of  clerical  work 
under  episcopal  supervision.  The  Italian  house  is 
chiefly  celebrated  as  having  included  the  famous  Car¬ 
dinal  Baronius  amongst  its  earliest  recruits  ;  but  the 
French  one  held  a  high  place  in  the  religious  revival 
of  the  17th  century,  well-nigh  rivalling  the  Benedic¬ 
tines  of  St.  Maurin  learning  (with  such  representatives 
as  Simon,  Thomassin,  Morin,  and  Malebranche),  and 
the  reformed  Cistercians  of  Port-Boyal  in  piety,  though 
sharing  with  the  latter  the  reproach  of  Jansenism. 
But  the  second  was  far  more  influential,  and  has  been 
fruitful  ever  since  in  the  works  of  its  copyists  as  well  as 
in  its  own.  It  was  the  institute  of  the  Sisters  of 
Charity,  established  by  Vincent  de  Paul  in  1634,  on 
the  lines  of  the  ancient  community  of  the  Hospitaller 
Nuns  of  St.  Augustine,  but  with  some  remarkable 
modifications,  not  only  in  respect  of  the  vows,  which 
■were  only  yearly  and  inward,  but  in  the  spirit  of  their 
discipline,  as  formulated  in  his  own  memorable  words  : 
“Your  convent  must  be  the  houses  of  the  sick; 
your  cell,  the  chamber  of  suffering ;  your  chapel,  the 
parish  church  ;  your  cloister,  the  streets  of  the  city,  or 
the  wards  of  the  hospital ;  your  rule,  the  general  vow 
of  obedience ;  your  grille,  the  fear  of  God  ;  your  veil 
to  shut  out  the  world,  holy  modesty.”  The  original 
scheme  of  Francis  de  Sales  for  the  Nuns  of  the  Visi¬ 
tation,  founded  in  1610,  was  almost  identical;  but  the 
opposition  was  then  far  too  strong,  and  he  was  forced 
to  make  them  a  cloistered  community.  Vincent’s 
order  of  Mission  Priests,  more  commonly  known  as 
Lazarists,  was  also  a  successful  and  useful  institute, 
though  not  vying  in  the  extent  of  its  influence  with  the 
other,  which,  as  has  been  implied,  has  powerfully  af¬ 
fected  the  organization  of  many  of  the  active  commu¬ 
nities  which  have  since  been  formed.  No  religious 
body  did  more  to  enable  French  monachism  to  bear  up 
against  the  general  obloquy  it  encountered  during  the 
16th,  17th,  and  early  18th  centuries, — a  temper  on  the 
part  of  the  public  due  to  more  than  one  cause.  In  the 
first  place,  the  wars  of  religion  had  done  much  to  harden 
and  coarsen  the  feelings  on  both  sides,  and  rigid 
adherence  to  the  extreme  positions  of  Catholics  or 
Huguenots,  as  the  case  might  be,  was  set  far  above 
any  gentler  and  higher  ideas.  Next,  the  monasteries 
of  both  sexes  had  all  but  universally  fallen  into  the 
patronage  of  the  crown  (in  virtue  of  the  concordat  of 
Bologna,  between  Pope  Leo  X.  and  Francis  I.),  and 
were  jobbed  away  as  appanages  for  a  dissolute  nobility, 
who  squandered  the  revenues,  and  suffered  discipline 
to  become  relaxed,  often  to  the  generation  of  serious 
scandals.  This  malversation  operated  in  two  ways.  It 
made  the  monasteries  hard  and  bad  landlords,  grasping 
closely  all  the  feudal  privileges  and  monopolies  winch 
they  continued  to  enjoy,  a  proceeding  which  bore  hard 
on  the  tenants  and  laborers,  so  that  the  monks  shared 
to  the  full  the  unpopularity  of  the  nobles  (precisely  as 
was  the  case  in  Germany,  during  the  Peasants’  War  of 
1525)  ;  and  the  evil  repute  of  the  convents— of  whose 
real  character  we  get  at  least  one  trustworthy  glimpse 
in  the  account  of  the  abbey  of  Maubuisson  which  An- 
gGique  Arnauld  reformed — came  home  to  all  the  Hu¬ 
guenots  and  their  friends,  because  both  before  and  after 
Hie  legal  continuance  of  the  edict  of  Nantes  they  were 
used  (according  to  a  very  early  application  of  monas¬ 
tic  houses  not  yet  obsolete)  as  prisons,  where  Hugue¬ 
not  women  and  girls  were  shut  up  in  order  to  bring 

saries  for  the  Roman  Catholic  mission  in  England,  who  might 
obtain  entrance  and  escape  the  incidence  of  the  penal  laws  in  a 
manner  impracticable  for  men.  They  had  considerable  success 
for  a  time,  and  Mrs.  Ward,  their  projector,  obtained  some  degree 
of  panal  approval,  and  became  “mother-general”  over  more 
than  &)0  of  these  female  preachers  in  the  various  colleges  of  the 
society.  But  after  an  existence  of  about  eighty  years  it  was  sup¬ 
pressed  by  Pope  Urban  VIII.  in  1630. 


about  their  conversion,  forcibly  if  necessary,  but  some¬ 
how  in  any  case.  And  there  is  evidence  to  show  that 
the  Huguenots  resented  this  policy  most  bitterly,  not 
only  on  polemical  grounds,  but  because  they  were  firmly 
persuaded  that  the  morals  of  their  wives,  daughters, 
and  sisters  were  in  no  less  peril  than  their  faith  in  such 
places.  When  to  this  sentiment  is  added  the  hostility 
of  the  Jansenists  to  the  school  of  opinion  which  had 
persecuted  them,  razed  their  famous  house  of  Port- 
Boyal,  and  literally  flung  the  bones  of  its  deceased 
members  to  the  dogs,  it  will  be  easy  to  judge  how  pow¬ 
erful  were  the  forces  mustering  for  the  overthrow  of 
monachism,  and  how  little  even  such  stern  reforms  as 
De  Ranee’s  at  La  Trappe,  which  has  always  had  a 
marked  attraction  for  soldiers,  could  do  towards  abat¬ 
ing  the  danger.  Nor  were  there  wanting  public  scan¬ 
dals  and  cases  before  the  law-courts  which  helped  to 
fan  the  rising  flames  of  hatred. 1  Another  cause  which 
contributed  much  to  the  decay  of  discipline  and  of 
practical  religion  in  monasteries  of  both  sexes  was  the 
custom  which  prevailed  throughout  the  16th,  17th, 
and  18th  centuries,  of  disposing  of  the  younger  mem¬ 
bers  of  poor  but  noble  families  in  the  cloister  as  a  safe 
and  reputable  provision,  without  any  regard  to  the  vo¬ 
cation  of  those  so  dedicated,  and  merely  because  the 
sum  which  sufficed  to  secure  permanent  admission  was 
much  smaller  than  that  necessary  to  purchase  a  com¬ 
mission  or  public  offic«  for  a  son,  or  to  provide  an  ade¬ 
quate  dowry  for  a  daughter.4  At  the  Revo-  „ 
lution,  the  religious  houses,  amounting  0f  continen- 
(without  reckoning  various  minor  colleges  tai  monas- 
and  dependent  establishments)  to  820  ab-  tones, 
beys  of  men  and  255  of  women,  with  aggregate  reve¬ 
nues  of  95,000,000  livres,  were  suppressed  by  the  laws 
of  13th  February,  1790,  and  18th  August,  1792.  In  Ger¬ 
many  the  storm  had  broken  somewhat  earlier,  if  not 
quite  so  violently.  The  Thirty  Years’  W ar  had  wrought 
much  mischief  to  not  a  few  of  the  religious  houses, 
without  taking  into  account  the  great  number  which 
had  been  destroyed  in  the  territories  of  the  Protestant 

Jirinces  ;  and  when  the  death  of  Maria  Theresa  in  1780 
eft  her  son  Joseph  II.  free  to  act  as  he  pleased,  he 
dissolved  the  Mendicant  orders,  and  suppressed,  in  de¬ 
spite  of  the  personal  remonstrances  of  Pius  VI.,  the 
greater  number  of  monasteries  and  convents  in  his 
dominions.  In  Italy,  despite  the  multiplication  of 
new  institutes,  the  process  of  decay  continued  through¬ 
out  the  17th  century,  and  one  most  remarkable  testi¬ 
mony  to  the  fact  appears  in  the  report  of  the  Venetian 
ambassadors  at  Rome  in  1650  to  their  government  of 
an  interview  they  had  with  Pope  Alexander  V II. 

“  The  Pontiff  .  .  .  began  by  saying  that  for  some  time 
past  the  Apostolic  See,  considering  not  the  abundance  only, 
but  the  superfluity  of  religious  institutes,  bad  become  con¬ 
vinced  tli at  some  of  them,  degenerating  from  the  first 
design  of  their  founders,  bad  lapsed  into  a  total  relaxation 
of  discipline,  and  that  it  was  just  as  advisable  for  the 
church  as  for  the  laity  to  adopt  the  expedients  used  by  wise 
husbandmen  when  they  see  that  the  multitude  of  branches 
has  impoverished  their  vines  instead  of  making  them  more 
fruitful.  That  a  beginning  had  been  made  in  that  matter 
by  suppressing  some  orders  ;  but  this  was  not  enough.  .  .  . 
A  great  number  of  very  small  convents  had  been  suppressed, 

.  .  .  and  it  was  proposed  to  continue  the  work  by  pro¬ 
ceeding  to  the  final  abolition  of  certain  others  which,  by 

1  One  of  these  is  interesting,  as  settling  a  point  which  has  been 
often  disputed, — the  existence  of  those  monastic  dungeons  known 
by  the  name  of  “  in-pace,”  familiar  to  the  readers  of  Marmion.  It 
is  the  condemnation  of  the  abbot  of  Clairvaux  by  the  parle- 
ment  of  Paris  in  1763  to  a  fine  of  40,000  crowns  for  causing  the 
death  of  a  prisoner  in  an  “  in-pace.” 

2  This  workedmuch  evil  in  France,  but  produced  perhaps  even 
greater  mischief  in  Germany,  where  what  were  styled  “  Noble 
Abbeys”  were  not  uncommon,  entrance  to  which,  save  in  the  in¬ 
ferior  capacity  of  lay-members,  was  barred  against  all  who  could 
not  prove  patrician  descent  and  a  certain  number  of  armorial 
quarterings.  A  relic  of  this  survives  in  a  few  secular  Stiftungen 
(Protestant  and  Catholic)  for  noble  canonesses  in  Germany;  and 
the  notion  was  at  any  rate  as  respectable  as  that  which  holds  good 
in  some  communities  even  now,  where  women  who  can  pay  a 
certain  sum  at  entrance  are  admitted  as  choir-sisters,  while  those 
who  cannot  do  so  must  accept  the  humbler  position  of  lay- 
sisters. 
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their  licentious  mode  of  life,  filled  the  world  with  scandal 
and  murmurs.  .  .  .  That  he  proceeded  slowly,  because  he 
desired,  iu  a  matter  of  so  much  importance,  to  obtain  the 
good-will  of  the  secular  princes.  .  .  The  remarks  closed 
with  a  recommendation  to  the  republic  of  Venice  to  sup¬ 
press  the  canons  of  San  Spirito  and  the  Cruciferi  in  their 
city,  and  to  apply  their  revenues  towards  defraying  the  cost 
of  the  war  in  Candia.  (Ranke,  Die  Rom.  Pdpste,  App.  No. 
129.) 

But  the  policy  thus  indicated  was  not  carried  out  by 
Alexander  VlL’s  successors,  and  there  is  evidence 
that  things  did  not  mend  as  time  went  on.  The 
emperor  Francis  I. ,  in  his  character  of  grand-duke  of 
Tuscany,  caused  an  edict  to  be  published  at  Florence 
in  1751,  forbidding  the  clergy  to  acquire  property  in 
mortmain,  and  issued  together  with  it  a  paper  of  in¬ 
structions  pointing  out  the  grave  social  disadvantages 
of  enriching  artificial  families,  such  as  convents,  col¬ 
leges,  and  the  like,  at  the  expense  of  natural  families. 
And  the  menace  implied  in  these  documents  was 
carried  into  operation  by  the  suppression  of  several 
convents  of  nuns,  for  which  the  reluctant  consent  of  the 
pope  (Benedict  XIV. )  was  extorted.  When  Francis  died 
in  1765,  and  was  succeeded  in  Tuscany  by  his  brother 
Peter  Leopold,  the  latter  began  his  reign  with  what 
may  be  styled  a  formal  act  of  war  against  the  Roman 
Curia,  by  declaring  the  bull  In  Coena  Domini  null  and 
void  in  Tuscany,  and  forbidding  its  recognition  or 
publication  there.  At  once  he  was  beset  with  appeals 
from  priests  and  nuns,  calling  his  attention  to  several 
grave  abuses  in  the  church,  and  notably  to  moral 
scandals  of  the  most  serious  kind  in  the  convents  of 
nuns,  especially  those  under  the  direction  of  the 
Dominicans,  accusations  which  were  fortified  with  full 
details  of  time  and  place.  The  result  was  that  Leopold 
caused  a  scheme  ol  ecclesiastical  reform  to  be  drawn 
up  in  1770,  containing  stringent  enactments  for  the 
abatement  of  monachism,  for  the  suppression  of  all 
small  convents  of  mendicants,  and  for  the  exclusion  of 
monks  and  friars  from  the  direction  of  nunneries,  which 
were  to  be  subject  in  all  spiritual  matters  to  the  ordi¬ 
naries  only.  And  the  Jansenist  bishop  of  Pistoia  and 
Prato,  Scipio  de’  Ricci,  upon  entering  on  his  diocese 
in  1780,  at  once  began  to  inquire  into  the  scandals 
which  raged  in  the  Dominican  nunneries  of  his  juris¬ 
diction,  especially  in  Pistoia,1  the  result  being  that  he 
excommunicated  the  Dominican  friars,  and  prohibited 
them  from  officiating.  The  pope  at  that  time  was 
Pius  VI. ,  an  ardent  devotee,  warmly  in  favor  of  mona¬ 
chism  generally,  and  of  the  lately  suppressed  Jesuits 
in  particular,  so  that  he  took  up  the  cause  of  the  friars 
(though  their  evil  repute  had  prevailed  for  150  years), 
and  issued  a  brief  of  censure  against  Ricci.  He  laid  it 
before  the  grand-duke,  who  wrote  a  strong  remon¬ 
strance,  accompanied  with  proofs  furnished  by  Ricci, 
and  informed  the  pope  that  unless  the  brief  were 
promptly  withdrawn,  and  the  convents  obliged  to 
submit  to  the  ordinary’s  jurisdiction,  he  would  him¬ 
self  reform  at  his  own  discretion  every  religious  house 
in  Tuscany.  Accordingly,  the  brief  was  retracted,  and 
Ricci  was  given  full  liberty  to  repress  the  disorders 
complained  of.  There  is  not  -  any  similar  evidence 
forthcoming  as  to  the  condition  of  the  monasteries  in 
other  parts  of  Italy  ;  but  Tuscany  is  likely,  from  local 
causes,  to  have  been  above,  rather  than  below,  the 
average  moral  level.  Against  this  general  tendency 
to  monastic  decay  may  be  set  the  foundation  of  the 
Passionists  in  1725,  and  of  the  Redemptorists  or  Li- 
guorians  in  1732;  but  these  two  institutes,  though 
ious  and  respectable,  have  never  exerted  much  in- 
uence. 

There  is  little  to  chronicle  in  regard  to  the  later 
annals  of  monachism  in  Spain  and  Portugal.  Peter 
of  Alcantara,  as  reformer  of  the  Franciscans  of  the 
latter  country  in  the  middle  of  the  16th  century,  and 
his  more  famous  contemporary,  Teresa,  as  reformer  of 
the  Carmelites  in  Spain,  are  eminent  figures  in  the 

1  As  to  which  documentary  evidence  will  be  found  in  the  Ap¬ 
pendix  to  De  Potter’s  Life  of  Scipio  de’  Ricci. 


annals  of  their  time  ;  but  they  cannot  be  said  to  have 
produced  any  permanent  effect  on  the  fortunes  and 
tone  of  their  several  institutes,  far  less  upon  the  com¬ 
mon  life  in  general.  The  stamping  out  of  all  varieties 
of  opinion,  at  any  rate  in  respect  of  outward  expres¬ 
sion,  by  the  Inquisition  in  the  Peninsula  makes  the 
evidence  scanty  and  vague ;  but  the  fact  that  Portugal 
took  the  lead  in  1759  in  striking  at  the  Jesuits,  then 
the  most  eminent  and  powerful  of  the  orders,  though 
far  surpassed  in  mere  wealth  and  numbers  throughout 
Western  Europe  by  the  Franciscans,  and  that  its  policy 
in  this  respect  was  quickly  followed  by  Spain,  attests 
the  growth  of  a  hostile  feeling  by  no  means  likely  to 
have  been  limited  to  the  great  company.  In  fact,  if 
popular  rhymes  and  proverbs  may  be  trusted,  the 
charges  current  against  the  religious  orders  in  Spain 
do  not  seem  to  have  differed  from  those  alleged  else¬ 
where,  whatever  may  have  been  the  amount  of  truth 
in  them.  And  the  testimony  of  Blanco  White,  always 
to  be  trusted  on  matters  within  his  experience,  is 
decidedly  adverse.  . 

The  terrible  crash  of  the  French  Revolution,  which 
affected,  directly  or  indirectly,  every  country  in  Eu¬ 
rope,  was  not  least  influential  in  its  incidence  on  mona¬ 
chism.  On  the  one  hand,  the  actual  destruction  which 
it  brought  upon  the  religious  houses  of  France  was 
adopted  as  part  of  the  revolutionary  programme  in  all 
countries  where  such  institutions  were  still  intact ;  and, 
on  the  other,  there  was  a  considerable  measure  of  im¬ 
provement  brought  about  in  not  a  few  places  by  the 
fear  of  public  opinion,  while  the  new  institutes  which 
continued  to  spring  up  were  all  but  invariably  active, 
both  founders  and  the  sanctioning  authorities  recog¬ 
nizing  that  any  society  seeking  to  make  its  footing 
good  must  needs  first  prove  its  capacity  for  practical 
usefulness-  In  France  itself  the  laws  which  abolished 
all  religious  communities  were  relaxed  by  connivance 
in  favor  of  the  Sisters  of  Charity  even  under  the 
Terror  and  the  Directory;  while  in  1801  a  decree  of 
the  Consular  Government,  issued  by  the  Minister  of 
the  Interior,  authorized  Citizeness  Duleau,  former 
superior  of  that  society,  to  revive  it  by  taking  young 
women  to  train  for  hospital  work ;  and  various  other 
active  communities  were  restored  by  Napoleon  in  1807. 
Further  revivals  took  place  at  the  Restoration,  the 
most  celebrated  of  which  was  the  Dominican,  owing  to 
the  talents  and  eloquence  of  Lacordaire  and  the  group 
he  gathered  round  him;  but  Benedictines,  Carthu¬ 
sians,  Trappists,  and  other  societies  of  the  older  type 
were  not  slow  to  avail  themselves  of  the  opportunity 
to  return  and  to  found  anew,  amidst  a  poverty  which 
recalls  the  original  institution,  their  abbeys  and  pri¬ 
ories.  But  they  met  with  little  favor  under  the  Or- 
leanist  monarchy,  and  the  Second  Empire  was  their 
time  of  most  security  and  progress.  Since  its  fall,  they 
have  again  been  actively  discouraged  by  a  strong  party 
in  the  Republic,  and  their  position  remains  precarious. 
France  has  been,  further,  the  chief  seat  of  the  many 
new  societies  founded  for  some  especial  department 
of  charitable  work,  the  most  characteristic  example  of 
which  is  perhaps  that  of  the  Little  Sisters  of  the  Poor, 
who  house  and  tend  aged  invalids.  As  a  broa,d  gen¬ 
eral  rule,  nearly  every  post-Reformation  institute  is 
styled,  not  an  “Order, ’’but  a  “Congregation’’ ;  but 
the  only  distinction  which  can  be  drawn  between  these 
two  names  is  that  ‘  ‘  order  ’  ’  is  the  wider,  and  may  in¬ 
clude  several  congregations  within  itself  (as  the  Bene¬ 
dictine  order,  for  example,  includes  the  congregations 
of  Cluny  and  of  St.  Maur);  while  a  “  congregation  ”  is 
a  simple  unit,  complete  in  itself,  and  neither  dependent 
on  another  institute  nor  possessed  of  dependent  varie¬ 
ties  of  its  own.  Another  distinction  drawn  between 
the  elder  and  the  younger  societies  is  that  the  former 
are  said  to  make  “solemn  vows,”  the  latter  only  “sim¬ 
ple  vows.  ’  ’  The  difference  here  is  not  in  the  matter 
of  the  vows,  which  are  usually  the  same  in  all  cases, 
nor  even  in  the  ceremonies  attending  their  utterance, 
which  may  also  be  alike,  but  in  the  superior  binding 
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efficacy  of  the  solemn  vows  in  Roman  canon  law,  which 
rules  that  they  so  bind  the  member  to  his  society,  and 
the  society  to  each  member,  that  neither  can  sever 
the  connection,  so  that  only  the  pope  can  dissolve  it, 
and  that  in  rare  and  exceptional  cases  alone.  And 
it  may  be  added  that  the  term  4  4  religious  ’  ’  is  re¬ 
stricted  in  the  Latin  Church  to  communities  whose  in¬ 
stitute  has  been  formally  approved  by  the  Roman  see 
and  whose  vows  are  for  life,  and  not  merely  renewable, 
— a  principle  which  excludes  the  Sisters  of  Charity, 
for  example,  from  the  use  of  this  title.  By  the  laws 
of  France,  and  of  some  other  countries,  life-vows  are 
invalid  and  even  prohibited,  but  when  they  make  part 
of  the  original  institute,  such  disapproval  by  the  civil 
power  is  not  held  to  reduce  them  to  the  canonical  level 
of  temporary  vows. 

Returning  to  the  history  of  Western  monachism,  the 
fall  of  the  religious  houses  in  Spain  dates  from  the  law 
of  21st  June,  1835,  which  suppressed  nine  hundred 
monasteries  at  a  blow ;  and  the  remainder  had  but  a 
short  respite,  as  they  were  dissolved  on  the  11th  Oc¬ 
tober  of  the  same  year.  In  Portugal,  where  a  bias 
against  the  Roman  Curia  has  been  a  traditional  part 
of  patriotism  ever  since  the  revolution  of  1640,  when 
the  pope  sided  with  Spain  against  the  house  of  Bra- 
ganza,  there  was  little  feeling  to  protect  the  monas¬ 
teries  when  it  happened  that  the  crown  wanted  their 
possessions,  and  they  were  all  suppressed  by  the  de¬ 
cree  of  28th  May,  1834.  No  European  country  had  so 
many  religious  houses  as  Portugal  in  proportion  to  its 
population  and  area,  and  the  number  of  the  founda¬ 
tions  dissolved  in  1834  exceeded  500.  In  Switzerland, 
a  considerable  measure  of  suppression  followed  the 
war  of  the  Sonderbund  in  1847 ;  while  in  Italy,  the 
last  country  where  monachism  had  remained  almost 
unmolested,  an  Act  was  passed  in  the  Sardinian  Par¬ 
liament  on  7th  July,  1866,  for  the  suppression  of  mon¬ 
asteries  within  the  Piedmontese  dominions,  and  for 
the  confiscation  of  their  property.  The  measure  was 
extended  to  the  whole  of  Italy  after  the  unification  of 
the  kingdom;  the  orders  were  expropriated  in  1873; 
their  houses  were  declared  national  property,  and  were 
put  to  secular  uses,  no  exception  being  made  in  favor 
of  San  Marco  at  Florence,  of  Assisi,  of  Vallombrosa, 
or  even  of  Monte  Cassino  itself.1 

l  The  total  number  of  monasteries,  etc.,  suppressed  in  Italy 
down  to  the  close  of  1882  was  2255,  involving  an  enormous  dis¬ 
placement  of  property  and  dispersion  of  inmates.  And  yet  there 

some  reason  to  think  that  the  state  did  but  do  roughly  and 
harshly  what  the  church  should  have  done  more  gradually  and 
wisely ;  for  the  judgment  passed  on  the  dissolution  by  Pius  IX. 
himself,  in  speaking  to  an  English  Roman  Catholic  bishop,  was : 
“  It  was  the  devil’s  work ;  but  the  good  God  will  turn  it  into  a 
blessing,  since  their  destruction  was  the  only  reform  possible  to 
them.”  (Cited  by  Rev.  R.  R.  Suffield  in  Modern  Review,  vol.  ii.  p. 
359,  April,  1881.) 


On  the  other  hand  several  Roman  Catholic  societies 
have  attained  considerable  success  in  the  United  States 
and  Canada,  thus  in  some  degree  recovering  for  the 
principle  they  represent  part  at  least  of  the  ground 
lost  in  Europe  ;  while  in  three  religious  communions 
outside  the  pale  of  the  Latin  obedience — the  Evangeli¬ 
cals  of  Germany,  the  Reformed  of  France,  and  the 
Church  of  England — the  organization  of  women  for 
charitable  and  religious  work  on  the  lines  of  various 
old  institutes  has  been  actively  carried  out.  The  Dea¬ 
conesses  of  Kaiserswerth,  founded  by  Pastor  Fliedner 
in  1836,  derive  part  of  their  rule,  and  even  of  their 
dress,  from  the  Dames  de  St.  Augustine,  themselves 
lineal  descendants  of  the  first  Hospitallers  of  the  cru¬ 
sades,  and  have  ramified  into  several  countries ;  the 
Strasburg  and  Miihlhausen  Deaconesses  derive  theirs 
partly  from  the  Flemish  Beguines  and  partly  from 
some  points  in  the  Moravian  organization,  itself  handed 
down  from  those  seceding  Franciscans  to  whom  the 
Unitas  Fratrum  really  owes  its  origin ;  while  the  va¬ 
rious  Anglican  communities,  of  which  there  are  several, 
have  borrowed  freely  from  different  sources,  according 
to  the  preference  and  knowledge  of  each  founder. 
Some  attempts  at  reviving  the  common  life  for  men 
also  have  likewise  been  made,  but  none  on  any  large 
scale ;  only  one  has  as  yet  exhibited  any  signs  of  vitality, 
a  preaching  order  at  Cowley,  near  Oxford,  which  has 
obtained  some  footing  in  England,  and  has  even  been 
able  to  spread  to  America. 

Bibliography. — The  bibliography  of  Monachism  is  exces¬ 
sively  copious,  and  it  is  impracticable  to  indicate  more  than 
a  few  of  the  most  important  and  trustworthy  hooks.  Gen¬ 
eral:  Hospinianus,  De  Monachis  Libri  Sex  (Geneva,  1659), 
bitterly  hostile,  but  a  copious  and  trustworthy  record  of 
facts ;  Helyot,  Histoire  des  Ordres  Religieux  (8  vols.,  Paris, 
1714-1721),  and  again  (as  Dictionnaire  des  Ordres  Religieux), 
with  continuation  by  Badiche  (4  vols.,  Paris,  Migne,  I860),— 
this  book  has  itself  a  copious  catalogue  of  works  on  its  sub¬ 
ject  prefixed ;  Alteserra,  Asceticon,  sive  Originum  Rei  Monasti¬ 
cs  Libri  Decern  (Paris,  1674) ;  Holstenius,  Codex  Regidarum 
(3  vols.,  Borne,  1661) ;  Montalembert,  Moines  d' Occident  (7 
vols.,  Paris,  1860-1877) ;  Dugdale,  Monasticon  Anglicanum 
(edited  by  Caley,  Ellis,  and  Bandinel,  8  vols.,  London, 
1846) ;  Bosweyde,  Vilas  Patrum  (Lyons,  1617).  Special : 
Benedictines — Mabillon,  Acta  SS.  Ordinis  S.  Benedicti  (9 
vols.,  Venice,  1733) ;  Cluniacs — Marrier,  Bibliotheca  Clunia- 
censis  (Paris,  1614) ;  Cistercians — Gaillardin,  Les  Trappistes 
(Paris,  1844) ;  Besoigne,  Histoire  de  VAbbaye  de  Port-Royal 
(8  vols.,  Cologne,  1752-56) ;  Dominicans — Touron,  Histoire 
des  Hommes  Illustres  de  VOrdre  de  Saint  Dominique  (6  vols., 
Paris,  1743-49) ;  Franciscans — Sedulius,  Historia  Seraphica 
(Antwerp,  1613) ;  Wadding,  Annales  Minorum  (20  vols., 
Borne,  1731-94).  (B.  f.  l.) 
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The  religious  communities  which  have  been  formed  at  various  times  in  the  Western  Church  amount  to  many  hun¬ 
dreds,  and  receive  fresh  accessions  almost  yearly,  while  some  among  them  have  been  suppressed,  absorbed,  or  suffered  to 
die  out.  No  official  list  of  those  actually  in  existence  and  recognized  by  authority  is  published ;  it  is  thus  impracticable  to 
enumerate  them  accurately,  especially  as  many  of  them  are  only  local  varieties  or  branches  of  identical  rules  and  institutes, 
and  there  are  not  a  few  cases  where  a  once  celebrated  and  powerful  order  has  practically  disappeared  from  view,  though, 
as  still  lingering  in  one  or  two  houses,  not  definitely  extinct.  The  following  table,  however,  gives  the  more  remarkable 
foundations  in  chronological  order,  some  of  the  earlier  dates  being  only  approximate,  and  even  a  few  later  ones  uncer¬ 
tain,  for  the  historians  often  vary  as  to  the  exact  year,  sometimes  giving  that  of  the  first  attempt  at  organization,  and 
sometimes  that  of  the  final  approval  by  authority. 


Date. 

Name. 

Founder. 

Place. 

Date. 

Name. 

Founder. 

Place. 

250 

320 

363 

395 

400 

420 

529 

640-70 

-563 

Monks  of  the  Thebaid.. 
Tabennites . 

Basilian  Monks . 

Austin  Canons  (origi’l). 

Accemeti,  or  Sleepless 
Monks 

Monks  of  Lerins . 

Benedictines,  or  Black 
Monks 

Welsh  Monks . 

Monks  of  Iona . 

Paul  the  Hermit . 

Pachomius . 

Basil  the  Great . 

Augustine . 

Alexander . 

Honoratus  of  Arles 

Benedict  of  Nursia 

Dubric,  Illtut,  David 
Columba . 

Upper  Egypt. 
Tabennse,  in 
the  Nile. 
Mataza,  Pontus. 
Hippo  Regius, 
Africa, 

Mesopotamia. 

I.  of  Lerins, 
France. 

Monte  Cassino, 
Italy. 

Wales. 

Iona,  Scotland. 

590 

641 

760 

910 

1012 

1039 

1061(7) 

1074 

1084 

1095 

Monks  of  Luxeuil . 

Nuns  (later  Canonesses) 
of  Nivelles 

Canons  Regular . 

Benedictines  of  Cluny. 

Order  of  Camaldoli . 

Order  of  Vallombrosa... 

Austin  or  Black  Canons 
Order  of  Grammont . 

Carthusians . 

Order  of  St.  Anthony 
of  Vienne 

Columbanus . 

Ituberga,  wife  of 
Pippin  of  Landen 

Chrodegang . 

Berno . 

Romuald . 

John  Gualbert . 

Stephen . 

Bruno . 

Gaston . 

Anegray, France 

Nivelles,  Flan¬ 
ders. 

Metz. 

Cluny,  France. 

Camaldoli, Italy. 

Vallombrosa, 

Tuscany. 

Avignon  (?). 

Mount  Moret, 
Limoges. 

Near  Grenoble. 

Vienne.  Dau- 
phine. 
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Date. 


1098 

1100(?) 

1100 

1104 


Cistercians.. 


Cruciferi  (suppressed, 
1656) 

Order  of  Fontevraud... 


Robert  d’Arbrissel. 
Knights  Hospitallers  of  Gerard  (Raymond 

n  T_t__  /111  Ill  1 TT 


Name. 


Robert. 

(?) . - 


1118 

1119(?) 

1120 

1140 

1148 

1156 

1156 

1158 

1162 

1170 

1173 

1191 
1196  (?) 

1197 

1198 

1200(?) 

1208 

1209 

1212 

1212 

1214 

1214(?) 

1215 
1215 

1218 

1221 

1223 

1231 

1241 

1251 

1271 

1290 

1296 

1313 

1350(?) 

1355 

1363 

1366 

1368(?) 


1373 


St.  John 

Templars  (suppressed 
in  1313) 

Knights  of  St.  Lazarus. 
Canons  Regular  of  Pr6- 
montre 
Trappists 


du  Puy,  first 
Grand  Master) 
Hugh  de  Payens 


Gilbertines. 


Knights  of  Alcantara. 


Hermits  of  St.  William, 
or  White-Mantles 
Knights  of  Calatrava... 


Sancho  III.,  of  Cas 
tile 

Knights  of  St.  Bennet  Alfonso  I.,  of  Portu- 
of  Aviz 


Knights  of  Santiago  of  Ferdinand  II.,  of 


the  Sword 
Beguines . 


Teutonic  Knights - 

Humiliati  (suppressed  (?) 
in  1570) 

Trinitarians . 


John  de  Mathaand 
Felix  de  Valois 
Knights  Hospitallers  of  Guy  of  Montpellier 
the  Holy  Spirit 
Penitents  of  St.  Mary(?). 

Magdalene 
Franciscans., 

Carmelites.... 


Founder. 


Molesme,  Bur¬ 
gundy. 
Jerusalem  (?). 

Fontevraud, 

Poitiers. 

Jerusalem. 


Jerusalem. 


(?) . Jerusalem. 

Norbert . .  Pr6montr6,  Pi¬ 

cardy. 

Rotrou  II.,  Count  of  La  Trappe, 
Perche  France. 

Gilbert  of  Semp-  Sempringham. 

ringham  Lincolnshire. 

Suero,  and  Gomez,  St.  Julian,  Ciu- 
de  Barrientos  dad  Rodrigo. 

William  deMalaval  Pescara,  Italy 


gal 


Leon  - 

Bega,  or  Lambert  le  Liege 
B&gue 

Hermann  Walpot 


Calatrava, 

Spain. 

Evora,  Portu¬ 
gal. 

Compostella, 

Galicia. 


Acre,  Syria. 
Milan. 

Meaux,  Paris. 

Montpellier, 

France. 

Germany. 


Nuns  of  St.  Clare . 

Order  of  Val-des-Eco 
liers 

Canons  Regular  of  the 
Holy  Cross 

Hermits  of  St.  August’e 

Dominicans . 

Hermits  of  St.  Paul 


FrancisBernardone 
Albert.titular  patri¬ 
arch  of  Jerusalem 
Francis  and  Clara. 
William  of  Paris... 

Theodore  de  Celles 


Giovanni  Bono — 
Dominic  Guzman.. 
Eusebius,  archbp 
of  Strigonia 
Order  of  St.  Mary  of  JaymeI.,of  Aragon 
Mercy,  or  Mercedarians 
Franciscan  Tertiaries... 

Servites . 

Sylvestrines . 

Canons  Regular  of  St. 

Mark 

Austin  Brothers  of  Pen 
itence 

Celestines . 


Grey  Sisters  (Hospital 
lers) 

Hospitallers  of  the  Cha¬ 
rity  of  our  Lady 
Olivetans . 


Cellites,  or  Alexian 
Brothers 

Jesuates . 

Brigittine  Nuns,  or  Or 
der  of  St.  Saviour 

Brigittine  Knights . 

Observants,  or  Francis¬ 
cans  of  the  Strict  Ob¬ 
servance  - 
Hieronymite  Monks . 


1373-77 

1376 

1380 


1390(?) 

1395 

1408 


1408 

1425 

1429 


1431 

1433(7) 

1433 

1435 


Hermits  of  St.  Jerome. 


Francis . H . 

Buonfiglio  Monaldi 
Sylv’r  de’Gozzolini 
Alberto  Spinola 

Innocent  IV . 


PietroMorone(Pope 
Celestine  V.) 

(?) . 


Guy  de  Joinville.. 

Bernardo  Tolomei 
of  Siena 
(?) . 


Giovan’i  Colombini 
Bridget  of  Sweden. 

Bridget  of  Sweden. 
Paoletto  de  Foligno 


Pedro  Ferrando  Pe-  Villaescuda, 


cha  de  Guadala 
jara 

Pietro  Gambacorti 
or  Gambacurta 
Gerard  Groot . 


Co- 


Brothers  of  Common 
Life 

Fesulan  Mendicants  of  Carlo  de  Montegra- 
StJerome  (suppress’d  neli 
in  1668) 

Hieronymite  Nuns . Maria  Garcias 

Congregation  of  the  Bartolommeo 
Lateran  lonna 

Congregation  of  St.  Jus-  Ludovico  Barbo 
tina,  or  Reform  oi 
Monte  Cassino 
Canons  Regular  of  St 
Saviohr 

Bernardins . 

Order  of  Bursfeld,  or 
German  Benedietine 
Reform 

Mitigated  Carmelites,  Pope  Eugemus  IV.. 

or°‘  Billettes” 

Congregation  of  St.  Am-  (?)., 
brose  ad  Nemus 

Oblate  Nuns . .Frances  of  Rome... 

Minims,  or  Hermits  of  Francis  de  Paola. 
St.  Francis_ I 


Place. 


Assisi. 

Mount  Carmel, 
Palestine. 
Assisi,  Italy. 
Chaumont, 
France. 
Clair-Lieu,  Bel¬ 
gium. 

Cesena,  Italy. 

Bologna. 

Buda-Pesth, 

Barcelona. 

Assisi. 
Florence. 
Osimo,  Italy. 
Mantua. 

Marseilles. 

Sulmona,  Italy. 

France  and 
Flanders. 
Paris. 

Siena  (?),  Italy. 

Aix-ia-Cha- 
pelle  (?). 
Siena. 
Wadstena, 
Sweden. 

(?). 

Bruliano,  Italy 


Date. 


Castile. 
Pisa. 

Deventer, 
Holland. 
Fiesole,  Italy. 


Toledo. 

Rome. 

Padua. 


Stephen  Cioni  of 
Siena 

Martin  Vasga... 
Johann  Rodius 


Iliceto,  Siena. 

Near  Toledo. 
Abbey  of  St. 
Matthias, 
Treves. 
Rome  (?). 

Milan. 

Rome. 

Vincennes, 

Paris. 


1443 


1444 

1453 

1484 

1493 

1503 

1524 


1525 

1531 


1532 

1533 

1534 

1537 

1538 
1554C?) 

1558 

1568 

1571 

1577 

1578 

1579 
1584 

1588 

1588 

1594 

1595 

1596 
1608 

1609 

1610 

1611 

1611 

1615 

1617 

1617 

1618 
1621 
1624 


1624 

1624 

1625 
1629 

1633 

1639 

1640 


1641 

1641 

1643 

1643 

1645 

1650 

1653 


1655 

1660 

1661 

1663 

1678 

1679 


Daughters  of  St.  Martha 
(Hospitallers) 

Augustins  of  the  Lorn 
bard  Congregation 

Madelonettes . 

Barnabites,  or  Clerks 
Regular 

Filles  Repenties... 
Annonciades . 


Theatins. 


Name. 


NicolasRolin, chan¬ 
cellor  of  Burgun¬ 
dy. 

Gregorio  Rocchi 


Capuchins, or  Reform’d 
Franciscans 
Clerks  Regular  of  St. 
Majolus  of  Pavia,  or 
“  Somaschi  ” 
Recollects,  or  Strict 
Franciscans 
Barnabites  of  St.  Paul. 

Jesuits: . 


Bishop  de  Boppart 
Popelnnocen  t  V  III, 


Jean  Tisserand. 
Queen  Jeanne 
Valois 

Giovanni  Pietro  Ca 
raffa  (Pope  Paul 
IV.) 

Matteo  di  Bassi 


Girolamo  Emiliani. 


(?)., 


Ursulines . 

Brothers  of  Charity.. 
Jesuitesses  (suppressed 
in  1631) 

Oratorians . 

Discalced  Carmelites... 
Fathers  of  Christian 
Doctrine 

Feuillants . 


Giacopo 
Mongia 

Ignatius  Loyala 


Angela  de’  Merici... 

John  of  God . 

An  Englishwoman 
named  Ward 

Philip  Neri . ;. 

Theresa . 

Pope  Pius  V . 


Jean  de  la  Barrifere 


Oblates  of  St.  Ambrose 
Latin  Monks  of  St  .Basil 
Clerks  Regular,  Minis¬ 
ters  of  the  Sick 

Clerks  Minor . 

DiscalcedAugustinians 

Congregation  of  Picpus 

Discalced  Trinitarians 

Notre  Dame  de  St.  Paul 

Jacobins,  or  Reformed 
Dominicans 
English  Institute  of  B. 
V.  Mary 

Nuns  of  the  Visitation 


French  Ursulines . 

French  Oratorians . 

Canons  Regular  of  St 
Saviour 

Hospitaller  Nuns  of  St. 
Charles 

Pauline  Congregation 
of  the  Mother  of  God 
Nuns  of  Calvary . 


Congregation  of  Bene¬ 
dictines  of  St.  Maur 
Hospitaller  Nuns  of  the 
Charity  of  Our  Lady 


Lazarists . 

Nuns  of  Our  Lady  of 
Refuge 
Religieuses  de  la  Croix 
Sisters  of  Charity . 


Order  of  Mercy. 


Sisters  of  the  Blessed 
Sacrament 

Bartholomites.orClerks 
Secular  of  Common 
Life 

Nunsofthe  Good  Shep 
herd 

Order  of  Our  Lady  of 
Charity  and  Refuge 

Eudists,  or  Mission 
Priests 

Daughters  of  Provi¬ 
dence 

Sulpicians . 

Sisters  of  St.  Joseph 


Founder. 


Place. 


de 


Beaune, 

France. 

Pavia. 

Metz. 

Rome. 

Paris. 

Bourges, 
France. 
Theate  or 
Chieti,  Italy. 

Pisa. 

Pavia. 


Spain  (?). 


Antonio 


Carlo  Borromeo . 

Pope  Gregory  XIII. 
Camillo  de’  Lelli.... 

Agostino  Adorno ... 
Thomas  d’Andrada 
(Thomas  de  Jesus) 
Vincent  Mussart..  .. 

Juan  Baptista  Gar¬ 
cias 

Madeleine  d’Escou- 
bleau  de  Sourdis 
Jean  Michaelis . 


Mary  Ward . 

Jeanne  Franpoise 
de  Chantal 
Marie  Lhuillier. 
Cardinal  de  Berulle 
Founder  de  Matain- 
court 


Joseph  Calasanza... 

Antoinette  d' Or¬ 

leans 

Didier  de  la  Cour.. 

Simone  Gauguin 
(Mother  Frances 
of  the  Cross) 
Vincent  de  Paul 
Marie  Elizabeth  de 
Ranfain 

M.  Guerin . 

Vincent  de  Paul  & 
Louise  Legras 
Antoine  Yvan  and 
MadeleineMartin 
Antoine  Lequien... 

Bartholomew  Holz- 
hauser 


Milan. 

Montmartre, 

Paris. 

Brescia,  Italy. 

Granada. 

Flanders. 

Rome. 

Avila,  Spain. 
Rome. 

Feuillans, 

France. 

Milan. 

Rome. 

Rome. 

Genoa. 

Talavera. 

Franconville- 
sous-bois, Paris. 
Val  de  Pefias, 
Spain. 

St.  Paul, 
France. 

Paris. 

St.  Omer, 
France. 

Annecy,  Savoy. 

Paris. 

Paris. 

Lorraine. 

Nancy. 

Rome. 

Poitiers. 

Verdun, 
France. 

Paris. 


Madeleine  Lamy. 
Jean  Eudes . 


Jean  Eudes., 


Benedictine  Nuns  of 
Perpetual  Adoration 

Bethlehemites . 


Madame  de  Polal- 
lion 

Jean  Jacques  Olier. 

Henri  Maupas  du 
Tour 

Catherine  de  Barr£ 
(Mechtilde  du  St. 
Sacrement) 

Pierre  de  Betan 
court 

Ange  Le  Proust . 


P5re  Vachet . 

Armand  de  RancA 


Hospitaller  Nuns  of  St, 

Thomas  of  Villanova 
Union  Chr£tienne.... 

Reformed  Trappists 
Brothers  and  Sisters  ofNicolas  Barr6 
the  Child  Jesus 

Daughters  of  Pro  vi- Madame  Morel... 

I  dence  I  _ 


Paris. 

Nancy. 

Roye,  Picardy. 
Paris. 

Aix,  Provence. 

Marseilles. 

Salzburg. 


Caen,  France. 
Caen. 

Caen. 

Paris. 

Paris. 

Le  Puy  en  Ve- 
lay,  France. 
Paris. 


Guatemala, 

C.  America. 
Lamballe, 
France. 

Charonne, Paris. 
La  Trappe.  M 
Paris. 

Charleville, 
France. 
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Date. 

Name. 

Founder. 

Place. 

Date. 

1684 

Sisters  of  the  Presenta- 

Marie  Poussepin . 

Sain  ville, 

1842 

tion 

France. 

1686 

Ladies  of  St.  Cyr . 

Mad.  de  Maintenon 

Versailles. 

1842 

and  Louis  XIV. 

1686 

Laughters  of  the  Good  Madame  de  Combe 

Paris. 

1843 

Shepherd 

1704 

Sisters  of  Charity  of  St. 

Louis  Chauvet . 

Levt5ville-la- 

1846 

Paul  the  Apostle 

Chenard, 

France. 

1847 

1712 

Congregation  of  the 

Elizabeth  de  Sur- 

St.  Lo,  Nor- 

Good  Saviour 

ville 

mandy. 

1848 

1713 

Religious  of  Most  Bless- 

P6re  Vigne . 

Bousseaux-le- 

ed  Sacrament 

Roy,  France. 

1849 

1716 

Daughters  of  Wisdom .. 

Marie  Louise  Tri- 

La  Rochelle. 

chet  and  Grignon 

1849 

de  Montfort 

1725 

Passionists . 

Paul  of  the  Cross... 

Rome. 

1850 

1732 

Redemptorists,  or  Ligu- 

Alfonso  de’  Liguori. 

Scala,  Italy. 

orians 

1851 

1785 

Society  of  the  Christian 

Antoine  Sylvestre 

Fontenelles, 

Retreat 

Receveur 

France. 

1851 

1800 

Ladies  of  the  Sacred 

Madame  Barat . 

Amiens. 

Heart 

1852 

1801 

Dames  de  St.  Andr6 . 

Seraphine  Hauvar- 

Tournay,  Bel- 

let 

gium. 

1852 

1815 

Jean  C.  M.  Colin . 

Lyons. 

1815 

Oblates  of  Mary  Im- 

M.  de  Mazenod . 

Aix. 

1854 

maculate 

1816 

Sisters  of  Jesus  and 

P6re  Coindre . 

Fourvieres, 

1855 

Mary 

Lyons. 

1817 

Marist  Brothers . 

Abb<5  Champagnat 

Lyons. 

1856 

1820 

Sisters  of  Notre  Dame.. 

Julie  Billiart . 

Amiens. 

1820 

Sceurs  de  l’EspiSrance... 

Abbt)  Noailles . 

Bordeaux. 

1861 

1822 

Brothers  of  Christian 

Abb6  Lamennais... 

St.  Brieuc, 

Instruction 

France. 

1822 

Faithful  Companions  of 

Madame  d’Houet... 

Amiens. 

1861 

Jesus 

1822 

Pierre  Roger . 

Montmirail, 

1861 

France. 

1824 

Sisters  of  Bon  Secours. 

Mad.  de  Montale.... 

Paris. 

1824 

Marist  Sisters . 

Jean  Claude  Colin. 

Belley,  France. 

1864 

1827 

Sisters  of  Mercy . 

Catherine  McAuley 

Dublin. 

1828 

La  Sainte  Union  des 

AbbS  Debrabant.... 

Douai,  France. 

1865 

Sacr&s  Cceurs 

1828 

Institute  of  Charity,  or 

Antonio  Rosmini 

MonteCalvario, 

1865 

Rosminian  Fathers 

Serbati 

Italy. 

1833 

School  Sisters  of  Notre 

Bishop  Michael 

Nuremberg, 

Dame 

Wissmann 

Bavaria. 

1866 

1833 

Daughters  of  the  Cross 

Canon  J.  G.  Habets 

Li6ge. 

and  Jeanne  Haze 

1866 

1836 

Deaconesses(Lutheran 

Theodor  Fliedner.. 

Kaiserswerth, 

Diisseldorf. 

1869 

1837 

Xaveriaii  Brothers . 

Theodore  Rvken  .. 

Bruges,  Belg’m. 

1840 

Deaconesses  (French 

M.  Vermeil  andParis. 

1870 

Reformed) 

Mdlle.  Malvesin 

1840 

Little  Sisters  of  the  Poor 

AbbS  le  Pailleur.... 

St.  Malo. 

1 

1870 

Deaconesses  of  Stras- 
burg  (Lutheran) 
Deaconesses  of  St.  Loup 
(Swiss  Reformed) 
Notre  Dame  de  Sion. 


Pastor  Harter.. 


M.  Germond., 


Holy 


PP.  Theodore  and 
M.  A.  Ratisbonne 
Cornelia  Connelly.. 


Priscilla  Lydia  Sel- 
Ion 

Clara  Fey . 


Society  of  the 
Child  Jesus 

Society  of  Holy  Trinity 
of  Devonport  ( Angl.) 

Sisters  of  the  Poor  Child 
Jesus 

Poor  Handmaids  ofjKatharina  Caspar. 
Jesus  Christ 

Sisters  of  St.  Mary  theiMiss  Lockhart . 

Virgin  (Angl.) 

Sisters  of  the  Most  Holy jF.  Gaudentius 
Cross  and  Passion 

Sisters  of  Nazareth.... 


Cardinal  Wiseman 

Rev.  W.  Upton 
Richards 

Abb<5  Petfitot . 


Sisterhood  of  All  Saints 
(Angl.) 

French  Oratorians  (re 
vived) 

Deaconesses  of  Riehen  M.  Spittler. 

(Swiss  Refd.) 

Society  of  St.  John  Bap¬ 
tist  (Angl.) 

Nursing  Sisters  of  St. 

Margaret  (Angl.) 

Helpers  of  the  Holy 
Souls 

Deaconesses  (Angl.)..  •• 


Place. 


Strasburg. 

Echellens, 
France. 

Paris. 

Derby, 
England. 

Plymouth. 

Aix-la-Cha- 
pelle. 

Dermbach, 
Germany. 

Wantage, 
Berks. 

Manchester. 

Hammersmith, 
London. 

London. 

Paris. 


Hon.  Mrs.  Charles 
Monsell 
Dr.  John  Mason 
Neale 

Eugenie  Suret.... 


Sisterhood  of  St.  Peter 
(Angl.)  . 

Congregation  of  the 
Finding  of  Jesus  in 
the  Temple 

Little  Sisters  of  the  As 
sumption 

Sisterhood  of  St.  Mary 
(Angl.) 

Mission  Priests  of  St 
John  the  Evangelist 
(Angl.) 

Servants  of  the  Sacred 
Heart  of  Jesus 

Sisters  of  Bethany 
(Angl.) 

Sisterhood  of  the  Good 
Shepherd  (Angl.) 

Sisters  of  the  Church 
(Angl.) 

LittleCompany  of  Mary 


Rev. T. Pelham  Dale 
and  Elizabeth 
Catherine  Ferard 
RosamiraLancaster 


Mary  Lefevre. 


near  Basel. 

Clewer, 

Windsor. 

E.  Grinstead, 
Sussex. 
Paris. 

London. 


Augustinians  of  the 
Assumption 
Rev.  Dr.  Morgan 
Dix 

Rev.  R.  M.  Benson 


Brompton, 
London. 
London (now 
Clifton  Wood 
Bristol). 
Paris. 


New  York. 


P.  Peter 
Braun 
Etheldreda  A.  Be- 
nett 

Bishop  Horatio 
Potter 

Emily  Ayckbowm. 


Cowley 
St.  John, 
Oxford. 
Victor  Paris. 


Kilburn, 
London. 

Mary  Potter . Hyson  Green, 

_ I  Nottingham. 


Pentonville, 
London. 
New  York. 


MONACO  (French  Monegue),  the  smallest  of  the  |  8.34  square  miles,  a  population  (1900)  of  15  580  and  an 

army  of  72  men,  is  situated  on  the  coast  of 
the  Mediterranean,  9  miles  east  of  Nice,  and 
bounded  on  all  sides  by  the  French  depart¬ 
ment  of  the  Maritime  Alps.  Previous  to  1861, 
when  the  communes  of  Mentone  (Menton) 
and  Roccabruna  (Roquebrun)  were  sold  to 
France  for  4,000,000  francs,  the  area  was 
about  a  third  larger;  but  the  population, 
which  with  those  portions  again  included 
would  now  be  15,000,  was  only  about  8000. 
Monaco  lias  long  had  the  reputation  of  being 
one  of  the  most  beautiful  and  sheltered  spots 
on  all  the  Franco-Italian  coast :  non  Corus  in 
ilium  Jus  habet  aut  Zrphyrus •;  solus  sua  littora 
turbat  Circius ,  said  Lucan  ;  and  a  luxuriant 
growth  of  aloes  and  prickly  pears  (introduced 
in  1537),  palm-trees,  eucalyptus,  lemon-trees, 
and  geraniums  gives  a  warmer  color  to  the 
scene  than  Lucan  can  have  known.  The  town 
occupies  the  level  summit  of  a  rocky  head¬ 
land,  rising  about  195  feet  from  the  shore, 
and  still  surrounded  with  ramparts.  >  Though 
largely  modernized,  the  palace  is  a  fine  speci¬ 
men  of  Renaissance  architecture  ;  the  new 
“  cathedral  ”  (French  Renaissance  style),  the 
new  church  of  St.  Charles,  and  the  museum 
may  also  be  mentioned.  Behind  the  rock, 
T11  ,.r  between  Mont  Tete  de  Chien  and  Mont 

Plan  of  Monaco.  de  ^  hjgh  ndg  ^  ^ 

sovereign  principalities  of  Europe,  with  an  area  of  I  wards  Turbie,  the  village  on  the  hill  which  takes 
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its  name  from  the  tropoca  with  which  Augustus 
marked  the  boundary  between  Gaul  and  Italy.  On 
the  eastern  side  lies  the  little  port  or  bay  of  Monaco  ; 
along  the  lower  ground  at  the  head  of  the  bay  stretches 
the  village  of  Oondamine  with  orange-gardens,  manu¬ 
factures  of  perfumes  and  liqueurs,  and  the  chapel  of 
Ste.  Devote,  the  patron  saint  of  Monaco  ;  farther  to 
the  east,  on  the  rocky  slopes  of  the  Sp6lugues  (Spel- 
uncse)  are  grouped  the  various  buildings  of  the  Casino 
of  Monte  Carlo  and  the  numerous  villas  and  hotels 
which  it  has  called  into  existence.  Previous  to  1828 
the  Sp6lugues  were  mere  barren  rocks ;  but  after  they 
were  traversed  by  the  new  road  to  Mentone,  Count 
Rey  caused  them  to  be  covered  with  soil  by  Italian 
convicts  ;  and  since  1 858,  when  the  first  stone  of  the 
Casino  was  laid,  the  process  of  artificial  embellishment 
has  been  carried  out  on  the  most  magnificent  scale. 
The  gaming  establishment  is  now  in  the  hands  of  a 
joint-stock  company  with  a  capital  of  15,000,000 
francs.  None  of  the  inhabitants  of  Monaco  have 
access  to  the  tables ;  and  their  interest  in  the  main¬ 
tenance  of  the  status  quo  is  secured  by  their  complete 
exemption  from  taxation,  and  the  large  prices  paid  for 
their  lands.  Gambling-tables  were  set  up  at  Monaco 
in  1856  ;  but  it  was  not  till  1860,  when  M.  Blanc,  ex¬ 
pelled  from  Homburg,  took  possession  of  the  place, 
that  Monte  Carlo  began  to  be  famous. 

A  temple  of  Heracles  Moncecus  was  built  on  tbe  Monaco 
headland  at  a  very  early  date,  probably  by  the  Greeks  of 
Massilia.  Monceci  Portus  or  Portus  Herculis  is  frequently 
mentioned  by  the  later  Latin  writers.  From  the  10th  cen¬ 
tury  the  place  was  associated  with  the  Grimaldi,  a  power¬ 
ful  Genoese  family  who  held  high  offices  under  the  republic 
and  the  emperors;  but  not  till  a  much  later  date  did  it 
become  their  permanent  possession  and  residence.  In  the 
beginning  of  the  14th  century  it  was  notorious  for  its  pira¬ 
cies.  Charles  I.  (a  man  of  considerable  mark,  who,  after 
doing  great  service  by  sea  and  land  to  Philip  of  Valois  in 
his  English  wars,  was  severely  wounded  at  Crecy)  pur¬ 
chased  Mentone  and  Roccabruna,  and  bought  up  the  claims 
of  the  Spinola  to  Monaco.  The  princes  of  Monaco  con¬ 
tinued  true  to  France  till  1524,  when  Augustin  Grimaldi 
threw  in  his  lot  with  Charles  V.  Honore  I.,  Augustin’s 
successor,  was  made  marquis  of  Campagna  and  count  of 
Cauosa,  and  people  as  well  as  rulers  were  accorded  various 
important  privileges.  The  right  to  exact  toll  from  vessels 
passing  the  port  continued  to  be  exercised  till  the  close  of 
the  18th  century.  Ilonore  II.,  who  renewed  the  alliance 
with  France  in  1641,  was  compensated  for  the  loss  of  Canosa, 
etc.,  with  the  duchy  and  peerage  of  Valentinois  and  vari¬ 
ous  lesser  lordships;  and  duke  of  Valentinois  long  con¬ 
tinued  to  be  the  title  of  the  heir-apparent  of  the  princi¬ 
pality.  The  National  Co  ivention  annexed  the  principality 
to  France  in  1793 ;  restored  to  the  Goyon  Grimaldis  by  the 
Treaty  of  Paris  in  1814,  it  was  placed  by  that  of  Vienna 
under  the  protection  of  Sardinia.  King  Albert  of  Sardinia 
took  the  opportunity  of  disturbances  that  occurred  in  1848 
to  annex  Mentone  and  Roccabruna;  but  this  high-handed 
proceeding  was  condemned  by  the  protocol  of  1856,  and 
Charles  III.  (born  1818)  entered  upon  his  full  rights.  With 
the  transference  of  Nice  to  France  in  1860  the  principality 
passed  again  under  French  protection. 

See  Charles  de  Venasques,  Genealogicaethistorica  Grimaldix  gen  tin 
arbor  (really  the  work  of  Honor6  II.). 

MONAGHAN,  an  inland  county  of  Ireland  in  the 
province  of  Ulster,  is  bounded  E.  by  Armagh,  S.E. 
by  Louth,  S.  by  Meath,  S.W.  by  Cavan,  W.  by  Fer¬ 
managh,  and  N.  by  Tyrone.  The  area  is  318,806 
acres,  or  498  square  miles.  The  northwestern  part  of 
the  county  is  included  in  the  great  central  plain  of 
Ireland -  but  in  the  southeast  there  is  an  uprising  of 
Lower  Silurian  rocks.  The  surface  is  irregular,  al¬ 
though  none  of  the  hills  are  of  great  elevation.  The 

rincipal  range  is  that  of  Slievebeagh,  a  rugged  and 

arren  tract  extending  into  Fermanagh,  its  highest 
summit  being  1254  feet  above  sea-level.  Formerly 
much  of  the  country  was  under  forest,  but  it  is  now 
verjr  bare  of  trees,  except  in  the  many  demesnes  of 
the  nobility  and  gentry.  The  scenery  is  redeemed 
from  monotony  by  the  large  number  of  small  lakes 
and  streams.  The  lakes  number  in  all  nearly  200. 
The  principal  rivers  are  the  Finn,  which  rises  near 


the  centre  of  the  county  and  passes  into  Fermanagh, 
and  the  Blackwater,  which  forms  the  boundary  with 
Tyrone.  The  Ulster  Canal  passes  the  towns  of  Mona¬ 
ghan  and  Clones,  affording  communication  between 
Lough  Neagh  and  Lough  Erne.  Eskers  occur  at  sev¬ 
eral  places.  There  are  seams  of  unworkable  coal  in 
the  southwest  of  the  county.  The  limestone  is  not 
only  abundant  and  good,  but  from  the  position  of  the 
rocks  it  can  be  obtained  at  very  small  expense  in  work¬ 
ing.  Freestone  and  slates  are  quarried  in  considerable 
quantities.  The  other  minerals  include  lead  ore,  anti¬ 
mony,  fuller’s  earth,  marble,  and  manganese ;  but  the 
quantities  obtained  are  inconsiderable. 

Climate  and  Agriculture. — Partly  owing  to  the  large  pro¬ 
portion  of  bog  and  water  the  climate  is  somewhat  moist. 
The  soil  in  the  more  level  portions  of  the  county  is  very 
fertile  where  it  rests  on  limestone,  and  there  is  also  a  mixed 
soil  of  deep  clay,  which  is  capable  of  high  cultivation ;  but 
in  the  hilly  regions  a  strong  retentive  clay  prevails,  which 
could  be  made  productive  only  by  careful  draining  and 
culture.  Spade  husbandry  generally  prevails.  The  most 
common  manure  is  a  compost  of  lime  and  burned  turf 
mould.  Marl  is  abundant,  but  is  little  used,  and  gypsum 
also  is  found. 

The  number  of  holdings  in  1881  was  17,849,  of  which  as 
many  as  10,784  did  not  exceed  15  acres  in  extent,  and  2870 
of  these  did  not  exceed  5  acres;  6454  ranged  between  15 
and  50  acres,  and  only  24  were  above  200  acres.  The  area 
of  arable  land  was  278,755  acres,  or  87  per  cent,  of  the 
whole,  while  5258  were  under  plantations,  7580  bog  and 
marsh,  5239  barren  mountain  land,  aDd  21,582  water,  roads, 
and  fences.  The  following  table  shows  the  areas  under  the 
different  crops  in  1850  and  1882 : 


Wheat. 

Oats. 

Other 
|  Cereals. 

Potatoes. 

Turnips. 

Other  Green 

Crops. 

Flax. 

Meadow  and 

Clover. 

Total. 

1850 

1882 

5,861 

1,228 

80,946 

53,997 

7,467 

1,665 

22,105 

21,321 

7,190 

7,562 

2,543 

1,533 

10,157 

12,348 

11,399 

31,480 

147,668 

131,134 

Horses  numbered  10,229  in  1872,  and  10,666  in  1882.  In 
the  same  years  mules  numbered  300  and  469,  and  asses 
4314  and  3476.  The  number  of  cattle  in  1872  was  81,333, 
and  in  1882  only  72,266,  an  average  of  25.9  to  every  100 
acres  under  cultivation,  the  average  for  Ireland  being*  25.8. 
Sheep  between  1872  and  1882  declined  from  17,964  to  9858, 
a  very  inconsiderable  number ;  pigs  increased  from  26,008 
to  29,972 ;  goats  from  8873  to  12,391 ;  aud  poultry  from 
341,874  to  434,260. 

According  to  the  latest  return,  the  land  was  divided 
among  1470  proprietors,  who  possessed  311,440  acres,  with  a 
total  annual  value  of  £261,382.  The  average  size  of  the 
properties  was  211  acres,  and  the  average  value  per  statute 
acre  17  shillings.  The  following  seven  proprietors  possessed 
upwards  of  10,000  acres :  E.  P.  Shirley,  26,386 ;  marquis  of 
Bath,  22,762;  earl  of  Dartrey,  17,345;  Lord  Rossmore,  14,- 
839;  Sir  John  Leslie,  13,621;  Viscount  Templetown,  12,845; 
A.  A.  Hope,  11,700. 

Manufactures. — The  only  manufacture  of  consequence  is 
linen,  which  of  late  years  has  been  on  the  increase.  The 
number  of  scutching  mills  in  1881  was  55,  of  which  45 
were  wrought  by  water,  8  by  steam,  and  2  by  water  aud 
steam. 

Administration. — The  county  includes  5  baronies,  23  par¬ 
ishes,  and  1850  town  lands.  Assizes  are  held  at  Monaghan, 
and  quarter-sessions  at  Carrickmacross,  Castleblayney, 
Clones,  and  Monaghan.  There  are  8  petty  sessional  dis¬ 
tricts  within  the  county,  and  part  of  another.  It  includes 
the  poor-law  unions  of  Carrickmacross  and  Monaghan,  and 
portions  of  Castleblayney,  Cloglier,  Clones,  Cootehill,  and 
Dundalk.  It  is  in  the  Belfast  military  district,  sub-district 
of  Armagh.  There  is  a  barrack  station  at  Monaghan.  In 
the  Irish  parliament  two  members  were  returned  for  the 
county  and  two  for  the  town  of  Monaghan,  but  at  the 
Union  Monaghan  was  disfranchised. 

Population. — The  population  in  1841  was  200,442;  but  in 
1851  it  had  diminished  to  141,823,  in  1871  to  114,969,  and  in 
1881  to  102,748,  and  according  to  the  census  of  1901,  to 
74,505.  At  the  last  census  73  per  cent,  of  the  inhabitants 
were  Roman  Catholics,  13  per  cent.  Episcopalians,  and  11 
per  cent.  Presbyterians.  The  number  of  emigrants  from 
1st  May,  1851,  to  31st  December,  1881,  was  56,408,  or  about 
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1840  persons  per  annum ;  while  during  the  twenty  years 
ending  31st  March,  1881,  the  annual  rate  of  emigration  was 
13.8  per  1000  of  the  population.  The  death-rate  to  every 
thousand  of  the  population  for  the  ten  years  ending  1881 
was  16.9,  the  birth-rate  23.4,  and  the  marriage-rate  3.6. 
The  towns  possessing  more  than  1000  inhabitants  are— 
Monaghan  3369,  Clones  2216,  Carrickmacross  2002,  Castle- 
blayney  1810,  and  Ballyblay  1654.  Monaghan,  the  county 
town,  received  its  name  Muinechan  (the  town  of  monks) 
from  a  monastery  founded  there  at  a  very  early  period. 
The  town  was  incorporated  by  James  I.,  but  it  was  little 
more  than  a  hamlet  till  towards  the  close  of  last  century. 
Besides  the  usual  county  buildings,  it  contains  a  Roman 
Catholic  college,  and  National  model  schools. 

History  and  Antiquities. — In  the  time  of  Ptolemy,  Mona¬ 
ghan  formed  part  of  the  territory  of  the  Scoti.  Subse¬ 
quently  included  in  the  district  of  Oriel  or  Orgial,  and 
long  known  as  Macmahon’s  country,  it  became  shire  ground 
in  the  reign  of  Elizabeth. 

The  antiquarian  remains  of  Monaghan  are  comparatively 
unimportant.  At  Clones  there  is  a  round  tower  in  good 
preservation,  but  very  rude  in  its  masonry;  another  at 
Inniskeen  is  very  dilapidated.  Near  Clones  there  are  two 
large  raths.  Although  there  are  several  old  Danish  forts, 
there  are  no  mediaeval  castles  of  importance.  The  only 
monastic  structure  of  which  any  vestiges  remain  is  the 
abbey  of  Clones,  which  was  also  the  seat  of  a  bishopric. 
The  abbey  dates  from  the  6th  century,  but  was  rebuilt  in 
the  14th  century  after  destruction  by  fire.  On  the  site  of 
the  Franciscan  abbey  at  Monaghan  a  castle  was  erected, 
which  was  in  a  ruinous  condition  in  the  time  of  James  I. 

MONARCHIANISM,  in  its  technical  Christological 
sense,  designates  the  view  taken  by  those  Christians 
who,  within  the  church,  towards  the  end  of  the  2d 
century  and  during  the  3d,  opposed  the  doctrine  of  a 
hypostatic  Logos  (hypostasianism)  or  of  an  independent 
personal  subsistence  of  the  Divine  Word.  It  is  usual 
(and  convenient)  to  speak  of  two  kinds  of  monarchian¬ 
ism,— the  dynamistic  and  the  modalistic.  By  mon- 
archians  of  the  former  class  Christ  was  held  to  be  a 
mere  man,  miraculously  conceived  indeed,  but  consti¬ 
tuted  the  Son  of  God  simply  by  the  infinitely  high 
degree  in  which  he  had  been  filled  with  Divine  wisdom 
and  power.  This  view  was  represented  in  Asia  Minor 
about  the  year  170  by  the  anti-Montanistic  Alogi,  so 
called  by  Epiphanius  on  account  of  their  rejection  of 
the  Fourth  Gospel ;  it  was  also  taught  at  Home  about 
the  end  of  the  2d  century  by  Theodotus  of  Byzantium, 
a  currier,  who  was  excommunicated  by  Bishop  Victor, 
and  at  a  later  date  by  Artemon,  excommunicated  by 
Zephyrinus.  About  the  vear  260  it  was  again  pro¬ 
pounded  within  the  church  by  Paul  of  Samosata  (a.  v. ) , 
who  held  that,  by  his  unique  excellency,  the  man  Jesus 
gradually  rose  to  the  Divine  dignity,  so  as  to  be  worthy 
of  the  name  of  God.  Modalistic  monarchianism,  con¬ 
ceiving  that  the  whole  fulness  of  the  Godhead  dwelt 
in  Christ,  took  exception  to  the  “  subordinatianism  ” 
of  some  church  writers,  and  maintained  that  the  names 
Father  and  Son  were  only  two  different  designations 
of  the  same  subject,  the  one  God,  who  “with  reference 
to  the  relations  in  which  He  had  previously  stood  to 
the  world  is  called  the  Father,  but  in  reference  to  His 
appearance  in  humanity  is  called  the  Son.  ’  ’  It  was 
first  taught,  in  the  interests  of  the  “monarchia”  of 
God,  by  Praxeas,  a  confessor  from  Asia  Minor,  in 
Rome  about  190,  and  was  opposed  by  Tertullian  in  his 
well-known  controversial  tract.  The  same  view — the 
“  patripassian  ”  as  it  was  also  called,  because  it  implied 
that  God  the  Father  had  suffered  on. the  cross— ob¬ 
tained  fresh  support  in  Rome  about  215  from  certain 
disciples  of  Noetus  of  Smyrna,  who  received  a  modi¬ 
fied  support  from  Bishop  Callistus.  It  was  on  this 
account  that  Hippolytus,  the  champion  of  hypostasian 
subordinatianism,  along  with  his  adherents,  withdrew 
from  the  obedience  of  CallistuSj  and  formed  a  separate 
community.  A  new  and  conciliatory  phase  of  patri- 
passianism  was  expounded  at  a  somewhat  later  date 
by  Beryllus  of  Bostra,  who,  while  holding_the  divinity 
of  Christ  not  to  be  or  proper  to  Himself,  but 
rrarpiK^  (belonging  to  the  Father),  yet  recognized  in 
His  personality  a  new  np6auwov  or  form  of  manifesta¬ 
tion  on  the  part  of  God.  Beryllus,  however,  was 


convinced  of  the  wrongness  of  this  view  by  Origen 
(q.  v. ),  and  recanted  at  the  synod  which  had  been  called 
together  in  244  to  discuss  it.  For  the  subsequent 
history  of  modalistic  monarchianism,  see  Sabellius. 
MONASTICISM.  See  Monachism. 
MONASTIR,  Bitolia,  or  Toli  Monastir,  a  city 
of  Macedonia,  now  the  chief  town  of  the  Turkish 
vilayet  of  Roumelia,  is  situated  at  a  height  of  1880 
feet  above  the  sea,  in  a  western  inlet  of  the  beautiful, 
fertile,  and  many-villaged  plain  which,  with  a  breadth 
of  about  10  miles,  stretches  for  40  miles  eastward  from 
Mount  Peristeri  (7714  feet  high)  to  the  Babuna  chain. 
It  is  embosomed  in  rich  masses  of  foliage,  and  crossed 
by  a  rough -channelled  mountain  stream,  the  Drahor, 
which  joins  the  Czerna  or  Karasu,  a  tributary  of  the 
V ardar.  The  military  advantages  of  its  position  at 
the  meeting-place  of  roads  from  Salonica,  Durazzo, 
Uskiub,  ana  Adrianople  led  the  Turks  about  1820  to 
make  Monastir  the  headquarters  of  the  Roumelian 
corps  d’armee.  Since  then  its  general  and  commercial 
importance  has  greatly  increased.  A  considerable 
amount  of  gold  and  silver  work  (especially  clasps  and 
filigree)  is  made  by  the- local  craftsmen.  The  popula¬ 
tion  is  about  40,000. 

Monastir — so  called  from  the  monastery  of  Bukova  (The 
Beeches),  some  hundred  feet  up  the  slope  of  Peristeri — is 
identified  with  the  ancient  Heraclea  Lyncestis  on  the  Eg- 
natian  Way ;  and  its  bishopric  is  still  called  the  bishopric  of 
Pelagonia  from  the  ancient  name  of  the  plain.  In  1833  the 
town  was  the  scene  of  the  massacre  of  the  Albanian  beys. 

MONBODDO,  James  Burnett,  Lord  (1714— 
1799),  author  of  works  on  the  Origin  and  Progress  of 
Language  (published  in  1773),  and  Ancient  Meta¬ 
physics  (1779),  was  one  of  the  most  marked  characters 
in  Scottish  literary  circles  in  the  18th  century.  He 
was  born  in  1714  at  Monboddo  in  Kincardineshire, 
studied  at  Aberdeen  and  Groningen,  and  quickly  took 
a  leading  position  at  the  Edinburgh  bar,  being  made 
one  of  the  Lords  of  Session  in  1767.  Many  of  his 
eccentricities,  both  of  conduct  and  opinion,  appear  less 
eccentric  to  the  present  generation  than  they  did  to 
his  contemporaries  ;  though  he  seems  to  have  height¬ 
ened  the  impression  of  them  by  his  humorous  sallies 
in  their  defence.  He  may  have  had  other  reasons  than 
the  practice  of  the  ancients  for  dining  late  and  per¬ 
forming  his  journeys  on  horseback  instead  of  in  a 
carriage.  His  views  about  the  origin  of  society  and 
language  and  the  faculties  by  which  man  is  distin¬ 
guished  from  the  brutes  afforded  endless  matter  for 
jest  to  the  wags  of  his  day  ;  but  readers  of  this  gen¬ 
eration  are  more  likely  to  be  surprised  by  the  scientific 
character  of  his  method  and  the  acuteness  of  his  con¬ 
clusions  than  amused  by  his  eccentricity.  These  con¬ 
clusions  have  many  curious  points  of  contact  with 
Darwinism  and  Neo-Kantism.  His  idea  of  studying 
man1  as  one  of  the  animals,  and  of  collecting  facts  about 
savage  tribes  to  throw  light  on  the  problems  of  civili¬ 
zation,  bring  him  into  contact  with  the  one,  and  his 
intimate  knowledge  of  Greek  philosophy,  with  the 
other.  In  both  respects  Monboddo  was  far  in  advance 
of  his  neighbors.  His  happy  turn  of  Virgil’s  line — 

“  Tantse  molis  erat  humanam  condere  gentem  ” — 

might  be  adopted  as  a  motto  by  the  Evolutionists ; 
and  Neo-Kantians  would  find  it  hard  to  believe  that 
he  published  his  criticism  of  Locke  in  1773.  His 
studied  abstinence  from  fine  writing — from  ‘  ‘  the  rhe¬ 
torical  and  poetical  style  fashionable  among  writers  of 
the  present  day” — on  such  subjects  as  he  handled  con¬ 
firmed  the  idea  of  his  contemporaries  that  he  was  only 
an  eccentric  concocter  of  supremely  absurd  paradoxes. 
He  died,  26th  May,  1 799,  at  the  advanced  age  of  eighty- 
five. 

MONCTON,  a  town  of  the  Dominion  of  Canada, 
in  Westmoreland,  New  Brunswick,  89  miles  by  rail 
northeast  of  St.  John,  is  a  port  at  the  head  of  navi¬ 
gation  on  the  Petitcodiac,  and  the  seat  of  the  work¬ 
shops  and  general  offices  of  the  Intercolonial  Railway. 
The  population,  about  1200  in  1871,  was  9062  in  1901 ; 
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the  growth  of  the  place  has  been  favored  by  the  es¬ 
tablishment  of  sugar-refining  factories,  and  factories 
for  cotton  and  brass  and  iron  wares  since  the  Canadian 
Parliament  in  1879  adopted  a  policy  of  protection.  For 
the  year  1881-82  the  exports  amounted  to  $64,817, 
and  the  imports  to  $252,571. 

mondoRedo,  an  ancient  city  of  Spain,  27  miles 
north-northeast  from  Lugo,  in  the  province  of  that 
name,  is  situated  on  the  Sixto,  a  small  tributary  of  the 
Masma,  on  the  Atlantic  side  of  the  Cantabrian  chain, 
in  a  sheltered  site  surrounded  on  all  sides  by  consider¬ 
able  hills.  The  population  in  1897  was  10,496..  The 
principal  buildings  are  the  cathedral,  a  Corinthian 
structure  of  the  17th  century,  an  ex-convent  of  Fran¬ 
ciscan  friars  of  Alcantara,  which  is  now  used  for  a 
theatre  and  a  public  school,  and  the  civil  hospital.  The 
industries,  which  are  unimportant,  include  lace-making, 
linen-weaving,  and  leather  manufacture. 

According  to  local  tradition,  the  bishopric  of  Dumium, 
near  Braga,  was  transferred  to  San  Martin  de  Mondoiiedo 
(three  leagues  from  Mondoiiedo)  in  the  8th  century ;  it  was 
brought  to  Mondoiiedo  itself  by  Dona  Urraca  in  the  begin¬ 
ning  of  the  12th  century;  for  about  sixty  years  prior  to 
1233  the  see  was  at  Ribadeo.  After  having  been  for  nearly 
a  century  and  a  half  in  the  hands  of  the  Moors,  Mondoiiedo 
was  recaptured  by  Ordoiio  I.  in  858 ;  and  the  Christian  pos¬ 
session  was  made  permanent  by  Alphonso  III.  in  870.  It 
was  taken  by  surprise  by  the  French  in  1809. 


MONDOVt,  a  city  of  Italy,  in  the  province  of 
Cuneo,  15  miles  east  of  Cuneo  and  about  55  west  of 
Genoa  by  rail,  was  formerly  the  chief  town  of  the 
Sardinian  province  of  Mondovi,  and  between  1560  and 
1719  the  seat  of  a  Piedmontese  university.  The  central 
quarter  occupies  the  summit  of  a  hill  1670  feet  high, 
and  contains  the  hexagonal  piazza,  a  citadel  erected  in 
1573  by  Emanuel  Philibert,  the  cathedral  of  St.  Do- 
natus,  a  spacious  episcopal  palace,  and  the  statue  of 
Beccaria,  who  was  a  native  of  the  town.  At  the  foot 
of  the  hill  along  the  banks  of  the  Ellero  (a  tributary 
of  the  Po)  lie  the  industrial  and  commercial  suburbs 
of  Breo,  Borgatto,  Pian  della  Valle,  and  Carassone, 
with  their  potteries,  tanneries,  marble-works,  etc.  The 
mansion  of  Count  San  Quintino  in  Pian  della  Valle 
was  the  seat  of  the  printing-press  which  from  1472 
issued  books  with  the  imprint  Mons  Kegalis :  and  in 
modern  times  the  Ducal  press  founded  by  Emanuel 
Philibert  has  acquired  a  great  reputation.  The  popu¬ 
lation  of  the  town  was  6289  in  1901,  with  the  suburbs 
11,958;  that  of  the  commune  17,726  in  1861,  and 
19,255  in  1901. 

Breo  is  identified  with  a  certain  Colonia  Bredolensis ;  but 
Mondovi  proper — Mons  Vici,  Mons  Regalis  (Monteregale), 
or  Vicodunum — probably  did  not  take  its  rise  till  about 
1000  a.d.  The  bishopric  dates  from  1388. 


MONEY. 


1.  Definition  and  Functions  of  Money. — The  pre¬ 
cise  definition  of  Money  is  a  question  presenting  no 
small  difficulty,  and  it  has  been  complicated  by  the 
attempts  of  some  writers  to  define  the  term  so  as  to 
lend  support  to  their  favorite  theories.  The  real 
difficulties  of  the  subject  are,  however,  chiefly  con¬ 
nected  with  paper-money,  and  as  that  side  of  the 
question  has  been  dealt  with  in  the  article  Banking 
(q.  v. )  it  will  here  be  sufficient  to  adopt  the  clear  and 
careful  description  of  money  given  by  a  distinguished 
American  economist  as  being  “that  which  passes  freely 
from  hand  to  hand  throughout  the  community  in  final 
discharge  of  debts  and  full  payment  for  commodities, 
being  accepted  equally  without  reference  to  the  char¬ 
acter  or  credit  of  the  person  who  offers  it  and  without 
the  intention  of  the  person  who  receives  it  to  consume 
it  or  enjoy  it  or  apply  it  to  any  other  use  than  in  turn 
to  tender  it  to  others  in  discharge  of  debts  or  payment 
for  commodities.  ” 1  In  this  passage  the  essential 
features  of  money  are  plainly  set  forth,  though,  as  is 
frequently  the  case  in  economics,  particular  cases  hard 
to  bring  within  the  description  may  be  found.2 

The  functions  which  money  discharges  in  the  social 
organism  are — at  least  in  the  opinion  of  all  writers 
worth  noticing  here — clearly  manifest.  The  most  im¬ 
portant  is  that  of  facilitating  exchanges.  It  is  not 
necessary  to  dwell  on  the  great  importance  of  this 
office.  The  mere  consideration  of  industrial  organiza¬ 
tion  shows  that  it  is  based  on  the  division  of  employ¬ 
ments  ;  but  the  earliest  economic  writers  saw  clearly 
that  division  of  employments  was  rendered  possible 
only  by  the  use  of  a  medium  of  exchange.  They  saw 
that  the  result  of  increasing  specialization  of  labor  was 
to  bring  about  a  state  of  things  in  which  each  in¬ 
dividual  produced  little  or  nothing  directly  adapted  to 
satisfy  his  own  wants,  and  that  each  one  was  to  live  by 
exchanging  his  products  for  those  of  others.  They 
saw,  moreover,  that  this  was  not  feasible  without  some 

1  F.  A.  Walker,  Money,  Trade,  and  Industry,  p.  4. 

8  For  further  information  as  to -the  discussions  relative  to  the 
proper  definition  of  “  Money,”  the  reader  may  consult  J.  S.  Min, 
Prin.  of  Pol.  Econ„  B.  iii.  ch.  12,  §  7 ;  Jevons,  Money,  pp.  248  sq. ;  E. 
de  Laveleye,  Marcht  Monetaire,  pp.  226  sq. ;  and  especially  Mr.  H. 
Sidgwick’s  article  “What  is  Money?”  in  the  Fortnightly  Review 
(April,  1879),  also  his  Principles  of  Political  Economy,  pp.  231  sq. 


object  which  all  would  be  willing  to  accept  for  their 
peculiar  products,  for  otherwise,  the  difficulty  of  get¬ 
ting  those  together  whose  wants  were  reciprocal  would 
be  a  complete  hindrance  to  the  development  of  ex¬ 
change,  which  alone  made  division  of  labor  possible. 
A  second  function  hardly  inferior  in  importance  to  the 
one  just  mentioned  is  that  of  affording  a  ready  means 
of  estimating  the  comparative  value  of  different  com¬ 
modities.  Without  some  common  commodity  as  a 
standard  of  comparison  this  would  be  almost  impossi¬ 
ble.  “If  a  tailor  had  only  coats  and  wanted  to  buy 
bread  or  a  horse,  it  would  be  very  troublesome  to  ascer¬ 
tain  how  much  bread  he  ought  to  obtain  for  a  coat  or 
how  many  coats  he  should  give  for  a  horse  *  and  as 
the  number  of  commodities  to  be  dealt  with  increased 
the  problem  would  become  harder,  ‘  ‘  for  each  com¬ 
modity  would  have  to  be  quoted  in  terms  of  every 
other  commodity.”  Indeed  it  may  be  reasonably 
maintained  that  the  idea  of  general  value  could  not  be 
formed  without  the  existence  of  money,  and  all  that 
is  known  of  savage  races  tends  to  bear  out  this  view.4 
The  adoption  of  some  one  commodity  renders  the  com¬ 
parison  of  values  easy.  “The  chosen  commodity  be¬ 
comes  a  common  denominator  or  common  measure  of 
value  in  terms  of  which  we  estimate  the  values  of  all 
other  goods,” 5  and  thus  money,  which  in  its  primary 
function  renders  exchanges  possible  by  acting  as  an 
intermediate  term  in  each  exchange,  also  makes  ex¬ 
changes  easier  by  making  them  definite.  Another 
function  of  money  comes  into  being  with  the  progress 
of  society.  One  of  the  most  distinctive  features  of  ad¬ 
vancing  civilization  is  the  increasing  tendency  of  people 
to  trust  each  other.  Thus  there  is  a  continual  increase 
in  relations  of  contract,  as  may  be  seen  by  examining 
the  development  of  any  legal  system.  Now  a  contract 
implies  something  to  be  done  in  the  future,  and  for 
estimating  the  value  of  that  future  act  a  standard  is 
required ;  and  here  money,  which  already  acts  as  a 
niedium  of  exchange  and  as  a  measure  of  value  at  a 
given  time,  performs  a  third  function,  by  affording  an 
approximate  means  of  estimating  the  present  value  of 

*  Mill,  Prin.,  B.  iii.  ch.  7,  ?  1. 

4  W.  Bagehot,  Economic  Studies,  pp.  42-43. 

*  Jevons,  Money,  p.  5. 
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the  future  act,  and  in  this  respect  may  be  regarded  as 
&  standard  of  value ,  or,  if  the  phrase  be  preferred,  of 
deferred  payments. '  Some  writers  attribute  a  fourth 
function  to  money,  inasmuch  as  they  regard  it  as  being 
a  means  of  easily  storing  up  value.  Doubtless  it  does 
supply  this  need,  which  is  a  specially  pressing  one  in 
early  civilizations  owing  to  the  insecurity  which  then 
exists,  hut  with  the  progress  of  settled  government  the 
need  becomes  less  extreme.  Other  forms  of  invest¬ 
ment  grow  up,  and  the  habit  of  hoarding  money  be¬ 
times  unusual.  It  is  therefore  better  to  regard  the 
functions  of  money  as  being  only  three  in  number,  viz. , 
to  furnish — (1)  the  common  medium  by  which  ex¬ 
changes  are  rendered  possible,  (2)  the  common  measure 
by  which  the  comparative  values  of  those  exchanges 
are  estimated,  and  (3)  the  standard  by  which  future 
obligations  are  determined. 

2.  Causes  which  Determine  the  Value  of  Money. 
Quantity  of  Money  needed  by  a  Nation. — The  problem 
of  the  determining  causes  of  the  value  of  money  is 
a  particular  case  of  the  general  problem  of  values, 
but  there  are  circumstances  which  render  the  inquiry 
more  than  usually  complicated.  Before  considering 
these  it  will  be  well  to  deal  with  a  use  of  the  phrase 
“value  of  money”  which  has  led  to  much  confusion. 
In  mercantile  phraseology  the  value  of  money  means 
the  interest  charged  for  the  use  of  loanable  capital. 
Thus,  when  the  market  rate  of  interest  is  high  money 
is  said  to  be  dear,  when  it  is  low  money  is  regarded  as 
cheap.  Whatever  may  be  the  force  of  the  reasons  in 
favor  of  this  use,  it  is  only  mentioned  here  for  the  pur¬ 
pose  of  excluding  it.  For  our  present  subject  lfthe 
value  of  a  thing  is  what  it  will  exchange  for ;  the  value  of 
money  is  what  money  will  exchange  for,  or  its  purchasing 
power.  If  prices  are  low,  money  will  buy  much  of 
other  things,  and  is  of  high  value ;  if  prices  are  high, 
it  will  buy  little  of  other  things,  and  is  of  low  value. 
The  value  of  money  is  inversely  as  general  prices,  fall¬ 
ing  as  they  rise  and  rising  as  they  fall.” 2  Now  in  the 
general  theory  of  value  it  appears  that  the  proximate 
condition  which  determines  it  is  the  equation  between 
supply  and  demand  ;  and  this  is  clearly  the  case  with 
reference  to  money.  These  terms,  supply  and  demand, 
need,  however,  some  elucidation.  Let  us  consider  what 
is  meant  by  the  supply  of,  and  demand  for,  money. 
The  supply  of  a  commoditv  means  the  quantity  of  it 
which  is  offered  for  sale.  But  in  what  shape  does  the 
sale  of  money  take  place  ?  By  being  offered  for  goods. 
“The  supply  of  money,  then,  is  the  quantity  of  it 
which  people  are  wanting  to  lay  out or,  to  put  the 
point  more  concisely,  it  is  “  all  the  money  in  circula¬ 
tion  at  the  time.”  Again,  to  take  the  case  of  de¬ 
mand, — the  demand  for  a  commodity  is  the  purchasing 
power  offered  for  it.8  Demand  in  the  special  case  of 
money  consists  of  all  the  goods  offered  for  sale.  There 
is,  however,  a  peculiar  feature  in  the  case  of  money 
which  arises  from  its  position  as  the  medium  of  ex¬ 
change,  viz.,  that  money  is,  so  to  say,  in  a  “constant 
state  of  supply  and  demand,”  since  its  principal  ser¬ 
vice  is  to  act  as  the  means  of  purchasing  commodities.4 
From  this  it  follows  that  the  factors  which  determine 
the  value  of  money  within  a  given  time  are:  (1)  the 
amount  of  money  in  circulation,  and  (2)  the  amount 
of  goods  to  be  sold.  On  closer  examination  it  will, 
however,  appear  that  there  are  other  elements  to  be 
taken  into  account.  In  the  first  place,  the  quantity  of 
money  is  not  by  itself  the  sole  element  on  the  supply 
side.  In  some  instances  a  coin  will  not  circulate  more 
than  two  or  three  times  in  a  year,  while  another  coin 
may  make  hundreds  of  purchases.  In  determining 

For  an  ingenious  argument  against  the  use  of  the  terms 
“  measure  ”  and  “  standard"’  of  value,  see  F.  A.  Walker,  Money, 
pp  4  sq  12,  and  Money,  Trade,  and  Industry,  pp.  27  sq.,  60  sq.  The 
shorter  title  is  uniformly  used  here  for  his  larger  treatise. 

a  Mill,  Prin.,  B.  iii.  ch.  8,  a  1  _ _  , 

3  For  a  clear  statement  of  this,  sec  J.  E.  Caimes,  Leading  Prin¬ 
ciples,  part  i.  ch.  2.  .  ,  .  .  ,  _  _  .  .  , 

4  xhe  leading  exception  to  this  is  in  the  case  of  money  which 
is  hoarded  for  an  indefinite  period,  and  is  therefore  withdrawn 
frdm  circulation. 


the  value  of  money  these  varying  rates  of  circulation 
have  to  be  considered,  and  by  taking  an  average  we 
may  establish  the  existence  of  a  fresh  element  to  be 
estimated,  namely,  the  average  rapidity  with  which 
money  does  its  work,  or,  to  use  Mill’s  expression,  “the 
efficiency  of  money.  ”  On  the  side  of  demand,  again, 
it  is  not  the  quantity  of  commodities  that  is  the  de¬ 
termining  element,  but  the  amount  of  sales,  and  the 
same  article  may,  and  generally  does,  pass  through 
several  hands  before  it  reaches  the  consumer.  From 
this  it  follows  that  (if  the  consideration  of  credit  in 
its  various  forms  be  omitted)  the  value  of  money  is 
inversely  as  its  quantity  multiplied  by  its  efficiency,  the 
amount  of  transactions  being  assumed  to  be  constant. 
This  formula  requires,  however,  some  further  expla¬ 
nations  before  it  can  be  accepted  as  a  full  expression 
of  the  truth  on  the  subject.  It  must  be  noticed  that 
it  is  not  commodities  only  that  are  exchanged  for 
money.  Services  of  all  kinds  constitute  a  large  por¬ 
tion  of  the  demand,^  while  the  payment  of  interest  on 
the  various  forms  of  obligation  requires  a  large  amount 
of  the  circulating  medium.  The  potent  influence  of 
credit  also  must  be  dwelt  on.  This  latter  force  is  the 
main  element  to  be  considered  in  dealing  with  vari¬ 
ations  of  prices  ;  but  so  far  as  it  is  based  on  a  deposit 
of  metallic  money  it  may  be  looked  on  as  a  means  of 
increasing  the  efficiency  of  money,  and  therefore  as 
coming  within  the  formula  given  above.  In  its  other 
aspects  it  lies  outside  the  range  of  this  article.  Some 
interesting  conclusions  may  be  deduced  from  the  re¬ 
sults  we  have  arrived  at.  One  of  these  is  that  the 
‘  ‘  increased  development  of  trade,  ”  or  “  expansion  of 
commerce,  ’  ’  of  itself  tends  to  lower  not  to  raise  prices ; 
for,  by  increasing  the  work  which  money  has  to  do 
while  the  amount  remains  the  same,  it  raises  its  value.5 
Another  consequence  is  that  a  large  addition  may  be 
made  to  the  money  in  a  country  without  any  effect 
being  produced  on  prices.  This  is  evident,  since  money 
only  acts  on  prices  by  being  brought  into  circulation  ; 
therefore,  if  the  money  which  is  added  to  the  national 
stock  is  not  used  in  this  way,  prices  will  remain  unaf¬ 
fected. 

We  have  now  sufficiently  considered  the  proximate 
conditions  which  determine  the  value  of  money ;  the 
next  step  is  to  inquire  :  What  is  the  ultimate  regulator 
of  its  value  ?  The  value  of  freely-produced  commo¬ 
dities  is — according  to  the  ordinary  theory  of  econo¬ 
mists — determined  by  their  “cost  of  production,”  or, 
where  the  article  is  produced  at  different  cbsts,  by  the 
cost  of  production  of  the  most  costly  portion.  We 
have  now  to  consider  how  far  this  theory  applies  to  the 
special  case  of  money.  Gold  and  silver,  the  principal 
materials  of  money,  are  the  products  of  mines,  and 
are  produced  at  different  costs ;  therefore  the  cost  of 
the  part  produced  at  greatest  cost  ought  to  determine 
their  value.  This  theory  is,  however,  true  only  under 
certain  conditions — namely,  that  competition  is  per¬ 
fectly  free,  and  that  there  are  accurate  data  for  com¬ 
puting  the  cost  of  production,  and  even  then  it  is  true 
only  “in  the  long  run.”  Moreover,  cost  only  operates 
on  value  by  affecting  supply.  ‘  ‘  The  latent  influence,  ’  ’ 
says  Mill,6  “by  which  the  values  of  things  are  made 
to  conform  in  the  long  run  to  the  cost  of  production  is 
the  variation  that  would  otherwise  take  place  in  the 
supply  of  the  commodity,  ’  ’  From  these  considerations 
it  follows  that  cost  of  production  does  not  so  influen¬ 
tially  affect  the  value  of  money  as  some  writers  have 
supposed.  In  former  periods  it  was  a  common  pro¬ 
ceeding  on  the  part  of  the  state  to  either  restrict  or 
stimulate  coinage  and  mining  for  the  precious  metals. 
At  all  times  the  working  of  gold  and  silver  mines  has 
been  rather  a  hazardous  speculation  than  a  legitimate 
business.  “When  any  person  undertakes  to  work  a 
new  mine  in  Peru,”  says  Adam  Smith,7  “he  is  uni- 

3  This  view,  which  seems  to  most  persons  a  paradox,  is  well 

gut  by  Adam  Smith,  Wealth  of  Nations,  p.  81  (ed.  M  ’Culloch) ;  also 
y  J.  E.  Cairnes,  Essays  on  Political  Economy,  p.  4. 

6  Prin.,  B.  iii.  ch.  3,  g  2. 

7  Wealth  of  Nations,  p.  78  (ed.  M’ Culloch). 
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versally  looked  upon  as  a  man  destined  .to  bankruptcy 
and  ruin,  and  is  upon  that  account  shunned  and 
avoided  by  everybody.  Mining,  it  seems,  is  considered 
there  in  the  same  light  as  here,  as  a  lottery,  in  which 
the  prizes  do  not  compensate  the  blanks  and  all  sub¬ 
sequent  experience  confirms  this  view.  With  regard 
to  the  adjustment  of  supply  to  meet  an  altered  cost  of 
production,  the  difficulties  are,  if  possible,  still  greater. 
The  supply  of  money  is  so  large  compared  with  the 
annual  production,  that  any  change  can  operate  but 
slowly  on  its  value.  The  total  stoppage  of  fresh  sup¬ 
plies  from  the  mines  would  not  be  felt  for  some  years 
in  the  increased  value ;  and  an  increased  amount  of 
production,  though  more  rapid  in  its  operation,  takes 
some  time  to  produce  an  effect.  “Hence  the  effects 
of  all  changes  in  the  conditions  of  production  of  the 
precious  metals  are  at  first,  and  continue  to  be  for  many 
years,  questions  of  quantity  only,  with  little  reference 
to  cost  of  production.”  On  these  grounds  it  is  ap¬ 
parent  that  cost  of  production  is  not,  for  short  periods, 
the  controlling  force  which  governs  the  value  of  money, 
and  even  for  long  periods  the  speculative  nature  of  the 
industries  connected  with  the  production  of  money 
renders  the  cost  of  production  an  element  very  hard  to 
ascertain.  Another  consideration  which  gives  a  pecu¬ 
liar  feature  to  the  problem  of  money-value  is  that  in 
the  case  of  other  commodities  a  change  in  cost  of  pro¬ 
duction  affects  value  without  any  actual  change  in  the 
supply.  The  knowledge  that  a  commodity  can  be  pro¬ 
duced  at  a  lower  cost  will  cause  a  reduction  in  its  value. 
This  is  not  true  of  money.  Either  the  quantity  or  the 
efficiency  of  money  must  be  altered  to  change  its  value. 
This  is,  of  course,  a  result  of  its  position  as  the  circu¬ 
lating  medium.  When  all  these  circumstances  are 
taken  into  account  it  becomes  clear  that  the  most  cor¬ 
rect  way  to  regard  the  question  of  money- value  is  that 
which  looks  on  supply  and  demand,  as  interpreted 
above,  as  the  regulator  of  its  value  for  a  limited  time, 
while  regarding  cost  of  production  as  a  force  exercis¬ 
ing  an  influence  of  uncertain  amount  on  its  fluctuations 
during  long  periods.  Where  the  coinage  of  a  state  is 
artificially  limited,  the  value  of  its  money  plainly  de¬ 
pends  on  supply  and  demand  as  we  have  interpreted  it. 

The  next  question  which  arises  is :  What  quantity 
of  money  does  a  nation  require?  What  amount  of  the 
circulating  medium  is  necessary  for  the  proper  work¬ 
ing  of  the  industrial  organism?  To  this  puzzling 
problem  the  earlier  economists  gave  answers  in  the 
shape  of  definite  formulae.  Thus,  Sir  W.  Petty  was 
of  opinion  that  the  amount  of  coin  required  by  a  coun¬ 
try  was  one-half  the  rent  of  land,  one-fourth  the  amount 
of  building  rent,  and  one  fifty-second  part  of  the  an¬ 
nual  wages  of  labor.  Locke’s  view  was  that  one- 
fiftieth  of  laborers’  wages,  one-fourth  landowners’ 
revenue,  and  one-twentieth  of  traders’  yearly  returns, 
was  the  proper  amount.  Modern  statisticians,  how¬ 
ever,  though  having  command  of  much  greater  re¬ 
sources,  decline  to  attempt  a  quantitative  answer,  and 
content  themselves  with  indicating  the  conditions 
which  the  problem  involves.  In  fact  we  must  first 
examine  the  work  which  money  has  to  perform,  and 
this  depends  on  several  conditions.  The  first  of  these 
is  the  population  ;  cceteris  paribus ,  twice  as  many  peo¬ 
ple  will  want  twice  as  much  money.  The  second  is 
the  amount  of  transactions  ;  for,  if  the  amount  of  busi¬ 
ness  done  is  doubled,  the  amount  of  money  must  be 
also  doubled,  unless  at  the  same  time  some  improve¬ 
ment  in  credit  is  introduced.  The  efficiency  of  money 
is  a  third  element  which  affects  the  quantity  needed, 
and  this  is  largely  dependent  on  the  habits  of  the 
people  and  the  facilities  for  communication.  Other 
elements  which  can  be  only  briefly  indicated  are — “the 
degree  in  which  credit  exists  between  man  and  man ; 
the  amount  of  travelling  which  takes  place ;  and  the 
commercial  and  banking  organization  which  exists.  ’  ’ 1 
Another  factor  which  requires  to  be  estimated  is  the 

1  F.  A.  Walker,  Money,  p.  73. 


extent  to  which  habits  of  hoarding  exist ;  for  all  money 
hoarded  is  withdrawn  from  circulation,  and  therefore 
increases  the  total  amount  needed.  The  habits  of 
saving  in  the  rural  districts  of  France  remarkably  ex¬ 
emplify  this  element  in  the  question.  Again,  the 
existence  of  barter  does  away  with  the  use  of  so  much 
money  as  would  be  required  to  carry  on  the  exchanges 
effected  by  barter.  The  custom  of  paying  wages  in 
kind  has  a  similar  effect.  This  bare  statement  shows 
how  insoluble  the  question  is.  When  we  contemplate 
the  matter  from  an  international  point  of  view,  the 
amount  needed,  after  allowance  is  made  for  the  cost 
of  transporting  goods,  is  plainly  that  which  will  keep 
a  country’s  prices  at  a  level  with  those  of  the  countries 
with  which  it  has  commercial  relations.2  For  other¬ 
wise  the  country  would  have  an  excess  either  of  impor¬ 
tation  or  of  exportation,  which  would  necessitate  a 
flow  of  money  to  the  country  whose  prices  were  lower 
than  the  general  level.  This,  then,  is  the  condition 
which  determines  comparative  prices  between  different 
countries ;  and,  prices  being  so  determined,  the  quan¬ 
tity  of  money  needed  to  keep  up  those  prices  depends 
on  the  conditions  above  indicated.  In  the  case  of 
England  reliable  statistics  tend  to  show  that  the  gold 
in  circulation  was,  in  1872,  about  £105,000,000,  and 
the  note  circulation  £43,000,000.  In  any  Continental 
country  the  amount  would  probably  be  proportionally 
much  greater,  owing  to  the  fact  that  there  is  in  Eng¬ 
land  a  greater  development  of  credit. 

3.  Early  Forms  of  Ourrency. — Up  to  the  present 
we  have  considered  money  as  being  fully  established 
and  properly  adapted  to  fulfil  its  various  functions. 
We  have  now  to  trace  the  steps  by  which  a  suitable 
system  of  currency  was  evolved  from  a  state  of  barter. 
It  is  important  for  a  right  understanding  of  the  ques¬ 
tion  to  grasp  the  fact  that  exchanges  took  pla.ce  origi¬ 
nally  between  groups,  and  not  between  individuals. 
This  explains  the  slow  growth  of  exchanges,  as  each 
group  produced  most  of  the  articles  necessary  for  itself, 
and  such  acts  of  barter  as  took  place  were  rather  re¬ 
ciprocal  presents  than  mercantile  exchanges.  Such  is 
actually  the  case  at  present  among  modern  savages. 
“  It  is  instructive  to  see  trade  in  its  lowest  form  among 
such  tribes  as  the  Australians.  The  tough  greenstone 
valuable  for  making  hatchets  is  carried  hundreds  of 
miles  by  natives,  who  receive  from  other  tribes  in  re¬ 
turn  the  prized  products  of  their  districts,  such  as  red 
ochre  to  paint  their  bodies  with  ;  they  have  even  got 
so  far  as  to  let  peaceful  traders  pass  unharmed  through 
tribes  at  war,  so  that  trains  of  youths  might  be  met, 
each  lad  with  a  slab  of  sandstone  on  his  head  to  be 
carried  to  his  distant  home  and  shaped  into  a  seed- 
crusher.  When  strangers  visit  a  tribe  they  are  received 
at  a  friendly  gathering  or  corrobboree,  and  presents 
are  given  on  both  sides.  No  doubt  there  is  a  general 
sense  that  the  gifts  are  to  be  fair  exchanges,  and  if 
either  side  is  not  satisfied  there  will  be  grumbling  and 
quarrelling ;  but  in  this  roughest  kind  of  barter  we  do 
not  yet  find  that  clear  notion  of  a  unit  of  value  which 
is  the  great  step  in  trading.”  3  This  vivid  description 
of  what  is  going  on  at  present  among  lower  races 
enables  us  to  realize  the  way  in  which  money  came 
into  existence.  When  any  commodity  becomes  an  ob¬ 
ject  of  desire,  not  merely  from  its  use  to  the  persons 
desiring  it,  but  from  their  wanting  it  as  being  readily 
exchangeable  for  other  things,  then  that  article  may 
be  regarded  as  rudimentary  money.  Thus  the  green¬ 
stone  and  ochre  are  on  their  way  to  being  promoted  to 
the  position  of  currency,  and  the  idea  of  a  “unit  of 
value  ”  is  all  that  is  needed  to  complete  the  invention. 
“This  higher  stage  is  found  among  the  Indians  of 
British  Columbia,  whose  strings  of  haiqua-shells  worn 
as  ornamental  borders  to  their  dresses  serve  them  also 
as  currency  to  trade  with, — a  string  of  ordinary  quality 
being  reckoned  as  worth  one  beaver’s  skin.” 4  These 

1  *  F.  A.  Walker,  Money,  p.  57. 

1  *  E.  B.  Tylor,  Anthropology,  pp.  281-282. 

I  *  Tylor,  loc,  cit. 
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shells,  therefore,  are  in  reality  momey,  inasmuch  as 
they  discharge  its  functions. 

On  a  review  of  existing  savage  tribes  and  ancient  races  of 
more  or  less  civilization  we  are  surprised  at  the  great  vari¬ 
ety  of  objects  which  have  been  used  to  supply  the  need  of 
a  circulating  medium.  Skins,  for  instance,  seem  to  be  one 
of  the  earliest  forms  of  money.  They  are  to  be  found  at 
present  among  the  Indians  of  Alaska’  discharging  this 
service,  while  accounts  of  leather  money  seem  to  show  that 
their  use  was  formerly  more  general.  As  the  hunting  stage 
gives  place  to  the  pastoral,  and  animals  become  domesti¬ 
cated,  the  animal  itself,  instead  of  its  skin,  becomes  the 
principal  form  of  currency.  There  is  a  great  mass  of  evi¬ 
dence  to  show  that,  in  the  most  distant  regions  and  at  very 
different  times,  cattle  formed  a  currency  for  pastoral  and 
early  agricultural  nations.  Alike  among  existing  barbarous 
tribes  and  in  the  survivals  discovered  among  classical  nations 
sheep  and  oxen  both  appear  as  units  of  value.  Thus  we  find 
that  at  Rome,  and  through  the  Italian  tribes  generally,”  oxen 
and  sheep  formed  the  oldest  medium  of  exchange,  ten  sheep 
being  reckoned  equivalent  to  one  ox.  The  recognition  of  these 
objects  as  universal  legal  representatives  of  value,  or  in  other 
words,  as  money,  may  be  traced  back  to  the  epoch  of  a 
purely  pastoral  economy.”1 2  The  Icelandic  law  bears  witness 
to  a  similar  state  of  things ;  while  the  various  fines  in  the 
different  Teutonic  codes  are  estimated  in  cattle.  The  Latin 
word  pecunia  ( pecus )  is  an  evidence  of  the  earliest  Roman 
money  being  composed  of  cattle.  The  English  fee  and  the 
famous  term  feudal ,  according  to  its  most  probable  etymol¬ 
ogy,  are  derived  from  the  same  root.  In  a  well-known  pas¬ 
sage  of  the  Iliad3  the  value  of  two  different  sets  of  armor  is 
estimated  in  terms  of  oxen.  The  Irish  law  tracts  bear  evi¬ 
dence  as  to  the  use  of  cattle  as  one  of  the  measures  of  value 
in  early  Irish  civilization.4  Within  the  last  few  years  it 
has  been  prominently  brought  before  the  public  that  oxen 
form  the  principal  wealth  and  the  circulating  medium 
among  the  Zulus  and  Kaffres.  On  the  testimony  of  an  eye¬ 
witness  we  are  assured  that,  “  as  cattle  constitute  the  sole 
wealth  of  the  people,  so  they  are  their  only  medium  of  such 
transactions  as  involve  exchange,  payment,  or  reward.”5 * 
We  find  that  cattle-rents  are  paid  by  the  pastoral  Indian 
tribes  to  the  United  States  Government.®  From  the  promi¬ 
nence  of  slavery  in  early  societies  it  is  natural  to  suppose 
that  slaves  would  be  adopted  as  a  medium  of  exchange,  and 
one  of  the  measures  of  value  in  the  Irish  law  tracts,  cumhal, 
is  said  to  have  originally  meant  a  female  slave.  They  are 
at  present  applied  to  this  purpose  in  Central  Africa,  and 
also  in  New  Guinea.  On  passing  to  the  agricultural  stage 
a  greater  number  of  objects  are  found  capable  of  being  ap¬ 
plied  to  currency  purposes.  Among  these  are  corn — used 
even  at  present  in  Norway — maize,  olive  oil,  cocoanuts,  and 
tea.  The  most  remarkable  instance  of  an  agricultural  pro¬ 
duct  being  used  as  currency  is  to  be  found  in  the  case  of 
tobacco,  which  was  adopted  as  legal  tender  by  the  English 
colonists  in  North  America.  Another  class  of  articles  used 
for  money  consists  of  ornaments,  which  among  all  uncivil¬ 
ized  tribes  serve  this  purpose.  The  haiqua-shells  mentioned 
before  are  an  instance,  cowries  in  India,  whales’  teeth 
among  the  Fijians,  red  feathers  among  some  South  Sea 
Island  tribes,  and  finally,  any  attractive  kinds  of  stone 
which  can  be  easily  worked.  Mineral  products,  so  far  as 
they  do  not  come  under  the  preceding  head  furnish  another 
class.  Thus  salt  was  used  in  Abyssinia  and  Mexico,  while 
the  metals— a  phenomenon  which  will  require  a  more  care¬ 
ful  examination— have  succeeded  in  finally  driving  all  their 
inferior  competitors  out  of  the  field,  and  have  become  the 
sole  substances  for  money  at  present. 

4.  Metallic  Forms  of  Money.  Their  Superiority  over 
other  Substances.  Special  Advantages  of  Silver  and 
Gold. — The  use  of  metals  as  a  form  of  money  can  be 
traced  far  back  in  the  history  of  civilization,  but,  as  it 
is  not  possible  to  ascertain  the  historical  order  of  their 
respective  adoptions  for  this  purpose,  we  will  take 
them  in  the  order  of  their  value,  beginning  with  the 
lowest.  Iron,  judging  from  the  statement  of  Aristotle, 
was  extensively  employed  as  currency.  One  remark¬ 
able  instance  of  this  which  at  once  occurs  to  the  mind 
is  the  Spartan  money,  which  is  clearly  a  survival  of 
the  older  system  that  had  died  out  among  the  other 
G  reeks,  though  by  modern  writers  it  has  been  attrib¬ 


1  Whymper,  Alaska,  p.  285. 

’  Mommsen,  Hist,  of  Rome  (Eng.  trans.),  i.  p.  203. 

8  The  episode  between  Diomede  and  Glaucusin  the  6th  book. 

4  Maine,  Early  History  of  Institutions,  Lect.  vi. ;  Brehon  Law 

Tracts  (ed.  by  Drs.  Hancock  and  Richey). 

*  Rev.  H.  Dugmore,  quoted  by  Maine,  op.  at.,  p.  14S. 

t  F.  A.  Walker,  Money,  Trade,  and  Industry,  p.  22. 


uted  to  ascetic  policy.  In  conjunction  with  copper, 
iron  formed  an  early  Chinese  currency,  and  till  recently 
it  was  a  subsidiary  coinage  in  Japan.  Iron  spikes  are 
used  in  Central  Africa,  while  Adam  Smith  notices  the 
use  of  nails  for  money  in  Scotland.7  Lead  has  also 
served  as  money,  as  it  does  at  present  in  Burmah. 
Copper  has  been  more  widely  employed  than  either  of 
the  previously-mentioned  metals.  Its  use  in  China  as 
a  parallel  standard  with  iron  has  just  been  mentioned. 
The  early  Hebrew  coins  were  chiefly  composed  of  it, 
while  down  to  269  B.c.  the  sole  Roman  coinage  was  an 
alloy  of  copper.  Till  a  very  recent  period  it  formed 
the  principal  money  of  some  poorer  European  states 
(as  Sweden),  and  was  the  subsidiary  coinage  of  the 
United  Kingdom  till  the  present  bronze  fractional  cur¬ 
rency  was  introduced.  Tin  was  not  so  favorite  a 
material  for  money  as  copper,  but  the  early  English 
coinages  were  composed  of  it,  probably  on  account  of 
the  fertile  tin  mines  of  Cornwall,  and  in  later  times 
halfpence  and  farthings  of  tin  have  been  struck.  The 
next  metal  which  comes  into  notice  is  silver,  which  up 
to  the  last  few  years  was  the  principal  form  of  money, 
and  even  still  is  able  to  dispute  the  field  with  its  most 
formidable  rival.  It  formed  the  main  basis  of  Greek 
coins,  and  was  introduced  at  Rome  in  269  B.c.  The 
mediaeval  money  was  principally  composed  of  silver, 
and  its  position  in  recent  times  will  have  to  be  subse¬ 
quently  noticed  more  at  length.  Gold,  which  is  the 
most  valuable  of  the  metals  widely  used  for  monetary 
purposes,  has  been  steadily  gaining  ground  with  the 
growth  of  commerce.  The  earliest  trace  of  its  use  in 
common  with  that  of  silver  is  to  be  found  “  in  the 
pictures  of  the  ancient  Egyptians  weighing  in  scales 
heaps  of  rings  of  gold  and  silver.”8  The  only  other 
metals  used  tor  money — platinum  and  nickel — may  be 
easily  disposed  of.  The  former  of  these  was  coined  for 
a  short  time  by  the  Russian  Government,  and  then 
given  up  as  unsuitable.  The  latter  is  only  used  as  an 
alloy. 

The  examination  of  the  forms  of  currency,  both 
metallic  and  non-metallic,  in  which  we  have  been  en¬ 
gaged  leads  to  certain  definite  conclusions  as  to  the 
course  which  the  evolution  of  currency  is  pursuing. 
It  appears  (1)  that  the  metals  tend  to  supersede  all 
other  forms  of  money  among  progressive  peoples,  and 

(2)  that  certain  metals  tend  to  supersede  the  others. 
From  this  we  are  led  to  consider  the  qualities  which 
are  desirable  in  the  material  of  money,  and  to  conclude 
that  the  presence  or  absence  of  those  qualities  is  the 
reason  or  the  adoption  or  rejection  of  any  given  sub¬ 
stance. 

(1)  In  the  first  place,  it  is  necessary  that  the  material 
of  money  should  be  desirable,  or,  in  other  words,  pos¬ 
sess  value ;  and  to  this  condition  all  the  commodities 
we  have  reviewed  conform,  for  otherwise  they  would 
never  have  attained  the  position  of  being  a  medium  of 
exchange.  This  quality,  then,  is  not  the  reason  for  the 
preference  of  some  forms  over  others.  (2)  The  second 
requisite  clearly  is  that  the  value  of  the  article  shall  be 
high  in  proportion  to  its  weight  or  bulk,  or,  to  put  the 
same  truth  in  another  way,  it  is  requisite  that  it  shall 
be  portable.  Want  of  this  quality  has  been  a  fatal 
obstacle  to  many  early  forms  of  money  retaining  their 
place.  Skins,  corn,  and  tobacco  were  found  very  dif¬ 
ficult  to  transfer  from  place  to  place.  Iron  and  copper 
too  suffered  from  the  same  defect,  while  sheep  and  oxen, 
though  moving  themselves,  were  expensive  to  transfer. 

(3)  It  is  further  desirable  that  the  material  of  money 
shall  be  the  same  throughout,  and  that  one  unit  shall 
be  equal  in  value  to  another.  This  is  a  reason  for  re¬ 
jecting  the  widespread  currency  composed  of  cattle,  as 
the  difference  between  one  and  another  head  is  of 
course  often  considerable.  The  metals  possess  a  par¬ 
ticular  advantage  in  this  respect,  as,  after  being  refined, 
they  are  almost  exactly  homogeneous.  (4)  A  fourth 
requisite  is  that  the  substance  used  as  money  can  with  - 

r  Wealth  of  Nations,  p.  1L 

«  Tylor,  p.  288. 
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out  damage  be  divided  and,  if  needed,  united  again  ; 
here  also  the  desired  quality  is  peculiarly  possessed  by 
the  metals,  as  they  are  easily  fusible,  while  skins  or 
precious  stones  suffer  greatly  in  value  by  division,  and 
it  need  hardly  be  added  that  the  same  is  the  case  with 
regard  to  animals.  (5)  Money  must  also  be  durable. 
This  at  once  removes  from  the  articles  suitable  for 
money  all  animal  and  many  vegetable  substances. 
Eggs  or  oil  will  not  keep,  and  consequently  soon  lose 
their  value.  Iron,  too,  is  liable  to  rust,  which,  com¬ 
bined  with  its  low  value,  is  a  reason  for  its  disuse  as 
currency.  (6)  Money  should  be  easily  distinguishable, 
and  there  should  be  no  trouble  in  ascertaining 
its  value.  This  condition  is  one  of  the  reasons 
why  precious  stones  have  never  been  much  used  as 
money,  their  value  being  hard  to  estimate.  The  same 
objection  applies  to  most  non-metallic  currencies, 
and  is  only  obviated  even  in  their  case  by  the 
process  of  assaying.  (7)  The  last  condition  which 
appears  desirable  for  the  money  material  is,  that  its 
value  shall  be  steady.  This,  however,  is  of  but  slight 
importance  in  early  societies,  and  it  is  only  as  deferred 
payments  become  a  prominent  feature  of  industrial 
life  that  this  requisite  is  much  needed.  It  is  enough 
for  the  other  purposes  of  money  that  it  shall  not  vary 
within  short  periods,  which  is  found  to  be  a  feature  of 
metals,  and  especially  of  silver  and  gold,  while  corn 
especially  varies  widely  in  value  from  season  to  season. 
From  the  foregoing  examination  of  the  requisites  desir¬ 
able  in  the  material  of  money  it  is  easy  to  deduce  the 
empirical  laws  which  the  history  of  money  discloses, 
since  metals,  as  compared  with  non-metallic  substances, 
evidently  possess  those  requisites  in  a  great  degree. 
They  are  all  durable,  homogeneous,  divisible,  and  rec¬ 
ognizable,  and  in  virtue  of  these  superior  advantages 
they  are  the  only  substances  now  used  for  money  by 
advanced  nations.  Nor  is  the  case  different  when  the 
decision  has  to  be  made  between  the  different  metals. 
Iron  has  been  rejected  because  of  its  low  value  and 
its  liability  to  nist,  lead  from  its  extreme  softness, 
and  tin  from  its  tendency  to  break.  Both  these 
metals,  as  well  as  copper  also,  are  unsuitable  from 
their  low  value,  which  hinders  their  speedy  trans-  ■ 
mission  so  as  to  adjust  inequalities  of  local  prices. 

The  elimination  of  these  metals  leaves  silver  and  gold 
as  the  only  suitable  materials  for  forming  the  princi¬ 
pal  currency.  Of  late  years  there  has  been  a  move¬ 
ment  towards  the  adoption  of  the  latter  as  the  sole 
monetary  standard,  silver  being  regarded  as  suitable 
only  for  a  subsidiary  coinage.  Indeed  this  question, 
which  is  reserved  for  subsequent  discussion,  may  be 
regarded  as  the  principal  matter  of  controversy  in  the 
field  of  metallic  currency.  The  special  features  of  gold 
and  silver  which  render  them  the  most  suitable  ma¬ 
terials  for  currency  may  here  be  noted.  “  The  value 
of  these  metals  changes  only  by  slow  degrees ;  they  are 
readily  divisible  into  any  number  of  parts  which  may 
be  reunited  by  means  of  fusion  without  loss  ;  they  do 
not  deteriorate  by  being  kept ;  their  firm  and  compact 
texture  makes  them  difficult  to  wear ;  their  cost  of 
production,  especially  of  gold,  is  so  considerable  that 
they  possess  great  value  in  small  bulk,  and  can  of 
course  be  transported  with  comparative  facility  ;  and 
their  identity  is  perfect.”1  The  possession  by  both 
these  metals  of  all  the  qualities  needed  in  money  is 
more  briefly  but  forcibly  put  by  Cantillon  when  he 
says  that  “  gold  and  silver  alone  are  of  small  volume, 
of  equal  goodness,  easy  of  transport,  divisible  without 
loss,  easily  guarded,  beautiful  and  brilliant,  and  dura¬ 
ble  almost  to  eternity.”2  This  view  has  even  been 
pushed  to  an  extreme  form  in  the  proposition  of  Tur¬ 
got,  that  they  became  universal  money  by  the  nature 
and  force  of  things,  independently  of  all  convention 
and  law,  from  which  the  deduction  has  been  drawn 

1  Ency.  Brit.  (8th  ed.),  art  “  Money,”  vol.  xv.  p.  417. 

2  W.  S.  Jevons  in  the  Contemporary  Review,  January,  1881.  See 
also  Lord  Liverpool,  Coins  of  the  Realm  (Bank  of  England  reprint), 


that  to  proscribe  silver  by  law  is  a  violation  of  the  na¬ 
ture  of  things.3 

5.  Coinage:  its  Advantages ,  and  the  Principal 
Questions  connected  therewith. — The  development  of 
monetary  systems  has  now  been  traced  down  to  the 
establishment  of  metallic  currencies.  These,  in  the 
early  stages  of  their  existence,  passed  by  weight.  The 
Hebrew  records  bear  witness  to  this  fact,  as  also  do  the 
Greek  writers.  Aristotle,  for  example,  after  indicat¬ 
ing  the  circumstances  which  led  to  the  invention  of 
currency,  proceeds  to  point  out  that  it  was  “after¬ 
wards  determined  in  value  by  men  putting  a  stamp 
upon  it,  in  order  that  it  may  save  them  from  the 
trouble  of  weighing  it.”4  There  are  two  distinct 
stages  in  the  introduction  of  coining.  In  the  first, 
only  the  quality  or  fineness  of  the  metal  is  denoted  by 
the  stamp,  no  attempt  being  made  to  fix  the  weight. 
In  other  words,  the  stamp  acts  as  a  kind  of  hall-mark. 
The  Chinese  cubes  of  gold  may  have  been  the  earliest 
money.  Herodotus  attributes  the  first  use  of  coined 
gold  and  silver  to  the  Lydians,5  while  in  another  pas¬ 
sage  he  mentions  that  the  first  Greek  coinage  was  at 
iEgina,  by  Pheidon  of  Argos.6  The  second  step  was 
to  certify  the  weight  as  well  as  the  fineness  of  the 
metal,  thus  completing  the  invention.  The  necessity 
of  preventing  any  interference  with  the  coin  after  it 
had  been  stamped  led  to  the  adoption  of  a  regular 
form,  and,  though  hexagonal  or  octagonal  coins  are  to 
be  found,  the  received  shape  of  a  coin  is  that  of  a  flat 
circle,  each  side  of  which  is  stamped,  as  well  as  in 
many  cases  the  edge.  By  this  contrivance  all  persons 
into  whose  hands  the  coin  came  had  a  guarantee  as  to 
it^  quality  and  quantity,  and  we  may  reasonably  infer 
tlnit  the  great  improvement  in  coinage  among  the 
Grecian  colonies  was  the  effect,  and  also  in  some  de¬ 
gree  the  cause,  of  the  expansion  of  their  commerce  iit  * 
the  6th  century  b.c.  From  Greece  the  art  of  coining 
spread  to  Italy,  being  introduced  by  the  Greek  colon¬ 
ists  in  Lower  Italy.  Since  then  coinage  as  an  art  has 
always  existed  in  the  more  advanced  societies.  The 
progress  of  invention,  however,  does  not  end  with  the 
introduction  of  the  art  of  coining,  since  a  number  of 
practical  questions  arise  with  reference  to  the  best  sys¬ 
tem  to  be  adopted,  which  for  a  protracted  period  pre¬ 
sent  great  difficulties  to  those  who  are  called  upon  to 
solve  them.  One  of  these,  before  touched  on,  is  : 
What  is  the  best  shape  for  coins  ?  The  answer  has 
finally  been  in  favor  of  the  circular,  but  square  and 
oblong  pieces  are  also  to  be  found.7  Closely  allied 
with  this  is  the  question  of  the  most  suitable  limits  of 
size.  The  inferior  limit  is  plainly  fixed  by  the  con¬ 
venience  of  those  using  the  coins.  They  ought  not  to 
be  so  small  “that  they  can  be  easily  lost,  or  can 
with  difficulty  be  picked  up.  ’  ’8  Instances  of  violations 
of  this  principle  occur  in  the  case  of  the  English  three¬ 
penny  piece  and  the  American  one-dollar  gold  piece. 
The  superior  limit  is  a  more  difficult  point.  Its  deter¬ 
mination  turns  partly  on  the  difficulty  of  coining  large 
pieces,  and  partly  on  the  facilities  which  such  large 
coins  as  the  American  gold  double-eagle  give  for  im¬ 
proper  treatment.  It  is  an  easy  process  to  drill  holes, 
which  can  be  concealed  by  hammering,  while  in  some 
cases  the  coin  has  been  sawn  in  two,  and  the  interior 
gold  removed,  the  outside  surfaces  being  soldered 
together,  while  platinum  is  put  in  the  midst  to  main- 


4  bee  Cairnes,  Logical  Method  of  Pol.  Econ.,  p.  131,  note ;  and  for 
an  application  of  the  argument  to  Bimetallism,  see  £.  de  Lave- 
leye,  Fort  Rev.,  July,  1881. 

4  Pol. ,  i.  9,  8.  The  whole  passage  is  worthy  of  quotation,  as 

showing  how  clearly  Aristotle  conceived  the  primary  function 
of  money :  £to  Jrpos  7a?  aAAa-yds  toiovtov  ti  irvveOevTO  Trpos 
avrovg  SiSovai  /cat  Aapfiareiv,  o  tu>v  Xp7j<ripo)v  avrb  ov  ryv 

Xfieiar  evp.jTaxelpi<TTOv  jrpo?  to  (rjv,  otov  trt£r)pos  icai  apyvpos,  Kav 
et  Tt  toiovtov  erepoi'j  TO  piv  itpioTov  an-Ato?  opierBiv  peyeSei  Kai 
<XTa0pu>,  to  be  TeAevTaioi/  /cat  xapa/CT>jpa  e7ri/3aAAoi/T&»/,  iva  anoAvcrn 
TTjs  perpT/aetos  avTOt/s. 

5  Herodotus,  i.  94. 

fi  Lb.,  vi.  127.  See  also  for  a  discussion  of  Pheidon’s  coinage, 
Grote,  Hist,  of  Greece,  ii.  pp.  319  sq.  (Cabinet  ed.). 

'  An  instance  of  the  latter  is  the  itsibu  of  the  Japanese  coinage, 
which  is  an  oblong  flat  piece  of  silver. 

8  Jevons,  Money,  p.  155. 
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tain  the  weight.  As  a  general  rule  it  may  be  laid 
down  that  no  gold  coin  much  larger  than  the  English 
sovereign,  or  silver  one  at  all  larger  than  the  halt- 
crown,  should  be  issued.  Another  consideration  to  be 
borne  in  mind  when  determining  the  proper  size  of 
coins  is  the  relative  amount  of  wear  which  takes  place. 
Experience  proves  that  large  coins  are-  less  worn  than 
small  ones.  “  According  to  experiments  made  at  the 
mint  in  1833,  the  loss  per  cent,  per  annum  on  half- 
crowns  is  about  2s.  6d.,  on  shillings,  4s.,  and  on  six¬ 
pences,  7s.  6d.”  This  result  has  been  confirmed  by 
other  inquiries.  From  this  it  follows  that  the  larger 
coins  are  less  expensive,  but  their  size  is  limited  by 
the  fear  of  their  being  tampered  with.  Again,  the 
character  of  the  stamp  to  be  impressed  is  a  matter  re¬ 
quiring  much  care.  The  objects  aimed  at  in  imposing 
the  stamp  are  (1)  to  prevent  the  coin  being  counter¬ 
feited,  and  (2)  to  prevent  any  of  the  metal  being  ab¬ 
stracted.  The  former  of  these  objects  can  be  best  at¬ 
tained  by  making  the  device  such  as  can  be  obtained 
only  by  powerful  and  expensive  machinery.  The  most 
improved  methods  must  be  adopted,  and  the  greatest 

trains  taken  to  have  the  device  perfectly  executed.  The 
atest  improvement  in  the  process  of  coining  is  the  in¬ 
troduction  of  the  knee-joint  press.  The  Tatter  diffi¬ 
culty  is  best  obviated  by  using  special  care  in  marking 
the  edges  of  the  coins.  Ancient  coins  were  issued 
with  unstamped  edges  which  presented  no  impedi¬ 
ment  to  clipping,  but  modern  coins,  at  least  those  of 
any  size,  are  protected  by  the  edge  being  milled  or  by 
a  legend  being  inscribed  round  it.  The  combination 
of  milled  edges  with  a  raised  legend  would  be  a  still 
more  effectual  means  of  protecting  the  coinage  from 
interference. 

Another  matter  of  importance  in  the  process  of 
coining  is  the  nature  and  proportion  of  alloy  to  be 
used.  The  necessity  for  some  mixture  arises  from  the 
fact  that  gold  and  silver  are  both  naturally  soft,  and, 
to  obviate  this,  copper  has  been  mixed  with  them,  so 
as  to  produce  a  harder  substance.  The  Austrian  ducat 
is  the  nearest  approach  to  purity  among  the  principal 
coins  of  Europe,  being  composed  of  seventy-one  parts 
of  pure  gold  to  one  of  alloy.  The  English  gold  coins 
are  eleven-twelfths  pure  gold,  while  the  silver  ones  are 
thirty-seven-fortieths  pure  silver.  The  origin  of  the 
difference  is  purely  historical.  The  general  gold  pro¬ 
portion  is  nine-tenths  gold  to  one:tenth  alloy,  while  in 
some  coinages  the  proportion  of  silver  to  alloy  is  nearly 
five  to  one,  the  countries  composing  the  Latin  Union 
having  adopted  that  proportion  in  order  to  reduce 
their  smaller  silver  coins  to  tokens.  Copper  is  the 
usual  material  for  alloying,  but  the  Melbourne  mint 
used  silver  for  some  time.  It  is  this  silvery  alloy  that 
accounts  for  the  yellow  appearance  of  many  Australian 
sovereigns.  They,  however,  are  rapidly  disappearing, 
as  it  is  profitable  to  melt  them  down.  It  has  been  men¬ 
tioned  above  that  the  wear  of  small  coins  is  greater 
than  that  of  large  ones,  and  it  may  be  added  here 
that  the  wear  of  coins  in  general  is  an  important  ques¬ 
tion  in  connection  with  their  legal  circulation.  The 
English  sovereign  is  believed  to  remain  above  the  least 
current  weight  for  from  fifteen  to  twenty  years.  For 
the  technical  processes  of  coining,  etc.,  reference  may 
be  made  to  the  article  Mint. 

The  next  topic  to  be  considered  is :  VV  ho  should 
issue  money?  In  the  earlier  stages  of  currency  the 
question  was  not  so  prominent,  but  the  establishment 
of  coining  brought  it  forward.  In  Greece  each  city 
beino'  autonomous  claimed  and  exercised  the  right  ot 
freely  coining  as  it  desired,  the  coins  being,  of  course, 
received  in  other  cities  only  at  their  real  value.  I  be 
consequences  of  this  system  were  generally  beneficial. 
The  Greek  coins  were  usually  up  to  their  nominal 
value,  as  debased  coinage  was  unable  to  circulate  be¬ 
yond  the  place  of  issue,  and  therefore  extremely  in¬ 
convenient  to  the  members  of  the  state  issuing  it. 

i  See  Lenonnant,  Contemp.  Rev.,  February,  1879. 


Under  the  Roman  republic  private  persons  were 
probably  allowed  to  bring  metal  to  be  coined,  though 
the  coins  seem  generally  to  have  had  the  name  of  one 
of  the  consuls  lor  the  year  on  them.  Under  the  em¬ 
pire  the  doctrine  became  established  that  the  right  of 
coining  belonged  exclusively  to  the  emperor,  and  till 
the  fall  of  the  Western  empire  this  was  acted  on. 
After  the  establishment  of  the  various  barbarian  king¬ 
doms,  each  sovereign  assumed  the  privilege  of  coining, 
a  right  which  in  France  was  extended  to  or  rather 
usurped  by  the  principal  nobles.2  In  England  the 
king  alone  coined  silver.2  At  present  the  control  of 
the  operations  of  the  mint  is  completely  in  the  hands 
of  the  executive;  and,  until  recently,  no  question  on 
theoretical  grounds  as  to  the  propriety  of  this  method 
las  ever  been  raised.4 

In  close  connection  with  the  right  of  coining  comes 
the  consideration  as  to  the  proper  persons  to  bear  the 
expense  of  the  process.  At  first  sight  the  answer 
seems  plain  enough.  Coins  are  a  manufactured  article 
quite  as  much  as  plate,  and  are  rendered  more  valu¬ 
able  by  being  assayed,  weighed,  and  certified.  _  It 
appears  therefore  quite  proper  that  those  who  bring 
metal  to  be  coined  should  Dear  the  expense  of  the 
coinage,  or,  in  other  words,  should  give  up  a  part  of 
the  metal  to  the  mint,  thus  paying  for  the  service 
rendered  to  them  in  the  same  manner  as  those  send¬ 
ing  letters  pay  the  postal  department  for  their  trans¬ 
mission.  This  course  has  been  usually  adopted. 
England,  however,  has  taken  a  different  line.  In 
order  to  encourage  the  coining  of  the  precious  metals, 
no  charge  was  made  at  the  mint  beyond  that  involved 
in  the  necessary  delay  in  the  operation  ;  and  this  is  at 
present  the  case  with  gold.  Though  this  arrangement 
was  originally  introduced  in  obedience  to  the  preju¬ 
dices  of  the  mercantile  system  which  regarded  gold 
and  silver  as  being  peculiarly  wealth,  it  may  be  de¬ 
fended  on  reasonable  grounds:  for  (1)  the  expense  of 
the  mint  is  very  small  compared  with  the  amount  of 
coin  turned  out,  and  (2)  the  coins  produced  are  used 
by  the  nation,  and  therefore  their  expense  may  quite 
fairly  be  defrayed  from  the  national  revenue.  Again, 
as  the  profit  on  the  silver  coinage  (owing  to  circum¬ 
stances  to  be  subsequently  discussed)  is  large,  that 
may  be  set  off  against  the  free  coinage  of  gold.  The 
charge  levied  on  coining,  if  confined  to  the  expenses 
incurred,  is  called  brassage  if  it  is  anything  above 
that  cost  it  is  known  as  seigniorage ,  which  latter  term 
is  also  used  to  denote  both  kinds  of  charge.  The 
effect  of  seigniorage  (using  the  term  in  its  more  ex¬ 
tended  sense)  on  the  value  of  coins  is  to  lower  them, 
in  fact,  as  Tooke  has  put  it,  seigniorage  is  always  a 
kind  of  debasement,  unless  accompanied  with  limita¬ 
tion.5  If  the  same  quantity  of  metal  be  in  circulation 
there  will  be  a  greater  number  of  coins,  and  therefore 
nominal  prices  will  be  higher.  It  is,  however,  possible 
that  the  increased  prices  may  check  the  production  of 
the  precious  metals,  thus  making  the  value  of  the 
metal  higher  than  it  would  otherwise  be.  Whether 
this  will  nappen  or  not  depends  on  the  actual  con¬ 
ditions  of  production,  and  is  incapable  of  being  pre¬ 
dicted.  One  advantage  which  undoubtedly  results 
from  a  charge  on  coinage  is  that  it  checks  the  tendency 
to  melt  coin  when  exported,  for  where  a  seigniorage 
is  imposed  coins  are  more  valuable  than  the  uncoined 
metal  by  the  amount  of  the  seigniorage.  It  therefore 

2  Hallam ,  Middle  Ages,  i.  pp.  205-206. 

3  Lord  Liverpool,  Coins  of  the  Realm,  ch.  v. 

4  “  We  may  take  as  an  example  the  function  (which  is  a  monop¬ 

oly  too)  of  coining  money.  .  .  .  No  one,  even  of  those  most  jealous 
of  state  interference,  has  objected  to  this  as  an  improper  exercise 
of  the  powers  of  government.”  Mill,  Princ.,  B.  v.  ch.  1,  ?  2.  But 
see,  for  objections,  H.  Spencer,  Social  Statics,  pp.  400-402,  and  J .  L. 
Shad  well,  System  of  Pol.  Econ.,  p.  264.  .... 

3  Tooke,  Hist,  of  Prices,  i.  121  so.  It  is  impossible,  however,  to 
agree  with  Tooke  that  uncoined  bullion  would  be  higher  in  value 
than  coin  when  a  seigniorage  is  charged  on  the  latter.  He  seems 
to  ignore  the  fact  that  the  value  of  the  precious  metals  is  partly 
dependent  on  their  use  as  currency,  and  that  the  seigniorage 
represents  a  tax  levied  on  the  extra  value  resulting  from  the  use 
of  the  metal  as  money. 
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becomes  the  interest  of  the  holder  not  to  melt  down 
the  coins, .  as  in  doing  so  he  loses  the  extra  value  given 
by  the  coining.  Another  factor  in  the  expense  of  cur¬ 
rency  is  the  Toss  which  arises  from  the  wear  and  tear 
which  money  undergoes,  and  the  consequent  cost  of 
replacing  the  light  or  missing  pieces.  The  last  and 
largest  item  is  the  interest  on  the  total  amount  of 
money  in  use.  To  take  the  case  of  England,  the  value 
of  the  metallic  currency  is  estimated  at  about  £130,- 
000,000.  The  interest  on  this  at  5  per  cent,  would 
amount  to  £6,500,000.  This  apparently  heavy  charge 
is  justified  by  the  fact  that  it  is  desirable  to  have  a 
currency  possessing,  or  at  least  based  on,  value.  The 
expense  of  a  metallic  currency  is,  however,  combined 
with  its  weight,  a  strong  reason  for  the  great  develop¬ 
ments  of  representative  money  and  credit  in  modern 
times,  with  the  result  that  gold  and  silver  are  hardly 
ever  used  in  large  domestic  transactions,  all  such  pay¬ 
ments  being  made  by  cheques,  which  are  cleared  off 
against  one  another.  For  a  full  account  of  the  modern 
organization  of  credit,  see  the  article  Banking. 

6.  Historical  Outline  of  Depreciations. — The  ear¬ 
liest  systems  of  currency  whose  progressive  debasements 
it  is  possible  in  any  degree  to  trace  are  those  of  the 
various  Greek  states,  jthough  even  here  many  details 
remain  in  obscurity.  The  Roman  currency  system  is 
comparatively  better  known  ;  while  for  the  mediaeval 
currencies  from  the  time  of  Charlemagne  (800  a.d.) 
elaborate  materials  are  available,  which  naturally  in¬ 
crease  in  bulk  and  precision  as  we  approach  more  mod¬ 
ern  times.  The  general  treatment  of  the  history  of 
coins  belongs  to  Numismatics  ( q.v .) ;  but  the  history 
of  monetary  depreciations  is  important  in  connection 
with  the  theory  of  money  as  illustrating  the  value  of 
sound  economic  knowledge. 

Until  coinage  became  a  state  function,  a  continued 
debasement  was  impossible,  since  it  was  open  to  any 
one  to  refuse  the  money  offered  in  payment  if  it  was 
not  up  to  the  proper  standard.  When,  however,  coin¬ 
age  became  a  function  of  government  strong  motives 
for  debasement  soon  presented  themselves.  (1)  The 
cost  of  coinage  falling  on  the  state,  and  being  generally 
defrayed  by  a  seigniorage,  led  to  the  idea  that  this 
seigniorage  could  be  made  more  profitable  by  making 
it  larger,  while  the  existence  of  any  deduction  veiled 
the  injustice  of  a  charge  exceeding  the  expense  incurred 
in  the  operation  of  coining.  (2)  The  position  of  most 
Governments  was  that  of  debtors,  and  as  a  debasement 
favored  all  debtors  at  the  expense  of  all  creditors  it  was 
only  natural  that  rulers,  ignorant  of  the  ultimately 
ruinous  effects  of  a  series  of  debasements,  should  seek 
to  relieve  themselves  without  exciting  the  odium  in¬ 
curred  by  the  levy  of  heavy  taxes.  A  more  pressing 
case  than  the  foregoing,  and  one  where  more  justifi¬ 
cation  exists,  is  that  of  a  severe  social  crisis,  when 
large  numbers  of  the  community  are  burdened  with 
debt,  and  a  depreciation  of  the  monetary  standard 
seems  the  simplest  mode  of  escaping  from  so  critical  a 
situation.  Whatever  may  be  the  inducements  to  enter 
on  the  perilous  course  of  tampering  with  the  monetary 
standard,  a  long  experience  has  incontestably  proved 
its  disastrous  effects.  One  of  the  great  causes  of  the 
weakness  of  France  during  the  “hundred  years’  war’’ 
was  the  extremely  debased  state  of  its  currency,  and 
the  dread  of  further  reductions  in  the  value  of  the 
coins.1  Lord  Macaulay  has  given  a  graphic  picture  of 
the  evils  which  England  suffered  from  its  depreciated 
silver  currency  towards  the  end  of  the  17th  century.2 
And  a  debasement  brought  about  by  design  possesses 
a  further  element  of  evil  by  creating  a  belief  that  sim¬ 
ilar  deviceswill  soon  be  again  resorted  to.  So  manifest 
are  the  evils  that  result  from  debasement  that  it  may 
be  reasonably  hoped  that  all  civilized  Governments 
have  abandoned  the  practice  forever;  though,  unfor¬ 
tunately,  similar  bad  effects  are  produceu  by  the 
overissue  of  inconvertible  paper  currencies,  and  this  is 

’  J.  E.  T.  Rogers,  Historical  Gleanings,  i.  p.  97. 

*  Hist,  of  Eng.,  ch.  xxi. 


still  an  expedient  adopted  under  the  pressure  of  diffi¬ 
culties.  “  It  is  proper  to  observe  that  coins  may  be 
debased  in  three  different  ways, — (1)  by  diminishing 
the  quantity  or  weight  of  the  metal  of  a  certain  stand¬ 
ard  of  which  any  coin  of  a  given  denomination  is  made ; 

(2)  by  raising  the  nominal  value  of  coins  of  a  given 
weight,  and  made  of  a  metal  of  a  certain  standard, 
that  is,  by  making  them  current  or  legal  tender  at  a 
higher  rate  than  that  at  which  they  passed  before ; 

(3)  by  lowering  the  standard  or  fineness  of  the  metal 
of  which  coins  of  a  given  weight  and  denomination  are 
made,  that  is,  by  diminishing  the  quantity  of  pure 
metal  and  proportionally  increasing  the  quantity 
of  alloy.’'3  The  last  of  these  methods  is  the  most 
dangerous,  since  the  detection  of  it  is  more  difficult 
as  it  is  so  much  easier  to  discover  the  weight  than 
the  fineness  of  the  metal  in  a  coin;  but  all  of  them 
produce  the  same  results  and  are  adopted  for  the  same 
reasons. 

Greek  Depreciations. — The  first  debasement  of  coinage 
known  to  us  on  good  evidence  is  that  of  the  Athenian  coin¬ 
age  by  Solon  in  594  b.c.4  In  order  to  obviate  the  severe 
distress  of  that  period  in  Attica,  he  reduced  the  quantity 
of  silver  in  the  coins  more  than  25  per  cent.,  so  that  138 
new  drachmae  (the  standard  Athenian  coin)  were  only  equiv¬ 
alent  to  100  pieces  of  the  older  coinage.  This  proceeding 
was  perhaps  justified  by  the  critical  state  of  things  previ¬ 
ously  existing,  and  was  a  decided  success.  It  is  probable 
that  another  debasement  of  the  gold  coinage  took  place  at 
Athens  in  408  B.c.  during  the  strain  of  the  Peloponnesian 
War,  though  doubts  have  been  cast  on  the  reality  of  this 
debasement.5  It  may,  however,  be  said  that  generally  the 
Greek  cities  fairly  maintained  the  standard  of  money, 
though  some  states  were  notorious  for  dishonesty  in  this 
respect.  The  existence  of  an  electrum  coinage  is  no  proof 
of  a  tendency  to  debasement,  since  it  was  regarded  as  a  sep¬ 
arate  substance,  and  issued  at  its  cost  value,  allowing  for  the 
expense  of  coining.  As  remarked  before,  this  comparative 
honesty  in  relation  to  the  coinage  may  be  partly  explained 
by  the  small  extent  of  the  Greek  states,  so  that  a  debased 
coinage  was  unable  to  circulate  beyond  the  boundaries  of 
the  issuing  state.  The  keen  perceptions  of  the  more  ad¬ 
vanced  Greek  thinkers  and  their  teachings  on  this  subject 
may  have  also  contributed  to  the  same  result.6 

Roman  Depreciations. — The  earliest  Roman  coinage  was 
composed  of  an  alloy  of  copper  (ass),  and  this  continued  un¬ 
altered  up  to  the  time  of  the  First  Punic  War.  Silver  was 
introduced  in  269  B.c.,  the  proportion  between  it  and  the 
older  copper  being  fixed  at  250:  l.7  The  copper  currency 
was  first  debased  during  the  Punic  wars  at  the  most  critical 
period  of  the  Hannibalic  invasion — “  the  Romans  had  de¬ 
based  the  silver  and  copper  coin,  raised  the  legal  value  of 
the  silver  currency  more  than  a  third,  and  issued  a  gold 
coinage  far  above  the  value  of  the  metal.”8  Soon  after  this 
period  the  copper  money,  whose  successive  debasements  are 
recorded  by  Pliny,9  seems  to  have  been  reduced  to  the  posi¬ 
tion  of  a  subsidiary  currency,  so  that  it  is  not  really  a  case 
of  debasement  of  the  standard.  The  silver  denarius,  which 
at  first  was  ^d  of  a  Roman  pound,  had  been  debased  to  ^th 
of  a  pound.  In  91  b.c.  a  number  of  plated  denarii  were 
issued  at  the  rate  of  one  for  every  seven  silver  pieces  issued. 
This  proceeding,  which  was  simply  for  political  purposes, 
was  proposed  by  Drusus,  but  in  84  b.c.  a  proposal  for  calling 
in  these  plated  pieces  was  passed,  and  was  extremely  popular. 
It  is  probable  that  a  slight  debasement  took  place  under 
Sulla,  and  one  of  the  Cornelian  laws  seems  to  state  the  so- 
called  fiat  theory  of  money.10  The  denarius  was  lowered 
under  Nero  to  g’gth  of  a  pound,  while  the  later  period  of  the 
empire  is  a  scene  of  continual  tampering  with  the  currency. 
The  gold  aureus  was  at  first  ^th  of  a  pound,  but  at  the  time 
of  Augustus  it  was  only  ^th,  while  under  Constantine  it 
had  come  to  be  only  ^d.  The  comparison  of  Hellenic  with 
Roman  monetary  history  seems  to  show  that  a  considerable 
number  of  small  states,  all  issuing  coins,  are  less  likely  to 
meddle  with  the  standard  than  the  mint  of  a  single  large 
empire.  It  also  proves  the  value  of  an  acquaintance  with 
monetary  theory,  if  we  can  judge  by  contrasting  the  views 

3  Lord  Liverpool,  Coins  of  the  Realm,  p.  37. 

4  Grote,  Hist,  of  Greece,  part  ii.,  ch.  11. 

*  lb\,  vol.  iii.,  p.  116,  note  1. 

*  For  a  full  discussion  of  this  point,  see  Lenormant  in  Conlemp. 
Rev..  February,  1879. 

7  Mommsen,  Hist,  of  Rom.  (Eng.  trans.),  i.  p.  458. 

*  16.,  ii.,  p.  173. 

9  H.  N.,  xxxiii.,ch.  13. 

w  Mommsen,  iii.  pp.  418-414 ;  Lenormant,  op.  cit. 
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of  the  Greek  thinkers  with  those  of  the  Roman  lawyers.1 
A  few  words  of  caution  may  here  be  added  against  the  dan¬ 
ger  of  a  careless  comparison  of  values,  as  expressed  in  ancient 
or  even  mediaeval  money  with  those  of  modern  times.  It  is 
extremely  hard  to  accept  the  prices  given  by  any  ancient 
writer,  since  the  varying  factors  necessary  to  be  estimated 
are  so  many,  viz. :  (1)  the  weight  of  the  coin,  (2)  its  purity, 
(3)  the  value  of  the  monetary  metal  at  the  time,  (  4)  the  value 
of  the  commodity  sold  in  relation  to  other  things,  (5)  the 
question  whether  the  commodity  was  in  its  normal  state  as 
regards  supply  and  demand ;  to  all  these  may  be  added 
(6)  the  difficulty  of  determining  whether  the  figures  have 
not  been  altered.*  After  the  fall  of  the  Western  empire,  the 
various  barbarian  sovereigns  adopted  silver  as  their  prin¬ 
cipal  coinage,  combined  with  the  greatest  diversity  in  the 
systems  adopted.  On  the  revival  of  the  empire  under 
Charlemagne  an  effort  was  made  by  him  to  establish  a  gen¬ 
eral  system  of  currency,  based  on  the  silver  pound  as  a  unit 
and  thus  corresponding  to  the  unit  of  weight.  The  system 
was  introduced  into  England,  and  thence  into  Scotland,  but 
the  rapid  decay  of  the  Carlovingian  empire  prevented  any 
uniformity  being  preserved  in  these  different  countries, 
while  the  different  debasements  in  each  produced  widely 
divergent  systems,  which  will  require  separate  notice. 

English  Depreciations. — The  first  debasement  undergone 
by  the  English  silver  coinage  was  in  1300,  when  Edward  I. 
reduced  the  amount  of  metal  in  the  coins  by  l£f  per  cent., 
or,  in  other  words,  20  shillings  and  3  pence  were  coined  out 
of  the  Tower  pound  instead  of  20  shillings  as  previously.3 
This  was  the  prelude  to  a  series  of  changes  which  were 
carried  out  during  the  next  three  centuries,  and  which  ter¬ 
minated  in  1600,  when  the  pound  troy  of  silver  was  coined 
into  62  shillings ;  since  that  time  the  silver  coinage  has  not 
been  debased,  the  reduction  carried  out  in  1816,  by  which 
66  shillings  were  coined  from  the  troy  pound,  being  accom¬ 
panied  by  a  limitation  of  its  use  in  discharging  debts  to  a 
maximum  amount  of  £2,  as  well  as  by  the  abolition  of  the 
public  right  of  coining  silver  at  the  mint.  The  period  ex¬ 
tending  from  34th  Henry  VIII.  to  6th  Edward  VI.  (1543- 
1552)  has  been  specially  noted  by  Lord  Liverpool  as  a  time 
of  peculiar  interference  with  the  fineness  of  the  metal.4 
The  old  proportion  of  11  oz.  2  dwts.  of  metal  to  18  dwts.  of 
alloy,  was  altered  to  10  oz.  of  metal  per  pound,  then  to  6 
oz.  or  one-half,  4  oz.  or  one-third,  and  finally  in  1551  to  3 
oz  of  pure  metal  and  9  oz.  of  alloy.  A  tendency  to  refor¬ 
mation  began  under  Edward  VI.,  and  was  finally  carried 
out  under  Elizabeth  in  the  recoinage  of  1560,  which  has 
been  fully  described  by  Mr.  Froude.5  Various  proposals  to 
depreciate  the  silver  currency  have  been  made  since  then, 
and  one  of  these,  as  above  mentioned,  was  accepted  m  1600. 
The  most  remarkable  of  the  unsuccessful  schemes  for  de¬ 
basing  the  standard  was  that  of  Lowndes,  which  was  ad¬ 
vanced  in  1695,  when  the  discussions  preparatory  to  the 
recoinage  of  1696  were  being  carried  on.  Lowndes’s  plan 
was  to  coin  the  pound  troy  of  standard  silver  into  -  7s.  6d., 
thus  debasing  it  25  per  cent.  He  was  resisted  by  Locke, 
who  in  his  Further  Considerations  concerning  Raising  the 
Value  of  Money,  contributed  materially  to  the  development 
of  monetary  theory  ;  and  the  recoinage  was,  mamly  m  con¬ 
sequence  of  his  efforts,  in  combination  with  those  of  hew- 
ton  and  Montague,  based  on  thoroughly  sound  principles.0 
The  first  English  gold  coinage,  so  far  as  has  been  clearly 
proved,  was  that  of  1257,  in  the  reign  of  Henry  III.,  when 
a  small  number  of  gold  pennies  were  coined  at  the  ratio  of 
10  to  1  to  the  existing  silver  coins.  Previously  to  this  date 
the  need  of  gold  for  business  transactions  could  not  have 
been  felt,  as  the  commerce  of  the  country  was  necessarily 
limited  It  is  probable  that  for  the  few  transactions  of  for¬ 
eign  trade  a  species  of  gold  coins  issued  by  the  Greek  em¬ 
perors  at  Constantinople,  and  thence  called  byzants,  were 
used.7  Another  gold  coin,  known  as  a  florence,  from  the 


1  Compare,  for  instance,  the  passage  previously  cited  from 
Aristotle  with  the  following :  “Quia  non  semper  nec  facile  con- 
currebat  ut,  cumtu  haberes  quod  ego  desiderarem,  lnvicem  ha  >- 
erem  quod  tu  accipere  velles,  electa  materia  est  cujus  publica  ac 
perpetua  sestimatio  difficultatibus  permutationum  aequalitate 
quantitatis  subveniret ;  eaque  materia  forma  publica  percussa 
usum  dominiumque  non  tarn  ex  substantia  prsebet  quam  ex 

^&A  s*  to^h^’ariciis  ’ <fiemen ts *  requisite  for  a  proper  estimate  of 
mediaeval  prices,  see  Cibrario,  DeUa  Economic,  Politico  del  Medio 

"^"Vhe*  Tower  pound,  which  was  three-quarters  of  an  oc  troy 
less  than  the  troy  pound,  was  used  in  England  until  the  18th  of 
Henry  VIII.  (1527),when  it  was  replaced  by  the  troy  weight. 
This  Should  be  always  remembered  in  considering  the  precise 
amount  of  depreciation  at  any  given  time 
4  rvntn*  nf  the  Realm ,  ch.  xin.  5  Hm.  of  ting.,  vn.  p.  j. 

6  Macaulay’s  account  of  this  recoinage,  which  is  written  in  h*3 
tn>lS  SSerfhas  made  this  episode  of  English  monetary  his- 

“J'SfiSwSSS/  p-  «• 
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place  where  it  was  first  coined,  was  also  used  after  1250. 
The  regular  series  of  English  gold  coinage  begins  in  1344, 
when  Edward  III.  coined,  in  imitation  of  the  foreign  coin 
just  mentioned,  a  large  number  of  florins  at  the  rate  of  50 
to  the  Tower  pound.  The  gold  coinage  was,  however,  for  a 
long  period  a  secondary  part  of  the  monetary  system,  and 
suffered  a  series  of  changes,  the  last  of  which  took  place  in 
1717.8  The  present  English  coinage  system  is  regulated  by 
the  Coinage  Act  of  1870, 9  which  amends  and  consolidates 
previous  Acts  on  the  subject.  The  schedule  to  that  Act, 
which  is  reproduced  at  p.  507  of  the  present  volume,  gives 
full  information  as  to  existing  coins,  their  weight,  fineness, 
“remedy,”  etc. 

Scotch  Depreciations. — The  coinage  of  Scotland  was  derived 
from  the  primitive  Carlovingian  system  through  the  me¬ 
dium  of  England,  and  for  a  long  period  remained  the  same 
as  at  first.  The  pressure  under  which  the  resources  of 
Scotland  suffered  during  the  constant  wars  with  England, 
as  well  as  perhaps  the  example  of  their  close  ally  France, 
led  the  Scottish  sovereigns  to  debase  their  coins  out  of  all 
proportion  to  the  English  system.  This  was  the  reason  for 
the  prohibition  of  Scotch  coins  as  currency  by  tale  in  Eng¬ 
land,  the  variation  in  course  of  time  being  so  great  that  in 
1600  the  pound  of  silver,  which  contained  about  three 
pounds  sterling  English,  was  made  into  thirty-six  pounds 
Scotch,  the  latter  being  thus  twelve  times  as  much  debased. 
After  the  union  of  the  crowns  in  1003  no  steps  were  taken 
to  assimilate  the  two  systems,  which  continued  as  before 
till  the  complete  union  of  the  two  countries  in  1707.  At 
the  latter  date  a  complete  recoinage  on  the  basis  of  the 
English  system  was  carried  out,  thus  rendering  the  coinage 
of  both  countries  exactly  similar.  This  most  valuable  re¬ 
form  was  at  first  viewed  with  suspicion  by  the  Scotch  peo¬ 
ple,  and  a  large  amount  of  the  old  Scotch  currency  was 
hoarded  or  exported.  . 

Irish  Depreciations.— No  coined  money  existed  m  Ireland 
before  the  English  invasion  in  1170.  The  English  colony, 
as  a  matter  of  course,  used  the  same  coinage  as  the  mother- 
country,  but  on  several  occasions  inferior  money  was  intro¬ 
duced,  as  being  good  enough  for  a  subject  country.  _  At  the 
recoinage  of  1560  it  was  proposed  to  send  the  bad  coins  that 
were  called  in  to  Ireland,  but  to  this  Elizabeth  refused  to 
assent.  From  1689  to  1825  the  nominal  value  of  the  coin¬ 
age  was  8i  per  cent,  higher  in  Ireland  than  in  England.  In 
the  latter  year  Irish  money  was  reduced  to  the  English 
standard,10  from  which  time  the  United  Kingdom  has  pos¬ 
sessed  a  perfectly  uniform  system  of  metallic  money. 

French  Depreciations.— The  monetary  system  established 
by  Charlemagne  throughout  his  dominions  soon  disap¬ 
peared  in  Italy  and  the  German  provinces.  It  continued 
to  exist  in  France  proper.  The  general  state  of  confusion, 
however,  and  the  weakness  of  the  central  authority,  led  to 
local  issues  by  the  various  feudal  lords.  “  At  the  accession 
of  Hugh  Capet  as  many  as  a  hundred  and  fifty  are  said  to 
have  exercised  this  power.”11  The  increase  of  the  power  of 
the  Capetian  kings  enabled  them  to  restrict  this  freedom  of 
coinage,  and  to  reserve  to  themselves  this  profitable  func¬ 
tion,  the  seigniorage  on  the  process  of  coining  being  a  spe¬ 
cial  branch  of  the  royal  revenue.  They  were  unfortunately 
not  inclined  to  confine  their  gains  to  this  legitimate  source. 
The  French  coinage  was  recklessly  debased  during  the 
many  centuries  from  Philip  I.  (ob.  1108)  to  Louis  XV.  ( ob . 
1774).  The  management  of  the  mint  under  Louis  IX.  was 
always  regarded  as  a  model  for  imitation,1*  but  even  in  his 
time  the  livre,  originally  a  pound,  was  debased  to  less  than 
one-fourth  of  its  primitive  value.  The  dealings  with  the 
currency  were  still  more  unscrupulous  during  the  protracted 
wars  with  England,  the  result  being  that  at  the  accession 
of  Louis  XI.  (1461),  when  the  English  had  been  finally  ex¬ 
pelled  from  France,  the  livre  was  only  about  one-fifteenth 
of  its  original  value.  Nor  did  the  depreciation  of  the  cur¬ 
rency  rest  here.  The  period  of  something  over  a  century, 
extending  from  1497  to  1602,  presents  a  remarkable  series 
of  changes  in  a  downward  direction,  no  less  than  nineteen 
depreciations  having  taken  place,  many  of  them  consisting 
of  changes  in  the  fineness  of  the  metal.13  There  is  in  this 
respect  a  remarkable  analogy  between  this  epoch  of  French 
coinage  and  the  English  period  from  1543  to  15o2. 


«  The  third  great  English  recoinage  was  that  of  the  gold  coin, 
which  took  place  in  1773-1775.  It  is  commonly  known  as  the  re- 
coinage  of  1774. 

»  33  &  34  Vic.  C.  10.  t  ,  . 

w  A  survival  of  this  older  system  is  to  be  found  in  many  charges 
on  Irish  lands,  which  are  reduced  to  English  money  by  deducting 
one-thirteenth  from  the  nominal  amount, 
n  Hall  am,  Middle  Ages,  i.  p.  206. 
i*  Stephen,  Lectures  on  French  History,  l.  p.  459.  t 
is  Tooke  and  Newmarch,  Hist,  of  Prices,  vol.  vi.  p.  374.  The 
views  there  given  are  based  on  those  of  M.  Levasseur,  whe  had 
specially  studied  the  question. 
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T.,10r*i!st0Tr,y  French  depreciations  did  not  terminate,  as 
that  ot  the  English  ones  did,  with  the  close  of  the  16th  cen- 
•l1?7  i  lui(ler  Louis  XIV .  the  livre  was  only  one-half  of  what 
Uutler  Henry  IV.  The  final  result  was  that  in 
liby  the  livre  had  come  to  be  only  one  seventy-eighth  of 
its  weight  in  the  time  of  Charlemagne.  At  the  Revolution 
it  was  converted  into  the  franc,  at  the  rate  of  81  livres  to  80 
irancs.  It  is  not,  however,  to  he  supposed  that  the  changes 
m  the  1  reach  currency  were  always  towards  debasement. 
1  he  terrible  evils  arising  from  the  debased  coinage  led  to  a 
general  outcry,  which  in  some  cases  was  so  strong  as  to  force 
the  king  of  the  time  to  reform  the  monetary  standard ;  one 
striking  instance  occurred  in  the  reign  of  Philip  IV.,2 
whose  dealings  with  the  currency  led  to  his  receiving  the 
epithet  of  “  le  faux  monnoyeur.” 

Depreciations  in  other  Countries . — The  very  brief  notice  of 
the  depreciations  in  the  originally  uniform  currencies  of 
England  and  France  which  has  just  been  given  is  sufficient 
to  establish  the  general  tendency,  and  throws  light  enough 
on  the  resulting  consequences ;  a  similar  course  was  fol¬ 
lowed  in  the  other  countries  of  Europe,  but  the  details  are 
too  unconnected  to  be  conveniently  presented.  A  few  facts 
will  suffice.  Thus,  the  German  florin  “was  originally  a  gold 
coin  of  the  value  of  about  10  shillings  of  our  present  money ; 
it  is  now  become  a  silver  coin  of  the  value  of  only  20cl.”3 
Similar  depreciations  took  place  in  the  cases  of  the  Spanish 
maravedi  and  the  Portuguese  rei.  At  the  present  these  coins 
are  so  subordinate,  where  they  have  not  been  abolished,  as 
to  possess  little  practical  interest. 

It  is.  well  to  notice  before  concluding  the  question  of 
depreciations  that  it  is  the  poorer  classes  who  especially 
suffer  from  a  change  in  the  coinage.  The  reasons  of 
this  are  very  plain,  for  from  their  ignorance  they  are 
less  able  tq  understand  the  nature  of  the  alteration, 
and,  even  if  it  were  not  so,  the  absence  of  available  re¬ 
sources  places  them  at  a  disadvantage  in  comparison 
with  others.  Masters  and  dealers  are  quick  to  discount 

so  to  speak— -the  nominal  value  of  the  depreciated 
money,  and  prices  are  much  more  speedily  adjusted  to 
the  new  state  than  wages,  so  that  it  may  be  confidently 
asserted  that  a  debased  coinage  is  especially  injurious 
to  the  more  helpless  classes  of  society.  The  same  re¬ 
mark  applies  to  an  overissue  of  inconvertible  paper.* 

7 .  Economic  Aspects  of  the  Production  of  the  Precious 
Metals. — In  considering  various  monetary  questions 
it  is  essential  to  have  some  acquaintance  with  the 
economic  aspects  of  the  production  of  gold  and  silver. 
The  technical  matters  connected  with  the  processes  of 
preparing  those  metals  for  use  are  to  be  found  in  the 
articles  Gold  and  Silver  (q.v.).  The  first  point  to 
which  we  will  here  direct  attention  is  the  field  over 
which  production  extends.  At  one  time  or  other  these 
two  metals  have  been  found  in  every  continent.  Asia 
Minor  in  early  times  possessed  its  gold  fields,  or  rather 
auriferous  sands. *  Ceylon  also  undoubtedly  contained 
gold  mines.  China  and  India  both  produced  silver  to 
a  considerable  extent.  Egyptian  remains  show  that 
gold  was  commonly  known  in  that  country,  probably 
procured  from  Nubia  and  Abyssinia.  On  the  opposite 
side  of  Africa,  too,  the  name  of  Gold  Coast  shows  that 
that  metal  was  thence  exported.  Neither  Asia  nor 
Africa,  however,  has  been  the  main  contributor  to  the 
stock  of  money  in  more  modern  times.  The  mines  of 
Laurium  in  Attica  were  a  source  of  supply  to  the 
Greeks,  and  were  worked  as  a  state  monopoly.  At  an 
earlier  date  the  Babylonian  and  Assyrian  empires  had 
each  large  accumulated  stores  of  gold.  The  Phoenician 
importations  of  gold  from  the  Red  Sea  coasts  (Ophir) 
are  known  from  Scripture.6  The  Persian  kings  from 
the  time  of  Darius  levied  tribute  on  all  their  prov¬ 
inces, — in  gold  from  India,  in  silver  from  the  remain¬ 
ing  districts  ;  and  the  larger  part  of  this  was  stored  up 
in  the  royal  treasuries.7  This  tendency  of  sovereigns 
to  accumulate  had  all  through  ancient  history  impor- 


'  The  silver  franc  was  made  to  weigh  exactly  5  grammes. 

2  Stephen,  Led.  on  French  Hist,  i.  p.  482 

3  Lord  Liverpool,  Coins  of  the  Realm,  p.  125. 

4  Readers  requiring  full  details  on  the  subject  of  the  various 
currency  changes  may  consult  Lenormant,  Monnaie  dam  I'Anli- 
ffune,  for  ancient  times;  Lord  Liverpool,  Coins  of  the  Realm,  for 

an(*  the  works  of  Le  Blanc  and  Paueton  for  France. 

*  The  Pactolus  in  Lydia  was  widely  famed  for  its  “  golden  sands.” 

•  1  Kings  lx.  28. 

7  See  Herodotus,  iii.  c,  96;  also  Grote,  Hist,  iv.  pp.  162  sq 


tant  effects  on  the  economic  structure  of  society.  At 
present  it  is  quite  natural  to  assume  that  the  materials 
of  money  are  distributed  by  means  of  international 
trade,  and  tend  to  keep  at  an  equal  level  all  the  world 
over, — an  assumption  which  is  in  general  well  grounded, 
though  an  important  exception  exists.  Ancient  his¬ 
tory  presents  a  widely  different  set  of  forces  in  opera¬ 
tion.  Gold  and  silver  were  produced  by  slaves  under 
the  pressure  of  fear,  and  were  drawn  towards  the  rul¬ 
ing  parts  of  the  great  empires ;  in  a  word,  war,  not 
commerce,  was  the  distributing  agency.  From  this 
condition  of  affairs  it  is  easy  to  see  that  whatever  may 
be  the  reasons  for  assigning  to  cost  of  production  a  po¬ 
tent  influence  over  the  value  of  money  in  modern  times 
(and  grounds  have  been  already  advanced  for  the  belief 
that  this  influence  has  been  exaggerated),  no  such  rea¬ 
sons  then  existed.  The  production  of  the  precious 
metals  was  carried  on,  as  the  great  buildings  and  other 
works  of  those  periods,  on  non-economic  grounds,  and 
therefore  produced  quite  different  effects.  The  whole 
history  of  the  Persian  monarchy  to  its  overthrow  by 
Alexander  (330  B.c. )  shows  that  the  mass  of  the  pre¬ 
cious  metals  hoarded  up  continued  constantly  to  in¬ 
crease.  On  the  capture  of  Persepolis  by  the  Grecian 
army  an  enormous  treasure  was  found  there,  some 
estimates  placing  it  as  high  as  120,000  talents  of  gold 
and  silver  (£27, 600, 000.  )8  All  the  temples,  too,  were 
receptacles  for  the  precious  metals,  so  that  the  stock 
accumulated  at  about  300  B.c.  must  have  been  very 
great.  The  only  causes  which  tended  to  diminish  the 
store  were  the  losses  arising  from  wars,  when  the  vari¬ 
ous  treasuries  were  liable  to  be  plundered  and  their 
contents  dispersed.9  There  was  therefore  a  more  un¬ 
equal  distribution  of  the  material  of  money  than  at 
present.  The  growth  of  the  Roman  dominion  led  to 
important  results,  since  under  their  rule  the  Spanish 
mines  were  developed  and  became  a  leading  source  of 
supply-  The  great  masses  of  treasure  set  towards 
Rome,  so  that  it  became  the  monetary  centre  of  the 
world.  The  overthrow  of  the  Republican  government 
and  the  peace  which  followed  also  affected  the  condi¬ 
tions  of  production.  The  inefficiency  of  the  Roman 
administration  made  it  advantageous  to  let  out  the 
mines  to  farmers,  who  worked  them  in  a  wasteful  and 
improvident  manner,  while  the  supply  of  slaves  was 
reduced,  thus  depriving  the  lessees  of  their  principal 
agency  for  carrying  on  production.  The  result  was  a 
continous  decline  in  the  store  of  money.  Mr.  Jacob 
has  made  an  attempt  to  estimate  the  amount  at  the 
death  of  Augustus  (14  a.d.  ),  and  he  arrives  at  the  con¬ 
clusion  that  it  was  £358, 000, 000. 10  Without  placing 
niuch  value  on  this  necessarily  conjectural  estimate,  it 
is  safe  to  assume  that  this  period  marked  the  highest 
point  of  accumulation. 

The  succeeding  centuries  exhibit  a  steady  decline, 
though  it  is  of  course  impossible  to  attach  any  value  to 
even  the  most  carefully-guarded  numerical  estimates. 
The  phenomenon  which  lias  since  so  often  attracted 
notice — the  drain  of  the  precious  metals  to  the  East — 
began  at  this  time,  and  was  a  subject  of  complaint  to 
the  Roman  writers,11  while  the  stock  of  gold  and  silver 
being  thrown  into  more  general  circulation  suffered 
more  from  abrasion,  and  was  more  likely  to  be  lost 
than  when  stored  up  in  the  royal  treasure-houses  and 
temples.  These  causes  tended  to  depress  the  scale  of 
prices,  while  the  barbarian  invasions  produced  a  strong 
effect  on  the  supply  by  drawing  off  the  mining  popula- 
tion  and  damaging  the  various  erections  used  for  work¬ 
ing  the  mines.  The  conjectural  estimate  is,  that  about 
800  a.d.  the  total  supply  had  been  reduced  to  £33,- 
000,000  (or  about  one-eleventh  of  what  it  had  been  at 
the  cieath  of  Augustus).12  A  new  period  in  the  his- 

8  Grote,  xi.  p.  499,  note  3. 

9  A  commercial  agency  which  existed  for  the  distribution  of 

n llver  I™8  the  Phoenician  system  of  trading,  which  ex- 
tended  ali  over  the  Mediterranean. 

•v>4  Jacob*  Production  and  Consumption  of  the  Precious  Metals .  i.  p. 

11  See  Pliny,  H.  N-,  Xii.  C.  18.  »  Jacob,  i.  p.  237. 
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tory  of  gold  and  silver  production  may  be  fixed  at  this 
date.  The  Moors,  now  firmly  established  in  Spain, 
began  to  reopen  the  mines  in  that  country  which 
had  been  allowed  to  fall  into  disuse.  Other  Euro¬ 
pean  mines  also  were  opened.1  The  international 
system  of  currency  based  on  the  pound  of  silver 
as  a  unit  which  was  introduced  by  Charlemagne 
must  have  tended  to  economize  the  wear  of  the 
metals.  We  may  therefore  conclude  that  from 
this  date  (800  A.P.)  the  supply  was  sufficient  to  coun¬ 
teract  the  loss  by  wear  and  exportation,2  and  accord¬ 
ingly  regard  the  metallic  supply  as  fixed  in  amount 
until  the  next  change  in  the  conditions  of  production, 
which  was  the  result  of  the  discovery  of  America. 
Though  1492  is  the  date  of  the  first  landing,  yet  for 
some  time  no  important  additions  were  made  to  the 
supply  of  money.  The  conquest  of  Mexico  (1519) 
gave  opportunities  of  working  the  silver  mines  of  that 
country,  while  the  first  mines  of  Chili  and  Peru  were 
almost  simultaneously  discovered,  and  in  1545  thuse 
of  Potosi  were  laid  open.  From  this  latter  date  we 
may  regard  the  American  supply  as  an  influential 

Table  I. — Estimated  production  of  gold  and  silver  from  1493. 
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10,203,300 

190,785,000 
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during  the  two  centuries  1600-1800  continued  to  be 
very  considerable ;  but,  if  Adam  Smith’s  view  be  cor¬ 
rect,  the  full  effect  on  prices  was  produced  by  1640,’ 
and  the  increased  amount  of  money  was  from  that  time 
counterbalanced  by  the  wider  extension  of  trade.6  At 
the  commencement  of  this  century,  the  annual  pro¬ 
duction  of  gold  has  been  estimated  as  being  from 
£2,500,000  to  £3,000,000.  The  year  1809  seems  to  mark 
an  epoch  in  the  production  of  these  metals,  since  the 
outbreak  of  the  revolts  of  the  various  Spanish  depend¬ 
encies  in  South  America  tended  to  check  the  usual 
supply  from  those  countries,  and  a  marked  increase  in 
the  value  of  money  was  the  consequence.  During  the 
period  1809-1849  the  value  of  gold  and  silver  rose  to 
about  two  and  a  half  times  their  former  level,  not¬ 
withstanding  fresh  discoveries  in  Asiatic  Russia.7  The 
annual  yield  in  1849  was  estimated  at  £8,000,000.  The 
next  important  date  for  our  present  purpose  is  the  year 
1848,  when  the  California  mines  were  opened,  while  in 
1851  the  Australian  discoveries  took  place.  By  these 
events  an  enormous  mass  of  gold  was  added  to  the 
world’s  supply.  The  most  careful  estimates  fix  the 
addition  duriig  the  years  1851-1871  at  £500,000,000, 
or  an  amount  nearly  equal  to  the  former  stock  in  ex- 
ce.  The  problems  raised  by  this  phenomenon 
received  the  most,  careful  study  lay  several  dis- 
lished  economists,8  to  whose  writings  those  d_e- 
y  more  extensive  information  may  refer.  The  main 
res  of  interest  may  be  briefly  summed  up.  (1) 


Under  this  influence  France, 


factor 


and 

The 


look  upon  the  stock  of 
annual  addition  to  the 


in  the  matter, 
money  as  increasing, 
store  of  money  has  been  estimated  as  £2,100,000  lor 
the  period  from  1545  to  1600.  At  this  date  the 
Brazilian  supply  began.  The  course  of  distribution 
of  these  fresh  masses  of  the  precious  metals  is  an  in¬ 
teresting  point,  which  has  been  studied  by  Mr.  Cliffe 
Leslie. The  flow  of  the  new  supplies  was  first  to¬ 
wards  Spain  and  Portugal,  and  from  thence  they 
passed  to  the  larger  commercial  centres  of  the  other 
European  countries,  the  effect  being  that  prices  were 
raised  in  and  about  the  chief  towns,  while  the  value 
of  money  in  the  country  districts  remained  unaltered. 
The  additions  to  the  supply  of  both  gold  and  silver 

i  It  was  at  this  time  that  the  most  productive  European  mines 
were  discovered,  namely,  those  of  Saxony  and  the  Harz  Moun¬ 
tains  as  well  as  the  Austrian  mines,  which  were  the  chief  sources 
of  supply  during  the  Middle  Ages 

*  Adam  Smith  assumes  1570  as  the  date  when  prices  were  af¬ 
fected  in  England.  Wealth  of  Nations,  p.  88.  Humboldt  estimated 
the  total  production  (1492-1545)  as  being  about  £17  000.000;  but 
see  Table  I.,  which  contains  Dr.  Sotbeer’s  estimates,  based  on  the 
best  available  data. 

4  Essays  in  Pol.  and  Mor.  Phil.,  Essay  xx 


that  of  the  16th  century.  The  more 


(3)  The 


•d  appear  feasible.  The  movements  for 
rm,  as  will  be  seen,  all  arose  after  these 
(4)  The  change  in  the  value  of  money, 


out,  thus  improving  the  condition  of  the  classes  living 
on  manual  labor.  It  may  be  added  that  the  difficulty 
of  tracing  the  effects  of  this  great  addition  to  the 
money  stock  is  a  most  striking  proof  of  the  complexity 
of  modern  economic  development.  (5)  The  last  point 
to  be  noticed  is  the  very  small  influence  exercised  on 
the  value  of  silver  by  the  new  gold.9  Hardly  had  the 
gold  discoveries  of  1848-1851  ceased  to  produce  a  de¬ 
cided  effect  when  new  silver  mines  of  unusual  fertility 
came  into  working.  During  the  period  immediately 
succeeding  the  gold  discoveries  the  production  of  silver 
remained  at  an  annual  amount  of  from  £8 , 000 , 000 . to 
£9,000,000.  This  amount  suddenly,  about  1870,  in¬ 
creased  to  £15, 000, 000, 10  and  remained  at  that  amount 
for  the  next  five  years.  More  than  half  of  the  supply 
came  from  new  mines  opened  in  Nevada.  This  in¬ 
creased  supply  was  accompanied  by  a  marked  depre- 

5  Wealth  of  Nations,  p.  88. 

6  The  total  production  is  roughly  computed  at  over  £1,200,000,- 
000  for  the  two  centuries  1600-1800;  but  see  Table  I.  for  more 
precise  estimates. 

7  The  Russian  supply  became  important  after  1823. 

8  The  following  may  be  specially  consulted ;  Chevalier,  Depr, 

'  " - Hu 


;nCy.  xj‘1  w,  _ _ j  —  - _ _ t  v 

T.  E  C.  Leslie,  Essays',  pp.  264-374  ;  VV.  S."Jevons,  Serious  'Fall  in  the 
Value  of  Gold. 

o  The  price  of  silver  in  London  rose  from  50  Jd.  per  oz.  to  621  d. 
per  oz.,  or  2jd.  per  oz.— that  is,  only  3  to  4  per  cent. 

10  See  Report  of  Select  Committee  on  the  Silver  Question,  1876 ; 
and  for  another  estimate  see  Table  I. 
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ciation  in  the  gold  price  of  silver,  though  the  prices  of 
commodities  in  countries  having  a  silver  standard  did 
not  rise.  The  result  of  the  close  investigations  to 
which  all  aspects  of  the  question  were  subjected  was 
to  show  that  the  increased  production  of  silver  was 
only  a  minor  element  in  causing  its  depreciation.  The 
policy  pursued  by_  various  states — viz.,  (1)  Germany 
and  the  Scandinavian  states  in  adopting  a  single  gold 
standard,  (2)  the  countries  composing  the'  Latin  Union 
in  limiting  the  coinage  of  silver,  (3)  the  Indian  Govern¬ 
ment  by  adopting  a  new  method  of  drawing  bills  — 
proved  to  be  the  really  influential  causes  for  the  de¬ 
cline  in  the  value  of  silver  as  contrasted  with  gold.1 

Before  closing  this  notice  of  the  economical  aspects  of  gold 
and  silver  production,  the  consumption  of  those  metals 
must  be  considered.  It  may  he  classed  roughly  under  three 
heads,  viz.,  (1)  their  use  as  merchandise,  (2)  their  use  as 
money,  (3)  the  export  to  the  East.  With  regard  to  the 
first  of  these,  while  it  is  impossible  to  give  precise  data,  it 
may  be  still  held  with  some  confidence  that  the  demand  for 
this  purpose  tends,  after  society  has  passed  a  certain  not 
very  advanced  stage,  to  decline.  The  desire  for  personal 
adornment  is  with  most  civilized  persons  not  a  strong  one. 
It  is,  so  far  as  it  exists,  gratified  by  other  articles  than  those 
made  of  silver  or  gold.  Their  use  as  manufactured  goods 
continues  to  be  large,  and  is  one  of  the  principal  forms  of 
use  at  present.  The  second  head  with  which  we  have  here 
to  deal  is  the  one  by  which  prices  are  affected.  The  laws 
regulating  the  value  of  the  metals  as  money  have  been  con¬ 
sidered  above,  p.  747,  the  primary  one  being  “  that  the  value 
of  money  varies  inversely  as  its  quantity  multiplied  by  its 
efficiency,”  though  this  proposition  needs  limitation  and  ex¬ 
planation.  Under  the  third  head  a  remarkable  exception 
occurs  to  the  general  theory  of  the  tendency  to  equal  diffu¬ 
sion  of  the  precious  metals.  For  a  period  extending  over 
nearly  2000  years  the  movement  of  silver  from  West  to  East 
has  been  noticed.  Humboldt  has  made  the  ingenious  re¬ 
mark  that  these  metals  move  in  the  opposite  direction  to 
civilization,  and  history  bears  out  his  view.  During  the 
Middle  Ages  the  chief  Eastern  products  used  in  Europe  were 
silks  and  spices,  and  to  pay  for  these  commodities  silver  was 
sent  from  Europe.  The  discovery  of  the  passage  round  the 
Cape  of  Good  Hope  increased  the  Eastern  trade,  and  added 
to  the  drain  of  silver.  Humboldt  and  Sotbeer  have  given 
copious  details.  In  more  recent  time:;  the  flow  has  con¬ 
tinued,  the  amount  of  silver  which  passed  to  Asia  by  the 
Isthmus  of  Suez  during  the  twelve  years  from  1851  to  1862 
being  £110,000,000.2  There  are  two  points  requiring  some 
further  notice  with  reference  to  the  form  and  the  reason  for 
this  drain.  Silver  is  the  metal  which  is  exported  from 
Europe,  since  gold  is  not  used  for  currency  purposes  in  the 
East,  and  even  as  merchandise  silver  possesses  a  higher 
relative  value  than  it  does  in  Europe.  Those  European 
countries  that  had  a  double  standard  were  the  natural 
source  of  supply  for  exportation,  their  silver  currency  being 
replaced  by  gold.  The  unceasing  drain  of  the  precious 
metals  to  the  East  may  further  be  explained  by  the  fact 
that  the  greater  part  of  the  new  metal  is  used  for  orna¬ 
mental  and  not  for  currency  purposes,  and  thus  the  demand 
is  not  checked  by  a  rise  of  prices.  Another  reason,  not 
generally  noticed,  is  that  Eastern  prices  are  very  much  in¬ 
fluenced  by  custom,  and  thus  do  not  depend  on  supply  and 
demand.  But  it  is  this  tendency  of  an  increased  quantity 
of  money  to  raise  prices  which  forms  the  basis  of  the  eco¬ 
nomical  theory  of  the  distribution  of  the  precious  metals.3 
This  explains  the  otherwise  unaccountable  phenomenon 
of  a  continual  drain  of  the  money  material  towards  those 
countries  where  custom  has  remained  most  powerful  in 
regard  to  commercial  transactions,  or,  in  other  words,  the 
backward  countries  of  India  and  China. 

One  of  the  technical  features  of  the  production  of  the 
precious  metals  may  sometimes  produce  remarkable  eco¬ 
nomic  effects, — namely,  the  fact  that  gold  is  generally  found 
near  the  surface,  while  silver  is  obtained  by  deep  mining.  It 
follows  from  this  that  the  production  of  the  former  metal 
depends  more  on  accidental  circumstances,  while  the  pro¬ 
duction  of  silver  is  affected  chiefly  by  the  state  of  mechan¬ 
ical  skill.  In  the  Nevada  mines  gold  and  silver  are  found 
together,  and  their  value  in  a  given  mass  is  nearly  equal. 

8.  Miscellaneous  Questions  regarding  Metallic  Money. 
—The  recent  discussions  of  matters  relating  to  cur- 

1  See,  for  details,  the  Report  of  Mr.  Goschen’s  Committee,  1876, 
and  W.  Bagehot,  Papers  on  the  Depreciation  of  Silver. 

1  See  A.  Sotbeer  in  the  Vierteljahrschr.fiir  Vollcswirthsch.,  iii.,  1863. 

*  See  Ricardo,  Principles  of  Pol.  Econ.,  p.  79  (ed.  McCulloch). 


rency,  and  the  increased  intercourse  among  the  more 
advanced  nations,  have  led  to  the  raising  of  some 
questions  with  regard  to  the  proper  constitution  of 
monetary  systems.  Each  countiy  possessing  any  claim 
to  enlightenment  has  directed  its  attention  to  its  own 
monetary  arrangements,  and  compared  them  with  those 
of  others,  while  the  effect  which  the  currency  system 
of  any  nation  exercises  on  its  neighbors  leads  to  the 
exciting  of  a  lively  interest  in  its  monetary  legislation. 
The  principal  problems  may  be  summed  up  under 
three  heads:  (1)  The  proper  standard  to  use,  the  dis¬ 
cussion  of  which  in  practice  turns  on  the  comparative 
merits  of  a  single  standard  of  gold  or  silver  and  of  a 
double  standard  of  gold  and  silver  at  a  fixed  ratio  ;  (2) 
the  system  of  subdividing  the  currency,  which  is  gen¬ 
erally  discussed  under  the  title  of  proposals  for  decimal 
coinage  ;  (3)  proposals  made  in  many  quarters  to  as¬ 
similate  the  various  currency  systems  of  the  world. 
These  take  one  of  two  forms.  It  is  either  desired  that 
a  group  of  nations  shall  assimilate  their  currencies,  in 
which  case  the  coinage-may  be  called  an  international 
one  ;  or  a  wider  view  is  taken,  and  a  single  system  is 
advocated  for  all  states.  This  may  be  styled  universal 
coinage.  The  question  of  the  proper  standard  may  be 
deferred  fbr  the  present,  as  it  is  of  a  more  complex 
nature  than  the  others.  Before  discussing  even  the 
simpler  of  these  questions  it  is  desirable  to  state  some 
elementary  facts  involved  in  all  such  points.  Every 
currency  system  must  be  based  on  a  standard  unit  of 
value  which  consists  of  a  “  fixed  quantity  of  some  con¬ 
crete  substance  defined  by  reference  to  the  units  of 
weight  or  space.”  Thus  the  English  unit  is  the 
pound ,  which  consists  of  a  definite  quantity  of  gold 
(123.27447  grs.  standard  fineness),  while  the  French 
unit  is  the  franc  (composed  of  5  grammes  of  silver 
f^ths  fine).  _  It  is  not,  however,  necessary  that  the 
standard  unit  shall  be  a  coin.  All  that  is  needful  is 
that  the  current  coins  shall  be  multiples  or  submulti¬ 
ples  of  the  unit,  or  at  all  events  easily  reducible  to  it. 
The  Portuguese  rei  is  too  small  to  be  coined,  and  the 
pound  of  silver  which  formed  the  unit  of  the  early 
French  and  English  currency  was  too  large.  Distinct 
from  both  the  actual  coins  and  the  unit  of  value  is  the 
money  of  account ,  though  in  practice  it  is  usually 
identical  with  one  of  them.  In  .Russia  in  early  times 
the  rouble  was  an  imaginary  money  of  account  not 
coined,  while  the  copper  copeck  was  the  unit  of  value. 
Another  distinction  must  be  pointed  out,  namely,  that 
between  standard  and  token  m  ney,  the  former  being 
of  the  same  value  as  the  metal  i  is  made  of,  while  the 
latter  is  rated  at  a  nominal  value  higher  than  that  of 
its  material.  The  silver  and  copper  coins  in  England 
and  the  smaller  silver  coins  in  the  Latin  Union  are 
merely  tokens,  being  in  the  case  of  the  English  silver 
coins  about  30  per  cent,  below  their  nominal  value. 
The  French  coins  are  of  inferior  fineness  (835  per 
1000).  Token  coins  are  only  admissible  in  small  pay¬ 
ments,  as  otherwise— in  accordance  with  an  elementary 
principle  to  be  presently  explained— the  standard  coins 
would  be  driven  out  of  circulation.  The  maximum 
amount  in  payment  for  which  they  are  legal  tender  is 
in  England  40s.  One  of  the  functions  of  money  being 
to  afford  a  standard  for  estimating  deferred  payments,4 
it  is  generally  used  as  the  means  of  discharging  obli¬ 
gations  when  they  become  due,  and  in  this  aspect  is 
styled  legal  tender.  The  principal  coinage  of  any 
country  is  legal  tender  to  an  unlimited  amount,  and, 
when  offered,  discharges  any  pecuniary  obligation.  It 
is  only  the  standard  coinage  which  possesses  this  prop¬ 
erty,  or  rather  the  standard  coinage  is  that  which  does 
possess  it. 

In  discussing  monetary  questions  it  is  also  important 
to  remember  that  a  metallic  currency  has  to  circulate 
among  the  most  diverse  classes  of  society,  and  must  be 
suited  to  the  wants,  and  even  to  the  prejudices,  of  the 
population  using  it.  Many  curious  instances  of  the 

4  See  p.  747,  above. 


MONEY. 


757 


preference  of  a  community  for  some  particular  coin 
could  be  given.  The  Austrian  Maria  Theresa  dollar 
is  a  special  favorite  on  the  coast  of  Africa,  and  is  still 
coined  exactly  as  it  was  in  1780.  The  inhabitants  of 
California  refused  to  accept  the  greenbacks  issued 
during  the  American  civil  war,  and  consequently  gold 
was  always  used  in  payments  in  that  State.  Many 
apparently  well-devised  reforms  have  miscarried  owing 
to  the  habits  of  the  people  not  having  been  attended 
to.  Some  writers  have,  however,  misconceived  the 
principles,  of  currency  and  extended  this  influence  to 
cases  where  it  does  not  apply.  Thus  it  has  been 
sought  to  explain  the  adoption  of  gold  as  the  principal 
English  coinage  after  1696  by  assuming  that  the  Eng¬ 
lish  deliberately  preferred  that  metal.1  The  fact  of 
different  nations  possessing  different  currencies,  as  the 
prevalence  of  gold  in  England  and  of  silver  in  France 
1  during  the  18th  century,  is  to  be  otherwise  accounted 
for.  The  great  mass  of  a  population,  it  is  true,  take 
and  give  money  without  particularly  observing  it.  It 
is  enough  if  the  coin  conforms  to  the  usual  type.  There 
exists,  however,  in  all  mercantile  communities  a  class 
of  dealers  in  money 2  who  make  a  profit  by  selecting 
the  best  coins  for  exportation,  or,  if  two  metals  are  in 
concurrent  use,  the  coins  of  that  metal  which  is  under¬ 
valued  in  the  proportion  fixed.  The  mode  in  which 
self-interest  thus  operates  produces  an  effect  which 
may  be  briefly  formulated  by  saying  that  bad  money 
drives  out  good  money.  It  is  often  now  called  “  Gres¬ 
ham’s  law,”  from  a  former  master  of  the  English 
mint,3  who  observed  it.  The  illustrations  of  its  work¬ 
ing  are  numerous.  Under  its  action  the  gold  which 
was  overvalued  relatively  to  silver  in  England  in  1696 
became  the  main  English  coinage,  as  above  stated. 
And  in  order  to  meet  the  want  of  silver  coins,  Sir  I. 
Newton  advocated,  and  secured,  the  reduction  of  the 
guinea  from  21s.  6d.  to  21s.  The  exportation  of  me¬ 
tallic  money  when  an  overissue  of  inconvertible  paper 
takes  place  is  another  case  of  the  theorem.  By  means 
of  this  principle  we  can  easily  explain  the  tendency  of 
currency  to  depreciation,  for  when  once,  either  by 
wear  or  by  the  issue  of  inferior  coins,  a  currency  has 
become  debased,  no  reformation  is  possible  unless  the 
debased  coins  are  removed  from  circulation,  as  other¬ 
wise  they  will  be  preferred  for  payments  by  dealers, 
and  will  not  be  melted  down  or  exported.  All  de¬ 
mands  for  foreign  trade  will  be  met  from  the  best  part 
of  the  coinage.  An  argument  in  favor  of  state  coinage 
has  been  founded  on  Gresham’s  law.  It  is  argued  that 
private  coinage  would  lead  to  the  issue  of  depreciated 
money.4  It  is,  however,  overlooked  in  this  argument 
that  the  action  of  the  law  arises  from  the  fact  that  the 
depreciated  currency  is  legal  tender  ;  were  it  not  so, 
coins  less  than  the  proper  weight  would  be  at  once  re¬ 
jected.  It  may  be  added  that  Greek  monetary  history 
bears  out  this  view.5 

Having  disposed  of  these  elementary  questions,  the 
general  groups  into  which  all  currency  systems  fall  may 
now  be  stated.  The  simplest  form  of  currency  seems 
to  be  that  in  which  the  state  coins  ingots  of  different 
metals,  and  allows  them  to  circulate  freely,  without 
any  ratio  being  fixed.  This,  which  is  the  lowest  form 
of  currency  proper,6  has  arisen  in  many  countries 
through  the  introduction  of  coins  of  various  other 
nations.  Turkey  is  a  European  example.  Many  of 
the  South  American  republics  possess  a  currency  of 
this  description.  A  theoretical  form  of  this  system 
has  been  advocated  in  France.  It  is  proposed  to  issue 


1  R.  Giffen,  Essays  in  Finance,  p.  303. 

2  The  Jewish  and  Lombard  merchants  discharged  this  function 
in  the  mediseval  period ;  Hallam,  Middle  Ages,  iii.  p.  369,  note  t.  _ 

3  Aristophanes  (.Ran.  719-733)  appears  to  recognize  this  princi¬ 

ple.  Grote  (vol.  iii.  116  note)  has  misunderstood  him,  and  seems 
to  deny  the  principle  stated.  . 

*  Jevons,  Money,  p.  82.  5  See  p.  752,  above. 

s  In  his  discussion  of  this  subject  Prof.  Jevons,  on  whose  ex¬ 
cellent  work  much  of  this  section  is  based,  mentions  currency  by 

weight  as  the  simplest  form,  but  it  is  hardly  correct  to  regard 

this  as  a  currency  system ;  it  is  rather  a  primitive  stage,  closely 

akin  to  barter. 


coins  of  one,  two,  five,  and  ten  grammes  of  gold,  and  to 
allow  the  present  silver  coins  which  are  multiples  of 
the  gramme  to  circulate  along  with  them.  The  diffi¬ 
culties  of  this  plan  are  so  obvious  that  there  is  no  like¬ 
lihood  of  its  being;  adopted.  The  arguments  in  its 
favor  are  of  little  force,  since  it  is  hardly  correct  to 
contend  that  it  is  a  natural  system,  when  it  has  never 
been  willingly  adopted  by  any  country.  The  next 
system  to  be  noticed  is  that  of  a  single  metal  being 
fixed  as  legal  tender.  This  in  early  times  is  the  really 
natural  arrangement,  and  has  been  widely  adopted.  It 
is  needless  to  recapitulate  the  instances  which  have 
already,  been  given  in  dealing  with  other  matters. 
There  is,  however,  a  difficulty  which  soon  arises  under 
this  system.  If  the  metal  chosen  is  not  very  valuable, 
it  is  to<j  cumbrous  for  large  payments  ;  if,  on  the  other 
hand,  it  possesses  a  high  value,  it  is  hard  to  coin 
pieces  suitable  for  small  transactions.  Thus  even 
silver  would  be  too  bulky  for  such  payments  as  fre¬ 
quently  occur.  £100  in  silver  at  its  present  value 
would  weigh  nearly  40  ft>,  while  it  would  be  impossible 
to  coin  gold  pieces  of  the  value  of  a  penny  or  even  a 
shilling.  This  system  thus  naturally  leads  to  the  use 
of  other  metals  besides  the  standard  one,  and  when 
the  state  fixes  the  ratio  between  these  metals  a  new 
sj-stem  has  come  into  existence,  which  has  been  called 
the  multiple  tender  system.  In  it  the  ratios  between 
the  metals  are  fixed,  either  once  for  all,  or  until 
changed  by  state  authority.  This  system  was  in  force 
in  England  from  1257  (or  rather  1344)  to  1664,  the 
ratio  between  gold  and  silver  being  fixed  from  time  to 
time  by  proclamation.  France,  too,  adopted  it  during 
the  Revolution,  the  ratio  of  15?  to  1  being  that  fixed 
between  gold  and  silver.  The  fluctuation  of  currencies 
arranged  on  this  method,  owing  to  the  action  of  Gres¬ 
ham’s  law,  has  led  in  England  and  Germany  to  a 
modified  system,  which  seeks  to  combine  any  advan¬ 
tages  of  the  multiple  standard  with  the  principle  of 
the  single  standard.  By  this  method  one  metal  is 
fixed  as  the  principal  legal  tender,  while  the  smaller 
coins  are  made  of  a  less  valuable  material,  and  circu¬ 
lated  at  a  nominal  value  somewhat  above  their  real 
one,  or,  in  other  words,  as  token  coins,  but  they  are 
only  legal  tender  to  a  limited  amount.  This  has  been 
called  the  composite  legal  tender  system.7 * 

For  further  details  reference  may  be  made  to  Tables  II. 
and  III,,  and  the  notes  appended,  Every  currency  system 
requires  the  existence  of  subsidiary  coins,  and,  as  stated 
before,  this  want  is  met  by  using  a  less  valuable  metal, 
generally  silver,  and  for  smaller  payments  copper  or  bronze. 
But,  apart  from  the  question  of  the  material  of  the  smaller 
coins,  it  is  important  to  determine  the  best  ratio  between 
them.  The  simplest  of  all  would  be  the  binary.  In  it  each 
coin  would  be  tbe  half  of  the  next  highest  one,  and  double 
the  one  immediately  below  it.  Nothing,  apparently,  is 
plainer  or  simpler  than  this  scale,  but  the  objection  to  it  is 
the  great  number  of  coins  that  would  be  required,  as  well 
as  the  want  of  conformity  with  the  general  arithmetical 
scale.  In  a  modified  form  it  does  prevail  in  many  coun¬ 
tries.  Thus  in  England  we  have  the  penny,  half-penny,  and 
farthing.  At  a  higher,  stage  we  have  the  florin,  shilling,  six¬ 
penny  piece,  and  threepenny  piece,  and,  again,  the  sovereign, 
half-sovereign,  five-shilling  piece?  and  half-crown.  The  coin¬ 
ages  of  the  Latin  and  Scandinavian  Unions,  as  also  those 
of  Germany  and  the  United  States,  have  several  binary 
series  in  their  coins.9  There  is,  however,  no  completely 
binary  system  known.  The  old  English  scale  was  partly 
duodecimal,  and  the  arguments  in  favor  of  this  arrange¬ 
ment  are  by  no  means  weak.  At  present  the  shilling  is 
duodecimally  divided.  It  is  urged  in  favor  of  this  scale 

t  This  system  came  into  existence  in  England  accidentally, 
through  silver  being  overvalued  by  the  mint  regulations,  but  its 
theoretical  basis  was  given  by  the  often-quoted  work  of  Lord 
Liverpool,  Coins  of  the  Realm  (1805),  which  contains  even  now  the 
best  explanation  of  its  principles. 

8  This  piece  is  now  almost  extinct. 

*  For  instance,  the  20-franc,  10-franc,  and  5-franc  pieces,  and, 
again,  2-franc,  1-franc,  and  50-centime  pieces  in  France,  etc. ;  20- 
kroner  and  10-kroner  pieces,  and  4-kroner,  2-kroner,  l-ki'one,  50- 
ore.  and  25-ore  pieces  in  Denmark,  etc.;  20-,  10-,  and  5-mark 
pieces,  and  2-mark,  1-mark,  and  50-pfennige  pieces  in  Germany; 
while  the  United  States  have  eagle,  naif-eagle,  and  quarter-eagle, 
and  also  dollar,  half-dollar,  and  quarter-dollar. 
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that  the  main  divisions  of  time  (year  and  month,  day  and  I  elements  in  all  questions  of  value.1  Another  argument  is 
hour)  are  duodecimally  related,  and  that  time  is  one  of  the  |  1  See  S.  Laing,  Notes  of  a  Traveller,  pp.  57-59. 


Table  II. — The  Coinage  Systems  of  Continental  Europe,  exhibiting  the  gold  and  silver  coins,  their  weight,  fineness,  remedy,  and 

approximate  value  in  English  and  United  States  money. 


Rem. 

Approximate 

1000. 

Money  Value. 

Coins. 

02 

c n 

Material. 

Weight 
in  Gramm 

Millesima 

Fineness. 

Q) 

G 

02 

g 

E 

G 

HH 

In  Weight 

English. 

United 

States. 

£  s.  d. 

3  c. 

Austria-Hungary  * 1 — 

100  Kreutzer  8  Guld’n  piece 

Gold 

6.45161 

900. 

2. 

2.5 

0  15  10 

3  86 

=>  1  Gulden  4 

tl 

3.22580 

900. 

2. 

2.5 

0  7  11 

1  93 

2  “ 

Silver 

24.6914 

900. 

2. 

2.5 

0  3  11* 

0  96 

T 

12.3457 

900. 

2. 

2.5 

0  1  111 

0  48 

I 

it 

5.3419 

520. 

2. 

2.50  0  5J 

0  12 

20  Kreutzer 

(t 

2.666 

500. 

2. 

2.50  0  43 

0  10 

10 

II 

1.666 

400. 

2. 

2.5 

0  0  2| 

0  5 

Belgium.  See  France. 

Denmark2— 

100  Ore  =  20  Kroner  piece 

Gold 

8.960572 

900. 

1.5 

1.5 

1  2  1 

5  36 

1  Krone.  10 

tt 

4.480286 

900. 

1.5 

2. 

0  11  0* 

2  68 

2 

Silver 

15.000 

800. 

3. 

3. 

0  2  2§ 

0  53 

1  Krone  piece 

tt 

7.500 

800. 

3. 

3 

0  1  1J 

0  27 

50  Ore  piece . 

II 

5.000 

600. 

3. 

3. 

0  0  6* 

0  13 

40 

II 

4.000 

600. 

3. 

3. 

0  0  510  10 

25 

It 

2.420 

600. 

3. 

3. 

0  0  3* 

0  6* 

10 

II 

1.450 

400. 

3. 

3. 

0  0  lj 

0  2* 

France  s— 

100  Centimes  100  Franc  p’ce 

Gold 

32.25806 

900. 

2. 

1. 

3  19  3* 

19  30 

—  1  Franc.  50  “ 

tt 

16.12903 

900. 

2. 

1. 

1  19  7j 

9  65 

20 

tl 

6.45161 

900. 

2. 

2. 

0  15  10 

3  86 

10 

II 

3.22580 

900. 

2 

2. 

0  7  11 

1  93 

5 

It 

1.61290 

900. 

2. 

3. 

0  3  11* 

0  96 

5 

Silver 

25. 

900. 

2. 

3. 

0  3  11* 

0  96 

2 

“ 

10. 

835. 

3. 

5. 

0  1  7 

0  38 

1 

II 

5. 

835. 

3. 

5. 

0  0  9* 

0  19 

50  Centimes .. 

II 

2.5 

835. 

0  0  4J 

0  10 

20  “  .. 

ft 

1. 

835. 

... 

... 

0  0  2 

0  4 

Germany  4 — 

100 Ffennige  20  Mark  piece 
—  1  Mark.  10 

Gold 

ft 

7.964954 

3.982477 

900. 

900. 

... 

... 

0  19  7 

0  9  9* 

4  76 
2  38 

5 

If 

1.991239 

900. 

... 

0  4  10| 

1  19 

5 

Silver 

27.7777 

900. 

0  4  lOJ 

1  19 

2 

II 

ll.llli 

900. 

0  1  11* 

0  48 

1 

II 

5.5555 

900. 

... 

... 

0  0  112 

0  24 

50  Pfennige.... 

II 

2.7777 

900. 

... 

0  0  6 

0  12 

20 

II 

1.1111 

900. 

0  0  2* 

0  5 

Greece.*  See  France. 

Italy.  See  France. 

Material. 

Weight 

m  Grammes. 

Coins. 

Netherlands8— 

lOOLfejifs  =  10  Guilder  p’ce 

Gold 

6.720 

1  Guilder.  5  “ 

tl 

3.360 

2* 

Silver 

25. 

1 

If 

10. 

i 

II 

5. 

25  Cents . 

II 

3.575 

10  “  . 

II 

1.400 

5  “  . 

If 

0.685 

Norway.  See  Denmark. 

Portugal  «— 

1000ifm=l  Cm.  or  310.000 

Gold 

17.735 

Milrei.  Half-crn.  or  35.000 

tt 

8.867 

One-fifth  crown  or  32.000 

It 

3.547 

One-tenth  crown  or  31.000 

II 

1.773 

500  Reis . 

Silver 

12.500 

200  “  . - . 

ft 

5.000 

100  “  . 

II 

2.500 

50  “  . 

II 

1.250 

Roumania.  See  France. 

Russia  2  *— 

100  Copecks  Imperial  or 

=  1  Rouble.  10  Rouble  piece 

Gold 

13.088 

Half  Imperial  or 

5  Rouble  piece 

II 

6.544 

3 

II 

3.926 

1 

Silver 

20.7315 

* 

II 

10.3660 

i 

II 

5.183 

20  Copecks . 

II 

4.146 

10 

II 

2.073 

5 

II 

1.037 

Servia.  See  France. 

Spain.8  See  France. 

;Sweden.  See  Denmark. 

Switzerland.  See  France. 

Turkey  * 9— 

100 Piastres  Medjidie  or  Lira 

Gold 

7.216 

=  1  Medjidie.  *  “ 

ii 

3.608 

i 

II 

1.804 

20  Piastres . 

Silver 

24.055 

10 

II 

12.027 

5 

II 

6.013 

2  “ 

II 

2.405 

1 

II 

1.202 

cirnate 


945. 

945. 


<a  . 

.§1 

W  rj 

0>  g 

S3  P 

SE 


2.52.5 

2.52.5 


2.5 

2.5 


2.52.5 
.5 


5.6662. 

5.6662. 

5.666 

5.6662. 

5.6662. 

5.6662. 

5.6662. 

5.6662. 


916.666 


Rem. 

per 

1000. 


0 
2.50 


£  s.  d. 


0  16 
0  8 


3. 

3. 

3. 

3. 

3.  0 


4  2 
1  8 
0  0  10 
0  0  5 
0  2 
0  1 


4  5 
2  2 
10  8  10 
4  5 


Mon 


oneyValue. 


bo 

a 

w 


2  2* 
0  10* 
0  51 
0  2f 


1  11  8 

0  15  10 
0  9  6 


3 

1 

0  0 


0  0  7, 
0  0  3i 
0  0  2 


0  18  0 
9  0 
4  6 


3 

1 

0  10J 
0  4 
0  2 


8  c. 

4 

2 

1 

0  40 
0  20 
0  10 
0 
0 


10  80 
5  40 
2  16 
1  8 

0  54 
0  21 
0  11 
0  5 


7  72 

3  86 
2  31 

0  77 
0  38 
0  19 
0  15 
0 
0 


4  40 

2  20 
1  10 

0  88 
0  44 
0  22 
0  9 
0 


*  Inconvertible  paper  currency. 

1  Present  system  introduced  in  1870,  in  place  of  system  of  1857  ;  8-gulden  piece  equivalent  to  20  francs ;  silver  not  freely  coined 
The  Maria  Theresa  dollar  (28.0644  grammes,  |ths  fine)  is  coined  as  commercial  money. 

2  The  system  now  in  use  in  the  Scandinavian  Union  (Denmark,  Sweden,  and  Norway)  came  into  force  1st  January  1875  It  is  a 
monometallic  gold  standard  on  the  decimal  system. 

3  The  coinage  system  of  France  came  into  force  6th  May,  1799.  It  was  extended  to  the  countries  composing  the  “  Latin  Union  ” 
(France,  Belgium,  Italy,  Switzerland)  by  the  convention  of  1865,  and  has  since  been  adopted  by  Greece,  Roumania  Servia  and 
Spain.  It  is  thus  the  most  widely-extended  system  in  Europe.  Austria,  too,  has  established  some  connection  with  it  by  its  gold 
coinage.  The  population  using  the  Latin  system  has  therefore  been  estimated  ( Journal  des  Economistes,  April,  1879)  at  148  000  000 
The  system  is  theoretically  a  double  standard  one,  with  a  ratio  of  15^  to  1 ;  but  the  states  composing  the  Union  have  restricted  ’the 
coinage  of  silver  to  a  small  amount,  thus  producing  what  is  called  the  italon  boiteux,  or  “  limping  standard.”  By  it  coined  silver  is 
kept  above  its  market  value.  The  unit  in  the  different  states  is  called  bv  different  names ;  in  France,  Belgium,  and  Switzerland 
franc  and  centime  ;  in  Italy,  lira  and  cerdesimo :  in  Greece,  drachme  and  lepta ;  in  Roumania,  lei  and  bani ;  in  Servia,  dindr  and  para  • 
in  Spain,  peseta  and  centesimo;  but  in  all  cases  the  value  is  the  same. 

4  The  substitution  of  the  mark  for  the  older  thaler  came  into  force  1st  January,  1875.  The  German  coinage  law  is  modelled  on  the 
English  system,  but  is  not  yet  completely  settled,  owing  to  the  large  quantity  of  silver  in  circulation. 

5  The  Dutch  standard  has  been  several  times  changed.  In  1847  a  silver  standard  was  adopted,  and  continued  till  1872  the  unit 
being  the  silver  guilder.  In  June,  1875,  the  free  coinage  of  gold  was  decreed,  the  silver  coinage  having  been  restricted  since  1872 
The  ratio  of  gold  to  silver  is  15.625  to  1,  but  practically  the  “  limping  standard  ”  exists. 

6  The  single  gold  standard  is  in  force  in  Portugal.  ‘The  English  sovereign  is  legal  tender  for  4500  reis. 

T  The  coins  of  the  Russian  mint  are  exceptionally  good.  They  pass  as  commercial  money  at  varying  prices.  Finland  has  a 
decimal  system  resembling  the  French  since  1877,  the  mark  in  gold  and  silver  being  equivalent  to  the  franc. 

8  The  Spanish  coinage  was  assimilated  to  the  Latin  Union  in  1871.  Spain,  however,  coins  a  25-peseta  piece :  the  other  countries 
of  the  Union  do  not. 

•  The  Medjidie  coinage  was  introduced  in  1844.  English  sovereigns  circulate  at  125  piastres,  20-franc  pieces  at  100  piastres 
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Table  III. — Currencies  of  the  more  important  non-European  States. 


Coins. 

Material. 

Weight 

in  Grammes. 

Millesimal 

Fineness. 

Rem 

per 

1000. 

Approximate 
Money Value. 

CC 

$ 

s 

a > 
C 

S 

»— i 

In  Weight. 

English. 

United 

States. 

A.  NORTH  AMERICA. 

British  Dominions  i— 

100  Cents  =  1  Dollar. 

Mexico  2— 

£ 

s. 

d. 

8  c. 

100  Cents  16  Dollar  piece 

Gold 

27.067 

875. 

3 

4 

9 

15  74 

=  1  Dollar.  8  “ 

11 

13.533 

875. 

1 

12 

44 

7  87 

4 

«( 

6.767 

875. 

0 

16 

24 

3  93 

2 

(i 

3.383 

875. 

0 

8 

1 

1  96 

1 

t( 

1.692 

875. 

... 

0 

4 

04 

0  98 

1  “ 

Silver 

27.067 

900. 

0 

4 

04 

0  98 

50  Cent  piece ... 

t( 

13.533 

900. 

... 

0 

2 

0 

0  49 

25  “ 

l< 

6.767 

900. 

... 

0 

1 

0 

0  24 

United  States  •<— 

100  Cents  20  Dollar  piece 

=  1  Dollar.  (Double  Eagle) 

Gold 

33.436 

900. 

2. 

1. 

4 

2 

6 

... 

10  Dollar  piece 

(Eagle) . 

It 

16.718 

900. 

2. 

2. 

2 

1 

3 

5  Dollar  piece 

Cl 

8.359 

900. 

2. 

2. 

1 

0 

71 

3  “ 

II 

5.015 

900. 

2. 

2. 

0  12 

44 

24 

u 

4.179 

900. 

2. 

3. 

0  10 

4 

1 

it 

1.671 

900. 

2. 

3. 

0 

4 

14 

1 

Silver 

26.729 

900. 

3. 

5. 

0 

4 

14 

50  Cent  piece.... 

li 

12.500 

900. 

3. 

5. 

0 

2 

04 

25 

it 

6.250 

900. 

3. 

5. 

3 

1 

04 

10 

(( 

2.500 

900. 

3. 

0 

0 

5 

5 

(t 

1.250 

900. 

3. 

0 

0 

24 

3  “ 

(i 

0.802 

750. 

3. 

0 

0 

14 

B.  SOUTH  AMERICA. 

Argentine  Republic  * 

190  Centesimos  20  Peso  piece.... 

Gold 

33.333 

900. 

4 

1 

8 

19  94 

=  1  Dollar.  io  “ 

(( 

16.666 

900. 

... 

2 

0  10 

9  97 

(Peso).  5  „ 

It 

8.333 

900. 

... 

l 

0 

5 

4  98 

1 

Silver 

27.11 

900. 

0 

4 

1 

0  99 

Brazil  * 5— 

1000  Reis  20  Milreis  piece 

Gold 

17.927 

916.6 

2 

4  104 

10  91 

=  1  Milrei.  « 

U 

8.963 

916.6 

1 

2 

5 

5  45 

2  “ 

Silver 

25.500 

916.6 

0 

4 

5 

1  9 

1 

tl 

12.250 

916.6 

0 

2 

24 

0  55 

4 

II 

6.375 

916.6 

... 

0 

1 

1 

0  27 

Chili  * «— 

100  Centavos  10  Peso  piece 

—  1  Peso.  (Condor) . 

Gold 

15.253 

900. 

... 

1  17 

6 

9  10 

5  Peso  piece.... 

II 

7.626 

900. 

0  18 

9 

4  55 

2  “ 

II 

3.051 

900. 

0 

7 

6 

1  82 

1  “ 

Silver 

25.00 

900. 

0 

3 

9 

0  91 

50  Centavos  piece.. 

II 

12.50 

900. 

... 

0 

1  104 

0  45 

20 

II 

5.00 

900. 

0 

0 

9 

0  18 

10  “ 

II 

2.50 

900. 

... 

0 

0 

44 

0  9 

5 

II 

1.25 

900. 

0 

0 

2 

0  4 

*  Inconvertible  paper  currency. 

Remarks.— The  currencies  of  such  of  the  non- European  States  as  were  capable  of  being  presented  in  tabular  form  have  been  given 
above,  but  a  brief  outline  of  the  currencies  of  less-advanced  countries  where  a  settled  coinage  does  not  prevail  may  be  here  added. 
The  systems  of  the  various  European  colonies  in  America  are,  as  a  rule,  similar  to  their  mother-countries.  Some  of  the  English 
possessions  acquired  by  conquestpreserve ^theii 'original  currency  In  Cayenne  the 


various  European  nations  form  the  chief  money.  The  Asiatic  currencies  are  generally  composed  of  silver.  Ceylon  has  the  Indian 
rupees  The  money  of  Java  has  since  1877  been  assimilated  to  the  latest  form  of  the  Dutch  monetary  system.  In  China  the  eosA 
forms  the  unit,  and  is  made  of  copper,  iron,  and  tin ;  silver  passes  by  weight— a  tael,  which  varies  from  place  to  place,  being  the 
unit ;  while  the  silver  sycee  is  the  usual  medium  of  exchange.  The  other  Asiatic  currencies  do  not  require  particular  notice. 

1  There  is  no  currency  issued  in  Canada  :aEnglish  and  American  coins  circulate,  Ihe  standard  is  gold  (£1  —  $4.80).  There  were 
formerly  different  methods  of  counting,  viz.,  English  sterling,  Halifax  currency,  and  Canadian  sterling,  the  respective  ratios  being 

1  *2  The  decimal  coinage  has  existed  in  Mexico  since  1867.  The  gold  coins  are  practically  commercial  money,  and  command  a 

PI3eThe’dollar  was  introduced  in  1786  as  the  unit.  In  1794  the  ratio  of  gold  to  silver  was  fixed  at  1  to  15.  This  valuation  under¬ 
rated  irold  conseauently  silver  became  the  standard.  In  1834  the  ratio  was  altered  to  1  to  16,  and  it  was  again  changed  in  1837.  In 
these  changes  gold  was 'overrated,  and  silver  was  driven  out  of  circulation.  This  led,  in  1853,  to  the  reduction  of  the  metal  in  the 
silver  coins  which  therefore  became  a  token-currency.  The  suspension  of  cash  payments  took  place  in  1861.  In  18/3  silver  was  de¬ 
monetized  knd  gold  became  the  standard.  In  1878  the  “  Bland  Bill  ”  was  passed,  making  the  silver  dollar  a  legal  tender  but  con¬ 
ning  its  cmnage  to  the  executive,  and  fixing  the  amount  at  from  two  to  four  million  dollars  per  month.  These  silver  dollare  have 
not  git  into  Slation  The  United  States  coin  a  trade  dollar  of  420  grs.  (27.212  grammes),  to  compete  with  the  Mexican  dollar 
4  |he  Argentine Confederation  professes  to  have  a  gold  standard.  The  old  South  American  onza  weighed  27  grammes,  was  875. 
fine,  and  worth  £3,  4s.  6d. 

6  The  Brazilian  system  is  a  depreciated  form  of  the  Portuguese. 

•  Chili  has  nominally  a  double  valuation  at  1  to  lfig?.  Gold  coins  are  no  longer  struck. 

7  The  Colombian  States  have  the  Latin  Union  system,  with  a  ratio  oi  l  to  io$. 

s  When  Peru  returns  to  cash  payments  the  system  will  be  almost  identical  with  that  of  Colombia.  .  . 

9  British  India  has  a  single  silver  standard,  as  the  gold  coins  are  only  commercial  money.  The  price  of  the  rupee  varies ;  gener- 

a1^  TheUl  d*1 Japanese  cofnale^onsi^ted'  (rf  goldt»ffip  and  silver  itzibus,  with  a  ratio  of  1  to  4.  The  system  was  recast  in  1871  and 
the  present  decimal  coinage  adopted,  the  ratio  being.  1  to  16.17.  The  standard  is  now  practically  silver.  In  18/5  a  trade  dollar 

exactly  similar  to  the  American  trade  dollar  was  introduced.  .  ,  „  TT  „  , 

a [Canada  issues  copper  and  silver  coins  corresponding  to  the  decimal  system  of  the  U.  S.— Am.  Ed.j 
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that  12  is  capable  of  being  resolved  into  several  factors 
(2  and  6,  3  and  4),  and  therefore  enables  a  large  series  of 
coins  to  be  formed.'  The  main  reason,  however,  for  the 
adoption  of  a  duodecimal  system  appears  to  have  been  the 
preference  for  the  number  12  so  frequently  shown  by  early 
societies;  thus,  among  the  Semitic  races,  the  Jews  were 
organized  in  12  tribes,  and  in  Italy  the  Etruscan  league 
eousisted  of  two  groups,  each  of  12  cities.  In  connection 
with  this  it  may  be  noted  that  a  duodecimal  system  of  cur¬ 
rency  prevailed  south  of  the  Apennines.  At  Rome  the  as 
was  divided  into  12  uncise.  The  modern  tendency,  how¬ 
ever,  has  been  to  adopt  a  decimal  scale.  This  method  of 
notation,  which  is  found  very  widely  in  use  among  savage 
tribes,  is  undoubtedly  derived  from  the  ten  fingers  of  the 
human  hands.  Though  the  base  10  is  not  so  convenient  as 
12,  it  is  firmly  established  as  the  only  system  of  counting, 
and  is  in  process  of  extension  to  weighing  and  measuring.2 
For  the  pui'poses  of  currency  this  scale  is  not  very  con¬ 
venient,  as  10  can  be  only  resolved  into  two  factors  (2  and 
5),  and  one  of  these  is  a  rather  high  number.  This  disad¬ 
vantage  has  retarded  the  adoption  of  decimal  coinage,  and 
is  the  base  of  the  objections  made  to  it.  It  has  been  con¬ 
tended  that  it  is  unsuitable  for  small  purchases,  and  for 
such  fractions  as  one-third.3  France  adopted  the  decimal 
system  of  coinage  in  1799,  and  it  has  now  extended  over  all 
the  countries  of  the  Latin  Union  (see  Table  II.).  It  is  also 
in  use  in  Germany,  Denmark,  Sweden  and  Norway,  the 
Netherlands,  and  Finland,  as  well  as  in  the  United  States. 
But  none  of  these  countries  has  a  decimal  coinage  pure  and 
simple.  Intermediate  coins  are  introduced,  e.g.,  in  France, 
2-franc  and  5-franc  pieces.  In  fact,  most  modern  currencies 
are  a  combination  of  the  decimal  and  binary  systems,  Eng¬ 
land  alone  adhering  to  a  modified  duodecimal  scale.  A 
decimal  coinage  has  for  the  last  sixty  years  been  proposed 
for  England,  and  it  is  almost  certain  that  if  any  one  scheme 
could  be  pointed  out  as  much  preferable  to  any  other  it 
would  be  accepted.  As  it  is,  there  are  two  or  three  pro¬ 
posals,  each  commanding  some  support,  while  many  advo¬ 
cates  of  the  decimal  system  prefer  to  wait  till  an  inter¬ 
national  agreement  for  its  adoption  can  be  obtained.  One 
of  the  schemes  advanced  takes  the  present  farthing  as  its 
base;  then  10  farthings  —  1  doit  (2Jd.);  10  doits  =  1  florin 
(2s.  Id.);  10  florins  =  1  pound  (20s.  10d.).  The  advantages 
of  this  plan  are :  (1)  that  the  smaller  coins  now  in  use  could 
be  preserved  (the  penny  being  4  farthings),  (2)  retail  prices, 
which  are  for  the  smaller  articles  estimated  in  pence,  need 
not  be  altered,  (3)  nor  need  those  which  affect  postage, 
tolls,  and  mileage  charges.  Against  these  may  be  set  the 
loss  of  the  unit  of  value,  the  pound,  which  should  be  raised 
to  20s.  10d.,  so  that  all  accounts,  and  all  large  price  quota¬ 
tions,  would  have  to  be  altered,  while  the  new  unit  of  the 
farthing  would  not  be  assimilated  to  any  other  unit.  This 
plan  has  therefore  no  chance  of  acceptance.  Another  pro¬ 
posal  starts  from  the  present  pound  as  unit.  It  is  to  be  di¬ 
vided  into  10  florins  (2s.),  which  would  contain  100  mils  (or 
farthings  reduced  4  per  cent.).  A  new  coin,  10  mils  (2s.  4d.), 
would  probably  have  to  be  introduced.  The  advantages  of 
this  plan  are :  (1)  the  pound  would  be  preserved  as  unit,  (2) 
the  florin  and  shilling  would  also  be  retained— the  latter 
being  50  mils,  (3)  accounts  for  large  amounts  need  not  be 
altered.  The  objections  are  such  as  follow— (1)  the  copper 
coins,  which  are  those  most  used  by  the  poor,  would  all  be 
changed,  thus  causing  great  confusion,  (2)  all  charges  ex¬ 
pressed  in  pence  would  be  altered  to  the  loss  of  one  of  the 
parties.  Still,  this  scheme  is  much  to  be  preferred  to  the 
one  first  mentioned.  A  third  plan  is  based  on  the  fact  that 
8s.  in  English  money  is  only  id.  more  than  10  francs. 
Having  regard  to  this  link  between  the  English  and  French 
systems,  it  is  proposed  to  coin  a  10 -franc  piece  in  gold  to 
serve  as  a  token  for  8s.  If  the  penny  were  then  reduced 
by  4  per  cent,  this  piece  would  contain  100  pence,  and,  by 
eoining  a  franc  or  tenpenny  piece  in  silver,  a  perfect  deci¬ 
mal  currency  would  be  obtained.  This  arrangement  would 
involve  the  abolition  of  the  pound  as  well  as  of  most  of  the 
present  English  coins.  In  fact,  it  is  as  yet  premature  to 
expect  a  system  which  will  be  international  as  well  as  deci¬ 
mal,  and  the  most  that  can  be  hoped  for  is  some  progress 
towards  that  ultimate  end.  All  that  can  be  said  dt  present 
is  that  all  schemes  for  the  introduction  of  the  decimal  sys¬ 
tem  should  be  considered  with  regard  to  their  tendency  to 
help  towards  the  assimilation  of  the  English  system  to 
other  currencies.  The  problem  of  international  money  has 
during  the  last  twenty  years  acquired  much  prominence. 
In  previous  historic  periods  the  idea  was  partially  realized. 

1  J.  R.  M’Culloch  in  Ency.  Brit.,  art.  “Money,”  vol.  xv.  p.  431 
(8th  ed.). 

2  Tylor,  Anthropology,  pp.  311-312. 

3  Laing  and  M’Culloch,  as  quoted  above.  The  former  unfor¬ 
tunately  prophesies  that  “  the  decimal  division  never  will  come 
into  general  use  in  France  or  anywhere  else.” 


Thus  the  drachme  was  an  international  Hellenic  coin, 
though  it  had  three  different  values.4  Under  the  Roman 
hegemony  and  the  succeeding  empire  the  denarius  became 
the  coin  of  the  West,  the  drachme  that  of  the  East.5  The 
next  currency  which  can  be  called  international  was  the 
frequently-mentioned  Carlovingian  system-  The  growth 
of  the  different  European  nationalities,  and  their  frequent 
wars,  prevented  any  common  coinage  system  being  adopted 
by  them.  Each  state  debased  its  own  coin  at  different  times, 
so  that  any  original  resemblances  disappeared.  The  ques¬ 
tion  of  unification  of  the  various  monetary  systems  was 
thus  left  open  for  the  present  century,  when  increased 
facilities  for  intercourse  have  led  to  more  complex  interna¬ 
tional  relations.  An  association  for  promoting  unity  in 
weights,  measures,  and  coins  was  founded  in  Paris  in  1855, 
and  actively  advocated  its  principles.  In  pursuance  of  this 
object  a  series  of  conferences  and  congresses  were  held  on 
the  subject,  the  first  of  them  in  1860.  The  congress  of 
1863  was  held  at  Berlin,  and  adopted  a  series  of  important 
resolutions.  Its  report  advocates  the  superior  convenience 
of  a  gold  system  with  a  subsidiary  coinage  of  silver ;  the 
millesimal  scale  of  900  as  to  fineness  of  the  higher  coins 
was  also  approved  of,  as  well  as  the  definition  of  the  weights 
of  coins  on  the  metric  system.  The  first  practical  outcome 
of  the  movement  was  in  the  monetary  convention  of  1865, 
which  founded  the  so-called  Latin  Union,  by  which  France, 
Belgium,  Italy,  and  Switzerland  became  a  single  monetary 
region,  with  the  franc  or  lira  as  unit.  The  subsequent  ac¬ 
cessions  to  the  Union  arc  given  in  the  note  to  the  French 
coinage  system  (Table  II.).  In  1867  a  monetary  conference 
was  held  at  the  same  time  as  the  Exhibition  of  that  year, 
when  the  idea  of  a  universal  coinage  was  advocated,  and 
three  leading  principles  were  laid  down  as  necessary  to  that 
result,  viz. — (1)  the  universal  adoption  of  a  single  gold 
standard,  (2)  the  general  use  of  the  decimal  scale  for  this 
coinage,  (3)  that  ail  coinages  should  be  coordinated  with 
the  French  system.6  Owing  to  the  accidents  of  historical 
development,  certain  points  of  connection  existed  between 
the  leading  European  systems.  Thus,  the  franc  being  re¬ 
garded  as  a  unit,  the  Austrian  florin  was  as  2.47,  the  Amer¬ 
ican  gold  dollar  as  5.18,  and  the  English  pound  as  25.22. 
Very  slight  changes  would  bring  these  coins  into  a  series 
of  1 :  2£ :  5 :  25,  and  it  was  proposed  by  the  congress  of  1863 
that,  when  thus  modified,  they  should  have  international 
currency  in  all  countries  where  any  of  the  four  units  pre¬ 
vailed.  All  outside  nations  were  recommended  to  select 
whichever  of  these  units  they  preferred.  The  subsequent 
monetary  changes  in  the  various  European  systems  have, 
however,  ended  rather  in  the  formation  of  international 
systems  without  any  tendency  towards  the  establishment 
of  a  universal  one.  Thus,  of  the  three  principles  laid 
down  by  the  conference  of  1867,  two  only  have  been  adopt¬ 
ed  in  recent  currency  reforms.  On  the  creation  of  a  united 
Germany  after  the  Franco-German  war  of  1870-1871,  it  was 
the  aim  of  the  rulers  of  that  country  to  develop  as  much  as 
possible  all  outward  expressions  of  that  unity,  and,  in  ac¬ 
cordance  with  that  conception,  a  German  currency  was  de¬ 
vised  which  was  monometallic  and  decimal  (see  Table  II.), 
but  which  was  not  easy  to  assimilate  to  the  French  system, 
thus  rejecting  the  third  principle  laid  down  by  the  Paris 
conference,  and  rendering  future  progress  more  difficult. 
The  Scandinavian  Union  proceeded  on  very  much  the  same 
lines  as  the  German  reform,  and  was,  in  fact,  mainly  caused 
by  it.  The  Dutch  Government,  under  the  pressure  of  cir¬ 
cumstances,  have  abandoned  the  silver  standard  and  coined 
some  gold,  but  their  position  is  still  undecided.  The  Aus¬ 
trian  Government  have  made  a  slight  step  by  issuing  as 
gold  coins  8-  and  4-gulden  pieces,  which  are  the  same  as  the 
20-  and  10-franc  coins.  In  one  part  of  the  Russian  domin¬ 
ions,  Finland,  the  French  system  has  been  introduced,  the 
new  mark  being  equivalent  to  the  franc.  The  main  Russian 
system  has  not  been  changed,  nor  have  any  alterations  been 
made  by  England,  Turkey,  or  Portugal.7  The  question  of 
universal  coinage  has  become  implicated  with  the  question 
of  the  proper  standard,  and  the  strong  ground  taken  up  in 
1867  has  certainly  to  some  extent  been  abandoned.  It  may, 
however,  be  considered  that  the  present  systems  of  coinage 
are  capable  of  being  assimilated.  A  comparison  of  the 
amount  of  pure  metal  in  English,  French,  German,  United 
States,  and  even  Japanese  coin  shows  how  small  is  the  dif- 

4  The  Attic,  Euboic,  and  TEginetan ;  see  Smith,  Diet.  Or.  and 

Rom.  Ant., s.  v.  “Drachma.” 

6  Mommsen,  Hist,  of  Rome,  iii.  p.  415. 

6  See  E.  deParieuin  Journal  des  JEronomistes  (Feb.  1, 1878). 

7  As  Austria,  Russia,  and  Turkey  possess  inconvertible  paper 
currencies,  and  various  foreign  coins  circulate  in  the  last-named 
country,  the  question  does  not  possess  much  importance  for 
them.  Portugal  is  closely  connected  with  England,  and  will 
probably  follow  her  example.  It  may  also  be  noticed  that  the 
gold  coins  of  all  these  countries  have  a  fineness  of  Hths. 
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ference.1  An  ingenious  proposal  was  made  in  1868  to  the 
English  commission  on  the  question,  by  which  the  sovereign 
would  he  made  identical  with  the  French  25-franc  piece 
(if  that  were  coined).  It  was  based  on  the  fact  that  the 
sovereign  contained  only  about  1  grain  more  of  gold  than 
the  amount  in  25  francs.  It  was  proposed  to  deduct  this 
small  amount  from  the  bullion  brought  for  coinage  as  seign¬ 
iorage,  so  that  no  change  need  be  made.  The  advocates 
of  this  scheme  contended  that  prices  would  not  be  affected 
by  the  alteration.  This  reasoning  did  not  commend  itself 
to  the  commission.  They  accepted  the  view  put  forward  by 
Newmarch,  who  argued  that  all  contracts  would  have  to 
be  altered  to  allow  for  the  depreciation  caused  by  the 
ehange,  and  this  position  seems  impregnable,  so  long  as 
metallic  currency  alone  is  considered.  Another  ingenious 
plan  was  that  of  Bagehot  to  assimilate  the  English  and 
American  systems,  as  a  step  towards  a  wider  change.2  At 
the  present  moment  the  great  monetary  systems  of  (1) 
France  and  her  allies,  (2)  England  and  the  larger  part  @f 
her  colonies,  and  (3)  the  United  States  are  so  firmly  estab¬ 
lished  in  their  several  countries,  and  the  advantages  of 
each  system  are  so  equal,  that  it  is  hard  to  see  which  is  to 
give  way.  The  wide  area  of  the  Latin  Union,  and  the  per¬ 
fect  decimal  division  of  its  coinage,  are  arguments  in  favor 
of  the  franc;  the  greater  value  of  the  pound,  and  the  im¬ 
mense  extent  of  the  English  colonies  and  English  trade, 
are  in  favor  of  the  British  unit  of  value ;  while  the  dollar, 
from  its  convenient  size  and  the  prospect  of  the  future 
growth  of  the  United  States,  has  claims  to  be  considered  in 
the  discussion.  The  most  probable  conclusion,  however, 
seems  to  be  that  the  future  unit  will  not  be  any  of  these 
coins,  hut  the  result  of  a  compromise,  which  will  lead  to  a 
new  system  being  established.  The  difficulties  which  arise 
when  universal  coinage  schemes  are  brought  forward  ought 
not  to  conceal  from  us  the  solid  advantages  which  such  an 
institution  would  confer  on  the  world.  The  arguments 
urged  in  its  favor  are  various,  and  are  regarded  as  being  of 
different  relative  importance  by  their  advocates.  They 
may,  however,  all  be  stated  as  follows.  (1)  Increased  fa¬ 
cility  of  travelling.  Though  there  is  a  tendency  to  under¬ 
estimate  this  element  of  the  question,  it  seems  impossible 
to  doubt  that  the  saving  of  trouble  to  travellers  by  any 
universal  coinage  system  would  be  very  great.  The  aboli¬ 
tion  even  of  the  local  currencies  of  Germany  and  Italy,  and 
their  replacement  by  uniform  national  systems,  has  been  a 
great  boon  to  tourists,  but  an  arrangement  which  would 
obviate  the  necessity  for  procuring  any  different  money 
whatever  would  be  a  still  greater  advance.  In  the  interests 
of  peace,  which  is  greatly  promoted  by  extended  interna¬ 
tional  communication,  it  is  very  desirable  to  remove  any 
obstacle  which  retards  increased  intercourse  among  persons 
of  different  countries.  (2)  Greater  ease  in  adjusting  the 
foreign  exchanges.  This  argument  has  been  sometimes 
pushed  too  far.  It  has  been  apparently  held  that,  were  a 
universal  currency  adopted,  the  problems  of  the  foreign 
exchanges  would  no  longer  exist.  There  are,  however, 
other  factors  in  the  question,  namely,  those  of  time  and 
place,  which  could  not  be  eliminated  by  the  adoption  of  a 
single  coinage  system.3  Still,  the  removal  of  even  one 
complicating  element  would  simplify  exchange  dealings. 
The  question  of  mint  pars  would  no  longer  arise,  and  the 
specie  points  would  be  stated  more  simply.  The  friction 
which  sometimes  arises  from  the  necessity  of  recoining  the 
exported  gold  would  also  be  removed,  and  the  profits  of 
those  dealers  who  gain  by  their  special  knowledge  would 
be  saved  to  ordinary  traders.  (3)  The  improvement  of  the- 
currencies  of  backward  states.  Many  countries  still  pos¬ 
sess  those  mixed  currencies  which  were  once  common  all 
over  Europe,  and  much  confusion  consequently  arises.  The 
commercial  coins  have  been  introduced  for  international 
circulation,4  and  a  universal  currency  would  perform  their 
function  more  satisfactorily.  (4)  Greater  facility  in  com¬ 
paring  price-lists,  etc.  This  advantage,  which  is  reserved 
for  the  last,  has  been  regarded  by  competent  judges  as  the 


1  Sovereign  =  7.32  grammes  fine  gold. 

25  francs  ==7-26  “  “ 

U.S.  half-eagle  =  7.52  “  “ 

German  20  mark  =  7.16  “  “ 

Japanese  6  yen  =7.50  “  “ 

2  See  his  pamphlet  reprinted  from  the  Economist.  It  is  nearly 
the  same  as  the  first  proposal  mentioned  above,  but  it  differs  in 
contemplating  the  assimilation  of  American  money,  the  5-dollar 
piece  being  equivalent  to  the  new  pound. 

3  See,  for  this,  Goschen,  Foreion  Exchanges,  p.  5,  and  the  article 
Exchange  (vol.  viii.  p.  686  sq.).  A  practical  illustration  is  the 
case  of  Australia,  where,  though  the  currency  is  identical  with 
that  of  England,  bills  on  England  are  at  a  premium. 

4  The  principal  of  these  are,— the  Austrian  Maria  Theresa  dol¬ 
lar,  the  Mexican  dollar,  and  the  United  States  trade  dollar,  which 
is  7i  grs.  heavier  than  *he  national  coin  of  the  same  name.  See 
also  Tables  II.  and  III. 


greatest.  It  has  a  practical  and  a  theoretical  interest :  the 
former,  since  trade  with  foreign  countries  would  be  ren- 
dered  easier  and  safer ;  the  latter,  since  statistical  inquiries 
would  be  very  much  facilitated.  At  present,  it  is  quite 
impossible  for  an  ordinary  trader  to  understand  a  set  of 
foreign  price-lists,  each  perhaps  expressed  in  terms  of  a 
different  currency  from  the  others, — a  difficulty  which  is 
enhanced  by  the  variations  of  gold  and  silver  values,  not 
to  add  the  case  of  an  inconvertible  paper  currency.  The 
existence  of  a  common  monetary  language  would  remove 
these  difficulties,  and  the  premium  on  gold  could  be  allowed 
for  m  the  case  of  depreciated  paper,  A  much  wider  de¬ 
velopment  of  smaller  trading  transactions  would  become 
possible,  and  would  add  to  the  world’s  wealth.  Nor  would 
the  greater  ease  of  statistical  inquiry  be  unimportant;  the 
rates  of  wages  in  different  countries,  and  the  profits  on 
different  transactions,  would  be  readily  compared,  and  the 
movements  of  labor  and  capital  to  the  most  advantageous 
points  rendered  more  rapid.  Against  these  great  gains  can 
be  set  only  a  certain  and  a  possible  disadvantage,  namely, 
the  loss  and  trouble  involved  in  change,  which  would,  of 
course,  for  the  time  be  considerable,  but  would  soon  be 
over,  and  the  chance  that  some  states  might  issue  a  depre¬ 
ciated  currency,  which  would  expel  the  "other  and  better 
coins.  In  the  case  of  a  universal  coinage  this  case  would 
hardly  arise,  since  there  would  be  no  field  of  employment 
for  the  purer  coins,  and  they  would  consequently  remain  in 
circulation,  but  the  whole  currency  would  become  depre¬ 
ciated.  Proper  mint  regulations,  however,  would  obviate 
this  danger,  and  could  surely  be  devised.  It  may  be  said 
that  the  principal  hindrance  to  one  coinage  system  for  all 
civilized  states  is  the  as  yet  unsettled  question  of  the  stand¬ 
ard  to  be  employed.  Till  the  debate  on  this  problem  is 
closed  it  is  vain  to  expect  monetary  unification.  The  es¬ 
tablishment  of  a  universal  system  based  on  gold  seemed 
quite  feasible  to  the  conference  of  1867,  but  doubtful  to  that 
of  1878,  while  a  double  standard  was  the  proposal  discussed 
in  1881. 

9.  Considerations  on  the  Questions  arising  from  the 
Conflict  of  Standards. — In  the  preceding  section  the 
various  possible  monetary  systems  were  set  forth,  but 
no  discussion  was  entered  into  with  respect  to  their 
comparative  merits.  Only  three  of  these  systems  need 
be  here  examined,  namely,  the  single  standard  system, 
the  multiple  standard  system,  and,  lastly,  the  composite 
system. .  Nor  even  is  there  any  need  for  examining 
the  various  possible  single  or  multiple  standards. 
The  single  silver  standard  is  the  only  one  of  the  former, 
as  the  double  gold  and  silver  standard  is  the  only  one 
of  the  latter,  which  need  be  taken  into  account.  It  is 
true,  historical  inquiry  has  shown  that  the  problem  of 
the  proper  proportion  between  two  different  metals 
when  used  together  presented  itself  to  the  Chinese 
with  regard  to  their  iron  and  copper  coinages ;  but  the 
course  of  monetary  evolution,  as  discussed  in  section  3, 
has  resulted  in  the  rejection  of  the  less  valuable  metals 
and  in  confining  the  material  of  the  principal  coins  to 
silver  and  gold.  The  use  of  silver  as  a  principal  coin¬ 
age  was,  as  we  have  seen,  widely  diffused.  The  Hel¬ 
lenic  coins  were  composed  of  that  metal,  gold  being 
afterwards  introduced  as  a  variable  commercial  money  ; 
and  copper  was  brought  in  still  later  as  a  token  cur¬ 
rency.  _  Though  copper  preceded  silver  as  money  in 
Rome,  the  latter,  soon  after  its  introduction,  succeeded 
in  displacing  it,  the  ratio  first  fixed  being  1  to  250.  A 
regular  gold  coinage  did  not  exist  at  Rome  till  the  em¬ 
pire,  but  gold  in  bars  passed,  the  legal  ratio  being  1  to 
11.91.  Still  the  questions  connected  with  the  use  of  a 
double  standard  do  not  seem  to  have  arisen.6  The  va¬ 
rious  European  monarchies  had  silver  as  their  princi¬ 
pal  money  (seep.  752  sq.,  above),  gold  where  it  was 
used  being,  as  in  Greece,  a  commercial  money.  The 
advance  of  gold  to  a  position  parallel  to  silver  was  com¬ 
menced  in  the  13th  and  continued  in  the  14th  century, 
the  method  of  regulating  the  mixed  gold  and  silver 
currencies  being  by  proclamation,  which  fixed  the 
varying  ratios  from  time  to  time.  In  England  this 
course  was  followed  from  the  first  introduction  of  gold 

s  E.g.,  Bagehot  and  Prof.  Jevons.  The  former  dwells  on  the 
commercial  aspect ;  the  latter  naturally  places  the  scientific  side 
first. 

*  See  Mommsen,  Hist,  of  Rome,  ii.  p.  382  and  iv.  p.  553 
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coins  (1257)  to  1663.1  From  1663  to  1717  silver  was 
the  standard,  and  the  gold  coins  passed  at  their  mar¬ 
ket  value.  As  the  silver  coins  were  very  much  de¬ 
based,  the  gold  guinea  sometimes  was  deemed  equiva¬ 
lent  to  30s.  After  the  recoinage  of  1696  the  guinea 
passed  at  21s.  6d.  At  this  ratio  silver  was  underrated, 
and  was  accordingly  exported  to  Continental  Europe 
and  to  India.  The  loss  of  the  silver  coins  aroused  the 
public  attention,  and  the  matter  was  submitted  to  Sir 
1.  Newton,  whose  answer  was  given  in  his  Third  Rep¬ 
resentation.  He  proposed  to  reduce  the  guinea  from 
21s.  6d.  to  21s.  as  an  experimental  measure.2  The 

roper  reduction  for  the  object  in  view  would  have 

een  to  20s.  8d.  The  silver  drain,  therefore,  continued, 
and  England  came  to  have  a  gold  currency  An  op¬ 
posite  arrangement  gave  France  a  silver  coinage.  The 
recent  facts  of  French  monetary  history,  as  well  as 
those  of  the  United  States,  illustrate  the  same  con¬ 
dition  of  affairs.  The  difficulty  of  constituting  a  double 
standard  system  on  a  secure  basis  is  thus  made  clear, 
so  far  at  least  as  regards  a  single  country.  For  the 
continuance  of  the  two  metals  in  the  currency  depends 
on  the  market  ratio  and  the  legal  ratio  between  gold 
and  silver  being  the  same.  The  slightest  examination 
of  the  history  of  these  metals  will  show  how  variable 
they  have  been.  Without  accepting  the  estimates 
which  regard  silver  as  being  more  valuable  than  gold,® 
the  well-attested  variations  of  the  precious  metals 
have  been  very  considerable.  Thus,  Herodotus  esti¬ 
mates  the  ratio  as  1  to  13,  Plato  1  to  12,  Menander 
1  to  10,  and  in  Caesar’s  time  the  ratio  was  1  to  9. 4 
Table  I.  contains  the  variations  since  the  discovery  of 
America.  In  the  1 4th  century  the  value  of  gold  rose 
remarkably,  and  the  gradual  movement  has  ever 
since  been  towards  an  appreciation  of  gold  relatively 
to  silver.  Another  point,  previously  noticed,  is  the 
tendency,  as  wealth  increases,  to  adopt  a  more  val¬ 
uable  form  of  currency.  Greece,  Rome,  and  England 
all  afford  illustrations  of  this  movement.  The  experi¬ 
ence  of  the  evils  of  a  mixed  currency  led  the  earlier 
writers  on  coinage  in  England  to  regard  a  single 
standard  system  as  the  best,  and  silver  as  the  most 
suitable  metal  for  the  standard.  Locke,  Petty,  and 
Harris  all  advocated  this  view.  The  earlier  Italian 
writers  proposed  to  combine  gold  and  silver  at  a  ratio 
of  1  to  12,  which  they  conceived  to  be  the  actual  pro¬ 
portion.  The  theory  of  a  composite  system  was,  as  before 
mentioned,  first  given  by  Lord  Liverpool.5  This  method 
of  regulating  the  metallic  currency  was  established  in 
England,  as  _  it  were,  accidentally,  and  deliberately 
adopted  only  in  1816.  The  practical  good  results  which 
followed  made  all  English  economists  of  that  period 
warm  advocates  of  the  composite  system.  Thus, 
M’Culloch  and  Tooke  agree  in  supporting  the  English 
system,  as  also  does  J.  S.  Mill.6  On  the  Continent 
the  weight  of  authority  was  more  divided,  and  the 
existence  of  the  French  bimetallic  system  gave  support 
to  the  advocates  of  a  double  standard.  The  result  of 

1  The  various  changes  made  can  be  estimated  from  the  Tables 
given  in  James’s  Essays  on  Money,  etc. ;  see  also  Ency.  Brit.,  8th 
ed.,  article  “  Money.”  A  careful  statement  will  be  found  in  Lord 
Liverpool’s  work,  ch.  xi. 

2  Newton’s  report  will  be  found  in  Select  Tracts  on  Money,  edited 
by  J.  R.  M’Culloch  for  the  Political  Economy  Club  (1856).  One 
passage  is  worth  quoting.  “The  demand  for  exportation  arises 
from  the  higher  price  of  silver  in  other  places  than  in  England 
in  proportion  to  gold,  .  .  .  and  may  therefore  be  diminished  by 
lowering  the  value  of  gold  in  proportion  to  silver.  If  gold  in 
England,  or  silver  in  East  India,  could  be  brought  down  so  low 
as  to  bear  the  same  proportion  to  one  another  in  both  places, 
there  would  be  here  no  greater  demand  for  silver  than  for  gold 
to  be  exported  to  India.  And  if  gold  were  lowered  only  so  as  to 
have  the  same  proportion  to  the  silver  money  in  England  which 
it  hath  to  silver  in  the  rest  of  Europe,  there  would  be  no  tempter 
tion  to  export  silver  rather  than  gold  to  any  other  part  of  Europe  ”  (p.  277). 
The  italics  are  in  the  original  passage,  which  has  been  much  dis¬ 
cussed  in  recent  controversies. 

3  Del  Mar,  Hist,  of  the  Precious  Metals,  p.  221.  According  to  this 
writer,  the  variation  has  been  200  degrees— i.e.,  from  silver  being 
10  times  as  valuable  as  gold,  gold  has  come  to  be  20  times  more 
valuable  than  silver. 

1  See  Smith,  Diet,  of  Ant.,  s.  v.  *'  Argentum.” 

5  See  above,  p.  757. 

6  Lord  Ashburton  was  the  only  person  of  influence  who  advo¬ 
cated  the  double  standard. 


the  gold  discoveries  in  Australia  and  California  was  to 
greatly  increase  the  supply  of  that  metal,  and,  under 
the  action  of  Gresham’s  law,  to  change  the  French 
currency  from  silver  to  gold,  while  Holland,  to  avoid 
the  evils  which  were  anticipated  from  the  reduced 
value  of  that  metal,  adopted  silver  as  the  standard. 
The  movements  in  favor  of  a  universal  currency  de¬ 
scribed  above,  combined  with  the  course  of  events, 
brought  the  standard  question  into  greater  prominence. 
The  proposal  of  the  Paris  conference  of  1867  for  a 
single  gold  standard,  and  a  universal  coinage  on  that 
basis,  raised  the  question  to  great  prominence.  Wo- 
lowski  and  Courcelle  Seneuil  strongly  opposed  the 
recommendation,  the  former  predicting  that  a  disas¬ 
trous  appreciation  of  gold  would  follow.  This  view 
seems  borne  out  by  the  result,  for,  although  a  universal 
coinage  was  not  created,  yet  Germany  and  the  Scan¬ 
dinavian  Union  both  changed  from  a  silver  to  a  gold 
standard,  while  Holland  and  the  United  States  both 
made  movements  in  the  same  direction  by  demonetizing 
silver  and  making  preparations  for  adopting  gold.  The 
Latin  Union  at  the  same  time  restricted  their  silver 
coinage,  which  had  nearly  the  same  effect  as  the 
adoption  of  a  gold  standard.7  The  result  of  these  ex¬ 
tensive  changes  was  to  cause  much  confusion.  The 
more  ardent  advocates  of  a  double  standard,  too,  at¬ 
tributed  most  of  the  continued  trade  depression  to  this 
cause.  The  altered  condition  of  opinion  on  the  question 
was  seen  at  the  monetary  conference  held  at  Paris  in 
1878,  where  the  universal  demonetization  of  silver  was 
considered  to  be  dangerous.  The  “Bland  Act’’  of 
the  United  States,  which  theoretically  decreed  the 
double  standard  (1878),  was  another  instance  of  re¬ 
action.  The  great  depreciation  of  silver,  which  re¬ 
sulted  mainly  from  its  having  ceased  to  be  money  over 
a  large  part  of  the  civilized  world,  severely  affected  the 
Indian  finances,8  and  thus  the  advocates  of  a  double 
standard  were  able  to  command  some  attention  in 
England.  The  conference  held  in  Paris  in  1881  re¬ 
flected  these  changed  views.  The  supporters  of  the 
double  standard  took  the  initiative  and  proposed  a 
treaty  based  on  the  double  standard  at  a  fixed  ratio, 
but  no  conclusion  was  arrived  at — England,  Germany, 
and  the  Scandinavian  Union  upholding  the  gold  stand¬ 
ard. 

Such,  in  brief,  has  been  the  recent  history  of  the  standard 
question,  and  it  now  becomes  desirable  to  examine  more 
closely  the  conflicting  arguments  in  the  various  shapes  they 
have  taken.  The  older  English  advocates  of  the  gold  stand¬ 
ard  have  found  their  best  representatives  in  Lord  Liver¬ 
pool  and  Tooke.  The  former  of  these  adopted  the  argument 
used  by  Petty,  Locke,  and  Harris,  that  only  one  metal  can 
be  the  standard  of  value  at  a  given  time,  but  he  held  that 
the  advance  of  England  in  wealth  rendered  gold  a  more 
suitable  material  than  silver  for  the  principal  money.  He 
added  that  by  law  the  power  lay  in  the  sovereign  to  settle 
the  standard,  and,  as  a  matter  of  fact,  he  contended  that 
gold  was  actually  at  that  time  (1805)  the  English  standard 
in  common  estimation.  These  arguments  were  supported 
by  a  mass  of  historical  examples.9  Tooke,  who  dealt  with 
the  subject  in  his  History  of  Prices,  severely  criticises  the 
double  standard.  He  points  out  that  it  would  be  impossible 
to  keep  both  metals  iu  circulation,  and  that  it  would  be  the 
inferior  one  which  would  remain.  He  also  indicates  a  more 
refined  objection,  namely,  the  difficulty  of  constituting  a 
bank  reserve  under  the  double  standard.  Thus,  if  silver 
were  the  more  valuable,  and  the  reserve  consisted  mainly 
of  it,  there  would  be  an  inducement  to  make  a  run  on  the 
reserve,  so  as  to  drain  out  the  small  quantity  of  gold  and 
then  get  the  more  valuable  silver.10  The  silver  standard 

7  The  amounts  decreed  to  be  coined  each  year  were  as  follows  • 
Frs. 

1874  =  120,000,000 

1875  =  150,000,000 

1876=120,000,000 

1877  =  65,000,000 

1878  =  9,000,000 1  ~  ,  T.  . 

1879  =  20,000,000/  For  Italy  only. 

*  See,  for  a  full  discussion,  W.  Bagehot,  Depreciation  of  Stiver. 

9  Cows  of  the  Realm,  pp.  128-165. 

70  This  objection  to  the  double  standard  is  also  urged  by  Prof. 
Thorold  Rogers  and  by  Bagehot.  Actual  instances  of  the  diffi¬ 
culty  occurred  iu  I860,  and  again  iu  1876,  with  the  Bank  of 
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was  preferred  by  Ricardo,  who  fully  accepted  the  arguments 
against  the  double  standard  as  conclusive ;  his  view  was, 
that  silver  was  steadier  in  value  than  gold,  and  was  the 
standard  money  in  other  countries,  while  the  objection  to 
it  on  account  of  its  greater  bulk  was,  he  thought,  obviated 
by  the  use  of  paper  money  for  circulation.1  J.  S.  Mill  pro¬ 
nounces  no  opinion  as  to  the  comparative  merits  of  gold 
and  silver,  but  he  objects  to  the  double  standard  on  the 
usual  ground  that  the  cheaper  metal  is  the  only  one  used 
in  payments,  and  that  therefore  the  fluctuations  are  more 
frequent  under  a  double  standard  regime.  The  advocates 
of  the  concurrent  use  of  the  two  metals,  prominent  among 
whom  were  Wolowski  on  the  Continent  and  Seyd  in  England, 
contended  that  these  objections  were  ill-founded,  for  (1)  the 
double  standard,  though  it  produced  (i.e.,  admitting  the 
assumption  of  their  opponents)  more  frequent  fluctuations, 
still  did  not  vary  so  widely  from  the  mean,  since  in  each 
case  it  was  the  cheaper  metal  which  determined  the  value,2 
and  (2)  the  action  of  Gresham’s  law  would  produce  a  com¬ 
pensatory  action.  Thus,  if  silver  be  undervalued  in  a 
double-standard  system,  a  drain  sets  in  to  other  countries 
where  it  is  more  valuable.  The  quantity  of  silver  is  thus 
reduced  and  its  value  raised,  while  gold  is  imported,  its 
quantity  increased,  and  its  value  lowered.  Were  gold  the 
undervalued  metal,  the  converse  process  would  take  place. 
The  soundness  of  this  position  is  illustrated  by  the  case  of 
the  great  transformation  of  the  French  currency  (1849-1860). 
During  the  rapid,  increase  of  the  gold  supplies  the  value  of 
silver  only  rose  about  3  per  cent. ;  in  fact  the  depreciation 
was  spread  over  the  two  metals,  and  not  confined  to  gold.3 
In  addition  to  the  above  arguments,  it  was  urged  by  Wo¬ 
lowski  that  any  attempts  to  establish  a  universal  gold  stand¬ 
ard  as  contemplated  by  the  Paris  conference  of  1867  would 
cause  a  great  appreciation  of  gold,  which  would  be  disas¬ 
trous  to  commercial  interests,  while  silver  would  lose  most 
of  its  value.  The  services  which  the  double-standard 
countries  rendered  by  acting  as  intermediaries  between  gold 
and  silver  standard  countries  was  also  dwelt  on,  the  ease 
with  which  the  mass  of  silver  needed  for  exportation  to  the 
East  was  supplied  from  France  during  the  years  1853-56 
being  an  instance  in  point.  The  monetary  difficulties,  as 
indicated  above,  which  followed  the  adoption  of  gold  by 
Germany  and  the  Scandinavian  Union,  as  well  as  the  em¬ 
barrassment  of  the  Indian  Government,  from  the  resulting 
depreciation  of  silver,  revived  the  double-standard  advo¬ 
cates.  Cernuschi  and  De  Laveleye  came  forward  as  sup¬ 
porters  of  what  the  former  called  bimetallism,  that  is  to  say, 
the  establishment  of  a  universal,  or  at  all  events  a  large  in¬ 
ternational,  currency,  based  on  the  concurrent  circulation 
of  the  two  metals  gold  and  silver  at  a  fixed  ratio.  This 
plan  has  gained  many  supporters,  though  the  tendency 
among  English  economists  was  at  first  to  decline  even  to 
consider  it ;  and  not  even  yet  does  the  question  appear  to 
have  received  that  careful  examination  by  monometallists 
which  would  be  desirable.4 

The  bimetallists  start  with  a  discussion  as  to  the  causes 
which  determine  the  value  of  money.  They  point  out  that 
there  are  two  extreme  theories :  one  that  the  value  of  money 
depends  on  the  will  of  the  sovereign  (the  fiat  theory) ;  the 
other  that  the  value  of  money  is  entirely  independent  of 
state  control, and  determined  by  economic  conditions  (the  free 
trade  theory).  Neither  of  these  is  accepted  by  the  bimetal¬ 
lists.  They  take  up  a  middle  ground  and  hold  that,  by  its 
power  of  deciding  what  substance  shall  be  deemed  legal  ten¬ 
der  and  discharge  all  obligations,  the  state  is  able  to  deter¬ 
mine,  within  limits,  what  substances  shall  be  money  and  what 
the  value  of  those  substances  shall  be.  They  argue  from  his¬ 
tory  that  several  metals  have  been  successively  demonet¬ 
ized,  that  different  ratios  have  been  fixed  between  metals 
circulating  together,  that  inconvertible  paper  currencies 
have  been  kept  in  circulation  by  the  will  of  the  state.5  The 
doctrine  of  cost  of  production  as  determining  the  value  of 
money  is  also  assailed  by  them.  They  hold  that  it  is  the 


1  «  Proposals  for  an  Economical  and  Secure  Currency,”  Works, 

(ed.  M’Culloch),  p.  403.  , 

2  The  superposition  of  two  curves,  each  representing  the  va¬ 
riations  of  one  metal,  and  the  formation  of  a  third  curve  repre¬ 
senting  the  lowest  concurrent  points  of  each,  will  make  this 
clear.  See  Jevons,  Money,  p.  .138. 

a  See  J.  E.  Cairnes,  Essays  in  Pol.  Econ.,  pp.  140-143. 

4  Mr  A  J.  Wilson  has  collected  a  series  of  articles  on  Recipro¬ 
city  Bimetallism,  and  Land  Tenure  Reform,  and  Prof.  Bonamy 
Price  dealt  with  Bimetallism  and  Fair  Trade  in  his  address  to 
the  Social  Science  Congress  in  1882.  But  there  is  no  fair  reason 
for  placing  E.  de  Laveleye,  Luzzati,  Cernuschi,  Dana  Horton,  and 
other  supporters  of  bimetallism-and  we  may  add  Prof.  F  A 
Walker— -in  the  same  category  with  the  advocates  of  (so-called) 
**  Reciprocity  ** 

8  See  Dana  Horton’s  paper  on  the  Position  of  Law  in  the  Doctrine 
of  Money,  presented  to  the  monetary  conference  of  1881  (Appen¬ 
dix  ix.  C). 


quantity  of  money  which  governs  its  value,6  and  that  cost 
of  production  has  little  or  no  influence  in  the  matter.  The 
next  step  in  the  bimetallic  argument  is  to  contend  that  their 
proposed  ratio  for  gold  to  silver  (1  to  15i)  can  be  maintained 
by  the  legal  regulations  to  that  effect.  The  common  objec¬ 
tion  to  bimetallism  is,  that  whichever  metal  was  under¬ 
valued  would  be  exported.  They  answer  that  the  same 
ratio  existing  over  all,  or  a  great  part  of,  the  world,  there 
would  be  no  inducement  to  export  either  metal,  and  in  sup¬ 
port  of  their  argument  they  appeal  to  the  passage  from 
Newton  quoted  above,  and  claim  him  as  the  inventor  of 
modern  bimetallism.7  Thirdly,  a  greater  stability  as  regards 
value  is  claimed  for  the  two  metals  combined  than  for  either 
singly,  since  the  fluctuations  are  distributed  over  a  wider 
field,  and,  the  conditions  of  production  of  gold  and  silver 
being  somewhat  different,  fluctuations  in  them  tend  to  coun¬ 
terbalance  each  other.  A  fourth  point  consists  in  the  greater 
facilities  which  would  exist  for  trade,  since  the  fluctuations 
of  the  exchanges  which  arise  from  the  existence  of  gold 
and  silver  currencies,  and  the  variations  of  relative  value 
of  these  metals,  would  under  a  bimetallic  system  disappear. 
The  fifth  argument  for  bimetallism  is  the  advantages  which 
would  result  from  the  increased  prices  caused  by  the  greater 
abundance  of  money,  or  at  all  events  from  the  check  to  any 
fall  in  prices  which  might  arise  from  a  diminution  in  the 
production  of  gold.  The  final  argument  is  that  a  universal 
currency  is  desirable,  and  that,  a  single  gold  currency  being 
by  general  consent  practically  impossible,  this  advantageous 
reform  can  be  realized,  in  no  other  way  than  by  adopting  a 
plan  which  permits  the  concurrent  circulation  of  two  metals. 
Most  of  these  positions  are  contested  by  the  monometallists, 
and  even  where  any  concession  is  made  the  value  of  the 
advantage  to  be  reaped  is  estimated  at  a  much  smaller 
amount.  The  contention  that  the  value  of  money  is  largely 
influenced  by  state  demand  is  met  by  the  assertion  that 
cost  of  production  is  the  ultimate  regulator  of  value,  and 
that  any  artificial  regulation  would  stimulate  the  produc¬ 
tion  of  the  cheaper  metal,  and  thus  flood  the  world  with  it. 
The  fixing  of  a  ratio  different  from  the  market  one  is  de¬ 
rided  by  them  as  absurd,  and  an  extreme  case  is  instanced 
for  this  purpose.  Is  it  possible,  they  ask,  to  make  the  value 
of  silver  equal  to  that  of  gold  ?  If  not,  how  can  it  be  possi¬ 
ble  to  alter  the  market  ratio  in  even  the  slightest  degree  ? 
Is  there  not  a  great  demand  for  the  precious  metals  in  the 
various  trades?  And  would  not  the  ratio  of  this  demand  be 
affected  by  the  fixing  of  a  new  ratio  ?  The  argument  of 
bimetallists  that  their  system  would  produce  greater  sta¬ 
bility  in  the  value  of  money  is  met  by  the  answer  that  there 
is  no  proof  of  this.  It  is  quite  possible  that  a  single  metal 
may  be  steadier  in  value  than  two  combined,  and  the  evi¬ 
dence  of  history  shows  that  silver  is  more  liable  to  depreci¬ 
ation  than  gold.  The  argument  derived  from  the  advan¬ 
tages  to  exchange  transactions  is  to  a  slight  extent  admitted, 
but  it  is  pointed  out  that  the  factors  which  affect  the  for¬ 
eign  exchanges  are  so  numerous,  and  are  so  rapidly  elimi¬ 
nated  in  the  course  of  trade,  that  a  radical  currency  change 
need  not  be  adopted  for  this  purpose.  It  is  also  shown  that, 
even  when  most  European  countries  were  bimetallic,  fluctu¬ 
ations  in  the  exchange  price  of  silver  took  place  ;  and  still 
more  that,  where  it  is  the  less  valuable  metal  that  is  in 
course  of  depreciation,  bimetallism  can  afford  no  aid.  The 
assumed  tendency  of  the  bimetallic  scheme  to  produce  a 
higher  scale  of  prices  than  would  otherwise  prevail  is  dwelt 
on  by  opponents  as  a  proof  of  its  inherently  vicious  character. 
The  claim  to  benefit  the  world  by  adding  to  its  stock  of 
money  places  bimetallists  in  the  same  class  with  the  advo¬ 
cates  of  inconvertible  paper  money,  and  shows  the  absence 
of  reason  in  their  views.  Their  position  becomes  the  same 
as  that  of  the  Birmingham  currency  school.  The  proposition 
that  the  quantity  of  money  is  of  no  consequence  since  prices 
vary  in  proportion  to  it  is  cited  as  conclusive,  and  the  con¬ 
tempt  so  frequently  expressed  for  bimetallists  is  accounted 
for  by  their  advocacy  of  this  principle  of  the  beneficial 
effects  of  an  increased  amount  of  money.  To  the  contention 
that  bimetallism  is  the  necessary  condition  for  a  universal 
coinage  system  the  answer  is,  that  the  idea  of  universal 
coinage  is  premature,  and  that  the  gradual  introduction  of 
the  gold  standard  is  desirable  as  preparing  the  way  for  a 
future  universal  coinage  based  on  gold  monometallism.  On 
the  practical  question  as  to  the  actual  introduction  of  the 

«  On  p.  747,  above,  the  theory  of  money  value  has  been  stated, 
and  the  objections  to  the  cost  of  production  theory  given.  It  is 
strange  to  find  Jevons  arguing  (in  common  with  Bagehot  and 
Prof.  Price)  that  the  value  of  money  ultimately  depends  on  cost 
of  production,  when  his  examination  of  that  doctrine  in  general 
is  considered.  Compare  Con, temp.  Rev.  (May,  1881)  with  Jevons’s 
Theory  of  Pol.  Econ.,  p.  201  sq. 

i  Modern  bimetallists  freely  admit  that  two  different  bimetal¬ 
lic  systems— i.e.,  having  different  ratios— could  not  exist,  for  each 
would  drain  the  other  of  one  metal. 
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system,  the  monometallists  deny  the  possibility  of  forming 
a  universal  bimetallic  league  which  would  not  be  liable  to 
be  broken  up  by  war,  or  impaired  by  some  of  the  states 
which  composed  it  issuing  inconvertible  paper.  On  the 
other  hand,  the  various  international  conventions  for  postal 
purposes,  extradition,  commercial  arrangements,  and  other 
matters  of  interest,  are  considered  by  bimetallists  as  evi¬ 
dences  of  the  feasibility  of  their  plan.1 

The  above  summary  gives  the  main  arguments  on  each 
side  of  the  discussion  as  given  by  the  advocates  of  the  con¬ 
tending  principles.  A  short  consideration  will  show  that 
the  controversy  may  be  suitably  divided  into  three  heads, 
viz.— (1)  the  possibility  of  constructing  a  universal  bimetallic 
system  which  shall  be  in  accordance  with  sound  economic 
principle;  (2),  if  the  first  question  be  answered  in  the 
affirmative,  the  comparative  merits  of  this  system  as  opposed 
to  the  present  variety  of  systems,  or  a  future  universal  gold- 
standard  system ;  and  (3)  the  expediency  under  present 
circumstances  of  nations  in  general,  and  England  in  par¬ 
ticular,  joining  in  the  proposed  convention.  Each  of  these 
topics  calls  for  some  remark.  (1)  The  possibility  of  a  bime¬ 
tallic  system  can  hardly  be  denied.  Under  all  the  difficul¬ 
ties  attending  its  existence  in  a  single  country,  it  was 
retained  in  practical  working  in  France  during  the  early 
part  of  the  18th  century,  and  it  is  plain  that  a  widely-ex¬ 
tended  league  would  afford  a  better  field  for  its  action.  It 
is  quite  possible  that  national  preferences  for  one  metal  or 
the  other  would  be  displayed,  but  this  would  be  no  hin¬ 
drance,  since  the  exchanges  would  be  regulated  by  the  legal 
rate,  and  prices  would  depend  on  the  total  quantity  of  both 
metals  (the  amount  of  gold  being  multiplied  by  the  legal 
ratio,  and  added  to  the  amount  of  silver).2  The  objection 
which  denies  the  power  of  Governments  to  fix  the  rela¬ 
tive  values  of  gold,  and  silver,  and  which  is  supported 
by  the  instance  of  the  extreme  case  of  silver  being  made 
equal  in  value  to  gold,  may  be  set  aside  by  the  considera¬ 
tion  that  the  use  of  the  precious  metals  takes  two  forms — 
(a)  their  use  as  commodities,  (6)  their  use  as  money.  Since 
the  state  can  influence  the  demand  for  these  metals  as 
money,  and  since  therefore  it  can  raise  the  value  of  either 
of  them  by  this  increased  demand,  it  follows  that,  within 
assignable  limits,  it  can  fix  the  ratios  between  them,  and 
that  these  limits  are  “  the  ratio  which  would  subsist  between 
their  values  if  gold  were  demonetized,  and  that  which 
would  subsist  if  silver  were  demonetized.”3  The  possibility 
of  bimetallism,  if  all  nations  were  agreed,  is  allowed  by 
some  monometallists  ( e.g .,  Prof.  Jevons),  and  an  unconscious 
argument  to  this  effect  was  given  by  the  proposal  of  Cheva¬ 
lier,  at  the  time  of  the  Australian  gold  discoveries,  to  adopt 
silver  as  the  standard  and  demonetize  gold,  which  is  a  clear 
recognition  of  the  force  of  law  in  monetary  questions.  It  is 
therefore  reasonable  to  answer  in  the  bimetallist’s  favor  the 
question  first  raised.  (2)  The  considerations  to  be  taken 
into  account  under  the  second  head  are  far  more  complex, 
and  do  not  admit  of  accurate  determination.  The  present 
currency  systems  of  England  and  the  Scandinavian  Union 
are  base'd  on  the  composite  system,  and  afford  the  greatest 
satisfaction  to  the  inhabitants  of  those  countries.  The  bi¬ 
metallic  system  of  the  Latin  Union  has  been  suspended, 
the  introduction  of  silver  as  the  principal  money  not  being 
desired  by  the  various  peoples  concerned.  Germany  has 
lost  considerably  by  the  sales  of  depreciated  silver,  and,  were 
a  gold  standard  once  firmly  established,  it  is  not  likely  that 
any  wish  for  change  would  be  manifested.  With  silver 
countries  the  case  is  different.  They  have  to  receive  masses 
■  of  depreciated  silver  and  to  give  commodities  in  exchange, 
while  their  purchasing  power  is  reduced  owing  to  the  greater 
relative  value  of  gold  to  silver.  It  would  therefore  be 
clearly  advantageous  for  silver-using  countries  that  a 
system  should  be  adopted  which  would  raise  the  value  of 
their  money,  and  save  them  from  the  necessity  of  import¬ 
ing  large  quantities  of  silver  to  produce  a  proper  adjust¬ 
ment.  The  ultimate  consequences  of  the  complete  demone¬ 
tization  of  silver  as  regards  silver-using  countries  are  not 
so  clear.  The  supply  of  gold  might  suffice  for  all  wants, 
and  might  furnish  a  better  currency  than  the  heavier 
silver.  The  preservation  of  two  separate  monometallic 


1  The  principal  sources  for  the  above  summary,  besides  works 
before  cited,  are  the  pamphlets  of  Seyd,  Cernuschi,  and  De  Lave- 
leye,  on  the  bimetallist  side,  as  well  as  the  articles  of  the  latter 
in  the  Fort,  and  Contemp.  Reviews.  The  monometallist  arguments 
are  given  by  Prof.  Jevons  (Contemp.,  May,  1881),  Mr.  R.  Giffen 
(Essays  in  Finance,  pp.  286-810),  and  Lord  Sherbrooke  (Nineteenth 
Century ,  April,  1882).  See  also  the  Report  of  the  Paris  conference, 
1881,  and  Mr.  T.  H.  Farrer,  The  Slate  in  its  Relation  to  Trade,  pp. 


s  It  is  assumed  that  the  other  factors  which  influence  the  value 
of  money  (see  p.  748,  above)  remain  constant. 

3  Mr.  J.  J.  Murphy  in  Dublin  Statistical  Journal,  vol.  viii.  p.  28_2. 
See  also  M.  Walras,  Journal  des  Economises,  May,  1881,  “  Thtorie 
Math6matique  du  bim6tallisme.” 


systems,  of  gold  for  the  more  advanced  countries  of  Europe 
and  the  United  States,  of  silver  for  Russia  and  India, 
would,  when  the  superfluous  stock  of  silver  had  passed  to 
the  East,  present  little  difficulty  after  equilibrium  was 
attained.  The  new  ratio  between  silver  and  gold  would 
become  established,  and  silver  prices  in  silver-using  coun¬ 
tries  would  be  higher  in  proportion  to  the  fall  in  the  value 
of  silver.  It  is  therefore  plain  that  a  suitable  adjustment 
would  be  reached  under  any  variety  of  currency  systems, 
and  it  may  therefore  be  concluded  that  the  comparative 
merits  of  the  competing  standards  are  not  capable  of  being 
decided  at  present.  The  immediate  introduction  of  a  uni¬ 
versal  gold  currency  is  by  the  admission  of  all  parties  emi¬ 
nently  undesirable,  and  this  is  the  only  settled  point  in  the 
controversy.  (3)  The  last  head  which  the  bimetallic  ques¬ 
tion  embraces  is  the  practical  expediency  of  joining  in  a  bi¬ 
metallic  league  with  a  ratio  of  1  to  15i.  With  regard  to  this 
aspect  of  the  question  the  answer,  for  England  at  least, 
ought  to  be  a  negative  one.  The  present  English  monetary 
system  has  worked  well.  It  is  firmly  rooted  in  English 
habits,  and  is  not  therefore  to  be  lightly  abandoned. 
Again,  the  interests  of  English  creditors  are  plainly  op¬ 
posed  to  any  movement  calculated  to  raise  the  value  of 
silver  relatively  to  gold,  and  to  depreciate  prices  in  general. 
The  threat  of  some  bimetallists,  that  all  nations  will  be 
driven  to  adopt  a  gold  standard,  and  thus  produce  a  crisis  in 
the  English  money  market  by  the  resulting  gold  drain,  is 
of  no  weight;  any  drain  of  English  gold  will  have  to  be 
paid  for  at  a  high  price,  and  the  simple  expedient  of  raising 
the  bank-rate  will  restore  as  much  bullion  as  is  needed  in 
England.  The  interests  of  other  countries  cannot  be  so 
clearly  determined.  A  state  like  Germany,  holding  a  large 
store  of  depreciated  silver,  may  desire  other  states  to  become 
bimetallic,  but  will  hardly  desire  to  do  so  herself.  The  in¬ 
terests  of  India  and  other  silver-standard  countries  have 
been  considered  before.  When  all  these  aspects  of  the 
question  have  been  examined,  the  most  probable  conclusion 
is,  that  the  chances  of  a  bimetallic  league  in  the  immediate 
future  are  very  small,  and  that  future  monetary  evolution 
will  be  ruled  rather  by  the  course  of  events,  and  the  pres¬ 
sure  of  circumstances  in  each  separate  state,  than  by  the 
conscious  deliberations  of  an  interuational  conference. 

Bibliography. — The  literature  of  the  various  questions  con¬ 
nected  with  money  is  very  extensive,  and  only  a  brief  notice 
of  it  can  be  given  here.  The  principal  authority  among  the 
Greeks  is  Aristotle,  who  in  two  passages  ( Nic.  Eth.,  v.  5 ; 
Pol.,  i.  9)  has  discussed  the  qualities  of  money,  and  pointed 
out  its  functions  with  great  clearness.  Xenophon  also,  in 
his  work  On  the  Athenian  State,  dealt  with  the  value  of  the  pre¬ 
cious  metals,  though  his  views  are  partially  erroneous. 
The  only  passages  worth  noticing  in  Latin  literature  are 
those  of  Pliny,  who  seems  to  have  held  a  form  of  the  mer¬ 
cantile  theory,  and  Paulus,  who  in  a  fragment  preserved  in 
the  Digest,  has  treated  of  the  origin  of  money.  The  mediaeval 
literature  embraces  several  works  dealing  specially  with  the 
question  of  changes  in  the  standard  of  money,  which  were 
condemned  by  the  theologians.  The  first  treatise  profess¬ 
edly  on  the  special  subject  of  money  is  a  work  by  Nicholas 
Oresme,  bishop  of  Lisieux  (oh.  1382),  entitled  De  Origine, 
Natura,  Jure,  et  Mutationibus  Monetarum,  reprinted  in  1864 
(Paris)  by  Wolowski,  and  even  now  worth  reading.  The 
next  work  to  be  noticed  is  the  De  Monetarum  Potestate  simul 
et  Utilitate  libellus  (Nuremberg,  1542),  a  fragment  of  a  larger 
treatise  on  economics  of  Gabriel  Biel  ( ob .  1495).  It  has  been 
remarked  that  “  the  favorite  subject  of  the  economists  of 
the  16th  century  was  that  of  money.”  The  first  of  these 
works  to  be  noticed  is  De  Monetse  Oudendse  Ratione  by  Coper¬ 
nicus,  reprinted  along  with  the  work  of  Oresme  above  men¬ 
tioned.  At  a  later  date  the  Jesuit  Mariana  discussed  the 
variations  in  prices  under  the  title  De  Monetse  Mutatione.  In 
the  same  century  an  anonymous  work  appeared  in  German, 
with  the  title  Gemeine  Stimmen  von  der  Muntse  (153'0).  In 
1588  Davanzati  issued  Lesione  delle  Monete,  advocating  a 
bimetallic  system.  The  problem  of  the  elevation  of  prices 
caused  by  the  American  mines  led  to  the  issue  of  several 
works,  one  of  the  most  remarkable  being  the  Dialogues  of 
William  Stafford  (1581). 

In  the  17th  century  Sir  W.  Petty  dealt  with  money  in  a 
tract,  Quantulumcumque  (1682)  The  recoinage  of  1696  called 
forth  Lowndes’s  Essay  for  the  Amendment  of  the  Silver  Coins, 
and  Locke’s  Further  Considerations  concerning  raising  the  Value 
of  Money.  In  the  18th  century  the  Reports  of  Sir  I.  Newton, 
as  Master  of  the  Mint,  are  valuable.  Cantillon’s  Essai 
(Paris,  1755)  contains  in  its  2d  and  3d  parts  a  sound  account 
of  currency.  Harris’s  Essay  on  Money  and  Coins  (1757)  is 
also  useful.  An  earlier  tract  by  Rice  Vaughan,  Discourse  of 
Coin  and  Coinage  (1675),  is  brief,  but  correct  in  principle. 
Adam  Smith’s  Wealth  of  Nations  (London,  1776)  discusses  the 
subject  of  money  in  B.  i.  chs.  4  and  5,  while  seigniorage  is 
examined  in  B.  iv.  ch.  6.  The  treatise,  The  Coins  of  the 
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Realm,  (London,  1805),  by  the  first  earl  of  Liverpool,  elab¬ 
orately  discussed  the  question  of  the  proper  standard,  and 
has  powerfully  influenced  monetary  legislation  in  England 
and  Germany.  Ricardo’s  pamphlets  on  the  bullion  question 
added  to  the  knowledge  of  the  laws  which  regulated  a  de¬ 
preciated  currency.  Senior,  in  his  Lectures  on  the  Cost  of  ob¬ 
taining  Money  (London,  1829),  developed  the  theory  of  the 
international  distribution  of  the  precious  metals. 

The  last  half  century  has  been  a  time  of  active  discussion 
regarding  monetary  questions, — the  gold  discoveries,  inter¬ 
national  coinage,  decimal  coinage,  bimetallism,  the  resump¬ 
tion  of  specie  payments  in  countries  where  an  inconvertible 
currency  has  existed,  each  of  these  topics  having  had  its 
special  literature.  Some  of  these  works  have  been  men¬ 
tioned  when  dealing  with  the  special  questions  they  refer 
to,  and  these,  in  turn,  refer  to  many  others.  It  will  suffice 
here  to  mention  more  general  works.  The  theory  of  money 
is  dealt  with  by  the  leading  English  economists  in  their 
systematic  works  (Mill,  Principles,  B.  iii.  chs.  7-10,  19,  21 ; 
Fawcett,  Manual,  B.  iii.  chs.  5,  6, 15,  16 ;  Shadwell,  System, 
B.  iii.  chs.  1-3  and  8),  also  by  Cherbuliez  ( Precis ,  B.  ii.  ch.  3, 
vol.  i.,  and  B.  ii.  ch.  3,  vol.  ii.).  Chevalier  has  devoted  the 
third  volume  of  his  Cours  (Paris,  1842-50)  to  the  subject, 
with  the  title  of  “  La  Monnaie.”  The  late  professor  W.  S. 
Jevons’s  valuable  work,  Money  and  the  Mechanism  of  Ex¬ 
change,  and  Professor  Hussey  Walsh’s  concise  Treatise  on 
Metallic  Currency  (Dublin,  1853)  may  also  be  used.  More 
elaborate  than  either  of  these  is  F,  A.  Walker’s  Money,  the 


most  comprehensive  work  on  the  subject  in  English ;  his 
smaller  work,  Money  in  its  Relation  to  Trade  and  Industry,  is 
likewise  very  good.  Wolowski’s  L’Or  et  V Argent  contains 
much  information,  as  does  also  Knies’s  Das  Geld.  E.  Seyd’s 
Bullion  and  Foreign  Exchanges  is  serviceable,  but  the  changes 
since  its  publication  (1869)  deprive  it  of  most  of  its  value. 
The  various  editions  of  Tate’s  Cambist  give  the  most  accurate 
(though  often  imperfect)  statements  as  to  the  facts  of  cur¬ 
rency.  Jacob’s  work  on  The  Production  and  Consumption  of 
the  Precious  Metals  gives  many  interesting  details,  though 
the  conclusions  are  often  fanciful,  and  the  authorities  relied 
on  not  trustworthy.  The  recent  work  of  Del  Mar,  History 
of  the  Precious  Metals  (London,  1880),  furnishes  a  criticism 
and  continuation  of  J acob,  and  supplies  many  new  details. 
His  criticism  of  the  “  cost  of  production  ”  theory  as  applied 
to  gold  and  silver  is  especially  useful.  Some  of  his  views 
on  the  moral  aspects  of  the  question  need  qualification. 
Professor  Sumner’s  History  of  the  American  Currency  may  be 
relied  upon  for  its  facts.  The  Reports  of  the  various  con¬ 
ferences  also  supply  abundant  information  on  their  special 
topics.  Among  these  may  be  mentioned  the  Proceedings 
of  the  Paris  conferences  of  1867, 1878,  and  1881 ;  the  Deci¬ 
mal  Coinage  Commission  (1868) ;  the  French  Enquete  Monetaire 
(1870) ;  and  the  Report  of  the  Committee  of  the  House  of  Com¬ 
mons  on  the  Depreciation  of  Silver  (1876).  The  Reports  of  the 
(English)  Mint  furnish  information  as  to  the  coinage  changes 
of  each  preceding  year.  (c.  f.  b.) 


MONFERRATO,  or  Montferrat,  an  ancient  mar- 
quisate  of  North  Italy,  in  the  valley  of  the  Tanaro,  the 
name  of  which  still  survives  in  the  fuller  title  (Casale 
Monferrato)  of  the  town  of  Casale.  The  princes  of 
Monferrato  were  among  the  most  powerful  Italian 
families  of  the  Middle  Ages.  Among  them  were 
several  famous  crusaders  :  Conrad,  prince  of  Tyre  from 
1187  to  1192,  the  valiant  opponent  of  Saladin;  and 
Boniface,  king  of  Thessalonica  from  1183  to  1207.  In 
1305,  on  the  extinction  of  the  male  line,  the  marquis- 
ate  passed  to  Theodore  Palasologus  through  his  mother, 
the  empress  Irene.  The  Palaeologi  became  extinct 
in  1533.  The  duchy  was  subsequently  attached  to 
Mantua,  and  ultimately  absorbed  in  Savoy  in  the  be¬ 
ginning  of  the  last  century. 

MONGE,  Gaspard  (1746-1818),  French  mathema¬ 
tician,  the  inventor  of  descriptive  geometry,  was  born 
at  Beaune  on  the  10th  May,  1746.  He  was  educated 
first  at  the  college  of  the  Oratorians  at  Beaune,  and 
then  in  their  college  at  Lyons, — where,  at  sixteen,  the 
year  after  he  had  been  learning  physics,  he  was  made 
a  teacher  of  it.  Returning  to  Beaune  for  a  vacation, 
he  made,  on  a  large  scale,  a  plan  of  the  town,  invent¬ 
ing  the  methods  of  observation  and  constructing  the 
necessary  instruments;  the  plan  was  presented  to  the 
town,  and  preserved  in  their  library.  An  officer  of 
engineers  seeing  it  wrote  to  recommend  Monge  to  the 
commandant  of  the  military  school  at  M6zieres,  and 
he  was  received  as  draftsman  and  pupil  in  the  practi¬ 
cal  school  attached  to  that  institution ;  the  school  itself 
was  of  too  aristocratic  a  character  to  allow  of  his  ad¬ 
mission  to  it.  His  manual  skill  was  duly  appreciated  : 
“  I  was  a  thousand  times  tempted,”  he  said  long  after¬ 
wards,  “to  tear  up  my  drawings  in  disgust  at  the 
esteem  in  which  they  were  held,  as  if  I  had  been  good 
for  nothing  better. ,r  An  opportunity,  however,  pre¬ 
sented  itself :  being  required  to  work  out  from  data 
supplied  to  him  the  defilement”  of  a  proposed 
fortress  (an  operation  then  only  performed  by  a  long 
arithmetical  process),  Monge,  substituting  for  this  a 
geometrical  method,  obtained  the  result  so  quickly  that 
the  commandant  at  first  refused  to  receive  it — the  time 
necessary  for  the  work  had  not  been  taken ;  but  upon 
examination  the  value  of  the  discovery  was  recognized, 
and  the  method  was  adopted.  And  Monge,  con¬ 
tinuing  his  researches,  arrived  at  that  general  method 
of  the  application  of  geometry  to  the  arts  of  construc¬ 
tion  which  is  now  called  descriptive  geometry.  But 
such  was  the  system  in  France  before  the  Revolution 
that  the  officers  instructed  in  the  method  were  strictly 


forbidden  to  communicate  it  even  to  those  engaged  in 
other  branches  of  the  public  service ;  and  it  was  not 
until  many  years  afterwards  that  an  account  of  it  was 
published.  The  method  consists,  as  is  well  known,  in 
the  use  of  the  two  halves  of  a  sheet  of  paper  to  repre¬ 
sent  say  the  planes  of  xy  and  xz  at  right  angles  to  each 
other,  and  the  consequent  representation  of  points, 
lines,  and  figures  in  space  by  means  of  their  plan  and 
elevation,  placed  in  a  determinate  relative  position. 

In  1768  Monge  became  professor  of  mathematics, 
and  in  1771  professor  of  physics,  at  M6zi&res;  in 
1778  he  married  Madame  Horbon,  a  young  widow 
whom  he  had  previously  defended  in  a  very  spirited 
manner  from  an  unfounded  charge;  in  1780  he  was 
appointed  to  a  chair  of  hydraulics  at  the  Lyceum  in 
Paris  (held  by  him  together  with  his  appointments  at 
M6zi£res),  and  was  received  as  a  member  of  the 
Academy ;  his  intimate  friendship  with  Berthollet 
began  at  this  time.  In  1783,  quitting  Mezieres,  he 
was,  on  the  death  of  Bezout,  appointed  examiner  of 
naval  candidates.  Although  pressed  by  the  minister 
to  prepare  for  them  a  complete  course  of  mathematics, 
he  declined  to  do  so,  on  the  ground  that  it  would  de¬ 
prive  Madame  Bezout  of  her  only  income,  arising  from 
the  sale  of  the  works  of  her  late  husband ;  he  wrote, 
however,  (1786)  his  Traite  tUmentaire  de  la  Statique. 

Monge  contributed  (1770-1790)  to  the  Memoirs  of 
the  Academy  of  Turin,  the  Memoires  des  Savants 
JEtr angers  of  the  Academy  of  Paris,  the  Memoires  of 
the  same  Academy,  and  the  Annates  de  Chimie ,  vari¬ 
ous  mathematical  and  physical  papers.  Among  these 
may  be  noticed  the  memoir  “  Sur  la  theorie  des  deblais 
et  des  remblais”  (Mem.  de  V Acad,  de  Paris ,  1781), 
which,  while  giving  a  remarkably  elegant  investiga¬ 
tion  in  regard  to  the  problem  of  earth-work  referred  to 
in  the  title,  establishes  in  connection  with  it  his  capital 
discovery  of  the  curves  of  curvature  of  a  surface. 
Euler,  in  his  paper  on  curvature  in  the  Berlin  Memoirs 
for  1760,  had  considered,  not  the  normals  of  the  sur¬ 
face,  but  the  normals  of  the  plane  sections  through  a 
particular  normal,  so  that  the  question  of  the  inter¬ 
section  of  successive  normals  of  the  surface  had  never 
presented  itself  to  him.  Monge’s  memoir  just  re¬ 
ferred  to  gives  the  ordinary  differential  equation  of 
the  curves  of  curvature,  and  establishes  the  general 
theory  in  a  very  satisfactory  manner ;  but  the  applica¬ 
tion  to  the  interesting  particular  case  of  the  ellipsoid 
was  first  made  by  him  in  a  later  paper  in  1795.  A 
memoir  in  the  volume  for  1783  relates  to  the  produc¬ 
tion  of  water  by  the  combustion  of  hydrogen;  but 
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Monge’s  results  in  this  matter  had  been  anticipated  by 
Watts  and  Cavendish. 

In  1792,  on  the  creation  by  the  Legislative  Assem¬ 
bly  of  an  executive  council,  Monge  accepted  the  office 
of  minister  of  the  marine,  but  retained  it  only  until 
April,  1793.  When  the  Committee  of  Public  Safety 
made  an  appeal  to  the  savants  to  assist  in  producing 
the  materiel  required  for  the  defence  of  the  republic, 
he  applied  himself  wholly  to  these  operations,  and 
distinguished  himself  by  his  indefatigable  activity 
therein ;  he  wrote  at  this  time  his  Description  de  Tart 
de  fabriquer  les  canotis ,  and  his  Avis  aux  ouvriers  en 
fer  sur  la  fabrication  de  Tacier.  He  took  a  very  active 
part  in  the  measures  for  the  establishment  of  the 
Normal  School  (which  existed  only  during  the  first 
four  months  of  the  year  1795),  and  of  the  School  for 
Public  Works,  afterwards  the  Polytechnic  School,  and 
was  at  each  of  them  professor  for  descriptive  geometry; 
his  methods  in  that  science  were  first  published  in  the 
form  in  which  the  shorthand  writers  took  down  his 
lessons  given  at  the  Normal  School  in  1795,  and  again 
in  1798-99.  In  1796  Monge  was  sent  into  Italy  with 
Berthollet  and  some  artists  to  receive  the  pictures  and 
statues  levied  from  several  Italian  towns,  and  made 
there  the  acquaintance  of  General  Bonaparte.  Two 
years  afterwards  he  was  sent  to  Rome  on  a  political 
mission,  which  terminated  in  the  establishment,  under 
Massena,  of  the  shortlived  Roman  republic;  and  he 
thence  joined  the  expedition  to  Egypt,  taking  part 
with  his  friend  Berthollet  as  well  in  various  operations 
of  the  war  as  in  the  scientific  labors  of  the  Egyptian 
Institute  of  Sciences  and  Arts;  they  accompanied 
Bonaparte  to  Syria,  and  returned  with  him  in  1798  to 
Fra.ice.  Monge  was  appointed  president  of  the  Egyp¬ 
tian  commission,  and  he  resumed  his  connection  with 
the  Polytechnic  School.  His  later  mathematical  pa¬ 
pers  are  published  (1794-1816)  in  the  Journal  and 
the  Correspondance  of  the  Polytechnic  School.  On 
the  formation  of  the  Senate  he  was  appointed  a  mem¬ 
ber  of  that  body,  with  an  ample  provision  and  the 
title  of  count  of  Pelusium  ;  but  on  the  fall  of  Napo¬ 
leon  he  was  deprived  of  all  his  honors,  and  even  ex¬ 
cluded  from  the  list  of  members  of  the  reconstituted 
Institute.  He  died  at  Paris  on  the  28th  July,  1818. 

For  further  information  see  B.  Brisson,  Notice  historique 
sur  Gaspard  Monge;  Dupin,  Essai  historique  sur  les  services  et 
les  travaux  scientifiques  de  Gaspard  Monge,  Paris,  1819,  which 
contains  (pp.  162-166)  a  list  of  Monge’s  memoirs  and  works ; 
and  the  biography  by  Arago  ( CEuvres ,  t.  ii.,  1854). 

Monge’s  various  mathematical  papers  are  to  a  consider¬ 
able  extent  reproduced  in  the  Application  de  V  Analyse  d  la 
G&om'etrie,  4th  edition  (last  revised  by  the  author),  Paris, 
1819 — the  pure  text  of  this  is  reproduced  in  the  5th  edition 
(revue,  corrigee  et  annotee  par  M.  Liouville),  Paris,  1850, 
which  contains  also  Gauss’s  Memoir,  “  Disquisitiones  gen¬ 
erates  circa  superficies  curvas,”  and  some  valuable  notes  by 
the  editor.  The  other  principal  separate  works  are  TraitS 
tlementaire  de  la  Statique,  8®  edition,  conformee  d  la  precedents, 
par  M.  Hachette,  et  suivie  d’une  Note  etc.,  par  M.  Cauchy, 
Paris,  1846;  and  the  Geomttrie  Descriptive  (originating,  as 
mentioned  above,  in  the  lessons  given  at  the  Normal  School). 
The  4th  edition,  published  shortly  after  the  author’s  death, 
seems  to  have  been  substantially  the  same  as  the  7th 
( GSometrie  Descriptive  par  G.  Monge,  suivie  d’une  theorie  des 
Ombres  et  de  la  Perspective,  extraite  des  papiers  de  V auteur,  par 
M.  Brisson,  Paris,  1847).  (a.  ca.) 

MONGHYR,  or  Mitngir,  a  district  in  the  lieuten¬ 
ant-governorship  of  Bengal,  lying  between  24°  22/  and 
25°  49'  N.  lat.,  and  85°  40'  and  86°  52/  E.  long.,  is 
bounded  on  the  N.  by  Darbhangah  and  Bhagalpur, 
on  the  E.  by  Bhagalpur,  on  the  S.  by  the  Santffl  Par- 
ganas  and  Hazaribagh,  and  on  the  W.  by  Gay4,  Patna, 
and  Darbhangah,  with  an  area  of  3922  square  miles. 
The  Ganges  divides  the  district  into  two  portions. 
The  northern,  intersected  by  the  Buri  Gandak  and 
Tiljugd,  two  important  tributaries  of  the  Ganges,  is 


always  liable  to  inundation  during  the  rainy  season, 
and  is  a  rich,  flat,  wheat  and  rice  country,  supporting 
a  large  population.  A  considerable  area,  immedi¬ 
ately  bordering  the  banks  of  the  great  rivers,  is  de¬ 
voted  to  permanent  pasture.  Immense  quantities  of 
buffaloes  are  sent  every  hot  season  to  graze  on  these 
marshy  prairies ;  and  the  ghi,  or  clarified  butter,  made 
from  their  milk  forms  an  important  article  of  export 
to  Calcutta.  To  the  south  of  the  Ganges  the  country 
is  dry,  much  less  fertile,  and  broken  up  by  frag¬ 
mentary  ridges.  The  soil  consists  of  quartz,  mixed  in 
varying  proportions  with  mica.  Ranges  of  hills  inter¬ 
sect  this  part  of  the  district,  and  in  the  extreme  south 
form  conical  peaks,  densely  covered  with  jungle,  but 
of  no  great  height.  Irrigation  is  necessary  through¬ 
out  the  section  lying  on  the  south  of  the  Ganges. 

In  1872  the  population  of  Mongbyr  was  1,812,986  (males, 
897,074 ;  females,  915,912) :  Hindus,  1,613,546 ;  Moham¬ 
medans,  182,269  ;  the  remainder,  consisting  mainly  of  abo¬ 
riginal  tribes  and  hill  races,  profess  primitive  forms  of  faith. 
There  are  also  a  few  Buddhists  and  Christians.  Seven 
towns  contained  upwards  of  5000  inhabitants  in  1872 — 
Monghyr,  59,698;  Shaikhpura,  11,536;  Jamfilpur,  10,453; 
Barhiy'd,  10,405;  Surdjgarha,  7935;  Barbighd,  6362;  and 
Jamui,  5197.  No  trustworthy  statistics  of  the  area  under 
cultivation  exist  since  the  revenue  survey  in  1847,  when  it 
was  returned  at  1,311,768  acres;  it  is  known,  however,  that 
cultivation  has  largely  extended  since  then.  The  land  is 
held  principally  under  the  tenure  known  as  bhdoli-jot,  by 
which  the  tenant  pays  rent,  either  in  money  or  in  kind, 
according  to  the  out-turn  of  his  crops  in  each  year.  It  is 
of  ancient  standing,  and  popular  with  the  tenantry.  Mon¬ 
ghyr  is  famous  for  its  manufactures  of  iron :  firearms, 
swords,  and  iron  articles  of  every  kind  are  produced  iu 
abundance,  but  are  noted  for  cheapness  rather  than  quality. 
The  art  of  inlaying  sword-hilts  and  other  articles  with  gold 
and  silver  affords  employment  to  a  few  families.  The  most 
important  manufacture,  however,  is  that  of  indigo,  con¬ 
ducted  by  means  of  European  capital  and  under  European 
supervision.  The  total  area  under  indigo  is  estimated  at 
about  10,000  acres,  with  an  average  out-turn  of  2900  cwts. 
of  dye.  Minor  industries  include  weaving,  dyeing,  cabinet- 
making,  boot-making,  soap-boiling,  and  pottery.  The  prin¬ 
cipal  exports,  sent  to  Calcutta  both  by  rail  and  river,  are 
oil-ceeds,  wheat,  rice,  indigo,  gram  and  pulse,  hides,  and 
tobacco;  and  the  chief  imports  consist  of  European  piece 
goods,  salt,  and  sugar.  The  value  of  the  former  in  1876-77 
was  £430,000,  and  of  the  latter  £314,000.  Education  is 
making  fair  progress,  and  in  1874-75  there  were  229  Gov¬ 
ernment  and  aided  schools,  attended  by  6675  pupils.  The 
climate  is  dry  and  healthy.  The  temperature  is  high  in 
the  hot  weather,  reaching  107°  Fahr.  in  May ;  but  the  cold 
weather  is  cool  and  pleasant.  The  average  annual  rainfall 
is  46i  inches.  Malarial  fever  is  comparatively  uncommon, 
but  epidemics  of  cholera  occur  frequently. 

Monghyr  was  one  of  the  principal  centres  of  the  Moham¬ 
medan  administration  in  Bengal.  In  the  early  years  of 
British  rule,  Monghyr  formed  a  part  of  Blnigalpur,  and  was 
not  created  a  separate  district  till  1832. 

Monghyr,  chief  town  and  administrative  headquar¬ 
ters  of  the  above  district,  is  situated  on  the  south  bank 
of  the  Ganges  (25°  22'  N.  lat.,  86°  30'  E.  long.).  The 
population  in  1872  was  59,698 :  viz.,  Hindus,  44,900; 
Mohammedans,  14,346  ;  Buddhists,  33  ;  Christians, 
305  ;  “others,”  24.  Pop.  1901,  35,883. 

In  1195  Monghyr,  a  fortress  of  great  natural  strength,  ap¬ 
pears  to  have  been  taken  by  Muhammad  Bakhtyar  Khilji, 
the  first  Moslem  conqueror  of  Bengal.  Henceforth  it  is  of¬ 
ten  mentioned  by  the  Mohammedan  chroniclers  as  a  place 
of  military  importance,  and  was  frequently  chosen  as  the 
seat  of  the  local  government.  After  1590,  when  Akbar  es¬ 
tablished  his  supremacy  over  the  Afghan  chiefs  of  Bengal, 
Monghyr  was  long  the  headquarters  of  his  general,  Todar 
Mall ;  and  it  also  figures  prominently  during  the  rebellion 
of  Sultdn  Shujd  against  his  brother,  Aurangzeb.  In  more 
recent  times  Nawab  Mir  K4sim,  in  his  war  with  the  Eng¬ 
lish,  selected  it  as  his  residence  and  the  centre  of  his  mili¬ 
tary  preparations.  The  fame  of  Monghyr  armorers  is  said 
to  date  from  the  arsenal  which  he  established.  The  town 
is  now  purely  a  civil  station,  and  in  some  respects  one  of  the 
most  picturesque  in  Bengal. 
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THE  early  history  of  the  Mongols,  like  that  of  all 
Central-Asian  tribes,  is  extremely  obscure.  Even 
the  meaning  of  the  name  “Mongol”  is  a  disputed 
point,  though  a  general  consent  is  now  given  to  Schott’s 
etymology  of  the  word  from  “  mong,  meaning  brave. 
From  the  earliest  and  very  scanty  notice  we  have  of 
Mongols  in  the  history  of  the  T'ang  dynasty  of  China 
(a.d.  619-90)  and  in  works  of  later  times,  it  ap¬ 
pears  that  their  original  camping-grounds  were  along 
the  courses  of  the  Kerulon,  Upper  Nonni,  and  Argun 
rivers.  But  in  the  absence  of  all  historical  particulars 
of  their  origin,  legend,  as  is  usual,  has  been  busy  with 
their  early  years.  The  Mongol  historian  Ssanang 
Ssetzen  gives  currency  to  the  myth  that  they  sprang 
from  a  blue  wolf ;  and  the  soberest  story  on  record  is 
that  their  ancestor  Budantsar  was  miraculously  con¬ 
ceived  of  a  Mongol  widow.  By  craft  and  violence 
Budantsar  gained  the  chieftainship  over  a  tribe  living 
in  the  neighborhood  of  his  mother  s  tent,  and  thus  left 
a  heritage  to  his  son.  Varying  fortunes  attended  the 
descendants  of  Budantsar,  but  on  the  whole  their 
power  gradually  increased,  until  Yesukai,  the  father 
of  Jenghiz  Khan,  who  was  eighth  in  descent  from  Bu¬ 
dantsar,  made  his  authority  felt  over  a  considerable 
area.  How  this  dominion  was  extended  under  the 
rule  of  Jenghiz  Khan  has  already  been  shown  (see 
Jenghiz  Khan),  and  when  that  great  conqueror  was 
laid  to  rest  in  the  valley  of  Keleen  in  1227  he  left  to 
his  sons  an  empire  which  stretched  from  the  China  Sea 
to  the  banks  of  the  Dnieper. 

Over  the  whole  of  this  vast  region  Jenghiz  Khan 
set  his  second  surviving  son  Oghotai  or  Ogdai  as  kha- 
kan,  or  chief  khan,  while  to  the  family  of  his  deceased 
eldest  son  Juchi  he  assigned  the  country  from  Kayalik 
and  Kharezm  to  the  borders  of  Bulgar  and  Saksin 
“where’er  the  hoofs  of  Mongol  horses  had  tramped;” 
to  Jagatai,  his  eldest  surviving  son,  the  territory  from 
the  borders  of  the  Uigur  country  to  Bokhara;  while 
Tule,  the  youngest,  received  charge  of  the  home  coun¬ 
try  of  the  Mongols,  the  care  of  the  imperial  encamp¬ 
ment  and  family,  and  of  the  archives  of  the  state.  The 
appointment  of  Ogdai  as  his  successor,  being 
contrary  to  the  usual  Mongol  custom  of 
primogeniture,  gave  rise  to  some  bitterness 
of  feeling  among  the  followers  of  Jagatai.  But  the 
commands  of  Jenghiz  Khan  subdued  these  murmurs, 
and  Ogdai  was  finally  led  to  the  throne  by  his  dispos¬ 
sessed  brother  amid  the  plaudits  of  the  assembled 
Mongols.  The  ceremony  was  completed  by  Ogdai 
making  three  solemn  genuflections  to  the  sun,  and  by 
the  princes  taking  an  oath  by  which  they  swore  “that 
so  long  as  there  remained  of  his  posterity  a  morsel  of 
flesh  which  thrown  upon  the  grass  would  prevent  the 
cows  from  eating,  or  which  put  in  the  fat  would  pre¬ 
vent  the  dogs  from  taking  it,  they  would  not  place  on 
the  throne  a  prince  of  any  other  branch.”  In  accord¬ 
ance  with  Mongol  customs,  Ogdai  signalized  his  acces¬ 
sion  to  the  throne  by  distributing  among  his  grandees 
presents  from  his  father’s  treasures,  and  to  his  father’s 
spirit  he  sacrificed  forty  maidens  and  numerous  horses. 
Once  fairly  on  the  throne,  he  set  himself  vigorously  to 
follow  up  the  conquests  won  by  his  father.  At  the 
head  of  a  large  army  he  marched  southwards  into 
China  to  complete  the  ruin  of  the  Kin  dynasty,  which 
had  already  been  so  rudely  shaken,  while  at  the  same 
time  Tul6  advanced  into  the  province  of  Honan  from 
the  side  of  Shense.  Against  this  combined  attack  the 
Kin  troops  made  a  vigorous  stand,  but  the  skill  and 
courage  of  the  Mongols  bore  down  every  opposition, 
and  over  a  hecatomb  of  slaughtered  foes  they  captured 
Kai-fung  Foo,  the  capital  of  their  enemies.  From 
Kai-fung  Foo  the  emperor  fled  to  Joo-ning  Foo, 
whither  the  Mongols  quickly  followed.  After  sustain¬ 
ing  a  siege  for  some  weeks,  and  enduring  all  the  hor¬ 
rors  of  starvation,  the  garrison  submitted  to  the  Mon¬ 
gols,  and  at  the  same  time  the  emperor  committed 
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suicide  by  hanging.  Thus  fell  in  1234  the  Kin  or 
Golden  ’  dynasty,  which  had  ruled  over  the  northern 
portion  of  China  for  more  than  a  century. 

But  though  Ogdai’s  first  care  was  to  extend  his  em¬ 
pire  in  the  rich  and  fertile  provinces  of  China,  he 
was  not  forgetful  of  the  obligation  under  which 
Jenghiz  Khan’s  conquests  in  Western  Asia  had  laid 
him  to  maintain  his  supremacy  over  the  kingdom  of 
Kharezm.  This  was  the  more  incumbent  on  him  since 
Jelal  al-din,  who  had  been  driven  by  Jenghiz  into  In¬ 
dia,  had  returned,  reinforced  by  the  support  of  the 
sultan  of  Delhi,  whose  daughter  he  had  married,  and, 
having  reconquered  his  hereditary  domains,  had  ad¬ 
vanced  westward  as  far  as  Tiflis  and  Khelat.  Once  more 
to  dispossess  the  young  sultan,  Ogdai  sent  a  force  of 
300,000  men  into  Kharezm.  With  such  amazing  rapid¬ 
ity  did  this  army  march  in  pursuit  of  its  foe  that  the 
advanced  Mongol  guards  reached  Amid  (Diarbekr), 
whither  Jel&l  al-din  had  retreated,  before  that  unfor¬ 
tunate  sovereign  had  any  idea  of  their  approach.  Ac¬ 
companied  by  a  few  followers,  Jeldl  al-dm  fled  to  the 
Kurdish  mountains,  where  he  was  basely  murdered  by 
a  peasant.  The  primary  object  of  the  Mongol  invasion 
was  thus  accomplished ;  but,  with  the  instinct  of  their 
race,  they  made  this  conquest  but  a  stepping-stone  to 
another,  and  without  a  moment’s  delay  pushed  on  still 
farther  westward.  Unchecked  and  almost  unopposed, 
they  overran  the  districts  of  Diarbekr,  Mesopotamia, 
Erbll,  and  Khelat,  and  then  advanced  upon  Azerbijan. 
So  great  was  the  terror  with  which  these  fierce  war¬ 
riors  inspired  the  people  of  the  provinces  they  attacked 
that  single  Mongols  are  said  to  have  slain  the  inhabi¬ 
tants  of  entire  villages  without  a  hand  having  been 
raised  against  them.  In  the  following  year  (1236) 
they  invaded  Georgia  and  Great  Armenia,  committing 
frightful  atrocities,  sparing  neither  man  nor  woman, 
young  nor  old,  with  the  exception  of  those  whom  they 
saved  to  minister  to  their  wants  or  passions.  Tiflis 
was  among  the  cities  captured  by  assault,  and  Kars 
was  surrendered  at  their  approach  in  the  vain  hope 
that  submission  would  gain  clemency  from  the  victors. 
Meanwhile,  in  1235,  Ogdai,  whose  troops  were  as 
numerous  as  their  thirst  for  conquest  was  devouring, 
dispatched  three  armies  in  as  many  directions.  One 
was  directed  against  Corea,  one  against  the  Sung  dy¬ 
nasty,  which  ruled  over  the  provinces  of  China  south 
of  the  Yang-tsze  Keang,  and  the  third  was  sent  west¬ 
ward  into  Eastern  Europe.  This  last  force  was  com¬ 
manded  by  Batu,  the  son  of  Juchi,  Ogdai’s  deceased 
eldest  brother,  who  took  with  him  the  celebrated  Sa- 
butai  Bah&dur  as  his  chief  adviser.  Bulgar,  the 
capital  city  of  the  Bulgars,  fell  before  the  force  under 
Sabutai,  while  Batu  pushed  on  over  the  Volga.  With 
irresistible  vigor  and  astonishing  speed  the  Mongols 
made  their  way  through  the  forests  of  Penza  and 
Tamboff,  and  appeared  before  the  “beautiful  city” 
of  Riazan.  For  five  days  they  discharged  a  ceaseless 
storm  of  shot  from  their  balistas,  and,  having  made  a 
breach  in  the  defences,  carried  the  city  by  assault  on 
the  21st  of  December,  1237.  “The  prince,  with  his 
mother,  wife,  sons,  the  boyars,  and  the  inhabitants, 
without  regard  to  age  or  sex,  were  slaughtered  with 
the  savage  cruelty  of  Mongol  revenge  ;  some  were  im- 

Ealed,  some  shot  at  with  arrows  for  sport,  others  were 
ayed  or  had  nails  or  splinters  of  wood  driven  under 
their  nails.  Priests  were  roasted  alive,  and  nuns  and 
maidens  ravished  in  the  churches  before  their  relatives. 

‘  No  eye  remained  open  to  weep  for  the  dead.  ’  ”  Mos¬ 
cow,  at  this  time  a  place  of  little  importance,  next  fell 
into  the  hands  of  the  invaders,  who  then  advanced 
against  Vladimir.  After  having  held  out  for  several 
days  against  the  Mongol  attacks,  the  city  at  length 
succumbed,  and  the  horrors  of  Riazan  were  repeated. 
The  imperial  family,  with  a  vast  crowd  of  fugitives, 
sought  shelter  in  the  cathedral,  only  to  perish  by  the 
swords  of  the  conquerors  or  by  the  flames  which  re- 
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duced  it  to  ashes.  If  possible,  a  more  dire  fate  over¬ 
took  the  inhabitants  of  Kozelsk,  near  Kaluga,  where, 
in  revenge  for  a  partial  defeat  inflicted  on  a  Mongol 
force,  the  followers  of  Batu  held  so  terrible  a  “  carni¬ 
val  of  death  ’  ’  that  the  city  was  renamed  by  its  captors 
Mobalig,  “  the  city  of  woe.  ”  With  the  tide  of  victory 
thus  strong  in  their  favor  the  Mongols  advanced  against 
Kieffj  ‘ ‘  the  mother  of  cities,  ’  ’  and  carried  it  by  assault. 
The  inevitable  massacre  followed,  and  the  city  was 
razed  to  the  ground.  While  the  scene  of  bloodshed 
was  at  its  height  a  catastrophe  occurred  which  at  any 
other  time  would  have  been  considered  of  supreme 
horror.  Under  the  weight  of  a  vast  crowd  of  fugitives 
the  flat  roof  of  the  metropolitan  church  fell  in,  bury¬ 
ing  all,  young  and  old,  in  a  vast  hecatomb. 

V  ictorious  and  always  advancing,  the  Mongols,  hav¬ 
ing  desolated  this  portion  of  Russia,  moved  on  in  two 
divisions,  one  under  Batu  into  Hungary,  and  the  other 
under  Baidar  and  Kaidu  into  Poland.  Without  a 
check,  Batu  marched  to  the  neighborhood  of  Pesth, 
where  the  whole  force  of  the  kingdom  was  arrayed  to 
resist  him.  The  Hungarian  army  was  posted  on  the 
wide  heath  of  Molii,  which  is  bounded  by  “  the  vine- 
clad  hills  of  Tokay,”  the  mountains  of  Lomnitz,  and 
the  woods  of  Diosgyor.  To  an  army  thus  hemmed  in 
oir  all  sides  defeat  meant  ruin,  and  Batu  instantly  rec¬ 
ognized  the  dangerous  position  in  which  his  enemies 
had  placed  themselves.  To  add  to  his  chances  of  suc¬ 
cess  he  determined  to  deliver  his  attack  by  night, 
and  while  the  careless  Hungarians  were  sleeping  he 
launched  his  battalions  into  their  midst.  Panic-stricken 
and  helpless,  they  fled  in  all  directions,  followed  by 
their  merciless  foes.  Two  archbishops,  three  bishops, 
and  many  of  the  nobility  were  among  the  slain,  and 
the  roads  for  two  days’  journey  from  tne  field  of  battle 
were  strewn  with  corpses.  The  king,  B6la  IV.,  was 
saved  by  the  fleetness  of  his  horse,  though  closely 
pursued  by  a  body  of  Mongols,  who  followed  at  his 
heels  as  far  as  the  coast  of  the  Adriatic,  burning  and 
destroying  everything  in  their  way.  Meanwhile  Batu 
captured  Pesth,  and  on  Christmas  Day,  1241,  having 
crossed  the  Danube  on  the  ice,  took  Gran  by  assault. 
While  Batu  had  been  thus  triumphing,  the  force  under 
Baidar  and  Kaidu  had  carried  fire  and  sword  into 
Poland.  At  their  approach  the  inhabitants  of  Cracow 
deserted  the  city,  after  having  given  it  over  to  the 
flames.  Disappointed  at  the  loss  of  their  expected 
spoil,  the  Mongols  advanced  to  Wahlstatt  in  the  neigh¬ 
borhood  of  Liegnitz,  where  the  Polish  army  under 
Duke  Henry  II.  of  Silesia  awaited  their  onslaught. 
With  savage  impetuosity,  the  troops  of  Baidar  rushed 
to  the  attack,  and  completely  defeated  the  Poles.  As 
usual,  no  quarter  was  given.  The  massacre  was  fright¬ 
ful,  and  Duke  Henry  himself  was  amongst  the  slain. 
It  was  a  Mongol  habit  to  cut  off  an  ear  from  each 
corpse  of  their  slaughtered  foes,  and  on  this  occasion 
it  is  said  that  they  filled  nine  sacks  with  these  ghastly 
trophies.  Following  the  example  of  the  inhabitants 
of  Cracow,  the  people  of  Liegnitz  left  but  the  black¬ 
ened  walls  of  wnat  had  once  been  the  town  as  a  prey 
for  the  Mongols,  who  without  delay  pushed  south¬ 
eastward  into  Moravia  as  far  as  the  vicinity  of  Troppau. 
While  laying  waste  the  country  in  the  neighborhood 
of  that  town,  they  received  the  announcement  of  the 
death  of  Ogaai,  and  at  the  same  time  a  summons  for 
Batu  to  return  eastwards  into  Mongolia. 

While  his  lieutenants  had  been  thus  carrying  his 
arms  in  all  directions,  Ogdai  had  been  giving  himself 
up  to  ignoble  ease  and  licentiousness.  Like  many 
Mongols,  he  was  much  given  to  drink,  and  it  was  to  .a 
disease  produced  by  this  cause  that  he  finally  suc¬ 
cumbed  on  the  11th  of  December,  1241.  He  was  suc¬ 
ceeded  by  his  son  Kuyuk,  who  reigned  only  seven 
years.  Little  of  his  character  is  known,  but  it  is 
noticeable  that  his  two  ministers  to  whom  he  left  the 
entire  conduct  of  affairs  were  Christians,  as  also  were 
his  doctors,  and  that  a  Christian  chapel  stood  before 
his  tent.  This  leaning  towards  Christianity,  however, 


brought  no  peaceful  tendencies  with  it.  On  the  con¬ 
trary,  we  hear  of  an  advance  against  the  sultan  of 
Riim  (Asia  Minor),  and  of  an  expedition  into  Syria, 
by  which  that  country  was  made  tributary  to  the  Great 
Mongol  Empire,  of  a  fresh  campaign  against  Corea, 
and  of  another  attack  on  the  Sung  dynasty  of  China.  ’ 
On  the  death  of  Kuyuk  dissensions  which  had  been 
for  a  long  time  smouldering  between  the  houses  of 
Ogdai  and  Jagatai  broke  out  into  open  war,  and  after 
the  short  and  disputed  reigns  of  Kaidu  and  Chapai, 

frandsons  of  Ogaai,  the  lordship  passed  away  from  the 
ouse  of  Ogdai  for  ever. 

On  the  1st  of  July,  1251,  Mangu,  the  eldest  son  of 
Tule,  and  nephew  to  Ogdai,  was  elected 
khakan.  With  perfect  impartiality,  Mangu  gjjjgjj 
allowed  the  light  of  his  countenance  to  fall 
upon  the  Christians,  Mohammedans,  and  Buddhists 
among  his  subjects,  although  Shamanism  was  recog¬ 
nized  as  the  state  religion.  Two  years  after  his  ac¬ 
cession  his  court  was  visited  by  Rubruquis  and  other 
Christian  monks,  who  were  hospitably  received.  The 
description  given  by  Rubruquis  of  the  khakan’s  pal¬ 
ace  at  Karakorum  shows  how  wide  was  the  interval 
which  separated  him  from  the  nomad,  tent-living  life 
of  his  forefathers.  It  was  “surrounded  by  brick 
walls.  .  .  .  Its  southern  side  had  three  doors.  Its 
central  hall  was  like  a  church,  and  consisted  of  a  nave 
and  two  aisles,  separated  by  columns.  Here  the  court 
sat  on  great  occasions. .  In  front  of  the  throne  was 
placed  a  silver  tree,  having  at  its  base  four  lions,  from 
whose  mouths  there  spouted  into  four  silver  basins 
wine,  kumiss,  hydromel,  and  terasine.  At  the  top  of 
the  tree  a  silver  angel  sounded  a  trumpet  when  the 
reservoirs  that  supplied  the  four  fountains  wanted  re¬ 
plenishing.”  On  his  accession  complaints  reached 
Mangu  that  dissensions  had  broken  out  in  the  province 
of  Persia,  and  he  therefore  sent  a  force  under  the 
command  of  his  brother  Hulagu  to  punish  Hul 
the  Ismailites  or  Assassins,  who  were  held  g^' 

to  be  the  cause  of  the  disorder.  Marching  by  Sam¬ 
arkand  and  Kesh,  Hulagu  crossed  the  Oxus  and  ad¬ 
vanced  by  way  of  Balkh  into  the  province  of  Kohis- 
tan.  The  terror  of  the  Mongol  name  induced  Rokn 
al-dfn,  the  chief  of  the  Assassins,  to  deprecate  the 
wrath  of  Hulagu  by  offers  of  submission,  and  he  was 
so  far  successful  that  he  was  able  to  purchase  a  tem¬ 
porary  immunity  from  massacre  by  dismantling  fifty 
of  the  principal  fortresses  in  Kohistan.  But  when 
once  the  country  had  thus  been  left  at  the  mercy  of 
the  invaders,  their  belief  in  the  old  saying  “Stone, 
dead  hath  no  fellow  ’  ’  sharpened  their  battle-axes, 
and,  scaring  neither  man,  woman,  nor  child,  they 
exterminated  the  unhappy  people.  Hulagu  then 
marched  across  the  snowy  mountains  in  the  direction 
of  Baghdad.  On  arriving  before  the  town  he  de¬ 
manded  its  surrender.  This  being  refused,  he  laid 
siege  to  the  walls  in  the  usual  destructive  Mongol 
fashion,  and  at  length,  finding  resistance  hopeless, 
the  caliph  was  induced  to  give  himself  up  and  to  open 
the  gates  to  his  enemies.  On  the  15th  of  February, 
1263,  the  Mongols  entered  the  walls,  and,  following 
their  instincts,  sacked  the  city.  For  seven  days  it 
was  given  up  to  pillage,  fire,  and  the  sword,  and  the 
number  of  killed  was  said  to  have  reached  the  enor 
mous  sum  of  800,000.  For  the  moment  the  caliph’s 
life  was  spared,  and  he  was  allowed  to  carry  away  ]  00 
wives  out  of  700  who  lived  in  his  harem,  as  being 
those  upon  whom  “neither  the  sun  nor  moon  had 
shone.”  But  his  fate  soon  overtook  him.  Accounts 
differ  as  to  the  circumstances  of  his  death,  some  say¬ 
ing  that  he  was  sewn  up  in  a  sack  and  trodden  to  death 
by  horses,  others  that  he  was  starved  to  death.  To 
the  Moslem  world  his  loss  was  a  religious  catastrophe, 
as  by  it  Islam  lost  its  spiritual  head.  While  at  Bagh¬ 
dad  Hulagu  gave  his  astronomer,  Nasir  al-dfn,  per¬ 
mission  to  build  an  observatory.  The  town  of  Mara- 
gha  was  the  site  chosen,  and,  under  the  superintend¬ 
ence  of  Nasir  al-dfn  and  four  Western  Asiatic  astrono- 
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mere  who  were  associated  with  him,  a  handsome  ob¬ 
servatory  was  built  and  furnished  with  “  armillary 
spheres  and  astrolabes,  and  with  a  beautifully-executed 
terrestrial  globe  showing  the  five  climates.”  One 
terrible  result  of  the  Mongol  invasion  was  a  fearful 
famine  which  desolated  the  provinces  of  Irak-Arabi, 
Mesopotamia,  Syria,  and  Rum.  But,  though  the  in¬ 
habitants  starved,  the  Mongols  had  strength  and  en¬ 
ergy  left  to  continue  their  onward  march  into  Syria. 
Aleppo  was  stormed  and  sacked,  Damascus  surren¬ 
dered,  and  Hulagu  was  meditating  the  capture  of 
Jerusalem  with  the  object  of  restoring  it  to  the  Chris¬ 
tians  when  he  received  the  news  of  Mangu’s  death,  and, 
as  in  duty  bound,  at  once  set  out  on  his  return  to  Mon¬ 
golia,  leaving  Kitubuka  in  command  of  the  Mongol 
forces  in  Syria.  As  a  reward  for  his  services  Hulagu 
received  the  investiture  of  his  conquests,  and  estab¬ 
lished  there  the  empire  of  the  Ilkhans. 

While  Hulagu  was  prosecuting  these  conquests  in 
Western  Asia,  Mangu  and  his  next  brother  Kublai 
were  pursuing  a  like  course  in  Southern  China.  South¬ 
ward  they  even  advanced  into  Tong-king,  and  west¬ 
ward  they  carried  their  arms  over  the  frontier 
into  Tibet.  But  in  one  respect  there  was  a  vast  dif¬ 
ference  between  the  two.  campaigns.  Under  the  wise 
command  of  Kublai  all  indiscriminate  massacres  were 
forbidden,  and  probably  for  the  first  time  in  Mongol 
history  the  inhabitants  and  garrisons  of  captured  cities 
were  treated  with  humanity.  While  carrying  on  the 
war  in  the  province  of  Sze-ch’uen  Mangu  was  seized 
with  an  attack  of  dysentery,  which  proved  fatal  after 
a  few  days’  illness.  His  body  was  carried  into  Mon¬ 
golia  on  the  backs  of  two  asses,  and,  in  pursuance  of 
the  custom  of  slaughtering  every  one  encountered  on 
the  way,  20,000  persons  were,  according  to  Marco  Polo, 
put  to  the  sword. 

At  the  Kuriltai,  or  assembly  of  notables,  which  was 
held  at  Shang-tu  after  the  death  of  Mangu,  his  brother 
Kublai  (see  Kublai  Khan)  was  elected  khakan. 
For  thirty-five  years  he  sat  on  the  Mongol  throne,  and 
at  his  death  in  1294,  in  his  seventy-ninth  year,  he  was 
succeeded  by  his  son  Timur  Khan,  or,  as  he  was  other¬ 
wise  called,  Uldsheitu  Khan.  The  reign  of  this  sov¬ 
ereign  was  chiefly  remarkable  for  the  healing  of  the 
division  which  had  for  thirty  years  separated  the  fam¬ 
ilies  of  Ogdai  and  Jagatai  from  that  of  the  ruling 
khakan.  Uldsheitu  was  succeeded  by  his  nephew 
Khaissan.  In  accordance  with  the  usual  ceremony, 
on  the  election,  being  announced  four  of  the  princes 
of  the  blood  raised  the  new  khakan  aloft  on  a  piece  of 
white  felt,  two  others  supported  him,  while  a  sev¬ 
enth  offered  him  the  cup.  “  Meanwhile,  while  Sha¬ 
man  offered  up  prayers  for  his  prosperity  and  saluted 
him  by  the  title  of  Kuluk  Knan,  carts  full  of  gold 
ieces  and  rich  tissues  were  brought  out  and  distributed, 
o  many  pearls  were  spread  on  the  ground  that  it  re¬ 
sembled  the  sky.  The  feast  lasted  a  week,  during  each 
day  of  which  40  oxen  and  4000  sheep  were  consumed. 
Libations  of  milk  from  700  sacred  cows  and  7000  ewes 
were  sprinkled  on  the  ground.”  With  that  tolerance 
which  so  markedly  characterized  the  Mongols  at  this 
period,  Kuluk  worshipped  indiscriminately  at  the 
temples  of  the  Chinese  Shang-te  and  before  the  Bud¬ 
dhist  shrines,  while  at  the  same  time  he  lent  a  favor¬ 
able  countenance  to  John  of  Montecorvino,  who,  dur¬ 
ing  the  whole  of  his  reign,  was  archbishop  of  Pe¬ 
king.  Unfortunately  the  archbishop  was  not  so  tol¬ 
erant  as  the  khakan,  and  carried  on  as  fierce  a  dispute 
with  the  Nestorian  Christians  of  his  day  as  that  which 
divided  the  Dominicans  and  Jesuits  in  China  three 
centuries  later.  After  a  short  reign,  and  at  the  early 
age  of  thirty-one,  Kuluk  was  gathered  to  his  fathers 
in  February,  1311.  His  nephew  and  successor,  Bu- 
yantu,  was  a  man  of  considerable  culture,  and  sub¬ 
stantially  patronized  Chinese  literature.  Among  other 
benefits  which  he  conferred  on  letters,  he  rescued  the 
celebrated  inscription-bearing  “stone  drums,”  which 
are  commonly  said  to  be  of  the  Chow  period  (b.c. 
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1122-255),  from  the  decay  and  ruin  to  which  they 
were  left  by  the  last  emperor  of  the  Kin  dynasty,  and 
placed  them  in  the  gateway  of  the  temple  of  Confu¬ 
cius  at  Peking,  where  they  now  stand.  After  a  reign 
of  nine  years  Buyantu  was  succeeded  by  his  son  Gegen, 
who  perished  in  1323  by  the  knife  of  an  assassin, — 
the  first  occasion  on  which  a  reigning  descendant  of 
J enghiz  Khan  thus  met  his  fate.  Yissun  Timur,  who 
was  the  next  sovereign,  devoted  himself  mainly  to  the 
administration  of  his  empire.  He  divided  China, 
which  until  that  time  had  been  apportioned  into 
twelve  provinces,  into  eighteen  provinces,  and  rear¬ 
ranged  the  system  of  state  granaries,  which  had  fallen 
into  disorder.  His  court  was  visited  by  Friar  Odoric, 
who  gives  a  minute  description  of  the  palace  and  its 
inhabitants.  Speaking  of  the  palace  this  writer  says: 

“Its  basement  was  raised  about  two  paces  from  the 
ground,  and  within  there  were  twenty-four  columns  of  gold, 
and  all  the  walls  were  hung  with  skins  of  red  leather,  said 
to  be  the  finest  in  the  world.  In  the  midst  of  the  palace 
was  a  great  jar  more  than  two  paces  in  height,  made  of  a 
certain  precious  stone  called  merdacas  (jade) ;  its  price  ex¬ 
ceeded  the  value  of  four  large  towns.  .  .  .  Into  this  vessel 
drink  was  conducted  by  certain  conduits  from  the  court 
of  the  palace,  and  beside  it  were  many  golden  goblets,  from 
which  those  drank  who  listed.  .  .  .  When  the  khakan  sat 
on  his  throne,  the  queen  was  on  his  left  hand,  and  a  step 
lower  two  others  of  his  women,  while  at  the  bottom  of  the 
steps  stood  the  other  ladies  of  his  family.  All  those  who 
were  married  wore  upon  their  heads  the  foot  of  a  man  as  it 
were  a  cubit  and  a  half  in  length,  and  at  the  top  of  the  foot 
there  were  certain  cranes’  feathers,  the  whole  foot  being  set 
with  great  pearls,  so  that  if  there  were  in  the  whole  world 
any  fine  and  large  pearls  they  were  to  be  found  in  the 
decoration  of  those  ladies.” 

The  following  years  were  years  of  great  natural  and 
political  convulsions.  Devastating  floods  swept  over 
China,  carrying  death  and  ruin  to  thousands  of  homes  ; 
earthquakes  made  desolate  whole  districts ;  and  in 
more  than  one  part  of  the  empire  the  banners  of  revolt 
were  unfurled.  The  khakans  who  now  successively 
occupied  the  throne,  instead  of  striving  to  stem  the  tide 
of  discontent  and  disorder,  gave  themselves  up  to  every 
kind  of  debauchery.  As  a  natural  consequence,  the  oon- 
duct  of  affairs  fell  entirely  into  the  hands  of  their  minis¬ 
ters,  who  but  too  often  reflected  the  vices  of  their  sover¬ 
eigns.  A  comet  which  appeared  in  the  Toghon 
reign  of  Toghon  Timur  Khan,  and  which  Timur 
was  believed  to  be  the  precursor  of  fresh  Khan, 
disasters  to  the  reigning  house,  justified  the  prediction 
by  being  almost  immediately  followed  by  an  earthquake, 
which  overthrew  the  temple  of  the  Imperial  Ancestors, 
from  the  altars  of  which,  as  if  to  complete  the  mis¬ 
fortune,  the  silver  tablets  of  the  emperors  were  in  the 
consequent  confusion  stolen.  It  was  not  long  before 
the  popular  discontent  found  vent.  In  order  to  pre¬ 
vent  the  recurrence  of  the  periodical  inundations  caused 
by  the  overflow  of  the  Yellow  river,  the  emperor  or¬ 
dered  a  levy  of  70,000  men  to  excavate  a  new  channel 
for  its  dangerous  stream,  and  imposed  a  heavy  tax  to 
meet  the  necessary  expenses.  These  oppressive  edicts 
overstrained  the  patience  of  the  people,  and  they  broke 
into  open  rebellion.  Under  various  leaders  the  rebels 
captured  a  number  of  cities  in  the  provinces  of  Keang- 
nan  and  Honan,  and  took  possession  of  Hang-chow, 
the  capital  of  the  Sung  emperors.  At  the  same  time 
pirates  ravaged  the  coasts  and  swept  the  imperial  ves¬ 
sels  off  the  sea.  While  these  combined  disorders  were 
disturbing  the  country,  the  emperor,  under  the  guid¬ 
ance  of  Tibetan  Lamas,  was  being  initiated  into  the 
sensual  enjoyments  peculiar  to  the  warmer  climates  of 
Asia. 

In  1335  a  Buddhist  priest  named  Choo  Yuen-chang 
became  so  impressed  with  the  misery  of  his  country¬ 
men  that  he  threw  off  his  vestments  and  enrolled  him¬ 
self  in  the  rebel  army.  His  military  genius  soon  raised 
him  to  the  position  of  a  leader,  and  with  extraordinary 
success  he  overcame  with  his  rude  levies  the  trained 
legions  of  the  Mongol  emperor.  While  unable  to  de- 
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feat  or  check  the  rebels  in  the  central  provinces,  Tog- 
hon  Timur  was  also  called  upon  to  face  a  rebellion  in 
Corea.  Nor  were  his  arms  more  fortunate  in  the  north 
than  in  the  south.  An  army  which  was  sent  to  sup¬ 
press  the  revolt  was  cut  to  pieces  almost  to  a  man. 
These  events  made  a  dream  which  the  emperor  dreamt 
about  this  time  of  easy  interpretation.  He  saw  in  his 
sleep  ‘  ‘  a  wild  boar  with  iron  tusks  rush  into  the  city 
and  wound  the  people,  who  were  driven  hither  and 
thither  without  finding  shelter.  Meanwhile  the  sun 
and  the  moon  rushed  together  and  perished.”  “This 
dream,”  said  the  diviner,  “is  a  prophecy  that  the 
khakan  will  lose  his  empire.  ’  ’  The  fulfilment  followed 
closely  on  the  prophecy.  By  a  subterfuge,  the  rebels, 
after  having  gained  possession  of  most  of  the  central 
rovinces  of  the  empire,  captured  Peking.  But  Tog- 
on  Timur  by  a  hasty  flight  escaped  from  his  enemies, 
and  sought  safety  on  the  shores  of  the  Dolonor  in 
Mongolia.  For  a  time  the  western  provinces  of  China 
continued  to  hold  out  against  the  rebels,  but  with  the 
flight  of  Toghon  Timur  the  Mongol  troops  lost  heart, 
and  in  1368  the  ex-Buddhist  priest  ascended  the  throne 
as  the  first  sovereign  of  the  Ming  or  ‘  ‘  Bright  ’  ’  dynasty, 
under  the  title  of  Hung- woo. 

Thus  ended  the  sovereignty  of  the  house  of  J enghiz 
Khan  in  China,  nor  need  we  look  far  to  find  the  cause 
of  its  fall.  Brave  and  hardy  the  Mongols  have  always 
shown  themselves  to  be ;  but  the  capacity  for  consoli¬ 
dating  the  fruits  of  victory,  for  establishing  a  settled 
form  of  government,  and  for  gaining  the  allegiance  of 
the  conquered  peoples,  have  invariably  been  wanting 
in  them.  For  a  time  their  prowess  and  the  exceptional 
ability  of  some  of  the  first  emperors  of  their  line  held 
the  people  of  China  in  a  bondage  which  was  only  out¬ 
wardly  peaceful,  and,  when  the  hands  which  held  the 
reins  lost  their  nervous  power,  and  the  troops,  ener¬ 
vated  by  the  softer  climate  of  China,  lost  much  of  their 
hardihood,  the  long  pent-up  hatred  of  a  foreign 
yoke  broke  out  and  with  gathering  strength  drove 
the  invaders  back  to  their  Mongolian  pasture- 
grounds. 

Not  content  with  having  recovered  China,  the  em- 

Keror  Hung-woo  sent  an  army  of  400,000  men  into 
[ongolia  in  pursuit  of  the  forces  which  yet  remained 
to  the  khakan.  Even  on  their  own  ground  the  dis¬ 
heartened  Mongols  failed  in  their  resistance  to  the 
Chinese,  and  at  all  points  suffered  disaster.  Mean¬ 
while  Toghon  Timur,  who  did  not  long  survive  his  de¬ 
feat,  was  succeeded  in  the  khakanate  by  Biliktu  Khan, 
who  again  in  1379  was  followed  by  Ussakhal  Khan. 
During  the  reign  of  this  last  prince  the  Chinese  again 
invaded  Mongolia,  and  inflicted  a  crushing  defeat  on  the 
khan’s  forces  in  the  neighborhood  of  Lake  Buyur.  Be¬ 
sides  the  slain,  2994  officers  and  77,000  soldiers  are  said 
to  have  been  taken  prisoners,  and  an  immense  booty  to 
have  been  secured.  This  defeat  was  the  final  ruin  of 
the  eastern  branch  of  the  Mongols,  who  from  this  time 
surrendered  the  supremacy  to  the  western  division  of 
the  tribe.  At  first  the  Keraits  or  Torgod,  as  in  the 
early  days  before  Jenghiz  Khan  rose  to  power,  exer¬ 
cised  lordship  over  the  Eastern  Mongols,  but  from  these 
before  long  the  supremacy  passed  to  the  Oirad,  who 
for  fifty  years  treated  them  as  vassals.  Notwithstand¬ 
ing  their  subjection,  however,  the  Keraits  still  pre¬ 
served  the  imperial  line,  and  khakan  after  khakan 
assumed  the  nominal  sovereignty  of  the  tribe,  while 
the  real  power  rested  with  the  descendants  of  Toghon, 
the  Oirad  chief,  who  had  originally  attached  them  to 
his  sceptre.  Gradually,  however,  the  Mongol  tribes 
broke  away  from  all  governing  centres,  and  established 
scattered  communities  with  as  many  chiefs  over  the 
whole  of  Eastern  Mongolia.  The  discredit  of  having 
finally  disintegrated  the  tribe  is  generally  attached  to 
Lingdan  Khan  (1604-1634),  of  whom,  in  reference  to 
his  arrogant  and  brutal  character,  has  been  quoted  the 
Mongolian  proverb;  “A  raging  khakan  disturbs  the 
state,  and  a  raging  saghan  (elephant)  overthrows  his 
keepers.  ’  ’ 


At  this  time  the  Mongols,  though  scattered  and  in 
isolated  bodies,  had  recovered  somewhat 
from  the  shock  of  the  disaster  which  they  khars’ 
suffered  at  the  hand  of  the  first  Ming 
sovereign  of  China.  When  first  driven  northwards, 
they  betook  themselves  to  the  banks  of  the  Keru- 
lon,  from  whence  they  had  originally  started  on  their 
victorious  career;  but  gradually,  as  the  Chinese 
power  became  weaker  among  the  frontier  tribes,  they 
again  pushed  southwards,  and  at  this  time  had  estab¬ 
lished  colonies  in  the  Ordus  country,  within  the  north¬ 
ern  bend  of  the  Yellow  River.  The  Mongol  royal  family 
and  their  immediate  surroundings  occupied  the  Cha- 
khar  country  to  the  northwest  of  the  Ordus  territory, 
where  they  became  eventually  subjugated  by  the 
Manchus  on  the  overthrow  of  the  Ming  dynasty  in 
1644  by  the  present  rulers  of  China.  Possibly  out  of 
consideration  for  the  royal  descent  of  their  chiefs,  the 
Chinese  emperors  have  invariably  placed  these  Mon¬ 
gols  in  a  privileged  position,  and  have  incorporated  the 
eight  banners  or  military  divisions  of  the  Chakhars  as 
one  of  the  eight  banners  of  the  imperial  Manchu 
army.  The  remaining  Mongols  who  submitted  to  the 
Manchus  were  divided  into  135  banners,  49  represent¬ 
ing  all  those  on  the  southeast  of  the  desert,  and  86 
the  Khalkhas,  whose  territory  stretched  along  the 
north  of  the  desert  from  the  neighborhood  of  Barkhul 
on  the  west  to  the  Dalainor  on  the  northeast.  From 
and  before  this  period  the  history  of  the  Eastern  Mon¬ 
gols  has  been  that  of  all  the  nomad  tribes  of  Central 
Asia,  about  which  nothing  can  be  more  certainly  said 
than  that  that  which  appears  most  improbable  is  most 
likely  to  happen,  and  that  that  which  might  naturally 
be  expected  rarely  occurs.  Each  tribe,  as  its  fortunes 
varied,  either  rose  to  power  or  sank  into  insignificance. 
At  times  the  old  vigor  and  strength  which  had  nerved 
the  arm  of  Jenghiz  Khan  seemed  to  return  to  the 
tribe,  and  we  read  of  successful  expeditions  being  made 
by  the  Ordu  Mongols  into  Tibet,  and  even  of  invasions 
into  China.  The  relations  with  Tibet  thus  inaugurated 
brought  about  a  rapid  spread  of  Buddhism  among  the 
Mongolians,  and  in  the  beginning  of  the  17th  century 
the  honor  of  having  a  Dalai  Lama  born  among  them 
was  vouchsafed  to  them.  In  1625  Toba,  one  of  the 
sons  of  Bushuktu  Jinung  Khan,  went  on  a  pilgrimage 
to  the  Dalai  Lama,  and  brought  back  with  him  a  copy 
of  the  Tanjur  to  be  translated  into  Mongolian,  as  the 
Kanjur  had  already  been.  But  though  the  prowess 
of  the  Ordu  Mongols  was  still  unsubdued,  their  mode 
of  living  was  as  barren  and  rugged  as  the  steppes  and 
rocky  hills  which  make  up  their  territory.  Their  flocks 
and  herds,  on  which  they  are  entirely  dependent  for 
food  and  clothing,  are  not  numerous,  and,  like  their 
masters,  are  neither  well  fed  nor  well  favored.  But 
though  living  in  this  miserable  condition,  their  princes 
yet  keep  up  a  certain  amount  of  barbaric  state,  and 
the  people  have  at  least  the  reputation  of  being  honest. 
Several  of  the  tribes  who  had  originally  migrated  with 
those  who  finally  settled  in  the  Ordu  territory,  finding 
the  country  to  be  so  inhospitable,  moved  farther  east¬ 
ward  into  richer  pastures.  Among  these  were  the 
Tumeds,  one  of  whose  chiefs,  Altan  Khan,  is  famous 
in  later  Mongol  history  for  the  power  he  acquired. 
For  many  years  during  the  16th  century  he  carried  on 
a  not  altogether  unsuccessful  war  with  China,  and 
finally,  when  peace  was  made  (1571),  the  Chinese  were 
fain  to  create  him  a  prince  of  the  empire  and  to  confer 
a  golden' seal  of  authority  upon  him.  In  Tibet  his 
arms  were  as  successful  as  in  China ;  but,  as  has  often 
happened  in  history,  the  physical  conquerors  became 
the  mental  subjects  of  the  conquered.  Lamaism  has 
always  had  a  great  attraction  in  the  eyes  of  the 
Mongols,  and,  through  the  instrumentality  of  some 
Lamaist  prisoners  whom  Altan  brought  back  in  his 
train,  the  religion  spread  at  this  time  rapidly  among 
the  Tumeds.  Altan  himself  embraced  the  faith,  and 
received  at  his  court  the  Bogda  Sodnam  Gyamtso 
Khutuktu,  on  whom  he  lavished  every  token  of  honor. 
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One  immediate  effect  of  tlie  introduction  of  Buddhism 
among  the  Tumeds  was  to  put  an  end  to  the  sacrifices 
which  were  commonly  made  at  the  grave  of  their 
chieftains.  In  1584  Altan  died,  and  was  succeeded  by 
his  son  Senge  Dugureng  Timur.  The  rich  territory 
occupied  by  the  Tumeds,  together  with  the  increased 
intercourse  with  China  which  sprang  up  after  the  wars 
of  Altan,  began  to  effect  a  change  in  the  manner  of 
life  of  the  people.  By  degrees  the  pastoral  habits  of 
the  inhabitants  became  more  agricultural,  and  at  the 
resent  day,  as  in  Manchuria,  Chinese  immigrants 
ave  so  stamped  their  mark  on  the  fields  and  markets, 
on  the  towns  and  villages,  that  the  country  has  become 
to  all  intents  and  purposes  part  of  China  proper. 

Passing  now  from  the  inner  division  of  the  Mongols 
The  — that  is  to  say,  the  Chakhars  and  the  49 

Khaikhas.  banners  who  live  in  the  southern  and  east¬ 
ern  portions  of  the  desert — we  come  to  the 
outer  division,  which  is  divided  into  86  banners,  and 
occupies  the  territory  to  the  north  of  the  desert.  Of 
these  the  chief  are  the  Khaikhas,  who  are  divided  into 
the  Western  and  Eastern  Khaikhas.  These  people 
form  the  link  of  communication  between  Europe  and 
Eastern  Asia.  Early  in  the  17th  century  the  Russians 
sent  an  embassy  to  the  court  of  the  Golden  Khan  with 
the  object  of  pursuading  the  Mongol  khan  to  acknowl¬ 
edge  allegiance  to  the  czar.  This  he  did  without  much 
hesitation  or  inquiry,  and  he  further  dispatched  envoys 
to  Moscow  on  the  return  of  the  Russian  embassy. 
But  the  allegiance  thus  lightly  acknowledged  was 
lightly  thrown  off,  and  in  a  quarrel  which  broke  out 
between  the  Khirghiz  and  the  Russians  the  Khaikhas 
took  the  side  of  the  former.  The  breach,  however, 
was  soon  healed  over,  and  we  find  the  Golden  Khan 
sending  an  envoy  again  to  Moscow,  asking  on  behalf 
of  his  master  for  presents  of  jewels,  arms,  a  telescope, 
a  clock,  and  “a  monk  who  had  been  to  Jerusalem  that 
he  might  teach  the  Khaikhas  how  the  Christians 

S  rayed.  ”  Their  submission  to  Russia  on  the  north 
id  not  save  them,  however,  from  the  Chinese' attacks 
on  the  south.  In  Central  Asia,  as  the  recent  history 
of  Russia  in  that  part  of  the  world  shows,  the  depre¬ 
dations  of  a  tribe  on  the  property  of  its  neighbors  sup¬ 
ply  a  ready  cause  of  quarrel  at  any  moment,  and  the 
■  Chinese  had  no  difficulty,  therefore,  in  justifying  an 
invasion  of  the  Khalkha  territory.  At  that  time  the 
present  Manchu  dynasty  ruled  in  China,  and  to  the 
then  reigning  sovereign  the  Khaikhas  gave  in  their 
submission.  For  some  time  the  Chinese  yoke  sat 
lightly  on  their  consciences,  but  difficulties  having 
arisen  with  the  Kalmuks,  they  were  ready  enough  to 
claim  the  protection  of  China.  To  cement  the  alliance 
the  emperor  K’ang-he  invited  all  the  Khalkha  chiefs 
to  meet  him  at  the  plain  of  Dolonor.  This  ceremony 
brought  the  separate  history  of  the  Khaikhas  to  a  close, 
since  from  that  time  they  have  been  engulfed  in  the 
Chinese  empire. 

Another  important  branch  of  the  great  Mongolian 
family  is  the  tribe  of  the  Koshod  or  Eleuths.  These 
claim  that  their  chieftains  have  maintained  unbroken 
the  direct  descent  from  Khassar,  a  brother  of  Jenghiz 
Khan.  Their  home  is  in  the  neighborhood  of  the 
Kbk'6-nor,  and  in  the  country  to  the  north  of  the  nar¬ 
row  strip  of  the  Kansuh  province  which  separates  that 
district  from  Mongolia  proper.  The  pasture  in  the 
territories  thus  indicated  is  rich  and  abundant,  and 
the  Eleuths  have  therefore  had  fewer  temptations  to 
wander  than  most  of  their  cognate  tribes.  Being  thus 
stationary  and  within  a  short  distance  of  the  Chinese 
frontier,  they  easily  fell  under  the  dominion  of  that 
empire,  and  in  the  year  1725  were  incorporated  into 
29  imperial  banners. 

During  the  Kin  dynasty  of  China  the  Keraits,  as 
has  been  pointed  out,  were  for  a  time  supreme  in  Mon¬ 
golia,  ana  it  was  during  that  period  that  one  of  the 
earliest  recognized  sovereigns,  Merghus  Buyuruk 
Khan,  sat  on  the  throne.  In  an  engagement  with  a 
neighboring  Tatar  tribe  their  khan  was  captured  and 


sent  as  a  propitiatory  present  to  the  Kin  emperor, 
who  put  him  to  death  by  nailing  him  on  a  wooden 
ass.  On  the  treacherous  Tatar  chief  the  widow  de¬ 
termined  to  avenge  herself,  and  chose  the  occasion  of 
a  feast  as  a  fitting  opportunity.  With  well-dis¬ 
guised  friendship  she  sent  him  a  present  of  ten  oxen,  a 
hundred  sheep,  and  a  hundred  sacks  of  kumiss.  These 
last,  however,  instead  of  being  filled  with  skins  of  the 
liquor  which  Mongolians  love  so  well,  contained  armed 
men,  who,  when  the  Tatar  was  feasted,  rushed  from 
their  concealment  and  killed  him.  A  grandson  of 
Merghus  was  the  celebrated  Wang  Khan,  who  was 
sometimes  the  ally  and  sometimes  the  enemy  of  Jen- 

5hiz  Khan,  and  has  also  been  identified  as  the  Prester 
ohn  of  early  Western  writers.  In  war  he  was  almost 
invariably  unfortunate,  and  it  was  with  no  great  diffi¬ 
culty,  therefore,  that  his  brother  Ki  Wang  detached 
the  greater  part  of  the  Kerait  tribes  from  his  banner, 
and  founded  the  Torgod  chieftainship, 
named  probably  from  the  country  where  Torgod6 
they  settled  themselves.  The  unrest  pecu¬ 
liar  to  the  dwellers  in  the  Mongolian  desert  disturbed 
the  Torgod  as  much  as  their  neighbors.  Their  history 
for  several  centuries  consists  of  nothing  but  a  succes¬ 
sion  pf  wars  with  the  tribes  on  either  side  of  them, 
and  it  was  not  until  1672,  when  Ayuka  Khan  opened 
relations  with  the  Russians,  that  the  country  obtained 
an  even  temporarily  settled  existence.  Its  position, 
indeed,  at  this  time  made  it  necessary  that  Ayuka 
should  ally  himself  either  with  the  Russians  or  with 
his  southern  neighbors  the  Turks,  though  at  the  same 
time  it  was  obvious  that  his  alliance  with  the  one 
would  bring  him  into  collision  with  the  other.  His 
northern  neighbors,  the  Cossacks  of  the  Yaik  and  the 
Bashkirs,  both  subject  to  Russia,  had  the  not  uncom¬ 
mon  propensity  for  invading  his  borders  and  harass¬ 
ing  his  subjects.  This  gave  rise  to  complaints  of  the 
czar’s  government  and  a  disposition  to  open  friendly 
relations  with  the  Krim  khan.  A  rupture  with  Rus¬ 
sia  followed,  and  Ayuka  carried  his  arms  as  far  as 
Kasan,  burning  and  laying  waste  the  villages  and 
towns  on  his  route  and  carrying  off  prisoners  and 
spoils.  Satisfied  with  this  vengeance,  he  advanced  no 
farther,  but  made  a  peace  with  the  Russians,  which 
was  confirmed  in  1722  at  an  audience  which  Peter  the 
Great  gave  him  at  Astrakhan.  On  Ayuka’ s  death 
shortly  after  this  event,  he  was  succeeded  by  his  son 
Cheren  Donduk,  who  received  from  the  Dalai  Lama  a 
patent  to  the  throne.  But  this  spiritual  support 
availed  him  little  against  the  plots  of  his  nephew 
Donduk  Ombo,  who  so  completely  gained  the  suf¬ 
frages  of  the  people  that  Cheren  Donduk  fled  before 
him  to  St.  Petersburg,  where  he  died,  leaving  his 
nephew  in  possession.  With  consummate  impartiality 
the  Russians,  when  they  found  that  Donduk  Ombo 
had  not  only  seized  the  throne  but  was  governing  the 
country  with  vigor  and  wisdom,  formally  invested  him 
with  the  khanate.  At  his  death  he  was  succeeded  by 
Donduk  Taishi,  who,  we  are  told,  went  to  Moscow  to 
attend  the  coronation  of  the  empress  Elizabeth,  and 
to  swear  fealty  to  the  Russians.  After  a  short  reign 
he  died,  and  his  throne  was  occupied  by  his  son 
Ubasha.  The  position  of  the  Torgod  at  this  time, 
hemmed  in  as  they  were  between  the  Russians  and 
Turks,  was  rapidly  becoming  unbearable,  and  the 
question  of  migrating  “bag  and  baggage”  was  very 
generally  mooted.  In  the  war  between  his  two  power¬ 
ful  neighbors  in  1769  and  1770,  Ubasha  gave  valuable 
assistance  to  the  Russians.  His  troops  took  part  in 
the  siege  of  Otchakoff,  and  gained  a  decided  victory  on 
the  Kalans.  Flushed  with  these  successes,  he  was  in  no 
mood  to  listen  patiently  to  the  taunts  of  the  governor 
of  Astrakhan,  who  likened  him  to  a  “  bear  fastened  to 
a  chain,”  and  he  made  up  his  mind  to  break  away 
once  and  for  all  from  a  tutelage  which  was  as  galling 
as  it  was  oppressive.  He  determined,  therefore,  to 
migrate  eastward  with  his  people,  and  on  the  5th  of 
January,  1771,  he  began  his  march  with  70,000  fami- 
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lies.  In  vain  the  Russians  attempted  to  recall  the 
fugitives,  who  in  spite  of  infinite  hardships,  after  a 
journey  of  eight  months  reached  the  province  of  Ili, 
where  they  were  welcomed  by  the  Chinese  authorities. 
Food  for  a  year’s  consumption  was  supplied  to  each 
family;  and  land,  money,  and  cattle  were  freely  dis¬ 
tributed.  How  many  lost  their  lives  on  the  toilsome 
march  it  is  impossible  to  say,  but  it  is  believed  that 
'300,000  persons  survived  to  receive  the  hospitality  of 
the  Chinese.  This  migration  is  interesting  as  illus¬ 
trating  the  many  displacements  of  tribes  and  peoples 
which  have  taken  place  on  the  continent  of  Asia  at 
different  periods  of  history.  Such  another  migration 
occurred  between  four  and  five  thousand  years  ago, 
when  the  Chinese  crossed  from  Western  Asia  into 
their  present  empire ;  such,  again,  was  the  movement 
which  carried  the  Osmanli  Turks  from  Northeastern 
Asia  into  Asia  Minor,  and  eventually  across  the 
Bosphorus.  By  this  desperate  venture  the  Torgod 
escaped,  it  is  true,  the  oppression  of  the  Russians,  hut 
they  fell  into  the  hands  of  other  masters,  who,  if  not 
so  exacting,  were  equally  determined  to  be  supreme. 
The  Chinese,  flattered  by  the  compliment  implied  by 
the  transference  of  allegiance,  settled  them  on  lands  in 
the  province  of  Ili,  in  the  neighborhood  of  the  Altai 
Mountains,  and  to  the  west  of  the  desert  of  Gobi. 
But  the  price  they  were  made  to  pay  for  this  liberality 
was  absorption  in  the  Chinese  empire.  Like  the  other 
Chinese-subdued  Mongols,  the  Torgod  were  divided 
into  banners,  and  from  that  time  forth  they  lost  their 
individuality. 

Among  the  Mongol  chiefs  who  rose  to  fame  during 
the  rule  of  the  Ming  dynasty  of  China  was  Toghon, 
the  Kalrnuk  khan,  who,  taking  advantage  of  the  state 
of  confusion  which  reigned  among  the  tribes  of  Mon¬ 
golia,  established  for  himself  an  empire  in  North¬ 
western  Asia.  Death  carried  him  off  in  1444,  and  his 
throne  devolved  upon  his  son  Ye-seen,  who  was  no  de¬ 
generate  offspring.  Being  without  individual  foes  in 
Mongolia  for  the  same  reason  that  Narvaez  had  no 
enemies — namely,  that  he  had  killed  them  all — he 
turned  his  arms  against  China,  which  through  all  his¬ 
tory  has  been  the  happy  hunting-ground  of  the 
northern  tribes,  and  had  the  unexampled  good  fortune 
to  take  prisoner  the  Chinese  emperor  Ching-tung. 
But  victory  did  not  always  decide  in  his  favor,  and, 
after  having  suffered  reverses  at  the  hands  of  the 
Chinese,  he  deemed  it  wise  to  open  negotiations  for 
the  restoration  of  his  imperial  prisoner.  Thus  after  a 
captivity  of  seven  years,  Ching-tung  reentered  his 
capital  in  1457,  not  altogether  to  the  general  satisfac¬ 
tion  of  his  subjects.  On  the  death  of  Ye-seenj  shortly 
after  this  event,  the  Kalmuks  lost  much  of  their  power 
in  Eastern  Asia,  but  retained  enough  in  other  portions 
of  their  territory  to  annoy  the  Russians  by  raids  within 
the  Russian  frontier,  and  by  constant  acts  of  pillage. 
In  the  17th  century  their  authority  was  partly  restored 
by  Galdan,  a  Lama,  who  succeeded  by  the 
usual  combination  of  wile  and  violence  to 
the  throne  of  his  brother  SenghS.  Having 
been  partly  educated  at  Lhasa,  he  was  well  versed  in 
Asiatic  politics,  and,  taking  advantage  of  a  quarrel  be¬ 
tween  the  Black  and  White  Mountaineers  of  Kashgar, 
he  overran  Little  Bokhara,  and  left  a  viceroy  to  rule 
over  the  province  with  his  capital  at  Yarkand.  At 
the  same  time  he  opened  relations  with  China,  and 
exchanged  presents  with  the  emperor.  Having  thus 
secured  his  powerful  southern  neighbor,  as  he  thought, 
he  turned  his  arms  against  the  Khalkhas,  whose  chief1 
ground  of  offence  was  their  attachment  to  the  cause 
of  his  brothers.  But  his  restless  ambition  created 
alarm  at  Peking,  and  the  emperor  K’ang-he  deter¬ 
mined  to  protect  the  Khalkhas  against  their  enemy. 
Great  preparations  were  made  for  tbe  campaign.  The 
emperor,  in  person  commanding  one  of  the  two  forces, 
marched  into  Mongolia.  After  enduring  incredible 
hardships  during  the  march  through  the  desert  of  Gobi 
the  imperial  army  encountered  the  Kalmuks  at  Chao- 


Galdan 

Khan. 


modo.  The  engagement  was  fiercely  contested,  but 
ended  in  the  complete  victory  of  the  Chinese,  who  pur¬ 
sued  the  Kalmuks  for  10  miles,  and  completely  dis¬ 
persed  their  forces.  Immense  numbers  were  slain, 
among  whom  was  Galdan’s  wife,  and  many  thousands 
surrendered  themselves  to  the  victors.  Galdan,  with 
his  son,  daughter,  and  a  few  followers,  fled  westward 
and  escaped ;  and  thus  collapsed  a  power  which  had 
threatened  at  one  time  to  overshadow  the  whole  of 
Central  Asia.  For  a  time  Galdan  still  maintained  a 
semblance  of  resistance  to  his  powerful  enemy,  and 
death  overtook  him  while  yet  in  the  field  against  the 
Chinese.  The  news  of  his  death  was  received  with 
great  rejoicings  at  Peking.  The  emperor  held  a 
special  service  of  thanksgiving  to  Heaven  for  the  de¬ 
liverance  vouchsafed,  and  ordered  that  the  ashes  of 
his  enemy,  whose  body  had  been  burned,  should  be 
brought  to  the  capital  and  there  scattered  to  the  four 
winds.  The  fear  which  had  been  thus  inspired  was 
no  idle  terror.  Galdan  was  a  man  to  be  feared.  The 
conqueror  of  Samarkand,  Bokhara,  Urgenj,  Kashgar, 
Hami,  and  twelve  hundred  other  towns,  might  well  be 
considered  a  formidable  foe,  and  Heaven  a  merciful  de¬ 
liverer  in  ridding  Asia  of  so  restless  and  dangerous  a 
chieftain. 

But  though  Galdan  was  dead  the  Chinese  did  not 
enjoy  that  complete  immunity  from  war  at  the  hand 
of  his  successor  that  they  had  looked  for.  Tse-wang 
Arabian  was,  however,  but  the  shadow  of  his  brother 
and  predecessor,  and  a  dispute  which  arose  with  the 
Russians  during  his  reign  weakened  his  power  in  other 
directions.  Little  Bokhara  was  said  to  be  rich  in  gold 
mines,  and  therefore  became  a  coveted  region  in  the 
eyes  of  the  Russians.  Under  the  vigorous  adminis¬ 
tration  of  Peter  the  Great  an  expedition  was  dis¬ 
patched  to  force  a  passage  into  the  desired  province. 
To  oppose  this  invasion  the  Kalmuks  assembled  in 
force,  and  after  a  protracted  and  undecided  engage¬ 
ment  the  Russians  were  glad  to  agree  to  retire  down 
the  Irtish  and  to  give  up  all  further  advance. 

To  Tse-wang  Arabtan  succeeded  Amursama  owing 
to  the  support  he  received  from  the  Chinese  emperor 
K’een-lung,  who  nominated  him  khan  of  the  Kalmuks 
and  chief  of  Sungaria.  But,  though  to  the  ear  these 
titles  were  as  high-sounding  as  those  of  his  predeces¬ 
sors,  in  reality  the  power  they  represented  was  cur¬ 
tailed  by  the  presence  of  Chinese  commissioners,  in 
whose  hands  rested  the  real  authority.  The  galling 
weight  of  this  state  of  dependence  drove  Amursama 
before  long  into  revolt.  He  dispersed  the  Chinese 
garrisons  stationed  in  Ili,  killed  the  generals,  and  ad¬ 
vanced  his  own  forces  as  far  as  Palikun  on  the  river 
Ili.  To  punish  this,  revolt,  K’een-lung  sent  a  large 
force  into  the  rebellious  province.  As  on  the  pre¬ 
vious  occasion,  the  Chinese  were  everywhere  victori¬ 
ous,  and  Amursama  fled  into  Siberia,  where  he  died 
of  smallpox  after  a  short  illness.  The  Chinese  de¬ 
manded  his  body,  but  the  Russians  refused  to  give  it 
up,  though  they  allowed  the  Chinese  commissioners  to 
identify  it.  On  the  death  of  Amursama,  K’een-lung 
determined  to  abolish  the  khanate,  and  in  place  of  it 
he  nominated  four  Hans  to  rule  over  the  Sungars,  the 
Torgod,  the  Khoshod,  and  the  Dorbod.  But  this  di¬ 
vided  authority  proved  quite  as  unmanageable  as  that 
which  had  been  wielded  by  the  khan,  and  the  new 
rulers  soon  attempted  to  throw  off  the  yoke  imp  'ised 
upon  them  from  Peking.  Again  a  Chinese  a  rmy 
marched  into  Hi,  and  this  time  a  severe  measure  of 
repression  was  meted  out  to  the  rebels  and  their  sym¬ 
pathizers.  A  general  massacre  of  the  Kalmuks  was 
ordered,  and  was  faithfully  carried  out.  The  province 
which  had  been  as  a  fruitful  field  was  utterly  wrecked, 
and  the  place  of  the  Sungars  was  taken  by  exiled  crimi  ¬ 
nals  from  China. 

But  while  China  was  thus  absorbing  the  Mongols 
within  her  reach,  Russia  was  gathering  within  Jier 
borders  those  with  whom  she  came  into  contact. 
Among  these  were  the  Buriats,  who  occupied  a  laig? 
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territory  on  both  sides  of  the  Baikal  Lake.  As  usual 
in  such  cases,  disputes  arose  out  of  disturbances  on  the 
frontier,  and  were  ended  by  the  Buriats  and  the  neigh¬ 
boring  Mongol  tribes  becoming  one  and  all  tributary  to 
Russia. 

Of  the  Mongol  tribes  who  became  entirely  subject 
to  Russia  the  principal  are  those  of  the  Crimea,  of 
Kasan,  and  of  Astrakhan;  of  these  the 
Horde?lden  Tatars  of  Kasan  are  the  truest  representa¬ 
tives  of  the  Golden  Horde  or  Kipchaks, 
who  originally  formed  the  subjects  of  Batu  ana  Orda. 
Batu,  whose  victorious  campaign  in  Russia  has  already 
been  sketched,  was  finally  awarded  as  his  fief  the  vast 
steppes  which  stretch  from  the  Carpathian  Mountains 
to  tne  Balkash  Lake.  Over  these  vast  plains  the 
Mongols  followed  their  flocks  and  herds,  while  the 
more  settled  among  them  established  themselves  along 
the  banks  of  the  rivers  which  flow  through  that  region. 
Batu  himself  fixed  his  headquarters  on  the  Volga,  and 
there  set  up  his  Golden  Tent  from  which  the  horde 
acquired  the  name  of  the  Golden  Horde.  In  1255 
Batu  died  and  was  succeeded  by  his  brother  Bereke 
Khan.  During  the  reign  of  this  sovereign  the  exac¬ 
tions  which  were  demanded  from  the  Russian  Chris¬ 
tians  by  the  Mongols  aroused  the  Christian  world 
against  the  barbarian  conquerors,  and  at  the  command 
of  Pope  Alexander  IV.  a  general  crusade  was  preached 
against  them.  But  though  the  rage  of  the  Christians 
was  great,  they  lacked  that  united  energy  which  might 
have  availed  them  against  their  enemies ;  and,  while 
they  were  yet  breathing  out  denunciations  a  Tatar 
host,  led  by  Nogai  and  Tulabagha,  appeared  in  Poland. 
After  a  rapid  and  triumphant  march,  the  invaders 
took  and  destroyed  Cracow,  and  from  thence  advanced 
as  far  as  Bythom  in  Oppeln,  from  which  point  they 
eventually  retired,  carrying  with  them  a  crowd  of 
Christian  slaves.  From  this  time  the  Mongols  be¬ 
came  for  a  season  an  important  factor  in  European 
politics.  They  corresponded  and  treated  with  the 
European  sovereigns,  and  intermarried  with  royal 
families.  Hulagu,  the  famous  general,  married  a 
daughter  of  Michael  Palaeologus  ;  Toktu  Khan  took 
as  his  wife  Maria,  the  daughter  of  Andronicus  II.  ; 
and  to  Nogai  Michael  betrothed  his  daughter  Irene. 
But  Bereke’ s  influence  extended  beyond  Europe  into 
Egypt,  from  which  country,  as  well  as  from  Constan¬ 
tinople,  he  secured  the  services  of  artisans  to  build 
him  dwellings  of  a  more  substantial  nature  than  that 
of  his  Golden  Tent.  But  his  widely  extending  inter¬ 
course  with  foreign  nations  brought  in  its  train  a  con¬ 
sequence  which  tended  fatally  to  undermine,  the  exist¬ 
ence  of  the  horde.  His  conversion  to  Islam  introduced 
a  strongly  disintegrating  influence  into  the  community, 
and  with  it  were  sown  the  seeds  of  its  final  disruption. 
Bereke  was  succeeded  on  his  death  in  1265  by  his 
grandson  Mangu  Timur,  who  throughout  his  reign 
was  constantly  engaged  in  hostilities  with  the  Rus- 
sians  and  his  other  European  neighbors.  The  Gen¬ 
oese  alone  found  under  his  patronage  a  means  of 
advancing  their  possessions.  For  some  time  these 
people  had  held  large  colonies  in  Southern  Russia^  and 
in  the  Crimea  had  divided  the  trade  with  the  \  ene- 
tians.  By  the  support  of  Mangu  Timur  these  last 
were  driven  out  of  the  field,  and  the  Genoese  were  left 
in  the  enjoyment  of  a  monopoly  of  the  commerce. 
The  reigns  of  the  khans  who  succeeded  Mangu  Timur 
were  no  less  stormy  than  his  had  been;  but  even  in 
these  troublous  times  the  influences  which  surrounded 
the  Mongols  led  them  onward  in  the  path  of  civiliza¬ 
tion  Toktu,  the  next  khan  but  one  to  Mangu  Timur, 
is  the  first  Mongol  ruler  whom  we  hear  of  as  having 
struck  coins.  Those  issued  during  his  reign  bear  the 
mint  marks  of  Sarai,  New  Sarai,  Bulgar,  Ukek,  Kha 
rezm,  Krim,  Jull ad,  and  Madjarui,  and  vary  in  date 

from  1291  to  1312.  « 

The  adoption  of  Islam  by  the  rulers  of  the  Golden 
Horde  had  as  one  result  the  drawing  closer  of  the 
relations  of  the  Mongols  with  Constantinople  and 


~gypt.  Embassies  passed  between  the  three  courts, 
and  so  important  was  the  alliance  with  the  Mongols 
deemed  by  the  sultan  Nasir,  ruler  of  Egypt,  that  he 
sent  to  demand  in  marriage  a  princess  of  the  house  of 
Jenghiz  Khan.  At  first  his  request  was  refused  by 
the  proud  Mongols,  but  the  present  of  a  million  gold 
dinars,  besides  a  number  of  horses  and  suits  of  armor, 
changed  the  refusal  into  an  acquiescence,  and  in  Octo¬ 
ber,  1319,  the  princess  landed  at  Alexandria  in  regal 
state.  Her  reception  at  Cairo  was  accompanied  with 
feasting  and  rejoicing,  and  the  members  of  her  escort 
were  sent  back  laden  with  presents.  "With  that  relig¬ 
ious  toleration  common  to  his  race,  Uzbeg  Khan,  hay¬ 
ing  married  one  princess  to  Na§ir,  gave  another  in 
marriage  to  George  the  prince  of  Moscow,  whose  cause 
he  espoused  in  a  quarrel  existing  between  that  prince 


and  his  uncle,  the  grand-prince  Michael.  Assuming 
the  attitude  of  a  judge  in  the  dispute,  Uzbeg  Khan 
summoned  Michael  to  appear  before  him,  and,  haying 
given  his  decision  against  him,  ordered  his  execution. 
The  sentence  was  carried  out  with  aggravated  cruelty 
in  sight  of  his  nephew  and  accuser.  From  this  time 
Uzbeg’s  sympathies  turned  towards  Christianity.  He 
protected  the  Russian  churches  within  his  frontiers, 
and  put  his  seal  to  his  new  religious  views  by  marry¬ 
ing  a  daughter  of  the  Greek  emperor,  Andronicus  III. 
He  died  in  1340,  after  a  reign  of  twenty-eight  years. 
His  coins  were  struck  at  Sarai,  Kharezm,  Mokshi,  Bul- 

far,  Azak,  and  Krim,  and  are  dated  from  1313  to  1340. 

[is  son  and  successor,  Tinibeg  Khan,  after  a  reign  of 
only  a  few  months,  was  murdered  by  his  brother  Jani- 
beg  Khan,  who  unsurped  his  throne,  and  according  to 
the  historian  Ibn  Haiaar,  proved  himself  to  be  ‘‘just, 
God-fearing,  and  the  patron  of  the  meritorious/’ 
These  excellent  qualities  did  not,  however,  prevent  his 
making  a  raid  into  Poland,  which  was  conducted  in 
the  usual  Mongol  manner,  nor  did  they  save  his  coun¬ 
trymen  from  being  decimated  by  the  black  plague, 
which  for  the  first  time  in  1345  swept  over  Asia  and 
Europe,  from  the  confines  of  China  to  Paris  and  Lon¬ 
don.  With  all  their  love  of  war  the  Mongols  had  a 
keen  eye  to  monetary  advantage,  and  Janibeg,  who 
was  no  exception  to  the  rule,  concluded  treaties  with 
the  merchant-princes  of  Venice  and  Genoa,  in  which 
the  minute  acquaintance  displayed  with  shipping  dues 
and  custom  charges  shows  how  great  were  the  ad¬ 
vances  the  Mongols  had  made  in  their  knowledge  of 
European  commerce  since  the  days  of  Jenghiz  Khan. 
The  throne  Janibeg  had  seized  by  violence  was,  in 
1357.  snatched  from  him  by  violence.  As  he  lay  ill 
on  his  return  from  a  successful  expedition  against  Per¬ 
sia  he 'was  murdered  by  his  son  Berdibeg,  who  in  his 
turn  was,  after  a  short  reign,  murdered  by  his  son 
Kulpa.  With  the  death  of  Berdibeg  the  fortunes  of 
the  Golden  Horde  began  rapidly  to  decline.  As  the 
Uzbeg  proverb  says, — “The  hump  of  the  camel  was 
cut  off  m  the  person  of  Berdibeg.” 

But  while  the  power  of  the  Golden  Horde  was  dwin¬ 
dling  away,  the  white  Horde  or  Eastern  The  white 
Kipchak,  which  was  the  inheritance  of  the  Horde,  or 
elder  branch  of  the  family  of  Juchi,  re-  KipebJ? 

mained  prosperous  and  full  of  vitality.  The 

descendants  of  Oifla,  Batu’s  elder  brother,  being  far 
removed  from  the  dangerous  influences  of  European 
courts,  maintained  much  of  the  simplicity  and  vigor  of 
their  nomad  ancestors,  and  the  throne  descended  from 
father  to  son  with  undiminished  authority  until  the  reign 
of  Urns  Khan  (1360),  when  complications  arose  which 
changed  the  fortunes  of  the  tribe.  Like  many  other 
opponents  of  the  Mongol  rulers,  Khan  Tuli  Khoja 
paid  with  his  life  for  his  temerity  in  opposing  the  po¬ 
litical  schemes  of  his  connection  Urus  Khan.  Tokta- 
mish,  the  son  of  the  murdered  man,  fled  at  the  news 
of  his  father’s  death  and  sought  refuge  at  the  court  of 
the  famous  Timur-i-leng  (Tamerlane),  who  received 
him  with  honor  and  at  once  agreed  to  espouse  his 
cause.  With  this  intention  he  dispatched  a  force 
against  Urus  Khan,  and  gained  some  advantage  ov§y 
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him,  but,  while  fitting  out  another  army  to  make  a 
fresh  attack,  news  reached  him  of  the  death  of  Urus. 
Only  at  Sighnak  are  coins  known  to  have  been  struck 
during  the  reign  of  Urus,  and  these  bear  date  from 
1372  to  1375. 

He  was  followed  on  the  throne  by  his  two  sons,  Tuk- 
Toktamish  ta^a  an(i  Timur  Malik,  each  in  turn  ;  the 
first  reigned  but  for  a  few  weeks,  and  the 
second  was  killed  in  a  battle  against  Toktamish,  the 
son  of  his  father’s  enemy.  Toktamish  now  seized  the 
throne,  not  only  of  Eastern  Kipcliak  but  also  of  the 
Golden  Horde,  over  which  his  arms  had  at  the  same 
time  proved  victorious.  His  demands  for  tribute  from 
the  Russian  princes  met  with  evasions  from  men  who 
had  grown  accustomed  to  the  diminished  power  of  the 
later  rulers  of  the  Golden  Horde,  and  Toktamish 
therefore  at  once  marched  an  army  into  Russia.  Hav¬ 
ing  captured  Serpukhoff,  he  advanced  on  Moscow. 
On  the  23d.  August,  1382,  his  troops  appeared  before 
the  doomed  city.  For  some  days  the  inhabitants 
bravely  withstood  the  constant  attacks  on  the  walls, 
but  failed  in  their  resistance  to  the  stratagems  which 
were  so  common  a  phase  in  Mongolian  warfare,  with 
astonishing  credulity  they  opened  the  gates  to  the 
Mongols,  who  declared  themselves  the  enemies  of  the 
grand-prince  alone,  and  not  of  the  people.  The  usual 
result  followed.  The  Russian  general,  who  was  invited 
to  Toktamish’s  tent,  was  there  slain,  and  at  the  same 
time  the  signal  was  given  for  a  general  slaughter. 
Without  discriminating  age  or  sex,  the  Mongol  troops 
butchered  the  wretched  inhabitants  without  mercy, 
and,  having  made  the  streets  desolate  and  the  houses 
tenantless,  they  first  plundered  the  city  and  then  gave 
it  over  to  the  flames.  The  same  pitiless  fate  overtook 
Vladimir,  Zvenigorod,  Yurieff,  Mozhaisk,  and  Dimi- 
troff.  With  better  fortune,  the  inhabitants  of  Per- 
eslavl  and  Kolomna  escaped  with  their  lives  from 
the  troops  of  Toktamish,  but  at  the  expense  of  their 
cities,  which  were  burned  to  the  ground.  Satisfied 
with  his  conquests,  the  khan  returned  homewards, 
traversing  and  plundering  the  principality  of  Riazan 
on  his  way.  Flushed  with  success,  Toktamish  de¬ 
manded  from  his  patron  Timur  the  restoration  of  Kha- 
rezm,  which  had  fallen  into  the  hands  of  the  latter  at 
a  period  when  disorder  reigned  in  the  Golden  Horde. 
Such  a  request  was  not  likely  to  be  well  received  by 
Timur,  and,  in  answer  to  his  positive  refusal  to  yield 
the  city,  Toktamish  marched  an  army  of  90,000  men 
against  Tabriz.  After  a  siege  of  eight  days  the  city 
was  taken  by  assault  and  ruthlessly  ravaged.  Mean¬ 
while  Timur  was  collecting  forces  to  punish  his  rebel¬ 
lious  protdge.  When  his  plans  were  fully  matured, 
he  advanced  upon  Old  Urgenj  and  captured  it.  More 
merciful  than  Toktamish,  he  transported  the  inhabi¬ 
tants  to  Samarkand,  but  in  order  to  mark  his  anger 
against  the  rebellious  city  he  levelled  it  with  the  ground 
and  sowed  barley  on  the  site  where  it  had  stood. 
On  the  banks  of  the  Oxus  he  encountered  his  enemy, 
and  after  a  bloody  battle  completely  routed  the  Kip- 
chaks,  who  fled  in  confusion.  A  lull  followed  this  vic¬ 
tory,  but  in  1390  Timur  again  took  the  field.  To  each 
man  was  given  “a  bow,  with  thirty  arrows,  a  quiver, 
and  a  buckler.  The  army  was  mounted,  and  a  spare 
horse  was  supplied  to  every  two  men,  while  a  tent  was 
furnished  for  every  ten,  and  with  this  were  two  spades, 
a  pickaxe,  a  sickle,  a  saw,  an  axe,  an  awl,  a  hundred 
needles,  8£  lb  of  cord,  an  ox’s  hide,  and  a  strong  pan.” 
Thus  equipped  the  army  set  forth  on  its  march.  After 
a  considerable  delay  owing  to  an  illness  which  over¬ 
took  Timur,  his  troops  arrived  at  Kara  Saman.  Here 
envoys  arrived  from  Toktamish  bearing  presents  and  a 
message  asking  pardon  for  his  past  conduct ;  but  Timur 
was  inexorable,  and  though  he  treated  the  messengers 
with  consideration,  he  paid  no  attention  to  their  prayer. 
In  face  of  innumerable  difficulties,  as  well  as  of  cold,  hun¬ 
ger,  and  weariness,  Timur  marched  forward  month  after 
month  through  the  Kipchak  country  in  pursuit  of  Tok¬ 
tamish.  At  last,  on  the  18th  of  June,  he  overtook  him  at 


Kandurcha,  in  the  country  of  the  Bulgars,  and  at  once 
forced  him  to  an  engagement.  For  three  days  the  battle 
lasted,  and  after  inclining  now  to  this  side  and  now  to 
that  victory  finally  decided  in  favor  of  Timur.  The 
Kipchaks  were  completely  routed  and  fled  in  all  direc¬ 
tions,  while  it  is  said  as  many  as  100,000  corpses  testi¬ 
fied  to  the  severity  of  the  fighting.  Timur  pursued 
his  flying  enemy  as  far  as  the  Volga,  slaughtering  all 
who  fell  into  his  hands,  and  ravaged  and  destroyed  the 
towns  of  Sarai,  Saraichuk,  and  Astrakhan.  Having 
inflicted  this  terrible  blow  on  the  Golden  Horde,  Timur 
distributed  rewards  to  his  chieftains,  and  presided  at  a 
series  of  banquets  in  celebration  of  his  victory.  These 
rejoicings  over,  he  returned  to  Samarkand  laden  with 
spoils  and  trophies.  But  Toktamish,  though  defeated, 
was  not  subdued,  and  in  1395  Timur  found  it  necessary 
again  to  undertake  a  campaign  against  him.  This  time 
the  armies  met  upon  the  Terek,  and  after  a  fiercely- 
contested  battle  the  Kipchaks  again  fled  in  confusion. 
When  the  victory  was  gained,  Timur,  we  are  told, 
knelt  down  on  the  field  and  returned  thanks  to  Heaven 
for  his  success.  The  pursuit  along  the  Volga  was  vig¬ 
orously  undertaken,  and  the  slaughter  among  the  fu- 
itives  was  terrible.  The  hurried  advance  of  Timur’s 
orsemen  threw  the  Russians  into  a  state  of  wild 
alarm,  and  the  grand-prince  of  Moscow  ordered  that 
an  ancient  image  of  the  Virgin  which  was  believed  to 
possess  miraculous  power  should  be  taken  to' Moscow 
to  save  that  city  from  the  destroyer.  Success  appeared 
to  attend  this  measure,  for  Timur,  threatened  by  the 
advancing  autumn,  gave  up  all  further  pursuit,  and 
retired  with  a  vast  booty  of  gold  ingots,  silver  bars, 
pieces  of  Antioch  linen  and  of  the  embroided  cloth  of 
Russia,  etc.  On  his  homeward  march  southwards  he 
arrived  before  Azak,  which  was  then  the  entrepot 
where  the  merchants  of  the  east  and  west  exchanged 
their  wares.  In  vain  the  natives,  with  the  Egyptian, 
Venetian,  Genoese,  Catalan,  and  Basque  inhabitants, 
besought  him  to  spare  the  city.  His  answer  was  a 
command  to  the  Moslems  to  separate  themselves  from 
the  rest  of  the  people,  whom  he  put  to  the  sword,  and 
then  gave  the  city  over  to  the  flames.  Circassia  and 
Georgia  next  felt  his  iron  heel,  and  the  fastnesses  of 
the  Central  Caucasus  were  one  and  all  destroyed. 
After  these  successes  Timur  gave  himself  up  for  a  time 
to  feasting  and  rejoicing,  accompanied  by  every  mani¬ 
festation  of  Oriental  luxury.  u  His  tent  of  audience 
was  hung  with  silk,  its  poles  were  golden,  or  probably 
covered  with  golden  plates,  the  nails  being  silver  ;  his 
throne  was  of  gold,  enriched  with  precious  stones;  the 
floor  was  sprinkled  with  rose  water.”  But  his  ven¬ 
geance  was  not  satisfied,  and,  having  refreshed  his 
troops  by  this  halt,  he  marched  northwards  against  As¬ 
trakhan,  which  he  utterly  destroyed.  The  inhabitants 
were  driven  out  into  the  country  to  perish  with  the 
cold,  while  the  commander  of  the  city  was  killed  by 
being  forced  beneath  the  ice  of  the  V olga.  Sarai  next 
shared  the  same  fate,  and  Timur,  having  thus  crushed 
for  the  second  time  the  empire  of  Toktamish,  set  out 
on  his  return  home  by  way  of  Derbend  and  Azerbijan. 
The  defeated  khan  succeeded  shortly  afterwards  in 
recapturing  Sarai-  but,  being  again  driven  out,  he 
retired  in  1398  to  Kieff,  a  fugitive  from  his  kingdom. 
During  his  reign,  which  lasted  for  twenty-four  years, 
he  struck  coins  at  Kharezm,  Krim,  New  Krim,  Azak, 
Sarai,  New  Sarai,  Saraichuk,  and  Astrakhan.  The 
power  in  the  hands  of  the  successors  of  Toktamish 
never  revived  after  the  last  campaign  of  Timur.  They 
were  constantly  engaged  in  wars  with  the  Russians  and 
the  Krim  Tatars,  with  whom  the  Russians  had  allied 
themselves,  and  by  degrees  their  empire  decayed,  until, 
on  the  seizure  and  death  of  Ahmed  Khan  at  the  be¬ 
ginning  of  the  16th  century,  the  domination  of  the 
Golden  Horde  came  to  an  end. 

One  solitary  fragment  of  the  Golden  Horde,  the 
khanate  of  Astrakhan,  maintained  for  a  time  an  exist¬ 
ence  after  the  fall  of  the  central  power.  But  even  this 
last  remnant  ceased  to  be  a  Mongol  apanage  in  1554, 


MONGOLS. 


775 


when  it  was  captured  by  the  Russians  and  converted 
into  a  Russian  province.  The  fate  which  thus  overtook 
the  Golden  Horde  was  destined  to  be  shared  by  all  the 
western  branches  of  the  great  Mongol  family.  The 
khans  of  Kasan  and  Kasimoff  had  already  in  1552 
succumbed  to  the  growing  power  of  Russia,  and  the 
Krim  Tatars  were  next  to  fall  under  the 
Tatars^  same  yoke-  the  15th  century,  when  the 
Krim  Tatars  first  appear  as  an  independent 
power,  they  attempted  to  strengthen  their  position  by 
allying  themselves  with  the  Russians,  to  whom  they 
looked  for  help  against  the  attacks  ol  the  Golden 
Horde.  But  while  they  were  in  this  state  of  depend¬ 
ence  another  power  arose  in  Eastern  Asia  which  modified 
the  political  events  of  that  region.  In  1453  Constanti¬ 
nople  was  taken  by  the  Osmanli  Turks,  who,  having 
quarrelled  with  the  Genoese  merchants  who  monopo¬ 
lized  the  trade  on  the  Euxine,  sent  an  expedition  into 
the  Crimea  to  punish  the  presumptuous  traders.  The 
power  which  had  captured  Constantinople  was  not 
likely  to  be  held  in  check  by  any  forces  at  the  disposal 
of  the  Genoese,  and  without  any  serious  opposition 
KAffa,  Sudak,  Balaclava,  and  Inkerman  fell  before 
the  troops  of  the  sultan  Mohammed.  It  was  plain 
that,  situated  as  the  Crimea  was  between  the  two  grea,t 
powers  of  Russia  and  Turkey,  it  must  of  necessity  fall 
under  the  direction  of  one  of  them.  Which  it  should 
be  was  decided  by  the  invasion  of  the  Turks,  who  re¬ 
stored  Mengli  Girai,  the  deposed  khan,  to  the  throne, 
and  virtually  converted  the  khanate  into  a  dependency 
of  Constantinople.  But  though  under  the  tutelage  ot 
Turkey,  Mengli  Girai,  whose  leading  policy  seems  to 
have  been  the  desire  to  strengthen  himself  against  the 
khans  of  the  Golden  Horde,  formed  a  close  alliance 
with  the  grand-prince  Ivan  of  Russia.  One  result  of 
this  friendship  was  that  the  Mongols  were  enabled,  and 
encouraged,  to  indulge  their  predatory  habits  at  the 
expense  of  the  enemies  of  Russia,  and  in  this  way  both 
Lithuania  and  Poland  suffered  terribly  from  their  in¬ 
cursions.  It  was  destined,  however,  that  in  their  turn 
the  Russians  should  not  escape  from  the  marauding 
tendencies  of  their  allies,  for,  on  pretext  of  a  quarrel 
with  reference  to  the  succession  to  the  Kasan  throne, 
Mohammed  Girai  Khan  in  1521  marched  an  army 
northwards  until,  after  having  devastated  the  country, 
massacred  the  people,  and  desecrated  the  churches  on 
his  route,  he  arrived  at  the  heights  of  Vorobieff  over¬ 
looking  Moscow.  The  terror  of  the  unfortunate  in¬ 
habitants  at  the  sight  once  again  of  the  dreaded  Mon¬ 
gols  was  extreme ;  but  the  horrors  which  had  accompa¬ 
nied  similar  past  visitations  were  happily  averted  by  a 
treaty,  by  which  the  grand-prince  Vasili  undertook  to 
pay  a  perpetual  tribute  to  the  Krim  khans.  -Lkis, 
however,  proved  but  a  truce.  It  was  impossible  that 
an  aggressive  state  like  Russia  should  live  in  friend¬ 
ship  with  a  marauding  power  like  that  of  the  Krim 
Tatars.  The  primary  cause  of  contention  was  the 
khanate  of  Kasan,  which  was  recovered  by  the  Mon¬ 
gols,  and  lost  again  to  Russia  with  that  of  Astrakhan 
in  1555.  The  sultan,  however,  declined  to  accept  this 
condition  of  things  as  final,  and  instigated  Devlet  Girai, 
the  Krim  khan,  to  attempt  their  recovery.  With  this 
obiect  the  latter  marched  an  army  northwards,  where, 
finding  the  road  to  Moscow  unprotected,  he  pushed  on 
in  the  direction  of  that  ill-starred  city.  On  arriving 
before  its  walls  he  found  a  large  Russian  force  occupy¬ 
ing  vhe  suburbs.  With  these,  however  he  was  saved 
from  an  encounter,  for  just  as  his  foremost  men 
approached  the  town  a  fire  broke  out,  which  in  conse¬ 
quence  of  the  high  wind  blowing  at  the  time, 
spread  with  frightful  rapidity  and  in  the  space 
o?  six  hours  destroyed  all  the  churches,  palaces  and 
houses,  with  the  exception  of  the  Kremhn,  within  a 
compass  of  30  miles.  Thousands  of  the  inhabitants 
perished  in  the  flames.  “  The  river  and  ditches  .bout 
Moscow,”  says  Horsey,  ‘were  stopped  and  filled  with 
the  multitudes  of  people  laden  with  gold,  silver, jew¬ 
els,  chains,  ear-rings,  and  treasures.  So  many  thou 


sands  were  there  burned  and  drowned  that  the  nver 
could  not  be  cleaned  for  twelve  months  afterwards. 
Satisfied  with  the  destruction  he  had  indirectly  caused, 
and  unwilling  to  attack  the  Kremlin,  the  khan  with¬ 
drew  to  the  Crimea,  ravaging  the  country  as  he  went. 
Another  invasion  of  Russia,  a  few  years  later  (1572), 
was  not  so  fortunate  for  the  Mongols,  who  suffered  a 
severe  defeat  near  Molody,  50  versts  from  Moscow.  A 
campaign  against  Persia  made  a  diversion  in  the  ware 
which  were  constantly  waged  between  the  Krim  khan 
and  the  Russians,  Cossacks,  and  Poles.  So  hardly 
were  these  last  pressed  by  their  pertinacious  enemies 
in  1649  that  they  bound  themselves  by  treaty  to  pay 
an  annual  subsidy  to  the  khan.  But  the  fortunes  of 
war  were  not  always  on  the  side  of  the  Tatars,  and  with 
the  advent  of  Peter  the  Great  to  the  Russian  throne 
the  power  of  the  Krim  Mongols  began  to  decline.  In 
1696  the  czar,  supported  by  a  large  Cossack  force  under 
Mazeppa,  took  the  field  against  Selim  Girai  Khan, 
and  gained  such  successes  that  the  latter  was  compelled 
to  cede  Azoff  to  him.  By  a  turn  of  the  wheel  of  for¬ 
tune  the  khan  had  the  satisfaction  in  1710  of  having  it 
restored  to  him  by  treaty ;  but  this  was  the  last  real 
success  that  attended  the  Tatar  arms.  In  1735  the 
Russians  in  their  turn  invaded  the  Crimea,  captured 
the  celebrated  lines  of  Perekop,  and  ravaged  Baghchi 
Serai,  the  capital.  The  inevitable  fate  which  was 
hanging  over  the  Krim  Tatars  was  now  being  rapidly 
accomplished.  In  1783  the  Krim,  together  with  the 
eastern  portion  of  the  land  of  the  Nogais,  became  ab¬ 
sorbed  into  the  Russian  province  of  Taurida. 

Another  branch  of  the  Mongol  family  which  re¬ 
quires  mention  is  that  of  the  Kazaks  (see  Kirghiz, 
vol.  xiv.  pp.  97,  98),  whose  ancient  capital  was  Sigh- 
nak,  which,  as  we  have  seen,  passed  into  the  hands  of 
the  great  Timur.  It  will  now  only  be  necessary  to  refer 
briefly  to  the  Uzbegs,  who,  on  the  destruction  of  the 
Golden  Horde,  assumed  an  important  position  on  the 
east  of  the  Caspian  Sea.  The  founder  of  their  greatness 
was  the  khan  Abulkhair,  who  reigned  in  the  15th  cen¬ 
tury,  and  who,  like  another  Jenghiz  Khan,  consolidated 
a  power  out  of  a  number  of  small  clans, _  and.  added  lustre 
to  it  by  his  successful  wars.  Sheibani  Khan,  his 
Tandson,  proved  himself  a  worthy  successor,  and  a 
loughty  antagonist  of  the  great  Moghul  emperor 
Baber.  In  1500  he  inflicted  a  severe  defeat  on  Baber  s 
forces,  and  captured  Samarkand,  Herat,  and  Kanda¬ 
har.  By  these  and  other  conquests  he  became  pos- 
sessed  of  all  the  country  between  the  Oxus  and  the 
Jaxartes,  of  Ferghana,  Kharezm,  and  Hissar,  as  well 
as  of  the  territory  of  Tashkend  from  Kashgar  to  the 
frontiers  of  China.  In  the  following  year,  by  a  dash¬ 
ing  exploit,  Baber  recovered  Samarkand,  but  only  to 
lose  it  again  a  few  months  later.  During  several  suc¬ 
ceeding  years  Sheibani’ s  arms  proved  victorious  m 
many  fields  of  battle,  and  but  for  an  indiscreet  outrage 
on  the  territories  of  the  shah  of  Persia  he  might  have 
left  behind  him  a  powerful  empire.  The  anger,  how¬ 
ever  of  Shah  Ismael  roused  against  him  a  force  be¬ 
fore  which  he  was  destined  to  Tall.  The  two  armies 
met  in  the  neighborhood  of  Merv,  where,  after  a  des¬ 
perate  encounter,  the  Uzbegs  were  completely  de¬ 
feated.  Sheibani,  with  a  few  followers,  sought  refuge 
in  a  cattle-pound.  But,  finding  no  exit  on  the  farther 
side,  the  refugees  tried  to  leap  their  horses  over  the 
wall.  In  this  attempt  Sheibani  was  killed.  When 
his  body  was  recognized  by  his  exultant  enemies  they 
cut  off  the  head  and  presented  it  to  the  shah,  who 
caused  the  skull  to  be  mounted  in  gold  and  to  be  con¬ 
verted  into  a  drinking-cup.  After  this  defeat  the  Uz¬ 
begs  withdrew  across  the  Oxus  and  abandoned  JVhorA- 
s&n.  Farther  east  the  news  aroused  Baber  to  renewed 
activity,  and  before  long  he  reoccupied  Samarkand  and 
the  province  “Beyond  the  River,’  which  had  been 
dominated  by  the  Uzbegs  for  nine  years.  But  though 
the  Uzbegs  were  defeated,  they  were  by  no  means 
crushed,  and  ere  long  we  find  their  khans  reigning, 
now  at  Samarkand,  and  now  at  Bokhara.  As  time  ad- 
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vanced  and  European  powers  began  to  encroach  more 
and  more  into  Asia,  the  history  of  the  khanates  ceases 
to  be  confined  to  the  internecine  struggles  of  rival 
khans.  Even  Bokhara  was  not  beyond  the  reach  of 
Russian  ambition  and  English  diplomacy.  Several 
European  envoys  found  their  way  thither  during  the 
first  half  of  the  present  century,  and  the  murder  of 
Stoddart  and  Connolly  in  1842  forms  a  melancholy 

fisode  in  British  relations  with  that  fanatical  capital. 

ith  the  absorption  of  the  khanate  of  Bokhara  and 
the  capture  of  Khiva  by  the  Russians  the  individual 
history  of  the  Mongol  tribes  in  Central  Asia  comes  to 
an  end,  and  their  name  has  left  its  imprint  only  on  the 
dreary  stretch  of  Chinese-owned  country  from  Man¬ 
churia  to  the  AJtai  Mountains,  and  to  the  equally  un¬ 
attractive  country  in  the  neighborhood  of  the  ttoko- 
nor.  (r.  k.  d.) 

Language  and  Literature. — The  Mongol  tongue  is  a  mem¬ 
ber  of  the  great  stock  which  recent  scholars  designate  as 
Finno-Tataric  or  Ural-Altaic,  which  comprehends  also  the 
languages  of  the  Tungoos  (Manchu),  Turko-Tatars,  Finns, 
and  Samoyeds.  The  members  of  this  group  are  not  so 
closely  related  to  one  another  as  those  of  the  Indo-European 
stock ;  but  they  are  all  bound  together  by  the  common  prin¬ 
ciple  of  agglutinative  formation,  especially  the  so-called 
harmony  of  vowels,  by  their  grammatical  structure,  and 
also  by  certain  common  elements  in  the  stock  of  roots  which 
run  through  them  all,  ®r  through  particular  more  closely- 
eonnected  families  within  the  group.1 

The  fatherland  proper  of  the  Mongols  is  the  so-called 
Mongolia.  It  stretches  from  Siberia  in  the  north  towards 
the  Great  Wall  of  China  in  the  south,  from  Dauria  and 
Manchuria  in  the  east  to  the  Altai  and  the  sources  of  the 
Irtish,  Thian-shan  {i.e.,  heaven  mountains),  and  East  Turke¬ 
stan  in  the  west.  In  the  centre  of  this  country  is  the  desert 
of  Gobi  (Chinese  Sha-mo,  i.e.,  sand-sea).  The  Mongolian 
population,  however,  extends  in  the  south  over  the  Great 
Wall  to  the  basin  of  the  Koko-n5r  (blue  lake)  and  thence 
extends  due  west  over  Tangut  and  the  northern  border  of 
Tibet.  Crossing  the  political  frontier,  we  find  Mongols  in 
the  Eussian  province  Turkestan,  in  the  territories  of  Semir- 
yetshensk  (land  of  the  seven  streams),  Alatau,  and  Serni- 
palatinsk .  in  the  west,  in  the  south  of  the  province  of 
Tomsk,  with  a,  more  populous  region  due  north  in  Siberia, 
round  the  Baikal  Lake.  The  country  north  of  the  Gobi, 
from  the  Altai,  Tangnu,  and  the  Saian  mountains  in  the 
west  to  Manchuria  in  the  east,  is  called  Khalkha,  with  the 
chief  districts  Urga  (Kiire),  Uliassutai,  Khobdo  (Kobdo). 
In  a  northwesterly  direction  from  Gobi,  between  Thian- 
shan  and  the  Altai,  is  Sungaria.  The  sum  total  of  the  Mon¬ 
gol  population  under  Chinese  government  is  calculated  at 
between  two  and  three  millions. 

Generally  the  whole  Mongol  tribe  may  be  divided  into 
three  branches  :  East  Mongols,  West  Mongols,  and  Buriats. 

(1)  The  East  Mongols  are  divided  into  the  Khalkhas  in 
the  borders  just  mentioned,  the  Shara  Mongols  south  of  the 
Gobi  along  the  Great  Wall  northeastward  to  Manchuria, 
and  lastly  the  Shiraigol  or  Sharaigol  in  Tangut  and  in 
Northern  Tibet. 

(2)  On  the  signification  and  employment  of  the  different 
names  of  the  West  Mongols  (Kalmuks,  Oelod,  Oirad  or  Dor- 
bon  Oirad  =  the  four  Oirad,  Mongol  Oirad),  and  also  as  re¬ 
gards  the  subdivision  of  the  tribes,  there  is  much  uncer¬ 
tainty.  The  name  Kalmuk,  so  generally  employed  among 
us,  is  in  fact  only  used  by  the  Volga  Kalmuks  (Khalimak), 
but  even  with  them  the  name  is  not  common,  and  almost 
a  byname.  It  is  of  foreign  origin,  and  most  likely  a  Tata- 
ric  word  which  has  yet  to  be  explained.  Oirad  means 
the  “near  ones,”  the  “related.”  The  usual  explanation 
given  is  that  the  single  tribes  consider  themselves  as 
being  related  to  each  other, — hence  Mongol  Oirad,  “  the 
Mongol  related  tribe.”  This  is  the  favorite  name  among 
Kalmuks.  Dorbon  Oirad,  or  the  four  related  tribes, 
comprise  (1)  Sungars,  (2)  Torgod,  (3)  Khoshod,  (4)  Dorbod. 
The  signification  of  the  name  Oelod,  in  the  East  Mongolian 
Oegeled,  now  the  most  widely  spread  among  the  tribes  liv¬ 
ing  in  China,  is  likewise  very  doubtful.  Some  assert  that 
“Oelod  ”  is  nothing  but  the  Chinese  transcription  of  Oirad,  as 
the  ordinary  Chinese  language  does  not  possess  the  sound  r. 
We  have,  however,  to  bear  in  mind  that  we  have  a  Mongo¬ 
lian  root  ogelckii,  with  the  sense  “  to  be  inimical,”  “  to  bear 
hatred,  ill-will,”  etc.  The  main  population  of  the  Kalmuks 

'Compare  W.  Schott,  Versuch  iiber  die  tatarischen  Sprachen  (Berl., 
1836),  Ueber  das  altaVsche  Oder  fimiisch-tatarische  SprachengeschJcch t 
(Ben-,  1849),  Altajische  Studien.  Parts  i.— v.  (Berl,,  1860-1870) ;  and 
A- CastrOn,  Ethnologmhe  Vorlesungen  uber  die  Altai' schen  Volker ; 
edited  by  A.  Schiefner  (Ptterob.,  1857). 


live,  or  rather  drag  out,  their  existence  after  the  usual 
fashion  of  nomad  tribes  in  Sungaria,  in  the  eastern  part  of  the 
Thian-shan,  on  the  south  border  of  the  Gobi,  on  Koko-nor, 
and  in  the  province  of  Kan-suh.  All  these  are  under  the 
Chinese  government.  In  consequence,  however,  of  the  ex¬ 
tension  of  the  Eussian  empire  in  Thian-shan  and  Alatau, 
many  hordes  have  come  under  the  Eussian  sway.  Accord¬ 
ing  to  an  approximate  account  we  may  reckon  in  the  terri¬ 
tory  Semiryetshensk  (Kuldja)  and  Semipalatinsk  34,000 
Kalmuks,  while  in  the  southern  part  of  the  government 
Tomsk,  on  the  Altai,  the  Kalmuk  population  amounted  for¬ 
merly  to  19,000.  Besides  these  we  find  a  section  of  Kalmuk 
population  far  in  the  west,  on  the  banks  of  the  Volga  (near 
Astrakhan).  From  their  original  seats  in  Sungaria  they 
turned  in  their  migrations  to  the  north,  crossed  the  steppe 
of  the  Kirghiz,  and  thus  gradually  reached  the  Emba  and 
the  Or.  Between  these  two  rivers  and  the  Ural  the  Torgod 
settled  in  1616  ;  thence  they  crossed  the  Volga  in  1650,  and 
took  possession  of  the  now  so-called  steppe  of  the  Kalmuks, 
being  followed  in  1673  by  the  Dorbod,  and  in  1675  by  the 
Khoshod.  In  1771  a  considerable  number  returned  to  the 
Chinese  empire.  At  the  present  time  there  is  a  not  unim¬ 
portant  population  in  the  so-called  steppe  of  the  Kalmuks, 
which  extends  between  the  Caspian  and  the  Volga  in  the 
east  and  the  Don  in  the  west,  and  from  the  town  of  Sarepta 
in  the  north  to  the  Kuma  and  the  Manytch  in  the  south. 
According  to  modern  statistical  accounts,  this  population 
amounts  to  75,630.  To  these  we  have  to  add  24,603  more 
on  the  borders  of  the  Cossacks  of  the  Don,  and  lastly  7298 
in  the  bordering  provinces  of  Orenburg  and  Sara  toff.'  The 
sum  total  of  the  so-called  Volga  Kalmuks  is  therefore 
107,531. 

(3)  In  the  southern  part  of  the  Eussian  province  of 
Irkutsk,  in  a  wide  circle  round  the  Baikal  Lake,  lies  the 
heirdom  proper  of  the  Buriats,  which  they  also  call  the 
“Holy  Sea;”  the  country  east  of  the  lake  is  commonly 
called  Transbaikalia.  Their  country  practically  extends 
from  the  Chinese  frontier  on  the  south  within  almost  par¬ 
allel  lines  to  the  north,  to  the  town  Kirensk  on  the  Lena, 
and  from  the  Onon  in  the  east  to  the  Oka,  a  tributary  of 
the  Angara,  in  the  west,  and  still  farther  west  towards 
Nijni-Udinsk.  They  are  most  numerous  beyond  the  Baikal 
Lake,  in  the  valleys  along  the  Uda,  the  Onon,  and  the  Se¬ 
lenga,  and  in  Nertchinsk.  These  Trans-Baikalian  Buriats 
came  to  these  parts  only  towards  the  end  of  the  17th  century 
from  the  Khalkhas.  While  Mongols  and  Kalmuks  gener¬ 
ally  continue  to  live  after  the  usual  fashion  of  nomads,  we 
find  here  agricultural  pursuits,  most  likely,  however,  due 
mainly  to  Eussian  influence.  Christianity  is  also  making 
its  way.  The  sum  total  of  the  Buriats  amounts  at  present 
to  about  250,000. 

Another  tribe  separated  from  the  rest  of  the  Mongols  is 
the  so-called  Hazdra  (the  thousand),  and  the  four  Aimak 
(i.e.,  tribes),  who  wander  about  as  herdsmen  in  Afghanistan, 
between  Herat  and  Kabul.  In  external  characteristics  they 
are  Mongols,  and  in  all  probability  they  are  the  remains 
of  a  tribe  from  the  time  of  the  Mongol  dynasty.  Their 
language,  which  shows,  of  course,  Persian  influence,  is 
strictly  Mongolian,  more  particularly  West  Mongolian  or 
Kalmuk,  as  has  been  proved  by  H.  C.  von  der  Gabelentz.2 

Agreeably  with  this  threefold  division  of  the  Mongols  we 
have  also  a  threefold  division  of  their  respective  languages : 
(1)  East  Mongolian  or  Mongolian  proper,  (2)  West  Mon¬ 
golian  or  Kalmuk,  (3)  Buriatic. 

The  dialects  just  mentioned  are  found  to  be  in  close  rela¬ 
tion  to  each  other  when  we  examine  their  roots,  inflections, 
and  grammatical  structure.  The  difference  between  them 
is  indeed  so  slight  that  whoever  understands  one  of  them 
understands  all.  Phonetically  a  characteristic  of  them  all 
is  the  “  harmouy  of  vowels,”  which  are  divided  into  two 
chief  classes  :  the  hard  a,  o,  u;  and  the  soft  e,o,u\  between 
which  i  is  in  the  middle.  All  vowels  of  the  same  word 
must  necessarily  belong  to  the  same  class,  so  that  the  nature 
of  the  first  or  root-vowel  determines  the  nature  of  the  other 
or  inflection -vowels ;  now  and  then,  a  sort  of  retrogressive 
harmony  takes  place,  so  that  a  later  vowel  determines  the 
nature  of  the  former.  The  consonants  preceding  the  vowels 
are  equally  under  their  influence. 

The  Mongolian  characters,  which  in  a  slightly  altered 
form  are  also  in  use  among  the  Manchus,  are  written  per¬ 
pendicularly  from  above  downward,  and  the  lines  follow 
Irorn  left  to  right,  the  alphabet  having  signs  for  seven 
vowels  a,  e,  i.  o,  u,  o,  it,.  and  diphthongs  derived  from  them 
ao,  at,  ei,  li,  oi,  ui,  oi,  Hi,  and  for  seventeen  consonants  n,  b, 
kh,  gh,  k,  g,  m,  l,  r  (never  initial),  t,  d,  y,  s  ( ds ),  ts,  ss,  sh,  w. 
All  these  are  modified  in  shape  according  to  their  position, 
in  the  beginning,  middle,  or  end  of  a  word,  and  also  by 

•  *  £ee  “  Ueber  die  Sprache  der  HazAras  und  Aimaks,” 

m  the  Zeitschrijt  der  deutschen  morgenldndischen  Qescllschaft,  vol. 
xx.  pp.  326-335, 
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certain  orthographic  rules.  In  Mongolian  and  Manchu 
writing  the  syllable  ( i.e .,  the  consonant  together  with  the 
vowel)  is  considered  as  a  unit,  in  other  words,  a  syllabarium 
rather  than  an  alphabet.  The  existing  characters  are  lineal 
descendants  of  the  original  Uigurian  forms,  which  were 
themselves  derived  from  the  Syriac,  having  been  brought 
to  the  Uigurs  by  Nestorian  missionaries.  An  Indian  and 
Tibetan  influence  may  also  be  noticed,  while  the  arrange¬ 
ment  of  the  characters  in  perpendicular  lines  is  common  to 
the  Chinese.  The  writing  was  brought  into  its  present 
shape  by  the  learned  Lamas  Saskya  Pandita,  Phags-pa 
Lama,  and  Tshoitshi  Odser  in  the  13th  century,1  but  is  ex¬ 
ceedingly  imperfect.  To  express  the  frequently-occurring 
letters  borrowed  from  Sanskrit  and  Tibetan,  which  are 
wanting  in  the  Mongol  alphabet,  a  special  alphabet  called 
Galik  is  employed.  Every  one  who  has  tried  to  read  Mon¬ 
golian  knows  how  many  difficulties  have  to  be  overcome, 
arising  from  the  ambiguity  of  certain  letters,  or  from  the 
fact  that  the  same  sign  is  to  be  pronounced  differently  ac¬ 
cording  to  its  position  in  the  word.  Thus,  there  are  no 
means  for  distinguishing  the  o  and  u,  6  and  u,  the  conso¬ 
nants  g  and  k,  t  and  d,  y  and  s  ( ds ).  A  and  e,  o  ( u )  and  o  (it), 
a  (e)  and  n,  g  and  kh,  t  (d)  and  on,  are  liable  to  be  mistaken 
for  each  other.  Other  changes  will  be  noticed  and  avoided 
by  advanced  students.  It  is  a  great  defect  that  such  com¬ 
mon  words  as  ada  (a  fury)  and  ende  (here),  ende  (here)  and 
nada  (me),  aldan  (fathom)  and  alt  an  (gold),  ordu  (court-resi¬ 
dence)  and  urta  (long),  onokhu  (to  seize)  and  unukhu  (to  ride), 
tere  (this)  and  dere  (pillow),  gebe  (said)  and  kebe  (made),  gem 
(evil)  and  kem  (measure),  ger  (house)  and  ker  (how),  naran 
(sun)  and  nere  (name),  yagon  (what)  and  dsagon  (hundred), 
should  be  written  exactly  alike.  This  list  might  be  largely 
increased.  These  defects  apply  equally  to  the  Mongolian 
and  Buriatic  alphabets. 

In  1648  the  Saya  Pandita  composed  a  new  alphabet  (the 
Kalmuk),  in  which  these  ambiguities  are  avoided,  though 
the  graphic  differences  between  the  two  alphabets  are  only 
slight.  The  Kalmuk  alphabet  avoids  the  angular  and 
clumsy  shapes  of  the  Mongolian,  and  has,  on  the  contrary, 
a  rounded  and  pleasing  shape.  The  Kalmuk  alphabet  has 
also  this  great  advantage,  that  every  sound  has  its  distinct 
graphic  character  ;  a  mistake  between  two  characters  can 
scarcely  occur.  The  Kalmuk  words  once  mastered,  they 
can  be  easily  recognized  in  their  Mongolian  shape.  The 
dialectical  differences  are  also  very  slight. 

The  Kalmuk,  therefore,  is  the  key  of  the  Mongolian,  and 
should  form  the  groundwork  of  Mongolian  studies.  The 
Kalmuk  and  East  Mongolian  dialects  do  not  differ  much,  at 
least  in  the  spoken  language ;  but  the  Kalmuks  write  ac¬ 
cording  to  their  pronunciation,  while  the  Mongols  do  not. 
For  example,  son  ( dson ),  “hundred,”  is  pronounced  alike  by 
the  Kalmuks  and  the  East  Mongolians ;  but  according  to 
Mongolian  orthography  the  word  appears  in  the  form  dsagon. 
The  dialectic  difference  between  the  two  dialects  very  fre¬ 
quently  lies  only  in  a  different  pronunciation  of  some  letters. 
Thus  East  Mongolian  ds  is  in  Kalmuk  soft  s,  etc.  The  chief 
difference  between  the  two  dialects  lies  in  the  fact  that  in 
Kalmuk  the  soft  guttural  g  between  two  vowels  is  omitted, 
while,  through  the  joining  of  the  two  vowels,  a  long  vowel 
is  produced.  In  the  pronunciation  of  common  East  Mon¬ 
golian  the  g  is  likewise  omitted,  but  it  is  written,  while  in 
Kalmuk.  as  just  now  mentioned,  the  guttural  can  only  be 
traced  through  the  lengthening  of  the  syllable.  Thus  we 
find:  Mongol  khagan,  “prince,”  Kalmuk  khan ;  M.  dagon, 
“voice,  sound,”  K.  don,  dun ;  M.  dologan,  “seven,  K.  dolon; 
M.  agola,  “mountain,”  K.  ola,  ula;  M.  nagor,  “lake,”  K. nor, 
nur;  M .  ulagan,  “red,”  K .  ulan;  'Ml.  yagon,  “what,”  K .yon 
(yun) ;  M .dabagan,  “mountain-ridge,”  K.  dabdn ;  M.  ssanagan, 
“  thought,”  K.  ssandn ;  M.  baragon,  “  on  the  right,”  K.  baron, 
barun ;  M.  sliibagon,  “bird,”  K.  shoivon;  M. chilagon,  “stone,” 
K.  chilon  (chulun) ;  M.  jirgogan,  “  six,”  K.  surgdn ;  M  degere 
“  high,  above,”  K.  dere-,  M.  ugukhu,  “to  drink,”  K.  ukhu;  M. 
toqodshi,  “history,”  K .todshi,  tudshi;  M.  egiiden,  “ door,”  K. 
Men-  M.  dsegiin,  “left,”  K.  sSn;  M.  ogede,  “  in  the  height  ” 
K.  Sdo ;  M.  bgeled,  “the  Kalmuks,”  K.  olod;  M.  uileged,  if 
one  has  done,”  K.  iiiled;  M.  kobegiin,  “son,”  K.  kow&n;  M. 
gegiin,  “mare,”  K.  gftn ;  M.  kegiir,  “corpse,”  K.  kUr;  M. 
kharigad,  “  returned,”  K.  khared,  etc..  . 

The  Buriatic,  in  these  peculiarities,  is  almost  always 
found  with  East  Mongolian,  with  which  it  is  in  every  re¬ 
spect  closely  allied.  In  the  pronunciation  of  some  letters 
the  transition  of  East  Mongolian  tsa,  <se  into  Buriatic  ss is 
noticeable  ;  for  instance :  Mong.  tsetsefc,  flower,  Buriatic 
ssessek ;  M.  tsak,  “time,”  B.  ssak ;  M.  tsagan,  4  white,  B. 
ssagan ;  M.  tsetsen,  “prudent,”  Bssessen.  Ss  is  sometimes 
pronounced  like  (the  German)  ch:  East  M.  ssam,  good, 

i  Cf  H  C  von  der  Gabelentz,  in  the  Zeitschrift  f.  <L  Kunde  d. 
Morgei-landes,  Gchtingen,  .1838,  voL  ii.  pp.  Ml.  “  Versuch  uber  erne 
alte  mongolische  Inschrift. 


B.  chain ;  M.  ssedkil,  “  heart,”  B.  chedkil.  K  in  the  beginning 
or  middle  of  a  word  is  always  aspirated. 

The  noun  is  declined  by  the  help  of  appended  particles, 
some  of  which  are  independent  post-positions,  viz.,  Gen.  yin, 
w,  un ;  Dat.  dur,  a ;  Acc.  yi,  i ;  Ablat.  else ;  Instrum,  ber,  yer ; 
Associative,  luga,  luge.  The  dative  and  accusative  have  also 
special  forms  which  have  at  the  same  time  a  possessive  sense, 
viz.,  Dat.  dagan,  degen ;  Accus.  ben,  yen.  The  plural  is  ex¬ 
pressed  by  affixes  (war,  ner,  od,  ss,  d),  or  frequently  by  words 
of  plurality,  “  all,”  “many,”  e.g.,  kiimiin  nogod  (man,  many= 
men).  The  oblique  cases  have  the  same  endings  in  singular 
and  plural.  Gender  is  not  indicated.  The  adjective  is  unin¬ 
flected  both  as  attribute  and  as  predicate ;  there  is  no  com¬ 
parative  form,  this  idea  being  expressed  by  the  construction 
or  by  the  use  of  certain  particles.  The  personal  pronouns  are 
bi,  I ;  tchi,  thou ;  bida,  we ;  ta,  ye ;  their  genitives  serve  as  pos- 
sessives.  The  demonstratives  are  ewe,  tere  (this,  that),  plural 
ede,  tede ;  interrogative  ken,  who  ?  The  relative  is  lacking, 
and  its  place  is  supplied  by  circumlocutions.  The  numerals 
are :  1,  nigen ;  2,  khoyar ;  3,  gurban ;  4,  dorben ;  5,  tabun ;  6, 
jirgugan;  7,  dologan;  8,  naiman;  9,  yisun ;  10,  urban;  100 
dsagon ;  1000,  minggan.  The  ordinals  are  formed  by  append¬ 
ing  tugar,  tiiger.  The  theme  of  the  verb  is  seen  in  the  im¬ 
perative,  as  bari,  grasp.  The  conjugation  is  rich  in  forms 
for  tense  and  mood,  but  person  and  number  are  with  few 
exceptions  unexpressed.  The  present  is  formed  from  the 
theme  by  adding  mui  (barimui),  the  preterite  by  bai  or  luga 
(baribai,  bariluga),  the  future  by  ssugai  or  ssu  ( barissugai , 
barism).  The  preterite  has  also  in  the  third  person  the 
terminations  dsugui  and  run ;  the  future  has  in  the  third 
person  yu,  and  in  the  first  ya.  The  conditional  ends  in  bassu 
( baribassu ),  the  precative  in  tugai,  tiigei,  the  potential  in  sa 
( barimuisa ),  the  imperative  plural  in  Jctan,  the  gerund  in  the 
present  in  w,  dsu  ( barin ,  baridsu)  or  tala,  “while,  till”  (bari- 
tala,  “  inter  capiendum  ”),  in  the  preterite  it  is  formed  in 
gad  ( barigad ) ;  the  present  part,  has  ktchi  ( bariktchi ),  the 
past  part,  kssan  ( barikssan ) ;  the  supine  ends  in  ra,  the  in¬ 
finitive  in  khu  ( barikhu ,  or  when  used  substantively  barikhui). 
There  is  but  one  perfectly  regular  conjugation,  and  deriv¬ 
ative  forms,  derived  from  the  theme  by  infixes,  are  conju¬ 
gated  on  the  same  scheme.  Thus  the  passive  has  infixed 
ta  or  kda  ( barikdakhu ,  to  be  grasped),  the  causative  gul  ( bari - 
gulkhu,  to  cause  to  grasp)  the  co-operative  or  sociative  Itsa 
or  Ida  ( bariltsakhu ,  to  grasp  together). 

There  are  no  prepositions,  only  post-positions.  Adverbs 
are  either  simple  particles  (affirmative,  negative,  interroga¬ 
tive,  modal,  etc.),  or  are  formed  by  suffixes  from  other  parts 
of  speech.  There  are  very  few  conjunctions;  the  relations 
of  clauses  and  sentences  are  mainly  indicated  by  the  verbal 
forms  (part.,  sup.,  conditional,  but  mainly  by  the  gerund). 

The  order  of  words  and  sentences  in  construction  is  pretty 
much  the  opposite  of  that  which  we  follow.  In  a  simple 
sentence  the  indication  of  time  and  place,  whether  given  by 
an  adverb  or  a  substantive  with  a  post-position,  always 
comes  first ;  then  comes  the  subject,  always  preceded  by  its 
adjective  or  genitive,  then  the  object  and  other  cases  de¬ 
pending  on  the  verb,  last  of  all  the  verb  itself  preceded  by 
any  adverbs  that  belong  to  it.  So  in  the  structure  of  a 
period  all  causal,  hypothetical,  concessive  clauses,  which 
can  be  conceived  as  preceding  the  main  predication  in  point 
of  time,  or  even  as  contemporary  with  it,  or  as  in  any  way 
modifying  it,  must  come  first ;  the  finite  verb  appears  only 
at  the  end  of  the  main  predication  or  apodosis.  The  periods 
are  longer  than  in  other  languages ;  a  single  one  may  fill 
several  pages. 


Grammars  and  dictionaries  may  be  divided  according  to  the 
three  dialects.  For  East  Mongolian,  I.  J.  Schmidt  gave  the  first 
grammar  (Petersb.,  1831),  and  a  Mongolian-German-Russian  dic¬ 
tionary  (Petersb.,  1835).  Next  Jos.  Kowalewski  published  in  Rus¬ 
sian  a  Mongolian  grammar  (Kasan,  1835),  a  chrestomathy  (2  vols., 
Kasan  1836  1837),  and  his  great  Dictionnaire  mongol-russe-frangais 
«  vols  Kasan  1844,  1846,  1849).  We  name  also  R.  Yuille,  Short 
Mongolian  Grammar  (in  Mongolian),  xylographed  at  the  mission 
press  near  Sselenginsk  beyond  Lake  Baikal  (1838).  A.  Bobrowni- 
kow’s  Russian  Grammar  of  the  Mongolian- Kalmuk  Language  (Kasan, 
1849)  is  also  very  good.  An  abridgment  of  Schmidt  s  work  is  C. 
Puini  Elementi  della  grammatica  mongolica  (Florence,  1878).  A. 
Popow’s  Mongolian  Chrestomathy  appeared  in  2  vols.  at  Kasan 
(1836).  For  the  Kalmuk  we  have  grammars  by  Popow  (Kasan, 
1847)  Bobrownikow  as  above,  and  H.  A.  Zwick  (s.  1.  eta.),  auto¬ 
graphed  at  Donaueschingen  (1851).  Zwick’s  autographed  Kal¬ 
muk  and  German  dictionary  with  a  printed  German  index  ap¬ 
peared  (s  l  et  a.)  in  1852 ;  B.  Julg’s  edition  of  the  tales  of  Siddhi- 
kflr  (Leips  1866)  gives  a  complete  glossary  to  these  stories.  There 
are  small  Russian  and  Kalmuk  vocabularies  by  P.  Smirnow 
(Kasan,  1857)  and  C.  Golstunskyi  (Petersb.,  1860).  For  the  Buriatic 
we  have  Castr6n,  Versuch  einer  Burjatischen  Sprachlehre,  edited  by 
Schiefner  (1857),  and  A.  Orlow’s  Russian  grammar  of  the  Mongol- 
Buriatic  colloquial  language  (Kasan,  1878). 

Literature.— A  clear  distinction  must  be  drawn  between  the 
higher  and  nobler  written  or  book-language  and  the  common  or 
conversational  language  of  every-day  life.  The  difference  between 
the  two  is  very  considerable,  and  may  be  fairly  compared  to  that 
between  the  Modern  High  German  book-language  and  the  dif- 
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ferent  dialects.  All  grammars  and  dictionaries  as  yet  published 
treat  only  of  the  book-language ;  and  so  also,  with  a  few  excep¬ 
tions,  the  published  literary  documents  are  written  in  this  higher 
style.  The  exceptions  are  the  Gesser-Khan,  and  the  Siddhi-kur 
and  Djangariad  (the  last  two  published  by  Golstunskyi).  The 
popular  or  conversational  language  has  only  quite  lately  been 
fixed  in  writing  by  A.  Pozdnyeyew  in  his  Russian  work,  Speci¬ 
mens  of  the  Popular  Literature  of  the  Mongolian  Tribes,  part  i., 
“Popular  Songs”  (Petersb.,  1880),  which  contains  rich  material 
for  the  study  of  the  popular  literature. 

The  literature  known  at  present  consists  mostly  of  translations 
from  the  Tibetan,  the  holy  language  of  Buddhism,  which  is  still 
the  language  of  the  learned.  The  Tibetan  Buddhist  literature  is 
itself  translated  from  the  Sanskrit ;  hence,  now  and  then,  through 
Mongols  and  Kalmuks  we  get  acquainted  with  Indian  works  the 
originals  of  which  are  not  known  in  Sanskrit.  Such  is  the  case, 
for  instance,  with  the  tales  of  Siddhi-kfir.  Many  books  have 
also  been  translated  from  the  Chinese.  Most  of  the  writings  are 
of  a  religious,  historical,  philosophical,  medical,  astronomical, 
or  astrological  character.  Favorite  subjects  are  folk-lore  and 
fairy  tales.  Among  the  religious  books,  perhaps  the  most  im¬ 
portant  is  that  containing  the  legends  entitled  uliger  iin  dalai, 
“  ocean  of  comparisons  ’’  (edited  by  the  late  I.  Jacob  Schmidt  un¬ 
der  the  title,  Der  Weise  und  der  Thor,  in  Tibetan  and  German, 
Petersb.,  1843).  To  this  may  be  added  the  boddhi  msr,  or  “  the 
holy  path,”  the  altan  gerel,  “  gleaming  of  gold,”  the  mani  gambo, 
ana  yertuntchii  yin  toli,  “  mirror  of  the  world.”  What  was  known 
of  poetical  literature  before  Pozdnyeyew  is  scarcely  worth  men¬ 
tioning.  In  some  parts  of  the  historical  and  narrative  literature 
we  find,  wherever  the  narrative  takes  a  higher  flight,  an  admix¬ 
ture  of  poetical  diction.  The  poetry  appears  in  a  certain  paral¬ 
lelism  of  the  phrases,  with  a  return  either  of  the  same  endings 
(rhyme)  or  of  the  same  words  (refrain).  Frequently  we  find,  be¬ 
sides  the  rhyme  or  refrain,  alliteration.  The  essay  of  H.  C.  von 
der  Gabelentz  in  Z.f.  d.  Kunde  des  Morgerdandes,  vol.  i.  pp.  20-37, 
“  Einiges  fiber  Mongolische  Poesie,”  has  been  superseded  by  the 
work  of  Pozdnyeyew. 

Among  historical  works  a  high  place  is  due  to  that  composed 
by  the  tribal  prince,  Ssanang  Ssetsen,  in  the  middle  of  the  17th 
eentury  ( Geschichie  der  Ost-Mongolenund  ihres  Furstenhauses,  Mong. 
and  Germ.,  by  I.  J.  Schmidt,  Petersb.,  1829),  and  to  the  Allan 
tobtchi,  i.e.,  “Golden  knob”  or  “precious  contents”  (text  and 
Russian  translation  by  the  Lama  Galsang  Gomboyew,  Petersb., 
1858).  Of  folk-lore  and  fairy  tales,  we  have  the  legend  of  the  hero 
Gesser-Khan  (text  ed.  by  I.  J.  Schmidt,  Petersb.,  1836,  and  German 


version,  1839 ;  comp.  Schott,  Ueber  die  Sage  v.  Geser-Khan,  Berl., 
1851,  and  B.  Jtilg  in  the  Transactions  of  the  Wfirzburger  Philol. 
Versam.  of  1868,  pp.  58  sqq.,  Lejps.,  1869) ;  and  the  tales  about 
Ardshi  Bordshi  (Russian  version  by  Galsang  Gomboyew,  Petersb., 
1858;  text  and  German  trans.  by  B.  Jfilg,  Innsbr.,  1867, 1868).  A 
favorite  book  is  the  tales  of  Siddhi-ktir  based  on  the  Sanskrit 
Vetdla  panchainnfati  (Russian  trans.  by  Galsang  Gomboyew, 
Petersb.,  1865 ;  nine  of  the  tales  in  Mongolian  and  German  by  B. 
Jfilg,  Innsbr.,  1868).  The  fuller  collection  of  these  tales  in  Kal- 
muk  first  became  known  by  the  German  trans.  of  B.  Bergmann 
in  vol.  i.  of  his  Nomadische  Streifereien  unter  d.  Kalmuken  (4  vols., 
Riga,  1804, 1805) ;  an  autographed  edition  in  the  vulgar  dialect 
was  published  by  C.  Golstunskyi  (Petersb.,  1864 ;  text  and  German 
trans.  with  glossary  by  B.  JUlg,  Leips.,  1866).  A  poetic  heroic 
story  is  the  Djangariad,  extracts  from  which  were  given  by  Berg¬ 
mann  (op.  eft.,  iv.  181  sqq.) ;  a  complete  Russian  version  by  A.  Bo- 
browmkow  (Petersb.,  1854) ;  a  German  version  by  F.  v.  Erdmann 
in  Z.D.M.G.,  1857  (Kalmuk  text  by  Golstunskyi,  Petersb.,  1864).  A 
similar  poem  is  the  history  of  Ubashi  Khuntaidshi  and  his  war 
with  the  Oirad,  Kalmuk  text  and  Russian  trans.  by  G.  Gomboyew 
in  his  Allan  tobtchi  as  above,  and  text  alone  autographed  by  Gols¬ 
tunskyi  (Petersb.,  1864).  Some  books  of  religion  for  the  Christian 
Buriats  (transcribed  in  Russian  characters)  represent  the  Buriatic 
dialect.  The  Russian  and  English  Bible  Societies  have  given  us 
a  translation  of  the  whole  Bible.  I.  J.  Schmidt  translated  the 
Gospels  and  the  Acts  into  Mongolian  and  Kalmuk  for  the  Russian 
Bible  Society  (8  vols.,  Petersb.,  1819-1821),— a  masterly  work.  The 
English  missionaries,  E.  Stallybrass  and  W.  Swan,  and  afterwards 
R.  Yuille,  translated  the  whole  Old  Testament  into  Mongolian 
(1836-1840).  This  work  was  printed  at  a  mission  press  erected  at 
great  cost  for  the  purpose  near  Sselenginsk,  beyond  Lake  Baikal 
in  Siberia.  In  1846  the  New  Testament  by  the  same  hands  ap¬ 
peared  at  London. 

The  richest  collections  of  Mongolian  and  Kalmuk  printed 
books  and  MSS.  are  in  the  Asiatic  Museum  of  the  Petersburg 
Academy,  and  in  the  libraries  of  Kasan  and  Irkutsk ;  there  is  also 
a  good  collection  in  the  royal  library  at  Dresden.  Consult  in  gen¬ 
eral,  besides  the  already-cited  works  of  Bergmann  and  Pozdnye¬ 
yew,  P.  S.  Pallas,  Sammlungen  historischer  Kachrichten  u.  d.  Mongo- 
lischen  Vblkerschaften  (2  vols.,  Petersb.,  1776-1801) ;  I.  J.  Schmidt, 
Forschungen  im  Gebiete  der  alteren  .  .  .  Bildungsgeschichte  der 
Volker  Mittelasiens,  vorz.  d.  Mongolen  und  Tibeter  (Petersb.  and 
Leips.,  1824) ;  B.  Jfilg,  “  On  the  Present  State  of  Mongolian  Re¬ 
searches,”  Joum.  R.  As.  Soc.,  xiv.  (1882),  pp.  42-65. 

(b.  j.) 


MONGOOS,  or  Mungoos.  See  Ichneumon. 

MONITION,  in  the  practice  of  the  English  eccle¬ 
siastical  courts,  is  an  order  requiring  or  admonishing 
the  person  complained  of  to  do  something  specified  in 
the  monition,  “under  pain  of  the  law  and  penalty 
thereof.  ”  It  is  the  lightest  form  of  ecclesiastical  cen¬ 
sure,  but  disobedience  to  it,  after  it  has  been  duly  and 
regularly  served,  entails  the  penalties  of  contempt  of 
court.  See  Phillimore,  Ecclesiastical  Law  (London, 
1873). 

MONK,  George  (1608-1669),  English  general,  was 
the  second  son  of  Sir  Thomas  Monk,  a  gentleman  of 
good  family  but  in  embarrassed  circumstances,  and  was 
born  at  Potheridge  near  Torrington  in  Devonshire,  on 
6th  December,  1608.  An  exploit  which  brought  him 
within  the  reach  of  the  law  compelled  him  to  begin  his 
career  as  a  soldier  of  fortune  at  the  age  of  seventeen. 
He  acted  under  Sir  R.  Grenville  as  a  volunteer  in  the 
expedition  to  Cadiz,  and  the  next  year  did  notable 
service  at  the  Isle  of  Rh6. 

In  1629  Monk  went  to  the  Low  Countries,  the 
training  ground  for  military  men,  where  in  Oxford’s 
and  in  Goring’s  regiments  he  obtained  a  high  reputa¬ 
tion  for  courage  and  for  a  thorough  knowledge  of  his 
trade.  In  1638  he  threw  up  his  commission  in  conse¬ 
quence  of  a  quarrel  with  the  Dutch  civil  authorities, 
came  to  England,  and  obtained  the  lieutenant-colonelcy 
of  Newport’s  regiment  during  tne  operations  on  the 
Scottish  border.  Here  he  showed  his  skill  and  coolness 
in  the  dispositions  by  which  he  saved  the  English  ar¬ 
tillery  at  Newborn,  though  himself  destitute  of  ammu¬ 
nition  ;  and  in  the  councils  of  war  he  confidently  voted 
with  Strafford  for  fighting,  and  against  retreat  or  com¬ 
position.  One  of  Monk’s  biographers  relates  that  he 
now  thought  of  joining  the  adventurers  who  proposed 
to  colonize  Madagascar.  The  Irish  rebellion,  however, 
offered  more  congenial  employment,  and  in  February, 
1641,  he  landed  at  Dublin  as  colonel  of  Lord  Leicester’s 
regiment.  Here  he  greatly  increased  his  reputation. 
Under  the  most  difficult  circumstances  he  was  ever 
cool,  patient,  vigorous.  A  rigid  disciplinarian,  he  was 
always  attentive  to  the  wants  of  his  mem  and  com¬ 


pletely  won  their  confidence  and  affection.  All  the 
qualities  for  which  he  was  noted  through  life,  the  cal- 
cidating  selfishness  which  kept  him  ever  on  the  win¬ 
ning  side  and  by  which  he  accomplished  his  great 
historic  success,  the  imperturbable  temper  and  im¬ 
penetrable  secrecy,  were  fully  displayed  in  this  em- 

Sloyment.  He  had  but  one  interest,  that  of  George 
Tonk ;  and  to  secure  that  interest  he  labored,  while 
retaining  his  freedom  from  partv  ties,  to  make  him¬ 
self  indispensable  as  a  soldier.  The  governorship  of 
Dublin  was  vacant,  and  Monk  was  appointed  by  Lei¬ 
cester.  But  Charles  I.  overruled  the  appointment  in 
favor  of  Lord  Lambert,  and  Monk,  with  great  shrewd¬ 
ness,  gave  up  his  claims.  Ormond,  however,  who 
viewed  him  with  suspicion  as  one  of  the  two  officers 
who  refused  the  oath  to  support  the  royal  cause  in 
England,  sent  him  under  guard  to  Bristol.  He  now 
deemed  it  safest  to  affect  Royalist  views.  His  value 
caused  him  to  be  received  at  once  into  Charles’s  con¬ 
fidence  ;  he  was  appointed  major-general  of  the  Irish 
brigade,  and  served  under  Byron  at  the  siege  of  Nant- 
wicli.  Here  he  was  taken  prisoner  by  Fairfax,  on 
25th  January,  1644,  in  one  of  the  most  skilful  opera¬ 
tions  of  the  war.  After  a  short  captivity  in  Hull  he 
was  placed  in  the  Tower,  where  he  remained  for  three 
years  (during  which  his  father  died),  beguiling  his 
imprisonment  by  writing  his  Observations  on  Military 
and  Political  Affairs. 

So  long  as  the  war  lasted  Monk  could  not  be  re¬ 
leased.  Charles,  however,  became  a  prisoner;  the 
troubles  in  Ireland  made  the  parliament  anxious  to 
secure  Monk’s  services,  and  he  was  told  that  if  he 
would  take  the  Covenant  he  might  have  an  important 
command.  With  some  show  of  hesitation  the  terms 
were  accepted,  and,  after  a  service  of  two  months  in 
Lord  Lisle’s  abortive  expedition,  Monk  was  placed  in 
command  of  the  British  forces  in  the  north  oflreland. 
Compelled  in  1649  to  conclude  a  pacification  with  the 
rebel  O  Neill,  he  returned  to  England  after  the  king’s 
execution.  In  the  same  year  he  succeeded,  by  his 
elder  brother’s  death,  to  the  family  estate.  His  idle¬ 
ness  lasted  but  a  short  while.  Cromwell  gave  him  a 
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regiment  and  the  command  of  the  ordnance  in  the 
Scotch  war  of  1650,  and  after  the  battle  of  Dunbar, 
in  which  he  led  the  attack,  he  was  left  with  6000  men 
to  subdue  the  country,  which,  after  taking  Edinburgh, 
fantallon,  and  Stirling  castles,  he  dia  most  com¬ 
pletely  in  a  few  weeks.  In  1651  he  was  seized  with 
fever,  but  recovered  at  Bath,  and  in  the  same 'year 
was  appointed  on  the  commission  for  promc  mg  the 
Union.  In  1653,  with  Admiral  Dean,  he  commanded 
the  British  fleet  against  the  Dutch,  and  on  2d  and 
3d  June  and  29th  July  fought  two  of  the  most  san¬ 
guinary  naval  battles  on  record,  in  which  both  his 
colleague  and  Van  Tromp  were  slain.  A  peace  on 
very  humiliating  terms  to  the  Dutch  was  concluded, 
but  policy  shortly  led  Cromwell  to  allow  milder  con¬ 
ditions, — a  concession  against  which  Monk  strongly 
remonstrated.  On  his  return  he  married  his  mistress, 
Anne  Clarges,  a  woman  of  the  lowest  extraction, 
“ever  a  plain  homely  dowdy,”  says  Pepys,  who,  like 
other  writers  who  mention  her,  is  usually  still  less 
complimentary.  Monk  was  now  sent  to  quell  the  re¬ 
volt  headed  by  Middleton  in  Scotland,  and,  when  this 
service  was  over,  settled  down  to  a  steady  government 
of  the  country  for  the  next  five  years.  For  fanaticism 
in  any  shape  he  had  no  sympathy,  and  he  set  him¬ 
self  to  diminish  the  influence  of  the  Presbyterian 
clergy — Cromwell’s  chief  opponents, — taking  from 
them  the  power  of  excommunication  and  their  general 
assemblies,  but  allowing  them  to  retain  their  presby¬ 
teries.  Equal  repression  was  exercised  against  the 
nobility  ana  gentry.  The  timely  discovery  of  a  plot 
fomented  by  Overton  for  killing  Monk  on  New  Year’s 
Day  gave  him  an  excuse  for  thoroughly  purging  his 
army  of  all  Anabaptists,  Fifth  Monarchy  men,  and 
other  dangerous  enthusiasts.  It  is  doubtful  whether 
at  this  time  Monk  had  proposed  to  himself  the  resto¬ 
ration  of  the  king.  He  probably  had  it  always  in  his 
mind  as  a  possibility,  but  he  would  run  no  risks.  His 
very  reticence,  however,  caused  alarm  on  one  side  and 
hope  on  the  other.  In  1655  he  received  a  letter  from 
Charles  II. ,  a  copy  of  which  he  at  once  sent  to  Crom¬ 
well,  whom,  however,  we  .find  writing  to  him  in  1657 
in  the  following  terms  :  “There  be  that  tell  me  that 
there  is  a  certain  cunning  fellow  in  Scotland  called 
t  George  Monk,  who  is  said  to  lye  in  wait  there  to  intro- 
'  duce  Charles  Stuart ;  I  pray  you,  use  your  diligence 
to  apprehend  him,  and  send  him  up  to  me.” 

During  the  confusion  which  followed  Cromwell’s 
death  Monk  remained  silent  and  watchful  at  Edin¬ 
burgh,  careful  only  to  secure  his  hold  on  his  troops. 
In  July,  1659,  direct  and  tempting  proposals  were 
again  made  to  him  by  the  king.  His  brother  Nicho¬ 
las,  a  clergyman,  was  employed  by  Sir  J.  Grenvil  to 
bring  to  him  the  substance  of  Charles’s  letter.  No 
bribe,  however,  could  induce  him  to  act  one  moment 
before  the  right  time.  He  bade  his  brother  go  back 
to  his  books,  and  refused  to  entertain  any  proposal. 
But  when  Booth  rose  in  Cheshire  for  the  king,  so 
tempting  did  the  opportunity  seem  that  he  was  on  the 
point  of  joining  forces  with  him ;  and  a  letter  was 
written  to  the  Bump  parliament  threatening  force  if 
it  did  not  at  once  fill  up  its  numbers.  His  habitual 
caution,  however,  induced  him  to  wait  until  the  next 
post  from  England,  and  the  next  post  brought  news 
of  Booth’s  defeat.  On  17th  October,  he  heard  of 
Lambert’s  coup  d'etat.  From  that  moment  his  plan 
of  action  seems  to  have  been  settled.  In  most  vehe¬ 
ment  language  he  discarded  the  idea  of  restoring 
Charles,  and  with  admirable  perception  of  the  state 
of  English  feeling,  took  for  his  principles  that  in  all 
cases  the  army  must  obey  the  civil  government,  and 
that  the  civil  government  must  be  parliamentary.  At 
present  the  Rump  was  crushed  by  the  military  party ; 
the  first  thing,  therefore,  to  be  done  was  to  free  it. 
His  army  underwent  a  second  purging  of  disaffection, 
and  he  then  issued  a  declaration  embodying  the  prin¬ 
ciples  mentioned  above,  and  wrote  to  Lenthall  the 
speaker,  and  to  the  military  party  to  the  same  effect. 


In  a  treaty  with  the  Committee  of  Safety  his  com¬ 
missioners,  who  were  to  treat  only  on  the  basis  of  the 
restoration  of  parliament,  were  outwitted.  Monk  at 
once  refused  to  accept  the  terms  proposed,  and 
marched  to  Berwick,  having  received  an  offer  from 
Fairfax  of  assistance  if  he  would  promise  that  the 
secluded  members  should  be  restored.  Meanwhile 
Lambert  had  marched  northwards  to  oppose  his  ad¬ 
vance. 

Monk’s  action  gave  fresh  heart  to  the  adherents  of 
the  parliament.  The  old  council  of  state  met,  and 
named  him  general  of  all  the  forces  ;  the  fleet  and  the 
Irish  army,  hitherto  hostile,  came  round  to  his  side, 
and  so  did  Whetham  at  Portsmouth.  Monk  now, 
in  the  depth  of  winter,  crossed  the  Tweed  at  Cold¬ 
stream  and  marched  by  Morpeth  to  Newcastle,  re¬ 
ceiving  letters  on  his  way  from  the  lord  mayor  and 
corporation  of  London  urging  him  to  declare  for  a 
free  parliament.  On  his  approach  Lambert’s  army 
fell  away  from  their  general,  and  no  obstacle 
remained  on  the  path  to  London.  At  York  when 
urged  by  Fairfax,  he  refused  to  declare  for  the 
king,  and  is  said  to  have  caned  an  officer  who 
affirmed  that  such  was  his  design.  The  parliament 
now  ordered  him  to  come  to  London.  Fleetwood’s 
army  which  occupied  the  city  was,  however,  a 
great  obstacle:  and  it  was  not  until  the  parlia¬ 
ment,  in  accordance  with  his  desire,  had  arranged  for 
its  dispersion  that  he  would  enter  with  his  troops. 
Even  now  his  intentions  were  strictly  concealed ;  the 
spies  set  upon  him  by  the  various  anxious  parties  were 
baffled  by  his  impenetrable  reserve.  He  was  careful 
to  appear  only  as  the  servant  of  parliament,  but  when 
he  was  desired  to  take  the  oath  of  abjuration  he  skil¬ 
fully  evaded  the  request.  The  city,  always  jealous  of 
the  Rump,  now  refused  to  pay  taxes  except  at  the 
orders  of  a  free  parliament.  Monk,  in  consequence, 
was  ordered  to  march  his  troops  into  the  city,  take 
down  the  chains  and  posts,  and  unhinge  the  gates. 
He  obeyed  these  unpleasant  orders  to  the  letter  on 
10th  February,  thus  permitting  the  hatred  against  the 
Rump  to  rise  to  the  height,  while  he  showed  how  un¬ 
willing  an  instrument  of  its  will  he  was.  On  the 
11th,  however,  he  threw  off  the  mask,  and  wrote  to  the 
Rump,  peremptorily  ordering  them  to  admit  the  se¬ 
cluded  members,  and  to  arrange  for  the  dissolution  of 
arliament  by  6th  May.  On  21st  February,  he  con- 
ucted  the  secluded  members  to  their  seats.  At  the 
same  time  he  refused  to  restore  the  Lords,  and  issued 
an  order  disowning  Charles  Stuart  to  all  officers  com¬ 
manding  garrisons.  Every  day  brought  him  fresh  op- 
ortunities  for  tact  or  evasion.  His  partisans  urged 
im  to  take  the  protectorate  himself ;  another  party 
pressed  upon  him  to  accomplish  the  restoration  by  the 
army  alone  ;  a  body  of  his  officers  sent  him  a  declara¬ 
tion  expressing  their  fears  that  his  action  would  lead 
to  the  restoration  of  monarchy ;  the  parliament  tried 
to  make  him  their  own  by  the  offer  of  Hampton  Court. 
His  trained  habits  of  dissimulation  and  evasion,  as¬ 
sisted  now  and  again  by  downright  lying,  carried  him 
triumphantly  through  all  these  dangers,  and  at  length 
the  dissolution  of  parliament  on  17th  March  removed 
his  greatest  difficulties. 

It  was  now  that,  with  the  utmost  secrecy,  he  gave 
an  interview  for  the  first  time  to  the  king’s  agent 
Grenvil,  and  by  him  sent  to  Charles  the  conditions  of 
his  restoration,  afterwards  embodied  in  the  Declaration 
of  Breda.  For  himself  at  present  he  would  accept 
nothing  but  a  royal  commission  as  captain-general, 
which  he  carefully  kept  to  himself.  All  parties  were 
anxious  to  gain  the  credit  of  the  now  certain  restora¬ 
tion.  The  Presbyterians  in  particular,  fearful  of  the 
king  being  restored  without  terms,  did  their  best  to 
discredit  Monk  and  to  impose  the  old  Isle  of  Wight 
conditions ;  but  in  vain.  The  new  parliament  was 
elected,  and  the  House  of  Lords  restored  ;  an  insurrec¬ 
tion  by  Lambert,  who  had  escaped  from  the  Tower, 
was  quelled  by  Monk’s  prompt  measures,  and  on  the 
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25th  of  April  he  received  the  solemn  thanks  of  both 
Houses,  and  the  title  of  captain-general  of  the  land 
forces.  Even  yet  the  farce  was  kept  up.  Monk  re¬ 
ceived  with  feigned  surprise  the  king’ s  official  letter 
from  Grenvil,  denied  all  knowledge  of  its  contents,  and 
handed  it  over  sealed  to  the  council,  who  decided  to  de¬ 
fer  opening  it  until  the  meeting  of  parliament  on  the  1st 
of  May. 

With  the  Restoration  the  historic  interest  of  Monk’s 
career  ceases.  The  rude  soldier  of  fortune  had  played 
the  game  with  incomparable  dexterity,  and  had  won 
the  stakes.  He  was  made  gentleman  of  the  bedcham¬ 
ber,  knight  of  the  Garter,  master  of  the  horse,  com¬ 
mander-in-chief,  and  duke  of  Albemarle,  and  had  a 
pension  of  £7000  a  year  allotted  him.  His  utmost  de¬ 
sires  were  satisfied,  and  he  made  no  attempt  to  com¬ 
pete  further  in  a  society  in  which  neither  he  nor  his 
vulgar  wife  could  ever  be  at  home,  and  which  he 
heartily  despised.  As  long  as  the  army  existed  of 
which  he  was  the  idol,  and  of  which  the  last  service 
was  to  suppress  Venner’s  revolt,  he  was  a  person  not 
to  be  displeased.  But  he  entirely  concurred  in  the 
measure  for  disbanding  it,  and  thenceforward  his  in¬ 
fluence  was  small,  though  men’s  eyes  turned  naturally 
to  him  in  emergency.  In  the  trial  of  the  regicides  he 
was  on  the  side  of  moderation,  and  his  interposition 
saved  Hazelrig’s  life;  but  his  action  at  the  time  of 
Argyll’s  trial  will  always  be  regarded  as  the  most  dis¬ 
honorable  episode  in  his  career.  In  1604  he  had 
charge  of  the  admiralty  when  James  was  in  command 
of  the  fleet,  and  when  in  1665  London  was  deserted  on 
account  of  the  plague,  Monk,  with  all  the  readiness 
of  a  man  accustomed  to  obey  without  thinking  of  risk, 
remained  in  charge  of  the  government  of  the  city. 
Once  more,  at  the  end  of  this  year,  he  was  called  upon 
to  fight,  having  a  joint  commission  with  Prince  Rupert 
against  the  Dutch.  The  whole  burden  of  the  prepara¬ 
tions  fell  upon  him.  On  23d*April,  1 666,  the  admirals 
joined  the  fleet,  and  on  the  1st  of  June  began  a  battle 
near  Dunkirk  which  lasted  four  days,  followed  by 
another  on  23d  July,  in  which  Monk  showed  all  his 
old  coolness  and  skill,  and  a  reckless  daring  which  had 
seemed  hitherto  foreign  to  his  character.  His  last 
service  was  in  1667,  when  the  Dutch  fleet  sailed  up  the 
Thames,  and  Monk,  ill  as  he  was,  hastened  to  Chatham 
to  oppose  their  further  progress.  From  that  time  he 
lived  much  iu  privacy,  and  died  of  dropsy  on  the  3d 
of  December,  1669. 

See  the  Lives  of  Monk  by  Dr.  Gumble,  bis  chaplain  (Lon¬ 
don,  1671),  and  Dr.  Skinner  (London,  1724),  and  Guizot’s 
Essay,  which  contain  all  necessary  information  concerning 
his  life  up  to  the  Restoration.  The  numerous  and  amusing 
notices  of  him  in  the  court  of  Charles  in  Pepys’s  Diary  should 
on  no  account  be  omitted.  (o.  A.) 

MONKEY.  See  Ape. 

MONMOUTH,  a  maritime  county  of  England,  is 
D1  .  TV  bounded  E.  by  Gloucester,  N.E.  by  Here- 
PlatelX.  ford>  N  w  by  Brecknock,  W.  and  S.W. 

by  Glamorgan,  and  S.  by  the  Bristol  Channel.  Its 
greatest  length  from  north  to  south  is  about  35  miles, 
and  its  greatest  breadth  about  28  miles.  The  area  is 
368,399  acres,  or  about  575  square  miles. 

The  surface  of  Monmouth  is  very  varied,  and  in 
many  districts  picturesque,  especially  along  the  valley 
of  the  Wye,  and  between  that  river  and  the  Usk.  In 
the  west  and  north  the  hills  rise  to  a  considerable  height, 
and  this  mountain  region  encircles  a  finely  undulating 
country.  The  highest  summits  are  Sugar  Loaf  (1954 
feet),  Blorenge  (1908),  and  Skvridd  Vawr  (1601). 
Along  the  shore  on  both  sides  of  the  Usk  are  two  ex¬ 
tensive  tracts  of  marsh  land,  called  the  Caldicot  and 
Wentllooge  levels,  stretching  from  Cardiff  to  Portske- 
wett,  and  protected  from  inundations  by  strong  em¬ 
bankments. 

The  principal  rivers  are  :  the  Wye,  which  forms  the 
eastern  boundary  of  the  county  with  Gloucester,  and 
falls  into  the  Severn  ;  the  Monnow,  which  forms  a  por¬ 
tion  of  its  boundary  with  Hereford,  and  falls  into  the 


Wye  at  the  town  of  Monmouth  ;  the  Usk,  which  rises 
in  Brecknock,  and  flows  southward  through  the  cen¬ 
tre  of  the  county  to  the  Bristol  Channel ;  the  Ebbw, 
which  rises  in  the  northwest,  and  enters  the  estuary 
of  the  Usk  at  Newport ;  and  the  Rumney,  which  rises 
in  Brecknock,  and,  after  forming  the  boundary  be¬ 
tween  Monmouth  and  Glamorgan,  enters  the  Bristol 
Channel  a  little  to  the  east  of  Cardiff.  Salmon  abound 
especially  in  the  Wye  and  the  Usk,  and  trout  are 
plentiful  in  all  the  streams.  The  Monmouthshire  canal 
extends  from  Newport  to  Pontypool,  where  it  is  joined 
by  the  Brecknockshire  canal,  which  enters  the  county 
near  Abergavenny.  The  Crumlin  canal  also  joins  it  a 
little  north  of  Newport. 

Geology  and  Minerals. — The  geological  formation  is  prin¬ 
cipally  Old  Red  Sandstone  and  Carboniferous, — the  Old  Red 
forming  the  larger  and  eastern  half  of  the  county,  from  a 
line  drawn  between  Abergavenny  and  Newport,  and  vary¬ 
ing  in  thickness  from  between  8000  and  10,000  feet  in  the 
north  to  about  4000  feet  in  the  south.  In  the  centre  of  the 
county  adjoining  the  Usk  there  is  an  outcrop  of  Silurian 
rocks,  extending  to  a  distance  of  about  8  miles  north  and 
south  and  4  miles  east  and  west,  with  a  thickness  of  1500 
feet.  Towards  the  east  the  Old  Sandstone  rocks  dip  be¬ 
neath  the  Mountain  Limestone,  which  enters  the  county 
from  the  Forest  of  Dean  coal-field,  and  gives  its  peculiar 
character  to  the  fine  scenery  along  the  hanks  of  the  Wye. 
The  formation  varies  in  thickness  from  500  to  700  feet.  The 
Carboniferous  rocks  connected  with  the  great  coal-field  of 
South  Wales,  which  occupy  the  western  half  of  the  county, 
include — (1)  the  Coal-measures,  consisting  of  shales  and 
ironstones,  sandstones  and  coal-beds,  of  which  there  are 
about  twenty-five  beds  more  than  2  feet  thick — total  thick¬ 
ness  of  the  strata  11,650  feet ;  (2)  Millstone  Grit,  thickness 
330  feet;  (3)  Carboniferous  Limestone  surrounding  the  coal¬ 
field,  thickness  1000  feet;  (4)  Old  Red  Sandstone,  thickness 
600  feet;  and  (5)  Devonian  beds,  consisting  of  red  and 
brown  sandstone,  marls,  etc.,  thickness  about  6000  feet.  The 
coal-field  of  Monmouth  has  an  area  of  about  90,000  acres. 
The  beds  are  very  Tich  and  easily  wrought,  the  most  com¬ 
mon  way  of  reaching  them  being  by  excavating  passages  in 
the  sides  of  the  hills  instead  of  by  perpendicular  shafts.  The 
number  of  collieries  in  operation  in  1881  was  124,  and  the 
quantity  of  coal  obtained  5,412,840  tons.  The  ironstone  of 
Monmouth  occurs  both  in  beds  and  in  large  detached  masses, 
the  yield  of  iron  being  18  to  55  per  cent.  The  ore  is  the 
common  clay  ironstone.  The  iron  industry  was  prosecuted 
successfully  at  Pontypool  in  the  16th  century  by  a  family 
of  the  name  of  Grant,  who  were  succeeded  by  the  Han- 
burys.  In  1740  Monmouth  contained,  however,  only  two 
furnaces,  which  made  together  about  900  tons  annually ; 
but  during  the  present  century  they  have  increased  with 
great  rapidity.  In  1881  the  number  of  furnaces  built  was 
52,  of  which  35  were  in  operation;  the  amount  of  pig-iron 
made  was  527,277  tons.  The  works  are  situated  chiefly  in 
the  neighborhood  of  Pontypool,  and  occupy  the  valleys 
running  in  the  direction  of  MerthyT-Tydfil  in  Glamorgan¬ 
shire.  The  following  were  the  Monmouth  ironworks  in 
1881 :  Ahersychan,  Pontypool,  Pontnewynydd,  Ebbw  Yale, 
Victoria,  Blaenavon,  Cwmbran,  Nantyglo,  Oakfields,  Blaiua, 
Rhymney,  and  Tredegar.  In  all,  there  were  258  puddling 
furnaces  and  42  rolling  mills  in  operation.  The  tinplate 
manufacture  is  extensively  carried  on,  the  number  of  mills 
iu  the  Monmouth  and  Gloucester  district  in  1881  being  95, 
the  majority  of  which  are  in  Monmouth.  Fireclay  is  ex¬ 
tensively  dug ;  57,680  tons  were  obtained  in  1881. 

Soil  and  Agriculture. — Along  the  seashore  the  soil  is  deep 
and  loamy,  and  admirably  suited  for  the  growth  of  trees. 
The  most  fertile  land  is  that  resting  on  Red  Sandstone,  es¬ 
pecially  along  the  banks  of  the  Usk,  where  wheat  is  raised 
of  a  very  fine  quality.  In  the  more  mountainous  regions 
there  is  very  little  land  that  is  capable  of  cultivation,  the 
soil  being  generally  thin  and  peaty.  More  attention  is  paid 
to  grazing  than  to  the  raising  of  crops.  There  are  a  con¬ 
siderable  number  of  dairy-farms,  but  sheep-farming  is 
much  more  largely  followed.  Of  the  5241  holdings  existing 
in  1880 — the  latest  year  in  regard  to  which  there  is  informa¬ 
tion — 3661  were  under  50  acres,  1521  between  50  and  300 
acres,  and  only  59  above  300  acres.  According  to  the  agricul¬ 
tural  returns  for  1882  there  were  243,063  acres,  or  almost  ex¬ 
actly  two-thirds  of  the  total  area,  under  cultivation.  Of  this, 
176,137  acres  were  permanent  pasture,  and  14,729  rotation 
grasses.  Of  the  35,038  acres  under  corn  crops,  16,151  were 
under  wheat,  8596  under  barley,  and  8711  under  oats.  Tur¬ 
nips  occupied  7486  acres,  and  potatoes  only  1777.  The  area 
under  woods  was  29,856,  and  under  orchards  3921.  The 
total  number  of  horses  iu  1882  was  11,631 ;  of  which  the 
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number  used  solely  for  agricultural  purposes  was  6449.  Of 
the  44,168  cattle,  16,500  were  cows  and  heifers  in  milk  or  in 
calf.  Sheep  numbered  134,682,  and  pigs  17,621.  According 
to  the  latest  return  there  were  7811  proprietors  possessing 
296,971  acres,  with  a  gross  annual  rental  of  £837,254.  Of  the 
owners,  4970,  or  63  per  cent.,  possessed  less  than  1  acre,  17 
possessed  between  1000  and  2000  acres,  and  15  between  2000 
and  5000.  The  following  four  proprietors  possessed  over 
5000  acres  each :  Lady  Llanover,  6312 ;  the  executors  of 
C.  H.  Leigh,  10,211 ;  Lord  Tredegar,  25,229 ;  and  the  duke 
of  Beaufort,  27,299. 

Railways. — The  South  Wales  Railway  passes  along  the 
coast,  and  many  branch  lines  cross  the  county  in  various 
directions,  the  majority  of  them  being  connected  either 
with  the  Great  Western  Railway  or  with  the  London  and 
Northwestern. 

Administration  and  Population. — Monmouth  comprises  six 
hundreds,  and  the  municipal  boroughs  of  Monmouth  (6111) 
and  Newport  (38,427).  In  addition  to  these  two  boroughs 
there  are  fifteen  urban  sanitary  districts,  viz.,  Abergavenny 
(6941),  Abersychau  (13,496),  Abertillery  (6003),  Blaenavon 
(9451),  Caerleon  (1099),  Chepstow  (3591),  Christchurch 
(3114),  Ebbw  Vale  (14,700),  Llanvrechva  (4177),  Panteg 
(3321),  Pontypool  (5244),  Rhymney  (8663),  Risca  (5540), 
Tredegar  (18,771),  Usk  (1470).  With  the  exception  of  Aber¬ 
gavenny,  Caerleon,  Chepstow,  Pontypool,  and  Usk,  these 
towns  are  all  of  modern  growth,  and  owe  their  rise  chiefly 
to  the  iron  manufacture, — some,  however,  being  partly  de¬ 
pendent  on  that  of  tinplate.  The  county  returns  two 
members  to  parliament ;  and  Monmouth,  Newport,  and  Usk, 
with  a  united  population  in  1881  of  46,033,  constitute  the 
Monmouth  district  of  boroughs,  which  returns  one  mem¬ 
ber.  The  county  has  one  court  of  quarter  sessions,  and  is 
divided  iuto  twelve  petty  sessional  divisions.  It  is  within 
the  diocese  of  Llandaff,  and  contains  147  civil  parishes, 
townships,  or  places.  The  population,  which  in  1801  was 
45,568,  had  increased  in  1841  to  134,368,  in  1871  to  195,448, 
and  in  1881  tc  211,267,  and  in  1901,  292,327. 

History  and  Antiquities. — At  the  time  of  the  Romans,  Mon¬ 
mouthshire  formed  part  of  the  territory  of  the  Silures, 
whose  principal  seat  was  at  Caerwent,  and  who  were  finally 
subdued  by  Julius  Frontinus  in  the  year  78.  The  old 
Roman  road,  Via  Julia,  leading  from  the  mouth  of  the  Sev¬ 
ern  to  Caerwent,  Caerleon,  and  onwards  to  Neath  in  Gla¬ 
morgan,  can  still  be  traced.  The  Romans  made  Caerwent, 
under  the  name  of  Venta  Silurum,  one  of  their  principal 
stations.  Tessellated  pavements,  pottery,  coins,  and  the 
remains  of  a  Roman  villa,  have  heen  found,  and  portions  of 
the  walls  still  exist.  The  great  station  of  the  Romans  was, 
however,  Isca  Silurum,  now  Caerleon  (Caer  legion  is),  so 
called  from  the  fact  that  it  was  the  headquarters  of  the 
second  imperial  legion.  By  Richard  of  Cirencester  it  is 
called  a  colonia,  being  the  only  station  of  that  dignity  in 
Wales.  The  mound  of  the  old  fortress  still  remains,  as  well 
as  portions  of  an  amphitheatre.  Other  less  important  sta¬ 
tions  were  those  of  Gobannium  (Abergavenny),  Blestium 
(Monmouth),  and  Burrium  (probably  Usk).  Monmouthshire 
is  closely  associated  with  Arthurian  legends.  In  one  of  the 
Welsh  tales  Arthur  is  represented  as  holding  his  court  at 
Caerleon  during  Easter  and  Pentecost ;  and  an  oval  bank 
near  the  town  is  pointed  out  as  Arthur’s  Round  Table. 
When  Wales  was  subdivided  into  three  kingdoms  on  the 
death  of  Rhodri  the  Great,  Monmouth  and  Glamorgan  were 
placed  under  a  separate  government  distinct  from  either  of 
these.  In  the  9th  and  10th  centuries  Monmouth  was  fre¬ 
quently  invaded  by  the  Danes.  Edward  the  Confessor, 
after  various  victories  in  Wales,  is  said  to  have  established 
a  palace  at  Porth-is-coed  (Portskewett).  At  the  Norman 
Conquest  the  district  was  delivered  over  to  certain  Norman 
nobles  called  the  “  Lords  of  the  Marches,”  who  held  the 
lands  which  they  conquered  per  baroniam,  with  the  right  of 
administering  justice.  Frequent  contests  took  place  between 
the  lords  of  the  marches  and  the  Welsh  princes,  until,  in 
1535,  the  jurisdiction  of  the  lords  of  the  marches  was  abol¬ 
ished  by  Henry  VIII.,  and  Monmouth  was  included  among 
the  English  counties.  Monmouth  was  the  scene  of  frequent 
contests  during  the  Civil  War. 

Of  Norman  fortresses  in  Monmouth,  either  built  or  taken 
possession  of  by  the  lords  of  the  marches,  there  are  remains 
of  no  less  than  twenty-five.  The  more  interesting  and  im¬ 
portant  are:  Caldicot,  the  seat  of  the  De  Bohuns,  still  en¬ 
tire  ;  Chepstow,  one  of  the  finest  examples  of  the  old  Nor¬ 
man  fortress  extant,  built  by  Fitz  Osborn  in  the  11th  cen¬ 
tury,  in  an  imposing  situation  on  a  cliff  above  the  Wye; 
Newport,  now  used  as  a  brewery ;  Abergavenny,  now  partly 
occupied  as  a  private  house;  the  gateway  and  hall  of  Gros- 
mont,  once  the  residence  of  the  dukes  of  Lancaster ;  and 
Usk  Castle,  rebuilt  by  the  Clares  in  the  time  of  Edward  IV. 
Baglan  Castle,  begun  in  the  reign  of  Henry  V.,  is  a  very 


extensive  ruin,  still  in  good  preservation,  and  contains  ex¬ 
amples  of  several  styles  of  architecture.  Charles  I.  resided 
in  it  after  the  battle  of  Naseby.  In  1646  it  was  delivered 
up  to  the  parliament. 

At  the  Reformation  there  were  in  Monmouth  two  hos¬ 
pitals  and  fifteen  other  religious  houses ;  but  of  these  there 
are  now  important  remains  of  only  two — Llanthony  Abbey 
and  Tintern  Abbey.  Llanthony  Abbey  in  the  Black  Moun¬ 
tains  was  founded  by  William  de  Lacy  for  Cistercians  in 
1103,  and  is  one  of  the  earliest  examples  in  England  of  the 
Pointed  style.  The  ruins  consist  of  portions  of  the  nave, 
transept,  central  tower,  and  choir.  Tintern  Abbey,  belong¬ 
ing  to  the  same  order,  and  founded  by  Walter  de  Clare  in 
1131,  occupies  a  position  of  great  beauty  on  the  Wye.  The 
building,  which  is  Early  English  to  Decorated,  is  almost 
entire,  with  the  exception  of  the  roof,  and  may  be  ranked 
as  among  the  finest  of  the  monastic  ruins  in  England.  Of 
the  churches,  those  chiefly  worthy  of  mention  are  Aber¬ 
gavenny,  belonging  to  a  Benedictine  priory,  and  containing 
a  number  of  old  tombs ;  Chepstow,  partly  Norman,  and 
possessing  a  richly-moulded  doorway ;  St.  Woolos  church, 
Newport,  also  Norman;  the  Norman  church  of  St.  Thomas, 
Monmouth;  Christ  Church,  principally  Norman  :  Matherne, 
Early  English,  with  a  tablet  to  Tewdris,  king  of  Gwent; 
and  Usk,  formerly  attached  to  a  Benedictine  priory. 

Monmouth  (Welsh  Mynwy ),  a  parliamentary  and 
municipal  borough  of  England,  and  the  county  town 
of  Monmouthshire,  is  picturesquely  situated  at  the 
confluence  of  the  Wye  and  Monnow,  in  a  valley  almost 
surrounded  by  hills,  18  miles  south  of  Hereford,  and 
128  west  of  London.  By  means  of  the  Wye  it  has 
water  communication  with  Bristol  and  with  Hereford, 
but  the  former  trade  by  barges  has  now  ceased.  Por¬ 
tions  of  the  old  walls  and  of  the  four  gates  still  remain; 
but  there  are  only  insignificant  ruins  of  the  old  castle  in 
which  Henry  V.  was  born,  and  which  was  originally  a 
Saxon  fortress.  After  the  Norman  Conquest  it  was 
placed  in  the  hands  of  William  Fitz  Osborn,  whose 
descendant,  John  lord  of  Monmouth,  rebuilt  it  on 
a  more  extensive  scale.  Subsequently  it  came  into 
the  possession  of  John  of  Gaunt,  and  thus  became 
attached  to  the  house  of  Lancaster.  In  1646  it  was 
taken  by  the  parliamentary  forces.  Besides  the 
churches — the  new  church  of  St.  Mary,  completed  in 
1882,  and  the  church  of  St.  Thomas^  an  Old  Norman 
structure — the  principal  public  buildings  are  the  mar¬ 
ket-house,  the  town-hall,  and  Jones’s  free  grammar 
school  in  the  Tudor  style,  which  dates  from  1614.  The 
manufactures  of  the  town  are  unimportant.  The  fine 
scenery  of  the  Wye  attracts  a  large  number  of  tourists. 

Monmoutb  was  one  of  tbe  strongholds  of  the  Saxons ;  and 
under  the  name  of  Blestium  formed  one  of  the  stations  of 
the  Romans.  It  was  incorporated  by  Edward  VI.,  and  re¬ 
ceived  additional  privileges  from  Queen  Mary,  James  I., 
and  Charles  II.  It  has  sent  members  to  parliament  since 
the  27th  of  Henry  VIII.,  and,  along  with  Newport  and  Usk, 
forms  the  Monmouth  district  of  boroughs.  The  area  of  the 
municipal  and  parliamentary  borough  is  4983  aores,  with  a 
population  in  1871  of  5879,  and  in  1901  of  6111. 

MONMOUTH,  a  small  manufacturing  city  of  the 
United  States,  in  Warren  county,  Illinois,  180  miles 
southwest  of  Chicago  by  the  main  line  of  the  Chicago, 
Burlington,  and  Quincy  Railroad,  and  182  miles  north 
of  St.  Louis,  by  the  St.  Louis  division  of  the  same 
railway.  The  Iowa  Central  Railway  passes  through 
the  city.  An  opera  house  and  Monmouth  College  are 
among  the  principal  buildings.  The  population  in¬ 
creased  from  4662  in  1870  to  7560  in  1900.  The  city 
charter  dates  from  1852. 

MONMOUTH,  James,  Duke  of  (1649-1685).  was 
the  son  of  Lucy  Walters,  “a  brown,  beautiful,  bold, 
but  insipid  creature,”  who  became  the  mistress  of 
Charles  II.  during  his  exile  at  the  Hague.  He  was 
born  at  Rotterdam  on  9th  April,  1649.  That  Charles 
was  his  father  is  more  than  doubtful,  for  Lucy  Walters 
had  previously  lived  with  Robert  Sidney,  brother  of 
Algernon,  and  the  boy  resembled  him  very  closely. 
Charles,  however,  always  recognized  him  as  his  son, 
and  lavished  on  him  an  almost  doting  affection.  Until 
the  Restoration  he  was  placed  under  the  care,  first  of 
Lord  Crofts,  and  then  of  the  queen-dowager,  receiving 
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his  education  to  the  age  of  nine  from  Homan  Catholics, 
but  thenceforward,  from  Protestant  tutors.  In  July, 
1662,  he  was  sent  for  by  Charles,  and  at  thirteen  was 
placed  under  the  protection  of  Lady  Castlemaine  and 
in  the  full  tide  of  the  worst  influences  of  the  court. 
No  formal  acknowledgment  of  his  relation  to  the  king 
was  made  until  his  betrothal  to  Anne  Scott,  daughter 
of  the  earl  of  Buccleuch,  and  the  wealthiest  heiress  of 
Scotland,  whom  he  married  in  1665.  During  1663  he 
was  made  duke  of  Orkney,  duke  of  Monmouth,  and 
knight  of  the  Carter,  and  received  honorary  degrees 
at  both  universities.  At  court  he  was  treated  as  a 
prince  of  the  blood.  In  1665  he  served  with  credit 
under  the  duke  of  York  in  the  sanguinary  naval  battle 
off  Lowestoft.  A  captaincy  in  the  Life  Guards  was 
given  him,  and  in  1670,  on  the  death  of  Monk,  he  was 
made  captain-general  of  the  king’s  forces.  Offices  of 
wealth  also  were  showered  upon  him,  and  he  was  ad¬ 
mitted  to  the  privy  council.  In  1670  Monmouth  was 
with  the  court  at  Dover,  and  it  is  affirmed  by  Reresby 
that  the  mysterious  death  of  Charles’s  sister,  the 
duchess  of  Orleans,  was  due  to  her  husband’s  revenge 
on  the  discovery  of  her  intrigue  with  the  duke.  It  is 
certain,  from  an  entry  by  Pepys,  that  as  early  as  1666 
he  had  established  a  character  for  vice  and  profligacy. 
He  was  the  direct  author  of  the  attack  in  December, 
1670,  on  Sir  John  Coventry,  and  only  a  few  months 
later  received  the  royal  pardon  for  his  share  in  the 
wanton  murder  of  a  street  watchman.  De  Gramont, 
in  his  vivid  sketch  of  Monmouth2  after  describing  the 
beauty  and  bodily  prowess  for  which  he  was  celebrated, 
notices  the  fatal  emptiness  and  poverty  of  his  mind : 
“  Tous  les  avantages  du  corps  parloient  pour  lui ;  mais 
son  esprit  ne  disait  pas  un  petit  mot  en  sa  faveur.  11 
n’avait  de  sentimens  que  ce  qu’on  lui  en  inspirait.” 

Hitherto  Monmouth  had  been  but  the  spoiled  child 
of  a  wicked  court.  Now,  however,  by  no  act  or  will 
of  his  own,  he  began  to  be  a  person  politically  impor¬ 
tant.  As  early  as  1662  the  king’s  excessive  fondness 
for  him  had  caused  anxiety.  Even  then  the  fear  of  a 
“  difference  ”  between  Monmouth  and  James,  duke  of 
York,  exercised  men’s  minds ;  and  every  caress  or 
promotion  kept  the  fear  alive.  Who  could  tell  but 
that,  in  default  of  legitimate  issue  from  his  queen, 
Charles  might  declare  Monmouth  himself  his  lawful 
son  ?  A  civil  war  would  be  the  certain  consequence. 
Soon  after  1670  the  matter  took  a  more  serious  aspect. 
The  anti-popery  spirit  was  rapidly  becoming  a  frenzy, 
and  the  succession  of  James  a  probability  and  a  terror. 
Charles  was  urged  to  legitimize  Monmouth  by  a  decla¬ 
ration  of  his  marriage  with  Lucy  Walters.  He  returned 
answer  that,  much  as  he  loved  the  duke,  he  would  ra¬ 
ther  see  him  hanged  at  Tyburn  than  own  him  for  his  le¬ 
gitimate  son.  Every  attempt,  however,  was  henceforth 
made,  especially  by  Shaftesnury,  to  accustom  people  to 
this  idea.  He  was  taught  to  regard  himself  as  the  repre¬ 
sentative  of  the  Protestant  interest,  and  his  position  was 
emphasized  by  James’s  second  marriage  with  the  Ro¬ 
man  Catholic  princess  Mary  of  Modena.  From  this  time 
his  popular  title  was  ‘  ‘  the  Protestant  duke.  ’  ’  Charles 
was  induced  to  confer  many  prominent  employments 
upon  him.  The  influence  of  James,  however,  was 
strong  enoqgh  to  prevent  his  obtaining  the  lord-lieu¬ 
tenancy  of  Ireland ;  but  he  received  the  command  of 
the  6000  troops  who  assisted  the  French*  in  the  second 
Dutch  war,  and,  though  without  any  claims  to  general¬ 
ship,  behaved  with  courage  in  the  field. .  In  1674  he 
was  made  “commander-in-chief;  ”  and,  in  connection 
with  this,  another  unsuccessful  attempt,  graphically 
described  in  Clarke’s  Life  of  James,  was  made  to  gain 
from  Charles  a  tacit  admission  of  his  legitimacy.  At 
Shaftesbury’s  instance  he  was  placed  in  command  of 
the  army  employed  in  1675  against  the  Scottish  Cove¬ 
nanters,  and  was  present  at  Bothwell  Bridge  (22d  June, 
1679).  He  was  also,  at  the  king’s  request,  elected 
chancellor  of  the  university  of  Cambridge.  In  1678, 
when  Charles  was  driven  into  war  with  Louis,  Mon- 
zuouth  took  the  command  of  the  hmglish  contingent, 


and  again  gained  credit  for  personal  courage  at  the 
battle  of  St.  Denis.  On  his  return  to  London  England 
was  in  the  throes  of  the  popish  terror.  The  idea  of 
securing  the  Protestant  succession  by  legitimizing 
Monmouth  again  took  shape  and  was  eagerly  pressed 
on  by  Shaftesbury ;  at  the  time  it  seemed  possible 
that  success  would  wait  on  the  audacity. 

The  Pensionary  parliament  was  dissolved  in  Janu¬ 
ary,  1678-79,  and  was  succeeded  by  one  still  more  de¬ 
termined  in  its  anti-popery  spirit.  To  avoid  the  storm, 
and  to  save,  if  possible,  his  brother’s  interests,  Charles 
instructed  him  to  leave  the  country.  James  retired  to 
Brussels,  the  king  having  previously  signed  a  declara¬ 
tion  that  he  “never  was  married,  nor  gave  contract 
to  any  woman  whatsoever  but  to  my  wife  Queen  Cath¬ 
erine.  ’  ’  In  spite  of  this,  Monmouth  might  naturally 
now  nourish  ambitious  views.  His  rival  was  off  the 
stage  ;  Shaftesbury,  his  chief  supporter,  was  president 
of  the  remodelled  privy  council ;  and  he  himself  was 
the  favorite  of  the  city.  In  the  summer  of  1679  the 
king  suddenly  fell  ill,  and  the  dangers  of  a  disputed 
succession  became  terribly  apparent.  The  party  op¬ 
posed  to  Monmouth,  or  rather  to  Shaftesbury,  easily 
prevailed  upon  Charles  to  consent  to  his  brother’s 
temporary  return.  When,  after  the  king’s  recovery, 
J ames  went  back  to  Brussels,  he  received  a  promise 
that  Monmouth  too  should  be  removed  from  favor 
and  ordered  to  leave  the  country.  Accordingly,  in 
September,  1679,  the  latter  repaired  to  Utrecht,  while 
shortly  afterwards  James’s  friends  so  far  gained 

Sound  as  to  obtain  for  him  permission  to  reside  at 
linburgh  instead  of  at  Brussels.  Within  two  months 
of  his  arrival  at  Utrecht,  Monmouth  secretly  returned 
to  England,  arriving  in  London  on  27th  November. 
Shaftesbury  had  assiduously  kept  alive  the  anti-popery 
agitation,  and  Monmouth,  as  the  champion  of  Protest¬ 
antism,  was  received  with  every  sign  of  popular  delight. 
The  king  appeared  to  be  greatly  incensed,  depnved 
him  of  all  his  offices,  and  ordered  him  to  leave  the 
kingdom  at  once.  This  he  refused  to  do,  and  the  only 
notice  taken  of  the  disobedience  was  that  Charles  for¬ 
bade  him  to  appear  at  court. 

It  was  at  this  time  that  the  Appeal  from  the  Country 
to  the  City ,  written  by  Ferguson,  was  published,  in 
which  the  legitimacy  was  tacitly  given  up,  and  in  which 
it  was  urged  that  “he  that  hath  the  worst  title  will 
make  the  best  king.”  Now  it  was  too  that  the  exclu- 
sionists,  who,  in  the  absence  of  parliament,  were  de¬ 
prived  of  their  best  basis  for  agitation,  developed  the 
system  of  petitioning.  So  promptly  and  successfully 
was  this  answered  by  the  “abhorrers”  that  Charles, 
feeling  the  ground  safer  under  him,  recalled  James 
to  London, — a  step  immediately  followed  by  the  resig¬ 
nation  of  the  chief  Whigs  in  the  council. 

Once  more,  however,  a  desperate  attempt  was  made, 
by  the  fable  of  the  “black  dox,”  to  establish  Mon¬ 
mouth’s  ckiims  ;  and  once  more  these  claims  were  met 
by  Charles’s  public  declarations  in  the  Gazette  that  he 
had  never  been  married  but  to  the  queen.  Still  acting 
under  Shaftesbury’s  advice,  Monmouth  now  went  upon 
the  first  of  his  progresses  in  the  west  of  England, 
visiting  the  chief  members  of  the  country  party,  and 
gaining  by  his  open  and  engaging  manner  much  popu¬ 
larity  among  the  people.  In  August,  1680,  James 
returned  to  Edinburgh,  his  right  to  the  succession 
being  again  formally  acknowledged  by  Charles.  Mon¬ 
mouth  at  once  threw  himself  more  vehemently  than 
ever  into  the  plans  of  the  exclusionists.  He  spoke  and 
voted  for  exclusion  in  the  House  of  Lords,  and  used 
language  not  likely  to  be  forgotten  by  J  ames  when  an 
opportunity  should  come  for  resenting  it.  He  was 
ostentatiously  feasted  by  the  city,  the  stronghold  of 
Shaftesbury’s  influence;  and  it  was  observed  as  he 
drove  to  dinner  that  the  mark  of  illegitimacy  had  been 
removed  from  the  arms  on  his  coach. 

The  year  1681  seemed  likely  to  witness  another  civil 
war.  The  parliament  finished  a  session  of  hysterical 
passion  by  passing  a  series  of  resolutions  of  extreme 
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riolenoe,  of  which  one  was  that  Monmouth  should  be 
restored  to  all  his  offices  and  commands ;  and  when 
Charles  summoned  a  fresh  parliament  to  meet  at  Ox¬ 
ford,  the  leaders  of  the  exclusionists  went  thither  with 
troops  of  armed  men.  Not  until  the  dissolution  of 
this  last  parliament  on  27th  March,  1681,  did  the  weak¬ 
ness  of  Monmouth’s  cause  appear.  In  a  moment  the 
ground  was  cut  from  under  the  feet  of  his  supporters ; 
their  basis  for  agitation  was  gone  ;  pamphlets  and 
broadsheets  could  ill  supply  the  place  of  a  determined 
and  unscrupulous  majority  of  the  House  of  Commons. 
The  deep-seated  respect  for  legitimate  descent  asserted 
itself,  and  a  great  reaction  took  place.  In  November 
Dryden  published  Absalom,  and  Achitophd.  Shaftes¬ 
bury  was  attacked,  but  was  saved  for  the  time  by  a 
favoring  jury.  Monmouth  himself  did  not  escape  in¬ 
sult  in  the  street  and  from  the  pulpit.  He  thought  it 
wise  to  try  to  make  his  peace  with  the  king,  but  he  did 
so  in  terms  which  incensed  Charles  the  more.  He  was 
forbidden  to  hold  communication  with  the  court ;  and, 
when  he  went  in  September,  1682,  on  a  second  prog¬ 
ress  through  the  western  and  northwestern  counties, 
his  proceedings  were  narrowly  watched,  and  he  was  at 
length  arrested  at  Stafford.  .  Severity  and  extreme 
lenity  were  strangely  mingled  in  the  treatment  he  re¬ 
ceived.  He  was  released  on  bail,  and  in  February, 
1683,  after  the  flight  and  death  of  Shaftesbury,  he 
openly  broke  the  implied  conditions  of  his  bail  by  pay¬ 
ing  a  third  visit  to  Chichester  with  Lord  Grey  and 
others  on  pretence  of  a  hunting  expedition. 

It  is  probable  that  Monmouth  never  went  so  far  as 
to  think  of  armed  rebellion ;  but  there  is  little  doubt 
that  he  had  talked  over  schemes  likely  to  lead  to  this, 
and  that  Shaftesbury  had  gone  further  still.  The  Rye 
House  plot  gave  an  excuse  for  arresting  the  Whig 
leaders  ;  Russell  and  Sidney  were  judicially  murdered : 
Monmouth  retired  to  Toddington  in  Bedfordshire,  and 
was  left  untouched.  Court  intrigue  favoring  him,  he 
succeeded,  by  the  betrayal  of  his  comrades  and  by  two 
submissive  letters,  in  reconciling  himself  with  the  help 
of  Halifax  both  to  the  king  and.  to  James,  though  he 
had  the  humiliation  of  seeing  his  confessions  and 
declarations  of  penitence  published  at  length  in  the 
Gazette.  His  character  for  pettishness  and  folly  was 
now  amply  illustrated.  He  aenied  that  he  had  given 
evidence;  he  then  wrote  a  recantation  of  the  denial. 
He  managed  by  importunity  to  get  from  the  king  the 
paper  of  recantation  ;  and  lastly,  by  the  advice  of  his 
wife,  he  offered  again  to  sign  the  paper  which  he  had 
withdrawn.  Charles  heartily  despised  him,  and  yet 
appears  to  have  retained  affection  for  him.  His  par¬ 
tial  return  to  favor  raised  the  hopes  of  his  partisans  ; 
to  check  these,  Algernon  Sidney  was  executed.  Mon¬ 
mouth  was  now  subpoenaed  to  give  evidence  at  the 
trial  of  young  Hampden.  To  escape  from  the  diffi¬ 
culties  thus  opened  before  him  he  fled  to  Holland, 
probably  with  Charles’s  connivance,  and  though  he 
once  more,  in  November,  1684,  visited  England,  it  is 
doubtful  whether  he  ever  again  saw  the  king.  From 
that  time  till  the  king’s  death  he  lived  with  Henrietta 
Wentworth,  his  mistress,  in  Holland  and  at  Brussels. 

The  quiet  accession  of  James  EE.  soon  brought  Mon¬ 
mouth  to  the  crisis  of  his  fate.  Though  at  first  de¬ 
sirous  of  retirement,  his  character  was  too  weak  to 
withstand  the  urgency  of  more  determined  men. 
Within  two  months  of  Charles’s  death  he  had  yielded 
to  the  impetuosity  of  Argyll  and  others  of  the  exiles, 
and  to  vague  invitations  from  England.  It  is  curious, 
as  showing  the  light  in  which  his  claims  were  viewed 
by  his  fellow-conspirators,  that  one  of  the  terms  of  the 
compact  between  them  was  that,  though  Monmouth 
should  lead  the  expedition,  he  should  not  assume  the 
title  of  king  without  their  consent,  and  should,  if  the 
rebellion  were  successful,  resign  it  and  accept  whatever 
rank  the  nation  might  offer.  Now,  as  always,  he  was 
but  a  puppet  in  other  men’s  hands. 

On  the  2d  of  May  Argyll  sailed  with  three  ships  to 
raise  the  west  of  Scotland;  and  three  weeks  later,  with 


a  following  of  only  eighty-two  persons,  of  whom  Lord 
Grey,  Fletcher  of  Saltoun,  Wade,  and  Ferguson,  the 
author  of  the  Appeal  from  the  Country  to  the  City , 
were  the  chief,  Monmouth  himself  set  out  for  the  west 
of  England,  where,  as  the  stronghold  of  Protestant 
dissent  and  as  the  scene  of  his  former  progresses,  he 
could  alone  hope  for  immediate  support.  Even  here, 
however,  there  was  no  movement;  and  when  on  11th 
June  Monmouth’s  three  ships,  haring  eluded  the  royal 
fleet,  arrived  off  Lyme  Regis,  he  landed  amid  the 
curiosity  rather  than  the  sympathy  of  the  inhabitants. 
In  the  market-place  his  “declaration,”  drawn  up  by 
Ferguson,  was  read  aloud.  In  this  document  James 
was  painted  in  the  blackest  colors.  Not  only  was  he 
declared  to  be  the  murderer  of  Essex,  but  he  was  di¬ 
rectly  charged  with  haring  poisoned  Charles  to  obtain 
his  crown.  Monmouth  soon  collected  an  undisciplined 
body  of  some  1500  men,  with  whom  he  seized  Ax- 
minster,  and  entered  Taunton.  Meanwhile  the  parlia¬ 
ment  had  declared  it  treason  to  assert  Monmouth’s 
legitimacy,  or  his  title  to  the  crown  ;  a  reward  of  £5000 
was  offered  for  him  dead  or  alive,  and  an  act  of  attain¬ 
der  was  passed  in  unusual  haste.  Troops  had  been 
hurriedly  sent  to  meet  him,  and  when  he  reached 
Bridgwater  Albemarle  was  already  in  his  rear.  From 
Bridgwater  the  army  marched  through  Glastonbury  to 
attack  Bristol,  into  which  Lord  Feversham  had  hastily 
thrown  a  regiment  of  foot-guards.  The  attempt,  how¬ 
ever,  miscarried  ;  and,  after  summoning  Bath  in  vain, 
Monmouth,  with  a  disordered  force,  began  his  retro¬ 
grade  march  through  Philips- Norton  and  Frome,  con¬ 
tinually  harassed  by  Feversham’s  soldiers.  At  the 
latter  place  he  heard  of  Argyll’s  total  rout  in  the 
western  Highlands.  He  was  now  anxious  to  give  up 
the  enterprise,  but  was  overruled  by  Grey,  Wade,  ana 
others.  On  the  3d  of  July  he  reached  Bridgwater 
again,  with  an  army  little  better  than  a  rabble,  living 
at  free  quarters  and  behaving  with  reckless  violence. 
On  Sunday  the  5th  Feversham  entered  Sedgemoor  in 
pursuit ;  Monmouth  the  same  night  attempted  a  sur¬ 
prise,  but  his  troops  were  hopelessly  routed.  He  him¬ 
self,  with  Grey  ana  a  few  others,  fled  over  the  Mendip 
Hills  to  the  New  Forest,  hoping  to  reach  the  coast  ana 
escape  by  sea.  The  whole  country,  however,  was  on 
the  alert,  and  at  midnight  on  the  8th,  within  a  month 
of  their  landing,  James  heard  that  the  revolt,  desperate 
from  the  first,  was  over,  and  that  his  rival  had  been 
captured  close  to  Ringwood,  in  Hampshire. 

The  poor  strain  in  Monmouth’s  character  was  now 
shown.  On  the  day  of  his  capture  he  wrote  to  J am  es 
in  terms  of  the  most  unmanly  contrition,  ascribing  his 
wrongdoings  to  the  action  of  others,  and  imploring  an 
interview.  On  the  13th  the  prisoners  reached  the 
Tower,  and  on  the  next  day  Monmouth  was  allowed 
to  see  James.  The  accounts  of  this  interview  are 
difficult  to  reconcile  in  some  points,  but  all  agree  that 
Monmouth’s  behavior  was  unmanly  in  the  extreme. 
No  mercy  was  shown  him,  nor  did  he  in  the  least  de¬ 
serve  mercy ;  he  had  wantonly  attacked  the  peace  of 
the  country,  and  had  cruelly  libelled  J ames.  The  king 
had  not,  even  in  his  own  mind,  any  family  tie  to  re¬ 
strain  him  from  exercising  just  severity,  for  he  had 
never  believed  Monmouth  to  be  the  son  of  any  one  but 
Robert  Sidney.  Two  painful  interviews  followed  with 
the  wife  for  whom  he  bore  no  love,  and  who  for  him 
could  feel  no  respect;  another  imploring  letter  was 
sent  to  the  king,  and  abject  protestations  and  beseech- 
ings  were  made  to  all  whom  he  saw.  He  offered,  as 
the  last  hope,  to  become  a  Roman  Catholic,  and  this 
might  possibly  have  proved  successful,  but  the  priests 
sent  by  James  to  ascertain  the  sincerity  of  his  “con¬ 
version”  declared  that  he  cared  only  for  his  life  and 
not  for  his  soul. 

He  met  his  death  on  the  scaffold  with  calmness  and 
dignity.  In  the  paper  which  he  left  Bigned,  and  to 
which  he  referred  in  answer  to  the  questions  wherewith 
the  busy  bishops  plied  him,  he  expressed  his  sorrow 
for  having  assumed  the  royal  style,  and  at  the  lagfc 
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moment  confessed  that  Charles  had  denied  to  him  pri¬ 
vately,  as  he  had  publicly,  that  he  was  ever  married 
to  Lucy  Walters.  He  died  at  the  age  of  thirty-six,  on 
the  15th  of  July,  1685.  “Thus  ended,”  says  Evelyn, 
“this  quondam  duke,  darling  of  his  father  and  the 
ladies,  being  extremely  handsome  and  adroit ;  an  ex¬ 
cellent  soulaier  and  dancer,  a  favourite  of  the  people, 
of  an  easy  nature,  debauched  by  lusts,  seduced  by 
crafty  knaves,  who  would  have  set  him  up  only  to 
make  a  property,  and  took  the  opportunity  of  the  king 
being  of  another  religion  to  gather  a  party  of  discon¬ 
tented  men.  He  failed  and  perished. ’’ 

Authorities  for  Monmouth’s  career  are,  besides  the  known 
modern  histories,  Roberts’s  Life  (1844),  Evelyn’s  and  Pepys’s 
Diaries,  Oldmixon’s  History  (1724),  James  II. ’s  Memoirs, 
Clarke’s  Life  of  James,  Reresby’s  Memoirs,  Sidney’s  Diary 
(1843),  Scott’s  notes  to  Absalom  and  Achitophel,  and  The  Heroic 
Life,  etc.  (1683).  For  the  rebellion,  Lord  Grey’s  Secret  History 
should  be  consulted.  (o.  A.) 

MONMOUTH,  Geoffrey  of.  See  Geoffrey  of 
Monmouth. 

MONOPHYSITES.  See  Eutyches  and  Jacobite 
Church. 

MONOPOLI,  a  city  of  Italy,  in  the  province  of 
Bari,  is  situated  on  the  coast  of  the  Adriatic,  25  miles 
by  rail  southeast  of  Bari.  It  is  a  bishop’s  see,  is  sur¬ 
rounded  by  ancient  walls,  and  possesses  a  castle  built 
by  Charles  V.  in  1552,  a  cathedral,  and  a  hospital 
dating  from  1 368.  The  harbor  is  neither  large  nor 
well  protected,  but  a  certain  amount  of  trade  is  carried 
on  in  the  export  of  local  products.  The  population 
was  about  12,000  in  the  17th  century ;  12,377  in  1861 ; 
and  13,740  in  1901,  that  of  the  commune  being  22,545. 
Monopoli  probably  grew  up  after  the  destruction  of 
Egnatia  (5th  century),  the  ruins  of  which  lie  a  few 
miles  to  the  south. 

MONOPOLY  (povonoMa,  exclusive  sale).  Though 
still  used  in  the  sense  of  the  original  Greek,  the  term 
is  more  accurately  applied  only  to  grants  from  the 
crown  or  from  parliament,  the  private  act  of  an  indi¬ 
vidual  whereby  he  obtains  control  over  the  supply  of 
any  particular  article  being  properly  defined  as  “en¬ 
grossing.”  It  was  from  the  practice  of  the  sovereign 
granting  to  a  favorite,  or  as  a  reward  for  good  service, 
a  monopoly  in  the  sale  or  manufacture  of  some  par¬ 
ticular  class  of  goods,  that  the  system  of  protecting 
inventions  arose,  and  this  fact  lends  additional  interest 
to  the  history  of  monopolies  (see  Patents).  When 
the  practice  of  making  such  grants  first  arose  it  does 
not  appear  easy  to  say.  Sir  Edward  Coke  laid  it  down 
that  by  the  ancient  common  law  the  king  could  grant 
to  an  inventor,  or  to  the  importer  of  an  invention  from 
abroad,  a  temporary  monopoly  in  his  invention,  but 
that  grants  in  restraint  of  trade  were  illegal.  Such, 
too,  was  the  law  laid  down  in  the  first  recorded  case, 
Darcy  v.  Allin  (the  case  of  monopolies,  1602),  and  this 
decision  was  never  overruled,  though  the  law  was  fre¬ 
quently  evaded.  The  patent  rolls  of  the  Plantagenets 
show  few  instances  of  grants  of  monopolies  (the  earliest 
known  is  temp.  Edw.  III. ),  and  we  come  down  to  the 
reign  of  Henry  VIII.  before  we  find  much  evidence  of 
this  exercise  of  the  prerogative  in  the  case  of  either 
new  inventions  or  known  articles  of  trade.  Elizabeth, 
as  is  well  known,  granted  patents  of  monopoly  so  freely 
that  the  practice  became  a  grave  abuse,  and  on  several 
occasions  gave  rise  to  serious  complaints  in  the  House 
of  Commons.  Lists  prepared  at  the  time  show  that 
many  of  the  commonest  necessaries  of  life  were  the 
subjects  of  monopolies,  by  which  their  price  was 
grievously  enhanced.  That  the  queen  did  not  assume 
the  right  of  making  these  grants  entirely  at  her 
pleasure  is  shown,  not  only  by  her  own  statements  in 
answer  to  addresses  from  the  House,  but  by  the  fact’ 
that  the  preambles  to  the  instruments  conveying  the 
grants  always  set  forth  some  public  benefit  to  be  de¬ 
rived  from  their  action.  Thus  a  grant  of  a  monopoly 
to  sell  playing-cards  is  made,  because  “divers  subjects 
of  able  bodies,  which  might  go  to  plough,  did  employ 


themselves  in  the  art  of  making  of  cards”;  and  one 
for  the  sale  of  starch  is  justified  on  the  ground  that  it 
would  prevent  wheat  being  wasted  for  the  purpose. 
Accounts  of  the  angry  debates  in  1565  and  1601  are 
given  in  Hume  ana  elsewhere.  The  former  debate 
produced  a  promise  from  the  queen  that  she  would  be 
careful  in  exercising  her  privileges  ;  the  latter  a  procla¬ 
mation  which,  received  with  great  joy  by  the  House, 
really  had  but  little  effect  in  stopping  the  abuses  com¬ 
plained  of.  A  few  grants  were  cancelled,  others  lim¬ 
ited,  and  others  again  left  to  the  action  of  the  ordinary 
law  courts  (instead  of  the  privy  council).  In  speaking 
of  the  results  of  the  proclamation,  previous  writers 
seem  to  have  been  misled  by  the  promises  made  in  the 
queen’s  speech,  promises  by  no  means  carried  out  in 
the  text  of  the  document  itself,  a  copy  of  which  still 
exists  in  the  British  Museum. 

In  the  first  parliament  of  James  I.  a  “committee 
of  grievances”  was  appointed,  of  which  Sir  Edward 
Coke  was  chairman.  Numerous  monopoly  patents 
were  brought  up  before  them,  and  were  cancelled. 
Many  more,  however,  were  granted  by  the  king,  and 
there  grew  up  a  race  of  “purveyors,”  who  made  use 
of  the  privileges  granted  them  under  the  great  seal  for 
various  purposes  of  extortion.  One  of  the  most  no¬ 
torious  of  these  was  Sir  Giles  Mompesson,  who  fled 
the  country  to  avoid  trial  in  1621.  After  the  intro¬ 
duction  of  several  bills,  and  several  attempts  by  James 
to  compromise  the  matter  by  orders  in  council  and 
promises,  the  Statute  of  Monopolies  was  passed  in 
1623.  This  made  all  monopolies  illegal,  except  such 
as  might  be  granted  by  parliament,  or  were  in  respect 
of  new  manufactures  or  inventions.  Upon  this  ex¬ 
cepting  clause  is  built  up  the  entire  English  system  of 
letters  patent  for  inventions,  the  statute  itself  (amended 
by  later  Acts)  being  still  in  force.  The  Act  was  strictly 
enforced,  and  by  its  aid  the  evil  system  of  monopolies 
was  eventually  abolished.  This  result  was  not  indeed 
immediately  achieved,  for  even  during  the  Protectorate 
cases  of  monopoly  patents  were  brought  up,  and  the 
patents  cancelled  as  grievances.  Parliament  has,  of 
course,  never  exercised  its  power  of  granting  to  any 
individual  exclusive  privileges  of  dealing  in  any  articles 
of  trade,  such  as  the  privileges  of  the  Elizabethan 
monopolists ;  but  the  licenses  required  to  betaken  out 
by  dealers  in  wine,  spirits,  tobacco,  etc. ,  are  lineal  de¬ 
scendants  of  the  old  monopoly  grants,  while  the  quasi¬ 
monopolies  enjoyed  by  railways,  canals,  gas  and  water 
companies,  etc. ,  under  Acts  of  Parliament,  are  also 
representative  of  the  ancient  practice. 

■  MONOTHELITES  (povodehyrai,  monothelitce)  was 
the  name  given  to  those  who,  in  the  7th  century, 
while  otherwise  orthodox,  fell  into  the  heresy  of  main¬ 
taining  that  Christ  had  only  one  will.  The  monoth- 
elite  controversy  had  its  origin  in  the  efforts  of  the 
emperor  Heraclius  to  win  back  for  the  church  and  the 
empire  the  excommunicated  and  persecuted  Monophy- 
sites  or  Eutychians  of  Egypt  and  Syria.  It  seems  to 
have  been  while  in  Armenia  in  622  that,  in  an  inter¬ 
view  with  Paul,  the  head  of  the  Severians  (Mono- 
physites)  there,  he  first  broached  the  doctrine  of  the 
pia  hepyeia  of  Christ,  the  doctrine  that  the  divine 
and  human  natures,  while  quite  distinct  in  His  one 
person,  had  but  one  activity  and  operation.1  At  a 
somewhat  later  date  he  wrote  to  Arcadius  of  Cyprus, 
commanding  that  “  two  energies  ”  should  not  be 
spoken  of;  and  in  626,  while  in  Lazistan  (Colchis),  he 
had  a  meeting  with  the  metropolitan,  Cyrus  of  Phasis, 
during  which  this  command  was  discussed,  and  Cyrus 
was  at  last  bidden  seek  further  instruction  on  the  sub¬ 
ject  from  Sergius,  patriarch  of  Constantinople,  a 
strong  upholder  of  the  pia  evkpyeia,  and  the  emperor’s 
counsellor  with  regard  to  it.  So  well  did  he  profit  by 

1  According  to  some  church  historians,  it  was  Paul  who  intro¬ 
duced  the  doctrine ;  but  this  statement  seems  to  rest  on  a  misin¬ 
terpretation  of  the  authorities.  See  Hefele,  Conciliengesch.,  iii.  p. 
124  sq.  (1877),  who  also  traces  the  previous  history  of  the  expres- 
sions  pia  ei'ep-yeia,  6(av&pucr)  ei/epyeia,  especially  as  found  in  thO 
writings  of  the  Pseudo-Dionysius  Areopagita. 
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the  teaching  he  received  in  this  quarter  that,  in  630 
631,  Cyrus  was  appointed  to  the  vacant  patriarchate 
of  Alexandria,  and  in  633  succeeded  in  reconciling  the 
Severians  of  his  province  on  the  basis  of  yia  6eav6pinfi 
hepyeia  (one  divine-human  energy).  He  was,  however, 
opposed  by  Sophronius,  a  monk  from  Palestine,  who, 
after  vainly  appealing  to  Cyrus,  actually  went  to 
Constantinople  to  remonstrate  with  Sergius  himself. 
Shortly  afterwards  Sergius  wrote  to  Pope  Honorius, 
and  received  a  friendly  reply.  Sophronius,  however, 
who  meanwhile  had  been  made  patriarch  of  Jerusa¬ 
lem  (634),  refused  to  be  silenced,  and  in  his  Epistola 
Synodica  strongly  insisted  on  the  1  ‘  two  energies.  ”  So 
intense  did  the  controversy  now  become  that  at  last, 
towards  the  end  of  638,  Heraclius  published  his  Ecthe- 
sis,  or  Exposition  of  the  Faith,  which  prohibited  the 
use  of  the  phrase  “one  energy,”  because  of  its  dis¬ 
quieting  effects  on  some  minds,  as  seeming  to  militate 
against  the  doctrine  of  the  two  natures  ;  while,  on  the 
other  hand,  the  expression  “two  energies ”  was  inter¬ 
dicted  because  it  seemed  to  imply  that  Christ  had  two 
wills.  That  Christ  had  but  one  will  was  declared  to 
be  the  only  orthodox  doctrine,  and  all  the  faithful 
were  enjoined  to  hold  and  teach  it  without  addition  or 
deduction.  The  document  was  not  acceptable,  how¬ 
ever,  to  Popes  Severinus  and  John  IV.,  tne  immediate 
successors  of  Honorius ;  and  Maximus,  the  confessor, 
succeeded  in  stirring  up  such  violent  opposition  in 
North  Africa  and  Italy  that,  in  648,  Constans  II. 
judged  it  expedient  to  withdraw  his  grandfather’s 
offensive  edict,  and  to  substitute  for  it  his  own  Typrn 
(riiroc  nepl  nioreoe),  forbidding  all  discussion  of  the 
questions  of  the  duality  or  singleness  of  either  the 
energy  or  the  will  of  Christ.  The  scheme  of  doctrine 
of  the  first  four  general  councils,  in  all  its  vagueness 
as  to  these  points,  was  to  be  maintained ;  so  far  as 
the  controversy  had  gone,  the  disputants  on  either 
Bide  were  to  be  held  free  from  censure,  but  to  resume 
it  would  involve  penal  consequences.  The  reply  of 
the  Western  Church  was  promptly  given  in  the  un¬ 
ambiguously  dyothelite  decrees  of  the  Lateran  synod 
held  by  Martin  I.  in  649  ;  but  the  cruel  persecutions 
to  which  both  Martin  and  Maximus  were  exposed, 
and  finally  succumbed,  secured  for  the  imperial  Typm 
the  assent  at  least  of  silence.  With  the  accession  of 
Constantine  Pogonatus  in  668  the  controversy  once 
more  revived,  and  the  new  emperor  resolved  to  sum¬ 
mon  a  general  council.  It  met  at  Constantinople  in 
680,  having  been  preceded  in  679  by  a  brilliant  synod 
under  Pope  Agatho  at  Rome,  where  it  had  been  agreed 
to  depart  in  nothing  from  the  decrees  of  the  Lateran 
pynoa.  At  Constantinople  the  condemnation  of  the 
monothelite  heresy  was  explicit  and  complete,  Pope 
Honorius  being  anathematized  by  name  along  with 
the  others  who  had  supported  it. .  Beyond  the  limits 
of  the  empire,  monotnelism  survived  for  some  cen¬ 
turies  in  Lebanon  among  the  Maronites  (q.v.),  who 
did  not  abjure  their  heresies  until  1182. 

See  the  church  historians,  and  especially  Hefele  (op.  cit.), 
%vhose  obvious  partisanship  can  only  slightly  affect  the 
reader’s  appreciation  of  his  full  and  accurate  learning. 

MONREALE,  a  contraction  of  “monte-reale,”  was 
so  called  from  a  palace  built  there  by  the  Norman 
Roger  I..  king  of  Sicily.  It  is  now  a  town  of  about 
17,630  inhabitants,  situated  5  miles  inland  from  Pa¬ 
lermo,  on  the  slope  of  Mount  Caputo  overlooking  the 
beautiful  and  very  fertile  valley  called  “La  Concha 
d’Oro”  (the  Golden  Shell),  famed  for  its  orange, 
olive,  and  almond  trees,  the  produce  of  which  is 
exported  in  large  quantities.  The  town,  which  for 
long  was  a  mere  village^  owed  its  origin  to  the  found¬ 
ing  of  a  large  Benedictine  monastery,  with  its  church, 
the  seat  of  the  metropolitan  archbishop  of  Sicily.1 
This,  the  greatest  of  all  the  monuments  of  the  wealth 
and  artistic  taste  of  the  Norman  kings  in  Northern 

1  An  earlier  church  appears  to  have  existed  at  Monreale  since 
the  6th  century,  but  no  traces  of  it  now  remain. 
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Sicily,  who  in  1072  expelled  the  Mohammedans  and 
established  themselves  there  with  Palermo  as  their 
capital,  was  begun  about  1170  by  William  II.,  and  in 
1182  the  church,  dedicated  to  the  Assumption  of  the 
Virgin  Mary,  was,  by  a  bull  of  Pope  Lucius  III., 
elevated  to  the  rank  of  a  metropolitan  cathedral.  It 


Plan  of  the  cathedral  of  Monreale,  as  built  in  the  12th  century, 
omitting  later  additions. 


1, 1.  Stairs  to  towers,  now  al¬ 
tered. 

2.  Chapel  under  the  south 

ambo. 

3.  Stairs  to  ambo. 

4.  Holy-water  stoup. 

6.6.  “Pulpitum”  or  choir- 

screen,  now  destroyed. 
6,6  Screens  behind  stalls, 
now  destroyed. 

7. 7.  Stalls,  now  destroyed. 

8.  King’s  throne. 

9.  Archbishop’s  throne. 
10,10.  Sanctuary  screen. 


11.  High  altar  and  baldac- 

chino. 

12.  Altar  in  northern  apse. 

13.  Altar  in  southern  apse. 

14.  Altar  at  tomb  of  William 

15.  Archbishop’s  throne. 

16, 16.  Seats  for  clergy. 

17.  Door  to  great  cloister. 

18.  Door  to  chapter  house. 

19.  Door  to  sacristy. 

20, 20.  Doors  to  royal  palace. 

21.  Bronze  door  by  Barisanos. 

22.  Bronze  door  by  Bonannus. 


was,  and  is  even  now,  one  of  the  most  magnificent 
buildings  in  the  world,  and  Pope  Lucius  in  no  way 
exaggerated  its  splendor  when  he  said  in  his  bull", 
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“  ut  simile  opus  per  aliquem  regem  factum  non  fuerit 
a  diebus  antiquis.  ’  ’ 

The  archiepiscopal  palace  and  monastic  buildings 
on  the  south  side  were  of  great  size  and  magnificence, 
and  were  surrounded  by  a  massive  precinct  wall, 
crowned  at  intervals  by  twelve  towers.  This  has  been 
mostly  rebuilt,  and  but  little  now  remains  except 
ruins  of  some  of  the  towers,  a  great  part  of  the 
monks’  dormitory  and  frater,  and  the  very  splendid 
cloister,  completed  about  1200.  This  latter  is  well 
preserved,  and  is  one  of  the  finest  cloisters  both  for 
size  and  beauty  of  detail  that  now  exists  anywhere.  It  is 
about  170  feet  square,  with  pointed  arches  covered  with 
marble  inlay,  supported  on  pairs  of  columns  in  white 
marble,  216  in  all,  which  are  sumptuously  decorated 
either  by  rich  surface  carving  or  by  bands  of  patterns 
in  gold,  silver,  and  colors,  made  of  glass  tesserae, 
arranged  either  spirally  or  vertically  from  end  to  end 
of  each  shaft.  The  marble  caps  are  each  richly  carved 
with  figures  and  foliage  executed  with  great  skill  and 
wonderful  fertility  of  invention — no  two  being  alike. 
At  one  angle,  a  square  pillared  projection  contains  the 
marble  fountain  or  monks’  lavatory,  evidently  the 
work  of  Moslem  sculptors. 

The  chief  feature  of  the  place — the  church — like  the 
main  cloister,  is  fortunately  well  preserved.  In  plan 
it  is  a  curious  mixture  of  Eastern  and  Western  arrange¬ 
ment  (see  Fig.).  The  nave  is  like  an  Italian  basilica, 
while  the  large  triple-apsed  choir  is  like  one  of  the 
early  three-apsed  churches,  of  which  so  many  exam¬ 
ples  still  exist  in  Syria  and  other  Eastern  countries 
(see  De  Vogue,  Syrie  Centrale).  It  is,  in  fact,  like 
two  quite  different  churches  put  together  endwise. 
The  basilican  nave  is  wide,  with  narrow  aisles.  Mon¬ 
olithic  columns  of  Oriental  granite  (except  one, 
which  is  of  cipollino),  evidently  the  spoils  of  older 
buildings,  on  each  side  support  eight  pointed  arches 
much  stilted.  There  is  no  triforium,  but  a  high  clere¬ 
story  with  wide,  two-light  windows,  with  simple  tra¬ 
cery  like  those  in  the  nave-aisles  and  throughout  the 
church.  The  other  half,  Eastern  in  two  senses,  is 
both  wider  and  higher  than  the  nave.  It  also  is  divided 
into  a  central  space  with  two  aisles,  each  of  the  divi¬ 
sions  ending  at  the  east  with  an  apse.  The  roofs 
throughout  are  of  open  woodwork  very  low  in  pitch, 
constructionally  plain,  but  richly  decorated  with  color, 
now  mostly  restored.  At  the  west  end  of  the  nave 
are  two  projecting  towers  with  narthex-entrance  be¬ 
tween  them.  A  large  open  atrium,  which  once  ex¬ 
isted  at  the  west,  is  now  completely  destroyed.  The 
outside  of  the  church  is  plain,  except  the  aisle  walls 
and  three  eastern  apses,  which  are  decorated  with  in¬ 
tersecting  pointed  arches  and  other  ornaments  inlaid  in 
marble.  The  outsides  of  the  principal  doorways  and 
their  pointed  arches  are  magnificently  enriched  with 
carving  and  inlay,  a  curious  combination  of  three  styles 
— Norman-French,  Byzantine,  and  Arab. 

It  is,  however,  the  enormous  extent  (80,630  square 
feet)  and  glittering  splendor  of  the  glass  mosaics  cover¬ 
ing  the  interior,  which  make  this  church  so  marvel¬ 
lously  splendid  (see  Mosaic).  With  the  exception  of  a 
high  dado,  itself  very  beautiful,  made  of  marble  slabs 
enriched  with  bands  of  mosaic,  the  whole  interior  sur¬ 
face  of  the  walls,  including  soffits  and  jambs  of  all 
the  arches,  is  covered  with  minute  mosaic-pictures  in 
brilliant  colors  on  a  gold  ground.  This  gorgeous 
method  of  decoration  takes  the  place  of  all  purely 
architectural  detail,  such  as  mouldings  and  panelling. 
The  mosaic  covers  even  the  edges  of  the  arches  and 
jambs,  which  are  slightly  rounded  off,  so  as  to  allow 
them  to  be  covered  by  the  glass  tesserae.  This  device 
gives  apparent  softness  to  all  the  edges,  and  greatly 
enhances  the  richness  of  effect  produced  by  the  gleam¬ 
ing  gold  grounds.  The  only  carving  inside  is  on  the 
sculptured  caps  of  the  nave  arcade,  mostly  Corinthian 
in  style.  The  mosaic  pictures  are  arranged  in  tiers, 
divided  by  horizontal  and  vertical  bands  of  elaborate 
flowing  mosaic  ornament.  In  parts  of  the  choir  there 


are  five  of  these  tiers  of  subjects  or  single  figures  on© 
above  another.  The  half  dome  of  the  central  apse  hag 
a  colossal  half-iength  figure  of  Christ,  with  a  seated 
Virgin  and  Child  below ;  the  other  apses  have  full- 
length  colossal  figures  of  St.  Peter  and  St.  Paul.  In¬ 
scriptions  on  each  picture  explain  the  subject  or  saint 
represented ;  these  are  in  Latin,  except  some  few 
which  are  in  Greek.  The  subjects  are  partly  from  the 
Old  Testament  types  of  Christ  and  His  scheme  of  re¬ 
demption,  with  figures  of  those  who  prophesied  and 
prepared  for  His  coming.  Towards  the  east  are  sub¬ 
jects  from,  the  New  Testament,  chiefly  representing 
Christ’s  miracles  and  suffering,  with  apostles,  evan¬ 
gelists,  and  other  saints.  The  design,  execution,  and 
choice  of  subjects  all  appear  to  be  of  Byzantine  origin, 
the  subjects  being  selected  from  the  Menologium  drawn 
up  by  the  emperor  Basilius  Porphyrogenitus  in  the 
10th  century. 

No  other  mosaics  perhaps  so  closely  resemble  the 
Monreale  ones  as  those  over  the  nave  columns  in  the 
Church  of  the  Nativity  at  Bethlehem.  They  are  alike, 
not  only  in  design  and  treatment,  but  also  in  the 
curious  mixture  offLatin  and  Greek  in  the  inscriptions 
(see  De  Vogue,  Eglises  de  la  Terre  Sainte ,  1860). 
This  similarity  is  easily  accounted  for  by  the  fact  that 
these  two  sets  of  mosaics,  though  so  far  apart,  were 
executed  about  the  same  date  and  under  the  same 
conditions,  viz.,  by  the  hands  of  Byzantine  artists, 
working  for  Norman -French  kings. 

In  the  central  apse  at  Monreale,  behind  the  high 
altar,  is  a  fine  marble  throne  for  the  archbishop.  This 
position  of  the  throne  is  a  survival  of  the  early  basilican 
arrangement,  when  the  apse  and  altar  were  at  the  west 
end.  In  that  case  the  celebrant  stood  behind  the  altar 
at  mass,  and  looked  over  it  eastwards  towards  the  peo¬ 
ple.  This  position  of  the  throne  was  frequently  re¬ 
produced  in  churches  which,  like  this,  have  the  apse 
at  the  east.  On  the  north  side,  in  front  of  the  high 
altar,  is  another  somewhat  similar  throne  for  the  use 
of  the  king.  The  tomb  of  William  I.,  the  founder’s 
father — a  magnificent  porphyry  sarcophagus  contem¬ 
porary  with  the  church,  under  a  marble  pillared 
canopy — and  the  founder  William  II.  ’s  tomb,  erected 
in  1575,  were  both  shattered  by  a  fire,  which  in  1811 
broke  out  in  the  choir,  injuring  some  of  the  mosaics, 
and  destroying  all  the  fine  walnut  choir-fittings,  the 
organs,  and  most  of  the  choir  roof.  The  tombs  were 
rebuilt,  and  the  whole  of  the  injured  part  of  the 
church  restored,  mostly  very  clumsily,  a  few  years 
after  the  fire.  On  the  north  of  the  choir  are  the 
tombs  of  Margaret,  wife  of  William  I. ,  and  her  two 
sons  Roger  and  Henry,  together  with  an  urn  contain¬ 
ing  the  viscera  of  St.  Louis  of  France,  who  died  in 
1270.  The  pavement  of  the  triple  choir,  though  much 
restored,  is  a  very  magnificent  specimen  of  marble 
and  porphyry  mosaic  in  “  opus  Alexandrinum,”  with 
signs  of  Arab  influence  in  its  main  lines. 

Two  bronze  doors,  those  on  the  north  and  west  of  the 
church,  are  of  great  interest  in  the  history  of  art. 
They  are  both  divided  into  a  number  of  square  • 
panels  with  subjects  and  single  figures,  chiefly  from 
Bible  history,  cast,  in  relief.  That  on  the  north  is  by 
Barisanos  of  Trani  in  Southern  Italy,  an  artist  proba¬ 
bly  of  Greek  origin.  It  is  inscribed  barisanus  tran. 
me  fecit.  The  cathedrals  at  Trani  and  Ravello  also 
have  bronze  doors  by  the  same  sculptor.  The  western 
door  at  Monreale,  inferior  to  the  northern  one  both  in 
richness  of  design  and  in  workmanship,  is  by  Bonan- 
nus  of  Pisa,  for  the  cathedral  of  which  place  he  cast 
the  still,  existing  bronze  door  on  the  south,  opposite 
the  leaning  tower.  The  one  at  Monreale  is  inscribed 
A.D.  MCLXXXVI  IND.  III.  BONANNUS  CIVIS  PISAN  VS 
me  fecit.  It  is  superior  in  execution  to  the  Pisan 
one.  The  door  by  Barisanos  is  probably  of  about  the 
same  time,  as  other  examples  of  his  work  with  in¬ 
scribed  dates  show  that  he  was  a  contemporary  of 
Bonannus.  (See  Metal-work.)  The  monastic  li¬ 
brary  contains  some  valuable  MSS. ,  especially  a  num- 
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ber  of  bilingual  documents  in  Greek  and  Arabic,  the 
earliest  being  dated  1144.  The  archbishop  now  occu¬ 
pies  the  eastern  part  of  the  monastic  buildings,  the 
original  palace  being  destroyed. 

See  Serradifalco,  Duomo  di  Monreale,  etc.,  1838 ;  Gravina, 
Duomo  di  Monreale,  the  best  work  on  the  subject,  1859  sq. ; 
Testa,  Vita  del  Re  Guglielmo  II.,  1765 ;  Tarallo,  I  Reali  Sepol- 
cri  di  Monreale,  1826;  Hittorfet  Zanth,  Architecture  de  la  Si¬ 
dle,  1835 ;  Gaily  Knight,  Saracenic  and  Norman  Remains  in 
Sicily,  London,  1840 ;  W.  Burges,  Notes  on  Mcdikval  Mosaic, 
1863;  M.  D.  Wyatt,  Mosaics  of  Middle  Ages,  London,  1849; 
Hessemer,  Arabische  und  Alt-Italienische  Bau-Verzierungen, 
1853 ;  Garrucci,  Arte  Christiana,  1882.  (j.  h.  m.) 

MONROE,  James  (1758-1831),  fifth  president  of 
the  United  States,  was  born  28th  April,  1758,  in  the 
county  of  Westmoreland,  Virginia.  According  to  the 
family  tradition,  their  ancestors  are  traced  back  to  a 
family  of  Scottish  cavaliers  descended  from  Hector 
Monroe,  an  officer  of  Charles  I.  At  the  outbreak  of 
the  Revolutionary  war,  James  Monroe  was  a  student 
at  the  College  of  William  and  Mary,  but  left  his  studies 
in  1776  to  join  the  continental  army.  He  took  part  as 
lieutenant  in  the  New  Jersey  campaign  of  that  year, 
and  was  wounded  at  thu  battle  of  Trenton.  The  next- 
year  he  served  with  the  rank  of  major  on  the  staff  of 
General  William  Alexander  (“Lord  Stirling  ”),  but, 
thus  being  out  of  the  line  of  promotion,  he  soon  found 
himself  without  military  employment.  In  1780  he 
began  the  study  of  the  law  under  the  direction  of  Jef¬ 
ferson,  then  governor  of  Virginia.  His  intimacy  with 
Jefferson  at  this  time  had  probably  a  controlling  in¬ 
fluence  upon  his  subsequent  political  career.  He  con¬ 
tinued  through  all  vicissitudes  to  possess  the  friendship 
and  support  of  both  Jefferson  and  Madison. 

In  1782  Monroe  was  in  the  State  legislature,  and 
from  1783  to  1786  was  a  member  of  Congress.  On 
retiring  from  Congress  he  entered  upon  the  practice  of 
the  law  at  Fredericksburg,  and  was  again  elected  to  the 
legislature.  _  In  the  Virginia  convention  of  1788  for 
the  ratification  of  the  Federal  constitution,  he  was 
among  the  opponents  of  that  instrument-  but  his 
course  was  approved  by  the  legislature  of  his  State, 
who  elected  him  United  States  senator  in  1790  to 
fill  the  vacancy  caused  by  the  death  of  William 
Grayson.  As  senator  he  was  a  decided  oppbnent  of 
the  Federalist  administration.  Nevertheless  he  was 
selected  by  Washington  in  1794  as  minister  to  France 
in  place  of  Gouverneur  Morris,  a  Federalist,  recalled 
upon  the  request  of  the  French  Government.  Being 
of  the  party  who  sympathized  with  the  revolutionary 
struggle  in  France,  it  was  expected  that  his  appoint¬ 
ment  would  be  flattering  to  tne  Government  of  that 
country,  and  would  also  conciliate  the  French  party 
at  home.  The  Government  of  the  National  Conven¬ 
tion  received  Monroe  with  open  signs  of  favor,  and 
on  his  part  he  expressed  his  own  and  his  country’s 
sympathy  with  the  French  Republic  with  so  much 
enthusiasm  that  Washington  deemed  his  language 
not  in  keeping  with  the  neutral,  policy  which  the  ad¬ 
ministration  had  recently  proclaimed.  At  about  the 
same  time  John  Jay  had  negotiated  a  treaty  of  amity 
and  commerce  with  England  which  gave  great  um¬ 
brage  to  France.  It  was  alleged  that  the  earlier 
treaty  of  1778  with  France  was  violated  by  the  stipu¬ 
lations  of  the  Jay  treaty;  and  the  Directory  seemed 
disposed  to  make  of  this  a  casus  belli.  In  this  emer¬ 
gency  it  was  believed  by  Washington  and  his  advisers 
that  Monroe  failed  to  represent  properly  the  policy  of 
the  Government,  and  he  was  therefore  recalled  in 
1796.  In  justification  of  his  diplomatic  conduct,  he 
published  the  next  year  his  View ,  a  pamphlet  of  500 
pages.  In  1799  he  became  governor  of  Virginia,  and 
was  twice  reelected.  In  the  meantime  the  Republican 
party  had  come  into  power,  with  Jefferson  as  presi¬ 
dent,  and  Monroe  was  again  called  upon  to  fill  an  im¬ 
portant  diplomatic  station.  He  was  commissioned  on 
J  0th  January,  1803,  to  act  with  Livingston,  resident 
minister  at  Paris,  in  negotiating  the  .purchase  of  New 


Orleans  and  the  territory  embracing  the  mouth  of  the 
Mississippi,  which  formed  a  part  of  the  province  of 
Louisiana,  recently  ceded  by  Spain  to  France.  In  view 
of  the  anticipated  renewal  .of  hostilities  between  Eng¬ 
land  and  France  in  1803,  Napoleon  was  anxious,  for  a 
consideration,  to  part  with  his  new  acquisition,  which 
in  the  event  of  a  war  with  England  he  would  probably 
lose  by  conquest.  The  American  commissioners  met 
therefore  with  little  difficulty  in  the  accomplishment 
of  their  object.  But,  in  the  absence  of  instructions, 
they  assumed  the  responsibility  of  negotiating  the 
purchase  not  only  of  New  Orleans  but  of  the  entire 
territory  of  Louisiana— an  event  that  is  hardly  second 
in  importance  to  any  in  the  history  of  the  country. 
Monroe  was  next  commissioned  as  minister  to  England, 
to  succeed  Rufus  King,  who  had  resigned.  In  1804 
he  undertook  a  mission  to  Madrid,  with  the  object  of 
negotiating  the  purchase  of  the  Floridas  ;  but  in  this 
he  was  unsuccessful,  and  returned  to  London  in  1805. 
The  next  year  he  was  joined  in  a  commission  with 
William  Pinkney  to  negotiate  a  treaty  with  England 
to  take  the  place  of  the  Jay  treaty,  which  expired  in 
that  year.  Lords  Auckland  and  Howick  having  been 
appointed  on  the  part  of  England,  a  treaty  was  con¬ 
cluded  on  the  last  day  of  the  year,  which  was  perhaps 
more  favorable  to  the  United  States  than  the  Jay 
treaty  ;  but,  like  the  latter,  it  contained  no  provision 
against  the  impressment  of  American  seamen.  For 
this  reason  President  Jefferson  refused  to  submit  it  to 
the  Senate  for  ratification,  but  sent  it  back  for  revision. 
In  the  meantime  Canning  had  become  foreign  secretary 
in  place  of  Fox,  and  refused  to  reopen  the  negotiation. 
Monroe  returned  to  the  United  States  in  1807,  and,  as 
in  the  case  of  his  first  French  mission,  he  drew  up  a 
defence  of  his  diplomatic  conduct  in  England.  In  1808 
certain  disaffected  Republicans  attempted  to  put  Mon¬ 
roe  forward  as  the  candidate  for  the  presidency,  but  as 
Virginia  declared  in  favor  of  Madison,. Monroe  withdrew 
his  name.  In  1810  he  was  again  in  the  legislature 
of  his  native  State,  and  the  next  year  its  governor. 
But  in  this  year  he  was  called  from  the  State  to  the 
national  councils,  superseding  Robert  Smith  as  secre¬ 
tary  of  state  in  Madison’s  cabinet,  and  took  an  active 
part  in  precipitating  the  war  against  England  in  1812. 
On  the  retirement  of  Armstrong,  after  the  capture  of 
Washington  in  1814,  Monroe  assumed  the  duties  of  the 
war  department  in  addition  to  those  of  the  state  depart¬ 
ment,  and  by  his  energy  and  decision  infused  something 
of  vigor  into  the  conduct  of  the  war.  He  was  elected 
president  in  1816,  and  was  re-elected  in  1820  without 
opposition.  The  period  of  his  administration  (1817— 
25)  has  been  called  “  the  era  of  good  feeling,”  for  the 
reason  that  the  party  issues  of  the  past  were  mostly 
dead,  and  new  issues  had  not  yet  arisen.  In  the  for¬ 
mation  of  his  cabinet  Monroe  showed  the  soundness  of 
his  judgment,  selecting  for  the  leading  positions  J.  Q. 
Adams,  J.  C.  Calhoun,  W.  H.  Crawford,  and  William 
Wirt.  With  these  able  advisers  he  devoted  himself  to 
the  economic  development  of  the  country,  which  had 
been  so  long  retarded  by  foreign  complications.  As 
president,  moreover,  he  was  able  to  accomplish  in  1819 
the  acquisition  of  the  Floridas,  which  as  minister  to 
Spain  ne  had  failed  to  do  in  1804,  and  to  define  the 
boundary  of  Louisiana,  which  he  had  been  the  agent  in 
purchasing  in  1803.  But  Monroe  is  best  known  to 
later  generations  as  the  author  of  the  so-called  “  Mon¬ 
roe  doctrine,”  a  declaration  inserted  in  his  seventh 
annual  message,  2d  December,  1823.  It  was  the  for¬ 
mulation  of  the  sentiment,  then  beginning  to  prevail, 
that  America  was  for  Americans.  One  of  the  principles 
of  the  neutral  policy  of  the  country,  which  had  been 
established  with  much  difficulty,  had  been  that  the 
United  States  would  not  interfere  in  European  politics ; 
and  now. this  policy  was  held  to  include  the  converse 
as  a  necessary  corollary — that  is,  that  Europe  should 
not  interfere  in  American  politics,  whether  in  North 
America  or  South  America.  The  occasion  of  proclaim¬ 
ing  this  doctrine  was  the  rumored  intervention  of  the 


788 


MONROE-MONSTER. 


Holy  Alliance  to  aid  Spain  in  the  reconquest  of  her 
American  colonies.  President  Monroe  believed  that 
such  a  policy  entered  upon  by  the  allied  continental 
powers  of  Europe  would  be.  dangerous  to  the  peace  and 
safety  of  the  United  States  ;  he  therefore  declared  that 
“  we  would  not  view  any  intervention  for  the  purpose 
of  oppressing  them  (the  Spanish  American  states)  or 
controlling  in  any  manner  their  destiny,  by  any  Euro¬ 
pean  power,  in  any  other  light  than  as  the  manifesta¬ 
tion  of  an  unfriendly  disposition  towards  the  United 
States.”  This  declaration,  together  with  the  known 
hostility  of  England  to  such  a  project,  was  sufficient  to 
prevent  further  action  on  the  part  of  the  Alliance. 

On  the  expiration  of  his  presidential  term  Monroe 
retired  to  Oak  Hill,  his  residence  in  Loudon  county, 
Virginia ;  but  at  the  time  of  his  death,  4th  of  July, 
1831,  he  was  residing  in  New  York.  He  was  married 
about  1786,  and  left  two  daughters.  He  was  a  man 
of  spotless  character ;  and,  though  not  possessing 
ability  of  the  first  order,  he  ranks  nigh  as  a  wise  and 
prudent  statesman.  His  Life  has  been  written  by  D. 
C.  Gilman.  (f.  sn.) 

MONROE,  a  city  of  the  United  States,  county  seat 
of  Monroe  county,  Michigan,  lies  32  miles  south-south¬ 
west  of  Detroit,  on  both  banks  of  the  Raisin  River,  3 
miles  inland  from  Lake  Erie,  with  which  it  has  been 
connected  by  a  ship-canal  since  1843.  It  is  a  station 
on  the  Canada  Southern,  the  Flint  and  P&re  Mar¬ 
quette,  and  the  Detroit  division  of  the  Lake  Shore  and 
Michigan  Southern  Railways.  Agricultural  imple¬ 
ment  factories,  a  spoke  and  hub  factory,  foundries  and 
engineering  works,  carriage  works,  grist  mills,  paper 
mills,  and  fruit-drying  establishments  are  in  operation. 
From  400  to  500  tons  of  grapes  are  shipped  yearly  from 
the  neighboring  vineyards,  and  over  100,000  gallons  of 
wine  are  made  here.  The  population  in  1900  was  5043. 
Settled  as  Frenchtown  by  a  body  of  Canadians  in  1784, 
Monroe  received  its  present  name,  in  honor  of  President 
Monroe,  in  1817.  Its  city  charter  dates  from  1837. 
It  was  the  scene  of  the  battle  of  the  River  Raisin,  22d 
January,  1813. 

MONROVIA.  See  Liberia,  vol.  xiv.  p.  507. 

MONS,  a  town  of  Belgium,  the  capital  of  the  prov¬ 
ince  of  Hainault,  on  the  rivers  Haine  and  Trouille, 
and  31  miles  southwest  of  Brussels.  The  population 
in  1900  was  27,016.  Mons  is  divided  by  the  River 
Trouille  into  an  upper  and  lower  town,  the  first  built 
on  rising  ground  in  the  shape  of  an  amphitheatre,  the 
second  extending  into  the  plain ;  four  bridges  connect 
the  two.  The  place  is  pleasing  and  cheerful  of  aspect, 
having  broad  well-paved  streets  and  handsome  squares. 
The  fortifications,  once  among  the  strongest  of  the 
Continent,  have  quite  recently  been  razed,  their  site 
being  now  occupied  by  an  extensive  avenue  or  boule¬ 
vard.  Among  the  monuments  worthy  of  mention  are, 
the  Church  of  St.  Waudru,  one  of  the  best  types  of 
original  architecture  to  be  found  in  Belgium  ;  the 
church  of  St.  Elizabeth,  a  combination  of  the  Gothic 
style  and  the  Corinthian ;  the  town  hall,  erected  in 
1458 ;  and  the  belfry  tower,  next  to  which  formerly 
rose  the  old  castle  of  the  counts  of  Hainault,  the  demo¬ 
lition  of  which  led,  a  few  years  ago,  to  the  discovery 
of  some  curious  mural  paintings  belonging  to  the  12th 
century.  Mons  possesses  a  military  arsenal,  a  school 
of  engineering,  and  a  public  library  of  importance.  The 
administration  of  law  and  government  for  the  province 
is  concentrated  there.  It  contains  manufactures  of 
cotton,  velvet,  cloth,  muslin,  soap,  and  clay  pipes ;  also 
brass  foundries,  tan-yards,  and  breweries,  and  a  market 
of  some  note  for  agricultural  produce,  cattle,  horses, 
and  tobacco.  The  main  source  of  the  wealth  and 
prosperity  of  Mons  is  derived  from  the  collieries  which 
exist  in  its  vicinity,  and  yield  annually  between  two 
and  three  million  tons  of  first-class  coal,  the  greater 
part  of  which  is  carried  into  France ;  in  the  immediate 
neighborhood  of  the  town  are  the  large  and  important 
villages  of  Jemmapes,  Quaregnon,  Frameries,  Patur- 
ages,  Wasmes,  and  Dour,  each  with  a  population  of 


from  ten  to  twelve  thousand  inhabitants  ;  these  locali¬ 
ties,  together  with  many  others  somewhat  less  peopled, 
form  an  agglomeration  called  the  Borinage,  rich  in 
coal  mines,  m  iron  foundries,  in  stone  and  marble 
quarries,  and  may  be  considered  as  one  of  the  busiest 
centres  in  the  world. 

Mons  is  built  on  the  site  of  a  Roman  camp  erected  by 
Julius  Csesar,  and  afterwards  occupied  by  a  brother  of  Cicero, 
who  was  besieged  there  by  Ambiorix,  chief  of  the  Eburones. 
In  the  8th  century  a  lady  of  the  name  of  Waudru  or  Wal- 
trud,  countess  of  Hainault,  founded  a  convent,  which  be¬ 
came  the  centre  of  the  town.  In  804  Charlemagne  made  it 
the  capital  of  the  county  of  Hainault ;  it  was  fortified  in 
1148.  Baldwin  VI.,  afterwards  Latin  emperor  of  Constan¬ 
tinople,  was  very  active  in  promoting  the  interests  of  Mons, 
and  endowed  it  with  a  celebrated  charter  in  the  year  1200. 
After  being  reduced  by  nearly  one  half  by  the  plague,  Mons 
received  within  its  walls  the  Jews  whom  Philip  the  Long 
had  expelled  from  France.  The  city  attained  its  highest 
degree  of  prosperity  under  Charles  V.,  but  its  greatness  was 
arrested  during  the  government  of  the  duke  of  Alva  by 
civic  disturbances,  which  lasted  until  the  reign  of  Albert 
and  Isabella.  In  more  recent  times  Mons  has  had  to  pay 
tribute  to  the  warlike  spirit  of  its  neighbors ;  it  was  taken 
by  Louis  XIV.  in  1691,  given  back  in  1697,  and  retaken  in 
1701  and  again  in  1709.  In  1748  it  fell  into  the  hands  of 
Austria;  the  Belgian  insurgents  stormed  it  in  1789;  the 
French  in  1792,  when  Dumouriez  won  the  battle  of  Jem¬ 
mapes  under  its  walls;  in  1814  it  belonged  to  the  Nether¬ 
lands,  and  has  formed  part  of  the  Belgian  kingdom  since 
1830. 

MONSOON.  See  Meteorology,  supra ,  p.  153 
sq. ,  and  Indian  Ocean. 

MONSTER.  Monsters  or  monstrous  births  are  the 
subject  of  Animal  Teratology,  a  department  of  mor¬ 
phological  science  treating  of  deviations  from  the  nor¬ 
mal  development  of  the  embryo.  The  term  ‘ 1  embryo  ’  ’ 
is  conventionally  limited,  in  human  anatomy,  to  the 
ovum  in  the  first  three  months  of  its  intra-uterine  ex¬ 
istence,  while  it  is  still  developing  or  acquiring  the 
rudiments  of  its  form,  the  term  “foetus  ”  being  applied 
to  it  in  the  subsequent  months  during  which  the  or- 

anism  grows  on  the  lines  of  development  already  laid 

own.  It  is  mostly  in  the  first  or  embryonic  period 
that  those  deviations  from  the  normal  occur  which 

resent  themselves  as  monstrosities  at  the  time  of 

irth  ;  these  early  traces  of  deviation  within  the  embryo 
maybe  slight,  but  they  “grow  with  its  growth  and 
strengthen  with  its  strength,”  until  they  amount  to 
irreparable  defects  or  accretions,  often  incompatible 
with  extra-uterine  life.  The  name  of  ‘  ‘  teratology,  ’  ’  in¬ 
troduced  by  Etienne  Geoffroy  St. -Hilaire  (1822)  is  de¬ 
rived  from  ripag,  the  equivalent  of  monstrum ;  tera¬ 
tology  is  a  term  new  enough  to  have  none  but  scientific 
associations,  while  the  Latin  word  has  a  long  record 
of  superstitions  identified  with  it.  The  myths  of  siren, 
satyr,  Janus,  cyclops,  and  the  like,  with  the  corre¬ 
sponding  figures  in  Northern  mythology,  find  a  remote 
anatomical  basis  in  monstrosities  which  have,  for  the 
most  part,  no  life  except  in  the  foetal  state.  The  my¬ 
thology  of  giants  and  dwarfs  is,  of  course,  better 
founded.  The  term  monster  was  originally  used  in 
the  same  sense  as  portent:  Cicero  {De  Div .,  i.)  says, 

‘  ‘  Monstra,  ostenta ,  portenta ,  prodigia  appdlantur, 
quoniam  monstrant,  ostendunt ,  portendunt ,  et  pros - 
dicunt .”  Luther1  speaks  of  the  birth  of  a  monstrous 
calf,  evidently  the  subject  of  contemporary  talk,  as 
pointing  to  some  great  impending  change,  and  he  ex¬ 
presses  the  hope  that  the  catastrophe  might  be  the 
Last  Day  itself.  The  rise  of  more  scientific  views  will 
be  sketched  at  the  close  of  the  article. 

Although  monstrosities,  both  in  the  human  species 
and  in  other  animals,  tend  to  repeat  certain  definite 
types  of  erroneous  development,  they  do  not  fall  readily 
into  classes.  It  is  remarked  by  Vrolik  that  a  scientific 
classification  is  impracticable  from  being  too  cumbrous, 
and  that  a  convenient  grouping  is  all  that  need  be  at¬ 
tempted.  The  most  usual  grouping  (originally  sug- 

1  In  a  passage  quoted  by  Bischoff  from  the  19th  volume  of 
Luther’s  works,  Halle  ed.,  p.  2416. 
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gested  by  Buffon,  1800)  is  into  monstra  per  excessum , 
monstra  per  defectum ,  and  monstra  per  fabricam  alie- 
nam.  It  seems  useful,  however,  to  place  the  more 
simple  cases  of  excess  and  of  defect  side  by  side ;  and 
it  is  necessary,  above  all,  to  separate  the  double  mon¬ 
sters  from  the  single,  the  theory  of  the  former  being  a 
distinct  chapter  in  teratology. 

1.  Monstrosities  in  a  Single  Body. — The  abnor¬ 
mality  may  extend  to  the  body  throughout,  as  in  well- 
proportioned  giants  and  dwarfs ;  or  it  may  affect  a 
certain  region  or  member,  as — to  take  the  simplest 
case — when  there  is  a  finger  or  toe  too  many  or  too 
few.  It  is  very  common  for  one  malformation  to  be 
correlated  with  several  others,  as  in  the  extreme  case 
of  acardiac  monsters,  in  which  the  non-development 
of  the  heart  is  associated  with  the  non-development  of 
the  head,  and  with  other  radical  defects. 

Giants  are  conventionally  limited  to  persons  over  7 
feet  in  height.  The  normal  proportions  of  the  frame 
are  adhered  to  more  or  less  closely,  except  in  the  skull, 
which  is  relatively  small ;  but  accurate  measurements, 
even  in  the  best- proportioned  cases,  prove,  when 
reduced  to  a  scale,  that  other  parts  besides  the  skull, 
notably  the  thigh-bone  and  the  foot,  may  be  undersized 
though  overgrown.1  In  persons  who  are  merely  very 
tall,  the  great  stature  depends  often  on  the  inordinate 
length  of  the  lower  limbs;  but  in  persons  over  7  feet 
the  lower  limbs  are  not  markedly  disproportionate.  In 
many  cases  the  muscles  and  viscera  are  not  sufficient  for 
the  overgrown  frame,  and  the  individuals  are  usually, 
but  not  always,  of  feeble  intelligence  and  languid  dis¬ 
position,  and  short-lived.  The  brain-case  especially  is 
undersized — the  Irish  giant  in  the  museum  of  Trinity 
College,  Dublin,  is  the  single  exception  to  this  rule — 
but  the  bones  of  the  face,  and  especially  the  lower 
jaw,  are  on  a  large  scale.  Giants  are  never  horn  of 
gigantic  parents;  in  fact,  sterility  usually  goes  with 
this  monstrosity.  Their  size  is  sometimes  excessive  at 
birth,  but  more  often  the  indications  of  great  stature 
do  not  appear  till  later,  it  may  be  as  late  as  the  ninth 
year ;  they  attain  their  full  height  before  the  twenty- 
first  year.  They  have  been  more  frequently  male  than 
female ;  the  German  giantess  lately  exhibited  (1882) 
was  as  tall  as  any  authentic  case  in  the  male  sex. 

Dwarfs  are  conventionally  limited  to  persons  under 
4  feet.  They  are  more  likely  than  giants  to  have  the 
modulus  of  the  body  perfect.  “In  the  true  dwarf,  as 
far  as  I  have  been  able  to  ascertain,  the  proportions 
between  the  several  parts  of  the  frame  are  good,  corre¬ 
sponding,  or  nearly  corresponding,  with  those  of  the 
normal  adult;  and  the  diminutive  stature  depends, 
accordingly,  not  upon  relatively  imperfect  growth  of 
any  particular  segments,  or  even  upon  the  permanence 
of  a  foetal  or  childlike  condition,  but  upon  the  whole 
frame  being  undersized  ”  (Humphry).  Where  dispro¬ 
portion  occurs  in  the  true  dwarf  it  takes  the  form  of  a 
large-sized  head,  broad  shoulders  and  capacious  chest, 
and  undersized  lower  limbs.  Dwarfs  with  rickets  are 
perhaps  to  be  distinguished  from  true  dwarfs ;  these 
are  cases  in  which  the  spine  is  curved,  and  sometimes 
the  bones  of  the  limbs  bent  and  the  pelvis  deformed. 
As  in  the  case  of  giants,  dwarfs  are  seldom  the  progeny 
c/f  dwarfs,  who  are,  in  fact,  usually  sterile ;  the  un¬ 
natural  smallness  may  be  obvious  at  birth,  but  is  more 
likely  to  make  itself  manifest  in  the  years  of  growth. 
Dwarfs  are  much  more  easily  brought  up  than  giants, 
and  are  stronger  and  longer-lived  ;  they  have  usually 
also  strong  passions  and  acute  intelligence.  The  legends 
of  the  dwarfs  and  giants  are  on  the  whole  well  based 
on  fact  (see  Dwarf  and  Giant). 

Redundancy  and  Defect  in  Single  Farts.—Uia  sim¬ 
plest  case  of  this  redundancy  is  a  sixth  digit,  well 
formed,  and  provided  with  muscles  (or  tendons), 
nerves,  and  bloodvessels  like  the  others  ;  it  is  usually 
a  repetition  of  the  little  finger  or  toe,  and  it  may  be 

'  See  the  tables  in  Humphry’s  Treatise  on  the  Human  Skeleton, 
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present  on  one  or  both  hands,  or  on  one  or  both 
feet,  or  in  all  four  extremities,  as  in  the  giant  of 
Gath.  The  want  of  one,  two,  or  more  digits  on  hand 
or  foot,  or  on  both,  is  another  simple  anomaly  j  and, 
like  the  redundancy,  it  is  apt  to  repeat  itself  in  the 
same  family.  Meckel  saw  a  girl  who  had  an  extra 
digit  on  each  extremity,  while  a  sister  wanted  four  of 
the  fingers  of  one  hand.  Where  the  supernumerary 
digits  are  more  than  one  on  each  extremity,  the  whole 
set  are  apt  to  be  rudimentary  or  stunted  ;  they  look  as 
if  two  or  more  of  the  embryonic  buds  had  been  sub¬ 
ject  to  cleavage  down  the  middle,  and  to  arrest  of 
longitudinal  growth.  There  are  two  or  three  authentic 
instances  of  a  whole  lower  limb  appearing  at  birth  as 
two  withered  halves,  as  if  from  embryonic  cleavage.* 
Other  redundancies  of  the  skeleton  are  extra  vertebrae 
(sometimes  the  coccygeal,  giving  the  appearance  of  a 
rudimentary  tail),  or  an  extra  rib.  A  double  row  of 
teeth  is  occasionally  met  with  ;  the  most  interesting 
case  of  this  anomaly  is  that  in  which  the  rudiments  of 
a  double  row  exist  from  the  first,  but  the  phenomenon 
is  sometimes  produced  by  the  milk  teetn  persisting 
along  with  the  second  set.  One  or  more  extra  teetn 
are  occasionally  met  with  in  line  with  the  rest.  Among 
redundancies  of  the  soft  parts,  by  far  the  most  fre¬ 
quent  is  an  extra  nipple,  or  pair  of  nipples.  It  is  only 
tne  nipple,  or  the  most  external  mechanical  adjunct 
of  the  mammary  apparatus,  that  is  repeated,  and  very 
seldom,  if  ever,  the  breast  structure  itself.  The  nip¬ 
ple,  although  it  is  the  latest  addition  to  the  mechan¬ 
ism  of  lactation,  is  in  the  individual  mammal  developed 
on  the  skin  before  the  gland  is  formed  underneath ; 
and  that  facility,  which  applies  to  the  development  of 
external  characters  generally,  appears  to  he  the  reason 
why  there  may  be  one  or  more  extra  nipples,  but  no 
redundant  gland.  In  the  same  connection,  it  is  in¬ 
teresting  to  observe  that  the  supernumerary  nipple 
has  been  shown  by  statistics  on  a  large  scale  to  be  twice 
as  common  in  men  as  in  women,  although  in  the  male 
the  mammary  function  never  comes  to  maturity,  and 
even  the  structure  retrogrades  after  puberty.  Traces 
of  an  additional  nipple,  or  pair  of  them,  in  more  or 
less  symmetrical  position  below  the  normal  ones,  are 
not  very  uncommon  when  carefully  looked  for.  Among 
the  sense  organs  there  is  a  remarkable  instance  re¬ 
corded  of  doubling  of  the  appendages  of  the  left  eye, 
but  not  of  the  eyeball  itself ;  the  left  half  of  the  frontal 
bone  is  double,  making  two  eye-sockets  on  that  side, 
and  the  extra  orbit  has  an  eyebrow  and  eyelid.8  The 
external  ear  {pinna)  has  also  been  found  double  on  one 
side.  Doubling  of  any  of  the  internal  organs  is  ex¬ 
tremely  rare,  and  is  probably  always  traceable  to  a 
more  or  less  complete  Assuring  or  Jobation..  The  ducts 
or  vessels  connected  with  organs,  and  playing  a  purely 
mechanical  part,  are  not  unfrequently  doubled  ;  thus 
each  kidney  may  have  two  ureters,  and  a  similar  varia¬ 
tion  may  occur  in  veins  and  arteries. 

Monstrosities  from  Defective  Closure  in  the  Middle 
Line. — Under  this  head  come  some  of  the  commonest 
congenital  malformations,  including  slight  deficiencies 
such  as  harelip,  and  serious  defects  such  as  a  gap  in 
tho  crown  of  the  head  with  absence  of  the  brain.  The 
embryo  is  originally  a  circular  flattened  disc  spread  out 
on  one  pole  of  the  yolk,  and  it  is  formed  into  a  cylin¬ 
drical  body  (with  four  appendages)  by  the  free  margins 
of  the  disc,  or  rather  its  ventral  laminae,  folding  in¬ 
wards  to  meet  in  the  middle  line  and  so  close  in  the 
pelvic,  abdominal,  thoracic,  pharyngeal,  and  oral 
cavities.  Meanwhile,  and  indeed  rather  earlier,  two 
longitudinal  parallel  ridges  on  the  top  or  along  the 
back  of  the  disc  have  grown  up  and  united  in  the 
middle  line  to  form  the  second  barrel  of  the  body — the 
neural  canal — of  small  and  uniform  width  in  the. lower 
three-fourths  or  spinal  region,  but  expanding  into  a 
wide  chamber  for  the  brain.  This  division  into  neural 

2  See  Forster’s  Atlas,  Taf.  viiL,  Figs.  13  and  14. 

*  See  preparation  in  the  Wurzburg  Museum,  figured  by  Forster, 
Taf.  viii.,  Figs.  9-12. 
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(dorsal)  and  haemal  (ventral)  canals  underlies  all  ver¬ 
tebrate  development.  Imperfect  closure  along  either 
of  those  embryonic  lines  of  junction  may  produce 
various  degrees  of  monstrosity.  The  simplest  and 
commonest  form,  hardly  to  be  reckoned  in  the  present 
category,  is  harelip  with  or  without  cleft  palate,  which 
results  from  defective  closure  of  the  ventral  laminae  at 
their  extreme  upper  end.  Another  simple  form,  but 
of  much  more  serious  import,  is  a  gap  left  in  the 
neural  canal  at  its  lower  end ;  usually  the  arches  of 
the  lumbar  vertebi-ae  are  deficient,  and  the  fluid  that 
surrounds  the  spinal  cord  bulges  out  in  its  membranes, 
producing  a  soft  tumor  under  the  skin  at  the  lower 
part  of  the  back.  This  is  the  condition  known  as 
hydrorhachis ,  depending  on  the  osseous  defect  known 
as  spina  bifida.  Children  born  with  this  defect  are 
difficult  to  rear,  and  are  very  likely  to  die  in  a  few  days 
or  weeks.  More  rarely  the  gap  in  the  arches  of  the 
vertebrae  is  in  the  region  of  the  neck.  If  it  extend  all 
along  the  back,  it  will  probably  involve  the  skull  also. 
Deficiency  of  the  crown  of  the  head,  and  in  the  spine 
as  well,  may  be  not  always  traceable  to  want  of  forma¬ 
tive  power  to  close  the  canal  in  the  middle  line ;  an 
overdistended  condition  of  the  central  water-canal  and 
water-spaces  of  the  cord  and  brain  may  prevent  the 
closure  of  the  bones,  and  ultimately  lead  to  the  dis¬ 
ruption  of  the  nervous  organs  themselves  ;  and  injuries 
to  the  mother,  with  inflammation  set  up  in  the  foetus 
and  its  appendages,  maybe  the  more  remote  cause. 
But  it  is  by  defect  in  the  middle  line  that  the  mischief 
manifests  itself,  and  it  is  in  that  anatomical  category 
that  the  malformations  are  included.  The  osseous 
deficiency  at  the  crown  of  the  head  is  usually  accom¬ 
panied  by  want  of  the  scalp,  as  well  as  of  the  brain  and 
membranes.  The  bones  of  the  face  may  be  well  de¬ 
veloped  and  the  features  regular,  except  that  the  eye¬ 
balls  bulge  forward  under  the  closed  lids  ;  but  there  is 
an  abrupt  horizontal  line  above  the  orbits  where  the 
bones  cease,  the  skin  of  the  brow  joining  on  to  a  spongy 
kind  of  tissue  that  occupies  the  sides  and  floor  of  the 
cranium.  This  is  the  commonest  form  of  an  anen- 
cephalom  or  brainless  monster.  There  are  generally 
mere  traces  of  the  brain,  although,  in  some  rare  and 
curious  instances,  the  hemispheres  are  developed  in  an 
exposed  position  on  the  back  of  the  neck.  The  cranial 
nerves  are  usually  perfect,  with  the  exception  some¬ 
times  of  the  optic  (and  retina).  Vegetative  existence 
is  not  impossible,  and  a  brainless  monster  has  been 
known  to  survive  sixty-five  days.  The  child  is  usually 
a  very  large  one. 

Closely  allied,  as  we  have  seen,  to  the  anencephalous 
condition  is  the  condition  of  congenital  hydrocephalus. 
The  nervous  system  at  its  beginning  is  a  neural  canal, 
not  only  as  regards  its  bony  covering,  but  in  its  in¬ 
terior  ;  a  wide  space  lined  by  ciliated  epithelium  and 
filled  with  water  extends  along  the  axis  of  the  spinal 
cord,  and  expands  into  a  series  of  water-chambers  in 
the  brain.  As  development  proceeds,  the  walls  thicken 
at  the  expense  of  the  internal  water-spaces,  the  original 
tubular  or  chambered  plan  of  the  central  nervous 
system  is  departed  from,  and  those  organs  assume  the 
practically  solid  form  in  which  we  familiarly  know 
them.  If,  however,  the  water-spaces  persist  in  their 
embryonic  proportions  notwithstanding  the  thickening 
of  the  nervous  substance  forming  their  walls,  there  re¬ 
sults  an  enormous  brain  which  is  more  than  half 
occupied  inside  with  water,  contained  in  spaces  that 
correspond  on  the  whole  to  the  ventricles  of  the  brain 
as  normally  bounded.  A  hydrocephalic  foetus  may 
survive  its  birth,  and  will  be  more  apt  to  be  affected 
in  its  nutrition  than  in  its  intelligence.  In  many  cases 
the  hydrocephalic  condition  does  not  come  on  till  after 
the  child  is  born.  The  microcephalous  condition,  where 
it  is  not  a  part  of  cretinism,  is  not  usually  a  congenital 
defect  in  the  strict  sense,  but  more  often  a  consequence 
of  the  premature  union  of  the  bones  of  the  skull  along 
their  sutures  or  lines  of  growth. 

Returning  to  the  ventral  middle  line,  there  may  be 


defects  of  closure  below  the  lips  and  palate,  as  in  the 
breast-bone  (fissure  of  the  sternum),  at  the  navel  (the 
last  point  to  close  in  any  case),  and  along  the  middle 
line  of  the  abdomen  generally.  The  commonest  point 
for  a  gap  in  the  middle  line  of  the  belly  is  at  its  lower 
part,  an  inch  or  two  above  the  pubes.  At  that  point 
in  the  embryo  there  issues  the  allantois,  a  balloon-like 
expansion  from  the  ventral  cavity,  which  carries  on  its 
outer  surface  bloodvessels  from  the  embryo  to  interdig- 
itate  with  those  of  the  mother  on  the  uterine  surface. 
Having  served  its  temporary  purpose  of  carrying  the 
bloodvessels  across  a  space,  the  balloon-like  allantois 
collapses,  and  rolls  up  into  the  rounded  stem-like 
umbilical  cord  through  most  of  its  extent ;  but  a  portion 
of  the  sac  within  the  body  of  the  foetus  is  retained  as 
the  permanent  urinary  bladder.  That  economical 
adaptation  of  a  portion  of  a  vesicular  organ,  originally 
formed  for  purposes  of  communication  between  the 
embryo  and  the  mother,  appears  to  entail  sometimes  a 
defect  in  the  wall  of  the  abdomen  just  above  the  pubes, 
and  a  defect  in  the  anterior  wall  of  the  bladder  itself. 
This  is  the  distressing  congenital  condition  of  fissure  of 
the  urinary  bladder,  in  which  its  interior  is  exposed 
through  an  opening  in  the  skin  ;  the  pubic  bones  are 
separated  by  an  interval,  and  the  reproductive  organs 
are  ill  formed  ;  the  urachus  is  wanting,  and  the  umbili¬ 
cus  is  always  placed  exactly  at  the  upper  end  of  the  gap 
in  the  skin.  A  monstrosity  recalling  the  cloacal  ar¬ 
rangement  of  the  bird  is  met  with  as  a  more  extreme 
defect  in  the  same  parts. 

Hermaphroditism. — Although  this  anomalous  con¬ 
dition  does  not  fall  under  defective  closure  in  the  mid¬ 
dle  line,  it  may  be  said  to  be  due  to  a  similar  failure  of 
purpose,  or  to  an  uncertainty  in  the  nisus  formativus 
at  a  corresponding  stage  of  development.  There  is  a 
point  of  time,  falling  about  the  eighth  week,  up  to  which 
the  embryo  may  develop  either  the  reproductive  organs 
of  the  male  or  the  reproductive  organs  of  the  female  ; 
in  the  vast  majority  of  cases  the  future  development  and 
growth  are  carried  out  on  one  line  or  the  other,  but  in 
a  small  number  there  is  an  ambiguous  development 
leading  to  various  degrees  of  hermaphroditism  or 
doubtful  sex.  The  primary  indecision,  so  to  speak, 
affects  only  the  ovary  or  testis  respectively,  or  rather 
the  common  germinal  ridge  out  of  which  either  may 
develop  ;  the  uncertainty  in  this  embryonic  sexual 
ridge  sometimes  leads  actually  to  the  formation  of  a 
pair  of  ovaries  and  a  pair  of  small  testes,  or  to  an  ovary 
on  one  side  and  a  testis  on  the  other ;  but  even  when 
there  is  no  such  double  sex  in  the  essential  organs  (as 
in  the  majority  of  hermaphrodites)  there  is  a  great  deal 
of  doubling  and  ambiguity  entailed  in  the  secondary  or 
external  organs  and  parts  of  generation.  Those  parts 
which  are  rudimentary  or  obsolete  in  the  male  but 
highly  developed  in  the  female,  and  those  parts  which 
are  rudimentary  in  the  female  but  highly  developed  in 
the  male  tend  in  the  hermaphrodite  to  be  developed 
equally,  and  all  of  them  badly.  In  some  cases  the  ex¬ 
ternal  organs  of  one  sex  go  with  the  internal  organs  of 
the  opposite  sex.  It  has  been  observed  that  when 
middle  life  is  reached  or  passed  the  predominance  in 
features,  voice,  and  disposition  leans  distinctly  towards 
the  masculine  side.  The  mythological  or  classical  no¬ 
tions  of  hermaphroditism,  like  so  much  else  in  the  tra¬ 
ditions  of  teratology,  are  exaggerated. 

Cyclops ,  Siren ,  etc. — The  same  feebleness  of  the 
formative  energy  (the  Bildungstrieb  of  Blumenbach) 
which  gives  rise  to  some  at  least  of  the  cases  of  defec¬ 
tive  closure  in  the  middle  line,  and  to  the  cases  of  un¬ 
decided  sex,  leads  also  to  imperfect  separation  of  sym¬ 
metrical  parts.  The  most  remarkable  case  of  the  kind 
is  the  cyclops  monster.  At  a  point  corresponding  to 
the  root  ol  the  nose  there  is  found  a  single  orbital 
cavity,  sometimes  of  small  size  and  with  no  eyeball  in 
it,  at  other  times  of  the  usual  size  of  the  orbit  and 
containing  an  eyeball  more  or  less  complete.  In  still 
other  cases,  which  indicate  the  nature  of  the  anomaly, 
the  orbital  cavity  extends  for  some  distance  on  each 
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sido  of  the  middle  line,  and  contains  two  eyeballs  lying 
close  together.  The  usual  nose  is  wanting,  but  above 
the  single  orbital  cavity  there  is  often  a  nasal  process 
on  the  forehead,  with  which  nasal  bones  maybe  articu¬ 
lated,  and  cartilages  joined  to  the  latter ;  these  form 
the  framework  of  a  short  fleshy  protuberance  like  a 
small  proboscis.  The  lower  jaw  is  sometimes  wanting 
m  cyclopeans ;  the  cheek-bones  are  apt  to  be  small, 
and  the  mouth  a  small  round  hole,  or  altogether  ab¬ 
sent  ™e  res^  the  body  may  be  well  developed, 
lhe  key  to  the  Cyclopean  condition  is  found  in  the 
Rtate  of  the  brain.  The  olfactory  nerves  or  lobes  are 
usually  described  as  absent,  although  Yrolik  has  found 
them  in  some  instances  ;  the  brain  is  very  imperfectly 
divided  into  hemispheres,  and  appears  as  a  somewhat 
pear-shaped  sac  with  thick  walls,  the  longitudinal  par¬ 
tition  of  dura  mater  (falx  cerebri)  being  wanting,  the 
surface  almost,  unconvoluted,  the  corpus  callosum 
deficient,  the  basal  ganglia  rudimentary  or  fused.  The 
optic  chiasma  and  nerves  are  usually  replaced  by  a  sin¬ 
gle  mesial  nerve,  but  sometimes  the  chiasma  and  pair 
of  nerves  are  present.  The  origin  of  this  monstrosity 
dates  back  to  an  early  period  of  development,  to  the 
time  when  the  future  hemispheres  were  being  formed 
as  protrusions  from  the  anterior  cerebral  vesicle  or  fore¬ 
brain  ;  it  may  be  conceived  that,  instead  of  two  dis¬ 
tinct  buds  from  that  vesicle,  there  was  only  a  single 
outgrowth  with  imperfect  traces  of  cleavage.  That 
initial  defect  would  carry  with  it  naturally  the  undi¬ 
vided  state  of  the  cerebrum,  and  with  the  latter  there 
would  be  the  absence  of  olfactory  lobes  and  of  a  nose, 
and  a  single  eyeball  placed  where  the  nose  should  have 
been.  A  cyclops  has  been  known  to  live  for  several 
days.  The  monstrosity  is  not  uncommon  among  the 
domestic  animals,  and  is  especially  frequent  in  the  pig. 
There  is  another  congenital  malformation,  in  which  an 
eyeball  is  wanting  from  one  of  the  sockets ;  but  in  that 
case  there  is  no  defect  of  development  in  the  bones, 
and  the  brain  and  nose  are  normal. 

Another  curious  result  of  defective  separation  of 
symmetrical  parts  is  the  siren  form  of  foetus,  in  which 
the  lower  limbs  occur  as  a  single  tapering  prolongation 
of  the  trunk  like  the  hinder  part  of  a  dolphin,  at  the 
end  of  which  a  foot  (or  both  feet)  may  or  may  not  be 
visible.  The  defects  in  the  bones  underlying  this  siren 
form  are  very  various :  in  some  cases  there  is  only  one 
limb  (thigh  and  leg-bones)  in  the  middle  line  ;  in 
others  all  the  bones  of  each  limb  are  present  in  more  or 
less  rudimentary  condition,  but  adhering  at  prominent 
points  of  the  adjacent  surfaces.  The  pelvis  and  pelvic 
viscera  share  in  the  abnormality.  A  much  more  com¬ 
mon  and  harmless  case  of  unseparated  symmetrical 
parts  is  where  the  hand  or  foot  has  two,  three,  or  more 
digits  fused  together.  This  syndactylous  anomaly  runs 
in  families. 

Limbs  Absent  or  Stunted. — -Allied  to  these  fused  or 
unseparated  states  of  the  extremities,  or  of  parts  of 
them,  are  the  class  of  deformities  in  which  whole  limbs 
are  absent,  or  represented  only  by  stumps.  The  trunk 
(and  head)  may  be  well  formed,  and  the  individual 
healthy ;  all  four  extremities  may  be  reduced  to  short 
stumps  either  wanting  hands  and  feet  entirely,  or  with 
the  latter  fairly  well  developed  ;  or  the  legs  only  may 
be  rudimentary  or  wanting,  or  the  arms  only,  or  one 
extremity  only.  Although  some  of  these  cases  doubtless 
depend  upon  aberrant  or  deficient  formative  power  in 
the  particular  directions,  there  are  others  of  them  ref¬ 
erable  to  the  effects  of  mechanical  pressure,  and  even 
to  direct  amputation  of  parts  within  the  uterus. 

Acardiac  and  Acranial  Monsters. — It  sometimes 
happens  in  a  twin  pregnancy  that  one  of  the  embryos 
fails  to  develop  a  heart  and  a  complete  vascular  system 
of  its  own,  depending  for  its  nourishment  upon  blood 
derived  from  the  placenta  of  its  well-formed  twin  by 
means  of  its  umbilical  vessels.  It  grows  into  a  more 
or  less  shapeless  mass,  in  which  all  traces  of  the  human 
form  may  be  lost.  Other  viscera  besides  the  heart  will 
be  wanting,  and  no  head  distinguishable ;  the  most 


likely  parts  to  keep  the  line  of  development  are  the 
lumbar  region  (with  the  kidneys),  the  pelvis,  and  the 
lower  limbs.  The  twin  of  this  monster  may  be  a 
healthy  infant. 

Reversed  Position  of  the  Viscera. — This  is  a  develop¬ 
mental  error  depending  on  the  retention  of  the  right 
aortic  arch  as  in  birds,  instead  of  the  left  as  is  usual  in 
mammals.  The  position  of  all  the  unsymmetrical  vis¬ 
cera  is  transposed,  the  spleen  and  cardiac  end  of  the 
stomach  going  to  the  right  jside,  the  liver  to  the  left, 
the  caecum  resting  on  the  left  iliac  fossa,  and  the  sigmoid 
flexure  of  the  colon  being  attached  to  the  right.  This 
condition  of  situs  inversus  viscerum  need  cause  no  in¬ 
convenience  ;  and  it  will  probably  remain  undetected 
until  the  occasion  should  arise  for  a  physical  diagnosis 
or  post-mortem  inspection.  There  are  numerous  other 
anomalies  in  the  development  of  the  great  vessels.  In 
the  heart  itself  there  may  be  an  imperfect  septum  ven- 
triculorum,  and  there  is  more  frequently  a  patency  of 
the  foetal  communication  between  the  auricles,  per¬ 
mitting  the  venous  blood  to  pass  into  the  arterial 
system,  and  producing  the  livid  appearance  of  the  face 
known  as  cyanosis. 

The  causes  of  congenital  anomalies  are  difficult  to 
specify.  There  is  no  doubt  that,  in  some  cases,  they 
are  present  in  the  sperm  or  germ  of  the  parent ;  the 
same  anomalies  recur  in  several  children  of  a  family 
and  it  has  been  found  possible,  through  a  variation  of 
the  circumstances,  to  trace  the  influence  in  some  cases 
to  the  father  alone,  and  in  other  cases  to  the  mother 
alone.  The  remarkable  thing  in  this  parental  influ¬ 
ence  is  that  the  malformation  in  the  child  may  not 
have  been  manifested  in  the  body  of  either  parent,  or 
in  the  grandparents.  More  often  the  malformation  is 
acquired  by  the  embryo  and  foetus  in  the  course  of  de¬ 
velopment  and  growth,  either  through  the  mother  or 
in  itself  independently.  Maternal  impressions  during 
pregnancy  have  often  been  alleged  as  a  cause,  and  this 
causation  has  been  discussed  at  great  length  by  the  best 
authorities.  The  general  opinion  seems  to  be  that  it 
is  impossible  to  set  aside  the  influence  of  subjective 
states  of  the  mother  altogether.  The  doctrine  of  ma¬ 
ternal  impressions  has  often  been  resorted  to  when  any 
other  explanation  was  either  difficult  or  inconvenient ; 
thus,  Hippocrates  is  said  to  have  saved  the  virtue  of  a 
woman  who  gave  birth  to  a  black  child  by  pointing  out 
that  there  was  a  picture  of  a  negro  on  the  wall  of  her 
chamber.  Injuries  to  the  mother  during  pregnancy 
have  been  unquestionably  the  cause  of  certain  mal¬ 
formations,  especially  of  congenital  hydrocephalus. 
The  embryo  itself  and  its  membranes  may  become  the 
subject  of  inflammations,  atrophies,  hypertrophies,  and 
the  like  ;  this  causation,  to  which  Otto  traced  all  mal¬ 
formations  of  the  foetus,  is  doubtless  accountable  for 
a  good  many  of  them.  But  a  very  large  residue  of 
malformations  must  still  be  referred  lo  no  more  definite 
cadse  than  the  erratic  spontaneity  of  the  embryonic 
cells  and  cell-groups.  The  nisus  formations  of  the  fer¬ 
tilized  ovum  is  always  made  subject  to  morphological 
laws,  but,  just  as  in  extra-uterine  life,  there  may  be 
deviations  from  the  beaten  track ;  and  even  a  slight 
deviation  at  an  early  stage  will  carry  with  it  far-reaching 
consequences.  This  is  particularly  noticeable  in  double 
monsters. 

2.  Double  Monsters. — Twins  are  the  physiological 
analogy  of  double  monsters,  and  some  of  the  latter 
have  come  very  near  to  being  two  separate  individuals. 
Triple  monsters  are  too  rare  to  dwell  upon,  hut  their 
analogy  would  be  triplets.  The  Siamese  twins,  who 
died  in  1874  at  the  age  of  sixty,  were  joined  only  by  a 
thick  fleshy  ligament  from  the  lower  end  of  the  breast¬ 
bone  (xiphoid  cartilage),  having  the  common  navel  on 
its  lower  border  ;  the  anatomical  examination  showed, 
however,  that  a  process  of  peritoneum  extended 
through  the  ligament  from  one  abdominal  cavity  to 
the  other,  and  that  the  bloodvessels  of  the  two  livers 
were  in  free  communication  across  the  same  bridge. 
There  are  one  or  two  cases  on  record  in  which  such  a 
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ligament  has  been  cut  at  birth,  one,  at  least,  of  the 
twins  surviving.  From  the  most  intelligible  form  of 
double  monstrosity,  like  the  Siamese  twins,  there  _  are 
all  grades  of  fantastic  fusion  of  two  individuals  into 
one  down  to  the  truly  marvellous  condition  of  a  small 
body  or  fragment  parasitic  upon  a  well-grown  infant, 
— the  condition  known  as  foetus  in  foetu.  These  mon¬ 
strosities  are  deviations,  not  from  the  usual  kind  of 
twin  gestation,  but  from  a  certain  rarer  physiological 
type  of  .dual  development.  In  by  far  the  majority  of 
cases  twins  have  separate  uterine  appendages,  and  have 
probably  been  developed  from  distinct  ova ;  but  in  a 
small  proportion  of  (recorded)  cases  there  is  evidence, 
in  the  placental  and  inclosing  structures,  that  the  twins 
had  been  developed  from  two  rudiments  arising  side  by 
side  on  a  single  blastoderm.  It  is  to  the  latter  physio¬ 
logical  category  that  double  monsters  almost  certainly 
belong  •  and  there  is  some  direct  embryological  evi¬ 
dence  for  this  opinion.  Allen  Thomson  observed  in 
the  blastoderm  of  a  hen’s  egg  at  the  sixteenth  or  eight¬ 
eenth  hour  of  incubation  two  “primitive  traces”  or 
rudiments  of  the  backbone  forming  side  by  side ;  and 
in  a  goose’s  egg  incubated  five  days  he  found  on  one 
blastoderm  two  embryos j  each  with  the  rudiments  of 
upper  and  lower  extremities,  crossing  or  cohering  in  the 
region  of  the  future  neck,  and.  with  only  one  heart  be¬ 
tween  them.  Somewhat  si m ilar “observation s  hacTEeeu- 
previously  published  (four  cases  in  all)  by  Wolff,  Yon 
Baer,  and  Reichert.  Malformations  in  the  earliest 
stages  of  the  blastoderm  have  been  more  frequently 
observed  of  late,  especially  in  the  ova  of  the  pike  ;  ana 
these  point  not  so  much  to  a  symmetrical  doubling  of 
the  primitive  trace  as  to  irregular  budding  from  the 
margin  of  the  germinal  disc.  In  any  case,  the  perfect 
physiological  type  appears  to  be  two  rudiments  on  one 
blastoderm,  whose  entirely  separate  development  pro¬ 
duces  twins  (under  their  rarer  circumstances),  whose 
nearly  separate  development  produces  such  double 
monsters  as  the  Siamese  twins,  and  whose  less  separate 
development  produces  the  various  grotesque  forms  of 
two  individuals  in  one  body.  There  can  be  no  question 
of  a  literal  fusion  of  two  embryos ;  either  the  individm 
ality  of  each  was  at  no  time  complete,  or,  if  there  were 
two  distinct  primitive  traces,  the  uni-axial  type  was 
approximately  reverted  to  in  the  process  of  develop¬ 
ment,  as  in  the  formation  of  the  abdominal  and  thoracic 
viscera,  limbs,  pelvis,  or  head.  Double  monsters  are 
divided  in  the  first  instance  into  those  in  which  the 
doubling  is  symmetrical  and  equal  on  the  two  sides, 
and  those  in  which  a  small  or  fragmentary  foetus  is  at¬ 
tached  to  or  inclosed  in  a  foetus  of  average  develop¬ 
ment, — the  latter  class  being  the  so-called  cases  of 
“parasitism.” 

Symmetrical  Double  Monsters  ai’e  subdivided  ac¬ 
cording  to  the  part  or  region  of  the  body  where  the 
union  or  fusion  exists,— head,  thorax,  umbilicus,  or 
pelvis.  One  of  the  simplest  cases  is  a  Janus  head 
upon  a  single  body,  or  there  may  be  two  pairs  of  arms 
with  the  two  faces  Again,  there  may  be  one  head  with 
two  necks  and  two  complete  trunks  and  pairs  of  ex¬ 
tremities.  Two  distinct  heads  (with  more  or  less  of 
neck)  may  surmount  a  single  trunk,  broad  at  the 
shoulders  but  with  only  one  pair  of  arms.  The  fusion, 
again,  may  be  from  the  middle  of  the  thorax  down¬ 
wards,  giving  two  heads  and  two  pairs  of  shoulders 
and  arms,  but  only  one  trunk  and  one  pair  of  legs.  In 
another  variety,  the  body  may  be  double  down  to  the 
waist,  but  the  pelvis  and  lower  limbs  single.  The  de¬ 
gree  of  union  in  the  region  of  the  head,  abdomen,  or 
pelvis  may  be  so  slight  as  to  permit  of  two  distinct  or¬ 
gans  or  sets  of  organs  in  the  respective  cavities,  or  so 
reat  as  to  have  the  viscera  in  common ;  and  there  is 
ardly  ever  an  intermediate  condition  between  those 
extremes.  Thus,  in  the  Janus  head  there  may  be  two 
brains,  or  only  one  brain.  The  Siamese  twins  are  an 
instance  of  union  at  the  umbilical  region,  with  the  vis¬ 
cera  distinct  in  every  respect  except  a  slight  vascular 
anastomosis  and  a  common  process  of  peritoneum  ; 


but  it  is  more  usual  for  union  in  that  region  to  be 
more  extensive}  and  to  entail  a  single  set  of  abdominal 
and  thoracic  viscera.  The  pelvis  is  one  of  the  com¬ 
monest  regions  for  double  monsters  to  be  joined  at, 
and,  as  in  the  head  and  abdomen,  tha  junction  may  be 
slight  or  total.  The  Hungarian  sisters,  Helena  and 
Judith  (1701-1723)  were  joined  at  the  sacrum,  but  had 
the  pelvic  cavity  and  pelvic  organs  separate  ;  the  samo 
condition  obtained  in  the  South  Carolina  negresses 
Millie  and  Christina,  known  as  the  “two-headed 
nightingale,”  and  in  the  other  recent  case  of  the  Bo¬ 
hemian  sisters,  Rosalie  and  Josepha.  More  usually 
the  union  in  the  pelvic  region  is  complete,  and  pro¬ 
duces  the  most  fantastic  shapes  of  two  trunks  (each 
with  head  and  arms)  joining  below  at  various  angles, 
and  with  three  or  four  lower  limbs  extending  from  the 
region  of  fusion,  sometimes  in  a  lateral  direction, 
sometimes  downwards.  A  very  curious  kind  of  double 
monster  is  produced  by  two  otherwise  distinct  foetuses 
joining  at  the  crown  of  the  head  and  keeping  the  axis 
of  their  bodies  in  a  line.  It  is  only  in  rare  instances 
that  double  monsters  survive  their  birth,  and  the  pre¬ 
served  specimens  of  them  are  mostly  of  foetal  size. 

Unequal  Double  Monsters ,  Foetus  in  Foetu.— There 
are  some  well-authenticated  instances  of  this  most 
curious  of  all  anomalies.  The  most  celebrated  of  these 
arasite-bearing  monsters  was  a  Genoese,  Lazarus  Jo¬ 
annes  Baptista  Colloredo,  born  in  1716,  who  was 
figured  as  a  child  by  Licetus,  and  again  by  Bartholi- 
nus  at  the  age  of  twenty-eight  as  a  young  man  of  av¬ 
erage  stature.  The  parasite  adhered  to  the  lower  end 
of  his  breast-bone,  and  was  a  tolerably  well-formed 
child,  wanting  only  one  leg  ;  it  breathed,  slept  at  in¬ 
tervals,  and  moved  its  body,  but  it  had  no  separate 
nutritive  functions.  The  parasite  is  more  apt  to  be  a 
miniature  acardiac  and  acephalous  fragment,  as  in  the 
case  of  the  one  borne  in  front  of  the  abdomen  of  a 
Chinaman  figured  byT.  Geoffroy  St. -Hilaire.  Some¬ 
times  the  parasite  is  contained  in  a  pouch  under  the 
skin  of  the  abdominal  wall,  and  In  another  class  (of 
which  there  is  a  specimen  in  the  Hunterian  Museum) 
it  has  actually  been  included,  by  the  closure  of  the 
ventral  laminae,  within  the  abdominal  cavity  of  the 
foetus, — a  true  foetus  in  foetu.  Shapeless  parasitic 
fragments  containing  masses  of  bone,  cartilage,  and 
other  tissue  are  found  also  In  the  space  behind  the 
breast- bone  (mediastinal  teratoma),  or  growing  from 
the  base  of  the  skull  and  protruding  through  the 
mouth  (“  epignathous  teratoma,”  appearing  to  be 
seated  on  the  jaw),  and,  most  frequently  of  all,  at¬ 
tached  to  the  sacrum.  These  last  pass  by* a  most  in¬ 
teresting  transition  into  common  forms  of  congenital 
sacral  tumors  (which  may  be  of  enormous  size),  con¬ 
sisting  mainly  of  one  kind  of  tissue  having  its  physi¬ 
ological  type  in  the  curious  gland-like  body  (coccygeal 
gland)  in  which  the  middle  sacral  artery  comes  to  an 
end.  The  congenital  sacral  tumors  have  a  tendency  to 
become  cystic,  and  they  are  probably  related  to  the 
more  perfect  congenital  cysts  of  the  neck  region,  where 
there  is  another  minute  gland-like  body  of  the  same 
nature  as  the  coccygeal  at  the  point  of  bifurcation  of 
the  common  carotid  artery.  Other  tumors  of  the 
body,  especially  certain  of  the  sarcomatous  class,  may 
be  regarded  from  the  point  of  view  of  monstra  pei'  ex- 
cessum ;  but  such  cases  suggest  not  so  much  a  ques¬ 
tion  of  aberrant  development  within  the  blastoderm  as 
of  the  indwelling  spontaneity  of  a  single  post-embry¬ 
onic  tissue  ;  and  they  fall  to  be  considered  more  prop¬ 
erly,  along  with  tumors  in  general,  in  the  article 
Pathology  {q.v.). 

The  scientific  appreciation  of  monsters  hardly  began  be¬ 
fore  the  18th  century ;  even  so  great  a  rationalist  in  surgi¬ 
cal  practice  as  Ambroise  Par6  (1517-1590),  although  he  was 
attracted  as  a  scholar  in  later  life  to  the  subject,  did  not  ad¬ 
vance  in  it  materially  beyond  the  fantastic  and  credulous 
standpoint  of  the  time,  which  is  exemplified  in  the  elabo¬ 
rate  treatise  of  Lycostbenes,  Prodigiorum  ac  ostentorum  chron- 
icon,  Basel,  1557.  Throughout  the  17th  century  fabulous 
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monsters  continued  to  be  described  along  with  actual  speci¬ 
mens  ;  the  embryological  studies  of  Harvey  (1651)  were 
doubtless  calculated  to  help  in  the  growth  of  rational  opin¬ 
ion  about  monsters,  though  Harvey  himself  mentions  them 
only  casually.  The  first  systematic  discussion  of  them 
from  a  strictly  objective  or  anatomical  point  of  view  occurs 
in  various  writings  of  Haller  from  1735  to  1753,  and  the 
subject  continued  after  that  to  engage  a  large  amount  of 
precise  and  philosophical  thought  on  the  part  of  Caspar 
Friedrich  Wolff  (1735-1794),  who  first  stated  the  relation 
of  monstrosities  to  embryonic  deviations  in  words  that  even 
now  hardly  require  to  be  altered,  and  of  Blumenbach,  Som- 
mering,  Autenrieth,  Tiedemann  and  others.  The  engross¬ 
ing  interest  of  the  subject  in  the  early  part  of  the  19th 
century  is  shown  by  the  fact  that  J.  F.  Meckel’s  Handbuch 
der  pathologischen  Anatomie  (1817)  was  largely  occupied  with 
congenital  malformation.  Geoffroy  St.-Hilaire,  the  father, 

?ave  them  a  prominent  place  in  his  Philosophic  Anatomique 
Paris,  1822),  and  his  son  Isidore  made  them  the  subject  of 
a  special  and  very  elaborate  treatise  in  3  vols.  (Paris, 
1832-37),  illustrated  by  a  small  and  inadequate  atlas  of 
plates.  Monstrosities  were  at  this  period  a  prominent  part 
of  all  text-books  of  morbid  anatomy.  From  1840  to  1850 
may  be  regarded  as  the  period  in  which  human  teratology 
reached  its  highest  point ;  in  1840-42  the  special  treatise  of 
Vrolik  was  published  (2  vols.,  Amsterdam),  containing  an  in¬ 
troduction  on  the  normal  development,  and  his  sumptuous 
and  incomparable  atlas  to  the  same  followed  in  1849 ;  in 
1841  Otto  published  at  Warsaw  a  description  of  600  mon¬ 
sters  with  30  folio  plates ;  and  in  1842  the  embryologist  Bis- 
choff  contributed  to  Wagner’s  Handwdrterbuch  der  Physiolo¬ 
gic ,  vol.  i.,  an  article  on  teratology  as  elucidated  by  the  best 
information  on  mammalian  development.  An  article  by 
Allen  Thomson  in  the  London  and  Edinburgh  Monthly  Jour¬ 
nal  of  Medical  Science,  July,  1844,  followed  by  a  critical  sur¬ 
vey  in  the  next  number,  is  of  the  first  importance  for  the 
theory  of  double  monsters,  and  it  is  one  of  the  few  notable 
English  contributions  to  animal  teratology  apart  from 
museum  catalogues, — the  general  article  in  Todd’s  Cyclo¬ 
paedia  of  Anatomy  and  Physiology  having  been  written  by 
Vrolik,  while  the  special  subject  of  Hermaphroditism  is 
treated  of  in  a  long  and  learned  article  by  J.  Y.  Simpson 
(reprinted  in  his  collected  works).  One  of  the  latest  im¬ 
portant  works  on  monsters  is  that  by  Forster  (Jena,  1861), 
Die  Missbildungen  des  Menschen  systematisch  dargestellt,  with  an 
atlas  of  26  4to.  plates  containing  524  figures  (on  a  small 
scale),  of  which  162  were  drawn  from  original  specimens, 
mostly  in  the  Wurzburg  Museum;  this  work  has  a  very 
great  variety  of  illustrations  from  all  sources,  and  most 
copious  bibliographical  references.  The  newest  treatise  is 
Ahlfeld’s  Missbildungen  des  Menschen  (Leipsic,  1880-82),  with 
an  extensive  atlas  of  folio  plates,  as  comprehensive  as 
Forster’s  and  on  a  larger  scale.  Monsters  have  of  late  been 
assigned  a  comparatively  subordinate  position  in  pathologi¬ 
cal  teachings,  owing,  doubtless,  to  the  more  immediate  in¬ 
terest  of  microscopic  and  experimental  pathology.  Among 
recent  pathological  text-books  that  of  Peris  (Stuttgart, 
1877-79)  may  be  named  as  containing  an  adequate  treat¬ 
ment  of  the  subject.  The  two  most  considerable  contribu¬ 
tors  to  teratology  recently  have  been  Panum  (Berlin,  1860) 
and  Dareste  (Paris,  1877),  both  of  whom  have  occupied 
themselves  mainly  with  producing  monstrosities  artificially 
in  the  bird’s  egg  by  varying  the  temperature  in  the  hatch¬ 
ing  oven.  See  also  L.  Gerlach,  Die  Entstehungsweise  der 
Doppelmissbildungen  bei  den  hoheren  Wirbdthieren,  Stuttgart,, 
1883.  (C.  C.) 

MONSTRELET,  Enguerrand  de  {ob.  1453) 
(who,  rather  owing  to  accident  than  to  merit,  held, 
until  within  the  present  century,  the  same  position 
as  chronicler  of  French  affairs  during  the  early  part 
of  the  15th  century  as  Froissart  deservedly  holds 
with  regard  to  the  last  half  of  the  14th),  was  born 
at  an  uncertain  date,  apparently  not  later  than 
1400,  and  died  in  July,  1453.  He  was  of  a  noble 
family  in  the  district  of  Boulogne.  He  held  in  1436, 
and  later,  the  office  of  lieutenant-gavenier  (receiver  of 
the  gave ,  a  kind  of  church  rate)  in  the  city  of  Cam- 
bray,  and  seems  to  have  usually  resided  there.  Besides 
this  he  was  for  some  time  bailiff  of  the  chapter  of  that 
city,  and  later  provost.  He  was  married,  and  left 
children.  But  this  almost  exhausts  the  amount  of  our 
knowledge  respecting  him,  except  that  he  was  present, 
not  at  the  capture  of  the  Maid  of  Orleans,  but  at  her 
subsequent  interview  with  the  duke  of  Burgundy.  As 
a  subject  of  this  latter  prince  he  naturally  takes  the 
Burgundian  side  in  his  history,  which  extends  in  the 


genuine  part  of  it  to  two  books,  and  covers  the  period 
from  1400  to  1444.  At  this  time,  as  another  chronicler 
Matthieu  de  Coucy  informs  us,  Monstrelet  ceased  writ¬ 
ing.  But,  according  to  a  habit  by  no  means  uncom¬ 
mon  in  the  Middle  Ages,  a  clumsy  sequel,  extending 
to  a  period  long  subsequent  to  his  death,  was  formed 
out  of  various  other  chronicles  and  tacked  on  to  his 
work.  The  genuine  part  of  this,  dealing  with  the  last 
half  of  the  Hundred  Years'1  War,  is  valuable  because  it 
contains  a  large  number  of  documents  which  are  cer¬ 
tainly,  and  reported  speeches  which  are  probably,  au¬ 
thentic.  It  has,  however,  little  color  or  narrative 
merit,  is  dully,  though  clearly  enough,  written,  and  is 
strongly  tinged  with  the  pedantry  of  its  century, — the 
most  pedantic  in  French  history.  The  best  edition  is 
that  published  for  the  Soci6te  de  l’Histoire  de  France 
by  M.  Douet  d’Arcq  in  1856. 

MONTAGU,  Lady  Mary  Wortley  (1690-1762), 
one  of  the  most  brilliant  letter-writers  of  the  18th 
century,  was  the  eldest  daughter  of  Evelyn  Pierrepont, 
duke  of  Kingston,  and  Lady  Mary  Fielding,  daughter 
of  the  earl  of  Denbigh.  Her  near  relationship  with 
Fielding  the  novelist  is  worth  remarking.  She  was 
born  at  Thoresby  in  Nottinghamshire  in  1690.  Her 
mother  died  when  she  was  a  child,  and  by  some  chance 
she  received  or  gave  herself  an  unusually  wide  literary 
education,  had  the  run  of  her  father’s  library,  was  en¬ 
couraged  in  her  studies  by  Bishop  Burnet,  and  while 
still  a  girl  translated  the  Enchiridion  of  Epictetus. 
After  a  courtship  in  which  she  showed  a  singular 
power  of  thinking  for  herself,  she  was  married  in  1712, 
against  her  father’s  wish,  to  Mr.  E.  Wortley  Montagu, 
an  accomplished  and  scholarly  friend  of  the  Queen 
Anne  wits.  At  the  new  court  of  George  I.  her  beauty 
and  wit  brought  her  much  homage  ;  Pope  was  among 
her  most  devoted  worshippers,  and  she  even  gained 
and  kept  the  friendship  ox  the  great  duchess  of  Marl¬ 
borough.  Her  husband  being  appointed  ambassador 
to  the  Porte  in  1716,  she  accompanied  him  to.  Con¬ 
stantinople,  and  wrote  to  her  friends  at  home  brilliant 
descriptions  of  Eastern  life  and  scenery.  These  letters 
were  not  published  till  1763,  the  year  after  her  death  ; 
but,  copies  being  handed  about  in  fashionable  circles, 
their  lively,  witty  style,  graphic  pictures  of  unfamiliar 
life,  and  shrewd  and  daring  judgments  gave  the  writer 
instant  celebrity.  In  one  of  them  she  described  the 
practice  of  inoculation  for  the  smallpox,  and  an¬ 
nounced  her  intention  of  trying  it  on  her  own  son,  and 
of  introducing  it  in  spite  of  the  doctors  into  England. 
The  most  memorable  incident  in  her  life  after  her 
return  from  the  East  was  her  quarrel  with  Pope, 
caused,  according  to  her  account,  by  her  laughing  at 
him  when  he  made  love  to  her  in  earnest.  He  satir¬ 
ized  her  under  the  name  of  Sappho,  and  she  teased 
him  with  superior  ingenuity  and  hardly  inferior  wit. 
From  1739  to  1761  Lady.  Mary  lived  abroad,  apart 
from  her  husband,  maintaining  an  affectionate  corre¬ 
spondence  with  her  daughter  Lady  Bute,  in  which  she 
set  forth  views  of  life  largely  colored  by  the  asceticism 
of  her  master  Epictetus,  and  wearing  an  appearance 
of  oddity  and  eccentricity  from  their  contrast  with 
conventional  thought.  The  character  of  coldness  and 
unwomanliness  which  Pope  contrived  to  fasten  on  his 
enemy  was  far  from  being  deserved;  her  letters 
show  her  to  have  been  a  very  warm-hearted  woman, 
though  on  principle  she  turned  the  hard  side  to  the 
world.  She  died  21st  August,  1762.  The  best  edition 
of  her  works  is  that  of  1861,  with  a  memoir  by  Moy 
Thomas. 

MONTAIGNE,  Michel  de  (1533-1592),  essayist, 
was  born,  as  he  himself  tells  us,  between  eleven  o’clock 
and  noon  on  28th  February,  1533.  The  patronymic  of 
the  Montaigne  family,  who  derived  their  title  from  the 
chateau  at  which  the  essayist  was  born  and  which 
had  been  bought  by  his  grandfather,  was  Eyquem. 
It  was  believed  to  be  of  English  origin,  and  the  long 
tenure  of  Gascony  and  Guienne  by.  the  English  cer¬ 
tainly  provided  abundant  opportunity  for  the  intro* 
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duction  of  English  colonists.  But  the  elaborate  re¬ 
searches  of  M.  Malv6zin  have  proved  the  existence  of 
a  family  of  Eyquems  or  Ayquems  before  the  marriage 
of  Eleanor  of  Aquitaine  to  Henry  II.  of  England, 
though  no  connection  between  this  family,  who  were 
Sieurs  de  Lesparre,  and  the  essayist’s  ancestors  can 
be  made  out.  Montaigne  is  not  far  from  Bordeaux, 
and  in  Montaigne’s  time  was  in  the  province  of  Peri- 
gord.  It  is  now  in  the  arrondissement  of  Bergerac  and 
the  department  of  Dordogne.  The  Eyquem  family 
had  for  some  time  been  connected  with  Bordeaux. 
Indeed,  though  they  possessed  more  than  one  estate 
in  the  district,  they  were  of  doubtful  and  certainly 
very  recent  nobility.  Pierre  Eyquem,  Montaigne’s 
father,  had  been  engaged  in  commerce  (a  herring- 
merchant  Scaliger  calls  him),  had  filled  many  mu¬ 
nicipal  offices  in  Bordeaux,  and  had  served  under 
Francis  I.  in  Italy  as  a  soldier.  The  essayist  was  not 
the  eldest  son,  but  the  third.  By  the  death  of  his 
elder  brothers,  however,  he  became  head  of  the  family. 
He  had  also  six  younger  brothers  and  sisters.  His 
father  appears,  like  many  other  men  of  the  time,  to 
have  made  a  hobby  of  education.  Michel  was  not  a 
strong  boy,  indeed  he  was  all  his  life  a  valetudinarian, 
and  this  may  have  especially  prompted  his  father  to 
take  pains  with  him.  At  a  time  when  the  rod  was 
the  universal  instrument  of  teaching  it  was  almost  en¬ 
tirely  spared  to  Montaigne.  He  was,  according  to  the 
French  fashion  common  at  all  times,  put  out  to  nurse 
with  a  peasant  woman.  But  Pierre  Eyquem  added  to 
this  the  unusual  fancy  of  choosing  his  son’s  sponsors 
from  the  same  class,  and  of  accustoming  him  to  asso¬ 
ciate  with  it.  He  was  taught  Latin  orally  by  servants 
who  could  speak  no  French,  and  many  curious  fancies 
were  tried  on  him,  as,  for  instance,  that  of  waking  him 
every  morning  by  soft  music.  But  he  was  by  no  means 
allowed  to  be  idle.  A  plan  of  teaching  him  Greek, 
still  more  out  of  the  common  way  than  his  Latin 
course,  by  some  kind  of  mechanical  arrangement,  is  not 
very  intelligible,  and  was  quite  unsuccessful.  These 
details  of  his  education  (which,  like  most  else  that  is 
known  about  him,  come  from  his  own  mouth)  are  not 
only  interesting  in  themselves,  but  remind  the  reader 
how,  not  far  from  the  same  time,  the  other  greatest 
writer  of  French  during  the  Renaissance  was  also  ex¬ 
ercising  himself,  though  not  being  exercised,  in  plans 
of  education  almost  as  fantastic.  At  six  years  old  (for 
the  father’s  reforming  views  in  education  do  not  seem 
to  have  disgusted  him  with  the  extremely  early  age  at 
which  it  was  then  usual  to  begin  school  training)  Mon¬ 
taigne  was  sent  to  the  College  de  Guienne  at  Bordeaux, 
then  at  the  height  of  its  reputation,  having  more  than 
double  the  number  of  scholars  _  (two  thousand)  that 
even  the  largest  English  public  school  has  usually 
boasted.  Among  its  masters  were  Buchanan,  after¬ 
wards  the  teacher  of  James  I.,  and  Muretus,  one  of 
the  first  scholars  of  the  age.  These,  with  their  col¬ 
league  Guerente,  composed  Latin  plays  for  their  pupils 
to  act,  and  are  held  to  have  given  no  small  impulse  to 
the  production  of  the  classical  French  tragedy  of  the 
Pleiade.  Montaigne  remained  at  school  seven  years, 
and,  like  almost  all  Frenchmen  of  all  times,  retained 
no  pleasant  or  complimentary  memory  of  it.  At  thir¬ 
teen  he  left  the  College  de  Guienne  and  began  to  study 
law,  it  is  not  known  where,  but  probably  at  Toulouse, 
the  most  famous  university,  despite  its  religious  intol¬ 
erance,  of  the  south  of  France.  Of  his  youth,  early 
manhood,  and  middle  life  extremely  little  is  known. 
Allusions  to  it  in  the  Essays  are  frequent  enough,  but 
t  hey  are  rarely  precise.  In  1548  he  was  at  Bordeaux 
during  one  of  the  frequent  riots  caused  by  the  gabelle, 
or  salt  tax.  Six  years  afterwards,  having  attained  his 
majority,  he  was  made  a  counsellor  in  the  Bordeaux 
parliament.  In  1558  he  was  present  at  the  siege  of 
Thionville.  Like  his  father,  he  certainly  served  in  the 
army,  for  he  has  frequent  allusions  to  military  experi¬ 
ences.  He  was  also  much  about  the  court,  and  he 
admits  very  frankly  that  in  his  youth  he  led  a  life  of 


pleasure,  if  not  exactly  of  excess.  In  1566  he  married 
Fran§oise  de  la  Chassaigne,  whose  father  was,  like 
himself,  a  member  of  theJBordeaux  parliament.  Three 
years  later  his  father  died,  and  he  succeeded  to  the 
family  possessions.  Finally,  in  1571,  as  he  tells  us  in 
an  inscription  still  extant,  he  retired  to  Montaigne  to 
take  up  his  abode  there.  This  was  the  turning-point 
of  his  life. 


It  has  been  said  that  his  health  was  never  strong, 
and  it  had  been  further  weakened  by  the  hard  living 
(in  both  senses  of  that  phrase)  which  was  usual  at  the 
time.  He  resolved,  accordingly,  to  retire  to  a  life  of 
study  and  contemplation,  though  he  did  not  in  the 
least  seclude  himself,  and  indulged  in  no  asceticism 
except  careful  diet.  Montaigne  was  a  large  country 
house  unfortified  (in  which  circumstance  its  astute 
possessor  saw  rather  safety  than  danger  from  the  tur¬ 
bulence  of  the  religious  wars),  and  its  owner’s  reve¬ 
nues,  without  being  large,  appear  to  have  been  easy. 
He  neither  had  nor  professed  any  enthusiastic  affec¬ 
tion  for  his  wife,  but  he  lived  on  excellent  terms  with 
her,  and  bestowed  some  pains  on  the  education  of  the 
only  child  (a  daughter)  who  survived  infancy.  In  his 
study,  which  he  has  minutely  described,  he  read, 
wrote,  dictated,  meditated,  inscribed  moral  sentences, 
which  still  remain  on  the  walls  and  rafters,  and  in 
other  ways  gave  himself  up  to  learned  ease.  He  was 
not  new  to  literature.  In  his  father’s  lifetime,  and  at 
his  request,  he  had  translated  the  Theologia  Naturalis 
of  Raymond  de  Sebonde,  a  Spanish  schoolman.  On 
first  coming  to  live  at  Montaigne  he  edited  the  works 
of  his  deceased  friend  Etienne  de  la  Boetie,  who  had 
been  the  comrade  of  his  youth,  who  died  early,  and 
who,  with  poems  of  real  promise,  had  composed  a 
declamatory  and  schoolboyish  theme  on  republicanism, 
entitled  the  Contr'  Un ,  which  is  one  of  the  most  over¬ 
estimated  books  in  literature.  But  the  years  of  his 
studious  retirement  were  spent  on  a  work  of  infinitely 
greater  importance.  Garrulous  after  a  fashion,  as 
Montaigne  is,  he  gives  us  no  clear  idea  of  any  original 
or  definite  impulse  leading  him  to  write  the  famous 
Essays.  It  is  very  probable  that  if  they  were  at  first 
intended  to  have  any  special  form  at  all  it  was  that  of 
a  table-book  or  journal,  such  as  was  never  more  com¬ 
monly  kept  than  in  the  16th  century.  But  the  author 
must  have  been  more  or  less  conscious  of  an  order  ex¬ 
isting  in  the  disorder  of  his  thoughts,  and  this  may 
have  induced  him  to  keep  them  apart  in  chapters,  or 
at  least  under  chapter-headings,  and  at  the  same  time 
not  to  cut  them  up  into  mere  pensees.  It  is  certainly 
very  noticeable  that  the  earlier  essays,  those  of  the 
first  two  books,  differ  from  the  later  in  one  most 
striking  point,  in  that  of  length.  Speaking  generally, 
the  essays  of  the  third  book  average  fully  four  times 
the  length  of  those  of  the  other  two.  This  of  itself 
would  suggest  a  difference  in  the  system  of  composi¬ 
tion.  For  the  present,  hewever,  we  may  confine  our¬ 
selves  to  the  first  two  books.  These  appeared  in  1580, 
when  their  author  was  forty-seven  years  old. 


They  contain,  as  at  present  published,  no  less  than  nine¬ 
ty-three  essays,  besides  an  exceedingly  long  apology  for 
the  already-mentioned  Eaymond  Sebonde,  which  amounts 
to  about  a  quarter  of  the  whole  in  bulk,  and  differs  curi¬ 
ously  from  its  companions  in  matter  no  less  than  in  scale. 
The  book  begins  with  a  short  avis  (address  to  the  reader), 
opening  with  the  well-known  words,  “  C’est  icy  un  livre  de 
bon  foy  lecteur,”  and  sketching  in  a  few  lively  sentences 
the  character  of  meditative  egotism  which  is  kept  up 
throughout.  His  sole  object,  the  author  says,  is  to  leave 
for  his  friends  and  relations  a  mental  portrait  of  himself, 
defects  and  all ;  he  cares  neither  for  utility  nor  fame.  The 
essays  then  begin  without  any  attempt  to  explain  or  classify 
their  subjects.  Their  titles  are  of  the  most  diverse  char¬ 
acter.  Sometimes  they  are  proverbial  sayings,  or  moral 
adages,  such  as :  “  Par  divers  moyens  on  arrive  a  pareille 
fin,  ”  “  Qu’il  ne  faut  juger  de  notre  heur  qu’apres  la  mort,  ” 
“  Le  profit  de  l’on  est  le  dommage  de  l’aultre.”  Sometimes 
they  are  headed  like  the  chapters  of  a  treatise  on  ethics : 
“  De  la  tristesse,  ”  “  De  l’oisivetd,  ”  “  De  la  peur,  ”  “  De 
l’amiti6,”  Sometimes  a  fact  of  some  sort  which  has  awaked 
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a  train  of  associations  in  the  mind  of  the  writer  serves  as 
a  title,  such  as :  “  On  est  puni  de  s’opiniastrer  a  une  place 
sans  raison,  ”  “  De  la  bataille  de  Dreux,  ”  etc.  Occasionally 
the  titles  seem  to  be  deliberately  fantastic,  as :  “  Des  puces,  ” 
“De  l’usage  de  se  vestir.”  Sometimes,  though  not  very 
often,  the  sections  are  in  no  proper  sense  essays,  but  merely 
commonplace  book  entries  of  singular  facts  or  quotations 
With  hardly  any  comment.  These  point  to  the  haphazard 
or  indirect  origin  of  them  which  has  been  already  sug¬ 
gested.  But  generally  the  essay-character — that  is  to  say, 
the  discussion  of  a  special  point,  it  may  be  with  wide  di¬ 
gressions  and  divergences — displays  itself.  The  digressions 
are  indeed  constant,  and  sometimes  have  the  appearance  of 
being  absolutely  wilful.  The  nominal  title,  even  when 
most  strictly  observed,  is  rarely  more  than  a  starting-point ; 
and,  though  the  brevity  of  these  first  essays  for  the  most 
part  prevents  the  author  from  journeying  very  far,  he  con¬ 
trives  to  get  to  the  utmost  range  of  his  tether.  Quotations 
are  very  frequent.  These  are  the  principal  external  char¬ 
acteristics  of  the  book;  its  internal  spirit  had  better  be 
treated  when  it  can  be  spoken  of  completely. 

Between  the  publication  of  the  first  two  books  of 
essays  in  1580  and  the  publication  of  the  third  in 
1588,  Montaigne’s  life  as  distinguished  from  his  writ¬ 
ings  becomes  somewhat  better  known,  and  somewhat 
more  interesting.  .  He  had,  during  the  eight  years  of 
composition  of  his  first  volume,  visited  Paris  occa¬ 
sionally  and  travelled  for  health  or  pleasure  to  Cau- 
terets,  Eaux  Chaudes,  and  elsewhere.  Charles  IX., 
apparently,  had  made  him  one  of  his  gentlemen  in 
ordinary,  and  perhaps  conferred  on  him  the  order  of 
St.  Michael.  The  fiercest  period  of  the  religious  wars, 
save  that  yet  to  come  of  the  League,  passed  over  him 
without  harming  him,  though  not  without  subjecting 
him  to  some  risks.  But  his  health  grew  worse  and 
worse,  and  he  was  tormented  by  stone  and  gravel.  He 
accordingly  resolved  to  journey  to  the  baths  of  Lucca. 
Late  in  the  18th  century  a  journal  was  found  in  the 
chateau  of  Montaigne,  giving  an  account  of  this  jour¬ 
ney,  and  it  was  published  in  1774;  part  of  it  is  written 
in  Italian  and  part  dictated  in  French,  the  latter  being 
for  the  most  part  the  work  of  a  secretary  or  servant. 
Whatever  may  be  the  biographical  value  of  this  work, 
which  has  rarely  been  reprinted  with  the  Essays  them¬ 
selves,  it  is  almost  entirely  destitute  of  literary  in¬ 
terest.  Written,  moreover,  according  to  its.own  show¬ 
ing  merely  for  the  author’s  own  eye,  it  contains 
abundance  of  details  as  to  the  medicinal  effect  of  the 
various  baths  which  he  visited,  details  which  may  be 
said  .  to  be  superfluous  to  a  medical  reader,  and  dis- 
usting  to  any  other.  The  course  of  the  journey  was 
rst  northwards  to  Plombi&res,  then  by  Basel  to  Augs¬ 
burg  and  Munich,  then  through  Tyrol  to  Yerona  and 
Padua  in  Italy.  Montaigne  visited  most  of  the  famous 
cities  of  the  north  and  centre,  staying  five  months  at 
Rome,  and  finally  establishing  himself  at  the  baths  of 
Lucca  for  nearly  as  long  a  time.  There  he  received 
news  of  his  election  as  mayor  of  Bordeaux,  and  after 
some  time  journeyed  homewards.  The  tour  contains 
much  minute  information  about  roads, ,  food,  travelling, 
etc. ,  but  the  singular  condition  in  which  it  exists,  and 
the  absence  of  a  really  good  critical  edition  hitherto, 
make  it  rather  difficult  to  use  it  as  a  document.  .  The 
freak  of  writing  part  of  it  in  a  strange  dog-Italian  is 
not  uncharacteristic  of  Montaigne,  but  the  words  of 
his  last  and  best  editors,  MMT  Courbet  and  Royer, 
who  speak  of  the  letters  as  “l’unique  complement  des 
essais,”  seem  to  indicate  that  they  are  not  of  those 
who  accept  the  published  Voyage  as  authentic.  Of 
the  fact  of  the  journey  there  is  no  doubt  whatever. 

Montaigne  (as  was  not  unnatural  in  a,  man  of  his 
temperament,  who  had  for  some  years,  if  not  for  the 
greater  part  of  his  life,  lived  solely  to  please  himself) 
was  not  altogether  delighted  at  his  election  to  the 
mayoralty,  which  promised  him  two  years  of  respon¬ 
sible  if  not  very  hard  work.  The  memory  of  his  fa¬ 
ther,  however,  and  the  commands  of  the  king,  which 
seem  to  have  been  expressed  in  a  manner  rather 
stronger  than  a  mere  formal  confirmation,  induced  him 
to  accept  it ;  and  he  seems  to  have  discharged  it 


neither  better  nor  worse  than  an  average  magistrate. 
Indeed,  he  gave  sufficient  satisfaction  to  the  citizens 
to  be  re-elected  at  the  close  of  his  term,  and  it  may  be  sus¬ 
pected  that  the  honor  of  the  position,  which  was  really 
one  of  considerable  dignity  and  importance,  was  not 
altogether  indifferent  to  him.  Unfortunately,  it  can- 
not  be  said  that  nothing  in  his  office  became  him  like 
the  leaving  of  it,  for  it  was  at  the  close  of  his  second 
tenure  that  he  gave  the  only  sign  of  the  demoralizing 
effect  which  is  sometimes  alleged  by  severe  moralists 
to  come  of  the  half  epicurean,  half  skeptical  philoso¬ 
phy  which  he  undoubtedly  professed.  It  was  his  busi¬ 
ness,  if  not  exactly  his  duty,  to  preside  at  the  formal 
election  of  his  successor,  the  marechal  de  Matignon  • 
but  there  was  a  severe  pestilence  in  Bordeaux,  ana 
Montaigne  writes  to  the  jurats  of  that  town',  in  one  of 
the  few  undoubtedly  authentic  letters  which  we  possess, 
to  the  effect  that  he  will,  leave  them  to  judge  whether 
his  presence  at  the  election  is  so  necessary  as  to  make 
it  worth  his  while  to  expose  himself  to  the  danger  of 
going  into  the  town  in  its  then  condition,  “which  is 
specially  dangerous  for  men  coming  from  a  good  air 
as  he  does.  ’  ’  That  is  to  say,  the  chief  magistrate  of 
one  of  the  greatest  towns  in  France  not  only  declined 
to  visit  it  because  of  sickness  prevailing  there,  but  had 
left  it  to  itself  at  a  time  when  nearly  half  the  popu¬ 
lation  perished,  and  when,  according  to  the  manners 
of  the  age,  civil  disturbance  was  almost  sure  to  follow 
accordingly.  Attempts  have  been  made  to  justify 
Montaigne,  and  it  may  be  at  least  said  that  he  at  no 
time  pretended  to  unselfish  heroism ;  but  it  is  to  be 
feared  that  the  facts  and  the  inference  drawn  from 
them  admit  of  no  dispute.  At  the  least  Montaigne’s 
conduct  must  be  allowed  to  contrast  very  little  to  his 
advantage  with  that  of  Rotrou  in  the  next  century 
under  somewhat  similar  circumstances  though  in  a  po¬ 
sition  of  much  less  responsibility.  It  may,  however, 
be  urged  in  Montaigne’s  favor  that  the  general  circum¬ 
stances  of  the  time,  where  they  did  not  produce  reck¬ 
less  and  foolhardy  daring,  almost  necessarily  produced 
a  somewhat  excessive  caution.  The  League  was  on 
the  point  of  attaining  its  greatest  power ;  the  extreme 
Calvinist  and  Navarrese  party,  on  the  other  side,  was 
(as  may  be  seen  in  Agrippa  d’ Aubign6)  no  less  fanati¬ 
cal  than  the  League,  itself,  and  the  salvation  of 
France  seemed  to  lie  in  the  third  party  of  politiques , 
or  trimmers,  to  which  Montaigne  belonged.  The  cap¬ 
ital  motto  of  this  party  was  that  of  the  Scotch  saying, 
“  Jouk  and  let  the  jaw  gang  by,”  and  the  continual 
habit  of  parrying  and  avoiding  political  dangers  might 
be  apt  to  extend  itself  to  dangers  other  than  political. 
However  this  may  be,  Montaigne  had  difficulty  enough 
during  this  turbulent  period,  all  the  more  so  from  his 
neighborhood  to  the  chief  haunts  and  possessions  of 
Henry  of  Navarre.  He  was  able,  however,  despite 
the  occupations  of  his  journey,  his  mayoralty,  and 
the  pressure  of  civil  war  and  pestilence,  which  was  not 
confined  to  the  town,  to  continue  his  essay  writing, 
and  in  1588,  after  a  visit  of  some  length  to  Paris,  the 
third  book  of  the  Essays  was  published,  together  with 
the  former  ones  considerably  revised.  The  new  essays, 
as  has  been  remarked,  differ  strikingly  from  the  older 
ones  in  respect  of  length ;  there  being  only  one  which 
confines  itself  to  the.  average  of  those  in  the  first  two 
books.  The  whimsical  unexpectedness  of  the  titles, 
moreover,  reappears  in  but  two  of  them:  “Des 
coches”  and  “Des  boiteux.”  They  are,  however, 
identical  with  the  earlier  ones  in  spirit,  and  make 
with  them  a  harmonious  whole, — a  book  which  has 
hardly  been  second  in  influence  to  any  of  the  modern 
world. 

This  influence  is  almost  equally  remarkable  in  point  of 
matter  and  in  point  of  form,  as  regards  the  subsequent  his¬ 
tory  of  thought  and  as  regards  the  subsequent  history  of  lit¬ 
erature.  The  latter  aspect  may  be  taken  first.  Montaigne 
is  one  of  the  few  great  writers  who  have  not  only  perfected 
but  have  also  invented  a  literary  form.  The  essay  as  he  gave 
it  had  no  forerunner  in  modern  literature,  and  no  direct; 
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ancestor  in  the  literature  of  classical  times.  It  is  indeed 
not  improbable  that  it  owes  something  to  the  body  of  trac¬ 
tates  by  different  authors  and  of  different  dates,  which  goes 
Under  the  name  of  Plutarch’s  Morals,  and  it  also  bears  some 
resemblance  to  the  miscellaneous  work  of  Lucian.  But 
the  resemblance  is  in  both  cases  at  most  that  of  suggestion. 
The  peculiar  desultoriness  and  tentative  character  of  the 
essay  proper  were  alien  to  the  orderly  character  of  the 
Greek  mind,  as  were  also  its  garrulity  and  the  tendency 
which  it  has  rather  to  reveal  the  idiosyncrasy  of  the  writer 
than  to  deal  in  a  systematic  manner  with  the  peculiarities 
of  the  subject.  It  has  been  suggested  that  the  form  which 
the  essays  assumed  was  in  a  way  accidental,  and  this  of  it¬ 
self  precludes  the  idea  of  a  definite  model  even  if  such  a 
model  could  be  found.  Beginning  with  the  throwing  to¬ 
gether  of  a  few  stray  thoughts  and  quotations  linked  hy  a 
community  of  subject,  the  author  by  degrees  acquires  more 
and  more  certainty  of  hand,  until  he  produces  such  master¬ 
pieces  of  apparent  desultoriness  and  real  unity  as  the  essay 
“  Sur  des  vers  de  Virgile.”  In  matter  of  style  and  language 
Montaigne’s  position  is  equally  important,  but  the  ways 
which  led  him  to  it  are  more  clearly  traceable.  His  favor¬ 
ite  author  was  beyond  all  doubt  Plutarch,  and  his  own  ex¬ 
plicit  confession  makes  it  undeniable  that  Plutarch’s  trans¬ 
lator  Amyot  was  his  master  in  point  of  vocabulary,  and  (so 
far  as  he  took  any  lessons  in  it)  of  style.  Amyot  was  un¬ 
questionably  one  of  the  most  remarkable  writers  of  French 
in  the  16th  century,  and  to  him  more  than  to  any  one  else 
is  due  the  beauty  of  the  prose  style  which  marked  the 
second  half  of  that  century,  a  style  which,  though  unequal 
and  requiring  to  be  modified  for  general  use,  is  at  its  best  the 
very  flower  of  the  language.  Montaigne,  however,  followed 
with  the  perfect  independence  that  characterized  him.  He 
was  a  contemporary  of  Bonsard,  and  his  first  essays  were 
published  when  the  innovations  of  the  Pleiade  had  fully 
established  themselves.  He  adopted  them  to  a  great  extent, 
but  with  much  discrimination,  and  he  used  his  own  judg¬ 
ment  in  Latinizing  when  he  pleased.  In  the  same  way  he 
retained  archaic  and  provincial  words  with  a  good  deal  of 
freedom,  but  by  no  means  ip  excess.  In  the  arrangement 
as  in  the  selection  of  his  language  he  is  equally  original. 
There  is  little  or  no  trace  in  him  of  the  interminable  sen¬ 
tence  which  is  the  drawback  of  early  prose  in  all  languages 
when  it  has  to  deal  with  anything  more  difficult  to  manage 
than  mere  narrative.  He  has  not  the  excessive  classicism  of 
style  which  mars  even  the  fine  prose  of  Calvin,  and  which 
makes  that  of  some  of  Calvin’s  followers  intolerably  stiff. 
As  a  rule  he  is  careless  of  definitely  rhythmical  cadence, 
though  his  sentences  are  always  pleasant  to  the  ear.  But 
the  principal  characteristic  of  Montaigne’s  prose  style  is  its 
remarkable  ease  and  flexibility.  These  peculiarities,  calcu¬ 
lated  in  themselves  to  exercise  a  salutary  influence  on  a 
language  as  yet  somewhat  undisciplined,  acquired  by  acci¬ 
dent  an  importance  of  an  extraordinary  kind.  A  few  years 
after  Montaigne’s  death  a  great  revolution,  as  is  generally 
known,  passed  over  French.  The  criticism  of  Malherbe, 
followed  by  the  establishment  of  the  Academy,  the  minute 
grammatical  censures  of  Vaugelas,  and  the  severe  literary 
censorship  of  Boileau  turned  French  in  less  than  three- 
quarters  of  a  century  from  one  of  the  freest  languages  in 
Europe  to  one  of  the  most  restricted.  The  Latinisms  and 
Grsecisms  of  the  Pleiade  were  tabooed  at  the  same  time 
with  the  most  picturesque  expressions  of  the  older  tongue. 
The  efforts  of  the  reformers  were  directed  bove  all  things 
to  weed  and  to  refine,  to  impose  additional  difficulties  in 
the  way  of  writing  exquisitely,  at  the  same  time  that,  by 
holding  out  a  strictly  defined  model,  they  assisted  persons 
of  little  genius  and  imagination  to  write  tolerably.  Dur¬ 
ing  this  revolution  only  two  writers  of  older  date  held  their 
ground,  and  those  two  were  Eabelais  and  Montaigne, — 
Montaigne  being  of  his  nature  more  generally  readable  than 
Eabelais.  The  Essays,  the  popularity  of  which  no  aca¬ 
demic  censorship  could  touch,  thus  kept  before  the  eyes  of 
the  17th  and  18th  centuries  a  treasury  of  French  in  which 
every  generation  could  behold  the  riches  of  their  ancestors. 
The  study  of  them  influenced  all  the  great  prose  writers  of 
France,  and  they  could  not  fail  to  be  influenced  in  the  di¬ 
rection  which  it  was  most  important  that  they  should  take 
by  the  racy  phrase,  the  quaint  and  picturesque  vocabulary, 
and  the  unconstrained  constructions  of  Montaigne. 

It  would  be  impossible,  however,  for  the  stoutest  de¬ 
fender  of  the  importance  of  form  in  literature  to  assign  the 
chief  part  in  Montaigne’s  influence  to  style.  It  is  the 
method  or  rather  the  manner  of  thinking  of  which  that 
style  is  the  garment  which  has  in  reality  exercised  influ¬ 
ence  on  the  world.  Like  all  writers  except  Shakespeare, 
Montaigne  thoroughly  and  completely  exhibits  the  intel¬ 
lectual  and  moral  complexion  of  his  own  time.  When  he 
reached  manhood  the  French  Eenaissance  (which  was  per¬ 
haps  on  the  whole  the  most  characteristic  example  of  that 


phenomenon,  the  religious  element  being  neither  in  excess 
as  it  was  in  England  and  Germany,  nor  in  defect  as  it  had 
been  in  Italy)  was  at  high  water,  and  the  turn  of  the  tide 
was  beginning.  Eabelais,  who  died  when  Montaigne  was 
still  in  early  manhood,  exhibits  the  earlier  and  rising  spirit, 
though  he  needs  to  be  completed  on  the  poetical  side.  The 
Eenaissance  had,  as  all  revolts  against  authority  must  have, 
a  certain  skeptical  element,  but  it  was  not  at  first  by  any 
means  eminently  skeptical.  Despite  the  half  ironical,  half 
warning  termination  of  Pantagrud,  an  immense  confidence 
and  delight,  as  of  the  invader  of  a  promised  land,  fills  the 
pages  of  Eabelais.  He  rejoices  in  his  strength,  in  his 
knowledge,  in  his  freedom,  in  the  pleasures  of  the  flesh  and 
the  spirit.  With  Montaigne  begins  the  age  of  disenchant¬ 
ment.  By  the  time  at  least  when  he  began  to  meditate  his 
essays  in  the  retirement  of  his  country  house  it  was  toler¬ 
ably  certain  that  no  golden  age  was  about  to  return.  The 
Eeformation  had  brought  not  peace  but  a  sword,  and  the 
Calvinists  were  as  intolerant  as  the  Catholics.  The  revival 
of  learning  had,  whatever  its  benefits,  merely  changed  the 
outward  guise  of  pedants  instead  of  extirpating  pedantry. 
The  art  of  printing  had  multiplied  rubbish  as  well  as 
valuable  matter.  The  discovery  of  America  had  brought 
ruin  to  the  discovered,  and  disease  and  discord  to  the  dis¬ 
coverers.  The  horrors  of  a  disputed  succession  were  al¬ 
ready  threatening  France.  These  things  were  enough  to 
make  thoughtful  men  dubious  about  the  blessings  of  pro¬ 
gress  and  reform ;  but  the  extreme  dissoluteness  which 
characterized  the  private  life  of  the  time  also  brought  about 
its  natural  result  of  satiety.  Physical  science  had  hardly 
yet  emerged  to  occupy  some  active  minds;  scholasticism 
was  dead,  while  Bacon  and  Descartes  had  not  arisen  ; 
nothing  like  a  theory  of  politics  had  been  evolved,  though 
Bodin  and  a  few  others  were  feeling  after  one.  As  the 
earlier  Eenaissance  had  specially  occupied  itself  with  the 
practical  business  and  pleasures  of  life,  so  the  later  Eenais¬ 
sance  specially  mused  on  the  vanity  of  this  business  and 
these  pleasures.  The  predisposing  circumstances  which 
affected  Montaigne  were  thus  likely  to  incline  him  to  skep¬ 
ticism,  to  ethical  musings  on  the  vanity  of  life  and  the 
like.  But  to  all  this  there  had  to  be  added  the  peculiarity 
of  his  own  temperament.  This  was  a  decidedly  compli¬ 
cated  one,  and  neglect  of  it  has  led  some  readers  to  adopt  a 
more  positive  idea  of  Montaigne’s  skepticism  than  is  fully 
justified  by  all  the  facts.  The  municipality  of  Eome  has 
put  up  a  tablet  on  the  house  occupied  by  Montaigne  during 
his  visit  there,  which  speaks  of  him  as  a  “  founder  of  the 
new  philosophy.”  In  Italian  mouths  at  the  present  day 
this  is  equivalent  to  an  assertion  that  Montaigne  was  an 
enemy  of  Christianity.  No  assumption  can  be  more  gra¬ 
tuitous  or  less  borne  out  by  the  text  of  his  works  and  the 
reasonable  inferences  to  be  drawn  from  them.  The  atti¬ 
tude  which  he  assumed  was  no  doubt  ephectic  and  critical 
chiefly.  He  decorated  his  study  at  Montaigne  with  in¬ 
scriptions  (still,  by  dint  of  accidental  preservation  and  res¬ 
toration  not  accidental,  legible  there),  most  of  which  are 
of  the  most  pessimist  and  skeptical  character.  Ecclesiastes, 
Ecclesiasticus,  Horace,  Lucretius,  Sextus  Empiricus,  the 
fragments  of  the  Greek  dramatists  and  philosophers,  are 
ransacked  for  epigraphs  indicating  the  vanity  of  human 
reason,  human  wishes,  human  belief,  human  thoughts  and 
actions  of  every  kind.  In  one  curious  essay  (if  indeed  it  is 
to  be  called  an  essay),  the  “  Apologie  de  Eaymond  Sebonde,” 
he  has  apparently  amused  himself  with  gathering  together 
in  the  shape  of  quotations  as  well  as  of  reflections,  all  that 
can  be  said  against  certainty  in  aesthetics  as  well  as  in  dog¬ 
matics.  But  the  general  tenor  of  the  essays  is  in  complete 
contrast  with  this  skeptical  attitude,  at  least  in  its  more 
decided  form,  and  it  is  worth  notice  that  the  motto  “  Que 
scai-je  ?  ”  does  not  appear  on  the  title-page  till  after  the 
writer’s  death.  The  general  disposition,  moreover,  mani¬ 
fested  in  these  famous  writings  is  very  far  from  being  de¬ 
terminedly  Pyrrlionist  or  despairingly  misanthropic.  Mon¬ 
taigne  is  far  too  much  occupied  about  all  sorts  of  the 
minutest  details  of  human  life  to  make  it  for  a  moment  ad¬ 
missible  that  he  regarded  that  life  as  a  whole  but  as  smoke 
and  vapor.  He  is  much  too  curious  of  the  varieties  of  be¬ 
lief,  and  too  keenly  interested  in  following  them  out,  to 
leave  himself  in  peril  of  the  charge  that  all  belief  was  to 
him  a  matter  of  indifference.  The  reason  of  the  misap¬ 
prehension  of  him  which  is  current  is  due  very  mainly  to 
the  fact  that  he  was  eminently  a  humorist  in  the  midst  of  a 
people  to  whom,  since  his  time,  humor  has  been  nearly  un¬ 
known.  But  there  is  more  than  this.  The  humorist  as  a 
recognized  genus  almost  always  passes  into  the  satirist. 
The  temper  which  has  been  admirably  defined  as  thinking 
in  jest  while  feeling  in  earnest  naturally  throws  itself  into 
opposition,  though  it  may  not  always  take  the  irreconcilable 
form  of  the  opposition  of  Swift.  Perhaps  the  only  actual 
parallel  to  Montaigne  in  literature  is  Lamb.  There  are  difr 
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ferences  between  them,  arising  naturally  enough  from  dif¬ 
ferences  of  temperament  and  experience;  but  both  agree 
in  their  attitude — an  attitude  which  is  skeptical  without 
being  negative,  and  humorist  without  being  satiric.  There 
is  hardly  any  writer  in  whom  the  human  comedy  appears 
treated  with  such  completeness  as  it  is  in  Montaigne.  There 
is  discernible  in  his  essays  no  attempt  to  map  out  a  com¬ 
plete  plan,  and  then  to  fill  up  its  outlines.  But  in  the  des¬ 
ultory  and  haphazard  fashion  which  distinguishes  him 
there  are  few  parts  of  life  on  which  he  does  not  touch.  The 
exceptions  are  chiefly  to  be  found  in  the  higher  and  more 
poetical  strains  of  feeling  to  which  the  humorist  tempera¬ 
ment  lends  itself  with  reluctance  and  distrust,  though  it 
by  no  means  excludes  them.  The  French  disposition,  by  a 
change  which  has  never  been  sufficiently  accounted  for, 
and  of  which  the  most  accurate  examination  of  documents 
fails  fully  to  detect  the  reason,  had  become,  after  being 
strongly  idealist  in  the  earlier  Middle  Ages,  absolutely  posi¬ 
tive  in  the  later,  and  from  this  positiveness  it  has  never 
since  quite  freed  itself.  This  positiveness  is  already  no¬ 
ticeable  in  Rabelais;  it  becomes  more  noticeable  still  in 
Montaigne.  He  is  always  charming,  but  he  is  rarely  in¬ 
spiring,  except  in  a  very  few  passages  where  the  sense  of 
vanity  and  nothingness  possesses  him  with  unusual  strength. 
As  a  general  rule,  an  agreeable  grotesque  of  the  affairs  of 
life  (a  grotesque  which  never  loses  hold  of  good  taste  suf¬ 
ficiently  to  be  called  burlesque)  occupies  him.  There  is  a 
kind  of  anticipation  of  the  scientific  spirit  in  the  careful 
zeal  with  which  he  picks  up  odd  aspects  of  mankind,  and 
comments  upon  them  as  he  places  them  in  his  museum. 
Such  a  temperament  is  most  pleasantly  shown  when  it  is 
least  personal.  The  letter  to  the  Bordeaux  jurats  does  not, 
as  has  been  said,  show  Montaigne  in  his  best  light,  nor  does 
another  letter  to  his  wife,  in  which  he  condoles  with  her  on 
the  death  of  one  of  their  children  in  a  strain  which  must 
have  drawn  from  any  woman  of  sensibility  and  spirit  a 
torrent  of  indignant  tears.  But  what  is  almost  offensive  in 
immediate  and  private  relationships  becomes  not  only 
tolerable  but  delightful  in  the  impersonal  and  irresponsible 
relationship  of  author  to  reader.  A  dozen  generations  of 
men  have  rejoiced  in  the  gentle  irony  with  which  Mon¬ 
taigne  handles  the  ludicrum  humani  ssecnli,  in  the  quaiDt 
felicity  of  his  selection  of  examples,  and  in  the  real  though 
sometimes  fantastic  wisdom  of  his  comment  on  his  selec¬ 
tions. 

Montaigne  did  not  very  long  survive  the  completion 
of  his  book.  His  sojourn  at  Paris  for  the  purpose  of 
etting  it  printed  was  by  no  means  uneventful,  and  on 
is  way  he  stayed  for  some  time  at  Blois,  where  he 
met  De  Thou.  In  Paris  itself  he  had  a  more  disa¬ 
greeable  experience,  being  for  a  short  time  committed 
to  the  Bastille  by  the  Leaguers,  as  a  kind  of  hostage, 
it  is  said,  for  a  member  of  their^  party  who  had  been 
arrested  at  Bouen  by  Henry  of  Navarre.  But  he  was 
in  no  real  danger.  He  was  well  known  to  and  favored 
by  both  Catherine  de’  Medici  and  the  Guises,  and  was 
very  soon  released.  In  Paris,  too,  at  this  time  he 
made  a  whimsical  but  pleasant  friendship.  Marie  le 
'  Jars,  Demoiselle  de  Gournay,  one  of  the  most  learned 
ladies  of  the  16th  and  17th  centuries,  had  conceived 
such  a  veneration  for  the  author  of  the  Essays  that 
though  a  very  young  girl  and  connected  with  many 
noble  families,  she  travelled  to  the  capital  on  purpose 
to  make  his  acquaintance.  He  gave  her  the  title  of 
his  “  fille  d’ alliance  ”  (adopted  daughter),  which  she 
bore  proudly  for  the  rest  of  her  long  life.  She  lived 
far  into  the  17th  century,  and  became  a  character  and 
something  of  a  laughing-stock  to  the  new  generation  ; 
but  her  services  to  Montaigne’s  literary  memory  were, 
as  will  be  seen,  great.  Of  his  other  friends  in,  these 
last  years  of  his  life  the  most  important  were  Etienne 
Pasquier  and  Pierre  Charron.  The  latter,  indeed, 
was  more  than  a  friend,  he  was  a  disciple  ;  and  Mon¬ 
taigne,  just  as  he  had  constituted  Mademoiselle  de 
Gournay  his  “fille  d’alliance, ”  bestowed  on  Charron 
the  rather  curious  compliment  of  desiring  that  he 
should  take  the  arms  of  the  family  of  Montaigne. 
It  has  been  thought  from  these  two  facts,  and  from  an 
expression  in  one  of  the  later  essays,  that  the  marriage 
of  his  daughter  Leonore  had  not  turned  out  to  his 
satisfaction.  But  family  affection,  except  towards  his 
father,  was  by  no  means  Montaigne’s  strongest  point. 

Not  much  is  known  of  him  in  these  later  years,  and 
indeed,  despite  the  laborious  researches  of  many  biog¬ 


raphers,  of  whom  one,  Dr.  Payen,  has  never  been 
excelled  in  persevering  devotion,  it  cannot  be  said  that 
the  amount  of  available  information  about  Montaigne 
is  large  at  any  time  of  his  life.  It  would  seem  that 
the  essayist  had  returned  to  his  old  life  of  study  and 
meditation  and  working  up  his  Essays.  No  new  ones 
were  found  after  his  death,  but  many  alterations  and 
insertions.  His  various  maladies  grew  worse  ;  yet 
they  were  not  the  direct  cause  of  his  death.  He  was 
attacked  with  quinsy,  which  rapidly  brought  about 
aralysis  of  the  tongue,  and  he  died  on  the  11th  of 
eptember,  1592,  under  circumstances  which,  as  Pas¬ 
quier  reports  them,  completely  disprove  any  intention, 
at  least  on  his  part,  of  displaying  anti-Christian  or 
anti-Catholic  leanings.  Feeling  himself  on  the  point 
of  death,  he  summoned  divers  of  his  friends  and 
neighbors  to  his  chamber,  had  mass  said  before  him, 
and  endeavored  to  raise  himself  and  assume  a  devo¬ 
tional  attitude  at  the  elevation  of  the  host,  dying  al¬ 
most  immediately  afterwards.  He  was  buried,  though 
not  till  some  months  after  his  death,  in  a  church  in 
Bordeaux,  which  after  some  vicissitudes  became  the 
chapel  of  the  College.  During  the  Revolution  the 
tomb  and,  as  it  was  supposed,  the  coffin  were  trans¬ 
ferred  with  much  pomp  to  the  town  museum  ;  but  it 
was  discovered  that  the  wrong  coffin  had  been  taken, 
and  the  whole  was  afterwards  restored  to  its  old  posi¬ 
tion.  Montaigne’s  widow  survived  him,  and  his  daugh¬ 
ter  left  posterity  which  became  merged  in  the  noble 
houses  of  Segur  and  Lur-Saluces.  But  it  does  not 
appear  that  any  male  representative  of  the  family 
survived,  and  the  chateau  is  not  now  in  the  possession 
of  any  descendant  of  it. 

When  Mademoiselle  de  Gournay  heard  of  the  death  of 
Montaigne  she  undertook  with  her  mother  a  visit  of  cere¬ 
mony  and  condolence  to  the  widow,  which  had  important 
results  for  literature.  Madame  de  Montaigne  gave  her  a 
copy  of  the  edition  of  1588,  annotated  copiously ;  at  the 
same  time,  apparently,  she  bestowed  another  copy,  also 
annotated  by  the  author,  on  the  convent  of  the  Feuillanta 
in  Bordeaux,  to  which  the  church  in  which  his  remains  lay 
was  attached.  Mademoiselle  de  Gournay  thereupon  set  to 
work  to  produce  a  new  and  final  edition  with  a  zeal  and 
energy  which  would  have  done  credit  to  any  editor  of  any 
date.  She  herself  worked  with  her  own  copy,  inserting 
the  additions,  marking  the  alterations,  and  translating  all 
the  quotations.  But  when  she  had  got  this  to  press  she  sent 
the  proofs  to  Bordeaux,  where  a  poet  of  some  note,  Pierre 
de  Brach,  revised  them  with  the  other  annotated  copy.  The 
edition  thus  produced  has  with  justice  passed  as  the  stand¬ 
ard  even  in  preference  to  those  which  appeared  in  the 
author’s  lifetime.  Unluckily,  Mademoiselle  de  Gournay’s 
original  does  not  appear  to  exist,  and  her  text  was  said,  until 
the  appearance  of  MM.  Courbet  and  Royer’s  edition,  to  have 
been  somewhat  wantonly  corrupted,  especially  in  the  im¬ 
portant  point  of  spelling.  The  Feuillants  copy  is  in  exist¬ 
ence,  being  the  only  manuscript  or  partly  manuscript  au¬ 
thority  for  the  text.  It  was  edited  in  1803  by  Naigeon,  the 
disciple  of  Diderot ;  but,  according  to  later  inquiries,  con¬ 
siderable  liberties  were  taken  with  it.  The  first  edition  of 
1580,  with  the  various  readings  of  two  others  which  ap¬ 
peared  during  the  author’s  lifetime,  was  reprinted  by  MM. 
Dezeimeris  and  Burckhausen.  Hitherto  the  edition  of  Le 
Clerc  (3  vols.,  Paris,  1826-28)  and  in  a  more  compact  form 
that  of  Louandre  (4  vols.,  Paris,  1854)  have  been  the  most 
useful.  The  edition,  however,  of  MM.  Courbet  and  Royer, 
which  is  based  on  that  of  1595,  will  undoubtedly  be  the 
standard ;  but,  though  the  text  is  complete  (Paris,  Lemerre, 
18f 3-1877), the  fifth  volume,  containing  the  biography  and  all 
the  editorial  apparatus,  has  unluckily  yet  (1883)  to  make  its 
appearance.  The  editions  of  Montaigne  in  France  and 
elsewhere,  and  the  works  upon  him  during  the  past  three 
centuries,  are  innumerable.  His  influence  upon  his  succes¬ 
sors  has  already  been  hinted  at,  and  cannot  here  be  traced 
in  detail.  In  one  case,  however — that  of  Pascal — it  is  of 
sufficient  importance  to  deserve  mention.  Pascal,  who  has 
left  a  special  discourse  on  Montaigne,  was  evidently  pro¬ 
foundly  influenced  by  him,  and  the  attitude  towards  his 
teacher  is  an  interesting  one.  The  skeptical  method  of  the 
essayist  is  at  once  tempting  and  terrible  to  him.  He  ac¬ 
cepts  it  in  so  far  as  it  demolishes  the  claims  of  human  rea¬ 
son  and  heathen  philosophy,  but  evidently  dreads  it  in  so 
far  as  it  is  susceptible  of  being  turned  against  religion  itself. 
In  England  Montaigne  was  early  popular.  It  was  long  sup- 
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posed  that  the  autograph  of  Shakespeare  in  a  copy  of  Florio’s 
translation  showed  his  study  of  the  Essays.  The  autograph 
has  been  disputed,  but  divers  passages,  and  especially  one  in 
The  Tempest,  show  that  at  first  or  second  hand  the  poet  was 
acquainted  with  the  essayist.  Towards  the  latter  end  of 
the  17th  century,  Cotton,  the  friend  of  Isaac  Walton,  exe¬ 
cuted  a  complete  translation,  which,  though  not  extraordi¬ 
narily  faithful,  possesses  a  good  deal  of  rough  vigor.  It  has 
been  frequently  reprinted  with  additions  and  alterations. 
The  most  noteworthy  critical  handling  of  the  subject  in 
English  is  unquestionably  Emerson’s  in  Representative  Men. 

(g.  sa.) 

MONTALEMBERT,  Charles  Forbes  de  (1810— 
1870),  historian,  was  born  on  29th  May,  1810.  The 
family  was  a  very  ancient  one,  belonging  to  Poitou,  or 
rather  to  Angoumois.  Direct  descent  is  said  to  be 
rovable  to  the  1 3th  century,  and  charters  and  other 
ocuments  carry  the  history  of  the  house  two  centuries 
further  back.  For  some  generations  before  the  histo¬ 
rian  the  family  had  been,  distinguished,  not  merely  in 
the  army,  but  for  scientific  attainments.  Montalem- 
bert’s  father,  Ren6,  emigrated,  fought  under  Cond6, 
and  subsequently  served  in  the  English  army.  He 
married  a  Miss  Forbes,  and  his  eldest  son  Charles  was 
born  at  London.  #  At  the  Restoration  Rene  de  Mon¬ 
talembert  returned  to  France,  was  raised  to  the  peer¬ 
age  in  1819,  and  became  ambassador  to  Sweden  (where 
Charles  received  much  of  his  education)  in  1826.  He 
died  a  year  after  the  overthrow  of  the  legitimate  mon¬ 
archy.  Charles  de  Montalemhert  was  too  young  to 
take  his  seat  as  a  peer  (twenty-five  being  the  necessary 
age),  but  he  retained  other  rights  ;  and  this,  combined 
with  his  literary  and  intellectual  activity,  made  him  a 
person  of  some  importance.  He  had  eagerly  entered 
into  the  somewhat  undefined  plans  of  Lamennais  and 
Lacordaire  for  the  establishment  of  a  school  of  Liberal 
Catholicism,  and  he  cooperated  with  them,  both  in 
the  Avenir  (see  Lamennais,  vol.  xiv.  pp.  239-240) 
and  in  the  practical  endeavor,  which  absorbed  some  of 
the  best  energies  of  France  at  the  time,  to  break 
through  the  trammels  of  the  system  of  state  education. 
This  latter  scheme  first  brought  Montalembert  into 
notice,  as  he  was  formally  charged  with  unlicensed 
teaching.  He  claimed  the  right  of  trial  by  his  peers, 
and  made  a  notable  defenc^,  of  course  with  a  deliberate 
intention  of  protest.  His  next  most  remarkable  act 
was  his  participation  in  the  famous  pilgrimage  to  Rome 
of  his  two  friends.  This  step,  as  is  well  known,  proved 
useless  to  mitigate  the  measures  which  private  in¬ 
trigues,  and  perhaps  a  not  altogether  injudicious  in¬ 
stinct,  prompted  the  Roman  curia  to  take  against  the 
Avenir  and  the  doctrines  of  its  promoters.  Monta¬ 
lembert,  however,  submitted  dutifully  to  the  encyclical 
of  June,  1835,  and  only  devoted  himself  more  assid¬ 
uously  to  the  work  on  which  he  was  engaged,  the- Life 
of  St.  Elizabeth  of  Hungary.  This  appeared  in  1836. 
It  displayed  Montalembert’s  constant  literary  charac¬ 
teristics,  and,  though  inferior  to  Les  Moines  d'  Occident 
in  research  and  labor,  is  perhaps  superior  to  it  as  a 
work  of  art.  The  famous  speech  by  which  Montalem¬ 
bert  is  best  known, — “  Nous  sommes  les  fils  descroises 
et  j amais  nous  ne  reculerons  devant  les  fils  de  Y oltaire,  ’  ’ 
expresses,  or  at  least  indicates,  his  attitude  not  insuffi¬ 
ciently.  He  was  an  ardent  student  of  the  Middle 
Ages,  but  his  mediaeval  enthusiasm  was  strongly  tinc¬ 
tured  with  religious  sentiment,  and  at  the  same  time 
by  no  means  connected  with  any  affection  for  despotism. 
Montalembert  still  clung  to  his  early  liberalism,  and 
he  made  himself  conspicuous  during  the  reign  of  Louis 
Philippe  by  his  protests  against  the  restrictions  im- 

fiosed  on  the  liberty  of  the  press,  besides  struggling 
or  freedom  in  national  education.  The  party  which 
he  represented,  or  rather  which  he  strove  to  found,  was 
by  no  means  wholly  Legitimist  at  heartland  at  the 
downfall  of  Louis  Philippe  Montalembert  had  no  diffi¬ 
culty  in  accepting  the  republic  and  taking,  when 
elected,  a  seat  in  the  assembly.  He  had  not  a  little 
to  do  with  the  support  given  by  France  to  the  pope. 
As  he  had  accepted  the  republic,  he  was  not  disinclined 


to  accept  the  empire  ;  but  the  measures  which  followed 
the  coup  dftat  disgusted  him,  though  he  still  sat  in 
the  chamber.  A  defeat  in  1857  put  an  end  to  his  par¬ 
liamentary  appearances.  He  was  still,  however,  recog¬ 
nized  as  one  of  the  most  formidable  of  the  moderate 
opponents  of  the  empire,  and  he  was  repeatedly  pros¬ 
ecuted  for  anti-imperialist  letters  and  pamphlets.  In 
the  ten  years  between  1840  and  1850  he  had  written 
little  but  political  pamphlets,  but  after  the  establish¬ 
ment  of  the  empire,  and  especially  after  he  lost  his 
.seat  in  the  chamber,  he  became  more  prominent  as  an 
author.  Even  before  this  he  had  produced  a  volume 
on  the  Avenir  Politique  de  V Angleterre  (1855),  and 
another  on  Pie  IX.  et  Lord  Palmerston  (1856),  be¬ 
sides  numerous  articles  and  pamphlets,  the  chief  of 
which  were  perhaps  Une  Nation  [Poland]  en  Leuil, 
and  L'Eglise  Libre  dans  V  Mat  Libre. 

His  great  work,  the  fruit  of  many  years’  labor,  did 
not  appear  till  he  was  fifty  years  old,  and  ten  years  be¬ 
fore  his  death,  which  occurred  before  its  completion. 
Les  Moines  d'  Occident  depuis  St.  Benoit  jusqu’d  St. 
Bernard  has  some  of  the  peculiar  drawbacks  which 
have  characterized  almost  all  historical  work  of  any 
literary  pretensions  during  the  present  generation.  It 
is  planned  on  too  large  a  scale,  and  executed  with  too 
much  regard  to  profusion  of  picturesque  detail  and 
abundance  of  fluent  argument  on  points  which  the 
writer  has  at  heart.  Its  best  passages  are  inferior  to  . 
the  best  of  a  younger  writer  of  very  different  opinions 
though  not  dissimilar  style  and  temperament, — M. 
Ernest  Renan ;  but  it  is  a  work  of  great  interest  and 
value. 

Montalembert,  who  had  married  Mademoiselle  de 
Merode,  sister  of  one  of  Pius  IX. ’s  ministers,  but  who 
had  no  male  offspring,  died  in  March,  1870,  the  year 
so  fatal  to  France.  His  health  had  long  been  very 
bad,  and  was  understood  to  have  suffered  from  the 
chagrins  attending  his  exclusion  from  political  life  and 
the  defeat  of  most  of  his  plans.  Since  his  death  his 
works  have  appeared  in  a  complete  edition.  They 
have,  regarded  from  the  literary  point  of  view,  many 
of  the  faults  of  their  time.  A  voluminous  and  vigor¬ 
ous  writer,  Montalembert  was  more  of  a  journalist,  a 
pamphleteer,  and  an  orator  than  of  a  man  of  letters 
properly  so  called.  His  talents  were  diffused  rather 
than  concentrated,  and  they  were  much  occupied  on 
merely  ephemeral  topics.  But  of  picturesque  eloquence 
in  a  fluent  and  rather  facile  kind  he  was  no  inconsider¬ 
able  representative. 

MONTALVAN,  Juan  Perez  de  (1602-1638), 
Spanish  dramatist  and  writer  of  fiction,  was  the  son 
of  the  king’s  bookseller,  and  was  born  at  Madrid  in 
1602..  At  the  early  age  of  seventeen  he  became  a 
licentiate  in  theology,  and  in  1626,  after  entering  the 
priesthood,  he  received  a  notarial  appointment  in  con¬ 
nection  with  the  Inquisition.  His  overtasked  brain 
succumbed  under  the  numerous  literary  labors  he  im¬ 
posed  on  it,  and  he  died  when  only  thirty-six  years  old 
(25th  June,  1638). 

In  1624  he  published  eight  prose  tales  ( Sueesos  y  prodigios 
en  amor,  en  ocho  novelas  ejemplares),  one  of  which,  “  The  Dis¬ 
astrous  Friendship  ”  has  been  characterized  by  Ticknor  as 
one  of  the  best  in  the  language.  This,  as  well  as  a  subse¬ 
quent  volume  of  stories  ( Para  todos :  Exemplos  morales,  hu- 
manos  y  divinos,  1633),  was  frequently  reprinted.  His  last 
prose  writing  was  a  popular  panegyric  on  his  lately  de¬ 
ceased  friend  and  master  Lope  de  Vega  ( Fama  pdstuma  de 
Lope  de  Vega,  1638),  whom  he  almost  rivalled  in  dramatic 
productiveness,  and  whose  conventional  manner,  flimsiness 
in  construction,  and  carelessness  in  execution  he  too  closely 
followed.  The  first  volume  of  his  collected  Comedias  ap¬ 
peared  in  1638,  the  second  in  1639.  On  the  Spanish  stage 
they  were  in  great  request,  and  Montalvan’s  repute  led  in¬ 
ferior  writers  in  some  cases  to  borrow  his  name.  His 
dramas  are  distinctly  superior  to  his  “Autos  sacramen- 
tales,”  but  even  of  the  former  the  tragedy  Los  Amantes  de 
Teruel  is  the  only  one  that  has  enjoyed  permanent  popular¬ 
ity.  See  Ticknor,  Hist,  of  Span.  Lit.,  vol.  ii.  (1863). 


MONTANA,1  one  of  the  northwestern  Territories  of 
the  United  States,  is  limited  on  the  N.  by  British  Co- 
1  Became  a  state  8th  Nov.,  1889.  In  1900  the  population  had  increased  237  per  cent,  over  the  previous  census  and  was  243  329 
including  12,&W  Indians,  There  were  then  sixteen  counties  andfourteen  cities  with  over  1000  inhabitants  each.  ’  ' 
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lumbia,  on  the  E.  by  Dakota,  on  the  S.  by  Wyoming 
and  Idaho,  and  on  the  W.  by  Idaho.  Its  boundaries, 
as  established  bv  statute,  are  as  follows  :  On  the  N., 
the  49th  parallel ;  on  the  E.,  the  27th  meridian  west 
of  Washington,  or  the  104th  west  of  Greenwich;  on 
the  S.  and  W.  the  boundary  follows  the  45th  parallel 
from  the  27th  meridian  west  to  the  34th  meridian 
west,  then  turns  south  along  the  latter  meridian  to  its 
point  of  intersection  with  the  continental  watershed, 
thence  along  the  crest-line  of  this  watershed  westward 
and  northwestward  until  it  reaches  the  Bitter-root 
Mountains ;  it  then  follows  the  crest  of  this  range 
northwestward  to  the  point  where  it  is  crossed  by  the 
39th  meridian  west,  which  it  follows  north  to  the  line 
of  British  Columbia.  The  total  area  is  about  146,080 
square  miles — an  approximate  estimate,  as  the  boun¬ 
dary  along  the  continental  watershed  and  the  Bitter¬ 
root  Mountains  has  not  been  exactly  surveyed.  The 
average  elevation  above  sea-level  has  been  estimated  at 
3900  feet. 

Topographically,  Montana  may  be  separated  into 
two  great  divisions, — that  of  the  plains  comprising  the 
eastern  two-thirds,  and  that  of  the  mountains  com¬ 
prising  the  western  portion.  The  former,  a  monoto¬ 
nous  rolling  expanse,  broken  only  by  the  beds  of  the 
few  streams  which  traverse  it,  and  by  a  few  small 
groups  of  hills,  extends  over  nine  degrees  of  longitude 
in  a  gentle  uniform  slope,  rising  from  2000  feet  above 
the  sea  at  the  eastern  boundary  to  4000  at  the  base  of 
the  Rocky  Mountains.  Except  along  the  streams  and 
upon  the  scattered  groups  of  hills,  this  section  is  en¬ 
tirely  devoid  of  forest-growth  of  any  kind.  Vegetation 
is  commonly  the  bunch  grasses,  artemisia,  and  cacti. 
The  grasses  are  the  most  abundant  and  luxuriant  near 
the  mountains,  where  the  rainfall  is  greatest.  The 
mountain  section,  comprising  the  western  third  of  the 
Territory,  is  composed,  in  general  terms,  of  a  succes¬ 
sion  of  ranges  and  valleys  running  very  uniformly 
somewhat  in  a  northwest  and  southeast  direction.  The 
mountains  vary  in  height  from  8000  to  10,000,  even  in 
isolated  cases  reaching  11,000  feet,  with  mountain- 
passes  6000  to  8000  feet  above  the  sea.  Towards  the 
north  the  ranges  become  almost  continuous,  forcing  the 
streams  into  long  and  circuitous  courses  in  order  to 
disentangle  themselves  from  the  maze  of  mountains, 
while,  on  the  other  hand,  the  ranges  of  the  southwest¬ 
ern  part  of  the  Territory  are  much  broken,  affording 
numerous  low  passes  and  water-gaps. 

In  the  mountainous  part  of  the  Territory  are  the 
headwaters  of  the  Missouri  (Atlantic  basin)  and  Clark’s 
Fork  of  the  Columbia  (Pacific  basin).  The  former 
rises  in  the  southwest  of  the  Territory  in  three  large 
branches,  the  Jefferson,  Madison,  and  Gallatin,  which 
meet  at  the  foot  of  the  Gallatin  valley  at  a  point 
known  as  the  “Three  Forks  of  the  Missouri.  ”  Here 
the  Missouri  is  a  good-sized  stream,  fordable  with  dif¬ 
ficulty  even  when  the  current  is  lowest.  From  this 
point  to  its  mouth  navigation  is  possible  when  the 
stream  is  not  below  its  mean  height ;  it  is  interrupted 
only  at  the  Great  Falls  of  the  Missouri,  near  Fort  Ben¬ 
ton,  above  which,  however,  it  is  practically  little  used 
for  navigation.  Its  other  principal  tributaries  in  its 
upper  course  are  the  Sun,  Teton,  Marias,  Musselshell, 
and  Milk  rivers,  all  of  which  vary  much  in  size  with 
the  season, — the  last  two  being  nearly  or  quite  dry 
near  tbeir  mouths  in  the  fall  of  tbe  year.  The  Yellow¬ 
stone,  one  of  the  most  important  tributaries  of  the 
Missouri,  has  nearly  all  its  course  in  Montana,  and  is 
navigable  for  small  steamers  as  far  as  the  Crow  Agency, 
except  when  the  water  is  low.  Clark’s  Fork  of  the 
Columbia  is  formed  by  the  junction  of  the  Flathead 
and  the  Missoula  or  Hellgate  River.  The  former  rises 
in  the  mountains  of  British  Columbia  and  flows  nearly 
south  through  Flathead  Lake  to  its  point  of  junction 
with  tbe  Missoula.  The  latter  rises  opposite  the  Jef¬ 
ferson  River  and  flows  northwestward,  receiving  on  its 
way  several  large  affluents.  Below  the  point  of  junc¬ 
tion  of  these  streams,  Clark’s  Fork  flows  northwest 


along  the  base  of  the  Bitter-root  Mountains  into  Idaho. 
This  stream  is  very  rapid,  and  is  not  navigable.  Its 
course,  as  well  as  those  of  most  of  its  tributaries,  passes 
through  narrow  valleys,  the  surrounding  country  be- 
mg  well  watered  and  covered  with  dense  forests  of 
Coniferce. 

Geology.  Most  of  the  mountain  area  belongs  to  the 
Eozoic  and  Silurian  formations.  Along  the  base  of  the 
mountains  is  a  Triassic  belt  of  variable  width.  Succeeding 
this  is  a  broad  area  of  nearly  horizontal  Cretaceous  beds, 
followed  by  the  Tertiary  formation,  which  covers  nearly 
one-third  of  the  Territory.  These  recent  formations  are 
interrupted  here  and  there  by  volcanic  upheavals. 

Climate.  The  climate  of  Montana  differs  almost  as  greatly 
in  different  parts  of  the  Territory  as  that  of  California.  In 
the  northwest  it  resembles  that  of  the  Pacific  coast.  The 
westerly  winds  blowing  off  the  Pacific  do  not  meet  with  as 
formidable  a  barrier  as  farther  south,  and  consequently  are 
not  chilled,  or  deprived  of  so  large  a  proportion  of  their 
moisture.  The  result  is  that  the  northwestern  portion  of 
Montana  enjoys  a  mild  temperature  and  a  rainfall  sufficient 
for  the  needs  of  agriculture.  The  valleys  of  the  Kootenai, 
Flathead,  Missoula,  and  Bitter-root  can  be  cultivated  with¬ 
out  irrigation  with  little  danger  of  loss  from  drought.  Far¬ 
ther  east  and  south  the  rainfall  decreases.  In  the  valleys 
of  the  Upper  Missouri,  the  Jefferson,  Madison,  Gallatin,  and 
the  Upper  Yellowstone  irrigation  is  almost  everywhere  re¬ 
quired,  as  well  as  over  the  broad  extent  of  the  plains.  Over 
most  of  the  Territory  the  rainfall  ranges  from  10  to  15 
inches  annually ;  in  the  northwestern  corner  it  rises  to  25. 

The  general  temperature  is  comparatively  mild  for  the 
latitude,  the  elevation  above  the  sea  being  decidedly  less 
than  that  of  the  average  of  the  Rocky  Mountain  region. 
The  mean  annual  temperature  ranges  from  40°  to  50°  Fahr., 
but  the  variations  are  very  great  and  violent.  Frosts  and 
snowstorms  are  possible  during  every  month  of  the  year, 
so  that  agriculture  and  stock-raising  are  more  or  less  haz¬ 
ardous.  On  the  other  hand,  the  ordinary  extremes  of  tem¬ 
perature  are  not  so  great  as,  in  more  arid  portions  of  the 
country. 

Forests. — Throughout  the  Territory,  as  everywhere  else  in 
the  Cordilleran  region,  forests  follow  rainfall.  The  plains 
are  treeless ;  the  mountain  valleys  about  the  heads  of  the 
Missouri  are  clothed  only  with  grass  and  artemisia,  many 
localities  extending  to  a  considerable  height  up  the  moun¬ 
tains,  which  are  themselves  timbered,  though  not  heavily. 
In  the  northwestern  part,  roughly  defined  as  the  drainage 
area  of  Clark’s  Fork,  where  the  rainfall  is  somewhat  greater, 
the  forests  become  of  importance.  The  mountains  are 
forest-clad  from  summit  to  base ;  and  the  narrower  valleys 
are  also  covered,  while  the  timber  is  of  larger  size  and  of 
much  greater  commercial  value  than  elsewhere  in  the  Ter¬ 
ritory, — the  valuable  timber  consisting  entirely  of  the 
various  species  of  Coniferse,  pine,  fir,  cedar,  etc.  Of  the 
broad-leaved  species,  willow,  aspen,  and  cotton-wood  are 
abundant. 

Fauna. — The  native  fauna  is  not  sharply  distinguished 
from  that  of  neighboring  States  and  Territories.  The  higher 
latitude  is,  however,  indicated  by  the  relatively  greater  abun¬ 
dance  of  species  favoring  a  colder  climate.  The  moose 
and  the  Rocky  Mountain  goat,  though  by  no  means  abun¬ 
dant,  still  frequent  chosen  haunts  in  the  mountains, — 
the  former  in  the  cool  marshy  valleys,  the  latter  upon  the 
most  rugged  inaccessible  elevations.  The  black -tailed  and 
mule  deer,  the  antelope,  elk,  and  mountain  sheep  are  abun¬ 
dant,  and  the  bison  still  ranges  the  plains,  though  in  sadly 
reduced  numbers.  Among  Carnivora,  the  black  and  grizzly 
bears,  mountain  lion,  lynx,  wild  cat,  and  several  species  of 
wolves  are  still  plentiful. 

Agriculture  and  Industry. — Agriculture  is  dependent  in 
most  parts  of  Montana  upon  the  supply  of  water  furnished 
by  the  streams.  Owing  to  this  fact  it  is  probable  that  not 
more  than  8  per  cent,  of  the  total  area  of  the  Territory  can 
ever,  even  under  the  most  economical  distribution  of  the 
water-supply,  be  brought  under  cultivation.  In  the  drainage 
area  of  Clark’s  Fork  are  several  fine  valleys  containing  a  con¬ 
siderable  extent  of  arable  land,  such  as  those  of  the  Missoula, 
Bitter-root,  Deer  Lodge,  Jocko,  and  Flathead.  Upon  the 
head-waters  of  the  Missouri  is  also  a  large  extent  of  arable 
land.  The  valleys  of  the  Jefferson  and  Madison  also  de¬ 
serve  mention.  Along  the  eastern  base  of  the  mountains, 
near  the  head-waters  of  the  Sun,  Teton,  and  Marias  rivers, 
are  considerable  areas  susceptible  of  irrigation.  Below  the 
Forks  the  Missouri  flows  for  75  miles  through  a  broad  val¬ 
ley,  much  of  which  can  be  irrigated ;  below  Fort  Benton, 
however,  the  bluffs  become  higher  and  close  in  on  the  river. 
The  Yellowstone,  also,  after  leaving  the  mountains,  flows 
through  a  similar  kind  of  valley,  which  extends  with  a  few 
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minor  breaks  down  to  tbe  point  where  the  river  turns  from 
an  east  to  a  northeast  course,  when  it  enters  a  country  of 
to auvaises  terres,  which,  except  as  a  mausoleum  of  fossil  re¬ 
mains,  is  utterly  valueless. 

Owing  to  the  comparatively  isolated  position  of  the  Ter¬ 
ritory,  agricultural  pursuits  have  been  limited  by  the 
demands  of  home  consumption.  The  census  of  1880  re-- 
ported  the  area  in  farms  to  consist  of  405,683  acres,  with  an 
average  of  267  acres  to  each  farm.  The  whole  is  less  than  one- 
half  per  cent,  of  the  entire  area  of  the  Territory.  The  im¬ 
proved  land  is  reported  as  amounting  to  262,611  acres.  The 
following  are  the  amounts  of  the  principal  agricultural  prod¬ 
ucts:  wheat,  469,688  bushels;  maize,  5689  bushels;  oats, 
900,915  bushels ;  barley,  39,970  bushels ;  hay,  63,947  tons ; 
wool,  995,484  pounds ; — value  of  all  farm  products,  $2,024,923. 
The  livestock  interest  is  large,  and  is  increasing  rapidly. 
The  great  extent  of  pasture  afforded  by  the  plains  and  the 
broad  valleys  of  the  mountains  would  seem  to  promise  an 
almost  unlimited  extension  of  this  industry  in  the  future. 
Both  cattle  and  sheep  owners,  however,  labor  under  disad¬ 
vantages  as  compared  with  the  owners  farther  south.  The 
lower  temperature  and  heavier  snows,  and  particularly  the 
danger  of  great  extremes  of  temperature,  require  that  pro¬ 
vision  of  shelter  and  food  be  made  for  a  part  or  all  of  the 
winter  season,  otherwise  the  ranchman  runs  the  risk  of  oc¬ 
casional  severe  losses.  The  census  of  1880  furnishes  the 
following  statistics  of  livestock :  horses,  35,114 ;  mules  and 
asses,  858;  working  oxen,  936;  milch  cows,  11,308;  other 
cattle,  160,143 ;  sheep,  184,277 ;  swine,  10,278 ; — total  value 
of  live-stock,  $5,151,554. 

In  mineral  production  Montana  has  never  taken  a  lead¬ 
ing  place,  although  in  the  early  days  some  of  the  placer 
ground  yielded  well.  The  rich  placers  of  Little  Prickly 
Pear,  Bannack,  and  Alder  Gulch  were  quickly  exhausted. 
The  produce  of  the  latter  has  been  reported  variously  at 
from  $25,000,000  to  $40,000,000,  the  greater  part  of  which 
was  extracted  in  a  few  months.  In  the  year  1879-80 
$1,805,767  worth  of  gold  and  $2,905,068  of  silver  were  ex¬ 
tracted,  about  three-fourths  from  deep  mines  and  one-fourth 
from  placers.  For  the  year  1882  the  total  mineral  produc¬ 
tion  is  reported  at  $8,004,000,  of  which  about  $1,000,000 
was  for  copper  and  lead. 

Population—  Owing  largely  to  its  remote  position  the  pop¬ 
ulation  as  well  as  the  material  prosperity  of  Montana  have 
had  a  slow  growth  in  comparison  with  other  more  favored 
portions  of  the  West.  The  population  in  1880,  as  reported 
by  the  census,  was  39,159  (28,177  males,  and  10,982  females), 
—an  increase  of  90.1  per  cent,  over  that  in  1870.  There 
were  27,638  natives,  and  11,521  of  foreign  birth,  while  35,385 
were  whites,  346  negroes  or  of  mixed  negro  blood,  1765 
Chinese,  and  1663  citizen  Indians.  By  far  the  greater  portion 
of  the  population  is  found  in  the  western  half,  upon  the 
head-waters  of  the  Missouri  and  Clark’s  Fork.  The  eastern 
half  is  as  yet  but  very  sparsely  settled,  and  probably  it  will 
never  sustain  more  than  a  small  population. 

The  Territory  is  divided  into  eleven  counties,  which,  with 
their  population  in  1880,  were  the  following:  Beaver  Head, 
2712;  Choteau,  3058;  Custer,  2510;  Dawson,  180;  Deer 
Lodge,  8876;  Gallatin,  3643;  Jefferson,  2464;  Lewis  and 
Clarke,  6521;  Madison,  3915;  Meagher,  2743;  Missoula, 
2537.  The  principal  settlements  are — Helena,  the  capital 
(3624) ;  Butte,  a  mining  town  (3363) ;  and  Bozeman,  in  the 
Gallatin  valley  upon  the  Northern  Pacific  Railway,  which 
in  1880  had  a  population  of  894  and  has  probably  double 
that  number  at  present  (1883). 

The  total  number  of  Indians  in  Montana  is  estimated  by 
the  Indian  office  at  19,764.  These  are  nominally  congre¬ 
gated  at  five  agencies,  although  in  reality  they  roam  over 
the  entire  Territory.  They  are  of  various  tribes,  the  prin¬ 
cipal  of  which  are  the  Sioux,  Crow,  Blackfoot,  Gros  Ventre, 
Assinaboine,  and  Pend’  d’Oreille.  Their  reservations  cover 
more  than  one-third  of  the  Territory. 

Government  and  Finance. — The  government  of  Montana  is 
similar  to  that  of  the  other  Territories.  The  governor, 
secretary,  chief  justice,  and  two  associate  justices  are  ap¬ 
pointed  by  the  president  of  the  United  States.1  The  treas¬ 
urer,  auditor,  and  superintendent  of  public  instruction  are 
elected  by  the  people  of  the  Territory,  as  are  also  the  mem¬ 
bers  of  the  two  houses  of  the  legislature.  Montana  is  rep¬ 
resented  in  Congress  by  a  delegate,  also  elective,  who  has 
liberty  to  take  part  in  debate  but  has  no  vote.  The  Terri¬ 
torial  debt  at  the  close  of  1881  was  but  $70,000.  The  amount 
raised  by  Territorial  taxation  was  $93,211. 

History. — The  Montana  country  was  originally  acquired 
by  the  United  States  under  the  Louisiana  purchase.  It 
became  successively  a  part  of  Louisiana  Territory,  of  Mis¬ 
souri  Territory,  of  Nebraska  Territory,  and  of  Dakota.  On 

i  These  officers  are  appointed  by  the  president  with  the  consent 
Of  the  senate.— Am.  En 


26th  May,  1864,  it  was  organized  under  a  Territorial  gov¬ 
ernment  of  its  own,  with  practically  its  present  boundaries. 
The  exploration  of  this  region  commenced  with  the  cele¬ 
brated  expedition  of  Lewis  and  Clarke  in  1803-1806.  Be¬ 
tween  1850  and  1855  it  was  traversed  and  mapped  by  a 
number  of  exploring  parties,  having  in  view  the  selection 
of  transcontinental  railroad  routes.  Since  then  numberless 
expeditions  have  examined  it,  and  some  systematic  topo¬ 
graphic  work  has  been  done  under  different  branches  of  the 
United  States  Government.  The  first  settlers  entered  the 
Territory  in  1861,  discovered  placer  gold  on  Little  Prickly 
Pear  Creek,  and  shortly  after  built  the  city  of  Helena. 
Later,  the  placers  at  Bannack  were  discovered,  and  a  small 
“rush”  to  the  Territory  commenced.  In  1863  the  rich 
placers  at  Alder  Gulch  were  brought  to  view,  and  miners 
and  adventurers  swarmed  in  from  all  parts.  Then  it  was 
that  the  early  social  history  of  California  was  repeated  on 
a  smaller  scale  in  Montana.  The  lawless  elements  assumed 
control,  and  for  many  months  neither  life  nor  property  was 
safe.  Indeed,  for  a  time  the  community  was  in  a  state  of 
blockade ;  no  one  with  money  in  his  possession  could  get 
out  of  the  Territory.  Finally,  the  citizens  organized  a 
“Vigilance  Committee”  for  self-preservation,  took  the  of¬ 
fensive,  and  after  a  short  sharp  struggle  rid  the  community 
of  its  disturbing  elements.  After  the  exhaustion  of  the 
placers,  the  population  decreased,  owing  to  the  migration  of 
the  floating  mining  class ;  but  their  place  was  soon  taken 
by  more  permanent  settlers.  (H.  G*.) 

MONTANISM  is  a  somewhat  misleading  name  for 
the  movement  in  the  2d  century  which,  along  with 
Gnosticism,  occupied  the  most  critical  period  in  the 
history  of  the  early  church.  It  was  the  overthrow  of 
Gnosticism  and  Montanism  that  made  the  “  Catholic 
church.  The  credit  of  first  discerning  the  true  sig¬ 
nificance  of  the  Monianistic  movement  belongs  to 
Ritschl.2 

In  this  article  an  account  will  be  given  of  the  general 
significance  of  Montanism  in  relation  to  the  history  of 
the  church  in  the  2d  century,  followed  by  a  sketch  of 
its  origin,  development,  and  decline. 

1.  From  the  middle  of  the  2d  century  a  change  began 
to  take  place  in  the  outward  circumstances  of  Christi¬ 
anity.  The  Christian  faith  had  hitherto  been  main¬ 
tained  in  a  few  small  congregations  scattered  over  the 
Roman  empire.  These  congregations  were  provided 
with  only  the  most  indispensable  constitutional  forms, 
neither  stricter  nor  more  numerous  than  were  required 
by  a  religious  bond  resting  on  supernatural  expecta¬ 
tions,  strict  discipline,  ana  brotherly  love  (“Corpus 
sumus  de  conscientia  religionis,  de  unitate  disciplinae, 
de  spei  foedere”).  This  state  of  things  passed  away. 
The  churches  soon  found  numbers  within  their  pale 
who  stood  in  need  of  supervision,  instruction,  and 
regular  control.  The  enthusiasm  for  a  life  of  holiness 
and  separation  from  the  world,  the  eager  outlook  for 
the  end  of  the  world,  the  glad  surrender  to  the  gospel 
message,  were  no  longer  the  influences  by  which  all 
minds  were  swayed.  In  many  cases  sober  convictions 
or  submissive  assent  supplied  the  want  of  spontaneous 
enthusiasm.  There  were  many  who  did  not  become , 
but  who  were,  and  therefore  remained,  Christians,— 
too  powerfully  attracted  by  Christianity  to  abandon  it, 
and  yet  not  powerfully  enough  to  have  adopted  it  for 
themselves.  Then,  in  addition  to  this,  social  distinc¬ 
tions  asserted  themselves  amongst  the  brethren. 
Christians  were  already  found  in  all  ranks  and  occupa¬ 
tions — in  the  imperial  palace,  among  the  officials,  in 
the  abodes  of  labor  and  the  halls  of  learning,  amongst 
slaves  and  freemen.  Were  all  these  to  be  left  in  their 
callings?  Should  the  church  take  the  decisive  step 
into  the  world,  consent  to  its  arrangements,  conform 
to  its  customs,  acknowledge  as  far  as  possible  its  au¬ 
thorities,  and  satisfy  its  requirements?  Or  ought  she, 
on  the  other  hand,  to  remain,  as  she  had  been  at  first, 
a  society  of  religious  devotees,  separated  and  shut  out 
from  the  world  by  a  rigorous  discipline  and  working 
on  it  only  through  a  direct  propaganda?  This  was 
the  dilemma  that  the  church  had  to  face  in  the  second 
half  of  the  2d  century  :  either  she  must  commence  a 
world-wide  mission  in  the  comprehensive  sense  by  an 

2  Entstehung  der  AUkatholischen  Kirche,  2d  ed.,  Bonn,  1867. 
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effective  entrance  into  Roman  society — renouncing,  of 
course,  her  original  peculiarities  and  exclusiveness ;  or, 
retaining  these  peculiarities  and  clinging  to  the  old 
modes  of  life,  she  must  remain  a  small  insignificant 
sect,  barely  intelligible  to  one  man  in  a  thousand,  and 
utterly  incapable  of  saving  and  educating  nations. 
That  this  was  the  question  at  issue  ought  toLe  obvious 
enough  to  us  now,  although  it  could  not  be  clearly 
perceived  at  the  time.  It  was  natural  that  warning 
voices  should  then  be  raised  in  the  church  against  sec¬ 
ular  tendencies,  that  the  well-known  counsels  about 
the  imitation  of  Christ  should  be  held  up  in  their  lit¬ 
eral  strictness  before  worldly  Christians,  that  demands 
should  be  made  for  a  restoration  of  the  old  discipline 
and  severity,  and  for  a  return  to  apostolic  simplicity 
and  purity.  The  church  as  a  whole,  however,  under 
pressure  of  circumstances  rather  than  by  a  spontaneous 
impulse,  decided  otherwise.  She  marched  through 
the  open  door  into  the  Roman  state,  and  settled 
down  there  for  a  long  career  of  activity,  to  Christianize 
the  state  along  all  its  thoroughfares  by  imparting  to  it 
the  word  of  the  gospel,  but  at  the  same  time  leaving 
it  everything  except  its  gods.  On  the  other  hand,  she 
furnished  herself  with  everything  of  value  that  could 
be  taken  over  from  the  world  without  overstraining 
the  elastic  structure  of  the  organization  which  she  now 
adopted.  With  the  aid  of  its  philosophy  she  created 
her  new  Christian  theology  ;  its  polity  furnished  her 
with  the  most  exact  constitutional  forms  ;  its  juris¬ 
prudence,  its  trade  and  commerce,  its  art  and  industry, 
were  all  taken  into  her  service ;  and  she  contrived  to 
borrow  some  hints  even  from  its  religious  worship. 
Thus  we  find  the  church  in  the  3d  century  endowed 
with  all  the  resources  which  the  state  and  its  culture 
had  to  offer,  entering  into  all  the  relationships  of  life, 
and  ready  for  any  compromise  which  did  not  affect 
the  confession  of  her  faith.  With  this  equipment  she 
undertook,  and  carried  through,  a  world-mission  on  a 
grand  scale.  But  what  of  those  believers  of  the  old 
school  who  protested  in  the  name  of  the  gospel 
against  this  secular  church,  and  who  wished  to  gather 
together  a  people  prepared  for  their  God  regardless 
alike  of  numbers  and  circumstances?  Why,  they 
joined  an  enthusiastic  movement  which  had  originated 
amongst  a  small  circle  in  a  remote  province,  and  had 
at  first  a  merely  local  importance.  There,  in  Phrygia, 
the  cry  for  a  strict  Christian  life  was  reinforced  by  the 
belief  in  a  new  and  final  outpouring  of  the  Spirit,— a 
coincidence  which  has  been  observed  elsewhere  in 
church  history,  as,  for  instance,  in  the  Irvingite  move¬ 
ment.  The  wish  was,  as  usual,  father  to  the  thought ; 
and  thus  societies  of  “spiritual”  Christians  were 
formed,  which  served,  especially  in  times  of  persecu¬ 
tion,  as  rallying-points  for  all  those,  far  and  near,  who 
sighed  for  the  end  of  the  world  and  the  excessns  e 
soeculo,  and  who  wished  in  these  last  days  to  lead  a 
holy  life.  These  zealots  hailed  the  appearance  of  the 
Paraclete  in  Phrygia,  and  surrendered  themselves  to 
his  guidance.  In  so  doing,  however,  they  had  to  with¬ 
draw  from  the  church,  to  he  known  as  “  Montanists,” 
or  “  Kataphrygians,”  and  thus  to  assume  the  charac¬ 
ter  of  a  sect.  Their  enthusiasm  and  their  prophesyings 
were  denounced  as  demoniacal ;  their  expectation  of  a 
glorious  earthly  kingdom  of  Christ  was  stigmatized  as 
Jewish,  their  passion  for  martyrdom  as  vainglorious, 
and  their  whole  conduct  as  hypocritical.  Nor  did  they 
escape  the  more  serious  imputation  of  heresy  on  im¬ 
portant  articles  of  faith ;  indeed,  there  was  a  disposi¬ 
tion  to  put  them  on  the  same  level  with  the  Gnostics. 
The  effect  on  themselves  was  what  usually  follows  in 
such  circumstances.  After  their  separation  from  the 
church,  they  became  narrower  and  pettier  in  their  con¬ 
ception  of  Christianity.  The  strict  rules  of  conduct 
which  in  a  former  age  had  been  the  genuine  issue  of 
high-strung  religious  emotion  were  now  relied  on  as 
its  source.  Their  asceticism  degenerated  into  legalism, 
their  claim  to  a  monopoly  of  pure  Christianity  made 
them  arrogant.  As  for  the  popular  religion  of  the 
Vol.  XVI.-78* 


larger  church,  they  scorned  it  as  an  adulterated,  ma¬ 
nipulated  Christianity.  But  these  views  found  very 
little  acceptance  in  the  3d  century,  and  in  the  course 
of  the  4th  they  died  out.  Regardless  of  the  scruples 
of  her  most  conscientious  members2  and  driving  the 
most  earnest  Christians  into  secession  and  the  con¬ 
venticle,  the  church  went  on  to  prosecute  her  great 
mission  in  the  world.  And  before  she  was  able,  as 
church  of  the  state  and  of  the  empire,  to  call  in  the 
aid  of  the  civil  power  to  suppress  her  adversaries  the 
Montanistic  conventicles  were  almost  extinct. 

2.  Such  is,  in  brief,  the  position  occupied  by  Mon- 
tanism  in  the  history  of  the  ancient  church.  The  rise 
and  progress  of  the  movement  were  as  follows. 

At  the  close  of  the  reign  of  Antoninus  Pius — proba¬ 
bly  in  the  year  156  (Epiphanius)— Montanus  appeared 
at  A.rdaban  in  Phrygia,  bringing  revelations  of  the 
“Spirit”  to  Christendom.  It  is  unnecessary  to  seek 
an  explanation  of  his  appearance  in  the  peculiarities 
of  the  Phrygian  temperament.  The  Christian  churches 
had  always  held  that  prophecy  was  to  be  continued  till 
the  return  of  Christ,  although,  as  a  matter  of  fact, 
prophets  had  not  been  particularly  numerous.  Mon¬ 
tanus  claimed  to  have  a  prophetic  calling  in  the  very 
same  sense  as  Agabus,  Judas,  Silas,  the  daughters  of 
Philip,  Quadratus,  _  and  Ammia,  or  as  Hennas  at 
Rome.  At  a  later  time,  when  the  validity  of  the  Mon¬ 
tanistic  prophecy  was  called  in  question  in  the  interest 
of  the  church,  the  adherents  of  the  new  movement 
appealed  explicitly  to  a  sort  of  prophetic  succession,  in 
which  their  prophets  had  received  the  same  gift  which 
the  daughters  of  Philip,  for  example,  had  exercised 
in  that  very  country  of  Phrygia.  The  burden  of  the 
new  prophecy  was  a  more  exacting  standard  of  moral 
obligations,  especially  with  regard  to  marriage,  fasting, 
and .  martyrdom.  But  Montanus  had  larger  schemes 
in  view.  He  wished  to  organize  a  special  community 
of  the  true  Christians  to  wait  for  the  coming  of  their 
Lord.  The  small  Phrygian  towns  of  Pepuza  and 
Tymion  were  selected  as  the  headquarters — the  Jeru  ¬ 
salem,  as  the  prophet  called  them — of  his  church. 
He  spared  no  effort  to.  accomplish  this  union  of  be¬ 
lievers.  Funds  were  raised  for  the  new  organization, 
and  from  these  the  leaders  and  missionaries,  who  were 
to  have  nothing  to  do  with  worldly  life,  drew  their  pay. 
But  the  ecstasy  of  the  prophet  did  not  prove  so  con¬ 
tagious  as  his  preaching.  Only  two  women,  Prisca 
and  Maximilla,  Were  moved  by  the  Spirit ;  like  Mon¬ 
tanus,  they  uttered  in  a  state  of  frenzy  the  commands 
of  the  Spirit,  which  spoke  through  them  sometimes 
as  God  the  Father,  sometimes  as  the  Son,  and  urged 
men  to  a  strict  and  holy  life.  This  does  not  mean  that 
visions  and  significant  dreams  may  not  have  been  of 
frequent  occurrence  in  Montanistic  circles.  But,  as 
chosen  and  permanent  organs  of  the  Paraclete,  only 
three  persons  were  recognized, — Montanus,  Prisca,  and 
Maximilla;  by  their  side,  however,  Alcibiades  and 
Theodotus,  from  a  very  early  date,  played  an  active 
part  as  missionaries  and  organizers. 

For  twenty  years  this  agitation  appears  to  have 
been  confined  to  Phrygia  and  the  neighboring  prov¬ 
inces.  How  could  it  be  otherwise  ?  To  assemble  the 
whole  of  Christendom  at  Pepuza  was  a  rather  imprac¬ 
ticable  proposal.  But  after  the  year  177  a  persecution 
of  Christians,  from  some  unexplained  causes,  broke  out 
simultaneously  in  many  provinces  of  the  empire.  Now 
in  these  days  every  persecution  was  regarded  as  the 
beginning  of  the  end.  It  quickened  the  conscience, 
and  gave  more  strength  to  eschatological  hopes ;  it  was 
a  call  to  observe  the  signs  of  the  times  and  the  intima¬ 
tions  of  God’s  presence.  It  would  seem  that  before 
this  time  Montanus  had  disappeared  from  the  scene  ; 
but  Maximilla,  and  probably  also  Prisca,  were  working 
with  redoubled .  energy.  And  now,  throughout  the 
provinces  of  Asia  Minor,  in  Rome,  and  even  in  Gaul, 
amidst  the  raging  of  persecution,  attention  was  at¬ 
tracted  to  this  remarkable  movement.  The  desire  for 
a  sharper  exercise  of  discipline,  and  a  more  decided  re- 
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nunciation  of  the  world,  combined  with  a  craving  for 
some  plain  indication  of  God’s  will  in  these  last  critical 
times,  had  prepared  many  minds  for  an  eager  accept¬ 
ance  of  the  tidings  from  Phrygia.  There  the  Spirit, 
whom  Christ  had  promised  to  His  disciples,  had  begun 
His  work ;  there,  at  least,  there  were  noly  Christians 
and  joyful  martyrs.  The  oracles  of  the  Phrygian 
prophets  became  household  words  in  distant  churches, 
and  it  was  always  the  more  serious-minded  who  re¬ 
ceived  them  with  undisguised  sympathy.  And  thus, 
within  the  large  congregations  where  there  was  so 
much  that  was  open  to  censure  in  doctrine  and  con¬ 
stitution  and  morals,  conventicles  were  formed  in  order 
that  Christians  might  prepare  themselves  by  strict  dis¬ 
cipline  for  the  day  of  the  Lord. 

.  Meanwhile  in  Phrygia  and  its  neighborhood — espe¬ 
cially  in  Galatia,  and  also  in  Thrace — a  controversy 
was  raging  between  the  adherents  and  the  opponents 
of  the.  new  prophecy.  Between  150  and  176  the 
authority  of  the  episcopate  had  been  immensely 
strengthened,  and  along  with  it  a  settled  order  had 
been  introduced  into  the  churches.  It  need  hardly  be 
said  that,  as  a  rule,  the  bishops  were  the  most  resolute 
enemies  of  the  Montanistic  enthusiasm.  It  disturbed 
the  peace  and  order  of  the  congregations,  and  threat¬ 
ened  their  safety.  Moreover,  it  made  demands  on 
individual  Christians  such  as  very  few  could  comply 
with.  But  the  disputation  which  Bishops  Zoticus  of 
Cumana  and  Julian  of  Apamea  arranged  with  Maxi- 
milla  and  her  following  turned  out  most  disastrously 
for  its  promoters.  The  “spirit ”  of  Maximilla  gained 
a  signal  victory,  a  certain  Themison  in  particular  hav¬ 
ing  reduced  the  bishops  to  silence.  Sotas  bishop  of 
Anchialus  attempted  to  refute  Prisca,  but  with  no  bet¬ 
ter  success  ;  he  too  had  to  retire  from  the  field  in  dis¬ 
grace.  These  proceedings  were  never  forgotten  in 
Asia  Minor,  and  the  report  of  them  spread  far  and 
wide.  In  after  times  the  only  way  in  which  the  dis¬ 
comfiture  of  the  bishops  could  be  explained  was  by 
asserting  that  they  had  been  silenced  by  fraud  or  vio¬ 
lence.  This  was  the  commencement  of  the  excommu¬ 
nication  or  secession,  whichever  it  may  have  been,  of 
the  Montanists  in  Asia  Minor.  “I  am  pursued  like 
a  wolf,”  exclaimed  the  spirit  that  spoke  through 
Maximilla  ;  and  her  admonitions  about  the  end  became 
more  emphatic  than  ever :  ‘  ‘  After  me  there  will  come 
no  other  prophetess,  but  the  end.”  .  Not  only  did  an 
extreme  party  arise  in  Asia  Minor  rejecting  all  proph¬ 
ecy  and  tne  Apocalypse  of  John  along  with  it,  but  the 
majority  of  the  churches  and  bishops  in  that  district 
appear  (c.  178)  to  have  broken  off  all  fellowship  with 
the  new  prophets,  while  books  were  written  to  show 
that  the  very  form  of  the  Montanistic  prophecy  was 
sufficient  proof  of  its  spuriousness.1 

In  Gaul  and  Rome  the  prospects  of  Montanism 
seemed  for  a  while  more  favorable.  The  confessors  of 
the  Gallican  Church  were  of  opinion  that  communion 
ought  to  be  maintained  with  the  zealots  of  Asia  and 
Phrygia ;  and  they  addressed  a  letter  to  this  effect  to 
the  Roman  bishop,  Eleutherus.  Whether  this  is  the 
bishop  of  whom  Tertullian  {Adv. .  Prax. ,  1)  relates 
that  he  was  on  the  point  of  making  peace  with  the 
churches  of  Asia  and  Phrygia — i.  e. ,  tne  Montanistic 
communities — is  not  certain ;  it  was  either  he  or  his 
successor  Victor.  It  is  certain,  at  any  rate,  that  there 
was  a  momentary  vacillation,  even  in  Rome.  .Nor  is 
this  to  be  wondered  at.  The  events  in  Phrygia  could 
not  appear  new  and  unprecedented  to  the  Roman 
Church.  If  we  may  believe  Tertullian,  it  was  Praxeas 
of  Asia  Minor,  the  relentless  foe  of  Montanism,  who 
succeeded  in  persuading  the  Roman  bishop  to  with¬ 
hold  his  letters  of  conciliation. 

Early  in  the  last  decade  of  the  2d  century  two  con¬ 
siderable  works  appeared  in  Asia  Minor  against  the 
Kataphrygians.  The  first,  by  a  bishop  or  presbyter 

1  Miltiades,  irep't  tov  pr)  Sflv  npo^r/rriv  iv  €(t<rra<rei  KaKelv-  At 
the  same  time  as  Miltiades,  if  not  earlier,  Apollinaris  of  Hierap- 
olis  also  wrote  against  the  Montanists. 


whose  name  is  not  known,  is  addressed  to  Abircius 
bishop  of  Hierapolis,  and  was  written  in  the  fourteenth 
year  after  the  death  of  Maximilla,  ie.,  apparently 
about  the  year  193.  The  other  was  written  by  a  certain 
Apollonius  forty  years  after  the  appearance  of  Monta- 
nus,  consequently  about  196.  From  these  treatises  we 
learn  that  the  adherents  of  the  new  prophecy  were  very 
numerous  in  Phrygia,  Asia,  and  Galatia  (Ancyra),  that 
they  had  tried  to  defend  themselves  in  writing  from 
the  charges  brought  against  them  (by  Miltiades),  that 
they  possessed  a  fully-developed  independent  organi¬ 
zation,  that  they  could  boast  of  many  martyrs,  and 
that  they  were  still  formidable  to  the  church  in  Asia 
Minor.  Many  of  the  small  congregations  had  gone 
completely  over  to  Montanism,  although  in  large 
towns,  like  Ephesus,  the  opposite  party  maintained 
the  ascendency.  Every  bond  of  intercourse  was  bro¬ 
ken,  and  in  the  Catholic  churches  the  worst  calumnies 
were  retailed  about  the  deceased  prophets  and  the 
leaders  of  the  societies  they  had  founded. 

In  many  churches  outside  of  Asia  Minor  a  different 
state  of  matters  prevailed.  Those  who  accepted  the 
message  of  the  new  prophecy  did  not  at  once  leave  the 
Catholic  Church  in  a  body.  They  simply  formed  small 
conventicles  within  the  church;  in  many  instances, 
indeed,  their  belief  in  the  new  prophecy  may  have  re¬ 
mained  a  private  opinion  which  did  not  affect  their 
position  as  members  of  the  larger  congregation .  Such, 
for  example,  appears  to  have  been  the  case  in  Carthage 
(if  we  may  judge  from  the  Acts  of  the  martyrs  Per- 
petua  and  Felicitas)  at  the  commencement  of  the  per¬ 
secution  of  Septimius  Severus  about  the  year  202. 
But  even  here  it  was  impossible  that  ah  open  rupture 
should  be  indefinitely  postponed.  The  bishops  and 
their  flocks  gave  offence  to  the  spiritualists  on  so  many 

{joints  that  at  last  it  could  be  endured  no  longer.  The 
atter  wished  for  more  fasting,  the  prohibition  of  sec¬ 
ond  marriages,  a  frank,  courageous  profession  of  Chris¬ 
tianity  in  daily  life,  and  entire  separation  from  the 
world;  the  bishops,  on  the  other  hand,  sought  in 
every  way  to  make  it  as  easy  as  possible  to  be  a  Chris¬ 
tian,  lest  they  should  lose  the  greater  part  of  their 
congregations.  The  spiritualists  would  have  excluded 
from  the  church  every  one  who  had  been  guilty  of  mor¬ 
tal  sin ;  the  bishops  were  at  that  time  specially  anxious 
to  relax  the  stringency  of  the  old  disciplinary  laws. 
And  lastly,  the  bishops  were  compelled  more  and  more 
to  take  the  control  of  discipline  into  their  own  hands, 
while  the  spiritualists,  appealing,  to  the  old  principle 
that  God  alone  can  remit  or  retain  sins,  insisted  that 
God  himself — ile.,  the  Spirit — was  the  sole  judge  in 
the  congregation,  and  that  therefore  all  proceedings 
must  be  conducted  according  to  the  directions  of  the 
prophets.  On  this  point  especially  a  conflict  was  in¬ 
evitable.  It  is  true  that  there  was  no  rivalry  between 
the  new  organization  and  the  old,  as  in  Asia  and  Phry¬ 
gia,  for  the  Western  Montanists  recognized  in  its  main 
features  the  Catholic  organization  as  it  had  been  devel¬ 
oped  in  the  contest  with  Gnosticism ;  but  the  demand 
that  the  “organs  of  the  Spirit  ”  should,  direct  the 
whole  discipline  of  the  congregation  contained  impli¬ 
citly  a  protest  against  the  actual  constitution  of  the 
church.  Even  before  this  latent  antagonism  was  made 
plain,  there  were  many  minor  matters  which  were 
sufficient  to  precipitate  a  rupture  in  particular  congre- 

Stions.  In  Carthage,  for  example,  it  would  appear 
at  the  breach  between  the  Catholic  Church  and  the 
Montanistic  conventicle  was  caused  by  a  disagreement 
on  the  question  whether  or  not  virgins  ought  to  be 
veiled.  For  nearly  five  years  (202-207). the  Carthagi¬ 
nian  Montanists  strove  to  remain  within  the  church, 
which  was  as  dear  to  them  as  it  was  to  their  opponents, 
But  at  length  they  quitted  it,  and  formed  a  congrega¬ 
tion  of  their  own,  declaring  that  the  Catholic  Church 
was  henceforth  only  a  body  of  ‘  ‘  psychic  ’  ’  Christians, 
because  she  would  not  acknowledge  the  Spirit  whom 
God  had  at  last  poured  out  on  His  people. 

It  was  at  this  juncture  that  Tertullian,  tne  most  famous 
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theologian  of  the  West,  left  the  church  of  which  he  had 
been  the  most  loyal  son  and  the  most  powerful  supporter, 
and  whose  cause  he  had  so  manfully  upheld  against  pa¬ 
gans  and  heretics.  He  too  had  come  to  the  conviction 
that  the  church  at  large  was  given  over  to  worldliness, 
that  she  had  forsaken  the  old  paths  and  entered  on  a  way 
that  must  lead  to  destruction.  The  writings  of  Ter- 
tullian  afford  the  clearest  demonstration  that  what  is 
called  Montanism  was  a  reaction  against  secularism  in 
the  church,  and  an  effort  to  conserve  the  privileges  of 
primitive  Christianity.  At  the  same  time,  they  show 
no  less  clearly  that  Montanism  in  Carthage  was  a  very 
different  thing  from  the  Montanism  of  Montanus. 
Western  Montanism,  at  the  beginning  of  the  3d  cen¬ 
tury,  admitted  the  legitimacy  of  almost  every  point 
of  the  Catholic  system.  It  allowed  that  the  bishops 
were  the  successors  of  the  apostles,  that  the  Catholic 
rule  of  faith  was  a  complete  and  authoritative  exposi¬ 
tion  of  Christianity,  and  that  the  New  Testament  was 
the  supreme  rule  of  the  Christian  life.  How,  then, 
one  may  well  ask,  was  it  possible  to  separate  from  the 
Catholic  Church  ?  On  what  ground  could  the  separa¬ 
tion  be  justified  ?  How  could  it  be  said  that  a  new 
era  of  the  Spirit  had  come  in  when  the  Spirit  had 
already  given  all  necessary  instructions  in  the  Scriptures 
of  the  New  Testament?  And  what  claim  could  be 
thought  to  exceed  the  legitimate  rights  of  the  suc¬ 
cessors  of  the  apostles?  Montanus  himself  and  his 
first  disciples  had  been  in  quite  a  different  position. 
In  his  time  there  was  no  fixed,  divinely-instituted 
congregational  organization,  no  canon  of  New  Testa¬ 
ment  Scriptures,  no  anti-Gnostic  theology,  and  no 
Catholic  Church.  There  were  simply  certain  com¬ 
munities  of  believers  bound  together  by  a  common 
hope,  and  by  a  free  organization,  which  might  be 
modified  to  any  required  extent.  When  Montanus 
proposed  to  summon  all  true  Christians  to  Pepuza,  in 
order  to  lead  a  holy  life  and  prepare  for  the  day  of  the 
Lord,  there  was  nothing  whatever .  to  prevent  the 
execution  of  his  plan  except  the  inertia  and  lukewarm¬ 
ness  of  Christendom.  But  this  was  not  the  case  in 
the  West  at  the  beginning  of  the  3d  century.  At 
Rome  and  Carthage,  and  in  all  other  places  where 
sincere  Montanists  were  found,  they  were  confronted 
by  the  imposing  edifice  of  the  Catholic  Church,  and 
they  had  neither  the  courage  nor  the  inclination  to 
undermine  her  sacred  foundations.  This  explains 
how  the  later  Montanism  never  attained  a  position  of 
influence.  In  accepting,  with  slight  reservations,  the 
results  of  the  development  which  the  church  had 
undergone  during  the  fifty  years  from  160  to  210  it 
reduced  itself  to  the  level  of  a  sect.  For,  if  the 
standpoint  of  the  Catholic  Church  is  once  acknowl¬ 
edged,  then  Montanism  is  an  innovation ;  and  if  the 
canon  of  the  New  Testament  is  accepted  the  doctrine 
of  a  new  era  of  the  Spirit  is  heresy.  Tertullian  ex¬ 
hausted  the  resources  of  dialectic  in  the  endeavor  to 
define  and  vindicate  the  relation  of  the  spiritualists  to 
the  “psychic”  Christians;  but  no  one  will  say  he 
has  succeeded  in  clearing  the  Montanistic  position  of 
its  fundamental  inconsistency. 

Of  the  later  history  of  Montanism  very  little  is 
known.  But  it  is  at  least  a  significant  fact  that 
prophecy  could  not  b«  resuscitated.  Montanus,  Prisca, 
and  Maximilla  were  always  recognized  as  the  inspired 
authorities.  At  rare  intervals  a  vision  might  perhaps 
be  vouchsafed  to  some  Montanistic  old  woman,  or  a 
brother  might  nowand  then  have  a  dream  that  seemed 
to  be  of  supernatural  origin ;  but  the  overmastering 
power  of  religious  enthusiasm  was  a  thing  of  which 
the  Montanists  knew  as  little  as  the  Catholics.  Their 
discipline  was  attended  with  equally  disappointing 
results.  In  place  of  an  intense  moral  earnestness 
binding  itself  by  its  own  strict  laws,  we  find  in  Tertullian 
a  legal  casuistry,  a  finical  morality,  from  which  no  good 
could  ever  come.  It  was  only  in  the  land  of  its 
nativity  that  Montanism  held  its  ground  till  the  4th 
century.  It  maintained  itself  there  in  a.  number  of 


close  communities,  probably  in  places  where  no  Catholic 
congregation  had  been  formed ;  and  to  these  the  No- 
vatians  at  a  later  period  attached  themselves.  In 
Carthage  there  existed  down  to  the  year  400  a  sect 
called  Tertullianists ;  and  in  their  comparatively  late 
survival  we  have  a  striking  testimony  to  the  influence 
of  the  great  Carthaginian  teacher.  On  doctrinal 

?uestions  there  was  no  real  difference  between  the 
Catholics  and  the  Montanists.  The  early  Montanists 
(the  prophets  themselves)  used  expressions  which  seem 
to  indicate  a  Monarchian  conception  of  the  person  of 
Christ.  After  the  close  of  the  2d  century  we  find  two 
sections  amongst  the  Western  Montanists,  just  as 
amongst  the  Western  Catholics, — there  were  some  who 
adopted  the  Logos-Christology,  and  others  who  re¬ 
mained  Monarchians. 

Sources. — The  materials  for  the  history  of  Montanism 
although  plentiful,  are  fragmentary,  and  require  a  good  deal 
of  critical  sifting.  They  may  be  divided  into  four  groups. 
(1)  The  utterances  of  Montanus,  Prisca,  and  Maximilla1 
are  our  most  important  sources,  but  unfortunately  they  con¬ 
sist  of  only  twenty-one  short  sayings.  (2)  The  works  writ¬ 
ten  by  Tertullian  after  he  became  a  Montanist  furnish  the 
most  copious  information, — not,  however,  about  the  first 
stages  of  the  movement,  but  only  about  its  later  phase,  after 
the  Catholic  Church  was  established.  (3)  The  oldest  po¬ 
lemical  works  of  the  2d  century,  extracts  from  which  have 
been  preserved,  especially  by  Eusebius  ( Hist.  Eccles.,  bk.  v.), 
form  the  next  group.  These  must  be  used  with  the  utmost 
caution,  because  even  the  earliest  orthodox  writers  give 
currency  to  many  misconceptions  and  calumnies.  (4)  The 
later  lists  of  heretics,  and  the  casual  notices  of  chureh 
fathers  from  the  3d  to  the  5th  century,  though  not  contain¬ 
ing  much  that  is  of  value,  yet  contain  a  little. 2 

Literature. — Ritschl’s  investigations,  referred  to  above, 
supersede  the  older  works  of  Tillemont,  Wernsdorf,  Mos- 
heim,  Walch,  Neander,  Baur,  and  Schwegler  (Der  Montanis- 
mus  und  die  christliche  Kirche  des  2 ten  Jahrhunderts,  Tubingen, 
1841).  The  later  works,  of  which  the  best  and  most  ex¬ 
haustive  is  that  of  Bonwetsch,  Die  Oeschichte  des  Montanismus , 
1881,  all  follow  the  lines  laid  down  by  Ritschl.  See  also, 
Gottwald,  De  Montanismo  Tertulliani,  1862 ;  Reville,  “  Ter- 
tullien  et  le  Montanisme,”  in  the  Revue  des  Deux  Mondes,  1st 
November,  1864 ;  Stroelin,  Essai  sur  le  Montanisme,  1870 ;  De 
Soyres,  Montanism  and  the  Primitive  Church,  London,  1878 ; 
W.  Cunningham,  The  Churches  of  Asia,  London,  1880 ;  Re¬ 
nan,  “  Les  Crises  du  Catholicisme  Naissant,”  in  Rev.  d.  Deux 
Mondes,  15th  February,  1881 ;  Moller,  art.  “  Montanismus,” 
in  Herzog’s  Theol.  Realencyklop.,  2d  ed.  Special  points  of 
importance  in  the  history  of  Montanism  have  been  quite 
recently  investigated  by  Lipsius,  Overbeck,  Weizsacker 
(Theol.  Lit.-Zeitung,  Nr.  4,  1882),  and  Harnack  (Das  Monch- 
thum,  seine  Ideale  und  seine  Geschichte,  2d  ed.,  1882),  and 
Z.  f.  Kir cheng.,  iii.  pp.  369-408).  Weizsacker’s  short  essays 
are  extremely  valuable,  and  have  elucidated  several  im¬ 
portant  points  hitherto  overlooked.  (a.  ha.) 

MONTARGIS,  chief  town  of  an  arrondissement  in 
the  department  of  Loiret,  France,  lies  40  miles  east- 
northeast  of  Orleans  on  the  railway  from  Paris  to 
Lyons.  Traversed  by  the  Loing,  Montargis  belongs  to 
the  basin  of  the  Seine,  but  it  communicates  with  the 
Loire  by  the  Orleans  and  the  Briare  canals.  It  has  a  fine 
church  (Ste.  Magdelaine),  dating  in  part  from  the  12th 
century,  a  museum,  and  a' public  library ;  and  it  still 
preserves  portions  of  its  once  magnificent  castle,  which 
was  capable  of  containing  6000  men,  and,  previous  to 
the  erection  of  Fontainebleau,  was  so  favorite  a 
residence  of  the  royal  family  that  it  acquired  the  title 
of  “Berceau  des  Enfans  de  la  France.”  Paper¬ 
making  (introduced  in  the  beginning  of  the  18th 
century)  and  several  other  considerable  industries  are 
carried  on.  The  population  of  both  commune  and 
town  was  12,391  in  1901. 

Montargis  (Mons  Argi  or  Algi,  M.  Arginus,  Montargium)  was 
formerly  the  capital  of  the  Gatinais  (Pagus  Vastinensis). 
Having  passed  in  1188  from  the  Courtenai  family  to  Philip 
Augustus,  it  long  formed  part  of  the  royal  domain.  In 
1528  Francis  I.  mortgaged  town,  castle,  and  forest  (this  last 
a  tract  of  great  value)  to  Renee  d’Este,  daughter  of  Louis 
XII.,  the  famous  Huguenot  princess ;  and  in  1570  Charles 

i  Collected  by  Miinter,  and  by  Bonwetsch,  Oeschichte  des  Mon¬ 
tanismus,  p.  197  sq. 

s  On  the  sources,  see  Bonwetsch,  pp.  16-55. 
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IX.  gave  them  in  full  property  to  her  daughter  Anne, 
through  whom  they  descended  to  the  dukes  of  Guise,  but 
they  were  repurchased  for  the  crown  in  1612.  Montargis 
was  several  times  taken  or  attacked  by  the  English  in  the 
15th  century,  and  is  particularly  proud  of  the  successful 
defence  it  made  in  1427.  Both  Charles  VII.  and  Charles 
VIII.  held  court  in  the  town ;  it  was  the  latter  who  set  the 
famous  Dog  of  Montargis  to  fight  a  duel  with  his  master’s 
murderer  whom  he  had  tracked  and  captured. 

MONTATJBAN,  chief  town  of  the  department  of 
Tarn-et-Garonne,  France,  is  situated  on  a  slight  emi¬ 
nence  between  the  right  bank  of  the  Tarn  and  its 
tributary  streams  the  Tescou  and  Lagarrigue,  128 
miles  by  rail  east-southeast  of  Bordeaux.  It  is  con¬ 
nected  with  the  suburb  of  Ville-Bourbon  on  the  left 
bank  of  the  Tarn  by  a  remarkable  brick  bridge  of  the 
14th  century,  which  is  672  feet  in  length,  and  consists 
of  seven  pointed  arches  resting  on  piers,  themselves 
pierced  by  pointed  arches.  The  cathedral,  built  in 
1739,  contains  the  Vow  of  Louis  XIII.,  one  of  the 
finest  paintings  of  Ingres,  a  native  of  Montauban,  and 
at  the  end  of  the  Carmelite  walk  a  monument  was 
erected  to  his  memory  in  1871.  In  the  town-house, 
once  occupied  as  a  palace  by  the  counts  of  Toulouse 
and  by  the  Black  Prince,  are  the  paintings  bequeathed 
by  Ingres,  an  archaeological  collection,  and  a  very 
curious  library  containing  the  bequests  of  several  cele¬ 
brated  collectors.  Montauban  possesses  a  Protestant 
theological  college.  The  town  has  some  trade  in  corn, 
wine,  and  grapes.  The  manufacture  of  corn-dressers, 
coarse  cloth,  pens,  and  earthen  and  china  ware  are  the 
principal  industries ;  and  there  are  also  corn  and 
woollen  mills.  The  population  in  1901  was  17,202. 

Montauban  was  only  a  village  in  the  time  of  the  Romans. 
In  the  8th  century  a  monastery  was  founded  there  by  the 
Benedictines,  who  exercised  lordship  over  the  neighboring 
population.  A  considerable  impetus  was  in  the  12th  century 
given  to  its  prosperity  by  a  decree  of  the  counts  of  Toulouse 
offering  freedom  to  all  serfs  taking  up  their  residence  in  the 
town.  Montauban  was  twice  besieged  by  Simon  de  Mont- 
fort  in  the  Albigensian  wars,  and  was  sacked  in  1207.  By 
the  treaty  of  Bretigny  (1360)  it  was  ceded  to  the  English ; 
but  shortly  afterwards  they  were  expelled  by  the  inhabi¬ 
tants.  In  1560  the  bishops  and  magistrates  embraced  Prot¬ 
estantism,  expelled  the  monks,  and  demolished  the  cathe¬ 
dral.  About  ten  years  later  it  became  one  of  the  Huguenot 
strongholds,  and  formed  a  small  independent  republic.  It 
was  the  headquarters  of  the  Huguenot  rebellion  of  1621, 
and  was  vainly  besieged  by  Louis  XIII.  for  eighty-six  days ; 
nor  did  it  submit  until  after  the  fall  of  Rochelle  in  1629, 
when  its  fortifications  were  destroyed  by  Richelieu.  In  the 
same  year  the  plague  cut  off  over  6000  of  its  inhabitants. 

MONTBELIARD,  chief  town  of  an  arrondissement 
in  the  department  of  Doubs,  France,  is  situated  1020 
feet  above  the  sea  at  the  confluence  of  the  Allaine  and 
the  Lusine,  tributaries  of  the  Doubs,  and  on  the  canal 
between  the  Rhine  and  the  Rhone,  about  40  miles 
northeast  of  Besangon.  Once  a  fortified  city,  it  still 
retains  the  old  castle  of  the  counts  of  Montbeliard.  A 
bronze  statue  of  Cuvier,  the  most  illustrious  native  of 
Montbeliard,  and  several  fine  fountains  adorn  the 
town,  which  also  possesses  a  museum  of  natural  his¬ 
tory  and  antiquities,  and  a  Protestant  normal  school. 
Since  1870  a  considerable  impetus  has  been  given  to 
its  prosperity  by  the  arrival  of  Alsatian  immigrants. 
The  industries  embrace  watchmaking,  the  manufacture 
of  graving  tools,  iron  wire,  files,  watch-springs,  and 
pumps,  cotton  spinning  and  weaving,  printing,  and 
tanning.  The  chief  exports  are  cheese,  leather, 
and  wood.  The  population  in  1901  was  8568,  of  which 
the  great  majority  were  Protestants. 

After  belonging  to  the  Burgundians  and  Franks,  Mont- 
bSliard  was,  by  the  treaty  of  Verdun  (843),  added  to  Lor¬ 
raine.  In  the  11th  century  it  became  the  capital  of  a 
eountship,  which  formed  part  of  the  second  kingdom  of 
Burgundy,  and  latterly  of  the  German  empire.  From  the 
end  of  the  14th  century  until  1793  it  belonged  to  the  house 
of  Wurtemberg.  It  resisted  the  attacks  of  Charles  the  Bold, 
King  Louis  XII.,  and  the  duke  of  Guise,  but  was  taken  in 
1676  by  Marshal  Luxembourg,  who  razed  its  fortifications. 
In  1871  the  battle  of  H6ricourt  between  the  French  and 
Germans  had  its  commencement  within  its  walls. 


MONT-DORE-LES-BAINS,  a  village  of  France  in 
the  department  of  Puy  de  Dome,  17  miles  as  the  crow 
flies  southwest  of  Clermont  Ferrand,  3432  feet  above 
the  sea,  on  the  right  bank  of  the  Dordogne  not  far 
from  its  source.  The  Monts  Dore,  from  which  it  takes 
its  name,  close  the  valley  towards  the  south ;  their  cul¬ 
minating  peak,  Puy  de  Sancy  (6188  feet),  is  the  highest 
eminence  of  Central  France.  The  mineral  springs  of 
Mont  Dore  were  known  to  the  Romans.  The  eight 
now  used  yield  94,600  gallons  in  twenty- four  hours. 
Bicarbonate  of  soda,  iron,  and  arsenic  are  the  principal 
ingredients  of  the  water ;  to  the  two  last  it  owes  its 
efficacy  in  cases  of  pulmonary  consumption,  bronchitis, 
asthma,  and  nervous  and  rheumatic  paralysis.  From 
the  elevation  and  exposure  of  the  valley,  which  opens 
to  the  north  and  runs  up  towards  mountains  never 
quite  free  from  snow,  the  climate  of  Mont-Dore-les- 
Bains  is  severe,  and  the  season  is  consequently  short. 
About  5000  patients  visit  the  place  between  15th  June 
and  15th  September,  when  a  casino  and  theatre  are 
opened.  The  chief  building  is  the  solid  but  sombre 
bath-house  (hot  baths).  The  surrounding  country, 
with  its  fir  woods,  pastures,  waterfalls,  and  mountains, 
is  very  attractive.  In  the  “park ”  at  Mont-Dore-les- 
Bains,  which  forms  a  little  promenade  along  the  Dor¬ 
dogne,  relics  from  the  old  Roman  baths  have  been 
collected,  but  the  ancient  establishment  must  have  been 
on  a  larger  scale  than  the  present  one.  A  pantheon 
erected  about  the  time  of  Augustus  existed  till  the 
16th  century.  The  population  m  1881  was  1438. 
MONTE  CARLO.  See  Monaco. 

MONTE  CASSINO  (or  Casino).  The  Benedictine 
monastery  known  as  the  abbey  of  Monte  Cassino  is  a 
huge  square  building  of  three  stories,  built  on  the 
usual  Benedictine  plan  (see  Abbey)  on  the  summit 
of  a  picturesque  isolated  hill,  about  3£  miles  to  the 
northeast  of  the  town  of  Cassino  (Casinum)  or  San 
Germano  (population  about  5000),  which  lies  midway 
between,,  Rome  and  Naples  in  the  valley  of  the  Ga- 
rigliano.  The  most  prominent  architectural  feature  is 
the  large  church  (1727),  richly  decorated  in  the  interior 
with  marbles,  mosaics,  and  paintings.  The  library  and 
archivio  have  been  spoken  of  elsewhere  (vol.  xiv.  pp. 
530,  550). 

The  date  of  Benedict’s  withdrawal  from  Subiaco  to  Cas¬ 
sino  is  529.  At  that  time  Cassino  was  the  site  of  a  temple 
of  Apollo  and  of  a  grove  sacred  to  Venus.  The  result  of 
the  saint’s  preaching  was  that  the  natives  demolished  both, 
chapels  to  St.  Martin  and  J  ohn  the  Baptist  being  built  in 
their  stead,  while  farther  up  the  hill  a  monastery  began  to 
rise.  About  589  the  monks  were  driven  from  it  to  Rome  by 
the  Lombards  of  Benevento,  and  it  lay  waste  for  more  than 
a  century,  until  resuscitated  by  Gregory  II.  (719).  In  787 
it  received  fresh  privileges  from  Charlemagne ;  in  884  it  was 
burnt  by  the  Saracens,  and  was  not  restored  until  about 
seventy  years  later.  From  1322  to  1366  the  abbot  held 
episcopal  rank ;  under  the  house  of  Anjou  he  bore  the  title 
of  Abbas  abbatum,  and  ranked  as  first  baron  of  the  realm. 
In  1504  the  abbey  was  sacked  by  the  troops  of  Gonzalo  de 
Cordova.  In  1873  it  shared  the  fate  of  all  other  religious 
houses  in  Italy ;  it  is  now  inhabited  by  a  few  monks,  and 
used  as  a  seminary,  having  about  200  pupils. 

MONTECUCULI,  Raimondo,  Count  of  ( 1 608— 
1680),  a  prince  of  the  empire  and  duke  of  Melfi,  a 
famous  Austrian  general,  was  born  at  the  castle  of 
Montecuculi  in  Modena,  in  1608.  At  the  age  of  nine¬ 
teen  he  began  his  career  in  a  regiment  of  infantry 
under  his  uncle,  Ernest,  count  of  Montecuculi ;  and 
during  the  Thirty  Years  War  he  found  many  oppor¬ 
tunities  of  displaying  his  military  genius  in  the  im- 

erial  service.  In  1631,  having  been  severely  wounded, 

e  was  made  prisoner  while  retreating  after  the  battle 
of  Breitenfeld.  Soon  after  his  release  he  was  promoted 
to  the  rank  of  major  ;  and  he  distinguished  himself  at 
the  siege  of  Nordlingen  in  1634,  ana  at  the  storming 
of  Kaiserslautern  in  1635.  As  colonel,  he  took  part 
in  much  hard  fighting  in  Pomerania  and  in  Bohemia  ; 
and  in  1639  at  Melnik,  where  he  tried  to  prevent  the 
Swedes  from  crossing  the  Elbe,  he  was  taken  prisoner 
a  second  time,  being  compelled  on  this  occasion  to 
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spend  more  than  two  years  in  Stettin.  The  time  was 
not  lost,  for  he  devoted  it  to  a  thorough  study  of  mili¬ 
tary  science.  In  1642  he  was  again  at  work  in  the 
imperial  army,  and  for  eminent  services  in  Silesia  he 
was  made  a  major-general  of  cavalry.  After  a  brief 
visit  to  Italy,  during  which  he  entered  the  service  of 
the  duke  of  Modena,  he  returned  to  Germany,  and 
became  councillor  of  war  in  1644.  In  the  following 
year  he  supported  the  archduke  Leopold  in  a  campaign 
against  Prince  Rakoczy  of  Transylvania,  resisted 
Marshal  Turenne  in  the  Rhine  country,  and  fought 
with  the  Swedes  in  Silesia  and  Bohemia.  The  victory 
at  Triebel  in  Silesia,  in  1647,  was  due  chiefly  to  him, 
and  he  was  rewarded  by  being  raised  to  the  rank  of 
general  of  cavalry.  After  the  peace  of  Westphalia  in 
1648,  he  occupied  himself  for  some  time  with  the  work 
of  the  council  of  war;  and  in  1654  he  undertook  diplo¬ 
matic  missions  to  Christina,  queen  of  Sweden,  ana  to 
Cromwell.  In  1657  he  commanded  an  expedition 
against  Prince  Rakoczy  and  the  Swedes,  who  had  at¬ 
tacked  the  king  of  Poland,  and  Rakoczy  was  soon 
forced  to  withdraw  from  the  Swedish  alliance,  and  to 
accept  terms  of  peace.  As  field-marshal  he  was  sent 
to  the  aid  of  Denmark  against  Sweden ;  and  this  war 
he  conducted  so  successfully  that  the  peace  of  Oliva 
was  concluded  in  1660.  In  1663  he  resigned  the  com¬ 
mand  of  an  army  with  which,  for  about  three  years,  he 
had  been  opposing  the  Turks ;  but  in  1664  he  was 
again  made  commander-in-chief,  and  in  the  same  year 
he  defeated  the  Turks  so  decisively  near  the  abbey  of 
St.  Gotthard  that  they  concluded  an  armistice  for 
twenty  years.  He  had  to  deal  with  more  formidable 
enemies  in  1672,  when,  the  emperor  and  the  imperial 
diet  having  resolved  to  uphold  the  Dutch  against  Louis 
XIV. ,  Montecuculi,  who  had  been  serving  as  president 
of  the  council  of  war  and  director  of  artillery,  was  ap- 

g Dinted  commander  of  the  imperial  forces.  He  took 
onn,  and,  although  closely  watched  by  Turenne,  con¬ 
trived  to  effect  a  junction  with  the  prince  of  Orange, 
thereby  overthrowing  all  the  calculations  of  t  he  French. 
When  the  elector  of  Brandenburg  received  the  supreme 
command  in  1674  Montecuculi  withdrew  from  the 
army  ;  but  in  1675,  being  restored  to  his  former  posi¬ 
tion,  he  resumed  operations  against  Turenne.  The  two 
commanders  manoeuvred  so  brilliantly  that  for  about 
four  months  neither  could  do  the  other  much  injury  ; 
but,  Turenne  having  been  killed  by  a  cannon-ball  on 
the  27th  of  July,  1675,  Montecuculi  pursued  the 
French  into  Alsace,  and  besieged  Hagenau  and  Zabern, 
retiring  from  Alsace  only  when  he  found  himself  con¬ 
fronted  by  Conde.  Montecuculi’ s  last  achievement  in 
war  was  the  siege  of  Philippsburg.  During  the  rest 
of  his  life  he  was  president  of  the  council  of  war.  In 
1679  the  emperor  Leopold  made  him  a  prince  of  the 
empire,  and  shortly  afterwards  he  received  from  the 
king  of  Naples  the  dukedom  of  Melfi.  Having  ac¬ 
companied  tne  emperor  to  Linz  during  the  pestilence, 
he  was  injured  by  the  fall  of  a  beam  when  entering  the 
castle,  and  died  at  Linz  on  the  16th  of  October,  1680. 

Montecuculi  was  an  ardent  lover  of  science,  and  wrote 
several  important  military  works.  The  Opere  complete  di 
Montecuculi  were  published  in  two  volumes,  at  Milan  in 
1807,  at  Turin  in  1821 ;  and  there  is  a  German  translation 
(1736)  of  his  Memorie  della  guerra  ed  istrusioni  d’un  generate. 

See  Campori,  Raimcmdo  Montecuculi,  la  sua  famiglia  e  i  suoi  tempi 
(1877). 

MONTELEONE  (usually  called  Monteleone  of 
Calabria  to  distinguish  it  from  Monteleone  of  Apulia 
in  the  province  of  Avellino.  which  gave  its  name  to 
the  mediaeval  duchy  of  the  Pignatelh  family)  is  a  city, 
of  Italy  in  the  province  of  Catanzaro,  on  the  western 
side  of  the  Bruttian  peninsula,  and  is  beautifully 
situated  on  an  eminence  gently  sloping  towards  the 
gulf  of  Sta.  Eufemia.  It  was  almost  totally  destroyed 
by  earthquake  in  1783,  and  for  many  years  afterwards 
consisted  mainly  of  slight  wooden  erections,  but  under 
the  French  occupation  it  was  made  the  capital  of  a 
province  and  the  headquarters  of  General  Regnier, 
and  it  is  now  a  well-built  town.  The  eastle  was  built 


by  Roger,  count  of  Sicily,  whom  tradition  accuses  of 
carrying  off  the  ruins  of  the  ancient  temple  of  Proser¬ 
pine  to  the  cathedral  of  Mileto.  The  population  of 
the  town  was  9586  in  1901,  that  of  the  commune  10,262 
in  1861  and  12,997  in  1901. 

Monteleone  is  identified  with  the  ancient  Hipponium,  a 
Greek  city  first  mentioned  in  389  b.c.,  when  its  inhabitants 
were  removed  to  Syracuse  by  Dionysius.  Restored  by  the 
Carthaginians  (356),  held  for  a  time  by  Agathocles  of  Syra¬ 
cuse  (294),  and  afterwards  occupied  by  the  Bruttians,  Hip- 
pouium  ultimately  became  as  Vibo  Valentia  a  flourishing 
Roman  colony.  The  harbor  established  by  Agathocles 
proved  of  great  service  as  a  naval  station  to  Caesar  and  Octa¬ 
vius  in  their  wars  with  Pompeius  Magnus  and  Sextus 
Pompeius,  and  remains  of  its  massive  mason-work  still  exist 
at  the  village  of  Bivona  on  the  coast.  In  the  town  itself 
there  are  no  traces  of  antiquity  beyond  a  mosaic  pavement 
in  the  church  of  St.  Leoluca  (patron  saint  of  Monteleone) 
and  one  or  two  Latin  inscriptions. 

MONTELIMAR,  chief  town  of  an  arrondissement 
and  canton  in  the  department  of  Drome,  France,  is 
situated  near  the  left  Dank  of  the  Rhone,  93  miles 
south  of  Lyons  on  the  railway  to  Marseilles.  The 
waters  of  the  Roubion  and  Jabron,  which  unite  at 
Montelimar,  spread  fertility  over  the  plains  surround¬ 
ing  the  town.  A  well-planted  park  separates  the 
town  from  the  station,  but  within  the  four  gates  that 
still  remain  the  streets  are  narrow  and  uninviting. 
The  ancient  castle,  one  of  the  most  interesting  mili¬ 
tary  remains  of  Central  France,  is  now  used  as  a 
prison.  Silk  throwing  and  spinning,  and  the  manu¬ 
facture  of  flowered  silks  and  of  hats,  are  the  principal 
industries;  there  are  also  foundries,  tool-shops,  and 
tanneries,  and  agricultural  implements  and  hydraulic 
lime  are  made.  Montelimar  is  famed  for  its  nougat , 
a  cake  composed  of  almonds  and  honey.  The  popula¬ 
tion  of  the  town  in  1901  w  as  8,889. 

Montelimar  was  called  by  the  Romans  Acusium.  At  a 
later  period  it  belonged  to  the  family  of  Aymar  or  Adh6mar, 
whence  its  present  name.  After  coming  into  the  possession 
of  the  counts  of  Valentinois,  and  then  of  the  dauphins  of 
Yiennois,  it  was  united  by  Louis  XI.  to  the  crown  of 
France.  It  frequently  changed  hands  during  the  religious 
wars,  and,  although  it  resisted  Coligny,  it  was  taken  in  1589 
by  Lesdiguieres. 

MONTENEGRO,  often  pronounced  and  sometimes 
written  Montenero  (Montenegrin,  i.e.,  Servian, 
Crnagora,  Russian  Tchernogoriya ,  and  Turkish  Kara- 
dagh,  all  equivalent  to  Black  Mountain),  one  of  the 
smallest  of  European  countries,  lies  on  the  eastern 
side  of  the  Adriatic,  and  is  bounded  by  Dalmatia, 
Herzegovina,  Bosnia,  and  Albania.  Previous  to  1878 
it  had  an  area  variously  estimated  at  1669  square  miles 
(Kaptsevitch),  1711  (Kiepert),  and,  including  the 
Kutchi  territory,  1796  (Behm).  The  enlargement  to 
about  5272  square  miles  proposed  by  the  San  Stefano 
treaty  (1878)  would  probably  have  swamped  the  Mon¬ 
tenegrin  nationality,  and  the  Berlin  congress  brought 
the  total  area  only  up  to  3630  miles,  or  almost  exactly 
half  the  size  of  Wales.1 

i  Since  1870  several  rectifications  of  frontier  and  exchanges  of 
territory  have  been  arranged  between  Montenegro  and.Turkey, 
but  these  have  left  the  area  practically  undisturbed.  All  the ' 
figures  are  approximate  estimates,  as  the  only  geodetic  survey  of 
the  country,  carried  out  by  Russian  officers,  is  still  (1883)  in 
progress.  The  old  frontier  line  had  the  great  disadvantage  to  the 
Montenegrins  of  leaving  the  fortress  of  Niksitch  in  the  northwest, 
and  that  of  Spuzh  in  the  southeast  in  the  hands  of  the  Turks, 
who  thus  commanded  the  valley  of  the  Zeta,  and  strategically 
almost  cut  the  country  in  two,  the  distance  from  the  frontier  near 
Niksitch  to  the  frontier  near  Spuzh  being  only  some  15  miles. 
The  present  frontier  includes  not  only  these  strongholds,  but  also 
those  of  Podgoritza,  Zhabliak  (Jablac),  and  Lesendra,  a  great  part 
of  Lake  Scutari,  and  the  coast  district  with  Antivari  and  Dul- 
cigno.  To  get  access  to  the  sea  had  long  been  the  ambition  of 
Montenegro,  which  in  her  early  days  had  possessed  not  only 
Dulcigno  but  Durazzo,  and  had  surrendered  them  to  purchase 
from  Venice  assistance  in  her  struggle  against  the  Turks.  The 
Berlin  congress  gave  her  the  coast  from  Cape  Maria  to  Cape  Kruci 
or  Krutch,  but  Spizza,  the  harbor  to  the  north,  was  retained  by 
Austria,  and  Dulcigno,  to  the  south,  by  Turkey.  In  the  beginning 
of  1880,  bv  the  Corti  compromise,  the  Kutchi  territory  and  the 
plain  of  Podgoritza  were  accepted  by  Montenegro  in  lieu  of  Plava 
and  Gussinye,  assigned  to  her  by  the  congress ;  but  the  exchange 
was  deferred,  and  the  terms  ultimately  modified  by  the  congress 
so  as  to  include  Dulcigno  in  Montenegrin  territory.  The  occupa¬ 
tion  of  the  district  (November,  1880)  was  only  effected  after  a  naval 
demonstration  on  the  part  of  the  great  powers, 
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Apart  from  her  new  maritime  district,  Montenegro 
seems  little  better  at  first  than  a  chaos  of  mountains, 
but  on  closer  examination  it  appears  that  there  are  two 
distinct  groups,  an  eastern  and  a  western,  divided  by 
the  Zeta-Moratcha  valley.  The  loftiest  summit  is 
Dormitor,  8146  feet  high,  in  the  new  territory  near  the 
north  frontier,  next  come  Kom  Kutchi  (8031),  Kom 
Vassoyevitzki  (7946),  and  Dormitor  Schlime  (7936). 1 
Had  the  original  frontier  of  the  Berlin  congress  to¬ 
wards  the  southeast  been  retained,  it  would  have  run 
along  the  still  higher  Prokletia  range.  Many  of  the 
mountain-tops  remain  white  with  snow  for  the  greater 
part  of  the  year,  and  from  some  of  the  dark  ravines 
the  snow  never  disappears.  The  southwestern  portion 
of  the  country  consists  of  limestone,  the  northeastern 
mainly  of  Palaeozoic  sandstones  and  schists  with  un¬ 
derlying  trap.2  In  their  general  aspect  the  two  re¬ 
gions  are  strikingly  distinct.  The  former  seems,  as  it 
were,  one  enormous  mass  of  hard  crystalline  rock,  bare 
and  calcined,  with  its  strata  dipping  to  the  southwest 
at  an  angle  often  of  70  degrees.  Its  whole  surface  has 
been  split  by  atmospheric  agencies  into  huge  prismatic 
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blocks,  and  the  cracks  have  been  gradually  worn  into 
fissures  several  fathoms  deep.  In  some  places  the  pro¬ 
cess  has  resulted  in  clusters  of  immense  sharp-pointed 
crags,  the  sides  of  which  are  furrowed  by  rain-channels, 
while  in  others  there  are  countless  funnels  running 
down  into  the  rock  for  200  feet  and  more.  In  like 
manner  the  interior  of  the  mass  is  hollowed  out  into 
immense  galleries  and  caves,  and  during  the  rainy 
season  subterranean  landslips  frequently  produce  local 
earthquakes,  extending  over  an  area  of  10  or  12  miles. 
The  sandstone  region,  on  the  other  hand,  presents  lofty 
but  rounded  forms,  clothed  for  the  most  part  with 

1  Bull,  de  la  Sec.  de  Gtogr.,  Paris,  1881. 

*  Dr.  Tietze,  whose  full  report  was  to  appear  in  the  Jahrb.  der 
Meichsanstalt  for  1883,  informed  the  writer  that  the  existence  of 
the  following  formations  in  Montenegro  has  been  clearly  ascer¬ 
tained  :  (1)  Palseozoic  schists,  (2)  Wirfen  strata  of  Lower  Trias, 
(3)  Trap  of  the  Palseozoic  and  Wirfen  strata,  (4)  Triassic  lime¬ 
stone,  (5)  Jurassic  limestone,  (6)  Cretaceous  limestone,  (7)  Flysch, 
in  part  certainly  Eocene,  and  (8)  Neogenic  or  younger  Tertiary 
formations.  The  existence  Of  uummulitic  limestone  is  still 
doubtful. 


virgin  forest  or  rich  alpine  pasture,  broken  here  and 
there  by  dolomitic  peaks. 

The  watershed  between  the  Adriatic  and  the  Black 
Sea  crosses  the  country  from  west  to  east  in  a  very  ir¬ 
regular  line,  the  southern  districts  being  drained  by 
the  Zeta-Moratcha  river  system,  which  finds  its  way  to 
the  Adriatic  by  Lake  Scutari  and  the  Boyanna,  while 
the  streams  of  the  northern  districts  form  the  head¬ 
waters  of  the  Drina,  which  reaches  the  Danube  by  way 
of  the  Save.  .  The  Zeta,  rising  in  Lake  Slano,  is  re¬ 
markable  for  its  subterranean  passage  beneath  a  moun¬ 
tain  range  1000  feet  high.  At  a  place  called  Ponor 
the  water  plunges  into  a  deep  chasm,  seeming  almost 
to  lose  itself  in  foam,  but  at  a  distance  of  several  miles 
it  reappears  on  the  other  side  of  the  mountains.  Its 
whole  course  to  its  junction  with  the  Moratcha  is  about 
30  miles.  Rising  in  the  Yavorye  Planina,  the  Morat¬ 
cha  sweeps  through  the  mountain  gorges  as  a  foaming 
torrent  till  it  reaches  the  plain  of  Podgoritza ;  then, 
for  a  space,  it  almost  disappears  among  the  pebbles 
and  other  alluvial  deposits,  nor  does  it  again  show  a 
current  of  any  considerable  volume  till  it  approaches 
Lake  Scutari.  In  the  neighborhood  of  Duklea3 
and  Leskopolye  it  flows  through  a  precipitous 
ravine  from  50  to  100  feet  high.  In  the  dry 
season  it  is  navigable  to  Zhabliak.  The  whole 
course  is  about  60  miles.  Of  the  left-hand 
tributaries  of  the  Moratcha  the  Sem  or  Tsievna 
deserves  to  be  mentioned  for  the  magnificent 
canon  through  which  it  flows  between  Most 
Tamarui  and  Dinosha.  On  the  one  side  rise 
the  mountains  of  the  Kutchi  territory,  on  the 
other  the  immense  flanks  of  the  Prokletia 
range, — the  walls  of  the  gorge  varying  from 
2000  to  4000  feet  of  vertical  height.  Lower 
down  the  stream  the  rocky  banks  approach  so 
close  that  it  is  possible  to  leap  across  without 
trouble.  The  Ryeka  issues  full-formed  from  an 
immense  cave  southeast  of  Cettinye  (Tsettinye) 
and  falls  into  Lake  Scutari.  The  three  tribu¬ 
taries  of  the  Drina  which  belong  in  part  to 
Montenegro  are  the  Piva,  the  Tara,  and  the 
Lim,  respectively  55,  95,  and  140  miles  in  length. 
The  Tara  forms  the  northern  boundary  of  the 
principality  for  more  than  50  miles,  but  the  Lim 
leaves  the  country  altogether  after  the  first  30 
miles  of  its  course.  Great  alterations  have  taken 
place  on  Lake  Scutari  in  recent  times.  The  river 
Drin,  which  previous  to  1830  entered  the  Adri¬ 
atic  to  the  south  of  Alesia  near  S.  Giovanni  di 
Medua,  subsequently  changed  its  course  so  as  to 
join  the  Boyanna  just  below  its  exit  from  the 
lake ;  one  of  the  chief  results  has  been  to  raise 
the  level  of  the  lake,  and  so  to  flood  the  lower 
valleys  of  the  tributary  streams.  When  the  In¬ 
ternational  Frontier  Commission  was  at  Scutari 
in  April,  1879,  the  water  stood  8  feet  deep  in 
some  of  the  principal  streets,  and  the  inundation 
of  city  and  suburbs  lasted  that  year  eight  months.  A 
few  small  lakes  are  scattered  among  the  mountains, 
and  it  is  evident  that  their  number  was  formerly  much 

treater.  The  plain  or  hollow  of  Cettinye  was  doubtless 
lied  with  water  at  no  very  distant  (geological)  date, 
and  even  now,  when  the  sudden  rains  cannot  escape 
fast  enough  by  the  ordinary  subterranean  outlet,  the 
royal  village  suffers  from  a  flood. 

If  the  new  territory  be  left  out  of  view,  there  is  but 
little  farming  land  in  Montenegro ;  the  peasant  is  glad 
to  inclose  ana  protect  the  veriest  patches  of  fertile  soil 
retained  by  the  hollows  in  the  mountain  sides,  and  one 
may  see  “ flourishing  little  crops  not  a  yard  square.” 

‘  ‘  The  largest  landed  proprietor  is  the  holder  of  60 
acres”  (Denton,  Montenegro ,  p.  143);  the  other  free¬ 
hold  estates  vary  from  2  to  20  acres,  and  it  is  usually 
not  to  the  individual  but  to  the  house  or  family  that 

8  Duklea  is  the  name  still  borne  by  the  ruins  of  the  Roman  Do- 
clea,  often,  but  wrongly,  called  Dioclea  from  its  association  with 
the  family  of  Diocletian. 
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the  ownership  belongs.  Woods  and  pastures  are  the 
common  property  of  the  clan  ( pleme ).  The  people 
live  in  small  stone-built  cottages,  grouped  for  the  most 
part  in  little  villages,  and  their  whole  life  is  marked  by 
extreme  simplicity.  Chastity  is  a  national  virtue,  and 
in  time  of  war  the  women  and  children  of  the  Turks 
have  often  found  their  safest  asylum  among  their 
hereditary  foes.  The  main  stock  of  the  people  is  of 
Servian  descent ;  and,  though  the  purity  of  both  blood 
and  language  has  been  to  some  extent  affected  by  for¬ 
eign  elements,  mostly  Albanian  and  Turkish,  the  na¬ 
tional  unity  has  not  been  impaired.  The  curious 
Gipsy  colony,  which,  though  speaking  Servian,  never 
intermarries  with  the  Montenegrins,  is  numerically  of 
little  importance.1  The  great  mass  of  the  people  be¬ 
long  to  the  Orthodox  Greek  Church,  only  some  7000 
being  Roman  Catholics,  and  3000  Mohammedans. 
According  to  Kaptsevitch,  the  population  was  10,700 
in  1838,  120,000  in  1849,  124,000  in  1852,  and  170,000 
in  1877,  but  in  1879  it  was  found  that,  inclusive  of  the 
new  territory,  the  number  could  not  exceed  150,000; 
since  then  about  15,000  have  been  added  with  Dulcig- 
no.  The  official  returns  for  1896  (not  based  on  a  cen¬ 
sus,  however)  give  227,841  as  the  total,  of  whom  some 
23,000  live  in  the  so-called  towns. 

Fauna. — Bears  are  still  found  in  the  higher  forests,  and 
wolves,  and  especially  foxes,  over  a  much  wider  area.  A  few 
chamois  roam  on  the  loftiest  summits,  the  roebuck  is  not 
infrequent  in  the  backwoods,  the  wild  boar  may  be  met 
with  in  the  same  district,  and  the  hare  is  abundant  wher¬ 
ever  the  ground  is  covered  with  herbage.  There  are  one  or 
two  species  of  snakes  in  the  country,  including  the  poison¬ 
ous  Illyrian  viper.  Esculent  frogs,  tree  frogs,  the  common 
tortoise,  and  various  kinds  of  lizards  are  all  common.  The 
list  of  birds  observed  by  Baron  Kaulbars  includes  golden 
eagles  and  vultures,  12  species  of  falcons,  several  species  of 
owls,  nightingales,  larks,  buntings,  hoopoes,  partridges, 
herons,  pelicans,  ducks  (10  species),  goatsuckers,  etc.  The 
abundance  of  fish  in  Lake  Scutari  and  the  lower  course  of 
the  Eyeka  is  extraordinary,  the  shoals  of  bleak  (scorantza, 
Leuciscus  alburnus)  that  come  up  the  river  forming  almost 
solid  masses.  Both  trout  and  salmon  are  caught  in  the 
Moratcha. 

Flora. — The  flora  of  Montenegro  is  comparatively  scanty. 
In  the  forest  districts  the  beech  is  the  prevailing  tree  up  to 
a  height  of  5000  or  5500  feet,  and  then  its  place  is  taken  by 
the  pine.  The  chestnut  forms  little  groves  in  the  country 
between  the  sea  and  Lake  Scutari,  but  never  ascends  more 
than  1000  feet,  and  the  olive  also  is  mainly  confined  to  the 
neighborhood  of  the  Adriatic.  Pomegranate  bushes  grow 
wild,  and  in  many  parts  of  the  south  cover  the  foot  of  the  hills 
with  dense  thickets,  the  rich  blossoms  of  which  are  one  of 
the  special  charms  of  the  spring  landscape.  Wheat,  rye, 
barley,  maize,  capsicums,  and  a  little  tobacc®  are  grown  in 
the  north,  and  in  the  south,  vines,  figs,  peaches,  apples, 
cherries,  citrons,  oranges,  etc.  The  potato,  introduced  in 
1786,  is  cultivated  considerably  beyond  the  local  demand ; 
the  planting  of  mulberry  trees  and  the  rearing  of  silk¬ 
worms  is  of  growing  economical  importance. 

Towns. — Cettinye  (q.v.),  with  about  2000  inhabitants,  is 
the  capital  of  the  country.  Podgoritza  (about  6000  or  7000 
in  1879,  since  reduced  to  4000)  is  the  principal  trading 
town ;  it  lies  at  the  foot  of  the  mountains  (as  its  name  im¬ 
ports),  at  the  junction  of  the  Euibnitza  with  the  Moratcha, 
and  in  Turkish  hands  was  one  of  the  strongest  of  their  for¬ 
tresses  towards  Montenegro.  Dulcigno  (see  vol.  vii.  p.  449) 
has  3000  inhabitants  (before  the  transfer  5000  to  7000).  Nik- 
sitch,  a  fortified  place  on  a  slight  eminence  in  the  midst  of 
a  plain,  is  about  the  same  size.  Antivari  (see  vol.  ii.  p.  122), 
so  called  from  its  position  opposite  Bari  in  Italy,  suffered 
greatly  in  the  war  1877-78,  and  lost  half  of  its  5000  inhabi¬ 
tants.  Danilovgrad,  with  2000,  lies  on  the  north  side  of  the 
Zeta  valley  ;  in  the  vicinity  is  Orialuka,  the  prince’s  palace 
with  its  mulberry  nurseries,  and  the  monasteries  of  Zhdre- 
banik  (burnt  by  the  Turks  in  1877,  but  since  rebuilt),  while 
Tcheliya,  Moratcha  (the  most  ancient  in  the  principality), 
and  Ostrog  (visited  annually  by  about  10,000  pilgrims)  are 
not  far  off.  Spuzh  (Spouge),  a  little  lower  on  the  same  side 
of  the  stream,  is  a  fortified  post  with  about  1000  inhabi¬ 
tants.  Nyegush  or  Nyegosh  (1200),  about  three  hoursdistant 
from  Cettinye  on  the  road  to  Cattaro,  is  the  native  seat  of 
the  reigning  family,  which  originally  came  thither  from 
Nyegush  in  Herzegovina.  Zhabliak  (1200)  was  once  the 
“  capital,”  and  has  been  a  fortified  post  since  the  time  of  the 
Venetian  power.  Eyeka  (1500),  on  the  river  of  that  nanm 

J  See  Bogiiid  in  Das  Ausland,  1874. 


is  next  to  Podgoritza  in  commercial  importance ;  the  prince 
has  two  residences  in  the  town.  Grahovo  (2000)  is  famous 
for  the  great  battles  of  1851  and  1876. 

Montenegro  is  an  absolute  hereditary  monarchy,  vested 
according  to  the  principle  of  primogeniture  in  the  family 
of  Petrovitch  Nyegush.  The  prince  bears  the  title  “  Prince 
of  Montenegro  and  the  Berda  (mountains)  ” — Montenegro 
here  meaning  the  old  Montenegrin  nahias  (provinces)  of 
Katunska,  Tzrmitza,  Eyetchka,  and  Lyeshanska,  and  Berda 
the  territory  added  in  the  18th  century,  or  the  provinces 
Byelopavlitchska,  Piperska,  Moratchska,  Vasoyevitchska, 
and  Kutska.  A  responsible  ministry  was  introduced  in 
1877,  and  there  are  now  separate  departments  of  justice, 
foreign  affairs,  war,  and  finance  and  education.  The  high¬ 
est  administrative  body  is  the  council  of  state,  instituted  in 
1879,  and  consisting  of  eight  members  appointed  by  the 
prince.  Justice  in  ordinary  cases  is  rendered  in  primitive 
fashion.  Formal  codes  were  drawn  up  by  Peter  I.  (1798) 
and  by  Danilo  (1855),  but  the  real  statute  book  is  national 
custom.  A  great  court,  consisting  of  the  minister  of  justice, 
and  five  members  named  by  the  prince,  is  held  in  the  capi¬ 
tal,  and  there  are  inferior  courts  in  each  of  the  captaincies 
(86  in  1879).  While  formerly  the  very  president  of  the 
senate,  Mirko  Petrovitch  (oh.  1865),  whose  songs  are  the  de¬ 
light  of  his  countrymen,  could  neither  read  nor  write,  pri¬ 
mary  education  has  been  widely  diffused  during  the  reign 
of  Prince  Nicholas  (Nikita).  In  1851  there  was  only  one 
school,  but  before  the  recent  war  they  had  increased  to  58, 
nearly  every  clan  having  one  for  girls  as  well  as  for  boys. 
The  female  Montenegrin  Institute  (founded  and  supported 
by  the  empress  of  Eussia)  attracts  pupils  from  beyond  the 
frontier.  It  was  from  the  printing-presses  of  Cettinye  and 
Eyeka  that  the  first  books  in  the  Slavonic  languages  were 
issued  between  1483  and  1493  under  the  patronage  especially 
of  Ivan  Beg  and  George  (IV.)  Crnoyevitch,  “  waywodes  of 
the  Zeta,”  but  this  promise  of  literary  productiveness  was 
soon  cut  off  by  wars  with  the  Turks.  Peter  Petrovitch 
Nyegush  (1813-1851),  who  was  called  to  rule  in  1830,  is  rec¬ 
ognized  as  perhaps  the  greatest  of  all  Servian  poets, — his 
Gorski  Viyenac,  or  “Mountain  Wreath,”  giving  dramatic  ex¬ 
pression  to  the  “  very  soul  of  the  Serbian  people.”  Though 
the  press  which  he  established  in  1834  was  destroyed  in  the 
war  of  1852-53,  another  was  soon  obtained,  and  under 
Prince  Nicholas,  himself  a  poet,  his  memory  has  proved  a 
potent  stimulus  to  intellectual  culture.  The  first  Monte¬ 
negrin  newspaper,  Ornogorac,  now  Glas  Ornogorca,  began  to 
appear  in  1870 ;  the  first  hook-shop  was  opened  in  1879.3 

The  Montenegrins,  however,  have  had  more  to  do  with 
the  sword  than  with  the  pen.  “  Every  man,  dressed  in  the 
picturesque  costume  of  his  tribe,  carries  his  pistol  and 
yataghan  in  his  girdle.”  Nominally  the  age  of  military 
service  is  between  sixteen  and  sixty-five,  but  when  war 
breaks  out  schoolboy  and  superannuated  veteran  are  equally 
eager  for  the  fray.  When  Prince  Nicholas  tried  to  prevent 
an  old  man  of  eighty  from  joining  his  forces,  the  insulted 
warrior  drew  his  pistol  and  shot  himself.  War  with  the 
Turks,  indeed,  is  the  essence  of  Montenegrin  history.  On 
the  death  of  the  Servian  king  Stephen  Dushan,  Prince 
Balsha  became  independent  lord  of  the  province  of  the 
Zeta ;  and  when  the  Servian  power  was  shattered  by  the 
Turks  in  the  battle  of  Kossovo  (1389)  his  territory  formed 
the  asylum  of  all  those  who  determined  to  make  another# 
stand  for  freedom.  In  1485  Ivan  Crnoyevitch,  finding 
Zhabliak  untenable,  fixed  his  “capital”  at  Cettinye.  In 
1516  his  son  George,  who  had  succeeded  him,  left  his  country 
to  its  fate ;  but  the  people  chose  their  bishop  as  their  chief) 
Prince-bishops  or  vladykas,  elected  by  the  people,  con¬ 
tinued  to  lead  them  with  success  against  the  common  foe 
of  Christendom  till  1697,  when  the  authority  was  handed 
over  to  Petrovitch  Nyegush,  with  the  right  of  appointing 
his  successor,  subject  to  national  approval.  At  length,  in 
1851,  Danilo,  nephew  and  nominee  of  the  previous  vladyka 
Peter  II.,  prevailed  on  the  “  skuptchina  ”  to  declare  Monte¬ 
negro  a  secular  state  with  the  hereditary  government  of  a 
prince.  His  nephew  Nicholas  succeeded  to  the  throne  in 
1860,  and  at  the  close  of  the  war  1876-78  Montenegro  was 
declared  a  sovereign  principality.  For  an  account  of  the 
defeats  and  victories  (the  latter  by  far  the  more  numerous) 
which  have  marked  the  national  struggle  for  existence 
during  its  four  centuries,  the  reader  is  referred  to  Denton’s 
Montenegro  (Lond.,  1877). 

See  Observations  on  Montenegro  (St.  Pet.,  1881),  by  Baron  Kaul¬ 
bars,  Russian  Member  of  the  International  Commission ;  Wilkin¬ 
son's  Dalmatia  and  Montenegro  (1848) ;  Wingfield,  Tour  in  Dalmatia, 
etc.  (1859) ;  Viscountess  Strangford,  The  Eastern  Shores  of  the  Adri¬ 
atic  (1864) ;  A.  J.  Evans,  Illyrian  Letters  (1878) ;  W.  E.  Gladstone 
in  the  Nineteenth  Century,  i.;  Freeman  in  Macmillan's  Mag.,  1876; 
Schwarz,  Montenegro  (1882).  See  also  the  bibliographies  in  Bull, 
de  la  Soc.  de  Giogr.  (Paris,  1865)  and  Valentinelli,  Bib.  della  Dalr 
mazia  (Agram,  1855).  (h.  a.  w.) 

1  Cf.  Pypin  and  Spasovitch,  Hist,  of  Slav.  Literatures,  vol.  i. 
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MONTEREY— MONTESQUIEU. 


MONTEREY,  a  city  of  the  United  States,  the  capi¬ 
tal  of  California  up  to  1847,  is  situated  on  Monterey 
Bay,  125  miles  south  from  Sau  Francisco  by  the  south¬ 
ern  division  of  the  Southern  Pacific  Railroad.  Origi¬ 
nally  founded  in  1770  as  a  mission  station  and  presidio 
(garrison)  by  Junipero  Sen-a,  it  is  still  in  the  main  a 
Spanish-looking  town,  with  Spanish  talked  in  its 
streets  and  painted  on  its  signboards.  At  the  meeting 
of  the  first  constitutional  convention  of  California 
Monterey  was  a  port  of  entry  with  a  flourishing  trade 
and  a  promising  future  ;  but  it  soon  suffered  from  the 
rivalry  of  San  Francisco,  and  it  is  now  a  sleepy  place, 
straggling  and  dirty,  with  many  of  its  adobe  buildings* 
abandoned  to  decay.  The  flourishing  Monterey  whal¬ 
ing  company  (chiefly  Portuguese  from  the  Azores)  has 
its  station  .  under  the  old  fort ;  and,  the  Southern 
Pacific  Railroad  Company  having  erected  (1881)  a 
magnificent  hotel,  the  place  bids  fair  to  become  one 
of  the  leading  watering-places  on  the  Californian  coast. 
The  mission  church  of  San  Carlos,  about  four  miles 
from  the  town,  is  a  curious  and  striking  ruin.  Popu¬ 
lation  is  now  (1883)  about  1400. 

See  Franc.  Palou,  Vida  del  ven.  padre  fray  J.  Serra,  Mexico, 
1787 ;  Lady  Duffus  Gordon,  Through  Cities  and  Prairie-lands, 
1882 ;  and  Harper's  Monthly  Magazine,  October,  1882. 

MONTEREY,  a  city  of  Mexico,  capital  of  the  state 
of  Nuevo  Leon,  lies  1600  feet  above  the  sea  on  a  sub¬ 
tributary  of  the  Rio  Grande  del  Norte,  150  miles  south- 
southwest  of  Nuevo  Laredo,  and  190  west-southwest 
of  Matamoros.  A  handsome  and  well-planned  city, 
with  a  cathedral  and  a  number  of  good  public  build¬ 
ings,  Monterey  is  also  in  commercial  and  manufactur¬ 
ing  activity  the  most  important  place  in  the  northern 
parts  of  the  republic,  and  one  of  the  principal  stations 
on  the  railway  opened  in  1882  between  the  city  of 
Mexico  and  the  United  States  frontier  (at  Matamoras 
and  Nuevo  Laredo).  The  population  was  62,266 
in  1900.)  The  city  was  founded  in  1596,  became  a 
bishopric  in  1777,  and  was  captured  by  the  United 
States  forces  under  General  Taylor  in  September, 
1846. 

MONTE  SAN  GIULIANO,  a  city  of  Sicily,  in  the 
province  of  Trapani  and  12  miles  northeast  of  the 
town  of  Trapani,  occupies  the  summit  of  the  moun¬ 
tain  from  which  it  takes  its  name.  Rising  in  the 
midst  of  an  undulating  plain,  this  magnificent  and 
conspicuous  peak  (the  Eryx  of  the  ancients)  has, 
whether  seen  from  sea  or  land,  such  an  appearance 
of  altitude  that,  while  it  really  does  not  exceed  2464 
feet,  it  has  for  ages  been  popularly  considered  the 
culminating  point  of  Western  Sicily,  and  second  only 
to  Mount  Etna.  By  the  Phoenicians  it  was  early 
chosen  as  the  site  of  a  temple,  which  continued  down 
to  the  time  of  the  Roman  empire  to  be  one  of  the 
most  celebrated  of  all  the  shrines  of  Venus  (Venus 
Erycina).  The  ancient  city  of  Eryx,  situated  lower 
down  the  mountain  side,  disappears  from  history  after 
the  establishment  of  the  Roman  power  in  Sicily, — 
the  inhabitants  having  probably  taken  advantage  of 
the  protection  afforded  by  the  sanctity,  fortifications, 
and  garrison  of  the  temple  inclosure.  In  the  modern 
town,  the  population  of  which  has  recently  decreased 
to  (1901)  5.642  by  the  migration  of  considerable  num¬ 
bers  to  the  plain,  the  chief  points  of  interest  are  t  he 
cathedral,  internally  restored  in  1865,  the  castle  which 
occupies  the  site  of  the  temple,  and  the  three  so-called 
tom  del  Balio,  which  probably  represent  the  propylsea. 
Remains  of  Phoenician  masonry  are  jrtill  seen  on  the 
north  side  of  the  town.  The  great  rock-hewn  cis¬ 
tern  in  the  garden  of  the  castle  is  very  like  one  of 
the  cisterns  of  the  Haram  at  Jerusalem. 

The  antiquities  of  Monte  San  Giuliano  have  been  care¬ 
fully  investigated  by  Giuseppe  Polizzi  {I Monumenti  d’ Anti- 
chitcl  della  Provincia  di  Trapani),  and  by  Professor  Salinas 
(Archivio  Storico  Siciliano,  i.,  etc.).  Compare  Renan,  Melanges 
d’Histoire  et  de  Voyages ;  and  Sayce  in  Academy,  30th  Decem¬ 
ber,  1882. 

MONTE  SANT’  ANGELO,  a  city  of  Italy  in  the 


So vince  of  Foggia  (Capitanata),  10  miles  north  of 
anfredonia,  stands  on  an  offshoot  of  Monte  Gar- 
gano  2824  feet  high.  In  491  the  archangel  Michael 
pointed  out  the  place  to  St.  Laurentius,  archbishop 
of  Sipontum  (Manfredonia),  and  the  chapel,  which 
was  built  over  the  cave,  to  which  he  drew  more 
particular  attention,  soon  became  a  famous  place  of 
pilgrimage.  Though  plundered  by  the  Lombards  in 
657,  and  by  'the  Saracens  in  869,  St.  Michael’s  was 
already  a  wealthy  sanctuary  in  the  11th  centuiy,  and 
its  prosperity  continued  till  the  time  of  the  French 
occupation.  The  canons  ( Canonici  Garganid,  as  they 
are  usually  called)  maintained  a  prolonged  contest  with 
the  Sipontirie  archbishops  for  episcopal  independence. 
According  to  Ughelli  ( Italia  Sacra,  vol.  vii.  p.  816), 
a  marble  statue  of  the  saint  by  Michel  Angelo  Buonar¬ 
roti  took  the  place  of  a  silver  image.  The  bronze  doors 
still  preserved  are  fine  pieces  of  Byzantine  work,  made, 
as  an  inscription  bears  witness,  in  Constantinople  in 
1076.  The  town  of  Sant’  Angelo,  which  had  only 
about  3000  inhabitants  in  the  17th  century,  numbered 
14,759  in  1861,  and  17,198  in  1901.  Besides  the  fes¬ 
tival  of  the  saint  celebrated  on  the  9th  of  May,  there 
is  a  great  fair  on  the  29th  of  September. 

MONTESQUIEU,  Charles  Louis  de  Secondat, 
Baron  de  laBr£de  et  de  (1689-1755),  philosophical 
historian,  was  born  at  the  chateau  of  La  Br&de,  about 
10  miles  to  the  southeast  of  Bordeaux,  in  January, 
1689  (the  exact  date  being  unknown),  and  was  bap¬ 
tized  on  the  18th  of  that  month.  His  mother  was 
Marie  Frangoise  de  Penel,  the  heiress  of  a  Gascon- 
English  family.  She  had  brought  La  Br&de  as  a 
dowry  to  his  father,  Jacques  de  Secondat,  a  member 
of  a  good  if  not  extremely  ancient  house,  which  seems 
first  to  have  risen  to  importance  in  the  early  days  of 
the  16th  century.  The  title  of  Montesquieu  came 
from  his  uncle,  Jean  Baptiste  de  Secondat,  “  president 
h  mortier  ”  in  the  parliament  of  Bordeaux, — an  im¬ 
portant  office,  whichj  as  well  as  his  title,  he  left  to  his 
nephew.  Montesquieu  was  in  his  youth  known  as  M. 
de  la  Br&de.  His  mother  died  when  he  was  seven 
years  old,  and  when  he  was  eleven  he  was  sent  to  the 
Oratorian  school  of  Juilly,  near  Meaux,  where  he 
stayed  exactly  five  years,  and  where,  as  well  as  after¬ 
wards  at  Bordeaux,  he  was  thoroughly  educated.  The 
family  had  long  been  connected  with  the  law,  and 
Montesquieu  was  destined  for  that  profession.  He  was 
made  to  work  hard  at  it  notwithstanding  his  pros¬ 
pects  (for  his  uncle’s  office  was  his  by  reversion) ;  but, 
as  in  his  later  life,  he  seems  to  have  tempered  much 
study  with  not  a  little  society.  His  father  died  in 
1713,  and  a  year  later  Montesquieu,  or,  as  he  should 
at  this  time  strictly  be  called,  La  Br&de,  was  admitted 
counsellor  of  the  parliament.  In  little  more  than 
another  twelvemonth  he  married  Jeanne  Lartigue,  an 
heiress  and  the  daughter  of  a  knight  of  the  order 
of  St.  Louis,  but  plain,  somewhat  ill-educated,  and 
a  Protestant.  Montesquieu  does  not  seem  to  have 
made  the  slightest  pretence  of.  affection  or  fidelity 
towards  his  wife — things  which,  indeed,  the  times  did 
not  demand  ;  but  there  is  every  reason  to  believe  that 
they  lived  on  perfectly  good  terms.  Like  the  three 
previous  years,  1716  was  an  eventful  one  to  him ;  for 
his  uncle  died,  leaving  him  his  name,  his  important 
judicial  office,  and  his  whole  fortune.  He  thus  became 
one  of  the  richest  and  most  influential  men  in  the  dis¬ 
trict.  He  continued  to  hold  his  presidency  for  twelve 
years,  in  the  course  of  which  he  had  much  judicial 
work  to  perform,  as  well  as  the  nondescript  adminis¬ 
trative  functions  which  under  the  old  regime  fell  to  the 
provincial  parliaments.  He  was  none  the  less  addicted 
to  society,  and  he  took  no  small  part  in  the  proceed¬ 
ings  of  the  Bordeaux  Academy,  to  which  he  contrib¬ 
uted  papers  on  philosophy,  politics,  and  natural 
science.  He  also  wrote  much  less  serious  things,  and 
it  was  during  the  earlier  years  of  his  presidency  that 
he  finished,  if  he  did  not  begin,  the  Lettres  Persanes. 
They  were  completed  before  1721,  and  appeared  in 
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that  year  anonymously,  with  Cologne  on  the  title-page, 
but  they  were  really  printed  and  published  at  Am¬ 
sterdam.  This  celebrated  book  (tne  original  notion 
of  which  is  generally  set  down  to  a  work  of  Dufresny, 
the  comic  author,  but  which  is  practically  original) 
would  have  been  surprising  enough  as  coming  from  a 
magistrate  of  the  highest  dignity  in  any  other  time 
than  in  the  regency  of  the  duke  of  Orleans,  and 
even  as  it  was  it  rather  scandalized  the  graver  among 
Montesquieu’s  contemporaries.  In  the  guise  of 
letters  written  by  and  to  two  Persians  of  distinction 
travelling  in  Europe,  Montesquieu  not  only  satirized 
unmercifully  the  social,  political,  ecclesiastical,  and 
literary  follies  of  his  day  in  France,  but  indulged  in  a 
great  deal  of  the  free  writing  (so  free  as  very  nearly 
to  deserve  the  term  licentious)  which  was  character¬ 
istic  of  the  tale-tellers  of  the  time.  But  what  scan¬ 
dalized  grave  and  precise  readers  naturally  attracted 
the  majority,  and  tne  Lettres  Persanes  were  very  pop¬ 
ular,  passing,  it  is  said,  through  four  editions  within 
the  year,  besides  piracies.  Then  the  vogue  suddenly 
ceased,  or  at  least  editions  ceased  for  nearly  nine  years 
to  appear.  It  is  said  that  a  formal  ministerial  prohi¬ 
bition  was  the  cause  of  this,  and  it  is  not  improbable  • 
for,  though  the  regent  and  Dubois  must  have  enjoyed 
the  book  thoroughly,  they  were  both  shrewd  enough 
to  perceive  that  underneath  its  playful  exterior  there 
lay  a  spirit  of  very  inconvenient  criticism  of  abuses  in 
church  and  state.  The  fact  is  that  the  Lettres  Per¬ 
sanes  is  the  first  book  of  what  is  called  the  Philosophe 
movement.  The  criticism  is  scarcely  yet  aggressive, 
much  less  destructive,  and  in  Montesquieu’s  hands  it 
never  became  so ;  but  what  it  might  become  in  the 
hands  of  others  was  obvious  enough.  It  is  this  pre- 
cursorship  in  his  own  special  line  which  in  all  prob¬ 
ability  made  Yoltaire  so  jealous  of  Montesquieu,  as 
well  as  the  advantage  which  a  wealthy  and  well-born 
noble  of  high  official  position  had  over  himself.  It  is 
amusing  to  find  Yoltaire  describing  the  Lettres  as  a 
“trumpery  book,”  a  “book  which  anybody  might 
have  written  easily.”  It  is  not  certain  that,  in  its 
peculiar  mixture  of  light  badinage  with  not  merely 
serious  purpose  but  gentlemanlike  moderation,  Vol¬ 
taire  could  have  written  it  himself,  and  it  is  certain 
that  no  one  else  at  that  time  could.  The  reputation 
acquired  by  this  book  brought  Montesquieu  much  into 
the  literary  society  of  the  capital,  ana  he  composed 
for,  or  at  any  rate  contributed  to,  one  of  the  coteries 
of  the  day  the  clever  but  rather  rhetorical  Dialogue 
de  Sytta  et  d’  Eucr  ate,  in  which  the  dictator  gives  an 
apology  for  his  conduct.  For  Mademoiselle  de  Cler¬ 
mont,  a  lady  of  royal  blood,  a  great  beauty  and  a 
favorite  queen  of  society,  he  wrote  the  curious  prose 
poem  of  the  Temple  de  Guide.  This  is  half  a  narra¬ 
tive,  half  an  allegory,  in  the  semi-classical  or  rather 
pseudo-classical  taste  of  the  time,  decidedly  frivolous 
and  dubiously  moral,  but  of  no  small  elegance  in  its 
peculiar  style.  A  later  jew  d'  esprit  of  the  same  kind, 
which  is  almost  but  not  quite  certainly  Montesquieu’s, 
is  the  Voyage  d  Paphos ,  in  which  his  warmest  ad¬ 
mirers  have  found  little  to  praise.  In  1725  Montes¬ 
quieu  was  elected  a  member  of  the  Academy,  but  an 
almost  obsolete  rule  requiring  residence  in  Paris  was 
appealed  to,  and  the  election  was  annulled.  It  is 
doubtful  whether  a  hankering  after  Parisian  society, 
or  an  ambition  to  belong  to  the  Academy,  or  a  desire 
to  devote  himself  to  literary  pursuits  of  greater  im¬ 
portance,  or  simple  weariness  of  not  wholly  congenial 
work  determined  him  to  give  up  his  Bordeaux  office ; 
it  is  certain  that  he  continued  to  hold  it  but  a  short 
time  after  this.  It  is  tolerably  clear  Ithat  he  had  al¬ 
ready  begun  his  great  work,  and  the  character  of  some 

Sapers  which,  about  this  time,  he  read  at  the  Bor- 
eaux  Academy  is  graver  and  less  purely  curious  than 
his  earlier  contributions.  In  1726  he  sold  the  life 
tenure  of  his  office,  reserving  the  reversion  for  his 
son,  and  went  to  live  in  the  capital,  returning,  how¬ 
ever,  for  half  of  each  year  to  La  Btode.  There  was 


now  no  further  formal  obstacle  to  his  reception  in  the 
Academie  Fran§aise,  but  a  new  one  arose.  Ill-wishers 
had  brought  the  Lettres  Persanes  specially  under  the 
minister  Fleury’s  attention,  and  Fleury,  a  precisian  in 
many  ways,  was  shocked  by  them.  There  are  various 
accounts  of  the  way  in  which  the  difficulty  was  got 
over,  but  all  seem  to  agree  that  Montesquieu  made 
concessions  which  were  more  effectual  than  dignified. 
He  was  elected  and  received  in  January,  1728.  Al¬ 
most  immediately  afterwards  he  started  on  a  tour 
through  Europe  to  observe  men,  things,  and  constitu¬ 
tions.  He  travelled  through  Austria  to  Hungary,  but 
was  unable  to  visit  Turkey  as  he  had  proposed.  Then 
he  made  for  Italy,  where  he  met  Chesterfield.  They 
sojourned  together  at  Venice  for  some  time,  and  a 
curious  story  is  told  of  the  way  in  which  either  a  piece 
of  mischief  on  Chesterfield’s  part,  or  Montesquieu’s 
own  nervousness  and  somewhat  inordinate  belief  in 
his  own  importance,  made  the  latter  sacrifice  his  Vene¬ 
tian  notes.  At  Venice,  and  elsewhere  in  Italy,  he 
remained  nearly  a  year,  and  then  journeyed  by  way 
of  Piedmont  and  the  Rhine  to  England.  Here  he 
stayed  for  some  eighteen  months,  and  acquired  an  ad¬ 
miration  for  English  character  and  polity  which  never 
afterwards  deserted  him.  He  returned,  not  to  Paris, 
but  to  La  Btode,  and  to  outward  appearance  might 
have  seemed  to  be  settling  down  as  a  squire.  He  al¬ 
tered  his  park  in  the  English  fashion,  made  sedulous 
inquiries  into  his  own  genealogy,  arranged  an  entail, 
asserted,  though  not  harshly,  his  seignorial  rights, 
kept  poachers  in  awe,  and  so  forth.  Nor  did  he 
neglect  his  fortune,  but,  on  the  contrary,  improved  his 
estates  in  every  way,  though  he  met  with  much  oppo¬ 
sition,  partly  from  the  dislike  of  his  tenants  to  new¬ 
fangled  ways,  and  partly  from  the  insane  economic 
regulations  of  the  time,  which  actually  prohibited  the 
planting  of  fresh  vineyards. 

Although,  however,  Montesquieu  was  enough  of  a 
grand  seigneur  to  be  laughed  at,  and  enough  of  a 
careful  steward  of  his  goods  to  be  reviled  for  avarice, 
by  those  of  his  contemporaries  who  did  not  like  him, 
these  matters  by  no  means  engrossed  or  even  chiefly 
occupied  his  thoughts.  In  his  great  study  at  La 
Btode  (a  hall  rather  than  a  study,  some  60  feet  long 
by  40  wide)  he  was  constantly  dictating,  making  ab¬ 
stracts,  revising  essays,  and  in  other  ways  preparing 
his  great  book.  Like  some  other  men  of.  letters, 
though  perhaps  no  other  has  had  the  experience  in 
quite  the  same  degree,  he  found  himself  a  little  ham¬ 
pered  by  his  earlier  work.  He  may  have  thought  it 
wise  to  soften  the  transition  from  the  Lettres  Persanes 
to  the  Esprit  des  Lois,  by  interposing  a  publication 

Ever  than  the  former  and  less  elaborate  than  the 
er.  He  had  always,  as  indeed  was  the  case  with 
most  Frenchmen  of  his  century,  been  interested  in 
ancient  Rome  and  her  history ;  and  he  had  composed 
not  a  few  minor  tractates  on  the  subject,  of  which 
many  titles  and  some  examples  remain,  besides  the 
already-mentioned  dialogue  on  Sylla.  All  these  now 
took  form  in  the  Considerations  sur  les  Causes  de  la 
Grandeur  et  la  Dicadence  des  Romains,  which  ap¬ 
peared  in  1734  at  Amsterdam,  without  the  author’s 
name.  This,  however,  was  perfectly  well  known ;  in¬ 
deed,  Montesquieu  formally  presented  a  copy  to  the 
French  Academy.  Anonymity  of  title-pages  was  a 
fashion  of  the  day  which  meant  nothing.  The  book 
was  not  extraordinarily  popular  in  France  at  the  time. 
The  author’s  reputation  as  a  jester  stuck  to  him,  and 
the  salons  affected  to  consider  the  Lettres  Persanes 
and  the  new  book  respectively  as  the  “grandeur”  and 
the  “decadence  de  M.  de  Montesquieu;”  but  more 
serious  readers  at  once  perceived  its  extraordinary 
merit,  and  it  was  eagerly  read  abroad.  A  copy  of  it 
exists  or  existed  which  had  the  singular  fortune  to  be 
annotated  by  Frederick  the  Great,  and  to  be  abstracted 
from  the  Potsdam  library  by  Napoleon.  It  is  said, 
moreover,  by  competent  authorities  to  have  been  the 
most  enduringly  popular  and  the  most  widely  read  of 
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all  its  author’s  works  in  his  own  country,  and  it  has 
certainly  been  the  most  frequently  and  carefully  edited. 
Its  merits  are  indeed  undeniable.  Merely  scholastic 
criticism  may  of  course  object  to  it,  as  to  every  other 
book  of  the  time,  the  absence  of  the  exactness  of 
modern  critical  inquiry  into  the  facts  of  history  ;  but 
this  is  only  a  new  example  of  a  frequent  ignoratio 
elenchi.  The  virtue  of  Montesquieu’s  Dook  is  not  in 
its  facts  but  in  its  views.  It  is  (putting  Bossuet  and 
Vico  aside)  almost  the  first  important  essay  in  the 
hilosophy  of  history.  The  point  of  view  is  entirely 
ifferent  from  that  of  Bossuet,  and  it  seems  entirely 
improbable  that  Montesquieu  knew  anything  of  Vico. 
In  the  Grandeur  et  Decadence  the  characteristics  of 
the  Esprit  des  Lois  appear  with  the  necessary  subor¬ 
dination  to  a  narrower  subject.  Two  things  are  espe¬ 
cially  noticeable  in  it:  a  peculiarity  of  style,  and  a 
peculiarity  of  thought.  The  style  has  a  superficial 
defect  which  must  strike  every  one,  and  which  was  not 
overlooked  by  those  who  were  jealous  of  Montesquieu 
at  the  time.  The  page  is  broken  up  into  short  para¬ 
graphs  of  but  a  few  lines  each,  which  look  very  ugly, 
which  irritate  the  reader  by  breaking  the  sense,  and 
which  prepare  him  to  expect  an  undue  and  ostenta¬ 
tious  sententiousness.  The  blemish,  however,  is  chiefly 
mechanical,  and,  though  no  editor  has  hitherto  had 
the  perhaps  improper  audacity  so  to  do,  it  would  be 
perfectly  possible  to  obliterate  it  without  changing  a 
word.  On  the  other  hand,  the  merits  of  the  expres¬ 
sion  are  very  great.  It  is  grave  and  destitute  of  orna¬ 
ment,  but  extraordinarily  luminous  and  full  of  what 
would  be  called  epigram,  if  the  word  epigram  had  not 
a  certain  connotation  of  flippancy  about  it.  It  is  a 
very  short  book ;  for,  printed  in  large  type  with  toler¬ 
ably  abundant  notes,  it  fills  but  two  hundred  pages 
in  the  last  edition  of  Montesquieu’s  works.  But  no 
work  of  the  century,  except  Turgot’s  second  Sorbonne 
Discourse ,  contains,  in  proportion  to  its  size,  more 
weighty  and  original  thought  on  historical  subjects, 
while  Montesquieu  has  over  Turgot  the  immense  ad¬ 
vantage  of  style. 

Although,  however,  this  ballon  d’essai,  in  the  style 
of  his  great  work,  may  be  said  to  have  been  successful, 
and  though  much  of  that  work  was,  as  we  have  seen, 
in  all  probability  already  composed,  Montesquieu  was 
in  no  hurry  to  publish  it.  He  went  on  “cultivating 
the  garden  ’  ’  diligently  both  as  a  student  and  as  an  im- 
roving  landowner.  He  had  lawsuits,  sometimes  on 
is  own  account  sometimes  on  that  of  others,  and  in  one 
case  he  won  from  the  city  of  Bordeaux  no  less  than 
eleven  hundred  arpents  of,  it  is  true,  the  unproductive 
landes  of  the  country.  He  is  said  to  have  begun  a  his¬ 
tory  of  Louis  XI.,  and  there  is  a  story  that  it  was  com¬ 
pleted  but  burnt  by  mistake.  He  wrote  the  sketch  of 
Lysimaque  for  Stanislaus  Leczinski ;  he  published  new 
and  final  editions  of  the  Temple  de  Guide,  of  the  Lettres 
Persanes ,  of  Sylla  et  Eucrate  (which  indeed  had  never 
been  published,  properly  speaking).  After  allowing 
the  Grandeur  et  Decadence  to  be  reprinted  without 
alterations  some  half  dozen  times,  he  revised  and  cor¬ 
rected  it.  He  also  took  great  pains  with  the  education 
of  his  son  Charles  and  his  daughter  Denise,  of  whom 
he  was  extremely  fond.  He  frequently  visited  Paris, 
where  his  favorite  resorts  were  the  salons  of  Madame 
de  Tencin  and  Madame  d’ Aiguillon.  But  all  the  time 
he  must  have  been  steadily  working  at  his  book,  in¬ 
deed,  a  contemporary  accuses  him  of  having  only  gone 
into  society  to  pick  up  materials  for  it.  But  it  seems 
that  he  did  not  begin  the  final  task  of  composition  till 
1743.  Two  years  of  uninterrupted  work  at  La  Brbde 
finished  the  greater  part  of  it,  and  two  more  the  rest. 
It  was  finally  published  at  Geneva  in  the  autumn  of 
1748,  in  two  volumes  quarto.  The  publication  was, 
however,  preceded  by  one  of  those  odd  incidents  which 
in  literature  illustrate  Clive’s  well-known  saying  about 
courts-martial  in  war.  Montesquieu  summoned  a  com¬ 
mittee  of  friends,  according  to  a  very  common  prac¬ 
tice,  to  hear  and  give  an  opinion  on  his  work.  It  was 


an  imposing  and  certainly  not  an  unfriendly  one,  Con¬ 
sisting  of  Hinault,  HelvCtius,  the  financier  Silhouette, 
the  dramatist  Saurin,  Crebillon  the  younger,  and 
lastly,  Fontenelle, — in  fact,  all  sorts  and  conditions  of 
literary  men.  The  members  of  this  eminently  com¬ 
petent  tribunal  unanimously,  though  for  different  rea¬ 
sons  and  in  different  forms  of  expression,  advised  the 
author  not  to  publish  a  book  which  has  been  recently 
described  by  a  judge  of  certainly  not  less  competence 
as  “one  of  the  most  important  books  ever  written,” 
and  which,  when  importance  of  matter  and  excellence 
of  manner  are  jointly  considered,  may  be  almost  cer¬ 
tainly  ranked  as  the  greatest  book  of  the  French  18th 
century. 

Montesquieu,  of  course,  did  not  take  his  friends’ 
advice.  In  such  cases  no  man  ever  does,  and  in  this 
case  it  was  certainly  fortunate.  The  Esprit  des  Lois 
represents  the  reflections  of  a  singularly  clear,  original, 
and  comprehensive  mind,  corrected  by  forty  years’ 
study  of  men  and  books,  arranged  in  accordance  with 
a  long  deliberated  plan,  and  couched  in  language  of 
remarkable  freshness  and  idiosyncrasy.  The  title  has 
been  somewhat  cavilled  at,  and,  like  that  of  the  Con¬ 
siderations,  it  gave  a  handle  to  the  somewhat  malicious 
frivolity  of  the  salons.  But  if  it  had  been  preserved 
in  full  it  would  have  escaped  much  of  the  criticism 
which  it  has  received.  In  the  original  editions  it  runs 
L’  Esprit  des  Lois :  ou  du  Rapport  que  les  Lois  doivent 
avoir  avec  la  Constitution  de  chaque  Gouvemement,  les 
Moeurs,  le  Climat,  la  Religion,  le  Commerce,  etc.  It 
consists  of  thirty-one  books,  which  in  some  editions 
are  grouped  in  six  parts.  This  division  into  parts  is 
known  to  have  entered  into  the  author’s  original  plan, 
but  he  seems  to  have  changed  his  mind  about  it. 
Speaking  summarily,  the  first  part,  containing  eight 
books,  deals  with  law  in  general  and  with  forms  of 
government;  the  second,  containing  five,  with  mili¬ 
tary  arrangements,  with  taxation,  etc.  ;  the  third,  con¬ 
taining  six,  with  manners  and  customs,  and  their 
dependence  on  climatic  conditions;  the  fourth,  con¬ 
taining  four,  with  economic  matters;  and  the  fifth, 
containing  three,  with  religion.  The  last  five  books, 
forming  a  kind  of  supplement,  deal  specially  with 
Roman,  French,  and  feudal  law.  The  most  noteworthy 
peculiarity  of  the  book  to  a  cursory  reader  lies  in  the 
section  dealing  with  effects  of  climate,  and  this  indeed 
was  almost  the  only  characteristic  which  the  vulgar 
took  in,  probably  because  it  was  easily  susceptible  of 
arody  and  reductio  ad  absurdum.  But  this  theory  is 
ut  the  least  part  of  the  claims  of  the  book  to  atten¬ 
tion.  Its  vast  and  careful  collection  of  facts,  the 
novelty  and  brilliancy  of  the.  generalizations  founded 
on  them,  the  constructive  spirit  which  penetrates  it, 
its  tolerance,  its  placid  wisdom  lighted  up  by  vivacious 
epigram,  could  only  escape  the  most  careless  reader. 
The  singular  spirit  of  moderation  which  distinguishes 
its  views  on  politics  and  religion  was  indeed  rather 
against  it  than  in  its  favor  in  France,  and  Helvetius, 
who  was  as  outspoken  as  he  was  good-natured,  had 
definitely  assigned  this  as  the  reason  of  his  unfavor¬ 
able  judgment.  On  the  other  hand,  if  not  destructive 
it  was  sufficiently  critical,  and  it  thus  raised  enemies 
on  more  than  one  side.  Montesquieu  was  thought  too 
English  in  his  ideas  by  some,  the  severe  defenders  of 
orthodoxy  considered  him  latitudinarian,  and  one  zeal¬ 
ous  Jansenist  informed  him  that  he  was  “  a  pig.  ”  It 
was  long  suspected,  but  is  now  positively  known,  that 
the  book  (not  altogether  with  the  goodwill  of  the  pope) 
was  'put  on  the  Index,  and  the  Sorbonne  projected, 
though  it  did  not  carry  out,  a  regular  censure.  To  all 
these  objectors  the  author  replied  in  a  masterly  defense ; 
and  there  seems  to  be  no  foundation  for  the  late  and 
scandalous  stories  which  represent  him  as  having  used 
Madame  de  Pompadour’s  influence  to  suppress  criti¬ 
cism.  The  fact  was  that,  after  the  first  snarlings  of 
envy  and  incompetence  had  died  away,  he  had  little 
occasion  to  complain.  Even  Voltaire,  who  was  his 
decided  enemy,  was  forced  at  length  to  speak  in 
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public,  if  not  in  private,  complimentarily  of  the 
Esprit ,  and  from  all  parts  of  Europe  the  news  of  suc¬ 
cess  arrived. 

Montesquieu  enjoyed  his  triumph  rather  at  La 
Br^de  than  at  Paris.  He  was  becoming  an  old  man, 
and,  unlike  Fontenelle,  he  does  not  seem  to  have  pre¬ 
served  in  old  age  the  passion  for  society  which  had 
marked  his  youth.  A  rather  dubious  description,  pub¬ 
lished  long  after  his  death,  represents  him  as  “wan¬ 
dering  in  his  woods  from  morn  to  night  with  a  white 
cotton  nightcap  on  his  head,  and  a  vine  prop  on  his 
ehoulder.  ”  This,  in  the  florid  language  of  its  time 
(the  Republican  period),  is  probably  only  an  imagina¬ 
tive  expression  of  his  known  interests  in  managing  his 
estate.  But  he  certainly  spent  much  of  his  later  years 
in  the  country,  though  he  sometimes  visited  Paris,  and 
on  one  visit  had  the  opportunity,  which  he  is  likely  to 
have  enjoyed,  of  procuring  the  release  of  his  admirer  La 
Beaumelle  from  an  imprisonment  which  La  Beaumelle 
had  suffered  at  the  instance  of  V oltaire.  He  is  said  also 
to  have  been  instrumental  in  obtaining  a  pension  for 
Piron.  Indeed,  indigent  or  unlucky  men  of  letters 
found  in  him  a  constant  protector,  and  that  not  merely 
at  the  royal  expense.  Nor  did  he  by  any  means  neg¬ 
lect  literary  composition.  The  curious  little  romance 
of  Arsace  et  Ismenie,  a  short  and  unfinished  treatise 
on  Taste,  many  of  his  published  Pensees ,  and  much 
unpublished  matter  date  from  the  period  subsequent 
to  the  Esprit  des  Lois.  He  did  not,  however,  live 
many  years  after  the  appearance  of  his  great  work. 
At  the  end  of  1754  he  visited  Paris,  with  the  inten¬ 
tion  of  getting  rid  of  the  lease  of  his  house  there  and 
finally  retiring  to  La  Brede.  He  was  shortly  after 
taken  ill  with  an  attack  of  fever,  which  seems  to  have 
affected  the  lungs,  and  in  less  than  a  fortnight  he 
died,  on  10th  February,  1755,  aged  sixty-six.  He  was 
buried  in  the  church  of  Saint  Sulpice  with  little 
pomp,  and  the  Revolution  obliterated  all  trace  of  his 
remains. 

The  literary  and  philosophical  merits  of  Montesquieu  and 
his  position,  actual  and  historical,  in  the  literature  of 
France  and  of  Europe,  form  a  subject  of  rather  unusual  in¬ 
terest  in  its  kind.  At  the  beginning  of  this  century  the 
vicomte  de  Bonald  classed  him  with  Racine  and  Bossuet,  as 
the  object  of  a  “religious  veneration”  among  Frenchmen. 
But  Bonald  was  not  quite'a  suitable  spokesman  for  France, 
and  it  may  be  doubted  whether  the  author  of  the  Esprit 
des  Lois  has  ever  Teally  occupied  any  such  position  in  his 
own  country.  For  a  generation  after  his  death  he  remained 
indeed  the  idol  and  the  great  authority  of  the  moderate 
reforming  party  in  France,  and  at  such  times  as  that  party 
recovered  power  during  the  revolutionary  period  Montes¬ 
quieu  recovered  vogue  with  it.  But  the  tendency  of  the 
century  and  a  quarter  which  have  passed  since  his  death 
has  been  to  reduce  the  numbers  and  position  of  this  party 
ever  more  and  more,  and  Montesquieu  is  not  often  quot¬ 
able,  or  quoted,  either  by  Republicans,  Bonapartists,  or 
Legitimists,  at  the  present  day.  Again,  his  serious  works 
contain  citation  of  or  allusion  to  avast  number  of  facts,  and 
the  exact  (let  it  be  hoped  that  posterity  will  not  call  it  the 
pettifogging)  criticism  of  our  time  challenges  the  accuracy 
of  these  facts.  Although  he  was  really  the  founder,  or  at 
least  one  of  the  founders,  of  the  sciences  of  comparative 
politics  and  of  the  philosophy  of  history,  his  descendants 
and  followers  in  these  sciences  think  they  have  outgrown 
him.  In  France  his  popularity  has  always  been  dubious 
and  contested.  It  is  a  singular  thing  that,  until  within  the 
last  decade,  there  has  been  no  properly  edited  edition  of  his 
works,  and  nothing  even  approaching  a  complete  biography 
of  him,  the  place  of, the  latter  being  occupied  by  the  mea¬ 
gre  and  rhetorical  Eloges  of  the  last  century.  He  is,  his 
chief  admirers  assert,  hardly  read  at  all  in  France  to-day, 
and  a  tolerable  familiarity  with  modern  French  literature 
enables  its  possessor  to  corroborate  this  by  first-hand 
knowledge,  to  the  effect  that  no  writer  of  equal  eminence 
is  so  little  quoted.  The  admirers  just  mentioned  attempt 
to  explain  the  fact  by  confessing  that  Montesquieu,  great  as 
he  is  is  not  altogether  great  according  to  French  princi¬ 
ples.  ’  It  is  not  only  that  he  is  an  Anglo-maniac,  but  that 
he  is  rather  English  than  French  in  style  and  thought. 
His  work,  at  least  the  Esprit,  is  lacking  in  the  proportion 
and  the  almost  ostentatious  lucidity  of  arrangement  which 
a.  Frenchman  demands.  His  sentences  are  often  enigmati¬ 


cal,  and  suggestive  rather  than  clear.  He  is  almost  entirely 
dispassionate  in  politics,  but  he  lacks  the  unswerving  de¬ 
ductive  consistency  which  Frenchmen  love  in  that  science. 
His  wit,  it  is  said,  is  quaint  and  a  little  provincial,  his  style 
irregular  and  in  no  definite  genre. 

Some  of  these  things  may  be  allowed  to  exist  and  to  be 
defects  in  Montesquieu,  but  they  are  balanced  by  merits 
which  render  them  almost  insignificant.  Of  the  minor 
works,  which  are  on  the  whole  rather  unworthy  of  their 
author,  nothing  need  be  said  here.  In  the  few  Pensees,  and 
in  detached  thoughts  of  the  same  kind  scattered  about  the 
tolerably  numerous  letters  which  have  reached  us,  there  is 
much  acuteness  and  point,  as  also  in  some  of  the  best  sen¬ 
tences  of  the  Considerations  and  of  the  Esprit.  But  no  one 
would  put  Montesquieu  as  a  penste,  or  maxim,  writer  beside 
La  Rochefoucauld  and  Jouhert,  Pascal  and  Vauvenargues. 
It  is  on  his  three  principal  works  that  his  fame  does  and 
must  rest.  Each  one  of  these  is  a  masterpiece  in  its  kind. 
It  is  doubtful  whether  the  Lettres  Persanes  yield  at  their 
best  either  in  wit  or  in  giving  lively  pictures  of  the  time 
to  the  best  of  Voltaire’s  similar  work,  though  they  are 
more  unequal.  There  is,  moreover,  the  great  difference 
between  Montesquieu  and  Voltaire  that  the  former  is  a 
rational  reformer,  and  not  a  mere  persifleur  or  frondeur,  to 
whom  fault-finding  is  more  convenient  for  showing  off  his 
wit  than  acquiescence.  Of  course  this  last  description  does 
not  fully  or  always  describe  Voltaire,  but  it  often  does.  It 
is  seldom  or  never  applicable  to  Montesquieu.  Only  one  of 
Voltaire’s  own  charges  against  the  hook  and  its  author 
must  be  fully  allowed.  He  is  said  to  have  replied  to  a 
friend  who  urged  him  to  give  up  his  habit  of  sneering  at 
Montesquieu,  “  il  est  coupable  de  lese-poesie,”  and  this  is 
true.  Not  only  are  Montesquieu’s  remarks  on  poetry  (he 
himself  occasionally  wrote  verses,  and  very  bad  ones)  child¬ 
ish,  but  he  is  never  happy  in  purely  literary  appreciation. 
The  Considerations  are  noteworthy,  not  only  for  the  complete 
change  of  style  (which  from  the  light  and  mocking  tone 
of  the  Lettres  becomes  grave,  weighty,  and  sustained,  with 
abundance  of  striking  expression),  but  for  the  profundity 
and  originality  of  the  views,  and  for  the  completeness  with 
which  the  author  carries  out  his  plan.  These  words — ex¬ 
cept,  perhaps,  the  last  clause— apply  with  increasing  force 
to  the  Esprit  des  Lois.  The  book  has  been  accused  of  des¬ 
ultoriness,  but  this  arises,  in  part  at  least,  from  a  misap¬ 
prehension  of  the  author’s  design.  At  the  same  time,  it  is 
impossible  to  say  that  the  equivocal  meaning  of  the  word 
“  law,”  which  has  misled  so  many  reasoners,  has  not  some¬ 
times  misled  Montesquieu  himself.  For  the  most  part, 
however,  he  keeps  the  promise  of  his  sub-title  (given  above) 
with  fidelity,  and  applies  it  with  exhaustive  care.  It  is 
only  in  the  "last  few  hooks,  which  have  been  said  to  he  a 
kind  of  appendix,  that  something  of  irrelevancy  suggests 
itself.  The  real  importance  of  the  Esprit  des  Lois,  however, 
is  not  that  of  a  formal  treatise  on  law,  or  even  on  polity. 
It  is  that  of  an  assemblage  of  the  most  fertile,  original,  and 
inspiriting  views  on  legal  and  political  subjects,  put  in 
language  of  singular  suggestiveness  and  vigor,  illustrated 
by  examples  which  are  always  apt  and  luminous,  perme¬ 
ated  by  the  spirit  of  temperate  and  tolerant  desire  for  hu¬ 
man  improvement  and  happiness,  and  almost  unique  in  its 
entire  freedom  at  once  from  doctrinairianism,  from  vision¬ 
ary  enthusiasm,  from  egotism,  and  from  an  undue  spirit  of 
system.  As  for  the  style,  no  one  who  does  not  mistake  the 
definition  of  that  much  used  and  much  misused  word  can 
deny  it  to  Montesquieu.  He  has  in  the  Esprit  little  orna¬ 
ment,  but  his  composition  is  wholly  admirable.  Every  now 
and  then  there  are  reminiscences,  perhaps  a  little  more 
close  than  is  necessary,  of  the  badinage  of  the  Lettres  Per¬ 
sanes,  but  these  are  rare,  and  the  author’s  wit  is  for  the 
most  used  only  to  lighten  his  pages.  Yet  another  great  pe¬ 
culiarity  of  this  book,  as  well  as  of  the  Considerations,  has  to 
be  noticed.  The  genius  of  the  author  for  generalization  is 
so  great,  his  instinct  in  political  science  so  sure,  that  even 
the  falsity  of  his  premises  frequently  fails  to  vitiate  his 
conclusions.  He  has  known  wrong,  hut  he  has  thought 
right. 

The  sole  edition  of  Montesquieu  which  need  be  mentioned  here 
is  that  of  Edouard  Laboulaye  (7  vols.,  Paris,  1875-1879),  the  sole 
biography  that  of  Louis  Vian  (Paris,  second  edition,  1879).  From 
the  latter  the  facts  of  the  above  notice  are  principally  drawn. 
The  bibliography  of  Montesquieu’s  published  works  is  not  of  any 
special  interest,  but  in  respect  of  anecdota  he  occupies  a  singular 

Sosition.  There  is  known  to  exist  at  La  BrSde  a  great  mass  of 
[SS.  materials  for  the  Esprit  des  Lois,  additional  Lettres  Persanes, 
essays  and  fragments  of  all  kinds,  diaries,  letters,  notebooks,  and 
so  forth.  The  present  possessors,  however,  who  represent  Mon¬ 
tesquieu,  though  not  in  the  direct  male  line,  have  hitherto  re¬ 
fused  permission  to  examine  these  to  all  editors  and  critics, 
though  the  publication  of  some  of  them  has  been  vaguely  prom¬ 
ised.  At  present  they  are  chiefly  known  by  a  paper  contrib¬ 
uted  nearly  half  a  century  ago  to  the  Transactions  of  the  Acad¬ 
emy  of  Agen  (1831).  (Q.  sa.) 
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MONTEVERDE,  Claudio  (1568-1643),  the  in¬ 
ventor  of  the  “free  style”  of  musical  composition, 
was  born  at  Cremona  in  1568 ;  he  was  engaged  at  an 
early  age  as  violist  to  the  duke  of  Mantua,  and  studied 
composition  with  some  success  under  Ingegneri,  the 
duke’s  “maestro  di  capella,”  though  without  thor¬ 
oughly  mastering  the  difficulties  of  musical  science. 
His  knowledge  of  counterpoint  was  limited,  and  his 
ear  imperfect,  but  he  was  a  bold  experimenter,  and  his 
undisguised  empiricism  led  to  discoveries  which  exer¬ 
cised  a  lasting  influence  upon  the  progress  of  art.  He 
was  the  first  composer  who  ventured  to  use  unprepared 
dissonances, — employing  them  first  in  his  madrigals, 
the  beauty  of  which  they  utterly  destroyed,  but  after¬ 
wards  introducing  them  into  music  of  another  kind 
with  such  excellent  effect  that  their  value  was  univer¬ 
sally  recognized,  and  all  opposition  to  their  use  effect¬ 
ually  silenced.  In  1603  ne  succeeded  Ingegneri  as 
“  maestro  di  capella  ;  ”  and  in  1607  he  produced,  for 
the  marriage  of  Francesco  Gonzaga,  his  first  opera, 
Ariana,  in  which  he  employed  the  newly-discovered 
discords  with  irresistible  effect.  Though  he  did  not 
invent  the  lyric  drama — Peri’s  Euridice  having  been 
produced  at  Florence  in  1600 — he  raised  it  to  a  level 
which  distanced  all  contemporary  competition.  His 
second  opera,  Orfeo ,  composed  in  1608,  was  even 
more  successful  than  Ariana,  and  was  based  upon  a 
principle  which  is  held  by  some  modern  critics  to  em¬ 
body  the  only  law  to  which  the  dramatic  composer 
owes  obedience — that  of  accommodating  the  music  to 
the  exigencies  of  the  scene.  In  1613  Monte verde  was 
invited  to  Venice,  as  “maestro  di  capella”  at  St. 
Mark’s.  Here  he  composed  much  sacred  music,  the 
greater  part  of  which  is  lost, — a  circumstance  the  less 
to  be  regretted,  since  his  Vespers  and  Masses  bear  no 
comparison  with  those  produced  by  his  predecessors  in 
office.  In  1630  he  wrote  another  grand  opera,  Proser¬ 
pina  rapita.  In  1639  he  produced  L'  Adone,  and  in 
1641  Le  Nozze  di  Enea  and  11  ritomo  d1  Ulisse.  These 
later  works  show  him  still  greatly  in  advance  of  his 
age,  notwithstanding  the  progress  made  by  other  com¬ 
posers  since  the  production  of  Orfeo.  Monteverde 
was  ordained  priest  in  1633 ;  and  he  died  in  1643,  uni¬ 
versally  respected.  Though  his  free  employment  of 
the  dominant  seventh  and  other  unprepared  discords 
put  an  end  to  the  school  of  Ralestrina,  it  led  the  way 
to  the  greatest  achievements  of  modern  music. 

MONTEVIDEO,  San  Felipe  y  Santiago  de,  the 
capital  of  the  republic  of  Uruguay  (Banda  Oriental) 
in  South  America,  lies  on  the  eastern  side  of  a  nearly 


semicircular  bay  on  the  northern  shore  of  the  estuary  of 
the  La  Plata,  120  miles  from  Buenos  Ayres,  with  which 
communication  is  maintained  by  a  daily  service  of 
steamers.  The  small  peninsula  on  which  the  city  is 


built  does  not  rise  more  than  95  feet  above  the  level 
of  the  sea  ;  but  the  headland  of  Cerro,  505  feet  high, 
which  forms  the  western  side  of  the  bay,  is  notable 
enough  on  that  low-lying  coast  to  justify  the  name 
Montevideo  ;  it  is  crowned  by  a  lighthouse,  and  by  an 
old  Spanish  fort,  once  of  considerable  strength.  About 
620  acres  is  the  area  occupied  by  the  city  proper  ;  the 
suburbs  stretch  for  miles  into  the  country.  The  plan 
both  of  the  old  and  the  new  town  is  regular ;  they  are 
separated  by  the  Calle  de  la  Ciudadela  on  the  line  of 
the  old  ramparts.  A  somewhat  Oriental  appearance 
is  produced  by  the  low  houses  with  their  flat  terraced 
roofs  and  miradors  or  watchtowers,  from  which  the 
merchants  look  out  for  ships.  As  a  whole  the  city  is 
overbuilt,  and  immense  wealth  has  been  squandered 
in  Italian  marbles  and  other  forms  of  architectural 
decoration.  The  streets  are  for  the  most  part  well 
paved,  and  there  is  an  extensive  tramway  system. 
Mare’s  grease  was  for  some  time  employed  to  make 
gas  for  lighting ;  but  an  epidemic  having  commenced 
at  the  gas-yard,  the  works  were  for  a  time  closed,  and 
when  they  were  reopened  coal-gas  was  substituted. 
Previous  to  1870;  when  water  was  introduced  from  a 
distance  of  40  miles,  the  whole  supply  was  dependent 
on  the  rainfall.  In  the  old  town  the  principal  square 
is  the  Plaza  de  la  Constitucion,  the  south  side  of  which 
contains  the  ‘  ‘  cathedral,  ’  ’  and  the  north  side  the  cabildo 
(law-courts,  senate-house,  and  prison).  The  cathedral 
(as  it  is  usually  called,  though  the  bishop  is  a  bishop 
in  partibus,  and  takes  his  title  from  Megaera  in  Asia 
Minor)  is  a  somewhat  imposing  building,  consecrated 
21st  October,  1804,  with  a  dome  and  two  side  towers 
133  feet  high,  which  form  one  of  the  best  landmarks 
of  the  bay.  In  the  line  of  the  old  ramparts  formerly 
stood  the  old  Spanish  citadel,  which  was  built  by  the 
seven  years’  forced  labor  of  2000  Guarani  Indians. 
From  1835  to  1868  it  served  as  the  principal  market  in 
the  city ;  in  1877  it  was  removed  and  the  area  united 
with  the  fine  Plaza  de  la  Independencia  at  the  south¬ 
western  end  of  the  Calle  del  18  Julio,  a  broad  street 
which  runs  in  a  straight  line  right  through  the  new 
town.  The  new  market,  covering  2  acres,  was  built  in 
1867  at  a  cost  of  £86,000,  and  there  are  besides  the  Port 
market  (cost  £55,320)  and  the  Mercado  Chico.  The 
exchange,  constructed  after  the  style  of  the  house  at 
Bordeaux,  dates  from  1864,  and  cost  £32,000.  Of  note 
also  are  the  custom-house,  the  post-office  (1866),  the 
museum,  the  public-library  (founded  in  1830  by  Dr.  J. 
M.  Perez  Castellano),  the  university  (dating  from  1849), 
the  Solis  theatre  (1856),  the  British  hospital  (estab¬ 
lished  in  1857,  present  building  1867),  the  Hos¬ 
pital  de  Caridad  (founded  by  Francisco  A. 
Macil  in  1825),  having  an  average  of  300 
patients,  the  new  lunatic  asylum  (1877),  the 
Basque  church  (1858),  and  the  English  church 
(1845),  built  on  the  site  of  a  battery  taken  in 
1807  by  Sir  Samuel  Auchmuty’s  forces.  Since 
the  beginning  of  the  century  the  depth  of  water 
in  the  Day  has  been  allowed  to  diminish  5  feet, 
and  the  area  has  been  reduced  by  the  construc¬ 
tion  (1868)  of  an  embankment  to  carry  the  rail¬ 
way  across  it.  Dredging  has  been  tried  from 
time  to  time,  but  on  too  limited  a  scale.  The 
so-called  harbor  is  a  space  of  less  than  half  a 
mile  square  off  the  northwest  face  of  the  town ; 
in  1870  it  was  reported  to  be  yearly  becoming 
smaller  and  less  safe,  and  vessels  are  now  obliged 
to  anchor  farther  out.  Among  modern  im¬ 
provements  in  the  port  the  most  noteworthy 
are  the  Maua  dry-docks,  opened  in  1873,  and 
the  larger  docks,  erected  in  1877  at  a  cost  of 
2,000,000  dollars,  at  the  foot  of  the  Cerro  on 
the  other  side  of  the  bay.  The  trade  of  Mon¬ 
tevideo  consists  mainly  in  the  export  of  the  raw 
products  of  the  slaughter-house  (horns,  hides,  hair, 
tallow,  wool,  bones),  with  a  certain  quantity  of  live¬ 
stock  and  preserved  meat,  and  in  the  import  of  Euro¬ 
pean  manufactures.  During  the  five  years  1877-1881 
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the  average  value  of  the  exports  was  £2,303,061, 
and  that  of  the  imports  £3,469,997.  Of  the  1044 
vessels  (tonnage  780,870)  which  entered  in  1879,  285 
were  English,  157  Spanish,  145  Italian,  112  German, 
and  99  French.  The  population  is  largely  of  foreign 
origin,  Italian,  Spanish,  Basque,  and  French.  In 
1874  the  Italians,  who  had  rapidly  increased  after 
the  siege,  were  about  40,000  strong,  and  in  several 
quarters  of  the  city  nothing  was  to  be  beard  save  North- 
Italian  dialects.  Even  in  1880,  after  the  exodus  caused 
bv  the  confiscations  of  1875,  they  numbered  36,300. 
The  greater  proportion  are  engaged  as  petty  traders. 
In  1879  the  total  population  of  the  town  was  73,879  : 
it  had  been  92,260  in  1878,  and  105,296  in  1871,  and 
now  (1900),  including  the  environs,  is  268,334. 


Montevideo  owes  its  origin  not  to  the  commercial  ad¬ 
vantages  of  its  position,  but  to  the  jealousy  of  the  Spaniards 
towards  the  Portuguese,  which  led  Zabala,  viceroy  of 
Buenos  Ayres,  to  erect  a  fort  at  this  point  in  1717.  In  1726 
the  first  settlers  were  introduced  from  the  Canary  Islands 
and  Andalusia,  and  more  than  fifty  years  passed  before  the 
settlement  was  declared  aport ;  but  by  1781  it  had  6460  inhab¬ 
itants,  and  by  1792  was  importing  to  the  value  of  2,993,267 
dollars,  and  exporting  to  the  value  of  4,150,523.  In  1808 
the  governor  of  Montevideo  was  the  first  to  revolt  against 
the  Spanish  authorities,  and  to  establish  an  independent 
junta ;  twenty  years  later,  after  much  disastrous  confusion 
and  conflict,  the  city  became  the  recognized  capital  of  the 
newly-formed  republic  of  Banda  Oriental.  Its  population, 
which  had  been  about  36,000  at  the  opening  of  the  century, 
was  reduced  to  9000  by  1829 ;  and  it  had  hardly  recovered 
its  ground  in  this  respect  (31,189)  when,  in  1843,  Rosas,  dic¬ 
tator  of  Buenos  Ayres,  wishing  to  compel  annexation  to 
Buenos  Ayres,  commenced  the  siege  which  was  irregu¬ 
larly  maintained  till  1852,  and  left  the  city  and  the  country 
exhausted  and  almost  ruined.  By  1860,  however,  the  pop¬ 
ulation  had  increased  to  49,548 ;  and  though  the  Brazilians 
blockaded  the  port  in  1864-5  and  reinstated  ex-president 
Flores,  the  prosperity  of  the  place  was  but  little  impaired. 
During  the  Paraguayan  war,  which  lasted  till  1864,  Monte¬ 
video  grew  rapidly  rich,  attracting  a  large  share  of  the  trade 
diverted  from  Buenos  AyTes.  Immigrants  flocked  from  all 
quarters,  and  excessive  investments  were  made  in  all  kinds 
of  real  property.  The  valuation  of  the  city  and  suburbs, 
which  was  14,156,000  dollars  in  1860,  reached  the  sum  of  74,- 
000,000  dollars  in  1872.  Reckless  speculation,  political  dis¬ 
sension,  and  the  financial  mismanagement  of  the  Govern¬ 
ment  have  told  heavily ;  the  value  of  house  property  has 
greatly  diminished,  and  commercial  activity  has  been 
grievously  restricted.  Since  1881,  however,  Montevideo 
has  been  rapidly  recovering,  and  its  natural  advantages  are 
so  great  that,  with  better  political  circumstances,  a  future 
of  yet  higher  prosperity  may  be  anticipated. 


Notices  of  Montevideo  will  be  found  in  Bonelli,  Travels  in  Bo¬ 
livia  etc  1854;  Hadfield,  Brazil,  the  River  Plate,  etc.,  1854,  and  his 
supplemental  volume,  1868;  Mulhall,  Handbook  of  the  River  Plate 
Republics,  1874 ;  and  Gallenga,  South  America,  1881.  See  also  Bng- 
nardello,  Belle  vicende  dell'  America  mend,  e  specialm.  di  Montevideo 
neW  Uruguay,  Genoa,  1879;  The  Republic  of  ;  the  re¬ 

ports  of  the  municipal  junta,  and  Vaillants  statistical  publica¬ 
tions. 


MONTEZUMA.  See  Cortes  and  Mexico. 

MONTFAUCON,  Bernard  de  (1655-1741),  critic 
and  scholar,  was  born  of  a  noble  and  ancient  family  at 
the  chateau  of  Soulage  (now  Soulatg6,  in  the  depart¬ 
ment  of  Aube,  France),  on  13th  January,  1655. 
Though  destined  for  the  army,  he  passed  most  Oi  his 
time  in  the  library  of  the  castle  of  Roquetaillade  (the 
usual  residence  of  his  family),  devouring  books  m 
different  languages  and  on  almost  every  variety  ot 
Bubject,  his  studies  being  directed  by  a  learned  friend 
of  his  father,  Pavilion,  bishop  of  Aleth.  In  1672  he 
entered  the  army,  and  in  the  two  following  years 
served  as  a  volunteer  in  Germany  under  lurenne. 
But  ill-health  and  the  death  of  his  parents  brought 
him  back  to  his  studious  life,  and  in  1675  he  entered 
the  cloister  of  the  Congregation  of  St.  Maur,  at  La 
Daurade,  Toulouse,  taking  the  vows  there  on  13th 
May  1676.  Apart  from  his  vast  literary  labors,  the 
remainder  of  his  life  presents  little  to  record.  He 
lived  successively  at  various  abbeys  at  ooreze,  where 
he  specially  studied  Greek  and  examined  the  numer¬ 
ous  MSS  of  the  convent  library,  at  La  Grasse,  and 
at  Bordeaux ;  and  in  1687  he  was  removed  to  Saint 


Germain  des  Pres.  From  1698  to  1701  he  lived  in 
Italy,  chiefly  in  Rome.  Returning  to  Saint  Germain, 
he  was  made  a  member  of  the  Academie  des  Inscrip¬ 
tions  et  Belles-Lettres  in  1719,  He  died  on  21st  De¬ 
cember,  1741. 

His  first  publication,  in  which  he  was  assisted  by  Lopin 
and  Pouget,  was  the  first  volume  of  a  never  completed 
series  of  previously  unpublished  Analecta  Grseca  (1688).  In 
1690  appeared  his  defence  of  the  literally  historical  char¬ 
acter  of  the  book  of  Judith.  Athanasii  opera  omnia,  still 
the  best  edition  of  that  father,  was  issued  with  a  biography 
and  critical  notes  in  1698.  The  first-fruits  of  his  visit  to 
Italy  were  seen  in  his  copious  Diarium  Italicum,  sive  monu- 
mentorum  veterum,  bibliothecarum,  musseorum,  etc.,  notitise  singu- 
lares  in  itinerario  Italic. o  collectse  (1702).  The  Palxographia 
Grseca,  sive  de  win  et  progressu  literarum  Grsecarum,  et  de  variis 
omnium  sseculorum  scriptionis  Grsecse  generibus  (1708)  is  a 
standard  work,  which  has  not  yet  been  superseded ;  in  its 
own  field  it  is  as  original  as  the  De  re  diplomatica  of  Mabil- 
lon.  In  1713  Montfaucon  edited  Hexaplorum  Origenis  quse 
supersunt  (2  vols.  fol.),  only  recently  superseded  by  the 
work  of  Field;  and  between  1718 and  1738  he  completed 
his  edition  of  Joannis  Chrysostomi  opera  omnia  (13  vols.  fol.), 
which  is  hardly  an  improvement  upon  that  of  H.  Saville. 
His  L’Antiquitb  expliquee  et  representee  en  figures  (10  vols. 
fol.,  1719)  would  of  itself  suffice  to  establish  a  reputation 
for  colossal  diligence.  It  was  continued  by  him  in  Les 
Monumens  de  la  Monarchic  Frangoise  (5  vols.  fol.,  1729-1733). 
A  complete  list  of  his  literary  labors,  including  his  nu¬ 
merous  contributions  to  the  Mbmoires  of  the  Academy  of 
Inscriptions,  will  be  found  in  the  Nouvelle  Biographie  Gen¬ 
erate,  s.v.  “  Montfaucon.” 

MONTFORT,  Simon  de,  Earl  of  Leicester  (c. 
1200-1265),  a  great  political  leader,  and  sometimes 
even  referred  to  as  the  “  founder  of  the  English  House 
of  Commons,”  born  in  France  about  the  beginning 
of  the  13th  century,  was  the  fourth  and  youngest  son 
of  Simon  IV.  de  Montfort  and  of  Alice  de  Montmo¬ 
rency.  Of  his  early  life  and  education  nothing  is 
known,  the  first  definitely  recorded  fact  about  him 
being  that  in  April,  1230,  he  was  in  England  and  had 
attached  himself  to  the  service  of  Henry  III. ,  who 
granted  him  a  temporary  pension  of  400  marks,  with 
a  promise  of  the  earldom  which  his  father  had  held.1 
In  the  following  year  he  did  homage  for  the  honor  of 
Leicester,  and  in  1232  the  king  confirmed  to  him  all 
the  land  with  appurtenances  which  had  belonged  to 
the  late  earl  in  England.  But,  though  thus  formally 
admitted  to  the  ranks  of  the  English  baronage,  he  did 
not  for  several  years  succeed  in  making  way  against 
the  strong  dislike  in  which  “aliens”  were  now  held, 
and  until  1236  most  of  his  time  was  spent,  in  consid¬ 
erable  poverty,  abroad.  In  that  year,  however,  he 
attended  the  king’s  marriage  to  Eleanor  of  Provence 
as  lord  high  steward,  and  thenceforward  began  to  take 
part  in  the  business  of  the  royal  council.  Handsome, 
talented,  and  brave,  he  gained  the  love  of  Eleanor, 
widow  of  the  earl  of  Pembroke,  and  sister  of  the 
king,  to  whom  he  was  privately  married  at  West¬ 
minster,  on  7th  January,  1238,  Henry  himself  giving 
away  the  bride.  When  the  fact  became  known,  the 
indignation  of  the  baronage  and  of  the  people  had 
almost  broken  out  in  open  rebellion,  and,  after  Simon 
had  with  difficulty  averted  this  by  propitiating  his 
brother-in-law,  Richard,  earl  of  Cornwall,  he  found  it 
necessary  to  go  to  Rome  to  meet  the  objections  which 
the  church  had  raised  on  the  ground  of  an  alleged 

l  Simon  IV.  de  Montfort,  the  well-known  Albigensian  cru¬ 
sader,  in  right  of  his  mother,  Amicia  de  Beaumont,  sister  and 
co-heiress  of  Robert  Fitz-Pernell,  earl  of  Leicester,  succeeded  to 
that  earldom  in  1204,  and  in  1207  was  confirmed  in  the  high 
stewardship  of  England,  hereditaiy  in  connection  with  the  title. 
Soon  afterwards  he  was  deprived  of  his  English  possessions  under 
some  pretext,  the  real  reason  doubtless  being  his  position  as 
captain-general  of  the  French  forces  against  the  Albigenses 
(12081.  He  received  them  again  towards  the  end  of  John's  reign, 
their  custody,  however,  being  committed  to  his  nephew,  the  earl 
of  Chester.  The  long  hostility  between  England  and  France 
during  the  early  years  of  Henry  III.  made  it  practically  impos¬ 
sible  for  the  alien  De  Montforts  to  maintain  any  hold  upon  their 
English  earldom  on  the  death  of  Simon  IV.  in  1218;  in  1231,  after 
the  peace,  the  eldest  son  Amaury  (now  constable  of  France)  re¬ 
nounced  all  claim  to  it,  thus  leaving  the  field  clear  to  his  next 
surviving  brother  Simon. 
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previous  vow  made  by  Eleanor.  Having  succeeded  in 
obtaining  (by  bribery,  it  would  seem)  the  papal  sanc¬ 
tion  to  nis  marriage,  he  returned  to  England  in  Oc¬ 
tober,  and  early  next  year,  still  in  the  enjoyment  of 
the  royal  favor,  he  had  the  earldom  of  Leicester  for¬ 
mally  conferred  upon  him  in  presence  of  the  assembled 
barons.  In  June  (1239)  he  assisted  as  godfather  and 
high  steward  at  the  baptism  of  Prince  Edward  ;  but 
the  machinations  of  his  enemies  were  soon  afterwards 
successful  in  bringing  about  a  change  in  the  fickle 
humor  of  Henry,  and  when  Simon  came  back  to 
Westminster  in  August  to  attend  the  churching  of 
the  queen,  the  king  met  him  with  the  information  that 
he  was  an  excommunicated  person,  and  ordered  him 
to  leave  the  church.1  Along  with  his  wife  he  forth¬ 
with  went  into  voluntary  exile  in  France;  but  in 
April,  1240,  he  returned  to  England,  and  was  re¬ 
ceived  by  the  king  on  a  footing  of  at  least  outward 
friendship.  Of  his  private  and  public  life  during  the 
next  eight  years  very  few  facts  have  been  preserved. 
There  is  some  ground  for  believing  that  he  went  to  the 
Holy  Land  in  1240,  and  a  letter  is  still  extant  in  which 
the  nobility  of  the  kingdom  of  Jerusalem  ask  Frederick 
II.  (June,  1241)  to  allow  Simon  de  Montfort,  earl  of 
Leicester,  to  act  as  regent  till  the  arrival  of  his  son 
Conrad.  In  1242  he  accompanied  Henry’s  unsuccess¬ 
ful  expedition  to  France.  In  the  parliamentary  his¬ 
tory  of  these  years  his  name  appears  but  seldom,  but 
where  he  is  mentioned  he  is  invariably  found  on  the 
side  of  the  people,  resisting  alike  the  arbitrary  waste¬ 
fulness  of  tne  king  and  the  rapacious  exactions  of  the 
pope.  In  1248  De  Montfort  was  appointed  for  six 
years  the  king’s  “seneschal,”  or  “  locum-tenens ”  in 
Gascony.  In  this  capacity  he  was  very  inadequately 
supported  from  home  with  either  men  or  money ;  he 
more  than  once  subdued  the  rebellious  provinceSj  in¬ 
deed,  but  meanwhile  his  enemies  at  home  gamed 
strength  and  encouraged  the  Gascons  in  repeated  ac¬ 
cusations  and  complaints  against  the  seneschal.  These 
resulted  in  one-sided  inquiries,  but  ultimately  in  his 
acquittal,  and  led  to  a  demand  on  his  part  for  repara¬ 
tion,  and  a  consequent  quarrel  with  the  king.  To¬ 
wards  the  end  of  1252  De  Montfort  retired  into  France, 
where  such  was  the  reputation  he  enjoyed  as  a  states¬ 
man  that,  on  the  death  of  the  queen-regent  and  in  the 
absence  of  Louis  IX. ,  he  was  offered  the  office  of  high 
steward  and  a  place  among  the  guardians  of  the  crown. 
This,  however,  he  declined,  “  being  unwilling  to  prove 
a  renegade ;  ’  ’  and,  after  a  partial  reconciliation  with 
Henry,  he  returned  to  England  in  1254.  In  the 
following  year  he  was  sent  on  a  secret  mission  into 
Scotland,  and  in  1257  he  was  one  of  the  king’s  ambas¬ 
sadors  to  France;  but  his  chief  activity  between  1254 
and  1258,  if  we  are  to  judge  by  the  prominent  place  he 
took  in  the  revolution  of  the  last-named  year,  must 
have  been  in  the  meetings  of  parliament.  At  the 
Westminster  parliament  in  April,  1258,  it  was  signifi¬ 
cantly  upon  the  earls  of  Gloucester  and  Leicester  that 
the  king’s  half-brother,  William  de  Valence,  laid  the 
blame  of  all  the  evils  under  which  the  country  was 
roaning,  De  Montfort  in  particular  being  called  by 
im  “an  old  traitor  and  a  liar.”  At  Leicester’s  sug¬ 
gestion  the  barons  leagued  for  the  defence  of  their 
rights,  and  presented  themselves  armed  at  the  meet¬ 
ing,  which  extorted  the  appointment  of  the  committee 
of  twenty-four  to  meet  at  Oxford  and  proceed  at  once 
with  the  reform  of  the  realm.  The  Provisions  of  Ox¬ 
ford  having  been  signed  (October,  1258),  De  Montfort 
received  the  custody  of  the  castle  of  Winchester, 
where  the  parliament  continued  its  session,  he  mean¬ 
while  apparently  holding  the  position  of  military  com- 

1  There  is  no  evidence  that  Simon  actually  had  been  excom¬ 
municated,  but  it  seems  clear  that  certain  payments  he  had 
agreed  to  make  to  the  Homan  curia  had  not  been  punctually 
attended  to,  and  that  some  annoyance  had  been  in  this  way 
caused  to  the  king.  The  charge  of  immoral  relations  with 
Eleanor  was  probably  only  a  conveniently  coarse  way  of  re¬ 
stating  the  ecclesiastical  offence  for  which  De  Montfort  had  al¬ 
ready  purchased  absolution. 


mander-in-chief ;  and,  after  the  removal  of  the  barons 
to  London,  he  was  appointed  member  of  an  embassy 
to  Scotland.  In  the  early  part  of  1259  he  was  chiefly 
busied  with  the  task  of  adjusting  the  terms  of  a  peace 
with  France,  which  was  not  settled  until  the  end  of 
that  year.  From  the  date  of  the  conclusion  of  that 

eace,  owing  to  divisions  in  the  reforming  party,  the 

ing  began  to  regain  his  lost  power,  and  in  1262  he 
felt  himself  strong  enough  to  repudiate  the  Provisions 
of  Oxford,  thus  giving  the  signal  for  civil  war.  The 
successes  of  the  Larons,  led  by  De  Montfort,  in  the 
west,  and  his  victorious  entry  into  London  again  re¬ 
duced  the  king  to  submission,  but  only  to  bring  once 
more  also  into  prominence  the  divided  state  of  Leices¬ 
ter’s  supporters.  Louis’s  one-sided  Mise  of  Amiens 
(1264),  however,  rendered  another  appeal  to  arms  on 
the  part  of  the  barons  inevitable,  ana  by  the  victory 
of  Lewes  (14th  May,  1264)  De  Montfort  for  the  time 
became  master  of  England.  Taking  Henry,  his  pris¬ 
oner,  along  with  him  to  London,  he  summoned  thither 
the  parliament,  which  met  in  June,  and  drew  up  the 
constitution  or  scheme  of  government  associated  with 
his  name,  of  which  the  most  striking  feature  is  the 
new  development  it  gives  to  the  representative  system. 
A  still  further  advance  in  the  development  took  place 
in  1265,  when  borough  members,  as  distinguished 
from  county  members,  were  for  the  first  time  sum¬ 
moned.  Meanwhile  troubles  in  the  west  required  De 
Montfort’ s  presence  in  the  field,  and,  by  the  alliance 
of  his  rival  Gloucester  with  Roger  Mortimer,  as  well 
as  by  the  escape  of  Prince  Edwardj  who  put  himself 
at  the  head  of  the  royalist  opposition,  the  great  par¬ 
liamentary  leader  was  placed  in  serious  straits.  At 
Evesham,  where  he  had  halted  on  his  march  to  join 
his  son  at  Kenilworth,  he  was  surprised  by  the  army 
of  Prince  Edward,  and  after  a  struggle  of  about  two 
hours  was  slain  on  the  field  of  battle  (4th  August, 
1265).  As  regards  the  personal  character  of  De  Mont¬ 
fort, _  it  is  not  surprising  to  find  that  contemporary 
opinion  was  divided ;  but  of  his  determination,  con¬ 
stancy,  and  energy  there  can  be  no  question,  while 
much  is  revealed  by  the  fact  that,  though  in  an  un¬ 
authorized  way,  his  memory  was  revered  in  England 
as  a  saint  and  martyr,  offices  were  drawn  up  in  his 
honor,  his  intercession  invoked,  and  miraculous  virtues 
attributed  to  his  relics.  The  painstaking  labors  of 
recent  investigators  have  tended  to  bring  into  clearer 
light  the  purity  and  nobleness  of  purpose  of  Simon  de 
Montfort  as  a  consistent  defender  of  the  rights  of  the 
governed  ;  on  the  other  hand,  it  has  also  become  ob¬ 
vious  that  the  representative  institutions  of  England, 
though  largely  helped  forward  by  him,  can  hardly  be 
claimed  as  nis  creation.  Thus  on  both  sides  the  state¬ 
ment  of  Hume  that  the  House  of  Commons  was  planted 
by  the  inauspicious  hand  of  this  bold  and  artful  con¬ 
spirator  must  be  rejected  as  inconsistent  with  the 
facts. 

Compare  England,  vol.  viii.  p.  279  sqq.,  and  see  the  mo¬ 
nographs  of  Pauli  ( Simon  von  Montfort,  Graf  von  Leicester,  Der 
Schopfer  des  Houses  der  Gemeinen,  Tubingen,  1867)  and  Pro- 
thero  ( The  Life  of  Simon  de  Montfort,  1877),  and  the  literature 
there  referred  to. 

MONTGOMERY  (Welsh,  Sirydd  Tre  Faldwyn), 
an  inland  county  of  Wales,  is  bounded  E.  by  Shrop¬ 
shire,  N.E.  by  Denbigh,  N.W.  by  Merioneth,  S.  W. 
by  Cardigan,  and  S.  by  Radnor.  Its  greatest  length 
from  southeast  to  northwest  is  about  40  miles,  and  its 
breadth  from  east  to  west  about  35  miles.  The  area 
is  495,089  acres,  or  about  773  square  miles.  dTie  sur¬ 
face  is  broken  and  undulating,  but  it  is  only  round  the 
borders  of  the  county  that  the  hills  reach  any  great 
height,  the  highest  summits  of  the  different  ranges 
being  generally  in  the  adjoining  counties.  To  the  north 
are  the  Berwyn  chain,  stretching  into  Denbighshire, 
in  the  east  the  Breidden  hills,  in  the  south  the  Kerry 
hills,  and  in  the  southwest  Plinlimmon,  the  highest 
summit  of  which  is  in  Cardigan.  These  various  moun¬ 
tain  ranges  form  the  watershed  of  the  numerous  rivers 
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of  Montgomeryshire.  With  the  exception  of  the  Dyfi, 
which  nses  near  Bala  Lake  and  falls  into  Cardigan 
Bay,  and  the  Wye,  which  flows  south  into  Radnor¬ 
shire,  all  the  principal  rivers  are  tributaries  of  the 
Severn  (Welsh,  Hafren ),  which  rises  on  the  east  side 
of  Plinlimmon  and  traverses  the  whole  length  of  the  j 
county  from  southwest  to  northeast.  The  principal 
of  these  tributaries  are  the  Clywedog,  the  Taranon, 
the  Rhiew,  and  the  V yrnwy.  This  fine  succession  of 
river-valleys  broaden  out  as  they  reach  the  great  vale 
of  the  Severn,  and  the  beauty  of  the  scenery  is  en¬ 
hanced  by  an  abundance  of  oak  and  other  trees.  The 
Montgomeryshire  canal,  which  has  a  length  of  27  miles, 
and  passes  the  principal  towns,  is  connected  with  the 
Ellesmere  canal,  thus  affording  water  communication 
with  Chester  and  Shrewsbury. 

Montgomeryshire  is  occupied  chiefly  by  Lower  Silu¬ 
rian  rocks.  The  boundary  between  it  and  Merioneth 
is  formed  by  the  Bala  beds.  In  the  centre  and  east, 
near  Llanfair  and  Montgomery.  Wenlock  shales  pre¬ 
vail.  In  the  neighborhood  of  Welshpool  the  Silurian 
rocks  have  been  frequently  dislocated  by  volcanic 
masses,  one  of  the  most  remarkable  of  which  is  Corn- 
don  Hill,  rising  to  a  height  of  1700  feet.  In  some 
places  the  sedimentary  rocks  have  been  penetrated  by 
trap  mingled  with  shale  or  schist.  Along  the  lines  of 
dislocation  there  are  frequent  deposits  of  metallic  lodes, 
carried  there  by  the  heated  water  rising  from  below. 
The  lead  mines  of  Montgomeryshire  are  of  consider¬ 
able  importance,  and  at  present  the  metal  is  wrought 
at  seven  different  places.  In  1881  the  amount  of  lead 
ore  obtained  in  the  various  mines  was  3432  tons,  yield¬ 
ing  2693  tons  of  lead  and  25,432  oz.  of  silver,  the  total 
value  being  £36,495.  There  were  also  obtained  1414 
tons  of  zinc  ore,  yielding  610  tons  of  zinc,  of  a  total 
value  of  £3231. 

Agriculture. — The  climate  is  mild  and  genial,  and  the  soil 
in  the  valleys  remarkably  fertile,  especially  along  the  banks 
of  the  Severn.  A  considerable  portion  on  the  borders  of 
Merioneth  is,  however,  occupied  chiefly  by  heath  and  moss. 
The  number  of  holdings  has  been  rather  decreasing  of  late 
years,  the  decrease  being  chiefly  in  those  below  50  acres 
in  extent,  which  in  1880  (the  latest  year  regarding  which 
there  is  information)  numbered  3572,  while  there  were 
1650  between  50  and  300  acres,  and  45  above  300  acres,  of 
which  2  were  above  1000.  According  to  the  agricultural 
returns  of  1882,  the  total  area  of  arable  land  was  256,084 
acres,  or  nearly  one-half  of  the  whole.  Of  this,  53,538 
were  under  corn  crops,  163,441  were  permanent  pasture, 
23,882  rotation  grasses,  and  only  11,107  green  crops;  457 
acres  were  under  orchards,  2  under  market  gardens,  37 
under  nursery  grounds,  and  22,744  under  woods.  Of  the 
corn  crops,  wheat  occupied  18,665  acres,  and  oats  23,937 
acres.  Cattle,  which  are  chiefly  Herefords  and  cross-breeds, 
though  there  are  some  Devons  and  a  few  of  the  old  Mont¬ 
gomeryshire  breed,  numbered  62,033  in  1882,  of  which  21,912 
were  cows  and  heifers  in  milk  or  in  calf.  Horses  in  1882 
numbered  13,985,  of  which  7060  were  used  solely  for  agri¬ 
cultural  purposes.  The  county  was  long  famous  for  its 
hardy  breed  of  small  horses  called  merlins,  which  are  still 
to  be  met  with.  Many  good  hunters  and  cart-horses  are 
now  bred.  The  number  of  sheep  in  1882  was  305,641.  On 
some  of  the  heath  lands  in  the  centre  and  west  of  the 
county  a  diminutive  breed  of  sheep  called  duns  is  pastured, 
but  those  kept  in  the  better  cultivated  regions  are  princi¬ 
pally  Shropshire  Downs.  According  to  the  latest  return, 
the  land  was  divided  among  3241  proprietors,  possessing 
387,342  acres,  with  a  gross  annual  rental  of  £378,512.  Of 
these,  1314,  or  40  per  cent.,  possessed  less  than  one  acre,  32 
possessed  between  1000  and  2000  acres,  and  25  between  2000 
and  5000 ;  the  following  possessed  upwards  of  5000  acres, 
viz. :  Earl  Powis,  33,545 ;  Sir  W.  W.  Wynn,  32,963 ;  Lord 
Sudeley,  17,158 ;  J.  Naylor,  9275 ;  and  marquis  of  London¬ 
derry,  7400. 

Manufactures. — In  all  the  towns  the  manufacture  of  woollen 
cloth,  especially  Welsh  flannel,  is  carried  on,  and  although 
the  industry  was  lately  on  the  decline  it  is  now  reviving. 

Administration  and  Population.  —  Montgomeryshire  com¬ 
prises  nine  hundreds,  and  the  municipal  boroughs  of  Llanid¬ 
loes  (3421)  and  Welshpool  (7107).  Llanfyllin,  Llanidloes, 
Machynlleth,  Montgomery,  Newtown,  and  Welshpool  form 
the  Montgomery  district  of  boroughs,  with  a  total  popula¬ 
tion  in  1881  of  19,925,  and  return  one  member  to  parlia¬ 
ment.  One  member  is  also  returned  for  the  county.  Mont¬ 


gomeryshire  is  partly  in  the  dioceses  of  Bangor,  Hereford, 
and  St.  Asaph,  and  contains  sixty-eight  civil  parishes, 
townships,  or  places,  as  well  as  parts  of  other  parishes  in 
adjoining  counties.  From  65,700  in  1831  the  population 
had  increased  in  1851  to  67,335,  and  in  1871  to  67,623,  but  in 
1881  it  had  diminished  to  65,718,  and  in  1901  to  54,892. 

History. — At  the  time  of  the  Boman  invasion,  Montgomery 
was  possessed  by  a  tribe  of  the  Cymri  called  Ordovices. 
Traces  of  several  of  the  old  British  camps  still  remain,  the 
principal  being  those  at  Dolarddyn,  on  Breidden  Hill,  and 
at  Caereinion.  There  are  also  a  large  number  of  cairns  and 
barrows.  The  county  was  traversed  by  the  great  Roman 
road,  the  Via  Devana,  which  was  joined  by  a  number  of 
others;  but  the  remains  of  Roman  camps  or  stations  are 
unimportant.  After  being  vacated  by  the  Romans,  little  is 
known  of  the  history  of  Montgomery,  until  Wales  was  sub¬ 
divided  into  three  districts  at  the  death  of  Rhodri  the 
Great.  Montgomery  was  then  included  under  Powys,  and 
formed  the  chief  portion  of  Powys  Gwenwynwyn,  some¬ 
times  called  Upper  Powys.  Powys  or  Powis  Castle,  the 
seat  of  the  rulers  of  Upper  Powys,  was  founded  in  1108. 
Baldwyn,  from  whom  the  county  takes  its  Welsh  name, 
was  lieutenant  of  the  marches ;  and,  for  the  purpose  of 
holding  the  district  in  check,  a  castle  was  built  about  the 
end  of  the  11th  century,  which,  after  being  captured  by  the 
natives,  was  retaken  by  Roger  de  Montgomery.  He  gave 
his  name  to  the  castle,  and  to  the  surrounding  district  of 
ancient  Powys,  which  was  made  a  county  by  Henry  VIII. 
in  1533. 

Montgomery,  the  county  town,  is  situated  on  the 
declivity  of  a  well-wooded  hill  near  the  eastern  bank 
of  the  Severn,  21  £  miles  south  by  west  of  Shrewsbury, 
and  187£  by  rail  northwest  by  north  of  London.  It  is 
a  clean  and  well-built  town,  but  somewhat  scattered 
and  irregular.  The  principal  buildings  are  the  parish 
church  of  Saint  Nicholas  (an  old  cruciform  structure) 
and  the  town  hall.  The  borough  has  returned  mem¬ 
bers  to  parliament  since  the  time  of  Henry  VIII. ,  but 
by  the  Reform  Act  of  1832  it  was  constituted  one  of 
the  Montgomery  district  of  boroughs,  which  together 
return  one  member.  The  population  of  the  borough 
(area,  3323  acres)  was  1034  in  1901. 

There  are  only  a  few  crumbling  remains  of  the  old  fort¬ 
ress  of  Montgomery,  originally  founded  in  the  time  of 
William  the  Conqueror  to  overawe  the  Welsh,  and  held  by 
Roger  de  Montgomery,  from  whom  the  town  takes  its  name. 
The  castle  was  greatly  enlarged  in  the  time  of  Henry  III., 
when  it  was  the  scene  of  frequent  contests  between  that 
monarch  and  Llewelyn  the  Great.  In  the  14th  century  it 
was  held  by  the  Mortimers,  from  whom  it  passed  to  the 
house  of  York.  By  the  crown  it  was  granted  in  the  15th 
century  to  the  Herberts  of  Cherbury,  but  during  the  Civil 
War  it  was  surrendered  by  Lord  Herbert  of  Cherbury  to 
the  Parliamentary  forces,  by  whom  it  was  dismantled. 

MONTGOMERY,  a  district  in  the  lieutenant-gov¬ 
ernorship  of  the  Punjab,  lying  between  29°  58'  and 
31°  33'  N.  lat.,  and  between  72°  29/  and  74°  10'  E. 
long.,  is  bounded  on  the  N.E.  by  Lahore,  on  the  S.E. 
by  the  river  Sutlej,  on  the  S.W.  by  Mflltdn,  and  on 
the  N.  W.  by  Jhang.  The  area  is  5573  square  miles. 
Montgomery  district,  formerly  known  as  Gugaira,  occu¬ 
pies  a  wide  extent  of  the  Bari  Doab,  or  wedge  of  land 
between  the  Sutlej  and  the  Ravi,  besides  stretching 
across  the  latter  river  into  the  adjoining  Rechna 
Doab.  In  the  former  tract  a  fringe  of  cultivated  low¬ 
land  skirts  the  bank  of  either  river,  but  the  whole 
interior  upland  consists  of  a  desert  plateau  partially 
overgrown  with  brushwood  and  coarse  grass,  and  in 
places  with  impenetrable  jungle.  On  the  farther  side 
of  the  Ravi,  again,  the  country  at  once  assumes  the 
same  desert  aspect. 

The  census  of  1868  returned  the  population  at  359,437 
(males 200,016,  females  159, 421), viz.,  Hindus,  69,805;  Moham¬ 
medans,  277,291;  Sikhs,  12,286;  and  “others,”  55.  The 
JAts,  or  pastoral  tribe,  form  the  most  distinctive  class  in  the 
district.  They  hear  the  name  of  “  Great  Rivi,”  in  contra¬ 
distinction  to  the  purely  agricultural  classes,  who  are  con¬ 
temptuously  styled  “Little  Rdvi.”  They  possess  a  fine 
physique,  with  handsome  features,  claim  a  Rdjput  ancestry, 
and  despise  all  who  handle  the  plough.  In  former  days 
they  exercised  practical  sovereignty  over  the  agricultural 
tribes.  Only  two  towns  in  the  district  contain  over  5000 
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inhabitants,  viz.,  Pak  Pattan  (6086)  and  Kamalia  (5695). 
The  town  of  Montgomery,  the  headquarters  station,  had  a 
population  of  only  2416  in  1868. 

Out  of  a  total  assessed  area  of  3,569,746  acres,  only  538,- 
240  are  returned  as  under  cultivation.  In  1872-73  the  rabi 
(or  spring  harvest)  acreage  was  as  follows:  wheat  (the 
chief  crop),  162,989  acres;  barley,  30,134;  gram,  21,416; 
mustard,  2077 ;  and  tobacco,  1303  acres.  In  the  same  year 
the  kharif  (or  autumn  harvest)  acreage  was :  joar,  20,509 
acres ;  rice,  18,727 ;  cotton,  16,916 ;  til,  12,457 ;  lcangni,  9493 ; 
and  sugar-cane,  498  acres.  Irrigation  is  practised  from 
rivers,  canals,  and  wells ;  the  total  area  irrigated  by  public 
works  is  66,495  acres,  and  by  private  works,  158,709.  The 
desert  uplands  afford  after  the  rains  a  scanty  pasturage  for 
the  scattered  herds  of  the  Great  Ravi  J4ts,  and  yield  an 
impure  carbonate  of  soda  ( sajji )  from  the  alkaline  plants 
with  which  they  abound.  The  commercial  staples  include 
wheat,  rice,  gram,  millets,  cotton,  wool,  ghi,  hides,  and  sajjL 
Large  numbers  of  camels  are  bred  for  exportation.  The 
imports  comprise  sugar,  salt,  oil,  English  piece  goods,  metals, 
indigo,  and  fruits.  The  manufactures  consist  of  country 
cloth,  coarse  striped  silk,  and  lacquered  wood-work.  The 
Lahore  and  Multan  railway  intersects  the  district,  which  is 
also  traversed  in  every  direction  by  good  unmetalled  high¬ 
ways.  The  revenue  of  the  district  in  1871-72  amounted 
to  £47,954,  of  which  £42,355  was  derived  from  the  land-tax. 
Education  in  1871-72  was  afforded  by  59  aided  and  unaided 
schools,  with  a  total  of  1417  pupils.  The  average  annual 
rainfall  for  the  seven  years  ending  1872-73  was  9.6  inches. 

From  time  immemorial  the  Rechna  Do4b  has  formed  the 
home  of  a  wild  race  of  pastoral  J4ts,  who  have  constantly 
maintained  a  sturdy  independence  against  the  successive 
rulers  of  Northern  India.  The  historians  of  Alexander’s 
invasion  mention  a  tribe  called  the  Cathaeans,  who  probably 
had  their  capital  at  Sangala  in  the  Jhang  district,  and  the 
Malli  with  their  metropolis  at  Multin,  as  in  possession  of 
this  part  of  the  country.  The  sites  of  Kot  Kamalia  and 
Harappa  in  Montgomery  contain  large  mounds  of  antique 
bricks  and  other  ruins,  while  many  other  remains  of 
ancient  cities  or  villages  lie  scattered  along  the  river  bank, 
or  dot  the  now  barren  stretches  of  the  central  waste,  clearly 
marking  the  former  existence  of  a  considerable  population. 
The  pastoral  tribes  of  this  barren  expanse  do  not  appear  to 
have  paid  more  than  a  nominal  allegiance  to  the  Moslem 
rulers,  and  even  in  later  days,  when  Ranjit  Sinh  extended 
the  Sikh  supremacy  as  far  as  Mdltdn,  the  country  yielded 
little  or  no  revenue,  and  the  population  for  the  most  part 
remained  in  a  chronic  state  of  rebellion.  British  influence 
was  first  exercised  in  the  district  in  1847,  when  an  officer 
was  deputed  to  effect  a  summary  settlement  of  the  land 
revenue.  Direct  British  rule  was  effected  on  the  annexa¬ 
tion  of  the  Punjab  in  1849.  The  only  incident  since  then 
was  a  general  rising  of  the  wild  clans  during  the  mutiny 
of  1857,  several  actions  being  fought  before  the  clans  were 
defeated  and  dispersed  and  order  restored. 

MONTGOMERY,  a  city  of  the  United  States,  the 
capital  of  Alabama,  is  built  on  a  high  bluff  on  the  left 
bank  of  the  Alabama  River,  158  miles  northeast  of 
Mobile,  with  which  it  is  connected  by  rail  (180  miles) 
and  by  a  steamboat  service  (330  miles).  The  State- 
house,  rebuilt  in  1851  at  a  cost  of  $75,000,  occupies  a 
commanding  site  on  Capitol  Hill.  There  are  a  city- 
hall,  a  court-house,  and  two  theatres,  a  large  flour¬ 
mill,  a  cotton-factory,  two  oil-mills,  a  fertilizer-factory, 
and  several  foundries  and  machine  shops.  The  popu¬ 
lation  was  16,713  in  1880  ;  and,  in  consequence  of  the 
marked  increase  in  commercial  and  industrial  activity 
since  that  date,  it  is  now  (1900)  estimated  at  30,346. 
Founded  in  1817,  and  named  after  General  Richard 
Montgomery  (1736-75),  the  town  of  Montgomery  be¬ 
came  in  1847  the  seat  of  the  State  Government  instead 
of  Tuscaloosa.  _  From  February,  1861,  to  May,  1862, 1 
it  was  the  capital  of  the  Southern  Confederation.  In 
1865  it  was  seized  by  the  Federal  forces  under  General 
Wilson. 

MONTGOMERY,  Alexander,  whose  life  fell  be¬ 
tween  1550  and  1610,  was  the  last  of  the  series  of 
Scottish  poets  who  flourished  in  the  16th  century  under 
the  patronage  of  the  Jameses.  With  the  union  of  the 
crowns,  and  the  transference  of  James  VI.  from  Edin¬ 
burgh  to  London,  court  favor  was  withdrawn  from 
Lowland  Scotch  ;  it  practically  ceased  to  be  a  literary 

1  The  Confederate  congress  met  at  Montgomery  on  February  4, 
1861,  and  on  May  21, 1861,  adjourned  to  meet  at  Richmond,  Va., 
on  July  20  of  the  same  year.— Am.  Ed. 


language,  and  no  poetry  of  mark  was  written  in  the 
dialect,  if  we  except  that  of  Allan  Ramsay’s  school, 
till  it  reappeared  in  literature  as  the  instrument  of 
the  Ayrshire  peasant.  By  a  curious  coincidence, 
Montgomery  seems  to  have  been,  like  Burns,  a  native 
of  Ayrshire.  A  commendatory  sonnet  from  his  pen, 
extravagantly  flattering,  as  was  the  custom  of  the  time, 
was  printed  with  King  James’s  Essays  of  a  Prentice 
in  1584 ;  he  received  a  pension  from  the  crown  a  few 
years  later,  fell  into  disgrace  apparently  for  a  time,  was 
reinstated  in  favor,  and  accompanied  his  patron  to 
England.  As  might  be  expected  from  the  poet  of  a 
court  where  the  king  himself  was  a  keen  critic,  Mont¬ 
gomery’s  miscellaneous  poems  show  a  careful  attention 
to  form ;  he  tried  many  metrical  experiments,  and 
managed  many  complicated  staves  with  skill.  The 
sonnet  form,  at  that  time  a  leading  fashion  in  English 
verse,  was  also  cultivated  at  the  Scottish  court,  and 
Montgomery’s  sonnets  possess  considerable  merit.  His 
most  successful  poem,  published  in  1597,  and  fre¬ 
quently  reprinted  in  Scotland,  was  the  allegory  of 
The  Cherry  and  the  Sloe.  The  poet;  smitten  by  Cupid, 
conceives  a  longing  for  some  cherries,  beautiful  fruit, 
but  growing  high  up  on  a  steep  and  dangerous  bank, 
above  a  roaring  waterfall.  Shall  he  climb  and  win  ? 
Hope  and  courage  and  will  urge  him  to  try ;  dread  and 
danger  and  despair  counsel  him  to  be  content  with  the 
humbler  fruit  of  the  sloe,  which  grows  within  easy 
reach.  Experience,  reason,  wit,  and  skill  debate  the 
question.  .  In  the  end  he  resolves  to  venture  for  the 
cherry,  with  the  active  help  of  these  last-named 
powers.  The  conflicting  counsels  of  the  poet’s  ad¬ 
visers  are  very  pithily  expressed  in  proverbs  for  and 
against  the  adventurous  enterprise,  and  the  descrip¬ 
tion  of  the  situation  is  strong  and  vivid.  Montgomery 
was  no  unworthy  successor  to  Henryson  and  Dunbar 
in  executive  finish,  but  the  want  of  originality  in  his 
oems  shows  that  the  old  impulse  was  nearly  ex- 
austed.  There  are  traces  of  Italian  influence  in  his 
sonnets  and  love  songs,  but  it  was  much  less  powerful 
with  him  than  with  his  English  contemporaries. 

MONTGOMERY,  James  (1771-1854),  poet  and 
journalist,  was  justly  described  by  Lord  Byron,  in  a 
footnote  to  English  Bards  and  Scotch  Reviewers ,  as 
“  a  man  of  considerable  genius,”  though  it  was  going 
far  beyond  the  mark  to  speak  of  his  Wanderer  of 
Switzerland .  (his  first  notable  poem,  published  in 
1806)  as  being  worth  a  thousand  “Lyrical  Ballads.” 
Montgomery  was  born  4th  November,  1771,  at  Irvine 
in  Ayrshire,  Scotland.  Part  of  his  bipyhood  was  spent 
in  Ireland,  but  he  received  his  education  in  Yorkshire, 
at  the  Moravian  school  of  Fulneck,  named  after  the 
original  home  of  the  Moravians,  to  which  sect  his 
father  belonged.  He  drifted  at  an  early  age  into  jour¬ 
nalism,  and  edited  the  Sheffield.  Iris  for  more  than 
thirty  years.  When  he  began  his  career  the  position 
of  a  Dissenting  journalist  was  a  difficult  one,  and  he 
twice  suffered  imprisonment  (in  1795  and  1796)  on 
charges  that  now  seem  absurdly  forced  and  unfair. 
His  Wanderer  was  mercilessly  ridiculed  by  the  Edin¬ 
burgh  Review ,  but  in  spite  of  this  Montgomery  pub¬ 
lished  many  poems,  which  had  a  wide  popularity : 
The  West  Indies,  1810;  The  World  Before  the  Flood, 
1812  ;  Greenland ,  1819  ;  Songs  of  Zion ,  1822  ;  The 
Pelican  Island,  1827.  On  account  of  the  religious 
character  of  his  poetry,  he  is  sometimes  coufounded 
with  Robert  Montgomery,  very  much  to  the  injustice 
of  his  reputation.  The  inspiring  force  of  James  Mont- 
omery’s  poetry  was  the  humanitarian  sentiment  which 
as  been  such  a  power  in  the  political  changes  of  this 
century,  and  the  pulse  of  this  sentiment  is  nowhere 
felt  beating  more  strongly  than  in  his  verse.  His 

njtry  has  thus  an  historical  interest  altogether  apart 
m  its  intrinsic  value  as  poetry.  But  this  value  is 
far  from  contemptible  or  commonplace.  Strictly 
speaking,  Montgomery  was  more  of  a  rhetorician  than 
a  poet,  out  his  imagination  was  bold,  ardent,  and 
fertile,  and  more  than  one  of  his  greater  contemporaries 
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owed  occasional  debts  to  his  vigorous  invention  and 
even  to  his  casual  felicities  of  diction,  while  some  pas¬ 
sages  from  his  poems  keen  a  place  in  the  literature 
that  is  universally  read  and  quoted.  At  the  close  of 
his  career  as  a  journalist,  when  all  parties  agreed  in 
paying  him  respect,  he  claimed  for  his  poetry  that  it 
was  at  least  not  imitative,  and  the  claim  was  just  as 
i  egarded  conception  and  choice  of  subjects ;  but  as  re¬ 
gards  diction  and  imagery  the  influence  of  Campbell 
’3  very  apparent  in  his  earlier  poems,  and  the  influence 
0t  j  ?e  ey  18  suPreme  in  %  Pelican  Island ,  his  last 
and  best  work  as  a  poet.  His  Lectures  on  Poetry  and 
General  Literature ,  published  in  1833,  show  consider¬ 
able  breadth  of  sympathy  and  power  of  expression. 
Memoirs  of  him  were  published  in  seven  volumes  in 
1856-8.  They  furnish  valuable  materials  for  the  his- 
tory  of  English  provincial  politics  in  the  19th  century. 
He  died  at  Sheffield  30th  April,  1854. 

MONTGOMERY,  Robert  (1807-1855),  author  of 
Ihe  Omnipresence  of  the  Deity  (1828),  Satan  (1830), 
and  lhe  Messiah  (1832),  was  the  Montgomery  ridiculed 
and  denounced  in  Macaulay’s  famous  essay.  As  a  poet  he 
deserved  every  word  of  Macaulay’s  severe  censure  ;  the 
marks  of  intellectual  feebleness— tautologous  epithets, 
absurdly  mixed  metaphors,  and  inapt  lines  introduced 
for  the  sake  of  rhyme — are  visible  in  every  page  of  his 
versification.  It  should  be  mentioned  that  Macaulay’s 
‘  trouncing  ”  did  not  diminish  the  sale  of  his  so-called 
poems  ;  one  of  the  works  expressly  ridiculed  reached 
its  28th  edition  in  1858.  His  real  name  is  said  to  have 
been  Gomery. 

MONTH.  See  Astronomy,  vol.  ii.  p.  699,  and 
Calendar. 

MONTILLA,  a  small  and  unimportant  city  of  Spain 
in  the  province  of  Cordova,  32  miles  to  the  south  of 
the  city  of  Cordova,  on  the  Malaga  railway,  is  strik¬ 
ingly  situated  on  two  hills  which  command  a  beautiful 
and  extensive  prospect  of  the  surrounding  country. 
The  manufactures  (principally  weaving)  are  unim¬ 
portant,  and  the  trade  of  the  place  is  chiefly  in  agri¬ 
cultural  produce.  The  oil  of  the  surrounding  district 
is  abundant  and  good ;  and  it  is  the  peculiar  flavor  of 
the  pale  dry  light  wine  of  Montilla  that  gives  its  name 
to  the  sherry  known  as  Amontillado.  The  population 
in  1900  was  13,000.  Montilla  was  the  birthplace  of 
“The  Great  Captain,’’  and  still  shows  the  ruins  of  the 
castle  of  his  father,  Don  Pedro  Fernandez  de  Cordova. 

MONTLUC,  Blaise  de  Lasseran-Massencome, 
Seigneur  de  (c.  1503-1577),  marshal  of  France,  was 
born  about  1508,  at  the  family  seat  near  Condom  in 
the  modern  department  of  Gers.  He  was  the  eldest 
son,  and  his  family  was  a  good  one,  but  it  was  large 
and  poor,  and,  like  most  gentlemen  of  Gascony,  he 
had  to  trust  for  endowment  to  his  sword.  He  served 
first  as  a  private  archer  and  man-at-arms  in  Italy,  with 
Bayard  for  his  captain,  fought  all  through  the  wars  of 
Francis  I. ,  and  was  knighted  on  the  field  of  Cerisoles 
(1538). 1  Having  apparently  enjoyed  no  patronage, 
he  was  by  this  time  a  man  of  middle  age.  Thence¬ 
forward,  however,  his  merits  were  recognized  by  his 
appointment  to  various  important  posts.  His  chief 
feat  was  the  famous  defence  of  Siena  (1555),  which  he 
has  told  so  admirably.  When  the  religious  wars  broke 
out  in  France,  Montluc,  a  staunch  royalist,  held  Gui- 
enne  for  the  king,  and  exercised  severe  but  impartial 
justice  on  Catholics  and  Protestants  alike.  He  would 
have  nothing  to  do  with  the  Massacre  of  St.  Bartholo¬ 
mew.  Henry  III.,  however,  made  him  marshal  of 
France,  an  honor  which  he  had  earned  by  nearly  half 
a  century  of  service  and  by  numerous  wounds.  He 
died  at  Estillac  nearAgen  in  1577.  Montluc’ s  emi¬ 
nence  above  other  soldiers  of  fortune  in  his  day  is  due 
to  his  Commentaires  (Bordeaux,  1592),  in  which  he 
described  his  fifty  years  of  service.  This  book,  the 
‘ ‘  soldier’ s  Bible  ”  (or  “  breviary,  ’  ’  according  to  others), 
as  Henry  IY.  called  it,  is  one  of  the  most  admirable 

1  The  battle  of  Consoles  was  fought  on  April  14, 1544.— Am.  Ed. 
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of  the  many  admirable  books  of  memoirs  produced  by 
the  unlearned  gentry  of  France  at  that  time.  It  is 
said  to  have  been  dictated,  which  may  possibly  account 
m  some  degree  for  the  singular  vivacity  and  pictur¬ 
esqueness  of  the  style.  Hardly  any  author  excels 
Montluc  in  the  clearness  with  which  he  brings  military 
operations  before  the  reader.  As  with  most  of  his 
contemporaries,  his  work  is  didactic  in  purpose,  and 
he  often  pauses  to  draw  morals  for  the  benefit  of 
young  commanders,  but  never  tediously.  The  elo¬ 
quence  displayed  in  some  of  the  speeches  is  remarkable. 
Ihese  Commentaires  are  to  be  found  conveniently  in 
the  collection  of  Michaud  and  Poujoulat,  but  the 
standard  edition  is  that  of  the  SociiU  de  V Histoire  de 
de  Ruble  (5  vols.  1865-72). 

MONTLUgON,  the  industrial  capital  of  the  centre 
of  b  ranee,  sometimes  called  the  French  Manchester, 
is  the  head  of  an  arrondissement,  and  the  largest  town 
(A3n’661  ™babitants  in  1901>  of  the  department  of 
Allier.  The  upper  town  consists  of  steep,  narrow, 
winding  streets,  and  preserves  several  buildings  of  the 
15th  and  16th  centuries ;  the  lower  town,  traversed  by 
the  river  Cher  (there  converted  into  a  canal  communi¬ 
cating  with  that  along  the  Loire),  is  the  seat  of  the 
manufacturing  industries,  which  embrace  glass,  steel, 
and  iron  works,  lime-kilns,  saw-mills,  and  a  wool-spin¬ 
ning  factory.  The  Commentry  coal-mines  are  only  a 
few  miles  distant.  There  is  railway  connection  with 
Moulins  (50  miles  to  the  east-northeast),  Bourges, 
Limoges,  and  Clermont-Ferrand,  and  a  new  line  is 
about  to  be  opened  to  Tours  via  Chateauroux.  Of  the 
churches,  Notre  Dame  is  of  the  15th  century,  St.  Pierre 
partly  of  the  12th,  and  St.  Paul  modern.  The  town- 
hall,  with  a  library,  occupies  the  site  of  an  old  Ursuline 
convent,  and  two  other  convents  now  serve  as  college 
and  hospital. 

Monthi^on,  which  existed  as  early  as  the  10th  century, 
was  taken  by  the  English  in  1171  and  by  Philippe  Auguste 
in  1181 ;  the  English  were  beaten  under  its  walls  in  the 
14th  century.  The  castle,  rebuilt  by  Louis  II.,  duke  of 
Bourbon,  was  taken  by  Henry  IV.  during  the  religious 
wars ;  at  present  it  is  occupied  as  a  barracks. 

MONTMORENCY,  the  name  of  one  of  the  oldest 
and  most  distinguished  families  in  France,  is  derived 
from  Montmorency,  now  in  the  department  of  Seine- 
et-Oise,  in  the  immediate  neighborhood  of  Enghien 
and  St.  Denis,  and  about  9  miles  to  the  north-northwest 
of  Paris.  The  family,  since  its  first  appearance  in 
history  in  the  person  of  Bouchard  or  Burchard  I. , 
sire  de  Montmorency  in  the  10th  century,  has  furnished 
six  constables  and  twelve  marshals  of  France,  several 
admirals  and  cardinals,  numerous  grand  officers  of  the 
crown  and  grand  masters  of  various  knightly  orders, 
and  was  declared  by  Henry  IY.  to  be,  after  that  of  the 
Bourbons,  the  first  house  in  Europe.  Matthieu  I., 
sire  de  Montmorency,  received  in  1138  the  post  of 
constable,  and  died  in  1160.  His  first  wife  was  Aline, 
the  natural  daughter  of  Henry  I.  of  England ;  his 
second  Adelaide  or  Alice  of  Savoy,  widow  of  Louis 
VI.  and  mother  of  Louis  VII.  According  to  Du¬ 
chesne,  he  shared  the  regency  of  France  with  Suger, 
during  the  absence  of  the  latter  king  on  the  second 
crusade.  Matthieu  II.  had  an  important  share  in 
the  victory  of  Bouvines  (1214),  and  was  made  grand 
constable  in  1218.  During  the  reign  of  Louis  VIII. 
(1223-1226)  he  distinguished  himself  chiefly  in  the 
south  of  France  (Niort,  Rochelle,  Bordeaux).  On  the 
accession  of  Louis  IX.  he  was  one  of  the  chief  supports 
of  the  queen-regent  Blanche  of  Castile,  and  was  suc¬ 
cessful  in  reducing  all  the  vassals  to  obedience.  He 
died  in  1230.  His  younger  son,  Guy,  in  right  of  his 
mother,  became  head  of  the  house  of  Montmorency- 
Laval.  Anne  de  Montmorency  (1493-1567),  so  named, 
it  is  said,  after  his  godmother  Anne  of  Brittany,  was 
the  first  to  attain  the  ducal  title.  He  was  bom  at 
Chantilly  in  1493,  and  was  brought  up  with  the 
dauphin,  afterwards  Francis  I.,  whom  he  followed 
into  Italy  in  1515,  distinguishing  himself  especially  at 
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Marignano.  In  1516  he  became  governor  of  Novara; 
in  1520  he  was  present  at  the  Field  of  Cloth  of  Gold, 
and  afterwards  nad  charge  of  important  negotiations 
in  England.  Successful  in  the  defence  of  Mezieres 
(1521),  and  as  commander  of  the  Swiss  troops  in  the 
Italian  campaign  of  the  same  year,  he  was  made  mar¬ 
shal  of  France  in  1522,  accompanied  Francis  into  Italy 
in  1524,  and  was  taken  prisoner  at  Pavia  in  1525. 
Released  soon  afterwards,  he  was  one  of  the  negotiators 
of  the  treaty  of  Madrid,  and  in  1530  reconducted  the 
king’s  sons  into  France.  On  the  renewal  of  the  war 
by  Charles  Y.’s  invasion  of  France  in  1536,  Montmo¬ 
rency  compelled  the  emperor  to  raise  the  siege  of 
Marseilles ;  he  afterwards  accompanied  the  king  of 
France  into  Picardy,  and  on  the  termination  of  the 
Netherlands  campaign  marched  to  the  relief  of  Turin. 
In  1538,  on  the  ratification  of  the  ten  years’  truce,  he 
was  rewarded  with  the  office  of  constable,  but  in  1541 
he  fell  into  disgrace,  and  did  not  return  to  public  life 
until  the  accession  of  Henry  II.  in  1547.  In  1548  he 
repressed  the  insurrections  in  the  southwest,  particu¬ 
larly  at  Bordeaux,  with  great  severity,  and  in  1549- 
1550  conducted  the  war  in  the  Boulonnais,  negotiating 
the  treaty  for  the  surrender  of  Boulogne  on  24th  March, 
1550.  In  1551  his  barony  was  erected  into  a  duchy. 
Soon  afterwards  his  armies  found  employment  in  the 
northeast  in  connection  with  the  seizure  of  Metz,  Toul, 
and  Verdun  by  the  French  king.  His  attempt  to 
relieve  St.  Quentin  issued  in  his  defeat  and  captivity 
(10th  August,  1557),  and  he  did  not  regain  his  liberty 
until  the  peace  of  Cateau-Cambresis  in  1559.  Sup¬ 
planted  in  the  interval  by  the  Guises,  he  was  treated 
with  coldness  by  the  new  king,  Francis  II. ,  and  eom- 
elled  to  give  up  his  mastership  of  the  royal  house- 
old, — his  son,  however,  being  appointed  marshal  by 
way  of  indemnity.  Qn  the  accession  of  Charles  IX. 
in  1560  he  resumed  his  offices  and  dignities,  and, 
uniting  with  his  former  enemies,  the  Guises,  played  an 
important  part  in  the  Huguenot  war  of  1562.  Though 
the  arms  of  his  party  were  victorious  at  Dreux,  he 
himself  fell  into  the  hands  of  the  enemy,  and  was  not 
liberated  until  the  treaty  of  Amboise  (19th  March, 
1563).  In  1567  he  again  triumphed  at  St.  Denis,  but 
received  the  death-blow  of  which  he  died  soon  after¬ 
wards  at  Paris.  His  eldest  son,  Francoise  de  Mont¬ 
morency  (1530-1579),  was  married  to  Diana,  natural 
daughter  of  Henry  H. ;  another  son,  Henri  I.  de  Mont¬ 
morency  (1534-1614),  was  constable  of  France  from 
1593.  Henry  II.  (1595-1632)  son  of  duke  Henry  I., 
succeeded  to  the  title  in  1614,  having  previously  been 
raised  by  Louis  XIII.  to  the  office  of  grand  admiral. 
In  1625  he  defeated  the  French  Protestant  fleet  under 
Soubise,  and  seized  the  islands  of  Rhe  and  Oleron,  but 
the  jealousy  of  Richelieu  deprived  him  of  the  means 
of  following  up  these  advantages.  In  1628-1629  he 
was  allowed  to  command  against  the  duke  of  Rohan 
in  Languedoc;  in  1630  he  defeated  the  Piedmontese, 
and  captured  Prince  Doria,  at  Avigliana,  and  took 
Saluces.  In  the  same  year  he  was  created  marshal. 
In  1632  he  joined  the  party  of  Gaston,  duke  of  Orleans, 
and  placed  himself  at  the  head  of  the  rebel  army, 
which  was  defeated  by  Marshal  Schomberg  at  Castel- 
naudary  (1st  September,  1632)  ;  severely  wounded,  he 
fell  into  the  enemy’s  hands,  and,  abandoned  by  Gaston, 
was  executed  as  a  traitor  at  Toulouse  on  30th  October. 
The  title  passed  to  his  sister  Charlotte-Mar¬ 
guerite,  princess  of  Conde. 

MONTORO,  a  town  of  Spain,  in  the  province  of 
Cordova,  27  miles  to  the  north-northeast  of  that  city, 
on  the  Madrid  railway,  stands  on  a  rocky  peninsula  on 
the  south  bank  of  the  Guadalquivir,  here  crossed  by  a 
fine  bridge  of  four  arches  dating  from  the  16th  century. 
Its  most  conspicuous  building  is  a  hospital,  said  to  be 
one  of  tbe  best  in  Andalucia.  The  most  important 
article  of  commerce  is  the  oil  of  the  surrounding  dis¬ 
trict.  The  population  of  the  ayuntamiento  was  12,734 
in  1897. 

MONTPELIER,  a  town  of  the  United  States,  the 


capital  of  Vermont  (since  1805),  and  the  county  seat 
of  Washington  county  (since  1811)  is  situated  in  44°  W 
N.  lat.  and  72°  36'  W.  long.,  on  the  Winooski  or 
Onion  river,  which  falls  into  Lake  Champlain.  It  has 
a  station  on  the  Central  Vermont  Railroad,  and  is  the 
western  terminus  of  the  Montpelier  and  Wells  River 
and  the  Montpelier  and  White  River  Railroads.  The 
State-house,  in  the  form  of  a  Greek  cross  with  a  dome 
and  Doric  portico,  was  erected  at  a  cost  of  $150,000,  to 
replace  the  structure  burned  down  in  1857.  Under 
the  portico  stands  a  marble  statue  (by  Larkin  G. 
Mead)  of  Ethan  Allen  (1737-1789),  the  hero  of  Ver¬ 
mont.  The  State  library  contains  20,000  volumes. 
From  2411  in  1860  the  population  had  increased  to 
6266  in  1900. 

MONTPELLIER,  chief  town  of  the  department  of 
Herault.  France,  is  situated  at  the  junction  of  several 
railway  lines,  on  a  small  hill  rising  above  the  Lez,  at 
its  confluence  with  the  Merdanson,  about  480  miles 
south  of  Paris,  and  about  7  miles  from  the  Mediterra¬ 
nean,  from  which  it  is  separated  by  the  lagoons  of 
Perols  and  l’Arnel.  As  the  headquarters  of  the  16th 
corps  d’armee,  as  the  seat  of  a  bisbop,  of  a  university, 
and  of  a  court  of  appeal,  Montpellier  is  the  principal 
place  of  Lower  Languedoc.  The  Place  du  Peyrou,  575 
feet  in  length  by  410  in  breadth,  one  of  the  finest 
squares  in  France,  occupies  the  highest  part  of  the 
town,  and  terminates  in  a  terrace,  commanding  a  mag¬ 
nificent  view  of  the  coasts  of  the  Mediterranean,  and 
of  a  wide  stretch  of  country  reaching  to  the  Cevennes 
on  the  north,  to  the  spurs  of  the  Pyrenees  on  the 
southwest,  and  to  those  of  the  Alps  on  the  northeast. 
On  the  terrace  is  situated  the  reservoir  of  the  town, 
the  water  being  brought  from  a  distance  of  5  or  6  miles 
by  an  aqueduct  of  two  tiers  of  arches,  about  70  feet  in 
height.  In  the  centre  of  the  square  is  an  equestrian 
statue  of  Louis  XIV.  To  the  right  and  left  are  prom¬ 
enades,  on  which  the  chief  boulevards  converge.  The 
Boulevard  Henri  IV.  to  the  north  leads  to  the  botani¬ 
cal  garden,  medical  college,  and  cathedral ;  to  the  east 
the  Rue  Nationale  leads  to  the  palace  of  justice,  the 
prefecture,  and  the  citadel.  The  cathedral,  which 
until  1536  was  the  church  of  a  Benedictine  monastery, 
suffered  severely  during  the  religious  wars,  but  about 
thirty  years  ago  it  was  restored  in  the  style  of  the  13th 
century.  _  It  has  four  towers,  and  is  one  of  the  largest 
churches  in  Southern  France,  being  more  than  300  feet 
in  length,  92  in  breadth,  and  88  in  height.  The  mon¬ 
astery,  after  being  converted  into  the  bishop’s  palace, 
has  since  1795  been  occupied  by  the  famous  medical 
school.  The  portrait  of  Rabelais  hangs  in  the  gallery 
of  former  professors.  Connected  with  the  medical 
school  is  an  anatomical  museum  and  a  rich  library. 
Montpellier  also  possesses  a  faculty  of  science,  with 
several  fine  collections,  a  faculty  of  letters,  a  higher 
school  of  pharmacy,  an  agricultural  college,  and  a  seri- 
cultural  institute.  The  museum  contains  more  than 
600  paintings,  in  addition  to  collections  of  marbles, 
bronzes,  and  antiquities.  The  botanical  garden,  more 
than  10  acres  in  extent,  is  the  oldest  in  France,  having 
been  laid  out  in  1593.  The  esplanade,  ornamented 
by  fine  old  trees  planted  by  the  due  de  Roquelaure, 
formerly  governor  of  Languedoc,  leads  towards  the 
citadel.  The  inner  city  has  narrow  and  tortuous  streets, 
but  many  good  houses.  Among  the  public  buildings, 
the  principal  are  the  palace  of  justice — a  modern  struc¬ 
ture,  the  fagade  adorned  with  statues  of  the  statesman 
Cambacer&s  and  of  Cardinal  Fleury — the  barracks, 
several  hospitals,  the  juvenile  seminary,  and  the  cen¬ 
tral  prison  for  females.  There  are  several  learned 
societies,  including  an  academy  of  science  and  letters, 
an  antiquarian  society,  several  medical  societies,  and 
others  for  various  separate  branches  of  study,  includ¬ 
ing  the  dialect  of  Languedoc.  The  Lez  has  been 
deepened  and  widened  so  as  to  connect  Montpellier 
with  the  Canal  du  Midi  and  with  the  sea  at  Palavas. 
The  town  has  a  considerable  trade  in  wine  and  brandy. 
The  principal  industrial  establishment  is  a  manufactory 
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for  wax-tapers,  candles,  and  soap,  doing  business  to 
the  amount  of  £400,000  per  annum.  There  are  also 
chemical  works,  cooperages,  distilleries,  etc.  The  popu¬ 
lation  in  1901  was  65,000. 

Montpellier  first  rose  into  importance  after  the  destruc¬ 
tion  of  Maguelone  by  Charles  Martel  in  .737.  Its  prosperity 
dates  from  the  beginning  of  the  12th  century,  when  its 
school  of  medicine  (see  vol.  xy.  p.  816)  first  began  to  acquire 
fame.  It  had  a  school  of  law  in  1160,  and  a  university  was 
founded  by  Pope  Nicholas  IV.  in  1292.  St.  Louis  (Louis 
IX.)  granted  to  the  town  the  right  of  free  trade  with  the 
whole  of  the  kingdom,  a  privilege  which  greatly  increased 
its  prosperity.  In  1204  Montpellier  became  a  dependency 
of  the  house  of  Aragon,  through  marriage,  and  in  1350  it  was 
sold  to  Philip  of  Valois.  In  the  time  of  Charles  VIII.  it  is  said 
to  have  had  35,000  hearths.  It  took  the  place  of  the  bishop¬ 
ric  of  Maguelone  in  1536.  At  the  time  of  the  Reformation 
it  became  one  of  the  most  important  centres  of  Protestant¬ 
ism,  but  was  taken  by  Louis  XIII.,  who  erected  the  citadel 
commanding  the  town.  Several  years  afterwards  Mont¬ 
pellier  was  partly  depopulated  by  the  plague.  Of  the  old 
fortifications  little  now  remains  save  the  gate  of  Peyrou,  a 
triumphal  arch  of  date  1712,  opposite  the  place  of  the  same 
name. 

See  Germain,  Histoire  du  commerce  de  MontpeUier  anterieurement 
a  Vouverture  du  port  de  Cette  (2  vols..  1861),  and  Histoire  de  la  com¬ 
mune  de  MontpeUier  (3  vols.,  1851),  Aigrefeuille,  Histoire  de  la  viUe 
de  Montpellier  (1877). 

MONTPENSIER,  Anne  Marie  Louise  d’ Or¬ 
leans,  Duchesse  de  (1627-1693),  one  of  the  most 
remarkable  names  on  the  somewhat  arbitrary  list  of 
royal  and  noble  authors,  was  born  at  the  Louvre  on 
29th  May,  1627.  Her  father  was  Gaston  of  Orleans, 
“Monsieur,”  the  brother  of  Louis  XIII.,  cele¬ 
brated  for  the  invariable  ill  fate  which  attended  his 
favorites  and  partisans.  Her  mother  was  Marie  de 
Bourbon,  heiress  of  the  Montpensier  family.  Being 
thus  of  the  blood-royal  of  France  on  both  sides,  and 
an  heiress  to  immense  property,  she  appeared  to  be 
very  early  destined  to  a  splendid  marriage.  It  was 
perhaps  the  greatest  misfortune  of  her  life  that 
‘  Mademoiselle  (as  her  courtesy  title  went)  was  en¬ 
couraged  or  thought  herself  encouraged  to  look  for¬ 
ward  to  the  throne  of  France  as  the  result  of  a  mar¬ 
riage  with  Louis  XIV.,  who  was,  however,  eleven 
years  her  junior.  Ill-luck,  or  her  own  wilfulness,  frus¬ 
trated  numerous  plans  for  marrying  her  to  various 
persons  of  more  or  less  exalted  station,  including 
Charles  II.  of  England,  then  Prince  of  Wales.  She 
was  just  of  age  when  the  Fronde  broke  out,  and,  at¬ 
tributing  as  she  did  her  disappointments  to  Mazarin, 
she  sympathized  with  it  not  a  little.  It  was  not,  how¬ 
ever,  till  the  new  or  second  Fronde  that  she  displayed 
in  a  very  curious  fashion  a  temper  and  courage  as  mas¬ 
culine  and  adventurous  as  those  of  her  father  Gaston 
had  always  been  effeminate  and  timid.  She  not  only 
took  nominal  command  of  one  of  the  armies  on  the 
princes’  side,  but  she  literally  and  in  her  own  person 
took  Orleans  by  escalade,  crossing  the  river,  breaking  a 
gate,  and  mounting  the  walls  with  the  applause  of  the 
populace  of  the  city,  but  in  face  of  the  refusal  of  the 
authorities  to  admit  her.  No  good  result,  however, 
came  to  her  party  from  this  extraordinary  act,  and  she 
had  to  retreat  to  Paris,  where  she  practically  com¬ 
manded  the  Bastille  and  the  adjoining  part  of  the 
walls.  On  the  2d  of  July  (1652)  the  battle  of  the 
Faubourg  Saint  Antoine,  between  the  Frondeurs  under 
Cond4  and  the  royal  troops  under  Turenne,  took  place, 
and  the  former,  being  beaten,  found  themselves  in  an 
awkward  situation,  between  their  conquerors  and  the 
walls  of  a  city,  which,  though  not  exactly  hostile  to 
them,  was  not  nominally  on  their  side,  and  had  closed 
its  gates  against  them.  Mademoiselle  saved  them  by 
giving  orders  not  merely  for  the  gates  under  her  con¬ 
trol  to  be  opened  but  for  the  cannon  of  the  Bastille  to 
fire  on  the  royalists,  which  was  done.  Her  own  resi¬ 
dence  (and  indeed  her  property)  was  the  Luxembourg, 
and  here  she  found  herself  during  the  riots  which  fol¬ 
lowed  the  battle  ;  but  in  the  heat  of  the  emeute  she 
installed  herself  in  the  hotel  de  ville,  and  played  the 
part  of  mediatrix  between  the  opposed  parties.  Her 


Pphtical  importance  lasted  exactly  six  months,  and 
did  her  little  good,  for  it  created  a  lifelong  prejudice 
against  her  in  the  mind  of  her  cousin,  Louis  X TV. , 
who  never  forgave  opposition  to  his  sovereign  power. 
Nor  had  she  any  support  to  look  for  from  her  pusil¬ 
lanimous  father,  who  hastened  to  make  terms  for  him- 
®elf)  a  matter  the  less  difficult  that  his  known  faith¬ 
lessness  had  prevented  the  chiefs  of  the  Fronde  from 
engaging  him  at  all  deeply  in  their  schemes.  Made¬ 
moiselle,  on  the  other  hand,  was  for  some  years  in 
disgrace,  and  resided  on  her  estates.  It  was  not  till 
1657  that  she  reappeared  at  court,  but,  though  pro¬ 
jects  for  marrying  her  were  once  more  set  on  foot,  she 
was  now  past  her  first  youth.  Her  incurable  self-will, 
moreover,  still  stood  in  her  way,  and  suitor  after  suitor 
was  rejected  for  reasons  good  or  bad.  She  was  nearly 
b^rty,  and  had  already  corresponded  seriously  with 
Madame  de  Motteville  on  the  project  of  establishing 
a  ladies’  society  “sans  mariage  et  sans  amour,”  when 
a  young  Gascon  gentleman  named  Puyguilhem,  after¬ 
wards  celebrated  as  M.  de  Lauzun,  attracted  her  atten- 
tmn.  It  was  some  years  before  the  affair  came  to 
a  crisis,  but  at  last,  in  1670,  Mademoiselle  solemnly 
demanded  the  king’s  permission  to  marry  Lauzun. 
Madame  de  S6vigne’s  letter  on  this  occasion  is  one  of 
the  most  famous  of  her  collection.  Louis,  who  liked 
Lauzun,  and  who  had  been  educated  by  Mazarin  in  the 
idea  that  Mademoiselle  ought  not  to  be  allowed  to  carry 
her  vast  estates  and  royal  blood  to  any  one  who  was 
himself  of  the  blood-royal,  or  even  to  any  foreign 
prince,  gave  his  consent,  but  it  was  not  immediately 
acted  on.  The  pride  of  the  other  members  of  the 
royal  family,  and  the  spite  of  the  king’s  brother,  Mon¬ 
sieur,  who  had,  after  the  death  of  Henrietta  of  Eng¬ 
land,  made  offers  to  his  cousin,  prevailed  with  Louis 
to  rescind  his  permission.  Not  long  afterwards  Lauzun, 
for  another  cause,  was  imprisoned  in  Pignerol,  and  it 
was  years  before  Mademoiselle  was  able  to  buy  his 
release  from  the  king  by  settling  no  small  portion  of 
her  estates  on  Louis’s  bastards.  The  elderly  lovers 
(for  in  1681,  when  Lauzun  was  released,  he  was  nearly 
fifty,  and  Mademoiselle  was  fifty-four)  were  then 
secretly  married,  if  indeed  they  had  not  gone  through 
the  ceremony  ten  years  previously.  But  Lauzun,  a 
coarse  and  brutal  adventurer,  tyrannized  over  his  wife, 
and  her  spirit,  which  was  yet  unbroken,  at  length  got 
the  better  of  her  passion.  It  is  said  that  on  one  occa¬ 
sion  he  addressed  her  thus,  ‘  ‘  Louise  d’  Orleans,  tire-moi 
raes  bottes,”  and  that  she  at  once  and  finally  separated 
from  him.  She  lived,  however,  for  some  years  after 
he  had  achieved  his  last  adventure  (that  of  assisting 
the  family  of  James  II.  to  escape  from  England,  and 
attempting  to  defend  their  cause  in  Ireland),  gave 
herself  to  religious  duties,  and  finished  her  Memoires, 
which  extend  to  within  seven  years  of  her  death  (9th 
April,  1693),  and  which  she  had  begun  when  she  was 
in  disgrace  thirty  years  earlier.  These  Memoires  (Am¬ 
sterdam,  1729)  are  of  very  considerable  merit  and  in¬ 
terest,  though,  or  perhaps  because,  they  are  extremely 
egotistical  and  often  extremely  desultory.  Mademoi¬ 
selle  writes  without  art,  but  with  the  hereditary  ability 
of  her  family,  and  the  strongly  personal  view  which 
she  takes  of  public  events  is  rather  an  advantage  than 
a  disadvantage.  They  are  to  be  found  in  the  great 
collection  of  Michaud  and  Poujoulat,  and  have  been 
frequently  edited  apart.  (g.  SA.) 

MONTREAL,  the  largest  city  in  the  Dominion  of 
Canada,  its  chief  seat  of  commerce  and  principal  port 
of  entry,  is  situated  on  an  island  of  about  30  miles  in 
length  and  7  in  breadth,  at  the  confluence  of  the  rivers 
Ottawa  and  St.  Lawrence,  45°  32'  N.  lat.  and  73°  32' 
W.  long.  It  stands  at  the  head  of  ocean  navigation, 
160  miles  above  Quebec,  and  nearly  1000  miles  (986) 
from  the  Atlantic  Ocean,  and  lies  at  the  foot  of  the 
great  chain  of  river,  lake,  and  canal  navigation  which 
extends  westward  through  the  great  lakes.  Montreal 
is  built  upon  a  series  of  terraces,  the  former  levels  of 
the  river  or  of  a  more  ancient  sea.  Behind  those  rises 
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Mount  Royal,  a  mass  of  trap-rock  thrown  up  through 
the  surrounding  limestone  strata  to  a  height  of  700  feet 
above  the  level  of  the  river.  From  this  rock  the  city 
derives  its  name,  though  its  original  founder,  Paul  de 
Chomedey,  sire  de  Maisonneuve,  in  1642,  gave  it  the 
name  of  Ville-Marie,  when  it  was  dedicated  with 
religious  enthusiasm,  not  as  a  centre  of  commercial 
enterprise,  but  as  the  seat  of  a  mission  which  aimed 
specially  at  the  conversion  of  the  native  Indians.  The 
modem  city  of  Montreal  occupies  an  area  of  about 
eight  square  miles,— its  principal  streets  running  par¬ 
allel  with  the  river.  On  the  north  side  of  the  Moun¬ 
tain  the  Trenton  limestone  approaches  the  surface,  and 
is  there  quarried  for  building  purposes.  Of  this  gray 
limestone  most  of  the  public  edifices  and  many  of  the 
better  class  of  private  dwellings  are  built.  But  both 
brick  and  wood  are  largely  used  for  workshops  and 
private  houses  of  a  humbler  class.  The  western 
slope  of  the  Mountain  is  occupied  by  the  Cote  des 
Neiges  (Roman  Catholic)  cemetery,  and  the  Mount 
Royal  (Protestant)  cemetery.  The  upper  portion 
of  the  Mountain,  embracing  an  area  ot  430  acres, 
is  now  laid  out  as  a  public  park,  with  fine  drives 
shaded  by  well-grown  trees.  From  its  command¬ 
ing  site,  and  the  wide  expanse  of  the  valley  of 
the  St.  Lawrence,  the  views  on  all  sides  are  of 
great  variety  and  beauty.  A  well-cultivated  and 
wooded  country,  watered  by  the  Ottawa  and  the 
St.  Lawrence,  stretches  away  on  either  hand,  being 
bounded  on  the  west  by  the  lakes  of  St.  Louis  and 
the  Two  Mountains,  and  on  the  distant  horizon 


by  the  Laurentian  Hills,  the  Adirondacks,  and  the 
Green  Mountains  of  Vermont.  On  the  east  side  the 
city  occupies  the  slope  towards  the  river  St.  Lawrence, 
which  has  here  a  breadth  of  from  one  to  two  miles. 
Two  islands,  the  Nun’s  and  St.  Helen’s  Isles — the 
latter  rising  to  a  height  of  150  feet,  beautifully  wooded, 
and  laid  out  as  a  public  park — occupy  the  bed  of  the 


river  immediately  below  the  Lachine  Falls,  and  be¬ 
tween  them  the  river  is  spanned  by  the  great  y  ictoria 
Bridge.  This  wonderful  triumph  of  engineering  skill 
is  a  tubular  iron  bridge  supported  on  twenty-four  piers 
of  solid  masonry,  with  the  terminal  abutments  of  the 
same,  and  measuring  9184  feet  in  length.  The  river 
descends  at  the  rate  of  7  miles  an  hour  at  the  point 
where  it  is  thus  crossed ;  and  the  piers  are  constructed 
with  a  view  to  resist  the  enormous  pressure  of  the  ice 
in  spring.  Near  at  hand  the  towers,  spires,  and  domes 
of  numerous  churches  and  public  buildings  rise  from 
the  general  mass  of  houses.  The  wharves  and  docks 
are  crowded  with  shipping  during  the  season  of  navi¬ 
gation,  for  the  St.  Lawrence  is  navigable  to  Montreal 
by  the  largest  ocean  steamers.  But  immediately 
above  the  city  the  river  is  impeded  by  a  natural  dyke 
of  trap  and  limestone  which  here  arrests  the  waters  in 
their  aescent,  forming  the  Lake  St.  Louis  at  a  height 
of  44  feet  above  the  level  of  Montreal  harbor.  The 
river  here  forces  its  way  through  a  channel  of  about 
half  a  mile  wide,  with  a  rapidity  of  about  18  miles  an 
hour,  forming  the  Lachine  or  St.  Louis  Rapids.  Owing 
to  the  immense  volume  of  water  concentrated  in  a 
narrow  channel,  steamers  drawing  ten  feet  of  water 
are  safely  navigated  down  the  rapids,  but  these  neces¬ 
sarily  present  an  insuperable  barrier  to  the  ascent  of 
the  river.  This  is  accordingly  surmounted  by  means 
of  the  Lachine  Canal,  which,  commencing  at  the  port 
of  Montreal,  passes  round  the  falls  by  a  series  of  locks, 
in  a  course  of  nine  miles,  to  Lake  St.  Louis,  opposite 
the  Indian  village  of  Caughnawaga.  The  fall  of  watef 
in  the  canal  furnishes  water-power  for  saw-mills, 
boiler  and  engine  works,  sash,  blind,  door,  edge- 
tool,  and  other  factories,  established  on  its  banks. 
Sugar  refining  has  also  been  carried  on  here  with 
great  profit.  Woollen  and  cotton  mills,  silk  fac¬ 
tories,  a  large  rubber  factory,  rope  and  cordage 
works,  boot  and  shoe  factories,  etc. ,  are  likewise 
organized  on  an  extensive  scale.  The  water  sup¬ 
ply  of  Montreal  is  derived  from  the  river  above 
the  city  }  and,  after  passing  along  an  open  canal 
5  miles  in  length,  it  is  raised  to  a  reservoir  ex¬ 
cavated  out  of  the  solid  rock  on  the  east  slope  of 
the  Mountain,  205  feet  above  the  level  of  the 
harbor. 

The  circumstances  attendant  on  the  foundation  of 
Montreal,  and  the  marked  contrasts  in  its  mixed 
population  of  French  and  English,  give  a  peculiar 
character  to  its  religious  and  benevolent  institutions. 
This  has  led  to  the  multiplication  of  churches,  col¬ 
leges,  convents,  and  religious  and  charitable  founda¬ 
tions,  and  to  a  rivalry  in  the  zeal  of  their  promoters, 
one  result  of  which  is  seen  in  the  scale  and  imposing 
character  of  many  of  their  buildings.  The  Metro¬ 
politan  Cathedral  of  St.  Peter,  designed  to  reproduce 
on  a  reduced  scale  the  chief  features  of  St.  Peter’s 
at  Rome,  was  projected  by  Bishop  Bourget  after  the 
destruction  of  his  church  and  palace  in  the  great  fire 
of  1852.  It  occupies  a  prominent  site  in  Dorchester 
Street,  at  the  corner  of  Dominion  Square ;  and,  when 
surmounted  by  the  projected  dome  and  finished  in 
front  with  its  classic  facade,  it  will  form  a  striking 
feature  in  the  general  view  of  the  city.  The  parish 
church  of  Notre-Dame,  on  the  Place  d’Armes,  affords 
accommodation  for  10,000  worshippers.  The  Jesuits’ 
Church  is  another  large  church,  elaborately  painted 
in  the  interior.  Near  it  is  the  College  of  St.  Mary. 
Christchurch  Cathedral  (Protestant)  is  a  fine  speci¬ 
men  of  Decorated  Gothic,  built  externally  of  the 
native  limestone,  but  with  the  chief  facings  and 
carvings  of  the  exterior  and  the  whole  of  the  inte¬ 
rior  of  fine  Caen  stone.  It  was  erected  under  the 
direction  of  Bishop  Fulford,  the  first  Anglican  bishop 
of  Montreal,  to  whose  memory  a  memorial  cross, 
after  the  model  of  the  Queen  Eleanor  crosses,  has  been 
erected  on  the  south  side  of  the  cathedral.  The  other 
churches  of  the  various  Protestant  denominations  include 
St.  George’s,  Anglican,  St.  Andrew’s  and  St.  Paul’s  (Pres¬ 
byterian),  St.  James  Street  Methodist  Church,  the  Church 
of  the  Messiah,  Unitarian,  etc. 

The  Hotel  Dieu,  founded  in  1644  for  the  cure  of  the  sick, 
now  occupies  a  building  at  the  head  of  St.  Famille  Street. 
A  body  of  professed  sisters  and  novices  perform  the  duties 
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of  nursing  and  attendance,  and  upwards  of  3000  sick  per¬ 
sons  are  annually  received  into  its  wards.  The  order  of 
the  Grey  Nuns,  founded  in  1737,  have  built  a  new  hospital 
in  Guy  Street.  The  professed  sisters  of  this  religious  com¬ 
munity,  numbering  at  present  310,  receive  under  their  care 
the  aged  and  infirm  and  orphan  and  foundling  children  of 
the  French  Canadian  population.  They  also  undertake 
the  care  of  various  asylums  and  schools  in  different  parts 
of  the  city.  Montreal  has  also  a  General  Hospital,  founded 
in  1822 ;  a  Protestant  House  of  Industry,  the  Mackay  In¬ 
stitution  for  Deaf-Mutes,  the  Protestant  Orphan  Asylum, 
Infants’  Home,  etc.  The  curiously  mixed  character  of  the 
population  of  Montreal  is  further  shown  in  its  separate 
daily  and  weekly  newspapers  in  the  English  and  French 
languages,  and  in  its  various  national  societies,  of  St. 
George,  St.  Andrew,  St.  Patrick,  St.  Jean  Baptiste,  and  New 
England, — each  confining  its  charitable  operations  to  those 
of  the  nationality  which  it  represents.  There  are  two 
theatres  in  Montreal,  but  the  Roman  Catholic  clergy  have 
systematically  discountenanced  the  stage,  and  the  diverse 
languages  have  further  tended  to  limit  the  numbers  who 
patronize  the  drama. 

Among  the  chief  civic  buildings  is  the  city  hall,  built  in 
the  modern  French  style,  with  lofty  mansard  roofs,  and  a 
central  pavilion.  It  affords  accommodation  for  all  the 
municipal  offices,  including  the  waterworks  and  fire  alarm 
departments,  the  recorder’s  court,  the  police  office,  and  for 
the  meetings  of  the  city  corporation,  which  consists  of  a 
mayor  and  twenty-seven  aldermen.  Three  aldermen  are 
elected  by  each  of  the  nine  wards,  one  of  whom  retires 
every  year.  The  court  house,  situated  close  to  the  city 
hall,  between  the  Champ  de  Mars  and  Jacques  Cartier 
Square,  is  a  handsome  classical  building  where  all  the  law 
courts  hold  their  sittings ;  and  accommodation  is  provided 
for  the  Advocates’  Library,  which  numbers  upwards  of 
10,000  volumes,  including  a  fine  collection  of  books  in  the 
department  of  old  French  civil  law.  Bonsecours  Market 
in  St.  Paul  Street  is  a  large  structure  surmounted  by  a 
dome,  which  forms  a  prominent  feature  in  every  view  of 
the  city.  When  it  is  crowded  with  the  peasants  bringing 
in  their  country  produce,  and  by  the  French  Canadian  city 
populace  as  purchasers,  as  is  the  case  especially  on  Tues¬ 
days  and  Fridays,  the  scene  is  very  striking  to  a  stranger.. 

Foremost  among  the  educational  institutions  is  the  uni¬ 
versity  of  M’Gill  College,  founded  by  James  M’Gill,  a 
Scotchman,  who  in  the  later  years  of  the  18th  century  en¬ 
gaged  in  the  northwest  fur  trade,  and  ultimately  became 
one  of  the  leading  merchants  in  Montreal.  At  his  death 
in  1813  he  left  his  property  for  the  founding  of  a  college. 
The  most  recent  and  liberal  addition  to  it  is  the  Peter  Red- 
path  Museum,  valued  at  upwards  of  $100,000,  the  gift  of  a 
wealthy  citizen.  The  university  embraces  the  faculties  of 
arts,  law,  and  medicine,  and  has  also  a  department  of  prac¬ 
tical  science.  The  college  buildings  stand  in  a  pleasant 
park  fronting  on  Stvsrbrooke  Street,  at  the  base  of  the 
Mountain.  Theological  colleges  in  connection  with  the 
Church  of  England,  the  Presbyterian,  Methodist,  and  Con¬ 
gregational  Churches,  occupy  buildings  in  the  vicinity, 
and  their  students  attend  the  classes  at  M’Gill  College  for 
secular  instruction.  The  Seminary  of  St.  Sulpice  is  a 
theological  training  school  for  priests,  where  the  larger 
portion  of  the  Roman  Catholic  clergy  of  the  province  of 
Quebec  have  received  their  training,  and  also  a  college 
where  a  large  number  of  the  French  Canadian  youth  ob¬ 
tain  their  education.  This  seminary  is  held  in  high  esteem, 
and  attracts  many  Roman  Catholic  students  from  the 
United  States.  Laval  University,  which  has  its  chief  seat 
at  Quebec,  has  also  a  branch  at  Montreal,  with  a  large  staff 
of  professors,  chiefly  in  theology,  law,  and  medicine.  The 
M’Gill  and  the  Jacques  Cartier  Normal  Schools  for  train¬ 
ing  teachers  for  the  Protestant  and  Roman  Catholic  public 
schools  are  conducted  under  the  Protestant  and  Roman 
Catholic  boards  of  public  instruction ;  and  model  schools 
attached  to  them  afford  the  requisite  practical  training  for 
teachers.  The  principal  public  monuments  are  the  column 
erected  in  honor  of  Lord  Nelson,  and  a  bronze  statue  of 
Queen  Victoria,  by  the  late  Marshall  Wood,  which  occupies 
a  good  site  in  Victoria  Square. 

The  commerce  of  Montreal  is  well  represented  by  the 
architectural  character  of  its  banking  establishments  and 
manv  of  the  large  mercantile  houses.  It  is  also  the  seat  ot 
a  large  manufacturing  industry.  But  the  most  substantial 
evidence  of  its  importance  as  a  commercial  centre  is  its  har¬ 
bor.  The  solidly-built  basins,  wharves,  quays  and  canal 
locks  extend  for  upwards  of  a  mile  and  a  half  along  the 
river-side.  In  1849,  at  a  period  of  depression,  the  total  value 
of  the  imports  and  exports  amounted  to  £2,013,478  sterling. 
In  1882  they  had  risen  to  £15,633,657 sterling.  The  business 
of  the  port  at  the  same  date  is  thus  expressed  in  Canadian 
currency:  total  value  of  exports  $26,334,312,  of  imports 


$49,749,461 ;  customs  duties  collected  estimated  at  $8,100,- 
366.  The  number  of  sea-going  vessels  in  port  was  648,  of 
which  fully  one-half  were  ocean  steamers,  in  addition  to 
which  the  inland  vessels  arriving  at  the  port  numbered 
6543.  The  estimated  value  of  real  estate  in  Montreal  is 
$65,978,930.  The  population  in  1851  numbered  57,715;  in 
1881  it  had  increased  to  140,747,  of  whom  78,684  were  of 
French  and  28,995  of  Irish  origin,  and  of  the  whole  num¬ 
ber,  103,579  were  Roman  Catholic,  in  1901  to  267,730. 

The  city  returns  three  members  to  the  Canadian  House  of 
Commons,  and  the  same  number  to  the  provincial  legisla¬ 
ture  of  Quebec. 

When  the  first  French  explorers  landed  on  the  island  of 
Montreal  under  the  leadership  of  Jacques  Cartier  in  1535,  a 
large  Indian  palisaded  town  existed  a  little  to  the  west  of 
Mount  Royal,  and  not  far  from  the  present  English  cathe¬ 
dral.  To  this  fortified  town  the  Indians  gave  the  name  of 
Hochelaga,  and  Jacques  Cartier  describes  it  as  surrounded 
by  fields  of  grain  and  other  evidences  of  a  settled  native 
population.  The  name  is  now  applied  to  the  eastern  suburb 
of  the  modern  city.  Sixty  years  later,  when  Samuel  de 
Champlain  made  his  way  up  the  St.  Lawrence,  and  climbed 
to  the  summit  of  Mount  Royal,  the  populous  native  town 
had  disappeared,  and  only  two  Indians  were  found  from 
whom  some  obscure  hints  were  derived  of  war  between  rival 
tribes,  followed  by  the  destruction  of  the  town  and  the  ex¬ 
termination  or  flight  of  its  former  occupants.  The  enmity 
thus  established  between  the  Wyandotts  or  Hurons  of  Can¬ 
ada  and  the  Iroquois  settled  in  the  valley  of  the  Hudson 
and  south  of  Lake  Ontario  was  perpetuated  throughout  the 
whole  period  of  French  occupation.  Champlain  took  the 
side  of  the  Hurons,  while  the  Iroquois  allied  themselves 
with  the  Dutch  and  English  settlers  on  the  Hudson.  Thus 
the  early  history  of  Montreal  is  largely  occupied  with  inci¬ 
dents  of  Indian  warfare.  In  1665  the  marquis  de  Tracy  ar¬ 
rived  from  France,  bringing  with  him  a  regiment  of  French 
soldiers,  with  whose  aid  the  Indian  assailants  were  driven 
off,  and  forts  erected  and  garrisoned  to  repel  their  incur¬ 
sions;  thus  protected,  Montreal  became  the  centre  of  the 
fur  trade  with  the  west,  and  entered  on  its  history  as  a  com¬ 
mercial  city.  In  1722  it  was  fortified  with  a  bastioned  wall 
and  ditch,  under  the  directions  of  De  Lery ;  and  the  citadel 
was  erected  on  a  height  now  laid  out  as  Dalhousie  Square. 
The  taking  of  Quebec  by  the  English  under  General  Wolfe 
in  1759  was  followed  ere  long  by  the  surrender  of  Montreal. 
Since  that  date  it  has  rapidly  developed  as  an  important 
centre  of  commercial  and  manufacturing  enterprise. 

(d.  w.) 

MONTROSE,  a  royal  and  parliamentary  borough 
and  seaport  of  Forfarshire,  Scotland,  is  situated  on  the 
German  Ocean  at  the  mouth  of  the  South  Esk,  on  a 
branch  of  the  Caledonian  Railway,  30  miles  east-north¬ 
east  of  Dundee,  and  38  south-southwest  of  Aberdeen. 
Its  harbor  basin,  formed  by  the  estuary  of  the  South 
Esk,  lias  an  area  of  about  4  square  miles,  and  is  dry 
at  ebb-tide,  but  at  high  water  there  is  a  depth  of  about 
1 8  feet  at  the  bar.  The  length  of  the  quays  and  docks 
is  about  If  miles.  The  South  Esk  is  crossed  by  a  sus¬ 
pension  bridge  erected  in  1829  at  a  cost  of  £20,000, 
and  having  a  length  from  the  points  of  suspension  of 
422  feet  (with  its  approaches  800  feet).  On  the  links 
to  the  east  of  the  town  is  one  of  the  finest  golfing 
greens  in  Scotland.  In  the  High  Street,  which  is  of 
considerable  width,  and  contains  several  very  lofty 
houses,  there  are  monuments  to  Sir  Robert  Peel  and 
to  Joseph  Hume,  formerly  member  for  the  Montrose 
boroughs.  The  principal  buildings  are  the  parish 
church — one  of  the  largest  churches  in  Scotland — the 
town -house,  the  infirmary,  and  the  academy.  There  is 
a  public  library  with  19,000  volumes,  and  a  mechanics’ 
library  with  7000  volumes.  Besides  the  staple  industry 
of  flax-spinning,  there  are  manufactures  of  linen,  sail¬ 
cloth,  sheetings,  starch,  and  soap.  Iromfounding, 
tanning,  and  brewing  are  also  carried  on.  The  export 
trade  is  chiefly  in  manufactured  goods,  agricultural 
produce,  and  fish  ;  the  principal  imports  are  timber  and 
coal.  In  1881  the  number  of  ships  that  entered  coast¬ 
wise  was  373  of  48,828  tons,  the  number  that  cleared 
250  of  21,877  tons ;  the  number  engaged  in  the  foreign 
and  colonial  trade  in  the  same  year  was — entered  108 
of  34,868  tons,  cleared  42  of  10,359  tons..  Montrose 
is  also  one  of  the  principal  fishing-stations  in  Scotland, 
the  number  of  registered  boats  in  1881  being  342  of 
4168  tons,  giving  constant  employment  to  697  persons, 
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and  occasional  employment  to  300.  Montrose  joins 
with  Arbroath,  Brechin,  Forfar,  and  Inverbervie  in 
returning  one  member  to  parliament.  The  population 
of  the  royal  burgh  in  1871  was  15,720,  and  16,280  in 
1881 ;  the  population  of  the  parliamentary  burgh  in 
the  same  years  was  14,452  and  14,975,  in  1901,  12,402. 

Montrose  received  a  charter  from  David  I.  in  the  12th 
century,  and  was  made  a  royal  burgh  by  David  II.  in  1352. 
The  town  was  destroyed  by  fire  in  1244.  It  was  from  the 
port  of  Montrose  that  Sir  James  Douglas  in  1330  embarked 
for  the  Holy  Land  with  the  heart  of  Bruce,  and  that  Prince 
James  Stuart,  “the  Old  Pretender,”  set  sail  in  1716  for 
France,  after  the  failure  of  his  cause  in  Scotland.  The  town 
is  the  birthplace  of  Andrew  Melville,  of  the  great  marquis 
of  Montrose,  and  of  Joseph  Hume. 

MONTROSE,  James  Graham,  Marquis  of  (1612— 
1650),  born  in  1612,  became  the  fifth  earl  of  Montrose 
by  his  father’s  death  in  1626.  He  was  educated  at 
St.  Andrews  ;  and  in  1629,  at  the  early  age  of  seven¬ 
teen,  he  married  Magdalene  Carnegie,  daughter  of  the 
earl  of  Southesk.  In  1636,  on  his  way  home  from  a 
prolonged  visit  to  the  Continent,  he  sought  an  intro¬ 
duction  to  Charles  I.  ,  but,  as  it  is  said,  was  frustrated 
in  his  hope  of  obtaining  the  king’s  favor  by  an  intrigue 
of  the  marquis  of  Hamilton.  Not  long  after  the  out¬ 
break  of  the  Scottish  troubles  in  1637  he  joined  the 
party  of  resistance,  and  was  for  some  time  its  most  en¬ 
ergetic  champion.  He  had  nothing  puritanical  in  his 
nature,  but  he  shared  in  the  ill-feeling  aroused  in  the 
Scottish  nobility  by  the  political  authority  given  by 
Charles  to  the  bishops,  and  in  the  general  indignation 
at  the  king’s  ill-judged  scheme  of  imposing  upon  Scot¬ 
land  a  liturgy  whicn  had  been  drawn  up  at  the  insti¬ 
gation  of  the  English  court,  and  which  nad  been  cor¬ 
rected  in  England  by  that  Archbishop  Laud  who  now 
became  known  in  Scotland  under  the  nickname  of  “  the 
pope  of  Canterbury.”  Montrose’s  chivalrous  enthu¬ 
siasm  eminently  qualified  him  to  be  the  champion  of  a 
national  cause,  and  the  resistance  of  Scotland  was  quite 
as  much  national  as  it  was  religious.  He  signed  the 
Covenant,  and  became  one  of  the  foremost  Covenanters. 
The  part  assigned  to  him  was  the  suppression  of  the 
opposition  to  the  popular  cause  which  arose  around 
Aberdeen  and  in  the  country  of  the  Gordons.  Three 
times,  in  July,  1638,  and  in  March  and  June,  1639,  Mon¬ 
trose  entered  Aberdeen,  where  he  thoroughly  succeeded 
in  effecting  his  object,  on  the  second  occasion  carrying 
off  the  head  of  the  Gordons,  the  marquis  of  Huntly, 
as  a  prisoner  to  Edinburgh. 

In  July,  1639,  after  the  signature  of  the  treaty  of 
Berwick,  Montrose  was  one  of  the  Covenanting  lead¬ 
ers  who  visited  Charles  upon  the  borders.  This  change 
of  policy  on  his  part  is  frequently  ascribed  to  the  fas¬ 
cination  of  the  king’s  conversation.  In  reality  it  arose 
from  the  nature  of  his  own  convictions.  He  wished  to 
get  rid  of  the  bishops  without  making  presbyters  mas¬ 
ters  of  the  state.  His  was  essentially  a  layman’s  view 
of  the  situation.  Taking  no  account  of  the  real  forces 
of  the  time,  he  aimed  at  an  ideal  form  of  society  in 
which  the  clergy  should  confine  themselves  to  their 
spiritual  duties,  and  in  which  the  king,  after  being  en¬ 
lightened  by  open  communication  with  the  Scottish 
nation,  should  maintain  law  and  order  without  respect 
of  persons.  In  the  Scottish  parliament  which  met 
in  September,  Montrose  attempted  to  carry  out  this 

olicy,  and  found  himself  in  opposition  to  Argyll,  who 

ad  placed  himself  at  the  head  of  the  Presbyterian 
and  national  party,  which,  by  an  alteration  of  the  rules 
that  had  hitherto  regulated  the  selection  of  the  Lords 
of  the  Articles,  gave  supremacy  in  parliament  to  the 
representatives  of  the  middle  classes.  Montrose,  on 
the  other  hand,  wished  to  bring  the  king’s  authority 
to  bear  upon  parliament  to  defeat  this  object,  and  of¬ 
fered  him  the  support  of  a  great  number  of  the  nobles, 
who  were  by  this  time  as  much  opposed  to  the  pre¬ 
dominance  of  the  Presbyterian  clergy  acting  upon  the 
middle  classes  as  they  had  before  been  opposed  to  the 
predominance  of  the  bishops.  He  failed,  because 


Charles  could  not  even  then  consent  to  abandon  the 
bishops,  and  because  no  Scottish  party  of  any  weight 
could  be  formed  unless  Presbyterianism  were  estab¬ 
lished  ecclesiastically. 

Rather  than  give  way,  Charles  prepared  in  1640  to 
invade  Scotland.  As  usual,  he  prepared  difficulties 
for  those  who  wished  to  support  him.  Montrose  was 
of  necessity  driven  to  play  something  of  a  double  part. 
In  August,  1640,  he  signed  the  Bona  of  Cumbernauld 
as  a  protest  against  the  particular  and  direct  practising 
of  a  few — in  other  words,  against  the  ambition  of  Ar¬ 
gyll.  But  he  took  his  place  amongst  the  defenders  of 
his  country,  and  in  the  same  month  he  was  the  first  to 
wade  across  the  Tweed  at  the  head  of  the  invaders  of 
England.  After  the  invasion  had  been  crowned  with 
success,  Montrose  still  continued  to  cherish  his  now 
hopeless  policy.  On  27th  May,  1641,  he  was  sum¬ 
moned  before  the  Committee  of  Estates  charged  with 
intrigues  against  Argyll,  and  on  11th  June  he  was  im¬ 
prisoned  in  Edinburgh  Castle.  When  Charles  visited 
Scotland  to  give  his  formal  assent  to  the  abolition  of 
Episcopacy,  Montrose  communicated  to  him  his  belief 
that  Hamilton  was  a  traitor.  It  has  indeed  been  al¬ 
leged,  on  Clarendon’s  authority,  that  he  proposed  to 
murder  Hamilton  and  Argyll ;  hut  this  is  in  all  proba¬ 
bility  only  one  of  Clarendon’s  many  blunders.  His  let¬ 
ters  to  Charles,  however,  must  be  taken  in  connection 
with  this  so-called  incident.  During  the  progress  of 
the  investigation  of  this  plot,  Montrose  remained  in 
custody,  and  upon  the  king’s  return  to  England  he 
shared  in  the  amnesty  which  was  tacitly  accorded  to 
all  Charles’s  partisans. 

For  a  time  Montrose  retired,  not  voluntarily,  from 
public  life.  After  the  Civil  War  in  England  began  he 
constantly  pressed  Charles  to  allow  him  to  make  a  di¬ 
version  on  Scotland.  At  last  in  1644,  when  the  Scot¬ 
tish  army  entered  England  to  take  part  against  the 
king,  Montrose,  now  created  a  marquis,  was  allowed 
to  try  what  he  could  do.  He  set  out  to  invade  Scotland 
with  about  1000  men.  But  his  followers  deserted,  and 
his  condition  appeared  hopeless.  Genius,  however, 
inspired  him  with  courage.  Disguised  as  a'groom,  he, 
with  only  two  gentlemen,  started  on  18th  August  to 
make  his  way  to  the  Highlands.  No  enterprise  might 
seem  rasher.  Highlanders  had  never  before  been 
known  to  combine  together,  but  Montrose  knew  that 
most  of  the  clans  detested  Argyll,  not  because  they 
were  royalist  but  because  Argyll,,  as  the  head  of  the 
Campbellsj  was  the  chief  of  an  aggressive  and  unscru¬ 
pulous  tribe.  Montrose  did  not  miscalculate  his 
chances.  The  clans  rallied  to  his  summons.  About 
2000  Irish  had  crossed  the  sea  to  assist  him.  He  won 
battle  after  battle.  He  defeated  the  Covenanters  at 
Tippermuiron  1st  September,  and  at  the  Bridge  of 
Dee  on  12th  September.  Rapidity  of  movement  was 
the  distinguishing  feature  of  his  generalship.  He 
crossed  the  mountains  deep  with  a  winter’s  snow  into 
the  country  of  Argyll,  burning  and  destroying  as  he 
rested  for  a  time  from  more  active  operations.  On  2d 
February,  1645,  he  crushed  the  Campbells  at  Inver- 
lochy,  whilst  the  head  of  the  house,  who  was  no  war¬ 
rior,  looked  on  at  the  disaster  from  a  boat.  The  Scot¬ 
tish  parliament  declared  Montrose  to  have  forfeited  his 
life  and  estate  as  a  traitor,  but  it  could  not  reach  him 
to  execute  the  sentence.  On  19th  February  he  cap¬ 
tured  Elgin,  through  March  he  was  ravaging  Aber¬ 
deenshire  and  Kincardineshire,  on  3d  April  he  stormed 
Dundee,  then  on  9th  May  came  the  victoiy  of  Aul¬ 
dearn,  on  2d  July  the  victory  of  Alford,  and  on  15th 
August  the  great  victory  of  Kilsyth.  Never  till  after 
this  battle  had  Montrose  ventured  far  from  the  High¬ 
land  hills.  The  Highlanders  had  the  habit  of  running 
home  after  a  victory  to  secure  their  booty.  Now,  how¬ 
ever,  Montrose  found  himself  apparently  master  of 
Scotland.  In  the  name  of  the  king,  who  now  appointed 
him  lord-lieutenant  and  captain-general  of  Scotland, 
he  summoned  a  parliament  to  meet  at  Glasgow  on  20th 
October,  in  which  he  no  doubt  hoped  to  reconcile  loyal 
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obedience  to  tbe  king  with  the  establishment  of  a  non¬ 
political  Presbyterian  clergy.  That  parliament  never 
met.  In  England  Charles  was  in  evil  case.  He  had 
been  defeated  at  Naseby  on  14th  June,  and  Montrose 
must  come  to  his  help  if  there  was  to  be  still  a  king  to 

Sroclaim.  He  never  had  a  chance  of  knowing  what 
[ontrose  could  do  against  the  ‘ 1  new  model  ’  ’  army. 
David  Leslie,  the  best  of  the  Scottish  generals,  was 
dispatched  against  Montrose  to  anticipate  the  inva¬ 
sion.  On  12th  September  he  came  upon  Montrose, 
deserted  by  his  Highlanders  and  guarded  only  by  a  lit¬ 
tle  group  of  followers,  at  Philiphaugli.  He  won  an 
easy  victory.  Montrose  cut  his  way  through  to  the 
Highlands ;  but  he  failed  to  reorganize  an  army.  On 
3d  September,  1646,  he  embarked  for  Norway. 

Montrose  was  to  appear  once  more  on  the  stage  of 
Scottish  history.  In  June,  1649,  he  was  restored  by 
the  exiled  Charles  II.  to  his  nominal  lieutenant-gov¬ 
ernorship  of  Scotland.  In  March,  1650,  he  landed  in 
the  Orkneys  to  take  the  command  of  a  small  force 
which  he  had  sent  on  before  him.  Crossing  to  the 
mainland,  he  tried  to  raise  the  clans,  but  the  clans 
would  not  rise,  and  on  27th  April  he  was  surprised  and 
captured  at  Corbiesdale  in  Ross-shire.  On  18th  May 
he  entered  Edinburgh  as  a  prisoner.  On  the  20th  he 
was  sentenced  to  death  by  the  parliament,  and  he  was 
hanged  on  the  21st,  with  Wishart’s  laudatory  biogra¬ 
phy  of  him  put  round  his  neck.  To  the  last  he  pro¬ 
tested  that  he  was  a  real  Covenanter  and  a  loyal  sub¬ 
ject.  ‘  ‘  The  Covenant  which  I  took,  ’  ’  he  said,  ‘  ‘  I  own 
it  and  adhere  to  it.  Bishops,  I  care  not  for  them  ;  I 
never  intended  to  advance  their  interest.  ”  Something, 
at  least,  of  Montrose’s  dream,  so  impossible  to  realize 
at  that  time,  has  been  realized  in  Scotland.  Scotland 
has  remained  ecclesiastically  Presbyterian.  The  politi¬ 
cal  legality  which  Montrose  wished  to  uphold  against 
factions  by  means  of  the  king  has  been  upheld  by 
means  of  the  political  ripeness  of  the  Scottish  nation 
itself.  (s.  R.  g.) 

MONT  ST.  MICHEL,  a  curious  rocky  islet,  consist¬ 
ing  of  a  mass  of  granite  about  3000  feet  in  compass 
and  165  feet  in  height,  rises  at  a  distance  of  nearly  a 
mile  from  the  shore  in  the  bay  of  St.  Michel,  near  the 
mouth  of  the  Couesnon,  at  the  vertex  of  the  angle 
formed  by  the  coasts  of  Brittany  and  Normandy.  The 
quicksands  by  which  it  is  surrounded,  and  which 
stretch  far  to  seaward,  are  exposed  at  low  water,  and 
highly  dangerous  to  those  who  venture  on  them  with¬ 
out  a  guide.  Recently  efforts  at  reclamation  have 
been  made,  and  amongst  other  works  a  causeway  has 
been  constructed  connecting  Mont  St.  Michel  with  the 
nearest  point  of  the  mainland  (near  Moidrey)  ;  an 
unfortunate  consequence  of  these  operations  has  been 
that  some  portions  of  the  ramparts  of  the  island  have 
been  sapped  by  the  altered  tidal  currents.  The  fortress- 
abbey,  to  which  the  rock  owes  its  fame,  stands  upon 
the  more  precipitous  side  towards  the  north  and  west; 
the  sloping  portion  towards  the  east  and  south  is  occu¬ 
pied  by  dwelling-houses.  The  strong .  machicolated 
and  turreted  wall  by  which  the  whole  is  surrounded 
is  pierced  only  by  a  single  gateway.  The  northward 
wall  of  the  abbey  (La  Merveille),  dating  from  the  13th 
century,  is  of  remarkable  boldness ;  it  is  246  feet  in 
length  and  108  feet  in  height,  is  supported  by  twenty 
buttresses,  and  is  pierced  by  a  variety  of  openings. 
The  single  street  of  the  island,  leading  from  the  one 
ateway  up  to  the  donjon  of  the  fortress,  is  lined  with 
ouses,  most  of  them  used  as  lodging-houses  by  visitors 
and  pilgrims ;  it  contains  an  old  parish  church,  and  the 
house  of  Du  Guesclin  is  also  pointed  out.  The  abbey 
consists  principally  of  two  parallel  buildings  of  three 
stoi  ies  each,  that  on  the  east  containing  nospitium, 
refectory,  and  dormitory,  and  that  on  the  west  the 
cellar,  knights’  hall,  and  cloister.  The  knights’  hall  is 
a  superb  piece  of  Gothic  architecture,  measuring  85 
feet  by  59,  with  three  rows  of  richly-ornamented  pillars. 
The  cloister  is  one  of  the  purest  and  most  graceful 
works  of  the  13th  century  (1228).  The  church  has  a 


number  of  imperfect  turrets,  and  is  surmounted  by  a 
square  tower  of  the  17th  century,  with  a  statue  of  St. 
Michael,  which  was  crowned  in  1877.  The  nave,  which 
dates  from  the  11th  century,  is  Norman  ;  but  the  choir, 
which  collapsed  in  1421,  has  been  rebuilt  in  the  flam¬ 
boyant  style.  Beneath  is  a  fine  crypt. 

Mont  St.  Michel  was  a  sacred  place  even  in  the  time  of 
the  Druids.  It  became  a  seat  of  Christian  worship  in  the 
8th  century,  when  a  monastery  was  founded  upon  it  (with 
the  usual  miraculous  accompaniments)  by  St.  Aubert,  bishop 
of  Avranches.  It  soon  became  a  favorite  resort  of  pilgrims, 
not  only  from  all  parts  of  France,  but  also  from  Great 
Britain  and  Ireland,  and  even  from  Italy.  It  was  plundered 
by  the  Normans ;  but  Hollo,  on  his  conversion,  made  resti¬ 
tution.  At  the  time  of  the  Conquest  it  supplied  William 
of  Normandy  with  six  ships,  and  received  a  considerable 
share  of  the  English  spoils.  About  this  time  the  monks 
began  to  give  themselves  to  learning  and  to  collect  a  large 
library,  and  in  the  12th  century  the  establishment  reached 
its  highest  prosperity.  It  was  burnt  by  the  troops  of  Philip 
Augustus,  who  afterwards  furnished  large  sums  for  its 
restoration  (La  Merveille).  St.  Louis  (Louis  IX.)  made  a 
pilgrimage  to  Mont  St.  Michel,  and  was  afterwards  very 
liberal  to  it.  During  the  hundred  years’  war  it  offered 
a  memorable  resistance  to  the  English ;  and  here,  on  1st 
August,  1469,  Louis  XI.  instituted  the  order  of  St.  Michel, 
and  held  a  brilliant  chapter.  A  similar  celebration  was 
held  by  Francis  I.  During  the  religious  wars  the  Hugue¬ 
nots  made  repeated  unsuccessful  attempts  to  seize  the  fort¬ 
ress  ;  it  opened  its  gates  to  Henry  IV.  after  his  abjuration. 
About  1615  the  Benedictine  monks  of  Mont  St.  Michel  were 
replaced  by  monks  of  the  Congregation  of  St.  Maur ;  after 
the  Revolution  the  abbey  was  used  as  a  prison  for  political 
offenders.  It  is  now  an  historical  monument ;  it  contains 
an  orphanage,  and  is  undergoing  repairs. 

MONTSERRAT,  one  of  the  Leeward  Islands  in  the 
West  Indies,  situated  16°  45'  N.  lat.  and  62°  V  W. 
long.,  is  12  miles  long  and  8  broad  in  its  widest  part, 
and  has  an  area  of  32  square  miles.1  The  uneven  and 
rugged  surface  suggests  possibly  volcanic  origin.  Its 
general  appearance  is  very  picturesque,  the  most  inter¬ 
esting  natural  feature  being  the  Souffri&re.  The  island 
was  discovered  by  Columbus  in  1493,  and  received  its 
name  either  because  of  its  broken  appearance  or  after 
the  mountain  in  Spain.  It  was  colonized  by  the 
English  under  Sir  Thomas  Warner  in  1632,  and  was 
taken  by  the  French  in  1664.  Restored  to  the  English 
in  1668,  it  capitulated  to  the  French  in  1782,  but  was 
again  restored  in  1784.  It  is  now  a  presidency  under 
the  general  government  at  Antigua,  and  has  a  legis¬ 
lative  council,  composed  of  officials  and  crown  nominees. 
The  climate  is  the  most  healthy  in  the  West  Indies. 
The  population  (12,215)  consists  principally  of  negroes, 
with  several  hundred  whites.  The  revenue  and  ex¬ 
penditure  average  £5600  per  annum.  Sugar  exports 
range  from  1200  to  occasionally  2000  tons.  An  im¬ 
portant  industry  is  the  cultivation  of  limes  and  the 
manufacture  of  juice.  About  700  puncheons  of  raw 
lime  juice,  300  hogsheads  of  concentrated  juice,  and 
an  increasing  quantity  of  fresh  green  limes  are  exported 
annually.  For  the  three  years  ending  1880  the  average 
value  of  imports  was  £26,390,  of  exports  £32,963. 
The  principal  town  is  Plymouth,  lying  midway  along 
the  southwest  coast. 

MONTSERRAT.  _  Thirty  miles  to  the  northwest 
of  Barcelona  in  Spain  there  rises  a  very  remarkable 
mountain  of  gray  conglomerate,  24  miles  in  circum¬ 
ference,  and  at  its  loftiest  point  (San  Geronimo)  a 
little  more  than  4000  feet  in  height.  From  the  com¬ 
parative  lowness  of  the  surrounding  district,  and  from 
its  extraordinary  configuration,  it  is  a  conspicuous 
object  for  many  miles  around.  The  mountain  consists 
of  jagged  pinnacles  and  spires  rising  abruptly  from 
the  base  of  the  mass,  which  is  cloven  with  many 
clefts,  and  abounds  with  steep  precipices.  It  is  the 
Mans  Serratus  of  the  Romans,  the  Monte  Serrado  of 
the  Spaniards,  and  is  thus  named  either  in  allusion  to 
its  jagged  appearance,  like  the  teeth  of  a  saw,  or  be¬ 
cause  the  eastern  face  is  split  as  if  sawn, — which  oc¬ 
curred,  say  the  Spanish  legends,  at  the  time  of  the 
i  Other  authorities  state  the  area  at  47  square  miles.— Am.  Ed. 
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crucifixion,  when  the  rocks  were  rent.  The  arms  of  the 
monastery  represent  a  mountain  with  a  saw  resting  upon 
it  and  penetrating  some  distance  into  its  mass.  Its  pin¬ 
nacles  and  pyramids  and  sharp  angular  masses  resemble 
a  mountain  of  hard  ciystalline  volcanic  tuff  which  oc¬ 
curs  between  Akureyri  and  Kalmanstunga  in  Iceland. 
The  effect  of  Montserrat  may  be  realized  faintly  if 
we  place  ourselves  upon  the  roof  of  Milan  cathedral, 
and  imagine  the  forest  of  spires  magnified  a  thousand¬ 
fold.  The  central  spire  will  represent  San  (Jeronimo. 
The  result  of  this  varied  contour  in  the  case  of  Mont¬ 
serrat  is  to  make  it  one  of  the  most  picturesque  places 
in  Europe.  Paths  wind  along  the  faces  of  the  preci¬ 
pices,  ascending  to  bare  gray  summits,  descending  to 
sheltered  valleys  filled,  with  evergreens  and  flowers. 
The  Pyrenees  are  seen  in  one  direction,  the  sea  in  an¬ 
other,  while  the  Llobregat  winds  at  the  foot  of  the 
mountain  through  the  village  of  Monistrol.  Manresa 
and  other  villages  are  seen  scattered  over  the  plain ; 
and  hills  covered  with  a  warm  red  soil  alternate  with 
rich  valleys..  Street  says  of  Montserrat,  —  “  After 
much  experience  of  mountains,  it  strikes  me  more 
each  time  that  I  see  it  as  among  the  very  noblest  of 
rocks.” 

The  monastery,  a  great  pile  of  buildings,  stands  upon 
a  narrow  platform  on  the  edge  of  a  vast  chasm  in  the 
eastern  face  of  the  mountain.  It  owes  its  existence 
to  an  image  of  the  Virgin,  said  to  have  been  carved 
by  Saint  Luke,  and  brought  to  Barcelona  by  St.  Peter 
in  30  A.D..  When  the  Moors  invaded  the  province  in 
717,  the  image  was  taken  to  Montserrat  and  hidden 
in  a  cave.  In  880  Gondemar,  bishop  of  Vich,  was 
attracted  to  the  cave  by  sweet  sounds  and  smells,  and 
there  found  the  image,  which  he  determined  to  take 
to  Manresa.  But  at  a  certain  spot  on  the  mountain 
the  image  refused  to  proceed  farther ;  there  it  was 
consequently  deposited,  and  a  chapel  was  erected  to 
contain  it.  A  stone  cross  near  the  walls  of  the  mon¬ 
astery  still  marks  the  spot  where  the  image  refused  to 
move.  Round  the  chapel  a  nunnery  was  built,  and  in 
976  this  was  enlarged  and  converted  into  a  Benedictine 
monastery.  Philip  II.  built  the  present  church.  In 
1835  the  monastery  was  suppressed  and  despoiled  of 
the  vast  treasures  which  had  accumulated  during  the 
Middle  Ages.  But  the  buildings  were  allowed  to  re¬ 
main,  as  well  as  a  few  of  the  fathers  to  take  charge  of 
the  Virgin’s  shrine.  At  present  they  number  19  ;  a 
hundred  years  ago  there  were  76  monks,  28  lay-brothers, 
25  singing  boys,  together  with  surgeon,  physician,  and 
servants.  The  possessions  then  consisted  of  numerous 
hamlets,  besides  great  quantities  of  plate  and  jewels, 
including  85  silver  lamps. 

Nuestra  Sefiora  de  Montserrat,  Patrona  de  Cataluna,  is 
one  of  the  most  celebrated  images  in  Spain,  and  her  church 
is  visited  annually  by  more  than  80,000  pilgrims.  It  is  a 
small  carved  wooden  image,  “  regularly  handsome,  but  the 
color  of  a  negro  woman,”  and  possesses  magnificent  robes 
and  jewels.  It  has  been  visited  by  numbers  of  sovereigns 
and  high  ecclesiastics,  and  by  millions  of  Catalonians.  In 
September,  1881,  it  was  solemnly  crowned  by  Leo  XIII.,  who 
sent  a  crown  from  Rome  for  that  purpose.  Quantities  of 
ex  votos  are  offered  at  the  shrine :  wax  models  of  injured  or 
diseased  limbs,  models  of  ships,' pictures  and  clothes,  jewels 
and  silver  hearts.  As  the  celebrity  and  sanctity  of  Mont¬ 
serrat  increased,  so  did  the  number  of  devotees.  Ignatius 
Loyola  laid  his  sword  upon  the  altar  of  the  Virgin,  and, 
placing  himself  under  her  protection,  started  from  Mont¬ 
serrat  to  commence  bis  new  life.  Many  eminent  Spaniards, 
weary  of  the  world,  have  retired  to  this  monastery  to  end 
their  days.  Some  preferred  solitary  hermitages  perched 
among  the  rocks.  Of  these  there  were  fifteen,  eleven  of 
which  once  formed  a  via  sacra,  ending  at  the  summit  of  San 
Geronimo.  They  were  destroyed  by  the  French,  but  the 
ruins  of  some  of  them  still  remain.  From  all  the  view  is 
magnificent ;  some  are  indeed  placed  on  the  edges  of  preci¬ 
pices  in  almost  inaccessible  places.  There  are  also  caves  in 
the  mountain,  some  of  which  were  formerly  occupied  by 
monks.  The  most  celebrated  of  these  are  the  cave  of  the 
Virgin,  in  which  the  Santa  Imagen  remained  hidden  until 
found  by  Gondemar,  and  the  cave  of  Fray  Juan  Garin,  a 
notorious  sinner,  who  ended  his  days  in  the  practice  of  re¬ 
volting  penances  at  Montserrat.  At  Collbato,  ou  the  south. 


east  side  of  the  mountain,  near  the  base,  there  are  also  some 
very  curious  caves. 

MONTU  CL  A,  Jean-Etienne  ( 1 725-1 799) ,  a  learned 
mathematician,  was  the  son  of  a  merchant,  and  was 
born  at  Lyons  in  1725.  He  attended  the  college  of  the 
Jesuits  in  his  native  city,  and  was  early  distinguished 
for  his  tenacious  memory  and  his  aptitude  for  mathe¬ 
matics.  At  the  age  of  sixteen  he  removed  to  Toulouse 
to  prosecute  the  study  of  law ;  and  after  taking  the 
usual  degrees  he  repaired  to  Paris.  There  his  conver¬ 
sational  powers,  his  solid  information,  and  his  acquire¬ 
ments  as  a  linguist  soon  introduced  him  to  the  notice 
of  the  learned.  In  the  society  of  D’Alembert  and 
Lalande  his  taste  for  mathematical  studies  was  con¬ 
firmed  and  stimulated.  After  publishing  two  anony¬ 
mous  treatises  on  the  Quadrature  of  the  Circle  and  on 
the  Duplication  of  the  Cube ,  he  gave  to  the  world  in 
1758  the  first  part  of  his  great  work,  The  History  of 
Mathematics.  Not  long  after  this  his  merits  were  re¬ 
cognized  by  the  Government,  and  he  was  promoted  to 
several  important  offices.  He  was  appointed  intendant- 
secretary  at  Grenoble  in  1758,  secretary  to  the  expedi¬ 
tion  for  colonizing  Cayenne  in  1764,  and  “premier 
commis  des  batiments”  and  censor-royal  for  mathe¬ 
matical  books  in  1765.  During  the  next  twenty-five 
years  his  time  was  divided  between  his  official  duties 
and  the  study  of  his  favorite  science.  The  Revolution 
then  ensuing  deprived  him  of  his  income,  and  left  him 
in  great  destitution.  The  offer  in  1795  of  a  mathe¬ 
matical  chair  in  one  of  the  schools  of  Paris  was  de¬ 
clined  on  account  of  his  infirm  health,  and  he  was  still 
in  straitened  circumstances  in  1798  when  he  published 
a  second  edition  of  the  first  part  of  his  History.  He 
also  enlarged  Ozanam’s  Mathematical  Recreations , 
afterwards  published  in  English  by  Dr.  Hutton  (4  vols. , 
Lohd.,  1803).  About  four  months  before  his  death 
(December,  1799)  a  pension  of  2400  francs  was  con¬ 
ferred  upon  him.  His  History  of  Mathematics  was 
completed  by  Lalande,  and  published  at  Paris  in  1799— 
1802  (4  vols.  4to). 

Montucla’s  work  was  the  first  history  of  mathematics 
worthy  of  the  name.  It  is  characterized  alike  by  elegance 
of  style  and  by  breadth  of  treatment.  Montucla  rarely  fails 
in  candor,  and  never  in  breadth  of  sympathy ;  he  lived  at 
a  time  when  it  would  have  been  pardonable  to  treat  mathe¬ 
matics  “  as  a  French  science,”  yet  he  cannot  with  justice  be 
accused  of  Chauvinism.  The  study  of  the  history  of  mathe¬ 
matics  has  greatly  revived  of  late  years,  especially  in  Ger¬ 
many,  and  numerous  monographs  on  special  departments 
have  appeared,  in  which,  as  was  to  be  expected,  many 
defects  and  some  positive  errors  in  Montucla’s  work  have 
been  pointed  out,  but,  taken  as  a  whole,  it  stands  as  yet  un¬ 
superseded,  unrivalled,  fit,  as  to  its  admirable  style  and 
enduring  quality,  to  be  compared  with  Gibbon’s  Decline  and 
Fall  of  the  Roman  Empire. 

MONZA  (locally  Monscia),  a  city  of  Italy  in  the 

Erovince  of  Milan,  at  the  branching  of  the  railway  for 
tecco  and  Como,  lies  on  the  Lambro,  a  tributary  of 
the  Po,  mainly  on  the  right  bank,  in  a  healthy  and 
attractive  situation.  Of  the  mediaeval  fortifications 
little  remains  save  the  Porta  d’ Agrate.  The  cathedral 
of  St.  John  Baptist  is  the  principal  object  of  interest : 
Theodelinda’s  basilica  was  enlarged  at  the  close  of  the 
13  th  century  by  throwing  the  atrium  into  the  main 
building,  and  the  present  marble  facade  was  erected 
about  the  middle  of  the  14th  by  Matteo  da  Campione. 
On  the  left-hand  side  of  the  front  rises  an  incongruous 
brick-built  tower,  278  feet  high,  erected  by  Peregrini. 
Within  the  church  are  the  iron  crown  of  Lombardy 
(removed  by  Austria  in  1859,  and  since  restored)  and 
the  relics  of  Theodelinda,  comprising  her  crown,  fan 
and  comb  of  gold,  and  the  golden  hen  and  seven 
chickens,  representing  Lombardy  and  her  seven  pro¬ 
vinces.  Next  to  the  cathedral  in  artistic  importance 
come  the  church  of  Santa  Maria  in  Istrada.  and  the 
broletto  or  old  palace  of  the  commune,  usually  styled 
the  Arengario  :  the  former  (founded  in  1357)  has  a 
rich  Bramantesque  fa§ade,  reckoned  one  of  the  best 
pieces  of  terra-cotta  work  in  Lombardy,  and  the  latter 
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is  raised  on  a  system  of  pointed  arches,  and  has  a  tall 
square  tower  terminating  in  machicolations  surround¬ 
ing  a  sharp  central  cone.  San  Michele  was  the  scene 
of  the  coronation  of  Conrad  III.  in  1128,  and  San 
Gerardo  (formerly  Sant’  Ambrogio)  is  named  after  the 
patron  saint  of  Monza,  Gerardo  de’  Tintori,  who 
founded  the  first  local  hospital  in  1174.  The  royal 
palace  of  Monza  (1777),  with  its  extensive  gardens  and 

Earks,  lies  not  far  from  the  town  on  the  banks  of  the 
iambro.  Cotton  goods  and  felt  hats  are  the  staple 
products  of  Monza  industry  ;  then  dyeing,  organ- 
building,  and  a  publishing  trade.  The  population  of 
the  city  was  28.310  in  1901,  and  that  of  the  commune 
increased  from  24,661  in  1861  to  49,699  in  1901. 

Local  antiquaries  claim  for  Monza  (Modicia  or  Modsetia) 
the  rank  of  a  Soman  colony,  but  it  cannot  have  been  a 
place  of  consequence  till  it  attracted  the  discerning  eye  of 
Theodoric;  and,  though  it  was  a  favorite  residence  with 
his  immediate  successors,  its  first  important  associations  are 
with  Theodelinda  (see  vol.  xiv.  p.  824).  During  the  period 
of  the  republics  Monza  was  sometimes  independent,  some¬ 
times  subject  to  Milan.  The  Visconti,  who  ultimately  be¬ 
came  masters  of  the  city,  built  a  castle  in  1325  on  the  site 
now  occupied  by  the  Palazzo  Durini.  In  the  course  of  its 
history  Monza  has  stood  thirty-two  sieges,  and  been  re¬ 
peatedly  plundered,  notably  by  the  forces  of  Charles  V. 
The  countship  (1499-1796)  was  purchased  in  1546  by  the 
wealthy  banker  Durini,  and  remained  in  his  family  till  the 
Eevolution. 

MOOLTAN.  See  Mi5ltXn. 

MOON,  The.  The  subject  of  the  moon  divides 
itself  into  two  separate  branches,  the  one  concerned 
with  the  constitution  of  the  lunar  globe,  the  other  with 
its  motions.  For  the  first  subject  the  reader  is  referred 
to  the  article  Astronomy  (vol.  ii.  p.  700  sq.) ;  the 
present  article  is  confined  to  the  second,  which  is  com¬ 
monly  called  the  Lunar  Theory. 

The  lunar  theory  does  not  yet  form  a  well-defined 
body  of  reasoning  and  doctrine,  like  other  branches  of 
mathematical  science,  but  consists  only  of  a  series  of 
researches,.  extending  through  twenty  centuries  or 
more,  and  incapable  of  being  welded  into  a  consistent 
whole.  This  state  of  things  arises  from  the  inherent 
difficulties  and  complexities  of  the  subject,  and  from 
the  fact  that  no  one  method  or  system  has  yet  been 
discovered  by  which  all  the  difficulties  can  be  sur¬ 
mounted  and  all  the  complexities  disentangled.  Hence 
each  investigator,  when  ne  has  desired  to  make  any 
substantial  advance  beyond  his  predecessors,  has  been 
obliged  to  take  up  the  subject  from  a  new  point  of 
view,  and  to  devise  such  method  as  might  seem  to  him 
most  suitable  to  the  special  object  in  hand.  The  his¬ 
torical  treatment  is  therefore  that  best  adapted  to  give 
a  clear  idea  of  the  results  of  these  investigations.  The 
ancient  and  modern  histories  of  the  subject  are  quite 
distinct,  the  modern  epoch  commencing  with  Newton. 
The  great  epoch  made  by  Copernicus,  did  not  extend 
to  the  case  of  the  moon  at  all,  because  in  every  investi¬ 
gation  of  the  moon’s  motion,  modern  as  well  as  ancient, 
the  motion  is  referred  to  the  earth  as  a  centre.  Hence 
the  heliocentric  system  introduced  no  new  conception 
of  this  motion,  except  that  of  taking  place  round  a 
moving  earth  instead  of  round  a  fixed  one.  This 
change  did  not  affect  the  consideration  of  the  relative 
motion  of  the  earth  and  moon,  with  which  alone  the 
lunar  theory  is  concerned.  The  two  stages  of  the 
lunar  theory  are  therefore — (1)  that  in  which  the  treat¬ 
ment  was  purely  empirical,  (2)  that  in  which  it  was 
founded  rationally  on  the  law  of  gravitation. 

It  is  in  the  investigation  of  the  moon’s  motion  that 
the  merits  of  ancient  astronomy  are  seen  to  the  best  ad¬ 
vantage.  In  the  hands  of  Hipparchus  (see  Astronomy, 
vol.  ii.  p.  654  sq. )  the  theory  was  brought  to  a  degree 
of  precision  which  is  really  marvellous  when  we  com¬ 
pare  it,  either  with  other  branches  of  physical  science 
m  that  age,  or  with  the  remarks  and  speculations  of 
contemporary  non-scientific  writers.  Whether  this 
was  wholly  the  work  of  Hipparchus,  or  whether  he 
simply  perfected  a  system  already  devised  by  his  pre¬ 
decessors,  it  is  now  impossible  to  say  ;  but,  so  far  as 


certain  knowledge  extends,  the  works  of  his  predeces¬ 
sors  did  not  embrace  more  than  the  determination  of 
the  mean  motion  of  the  moon  and  its  nodes.  Although 
the  general  fact  of  a  varying  motion  may  have  been 
ascertained,  the  circumstances  of  the  variation  had 
probably  never  been  thoroughly  investigated.  The 
discoveries  of  Hipparchus  were  : 

1.  The  Eccentricity  of  the  Moon's  Orbit.— He  found 
that  the  moon  moved  most  rapidly  near  a  certain  point 
of  its  orbit,  and  most  slowly  near  the  opposite  point. 
The  law  of  this  motion  was  such  that  the  phenomena 
could  be  represented  by  supposing  the  motion  to  be 
actually  circular  and  uniform,  the  apparent  variations 
being  explained  by  the  hypothesis  that  the  earth  was 
not  situated  in  the  centre  of  the  orbit,  but  was  displaced 
by  an  amount  about  equal  to  one-twentieth  of  the 
radius  of  the  orbit.  Then,  by  a  well-known  law  of 
kinematics,  the  angular  motion  round  the  earth  would 
be  most  rapid  at  the  point  nearest  the  earth— that  is, 
at  perigee — and  slowest  at  the  point  most  distant  from 
the  earth — that  is,  at  apogee.  Thus  the  apogee  and 
perigee  became  two  definite  points  of  the  orbit,  indi¬ 
cated  by  the  variations  in  the  angular  motion  of  the 
moon. 

2.  The  Motion  of  the  Perigee  and  Apogee. — As  al¬ 
ready  defined,  the  perigee  and  apogee  are  at  the  ends 
of  that  diameter  of  the  orbit  which  passes  through  the 
eccentrically.  situated  earth,  or,  in  other  words,  they 
are  on  that  line  which  passes  through  the  centre  of 
the  earth  and  the  centre  of  the  orbit.  This  line  was 
called  the  line  of  apsides.  On  comparing  observations 
made  at  different  times,  it  was  found  that  the  line  of 
apsides  was  not  fixed,  but  made  a  complete  revolution 
in  the  heavens,  in  the  order  of  the  signs  of  the  zodiac, 
in  about  nine  years. 

3.  The  Numerical  Determination  of  the  Elements  of 
the  Moon's  Motion. — In  order  that  the  two  capital  dis¬ 
coveries  just  mentioned  should  have  the  highest  scien¬ 
tific  value  it  was  essential  that  the  numerical  values 
of  the  elements  involved  in  these  complicated  motions 
should  be  fixed  with  precision.  This  Hipparchus  was 
enabled  to  do  by  lunar  eclipses.  Each  eclipse  gave  a 
moment  at  which  the  longitude  of  the  moon  was  180° 
different  from  that  of  the  sun,  and  the  latter  admitted 
of  ready  calculation.  Assuming  the  mean  motion  of 
the  moon  to  be  known  and  the  perigee  to  be  fixed, 
three  eclipses  observed  in  different  points  of  the  orbit 
would  give  as  many  true  longituaes  of  the  moon, 
which  longitudes  could  be  employed  to  determine 
three  unknown  quantities — the  mean  longitude  at  a 
given  epoch,  the  eccentricity,  and  the  position  of 
the  perigee.  By  taking  three  eclipses  separated  at 
short  intervals,  both  the  mean  motion  and  the  motion 
of  the  perigee  would  be  known  beforehand,  from 
other  data,  with  sufficient  accuracy  to  reduce  all  the 
observations  to  the  same  epoch,.  ana  thus  to  leave  only 
the  three  elements  already  mentioned  unknown.  In  the 
hands  of  a  modern  calculator  the  problem  would  be  a 
very  simple  one,  requiring  little  more  than  the  solution 
of  a  system  of  three  equations  with  as  many  unknown 
quantities.  But  without  algebra  the  solution  was  long 
and  troublesome,  and  not  entirely  satisfactory.  Still, 
it  was  probably  correct  within  the  necessary  limits  of 
the  errors  of  the  observations.  The  same  three  ele¬ 
ments  being  again  determined  from  a  second  triplet  of 
eclipses  at  as  remote  an  epoch  as  possible,  the  differ, 
ence  in  the  longitude,  of  the  perigee  at  the  two  epochs 
gave  the  annual  motion  of  that  element,  and  the  dif¬ 
ference  of  mean  longitudes  gave  the  mean  motion. 
Such  was  the  method  of  determining  the  elements  of 
the  moon’s  motion  down  to  the  time  of  Copernicus. 

The  determination  of  the  eccentricity  from  eclipses,  as 
above  described,  leads  to  an  important  error  in  the  resulting 
value  of  the  eccentricity,  owing  to  the  effect  of  the  neglected 
evection.  We  know  from  our  modern  theory  that  the  two 
principal  inequalities  in  the  moon’s  true  longitude  are — 

6.29°  sin  g  (Equation  of  centre) 

-f- 1.27°  sin  (2D  - g)  (Evection), 
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where  <7= mean  anomaly,  and  D  =  mean  angular  distance 
of  the  moon  from  the  sun.  Now  during  a  lunar  eclipse  we 
always  have  D  =  180°  very  nearly,  and  2D  =  360°.  Hence 
the  evection  is  then  - 1.27°  sin  g,  and  so  has  the  same  argu¬ 
ment,  g,  as  the  equation  of  centre,  and  so  is  confounded  with 
it.  The  value  of  the  equation  of  centre  derived  from 
eclipses  is  thus  (6.29°  - 1.27°  =  5.02°)  sin  g.  Therefore  the 
eccentricity  found  by  Hipparchus  and  Ptolemy  was  only 
5°,  and  was  more  than  a  degree  less  than  its  true  value. 

The  next  important  step  in  advance  was  the  discov¬ 
ery  of  the  “evection,”  which  is  described  by  Ptolemy 
(see  Astronomy,  vol.  ii.  p.  655)  as  if  made  by  him¬ 
self.  In  view  of  the  bad  habit  which  Ptolemy  had  of 
making  his  own  observations  verify  results  previously 
arrived  at,  which  were  sometimes  in  error,  we  must 
view  such  a  discovery  by  him  as  quite  exceptional,-  and 
as  best  explainable  by  the  large  magnitude  of  the  out¬ 
standing  error.  Although,  as  just  shown,  the  erro¬ 
neous  eccentricity  found  by  Hipparchus  would  always 
represent  eclipses,  so  that  the  error  could  never  be 
detected  by  eclipses,  the  case  was  entirely  different 
when  the  moon  was  in  quadratures.  Comparing  the 
inequalities  already  written  with  that  found  by  Hip¬ 
parchus,  we  see  that  the  latter  required  the  correction — 

1.27°  -fsin^-f-sin {2D — s0}  = 

1.27°  |(1 — cos  2D)  sin  g  +  sin  2D  cos  g  | . 

At  quadratures  we  have  I)  —  ±90°,  2D  =  180°,  and 
hence  cos  2D  =  —  1  and  sin  2D  =  0.  The  omitted  in¬ 
equalities  at  these  points  of  the  orbit  have  therefore 
the  value  2.54°  sin  g,  a  quantity  so  large  that  it  could 
not  fail  to  be  detected  by  careful  observations  with  the 
astrolabe.  Such  an  inequality  as  this,  superposed  upon 
the  eccentric  motion  of  the  moon,  was  very  trouble¬ 
some  to  astronomers  who  had  no  way  of  representing 
the  celestial  motions  except  by  geometrical  construc¬ 
tion.  The  construction  proposed  by  Ptolemy  was  so 
different  from  those  employed  for  the  motions  of  the 
planets,  and  withal  so  intricate,  that  little  interest  at¬ 
taches  to  it. 

The  student  of  Arabian  science  may  find  much  to 
interest  him  in  the  astronomical  speculations  of  the 
Arabs,  but  this  people  do  not  seem  to  have  furnished 
anything  in  the  way  of  suggestive  theory.  In  the 
fourth  book  of  De  Revolutionibus,1  where  we  find  the 
lunar  theory  of  Copernicus,  no  writer  later  than  Ptol¬ 
emy  is  referred  to.  Moreover,  as  already  intimated, 
the  work  of  Copernicus  in  this  particular  direction 
forms  little  more  than  an  episode  in  the  history  of 
the  subject.  The  working  hypothesis  of  the  great 
founder  of  modern  astronomy  was  borrowed  from  the 
ancients,  and  was  that  the  celestial  motions  were  all 
either  circular  or  compounded  of  circular  motions. 
The  hypothesis  of  equal  circular  motions,  though  ac¬ 
cepted  by  Ptolemy  in  name,  was  so  strained  by  him  in 
its  application  that  little  was  left  of  it  in  the  Almagest 
(the  Arabic  translation  of  his  Syntaxis).  But,  by 
taking  the  privilege  of  compounding  circular  motions 
indefinitely — in  other  words,  of  adding  one  epicyle  to 
another — Copernicus  was  enabled  to  represent  the 
planetary  and  lunar  inequalities  on  a  uniform  system, 
though  his  heavens  were  perhaps  worse  “scribbled 
o’er  ”  than  those  of  Ptolemy.  To  one  epicycle  repre¬ 
senting  the  equation  of  the  centre  he  added  another 
for  the  evection,  and  thus  represented  the  longitude 
of  the  moon  both  at  quadratures  and  oppositions. 
But  the  third  inequality,  “variation,”  which  attains 
its  maxima  at  the  octants  and  vanishes  at  all  four  quar¬ 
ters,  was  unknown  to  him.  To  Tycho  Brahe  is  com¬ 
monly  and  justly  ascribed  tbe  discovery  of  the  varia¬ 
tion.  Joseph  Bertrand  of  Paris  has  indeed  claimed 
the  discovery  for  Abii  ’1-Wef&,  an  Arabian  astronomer, 
and  has  made  it  appear  probable  that  Abii  ’1-WefiL 
really  detected  inequalities  in  the  moon’s  motion  which 
we  now  know  to  have  been  the  variation.  But  he  has 
not  shown,  on  the  part  of  the  Arabian,  any  such  exact 

1  The  full  title,  De  Revolutionibus  Qrt)ium  Ccdestium  Libri  VI. 
(small  folio,  Nuremberg,  1543). 


description  of  the  phenomena  as  is  necessary  to  make 
clear  nis  claim  to  the  discovery.  As  regards  Tycho, 
although  he  discovered  the  fact,  he  could  add  noth¬ 
ing  in  the  way  of  suggestive  theory.  To  the  dou¬ 
ble  epicycle  of  Copernicus  he  was  obliged  to  add  a 
motion  of  the  centre  of  the  whole  lunar  orbit  round  a 
circle  whose  circumference  passed  through  the  centre 
of  the  earth,  two  revolutions  round  this  circle  being 
made  in  each  lunation.  Kepler,  by  introducing  a 
moving  ellipse  having  the  earth  as  its  focus,  was  ena¬ 
bled  to  make  a  nearer  approach  to  the  truth  than  any 
of  his  predecessors.  But  the  geometrical  hypotheses 
by  which  he  represented  the  inequalities  due  to  the 
action  of  the  sun  form  no  greater  epoch  in  the  progress 
of  science  than  do  the  geometrical  constructions  of  his 
predecessors.  We  may  therefore  dispose  of  the  an¬ 
cient  history  of  the  lunar  theory  by  saying  that  the 
only  real  progress  from  Hipparchus  to  Newton  con¬ 
sisted  in  the  more  exact  determination  of  the  mean 
motions  of  the  moon,  its  perigee  and  its  line  of  nodes, 
and  in  the  discovery  of  three  new  inequalities,  the  rep¬ 
resentation  of  which  required  geometrical  construc¬ 
tions  increasing  in  complexity  with  every  step. 

The  modern  lunar  theory  commenced  with  Newton, 
and  consists  in  determining  the  motion  of  the  moon 
deductively  from  the  theory  of  gravitation.  But  the 
great  founder  of  modern  mechanics  did  not  employ 
the  method  best  adapted  to  lead  to  the  desired  result, 
and  hence  his  efforts  to  construct  a  lunar  theory  are  of 
more  interest  as  illustrations  of  his  wonderful  power  and 
correctness  in  mathematical  reasoning  than  as  germs 
of  new  methods  of  research.  He  succeeded  perfectly 
in  explaining  the  elliptic  motion  of  two  mutually  at¬ 
tracting  bodies  round  their  common  centre  of  gravity 
by  geometrical  constructions.  But  when  the  problem 
was  one  of  determining  the  variations  from  the  elliptic 
motion  which  would  be  produced  by  a  third  body,  such 
constructions  could  lead  only  to  approximate  results. 
The  path  to  modern  methods  was  opened  up  by  the 
Continental  mathematicians,  whose  great  work  con¬ 
sisted  in  reducing  the  problem  to  one  of  pure  algebra. 
The  chasm  between  the  laws  of  motion  laid  down  by 
Newton  and  a  problem  of  algebra  seems  so  difficult  to 
bridge  over  that  it  is  worth  while  to  show  in  what  the 
real  spirit  of  the  modern  method  consists.  We  call  to 
mind  the  statement  of  Newton’s  first  two  laws  of  mo¬ 
tion  :  that  a  body  uninfluenced  by  any  force  moves  in 
a  straight  line  and  with  uniform  velocity  for  ever,  and 
that  the  change  of  motion  is  proportional  to  the  force 
impressed  upon  the  body  and  in  the  direction  of  such 
force.  These  two  laws  admit  of  being  expressed  in 
algebraic  language  thus:  let  us  put  m  the  mass  of  a  ma¬ 
terial  point  |  x  its  distance  from  any  fixed  plane  what¬ 
ever  ;  t  the  time  ;  X  the  sum  of  the  components  of  all 
the  forces  acting  upon  the  point  in  the  direction  per¬ 
pendicular  to  the  fixed  plane,  it  being  supposed  that 
each  force  is  resolved  into  three  mutually  perpendicu¬ 
lar  components,  one  of  which  is  perpendicular  to  the 
fixed  plane ;  then  the  differential  equation 


expresses  Newton’s  first  two  laws  of  motion  with  a 
completeness  and  precision  which  is  entirely  wanting 
in  all  statements  in  ordinary  language.  The  latter  can 
be  nothing  more  than  lame  attempts  to  express  the 
equation  in  language  which  may  be  understood  by  the 
non-mathematical  reader,  but  which  bear  the  same  rela¬ 
tion  to  the  algebraic  equation  that  a  statement  of  the 
operations  of  the  Bank  of  England  in  the  symbolic 
language  of  a  tribe  of  savages  would  bear  to  the  bank 
statement  in  pounds,  shillings,  and  pence.  By  taking 
two  other  planes,  perpendicular  to  each  other  and  to 
the  first  plane,  we  have  three  equations  like  the  one 
last  written.  The  law  of  gravitation  and  Newton’s 
third  law  of  motion  enable  us  to  substitute  for  X  and 
the  other  forces  the  masses  and  coordinates  of  the  va¬ 
rious  attracting  bodies.  Thus  the  data  of  the  problem 
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are  expressed  by  %  triplet  of  three  equations  for  each 
attracting  body.  /The  integration  of  these  equations 
is  a  problem  of  vpure  algebra^  which  when,  solved, 
leads  to  expressions  that  give  the  position  of  each 
body  in  terms  of  the  time,  which  is  what  is  wanted. 
The  special  form  which  it  is  necessary  to  give  the 
equations  has  not  been  radically  changed  during  the 
century  and  a  half  since  this  method  of  research  was 
opened  out.  The  end  aimed  at  is  the  algebraic  ex¬ 
pression  of  all  the  quantities  involved  in  the  form  of 
an  infinite  series  of  terms,  each  consisting  of  a  constant 
coefficient  multiplied  by  the  sine  or  cosine  of  an  angle 
increasing  uniformly  with  the  time.  It  is  indeed  a 
remarkable  fact  that,  notwithstanding  the  great  ad¬ 
vances  which  modern  mathematics  has  made  in  the 
discovery  of  functions  more  general  than  the  old-fash¬ 
ioned  sines  and  cosines  of  elementary  trigonometry, 
especially  of  elliptic  functions,  yet  the  form  of  devel¬ 
opment  adopted  oy  the  mathematicians  of  the  last  cen¬ 
tury  has  remained  without  essential  change. 

It  will  be  instructive  to  notice  the  general  and  simple 
property  of  the  trigonometric  functions  to  which  is  due 
their  great  advantage  in  the  problems  of  celestial  me¬ 
chanics.  It  may  be  expressed  thus :  If  we  have  any  number 
of  quantities,  each  of  which  is  expressed  in  the  form  of  a  trigo¬ 
nometric  series  in  which  the  angles  increase  uniformly  with  the 
time,  then  all  the  powers  and  products  of  these  quantities,  and  all 
their  differentials  and  integrals  with  respect  to  the  time,  may  be 
expressed  in  series  of  the  same  form.  This  theorem  needs 
only  an  illustration  by  an  example.  Let  our  quantities  be 
X  and  Y,  and  let  us  suppose  them  expressed  in  the  form 

X=a  cos  A-\-b  cos  B- f-c  cos  C-\~,  etc. 

Y=a'  sin  A' -\-b'  6in  B' -\-c'  sin  C'+,  etc., 
in  which  we  may  suppose  that  the  quantities  a,  b,  c,  etc., 
converge  towards  zero.  In  forming  their  product,  the  first 
term  will  be  aa'  cos  A  sin  A'.  But  we  have  cos  A  sin  A'=i 
sin  {A' -\-  A)-\-^t  sin  (A' -A).  Hence  the  product  XY  will 
be  of  the  form 

XY=  i  aa'  sin  (A'  +  A)  +  £  aa'  sin  (A'—  A)  +  l  aV  sin 
(A  +  B'  -f-),  etc.,  which  is  another  series  of  the  same  gen¬ 
eral  form.  Moreover,  if  we  suppose  the  angles  A,  B,  etc., 
to  increase  uniformly  with  the  time, — that  is,  to  admit  of 
expression  in  the  form 

A  —  a  -|-  mt,  A’  —  a'  -j-  m't,  etc. — 
we  shall  have,  by  integrating, 

2  fxY  d,t=  cos  (A’+  A)  (A'  -  A), 

etc.,  which,  again,  is  a  trigonometric  series  of  the  same  gen¬ 
eral  form,  which  admits  of  being  manipulated  at  pleasure 
in  the  same  way  as  the  original  expressions  X  and  Y.  This 
property  does  not  belong  to  the  elliptic  functions,  and  in 
consequence,  notwithstanding  the  great  length  of  the  trigo¬ 
nometric  series,  no  attempt  to  supersede  them  has  been 
successful. 

The  efforts  to  express  the  moon’s  motion  by  integrat¬ 
ing  the  differential  equations  of  the  dvnamical  theory 
maybe  divided  into  three  classes.  (1)  Laplace  and 
his  immediate  successors  found  the  problem  so  com¬ 
plex  that  they  sought  to  simplify  it  by.  reversing  its 
form  ;  instead  of  trying  from  tne  beginning  to  express 
the  moon’s  coordinates  in  terms  of  the  time,  they 
effected  the  integration  by  expressing  the  time  in 
terms  of  the  moon’s  true  longitude.  Then,  by  a 
reversal  of  the  series,  the  longitude  was  expressed  in 
terms  of  the  time.  Although  it  would  be  hazardous 
to  say  that  this  method  is  unworthy  of  further  consid¬ 
eration,  we  must  admit  that  its  essential  inelegance 
is  such  as  to  repel  rather  than  attract  study,  and  that 
it  holds  out  no  promise  of  further  development.  (2) 
By  the  second  general  method  the  moon’s  coordinates 
are  obtained  in  terms  of  the  time  by  the  direct  inte¬ 
gration  of  the  differential  equations  of  motion,  retain¬ 
ing  the  algebraic  symbols  which  express  the  values  of 
the  various  elements.  Most  of  the  elements  are  small 
numerical  fractions :  e,  the  eccentricity  of  the  moon’s 
orbit,  about  0.055;  e',  the  eccentricity  of  the  earth’s 
orbit,  about  0.017  ;  y,  the  sine  of  half  the  inclination 
of  the  moon’s  orbit,  about  0.046 ;  m,  the  ratio  of  the 
mean  motions  of  the  moon  and  earth,  about  0.075  ; 
and  the  expressions  for  the  longitude,  latitude,  and 


parallax  appear  as  an  infinite  trigonometric  series,  in 
which  the  coefficients  of  the  sines  and  cosines  are 
themselves  infinite  series  proceeding  according  to  the 
powers  of  the  above  small  numbers.  This  method 
was  applied  with  success  by  Pont4coulant  and  Sir 
John  W.  Lubbock,  and  afterwards  by  Delaunay.  It 
should  be  remarked  that  the  solution  by  the  first 
method  appears  in  tne  same  form  as  by  this  one  after 
the  true  longitude  is  expressed  in  terms  of  the  mean 
longitude.  (3)  By  the  method  just  mentioned  the 
series  converge  so  slowly,  and  the  final  expressions  for 
fhe  moon’s  longitude  are  so  long  and  complicated, 
that  the  series  has  never  been  carried  far  enough  to 
insure  the  accuracy  of  all  the  terms.  This  is  espe¬ 
cially  the  case  with  the  development  in  powers  of  m, 
the  convergence  of  which  has  often  been  questioned. 
Hence,  when  numerical  precision  alone  is  aimed  at,  it 
has  been  found  best  to  avoid  this  difficulty  by  using 
the  numerical  values  of  the  elements  instead  of  their 
algebraic  symbols.  This  method  has  the  advantage 
of  leading  to  the  more  rapid  and  certain  determination 
of  the  numerical  values  of  the  several  coefficients  of 
sines  and  cosines.  It  has  the  disadvantage  of  giving 
the  solution  of  the  problem  only  for  a  particular  case, 
and  of  being  inapplicable  in  researches  in  which  the 
general  equations  of  dynamics  have  to  be  applied.  It 
has  been  employed  by  Damoiseau,  Hansen,  and  Airy. 

The  methods  of  the  second  general  class  are  those 
most  worthy  of  study.  And  among  these  we  must 
assign  the  first  rank  to  the  method  of  Delaunay,  de¬ 
veloped  in  his  Thiorie  dn  Mouvement  de  la  Lime, 
because  it  contains  a  germ  which  may  yet  develop  into 
the  great  desideratum  of  a  general  method  in  celestial 
mechanics.  To  explain  it,  we  must  call  to  mind  the 

feneral  method  of  “variation  of  elements,”  due  to 
iagrange.  This  method  _  is  applicable  to  cases  in 
which  a  problem  of  dynamics  can  be  completely  solved 
when  any  small  foroes  which  come  into  play  are  left 
out,  but  which  does  not  admit  of  direct  solution  when 
these  forces  are  included.  Omitting  the  small  forces, 
commonly  called  “disturbing  forces,”  let  us  suppose 
the  problem  of  the  motion  of  a  body  under  the  influ¬ 
ence  of  the  “principal  forces ”! completely  solved. 
This  will  mean  that  we  have  found  algebraic  expres¬ 
sions  for  the  coordinates  which  determine  the  position 
of  the  body  in  terms  of  the  time,  and  (in  the  case  of 
a  material  point)  of  six  constant  quantities,  to  which 
we  may  assign  values  at  pleasure.  Then  Lagrange 
showed  how,  by  supposing  these  constant  quantities  to 
become  variable,  the  same  expressions  could  be  used 
for  the  case  in  which  the  effect  of  the  disturbing  forces 
was  included.  In  other  words,  the  effect  of  the  dis¬ 
turbing  forces  could  be  determined  by  assuming  them 
to  change  the  constants  of  the  first  approximate  solu¬ 
tion  into  very  slowly  varying  elements. 

In  the  researches  on  the  lunar  theory  before  De¬ 
launay  the  principal  force  was  taken  to  be  the  attrac¬ 
tion  of  the  earth  upon  the  moon,  and  the  disturbing 
force  was  that  due  to  the  sun’s  attraction.  When  the 
action  of  the  earth  alone  was  included,  the  moon  would 
move  in  an  ellipse,  in  accordance  with  Kepler’s  laws. 
The  effect  of  the  sun’s  action  could  be  allowed  for  by 
supposing  this  ellipse  to  be  movable  and  variable. 
But  when  it  was  required  to  express  this  variation  the 
problem  became  excessively  complicated,  owing  to  the 
great  number  of  terms  required  to  express  the  sun’s 
disturbing  force.  Now,  instead  of  passing  from  the 
elliptic  to  the  disturbed  motion  by  one  single  difficult 
step,  Dalaunay  effected  the  passage  by  a  great  number 
of  easy  steps.  Out  of  several  hundred  periodic  terms, 
the  sum  of  which  expressed  the  disturbing  force  of 
the  sun,  he  first  took  one  only,  and  determined  the 
variations  of  the  Keplerian  ellipse  on  the  supposition 
that  this  term  was  the  only  one.  In  the  solution  the 
variable  elements  of  the  ellipse  would  be  expressed  i» 
terms  of  six  new  constants.  He  then  showed  how 
these  new  constants  could  be  taken  as  variables  instead 
of  the  elements  of  the  original  ellipse.  Taking  a 
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second  term  of  the  disturbing  force,  he  expressed  the 
new  constants  in  terms  of  a  third  set  of  constants, 
and  so  repeated  the  process  until  all  the  terms  of  the 
disturbing  force  were  disposed  of. 

Among  applications  of  the  third  or  numerical 
method,  the  most  successful  yet  completed  is  that  of 
Hansen.  His  first  work  appeared  in  1838,  under  the 
title  Fundamenta  nova  investigalionis  orbitce  verce 
uam  lima  perlustrate  and  contained  an  exposition  of 
is  ingenious  and  peculiar  methods  of  computation. 
During  the  twenty  years  following  he  devoted  a  large 
part  of  his  energies  to  the  numerical  computation  of 
the  lunar  inequalities,  the  redetermination  of  the 
elements  of  motion,  and  the  preparation  of  new  tables 
for  computing  the  moon’s  position.  In  the  latter 
branch  of  the  work,  he  received  material  aid  from  the 
British  Government  which  published  his  tables  on 
their  completion  in  1857.  The  computations  of  Han¬ 
sen  were  published  some  seven  years  later  by  the 
Saxon  Royal  Society  of  Sciences. 

It  is  found  on  comparing  the  results  of  Hansen  and 
Delaunay  that  there  are  some  outstanding  discrepan¬ 
cies,  which,  though  too  small  to  be  of  great  practical 
importance,  are  of  sufficient  magnitude  to  demand 
the  attention  of  those  interested  in  the  mathematical 
theory  of  the  subject.  It  is  therefore  desirable  that 
the  numerical  inequalities  should  be  again  determined 
by  an  entirely  different  method.  This  is  the  object  of 
Sir  G.  B.  Airy’s  Numerical  Lunar  Theory ,  which  is 
not  yet  completely  published,  but  is  sufficiently  far 
advanced  to  give  hopes  of  an  early  completion.  The 
essence  of  Sir  George’s  method  consists  in  starting 
with  a  provisional  approximate  solution  (that  of  De¬ 
launay  being  accepted  for  the  purpose),  and  substi¬ 
tuting  the  expressions  for  the  moon’s  coordinates  in 
the  fundamental  differential  equations  of  the  moon’s 
motion  as  disturbed  by  the  sun.  If  the  theory  were 
perfect,  the  two  sides  of  each  equation  would  come 
out  equal.  As  they  do  not  come  out  exactly  equal, 
Sir  George  puts  the  problem  in  the  form :  What  cor¬ 
rections  must  be  applied  to  the  expressions  for  the 
coordinates  that  the  two  sides  may  be  made  equal  ? 
He  then  shows  how  these  corrections  may  be  found  by 
solving  a  system  of  equations. 

The  several  methods  which  we  have  described  have  for 
their  immediate  object  the  determination  of  the  motion  of 
the  moon  round  the  earth  under  the  influence  of  the  com¬ 
bined  attractions  of  the  earth  and  sun.  In  other  words,  the 
question  is  that  of  solving  the  celebrated  “problem  of  three 
bodies  ”  in  the  special  case  when  one  of  the  bodies,  the  sun, 
has  a  much  greater  mass  than  the  other  two,  and  is  at  a 
much  greater  distance  from  them  than  they  are  from  each 
other.  All  methods  lead  to  a  solution  of  the  same  general 
form  which  we  shall  now  describe.  Let  us  put  g  the  moon’s 
mean  anomaly ;  g'  the  mean  anomaly  of  the  sun  (or  earth) ; 
o>  the  angular  distance  of  the  lunar  perigee  from  the  moon’s 
node  on  the  ecliptic;  «'  the  angular  distance  of  the  sun’s 
perigee  from  the  moon’s  node  on  the  ecliptic.  When  no  ac¬ 
count  is  taken  of  the  action  of  the  sun  the  angles  g  and  g' 
increase  uniformly  with  the  time,  representing  in  fact  the 
uniform  motion  of  the  moon  round  the  earth  and  of  the 
earth  round  the  sun,  while  <o  and  <•>'  remain  constant.  When 
account  is  taken  of  the  action  of  the  sun  all  four  of  the 
angles  change  with  a  uniform  progressive  motion.  In  con¬ 
sequence,  the  mean  orbit  of  the  moon  round  the  earth  be¬ 
comes  a  moving  ellipse  whose  major  axis  makes  a  revolution 
round  the  earth  in  about  nine  years,  and  the  line  of  whose 
nodes  makes  a  revolution  in  about  eighteen  and  a  half  years. 
All  the  other  elements  of  this  ellipse — namely,  its  major 
axis,  its  eccentricity,  and  its  inclination  to  the  ecliptic — 
remain  absolutely  constant  however  long  the  motion  may 
continue,  unless  some  other  disturbing  force  than  that  of 
the  sun  comes  into  play.  But  in  the  actual  motion  of  the 
moon  there  are  periodic  deviations  from  this  ellipse,  which 
may  be  represented  by  an  infinite  trigonometric  series,  each 
term  of  which  is  of  the  form 

c  (sin  or  cos)  <•>')> 

in  which  the  quantities  c  are  absolutely  constant  coefficients, 
and  i,  i',  j,  and  j'  are  integers  which  may  take  all  combina¬ 
tions  of  values — positive,  negative,  or  zero.  The  circular 
function  is,  a  sine  in  the  expression  for  longitude  or  latitude, 
a  cosine  in  the  expression  for  the  parallax.  Also,  j  and  j' 


must  be  both  even  or  both  odd  in  the  expressions  for  longi¬ 
tude  and  parallax,  but  the  one  even  and  the  other  odd  in 
the  case  of  the  latitude.  For  example,  if  we  suppose  j,  j\ 
and  i  all  zero,  we  shall  have  terms  of  the  form 

ci  sin  g'-{-ci  sin  2 p'-f-cs  sin  3g'-f~,  etc. 

To  write  other  terms,  suppose  i=l,  then  we  have  terms 
of  the  form 

ei  sin  (g—g')+e 2  sin  (g+g')+e3  sin  (g+2g')-\-,  etc. 

Taking  the  case  when  j =2  and  j'= — 2,  we  shall  have 
terms  of  the  form 

mi  sin  (g  —  g'- f-2o>  — 2co')-f-m2  sin  (g — 2g'-\-2o> —  2&>')-f-,  etc. 

As  the  indices  i,  i',  j,  and  j'  become  larger,  the  coefficients 
c,  e,  m,  etc.,  become  smaller;  but  the  number  of  terms  in¬ 
cluded  in  the  theories  of  Hansen  and  Delaunay  amount  to 
several  hundreds.  In  the  analytical  theories,  like  that  of 
Delaunay,  each  of  the  coefficients  c,  e,  m,  etc.,  is  a  compli¬ 
cated  infinite  series,  but  in  the  numerical  theories  it  is  a 
constant  number.  And  the  principal  problem  of  the  modern 
theory  of  three  bodies  is  to  find  the  appropriate  coefficient 
for  each  of  these  hundreds  of  terms. 

Action  of  the  Planets  on  the  Moon. — For  nearly  two  centuries 
it  has  been  known  from  observations  that  the  mean  motion 
of  the  moon  round  the  earth  is  not  absolutely  constant,  as 
it  ought  to  be  were  there  no  disturbing  body  but  the  sun. 
The  general  fact  that  the  motion  has  been  accelerated  since 
the  time  of  Ptolemy  was  first  pointed  out  by  Halley,  and 
the  amount  of  the  acceleration  was  found  by  Dunthorne. 
After  vain  efforts  by  the  greatest  mathematicians  of  the  last 
century  to  find  a  physical  cause  for  the  acceleration,  Laplace 
was  successful  in  tracing  it  to  the  secular  diminution  of  the 
eccentricity  of  the  earth’s  orbit,  produced  by  the  action  of 
the  planets.  He  computed  its  amount  to  be  10“  per  cen¬ 
tury — that  is,  if  the  place  of  the  moon  were  calculated 
forward  on  its  mean  motion  at  the  beginning  of  any  cen¬ 
tury,  it  would  at  the  end  of  the  century  be  10“  in  advance 
of  its  computed  place.  This  theoretical  result  of  Laplace 
agreed  so  closely  with  the  acceleration  found  by  Lalande 
from  the  records  of  ancient  and  mediaeval  eclipses  that  it 
was  not  questioned  for  nearly  a  century.  In  1852  Mr.  John 
C.  Adams  showed  that  Laplace  had  failed  to  take  account 
of  a  series  of  terms,  the  effect  of  which  was  to  reduce  the 
acceleration  to  6“  or  less.  The  result  was  inconsistent  with 
the  accounts  of  ancient  eclipses  of  the  sun,  and  a  cause  for 
the  discrepancy  had  to  be  sought  for.  A  probable  cause  was 
pointed  out,  first  by  Ferrel,  and  afterwards  by  Delaunay. 
The  former,  in  papers  published  in  Gould's  Astronomical 
Journal,  and  in  the  Proceedings  of  the  American  Academy 
of  Arts  and  Sciences,  showed  that  the  action  of  the  moon 
on  the  tidal  waves  of  the  ocean  would  have  the  effect  of 
increasing  the  time  of  the  earth’s  axial  rotation  or  the 
length  of  the  day,  which  is  necessarily  taken  as  the  unit  of 
time.  Since,  as  the  days  became  longer,  the  moon  would 
move  farther  in  one  day,  though  its  absolute  motion  should 
remain  unchanged,  and  hence  an  apparent  acceleration 
would  be  the  result.  That  this  cause  really  acts  there  can 
be  no  doubt.  But  the  data  for  determining  its  exact  amount 
are  discrepant.  If  we  take  only  such  data  as  are  purely 
astronomical — namely,  the  eclipses  recorded  by  Ptolemy 
between  720  b.c.  and  150  A.D.,  and  those  observed  by  the 
Arabians  between  800  and  1000  a.d. — the  apparent  excess 
of  the  observed  acceleration  to  be  accounted  for  by  the  tidal 
retardation  amounts  to  only  2“  per  century,  and  may  be 
even  less.  But  this  small  acceleration  is  entirely  incom¬ 
patible  with  conclusions  drawn  from  certain  supposed  ac¬ 
counts  of  total  eclipses  of  the  sun,  notably  the  eclipse 
associated  with  the  name  of  Thales.  This  is  the  famous 
eclipse  supposed  to  be  alluded  to  by  Herodotus  when  he  de¬ 
scribes  a  battle  as  stopped  by  a  sudden  advent  of  darkness, 
which  had  been  predicted  by  Thales.  If  the  true  value  of 
the  coefficient  resulting  from  the  combined  effect  of  tidal 
retardation  of  the  earth  and  secular  acceleration  of  the 
moon  is  less  than  10",  then  not  only  could  the  path  of 
totality  not  have  passed  over  the  field  of  battle,  but  the 
greatest  eclipse  could  not  have  occurred  till  after  sunset. 
In  fact,  to  represent  this  and  other  supposed  eclipses  of  the 
sun,  the  acceleration  must  be  increased  to  about  12",  which 
is  near  the  value  found  by  Hansen  from  theory,  and  adopted 
in  his  tables  of  the  moon.  But  his  theoretical  computation 
is  undoubtedly  incorrect,  because  in  computing  in  what 
manner  the  eccentricity  of  the  earth’s  orbit  enters  into  the 
moon’s  motion  he  took  account  only  of  the  first  approxi¬ 
mation,  as  Laplace  had  done.  The  following  is  a  summary 
of  the  present  state  of  the  question : 

The  theoretical  value  of  the  acceleration,  assum¬ 
ing  the  day  to  be  constant,  is  according  to  De¬ 


launay .  6.176“ 

Hansen’s  value,  in  his  Tables  de  la  Lune,  is .  12.18 
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Hansen’s  revised  but  still  theoretically  erroneous 

result  is .  12.56 

The  value  which  best  represents  the  supposed 
eclipses  (1)  of  Thales,  (2)  at  Larissa,  (3)  at  Stik- 

kelstad,  is  about .  11.7 

The  result  from  purely  astronomical  observations 

is . . : . .  8.3 

The  result  from  Arabian  and  modern  observations 
alone  is  about .  7.0 


Inequalities  of  Long  Period. — Combined  with  the  question  of 
the  secular  acceleration  is  another  which  is  still  entirely  un¬ 
settled — namely,  that  of  inequalities  of  long  period  in  the 
mean  motion  of  the  moon  round  the  earth.  Laplace  first 
showed  that  modern  observations  of  the  moon  indicated 
that  its  mean  motion  was  really  less  during  the  second  half 
of  the  18th  century  than  during  the  first  half,  and  hence 
inferred  the  existence  of  an  inequality  having  a  period  of 
more  than  a  century.  All  efforts  to  find  a  satisfactory  ex¬ 
planation  were,  however,  so  unavailing  that  Poisson,  in 
1835,  disputed  the  reality  of  the  inequality.  But  Airy, 
from  his  discussion  of  the  Greenwich  observations  between 
1750  and  1830,  conclusively  proved  its  existence.  About  the 
same  time  Hansen  announced  that  he  had  found  from  theory 
two  terms  of  long  period  arising  from  the  action  of  Venus 
which  fully  corresponded  to  the  inequalities  indicated  by 
the  observations.  These  terms,  as  employed  in  his  Tables 
de  la  Lune,  are 

15.34"  sin  (—9  — 169'+ 189"+  33°  36') 

+  21.47"  sin  (89"— 13sf'+4°  44'), 
in  which  9,  9',  and  9"  represent  the  mean  anomalies  of  the 
moon,  the  earth,  and  Venus  respectively.  During  the  first  few 
years  after  the  publication  of  Hansen’s  tables  they  repre¬ 
sented  observations  so  well  that  their  entire  correctness  was 
generally  taken  for  granted.  But  doubt  soon  began  to  be 
thrown  upon  the  inequalities  of  long  period  just  mentioned. 
Indeed,  Hansen  himself  admitted  that  the  second  and  larger 
term  was  partly  empirical,  being  taken  so  as  to  satisfy  ob¬ 
servations  between  1750  and  1850.  Delaunay  re-computed 
both  terms,  and  found  for  the  first  term  a  result  substantially 
identical  with  that  of  Hansen.  But  he  found  for  the  second 
or  empirical  one  a  coefficient  of  only  0.27",  which  would 
be  quite  insensible.  With  this  smaller  coefficient  the  obser¬ 
vations  from  1750  could  not  be  satisfied,  so  that,  so  far  as 
observations  could  go  in  deciding  a  purely  mathematical 
question,  the  evidence  was  in  favor  of  Hansen’s  result. 
But  on  comparing  Hansen’s  tables  with  observations  be¬ 
tween  1650  and  1750  it  was  found  that  the  supposed  agree¬ 
ment  with  observation  was  entirely  illusory.  Moreover 
since  1865  the  moon  has  been  steadily  falling  behind  the 
tabular  place.  These  inequalities  of  long  period  have  not 
yet  been  satisfactorily  explained.  The  most  plausible  sup¬ 
position  is  that  they  are  due  to  the  action  of  one  or  more  of 
the  larger  planets.  But  the  problem  of  the  action  of  the 
planets  on  the  moon  is  the  most  difficult  and  intricate  of 
celestial  mechanics,  and  no  satisfactory  general  method  of 
attacking  it  has  yet  been  found.  The  sources  of  difficulty 
aTe  two  in  number.  First,  the  disturbing  action  of  the 
planets  is  modified  by  that  of  the  sun  in  such  a  way  that 
the  ordinary  equations  of  disturbed  elliptic  motion  are  no 
longer  rigorous,  and  hence  new  and  more  complicated  ones 
must  be  constructed.  And,  secondly,  the  combination  of 
the  four  bodies — moon,  earth,  sun,  and  planet — leads  to 
terms  so  numerous  and  intricate  that  it  has  hardly  been 
found  possible  to  isolate  them.  The  question  has,  indeed 
been  raised  whether  the  rotation  of  the  earth  on  its  axis, 
and  hence  the  unit  of  time,  may  not  be  subject  to  slow  and 
irregular  changes  of  a  nature  to  produce  apparent  corre¬ 
sponding  changes  in  the  motion  of  the  moon.  But  it  has  re¬ 
cently  been  found,  from  a  discussion  of  the  observed  tran¬ 
sits  of  Mercury  since  1677,  that,  although  such  inequalities 
may  exist,  they  cannot  have  the  magnitude  necessary  to 
account  for  the  observed  changes  of  long  period  in  the 
moon’s  motion. 

The  following  is  a  summary  of  the  present  state  of  the 
various  branches  of  the  lunar  theory.  (1)  The  numerical 
solution  of  the  problem  of  the  sun’s  action  on  the  moon 
may  be  regarded  as  quite  satisfactory,  at  least  when  Han¬ 
sen’s  results  shall  have  been  verified  by  an  independent 
method.  (2)  The  analytic  theory  needs  to  be  perfected  by 
finding  some  remedy  for  the  slow  convergence  of  the  series 
by  which  it  is  expressed,  but  its  general  form  may  be  re¬ 
garded  as  quite  satisfactory.  (3)  Except  in  one  or  two 
special  cases,  the  action  of  the  planets  on  the  moon,  when 
treated  with  the  necessary  rigor,  is  so  intricate  that  no  ap¬ 
proach  to  a  satisfactory  solution  has  yet  been  attained. 
When  this  desideratum  is  reached,  the  mathematical  theory 
will  be  complete.  (4)  The  general  discussion  of  ancient 
and  modern  observations  with  a  view  to  finding  what  real 
or  apparent  inequalities  of  long  period  in  the  mean  motion 


may  exist  is  still  to  be  finished.  With  it  the  astronomical 
theory  will  be  complete.  (s.  n.) 

.  MOORCROFT,  William  (c.  1770-1825),  traveller 
in  Asia,  was  born  in  Lancashire,  about  1770.  He  was 
educated  as  a  surgeon  in  Liverpool,  but  on  completing 
his  course  he  resolved  to  devote  himself  to  veterinary 
surgery,  and,  after  studying  the  subject  in  France, 
began  its  practice  in  London.  In  1795  he  published 
a  pamphlet  of  directions  for  the  medical  treatment  of 
horses,  with  special  reference  to  India,  and  in  1800  a 
Cursory  Account  of  the  Methods  of  Shoeing  Horses. 
Having  been  offered  by  the  East  India  Company  the 
inspectorship  of  their  Bengal  stud,  Moorcroft  left  Eng¬ 
land  for  India  in  1808.  Under  his  care  the  stud 
rapidly  improved  ;  in  order  to  perfect  the  breed,  he 
resolved  to  undertake  a  journey  into  Central  Asia  to 
obtain  a  stock  of  Turcoman  horses.  In  company  with 
Captain  William  Hearsay,  and  incumbered  with  a 
stock  of  merchandise  for  the  purpose  of  establishing 
trade  relations  between  India  and  Central  Asia,  Moor¬ 
croft  left  Josimath,  well  within  the  mountains,  on 
26th  May,  1812.  Proceeding  along  the  valley  of  the 
Daul+  they  reached  the  summit  of  the  frontier  pass 
of  Niti  on  1st  J uly.  Descending  by  the  towns  of  Daba 
and  Ghortope,  Moorcroft  struck  the  main  upper  branch 
of  the  Indus  near  its  source,  and  on  5th  August  arrived 
at  the  sacred  lake  of  Manasarowara.  Returning  by 
Bhutan,  he  was  detained  some  time  by  the  Gurkhas, 
and  reached  Calcutta  in  November.  This  journey  only 
served  to  whet  Moorcroft’s  appetite  for  more  exten¬ 
sive  travel,  for  which  he  prepared  the  way  by  sending 
out  a  young  Hindustani,  who  succeeded  in  making 
very  extensive  explorations.  In  company  with  this 
young  man  and  George  Trebeck,  Moorcroft  set  out  on 
his  second  journey  in  October,  1819.  His  enterprise 
was  looked  upon  rather  coldly  by  the  directors,  who 
merely  allowed  him  his  pay  for  a  time,  all  the  ex¬ 
penses  being  borne  by  Moorcroft  himself.  By  way  of 
Almora  and  Srinagar,  Lahore  was  reached  on  6th  May, 
1820.  On  14th  August  the  source  of  the  Biyah 
(Hyphasis)  was  discovered,  and  subsequently  that  of 
the  Chenab.  Leh,  the  capital  of  Ladfik,  was  reached 
on  24th  September,  and  here  several  months  were 
spent  in  exploring  the  surrounding  country.  A  com¬ 
mercial  treaty  was  concluded  with  the  Government  of 
Lad&k,  by  which  the  whole  of  Central  Asia  was  vir¬ 
tually  opened  to  British  trade.  Kashmir  was  reached 
on  3d  November,  1822,  and  by  the  Pir  Panjal  moun¬ 
tains  Jal&l&b&d  on  4th  June,  1824,  Cabui  on  20th 
June,  and  by  Khulm,  Kunduz,  and  Balkh  Moorcroft 
arrived  at  Bokhara  on  25th  February,  1825.  Every¬ 
where  he  bought  horses  for  the  company,  and  en¬ 
deavored  to  establish  trade  relations.  At  Andkho  in 
Cabui  Moorcroft  was  seized  with  fever,  of  which  he 
died  on  27th  August,  1825,  Trebeck  surviving  him 
only  a  few  days.  It  was  not  till  several  years  after¬ 
wards  that  his  papers  were  obtained  by  the  Asiatic 
Society,  and  published  under  the  editorship  of  Horace 
Hayman  Wilson  in  1841  under  the  title  of  Travels  in 
the  Himalayan  Provinces  of  Hindustan  and  the  Punjab, 
in  Ladakh  and  Kashmir,  in  Peshawur,  Kabul,  Kun¬ 
duz,  and  Bokhara,  from  1819  to  1825.  Though  pub¬ 
lished  so  long  after  the  traveller’s  death,  the  narrative 
was  a  valuable  contribution  to  a  knowledge  of  Central 
Asia,  and  still  remains  a  classic.  In  vol.  xii.  of  Asiatic 
Researches  will  be  found  an  account  by  Moorcroft  of 
his  first  journey,  and  in  the  Transactions  of  the  Royal 
Asiatic  Society,  vol.  i.,  a  paper  on  the  Purik  sheep. 

MOORE,  Edward  (1712-1757),  minor  poet,  drama¬ 
tist,  and  miscellaneous  writer,  was  the  son  of  a  dissent¬ 
ing  minister  of  Abingdon,  where  he  was  bom  in  1712. 
He  was  the  author  of  the  thrilling  domestic  tragedy 
of  The  Gamester,  originally  produced  in  1753  with 
Garrick  in  the  leading  character,  and  still  in  the  reper¬ 
tory  of  acting  plays.  It  is  perhaps  the  strongest  lesson 
against  gambling  ever  preached  from  stage  or  pulpit. 
The  literary  merit  of  the  play  is  not  great,  but  it  is 
powerfully  constructed  and  full  of  impressive  incident, 
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and  the  career  of  Beverley  the  gambler  (a  character 
modelled  on  Fielding’s  Captain  Booth)  affords  great 
scope  for  the  actor.  Moore  also  wrote  two  comedies. 
As  a  poet  he  produced  clever  imitations  of  Gay  and 
Gray,  and  with  the  assistance  of  Lyttelton,  Chester¬ 
field,  and  Horace  W alpole  conducted  The  World  (1753- 
57)  during  the  great  decade  of  the  revival  of  periodical 
essay-writing.  The  World  followed  Johnson’s  Ram¬ 
bler ,  and  was  followed  by  The  Idler;  it  had  as  rivals 
The  Adventurer  and  The  Connoisseur.  Moore  died  at 
London  in  1757. 

MOORE,  Dr.  John  (1730-1802),  born  at  Stilling 
in  1730,  was  one  of  the  most  prominent  writers  or 
travels  and  novels  in  the  latter  part  of  the  18th  cen¬ 
tury.  His  novel  Zeluco  (published  in  1789)  produced 
a  powerful  impression  at  the  time,  and  indirectly, 
through  the  poetry  of  Byron,  has  left  an  abiding  mark 
on  literature.  The  novel  would  in  these  days  be  called 
a  psychological  novel ;  it  is  a  close  analysis  of  the  motives 
of  a  headstrong,  passionate,  thoroughly  selfish  and  un¬ 
principled  profligate.  It  is  full  of  incident,  and  the 
analysis  is  never  prolonged  into  tedious  reflections,  nor 
suffered  to  intercept  the  progress  of  the  story,  while 
the  main  plot  is  diversified  with  many  interesting  epi¬ 
sodes.  The  character  took  a  great  hold  of  Byron’s 
imagination,  and  probably  influenced  his  life  in  some 
of  its  many  moods,  as  well  as  his  poetry.  It  is  not  too 
much  to  say  that  the  common  opinion  that  Byron  in¬ 
tended  Childe  Harold  as  a  reflection  of  himself  cannot 
be  cleared  of  its  large  mixture  of  falsehood  without  a 
study  of  Moore’s  Zeluco.  Byron  said  that  he  intended 
the  Childe  to  be  “a  poetical  Zeluco,”  and  the  most 
striking  features  of  the  portrait  were  undoubtedly 
taken  from  that  character.  At  the  same  time  it  is  ob¬ 
vious  to  everybody  acquainted  with  Moore’s  novel  and 
Byron’s  life  that  the  moody  and  impressionable  poet 
often  adopted  the  character  of  Zeluco,  fancied  himself 
and  felt  himself  to  be  a  Zeluco,  although  he  was  at 
heart  a  very  different  man.  Moore’s  other  works  have 
a  less  marked  individuality,  but  his  sketches  of  society 
and  manners  in  France,  Germany,  Switzerland,  Italy, 
and  England  furnish  valuable  materials  for  the  social 
historian.  Like  his  countrymen  Burnet  and  Boswell, 
he  was  a  sagacious,  penetrating,  and  in  the  main  un¬ 
prejudiced  observer,  with  something  of  a  natural  his¬ 
torian’s  interest  in  the  human  species;  and  he  had 
exceptional  opportunities  of  observation.  He  was  a 
doctor  by  profession,  and  the  son  of  a  Stirlingshire 
clergyman.  After  taking  his  medical  degree  at  Glas¬ 
gow,  he  served  with  the  army  in  Flanders,  then  was 
attached  to  the  household  of  the  English  ambassador 
at  Paris,  then  practised  for  five  years  in  Glasgow,  next 
travelled  on  the  Continent  for  five  years  with  a  young 
nobleman,  settled  for  some  years  as  a  physician  in  Lon¬ 
don,  accompanied  Lord  Lauderdale  to  Paris  in  1792 
and  witnessed  some  of  the  principal  scenes  of  the  Rev¬ 
olution.  All  classes  thus  came  under  his  observation, 
while  his  profession  preserved  him  in  an  unusual  degree 
from  flippant  bias.  His  works  attest  great  shrewdness 
and  sagacity  of  judgment,  and  show  no  small  skill  in 
literary  presentation.  He  died  at  London  in  1802. 

MOORE,  Sir  John  (1761-1809),  the  only  English 
general  who  has  gained  lasting  fame  by  the  conduct  of 
a  retreat,  was  the  son  of  Dr.  Moore  (the  subject  of  the 
preceding  notice),  and  was  born  at  Glasgow  on  13th 
November,  1761.  It  was  his  father’s  work  as  tutor  to 
the  young  duke  of  Hamilton  which  procured  for  John 
Moore  educational  advantages  by  which  he  profited  so 
much  as  to  be  called  in  alter  life  the  most  cultivated 
officer  in  the  army.  It  was  then  the  fashion  for  young 
noblemen  to  travel  from  court  to  court,  and  Moore  ac¬ 
companied  his  father  and  the  duke  to  all  the  chief 
capitals  in  Europe,  until  he  was  suddenly  ordered  in 
1777  to  join  the  51st  regiment,  in  which  he  had  been 
appointed  an  ensign.  He  learned  his  drill  at  Minorca, 
and  in  1779  was  appointed  lieutenant  and  paymaster 
in  a  new  regiment  recently  raised  by  the  duke  of  Ham¬ 
ilton,  with  which  he  served  in  America  till  the  peace 


of  1783.  In  1784  Moore,  though  but  twenty-three 
years  of  age,  was  returned  by  the  duke  of  Hamilton  as 
member  of  parliament  for  the  united  boroughs  of  Sel¬ 
kirk,  Peebles,  and  Linlithgow.  In  parliament  he  does 
not  seem  to  have  opened  his  mouth,  though  he  always 
voted  with  the  Government ;  but  he  made  some  useful 
friends,  notably  the  duke  of  York  and  Pitt.  In  1788 
he  was  promoted  to  a  majority  in  the  51st  regiment, 
and  in  1790  he  became  lieutenant-colonel  and  resigned 
his  seat  in  parliament.  He  soon  got  his  regiment  in 
fine  order,  and  in  1792  sailed  with  it  for  the  Mediter¬ 
ranean.  He  was  too  late  to  assist  at  Toulon,  but  was 
engaged  throughout  the  operations  in  Corsica,  and 
especially  distinguished  himself  at  the  taking  of  Calvi. 
After  the  expulsion  of  the  French,  Moore  became  very 
intimate  with  Paoli  and  many  of  the  leading  Corsican 
patriots,  which  intimacy  was  so  obnoxious  to  Sir  Gil¬ 
bert  Elliotj  the  viceroy,  that  Moore  was  ordered  to 
leave  the  island  in  forty-eight  hours.  Sir  Gilbert’s 
hasty  conduct  by  no  means  met  with  approval  in  Lon¬ 
don,  and  Moore  was  gazetted  brigadier-general,  and 
ordered  to  proceed  with  his  brigade  to  the  West  Indies. 
In  April,  1796,  he  reached  Barbados,  and  at  once  be¬ 
came  the  right  hand  of  Sir  Ralph  Abercromby,  the 
commander-in-chief.  The  first  enterprise  was  the  re¬ 
conquest  of  the  island  of  St.  Lucia,  which  was  com¬ 
pletely  occupied  by  an  agent  of  Victor  Hugues  with  a 
mixed  force  of  Caribs,  Negroes,  and  Frenchmen.  The 
key  of  the  island  was  a  fortified  and  almost  impregna¬ 
ble  height  called  the  Mome  Fortune,  which  was  at 
last  stormed,  though  with  great  loss,  by  the  valor  of 
brigadier-generals  Moore  and  Hope,  who  were  to  be 
comrades  on  a  yet  more  memorable  field.  After  this 
success,  Sir  Ralph  left  the  island,  and  appointed  Moore 
governor  and  commander-in-chief.  A  difficult  post  he 
found  his  government,  owing  to  the  swarms  of  Caribs 
and  Negroes  in  the  woods  ;  but  just  as  he  was  on  the 
point  of  triumphing  he  fell  ill  of  yellow  fever,  and  was 
ordered  home.  In  1798  he  was  well  and  again  eager 
to  be  on  active  service,  and  he  accompanied  his  friend 
Abercromby  over  to  Ireland,  where  he  received  the 
command  of  the  Bandon  district.  In  the  Irish  rebel¬ 
lion  of  1798  he  distinguished  himself  by  his  activity  in 
saying  Wexford  from  destruction  after  the  battle  of 
Vinegar  Hill.  His  services  were  in  universal  request, 
and  Abercromby  insisted  upon  his  serving  with  him 
in  the  expedition  to  the  Helder  in  1799,  where  he  did 
creditably  all  that  was  creditably  done  in  that  ill-man¬ 
aged  expedition.  On  his  return  from  Holland  he  was 
made  colonel  of  the  52d  regiment,  and  in  1800  accom¬ 
panied  Abercromby  to  the  Mediterranean  as  major- 
general. 

Throughout  the  Egyptian  expedition  he  commanded 
the  reserve,  and  especially  distinguished  himself  at  the 
battle  of  Alexandria,  when  he  was  wounded  in  three 
places,  and  behaved  with  such  distinction  that  he  was 
recognized  universally  as  the  greatest  English  general, 
now  that  Abercromby  was  gone.  The  short  interval 
of  the  peace  of  Amiens  did  not  injure  Moore’s  pros¬ 
pects,  and  in  1 803  he  was  appointed  commandant  of 
the  camp  at  Shomcliffe.  .  Here  he  proved  his  great¬ 
ness  as  an  organizer,  for  it  was  at  this  time  that  he 
organized  those  light  regiments  which  were  to  form 
the  reserve,  in  his  own  campaign  and  the  light  division 
in  the  Peninsular  War.  While  at  Shomcliffe  he  re¬ 
newed  his  intimacy  with  Pitt,  who  was  then  residing 
at  Walmer  Castle,  and  who  on  his  return  to  office 
made  Moore  a  knight  of  the  Bath,  and  consulted  him 
on  every  military  project.  Fox,  when  he  succeeded  to 
office,  showed  the  same  appreciation  of  Moore,  and  in 
May,  1806,  appointed  him  second-in-command  to  his 
brother,  General  Fox,  who  was  ordered  with  a  strong 
force  to  Sicily  to  supersede  Sir  J ohn  Stuart.  Moore 
won  but  little  credit  at  this  time,  for  there  was  none 
to  gain,  but  employed  his  time,  according  to  Napier, 
in  falling  in  love  with  Miss  Fox,  to  whom,  however, 
he  never  proposed,  fearing  to  be  accepted  for  his  po¬ 
sition  and  not  for  himself.  In  1807  he  was  able  to 


MOORE. 


831 


escape  from  the  intrigues  of  the  Sicilian  court,  and  was 
ordered  to  Portugal,  which  he  reached  too  late  to  make 
any  defence  of  Lisbon,  already  in  the  possession  of  the 
r  rench.  He  then  went  home,  and  had  four  months’ 
rest,  the  last  he  ever  had.  In  May,  1808,  he  was  ordered 
with  a  force  of  11,000  men  to  Sweden  to  assist  the  king 
against  the  united  forces  of  France  and  Russia.  The 
mad  conduct  of  the  Swedish  king,  however,  who  even 
went  so  far  as  to  declare  Sir  John  Moore  under  arrest 
when  he  refused  to  acquiesce  in  his  plans,  ruined  any 
chance  of  successful  cooperation,  and  the  English  gen¬ 
eral  made  his  escape  and  returned  to  England.  He  was 
at  once  ordered  to  proceed  with  his  division  to  Portu- 

fal,  where  Sir  Arthur  Wellesley  had  already  landed  ; 

ut  the  appointment  of  Dalrymple  and  Burrard  to  the 
chief  commands  was  even  more  of  a  slight  on  Moore  as 
a  general  of  European  experience  than  on  Wellesley, 
whose  laurels  haa  hitherto  been  won  in  India.  He 
regarded  himself  as  personally  insulted  by  the  minis¬ 
ters,  and  especially  by  Lord  Castlereagh,  but  deemed 
it  his  duty  to  go  where  he  was  ordered.  He  met  his 
reward ;  for  when,  after  the  excitement  caused  by  the 
Convention  of  Cintra,  Dalrymple  and  Burrard  went 
home,  he  was  left  in  command  of  the  largest  English 
army  since  the  commencement  of  the  war.  Wellesley 
had  appreciated  him,  and  in  an  interesting  letter  (pub¬ 
lished  in  the  Wellington  Despatches)  had  expressed  his 
desire  to  use  his  own  great  political  influence  to  recon¬ 
cile  him  to  the  ministers  and  the  ministers  to  him. 

Now  began  the  glorious  three  months  on  which 
Moore’s  reputation  as  a  soldier  and  a  statesman  must 
rest.  The  Spaniards,  flushed  with  their  former  suc¬ 
cess  at  Baylen,  regarded  Napoleon,  who  had  in  person 
crossed  the  Pyrenees,  as  another  Dupont,  and  loudly 
summoned  Moore  to  a  share  in  their  coming  victories. 
Moore  knew  better  what  was  the  value  of  Napoleon’s 

§enius,  but  he  had  been  commanded  to  assist  the 
paniards,  and  therefore  gave  the  order  to  advance. 
His  army  marched  in  four  distinct  divisions,  and  on 
13th  November,  1808,  he  concentrated  at  Salamanca, 
where  he  waited  to  see  what  would  happen.  He  heard 
that  a  subsidiary  force  under  Sir  David  Baird  had 
arrived  at  Corunna,  and  ordered  it  up  to  join  him.  At 
Salamanca  he  remained  a  whole  month  watching  the 
triumphant  successes  of  Napoleon  and  his  lieutenants, 
and  learning  how  little  Spanish  reports  or  Spanish 
valor  were  to  be  relied  on.  Though  irritated  by  the 
menaces  and  abuse  of  Frere,  the  English  Minister  to  the 
junta,  he  waited  till  the  13th  December,  hearing  daily 
of  Spanish  defeats,  and  then  he  determined  to  draw 
off  upon  his  own  small  force  the  weight  of  Napoleon’s 
power,  and  thus  give  Andalucia  the  winter  in  which  to 
organize  an  army  and  prepare  for  another  Baylen. 
With  this  intention  he  advanced  through  Toro  and 
Mayorga,  where  Baird  joined  him,  to  Sahagun.  He 
judged  rightly  that  Napoleon  would  never  advance 
into  Andalucia  and  leave  the  English  behind  him,  but 
that  he  would  turn  all  his  power  against  them.  Having 
once  drawn  Napoleon’s  attention  to  himself,  he  began 
his  famous  retreat  and  fell  back  quickly,  fighting  every 
day  and  invariably  with  success.  He  now  could  test 
the  military  spirit  he  had  taught  at  Shorncliffe,.  for  the 
reserve  under  Sir  Edward  Paget  consisted  entirely  of 
his  own  light  regiments..  To  detail  each  step  of  the 
retreat  ana  every  skirmish  would  be  but  to  rewrite 
Napier ;  suffice  it  to  say  that,  with  great  loss  of  life 
and  material,  Moore  reached  Corunna  on  12th  Janu¬ 
ary,  1809.  But  the  fleet  to  take  the  army  home  was  not 
there ;  and  the  English  would  have  to  fight  Soult,  whose 
army  was  even  more  weakened  and  demoralized  than 
Moore’s,  before  they  could  embark.  It  was  on  16th 
January  that  Moore  fought  his  last  battle;  he  fell 
early  in  the  day,  and  knew  at  once  that  his  wound 
was  mortal.  His  last  hours  were  cheered  with  the 
knowledge  of  victory,  but  were  spent  in  recommending 
his  old  friends,  such  as  Graham  and  Colborne,  to  the 
notice  of  the  Government.  Sir  H.  Hardinge’s  de¬ 
scription  of  these  hours  is  in  its  way  inimitable,  and 


•n  v  m,us^  studied  how  a  modern  Bayard  should  die 
m  battle,  every  thought  being  for  others,  none  for  him¬ 
self. 

It  may  be  possible  in  the  face  of  his  heroic  death  to  ex¬ 
aggerate  Moore’s  actual  military  services,  but  his  influence 
on  the  British  army  cannot  be  overrated.  The  true  mili¬ 
tary  spirit  of  discipline  and  of  valor,  both  in  officers  and 
men,  had  become  nearly  extinct  during  the  American  war. 
Abercromby,  who  looked  back  to  the  traditions  of  Minden, 
was  the  first  to  attempt  to  revive  it,  and  his  work  was  car- 
ried  on  by  Moore.  The  formation  of  the  light  regiments  at 
Shorncliffe  was  the  answer  to  the  new  French  tactics,  and 
it  was  left  to  Wellington  to  show  the  success  of  the  experi¬ 
ment.  Moore’s  powers  as  a  statesman  are  shown  in  his 
dispatches  written  at  Salamanca,  and  he  had  the  truest  gift 
of  a  great  man,  that  of  judging  men.  It  may  be  noticed 
that,  while  Wellington  perpetually  grumbled  at  the  bad 
qualities  of  his  officers  and  formed  no  school,  Moore’s  name 
is  associated  with  the  career  of  all  who  made  their  mark. 
Among  generals,  Hope,  Graham,  Sir  E.  Paget,  Hill,  and 
Craufurd,  all  felt  and  submitted  to  his  ascendency,  and  of 
younger  officers  it  was  ever  the  proud  boast  of  the  Napiers 
Colborne,  the  Beckwiths,  and  Barnard  that  they  were  the 
pupils  of  Moore,  not  of  Wellington.  Nay  more,  he  inspired 
an  historian.  The  description  of  Moore’s  retreat  in  Napier 
is  perhaps  the  finest  piece  of  military  history  in  the  English 
language,  not  only  because  the  author  was  present,  but 
because  his  heart  was  with  the  leader  of  that  retreat ;  and, 
if  Napier  felt  towards  Wellington  as  the  soldiers  of  the 
tenth  legion  felt  towards  Caesar,  he  felt  towards  Moore  the 
personal  love  and  devotion  of  a  cavalier  towards  Montrose. 

The  great  authority  for  Moore’s  life  is  the  Life  of  Sir  John  Moore, 
by  his  brother,  J.  C.  Moore  (1833);  see  also  Narrative  of  the  Cam¬ 
paign  of  Sir  John  Moore  in  Spain,  by  his  brother,  J.  C.  Moore  (4to 
with  plans,  1809) ;  Napier,  Peninsular  War,  Bk.  iv.,  and  his  Life  of 
Sir  Charles  Napw.  For  views  adverse  to  Moore’s  retreat;  see 
Charmilly,  Narrative  (1810),  and  Sir  Bartle  Frere,  Life  of  the  Rt 
Hon.  J.  II.  Frere  (published  in  vol.  i.  of  his  works).  Consult  also 
Wilson ,  Campaign  in  Egypt,  for  Moore’s  services  there,  and  the 
Life  of  Gilbert  Elliot,  First  Lord  Minto,  for  the  equabble  in  Corsica. 

MOORE,  Thomas  (1779-1852),  born  at  Dublin  on 
28th  May,  1779,  fairly  shares  with  Lord  Byron  the 
honor  of  being  the  most  popular  poet  of  his  genera¬ 
tion..  .  Whatever  may  be  thought  now  of  the  intrinsic 
qualities  of  his  verse,  this  much  cannot  be  denied. 
The  most  trustworthy  of  all  measures  of  popularity  is 
the  price  put  upon  a  writer’s  work  in  the  publishing 
market,  and  when  Moore’s  friend  Perry,  in  negotiating 
the  sale  of  the  unwritten  Lalla  Rookh ,  claimed  for  the 
poet  the  highest  price  that  had  up  to  that  time  been 
paid  for  a  poem  the  publisher  at  once  assented.  Moore 
was  then  in  the  heyday  of  his  reputation,  but  twenty 
years  later  publishers  were  still  willing  to  risk  their 
thousands  on  his  promise  to  produce.  Much  of  Moore’s 
success,  was  due  to  his  personal  charm.  This  at  least 
gave  him  the  start  on  his  road  to  popularity.  There 
is  not  a  more  extraordinary  incident  in  the  history  of 
our  literature  than  the  instantaneousness  with  which 
the  son  of  a  humble  Dublin  grocer  just  out  of  his 
teens,  on  his  first  visit  to  London,  captivated  the 
fashionable  world  and  established  himself  m  the  course 
of  a  few  months  as  one  of  its  prime  favorites.  The 
youth  crossed  St.  George’s  Channel  in  1799  to  keep 
terms  at  the  Middle  Temple,  carrying  with  him  a 
translat  ion  of  the  Odes  of  Anacreon ,  which  he  wished 
to  publish  by  subscription.  In  a  very  short  time  he 
had  enrolled  half  the  fashionable  world  among  his  sub¬ 
scribers,  and  had  obtained  the  permission  of  the  prince 
of  Wales  to  dedicate  the  work  to  him.  The  mere 
power  of  writing  graceful  and  fluent  amatory  verses 
would  not  alone  have,  enabled  the  poet  to  work  this 
miracle.  Moore’s  social  gifts  were  of  the  most  engag¬ 
ing  kind.  He  charmed  all  whom  he  met,  and  charmed 
them,  though  he  was  not  a  trained  musician,  with 
nothing  more  than  with  his  singing  of  his  own  songs. 
The  piano,  and  not  the  harp,  was  his  instrument,  but 
he  came  nearer  than  anybody  else  in  modern  times  to 
Bishop  Percy’s  romantic  conception  of  the  minstrel. 
To  find  •  a  parallel  to  him  we  must  go  back  to  the 
palmy  days  of  Provengal  song,  to  such  troubadours 
and  jongleurs  as  Arnaud  Daniel  and  Perdigon,  whose 
varied  powers  of  entertainment  made  them  welcome 
guests  wherever  they  went.  It  was  not  merely  the 
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fashionable  world  that  the  young  adventurer  capti¬ 
vated  ;  the  landlady  of  his  lodgings  in  London,  a 
countrywoman  of  his  own,  offered  to  place  at  his  dis¬ 
posal  all  the  money  of  which  she  had  the  command. 

The  fragment  of  autobiography  in  which  Moore 
draws  a  softly-colored  picture  oi  his  early  life  in 
Dublin  lets  us  into  the  secret  of  the  seeming  miracle 
of  his  social  conquest.  Externals  apart2  the  spirit  of 
his  social  surroundings  in  Little  Aungier  Street  had 
much  in  common  with  the  society  to  which  he  was  in¬ 
troduced  in  London.  He  was  born  in  the  proscribed 
sect  of  Catholics,  whose  exclusion  from  the  society  of 
the  Castle  produced  a  closer  union  among  their  various 
ranks,  and  thus,  from  the  first,  Moore  was  no  stranger 
to  the  more  refined  gayeties  of  social  intercourse.  It 
was,  upon  the  whole,  a  gay  life  in  Catholic  society, 
though  the  conspiracy  of  the  United  Irishmen  was 
being  quietly  formed  beneath  the  surface.  Amateur 
theatricals  was  one  of  their  favorite  diversions,  and 
gifts  of  reciting  and  singing  were  not  likely  to  die  for 
want  of  applause.  Moore’s  schoolmaster  was  a  leader 
in  these  entertainments,  a  writer  of  prologues  and  epi¬ 
logues  and  incidental  songs ;  and  at  a  very  early  age 
Master  Thomas  Moore  was  one  of  his  show-boys, 
ardently  encouraged  in  all  his  exercises  by  a  very 
affectionate  mother  at  home.  Before  he  left  school 
he  had  acquired  fame  in  his  own  circle  as  a  song¬ 
writer,  and  had  published,  in  the  Anihologia  Hiber- 
nica,  verses  “to  Zelia  on  her  charging  the  author  with 
writing  too  much  on  love.”  This  was  in  1793.  In 
that  year  the  prohibition  against  Catholics  entering 
Trinity  College  was  removed,  and  next  year  Moore 
took  advantage  of  the  new  freedom.  As  one  of  the 
first  Catholic  entrants,  he  had  an  exceptional  stimulus 
to  work,  and  there  industriously  acquired  that  classical 
scholarship  with  which  he  won  the  hearts  of  such 
learned  Whigs  as  Lansdowne  and  Holland,  while  he 
charmed  fashionable  ladies  with  the  grace  of  his  songs. 
Young  Moore’s  social  atmosphere  was,  of  course, 
strongly  charged  with  patriotism  and  hatred  of  the 
excesses  of  English  despotism.  Some  of  his  closest 
friends  in  Trinity  were  deep  in  the  conspiracy  of  1798. 
But  even  for  his  patriotism — a  genuine  passion  which 
he  never  sought  to  disguise — Moore  found  plenty  of 
sympathy  among  the  Whig  political  leaders,  when 
he  made  their  acquaintance  in  the  first  years  of  the 
century. 

Moore  was  fairly  established  in  London  society  in 
the  first  year  of  the  century,  and  from  that  time  the 
hope  of  its  applause  was  the  ruling  aspiration  of  his 
life  and  its  judgment  the  standard  of  his  work.  In 
his  letters  to  his  mother,  which  are  delightful  prose 
lyrics  and  show  the  most  charming  side  of  Moore’s 
character— he  wrote  to  her  constantly  and  with  warm 
affection  in  his  busiest  weeks — we  find  him,  even  in 
1800,  declaring  himself  surfeited  with  duchesses  and 
marchionesses  and  professing  his  readiness  at  any 
moment  to  exchange  all  his  fineries  for  Irish  stew  and 
salt  fish.  But  he  never  did  make  the  exchange,  even 
for  more  potent  attractions  than  the  fare  of  his  youth. 
He  could  not  bear  the  shortest  banishment  from  fash¬ 
ionable  drawing-rooms  without  uneasy  longings.  The 
dignity  and  ease,  the  luxury,  the  gayety,  the  bright¬ 
ness  of  fashionable  life,  wholly  satisfied  his  joyous  and 
self-indulgent  nature.  When  men  of  rank  courted 
his  company,  when  princesses  sang  his  songs  and 
peeresses  wept  at  them,  Moore  was  too  frank  to  affect 
indifference  ;  he  was  in  the  highest  heaven  of  delight, 
and  went  home  to  record  the  incident  to  his  relatives 
or  transmit  it  to  posterity  in  his  diary.  If  prudence 
whispered  that  he  was  frittering  away  his  time  and 
dissipating  his  energies,  he  persuaded  himself  that  his 
conduct  was  thoroughly  worthy  of  a  solid  man  of 
business ;  that  to  get  a  lucrative  appointment  from 
his  political  friends  ne  must  keep  himself  in  evidence, 
and  that  to  make  his  songs  sell  he  must  give  them  a 
start  with  his  own  voice.  But  his  mind  was  seemingly 
not  much  troubled  either  with  sordid  care  or  with 


sober  prudence;  he  lived  in  the  happy  present,  and 
he  liked  fashionable  company  for  its  own  sake, — and 
no  wonder,  seeing  how  he  was  petted,  caressed,  and 
admired.  Swift’s  saying  that  great  men  never  reward 
in  a  more  substantial  way  those  whom  they  make  the 
companions  of  their  pleasures  was  often  in  Moore’s 
mind.  It  was  verified  to  some  extent  in  his  own  case. 
Through  Lord  Moira’s  influence  he  was  appointed 
registrar  of  the  admiralty  court  in  Bermuda  in  1803. 
He  went  there  to  take  possession,  but  four  or  five 
months  of  West  India  society,  jingling  pianofortes, 
and  dusky  beauties  bored  him  excessively,  and  he 
appointed  a  deputy  and  returned  to  London,  after 
little  more  than  a  year’s  absence.  The  office  continued 
to  bring  him  about  £400  a  year  for  fourteen  or  fifteen 
years,  but  at  the  end  of  that  time  embezzlement  by 
the  deputy,  for  whom  he  was  responsible,  involved 
him  in  serious  embarrassment.  This  was  all  that 
Moore  received  from  his  great  political  friends, — no 

freat  boon  as  things  went  in  the  days  of  patronage. 

[e  had  hopes  from  Lord  Moira  in  the  Grenville 
ministry  in  1806, — hopes  of  an  Irish  commissioner- 
ship  or  something  substantial,  but  the  king’s  obstinacy 
about  Catholic  emancipation  destroyed  the  ministry 
before  anything  worth  having  turned  up.  The  poet’s 
long-deferred  hopes  were  finally  extinguished  in  1812, 
when  Lord  Moira,  under  the  Liverpool  administration, 
went  out  as  governor-general  to  India  without  making 
any  provision  for  him.  From  that  time  Moore  set 
himself  in  earnest  to  make  a  living  by  literature,  his 
responsibilities  being  increased  by  his  marriage  in 
1811.  From  his  boyhood  to  1812  maybe  called  the 
first  period  of  Moore’s  poetical  activity.  He  had 
formed  the  design  of  translating  Anacreon  while  still 
at  college,  and  several  of  the  pieces  published  in  1801 
under  the  nom  de  plume  of  “  Thomas  Little  ”  were 
written  before  he  was  eighteen.  The  somewhat  osten¬ 
tatious  scholarship  of  the  notes  to  his  Anacreon,  the 
arade  of  learned  authorities,  he  explained  by  his 
abit  of  omnivorous  reading  in  Trinity  College  library. 
Throughout  his  literary  life  he  retained  this  habit  of 
out-of-the-way  reading  and  clever  display  of  it.  Moore 
had  really  abundance  of  miscellaneous  scholarship  as 
well  as  great  quickness  in  the  analogical  application 
of  his  knowledge ;  and,  though  he  made  sad  havoc  of 
quantit.es  when  he  tried  to  write  in  Greek,  there  was 
probably  no  scholar  of  his  time  who  would  have  sur¬ 
passed  him  in  the  interpretation  of  a  difficult  passage. 
He  seems  to  have  spent  a  good  deal  of  time  in  the 
libraries  of  the  great  houses  that  he  frequented; 
Moira,  Lansdowne,  and  Holland  were  all  scholarly 
men  and  book -collectors.  It  might  be  asked, — What 
had  “passion’s  warmest  child,”  whose  “only  books 
were  women’s  looks,”  to  do  with  obscure  mediaeval 
epigrammatists,  theologians,  and  commentators?  But 
it  would  seem  that  Moore  took  the  hints  for  many  of 
his  lyrics  from  books,  and,  knowing  the  great  wealth 
of  fancy  among  mediaeval  Latinists,  turned  often  to 
them  as  likely  quarters  in  which  to  find  some  happy 
word-play  or  image  that  might  serve  as  a  motive  for 
his  muse.  The  public,  of  course,  were  concerned  with 
the  product  and  not  with  the  process  of  manufacture, 
and  “  Little’s  ’  ’  songs  at  once  became  the  rage  in  every 
drawing-room.  He  found  his  songs  in  Virginia  when 
he  landed  there  on  his  way  to  Bermuda.  And  not 
only  were  his  songs  sung  but  his  poems  were  read, 
passing  rapidly  through  many  editions.  The  bulk  of 
them  were  simple  fancies,  gracefully,  fluently,  and 
sometimes  wittily  expressed,  the  lyrist’s  models  being 
the  amatory  poets  of  the  17th  century  from  Carew  to 
Rochester.  Carew  is  the  only  eminent  poet  of  that 
century  with  whom  Moore  will  bear  comparison.  The 
highest  praise  that  can  be  given  to  his  amatory  lyrics 
is  that  he  knew  his  audience,  wrote  directly  for  them, 
and  pleased  them  more  than  any  of  his  competitors. 
His  publication  of  1806  was  savagely  reviewed  in  the 
Edinburgh  by  Jeffrey,  who  accused  him  of  a  deliberate 
design  to  corrupt  the  minds  of  innocent  maidens  with 
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his  wanton  fancies,  and  who  had  in  consequence  to 
figure  in  a  ludicrous  attempt  at  a  duel— ludicrous  in 
its  circumstances,  though  Moore  was  ferociously  in 
earnest.  We  may  well  acquit  Moore  of  the  diabolic 
intention  attributed  to  him,  but  Jeffrey’s  criticism  of 
his  poetry  as  poetry  was  just  enough.  The  only  parts 
of  the  volume  that  Jeffrey  praised  were  the  satirical 
epistles.  The  vein  essayed  in  these  epistles  Moore 
pursued  afterwards  in  his  Corruption ,  Intolerance 
(1808),  and  The  Sceptic ,  a  philosophical  satire  (1809) ; 
but  as  long  as  he  kept  to  the  heroic  couplet  and  the 
manner  of  Pope  he  could  not  give  full  scope  to  his 
peculiar  powers  as  a  satirist.  It  may  be  remarked  in 

Sassing  that  the  result  of  the  hostile  meeting  with 
effrey  is  a  striking  evidence  of  the  impressiveness  of 
Moore’s  personality;  in  the  course  of  a  few  minutes’ 
conversation  he  changed  a  bitter  critic  into  a  lifelong 
friend.  Of  all  the  poetical  enterprises  that  Moore 
undertook,  either  at  this  period  or  later,  none  was  so 
exactly  suited  to  his  powers  as  the  task  proposed  to 
him  by  the  publisher  Power  of  supplying  fit  words  to 
a  collection  of  Irish  melodies.  The  first  number 
appeared  in  1807,  and  it  was  so  successful  that  for 
twenty-seven  years  afterwards  writing  words  to  music 
was  one  of  Moore’s  most  regular  occupations  and  his 
steadiest  source  of  income,  Power  paying  him  an 
annuity  of  £500.  Six  numbers  of  Irish  melodies 
were  published  before  1815 ;  then  they  turned  £5 
sacred  songs  and  national  airs,  issuing  also  four  more 
numbers  of  Irish  melodies  before  1834.  Moore  entered 
into  this  work  with  his  best  and  most  practised  powers 
and  with  all  his  heart.  From  his  boyhood  he  had  been 
in  training  for  it.  The  most  characteristic  moods  of 
Irish  feeling,  grave  and  gay,  plaintive  and  stirring,. 


were  embodied  in  those  airs,  and  their  variety  touched,  till  May,  1817.  Moore,  as  was  his  habit,  made  most 


the  whole  range  of  Moore’s  sensitive  spirit,  carrying 
him  far  beyond  the  shallows  of  his  spurious  Ana¬ 
creontic  sentiment,  namby-pamby  when  not  prurient ; 
he  wrote  with  full  inspiration,  unreserved  sincerity, 
and  thoroughly  roused  faculty.  Divorced  from  the; 
music,  many  of  them  are  insipid  enough,  but  they 
were  never  meant  to  be  divorced  from  the  music ;  the 
music  was  meant,  as  Coleridge  felt  when  he  heard  them 
sung  by  the  poet  himself,  to  twine  round  them  and 
overtoil  them  like  the  honeysuckle.  Moore  accom¬ 
plished  this  with  exquisite  art.  His  most  conspicuous 
failures  may  be  traced  to  his  habit  of  taking  as  his 
starting-point  not  an  emotional  incident  but  some 
unmanageable  intellectual  conceit.  Hence  arose  intel¬ 
lectual  discords,  incongruous  and  imperfectly  harmon¬ 
ized  fancies,  which  even  the  music  can  hardly  gloss 
over. 

The  regent’s  desertion  of  the  Whigs  in  1812  cut  them 
off  from  all  hope  of  office  for  many  years  to  come,  and 
Moore  from  his  last  hope  of  a  snug  sinecure,  when 
Lord  Moira  also  was  practically  “oblivious”  of  him. 
There  was  at  once  a  marked  increase  in  his  literary 
fertility,  and  he  broke  ground  in  a  new  field,  which  he 
cultivated  with  pre-eminent  success— political  squib¬ 
writing.  Moore  was  incapable  of  anything  like  ran¬ 
cor,  but  he  felt  the  disappointment  of  nis  hopes 
enough  to  quicken  his  fancy  and  sharpen,  the  edge  of 
his  wit.  The  prince  regent,  his  old  friend  and  patron, 
who  was  said  to  have  begged  all  Lord  Moira’s  appoint¬ 
ments  for  personal  favorites,  was  his  first  butt.  The 
prince’s  defects  and  foibles,  his  fatness,  his  huge 
whiskers,  his  love  for  cutlets  and  curaqoa, _  for  aged 
mistresses  and  practical  jokes,  were  ridiculed  with  the 
lightest  of  clever  hands.  Moore  opened  fire  in  the 
Morning  Chronicle ,  and  crowned  his  success  next 
year  (1813)  with  a  thin  volume  of  “Intercepted  Let¬ 
ters,  ’  ’  The  Twopenny  Post  Bag.  A  very  little  knowl¬ 
edge  of  the  gossip  of  the  time  enables  us  to  understand 
the  delight  with  which  Moore’s  sallies  were  received  in 
the  year  which  witnessed  the  imprisonment  of  Leigh 
Hunt  for  more  outspoken  attacks  on  the  regent. 
Moore  received  every  encouragement  to  work  the  new 
vein.  He  was  at  one  time  in  receipt  of  a  regular 
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salary  from  the  Times;  and  his  little  volumes  of  squibs 
published  at  intervals, — The  Fudge  Family  in  Paris, 
1818  ;  'The  Journal  of  a  Member  of  the  Pococurante 
Society,  1820 ;  Fables  for  the  Holy  Alliance ,  1823  ; 
Odes  on  Cash,  Corn ,  Catholics,  and  other  Matters, 
1828  ;  The  Fudges  in  England,  1835  ; — went  through 
many  editions.  The  prose  Memoirs  of  Captain  Rock 
(1824)  may  be  added  to  the  list.  Moore’s  only  failure 
was  Tom  Cribb's  Memorial  to  Congress  (1819),  for 
which  he  had  made  an  elaborate  study  of  thieves’ 
slang.  It  was  of  course  on  the  side  of  the  Whigs  that 
Moore  employed  his  pen,  and  his  favorite  topics  were 
the  system  of  repression  in  Ireland  and  the  disabilities 
of  the  Catholics.  He  made  rather  too  serious  a  claim 
for  his  pasquinades  when  he  spoke  of  “laying  the  lash 
on  the  back  of  the  bigot  and  the  oppressor.”  It  was 
not  exactly  a  lash  or  a  scourge  that  he  wielded.  It  was 
in  happy,  airily  malicious  ridicule  of  personal  foibles 
that  his  strength  lay  ;  he  pricked  ana  teased  his  vic¬ 
tims  with  sharp  and  tiny  arrows.  But,  light  as  his 
hand  was,  he  was  fairly  entitled  to  the  enthusiastic 
gratitude  of  his  countrymen  for  his  share  in  effecting 
Catholic  emancipation. 

The  disappointment  of  1812,  which  started  Moore 
on  his  career  as  a  squib-writer,  nerved  him  also  to  a 
more  sustained  effort  in  serious  verse  than  he  had  be¬ 
fore  attempted.  Lalla  Rookh  would  never  have  been 
written  if  the  author’s  necessities  had  not  compelled 
him  to  work.  To  keep  himself  at  the  oar,  he  con¬ 
tracted  with  the  Longmans  to  supply  a  metrical 
romance  on  an  Eastern  subject,  which  should  contain 
at  least  as  many  lines  as  Scott’s  Rokeby ,  and  for  which 
the  publishers  bound  themselves  to  pay  three  thousand 
guineas  on  delivery.  The  poem  was  not  published 


laborious  preparation,  reading  himself  slowly  into 
familiarity  with  Eastern  scenery  and  manners.  He 
retired  to  a  cottage  in  Derbyshire,  near  Lord  Moira’s 
library  at  Donington  Park,  that  he  might  work  unin¬ 
terruptedly,  safe  from  the  distractions  of  London 
society;  and  there,  “amid  the  snows  of  a  Derbyshire 
winter”  as  he  put  it,  he  patiently  elaborated  his  vo¬ 
luptuous  pictures  of  flower-scented  valleys,  gorgeous 
gardens,  tents,  and  palaces,  and  houris  of  ravishing 
beauty.  The  confidence  of  the  publishers  was  fully 
justified.  Moore’s  contemporaries  were  dazzled  and 
enchanted  with  Lalla  Rookh.  It  was  indeed  a  won¬ 
derful  tour  de force.  There  was  not  a  single  image  or 
allusion  in  it  that  an  ordinary  Englishman  could  under¬ 
stand  without  a  foot-note.  High  testimonies  were 
borne  to  the  correctness  of  the  local  coloring,  and  the 
usual  stories  were  circulated  of  Oriental  natives  who 
would  not  believe  that  Moore  had  never  travelled  in 
the  East.  Moore  was  less  successful  in  realizing  Ori¬ 
ental  character  than  he  was  in  details  of  dress  and 
vegetation.  His  fire-worshipper  is  an  Irish  patriot 
betrayed  by  ail  informer,  his  Zeliqa  a  piously  nurtured 
Catholic  maiden  brooding  over  unpardoned  sin,  his 
Mokanna  a  melodramatic  stage  monster,— though  they 
are  so  thickly  covered  with  Oriental  trappings  that 
their  identity  is  considerably  disguised.  Of  the  four 
tales  put  into  the  mouth  of  Feramorz,  the  “  Veiled 
Prophet”  was  the  least  suited  to  Moore’s  Turkey- 
carpet  treatment.  We  can  understand  the  enthusiasm 
with  which  Moore’s  Orientalism  was  received  as  “  the 
best  that  we  have  had  yet,”  and  we  can  honor  the 
honest  labor  with  which  he  achieved  this  success ;  but 
such  artificial  finery,  as  the  poet  himself  had  the  sense 
to  suspect,  could  have  only  a  temporary  reputation. 
He  deliberately  sacrificed  the  higher  qualities  of  poetry 
for  accuracy  of  costume  and  soft  melody  of  rhyme  and 
rhythm,  and  he  had  his  reward.  His  next  Orientalism, 
the  Loves  of  the  Angels,  published  in  1822,  was  hardly 
less  popular  than  Lalla  Rookh.  The  artificiality  of 
the  manufacture  was  shown  by  the  ease  with  which, 
after  a  few  editions,  he  changed  his  angels  from  Jews 
into  Turks,  to  evade  a  charge  of  impiety  which  was 
supposed  to  impede  the  sale  of  the  work.  Immediately 
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after  the  completion  of  Lalla  Rookh  Moore  changed 
his  residence  to  Sloperton  Cottage  in  Wiltshire,  to  be 
near  Lord  Lansdowne  and  the  library  at  Bowood,  his 
next  literary  project  being  a  life  of  Sheridan.  His 
plans  were  interrupted  by  the  consequences  of  the 
rascality  of  his  deputy  at  Bermuda,  which  has  been 
already  mentioned.  To  avoid  arrest  for  the  sum  em¬ 
bezzled,  Moore  retired  to  the  Continent,  and  fixed  his 
residence  at  Paris.  He  could  not  return  till  Novem¬ 
ber,  1822,  when  the  affair  was  compromised.  His 
friends  lamented  that  the  attractions  of  Paris  occupied 
so  much  of  his  time,  but,  though  his  diary  contains 
almost  daily  records  of  visits  to  operas,  fetes,  and 
fashionable  entertainments,  it  shows  also  that  he  was 
busier  than  he  seemed.  He  wrote  a  goodly  number  of 
squibs  during  his  exile,  besides  composing  the  Loves 
of  the  Angels  and  accumulating  materials  for  his  prose 
tale  of  the  Epicurean — a  fair  amount  of  production 
considering  his  slow  and  painstaking  habits  of  com¬ 
position.  His  alertness  of  mind,  self-possession,  and 
steadiness  of  purpose  enabled  him  to  work  as  few  men 
could  in  the  midst  of  diversions  and  distractions  ;  and, 
although  he  himself  took  a  brilliant  part  in  conversa¬ 
tion,  we  can  see,  from  a  comparison  of  his  diary  with 
his  published  writings,  that  he  kept  his  ears  open  for 
facts  and  witticisms  which  he  afterwards  made  his 
own.  The  darling  of  the  drawing-room  was  as  much 
bee  as  butterfly.  On  his  return  to  England  he  re¬ 
sumed  work  steadily  at  his  memoirs  of  Sheridan, 
writing  Captain  Roclc  as  a  jeu  d’  esprit  by  the  way. 
The  S lieridan  triumphantly  dispatched  in  the  autumn 
of  1825,  Moore’s  next  important  work  was  the  Life  of 
Byron.  The  first  volume  of  this  was  published  early  in 
1830,  and  the  second  was  ready  at  the  end  of  the  same 
year.  In  1831  he  completed  a  memoir  of  Lord  Ed¬ 
ward  Fitzgerald,  for  which  he  had  been  collecting  ma¬ 
terials  for  some  time.  Moore’s  biographies  call  for  no 
comment,  except  that  they  were  faithful  and  con¬ 
scientious  pieces  of  work.  He  spent  much  industry 
in  the  collection  of  characteristic  anecdotes,  for  which 
his  position  in  society  gave  him  exceptional  opportu¬ 
nity.  His  connection  with  the  burning  of  Byron’s 
autobiography  is  too  complicated  a  question  to  be  dis¬ 
cussed  here.  His  own  version  of  the  circumstances  is 
given  in  his  diary  for  May,  1824. 

It  was  a  misfortune  for  the  comfort  of  the  last 
twenty  years  of  Moore’s  life  that  he  allowed  himself  to 
be  drawn  into  a  project  for  writing  the  “History  of 
Ireland  ’  ’  in  Lardner's  Cyclopaedia.  Scott  and  Mack¬ 
intosh  scribbled  off  the  companion  volumes  on  Scotland 
and  England  with  very  little  trouble,  but  Moore  had 
neither  their  historical  training  nor  their  dispatch  in 
writing.  Laborious  conscientiousness  and  indecision 
are  a  fatal  combination  for  a  man  who  undertakes  a 
new  kind  of  task  late  in  life.  The  history  sat  like  a 
nightmare  on  Moore  for  fifteen  years,  and  after  all  was 
left  unfinished  on  the  melancholy  collapse  of  his  pow¬ 
ers  in  1845.  From  the  time  that  he  burdened  himself 
with  it  Moore  did  very  little  else,  beyond  a  few  occa¬ 
sional  squibs  and  songs,  the  last  flashes  of  his  genius, 
and  the  Travels  of  an  Irish  Gentleman  in  Search  of  a 
Religion,  although  he  had  tempting  offers  of  more 
lucrative  and,  it  might  have  been  thought,  more  con¬ 
genial  work.  Moore’s  character  had  a  deeper  manli¬ 
ness  and.  sincerity  than  he  often  gets  credit  for  ;  and 
his  tenacious  persistence  in  this  his  last  task  was  proba¬ 
bly  due  to  an  honorable  ambition  to  connect  himself 
as  a  benefactor  with  the  history  of  his  country,  by 
opening  the  eyes  of  the  English  people  to  the  mis- 
government  of  Ireland.  It  was  a  misjudgment  alto¬ 
gether  ;  the.  light  irony  of  Captain  Rock  was  much 
more  effective  than  the  minute  carefully-weighed 
details  of  the  history.  Moore’s  last  years  were  harassed 
by  the  weakness  and  misconduct  of  his  sons,  and  by 
pecuniary  embarrassments.  An  annual  pension  of  £300 
was  conferred  upon  him  in  1833,  and  he  had  always 
received  large  sums  for  his  work ;  but,  while  waiting 
for  the  sinecure  which  never  came,  he  had  contracted 


an  unfortunate  habit  of  drawing  upon  his  publishers  in 
advance.  After  the  death  of  his  last  child  in  1845, 
Moore  became  a  total  wreck,  but  he  lingered  on  till 
26th  February,  1852.  The  diary,  which  lie  seems  to 
have  kept  chiefly  that  it  might  be  the  means  of  making 
some  provision  for  his  wife,  and  which  contains  so 
many  touching  expressions  of  his  affection  for  her,  was 
edited  by  Lord  John  Russell  with  his  letters  and  a  frag¬ 
ment  of  autobiography  in  1853-56.  The  charge  of 
vanity  has  often  been  brought  against  this  diary  from 
the  writer’s  industry  in  recording  many  of  the  com¬ 
pliments  paid  him  by  distinguished  personages  and 
public  assemblies.  .  It. is  only  vanity  that  is  annoyed  by 
the  display  of  vanity  in  others.  ( w.  M. ) 

MOOR-HEN,1  the  name  by  which  a  bird,  often 
called  Water-hen .  and  sometimes  Gallinule,  is  most 
commonly  known  in  England.  An  earlier  name  was 
Moat-hen,  which  was  appropriate  in  the  days  when  a 
moat  was  the  ordinary  adjunct  of  most  considerable 
houses  in  the  country.  It  is  the  Gallinula  chloropus 
of  ornithologists,  and  almost  too  well  known  to  need 
description.  About  the  size  of  a  small  Bantam-hen, 
but  with  the  body  much  compressed  (as  is  usual  with 
members  of  the  Family  Rallidce,  to  which  it  belongs), 
its  plumage  above  is  of' a  deep  olive-brown,  so  dark  as 
to  appear  black  at  a  short  distance,  and  beneath  iron- 
gray,  relieved  by  some  white  stripes  on  the  flanks,  with 
the  lower  tail-coverts  of  pure  white, — these  last  being 
very  conspicuous  as  the  bird  swims.  A  scarlet  frontlet, 
especially  bright  in  the  spring  of  the  year,  and  a  red 
garter  on  the  tibia  of  the  male  render  him  very  showy. 
Though  often  frequenting  the  neighborhood  of  man, 
the  Moor-hen  seems  unable  to  overcome  the  inherent 
stealthy  habits  of  the  Rallidce,  and  hastens  to  hide 
itself  on  the  least  alarm  ;  but  under  exceptional  cir¬ 
cumstances  it  may  be  induced  to  feed,  yet  always  sus¬ 
piciously,  with  tame  ducks  and  poultry.  It  appears  to 
take  wing  with  difficulty,  and  may  be  often  caught 
by  an  active  dog  ;  but,  in  reality,  it  is  capable  of  sus¬ 
tained  flight,  its  longer  excursions  being  chiefly  per¬ 
formed  by  night,  when  the  peculiar  call-note  it  utters 
is  frequently  heard  as  the  bird,  itself  invisible  in  the 
darkness,  passes  overhead.  The  nest  is  a  mass  of  flags, 
reeds  or  other  aquatic  plants,  often  arranged  with  much 
neatness,  almost  always  near  the  water’s  edge,  where 
a  clump  of  rushes  is  generally  chosen  ;  but  should  a 
mill-dam,  sluice-gate,  or  boat-house  afford  a  favorable 
site,  advantage  will  be  taken  of  it,  and  not  unfrequently 
the  bough  of  a  tree  at  some  height  from  the  ground 
will  furnish  the  place  for  a  cradle.  The  eggs,  from 
seven  to  eleven  in  number,  resemble  those  of  the 
Coot  (vol.  vi.  p.  303),  but  are  smaller,  lighter,  and 
brighter  in  cdor,  with  spots  or  blotches  of  reddish- 
brown.  In  winter,  when  the  inland  waters  are  frozen, 
the  majority  of  Moor-hens  betake  themselves  to  the 
tidal  rivers,  and  many  must  leave  the  country  entirely, 
though  a  few  seem  always  able  to  maintain  their  exist¬ 
ence  however  hard  be  the  frost.  The  common  Moor¬ 
hen  is  extensively  spread  throughout  the  Old  World, 
being  found  also  at  the  Cape.of  Good  Hope,  in  India, 
and  in  J apan.  In  America  it  is  represented  by  a  very 
closely-allied  form,  G.  galeata,  so  called  from  its  rather 
larger  frontal  helm,  and  in  Australia  by  another,  G. 
tenehrosa,  which  generally  wants  the  white  flank- 
markings.  Both  closely  resemble  G.  chloropus  in  gene¬ 
ral  habits,  as  does  also  the  G.  pyrrhorrhoa  of  Mada¬ 
gascar,  which  has  the  lower  tail-coverts  buff  instead  of 
white.  Celebes  and  Amboyna  possess  a  smaller  cog¬ 
nate  species,  G.  hcematopus,  with  red  legs  ;  tropical 
Africa  has  the  smallest  of  all,  G.  angulata ;  and 
some  more  that  have  been  recognized  as  distinct  are 
also  found  in  other  more  or  less  isolated  localities. 
One  of  the  most  remarkable  of  these  is  the  G.  nesiotis 
of  Tristan  da  Ciinha,2  which  has  wholly  lost  the  power 
of  flight  concomitantly  with  the  shortening  of  its  wings 

1  Not  to  be  confounded  with  “Moor-cock”  or  “Moor-fowl,” 
names  formerly  in  general  use  for  the  Red  Grouse  (vol.  xi.  197). 

*  Proc.  Zool.  Society,  1861,  p.  260,  pi.  xxx. 
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and  a  considerable  modification  ofits  external  apparatus, 
as  well  as  a  strengthening  of  its  pelvic  girdle  and  legs.1 
A  more  extreme  development  in  this  direction  appears 
U)  be  exhibited  by  the  singular  Habroptila  toallacii  of 
Jdolo,2  and  to  some  extent  by  the  Pareudiastes  pacijicus 
of  Samoa,3  but  at  present  little  is  known  of  either.  Of 
other  forms,  such  as  the  common  Gallinvla  ( Erythra ) 
phoenicin'a,  and  Gallirex  cristata  of  India,  as  well  as 
the  South  American  species  classed  in  the  genus  Por- 
phyriops ,  there  is  not  room  to  speak ;  but  mention 
should  be  made  of  the  remarkable  Australian  genus 
Tribonyx ,  containing  three  species,4  which  seem  to 
be  more  terrestrial  than  aquatic  in  their  haunts  and 
habits. 

Allied  to  all  these  is  the  genus  Porphyria,  including 
the  bird  so  named  by  classical  writers,  and  perhaps  a 
dozen  other  species  often  called  Sultanas  and  Purple 
W ater-hens,  for  they  all  have  a  plumage  of  deep  blue, — 
some  becoming  violet,  green  or  black  in  parts,  but  pre¬ 
serving  the  white  lower  tail-coverts  so  generally  charac¬ 
teristic  of  the  group :  and  their  beauty  is  enhanced  by 
their  scarlet  bill  ana  legs.  Two,  P  alleni  of  the  Ethio¬ 
pian  Region  and  the  South  American  P.  parva,  are  of 
small  size.  Of  the  larger  species,  P.  ccmdeus  is  the 
“Porphyrio  ”  of  the  ancients,  and  inhabits  certain  lo¬ 
calities  on  both  sides  of  the  Mediterranean,  while  the 
rest  are  widely  dispersed  within  the  tropics,  and  even 
beyond  them,  as  in  Australia  and  New  Zealand.  But 
this  last  country  has  produced  a  more  exaggerated  form, 
Notomis ,  which  has  an  interesting  and  perhaps  unique 
history.  First  described  from  a  fossil  skull  by  Prof. 
Owen,5  and  then  thought  to  be  extinct,  an  example 
was  soon  after  taken  alive,6 7  the  skin  of  which  (with 
that  of  another  procured  like  the  first  by  Mr.  Walter 
Mantell)  may  be  seen  in  the  British  Museum.  Other 
fossil  remains  were  from  time  to  time  noted  by  Prof. 
Owen  ;T  but  it  began  to  be  feared  that  the  bird  had 
ceased  to  exist,8 9  until  a  third  example  was  taken  about 
the  year  1879,  the  skin  and  most  of  the  bones  of  which, 
after  undergoing  examination  in  New  Zealand  by  Dr. 
Buller  and  Prof  T.  J.  Parker,®  found  their  way  to  the 
museum  of  Dresden,  where  Dr.  A.  B.  Meyer  dis¬ 
covered  the  recent  remains  to  be  specifically  distinct 
from  the  fossil,  and  while  keeping  for  the  latter  the 
name  N.  manteUi  gives  the  former  that  of  N.  hochstet- 
teri. '  What  seems  to  have  been  a  third  species  of  No- 
torn  is  formerly  inhabited  Lord  Howe’s  Island,  but  is 
now  extinct  (see  Birds,  vol.  iii.  p.  634,  note).  Whether 
the  genus  Aptomis,  of  which  Prof.  Owen  has  de¬ 
scribed  the  remains  from  New  Zealand,  was  most 
nearly  allied  to  Notomis  and  Porphyrio  cannot  here 
be  decided.  Prof.  T.  J.  Parker  ( loc .  cit. )  considers  it 
a  “development  by  degeneration  of  an  ocydromine 
type”  (see  Ocydrome).  (a.  n.) 

MOOSE.  See  Deer,  vol.  vii.  p.  23. 
MORADABAD.  See  Muradabad. 

MORAL  PHILOSOPHY.  See  Ethics,  vol.  viii. 
p.  506. 

MORATIN,  Leandro  Fernandez  de  (1760-1828), 
Spanish  dramatist  and  poet,  was  the  son  of  N.  F. 
Moratin  mentioned  below, and  was  born  at  Madrid  on 
10th  March,  1760.  His  poetical  and  artistic  tastes 
were  early  developed,  but  his  father,  keenly  alive  to 

1  A  somewhat  intermediate  form  seems  to  be  presented  by  the 
Moor-hen  of  the  island  of  St.  Denis,  to  the  north  of  Madagascar 
(Poc.  Zool.  Society,  1867,  p.  1036),  hitherto  undescribed. 

2  Op.  cit.,  1860,  p.  365,  pi.  clxxii. 

3  Op.  cit.,  1871,  p.  25,  pi.  ii. 

4  Ann.  Nat.  History,  ser.  3,  xx.  p.  123. 

8  Proc.  Zool.  Society,  1848,  p.  7 ;  Tram.,  iii.  p.  336,  pi.  lvi. 

6  Proc.,  1850,  pp.  209-214,  pi.  xxi. ;  Trans.,  iv.  pp.  69-74,  pi.  xxv. 

7  Thus  the  leg-bones  and  what  appeared  to  be  the  sternum  were 
described  and  figured  by  him  (Tram.,  iv.  pp.  12,  17,  pis.  ii.  iv.), 
and  the  pelvis  and  another  femur  (vii.  pp.  369, 373,  pis.  xlii.  xliii.) ; 
but  the  supposed  sternum  subsequently  proved  not  to  be  that  of 
Notomis.  and  Professor  Owen’s  attention  being  called  to  the  fact 
he  rectified  the  error  (Proc.,  1882,  p.  689)  which  he  had  previously 
been  “inclined  to  believe”  (Trans.,  viii.  p.  120)  he  had  made. 

*  Notwithstanding  the  evidence,  which  it  must  be  allowed 
presented  some  incongruities,  offered  by  Mr.  Mackay  (Ibis,  1867, 
p.  144). 

9  Trans.  N.  Zeal.  Inst.,  xiv.  pp.  238-258. 


the  difficulties  of  the  literary  calling,  caused  him  to  be 
apprenticed  to  a  jeweller.  At  the  age  of  eighteen 
Moratin  surprised  his  friends  by  winning  the  second 
prize  of  the  Academy  for  a  heroic  poem  on  the  con¬ 
quest  of  Granada,  and  two  years  afterwards  he  at¬ 
tracted  still  more  general  attention  by  a  similar  success 
of  his  Leccion  Poetica ,  a  satire  upon  the  popular  poets 
of  the  day.  Through  Jovellanos  he  was  now  ap- 
pointed  secretary  to  Cabarrus  on  his  special  mission  to 
France  in  1787,  and  during  his  stay  there  he  diligently 
improved  his  opportunities  of  becoming  acquainted 
with  the  contemporary  French  drama,  and  of  culti¬ 
vating  the  acquaintance  of  men  of  letters.  Of  the 
literary  friendships  he  then  formed  the  most  important 
was  that  with  Goldoni  •  indeed,  Moratin  is  much  more 
correctly  styled  “the  Spanish  Goldoni”  than  “the 
Spanish  Moli&re.”  On  his  return  to  Spain  Florida 
Blanca  presented  him  to  a  sinecure  benefice  in  the 
diocese  of  Burgos ;  and  in  1790  his  first  play,  El 
Viejo  y  la  Nina  (The  Old  Husband  and  the  Young 
Wife),  a  highly  finished  but  somewhat  dreary  verse 
comedy  in  three  acts,  written  in  1 786,  but  delayed  by 
objections  of  the  actors,  was  at  length  produced  at 
the  Teatro  del  Principe.  Its  success  was  only  mode¬ 
rate.  El  Cafe  or  La  Comedia  Nueva ,  on  the  other 
hand,  given  at  the  same  theatre  two  years  afterwards, 
at  once  became  deservedly  popular,  and  had  consid¬ 
erable  influence  in  modifying  the  public  taste.  It  is  a 
short  prose  comedy  in  two  acts,  avowedly  intended  to 
expose  the  follies  and  absurdities  of  the  contemporary 
dramatists — the  school  of  Lope  de  Vega  run  to  seed 
—who  commanded  the  support  of  the  masses  ;  and  it 
is  still  read  with  pleasure  for  the  simple  ingenuity  of 
its  plot,  the  liveliness  of  its  dialogue,  and  the  easy 
grace  of  its  style,  while  to  the  student  of  literature  it 
throws  much  useful  light  on  the  contemporary  state 
of  the  Spani.sh  drama,  and  on  the  reforming  aims  of 
the  author  and  his  party.  In  the  same  year  (1792) 
Florida  Blanca  was  disgraced,  but  Moratin  at  once 
found  another  patron  in  Godoy,  who  provided  him 
with  a,  pension  and  the  means  for  foreign  travel  ;  he 
accordingly  passed  through  France  into  England,  where 
he  began  the  free  and  somewhat  incorrect  translation 
of  Hamlet  which  was  printed  in  1798,  but  which  has 
never  been  performed.  From  England  he  passed  to 
the  Low  Countries,  Germany,  Switzerland,  and  Italy, 
and  on  his  return  to  the  Peninsula  in  1796  he  received 
a  lucrative  post  at  the  Foreign  Office.  His  next  ap¬ 
pearance  in  the  drama  did  not  take  place  until  1803, 
when  El  Baron  was  first  publicly  exhibited  in  its 
present  form.  H  successfully  weathered  a  determined 
attempt  to  damn  it,  and  still  keeps  the  stage.  It  was 
followed  in  1804  by  La  Mogigata  (The  Female  Hypo¬ 
crite),  of  which  imperfect  manuscript  copies  had  be¬ 
gun  to  circulate  as  early  as  1791.  It  was  favorably 
received,  as  on  the  whole  it  deserved  to  be,  by  a  pub¬ 
lic  which  was  now  at  one  with  the  author  as  to  the 
canons  of  his  art,  and  an  attempt  to  suppress  it  by 
means  of  the  Inquisition  on  alleged  religious  grounds 
{La  Mogigata  being  an  imitation,  a  somewhat  feeble 
one,  of  Moli&re’s  Tartuffe)  was  successfully  frustrated. 
Moratin’s  last  and  crowning  triumph  in  the  depart¬ 
ment  of  original  comedv  was  achieved  in  1806,  when 
El  Si  de  las  Ninas  (A  Girl’s  Yes)  was  performed 
night  after  night  to  crowded  houses,  ran  through 
several  Spanish  editions  in  a  year,  and  was  soon  trans¬ 
lated  into  several  foreign  languages.  In  1808,  on  the 
fall  of  the  Prince  of  the  Peace,  Moratin  found  it 
necessary  to  leave  Spain,  but  shortly  afterwards  he 
returned  and  consented  to  accept  the  office  of  royal 
librarian  under  Joseph  Bonaparte— a  false  step,  which, 
as  the  event  proved,  permanently  alienated  from  him 
the  sympathies  of  his  country,  and  compelled  him  to 
spend  almost  all  the  rest  of  his  life  in  exile.  In  1812 
his  Escuela  de  los  Maridos,  a  translation  and  adapta¬ 
tion  to  the  more  dignified  and  stately  Spanish  standard 
of  Moliere’s  Ecole  des  Maris ,  was  produced  at  Madrid, 
and  in  1814  El  Medico  a  Palos  (from  Le  Mcdecin 
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Malgri  Lui)  at  Barcelona.  From  1814  to  1828  Mora- 
tin  lived  in  France,  principally  at  Paris,  and  devoted 
himself  to  the  preparation  of  a  learned  work  on  the 
history  of  the  Spanish  drama  ( Origenes  del  Teatro 
Espanol ),  which  unfortunately  stops  snort  of  the  period 
of  Lope  de  Vega.  He  died  at  Paris  on  21st  June, 
1828. 

An  edition  of  his  Obras  Dramaticas  y  Liricas  in  three 
vols.  was  published  at  Paris  in  1825.  The  lyrical  works, 
consisting  of  odes,  sonnets,  and  ballads,  are  of  compara¬ 
tively  little  interest ;  they  reflect  the  influence  of  his  father 
and  of  the  Italian  Conti.  The  best  edition  of  the  Obras  is 
that  published  by  the  Spanish  Academy  of  History  in  four 
vols.  at  Madrid  in  1830-1831 ;  see  also  vol.  ii.  of  Biblioteca 
de  Autores  Espanoles  (1846). 

MORATIN,  Nicolas  Fernandez  de  (1737-1780), 
Spanish  poet,  was  descended  from  on  old  Biscayan 
family,  and  was  born  at  Madrid  in  1737.  He  was 
educated  at  the  Jesuit  college  in  Calatayud,  and  after¬ 
wards  studied  law  at  the  university  of  V alladolid.  He 
then  received  an  appointment  in  the  service  of  Queen 
Elizabeth,  the  widow  of  Philip  V.,  which  enabled 
him  to  see  much  of  the  society  of  leading  statesmen, 
poets,  and  men  of  letters ;  and  ultimately  he  became 
the  leading  spirit  of  the  club  of  literary  men  which 
frequented  the  Fonda  de  San  Sebastian  and  included 
Ayala,  Cadahalso,  Iriarte,  Conti,  and  others.  In 
1772  he  left  the  court,  and  was  called  to  the  bar  ;  four 
years  afterwards  he  succeeded  Ayala  in  the  chair  of 
poetry  in  the  Imperial  College.  He  died  on  11th 
May,  1780. 

Moratin  became  at  an  early  period  of  his  life  a  convert  to 
the  opinions  of  those  who  (such  as  Montiano  and  others) 
were  attempting  to  drive  the  native  romantic  drama  from 
the  Spanish  stage,  and  his  first  literary  efforts  were  devoted 
to  the  cause  of  theatrical  reform.  In  1762  he  published 
three  small  pamphlets  entitled  Desengano  at  Teatro  Espanol 
(The  Truth  told  about  the  Spanish  Stage),  in  which  he 
severely  criticised  the  old  drama  generally,  and  particu¬ 
larly  the  still  flourishing  “  auto  sacramental.”  They  were 
so  far  successful  that  the  exhibition  of  “  autos  sacramen- 
tales  ”  was  prohibited  by  royal  edict  three  years  afterwards 
(June,  1765).  In  1762  he  also  published  a  play  entitled 
La  Petimetra  (the  Petite-Maitresse,  or  Female  Fribble),  the 
earliest  original  Spanish  comedy  formed  avowedly  on 
French  models.  It  was  preceded  by  a  dissertation  in 
which  Lope  de  Vega  and  Calderon  are  very  unfavorably 
criticised.  Neither  the  Petimetra,  however,  nor  the  Lucre - 
cia,  an  original  tragedy  still  more  strictly  in  accordance 
with  the  conventions  of  the  French  stage,  ever  obtained 
the  honor  of  a  public  representation.  Two  subsequent 
tragedies,  Hormesinda  (1770)  and  Guzman  el  Bueno  (1777), 
were  exhibited  with  partial  success.  In  1764  Moratin  pub¬ 
lished  a  collection  of  short  pieces,  chiefly  lyrical,  under  the 
title  of  El  Poeta,  and  in  1765  a  short  didactic  poem  on  the 
chase  (Diana  o  Arte  de  la  Caza).  His  “epic  canto”  on  the 
destruction  of  his  ships  by  Cortez  ( Las  Naves  de  Cortes  De- 
struidas),  written,  but  without  success,  for  a  prize  offered  by 
the  Academy  in  1777,  was  not  published  until  after  his 
death  (1785).  It  is  justly  characterized  by  Ticknor  as 
“  the  noblest  poem  of  its  class  produced  in  Spain  during  the 
18th  century ;”  it  must  be  remembered,  however,  that  the 
historical  epic  in  Spain  is  chiefly  remarkable  for  its  mass. 
A  volume  of  Obras  Postumas,  with  a  life,  was  published  at 
Barcelona  in  1821,  and  reprinted  at  London  in  1825.  See 
also  Biblioteca  de  Autores  Espanoles,  vol.  ii.  (1846). 

MORAVIA  (in  German  Maiiren),  a  margraviate 
and  crownland  in  the  Cisleithan  part  of  the  Austrian  - 
Hungarian  empire,  lies  between  15°  5'  and  18°  45'  E. 
long.,  and  48°  50'  and  50°  KK  N.  lat.  Its  superficial 
extent  is  about  8580  square  miles.  Physically  Moravia 
may  be  described  as  a  mountainous  plateau  sloping 
from  north  to  south,  and  bordered  on  three  sides  by 
mountain  ranges  of  considerable  elevation..  On  the 
north  it  is  separated  from  Austrian  and  Prussian  Silesia 
by  the  Sudetes,  which  attain  a  height  of  4775  feet  in 
the  Altvater  or  Schneeberg,  and  sink  gradually  to¬ 
wards  the  west,  where  the  valley  of  the  Oder  forms  a 
break  between  the  German  mountains  and  the  Carpa¬ 
thians.  The  latter  are  the  dividing  range  between 
Moravia  and  Hungary,  having  here  an  average  height 
of  3000  to  4000  feet.  On  the  west  are  the  so-called 


I  Bohemian-Moravian  mountains,  forming  the  elevated 
east  margin  of  Bohemia  and  descending  in  terraces, 
but  without  clearly-defined  ridges,  to  the  river  March. 
Branches  of  these  different  ranges  intersect  the  whole 
country,  making  the  surface  very  irregular,  except  to¬ 
wards  the  south,  where  it  consists  of  fertile  and  exten¬ 
sive  plains.  Owing  to  this  configuration  of  the  soil 
the  climate  varies  more  than  might  be  expected  in  so 
I  small  an  area,  so  that,  while  the  vine  and  maize  are 
cultivated  successfully  in  the  southern  plains,  the 
weather  in  the  mountainous  districts  is  somewhat 
rigorous.  The  mean  average  temperature  at  Briinn  is 
48°  Falir.  The  harvest  amid  the  mountains  is  often 
four  or  five  weeks  later  than  that  in  the  south.  Al¬ 
most  the  whole  of  Moravia  belongs  to  the  basin  of  the 
March  or  Morava,  from  which  it  derives  its  name,  and 
which,  after  traversing  the  entire  length  of  the  coun¬ 
try  in  a  course  of  140  miles  and  receiving  numerous 
tributaries  (Thaya,  Hanna,  etc. ),  enters  the  Danube  at 
Pressburg.  The  Oder  rises  among  the  mountains  in 
the  northeast  of  Moravia,  .but  soon  turns  to  the  north 
and  quits  the  country.  With  the  exception  of  a  stretch 
of  the  March  none  of  the  rivers  are  navigable.  Mora¬ 
via  is  destitute  of  lakes,  but  contains  numerous  large 
ponds.  There  are  also  several  mineral  springs. 

Nearly  97  per  cent,  of  the  soil  of  Moravia  is  produc¬ 
tive,  arable  land  occupying  53,  gardens  and  meadows 
8.5,  pasturage  9,  and  forests  26  per  cent,  of  the  total. 
It  is  one  of  the  chief  corn-growing  regions  of  the  Aus¬ 
trian  empire,  and  also  produces  excellent  hemp,  flax, 
potatoes,  vegetables,  and  fruit.  The  following  table 
shows  the  amount  of  the  chief  crops  in  1881 : 


Wheat  .  454,480  qrs.  Leguminous  crops  27,850  cwt. 

Eve  .  .  1,242,480  “  Beet  (for  sugar)  11,533,340  “ 

Barley  .  981,190  “  Flax .  47,100  “ 

Oats  .  .  1,497,450  “  Hemp .  6,260  “ 

Maize.  .  48,100  “  Fruit .  1,106,570  “ 

Potatoes  .  1,271,850  cwt.  Wine .  2,869,460  gall. 


Large  quantities  of  hay  and  other  fodder,  besides 
hops,  clover-seed,  anise,  fennel,  etc.,  are  also  raised. 
The  forests  on  the  slopes  of  the  Sudetes  produce  abun¬ 
dance  of  excellent  timber.  The  live-stock  of  Moravia 
in  1880  consisted  of  122,858  horses,  677,807  cattle, 
158,852  sheep,  205,976  swine,  and  1.16,880  goats.  The 
breed  of  sheep  on  the  Carpathians  is  of  an  improved 
quality,  and  tne  horses  bred  in  the  fertile  plain  of  the 
Hanna  are  highly  esteemed.  .  Geese  and  poultry  are 
also  reared.  In  1880  Moravia  contained  83,440  bee¬ 
hives,  and  the  produce  of  wax  and  honey  may  be  esti¬ 
mated  at  3500  to  4000  cwts. 

The  mineral  wealth  of  Moravia,  consisting  chiefly  of 
coal  and  iron,  is  very  considerable.  In  1881  the  prod¬ 
uce  included  392,625  tons  of  anthracite  coal,  50,665 
tons  of  lignite,  5700  tons  of  iron-ore,  1713  tons  of  gra¬ 
phite,  and  smaller  quantities  of  alum,  potter’s  clay, 
and  roofing-slate.  The  mines  give  employment  to 
4500  persons,,  and  the  annual  value  of  the  raw  miner¬ 
als  produced  is  about  £370,000.  The  amount  of  raw 
and  cast  iron  produced  by  the  ironworks  and  foundries 
in  1880  was  40,000  tons,  and  the  value  about  £320,- 
000. 

In  point  of  industry  Moravia  belongs  to  the  fore¬ 
most  provinces  of  the  empire.  The  principal  manu¬ 
factures  are  woollen,  cotton,  linen,  and  cast-iron  goods, 
beet-sugar,  leather,  and  brandy.  Its  woollen  cloths 
and  flannels,  the  manufacture  of  which  centres  in 
Briinn,  have  long  been  celebrated.  The  linen  manu¬ 
facture  is  decreasing  in  importance  as  cotton  manufac¬ 
tures  develop.  The  quantity  of  sugar  made  from 
beetroot  is  steadily  increasing  ;.  in  1880  about  600,000 
cwts.  of  sugar  were  produced  in  fifty-seven  factories. 
About  10  per  cent,  of  the  total  value  of  the  manufac¬ 
tures  of  Austria,  representing  an  annual  amount  of 
£13,000,000  to  £15,000,000,  falls  to  the  share  of  Mora¬ 
via.  The  trade  of  Moravia  consists  mainly  in  the  ex¬ 
change  of  the  various  raw  and  manufactured  materials 
above-mentioned  for  colonial  produce,  salt,  and  raw 
manufacturing  material.  The  lack  of  navigable  rivers 
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or  canals  is  compensated  by  good  roads  and  an  exten¬ 
sive  railway  system.  The  most  important  commercial 
towns  are  Briinn  for  manufactures  and  Olmiitz  for 
live-stock. 

In  educational  matters  Moravia  compares  favorably 
with  most  of  the  Austrian  states.  It  contains  10  gym¬ 
nasia,  10  real-gymnasia,  13  real-schools,  numerous 
schools  for  special  purposes,  and  nearly  2000  lower 
schools.  The  old  university  of  Briinn  is  now  repre¬ 
sented  by  a  technical  academy  and  a  theological  semi¬ 
nary.  Of  children  of  school-goiim  age  79  per  cent,  at¬ 
tend  school  regularly.  In  1870  about  46  per  cent,  of 
the  Moravian  recruits  could  write  their  names,  as  com¬ 
pared  with  the  extremes  of  83£  per  cent,  in  Lower 
Austria  and  1 J  per  cent,  in  Dalmatia.  Fully  95  per 
cent,  of  the  inhabitants  are  Roman  Catholics  under  the 
ecclesiastical  jurisdiction  of  the  archbishop  of  Olmiitz 
and  the  bishop  of  Briinn,  while  about  2  per  cent,  are 
Jews,  and  3  per  cent.  Protestants. 

Moravia  sends  36  members  to  the  Austrian  reichs- 
tag,  9  of  these  representing  the  landed  proprietors,  16 
the  towns  and  chambers  of  commerce,  and  11  the 
peasantry.  Provincial  affairs  are  managed  by  the 
landtag,  consisting  of  the  Roman  Catholic  archbishop 
and  bishop,  30  representatives  of  the  landed  gentry,  37 
representatives  of  the  towns  and  chambers  of  com¬ 
merce,  and  31  representatives  of  the  country  districts. 
There  are  six  courts  of  justice  of  the  first  instance  in 
Moravia,  and  one  of  the  second  instance  (at  Briinn), 
whence  appeal  lies  to  the  supreme  court  at  Vienna. 
For  military  and  judicial  purposes  Moravia  is  united 
with  Austrian  Silesia. 

Moravia  belongs  to  the  group  of  old  Slavonic  states 
which  have  preserved  their  nationality  while  losing 
their  political  independence.  Upwards  of  70  per  cent, 
of  the  inhabitants  are  Slavs,  who  are  scarcely  dis¬ 
tinguishable  from  their  Bohemian  neighbors.  The 
differences  in  dialect  between  the  two  countries  are 
very  slight,  and  are  being  gradually  lost  in  a  com¬ 
mon  literary  language.  The  name  of  Czech,  however, 
is  usually  reserved  for  the  Bohemians,  while  the  Slavs 
of  Moravia  and  West  Hungary  are  called  Moravians 
and  Slovaks.  The  Czechs  have  lost  sight  of  their 
ancient  tribal  names,  but  the  Moravians  are  still  di¬ 
vided  into  numerous  secondary  groups  (Hovaks, 
Hanaks,  etc.),  differing  slightly  in  costume  and  dia¬ 
lect.  The  peasants  usually  wear  a  national  costume. 
In  the  south  of  Moravia  are  a  few  thousand  Croats, 
still  preserving  their  manners  and  language  after  three 
centuries’  separation  from  their  kinsmen  in  Croatia  ; 
and  in  the  northeast  are  numerous  Poles.  The  Her¬ 
mans  form  about  26  per  cent,  of  the  population,  and 
are  found  mostly  in  the  towns  and  in  the  border  dis¬ 
tricts.  The  Jews  are  the  best  educated  of  the  inhabi¬ 
tants,  and  in  a  few  small  towns  form  a  full  half  of  the 
population.  Their  sympathies  generally  lie  with  the 
Germans.  In  1880  the  population  was  2,153,407, 
in  1890,  2,276,870  in  1900,  2,437,706.  Moravia  is  one 
of  the  most  densely  populated  parts  of  Austria- 
Hungary,  the  proportion  being'  252  persons  per  square 
mile.  About  12  per  cent,  of  the  births  are  illegiti¬ 
mate.  The  chief  towns  are  Briinn,  the  capital  and  in¬ 
dustrial  centre  (109.346  inhabitants),  Olmiitz,  a 
strong  fortress  defending  the  ‘‘Moravian  Gate” 
(21,707  inhabitants),  Znaim,  and  Iglau. 

History. — At  the  earliest  period  of  which  we  have  any 
record  Moravia  was  occupied  by  the  Boii,  the  Celtic  race 
which  has  perpetuated  its  name  in  Bohemia.  Afterwards 
it  was  inhabited  by  the  Germanic  Quadi,  who  accompanied 
the  Vandals  in  their  westward  migration ;  and  they  were 
replaced  in  the  5th  century  by  the  Kugii  and  Heruli.  The 
latter  tribes  were  succeeded  about  the  year  550  a.d.  by  the 
Lombards,  and  these  in  their  turn  -were  soon  forced  to  retire 
before  an  overwhelming  invasion  of  Slavs,  who,  on  their 
settlement  there,  took  the  name  of  Moravians  (German, 
Mehranen  or  M  dhren)  from  th  e  river  Morava.  These  new  colo¬ 
nists  became  the  permanent  inhabitants  of  this  district,  and 
in  spite  of  the  hostility  of  the  Avars  on  the  east  founded  the 
kingdom  of  Great  Moravia,  which  was  considerably  more  ex¬ 


tensive  than  the  province  now  bearing  the  name.  Towards 
the  end  of  the  8th  century  they  aided  Charlemagne  in  put¬ 
ting  an  end  to  the  Avar  kingdom,  and  were  rewarded  by  re¬ 
ceiving  part  of  it,  corresponding  to  North  Hungary,  as  a  fief 
of  the  German  emperor,  whose  supremacy  they  also  acknowl¬ 
edged  more  or  less  for  their  other  possessions.  After  the 
death  of  Charlemagne  the  Moravian  princes  took  advantage 
of  the  dissensions  of  his  successors  to  enlarge  their  terri¬ 
tories  and  assert  their  independence,  and  Rastislaus  (circa 
850)  even  formed  an  alliance  with  the  Bulgarians  and  the 
Byzantine  emperor.  The  chief  result  of  the  alliance  with 
the  latter  was  the  conversion  of  the  Moravians  to  Christi¬ 
anity  by  two  Greek  monks,  Cyril  and  Methodius,  dispatched 
from  Constantinople.  Rastislaus  finally  fell  into  the  hands 
of  Louis  the  German,  who  blinded  him,  and  forced  him  to 
end  his  days  as  a  monk;  but  his  successor,  Suatopluk 
(oh.  890),  was  equally  vigorous,  and  extended  the  kingdom 
of  Great  Moravia  to  the  Oder  on  the  west  and  the  Gran  on 
the  east.  At  this  period  there  seemed  a  strong  probability 
of  the  junction  of  the  northwestern  and  southeastern  Slavs, 
and  the  formation  of  a  great  Slavonic  power  to  the  east  of 
the  German  empire.  This  prospect,  however,  was  dissipated 
by  the  invasions  of  the  Magyar  hordes  in  the  10th  century, 
the  brunt  of  which  was  borne  by  Moravia.  The  invaders 
were  encouraged  by  the  German  mouarchs  and  aided  by 
the  dissensions  and  mismanagement  of  the  successors  of 
Suatopluk,  and  in  a  short  time  completely  subdued  the 
eastern  part  of  Great  Moravia.  The  name  of  Moravia  was 
henceforth  confined  to  the  district  to  which  it  now  applies. 
For  about  a  century  the  possession  of  this  marchland  was 
disputed  by  Hungary,  Poland,  and  Bohemia,  but  in  1029  it 
was  finally  incorporated  with  Bohemia,  and  so  became  an 
integral  part  of  the  German  empire.  Towards  the  close  of 
the  12th  century  Moravia  was  raised  to  the  dignity  of  a 
margraviate,  but  with  the  proviso  that  it  should  be  held  as 
a  fief  of  the  crown  of  Bohemia.  It  henceforth  shared  the 
fortunes  of  this  country,  and  was  usually  assigned  as  an 
apanage  to  younger  members  of  the  Bohemian  royal  house. 
In  1410  Jobst,  margrave  of  Moravia,  was  made  emperor  of 
Germany,  but  died  a  few  months  after  his  election.  In 
1526,  on  the  death  of  Louis  II.  of  Hungary,  Moravia  came 
with  the  rest  of  that  prince’s  possessions  into  the  hands  of 
the  Austrian  house.  During  the  Thirty  Years’  War  the  de¬ 
population  of  Moravia  was  so  great  that  after  the  peace  of 
Westphalia  the  states-general  published  an  edict  giving 
every  man  permission  to  take  two  wives,  in  order  to  “  re¬ 
people  the  country.”  After  the  Seven  Year's’  War  Moravia 
was  united  in  one  province  with  the  remnant  of  Silesia, 
but  in  1849  it  was  made  a  separate  and  independent  crown- 
land.  The  most  noticeable  feature  of  recent  Moravian 
history  has  been  the  active  sympathy  of  its  inhabitants 
with  the  anti-Teutonic  home-rule  agitation  of  the  Bohemian 
Czechs  (see  Bohemia). 

Authorities. — Dudik,  Mahrens  altgemeine  Geschichte  (Briinn,  1860- 
76) ;  Wolny,  Die  Markgra/schaft  Mdhren,  topographisch,  stalislisch, 
vnd  h istonsch  geschildert  (Briinn,  1835-40);  D’Elvert,  Beitrdge  zur 
Geschichte  der  Neugestaltung  Mahrens  ini  \lten  Jahrhundert  (1867) ; 
Trampler,  Heimatskunde  der  Mark  Mdhren  (Vienna,  1877);  Statis- 
lische  Jahrbucher  of  the  Imperial  Statistical  Commission  (Vienna). 

(J.  F.  M.) 

MORAVIAN  BRETHREN,  The,  are  a  society  of 
Christians  whose  history  can  be  traced  back  to  the  year 
1457  and  their  origin  found  among  the  religious  move¬ 
ments  in  Bohemia  which  followed  the  martyrdom  of 
John  Huss  by  the  council  of  Constance.  The  begin¬ 
nings  of  the  Bohemian  Brethren  (for  that  was  their 
earlier  name)  are  somewhat  obscure.  The  followers  of 
Huss  broke  up  into  two  factions,  one  of  which,  the 
Calixtines,  was  willing  to  acknowledge  allegiance  to 
Rome,  provided  the  “  compacts  ”  of  the  council  of 
Basel  permitting  the  Lord’s  Supper  sub  vtraque  specie 
were  maintained,  and  in  the  end  it  became  the  national 
church  of  Bohemia  ;  the  other,  the  Taborites,  refused 
all  terms  of  reconciliation,  and  appealed  to  arms. 
Separate  from  both  these  were  many  pious  people  wTho 
were  content  to  worship  God  in  simple  fashion,  in  quiet 
meetings  for  prayer  and  Scripture- reading,  like  the 
Gottesfreunde  of  Germany,  and  who  called  themselves 
Brethren.  Bohemian  historians  have  conclusively 
shown  that  the  Brethren  represent  the  religious  kernel 
of  the  Hussite  movement,  and  do  not  come  either  from 
the  German  Waldenses  or  from  the  Taborites.  Before 
1457  many  of  these  quiet  Christians  were  known  as  the 
Brethren  of  Chelcic,  and  were  the  followers  of  Peter 
Chelcicky,  a  Bohemian,  whose  religious  influence, 
strongly  Puritan  in  its  character,  seems  to  have  been 
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inferior  only  to  that  of  Huss.  In  that  year  the  Calix- 
tine  leader,  Rokyzana,  wishing  to  protect  them,  per¬ 
mitted  his  nephew  Gregory  to  gather  them  together  at 
Kunetyald  near  Senftenberg,  and  form  them  into  a 
community.  This  meeting  was  really  the  foundation 
of  the  Brethren  or  Unit  as  Fratrum ,  and  its  founder 
Gregory  announced  that  he  and  his  companions  re¬ 
ceived  and  taught  the  rejection  of  oaths,  of  the  military 
profession,  of  all  official  rank,  titles,  and  endowments, 
and  of  a  hierarchy.  They  did  not  profess  communism, 
but  they  held  that  the  rich  should  give  of  their  riches 
to  the  poor,  and  that  all  Christians  should  live  as  nearly 
as  possible  in  the  fashion  of  the  apostolic  community 
at  Jerusalem.  At  the  synod  of  Lhota  near  Reichenau, 
in  1467,  they  constituted  themselves  into  a  church  sep¬ 
arate  from  the  Calixtine  or  national  church  of  Bohemia. 
They  appointed  ministers  of  their  own  election  and 
with  the  guidance  of  the  “lot,”  and  had  an  organiza¬ 
tion  and  discipline  of  their  own ;  at  their  head  was  a 
bishop,  who,  it  is  said,  received  ordination  from  the 
Austrian  Waldenses,  but  apostolic  succession  among  the 
Brethren  is  one  of  the  most  obscure  parts  of  their  history. 

The  constitution  of  the  Society  was  revised  at  a 
second  synod  held  at  Lhota  under  the  direction  of 
Luke  of  Prague,  who  may  be  regarded  as  their  second 
founder.  This  reorganization  enabled  the  society  to 
grow  rapidly.  In  the  earlier  years  of  the  16th  century 
the  Unitas  included  nearly  400  congregations  in  Bohe¬ 
mia  and  Moravia  with  150,000  members,  and,  including 
Poland,  embraced  three  provinces — Bohemia,  Moravia, 
Poland.  Each  province  had  its  own  bishops  and 
synods,  but  all  were  united  in  one  church  and  governed 
by  the  general  synod. 

The  Lutheran  movement  in  Germany  awakened 
lively  interest  among  the  Brethren,  and  some  unsuc¬ 
cessful  attempts  were  made  under  the  leadership  of 
Augusta  to  unite  with  the  Lutheran  Church  (1528- 
1546) ;  but  when  the  Calvinist  reformation  reached 
Bohemia  the  Brethren  found  themselves  more  in  sym¬ 
pathy  with  it  than  with  the  Lutheran.  The  Jesuit  anti- 
Reformation,  instigated  by  Rudolf  and  his  brothers, 
Matthias  and  Ferdinand,  found  the  Brethren  a  pros¬ 
perous  church,  but  the  pitiless  persecution  which  fol¬ 
lowed  the  unsuccessful  attempt  at  revolution  crushed 
the  whole  Protestantism  of  Bohemia,  and  in  1627  the 
Evangelical  churches  there  had  ceased  to  exist.  About 
the  same  time  the  Polish  branch  of  the  Unity,  in  which 
many  refugees  from  Bohemia  and  Moravia  had  found 
a  home,  was  absorbed  in  the  Reformed  Church  of 
Poland.  A  few  families,  however,  especially  in  Mo¬ 
ravia,  held  religious  services  in  secret,  preserved  the 
traditions  of  their  fathers,  and,  in  spite  of  the  vigi¬ 
lance  of  their  enemies,  maintained  some  correspon¬ 
dence  with  each  other.  In  1722  some  of  these  left 
home  and  property  to  seek  a  place  where  they  could 
worship  in  freedom.  The  first  company,  led  by  Chris¬ 
tian  David,  a  mechanic,  settled  by  invitation  from 
Count  Zinzendorf  on  his  estate  at  Berthelsdorf  near 
Zittau,  in  Saxony.  They  were  soon  joined  by  others 
(about  300  coming  within  seven  years),  and  built  a 
town  which  they  called  Herrnhut.  The  small  commu¬ 
nity  at  first  adopted  the  constitution  and  teaching  of 
the  old  Unitas.  The  episcopate  had  been  continued, 
and  in  1735  David  Nitschmann  was  consecrated  first 
bishop  of  the  Renewed  Moravian  Church.  The  new 
settlement  was  not,  however,  destined  to  be  simply  a 
revival  of  the  organization  of  the  Bohemian  Brethren. 
Zinzendorf,  who  had  given  them  an  asylum,  came  with 
his  wife,  family,  and  chaplain  to  live  among  the  refu¬ 
gees.  He  was  a  Lutheran  who  had  accepted  Spener’s 
pietism,  and  he  wished  to  form  a  society  distinct  from 
national  churches  and  devoted  to  good  works.  After 
long  negotiation  a  union  was  effected  between  the  Lu¬ 
theran  element  and  the  adherents  of  the  ancient  Uni¬ 
tas  Fratrum.  The  emigrants  at  Herrnhut  attended 
the  parish  church  at  Berthelsdorf,  and  were  simply  a 
Christian  society  within  the  Lutheran  Church  (ecclesi- 
ola  in  ecclesia).  This  peculiarity  is  still  to  some  ex¬ 


tent  preserved  in  the  German  branch  of  the  church, 
and  the  Moravian  Brethren  regard  themselves  as  a 
church  within  the  church,  or  the  Brethren’s  Congre¬ 
gation  within  the  Evangelical  Protestant  churches, 
which  enables  them  to  do  evangelistic  work  without 
proselytizing.  The  society  adopted  a  code  of  rules  in 
1727,  and  ordained  twelve  elders  to  carry  on  pastoral 
work.  This  was  the  revival  of  the  Unitas  Fratrum  as 
a  church. 

Constitution. — The  Unity  of  Moravian  Brethren  at  present 
embraces  three  provinces, — German,  English,  and  Ameri¬ 
can.  Each  province  has  its  own  government  by  synod  and 
provincial  elders’  conferences ;  but  it  forms  with  the  other 
two  one  organic  whole,  and  is  therefore  under  the  control 
of  a  general  government  also.  The  general  synod,  which 
governs  the  whole  church,  meets  every  ten  years  at  Herrn¬ 
hut,  and  is  attended  by  delegates  from  all  the  provinces 
and  from  the  missions.  The  elders’  conference  of  the  Unity 
is  an  executive  board,  which  superintends  all  the  provinces 
and  the  missions.  The  present  constitution  dates  from 
1857,  when  the  old  organization  of  the  Unitas  Fratrum  was 
remodelled. 

Ministers  and  Worship. — The  ministers  are  bishops,  pres¬ 
byters,  and  deacons.  The  bishops  alone  can  ordain,  but 
they  are  not  diocesan.  They  are  appointed  by  the  general 
synod,  or  by  the  elders’  conference  of  the  Unity,  and  have 
official  seats  both  in  the  synods  of  the  provinces  where 
they  preside,  and  in  the  general  synod.  Unordained  assis¬ 
tants  in  the  ministry,  whether  men  or  women,  are  formally 
set  apart  as  acolytes.  The  worship  is  liturgical.  Special 
services  are  used  on  the  festivals  of  the  ecclesiastical  year, 
on  the  “  Memorial  Days,”  1st  March,  12th  May,  17th  and 
25th  June,  6th  July,  13th  and  21st  August,  16th  September, 
31st  October,  and  13th  November.  Love-feasts  are  still 
held,  but  the  feet-washing  and  the  use  of  the  lot  in  the 
election  of  ministers  and  in  marriages  have  fallen  into  dis¬ 
use.  The  use  of  the  lot  in  marriages  was  abolished  in  1818. 

Doctrine. — The  Moravian  Church  has  no  formal  creed,  but 
its  doctrine,  as  found  in  the  catechism,  in  the  Easter  morn¬ 
ing  litany,  and  in  the  Synodal  Results,  embraces  the  follow¬ 
ing  points  (settled  by  the  synod  of  1879):  (1)  that  Scrip¬ 
ture  is  the  only  rule  of  faith  and  practice,  (2)  the  total 
depravity  of  human  nature,  (3)  the  love  of  God  the  Father, 

(4)  the  real  Godhead  and  the  real  humanity  of  Jesus  Christ, 

(5)  our  reconciliation  unto  God,  and  our  justification  before 
Him,  through  the  sacrifice  of  Jesus  Christ,  (6)  the  doctrine 
of  the  Holy  Ghost  and  the  operations  of  His  grace,  (7)  good 
works  as  the  fruit  of  the  Spirit,  (8)  the  fellowship  of  be¬ 
lievers  one  with  another  in  Christ  Jesus,  (9)  the  second 
coming  of  the  Lord  in  glory,  and  the  resurrection  of  the 
dead  unto  life  or  unto  condemnation. 

Work. — (a)  Home  Work  in  the  Three  Provinces. — This  em¬ 
braces  two  divisions.  (1)  Besides  congregational  work, 
special  home  missions  are  carried  on  in  each  province.  In 
the  German  province  there  is  a  peculiar  home  mission 
called  the  Diaspora ,  which  dates  from  1729.  Its  object  is 
unsectarian.  It  seeks  to  excite  and  foster  spiritual  life  by 
means  additional  to  those  provided  by  the  established 
churches,  and  does  not  make  proselytes  nor  strive  to  draw 
members  from  other  Protestant  churches.  The  work  is 
carried  on  in  Denmark,  in  Norway  and  Sweden,  in  the  va¬ 
rious  parts  of  Germany,  in  the  Baltic  provinces  of  Russia, 
in  Poland,  and  in  Switzerland.  In  the  English  province 
home  mission  work  is  conducted  on  the  principle  of  estab¬ 
lishing  preaching-stations  in  populous  places,  which  may 
ultimately  become  congregations  connected  with  the  church. 
There  is  also  a  society  for  propagating  the  gospel  in  Ireland. 
The  work  in  the  American  province  is  of  the  same  kind. 
(2)  The  Brethren  have  always  paid  special  attention  to 
education.  Each  province  has  a  theological  college,  and 
there  are  in  the  three  provinces  forty-seven  boarding- 
schools  for  boys  and  girls  not  connected  with  the  Moravian 
Church.  At  these  schools  nearly  2500  pupils  are  educated. 

(b)  Foreign  Missions.— The  Moravian  Church  since  its 
reorganization  by  Zinzendorf  has  been  the  missionary 
church  par  excellence.  The  third  jubilee  of  missions  was 
celebrated  in  1882.  The  first  period  began  with  1732,  when 
two  men,  Leonard  Dover  and  David  Nitschmann,  were  sent 
to  preach  to  the  negroes  of  St.  Thomas;  when  it  ended  in 
1782,  the  church  had  167  brethren  and  sisters  occupying  27 
stations.  In  1832  the  church  had  to  record  40,000  converts 
under  the  direction  of  209  missionaries  at  41  stations.  The 
latest  statistics  show  115  stations  with  317  additional 
preaching-places,  7  normal  schools  with  70  scholars,  215  day 
schools  with  15,616  pupils,  215  teachers,  and  634  monitors, 
94  Sunday  schools  with  13,355  pupils  aud  884  teachers,  312 
missionaries  (male  and  female),  1471  native  assistants,  and 
76,646  converts. 
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■(c)  The  Bohemian  Mission. — The  Brethren  early  made 
missionary  circuits  from  Herrnhut  and  Silesia  through  Bo¬ 
hemia  and  Moravia,  and  since  1862  this  itinerating  work 
was  largely  increased.  In  1869  it  was  resolved  to  reestab¬ 
lish  the  church  in  these  countries  of  its  birth,  and  the  first 
congregation  was  inaugurated  in  October,  1870.  It  now 
contains  four  congregations,  and  in  1880  obtained  legal 
sanction. 

(d)  The  Leper  Mission  was  begun  in  1822  in  South  Africa, 
and  carried  on  there  till  1867,  when  the  English  Govern¬ 
ment  appointed  a  chaplain  to  do  the  work.  The  Leper 
Home  in  Jerusalem  was  established  in  1867,  and  formally 
taken  over  by  the  elders’  conference  of  the  Unity  in  1881. 

Statistics. — 


The  Three  Home  Provinces. 

Bishops  ...  10 

Presbyters  and  Deacons  291 
Communicants  .  18,871 


Foreign  and  Bohemian  Mis¬ 
sions. 


Bisbops 

3 

Missionaries 

.  167 

Female  Agents  . 

.  110 

Native  Ministers 

and 

Assistants 

35 

Native  Agents 

.  1,524 

Communicants  . 

.  26,455 

Literature. — Gindely,  Geschichte  der  bohm.  Briider,  2  vols.,  Prag., 
1868;  Goll,  Geschichte  d.bdhm.  Briider,  Prag.,  1882;  Holmes,  History 
of  the  United  Brethren,  2  vols.,  London,  1825;  Bost,  Hist.  del'Eglise 
des  Prices,  2  vols.,  Paris,  1844  (also  Eng.  translation) ;  Seifferth, 
Church  Constitution  of  the  Bohemian  and  Moravian  Brethren. 

(t.  M.  L.) 


MORAYSHIRE.  See  Elgin,  vol.  viii.  p.  121. 

MORBIHAN,  a  department  of  Western  France, 
formed  of  part  of  Lower  Brittany,  lies  on  the  At¬ 
lantic  seaboard  between  2°  2'  and  3°  45'  W.  long., 
and  between  47°  26'  and  48°  12'  N.  lat.,  being  bounded 
S.E.  by  the  department  of  Loire-Inferieure,  E.  by  that 
of  Ille-et-Vikune,  N.  by  Cotes  du  Nord,  and  W.  by 
Finistere.  Its  chief  town,  Vannes,  is  248  miles  west- 
southwest  of  Paris  in  a  direct  line  and  310  by  rail. 
From  the  Montagues  Noires  on  the  northern  frontier 
the  western  portion  of  Morbilian  slopes  southward 
towards  Finist&re,  watered  by  the  Quimperle,  the 
Blavet  with  its  affluent  the  Scorff,  and  the  Auray;  the 
eastern  portion,  on  the  other  hand,  dips  towards  the 
southeast  in  the  direction  of  the  course  ot  the  Oust 
and  its  feeders,  which  fall  into  the  Vilaine.  Though 
the  Montagnes  Noires  contain  the  highest  point  (975 
feet)  in  the  department,  the  most  striking  orographic 
feature  of  Morbilian  is  the  dreary,  treeless,  streamless 
tract  of  moorland  and  marsh  known  as  the  Landes  of 
Lanvaux,  which  extends  (west-northwest  to  east-south¬ 
east)  with  a  width  of  from  1  to  3  miles  for  a  distance 
of  31  miles  between  the  valley  of  the  Claie  and  that 
of  the  Arz  (affluents  of  the  Oust).  A  striking  contrast 
to  this  district  is  afforded  by  the  various  inlets  of  the 
sea,  whose  shores  are  clothed  with  vegetation  ot  ex¬ 
ceptional  richness,  large  fig-trees,  rose-laurels,  and  aloes 
growing  as  if  in  Algeria.  The  coast-line  is  exceedingly 
irregular  :  the  mouth  of  the  Yilaine  (the  longest  river 
of  the  department),  the  peninsula  of  Ruis,  the  great 
gulf  of  Morbilian  (Inner  Sea),  from  which  the  depart¬ 
ment  takes  its  name,  and  the  mouth  ot  the  Auray, 
llic  long  Quiberon  peninsula,  attached  to  the  mainland 
by  the  narrow  isthmus  of  Fort  Penthi&vre,  the  deep- 
branching  estuary  of  Etel,  the  mouths  ot  the  Bla\et 
and  the  Scorff  uniting  to  form  the  port  of  Lorient, 
and,  finally,  on  the  borders  of  Finistere  the  mouth  of 
the  Laita,  follow  each  other  in  rapid  succession  Oft 
the  coast  lie  the  islands  of  Groix,  Belle-isle,  Houat, 
and  Hoedik.  Vessels  drawing  13  feet  can  ascend  the 
Vilaine  as  far  as  Redon  ;  the  Blavet  is  canalized 
throughout  its  course  through  the  department ;  and 
the  Oust,  as  part  of  the  canal  from  Nantes  to  Brest, 
forms  a  great  waterway  by  Redon,  Josselin,  Rohan, 
anti  Pontivy.  The  climate  of  Morbihan  is  character¬ 
ized  by  great  moisture  and  mildness,  due  to  the  in¬ 
fluence  of  the  Gulf  Stream. 


Of  the  2738  square  miles  forming  the  department,  nearly 
one-half  is  occupied  by  moors  ( landes ),  arable  soil  forming 
little  more  than  a  third  part  of  the  whole,  meadows  a  tenth, 
and  woodlands  a  fifteenth.  The  horses  number  36,000, 
•horned  cattle  285,000,  sheep  92,000,  pigs  60,000,  goats  6,000, 


and  beehives  76,000.  In  1882  the  agricultural  produce  com¬ 
prised  3,751,680  bushels  of  rye  and  1,544,170  bushels  of 
wheat;  and  considerable  quantities  of  buckwheat,  oats,  po¬ 
tatoes,  pease  and  beans,  chestnuts,  beetroot,  hemp,  colza, 
and  flax  are  grown.  A  little  wine  also  is  made,  but  the 
usual  liquor  of  the  district  is  cider  (manufactured  to  the 
extent  of  11  to  13  million  gallons  per  annum).  The  sea- 
ware  gathered  along  the  coast  helps  greatly  to  improve  the 
soil.  Outside  of  Lorient  there  is  little  industrial  activity 
in  Morbihan,  though  canvas,  leather,  preserved  foods,  paper, 
and  chemical  products  derived  from  the  sea  are  all  manu¬ 
factured.  Salt  marshes  give  employment  to  400  hands,  and 
yield  on  an  average  9892  tons  of  salt ;  and  slate,  kaolin, 
iron-ore,  and  granite  are  also  worked.  The  catching  and 
curing  of  sardines  and  the  breeding  of  oysters  form  the 
business  of  many  of  the  inhabitants  of  the  coast,  who  also 
fish  for  anchovies,  lobsters,  etc.,  for  tinning.  There  are 
154  milesof  railway  in  the  department,  and  it  was  intended 
(1883)  that  the  line  from  Nantes  to  Brest  should  have 
branches  from  Auray  to  St.  Brieuc  and  to  Quiberon,  and 
from  Questembert  to  Ploermel.  Morbihan  is  divided  into 
four  arrondissements, — Vannes,  Lorient,  Ploermel,  and 
Pontivy — 37  cantons,  and  249  communes.  The  population 
in  1901  was  563,468. 

Few  departments  contain  so  many  localities  interesting 
for  their  historical  associations.  Besides  the  megalithic 
monuments  of  Carnac  (2800  inhabitants)  (q.v.)  and  of  Loc- 
mariaquer  (2050),  may  be  mentioned,— Sarzeau  (5720)  with 
its  castle  of  Sucinio,  one  of  the  ancient  dukes  of  Brittany; 
Josselin  (2710)  with  the  tomb  of  Olivier  de  Clisson,  constable 
of  France,  and  of  his  second  wife,  Marguerite  de  Bohan ; 
the  castle  of  the  Bohans,  and  in  the  neighborhood  a  column 
in  memory  of  the  “Combat  of  the  Thirty;”  Guemene 
( 1570)  and  the  cli&teau  of  the  Bohan  Guemenf1  family ;  Le 
Palais  (4885),  the  chief  place  in  Belle-isle,  containing  the 
chateau  of  Fouquet  (Louis  XIV.’s  superintendent  of  finance) 
and  the  hospital  erected  by  his  wife.  Quiberon  (2380)  is 
associated  with  the  disaster  of  the  French  Emigres;  Hen- 
nebont  (6050)  has  a  magnificent  railway  viaduct  over  the 
Blavet,  and  La  Boche  Bernard  ( 1230)  a  suspension  bridge 
over  the  Vilaine,  646  feet  long  and  108  feet  above  spring 
tides. 

MORDAUNT,  Charles.  See  Peterborough, 
Earl  or. 

MORDVINIANS,  more  correctly  Mordva  or 
Mordvs,  are  a  people  numbering  about  one  million, 
of  Finnish  origin,  belonging  to  the  Ural-Altaic  family, 
who  inhabit  the  middle  Volga  provinces  of  Russia 
and  spread  in  small  detached  communities  to  the  south 
and  east  of  these.  Their  settlement  in  the  basin  of 
the  Volga  is  of  high  antiquity.  One  of  the  two  great 
branches  into  which  they  are  divided,  the  Aorses  (now 
Erzya),  is  mentioned  by  Ptolemy  as  dwelling  between 
the  Baltic  Sea  and  the  Ural  Mountains,  whilst  the 
Aorses  of  Asia  occupied  at  the  same  time  the  country 
to  the  northeast  of  the  Caspian  between  the  Volga 
and  the  Jaxartes.  Their  king  is  said  to  have  come 
with  200,000  horsemen  to  aid  Mithradates  in  his  wars. 
Strabo  mentions  also  the  Aorses  as  inhabitants  of  the 
country  between  the  Don,  the  Caspian  Sea,  and  the 
Caucasus.  The  name  of  Mordvs  is  mentioned  for  the 
first  time  by  Jordanes,  and  they  were  known  under 
the  same  name  to  the  Russian  annalist  Nestor.  The 
Russians  made  raids  on  the  Mordvs  in  the  1 2th  century, 
and  after  the  fall  of  Kasan  they  rapidly  invaded  and 
colonized  their  abodes.  The  Mordvs  now  occupy  the 
Russian  provinces  of  Simbirsk,  Penza,  Samara,  and 
Nijni-Novgorod,  as  well  as  those  of  Saratoff  and  Tam- 
bo'ff.  But  their  villages  are  dispersed  among  those  of 
the  Russians,  and  they  constitute  only  10  to  12  per 
cent,  of  the  population  in  the  four  first-named  prov¬ 
inces,  and  from  5  to  6  per  cent,  in  the  last  two.  They 
are  unequally  distributed  over  this  area  in  ethnograph¬ 
ical  islands,  and  constitute  as  much  as  23  to  44  per  cent, 
of  the  population  of  several  districts  of  the  govern¬ 
ments  of  Tamboff,  Simbirsk,  Samara,  and  Saratoff, 
and  only  2  or  3  per  cent,  in  other  districts  of  the  same 
provinces.  A  small  number  of  Mordvs  are  found  also 
in  the  provinces  of  Ufa,  Orenburg,  Astrakhan,  and 
even  in  Siberia,  as  far  east  as  the  river  Tom.  They 
are  divided  into  two  great  branches,  the  Erzya  and  the 
Moksha,  differing  in  their  ethnological  features  and  in 
their  language.  The  southern  branch,  or  the  Moksha, 
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have  a  darker  skin  and  darker  eyes  and  hair  than  the 
northern.  A  third  branch,  the  Karatays,  is  due  to 
mixture  with  Tatars,  whilst  a  fourth  branch,  mentioned 
by  several  authors,  is,  according  to  Mainoff,  but  a  local 
name  for  pure  Mordvs.  Their  language  is  considered 
by  M.  Ahlqvist  as  the  third  branch  of  the  Western 
Finnish  family,  the  two  other  branches  being  the  La- 
ponian  and  the  Baltic  Finnish,  which  last  embodies 
now  the  languages  of  the  Karelians,  the  Tavastes,  the 
Wotes,  the  Wespes,  the  Esthes,  and  the  Lives.  The 
Mordvs  are  for  the  most  part  completely  Russified, — 
even  the  Mokshas  who  consider  themselves  as  the  only 
pure  Mordvs, — .yet  they  have  well  maintained  their 
ethnological  features,  and  can  be  easily  distinguished 
even  when  living  completely  as  Russians.  They  have 
nearly  quite  forgotten  their  own  language,  only  a  few 
women  remembering  it  among  the  Mokshas  ;  but  they 
have  maintained  a  good  deal  of  their  old  national 
dress,  especially  the  women,  whose  profusely  embroi¬ 
dered  skirts,  original  hair-dress,  large  earrings  which 
sometimes  are  merely  hare-tails,  and  numerous  neck¬ 
laces  covering  all  the  chest  and  consisting  of  all  pos¬ 
sible  ornaments  easily  distinguish  them  from  Rus¬ 
sian  women.  They  have  mostly  dark  hair  but  blue 
eyes,  generally  small  and  rather  narrow.  The  ce¬ 
phalic  index  of  the  Mordvs  is  very  near  to  that 
of  the  Finns.  They  are  brachycephalous,  or  sub- 
brachycephalous,  and  a  few  are  mesaticephalous. 
They  are  finely  built,  rather  tall  and  strong,  and 
broad-chested.  Their  chief  occupation  is  agricul¬ 
ture  ;  they  work  harder  and  (in  the  basin  of  the 
Moksha)  are  more  prosperous  than  their  Russian 
neighbors.  Their  capacities  as  carpenters  were  well 
known  in  Old  Russia,  and  Ivan  the  Terrible  used 
them  to  build  bridges  and  clear  forests  during  his  ad¬ 
vance  on  Kasan.  At  present  they  manufacture  in 
their  villages  great  quantities  of  wooden  ware  of  va¬ 
rious  sorts.  They  are  also  great  masters  of  apicul¬ 
ture,  and  the  commonwealth  of  bees  often  appears  in 
their  poetry  and  religious  beliefs.  All  explorers  are 
unanimous  in  recognizing  their  honesty,  morality,  and 
sympathetic  character;  it  is  noticed  also  that  they 
have  remarkable  linguistic  capacities,  and  learn  with 
great  ease  not  only  Russian  but  also  several  Finnish 
and  Turkish  dialects.  Nearly  all  are  Christians  ;  they 
received  baptism  in  the  reign  of  Elizabeth  ;  the  Non¬ 
conformists  have  recently  made  many  fervent  prose¬ 
lytes  among  them.  But  they  still  preserve  very  much 
of  their  own  rich  mythology,  which  they  have  adapted 
to  a  certain  extent  to  the  Christian  religion.  They 
have  preserved  also,  especially  the  less  Russified  Mok¬ 
sha.  the  practice  of  kidnapping  brides,  with  the  usual 
battles  between  the  party  ot  the  bridegroom  and  that 
of  the  family  of  the  bride.  The  worship  of  trees,  wa¬ 
ter  (especially  of  the  water-divinity  which  favors  mar¬ 
riage),  the  sun  or  Shkay,  who  is  the  chief  divinity, 
the  moon,  the  thunder,  and  the  frost,  and  that  devoted 
to  the  home-divinity  Kardaz-serko  can  be  seen  in 
full  force  among  them ;  and  a  small  stone  altar  or  flat 
stone  covering  a  small  pit  to  receive  the  blood  of 
slaughtered  animals  can  be  found  in  very  many  houses. 
Their  burial  customs  are  of  a  quite  pagan  character. 
On  the  fortieth  day  after  the  death  of  a  kinsman  the 
dead  is  not  only  supposed  to  return  home  but  a  mem¬ 
ber  of  his  household,  dressed  in  his  dress,  plays  his 
part,  and  coming  from  the  grave,  speaks  in  his  name. 
The  practice  of  animal  sacrifice  is  still  deep-rooted 
among  the  Mokshas,  who  continue  to  drink  the  warm 
blood  of  immolated  animals. 

The  Mordvs  have  always  had  a  great  attraction  for  Rus¬ 
sian  inquirers ;  Strahlenberg,  Georgi,  Pallas,  and  especially 
Lepekhin  have  written  about  them.  Meluikoff  has  pub¬ 
lished  in  several  Russian  periodicals  interesting  sketches 
of  their  religious  beliefs.  A  great  number  of  smaller 
sketches  have  appeared  in  periodicals ;  these  are  enumerated 
by  Mainofl’  in  Izvestia  of  the  Russian  Geographical  Society 
for  1877.  Intrusted  by  the  Geographical  Society  with  the 
study  of  this  race,  Mainoff  has  recently  made  extensive  an¬ 
thropological  measurements  and  studies  of  their  customs  and 


common-law.  The  results  are  published,  but  not  yet  in 
full,  in  the  Izvestia  of  the  Russian  Geographical  Society  for 
1878,  and  in  the  periodicals  Slovo  for  1879,  and  Old  and  New 
Russia  for  1878.  They  were  to  appear  in  full  in  the  Memoirs 
of  the  Society. 

MORE,  Hannah  (1745-1833),  who  was  born  at 
Stapleton  near  Bristol  in  1745,  may  be  said  to  have 
made  three  reputations  in  the  course  of  her  long  life : 
first,  as  a  clever  verse-writer  and  witty  converser  in 
the  circle  of  Johnson,  Reynolds,  and  Garrick ;  next, 

I  as  an  animated  writer  on  moral  and  religious  subjects 
on  the  Puritanic  side ;  and  lastly,  as  a  practical  phil¬ 
anthropist.  She  was  the  youngest  but  one  of  the  five 
J  daughters  of  Jacob  More,  a  scion  of  a  landed  Norfolk 
family,  who  taught  a  school  at  Stapleton  in  Gloucester¬ 
shire.  The  sisters  established  a  boarding-school  at 
Bristol  in  1767.  Hannah’s  first  iiteraiy  efforts  were 
pastoral  plays,  suitable  for  young  ladies  to  act,  pub¬ 
lished  in  1773  under  the  title  of  A  Search  after  Happi¬ 
ness.  Metastasio  was  one  of  her  literary  models  ;  on 
his  opera  of  Regvlus  she  based  a  drama,  The  Inflexible 
Captive ,  published  in  1774.  An  annuity  from  a 
wealthy  admirer  set  the  young  lady  free  for  literary 
pursuits.  Some  verses  on  Garrick’s  Lear  led  to  an 
acquaintance ;  Miss  More  was  taken  up  by  the  great 
female  Maecenas,  Mrs.  Montague;  and  her  unaffected 
enthusiasm,  simplicity,  vivacity,  and  wit  won  the 
hearts  of  the  whole  Johnson  set,  the  great  lexicogra¬ 
pher  himself  being  especially  fascinated.  Miss  More 
was  petted,  complimented,  and  encouraged  to  write. 
Her  ballad,  Eldrecl  of  the  Bower ,  was  praised  and 
quoted  by  the  highest  living  authorities;  and  she 
wrote  for  Garrick  the  tragedy  Percy ,  which  was  acted 
with  great  success  in  1777.  Another  drama,  The  Fa¬ 
tal  Falsehood ,  produced  in  1779  after  Garrick’s  death, 
was  less  successful.  _  In  these  dramas  she  borrows 
from  Shakespeare  situation,  imagery,  and  phraseol¬ 
ogy  with  greater  freedom  than  modern  criticism  would 
tolerate  ;  but  they  are  written  with  great  vigor,  fresh¬ 
ness,  and  effect.  Her  Sacred  Dramas  appeared  in 
1782.  These  and  the  sprightly  octosyllabic  poems 
Bas-Bleu  and  Florio  (1786)  mark  dier  gradual  transi¬ 
tion  to  more  serious  views  of  life,  which  were  fully  ex¬ 
pressed  in  prose  in  her  Thoughts  on  the  Manners  of  the 
Great  (1788),  and  An  Estimate  of  the  Religion  of  the 
Fashionable  World  (1790).  She  had  never  been  over¬ 
powered  by  the  flattering  reception  given  her  in  fash¬ 
ionable  society ;  she  had  received  its  attentions  with 
misgivings  and  reservations,  never  touching  cards, 
keeping  Sunday  strictly,  and  preferring  company  where 
she  could  have  serious  conversation  ;  and  finally,  soon 
after  Garrick’s  death,  she  set  herself  against  theatre¬ 
going  under  any  pretence.  There  is  great  uniformity 
of  tone  and  topic  in  her  ethical  books  and  tracts : 
Strictures  on  Female  Education  (1799),  Hints  towards 
forming  the  Charade)'  of  a  Young  Princess  (1805), 
Ccelebs  in  Search  of  a  Wife  (only  nominally  a  story, 
1809),  Practical  Piety  (1811),  Christian  Morals  (1813), 
Character  of  St.  Paul  (1815),  Moral  Sketches  (1818). 
The  tone  is  uniformly  animated;  the  writing  fresh 
and  vivacious  ;  her  favorite  subjects  the  minor  immor¬ 
alities,  the  thoughtless  self-indulgences  and  infirmities 
which  are  rather  indirectly  than  directly  harmful. 
She  was  a  rapid  writer,  and  her  work  is  consequently 
discursive  and  formless  ;  but  theVe  was  an  originality 
and  force  in  her  way  of  putting  commonplace  sober 
sense  and  piety  that  fully  accounts  for  her  extraordi¬ 
nary  popularity.  An  interesting  episode  in  her  liter¬ 
ary  life  was  her  three  years’  labor  in  writing  spirited 
rhymes  and  prose  tales  in  the  Cheap  Repository  series 
(1795-1798)  to  counteract  the  doctrines  of  Tom  Paine, 
and  the  influence  of  the  French  Revolution.  Two  mil¬ 
lions  of  these  rapid  and  telling  sketches  were  circulated 
in  one  year,  teaching  the  poor  in  rhetoric  of  most 
ingenious  homeliness  to  rely  upon  the  virtues  of  con¬ 
tent,  sobriety,  humility,  industry,  reverence  for  the 
British  constitution,  hatred  of  the  French,  trust  m 
God  and  in  the  kindness  of  the  gentry.  Perhaps  the 
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noblest  testimony  to  Hannah  More’s  sterling  worth  was 
her  indefatigable  philanthropic  work, — her  long-con¬ 
tinued  exertions  to  improve  the  condition  of  the  chil¬ 
dren  m  the  benighted  districts  in  the  neighborhood  of 
her  country  residences  at  Cowslip  Green  and  Barley 
Wood.  She  limited  her  aims  strictly,  as  a  good 
churchwoman  and  anti-Revolutionist,  to  teaching  diem 
to  read  good  books  and  trying  to  raise  their  moral 
tone ;  but  no  philanthropist  ever  labored  at  greater 
self-sacrifice  or  with  purer  motives.  In  her  serene  old 
age,  philanthropists  from  all  parts  of  the  world  made 
pilgrimages  to  see  the  bright  and  amiable  old  lady,  and 
she  retained  all  her  faculties  till  within  two  years  of 
her  death,  dying  at  Clifton  on  7th  September,  1833, 
at  the  mature  age  of  eighty-seven. 

MORE,  Henry  (1614-1687),  one  of  the  most  re¬ 
markable  and  interesting  of  the  “Cambridge  Platon- 
ists,”  was  born  at  Grantham  in  Lincolnshire  in  the 
year  1614  His  father  was  “Alexander  More,  Esq., 
a  gentleman  of  fair  estate  and  fortune,”  highly 
spoken  of  by  his  son,  who  attributes  to  his  father 
his  own  poetical  tastes  aud  generous  love  of  learn¬ 
ing  from  his  early  youth.  Both  his  father  and 
mother,  he  further  tells  us,  were  “  earnest  followers 
of  Galvin,”  but  he  himself  “could  never  swallow 
that  hard  doctrine.”  As  soon  as  he  went  to  Eton 
he  gave  himself  up  to  what  he  considered  a  more 

Senial  and  encouraging  train  of  religious  thought. 

'rom  his  boyhood  in  the  Eton  playing-fields  he 
was  a  philosophical  and  religious  dreamer,  and  he 
describes  his  moods  of  religious  reverie  in  a  very 
interesting  manner.1-  His  communings  and  ecstasies 
have  no  morbid  taint ;  they  are  the  natural  carriage 
of  a  strangely  gifted  spirit.  “  From  the  beginning  all 
things  in  a  manner  came  flowing  to  him,  and  his 
mind,  according  to  his  own  saying,  “  was  enlightened 
with  a  sense  of  the  noblest  theories  in  the  morning  of 
his  days.  ”  In  1631  he  went  to  Cambridge,  and  was 
admitted  at.  Christ’s  College  about  the  time  Milton 
was  leaving  it.  He  immersed  himself  “over  head  and 
ears  in  the  study  of  philosophy,  ’  ’  and  fell  for  a  time 
into  a  sort  of  skepticism,  from  which,  however,  he  was 
delivered  by  a  study  of  the  “  Platonic  writers.  ”  He 
was  fascinated  especially  by  Neo-Platonism,  and  this 
fascination  never  left  him.  The  Iheologia  Germanica 
also  exerted  a  great  and  permanent  influence  over  him. 
He  entered  upon  a  course  of  spiritual  self-discipline 
which  made  ail  his  previous  studies  seem  of  compara¬ 
tively  no  value  ;  and  gradually  light  as  well  as  peace  came 
to  him.  He  got  ‘  ‘  into  a  most  joyous  and  lucid  state  of 
mind,  ’  ’  which  he  described  in  a  Greek  epigram,  as  he 
had  formerly  described  his  state  of  mental  and  spirit¬ 
ual  darkness  in  the  same  manner.  He  took  his  bach¬ 
elor’s  degree  in  1635,  his  master’s  degree  in  1639,  and 
immediately  afterwards  was  chosen  fellow  of  his  col¬ 
lege.  In  this  position  he  may  be  said  to  have  re¬ 
mained  all  his  life.  Many’ offers  of  preferment  were 
made  to  him,  but  he  refused  them  all,  with  one  ex¬ 
ception.  Fifteen  years  after  the  Restoration,  he  ac¬ 
cepted  a  prebend  in  Gloucester  cathedral,  but  only  to 
resign  it  in  favor  of  his  friend  Dr.  Edward  Fowler, 
afterwards  the  well-known  bishop  of  Gloucester.  He 
had  no  ambition,  and  steadily  declined  all  attempts  to 
draw  him  towards  public  life.  He  would  not  even 
accept  the  mastership  of  his  college,  to  which,  it  is 
understood,  he  would  have  been  preferred  in  1654 
when  Cudworth  was  appointed.  He  drew  many  young 
men  of  a  refined  and  thoughtful  turn  of  mind  around 
him,  but  among  all  his  pupils  the  most  interesting  was 
a  young  lady  of  noble  family,  a  “heroine  pupil,”  as 
his  biographer  (Ward)  says,  “of  an  extraordinary 
nature.  ”  This  lady  is  supposed  to  have  been  a  sister 
of  Lord  Finch,  afterwards  earl  of  Nottingham,  a  well- 
known  statesman  of  the  Restoration.  She  afterwards 
became  Lady  Conway,  and  at  her  country  seat  at 
Ragley  in  Warwickshire  More  continued  at  intervals 
to  spend  “a  considerable  part  of  his  time.”  She  and 

1  “  Prefatio  Generalissima  ”  prefixed  to  his  Opera  Omnia,  1679. 


her  husband  both  greatly  appreciated  him,  and  amidst 
the  woods  of  this  pleasant  retreat  he  composed  several 
of  his  books.  There  is  reason  to  think  that  the  spirit¬ 
ual  enthusiasm  of  Lady  Conway  was  a  considerable 
factor  in  some  of  More’s  speculations,  none  the  less 
that  she  at  length  passed  from  his  religious  pupilage 
into  the  ranks  of  the  Quakers.  Susceptible  to  all  the 
excited  impulses  of  her  time,  this  lady  became  the 
friend  not  only  of  More  and  Penn  but  of  Baron  van 
Helmont  and  "V  alentine  Greatrakes,  mystical  thau- 
maturgists  who  played  a  considerable  part  amid  the 
teeming  enthusiasms  of  the  17th  century.  Ragley 
became  a  centre  not  only  of  devotion  but  of  wonder¬ 
working  spiritualism.2  “Many  happy  days,”  More 
says,  he  spent  in  this  “  paradise,  and  its  fantastic 
mysticism  had  more  allurements  for  him  than  he  him¬ 
self  realized.  His  genius  suffered  in  consequence,  and 
the  pLy  of  rationality  which  distinguishes  his  earlier 
is  much  less  conspicuous  in  his  later  works.  He  was  a 
voluminous  writer  both  in  verse  and  prose,  and  the 
mere  list  of  his  works  would  occupy  more  space  than 
we  can  give  to  it.  Many  of  his  productions  are  now  un¬ 
readable  ;  but  the  Divine  Dialogues,  published  in  1668, 
may  be  still  read  with  pleasure.  It  is  animated  and 
sometimes  even  brilliant,  with  less  prolixity  and  di¬ 
gression  than  his  other  productions,  while  it  has  also 
the  advantage  for  modern  readers  that  it  condenses 
his  general  view  of  philosophy  and  religion.  Most  of 
his  characteristic  principles  may  in  fact  be  gathered 
from  it. 

The  year  in  which  he  composed  the  Divine  Dialogues 
may  be  said  to  mark  the  highest  point  of  his  intellect¬ 
ual  activity.  His  Manual  of  Metaphysics  and  elab¬ 
orate  treatises  on  Jacob  Boehme  and  Spinoza  were 
subsequent  to  this ;  but  the  elasticity  and  freshness  of 
his  philosophical  genius  are  less  buoyant  in  these 
efforts,  and  the  prophetico  mystical  elements  which 
were  a  weakness  in  his  mental  constitution  from  the 
first  grew  as  his  years  advanced.  He  represents  more 
than  any  other  member  of  the  school  the  mystical  and 
theosophic  side  of  the  Cambridge  movement.  Its 
lofty  rationality,  the  rationality  of  which  he  himself 
had  spoken  earlier  in  noble  language,  at  length  evap¬ 
orates  in  him  in  intellectual  reverie  and  dreams.  The 
Neo-Platonic  extravagances  which  lay  hidden  in  the 
school  from  the  first  came  in  his  writings  to  a  head, 
and  merged  in  pure  phantasy, — a  set  of  favorite  ideas 
which  not  merely  guided  but  dominated  the  reason. 
Withal  Henry  More  can  never  be  spoken  of  save  as  a 
spiritual  genius  and  significant  figure  in  the  history  of 
British  philosophy,  less  robust  and  manly  and  in  some 
respects  less  learned  than  Cudworth  but  more  interest¬ 
ing  and  fertile  in  thought,  and  more  sweet,  singular, 
and  genial  in  character.  From  youth  to  age  he  de¬ 
scribes  himself  as  gifted  with  a  most  happy  and  buoy¬ 
ant  temper.  The  presence  of  nature  filled  him  with 
rapture  ;  he  wished  he  could  be  always  sub  dio. 
“Walking  abroad  after  his  studies  his  sallies  towards 
nature  would  be  often  inexpressibly  ravishing,  beyond 
what  he  could  convey  to  others.”  His  own  thoughts 
were  to  him  a  never-ending  source  of  pleasurable  ex¬ 
citement.  His  mind  moved  with  great  rapidity  and  at 
a  lofty  elevation,  so  that,  as  he  says,  he  seemed  “all 
the  while  to  be  in  the  air.”  This  mystical  glow  and 
elevation  were  the  chief  features  of  his  mind  and 
character,  a  certain  transport  and  radiancy  of  thought 
which  carried  him  beyond  the  common  life  without 
raising  him  to  any  false  or  artificial  height,  for  his 
humility  and  charity  were  not  less  conspicuous  than 
his  piety.  The  last  ten  years  of  his  life  are  without 
any  special  record,  and  he  died  on  the  morning  of  1st 
September,  1687,  and  was  buried  in  the  chapel  of  the 
college  he  loved  so  well,  where  within  less  than  a  year 
his  friend  Cudworth  was  laid  beside  him. 

Before  his  death  More  issued  complete  editions  of  his 
works,  his  Opera  Theologica  in  1675,  and  his  Opera  Philoso- 

•  The  place  and  its  religious  marvels  are  glanced  at  in  the 
romance  of  John  Inglemnt  (chap.  xv.). 
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phica  in  1678.  The  chief  authorities  for  his  life  are  Ward’s 
Life,  1710;  the  “  Prefatio  Generalissima  ”  prefixed  to  his 
Opera  Omnia,  1679 ;  and  also  a  general  account  of  the  man¬ 
ner  and  scope  of  his  writings  in  an  Apology  published  in 
1664.  The  collection  of  his  Philosophical  Poems,  1647,  in 
which  he  has  “  compared  his  chief  speculations  and  experi¬ 
ences,”  should  also  be  consulted.  An  elaborate  analysis  of 
his  life  and  works  is  given  in  Principal  Tulloch’s  Rational 
Theology,  vol.ii.,  1874.  (J-  T.) 

.MORE,  Thomas  (1478-1535),  lord  chancellor,  and 
one  of  the  most  illustrious  Englishmen  of  his  century, 
was  born  in  Milk  Street  in  the  City  of  London,  7th 
February,  1478.  He  received  the  rudiments  of  edu¬ 
cation  at  St.  Anthony’s  School  in  Threadneedle  Street, 
at  that  time  under  Nicolas  Holt  held  to  be  the  best  in 
the  city.  He  was  early  placed  in  the  household  of 
Cardinal  Morton,  archbishop  of  Canterbury.  Admis¬ 
sion  to  the  cardinal’s  family  was  esteemed  a  high 
privilege,  and  was  sought  as  a  school  of  manners  and 
as  an  introduction  to  the  world  by  the  sons  of  the  best 
families  in  the  kingdom.  Young  Thomas  More  ob¬ 
tained  admission  through  the  influence  of  his  father, 
Sir  Thomas,  then  a  rising  barrister  and  afterwards  a 
justice  of  the  Court  of  King’s  Bench.  The  usual  prog¬ 
nostication  of  future  distinction  is  attributed  in  the  case 
of  More  to  Cardinal  Morton,  “who  would  often  tell  the 
nobles  sitting  at  table  with  him,  where  young  Thomas 
waited  on  him,  whosoever  liveth  to  trie  it  shall  see  this 
child  prove  a  notable  and  rare  man.  ”x  At  the  proper 
age  young  More  was  sent  to  Oxford,  where  he  is  said 
vaguely  to  have  had  Colet,  Grocyn,  and  Linacre  for 
his  tutors.1  All  More  himself  says  is  that  he  had 
Linacre  for  his  master  in  Greek.  .  Learning  Greek  was 
not  the  matter  of  course  which  it  has  since  become. 
Greek  was  not  as  yet  part  of  the  arts  curriculum,  and 
to  learn  it  voluntarily  was  ill  looked  upon  by  the  au¬ 
thorities.  Those  who  did  so  were  suspected  of  an 
inclination  towards  novel  and  dangerous  modes  of 
thinking,  then  rife  on  the  Continent  and  slowly  finding 
tlieir  way  to  England.  More’s  father,  who  intended 
his  son  to  make  a  career  in  his  own  profession,  took 
the  alarm  ;  he  removed  him  from  the  university  with¬ 
out  a  degree,  and  entered  him  at  New  Inn  to  com¬ 
mence  at  once  the  study  of  the  law.  The  young  man 
had  been  kept  in  a  state  of  humiliating  dependence  in 
money  matters,  having  had  no  allowance  made  him,  and 
having  had  to  apply  to  his  father  even  for  a  pair  of 
new  shoes  when  the  old  were  worn  out.  This  system 
was  pursued  by  his  parents' not  from  niggardliness  but 
on  principle ;  and  Thomas  More  in  later  years  often 
spoke  with  approbation  of  this  severe  discipline,  as 
having  been  a  means  of  keeping  him  from  the  vulgar 
dissipations  in  which  his  fellow-students  indulged. 
After  completing  a  two-years’  course  in  New  Inn,  an 
Inn  of  Chancery,  More  was  admitted  in  February,  1496, 
at  Lincoln’s  Inn,  an  Inn  of  Court.  “At  that  time  the 
Inns  of  Court  and  Chancery  presented  the  discipline 
of  a  well-constituted  university,  and,  through  pro¬ 
fessors  under  the  name  of  readers  and  exercises  under 
the  name  of  mootings,  law  was  systematically  taught  ” 
(Campbell).  In  his  professional  studies.  More  early 
distinguished  himself,  so  that  he  was  appointed  reader- 
in-law  in  Furnival’s  Inn ;  but  he  would  not  relinquish 
the  studies  which  had  attracted  him  in  Oxford.  W e  find 
him  delivering  a  lecture  to  audiences  of  “all  the  chief 
learned  of  the  city  of  London.  ’  ’ 2  The  subject  he  chose 
was  a  compromise  between  theology  and  the  humani¬ 
ties,  being  St,  Augustine’s  De  Civitate.  In  this  lecture 
More  sought  less  to  expound  the  theology  of  his  author 
than  to  set  forth  the  philosophical  and  historical  con¬ 
tents  of  the  treatise.  The  lecture-room  was  a  church, 
St.  Lawrence  Jewry,  placed  at  his  disposal  by  Grocyn, 
the  rector. 

Somewhere  about  this  period  of  More’s  life  two  things 
happened  which  gave  in  opposite  directions  the  deter¬ 
mining  impulse  to  his  future  career.  More’s  was  one 
of  those  highly  susceptible  natures  which  take  more 


readily  and  more  eagerly  than  common  minds  the  im¬ 
press  of  that  which  they  encounter  on  their  first  con¬ 
tact  with  men.  Two  principal  forms  of  thought  and 
feeling  were  at  this  date  in  conflict,  rather  unconscious 
than  declared,  on  English  soil.  Under  the  denomina¬ 
tion  of  the  ‘ 4  old  learning,  ’  ’  the  sentiment  of  the  Middle 
Ages  and  the  idea  of  church  authority  was  established 
and  in  full  possession  of  the  religious  houses,  the  uni¬ 
versities,  and  the  learned  professions.  The  foe  that 
was  advancing  in  the  opposite  direction,  though  with¬ 
out  the  conscience  of  a  hostile  purpose,  was  the  new 
power  of  human  reason  animated  with  the  revived 
sentiment  of  classicism.  In  More’s  mind  both  these 
hostile  influences  found  a  congenial  home.  Each  had 
its  turn  of  supremacy,  and  in  his  early  years  it  seemed 
as  if  the  humanistic  influence  would  gain  the  final 
victory.  About  the  age  of  twenty  he  was  seized  with 
a  violent  access  of  devotional  rapture.  He  took  a 
disgust  to  the  world  and  its  occupations,  and  experi¬ 
enced  a  longing  to  give  himself  over  to  an  ascetic  life. 
He  took  a  lodging  near  the  Charterhouse,  and  sub¬ 
jected  himself  to  the  discipline  of  a  Carthusian  monk. 
He  wore  a  sharp  shirt  of  hair  next  his  skin,  scourged 
himself  every  Friday  and  other  fasting  days,  lay  upon 
the  bare  ground  with  a  log  under  his  head,  and  allowed 
himself  but  four  or  five  hours’  sleep.  This  access  of 
the  ascetic  malady  lasted  but  a  short  time,  and  More 
recovered  to  all  outward  appearance  his  balance  of 
mind.  But  he  never  entirely  emancipated  himself 
from  the  sentiment  of  devotion,  though  in  later  life  it 
exhibited  itself  in  a  more  rational  form..  Even  when 
he  was  chancellor  he  would  take 'part  in  church  ser¬ 
vices,  walking  in  their  processions  with  a  surplice. 
This,  however,  was  at  a  later  time.  For  the  moment 
the  balance  of  his  faculties  seemed  to  be  restored  by  a 
revival  of  the  antagonistic  sentiment  of  humanism 
which  he  had  imbibed  from  the  Oxford  circle  of  friends, 
and  specially  from  Erasmus..  The  dates  as  regards 
More’s  early  life  are  uncertain,  and  we  can  only  say 
that  it  is  possible  that  the  acquaintance  with  Erasmus 
might  have  begun  during  Erasmus’s  first  visit  to  Eng¬ 
land  in  1499.  Tradition  has  dramatized  their  first 
meeting  into  the  story  given  by  Cresacre  More,3 — that 
the  two  happened  to  sit  opposite  each  other  at  the 
lord  mayors  table,  that  they  got  into  an  argument 
during  dinner,  and  that,  in  mutual  astonishment  at 
each  other’s  wit  and  readiness,  Erasmus  exclaimed, 
“  Aut  tu  es  Morus,  aut  nullus,”  and  the  other  replied, 
“  Aut  tu  es  Erasmus,  aut  diabolus !  ”  Rejecting  this 
legend,  which  bears  the  stamp  of  fiction  upon  its  face, 
we  have  certain  evidence  of  acquaintance  between  the 
two  men  in  a  letter  of  Erasmus  with  the  date  “Oxford, 
29th  October,  1499.”  If  we  must  admit  the  correct¬ 
ness  of  the  date  of  Ep.  14  in  the  collection  of  Eras¬ 
mus’s  j Epistolce,  we  should  have  to  assume  that  their 
acquaintance  had  begun  as  early  as  1497.  Ten  years 
More’s  senior,  and  master  of  the  accomplishments 
which  More  was  ambitious  to  acquire,  Erasmus  could 
not  fail  to  exercise  a  powerful  influence  over  the  bril¬ 
liant  young  Englishman.  More’s  ingenuous  demeanor, 
quick  intelligence,  and  winning  manners  fascinated 
Erasmus  from  the  first,  and  acquaintance  rapidly 
ripened  into  warm  attachment.  This  contact  with  the 
prince  of  letters  revived  in  More  the  spirit  of  the  ‘  ‘  new 
learning,”  and  he  returned  with  ardor  to  the  study  of 
Greek,  which  had  been  begun  at  Oxford.  The  human¬ 
istic  influence  was  sufficiently  strong  to  save  him  from 
wrecking  his  life  in  monkish  mortification,  and  even 
to  keep  him  for  a  time  on  the  side  of  the  party  of  pro¬ 
gress.  He  acquired  no  inconsiderable  facility  in  the 
Greek  language,  from  which  he  made  and  published 
some  translations.  His  Latin  style,  though  wanting 
the  inimitable  ease  of  Erasmus  and  often  offending 
against  idiom,  is  yet  in  copiousness  and  propriety  much 
above  the  ordinary  Latin  of  the  English  scholars  of 
his  time. 

More’s  attention  to  the  new  studies  was  always  sub- 
*  Life,  p.  93. 
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ordinate  to  his  resolution  to  rise  in  his  profession,  in 
which  he  was  stimulated  by  his  father’s  example.  As 
early  as  1502  he  was  appointed  under-sheriff  of  the 
city  of  London,  an  office  then  judicial,  and  of  consider¬ 
able  dignity.  He  first  attracted  public  attention  by 
his  conduct  in  the  parliament  of  1504,  by  his  daring 
opposition  to  the  king’s  demand  for  money.  Henry 
v  II.  was  entitled,  according  to  feudal  laws,  to  a  grant 
on  occasion  of  his  daughter’s  marriage.  But  he  came 
to  the  House  of  Commons  for  a  much  larger  sum  than 
he  intended  to  give  with  his  daughter.  The  members, 
unwilling  as  they  were  to  vote  the  money,  were  afraid 
to  offend  the  king  till  the  silence  was  broken  by  More, 
whose  speech  is  said  to  have  moved  the  House  to  re¬ 
duce  the  subsidy  of  three-fifteenths  which  the  Govern¬ 
ment  had  demanded  to  £30,000.  One  of  the  cham¬ 
berlains  went  and  told  his  master  that  he  had  been 
thwarted  by  a  beardless  boy.  Henry  never  forgave 
the  audacity  ;  but,  for  the  moment,  the  only  revenge 
he  could  take  was  upon  More’s  father,  whom  upon 
some  pretext  he  threw  into  the  Tower,  and  he  only  re¬ 
leased  him  upon  payment  of  a  fine  of  £100.  Thomas 
More  even  found  it  advisable  to  withdraw  from  public 
life  into  obscurity.  During  this  period  of  retirement 
the  old  dilemma  recurred.  One  while  he  devoted 
himself  to  the  sciences,  “perfecting  himself  in  music, 
arithmetic,  geometry,  and  astronomy,  learning  the 
French  tongue,  and  recreating  his  tired  spirits  on 
the  viol,”1  or  translating  epigrams  from  tne  Greek 
anthology;  another  while  resolving  to  take  priest’s 
orders. 

From  dreams  of  clerical  celibacy  he  was  roused  by 
making  acquaintance  with  the  family  of  John  Colt,  of 
New  Hall,  in  Essex.  The  “honest  and  sweet  con¬ 
versation’  of  the  daughters  attracted  him,  and  though 
his  inclination  led  him  to  prefer  the  second  he  mar¬ 
ried  the  eldest,  not  liking  to  put  the  affront  upon  her 
of  passing  her  over  in  favor  of  her  younger  sister. 
The  death  of  the  old  king  in  1507  restored  him  to  the 
practice  of  his  profession,  and  to  that  public  career  for 
which  his  abilities  specially  fitted  him.  From  this 
time  there  was  scarce  a  cause  of  importance  in  which 
he  was  not  engaged.  His  professional  income  amounted 
to  £400  a  year,  equal  to  £4000  in  present  money,  and, 
“considering  the  relative  profits  of  the  law  and  the 
*ralue  of  money,  probably  indicated  as  high  a  station 
as  £10,000  at  the  present  day  ”  (Campbell).  It  was 
not  long  before  he  attracted  the  attention  of  the  young 
king  and  of  Wolsey.  The  Latin  verses  which  he  pre¬ 
sented  to  Henry  on  the  occasion  of  his  coronation  did 
not  deserve  particular  notice  amid  the  crowd  of  con- 

gratulatory  odes.  But  the  spirit  with  which  he  pleaded 
efore  the  Star  Chamber  in  a  case  of  the  Crown  v. 
the  Pope  recommended  him  to  the  ro\Tal  favor,  and 
marked  him  out  for  employment.  More  obtained  in 
this  case  judgment  against  the  crown.  Henry,  who 
was  present  in  person  at  the  trial,  had  the  good  sense 
not  to  resent  the  defeat,  but  took  the  counsel  to  whose 
advocacy  it  was  due  into  his  service.  In  1514  More 
was  made  master  of  the  requests,  knighted,  and  sworn 
a  member  of  the  privy  council.  He  was  repeatedly 
employed  on  embassies  to  the  Low  Countries,  and  was 
for  a  long  time  stationed  at  Calais  as  agent  in  the 
shifty  negotiations  carried  on  by  Wolsey  with  the  court 
of  France.  In  1519  he  was  compelled  to  resign  his 
post  of  under-sheriff  to  the  city  and  his  private  prac¬ 
tice  at  the  bar.  In  1521  he  was  appointed  treasurer 
of  the  exchequer,  and  in  the  parliament  of  1523  he 
was  elected  speaker.  The  choice  of  this  officer  rested 
nominally  with  the  House  itself,  but  in  practice  was 
always  dictated  by  the  court.  Sir  Thomas  More  was 
pitched  upon  by  the  court  on  this  occasion  in  order 
that  his  popularity  with  the  Commons  might  be  em¬ 
ployed  to  carry  the  money  grant  for  which  Wolsey 
asked.  To  the  great  disappointment  of  the  court 
More  remained  firm  to  the  popular  cause,  and  it  was 
greatly  owing  to  his  influence  that  its  demands  were 
1  Roper,  Life. 


resisted.  From  this  occurrence  may  be  dated  the 
jealousy  which  the  cardinal  began  to  exhibit  towards 
More.  Wolsey  made  an  attempt  to  get  him  out  of 
the  way  by  sending  him  as  ambassador  to  Spain. 
More  defeated  the  design  by  a  personal  appeal  to  the 
king,  alleging  that  the  climate  would  be  fatal  to  his 
health.  Henry,  who  saw  through  the  artifice,  and 
was  already  looking  round  for  a  more  popular  suc¬ 
cessor  to  Wolsey,  made  the  gracious  answer  that  he 
would  employ  More  otherwise.  In  1525  More  was 
appointed  chancellor  of  the  duchy  of  Lancaster,  and 
no  pains  were  spared  to  attach  him  to  the  court.  The 
king  frequently  sent  for  him  into  his  closet,  and  dis¬ 
coursed  with  him-  on  astronomy,  geometry,  and  points 
of  divinity.  This  growing  favor,  by  which  many  men 
would  have  been  carried  away,  did  not  impose  upon 
More.  He  discouraged  the  king’s  advances,  showed 
reluctance  to  go  to  the  palace,  and  seemed  constrained 
when  there.  Then  the  king  began  to  come  himself  to 
More’s  house  at  Chelsea,  and  would  dine  with  him 
without  previous  notice.  Roper  mentions  one  of  these 
visits,  when  the  king  after  dinner  walked  in  the  gar¬ 
den  by  the  space  of  an  hour,  holding  his  arm  round 
More’s,  neck.  Roper  afterwards  congratulated  his 
father-in-law  on  the  distinguished  honor  which  had 
been  shown  him.  “  I  thank  our  Lord,  ”  was  the  re¬ 
ply,  “  I  find  his  grace  my  very  good  lord  indeed ;  and 
I  believe  he  doth  as  singularly  favor  me  as  any  subject 
within  this  realm.  Howbeit,  son  Roper,  I  may  tell 
thee  I  have  no  cause  to  be  proud  thereof,  for  if  my 
head  would  win  him  a  castle  in  France,  it  should  not 
fail  to  go.  ”  As  a  last  resource  More  tried  the  expe¬ 
dient  of  silence,  dissembling  his  wit  and  affecting  to 
be  dull.  This  had  the  desired  effect  so  far  that  he 
was  less  often  sent  for.  But  it  did  not  alter  the  royal 
policy,  and  in  1529,  when  a  successor  had  to  be  found 
for  Wolsey,  More  was  raised  to  the  chancellorship. 
The  selection  was  justified  by  More’s  high  reputation, 
but  it  was  also  significant  of  the  modification  which 
the  policy  of  the  court  was  then  undergoing.  It  was 
a  concession  to  the  rising  popular  party,  to  which  it 
was  supposed  that  More’s  politics  inclined  him.  The 
public  favor  with  which  his  appointment  had  been 
received  was  justified  by  his  conduct  as  judge  in  the 
Court  of  Chancery.  Having  heard  causes  in  the  fore¬ 
noon  between  eight  and  eleven,  after  dinner  he  sat 
again  to  receive  petitions.  The  meaner  the  suppliant 
was  the  more  affably  he  would  speak  to  him,  and  the 
more  speedily  he  would  dispatch  his  case.  In  this 
respect  he  formed  a  great  contrast  to  his  predecessor, 
whose  arrears  he  soon  cleared  off.  One  morning  being 
told  by  the  officer  that  there  was  not  another  cause 
before  the. court,  he  ordered  the  fact  to  be  entered  on 
record,  as  it  had  never  happened  before.  He  not  only 
refused  all  gifts,  such  as  had  been  usual,  himself,  but 
took  measures  to  prevent  any  of  his  connections  from 
interfering  with  the  course  of  justice.  One  of  his 
sons-in-law,  Heron,  having  a  suit  in  the  chancellor’s 
court,  and  refusing  to  agree  to  any  reasonable  accom¬ 
modation,  because  the  judge  “was  the  most  affection¬ 
ate  father  to  his  children  that  ever  was  in  the  world,” 
More  thereupon  made  a  decree  against  him. 

U nfortunately  for  Sir  Thomas  More,  a  lord  chancellor 
is  not  merely  a  judge,  but  has  high  political  functions 
to  perform.  In  raising  More  to  that  eminent  position, 
the  king  had  not  merely  considered  his  professional 
distinction  but  had  counted  upon  his  avowed  liberal 
and  reforming  tendencies.  In  the  Utopia ,  which, 
though  written  earlier,  More  had  allowed  to  be  printed 
as  late  as  1516,  he  had  spoken  against  the  vices  of 
power  and  declared  for  indifference  of  religious  creed 
with  a  breadth  of  philosophical  view  of  which  there 
is  no  other  example  in  any  Englishman  of  that  age. 
At  the  same  time,  as  he  could  not  be  suspected  of  any 
sympathy  with  Lutheran  or  Wickliffite  heretics,  ha 
might  fairly  be  regarded  as  qualified  to  lead  the  party 
which  aimed  at  reform  in  state  and  church  within  the 
limits  of  Catholic  orthodoxy.  But  in  the  king’s  mind 
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the  public  questions  of  reform  were  entirely  sunk  in 
the  personal  one  of  the  divorce.  The  divorce  was  a 
point  upon  which  Sir  Thomas  would  not  yield.  And, 
as  he  saw  that  the  marriage  with  Anne  Boleyn  was 
determined  upon,  he  petitioned  the  king  to  be  allowed 
to  resign  the  great  seal,  alleging  failing  health.  With 
much  reluctance,  the  royal  permission  was  given  and 
the  resignation  accepted,  10th  May,  1532,  with  many 

racious  expressions  of  good  will  on  the  part  of  the 

ing.  The  promise  held  out  of  future  bounty  was 
never  fulfilled,  and  More  left  office,  as  he  had  entered 
it,  a  poor  man.  His  necessitous  condition  was  so 
notorious  that  the  clergy  in  convocation  voted  him  a 
present  of  £5000.  This  he  peremptorily  refused, 
either  for  himself  or  for  his  family,  declaring  that  he 
“had  rather  see  it  all  cast  into  the  Thames. ”  Yet 
the  whole  of  his  income  after  resigning  office  did  not 
exceed  £1 00  a  year. 

Hitherto  he  had  maintained  a  large  establishment 
not  on  the  princely  scale]  of  Wolsey,  but  in  the  pa¬ 
triarchal  fashion  of  having  all  his  sons-in-law,  with 
their  families,  under  his  roof.  When  he  resigned  the 
chancellorship  he  called  his  children  and  grandchildren 
together  to  explain  his  reduced  circumstances.  “If 
we  wish  to  live  together,”  said  he,  “ you  must  be  con¬ 
tent  to  be  contributories  together.  But  my  counsel  is 
that  we  fall  not  to  the  lowest  fare  first :  we  will  not, 
therefore,  descend  to  Oxford  fare,  nor  to  the  fare  of 
New  Inn,  but  we  will  begin  with  Lincoln’s  Inn  diet, 
where  many  right  worshipful  men  of  great  account  rfnd 
good  years  do  live  full  well ;  which  if  we  find  ourselves 
the  first  year  not  able  to  maintain,  then  we  will  in  the 
next  year  come  down  to  Oxford  fare,  where  many  great 
learned  and  ancient  fathers  and  doctors  are  continually 
conversant ;  which  if  our  purses  stretch  not  to  main¬ 
tain  neither,  then  may  we  after,  with  bag  and  wallet, 
go  a-begging  together,  hoping  that  for  pity  some  good 
folks  will  give  us  their  charity.” 

More  was  now  able,  as  he  writes  to  Erasmus,  to 
return  to  the  life  which  had  always  been  his  ambition, 
when,  free  from  business  and  public  affairs,  he  might 
give  himself  up  to  his  favorite  studies  and  to  the  prac¬ 
tices  of  his  devotion.  .  Of  the  Chelsea  interior  Erasmus 
has  drawn  a  charming  picture,  which  may  vie  with 
Holbein’s  celebrated  canvas,  The  Household  of  Sir 
Thomas  More. 

“More  has  built,  near  London,  upon  the  Thames,  a  mod¬ 
est  yet  commodious  mansion.  There  he  lives  surrounded 
by  his  numerous  family,  including  his  wife,  his  son,  and 
his  son’s  wife,  his  three  daughters  and  their  husbands,  with 
eleven  grandchildren.  There  is  not  any  man  living  so 
affectionate  to  his  children  as  he,  and  he  loveth  his  old  wife 
as  if  she  were  a  girl  of  fifteen.  Such  is  the  excellence  of 
his  disposition  that  whatsoever  happeneth  that  could  not  he 
helped,  he  is  as  cheerful  and  as  well  pleased  as  though  the 
best  thing  possible  had  been  done.  In  More’s  house,  you 
would  say  that  Plato’s  Academy  was  revived  again,  only, 
whereas  in  the  Academy  the  discussions  turned  upon  geome¬ 
try  and  the  power  of  numbers,  the  house  at  Chelsea  is  a 
veritable  school  of  Christian  religion.  In  it  is  none,  man 
or  woman,  hut  readeth  or  studieth  the  liberal  arts,  yet  is 
their  chief  care  of  piety.  There  is  never  any  seen  idle ;  the 
head  of  the  house  governs  it  not  by  a  lofty  carriage  and  oft 
rebukes,  but  by  gentleness  and  amiable  manners.  Every 
member  is  busy  in  his  place,  performing  his  duty  with 
alacrity ;  nor  is  sober  mirth  wanting.”1 

But  More  was  too  conspicuous  to  be  long  allowed  to 
enjoy  the  happiness  of  a  retired  life.  A  special  invita¬ 
tion  was  sent  him  by  the  king  to  attend  the  coronation 
of  Anne  Boleyn,  accompanied  with  the  gracious  offer 
of  £20  to  buy  a  new  suit  for  the  occasion.  More  refused 
to  attend,  and  from  that  moment  was  marked  out  for 
vengeance.  A  first  attempt  made  to  bring  him  within 
the  meshes  of  the  law  only  recoiled  with  shame  upon 
the  head  of  the  accusers.  They  were  maladroit  enough 
to  attack  him  on  his  least  vulnerable  side,  summoning 
him  before  the  privy  council  to  answer  to  a  charge  of 
receiving  bribes  in  the  administration  of  justice.  One 

1  Ep.  426  app. 


Parnell  was  put  forward  to  complain  of  a  decree  pro¬ 
nounced  against  him  in  favor  of  the  contending  party 
Vaughan,  who  he  said  had  presented  a  gilt  cup  to  the 
chancellor.  More  stated  that  he  had  received  a  cup  as 
a  New  Year’s  gift.  Lord  Wiltshire,  the  queen’s  father, 
exultingly  cried  out,  “  So,  did  I  not  tell  you,  my  lords, 
that  you  would  find  this  matter  true?’’  “But,  my 
lords,”  continued  More,  “  having  pledged  Mrs.  V aughan 
in  the  wine  wherewith  my  butler  had  filled  the  cup,  I 
restored  the  cup  to  her.”  Two  other  charges  of  a  like 
nature  were  refuted  as  triumphantly.  But  the  very 
futility  of  the  accusations  must  have  betrayed  to  More 
the  bitter  determination  of  his  enemies  to  compass  his 
destruction.  Foiled  in  their  first  ill-directed  attempt, 
they  were  compelled  to  have  recourse  to  that  tremen¬ 
dous  engine  of  regal  tyranny,  the  law  of  treason.  A 
bill  was  brought  into  parliament  to  attaint  Elizabeth 
Barton,  a  nun,  who  was  said  to  have  held  treasonable 
language.  Barton  turned  out  afterwards  to  have  been 
an  impostor,  but  she  had  duped  More,  who  now  lived 
in  a  superstitious  atmosphere  of  convents  and  churches, 
and  he  had  given  his  countenance  to  her  supernatural 
pretensions..  His  name,  with  that  of  Fisher,  was 
accordingly  included  in  the  bill  as  an  accomplice.  When 
he  came  before  the  council,  it  was  at  once  apparent 
that  the  charge  of  treason  could  not  be  sustained,  and 
the  efforts  of  the  court  agents  were  directed  to  draw 
from  More  some  approbation  of  the  king’s  marriage. 
But  to  this  neither  cajolery  nor  threats  could  move 
him..  The  preposterous  charge  was  urged  that  it  was 
by  his  advice  that  the  king  had  committed  himself  in 
his  book  against  Luther  to  an  assertion  of  the  pope’s 
authority,  whereby  the  title  of  “Defender  of  the  Faith  ’  ’ 
had  been  gained,  but  in  reality  a  sword  put  into  the 
pope’s  hand  to  fight  against  him.  More  was  able  to 
reply  that  he  had  warned  the  king  that  this  very  thing 
might  happenAhat  upon  some  breach  of  amity  between 
the  crown  of  England  and  the  pope  Henry’s  too  pro¬ 
nounced  assertion  of  the  papal  authority  might  be 
turned  against  himself,  “therefore  it  were  best  that 
place  be  amended,  and  his  authority  more  slenderly 
touched.”  “Nay,”  replied  the  king,  “that  it  shall 
not ;  we  are  so  much  bound  to  the  see  of  Rome  that 
we  cannot  do  too  much  honor  unto  it.  Whatsoever 
impediment  be  to  the  contrary,  we  will  set  forth  that 
authority  to  the  utmost ;  for  we  have  received  from 
that  see  our  crown  imperial,”  “which,”  added  More, 
“till  his  grace  with  his  own  mouth  so  told  me,  I  never 
heard  before.  ’  ’  Anything  more  defiant  and  exasperat¬ 
ing  than  this  could  not  well  have  been  said.  But  it 
could  not  be  laid  hold  of,  and  the  charge  of  treason 
being  too  ridiculous  to  be  proceeded  with,  More’s  name 
was  struck  out  of  the  bill.  When  his  daughter 
brought  him  the  news,  More  calmly  said,  “I’  faith, 
Meg,  quod  differtur,  non  aufertur :  that  which  is  post¬ 
poned  is  not  dropt,  ”  At  another  time,  having  asked 
his  daughter  how  the  court  went,  and  how  Queen  Anne 
did,  he  received  for  answer,  “Never  better;  there  is 
nothing  else  but  dancing  and  sporting.”  To  this  More 
answered,  “Alas,  Meg,  itpitiethme  to  remember  unto 
what  misery,  poor  soul,  she  will  shortly  come  ;  these 
dances  of  hers  will  prove  such  dances  that  she  will 
spurn  our  heads  off  like  footballs  ;  but  it  will  not  be 
long  ere  her  head  will  dance  the  like  dance.  ”2  So  the 
speech  runs  in  the  Life  by  More’s  great-grandson ;  but 
in  the  only  trustworthy  record,  the  life  by  his  son-in- 
law  Roper,  More’s  reply  ends  with  the  words,  “she 
will  shortly  come.”  In  this,  as  in  other  instances,  the 
later  statement  has  the  appearance  of  having  been  an 
imaginative  extension  of  the  earlier. 

In  1534  the  Act  of  Supremacy  was  passed,  and  the 
oath  ordered  to  be  tendered.  More  was  sent  for  to 
Lambeth,  where  he  offered  to  swear  to  the  succession, 
but  steadily  refused  the  oath  of  supremacy  as  against  his 
conscience  Thereupon  he  was  given  in  charge  to  the 
abbot  of  YY  estminster,  and,  persisting  in  his  refusal, 
was  four  days  afterwards  committed  to  the  Tower. 
a  Cresacre  More,  p.  231. 
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After  a  dlose  and  even  cruel  confinement  (he  was  de¬ 
nied  the  use  of  pen  and  ink)  of  more  than  a  year,  he 
was  brought  to  trial  before  a  special  commission 
and  a  packed  jury.  Even  so  More  would  have  been  ac¬ 
quitted,  when  at  the  last  moment  Rich,  the  solicitor- 
general,  quitted  the  bar  and  presented  himself  as  a 
witness  for  the  crown.  Being  sworn,  he  detailed  a  con¬ 
fidential  conversation  he  had  had  with  the  prisoner  in- 
the  Tower.  He  affirmed  that,  having  himself  admitted 
in  the  course  of  this  conversation  “that  there  were 
things  which  no  parliament  could  do, — e.g.,  no  par¬ 
liament  could  make  a  law  that  God  should  not  be 
God,”  Sir  Thomas  had  replied,  “No  more  could  the 
parliament  make  the  king  supreme  head  of  the 
church.”  By  this  act  of  perjury  a  verdict  of  “  guilty” 
was  procured  from  the  jury.  The  execution  of  the 
sentence  followed  within  the  week,  on  7th  July,  1535. 
The  head  was  fixed  upon  London  Bridge.  The  ven¬ 
geance  of  Henry  was  not  satisfied  by  this  judicial  mur¬ 
der  of  his  friend  and  servant ;  he  enforced  the  confis¬ 
cation  of  what  small  property  More  had  left,  expelled 
Lady  More  from  the  house  at  Chelsea,  and  even  set 
aside  assignments  which  had  been  legally  executed  by 
More,  who  foresaw  what  would  happen  before  the  com¬ 
mission  of  the  alleged  treason.  More’s  property  was 
settled  on  Princess  Elizabeth,  afterwards  queen,  who 
kept  possession  of  it  till  her  death.  At  his  death  Sir 
Thomas  More  was  in  the  fifty-eighth  year  of  his  age. 
He  was  twice  married,  but  had  children  only  by  his 
first  wife.  His  eldest  daughter  Margaret,  married  to 
William  Roper,  is  one  of  the  foremost  women  in  the 
annals  of  the  country  for  her  virtues,  high  intelligence, 
and  various  accomplishments.  She  read  Latin  and 
Greek,  was  a  proficient  in  music,  and  in  the  sciences, 
so  far  as  they  were  then  accessible.  Her  devotion  to 
her  father  is  historical ;  she  gave  him  not  only  the  ten¬ 
der  affection  of  a  daughter  but  the  high-minded  sympa¬ 
thy  of  a  soul  great  as  his  own. 

It  is  unfortunate  for  More’s  reputation  that  he  has  been 
adopted  as  a  champion  of  a  party  and  a  cause  which  is  ar¬ 
rayed  in  hostility  to  the  liberties  and  constitution  of  his 
country.  Apart  from  the  partisan  use  which  is  made  of  his 
name,  we  must  rank  him  among  the  noblest  minds  of  Eng¬ 
land,  as  one  who  became  the  victim  of  a  tyrant  whose  policy 
he  disapproved  and  whose  servile  instruments  he  despised. 
If  his  language  towards  the  tyrant  is  often  moreservile  than 
became  a  freeman,  we  must  remember  that  such  was  the 
court  style  of  the  period,  and  that  we  must  not  construe 
literally  phrases  of  compliment.  It  is,  however,  impossible 
to  deny  that  More’s  policy  in  later  life  did  not  bear  out  the 
more  liberal  convictions  of  his  earlier  years.  His  views  and 
feelings  contracted  under  the  combined  influences  of  his 
professional  practice  and  of  public  employment.  In  the 
Utopia,  published  in  1516,  he  not  only  denounced  the  or¬ 
dinary  vices  of  power,  but  evinced  an  enlightenment  of 
sentiment  which  went  far  beyond  the  most  statesmanlike 
ideas  to  be  found  among  his  contemporaries,  pronouncing 
not  merely  for  toleration  but  rising  even  to  the  philosophi¬ 
cal  conception  of  the  indifference  of  religious  creed.  It  was 
to  this  superiority  of  view,  and  not  merely  to  the  satire  on 
the  administration  of  Henry  VII.,  that  we  must  ascribe  the 
popularity  of  the  work  in  the  16th  century.  For,  as  a  ro¬ 
mance,  the  Utopia  has  little  interest  either  of  incident  or 
of  character.  It  does  not,  as  has  been  said,  anticipate  the 
economical  doctrines  of  Adam  Smith,  and  much  of  it  is  fan¬ 
ciful  without  being  either  witty  or  ingenious.  Mackintosh 
says  of  it :  “  It  intimates  a  variety  of  doctrines,  and  exhibits 
a  multiplicity  of  projects,  which  the  writer  regards  with 
almost  every  possible  degree  of  approbation  and  shade  of 
assent,  from  the  frontiers  of  serious  and  entire  belief, 
through  gradations  of  descending  plausibility,  where  the 
lowest  are  scarcely  more  than  exercises  of  ingenuity,  and 
to  which  some  wild  paradoxes  are  appended,  either  as  a 
vehicle,  or  as  an  easy  means,  if  necessary,  of  disavowing  the 
serious  intention  of  the  whole  of  this  Platonic  fiction. 

The  Epistola  ad  Dorpiv.ni  at  a  later  date  exhibits  More 
emphatically  on  the  side  of  the  new  learning.  It  contains 
a  vindication  of  the  study  of  Greek,  and  of  the  desirability 
of  printing  the  text  of  the  Greek  Testament,— views  which 
at  that  date  required  an  enlightened  understanding  to  enter 
into  and  which  were  condemned  by  the  party  to  which 
More  afterwards  attached  himself.  At  the  most,  he  can  be 
doubtfully  exculpated  from  the  charge  of  having  tortured 


men  and  children  for  heresy.  It  is  admitted  by  himself 
that  he  inflicted  punishment  for  religious  opinion.  Eras¬ 
mus  only  ventures  to  say  in  his  friend’s  defence  “that 
while  he  was  chancellor  no  man  was  put  to  death  for  these 
pestilent  opinions,  while  so  many  suffered  death  in  France 
and  the  Low  Countries.” 

The  Life  of  Sir  Thomas  More  was  written  by  his  son  in-law  Roper 
about  the  end  of  Mary's  reign.  It  was  preserved  in  MS.  during 
the  reign  of  Elizabeth,  and  handed  about  in  copies,  many  of 
which  were  carelessly  made.  It  was  not  given  to  the  press  till 
1636,  with  the  date  of  Paris.  Reprints  were  made  by  Heame  ( 1716), 
by  Lewis  (1739,  1731),  and  by  Singer  (1817, 1822).  Roper’s  life  is  the 
source  of  all  the  many  subsequent  biographies.  More’s  Life  in 
MS.  (Harleian  6253),  anonymous,  but  by  Nicolas  Harpsfield,  was 
also  written  in  Mary’s  reign.  All  that  is  material  in  this  MS.  is 
taken  from  Roper.  Another  anonymous  Life,  written  in  1599, 
printed  in  Wordsworth’s  Ecclesiastical  Biography,  ii.  43-185,  is 
chiefly  compiled  from  Roper  and  Harpsfield.  The  preface  is 
signed  B.  R. 

Stapleton  ( Ti  es  Thomx,  s.  res  geslx  S.  Thomx  apostoli,  S.  Tfumx 
archiepiscopi  Cantuariensis,  Thomx  Mori,  Douay,  1588,  Cologne, 
1612,  and  the  Vila  Thomx  Mori  (separately),  Gratz,  1689)  trans¬ 
lates  Roper,  interweaving  what  material  he  could  find  scattered 
through  More’s  works  and  letters  and  the  notices  of  him  in  the 
writings  of  his  contemporaries.  Cresacre  More,  great-grandson 
of  Sir  Thomas,  compiled  a  new  life  about  the  year  1627.  It  was 
printed  without  date,  but,  according  to  the  editor,  Hunter,  in 
1631.  The  title  of  this  edition  is,  The  Life  of  Sir  Thomas  More,  Lord 
High  Chancellour  of  England,  4to,  s.  1.  et  a.,  and  with  new  title-page, 
1642, 1726, 1828.  This  life  is  cited  by  the  subsequent  biographers 
as  an  independent  authority.  But  it  is  almost  entirely  borrowed 
from  Roper  and  Stapleton.  The  additions  made  have  sometimes 
the  appearance  of  rhetorical  amplifications  of  Roper’s  simple 
statements.  At  other  times  they  are  decorative  miracles.  The 
whole  is  couched  in  that  strain  of  devotional  exaggeration  in 
which  the  lives  of  the  saints  are  usually  composed.  The  author 
seems  to  imply  that  he  had  received  supernatural  communica¬ 
tions  from  the  spirit  of  his  ancestor.  Already,  only  eighty  years 
after  More’s  execution,  hagiography  had  taken  possession  of  the 
facts,  and  was  transmuting  them  into  an  edifying  legend.  Cresacre 
More’s  Life  cannot  be  alleged  as  evidence  for  any  facts  which  are 
not  otherwise  vouched.  It  has  been  remarked  by  Hunter  that 
More’s  life  and  works  have  been  all  along  manipulated  for  polit¬ 
ical  purposes,  and  in  the  interest  of  the  Holy  See.  In  Mary’s 
reign,  and  in  the  tide  of  Catholic  reaction,  Roper  and  Harpsfield 
wrote  lives  of  him ;  Ellis  Heywood  dedicated  his  LI  Moro  to  Car¬ 
dinal  Pole,  ajid  Tottell  reprinted  the  folio  of  his  English  works. 
Stapleton  prepared  his  Ties  Thomx  in  1588,  when  the  recovery  of 
England  to  the  see  of  Rome  was  looked  for  by  the  Spanish  in¬ 
vasion.  In  1599,  when  there  was  a  prospect  of  a  disputed  succes¬ 
sion,  the  anonymous  Life  by  B.  R.  was  composed;  and  soon  after 
Charles  had  allied  himself  with  a  Catholic,  the  Life  by  Cresacre 
More  issued  from  the  press.  Hunter  might  have  added  that 
Stapleton  was  being  reprinted  at  Gratz  at  the  time  when  the  con¬ 
version  of  England  was  expected  from  James  II.  The  later  lives 
of  Sir  Thomas  More  have  been  numerous,  but  the  only  one  which 
has  any  critical  value  is  that  by  G.  T.  Rudhart,  Thomas  Morns, 
aus  den  Quellen  bearbeilet,  Nuremberg,  1829.  Other  lives  are  by  J. 
Hoddesdou,  London,  1652, 1662 ;  by  Cayley,  2  vols.,  London,  1808 ; 
by  Mackintosh,  Lardner's  Cab.  Cyclop. ,  London,  1831, 1844;  and  in 
More’s  Works,  London,  1845;  by  Lord  Campbell  in  Lives  qf  the 
Chancellors,  vol.  i.,  1848-50;  by  D.  Nisard  in  Renaissance  el  Rt- 
forme;  by  Baumstark,  Freiburg,  1879.  A  biographical  study  on 
More’s  Latin  poems  is  Philomorus  by  J.  H.  Marsden,  2d  ed.,  Lon¬ 
don,  1878. 

More’s  writings  are  numerous,  and  a  complete  bibliography  of 
them  would  occupy  several  columns.  His  English  Works  were 
collected  and  published  in  one  vol.  folio  by  Rastall,  London,  1530, 
and  reprinted  by  Tottell,  London,  1557.  His  Latin  Works  were 
also  separately  collected  in  one  vol.,  Basel,  1563;  Louvain  1566; 
and,  most  complete,  Frankfort  and  Leipsic,  1689.  The  Utopia  has 
had  numerous  editions,  the  first  is  Louv.,  1516.  There  are  two 
English  translations  of  the  Utopia,  by  R.  Robynson,  London,  1551, 
1556,  1624,  and  by  Gilb.  Burnet,  1688.  The  Latin  poems  Progym- 
nasmata,  appeared  in  1518, 1520, 1563.  This  last  edition  contains 
the  Utopia  and  other  prose  Latin  pieces.  (M.  P.) 

MOREAU,  H£g£sippe,  a  minor  lyric  poet,  of 
disputed  but  considerable  talent,  was  born  at  Paris  on 
the  9th  April,  1810,  and  died  in  the  hospital  of  La 
Charite  on  the  10th  December,  1838.  In  his  early 
youth  his  parents,  who  were  very  ill-off,  migrated  to 
Provins,  where  the  mother  went  into  service  and  the 
father  took  the  post  of  usher  in  a  public  school.  Both 
died  in  the  same  refuge  for  the  destitute  which  after¬ 
wards  received  their  son.  Hegesippe  was  fairly  edu¬ 
cated  and  was  apprenticed  to  a  printer,  but  he  pre¬ 
ferred  the  work  (in  France  usually  paid  most  miser¬ 
ably)  of  “  maitre  d’etudes”  in  a  school.  He  went  to 
Paris  before  1830,  and  appears  to  have  practised  both 
his  occupations  there,  though  for  the  most  part  he 
either  adopted  by  choice  or  was  driven  by  ili-fortune 
to  adopt  the  singular  life  of  alternate  hardship  and 
cheap  dissipation  which  is  dignified  in  France  by  the 
name  of  Bohemianism.  In  Moreau’s  case  there  is  no 
doubt  that  the  hardships  exceeded  the  dissipation. 
He  was  habitually  houseless,  and  is  said  to  have  ex¬ 
posed  himself  to  the  dangers  of  a  cholera  hospital  iu 
the  great  epidemic  of  1832,  simply  to  obtain  shelter 
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and  food.  Then  he  revisited  Provins  and  published  a 
kind  of  satirical  serial  called  Diogine.  Some  years  of 
this  life  entirely  ruined  his  health,  and  it  was  only  just 
before  his  death  that  he  succeeded  in  getting  his  col¬ 
lected  poems  published,  selling  the  copyright  for  £4 
sterling  and  eighty  copies  of  the  book.  It  was  received 
not  unfavorably,  but,  as  has  happened  in  other  cases, 
the  author’s  death,  which  happened  soon  in  the  cir¬ 
cumstances  mentioned,  was  required  to  excite  an  in¬ 
terest  which  was  proportionately  excessive.  Moreau’s 
work,  like  that  of  many  other  young  poets,  has  a 
strong  note  of  imitation,  his  model  being  especially 
Beranger  ;  and  his  character,  both  moral  and  literary, 
is  not  improved  by  obvious  affectation  in  political, 
religious,  and  social  matters.  But  some  of  his  poems, 
such  as  La  Voulzie  and  the  charming  La  Fermiere, 
have  great  sweetness,  and  he  had  a  faculty  of  writing 
both  in  prose  and  poetry  which  seems  to  show  that 
with  better  fortune,  or,  to  speak  honestly,  with  more 
intelligence  and  more  perseverance  he  might  easily 
have  saved  himself  from  the  miserable  destitution 
which  was  his  lot. 

MOREAU,  Jean  Victor  (1763-1813),  the  greatest 

feneral  of  the  French  republic  after  Napoleon  and 
[oche,  was  born  at  Morlaix  in  Brittany  in  1763.  His 
father  was  an  “  avocat  ”  in  good  practice,  and  instead 
of  allowing  him  to  enter  the  army,  as  he  wished,  in¬ 
sisted  on  his  studying  law  at  the  university  of  Rennes. 
Young  Moreau  showed  no  inclination  for  law,  but  rev¬ 
elled  in  the  freedom  of  a  student’s  life.  Instead  of 
taking  his  degree  he  continued  to  live  with  the  stu¬ 
dents  as  their  hero  and  leader.  In  that  capacity  he 
became  a  person  of  political  importance,  and  in  the 
troubles  of  1787  formed  the  law  students  into  a  sort 
of  army,  which  he  commanded  as  their  provost.  In 
1789  he  became  yet  more  important,  and  commanded 
the  students  in  the  daily  affrays  which  took  place  at 
Rennes  between  the  young  noblesse ,  who  protested 
against  the  mode  of  election  to  the  states-general,  and 
the  populace.  Though  he  had  hardly  weight  enough 
to  be  chosen  a  deputy,  he  was  elected  one  of  the  com¬ 
mittee  of  correspondence  with  the  deputies  at  Paris. 
He  was  thus  able  to  follow  the  course  of  events  in  the 
early  days  of  the  Revolution,  and  was  early  impressed 
with  the  conviction  that  no  compromise  with  the 
court  was  possible,  and  a  republic  the  only  resource. 
These  opinions  estranged  him  from  his  father,  who 
belonged  to  the  party  of  Breton  independence  and 
preferred  Brittany  to  France.  At  last,  in  1792,  at  the 
call  for  volunteers  he  organized  a  battalion,  and  was  at 
once  elected  its  commandant.  With  it  he  served  under 
Dumouriez,  and  in  1793  the  good  order  of  his  bat¬ 
talion,  and  his  own  martial  character  and  republican 

grinciples  secured  his  promotion  as  general  of  brigade. 

arnot,  who  had  an  eye  for  the  true  qualities  of  a 
general,  promoted  him  to  be  general  or  division  in 
1794,  and  gave  him  command  of  the  right  wing  of  the 
army  which,  under  Pichegru,  was  destined  to  drive 
the  English  and  Austrians  out  of  Flanders  by  sepa¬ 
rating  the  Austrians  from  the  English.  This  wing 
was  then  to  cover  the  occupation  of  Holland  by  the 
main  army  under  Pichegru.  These  operations  estab¬ 
lished  his  military  fame,  and  in  1795  he  was  given  the 
command  of  the  army  of  the  Rhine  and  the  Moselle, 
with  which  he  crossed  the  Rhine  and  advanced  into 
Germany.  He  was  at  first  completely  successful,  and 
won  several  victories,  but  at  last  had  to  execute  before 
the  archduke  Charles  a  retreat  which  only  increased 
his  fame,  as  he  managed  to  bring  back  with  him  more 
than  5000  prisoners.  In  1797  lie  again  crossed  the 
Rhine,  but  his  operations  were  checked  by  the  con¬ 
clusion  of  the  preliminaries  of  Leoben  between  Bona¬ 
parte  and  the  Austrians.  It  was  at  this  time  he  found 
out  the  traitorous  correspondence  between  his  old 
comrade  and  commander  Pichegru  and  the  prince  de 
Conde,  which  he  foolishly  concealed,  and  naturally  has 
ever  since  been  suspected  of  at  least  partial  com¬ 
plicity.  After  Fructidor  the  Directory  ceased  to  em¬ 


ploy  his  service,  until  the  absence  of  Bonaparte  and 
the  advance  of  Suwaroff  made  it  necessary  to  have 
some  great  general  in  Italy.  Yet  it  was  only  as  chief 
of  the  staff  that  he  served  under  Scherer  and  Joubert, 
and  led  back  the  French  army  after  the  latter’s  death 
at  Novi.  When  Bonaparte  returned  from  Egypt  he 
found  Moreau  at  Paris,  greatly  dissatisfied  with  the 
Directory  both  as  a  general  and  as  a  republican,  and 
obtained  his  assistance  in  the  coup  d'6tat  of  Brumaire, 
when  Moreau  commanded  the  force  which  occupied 
the  Luxembourg.  In  reward,  the  first  consul  again 
gave  him  command  of  the  army  of  the  Rhine,  with 
which  he  fought  his  last  great  campaign,  that  of  Ho- 
henlinden,  when  his  success  was  due  rather  to  the 
splendid  military  qualities  of  his  generals  and  their 
troops,  and  his  own  tactical  genius,  than  to  any  inspir¬ 
ation  of  victory.  On  his  return  to  Paris  he  married 
Mdlle.  Hullot,  an  ambitious  woman,  who  gained  a 
complete  ascendency  over  him,  and  with  the  enormous 
fortune  acquired  during  his  campaigns  he  purchased 
a  luxurious  hotel  in  Paris  and  also  JBarras’s  country- 
seat  of  Grosbois.  His  wife  exercised  an  evil  influence 
over  him,  and  collected  around  her  all  who  were  dis¬ 
contented  with  the  aggrandizement  of  Napoleon.  This 
“club  Moreau”  frightened  Napoleon,  ana  encouraged 
the  royalists ;  but  Moreau,  though  not  unwilling  to 
become  a  military  dictator  to  restore  the  republic, 
would  not  intrigue  for  the  restoration  of  Louis  XVIII. 
All  this  was  well  known  to  Napoleon,  who  seized  the 
conspirators.  Moreau  he  treated  with  real  leniency, 
and  permitted  to  retire  first  to  Spain,  and  then  to 
America.  Here  the  general  lived  in  great  content 
for  seven  years,  when  his  wife,  who  could  not  allow 
him  to  rest,  made  him  enter  into  negotiations  with 
Bernadotte,  his  old  comrade,  who  was  now  crown- 
prince  of  Sweden.  At  his  suggestion  Moreau  entered 
the  service  of  the  czar  Alexander  ;  and  with  Berna¬ 
dotte  he  planned  the  campaign  of  1813.  Fortunately 
for  his  fame  as  a  patriot  he  did  not  live  to  invade 
France,  but  was  mortally  wounded  while  talking  to  the 
czar  at  the  battle  of  Dresden  on  27th  August,  1813, 
and  died  on  2d  September.  His  wife  received  a  pen¬ 
sion  from  the  czar,  and  was  given  the  rank  of  mare- 
chale  by  Louis  XVIII. 

Moreau’s  fame  as  a  general  stands  very  high,  and  from 
his  marvellous  coolness  in  conducting  retreats  he  has  been 
called  the  general  of  retreats.  His  combinations  were 
splendid,  and  his  temper  always  unruffled  when  most 
closely  pressed  ;  but  he  lacked  the  sudden  spirit  of  seizing 
a  victory  which  distinguished  Napoleon  in  his  early  cam¬ 
paigns.  Moreau  was  a  sincere  republican,  though  his  own 
father  was  guillotined  in  the  Terror ;  and  the  army  of  the 
Rhine  was  the  hot-bed  of  republicanism,  as  that  of  Italy 
was  the  great  support  of  a  military  tyranny.  As  a  man,  he 
was  little  given  to  personal  ambition  till  his  marriage,  and 
would  probably  not  only  have  served  Napoleon  well  but 
moderated  his  tendency  to  absolutism  by  his  very  existence, 
had  not  his  wife  ruined  any  such  hope  by  involving  him  in 
intrigues.  He  was  fortunate  in  the  moment  of  his  death, 
though  he  would  have  been  more  so  had  he  died  in  Amer¬ 
ica.  He  seems  by  his  final  words,  “  Soyez  tranquilles,  mes¬ 
sieurs  ;  c’est  mon  sort,”  not  to  have  regretted  being  removed 
from  his  equivocal  position  as  a  general  in  arms  against  his 
country. 

The  literature  on  Moreau  is  copious,  the  best  book  being  C. 
Jochmus,  General  Moreau— Abi-iss  einer  Geschichte  seines  Lehr  ns  und 
snner  Feldzuge,  Berlin,  1814.  A  more  ordinary  work  is  A.  de  Beau¬ 
champ,  Vie  politique,  militaire,  et  privee  du  Genital  Moreau,  trans¬ 
lated  by  Philippart,  London,  1814 ;  and  there  is  a  curious  tract  on 
his  death  in  Russian,  translated  into  English  under  the  title  Some 
Details  concerning  General  Moreau  and  his  Last  Moments,  bv  Paul 
Svinin,  London,  1814.  (h.  m.  s.) 

MOREL  or  Morchella.  See  Mushroom. 

MORELIA,  formerly  Valladolid,  a  city  of  Mex¬ 
ico,  capital  of  the  state  of  Micboacan  de  Ocampo,  is 
situated  125  miles  west  by  north  of  Mexico,  at  a 
height  of  6400  feet  above  the  sea,  in  19°  42/  N.  lat. 
and  101°  W.  long.  The  site  is  a  rocky  hill  on  the 
Guayangareo  valley,  and  the  western  horizon  is  bounded 
by  the  great  Quinceo  mountain  (11,000  feet).  Since 
the  middle  of  the  century  a  considerable  extension  of 
the  city  has  taken  place,  especially  towards  the  north ; 
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its  streets,  which  run  for  the  most  part  at  right  angles 
to  each  other,  had  increased  from  thirty  in  1856  to 
ninety-nine  in  1873.  The  principal  square  is  the 
Plaza  de  los  Martires  (formerly  de  Armas),  where 
Matamoros  was  shot  by  the  Spaniards  in  1814  ;  its 
one  side  is  occupied  by  the  cathedral  (1745),  a  large 
building  with  two  towers  about  200  feet  high.  The 
churches  of  the  Carmelites  (del  Carmen)  and  San 
Jos6  are  of  some  note,  and  of  the  nine  convents,  now 
for  the  most  part  in  ruins,  several  were  wealthy  and 
extensive.  That  of  the  Capuchins  is  now  used  as  a 
hospital,  the  old  seminary  has  been  turned  into  a 
state-house,  and  the  tobacco  .  factory,  one  of  the  most 
ancient  buildings  in  the  city,  serves  as  municipal 
offices.  An  important  institution,  supported  by  the 
state,  is  the  college  of  San  Nicolas  de  Hidalgo,  origi¬ 
nally  founded  by  Juan  de  San  Miguel  in  the  16th 
century  and  rebuilt  in  1868.  The  Ocampo  theatre 
dates  from  1869-1870.  Water  is  brought  from  a  dis¬ 
tance  of  about  3  miles  by  a  fine  aqueduct,  constructed 
in  1788  by  D.  Antonio  de  San  Miguel,  but  the  quality 
is  often  deteriorated  by  the  presence  of  vegetable 
matter.  Morelia  lies  too  far  from  any  great  natural 
route  to  have  much  commerce  in  the  present  state  of 
the  country,  and  its  manufactures  are  limited  to  the 
production,  on  a  small  scale,  of  cotton,  woollen,  and 
silk  goods.  A  certain  delicate  sweetmeat  called  guay- 
abate  is  a  regular  article  of  commerce  to  Mexico.  In 
1750  the  city  had  about  18,000  inhabitants,  in  1873 
the  municipality  had  36,940  and  the  city  proper  about 
30,000,  and  in  i90Q  the  number  is  stated  at  37,278. 

In  1541  Mendoza  chose  the  Guayaugareo  valley  as  the 
new  site  for  the  city  of  Michoacan,  and  in  1545  the  place  re¬ 
ceived  the  name  of  Valladolid.  Iturbide  and  Morelos  were 
both  born  within  its  precincts;  and  in  1828  the  Govern¬ 
ment  did  this  latter  patriot  the  honor  of  renaming  the 
city  Morelia.  In  1863  it  was  made  the  seat  of  an  archbishop. 
See  Bol.  Soc.  de  geogr.  de  la  Rep.  Hex.,  Mex.,  1873. 

MORELLET,  Andr£  (1727-1819),  economist  and 
miscellaneous  writer,  was  born  at  Lyons  on  the  7th  of 
March,  1727.  He  was  long  regarded  as  almost  the 
last  survivor  of  the  Philosophe  school ;  and  in  this 
character  he  figures  in  many  memoirs, — for  instance  in 
Madame  de  Remusat’s.  He  was  educated  by  the 
Jesuits  in  his  native  town,  then  at  a  seminary  in  Paris, 
and  finally  at  the  Sorbonne;  and  he  took  holy  orders, 
but  his  designation  of  abbe  was  the  chief  thing  cler¬ 
ical  about  him.  He  early  joined  the  Philosophe  party, 
and  was  a  frequenter  of  most  of  their  salons ,  being 
something  of  a  butt  (especially  to  his  fellow-abbe  and 
rival  in  political  economy,  Galiani),  but  having  the 
credit  of  a  ready  and  biting  pen.  Voltaire  called  him 
“L’Abbe  Mord-les.”  His  work  was  chiefly  occasional, 
and  the  most  notable  parts  of  it  were  asmart  pamphlet 
in  answer  to  Palissot’s  scurrilous  play  Les  Pldlosophes 
(which  procured  him  a  short  sojourn  in  the  Bastille  for 
an  alleged  libel  on  Palissot’s  patroness,  the  princesse  de 
Robeck),  and  a  reply  to  Galiani’s  Commerce  des  Bles 
(1770).  Later,  he  made  himself  useful  in  quasi-diplo- 
matic  communications  with  English  statesmen,  and 
was  pensioned,  being,  moreover,  elected  a  member 
of  the  Academy  in  1785.  The  outbreak  of  the  Rev¬ 
olution  (soon  after  which  he  was  engaged  in  a  contro- 
versey  with  Chamfort  on  the  question  of  the  advan¬ 
tages  and  deserts  of  the  Academy)  did  not,  as  it  did 
with  many  of  his  friends,  drive  him  from  the  country 
or  put  his  life  in  danger,  but  it  put  him  in  considerable 
straits  of  fortune.  He  maintained  a  kind  of  moderate 
liberal  tone,  and  the  return  of  something  like  order 
under  the  Consulate  and  the  Empire  restored  him  to 
prosperity  and  pensions.  A  year  before  Ins  death,  at 
the  great  age  of  ninety-two,  on  the  12th  of  January, 
1819,  at  Paris,  he  brought- out  a  series  of  Melanges r, 
composed  chiefly  of  selections  from  his  former  publi¬ 
cations  ;  and  after  his  death  appeared  his  memoirs, 
which  are  of  value  for  the  Philosophe  period.  Morellet, 
though  not  a  man  of  extraordinary  ability  or  of  spe¬ 
cially  amiable  or  estimable  character,  was  in  both  re¬ 


spects  a  fair  specimen  of  the  man  of  letters  of  all  work 
of  the  time.  He  was,  in  fact,  a  journalist  with  a  special 
turn  for  ^economical  subjects. 

MORERI,  Louis,  See  Encyclopaedia,  vol.  viii. 
p.  177. 

MORETO,  Agustin  (1618-1669),  Spanish  dramat¬ 
ist  and  playwright,  was  born  at  Madrid  in  1618.  Of 
his  personal  and  even  of  his  literary  history  little  is 
known.  He  studied  at  Alcala  between  1634  and  1639, 
and  afterwards  removed  to  Toledo,  where  he  entered  the 
household  of  the  cardinal-archbishop  and  took  holy 
orders.  Ultimately  he  withdrew  altogether  from  the 
world,  and  died  a  member  of  an  ascetic  religious  broth¬ 
erhood  in  1669. 

Moreto  in  his  younger  years  was  a  prolific  writer  for  the 
stage,  and  almost  rivalled  Calderon  in  popularity.  Three 
volumes  of  his  plays  were  printed  between  1654  and  1681, 
and  many  dramas  besides  are  attributed  in  whole  or  in  part 
to  him.  He  employed  all  the  dramatic  forms  then  in  vogue. 
Of  his  religious  plays,  Los  mas  Dichosos  Hermanos  (The  Most 
Fortunate  Brothers),  embodying  the  legend  of  the  seven 
sleepers,  may  be  mentioned  as  the  least  bombastic  and  ab¬ 
surd.  Others  are  El  Rosario  Perseguido,  turning  on  the  per¬ 
secutions  connected  with  the  introduction  of  the  rosary 
into  Spain,  and  Maria  Egypciaca,  a  curious  representation 
of  the  extraordinary  legend  of  St.  Mary  of  Egypt.  His 
heroic  drama,  El  Valiente  Justiciero  (The  Brave  Justiciary), 
a  story  of  the  times  of  Pedro  the  Cruel,  is  one  of  consider¬ 
able  power.  His  “comedias  de  figuron,”  or  “character  com¬ 
edies,”  as  they  are  called  (compare  vol.  vii.  p.  365),  include 
El  Undo  Don  Diego  (The  Handsome  Don  Diego)  and  ElDes- 
den  con  el  Desden  (Disdain  met  with  Disdain),  the  latter 
partly  borrowed  from  Lope  de  Vega’s  Milagros  del  Desprecio, 
and  in  turn  imitated  by  Moliere  (in  his  Princesse  d’ Elide),  by 
Carlo  Gozzi  ( Principessa  Filosofa),  and  by  Schreyvogel 
( Donna  Diana).  The  Comedias  Escogidas  de  Don  Agustin 
Moreto  y  Cabana  form  the  39th  volume  of  the  Biblioteca  de 
Autores  Espaiioles  (Madrid,  1856). 

MORETTO,  II  (“The  Blackamoor,”  a  term  which 
has  not  been  particularly  accounted  for),  is  the  name 
currently  bestowed  upon  Alessandro  Bonvicino 
(1498-c.  1560),  a  celebrated  painter  of  Brescia,  Vene¬ 
tian  school.  He  was  born  at  Rovato  in  the  Brescian 
territory  in  1498,  and  studied  first  under  Fioravante 
Ferramola  of  Brescia,  afterwards,  still  youthful,  with 
Titian  in  Venice.  His  own  earlier  method,  specially 
distinguished  by  excellent  portrait-painting,  was  nat¬ 
urally  modelled  on  that  of  Titian.  Afterwards  he  con¬ 
ceived  a  great  enthusiasm  for  Raphael  (though  he 
does  not  appear  to  have  ever  gone  to  Rome),  and  his 
style  became  partially  Raphaelesque.  It  was,  how¬ 
ever,  novel  in  its  combination  of  diverse  elements,  and 
highly  ^tractive, —with  fine  pencilling,  a  rich  yet  not 
lavish  use  of  perspective  and  decorative  effects,  and  an 
elegant  opposition  of  light  and  shade.  The  human 
figure  is  somewhat  slender  in  Bonvicino’s  paintings, 
the  expression  earnestly  religious,  the  flesh- tints  varied, 
more  so  than  was  common  in  the  Venetian  school. 
The  backgrounds  are  generally  luminous,  and  the  dra^ 
peries  well  modified  in  red  and  yellow  tints  with  little 
intermixture  of  blue.  The  depth  of  Bonvicino’s 
talent,  however,  was  hardly  in  proportion  to  its  vigor 
and  vivacity;  and  he  excelled  more  in  sedate  altar- 
pieces  than  in  subjects  of  action,  and  more  in  oil  paint¬ 
ing  than  in  fresco,  although  some  fine  series  of  his 
frescoes  remain,  especially  that  in  the  villa  Martinengo 
at  Novarino,  near  Brescia.  Among  his  celebrated 
works  in  the  city  are — in  the  church  of  S.  Clemente, 
the  Five  Virgin  Martyrs,  and  the  Assumption  of  the 
Madonna  (this  latter  may  count  as  his  masterpiece); 
in  S.  Nazaro  e  Celso,  the  Coronation  of  the  Madonna  : 
in  S.  Maria  delle  Grazie,  St.  Joseph  ;  in  S.  Maria  de’ 
Miracoli,  St.  Nicholas  of  Bari.  In  the  Vienna  Gal¬ 
lery  is  a  St.  Justina  (once  ascribed  to  Pordenone) ;  in 
the  Stadel  Institute,  Frankfort,  the  Madonna  enthroned 
between  Sts.  Anthony  and  Sebastian;  in  the  Berlin 
Museum,  a  colossal  Adoration  of  the  Shepherds,  and 
a  large  votive  picture  (one  of  the  master’s  best)  of  the 
Madonna  and  Child,  with  infant  angels  and  other  fig¬ 
ures  above  the  clouds,  and  below,  amid  a  rich  landscape, 
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two  priests  ;  in  the  London  National  Gallery,  St.  Ber- 
naram  and  other  saints,  and  two  impressive  portraits. 
11  Moretto  is  stated  to  have  been  a  man  of  childlike 
personal  piety,  preparing  himself  by  prayer  and  fasting 
any  great  act  of  sacred  art,  such  as  the  painting  of 
the  Virgin -mother.  His  dated  works  extend  from  1524 
to  1554,  and  he  was  the  master  of  the  'preeminent 
portrait-painter  Moroni.  His  death  took  place  towards 
1560. 

MORGAGNI,  Giovanni  Battista  (1682-1771), 
the  founder  of  pathological  anatomy,  was  born  25th 
February,  1682,  at  Forli,  an  ancient  and  important 
town  on  the  iEmilian  road  southwards  from  Bologna.1 
His  parents  were  in  comfortable  circumstances,  but  not 
of  the  nobility  ;  it  appears  from  his  letters  to  Lancisi 
that  Morgagni  was  ambitious  of  gaining  admission 
into  that  rank,  and  it  may  be  inferred  that  he  suc¬ 
ceeded  from  the  fact  that  he  is  described  on  a 
memorial  tablet  at  Padua  as  “nobilis  Forolensis.” 
At  school  he  was  conspicuous  for  his  talents,  and 
he  was  especially  noted  for  his  readiness  in  classical 
epigram.  At  the  age  of  sixteen  he  went  to  Bologna  to 
study  philosophy  and  medicine,  and  he  graduated  with 
much  eclat  as  doctor  in  both  faculties  three  years  later 
(1701).  He  acted  as  prosector  to  Valsalva  (one  of  the 
distinguished  pupils  of  Malpighi),  who  held  the  office 
ot  ‘  ‘  demonstrator  anatomicus  ’  ’  in  the  Bologna  school. 
II e.  assisted  Valsalva  more  particularly  in  preparing 
his  celebrated  work  on  the  Anatomy  and  Diseases  of 
tlie  Ear ,  which  came  out  in  1704.  Many  years  after 
(1740),  Morgagni  edited  a  collected  edition  of  Valsal¬ 
va’s  writings,  with  important  additions  to  the  treatise 
on  the  ear,  and  with  a  memoir  of  the  author.  When 
\  alsalva  was  transferred  to  Parma  Morgagni  suc¬ 
ceeded  to  his  anatomical  demonstratorship.  At  this 
period  he  enjoyed  a  high  repute  in  Bologna ;  he  was 
made  president  of  the  Academia  Inquietorum  when  in 
his  twenty-fourth  year,  and  he  is  said  to  have  signal¬ 
ized  his  tenure  of  the  presidential  chair  by  discourag¬ 
ing  abstract  speculations,  and  by  setting  the  fashion 
towards  exact  anatomical  observation  and  reasoning. 
He  published  the  substance  of  his  communications  to 
the  Academy  in  1706  under  the  title  of  Adversaria 
Anatomica ,  the  first  of  a  series  by  which  he  became 
favorably  known  throughout  Europe  as  an  accurate 
anatomist;  the  book  included  “Observations  on  the 
Larynx,  the  Lachrymal  Apparatus,  and  the  Pelvic 
Organs  in  the  Female.”  After  a  time  he  gave  up  his 
post  at  Bologna,  and  occupied  himself  for  the  next  two 
or  three  years  at  Padua  and  V enice  with  anatomical 
studies  (of  fishes  at  the  latter  city),  as  well  as  with 
chemistry  and  pharmacy,  and  with  reading  in  the 
libraries.  He  then  settled  in  practice  in  his  native 
town,  and  soon  attracted  a  large  amount  of  business  ; 
there  was  hardly  a  case  of  much  difficulty  about  which 
lie  was  not  consulted  even  by  the  older  physicians, 
“adeo  erat  in  observando  attentus,  in  prsedicendo 
cautus,  in  curando  felix.  ”  Such  at  least  is  the  con¬ 
temporary  eulogy.  After  less  than  three  years  of  this 
career,  which  he  found  fatiguing,  he  sought  an  oppor¬ 
tunity  of  returning  to.  more  academical  work.  At 
Padua  he  had  a  friend  in  the  elder  Guglielmini,  pro¬ 
fessor  of  medicine,  but  better  known  as  a  writer  on 
physics  and  mathematics,  whose  works  he  afterwards 
edited  (1719)  with  a  biography.  Guglielmini  desired 
to  see  him  settled  as  a  teacher  at  Padua,  and  the 
unexpected  death  of  Guglielmini  himself  made  the 
project  feasible,  Vallisnieri  being  transferred  to  the 
vacant  chair  and  Morgagni  succeeding  to  the  chair  of 
theoretical  medicine.  He  came  to  Padua  in  the  spring 
of  1712,  being  then  in  his  thirty-first  year,  and  lie 
taught  medicine  there  with  the  most  brilliant  success 
until  his  death  sixty  years  later  (6th  December,  1771). 
When  he  had  been  three  years  in  Padua  an  opportu¬ 
nity  occurred  for  his  promotion  (by  the  Venetian  sen- 

•’  A  statue  of  the  illustrious  citizen  was  erected  at  Forli  in  1875 
and  the  town  library  preserves  fourteen  MS.  volumes  of  his 


ate)  to  the  chair  of  anatomy,  in  which  he  became  the 
successor  of  an  illustrious  line  of  scholars,  including 
Vesalius,  .Fallopius,  Fabricius,  Gasserius,  and  Spige- 
lius,  and  in  which  he  enjoyed  a  stipend  that  was  in¬ 
creased  from  time  to  time  by  vote  of  the  senate  until 
it  reached  twelve  hundred  gold  ducats.  Shortly  after 
coming  to  Padua  he  married  a  lady  of  Forli,  of  noble  pa¬ 
rentage,  who  bore  him  three  sons  and  twelve  daughters ; 
of  the  daughters,  four  died  in  infancy,  and  the  other 
eight  took  the  veil  as  they  grew  up  ;  of  the  sons,  one 
died  in  boyhood,  one  entered  the  Jesuit  order,  and 
the  eldest  settled  at  Forli,  where  he  married  and  lived 
to  the  age  of  fifty-two,  predeceasing  his  father  by  five 
years  and  leaving  a  family  to  his  care.  Morgagni 
enjoyed  an  unequalled  popularity  among  all  classes. 
He  was  of  tall  and  dignified  figure,  with  blonde  hair 
and  blue  eyes,  and  with  a  frank  and  happy  expression ; 
his  manners  were  polished,  and  he  was  noted  for  the 
elegance  of  his  Latin  style.  He  lived  in  harmony  with 
his  colleagues,  who  are  said  not  even  to  have  envied 
him  his  unprecedentedly  large  stipend  ;  his  house  and 
lecture-theatre  were  frequented  “  tanquam  officina 
sapientiae  ’  ’  by  students  of  all  ages  attracted  from  all 
parts  of  Europe ;  he  enjoyed  the  friendship  and  favor 
of  distinguished  Venetian  senators  and  of  cardinals ; 
successive  popes  conferred  honors  upon  him  ;  and  on 
two  occasions  when  a  hostile  army  occupied  the  ^Emilia 
his  house  was  ordered  to  be  treated  with  the  same 
marked  distinction  that  the  great  Emathian  conqueror 
showed  to  the  house  of  Pindar.  Before  he  had  been 
long  in  Padua  the  students  of  the  German  nation,  of 
all  the  faculties  there,  elected  him  their  patron,  and 
he  advised  and  assisted  them  in  the  purchase  of  a 
house  to  be  a  German  library  and  club  for  all  time. 
No  person  of  any  learning  came  to  Padua  without  see¬ 
ing  and  conversing  with  Morgagni,  and  no  one  ever 
left  him  without  admiring  equally  his  character  and 
his  teaching.  One  of  his  biographers  and  editors, 
the  celebrated  Tissot  of  Lausanne,  observes  that  he 
had  met  with  several  Englishmen  returning  from  Italy 
who  told  with  pleasure  and  gratitude  “quam  human- 
iter  illos  cxceperat,  et  quantum  ex  illius  colloquiis, 
doctis,  variis,  jucundis  profecerant.  ”  He  was  elected 
into  the  Imperial  Cmsareo-Leopoldina  Academy  in 
1708  (originally  located  at  Schweinfurth),  and  to  a 
higher  grade  in  1732,  into  the  Royal  Society  in  1724, 
mto  the  Paris  Academy  of  Sciences  in  1731,  the  St. 
Petersburg  Academy  in  1735,  and  the  Berlin  Academy 
m  1754.  Among  his  more  celebrated  pupils  were 
Scarpa  (who  died  in  1832,  connecting  the  school  of 
Morgagni  with  the  modern  era),  Cotunnius  (Cotugno), 
and  Caldani,  the  author  of  the  magnificent  atlas  of 
anatomical  plates  published  in  4  vols.  at  Venice  in 


Meanwhile  he  published  on  a  variety  of  subjects.  In  his 
earlier  years  at  Padua  he  brought  out  (1717-1719)  five  more 
series  of  the  Adversaria  Anatomica  by  which  his  reputation 
was  first  made  ;  but  for  more  than  twenty  years  after  the 
last  of  these  his  strictly  medical  publications  were  few  and 
casual  (on  gall-stones,  varices  of  the  vena  cava,  cases  of 
stone,  and  several  memoranda  on  medico-legal  points  drawn 
up  at  the  request  of  the  curia).  Classical  scholarship  in 
those  years  occupied  his  pen  more  than  anatomical  obser¬ 
vations  ;  and  the  reason  of  this  appears  to  have  been  that 
he  spent  the  summer  months  in  the  country  for  the  sake  of 
his  health,  and  occupied  his  leisure  with  literary  studies. 
His  writings  in  this  class  include  letters  to  Lancisi  on  the 
manner  of  Cleopatra’s  death,  commentaries  on  Celsus  and  * 
bammonicus,  notes  on  Prosper  Alpinus,  Varro,  Vegetius, 
Columella,  and  Vitruvius,  and  antiquarian  researches  into 
the  topography  of  the  country  round  Ravenna  and  his  own 
birthplace  (Forum  Livii).  His  edition  of  the  works  of 
Valsalva,  published  in  1740  (in  2  vols.  4to)  with  plates,  oc¬ 
cupied  much  of  his  time,  being  enriched  with  a  life  and  a 
commentary,  and  with  many  additional  observations  of  his 
own-  was  **°t  until  1761,  when  he  was  in  his  eightieth 
year,  that  he  brought  out  the  great  work  which,  once  for 
all,  made  pathological  anatomy  a  science,  and  diverted  the 
course  of  medicine  into  new  channels  of  exactness  or  pre¬ 
cision— the  De  Sedibus  et  Causis  Morborum  per  Anatomem  in - 
dagatis.  He  died  on  6th  December,  1771.  During  the  pre- 
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ceding  ton  years  the  De  Sedibus ,  notwithstanding  its  bulk, 
was  reprinted  several  times  (thrice  in  four  years)  in  its 
original  Latin,  and  was  translated  into  French  (1765), 
English  (1769,  3  vols.  4to),  and  German  (1771).  Some  ac- 
couut  of  this  remarkable  work  remains  now  to  be  given. 

The  only  special  treatise  on  pathological  anatomv  previ¬ 
ous  to  that  of  Morgagni  was  the  work  of  Theophile  Bonet 
of  Neuchatel,  Sepulchretum :  sire  Anatomia  practica  ex  cada- 
veribus  morbo  denatis,  first  published  (Geneva,  2  vols.  folio) 
in  1679,  three  years  before  Morgagni  was  born ;  it  was  re¬ 
published  at  Geneva  (3  vols.  folio)  in  1700,  and  again  at 
Leyden  in  1709.  Although  the  normal  anatomy  of  the 
body  had  been  comprehensively,  and  in  some  parts'  exhaus¬ 
tively  written  by  Vesalius  and  Fallopius,  it  had  not  oc¬ 
curred  to  any  one  to  examine  and  describe  systematically 
the  anatomy  of  diseased  organs  and  parts.  Harvey,  a  cen¬ 
tury  after  Vesalius,  naively  remarks  that  there  is  more  to 
be  learned  from  the  dissection  of  one  person  who  had  died 
of  consumption  or  other  chronic  malady  than  from  the 
bodies  of ^  ten  persons  who  had  been  hanged.  Glisson 
indeed  (1597-16/ 1 )  shows,  in  a  passage  quoted  by  Bonet 
in  the  pretace  to  the  Sepulchretum,  that  he  was  familiar 
with  the  idea,  at  least,  of  systematically  comparing  the 
state  of  the  organs  in  a  series  of  cadavera,  and  of  noting 
those  conditions  which  invariably  accompanied  a  given 
set  of  symptoms.  The  work  of  Bonet  was,  however, 
the  first  attempt  at  a  system  of  morbid  anatomy,  and  al¬ 
though  it  dwelt  mostly  upon  curiosities  and  monstrosities,  it 
enjoyed  much  repute  in  its  day;  Haller  speaks  of  it  as  "an 
immortal  work,  which  may  in  itself  serve  fora  pathological 
library.”  Morgagni,  in  the  preface  to  his  own  work.Mis- 
cusses  the  defects  and  merits  of  the  Sepulchretum,;  it  was 
largely  a  compilation  of  other  men’s  cases,  well  and  ill 
authenticated ;  it  was  prolix,  often  inaccurate  and  mis¬ 
leading  from  ignorance  of  the  normal  anatomy,  and  it  was 
wanting  in  what  would  now  be  called  objective  impartial¬ 
ity,— a  quality  which  was  introduced  as  decisively  into 
morbid  anatomy  by  Morgagni  as  it  had  been  introduced 
two  centuries  earlier  into  normal  human  anatomy  by  Ve¬ 
salius.  Morgagni  has  narrated  the  circumstances  under 
which  the  De  Sedibus  took  origin.  Having  fiuished  his 
edition  of  Valsalva  in  1740,  he  was  taking  a  holiday  in  the 
country,  spending  much  of  his  time  in  the  company  of  a 
young  friend  who  was  curious  in  many  branches  of  knowl¬ 
edge.  The  conversation  turned  upon  the  Sepulchretum  of 
Bonet,  and  it  was  suggested  to  Morgagni  by  his  dilettante 
friend  that  he  should  put  on  record  his  own  observations. 
It  was  agreed  that  letters  on  the  anatomy  of  diseased  organs 
and  parts  should  be  written  for  the  perusal  of  this  favored 
youth  (whose  name  does  not  transpire) ;  and  they  were 
continued  from  time  to  time  until  they  numbered  seventy. 
Those  seventy  letters  constitute  the  He  Sedibus  et  Causis 
Morborum,  which  was  given  to  the  world  as  a  systematic 
treatise  in  2  vols.  folio,  Venice,  1761,  twenty  years  after  the 
task  of  epistolary  instruction  was  begun.  The  letters  are 
arranged  in  five  books,  treating  of  the  morbid  conditions 
of  the  body  a  capite  ad  calcem.  The  five  books  are  dedicated 
respectively  to  Trew,  Bromfield,  Senac,  Schreiber,  and 
Meckel,  as  representing  the  several  learned  societies  of 
which  Morgagni  was  a  foreign  member.  The  five  books 
together  contain,  according  to  an  enumeration  by  the  present 
writer,  the  records  of  some  640  dissections.  Some  of  these 
are  given  at  great  length,  and  with  a  precision  of  statement 
and  exhaustiveness  of  detail  hardly  surpassed  in  the  so- 
called  “  protocols  ”  of  the  German  pathological  institutes  of 
the  present  time ;  others,  again,  are  fragments  brought  in 
to  elucidate  some  question  that  had  arisen.  The  symptoms 
during  the  course  of  the  malady  and  other  antecedent  cir¬ 
cumstances  are  always  prefixed  with  more  or  less  fulness, 
and  discussed  from  the  point  of  view  of  the  conditions 
found  after  death.  Subjects  in  all  ranks  of  life,  including 
several  cardinals,  figure  in  this  remarkable  gallery  of  the 
dead.  Many  of  the  cases  are  taken  from  Morgagni’s  early 
experiences  at  Bologna,  and  from  the  records  of  his  teachers 
Valsalva  and  Albertini  not  elsewhere  published.  Those  six 
hundred  or  more  cases  are  selected  and  arranged  with 
method  and  purpose,  and  they  are  often  (and  somewhat 
casually)  made  the  occasion  of  a  long  excursus  on  general 
pathology  and  therapeutics.  The  range  of  Morgagni’s 
scholarship,  as  evidenced  by  his  references  to  early  and 
contemporary  literature,  strikes  one  with  astonishment.  It 
has  been  contended  that  he  was  himself  not  free  from  pro¬ 
lixity,  the  besetting  sin  of  the  learned ;  aud  certainly  the  j 
form  and  arrangement  of  his  treatise  are  such  as  to  make 
it  difficult  to  use  in  the  present  day,  notwithstanding  that 
it  is  well  indexed  in  the  original  edition,  in  that  of  Tissot 
(3  vols.  4to,  Yverdun,  1779),  and  in  more  recent  editions. 
It  differs  from  modern  treatises  in  so  far  as  the  symptoms 
determine  the  order  aud  manner  of  presenting  the  anatom¬ 
ical  facts.  Although  Morgagni  was  the  first  to  understand 
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and  to  demonstrate  the  absolute  necessity  of  basing  diag¬ 
nosis,  prognosis,  and  treatment  on  an  exact  and  compre¬ 
hensive  knowledge  of  anatomical  conditions,  he  made  no 
attempt  (like  that  of  the  Vienna  school  sixty  years  later) 
to  exalt  pathological  anatomy  into  a  science  disconnected 
from  clinical  medicine  and  remote  from  practical  needs. 
His  orderliness  of  anatomical  method  (implying  his  skill 
with  the  scalpel),  his  precision,  his  exhaustiveness,  and  his 
freedom  from  bias  are  his  essentially  modern  or  scientific 
qualities;  his  scholarship  and  high  consideration  for  clas¬ 
sical  aud  foreign  work,  his  sense  of  practical  ends  (or  his 
common  sensei,  and  the  breadth  of  his  intellectual  horizon 
prove  him  to  have  lived  before  medical  science  had  become 
largely  technical  or  mechanical.  It  is  clear  that  Morgagni’s 
immense  personal  influence  during  his  lifetime  did"  not 
alone  make  his  book  famous;  at  a  distance  of  two  hundred 
years  from  his  birth,  and  more  than  one  hundred  from  his 
death,  the  opinion  is  unanimous  that  his  treatise  was  the 
commencement  of  the  era  of  steady  or  cumulative  progress 
in  pathology  and  in  practical  medicine.  Symptoms  from 
that  time  ceased  to  be  made  up  into  more  or  less  conven¬ 
tional  groups,  each  of  which  was  a  disease ;  on  the  other 
hand,  they  began  to  be  viewed  as  “  the  crv  of  the  suffering 
organs,’  aud  it  now  became  possible  to  develop  Svdenham’s 
grand  conception  of  a  natural  history  of  disease  in  a  catholic 
or  scientific  spirit.  Laennec’s  application  of  the  stethoscope 
to  detect  the  sounds  given  out  in  diseased  states  of  the 
heart  aud  lungs,  aud  Bright’s  application  of  the  test-tube 
and  reagents  to  reach  the  structural  aud  functional  condi¬ 
tions  of  the  kidney  through  the  state  of  the  urine,  were 
the  direct  results  of  Morgagni’s  endeavor  to  lay  bare  the 
seats  and  causes  of  disease  by  anatomy;  and  those  two 
means  of  diagnosis  are  the  daily  and  hourly  resource  of 
every  modern  practitioner.  In  more  general  terms,  Mor¬ 
gagni’s  work  substituted  localization  for  generalization  and 
precision  for  vagueness. 

A  biography  of  Morgagni  by  Mosca  was  published  at  Naples  in 
1768.  His  life  may  also  be  read  in  Fabroni's  Fit*  illustr.  Italor 
and  a  convenient  abridgment  of  Fabroni’s  memoir  will  be  found 
prefixed  to  Tissot’s  edition  of  the  De  Sedibus,  etc.  A  collected 
edition  of  his  works  was  published  at  Venice  in  five  vols.  folio  in 
1765-  (c.  c.) 

MORGAN,  Sydney  Owenson,  Lady  (1777?- 
1859),  novelist  and  miscellaneous  describer  and  critic, 
was  one  of  the  most  vivid  and  hotly-discussed  literary 
personages  of  her  generation.  She  was  the  daughter 
of  an  Irish  actor,  but  it  was  one  of  her  whims  to  keep 
the  year  of  her  birth  a  secret ;  ‘‘once  upon  a  time” 
on  Christmas  day  was  her  answer  to  inquiries.  She 
began  her  literary  career  with  a  precocious  volume  of 
poems.  Her  second  venture,  St.  Clair  (1804),  a  novel 
of  ill-judged  marriage,  ill-starred  love,  and  impassioned 
nature-worship,  in  which  the  influence  of  Goethe  and 
Rousseau  was  apparent,  at  once  attracted  attention. 
Another  novel.  The  Novice  of  St.  Dominick  (1806), 
was  also  praised  for  its  qualities  of  copious  imagination 
and  description,  though  the  critics  were  inclined  to 
nibble  at  the  writer’s  grammar.  But  the  book  which 
made  her  reputation  and  brought  her  name  into  warm 
controversy  was  The  Wild  Irish  Girl,  also  published 
in  1806.  In  this  she  appeared  as  the  ardent  champion 
of  her  native  country,  a  politician  rather  than  a  nov¬ 
elist,  extolling  the  beauty  of  Irish  scenery,  the  richness 
of  the  natural  wealth  of  Ireland,  the  noble  traditions 
of  its  early  history,  and  sketching  types  of  the  various 
classes  with  direct  reference  to  the  misgovernment  to 
which  she  traced  their  evil  features.  She  followed 
this  up  with  Patriotic  Sketches  and  Metrical  Frag¬ 
ments  in  1807,  fitting  some  Irish  melodies  with  words 
(“Kate  Kearney”  among  the  number)  in  the  same 
year  in  which  Moore  began  a  similar  task.  Miss  Owen- 
son’s  politics  and  the  favor  shown  her  Dy  the  Whig 
aristocracy  probably  prompted  the  savage  attack  made 
upon  her  next  novel,  Ida,  a  Woman  of  Athens,  in  the 
first  number  of  the  Quarterly  (1809).  From  first  to 
last  her  style  was  open  to  the  reproach  of  being  made 
up  too  much  of  quotations,  and  her  grammar  was  not 
always  correct ;  but  exuberant  humor,  keen  wit,  and 
fertility  in  the  invention  of  striking  and  romantic  inci¬ 
dents  carry  any  unbiassed  reader  easily  over  all  minor 
faults  of  composition.  Her  great  ambition  was  to 
draw  vivid  pictures  of  the  mingled  “mirth  and  misery, 
ferocity  and  fun,  ’  ’  of  the  Irish  under  English  rule,  and 
she  succeeded.  Her  novels  suffer  as  stories  from  this 
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political  purpose;  she  drags  in  too  many  character- 
sketches,  and,  though  they  are  always  drawn  with  vi¬ 
vacity  and  sharp  penetration,  they  are  drawn  with  too 
much  bias  of  romantic  enthusiasm  on  the  one  side  and 
satirical  spite  on  the  other.  In  1812  she  was  married 
to  Sir  T.  0.  Morgan,  but  books  still  continued  to  flow 
from  her  facile  pen.  In  1814  she  produced  her  best 
novel,  O'  Donnel,  a  decided  advance  on  previous  work. 
She  published  an  elaborate  study  of  France  under  the 
Bourbon  restoration  in  1817.  This  was  attacked  with 
outrageous  fury  in  the  Quarterly,  the  authoress  being 
accused  of  Jacobinism,  falsehood,  licentiousness,  and 
impiety.  She  took  her  revenge  indirectly  in  the  novel 
of  Florence  Macarthy  (1818),  in  which  a  Quarterly 
reviewer,  Con  Crawley,  is  insulted  with  supreme  femi¬ 
nine  ingenuity.  Italy,  a  companion  work  to  her 
France,  was  published  in  1821 ;  Lord  Byron  bears  tes¬ 
timony  to  the  justness  of  its  pictures  of  life.  _  The 
results  of  Italian  historical  studies  were  given  in  her 
Life  and  Times  of  Salvator  Rosa  (1824)..  Then  she 
turned  again  to  Irish  manners  and  politics  with  a 
matter-of-fact  book  on  Absenteeism  (1825),  and  a  highly 
stirring  and  romantic  novel,  The  O'Briens  and  the 
O'  Flaherty s  ( 1 827 ).  The  Book  of  the  Boudoir  ( 1 829 ) 
consisted  of  miscellaneous  reflections  and  reminis¬ 
cences.  Under  the  ministry  of  Lord  Grey  Lady  Morgan 
obtained  a  pension  of  £300.  During  the  last  thirty 
years  of  her  long  life  she  broke  no  new  ground,  but  to 
the  last  she  was  an  entertaining  writer,  and  sent  some 
.sprightly  verses  to  the  Atheruxnm  in  January,  1859,  a 
few  weeks  before  her  death,  protesting  against  being 
called  old.  The  titles  of  her  books  in  this  period  are  : 
France  in  1829-30,  Dramatic  Scenes  from  Real  Life 
(1833),  The  Princess  (1835),  Woman  and  her  Master 
(1840),  The  Booh  without  a  Name  (1841),  Passages 
from  my  Autobiography  (1859).  More  of  her  autobi¬ 
ography  and  many  interesting  letters  were  edited  with 
a  memoir  by  Hepworth  Dixon  in  1862.  He  respected 
her  prejudice  against  disclosing  her  exact  age. 
MORGANATIC  MARRIAGE.  See  Marriage. 

MORGHEN,  Raffaello  Sanzio  (1758-1833),  a 
distinguished  engraver,  was  born  at  Naples  on  19th 
J  une,  1758.  He  received  his  earliest  instructions  from 
his  father,  himself  an  engraver;  but,  in  order  to  be 
initiated  more  fully  in  the  art,  he  was  afterwards 
placed  as  a  pupil  under  the  celebrated  V olpato.  He 
assisted  this  master  in  engraving  the  famous  pictures 
of  Raphael  in  the  Vatican,  and  the  print  which  repre¬ 
sents  the  miracle  of  Bolsena  is  inscribed  with  his  name. 
He  married  Volpato’s  daughter,  Mnd,  being  invited  to 
Florence  to  engrave  the  masterpieces  of  the  Florentine 
gallery,  he  removed  thither  with  his  wife  in  1782.  His 
reputation  now  became  so  great  as  to  induce  the  artists 
of  Florence  to  recommend  him  to  the  grand-duke  as  a 
fit  person  to  engrave  the  Last  Supper  of  Leonardo  da 
Vinci ;  apart,  however,  from  the  dilapidated  state  of 
the  picture  itself,  the  drawing  made  for  Morghen  was 
unworthy  of  the  original,  and  the  print,  in  conse¬ 
quence,  although  an  admirable  production,  fails  to  con¬ 
vey  a  correct  idea  of  the  style  and  merit  of  Leonardo. 
Morghen’s  fame,  however,  soon  extended  over  Eu¬ 
rope  ;  and  the  Institute  of  France,  as  a  mark  of  their 
admiration  of  his  talents,  elected  him  an  associate  in 
1803.  In  1812  Napoleon  invited  him  to  Paris  and 
paid  him  the  most  flattering  attentions.  He  died  at 
Florence  on  8th  April,  1833. 

A  list  of  the  artist’s  works,  published  at  Florence  in  1810, 
comprised  200  compositions ;  the  number  was  afterwards  con¬ 
siderably  increased.  Amongst  the  most  remarkable,  besides 
those  already  mentioned,  may  be  noticed  the  Transfigura¬ 
tion  from  Raphael,  a  Magdalen  from  Murillo,  a  Head  of  the 
Saviour  from  Da  Vinci,  the  Car  of  Aurora  from  Guido,  the 
Hours  and  the  Repose  in  Egypt  from  Poussin,  the  Prize  of 
Diana  from  Domenichino,  the  Monument  of  Clement  XIII. 
from  Canova,  Theseus  vanquishing  the  Minotaur,  Fran¬ 
cesco  Moncado  after  Vandyke,  portraits  of  Dante,  Petrarch, 
Ariosto,  Tasso,  and  a  number  of  other  eminent  men.  His 
prints  have  hardly  maintained  the  reputation  which  they 
-enjoyed  during  the  artist’s  lifetime.  Though  carefully 


and  delicately  executed,  they  are  somewhat  mechanical  and 
wanting  in  force  and  spirit. 

MORHOF,  Daniel  Georg  (1639-1691),  the  learned 
author  of  a  survey  of  universal  literature  entitled  Poly- 
histor  sive  de  auctorum  notitia  et  rerum  commentarii , 
was  born  at  Wismar  in  1639,  studied  law  at  Rostock, 
and  was  appointed  professor  of  poetry  there  in  1660. 
In  1665  he  went  to  the  new  university  of  Kiel  as  pro¬ 
fessor  of  eloquence  and  poetry;  this  chair  he  ex¬ 
changed  for  that  of  history  in  1673.  He  died  at 
Liibeck  in  1691.  Of  his  numerous  writings  only  the 
Polyhistor  continues  to  be  of  value  to  the  literary  his¬ 
torian  as  a  bibliographical  work  displaying  judgment 
as  well  as  knowledge.  The  first  seven  books  (Poly¬ 
histor  Literarius)  appeared  in  1688-1698 ;  the  publi¬ 
cation  of  the  two  remaining  parts  (P  Philosophicus 
and  P.  Practicus)  was  completed  by.Moller  in  1707. 
The  best  edition  is  that  of  A.  Fabricius  (2  vols.  4to, 
Leipsic,  1747). 

MORIAH.  In  2  Chron.  iii.  1,  we  read  that  Solo¬ 
mon  built  the  Temple  at  Jerusalem  on  Mount  Moriah 
(nn  ryninn).  This  name  for  the  Temple  hill,  the 
ancient  Zion,  is  not  found  elsewhere  in  the  Old  Testa¬ 
ment,  and  can  hardly  have  been  a  current  one.  But 
a  mountain  in  the  “land  of  Moriah”  was  the  place 
where  Abraham  was  commanded  to  sacrifice  Isaac; 
Josephus  (Ant.,  i.  13,  2)  assumes  that  this  Mupiov 
bpoq  was  the  Temple  hill,  and  the  same  view  is  ex¬ 
pressed  in  the  Targums,  where  it  is  exegetically  based 
on  the  obscure  verse,  Gen.  xxii.  14  (comp.  Jerome, 
Qucest.  Heb.  in  Gen.  xxii.  2).  Probably  this  tradition 
already  existed  in  the  time  of  the  Chronicler,  who 
appears  to  connect  the  name  etymologically  with 
Jehovah’s  manifestation  of  himself,  as  is  done  in  Gen. 
xxii.  14. 1 

Jerome  repeatedly  calls  the  Temple  hill  Mount  Moriah, 
but  the  currency  which  the  name  has  with  modern  writers 
is  mainly  due  to  the  erroneous  identification  of  Zion  with 
the  western  hill  beyond  the  Tyropceon.  In  Christian  tradi¬ 
tion  the  place  of  Isaac’s  sacrifice  was  identified  with  Cal¬ 
vary  (see  Theodosius,  De  Situ  Terrse  Sanctse),  and  it  is  now 
shown  in  a  chapel  adjoining  the  church  of  the  Holy 
Sepulchre. 

MORIER,  James  (1780-1849),  traveller  and  author, 
was  born  in  1780.  Through  the  influence  of  his  uncle 
Admiral  William  Waldegrave,  Baron  Radstock,  he 
at  an  early  period  entered  the  diplomatic  service,  and 
as  secretary  to  Lord  Elgin  followed  the  grand  vizier 
in  the  Egyptian  campaign.  .  An  account  of  his  Eastern 
experiences  was  published  in  1812,  under  the  title  A 
Journey  through  Persia ,  Armenia,  and  Asia  Minor  to 
Constantinople  in  1808-9.  From  1810  to  1816  he  was 
the  English  representative  at  the  court  of  Persia, 
and  after  his  return  he  published  A  Second  Journey 
through  Persia  to  Constantinople  between  the  years 
1810  and  1816.  His  knowledge  of  Eastern  life  and 
manners  he  also  turned  to  account  in  the  composition 
of  several  entertaining  romances,  displaying  some  skill 
in  the  delineation  of  Oriental  scenery  and  character, 
and  considerable  powers  of  wit  and  humor.  The  most 
popular  of  these  were:  The  Adventures  of  Hajji 
Baba  of  Ispahan,  1824;  The  Adventures  of  Hajji 
Baba  of  Ispahan  in  England,  1828  ;  Zohrab  the  Hos¬ 
tage,  1832;  and  Ayesha  the  Maid  of  Kars,  1834. 
Morier  died  at  Brighton,  23d  March,  1849. 

MORILLON,  a  name  commonly  given  by  fowlers  to 
the  female  or  immature  male  of  the  Golden-Eye 
(vol.  x.  p.  674),  the  Clangula  glaucion  of  lpodern  orni¬ 
thology,  under  the  belief  which  still  very  generally 
obtains  among  them,  as  it  once  did  among  naturalists, 
that  they  formed  a  distinct  species  of  Duck.  The  mis¬ 
take  no  doubt  originated  in,  and  is  partly  excused  by, 
the  facts  that  the  birds  called  Morillons  were  often  of 
opposite  sexes,  and  differed  greatly  from  the  adult 
male  Golden-Eye,  whose  full  and  beautiful  plumage  is 

1  The  word  Moriah,  however,  can  hardly  come  from  PltO, 
“  see it  is  perhaps  akin  to  Moreh,  “  revealer,”  “  teacher.” 
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not  assumed  until  the  second  year.  The  word  is  used 
in  rrench  in  precisely  the  same  term,  but  is  in  that 
language  applied  to  the  Tufted  Duck,  Fuligula  cris- 
tata,  and  is  derived,  according  to  Littre,  from  more, 
signifying  black.  (A.  N  ) 

MORIN,  Jean,  or,  in  Latin,  Joannes  Morinus 
(1591-1659),  the  most  learned  Catholic  theologian  of 
his  time  and  one  of  the  founders  of  Biblical  criticism, 
was  born  in  1591  at  Blois  of  Protestant  parents,  ac¬ 
quired  Latin  and  Greek  at  Rochelle,  and  continued  his 
studies  at  Leyden.  Immersed  in  Biblical  and  patristic 
lore,  he  began  to  waver  in  his  Protestantism,  and 
moved  to  Paris,  where  he  made  many  friends  in  liter¬ 
ary  circles,  particularly  Cardinal  Du  Perron,  to  whom 
his  conversion  to  Catholicism  is  ascribed.  In  1618  he 
joined  the  recently  formed  Parisian  Oratory,  where 
he  could  give  himself  to  quiet  study,  and  in  due 
■course  took  priest’s  orders.  In  1625  he  visited  Eng¬ 
land  in  the  train  of  Henrietta  Maria,  and  in  1640  he 
was  at  Rome,  on  the  invitation  of  Cardinal  Barberini, 
vrrTTWas  receiyed  with  special  favor  by  Pope  Urban 
VIII.,  who  employed  him  on  the  commission  for  for¬ 
warding  his  project  of  union  with  the  Eastern  Church. 
He  was,  however,  soon  recalled  to  Paris  by  Richelieu, 
and  the  rest  of  his  life  was  spent  among  books  in  inces¬ 
sant  literary  labor,  his  health,  memory,  and  intellectual 
vigor  remaining  unimpaired  even  in  old  age.  His  pen 
sometimes  brought^ him  into  trouble.  The  Histoire  de 
la  delivrance  de  V  Eglise  Chretienne  par  Temp.  Con¬ 
stantin,  et  de,la  grandeur  et  souverainete  temporelle 
donnee  a  T  Eglise  Romaine  par  les  rois  de  France 
(1630)  gave  great  offence  at  Rome,  and  a  Declaration 
(1654),  directed  against  faults  in  the  administration 
•of  the  Oratory  ana  reflecting  on  the  general  (Father 
Bourgoing),  was  strictly  suppressed.  So,  too,  his 

reat  work  on  penance  gave  equal  offence  to  the 

esuits  and  to  Port-Royal,  and  even  after  his  death 
(1659)  the  polemical  vehemence  of  his  Exercitationes 
Biblicce,  and  the  exaggeration  of  his  assertion  “apud 
neotericos  Haereticos  verba  Scripturarum  non  esse  In¬ 
tegra,  non  superficiem,  non  folia,  nedum  sensum, 
medullam  et  radicem  rationis”  long  led  Protestants  to 
treat  his  valuable  contributions  to  the  history  of  the 
Hebrew  text  as  a  mere  utterance  of  Popish  prejudice. 

Morinus  was  a  voluminous  and  prolix  writer  on  ecclesias¬ 
tical  antiquities.  His  principal  works  in  this  field  are 
Commentarius  historicus  de  disciplina  in  administrations  sacra- 
menti  pcenitentiee  XIII primis  seculis  in  Eccl.  Occid.  et  hucusque 
in  Orient,  observata  (1651),  and  Comm,  de  sacris  Ecclesise  ordi- 
mationibus  secundum  antiquos  et  recentiores  Latinos,  Grsecos,  Sy- 
ros  et  Babylonios  (1655).  The  second  of  these  works  ex¬ 
presses  those  irenical  views  on  the  subject  of  ordination 
which  recommended  Morinus  to  Urban  VIII.  The  literary 
correspondence  of  Morinus  appeared  in  1682  under  the  ti¬ 
tle  of  Aniiquitates  Ecclesise  Orientalis  (edited  by  R.  Simon). 

The  chief  fame  of  Morinus,  however,  now  rests  on  his 
Biblical  and  critical  labors.  By  his  editio  princeps  of  the 
Samaritan  Pentateuch  and  Targum,  in  the  Paris  Polyglott, 
he  gave  the  first  impulse  in  Europe  to  the  study  of  this  dia¬ 
lect,  which  he  acquired  without  a  teacher  (framing  a  gram¬ 
mar  for  himself )  by  the  study  of  MSS.  then  newly  brought 
to  Europe.  Not  unnaturally  he  formed  a  very  exaggerated 
view  of  the  value  of  the  Samaritan  tradition  of  the  text, 
exalting  it  above  the  tradition  of  the  Jews  ( Exercitationes  in 
utrumque  Samaritanorum  Pentateuchum,  1631).  A  similar  tone 
■of  exaggerated  depreciation  of  the  Hebrew  text,  colored,  as 
has  been  remarked  above,  by  polemical  bias  against  Protes¬ 
tantism,  mars  his  greatest  work,  the  posthumous  Exercita¬ 
tiones  bibliese  de  Hebrseici  Grsecique  textus  sinceritate  (1660),  in 
which,  following  in  the  footsteps  of  Cappellus,  but  with  in¬ 
comparably  greater  learning,  he  brings  irrefragable  argu¬ 
ments  against  the  then  current  theory  of  the  absolute  integ¬ 
rity  of  the  Hebrew  text  of  the  Old)  Testament,  and  the 
antiquity  of  the  vowel  points.  The  second  part  of  this 
work  is  still  valued  as  a  copious  storehouse  of  materials  for 
the  history  of  the  Hebrew  text  collected  by  the  most  self- 
denying  labor— meis  ingratiis,  as  he  said  himself. 

MORLAIX,  the  chief  town  of  an  arrondissement 
in  the  department  of  Finist^re,  France,  lies  350  miles 
west  of  Paris  on  the  railway  from  Paris  to  Brest,  and 
at  the  confluence  of  two  small  streams,  7  miles  distant 
from  the  sea.  Its  port  has  13  feet  of  water  at  ordi¬ 


nary  and  23  feet  at  spring  tides.  The  entrance  of  the 
roadstead  is  defended  by  the  Chateau  du  Taureau, 
which  stands  on  a  rock  in  the  sea,  and  was  built  in 
1542  to  protect  the  town  from  the  English.  Morlaix 
still  contains  a  considerable  number  of  curious  wooden 
houses  of  the  15  th,  16th,  and  17th  centuries;  but  the 
most  striking  piece  of  architecture  in  the  town  is  the 
gigantic  two-storied  viaduct  of  the  railway  from  Paris 
to  Brest,  934  feet  long  and  207  feet  above  the  quays. 
Ihe  old  church  of  the  Dominicans  is  now  occupied  by 
the  town  library.  The  hospital  has  beds  for  500  pa¬ 
tients,  and  can  accommodate  300  female  lunatics  be¬ 
sides.  A  tobacco -factory,  employing  400  men  and  700 
women,  is  the  principal  industrial  establishment;  and 
there  are  also  extensive  paper-mills,  a  considerable  flax- 
mill,  canvas-factories,  foundries,  and  saw-mills.  A 
considerable  trade  is  carried  on  in  grain,  yarn,  canvas, 
leather,  tallow,  wax,  and  horses ;  and  a  large  quan¬ 
tity  of  butter,  cattle,  and  vegetables  is  exported  from 
Roscoff,  a  vjllage  in  the  neighborhood,  which  is  also 
known  for  its  sea-bathing  and  its  zoological  station. 
The  population  of  Morlaix  was  13,950  in  1901. 

Judging  by  the  numerous  coins  found  on  the  spot,  the 
site  of  Morlaix  was  probably  occupied  in  the  time  of  the 
Romans.  The  counts  of  Leon  held  the  lordship  in  the  12th 
century,  but  the  dukes  of  Brittany  disputed  possession  with 
them,  and  in  1187  Henry  II.  of  England,  guardian  of  Ar¬ 
thur  of  Brittany,  made  himself  master  of  the  town  after  a 
siege  of  several  weeks.  During  the  War  of  the  Hundred 
Years  Morlaix  was  again  captured  and  recaptured  by  the 
French  and  the  English,  and  pillaged  by  the  latter  in  1522. 
Queen  Mary  of  Scotland,  on  her  way  to  be  married  to  the 
Dauphin,  made  solemn  entry  into  Morlaix  in  1548.  And 
finally  the  town  having  joined  the  League,  the  castle  was 
taken  by  storm  in  the  name  of  Henry  IY.  in  1594. 

MORLAND,  George  (1763-1804),  animal  and  sub¬ 
ject  painter,  was  born  in  London  on  the  26th  of  June, 
1763.  He  came  of  a  race  of  artists.  His  father,  a 

{lainter,  mezzotint-engraver,  and  picture-dealer,  gave 
lim  a  careful  art-training,  and  at  an  exceptionally 
early  age  he  produced  works  of  wonderful  promise. 
At  sixteen  he  exhibited  sketches  at  the  Royal  Aca¬ 
demy,  and  even  before  this  his  productions  found 
ready  purchasers,  and  some  of  them  had  been  engraved. 
But  already  the  taste  for  dissipation,  which  was 
stronger  in  Morland  than  even  nis  love  for  art,  had 
begun  to  manifest  itself,  and  at  seventeen  he  escaped 
from  the  over-strict  discipline  of  his  father’s  house, 
and  began  a  career  of  reckless  prodigality  which  has 
hardly  a  parallel  in  art-biography,  gathering  round 
him  an  entourage  of  the  most  abandoned  associates, 
and  supporting  himself  by  the  sale  of  the  pictures— 
rustic  subjects  and  scenes  from  low  life — which  he 
threw  off  with  unexampled  rapidity.  About  1786 
there  appeared  to  be  some  prospect  of  amendment. 
He  went  to  reside  at  Kensal  Green,  came  under  the 
influence  of  better  companions,  and  married  a  beauti¬ 
ful  and  virtuous  girl,  a  sister  of  James  Ward  the  ani¬ 
mal-painter  and  William  Ward  the  engraver.  The 
subjects  which  Morland  painted  during  this  period  re¬ 
flect  the  change  in  his  way  of  life.  The  Idle  and  In¬ 
dustrious  Mechanic,  and  Letitia  or  Seduction,  moral¬ 
ities  in  the  style  of  Hogarth,  were  engraved  and  be¬ 
came  exceedingly  popular.  But  soon  the  force  of  old 
habit  asserted  itself,  the  desire  for  freedom  and  law¬ 
lessness  returned  to  the  artist  with  redoubled  violence, 
and  he  again  drifted  into  a  career  of  riot  and  intem¬ 
perance.  The  means  of  dissipation  were  not  wanting; 
the  dealers  were  eager  for  his  productions ;  indeed  so 
greatly  were  they  esteemed  that  skilled  copyists  were 
employed  to  make  many  transcripts  from  the  pictures 
on  which  he  was  at  work,  which  were  sold  as  originals 
to  an  unsuspecting  public.  The  finest  of  Morland’ s 
subjects  date  from  1790  to  1792.  In  1791  waspainted 
the  Inside  of  a  Stable,  now  in  the  National  Gallery, 
probably  the  artist’s  masterpiece.  In  spite  of  his  pop¬ 
ularity  and  his  industry  his  affairs  became  inextricably 
embarrassed.  For  a  time  he  eluded  the  bailiffs  with 
singular  dexterity,  but  in  November,  1799.  lie  was  ar- 
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rested.  Obtaining  the  Rules  of  the  Bench,  he  took  a 
house  within  bounds,  and  continued  to  practise  both 
his  art  and  his  debauchery.  He  was  released  under 
the  Insolvent  Act  of  1 802,  but  his  health  was  ruined 
and  he  was  speedily  stricken  with  palsy.  Partially  re¬ 
covering,  he  continued  to  paint,  but  before  long  he 
was  again  arrested  for  debt,  and  died  in  a  sponging 
house  in  Eyre  Street,  Coldbath  Fields,  on  the  29th  of 
October,  1804.  His  wife  survived  him  only  some  three 
days,  and  they  were  buried  in  one  grave. 

The  most  characteristic  works  of  Morland  are  those 
which  deal  with  rustic  and  homely  life.  They  show  much 
direct  and  instinctive  feeling  for  nature,  and  admirable  ex¬ 
ecutive  skill,  but  they  have  no  elevation  of  subject,  no  great 
beauty  of  color  or  truth  of  atmosphere.  They  suffer  from 
the  haste  in  which  the  artist  habitually  worked.  Many  of 
them  have  been  admirably  mezzotinted  by  J.  R.  Smith  and 
his  pupils,  William  Ward  and  John  Young.  Particulars  of 
Morland’s  life  will  be  found  in  the  biographies  by  J.  Hassell 
(1804),  G.  Dawe  (1807),  and  Blagton  (1806),  and  in  Memoirs 
of  a  Picture,  by  W.  Collins,  1805. 

MORMONS,  or  The  Church  of  Jesus  Christ  of 
Latter-Day  Saints,  are  a  religious  sect  founded  by 
Joseph  Smith  at  Manchester,  New  York,  in  1830, 
and  for  the  last  thirty-six  years  settled  in  Salt  Lake 
City,  Territory  of  Utah,  United  States.  Smith  was 
born  23d  December,  1805,  at  Sharon,  Windsor  county, 
Vermont,  from  which  place  ten  years  later  his  parents, 
a  poor,  ignorant,  thriftless,  and  not  too  honest  cou¬ 
ple,  removed  to  New  York,  where  they  settled  on  a 
small  farm  near  Palmyra,  Wayne  county  (then  Ontario). 
Four  years  later,  in  1809,  they  removed  to  Manchester, 
some  6  miles  off ;  and  it  was  at  the  latter  place  when 
fifteen  years  old  that  Joseph  began  to  have  This  alleged 
visions,  in  one  of  which  on  the  night  of  21st  Septem¬ 
ber,  1823,  the  angel  Moroni  appeared  to  him  three 
times,  and  told  him  that  the  Bible  of  the  Western 
Continent,  the  supplement  to  the  New  Testament,  was 
buried  in  a  certain  spot  near  Manchester.  Thither, 
four  years  later  and  after  due  disciplinary  probation, 
Smith  went,  and  had  delivered  into  his  charge  by  an 
angel  of  the  Lord  a  stone  box,  in  which  was  a  volume, 
6  inches  thick,  made  of  thin  gold  plates  8  inches  by  7, 
and  fastened  together  by  three  gold  rings.  The  plates 
were  covered  with  small  writing  in  the  “reformed 
Egyptian  ”  tongue,  and  were  accompanied  by  a  pair 
of  supernatural  spectacles,  consisting  of  two  crystals  set 
in  a  silver  bow,  and  called  “  Urim  and  Thummim ;  ” 
by  aid  of  these  the  mystic  characters  could  be  read. 
Being  himself  unable  to  read  or  write  fluently,  Smith 
employed  as  amanuensis  one  Oliver  Cowdery,  to  whom, 
from  behind  a  curtain,  he  dictated  a  translation,  which, 
with  the  aid  of  a  farmer,  Martin  Harris,  who  had  more 
money  than  wit,  was  printed  and  published  in  1830 
under  the  title  of  The  Book  of  Mormon ,  and  accom- 

B anied  by  the  sworn  statement  of  Oliver  Cowdery, 
•avid  Whitmer,  and  Martin  Hams  that  an  angel  of 
God  had  shown  them  the  plates  of  which  the  book  was 
a  translation.  This  testimony  all  three,  on  renouncing 
Mormonism  some  years  later,  denounced  as  false  ;  but 
meanwhile  it  helped  Smith  to  impose  on  the  credulous, 
particularly  in  the  absence  of  the  gold  plates  them¬ 
selves,  which  suddenly  and  mysteriously  disappeared. 
The  Book  of  Mormon ,  in  which  Joseph  Smith  was 
declared  to  be  God’s  “  prophet,  ”  with  all  power  and 
entitled  to  all  obedience,  professes  to  give  the  history 
of  America  from  its  first  settlement  by  a  colony  of 
refugees  from  among  the  crowd  dispersed  by  the  con¬ 
fusion  of  tongues  at  the  Tower  of  Babel  down  to  the 
year  5  a.d.  These  settlers  having  in  course  of  time 
destroyed  one  another,  nothing  of  importance  occurred 
until  600  B.C.,  when  Lehi,  his  wife,  and  four  sons, 
with  ten  friends,  all  from  Jerusalem,  landed  on  the 
coast  of  Chili. .  All  went  well  until  the  death  of  Lehi 
when  the  divine  appointment  to  the  leadership  of 
Nephi,  the  youngest  son,  roused  the  resentment  of  his 
elder  brothers,  who  were  in  consequence  condemned  to 
have  dark  skins  and  to  be  an  idle  mischievous  race, — 


hence  the  North  American  Indians.  Between  the 
Nephites  and  the  bad  Hebrews  a  fierce  war  was  main* 
tained  lor  centuries,  until  finally,  in  spite  of  divine  in¬ 
tervention  in  the  person  oft  the  crucified  Christ,  the 
Nephites  fell  away  from  the  true  faith,  and  in  384  a.d. 
were  nearly  annihilated  by  their  dark-skinned  foes 
in  a  battle  at  the  hill  of  Cumorah,  in  Ontario  county, 
New  York.  Among  the  handful  that  escaped  were 
Mormon  and  his  son  Moroni,  the  former  of  whom  col¬ 
lected  the  sixteen  books  of  records,  kept  by  successive 
kings  and  priests,  into  one  volume,  which  on  his  death 
was  supplemented  by  his  son  with  some  personal  rem¬ 
iniscences  and  by  him  buried  in  the  hill  of  Cumorah, 
— he  being  divinely  assured  that  the  book  would  one 
day  be  discovered  by  God’s  chosen  prophet.  This  is 
Smith’s  account  of  the  book  ;  but  in  reality  it  was 
written  in  1812  as  an  historical  romance  by  one  Solo¬ 
mon  Spalding,  a  crack-brained  preacher  ;  and  the  MS. 
falling  into  the  hands  of  an  unscrupulous  compositor, 
Sidney  Rigdon,  was  copied  by  him  and  subsequently 
given  to  Joseph  Smith.  Armed  with  this  book  and 
with  self-assumed  divine  authority,  the  latter  soon 
began  to  attract  followers.  On  6th  April,  1830,  the 
first  conference  of  the  new  sect,  called  by  their  neigh¬ 
bors  Mormons,  but  by  themselves  subsequently  Latter- 
Day  Saints  of  Jesus  Christ,  was  held  at  Fayette, 
Seneca  county,  New  York,  and  in  the  same  year  another 
revelation  was  received  by  Smith,  proclaiming  him 
“seer,  translator,  prophet,  apostle  of  Jesus  Christ,  and 
elder  of  the  church.”  Smith  now  began  to  baptize; 
but,  his  character,  which  was  none  of  the  best,  being 
too  well  known  in  Fayette,  he  found  it  convenient  to 
remove  yith  his  followers,  now  thirty  in  number,  to 
Kirtland,  Ohio,  which  was  to  be  the  seat  of  the  New 
Jerusalem.  Here  he  had  another  revelation,  directing 
the  saints  to  consecrate  all  their  property  to  God  ana 
to  start  a  bank.  This  being  done  and  Smith  appointed 
president  of  the  bank,  the  country  was  soon  flooded 
with  worthless  notes,  which  fact,  added  to  other  griev¬ 
ances,  so  enraged  the  neighboring  Christian  settlers 
that  on  the  night  of  22d  May,  1832,  a  number  of  them 
dragged  Smith  and  Rigdon  from  their  beds  and  tarred 
and  feathered  them.  One  year  later,  the  church  was 
fairly  organized,  with  three  presidents,  Smith,  Rigdon, 
and  Frederick  G.  Williams,  who  were  styled  the  first 
presidency,  and  intrusted  with  the  keys  of  the  last 
kingdom.  About  this  time  the  licentiousness  of  Smith 
might  have  led  to  the  dissolution  of  the  church  but  for 
the  accession  of  Brigham  Young,  a  Vermont  painter 
and  glazier,  thirty  years  old,  who  turned  up  in  Kirt¬ 
land  in  1832,  and  was  immediately  ordained  elder. 
Young’s  indomitable  will,  persuasive  eloquence,  execu¬ 
tive  ability,  shrewdness,  and  zeal  soon  made  their  in¬ 
fluence  felt,  and,  when  a  further  step  was  taken  in  183& 
towards  the  organization  of  a  hierarchy  by  the  institu¬ 
tion  of  the  quorum  of  the  “  twelve  apostles,  ”  who  were 
sent  out  as  proselytizing  missionaries  among  the  “gen¬ 
tiles,”  Young  was  ordained  one  of  the  “  twelve  ”  and 
dispatched  to  preach  throughout  the  eastern  States. 
In  1836  a  large  temple  was  consecrated  in  Kirtland, 
and  in  the  following  year  Orson  Hyde  and  Heber  C. 
Kimball  were  sent  off  as  missionaries  to  England, 
where,  among  the  laboring  masses  in  Manchester, 
Liverpool,  Birmingham,  Leeds,  Glasgow,  and  the  min¬ 
ing  districts  of  South  Wales  they  achieved  a  remarkable 
success.  Early  in  1838  the  Kirtland  bank  failed,  and 
Smith  and  Rigdon  fled  to  Caldwell  county,  Missouri, 
where  a  large  body  of  the  saints,  after  having  been 
driven  successively  from  Jackson  and  Clay  counties, 
had  taken  refuge  and  flourished.  Smith’s  troubles, 
however,  continued  to  increase.  His  gross  profligacy 
had  repelled  many  of  his  leading  supporters  and  bred 
internal  dissensions,  while  from  the  outside  the  brethren 
were  harassed  and  threatened  by  the  steadily  growing 
hostility  of  the  native  Missourians.  To  counteract  the 
efforts  of  his  enemies,  a  secret  society  was  organized 
in  Smith’s  favor  in  October,  1838,  called  the  Danites, 
with  the  avowed  purpose  of  supporting  Smith  at  all 
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hazards,  of  upholding  the  authority  of  his  revelation 
and  decrees  as  superior  to  the  laws  of  the  land,  and  of 
helnrng  him  to  get  possession,  first  of  the  State,  then 
of  the  United  States,  and  ultimately  of  the  world.  To 
euch  a  height  did  the  inner  dissensions  and  the  con¬ 
flicts  with  the  “gentiles  ”  grow  that  they  assumed  the 
proportions  of  a  civil  war,  and  necessitated  the  calling 
out  of  the  State  militia.  Defying  the  legal  officers, 
Smith  fortified  the  town  and  armed  the  saints,  but 
finally  had  to  succumb  to  superior  numbers.  Smith 
and  Rigdon  were  arrested  and  imprisoned  on  a  charge 
of  treason,  murder,  and  felony,  and  their  followers  to 
the  number  of  15,000  crossed  over  into  Illinois  and  set¬ 
tled  near  Commerce,  Hancock  county.  Here  they 
were  shortly  afterwards  rejoined  by  Smith,  who  suc¬ 
ceeded  in  escaping  from  prison,  and,  having  obtained 
a  charter,  they  founded  the  city  of  Nauvoo.  Such 
were  the  powers  granted  them  by  this  charter  as  to  ren¬ 
der  the  city  practically  independent  of  the  State  Gov¬ 
ernment,  and  to  give  Smith  all  but  unlimited  civil 

flower.  He  organized  a  military  body  called  the  Nauvoo 
egion,  of  which  he  constituted  himself  commander 
with  the  title  of  lieutenant-general,  while  he  was  also 
president  of  the  church  and  mayor  of  the  city.  On 
6th  April,  1841,  the  foundations  of  the  new  temple 
were  laid,  and  the  city  continued  to  grow  rapidly 
in  prosperity  and  size.  But  Smith’s  vices  were 
beginning  to  bear  fruit.  Some  years  previously 
he  had  prevailed  on  several  women  to  cohabit 
with  him,  and  in  order  to  pacify  his  lawful  wife  and 
silence  the  objections  of  the  saints  he  had  a  revelation 
on  12th  July,  1843,  expressly  establishing  and  approv¬ 
ing  polygamy.  The  proclamation  of  the  new  doctrine 
excited  widespread  indignation,  which  found  special 
expression  in  the  pages  of  the  Expositor ,  a  newspaper 
published  by  an  old  friend  of  Smith,  one  Dr.  Foster. 
Smith  at  once  caused  the  Expositor  printing-office  to 
be  razed  and  Foster  expelled,  on  which  the  latter  pro¬ 
cured  a  warrant  for  the  arrest  of  Smith,  his  brother 
Hyrum,  and  sixteen  others.  Smith  resisted;  the 
militia  was  called  out ;  the  Mormons  armed  themselves ; 
and  a  civil  war  seemed  imminent,  when  the  governor 
of  the  State  persuaded  Smith  to  surrender  and  stand 
his  trial.  Accordingly,  on  27th  June,  1844,  he  and 
Hyrum  were  imprisoned  in  Carthage  jail;  but  that 
same  night  a  mob  broke  into  the  prison  and  shot  the 
two  men  dead.  This  shooting  was  the  most  fortunate 
thing  that  had  ever  happened  to  the  Mormon  cause, 
investing  the  murdered  president  with  the  halo  of 
martyrdom,  and  effacing  public  recollection  of  his  vices 
imthe  lustre  of  a  glorious  death.  Of  the  confusion 
that  followed  Smith’s  “taking  off”  Brigham  Young 

{irofited  by  procuring  his  own  election  to  the  presidency 
)y  the  council  of  the  “twelve  apostles,” — a  position 
for  which  his  splendid  executive  abilities  well  fitted 
him,  as  subsequent  events  abundantly  proved.  The 
following  year  witnessed  what  appeared  to  be  the  cul¬ 
mination  of  their  misfortunes.  The  legislature  of 
Illinois  repealed  the  charter  of  Nauvoo,  and  so  critical 
did  the  situation  become  that  the  leaders  resolved  to 
emigrate  immediately,  and  preparations  were  begun 
for  a  general  exodus  westward.  Early  in  1846  a  large 
number  of  the  body  met  at  Council  Bluffs,  Iowa,  and 
those  who  had  stayed  behind  soon  found  cause  to  regret 
that  they  too  had  not  left  Nauvoo,  as  in  the  September 
of  the  same  year  that  city  was  cannonaded,  and  the 
Mormons  were  driven  out.  Meanwhile  pioneers  had 
been  dispatched  to  the  Great  Salt  Lake  Valley,  Utah, 
and,  their  report  proving  favorable,  a  large  body  of 
emigrants  was  marched  with  military  discipline  across 
the  wilderness  to  the  valley,  where  they  immediately 
proceeded  to  found  Salt  Lake  City,  and  where,  on 
24th  July,  1847,  they  were  joined  by  their  chief, 
Brigham  Young.  In  the  May  following  the  main 
body  of  the  saints  set  out  to  rejoin  their  brethren, 
and  in  the  autumn  of  that  year  reached  Salt  Lake 
City.  Large  tracts  of  land  were  at  once  put  under 
cultivation,  a  great  city  sprang  up  as  by  magic,  and  the 
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untiring  industry,  energy,  and  zeal  of  the  emigrants 
turned  a  barren  wilderness  into  a  fertile  and  blooming 
garden.  An  emigration  fund  was  organized,  mission¬ 
aries  were  sent  out,  and  soon  settlers  Degan  to  pour  in 
from  all  quarters  of  the  globe,  particularly  from  Great 
Britain,  Sweden  and  Norway,  and  in  less  numbers 
from  Germany,  Switzerland,  and  France.  Strangely 
enough,  and  the  fact  deserves  emphasis,  Ireland  has 
furnished  few  if  any  recruits  to  the  cause  of  Mormon- 
ism.  In  March,  1849,  a  convention  was  held  at  Salt 
Lake  City,  and  a  State  was  organized  under  the  name 
of  Deseret,  meaning  “the  land  of  the  honey-bee.” 
A  legislature  was  also  elected,  and  a  constitution 
framed,  which  was  sent  on  to  Washington.  This 
Congress  refused  to  recognize,  and  by  way  of  compro¬ 
mise  for  declining  to  admit  the  proposed  new  State 
into  the  Union  President  Fillmore  in  1850  organized 
the  country  occupied  by  the  Mormons  into  the  Territory 
of  Utah,  with  Brigham  Young  as  governor,  District 
judges  were  also  appointed  by  the  Federal  Government ; 
but  in  1851,  a  few  months  after  their  appointment, 
they  were  forced  to  leave  by  the  aggressive  tactics  of 
Young.  Such  bold  defiance  of  the  Federal  Govern¬ 
ment  could  not  be  ignored  ;  Brigham  was  suspended 
from  the  governorship,  and  Colonel  Steptoe  of  the 
United  States  army  appointed  in  his  stead.  The  new 
governor,  backed  by  a  battalion  of  soldiers,  arrived  in 
Utah  in  August,  1854;  but  so  strong  was  the  opposi¬ 
tion  which  he  met  with  that  he  dared  not  assume  of¬ 
fice,  and  was  forced  to  content  himself  with  merely 
wintering  in  Salt  Lake  City,  after  which  he  withdrew 
his  troops  to  California.  Nor  did  the  other  civil  offi¬ 
cers  appointed  by  the  United  States  Government  at 
the  same  time  show  any  bolder  front.  In  February, 
1856,  a  band  of  armed  Mormons  broke  into  the  court¬ 
room  of  the  United  States  district  judge,  and  forced 
Judge  Drummond  to  adjourn  his  court  sine  die.  His 
surrender  precipitated  the  flight  of  the  other  civil 
officers,  and  with  the  sole  exception  of  the  United  States 
Indian  agent  they  withdrew  from  Salt  Lake  City.  These 
facts  led  President  Buchanan  to  appoints  new  gov¬ 
ernor  in  the  person  of  Alfred  Cummings,  the  superin¬ 
tendent  of  Indian  affairs  on  the  upper  Missouri,  who 
in  1857  went  to  Utah,  accompanied  by  Judge  Eckels 
of  Indiana  as  chief  justice,  and  by  a  force  of  2500 
soldiers.  Enraged  by  this  aggressive  action,  Brigham 
Young  boldly  called  the  saints  to  arms.  In  Septem¬ 
ber  the  United  States  army  reached  Utah,  but  on  5th 
and  6th  October  a  band  of  mounted  Mormons  de¬ 
stroyed  a  number  of  its  supply  trains,  and  a  few  days 
later  cut  off  800  oxen  from  its  rear  and  drove  them 
into  Salt  Lake  City.  The  result  was  that  the  United 
States  army,  now  commanded  by  Colonel  A.  S.  John¬ 
ston,  was  compelled — it  being  now  mid-November — to 
go  into  winter  quarters  at  Black’s  Forks,  near  Fort 
Bridger.  _  In  the  same  year  a  party  of  Mormons  and 
Indians,  instigated  and  led  by  a  Mormon  bishop  named 
John  D.  Lee,  attacked  a  train  of  150  non-Mormon 
emigrants  at  Mountain  Meadows  in  Utah,  and  mas¬ 
sacred  every  soul.  Governor  Cummings  at  once  de¬ 
clared  the  Territory  in  a  state  of  rebellion  ;  but  in  the 
spring  of  1858,  through  the  intervention  of  Thomas 
L.  Kane  of  Pennsylvania,  armed  with  letters  of  au¬ 
thority  from  President  Buchanan,  the  Mormons  were 
induced  to  submit  to  the  Federal  authority,  and  ac¬ 
cepted  a  free  offer  of  pardon  made  to  them  by  the 
United  States  Government  as  the  condition  of  their 
submission.  Matters  being  thus  settled,  the  Federal 
troops  encamped  on  the  western  shore  of  Lake  Utah, 
some  40  miles  from  Salt  Lake  City,  where  they  re¬ 
mained  until  withdrawn  from  the  Territory  in  1860. 
On  the  close  of  the  American  Civil  War1  a  Federal 
governor  was  again  appointed,  and  in  1871  polygamy 
was  declared  to  be  a  criminal  offence,  and  Brigham 
Young  was  arrested.  This  action,  however,  on  the 
part  of  the  United  States  Government  was  merely 
spasmodic,  and  the  Mormons  continued  to  practise 
polygamy,  and  to  increase  in  wealth  and  numbers  until 
jovernors  of  Utah  during  the  Civil  War. 
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29th  August,  1877,  when  Brigham  Young  died,  leav¬ 
ing  a  fortune  of  $2,000,000  (£400,000)  to  17  wives  and 
56  children.  He  was  succeeded  in  office  by  John  Tay¬ 
lor,  an  Englishman,  although  the  actual  leadership 
fell  to  George  Q.  Cannon,  ‘‘first  counsellor”  to  the 
president,  and  one  of  the  ablest  men  in  the  sect.  The 


pear  1877  was  otherwise  signalized  in  Mormon  history 
by  the  trial,  conviction,  and  execution  of  John  D.  Lee 


for  the  Mountain  Meadows  massacre  of  1857.  Of  late 
years  the  question  of  Mormonism  has  largely  occupied 
public  attention.  In  1873  Mr.  Frelinghuysen  intro¬ 
duced  a  bill  severely  censuring  polygamy,  and  declar¬ 
ing  that  the  wives  of  polygamists  could  claim  relief 
by  action  for  divorce.  In  1874  the  committee  of  the 
House  of  Representatives  reported  a  bill  which  reduced 
Utah  to  the  position  of  a  province,  placing  the  con¬ 
trol  of  affairs  in  the  hands  of  Federal  officials,  and  prac¬ 
tically  abolishing  polygamy.  In  the  same  year  George 
Q.  Cannon  was  elected  a  delegate  from  Utah,  and 
though  his  election  was  contested  it  was  confirmed  by 
the  House  of  Representatives.  This  decision,  however, 
was  accompanied  by  the  passing  of  a  resolution  by  a  vote 
of  127  to  51,  appointing  a  committee  of  investigation 
into  Delegate  Cannon’s  alleged  polygamy, — he  having, 
it  was  asserted,  four  wives.  Later  in  the  same  year  the 
Utah  Judiciary  Bill,  attacking  the  very  foundation  of 
Mormonism,  passed  the  House  in  spite  of  the  eloquent 
opposition  of  Cannon.  Other  steps  in  the  same  direc¬ 
tion  have  since  been  taken,  and  bills  passed,  having 
for  their  object  the  extirpation  of  polygamy,  but  all 
without  immediate  and  practical  effect.  It  is,  how¬ 
ever,  a  question  of  time  merely  ;  polygamy  is  doomed. 
The  secession,  chiefly  because  of  his  opposition  to  the 
practice,  of  Brigham  Young’s  son,  a  Christian 
preacher,  and  of  a  large  body  of  other  anti-polygamists 
who  claim  to  be  the  true  Latter-Day  Saints,  represents 
not  an  individual  opinion  but  the  deep-rooted  convic¬ 
tion  of  a  great  party,  and  the  day  is  not  far  distant 
when  the  Mormons  who  acknowledge  John  Taylor  as 
chief  prophet  must  consent  to  lop  off  polygamy  or  cease 
to  exist  as  a  corporate  body  of  the  United  States. 
Already  there  are  not  wanting  signs  of -approaching 
dissolution,  of  which  perhaps  the  most  significant  is 
the  conference  of  the  “Reorganized  Church  of 
Jesus  Christ  of  Latter-Day  Saints,”  held  on  6th  April, 
1883,  at  Kirtland,  Lake  county,  Ohio.  This  sect  origi¬ 
nated  in  1851,  seven  years  after  the  death  of  Joseph 
Smith,  when  several  officers  of  the  church  met  and 
claimed  to  have  received  a  revelation  from  God,  direct¬ 
ing  them  to  repudiate  Brigham  Young,  as  not  being 
the  divinely-appointed  and  legitimate  successor  of 
Joseph  Smith,  and  as  being  the  promulgator  of  such 
false  doctrines  as  polygamy,  Adam-God  worship,  and 
the  right  to  shed  the  blood  of  apostates.  Nothing 
of  special  importance  occurred,  however,  until  I860, 
when  Joseph  Smith,  jun.,  the  eldest  son  of  the  founder 
of  the  faith,  became  identified  with  the  Reorganized 
Church  as  its  president.  Since  then  theseceders  have 
prosecuted  missionary  work  throughout  the  United 
States,  Great  Britain,  Canada,  Scandinavia,  Switzer¬ 
land,  Australia, and  the  Society  Islands,  until  their  com¬ 
municants  are  said -to  number  over  27,000.  Their  head¬ 
quarters  are  at  Plano,  Illinois,  to  which  place  they  re¬ 
moved  from  Lamoni,  Iowa,  in  1881.  The  Reorganized 
Church  holds  that  the  legitimate  successor  to  Joseph 
Smith  was  his  eldest  son,  that  the  allegation  that 
Smith  introduced  polygamy  on  the  strength  of  divine 
revelation  was  an  invention  of  Brigham  Young,  that 
the  Utah  Church  has  departed  grievously  from  the 
faith  and  practices  laid  down  in  the  Book  of  Mormon 
and  subsequent  revelations  to  Joseph  Smith,  and  that 
the  Reorganized  Church  is  the  only  true  and  lawful 
continuation  of,  and  successor  to,  the  original  church, 
and  as  such  is  legally  entitled  to  all  that  church’s  prop¬ 
erty  and  rights.  And  it  was  to  celebrate  the  decision 
of  the  United  States  Court  of  Ohio  confirming  this 
last  claim,  and  vesting  in  them  the  right  to  the  tem¬ 
ple  consecrated  in  Kirtland,  Ohio,  in  1836,  and  for 


nearly  forty  years  disused  owing  to  litigation,  that  the 
Reorganized  Church  met  in  that  temple  on  the  6th  of 
April,  1883. 

Beturning  to  the  main  body,  it  may  be  added  that 
the  population  of  Utah  is  147,000,  of  whom  123,000 
are  Mormons  ;  but  as  the  saints  are  scattered  over  the 
globe  it  is  difficult  to  arrive  at  a  just  estimate  of  their 
complete  numerical  strength.  In  Idaho,  Arizona, 
Washington,  Colorado,  Montana,  and  Wyoming  they 
have  of  late  years  made  great  progress,  and  their  num¬ 
ber  in  the  United  States  outside  of  Utah  cannot  fall 
much  under  27,000.  In  Europe  they  have  also  many 
adherents,  and  a  careful  study,  based  on  recent  official 
statistics,  would  place  their  entire  number  at  213,000. 

Government. — At  the  head  of  the  body  is  a  president,  who 
possesses  supreme  authority,  supported  by  two  counsellors. 
These  three  are  supposed  to  be  the  successors  of  Peter, 
James,  and  John,  and  constitute  what  is  known  as  the  “first 
presidency.”  Then  comes  the  “  patriarch,”  whose  chief 
duty  is  to  bless  and  lay  on  hands,  and  after  him  the  “  twelve 
apostles,”  forming  a  travelling  high  council,  and  receiving 
a  salary  of  $1500  a  year  each.  Of  these  the  president  is  ex 
officio  one,  and  endowed  with  authority  equal  to  the  other 
eleven.  Their  duties  are  important.  They  ordain  all  other 
officers,  elders,  priests,  teachers,  and  deacons,  lead  all  re¬ 
ligious  meetings,  and  administer  the  rites  of  baptism  and 
sacrament.  Fourth  come  the  seven  presidents  of  the  “  sev¬ 
enties,”  each  body  comprising  seventy  elders ;  there  are 
eighty  seventies  in  Utah,  each  of  which  has  seven  presi¬ 
dents,  and]  every  seven  one  president.  These  seventies 
make  annual  reports,  and  are  the  missionaries  and  propa¬ 
gandists  of  the  body.  Fifth  come  the“  high  priests,”  whose 
chief  duty  is  to  officiate  in  all  the  offices  of  the  church  in 
the  absence  of  any  higher  authorities.  After  them  comes 
the  presiding  bishop,  who  superintends  the  collection  of 
tithes,  which  amount  to  $1,100,000  annually.  The  church 
is  made  up  of  23  stakes,  each  having  a  president,  and  is  di¬ 
vided  into  wards,  which  are  subdivided  into  districts,  each 
of  which  has  a  certain  number  of  teachers,  a  meeting-house, 
Sunday  school,  day  school,  and  dramatic,  debating,  and 
literary  societies. 

Doctrine. — The  Mormons  no  longer  claim  to  be  a  Christian 
sect,  any  more  than  do  the  Mohammedans.  A  system  of 
polytheism  has  been  grafted  on  the  original  creed,  accord¬ 
ing  to  which  there  are  grades  among  the  gods,  the  place  of 
Supreme  Ruler  of  all  being  token  by  the  primeval  Adam  of 
Genesis,  who  is  the  deity  highest  in  spiritual  rank,  while 
Christ,  Mohammed,  Joseph  Smith,  and  Brigham  Young  also 
partake  of  divinity.  The  business  of  these  deities  is  the 
propagation  of  souls  to  people  bodies  begotten  on  earth,  and 
the  sexual  relation  permeates  every  portion  of  the  creed  as 
thoroughly  as  it  did  that  of  ancient  India  or  Egypt.  The 
saints  on  leaving  this  world  are  deified,  and  their  glory  is 
in  proportion  to  the  number  of  their  wives  and  children, — 
hence,  the  necessity  and  justification  of  polygamy,  and  the 
practice  of  having  many  wives  sealed  to  one  saint.  Their 
distinguishing  points  of  faith  are :  religiously,  a  belief  in 
a  continual  divine  revelation  through  the  inspired  medium 
of  the  prophet  at  the  head  of  the  church  ;  morally,  polyg¬ 
amy,  though  this  is  expressly  condemned  in  the  Booh  of 
Mormon,  and  was  grafted  on  the  original  faith  by  Smith  ; 
and,  socially,  a  complete  hierarchical  organization.  They 
believe  in  the  Bible  as  supplemented  by  the  Booh  of  Mormon 
and  the  Booh  of  Doctrine ;  in  the  gift  of  prophecy,  miracles, 
and  casting  out  devils  ;  in  the  imminent  approach  of  the  end 
of  the  world ;  in  their  own  identity  with  the  apocalyptic 
saints  who  shall  reign  with  Christ  in  a  temporal  kingdom, 
either  in  Missouri  or  Utah;  in  the  literal  resurrection  of  the 
body  ;  in  absolute  liberty  of  private  judgment  in  religious 
matters  ;  and  in  the  salvation  of  a  man  only  if  he  believes 
in  Christ’s  atonement,  repents,  is  baptized  by  immersion  by 
a  Christ-appointed  apostle,  and  receives  the  laying  on  of 
hands  for  the  gift  of  the  Holy  Ghost  by  duly  authorized 
apostles.  Among  their  minor  rules  as  laid  down  in  A  Word 
of  Wisdom,  supposed  to  have  been  revealed  to  Joseph  Smith, 
27th  February,  1833,  are  these  recommendations:  that  it  is 
not  good  to  drink  wine  or  strong  drink,  except  at  the 
Lord’s  Supper  (and  even  then  it  should  be  home-made  grape- 
wine);  or  to  use  hot  drinks  or  tobacco, — the  former  being 
meant  for  the  washing  of  the  body,  and  the  latter  for  the 
healing  of  bruises  and  sick  cattle ;  man’s  proper  food  is 
herbs  and  fruit,  that  for  beasts  and  fowls,  grain  ;  and,  except 
in  winter  and  in  case  of  famine  and  severe  cold,  flesh  should 
not  be  eaten  by  man.  Infant  baptism  is  also  condemned, 
but  the  children  of  the  saints  who  have  reached  their  eighth 
year  should  be  baptized.  The  deceased,  also,  can  be  baptized 
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by  proxy,  and  in  this  way  Washington,  Franklin,  and 
•titers  have  been  vicariously  baptized  into  the  church. 

See  Book  of  Mormon  (1879);  Book  of  Doctrine  and  Covenants  (1876); 
John  Hyde,  jun.,  Momwnism,  its  Leaders  and  Designs  (1857) ;  B.  G. 
Ferris,  Utah  and  the  Mormons  (1854) ;  N.  W.  Green,  Mormonism 
(1870);  T.  B.  H.  Stenhouse,  Rocky  Mountain  Saints  (1873);  H.  May- 
new,  The  Mormons;  Elder  John  Jaques,  Catechism  for  Children 
(1877) ;  John  W.  Gunnison,  Mormons,  or  Latter-Day  Saints  (1852) ; 
Hepworth  Dixon,  Spiritual  Wives  (1868) ;  J.  H.  Beadle,  Life  in  Utah 
(1670).  (j.  fb.) 

MORNAY,  Philippe  de  (1549-1623),  Seigneur  du 
Plessis-Marly,  very  generally  known  as  Mornay  Du 
Plessis  or  Du  Plessis-Mornay,  one  of  the  most  distin¬ 
guished  members  of  the  Protestant  party  in  France, 
was  born  at  Buhy  in  Normandy  on  5th  November, 
1549.  As  a  .  younger  son  he  *vas  destined  for  the 
church,  and  with  this  view  was  sent  to  the  College  de 
Lisieux  in  Paris,  but  in  his  eleventh  year,  along  with 
the  rest  of  his  family,  he  abandoned  Roman  Catholi¬ 
cism,  continuing,  however,  with  zeal  and  success  his 
studies  not  only  in  classical  and  general  literature  but 
also  in  theology.  In  the  autumn  of  1567,  on  the  out¬ 
break  of  the  second  religious  war,  he  joined  the  army 
of  Conde,  but  was  prevented  from  taking  an  active 
part  in  the  campaign  by  a  fill  from  his  horse, 
which  broke  his  leg.  In  the  following  year  he  went 
abroad,  and,  after  spending  the  winter  at  Heidel¬ 
berg,  travelled  extensively  in  Italy,  Germany,  the 
Low  Countries,  and  England,  learning  the  lan¬ 
guages  and  acquiring  the  friendship  of  many  of 
the  distinguished  men  of  all  these  countries.  In 
June,  1572,  he  returned  to  France,  and  had  begun  to 
enter  upon  a  diplomatic  career  (his  earliest  extant 
“  memoire,”  laid  by  Coligny  before  Charles  IX.,  had 
reference  to  the  duty  of  France  to  support  the  Low 
Countries  in  their  struggle  for  independence)  when  the 
St.  Bartholomew  massacre,  from  which  he  escaped 
with  difficulty,  compelled  him  to  take  refuge  across  the 
Channel.  There  he  rendered  valuable  services  to 
William  of  Orange,  and  also  to  the  duke  of  Alengon- 
Anjou,  as  a  semi-official  political  agent.  Returning  to 
France  at  the  instance  of  La  Noue  towards  the  end  of 
1573,  he  took  part  with  various  success  in  numerous 
military  enterprises,  and  was  made  prisoner  at  Dormans 
in  1575  (10th  October),  but  not  having  been  recognized 
he  got  off  for  a  small  ransom.  Shortly  afterwards  he 
married  Charlotte  Arbaleste  at  Sedan,  and  at  her  re¬ 
quest  wrote  as  a  bridal  present  the  Discours  de  la  Vie 
et  de  la  Mort  (1576),  which  has  been  so  often  reprinted 
and  translated.  In  1577  Henry  of  Navarre  made  him 
a  member  of  his  council  and  sent  him  on  a  diplomatic 
mission  to  England,  and  during  this  visit,  which  lasted 
more  than  a  year,  he  found  time  among  his  other 
pressing  occupations  to  prepare  for  the  press  his  Traite 
de  V Eglise  oil  Von  traite  des  principales  questions  qui 
out  et6  mites  sur  ce point  en  nostre  temps  (1578),  which 
at  once  became  popular.  From  July,  1578,  till  his 
return  to  France  in  1582  he  was  chiefly  in  the  Low 
Countries,  engaged  in  public  business,  and  during  this 
interval  he  wrote  and  published  a  considerable  work  in 
apologetical  theology  ( Traite.de  la  verite  dela religion 
chretienne  contre  les  Athees,  Epicuriens ,  Payens,  Juifs , 
etc. ,  1581).  With  the  death  of  the  duke  of  Anjou  in 
1584,  by  which  Henry  of  Navarre  was  brought  within 
sight  of  the  throne  of  France,  the  period  of  Mornay’s 

freatest  political  activity  began  ;  his  importance  in  the 
[uguenot  counsels  was  further  increased  in  1588  by 
the  death  of  the  prince  of  Cond6,  to  whose  influence 
he  practically  succeeded.  In  April,  1589,  he  was  re¬ 
warded  for  the  reconciliation  of  the  two  Henries  with 
the  governorship  of  Saumur,  and  he  took  active  part 
in  many  of  the  military  operations  that  followed  the 
assassination  of  Henry  III.  in  the  following  August, 
He  was  present  at  the  siege  of  Dieppe,  fought  by  the 
side  of  Henry  IV.  at  Ivry,  and  was  one  of  the  be¬ 
siegers  of  Rouen  in  1591-92,  until  sent  on  a  mission 
to  the  court  of  Elizabeth.  A  crisis  in  his  political 
career  was  marked  by  Henry’s  abjuration  of  Protest¬ 
antism  in  July,  1593,  which  gradually  led  to  Mornay’s  j 


withdrawal  from  the  court.  In  this  year  it  was  that 
he  founded  the  Protestant  academy  or  university  of 
Saumur,  which  had  a  distinguished  history  until  its- 
suppression  by  Louis  XIV.  in  1683.  In  1598  he  pub¬ 
lished  a  work  on  which  he  had  long  been  engaged, 
entitled  De  V institution,  usage,  et,  doctrine  du  saint 
sacrement  de  V Eucharistie  en  V Eglise  ancienne.  It 
having  reached  his  ears  that  Cardinal  Du  Perron  had 
alleged  that  of  the  (thousands  of)  citations  in  this 
controversial  work  he  could  point  out  five  hundred  that 
were  falsified  or  misunderstood,  he  challenged  his 
assailant  to  a  public  discussion.  This  was  at  last  ar¬ 
ranged  for  by  the  good  offices  of  the  king,  and  took 
place  at  Fontainebleau  on  4th  May,  1600.  Only  nine 
passages  were  discussed,  but  in  each  case  the  decision, 
one  is  not  surprised  in  the  circumstances  to  learn,  went 
against  the  Protestant.  Mornay,  from  whom  every 
indication  of  the  particular  passages  to  be  impugned 
had  been  persistently  withheld,  was  forced  by  super¬ 
vening  illness  to  withdraw.  Only  once  again  did  he 
appear  at  court,  in  1607.  He  continued,  however,  to 
give  his  party  the  benefit  of  his  counsel  and  active 
support  to  the  end  of  his  long  and  busy  life.  His  last 
work,  entitled  Mystire  d’iniquite,  c'est  d  dire ,  Vhistoire 
de  la  Papaute,  appeared  in  1611.  In  1618  he  was 
chosen  a  deputy  to  represent  the  French  Protestants 
at  the  synod  of  Dort.  Prohibited  by  Louis  XIII. 
from  personally  attending,  he  nevertheless  contributed 
materially  to  the  deliberations  of  that  assembly  by 
written  communications.  In  1621  he  was  deprived  of 
his  governorship;  and  his  death  took  place  at  La 
Foret-sur-Sevre  on  11th  November,  1623. 

Two  volumes  of  MSmoires,  from  1572  to  1589,  appeared  at 
La  Foret  in  1624,  and  a  continuation,  in  two  volumes,  at 
Amsterdam  in  1652;  a  more  complete  edition  ( Memoires , 
correspondances,  et  vie)  in  twelve  volumes,  8vo,  was  published 
at  Paris  in  1624-25.  The  greater  number  of  his  works  were 
translated  into  English  during  his  lifetime. 

MORNY,  Charles  Auguste  Louis  Joseph,  Duo 
de  (1811-1865),  was  the  natural  son  of  Hortense 
Beauharnais,  queen  of  Holland,  and  of  the  comte  de 
Flahaut,  a  leading  dandy  of  the  period,  and  was  thus 
brother  to  Napoleon  III.  The  secret  of  his  birth 
(23d  October,  1811)  was  carefully  kept ;  he  was  ac¬ 
knowledged  as  son  by  the  comte  de  Moray  for  a  con¬ 
sideration,  and  was  brought  up  by  his  paternal  grand¬ 
mother,  Madame  de  Souza,  a  writer  of  society  novels, 
and  a  woman  of  great  wit  and  high  breeding.  As  a 
boy  of  nineteen  he  was  declared  after  the  revolution 
of  1830  a  hero  of  July,  and  was  entered  at  the  staff 
college..  In  1832  he  was  gazetted  sub-lieutenant,  and 
served  in  Algeria  as  aide-de-camp  to  General  Oudinot : 
he  was  present  at  Mascara  and  Constantine,  and  was 
made  a  chevalier  of  the  Legion  of  Honor.  In  1838  he 
returned  to  Paris,  and  began  his  career  as  dandy  and 
speculator.  In  the  first  capacity  he  set  the  fashions 
both  of  dress  and  manners  to  the  young  men  of  Paris, 
and  conceived  the  idea  of  the  modern  society  journal, 
and  in  the  second  established  a  manufactory  of  beet¬ 
root  sugar  at  Clermont-Ferrand.  This  last  idea  brought 
about  his  election  for  the  department  of  the  Puy-de- 
D6me.  In  the  chamber  he  voted  consistently  with  the 
ministers.  The  republic  of  1848  marked  the  crisis  in 
his  fortunes,  and  by  1851  all  his  speculations  had  failed, 
and  all  his  property  was  sold.  In  desperation  he  de¬ 
termined  to  play  a  part  in  politics,  and  was  the  heart 
and  soul  of  the  coup  d'etat  of  December,  1851.  The 
success  of  the  coup  d'etat  was  certain,  owing  to  the 
fear  of  the  extreme  republicans  entertained  by  the 
great  majority  of  the  nation,  and  all  that  was  needed 
was  a  head  for  intrigue  and  an  utter  absence  of  scruples 
to  shed  innocent  blood.  Moray  and  St.  Arnaud  ful¬ 
filled  these  requisites.  Moray  was  on  the  day  of  the 
coup  d'etat  made  minister  of  the  interior,  but  he  had 
no  taste  for  the  drudgery  of  administration,  and  in 
January,  1852,  found  an  excuse  for  resigning  on  the 
question  of  the  property  of  the  Orleanist  princes.  The 
empire  established,  he  was  again  able  to  begin  specu- 
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lating,  and  used  both  the  money  of  the  state  and  his  i 
influence  with  his  brother  for  the  success  of  his  schemes. 
He  had  been  in  1852  reelected  deputy  for  Clermont- 
Ferrand,  and  was  in  1854  elected  president  of  the  corps  j 
legislatif,  an  office  which  he  held  for  the  rest  of  his 
life.  This  office  in  -every  way  suited  him ;  he  had 
large  pay,  and  resided  in  a  magnificent  official  resi¬ 
dence,  where  he  produced  little  plays  to  admiring 
audiences.  The  work  was  not  hard,  being  chiefly  to  j 
maintain  the  Government  majority  in  a  good  humor 
by  sumptuous  entertainments,  and  to  win  over  the 
Liberals  by  the  same  tactics.  He  still  speculated  in 
railways,  pictures,  mines,  and  even  in  a  new  watering- 
place,  Deauville,  and  being  absolutely  unscrupulous  and 
venal,  amassed  an  immense  fortune  in  spite  of  the  ut¬ 
most  extravagance.  In  1856  he  was  special  ambassador 
at  the  coronation  of  Czar  Alexander  II. ,  when  he 
spent  immense  sums,  and  married  a  wealthy  Russian,  i 
Princess  Troubetzkoy.  In  1862  he  was  created  a  duke,  | 
and  in  1865,  after  continuing  to  the  last  his  career  of 
dissipation,  died  of  sheer  anaemia  from  the  measures 
he  took  to  keep  himself  fit  for  yet  further  excesses. 

Of  the  Due  de  Moray  little  good  can  be  said  either  as  a 
statesman  or  a  man.  He  looked  upon  everything  from  a 
purely  selfish  point  of  view,  and  would  not  have  denied  it ; 
but  he  was  shrewd  enough  to  perceive  that  the  empire 
rested  on  the  prestige  it  maintained  for  France  not  only  in 
war  but  in  fashion,  and  in  assisting  the  empress  to  make 
Paris  the  centre  of  fashion  for  the  whole  civilized  world  he 
knew  he  was  not  only  pleasing  himself  but  doing  a  service  ! 
to  the  empire.  He  was  a  thorough  man  of  the  world,  and 
was  witty  as  such,  but  the  wit  does  not  appear  at  its  bright-  J 
est  in  his  plays,  published  under  the  name  of  Saint-Remy,  : 
of  which  perhaps  the  most  readable  is  M.  Choufleury  restem 
ckez  lid.  He  had  great  influence  over  the  emperor,  but 
could  lay  no  claim  to  personal  fidelity,  as  could  his  less  able 
but  equally  unscrupulous  colleague,  H.  de  Persigny. 

For  his  life  .consult  H.  Castille,  it.  de  Momy,  1859,  and  De  la 
Gueronniere,  Etudes  et  portraits  politiques  (1856) ;  also  Alton-Shee’s 
Mimoires  (1868-69).  His  character  is  admirably  sketched  as  the 
due  de  Mora  in  A.  Daudet’s  novel  Le  Nabob. 

MORO,  Attoni  (c.  1512-1581),  otherwise  known 
as  Sir  Anthony  More,  an  eminent  portrait-painter, 
was  born  at  Utrecht,  in  1512  according  to  some,  but 
in  1525  according  to  Van  Mander  in  his  Het  Leven  der 
Schilders.  He  studied  his  art  under  Jan  Schoorel ; 
and  after  making  a  professional  visit  to  Italy  he  com¬ 
menced  to  paint  portraits  in  the  style  of  Hans  Holbein. 
His  rise  to  eminence  was  rapid.  In  1552  he  was  in¬ 
vited  to  Madrid  by  the  emperor  Charles  V.  to  execute 
a  likeness  of  Prince  Philip.  Two  years  afterwards  he 
was  in  London  painting  the  portrait  of  Queen  Mary. 
For  this  picture  an  annual  salary  and,  as  some  sup¬ 
pose,  the  honor  of  knighthood  were  conferred  upon 
him.  He  was  also  employed  to  sketch  the  likenesses 
of  several  of  the  English  nobility.  On  the  death  of 
Mary  in  1558  Moro  returned  to  Spain,  and  lived  there 
for  two  years  in  great  honor  with  Philip  II.,  execut¬ 
ing.  in  addition  to  portraits,  several  copies  after  Titian. 
Having  compromised  himself  with  the  Inquisition,  he 
repaired  to  the  Netherlands  and  was  received  into  the 
service  of  the  duke  of  Alva.  His  death  took  place  at 
Antwerp  about  1581.  Among  his  figure  pictures  Van 
Mander  specifies  the  Circumcision  of  Christ,  executed 
for  Antwerp  cathedral,  as  one  of  the  most  notable. 
His  portraits  are  full  of  individuality,  and  characterized 
by  firm  and  solid  rendering  of  flesh.  Several  admir¬ 
able  examples  are  preserved  in  Madrid ;  among  the 
rest  the  portrait  of  Queen  Mary  of  England,  which 
has  been  excellently  etched  by  Milius  (L’ Art,  8th 
December,  1878).  “Moro’s  style,”  says  Stanley  in 
his  Dutch  and  Flemish  Painters,  “so  much  resembles 
that  of  Holbein  as  to  frequently  create  a  doubt  to 
which  of  them  a  portrait  is  to  be  attributed ;  but  he  is 
not  so  clear  and  delicate  in  his  coloring  (perhaps  from 
having  painted  so  much  in  Spain)  as  that  master.  ” 

MOROCCO,  or  Marocco,  the  term  (corrupted  from 
p,  the  name  of  the  city  Marrakush)  used  in 

English  to  designate  the  Maghrib  al-Aksa 
or  extreme  west  of  the  Arabs,  is  the  country  at  the 


northwestern  corner  of  the  African  continent,  with 
the  Mediterranean  on  the  north  and  the  Atlantic  on 
the  west.  Its  landward  limits  can  only  be  vaguely 
defined.  The  eastern  frontier  towards  Algeria,  deter¬ 
mined  by  the  treaty  of  1844,  is  a  purely  conventional 
line  starting  from  the  mouth  of  a  small  stream  called 
the  Skis  and  running  across  country  in  a  general  south- 
southeast  direction.  The  southern  boundaries  expand 
and  contract  accordingto  the  power  and  activity  of  the 
central  authorities.  Behm  and  Wagner  (1882),  who 
include  Tafilelt,  Kenatsa,  Figig,  Twat,  Gurara,  Tidi- 
kelt,  the  plateau  of  Tedmaid,  etc. ,  estimate  the  total 
area  of  the  sultanate  at  305,548  square  miles;  and 
this,  which  is  about  twice  the  size  of  Algeria,  or  five 
times  that  of  England  and  Wales,  may  be  taken  as  a 
maximum.  The  allegiance  of  many  of  the  tribes  with¬ 
in  this  compass  is  questionable  and  intermittent. 
Morocco  is  still  the  portion  of  Northern  Africa  about 
which  European  information  is  most  defective,  and 
the  ordinary  maps  are  composed  to  a  large  extent  of 
most  unscientific  material  eked  out  by  probabilities 
and  conjecture.  Since  the  middle  of  the  present  cen¬ 
tury  a  good  deal  has  been  done  in  the  way  of  explo¬ 
ration,  mainly  in  the  lowlands  and  steppes  sloping 
towards  the  Atlantic — the  country  of  the  great  his¬ 
torical  cities  of  Tangiers,  Fez,  Meknes  (Mequinez),  and 
Morocco;  but  even  there  what  lies  but  a  few  miles 
east  or  west  of  some  track  traversed  by  Europeans 
for  centuries  remains  matter  of  question. 

Since  the  publication  of  Arlett’s  survey  from  Cape 
Spartel  to  Cape  Bojador  (1840-44)  and  of  Vineendon- 
Dumoulin  and  Kerhallet’s  surveys  from  the  Strait  of 
Gibraltar  to  the  Algerian  frontier  (1853-57)  the  sea¬ 
ward  aspect  of  Morocco  has  been  known  in  detail.  To 
the  Mediterranean  it  presents  for  a  distance  of  about 
200  miles  the  rugged  profile  of  the  Rif  hills  (still  un¬ 
explored),  which  generally  end  in  lines  of  cliff  broken 
at  intervals  by  narrow  sweeps  of  sandy  beach,  but 
occasionally  open  up  into  beautiful  and  fertile  valleys, 
with  abundant  evidence  of  human  occupancy  and  till¬ 
age.  About  6  miles  west  of  the  Skis  lies  the  mouth 
of  the  great  river  Muluya ;  and  10  miles  farther  on, 
opposite  Cape  del  Agua  (Ras  Sidi  Besliir),  is  a  group 
of  dry  and  barren  islands  known  as  the  Zafarines, 
which  form  the  best  roadstead  on  the  Rif  coast.'  Be¬ 
tween  Point  Quiviana  and  Melilla  runs  a  low  and 
sandy  shore  in  front  of  a  great  salt  marsh,  the  Puerto 
Nuevo  of  the  Spaniards.  Melilla  (Malila)  is  a  fortified 
town,  held  by  the  Spaniards  since  1653,  built  on  a 
rocky  peninsula  and  connected  by  lines  of  rampart  with 
Fort  Rosario  on  the  heights  behind.  Near  the  village 
of  Azanen  is  a  wide  open  shore  with  the  only  sand- 
dunes  on  all  this  coast.  The  fine  semicircular  bay  of 
Alhucemas  is  the  seaward  end  of  one  of  the  most 
beautiful  valleys  in  the  Rif,  clothed  with  verdure  and 
dotted  with  hamlets.  A  Spanish  'presidio  occupies 
one  of  the  larger  of  the  Alhucemas  islands  (Al-Mazem- 
ma),  which  are  identified  with  the  Ad  Sex  Insulas  of 
the  itineraries.  Another  Spanish  fortress  crowns  the 
rocky  island  of  San  Antonio  or  Pehon  de  Velez  ;  and 
in  the  valley  off  which  it  lies  stood  a  town  known  to 
the  Spaniards  as  Velez  de  Gomera,  to  the  Arabs  as 
Badis,  which  continued  to  be  a  place  of  importance  in 
the  16th  century.  The  so-called  Bay  of  Tetuan  (Tetta- 
win) — the  town  is  just  visible  from  the  sea — is  little 
more  than  the  straight  stretch  of  coast  between  Cape 
Mazari  on  the  south  and  Cape  Negro  or  Negrete  on 
the  north ;  but  the  prominence  of  these  two  headlands 
give?  it  an  appearance  of  depth.  From  Cape  Negro 
northwards  to  Ceuta  the  most  notable  object  on  the 
horizon  is  the  summit  of  Jebel  Musa,  which,  though 
situated  on  the  Strait  of  Gibraltar,  towers  above  the 
intervening  hills.  Ceuta  (Sebta),  the  most  important 
and  flourishing  of  the  Spanish  settlements  in  Morocco, 

1  The  name  is  derived  from  the  Arab  tribe  of  the  Beni  Ja'far, 
who  settled  on  the  neighboring  mainland  at  the  conquest.  Since 
1848  the  islands  have  belonged  to  Spain.  They  are  identified 
with  the  Ad  Tres  Insulas  of  the  Roman  itineraries. 
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occupies  a  peninsula,— the  head,  Mt.  Acho,  standing 
about  4  miles  out  to  sea,  and  the  neck  being  low  and 
narrow.  It  marks  the  eastern  end  of  the  strait.  West¬ 
wards,  the  first  point  of  interest  is  again  Jebel  Musa, 
the  Elephas  of  fetrabo,  and  the  Apes’  Hill  of  English 
charts;  the  truncated  top  is  usually  hid  in  clouds. 
About  20  miles  farther  along  the  coast  lies  the  Bay  of 
Tangiers  (Tanja),  by  far  the  finest  harbor  in  Morocco. 
H  est  from  Tangiers  runs  the  Jebel  Keblr  (880  feet  at 
its  highest),  the  seaward  extremity  of  which  forms  the 
celebrated  Cape  Spartel,  the  northwest  angle  of  the 
African  continent,  known  to  the  ancients  as  Ampelusia 
or  Cotes  Promontorium.  The  lighthouse,  built  in 
1864  at  the  cost  of  the  sultan  of  Morocco,  and  main¬ 
tained  at  the  joint  expense  of  England,  France,  Italy, 
and  Spain,  is  the  only  one  on  the  western  coast. 

The  Atlantic  coast  of  Morocco  is  remarkable  for  its 
regularity  and  sameness  ;  not  a  single  gulf  or  note¬ 
worthy  estuary  occurs  throughout  its  whole  length  ;  the 
capes  are  few  and  for  the  most  part  feebly  marked. 
Southward  from  Cape  Spartel  the  shore  sinks  rapidly 
till  it  is  within  a  few  feet  of  the  sea-level.  In  the  low 
cliff  which  it  forms  about  miles  from  the  lighthouse 
there  is  a  great  quarry,  which  from  remote  antiquity 
has  yielded  the  hand-mills  used  in  the  Tangiers  dis¬ 
trict.  A  stretch  of  low  marshy  ground  along  the 
Tahaddart — the  estuary  of  the  Wadi  Kebir  (W.  Mu- 
harhar)  and  W.  al-Kharrub — agrees  with  Scylax’s 
Gulf  of  Cotes  (Tissot).  Three  or  four  miles  farther 
south  lie  the  ruins  of  the  town  of  Nebrosh,  built  by 
Moors  from  Andalusia;  and  4  or  5  miles  more  bring 
us  to  Azila  or  Arzilla,  the  ancient  Colonia  Julia  Con- 
stantia  Zilis  or  Zeles.  Since  its  bombardment  by  the 
Austrians  in  1829  it  has  been  a  wretched  little  place, 
with  a  mixed  Moorish  and  Jewish  population  of  about 
1200. 1  For  the  next  16  miles,  between  Azila  and  La- 
rash  or  El,- Araish  {q.v.)  the  coast  has  a  tolerably 
bold  background  of  hills,  Jebel  Sarsar  near  Fez 
forming  an  important  landmark  for  the  latter  town, 
which,  with  its  Phoenician,  Roman,  and  mediaeval  re¬ 
mains,  is  historically  one  of  the  most  interesting  places 
in  Morocco.  A  line  of  reddish  cliffs  about  300  feet 
high  runs  south  for  about  10  miles  from  the  W. 
Aulkos,  at  whose  mouth  the  town  is  built ;  then  the 
coast  sinks  till  it  reaches  Mula  Bu  Selham,  an  emi¬ 
nence  220  feet  high.  Between  Mula  Bu  Selham  (often 
wrongly  called  Old  Mamura  or  Marmore)  and  a  similar  j 
height  crowned  by  the  tomb  of  Sidi  'Abd  Allah  Jelili  lies 
theoutletof  theBlue Lake (MarjaZarka),  lOor  12miles 
long.  Farther  south,  and  separated  from  the  sea  by 
an  unbroken  line  of  rounded  hills  (230-260  feet),  is  the 
much  more  extensive  lagoon  of  Ras  al-Dura,  which  in 
the  dry  season  becomes  a  series  of  marshy  meres,  but 
in  the  rainy  season  fills  up  and  discharges  into  the 
Sebu.  Eastward  it  is  connected  with  the  Marjat 
al-Gharb,  fed  by  the  W.  Meda.  On  the  south  side  of 
the  outlet  of  the  Sebu  lies  Mamura,  probably  founded 
by  'Abd  al-Mumen,  and  originally  named  Mahdiya, 
after  the  Almohade  Mahdl.  Twenty  miles  farther  is 
the  mouth  of  the  Bu  Rakrak,  with  its  cluster  of  in¬ 
teresting  towns :  Sallee  (Salat)  on  the  north  side,  long 
famous  for  its  piracies  and  still  one  of  the  most  fanati¬ 
cal  places  in  the  empire,  and  on  the  south  side  New 
Sallee  (Rabat)  with  its  conspicuous  tower  of  Hasan, 
and  Shelia  (Sella  of  Leo  Africanus)  with  its  interest¬ 
ing  ruins.  Onward  for  100  miles  to  Point  Azammur 
and  the  mouth  of  the  Umm  Rabf  river  a  line  of  hills 
skirts  the  sea ;  the  shore  is  for  the  most  part  low,  and, 
with  the  exception  of  capes  at  Fadala  (a  small  village) 
and  Dar  al-Baida  or  Casa  Blanca,  it  runs  in  a  straight 
line  west-southwest.  Casa  Blanca,  the  ancient  An  fa, 
once  a  flourishing  port,  was  ruined  by  the  Portuguese  j 
(1468)  in  revenge  for  its  piracies.  It  is  now  a  place  of 
4000  inhabitants,  and  has  a  thriving  export  trade  in 

1  The  absurd  story  that  about  the  9th  century  it  was  an  English 
nossession  has  its  root  in  the  visits  of  the  Normans  to  this  quarter. 
The  modern  town  sprang  from  a  fortress  built  to  protect  the 
coast  against  them  (Dozy,  Recherches,  3d  ed.,  ii.  264  sq.). 


maize,  beans,  and  wool,  and  a  European  colony  of 
about  100  persons.  Azammur  (that  is,  in  Berber, 

‘The  Olives,”  viz.,  of  the  Sheikh  Bu  Shuaib),  with 
1000  inhabitants  dependent  on  the  shebbel  fisheries  in 
the  river,  stands  on  an  eminence  about  1  £  miles  from 
the  sea  on  the  south  side  of  the  Umm  Rabf .  The  bay 
of  Mazagan  (Mazighan),  a  few  miles  to  the  south, 
curves  westward  with  a  boldness  of  sweep  unusual  on 
this  coast.  The  town  of  Mazagan  was  founded  by  the 
Portuguese  in  1506,  and  held  by  them  till  1769.* 
About  8  miles  to  the  south  and  less  than  a  mile  inland 
he  the  extensive  ruins  of  Tit,  a  town  which  proved  a 
thorn  in  the  side  of  the  people  of  Mazagan  till  they 
sallied  forth  and  destroyed  it.  At  Cape  Blanc  (so 
called  from  its  white  cliffs)  the  coast,  which  bulged  out 
at  Cape  Mazagan,  again  bends  east  to  resume  much 
the  same  general  direction  for  55  miles  to  Cape  Can- 
tin.  On  this  stretch  the  only  point  of  interest  is 
W alidfya,  formerly  Al-Ghait  ;  the  excellent  harbor 
praised  by  Edrisi  is  formed  by  an  extensive  lagoon, 
and  M.  Tissot  thinks  that  by  a  little  dredging  the 
place  would  again  become  the  safest  shipping  station 
on  the  whole  Morocco  seaboard.3  Beyond  Cape  Can- 
tin  (300  feet  high)  the  coast  becomes  bolder  and  more 
irregular,  especially  after  the  mouth  of  the  Tensift  is 
passed.  About  18  miles  farther  lies  Saffi  (Asfi),  1‘  by 
far  the  most  picturesque  spot  on  the  west  coast,”  with 
the  high  walls  and  square  towers  of  its  Portuguese 
fortifications  shown  to  advantage  by  the  rugged  ness 
of  the  site.  South  of  Mogador  (q.v.),  and  onwards 
beyond  the  limits  of  Morocco,  the  coast,  becoming  ever 
more  and  more  inaccessible  and  dangerous  in  winter, 
is  emphatically  known  as  the  Iron  Coast.  From  Cape 
Sim  or  Ossim  (Ras  Tagriwalt),  10  miles  south  of 
Mogador,  the  direction  is  due  south  to  Cape  Gir  (Igir 
Ufrani),  the  termination  of  Jebel  Ida  u  Tanan  (Rabbi 
Mardochee),  the  last  spur  of  the  Atlas  proper.  Round¬ 
ing  this  headland  we  reach  Agadir  (Agadir  ’n  Igir), 
the  Santa  Cruz  Major  or  Santa  Cruz  de  Berberia  of 
the  Spaniards,  formerly  known  as  the  Gate  of  the 
Soudan.4  It  is  a  little  town  with  white  battlements 
three-quarters  of  a  mile  in  circumference,  on  a  steep 
eminence  600  feet  high.  In  the  15th  century  it  was 
seized  by  the  Portuguese,  and  Don  Manuel  caused  it 
to  be  fortified  ;  but  in  1536  it  was  captured  by  Muley 
(Maulai)  Ahmed  al-Hasan.  Its  merchants  were  re¬ 
moved  to  Mogador  in  1773.  At  the  mouth  of  the  Sus 
Leo  places  three  little  towns  called  Messa  (Massa), 
with  a  mosque  popularly  reputed  the  scene  of  Jonah’s 
restoration  to  terra  Jirmn.  The  port  of  this  name,6 
regularly  visited  by  the  Genoese  traders  in  the  16th 
‘century,  who  exported  skins,  gum,  wax,  gold,  and 
indigo,  is  no  doubt  at  the  mouth  of  the  W.  Massa,  20 
miles  farther  south.6  Ifni,  situated  in  29°  23'  N.  lat., 
and  Sidi  Worzek,  the  Cape  Non7  of  the  Portuguese, 
are  the  only  points  calling  for  notice  till  the  better 
known  Cape  Nun  is  reached,  which  lies  5  or  6  miles 
north  of  the  W.  Dera.  With  the  Dera  the  Sahara 
may  be  said  to  begin. 

On  most  maps  the  interior  of  Morocco  is  represented 
as  extremely  mountainous ;  but  while  it  is  traversed 
from  east  to  west  by  more  than  one  strongly  defined 
range,  the  greater  part  of  the  surface  is  really  occupied 
by  undulating  steppe-like  tracts  diversified  by  low  hills. 

2  The  Portuguese  settlers,  who  had  to  leave  it  when  Don  Jos6 
decided  on  surrendering  this  last  stronghold  of  his  count rt  in 
Morocco,  were  afterwards  sent  to  Brazil,  where  they  founded  Villa 
Nova  de  Mazagan. 

3  Bull,  de  la  Sbc.  de  Geogr.,  Paris,  1875. 

4  This  must  not  be  confounded  with  Santa  Cruz  de  Mar  Pe- 
quefia,  a  post  established  in  1476  somewhere  on  this  coast  by 
Herrera,  lord  of  the  Canary'  Islands,  and  in  modern  times  the 
subject  of  much  geographical  disputation.  After  obtaining  per¬ 
mission  to  reoccupy  the  site  the  Spanish  Government  was  unable 
to  identify  it. 

6  See  Valentin  Fardhmnd, Beschreibung  West  A/rika'f  (Mem.  of  the 
Acad,  of  Munich,  3d  Class,  pt.  viii.). 

6  Ya'kdbi,  Deser.  al-Maghribi,  p.  126;  Hist,  des  BerMres,  ii.  279 

7  No,  Non,  Nor,  Naum,  Nao,  are  among  the  various  readings. 
It  was  another  Cape  Non  to  the  south  of  Cape  Bojador  which 
seems  to  have  given  rise  to  the  proverb,  Quern  pasar  o  ccibo  de  Nao 
ou  tomara  ou  nao.  See  Bol,  de  la  Soc.  Geogr.,  p.  316,  Madrid,  1880. 
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The  backbone  of  the  country  is  the  Great  Atlas  (Daran 
of  the  Berbers).1  At  its  western  extremity  the  range 
averages  from  4000  to  5000  feet  in  height;  after  a 
slight  falling  off  for  a  few  miles  it  rises  till  it  attains 
an  elevation  of  10,000  feet ;  beyond  the  pass  (about 
60  miles  from  the  sea)  which  leads  from  Morocco  to 
Tarridant  the  summits  seem  to  be  between  11,000  and 
11,500  feet;  about  40  miles  farther  east  there  is  a 
second  pass  at  an  altitude  of  about  7000  feet;  and  be¬ 
yond  that  the  main  ridge  continues  30  miles  at  a  height 
of  about  12,000  feet,  with  a  few  peaks  reaching  to 
13,000  or  13,500  feet.  Snow  lies  on  some  of  the  sum¬ 
mits  as  late  as  June,  but  it  is  probable  that  none  of 
them  retain  it  throughout  the  year.  Taken  as  a  whole, 
the  Atlas  has  a  mean  elevation  higher  than  that  of  any 
other  range  of  equal  length  in  Europe  or  in  the  Afri¬ 
can  and  Asiatic  countries  bordering  on  the  Mediterra¬ 
nean.  From  the  lowlands  to  the  north  it  has  a  very 
fine  appearance,  rising,  as  it  seems,  in  steep  and  almost 
abrupt  ascent,  though  the  real  distance  from  foot  to 
summit  is  a  slope  of  15  miles  (compare  the  panorama 
prefixed  to  Hooker  and  Ball’s  Morocco). 

What  is  the  culminating  point  of  the  range  is  quite  un¬ 
known  ;  the  Miltsin  peak  has  no  claim  to  that  distinction. 
The  English  embassy  of  1829-1830  advanced  up  the  north¬ 
ern  slope  only  a  little  beyond  Tasseremut  (3534  feet),  and 
Davidson  in  1836  merely  reached  the  town,  and  then  turned 
westwards.  From  Tasseremut  eastwards  the  range  is  alto¬ 
gether  unexplored  for  200  miles  till  we  come  to  the  route 
followed  by  Ahmed  b.  Hasan  al-Mtuvi  (1789),  Caillie  (1827), 
and  Eohlfs  (1863).  The  English  expedition  of  1871  (Hooker 
and  Ball,  etc.),  besides  visiting  Tasseremut,  went  up  the 
Urika  valley  to  a  height  of  4000  feet,  up  the  Ait  Mesan  val¬ 
ley  to  the  Tagherot  pass  (11,484),  and  up  the  Amsziz  valley 
to  the  summit  of  Jebel  Tezah  (11,972  feet).  In  the  Tagherot 
pass  Mr.  Maw  was  the  only  one  of  the  party  who  reached 
the  watershed ;  but  from  Jebel  Tezah  a  good  view  was  ob¬ 
tained  southward  across  the  great  valley  of  the  Sus  to  the 
Anti-Atlas,  which  appeared  to  be  from  9000  to  10,000  feet 
high.  In  1880  Dr.  Lenz  crossed  the  range  by  the  ordinary 
route  from  Morocco  to  Tiirudant.  “  First  ,”‘he  says,  “  is  a 
chain  of  comparatively  low  and  flat  hills  consisting  of  Cre¬ 
taceous  and  Tertiary  rocks ;  then  follows  a  plateau  with 
ranges  of  red;  probably  Triassic,  sandstone;  and  finally 
come  the  higher  and  steeper  peaks  of  clay  slate  with  great 
metalliferous  deposits.  The  pass  where  the  descent  towards 
Sus  begins  is  called  Bibauan,  and  lies  4000  feet  above  the 
sea.  The  route  down  to  ‘  Emnislah  ’  is  steep,  difficult,  and 
at  times  dangerous.”  As  to  the  relation  of  the  Anti-Atlas 
to  the  Atlas  proper  at  its  western  end  nothing  certain  is 
known. 

All  the  principal  rivers  of  Morocco  take  their  rise  in 
the  Atlas  mountains,  and  the  headwaters  of  the  Mulu- 
ya,  the  Sebii,  the  Umm  Rabl',  the  Der'a,  and  the 
Ziz  are  all  to  be  placed  in  that  part  of  the  range  which 
dies  between  32°  2(K  and  32°  30/  N.  lat.,  and  between 
3°  S0/  and  5°  W.  long.  In  almost  every  instance  the 
summer  current  is  comparatively  feeble,  but  the  wide 
beds  and  often  high  steep  banks  are  sufficient  of  them¬ 
selves  to  show  the  change  produced  by  the  rains  of 
winter  and  the  thaws  of  spring.  The  Muliiya  (Mulucha 
and  Malva  of  Pliny,  etc.)  is  mainly  interesting  as  the 
river  which  the  French  have  long  wished  to  make  the 
western  boundary  of  Algeria.  Its  course  is  almost  en¬ 
tirely  unexplored.  About  34°  20'  N.  lat.  Captain 
€olvde  found  it  some  200  yards  wide,  but  quite  shallow  ; 
about  25  miles  east  of  its  source  where  it  is  crossed  by 
the  route  to  Ziz  it  is  already  a  powerful  stream  with  a 
deep  bed  cut  in  the  granite  rock,  and  shortly  after¬ 
wards  it  is  joined  by  the  W.  Sgimmel,  a  still  larger 
affluent  (Rohlfs).  Of  the  lesser  streams  which  flow 
into  the  Mediterranean  it  is  enough  to  mention  the  W. 
Marti  1  or  Martin  (otherwise  W.  Bu  Sfiha,  W.  Ras, 
W.  Mejeksa),  which  falls  into  the  Bay  of  Tetuan,  and 
is  identified  with  the  Tamuda  of  Pliny  and  Thaluda  of 
Ptolemy.  On  the  Atlantic  seaboard  north  of  the  Sebii 
there  are  a  number  of  comparatively  small  streams, 
the  chief  of  which  is  the  very  winding  W.  Aulkos  or 
Lokkos,  with  several  tributaries.  If  Renou’s  statement 

1  Pliny  says  the  natives  called  the  Atlas  “  Dyrin.” 


that  the  Sebii  (the  Subur  magn (ficus  et  navigabilis  of 
Pliny)  had  a  course  not  much  inferior  to  that  of  the 
Seine  be  somewhat  of  an  exaggeration,  it  may  at  least 
be  compared  to  the  Thames  in  length  and  width, 
though  not  in  steadiness  and  depth  of  current.  At 
Meshra'at  al-Ksiri,  about  70  miles  from  its  mouth,  it 
is  about  10  feet  deep  in  the  month  of  May  and  more 
than  460  feet  wide ;  and,  though  its  banks  are  21  feet 
high,  extensive  inundations  occui;  from  time  to  time. 
The  tide  ascends  as  far  as  Al-Kantara,  15  miles  above 
Ma  miira,  and  steam  barges  with  a  small  draught  of 
water  could  make  their  way  to  the  ford  just  mentioned, 
and  possibly  even  as  far  as  Fez  (Trotter).  Affluents 
of  the  Sebii  are  W.  Mikkes  and  W.  Al-Redem  (90 
miles  long).  The  swift  and  muddy  current  of  W.  Beht 
usually  loses  itself  in  a  swamp  before  it  reaches  the 
main  stream.  The  impetuous  Umm  Rabl',  with  a 
rocky  bed  and  many  rapids,  is  perhaps  as  large  as  the 
Sebii  ;  but  as  there  are  no  important  cities  in  the  coun¬ 
try  through  which  it  flows  its  course  is  not  so  well 
known.  W.  al-Abiad,  W.  al-Akdur,  and  W.  Tessaut 
seem  to  be  the  principal  affluents.  This  last  is  sepa¬ 
rated^  by  about  10  miles  only  from  the  valley  of  the 
Tenslft,  the  river  which  flows  to  the  north  of  the  city 
of  Morocco;  and,  by  the  W.  Neffs,  the  Asif  al-Mil 
(Asif  is  Berber  for  “river”),  the  W.  Usbi,  and  other 
smaller  tributaries,  receives  the  waters  of  about  180 
miles  of  the  Atlas  range.  The  valley  between  the 
Atlas  and  the  Anti-Atlas  is  traversed  by  the  W.  Siis, 
whose  ever-flowing  stream  is  sufficient  to  turn  the 
whole  district  into  a  garden.  The  M&ssa  or  W.  al- 
Ghas  (Wholgras  of  Davidson,  Oued  OuelR’asofDela- 
porte),  though  its  headwaters  drain  only  one  or  two  of 
the  lesser  valleys  at  the  southwest  end  of  the  Anti- 
Atlas,  is  “  about  50  yards  from  bank  to  bank  at  the 
mouth,  with  a  depth  at  high  water  and  in  the  proper 
channel  of  something  over  a  fathom.  ”  Farther  south 
is  the  Assaka  or  W.  al-Aksd,  long  known  to  European 
geographers  by  the  name  of  W.  Nun ;  and  finally  the 
famous  W.  Der'a  is  reached,  which  in  length  of  course 
exceeds  all  the  rivers  of  Morocco,  but,  except  in  spring 
when  the  snows  are  melting  in  the  highlands,  remains 
throughout  all  its  lower  reaches  a  dry  sandy  channel, 
hardly  noticed  by  the  traveller  in  the  surrounding 
desert.  In  the  upper  valleys,  on  the-contrary,  innu¬ 
merable  streams  from  the  south  side  of  the  main  chain 
of  the  Atlas,  the  W.  Dades  from  the  east,  and  the  Asif 
Marghen,  W.  al-Molah,  or  Warzazet  from  the  west, 
flow  through  populous  and  fertile  valleys,  and  uniting 
to  form  the  Der’a  cut  their  way  southward  through  a 
gorge  in  the  Jebel  Sogh6r,  which,  as  the  name  implies, 
is  a  lower  range  running  parallel  to  the  Atlas  proper. 
For  the  next  130  miles  the  noble  stream  holds  south- 
southeast,  drained  at  every  step  by  the  irrigation  canals 
which  turn  this  region  into  a  green  oasis,  till  at  last 
its  dwindling  current  bends  westward  to  the  sebkha 
(salt  marsh)  of  Debiaya.  For  a  few  weeks  once  a  year 
the  thaw-floods  fill  this  shallow  but  extensive  basin 
and  rush  onwards  to  the  Atlantic  ;  but  in  summer  it 
dries  up,  and,  like  the  bed  of  the  river  for  some  dis¬ 
tance  below,  is  covered  with  flourishing  crops.  From 
the  south  of  the  Atlas  still  further  east  descend  a  num¬ 
ber  of  other  streams,  the  W.  Ziz  (with  its  tributaries 
the  W.  Todgha  and  W.  Gheris),  the  W.  Ghir,  the 
W.  Kenatsa,  etc.,  which,  after  watering  the  oases  of 
Medghara,  Tafllelt  (Sijilmasa),  Kenatsa,  etc.,  lose 
themselves  in  the  sands  of  the  Sahara.2  Besides  the 
lakes  and  lagoons  of  the  coast  district  already  men¬ 
tioned,  there  are  several  others,  such  as  the  Daya  Sidi 
All  Mohammed,  which  Rohlfs  passed  near  the  summit 
ox  the  Atlas,  but  they  do  not  form  a  feature  of  the 
country.  The  eastern  frontier  runs  across  the  great 
Western  Shatt,  and  south  from  that  point  lies  the  ex¬ 
tensive  Sebkha  Tighri. 

According  to  Dr.  Lenz.  in  his  geological  map  of  West 
Ainca  (1882),  the  stretch  of  country  in  the  vicinity  of  Ceuta 

188(fee  Castries  on  the  “0ued  Drsui”  in  Bull,  dela  Soc.  de  Gtogr , 
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and  Tetuan  is  Jurassic;  modern  Tertiary  and  Eocene  rocks 
cover  all  the  rest  of  the  great  northern  promontory  for  some 
distance  south  of  Wazan,  and  extend  in  an  irregular  belt 
from  the  neighborhood  of  Fez  southwest  to  the  province  of 
Abda ;  between  these  two  areas  there  lies  a  district  of  Cre¬ 
taceous  formations  which  extends  to  the  Atlantic,  and  skirts 
the  whole  African  coast  from  Larash  as  far  south  as  Cape 
Blanc  (700  miles  south  of  the  Der'a) ;  nearly  all  the  rest  of 
the  northwestern  slope  of  the  country  is  occupied  by  allu¬ 
vium.  The  westward  portion  of  the  Atlas  shows  a  belt  of 
Uretaceous  rocks,  a  broader  Jurassic  belt,  and  one  still 
broader  of  Red  Sandstone,  porphyrites  and  porphyritic  tutfs 
forming  the  backbone  of  the  ridge.  From  Tarudant  east- 
ward  runs  a  strip  of  clay  slates,  possibly  of  Carboniferous 
origin,  and  from  Anti-Atlas  in  the  west  and  Figig  in  the 
east  Devonian  rocks  stretch  for  hundreds  of  miles  into  the 
•Sahara.  The  plain  around  the  city  of  Morocco  has  a  sheet¬ 
like  covering  of  tufaceous  crust  rising  over  hill  and  valley 
and  following  all  the  undulations  of  the  ground,  the  result 
probably  of  the  intense  heat  of  the  sun  rapidly  drawing  up 
water  charged  with  soluble  carbonate  of  lime  from  the  cal¬ 
careous  strata,  and  drying  it  layer  by  layer  on  the  surface 
till  an  accumulation  several  feet  thick  has  been  produced 
(Maw).  This  crust  is  extensively  burned  for  lime,  and  it 
forms  a  natural  strong  roof  for  the  matamores  or  under¬ 
ground  cellars  which  the  Moors  excavate  in  the  soft  strata 
Beneath.  An  enormous  deposit  of  boulders  occurs  in  the 
lateral  valleys  and  along  the  escarpment  of  the  Atlas,  and 
the  opinion  that  these  are  the  products  of  remote  glacial 
action  is  supported  by  the  existeuce  of  true  moraines  in  the 
upper  part  of  the  glens.  All  along  the  west  coast  there  are 
indications  of  an  elevation  of  the  land  in  the  shape  of  raised 
beaches,  at  Tangiers  40,  at  the  south  of  Cape  Spartel  50,  at 
Mogador  60  or  70  feet  high ;  but  a  number  of  other  facts 
seem  to  show  that  at  present  a  process  of  subsidence  is  in 
progress.1 

That  mineral  deposits  of  great  value  exist  in  Morocco 
there  is  little  doubt.  At  Jebel  Hadid  or  the  Iron  Moun¬ 
tain,  the  heights  to  the  north  of  Mogador,  old  scoriae  are 
found.  In  the  Beni  Madan  hills  near  Tetuan  are  mines, 
closed,  it  is  said,  by  the  sultan  ‘Abd  al-Ralunan ;  but 
whether  they  furnish  copper  or  lead  authorities  differ. 
On  the  road  to  Kenatsa,  Rohlfs  saw  lead  aud  antimony 
worked  by  the  Beni  Sithe.  Antimony  especially  seems  to 
be  abundant  to  the  south  of  the  Atlas;  Rohlfs  found  it  in 
a  very  pure  state  near  Tesna,  and  Dr.  Allen  (whose  account 
was  not  published  when  this  article  was  written)  informed 
the  writer  that  he  saw  splendid  veins  of  it  north  of  the 
Der'a.  That  gold  mines  existed  in  Sus  was  long  suspected ; 
Gatell  proved  it.  Rock-salt  occurs  in  the  mountains  north 
of  Fez,  in  the  valley  of  the  W.  Martil,  and  probably  in 
Jebel  Zarhun.  In  several  places,  as  in  the  route  from  Saffi 
to  Morocco,  are  brine  lakes,  from  which  the  salt  is  collected 
•and  exported  as  far  as  Central  Africa. 

The  general  aspect  of  the  lowlands  of  Morocco  varies  so 
much  according  to  the  season  of  the  year  that,  while  one 
stranger  finds  it  arid  and  sunburnt  and  monotonous,  an¬ 
other  is  delighted  with  the  richness  of  its  vegetation  and 
the  bright  variety  of  its  colors.  In  some  of  the  Atlas  val¬ 
leys  there  is  a  wealth  of  timber,  enormous  conifers,  10  to 
12  feet  in  girth  of  stem,  oaks,  etc.,2  but  the  greater  part  of 
the  country  has  been  cleared  of  every  vestige  of  woodland, 
and  consequently  depends  for  its  appearauce  on  herbage, 
brush-wood,  and  the  lesser  fruit-trees.  Cultivation  is  con¬ 
fined  to  such  comparatively  narrow  limits  that  the  natural 
flora  has  full  scope  for  its  development.  Cowan,  writing 
more  immediately  of  the  country  between  Morocco  and 
Mogador,  speaks  of  “  drifts  of  asphodel,  white  lilies,  blue 
convolvuli,  white  broom  flowers,  thyme  and  lavender,  bor¬ 
age,  marigold,  purple  thistles,  colossal  daisies  and  poppies;” 
aud  Captain  Trotter  tells  how  for  miles  the  undulating 
plateau  of  Kasr  Ferffun  was  literally  covered  with  wild 
flowers,  whose  varied  colors,  and  the  partiality  with  which 
each  species  confined  itself  to  certain  ground,  gave  to  the 
landscape  a  brilliant  and  most  unique  appearance.  Dark- 
blue,  yellow,  and  red — iris,  marigold,  and  poppy — occurred 
in  patches  an  acre  in  size ;  farther  on  whole  hills  and  val¬ 
leys  were  of  a  delicate  blue  tint  from  convolvulus  and 
borage.  At  times  the  traveller’s  tent  is  pitched  on  a  carpet 
of  mignonette,  at  times  on  a  carpet  of  purple  bugloss.  In 
the  country  of  the  Beni  Hasan  squills  are  so  abundant  that 
the  fibres  of  the  bulbs  are  used  instead  of  hair  in  making 
tent-cloth ;  and  in  the  north  of  Ksar  al-Kebir  the  moors 
are  covered  for  miles  with  a  beautiful  white  heather.  From 
such  gorgeous  combinations  of  color  one  can  well  imagine 

1  See  Mourlon  in  Bull,  de  I'Acad.  Roy.  de  Belgique,  vol.  xxx., 
1870;  Coquand,  Bull,  de  la  Soc.  Oiol.  de  lYanee,  vol.  iv.  ;  and  espe¬ 
cially  Maw’s  paper  appended  (o  Hooker  and  Ball’s  Morocco. 

2  Rohlfs  says  larches,  but  there  is  strong  reason  to  doubt  this. 


that  the  Moors  drew  the  inspiration  of  their  chromatic 
art ;  but  the  season  of  floral  splendor  is  brief,  and  under  the 
hot  African  sun  everything  soon  sinks  into  the  monotony 
of  straw. 

The  botany  of  Morocco  has  been  explored  by  Balansa 
(1867),  Hooker,  Ball,  and  Maw  (1871),  Rein  and  Fritsch 
(1873),  Ibrahim  Ammeribt  (a  Berber  collector,  1873-6) ;  the 
Rabbi  Mardoch6e  Abi  Serur  (1872-3) ;  and  the  results  have 
been  systematically  arranged  in  Cosson’s  Compendium  FI  one 
Atlantic se:  ou  Flore  des  Etats  barbaresques  (Paris,  1881,  etc.). 
From  the  presence  of  a  large  proportion  of  plants  of  Cen¬ 
tral  and  Northern  Europe  (none  of  the  northern  plants, 
however,  being  of  alpine  or  arctic  type)  and  the  absence  of 
southern  types  characteristic  of  the  sub-tropical  zone,  Ball 
concludes  that  “  the  mountain  flora  of  Morocco  is  a  south¬ 
ern  extension  of  the  European  temperate  flora,  with  little 
or  no  admixture  of  extraneous  elements,  but  so  long  iso¬ 
lated  from  the  neighboring  regions  that  a  considerable 
number  of  new  specific  types  have  been  developed.”3  Of 
the  individual  plants  none  are  more  remarkable  than  the 
'arar  and  the  argan.  The  former  ( Callitris  quadrivalvis, 
Thuja  articulata  of  Shaw)  is  a  cypress-like  tree  that  grows 
on  the  Atlas  both  in  Morocco  and  Algeria.  It  furnishes 
gum  sandarach ;  and  its  beautiful  and  enduring  timber  has 
been  identified  with  the  alerce  with  which  the  Cordova 
cathedral  (mosque)  was  roofed,  and  with  the  citron-wood 
of  the  ancient  Romans.  The  argan  ( Argania  Sideroxylon)  is 
confined  even  in  Morocco  to  a  tract  of  country  extending 
only  about  150  miles  along  the  coast,  from  the  river  Tensift 
almost  to  the  river  Sus,  and  about  30  miles  in  breadth ;  and 
it  is  found  nowhere  else  in  the  world.  A  gnarled  trunk 
and  wide-spreading  contorted  thorny  branches  give  it  a 
striking  appearance.  Large  specimens  have  a  height  of 
from  20  to  30  feet,  and  a  girth  of  25  or  26  feet.  The  fruit, 
which  ripens  between  May  and  August,  is  an  olive-looking 
nut,  greedily  eaten  by  camels,  mules,  goats,  sheep,  and 
horned  cattle  (but  not  by  horses)  for  the  sake  of  the  fleshy 
pericarp,  and  crushed  by  the  natives  to  extract  the  oil  from 
the  kernel.  Though  “its  strong  and  fulsome  savor”  ren¬ 
ders  it  nauseous  to  the  European  palate,  this  oil  is  largely 
used  in  the  cookery  of  Southern  Morocco.  The  prickly 
pear  forms  one  of  the  features  of  the  landscape  from  the 
coast  up  to  the  slopes  of  the  mountains.  The  cork  tree, 
common  in  the  time  of  Addison,  has  lost  ground  enor¬ 
mously,  though  it  probably  forms  the  staple  of  the  Ma'mura 
forest,  which  extends  for  some  20  miles  between  the  Bu 
Rakrak  and  the  Sebu.  Though  not  so  widespread  as  in 
Algeria  or  some  districts  of  Southern  Europe,  the  palmetto 
is  often  locally  very  abundant.  Citrons,  lemons,  limes 
(sweet  and  sour),  shaddocks,  mulberries,  walnuts,  and 
chestnuts  are  common  in  many  parts.  Tetuan  is  famous 
for  oranges,  Meknes  for  quinces,  Morocco  for  pomegranates, 
Fez  for  figs,  Tdfilelt  and  Akka  for  dates,  Sus  for  almonds, 
Dukalla  for  melons,  Tagodast,  Edantenan,  and  Ralrtt  for 
grapes,  and  Tarudant  for  olives  (Cowan).  The  grape  is 
extensively  cultivated;  the  Jews  manufacture  crude  but 
palatable  wines.  Sugar,  once  grown  in  Sus,  to  supply  the 
demands  of  the  whole  of  Morocco,  has  disappeared.  Both 
hemp  and  tobacco  are  cultivated  under  the  restrictions  of 
an  imperial  monopoly, — the  former  (of  prime  quality)  be¬ 
ing  largely  used  as  hashish,  the  latter,  though  never 
smoked,  as  snuff.  Barley  is  the  most  usual  cereal ;  but  ex¬ 
cellent  crops  of  wheat,  maize,  millet,  rye,  beans, .  pease, 
chick-peas,  and  canary  seed  are  also  obtained.  Potatoes 
are  coming  into  favor  in  certain  districts. 

It  is  still  true,  as  in  the  time  of  Addison,  that  the  Moors 
“  seldom  reap  more  than  will  bring  the  year  about,”  and 
the  failure  of  a  single  harvest  causes  inevitable  dearth. 
Captain  Colvile  calculates  that  not  more  than  a  hundredth 
part  of  the  available  land  is  cultivated  at  all ;  and  the  cul¬ 
tivated  portion  possessed  by  each  tribe  is  divided  into  three 
parts,  one  only  of  which  is  sown  each  year.  With  a  plough 
of  the  most  primitive  description  the  Moorish  peasant 
scarcely  scratches  the  surface  of  the  soil ;  and  his  harrow 
is  a  few  branches  of  trees  weighted  with  heavy  stones. 
The  corn  is  cut  close  to  the  ear  with  short  curved  knives, 
and  the  straw  left  standing.  Underground  granaries  or 
matamores  (matmUra)  are  constructed,  sometimes  capable 
of  holding  2000  quarters ;  they  preserve  their  contents  in 
good  condition  for  many  years. 

There  is  abundant  space  in  the  country  for  wild  animals, 
even  of  the  larger  kind;  but  the  absence  of  woodland 
keeps  them  in  check.  Besides  the  lion,  which  exists  only 
in  very  limited  numbers,  and,  according  to  local  proverbs, 
with  diminished  courage,  the  spotted  leopard,  the  hyaena, 
jackal,  lynx,  fox,  and  wild  boar  are  the  most  important. 
The  audad  or  wild  sheep  is  found  in  the  more  inaccessible 

3  Compare  Drude,  “  Floristische  Erforschung  Nord-Afrika’s”  in 
Petermann’s  MillkeUungcn,  1S82. 
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parts  of  the  Atlas.  Rabbits  swarm  in  the  country  to  the 
north  of  the  Bu  Rakrak,  and  since  1870  they  have  crossed  this, 
which  used  to  he  their  southern  limit.  A  kind  of  ground- 
squirrel,  the  sibsib,  occurs  in  the  southern  provinces.  Mon¬ 
keys  of  the  same  species  as  those  of  Gibraltar  frequent  the 
neighborhood  of  Jebel  Musd  or  Apes’  Hill.  The  list  of  the 
ordinary  wild  birds  includes  blackbirds,  goldfinches,  lin¬ 
nets,  greenfinches,  robins,  wagtails,  skylarks,  and  crested 
larks,  as  well  as  turtle-doves,  nightingales,  and  jays.  The 
house-sparrow  is  not  found ;  between  Morocco  and  Mogador 
its  place  is  taken  by  a  beautful  bird  (Emberiza  striolata), 
locally  called  tab'ib,  or  “the  doctor”  (Leared).  The  stran¬ 
ger  is  struck  by  the  immense  variety  and  number  of  hawks, 
and  still  more  by  the  familiar  terms  on  which  they  build 
their  nests  in  the  walls  and  rocks  along  with  blue  rock- 
pigecns  and  starlings.  All  through  the  country  the  red- 
legged  partridge  is  the  main  resource  of  the  sportsman, 
though  he  may  also  bag  other  varieties  of  partridge,  bus¬ 
tards,  and  ducks  and  other  water-fowl.  Along  the  coasts 
there  is  no  lack  of  gulls,  whimbrel,  oyster -catchers,  etc. 
Every  town  has  its  colony  of  storks.  Lizards,  chameleons, 
tortoises,  and  frogs  are  familiar  objects;  it  is  from  Morocco 
that  the  small  tortoises  hawked  about  the  streets  of  Lon¬ 
don  are  usually  obtained.  The  profusion  of  insect-life  is 
one  of  the  plagues  of  the  country  in  the  eyes  of  the  Eu¬ 
ropean  ;  and  even  the  Moor,  who  has  got  reconciled  to  his 
mosquitoes  and  fleas,  considers  the  locust  one  of  his  dead¬ 
liest  enemies. 

The  camel  is  the  great  beast  of  burden  in  Morocco, 
though  asses  and  mules  are  also  employed.  The  horse, 
never  reduced  to  such  base  uses,  is  usually  a  sturdy  little 
animal,  but  far  below  the  ancient  reputation  of  the  Barbary 
steed.  Roughly  broken  when  young,  his  mouth  is  soon 
spoiled  by  barbarous  bits,  and  his  feet  by  square  shoes. 
The  finest  animals  are  said  to  be  bred  in  Shiadma  and 
Abda.  In  form  and  size  the  mules  are  much  superior,  and 
they  usually  fetch  two  or  three  times  the  price.  The 
horned  cattle  are  not  unlike  Alderneys ;  and  the  sheep,  for 
the  improvement  of  which  nothing  is  done,  have  spiral 
horns  (not  unfrequently  four),  rounded  foreheads,  and  long 
fine  wool.  Domestic  fowls  are  kept  in  great  numbers ;  they 
are  of  the  Spanish  type,  small  and  prolific. 

The  mackerel  fishery  off  the  coast  at  Casa  Blanca  and 
Tangiers  attracts  fishers  from  Spain,  Portugal,  and  other 
parts  of  Europe.  Occasionally  a  small  shoal  may  be  found 
as  far  south  as  Mogador.  Soles,  turbot,  bream,  bass,  conger 
eel,  and  mullet  are  common  along  the  coast,  and  a  large  fish 
called  the  aslimsah  (rough  scaled  and  resembling  a  cod). 
Lobsters  and  crayfish  swarm  in  the  rocky  places,  but  the 
natives  have  no  proper  method  of  catching  them.  The 
tunny,  pilchard,  and  sardine,  and  a  kind  of  shad  known  as 
the  “  Mogador  herring,”  all  prove  at  times  of  practical  im¬ 
portance.  “  The  catching  of  the  shebbel  or  Barbary  salmon, 
a  species  of  shad,  is  a  great  industry  on  all  the  principal 
rivers  of  the  coast,  and  vast  numbers  of  the  fish,  which  are 
often  from  5  to  15  pounds  in  weight,  are  dried  and  salted.” 
They  ascend  from  the  sea  in  spring.  Barbels  and  a  few 
other  small  fish  swarm  in  the  streams,  but  for  the  angler 
there  is  little  real  sport.1 

Of  the  population  of  Morocco  only  the  vaguest  estimate 
is  possible.  Behm  and  Wagner  give  6,410,000— probably 
too  high  a  number.  Ethnographically  it  consists  of  three 
main  elements — Berbers  or  Shelluh,  Arabs,  and  Jews — with 
a  large  infusion  of  Negro  blood,  and  a  sprinkling  of  Negro 
individuals.  A  distinction  is  sometimes  drawn  between 
the  country  Arab  and  the  city  “  Moor,”  as  he  is  called  par 
excellence ;  but  the  difference  between  them  is  one  not  so 
much  of  race  (though  the  “  Moor  ”  has  probably  absorbed  a 
greater  variety  of  heterogeneous  elements)  as  of  method  of 
life,  and  the  superficial  physical  results  of  the  same.  The 
Berbers  are  the  original  occupants  of  the  country  (as  may 
be  proved  by  the  ancient  words  preserved  by  classical 
writers),  and  they  still  form  not  only  the  most  numerous 
but  the  most  industrious  and  civilizable  section  of  the  peo¬ 
ple.  While  the  Arab  is  still  by  preference  a  dweller  in 
tents,  the  Berber  for  the  most  part  builds  himself  houses  of 
stone  or  clay.  On  the  whole,  the  Arabs  are  predominant  in 
the  lowlands  and  the  Berbers  in  the  hilly  districts  and 
mountains.  Population  about  8,000,000. 

Greatly  corrupted,  even  in  the  time  of  Ibn  Khaldun,  the 
Arabic  of  Morocco  has  now,  with  the  complete  decay  of  lit¬ 
erature,  reached  a  state  of  extreme  degradation.  Of  the 
Schilha  dialects  very  little  is  known,  but  everything  goes 
to  prove  their  general  philological  agreement  with  the  bet¬ 
ter-investigated  representative  of  the  Berber.  The  Jews 
are  the  great  commercial  class  in  the  community.  They 
are  usually  said  to  number  about  150,000  to  200,000,  but 

1  A  scientific  list  of  some  thirty  or  forty  fishes  from  Morocco 
will  be  found  in  Ber.  Senck.  Ges.,  1871 ;  an  account  of  angling  ex¬ 
periences  in  Payton,  Mosses  from  a  Rolling  Stone. 


Rohlfs  ( Petermmm’s  Mitth.,  1883)  shows  reason  to  suppose 
that  they  do  not  exceed  62,800.  Having  come  largely  from 
Spain,  they  still  use  among  themselves  a  corrupt  Spanish.2 

That  at  one  time  Morocco  was  a  much  more  populous 
country  is  evident  from  the  description  of  Leo  Africanus, 
though  even  in  his  time  the  number  of  ruined  or  decaying 
towns  was  very  great.  Besides  Tangiers,  Larash,  Sallee, 
and  the  other  places  on  the  coast  already  described,  there 
are  only  a  few  large  cities  in  the  country.  Four  of  these — 
Fez  ( q.v .),  Meknes  or  Mequinez  ( q.v .)  Wazan,  and  Teza— 
are  in  the  basin  of  the  Sebu.  On  the  Zarhun  range,  north 
of  Meknes,  lies  the  town  of  Muley  Edris  or  Zarhun,  which 
no  Christian  is  allowed  to  enter,  though  in  1801  Jackson 
did  manage  to  pay  a  hurried  visit.  According  to  Captain 
Trotter,  who  got  within  three-quarters  of  a  mile,  it  is  a 
place  of  apparently  1500  to  2000  inhabitants,  compact,  and 
with  several  large  buildings.  Wazan  (Rohlfs’s  Wesan)  is 
par  excellence  a  sacred  city,  being  the  seat  of  a  sherif,  whose 
influence  is  even  more  widely  acknowledged  than  that  of 
the  sultan.  It  was  probably  raised  from  a  mere  village  by 
Muley  'Abd  AMh  al-Sherif  ( ob .  1675).  At  present  it  is  one 
of  the  cleanest  and  best-kept  places  in  the  empire.  Teza 
(TazJ)  is  a  considerable  trading  centre  on  the  route  between 
Fez  and  the  Algerian  frontier.  Leo,  Ali  Bey,  and  Rohlfs 
agree  in  describing  it  as  a  place  of  great  beauty,  embowered 
in  orchards,  and  the  houses  give  evidence  of  wealth.  The 
population,  in  Leo’s  time  20,000,  is  now  5000,  of  whom  800 
are  Jews.  About  120  miles  east  of  Teza,  and  only  10  from 
the  frontier,  is  Wajda  (Ouchda  of  the  French),  clean  and 
neat,  in  the  midst  of  an  orange  grove.  The  only  other  in¬ 
land  town  of  importance  is  Kasr  al-Kebir  (see  Alcazar 
Kebir)  the  Oppidum  Novum  of  the  Romans,  which,  except 
on  market-days,  wears  a  look  of  great  decay.  In  all^  the 
country  between  the  basin  of  the  Sebu  and  the  Tensift,  a 
distance  of  upwards  of  200  miles,  there  is  nothing  that  a 
European  would  consider  a  town ;  and  Morocco  itself  is  the 
only  really  large  city  of  South  Morocco.  Tarudant,  the 
capital  of  Sus,  lies  between  the  Atlas  and  the  river ;  it  is  a 
place  of  from  30,000  to  40,000  inhabitants,  has  recently  been 
garrisoned  and  refortified  by  the  sultan,  and  may  be  con¬ 
sidered  the  frontier  city  of  his  empire.  High  (Hir,  Illec, 
etc.),  100  miles  south-southeast  on  a  stream  which  joins 
the  Massa,  is  the  chief  town  of  Tazerwalt  or  the  state  of 
Sidi  Hisham,  an  independent  principality  founded  by  Sidi 
Ahmed  u  Musa;  and  Auguilmin  (Gulemin  or  Glimin),  in 
like  manner,  is  the  chief  town  of  the  state  of 'Abd  Allah  u 
Salem,  or,  as  it  is  usually  called  by  Europeans,  Wad  Nun. 
Tagawost  (Tagaost  of  Ibn  Khaldun),  about  40  miles  inland 
from  Ifni,  was  formerly  a  large  city,  and  in  the  16th  cen¬ 
tury  the  seat  of  a  Spanish  factory  trading  in  archil. 
Throughout  Morocco  the  nomenclature  of  ordinary  maps 
gives  a  very  misleading  idea  of  the  number  of  inhabited 
sites.  Most  of  the  seeming  villages  are  either  market¬ 
places,  completely  deserted  except  on  market-days,  or  the 
tombs  of  saints,  with  possibly  not  a  house  in  the  vicinity, 
or  stations  for  caravans,  with  a  small  company  of  soldiers. 
The  markets  are  named  after  the  days  of  the  week,  as  Suk 
al-Thaliithd,  Tuesday  market;  the  kubbas  or  saints’  tombs 
are  distinguished  as  Sidi  (my  master)  so  and  so;  and  the 
stations  are  marked  Nzela,  or  some  such  corruption  as 
Inzella. 

The  prehistoric  antiquities  of  Morocco  are  of  considerable 
interest.  In  a  cave  at  Cape  Spartel  M.  Tissot  found  regu¬ 
larly  shaped  arrow-heads,  and  in  his  travels  through  the 
north  of  the  country  he  met  with  dolmens,  barrows,  and 
cromlechs,  just  as  in  Algeria  or  Tunis.  The  dolmens  usually 
form  a  trapezium,  and  the  dead  body  seems  to  have  been 
buried  with  the  knees  drawn  up  to  the  chin.  At  Mzorah 
(Mazorah),  a  quaint  little  village  of  widely-scattered  houses 
built  of  rough  blocks  of  yellow  soft  sandstone,  about  8  or  10 
miles  southeast  from  Azild,  stands  a  group  of  megalithic 
monuments  of  extraordinary  extent.  They  have  been  vis¬ 
ited  and  described  by  Sir  Arthur  de  Capell  Brooke  (1830), 
Davidson  (1835),  Farley  (1860),  Tissot,  Watson,  Trotter,  etc. 
Watson’s  account  is  the  most  detailed.  Round  the  base  of 
a  mound  (15  feet  high)  of  yellow  sandstone  lies  a  circle  of 
sixty-seven  large  stones,  one  of  which  (at  the  west  side)  is 
more  than  20  feet  high.  In  the  vicinity  are  several  other 
groups,  some  of  still  larger  blocks.  Roman  roads  seem  to 
have  run  from  Tangiers  southwards  to  the  neighborhood  of 
Meknes,  and  from  Azibi  to  the  south  of  Rabat ;  and  Roman 
sites  are  in  several  instances  marked  by  considerable  re¬ 
mains  of  masonry.  At  Kasr  Fara'un  (Pharaoh’s  castle),  on 
the  western  slope  of  J.  Zarhun,  are  the  ruins  of  Volubilis. 
The  enceinte,  constructed  of  large  stones  and  flanked  by 
round  towers,  is  12,000  feet  in  extent.  Four  gates  are  still 
recognizable,  and  a  triumphal  arch  erected  in  216  A.D.  in 

2  The  evidence  for  the  existence  of  a  tribe  of  warlike  Jews  in 
the  interior  leans  on  the  whole  to  the  positive  side. 
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lonor  of  Caracalla  and  Julia  Domna.  The  stones  of  this 
site  have  been  used  for  Meknes.  Banasa  (Colonia  JElia, 
originally  Valentia)  is  identified  with  the  ruins  of  Sidi  Ali 
Bii  Jenun,  and  Thamusida  with  those  of  Sidi  Ali  b.  Hamed. 
At  Tchemmish,  up  the  river  from  Larash,  the  city  of  Lixus 
(Trinx  of  Strabo)  has  left  splendid  specimens  of  Punic  and 
Roman  stonework,  and  the  similar  remains  on  the  head- 
laud  of  MuM  Bu  Selham  probably  belong  to  the  Mudelacka 
of  Polybius.  Of  early  Moorish  architecture  good  examples 
are  comparatively  few,  and  badly  preserved.  Besides  those 
in  Fez,  Meknes,  and  Morocco,  it  is  sufficient  to  mention  the 
mausoleum  of  the  Beni-Merin  (13th  to  16th  centuries)  at 
Sheila,  which,  with  the  adjoining  mosque,  is  roofless  and 
ruined,  but  possesses  a  number  of  valuable  inscriptions  (see 
Athenaeum,  1875). 

The  present  state  of  Morocco  is  deplorable.  The  govern¬ 
ment  is  an  Oriental  despotism  under  an  independent  quasi- 
hereditary  sultan ;  there  are  no  administrative  function¬ 
aries1  with  definite  responsibility  and  regular  salary;  the 
distribution  of  justice  is  utterly  arbitrary,  and  the  punish¬ 
ments  often  barbarous  in  the  extreme;  education,  in  the 
European  sense  of  the  word,  there  is  none;  foreign  com¬ 
merce  is  hampered  by  vexatious  prohibitions  and  restric¬ 
tions,  internal  trade  by  the  almost  complete  absence  of 
roads  and  bridges,  and  by  the  generally  lawless  state  of  the 
country  (the  very  peasant  has  his  gun  beside  him  as  he 
ploughs) ;  the  only  substitute  for  a  postal  system  is  a  class 
of  running  couriers ;  and  even  the  army  (in  which  the  sul¬ 
tan  does  take  an  interest)  is  only  just  beginning  to  show 
signs  of  discipline  and  effectiveness  under  the  supervision 
of  Kaid  McCleau  and  other  foreign  officers.  The  last  rem¬ 
nants  of  the  once  powerful  Moorish  fleet  are  rotting  beyond 
recognition  in  the  harbor  of  Larash.  With  good  govern¬ 
ment  and  freedom  of  trade  the  country  might  soon  be  re¬ 
stored  to  a  high  state  of  prosperity  :  its  climate,  soil,  prod¬ 
ucts,  and  the  qualities  of  its  predominant  population  are 
full  of  promise;  and  the  evident  decrease  of  hostility 
towards  the  Christian,  which  may  be  observed  since  the 
beginning  of  the  century,  and  especially  within  recent 
years,  gives  hope  that  European  influence,  apart  from 
European  conquest,  may  before  long  remove  from  Morocco 
the  reproach  of  being  “  the  China  of  the  West,”  the  most 
backward  and  barbarous  of  civilized  nations. 

History. — Morocco  corresponds  to  the  Roman  Mauretania 
Tingitana  (see  Mauretania).  Conquered  by  the  Vandals 
(429  A .  p.) ,  Mauretania  was  recovered  to  the  pastern  Em¬ 
pire  by  Belisarius.  The  Arabs  first  penetrated  into  the 
country  under  'Okba  (supra,  p.  590),  but  the  Berbers  op¬ 
posed  an  obstinate  resistance  to  Islam,  and  their  conversion 
and  subjection  to  the  caliphate  was  only  completed  in  the 
reign  of  Walid  by  Musa  b.  Nosair,  the  conqueror  of  Spain 
(supra,  p.  596).  The  dominion  of  the  caliphs  was  of  short 
duration ;  the  ‘Abbdsids  had  very  little  hold  of  the  Berber 
countries,  and  in  the  9th  century,  while  the  Aghlabites 
were  pr-actically  independent  at  Kairawan,  the  regions  west 
of  the  salt  marsh  of  Sebkha  al-Hodna  were  autonomous 
under  a  number  of  indigenous  or  foreign  princes.  The 
chief  of  these  principalities  were  that  of  the  Idrisites  at  Fez 
(supra,  p.  603),  the  kingdom  of  Tahart,  and  that  of  Nitkur. 
In  the  first  years  of  the  10th  century  the  Fatimite  caliphs, 
at  the  head  of  the  powerful  Berber  tribe  of  Ketama,  over¬ 
threw  the  Aghlabites,  thus  putting  an  end  for  ever  to  Arab 
rule  in  North  Africa,  and  rapidly  extended  their  empire  to 
the  Atlantic.  When  the  Fatimites  established  themselves 
in  Egypt,  the  Zirid  dynasty  reigned  as  their  vassals  in  the 
west,  and  maintained  themselves  with  varying  fortunes  till 
the  rise  of  the  great  empire  of  the  Almoravides  (q.v.),  who 
yielded  in  turn  to  the  Almohades  (q.v.).  The  latter  dy- 
nastv  was  extinguished  by  the  princes  of  the  Beni-Merin, 
whose  chief,  Ya'kub  b.  'Abd  al-Hakk,  captured  Morocco  in 
1269  a.d.  The  subsequent  history  of  Morocco  and  Fez  under 
the  Merinids  and  their  successors  presents  little  interest, 
being  as  full  of  internecine  wars,  contested  successions,  fra¬ 
tricides,  general  bloodshed,  and  barbarities  as  it  is  empty 
of  all  indications  of  an  advance  in  civilization.  As  regards 
the  relations  of  the  country  to  European  nations,  four 
periods  may  be  distinguished — (1)  a  period  lasting  down  to 
the  close  of  the  14th  century,  when  the  Moorish  potentates 
were  still  the  most  prominent  representatives  of  aggressive 
Mohammedanism ;  (2)  a  period  during  which  the  Portu¬ 
guese  and  Spaniards,  having  expelled  their  invaders,  made 
vigorous  reprisals  and  obtained  possession  of  many  towns 
on  the  coast  of  Morocco ;  (3)  a  period  in  which  these  na¬ 
tions,  disheartened  by  the  disastrous  defeat  in  the  Battle 
of  the  Three  Kings  ‘(1579),  allowed  the  Moors  to  recover 
much  of  the  ground  they  had  lost,  and  to  become,  by  their 
piracies  and  defiance  of  international  law,  an  object  if  not 
of  terror  yet  of  apprehension  and  irritation;  and  (4)  a  period 
in  which  the  prestige  cf  this  after-glow  of  greatness  has 
gradually  died  out. 


The  following  are  the  more  noteworthy  events  in  the 
Moorish  annals  since  the  beginning  of  the  15th  century. 

1415.  Ceuta  captured  by  the  Portuguese.  1436.  First  ex¬ 
pedition  against  Tangiers  by  Don  Duarte ;  capture  of  Don 
Fernando,  who  died  in  exile  in  1459  (it  was  proposed  to 
ransom  him  by  cession  of  Ceuta,  but  the  pope  objected). 
1459.  Capture  of  Alcazar  Seguir.  1471.  Capture  of  Tangiers. 
1510-1540.  Rise  of  the  dynasty  of  the  Sherifs.  1577.  Ed¬ 
mond  Hogan  sent  by  Queen  Elizabeth  of  England  to  Muley 
Abd  al-Melek  (see  Report  in  Hakluyt).  1578.  Defeat  of 
King  Sebastian  (see  Leared,  Visit  to  Court  of  Morocco,  appen¬ 
dix).  1585.  Founding  of  the  Company  of  Barbary  Mer¬ 
chants  (earls  of  Warwick,  Leicester,  etc.)  in  London ;  Eliza¬ 
beth’s  second  ambassador  Henry  Roberts  well  received. 
1610.  The  Moors  from  Spain  settle  partly  at  Rabtlt,  etc.,  and 
prove  troublesome.  1649.  Muley  Zidan  sends  to  King 
Charles  I.  requesting  him  to  attack  Sallee  by  sea.  About 
this  time  Ali  Sherlf  of  Yanbo,  near  Medina,  is  recognized  as 
ruler  of  Tafilelt,  and  gradually  of  the  rest  of  the  empire 
except  the  city  of  Morocco ;  with  him  commences  the 
dynasty  of  the  Alides ;  on  his  death  his  sons,  Mohammed 
and  Arshid,  dispute  the  succession.  1662.  Tangiers  (Portu¬ 
guese  since  1471 )  becomes  an  English  possession  as  part  of 
the  dowry  of  Catherine  of  Braganza.  1664-1672.  Reign  of 
Arshid,  a  warlike,  active,  and  cruel  prince,  who  was  the  first 
to  take  the  title  of  sultan.  1672-1727.  Reign  of  Ishmael, 
who  in  ability  and  ferocity  completely  outdid  his  brother 
Arshid,  and  supported  his  throne  by  an  enormous  army  of 
slaves  from  the  Sudan.  1678.  Great  plague ;  ambassadors 
sent  to  Louis  XIV.  to  ask  the  hand  of  Mademoiselle  Blois, 
the  king’s  natural  daughter.  1682.  The  sultan  sends  two 
lions  to  the  king  of  England.  1684.  Sir  Cloudesley  Shovel 
defends  British  interests  on  the  coast ;  withdrawal  of  the 
English  from  Tangiers.  1687.  Capture  of  Larash  from  the 
Spaniards.  1694.  Siege  of  Ceuta.  1725.  Thomas  Betton, 
who  had  been  a  slave  in  Morocco,  left  £13,000,  the  half  of 
his  fortune,  for  the  ransom  of  British  captives  in  that 
country.  1727-1730.  Disputed  succession.  1757-1789.  Reign 
of  Mohammed.  1778.  Locusts.  1780.  Great  famine ;  Agadir 
opened  to  the  Dutch.  1794-1822.  Reign  of  Soliman  ;  aboli¬ 
tion  of  Christian  slavery  in  Morocco ;  suppression  of  piracy. 
1822-1859.  Reign  of  Abd  er  Rahman  ;  rupture  with  Spain  on 
account  of  the  decapitation  of  Consul  Darmon  for  the 
wounding  of  a  Moor.  1844.  Defeat  of  forces  sent  to  assist 
'Abd  al-Kader  in  Algiers ;  bombardment  of  Tangiers  and 
Mogador  by  the  prince  de  Joinville;  rout  of  the  Moorish 
forces  in  the  battle  of  Isly ;  and  peace  of  Tangiers.  1845. 
Naval  demonstration  at  Tangiers  and  ratification  of  treaty; 
surrender  to  Spain  of  disputed  territory  at  Ceuta.  1853. 
Establishment  of  a  customs  line  and  regular  military  posts 
along  the  Algerian  frontier.  1856.  English  commercial 
treaty  by  which  no  duty  shall  exceed  10  per  cent,  of  the 
value  of  the  wares.  1859-1873.  Reign  of  Mohammed; 
Spanish  invasion.  1860.  Decisive  battle  between  General 
O’Donnell  and  the  Moors  near  Tetuan  (February).  By  the 
treaty  of  Tetuan  Morocco  was  to  pay  20,000,000  piastres  to 
Spain,  to  surrender  territory  at  Santa  Cruz  de  Mar  Pequena 
for  a  commercial  establishment,  and  to  allow  the  Spanish 
missionaries  to  have  a  house  at  Fez  like  that  which  they 
had  at  Tangiers.  Money  not  being  obtainable  to  pay  the 
indemnity,  the  Spaniards  obtained  control  of  the  customs 
for  a  term  of  years.  1864.  Decree  permitting  Europeans  to 
trade  in  any  part  of  the  empire.  1873.  Accession  of  Hasan. 
1880.  English  embassy  for  improvement  of  commercial  rela¬ 
tions  ;  conference  at  Madrid  to  define  the  rights  of  Euro¬ 
pean  representatives  in  regard  to  the  protection  afforded  by 
them  to  subjects  of  the  sultan  7  number  of  proteges  limited 
to  three.  1882.  Expedition  to  subdue  Sid  Hosein  of  High. 
1883.  Protest  of  the  English  Government  against  the  slave 
trade  in  Morocco. 

Lists  of  works  in  regard  to  Morocco  will  be  found  in  Renou, 
Descript,  geogr.  de  I'emp.  de  Maroc,  Paris,  1846,  forming  part  of 
L'txplor.  scient.  de  I'Atgme;  in  Bol.de  la  Soc.  geogr.  de  Madrid,  1877, 
1878 ;  and  in  Rivista  Contemporanea,  Madrid,  1881.  Besides  Renou’s 
Description— a  masterly  criticism  of  all  previous  geographical 
material— the  following  may  be  mentioned:  Ibn  Khaldun,  Hid. 
des  Berberes  (tr.  by  Baron  de  Slane);  Leo  Africanus,  Descript. 
Africa ;  Diego  de  Torres,  Origen  y  sucesso  de  los  Xarifes.  .  .  .  de 
Marruecos,  etc.,  1585;  Marrnol,  Descr.  de  V  Af  rique,  1667;  Faria  y 
Sousa,  Africa  Portuguesa,  Lisbon,  1681 ;  Addison,  Account  of  West 
Barbary,  1671  (Pinkerton’s  Coll.,  xv.) ;  Chenier,  Peek.  hist,  sur  les 
Maures,  1787;  Jackson,  Account  of  the  Eipp.  of  Morocco,  1809,  and 
Timbuctoo  and  IJousa,  1820;  Drummond'  Hay,  Western  Barbary, 
1844;  John  Davidson,  Notes  taken  during  Travels  in  Africa,  1839;  De 
Aguirra,  Expcdicion  at  Riff,  1858;  Mrs.  E.  Murray,  Sixteen  Years  in 
Morocco,  Spain,  etc.,  1859;  Richardson,  Trav.  in  Morocco,  1860;  Malt- 
zan,  Drei  Jahren  im  Nordwesten  von  Afrika,  1868  :  (4  vols.) ;  Rohlfs, 
Reise dutch  Marokko,  Bremen,  1868 ;  Fntsch  in  “  Mittheil.  d.  Vereins 
fur  Erdk.”  Halle.  1878;  Leared,  Morocco  and  the  Moors,  1875,  and 
Visit  to  the  Court  of  Morocco,  1879;  De  Amici’s  Morocco,  Milan,  1878 
—a  very  graphic  sketch,  which  has  been  deservedly  translated 
into  English, French,  German,  etc. ;  Tissot,  Rech.  sur  la  giogr.  com- 
paree  de  la  Mauretanie  Tingitane,  1877 ;  Castellanos,  Descr.  hist,  de 
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Marruecos,  Santiago,  1878;  Hooke*-  and  Ball,  Morocco  and  the  Great 
Atlas,  1878 ;  Gatell,  Viajes  por  Marruecos,  1879 ;  Payton,  Mosses  from 
a  Rolling  Stone,  1879 ;  Liana  y  Rodriganez,  El  imp.  de  Marruecos, 
1880 ;  Watson,  A  Visit  to  Wazan,  1880 ;  Trotter,  Mission  to  the  Court 
of  Morocco,  1881;  Cowan  and  Johnstone,  Moorish  Lotus  Leaves, 
1882;  Into  Morocco,  P.  Loti,  1889. 

Morocco,  or  Marocco  (Marrakush),  one  of  the 
quasi-capitals  of  the  sultanate  (Fez  and  Meknes  being 
the  other  two),  lies  in  a  spacious  plain  about  15  miles 
from  the  northern  underfalls  of  the  Atlas,  and  90  miles 
east-southeast  of  Saffi,  at  a  height  variously  estimated 
as  1639  feet  (Hooker  and  Ball),  1410  (Beaumier),  and 
1500  (Leared).  Ranking  during  the  early  centuries  of 
its  existence  as  one  of  the  greatest  and  most  flourishing 
cities  of  Islam,  Morocco  nas  long  been  in  a  state  of 
grievous  decay ;  and  were  it  not  for  the  exceptional 
beauty  of  its  situation,  the  luxuriant  groves  and  gardens 
by  which  it  is  encompassed  and  interspersed,  and  the 
magnificent  outlook  which  it  enjoys  towards  the  moun¬ 
tains,  it  would  be  altogether  a  very  miserable  place. 
The  wall,  25  or  30  feet  high,  and  relieved  by  square 
towers  at  intervals  of  360  feet,  is  so  dilapidated  that 
foot-passengers,  and  in  places  even  horsemen,  can  find 
their  way  in  and  out  through  the  breaches.  Open 
spaces  of  great  extent  are  numerous  enough  within  the 
walls,  but  for  the  most  part  they  are  defaced  by  mounds 
of  rubbish  and  putrid  refuse.  With  the  exception  of 
the  tower  of  the  Kutubia  Mosque  and  a  certain  arch¬ 
way  which  was  brought  in  pieces  from  Spain,  there  is 
not,  it  is  asserted,  a  single  stone  building  in  the  city ; 
and  even  bricks  (though  the  local  manufacture  is  of 
excellent  quality)  are  sparingly  employed.  Tabiya,  or 

ounded  day,  is  the  almost  universal  material,  and  the 

ouses  are  consequently  seldom  raised  more  than  two 
stories  in  height.  The  palace  of  the  sultan  covers  an 
extensive  area,  and  has  its  parks  and  gardens  inclosed 
by  walls  similar  to  those  of  the  city  proper,  but  is  archi¬ 
tecturally  quite  insignificant.  In  the  wnole  of  Morocco 
the  tower  of  the  Kutubia  alone  is  a  worthy  memorial 
of  the  constructive  genius  of  the  early  Moors ;  both  it 
and  the  similar  tower  of  Hasan  at  Rabat  are  after  the 
type  of  the  Griralda  at  Seville,  and,  if  tradition  may  be 
trusted,  all  three  were  designed  by  the  same  architect 
J&bir.  The  mosque  to  which  the  tower  belongs  is  a 
large  brick  building  erected  by 'Abd  al-Mumen;  the 
interior  is  adorned  with  marble  pillars,  and  the  whole 
of  the  crypt  is  occupied  by  a  vast  cistern  excavated  by 
Mansur.  Other  mosques  of  some  note  are  those  of 
Ibn  Yfisuf,  Al-Mansur,  and  Al-Mo'izz  ;  the  chapel  of 
Sidi  Bel  Abbas,  in  the  extreme  north  of  the  city,  pos¬ 
sesses  property  to  the  value  of  £200,000,  and  serves  as 
a  great  almshouse  and  asylum.  As  in  most  other  towns 
throughout  Morocco,  there  is  a  special  Jews’  quarter 
walled  off  from  the  rest.  The  general  population  is  of 
a  very  mixed  and  turbulent  kind  ;  crimes  of  violence 
are  extremely  common,  and  there  are  countless  varieties 
of  the  professional  thief.  Almost  the  only  manufacture 
extensively  prosecuted  is  that  of  Morocco  leather, 
mainly  red  and  yellow,  about  1500  men  being  em¬ 
ployed  as  tanners  and  shoemakers.  The  city  was 
founded  in  1062  by  Yusuf  b.  Tashefin.  _  Before  it  was 
more  than  a  hundred  years  old  it  is  said  to  have  had 
700,000  inhabitants,  but  at  present  the  total  number 
probably  does  not  exceed  50,000  or  60,000. 

See  Leo  Africauus ;  Lambert’s  detailed  description  in  Bui. 
de  la  Soc.  de  giogr.,  Paris,  1865 ;  and  Dr.  Leared’s  rifacimento 
of  Lambert.  Lambert’s  plan  of  Morocco  is  reproduced 
with  some  additions  by  Dr.  Leared ;  and  another  may  be 
found  in  Gatell.  (H.  A.  w.) 

MORON,  or  Moron  de  la  Frontera,  a  town  of 
Spain,  in  the  province  of  Seville,  about  32  miles  to 
the  southeast  of  that  city,  occupies  an  irregular  site 
upon  broken  chalk  hillocks  at  a  distance  of  a  mile  and 
a,  half  from  the  right  bank  of  the  Guadaira.  It  is 
connected  by  rail  with  Utrera  on  the  Cadiz  and  Seville 
line.  On  the  highest  elevation  to  the  eastward  are  the 
ruins  of  the  ancient  castle,  of  considerable  importance  I 
during  the  Moorish  period,  and  afterwards  used  as  a 
palace  by  the  counts  of  Urena.  In  1810-11  it  was 


fortified  by  the  French,  but  blown  up  by  them  in  the* 
following  year.  The  chief  public  building  of  Moron 
is  the  large  parish  church,  which  dates  from  the  16th 
century,  but  presents  no  noteworthy  features.  The 
fine  district  between  Moron  and  the  Serrania  de 
Ronda  is  largely  occupied  by  olive  plantations,  and 
the  trade  in  oil  and  other  agricultural  produce  forms 
the  chief  industry  of  the  town.  Moron  is  also  famous 
throughout  Spain  for  its  chalk  (cal  de  Moron),  from 
which  the  whitewash  extensively  used  in  the  Peninsula 
is  derived.  The  population  of  the  town  was  14,879 
in  1900. 

MORONI,  Giambattista  (c.  1510-1578),  an  emi¬ 
nent  portrait-painter  of  the  Venetian  school,  was  born 
at  Albino  near  Bergamo  about  1510,  and  became  a 
pupil  of  Bonvicino  named  II  Moretto.  Beyond  the 
record  of  his  works  very  few  particulars  regarding  him 
have  reached  us.  Titian,  under  whom  also  Moroni,, 
while  still  very  young,  is  said  to  have  studied  (but 
this  appears  hardly  probable),  had  at  any  rate  a  high 
opinion  of  his  powers ;  he  said  that  Moroni  made  his 
portraits  “living”  or  “actual”  ( veri ).  And  if  the 
magnates  of  Bergamo  came  to  the  great  Venetian  for 
their  likenesses  he  advised  them  to  go  to  their  own 
countryman.  In  truthful  and  animated  portraiture 
Moroni  ranks  near  Titian  himself.  His  portraits  do 
not  indeed  attain  to  a  majestic  monumental  character ; 
but  they  are  full  of  straightforward  life  and  indi¬ 
viduality,  with  genuine  unforced  choice  of  attitude, 
and  excellent  texture  and  arrangement  of  draperies. 
There  is  a  certain  tendency  to  a  violet  tint  in  the  flesh, 
and  the  drawing  and  action  of  the  hands  are  not  first- 
rate.  As  leading  samples  of  his  portraits  may  be 
mentioned — in  the  Uffizi  Gallery,  Florence,  the  Noble¬ 
man  pointing  to  a  Flame,  inscribed  “Et  quid  volo  nisi 
ut  ardeat?”;  in  the  National  Gallery,  London,  the 
portraits  of  a  Tailor,  a  member  of  the  Fenaroli  family, 
Canon  Ludovico  de’  Terzi,  and  others ;  in  the  Berlin 
Gallery,  his  own  portrait :  and  in  Stafford  House,  the 
seated  half-figure  of  the  Jesuit  Ercole  Tasso,  currently 
termed  “Titian’s  Schoolmaster” — not  as  indicating- 
any  real  connection  between  the  sitter  and  Titian,  but 
only  the  consummate  excellence  of  the  work.  Besides 
his  portraits,  Moroni  painted,  from  youth  to  his  latest 
days,  the  ordinary  round  of  sacred  compositions  ;  but 
in  these  he  falls  below  his  master  H  Moretto,  and  his 
design,  which  partakes  more  of  the  Lombard  or 
Milanese  style  than  of  the  Venetian,  has  at  times 
some  of  the  dryness  of  the  quattrocento.  One  of  the 
best  is  the  Coronation  of  the  Virgin  in  S.  Alessandro 
della  Croce,  Bergamo  •  also  in  the  Cathedral  of 
Verona,  Sts.  Peter  and  Paul,  and  in  the  Brera  of 
Milan,  the  Assumption  of  the  Virgin.  Moroni  was- 
engaged  upon  a  Last  Judgment  in  the  church  of 
Corlago  when  he  died  on  5tn  February,  1578. 

MOROSINI,  the  name  of  a  noble  Venetian  family. 
According  to  the  best  authorities,  Cappellari  and  Bar¬ 
bara,  there  would  seem  to  have  been  two  families  of 
that  name,  distinguishing  themselves  by  the  variation 
of  their  shield.  The  one  came  from  Mantua  at  the 
time  of  Attila’s  invasion,  and  bore  or,  a  fess  azure. 
The  other  came  from  Illyria  in  the  7th  century ;  they 
bore  or,  a  bend  azure.  However  that  may  be,  nothing 
authentic  is  known  of  the  Morosini  till  we  find  them 
settled  as  one  family  in  Venice  during  the  8th  century. 
The  Morosini  belong  to  the  Case  Vecchie,  or  twenty- four 
families  of  Venetian  nobility  who  were  descended  from 
the  tribunes  of  the  confederate  islands  before  Venice 
became  united  in  one  centre  at  Rialto.  The  10th  cen¬ 
tury  was  a  period  of  danger  for  the  family.  They 
became  involved  in  a  blood  feud  with  another  noble 
house,  the  Caloprini,  who  were  Ghibelline  in  politics, 
and  relied  upon  the  emperor  Otto  for  support.  The 
Morosini,  however,  proved  the  stronger,  thanks  to 
their  popularity  ;  and  the  year  991  saw  them  victori¬ 
ous  through  the  deposition  of  the  doge  Memo,  who 
had  favored  their  enemies.  The  Morosini  engaged  in 
I  commerce  with  the  East,  and  in  the  14th  century  two 
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brothers  of  the  family,  Alban  and  Marco,  founded  a 
house  at  Aleppo  with  branches  in  Damascus,  Beyrut, 
and  elsewhere  in  Syria.  The  wealth  and  importance 
of  the  family  may  be  gathered  from  the  fact  that  in 
1379  no  less  than  fifty-nine  Morosini  subscribed  towards 
the  fund  for  carrying  on  the  war  of  Chioggia.  The 
house  of  Morosini  gave  four  doges  to  Venice,  and 
numbered  among  its  nonors  two  royal  marriages,  two 
cardinals,  twenty-four  procurators  of  St.  Mark,  besides 
numerous  generals  of  the  republic.  The  Morosini 
continued  to  flourish  till  the  opening  of  the  last  cen¬ 
tury,  when  the  family  began  to  decline ;  it  is  now 
represented  by  one  surviving  member. 

Among  the  more  distinguished  members  of  the 
house  must  be  mentioned :  Giovanni,  who  in  982 
founded  the  monastic  establishment  on  S.  Giorgio 
Maggiore  after  the  order  of  St.  Benedict ;  Domenico, 
doge  1148-1156— in  the  third  year  of  his  reign  Pola 
and  Istria,  which  had  rebelled,  were  reconquered  ; 
Marino,  doge  1249-1252,  during  whose  reign  the 
Inquisition,  in  a  modified  form  and  under  the  surveil¬ 
lance  of  Venetian  officers,  was  introduced  into  Venice 
for  the  first  time.  In  this  same  century  (1290)  Tom- 
masina  Morosini,  the  sister  of  Albertino  il  Grande, 
married  Stephen,  prince  of  Hungary.  Their  son 
Andrew  succeeded  to  the  throne,  and  was  directed  in 
his  government  by  his  uncle  Albertino,  on  whom  he 
conferred  the  dukedom  of  Slavonia  and  the  county  of 
Morlacchia.  A  cousin  of  Tommasina,  Costanza,  mar¬ 
ried  Ladislaus,  king  of  Servia.  In  1382  Michele 
Morosini  was  elected  doge.  He  had  acquired  a  large 
fortune  and  a  reputation  for  astuteness  by  buying 
Venetian  property  while  the  Genoese  were  still  in 
Chioggia;  and  much  was  expected  of  him  in  the 
restoration  of  his  country’s  finance  when  that  war 
came  to  an  end.  .  But  he  died  the  year  of  his  election. 
Andrea  Morosini  the  historian  was  born  in  1558.  He 
studied  at  Padua,  and  on  coming  of  age  embarked  on 
public  life.  He  passed  through  the  various  offices  of 
state,  till  in  1618  he  was  a  candidate  for  the  dogeship, 
but  failed  to  secure  it,  and  died  the  same  year.  On 
the  death  of  the  official  historian  Paolo  Paruta,  in 
1598,  Andrea  was  commissioned  by  the  Council  of  Ten 
to  continue  his  work,  and  received  authority  to  consult 
the  state  papers  down  to  1594.  He  wrote  his  history 
in  Latin.  It  covers  from  1521  to  1615,  and  was  first 
published  id  Venice,  1623. 

Andrea’s  other  works,  of  which  only  the  first  has  been 
edited,  are:  (1)  L’imprese  ed  espeditioni  di  Terra  Santa  e 
Vacquisto  fatto  dell’  Imperio  di  Costantinopoli  dalla  Serenissima 
Republica  di  Venetia,  Venice,  1627;  (2)  Be  iis  quse  Veneta 
Respublica  ad  Istrise  oras  gessit  adversus  Othonem  Federici 
Imperatoris  filium,  in  the  Corner-Duod©  collection  of  MSS. ; 
(3)  De  forma  reipublicx  Venetse,  in  the  National  Library, 
Paris;  (4)  Raccolta  delle  Leggi  del  Cons.  X.,  in  the  Archivio 
Generale  at  the  Frari,  Venice;  (5)  De  rebus  gestis  ac  nece 
Francisci  Carmaniolx,  in  the  Corner-Duodo  collection.  The 
life  of  Andrea  has  been  written  by  Luigi  Lollin,  bishop  of 
Belluno  (1623),  by  Niccolo  Crasso  (1621),  and  by  Antonio 
Palazzoli  (1620). 

The  most  distinguished  member  of  the  house  of 
Morosini  was  Francesco,  the  captain-general  of  the 
republic  against  the  Turks  and  conqueror  of  the  Morea. 
He  was  born  in  1618.  In  1666  he  was  in  command 


during  an  unfortunate  campaign  in  Candia.  In  1687 
he  conquered  Patras,  and  so  opened  the  Morea  to  the 
V enetian  arms.  In  the  following  year  he  was  elected 
doge.  After  his  return  to  Venice  the  republic  suffered 
severely  in  Candia,  and  though  now  an  old  man  Fran¬ 
cesco  took  the  field  again  in  1693,  but  died  the  next 
year  at  Nauplia,  seventy-six  years  of  age.  A  more 
detailed  account  of  his  exploits  will  be  found  in  the 
article  Venice. 

Authorities.  —  Barbaro,  Genealogie  delle  Famiglie  Patrizie 
Venete,  MS.,  clas.  vii.  cod.  dccccxxvii.,  in  the  Marcian 
Library,  Venice;  Cappellari,  Campidoglio  Veneto ,  MS.,  clas. 
vii.  cod.  xvii.,  in  the  same  library ;  Romanin,  Storia  docu- 
mentata  di  Venezia;  Freschot,  La  Nobiltd  Veneta;  Cicogna, 
Iscrizione  Veneziane. 

MORPETH,  a  municipal  and  parliamentary  bor¬ 
ough  of  Northumberland,  England,  is  situated  in  a 
fine  valley  on  the  Wansbeck,  and  on  the  Northeast¬ 
ern  Railway,  50  miles  south  of  Berwick  and  16  north 
of  Newcastle.  The  Wansbeck,  which  is  crossed  by  a 
stone  and  two  wooden  bridges,  winds  round  the  town 
on  the  west,  south,  and  east,  and  a  small  rivulet,  the 
Cottingburn,  bounds  it  on  the  north.  Morpeth  is  ir¬ 
regularly  built,  but  possesses  a  number  of  good  shops. 
The  parish  church  of  the  Blessed  Virgin,  a  plain 
building  of  the  14th  century,  is  situated  on  Kirk  Hill, 
a  short  distance  from  the  town.  Among  the  other 
public  buildings  are  the  Edward  VI.  ’s  grammar  school, 
reopened  in  1857  after  a  Chancery  suit  lasting  150 
years ;  the  town-hall,  erected  in  1870  to  supersede  a 
building  of  1714  by  Vanbrugh ;  and  the  county-hall 
and  former  gaol,  in  the  baronial  style,  built  in  1814. 
Nothing  remains  of  the  old  castle  except  the  gateway. 
Morpeth  had  at  one  time  one  of  the  largest  cattle- 
markets  in  England.  The  industries  of  the  town  in¬ 
clude  tanning,  brewing,  malting,  iron  and  brass  found¬ 
ing,  and  the  manufacture  of  flannels,  agricultural  im¬ 
plements,  and  bricks  and  tiles.  The  population  of  the 
municipal  borough  (231  acres)  in  1871  was  4517,  and 
in  1 881  it  was  4556.  The  popiilation  of  the  parlia¬ 
mentary  borough  (17,085  acres)  in  the  same  years  was 
30,239  and  33,459. 

Morpeth  ( Morepath ,  i.e.,  the  path  over  the  moor)  had  at¬ 
tained  some  size  before  the  Norman  Conquest,  when  it  was 
granted  to  William  de  Merlay.  From  the  De  Merlays  it 
passed  through  the  Greystocks  and  Dacres  to  the  Howards, 
earls  of  Carlisle.  Soon  after  the  Conquest  it  obtained  the 
privilege  of  a  market,  and  in  1552  arms  were  granted  to  it 
by  Edward  VI.  It  is  a  borongh  by  prescription,  and  was 
incorporated  by  Charles  II.  By  the  Municipal  Act  of  1835 
the  government  was  placed  in  a  mayor  and  burgesses,  but 
there  is  a  local  board  of  health  distinct  from  the  corpora¬ 
tion,  having  control  over  an  area  slightly  larger  than  that 
of  the  municipal  borough.  From  1553  the  borough  sent 
two  members  to  parliament,  hut  since  1832  only  one  mem¬ 
ber  has  been  returned,  and  in  1868  the  area  of  the  borough 
was  increased. 

MORPHEUS  is  a  personification,  apparently  in¬ 
vented  by  Ovid  ( Metam . ,  xi.  635),  of  the  power  that 
calls  up  shapes  before  the  fancy  of  a  dreamer.  The 
name  (from  f*op<l>y)  expresses  this  function ;  Ovid  trans¬ 
lates  it  artifex  simulatorque  figures.  Morpheus  is 
naturally  represented  as  the  son  of  Sleep  (Somnus). 
MORPHIA.  See  Opium. 
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THE  term  Morphology  (poP<pv,  form),  introduced  by 
Goethe  to  denote  the  study  of  the  unity  of  type 
in  organic  form  (for  which  the  Linnaean  term  Meta¬ 
morphosis  ( q.v .)  had  formerly  been  employed),  now 
usually  covers  the  entire  science  of  organic  form,  and 
will  be  employed  in  this  more  comprehensive  sense  in 
the  present  article. 

$  1.  Historical  Outline. — If  we  disregard  such  vague 


likenesses  as  those  expressed  in  the  popular  classifica¬ 
tions  of  plants  by  size  into  herbs,  shrubs,  and  trees,  or 
of  terrestrial  animals  by  habit  into  beasts  and  creeping 
things,  the  history  of  morphology  commences  with 
Aristotle.  Founder  of  comparative  anatomy  and  tax¬ 
onomy,  he  established  eight  great  divisions  (to  which 
are  appended  certain  minor  groups) —  Viviparous  Quad¬ 
rupeds ,  Birds ,  Oviparous  Quadruped. Is  and  Apoda, 
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Fishes ,  Malakia ,  Malacostraca ,  Entoma,  and  Ostra- 
codermata — distinguishing  the  first  four  groups  as 
Enaima  (“with  blood”)  from  the  remaining  four  as 
Anaima  (“bloodless”).  In  these  two  divisions  we 
recognize  the  Vertebrata  and  Invertebrata  of  Lamarck, 
while  the  eight  groups  are  identical  with  the  Mammals, 
Birds,  Reptiles,  Fishes,  the  Cephalopods,  Crustaceans, 
other  Articulates,  and  Testaceans  of  recent  zoology. 
Far,  too,  from  committing  the  mistake  often  attrib¬ 
uted  to  him  of  reckoning  Bats  as  Birds,  or  Cetaceans 
as  Fishes,  he  discerned  the  true  aflinities  of  both,  and 
erected  the  latter  into  a  special  yevoc  besides  the  Vivi¬ 
parous  Quadrupeds,  far  more  on  account  of  their  ab¬ 
sence  of  limbs  than  of  their  aquatic  habit.  Not  only 
is  his  method  inductive,  and,  as  in  modem  systems^ 
his  groups  natural,  i.  e. ,  founded  on  the  aggregate  of 
known  characters,  but  he  foreshadows  such  generaliza¬ 
tions  as  those  of  the  correlation  of  organs,  and  of  the 
progress  of  development  from  a  general  to  a  special 
form,  long  afterwards  established  by  Cuvier  and  Von 
Baer  respectively.  In  the  correspondence  he  suggests 
between  the  scales  of  Fishes  and  the  feathers  of  Birds, 
or  in  that  hinted  at  betweeen  the  fins  of  Fishes  and 
the  limbs  of  Quadrupeds,  the  idea  of  homology  too  is 
nascent}  and  from  the  compilation  of  his  disciple 
Nicolaus  of  Damascus,  who  regards  leaves  as  imper¬ 
fectly-developed  fruits,  he  seems  almost  to  have  antici¬ 
pated  the  idea  of  the  metamorphosis  of  plants.  In 
short,  we  find  a  knowledge  of  structural  facts  and  a 
comparative  freedom  from  the  errors  induced  by  physi¬ 
ological  resemblance,  of  which  his  successors  such  as 
Theophrastus  and  Pliny,  generally  mere  classifiers  by 
habit,  show  little  trace,  and  which  the  moderns  have 
but  slowly  regained.  Little  indeed  can  be  recorded 
until  the  13th  century,  when  the  reappearance  of 
Aristotle’s  works  gave  a  new  impulse  to  the  study  of 
organic  nature.  Of  the  works  of  this  period  that  of 
Albertus  Magnus  is  far  the  most  important ;  but  they 
are  all  no  more  than  revivals  of  Aristotle,  marking  the 
reappearance  of  scientific  method  and  the  reawakening 
of  interest  in  and  sympathy  with  nature.  Meanwhile 
leech  and  apothecary,  alchemist  and  witch,  were  accu¬ 
mulating  considerable  knowledge  of  plants,  which,  after 
the  invention  of  printing,  became  collected  and  ex¬ 
tended  in  the  descriptive  and  well-illustrated  folios  of 
Gesner  and  his  successors,  Fuchs,  Lobel,  and  others, 
as  well  as  by  the  establishment  of  botanic  gardens  and 
scientific  academies,  while,  as  Sachs  expresses  it,  “in 
the  sharpest  contrast  to  the  naive  empiricism  of  the 
German  fathers  of  botany  came  their  Italian  contem¬ 
porary  Caesalpinus,  as  the  thinker  of  the  vegetable 
world.  ’  ’  Both  made  systematic  efforts, — the  Germans 
vaguely  seeking  for  natural  affinities  in  mere  similar¬ 
ities  of  habit,  the  Italian  with  no  inconsiderable  suc¬ 
cess  striving  towards  an  intellectual  basis  of  classifica¬ 
tion.  Monographs  on  groups  of  plants  and  animals 
frequently  appeared,  those  of  Belon  on  Birds  and 
Rondelet  on  Fishes  being  among  the  earliest ;  and  in 
the  former  of  these  (1555)  we  find  a  comparison  of  the 
skeletons  of  Bird  and  Man  in  the  same  posture  and  as 
nearly  as  possible  bone  for  bone, — an  idea  which,  de¬ 
spite  the  contemporaneous  renaissance  of  human  anat¬ 
omy  initiated  by  Vesalius,  disappeared  for  centuries, 
unappreciated  save  by  the  surgeon  Ambroise  Pare. 
Palissy,  like  Leonardo  before  him,  discerned  the  true 
nature  of  fossils  ;  and  such  flashes  of  morphological 
insight  continued  to  appear  from  time  to  time  during 
the  17th  century.  Thus,  Joachim  Jung  recognized 
“the  distinction  between  root  and  stem,  the  difference 
between  leaves  and  foliaceous  branches,  the  transition 
from  the  ordinary  leaves  to  the  folia  jlorisf  and 
Harvey  anticipated  the  generalizations  of  modem  em¬ 
bryology  by  his  researches  on  development  and  his 
theory  of  epigenesis. 

The  encyclopaedic  period  of  which  Gesner  is  the 
highest  representative  was  continued  by  Aldrovandi, 
Jonston,  and  others  in  the  17th  century,  but,  aided 
powerfully  by  the  Baconian  movement,  then  pro¬ 


foundly  influencing  all  scientific  minds,  it  developed 
rapidly  into  one  of  genuinely  systematic  aim.  At  this 
stage  of  progress  by  far  the  most  important  part  was 
taken  by  John  Ray,  whose  classificatory  labors  both 
among  plants  and  animals  were  crowned  with  marvel¬ 
lous  success.  He  first  definitely  expelled  the  fabulous 
monsters  and  prodigies  of  which  the  encyclopaedists 
had  faithfully  handed  on  the  tradition  from  mediaeval 
times,  and,  like  his  predecessor  Morison,  classifying  in 
a  truly  modern  spirit  by  anatomical  characters,  he  suc¬ 
ceeded,  particularly  among  plants,  in  distinguishing 
many  natural  groups,  for  which  his  very  terms  some¬ 
times  survive,  e.g.,  Dicotyledons  and  Monocotyledons, 
Umbelliferae  and  Leguminosae.  The  true  precursor  of 
Linnaeus,  he  introduced  the  idea  of  species  in  natural 
history,  afterwards  to  become  so  rigid,  and  reformed 
the  practice  of  definition  and  terminology.  Of  the 
many  works  which  followed  up  Ray’s  systematic  and 
monographic  labors,  though  often,  like  those  of  Tourne- 
fort  and  Rivinus,  Reaumur  and  Klein,  of  great  im¬ 
portance,  none  can  be  even  named  until  we  come  to 
those  of  his  great  successor  Linnaeus,  whose  extraor¬ 
dinary  grasp  of  logical  method  and  unparalleled  lucid¬ 
ity  of  thought  and  expression  enabled  him  to  reform 
and  reorganize  the  whole  labors  of  his  predecessors  into 
a  compact  and  definite  “systema  naturae.”  The  very 
genius  of  order,  he  established  modern  taxonomy  (see 
Biology),  not  only  by  the  introduction  of  the  bino¬ 
mial  nomenclature  and  the  renovation  of  descriptive 
terminology  and  method,  but  by  the  subordination  of 
the  species — henceforth  clearly  defined — under  the 
successive  higher  categories  of  genus,  order,  and  class, 
so  finally  reconciling  the  analytic  and  synthetic  tenden¬ 
cies  of  his  predecessors.  Although  the  classification 
of  plants  by  the  number  of  their  essential  organs 
(which  vastly  advanced  not  only  the  cultivation  of 
botany  but  the  knowledge  of  the  flora  of  the  globe,  and 
by  which  he  is  popularly  remembered)  is  highly  artifi¬ 
cial,  it  must  be  remembered  that  this  artificiality  is 
after  all  only  a  question  of  degree,  and  that  he  not  only 
distinctly  recognized  its  provisional  character  but  col¬ 
lected  and  extended  those  fragments  of  the  natural 
system  with  which  Jussieu  soon  afterwards  commenced 
to  build.  His  classification  of  animals,  too,  was 
largely  natural,  and,  though  on  the  whole  he  unfortu¬ 
nately  lent  his  authority  to  maintain  “  that  disastrous 
philosophic  and  scientific  aberration  ’  ’  inherited  from 
the  alchemists  through  the  last  encyclopaedist  of  Ges- 
ner’s  school — the  notion  of  three  kingdoms  of  nature 
— he  at  least  at  one  time  discerned  the  fundamental 
unity  of  animals  and  vegetables,  and  united  them  in 
opposition  to  the  non-living  world  as  Organisata.  At 
the  same  time  he  was  still  far  more  a  scholastic  natur¬ 
alist  than  a  modern  investigator,  and  his  works  repre¬ 
sent  little  more  than  the  full  completion  of  the  ancient 
era,  and  in  the  hands  of  fanatical  followers  served  often 
to  retard  the  commencement  of  the  modern  one.  So, 
too,  his  excessive  systematic  and  descriptive  precision, 
united  as  it  was  with  comparative  inattention  to  other 
than  superficial  characters,  established  a  tendency, 
even  yet  not  extinct,  to  rest  contented  with  mere 
method  and  nomenclature  instead  of  aiming  at  com¬ 
plete  morphological  knowledge. 

While  the  artificial  system  was  at  the  zenith  of  its 
fame  and  usefulness,  Bernard  de  Jussieu  was  arrang¬ 
ing  his  garden  on  the  lines  afforded  bv  the  fragmen¬ 
tary  natural  system  of  Linnaeus.  His  ideas  were 
elaborated  by  his  nephew  and  successor  Antoine  de 
Jussieu,  who  for  the  first  time  published  diagnoses  of 
the  natural  orders,  so  giving  the  system  its  modern 
character.  Its  subsequent  elaboration  and  definite  es¬ 
tablishment  are  due  mainly  to  the  labors  of  Pyrame  de 
Candolle  and  Robert  Brown.  The  former  concentrated 
his  long  life  and  that  of  his  son  upon  a  new  “  systema 
naturae,”  the  colossal  Prodromus  systematis  naturalis 
(20  vols.,  1818-1873),  in  which  80,000  species  were 
described  and  arranged.  Meanwhile  the  penetrative 
genius  of  Brown  enabled  him  to  unravel  such  struc- 
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tural  complexities  as  those  of  Conifers  and  Cycads, 
Orchids  and  Proteaceae,  thus  demonstrating  the  pos¬ 
sibility  of  ascertaining  the  systematic  position  of  even 
the  most  highly  modified  floral  types.  Both  Candolle 
and  Brown  were  thus  no  mere  systematists,  but  genu¬ 
ine  morphologists  of  the  modern  school.  The  former, 
as  we  shall  afterwards  see,  established  the  theory  of 
floral  symmetry  on  grounds  of  pure  comparative  anat¬ 
omy,  and  distinguished  with  greater  success  than  hith¬ 
erto  between  fundamental  unity  of  structural  type  and 
mere  superficial  similarity  of  physiological  adaptation. 
The  ^  latter  (Humboldt’s  “facile  princeps  botanico- 
mm  ”),  using  the  same  ideas  with  even  keener  insight, 
made  many  memorable  anatomical  researches,  such  as 
those  on  the  structure  of  the  ovule  and  the  seed,  and  in¬ 
deed  by  his  demonstration  of  the  affinities  of  the  gym- 
nosperms  almost  anticipated  the  discoveries  of  Hof- 
meister,  who  stands  preeminent  among  his  modern 
successors  on  account  of  his  elucidation  of  the  secret 
of  phanerogamic  reproduction. 

The  labors  of  Bernard  and  Antoine  de  Jussieu  ini¬ 
tiated  too  a  vast  parallel  advance  in  zoology,  the  joint 
memoir  on  the  classification  of  mammals  with  which 
Cuvier  and  Geoffroy  St. -Hilaire  almost  commenced 
their  career  receiving  its  dominant  impulse  from  the 
“genera”  of  Antoine.  Cuvier’s  works  correspond  in 
zoology  to  those  of  the  whole  period  from  the  Jussieus 
to  Brown,  and  epitomize  the  results  of  that  line  of  ad¬ 
vance.  Although  in  some  respects  preceded  by  Haller 
and  Hunter,  who  compared,  though  mainly  with  phys¬ 
iological  aim,  the  same  parts  in  different  organisms, 
and  much  more  distinctly  by  Vicq  d’Azyr,  the  only 
real  comparative  anatomist  of  the  18th  century,  he 
truly  opens  the  era  of  detailed  anatomical  research 
united  with  exact  comparison  and  clear  generalization. 
The  Rlgne  Animal  (1817)  and  the  theory  of  types 
(vertebrate,  molluscan,  articulate,  and  radiate)  are  the 
results  of  this  union  of  analysis  and  synthesis  (al¬ 
though  he  himself,  exasperated  by  the  aberrations  of 
the  Naturphilosophie,  was  accustomed  to  proclaim  the 
importance  of  detailed  empiricism  alone),  and  mark 
the  reconstitution  of  taxonomy  on  a  new  basis,  hence¬ 
forth  to  be  no  longer  a  matter  of  superficial  description 
and  nomenclature  but  a  complete  expression  of  struc¬ 
tural  resemblances  and  differences.  More  even  than 
Linrreaus  he  is  the  founder  of  a  great  school,  whose 
names  and  labors  are  imperishable.  In  Germany, 
Bojanus,  Meckel,  Yon  Siebold,  and  the  illustrious 
Johannes  Muller,  with  his  many  living  pupils,  have 
carried  on  the  work ;  in  France,  too,  a  succession  of 
brilliant  anatomists,  such  as  De  Quatrefages,  Milne- 
Edwarcfe,  and  Lacaze-Duthiers,  are  his  intellectual 
heirs;  and  in  England  he  has  been  admirably  repre¬ 
sented  by  Owen. 

The  histological  movement  inaugurated  by  Bichat 
will  be  subsequently  discussed  ;  the  rise  of  embryology, 
however,  may  be  briefly  noted,  especially  since  it  sup¬ 
plied  the  most  obvious  deficiency  of  the  Cuvierian 
school.  Here  the  principal  figure  is  Yon  Baer,  who 
established  independently  the  four  types  of  Cuvier  on 
developmental  grounds,  so  for  the  first  time  applying 
embryology  as  the  touchstone  of  anatomical  classifica¬ 
tions,  besides  establishing  his  famous  law  of  differ¬ 
entiation  from  a  general  towards  a  special  form. 

It  is  now  necessary  to  return  to  Linnaeus,  whose 
more  speculative  writings  contain,  though  incumbered 
by  fantastic  hypotheses,  the  idea  of  floral  metamor¬ 
phosis  ( “  Principiuih  florum  et  foliorum  idem  est,” 
etc. ).  About  the  same  time,  and  quite  independently, 
C.  F.  Wolff,  the  embryologist,  stated  the  same  theory 
with  greater  clearness,  for  the  first  time  distinctly  re¬ 
ducing  the  plant  to  an  axis  bearing  appendages — the 
vegetative  leaves — which  become  metamorphosed  into 
bud-scales  or  floral  parts  through  diminution  of  vege¬ 
tative  force.  Thii-ty  years  later  the  same  view  was 
again  independently  developed  by  Goethe  in  his  now 
well-known  pamphlet  (  Versuch  die  Metamorphose  der 
Pflanzen  zu  erklaren,  Gotha,  1790).  In  this  brilliant 
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essay  the  doctrine  of  the  fundamental  unity  of  floral 
and  foliar  parts  is  clearly  enunciated,  and  supported  by 
arguments  from  anatomy,  development,  and  teratol¬ 
ogy.  All  the  organs  of  a  plant  are  thus  modifications 
of  one  fundamental  organ — the  leaf— and  all  plants 
are  in  like  manner  to  be  viewed  as  modifications  of  a 
common  type — the  Urpflanze.  The  controversy  as  to 
the  merits  and  importance  of  this  essay,  and  of 
Goethe’s  morphological  work  in  general,  can  scarcely 
be  entered  upon  here.  That  Goethe  discerned  and 
proclaimed,  and  that  more  clearly  than  any  of  his  pre- 
decesors  or  contemporaries,  the  fundamental  idea  of 
all  morphology— the  unity  which  underlies  the  multi¬ 
farious  varieties  of  organic  form — and  that  he  systemat¬ 
ically  applied  this  idea  to  the  interpretation  of  the 
most  important,  most  complex,  and  most  varied  animal 
and  vegetable  structures,  is  unquestionable.  The  diffi¬ 
culties  arise  when  we  seek  to  estimate  the  importance 
of  his  works  in  the  chain  of  progress,  and  when  we 
inquire  whether,  as  some  historians  hold,  his  “urp¬ 
flanze  ’  ’  was  a  mere  ideal  archetype,  bringing  forth  as 
its  fruit  the  innumerable  metaphysical  abstractions  of 
the  Naturphilosophie,  and  leading  his  countrymen,  to 
their  fall,  into  all  the  extravagances  of  that  system  ; 
or  whether,  as  Haeckel  maintains,  it  represented  a 
concrete  ancestral  form,  so  anticipating  the  view  of 
modern  evolutionists.  That  to  him  Schelling  was 
largely  indebted  for  the  foundation  upon  which  he 
erected  his  philosophic  edifice,  as  also  that  Goethe 
largely  shared  the  same  ideas,  is  unquestionable ;  but 
it  must  be  remembered  that  he  lived  and  made  progress 
for  forty  years  after  the  publication  of  this  essay,  that 
he  was  familiar  with  the  whole  scientific  movement, 
and  warmly  sympathized  with  the  evolutionary  views 
of  Lamarck  and  Geoffroy  St. -Hilaire;  it  is  not  there¬ 
fore  to  be  wondered  at  that  his  writings  should  furnish 
evidence  in  favor  of  each  and  every  interpretation  of 
them.  His  other  morphological  labors  must  not  be 
forgotten.  Independently  of  Vicq  d’Azyr,  he  dis¬ 
covered  the  human  premaxillary  bone  ;  independently 
of  Oken,  he  proposed  the  vertebral  theory  of  the 
skull ;  and  before  Savigny,  he  discerned  that  the  jaws 
of  insects  were  the  limbs  of  the  head. 

In  1813  A.  P.  de  Candolle  published  his  Theorie 
Elementaire  de  la  Botanique ,  which  he  developed  into 
the  classic  Organographie  Vegetale  (1827).  Although 
at  first  unacquainted  with  Goethe’s  essay,  and  not 
clearly  discerning  the  homology  of  leaves  and  floral 
parts,  he  established  his  theory  of  symmetry,  reducing 
all  flowers  to  “symmetrical”  groupings  of  appendages 
on  an  axis  and  accounting  for  their  various  forms  Dy 
cohesion  and  adhesion,  by  arrested  or  excessive  de¬ 
velopment.  The  next  great  advance  was  the  investi¬ 
gation  by  Schimper  and  Braun  of  phyllotaxis — the 
ascending  spiral  arrangement  of  foliar  and  floral 
organs — thus  further  demonstrating  their  essential 
unity. 

The  term  morphology  was  first  introduced  by  Goethe 
in  1817,  in  a  subsequent  essay  [Zur  Naturwissenschaft 
uberhav.pt ,  besonders  zur  Morphologie).  It  did  not 
come  into  use  in  botany  until  its  popularization  by 
Auguste  de  St. -Hilaire  in  his  admirable  Morphologie 
Vegetale  (1841),  and  in  zoology  until  later,  although 
De  Blainville,  who  also  first  employed  the  term  type , 
had  treated  the  external  forms  of  animals  under 
“morphologie.”  Though  the  Naturphilosophie  of 
Schelling  and  its  countless  modifications  by  nis  fol¬ 
lowers,  its  mystic  theories  of  “polarization  ”  and  the 
like,  its  apparatus  of  assumption  and  abstraction,  hy¬ 
pothesis  and  metaphor,  cannot  here  be  discussed,  its 
undoubted  services  must  not  be  forgotten,  since  it  not 
only  stimulated  innumerable  reflective  minds  to  the 
earnest  study  of  natural  science,  but,  by  its  incessant 
proclamation  of  the  unity  of  nature  and  the  free  use 
of  Platonic  archetypes,  gave  a  most  powerful  impulse 
to  the  study  of  comparative  anatomy,  and  nobly 
vindicated  the  claims  of  philosophic  synthesis  over 
those  of  merely  analytic  empiricism.  Among  its  many 
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adherents,  some  are  of  more  distinctly  theological  type,- 
others  metaphysical,  others  mystical  or  poetic,  others, 
again,  more  especially  scientific  ;  hut  its  most  typical 
and  picturesque  figure  is  Lorenz  Oken,  who  epitomizes 
alike  the  best  and  the  worst  features  of  the  school, 
and  among  whose  innumerable  pseudo-morphological 
dreams  there  occasionally  occurred  suggestions  of  the 
greatest  fruitfulness,— notably,  for  instance,  the  in¬ 
dependent  statement  of  the  vertebral  theory  of  the 
skull. 

Although  Lamarck  shared  in  this  movement,  his 
great  work  (the  Philosophic  Zoologique ,  1809),  being 
aetiological  rather  than  morphological,  scarcely  claims 
discussion  here.  By  far  the  most  distinguished  anato¬ 
mist  of  the  transcendental  school  is  Geoffroy  St. -Hi¬ 
laire,  who,  being  comparatively  free  from  the  extrava¬ 
gances  of  Oken,  and  uniting  a  depth  of  morphological 
insight  scarcely  inferior  to  that  of  Goethe  with  greater 
knowledge  of  facts  and  far  wider  influence  and  repu¬ 
tation  in  the  scientific  world  (which  affected  to  sneer 
at  the  poet  as  necessarily  a  mere  amateur),  had  enor¬ 
mously  greater  influence  on  the  progress  of  science 
than  either.  He  started  from  the  same  studies  of  ana¬ 
tomical  detail  as  Cuvier,  but,  profoundly  influenced 
by  Buffon’s  view  of  unity  of  plan  and  b.y  the  evolu¬ 
tionary  doctrines  of  Lamarck,  he  rapidly  diverged  into 
new  lines,  and  again  reached  that  idea  of  serial  ho¬ 
mology  of  which  we  have  so  frequently  noted,  the  in¬ 
dependent  origin.  His  greatest  work,  the  Philosophic 
Anatomique  (1818-1823),  contains  his  principal  doc¬ 
trines.  These  are— (1).  the  theory  of  unity  of  organic 
composition,  identical  in  spirit  with  that  of  Goethe  ; 
(2)  the  theory  of'analogues,  according  to  which  the 
same  parts,  differing  only  in  form  and  in  degree  of  de¬ 
velopment,  should  occur  in  all  animals;  (3)  the  “prin- 
cipe  des  connexions,”  by  which  similar  parte  occur 
everywhere  in  similar  relative  positions  j  and  (4)  the 
“  principe  du  balancement  des  organes,  upon  which 
he  founded  the  study  of  teratology,  and  according  to 
which  the  high  development  of  one  organ  is  allied  to 
diminution  of  another.  The  advance  in  morphological 
theory  is  here  obvious ;  unfortunately,  however,  in 
eager  pursuit  of  often  deceptive  homologies,  he  wan¬ 
dered  into  the  transcendentalism  of  the  Naturphilo- 
sophie,  and  seems  utterly  to  have  failed  to  appreciate 
either  the  type  theory  of  Cuvier  or  the  discoveries  of 
Yon  Baer.  He  earnestly  defended  Buffon’s  and  Bon¬ 
net’s  earlier  view  of  unity  of  plan  in  nature  ;  and  the 
controversy  reached  its  climax  in  1830,  when  he  main¬ 
tained  the  unity  of  structure  in  Cephalopods  and  Ver¬ 
tebrates  against  Cuvier  before  the  Academy  of  Sciences. 
On  the  point  of  fact  he  was  of  course  utterly  defeated; 
the  type  theory  was  thenceforward  fully  accepted  and 
the  Naturphilosophie  received  its  deathblow,  while  a 
“second  empiric  period”  of  exact  anatomical,  and  em- 
bryological  research  seemed  forever  to  replace  it.  Such 
was  the  popular  view;  only  a  few,  like  the  aged 
Goethe,  whose  last  literary  effort  was  a  masterly  crit¬ 
ique  of  the  controversy,  discerned  that  the  very  reverse 
interpretation  was  the  deeper  and  essential  one,  that  a 
veritable  “scientific  revolution”  was  in  progress,  and 
that  the  supremacy  of  homological  and  synthetic  over 
descriptive  and  analytic  studies  was  thenceforward 
assured.  The  irreconcilable  feud  between  the  two 
leaders  really  involved  a  reconciliation  for  their  fol¬ 
lowers;  theories  of  homological  anatomy  had  thence¬ 
forward  to  be  strictly  subjected  to  anatomical  and 
embryological  verification.,  while  anatomy  and  embry¬ 
ology  acquired  a  homological  aim.  This  union  of  the 
solid  matter  and  rigorous  method  of  Cuvier  with  the 
generalizing  spirit  and  philosophic  aims  of  Geoffroy  is 
well  illustrated  in  the  works  of  Owen  ;  and,  in  short, 
the  so-called  Cuvierian  school  b  in  reality  thencefor¬ 
ward  also  Geoffroyan. 

The  further  evolution  of  the  idea  of  homology  is 
sketched  below  (§  7),  while  the  extent  and  rapidity  of 
the  subsequent  progress  of  the  knowledge  of  all  the 
structural  aspects  of  plants  and  animals  alike  make  an 


historical  survey  impossible  up  to  the  appearance  of 
the  Origin  of  Species  (1859);  however,  no  further 
qualitative  advance  was  possible,  since,  as  Sachs  has 
best  pointed  out,  morphology  necessarily  contains, 
under  the  Linnaean  dogma  of  the  constancy  of  species, 
the  same  two  inconsistent  and  irreconcilable  lines  of 
thought  which  we  saw  represented  by  Caesalpinus  and 
the  early  German  botanists  respectively, — on  one  side 
the  want  of  strictly  scientific  classification,  and  on  the 
other  the  vaguely-felt  existence  of  a  natural  relation¬ 
ship.  Strict  classification  of  forms  supposed  constant 
excludes  in  fact  any  natural  relationship.  The  type 
theory,  the  theory  of  unity  of  organic  composition, 
and  the  like,  are  susceptible  indeed  of  two  explana¬ 
tions — they  may  be  regarded  as  either  expressing  a 
creative  plan,  or  taken  as  purely  Platonic  and  arche¬ 
typal  ideas.  Both  are  tenable  on  theological  and  meta¬ 
physical  grounds  respectively,  but  the  fact  must  not  be 
disguised  that  of  this  unity  of  type  no  explanation  in 
the  least  degree  scientific,  i.  e. ,  in  terms  of  tne  phenom¬ 
ena  of  the  natural  world,  does  or  can  exist.  The 
needful  solution  was  effected  by  Darwin.  The  “ur- 
pflanze  ”  of  Goethe,  the  types  of  Cuvier,  and  the  like, 
at  once  became  intelligible  as  schematic  representations 
of  ancestral  organisms,  which,  in  various  and  varying 
environments,  nave  undergone  differentiation  into  the 
vast  multitude  of  existing  forms.  All  the  enigmas  of 
structure  become  resolved;  “representative”  and 
‘  ‘  aberrant,  ”  “  progressive  ’  ’  and  ‘  ‘  degraded,  ”  “  syn¬ 
thetic  ”  and  “isolated,”  “persistent”  and  “  pro- 

})hetic”  types  no  longer  baffle  comprehension  ;  con- 
ormity  to  type  represented  by  differentiated  or 
rudimentary  organs  in  one  organism  is  no  longer  con¬ 
tradicted  by  their  entire  disappearance  in  its  near 
allies,  while  systematist  and  morphologist  become  re¬ 
lated  simply  as  specialist  and  generalizer,  all  through 
this  escape  from  the  Linnaean  dogma  of  the  fixity  of 
species.  The  phenomena  of  individual  development 
receive  interpretation  in  terms  of  ancestral  history ; 
and  embryology  thus  becomes  divided  into  ontogeny 
and  phylogeny,  the  latter,  too,  coming  into  intimate 
relation  with  palaeontology,  while  classification  seeks 
henceforth  the  reconstruction  of  the  genealogical  tree. 
All  these  results  were  clearly  developed  in  the  most 
important  work  of  the  new  period,  Haeckel’s  Generelle 
Morphologie  (1866),  while  the  valuable  contempo¬ 
raneous  Principles  of  Biology  of  Herbert  Lipencer  also 
gave  special  attention  to  the  relation  of  morphology  to 
physiology.1 

§  2.  Results. — Though  the  preceding  is  but  u  meagre 
outline  of  the  rise  and  progress  of  the  science,  no  cor¬ 
responding  sketch  of  its  results  can  be  here  attempted. 
A  description  of  the  refined  applications  of  the  doc¬ 
trine  of  floral  metamorphosis,  an  inquiry  into  the 
morphology  of  the  Ciyptogams,  or  an  account  of  such 
beautiful  homologies  as  those  presented  by  the  Arthro¬ 
pods  or  the  Echinoderms  is  alike  impossible  ;  least  of 
all  can  we  consider  the  splendid  simplification  of  the 
supremely  complex  problem  of  vertebrate  structure  by 
the  elaboration  of  a  new  theory  of  the  skull,  and  by 
such  luminous  discoveries  as  those  of  the  segmental 
organs,  or  of  the  origin  and  homologies  of  the  spinal 
and  cranial  nerves.  For  these  organological  concep¬ 
tions  the  reader  must  study  such  articles  as  those  on 
Amphibia,  Birds,  Hydrozoa,  Mollusca,  etc.,  and 
such  works  as  those  of  Huxley,  Gegenbaur  and 
Haeckel,  Balfour  and  Parker,  Payer,  Eichler,  or  Asa 
Gray,  and  (provided  with  the  needful  bibliographical 
equipment  afforded  by  the  various  “  Jahresberichte" 
and  the  kindred  English  publications)  must  indeed  also 
plunge  into  the  current  literature  of  the  science.  And 
there  too  must  be  sought  the  innumerable  attempts  at 
taxonomic  synthesis  which  such  organological  progress 
is  constantly  originating  (see  Animal  Kingdom, 

1  For  bibliography  see  Cams,  Qeschichte  der  Zoologie;  Sachs, 
Qesckichle  d.  Botanik ;  Cuvier,  Hist,  d  Sci. ;  Is.  G.  St.-Hilaire,  Hist. 
Nat.  Bin.;  Masters  in  Mtd.-Chir.  Rev.,  1858,  etc.;  also  article? 
Goethe,  Linnaeus,  Oken,  etc. 
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Biology,  vol.  iii.  p.  597  sq.,  and  Vegetable  King¬ 
dom).  Embryological  generalizations,  such  as  Haeckel’s 
“gastrcea theory,”  Lankester’s  rival  “  planula  theory, ” 
or  the  ingenious  “  coelome  theory  ”  ot‘  Hertwig,  have 
been  recently  thoroughly  criticised  in  Balfour’s  Em¬ 
bryology.  The  present  article  will  be  confined  to  a 
brief  discussion  of  a  few  main  problems,  commencing 
with  the  cell  theory  and  the  problem  of  organic  indi¬ 
viduality — these  being  selected  partly  because  of  their 
special  illustrativeness  and  intrinsic  importance,  partly 
because  they  have  somewhat  less  recently  been  sum¬ 
marized. 

§  3.  Histology — Cell  Theory. — Although  the  application  of 
the  simple  microscope  to  the  minute  structure  of  plants  and 
animals  had  been  in  progress  since  the  end  of  the  17th  cen¬ 
tury,  the  rise  of  modern  histology  really  dates  from  the 
Anatomie  Generate  (1801)  of  Bichat,  which  analyzes  the 
organism  into  a  series  of  simple  tissues  with  definite  struc¬ 
tural  characters.  This  new  impulse,  together  with  the  im¬ 
provement  of  optical  appliances,  led  to  much  further  re¬ 
search.  “  Fibres”  and  “globules,”  “laminae”  and  “nuclei,” 
were  described,  and  even  “  cells  ”  by  Mirbel  in  1806,  and 
in  1835  Johannes  Muller  pointed  out  the  existence  of  cells 
resembling  those  of  plants  in  the  vertebrate  notochord.  The 
cellular  and  nucleated  structure  of  epidermis  and  other 
tissues  w&s  soon  demonstrated,  while  Robert  Brown  discov¬ 
ered  the  nucleus  of  the  vegetable  cell.  In  1838  Schleiden 
referred  all  vegetable  tissues  to  the  cellular  type,  and  traced 
back  the  plant  embryo  to  a  single  nucleated  cell,  while 
in  1839  Schwann  boldly  extended  this  conception  of  plant 
structure  and  development  to  the  animal  world,  and  so  fully 
constituted  the  “  cell  theory.” 

Schwann’s  cells  were  essentially  nucleated  vesicles  with 
fluid  contents  which  originated  in  an  intracellular  sub¬ 
stance  ;  but  this  view  was  soon  abandoned.  Dujardin  had 
discovered  that  the  bodies  of  Foraminifera  were  composed 
of  a  viscous  granular  contractile  sarcode,  and  Von  Mohl  de¬ 
scribed  independently  in  similar  terms  the  contents  of  the 
vegetable  cell  as  protoplasm.  This  was  identified  by  Max 
Schultze  as  Dujardin’s  sarcode,  the  newer  name  surviving ; 
and  this  living  matter,  and  not  the  membrane,  he  showed 
to  be  the  essential  constituent  of  the  cell,  since  which  his 
amended  definition  of  the  cell  as  a  unit-mass  of  nucleated 
protoplasm  has  been  generally  accepted.  Prevost  and  Dumas 
had  noticed  the  segmentation  of  the  ovum  into  masses  as 
early  as  1824,  and  these  were  naturally  identified  as  cells 
immediately  after  the  publication  of  Schwann’s  work.  In 
1846  Kolliker  showed  that  all  tissues  arise  from  these  seg¬ 
mentation  masses,  and  that  the  multiplication  of  animal  and 
vegetable  cells  takes  place  by  a  continuation  of  the  same 
process, — that  of  transverse  division  already  observed  in 
the  Protozoa. 

These  points  gained,  the  attention  of  histologists  was 
withdrawn  for  a  considerable  time  from  the  scrutiny  of  the 
minute  structure  of  the  cell  itself  to  be  concentrated  on 
the  modes  of  origin  of  these  unit-masses,  and  their  sub¬ 
sequent  differentiation  and  aggregation  into  tissues  and 
organs.  The  minute  structure  and  histogenesis  of  plants, 
as  well  as  of  at  least  the  higher  animals,  have  been  studied 
with  much  and  ever-increasing  accuracy  of  detail.  (See 
Anatomy,  Histology,  Embryology.)  Both  vegetable 
and  animal  tissues  have  been  simply  classified  both  accord¬ 
ing  to  their  adult  forms  and  according  to  the  embryonic 
layers  from  which  they  respectively  arise.  This  scrutiny 
of  plant  and  animal  structure  over  and  above  the  special 
generalizations  of  the  botanist  and  the  zoologist  has  afforded 
much  result  to  general  histology.  The  improvement  of 
technical  methods  has  of  late  years  largely  aided  the  prog¬ 
ress  of  discovery.  A  return  from  the  study  of  the  cell- 
aggregate  to  that  of  the  cell  has  commenced,  and  the  ques¬ 
tion  of  cell-structure  may  be  said  to  be  again  paramount  in 
histology.  The  process  of  transverse  division  has  of  late 
been  much  elucidated,  and,  although  its  complex  details 
cannot  here  be  entered  upon,  the  result  has  been  to  estab¬ 
lish  a  minute  and  thorough  correspondence  in  cases  so 
widely  dissimilar  as  pollen-grains  from  a  flower-bud,  the 
epidermis  of  a  tadpole,  or  the  cells  of  a  tumor  a  result 
which  obviously  enhances  the  morphological  completeness 
of  the  cell  theory.  Minor  modes  of  cell-multiplication  also 
are  not  without  their  morphological  interest.  Gemmation, 
familiar  in  the  yeast  plant,  occurs  in  other  low  and  simple 
organisms,  and  may  probably  be  identified  with  the  forma¬ 
tion  of  polar  vesicles  in  ova  as  a  modification  of  transverse 
division.  Schleiden  had  supposed  all  new  cells  to  originate 
within  preexisting  cells,  and  this  process,  known  as  free¬ 
cell -formation,  may  really  be  observed  in  various  plant  and 
animal  tissues.  The  protoplasm  groups  itself  round  new 
nuclei,  the  new  cells  being  in  fact  formed  much  as  Schwann 


had  in  his  turn  supposed  ;  but  these  nuclei  have  repeatedly 
been  shown  to  arise  from  segmentation  of  the  original 
nucleus,  and  thus  this  process  too  seems  a  mere  modification 
of  the  general  one  of  transverse  division.  Conjugation, 
too — that  coalescence  of  two  similar  cells  which  may  be  ob¬ 
served  in  many  Algae,  Fungi,  and  Protozoa — is  to  be  con¬ 
sidered  as  the  undifferentiated  form  of  that  fertilization 
which  occurs  in  higher  animals  and  plants,  the  two  appa¬ 
rently  similar  masses  having  become  respectively  differen¬ 
tiated  into  ovum  and  spermatozoon,  or  into  egg-cell  and 
antherozoid.  An  indefinite  number  of  amoeboid  cells  some¬ 
times  flow  together  into  a  single  mass, — a  phenomenon  re¬ 
garded  by  some  as  multiple-conjugation,  or  perhaps  more 
probably  as  an  almost  mechanical  coalescence  of  exhausted 
cells,  from  which  conjugation  proper  and  finally  fertilization 
may  indeed  have  originated.  The  amoeboid  cells  of  higher 
animals  similarly  unite  when  drawn,  and  this  formation  of 
plasmodia,  as  these  are  termed,  seems  to  be  a  deep-seated 
property  of  the  amoeboid  cell.  Similarly,  too,  the  process 
of  rejuvenescence  which  occurs  in  many  of  the  lowest 
plants  and  animals,  such  as  Protococcus  and  Amoeba,  where 
the  protoplasm  passes  from  a  resting  and  encysted  to  a 
naked  and  mobile  stage,  has  many  analogues  not  only 
among  the  Protista  but  even  in  the  tissues  of  higher  ani¬ 
mals,  while  the  phases  which  the  lowest  organisms  more  or 
less  exhibit — the  encysted,  the  ciliated,  the  amoeboid,  and 
the  plasmodial — may  be  regarded  as  the  fundamental  forms 
of  a  “  life-cycle,”  fully  represented  indeed  only  in  such  ex¬ 
tremely  low  organisms  as  Protomyxa  and  Myxomycetes,  yet 
nowhere  completely  suppressed.  The  very  highest  plants 
and  animals  may  thus  be  considered  as  aggregates  of  more 
or  less  differentiated  and  variously  arranged  encysted, 
amoeboid,  and  ciliated  cells,  while  their  development  and 
subsequent  changes,  their  variations  normal  and  pathologi¬ 
cal,  in  reality  exhibit  phases  more  or  less  distinct  of  the 
ancestral  life-cycle. 

The  examination  of  the  precise  modes  of  cell-division, 
particularly  in  the  hands  of  botanists  (see  Biology,  and 
summary  in  Sachs’s  Vorlesungen  iiber  Pflanzen  Physiologie, 
1883),  are  also  constantly  throwing  the  most  interesting 
light  upon  the  structure  of  the  adult  organism.  Thus 
then,  in  our  own  day  as  in  those  of  Bichat  or  Schwann,  the 
labors  of  the  histologist,  when  inspired  by  higher  aims  than 
that  of  the  mere  multiplication  of  descriptive  detail,  are 
of  supreme  morphological  importance,  and  result  in  the 
demonstration  of  a  unity  of  organic  structure  deeper  even 
than  any  which  we  owe  to  Linnaeus  or  Cuvier,  Goethe  or 
Geoffroy. 

'i  4.  Individuality.  —  Probably  no  subject  in  the  whole 
range  of  biology  has  been  more  extensively  discussed  than 
that  of  the  nature  of  organic  individuality.  The  history 
of  the  controversy  is  of  interest,  since  besides  leading  up 
to  solid  results  it  serves,  perhaps  better  than  any  other  case, 
to  illustrate  the  slow  emergence  of  the  natural  sciences  from 
the  influence  of  scholastic  thought.  Starting  from  the  ob¬ 
vious  unity  and  indivisibleness  of  Man  and  other  higher 
animals,  and  adopting  some  definition  such  as  that  of  Mir¬ 
bel  (exceptionally  unmetaphysical,  however),  “  Tout  etre 
organist,  complet  dans  ses  parties,  distinct  et  separe  des 
autres  Stres,  est  un  individu,”  it  was  attempted  times  with¬ 
out  number  to  discover  the  same  conception  elsewhere  in 
nature,  or  rather  to  impose  it  upon  all  other  beings,  plants 
and  animals  alike.  The  results  of  different  inquirers  were 
of  course  utterly  discrepant.  It  seemed  easy  and  natural 
to  identify  a  tree  or  herb  corresponding  to  the  individual 
animal,  yet  difficulties  at  once  arose.  Many  apparently  dis¬ 
tinct  plants  may  arise  from  a  common  root,  or  a  single 
plant  may  be  decomposed  into  branches,  twigs,  shoots,  buds, 
or  even  leaves,  all  often  capable  of  separate  existence. 
These,  again,  are  decomposable  into  tissues  and  cells,  the 
cells  into  nucleus,  etc.,  and  ultimately  into  protoplasmic 
molecules,  these  finally  into  atoms, — the  inquiry  thus  pass¬ 
ing  outside  organic  nature  altogether  and  meeting  the  old 
dispute  as  to  the  ultimate  divisibility  of  matter.  In  short, 
as  Haeckel  remarks,  scarcely  any  part  of  the  plant  can  be 
named  which  has  not  been  taken  by  some  one  for  the  indi¬ 
vidual.  It  is  necessary,  therefore,  briefly  to  notice  some  of 
the  principal  works  on  the  subject,  and  these  may  conven¬ 
iently  be  taken  in  descending  order. 

While  Cassini  practically  agreed  with  Mirbel  in  attempt¬ 
ing  to  regard  separate  plants  as  individuals,  the  widest  in¬ 
terpretation  of  the  individual  is  that  of  Gallesio  (1816), 
who  proposed  to  regard  as  an  individual  the  entire  product 
of  a  single  seed,  alike  whether  this  developed  into  a 
uniaxial  plant  extended  continuously  like  a  Banyan,  or 
multiplied  asexually  by  natural  or  artificial  means  like  the 
Weeping-willow  or  the  Canadian  Pondweed,  of  each  of 
which,  on  this  view,  there  is  only  a  single  individual  in 
Britain,  happily  discontinuous. 

At  once  the  oldest  and  most  frequently  maintained  view 
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is  that  which  regards  the  bud  or  shoot  consisting  of  a  single 
axis  with  appendages  as  the  plant-individual,  of  which  the 
tree  represents  a  colony,  like  a  branched  hydroid  Polyp. 
This  conception,  often  attributed  to  Aristotle,  but  appar¬ 
ently  without  foundation,  appears  distinctly  in  the  writings 
of  Hippocrates  and  Theophrastus, — the  latter  saying,  “  The 
bud  grows  on  the  tree  like  a  plant  in  the  ground.”  The 
aphorism  of  Linnaeus,  "  Gemmae  totidem  herbae,”  is  well 
known ;  and  in  this  view  C.  F.  Wolfi’  and  Humboldt  con¬ 
curred,  while  Erasmus  Darwin  supported  it  by  an  appeal  to 
the  facts  of  anatomy  and  development.  The  most  influen¬ 
tial  advocate  of  the  bud  theory  during  the  first  half  of  the 
present  century  was,  however,  Du  Petit-Thouars,  who,  al¬ 
though  starting  much  as  usual  with  a  “principe  unique 
d’existence,”  supported  his  theory  on  extensive  though 
largely  incorrect  observations  on  stem  structure  and  growth. 
For  him  the  tree  is  a  colony  of  phytons,  each  being  a  bud  with 
its  axillant  leaf  and  fraction  of  the  stem  and  root.  Pass¬ 
ing  over  numerous  minor  authors,  we  come  to  the  central 
work  of  Alex.  Braun  (1853),  in  which,  as  Sachs  has  clearly 
pointed  out,  the  illegitimate  combination  of  Naturphiloso- 
phie  with  inductive  morphology  reaches  its  extreme.  He 
reviews,  however,  all  preceding  theories,  admits  the  diffi¬ 
culty  of  fixing  upon  any  as  final,  since  the  plant,  physio¬ 
logically  considered,  is  rather  a  dividuum  than  an  individuum, 
and  proposes  as  a  compromise,  or  indeed  as  a  partial  cutting 
of  the  knot,  the  adoption  of  the  shoot  as  the  morphological 
individual,  comparable  to  an  animal,  especially  because,  un¬ 
like  the  cell,  leaf,  etc.,  it  includes  all  the  representative 
characters  of  the  species.  Darwin  and  Spencer  on  the  whole 
also  accept  the  bud  or  shoot  as  at  any  rate  the  most  definite 
individual. 

The  theory  of  metamorphosis  naturally  led  Goethe,  Oken, 
and  others  to  regard  the  leaf  as  the  individual,  while 
Johannes  Muller,  Steenstrup,  and  others  adopted  the  same 
view  on  various  physiological  grounds.  Gaudichaud  elab¬ 
orated  a  theory  intermediate  between  this  view  and  that 
of  Du  Petit-Thouars,  according  to  which  the  plant  was  built 
up  of  individuals,  each  consisting  of  a  leaf  with  its  subjacent 
internode  of  stem,  which  was  regarded  as  the  leaf-base,  and 
this  was  supported  by  Edward  Forbes  and  others,  while  the 
nominally  converse  view — that  of  the  leaf  as  a  mere  out¬ 
ward  expansion  of  the  stem-segment — was  proposed  by 
Hochstetter. 

Though  sundry  attempts  at  identifying  various  tissues, 
such  as  the  fibro -vascular  bundles,  as  the  constituent  indi¬ 
viduals  may  be  passed  over,  those  associated  with  the  cell 
theory  are  of  great  importance.  Schwann  decided  in  favor 
of  the  cell  and  regarded  the  plant  as  a  cell-community,  in 
which  the  separate  elements  were  like  the  bees  of  a  swarm, 
— a  view  virtually  concurred  in  in  all  essential  respects  by 
Schleiden,  Virchow,  and  other  founders  of  the  cell  theory. 
Yet,  although  the  structure  and  functions  of  the  plant  are 
ultimately  and  exclusively  cellular,  it  is  impossible  to  ignore 
the  fact  that,  save  in  the  very  lowest  organisms,  these  are 
subordinated  and  differentiated  into  larger  aggregates,  and 
form  virtually  but  the  bricks  of  a  building,  and  hence  the 
later  theories  outlined  above.  Of  attempts  to  find  the  in¬ 
dividual  in  the  nucleus  or  the  protoplasm  granules  it  is  of 
course  unnecessary  to  speak  further. 

So  far  the  theories  of  absolute  individuality.  The  con¬ 
ception  of  relative  individuality  is  well  traced  by  Fisch 
upwards  from  the  more  or  less  vague  suggestions  in  the 
writings  of  Goethe,  Eoeper,  and  the  elder  De  Candolle  to  its 
clear  expression  in  Alphonse  de  Candolle  and  Schleiden, 
both  of  whom  take  the  cell,  the  shoot,  and  the  multi-axial 
plant  as  forming  three  successive  and  subordinated  catego¬ 
ries.  Nageli  too  recognized  not  only  the  necessity  of  estab¬ 
lishing  such  a  series  (cell,  organ,  bud,  leafy  axis,  multi-axial 
plant)  but  the  distinction  between  morphological  and 
physiological  individualities  afterwards  enunciated  by 
Haeckel. 

Passing  over  the  difficulties  which  arise  even  among  the 
Protozoa  (see  Fobaminifeba),  we  find  that  a  similar  con¬ 
troversy  (fully  chronicled  in  Haeckel’s  KaBcsch wartime)  has 
raged  over  the  individuality  of  Sponges.  While  the  older 
observers  were  content  to  regard  each  sponge-mass  as  an 
individual,  a  view  in  which  Lieberkulin  and  other  mono¬ 
graphers  substantially  concurred,  the  application  of  the 
microscope  led  to  the  view  suggested  by  James  Clark,  and 
still  stoutly  supported  by  Saville  Kent,  that  the  Sponge  is  a 
city  of  amoeboid  or  infusorian  individuals.  Carter  looked 
upon  the  separate  ampullaceous  sacs  as  the  true  individuals, 
while  Schmidt,  defining  the  individual  by  the  possession  of 
a  single  exhalent  aperture,  distinguishes  Sponges  into  sol¬ 
itary  and  social.  Later,  however,  he  terms  them  Zoa  in i- 
personalia. 

For  the  higher  animals  the  problem,  though  perhaps 
really  even  more  difficult,  is  less  prominent.  As  Haeckel 

points  out,  the  earlier  discussions  and  even  the  compara¬ 


tively  late  essay  of  Johannes  Muller  take  an  almost  purely 
psychological  or  at  least  a  physiological  point  of  view  ;  and 
the  morphological  aspect  of  the  inquiry  only  came  forward 
when  the  study  of  much  lower  forms,  such  as  Cestoid 
Worms  (see  Platyhelminthes)  or  Siphonophores  (see 
Hydkozoa),  had  raised  the  difficulties  with  which  botan¬ 
ists  had  so  long  been  familiar.  With  the  rapid  progress  of 
embryology,  too,  arose  new  problems ;  and  in  1842  Steen¬ 
strup  introduced  the  conception  of  an  “  alternation  of  gener¬ 
ations”  as  a  mode  of  origin  of  distinct  individuals  by  two 
methods,  for  him  fundamentally  similar,  the  sexual  from 
impregnated  females  and  the  asexual  from  unimpregnated 
“  nurses,” — a  view  adopted  by  Edward  Forbes  and  many 
other  naturalists,  but  keenly  criticised  by  Carpenter  and 
Huxley.  In  Leuckart’s  remarkable  essay  on  polymorphism 
(1853)  the  Siphonophora  were  analyzed  into  colonies,  and 
their  varied  organs  shown  to  be  morphologically  equiva¬ 
lent,  while  the  alternate  generations  of  Steenstrup  were 
reduced  to  a  case  of  polymorphism  iu  development.  Leuc- 
kart  further  partly  distinguished  individuals  of  different 
orders,  as  well  as  between  morphological  and  physiological 
individuals.  - 

In  1852  Huxley  proposed  the  view  which  he  still  sub¬ 
stantially  maintains  (see  Biology).  Starting  from  such 
an  undoubted  homology  as  that  of  the  egg-producing  pro¬ 
cess  of  Hydra  with  a  free-swimming  Medusoid,  he  points 
out  that  the  title  of  individual,  if  applied  to  the  latter, 
must  logically  be  due  to  the  former  also,  and  avoids  this 
confusion  between  organ  and  individual  by  defining  the 
individual  animal,  as  Gallesio  had  done  the  plant,  as  the 
entire  product  of  an  impregnated  ovum, — the  swarm  of 
Aphides  or  free  Medusae  which  in  this  way  might  belong 
to  a  single  individual  being  termed  Zooids. 

In  Carus’s  System  of  Animal  Morphology  (1853)  another 
theory  was  propounded,  but  the  problem  then  seems  to 
have  fallen  into  abeyance  until  1865,  when  it  formed  the 
subject  of  a  prolonged  and  fruitful  discussion  in  the  Princi¬ 
ples  of  Biology.  ,  Adopting  the  cell  (defined  as  an  aggregate 
of  the  lowest  order,  itself  formed  of  physiological  units)  as 
the  morphological  unit,  Spencer  points  out  that  these  may 
either  exist  independently  or  gradually  exhibit  unions  into 
aggregates  of  the  second  order,  like  the  lower  Algae,  of 
which  the  individuality  may  be  more  or  less  pronounced. 
The  union  of  snch  secondary  aggregates  or  compound 
units  into  individuals  of  a  yet  higher  order  is  then  traced 
through  such  intermediate  forms  as  are  represented  by  the 
higher  seaweeds  or  the  Liverworts,  from  the  thallus  of 
which  the  axes  and  appendages  of  Monocotyledons  and  Di¬ 
cotyledons  are  ingeniously  derived.  The  shoot  of  a  flow¬ 
ering  plant  is  thus  an  aggregate  of  the  third  order;  it 
branches  into  an  aggregate  of  the  fourth  or  higher  order, 
and  finally  as  a  tree  “  acquires  a  degree  of  composition  too 
complex  to  be  any  longer  defined.”  Proceeding  to  animals 
the  same  method  is  applied.  The  Protozoa  are  aggregates 
of  the  first  order.  These,  like  plants,  exhibit  transitions, 
of  which  Radiolarians,  Foraminifera,  and  Sponges  are 
taken  as  examples,  to  such  definite  compound  wholes  as 
Hydra ;  and  such  secondary  aggregates  multiply  by  gem¬ 
mation  into  permanent  aggregates  of  the  third  order,  which 
may  exhibit  all  degrees  of  integration  up  to  that  of  the  Si¬ 
phonophora,  where  the  individualities  of  the  Polyps  are 
almost  lost  in  that  of  the  aggregate  form.  The  whole  series 
of  articulated  animals  are  next  interpreted  as  more  or  less 
integrated  aggregates  of  the  third  order,  of  which  the  lower 
Annelids  are  the  less  developed  forms,  the  Arthropods  the 
more  highly  integrated  and  individualized.  Molluscs  and 
Vertebrates  are  regarded  as  aggregates  of  the  second  order. 

In  1866  appeared  the  latest  morphological  classic,  the  Gen- 
erelle  Morphologie  of  Haeckel.  Here  pure  morphology  is 
distinguished  into  two  sub-sciences, — the  first  purely  struc¬ 
tural,  tectology ,  which  regards  the  organism  as  composed  of  or¬ 
ganic  individuals  of  different  orders;  the  second  essentially 
stereometric,  promorphology.  To  tectology,  defined  as  the 
science  of  organic  individuality,  a  large  section  of  the  work 
is  devoted.  Dismissing  the  theory  of  absolute  individu¬ 
ality  as  a  metaphysical  figment,  and  starting  from  the  view 
of  Schleiden,  De  Candolle,  and  Nageli  of  several  successive 
categories  of  relative  individuals,  he  distinguishes  more 
clearly  than  heretofore  the  physiological  individual  (or 
bion),  characterized  by  definiteness  and  independence  of 
function,  from  the  morphological  individual  (or  morphon), 
characterized  similarly  by  definiteness  of  form ;  of  the  lat¬ 
ter  he  establishes  six  categories  as  follows : 

1.  Plastides  (cytodes  and  cells),  or  elementary  organisms. 

2.  Organs  (cell-stocks  or  cell-fusions),  simple  or  homo¬ 

plastic  organs  (tissues),  or  heteroplastic  organs. 

Organ-systems,  organ-apparatuses. 

3.  Antimei-es  (opposite  or  symmetrical  or  homotypic  parts), 

e.g.,  rays  of  radiate  animals,  “halves  of  bilaterally 

symmetrical  animals.” 
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4.  Metameres  (successive  or  homodynamous  parts),  e.g., 

stem-segments  of  Phanerogams,  segments  or  zoonites 

of  Annelids  or  V ertebrates. 

5.  Persome,  shoots  or  buds  of  plants,  polyps  of  Ccelenter- 

ates,  etc.,  “  individuals”  in  the  narrowest  sense 

among  the  higher  animals. 

6.  Conns  (stocks  or  colonies),  e.g.,  trees,  chains  of  Salpse, 

polyp-stocks,  etc. 

In  his  subsequent  monograph  on  calcareous  Sponges,  and 
in  a  final  paper,  he  somewhat  modifies  these  categories  by 
substituting  one  category  of  extreme  comprehensiveness, 
that  of  the  idorgan,  in  place  of  the  three  separate  orders  of 
organs,  antimeres,  and  metameres.  The  idorgan  (of  course 
clearly  distinguished  from  the  physiological  organ  or  bi¬ 
organ)  is  finally  defined  as  a  morphological  unit  consisting 
of  two  or  more  plastids,  which  does  not  possess  the  positive 
character  of  the  person  or  stock.  These  are  distinguished 
into  homoplasts  or  homo-organs  and  alloplasts  or  ailoe-organs, 
the  former  including,  as  subdivisions,  plastid-aggregates 
and  plastid-fusions,  the  latter  idomeres,  antimeres,  and 
metameres.  The  former  definition  of  the  term  antimere,  as 
denoting  at  once  each  separate  ray  of  a  radiate,  or  the  right 
and  left  halves  of  a  bilaterally  symmetrical  animal,  is  cor¬ 
rected  by  terming  each  ray  a  paramere,  and  its  symmetrical 
halves  the  antimeres.  Thus  an  ordinary  Medusoid  has 
four  parameres  and  eight  antimeres,  a  Star-fish  five  and  ten. 
The  conception  of  the  person  is  largely  modified,  not  only 
by  withdrawing  the  comparison  of  the  animal  with  the 
vegetable  shoot  and  by  omitting  the  antimere  and  metamere 
as  necessary  constituents,  but  by  taking  the  central  em¬ 
bryonic  form  of  all  the  Metazoa — the  gastrula  (Fig.  1)  and  its 
assumed  ancestral  represen¬ 
tative,  the  gastaea — as  the 
simplest  and  oldest  form  of 
persona.  The  different  mor¬ 
phological  stages  to  which 
it  may  attain  are  classified 
into  three  series :  (1)  Monax- 
onial1  inarticulate  persons, 
i.e.,  uniaxial  and  unsegmen¬ 
ted  without  antimeres  or 
metameres,  as  in  Sponges, 
or  lowest  Hydroids ;  (2) 

Stauraxonial 1  inarticulate 
persons  with  antimeres,  but 
without  metameres,  e.g.,  Co¬ 
ral,  Medusa,  Turbellarian, 

Trematode,  Bryozoon ;  (3) 

Stauraxonial  articulate  per-t*012’  showing  primitive  opening 
sons  with  antimeres  and  me-  “g 

tameres,  e.g.,  Annelids,  Ar-  an(j  inner  layers,  ectoderm  and 
thropods,  Vertebrates.  The  endoderm.  (After  Haeckel.) 
colonies  of  Protozoa  are 

mere  idorgans.  True  corms,  composed  of  united  personae, 
occur  only  among  Sponges,  Hydroids,  Siphonophores,  Co¬ 
rals,  Bryozoa,  Tunicates,  and  Echinoderms,  of  which  the 
apparent  parameres  are  regarded  as  highly  centralized  per¬ 
sonae  of  a  radially-budded  worm  colony ;  and  these  can  be 
classified  according  to  the  morphological  rank  of  their  con¬ 
stituent  personae.  They  usually  arise  by  gemmation  from 
a  single  persona,  yet  in  Sponges  and  Corals  occasionally  by 
fusion  of  several  originally  distinct  persons  or  conns.  The 
theory  of  successive  subordinate  orders  of  individuality  be¬ 
ing  thus  not  only  derived  from  historical  criticism  of  pre¬ 
vious  theories  hut  brought  into  conformity  with  the  actual 
facts  of  development  and  descent, — various  groups  of  organ¬ 
isms  being  referred  to  their  several  categories, — the  re¬ 
maining  problem  of  tectology,  that  of  the  relation  of  the 
morphological  to  the  physiological  individuality,  is  finally 
discussed.  Of  the  latter,  three  categories  are  proposed :  (1) 
the  “  actual  bion  or  complete  physiological  individual,” 
this  being  the  completely  developed  organic  form  which 
has  reached  the  highest  grade  of  morphological  individ¬ 
uality  proper  to  it  as  a  representative  of,  e.g.,  its  species ;  (2) 
the  “  virtual  bion  or  potential  physiological  individual,” 
including  any  incompletely  developed  form  of  the  former 
from  the  ovum  upwards ;  and  ( 3)  the  “  partial  bion  or  ap¬ 
parent  physiological  individual,”  such  fragments  of  the  ac¬ 
tual  or  virtual  bion  as  maypossess  temporary  independence 
without  reproducing  the  species — this  latter  category  hav¬ 
ing,  however,  inferior  importance.2 

Haeckel’s  theory,  indeed  in  its  earlier  form,  has  been 
adopted  by  Gegeubaur  and  other  morphologists,  also  in  its 
later  form'  by  Jager,  who,  however,  rejects  the  category  of 
idorgan  on  the  ground  of  the  general  morphological  prin- 

i  For  explanation  of  these  terms  see  ?  5,  Promorphology,  p.  870. 

*  For  criticism  of  this  theory  on  the  ground  of  its  making  phy¬ 
siological  depend  on  morphological  individuality,  see  Fisch, 
Airfziihlung  und  Kritik  der  verschiedenen  Ansichten  uber  das  pflanz- 
acne  Individnum,  p.  11. 


Fig.  1. — Gastrula  in  optical  sec- 


ciple  that  every  natural  body  which  carries  on  any  chemi- 
[  cal  changes  with  its  environment  becomes  differentiated  into 
|  more  or  less  concentric  layers :  but  the  subject,  especially  as 
far  as  animals  are  concerned,  is  again  recently  discussed  in  a 
large  work  by  Perrier.  Starting  from  the  cell  or  plastid,  he 
terms  a  permanent  colony  a  meride,  and  these  may  remain  iso¬ 
lated  like  Sagitta  or  Botifer,  or  may  multiply  by  gemmation 
to  form  higher  aggregates  which  he  terms  zoides.  Such  zoides 
may  be  irregular,  radiate,  or  linear  aggregates,  of  which  the 
two  former  classes  especially  are  termed  demes.  The  organ 
— Haeckel’s  idorgan — is  excluded,  since  tissues  and  organs 
result  from  division  of  labor  in  the  anatomical  elements  of 
\  the  m er ides,  and  so  have  only  a  secondary  individuality, 
j  “  carefully  to  be  distinguished  from  the  individuality  of 
those  parts  whose  direct  grouping  has  formed  the  organism, 
and  which  live  still,  or  have  lived,  isolated  from  one  an¬ 
other.”  Perrier  further  points  out  that  undifferentiated 
colonies  are  sessile,,  as  Sponges  and  Corals,  while  a  free 
state  of  existence  is  associated  with  the  concentration 
aud  integration  of  the  colony  into  an  individual  of  a  higher 
order. 

.  So  far  the  various  theories  of  the  subject ;  detailed  criti¬ 
cism  is  impossible,  but  some  synthesis  and  reconcilation 
must  he  attempted.  Starting  from  the  cell  as  the  morpho¬ 
logical  unit,  we  find  these  forming  homogeneous  aggregates 
in  some  Protozoa  and  in  the  early  development  of  the  ovum. 
But  integration  into  a  whole,  not  merely  aggregation  into 
a  mass,  is  essential  to  the  idea  of  individuality;  the  earliest 
I  secondary  unit,  therefore,  is  the  gastrula  or  meride.  This 
stage  is  permanently  represented  by  an  unbranched  Hydra 
or  Sponge  or  by  a  Planarian.  These  secondary  units  may, 
however,  form  aggregates  either  irregular  as  in  most 
Sponges,  indefinitely  branched  as  in  the  Hydroids  and 
Actinozoa,  or  linear  as  in  such  Planarians  as  Catenula. 
Such  aggregations,  colonies,  or  demes,  not  being  aggregated, 
do  not  fully  reach  individuality  of  the  third  order.  This 
is  attained,  however,  for  the  branched  series  by  such  forms 
as  Siphonophores  among  Hydrozoa,  or  Benilla  or  Pennatula 
among  Actinozoa ;  for  linear  aggregates  again  by  the  higher 
Worms,  and  still  more  fully  by  Arthropods  and  Vertebrates. 
Aggregates  of  a  yet  higher  order  may  occur,  though  rarely. 
A  longitudinally  dividing  Nais  or  laterally  branched  Syllis 
are  obviously  aggregates  of  these  tertiary  units,  which,  on 
Haeckel’s  view,  become  integrated  in  the  Echinoderm, 
which  would  thus  reach  a  complete  individuality  of  the 
fourth  order.  A  chain  of  Salpse  or  a  colony  of  Pyrosoma 
exhibits  an  approximation  to  the  same  rank,  which  is  more 
nearly  obtained  by  a  radiate  group  of  Botryllus  around  their 
,  central  cloaca,  while  the  entire  colony  of  such  an  Ascidian 
would  represent  the  individual  of  the  fifth  order  in  its  in- 
i  cipient  and  unintegrated  state, — these  and  the  preceding 
intermediate  forms  being,  of  course,  readily  intelligible, 
j  and  indeed,  as  Spencer  has  shown,  inevitable  on  the  theory 
I  of  evolution. 

The  exclusion  of  tissues  and  organs  from  rank  in  this 
series  is  thus  seen  to  necessarily  follow.  Ectoderm  and  en¬ 
doderm  cannot  exist  alone ;  they  and  the  organs  into  which 
they  differentiate  arise  merely,  as  Jager  expresses  it,  from 
that  concentric  lamination,  or,  with  Perrier,  from  that 
polymorphism  of  the  members  of  the  colony,  which  is  asso¬ 
ciated  with  organic  and  social  existence.  The  idea  of  the 
antimere  is  omitted,  as  being  essentially  a  promorphological 
conception  (for  a  Medusoid  or  a  Star-fish,  though  of  widely 
distinct  order  of  individuality,  are  equally  so  divisible) ; 
that  of  the  metamere  is  convenient  to  denote  the  secondary 
units  of  a  linear  tertiary  individual;  the  term  persona, 
however,  seems  unlikely  to  survive,  not  only  on  account  of 
its  inseparable  psychological  connotations,  but  because  it 
has  been  somewhat  vaguely  applied  alike  to  aggregates  of 
the  second  and  third  order;  and  the  term  colony,  corm,  or 
deme  may  indifferently  be  applied  to  those  aggregates  of 
primary,  secondary,  tertiary,  or  quaternary  order  which 
are  not.  however,  integrated  into  a  whole,  and  do  not  reach 
the  full  individuality  of  the  next  higher  order.  The  term 
zooid  is  also  objectionable  as  involving  the  idea  of  indi¬ 
vidualized  organs,  a  view  natural  while  the  medusoid  go- 
nophores  of  a  Hydrozoon  were  looked  at  as  evolved  of  its 
homologue  in  Hydra,  whereas  the  latter  is  really  a  degener¬ 
ate  form  of  the  latter.  Passing  to  the  vegetable  world,  here 
as  before  the  cell  is  the  unit  of  the  first  order,  while  ag¬ 
gregates  representing  almost  every  stage  in  the  insensible 
evolution  of  a  secondary  unit  are  far  more  abundant  than 
among  animals.  Complete  unity  of  the  second  order  can 
hardly  be  allowed  to  the  thallus,  which  Spencer  proposes 
to  compound  and  integrate  into  tertiary  aggregates — the 
higher  plants ;  as  in  animals  the  embryological  method  is 
preferable,  both  as  avoiding  gratuitous  hypothesis  and  as 
leading  to  direct  results.  Such  a  unit  is  clearly  presented 
by  the  embryo  of  higher  plants  in  which  the  cell-aggregate 
is  at  once  differentiated  into  parts  and  integrated  into  a 
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whole.  Such  an  embryo  possesses  axis  ami  appendages  as 
when  fully  developed  (Fig.  21.  The  latter,  however,  being 
as  organs  mere  lateral  expansions  of  the  concentric  layers 
into  which  the  plant  embryo,  like  the  animal,  is  differen¬ 
tiated,  and  so  neither  stages  of  evolution  nor  capable  of 
separate  existence,  are  not  entitled  to  individual  rank.  The 
embryo,  the  bud,  shoot,  or  uni-axial  plant,  all  thus  belong 
to  the  second  order  of  individuality,  like  the  Hydroid  they 
resemble.  Like  the  lower  Coelenterates,  too,  aggregates  of 
such  axes  are  formed  by  branching  out  from  their  low 
degree  of  integration  Such  colonies  can  hardly  be  termed 
individuals  of  the  third,  much  less  of  higher  order,  at  least 
without  somewhat  abandoning  that  unity  of  treatment  of 
plants  and  animals  without  which  philosophical  biology 
disappears.  Individuality  of  the  second  order  is  most  fully 
reached  by  the  flower, — the  most  highly  differentiated  and 
integrated  form  of  axes  and  appendages.  Such  a  simple 
inflorescence  as  a  raceme  or  umbel  approximates  to  unity 
of  the  third  order,  to  which  a 
composite  flower-head  must 
be  admitted  to  have  attained, 
while  a  compound  inflores¬ 
cence  is  on  the  way  to  a  yet 
higher  stage. 

If,  as  seems  probable,  a  no¬ 
menclature  be  indispensable 
for  clear  expression,  it  may 
be  simply  arranged  in  con¬ 
formity  with  this  view.  Start¬ 
ing  from  the  unit  of  the  first 
order,  the  plastid  or  monad, 
and  terming  any  undifferen¬ 
tiated  aggregate  a  deme,  we 
have  a  monad-deme  integrat¬ 
ing  into  a  secondary  unit  or 
dyad,  this  rising  through 

dyad-demes  into  a  triad,  this  H 

forming  triad-demes,  and  these  when  differentiated  becom¬ 
ing  tetrads,  the  Botryllus-colony  with  which  the  evolution 
of  compound  individuality  terminates  being  a  tetrad-deme. 
The  separate  living  form,  whether  monad,  dyad,  triad,  or 
tetrad,  requires  also  some  distinguishing  name,  for  which' 
persona  will  probably  ultimately  be  found  most  appropriate, 
since  such  usage  is  most  in  harmony  with  its  inevitable 
physiological  and  psychological  connotations,  while  the 
genealogical  individual  of  Gallesio  and  Huxley,  common 
also  to  all  the  categories,  may  be  designated  with  Haeckel 
the  ovum-product  or  ovum-cycle,  the  complete  series  of  forms 
needed  to  represent  the  species  being  the  species-cycle 
(though  this  coincides  with  the  former  save  in  cases  where 
the  sexes  are  separate,  or  polymorphism  occurs).  For  such 
a  peculiar  case  as  Diplozoon  paradoxum,  where  two  separate 
forms  of  the  same  species  coalesce,  and  still  more  for  such 
heterogeneous  individuality  as  that  of  a  Lichen,  where  a 
composite  unit  arises  from  the  union  of  two  altogether  dis¬ 
tinct  forms, — Fungus  and  Alga, — yet  additional  categories 
and  terms  are  required.1 

#  5.  Promorphology. — Just  as  the  physiologist  constantly 
seeks  to  interpret  the  phenomena  of  function  in  terms  of 
mechanical,  physical,  and  chemical  laws,  so  the  morpho¬ 
logist  is  tempted  to  inquire  whether  organic  as  well  as 
mineral  forms  are  not  alike  reducible  to  simple  mathe¬ 
matical  law.  And  just  as  the  crystallographer  constructs 
an  ideally  perfect  mathematical  form  from  an  imperfect  or 
fragmentary  crystal,  so  the  morphologist  has  frequently 
attempted  to  reduce  the  complex-curved  surfaces  of  organic 
beings  to  definite  mathematical  expression.2 * 4  Canon  Moseley 
(Phil.  Trans.,  1838)  succeeded  in  showing,  by  a  combination 
of  measurement  and  mathematical  analysis,  that  the  curved 
surface  of  any  turbinated  or  discoid  shell  might  be  con¬ 
sidered  as  generated  by  the  revolution,  about  the  axis  of 
the  shell,  of  a  curve,  which  continually  varied  its  dimen¬ 
sions  according  to  the  law  of  the  logarithmic  spiral.  For 
Goodsir  this  logarithmic  spiral,  now  carved  on  his  tomb, 
seemed  a  fundamental  expression  of  organic  curvature  and 
the  dawn  of  a  new  epoch  in  natural  science — that  of  the 
mathematical  investigation  of  organic  form — and  his  own 
elaborate  measurements  of  the  body,  its  organs,  and  even 
its  component  cells  seemed  to  yield,  now  the  triangle,  and 
again  the  tetrahedron,  as  the  fundamental  form.  But  such 

1  See  Haeckel,  Gen.  Morph,  i.,  Kalkschwdmme  i.,  and  Jena.  Zeit- 
schr.  x. ;  also  Sachs,  Geschichte  d.  Bot.;  Fisch,  Aufzdhlung  u.  Kritik, 

etc.,  Rostock,  I860 ;  Perrier,  Les  Colonies  Animaks,  1882,  as  from 

these  all  other  references  can  be  obtained. 

4  The  sciences  of  organic  and  mineral  form  would  thus  (as 
Haeckel  points  out)  become  thoroughly  analogous,  for,  as  pro¬ 
morphology  develops  the  crystallography  of  organic  form,  so 
mineralogy,  in  the  study  of  such  phenomena  as  those  of  pesudo- 
morphism  or  of  mineral  development,  becomes  parallel  to  mor¬ 
phology. 


Fig.  2.— Embryo  of  Dicotyle¬ 
don  (after  Sachs),  showing  in¬ 
cipient  axis  and  appendages,  as 
also  the  three  concentric  em¬ 
bryonic  layers. 


supposed  results,  savoring  more  of  the  Naturphilosophie 
than  of  sober  mathematics,  could  only  serve  to  discourage 
further  inquiry  and  interest  in  that  direction.  Thus  we 
find  that  even  the  best  treatises  on  botany  and  zoology 
abandon  the  subject,  satisfied  with  merely  contrasting  the 
simple  geometrical  ground-forms  of  crystals  with  the  highly 
curved  and  hopelessly  complicated  lines  and  surfaces  of  the 
organism. 

But  there  are  other  considerations  which  lead  up  to  a 
mathematical  conception  of  organic  form,  those  namely  of 
symmetry  and  regularity.  These,  however,  are  usually  but 
little  developed,  botanists  since  Schleiden  contenting  them¬ 
selves  with  throwing  organisms  into  three  groups— first, 
absolute  or  regular;  second,  regular  and  radiate;  third, 
symmetrical  bilaterally  or  zygomorphic— the  last  being 
capable  of  division  into  two  halves  only  in  a  single  plane, 
the  second  in  two  or  more  planes,  the  first  in  none  at  all. 
Burmeister,  and  more  fully  Bronn,  introduced  the  funda¬ 
mental  improvement  of  defining  the  mathematical  forms 
they  sought  not  by  the  surfaces  but  by  axes  and  their  poles ; 
and  Haeckel  has  developed  the  subject  with  an  elabo¬ 
rateness  of  detail  and  nomenclature  which  seems  unfortu¬ 
nately  to  have  impeded  its  study  and  acceptance,  but  of 
which  the  main  results  may,  with  slight  variations  chiefly 
due  to  Jager  ( Lehrb .  d.  Zool.,  i.  283),  be  briefly  outlined. 

A.  ANAXONIA— forms  destitute  of  axes,  and  conse¬ 
quently  wholly  irregular  in  form,  e.g.,  Amoebae  and  many 
Sponges. 

B.  AXONIA — forms  with  definite  axes. 

I.  Homaxonia — all  axes  equal. 

(а)  Spheres,  where  an  indefinite  number  of  equal 
axes  can  be  drawn  through  the  middle  point, 
e.g.,  Sphaerozoum. 

(б)  Polyhedra,  with  a  definite  number  of  like  axes. 

Of  these  a  considerable  number  occur  in  nature,  for  ex¬ 
ample,  many  Badiolarians  (Fig.  3),  pollen-grains,  etc.,  and 


Fig.  3. — Radiolarian  (Ethmo- 
sphsera),  an  irregular  endo- 
sphaeric  polyhedron  with  equi¬ 
angular  faces.  Type  of  Hom¬ 
axonia. 


Fig.  4.— Pollen  of  Passion 
Flower,  as  example  of  Staurax- 
onia  homopola.  Ground-form  a 
regular  double  pyramid  of  six 
sides. 


they  are  again  classifiable  by  the  number  and  regularity  of 
their  faces. 

II.  Protaxonia,  where  all  the  parts  are  arranged  round 
a  main  axis,  and  of  these  we  distinguish : 

1.  Monaxonia,  with  not  more  than  one  definite  axis.  Here 
are  distinguished  (a)  those  with  similar  poles,  spheroid 
(Coccodiscus)  and  cylinder  (Pyrosoma),  and  ( b )  those  with 
dissimilar  poles,  cone  (Conulina). 

2.  Stauraxonia,  wThere,  besides  the  main  axes,  a  definite 
number  of  secondary  axes  are  placed  at  right  angles,  and 
the  stereometric  ground-form  becomes  a  pyramid.  Here, 
again,  may  be  distinguished  (a)  those  with  poles  similar, 
Stauraxonia  homopola,  where  the  stereometric  form  is  the 
double  pyramid  (Fig.  4),  and  ( b )  those  wTith  poles  dissimilar, 
Stauraxonia  heteropola,  where  the  stereometric  form  is  the 
single  pyramid,  and  where  we  distinguish  a  basal,  usually 
oral,  pole  from  an  apical,  aboral,  or  anal  pole.  The  bases  of 
these  may  be  either  regular  or  irregular  polygons,  and  thus 
a  new  classification  into  1 lomostaura  and  Heterostaura  natu¬ 
rally  arises. 

The  simpler  group,  the  Homostaura,  may  have  either  an 
even  or  an  odd  number  of  sides,  and  thus  among  the 
Homostaura  we  have  even-sided  and  odd-sided,  single  and 
double  pyramids.  In  those  Homostaura  with  an  even  num¬ 
ber  of  sides,  such  as  Medusa.1,  the  radial  and  inter-radial  axes 
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have  similar  poles ;  but  in  the  series  with  an  odd  number  ' 
of  sides,  like  most  Echinoderms,  each  of  the  transverse  axes 
is  half  radial  and  half  semi-radial  (Fig.  5).  Of  the  group 
of  regular  double  pyramids  the  twelve-sided  pollen-grain 
of  Passitlora  (Fig.  4)  may  be  taken  as  an  example,  having 
the  ground-form  of  the  hexagonal  system,  the  hexagonal 
dodecahedron.  Of  the  equal  even-sided  single  pyramids 
(Heteropola  liomostaura),  Alcyonium,  Geryonia,  Aurelia 
may  be  taken  as  examples  of  the 
eight-sided,  six-sided,  and  four¬ 
sided  pyramids,  while  those  with 
an  odd  number  of  sides  may  be 
illustrated  by  Ophiura  or  Primu¬ 
la  with  five  sides,  and  the  flower 
of  Lily  or  Rush  with  three  sides. 

In  the  highest  and  most  com¬ 
plicated  group,  the  Heterostaura, 
the  basal  polygon  is  no  longer 
regular  but  amphithect  ( dinpienxTog 
—  double-edged).  Such  a  polygon 
has  an  even  number  of  sides,  and  ,  .  , 

can  be  divided  into  symmetrical  uJgiVKropda  lm- 
halves  by  each  ot  two  planes  in-  mostaura.  Ground-form  a 
tersecting  at  right  angles  in  the  regular  single  pyramid  of 
middle  point,  and  thus  dividing  five  sides, 
the  whole  figure  into  four  con¬ 
gruent  polygons.  The  longer  of  these  axes  may  be  termed 
lateral,  the  shorter  the  equatorial  or  dorso-veutral ;  and  these 
two  axes,  along  with  the  main  axes,  always  define  the  three 
dimensions  of  space.  Cteuophores  (Fig.  6)  furnish  exam¬ 
ples  of  eight-sided  amphithect  pyramids,  some  Madrepore 
Corals  of  six-sided,  Crucifers,  some  Medusse,  and  Cestodes  of 
four-sided  amphithect  pyramids. 

In  these  forms  the  poles  of  the  dorso-ventral  and  lateral 
axes  are  similar,  and,  as  in  the  preceding  Monaxouia  and 
Stauraxouia,  the  centre  of  the  body  is  defined  by  a  line;  and 
they  are  therefore  termed  Centraxonia,  while  the  Protaxonia, 
which  are  defined  by  their  central  point,  are  called  Centro- 
stigma.  There  are,  however,  other  forms,  and  these  the  most 
complicated,  in  which  the  poles  of  at  least  the  dorso-ventral 
axis  are  unlike,  and  in  which  the  bod^  is  thus  defined  not 
with  reference  to  a  line  but  to  a  median  plane,  and  these 
have  accordingly  received  the  name  of  Centropipeda.  Their 
ground-form  is  a  polygon  with  an  even  number  of  sides, 
which  can  only  be  divided  into  two  symmetrical  halves  by 
the  one  median  plane.  It  can  be  obtained  by  halving  an 
amphithect  pyramid  of  double  the  number  of  sides,  and  is 
consequently  termed  a  half  amphithect  pyramid  (Fig.  7). 
The  whole  amphithect  pyramid  may  be  most  conveniently 
obtained  by  the  reduplication  of  the  ground-form  as  if  in  a 
mirror.  Of  half  amphithect  pyramids  there  are  again  two 
forms,  termed  by  Haeckel  Amphipleura  and  Zygopleura,  the 
former  including  the  “ bilaterally  symmetrical”  or  irregu¬ 
larly  radiate  forms  of  previous  authors,  such  as  Spatangus, 
Viola,  Orchis,  while  the  Zygopleura  include  forms  bilaterally 
symmetrical  in  the  strictest  sense,  in  which  not  more  than 
two  radial  planes,  and  these  at  right  angles  to  each  other, 
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Fig.  6.— Ctenophore  (Eucharis).  Ground-form  an  eight-sided 
double  amphithect  pyramid.  ....  . 

Fig.  7. — Spatangus.  Ground-form  a  five-sided  half  amphithect 
pyramid. 


are  nresent.  The  stereometric  ground-form  is  a  half  rhom¬ 
bic  pyramid.  Haeckel  again  divides  these,  according  to  the 
number  of  antimeres,  into  Tetrapleura  and  Dipleura. 

Promorphology  has  thus  shown  that  the  reigning  dogma 
of  the  fundamental  difference  of  organic  and  mineral  forms 
is  false,  and  that  a  crystallography  of  organic  forms  is  pos¬ 
sible  ,—tlie  form  of  the  cell  or  the  cell-aggregate  differing 
from’ the  crystal  merely  by  its  more  or  less  viscous  state  of 
aggregation,  its  inherited  peculiarities,  and  its  greater 
adaptability  to  the  environment.  The  classification  into 


bilateral  and  radiate  forms  which  usually  does  duty  for  more 
precise  promorphological  conceptions  must  be  abandoned  as 
hopelessly  confusing  essentially  different  forms,  or  at  least 
must  be  rigidly  restricted, — the  term  radial  to  regular  and 
double  pyramids,  the  term  bilateral  to  the  Centropipeda  if 
not  indeed  to  dipleural  forms.  Similarly,  the  topographical 
and  relative  terms,  anterior  and  posterior,  upper  and  under, 
horizontal  and  vertical,  must  be  superseded  by  the  terms 
above  applied  to  the  axes  and  their  poles,  oral  and  aboral, 
dorsal  and  ventral,  right  and  left. 

§  6.  Nature  of  Morphological  Changes. — The  main  forms  of 
organic  structure  being  analyzed  and  classified  and  their 
stage  of  individuality  being  ascertained,  the  question  next 
arises,  by  what  morphological  changes  have  they  arisen,  and 
into  what  categories  can  these  modes  of  differentiation  be 
grouped  ?  They  at  first  sight  seem  innumerable,  yet  in  re¬ 
ality  are  few.  Goethe  somewhat  vaguely  generalized  them 
for  the  flower  as  ascending  and  descending  metamorphosis, 
expansion  and  contraction  of  organs,  etc. ;  but  the  first 
attempt  at  careful  enumeration  seems  to  be  that  of  Auguste 
de  St.  Hilaire,  who  recognized  defects  of  development,  adhe- 
rences,  excesses  of  production  or  “  dedoublements,”  meta¬ 
morphosis  and  displacement  of  organs.  Subsequent  authors 
have  variously  treated  the  subject;  thus  Asa  Gray  enumer¬ 
ates  as  modifications  of  the  flower — coalescence,  adnation, 
irregularity,  abortion,  non-alternation  or  anteposition, 
multiplication,  enation,  unusual  development  of  the  axis, 
and  ouier  morphological  modifications  connected  with  fer¬ 
tilization.  These  are  obviously  too  numerous,  as  may  best 
be  shown  by  a  single  comparison  with  the  view  of  an  ani¬ 
mal  morphologist.  Thus  Huxley,  in  discussing  the  arrange¬ 
ment  of  the  Vertebrata,  recognizes  only  three  processes  of 
modification,  not  only  in  the  ancestral  evolution  of  the 
Equidse,  but  in  the  individual  development  of  animals  gen¬ 
erally  ;  these  are  “  (1)  excess  of  development  of  some  parts 
in  relation  to  others,  (2)  partial  or  complete  suppression  of 
certain  parts,  (3)  coalescence  of  parts  originally  distinct.” 
It  is  probable  that  this  “  threefold  law  of  evolution  ”  may 
include  all  observed  cases  of  change,  even  in  the  flower ; 
thus  Chorisis  and  Peloria  may  be  regarded  as  peculiar  forms 
of  excess,  while  displacement  is  probably  in  all  cases  only 
apparent,  and  really  due  to  adhesion  or  coalescence  (see 
Biology,  vol.  iii.  p.  589  sq.).1 

$  7.  Nature  of  Morphological  Correspondence — Categories  of 
Homology. — To  indicate  all  the  steps  by  which  the  idea  of 
morphological  has  been  distinguished  from  that  of  physio¬ 
logical  resemblance  would  be  to  examine  the  whole  his¬ 
tory  of  morphology ;  it  must  suffice  to  discuss  the  termi¬ 
nology  of  the  subject  which  has,  as  ever,  served  not 
only  as  an  index  but  as  an  engine  of  progress.  For  these 
two  distinct  forms  of  resemblance  the  terms  homology 
and  analogy  gradually  became  specialized,  and  were  finally 
established  and  clearly  defined  by  Owen  in  1843, — “the 
former  as  the  same  organ  in  different  animals  under 
every  variety  of  form  and  function  (e.g.,  fore-limbs  of 
Draco  volans  and  wings  of  Bird) ;  the  second  as  a  part 
or  organ  in  one  animal  which  has  the  same  function 
as  another  part  or  organ  in  a  different  animal  (e.g.,  para¬ 
chute  of  Draco  and  wings  of  Bird).”  He  further  dis¬ 
tinguishes  three  kinds  of  homology:  (1)  special,  being 
“  that  above  defined,  namely,  the  correspondence  of  a  part 
or  organ  determined  by  its  relative  position  and  connec¬ 
tions  with  a  part  or  organ  in  a  different  animal,  the  deter¬ 
mination  of  which  homology  indicates  that  such  animals 
are  constituted  on  a  common  type,”  e.g.,  basilar  process  of 
human  occipital  with  basi-occipital  of  fish  ;  (2)  general,  that 
“  higher  relation  in  which  a  part  or  series  of  parts  stands 
to  the  fundamental  or  general  type,  involving  a  knowledge 
of  the  type  on  which  the  group  in  question  is  constituted,” 
e.g.,  the'same  human  bone  and  centrum  of  the  last  cranial 
vertebra ;  (3)  serial  homology,  “  representative  or  repetitive 
relation  in  the  segments  of  the  same  skeleton”  (demon¬ 
strated  when  general  and  special  homologies  have  been  de¬ 
termined)  ;  thus  usually  the  basi-occipital  and  basi-spheuoid 
are  “homotypes.”  These  terms  were  henceforth  accepted 
by  naturalists ;  but  the  criterion  of  analogy  and  homology 
became  for  Agassiz  and  other  embryologists  developmental 
as  well  as  comparative,  reference  to  the  ideal  archetype  be¬ 
coming  less  and  less  frequent.  Passing  over  the  discus¬ 
sions  of  Agassiz  and  Broun,  of  which  the  latter  is  criticised 
and  partly  incorporated  by  Haeckel,  we  find  the  last-named 
(1)  placing  serial  under  general  homology;  (2)  erecting 
categories  of  homology  partially  corresponding  to  those  of 
individuality, — (n)  homotypy  (of  antimeres),  hence  distinct 
from  that  of  Owen,  (b)  homodynamy  (of  metameres),  (c) 
homonomy  (of  parts  arranged  on  transverse  axes) ;  (3)  de¬ 
fining  special  homology  in  terms  of  identity  of  embryonic 

i  Compare  A.  de  St.  Hilaire,  Morphology;  Gray,  Manual,  p.  179 
(1858) ;  Huxley,  Proc.  Zool.  Society,  p.  619,  Lond.,  1880. 
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origin.  In  1870  this  latter  point  was  more  fully  insisted 
upon  by  Eay  Lankester,  who,  decomposing  it  into  two 
others,  proposed  to  supersede  the  term  homology  by  homo- 
geny,  being  the  correspondence  of  common  descent,  and 
homoplasy,  denoting  any  superinduced  correspondence  of 
position  and  structure  in  parts  embryonically  distinct. 
Thus,  the  fore-limb  of  a  mammal  is  homogenous  with  that 
of  a  bird,  but  the  right  and  left  ventricles  of  the  heart  in 
both  are  only  homoplastic,  these  having  arisen  independ¬ 
ently  since  the  divergence  of  both  groups  from  a  uni-ven- 
triculate  ancestor  in  relation  to  similarity  of  physiological 
needs.  Mivart  next  proposed  to  retain  homology  as  a 
generic  term,  with  homogeny  and  homoplasy  as  two  species 
under  it,  and  carried  the  analysis  into  great  detail,  dis¬ 
tinguishing  at  first  twenty -five,  but  later  fifteen,  kinds  of 
correspondence:  (1)  parts  similar  in  function  only,  e.g., 
legs  of  Lizard  and  Lobster;  (2)  parts  similar  both  in  func¬ 
tion  and  relative  position,  wings  of  Bat  and  Bird ;  (3)  parts 
of  common  descent,  fore-limb  of  Horse  and  Rhinoceros; 
(4)  parts  of -similar  embryonic  origin,  whatever  be  their 
racial  genetic  relations,  e.g.,  occipitals  of  Panther  and 
Perch ;  (5)  parts  of  dissimilar  embryonic  origin,  whatever 
be  their  racial  genetic  relations,  e.g.,  legs  of  Diptera ;  (6,  7, 
8,  9,  10)  laterally,  vertically,  serially,  antero-posteriorly, 
and  radially  homologous  parts;  (11)  subordinate  serial 
homologues,  e.g.,  joints  of  antenna;  (12  and  13)  secondary 
and  tertiary  subordinate  serial  homologues;  (14  and  15) 
special  and  general  homologies  (in  Owen’s  sense).  In  his 
Kall'schivamme  Haeckel  proposed  to  term  homophyly  the  truly 
phylogenetic  homology  in  opposition  to  homomorphy,  to 
which  genealogic  basis  is  wanting ;  and  finally  Von  Jhering 
has  published  a  repetition  of  Lankester’s  view. 

In  this  discussion,  as  in  that  of  individuality,  it  is  evi¬ 
dent  that  we  are  dealing  with  numerous  logical  cross-divi¬ 
sions  largely  corresponding,  no  doubt,  to  the  complex  web 
of  inter-relations  presented  by  nature,  yet  remaining  in 
need  of  disentanglement.  Though  we  must  set  aside  an¬ 
alogies  of  functional  activity,  the  resemblances  in  external 
shape  or  geometric  ground-form  which  correspond  to  these, 
e.g.,  Hydrozoa  and  Bryozoa,  Fishes  and  Cetaceans,  mimetic 
organisms,  are  nevertheless,  as  our  historic  survey  showed, 
the  first  which  attract  attention  ;  and  these  homoplastic  or 
homomorphic  forms,  as  Haeckel  has  shown,  come  as  fairly 
within  the  province  of  the  promorphologist  as  do  isomorphic 
crystals  within  that  of  his  an-organological  colleague  the 
crystallograpber.  Here,  too,  would  be  considered  “  radial” 
“  vertical,”  “  lateral  ”  homology,  “  homotypy  of  antimeres,” 
and  all  questions  of  symmetry,  for  which  Haeckel’s  nomen¬ 
clature  of  homaxonial,  homopolic,  etc.,  is  distinctly  prefer¬ 
able.  Entering  the  field  of  tectology  or  morphology  in  the 
ordinary  sense,  we  may  next  consider  whether  two  organ¬ 
isms  compared  are  of  the  same  category  of  individuality — 
are  homocategoric  ;  and  under  this  serial  homology,  for  in¬ 
stance,  would  come  as  a  minor  division,  the  correspondence 
between  the  units  or  parts  of  units  of  a  linear  dyad-deme 
or  triad.  From  a  third  point  of  view,  that  of  the  embry¬ 
ologist,  we  trace  the  development  of  each  multi-cellular 
organism  (1)  from  the  embryonic  layers  and  systems  into 
which  the  secondary  unit  (gastrula  or  plant  embryo)  differ¬ 
entiates,  (2)  from  a  unit-deme  or  unit  of  the  inferior  order 
or  orders  of  individuality.  The  parts  and  units  thus  recog¬ 
nized  by  ontogenetic  research,  respectively  or  successively 
homodermic,  homosystemic,  and  homodemie,  may  then  conve¬ 
niently  be  termed  (indifferently  save  for  considerations  of 
priority)  either  “  specially  homologous,”  “  homogenous,” 
“  homophylic,”  or  “  homogenetic,”  in  the  language  of  phylo¬ 
genetic  theory.  These  three  great  classes  of  morphological 
correspondence— promorphological,  tectological,  and  embry¬ 
ologies! — may  or  may  not  coincide.  But  the  completest 
homology,  in  which  all  forms  of  resemblance  unite  and 
from  which  they  differentiate,  is  that  expressed  in  the  cell 
theory,  or  rather  in  that  ovum  theory  which  underlies  it, 
and  which  Agassiz  therefore  not  unjustly  regarded  as  “  the 
greatest  discovery  in  the  natural  sciences  of  modern  times.”1 

§  8.  Results  to  Taxonomy.— -The.  advance  and  modification 
of  classifications  which  follow  each  morphological  advance 
have  been  pointed  out  above,  and  taxonomy  thus  never 
quite  reaches  a  level  with  morphological  knowledge.  That 
it  requires  much  reform  at  present  is  obvious.  Although 
the  dogma  of  the  constancy  of  species  is  no  longer  main¬ 
tained,  its  results  survive,  and  perhaps  a  majority  of  groups 
have  still  to  be  remonographed  in  the  generalizing  spirit 
with  which  Haeckel  has  treated  the  calcareous  Sponges, 
or  Carpenter,  Parker,  and  Brady  the  Foraminifera.  The 
union  of  the  Protophyta  and  Protozoa  into  the  Protista 
(a  generalization  which  research  is  constantly  confirming) 
involves  a  final  abandonment  of  the  mediaeval  figment  of 

1  For  bibliography  see  Lankester,  An.  Mag.  Nat.  Hist.,  1870,  or 
Geddes,  Jena.  Zeitschr.,  1883. 


three  kingdoms  of  nature,  and  a  revival  of  the  Orgauisata 
of  Linnaeus.  Physiological  prejudices,  too,  are  not  com¬ 
pletely  expelled  ;  hence,  for  instance,  the  constant  attempts 
to  separate  Animalia  and  Vegetabilia  by  physiological  char¬ 
acteristics,  which  would  be  irrelevant  even  if  in  themselves 
valid.  A  strictly  morphological  standard  must  be  applied 
to  the  construction  of  classifications  and  the  pruning  of 
genealogical  trees ;  organisms  are  “  higher  ”  or  “  lower  ”  not 
according  to  their  stage  of  evolution  in  beauty  or  intelli¬ 
gence  but  (as  Huxley  has  most  clearly  pointed  out  in  the 
essay  referred  to  under  £  6)  to  the  degree  of  morphological 
differentiation  by  excess,  suppression,  or  coalescence  which 
they  exhibit.  Thus  the  supreme  position  of  Man  in  classi¬ 
fication  must  be  abandoned,  since  the  Primates  are  simply 
one  of  the  less  specialized,  i.e.,  lower  orders  of  Mammals, 
and  the  Mammals  themselves  are  on  the  whole  distinctly 
less  specialized  than  the  Birds,  or  perhaps  even  some  of  the 
higher  Reptiles.  The  morphological  importance  of  the 
“  vegetable  kingdom  ”  sinks  when  tested  by  such  a  stand¬ 
ard.  The  Cormophytes  are  all  nothing  more  than  an  axis 
with  appendages,  and  as  such  may  fairly  be  compared,  not 
with  the  entire  animal  assemblage,  but  merely  to  that 
group  which  is  homomorphic  (or  rather  isomorphic)  with 
them  as  reducible  to  axis  and  appendages  too.  Such  a  group 
we  find  in  the  Hydroinedusse,  which  we  can  easily  model 
in  imagination  into  all  the  specializations  of  the  floral 
world,  a  single  genus  like  Clava  or  Tubularia  affording  a 
starting-point  for  countless  “natural  or  del's.” 

£  9.  Relation  of  Morphology  to  Physiology. — Although  the 
pure  morphologist  investigates  laws  of  structure  only,  and 
rightly  eliminates  the  conceptions  of  life,  environment,  and 
function,  yet  if  kept  permanently  apart  from  physiological 
considerations  his  labors  would  be  incomplete  and  his  re¬ 
sults  inexplicable,  if  not  indeed  almost  illusory.  For,  how¬ 
ever  deeply  one  penetrates  through  superficial  and  adaptive 
characters  to  an  apparently  permanent  and  fundamental 
morphological  type,  this  is  itself  but  an  earlier  adaptation, 
showing  the  fading  traces  of  an  earlier  adaptation  still. 
And,  conversely,  the  most  superficial  of  adaptive  characters, 
if  transmitted  to  numerous  varying  descendants,  may  attain 
high  morphological  importance.  The  morphological  aspect 
of  an  organism  is  merely  statical,  and,  like  that  of  an  eddy 
or  a  vortex-ring,  becomes  only  truly  intelligible  when 
viewed  in  its  dynamic  aspect;  and  thus,  though  the  demon¬ 
stration  of  the  structural  unity  of  the  organic  world  is  in 
itself  a  great  result,  yet  the  desire  of  a  deeper  explanation 
of  form  as  determined  by  function  and  environment  is 
thereby  rendered  all  the  more  pressing.  An  example  may 
be  taken  from  botany.  Thus  Airy  beautifully  explains  the 
phenomena  of  phyllotaxis  as  adaptations  to  bud-life.  Or 
again,  in  a  common  flower,  say  the  Dead-nettle,  all  the  de¬ 
tails  of  form  are  indeed  described  by  the  systematist  with 
equal  minuteness  (a  proceeding  which,  except  in  so  far  as 
serving  for  specific  identification,  is  of  no  further  scientific 
value),  but  receive  separate  interpretation  from  the  two 
distinct  standpoints  of  the  morphologist  and  physiologist. 
The  latter,  to  whom  form  is  important  merely  so  far  as  ex¬ 
planatory  of  function,  shows  how  the  tough  persistent  calyx 
is  protective  against  various  dangers,  how  the  corolla  serves 
to  lure  the  fertilizing  bees,  which  find  in  its  lip  a  landing 
stage  and  in  each  lateral  process  a  hold-fast,  while  its  hood 
at  once  protects  the  pollen  against  rain  and  determines  the 
curvature  of  the  stamens, — this  curvature,  as  well  as  their 
didynamous  arrangement,  median  position,  and  linearly 
arranged  anther-lohes  being  all  adaptations  through  the 
medium  of  the  bee’s  hairy  back  to  meet  the  similarly  placed 
stigma  of  another  flower, — and  so  on.  The  morphologist, 
on  the  other  hand,  analyzes  the  calyx  into  its  five  constit¬ 
uent  sepals,  reduces  the  corolla  to  a  regular  pentamerous 
type,  ascertains  the  position  of  the  four  stamens,  and  as¬ 
serts  the  loss  of  a  fifth  posterior  one,  finds  the  ovary  to  be 
primitively  two-celled,  and  thus  reaches  a  schematic  con¬ 
ception  of  a  not  archetypal  but  ancestral  form.  This  ground- 
form  itself,  however,  suggests  a  new  train  of  considerations 
both  morphological  and  physiological  respecting  the  origin  of 
this  primeval  flower  from  a  somewhat  fern-like  Cryptogam, 
of  which  the  foliage-leaves,  the  envelopes  of  the  spore-bear¬ 
ing  leaves,  the  micro-  and  macrosporangiosphores  had  be¬ 
come  permanently  differentiated  in  ascending  order;  of 
which  the  microspores,  doubtless  through  the  intervention 
of  a  spore-eating  insect,  had  come  to  germinate  upon  the 
macrosporangium  instead  of  upon  the  ground  ;  and  in  which 
this  variation  (evidently  advantageous,  since  making  fer¬ 
tilization  at  once  more  certain  and  more  economical)  was 
aided  to  perpetuate  itself  hy  the  contemporaneous  evolution 
of  those  floral  colors  which  are  nascent  even  among  the 
Thallophytes.  And  thus  the  morphologist,  though  exclud¬ 
ing  teleological  and  functional  considerations  from  his  ana¬ 
tomical  researches,  has  yet  a  physiological  ideal,  and  enters 
sooner  or  later  upon  a  new  series  of  inquiries — those  of  the 
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Interdependence  of  structure  and  function.  Milne-Edwards’s 
law  of  the  physiological  division  of  labor,  Dohrn’s  principle 
of  functional  change,  the  speculations  of  Claude  Bernard, 
Spencer,  and  Haeckel,  experimental  inquiries  such  as  those 
of  Semper,  where  organisms  are  subjected  to  special  modifi¬ 
cations  of  their  environment,  and  the  like,  are  all  contribu¬ 
tions  to  this  newest  and  evolutionary  department  of  mor¬ 
phology.  Such  ideas  are  even  applied  to  the  study  of 
cellular  morphology.  Thus,  Spencer  points  out  the  relation 
of  the  shapes  of  cells  to  their  environments ;  James  ingen¬ 
iously  explains  the  occurrence  of  cell-division  by  the  rapid 
increase  of  bulk  over  surface  which  the  growth  of  a  solid 
involves,  and  the  corresponding  increase  of  difficulty  of 
nutrition ;  and  the  writer  has  attempted  to  explain  the 
forms  of  free  and  united  cells  as  specializations  of  a  (proto- 
myxoid)  cycle  in  which  variations  of  functional  activity 
are  accompanied  by  the  assumption  of  corresponding  forms, 


the  whole  series  of  changes  depending  upon  the  properties 
of  protoplasm  under  the  variations  in  the  supply  of  energy 
from  the  environment.  Bauber,  His,  and  others  have  even 
attempted  to  explain  embryological  phenomena  in  terms  of 
the  simplest  cellular  mechanics,  but  as  yet  such  speculations 
are  somewhat  crude.1 

$  10.  Orientation  and  Subdivisions  of  Morphology.  —  The 
position  of  morphology  in  the  classification  of  the  sciences 
and  the  proper  mode  of  subdividing  it  cannot  he  discussed 
within  these  limits,  although  the  latter  is  especially  the 
subject  of  much  disagreement.  The  position  above  assumed, 
that  of  including  under  morphology  the  whole  statical 
aspects  of  the  organic  world,  is  that  of  Haeckel,  Spencer, 
Huxley,  and  most  recent  animal  morphologists ;  botanists 
frequently,  however,  still  use  the  term  under  its  earlier 
and  more  limited  significance.2  (p.  ge.) 


MORRIS,  Robert  (1734-1806),  American  states¬ 
man,  was  born  at  Liverpool,  England,  on  20th  January, 
1734.  At  the  age  of  thirteen  he  accompanied  his  father 
to  America,  and  after  serving  in  a  counting-house  at 
Philadelphia  he  became  in  1754  partner  in  the  busi¬ 
ness.  From  1776  to  1778  he  was  delegate  to  the  Con¬ 
tinental  Congress,  and  he  was  one  of  those  who  signed 
the  Declaration  of  Independence.  During  the  war  he 
served  on  the  committee  of  ways  and  means,  and  freely 
placed  his  immense  wealth  at  the  disposal  of  his  coun¬ 
try,  his  personal  credit  being  at  one  time  pledged  to 
the  amount  of  $1,400,000.  He  also  in  1780  established 
the  Bank  of  North  America,  and  until  1784  acted  as 
superintendent  of  finance.  In  1786  he  became  a  mem¬ 
ber  of  the  Pennsylvania  legislature,  and  he  was  one  of 
the  convention  which  framed  the  Federal  constitution 
in  1787.  From  1788  to  1795  he  was  United  States 
Benator.  On  account  of  the  disastrous  result  of  some 
of  his  financial  speculations  Morris  passed  the  later 
years  of  his  life  in  a  debt  prison.  He  died  at  Phila¬ 
delphia,  8th  May,  1806.  Robert  Morris  had  as  his 
assistant  superintendent  of  finance  Gouverneur  Morris 
(1752-1816),  with  whom  he  engaged  also  in  several 
mercantile  enterprises.  Gouverneur  Morris,  who  rose  to 
some  eminence  as  a  statesman  and  orator,  was  more 
fortunate  in  his  speculations  than  his  colleague,  and 
latterly  became  celebrated  for  the  munificence  of  his 
hospitality.  He  was  the  author  of  a  series  of  essays 
on  currency  and  finance,  which  are  included  in  the 
Life,  Correspondence ,  and  Writings  of  Gouverneur  Mor¬ 
ris ,  3  vols.,  edited  by  Jared  Sparks,  1832. 

MORRIS-DANCE,  or  Morrice-dance,  a  perfor¬ 
mance  for  a  long  time  associated  with  certain  festive 
seasons  in  England,  but  now  wholly  discontinued.  The 
origin  of  the  name  is  doubtful ;  and  whether  the  dance 
was  indigenous  to  England,  or  was  introduced  by  John 
of  Gaunt  from  Spain,  or  was  borrowed  from  the  French 
or  Flemings,  must  be  left  to  conjecture.  That,  as  the 
name  would  seem  to  indicate,  it  was  a  development  of 
the  morisco-dance  or  Spanish  fandango  is  not,  how¬ 
ever,  invalidated  by  the  fact  that  the  morisco  was  for 
one  person  only,  for,  although  latterly  the  morris-dance 
was  represented  by  various  characters,  uniformity  in 
this  respect  was  not  always  observed,  and  the  elements 
of  the  dance  may  have  been  borrowed  from  the  morisco. 
There  are  few  references  to  it  earlier  than  the  reign  of 
Henry  VII. ,  but  it  would  appear  that  in  the  reign  of 
Henry  VIII.  it  was  an  almost  essential  part  of  the 
principal  village  festivities.  Although  allusions  to  it 
in  poems  are  very  frequent  in  the  16th  and  17th  cen¬ 
turies,  nothing  more  than  fragmentary  descriptions 
have  been  handed  down  to  us,  so  that  an  accurate 
knowledge  of  its  characteristic  features  at  even  any 
particular  period  is  impossible.  In  earlier  times  it  was 
usually  danced  by  five  men  and  a  boy  dressed  in  a  girl’s 
habit,  who  was  called  Maid  Marian.  There  were  also 
two  musicians  ;  and,  at  least  sometimes,  one  of  the 
dancers,  more  gaily  and  richly  dressed  than  the  others, 
acted  as  “foreman  of  the  morris.”  The  garments  of 


the  dancers  were  ornamented  with  bells  tuned  to  dif¬ 
ferent  notes  so  as  to  sound  in  harmony.3  Robin  Hood, 
Friar  Tuck,  and  Little  John  were  characters  extraneous 
to  the  original  dance,  and  were  introduced  when  it 
came  to  be  associated  with  the  May-games.  At  Bet- 
ley,  in  Staffordshire,  there  is  a  painted  window  of  the 
time  of  Henry  VIII.,  or  earlier,  portraying  the  morris, 
— the  characters  including  Maid  Marian,  Friar  Tuck, 
the  hobby-horse,  the  piper,  the  taborer,  the  fool,  and 
five  other  persons  apparently  representing  various 
ranks  or  callings.  The  hobby-horse,  which,  latterly  at 
least,  was  one  of  the  principal  characters  of  the  dance, 
consisted  of  a  wooden  figure  attached  to  the  person  of 
the  actor,  who  was  covered  with  trappings  reaching  to 
the  ground,  so  as  to  conceal  his  feet.  The  morris- 
dance  was  abolished  along  with  the  May-games  and 
other  festivities  by  the  Puritans,  and,  although  revived 
at  the  Restoration,  the  pageant  gradually  degenerated 
in  character  and  declined  in  importance.  Maid  Marian 
latterly  was  personated  by  a  clown  who  was  called 
Malkin.  Though  the  dance  is  now  wholly  discontinued, 
it  is  probable  that  some  of  the  original  elements  of  it 
Still  survive  in  a  country-dance  which,  under  the  same 
name,  is  still  popular  in  the  north  of  England. 

See  Douce,  “Dissertations  on  the  Ancient  Morris  Dance,” 
in  his  Illustrations  of  Shakspeare  (1839) ;  Strutt,  Sports  and 
Pastimes  of  the  People  of  England :  and  Brand,  Popular  An¬ 
tiquities  (1849). 

MORRISON,  Robert  (1782-1834),  the  first  Pro¬ 
testant  missionary  to  China,  was  bom  of  Scottish 
parents  at  Morpeth,  Northumberland,  on  5th  January, 
1782.  After  receiving  an  elementary  education  in 
Newcastle,  he  was  apprenticed  to  a  lastmaker,  but  his 
spare  hours  were  devoted  to  studies  connected  with 
theology,  and  in  1803  he  was  received  into  the  Inde- 

endent  academy  at  Hoxton.  In  the  following  year 

e  offered  his  services  to  the  London  Missionary  So¬ 
ciety,  by  which,  after  he  had  attended  the  mission 
college  of  Gosport  and  studied  Chinese  under  a  native 
teacher,  he  was  sent  to  Canton  in  1807.  He  was  ap¬ 
pointed  translator  to  the  East  India  Company’s  factory 
there  in  1808,  and,  in  addition  to  his  official  duties 
connected  with  this  post,  labored  with  intense  applica¬ 
tion  at  a  Chinese  Grammar  and  a  translation  of  the 
New  Testament,  both  of  which  were  published  in  1814. 
In  1817  he  published  A  View  of  China  for  Philological 
Purposes ,  and  his  translation  of  the  entire  Bible  was( 
completed  in  the  following  year.  His  next  enterprise 
was  the  establishment  of  an  Anglo-Chinese  college  at 
Malacca  for  “  the  reciprocal  cultivation  of  Chinese  and 

1  See  Biology,  vol.  iii.  p.  689  sq. ;  Spencer,  Principles  of  Biol. ; 
Haeckel,  Gen.  Morph.;  C.  Bernard,  Ph£nombnes  d.  1.  vie  eommuns 
aux  an.  et  aux  v£g. ;  Semper,  Animal  Life  (1880) ;  James,  Edin.  Med. 
Journal,  1883;  Geddes,  Zool.  Anzeiger,  1883;  Rauber,  Morph.  Jahrb., 
vi. ;  Haeckel,  Kalkschwdmme,  i.  p.  481,  etc. 

2  See  Haeckel,  Gen.  Morph.,  i.  Introduction;  also  Comte,  Phil. 
Pos.,  iii.  (1851-1854) ;  Spencer,  Piin.  of  Biol.,  i. ;  Gegenbaur,  Comp. 
Anal. ;  Asa  Gray,  Manual ;  and  the  article  Biology  ;  also  Geddes, 
Jena  Zeitschr.,  1883. 

8  See  Sir  Walter  Scott’s  Pair  Maid  of  Perth,  note  on  a  dress  pre¬ 
served  by  the  glover  incorporation  of  Perth. 
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European  literature,”  which  was  opened  in  1820.  In 
1821  his  Chinese  Dictionary  was  published  by  the  East 
India  Company  at  an  expense  of  £15,000.  Leaving 
China  at  the  close  of  1823  he  spent  two  years  in  Eng¬ 
land,  where  he  advocated  Chinese  missions  before  large 
and  enthusiastic  audiences,  and  was  elected  a  Fellow 
of  the  Royal  Society.  Returning  to  China  in  1826  he  set 
himself  to  promote  education  and  to  prepare  a  Chinese 
commentary  on  the  Bible  and  other  Cnristian  litera¬ 
ture.  He  died  at  Canton  on  1st  August,  1834.  His 
Memoirs ,  compiled  by  his  widow,  were  published  in 
1839  (2  vols.  8vo.  London). 

MORRISTOWN,  a  city  of  the  United  States, 
county  seat  of  Morris  county,  New  Jersey,  lies  on 
the  Whippany  River,  31  miles  from  New  York  by  the 
Morris  and  Essex  division  of  the  Delaware,  Lacka¬ 
wanna,  and  Western  Railroad.  It  was  twice  the  head- 

Juarters  of  the  American  army  during  the  War  of 
ndependence,  and  Washington's  residence,  owned  by 
the  Washington  Association,  assisted  by  the  State,  is 
a  half-mile  to  the  east.  On  Whatnong  Mountain,  3 
miles  distant,  stands  the  State  insane  asylum,  usually 
called  Morristown  Asylum,  a  vast  granite  building 
1243  feet  long,  erected  in  1874-1875,  and  capable  of 
accommodating  1000  patients.  The  population  in 
1900  was  11,287. 

MORSE,  Samuel  Finley  Breese  (1791-1872), 
artist  and  inventor,  was  born  at  the  foot  of  Breed’s 
Hill,  Charlestown,  Massachusetts,  on  27th  April, 
1791.  His  father  was  the  Rev.  Jedediah  Morse,  D.D., 
the  author  of  Morse’s  Geography.  At  the  age  of 
fourteen  Samuel  Morse  entered  Yale  College ;  under 
the  instruction  of  Professors  Day  and  Silliman  he  re¬ 
ceived  the  first  impulse  towards  those  electrical  studies 
with  which  his  name  is  mainly  identified.  In  1811 
Morse,  whose  tastes  during  his  early  years  led  him 
more  strongly  towards  art  than  towards  science,  be¬ 
came  the  pupil  of  Washington  Allston,  then  the  great¬ 
est  of  American  artists,  and  accompanied  his  master 
to  England,  where  he  remained  four  years.  His  suc¬ 
cess  at  this  period  was  considerable ;  but  on  his  return 
to  America  in  1815  he  failed  to  obtain  commissions 
for  historical  paintings,  and  after  working  on  portraits 
for  two  years  at  Charleston,  S.C.,  he  removed  first  to 
Washington  and  afterwards  to  Albany,  finally  settling 
in  New  York.  In  1825  he  laid  the  foundations  of  the 
National  Academy  of  Design,  and  was  elected  its  first 
president,  an  office  which  he  filled  until  1845.  The 
year  1827  marks  the  revival  of  Morse’s  interest  in 
electricity.  It  was  at  that  time  that  he  learned  from 
Professor  J.  F.  Dana  of  Columbia  College  the  ele¬ 
mentary  facts  of  electromagnetism.  As  yet,  however, 
he  was  devoted  to  his  art,  and  in  1829  he  again  went 
to  Europe  to  study  the  old  masters. 

The  year  of  his  return,  1832,  may  be  said  to  close 
the  period  of  his  artistic,  and  to  open  that  of  his  sci¬ 
entific  life.  On  board  the  packet-ship  ‘ 1  Sully,  ’  ’  which 
sailed  from  Havre  1st  October,  1832,  while  discussing 
one  day  with  his  fellow-passengers  the  properties  of 
the  electromagnet,  he  was  led  to  remark:  “If  the 
presence  of  electricity  can  be  made  visible  in  any  part 
of  the  circuit,  I  see  no  reason  why  intelligence  may 
not  be  transmitted  by  electricity.”  It  was  not  a  novel 
proposition,  but  the  process  of  formulating  it  started 
in  his  mind  a  train  of  new  and  momentous  ideas.  The 
current  of  electricity,  he  knew,  would  jjass  instanta¬ 
neously  any  distance  along  a  wire  ;  and  if  it  were  in¬ 
terrupted  a  spark  would  appear.  It  now  occurred  to 
him  that  the  spark  might  represent  a  part  of  speech, 
either  a  letter  or  a  number ;  the  absence  of  the  spark, 
another  part ;  and  the  duration  of  its  absence,  or  of 
the  spark  itself,  a  third,  so  that  an  alphabet  might  be 
easily  formed,  and  words  indicated.  In  a  few  days  he 
had  completed  rough  drafts  of  the  necessary  appa¬ 
ratus,  which  he  displayed  to  his  fellow-passengers.1 

'  Five  years  later  the  captain  of  the  ship  identified  under  oath 
Morse's  completed  instrument  with  that  which  Morse  had  ex¬ 
plained  on  hoard  the  “  Sully  ”  in  1832. 


During  the  twelve  3’ears  that  followed.  Morse  was  en¬ 
gaged  in  a  painful  struggle  to  perfect  his  invention  and 
secure  for  it  a  proper  presentation  to  the  public.  The 
refusal  of  the  Government  to  commission  him  to  paint 
one  of  the  great  historical  pictures  in  the  rotunda  of 
the  Capitol  seemed  to  destroy  all  his  old  artistic  am¬ 
bition.  In  poverty  he  pursued  his  new  enterprise, 
making  his  own  models,  moulds,  and  castings,  deny¬ 
ing  himself  the  common  necessaries  of  life  and  en¬ 
countering  embarrassments  and  delays  of  the  most 
disheartening  kind.  It  was  not  until  1836  that  he 
completed  any  apparatus  that  would  work,  his  original 
idea  having  been  supplemented  by  his  discovery  in 
1835  of  the  “relay,”  by  means  of  which  the  electric 
current  might  be  reinforced  or  renewed  where  it  be¬ 
came  weak  through  distance  from  its  source.  Finally, 
on  2d  September,  1837,  the  instrument  was  exhibited 
to  a  few  friends  at  his  room  in  the  university  building, 
New  York,  where  a  circuit  of  1700  feet  of  copper  wire 
had  been  set  up,  with  such  satisfactory  results  as  to 
awaken  the  practical  interest  of  the  Messrs.  Yail,  iron 
and  brass  workers  in  New  Jersey,  who  thenceforth 
became  associated  with  Morse  in  his  undertaking. 
Morse’s  petition  for  a  patent  was  dated  28th  Septem¬ 
ber,  1837,  and  was  soon  followed  by  a  petition  to. 
Congress  for  an  appropriation  to  defray  the  expense 
of  subjecting  the  telegraph  to  actual  experiment  over 
a  length  sufficient  to  establish  its  feasibility  and  dem¬ 
onstrate  its  value.  The  committee  on  commerce,  to 
whom  the  petition  was  referred,  reported,  favorably. 
Congress,  however,  adjourned  without  making  the  ap¬ 
propriation,  and  meanwhile  Morse  sailed  for  Europe 
to  take  out  patents  there.  The  trip  was  not  a  success. 
In  England  his  application  was  refused,  on  the  alleged 
ground  that  his  invention  had  been  already  published ; 
and,  while  he  obtained  a  patent  in  France,  it  was  sub¬ 
sequently  appropriated  by  the  French  Government 
without  compensation  to  himself.  His  negotiations  also 
with  Russia  proved  futile,  and  after  a  year’s  absence 
he  returned  to  New  York.  On  23d  February,  1843, 
Congress  passed  the  long-delayed  appropriation,  steps 
were  at  once  taken  to  construct  a  telegraph  from  Bal¬ 
timore  to  Washington,  and  on  the  24th  of  May,  1844, 
it  was  used  for  the  first  time..  Morse’s  patents  were 
already  secured  to  him  and  his  associates,  and  com¬ 
panies  were  soon  formed  for  the  erection  of  telegraph 
lines  all  over  the  United  States.  In.  the  year.  1847 
Morse  was  compelled  to  defend  his  invention  in  the 
courts,  and  successfully  vindicated  his  claim  to  be 
called  the  original  inventor  of  the  electromagnetic 
recording  telegraph.  Thenceforward  Morse’s  life  was 
spent  in  witnessing  the  growth  of  his  enterprise  and 
in  gathering  the  honors  which  an  appreciative  public 
bestowed  upon  him.  As  years  went  by  he  received 
from  the  various  foreign  Governments  their  highest 
distinctions,  while  in  1858  the  representatives  of  Aus¬ 
tria,  Belgium,  France,  the  Netherlands,  Piedmont, 
Russia,  the  Holy  See,  Sweden,  Tuscany,  and  Turkey 
appropriated  the  sum  of  400,000  francs  in  recognition 
of  the  use  of  his  instruments  in  those  countries.  In 
the  preparations  for  laying  the  first  Atlantic  cable  he 
took  an  active  part,  though  the  attempt  of  1857,  in 
which  he  personally  engaged,  was  not  successful.  He 
died  2d  April,  1872,  at  New  York,  where  his  statue 
in  bronze  now  stands  in  the  Central  Park.  His  in¬ 
strument  and  alphabet  are  now  used  on  95  per  cent, 
of  the  telegraph  wires  of  the  world.  (s.  I.  P.) 

MORSHANSK,  a  district  town  of  Russia,  situated 
in  the  government  of  Tamboff,  58  miles  (187  miles  by 
rail)  to  the  north  of  the  capital  of  the  province  on  the 
Tsna  River,  a  tributary  of  the  Oka,  and  on  the  railway 
between  Moscow  and  Orenburg.  The  village  Morsha 
was  founded  only  in  the  middle  of  the  17th  century, 
and  received  municipal  institutions  in  1779  ;  but  a 
hundred  years  ago  it  was  already  a  wealthy  town, 
owing  to  its  situation  in  a  most  fertile  district.  Since 
it.  was  brought  into  railway  communication  with 
Riazhsk  (on  the  railway  between  Moscow  and  Riazan) 
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it  has  acquired  still  more  importance,  and  has  become 
the  chief  centre  for  trade  in  wheat  raised  in  the  gov¬ 
ernments  of  Tamboff,  Penza,  Saratoff,  and  in  the 
eastern  districts  of  the  government  of  Riazan.  Mer¬ 
chants  from  Moscow,  Yaroslav,  Vladimir,  St.  Peters¬ 
burg,  and  the  Baltic  ports  come  to  Morshansk  to  make 
large  purchases  of  grain,  flour,  hemp-seed,  tallow,  and 
potash.  These  are  sent  either  to  the  Shilovskaya  load¬ 
ing-place,  or  by  rail  to  Moscow.  There  are  in  Mor¬ 
shansk  several  steam  flour-mills,  distilleries,  and  large 
storehouses  for  grain ;  the  town,  though  built  of  wood, 
is  cleaner  than  most  of  the  towns  of  the  black -earth 
region.  Morshansk  has  also  some  importance  for  the 
import  of  manufactured  ware  brought  from  the  north 
and  sent  thence  to  the  villages  of  the  neighboring  dis¬ 
tricts.  Population,  20,000. 

MORTALITY  TABLES.  See  Insurance,  vol. 
xiii.,  p.  175  sq. 

MORTGAGE.  The  general  object  of  mortgage  is 
to  secure  a  money  debt  by  making  it  a  charge  on  land, 
so  that,  if  the  debt  be  not  paid  by  a  time  agreed  upon 
between  the  parties,  the  creditor  may  sell  the  land  and 
pay  himself  out  of  the  proceeds.  In  English  law  this 
is  done  by  a  conveyance  of  the  land  in  absolute  terms 
to  the  creditor,  subject  only  to  its  being  defeated  if  the 
debt  should  be  paid  at  the  time  fixed — an  arrange¬ 
ment  to  which  the  law  has  attached  peculiar  incidents 
designed  to  carry  out  its  real  object.  An  absolute  con¬ 
veyance,  however,  is  by  no  means  essential  to  the  pur¬ 
poses  of  mortgage. 

The  history  of  mortgage  transactions  in  Roman  law 
shows  three  well-marked  stages.  In  the  beginning  the 
estate  was  conveyed  absolutely  to  the  creditor,  who 
made  a  covenant  ( fiducia )  to  reconvey  it  when  the 
debt  should  be  paid.  All  the  interest,  however,  in  the 
meantime  passed  from  the  debtor  to  the  creditor,  and 
should  the  latter  refuse  to  reconvey  there  was  no 
remedy  to  the  original  owner  except  a  personal  action. 
In  the  second  stage  (that  of  pignus)  the  property  did 
not  pass  to  the  creditor ;  he  merely  received  possession 
of  the  thing  pledged,  together  with  certain  rights  of 
sale,  etc.,  in  the  event  of  payment  not  being  made  at 
the  time  appointed.  Lastly,  without  parting  with  the 
possession  even  of  the  pledge  the  debtor  could  create 
a  lien  or  charge  ( hypotheca )  over  it  in  favor  of  the 
creditor,  who  acquired  thereby  a  right  on  failure  of 
payment  to  follow  the  thing  by  real  action  against  the 
possessor,  whosoever  he  might  be,  and  to  repay  him¬ 
self  from  the  proceeds  of  his  sale. 

The  mortgage  of  English  law  is  the  result  of  two  dis¬ 
tinct  influences.  Its  origin  and  form  belong  to  the 
common  law;  the  restrictions  by  which  it  is  made  to 
serve  the  purpose  of  a  security  only,  and  nothing 
more,  belong  to  the  courts  of  equity.  In  the  eye  of  the 
common  law  the  mortgagee  was  the  owner  of  the  estate 
conveyed  in  the  mortgage ;  in  equity  the  mortgager 
remains  the  real  owner,  and  the  mortgagee  is  merely 
an  incumbrancer.  A. ,  the  owner  of  land  in  freehold, 
conveys  to  B.  and  his  heirs,  with  a  proviso  that  on  re¬ 
payment  of  money  lent  by  B.  to  A.  ,  on  a  future  day, 
with  interest  until  payment,  B.  or  his  heirs  will  recon¬ 
vey  the  estate  to  A.  and  his  heirs,  and  that,  until  de¬ 
fault  be  made  in  payment,  A.  and  his  heirs  may  hold 
without  interruption  from  B.  and  his  heirs.  This  is  a 
common  mortgage  of  land,  and  at  law,  after  failure  of 
payment,  the  land  belonged  absolutely  to  the  mort¬ 
gagee,  while  in  the  meantime,  before  payment,  the 
legal  estate  was  considered  to  be  vested  in  him,  sub¬ 
ject  only  to  being  defeated  by  payment  at  the  proper 
time.  The  Court  of  Chancery  first  interfered  in  the 
reign  of  James  I.  to  decree  a  redemption  after  forfeit¬ 
ure,  and  a  case  in  the  reign  of  Charles  I.  decides  that 
payment  after  forfeiture  has  the  same  effect  as  pay¬ 
ment  before.  The  right  of  the  mortgager  to  redeem 
his  estate  after  it  has  been  forfeited,  according  to  the 
terms  of  the  deed,  is  called  his  equity  of  redemption. 
No  agreement  between  the  parties  was  suffered  to  oust 
the  jurisdiction  of  the  court,  or  to  deprive  the  debtor 


of  his  equity  of  redemption.  And  this  equity,  a,t  first 
regarded  as  a  mere  right  of  the  debtor,  became  estab¬ 
lished  in  course  of  time  as  an  estate  in  land  which  de¬ 
scended  to  the  heirs  of  the  mortgager.  On  the  other 
hand,  the  interest  of  the  mortgagee  is  part  of  his  per¬ 
sonal  estate,  and  passes  to  his  executor  and  not  to  his 
heir.  In  spite  of  the  terms  of  the  mortgage,  the 
owner  of  the  land  is  still  the  owner,  and  the  mortgagee 
is  a  creditor  for  the  money  he  advanced  and  the  in¬ 
terest  thereon.  It  may  be  a  question  whether  a  given 
deed  is  a  conveyance  or  a  mortgage,  and  the  court,  in 
deciding,  will  look  at  all  the  circumstances  of  the  case, 
and  will  treat  it  as  a  mortgage  when  it  was  the  real 
intention  of  the  parties  that  it  should  operate  as  a 
security  only.  Thus,  if  the  price  was  grossly  inade¬ 
quate,  if  the  purchaser  was  not  let  into  immediate  pos¬ 
session,  if  he  accounted  for  the  rents  to  the  grantor, 
retaining  an  amount  equivalent  to  interest,  if  the  ex¬ 
pense  of  the  deed  was  borne  by  the  grantor,  there 
would  be  reason  to  believe  that  the  conveyance  was 
only  meant  to  be  a  mortgage.  And  ‘  ‘  once  a  mortgage, 
alwaj’s  a  mortgage  ;  ”  no  subsequent  agreements  can 
change  its  character. 

A  mortgagee  may,  however,  on  default  of  payment 
file  a  bill  of  foreclosure  requiring  the  mortgager  to  pay 
the  amount  of  the  debt  with  interest  or  costs  by  an 
appointed  day,  or  submit  to  be  deprived  of  his  equity 
of  redemption.  The  effect  of  failure  to  pay  by  the 
time  appointed  would  be  to  make  the  mortgagee  abso¬ 
lute  owner  of  the  estate ;  but  the  court  in  any  foreclos¬ 
ure  suit  may,  at  the  request  of  either  side,  order  a  sale 
instead  of  a  foreclosure.  And  a  power  of  sale  is  now 
implied  as  one  of  the  incidents  of  the  mortgage,  unless 
forbidden  or  varied  by  express  destination.  The  mort¬ 
gagee  is  entitled  to  retain  out  of  the  proceeds  of  the 
sale  the  amount  of  his  principal,  interest,  and  costs, 
the  surplus  belonging  to  the  mortgager.  A  mortg¬ 
ager  cannot  require  the  creditor  to  receive  payment 
efore  the  time  appointed  in  the  deed ;  and,  on  default 
of  payment  at  the  appointed  time,  he  must  give  the 
creditor  six  months’  notice  of  his  intention  to  pay  off 
the  mortgage,  so  that  the  creditor  may  have  time  “  to 
look  out  for  a  fresh  security  for  his  money.” 

When  the  same  land  is  successively  mortgaged  to 
different  persons,  their  rights  take  priority  according 
to  their  chronological  order.  But  the  operation  of 
equitable  doctrines  in  the  formation  of  the  law  of 
mortgage  leads  to  an  important  modification  of  this 
rule.  Of  the  successive  mortgagees,  the  first  only 
takes  the  legal  estate,  and  this,  according  to  the  maxim 
of  the  Court  of  Chancery,  will  turn  the  scale  when 
there  is  an  equality  of  equitable  rights  between  two 
contracting  parties.  Thus,  if  the  third  mortgagee  had 
no  notice  at  the  time  of  making  his  advance  of  the 
existence  of  the  second  mortgagee,  the  equities  of  the 
two  claimants  are  supposed  to  be  equal,  and  if  nothing 
else  intervened  priority  of  time  would  decide  the  order 
of  their  rights.  But  if  the  third  mortgagee  gets  an 
assignment  of  the  first  mortgage,  he  can  tack  his 
third  mortgage  to  the  first,  and  so  postpone  the  second 
mortgagee.  And  if  the  first  mortgagee  himself  makes 
an  additional  advance  after  the  date  of  the  second 
mortgage,  but  without  notice  of  it,  his  whole  debt  will 
take  precedence  of  the  second  mbrtgagee.  A  similar 
result  of  equitable  rules  is  seen  in  the  consolidation  of 
securities.  Two  separate  estates,  mortgaged  at  differ¬ 
ent  times  and  for  different  sums  of  money  by  the  same 
mortgager  to  the  same  mortgagee,  are  regarded  as  con¬ 
solidated,  so  that  the  whole  of  the  land  becomes  security 
for  the  whole  of  the  money,  and  the  owner  cannot  re¬ 
deem  either  mortgage  without  redeeming  the  other. 
So  that,  as  Mr.  Justice  Williams  reasons,  no  person  can 
safely  lend  money  on  a  second  mortgage,  for  in  addition 
to  the  risk  of  a  third  mortgagee  tacking ,  there  is  the 
danger  that,  if  the  mortgager  should  have  mortgaged 
another  estate  for  more  than  its  value,  the  holder  of  the 
deficient  security  may  buy  in  the  first  mortgage,  consoli¬ 
date  it  with  his  own,  and  exclude  the  second  mortgagee. 
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An  equitable  mortgage  is  constituted  simply  by  the 
deposit  of  title-deeds  in  security  for  money  advanced. 
The  enactment  of  the  Statute  of  Frauds  that  no  action 
shall  be  brought  on  “  any  contract  or  sale  of  lands,” 
etc.,  or  any  interests  in  or  concerning  them  unless  the 
agreement  be  in  writing  and  signed  by  the  party  to  be 
charged,  has  been  cited  as  incompatible  with  the  re¬ 
cognition  of  equitable  mortgages,  but  it  is  argued  by 
Lord  Abinger  that  the  Act  was  never  meant  to  affect 
such  a  transaction.  The  deeds  which  are  the  evidence 
of  title  could  not  be  recovered  in  an  action  at  law,  and, 
if  they  were  claimed  in  equity,  the  court  would  require 
the  claimant  to  do  equity  by  repaying  the  money  bor¬ 
rowed  on  the  deposit.  Any  subsequent  legal  mort¬ 
gagee,  having  notice  of  the  deposit,  will  be  postponed 
to  the  equitable  mortgagee,  and  when  the  legal  mort¬ 
gagee  has  not  inquired  as  to  the  title-deeds  the  court 
will  impute  to  him  such  knowledge  as  he  would  have 
acquired  if  he  had  made  inquiry. 

As  to  mortgages  of  personal  property  see  Pledge. 

United  States. — In  the  United  States  there  is  great  divers¬ 
ity  in  the  extent  to  which  equitable  principles  have  been 
formally  substituted  for  the  rules  of  the  common  law  in 
dealing  with  mortgages.  Washburn  ( Law  of  Real  Property, 
vol.  ii.)  arranges  the  States  into  three  “pretty  well-defined 
classes.”  In  the  first,  the  mortgage  deed  is  held  to  create 
a  seizin  of  and  an  estate  in  the  premises,  with  all  its  com¬ 
mon  law  incidents,  to  be  enforced  if  need  be  by  ejectment. 
In  the  second,  the  mortgagee’s  rights  are  limited  to  such  as 
the  rules  of  equity  prescribe,  and  may  not  be  enforced  by  a 
suit  at  law.  In  the  third,  the  mortgagee’s  interest  is  not 
deemed  an  estate  at  all,  but  is  here  only  to  be  enforced  by 
the  sale  of  the  premises  as  a  means  of  paying  the  debt.  In 
the  first  class  come  Massachusetts,  Maine,  Connecticut,  New 
Hampshire,  Rhode  Island,  Vermont,  Indiana,  Missouri, 
North  Carolina,  Mississippi,  Minnesota;  in  the  second, 
Iowa,  Illinois,  Pennsylvania,  Kentucky,  Ohio,  Wisconsin, 
and  Texas ;  in  the  third,  California,  Georgia,  and  New  York, 
to  which  may  be  added  Oregon.  (e.  r.) 

MORTIFICATION,  a  term  used  in  surgery,  signi¬ 
fying  a  local  death.  Any  cause  which  interferes  with 
the  blood-supply  of  a  portion  of  the  body  will,  if  suf¬ 
ficiently  prolonged  or  sufficiently  severe,  give  rise  to 
mortification.  In  some  'cases  the  death  may  be  pre¬ 
ceded  by  inflammation ;  in  others,  as  in  old  people 
with  diseased  vessels,  the  part  may  die  in  consequence 
simply  of  insufficient  blood-supply  without  any  previ¬ 
ous  inflammation.  The  part  is  said  to  mortify ;  the 
process  is  termed  gangrene ;  the  dead  part  is  called  a 
slough.  A  severe  injury  may  end  in  mortification. 
Extreme  heat  as  in  severe  burns,  or  extreme  cold  as  in 
frostbite,  -may  give  rise  to  the  condition.  Those  parts 
of  the  body  farthest  from  the  centre  of  the  circulation 
are  most  liable  to  mortification.  Frostbite,  for  ex¬ 
ample,  may  attack  the  toes  or  fingers  as  well  as  those 
parts  which  are  most  exposed  to  the  cold,  more  par¬ 
ticularly  the  point  of  the  nose  or  the  ears.  The  part 
affected  becomes  pale,  bloodless,  cold,  and  insensible. 
The  great  point  to  attend  to  is  to  restore  the  circula¬ 
tion  gradually,  using  gentle  friction.  If  the  person  is 
brought  before  a  fire,  or  if  any  hot  applications  are 
used,  then  a  rapid  reaction  may  issue  in  a  severe  inflam¬ 
mation,  which  may  be  followed  by  mortification.  Chil¬ 
blain  is  a  mild  form  of  frostbite  occurring  in  young 
people  with  sluggish  circulations,  very  often  caused  by 
sitting  down  before  a  strong  fire  with  cold  feet ;  any 
one  suffering  from  cold  feet  or  hands  should  take  plenty 
of  exercise,  and  if  after  a  return  from  a  sharp  walk  the 
feet  remain  cold  the  heat  should  be  restored  by  rubbing 
with  a  rough  towel. 

MORTMAIN,  Statutes  of.  The  object  and  effect 
of  these  enactments  are  treated  in  the  articles  Charity 
and  Corporation  ( q.v .).  The  following  is  a  list  of 
the  Mortmain  Acts  : 

9  Henry  III.  c.  36  (Magna  Charta) ;  7  Edward  I.  st.  2,  c.  1 
(De  Religiosis) ;  13  Edward  I.  c.  32 ;  13  Edward  I.  c.  41 ;  18 
Edward  I.  st.  1,  c.  3 ;  27  Edward  I.  st.  2 ;  34  Edward  I.  st.  3 ; 
18  Edward  III.  st.  3,  c.  3 :  15  Richard  II.  c.  5 ;  21  Henry 
VIII.  c.  6,  s.  5;  23  Henry  VIII.  c.  10;  1  and  2  Philip  and 
Mary,  c.  8,  s.  51 ;  35  Elizabeth,  c.  4 ;  21  James  I.  c.  1 ;  13  and 


14  Charles  II.  c.  6,  s.  10;  29  Charles  II.  c.  8;  7  and  8  Wil¬ 
liam  III.  c.  37;  9  George  II.  c.  36;  43  GeoTge  III.  e.  108; 
9  George  IV.  c.  85 ;  and  2  and  3  William  IV.  c.  115. 

MORTON,  James  Douglas,  fourth  earl  of  (1530- 
1581),  regent  of  Scotland,  second  son  of  Sir  George 
Douglas  of  Pittendriech,  was  born  at  Dalkeith  in  1530. 
Having  married  Elizabeth',  daughter  of  the  third  earl 
of  Morton,  he  through  her  succeeded,  in  1553,  to  the 
title  and  estates  of  his  father-in-law.  After  the  return 
of  Queen  Mary  in  1561  he  was  chosen  a  privy  coun¬ 
cillor,  and  in  1563  he  became  lord  high  chancellor. 
Though  his  sympathies  were  Protestant,  he  took  no 
art  in  the  combination  of  Protestant  barons  in  1565, 
ut  he  headed  the  armed  force  of  150  men  who  took 
possession  of  Holyrood  Palace  to  effect  the  assassin¬ 
ation  of  Rizzio,  and  it  was  to  his  house  that  the  lead¬ 
ing  conspirators  adjourned  while  a  messenger  was  sent 
to  obtain  Mary’s  signature  to  the  “bond  of  security.” 
The  queen,  before  complying  with  the  request,  escaped 
to  Dunbar,  and  on  her  return  to  Edinburgh  with  an 
escort  of  2000  men  Morton  and  the  other  leaders  fled 
to  England.  After  her  marriage  with  Bothwell,  Mor¬ 
ton  returned,  and  with  600  men  appeared  before 
Borthwick  Castle,  where  the  queen,  in  dread  of  a 
rising,  had  taken  refuge.  He  was  present  at  the  re¬ 
markable  conference  at  Carberry  Hill,  and  he  also  took 
an  active  part  in  obtaining  the  consent  of  the  queen  at 
Lochleven  to  an  abdication.  Thereupon  he  was  reap¬ 
pointed  lord  high  chancellor,  and  also  succeeded  Both¬ 
well  as  lord  high  admiral.  On  the  death  of  the  earl 
of  Mar  he  became  regent  (October,  1572).  Through 
his  persistence  in  recovering  the  crown  jewels  from  the 
countess  of  Argyll,  widow  of  the  earl  of  Moray,  Morton 
awakened  the  bitter  animosity  of  Argyll  and  Athole, 
who  persuaded  the  young  king  James  VI.  to  assume 
the  government.  Morton  deemed  it  prudent  to  resign, 
and  for  a  time  retired  to  Lochleven,  but  shortly  after¬ 
wards,  with  the  assistance  of  his  nephew,  the  earl  of 
Mar,  he  obtained  possession  of  Stirling  Castle,  where 
the  king  was  residing,  and  thus  for  a  time  recovered 
his  old  influence.  Suddenly,  however,  he  was  accused 
by  James  Stewart,  earl  of  Arran,  of  having  taken  part 
in  the  murder  of  Darnley,  the  father  of  the  king,  and 
being  tried  by  a  jury  of  sixteen  peers,  most  of  whom 
were  his  enemies,  was  condemned  to  death  and  be¬ 
headed  on  2d  June,  1581. 

MORVEAU.  See  Guyton  de  Morveau. 

MOSAIC  (late  Greek  ifrf/ipocuc,  from  ipytpog,  a  small 
stone;  also  fiovceiov,  i.  e.,  refined,  delicate  work  ;  hence 
the  Latin  opus  mvsivum)  is  the  fitting  together  of 
many,  generally  small,  pieces  of  marble,  opaque  glass, 
colored  clays,  or  other  substances,  so  as  to  form  a  pat¬ 
tern  ;  the  design  may  be  of  various  degrees  of  elabor¬ 
ation,  from  the  simplest,  almost  monochromatic,  geo¬ 
metrical  pattern  to  the  most  elaborate  picture,  with 
figure-subjects  represented  in  colors  of  countless  gra¬ 
dations. 

The  earliest  existing  specimens  of  mosaic  belong  to 
one  of  the  less  important  branches  of  the  art — namely, 
the  ornamentation  on  a  small  scale  of  jewellery,  ivory 
thrones,  and  other  furniture,  or  more  rarely  of  some 
elaborate  architectural  ornament.  Most  of  this  earli¬ 
est  sort  of  mosaic  resembles  in  execution  what  are 
called  cloisonnie  enamels.  In  the  Louvre  and  in  the 
British  Museum  are  preserved  some  very  beautiful 
ivory  carvings  in  low  relief,  some  from  Nineveh  and 
others  from  Egypt,  in  which  figures  of  deities,  orna¬ 
ments  formed  of  the  lotus  and  papyrus  plants,  and 
royal  cartouches  are  enriched  by  small  pieces  of  glass 
or  lapis-lazuli  and  other  gem-like  stones,  which  are  let 
into  holes  made  in  the  ivory.  Each  minute  piece  is 
separated  from  the  next  by  a  thin  wall  or  cloison  of 
ivory,  about  as  thick  as  cardboard,  which  thus  forms  a 
white  outline,  and  sets  off  the  brilliance  of  the  colored 
stones.  .  The  favorite  pattern  in  this  sort  of  work  for 
decorating  the  larger  surfaces  appears  to  have  been 
suggested  by  the  feathers  on  a  bird’s  wing.  Set> 
Ivory,  vol.  xiii.  pi.  vii.  Fig.  3. 
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Recent  excavations  at  Tel  al-Yahudiya  in  Lower 
Egypt  have  brought  to  light  some  mosaics  on  a  larger 
scale,  but  treated  in  the  same  way.  These  are  caps  of 
columns,  wall  tiles,  and  other  objects,  either  of  white 
limestone  or  earthenware,  in  which  designs,  chiefly 
some  forms  of  the  papyrus,  are  formed  by  brilliantly- 
colored  bits  of  glass  or  enamelled  earthenware^ let  into 
a  sinking  in  the  tile  or  column,  This  form  of  mosaic 
was  employed  by  the  Greeks :  the  Erechtheum  at 
Athens,  built  in  the  middle  of  the  5th  century  B.C., 
had  the  bases  of  some  of  its  white  marble  columns  orna¬ 
mented  with  a  plait-like  design,  in  which  pieces  of 
colored  glass  were  inserted  to  emphasize  the  main  lines 
of  the  pattern. 

Anotner,  quite  different  sort  of  mosaic,  was  known 
to  the  Egyptians  of  the  Ptolemaic  and  Roman  periods. 
This  is  made  entirely  of  glass,  and  is  extremely  mi¬ 
nute.  The  finest  known  specimen  is  in  the  British 
Museum :  it  is  a  small  tablet  about  three-eighths  of  an 
inch  square,  apparently  the  bezel  of  a  ring,  on  which 
is  represented  the  sacred  hawk, — every  feather  on  the 
bird’s  wing  being  produced  with  a  great  number  of 
colors  and  tints,  each  quite  distinct,  and  so  minute 
that  a  strong  magnifying  glass  is  required  to  distinguish 
its  details. 

The  way  in  which  this  wonderful  little  mosaic  was 
produced  is  extremely  ingenious.  Numbers  of  long 
sticks  of  various-colored  glass  were  arranged  in  such  a 
way  that  their  ends  produced  the  figure  of  the  Lawk ; 


other  sticks  of  blue  glass  were  placed  all  round  so  as  to 
form  the  ground.  The  whole  bundle  of  sticks  of  glass 
when  looked  at  endwise  now  presented  the  figure  of 
the  hawk  with  a  blue  background,  immensely  larger 
than  it  afterwards  became.  The  bundle  was  then 
heated  till  the  sticks  melted  together,  and  the  whole 
thick  rod,  softened  by  fire,  was  then  drawn  out  to  a 
greatly  -  diminished  thickness.  In  this  process  the 
relative  positions  of  the  sticks  of  colored  glass  forming 
ithe  design  were  not  altered.  A  slice  of  the  rod  was 
then  cut  off,  and  its  faces  polished, -the  design,  much 
reduced  in  size,  of  course  being  equally  visible  at  both 
sides  of  the  slice ;  and  thus  the  microscopic  minute¬ 
ness  of  the  mosaic  was  produced,  with  astonishing 
delicacy  and  refinement ;  many  slices,  each  showing 
the  same  mosaic,  could  be  cut  from  the  same  rod. 

The  more  important  use  of  mosaic  has  been  on  a 
large  scale  either  for  pavements  or  for  walls  and 
vaulted  ceilings.  Mosaic  for  these  purposes  has  by 
many  writers,  both  ancient  and  modern,  been  divided 
on  various  systems  into  classes ;  perhaps  the  simplest 


classification  is  the  following:  I.  For  Pavements: 
(a)  Tessellated,  in  which  the  design  is  formed  of  small 
cubes,  generally  of  marble,  more  rarely  of  glass  or 
clay  ;  (6)  Sectile ,  formed  of  larger  pieces  of  marble, 
shaped  and  cut  so  as  to  fit  accurately  one  with  another. 
II.  For  Walls  and  Vaults:  Fictile  or  vermiculated ; 
pieces  of  opaque  glass,  in  small  cubes,  arranged  so  as 
to  form  complicated  pictures. 

This  classification  is  not  altogether  satisfactory,  more 
than  one  method  often  being  employed  in  the  same 
mosaic;  as,  e.g .,  in  the  “opus  Alexandrinum  ”  of 
mediaeval  writers,  which  is  often  partly  tessellated  and 
partly  sectile. 

Until  Roman  times  we  know  but  little  of  these  kinds 
of  mosaic.  There  is  some  evidence  (in  Pliny  and  other 
writers)  to  show  that  elaborate  mosaic  pavements, 
luOoorpuTov  or  ^doMynpa,  were  made  by  the  Greeks  in 
the  4th  century  B.c.,  or  even  earlier;  but  most  of  the 
numerous  fine  specimens  of  tessellated  work  still  exist¬ 
ing  in  Greece,  such  as  those  at  Sparta  and  Athens,  must 
be  referred  to  the  time  of  the  Roman  occupation.  The 
best  examples  of  Hellenic  mosaic  are  some  pavements 
discovered  during  the  recent  excavations  at  Olympia 
(see  Fig.  1,  and  Ausgrabungen  zu  Olympia,  1877-82). 

Among  the  Romans  the  use  of  mosaic,  both  of  mar¬ 
ble  and  opaque  glass,  was  very  extensive.  According 
to  Pliny  ( H.N. ,  xxxvi.  25),  they  derived  this  art  from 
the  Greeks,  but  not  until  the  time  of  the  Third  Punic 
War,  146  B.c.,  while  glass  mosaics  for  walls,  “vitreae 
parietes,”  were  a  recent  invention  in  his  time. 
Many  of  these  have  been  found  at  Pompeii ; 
most  commonly  they  are  used  to  decorate 
niches  for  fountains  or  statuettes.  _  Judging 
from  the  description  given  by  Vitruvius  (vii.  1), 
and  an  examination  of  numerous  specimens  of 
Roman  tessellated  mosaics,  the  process  of  manu¬ 
facture  was  the  following.  The  earth  was  first 
carefully  rammed  down  to  a  firm  and  even  sur¬ 
face  ;  on  this  was  laid  a  thick  bed  of  stones, 
dry  rubbish,  and  lime,  called  “rudus,”  from  6 
to  9  inches  deep,  and  above  this  another  layer, 
4  to  6  inches  thick,  called  “nucleus,”  of  one 
part  of  lime  to  three  of  pounded  brick,  mixed 
with  water ;  on  this,  while  still  soft,  the  pat¬ 
tern  could  be  sketched  out  with  a  wooden  or 
metal  point,  and  the  tesserae  or  small  bits  of 
marble  stuck  into  it,  with  their  smoothest  side 
uppermost.  Lime,  pounded  white  marble, 
and  water  were  then  mixed  to  the  consistency 
of  cream,  forming  a  very  hard-setting  cement, 
called  “  marmoratum.  ”  This  cement,  while 
fluid,  was  poured  over  the  marble  surface,  and 
well  brushed  into  all  the  interstices  between 
the  tesserae.  When  the  concrete  and  cement 
were  both  set,  the  surface  of  the  pavement  was 
rubbed  down  and  polished.  This  kind  of  mo¬ 
saic  was  largely  used  for  floors  of  hypocausts ; 
the  concrete  bed  was  then  supported  on  large  tiles  rest¬ 
ing  on  numbers  of  short  pillars. 

If  used  for  upper  floors  very  strong  joists  were  re¬ 
quired,  and  both  Pliny  (xxxvi.  25)  and  Vitruvius  (vii. 
1)  recommended  a  double  layer  of  boards,  one  crossing 
the  other,  on  which  the  concrete  and  cement  bedding 
was  to  be  laid. 

The  usual  Roman  pavement  was  made  of  pieces  of 
marble,  averaging  from  a  half  to  a  quarter  of  an  inch 
square,  but  rather  irregular  in  shape.  A  few  other, 
but  quite  exceptional,  kinds  of  mosaicpavements  have 
been  found,  such  as  that  at  the  Isola  Farnese,  9  miles 
from  Rome,  made  of  tile-like  slabs  of  green  glass,  and 
a  fine  “sectile ”  pavement  on  the  Palatine  Hill,  made 
of  various-shaped  pieces  of  glass,  in  blacky  white,  and 
deep  yellow.  In  some  cases — e.g.,  in  the  “House  of 
the  Faun’  ’  at  Pompeii — glass  tesserae  in  small  quantities 
have  been  mixed  with  the  marble  ones,  for  the  sake 
of  greater  brilliance  of  color.  Pompeii  is  especially 
rich  in  its  mosaics  both  on  floor  and  walls,  almost  every 
house  having  at  least  its  vestibule  paved  in  this  way. 
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Fig.  1.— Greek  Pavement  from  the  Temple  of  Zeus  at  Olympia. 
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In  addition  to  graceful  flowing  patterns  and  geometrical 
designs,  picture-like  subjects  of  great  elaboration  frequently 
occur :  of  these  the  most  important  is  the  large  and  minutely- 
executed  scene  of  the  battle  of  Issus,  found  in  the  “  House 
of  the  Faun.”  It  is  of  special  value  as  being  the  chief  classi¬ 
cal  historical  picture  still  existing.  It  is  a  well-designed 
though  somewhat  crowded  composition,  representing  the 
moment  of  Alexander’s  victorious  charge  against  the  cavalry 
of  Darius.  The  expression  of  the  faces  and  the  character¬ 
istic  dresses  of  the  Greeks  and  Persians  are  represented  with 
great  skill  (see  Fig.  2).  The  tesserae,  as  was  always  the  case 
in  this  sort  of  work,  are  not  all  the  same  size,  the  smallest 
(only  about  one-tenth  of  an  inch  square)  being  reserved  for 
the  faces,  where  greatest  refinement  of  detail  was  required. 
This  was  a  floor-mosaic,  though  generally  these  minutely- 
executed  works  were  affixed  to  walls. 

The  most  skilfully-executed  of  all  existing  mosaics  of  this 
pictorial  kind  is  that  known  as  “  Pliny’s  Doves,”  found  in 
Hadrian’s  villa  at  Tivoli,  and  now  in  the  Capitoline  Museum. 
It  may  possibly  be  the  one  so  highly  praised  by  Pliny  (xxx  vi. 
25)  as  the  work  of  Sosus,  for,  although  he  describes  it  as  be¬ 
ing  at  Pergamum,  yet  it  was  a  common  practice  with  the 
Romans  to  transport  these  mosaics  from  one  place  to  another, 
and  this  very  celebrated  one  may  well  have  been  brought 
to  Tivoli  to  adorn  the  emperor’s  villa.  It  is  treated  in 
a  very  realistic  way:  the  light  on  the  gold  bowl,  the  plu¬ 
mage  of  the  doves,  and  especially  the  reflection  in  the 
water  of  the  drinking  dove,  are  represented  with  wonder¬ 
ful  skill.  It  is,  in  fact,  far  too  pictorial,  and,  like  the  late 
mosaics  in  St.  Peter’s,  Rome,  is  more  remarkable  for  its  tech- 


conspicuous  a  form  as  by  the  numerous  large  and 
generally  well-preserved  mosaic  pavements  which  have 
at  various  times  been  discovered  in  all  these  countries. 
In  many  cases,  long  after  all  traces  of  the  walls  of  the 
buildings  have  disappeared,  owing  to  their  being  dug 
up  and  removed  for  building  purposes,  the  mosaics 
still  remain  to  testify  of  the  artistic  power  and  mechani¬ 
cal  skill  of  the  Roman  colonists. 

Few  countries,  are  richer  than  England  in  these  re¬ 
mains  ;  the  great  pavements  of  York,  Woodchester, 
Cirencester,  and  many  other  places  are  as  elaborate  in 
design  and  as  skilfully  executed  as  any  that  now  exist 
even  in  Rome  itself.  In  whatever  country  these 
mosaics  are  found,  their  style  and  method  of  treatment 
are  always  much  the  same  ;  the  materials  only  of  which 
the  tesserae  are  made  vary  according  to  the  stone  or 
marble  supplied  by  each  country.  In  England,  for 
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Fig.  2.— Part  of  a  Persian’s  Head  from  the  Battle  of  Issus ;  full  size. 

nical  skill  than  for  any  real  artistic  merit.  This  excessive 
realism,  produced  with  great  difficulty  and  cost,  is  a  not 
uncommon  fault  of  the  more  elaborate  Roman  mosaics,  and 
was  the  inevitable  result  of  the  luxury  and  ostentation  of 
imperial  Rome,  which  made  art  the  bond-slave  of  the 
wealthy,  rather  than  the  free  and  natural  expression  of  a 
whole  people,  as  it  was  among  the  earlier  Greeks. 

Another  interesting  mosaic  from  the  wall  of  a  house  at 
Pompeii,  of  extremely  delicate  work,  is  a  rehearsal  scene  in 
a  Greek  theatre,  where  the  choregus  is  instructing  the 
actors :  it  is  specially  remarkable  from  its  being  signed  as 
the  work  of  Dioscorides  of  Samos.  Other  figure-subjects  are 
not  uncommon,  such  as  various  representations  of  the  victory 
of  Theseus  over  the  Minotaur,  others  of  Achilles  in  Scyros, 
many  hunting  scenes,  and  the  like. 

Throughout  England,  Germany,  France,  Spain, 
Asia  Minor,  and  Northern  Africa  in  no  way  have  signs 
of  Roman  occupation  been  left  so  clearly  and  in  so 


instance,  limestone  or  chalk  often  takes  the 
the  white  marble  so  common  in  Italian  an 
African  mosaics;  while  instead  of  red  marble,  a  fine 
sort  of  burnt  clay  or  red  sandstone  is  generally  used  ; 
other  makeshifts  had  to  be  resorted  to,  and  many  of 
the  Anglo-Roman  mosaics  are  made  entirely  without 
marble.  It  is  perhaps  partly  owing  to  the  great  wealth 
of  Northern  Africa  in  marbles  of  many  colors  and  of 
varying  shades  that  the  finest  of  all  Roman  mosaics 
have  been  found  in  Algeria  and  Tunis,  especially 
those  from  Carthage,  some  of  which  have  been 
brought  to  the  British  Museum.  See  Arclia  ologia , 
vol.  xxxviii.  p.  202. 

The  range  of  color  in  the  marble  tesserae  is 
very  great,  and  is  made  use  of  with  wonderful 
taste  and  skill ;  there  are  three  or  four  different 
shades  of  red,  and  an  equal  number  of  yellows 
and  greens,  the  last  color  in  all  its  tints  being  al¬ 
most  peculiar  to  this  part  of  Africa,  and  one  of 
the  most  pleasant  and  harmonious  in  almost  any 
combination.  Deep  black,  browns,  and  bluish- 
grays  are  also  abundant.  The  white  marble  which 
forms  the  ground  of  nearly  all  the  designs  is  often 
not  pure  white,  but  slightly  striated  with  gray, 
giving  great  softness  and  beauty  of  texture  to  the 
surface,  and  doing  away  with  too  great  monotony 
of  tone.  The  Roman  practice,  common  to  all 
their  mosaics,  of  not  fitting  the  tesserae  quite 
closely  together,  but  allowing  the  cement  joints  to 
show  freely,  was  also  of  great  value  in  giving 
effect  to  the  general  texture  of  the  surface — a 
point  quite  forgotten  by  some  later  mosaic- workers, 
who  thought  that  the  closer  their  tesserae  were 
fitted  together  the  better  the  mosaic  would  be. 
This  remark  does  not  apply  to  sectile  mosaic,  in 
which  sufficient  variety  can  be  given  by  the  mark¬ 
ings  and  veins  in  each  piece  of  marble.  To  return 
to  the  mosaics  from  Carthage,  they  are  no  less  ex¬ 
cellent  in  design  than  in  the  richness  and  beauty 
of  their  materials.  Large  spaces  are  filled  by 
grand  sweeping  curves  of  acanthus  and  other 
leaves,  drawn  w'ith  wonderful  boldness  and  free¬ 
dom  of  hand,  and  varied  wfith  great  wealth  of  in¬ 
vention.  Without  the  use  of  very  small  tesserae, 
much  richness  of  effect  is  given  by  gradations  of  tints, 
suggesting  light  and  shade,  without  a  painful  attempt 
to  represent  actual  relief.  The  colors  of  the  marbles 
used  here  and  elsewhere  by  the  Romans  are  so  quiet 
and  harmonious  that  it  would  have  been  almost 
impossible  to  produce  with  them  a  harsh  or  glaring 
design,  and  when  used  with  the  skill  and  strong 
artistic  feeling  of  the  mosaic-workers  at  Carthage  the 
result  is  a  real  masterpiece  of  decorative  design.  In 
Rome,  and  in  the  Roman  colonies  of  Europe,  this  kind 
of  marble  tessellated  mosaic  was  largely  produced,  with 
but  little  alteration  in  style  or  method  of  treatment,  till 
the  4th  century.  In  Syria  and  Asia  Minor  the  art 
survived  some  centuries  later. 

Perhaps  the  latest  existing  example  in  Rome  is  that  which 
decorates  the  vault  of  the  ambulatory  of  the  circular  church 
of  S.  Costanza,  built  by  Constantine  the  Great  (320),  outside 
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the  walls  of  Rome.  This  very  interesting  mosaic  might 
from  its  style  and  materials  have  been  executed  in  the  1st 
century,  and  is  equal  in  beauty  to  any  work  of  the  kind  in 
Italy.  It  shows  no  trace  whatever  of  the  Byzantine  influ¬ 
ence  which,  in  the  next  century,  introduced  into  Italy  a 
novel  style  of  mosaic,  in  materials  of  the  most  glittering 
splendor.  These  S.  Costanza  mosaics  are  almost  unique  in 
Italy  as  an  application  of  the  old  classical  marble  mosaic  to 
the  decoration  of  a  Christian  church.  On  the  main  com¬ 
partment  of  the  vault  the  surface  is  covered  by  vine 
branches,  laden  with  grapes,  twining  in  graceful  curves 
over  the  space.  In  the  centre  is  a  large  medallion  with 
life-sized  male  bust,  and  at  the  lower  part  are  vintage  scenes 
— oxen  carts  bringing  the  grapes,  and  boys  treading  them 
in  a  vat.  Other  more  geometrical  designs,  of  circles  fram¬ 
ing  busts  and  full-length  figures,  with  graceful  borders, 
cover  other  parts  of  the  vault.  Farther  east  this  classical 
6tyle  of  mosaic  appears  to  have  lasted  till  the  6th  century. 
At  Kabr-Hiram,  near  Tyre,  M.  Renan  discovered  among  the 
ruins  of  a  small  three-apsed  Christian  church  a  fine  mosaic 
pavement,  covering  the  nave  and  aisles,  thoroughly  classical 
in  style.  The  design,  consisting  of  circles  inclosing  figures 
emblematic  of  the  seasons,  the  months,  and  the  winds,  is 
almost  the  same  as  that  of  some  mosaics  discovered  on  the 
site  of  the  Roman  Italica  near  Seville,  and  others  at  Ephesus 
and  Halicarnassus  in  Asia  Minor.  No  trace  of  other  than 
classical  influence  is  visible,  and  yet  it  is  pretty  clear,  from 
the  evidence  of  an  inscription,  inlaid  among  the  marble 
tesserae,  that  the  date  of  this  pavement  is  not  earlier  than 
the  latter  part  of  the  6th  century.  A  very  similar  mosaic, 
of  about  the  same  date,  was  discovered  at  Neby  Yunas,  near 
Sidon. 

Mediaeval  Mosaics. — These  maybe  divided  into  four 
principal  classes:  (1)  those  used  to  decorate  walls  and 
vaults,  made  of  glass  cubes  :  (2)  those  for  pavements, 
made  of  marble,  partly  in  large  shaped  pieces,  and 
partly  in  small  tesserae ;  (3)  glass  in  small  pieces, 
either  rectangular  or  triangular,  used  to  enrich  marble 
pulpits,  columns,  and  other  architectural  features  ;  (4) 
wood  mosaics. 

1.  The  wall  mosaics  were,  in  their  origin,  purely 
Byzant  ne,  and  appear  to  date  from  the  beginning  of 
the  5th  century.  They  are  made  of  colored  glass,  ren¬ 
dered  opaque  by  the  addition  of  oxide  of  tin.  The 
melted  glass  was  cast  into  flat  slabs,  generally  about 
half  an  inch  thick,  and  then  broken  into  small  cubes. 
Every  possible  color  and  gradation  of  tint  was  pro¬ 
duced  by  the  mediaeval  glassmakers.  Tesserae  of  gold 
(which  were  very  largely  used)  and  of  silver  were  made 
thus :  the  metal  leaf  was  spread  over  one  of  the  glass 
slabs,  the  color  of  which  did  not  matter,  as  it  was  hid¬ 
den  by  the  gold  or  silver  ;  over  this  metal-coated  slab 
a  skin  of  colorless  glass  was  fused,  so  as  to  protect  the 
metal  leaf  from  injury  or  tarnish;  and  then  the  slab 
was  broken  up  into  cubes,  the  ipyQ01  xpvaeoi  of  Byzantine 
writers. 

The  method  of  putting  together  the  mosaic  was 
much  the  same  as  that  employed  by  the  Romans  in 
their  tessellated  pavements.  A  thick  coat  of  cement 
was  applied  to  the  wall  or  vault,  the  outline  indicated 
with  a  metal  point,  and  the  cubes  stuck  one  by  one 
into  the  cement  while  it  was  yet  soft, — the  main  differ¬ 
ence  being  that  no  rubbing  down  and  polishing  were 
required,  the  faces  of  the  glass  tesserae  showing  the 
natural  surface  of  the  fracture,  which  was  not  quite 
level,  and  by  this  slight  inequality  of  surface  great  ad¬ 
ditional  lustre  and  brilliance  of  effect  were  given  to  the 
whole  picture.  . 

Owing  to  the  intense  conservatism  ot  Byzantine  art, 
bo  regular  stages  of  progression  can  be  traced  in  this 
class  of  mosaic.  Some  of  the  5th  century  mosaics  at 
Ravenna  are,  in  every  way,  as  fine  as  those  of  the  12th, 
and  it  was  not  till  the  end  oi  the  13th  century  that 
any  important  change  in  style  took  place,  when  Cinia- 
bue,  and  more  especially  his  pupils  Jacopo  da  lurrita 
and  Taddeo  Gaddi,  applied  their  increased  knowledge 
of  the  human  form  and  of  the  harmonies  ot  color  to 
the  production  of  the  most  beautiful  of  all  mosaics, 
such  as  those  in  the  apse  of  S.  Maria  Maggiore  in 
Rome  It  must  not,  however,  be  supposed  that  dur¬ 
ing  all  this  time  (from  the  5th  to  the  14th  century)  one 
steady  level  of  excellence  was  kept  up.  lhe  mosaics 


of  the  9th  century  are  inferior  in  drawing  and  general 
treatment  to  those  both  of  the  earlier  and  later  time, 
while  in  Italy  at  least  this  art  was  almost  entirely  ex¬ 
tinct  during  the  10th  and  11th  centuries.  Extreme 
splendor  of  color  and  jewel-like  brilliance  combined 
with  the  most  stately  grandeur  of  form  are  the  main 
characteristic  of  this  sort  of  decoration.  Its  most  fre¬ 
quent  application  is  to  the  sanctuary  arch  and  apse  of 
the  early  basilicas. 

A  “majesty,”  or  colossal  central  figure  of  Christ  with 
saints  standing  on  each  side,  is  the  most  frequent  motive. 
In  many  cases,  especially  in  the  5th  and  6th  centuries, 
Christ  was  represented  as  a  lamb,  to  whom  the  twelve 
apostles,  in  the  form  of  sheep,  are  paying  adoration.  Christ, 
the  Good  Shepherd,  is  sometimes  depicted  as  a  beardless 
youth,  seated  among  a  circle  of  sheep — the  treatment  of  the 
motive  being  obviously  taken  from  pagan  representations 
of  Orpheus  playing  to  the  beasts.  The  tomb  of  Galla  Pla- 
cidia  has  a  good  example  of  this  subject,  with  much  of  the 
old  Roman  grace  in  the  drawing  and  composition.  Fre¬ 
quently  the  Virgin  Mary,  or  the  patron  saint  of  the  church, 
occupies  the  central  space  in  the  apse,  with  ranges  of  other 
saints  on  each  side. 

The  “Doom,”  or  Last  Judgment,  is  a  favorite  subject  for 
domes  and  sanctuary  arches ;  the  Florence  baptistery  has 
one  of  the  grandest  mosaic  pictures  of  this  subject,  executed 
in  the  13th  century.  The  earlier  baptisteries  usually  have 
the  scene  of  Christ’s  baptism, — the  river  Jordan  being  some¬ 
times  personified  in  a  very  classical  manner,  as  an  old  man 
with  flowing  beard,  holding  an  urn  from  which  a  stream 
pours  forth.  S.  Vitale  at  Ravenna  has  in  the  sanctuary  a 
very  interesting  representation  of  Justinian  and  his  empress 
Theodora  (see  Fig.  3),  attended  by  a  numerous  suite  of 
courtiers  and  ladies ;  these  mosaics  are  certainly  of  the  6th 
century,  and  may  be  contemporary  with  Justinian,  though 
the  fact  tfiat  he  and  Theodora  are  each  represented  with  a 
circular  nimbus  appears  to  indicate  that  they  were  not  then 
alive.  Scenes  from  both  Old  and  New  Testaments  or  the 
lives  of  the  saints  are  also  represented  in  almost  endless  va¬ 
riety, — generally  on  the  walls  of  the  body  of  the  church, 
in  square-shaped  pictures,  arranged  in  one  or  more  tiers 
over  the  nave  columns  or  arcade. 

In  mosaics  of  the  best  periods  the  treatment  of  the 
forms  and  draperies  is  broad  and  simple,  a  just  amount 
of  relief  being  expressed  by  delicate  gradations  of  tints. 
In  mosaics  of  the  9th  century  the  drawing  is  very 
awkward,  and  the  folds  of  the  robes  are  rudely  ex¬ 
pressed  in  outline,  with  no  suggestion  of  light  and 
shade. 

A  further  application  of  this  work  was  to  the  deco¬ 
ration  of  broad  bands  over  the  columns  of  the  nave,  as 
at  S.  Maria  Maggiore  in  Rome,  5th  century,  and  in 
the  two  churches  of  S.  Apollinare  at  Ravenna,  6th 
century.  In  some  cases  almost  the  whole  interior  of 
the  church  was  incrusted  in  this  magnificent  way,  as 
at  Monreale  Cathedral,  the  Capella  Palatina  of  Paler¬ 
mo,  and  S.  Mark’s  at  Venice,  the  magnificence  of 
which  no  words  can  describe ;  it  is  quite  unrivalled  by 
that  of  any  other  buildings  in  the  world.  See  Mon- 

REALE.  .  mil 

In  the  churches  the  mosaics  cover  soffits  and  angles 
entirely,  and  give  the  effect  of  a  mass  of  solid  gold  and 
color  producing  the  utmost  conceivable  splendor  of 
decoration.1  In  many  cases  vaulted  ceilings  were 
covered  with  these  mosaics,  as  the  tomb  of  Galla  Pla- 
cidia,  450  A. D.,  and  the  two  baptisteries  at  Ravenna, 
5th  and  6th  centuries.  For  exteriors,  the  large  use  of 
mosaic  was  usually  confined  to  the  west  facade,  as  at 
S.  Miniato,  Florence,  S.  Maria  Maggiore,  Rome,  and 
S.  Mark’s,  Venice.  In  almost  all  cases  the  figures  are 
represented  on  a  gold  ground,  and  gold  is  freely  used 
in  the  dresses  and  ornaments — rich  jewels  and  embroi¬ 
dery  being  represented  in  gold,  silver,  sparkling  reds, 

i  Unfortunately  the  world-wide  fame  of  St.  Mark's  and  the 
other  great  churches  of  Italy  has  subjected  these  extraordinary 
works  to  the  fatal  process  of  “  restoration,”  and  wherever  any 
sign  of  decay  in  the  cement  backing  (the  tessera;  themselves  are 
quite  indestructible)  has  given  the  least  excuse  the  “.restorers  ” 
have  destroyed  whole  masses  of  ancient  work,  and  supplied  its 
place  with  worthless  modern  copies.  The  mosaics  of  the  S. 
Mark’s  baptisterv.  and  of  the  apses  at  S.  Miniato,  at  Pisa,  and 
many  other  places  have  in  this  way  been  wantonly  renewed 
within  the  last  few  years. 
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blues,  and  other  colors,  so  as  to  give  the  utmost 
splendor  of  effect  to  the  figures  and  their  drapery. 

The  revival  of  the  art  of  painting  in  Italy  and  the 


merely  costly  monuments  of  human  folly  and  mis¬ 
applied  labor.  The  mosaics  from  Titian’s  pictures  on 
the  west  end  of  S.  Mark’s  at  Venice,  Raphael’s  in  the 
Chigi  Chapel  in  S.  Maria  del  Popolo,  and  many 
large  pictures  in  S.  Peter’s  in  Rome,  are  the  most 
striking  examples  of  these. 

The  following  list,  in  chronological  order,  comprisevS 
a  selection  from  among  the  most  important  mediaeval 
glass  wall-mosaics  during  the  period  when  mosaic¬ 
working  was  a  real  art : 

bth  Century. 

Ravenna.  Orthodox  Baptistery— vault. 

Tomb  of  Galla  Placidia — vault,  450. 
Archbishop’s  Chapel — vault. 

Rome.  S.  Paolo  fuori  le  niura — triumphal  arch. 

S.  Maria  Maggiore— square  pictures  over  nave 
columns,  and  triumphal  arch. 

S.  Ambrogio,  Chapel  of  S.  Satiro — vault. 
Cathedral— apse. 

Cathedral— apse. 


Milan. 

Fundi. 

Nola. 


6lh  Century. 

Arian  Baptistery — vault. 

S.  Apollinare  Nuovo— apse  and  nave,  with 
9th  century  additions. 

S.  Vitale— apse  and  whole  sanctuary,  circa 
547. 

S.  Apollinare  in  Classe— apse  and  nave,  549. 
SS.  Cosmas  and  Damian— apse. 

S.  Lorenzo,  Chapel  of  S.  Aquilinus— vault. 
Constantinople.  S.  Sophia— walls  and  vault,  circa  550. 
Thessalonica.  Church  of  St.  George— apse,  etc. ;  and  S.  Sophia 
— dome  and  apse. 

S.  Sophia— apse. 


Ravenna. 


Rome. 

Milan. 


Trebizond. 

Rome. 

Jerusalem. 


Ilh  Century. 

S.  Agnese  fuori  le  mura— apse,  626. 

S.  Teodoro. 

“  Dome  of  the  Rock  ’’—arches  of  ambulatory, 
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Fig.  3.— Mosaic  of  Theodora  and  attendants,  from  S.  Vitale, 
venna ;  over  life-size. 

introduction  of  fresco  work  in  the  14th  century  gave 
the  deathblow  to  the  true  art  of  wall-mosaics.  Though 
at  first  the  simple  and  archaic  style  of  Cimabue  and 
his  pupils  Jacopo  da  Turrita,  Giotto,  and  Taddeo 
Gaddi  was  equally  applicable  to  painting  or  mosaic, 
yet  soon  the  development  of  art  into  greater  realism 
and  complexity  required  a  method  of  expression  un¬ 
fettered  by  the  necessities  and  canons  of  mosaic-work. 
Pietro  Cavallini,  a  Roman  artist,  was  one  of  the  last 
who  woi'ked  according  to  the  old  traditions.  His  mo¬ 
saic  of  the  birth  of  the  Virgin  in  S.  Maria  in  Cosme- 
din,  Rome,  executed  about  the  middle  of  the  14th 
century,  is  not  without  merit,  though  his  superior 
knowledge  of  form  has  only  caused  his  composjtion  to 
be  somewhat  feeble  and  insipid  compared  with  the 
works  of  the  earlier  artists.  Even  in  the  15th  century 
a  few  good  mosaics  were  produced  at  Venice  and  else¬ 
where.  Since  then  many  large  pictures  have  been 
copied  in  glass  mosaic,  generally  attempts  to  imitate 
oil  paintings,  executed  with  great  skill  and  wonderful 
patience,  but  all  utterly  worthless  as  works  of  art, 


Ra- 


Rome. 

Jerusalem. 
Mount  Sinai. 


Rome. 


Milan. 


Cordova. 


8th  Century. 

Baptistery  of  S.  Giovanni  in  Laterano. 

SS.  Nereus  and  Achilles. 

Mosque  of  Al-Aksa— on  dome. 

Chapel  of  the  Transfiguration 

9th  Century. 

S.  Cecilia  in  Trastevere— apse. 

S.  Marco— apse. 

S.  Maria  della  Navicella— apse,  and  “Chapel 
of  the  Column.” 

S.  Prassede— triumphal  arch. 

S.  Pudenziana,  884. 

S.  Ambrogio— apse,  832. 

10 th  Century. 

Mihrab  (sanctuary)  of  Mosque. 


Wth  Century. 

Jerusalem.  “  Dome  of  the  Rock  ’’—base  of  cupi 
Constantinople.  Church  ofS.  Saviour— walls  and  dc 


ola,  1027. 
omes. 


12 th  Century. 


Venice. 

Capua. 

Torcello. 

Murano. 

Salerno. 

Palermo. 


Monreale. 

Bethlehem. 

Cefalu. 

Rome. 


Florence. 

Rome. 


Florence. 

Pisa. 

Rome. 

Venice. 


S.  Mark’s— narthex,  apse,  and  walls  of  nave 
,  and  aisles. 

Cath  ed  ral— apse. 

Cathed  ral— apse. 

Cathedral— apse. 

Cathed  ral— apse. 

Capella  Palatina,  begun  1132— the  whole  walls. 
Church  of  La  Martorana — vault. 

Cathedral — the  whole  walls,  1170-90 
Church  of  the  Nativity,  1169. 

Cathedral— apse,  1148. 

S.  Clemente— apse. 

S.  Francesca  Romana— apse. 

S.  Maria  in  Trastevere— apse. 

13 th  Century. 

Baptistery  vault,  begun  c.  1225  by  Fra  Jacopo. 

S.  Miniato— apse  and  west  front. 

S.  Paolo  fuori  le  mura— apse. 

S.  Clemente— triumphal  arch,  1297. 

S.  Giovanni  in  Laterano— apse  by  Jacopo  da  Tur¬ 
rita,  1290. 

S.  Maria  Maggiore— apse  and  west  end  by  Jacopo 
da  Turrita,  1292-1299,  and  Taddeo  Gaddi. 

\i.th  Centwy. 

Baptistery,  finished  by  Andrea  Tail. 

Cathedral— east  apse  by  Cimabue,  1302,  north  and 
south  apses  by  his  pupils. 

S.  Peter’s— navicella,  in  atrium  by  Giotto. 

S.  Maria  in  Cosmedin — on  walls  by  Pietro  Caval¬ 
lini,  c.  1340. 

SS.  Giovanni  e  Paolo — in  arch  over  effigy  of  Doge 
Morosini. 


This  list  is  by  no  means  exhaustive,  and  only  gives  some 
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of  the  best  and  most  typical  examples  of  the  mosaic-work 
of  each  century. 

The  Byzantine  origin  of  these  great  wall-mosaics,  wher¬ 
ever  they  are  found,  is  amply  proved  both  by  internal  and 
documentary  evidence.  The  gorgeous  mosaics  of  S.  Sophia 
and  S.  Saviour’s  in  Constantinople,  6th  .century,  snd  the 
later  ones  in  the  monasteries  of  Mount  Atlios,  at  Salonica 
and  at  Daphne  near  Athens,  are  identical  in  style  with 
those  of  Italy  of  the  same  date.  Moreover,  the  even  more 
beautiful  mosaic-work  in  the  “  Dome  of  the  Rock  ”  at  Jeru¬ 
salem,  7th  and  11th  centuries,  and  that  in  the  sanctuary  of 
the  great  mosque  of  Cordova,  of  the  10th  century,  are 
known  to  be  the  work  of  Byzantine  artists,  in  spite  of  their 
thoroughly  Oriental  design.  The  same  is  the  case  with  the 
rarer  mosaics  of  Germany,  such  as  those  in  S.  Gereon  at 
Cologne  and  at  Pareuzo. 

A  very  remarkable,  almost  unique,  specimen  of  Byzan-  j 
tine  mosaic  is  now  preserved  in  the  “  Opera  del  Duomo,”  j 
Florence.  This  is  a  diptych  of  the  11th  century,  of  ex- : 
tremely  minute,  almost  microscopic,  work,  in  tesserae  of  j 
glass  and  metal,  perhaps  the  only  example  of  tesserae  made 
of  solid  metal.  It  has  figures  of  saints  and  inscriptions, 
each  tessera  being  scarcely  larger  than  a  pin’s  head,  This 
beautiful  diptych  originally  belonged  to  the  imperial  chapel 
in  Constantinople,  and  was  brought  to  Florence  in  the  14th 
century. 

2.  The  second  mediaeval  class,  mosaic  pavements,  though 
of  great  beauty,  are  of  less  artistic  importance. 

This  so-called  “  opus  Alexandrinum  ”  is  very  common 
throughout  Italy  and  in  the  East,  and  came  to  greatest  per¬ 
fection  in  the  13th  century.  It  is  made  partly  of  small 


doors,  etc.,— wood  being  a  material  quite  unsuited  for  the 
production  of  large  curves. 

3.  Glass  mosaic,  used  to  ornament  ambones,  pulpits, 
tombs,  bishops’  thrones,  baldacchini  columns,  architraves, 
and  other  marble  objects,  is  chiefly  Italian.  The  designs, 
when  it  is  used  to  enrich  flat  surfaces,  such  as  panels  or  ar¬ 
chitraves,  are  very  similar  to  those  of  the  pavements  last 
described.  The  white  marble  is  used  as  a  matrix,  in  which 
sinkings  are  made  to  hold  the  glass  tesserae ;  twisted  col¬ 
umns  are  frequently  ornamented  with  a  spiral  band  of  this 
glass  mosaic,  or  flutings  are  suggested  by  parallel  bands  on 
straight  columns.  The  cloisters  of  S.  Giovanni  in  Laterano 
aud  S.  Paolo  fuori  le  mura  have  splendid  examples  of  these 
enriched  shafts  and  architraves. 

This  style  of  work  was  largely  employed  from  the  6th  to 
the  14th  centuries.  One  family  in  Italy,  the  Cosmati,  dur¬ 
ing  the  whole  of  the  13th  century,  was  especially  skilled  in 
this  craft,  and  the  various  members  of  it  produced  an  ex¬ 
traordinary  amount  of  rich  and  beautiful  work.  The  pul¬ 
pit  in  S.  Maria  in  Ara  Cceli,  Rome,  is  one  of  the  finest  speci¬ 
mens  (see  Fig.  5),  as  are  also  the  ambones  in  S.  Clemente 


Fig.  4.— Marble  Mosaic  at  Monreale  Cathedral. 

marble  tesserae  forming  the  main  lines  of  the  pattern,  and 
partly  of  large  pieces  used  as  a  ground  or  matrix.  It  is 
generally  designed  in  large  flowing  bands  which  interlace 
and  inclose  circles,  often  of  one  stone  sliced  from  a  column. 
The  finest  example  is  that  at  S.  Mark’s,  Venice,  of  the  12th 
century.  The  materials  are  mainly  white  marble,  with 
green  and  red  porphyry,  and  sometimes  glass. 

Besides  the  countless  churches  in  Italy  possessing  these 
beautiful  pavements,  such  as  S.  Lorenzo,  S.  Marco,  S.  Maria 
Maggiore,  and  S.  Maria  in  Trastevere,  in  Rome,  we  have,  in 
the  Chapel  of  the  Confessor,  and  in  front  of  the  high  altar 
at  Westminster,  very  fine  specimens  of  this  work,  executed 
about  1268  by  a  Roman  artist  called  Odencus,  who  was 
brought  to  England  by  Abbot  Ware,  on  the  occasion  of  a 
visit  made  by  the  latter  to  Rome.  Another  English  exam¬ 
ple  is  the  mosaic  pavement  in  front  of  the  shrine  of  Becket ' 
at  Canterbury ;  this -is  probably  the  work  of  an  English-! 
man,  though  the  materials  are  foreign,  as  it  is  partly  inlaid  j 
with  bronze,  a  peculiarity  never  found  in  Italy.  There  are  : 
also  many  fine  examples  of  these  pavements  in  the  churches  ! 
of  the  East,  such  as  that  in  S.  Sophia  at  Trebizond,  of  the  j 
most  elaborate  design  and  splendid  materials,  very  like  the 
S.  Mark’s  pavement  at  Venice.  Palermo  and  Monreale  are 
especially  rich  in  examples  of  sectile  mosaic,  used  both  for 
pavements  aud  walls,— in  the  latter  case  generally  for  the 
lower  part  of  the  walls,  the  upper  part  being  covered  with 
the  glass  mosaics.  The  designs  of  these  Sicilian  works, 
mostly  executed  under  the  Norman  kings  in  the  12tli  cen¬ 
tury,  are  very  Oriental  in  character,  and  in  many  cases 
were  actually  executed  by  Moslem  workmen.  Fig.  4  gives 
a  specimen  of  this  mosaic  from  Monreale  cathedral.  Its 
chief  characteristic  is  the  absence  of  curved  lines,  so  largely 
used  in  the  splendid  opus  Alexandrinum  of  Italy,  arising 
from  the  fact  that  this  class  of  Oriental  design  was  mainly 
used  for  the  delicate  panelling  in  wood  on  their  pulpits, 
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Fig.  5.— Part  of  Marble  Pulpit  with  glass  mosaic,  church  of  Ara 
Coeli,  Rome. 

and  S.  Lorenzo,  and  that  in  Salerno  cathedral.  The  tomb 
of  Henry  III.,  1291,  and  the  shrine  of  the  Confessor,  1269, 
at  Westminster  are  the  only  examples  of  this  work  in  Eng¬ 
land.  They  were  executed  by  “ Petrus  civis  Bomanus,” 
probably  a  pupil  of  the  Cosmati. 

In  India,  especially  during  the  17th  century,  many  Mo¬ 
hammedan  buildings  were  decorated  with  fine  marble 
inlay  of  the  class  now  called  “Florentine.”  This  is  sectile 
mosaic,  formed  by  shaped  pieces  of  various-colored  marbles 
let  into  a  marble  matrix.  A  great  deal  of  the  Indian  mosaic 
of  this  sort  was  executed  by  Italian  workmen ;  the  finest 
examples  are  at  Agra,  such  as  the  Taj  Melial. 

The  modern  so-called  “  Roman  mosaic  ”  is  formed  of  short 
and  slender  sticks  of  colored  glass  fixed  in  cement,  the 
ends,  which  form  the  pattern,  being  finally  rubbed  down 
and  polished. 

Many  not  unsuccessful  attempts  have  been  made  lately  to 
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reproduce  the  Roman  tessellated  work  for  pavements ;  and 
at  Murano,  near  Venice,  glass  wall-mosaics  are  still  pro¬ 
duced  in  imitation  of  the  magnificent  works  of  mediaeval 
times. 

4.  Mosaics  in  wood  are  largely  used  in  Mohammedan 
buildings,  especially  from  the  14th  to  the  17th  centuries. 
The  finest  specimens  of  this  work  are  at  Cairo  and  Damas¬ 
cus,  and  are  used  chiefly  to  decorate  the  magnificent  pulpits 
and  other  woodwork  in  the  mosques.  The  patterns  are 
very  delicate  and  complicated,  worked  in  inlay  of  small 
pieces  of  various-colored  woods,  often  further  enriched  by 
bits  of  mother-of-pearl  and  minutely  carved  ivory.  The 
general  effect  is  extremely  splendid  from  the  combined  beau¬ 
ties  of  the  materials  and  workmanship,  as  well  as  from  the 
marvellous  grace  and  fancy  of  the  designs.  This  art  was 
also  practised  largely  by  the  Copts  of  Egypt,  and  much  used 
by  them  to  ornameut  the  magnificent  iconostases  and  other 
screens  in  their  churches. 

Another  application  of  wood  to  mosaic-work,  called  “  in- 
tarsiatura,”  was  very  common  in  Italy,  especially  in  Tus¬ 
cany  and  Lombardy,  during  the  15th  and  early  16th  centu¬ 
ries.  Its  .chief  use  was  for  the  decoration  of  the  stalls  and  lec¬ 
terns  in  the  church-choirs.  Very  small  bits  of  various- 
colored  woods  were  used  to  produce  geometrical  patterns, 
while  figure-subjects,  views  of  buildings  with  strong  per¬ 
spective  effects,  and  even  landscapes,  were  very  skilfully 
produced  by  an  inlay  of  larger  pieces.  Ambrogio  Borgogn- 
one,  Raphael,  and  other  great  painters  often  drew  the  de¬ 
signs  for  this  sort  of  work.  The  mosaic  figures  in  the 
panels  of  the  stalls  at  the  Certosa  near  Pavia  were  by  Bor- 
gognone,  and  are  extremely  beautiful.  The  stalls  in  Siena 
cathedral  and  in  S.  Pietro  de’  Casinensi  at  Perugia,  the  lat¬ 
ter  from  Raphael’s  designs,  are  among  the  finest  works  of 
this  sort,  which  are  very  numerous  in  Italy.  It  has  also 
been  used  on  a  smaller  scale  to  ornament  furniture,  and  es¬ 
pecially  the  “  Cassoni,"  or  large  trousseau  coffers,  on  which 
the  most  costly  and  elaborate  decorations  were  often  lav¬ 
ished.  Some  traditional  skill  in  this  art  still  lingers  in 
Italy,  especially  in  the  city  of  Siena. 

Authorities. — Classical  Mosaics. — Pliny,  II.  N..  xxxvi. ;  Vitru¬ 
vius  ;  Franks,  Slade  Collection  of  Ancient  Class,  and  Excavations  at 
Carthage,  1860;  Artaud,  Histoire  de  la  peinture  en  mosaique,  1835; 
Monumentos  Arquitectonicos  de  Espafia,  (“  Italica,”  “  Cordoba,”  and 
“Elche”),  1859-83,  Laborde,  Mosaique  d' Italica,  prls  de  Seville, 
1802;  Ciampini,  Vetera  Monumenta,  Rome,  1747;  Von  Minu'toli, 
Mosaikfussboden,  etc.,  1835;  Lysons,  Mosaics  of  Horkstcnv,  1801,  and 
Roman  Antiquities  of  Woodchester,  1797 ;  Mazois,  Les  mines  de  Pom- 
pti,  Paris,  1812-38 ;  Real  Museo  Borbonico,  various  dates ;  Roach 
Smith,  Roman  London,  1859 ;  Ausgrabungen  zu  Olympia,  1877-82. 

Christian. — Theophilus,  Diversarum  Artium  Schedula,  ii.  15;  S. 
Kensington  Museum  Art  Inventory,  part  i.,  1870;  Renan,  Mission  de 
Phenicie,  1875 ;  Garrucci,  Arte  Crisliana,  1872-82,  vol.  iv. ;  De  Rossi, 
Musaici  Cristiani  di  Roma,  1872-82 ,  Parker,  Archaeology  of  Rome, 
and  Mosaic  Pictures  in  Rime  and  Ravenna,  1866;  Jouy,  Les  Mo- 
sdiques  chretiennes  de  Rome,  1857 ;  Gravina,  Duomo  di  Monreale, 
Palermo,  1859  sq. ;  Serradifalco,  Monreale  ed  altre  chiese  Sicuto-Nor- 
manne,  1838;  Salazaro,  Mon.  dell'  Arte  Merid.  d' Italia,  1882 ;  M.  D. 
Wyatt,  Geometrical  Mosaics,  of  the  Middle  Ages,  1849;  Salzenberg, 
Alt-Chi~istliche  Baudenkmale  von  Constantinopel,  1854 ;  Pulgher, 
Eglises  Byzantines  de  Constantinople,  1883 ;  Texier  and  Pullan,  By¬ 
zantine  Architecture,  1864 ;  Quast,  Alt-Christlichen  Bauwerke  von 
Ravenna,  1842 ;  De  Vogue,  Eglises  de  la  Terre  Sainle,  1860 ;  Milanesi, 
Del  Arte  del  Vetro  pel  Musaico,  16th  century  (reprinted  at  Bologna 
in  1864);  Rcfhault  de  Fleury,  Monuments  de  Pise,  1866;  Kreutz, 
Basilica  di  S.  Marco,  Venezia,  1843;  Gaily  Knight,  Ecclesiastical 
Architecture  of  Italy,  1842-4;  Fossati,  Aya  Sophia,  1852;  Didron, 
“La  Peinture  en  Mosaique,”  Gaz.  des  B.  Arts,  vol.  xi.,  p.  442; 
Gerspach,  La  Mosaique,  1883. 

Moslem.— Hessemer,  Arabische  und  Alt-Italienische  Bau-Verzier- 
ungen,  1853 ;  Prisse  d'Avennes,  II Art  Arabe,  1874-1880;  Prangey, 
Mosquie  de  Cordoue,  1830 ;  Owen  Jones,  Alluimbra,  1842 ;  De  Vogu£\ 
Temple  de  Jerusalem,  1864 ;  Texier,  Asie  Mineure,  1862,  and  V Ar- 
mtnie  et  la  Perse,  1842-52 ;  Bourgoin,  Les  Arts  Arabes,  1868 ;  Coste, 
Monumeiits  modemes  de  la  Perse,  1867 ;  Flandin  and  Coste,  Voyage 
en  Perse,  1843-54. 

Wood- Mosaic—  Tarsia.— Omati  del  Coro  di  S.  Pietro  Cassinense  di 
Perugia,  1830 ;  Caffi,  various  works  on  Rafaello  da  Brescia  and 
other  intarsiatori,  1851,  etc.;  Tarsie  ed  intagli  di  S.  Lorenzo  in 
Genova,  1878.  (j.  h.  m.) 

MOSCHELES,  Ignaz  (1794-1870),  one  of  the 
most  refined  and  accomplished  pianists  of  the  present 
century,  was  born  at  Prague,  30th  May,  1794,  and 
first  studied  music  at  the  Conservatorium  in  that  city 
under  the  direction  of  Dionys  Weber.  At  the  age  of 
fourteen  he  made  his  first  appearance  before  the  pub¬ 
lic  in  a  pianoforte  concerto  of  his  own  composition 
with  marked  success.  Soon  after  this  he  removed  to 
Vienna,  where  he  studied  counterpoint  under  Al- 
brechtsberger  and  composition  under  Salieri.  In  1814 
he  prepared,  with  Beethoven’s  consent,  the  pianoforte 
arrangement  of  Fidelio,  afterwards  published  by 
Messrs.  Artaria.  In  the  following  year  he  published 
bis  celebrated  Variationen  uber  den  Alexandermarscli , 
a  concert  piece  of  great  difficulty,  which  he  played 


with  so  great  effect  that  he  was  at  once  recognized  as 
the  most  brilliant  performer  of  the  day.  He  then 
started  on  a  tour,  during  the  course  of  which  lie 
visited  most  of  the  great  capitals  of  Europe,  making 
his  first  appearance  in  London  in  1822,  and  there  se¬ 
curing  the  friendship  of  Muzio  Clementi  and  John 
Cramer,  the  fathers  of  the  English  school  of  piano¬ 
forte  playing.  For  a  concert  given  by  the  latter  he 
wrote  his  famous  Hommage  a  Handel ,  a  duet  for  two 
pianofortes,  which  afterwards  became  a  lasting  favorite 
with  the  public.  His  reception  in  England  wras  suffi¬ 
ciently  encouraging  to  justify  his  return  in  1823,  when 
he  again  met  with  a  hearty  welcome.  During  a  visit 
to  Berlin  in  1824  he  first  became  acquainted  with 
Mendelssohn,  then  a  boy  of  fifteen ;  ana  a  friendship 
sprang  up  between  them  which  was  severed  only  by 
Mendelssohn’s  early  death. 

In  1826  Moscheles  relinquished  his  wandering  habits, 
and  settled  permanently  in  London,  surrounding  him¬ 
self  with  a  clientele  fully  capable  of  appreciating  his 
talents  as  an  artist  and  his  social  worth  as  a  firm  and 
loyal  friend.  His  position  was  henceforth  a  more  than 
ordinarily  enviable  one.  He  was  recognized  from  end 
to  end  of  Europe  as  a  virtuoso  of  the  highest  rank  ; 
and  his  popularity  both  as  a  performer  and  as  a 
teacher  was  based  on  grounds  which  effectually  se¬ 
cured  it  from  the  caprice  of  changing  fashion  or 
ephemeral  patronage.  He  was  undoubtedly  for  some 
considerable  time  the  greatest  executant  of  his  age ; 
but,  using  his  brilliant  touch  as  a  means  and  not  as  an 
end,  he  consistently  devoted  himself  to  the  further 
development  of  the  true  classical  school,  interpreting 
the  works  of  the  great  masters  with  conscientious 
fidelity,  and  in  his  extempore  performances,  which 
were  of  quite  exceptional  excellence,  exhibiting  a  fer¬ 
tility  of  invention  which  never  failed  to  please  the  most 
fastidious  taste. 

In  1837  Moscheles  conducted  Beethoven’s  Ninth 
Symphony  at  the  Philharmonic  Society’s  concerts 
with  extraordinary  success ;  and  on  this  and  other 
occasions  contributed  not  a  little,  by  his  skilful  use  of 
the  baton,  to  the  prosperity  of  the  time-honored  asso¬ 
ciation.  During  the  course  of  his  long  residence  in 
London  he  labored  incessantly  in  the  cause  of  art, 
playing  at  innumerable  concerts,  both  public  and 
private,  and  instructing  a  long  line  of  pupils,  who 
flocked  to  him,  in  unbroken  succession,  until  the  year 
1848,  when,  at  Mendelssohn’s  earnest  solicitation,  he 
removed  to  Leipsic,  to  carry  on  a  similar  work  at  the 
Conservatorium  then  recently  founded  in  that  city. 
In  this  new  sphere  he  worked  with  unabated  zeal  for 
more  than  twenty  years,  dying  10th  March,  1870. 

Moscheles’s  most  important  compositions  are  his  Piano¬ 
forte  Concertos,  Sonatas,  and  Studies;  his  Hommage  a 
Handel;  and  his  three  celebrated  Allegri  di  Bravura. 

MOSCHUS,  of  Syracuse,  is  one  of  the  Greek  bucolic 
poets;  he  was  a  friend  of  the  Alexandrian  grammarian 
Aristarchus  (about  200  B.c.).  His  chief  work  is  the 
epitaph  of  Bion  of  Smyrna,  another  of  the  bucolic 
poets,  who  seems  to  have  lived  in  Sicily.  It  is  prob¬ 
able  that  the  miscellaneous  collection  of  poems  which 
we  possess  by  the  three  poets  Theocritus,  Bion,  and 
Moschus  was  known  to  Artemidorus  in  200  B.C.  His 
poetry  is  the  work  of  a  well-educated  man  with  a 
trained  artistic  eye  ;  he  models  his  works  on  those  of 
Bion,  writing  epigrammatic,  epic,  and  idyllic  or  elegiac 
verses,  all  except  a  few  lines  being  in  hexameter  verse; 
but  he  treats  all  his  subjects  in  a  descriptive,  not  in  a 
narrative  or  an  epigrammatic  style.  Besides  the  epi¬ 
taph  of  Bion,  he  wrote  two  little  epic  poems,  “Eu- 
ropa”  and  “Megara,”  and  a  pretty  little  epigram, 
“Love  the  Runaway;”  and  a  few  short  pieces  of  his 
are  also  preserved.  They  are  written  with  much  ele¬ 
gance,  but  the  style  is  perhaps  too  refined  and  care¬ 
fully  wrought,  and  he  has  few  of  the  higher  qualities 
of  a  poet. 

MOSCOW,  a  government  of  Central  Russia, bounded 
by  Tver  on  the  N.W.,  Vladimir  and  Ryazan  on  the 


MOSCOW. 


883 


E. ,  Tula  and  Kaluga  on  the  S. ,  and  Smolensk  on  the 
W.,  and  having  an  area  of  12,847  square  miles.  The 
surface  is  undulating,  with  broad  depressions  occu¬ 
pied  by  the  rivers,  and  varies  in  elevation  from  500  to 
850  feet.  Moscow  is  situated  in  the  centre  of  the  so- 
called  Moscow  coal-basin,  which  extends  into  the 
neighboring  governments,  and  consists  of  limestones 
of. the  Upper  and  Lower  Carboniferous,  the  latter  con¬ 
taining  beds  ot  inferior  coal,  while  the  former  contains 
several  good  quarries  of  marble.  The  Carboniferous 
formation  is  covered  with  Jurassic  clays,  sandstones, 
and  sands,  which  yield  a  good  china-clay  at  Gjeli,  cop¬ 
peras,  a  sandstone  much  employed  for  building,  and  a 
white  sand  used  for  the  manufacture  of  glass.  The 
whole  is  thickly  covered  with  boulder-clay  and  allu¬ 
vial  sands. 

The  government  is  watered  by  the  Volga,  which  skirts  it 
for  a  few  miles  on  its  northern  boundary,  by  the  navigable 
Sestra,  which  brings  it  in  communication  with  the  canals 
leading  to  St.  Petersburg,  by  the  Oka,  and  by  the  Moskva. 
This  last  takes  its  origin  in  Smolensk,  and,  after  a  course 
of  280  miles  right  across  Moscow,  reaches  the  Oka  at 
Kolomna ;  it  is  navigable  from  the  town  of  Moscow.  The 
Oka  and  Moskva  from  a  remote  period  have  been  import¬ 
ant  channels  of  trade,  and  continue  to  be  so  notwithstand¬ 
ing  the  development  of  railways.  The  Oka  brings  the 
government  into  water  communication  with  the  Volga, 
whose  tributaries  cover  nearly  the  whole  of  Middle  and 
Eastern  Russia,  and  are  separated  by  short  land  distances 
from  the  Northern  Dwina  and  the  Don.  Large  quantities 
of  grain,  metals,  glassware,  skins,  and  other  commodities 
are  shipped  up  and  down  the  Moskva,  whilst  the  Myach- 
kovo  stone  quarries  situated  on  its  banks  supply  tiie  capital 
with  building  stone.  There  are  several  marshes,  mostly  in 
the  north,  where  also,  as  well  as  in  the  northeast,  notwith¬ 
standing  the  immense  consumption  of  wood  in  manufac¬ 
tures  and  for  use  in  the  capital,  extensive  forests  are  still 
found.  Very  large  supplies  of  timber  are  also  imported  by 
rail  or  river,  especially  from  the  adjoining  northeastern 
provinces.  The  soil  is  somewhat  unproductive,  the  aver¬ 
age  crops  ranging  from  to  4?  returns ;  agriculture  is  car¬ 
ried  on  everywhere,  but  only  two  districts  (Ruza  and 
Volskolamsk)  export  corn,  all  the  others  being  more  or  less 
dependent  on  extraneous  supplies.  The  agricultural  hold¬ 
ings  of  the  peasants  are  very  small,  and  their  condition  on 
the  whole  unsatisfactory.'  Grass  crops  have  some  im¬ 
portance  in  several  districts,  and  kitchen-gardening  is  an 
important  source  of  wealth  in  Vereya,  Dmitroff,  and 
Zvenigorod.  Cattle  are  not  extensively  reared,  but  the 
horse-breeding  industry  is  somewhat  important. 

The  population,  1,581,700  in  1864,  numbered  2,733,300  in 
1906,  one-third  being  urban.  They  are  nearly  all  Great1 
Russians,  and  belong  to  the  Greek  Church,  or  are  noncon¬ 
formists.  Many  are  employed  in  factories,  the  number  of 
which  in  1879  was  1546,  occupying  162,700  hands,  and 
having  an  annual  production  of  about  £20,000,000  sterling. 
These  figures  show  the  manufacturing  activity  of  Moscow 
to  be  greater  than  that  of  any  other  Russian  government, 
while  the  value  produced  is  upwards  of  one-fifth  of  the 
total  for  all  Russia  in  Europe,  including  Poland.  Cotton, 
woollen,  and  silk  goods  are  the  chief  products.  The  sani¬ 
tary  condition  of  the  factories  is  very  bad ;  the  number  of 
children  below  fifteen  years  employed  is  as  high  as  16  per 
cent.,  the  hours  of  daily  work  are  often  13  to  16,  and  the 
mortality  is  very  great.  The  total  income  obtained  by  the 
population  of  the  government  from  their  manufacturing 
industry  is  estimated  at  £485,600.  The  chief  income  of  the 
people  is  derived,  however,  from  a  variety  of  petty  indus¬ 
tries,  carried  on  in  their  villages  by  the  peasants,  who  con¬ 
tinue  at  the  same  time  to  cultivate  the  soil.  Taxation 
during  the  last  twenty  years  has  been  increasing  rapidly, 
and  in  some  parts  of  the  government  has  reached  an  average 
of  12  roubles  per  house.  The  chief  centres  of  trade  are 
Moscow,  Kolomna,  Serpuklioff,  Bogorodsk,  Serghievsk,  and 
Pavlovsk.  There  are  125  fairs.  Transport  is  much  facili¬ 
tated  by  railways,  and  by  good  highroads  radiating  from 
the  capital.  Moscow  is  divided  into  thirteen  districts,  the 
chief  towns  with  their  respective  populations  being— 
Moscow  (1,359,254),  Bogorodsk  (6600),  Bronnitsy  (3500),  Ruza, 
(4000),  Kolomna  (18,800).  Serpukhotf  (16,800),  Podolsk  (11,- 
000),  Zvenigorod  (7800),  Mojaisk  (4200),  Volokolamsk  (3000), 
Klin  (6700),  Dmitroff  (7600),  and  Vereya  (5500).  In  addi- 

1  According  to  recent  investigations  instituted  by  the  Moscow 
Drovincial  assembly,  10  per  cent,  of  the  agricultural  population 
(about  20  000  households)  have  no  land  at  all;  15  per  cent.,  while 
holding  land,  are  bankrupt ;  and  13  per  cent,  are  without  cattle  or 
Implements. 


tion  to  these  administrative  centres  may  be  mentioned 
Voskresensk  (6000),  Serghievski  Posad  (27,500),  in  the 
neighborhood  of  the  monastery  of  Troitsa,  a  rich  commer¬ 
cial  and  industrial  town,  and  Pavlovski  Posad  (4500). 
Many  of  the  villages  are  far  more  important  from  their 
industries  and  trade  than  the  district  towns. 

MOSCOW  (Russian,  MosJcva),  the  second  capital  of 
the  Russian  empire  and  chief  town  of  the  government 
and  district  of  the  same  name,  is  situated  in  55°  45'  N. 
lat,  and  37°  37/  E.  long.,  on  both  banks  of  the  river 
Moskva,  a  tributary  of  the  Oka,  at  its  confluence  with 
the  rivulet  Yauza.  The  popular  idea  is  that  Moscow 
is  built  on  seven  hills,  and  in  fact  the  city  covers 
several  eminences,  the  altitudes  of  its  different  parts 
varying  from  500  to  850  feet  above  the  level  of  the 
sea.  It  is  400  miles  from  St.  Petersburg,  813  from 
Archangel,  900  from  Ufa,  938  from  Astrakhan,  933 
from  Odessa,  and  811  from  Warsaw.  It  lies  to  the 
north  of  the  most  densely-peopled  parts  of  Russia 
(the  “  black-earth  region  ”),  whilst  the  country  to  the 
north  of  it  is  rather  thinly  peopled  as  far  as  the  Y olga, 
and  very  sparsely  beyond  that.  The  space  between 
the  middle  Oka  and  the  Volga,  however,  was  the  very 
cradle  of  the  Great-Russian  nationality  (Novgorod  and 
Pskov  excluded) ;  and  four  or  five  centuries  ago  Moscow 
had  a  quite  central  position  with  regard  to  this. 

The  present  city  measures  7  miles  from  north  to 
south,  and  9  miles  from  west-southwest  to  east-north¬ 
east,  and  covers  an  area  of  32  square  miles  (about  40 
when  the  suburbs  are  included).  In  the  centre,  on 
the  left  bank  of  the  Moskva,  stands  the  “  Kreml  ”  or 
Kremlin,  occupying  the  Borovitsky  hill,  which  in  the 
12th  century  was  covered  by  a  dense  forest.  To  the 
east  of  the  Kremlin  is  the  Kitay-Gorod,  formerly  the 
Great  Posad,  the  chief  centre  for  trade.  The  Byelyi- 
Gorod,  which  was  formerly  inclosed  by  a  stone  wall 
(whence  the  name),  surrounds  the  Kremlin  and  the 
Kitay-Gorod  on  the  west,  north,  and  northeast.  A 
line  of  boulevards  now  occupies  the  place  of  its  wall 
(destroyed  in  the  18th  century),  and  forms  a  first  circle 
of  streets  around  the  centre  of  Moscow.  The  Zem- 
lanoy-Gorod  (earthen  inclosure)  surrounds  the  Byelyi- 
Gorod,  including  the  “  Zamoskvoryechie  ”  on  the  right 
bank  of  the  Moskva.  The  earthen  wall  and  palisade 
that  formerly  inclosed  it  no  longer  exist,  their  place 
being  taken  by  a  series  of  broad  streets  with  gardens 
on  both  sides, — the  Sadovaya,  or  Garden  Street.  The 
fourth  inclosure  (the  “  Kamer-College  earthen  wall  ” ) 
was  made  during  the  reign  of  Catherine  II.  •  it  is  of 
irregular  shape,  and  incloses  the  outer  parts  of  Moscow, 
whilst  the  suburbs  and  the  villages  which  have  sprung 
up  on  the  highways  extend  4,  5,  and  6  miles  beyond. 
The  general  view  obtained  from  the  west  or  south  is 
very  picturesque,  especially  on  account  of  the  numer¬ 
ous  churches,  monasteries,  and  towers  with  character¬ 
istic  architecture,  and  the  many  gardens  and  ponds 
scattered  among  clusters  of  houses.  The  Kremlin  is 
an  old  fort  of  pentagonal  (nearly  triangular)  shape,  98 
acres  in  extent,  occupying  a  hill  about  100  feet  above 
the  level  of  the  Moskva.  It  is  inclosed  by  a  high 
stone  wall  2430  yards  in  length,  restored  during  the 
present  century,  and  having  eighteen  towers.  Its  five 
gates  are  surmounted  by  high  towers.  The  Spasskiya 
(Saviour’s  Gate)  was  erected  in  1491  by  a  Milanese 
architect,  the  Gothic  tower  that  surmounts  it  having 
been  added  in  1626  by  the  English  architect  Holloway. 
A  sacred  picture  of  the  Saviour  was  placed  upon  it  in 
1685,  and  all  who  pass  through  the  gate  must  uncover. 
The  towers  surmounting  the  four  other  gates  were 
erected  by  order  of  Ivan  III.  Of  the  sacred  buildings 
of  the  Kremlin  the  most  venerated  is  the  Uspensky 
cathedral.  The  former  church  of  this  name  was 
erected  in  1326  by  Ivan  Kalita,  but,  on  its  falling  into 
disrepair,  a  new  one  was  built  on  the  same  place  in 
1475-1479,  by  Fioraventi,  in  the  Lombardo-Byzantine 
style,  with  Indian  cupolas.  It  was  restored  in  the  1 8th 
century  and  in  1813.  It  contains  the  oldest  and  most 
venerated  holy  pictures  in  Russia,  one  of  which  is 
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attributed  to  the  metropolitan  Peter,  another  to  St. 
Luke.  This  last  was  brought  from  Kieff  to  Vladimir 
in  1155,  and  thence  to  Moscow  in  1395;  its  jewelled 
metallic  cover  is  valued  at  £20.000.  The  cathedral 
possesses  also  a  gate  brought  from  Korsuu,  the  throne 
of  Vladimir  L,  and  numerous  relics  of  saints,  some 
of  which  date  from  the  14th  century.  The  Russian 
metropolitans  and  patriarchs  were  consecrated  in  this 
cathedral,  as  well  as  the  czars  after  Ivan  IV.  The 
Arkhangelsk  cathedral  was  originally  built  in  1333, 
and  a  new  one  was  erected  in  its  place  in  1505.  It  has 
suffered  very  much  from  subsequent  restorations  and 
decorations.  It  contains  the  tombs  of  the  czars  from 
Simeon  (1353)  to  Ivan  Alexeevitch  (1696),  and  pos¬ 
sesses  vast  wealth.  The  Blagovyeschensk  cathedral, 
recalling  the  churches  of  Athos,  was  built  in  1489  ; 
the  remarkable  pictures  of  Rubleff  (1405),  contained 


in  the  original  structure  of  1397-1416,  have  been  pre¬ 
served.  It  was  the  private  chapel  of  the  czars. 
Vestiges  of  a  very  old  church,  that  of  the  Saviour  in 
the  Wood  {Spas  na  boiH ),  contemporaneous  with  the 
foundation  of  Moscow,  still  exist  in  the  yard  of  the 
palace.  A  stone  church  took  the  place  of  the  old 
wooden  structure  in  1330,  and  was  rebuilt  in  1527. 
Several  other  churches  of  the  15th  century^  with  valu¬ 
able  archaeological  remains,  are  found  within  the  walls 
of  the  Kremlin.  The  Voznesensky  convent,  erected 
in  1393,  and  recently  restored  with  great  judgment,  is 
the  burial-place  of  wives  and  sisters  of  the  czars.  The 
Chudoff  monastery,  erected  in  1365,  was  the  seat  of 
theological  instruction  and  a  state  prison.  Close  by, 
the  great  campanile  of  Ivan  Veliky,  erected  in  the 
Lombardo-Byzantine  style  by  Boris  Godunoff  jn  1600, 
rises  to  the  height  of  271  feet  (328  feet  including  the 
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cross),  and  contains  many  bells,  one  of  which  weighs 
1285  cwts.  The  view  of  Moscow  from  this  campanile 
is  really  wonderful,  and  its  gilded  cupola  is  seen  from 
a  great  distance.  Close  by  is  the  well-known  Tsar- 
Kolokol  (Czar  of  the  Bells),  60  feet  in  circumference 
round  the  rim,  19  feet  high,  and  weighing  3850  cwts. 
It  was  cast  in  1735,  and  broken  during  the  five  of  1737 
before  being  hung.  The  treasury  of  the  patriarchs 
(riznitsa)  contains  not  only  such  articles  of  value  as 
the  sakkos  of  the  metropolitan  Foty  with  70,000 
pearls,  but  also  very  remarkable  monuments  of  Russian 
archaeology.  The  library  has  500  Greek  and  1000  very 
rare  Russian  MSS.,  including  a  Gospel  of  the  8th 
century. 

The  great  palace  of  the  emperors,  erected  in  1849, 
is  a  fine  building  in  white  stone  with  a  gilded  cupola. 


It  contains  the  terems,  or  rooms  erected  for  the  young 
princes  in  1636  (restored  in  1836-1849,  their  former 
character  being  maintained),  a  remarkable  memorial 
of  the  domestic  life  of  the  czars  in  the  17th  century. 
In  the  treasury  of  the  czars,  Granovitaya  Palata  and 
Orujeynaya  Palata,  now  public  museums,  the  richest 
stores  connected  with  old  Russian  archaeology  are  found 
— crowns,  thrones,  dresses,  various  articles  of  house¬ 
hold  furniture  belonging  to  the  czars,  Russian  and 
Mongolian  arms,  carriages,  etc. 

The  four  sides  of  the  Senate  Square  are  occupied  by 
buildings  of  various  dates,  from  the  15th  century  on¬ 
wards.  The  senate,  now  the  law  courts,  was  erected 
by  Catherine  II.  Facing  it  is  the  arsenal,  containing 
full  ammunition  for  200,000  men. 

The  Temple  of  the  Saviour,  begun  In  1817  on  the 
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Vorobiovy  hills,  in  commemoration  of  1812,  wasaban- 1 
doned  in  1827,  and  a  new  one  was  built  during  the 
years  1838-1881  on  a  hill  on  the  bank  of  the  Moskva, 
at  a  short  distance  from  the  Kremlin.  Its  style  is  Lom- 
bardo-Byzantine,  with  modifications  suggested  by  the 
military  taste  of  Nicholas  I.  Its  colossal  white  walls 
are  well  proportioned,  and  its  gilded  cupolas  are  -seen 
from  a  great  distance.  The  buildings  that  surround  it 
are  to  be  cleared  away,  and  its  wide  squares  adorned 
by  obelisks,  and  by  monuments  to  Kutuzoff,  Barclay 
de  Tolly,  Alexander  I.,  and  Nicholas  I. 

The  Kitay-Gorod,  which  covers  121  acres,  and  has 
20,000  inhabitants,  is  the  chief  commercial  quarter  of 
Moscow.  It  contains  the  Gostinoy  Dvor,  consisting 
of  several  stone  -buildings  divided  into  1200  shops, 
where  all  kinds  of  manufactured  articles  are  sold.  The 
“Red  Square,’’  900  yards  long,  whose  stone  tribunal 
was  formerly  the  forum,  and  afterwards  the  place  of 
execution,  separates  the  Gostinoy  Dvor  from  the 
Kremlin.  At  its  lower  end  stands  the  fantastic  Pok¬ 
rovsky  cathedral  (usually  known  as  Vasili  Blajennyi), 
which  is  the  wonuer  of  all  strangers  visiting  Moscow, 
on  account  of  its  towers,  all  differing  from  each  other, 
and  representing  in  their  variety  of  colors,  pine-apples, 
melons,  and  the  like.  Tt  was  built  under  Ivan  the 
Terrible  by  an  Italian.  The  exchange,  built  in  1838 
and  restored  in  1873,  is  very  lively,  and  its  twenty- 
three  “  exchange  artels  ’  ’  (associations  of  nearly  2000 
brokers,  possessing  a  capital  of  more  than  £100,000) 
are  worthy  of  remark.  Banks,  houses  of  great  com¬ 
mercial  firms,  streets  full  of  old  bookshops  carrying 
on  a. very  large  trade,  and  finally  the  Tolkuchy  rynok, 
the  market  of  the  poorest  dealers  in  old  clothes,  oc¬ 
cupy  the  Kitay-Gorod,  side  by  side  with  restaurants 
of  the  highest  class.  In  the  Kitay-Gorod  are  also 
situated  the  house  of  the  Romanoff's,  rebuilt  in  1859 
in  exact  conformity  with  its  former  shape  ;  a  Greek 
monastery  ;  and  the  printing  office  of  the  synod,  con¬ 
taining  about  600  MSS.  and  10,000  very  old  printed 
books,  together  with  a  museum  of  old  typographical 
implements.  At  the  entrance  to  the  Kitay-Gorod 
stands  the  highly- venerated  chapel  of  the  Virgin  of 
Iberia,  which  isacopy,  made  in  1648,  of  a  holy  picture 

£  laced  on  the  chief  gate  of  the  monastery  of  Athos. 

lose  by  is  the  recently  opened  historical  museum, 
which,  will  contain  collections  respectively  illustrating 
separate  periods  of  Russian  history. 

The  northern  parts  of  the  Byelyi-Gorod  are  also 
the  centre  of  a  lively  trade.  Here  are  situated  the 
Okhotnyi  Ryad  (poultry  market)  and  the  narrow  streets 
Tverskaya  and  Kuznetsky-Most,  the  rendezvous  of 
the  world  of  fashion.  Here  also  are  the  theatres.  In 
the  southwest  of  the  Byelyi-Gorod,  opposite  the  garden 
of  the  Kremlin,  stand  the  university,  the  public  mu¬ 
seum,  and  the  military  riding  school. 

The  Zemlyanoy-Gorod,  which  has  arisen  from  vil¬ 
lages  that  surrounded  Moscow,  exhibits  a  variety  of 
characters.  In  the  neighborhood  of  the  railway  sta¬ 
tions  it  is  a  busy  centre  of  traffic ;  other  parts  of  it  are 
manufacturing  centres,  whilst  others, — as,  for  instance, 
the  small  quiet  streets  in  the  west  of  the  boulevard  of 
Prechistenka,  called  the  old  Konushennaya,  with  their 
wooden  houses  and  spacious  yards — are  the  true  abodes 
of  the  families  of  the  old,  for  the  most  part  decayed, 
but  still  proud  nobility.  The  Zamoskvoryechie,  on 
the  right  bank  of  the  Moskva,  is  the  abode  of  the 
patriarchial  merchant  families.  Each  house  is  sur¬ 
rounded  by  a  yard  whose  gate  is  rarely  opened,  and 
each  house,  with  its  dependencies  and  gardens,  bears 
the  character  of  a  separate  estate. 

The  climate  of  Moscow  is  cold  and  continental,  but 
healthy.  The  average  annual  temperature  is  40.1°  Fahr. 
(January,  14°  ;  July,  66.5°).  The  summer  is  warm  (64.2°), 
and  the  winter  cold  and  dry  (15.8°),  great  masses  of  snow 
covering  the  streets.  The  spring,  as  is  usually  the  case  in 
cold  continental  climates,  is  beautiful.  The  prevailing  winds 
are  southwest  and  south.  The  river  Moskva  is  frozen,  on 
the  average,  for  153  days  (from  12th  November  to  13th 
April). 


Besides  the  Moskva  and  the  Yauza,  Moscow  is  watered 
also  by  the  Negliunaya,  which  now  flows  in  au  underground 
channel  pnder  the  walls  of  the  Kremlin.  The  city  has 
about  200  ponds.  The  Moskva  is  crossed  by  five  bridges ;  a 
branch  of  it,  or  rather  a  channel,  makes  an  elongated  island 
in.  the  centre  of  the  town.  Water  of  excellent  quality, 
principally  from  the  Mytischi  springs  and  ponds,  11  miles 
distant,  is  led  to  fountains  in  different  parts  of  the  town, 
whence  it  is  taken  by  watermen.  But  this  supply  amounts 
only  to  1,865,000  gallons  a  day,  and  the  great  mass  of  the 
inhabitants  makfe  use  of  the  contaminated  water  of  the 
Moskva  and  even  of  the  Yauza,  or  of  private  wells. 

The  population  of  Moscow,  which  is  steadily  increasing, 
is  estimated  at  670,000 ;  but  an  accurate  census  has  not  yet 
been  made.  In  the  middle  of  the  18th  century  it  was  esti¬ 
mated  at  only  150,000 ;  in  1812,  at  250,000  in  summer  and 
400,000  in  winter.  In  1907  it  was  estimated  (probably  under 
the  truth)  at  1,359,426.  The  inhabitants  are  mostly  Great- 
Russians,  and  only  about  6000  are  foreigners.  They  chiefly 
belong  to  the  Greek  Church,  or  are  nonconformists,  the 
number  of  Lutherans  and  Catholics  being  only  8000  to 
9000.  The  mortality  is  very  great ;  in  1879  and  1880  it 
reached  37.9  and  41.8  per  thousand  (men  39.3;  women  43.9), 
and  usually  exceeds  the  birth-rate.  Moscow,  moreover,  is 
often  visited  by  epidemics  which  immensely  increase  the 
mortality,  in  consequence  of  the  almost  entire  absence  of 
sanitary  regulations.  Fires  are  very  frequent ;  within  ten 
years  (1870-1879)  they  numbered  2492,  the  loss  being  esti¬ 
mated  at  £2,865,300. 

Since  the  14th  century  Moscow  has  been  an  important 
commercial  city.  Its  merchants  carried  on  a  brisk  trade 
with  Novgorod  and  Pskov,  with  Lithuania,  Poland,  Hun¬ 
gary,  Constantinople,  Azoff,  and  Astrakhan.  About  the 
end  of  the  15th  century  its  princes  transported  to  Moscow, 
Vladimir,  and  other  Russian  towns  no  fewrer  than  18,000  of 
the  richest  Novgorod  merchant  families,  and  took  over  the 
entire  trade  of  that  city,  entering  into  direct  relations 
with  Narva  and  Livonia.  The  shops  of  the  Gostinoy  Dvors 
of  Moscow  astonished  foreign  visitors  in  the  16th  century 
by  their  large  supply  of  foreign  wares,  and  by  the  low 
prices  at  which  the  products  of  Western  Europe  were  sold, — 
a  circumstance  explained  by  the  barter  character  of  the 
trade.  The  annexation  of  Kazan  and  the  conquest  of  Si¬ 
beria  gave  a  new  importance  to  Moscow,  bringing  it  into 
direct  commercial  relations  with  Khiva,  Bokhara,  and 
China,  and  supplying  it  with  Siberian  furs.  The  fur-trade 
engrossed  the  minds  of  all  European  merchants  in  the  16th 
century,  and  an  English  company,  “  The  Mystery,”  having 
received  the  monopoly  of  the  Archangel  trade,  caused  the 
traffic  to  be  sent  by  the  White  Sea  instead  of  the  Baltic. 
Moscow  thus  became  the  centre  for  nearly  the  whole  trade 
of  Russia,  and  the  czar  himself  engaged  in  large  commercial 
operations.  All  boyars,  and  the  church  too,  were  traders; 
and  the  poorest  Moscow  merchants  participated  in  the  trade 
through  their  corporations.  Persians,  Greeks,  Armenians, 
Swedes,  English,  Germans,  and  Lithuanians  had  each  its 
own  Gostinoy  Dvor  (or  caravanserai.)  Situated  at  the 
junction  of  six  important  highways  (along  which  com¬ 
munication  was  maintained  by  special  yamshiks),  Moscow 
was  the  great  storehouse  and  exchange-mart  for  the  mer¬ 
chandise  of  Europe  and  Asia.  The  opening  of  the  port  at 
St.  Petersburg  affected  its  commercial  interest  unfavorably 
at  first ;  but  the  Asiatic  and  internal  trade  of  Moscow  has 
since  then  enormously  increased.  At  present  it  is  the  chief 
centre  of  railway  traffic.  The  revenue  of  its  custom-house 
was  in  1880  double  that  of  St.  Petersburg  (30,000,000  roubles, 
as  against  15,620,000  at  St.  Petersburg,  and  9,000,000  at 
Warsaw).  But  the  home  traffic  is  the  most  important 
branch  of  the  Moscow  trade.  The  city  is  the  chief  centre 
for  the  trade  in  grain,  in  hemp,  and  in  oils,  sent  to  the 
Baltic  ports;  in  tea,  brought  both  by  Siberia  and  by  St. 
Petersburg ;  in  sugar,  refined  there  in  large  quantities ;  in 
grocery  wares  for  the  supply  of  more  than  half  Russia  and 
all  Siberia ;  in  tallow,  skins,  wool,  metals,  timber,  wooden 
wares,  and  all  other  produce  of  the  manufactures  of  Middle 
Russia.  No  less  than  10,000,000  ewts.  of  corn  are  annually 
brought  to  Moscow,  half  of  which  is  sent  to  the  Baltic  ports. 
The  yearly  return  of  the  Moscow  trade  was  estimated  at 
£9,000,000  in  1848, — probably  only  a  half  or  a  third  of  the 
real  value,  which  is  believed  to  have  been  at  least  trebled 
since  that  time.  The  quantity  of  goods  carried  by  the  six 
railways  from  Moscow  to  St.  Petersburg,  Yaroslav,  Nijni, 
Ryazan,  Kursk,  and  Brest,  amounted  in  1878  to  162,343,500 
cwts.  (out  of  635,740,000  for  the  whole  of  Russia) ;  and  the 
number  of  passengers  was  8,637,890  (1,263,530  military)  out 
of  a  total  for  all  Russia  of  37,580,800  (civil  and  military)  in 
that  year. 

From  the  15th  century  onwards  the  villages  around 
Moscow  wrere  renowned  for  the  variety  of  small  trades  they 
carried  on ;  the  first  large  manufactures  in  cottons,  woollen 
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fabrics,  silk,  china,  and  glass  in  Great  Russia  appeared  at 
Moscow  in  the  17th  and  18th  centuries.  After  1830,  in  con¬ 
sequence  of  protection  tariffs,  the  manufactories  in  the 
government  of  Moscow  rapidly  increased  in  number ;  and 
at  present  two-thirds  of  them,  or  about  1000,  annually  pro¬ 
ducing  articles  to  the  value  of  upwards  of  £10,000,000  (the 
real  production  is  probably  much  higher),  are  concentrated 
in  the  capital.  There  are  at  Moscow  about  170  cotton-mills, 
90  manufactories  of  woollens,  and  70  of  silks,  the  silk  man¬ 
ufactured  being  chiefly  Caucasian,  although  a  good  deal  is 
also  imported  from  the  west ;  there  are  also  upwards  of  20 
large  tanneries,  50  tobacco-factories,  15  large  candle-works, 
70  larger  workshops  in  metals,  13  wax-candle  works,  30 
carriage  manufactories,  20  watch  manufactories. 

The  income  and  expenditure  of  Moscow  in  1882  were 
respectively  4,921,067  and  6,124,063  roubles,  as  compared 
with  4,730,724  and  5,490,433  in  1881. 

Moscow  has  many  educational  institutions  and  scientific 
societies.  The  university,  founded  in  1755,  exercised  a 
powerful  influence  on  the  intellectual  life  of  Russia  during 
the  years  1830-1848 ;  and  it  still  continues  to  be  the  most 
frequented  Russian  university.  In  1882  it  had  2430  students 
and  a  teaching  staff  of  334;  the  students  are  mostly  poor, 
the  sum  of  107,588  roubles  having  been  given  in  1881  in 
scholarships  to  854  of  their  number,  and  14,000  roubles  in 
the  form  of  occasional  assistance.  The  library  contains 
nearly  200,000  volumes,  and  has  rich  collections  in  miner¬ 
alogy,  geology,  and  zoology.  There  is  also  an  excellent 
higher  technical  school ;  and  an  agricultural  college  is  situ¬ 
ated  in  the  Petrovskove  suburb.  Moscow  has  also  a  theo¬ 
logical  academy,  a  commercial  academy,  a  school  of  topog¬ 
raphy,  an  institute  (of  Lazareff)  for  the  study  of  Oriental 
languages,  a  musical  conservatory,  four  institutes  for 
women,  a  free  university  for  women,  seven  colleges  for  boys 
and  three  for  girls,  three  corps  of  military  cadets,  very  nu¬ 
merous  primary  and  technical  schools,  and  many  private 
schools.  But  still  these  are  insufficient  for  the  population, 
and  the  municipal  schools  every  year  refuse  admission  to 
about  1500  boys  and  girls. 

The  scientific  societies  are  specially  distinguished  for  their 
services  in  the  exploration  of  the  country.  The  following 
deserve  particular  mention  :  the  society  of  naturalists 
(founded  in  1805) ;  the  society  of  Russian  history  and  an¬ 
tiquities,  which  has  published  many  remarkable  works ; 
the  society  of  amateurs  of  Russian  literature ;  the  physical 
and  medical  society;  the  mathematical  society  ;  the  society 
for  the  diffusion  of  useful  books ;  the  very  active  archaeo¬ 
logical  society,  founded  in  1864  ;  a  society  of  gardening  and 
of  agriculture ;  several  technical,  artistic,  and  musical  so¬ 
cieties  ;  and  the  very  active  young  society  of  the  friends  of 
natural  science,  which  already  has  published  many  useful 
volumes. 

Among  the  museums  of  Moscow,  the  museum,  formerly 
RumantsefFs,  now  connected  with  the  so-called  “public 
museum,”  occupies  the  first  rank.  It  contains  a  library  of 
150,000  volumes  and  2300  MSS.,  remarkable  collections  of 
old  pictures,  sculptures,  and  prints,  as  well  as  a  rich  min- 
eralogical  collection,  and  an  ethnographical  collection  rep¬ 
resenting  very  accurately  the  various  inhabitants  of  Rus¬ 
sia.  The  historical  museum  has  already  been  mentioned. 
The  private  museum  of  Prince  Golitzyn  contains  a  good 
collection  of  paintings  and  MSS. ;  and  great  treasures  of 
archaeology  are  amassed  in  various  private  collections  in 
Moscow  and  its  suburbs. 

The  periodical  press  does  not  on  the  whole  exercise  great 
influence;  twenty-five  periodicals  are  published,  besides 
those  of  scientific  societies.  But  Moscow  publishes  a  far 
larger  number  of  books  for  primary  instruction  and  of  the 
humblest  kind  of  literature  and  prints  for  the  use  of  peas¬ 
ants  than  any  other  Russian  city. 

The  philanthropic  institutions  are  numerous,  the  first 
rank  being  occupied  by  the  immense  Foundlings’  Hospital, 
erected  in  1764.  The  hospitals,  municipal,  military,  and 
private,  are  very  large,  but  much  below  the  standard  of 
other  capitals.  The  number  of  private  philanthropic  insti¬ 
tutions  is  very  considerable. 

Though  the  drama  was  introduced  into  Russia  at  Kieff, 
Moscow  was  the  place  of  its  development.  The  earliest 
stage  representations  were  made  at  Moscow  in  1640,  and 
the  first  comedy — a  translation  of  Moliere’s  Medecin  Malgre 
Lui — was  played  in  the  palace  before  Sophie,  the  sister  of 
Peter  I.  It  was  only  in  1759  that  a  theatre  was  erected. 
A  large  stone  theatre  was  erected  in  1776,  and  rebuilt  in 
1856  after  a  fire.  It  is  for  the  Moscow  stage  that  the  best 
Russian  dramas  have  been  written,  and  it  was  in  the  “  small 
theatre  ”  that  the  best  Russian  actors — Schepkin,  Sadovsky, 
Shumsky,  and  Madame  Vasilieff — exhibited  the  comedies 
of  Gogol,  Griboyedoff,  and  Ostrovsky. 

Moscow,  where  the  Great-Russian  language  is  spoken  in 
its  greatest  purity,  was  the  birthplace  of  the  two  chief  Rus¬ 


sian  poets;  Pushkin  and  Lermontoff,  as  well  as  of  Griboye¬ 
doff,  Ostrovsky,  and  Herzen.  A  monument  to  Pushkin  was 
erected  in  1880,  on  the  Tverskoy  boulevard.  Griboyedoff, 
in  his  remarkable  comedy  Gor'e  ot  uma,  has  given  a  lively 
picture  of  the  higher  Moscow  society  of  the  beginning  of 
this  century,  which  continued  to  hold  good  until  within 
the  last  few  years.  His  remark  as  to  the  unmistakable  in¬ 
dividuality  of  the  Moscow  type  also  maintains  its  truth  ; 
although  the  physiognomy  of  Moscow  has  much  changed 
since  his  day,  it  still  has  its  special  features  that  distinguish 
it  from  every  other  capital.  The  division  of  classes  is 
much  more  felt  at  Moscow  than  elsewhere.  The  tendency 
towards  originality,  the  love  of  grandiose  undertakings,  a 
kind  of  brag,  together  with  little  feeling  of  independence,  a 
good  deal  of  laziness,  and  much  cordiality,  still  characterize 
the  educated  classes.  The  merchants  live  quite  aloof  from 
any  political  or  even  intellectual  movement,  under  a  rude 
patriarchal  system,  well  described  in  the  dramas  of  Os¬ 
trovsky.  A  large  proportion  of  them  are  non-conformists. 
Their  sons,  the  well-known  kupecheskiye  synki,  “  mer¬ 
chants’  sons,”  when  they  leave  this  kind  of  life,  astonish 
the  capital  with  their  extravagances  and  absurd  display  of 
wealth.  But  Moscow  takes  its  present  physiognomy  chiefly 
from  its  busy  lower  classes.  The  streets  are  full  of  mer¬ 
chants  and  peasants,  who  continue  to  wear  the  old  Russian 
garb,  go  on  foot  in  the  streets,  drink  tea  in  modest  restau¬ 
rants,  and  transact  large  business.  From  being  a  town  of 
the  aristocracy,  Moscow  is  coming  to  be  more  and  more  a 
town  of  the  wealthy  middle  classes,  who  persist  in  keeping 
the  low  educational  level  of  the  peasants  in  the  villages, 
and  have  but  one  aspiration,  to  become  in  their  turn  “  mer¬ 
chants  ’’  of  the  type  described  by  Ostrovsky. 

Suburbs. — Moscow  is  surrounded  by  beautiful  parks  and 
picturesque  suburbs.  Of  the  former  one  of  the  most  fre¬ 
quented  is  the  Petrovsky  Park,  to  the  northwest.  A  little 
farther  out  is  the  Petrovskoye  Razumovskoye  estate,  with 
an  agricultural  academy  and  its  dependencies  (botanical 
garden,  experimental  farm,  etc.).  Another  large  park  and 
wood  surround  an  imperial  palace  in  the  village  of  Ostan¬ 
kino.  The  private  estates  of  Kuzminki,  Kuskovo,  and 
Kuntzevo  are  also  surrounded  by  parks ;  the  last  has  re¬ 
mains  of  a  very  old  graveyard,  supposed  to  belong  to  the 
pagan  period.  Twenty-eight  miles  westward  from  the  city 
is  the  Savvin-Storojevsky  monastery,  situated,  like  so  many 
other  Russian  monasteries,  in  a  very  fertile  country,  amidst 
beautiful  forests ;  it  has  a  pretty  cathedral,  a  rich  treasury, 
and  library.  Farther  westward  still  is  the  New  Jerusalem 
monastery  erected  by  the  patriarch  Nikon. 

In  the  southwest,  on  the  right  bank  of  the  Moskva,  which 
here  makes  a  great  bend  to  the  south,  are  the  Vorobiovy 
hills,  which  are  accessible  by  steamer  from  Moscow,  and 
afford  one  of  the  best  views  of  the  capital.  In  the  bend  of 
the  Moskva  is  situated  the  Novo-Dyevitchiy  convent, 
erected  in  1525,  and  connected  with  many  events  of  Russian 
history.  It  is  now  the  burial-place  of  the  Moscow  aristoc¬ 
racy,  and  one  of  the  richest  nunneries  in  Russia.  The  vil¬ 
lage  Arkhangelskoye  has  also  a  good  park  and  a  palace  built 
by  Rastrelli.  Iliynskoye,  formerly  a  private  estate,  was  pur¬ 
chased  by  the  imperial  family  in  1864. 

In  the  south,  on  the  road  to  Serpukhoff,  is  the  village  of 
Kolomenskoye,  the  residence  of  Alexis  Mikhailovitch,  with 
a  church  built  in  1531  (a  striking  monument  of  Russian 
architecture,  restored  in  1880).  Diakovo  has  also  a  church 
built  in  the  16th  and  17th  centuries — a  pure  example  of  the 
architecture  of  Moscow,  recalling  the  temple  of  Vasili  Bla- 
jennyi.  One  of  the  best  sites  in  the  neighborhood  of  Mos¬ 
cow  is  occupied  by  the  park  of  Tsaritzyno  (11  miles  from 
the  Kursk  railway  station),  purchased  by  Catherine  II., 
with  an  unfinished  palace  and  a  beautiful  park.  The  mon¬ 
astery  Nikolo-Ugryeshskiy,  12  miles  from  the  city,  between 
the  Kursk  and  Ryazan  railways,  also  occupies  a  beautiful 
site,  and  is  much  visited  by  Moscow  merchants,  to  venerate 
a  holy  picture  by  which  Dmitry  Donskoy  is  said  to  have 
been  blessed  before  going  to  fight  the  Mongols. 

In  the  north,  the  forest  of  Sokolniki,  covering  4J  square 
miles,  with  its  radial  alleys  and  numerous  summer  resi¬ 
dences,  is  the  part  of  Moscow  most  frequented  by  the  mid¬ 
dle  classes.  Close  by,  towards  the  east,  is  situated  the  Pre- 
obrajenskoye  suburb,  the  centre  of  the  nonconformists,  and 
farther  south  the  village  of  Izmailovo,  with  a  home  for  in¬ 
valids  and  a  model  farm  for  apiculture.  To  the  west  of 
Sokolniki  is  situated  the  wood  of  Mariina,  the  favorite  re¬ 
sort  of  the  merchants  and  “  merchants’  sons,”  who  there 
spend  fabulous  sums  of  money  on  choirs  of  Gipsy  singers. 

History. — The  Russian  annals  first  mention  Moscow  in 
1147  as  a  place  where  Yuri  Dolgoruki  met  with  Svyatoslav 
of  Syeversk  and  his  allies.  The  site  was  inhabited  from  a 
very  remote  antiquity  by  the  Merya  and  Mordvinians, 
whose  remains  are  numerous  in  the  neighborhood,  and  it 
was  well  peopled  by  Great-Russians  in  the  12th  century. 
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To  the  end  of  the  13th  century  Moscow  remained  a  depen¬ 
dency  of  the  princes  of  Vladimir,  and  had  to  suffer  from  the 
raids  of  the  Mongols,  who  burned  and  plundered  it  in  1237 
and  1293.  It  is  only  under  the  rule  of  Daniil,  son  of  Alex¬ 
ander  Nevsky  (1261-1302),  that  the  prince  of  Moscow  ac¬ 
quired  some  importance  for  the  part  he  took  in  the  wars 
against  the  Lithuanians.  He  annexed  to  his  principality 
Kolomna,  situated  at  the  confluence  of  the  Moskva  with  the 
Oka.  His  son  in  1302  annexed  Pereyaslavl  Zalessky,  and 
next  year  Mojaisk  (taking  thus  possession  of  the  Moskva 
from  its  head  to  its  mouth),  and  so  inaugurated  a  policy 
which  lasted  for  centuries,  and  consisted  in  the  annexation 
by  purchase  and  other  means  of  the  neighboring  towns  and 
villages.  In  1300  the  Kremlin,  or  fort,  was  inclosed  by  a 
strong  wall  of  earth  aud  wood,  offering  a  protection  to  nu¬ 
merous  emigrants  from  the  Tver  and  Ryazan  principalities 
who  went  to  settle  around  the  new  city.  Under  John  Kalita 
(1325-1341)  the  principality  of  Vladimir — where  the  princes 
of  Kieff  and  the  metropolitan  of  Russia  had  taken  refuge 
after  the  wars  that  desolated  Southwestern  Russia — became 
united  with  Moscow ;  and  in  1325  the  metropolitan  Peter 
established  his  seat  at  Moscow,  giving  thus  a  new  impor¬ 
tance  and  a  powerful  support  to  the  young  principality.  In 
1367  the  Kremlin  was  inclosed  by  stone  walls,  which  soon 
proved  strong  enough  to  resist  the  Lithuanians  under  01- 
gerd  (1368  and  1371).  The  son  and  grandson  of  Kalita 
steadily  pursued  the  same  policy.  The  latter  (Dmitry 
Donskoy)  annexed  the  dominions  of  Starodub  and  Rostoff, 
and  took  part  in  the  renowned  battle  of  Kulikovo  (1380), 
where  the  Russians  ventured  for  the  first  time  to  oppose  the 
Mongols  in  a  great  pitched  battle.  The  church,  which 
strongly  supported  the  princes  of  Moscow,  ascribed  the 
presumed  victory  to  him  and  to  the  holy  pictures  of  the 
Moscow  monasteries. 

At  this  time  Moscow  occupied  a  wide  area  covered  with 
villages.  The  Kremlin  had  three  cathedrals — old,  small, 
and  dark  buildings,  having  narrow  windows  filled  with 
mica-plates — which  were  surrounded  by  the  plain  wooden 
houses  of  the  prince  and  his  boyars.1  To  the  east  of  the 
Kremlin  was  the  posad,  or  city,  also  inclosed  by  a  wall,  and 
tiven  then  an  important  centre  for  trade.  Different  parts 
of  the  town  belonged  to  different  princes.  In  1366  Moscow 
suffered  from  pestilence.  Two  years  after  the  battle  of 
Kulikovo  it  was  taken  and  plundered  (for  the  last  time)  by 
the  khan  (Toktamish). 

The  gradual  increase  of  the  principality  continued  during 
the  first  half  of  the  15th  century,  and  at  the  death  of  Vasili 
II.  the  Blind,  in  1462,  it  included  not  only  the  whole  of 
what  is  now  the  government  of  Moscow,  but  also  large  parts 
of  the  present  governments  of  Kaluga,  Tula,  Vladimir, 
Nijni-Novgorod,  Kostroma,  Vyatka,  Vologda,  Yaroslav, 
and  Tver.  Still  the  prince,  although  assuming,  like  several 
others,  the  title  of  Great  Prince,  had  simply  a  little  more 
influence  than  other  independent  rulers  in  the  affairs  of 
Northeastern  Russia,  and  was  recognized  as  the  eldest  prince 
by  the  khans.  The  towns  which  recognized  his  supremacy 
were  quite  independent,  and  only  paid  to  his  representatives 
the  judiciary  taxes,  in  exchange  for  military  protection, 
ft  is  only  under  Ivan  III.  (called  the  Great  by  some  Russian 
historians)  that  the  prince  of  Moscow  asserted  his  claims  on 
other  parts  of  Russia,  and  called  himself  “  Ruler  of  all  Rus¬ 
sia  ”  ( Hospodar  vseya  Rosii).  It  was  about  this  time,  when 
the  wealth  of  Moscow  was  rapidly  increasing  by  the  exten¬ 
sion  of  its  trade,  that  the  embellishment  of  the  town  began. 
In  room  of  the  old  cathedral  Uspensky,  a  new  structure 
was  built  by  Fioraventi  of  Bologna,  aided  by  Novgorod 
masons.  The  cathedral  Arkhaugelsky  was  also  rebuilt,  and 
i  third,  Blagovyeschensky,  was  erected,  as  well  as  a  stone 
palace  aud  other  buildings.  The  Kremlin  was  fortified  by 
strong  towers,  and  the  houses  and  churches  built  close  to 
the  walls  were  destroyed.  In  1520  Moscow  was  said  to  con¬ 
tain  45,000  houses  and  100,000  inhabitants.  Its  trade  was 
very  active.  Ivan  IV.  finally  annexed  Novgorod  and  Pskov 
to  Moscow,  and  subdued  Kazan  and  Astrakhan.  But  after 
this  reign  Moscow  suffered  for  a  long  time  a  series  of 
misfortunes.  In  1547  two  dreadful  conflagrations  de¬ 
stroyed  nearly  all  the  city,  and  a  few  days  later  the  khan 
of  the  Crimea  advanced  against  it  with  100,000  men.  He 
was  compelled  to  retire  from  the  banks  of  the  Oka,  but  in 
1571,  taking  advantage  of  the  state  into  which  Russia  was 
brought  by  the  extravagances  of  Ivan,  he  took  Moscow  and 
burned  all  the  town  outside  the  Kremlin.  The  gates  of  the 
Kremlin  having  been  shut,  thousands  of  people  died  in  the 
flames,  and  the  annals  record  that  of  the  200,000  who  then 
formed  the  population  of  Moscow,  only  30,000  remained. 
In  1591  the  Mongols  were  again  in  Moscow  and  avenged 

1  The  name  of  boyars,  or  bolars,  was  given  to  the  descendants  of 
the  former  military  bands  of  the  princes,  who  had  become  coun¬ 
sellors  and  landowners. 


their  repulse  from  the  Kremlin  on  the  inhabitants  of  the 
open  town. 

By  the  end  of  the  16th  century  Moscow  was  a  large  city, 
not  less  than  14  miles  in  circumference.  The  “  Great 
Posad,”  or  city,  containing  several  Gostinoy  Dvors  for  mer¬ 
chants  of  all  nationalities,  was  inclosed  in  1534  by  a  trench 
and  stone  wall,  which  still  exist.  The  “  White  Town  ” 
which  inclosed  the  Kremlin  and  Great  Posad  from  west 
and  north  was  also  fortified,  in  1586,  by  a  stone  wall  (de¬ 
stroyed  in  the  18th  century) ;  and  in  1588  a  third  inclosure, 
a  palisaded  earthen  wall,  the  Zemlyanoy-Gorod,  was  begun, 
including  all  the  town  that  surrounded  the  three  former 
subdivisions ;  it  remained  until  the  end  of  the  18th  century. 
Foreigners  who  visited  Moscow  spoke  with  astonishment 
of  its  wealth  and  its  beauty.  But  the  internal  affairs  of  the 
capital  were  in  very  bad  case.  During  the  century,  owing 
to  the  increase  of  population,  new  annexations,  and  a  lively 
trade,  the  power  of  the  boyars  had  gradually  increased. 
The  peasants  who  settled  on  their  lands,  or  on  the  estates 
of  the  prince  given  to  boyars,  had  gradually  become  their 
serfs ;  and  the  political  tendency  of  the  boyars,  supported 
by  the  wealthier  middle  classes  (which  had  also  a  rapid  de¬ 
velopment  in  the  same  century),  was  to  become  rulers  of 
Russia,  like  the  noblesse  of  Poland.  During  the  reign  of 
Theodore,  Boris  Godunoff,  the  regent,  ordered  the  murder 
of  the  heir  to  the  throne,  Demetrius,  son  of  Ivan  IV.,  and 
himself  became  czar  of  Russia.  Moscow  suffered  severely 
in  the  struggle  which  ensued,  especially  when  the  populace 
arose  and  exterminated  the  Polish  garrison,  on  which  occa¬ 
sion  the  whole  of  the  town  outside  the  Kremlin  was  again 
burned  and  plundered.  But  in  compensation  it  had  acquired 
in  the  eyes  of  the  nation  a  greatly-increased  moral  import¬ 
ance,  as  a  stronghold  against  foreign  invasions.  The  mon¬ 
astery  of  Troitsa,  which  the  Poles  besieged  without  taking, 
was  invested  with  a  higher  sanctity.  The  town  also  by  and 
by  recovered  its  commercial  importance,  and  this  the  more 
as  other  commercial  cities  were  ruined,  or  fell  into  the 
hands  of  foreigners ;  and  thirty  years  after  1612  Moscow 
was  again  a  wealthy  city.  Owing,  however,  to  the  ever- 
increasing  concentration  of  power  in  the  hands  of  the  czars, 
and  the  steady  development  of  autocracy,  it  lost  much  of 
its  political  importance,  and  assumed  more  and  more,  espe¬ 
cially  under  Alexis  Mikhailovitch,  the  character  of  a  private 
estate  of  the  czar,  its  suburbs  becoming  mere  dependencies 
of  his  vast  household. 

During  the  whole  of  the  17th  century  Moscow  continued 
to  be  the  scene  of  many  troubles  and  internal  struggles. 
The  people  several  times  revolted  against  the  favorites  of  the 
czar,  and  were  subdued  only  by  cruel  executions,  in  which 
the  streltzy — a  class  of  citizens  and  merchants  rendering 
hereditary  military  service — supported  the  czar.  Afterwards 
appeared  the  raskol  or  nonconformist  movement,  «and  in 
1648,  when  the  news  spread  that  Stenka  Razin  was  advanc¬ 
ing  on  Moscow  “  to  settle  his  accounts  with  the  boyars,”  the 
populace  was  kept  from  rising  only  by  severe  repressive 
measures  and  by  the  defeat  of  the  invader.  Later  on,  the 
strdtsy  themselves  engaged  in  a  series  of  rebellions,  which 
led  the  youthful  Peter  I.  to  shed  rivers  of  blood.  The  oppo¬ 
sition  encountered  at  Moscow  by  his  plans  of  reforming 
Russia  according  to  his  ideal  of  military  autocracy,  the  con¬ 
spiracies  of  the  boyars  and  merchants,  the  distrust  of  the 
mass  of  the  people,  all  compelled  him  afterwards  to  leave 
the  city,  and  to  seek,  as  his  ancestors  had  done,  for  a  new 
capital.  This  he  founded  on  the  very  confines  of  the  mili¬ 
tary  empire  he  was  trying  to  establish. 

In  the  course  of  the  18th  century  Moscow  became  the  seat 
of  a  passive  and  discontented  opposition  to  the  St.  Peters¬ 
burg  Government.  Peter  I.,  wishing  to  see  Moscow  like 
other  capitals  of  Western  Europe,  ordered  that  only  stone 
houses  should  be  built  within  the  walls  of  the  town,  that 
the  streets  should  be  paved,  and  so  on  ;  but  his  orders  were 
only  partially  executed.  In  1722  the  Kremlin  was  restored. 
In  1739  the  city  became  once  more  the  prey  of  a  great  con¬ 
flagration;  two  others  followed  in  1748  and  1753,  and  gave 
an  opportunity  for  enlarging  some  streets  and  squares.  In 
1755  the  first  Russian  university  was  founded  at  Moscow. 
Catherine  II.  tried  to  conciliate  the  nobility,  and  applied 
herself  to  benefit  the  capital  with  new  and  useful  buildings, 
such  as  the  senate  house,  the  foundlings’  and  several  other 
hospitals,  salt  stores,  etc.  The  cemeteries  within  the  town 
were  closed  after  the  plague  of  1771 ;  several  streets  were 
enlarged,  aud  the  squares  cleared  of  the  small  shops  that 
incumbered  them.  Water  was  brought  by  an  aqueduct 
from  the  Mytischi  villages.  In  1787  the  city  had  303 
churches,  24  monasteries  and  convents,  8965  houses  (of 
which  1595  were  of  stone),  one  printing  office,  and  314  manu¬ 
factories  and  larger  workshops. 

The  last  public  disaster  was  experienced  by  Moscow  in 
1 812.  On  13th  September,  six  days  after  the  battle  of  Boro¬ 
dino,  the  Russian  troops  evacuated  Moscow,  leaving  11,000 
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•wounded,  and  the  next  day  the  French  occupied  {the  Krem¬ 
lin.  The  same  night,  while  Napoleon  was  waiting  for  a 
deputation  of  Moscow  notables,  and  received  only  a  depu¬ 
tation  of  the  rich  raskolnik  merchants,  the  capital  was  set  on 
fire  by  its  own  inhabitants,  the  Gostinoy  Dvor,  with  its 
stores  of  wine,  spirits,  and  chemical  stuffs,  becoming  the 
first  prey  of  the  flames.  The  inhabitants  abandoned  the 
city,  and  it  was  pillaged  by  the  French  troops,  as  well  as  by 
Kussians  themselves,  and  the  burning  of  Moscow  became 
the  signal  of  a  general  rising  of  the  peasants  against  the 
French.  The  want  of  supplies  and  the  impossibility  of  win¬ 
tering  in  a  ruined  city,  continually  attacked  by  Cossacks 
and  peasants,  compelled  Napoleon  to  leave  Moscow  on  19th 
October,  after  he  had  unsuccessfully  tried  to  blow  up  certain 
parts  of  the  Kremlin.  (P.  a.  k.) 

MOSELLE.  See  Rhine. 

MOSER,  Johann  Jakob  (1701-1785),  jurist,  was 
born  at  Stuttgart  on  18th  January,  1701.  He  studied 
at  the  university  of  Tubingen,  where,  at  the  early  age 
of  nineteen,  he  became  professor  extraordinarius  of 
law.  A  year  later  he  resigned  his  chair,  with  the  ex¬ 
pectation  of  receiving  an  appointment  at  Vienna,  but 
this  was  refused  him  on  his  declining  to  join  the  Cath¬ 
olic  Church.  From  1729  he  for  some  years  held  an 
ordinary  professorship  of  law  at  Tubingen,  and  in  1736 
he  accepted  a  chair  and  directorship  in  the  university 
of  Frankfort-on-the-Oder.  On  account,  however,  of 
differences  with  King  Frederick  William  I.  of  Prussia, 
he  resigned  these  in  1739  and  retired  to  Ebersdorf,  a 
village  in  the  principality  of  Reuss,  where  for  several 
years  he  devoted  himself  wholly  to  study,  and  especially 
to  the  production  of  his  Deutsches  Staatsrecht.  In  1751 
he  was  called  back  to  Wiirtemberg  as  “  landschafts- 
consulent,”  and  in  1759  was  imprisoned  atHohentwiel 
on  account  of  the  steps  he  had  taken  in  connection 
with  this  office  against  certain  tyrannical  proceedings 
of  the  duke.  In  1764  he  received  his  liberty  and  was 
restored  to  office,  but  from  that  time  took  little  part  in 
political  affairs.  He  died  30th  September,  1785. 

Moser  was  the  first  to  discuss  in  an  adequate  form  the  sub¬ 
ject  of  European  international  law,  and  he  is  the  most  volu¬ 
minous  German  writer  on  public  law.  In  all,  he  wrote  more 
than  500  volumes,  his  principal  works  being  Deutsches  Staats¬ 
recht,  1737-1754 ;  Neues  Deutsches  Staatsrecht,  1766-1775 ; 
Deutsches  Staatsarchiv, 1751-1757 ;  Grundriss  der  heutigen  Staats- 
cerfassung  von  Deutschland,  1754.  See  Schmid,  Das  Leben  J.  J. 
Moser’s,* 1868;  Schulze,  J.  J.  Moser,  der  Vater  des  Deutschen 
Staatsrechts,  1869. 

MOSES.  Of  the  life  of  Moses  we  have  few  certain 
details,  though  the  history  of  Israel  bears  witness  to 
the  importance  of  his  work.  To  what  has  been  said 
under  Israel  there  will  here  be  added  a  brief  sum¬ 
mary  of  what  has  been  handed  down  about  him.  His 
origin  and  the  history  of  his  childhood  can  be  read  in 
Exod.  i.,  ii.  (comp.  vi.  16  sq.) ;  the  statements  there 
given  are  enlarged  and  modified  in  the  Jewish  Midrash, 
particularly  as  we  find  it  in  Josephus  and  Philo.1  The 
daughter  of  Pharaoh,  we  are  told,  was  called  Ther- 
mutis  {Ant,  ii.  9,  5),  or  Merris  (Euseb.,  Prasp.  Em., 
ix.  27) ;  she  named  the  boy  M uvaijg,  not  because  she 
used  the  Hebrew  verb  rttyD  to  express  the  fact  that  he 
was  drawn  out  of  the  water,  but  because  the  Egyp¬ 
tian  word  for  water  was  fun,  and  varjQ  applies  to  those 
who  have  been  delivered  from  it  {Ant.,  ii.  9,  6 ;  comp. 
Philo,  ed.  Mangey,  ii.  83  ;  Euseb.,  l.c.,  ix.  28).  She 
took  care  to  have  him  trained  in  all  the  wisdom  of  the 
Egyptians  (Acts  vii.  22)  and  in  that  of  the  Greeks, 
Assyrians,  and  Chaldaeans  as  well  (Philo,  ii.  84).  To 
his  great  intellectual  endowments  corresponded  his 
personal  beauty,  of  which  Josephus  speaks  in  extrava¬ 
gant  terms  {Ant.,  ii.  9,  6-7).  It  was  on  account  of 
this  beauty  that,  when  on  one  occasion,  as  a  young 
man,  he  led  an  Egyptian  army  against  Meroe,  the 
Ethiopian  princess  Tnarbis  opened  the  gates  of  the 
capital  to  him  in  order  to  make  him  her  husband  {Ant. , 
ii.  10;  comp.  Numb.  xii.  1). 

For  reasons  explained  in  Exod.  ii.  11  sq.,  Moses  left 
the  land  of  Pharaoh  and  came  to  Midian  to  the  Kenite 

1  In  still  more  fantastic  form  in  the  Palestinian  Targum  on 
Exodus,  the  details  of  which  need  not  be  repeated  here. 


I  priest  Jethro  (also  called  Hobab  Ben  Raguel  and 
|  Raguel),  whose  daughter  Zipporah  he  married,  be¬ 
coming  by  her  the  father  of  two  sons,  Gershom  and 
Eliezer  (Exod.  ii.  21  sq. ;  xviii.  2  sq.).  During  his 
stay  in  Midian  he  received,  at  the  foot  of  Sinai  (Horeb), 
the  divine  revelation  at  the  burning  bush  whereby  he 
was  called  to  become  the  liberator  of  Israel  from  Egyp¬ 
tian  bondage.  With  much  reluctance  he  at  last  ac¬ 
cepted  this  vocation,  and,  already  expected  by  his 
brother  Aaron  and  the  elders,  returned  to  his  people.2 
Arrived  in  Egypt,  he  associated  Aaron  with  him  as  his 
interpreter,  being  himself  no  orator,  but  a  man  of  coun¬ 
sel  and  action,  and  appeared  before  Pharaoh  to  demand 
of  the  king  in  Jehovah’s  name  permission  for  the 
people  to  go  with  flocks  and  herds  into  the  wilderness 
to  celebrate  there  a  festival  (the  spring  festival  of  the 
Passover)  in  honor  of  their  God.  Jehovah  gave  em¬ 
phasis  to  the  demand  by  great  signs  and  wonders, — 
the  plagues  of  Egypt,  which  have  their  explanation 
for  the  most  part  in  evils  to  which  Egypt  is  periodi¬ 
cally  liable,  but  are  treated  by  Israelite  tradition  as  the 
weapons  of  Jehovah  in  his  ever-intensifying  conflict 
.with  the  king  and  the  gods  of  Egypt.  At  length,  by 
the  slaying  of  the  first-born,  the  stubbornness  of  Pha¬ 
raoh  was  broken,  so  that  he  consented  to,  and  even  urged 
the  departure  of  the  Hebrews.  By  and  by,  however, 
he  changed  his  mind,  and,  setting  out  in  pursuit  of  the 
Hebrews,  overtook  them  at  the  Red  Sea ;  but  Jehovah 
fought  for  them,  and  annihilated  Pharaoh’s  chariots 
and  all  his  host.  In  order  to  present  themselves  in 
proper  festal  array  at  the  celebration  for  the  sake  of 
which  they  were  going  into  the  wilderness,  the  Hebrew 
women  had  borrowed  dresses  and  ornaments  from 
those  of  Egypt ;  the  Egyptians  could  now  only  blame 
themselves  and  their  hostile  conduct  if  those  articles 
were  not  returned.3  « 

By  the  miracle  wrought  at  the  Red  Sea  Moses  was 
pointed  out  to  the  Hebrews  as  the  man  of  God,  to 
whom  accordingly  they  now  committed  the  task  of 
caring  for  their  outward  life  as  well  as  their  spiritual 
guidance.  He  led  them  first  to  Sinai,  where  the  law 
was  revealed  and  the  worship  in  connection  with  the 
ark  of  the  covenant  instituted.  When  he  had  com¬ 
muned  face  to  face  with  the  Godhead  for  forty  days 
on  the  holy  mountain,  the  skin  of  his  face  shone  so 
that  he  had  to  wear  a  veil  (hence  the  horns,  properly 
rays,  on  his  forehead).  Driven  from  Sinai  in  conse¬ 
quence  of  their  worship  of  the  golden  calf,  the  Israel¬ 
ites  removed  to  Kadesh  with  the  view  of  entering 
Palestine.  .  But  this  plan  was  defeated  by  their  unbe¬ 
lief  and  faintheartedness,  and,  as  a  punishment,  they 
were  compelled  to  sojourn  forty  years  in  the  wil¬ 
derness  of  Kadesh  (Paran,  Sin).  It  was  here  and 
now  that  the  people  went  to  school  with  Moses ;  here, 
at  the  sanctuary  of  the  camp,  he  declared  law  and 
judgment;  and  here,  according  to  the  view  of  the 
oldest  tradition,  the  foundations  of  the  Torah  were  laid 
(Exod.  xviii. ).  The  region  of  Kadesh  was  also  the 
scene  of  almost  all  the  miracles  and  other  circum¬ 
stances  we  read  about  Moses.  Here  he  showed  him¬ 
self  to  be  at  once  the  father  and  mother  of  the  people, 
their  judge,  priest,  and  seer.  It  was  not  till  towards 
the  very  close  of  his  life  that  he  led  the  Israelites  from 
Kadesh  into  Northern  Moab,  which  he  wrested  from 
the  Amorite  king,  Sihon  of  Heshbon.  Here  he  died 
on  Mount  Pisgan  or  Nebo,  after  taking  leave  of  the 
people  in  the  great  legislative  address  of  Deuteronomy. 
According  to  Deuteronomy  xxxiv.  6,  he  “was  buried 
in  a  valley  in  the  land  of  Moab,  .  .  .  but  no  man 
knoweth  of  his  sepulchre  unto  this  day.”4  As  his  suc- 

2  On  the  road  occurred  the  remarkable  incident  which,  in  the 
view  of  the  narrator,  led  to  the  circumcision  of  infants  being  sub. 
stituted  for  that  of  the  bridegroom  (Exod.  iv.  24,  25 ;  vSllS  V  Jill, 
to  mark  the  substitution,— compare  the  euphemism  in  Isa.  vii. 

3  Quite  contrary  to  the  sense  of  the  Biblical  narrative,  Justin 
(xxxvi.  2, 13)  says,  “  Sacra  Algyptioram  furto  abstulit and  still 
more  perverse  is  the  gloss  which  Ewald,  proceeding  upon  this 

expression  of  Justin,  gives. 

4  The  legend  of  his  assumption  is  of  later  growth ;  see  the 
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cessor  m  the  leadership,  Moses  had  named  Joshua  ben 
iNun,  but  tlie  real  heirs  to  his  position  and  influence 
were  the  priests  at  the  sanctuary  of  the  ark  of  the  cov¬ 
enant.  Of  his  personal  character  the  Bible  tells  us 
nothing  (for  in  Numb.  xii.  3  means  only  “  heavily 
burdened”)]  but  later  Judaism  is  all  the  more  at 
liberty  on  this  account  to  expatiate  upon  it  (see  especi¬ 
ally  Josephus,  Ant.,  iv.  8,  49). 

Such  in  brief  resume  are  the  accounts  of  Moses  given  in  the 
Bible  and  the  Midrash.  In  addition  to  these  we  have  also 
the  statements  of  Hellenistic  writers,  preserved  chiefly  in 
the  Contra,  Apionem  of  Josephus.  These  are  all  of  an  Egyptian 
complexion,  and  probably  embody  no  ancient  and  indepen¬ 
dent  tradition,  but,  in  all  that  relates  to  the  Hebrews,  where 
they  do  not  rest  upon  pure  conjecture,  merely  go  back  upon 
obscure  rumors  of  Jewish  origin  and  dress  them  up  after 
the  manner  of  the  Midrash — only  in  a  contrary  sense,  with 
hatred  and  not  with  love— and  then  seek  to  fit  them  as  well 
as  may  be  into  the  Egyptian  history  and  chronology  as 
known  from  other  sources.  The  great  number  of  new  proper 
names  of  places  and  persons  which  occur  in  the  writings  of 
Manetlio  and  his  like  cannot  be  urged  against  this  view,  for 
the  Midrash  also  is  full  of  them.  The  very  name  Osarsiph, 
given  to  Moses  himself,  moreover,  suggests  a  suspicion  of 
dependence  on  the  Asaphsuph,  “mixed  multitude”  of 
Numb.  xi.  4  (comp.  Exod.  xii.  38) ;  what  is  said  in  these 
places  is  known  to  have  played  a  great  part  in  the  rise  of  the 
idle  Egyptian  tales  about  the  origin  of  the  Jews  and  of  their 
lawgiver. 

For  literature,  see  the  various  commentaries  on  the  Pen¬ 
tateuch,  and  especially  Dillmann  on'  Exodus. 

(j.  WE.) 

MOSES  op  Chorene  was  a  native  of  Khor'ni2  in 
Taron,  a  district  of  the  Armenian  province  of  Turu- 
beran.  According  to  the  only  trustworthy  authority 
— the  History  of  Armenia?  which  bears  his  name — he 
was  a  pupil  of  the  two  fathers  of  Armenian  literature, 
the  patriarch  or  catholicos  Sahak  the  Great  and  the 
vartabed  Mesrob.  Shortly  after  431  he  was  sent 
these  men  to  Alexandria  to  study  the  Greek  language 
and  literature,  and  thus  prepare  himself  for  the  task 
of  translating  Greek  writings  into  Armenian.  Moses 
took  his  journey  by  Edessa  and  the  sacred  places  of 
Palestine.  After  finishing  his  studies  in  the  Egyptian 
capital  he  set  sail  for  Greece ;  but  the  ship  was  driven 
by  contrary  winds  to  Italy,  and  he  seized  the  opportu¬ 
nity  of  paying  a  flying  visit  to  Rome.  He  then  visited 
Athens,  and  towards  the  end  of  winter  (440)  arrived  in 
Constantinople,  whence  he.  set  out  on  his  homeward 
journey.  On  his  arrival  in  Armenia  he  found  that 
liis  patrons  were  both  dead.  The  History  of  Armenia 
speaks  of  its  author  as  an  old,  infirm  man, — constantly 
engaged  in  the  work  of  translating.4  In  the  later  Ar¬ 
menian  tradition  we  find  other  notices  of  this  celebrated 
man,5 — such  as,  that  he  was  the  nephew  of  Mesrob, 
that  he  was  publicly  complimented  by  the  emperor 
Marcian,  that  he  had  been  ordained  bishop  of  Bagre- 
wand  by  the  patriarch  Giut,  and  that  he  was  buried  in 
the  church  of  the  Apostolic  Cloister  at  Mush  in  the 
district  of  Taron ;  but  these  accounts  must  be  received 
with  great  caution.  This  remark  applies  especially  to 
the  statement  of  Thomas  Ardsruni,6  that  Moses,  like 
his  Hebrew  prototype,  lived  to  the  age  of  120  years, 
and  recorded  his  own  death  in  a  fourth  book  of  his 
great  work.7  The  same  caution  must  be  extended  to 
another  tradition,  based  on  an  arbitrary  construction 
of  a  passage  in  Samuel  of  Ani,8  which  places  his  death 
in  the  year  489. 

Of  the  works  of  Moses®  the  best  known  is  the  His- 

apocryphal  Assumptio  Moysis  (Apocalyptic  Literature,  vol.  ii. 
p.  155),  and  compare  Luke  ix.  30,  33 ;  Jude  9. 

1  Outside  of  the  Hexateuch,  however,  he  is  almost  never 
mentioned. 

2  Cf.  Sukias  Somal,  Quadro  della  sterna  letteraria  di  Armenia,  p. 

24  sq.  3  iii.  61  sq.,  68,  65. 

4  On  linguistic  grounds,  the  Mechitarists  ascribe  to  him  the 
translation  of  Eusebius’s  Chronicle  and  of  the  Pseudo-Callisthenes. 

6  Collected  by  Langlois,  Collection  des  historiens  de  VArm&nie,  ii. 

47  sq. 

6  In  Brosset,  Collection  d’ historiens  Armtniens,  i.  68. 

7  There  is  not  the  slightest  allusion  elsewhere  to  any  such  book. 

8  In  Brosset,  ii.  387. 

9  Complete  edition  of  the  Mechitarists,  Venice,  1843;  new  ed., 

1866, 8vo.  ' 


tory  of  Arnienia,™  or,  as  the  more  exact  title  runs,  the 
(genealogical  Account  of  Great  Armenia.  It  consists 
ot  three  books,  and  reaches  down  to  the  death  of  Saint 
Mesrob,  in  the  second  year  of  Jazdegerd  II.  (17th 
rebruary,  440). 11  It  is  dedicated  to  Sahak  Bagratuni 
who  was  afterwards  chosen  to  lead  the  revolted  Ar¬ 
menians  in  the  year  481),  as  the  man  under  whose 
auspices  the  work  had  been  undertaken.  This  work, 
which  in  course  of  time  acquired  canonical  authority 
among  the  Armenians,  is  partly  compiled  from  sources 
which  we  yet  possess,  viz.,  the  Life  of  Saint  Gregory 
by  Agathangelos,  the  Armenian  translation  of  the 
Syriac  Doctrine  of  the  Apostle  Addai ,  the  Antiqui¬ 
ties  and  the  Jewish  War  of  Josephus,  and  above  all 
the  History  of  Mar  Aha  s  Katina  (still  preserved  in  the. 
extract  from  the  book  of  Sebeos),12  who,  however,  did 
not  write,  as  Moses  alleges,  in  Syriac  and  Greek,  at 
JNisibis,  about  131  B.c.,  but  was  a  native  of  Medsurch, 
and  wrote  in  Syriac  alone  about  383  a.d.  ,  or  shortly 
thereafter.  Besides  these,  Moses  refers  to  a  whole 
array  of  Greek  authorities,  which  were  known  to  him 
from  his  constant  use  of  Eusebius,  but  which  cannot 
possibly  have  related  all  that  he  makes  them  relate.13 
Although  Moses  assures  us  that  he  is  going  to  rely 
entirely  upon  Greek  authors,  the  contents  of  his  work 
show  that  it  is  mainly  drawn  from  native  sources.  He 
is  chiefly  indebted  to  the  popular  ballads  and  legends 
of  Armenia,  and  it  is  to  the  use  of  such  materials  that 
the  work  owes  its  permanent  value.  Its  importance 
for  the  history  of  religion  and  mythology  is,  in  truth, 
very  considerable,  a  fact  which  it  is  the  great  merit  of 
Emin14  and  Dulaurier 10  to  have  first  pointed  out.  For 
political  history,  on  the  other  hand,  it  is  of  much  less 
value  than  was  formerly  assumed.  In  particular,  it  is 
not  a  history  of  the  people  or  of  the  country,  but  a 
history  of  the  Armenian  aristocracy,  and,  in  opposi¬ 
tion  to  the  Mamikonian  tendency  which  pervades  the 
rest  of  the  older  Armenian  historical  literature,  it  is 
written  in  the  interest  of  the  rival  Bagratunians. 
Down  to  the  3d  century  it  is  proved  by  the  contem¬ 
porary  Grajco-Roman  annals  to  be  utterly  untrust¬ 
worthy;  but  even  for  the  times  of  Armenian  Chris¬ 
tianity  it  must  be  used  far  more  cautiously  than  has 
been  done,  for  example,  by  Gibbon.  The  worst  feat¬ 
ure  is  the  confusion  in  the  chronology,  which,  strange 
to  say,  is  most  hopeless  in  treating  of  the  contempo¬ 
raries  of  Moses  himself.  What  can  be  thought  of  a 
writer  who  assigns  to  Jazdegerd  I.  (399-420)  the 
eleven  years  of  his  predecessor  Bahram  IV. ,  and  the 
twenty-one  years  of  Jazdegerd  I.  to  his  successor 
Bahram  V.  (420-439)?  The  present  writer16  formerly 
attempted  to  explain  this  unhistorical  character  of  the 
narrative  from  a  tendency  arising  out  of  the  peculiar 
ecclesiastical  and  political  circumstances  of  Armenia, 
situated  as  it  was  between  the  eastern  Roman  and 
the  Persian  empires,  circumstances  which  were  sub¬ 
stantially  the  same  in  the  5th  as  they  were  in  the  two 
following  centuries.  In  the  course  of  further  investi- 
ations,  however,  he  has  come  to  the  conclusion  that, 
esides  the  many  false  statements  which  Moses  of 
Khor'ni  makes  about  his  authorities,  he  gives  a  false 

10  The  oldest  MS.  is  that  of  S.  Lazaro  of  the  12th  century.  Col¬ 
lations  of  MSS.  of  Etchmiadzin  and  Jerusalem  are  given  by  Agop 
Garinian,  Tiflis,  1858,  4to.  The  book  has  been  edited  and  trans¬ 
lated  by  Whiston,  London,  1736,  4to;  and  by  La  Vaillant  de 
Florival,  Venice  and  Paris,  s.a.  (1841),  2vols.  8vo. 

11  The  commencement  of  this  king’s  reign  has  been  fixed  by 
Noldeke  (Geschichte der  Sassaniden  aus  Tabari,  p.423)  as4th  August, 
438 ;  and  this  date  has  subsequently  been  established  by  docu¬ 
mentary  evidence  from  the  fact  of  the  martyrdom  of  Pethion 
(see  Hoffmann,  Ausziige  aus  Syrischen  Akten  persischer  Martyrer,  p. 

12  Translated  in  Langlois,  i.  195  sq. 

73  For  the  following  statements,  the  proofs  may  be  found  in  the 
article  “  Ueber  die  Glaubwiirdigkeit  der  Armenischen  Geschichte 
des  Moses  von  Khoren,”  by  the  present  writer,  in  the  Berichte  der 
phil.  histor.  Classe  der  Konigl.  Sachs.  Gesellschaft  der  Wissenschajlen. 
1876,  p.  1  sq. 

14  The  Epic  Songs  of  Ancient  Armenia  (Arm.),  Moscow,  1850. 

15  “  Etudes  sur  les  chants  historiques  et  les  traditions  popu¬ 
lates  de  l’ancienne  Armenie,”  in  the  Joum.  Asiat.,  iv.,  s6r.  19 

(1852),  p.  5  sq. 

16  “  Ueber  die  Glaubwiirdigkeit,”  etc.,  p.  8  sq. 
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account  of  himself.  That  is  to  say,  the  .author  of  the 
History  of  Armenia  is  not  the  venerable  translator  of 
the  5th  century,  but  some  Armenian  writing  under  his 
name  during  the  years  between  634  and  642.  The 
proof  is  furnished  on  the  one  hand  by  the  geographical 
and  ethnographical  nomenclature  of  a  later  period  and 
similar  anachronisms,'  which  run  through  tlie  whole 
book  and  are  often  closely  incorporated  with  the  nar¬ 
rative  itself,  and  on  the  other  hand  by  the  identity  of 
the  author  of  the  History  with  that  of  the  Geography , 
a  point  on  which  all  doubt  is  excluded  by  a  number  of 
individual  affinities,1 2  not  to  speak  of  the  similarity  in 
geographical  terminology.  The  critical  decision  as  to 
the  authorship  of  the  Geography  settles  the  question 
for  the  History  also. 

The  Geography  is  a  meagre  sketch,  based  mainly  on  the 
Chorography  of  Pappus  of  Alexandria  (in  the  end  of  the  4th 
century),  and  indirectly  on  the  work  of  Ptolemy  Only 
Armenia,  the  Persian  empire,  and  the  neighboring  regions 
of  the  East  are  independently  described  from  local  infor¬ 
mation,  and  on  these  sections  the  value  of  the  little  work 
depends.  Since  the  first  published  text3  contains  names 
like  “  Russians ”  and  “Crimea,”  Saint  Martin  in  his  edi¬ 
tion  4  denied  that  it  was  written  by  Moses,  and  assigned  its 
origin  to  the  10th  century.  It  was  shown,  however,  by  L. 
Indjidjean5  that  these  are  interpolations,  which  are  not 
found  in  better  manuscripts.  And  in  fact  it  is  quite  evident 
that  a  book  which  gives  the  division  of  the  Sasanid  empire 
into  four  spahbehships  in  pure  old  Persian  names  cannot 
possibly  have  been  composed  at  a  long  interval  after  the 
time  of  the  Sasanidse.  But  of  course  it  is  equally  clear  that 
such  a  book  cannot  be  a  genuine  work  of  Moses  of  Khor'ni  ; 
for  that  division  of  the  empire  dates  from  the  early  part  of 
the  reign  of  King  Chosrau  I.  (531-579).6  Accordingly  the 
latest  editor,  K.  P.  Patkanow,7  to  whom  we  are  indebted 
for  the  best  text  of  the  Geography ,  is  of  opinion  that  we 
have  in  it  a  writing  of  the  7th  century.  In  this  judgment 
we  must  concur ;  and,  if  the  limits  within  which  the  Geo¬ 
graphy  was  composed  are  to  be  more  nearly  defined,  we  may 
say  that,  from  isolated  traces  of  Arab  rule8  (which  in  Ar¬ 
menia  dates  from  651),  it  must  have  been  written  certainly 
after  that  year,  and  perhaps  about  the  year  657.9 10 

Another  extant  work  of  Moses  is  a  Manual  of  Rhetoric, 
in  ten  books,  dedicated  to  his  pupil  Theodorus.  It  is  drawn  up 
after  Greek  models,  in  the  taste  of  the  rhetoric  and  sophistry 
of  the  later  imperial  period.  The  examples  are  taken  from 
Hermogenes,  Theon,  Aphthonius.  and  Libanius;  although 
the  author  is  also  acquainted  with  lost  writings,  e.g.,  the 
Peliades  of  Euripides.  On  account  of  the  divergence  of  its 
style  from  that  of  the  History  of  Armenia,  Armenian  scholars!0 
have  hesitated  to  ascribe  the  Rhetoric  to  Moses  of  Khor'ni ; 
but,  from  what  has  been  said  above,  this  is  rather  to  be  re¬ 
garded  as  a  proof  of  its  authenticity. 

Smaller  works  bearing  the  same  honored  name11  are — the 
Letter  to  Sahak  Arderuni ;  the  History  of  the  Holy  Mother  of 
God  and  her  Image  (in  the  cloister  of  Hogotsvanch  in  the 
district  Andzevatsi  of  the  province  of  Yasptirakan),  which 
is  also  addressed  to  Sahak ;  and  the  Panegyric  on  Saint 
■Rhipsime.  Of  the  sacred  poems  attributed  to  him,  there  is 
only  one  short  prayer,  contained  in  the  hymnal  of  Sharakan, 
which  can  really  claim  him  as  its  author. 

1  Instances  of  these  may  be  found  in  i.  14,  where  the  arrange¬ 
ment  of  Armenian  provinces  I.,  II.,  III.,  IV.,  introduced  in  the 
year  536,  is  carried  back  to  Aram,  an  older  contemporary  of 
Ninus ;  and  in  the  passage  iii.  18,  according  to  which  Sh&ptir  II. 
penetrated  to  Bithynia,  although  the  Persians  did  not  reach  that 
till  608. 

1  See  the  confusion,  common  to  both  books,  between  Cappa¬ 
docia  I.  and  Armenia  I.,  in  consequence  of  which  Mazaka  and 
Mount  Arga us  are  transferred  to  the  latter  locality  (Hist.,  i.  14 , 
Geogr.,  Saint  Martin’s  ed.,  ii.  p.  354),  also  the  passages  which 
treat  of  China  and  Dchenbakur  (Hist.,  ii.  81;  Geogr.,  ii.  p.  376),  etc. 

3  Edition  with  translation  by  Whiston,  London,  1736,  4to. 

4  In  the  Memo  ires  historiques  et  geographiques  sur  VArmlnie 
(Paris,  1819,  8vo),  ii.  p.  301  sq. 

5  Antiquities  of  Armenia  (Arm.),  iii.  p.  303  sq. 

®  See  Noldeke’s  Tabari,  p.  155  sq. 

7  Armjanskaja  geographija  vii.  weika  po  r.  Ch.  (pripisiw  awscha- 
jasja  Moiseju  Chorenskomu),  St.  Petersburg,  1877,  8vo.  Before 
him  Kiepert  (in  the  Monatsb.  a.  Berliner  Akad.,  1873,  p.  599  sq.)  had 
substantially  arrived  at  the  right  conclusion  when  he  assigned 
the  portions  of  the  Geography  referring  to  Armenia  to  the  time 
between  Justinian  and  Maurice. 

8  The  passage  about  the  trade  of  Basrah,  which  was  founded 
in  635,  is  decisive  on  this  point  (Saint  Martin's  edition,  ii.  p.  368). 

9  The  peculiar  interest  which  the  author  (Saint  Martin,  ii.  p. 
340)  takes  in  the  origin  of  the  Slavs  in  Thrace  is  best  explained 
by  the  war  against  them  which  called  the  emperor  Constans  II. 
away  from  the  East  in  the  year  657.  In  other  respects  the  writer 
displays  the  most  complete  indifference,  and  even  ignorance, 
with  regard  to  the  state  of  affairs  in  the  West. 

10  Cf.  Langlois,  ii.  49.  11  Cf.  Langlois,  l.c. 


Of  works  passing  under  the  name  of  Moses  of  Khor'ni,  the 
following  are  regarded  by  the  historians  of  Armenian  litera¬ 
ture  as  spurious'  a  History  (distinct  from  the  Panegyric)  of 
the  wanderings  of  Saint  Rhipsime  and  her  companions ;  a  Homily 
on  the  transfiguration  of  Christ;  a  Discourse  on  Wisdom  (i.e.,  the 
science  of  grammar) ;  the  Commentaries  on  grammar  (an  ex¬ 
position  of  Dionysius  Thrax).  In  the  case  of  the  grammati¬ 
cal  writings,  it  has  been  suggested  that  there  may  have 
been  some  confusion  between  Moses  of  Khor'ni  and  a  Moses 
of  Siunich,  who  lived  in  the  7th  century.  (a.  v.  G.) 

MOSHEIM,  Johann  Lorenz  von  (c.  1694-1755), 
well  known  as  a  church  historian,  butalso  distinguished 
in  his  day  as  a  master  of  eloquence,  was  born  at 
Liibeck  on  the  9th  of  October.  There  is  some  uncer¬ 
tainty  as  to  the  year,  but  the  probability  is  in  favor  of 
1693  or  1694.  He  received  a  somewhat  irregular 
education  at  the  gymnasium  of  his  native  place,  and 
afterwards  entered  the  university  of  Kiel,  where  he 
took  his  master’s  degree  in  1718.  His  first  appearance 
in  the  field  of  literature  was  in  a  polemical  tract  against 
Toland,  V indicia3,  antiques  Christianorum  disciplines 
(1720),  which  was  soon  followed  by  a  volume  of  Ob- 
servationes  sacrce  (1721).  These  works,  along  with  the 
reputation  he  had  acquired  as  a  lecturer  on  philoso¬ 
phy,  and  also  as  a  fervent  and  eloquent  preacher  while 
acting  as  assistant  to  Albrecht  zum  Felde,  his  teacher 
and  future  father-in-law,  secured  for  him  a  call  to  a 
theological  chair  at  Helmstadt,  in  1723.  The  Institu- 
tionum  Histories  Ecclesiastices  lihri  IV.  appeared  in 
1726  (2  vols.  12mo),  and  in  the  same  year  lie  was  ap¬ 
pointed  by  the  duke  of  Brunswick  abbot  of  Marienthal, 
to  which  dignity  and  emolument  the  abbacy  of  Michael- 
stein  was  added  in  the  following  year.  Mosheim  was 
much  consulted  by  the  authorities  when  the  new  uni¬ 
versity  of  Gottingen  was  being  formed ;  especially  had 
he  to  do  with  the  framing  of  the  statutes  of  the  theo¬ 
logical  faculty,  and  with  the  provisions  for  making  the 
theologians  independent  of  the  ecclesiastical  courts. 
But  having  signed  in  1726  a  promise  to  remain  in 
Helmstadt  he  was  unable  to  accept  the  call  to  the 
Georgia  Augusta  which  was  urgently  pressed  upon  him, 
until  the  year  1747,  when  the  duke  of  Brunswick  at 
last  released  him  from  his  obligation.  To  enhance  the 
dignity  he  already  possessed  as  a  learned  and  brilliant 
theological  professor  at  Gottingen,  a  new  office  was 
specially  created  for  him,  that  of  chancellor,  which, 
however,  proved  somewhat  burdensome,  exciting  the 
jealousy  of  the  nobles  whom  he  governed.  He  died 
at  Gottingen  on  9th  September,  1755,  shortly  after 
the  completion  of  a  new  and  greatly  improved  edition 
of  his  Church  History. 

For  Mosbeim's  place  as  an  ecclesiastical  historian,  see 
Church  History,  vol.  v.  p.  669.  In  this  department  of 
literature,  in  addition  to  the  Institutiones  must  be  specially 
mentioned  his  De  Rebus  Christianorum  ante  Constantinum 
Magnum  Commentarii  (1753),  and  Gibbon’s  just  criticism: 
“  Less  profound  than  Petavius,  less  independent  than  Le 
Clerc,  less  ingenious  than  Beausobre,  the  historian  Mosheim 
is  full,  rational,  correct,  and  moderate.”  His  exegetical 
writings,  characterized  by  learning  and  good  sense,  include 
Cogitationes  in  N.  T.  loc.  select.  (1726),  and  expositions  of  1  Cor. 
(1741)  and  the  two  Epistles  to  Timothy  (1755).  In  his  ser¬ 
mons  (Heilige  Reden)  considerable  eloquence  is  shown,  and 
a  mastery  of  style  which  justifies  the  position  he  held  as 
president  of  the  German  Society.  There  are  two  English 
versions  of  the  Institutes,  that  of  Maclaine,  published  in  1764, 
and  that  of  Murdock  (1832),  which  is  much  more  correct. 
The  latter  was  revised  and  reedited  by  Reid  in  1848.  An 
English  translation  of  the  De  Rebus  Christianorum,  begun  in 
1813  by  Vidal,  was  completed  and  edited  by  Murdock  in  1851. 

MOSQUE  ( Je'imi ,  or  more  fully  Masjid  Jeimi',  the 
place  of  congregational  prayer).  Owing  to  the  almost 
complete  absence  of  ritual  in  the  Moslem  worship,  the 
mosque,  at  least  in  its  earlier  forms,  is  one  of  the  sim¬ 
plest  of  all  religious  buildings, — its  normal  arrangement 
being  an  open  court  (Sahn)  surrounded  by  a  covered 
cloister  ( Liiodn ),  in  the  centre  of  which  is  a  cistern  for 
the  ablutions  requisite  before  prayer  ( Mida'a )  ;12  the 

12  In  mosques  frequented  by  Turks  or  other  members  of  the 
Hanafi  sect  running  water  is  provided  from  a  raised  tank  with  flow 
ing  jets,  called  a  hanaflya  after  the  sect  who  require  it.  Other 
Sunnis  are  content \o  wash  in  a  stagnant  tank. 


MOSQUE. 


6ide  of  the  mosque  which  is  towards  Mecca  is  occupied 
by  a  roofed  building  {Mak$ura),  or  place  reservea  for 
prayer,  sometimes  screened  off  from  the  court,  but  fre¬ 
quently  quite  open  towards  it.  In  the  centre  of  this 
sanctuary  is  a  niche  ( Mihrdb  or  Kibla)  showing  the 
direction  of  Mecca  ;  and  by  the  side  of  the  niche  is  a 
lofty  pulpit  ( Mimbar ).  In  front  of  the  pulpit  is  a 
raised  platform  ( Dakka )  from  which  certain  exhorta¬ 
tions  are  chanted,  and  near  it  one  or  more  seats  and 
lecterns  combined  from  which  chapters  of  the  Koran 
are  read  to  the  people. 

Minarets  ( Ma'ddhin ,  sing.  Ma'dhana )  were  not 
built  during  the  first  half-century  after  the  Flight,  but 
now  as  a  rule  no  mosque  is  without  at  least  one.  From 
the  upper  gallery  of  this  the  Moedhdhin  announces  to 
the  faithful  the  times  for  prayer, — five  times  during 
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Fig.  1.— Plan  of  Mosque  of  'Amr,  Old  Cairo. 

1.  Kibla.  2.  Mimbar.  3.  Tomb  of  'Amr.  4.  Dakka.  5.  Foun¬ 
tain  for  Ablution.  6, 6.  Rooms  built  later.  7.  Minaret.  8.  Latrines. 

the  day,  and  twice  at  night.  Blind  men  are  generally 
selected  for  this  office,  so  that  they  may  not  overlook 
the  neighboring  houses. 

Most  mosques  have  endowed  property,  which  is  ad¬ 
ministered  by  a  warden  (Nd%ir),  who  also  appoints  the 
imams  and  other  officials.  The  larger  mosques  have 
two  imams :  one  is  called  (in  Arabia  and  Egypt)  the 
KhaUb,  and  he  preaches  the  sermon  on  Fridays  (the 
Moslem  Sabbath)  ;  the  other,  the  Rdtib,  reads  the 
Koran,  and  recites  the  five  daily  prayers,  standing 
close  to  the  Mihrdb,  and  leading  the  congregation,  who 
repeat  the  prayers  with  him,  and  closely  follow  his 
postures.  The  imams,  do  not  form  a  priestly  sect ; 
they  generally  have  other  occupations,  such  as  teaching 
in  a  school  or  keeping  a  shop,  and  may  at  any  time  be 
dismissed  by  the  warden,  in  which  case  they  lose  the 
title  of  imam.  Doorkeepers  and  attendants,  to  sweep 
the  floor,  trim  the  lamps,  and  perform  other  menial 
offices,  are  attached  to  each  mosque,  in  numbers  vary¬ 
ing  according  to  its  size  and  endowment.  Moslem 
women,  as  a  rule,  are  expected  to  say  their  prayers  at 
home,  but  in  some  few  mosques  they  are  admitted  to 
one  part  specially  screened  off  for  them.  This  is  the 
case  in  the  mosque  of  Sitta  Zainab  in  Cairo.  In  the 
Aksa  mosque  at  Jerusalem  there  is  a  latticed  balcony 


891 

for  the  women,  who  can  see  without  being  visible  to 
the  male  worshippers  below. 

The  greatest  possible  splendor  both  of  material  and 
workmanship  is  often  lavished  on  the  building  and  its 
fittings.  The  whole  outside  is  frequently  decorated 
with  the  most  elaborate  surface-carving  in  stone  or 
marble, — the  pavement  of  the  richest  marbles,  inlaid 
in  intricate  patterns,  the  walls  panelled  in  a  similar 
way,  or  decorated  with  the  most  minute  mosaics  of 
glass,  mother-of-pearl,  agates,  and  other  costly  stones. 
The  central  niche  and  the  pulpit  are  of  special  mag¬ 
nificence  ;  and,  if  the  latter  is  of  wood,  it  is  often 
covered  with  delicate  ivory  carvings,  and  inlay  of  pearl 
and  ebony.  Very  beautiful  surface-ornament,  executed 
in  hard  stucco,  and  enriched  with  gold  and  colors,  is 
used  to  decorate  arches,  wall  surfaces,  and  the  pen- 
den  tives  of  domes,  which  latter  generally  nave 
the  so-called  “stalactite”  form  of  ornament — 
one  of  great  beauty  and  complexity.  The  wood¬ 
work  of  doors,  screens,  and  ceilings  is  frequently 
very  gorgeous  with  carving,  inlay,  and  elaborate 
painting ;  the  whole  of  the  doors  outside  are 
often  covered  with  very  delicate  pierced  and 
embossed  work  in  bronze,  or  more  rarely  iron 
The  magnificent  tiles  from  Persia,  Damascus, 
and  Rhodes,  enamelled  in  brilliant  blue,  green, 
and  red,  on  a  white  ground,  are  often  used  to 
cover  the  walls.  Traceried  windows  in  pierced 
marble  or  stucco  work  often  occur ;  these  are 
filled  with  brilliant  colored  glass,  always  in  very 
small  pieces,  forming  a  transparent  mosaic  of 
jewel-like  richness.1  Lamps  of  enamelled  glass, 
or  of  bronze  inlaid  with  silver,  were  once  com¬ 
mon,  but  are  now  rapidly  disappearing. 

Some  mosques,  especially  the  Kariibin 
mosque  at  Fez  in  Morocco,  possess  a  collection 
of  magnificent  illuminated  MSS.,  chiefly  copies 
of  the  Koran  and  other  religious  books  j  in  the 
large  collection  at  Fez,  MSS.  of  Aristotle’s 
Natural  Riston /,  with  the  works  of  Averroes 
and  other  commentators,  exist  in  considerable 
number;  some  few  of  the  MSS.. are  as  early  as 
the  10th  century. 

Plans  of  Mosques. — Considerable  diversities 
exist  in  the  plan  and  arrangement  of  mosques 
in  various  countries,  either  because  the  Moslem 
conquerors  adopted  to  some  extent  the  existing 
buildings  and  architecture  of  the  conquered 
people,  or  on  account  of  the  new  mosque  being 
built  on  a  site  already  cramped  by  surrounding 
buildings.  The  first  of  these  causes  influenced 
to  some  extent  the  mosques  of  India,  and  to  a  much 
greater  extent  those  of  European  Turkey.  The  second 
cause,  the  cramped  site,  especially  in  Cairo,  created  a 
special  type  of  plan.  Nevertheless,  when  free  from 
such  disturbing  influences,  there  is  one  normal  plan 
adopted,  at  least  in  early  times,  by  the  Moslems  in  all 
countries — from  India  to  Cordova,  and  from  Northern 
Syria  to  Egypt.2  This  normal  plan  is  a  very  simple 
one,  and  is  the  natural  product  of  a  country  like  Ara¬ 
bia,  unskilled  in  architecture,  where  land  was  worth 
but  little,  and  timber  very  scarce.  (See  Fig.  1.) 

Though  not  the  earliest,  the  great  mosque  of  Cordova  i8 
the  most  magnificent,  and  in  the  main  the  best  preserved* 
of  this  typical  form.s  It  was  begun  in  784-5  by  the  caliph 
'Abd  al-Rahmdn  I.  (Abderame)  and  completed  by  his  son 
^lisham  in  793-4 ;  though  it  was  afterwards  enlarged,  and 
then  to  some  extent  injured  by  additions — the  work  of  the 
Christians,  who  made  it  into  a  cathedral — yet  it  still  re¬ 
mains  but  little  altered,  except  by  the  loss  of  its  magnificent 
carved  and  inlaid  wood  ceiling  and  sumptuous  Mimbar.  It 
consists  (omitting  recent  additions)  of  two  main  parts,  a 
large  cloistered  open  court,  with  at  one  side  a  covered 

1  See  Coste,  Architecture  Arabe,  1837-39;  Bourgoin,  Les  Arts 
Arabes,  1868 ;  Prisse,  d’Avennes,  Art  Arabe,  1874-80 ;  and  Texier, 
L'Armtnie  et  la  Perse,  1842-52. 

2  The  great  mosque  of  Mf.cca  (q.  v.)  is  unique  in  plan.  For  an 
account  of  the  mosque  of  Medina,  see  Medina. 

-  Contreras,  Arte  Arabe  en  Espnha,  1875 ;  Academy,  19th  Novem¬ 
ber,  1881,  “  Mosque  of  Cordova,”  byJ.  H.  Middleton;  Mon.  Arqui. 
de  Espaha  ;  and  Prangey,  Mosquie  de  Cordoue. 
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building  for  prayer.  In  one  respect  only  it  differs  from  the 
usual  plan  :  the  open  court  is  generally  much  larger  than 
the  roofed  space,  whereas  at  Cordova  it  is  smaller.  For  the 
sake  of  brevity  this  arrangement  will,  in  the  rest  of  the 
article,  be  referred  to  as  the  “  normal  plan.”  In  spite  of 
neglect  and  alterations  this  mosque  is  still  one  of  the  most 
imposing  buildings  in  the  world.  The  long  ranges  of  aisles, 
nineteen  from  east  to  west  and  thirty-one  from  north  to 
south — on  their  marble  columns  the  spoils  of  many  a  Greek 
and  Eoman  temple — seem  to  stretch  almost  endlessly  in 
every  direction,  and  each  range  of  pillars  appears  to  lose 
itself  in  the  gloom  of  distance,  so  that  from  no  point  can 
any  idea  be  formed  of  what  is  the  real  size  of  the  whole 
building.  The  side  towards  the  court  was  quite  open,  and 
all  over  the  court  orange-trees  were  planted  at  regular  in¬ 
tervals,  continuing  the  lines  of  the  columns  within,  and 
set  at  the  same  distances  apart ;  so  that  aisles  of  orange- 
trees  in  long  ranges  covered  the  open  space,  just  as  the 
marble  columns  did  within.  No  words  can  describe  the’ 
jewel-like  splendor  of  the  mosaics  in  the  sanctuary,  which 
in  complicated  Arabesque  patterns,  mixed  with  elaborate 
Cufic  inscriptions,  cover  the  walls  and  even  the  arches, 
which  cross  and  recross  each  other  in  the  most  fanciful  and 
daring  way,  forming  a  sort  of  aisle  round  three  sides  of  the 
sanctuary.  There  is  documentary  evidence  to  show  that 
these  glass  mosaics,  though  of  thoroughly  Oriental  design, 
are,  like  those  in  the  mosques  of  Jerusalem  and  Damascus, 
the  work  of  Christian  artists  from  Byzantium. 

The  most  important  early  mosques  were  all  built  on  this 
normal  plan,  with  but  very  slight  variations.  The  follow¬ 
ing  are  some  of  the  finest  examples  of  this  type : 

Mosque  of  ‘Amr,  Old  Cairo,  begun  in  642  a.d.,  but  much 
enlarged  at  the  end  of  the  7th  century,  and  after¬ 
wards  partly  rebuilt  (see  Fig.  1). 

Mosque  of  Sidi-'Okba  at  Kairawan  in  Tunis,  latter  part 
of  7th  century. 

Mosque  of  Sidi-'Okba  near  Biskra  in  Algeria,  about  684. 

Mosque  of  Edris  at  Fez  in  Morocco,  end  of  8th  century. 

Great  mosque  of  Damascus,  708. 

Great  mosque  of  Cordova,  784-794  (described  above). 

Mosque  of  Ibn  Tulun,  Cairo,  879. 

Mosque  of  Al-Azhar,  Cairo,  begun  about  970. 

Great  mosque  at  Old  Delhi,  1196-1235. 

The  first  of  these,  the  mosque  of  ‘Amr  (see  Coste,  Archi¬ 
tecture  Arabe),  is  now  in  a  partly  ruined  condition.  Its  east 
wall  probably  still  retains  some  of  the  original  work  of 
'Amr,  who  in  642  built  a  small  mosque  on  the  site  of  the 
present,  one.  But  little  remains  except  its  fine  antique 
marble  columns  to  tell  of  its  former  splendor  in  mosaic, 
stucco  reliefs  enriched  with  painting,  and  magnificent  in¬ 
laid  wood  ceilings  and  screens.  According  to  Makrizi,  it 
once  contained  1290  MSS.  of  the  Koran,  and  was  lighted  by 
18,000  lamps.  In  general  effect,  like  all  mosques  of  this 
simple  and  extensive  plan,  it  is  very  stately,  from  the  vast 
size  of  its  area,  and  its  great  number  of  closely-ranked 
columns  and  arches,  the  latter  being  of  many  forms — 
pointed,  semicircular,  and  horseshoe.  Fig.  1  gives  its  plan 
as  a  good  typical  specimen  of  this  normal  type  of  mosque. 

The  mosque  at  JCairawdn,  Tunis,  said  to  have  been 
founded  by  "Okba  (see  supra ,  p.  590),  follows  the  normal 
plan,  with  439  fine  antique  marble  column^,  horseshoe 
arches,  some  pointed  and  others  round,  and  flat  ceiling  of 
dark  wood,  once  magnificently  painted.  Its  sanctuary  is 
ten  aisles  deep  by  seventeen  wide.  In  the  centre  of  the 
court  is  a  marble  fountain  over  the  sacred  well,  said  to  com¬ 
municate  with  the  spring  Zemzem  at  Mecca.  Its  minaret, 
a  rather  later  addition,  is  very  massive  and  stately ;  it  is 
square,  in  three  stories,  each  battlemented,  the  walls  batter¬ 
ing  considerably.  The  sanctuary  is  domed,  and  the  Mihrab 
is  decorated  with  magnificent  tiles.  Adjoining  the  sanc¬ 
tuary  is  a  small  room  for  a  library. 

The  other  great  mosque  of  Sidi-’Okba,  built  soon  after  his 
death  in  682,  and  containing  his  tomb,  is  in  Algeria  near 
Biskra ;  it  much  resembles  the  Kairawdn  mosque,  but  is 
less  splendid,  some  of  the  columns  being  not  of  marble  but 
of  baked  clay  decorated  with  painting. 

The  great  mosque  of  Fez,  about  the  same  date,  is  also  very 
large  and  magnificent,  with  Mimbar  and  Mihr&b  richly  or¬ 
namented  with  minute  mosaics;  it  has  also  a  fine  inlaid  and 
painted  wood  ceiling,  and  some  elaborately-carved  doors. 
It  still  possesses  a  fine  library.  (See  Amici,  Journey  to  Fez, 
1878.) 

The  great  mosque  of  Damascus  was  built  on  the  site  of  a 
Christian  basilica,  erected  by  Theodosius  in  395-408.  From 
636,  when  the  Arabs  conquered  Damascus,  until  708  this 
basilica  was  used  jointly  both  by  the  Christians  and  the 
Moslems.  The  basilica  was  then  pulled  down,  and  the 
present  mosque  built  by  the  caliph  Walid.  It  has  the  nor¬ 
mal  plan,  and  is  508  feet  by  320  feet.  Its  sanctuary  is  only 
three  aisles  deep ;  it  has  a  central  dome  on  the  south  or 


Mecca  side,  and  on  the  east  and  west  a  large  porch.  Sam- 
hudi  records  that  one  of  the  conditions  of  peace  concluded 
between  the  Byzantine  emperor  and  Walid  was  that  the 
emperor  should  furnish  a  certain  number  of  workers  in 
mosaic  for  the  decoration  of  the  mosques  at  Mecca,  Medina, 
Jerusalem,  and  Damascus. 

The  mosque  of  Ahmed  Ibn  Tulun,  in  Cairo,  completed  in 
879,  has  the  normal  plan,  with  the  exceptional  addition  of 
an  outer  court,  or  wide  passage,  running  round  three  sides 
of  the  rectangle, — probably  to  cut  it  off  completely  from  the 
noise  of  the  surrounding  streets.  It  is  built  of  brick,  coated 
with  delicate  reliefs  in  stucco,  once  enriched  with  painting. 
The  Mihrab  has  beautiful  mosaics,  and  the  Mimbar  is  a  mar¬ 
vel  of  delicate  carving  and  inlay.  The  pillars  and  arches 
are  of  brick  enriched  with  elaborate  stucco-work.  It  has  a 
very  remarkable  minaret  on  the  west  side,  with  a  spiral 
external  staircase.  The  architect  was  a  Copt,  an  Egyptian 
Christian.  It  is  perhaps  the  earliest  important  building  in 
which  the  pointed  arch  is  largely  used. 

The  mosque  Al-Azhar,  “  The  Splendid,”  was  built  in  the 
centre  of  New  Cairo  about  970  and,  though  frequently  re¬ 
stored,  has  in  the  main  been  little  altered.  It  is  on  the 
normal  plan,  with  ranges  of  pointed  and  slightly  horseshoe 
arches,  supported  on  more  than  400  fine  antique  columns 
of  marble  and  porphyry,  chiefly  from  Eoman  buildings. 
Among  its  later  decorations  are  magnificent  wall-coverings 
of  the  most  beautiful  Persian  tiles.  It  has  a  special  interest 
in  being  the  chief  university  of  the  Moslem  world,  contain¬ 
ing  some  thousands  of  students  (mujawirin),  for  whom  cer¬ 
tain  parts  of  the  mosque  ( Riwak )  arescreened  off,  according 
to  the  country  from  which  they  come.  Thus  special  parts 
are  reserved  for  natives  of  the  various  provinces  of  Egypt, 
of  Morocco,  Syria,  Arabia,  India,  Turkey,  etc.  Each  stu¬ 
dent  can,  if  he  is  too  poor  to  hire  lodgings,  live,  eat,  and 
sleep  in  the  mosque.  Each  has  a  large  chest  in  which  to 
keep  his  clothes  and  books;  these  are  piled  against  the 
walls  to  a  height  of  seven  or  eight  feet.  The  students  pay  no 
fees,  but  the  richer  ones  give  presents  to  the  lecturers,  who 
sit  on  the  matting  in  various  parts  of  the  sanctuary  or  clois¬ 
ter,  while  the  students  sit  round  each  lecturer  in  a  circle. 
The  usual  course  of  study  lasts  for  three  years,  though  some 


Fig.  2.  Plan  of  Mosque  of  Sultan  Hasan,  Cairo. 

1,  2.  Main  entrance.  3.  'Court  open  to  sky.  4,  5.  Fountains. 
6,  6.  North  and  south  vaulted  transepts  (the  dotted  lines  show  the 
curve  of  the  vault).  8,  9.  Dakka.  10.  Sanctuary.  11.  Mimbar. 
12.  Kibla.  i3.  Door  to  tomb.  14.  Domed  tomb-chamber.  15. 
Tomb  within  screen.  16.  Kibla.  17, 17.  Minarets.  18,  19,  20. 
Various  entrances  to  the  mosque.  21.  Small  rooms  connected 
with  service  of  the  mosque.  22.  Sultan’s  private  entrance. 

students  remain  for  much  longer.  The  chief  of  the  lec¬ 
turers,  called  the  Sheikh  al-Azhar,  receives  about  £100  a 
year,  the  others  little  or  nothing,  as  regular  pay.  The  Ko* 
ran,  sacred  and  secular  law,  logic,  poetry,  and  arithmetic, 
with  some  medicine  and  geography,  are  the  chief* subjects 
of  study. 


MOSQUE. 
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Cf  mosques  which  are  not  built  on  the  normal  plan  the 
earliest  and  most  important  are  the  two  in  the  Haram 
al-Sherif  (High  Sanctuary)  at  Jerusalem  (see  vol.  xiii.  p. 
648).  * 

The  Kubbet  al-§akhra  (Dome  of  the  Rock),  popularly, 
hut  wrongly,  called  the  “  Mosque  of  Omar,”  is  not,  strictly 
speaking,  a  mosque  at  all.  It  belongs  rather  to  the  class  of 
“  shrines,” — generally  small  square,  circular,  or  octagonal 
buildings  erected  over  some  sacred  spot  or  tomb.  It  is  a 
very  beautiful  building,  with  high  central  dome,  and  double 
ambulatory  round  it, — the  outer  wall  being  octagonal,  and 
the  dome,  with  the  pillars  that  carry  it,  circular  in  plan. 
It  is  decorated  in  a  very  sumptuous  way  by  inlay  of  rich 
marbles  and  very  splendid  glass  mosaics.  The  outer  wall 
and  most  of  the  internal  mosaics  are  later  than  the  dome 
itself.  Its  windows  of  mosaic-like  stained  glass  are  very 
beautiful,  and  are  almost  the  only  Moslem  example  of  the 
use  of  lead  “  cames,”  instead  of  the  bits  of  glass  being  fitted 
into  marble  or  stucco  tracery;  this,  as  well  as  the  glass 
wall-mosaics,  was  probably  tbe  work  of  Byzantine  artifi¬ 
cers.1 

The  mosque  within  the  same  inclosure,  called  Al-Aksd, 
is  entirely  roofed,  with  many  aisles  and  columns,  having 
no  open  court,  quite  unlike  the  usual  arrangement  of  a 
mosque. 

The  finest  and  largest  group  of  mosques  is  at  Cairo. 
Many  of  them  are  very  complicated  buildings,  with  no  re¬ 
semblance  to  the  normal  plan  before  described.  In  some 
cases  a  hospital,  a  school,  a  court  of  justice,  a  monastery,  or 
very  frequently  a  tomb,  forms  part  of  the  building,  and 
causes  considerable  modifications  in  its  plan. 

The  finest  of  these  is  the  mosque  of  the  sultan  Hasan, 
built  between  1356  and  1359  (Fig.  2),  a  good  specimen  of  a 
mosque  built  in  a  crowded  site  with  a  wing  for  a  tomb.  In 
plan  it  is  a  cruciform,  the  central  part  being  open  to  the  sky ; 
the  eastern  arm  of  the  cross  is  the  sanctuary,  and  farther 
cast  is  the  stately  domed  tomb  of  the  sultan  himself.  All 
four  arms  of  the  cross  are  vaulted  in  stone  with  a  plain 
wagon  vault.  Its  magnificent  entrance  on  the  north,  with 
an  enormously  high  arch,  decorated  with  stalactite  reliefs 
in  stone,  is  set  somewhat  askew  to  follow  the  line  of  the 
old  street.  It  has  two  minarets,  one  of  great  height  and 
grandeur. 

The  Muristdn  Kalafin  is  a  combination  of  hospital,  tomb, 
and  mosque, — an  enormous  building  covering  a  very  large 
area.  It  was  built  by  Sultan  Kalaun  at  the  beginning  of 
the  14th  century ;  his  tomb,  built  1320,  which  forms  part  of 
this  great  building,  is  a  massive  square  edifice  with  a  very 
grand  and  well-designed  octagonal  dome.  Its  wall-mosaics  in 
pearl  and  precious  stones  are  unusually  magnificent.  Even 
a  bare  list  of  the  mosques  of  Cairo  would  occupy  a  large 
space;  they  are  over  four  hundred  in  number,  and  are 
mostly  remarkable  for  some  beauty  in  design  or  richness 
in  their  ornament  and  material. 

The  mosque  of  Ibrahim  Agha  should  specially  be  noted 
for  the  splendid  Persian  tiles  which  cover  the  east  wall  of 
its  sanctuary ;  these  are  of  the  end  of  the  16th  century,  and 
are  unrivalled  in  beauty  both  of  drawing  and  color.  The 
tiles  are  9  inches  square,  and  work  into  large  designs  with 
very  graceful  sweeping  curves  of  foliage,  drawn  with  the 
greatest  skill,  and  painted  in  the  most  brilliant  yet  har¬ 
monious  colors — perfect  masterpieces  of  colored  decoration. 
See  Mural  Decoration. 

The  so-called  “Tombs  of  the  Caliphs,”  really  tomb- 
mosques  of  Egyptian  sultans,  are  a  large  group  of  very  fine 
buildings,  less  than  a  mile  outside  the  walls  of  Cairo.  The 
largest  is  that  of  Sultan  Barkuk,  with  a  superb  dome  and 
two  stately  minarets.  In  addition  to  an  extensive  open 
court,  it  has  on  each  side  of  the  sanctuary  a  magnifi- 
-cent  tomh-chamber  containing  the  bodies  of  the  sultan 
himself,  who  died  in  1399,  and  various  members  of  his 
family. 

The  most  beautiful  and  graceful  of  all  these  mosques  is 
that  which  contains  the  tomb  of  Sultan  Kdit-Bey,  who  died 
in  1496 ;  its  dome  is  entirely  covered  externally  with  beau¬ 
tiful  and  delicate  reliefs  carved  in  stone.  Its  minaret  is  a 
masterpiece  of  invention  and  extreme  grace  of  outline,  com¬ 
bined  with  the  richest  and  most  exquisite  detail ;  like  most 
of  the  Cairo  mosques,  its  exterior  is  ornamented  by  bands  of 
red  stone  alternating  with  the  yellow  Mokattam  limestone. 
Inside,  marble  inlaid  pavements  and  mosaic  on  the  walls, 
with  decorations  in  painted  stucco  and  wood  carved  and 
inlaid  give  extreme  splendor  to  the  building.  Fig.  3  gives 
its  plan  as  a  typical  example  of  the  combined  mosque  and 
tomb, — the  latter  the  more  important.  The  mosque  inside 
the  walls  of  Cairo,  built  by  the  same  sultan,  is  also  very 
beautiful,  and  remarkable  for  its  carvings  and  mosaics. 

1  See  De  Vogu6,  Temple  de  Jerusalem,  1864 ;  Texier,  Asie  Mineure, 
1862. 


It  should  be  observed  that  the  magnificent  mosques  of 

Egypt,  as  of  other  coun¬ 
tries,  owe  little  or  noth¬ 
ing  to  the  native  archi¬ 
tectural  talent  of  the 
Arabs  themselves.  Their 
own  buildings  atthetime 
of  the  Prophet  were  of 
the  simplest  and  rudest 
description, but  they  were 
always  ready  to  make  use 
of  the  architectural  skill 
and  constructive  power 
of  the  people  they  con¬ 
quered. 

The  earlier  buildings 
of  Egypt  are  mainly  the 
product  of  Coptic  and 
Byzantine  skill,  while 
rather  later  the  art  of 
Persia,  both  in  its  general 
designs  and  details  of 
workmanship,  exercised 
a  paramount  influence 
over  the  whole  Moslem 
world.  Another  influ¬ 
ence  must  not  be  forgot- 
_  „  ten,  that  of  French  and 

Fig.  3.— Mosque-tomb  of  Sultan  English  Gothic,  produced 

.<■  1  ej’  airo-  by  the  buildings  erected 

1.  Main  entrance.  2.  Lobby  and  Ktt  t Up  diiTiiiof 

cisterns  for  ablution.  3.  Great  mina-  ?7  .  6  crusa.  rs  d'jlrmg 
ret.  4.  Kdbla.  5.  Mimbar.  6.  Sul-  occupation  of  Pales- 
tan’s  tomb-chamber.  7.  The  tomb  tine.  One  of  the  Cairo 
within  a  screen.  8.  Dakka.  mosques,  that  of  Kaladn, 

possesses  a  fine  arched 
doorway,  taken  from  a  Christian  church  at  Acre — a  fine 
specimen  of  Early  English  work,  which  would  not  be  out 
of  place  in  Salisbury  Cathedral.  Moslem  translations  of 
the  clustered  jamb-shafts  and  deep  arch-mouldings  of  this 
style  often  occur. 

The  rest  of  Northern  Africa  contains  many  mosques  of 
great  size  and  splendor;  among  these  the  most  important, 
in  addition  to  those  already  mentioned  as  having  the  nor¬ 
mal  plan,  are — (1)  the  mosque-tomb  of  'Abdallah  b.  Wadib 
in  Kairawdn,  Tunis,  a  very  large  building,  containing 
several  courts  and  cloisters,  dating  from  the  same  early 
period  as  the  other  great  mosque  in  Kairawan ;  its  minaret 
is  covered  outside  with  fine  blue  and  green  tiles ;  (2)  the 
great  mosque  of  Algiers,  10th  century ;  and  (3)  that  of 
Tlemcen,  in  the  extreme  west  of  Algeria,  built  in  the 
middle  of  the  12th  century ;  this  has  a  very  splendid  pave¬ 
ment,  partly  composed  of  Algerian  onyx,  and  a  beautiful 
bronze  chandelier,  8  feet  in  diameter,  given  by  Sultan  Yar- 
morak,  1248-83. 

In  Spain,  at  Zahra  near  Cordova,  was  one  of  the  grandest 
of  the  early  mosques,  finished  in  941 ;  but  nothing  of  it  now 
exists.  Several  churches  in  Spain  were  originally  built  as 
mosques,  such  as  S.  Cristo  de  la  Luz  at  Toledo,  a  small, 
nearly  square  building,  roofed  by  dome-like  vaulting  on 
marble  pillars. 

In  Persia  but  little  now  remains  of  the  magnificent  early 
mosques,  built  with  such  splendor,  especially  during  the 
reign  of  Hdrun  al-Rashid.  At  Erzeroum  there  is  a  fine 
mosque,  combined  with  tomb  and  hospital,  almost  Early 
Gothic  in  style,  dating  from  the  13th  century.2  At  Tabriz 
there  is  another  church-like  mosque,  evidently  the  work 
of  Byzantine  builders ;  according  to  Texier,  this  belongs  to 
the  16th  century,  but  it  is  probably  two  or  three  hundred 
years  earlier. 

The  mosque  of  Houen,  near  Caesarea  in  Cilicia,  is  a  fine 
large  rectangular  building,  covered  with  low  domes  on 
square  piers.  It  dates  from  the  second  half  of  the  12th 
century. 

At  Tchekirghe  near  Broussa  is  a  very  remarkable  mosque, 
that  of  Murad  I.,  built  in  the  13th  century,  almost  in  the 
style  of  contemporary  Italian  Gothic.  Its  main  facade 
bears  an  extraordinary  resemblance  to  one  of  the  earlier 
Sienese  palaces. 

The  later  capital  of  Persia — Ispahan— became  the  centre 
of  the  highest  development  of  the  Persian  arts  under  Shah 
'Abbas  I.,  1585-1629;  to  this  period  belongs  the  splendid 
mosque  called  Masjid  Shah,  a  strangely-planned  building 
of  great  size,  enriched  in  the  most  sumptuous  way,  inside 
and  out,  by  wall-coverings  of  the  finest  Persian  enamelled 
tiles.  The  mosque  of  Sultan  Hosein,  built  as  late  as  1730, 
preserves  much  of  the  old  beauty  of  design  and  decoration. 

India  is  especially  rich  in  mosques  of  great  size  and 

2  See  Texier,  L Armknie  el  la  Perse,  1842-52 ;  Coste,  Monuments 
Modenies  de  la  Perse,  1867 ;  Flandin  and  Coste,  Voyage  en  Perse. 
1843-54.  • 
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beauty  The  earlier  ones  are  much  influenced  by  the  still 
older  Hindu  architecture,  and  some  of  the  larger  mosques 
are  built  of  materials  from  the  old  Jain  temples.  It  is  re¬ 
corded  that  twenty-seven  Hindu  temples  were  destroyed  to 
build  the  great  mosque  in  Old  Delhi,  erected  1196  to  1235, 
which  presents  a  curious  mixture  of  the  semi-barbarous 
Hindu  carved  work  with  the  more  refined  and  graceful 
decoration  of  the  Moslem  builders.  This  great  mosque  is 
on  the  normal  plan,  as  is  the  13th  century  mosque  at  Ajmir, 
also  built  on  the  ruins  of  a  Hindu  temple.  A  whole  volume 
would  not  suffice  to  describe  the  magnificent  mosques  of 
India,  such  as  those  at  Ahmedabad,  Mandu,  Maldah,  Bija- 
pur,  Fathipur,  and  countless  others.  The  introduction  in 
the  17th  century  of  Florentine  marble  and  mosaic  workers 
produced  anew  and  very  splendid  style  of  building,  of  which 
the  “pearl  mosque”  and  the  Taj  Mehal  at  Agra  are  the 
finest  specimens. 

At  Srinagar  in  Kashmir  there  is  a  large  and  very  re¬ 
markable  mosque  of  the  normal  plan,  constructed  entirely 
of  wood  logs,  with  numerous  pillars  of  deodar  pine ;  it  was 
built  by  Shah  Hamadan,  and  is  an  extremely  picturesque 
building.  (See  Cole,  Ancient  Buildings  in  Kashmir,  1869.) 

In  Turkey  the  mosques  are  either  old  Christian  basilicas, 
such  as  S.  Sophia  and  S.  Saviour’s  at  Constantinople,  and 
the  numerous  fine  early  churches  of  Thessalouica  and  Trebi- 
zond,  or  else  are  mostly  copies,  more  or  less  accurate,  of 
Justinian’s  splendid  church  of  S.  Sophia,  a  building  which 
seems  to  have  been  enthusiastically  admired  and  appreci¬ 
ated  by  the  Ottoman  conquerors.  The  mosque  of  Solaimdn 
the  Magnificent,  1550-1555,  is  the  finest  of  these  Turkish 
reproductions  of  S.  Sophia.  Another,  rather  less  close  a 
copy,  is  the  mosque  of  Sultan  Ahmed,  1608.  None  of  this 
latter  class  are  of  course  earlier  than  the  middle  of  the  16th 
century.1 

In  the  present  century  Moslem  art  has  produced  but  little 
of  architectural  importance.  The  great  mosque  of  Mo¬ 
hammed  Ali,  on  the  citadel  of  Cairo,  is  the  work  of  a  Ger¬ 
man  architect,  and  though  built  of  rich  materials  is  of  small 
artistic  value  or  interest ;  it  is  a  large  but  feebly  designed 
building  of  the  S.  Sophia  type.  Unfortunately  European 
influence  seems  now  to  be  rapidly  destroying  the  feeling  for 
true  art  that  still  survives  among  Moslem  nations. 

Literature.— In  addition  to  works  referred  to  above  see  Monu- 
mcntos  Arquitectonieos  de  Espaha,  1859-83 ;  Murphy,  Arabian  An¬ 
tiquities  of  Spain,  1813 ;  Owen  Jones,  Alhambra,  1842;  Antiguedades 
Arabes  de  Espaha,  1870;  Hay’s  Views  in  Cairo,  1840;  Roberts.  Holy 
Land,  Egypt,  etc.,  1842-9;  Hessemer,  Arabische  Bau-Verzierungen, 
1853;  Castellani,  Architettura  Orientate;  Lauftay  and  Montani, 
Architecture  Ottomane,  1873;  Salzenberg,  Alt-Christliche  Baudenk- 
mate  von  Constantinopel,  1854 ;  Lewis ,  Illustrations  of  Constantinople, 
1837;  Chardin,  Voyage  en  Perse,  1735;  Fergusson,  Architecture  of 
India,  etc.,  1876 ;  Cole,  Ancient  Delhi.  (J.  h.  m.) 

MOSQUITO  (sometimes  written  “Mosquita”),  a 
Spanish  word  signifying  “little  fly,”  is  a  name  popu¬ 
larly  applied  to  certain  annoying  dipterous  insects, 
and,  strictly  speaking,  it  should  probably  be  used  only 
for  species  of  Culicidee  (and  for  the  genus  Culex  in  par¬ 
ticular),  for  which  “gnat”  is  the  English  synonym; 
but  in  many  countries  it  is  by  almost  common  consent 
applied  to  all  small  dipterous  insects  that  suck  human 
blood,  and  therefore  includes  what  we  know  as  “sand¬ 
flies,’  “midges,”  etc.,  of  the  genera  Ceratopogon , 
Simulium ,  and  others.  By  Englishmen  a  distinction 
is  often  falsely  drawn  between  “mosquito”  and 
“gnat,”  the  former  being  supposed  to  represent  an 
insect  native  chiefly  of  hot  climates,  whereas  the  latter 
is  their  own  too-well-known  pest.  In  effect  the  terms 
are  really  synonymous,  and  any  actual  difference  can 
only  be  specific.  In  very  hot  seasons  we  not  uncom¬ 
monly  hear  alarming  reports  of  mosquitoes  having 
made  their  appearance  in  London  and  elsewhere  in  the 
British  Isles,  and  means  whereby  they  were  imported 
are  often  suggested, — the  real  facts  of  the  case  being 
that  extra  heat  may  render  the  native  species  more 
annoying,  or  that  it  causes  a  bodily  condition  in  which 
their  bites  are  more  severely  felt.2  The  “ mosauitoes ” 
of  high  northern  latitudes  may  be  species  both  of 
Culex  and  Simulium. 

Accounts  of  the  numbers  of  these  insects  in  tropical 
countries  and  high  latitudes,  and  of  their  irritating 

1  Texier  and  Pullan,  Byzantine  Churches,  1864 ;  Pulgher,  itglises 
de  Constantinople,  1882. 

2  A  few  years  ago  a  London  hotel,  popular  with  American  vis¬ 
itors,  was  said  to  harbor  mosquitoes,  which  some  of  the  visitors 
had  brought  with  them  from  the  Southern  States.  An  examina¬ 
tion  revealed  the  fact  that  the  cistern  was  uncovered  and  ex¬ 
posed,  and  was  the  breeding-place  for  hosts  of  gnats. 


attacks,  are  to  be  met  with— seldom  exaggerated— m 
most  books  of  travel.  Even  in  Britain  the  annoyance 
caused  by  gnats  is  very  great,  and  in  marshy  districts 
often  unendurable,  especially  to  new-comers,  for  it 
seems  probable  that  the  insects  really  attack  a  visitor 
more  furiously  than  they  do  the  natives  of  the  district, 
but,  on  the  other  hand,  the  latter  may  be  more  in¬ 
different  to  their  assaults.  In  some  subjects  even  the 
“piping”  by  which  a  hungry  gnat  announces  its 
presence  has  most  distressing  effects.  In  high  latitudes 
they  are  driven  off  by  anointing  the  body  with  fish- 
oil  ;  and  in  hot  climates  “  mosquito  curtains  ”  are  part 
of  the  ordinary  bed-furniture.  It  is  only  the  female 
that  bites  ;  and,  as  it  is  but  a  very  small  proportion  of 
them  that  can  ever  taste  human  blood  or  that  of  any 
warm-blooded  animal,  blood  would  not  appear  to  be 
essential  to  their  welfare.  It  has  been  suggested  that 
warm  blood  may  have  an  influence  on  the  ova,  but  it 
cannot  be  supposed  that  the  eggs  of  those  multitudes 
of  individuals  that  never  get  a  chance  to  taste  blood 
are  necessarily  infertile ;  everything  tends  to  prove  the 
opposite. 

Of  late  mosquitoes  have  been  accused  of  playing  a 
hitherto  unsuspected  part  in  the  dissemination  of  cer¬ 
tain  entozoic  diseases.  According  to  the  researches  of 
Drs.  Manson  and  Cobbold  and  others,  it  appears  cer¬ 
tain  that  the  insects,  in  sucking  the  blood  of  persons 
who  are  hosts  of  the  entozoon  known  as  Filaria  san- 
guis-hominis ,  take  these  parasites  into  their  own  sys¬ 
tem,  and  it  is  believed  that  they  afterwards  (by  their 
death  and  otherwise)  contaminate  drinking-water  with 
them,  and  thus  convey  the  entozoa  into  the  blood  of 
persons  previously  unaffected.  I 

Mosquitoes  are  aquatic  in  their  early  stages.  The 
female  deposits  her  eggs  in  boat-shaped  masses  on  the 
surface  oi  the  water.  The  larvae  are  very  active,  and 


A 


*  B  v 

Fig.  1.— Mosquito  (Culex).  A,  natural  size;  B,  enlarged. 
(After  Curtis.) 

have  a  peculiar  jerking  motion  ;  the  last  segment  is 
furnished  with  a  respiratory  apparatus,  the  form  of 
which  probably  varies  according  to  the  species,  but  it 
is  usually  a  long  tube,  the  extremity  of  which  can  be 
exposed  to  the  external  air.  The  pupae  are  also  ac- 


Fig.  2.— A,  larva  of  Culex ;  B,  pupa.  (After  Packard.) 

tive  (contrary  to  the  condition  in  most  dipterous  pupae), 
and  are  odd-looking  creatures  owing  to  the  great  de¬ 
velopment  of  the  thoracic  region  ;  the  respiratory  appa¬ 
ratus  is  in  the  thorax  in  this  state,  the  extremity  of 
the  body  having  two  swimming-plates  ;  the  pupa*  dc 
not  eat,  but  their  activity  is  very  great. 


MOSQUITO  COAST— MOSUL. 
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No  notice  of  the  mosquito  or  gnat  would  be  complete 
without  an  explanation  of  the  mouth-parts  by  which  it  is 
enabled  to  cfiuse  such  extreme  irritation.  When  these  parts 
are  closed  one  upon  the  other  the  whole  looks  like  a  long 
proboscis ;  but  in  reality  this  consists  of  seven  distinct 
slender  pieces  separated  to  the  base,  viz.,  the  labium,  two 
maxillfe,  two  mandibles,  the  lingua,  and  the  labrum.  The 
nomenclature  of  the  mouth-parts  varies  with  different  au¬ 
thors.  G.  Dimraoek  ( Anatomy  of  the  Mouth-parts  and  of  the 
Sucking-apparatus  of  some  Diptera ),  the  latest  investigator 
of  this  complex  apparatus,  states  that  the  labium  has  for 
function,  for  the  most  part,  the  protection  of  the  fine  setae 
which  form  the  true  piercing  organ  of  Cidex.  In  the  female 
of  Culex  the  protective  sheath  is  formed  by  the  labium 
alone.  .When  the  mosquito  has  found  a  place  which  suits 
it  for  piercing — for  it  often  tries  different  places  on  our  skin 
before  deciding  on  one — it  plants  its  labellae  firmly  upon  the 
spot,  and  a  moment  later  the  labium  is  seen  to  be  flexing 
backwards  in  its  middle ;  the  setae,  firmly  grouped  together, 
remain  straight  and  enter  the  skin.  When  the  setae  have 
entered  to  nearly  their  full  length,  the  labium  is  bent  dou¬ 
ble  beneath  the  body  of  the  insect.  When  the  mosquito 
wishes  to  withdraw  the  setae  it  probably  first  withdraws  the 
two  barbed  maxillae  beyond  the  other  setae,  that  is,  so  that 
their  barbs  or  papillae  will  be  kept  out  of  action  by  the 
mandibles  and  hypopharynx ;  then  it  readily  withdraws 
the  setae,  perhaps  aiding  their  withdrawal  by  the  muscles 
of  the  labium,  for  during  the  process  of  extracting  the  setae 
from  the  skin,  while  they  are  slowly  sinking  back  into  the 
groove  upon  the  upper  side  of  the  straightening  labium, 
the  mosquito  keeps  the  labellae  pressed  firmly  upon  the 
skin.  The  withdrawal  of  blood  is  effected  by  means  of  a 
pumping  apparatus  at  the  base  of  the  mouth-parts.  As  no 
investigator  appears  to  have  been  able  to  detect  a  poison 
gland.,  it  has  been  considered  that  the  irritation  caused  by 
the  bite  of  a  mosquito  was  solely  of  mechanical  origin ;  but 
the  extreme  irritation  and  its  duration  have  not  caused 
this  idea  to  be  commonly  accepted.  Dimmock  avows  his 
belief  that  there  is  use  made  of  a  poisonous  saliva.  In  the 
male  of  Culex  the  mouth-parts  vary  considerably  from 
those  of  the  female, — a  conspicuous  point  of  difference  be- 


Fig.  3.— Mouth-parts,  etc.,  of  female  Culex  (after  Dimmock).  a, 
antennae;  c,  clypeus;  h,  hypopharynx;  Ir-e,  labrum-epipharynx ; 
l,  labium;  m,  mandibles;  mx,  maxillae  (with  the  tip  of  one  of 
them  enlarged). 

ing  that  in  this  sex  the  mandibles  are  absent,  and  the  max¬ 
illae  are  not  barbed. 

About  35  species  of  Culex  (mosquito  or  gnat)  have  been  ' 
described  as  inhabiting  Europe,  and  about  130  from  the  rest 
of  the  world,  but  their  differentiation' is  involved  in  great 
difficulty  and  uncertainty,  and  it  is  probable  that  the  num¬ 
ber  of  true  species  may  be  very  much  less.  A  species  from 
Cuba  has  received  the  name  Cidex  mosquito;  but  there  is  not 
one  species  that  specially  deserves  the  name  more  than  an¬ 
other  from  a  popular  point  of  view,  nor  from  a  scientific 
point  of  view  is  there  any  difference  between  a  mosquito 
and  a  gnat. 

MOSQUITO  COAST.  See  Nicaragua. 

MOSSES,  or  Musci,  one  of  the  two  divisions  of  the 
botanical  class  Muscinece,  which  includes  also  the  Liv¬ 
erworts  or  Ilepaticce.  See  MUSCINECE. 

MOSSLE  Y,  a  manufacturing  town  of  Lancashire, 
England,  is  situated  on  the  London  and  Northwestern 
Railway  and  on  the  Huddersfield  canal,  near  the  west 
bank  of  the  Tame,  which  here  separates  Lancashire 
from  Cheshire,  3  miles  northeast  of  Ashton-under- 
Lyne,  and  10  east-northeast  of  Manchester.  The 
houses  are  for  the  most  part  built  of  stone.  To  super¬ 
sede  the  old  church  of  St.  George,  erected  in  1757,  a 


new  building  was  begun  in  1881.  A  mechanics’  insti¬ 
tute  was  erected  in  1858.  In  the  vicinity  of  the  town 
is  an  eminence  called  Hartshead  Pike,  on  which  is  a 
lolty  circukir  tower  surmounted  by  a  spire  rebuilt  of 
stone  in  1758.  Mossley  has  risen  into  importance  since 
the  introduction  of  the  cotton  manufacture  about  fifty 
years  ago.  A  fair  is  held  annually.  The  town  was 
placed  under  the  Local  Government  Act  in  1 864,  the 
district  to  which  its  provisions  extend  including  also 
part  ol  Saddleworth  in  Yorkshire.  The  total  popu¬ 
lation  was  in  1871  10,578,  and  13,452  in  1901. 

MOSfAR,  the  chief  town  of  Herzegovina,  is  built 
on  both  banks  of  the  Narenta,  about  35  miles  from  its 
mouth,  and  40  miles  southwest  of  Seraievo  (Bosna 
^  caPikil  °f  Bosnia.  Among  the  public 

buildings  are  a  palace,  two  Greek  churches,  and  forty 
mosques,  in  several  cases  with  Roman  or  Byzantine 
tracery  in  their  windows.  The  fine  old  bridge  from 
which  the  town  takes  its  name  ( Most  Star,  Old  Bridge) 
is  probably  Roman.  The  town  has  a  good  trade  and 
manufactures  excellent  Damascus  swords;  and  the 
grapes  and  wine  of  Mostar  are  celebrated  throughout 
the  south  Slavonic  countries.  The  population,  7300 
in  1844,  had  increased  to  17,300  by  1900. 

Whether  its  ancient  name  was  Saloniana,  Sarsenterum, 
or  Andretium,  there  is  little  doubt  that  Mostar,  or,  to  use 
the  older  Slavonic  name,  Yitrinitcha,  dates  from  the  time 
of  the  Romans.  It  was  enlarged  in  1440  by  Radivoi  Gost, 
mayor  of  the  palace  to  Stephen,  first  duke  of  St.  Sava.  Im¬ 
mediately  on  their  conquest  of  Herzegovina  it  was  chosen 
by  the  Turks  as  their  headquarters ;  and  it  afterwards  be¬ 
came  the  capital  of  the  independent  government  of  Ali 
Pasha  and  Stolac. 

See  Evans,  Through  Bosnia  and  Herzegovina,  1876;  Wilkinson’s 
Dalmaiia  and  Montenegro,  vol.  ii.  (view  and  plan  at  pp.  59-60) ;  and 
Caix  de  Saint  Aymour  in  Rev.  des  D.  Mondes,  February,  1883. 

MOSUL,  an  important  town  in  Mesopotamia,  on 
the  right  bank  of  the  Tigris,  in  36°  35'  N.  lat.  and  43° 
3/  E.  long.  In  Mosul,  as  in  Baghdad,  only  part  of  the 
space  within  the  walls  is  covered  with  buildings  and 
the  rest  is  occupied  by  cemeteries;  even  the  solid 
limestone  walls  of  the  ancient  town  are  half  in  ruins, 
being  serviceable  only  in  the  direction  of  the  river, 
where  they  check  inundations.  Of  the  town  gates  at 
present  in  use,  five  are  on  the  south,  two  on  the  west, 
two  on  the  north,  and  the  great  bridge  gate  on  the  east. 
Leaving  Mosul  by  the  last  named,  the  traveller  first 
crosses  a  stone  bridge,  157  feet  long  ;  then  a  kind  of 
island  (140  feet),  which  is  overflowed  only  in  spring 
and  summer  by  the  Tigris  ;  next  a  stretch  of  the  river 
which,  at  such  times  as  it  is  not  fordable,  is  spanned 
by  a  bridge  of  boats,  the  bridge  proper  covering  only 
one-sixth  of  the  full  width  of  the  stream.  During  the 
season  of  low  water  excellent  vegetables,  particularly 
watermelons,  are  grown  upon  the  islands  and  dry  por¬ 
tions  of  the  river-bed. 

The  interior  of  Mosul  has  an  insignificant  appearance, 
only  a  few  of  the  older  buildings  being  left,  among  which 
may  be  mentioned  the  Great  Mosque,  with  its  leaning  min¬ 
aret,  formerly  a  church  dedicated  to  St.  Paul.  The  private 
houses  are  partly  of  brick  and  partly  of  stone,  the  district 
furnishing  an  excellent  and  easily-wrought  building-stone 
resembling  marble.  Handsome  well-built  halls  (twans)  may 
be  seen  in  many  houses ;  the  underground  dwellings  also, 
to  which  the  inhabitants  retire  during  the  daytime  in  the 
hot  months  of  summer,  are  well  and  solidly  built.  The 
houses  are  high,  and  during  three  or  four  months  of  the 
year  the  inhabitants  sleep  on  the  flat  roofs.  The  streets  are 
for  the  most  part  badly  paved  and  very  narrow,  a  small 
square  in  the  market-place,  overlooked  by  airy  coffee- 
booths,  being  almost  the  only  open  space.  The  shops  are 
few  and  poor.  The  industry,  in  comparison  with  former 
times,  when  the  town  had  so  considerable  a  manufacture  in 
“muslin”  as  to  give  its  name  to  that  fabric,  is  very  unim¬ 
portant;  trade  also,  which  is  almost  exclusively  in  the 
hands  of  native  merchants,  has  fallen  off  greatly.  Gall- 
nuts,  gathered  on  the  neighboring  Kurdish  mountain 
slopes,  are  mostly  exported,  but  are  also  made  use  of  by 
native  dyers;  and  hides,  wax,  cotton,  and  gum  are  sold. 
Very  few  Europeans  live  in  Mosul,  though  the  market  is 
abundantly  supplied  with  European  goods.  The  wholesale 
trade,  conducted  by  means  of  caravans,  has  greatly  de- 
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dined  from  its  former  importance,  owing  not  only  to  changes 
which  have  been  taking  place  in  commercial  routes  gen¬ 
erally,  but  also  to  the  dangers  of  the  roads  near  Mosul ; 
for  to  the  north  and  east  of  the  town  there  are  wild  tribes 
of  Kurds,  some  of  whom  continue  to  assert  their  independ¬ 
ence  of  the  Osmanli  rule,  while  the  Yezidis,  a  Kurdish 
tribe  who  have  never  yet  accepted  Islam,  dwell  in  the  Sin- 
jar  Mountains,  upon  a  northern  spur  of  which  the  town 
stands.  Semi-independent  tribes  of  Bedouins  also  roam 
over  the  plains  in  the  immediate  vicinity.  The  wild  hordes 
of  the  Shammar  Bedouins  have  often  plundered  or  threat¬ 
ened  the  citizens.  Mosul,  therefore,  has  a  somewhat  iso¬ 
lated  position,  and  this  perhaps  is  one  reason  why  Christians 
and  Moslems  have  lived  together  on  better  terms  here  than 
elsewhere.  Both  are  animated  by  an  active  local  patriot¬ 
ism,  and  both  honor  the  same  patron  saints,  Jirjis  (St. 
George)  and  Jonah ;  the  grave  of  the  latter  is  pointed  out 
on  an  artificial  mound  on  the  left  bank  of  the  Tigris. 

T-he  language  of  the  people  of  Mosul  is  a  dialect  of  Arabic, 
partly  influenced  by  Kurdish  and  Syriac.  The  population 
is  probably  60,000  to  61,000.  It  is  stated  that  the  town  is 
divided  into  32  quarters,  of  which  one  is  Jewish  and  three 
are  Christian,  while  the  rest  are  Moslem.  The  Moslems 
call  themselves  either  Arabs  or  Kurds,  but  the  prevalent 
type,  very  different  from  the  true  Arabian  of  Baghdad, 
proves  the  Aramsean  origin  of  many  of  their  number.  Of 
the  Christians,  the  community  of  the  Chaldseans,  i.e.,  those 
who  have  gone  over  from  Nestorianism  to  Catholicism, 
seems  to  be  the  most  important ;  there  are  also  Syrian 
Catholics  and  Jacobites.  Mosul  has  for  several  centuries 
been  a  centre  of  Catholic  missionary  activity,  the  Domini¬ 
cans  especially,  by  the  foundation  of  schools  and  printing- 
offices,  having  made  a  marked  impression  upon  an  intelli¬ 
gent  and  teachable  population.  There  are  very  few  Prot¬ 
estants. 

Mosul  shares  the  severe  alternations  of  temperature  ex¬ 
perienced  by  Upper  Mesopotamia  (see  Mesopotamia).  The 
summer  heat  is  extreme,  and  in  winter  frost  is  not  un¬ 
known.  Nevertheless  the  climate  is  considered  healthy 
and  agreeable ;  copious  rains  fall  in  general  in  winter.  The 


drinking-water  is  got  from  the  muddy  Tigris.  At  the 
northeast  corner  of  the  town  is  a  sulphur  spring,  and  4 
leagues  to  the  south  there  is  a  hot  sulphur  spring  (Hammdrn 
‘Ali),  much  frequented  by  invalids. 

Mosul  probably  occupies  the  site  of  a  southern  suburb  of 
ancient  Nineveh  ( q.v .),  but  it  is  very  doubtful  whether  the 
older  name  of  Mespila  can  be  traced  in  the  modern  Al-Mausil 
(Arab.,  the  place  of  connection) ;  it  is,  however,  certain  that 
a  town  with  the  Arabic  name  Al-Mausil  stood  here  at  the 
time  of  the  Moslem  conquest  (636  A.D.).  The  town  reached 
its  greatest  prosperity  towards  the  beginning  of  the  de¬ 
cline  of  the  caliphate,  when  it  was  for  a  time  an  independ¬ 
ent  capital.  The  dynasty  of  the  Hamdanids  reigned  in 
Mosul  from  934,  but  the  town  was  conquered  by  the  Syrian 
Okailids  in  990.  In  the  11th  century  it  belonged  to  the 
Seljuks,  and  in  the  12th,  under  the  sway  of  the  Atabeks, 
particularly  of  Zenki,  it  had  a  short  period  of  splendor. 
Saladin  besieged  it  unsuccessfully  in  1182.  Among  the  later 
rulers  of  Mosul  the  only  conspicuous  name  is  that  of  Lulu, 
in  the  first  half  of  the  13th  century.  The  town  suffered 
severely  from  the  Mongols  under  Hulagu  ;  under  Turkish 
rule  it  became  the  capital  of  a  small  pashalik,  bounded  on 
the  one  side  by  the  vilayet  of  Diarbekr,  on  the  other  by 
that  of  Baghdad.  The  Persians  occupied  Mosul  for  a  short 
time  in  1623,  until  it  was,  soon  afterwards,  recovered  by 
Sultan  Murad  IV.  It  was  visited  by  an  earthquake  in 
1667,  and  was  unsuccessfully  besieged  by  the  Persians  under 
Nadir  Shah  in  1743.  The  governorship  of  the  pashalik  was 
long  hereditary  in  the  originally  Christian  family  of  the 
'Abd-al-Jalil,  until  the  Porte,  during  the  course  of  the 
present  century,  succeeded  after  a  long  and  severe  contest 
in  establishing  a  more  centralized  system  of  government. 

Compared  with  what  it  was  in  the  Middle  Ages  the  pres¬ 
ent  town  is  much  deteriorated,  its  decay  having  advanced 
steadily  from  the  beginning  of  the  Turkish  dominion. 

See  Ritter,  Aden,  vol.  vii.  A  map  of  the  town  accompanies 
Cemik’s  paper,  “  Studienexpedition  durch  die  Gebiete  des  Eu- 
phrat  und  Tigris,”  in  Erganzungsheft  No.  45  of  Petermann’s  Mil- 
theilungen,  1876. 
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ent  points  in  the  state,  which  have  been  of  great 
benefit  to  teachers.  All  counties  have  normal  in¬ 
stitutes,  and  from  the  group  of  educational  institu¬ 
tions  that  give  collegiate  and  normal  training  to 
their  students  have  come  the  greater  part  of  the 
.teachers  of  the  state.  The  leading  institution  of 
jhigher  education  in  South  Dakota  is  the  University 
of  South  Dakota  (q.v.,  in  these  Supplements).  There 
;are  several  denominational  colleges,  among  them 
being  the  Dakota  University  at  Mitchell,  and  Black 
Hills  College  at  Hot  Springs,  Methodist  Episcopal; 
Pierre  University  at  East  Pierre,  Presbyterian;  Sioux 
Falls  University,  Baptist;  Scotland  Academy,  Pres¬ 
byterian;  Augustana  College,  Lutheran;  Redfield 
College,  Congregational;  and  several  others  of 
less  prominence.  The  state  maintains  a  school  of 
mines  at  Rapid  City,  and  the  State  Agricultural 
College,  with  experiment  station  attached,  is  lo¬ 
cated  at  Brookings.  For  the  State  University,  the 
Agricultural  College,  United  States  Experiment 
Station,  State  School  of  Mines,  State  Normal 
School  and  State  Geological  Survey,  South  Dakota 
appropriates  about  $60,000  annually;  the  United 
States  government,  $36,000. 

In  1896  South  Dakota  had  1,589  church  organiza¬ 
tions,  774  edifices,  a  total  membership  of  85,490, 
which  constituted  26  per  cent  of  the  population,  and 
church  property  of  the  value  of  $1,761,277.  The 
Adventists  had  38  organizations;  the  Baptist  bodies, 
90;  the  Roman  Catholic,  177;  the  Congregational, 
138;  the  Lutheran,  all  bodies,  432;  the  Methodist, 
all  bodies,  306;  the  Presbyterian,  all  bodies,  134; 
the  Protestant  Episcopal,  83,  and  the  United  Breth¬ 
ren,  33. 

The  State  Auditor  reported,  under  date  of  Dec. 
1,  1901,  the  following  facts:  Assessment  for  1901, 
$173,206,733;  for  1894,  $128,046,765;  1893,  $136,- 
032,840;  1892,  $127,377,990.  The  railroad,  tele¬ 
graph,  telephone,  express,  and  sleeping-car  com¬ 
panies,  which  were  assessed  by  the  state  board,  paid 
taxes  during  the  years  named  on  assessments  as 
follows:  1900412,743,867;  1894,  $9,417,570;  1893, 
$9,164,496;  1892,  $9,120,625.  It  is  thus  shown 
that  the  decrease  in  valuations  was  in  other  direc¬ 
tions  than  that  of  corporation  property.  During 
1894  the  state  suffered  a  great  loss  by  reason  of  the 
defalcation  of  the  state  treasurer,  the  funds  em 
bezzled  amounting  to  $367,020.  The  treasury  for 
a  time  was  bankrupt,  but  was  replenished  by  the 
issuance  of  revenue  warrants;  $127,552  in  cash  was 
soon  recovered,  together  with  certain  property  of 
the  defaulting  treasurer,  and  the  exact  loss  to  the 
state  cannot  be  definitely  ascertained  until  the  prop¬ 
erty  is  realized  on.  The  report  referred  to  showed 
the  total  bonded  debt  of  the  state  to  have  been 
(1900)  $863,300.  The  aggregated  valuations,  as 
taken  from  the  county  duplicates,  showed  the  follow¬ 
ing  as  the  basis  of  taxation  for  1901:  Real  estate, 
$119,821,418;  railroads,  $12,741,397,  and  personal 
property,  $39,207,212.  The  legislature  which  met 
Jan.  8, 1895,  made  appropriations  for  the  succeeding 
two  years,  the  amount  for  1895  being  $290,687,  and 
for  1896,  $289,574.  These  amounts  did  not  include 
interest ’on  bonds,  nor  salaries  of  state  officials. 

The  railroads  of  the  state  had  a  total  mileage,  at 


the  close  of  1900.  of  2,950;  5,046  persons  had 
been  employed  by  the  14  different  lines,  to  whom 
wages  to  the  amount  of  $2,950,507  had  been  paid 
during  the  year. 

In  April,  1895,  the  Yankton  Sioux  Indian  reser¬ 
vation  was  thrown  open  for  settlement.  This  tract 
consisted  of  168,000  acres  of  excellent  land,  which 
the  state  authorities  had  attempted  to  take  posses¬ 
sion  of  under  an  act  passed  by  Congress,  March  2, 
1895,  permitting  states  to  select  school  lands 
from  the  surplus  of  surrendered  Indian  reservations. 
The  right  of  the  state  was  contested  and  the  matter 
carried  before  the  Secretary  of  the  Interior,  who  de¬ 
cided  adversely  to  South  Dakota. 

The  state  institutions  of  South  Dakota  did  not 
include  an  asylum  for  the  blind  up  to  1895,  when 
the  legislature  of  that  year  authorized  the  location  of 
one  at  Gary.  Theretofore  the  indigent  blind  had 
been  maintained  at  the  Iowa  College  for  the  Blind, 
at  an  annual  expense  of  from  $300  to  $500.  The 
School  for  Deaf  Mutes,  at  Sioux  Falls,  expended 
during  1893-94  the  sum  of  $27,000.  The  pupils 
numbered  47,  29  of  whom  were  boys  and  18  girls. 
The  expenditures  of  the  Insane  Hospital  at  Yank¬ 
ton,  for  1894,  were  $76,766;  the  average  number  of 
patients  for  the  year  being  361.  An  additional  hos¬ 
pital  for  the  insane  was  authorized  by  the  legislature 
in  1893,  but  up  to  1896  it  had  not  been  erected.  It 
was  to  be  located  at  Redfield.  The  cost  of  main¬ 
tenance  of  the  Soldiers’  Home,  at  Hot  Springs,  for 
1894  was  $24,725.  The  expenditures  of  the  peni¬ 
tentiary,  at  Sioux  Falls,  reached  $31,627  in  1894; 
the  number  of  prisoners  averaging  for  the  year,  117. 
A  farm  of  160  acres,  adjoining  the  penitentiary 
buildings,  has  been  paid  for  out  of  the  earnings  of 
the  convicts.  The  Reform  School  is  located  near 
Plankinton,  on  a  farm  of  640  acres  of  good  land; 
the  number  of  boys  confined  during  1894  was  65; 
the  number  of  girls,  22.  The  expenditures  for 
1893-94  amounted  to  $19,849. 

The  mineral  deposits  of  South  Dakota  are  of  a  va¬ 
ried  character,  and  of  such  extent  and  importance  as 
to  ultimately  reach  a  large  annual  value.  The  cen¬ 
sus  reports  of  1900  give  the  total  value  of  the  out¬ 
put  at  $6,617,674.  Gold  leads  all  of  the  mineral 
products  of  the  state,  both  in  the  extent  of  its  de¬ 
posits  and  the  value  of  the  annual  output.  For 
1900,  the  gold  and  silver  mined  reached  a  value  of 
more  than  $6,788,474.  In  1894,  gold  alone  yielded 
a  return  of  $4,000,000,  the  output  of  the  preceding 
year  being  but  a  trifle  less.  In  1893,  silver  returned 
$181,527,  the  product  being  much  decreased  as  com¬ 
pared  with  1890,  1891  and  1892.  Copper  is  abun¬ 
dant  in  ore  of  35  per  cent  purity,  yielding  $112  per 
ton  of  ore.  Lead  is  found  in  large  quantities 
around  the  towns  of  Galena  and  Carbonate,  but  the1 
industry  had  not  been  developed  to  any  great  extent 
up  to  1896.  The  same  state  of  affairs  existed  in  re¬ 
gard  to  the  extensive  deposits  of  iron  ore  in  the 
Black  Hills.  Manganese  ores  of  46  per  cent  purity 
were  discovered  in  the  Black  Hills  country  early  in 
1890,  and  large  shipments  were  made  from  Custer 
County  in  1892,  but  the  industry  fell  off  and  was 
not  made  prominent  thereafter.  The  same  section 
of  the  state  has  rich  deposits  of  nickel,  and  tin  has 
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been  known  to  exist  since  1877  in  the  northwestern 
section  of  that  country,  the  first  found  in  the  United 
States.  The  total  production  of  tin-bearing  rock  in 
the  United  States  in  1889  was  28,000  tons,  distrib¬ 
uted  as  follows:  California,  5,000  tons;  Virginia, 
1,000  tons;  and  South  Dakota  22,000 tons.  Analy¬ 
ses  made  of  the  tin  ores  have  showed  them  to  con- 
lain  from  74.5  per  cent  to  76.7  per  cent  of  pure  tin; 
Ihe  Cornish  tin,  long  considered  the  best  of  the 
world,  shows  only  72.3  per  cent  pure.  Over  four 
thousand  separate  veins  of  tin  ore  had  been  discov¬ 
ered,  located  and  recorded  up  to  1895.  Phosphatic 
minerals  are  found  in  the  veins  of  tin  ore,  including 
apatite,  heterosite,  triphylite  and  autunite,  as  is  also 
graphite.  Beryls  of  large  size  have  also  been  found 
in  the  veins,  as  well  as  garnets,  in  all  mines  worked 
up  to  1896.  Ilmenite,  zircons  and  corundum  have 
occasionally  been  met  in  the  same  formations. 
Other  mineral  products  also  ound  in  the  Black 
Hills  include  mica,  immense  deposits  of  granite 
and  many  other  varieties  of  stone.  In  1889 
but  three  states  were  reported  as  producing  grind¬ 
stones — South  Dakota,  Ohio  and  California.  Those 
coming  from  Dakota  were  from  Lawrence  County, 
and  were  of  the  value  of  $7,131.  The  granite  is  of 
so  coarse  a  quality  as  to  disintegrate  rapidly 
when  exposed  to  the  weather.  In  three  of  the 
eastern  counties  of  the  state  excellent  building- 
stone  is  found,  of  a  quality  that  has  led  to  its  be¬ 
ing  extensively  shipped  to  other  states.  Quartz¬ 
ite,  or  Sioux  Falls  granite,  is  found  in  large 
deposits  in  the  eastern  portion.  It  is  composed 
almost  entirely  of  quartz,  and  is  usually  intensely 
compact  and  hard.  It  varies  in  color  from  light 
pink  to  Indian  red,  with  shades  of  purple.  Ex¬ 
tensive  quarries  of  this  rock  have  been  opened 
about  Sioux  Falls  and  Dell  Rapids,  which  have 
been  worked  since  1885,  and  the  material  has  be- 
•come  well  known  throughout  the  country.  Tests 
made  in  Chicago,  where  it  has  been  used  for  pav¬ 
ing  purposes,  show  a  crushing-strength  of  22,000 
pounds  to  the  square  inch.  Sandstone  is  found 
in  many  sections  of  South  Dakota,  but  the  lime¬ 
stone  is  confined  to  the  Black  Hills,  where  is 
found  a  purple  variety,  susceptible  of  a  high 
polish,  resembling  the  variegated  marble  of  Ten¬ 
nessee.  The  kind  used  for  the  production  of  lime 
consists  of  98.75  percent  of  calcium  carbonate. 
Portland  cement  is  easily  made  near  Yankton. 
Almost  $150,000  worth  was  shipped  out  of  the 
state  in  1892-3,  much  of  which  was  used  at  the 
World’s  Fair  at  Chicago.  Potters’,  fire  and  brick 
clays  abound  in  many  parts  of  the  state.  The  only 
coal  or  lignite  known  to  exist  in  South  Dakota  is 
found  in  the  Black  Hills  district,  but,  in  addition 
to  being  of  poor  quality,  is  situated  unfavorably 
for  mining,  being  too  far  from  railroad  facilities 
to  be  handled  with  profit.  Natural  gas  has  been 
found  at  several  points,  but  up  to  1896  had  not 
been  sufficiently  developed  to  displace  other  fuels 
to  any  great  extent. 

The  average  rainfall  of  South  Dakota,  as  re¬ 
ported  by  the  Signal  Service  of  the  United  States, 
is  about  22  inches.  While  different  localities 
vary  in  average,  the  fall  is  sufficient  for  agricul¬ 


tural  purposes  in  all  sections  except  in  the  up¬ 
lands  of  the  west  central  portion,  which  are  too 
arid  for  successful  cultivation  without  irrigation. 
South  Dakota  is  supplied  with  the  means  for 
irrigation  as  no  other  state  in  the  Union  is.  An 
immense  basin  underlies  all  that  part  of  the  state 
lying  between  the  Missouri  and  the  James  Rivers, 
extending  slightly  to  the  eastward  of  the  James, 
north  of  the  city  of  Mitchell.  At  any  point  in  this 
region,  which  includes  portions  of  thirty  counties, 
except  upon  some  of  the  highest  divides  of  limited 
extent,  artesian  wells  may  be  made  by  boring 
down  from  one  hundred  to  fifteen  hundred 
feet,  the  depth  varying  inversely  with  the  alti¬ 
tude.  At  lower  levels,  near  the  James  and  Missouri 
rivers,  the  pressure  often  reaches  as  high  as  175 
pounds  to  the  square  inch,  and  has  been  success¬ 
fully  utilized  as  power  for  operating  flour-mills, 
city  water-works,  etc.  The  artesian  wells  in  the 
basin  above  described  number  about  one  hundred. 
A  flow  of  more  than  3,000  gallons  per  minute  has 
been  obtained  from  a  well  with  an  8-inch  opening. 
The  surface  of  this  section  is  generally  level  or 
gently  undulating;  the  soil  is  mainly  a  rich  black 
loam,  of  the  same  nature  and  origin  as  that  of  Iowa 
and  Illinois.  The  arid  belt  lies  farther  to  the  west¬ 
ward,  and  water  for  irrigation  is  obtained  from  the 
larger  streams.  The  clay  soil  of  this  belt  pro¬ 
duces  very  nutritious  grasses,  which  change  early 
in  the  season  to  natural  hay,  accessible  for  the 
rest  of  the  year.  This  was  the  favorite  grazing- 
region  for  the  immense  herds  of  buffalo  that 
formerly  made  it  their  home. 

The  Black  Hills  region  lies  in  the  southwestern  part 
of  South  Dakota,  within  the  embrace  of  the  North 
and  South  forks  of  the  Cheyenne  River,  including 
an  area  of  thirty-five  hundred  square  miles.  Up  to 
1874  this  country  was  practically  unknown,  since 
which  time  it  has  become  self-sustaining,  agricul¬ 
turally,  and  has  developed  some  of  the  richest  gold 
and  tin  mines  in  the  world.  The  entire  area  of 
the  hills  is  well  wooded.  The  density  and  dark 
color  of  the  forests  covering  the  mountain-sides 
suggested  the  name  of  the  region.  The  heavy,  or 
Norway  pine,  is  the  most  abundant  and  valuable 
tree.  Black  and  white  spruce  cover  the  valleys  of 
the  central  and  northern  portion.  Burr-oaks,  in 
small  groves,  grow  on  the  eastern  slope  of  the  range. 
White  elm  is  found  along  the  valleys  of  the  eastern 
side.  Aspen,  white  birch,  ash,  mulberry,  box-elder, 
ironwood  and  juniper  grow  sparingly  in  many 
localities.  The  heavy  pine  furnishes  logs  for  the 
mills  from  30  to  50  feet  in  length,  12  to  14  inches 
in  diameter.  Estimates  made  in  1894  place  the 
amount  of  virgin  forest  in  the  hills  at  one  thousand 
square  miles.  The  Black  Hills  country  is  especially 
well  adapted  to  the  culture  of  fruit,  and  the  valleys 
are  exceedingly  productive. 

The  fisheries  of  South  Dakota  reported,  in  1889, 
62  persons  engaged,  $2,142  capital  invested,  and 
products  to  the  amount  of  $10,866  sold.  The 
carp  industry  was  given  an  extensive  trial,  $8,38$ 
having  been  invested  in  the  business  and  $89  real¬ 
ized  from  sales.  The  first  reports  were  made  in 
1882,  when  25  carp  were  placed  in  waters  within  the 
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state.  In  1886  over  25,000  were  planted,  and  the 
entire  sales  given  in  were  68  sold  for  stocking  and 
560  pounds  for  food,  of  the  aggregate  value  given 
above. 

During  1893-94,  378  domestic  incorporations 
took  papers  under  the  laws  of  South  Dakota,  232 
of  which  were  for  profit  and  146  of  which  were  for 
charitable  and  benevolent  purposes.  In  1894  there 
were  23  state  banks  incorporated,  4  failed  and  4 
went  into  voluntary  liquidation.  The  state  banks 
doing  business  at  the  close  of  1894  had  an  average 
reserve  of  33.42  per  cent,  which  was  almost  20  per 
cent  in  excess  of  the  reserve  required  under  the  law. 
The  total  number  of  banks  in  the  state  was  230,  of 
which  140  were  state,  40  national  and  50  private 
institutions. 

South  Dakota  had  in  1895  about  80, coo  adults 
liable  to  military  service.  The  authorized  strength 
of  the  National  Guard  was  3,057,  and  the  organized 
force  consisted  of  about  750  officers  and  enlisted 
men,  formed  into  a  regiment  of  infantry  consisting 
of  3  battalions  of  4  companies  each,  a  battalion  of 
infantry  and  a  battery  of  artillery.  In  1894  the 
state  appropriation  was  $4,000,  and  that  from  the 
Federal  government  $3,486. 

March  30,  1905,  there  were  307  papers  published 
in  South  Dakota,  of  which  13  were  daily,  3  semi¬ 
weekly,  269  weekly,  1  biweekly,  2  semimonthly, 
17  monthly,  and  2  quarterly.  Papers  were  pub¬ 
lished  in  all  of  the  53  counties  of  the  state,  and  in  177 
of  the  cities,  towns,  and  villages,  of  which  49  are 
county  seats.  Post  offices  in  1900  numbered  669,  214 
of  which  were  money-order  offices,  44  were  Presi¬ 
dential,  8  being  second-class,  and  36  third-class. 

The  following  is  a  list  of  the  principal  cities  and 
towns  of  South  Dakota,  with  the  populations  of 
1900:  Sioux  Falls,  10,266;  Yankton,  4,125;  Pierre, 
2,306;  Aberdeen,  4,087;  Huron,  2,793;  Water- 
town,  3,352;  Lead  City,  6,2x0;  Deadwood,  3,498; 
Mitchell,  4,055;  and  Rapid  City,  1,342. 

The  following  is  a  list  of  the  governors  of  South 
Dakota,  with  their  respective  terms  of  office: 
Arthur  C.  Mellette,  1889-93;  Charles  H.  Sheldon, 
1893-97;  Amund  O.  Ringsrud,  1897-1901;  C.  N. 
Herreid,  1901-05;  Samuel  H.  Elrod,  1905-07; 
C.  I.  Crawford,  1907. 

For  map  of  S.  Dakota,  see  Vol.  VI,  pp.  680,  681. 

SOUTH  DAKOTA,  University  of,  a  state, 
non-sectarian  institution,  located  in  Vermilion, 
South  Dakota,  in  1862,  by  the  territorial  govern¬ 
ment,  which  granted  it  86,000  acres  of  land  and  a 
yearly  appropriation.  It  was  not  organized, 
however,  before  1882,  when  it  was  opened  for 
students.  In  1901  three  brick-and-stone,  well- 
equipped  buildings  had  been  constructed,  and  in 
1904  the  institution  had  42  instructors,  450  stu¬ 
dents,  9,500  volumes  in  the  library,  and  an  in¬ 
come  from  all  sources  of  $70,000.  Its  grounds, 
buildings  and  equipment  were  valued  at  $300,000. 
Confers  degrees  in  letters,  sciences,  music  and  art. 

SOUTHDOWN  SHEEP.  See  Agriculture, 
Vol.  I,  p.  348* 

SOUTH  EASTON,  a  borough  of  Northampton 
County,  eastern  Pennsylvania,  on  the  south  bank 
oltbe  Lehigh  River,  opposite  Easton,  and  on  the 


Delaware  River,  opposite  Phillipsburg,  New  Jer¬ 
sey,  on  the  Lehigh  Valley  railroad.  It  has  manu¬ 
factories  of  wire  and  cotton  goods.  Population 
included  in  Easton  city,  1900,  25,238. 

SOUTHERN  BAPTIST  THEOLOGICAL 
SEMINARY.  See  Theological  Education,  in 
these  Supplements. 

SOUTHERN  RAILWAY  ASSOCIATIONS. 
See  Railroads,  in  these  Supplements. 

SOUTH  FRAMINGHAM,  Massachusetts,  a 
town  of  Middlesex  County,  at  a  junction  of  divi¬ 
sions  of  the  Boston  &  Albany  and  the  New 
York,  New  Haven  &  Hartford  railroads,  21 
miles  west  of  Boston.  Among  its  institutions 
are  a  state  normal  school,  women’s  reformatory, 
and  state  arsenal  and  muster  ground.  It  has  rail¬ 
road  workshops,  large  manufactures  of  straw 
goods,  paper,  rubber,  knives,  etc.  Population, 
1890,9,239;  1900,  11,302.  C.L.S. 

SOUTH  GEORGIA  ISLANDS.  See  Geol¬ 
ogy,  Vol.  X,  p.  195. 

SOUTH  HADLEY,  Massachusetts,  a  town¬ 
ship  of  Hampshire  County,  extending  southeast 
of  Northampton,  on  the  east  bank  of  the  Connect¬ 
icut  River,  where  it  cuts  through  the  Holyoke 
range  of  hills,  88  miles  west  of  Boston.  The  river 
here,  for  a  distance  of  nearly  a  quarter  of  a  mile, 
has  a  fall  of  50  feet,  affording  great  power  for 
numerous  milling  industries,  and  around  the  falls 
a  canal  two  miles  long  is  cut,  in  one  place  40  feet 
deep  through  solid  rock.  The  villages  of  South 
Hadley  and  South  Hadley  Falls  are  in  the  township, 
which  also  contains  Mount  Holyoke  Female  Sem¬ 
inary  (q.v.).  Population,  1900,  4,526.  c.l.s. 

SOUTHINGTON,  Connecticut,  a  town  and 
borough  of  Hartford  County,  18  miles  southwest 
of  Hartford,  on  the  Quinipiac  River,  and  on 
a  division  of  the  New  York,  New  Haven  &  Hart¬ 
ford  railroad.  It  is  a  summer  resort,  and  a  cen¬ 
ter  of  industrial  importance  in  a  manufacturing 
region,  with  an  output  of  cutlery,  tools  of  every 
description,  screws,  forgings,  hardware,  etc.  Pop¬ 
ulation  of  town,  1900,  5,890,  including  borough, 
3,411.  C.L.S. 

SOUTH  McALESTER,  Indian  Territory,  the 
chief  town  of  the  Choctaw  Nation,  at  the  junction 
of  divisions  of  the  Choctaw,  Oklahoma  & 
Gulf  and  the  Missouri,  Kansas  &  Texas  railroads, 
96  miles  north  of  Denison  and  Warren  Junction, 
on  the  Red  River.  It  is  the  business  center  of  a 
cotton,  farming,  coal  and  oil  region,  and  has 
cotton-compressing  mills,  large  railway  work¬ 
shops,  brick  works,  and  manufactures  furniture, 
cigars  and  macaroni.  Population,  1900,  3,479. 

C.L.S, 

SOUTH  MOUNTAIN  or  BOONSBORO, 
Maryland.  The  name  given  to  an  engagement, 
which  took  place  Sept.  14,  1862,  on  South  Moun¬ 
tain  near  Boonsboro,  Washington  County,  Mary¬ 
land,  between  the  Confederates  under  Gen.  R.  E. 
Lee  and  the  Federal  division  of  General  Burnside’* 
corps,  resulting  in  the  retreat  of  the  Confederate 
forces.  The  purpose  of  the  latter  had  been  to  as¬ 
sist  Stonewall  Jackson’s  capture  of  Harper’s 
Ferry  by  opposing  the  Union  troops’  passage  of 
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Catoctin  Creek.  This  proved  unsuccessful,  as  the 
Union  regiments  carried  the  eminence  and  out¬ 
flanked  the  Confederates,  who  withdrew  during 
the  night,  leaving  their  dead  behind. 

SOUTH  NORWALK,  Connecticut,  a  city  of 
Fairfield  County  near  the  mouth  of  the  Norwalk 
River  on  Long  Island  Sound,  and  on  the  New 
York,  New  Haven  &  Hartford,  and  theShepaug, 
Litchfield  and  Northern  railroads,  38  miles  south¬ 
west  of  New  Haven,  and  44  miles  north  of  New 
York  city.  Electric  trolley  lines  also  connect 
the  neighborhood  extending  to  Stamford  and 
Bridgeport,  and  freight  and  passenger  steamboats 
ply  between  New  York,  South  Norwalk  and 
other  ports.  It  is  a  region  of  summer  resorts  and 
is  a  busy  manufacturing  town,  with  foundries, 
machinery,  steam  and  electric  launch  works,  and 
hat  factories.  Population,  1900,  6,591.  c.l.s. 

SOUTH  OMAHA,  Nebraska,  a  suburban 
city  4  miles  southwest  of  Omaha  City,  in  Doug¬ 
las  County,  on  the  Union  Pacific,  the  Burlington 
&  Missouri  River,  the  Fremont,  Elkhorn  &  Mis¬ 
souri  Valley,  and  the  Chicago,  St.  Paul,  Minne¬ 
apolis  &  Omaha  railroads.  It  was  incorporated 
in  1885  and  has  had  a  rapid  growth  as  the  seat  of 
great  meat-packing  interests ;  the  Union  stock 
yards  are  among  the  largest  in  the  world.  Popu¬ 
lation,  1890,  8,062;  1900,  26,001.  C.L.S. 

SOUTH  ORANGE,  New  Jersey,  a  village  of 
Essex  County,  in  a  beautiful  situation  amid  the 
foothills  of  the  Orange  Mountains,  on  the  Rahway 
River,  and  on  the  Delaware,  Lackawanna  and 
Western  railroad,  14  miles  west  of  New  York 
city,  and  three  miles  west  of  Newark.  Electric 
trolley  lines  also  connect  with  Jersey  City,  Newark, 
and  different  localities  in  the  Oranges.  South 
Orange  contains  handsome  buildings,  the  homes 
of  New  York  merchants.  Among  its  educational 
institutions  is  Seton  Hall  (Roman  Catholic)  Col¬ 
lege.  Pop.,  1890,  3,106;  1900,  4,608.  C.L.S. 

SOUTH-SEA  BUBBLE.  See  Finance,  Vol. 

IX,  p.  160. 

SOUTH-SHETLAND.  Same  as  New  South 
Shetland  Islands,  Vol.  XVII,  p.  418. 

SOUTHWELL,  Robert  (  1560-95  ).  See 
English  Literature,  Vol.  VIII,  p.  373. 

SOUTHWORTH,  Constant,  an  American 
colonist;  born  in  Leydon,  Holland,  in  1614.  His 
father  was  Edward  Southworth,  a  merchant  of 
Leydon,  who  died  in  1621.  The  following  year 
Constant  was  taken  to  Plymouth,  Massachusetts, 
by  his  mother,  who  later  became  the  wife  of  Gov¬ 
ernor  William  Bradford.  He  received  as  thor¬ 
ough  an  education  as  the  New  England  pilgrims 
could  bestow  upon  him,  and  became  prominent  in 
colonial  affairs.  For  eight  years  he  served  in  the 
legislature,  and  was  one  of  the  founders  of  Dux- 
bury.  For  two  years  he  was  assistant  governor 
of  Plymouth,  and  was  governor  of  the  Kennebec 
colony.  He  wrote  several  pamphlets  and  numer¬ 
ous  state  papers  on  subjects  connected  with  the 
colonists.  He  died  in  Duxbury,  Massachusetts, 
in  1686.  w.m.c. 

SOUTHWORTH,  Emma  Dorothy  Eliza 
(Nevitte),  an  American  novelist;  born  in  Wash¬ 


ington,  District  of  Columbia,  December  26,  1819. 
She  was  educated  at  the  Henshaw  Seminary, 
graduating  in  1837,  and  from  1844  to  1849  was  a 
school  teacher.  She  began  writing  short  stories 
for  the  Baltimore  Saturday  Visitor  in  1848,  and 
in  1849  published  her  first  novel,  Retribution. 
She  became  very  popular  as  a  novelist,  her  writ¬ 
ings  appealing  largely  to  women.  Her  books 
number  nearly  seventy.  In  1872  an  edition  of 
thirty-five  of  her  most  successful  novels  was  pub¬ 
lished  in  Philadelphia.  Her  most  popular  works 
include  The  Hidden  Hand ;  The  Ratal  Secret ; 
The  Red  Hill  Tragedy  ;  The  Lost  Heir  of  Lin¬ 
lithgow ;  The  Phantom  Wedding  and  An  Exile's 
Bride.  She  died  in  Washington,  June  30,  1899. 

W.M.C. 

SOVEREIGN.  See  Mint,  Vol.  XVI,  p. 
505. 

SOVEREIGNTY.  See  Law,  Vol.  XIV,  pp. 
356—360. 

SOWING  and  SOWING-MACHINES.  See 
Agriculture,  Vol.  I,  pp.  285,  286;  and  Drills, 
in  these  Supplements. 

SOYER,  Alexis  Benoit,  a  French  author; 
born  in  Meaux-su-Brie,  in  1809.  In  1831  he  re? 
moved  to  England  and  in  1855  went  to  the 
Crimea,  where  in  conjunction  with  Florence 
Nightingale,  ho  directed  reforms  in  the  dietaries 
of  the  military  hospitals.  He  wrote  The  Gastro¬ 
nomic  Regenerator  (1846);  A  History  of  Food 
in  All  Ages  (1853)  ;  Soyer's  Culinary  Campaign 
with  the  Plain  Art  of  Cooking  for  Military  and 
Civil  Institutions  (1857)  ;  Instructions  for  Mil¬ 
itary  Hospitals  (i860).  He  died  in  London, 
August  5,  1858.  W.M.C. 

SOY  SAUCE.  See  Gram,  Vol.  XI,  p.  33. 

SPACE.  See  Psychology,  Vol.  XX,  p.  60; 
and  Measurement,  Vol.  XV,  pp.  665,  et  seq. 

SPAIN.  (For  general  article,  see  Spain,  Vol. 
XXII,  pp.  307—379.  For  a  discussion  of  the  Cuban 
insurrection,  see  Cuba,  in  these  Supplements;  and 
for  an  account  of  the  Philippine  Islands  trouble,  see 
Philippine  Islands,  in  these  Supplements.)  The 
constitution  proclaimed  in  1876  remains  in  force, 
with  the  exception  that  an  act  of  1890  grants  the 
electoral  privilege  to  all  male  Spaniards  25  years 
of  age  who  enjoy  full  civil  rights,  and  have 
been  citizens  of  a  municipality  for  two  years. 

The  present  reigning  sovereign,  belonging  to 
the  younger  branch  of  the  “Bourbons  of  Spain,” 
is  Alfonso  XIII,  son  of  the  late  King  Alfonso 
XII,  and  Maria  Christina,  daughter  of  the  late 
Karl  Ferdinand,  Archduke  of  Austria,  and  was 
born  after  his  father’s  death,  May  17,  1886,  suc¬ 
ceeding  his  sister,  under  the  regency  of  the  Queen 
Dowager  Maria  Christina,  his  mother.  The  re¬ 
gency  ceased  May  17,  1902. 

The  King  has  a  civil  list,  fixed  by  the  Cortes, 
1886,  of  one  million  four  hundred  thousand  dollars, 
exclusive  of  allowances  to  members  of  the  royal 
family;  the  Queen  Regent  having  the  administra¬ 
tion  and  usufruct  of  the  said  sum  until  the  King 
becomes  of  age.  The  annual  grant  to  the  Queen, 
as  mother  to  the  King,  was  fixed  by  the  Cortes,  in 
1886,  at  $50,000.  To  the  immediate  successor  (bit 
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eldest  sister,  Princess  of  Asturias)  was  assigned 
$100,000,  and  $50,000  to  his  second  sister. 

The  following  is  the  strength  of  the  regular 
army  of  Spain  in  peace  and  war  in  1899: 


Peace. 

War. 

Infantry . 

45.770 

12,447 

12,834 

4.II5 

1,460 

3.374 

18,140 

132,000 

17.156 

12,166 

11,027 

11,140 

483 

Cavalry . 

Artillery! . 

Engineers . 

Administration . 

Sanitary,  etc . 

Gendarmerie . 

Total. 

98,140 

183,972 

The  annual  contingent  of  men  called  to  the 
colors  in  time  of  peace  is  80,000.  There  are 
thirteen  military  schools  and  colleges. 

The  following  statement  of  Spain’s  naval  strength 
in  1898  includes  ships  built  and  building,  but  ex¬ 
cludes  training-ships,  transports,  and  non-effective 
vessels: 

Battleship,  first-class,  1;  port-defense  ships,  2; 
cruisers,  first-class,  4;  cruisers,  second-class,  5; 
cruisers,  third-class,  4;  gunboats,  60;  torpedo 
craft,  27;  total,  103.  After  the  outbreak  and  con¬ 
tinuance  of  the  Cuban  insurrection  a  number  of 
war- vessels  were  purchased  or  ordered,  in  France, 
Germany,  and  Great  Britain. 

This  navy  was  manned,  in  1898,  by  14,000  sea¬ 
men  and  petty  officers,  and  9,000  marines;  and 
was  officered  by  one  admiral,  24  vice-  and  rear- 
admirals,  148  captains,  and  696  other  naval  offi¬ 
cers;  while  the  engineering  branch  numbered  150 
officers.  The  navy,  like  the  army,  is  recruited  by 
conscription,  naval  districts  for  this  purpose  being 
formed. 

Colonies.  Of  Spain’s  once  vast  colonial  empire 
only  a  few  scattered  remnants  remained  to  her  at 
the  end  of  1897;  the  war  of  1898  with  the  Unitea 
States  resulted  in  depriving  her  of  the  best  portions 
of  these,  including  Cuba,  Porto  Rico,  the  Philip¬ 
pine  and  Sulu  islands,  and  Guam.  In  June,  1899, 
she  sold  to  Germany  her  remaining  Pacific  islands, 
including  the  Carolines,  the  Palaos,  and  the  La- 
drone  or  Marianne  islands  (except  Guam).  The 
only  colonies  that  now  remain  to  her  are  the 
following  scattered  possessions  in  northwest  Af¬ 
rica: 


Colonial  Possessions. 

Area 

Sq.  Miles. 

Popula¬ 

tion. 

Rio  de  Oro  and  Adrar . *.  . .  . 

243,000 

9,000 

850 

100,000 

6,000 

30,000 

Rio  Muni  . 

Fernando  Po,  Annobon,  Corisco, 
Elobey,  San  Juan  . 

Total  . 

252,850 

136,000 

Finance.  In  1901  tne  revenue  was  $179,430,- 
800,  and  the  expenditure  was  $180,924,650.  The 
revenue  is  raised  by  a  system  of  direct  and  indirect 
taxation,  stamp  duties,  government  monopolies, 
and  income  from  State  property. 


The  amount  of  both  external  and  internal  debt 
of  Spain,  July  1,  1900,  was  $2,166,415,000,  the 
annual  interest  of  which  amounted  to  $83, 7 11,420. 
This  includes  the  obligations  incurred  by  Spain 
with  regard  to  the  island  of  Cuba,  amounting  to 
over  $50,000,000;  a  debt  to  the  United  States  of 
America  of  $600,000;  debt  to  the  civil  corpora¬ 
tions  and  clergy,  $145,167,200. 

Area  and  Population.  The  area  of  conti¬ 
nental  Spain  (including  the  Canaries)  was  reported 
in  1897  at  194,783  square  miles,  with  a  total  pop¬ 
ulation  of  18,089,500.  Of  this  number,  8,773,730 
were  males,  and  9,315,770  were  females.  The  es¬ 
timated  population  in  1900  was  18,618,086. 

The  following  was  the  population  of  the  chief 
cities  in  1900: 


Town. 

Population. 

Madrid . 

• •  539,835 

Barcelona . 

•  •  509,589 

Valencia . . 

Seville . 

. .  146,205 

M&laga . 

Mfircia . 

. .  108,409 

Zaragoza  . 

. .  98,188 

Carthagena . 

Granada . 

•  •  75,054 

Cadiz . 

Valladolid . 

68,746 

Jeres  de  la  Frontera  60,004 

Palma  (Baledres) 

•  •  62,525 

Town. 

Population. 

Lorca . 

.  59,624 

C6rdoba . 

.  57,313 

Bilbao . 

.  74,093 

Oviedo . 

.  46,376 

Santander. .  . . 

Alicante . 

Coruna . 

.  40,501 

Almeria . 

.  46,806 

Gij6n . 

.  43,392 

Burgos . 

.  30,856 

Alcoy . 

.  3L099 

Ferrol . 

.  35,975 

Linares . 

.  35,233 

Education.  The  latest  returns  show  that  68 
per  cent  of  the  total  population  could  neither  read 
nor  write,  3  per  cent  could  read  only,  29  per  cent 
could  read  and  write.  Since  1881  great  reforms 
have  been  made  in  the  educational  system,  and 
large  sums  of  money  expended. 

Religion.  There  were  in  1887,  6,654  Protes¬ 
tants,  402  Jews,  9,645  Rationalists,  13,175  of  re¬ 
ligion  not  stated;  the  remainder  were  Roman  Cath¬ 
olics,  the  national  church. 

Trade  and  Commerce.  The  imports  in  1900 
aggregated  $172,279,300;  the  exports,  $142,773,- 
500. 

The  merchant  navy  of  the  kingdom  consisted, 
on  Jan.  1,  1898,  of  vessels  of  100  tons  and  over, 
of  436  steamers  of  341,951  net  tonnage,  and  1,145 
sailing-vessels  of  164,504  net  tons. 

In  1900,  there  entered  17,722  vessels  of  14,172,- 
872  gross  tons,  of  which  8,490  of  5,495,903  gross 
tonnage  carried  the  Spanish  flag;  and  cleared  16,- 
910  of  14,086,361  gross  tonnage,  of  which  7,792 
of  5,322,412  gross  tonnage  carried  the  Spanish 
flag. 

Production  and  Industry.  The  vine  is  the 
most  important  culture;  in  1906,  the  exports  of 
wine  were  valued  at  $14,300,000.  Wheat,  rye, 
barley  and  maize  are  the  leading  cereal  crops.  The 
number  of  farm  animals  in  1895  was  estimated  at 
follows:  Horses,  397,172;  mules  and  asses,  1,521,- 
842;  cattle,  2,217,659;  sheep,  16,469,303;  goats, 
2,534,219;  pigs,  1,927,864.  In  1900  the  mineral 
products  amounted  to  2,514,545  tons  of  coal;  8,- 
675,749  tons  of  iron  ore  (including  pyrites);  quick¬ 
silver,  30,216  tons;  lead,  131,437  tons;  copper  ore, 
2,747,714  tons;  zinc,  86,158  tons;  salt,  450,041 
tons;  togetherwith  76,295  kilos  (value  $1,865,150) 
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of  silver.  The  total  value  of  the  mineral  produc¬ 
tion  was  $32,000,000. 

Railways,  Etc.  On  Dec.  31,  1906,  there  were 
8,280  miles  of  railways  open  for  traffic,  all  lines 
being  private  corporation  property.  On  Jan.  1, 
1906,  there  were  20,540  English  miles  of  telegraph 
lines,  with  *,470  offices. 

SPALAX.  See  Mammalia,  Vol.  XV,  p.  424. 

SPALDING,  Martin  John,  an  American 
clergyman  ;  born  in  Marion  County,  Ky.,  May  11, 
1810.  He  was  graduated  from  St.  Mary’s  Col¬ 
lege  at  St.  Mary’s,  Kentucky,  in  1826,  and  re¬ 
ceived  the  degree  of  D.D.  at  Rome,  Italy,  in  1832. 
The  following  year  he  was  ordained  a  Roman 
Catholic  priest  and  was  placed  in  charge  of  a 
parish  in  Bardstown,  Ky.  In -1836  he  was  ap¬ 
pointed  a  professor  at  the  Bardstown  Theological 
Seminary,  Bardstown,  Ky.,  and  in  1838  was 
chosen  president  of  the  institution.  In  1847  he 
was  made  coadjutor  bishop  of  the  Louisville  dio¬ 
cese  and  three  years  later  became  bishop  of  Louis¬ 
ville.  He  was  one  of  the  founders  of  the  Trappist 
Abbey  of  Jesuits  at  Gethsemane,  Ky.,  and  during 
his  residence  in  Louisville  established  many 
branches  of  the  Society  of  St.  Vincent  de  Paul 
throughout  the  South,  and  especially  in  the  Louis  ¬ 
ville  diocese.  In  March,  1864,  he  was  elevated  to 
the  Archbishopric  of  Baltimore,  succeeding  Mon¬ 
signor  Kenrick.  He  died  in  Baltimore,  Md., 
Feb.  7,  1872.  w.m.c. 

SPANIARD’S  BAY,  Newfoundland,  a  sea¬ 
port  town  on  the  west  coast  of  Conception  Bay, 
in  the  southeastern  Avalon  Peninsula,  six  miles 
south  of  Harbor  Grace.  The  inhabitants  are 
almost  wholly  employed  in  the  cod-fisheries  and 
allied  industries.  Population,  1,000.  c.L.s. 

SPANIELS.  See  Dog,  Vol.  VII,  p.  285. 

SPANISH  FLY.  See  Cantharides,  Vol.  V, 
p.  29. 

SPANISH  FORK,  Utah,  a  city  of  Utah 
County,  on  Spanish  Creek,  between  its  outlet  on 
the  east  shore  of  Lake  Utah  and  Spanish  Fork 
Peak,  and  on  divisions  of  the  Oregon  Short  Line 
and  the  Rio  Grande  Western  railroads,  56  miles 
southeast  of  Salt  Lake  City  and  10  miles  south  of 
Provo  City.  It  figured  in  the  early  history  of 
Utah  as  the  scene  of  the  battle  of  Diamond  Creek, 
June  20,  1866.  It  is  in  a  farming  section  noted 
for  its  productivity  through  scientific  irrigation. 
Population,  1890,  2,214;  1900,  2,735.  c.l.s. 

SPANISH  GRASS.  See  Esparto,  Vol.  VIII, 
pp.  483,  484. 

SPANISH  LANGUAGE  and  LITERA¬ 
TURE.  See  Spain,  Vol.  XXII,  pp.  361-379. 

SPANISH  MACKEREL.  See  Mackerel, 
Vol.  XV,  p.  160. 

SPANISH  SUCCESSION,  War  of.  See 
France,  Vol.  IX,  pp.  511—513. 

SPARIDyE.  See  Ichthyology,  Vol.  XII,  p. 
727- 

SPARKS,  Electric.  See  Electricity,  §  14, 
in  these  Supplements. 

SPARKS,  Jared,  historian;  born  in  Willing- 
ton,  Conn.,  May  16,  1789;  was  graduated  at 
Harvard  College  in  1815;  studied  theology  in  its 


Divinity  School  in  1817-19;  was  ordained  a 
Unitarian  pastor  in  Baltimore,  and  in  1821-23 
edited  in  that  city  the  Unitarian  Miscellany. 
He  left  Baltimore  in  1823,  and  after  traveling 
in  the  West  settled  in  Boston,  where  he  be¬ 
came  proprietor  of  the  North  American  Re¬ 
view.  He  entered  on  the  great  work  of  his  life 
in  1825,  when  he  commenced  his  biography  of 
Washington,  and  other  works  concerning  the 
Revolutionary  period.  His  research  resulted  in 
the  publication  of  The  Diplomatic  Correspondence 
of  the  American  Revolution;  The  Writings  of 
George  Washington,  and  Life  of  Gouverneur 
Morris.  He  also  edited  The  Works  of  Benjamin 
Franklin ;  the  first  two  series  of  The  Library  of 
American  Biography ;  etc.  He  died  in  Cam¬ 
bridge,  Mass.,  March  14,  1866.  g.j.h. 

SPARROW-HAWK.  See  Hawk,  Vol.  XI, 
P-  477- 

SPARTA,  a  town  and  the  capital  of  Hancock 
County,  northeastern-central  Georgia,  53  miles 
E.N.E.  of  Macon,  on  the  Georgia  railroad.  It  is 
the  center  of  a  fertile  region,  producing  corn, 
oats,  sweet-potatoes,  butter  and  live-stock.  Pop¬ 
ulation,  1890,  1,540;  1900,  1,150. 

SPARTA,  Illinois,  a  city  of  Randolph  County 
and  a  junction  for  two  divisions  of  the  Illinois 
Southern  and  a  division  of  the  Mobile  &  Ohio 
railroads,  21  miles  northeast  of  Chester,  and  50 
miles  southeast  of  St.  Louis,  Missouri.  Coal  and 
limestone  deposits  and  natural  gas  wells  around 
the  city  add  to  its  industrial  activity,  and  it  is 
also  the  manufacturing  and  trading  center  of  an 
extensive  grain -growing,  dairying  and  exporting 
section.  Population,  1900,  2,941.  c.l.s. 

SPARTA,  Wisconsin,  the  seat  of  Monroe 
County,  a  city  on  the  south  bank  of  La  Crosse 
River  and  the  junction  of  divisions  of  the  Chicago, 
Milwaukee  &  St.  Paul,  and  the  Chicago  &  North¬ 
western  railroads,  175  miles  northwest  of  Mil¬ 
waukee,  and  24  miles  east  of  La  Crosse  city  on 
the  Mississippi.  Among  its  institutions  is  a  state 
School  for  Dependent  Children.  It  is  in  a  region 
devoted  to  the  raising  and  exporting  of  small  fruits, 
and  other  market  produce,  and  has  some  manu¬ 
factures  of  ironwork,  electric  supplies,  etc.  Pop¬ 
ulation,  1890,  2,795;  1900,  3,555.  C.L.S. 

SPARTANBURG,  South  Carolina,  the  seat 
of  Spartanburg  County,  a  city  and  a  junction  for 
the  Glenn  Springs  railroad,  with  a  division  of  the 
Charleston  &  Western  Carolina  and  three  divisions 
of  the  Southern  systems,  93  miles  northwest  of 
Columbia.  At  an  altitude  of  700  to  900  feet 
above  the  sea  level,  it  is  a  pleasant  mountain  re¬ 
sort  and  the  starting  point  for  Glen  Springs,  an 
attractive  health  resort  12  miles  southeast.  Wof¬ 
ford  (Methodist  Episcopal)  and  Converse  colleges 
are  situated  here.  Cotton,  grain  and  vegetable 
raising,  and  mining,  supply  allied  industries. 
Population,  1890,  5,544;  1900,  11,395.  c.l.s. 

SPARTIANUS,  yELius.  See  Augustan 
History,  Vol.  Ill,  p.  65. 

SPASM.  See  Cramp,  Vol.  VI,  p.  481. 

SPATANGOIDA.  See  Echinodermata, 
Vol.  VII,  p.  545. 
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SPATHE.  See  Botany,  Vol.  IV,  p.  108. 
SPAULDING,  Levi,  an  American  missionary 
and  educator;  born  in  Jaffrey,  New  Hampshire, 
August  22,  1791.  He  was  graduated  from  Dart¬ 
mouth  College  at  the  age  of  seventeen,  and  from 
the  Andover  Theological  Seminary  two  years 
later.  The  American  Board  of  Foreign  Missions 
sent  him  with  other  missionaries  to  Ceylon  in 
1820.  For  half  a  century  he  devoted  himself  to 
the  work  of  a  missionary,  twice  visiting  his 
native  country  during  this  long  period.  He  be¬ 
came  especially  versed  in  the  Tamil  language  and 
translated  numerous  school  books,  religious  books, 
tracts,  and  hymns,  and  prepared  an  edition  of  the 
Bible  in  the  Tamil  language.  He  also  compiled 
a  Tamil  English  Dictionary .  He  established 
the  first  English  seminary  for  young  girls  in  Cey¬ 
lon.  He  died  in  Ceylon,  June  18,  1873.  w.m.c. 

SPAVIN,  an  affection  of  the  hock  joint  or 
joint  of  the  hind-leg  of  the  horse  between  the 
knee  and  the  fetlock.  It  is  known  as  “bog- 
spavin  ”  when  caused  by  an  excess  of  synovia  or 
joint-oil,  and  as  “bone-spavin”  when  there  is  a 
deposition  of  abnormal  bony  substance.  The 
first  form  is  the  more  common,  and  is  easily  cured 
by  complete  rest  and  solid  bandaging  of  the  part 
affected.  The  second  form  is  more  serious,  and 
needs  iodine  blisters  and  firing,  to  bring  about  an 
absorption  of  the  bony  excrescence.  The  cause 
of  this  very  frequent  trouble  is  attributed  to 
strains,  especially  when  horses  have  to  stand  fre¬ 
quent  sudden  starts,  pulling  a  heavy  weight.  See 
Horse,  Vol.  XII,  p.  181. 

SPEAKER  OF  THE  HOUSE.  See  Parlia¬ 
ment,  Vol.  XVIII,  p.  317;  and  Congress,  in 
these  Supplements. 

SPEAKING  TRUMPET.  See  Trumpet, 
Vol.  XXIII,  p.  631. 

SPEAR.  See  Arms  and  Armour,  Vol.  II, 
pp.  485,  et  seq. 

SPEAR,  Cape.  See  St.  Johns,  Vol.  XXI, 

p.  184. 

SPEARMINT.  See  Mint,  Vol.  XVI,  p.  514. 

SPECIAL  ISSUE,  a  legal  term  used  to  denote 
a  denial  of  a  material  allegation  contained  in  the 
plaintiff’s  declaration  or  plea  which  brings  into 
the  controversy  a  certain  and  specific  matter  con¬ 
sisting  of  a  material  allegation  necessary  to  the 
cause  of  action.  Thus,  in  an  action  of  tort  a 
special  issue  would  be  the  plea  of  not  guilty  by 
statute.  In  an  action  of  debt  on  simple  contract 
a  special  issue  would  be  raised  by  the  plea  of  the 
statute  of  limitations.  The  whole  question  is  also 
discussed  under  the  head  of  Pleading,  Vol.  XIX, 
pp.  229,  231. 

SPECIFIC  GRAVITY.  See  Hydrometer, 
Vol.  XII,  pp.  568—574;  also  Relative  Atomic 
Weights ,  under  Chemistry,  Vol.  V,  pp.  404-408. 

SPECIFIC  HEAT.  See  Heat,  Vol.  XI,  pp. 
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SPECIFIC  PERFORMANCE,  the  actual  car¬ 
rying  out  of  the  provisions  of  a  contract  by  the 
party  obligated  to  do  so.  It  may  not  mean  a 
complete  literal  performance,  but  must  beat  least 
a  substantial  execution  of  the  obligations.  In 


many  cases  when  contracts  are  entered  into,  one 
of  the  parties  neglects  or  refuses  to  carry  out  the 
provisions,  but  in  all  such  cases  the  party  injured 
by  the  breach  may  maintain  a  suit  at  law  to 
recover  such  damages  as  he  can  show  resulted  to 
him  on  account  of  the  breach.  This  remedy  in 
many  cases  is  adequate,  but  sometimes  it  may 
happen  that  such  a  remedy  will  not  compensate 
the  injured  party  for  the  damage  he  will  suffer. 
In  such  cases,  instead  of  considering  the  contract 
broken,  and  suing  for  damages,  he  may  generally 
institute  a  suit  in  chancery  to  enforce  a  specific 
performance.  See  Contract,  Vol.  VI,  p.  288; 
and  Sale,  Vol.  XXI,  p.  217. 

SPECIFIC  VOLUME  or  DENSITY  OF 
GASES.  See  Heat,  Vol.  XI,  pp.  507—509. 

SPECTRA,  Solar  and  Stellar.  See  Sun, 
Vol.  XXII,  pp.  680,  681,  685. 

SPECTROPHOTOMETER,  an  instrument 
used  in  studying  spectra  for  comparing  their  rela¬ 
tive  intensity,  or  that  of  corresponding  bands  of 
color,  by  means  of  a  standard.  The  amount  of 
angular  change  of  an  adjustable  prism  required 
to  tone  down  the  brighter  of  the  two,  measure* 
the  difference  in  intensity.  In  the  instrument 
devised  by  Prof.  C.  C.  Hutchins,  of  Harvard,  a 
long  slit  is  placed  at  the  focus  of  a  lens  having  a 
focal  length  of  40  feet.  The  ray  from  the  slit  passe? 
through  the  lens  and  falls  upon  a  large  flat  grating, 
mounted  to  turn  about  an  axis  through  the  middle 
line  of  the  ruled  surface  of  the  grating.  The 
spectrum  is  then  projected  by  the  same  lens  upon 
a  horizontal  arc  of  forty  feet  radius,  and  ia 
observed  a  trifle  to  one  side  of  or  above  the  slit. 

SPECTROSCOPE.  See  Spectroscopy,  Vol. 
XXII,  pp.  387,  388. 

SPECTRUM  ANALYSIS.  See  Spectros¬ 
copy,  Vol.  XXII,  pp.  391-395. 

SPECULUM.  See  Telescope,  Vol.  XXIII, 
pp.  158,  159. 

SPEDDlNG,  James,  an  English  editor  and  au¬ 
thor;  born  in  Mirehouse,  June  6,  1810.  He  was 
graduated  from  Trinity  College,  Cambridge,  in 
1831,  being  placed  in  the  second  class  in  classics, 
and  among  the  junior  optimes  in  mathematics, 
and  became  an  honorary  fellow  of  his  college. 
His  life  was  devoted  to  research,  especially  to  the 
study  of  Bacon’s  life  and  works.  His  edition  of 
Bacon’s  works,  projected  in  1847,  was  under¬ 
taken  in  conjunction  with  R.  L.  Ellis.  Mr.  El¬ 
lis,  however,  died  before  the  completion  of  the 
Novum  Organum,  and  with  the  exception  of  oc¬ 
casional  help  from  D.  D.  Heath,  Mr.  Spedding 
was  left  to  carry  out  the  work  alone.  The  edi¬ 
tion  began  to  appear  in  1857,  and  was  finished 
in  seven  volumes.  Then  followed  the  Life  and 
Letters  of  Bacon.  His  minor  works  include  Pub¬ 
lishers  and  Authors  (1867);  Reviews  and  Discus¬ 
sions  Not  Relating  to  Bacon  (1869);  Evenings 
with  a  Reviewer  of  Macaulay  and  Bacon  (1881). 
He  died  in  London,  March  9,  1881.  w.m.c. 

SPEED,  James,  lawyer;  born  in  Jefferson 
County,  Ky.,  March  11,  1812;  was  graduated  at 
vS  Joseph’s  College,  Bardstown,  Ky. ,  in  1828; 
st  died  law  at  Transylvania  University  and  es« 
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tablished  himself  in  practice  in  Louisville,  Ky.,  in 
1833.  In  1861,  when  the  first  call  for  75,000 
men  was  issued,  he  was 
appointed  mustering  offi¬ 
cer  of  volunteers.  So 
discreet  was  he  in  his 
office  and  so  wise  was  his 
judgment  when  public 
excitement  was  at  fever 
heat,  that  he  won  wide¬ 
spread  popularity.  He 
was  a  state  senator  in 
1861-63,  and  in  July  of 
.  _ _ the  latter  year  was  ap- 

JAMES  SPEED.  -.jit-.  .  ,  r , 

J  pointed  by  President 

Lincoln  Attorney-General  of  the  United  States. 
He  died  in  Louisville,  Ky.,  June  25,  1887.  g.j.h. 
SPEED-RECORDER  or  TACHOMETER. 


An  instrument  for  recording  the  speed  of  motors 
or  other  machinery.  The  Hausshalten  speed- 
recorder  is  used  on  the  principal  railways  of  Eu¬ 
rope  to  preserve  a  record  of  the  speed  of  the 
trains,  the  duration  of  the  stoppages,  etc.  The 
mechanism  is  inclosed  in  a  case  about  12  inches 
in  diameter,  and  directly  connected  with  one  of 
the  driving-wheels  of  the  locomotive.  It  has 
clockwork  which  is  normally  kept  wound  up  by 
the  locomotive,  but  which  requires  to  be  wound 
up  by  hand  if  the  locomotive  stops  more  than 
fifty  minutes.  The  case  contains  a  weight,  which 
is  raised  and  dropped  at  regular  intervals.  The 
faster  the  train  is  going,  the  higher  the  weight  is 
raised.  Its  highest  points  are  recorded  by  dots 
on  a  sheet  of  paper  that  is  ruled  and  arranged  to 
travel  over  drums.  The  ruled  lines  are  horizon¬ 
tal,  and  each  one  is  marked  with  the  speed  which 
dots  on  that  line  would  indicate.  The  time  in 
minutes  is  recorded  on  the  roll  as  it  travels,  so 
that  this  record  made  automatically  shows  all  the 
variations  of  speed  made  during  a  run.  It  serves 
another  purpose  also,  that  of  keeping  a  check  on 
engineers  whose  carelessness  causes  them  to  al¬ 
low  the  wheels  of  the  locomotive  to  slip  fre¬ 
quently.  Every  such  slip  is  shown  on  the  record 
by  the  sudden  change  in  speed,  and  as  slipping 
is  bad  for  the  driving-wheels,  engineers  are 
obliged  to  be  careful,  knowing  that  they  will 
be  censured  if  they  allow  much  of  this  on  their 
engines.  The  time  lost  at  stations  and  sidings 
also  becomes  a  matter  of  record,  and  is  valuable 
evidence  in  case  accidents  are  being  investigated. 

Engineer  W.  D.  Weaver,  of  the  United  States 
Navy,  in  1895  introduced  a  speed-recorder  for 
making  a  record  of  the  speed  of  steamships.  It 
is  specially  designed  for  noting  the  speed  made 
during  trial  trips.  It  is  made  to  time  the  rotation 
of  the  propeller-shafts,  and  has  a  clock  mechan¬ 
ism  with  a  paper  tape  passing  over  recording- 
pens  that  make  a  mark  at  each  electrical  contact. 
A  governor  is  used  to  regulate  accurately  the 
speed  at  which  the  tape  runs  out.  One  pen  takes 
a  record  of  the  current  from  a  chronometer,  and 
another  pen  is  operated  by  the  observer  to  note 
the  instant  of  reaching  and  leaving  the  range. 
Other  pens  are  provided  to  record  the  rotati  ..s 


of  the  shafts,  whether  there  be  one,  two  or  three, 
as  in  the  case  of  twin  and  triple  propellers. 

C.  H.  Cochrane. 

SPEEDWELL,  See  Veronica,  under  Horti* 
culture,  Vol.  XII,  p.  260. 

SPEIER  or  SPEYER.  See  Spires,  Vol. 
XXII,  p.  419. 

SPELT.  See  Wheat,  Vol.  XXIV,  p.  561. 

SPELTER.  See  Zinc,  Vol.  XXIV,  p.  825. 

SPENCER,  Indiana,  a  city  of  Owen  County, 
on  the  north  bank  of  the  White  River,  and  on  a 
division  of  the  Indianapolis  &  Vincennes  railroad, 
53  miles  southwest  of  Indianapolis.  Coal  is 
mined  and  stone  is  quarried  and  dressed  in  the 
neighborhood,  which  also  supplies  lumber  for 
various  manufactures ;  farming,  stock  breeding 
and  pork  packing  also  are  important.  Popula¬ 
tion,  1890,  1,868;  1900,  2,026.  c.l.s. 

SPENCER,  Iowa,  the  seat  of  Clay  County,  a 
city  at  the  confluence  of  the  Little  Sioux  and  Sioux 
rivers,  and  a  junction  for  three  divisions  of  the 
Chicago,  Milwaukee  &  St.  Paul  and  a  division  of 
the  Minneapolis  &  St.  Louis  railroads,  70  miles 
northeast  of  Sioux  City.  It  is  a  trade  and  ex¬ 
porting  center  for  an  agricultural,  and  cattle- 
breeding  section,  with  some  manufactures.  Pop¬ 
ulation,  1890,  1,813;  1900,  3,095.  C.L.S. 

SPENCER,  a  town  of  Worcester  County,  Mas¬ 
sachusetts,  about  12  miles  W.  of  Worcester  It  is 
the  seat  of  a  high-school,  and  contains  a  public  li¬ 
brary, founded  in  1875 ;  has  an  electric  railway, a  na¬ 
tional  bank,  with  a  capital  of  $150,000,  shoe  factor¬ 
ies,  woolen  and  cloth  mills,  and  three  newspapers. 
Population  1890,  8,747;  1900,  7,627. 

SPENCER,  a  village  and  the  capital  of  Van 
Buren  County,  central  Tennessee,  80  miles  E.S.E. 
of  Nashville.  At  it  is  located  Burritt  College, 
founded  in  1848,  a  Christian  institution  for  the 
education  of  both  sexes.  The  college  had  (1904) 
12  instructors  and  221  students;  its  total  annual 
income  is  $5,000;  it  had  3,680  volumes  in  its  li¬ 
brary,  and  W.  N.  Billingsley,  A.  M. ,  was  its  presi¬ 
dent.  Population  (village),  1900,  about  160. 

SPENCER,  a  village  and  the  capital  of  Roane 
Co.,  W.  Va.,  on  Spring  Creek,  and  on  the  Ohio 
River  railroad.  It  has  a  tannery,  a  grist-mill,  four 
churches  and  two  weekly  newspapers.  Popula¬ 
tion,  1890,431;  1900,737. 

SPENCER,  Herbert, 
an  English  philosopher, 
founder  of  the  system 
of  synthetic  philosophy; 
was  born  in  Derby,  April 
27th^  1820.  His  father 
was  a  teacher  of  mathe¬ 
matics  and  fond  of  the 
natural  sciences,  espe¬ 
cially  giving  attention  to 
entomology.  He  edu¬ 
cated  his  son  at  home, 
and  instilled  into  him  a 
love  of  observation.  The 
boy  was  an  only  surviv-  HERBERT  spencer. 
ing  child,  lacking  vigorous  health,  but  fond  of 
making  experiments  and  collections  illustrative  of 
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natural  history.  A  part  of  the  time  he  was  under 
the  tutelage  of  his  ancle,  Thomas  Spencer,  rector 
of  the  parish  of  Hinton.  Poor  health  and  a  dis¬ 
like  for  the  classical  languages  restrained  young 
Spencer  from  a  university  training,  but  at  the  age 
of  seventeen  he  entered  the  office  of  Mr.  Charles 
Fox,  a  railway  engineer,  an  J  was  engaged  in  this 
employment  for  about  eight  years,  contributing 
now  and  then  to  The  Civil  Engineers'  and  Archi¬ 
tects'  Journal.  During  this  time,  in  1842,  he  con¬ 
tributed  a  series  of  letters  to  the  Nonconformist  on 
The  Proper  Sphere  of  Government.  These  letters 
point  out  that  human  progress  grows  out  of  en¬ 
vironment,  and  constantly  tends  toward  condi¬ 
tions  of  stable  equilibrium.  They  indicate  the 
early  drift  of  his  mind,  for  in  1850  he  elaborated 
the  ideas  thus  put  forth  into  his  first  important 
book,  called  Social  Statics  (revised  edition,  1892). 
The  position  he  took  in  these  books  is  known 
as  the  laissez-faire  theory,  and  all  his  life  through 
Mr.  Spencer  was  an  uncompromising  advocate  of 
individual  liberty  with  the  least  possible  inter¬ 
ference  on  the  part  of  the  state.  In  the  first  edi¬ 
tion  of  Social  Statics  there  was  some  small  taint  of 
socialism,  but  in  his  last  edition  he  carefully 
eliminated  it  all.  This  work  treats  of  ethical  and 
political  notions  for  which  he  was  seeking  the 
philosophical  basis.  That  basis  may  have  been 
suggested  by  Von  Baer,  for  it  states,  “The  truth 
of  all  organic  development  is  a  change  from  a 
state  of  homogeneity  to  a  state  of  heterogeneity,” 
a  principle  that  runs  through  all  Spencer’s  sys¬ 
tematizing.  He  developed  it  more  and  more  in 
articles  contributed  to  the  leading  reviews. 

In  1848  he  took  up  his  residence  in  London,  and 
joined  the  staff  of  The  Economist.  He  also  found 
work  to  do  for  the  Edinburgh  and  Westminster  Re¬ 
views,  and  through  this  association  made  friends 
of  George  H.  Lewes  and  his  consort,  George  Eliot. 

Because  of  his  adoption  of  the  principles  of  ev¬ 
olution,  as  outlined  by  the  ethical  and  social 
growth  of  mankind  in  his  Social  Statics ,  superficial 
lovers  of  coincidences  have  seen  fit  to  announce 
that  he  anticipated  Darwin’s  doctrine  nine  years 
before  The  Origin  of  Species  was  published.  This 
is  more  curious  than  important.  It  is  true  that  a 
relation  did  exist  between  the  work  of  the  two 
men.  Spencer  was  a  great  coiner  of  phrases,  and 
invented  many  terms  that  became  current  in  the 
discussion  of  Darwinism.  On  the  other  hand, 
Darwin  contributed  avast  mass  of  facts  that  were 
of  great  assistance  to  Spencer  in  working  out  his 
system  of  philosophy.  But  the  doctrine  of  evolu¬ 
tion  was  by  no  means  the  discovery  of  either.  It 
is  as  old  as  Democritus  of  Abdera.  It  was  a  spec¬ 
ulation  of  Oken  and  Goethe.  It  is  more  than 
suggested  by  Leibnitz  and  Lamarck.  Hegel  had 
applied  it  to  questions  of  history.  The  function 
of  Darwin  was  to  supply  the  scientific  proofs  of 
evolution  for  natural  history.  The  all-mastering 
aim  of  Spencer  was  to  apply  it  to  psychology  and 
society.  The  fundamental  characteristics  of 
Spencer’s  history  are,  that  he  saw  the  principle  of 
development  to  be  of  universal  application;  that 
the  world’s  knowledge  was  sufficiently  ripe  and 
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ample  to  work  out  an  all-embracing  system  of 
philosophy  verifiable  by  facts,  and,  above  all,  that 
he  felt  in  himself  the  vocation  and  competence  to 
do  such  a  work.  Whether  Spencer  is  to  be  called 
a  deductive  or  an  inductive  reasoner,  is  a  matter 
of  but  little  moment.  Thus  far,  no  philosophical 
systematizers  have  been  able  to  escape  the  neces¬ 
sity  of  using  deductive  processes,  and  Spencer 
was  no  exception  to  the  rule.  It  is  in  the  induc¬ 
tive  verification  of  his  postulates  that  his  extraor¬ 
dinary  skill,  power,  analysis  and  originality  are 
chiefly  to  be  found. 

Perhaps  the  part  of  Spencer’s  life  from  1850  to 
i860  may  be  called  one  of  incubation.  It  cer¬ 
tainly  was  not  one  of  extraordinary  productive¬ 
ness.  He  spoke  to  the  world  through  the  period¬ 
ical  press.  His  essay  on  The  Development  Hypothe¬ 
sis,  published  in  the  Leader  (1852),  indicates  that 
he  was  reaching  now  toward  a  definite  basis 
and  method  of  work.  The  Principles  of  Psychology 
first  came  out  in  1855,  but  at  the  time  attracted 
little  attention,  although  his  speculations  were 
destined  to  work  a  prodigious  change  in  the  study 
of  that  subject.  Still,  men  like  Mill,  Grote,  Tyn¬ 
dall  and  Huxley  recognized  the  powerful  grasp  of 
Spencer’s  reflection  and  logic,  and  encouraged 
him  to  a  grander  work.  His  psychological  doc¬ 
trine  was  that  mental  faculties  and  powers  are 
acquired  by  the  slow  modifications  of  living  or¬ 
ganisms  influenced  by  enrivonment,  experience, 
association,  heredity  and  selection.  It  is  the  doc¬ 
trine  of  the  differentiation  of  mental  faculties  by 
processes  equivalent  to  the  differentiation  of 
species  by  natural  selection.  Other  publications 
of  this  period  are  Manners  and  Fashions  (1854); 
The  Jealousies  of  Science  (1854) ;  and  Progress ,  Its 
Law  and  Cause  (1857). 

In  1859  Mr.  Spencer  prepared  a  prospectus  of 
his  system  of  synthetic  philosophy,  and  the  next 
year  announced  it  to  the  world.  He  proposed  a 
scheme  requiring  him  to  complete  11  volumes  in 
20  years.  He  was  33  years  at  work  upon  it,  and 
then  it  had  exceeded  the  original  compass  he  had 
designed  for  it. 

The  work  falls  into  five  divisions :  1.  The  proper 
scope  and  limitations  of  philosophy;  2.  Biology; 
3.  Psychology;  4.  Sociology;  5.  Morals  and  the 
laws  of  social  development.  The  first  work  in 
this  series  took  the  title  of  First  Principles ,  and 
appeared  in  1862.  To  the  disciples  of  an  intui¬ 
tive  philosophy  as  well  as  to  orthodox  readers,  the 
first  part  of  this  book,  treating  of  “the  laws  of 
the  knowable,”  were  highly  offensive.  The 
second  part,  which  found  in  matter,  motion  and 
force  the  sufficient  grounds  of  human  develop¬ 
ment,  gave  a  materialistic  aspect  to  the  whole 
system  in  the  minds  of  conservative  critics. 
Spencer’s  position  is  the  existence  of  an  unknow¬ 
able  power  lying  beyond  the  ken  of  philosophy, 
and  this  is  essentially  agnosticism;  secondly,  the 
existence  of  likenesses  and  differences  within  the 
observation  of  man  which  are  the  manifestations 
of  this  unknown  power.  Phenomena  invariably 
present  themselves  in  two  ways:  when  contem¬ 
plated  discretely  they  give  rise  to  the  relation  of 
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time  and  space;  contemplated  in  continuity,  they 
give  rise  to  the  conceptions  of  matter  and  motion. 
From  matter  and  motion  is  deduced  the  doctrine 
of  force  and  its  persistence.  Force  never  dis¬ 
appears — it  is  only  transformed.  We  have  here 
an  unfolding  of  the  doctrine  of  the  “correlation 
of  forces.”  Evolution  is  the  integration  of 
matter  with  an  accompanying  dissipation  of 
motion,  a  process  by  which  an  indefinite  homo¬ 
geneity  passes  to  a  definite  heterogeneity.  This 
principle  applies  to  all  phenomena.  Particular 
integrations  of  matter  become  diverse  in  structure 
through  their  varied  surroundings.  Each  differ¬ 
entiation  gives  rise  to  new  differences.  Thus 
dissimilar  products  tend  to  separation,  and  so 
division  of  aggregates  and  dissipation  of  forces 
go  on  to  the  end,  an  end  which  is  the  highest 
complexity  arrived  at — a  stable  equilibrium.  This 
is  the  basis  of  the  Spencerian  philosophy,  and 
from  these  principles  he  goes  on  to  interpret 
life,  mind  and  society  in  the  terms  of  matter, 
motion  and  force. 

The  Principles  of  Biology  (2  vols.,  1864),  con¬ 
stitutes  the  second  part  of  the  system  of  synthetic 
philosophy.  The  aim  of  this  work  is  to  show 
that  consciousness  is  a  product  of  a  continuous 
evolution,  on  lines  corresponding  to  Darwin’s 
theory  of  structural  and  functional  continuity  in 
plants  and  animals.  Perceptions  of  matter, 
motion,  space  and  time,  assumed  in  the  “First 
Principles,”  are  here  shown  to  have  been  acquired 
empirically  by  men,  partly  through  the  persistence 
of  corresponding  external  phenomena,  and  partly 
through  the  transmission  of  the  accumulated  an¬ 
cestral  experience  in  the  form  of  modified  structure. 

The  Principles  of  Psychology  came  out  in  two 
volumes  in  1872,  and  is  a  re-casting  of  the  earlier 
work  of  1855.  It  shifts  around  the  scientific 
grounds  of  psychology  from  a  dialectic  to  a 
physiological  basis. 

The  fourth  branch  of  the  synthetic  philosophy 
is  treated  in  The  Principles  of  Sociology ,  which 
came  out  in  1876.  It  is  now  published  in  three 
volumes.  The  preparation  of  this  work  involved 
immense  labor  and  erudition.  Three  years  before, 
he  had  put  out  a  tentative  volume,  under  the 
title  The  Study  of  Sociology ,  which  had  a  very  wide 
circulation.  In  it  he  opened  this  most  complex, 
extended  and  debatable  ground.  At  the  same 
time  he  called  to  his  aid  three  assistants  and 
began  to  issue  Descriptive  Sociology,  a  gigantic  col¬ 
lection  of  facts  that  he  and  they  were  gathering 
for  the  generalization  of  Spencer’s  philosophy.  It 
was  to  be  in  eighteen  parts  and  present  ethnic 
data  classified  and  put  forth  in  quarto  form.  Its 
scope  embraced  the  highest  modern  civilization, 
the  manners  and  customs  of  aborigines  and  those 
in  the  lowest  scale  of  social  life.  It  ranged  from 
Papuans  and  negroes  to  the  French,  the  English 
*nd  the  Germans.  At  this  time  Spencer  was  his 
own  publisher,  having  been  driven  to  assume  this 
responsibility  in  order  to  gain  a  hearing  that 
the  timidity  of  the  publishing-trade  refused  him. 
In  1881  the  Descriptive  Sociology  ceased  with  the 
eighth  part,  because  there  was  no  money  available 


for  its  production.  The  psychological  branch  of 
Mr.  Spencer’s  inquiry  now  embraces  three  parts: 
Ceremonial  Institutions  (1879);  Political  Institutions 
(1882);  and  Ecclesiastical  Institutions  (1885) — the 
three  volumes  constituting  the  work  known  as 
The  Principles  of  Sociology. 

Heredity  is  one  of  the  principles  by  which  in¬ 
dividuals  h:.ve  been  brought  into  a  social  unity. 
Society  is  an  organism,  in  Mr.  Spencer’s  view 
because  it  has  interdependence  of  parts  and  laws 
of  growth.  Unlike  the  individual  organism, 
“  there  is  no  social  sensorium  ”  ;  but  otherwise  it 
truly  gives  rise  to  a  political  development  which 
Spencer  calls  a  super-organic  evolution. 

The  culminating  and  crucial  part  of  Mr. 
Spencer’s  system  deals  with  morals.  To  this  all 
the  rest  is  auxiliary.  He  opened  the  subject  in 
The  Data  of  Ethics  (1879);  he  completed  it  in 
three  parts,  of  which  the  first  comprised  the  Data 
named  and  the  Induction  of  Ethics j  and  second, 
The  Ethics  of  Individual  Life  and  The  Ethics  of 
Social  Life j  Justice  (1891);  and  the  third  Nega¬ 
tive  Beneficence  and  Positive  Beneficence  (1893).  In 
this  work  he  renounced  all  former  adherence  to 
an  intuitive  basis  of  morality.  For  him,  con¬ 
science  is  the  product  of  evolution.  Perhaps 
here  Mr.  Spencer’s  work  was  the  most  unsatis¬ 
factory  to  himself  as  it  is  the  most  debatable  to 
others.  Here  he  most  felt  the  infirmity  and  in¬ 
adequacy  of  his  methods.  He  confessed  that  the 
conditions  of  human  life  were  too  complex  fo t 
‘ <  definite  conclusions  throughout  its  entire  range.  ” 

To  those  who  seek  an  intuitive  or  purely  meta¬ 
physical  basis  for  their  creed  or  rules  of  conduct, 
the  synthetic  philosophy  is  most  unsatisfactory. 
As  the  work  went  on,  controversy  concerning  it  in¬ 
creased.  Obscure  pulpits  hurled  their  tiny  shafts 
at  it;  prancing  pigmies  thought  they  demolished 
it.  The  work  necessarily  gave  ground  for  reflec¬ 
tive  criticism.  A  system  to  be  inductively  veri¬ 
fied  must  rest  on  a  knowledge  well-nigh  omni¬ 
scient.  This  Spencer  was  not,  although  probably 
nearer  it  than  all  but  the  best  few  of  his  pre¬ 
decessors  or  contemporaries.  Some  of  his  data 
have  been  abandoned.  New  light  will  constantly 
creep  into  spaces  where  he  found  obscurity.  Yet 
the  sublimity  of  his  conception,  his  grasp  upon 
bewildering  masses  of  fact,  his  strong  and  subtle 
analysis  that  reduced  this  mass  to  order,  his  per¬ 
sistent  logic  and  his  almost  unexampled  industry 
and  perseverance  make  him  one  of  the  most  com¬ 
manding  intellects  of  the  world. 

To  the  accomplishment  of  his  self-imposed  task 
he  devoted  all  his  strength,  resources  and  time. 
Before  he  had  put  the  capstone  to  his  edifice,  he 
had  passed  the  Psalmist’s  allotment  of  years  to 
the  life  of  man.  He  rejected  all  distractions 
from  his  work;  refused  academic  honors  and 
memberships  of  domestic  and  foreign  learned 
societies  that  were  offered  to  him;  and  nursed 
his  fragile  health  to  the  end.  It  is  an  extraor¬ 
dinary  career. 

Few  words  remain  to  be  said.  His  books  were 
generally  translated  into  French;  many  of  them 
into  most  of  the  languages  of  Europe,  and  some 
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Into  Japanese  and  Chinese.  His  influence  went 
widely  beyond  the  United  Kingdom.  His  epi¬ 
grammatic  speech,  his  theories,  his  method,  have 
percolated  into  the  thought  of  the  present  day. 
His  political  views  brought  him  to  the  front  not 
infrequently  as  a  controversialist,  and  to  nothing 
was  he  more  bitterly  opposed  than  to  socialism, 
especially  that  phase  of  it  which  would  reduce 
the  individual  to  a  part  of  a  mechanism.  His 
theories  A  evolution  led  him  to  regard  the  in¬ 
dividual  man  as  the  highest  specialization,  the 
grandest  production  of  evolution  yet  reached,  and 
he  had  no  mind  to  see  personal  liberty  restricted 
further  than  was  absolutely  necessary  for  the 
cohesion  of  society. 

Less  important  publications  came  from  him, 
some  of  them  enjoying  marked  popularity.  His 
essays  on  style,  manners,  progress,  science,  popu¬ 
lation,  nebular  hypothesis,  etc.,  reappeared  in 
America  in  volumes  entitled  Essays,  Moral ,  Polit¬ 
ical  and  Aesthetic;  Illustrations  of  Universal  Prog¬ 
ress  and  Recent  Discussions. 

His  treatise  on  Education  (1861)  went  through 
more  editions  than  any  of  his  books,  and  exerted 
a  decided  influence  upon  the  theories  of  peda¬ 
gogics.  His  Classification  of  the  Sciences  (1864) 
aimed  to  substitute  a  better  scheme  for  the  fan¬ 
tastic  plan  of  Comte.  To  these  works  may  be 
added  Essays,  Scientific,  Political  and  Speculative 
(3  vols.,  1858  to  189&);  Spontaneous  Generation 
(1870);  The  Coming  Slavery,  or  Man  V ersus  the  State 
(1874),  a  plea  for  the  highest  personal  liberty ;  and 
Factors  of  Organic  Evolution  (1 887).  He  died  Dec. 
8,  1903.  D.  O.  Kellogg. 

SPENCER,  John  Canfield,,  an  American 
lawyer  and  statesman;  born  in  Hudson,  N.  Y., 
Jan.  8,  1788.  He  was  graduated  from  Union 
College  in  1808,  and  in  the  following  year  was 
admitted  to  the  New  York  bar.  During  the  War 
of  1812  he  was  appointed  judge-advocate-general 
and  in  1815  was  made  assistant  attorney-general 
of  New  York  state.  He  was  elected  to  Congress 
in  1817  and  to  the  state  legislature  in  1820  and 
again  in  1824.  In  1839  he  was  elected  secretary 
of  New  York  state,  and  from  1841  to  1843  was 
Secretary  of  War  in  the  cabinet  of  President 
Tyler.  In  1843  and  1844  was  Secretary  of  the 
Treasury.  He  edited  Tocqueville’s  Democracy  in 
America  (1838)  and  wrote  numerous  pamphlets 
and  political  papers.  He  died  in  Albany,  N.  Y., 
May  18,  1855.  w.m.c. 

SPENCER,  John  Poyntz  Spencer,  Earl,  a 
British  statesman;  born  at  Spencer  House,  Eng¬ 
land,  Oct.  27,  1835;  received  his  education  at 
Harrow  School  and  at  Trinity  College,  Cambridge, 
where  he  graduated  in  1857.  In  December,  1868, 
he  was  appointed  Lord-Lieutenant  of  Ireland.  He 
retained  that  office  till  the  resignation  of  the  Glad¬ 
stone  ministry  in  February,  1874.  On  the  return 
of  the  Liberals  to  office  in  May,  1880,  he  was  ap¬ 
pointed  Lord-President  of  the  council;  was  nomi¬ 
nated  Lord-Lieutenant  of  Ireland  on  the  resigna¬ 
tion  of  Earl  Cowper,May  4,  1882,  retaining  his  seat 
in  the  cabinet.  He  arrived  in  Dublin  Castle  on  May 


6,  on  the  evening  of  which  day  Lord  Frederick 
Cavendish,  the  newly  appointed  Chief-Secretary, 
and  Mr.  Thomas  A.  Burke,  the  Under-Secretary, 
were  stabbed  to  death  by  assassins  in  the  Phoenix 
Park,  close  to  the  castle.  After  this  it  fell  to 
Lord  Spencer  to  administer  the  provisions  of  the 
crimes  act.  In  1892  Lord  Spencer  was  made  first 
Lord  of  the  Admiralty  in  Mr.  Gladstone’s  fourth 
ministry,  a  position  he  retained  in  Lord  Rose¬ 
bery’s  cabinet,  1894-95.  In  1892  he  sold  the 
famous  Spencer  collection  of  books,  known  as  the 
“  Althorp  Library,”  to  a  Mrs.  Rylends,  who  do¬ 
nated  it  to  the  city  of  Manchester.  This  library 
was  valued  at  two  million  five  hundred  thousand 
dollars. 

SPENCER,  Sara  Andrews,  an  American 
reformer;  born  in  Savona,  Steuben  County,  N. 
Y.,  Oct.  21,  1837.  She  was  graduated  from  the 
Normal  School  at  St.  Louis,  Mo.,  in  1856  and 
was  married  in  1864  to  Henry  C.  Spencer.  She 
attempted  to  vote  in  1871  in  Washington,  D.  C., 
but  was  refused,  and  brought  suit  in  the  Supreme 
Court  with  a  result  that  a  decision  was  reached  in 
1874  that  women  could  not  vote  without  local  en¬ 
abling  legislation.  From  1874  to  1881  she  wai 
president  of  the  National  Woman  Suffrage  Asso¬ 
ciation.  Since  1881  she  has  been  president  of  the 
Spencerian  Business  College,  Washington,  D.  C. 

W.M.C. 

SPERMAPHYTA.  See  Vegetable  Kingdom, 
Vol.  XXIV,  P-  H2- 

SPERMATOPHYTES,  the  highest  grand  divi¬ 
sion  of  plants,  sometimes  called  phanerogams  of 
flowering-plants,  and  distinguished  from  all  those 
below  it  by  the  production  of  seeds.  It  is  sub¬ 
divided  into  two  main  groups — (1)  gymnosperms, 
in  which  the  seeds  are  not  inclosed  in  a  seed- 
vessel,  represented  by  pines,  firs,  cedars,  etc; 
and  (2)  angiosperms,  in  which  the  seeds  are  in¬ 
closed  in  a  seed-vessel,  represented  by  the  ordi¬ 
nary  flowering-plants.  Angiosperms  are  further 
subdivided  into  monocotyledons,  represented  by 
the  lilies,  grasses,  etc.,  and  dicotyledons,  includ¬ 
ing  the  crowfoots,  peas,  mints,  etc.  See  also 
Classification  and  Morphology,  in  these  Sup¬ 
plements. 

SPERMATOZOA.  See  Reproduction,  Vol. 
XX,  pp.  423,  424 ;  and  Embryology,  in  these 
Supplements. 

SPERM  OIL.  See  Whale  Oils,  Vol.  XXIV, 
p.  558. 

SPERMOPHILUS.  See  Marmot,  Vol.  XV, 
p.  566. 

SPEYER.  See  Spires,  Vol.  XXII,  p.  419. 

SPEZZIA,  an  island  off  the  coast  of  Morea, 
Greece,  and  at  the  entrance  of  the  Gulf  of  Nau- 
plia  or  Argolis.  It  is  28  miles  S.  of  Nauplia;  its 
area  is  26  square  miles,  and  population,  6,899. 
The  town  of  Spezzia,  on  the  north  coast,  has  a 
fine  harbor;  has  a  population  of  6,490,  the  people 
being  engaged  in  commerce  and  navigation.  The 
island  is  remarkable  for  the  salubrity  of  its  cli¬ 
mate.  It  was  anciently  known  as  Pityusa,  on  ac¬ 
count  of  its  pines.  To  the  south  of  the  island  is 
the  smaller  island,  Poulo  Spezzia. 
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SPHENOID  BONE.  See  Anatomy,  Vol.  I, 
p.  722. 

SPHINCTER  MUSCLES.  See  Anatomy, 
Vol.  I,  p.  734. 

SPHYGMOGRAPH,  an  instrument  for  record¬ 
ing  the  pulsations  of  the  heart  through  the  me¬ 
dium  of  the  pulse.  It  is  attached  to  the  wrist  by 
a  band,  a  sensitive  disk  being  placed  upon  the 
pulse  artery.  The  pulsations  act  upon  the  disk 
so  as  to  move  a  stylus,  held  by  an  armature,  across 
the  surface  of  a  moving  strip  of  paper,  produc¬ 
ing  a  waved  tracing,  which  has  a  regular  form  if 
the  pulse  is  normal.  Various  stimulants  produce 
abnormal  and  irregular  tracings,  the  waves  being 
much  broader  than  the  normal  where  the  heart  is 
excited  by  stimulants,  and  much  narrower  than 
the  normal  during  the  reaction  following  the  use 
of  stimulants. 

SPICE  ISLANDS.  See  Moluccas,  Vol.  XVI, 
P-  723- 

SPIDER.  See  Arachnida,  Vol.  II,  pp.  255- 
263. 

SPIDER-CRAB,  certain  decapod  crustaceans 
of  the  family  Maiidce.  The  long  slender  legs 
give  them  a  spider-like  appearance.  The  best- 
known  representative  is  the  giant  Japanese  spi¬ 
der-crab  ( Macrocheira ),  which  has  a  spread  of 
legs  of  18  feet,  and  even  more  in  some  specimens. 
Its  size  is  not  approached  by  that  of  any  other 
crustacean. 

SPIEGEL,  Friedrich  von,  a  German  Orien¬ 
talist;  born  at  Kitzingen,  near  Wurzburg,  July  1 1, 
1820.  After  having  studied  Oriental  languages 
at  Erlangen,  Leipsic  and  Bonn,  he  was,  in  1849, 
appointed  professor  of  Oriental  languages  at 
Erlangen.  His  chief  work  is  an'  edition  of  the 
Avesta  (1853—69) .  Among  his  other  writings  are 
Die  Grammatik  der  Parsisprache  (1851);  Die 
Grammatik  der  Altbaktrischen  Sprache  (1867); 
Eran :  Das  Eand  Zwischen  Indus  und  Tigris 
(1863) ;  Vergleichende  Grammatik  der  Alleranis- 
chen  Sprache  (1882).  Died  Dec.  15,  1905.  g.  a. s. 

SPIELHAGEN,  Friedrich,  a  German  nov¬ 
elist  ;  born  at  Magdeburg,  Feb.  24,  1829 ;  studied 
philosophy  and  philology  at  Berlin,  Bonn,  and 
Greifswald,  later ‘entering  on  a  literary  career. 
From  1878-84,  as  editor  of  the  lllustrierten 
Deutschen  Monatshefte ,  he  established  his  reputa¬ 
tion  as  a  novelist  by  Problematischen  Naturen 
and  Durch  Nacht  zum  Licht  (i860).  Among 
his  other  works  are  Die  von  Hohdnstein  (1864)  ; 
Deutsche  Pioniere ;  Was  die  Schwalbe  Sang 
( *877)  >  des  Himmels  ( 1894)  ;  Susi  (1895) ; 

Zum  Zeitvertreib,  Mesmerismus;  Faustulus 
( 1897)  ;  the  dramas  Liebe  fiir  Liebe ;  Der  Lustige 
Pat  (1875)  ;  Hans  und  Grethe  (1876);  In  Eiser - 
ner  Zeit  (1889).  His  other  witings  include 
Beitrage  zur  Theorie  und  Technic  des  Romans 
( 1887)  ;  translations  of  Emerson’s  English  Traits , 
and  of  American  Poems.  g.a.s. 

SPIKE  or  SPIKELeT.  SeeBoTANY,Vol.IV, 
p.  121. 

SPIKE,  Oil  of.  See  Lavender,  Vol.  XIV, 
P-  353- 


SPINAGE  or  SPINACH.  See  Horticulture 
Vol.  XII,  pp.  300-301. 

SPINAL  COLUMN.  See  Skeleton,  Vol. 
XXII,  pp.  118-120. 

SPINAL  CORD  or  MEDULLA  SPINALIS. 


See  Anatomy,  Vol.  I,  pp.  760-761. 

SPINAL  CURVATURE.  See  Surgery. 
Vol.  XXII,  p.  728. 

SPINDLE  TREE,  STAFF  TREE  or  BIT¬ 
TERSWEET  FAMILY.  See  Arboriculture, 
Vol.  II,  p.  280. 

SPINEL.  See  Mineralogy,  Vol.  XVI,  p. 
402. 


SPINNER,  Francis  Elias,  financier;  born  in 
German  Flats  (now  Mohawk),  N.  Y.,  Jan.  2t. 
1802.  He  entered  busi¬ 
ness  in  Herkimer,  N.  Y., 
in  1824,  and  later  was 
appointed  deputy  sheriff 
of  the  county.  He  was 
elected  to  Congress  in 
1854,  and  re-elected  in 
1856  and  in  i860.  Dur¬ 
ing  his  service  in  that 
body,  he  was  a  member 
of  the  Conference  Com¬ 
mittee  of  both  Houses 
consider  the  army  appro¬ 
priation  bill,  the  com¬ 
mittee  on  privileges  and 
elections,  etc.  In  1861 
President  Lincoln  appointed  him  treasurer  of  the 
United  States,  which  office  he  filled  till  his  resig¬ 
nation  in  1875.  He  died  in  Jacksonville,  Fla., 
Dec.  31,  1890.  g.j.h. 

SPINNING-JENNY.  See  Cotton,  Vol.  VI, 
PP-  434’  435* 

See  Horticulture,  Vol.  XII, 


FRANCIS  E.  SPINNER. 


SPIRAEA, 
p.  260. 
SPIRAL. 


Vol.  XIII,  pp.  55,  56. 


See  Infinitesimal  Calculus, 


SPIRIT  LAKE,  a  town  and  the  capital  of 
Dickinson  County,  northwestern  Iowa,  1  mile  S. 
of  Spirit  Lake  and  56  miles  W.N.W.  of  Algona,  at 
the  junction  of  the  Burlington,  Cedar  Rapids  and 
Northern  and  the  Chicago,  Milwaukee  and  St. 
Paul  railroads.  It  is  the  center  of  a  region 
abounding  in  small  fruits;  is  devoted  to  agricul¬ 
ture;  has  become  noted  as  a  summer  resort,  and 
contains  a  state  fish-hatchery.  Population  1890, 
782 ;  1900,  1,219. 

SPIRIT-LEVEL.  See  Surveying, Vol.  XXII, 
P*  755- 

SPIROMETER,  a  mechanism  or  device  for 
measuring  the  capacity  of  the  human  lungs.  It 
is  made  in  various  ways,  the  most  common  form 
being  a  vessel  having  a  float  set  in  the  top,  in 
which  it  is  closely  fitted,  so  that  the  blowing  in  oi 
air  through  a  tube  below  will  tend  to  raise  the 
float.  An  index  is  attached  for  noting  the  rise, 
from  which  the  capacity  of  the  lungs  may  be  in¬ 
ferred. 

SPIRULIDAL  See  Mollusca,  Vol.  XVI,  p. 

693- 


SPITHEAD,  England,  the  sheltered  portion 
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of  the  English  Channel  off  the  southern  coast,  ex¬ 
tending  between  Portsea  Island,  Hampshire,  and 
the  Isle  of  Wight,  and  communicating  westward 
with  the  Solent  and  Southampton  water.  Open 
only  on  the  southeast,  it  forms  a  secure  roadstead, 
which  is  the  principal  anchorage-ground  of  the 
British  navy,  owing  to  the  proximity  of  the 
fortified  naval  port  of  Portsmouth  on  the  north 
shore.  c.l.s. 

SPITZKA,  Edward  Charles,  an  American 
neurologist;  born  in  New  York  City,  Nov.  10, 
1852.  He  was  educated  at  the  College  of  the 
City  of  New  York,  graduating  from  the  medical 
department  of  the  University  of  New  York  in 
1873.  He  later  studied  in  Europe,  becoming  a 
specialist  in  internal  diseases,  particularly  of  the 
nervous  system.  He  is  recognized  as  an  expert  in 
cases  of  insanity.  From  1881  to  1884  he  edited 
the  American  Journal  of  Neurology,  and  was  for 
several  years  secretary  of  the  Society  of  Medical 
Jurisprudence.  He  has  written  various  treatises 
on  insanity  including  Insanity  in  Children  (1890) 
and  The  Architecture  of  the  Brain  (1892). 

W.M.C. 

SPLEEN.  See  Anatomy,  Vol.  I,  p.  797. 

SPLINT.  See  Fractures ,  under  Surgery, 
Vol.  XXII,  p.  716. 

SPLINT-BONE  or  FIBULA.  See  Anat¬ 
omy,  Vol.  I,  p.  727. 

SPLUGEN,  a  mountain  of  the  Lepontine  Alps, 
in  the  Grisons,  Switzerland,  whose  summit,  9,600 
feet  high,  bears  the  name  of  Tombenhorn.  The 
pass  of  the  Spliigen,  connecting  the  S.  E.  of 
Switzerland  with  the  region  of  Italy  round  Lake 
Como,  is  at  its  highest  point  6,946  feet  above  the 
sea,  and  in  its  present  condition  is  the  work  of  the 
Austrian  government,  which,  in  1834,  completed 
the  building  of  galleries  of  solid  masonry  on  the 
Italian  side  for  the  protection  of  travelers  from 
avalanches. 


SPOFFORD,  Ainsworth  Rand,  librarian; 
born  in  Gilmanton,  N.  H.,  Sept.  12,  1825;  ac¬ 
quired  a  classical  educa¬ 
tion  from  private  tutors ; 
removed  to  Cincinnati, 
where  he  was  a  book¬ 
seller  and  publisher; 
associate  editor  of  the 
Cincinnati  Daily  Com¬ 
mercial  in  1859-61; 
became  first  assistant  li¬ 
brarian  of  Congress  in 
the  latter  year,  and  li¬ 
brarian-in-chief  in  1864, 
which  post  he  held  till 

A.  R.  SPOFFORD.  ^  ^  he  ^  ^ 

pointed  chief  assistant.  He  is  the  author  of  nu¬ 
merous  review  and  cyclopaedia  articles  and  lectures, 
and  author  of  Practical  Manual  of  Parliamentary 
Rules  ;  A  Book  for  All  Readers  :  an  Aid  to  Col¬ 
lection,  Use  and  Preservation  of  Books ,  and  the 
Formation  of  Libraries,  etc.;  editor  of  Catalogue 
of  the  Congressional  Library,  and  Annual  Amer¬ 
ican  Almanac  (1878-89);  and  joint  editor  of 
Library  of  Choice  Literature  (iovols.)  ;  Library 


of  Historic  Characters  and  Famous  Events  (ic 
vols.),  etc.  G.J.H. 

SPOFFORD,  Harriet  Elizabeth  Prescott, 
an  American  author;  born  in  Calais,  Me.,  April 
3,  1835.  She  was  graduated  from  the  Putnam 
School,  Newburyport,  Mass.,  in  1852  and  in  1865 
married  Richard  S.  Spofford,  a  lawyer  of  Boston. 
She  has  published  New  England  Legends  (1871)  ; 
The  Thief  in  the  Night  (1872);  Marquis  of 
Carabas  (1882)  ;  Poems  (1882)  ;  Hester  Stanley 
at  Saint  Marks  (1883)  ;  Ballads  about  Authors 
(1888)  ;  Scarlet  Poppy  (1894);  A  Master  Spirit 
(1896)  ;  and  In  Titian's  Garden  and  Other  Po¬ 
ems  (1897).  W.M.C. 

SPOKANE,  a  city  of  eastern  Washington  and 
capital  of  Spokane  County,  on  the  Spokane 
River,  30  miles  from  the  beautiful  Coeur  d’Alene 
Lake,  and  in  sight  of  the  Coeur  d’Alene  Mountains. 
The  city  is  also  an  equally  important  railway 
center  of  the  Northern  Pacific  system,  449  miles 
from  Portland,  and  1,512  miles  W.  of  St.  Paul,  and 
is  also  on  the  lines  of  the  Great  Northern,  the 
Spokane  Falls  and  Northern,  and  the  Oregon 
Railway  and  Navigation  Company.  It  is  the 
center  of  an  area  of  cultivable  lands  of  unsur¬ 
passed  richness,  and  the  supply-point  for  the  rich 
mining  districts  of  Coeur  d’Alene  and  Salmon 
River.  The  city  was  laid  out  and  incorporated 
early  in  the  eighties.  In  1890  its  population  was 
19,922;  in  1900  it  was  36,848.  On  Aug.  5, 
1889,  the  entire  business  portion  of  the  city  was 
destroyed  by  fire,  entailing  a  loss  of  $8,000,000, 
but  the  space  then  burned  over  has  since  been 
rebuilt  in  manner  both  substantial  and  artistic, 
and  a  very  pronounced  impetus  given  to  the 
progress  and  completion  of  improvements  gener¬ 
ally.  There  is  an  admirable  distribution  of  the 
water-power  obtained  from  the  Spokane  River,  the 
principal  industry  being  the  manufacture  of  flour, 
and  the  output  of  two  thousand  barrels  a  day  is 
mostly  shipped  to  China  and  Japan.  The  finan¬ 
cial  system  of  the  city  has  attained  to  large 
proportions,  and  is  now  represented  by  seven 
national,  one  state  and  two  savings  banks,  with  a 
cash  capital  of  $3,500,000,  deposits  approximating 
$10,000,000  and  an  abundant  surplus.  The  im¬ 
provements  completed  and  in  progress  during  the 
past  year  have  cost  more  than  $10,000,000,  and 
those  proposed  for  the  immediate  future  will  rep¬ 
resent  a  total  investment  of  many  additional  mil¬ 
lions.  The  city  is  the  seat  of  an  Episcopal 
bishopric  and  of  a  Jesuit  college,  while  in  the  way 
of  schools,  churches,  hotels,  public  halls,  hospi¬ 
tals,  societies,  newspapers,  mills,  and  manufactur¬ 
ing  industries  the  city  is  well  supplied,  and  the 
residence  portions  on  the  hillsides  and  along  the 
river  front  are  built  up  with  houses  architectu¬ 
rally  after  the  most  attractive  designs,  of  the  best 
material,  and  provided  with  every  improvement. 

SPONGE— FISHERIES.  See  Sponges,  Yol. 

XXII,  p.  445. 

SPONTANEITY,  Bain’s  Theory  of.  See 
under  Psychology,  Vol.  XX,  p.  48,  note  3. 

SPONTANEOUS  COMBUSTION.  ’  See 
Chemistry,  Vol.  V,  p.  417. 
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SPONTANEOUS  GENERATION.  See  Abio- 
CENESIS,  Vol.  I,  pp.  51,  52 

SPORANGIUM,  a  general  name  given  in 
botany  to  vessels  containing  spores.  In  the  case 
of  those  plants  which  produce 
two  kinds  of  spores  (hetero- 
sporous  plants),  the  two  kinds 
of  sporangia  are  distinguished 
as  microsporangia  and  mac¬ 
rosporangia.  The  accom¬ 
panying  figure  represents  a 
sporangium  taken  from  the 
lower  surface  of  the  leaf  of  As - 
pidium,  an  ordinary  fern,  show¬ 
ing  the  stalk  upon  which  it  is 
borne,  the  curious  ring  ( annu¬ 
lus )  which  partly  encircles  it 
and  the  ruptured  wall  permit¬ 
ting  the  escape  of  spores. 

SPORE,  a  general  name  given  in  botany  to 
cells  usually  given  off  by  the  parent  plant,  and 
able,  directly  or  indirectly,  to  produce  other  plants 
like  that  from  which  they  came.  Among  the  Al¬ 
ga ,  the  spores  usually  have  the  power  of  swim¬ 
ming  by  means  of  cilia;  in  other  plants  the  spores 
are  usually  scattered  by  the  wind ;  while  in  the 
flowering  plants  one  kind  of  spore  ( pollen )  is  often 
transported  by  insects.  In  the  figure  under  Spo¬ 
rangium,  in  these  Supplements,  fern-spores  are 
represented  as  escaping  from  the  sporecase.  See 
also  Reproduction,  Vol.  XX,  pp.  435  et  seq. ; 
and  in  these  Supplements. 

SPOROGONIUM,  a  name  given  in  botany  to 
the  sporophyte  of  bryophytes  (liverworts  and 
mosses).  The  sporophyte  of  the 
higher  groups  is  the  leafy  phase  of 
the  plant,  and.  hence  the  more  promi¬ 
nent  one,  but  the  sporogonium  is 
leafless,  the  gametophyte  bearing  the 
leaves.  The  accompanying  figure  of 
Polytrichum ,  a  common  moss,  shows 
the  leafy  gametophyte  (G),  from  the 
summit  of  which  arises  the  naked 
sporogonium  (sporophyte),  composed 
of  the  long  stalk,  or  seta  (S),  and  the 
capsule  (C)  containing  the  spores,  and 
still  invested  by  the  loose  membra¬ 
nous  hood  known  as  the  calyptra. 

SPOROPHYLL,  a  leaf  modified  to 
bear  spores.  In  some  cases  the  sporo- 
phyll  can  be  recognized  easily  as  a 
modified  leaf,  but  in  such  cases  as  the 
stamen  of  a  flower  it  has  departed  so 
much  from  the  ordinary  form  of  a  foliage  leaf  as 
to  be  completely  disguised. 

SPOROPHYTE,  the  sexless  phase  of  plants  in 
which  there  is  alternation  of  generations.  It  is 
always  produced  by  the  sexually  formed  spore 
borne  by  the  gametophyte,  and  in  turn  produces 
asexually  formed  spores,  which  develop  gameto- 
phytes  again.  In  the  figure  under  Sporogonium, 
in  these  Supplements,  these  two  phases  are  repre¬ 
sented  in  a  moss. 

SPOROZOA.  See  Protozoa,  Vol.  XIX,  pp. 

877-880. 


SPORTS.  See  Athletic  Sports,  Vol.  Ill,  pp. 
12-13;  and  Athletics,  in  these  Supplements. 

SPOTTSYLVANIA  COURTHOUSE,  a  small 
village  of  Virginia,  55  miles  from  Richmond,  the 
scene  of  one  of  the  most  desperate  battles  of  the 
Civil  War.  The  engagement  is  classed  as  one  of 
the  battles  of  the  Wilderness,  which  were  fought 
during  the  interval  from  May  5th  to  June  1st, 
1864.  Grant  had  determined  to  cut  Lee  off  from 
connection  with  Richmond,  and  in  order  to  do  so 
decided  to  march  directly  through  the  wooded 
Virginia  district  known  as  the  Wilderness,  and 
flank  Lee,  who  was  camped  on  the  south  bank  of 
the  Rapidan.  Lee  anticipated  Grant’s  move¬ 
ment,  and  being  more  familiar  with  the  district, 
relied  upon  that  knowledge  to  enable  him  to  at¬ 
tack  Grant  to  advantage.  Both  armies  advanced, 
and  from  May  4th  to  May  8th  occurred  the  bat¬ 
tles  which,  strictly  speaking,  were  the  Wilderness 
battles.  The  result  of  these  engagements  had 
been  favorable  to  Grant,  and  he  again  took  up  his 
forward  march  toward  Spottsylvania  Courthouse. 
Lee  again  anticipated  him,  and  when  Grant  ar¬ 
rived  he  found  Lee  intrenched.  An  attack  was 
ordered,  and  at  the  end  of  the  first  day  the  two 
armies  faced  each  other,  Lee  still  behind  his 
breastworks,  and  Grant  preparing  for  a  general  as¬ 
sault.  The  Confederate  left  was  attacked  by  the 
troops  immediately  under  Hancock’s  command, 
and  was  driven  back.  Hancock  was  recalled  to 
assist  in  a  general  assault  on  the  Confederate  cen¬ 
ter,  which  was  taken,  together  with  4,000  men. 
This  practically  ended  the  fighting.  Skirmishers 
from  both  sides  maintained  a  constant  fire  during 
the  next  few  days,  and  Grant  moved  around  Lee’s 
left, — a  move  which  resulted  in  the  battle  of  Cold 
Harbor.  At  the  time  of  this  campaign  the  Union 
effective  men  numbered  100,000,  the  Confederate 
about  60,000.  During  the  several  battles  the 
Union  losses  were,  in  killed,  5,584;  wounded,  28,- 
364;  and  missing,  7,450.  The  Confederate  losses 
were  not  reported. 

SPRAGUE,  Washington,  a  city  of  Lincoln 
County,  on  the  Northern  Pacific  railroad,  41 
miles  southwest  of  Spokane.  It  is  the  seat  of  St. 
Joseph’s  Catholic  University  and  Academy,  and 
is  a  health  resort  on  account  of  its  fine  climate. 
It  ships  stock  animals,  grain  and  other  farm  pro¬ 
duce.  Population,  1900,  695.  c.L.s. 

SPRAGUE,  William  Buell,  author;  born 
in  Andover,  Conn.,  Oct.  16,  1795  ;  was  graduated 
at  Yale  College  in  1815;  studied  theology  at 
Princeton  Seminary  in  1816-19;  became  associate 
pastor  with  Dr.  Lathrop  at  West  Springfield, 
Mass.,  in  the  latter  year;  and  was  pastor  there  in 
1820-29.  He  was  next  called  to  the  Second  Pres¬ 
byterian  Church  of  Albany,  N.  Y.,  where  he 
served  for  forty  years.  He  then  resigned  this 
charge  and  settled  in  Flushing,  L.  I.  His  publi¬ 
cations  include  Letters  to  a  Daughter ;  Letters 
from  Europe ;  Letters  to  Young  People ;  Lec¬ 
tures  on  Revivals  ;  Christianity  and  Other  .Sys- 
tems ;  Hints  on  Christian  Intercourse ;  Letters 
to  Young  Men ;  Words  to  a  Young  Man's  Con¬ 
science  ;  Aids  to  Early  Religion  ;  Women  of  the 
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Bible,  etc.  His  greatest  work,  however,  was  his 
Annals  of  the  American  Pulpit.  He  died  in 
Flushing,  L.  I.,  May  8,  1876.  g.j.h. 

SPRAINS.  See  Surgery,  Vol.  XXII,  p.  71 6. 

SPRAYER.  Agricultural  sprayers  are  used  for 
a  variety  of  fruits  and  vegetables,  to  rid  the 
plants  of  insects,  etc.  A  common  form  is  the 
knapsack-sprayer,  which  is  a  copper  vessel,  hold¬ 
ing  about  five  gallons,  fitted  with  straps  for 
attaching  to  the  back.  It  has  an  inside  force- 
pump,  worked  by  a  handle  with  one  hand,  while 
the  other  hand  holds  the  tube,  which  contains  a 
nozzle  for  dividing  the  spray.  A  cart-sprayer  is 
made  on  the  same  plan,  but  with  a  double-dis¬ 
charge  hose.  It  is  particularly  suitable  for 
potatoes.  A  sprayer  used  in  France  for  freeing 
grape-vines  from  pests  is  mounted  on  the  back 
of  a  horse.  There  are  two  cylinders  for  contain¬ 
ing  the  fluid,  and  from  these  extends  a  cross¬ 
pipe,  bearing  three  spraying-nozzles  on  each  end. 
With  this  sprayer  six  rows  of  vines  can  be  sprayed 
at  one  trip. 

SPREE,  a  river  See  Berlin,  Vol.  Ill,  p.  512. 

SPRENGEL,  Herman  Johann  Philip,  a  Ger¬ 
man  chemist;  born  in  Schillerslage,  Germany,  in 
1834.  He  studied  at  Gottingen,  Heidelberg  and 
Oxford;  settled  in  England,  and  in  his  researches 
at  the  chemical  laboratories  of  the  Royal  College) 
and  elsewhere  made  discoveries  of  much  value,  j 
His  work  was  especially  in  the  invention  of  ex¬ 
plosives,  and  methods  of  applying  them.  He , 
brought  about  great  reforms  in  the  use  of  ex¬ 
plosives  in  water.  His  methods  were  put  to 
effective  use  in  the  blowing  up  of  Flood  Rock,  in 
New  York  harbor.  Explosives  invented  by 
Sprengel  include  hellhoffite,  oxonite  and  racka- 
rock.  He  published  a  number  of  scientific  articles 
and  treatises.  Among  his  publications  are 
Researches  on  the  Vacuum  (1865);  The  Water  Air- 
Pump  (1873);  A  New  Class  of  Explosives  (1873); 
and  the  Hell-Gate  Explosion  (1885). 

SPRENGEL’S  AIR-PUMP.  See  Mercurial 
Air-pump, Vol.  XVI,  pp.  35-36. 

SPRENGER,  Aloys,  an  Austrian- English 
Oriental  scholar;  born  in  Nassereit,  Tyrol,  Sep¬ 
tember  3,  1813.  In  1836  he  removed  to  London, 
and  in  1841  translated  from  the  Arabic  The  His¬ 
torical  Encyclopedia.  In  1843  he  went  to  Cal¬ 
cutta  under  an  appointment  to  the  medical  serv¬ 
ice  of  the  East  India  Company.  From  1844  to 
1848  he  was  principal  of  the  Mohammedan  Col¬ 
lege  at  Delhi.  He  returned  to  Europe  in  1857, 
and  until  1881  was  professor  of  Oriental  lan¬ 
guages  at  the  University  of  Berne.  His  works 
include  Selections  from  Arabic  Authors  (1845); 
The  History  of  Mahmud  Ghaznoh  (1847),  and 
Leben  und  Lehre  des  Mohammed  (1863).  He 
died  in  Heidelberg,  Ger.,  Dec.  19,  1893.  w.m.c. 

SPRING,  Gardiner,  clergyman ;  born  in 
Newburyport,  Mass.,  Feb.  24,  1785;  was  gradu¬ 
ated  at  Yale  College  in  1805,  and  was  admitted  to 
the  bar  in  1808.  He  soon,  however,  turned  his 
attention  to  theology,  and  in  1810  was  called  to 
the  pastorate  of  the  Brick  Presbyterian  Church  in 
New  York  city,  which  he  held  for  sixty-three 
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years.  In  1816  he  aided  in  founding  the  Ameri¬ 
can  Bible  Society,  and  subsequently  did  much  to¬ 
ward  the  establishment  of  the  American  Tract 
and  the  Home  Missionary  Societies.  His  pub¬ 
lications  include  Essays  on  the  Distinguishing 
T raits  of  Christian  Character  ;  Fragments  from 
the  Study  of  a  Pastor  ;  Obligations  of  the  World 
to  the  Bible ,  etc.  He  died  in  New  York  city, 
Aug.  18,  1873.  G.J.H. 

SPRING,  Leverett  Wilson,  an  American 
clergyman  and  educator;  born  in  Grafton,  Ver- 
mont,  January  5,  1840.  In  1863  he  was  gradu¬ 
ated  from  Williams  College  and  from  the  Hart¬ 
ford  Theological  Seminary  in  1865.  He  then 
held  Congregational  pastorates  in  Massachusetts 
and  Kansas,  and  in  1881  was  appointed  professor 
of  English  literature  in  the  University  of  Kansas. 
In  1886  he  was  made  Morris  professor  of  rhetoric 
in  Williams  College.  In  1885  he  published  a 
History  of  Kansas  and  a  monograph  on  Mark 
Hopkins ,  Teacher.  w.m.c. 

SPRINGBOK.  See  Antelope,  Vol.  II,  p.  90. 

SPRING  CITY,  Pennsylvania,  a  borough  of 
Chester  County,  on  the  Schuylkill  River  and 
canal,  and  on  the  Pennsylvania  railroad,  30 
miles  northwest  of  Philadelphia.  The  neighbor¬ 
ing  diversified  geological  strata  furnish  the  ma¬ 
terial  for  glass  factories  and  terra  cotta  works, 
and  there  are  also  paper  mills,  stove  works,  and 
the  allied  industries  of  a  lumber  and  farming  dis¬ 
trict.  Population,  1900,  2,566.  c.l.s. 

SPRINGFIELD,  a  city  and  the  capital  of  the 
state  of  Illinois  and  of  Sangamon  County,  185 
miles  by  rail  S.W.  of  Chicago,  at  the  meet¬ 
ing-point  of  the  Baltimore  and  Ohio  Southwest¬ 
ern,  the  Chicago  and  Alton,  the  Chicago,  Peoria 
and  St.  Louis,  the  St.  Louis,  Chicago  and  St. 
Paul  and  the  Wabash  railroads.  Besides  the  va¬ 
rious  state,  Federal  and  county  buildings,  the  city 
has  numerous  churches,  representing  the  leading 
denominations.  It  has  good  public  schools,  in¬ 
cluding  a  high  school.  Among  its  denominational 
institutions,  are  Concordia  College  (Lutheran), 
the  Bettie  Stuart  Institute,  several  convents,  a 
number  of  parochial  schools,  charitable  institu¬ 
tions,  including  hospitals  and  the  Home  of  the 
Friendless.  The  public  library  of  the  city  contains 
over  25,000  volumes,  and  the  newspapers  comprise 
four  dailies  and  a  number  of  weeklies,  semimonth¬ 
lies  and  monthlies.  The  city,  in  1902,  had  eight 
banks  with  a  combined  capital  of  $2,150,000, 
besides  loan  and  trust  companies  and  building 
and  loan  associations,  and,  according  to  the  re¬ 
turns  of  1900,  there  were,  in  Springfield,  320  manu¬ 
facturing  establishments,  employing  a  capital,  in 
the  aggregate,  of  over  $5,030,000,  and  paying  to 
3,871  persons  nearly  $1,750,000  in  wages,  and 
for  materials  almost  $3,200,000,  from  which  pro¬ 
ducts  were  turned  out  valued  at  $6,612,286.  The 
leading  industries  include  the  mining  of  coal, 
rolling-mills  and  foundries,  a  watch  factory,  flour, 
woolen,  paper  and  planing  mills,  printing  and 
publishing.  Springfield  has  an  extensive  system 
of  well-paved  streets,  traversed  by  electric  street- 
railways  and  lighted  by  electricity.  There  are 
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water-works,  and  good  sewerage  system.  Popula¬ 
tion  1890,  24,963;  1900,  34,159.  See  also  Spring- 
field,  Vol.  XXII,  pp.  449,  450. 

SPRINGFIELD,  a  city  of  southern  central 
Massachusetts,  the  capital  of  Hampden  County, 
on  the  left  bank  of  the  Connecticut  River,  by  rail 
99  miles  W.  by  S.  of  Boston,  on  the  Boston  and 
Albany  railroad,  and  25  miles  N.  of  Hartford,  on 
the  New  York,  New  Haven  and  Hartford  rail¬ 
road,  and  is  also  the  southern  terminus  of  the 
Connecticut  and  Passumpsic  division  of  the  Bos¬ 
ton  and  Maine  railroad,  and  the  northern  termi¬ 
nus  of  a  branch  of  the  New  York,  New  Haven  and 
.Hartford  railroad,  the  three  roads  entering  a 
union  depot,  built  at  a  cost  of  $700,000.  It  has 
ten  national  banks  with  a  net  capital  of  $3, 500,000 ; 
and  three  savings  banks  with  deposits  of  nearly 
twenty  millions.  In  1900,  $17,105,947  were  in¬ 
vested  in  817  manufacturing  industries,  paying 
$6,211,995  annually  to  employees,  and  producing 
finished  products  valued  at  $21,207,039  from 
materials  costing  $8,991,127.  The  city  is  well 
equipped  with  electric  railways  and  lighted  by  gas 
and  electricity,  has  an  excellent  water  system,  and 
is  stretching  out  over  an  elevated  plain  to  the  east. 
The  older  streets  are  broad,  shaded  avenues,  and 
the  city  has  a  large  and  beautiful  park.  The  pub¬ 
lic  buildings  include  a  cathedral  and  numerous 
other  churches,  a  brownstone  post-office  and  city 
hall  and  a  granite  courthouse.  Springfield  is  noted 
for  the  great  variety  of  its  manufactures.  Among 
its  larger  factories  is  the  United  States  Armory 
(since  1794),  employing  about  four  hundred  men, 
chiefly  in  the  manufacture  of  rifles  and  carbines; 
the  others  embrace  foundries,  car-works,  and 
manufactories  of  cottons  and  woolens,  paper, 
machinery,  furniture,  trunks,  buttons,  needles, 
spectacles,  locks,  pistols,  skates,  picture-frames, 
organs  and  jewelry.  The  town  was  settled  in 
1635.  Population  1890,  44.179;  1900,  62,059.  See 
also  Springfield,  Vol.  XXII,  p.  450. 

SPRINGFIELD,  a  city  and  the  capital  of  Greene 
County,  southwestern  Missouri,  on  the  Kansas  City, 
Fort  Scott  and  Memphis  and  the  St.  Louis  and  San 
Francisco  railroads.  In  1894  the  city  had  seven 
banks,  with  a  net  capital  of  $725,000  and  deposits 
aggregating  $1,890,000.  Besides  a  government 
building  valued  at  $150,000,  churches  of  nine  de¬ 
nominations,  excellent  educational  facilities  and  a 
Roman  Catholic  college,  there  is  also  located  here 
a  Congregational  college  (Drury),  chartered  in 
1873,  with  an  endowment  of  $235,000  and  occu¬ 
pying,  in  1904,  property  valued  at  $150,000, 
with  483  students  and  24  instructors,  having  both 
classical  and  scientific  courses.  Many  of  the 
streets  are  well  paved,  and  all  are  equipped  with 
electric  or  gas  lighting.  See  also  Springfield, 
Vol  XXII,  p.  450.  Pop.  1900,  23,267. 

SPRINGFIELD,  a  city  and  the  capital  of 
Clarke  County,  western  Ohio,  on  the  Cleveland, 
Cincinnati,  Chicago  and  St.  Louis,  the  Ohio 
Southwestern  and  the  Pittsburg,  Cincinnati,  Chi¬ 
cago  and  St.  Louis  railroads.  The  city  is 
marked  by  modern  improvements,  such  as  gas 
and  electric  lights,  street-railways,  water-works 


and  sewers,  and  derives  good  water-power  from 
the  Mad  River.  The  public  buildings  of  recent 
construction  include  a  new  city  hall,  a  new 
United  States  government  building  and  a  public 
library.  Springfield  has  nearly  fifty  churches, 
excellent  public  schools  of  all  grades,  a  business 
college,  daily  and  weekly  newspapers,  and  is  the 
seat  of  Springfield  Seminary  and  of  Wittenberg 
College  (Lutheran),  a  co-educational  institution 
chartered  in  1845,  which,  in  1904,  had  25  instruct¬ 
ors,  325  student's  and  a  library  of  15,000  volumes. 
The  city,  in  1899,  had  an  assessment  valuation  of 
over  $20,000,000,  5  national  banks  with  a  com¬ 
bined  capital  of  $1,300,000,  and,  according  to  the 
census  returns  for  1900,  had  305  manufacturing 
establishments,  employing  a  combined  capital  of 
$i4,o9i,i75,  paying  to  nearly  7,000  persons  over 
$4,250,000  in  wages,  and  turning  out  products 
valued  at  $12,777,173,  made  from  materials 
which  cost  $5,425,089.  Of  the  total  value  of  out¬ 
put,  agricultural  implements  represented  over 
$5,272,000;  among  other  important  manufactured 
articles  are  architectural  iron  work,  turbine  water 
wheels,  metal  and  rubber  tired  wheels,  gas-engines, 
furnaces,  stoves,  etc.  Population,  1890,  31,895; 
1900,  38,253.  See  also  Springfield,  Vol.  XXII, 
p.  45  °*  Revised  by  C .  L.  S. 

SPRINGFIELD,  Tennessee,  the  seat  of  Rob« 
ertson  County,  a  town  on  a  small  tributary  of  the 
Red  River  and  on  the  Louisville  and  Nashville 
railroad,  28  miles  northwest  of  Nashville.  In  a 
tobacco,  grain,  and  live  stock  raising  section,  it 
also  has  large  whiskey  distilleries,  flour,  grist,  saw 
and  planing  mills,  and  brick  factories,  and  car¬ 
ries  on  an  active  export  trade.  Population,  1890, 
1,372;  1900,  1,732.  c.L.s. 

SPRINGHILL,  a  village  and  town  of  Cumber¬ 
land  County,  northwestern  Nova  Scotia,  on  the 
Meccan  River,  and  on  the  Intercolonial  railway, 
about  nine  miles  S.  of  Amherst.  The  discovery  and 
working  of  coal  in  the  vicinity  raised  the  place  from 
a  mere  hamlet,  known  as  Meccan  in  the  census  of 
1881,  to  a  prosperous  town  of  5,178  in  1901.  It 
manufactures  woolen  goods,  leather,  etc  ,  and  has 
one  newspaper. 

SPRINGS.  See  Geology,  Vol.  X,  pp.  239-241. 

SPRING  VALLEY,  a  city  of  Bureau  County, 
northern  central  Illinois,  104  miles  S.W.of  Chicago, 
on  the  Illinois  River,  and  on  the  Chicago,  Burling¬ 
ton  and  Quincy,  the  Chicago,  Rock  Island  and 
Pacific  and  the  Chicago  and  North-Western  rail¬ 
roads.  It  is  extensively  and  almost  exclusively 
engaged  in  the  mining  of  coal,  in  which  the  region 
abounds  is  mainly  inhabited  by  Italian,  Polish- 
American  miners,  and  has  been  the  scene  of 
several  racial  or  labor  disturbances.  Population 
1890,  3,837;  1900,  6,214. 

SPRING  VALLEY,  a  village  of  Fillmore 
County,  southeastern  Minnesota,  30  miles  E.  of 
Austin  and  80  miles  W.  of  La  Crosse,  Wisconsin, 
on  the  Chicago,  Milwaukee  and  St.  Paul  and  the 
Winona  and  Western  railroads.  It  is  the  center 
of  a  rich  farming  region,  and  has  manufactures  of 
pumps.  Population  1890,  1,381;  1900,  1,770. 

SPRINGVILLE,  a  village  of  Erie  County, 
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western  New  York,  on  the  Buffalo,  Rochester 
and  Pittsburg  railroads,  30  miles  S.  of  Buffalo. 
It  is  in  the  center  of  an  important  dairying  dis¬ 
trict,  and  its  cheese  factory  produces  2,000,000 
pounds  of  cheese  annually.  It  has  good  water¬ 
power,  and  manufactures  woolen  goods  and 
leather.  It  has  natural  gas  for  fuel,  electric 
lights,  two  banks  and  two  weekly  newspapers. 
Population,  1890,  1,883;  1900,  1,992. 

SPRINGVILLE,  Utah,  a  town  of  Utah 
County,  between  the  east  shore  of  Utah  Lake 
and  the  southern  base  of  Provo  Peak,  5  miles 
south  of  Provo  City,  and  50  miles  of  Salt  Lake 
City,  on  the  Rio  Grande,  Western  and  the  Ore¬ 
gon  Short  Line  railroads.  Chief  of  its  schools  is 
Hungerford'  Academy.  It  is  a  stock-raising, 
farming  and  sugar-beet  growing  center,  and  has 
mining  and  milling  interests.  Population,  1890, 
2,849;  1900,  3,422.  c.l.s. 

SPRUCE.  See  Fir,  Vol.  IX,  pp.  193—196. 

SPULLER,  Seraphin  Eugene,  a  brilliant 
French  statesman;  born  at  Seurre  (Cote-d’Or), 
December  8,  1835.  He  was  educated  in  the  Col¬ 
lege  of  Dijon,  taking  the  course  of  law,  and  be¬ 
came  a  member  of  the  bar  at  Paris,  where  he 
became  intimate  with  Gambetta.  He  became  a 
contributor  to  various  journals,  notably  Le  Nain 
Jaune;  Lejournal  de  Paris ;  La  Revue  Politique, 
etc.  He  was  elected  as  republican  representative 
of  the  III  Arrondissement  of  Paris  in  1876  and 
also  in  1881,  and  became  Minister  of  Foreign 
Affairs  in  the  Gambetta  cabinet.  In  addition  to 
his  contributions  to  various  journals  and  reviews, 
M.  Spuller  has  published  A’  Allemagne,  du  Grand 
Interregne  a  la  Bataille  des  Sadowa  1272—1866 , 
being  an  article  written  for  the  new  Encyclopedie 
Generale ,  to  which  he  has  furnished  many  im¬ 
portant  articles.  He  died  May  22,  1896.  w.r.  b. 

SPURGE,  a  tree.  See  Gutta-Percha,  Vol. 


XI,  p.  303. 

SPURGEON,  Charles  Haddon,  an  English 
clergyman;  born  at  Kelvedon,  Essex,  of  Dutch 
ancestry,  June  19,  1834. 
He  was  educated  at  Col¬ 
chester,  Maidstone,  and 
became  an  usher  in  a 
Newmarket  school.  He 
adopted  Baptist  views, 
and  became  pastor  at 
Waterbeach.  His  fame 
reaching  London,  he  re¬ 
ceived  a  call  to  the  New 
Park-Street  Chapel, 
Southwark.  He  had  such 
success  that  the  chapel 
had  to  be  enlarged,  dur- 
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ing  which  process  he  preached  in  Exeter  Hall. 
But  the  enlarged  chapel  proved  entirely  inadequate 
to  contain  those  attracted  to  him.  Surrey  Music 
Hall  was  engaged,  and  then  his  adherents  built 
the  Metropolitan  Tabernacle,  1861,  costing  $155,- 
000,  with  a  seating  capacity  of  6,000.  There  he 
began  his,  to  many,  sensational  career  of  exhor¬ 
tation.  He  published  a  sermon  weekly,  which, 


including  double  numbers,  reached  over  2,500  is¬ 
sues,  with  a  circulation  of  over  25,000.  From 
1865  he  conducted  Sword  and  Trowel.  Among 
his  publications  are  The  Treasury  of  David,  and 
John  Ploughman' s  Talk.  He  originated  the 
Stockwell  Orphanage,  founded  in  1867,  enlarged 
to  contain  250  boys,  and  as  many  girls.  Down 
to  1889  more  than  1,400  children  had  been  cared 
for  in  it.  He  founded  the  Pastors’  College,  in 
1856,  which  has  trained  over  800  men,  of  whom, 
in  1889,  673  were  actively  engaged  in  the  pastor¬ 
ate  or  in  mission  work.  The  Metropolitan  Tab¬ 
ernacle  Colportage  Association,  for  the  sale  of 
pure  literature,  has  about  70  to  80  agents,  and 
has  realized  about  $45,000  annually.  From  his 
home  Mrs.  Spurgeon  carried  on  a  book  fund, 
which  in  ten  years  supplied  indigent  ministers 
with  over  115,000  books  free  of  cost.  He  carried 
on,  also,  a  society  for  evangelists  at  home,  and  one 
for  mission  work  in  South  Africa,  while  his  church 
had  about  30  mission  halls  and  schools  connected 
with  it.  His  silver  wedding,  celebrated  in  1879, 
was  the  occasion  of  his  receiving  a  testimonial  of 
over  $30,000;  and  five  years  later,  on  his  reaching 
his  fiftieth  year,  he  was  presented  with  a  further 
sum  of  $25,000.  These  funds  he  devoted  to  his 
various  charities  and  good  works.  In  1887  he  re¬ 
tired  from  the  Baptist  Union.  His  health  failing, 
he  went  to  Mentone,  where  he  died,  Jan.  31,  1892. 
He  was  buried  at  Norwood,  London.  r.c.a. 

SPURGEWORTS,  a  name  sometimes  given  to 
the  plants  belonging  to  the  great  family  Euphor - 
biacece ,  which  is  characterized  by  its  milky  juice, 
monoecious  or  dioecious  flowers,  and  three-celled 
ovary.  The  family  contains  more  than  three 
thousand  species,  most  largely  displayed  in  the 
tropics.  Among  the  well-known  forms  are 
Ricinus  (whose  seeds  yield  castor-oil) ;  Manihot 
(whose  roots  yield  cassava-flour,  tapioca,  etc.); 
Siphonia  (whose  latex  is  caoutchouc) ;  Aleurites 
(producing  shellac),  etc.  The  largest  and  most 
peculiarly  modified  genus  is  Euphorbia. 

SPURREY,  a  local  name  for  Spergula  arvensisy 
a  common  weed  of  grain-fields  in  the  United 
States,  and  cultivated  in  Europe  as  a  forage  plant 
for  sheep.  It  belongs  to  the  Carophyllacece,  or 
pink  family,  and  is  a  low  plant  with  whorls  of  fili¬ 
form  leaves  and  a  terminal  cluster  of  white  flowers. 
The  sandspurrey  is  Spergularia ,  a  closely  allied 
genus  of  the  sea-coasts  and  saline  soils. 

SPYRIDIACE^E,  a  suborder  of  florideous  algae, 
having  filiform,  monosiphonous  fronds,  consisting 
of  filaments  from  which  proceed  shorter  branches. 
The  secondary  branches  bear  the  antheridia,  and 
have  tripartite  tetraspores  at  their  nodes.  The 
branches  have  subterminal  cystocarps.  The  genus 
Spiridia  numbersbut  few  species  and  these  are  near¬ 
ly  all  tropical  in  their  distribution.  It  is  worthy  of 
note,  however,  that  two  have  been  found  as  far  north 
as  Massachusetts,  in  the  vicinity  of  Cape  Cod. 

SPY  WEDNESDAY,  a  name  formerly  applied  to 
theWednesday  which  immediately  precedes  Easter. 
The  term  is  in  allusion  to  the  measures  taken  by 
Judas  Iscariot  on  that  day  for  the  betrayal  of  the 
Saviour. 
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SQUALLS.  See  Meteorology,  Vol.  XVI,  p. 
13d 

SQUARES,  Method  of  Least.  See  Le¬ 
gendre,  Adrian  Marie,  Vol.  XIV,  p.  414. 

SQUASH.  See  Gourd,  Vol.  XI,  p.  5. 

SQUASH-BUG  ( Coreus  tristis ),  an  hemipterous 
insect,  of  the  family  Coreidce,  that  destroys  the 
squash  and  other  plants.  r.  w.c. 

SQUETEAGUE,  a  teleostean  fish  found  off  the 
eastern  coast  of  North  America,  belonging  to  the 
family  Scicenidce  and  generally  classified  as  Otoli- 
thus  regalis.  It  is  one  or  two  feet  long,  brownish 
blue  above,  silvery  on  the  sides,  and  white  be¬ 
neath.  It  is  used  extensively  as  food  and  as  its 
mouth  is  easily  torn  in  the  catching,  it  is  called 
weak-fish.  Its  air-bladder  produces  a  dull  sound 
like  that  of  a  drum.  r.w.c. 

SQUID,  the  common  name  for  certain  of  those 
cephalopodous  mollusks  which  have  ten  arms 
(Decapoda)  and  two  gills  (Dibranchia).  The  name 
is  especially  applied  to  the  slender,  elongated 
calamaries  ( Teuthidce ),  and  to  the  Loliginidce. 
These  constitute  an  important  part  of  the  food 
of  many  fishes,  and  in  some  countries  they  are 
eaten  by  man.  The  best-known  squid  of  the 
United  States  is  Loligo  pealii.  No  sharp  line 
can  be  drawn  between  the  popular  names  squid 
and  cuttle-fish,  since  they  do  not  correspond  to 
scientific  divisions.  See  also  Sea  Serpent,  Vol. 
XXI,  p.  639. 

.  SQUIER,  Ephraim  George,  an  American 
author  and  archaeologist ;  born  in  Bethlehem,  Al¬ 
bany  County,  N.  Y.,  June  17,  1821.  He  first 
devoted  himself  to  teaching  for  a  livelihood  and 
then  studied  civil  engineering.  In  1841  he  went 
to  Albany  and  became  connected  with  the  daily 
press  of  that  city.  In  1845  he  accepted  the  editor¬ 
ship  of  the  Scioto  Gazette ,  published  at  Chilli- 
cothe,  Ohio.  He  here  began  investigating  the 
antiquities  of  the  Ohio  and  Mississippi  valleys, 
the  results  of  which  were  published  under  the 
title  of  Monuments  of  the  Mississippi  Valley.  In 
1846  he  was  elected  clerk  of  the  Ohio  house  of 
representatives.  After  the  election  of  President 
Taylor,  Mr.  Squier  was  appointed  charge  d'af¬ 
faires  to  Central  America.  He  was  Honduras 
Consul  in  New  York  in  1868.  He  made  exten¬ 
sive  contributions  to  the  Encyclopaedia  Britan- 
nica,  and  published  The  States  of  Central  Amer¬ 
ica  (1857  and  1870);  Tropical  Fibres  and  Their 
Economic  Extraction  (1861);  and  Peru ,  Inci¬ 
dents  and  Explorations  in  the  Land  of  the  Incas 
(1877).  He  died  in  Brooklyn,  N.  Y.,  April  17, 

1888.  W.M.C. 

SQUILLA.  See  Crustacea,  Vol.  VI,  p.582. 

SQUINTING.  See  Ophthalmology,  Vol. 
XVII,  pp.  807,  808. 

SQUIRE,  Watson  C. ,  an  American  public  man ; 
born  in  Cape  Vincent,  New  York,  in  1838.  He 
graduated  at  Middletown,  Connecticut,  in  1859; 
was  principal  of  the  Moravia  Institute;  enlisted 
in  1861;  raised  a  company  of  sharpshooters;  was 
in  the  battles  of  Chickamauga,  Chattanooga, 
Nashville  and  Resaca;  was  brevetted  colonel; 
made  judge  advocate  of  the  district  of  Tennes¬ 


see.  From  1865  to  1879  was  in  business  in  New 
York  City.  In  the  latter  year  he  removed  to 
Washington  territory  and 
was  appointed  governor 
of  that  territory  in  1884; 
distinguished  himself  by 
his  course  as  executive 
during  the  anti-Chinese 
riots,  and  contributed 
largely  to  the  develop¬ 
ment  of  the  territory  and 
in  bringing  about  state¬ 
hood  ;  was  elected  to  the 
United  States  Senate 
from  the  state  of  Wash¬ 
ington  in  1889,  and  re¬ 
elected  for  six  years  in  WATSOn  c.  squire. 
1891. 

SRINAGAR,  a  city.  See  Kashmir,  Vol.  XIV, 
p.  12. 

STABAT  MATER.  See  Hymns,  Vol.  XII, 
p.  618. 

STACHYS,  a  genus  of  plants  of  the  family 
Labiatoe,  or  mints,  whose  species  are  commonly 
called  hedge-nettles.  They  are  hairy  or  bristly 
plants,  with  flowers  crowded  in  approximate 
whorls  and  forming  a  terminal  raceme  or  spike. 
S.  lanata,  from  Europe,  and  S.  coccinea ,  from  Mex¬ 
ico,  are  cultivated  for  ornament. 

STADIA  MEASUREMENT,  the  measuring  of 
lines,  in  civil  and  topographical  engineering,  by 
means  of  the  stadia.  The  stadia  consists  of  the 
introduction  of  a  pair  of  fine  horizontal  spider¬ 
web  or  delicate  platinum  wires,  or  even  lines  ruled 
upon  the  glass,  in  addition  to  the  regulation  wires 
which  are  embraced  within  the  diaphragm  of  an  or¬ 
dinary  surveyor’s  instrument,  in  connection  with 
a  stadia-rod, — i.  e. ,  a  staff  which  is  regularly  gradu- 
ated.  The  wires  or  lines  may  be  inserted  within  any 
surveyor’s  transit  or  theodolite.  The  simplest 
form  of  stadia  is  to  so  arrange  the  wires  that 
one  hundred  feet  of  distance  exactly  corre¬ 
spond  to  one  foot  marked  off  on  the  rod  by  the 
horizontal  wires  within  the  glass;  that  is  to  say, 
when  the  operator  looks  through  his  telescope, 
the  horizontal  wires  stretched  across  near  the  top 
and  bottom  of  his  object-glass  will,  when  cover¬ 
ing  the  space  of  a  foot  upon  the  graduated  stafi 
held  vertically  by  his  assistant,  indicate  that  the 
staff  is  just  one  hundred  feet  distant. 

Another  form  of  stadia  more  generally  used  is 
through  the  trigonometrical  principle  of  similar 
triangles,  or,  otherwise,  upon  the  geometrical  law 
that  the  lengths  of  two  vertical  lines  which  subtend 
an  angle  must  be  proportionate  to  their  relative  dis¬ 
tances  from  the  apex  of  the  angle.  Upon  very 
level  ground,  or  over  water-distances,  stadia-work 
can  be  done  with  considerable  precision,  but  it 
has  never  been  a  favorite  method  over  rough 
ground,  where  accuracy  is  desirable,  either  tri¬ 
angulation  or  careful  chaining  being  preferable. 

The  principle  is  said  to  have  been  invented 
about  1840  by  an  Italian  engineer  named  Porro. 
It  has  been  used  in  topographical  work  in  Switz¬ 
erland,  and  is  quite  largely  in  use  in  the  United 
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States  Geodetic  and  Coast  Survey.  The  instru¬ 
ment  there  used  is  called  the  telemeter  instead  of 
stadia. 

STADIUM.  See  Athens,  Vol.  Ill,  p.  8. 

STAFF  and  STAFF  SCHOOLS,  British. 
See  Army,  Vol.  II,  pp.  505,15 12. 

STAFFA,  a  celebrated  islet  on  the  west  coast 
of  Scotland,  about  seven  miles  off  the  west  coast 
of  Mull.  The  most  remarkable  feature  of  the 
island  is  Fingal’s  or  the  Great  Cave,  the  entrance 
to  which  is  formed  by  columnar  ranges  on  each 
side,  supporting  a  Jofty  arch.  The  entrance  is 
33  feet  wide  and  60  feet  high,  and  the  length  of 
the  cave  is  212  feet.  The  floor  of  this  marvelous 
chamber  is  the  sea,  which  throws  up  flashing  and 
many-colored  lights  against  the  pendant  columns, 
whitened  with  calcareous  stalactites,  which  form 
the  roof,  and  against  the  pillared  wall  of  the  cave. 

STAFFORD,  a  town  of  Tolland  County,  north¬ 
ern  central  Connecticut,  about  20  miles  N.  of 
Willimantic,  on  the  Central  Vermont  railroad.  It 
manufactures  woolen  goods,  and  has  a  good  local 
trade.  Population  1890,  4,535;  1900,  4,297. 

STAG.  See  Deer,  Vol.  VII,  p.  22. 

STAG-BEETLE  or  HORN-BUG.  See  Co- 
LEOPTERA,  Vol.  VI,  p.  1 19. 

STAGGERS,  the  name  of  a  disease  confined 
chiefly  to  horses  and  sheep,  and  taking  name  from 
the  vertigo  or  dizziness  that  is  a  characteristic 
symptom.  In  the  horse,  the  malady  may  have 
its  origin  in  the  brain  or  in  the  stomach.  Of 
brain  disorders  there  are  two, — one  a  form  of  epi¬ 
lepsy  called  “blind  staggers,”  which  is  incurable; 
the  other,  arising  from  cerebral  inflammation, 
called  “mad  staggers,”  and  it  may  be  controlled 
by  bleeding,  blisters  and  cathartics.  Gastritis 
causes  what  are  called  ‘  ‘  grass-staggers,  ’  ’  for  which 
the  treatment  aims  at  reducing  the  inflammation 
of  the  stomach.  The  staggers  that  afflict  sheep 
are  attributable  to  a  parasite,  the  larvae  of  the 
/Estrus  ovisy  which  attacks  the  nostrils.  The  re¬ 
moval  of  the  parasite  effects  a  cure. 

STAGHOUND.  See  Dog, Vol. VII,  pp.285-86. 

STAGNELIUS,  Erik  Johan.  See  Sweden, 
Vol.  XXII,  p.  795. 

STAINED  GLASS.  See  Painting ,  under 
Glass,  Vol.  X,  pp.  597-601. 

STAINER,  Sir  John,  an  English  organist 
and  composer;  born  in  London,  June  6,  1840. 
In  1856  he  was  appointed  organist  of  St.  Michael’s 
College,  Tenbury,  then  in  1859  of  Magdalen  Col¬ 
lege,  Oxford,  and  in  1872  of  St.  Paul’s  in  London. 
At  Oxford  he  graduated  in  arts  and  music.  He 
was  knighted  in  1888,  and  in  1889  became  pro¬ 
fessor  of  music  at  Oxford.  He  wrote  the  oratorio 
Gideon  (1875)  ;  the  cantatas  The  Daughter  of 
Jairus;  Mary  Magdalene ;  The  Crucifixion;  a 
treatise  on  the  Theory  of  Harmony  (1871),  and 
was  editor  of  the  well  known  Music  Primers. 
He  died  in  Cambridge,  England,  March  31,  1901. 

W.M.C. 

STALACTITES.  See  Cave,  Vol.  V,  p.  232. 

STAMBOUL.  See  Constantinople,  Vol.  VI, 

p.  271. 

STAMBULOFF,  Stefan,  a  Bulgarian  states¬ 


man;  born  in  Timova,  Bulgaria,  in  1855.  He 
received  part  of  his  education  in  Russia,  at 
Odessa,  and  there  was  imbued  with  the  spirit  of 
independence  which  characterized  his  life.  He 
was  one  of  the  revolutionists  of  1875;  served  in 
the  Russian  army  during  the  Russo-Turkish  war; 
was  elected  to  the  Sobran  je,  or  Chamber  of  Depu¬ 
ties,  and  upon  the  election  of  Alexander  I  as 
Prince  of  Bulgaria  became  the  leader  of  the  Lib¬ 
erals.  He  became  president  of  the  Sobranje  in 
1884  and  upon  the  abdication  of  Alexander  in 
1886,  the  head  of  the  regency.  He  was  virtually 
a  dictator,  and  brought  about  the  election  of 
Prince  Ferdinand  of  Saxe-Coburg  to  the  vacant 
throne  in  1887.  From  that  time  until  May,  1894, 
he  ruled  the  country  with  a  cruelty  and  severity 
that,  while  it  kept  peace  in  Bulgaria,  made  count¬ 
less  enemies  for  the  government.  Various  plots 
against  Stambuloff’s  life  were  discovered  and  the 
plotters  summarily  shot.  At  length  the  opposition 
to  Stambuloff  became  so  strong  that  his  govern¬ 
ment  was  forced  to  resign,  May  29,  1894.  Prince 
Ferdinand  turned  against  his  former  premier,  and 
Stambuloff  was  disgraced,  imprisoned,  and  fined. 
He  was  refused  permission  to  leave  the  country, 
and  was  assassinated  in  Sofia,  July  18,  1895,  at 
the  instigation  of  the  government.  He  was  an 
excessive  patriot,  and  in  his  endeavors  to  have 
Bulgaria  recognized  as  a  free  state  put  in  force 
the  measures  which  cost  him  his  life. 

STAMEN.  See  Botany,  Vol.  IV,  pp.  122-123. 

STAMFORD,  a  city  of  Fairfield  County,  south¬ 
western  Connecticut,  on  Long  Island  Sound,  33 
miles  by  rail  from  New  York,  on  the  New  York, 
New  Haven  and  Hartford  railroad.  It  has  a  hand¬ 
some  town  hall,  and  the  hills  and  shore  around  are 
embellished  with  the  summer  residences  of  well- 
to-do  New  Yorkers.  Steamboats  run  daily  to 
New  York.  There  are  iron  and  bronze  foundries, 
and  manufactories  of  hats,  drugs,  sashes  and 
blinds  and  Yale  locks.  In  addition  to  an  excel¬ 
lent  system  of  public  schools,  the  city  contains 
a  number  of  private  seminaries,  one  of  which, 
King’s  School,  for  boys,  has  an  attendance  of  fifty 
pupils,  with  six  instructors,  and  occupies  property 
valued  at  $50,000.  There  are  six  banks,  electric- 
light  and  railway  plants,  an  excellent  water-sup¬ 
ply  and  paid  police  and  fire  departments.  Popu¬ 
lation  t8oo,  15,7°°;  I9°°>  I5>997* 

STAMP  ACTS.  See  United  States,  Vol. 
XXIII,  p.  784. 

STAMPING  AND  CREASING  PRESS.  See 
Presses,  in  these  Supplements. 

STAMP-MILL.  See  Gold,  Vol.  X,  p.  747; 
and  Mining,  Vol.  XVI,  p.  664. 

STAMPS.  See  Post-office,  Vol.  XIX,  pp. 
602-605. 

STANBERRY,  Missouri,  a  city  and  agricul¬ 
tural  center  of  Gentry  County,  between  the  West 
Fork  of  the  Grand  River  and  the  Platte  River, 
on  the  Omaha  and  St.  Louis  railroad,  52  miles 
northeast  of  St.  Joseph.  Population,  1890,  2,035; 
1900,  2,654.  C.L.S. 

STANCHIO,  an  island.  See  Cos,  Vol.  VI, 
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STANDARDS  OF  VALUE.  See  Money,  Vol. 
XVI,  pp.761-765, 

STANDARD  TIME.  In  the  meridian  con¬ 
ference  held  at  Washington  in  1884,  it  was  de¬ 
termined  to  establish  a  general  system  of  reckon¬ 
ing-time,  with  the  Greenwich  meridian  as  a  basis. 
Local  time  made  each  town  have  a  different 
time  from  its  neighbor,  in  accordance  with  the 
movement  of  the  sun.  Standard  time  makes  all 
towns  within  a  certain  district  have  the  same 
time,  without  reference  to  the  exact  movement  of 
tne  sun  This  was  adopted  for  general  conve¬ 
nience, both  in  private  mattersand public.  Accord¬ 
ing  to  this  arrangement,  the  United  States  is 
divided  into  four  sections,  and  the  time  used  in 
each  is  known  as  Eastern,  Central,  Mountain,  and 
Pacific.  Eastern  time  is  maintained  in  the  dis¬ 
trict  which  includes  all  territory  between  the 
Atlantic  coast  and  an  irregular  line  drawn  from 
Detroit  to  Charleston,  South  Carolina.  Central 
time  has  for  its  limits  the  last-mentioned  line 
and  a  similar  irregular  line  drawn  from  Bismarck, 
North  Dakota,  to  the  mouth  of  the  Rio  Grande. 
Mountain  time  is  restricted  by  the  last-named 
line  and  the  western  borders  of  Idaho,  Utah, 
and  Arizona,  and  Pacific  time  is  the  standard  in 
the  remainder  of  the  country.  The  time  in  each 
districtdiffersone  hour  from  the adjoiningdistricts. 
Thus  at  twelve  noon,  in  New  York  City  (Eastern 
time),  it  is  eleven  a.m.  in  Chicago  (Central  time), 
ten  a.m.  at  Denver  (Mountain  time),  and  nine 
a.m.  at  San  Francisco  (Pacific  time).  The 
standard  of  time  in  the  United  States  is  sup¬ 
plied  by  the  Naval  Observatory  at  Washington. 
Every  day  the  exact  hour  of  twelve  o’clock,  noon, 
is  determined  by  astronomical  observation,  the 
chronometer  of  the  observatory  corrected,  and 
at  the  precise  hour  the  correct  time  is  communi¬ 
cated  to  the  government  departments  by  elec¬ 
tricity.  The  Western  Union  Telegraph  Com¬ 
pany  is  permitted  to  have  its  instruments  in  the 
room,  and  is  enabled  to  telegraph  the  time  auto¬ 
matically  to  all  parts  of  the  United  States,  reach¬ 
ing  San  Francisco  in  one  fifth  of  a  second.  To 
accomplish  this  the  company  is  obliged  to  take 
all  business  off  the  wires  three  minutes  before 
noon  each  day,  and  to  establish  unbroken  con¬ 
nection  between  Washington  and  every  point  on 
their  lines.  Not  merely  is  the  time  telegraphed 
to  all  parts  of  the  country,  but  by  means  of  an 
electrical  device  such  clocks  as  are  connected  to 
the  Western  Union  wire  are  regulated  at  the  same 
time.  The  device,  which  is  attached  to  each 
clock,  consists  of  an  electromagnet  operating  a 
clamp.  When  the  circuit  is  closed  to  give  the 
noon  signal,  the  electromagnet  is  actuated,  and 
the  hands  of  the  clock  are  forced  exactly  to  the 
point  twelve  by  the  clamp.  The  noon  signal  at 
Washington,  it  must  be  remembered,  regulates 
the  clocks  in  Chicago  for  eleven  a.m.,  in  Omaha 
for  ten  a.m.,  and  for  San  Francisco  for  nine  a.m 
The  Western  Union  Company  charges  for  each 
clock  $15  a  year  for  the  service,  and  derives  an 
income  of  over  a  million  dollars  from  this  source. 
Seven  thousand  clocks  in  New  York  City,  and 


probably  seventy  thousand  in  the  United  States, 
are  thus  regulated.  In  the  seaport  towns  the 
noontime  balls  are  dropped  in  the  same  manner, 
in  order  that  mariners  may  correct  their  chronom¬ 
eters  by  them.  At  first  this  was  the  principal 
object  of  the  service. 

STANDISH,  Miles,  an  American  patriot  and 
soldier;  born  in  Lancashire,  England,  in  1584. 
He  claimed  to  be  the  descendant  of  the  Standish 
family  of  Duxbury  Hall.  After  serving  as  a  cap¬ 
tain  in  the  British  army,  he  sailed  for  America 
with  the  Pilgrims  in  the  Mayflower  in  1620.  He 
led  the  exploring  expeditions  along  the  Massa¬ 
chusetts  coast  to  discover  a  suitable  place  for  set¬ 
tlement.  He  was  appointed  military  captain  in 
1621,  and  rendered  valuable  service  in  repelling 
Indian  hostilities.  He  visited  England  in  1625 
as  agent  for  the  colony  and  returned  with  supplies 
in  1626.  He  founded  Duxbury,  Mass.,  in  1632. 
He  was  a  member  of  the  colonial  executive  coun¬ 
cil,  and  for  many  years  treasurer  of  the  colony. 
His  courtship  of  Priscilla  Mullens  was  commem¬ 
orated  by  Longfellow  in  his  Courtship  of  Miles 
Standish.  He  died  in  Duxbury,  Mass.,  Oct.  3, 
1656.  W.M.C. 

STANFORD,  Kentucky,  the  seat  of  Lincoln 
County,  a  city  on  a  small  branch  of  Dyck’s  River, 
and  on  the  Lebanon  and  Jellico  (Tenn.)  division 
of  the  Louisville  and  Nashville  railroad,  32  miles 
southwest  of  Lebanon,  and  102  miles  southeast  of 
Louisville.  It  is  a  farming  and  stock-raising 
trade  center,  with  flour,  grist,  and  woolen  mills 
and  an  export  trade.  Pop.,  1900,  1,651.  C.L.s. 

STANFORD,  Charles  Yilliers,  a  British 
music-composer;  born  in  Dublin,  Ireland,  Sept. 
30,  1852.  He  was  educated  in  Queen’s  and  Trin¬ 
ity  colleges,  Cambridge,  and  in  1873  he  was 
elected  organist  of  Trinity  College.  In  1882  he 
was  appointed  professor  of  composition  and 
orchestral  playing  in  the  Royal  College  of  Music, 
and  in  1888  professor  of  music  in  Cambridge. 
Among  his  compositions  are  The  Veiled  Prophet 
of  Khorassan,  a  grand  opera  (1881);  Savonarola , 
an  opera  (1884);  Three  Holy  Children ,  an  oratorio 
(1885);  Carmen  Sceculare,  a  song  (1887);  Irishy 
a  symphony  (1887);  and  a  number  of  songs. 

STANFORD,Leland, 
an  American  politician 
and  philanthropist;  born 
in  Watervliet,  N.  Y., 

March 9,  1824.  Hestudied 
law  and  was  admitted  to 
the  New  York  bar  in  1848. 

He  made  the  overland 
journey  to  California  in 
1850  and  settled  in  Sacra- 
mento,  where  he  was  a 


successful  merchant  for 
several  years.  He  was 
governor  of  the  state 
from  1861  to  1863.  With 
C.  F.  Crocker  and  C.  P. 

Huntington  he  organized 
the  Central  Pacific  Railroad  Company,  was  made 
president  of  the  company,  and  was  superintenaent 
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of  construction  of  the  original  road  from  Sacra¬ 
mento,  Cal.,  to  Ogden,  Utah.  From  1884  to 
1893  he  was  United  States  Senator  from 
California.  He  founded  the  Leland  Stanford 
Junior  University  at  Palo  Alto,  California, 
giving  property  worth  $20,000,000  to  the  insti¬ 
tution.  He  died  in  Palo  Alto,  California, 
June  21,  1893.  (See  also  article  on  Leland 
Stanford  Junior  University,  in  these  Supple¬ 
ments.)  W.M.C. 

STANHOPE,  Philip  Henry,  Earl  of,  an 
English  statesman  and  historian;  born  in  Wal- 
mer,  January  31,  1805.  He  was  educated  at 
Christ  Church,  Oxford,  and  in  1830,  soon  after 
leaving  Oxford,  was  returned  to  the  House  of 
Commons  for  Wootton  Basset,  under  the  title 
of  Lord  Mahon.  Sir  Robert  Peel  appointed 
him  as  his  literary  executor,  jointly  with  the  late 
Lord  Cardwell.  Under  this  statesman  he  served 
as  under-secretary  of  state  for  foreign  affairs  in 
his  first  short  administration  in  1834-35,  and  again 
in  1845—46  as  secretary  to  the  Board  of  Control. 
He  wrote  The  War  of  the  Succession  in  Spain; 
A  History  of  England  from  the  Peace  of  Utrecht 
to  the  Peace  of  Versailles;  the  History  of  Eng¬ 
land ’,  Comprising  the  Reign  of  Sfueen  Anne  un¬ 
til  the  Peace  of  Utrecht ,  and  the  Life  of  the 
Right  Hon.  W.  Pitt.  He  died  in  Bournemouth, 
England,  December  22,  1875.  w.m.c. 

STANISLOW,  a  town  of  Galicia,  Austria. 
Population,  1900,  30,410.  See  Stanislau,  VoL 
XXII,  p.  467. 

STANLEY,  David  Sloane,  military  officer; 
born  in  Cedar  Valley,  O.,  June  1,  1828;  was 
graduated  at  the  United  States  Military  Academy 
in  1852  ;  promoted  second  lieutenant  of  cavalry, 
Sept.  6,  1853;  first  lieutenant,  March  27,  1855; 
captain,  March  16,  1861;  major,  Dec.  1,  1863; 
brevet  major-general,  March  13,  1865;  colonel  of 
infantry,  July  28,  1866;  brigadier-general,  March 
24,  1884;  and  was  retired  June  1,  1892.  In  the 
volunteer  service  he  was  appointed  brigadier- 
general,  Sept.  28,  1861,  and  major-general,  Nov. 
29,  1862.  Subsequently  he  was  commandant  of 
the  National  Soldiers’  Home  in  Washington, 
D.  C.,  where  he  died  March  13,  1902.  g.j  h. 

STANLEY,  Sir  Henry  Morton,  a  British 
explorer,  lecturer  and  author;  born  in  Denbigh, 
Wales, in  1841.  Hisname 
was  originallyjohn  Row¬ 
lands.  He  was  placed  in 
the  poor-house  at  St. 
Asaph  when  he  was  three 
years  old,  remaining  there 
and  being  educated  for 
ten  years.  In  1855  he 
sailed  as  a  cabin-boy  to 
New  Orleans,  where  he 
was  adopted  by  a  mer¬ 
chant,  whose  name  he 

took  instead  of  his  own. 

HENRY  M.  STANLEY.  At  the  outbreak  Gf  the 

Civil  War  young  Stanley  enlisted  in  the  Confed¬ 
erate  army,  was  taken  prisoner,  and  subsequently 
volunteered  in  the  United  States  navy,  serving  as 


acting  ensign  on  the  iron-clad  Ticonderoga.  At 
the  close  of  the  war  he  went  as  a  newspaper  cor¬ 
respondent  to  Turkey.  In  1868  he  accompanied 
the  British  army  to  Abyssinia  as  correspondent  for 
the  New  York  Herald.  When  he  was  in  Spain, 
in  the  service  of  the  same  paper,  he  was  asked  by 
its  proprietor,  in  October,  1869,  to  go  and  find 
Dr.  David  Livingstone,  the  African  explorer,  of 
whom  nothing  definite  had  been  heard  for  more 
than  two  years.  After  attending  the  opening  of 
the  Suez  canal,  visiting  Constantinople,  the 
Crimea,  Palestine,  the  Valley  of  the  Euphrates, 
Persia  and  India,  Stanley  sailed  from  Bombay, 
October  12,  1870,  and  reached  Zanzibar,  on  the 
eastern  coast  of  Africa,  early  in  1871.  There  he 
organized  his  search  expedition  and  set  out  for 
the  interior  on  March  21  with  192  followers.  On 
November  10  he  found  Dr.  Livingstone  at  Ujiji, 
on  Lake  Tanganyika,  where  he  had  just  arrived 
from  the  southwest.  Stanley  furnished  Dr.  Liv¬ 
ingstone  with  supplies,  explored  the  northern  part 
of  Lake  Tanganyika  with  him,  and  remained 
until  February,  1872,  when  Livingstone  set  out 
on  that  journey  from  which  he  never  returned, 
while  Stanley  made  his  way  back  to  the  coast, 
sailing  thence  on  March  14,  1872,  and  reaching 
England  late  in  July.  The  British  Association 
entertained  him  at  Brighton,  where,  on  August 
16,  he  gave  an  account  of  his  expedition.  On 
August  27  Queen  Victoria  sent  him  a  gold  snuff 
box  set  with  diamonds,  and  on  October  21a  ban¬ 
quet  was  given  him  by  the  Royal  Geographical 
Society.  In  1873  he  received  the  patron’s  gold 
medal  of  the  Royal  Geographical  Society.  The 
New  York  Herald  and  the  London  Daily 
Telegraph  again  sent  Stanley  to  explore  the 
lake  region  of  equatorial  Africa.  He  reached 
Zanzibar  in  the  autumn  of  1874.  There  learning 
that  Livingstone  had  died  in  Central  Africa,  he 
determined  to  re-shape  his  course  northwest  and 
explore  the  region  of  Victoria  Nyanza.  Leaving 
at  the  head  of  300  men,  after  many  hardships  and 
severe  encounters  with  the  natives,  he  reached  it 
in  February,  1875,  having  lost  on  the  way  104 
men  by  death  or  desertion.  He  circumnavigated 
the  lake,  sailing  about  1,000  miles,  and  minutely 
examined  all  the  inlets,  in  a  boat  that  he  had 
brought  with  him  in  pieces,  and  found  it  to  be  a 
single  large  lake,  instead  of  a  series  of  lagoons, 
as  had  been  supposed  by  Richard  F.  Burton  and 
Livingstone,  so  that  the  opinion  of  the  explorers 
Speke  and  Grant  was  confirmed.  Thus  was 
Victoria  Nyanza  proved  to  be  the  largest  body  of 
fresh  water  in  the  world,  having  an  area  of  40,- 
000  square  miles.  On  April  17,  1875,  continuing 
his  explorations,  he  set  out  westward  toward 
Albert  Nyanza,  and  found  that  it  was  not,  as  had 
been  supposed,  connected  with  Lake  Tanganyika. 
The  hostility  of  the  natives  barred  his  further  ad¬ 
vance,  and,  forced  to  return  to  Ujiji,  he  resolved 
to  reach  the  coast  by  descending  the  great  river 
that  had  been  discovered  by  Livingstone  and 
named  the  Lualaba,  but  which  Stanley  had  called 
the  Livingstone  in  honor  of  its  discoverer.  The 
latter  had  thought  that  it  might  be  identical  with 
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the  Nile ;  others  supposed  it  to  be  part  of  the 
Congo,  and  Stanley,  by  his  descent  of  it,  proved 
that  these  last  were  correct.  The  descent,  chiefly 
by  canoes,  took  eight  months,  was  accomplished 
under  very  great  difficulties  and  privations,  and  cost 
him  the  lives  of  thirty-five  men.  Stanley  reached 
England  in  February,  1878.  On  June  28,  1878,  at 
the  Sorbonne,  Paris,  he  was  presented  with  the 
cross  and  chevalier  of  the  Legion  of  Honor  by  the 
president  of  the  French  Geographical  Society.  In 
1879-82  he  was  again  in  Africa,  sent  by  the  Brus¬ 
sels  African  International  Association  with  a  view 
to  develop  the  great  basin  of  the  River  Congo. 
The  king  of  the  Belgians  devoted  £50,000  a  year 
from  his  own  private  means  towards  this  enter¬ 
prise.  In  1884  Stanley  completed  the  work, 
established  trading  stations  along  the  Congo  from 
its  mouth  to  Stanley  Pool,  a  distance  by  the  river 
of  1,400  miles,  and  founded  the  Free  State  of  the 
Congo,  but  he  declined  to  be  the  first  governor. 
On  January  13,  1887,  he  was  presented  with  the 
freedom  of  the  city  of  London.  Stanley  left 
London  on  January  21,  1887,  for  Zanzibar,  via 
Brindisi.  On  February  25  a  steamer  was  taken 
from  Zanzibar  to  the  Congo,  round  the  Cape  of 
Good  Hope,  the  mouth  of  the  Congo  being  reached 
on  March  18.  Stanley  had  with  him  when  he 
left  Zanzibar  9  Europeans,  61  Soudanese,  13 
Somalis,  3  interpreters,  620  Zanzibaris,  and  Tip- 
poo  Tib,  with  40  of  his  people.  The  expedition 
marched  to  Stanley  Pool,  and  then  embarked  on 
the  Congo  and  steamed  up  to  Tambuya,  where  an 
entrenched  camp  was  formed.  Stanley  left  the 
camp  at  Tambuya  on  June  28,  1887,  with  389 
rank  and  file  and  five  tons  of  ammunition,  pro¬ 
visions  and  sundries,  the  rest  of  the  expedition 
being  left  at  Tambuya  until  the  rear  column  could 
be  collected  from  Bolobo  and  Stanley  Pool.  A 
path  had  to  be  sought  through  400  miles  of  hitherto 
unknown  country  which  lay  between  them  and 
Albert  Nyanza.  The  party  marched  for  months 
through  tropical  forests  and  did  not  reach  Albert 
Nyanza  until  December  13,  1887.  Out  of  389 
men  only  174  were  left.  He  remained  at  Albert 
Nyanza  until  May,  1888.  In  August  the  party 
reached  Victoria  Nyanza,  and  on  November  12 
they  reached  Mpwapwar,  in  German  territory. 
After  his  return  he  lectured  in  the  United  States 
and  in  Great  Britain.  In  1890  he  married 
Dorothy  Tennant,  the  artist,  and  in  July,  1895, 
he  entered  the  British  Parliament  for  North 
Lambeth  as  a  Liberal  Unionist.  His  ftooks 
include  How  I  Hound  Livingstone  (1872); 
My  Kalulu  (1872);  Coomassie  and  Magdala 
(1874);  Through  the  Dark  Continent  (1878U 
The  Congo  (1885);  In  Darkest  Africa  (1890); 
My  Dark  Companions  (1893);  Slavery  and 
the  Slave  Trade  in  Africa  (1893)  ;  My 
Early  Travels  and  Adventures  in  America 
and  Asia  (1895),  and  Through  South  Africa 
(1898).  He  died  in  London,  May  10,  1904. 

W.M.C. 

STANLEY  OF  PRESTON,  Baron.  See 
Derby,  Frederick  A.  Stanley,  Earl  of, 
Vol.  XXVI. 


STANLEY  POOL,  an  inland  lake.  See 
Zaire,  Vol.  XXIV,  p.  803. 

STANNARD,  Henrietta  Eliza  Vaughan 
Palmer,  an  English  novelist,  better  known  un¬ 
der  the  pseudonym  of  John  Strange  Winter; 
born  in  York,  January  13,  1856.  She  mar¬ 
ried  Arthur  Stannard,  a  civil  engineer,  in  1884. 
Her  pseudonym  was  chosen  on  the  advice  of  her 
publishers,  who  thought  it  better  that  the  public 
should  assume  that  military  books,  such  as  Cav¬ 
alry  Life  (1881),  and  Regimental  Legends  (1882), 
were  written  by  a  man.  It  was  not  until  she 
wrote  Bootle's  Baby  (1885)  that  her  identity 
was  revealed.  Her  other  novels  which  followed 
were  Mignon;  Houp-la ;  A  Siege  Baby ;  He 
Went  as  a  Soldier;  Beautiful  Ji m;  Harvest ; 
The  Other  Man' s  Wife;  Mere  Luck;  My  Geoff; 
A  Soldier's  Children.  Her  more  recent  books 
included  Blameless  Woman  (1895)  ;  Heart  and 
Sword  (1898),  and  the  Married  Miss  Binks 
(1900).  W.M.C. 

STANNARY  COURTS.  See  Cornwall, 
Vol.  VI,  p.  377. 

STANNIC  COMPOUNDS.  See  Tin,  Vol. 
XXIII,  p,  429. 

STANOVOY  RANGE.  See  Siberia,  Vol. 

XXII,  p.  8. 

STANSTEAD,  Canada,  the  seat  of  a  county 
of  the  same  name,  in  southern  Quebec,  on  the 
Vermont,  U.  S.  border,  a  town  and  terminus  of  a 
branch  line  of  the  Boston  and  Maine  railroad,  five 
miles  east  of  Lake  Memphremagog.  It  is  the  seat 
of  a  Wesleyan  College  and  is  the  trade  center  of 
a  farming  and  dairying  district,  with  flour, 
woolen  and  other  mills.  Population,  1891, 
3,698  ;  19°!,  4,005.  c.l.s. 

STANTQN,  Michigan,  the  seat  of  Montcalm 
County,  a  city  on  the  Bay  View  and  La  Crosse 
(Ind.)  division  of  the  Pere  Marquette  railroad,  40 
miles  northeast  of  Grand  Rapids,  and  65  miles 
west  of  Bay  City.  It  is  a  farming  center,  with 
flour  and  lumber  mills,  and  manufactures  sashes, 
shades,  foundry  and  machine-shop  products  for 
export.  Population,  1890,  1,352;  1900,  1,234. 

C.L.S. 

STANTON,  a  village  and  the  capital  of  Stanton 
Co.,  northeastern  Nebraska,  40  miles  N.  of  Co¬ 
lumbus,  on  the  Fremont,  Elkhorn  and  Missouri 
Valley  railroad.  It  is 
the  center  of  a  fertile 
agricultural  region,  pro¬ 
ducing  corn,  oats,  wheat, 
hay,  sheep  and  cattle. 

Pop.,  1900,  1,052. 

STANTON,  Eliza¬ 
beth  Cady,  reformer; 
born  in  Johnstown,  N« 

Y.,  Nov.  12,  1815.  She 
early  devoted  her  atten¬ 
tion  to  Latin,  Greek,  and 
mathematics,  and  became 
proficient  in  those 
studies,  but  when  she ELIZABETH  CADY  canton. 
sought  to  enter  Union  College  she  was  debarred 
because  of  her  sex.  Greatly  deprecating  this  dis- 
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crimination,  she  turned  her  attention  to  the  study 
of  law  under  her  father,  and  thus  equipped  her¬ 
self  to  oppose  oppressive  laws  against  women. 
In  1840  she  married  Henry  B.  Stanton,  the  aboli¬ 
tionist.  With  Mrs.  Mott  and  others,  she  organized 
the  first  woman’s  rights  convention,  which  was 
held  at  Seneca  Falls,  New  York,  July  19-20, 
1848.  She  died  in  New  York  city,  October  26, 
1902.  G.J.H. 

STANTON,  Henry  Brewster,  journalist; 
born  in  Griswold,  Conn.,  June  29,  1805,  husband 
of  Elizabeth  Cady  Stanton.  In  1826  he  removed 
to  Rochester,  N.  Y.,  and  took  a  position  on 
Thurlow  Weed’s  paper,  The  Monroe  Telegraph. 
Later  he  went  to  Cincinnati,  and  became  prom¬ 
inent  in  the  anti-slavery  movement.  In  1834, 
during  the  anniversary  of  the  American  Anti- 
Slavery  Society  in  New  York,  he  faced  for  the 
first  time  one  of  those  infuriated  mobs  which  he 
later  met  many  times  throughout  the  country. 
He  was  a  contributor  to  the  New  York  Tribune , 
Liberator ,  and  the  Anti-Slavery  Standard ;  and 
was  an  editor  on  the  New  York  Sun  from  1868 
till  his  death,  on  Jan.  14,  1887.  g.j.h. 

STANTON,  Theodore,  an  American  jour¬ 
nalist;  born  in  Seneca  Falls,  N.  Y.,  Feb.  10, 
1851 ;  son  of  Elizabeth  Cady  Stanton.  He  was 
graduated  from  Cornell  University  in  1876,  went 
abroad  as  correspondent  in  Berlin  for  the  New 
York  Tribune  and  later  took  up  his  permanent 
residence  in  Parris.  He  has  written  The  Woman 
Question  in  Europe  (1884)  and  edited  Le  Goff’s 
Life  of  Thiers  (1879).  He  is  a  contributor  to 
leading  magazines.  w.M.c, 

STANWIX,  John,  an  English  soldier;  born 
in  Liverpool,  England,  in  1690.  He  entered  the 
army  at  the  age  of  16,  and  was  promoted  until  in 
1744  he  was  lieutenant-colonel.  He  was  sent  to 
America  in  1756  as  commander  of  the  Royal 
Americans,  with  headquarters  at  Carlisle,  Pa. 
He  was  sent  to  Albany  in  1758  and  erected  a  fort 
at  the  Oneida  portage,  which  was  called  Fort 
Stanwix.  During  Wolfe’s  conquest  of  Quebec, 
Stanwix  defended  Pennsylvania  and  rebuilt  Fort 
Duquesne  at  Pittsburg.  He  returned  to  England 
in  1760  and  later  was  made  governor  of  the  Isle 
of  Wight.  He  was  drowned  in  the  Irish  Chan¬ 
nel  in  December,  1 7^5*  w.m.c. 

STARCH.  See  Glucose,  Vol.  X,  p.620;  and  in 
these  Supplements. 

STARFISH.  See  Echinodermata,  Vcl.  VII,  pp. 

547-55°* 

STAR-GAZERS,  small,  spiny-finned  fishes, 
with  dorsal  eyes,  of  tropical  and  sub-tropical  seas. 
Some  zoologists  place  them  in  the  family  Urano- 
scopidce.,  others  in  Trachinidce.  r.w.c. 

STARK,  John,  an  American  soldier  and  pa¬ 
triot;  born  in  Londonderry,  N.  H.,  Aug.  28, 
1728.  In  the  French  and  Indian  War  he  served 
with  Rogers’s  Rangers  and  was  promoted  from 
lieutenant  to  captain.  In  1775  he  was  commis¬ 
sioned  colonel  and  with  his  regiment  took  part  in 
the  battle  of  Bunker  Hill.  He  also  served  in  the 
Canadian  expedition  and  under  Washington  in 


New  Jersey,  distinguishing  himself  at  Trenton 
and  Princeton.  He  resigned  in  April,  i777»  an<^ 
returned  to  New  Hampshire.  Later  he  accepted 
an  independent  command  and  defeated  a  force  of 
Hessians  in  the  battle  of  Bennington,  Aug.  16, 
1777,  for  which  service  he  was  made  a  brigadier- 
general.  In  1778  he  participated  in  the  Saratoga 
campaign  and  for  several  years  was  in  command 
of  the  Army  of  the  North.  He  died  in  Man¬ 
chester,  N.  H.,  May  8,  1822.  w.m.c. 

STARKVILLE,  a  village  and  the  capital  of  Ok¬ 
tibbeha  County,  eastern  Mississippi,  on  the  Mobile 
and  Ohio  and  Illinois  Central  railroads,  22  miles 
W.  of  Columbus.  It  is  in  a  cotton  and  stock 
raising  district.  It  contains  six  churches,  a  seminary 
for  girls,  and  has  two  weekly  newspapers.  The  State 
Agricultural  and  Mechanical  College  is  two  miles 
distant.  Population  1890,  1,725;  1900,  1,986. 

STAR-OF-BETHLEHEM,  the  popular  name  of 
Ornithogalum  umbellatum ,  a  liliaceous  plant  of  Eu¬ 
rope,  in  common  cultivation  in  old  gardens.  Its 
leaves  are  long  and  grass-like,  and  its  flowers  are 
bright  white  within  and  green  outside. 

STAR  OF  INDIA,  Order  of  the.  See  Knight¬ 
hood,  Vol.  XIV,  p.  125. 

STARS.  See  Astronomy,  Vol.  II,  pp.  714- 
717;  and  in  these  Supplements. 

STARVATION.  See  Dietetics,  Vol.  VII, 
p.  181. 

STATE.  See  Articles  of  Confederation,  and' 
Constitution  of  the  United  States,  in  these 
Supplements. 

STATE,  The  United  States  Department  of. 
The  United  States  Department  of  State  is  similar  in 
many  respects  to  the  Foreign  Office  of  some  of  the 
European  nations.  The  head  of  the  department, 
under  the  President,  is  the  Secretary  of  State.  The 
statement  of  the  duties  of  this  official  is  also  a  de¬ 
scription  of  department  duties.  He  has  the  di¬ 
rection  of  all  correspondence  with  diplomatic  rep¬ 
resentatives  of  the  United  States  in  foreign  coun¬ 
tries,  of  all  matters  of  business  with  representatives 
of  foreign  powers  in  the  United  States,  and  of  all 
matters  relating  to  the  foreign  affairs  of  the  United 
States.  He  also  acts  for  the  President  in  relations 
with  the  governors  of  the  several  states  of  the 
Union.  The  great  seal  of  the  United  States  is  in 
his  care,  and  all  executive  proclamations,  govern¬ 
ment  commissions  and  extradition  papers  must  be 
countersigned  and  have  the  seal  affixed  by  him. 
Passports  and  exequaturs  to  foreign  consuls  are 
granted  by  him.  The  publication  of  all  Congres¬ 
sional  acts  comes  within  his  domain.  Treaties  with 
foreign  powers  and  laws  of  the  United  States  are 
placed  in  his  custody.  And  finally,  he  is  required 
to  report  annually  to  Congress  information  received 
from  the  United  States  consular  offices.  The  Secre¬ 
tary  of  State  is  head  of  the  President’s  Cabinet.  It 
is  nut  to  be  supposed  that  the  Secretary  personally 
superintends  and  transacts  the  duties  just  enumer¬ 
ated.  He  has  a  full  force  of  assistants  and 
clerks.  The  highest  of  these  are  the  first,  second 
and  third  assistant  secretaries.  The  first  assistant 
becomes  the  Acting  Secretary  of  State  in  the  ab¬ 
sence  of  the  Secretary.  The  three  assistants  are 
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given  the  immediate  direction  of  diplomatic  corre¬ 
spondence  and  the  preparation  of  papers  upon  any 
departmental  business.  The  chief  clerk  of  ihe  de¬ 
partment  is  in  charge  of  the  clerical  work.  The 
employees,  under  his  direction,  are  divided  into  six 
bureaus,  which  are  the  Diplomatic,  Consular,  Indexes 
and  Archives,  Accounts,  Rolls  and  Library,  and  Statis¬ 
tics.  A  solicitor,  assigned  by  the  Department  of 
Justice,  is  the  legal  adviser  of  the  Secretary  and 
assistants. 

The  Department  of  State,  as  now  constituted,  was 
Organized  July  27,  1789.  Under  the  Continental 
Congress,  and  until  Jan.  10,  1781,  all  diplomatic 
affairs  were  in  charge  of  a  committee.  At  the  last- 
named  date  the  office  of  Secretary  of  Foreign  Af¬ 
fairs  was  established.  From  1781  to  1783,  Robert 
R.  Livingston  held  the  position,  and  John  Jay  from 
1784  to  1789.  The  Secretary  of  State  and  the 
assistant  secretaries  are  appointed  by  the  President. 
All  minor  officials  are  appointed  by  the  Secretary  or 
are  governed  by  civil  service  rules.  Below  are  given 
the  names  of  those  who  have  held  the  office  of  Sec¬ 
retary  of  State  since  the  formation  of  the  department. 
The  year  of  the  appointment  of  each  is  also  given. 


Thomas  Jefferson . -1789 

Edmund  Randolph . 1794 

Timothy  Pickering . 1795 

John  Marshall . 180c 

James  Madison . i8or 

Robert  Smith . • . 1809 

James  Monroe . 1811 

John  Quincy  Adams . 1817 

Henry  Clay . 1825 

Martin  Van  Buren . 1829 

Edward  Livingston . 1831 

Eouis  McEane . 1833 

John  Forsyth . 1834 

Daniel  Webster . 1841 

Hugh  S.  Eegar6 . 1843 

Abel  P.  Upshur . 1843 

John  C.  Calhoun . 1844 

James  Buchanan . 1845 

John  M.  Clayton . 1849 

Daniel  Webster . 1850 


Edward  Everett . 1852 

William  E.  Marcy . 1853 

Eewis  Cass . 1857 

Jeremiah  S.  Black . i860 

William  H.  Seward . . 1861 

Elihu  B.  Washburn . 1869 

Hamilton  Fish . 1869 

William  M.  Evarts . 1877 

James  G.  Blaine . 1881 

F.  T.  Frelinghuysen . . 1881 

Thomas  F.  Bayard . 1885 

James  G.  Blaine . 1889 

John  W.  Foster . 1892 

Walter  Q.  Gresham . 1893 

Richard  Olney . 1895 

John  Sherman . 1897 

William  R.  Day . 1898 

John  Hay . 1898 

Elihu  Root . 1905 

James  R.  Garfield . 1907 


STATEN  ISLAND.  See  Tierra  del  Fuego, 
Voi.  XXIII,  p.409. 

STATEN  ISLAND,  the  largest  island  in  New 
York  harbor, forming  Richmond  Co. ;  13  miles  long, 
8  wide ;  area  58 y2  square  miles.  It  is  separated  from 
New  Jersey  on  the  north  by  the  Kill  von  Kull,  on  the 
east  by  New  York  harbor,  bay  and  the  Narrows;  on 
the  southeast  by  Raritan  Bay  and  the  Lower  Bay,  and 
on  the  west  by  Arthur  Kill,  or  Staten  Island  Sound, 
across  which  is  a  drawbridge  of  the  Baltimore  and 
Ohio  railway,  which  has  its  terminus  on  the  island  at 
Erastina.  It  has  steam-ferry  connection  with  New 
York  City  from  St.  George  on  the  northern  extrem¬ 
ity  of  the  island,  and  with  Perth  Amboy,  New  Jersey, 
by  ferry  from  Tottenville,  a  quaint  old  fishing-vil¬ 
lage.  The  island  is  hilly,  but  contains  much  excel¬ 
lent  farming-land.  From  Grimes  Hill  in  the  inte¬ 
rior,  370  feet  high,  fine  views  of  the  harbor,  bay 
and  city  of  New  York  are  obtained.  The  interior 
is  sequestered,  with  only  wagon-roads,  the  capital, 
Richmond,  being  approached  from  the  Oakwood 
•tation  of  the  island  railway  by  this  means.  This 
railroad,  operated  by  the  Staten  Island  Rapid  Tran¬ 


sit  Company,  reaches  all  the  shore  villages  and 
towns  of  importance,  its  central  station  being  at 
St.  George,  whence  it  connects  with  the  Balti¬ 
more  and  Ohio  at  Erastina.  On  the  north  shore  is 
Sailor’s  Snug  Harbor,  an  asylum  for  aged  and  in¬ 
firm  sailors,  which  supports  one  thousand  bene¬ 
ficiaries,  has  stately  buildings,  and  a  park  of  175 
acres,  in  which  is  a  monument  of  the  founder,  Cap¬ 
tain  Richard  Randall,  by  St.  Gaudens.  Prohibition 
Park  is  an  exclusive  community,  in  which  are  the 
homes  of  many  of  New  York’s  best-known  and 
wealthiest  citizens.  This  village  has  a  fine  audito¬ 
rium  for  summer  lectures  and  conventions.  Clifton, 
a  mile  or  two  south  of  St.  George,  is  the  head¬ 
quarters  of  the  quarantine  officer.  A  mile  southeast 
of  Clifton  is  Fort  Wadsworth,  with  its  water  bat¬ 
teries  commanding  the  Narrows  and  the  approaches 
to  New  York.  Between  St.  George  and  Tomkins- 
ville  is  a  United  States  lighthouse.  At  Stapleton  is 
a  United  States  marine  hospital.  The  towns  have 
many  churches,  public  and  private  schools,  libraries, 
newspapers,  manufacturing  establishments  and  other 
industries.  Pop.  (Richmond  borough)  1900,67,021. 

STATE’S  EVIDENCE,  a  phrase  synonymous 
with  the  expression  king’s  or  queen’s  evidence  in 
England.  It  is  popularly  and  technically  used  to 
describe  the  evidence  of  an  accomplice,  usually 
given  under  and  after  an  arrangement  made  by  the 
state’s  attorney  that  the  accomplice  so  testifying 
shall  not  himself  be  punished  for  the  crime  which 
he  confesses  in  so  testifying.  The  evidence  of  an 
accomplice  requires  corroboration,  and  is  justly  and 
properly  looked  upon  with  suspicion  by  jurors.  The 
practice  of  calling  state’s  evidence,  while  often  too 
frequent,  is  at  times  absolutely  necessary,  in  order  to 
secure  the  conviction  of  the  principal  criminal. 
There  is  generally  a  tacit  understanding  between 
the  prisoner  so  testifying,  or  his  attorney,  on  the 
one  side,  and  the  state’s  attorney,  or  other  prosecut¬ 
ing  officers,  on  the  other,  that  if  full  disclosure 
is  made  for  the  public  benefit  the  accomplice  shall 
either  be  leniently  dealt  with  or  discharged  from 
punishment.  The  practice  of  modern  jurists  is  to 
instruct  the  jury  to  carefully  scrutinize  the  testi¬ 
mony  of  an  accomplice,  and  to  find  other  corrobo¬ 
ration  before  relying  upon  it.  Such  instructions  are 
in  the  nature  of  advice,  rather  than  mandatory,  and 
the  rule  that  an  accomplice  must  be  corroborated  is 
one  of  expediency  and  practice,  rather  than  a  hard 
and  fast  rule  of  the  law. 

STATES  GENERAL.  See  France,  Vol.  IX, 
PP-  499 1  5°°>  525*  526- 

STATESVILLE,  North  Carolina,  the  seat  of 
Iredell  County,  a  city  and  junction  of  two  divi¬ 
sions  of  the  Southern  railroad,  47  miles  north  of 
Charlotte,  and  145  miles  west  of  Raleigh.  Emery 
or  corundum  is  mined  in  the  neighborhood,  which 
is  a  cotton,  tobacco,  and  stock-raising  district 
supplying  the  export  trade  of  the  city;  the  chief 
manufacturing  industries  are  those  of  furniture 
and  leather.  Population,  1900,  3,141.  c.L.s. 

STATICS.  See  Mechanics,  Vol.  XV,  pp. 
709-71 1. 

STATIONS  OF  THE  CROSS,  a  series  of  images 
or  pictures  to  be  seen  in  the  majority  of  Romac 
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Catholic  churches  and  representing  scenes  in  the 
passion  of  Christ,  or  journey  to  the  cross.  There 
are  fourteen  of  these  stations,  which  are  arranged 
around  the  church,  the  first  being  placed  on  one  side 
of  the  high  altar,  the  last  on  the  other. 

STAUNTON,  Illinois,  a  city  of  Macoupin 
County  on  the  head  streams  of  Silver  Creek  and 
on  the  Wabash  and  the  Chicago,  Peoria  &  St.  Louis 
railroads,  35  miles  northeast  of  St.  Louis.  It  has 
coal-mining,  agricultural  and  stock-raising  inter¬ 
ests.  Population,  1900,  2,786.  c.l.s. 

STAUNTON,  a  city  and  the  capital  of  Augusta 
County,  in  western  Virginia,  on  the  Baltimore  and 
Ohio  and  the  Chesapeake  and  Ohio  railroads,  about 
30  miles  N.  of  Lynchburg.  It  is  in  a  farming  re¬ 
gion,  has  agricultural-implement  works,  tannic-acid 
works,  flouring-mills,  and  iron- works.  Its  educa¬ 
tional  institutions  include  a  military  academy,  four 
seminaries  for  girls  and  two  business  colleges,  and 
in  it  are  the  Western  Lunatic  Asylum,  and  the  Vir¬ 
ginia  Institution  for  the  Deaf,  Dumb,  and  Blind. 
The  city  has  two  national  and  one  savings  bank,  and 
two  daily  and  six  weekly  newspapers.  Population 
189°,  6,975;  1900,  7,289. 

STAUNTON  RIVER,  a  stream  of  Virginia.  It 
rises  in  the  Alleghanies,  in  Montgomery  County, 
flows  eastward  through  Roanoke  County  and  through 
a  pass  in  the  Blue  Ridge.  It  then  flows  southeast¬ 
ward,  forming  the  boundary  line  between  the  coun¬ 
ties  of  Franklin,  Pittsylvania,  and  Halifax  on  the 
right,  and  of  Bedford,  Campbell,  and  Charlotte  on 
the  left,  and  unites  with  the  Dan  to  form  the  Roan¬ 
oke  river.  Its  length  is  about  two  hundred  miles, 
and  in  the  first  twenty  miles  of  its  course  it  has  been 
estimated  to  make  a  descent  of  one  thousand  feet. 

STAUPITZ,  Johann  von.  See  Luther,  Vol. 
XV,  pp.  73,  74  et  seq. 

STEAD,  William  Thomas,  an  English  jour- 
nalist  and  author ;  born  in  Embleton,  July  5,^ 
1849.  He  early  began  a  journalistic  career  as 
editor  of  the  Northern  Echo ,  Darlington.  From 
there  he  went  to  London  in  1880,  as  assistant  to 
Mr.  Morley,  who  was  editor  of  the  Pa'll  Mall 
Gazette.  He  founded  the  Review  of  Reviews  in 
1890  and  in  1898  began  the  publication  of  War 
Against  War ,  a  newspaper  devoted  to  the  opposi¬ 
tion  of  the  Anglo-Boer  War.  His  books  include 
The  Truth  About  Russia  (1888);  The  Pope  and 
the  New  Era  (1889);  The  Story  That  Trans¬ 
formed  the  World  (1890);  If  Christ  Came  to 
Chicago  (1893);  The  Labor  War  in  the  United 
Slates  (1894)  5  Satan' s  Invisible  World;  A  Study 
of  Despairing  Democracy  (1897)  ;  Mr.  Carnegie' s 
'Conundrum  (1900);  The  Americanization  of  the 
World  (1902),  and  The  Last  Will  and  Testa¬ 
ment  of  Cecil  fohn  Rhodes  (1902).  w.m.c. 

STEAM.  See  Steam-engine, Vol. XXII, 502-10. 

STEAM-BOILER  INSURANCE.  See  Acci¬ 
dent  and  Casualty  Insurance,  in  these  Supple¬ 
ments. 

STEAM-ENGINES.  See  Steam-engines,  Vol. 
XXII,  pp.  49°~554»  and  Marine  Engines,  and 
Locomotives,  in  these  Supplements. 

STEAM-HAMMER.  See  Hammer,  Vol.  XI, 
pp.  380,  381 


STEAMSHIPS.  A  score  of  record-breaking 
steamships  have  been  brought  into  service  on  the 
Atlantic  since  the  fifties.  Thecompetition  between 
the  passenger  lines  of  the  North  Atlantic  has  de¬ 
veloped  the  finest  steamships  in  the  world.  In  the 
year  1881  three  prominent  vessels  appeared, — the 
Servia,  of  the  Cunard  line;  the  Alaska,  of  the  Guioc 
line;  and  the  City  of  Rome,  of  the  Inman,  and  latei 
of  the  Anchor  line.  The  Servia  was  distinguished 
as  being  the  first  Atlantic  liner  constructed  almost 
wholly  of  steel;  the  City  of  Rome  was  noteworthy  as 
being  the  largest  vessel  of  her  type  built  up  to  that 
time,  being  exceeded  only  by  that  often-quoted 
nautical  failure,  the  Great  Eastern.  The  Alaska 
was  the  fastest  of  the  three,  and  held  the  record 
both  ways  during  1882.  Her  best  daily  distance 
for  one  day  was  430  knots,  made  in  October,  1883. 
Soon  after,  the  Aurania  made  the  record  440  knots, 
and  the  America  raised  it  to  447.  This  was  not 
materially  improved  until  May,  1888,  when  the 
Etruria  jumped  the  figures  to  503.  The  Paris  in¬ 
creased  this  later  to  515,  and  the  Lucania  eclipsed 
all  predecessors  with  560  knots  in  a  run  of  24  hours. 
In  1884,  the  Guion  line  produced  another  record- 
breaker  for  the  westward  passage,  with  the  Oregon , 
and  the  Cunard  line  proceeded  to  meet  the  compe¬ 
tition  by  building  the  Umbria  and  Etruria ,  twin 
vessels  of  practically  the  same  speed,  which  began 
by  chopping  nearly  six  hours  from  the  record  in 
crossing  the  Atlantic,  and  kept  on  breaking  it  for 
five  years,  when  the  time  was  cut  very  close  to  six 
days.  Then  the  Inman  line  came  to  the  front  with 
the  City  of  Paris,  later  rechristened  the  Paris,  and 
in  1889  broke  the  records,  crossing  both  ways,  the 
best  time  of  that  year  being  a  little  over  5  days  and 
19  hours.  In  1891  the  Teutonic ,  of  the  White  Star 
line,  cut  the  records  both  ways,  but  the  Paris  re¬ 
gained  her  supremacy  in  1892  by  clipping  the  west¬ 
ward  passage  to  5  days,  14  hours  and  24  minutes. 
In  1893  the  Cunard  line  placed  the  Campania  and 
Lucania  in  service,  and  these  twin  ships  began  cut¬ 
ting  the  record  with  a  regularity  that  culminated,  in 
1894,  at  5  days,  7  hours  and  23  minutes. 

The  highest  records  made  in  crossing  the  Atlan¬ 
tic  each  year  from  1884  to  1900,  follow. 


YEAR. 

Days. 

riM* 

2 

§ 

W 

Minutes.  | 

Steamship. 

Line. 

Direction. 

1884 

6 

Q 

Oregon . 

Guion. 

Westward. 

1884 

6 

7 

14 

*8 

America. .  .  . 

National .... 

Eastward. 

1884 

6 

II 

Q 

Oregon . .  . 

Guion.. . . 

Eastward. 

1885 

6 

5 

7 

31 

Etruria . 

Cunard . 

Westward. 

1887 

6 

4 

42 

Umbria . 

Cunard . 

Westward. 

1887 

6 

4 

36 

Etruria . 
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7 

23 
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Westward. 
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16 

0 

Kaiser  Wilh. 
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7 

38 
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A  description  of  the  chief  points  of  the  Campania 
and  Lucania  follows:  They  were  built  as  nearly 
alike  as  possible,  the  length  over  all  being  622  feet, 
beam  65^  feet  and  depth  from  shade-deck  59 y2 
feet.  The  engines  indicate  a  little  more  than 
30,000  horse-power,  and  are  47  feet  high.  Each  set  of 
engines  has  five  cylinders,  arranged  for  triple  ex¬ 
pansion  of  the  steam.  The  high-pressure  cylinders 
are  37  inches  in  diameter,  and  the  low-pressure  98 
inches,  the  stroke  of  all  the  cylinders  being  69 
inches.  All  are  connected  with  the  one  crank-shaft, 
which  is  made  in  three  interchangeable  parts.  The 
whole  crank-shaft,  with  the  thrust-shaft,  weighs  no 
tons.  There  are  14  boilers,  which  are  supplied  with 
heat  from  102  furnaces.  The  main  boilers  work  at 
165  pounds’  pressure,  and  they  are  the  largest  ever 
built  for  that  pressure.  Each  of  them  contains  a 
mile  and  a  quarter  of  tubing,  and  some  of  the  plates 
are  20  by  7  feet  1 y2  inches.  The  boilers  occupy 
two  large  water-tight  compartments,  separated  by  a 
large  fuel  compartment.  There  are  two  funnels, 
each  20  by  13  feet  diameter,  the  form  being  oval, 
to  reduce  wind-pressure.  They  rise  to  a  height  of 
130  feet  above  the  keel.  A  4^4 -foot  plate  forms  the 
central-line  girder  of  the  vessel,  and  its  width  is  in¬ 
creased  to  feet  under  the  machinery.  Five  lines 
of  girders,  with  their  intercostals,  form  the  flooring 
of  the  ship.  There  are  two  bottoms,  as  in  all  first- 
class  steamships,  each  being  water-tight,  and  afford¬ 
ing  space  between  for  water-ballast,  which  may  be 
pumped  in  to  the  amount  of  1,600  tons,  to  preserve 
the  stability  lost  by  coal-consumption.  There  are 
18  transverse  water-tight  bulkheads,  no  two  being 
more  than  65  feet  apart,  thus  forming  19  water-tight 
compartments.  The  twin  propellers  have  each  three 
eight-ton  blades  of  manganese  bronze.  Great  care 
has  been  taken  to  provide  appliances  which  will  make 
it  impossible  for  these  enormous  blades  to  race — that 
is,  run  at  a  dangerously  high  speed  when  out  of 
water.  In  addition  to  governors  on  the  shafts  and 
engines,  there  is  an  emergency  governor-gear  pro¬ 
vided  for  stopping  the  engines  automatically  should 
an  abnormal  rate  of  speed  be  developed.  There  are 
seven  levels,  or  decks,  and  the  upper  one  affords  a 
promenade  a  quarter  of  a  mile  in  length.  The 
electric  lights  number  1,350,  being  supplied  by  four 
engines  and  dynamos,  any  one  of  which  will  run  all 
the  lights.  Fifty  miles  of  wire  are  used  in  this  ser¬ 
vice.  Other  figures  might  be  given  as  to  material 
used  which  would  seem  equally  enormous. 

Another  pair  of  twin  steamships,  the  St  Louis  and 
St.  Paul,  appeared  on  the  American  line  in  1895. 
While  they  are  smaller  and  less  speedy  than  the  two 
just  described,  yet  they  are  the  equals  of  any  of  the 
previous  liners,  and  possess  many  minor  improve¬ 
ments,  made  possible  by  being  built  at  a  later  date. 
These  two,  with  the  New  York  and  Paris ,  are  sub¬ 
sidized  by  the  United  States  government  for  use,  in 
case  of  war,  as  merchant  cruisers.  The  St  Louis  and 
St.  Paul  are  554  feet  over  all,  being  ten  feet  longer 
than  the  Paris  and  New  York ,  and  68  feet  less  than 
the  Campania  and  Lucania.  The  engines  develop 
19,000  horse-power,  and  are  built  for  quadruple  ex¬ 
pansion.  .Steam  is  used  at  the  very  high  pressure  of 
200  pounds.  There  are  six  cylinders  for  each  engine, 
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and  the  arrangement  is  such  that  a  single  piston 
serves  the  two  high-pressure  cylinders  and  another 
the  two  low-pressure  cylinders.  The  steam  enters 
the  two  high-pressure  cylinders  simultaneously,  and 
after  partial  expansion,  passes  to  the  first  intermedi¬ 
ate  and  second  intermediate  cylinders,  after  whic.i 
it  is  again  divided  and  goes  simultaneously  to  the 
two  large  low-pressure  cylinders.  In  June,  1896, 
the  St  Paul  crossed  from  Southampton  to  Sandy 
Hook  in  6  days,  5  hours  and  32  minutes. 

There  have  lately  been  built  for  the  No.  German 
Lloyd  and  the  Hamburg- American  lines  steam¬ 
ships  larger  than  any  of  those  here  described, 
though  their  engines  are  not  of  such  power  as  to 
give  them  remarkable  speed.  They  are  650  feet  over 
all,  or  28  feet  longer  than  the  Campania  and  Lucania. 
The  beam-measurement  is  62  feet  and  the  depth  42 
feet.  They  carry  13,000  tons,  and  have  a  displace¬ 
ment  of  20,000  tons.  The  cabins  have  room  for  200 
passengers,  while  the  steerage  accommodates  1,500. 

Steamships  for  interior  waterways  have  never  kept 
pace  with  the  ocean  liners  in  speed  or  equipment, 
although  the  boats  plying  on  Long  Island  Sound 
and  the  Hudson  River  are  both  speedy  and  costly. 
The  best  of  them  can  all  do  better  than  twenty 
knots  an  hour,  and  the  fittings  and  furnishings  of 
the  Fall  River  line  of  boats  have  earned  for  them  a 
world-wide  fame.  See  also  Ship-building,  Vol. 
XXI.  pp.  862-864.  c.  H.  Cochrane. 

’  STEAM  SHOVELS  AND  DREDGES.  Within 
a  half-dozen  years  there  has  been  a  marked  advance 
in  machinery  for  digging  and  dredging.  The  crane 
type  of  steam-shovel  familiarly  observed  in  railroad 
cuttings  has  been  materially  improved.  For  ex¬ 
tremely  heavy  work  the  Bucyrus  Steam  Shovel  and 
Dredge  Company  has  built  an  interesting  machine, 
the  boom  of  which  is  of  heavy  steel  girders,  and 
carries  independent  thrusting-engines,  for  giving 
great  scooping-power  to  the  shovel.  These  engines 
exert  an  outward  pressure  of  sixty  thousand  pounds 
on  the  shovel  when  digging,  which  is  sufficient  to 
dislodge  large  boulders,  and  to  do  efficient  work  in 
glacial  drift,  hard-pan,  clay,  etc.  The  hoisting  and 
other  operations  are  performed  by  a  different  engine. 
Seven  of  these  machines  are  in  use  on  the  Chicago 
drainage-canal,  doing  a  class  of  work  that  previously 
was  usually  accomplished  by  blasting.  They  are  als<? 
coming  into  use  for  excavating  iron  ore  from  it* 
natural  bed  without  blasting. 

Dredges  for  river-work,  which  have  to  be  used  in 
soft  mud  and  sand,  are  built  on  the  suction  principle, 
to  pump  up  the  accumulations  which  impede  navi¬ 
gation.  Revolving  cutters  are  usually  mounted  a* 
the  mouth  of  the  suction-pipe  to  break  up  any  mate¬ 
rial  which  otherwise  might  choke  up  the  passageway. 
For  heavier  work,  as  digging  canals  in  swampy 
ground,  a  long  steel  truss-frame  is  used,  bearing  a 
line  of  continuous  conveyors  for  carrying  up  the 
material.  Such  machines  have  been  found  very  use¬ 
ful  in  filling  railroad  trestles.  The  dipper  type  o ± 
dredge  is  used  for  removing  hard  material  from  rive/ 
bottoms,  also  for  drainage-ditches  and  irrigating- 
canals  in  soft  soil.  For  canal- excavation,  specia? 
machines  have  been  made,  which  will  d»  the  entire 
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svork  at  one  operation,  exclusive  of  any  blasting 
required.  A  series  of  very  stout  shovels  or  buckets 
is  mounted  on  an  endless  chain  arrangement  run  on 
a  girder  frame.  The  whole  is  managed  by  hoisting 
devices,  so  that  the  buckets  work  along  in  a  regular 
manner,  carrying  up  the  material  and  depositing  it 
in  conveyors,  which  drop  it  high  up  on  the  banks 
on  either  side.  All  the  machinery  is  mounted  on  a 
truss-bridge  bearing  a  railroad  track,  upon  which  it 
is  run  back  and  forth  until  the  required  depth  within 
its  reach  is  completed,  when  the  bridge  is  moved 
forward,  and  the  work  proceeds.  By  mounting  the 
bridge  on  tracks  running  parallel  on  the  sides  of  che 
canal,  the  shifts  are  carried  along  with  very  little 
labor  or  loss  of  time.  Machines  with  belt-conveyors 
for  dredging  river  bottoms  and  delivering  the  mate¬ 
rial  on  shore  are  built  in  numerous  patterns.  Some 
have  a  conveyor  which  swings  radially  one  hundred 
and  twenty  feet,  for  delivering  the  material  well  up 
on  the  bank.  Others  deliver  to  the  shore  or  to  a 
scow  by  gravity,  through  an  extensible  sheet-iron 
trough  of  large  dimensions.  Where  the  material  is 
quite  soft,  a  discharge-pipe  is  sometimes  used,  into 
the  upper  end  of  which  the  material  is  dropped  by 
the  digging-buckets  of  the  conveyor,  so  that  it  may 
run  out  through  the  pipe  by  gravity. 

C.  H.  Cochrane. 

STEARIC  ACID.  See  Stearine,  Vol.  XXII,  p. 

554- 

STEARNS,  William  Augustus,  educator; 
born  in  Bedford,  Mass.,  March  17,  1805;  was 
graduated  at  Harvard  College  in  1827  and  at 
Andover  Theological  Seminary  in  1831  ;  and  was 
pastor  at  Cambridgeport,  Mass.,  in  1831-54.  In 
the  latter  year  he  was  called  to  the  presidency  of 
Amherst  College.  During  his  encumbency  the 
college  received  many  liberal  donations,  a  large 
number  of  scholarships  were  founded  and  six 
buildings  were  erected,  and  it  was  said  Dr. 
Stearns  found  the  college  brick  and  left  it  marble. 
He  died  in  Amherst,  Mass.,  June  8,  1876. 

G.J.H. 

STEATITE  or  SOAPSTONE.  See  Miner¬ 
alogy,  Vol.  XVI,  p.  432. 

STEBBINS,  Emma,  sculptor;  born  in  New 
York  city,  Sept.  1,  1815.  She  early  developed  a 
taste  for  art  and  spent  many  years  in  painting. 
In  1857  she  went  to  Rome,  and  studied  sculpture 
under  the  direction  of  Paul  Akers  and  other  noted 
sculptors.  Her  works  include  several  statuettes, 
among  them  Joseph  as  a  Boy ;  a  bust  of  Charlotte 
Cushman,  statues  of  Horace  Mann,  and  Colum¬ 
bus  ;  and  a  fountain  in  Central  Park,  representing 
“The  Angel  of  the  Waters.”  She  died  in  New 
York  city,  Oct.  25,  1882.  g.j.h. 

STEDMAN,  Edmund  Clarence,  an  Ameri¬ 
can  poet  and  banker;  born  in  Hartford,  Conn., 
Oct.  8,  1833.  He  was  educated  at  Yale  and  in 
1852  became  editor  of  the  Norwich,  Conn., 
Tribune  and  in  1853  editor  of  the  Winsted, 
Conn.,  Herald.  In  1855  he  removed  to  New 
York  and  was  engaged  on  the  Tribune  until 
1861,  when  he  became  war  correspondent  for  the 
New  York  World.  He  then  took  up  the  study 
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of  law  and  in  1864  he  was  interested  in  financier- 
ing  the  Union  Pacific  railroad.  The  next  year  he 
appeared  in  W all  Street  as 
a  broker  and  banker, 
becoming  a  member  of  the 
Stock  Exchange.  He 
continued  in  the  banking 
business  and  retained  his 
seat  on  the  Exchange 
until  1900  when  he  re¬ 
tired  to  his  country  home 
at  Bronx  Park,  N.  Y. 

He  has  written  numerous 
volumes  of  poetry,  among 
them :  Poems ,  Lyrical 
and  Idyllic  (i860); 

Alice  of  Monmouth:  An  Idyl  of  the  Great  War 
(1864);  The  Blameless  Prince  (1869);  Haw¬ 
thorne  and  Other  Poems  (1877)  ;  and  Lyrics  and 
Idyls  (1879).  Prose  he  has  written  The  Vic¬ 
torian  Poets  (1875);  and  The  Poets  of  America 
(1895);  A  Victorian  Anthology  (1895);  and  An 
American  Anthology  ( 1900).  He  was  also  one  of 
the  editors  of  A  Library  of  American  Literature 
(1888);  and  of  the  Works  of  Edgar  Allen  Poe 
(i895)*  w.m.c. 

STEEL.  See  Iron,  Vol.  XIII,  pp.  341-368. 

STEEL-CONSTRUCTION  IN  BUILDING. 
See  Iron  and  Steel,  in  these  Supplements. 

STEELTON,  Pennsylvania,  a  borough  of 
Dauphin  County  on  the  Susquehanna  River  and 
the  Pennsylvania  canal,  three  miles  southeast  of 
Harrisburg.  It  is  entered  by  divisional  lines  of 
the  Pennsylvania  and  the  Philadelphia  &  Read¬ 
ing  railroads,  and  electric  trolley  roads  connect  it 
with  all  important  points  in  the  neighborhood. 
It  is  a  great  center  of  the  Bessemer  steel  industry 
and  allied  manufactures.  Population,  1890, 
9,250;  1900,  12,086.  C.L.S. 

STEEVENS,  George  Warrington,  journalist, 
war-correspondent,  and  author,  was  born  Dec.  10, 
1869,  and  educated  at  the  City  of  London  School 
and  at  Balliol  College,  Oxford.  Taking  early  to 
journalism,  for  which  he  had  a  natural  instinct  and 
marked  gifts  as  a  writer,  he  for  a  time  was  on  the 
staff  of  the  Pall  Mall  Gazette.  In  1896  he  passed 
to  the  staff  of  the  London  Daily  Mail ,  for  which 
newspaper  he  visited  on  journalistic  missions  the 
United  States,  Germany,  Egypt,  and  France,  and 
served  as  correspondent  during  the  Turco-Grecian 
war.  He  was  also  with  the  Soudan  expedition  in 
1898,  and  in  1899-1900  acted  as  correspondent  in 
the  war  in  the  Transvaal.  In  Jan.  (15th),  1900, 
he  died  of  fever  in  Ladysmith,  Natal.  His  published 
works  embrace  Naval  Policy  and  Monologues  of  the 
Dead  (1896),  The  Land  of  the  Dollar ,  and  With 
the  Conquering  Turk  (1897),  Egypt  in  1898,  With 
Kitchener  to  Khartum ,  In  India  in  1899,  and  The 
Tragedy  of  Dreyfus  (1899).  Since  the  death  of  Mr. 
Steevens,  a  volume  of  the  thoughtful  papers  of  this 
“alert  and  intrepid  observer”  have  appeared, 
edited  by  two  friends.  The  volume  is  entitled 
Things  Seen:  Impressions  of  Men,  Cities ,  and  Books. 

STEINITZ,  William,  a  Bohemian  chess- 


3° 


STEIN  WAY  — STEPHEN 


player;  born  in  Prague,  Bohemia,  May  17,  1836. 
As  a  youth  he  was  the  best  chess-player  in 
Prague.  He  removed  to  Vienna,  studied  at  the 
Polytechnic  Institute,  and  in  1862  was  the  cham¬ 
pion  chess-player  of  Vienna.  His  advance  from 
that  date  was  marked  and  he  became  champion 
of  the  world.  He  was  defeated  in  1894  by  Dr. 
Lasker.  In  1883  he  removed  to  the  United 
States  and  established  the  International  Chess 
Magazine.  He  also  wrote  The  Modern  Chess 
Instructor  (1889).  He  died  in  New  York,  Aug. 
12,  1900.  W.M.C. 

STEINWAY,  Heinrich  Engelhard,  a  Ger- 
man-American  inventor  and  manufacturer;  born 
in  Wolfshagen,  Harz,  Germany,  in  1797.  As  a 
young  man  he  began  to  manufacture  guitars  and 
zithers,  in  Brunswick,  and  finally  invented  and 
began  manufacturing  several  varieties  of  piano¬ 
fortes.  In  1850,  he  removed  to  New  York  city 
with  his  four  sons,  Charles,  Henry,  William  and 
Albert,  leaving  the  German  factory  in  the  hands 
of  his  oldest  son,  Theodor.  In  1853  they  estab¬ 
lished  the  firm  of  Steinway  &  Sons  in  New  York, 
and  made  rapid  progress  introducing  many  new 
improvements  and  taking  out  innumerable  pat¬ 
ents.  Later  piano  concert  halls  were  established 
in  New  York  and  London,  and  the  firm  grew  in 
fame  and  wealth.  The  father  died  in  New  York 
in  1871,  and  William  Stein  way  became  the  head 
of  the  business.  He  died  in  NewYork  city,  Nov. 
30,  1896.  W.M.C. 

STELLARTON,  formerly  Albion  Mines,  a  town 
of  Pictou  County,  northeastern  central  Nova 
Scotia,  39  miles  N.E.  of  Truro  and  3  miles  S.W.  of 
New  Glasgow,  on  the  Intercolonial  railroad.  It  is 
the  center  of  a  region  producing  coal,  iron  and 
some  petroleum,  and  its  chief  interests  are  in  the 
mining  industry.  Its  manufactures  are  unimportant. 
Population  1901,  1,422. 

STENOGRAPHY.  See  Short-hand,  Vol.  XXI, 
pp.  875,  881. 

STENTOR,  a  genus  of  ciliated  unicellular  animals 
{Protozoa).  They  are  conical  in  form,  hence  the 
common  name  of  trumpet-animalcule.  They 
attach  to  foreign  objects  by  the  apex  of  the  cone, 
while  around  the  end  corresponding  to  the  base  of 
the  cone  are  circles  of  cilia  and  a  circular  groove 
leading  into  a  funnel-shaped  mouth.  Many  species 
are  known;  the  large  blue-stentor  (S.  coeruleus)  is 
common  in  the  United  States. 

STEPHEN,  Sir  George,  Bart.,  a  Canadian 
capitalist ;  born  in  Scotland  in  1829.  He  was 
educated  in  Edinburgh  and  in  1850  removed  to 
Canada,  where  he  began  a  business  career  with 
the  firm  of  William  Stephen  &  Company  of 
Montreal.  In  a  few  years  he  became  a  junior 
partner  in  the  house,  and  upon  the  death  of  his 
uncle  William  Stephen  in  1862,  he  succeeded  to 
the  head  of  the  firm.  In  1876  he  was  elected 
president  of  the  bank  of  Montreal,  and  in  1878, 
was  made  president  of  the  Manitoba  and  Minneap¬ 
olis  railroad.  In  1881  he  was  elected  president 
of  the  Canadian  Pacific  railroad,  which  position 
he  filled  until  his  resignation  in  1888.  In  rec¬ 
ognition  of  his  services  in  connection  wich  the 


construction  of  the  Canadian  Pacific  railroad,  he 
was  created  a  baronet  in  1886.  w.m.c. 

STEPHEN,  Sir  James  Fitz-James,  an  Eng¬ 
lish  jurist  and  author;  born  in  London,  March  3, 
1829.  His  father  was  the  late  Sir  James 
Stephen,  some  time  permanent  under-secretary 
for  the  colonies  and  professor  of  modern  history 
at  Cambridge  University.  He  was  educated  at 
Trinity  College,  Cambridge,  and  was  admitted  to 
the  bar  at  the  inner  temple  in  1854.  He  was  re¬ 
corder  of  Newark-on-Trent  from  1859  to  1869, 
and  was  legal  member  of  the  legislative  council 
of  the  governor-general  of  India  from  1869  to 
1872,  doing  much  to  consolidate,  abbreviate,  and 
simplify  the  Indian  law  of  crimes  and  of  evi¬ 
dence,  it  being  due  to  his  efforts  that  the  Indian 
Evidence  Act  was  passed  in  1872.  In  that  year  he 
returned  to  England  and  began  codifying  the  law 
of  evidence  and  criminal  law  of  Great  Britain. 
In  1875  he  was  appointed  professor  of  common 
law  to  the  inns  of  court,  and  in  1879  was  aP‘ 
pointed  a  judge  of  the  Queen’s  bench  division  of 
the  high  court.  He  retained  this  position  until 
1891,  when  he  was  disabled  by  nervous  trouble 
resulting  in  insanity.  He  presided  at  the  trial  of 
the  famous  Maybrick  poisoning  case,  and,  his  af¬ 
fliction  occurring  so  shortly  after  the  trial,  was 
made  one  of  the  grounds  on  which  the  convicted 
woman’s  pardon  was  so  frequently  asked,  and 
which  was  eventually  granted.  He  wrote  some 
most  valuable  legal  works  —  General  View  of  the 
Common  Law  of  England  (1863),  and  edition  of 
Roscoe’s  Digest  of  the  Law  of  Evidence  (1868)  ; 
A  Digest  of  the  Law  of  Evidence  (1876);  A  Di¬ 
gest  of  the  Criminal  Law  (1877)  ;  A  History  of 
the  Criminal  Law  of  England  (1883)  ;  Essays 
of  a  Barrister  were  reprinted  in  1862;  Liberty , 
Equality  and  Fraternity  (on  the  woman’s  rights 
question)  appeared  in  1873,  and  the  Story  of 
Nuncomer  and  the  Impeachment  of  Sir  Elijah 
Impey  in  1885.  He  died  in  London,  March  12, 
j894-  w.m.c. 


STEPHEN,  Sir  Leslie,  an  English  editor, 
critic  and  author;  born  in  Kensington,  Novem 
ber  28,  1832.  He  was 
the  son  of  the  Right  Hon. 

Sir  James  Stephen,  and 
brother  of  the  late  judge 
of  the  Queen’s  bench 
division,  Sir  James  Fitz- 
James  Stephen.  He  was 
educated  at  Eton  College 
and  at  King’s  College, 

London,  whence  he 
ceeded  to  Trinity 
Cambridge,  where  h 
graduated  B.A.  in  1854, 
and  M.  A.  in  1857.  From 
1871  until  1882  he  edited 
the  Cornhill  Magazine ,  which  office  he  resigned 
in  order  to  undertake  the  important  task  of  edit- 
ing  the  Dictionary  of  National  Biography.  This 
position  he  was  forced  to  resign  owing  to  ill 
health  after  having  written  over  500  articles. 
He  held  for  one  year,  from  May,  1883,  the  post 
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of  lecturer  on  English  literature  at  Cambridge. 
His  first  wife,  who  died  in  1875,  was  Harriet 
Marion  Thackeray,  younger  daughter  of  the 
famous  novelist.  In  1878  Mr.  Stephen  married 
Julia  Prinsep  Duckworth.  His  published  works 
include  The  Playground  of  Europe  (  1871  )  ; 
Essays  on  Free- Thinking  and  Plain-Speaking 
(1873)  5  Hours  in  a  Library  (three  series  1874); 
A  History  of  English  Thought  in  the  Eighteenth 
Century  (1876)  ;  The  Science  of  Ethics  (1882)  ; 
A  Life  of  Henry  Fawcett  (1885).  Mr.  Stephen 
edited  Richardson’s  works  with  a  biographical 
essay  in  1883,  and  contributed  Johnson ,  Pope 
and  Swift  to  the  English  Men  of  Letters  Series. 
His  later  works  were  An  Agnostic's  Apology 
(1893)  ;  Life  of  Sir  James  Eitz-  James  Stephen 
(1895)  ;  Social  Rights  and  Duties  (1896) ;  Studies 
of  a  Biographer  (1898);  The  English  Utilita¬ 
rians  (1900).  He  was  knighted  in  1902.  He 
died  in  London,  February  22,  1904.  w.m.c. 

STEPHEN  BATHORI.  See  Poland,  Vol. 
XIX,  p.  305. 

STEPHENS,  Ann  Sophia  (Winterbotham), 
author;  born  in  Humphreysville,  Conn.,  in  1813. 
She  married  Edward  Stephens,  a  publisher,  in 
1831,  and  with  him  settled  in  Portland,  Me., 
where  in  1835-37  s^e  edited  with  much  success 
the  Portland  Magazine.  In  the  latter  year  she 
became  editor  of  the  Ladies'  Companion  pub¬ 
lished  in  New  York  city;  in  1843  she  established 
the  Ladies'  World;  and  in  1846  the  Illustrated 
New  Monthly.  Her  publications  include  Fashion 
and  Famine;  Heiress  of  Greenhurst;  Old  Home¬ 
stead;  Sibyl  Chase;  Rejected  Wife ;  Married  in 
Haste;  Reigning  Belle;  Bertha' s  Engagement ; 
Norston's  Rest;  History  of  the  War  for  the  Un¬ 
ion;  and  many  poems.  She  died  in  Newport, 
R.  I.,  Aug.  20,  1886.  G.J.H. 

STEPHENS,  George,  a  British  archaeologist; 
Dorn  in  Liverpool,  England,  Dec.  13,  1813.  He 
studied  in  University  College,  London,  and  early 
settled  in  Stockholm,  Sweden.  He  made  a  study  of 
Norwegian  antiquities,  and  in  1851  was  appointed 
professor  of  English  in  the  University  of  Copen¬ 
hagen,  where  he  was  enabled  to  continue  his  studies. 
This  position  he  held  until  1893.  He  was  the  author 
of  several  archaeological  reports,  of  which  the  best 
known  is  Old  Northern  Runic  Monuments  of  Scandi¬ 
navia  and  England  (1866—84).  Died  in  1895. 

STEPHENSVILLE,  a  town  and  the  capital  of 
Erath  County,  northern  central  Texas,  200  miles 
N.W  of  Austin,  about  95  miles  S.W.  of  Dallas,  near 
the  Bosque  River,  on  the  Fort  Worth  and  Rio  Grande 
railroad.  It  is  the  trade  and  shipping  center  for  an 
extensive  grain  and  stock  raising  section.  Popula¬ 
tion  1900,  1,902. 

STEPNYAK,  Sergius  Mikhaylovitch 
Dragomanov  (the  pseudonym  of  Sergius 
Kraochinski),  a  Russian  revolutionist,  exile  and 
author;  born  in  Gadjatch,  Poltava,  in  1841.  He 
was  exiled  in  1876  on  account  of  his  criticisms  on 
the  system  followed  by  the  minister  of  justice. 
He  settled  in  Geneva  in  1878.  Acting  on  behalf 
of  the  revolutionists,  Stepnyak  killed  General 
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Mezentsoff,  chief  of  the  gendarmes,  August  16, 
1878,  and  later  published  Life  for  Life  in  justifi¬ 
cation  of  theact.  Hiscom- 
rades  persuaded  Stepnyak 
to  go  abroad,  and  thus 
saved  him  from  the 
police.  During  the  years 
1879  to  1888  he  lived  in 
Switzerland  and  Italy. 

He  then  went  to  Lon¬ 
don.  Among  his  works 
are  The  Turks ,  Withini 
and  Without  ( 1876) ; 

Underground  Russia 
(1881)  ;  Tyrannicide  in 
Russia  (1881);  The  Russian  Peasantry ,  His¬ 
torical  Poland  and  the  Muscovite  Democracy 
(1881);  The  Propaganda  of  Socialism;  Russia 
Under  the  Czars  (1885),  and  The  Career  of  a 
Nihilist  (1889).  He  died  in  London,  England, 
December  23,  1895.  w.m.c. 

STERCULiACE^E,  a  family  of  plants,  mostly 
tropical,  and  closely  related  to  the  mallows.  The 
best-known  genus  is  Theobroma ,  the  cocoa  tree, 
whose  seeds  are  used  for  chocolate,  under  the  name 
cocoa-beans,  and  yield  cocoa-butter  and  oil  of 
theobroma. 

STEREOCHEMISTRY,  that  branch  of  chem¬ 
istry  which  treats  of  the  arrangement  of  the  atoms 
in  space  and  the  geometrical  forms  which  groups  of 
atoms  may  assume.  It  was  founded  by  Le  Bel  and 
Varit  Hoff  in  1874.  The  former  was  led  to  con¬ 
sider  the  subject  by  Pasteur’s'  assumption,  in  i860, 
that  the  molecules  of  substances  optically  active  in 
solution  are  asymmetric,  and  the  latter  by  Wisles- 
cenus’s  statement,  in  1873,  that  there  are  two  lactic 
acids  with  the  same  structural  formula,  and  that 
their  difference  must  be  due  to  a  different  arrange¬ 
ment  of  the  atoms  in  space. 

If  the  carbon  atom  is  assumed  to  be  at  the  center 
of  a  tetrahedron,  and  the  four  solid  angles  occupied 
by  four  different  radicles,  two  space- isomers,  one 
bearing  to  the  other  the  relation  of  an  object  to  its 
image  in  a  mirror  (enantiomorphous  forms),  will 
exist,  one  turning  the  plane  of  polarized  light  to 
the  right,  the  other  to  the  left.  Such  a  carbon  atom 
is  called  an  asymmetric  carbon  atom,  and  it  has  been 
found  that  all  optically  active  substances  contain  at 
least  one  asymmetric  atom,  not  necessarily  carbon, 
as  one  case  is  known  where  the  activity  is  due  to 
asymmetric  nitrogen.  As  the  number  of  asymmetric 
atoms  may  exceed  one,  the  number  of  space-isomers 
may  be  greater  than  two.  .  The  best  example  of  this 
is  afforded  by  the  sugars.  The  same  conception 
enables  us  to  explain  other  cases  of  isomerism, 
where  the  difference  is  not  in  the  action  on  polar¬ 
ized  light,  such  as  maleic  and  fumaric  acids. 
As  in  these  two  carbon  atoms  are  doubly  bound, 
two  tetrahedra  are  supposed  to  have  an  edge  in 
common,  and  the  possibility  of  spacerisomerism  be¬ 
comes  apparent.  An  extension  of  the  principles  of 
carbon  stereochemistry  in  a  modified  form  to  the 
nitrogen  atom  has  been  of  great  service.  The 
stereochemistry  of  inorganic  compounds  has  lately 
been  developed  by  Werner,  and,  though  still  in  its 
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infancy,  already  shows  the  great  amount  of  valuable 
work  that  may  be  done  in  this  field. 

STEREOCHROMY.  See  Silica,  Vol.  XXII, 
P-  59- 

STEREOM,  the  tissues  of  a  plant  which  serve 
for  mechanical  support. 

STEREOTYPING  and  ELECTROTYPING. 
See  Typography,  Vol.  XXIII,  pp.  748,  749. 

STERILITY.  See  Medical  Jurisdiction,  Vol. 
XV,  p.  789;  and  Hybridism, Vol.XII, pp.437-442. 

STERILIZATION  OF  BACTERIA,  the  pro¬ 
cess  of  removing  or  destroying  bacteria  and  other 
germs,  in  order  to  prevent  multiplication.  It  is 
usually  accomplished  by  heat  or  chemicals.  A 
sterilized  vessel  or  instrument  is  one  that  has 
been  treated  to  remove  or  destroy  any  adhering 
germs  that  might  thrive  in  the  substance  the  vessel 
or  instrument  is  to  come  in  contact  with.  A  steri¬ 
lized  liquid  is  one  freed  from  living  germs.  See 
also  Surgery,  American,  in  these  Supplements. 

STERLET.  See  Sturgeon,  Vol.  XXII,  p. 
644. 

STERLING,  Illinois,  a  city  of  Whiteside 
County,  on  Rock  River,  below  Rock  Falls,  and 
the  junction  of  two  divisions  of  the  Chicago, 
Burlington  &  Quincy,  and  the  Chicago  &  North¬ 
western  railroads,  no  miles  west  of  Chicago.  It 
is  the  commercial  and  manufacturing  center  of  a 
farming  region,  is  also  a  summer  resort,  contains 
the  general  offices  of  the  Chicago,  Burlington  & 
Quincy  railroad,  and  has  an  industrial  output  of 
agricultural  implements,  machinery,  gas  engines, 
wire,  screws,  bolts,  paper,  caskets  and  hearses, 
supplying  a  large  export  trade.  Population, 
1890,  5,824;  1900,  6,309.  C.L.S. 

STERLING,  Kansas,  a  city  of  Rice  County, 
on  the  north  bank  of  the  Arkansas  River,  and 
on  divisions  of  the  Missouri  Pacific,  and  the 
Atchison,  Topeka  &  Santa  Fd  railroads,  58  miles 
southwest  of  Salina.  It  is  an  agricultural  and 
cattle-breeding  center  and  manufactures  flour, 
sugar  and  salt.  Population,  1890,  1,641;  1900, 
2,002.  C.L.S. 

STERLING,  Antoinette.  See  McKinlay, 
Mrs.  John,  in  these  Supplements. 

STERNBERG,  George  Miller,  surgeon ; 
born  in  Otsego  County,  N.  Y.,  June  8, 1838  ;  was 
graduated  at  the  College  of  Physicians  and  Sur¬ 
geons,  New  York  city,  in  i860;  was  appointed 
an  assistant  surgeon  in  the  Union  army,  May  28, 
1861;  promoted  captain,  May  28,  1866;  major, 
Dec.  1,  1875;  lieutenant-colonel,  Jan.  2,  1891;  and 
brigadier-general  and  surgeon-general,  May  30, 
1893;  and  was  retired  June  8,  1902.  Not  only 
was  Dr.  Sternberg’s  service  important  in  the  army 
both  during  and  subsequent  to  the  Civil  War  and 
in  the  war  against  Spain,  but  he  especially  dis¬ 
tinguished  himself  by  his  researches  and  discoveries 
in  bacteriology.  g.j.h. 

STERNE,  Simon,  an  American  lawyer  and 
author;  born  in  Philadelphia,  Pa.,  July  23,  1839. 
He  was  graduated  from  the  law  department  of 
the  University  of  Pennsylvania  in  1859,  and  studied 
in  Germany  at  the  University  of  Heidelberg.  He 
was  admitted  to  the  New  York  bar  in  i860,  and 


became  a  leading  practitioner.  In  1875  he  was 
appointed  by  Governor  Tilden  one  of  the  com¬ 
missioners  to  devise  plans  for  the  government  of 
cities  in  New  York  state.  In  1886  President  Cleve¬ 
land  appointed  him  commissioner  to  report  on 
European  railways.  He  has  written  :  Representa¬ 
tive  Government  (1871);  and  Suffrage  in  Cities 
(1878);  Constitutional  History  of  the  United 
States  (1882),  and  has  contributed  many  articles 
on  economics  and  railways  to  magazines  and  re¬ 
views  and  toLalor’s  Cyclopediaof  Political  Science 
and  United  States  History.  w.m.c. 

STERNHOLD,  Thomas.  See  Hymns,  Vol. 
XII,  p.  624. 

STERNUM  or  BREAST-BONE.  See  Anat¬ 
omy.,  Vol.  I,  p.  721. 

STERRETT,  John  Robert  Sithington,  an 
American  author  and  educator;  born  at  Rock¬ 
bridge  Baths, Virginia, March  4, 1851;  hewasgradu* 
ated  from  the  University  of  Virginia  and  studied  in 
Europe.  While  abroad  he  was  engaged  in  impor¬ 
tant  archaeological  expeditions  in  Asia  Minor.  He 
was  professor  of  Greek  at  Miami  University,  the 
University  of  Texas,  and  Amherst  College,  and 
in  1901  became  head  of  the  department  of  Greek 
in  Cornell  University.  In  1896  he  was  professor 
in  the  American  School  of  Classical  Studies  at 
Athens.  His  works  include  Inscriptions  of  As • 
sosy  Inscriptions  of  Fralles  (1885)  ;  Wolf  Expedi¬ 
tion  to  Asia  Minor  (1885) ;  Epigraphical'fourney 
in  Asia  Minor  (1888) .  w.m.c. 

STETHOSCOPE.  See  Auscultation,  Vol.  Ill, 

p.  87. 

STEUBEN,  Friedrich  William  Augustus 
Henry  Ferdinand  von,  Barone  German- Amer¬ 
ican  soldier;  born  in  Magdeburg,  Prussia,  Nov.  15, 
1730.  He  was  educated  at  Breslau  and  served  as 
a  volunteer  at  the  siege  of  Prague.  He  was  ap¬ 
pointed  a  cadet  in  1747,  made  rapid  advance  and 
in  1758  became  adjutant-general.  In  1777  he 
went  to  America,  and  immediately  offered  his 
services  as  volunteer  to  the  army  at  Valley  Forge. 
He  devoted  himself  to  the  task  of  reorganizing  the 
army  on  the  European  model.  In  May,  1778,  he 
was  appointed  instructor-general  of  the  Conti¬ 
nental  army  with  the  rank  of  major-general.  In 
1780  he  commanded  a  division  with  General 
Greene  in  Virginia,  where  he  opposed  the  expe¬ 
dition  of  Benedict  Arnold  and  finally  took  an 
active  part  in  the  siege  of  Yorktown.  In  1780  he 
published  a  manual  for  the  army  entitled  Regula¬ 
tions  for  the  Order  and  Discipline  of  the  Troops 
of  the  United  States ,  which  came  into  general 
use.  In  1790  Congress  voted  him  a  pension  of 
$2,400.  He  died  near  Utica,  N.  Y.,  Nov.  28, 
i794*  W.M.C. 

STEUBENVILLE,  Ohio,  the  seat  of  Jefferson 
County,  a  city  laid  out  in  1798,  on  tbe  wes^  bank 
of  the  Ohio  River,  43  miles  west  of  Pittsburg. 
The  river  is  spanned  here  by  railway  bridges  of 
the  Pennsylvania  lines  west  of  Pittsburg,  and 
the  Wheeling  and  Lake  Erie  systems,  divisional 
lines  of  which  enter  the  city,  while  freight  and 
passenger  steamers  communicate  with  all  the  prin- 
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cipal  ports  on  the  Ohio  and  Mississippi.  The 
bituminous  coal  beds  and  natural  gas  fields  of 
the  neighborhood  contribute  to  the  commercial 
and  industrial  interests  of  the  city,  which  include 
iron,  'foundry,  pottery,  paper  and  large  glass 
works,  the  products  of  which  are  extensively  ex¬ 
ported.  Population,  1890,  13,394;  1900,  14,349. 

C.L.S. 

STEVENS,  Abel,  church  historian ;  born  in 
Philadelphia,  Pa.,  Jan.  19,  1815;  was  educated  at 
Wesleyan  University,  and  afterward  ordained  in 
the  Methodist  Episcopal  Church.  In  1834-40  he 
held  pastorates  in  Boston,  Mass.,  and  in  Provi¬ 
dence,  R.  I.  In  the  latter  year  he  became  engaged 
in  the  editing  of  religious  publications.  He  de¬ 
voted  much  time  to  the  study  of  the  history  of  the 
Methodist  Church,  and  his  writings  on  this  subject 
have  a  high  value  and  authority.  His  publications 
include  History  of  the  Methodist  Episcopal  Church 
in  the  United  States  of  America;  The  Centenary 
of  American  Methodism;  A  Compendious  History 
of  American  Methodism,  etc.  He  died  in  San 
Jos6,  Cal.,  Sept.  12,  1897.  g.j.h. 

STEVENS,  Alfred,  a  Belgian  artist;  born  in 
Brussels,  May  11,  1828.  He  studied  under  Navez 
in  Belgium,  and  Roqueplan  at  Paris.  He  became 
famous  for  his  genre-painting.  Among  his  works 
are  The  Visit;  A  Morning  in  the  Country;  The 
Japanese  Woman;  and  Springtime  of  Life.  He 
was  an  officer  of  the  Legion  of  Honor,  and 
divided  his  work  between  Belgium  and  France, 
but  maintaining  his  studio  in  Paris. 

STEVENS,  Alfred  George,  an  English 
sculptor;  born  in  Blamford,  Dorsetshire,  in  1818. 
He  received  his  artistic  training  in  Italy  between 
the  years  1833  and  1840.  In  1841  he  studied 
under  Thorwaldsen,  after  which  he  returned  to 
England.  In  1845  he  was  made  professor  in  the 
art  school  at  Sheffield  and  subsequently  became 
professor  of  architectural  drawing  in  the  London 
School  of  Design.  Among  the  best  examples  of 
his  work  is  the  Duke  of  Wellington  Monument  in 
Saint  Paul’s  Cathedral,  London.  He  made  many 
designs  for  metal  articles  of  daily  use,  executed  in 
classical  taste.  He  also  modeled  the  vases  deco¬ 
rating  the  front  of  the  British  Museum.  He  died 
in  London,  May  1,  1875*  w.m.c. 

STEVENS,  Benjamin  Franklin,  bibliogra¬ 
pher;  born  in  Barnet,  Vt.,  Feb.  19,  1833;  was 
educated  at  the  University  of  Vermont ;  removed 
to  London  and  united  with  his  brother  in  the  sell¬ 
ing  of  books.  Later  he  was  appointed  United 
States  despatch  agent  for  London,  and  also  became 
purchasing  agent  for  a  number  of  American  libra¬ 
ries.  He  spent  many  years  in  gathering  unpub¬ 
lished  material  relating  to  American  colonial 
history.  His  publications  include  The  Campaign 
in  Virginia  in  1781 ;  An  Exact  Reprint  of  Six 
Rare  Pamphlets  on  the  Clinton-  Cornwallis  Con¬ 
troversy;  Facsimiles  of  Manuscripts  in  European 
Archives  Relating  to  America ,  1773-1783  (25  vol¬ 
umes),  etc.  He  died  in  Surbiton,  England,  March 
5,  1902.  g.j.h. 

STEVENS,  Edwin  Augustus,  inventor;  born 
in  Hoboken,  N.  J.,  July  29,  1795;  son  of  John 
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Stevens.  He  early  became  an  assistant  to  his 
father  and  his  brother,  Robert,  and  was  treasurer 
of  the  Camden  and  Amboy  Railroad  Company  in 
1826-61 .  His  chief  inventions  include  the  Stevens 
plow,  and  the  air-tight  fire-room,  which  was 
adopted  by  the  Government  for  its  naval  vessels. 
He  is,  however,  best  remembered  for  his  munifi¬ 
cence  which  made  possible  the  establishment  of 
the  Stevens  Institute  of  Technology  in  Hoboken. 
He  died  in  Paris,  France,  Aug.  8,  1868.  g.j.h. 

STEVENS,  Henry,  bibliographer;  born  in 
Barnet,  Vt. ,  Aug.  24,  1819;  brother  of  Benjamin 
Franklin  Stevens;  was  graduated  at  Yale  College 
in  1843.  He  took  up  the  study  of  law,  but  be¬ 
coming  interested  in  American  colonial  history 
removed  to  London  for  the  purpose  of  devoting 
himself  to  research,  and  spent  the  remainder  of 
his  life  in  England.  Soon  after  his  arrival  in 
London  the  British  Museum  employed  him  to  se¬ 
cure  all  kinds  of  books  relating  to  North  and 
South  America.  He  became  a  high  authority  on 
early  travels  and  voyages  in  America,  as  well  as 
on  early  editions  of  the  English  Bible.  His  chief 
publications  include  Catalogue  of  Canadian 
Books  in  the  British  Museum;  Bibliotheca 
Americana ;  Historical  and  Geographical  Notes 
on  the  Earliest  Discoveries  in  A?nerica;  Schedule 
of  2,000  American  Historical  Nuggets;  Recol¬ 
lections  of  James  Lenox,  etc.  He  died  in  South 
Hampstead,  England,  Feb.  28,  1886.  g.j.h. 

STEVENS,  Isaac  Ingalls,  military  engineer; 
born  in  Andover,  Mass.,  in  1817;  was  graduated 
at  the  United  States  Military  Academy,  at  the 
head  of  his  class,  in  1839;  and  entered  the  army 
as  a  second  lieutenant  of  engineers.  He  was  pro¬ 
moted  first  lieutenant  in  the  following  year ;  was 
employed  on  New  England  coast  fortifications 
till  the  opening  of  the  Mexican  War;  and  was 
then  assigned  to  General  Scott’s  staff  as  adjutant 
of  engineers.  For  conspicuous  gallantry  at  Con¬ 
treras,  Churubusco,  Chapultepec,  and  the  City  of 
Mexico  he  was  brevetted  captain  and  major.  On 
his  return  Professor  Bache  selected  him  to  be  chief 
of  the  coast  survey.  In  1853  he  resigned  his  com¬ 
mission  in  the  army;  became  governor  of  Wash¬ 
ington  Territory  ;  and  was  its  delegate  in  Congress 
for  two  terms.  Soon  after  the  attack  on  Fort 
Sumter  he  was  appointed  colonel  of  the  Seventy- 
ninth  New  York  Highlanders;  on  Sept.  28, 
1861,  was  commissioned  a  brigadier-general  of 
volunteers  ;  on  July  4,  1862,  was  promoted  major- 
general  ;  and  on  September  following  was  killed 
in  battle  near  Chantilly,  Va.  g.j.h. 

STEVENS,  John,  inventor;  born  in  New 
York  city,  in  1749  ;  was  graduated  at  King’s  Col¬ 
lege  (now  Columbia  University)  in  1768;  and 
was  admitted  to  the  bar  in  1771  * 

Hoboken,  N.  J.,  but  began  practice  in  New  York 
city.  In  1 776-79  he  was  treasurer  of  New  Jersey ; 
and  was  also  a  colonel  in  the  army.  Through  his 
influence  Congress,  on  April  10,  i79°>  enacted  its 
first  law  for  the  protection  of  the  works  of  Ameri¬ 
can  inventors.  In  1789  he  turned  his  attention  to 
the  study  of  steam  engineering,  and  in  1792  secured 
several  patents  for  marine  engines.  He  finished 
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and  operated  his  first  boat  on  the  Hudson  River 
in  1798.  Later  he  became  associated  with  Robert 
Fulton,  and  together  they  succeeded  in  monopoliz¬ 
ing  steam  traffic  on  the  Hudson.  In  1804  he  com¬ 
pleted  the  first  steamboat  that  was  operated  with 
the  screw  propellor.  Though  he  advocated  screw 
propulsion  for  ocean  navigation  it  was  not  put  into 
practice  till  1837.  On  Oct.  11,  1811,  he  began 
operating  between  New  York  city  and  Hoboken, 
the  first  steam  ferry  system  in  the  United  States. 
A  few  years  later  he  secured  the  first  charter  ever 
granted  in  this  country  for  the  construction  and 
operation  of  a  steam  railroad,  which  was  built  to 
connect  the  Delaware  and  Raritan  Rivers.  He 
also,  in  1826,  constructed  the  first  steam  locomo¬ 
tive  that  successfully  drew  a  train  of  cars  in  the 
United  States.  He  died  in  Hoboken,  N.  J., 
March  6,  1838.  g.j.h. 

STEVENS,  John  Leavitt,  an  American 
journalist  and  diplomat;  born  in  Mount  Vernon, 
Maine,  August  1,  1820.  He  studied  theology 
under  private  instruction  and  was  ordained  a 
minister  in  the  Universalist  Church  in  1844.  HI 
health  caused  his  retirement  and  in  1855  he  be¬ 
came  editor  of  the  Kennebec  Journal.  In  1870, 
through  his.  friendship  with  James  G.  Blaine,  he 
was  appointed  minister  to  Uruguay  and  Para¬ 
guay.  In  1877  he  was  appointed  United  States 
minister  to  Sweden  and  Norway,  and  in  1889  be¬ 
came  minister  to  the  Hawaiian  Islands.  In  1893, 
after  the  revolution  in  Honolulu,  he  established 
a  protectorate  over  the  islands,  which  resulted  in 
serious  diplomatic  controversy,  but  the  action  of 
Minister  Stevens  in  establishing  a  protectorate  was 
disavowed  by  the  Secretary  of  State,  and  subse¬ 
quently  the  minister  was  recalled.  His  publica¬ 
tions  include  a  History  of  Gustavus  Adolphus 
(1884).  He  died  in  Augusta,  Maine,  February 
8,  1895.  W.M.C. 

STEVENS,  Robert  Livingston,  shipbuilder; 
born  in  Hoboken,  N.  J.,  Oct.  18,  1787;  son  of 
John  Stevens,  whom  he  assisted  in  building  the 
first  steamboat  propelled  by  a  screw.  In  1815  no 
steamboat  exceeded  a  speed  of  seven  miles  an  hour, 
but  about  this  time  he  constructed  a  vessel  which 
covered  eight  miles.  This  achievement  made  him 
famous  as  a  shipbuilder.  He  continued  his  ex¬ 
periments  for  many  years,  and  in  1832  he  built  the 
North  America ,  which  achieved  a  speed  of  fifteen 
miles  an  hour.  He  also  discovered  a  process  for 
making  percussion -shells  of  great  destructive 
power.  This  invention  was  purchased  by  the 
National  Government,  and  in  1842  Congress  au¬ 
thorized  him  to  execute  an  original  plan  for  an 
iron-clad  steam  vessel  that  would  be  impenetrable 
to  any  known  projectile.  Before,  however,  he 
could  complete  this  vessel,  there  were  many  new 
designs  in  cannon  and  armor,  and  these  necessitated 
so  many  changes  in  his  plans  that  he  died  before 
his  work  was  finished,  in  Hoboken,  N.  J.,  April 
20,  1859.  G.J.H. 

STEVENS  INSTITUTE  OF  TECHNOLOGY , 
an  educational  institution  for  men,  founded  in  1870 
by  the  trustees  of  the  will  of  Edwin  A.  Stevens,  who, 
on  his  death,  bequeathed  it,  in  addition  to  land  in 


Hoboken,  $650,000.  The  school  is  devoted  to  me¬ 
chanical-engineering  and  its  allied  studies.  Prac¬ 
tical  instruction  is  given  in  all  kinds  of  machine 
and  electrical  work.  There  were,  in  1907,  43*  stu¬ 
dents  .30  in  the  faculty;  and  a  library  of  9,000  vols. 

STEVENSON,  Adlai  Ewing,  an  American 
statesman;  born  in  Christian  County,  Kentucky 
Oct.  23,  1835.  In  1852 
the  family  removed  to 
Bloomington,  Illinois. 

Admitted  to  the  bar  in 
1858,  Mr.  Stevenson  was 
a  master  in  chancery  of 
Woodford  County,  and 
state’s  attorney  from 
1864  to  1868.  He  formed 
a  law  partnership  with 
James  S.  Ewing  at  Bloom¬ 
ington  in  1868.  He  was 
a  presidential  elector  in 
1864.  In  1878  he  was 
elected  to  Congress  as  a 
Democrat  carrying  ev¬ 
ery  county  in  the  district.  He  was  a  delegate  to 
the  Democratic  national  convention  of  1884,  and 
by  Cleveland  was  appointed  First  Assistant  Post¬ 
master-General.  In  1892  he  was  elected  Vice- 
President  of  the  United  States,  and  in  1897 
appointed  commissioner  on  international  bimet¬ 
allism.  In  the  summer  of  1900  Mr.  Stevenson 
was  nominated  at  the  Kansas  City  convention  as 
Democratic  candidate  for  Vice-President,  and  on 
August  8th  at  Indianapolis  he  accepted  the  nomi¬ 
nation.  He  continues  to  be  a  bimetallist,  as  well 
as  an  anti-expansionist.  Imperialism,  he  takes  to 
mean,  the  establishment  by  the  American  Republic 
of  the  colonial  methods  of  European  monarchies. 
As  he  has  said  of  it:  “  It  means  the  right  to  hold 
alien  people  as  subjects  and  enthrones  force  as  the 
controlling  agency  in  government.”  Anti-impe¬ 
rialism  and  the  Democratic  platform  were,  however, 
defeated  at  the  November  elections. 

STEVENSON,  Mrs.  Charles  A.  (Kate 
Claxton),  actress;  born  in  New  York  city  in 
1850;  began  her  professional  career  in  Chicago 
in  1870;  became  a  member  of  Daly’s  Fifth  Ave¬ 
nue  Theater  Company  in  New  York  in  1871 ;  and 
in  1876  made  her  first  starring  tour  in  the  part  of 
Louise  in  The  Two  Orphans.  It  was  while  play¬ 
ing  this  part  in  the  Brooklyn  Theater,  Dec.  5, 
1876,  that  the  building  was  burned  down  with 
appalling  loss  of  life.  g.j.h. 

STEVENSON,  David  Watson,  a  British  sculp¬ 
tor;  born  in  Rotha,  Scotland,  in  1842.  Died,  1904. 

STEVENSON,  Robert  Louis  Balfour,  a  Scot¬ 
tish  novelist  and  writer;  born  Nov.  30,  1850,  in 
Edinburgh.  He  belonged  to  the  family  of  famous 
lighthouse-engineers  (see  Vol.  XXII,  p.  573),  and 
his  father,  Thomas,  intended  him  for  the  same 
profession.  The  boy  always  suffered  from  ill 
health,  which  he  beguiled  with  wanderings  over  the 
fields  and  with  sketching.  Nevertheless,  he  had  a 
university  course  in  his  native  city,  getting  as  he 
thought, a littlediscipline.  Fora  time  he  frequented 
his  father’s  engineering  works  and  shops.  In  1871 
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he  began  to  study  law,  but  his  health  being  poor, 
he  was  sent  to  Mentone,  in  the  Riviera,  and  while 
there  he  wrote,  for  Mac¬ 
millan's  Magazine ,  Or¬ 
dered  South  (1872).  It  was 
his  second  publication, 
his  first  having  been 
published  by  his  lifelong 
friend,  Sidney  Colvin,  in 
The  Portfolio.  He  now 
passed  his  time  practically 
iru  in  search  of  health  and 
W  literary  subjects,  going 
from  London  to  Paris,  Ed¬ 
inburgh,  Barbizon,  La 
Monastier,  and  Burford 
Bridge,  whither  he  went 
in  order  to  be  near  George 
Meredith.  He  says  of  himself,  “  Nobody  ever  took 
such  pains  to  learn  a  trade  as  I  did.”  The  migra¬ 
tory  impulse  never  left  him,  nor  his  love  of  life  in 
the  open  air.  He  frequented  the  resorts  of  Cali¬ 
fornia  and  the  Adirondacks,  finally  settling  in 
Samoa.  He  had  lived  in  Bournemouth,  Hy£res, 
Davos,  Kingussie  and  Pitlochrie.  His  experience 
at  all  these  places  contributed  themes  and  materials 
for  his  books.  His  style  is  marked  by  a  masterly, 
lucid  utterance  and  command  of  simple,  idiomatic, 
rhythmic  English.  HJs  graphic  power  stamps  him 
as  a  genius.  It  is  even  more  captivating  than  his 
artistic  weaving  of  plots.  One  of  his  most  famous 
stories  is  Treasure  Island  (1883),  full  of  exuberant 
fancy  and  adventure.  At  the  same  time,  none  of 
his  works  excels  in  real  merit  his  Kidnapped^  1886); 
The  Master  of  Ballantrae  (1889),  and  Catriona 
(1893),  connected  stories  of  an  historical  char¬ 
acter  dealing  with  Jacobite  Scotland  and  Scotch 
character.  An  unusual  psychological  study  of 
double-consciousness  is  his  Strange  Case  of  Dr. 
fekyll and  Mr.  Hyde{i 886),  several  times  dramatized. 

In  1879  Stevenson  went  to  California,  where  he 
married  jf'widow,  whose  son,  Lloyd  Osbourne,  be¬ 
came  his  collaborator,  companion,  and  literary  exec¬ 
utor.  In  1887  he  moved  to  Samoa,  the  climate  and 
scenes  of  which  captivated  him,  and  he  bought  an 
estate  overlooking  Upolu,  in  the  island  of  Apia. 
He  called  his  place  Vailima,  and  it  was  upon  the 
mountain  side  there  that  he  died,  Dec.  3,  1894,  and 


was  buried. 

The  most  notable  of  his  books  ar  &  Northern  Lights , 
which  comprises  biographical  studies  of  his  engineer- 
[  ing  forbears;  A  Memoir  of  Fleeming  fenkin  (1877); 
and  Father  Damien  (1890).  His  Footnote  to  History 
(1892)  is  his  narrative  of  Samoan  political  conditions. 

Other  works  are  The  Pentland Rising (1866)  \  An 
Inland  Voyage  ( 1878);  Edinburgh;  Picturesque  Notes 
(1879);  Travels  with  a  Donkey  in  the  Cevennes  (1879); 
Virginibus  Puerisque  (1881);  Familiar  Studies  of 
Menand  Books  (1882) ;  New  Arabian  Nights(i882 ); 
The  Silverado  Squatters  (1883),  dealing  with  events 
in  California;  The  Dynamiter  (with  his  wife,  1885); 
Prince  Otto  (1885),  said  to  concern  the  history  of 
Milan  and  Natalie  in  Servia;  The  Merry  Meny  and 
Other  Tales  (1887),  in  which  the  wild  waves  of 
Aross  serve  as  an  avenger  of  crime;  Underwoods 
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(1887),  a  book  of  verses;  The  Black  Arrow  (1888), 
in  its  serial  form  called  The  Outlaws  of  Tunstall 
Forest;  The  Wrong  Box  (1889),  a  ghastly  tale,  in 
which  Osbourne  shared;  Ballads  (1890);  Across  the 
Plains  (1892),  dealing  with  the  author’s  trip  from 
New  York  to  San  Francisco  in  an  emigrant  train; 
some  plays,  written  in  conjunction  with  W.  E.  Hen¬ 
ley;  Admiral  Guinea  (1893);  Island  Nights  Enter¬ 
tainment  (1893),  concerned  with  the  folk-lore  of 
Polynesia;  and  Ebb  Tide  (1894).  Two  volumes 
came  out  posthumously,  entitled  St.  Ives  and  2he 
Lord  fustice  Clerk.  An  edition  de  luxe ,  of  which  be 
saw  the  first  volume,  was  in  process  of  publication 
at  the  time  of  his  death.  His  Vailima  letters  had 
serial  publication  not  long  after  his  decease.  The 
initial  numbers  of  the  trilingual  magazine,  Cosmop- 
olis,  contain  his  last  (and  unfinished)  work,  Weir  of 
Hermiston ,  edited  by  Sidney  Colvin. 

D.  O.  Kellogg. 

STEVENS  POINT,  Wisconsin,  the  seat  of 
Portage  County,  a  city  on  the  Wisconsin  River, 
and  a  junction  of  two  divisions  of  the  Wisconsin 
Central,  and  a  division  of  the  Green  Bay  &  West¬ 
ern  railroads,  159  miles  northwest  of  Milwaukee. 
A  state  normal  school  is  situated  here.  The  city 
has  long  been  the  center  of  the  lumbering  trade 
of  upper  Wisconsin,  and  among  its  industrial  es¬ 
tablishments  are  the  construction  workshops  of 
the  Wisconsin  Central  railroad,  timber,  box  and 
furniture  factories,  flour  and  paper  mills ;  the 
farming  interests,  especially  potato-growing,  also 
are  large.  Population,  1900,  9,524.  c.l.s. 

STEWART,  Alexander  Turney,  merchant ; 
born  in  Lisburne,  Ireland,  Oct.  12,  1803;  was 
educated  at  Trinity  College,  Dublin ;  settled  in 
New  York  city  in  1823;  and  a  short  time  after¬ 
ward  received  by  the  will  of  his  grandfather  about 
$4,000,  with  which  capital  he  established  a  dry- 
goods  business.  From  the  beginning  his  success 
was  very  rapid.  He  also  had  branch  houses  in 
Philadelphia,  Boston,  Paris,  Glasgow,  Belfast, 
Berlin,  and  other  cities.  He  established  Garden 
City,  L.  I.,  where  after  his  death  the  Cathedral 
of  the  Incarnation  was  erected  to  his  memory  by 
his  widow.  He  died  in  New  York,  April  10, 
1876,  and  on  Nov.  7?  1878,  his  remains  were 
stolen  from  St.  Mark’s  churchyard  in  expectation 
of  a  large  reward.  g.j.h. 

STEWART,  Balfour,  a  British  physicist;  born  in 
Edinburgh,  Scotland,  Nov.  1,  1828;  studied  at  St. 
Andrews  and  Edinburgh  University;  appointed  di¬ 
rector  of  Kew  Observatory  in  1859,  and  professor  of 
physics  at  Owens  College,  Manchester,  in  1870.  He 
is  regarded  as  one  of  the  originators  of  the  theory 
of  spectrum  analysis.  He  contributed  the  article  on 
Meteorology  to  this  Encyclopaedia.  Among  his 
numerous  publications  are  Radiant  Heat  (1858); 
Conservation  of  Energy  (1873);  and  The  Unseen  Uni¬ 
verse;  or ,  Physical  Speculations  on  a  Future  State 
(1875),  written  in  conjunction  with  Prof.  P.  G.  Tait. 
He  died  near  Drogheda,  Ireland,  Dec.  10,  1887. 

STEWART,  Charles,  an  American  naval  of¬ 
ficer;  born  in  Philadelphia,  Pa.,  July  28,  1778. 
He  entered  the  United  States  Navy  in  1798  with 
the  rank  of  lieutenant.  In  1800  while  com- 
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WILLIAM  M.  STEWART. 


mander  of  the  Experiment  he  captured  the  French 
ships  Deux  Amis ,  Diana ,  and  Louisa  Bridger. 
During  the  war  with  Tripoli  he  was  executive 
officer  of  the  Constitution  and  commanded  the 
Siren  from  1803  to  1806.  While  commanding 
the  Constitution  he  captured  the  Pictou  and  the 
British  brigs  Catherine  and  Phoenix  in  1813.  In 
1814  he  captured  the  Lord  Nelson  and  the  Susan. 
He  received  the  sobriquet  of  “Old  Ironsides.” 
He  was  promoted  to  rear-admiral  and  was  retired 
at  the  age  of  71.  He  died  in  Bordentown,  N.  J., 
Nov.  6,  1869.  w.m.c. 

STEWART,  William  Morris,  lawyer;  born 
in  Lyons,  N.  Y.,  Aug.  9,  1827;  entered  Yale 
College,  but  before  the 
time  of  graduation  re¬ 
moved  to  California,  and 
in  1850  settled  in  San 
Francisco.  Soon  after¬ 
ward  he  began  the  study 
of  law,  and  established 
himself  in  practice  in  the 
fall  of  1852.  About  this 
^  time  he  also  entered  polit¬ 
ical  life  and  was  ap¬ 
pointed  district  attorney 
of  Nevada  county ;  was 
elected  to  that  office  in 
1853  ?  and  was  appointed  attorney-general  of  Cal¬ 
ifornia  in  1854.  When  the  Comstock  lode  was 
discovered  in  i860,  he  removed  to  Virginia  City, 
and  secured  titles  for  the  first  claimants.  This 
was  the  greatest  mining  litigation  that  had  ever 
occurred  in  the  United  States.  He  was  a  United 
States  Senator  in  1863-75;  was  re-elected  in  1887, 
1893,  and  1899 ;  and  was  conspicuous  as  an  ad¬ 
vocate  of  the  free-coinage  of  silver.  g.j.h. 

STEYN,  Martinus  T.,  ex-president  of  the  late 
Orange  Free  State  (now  the  British  Orange  River 
Colony),  was  born  at  Winburg,  O.  F.  S.,  Oct.  2, 
1857.  He  was  educated  at  Bloemfontein,  in  Hol¬ 
land,  and  at  London.  He  practiced  law  in  the 
Free  State,  and  in  1896  was  elected  to  the  Presi¬ 
dency  of  his  native  republic.  After  the  Jameson 
Raid,  the  Orange  Free  State  and  the  Transvaal 
formed  a  defensive  alliance,  and  at  Steyn’s  invi¬ 
tation  and  that  of  President  Kruger,  a  conference 
was  called  at  Bloemfontein  in  May  1899,  at  which 
Sir  Alfred  Milner,  British  High  Commissioner  was 
present.  The  conference  had  reference  to  points 
at  issue  between  the  Transvaal  and  Britain.  Nego¬ 
tiations  came  to  an  end  when  President  Kruger’s 
ultimatum  to  Britain  was  issued,  in  Oct.  1899,  and 
when  war  broke  out  the  Free  State  threw  in  its  lot 
with  the  Transvaal.  On  Lord  Roberts’  occupa¬ 
tion  of  Bloemfontein,  the  independence  of  the 
state  was  abolished  and  Britain  declared  in  a  col¬ 
ony  of  the  Crown. 

STILLE,  Alfred,  physician ;  born  in  Phila¬ 
delphia,  Pa.,  Oct.  30,  1813;  was  graduated  at  the 
University  of  Pennsylvania  in  1832,  and  its  med¬ 
ical  department  in  1836.  After  studying  in 
Europe,  he  returned  and  began  practice  in  Phila¬ 
delphia  in  1841.  He  was  professor  of  the  theory 
and  practice  of  medicine  at  the  Pennsylvania 


Medical  College  in  1854-59,  ar,d  at  t^ie  University 
of  Pennsylvania  in  1864—84.  He  published 
Therapeutics  and  Materia  Medica;  General 
Pathology ;  Epidemic  Meningitis;  Cholera;  Na¬ 
tional  Dispensatory  (with  Prof.  John  M.  Maisch), 
etc.  He  died  in  Philadelphia,  Pa.,  Sept.  24, 
1900.  _  G.J.H. 

STILLE,  Charles  Janeway,  educator;  born 
in  Philadelphia,  Pa.,  Sept.  23,  1819;  was  gradu¬ 
ated  at  Yale  College  in  1839;  and  was  admitted 
to  the  bar,  but  preferred  literary  work.  He  was 
a  member  of  the  United  States  Sanitary  Commis¬ 
sion  throughout  the  Civil  War,  and  afterward  was 
its  historian.  In  1866—68  he  was  professor  of  his¬ 
tory  at  the  University  of  Pennsylvania  and  in 
1868—80  was  its  provost.  His  publications  include 
How  a  Free  People  Conduct  a  Long  War  * 
Northern  Interest  and  Southern  Independence t 
etc.  He  died  in  Atlantic  City,  N.  J.,  Aug.  11, 
1899.  G.J.H. 

STILLINGIA,  a  genus  of  plants  of  the  family 
Euphorhiaceoe ,  or  spurges,  with  alternate  leaves, 
and  a  terminal  spike  which  is  naked  and  staminate 
above  and  pistillate  below.  The  species  of  economic 
importance  is  S.  sebifera,  the  tallow  tree  of  China, 
whose  seeds  yield  a  useful  tallow  or  wax.  See 
also  Oils,  Vol.  XVII,  p.  768. 

STILLMAN,  William  James,  artist  and 
author;  born  in  Schenectady,  N.  Y.,  June  1, 
1828;  was  graduated  at  Union  College  in  1848, 
and  became  a  landscape  painter.  For  a  time  he 
studied  art  in  Europe.  Later  his  paintings  were 
exhibited  at  the  National  Academy  of  Design,  of 
which  he  became  an  associate  in  1854.  In  con¬ 
nection  with  John  Durand,  the  art  critic,  he 
founded  the  short-lived  paper,  Crayon.  In  1865- 
69  he  was  United  States  consul  at  Crete.  In  1870 
he  took  up  journalism  as  a  profession,  and  five 
years  later  became  connected  with  the  London 
Times ,  for  which  he  traveled  in  Montenegro, 
Herzegovina  and  Greece.  He  wrote  The  Cretan 
Insurrection  of  1866—68 ;  Herzegovina  and  the 
Late  Uprising ;  Apollo  and  Venus  in  Painting 
and  Sculpture ,  etc.  He  died  near  London,  Eng¬ 
land,  July  5,  1901.  G.J.H. 

STILLS.  See  Distillation,  Vol.  VII,  pp. 
226-231. 

STILLWATER,  Minnesota,  the  seat  of  Wash¬ 
ington  County,  a  city  situated  at  the  head  of  Lake 
St.  Croix,  25  miles  north  of  its  confluence  with 
the  Mississippi  River,  and  at  the  boundary  with 
Wisconsin,  18  miles  northeast  of  St.  Paul.  It  is 
a  converging  point  for  divisions  of  the  Chicago, 
Milwaukee  and  St.  Paul,  the  Chicago,  St.  Paul, 
Minneapolis  and  Omaha,  and  the  Northern  Pacific 
railroads,  and  also  has  freight  and  passenger  steam¬ 
boat  connections  through  the  St.  Croix  River 
with  all  Mississippi  ports.  The  city  is  well  laid 
out  and  is  noted  for  several  fine  buildings ;  the 
Minnesota  state  prison  is  situated  here,  and 
among  notable  religious  institutions  is  St.  Joseph’s 
Roman  Catholic  Convent.  Stillwater  is  the  com¬ 
mercial  and  manufacturing  center  of  the  adjacent 
farming  and  lumbering  counties,  and  its  indus¬ 
trial  establishments  include  lumber,  saw,  planing 
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and  flour  mills,  broom,  sash  and  door,  stave  and 
barrel  factories,  tanneries,  machinery,  iron,  boiler, 
and  thresher  works.  See  Stillwater,  Vol. 
XXII,  p.  579.  Population,  1890,  11,260;  1900, 
12,318.  c.l.s. 

STILO,  Lucius  ^Elius  Pr^econinus,  a  Roman 
grammarian.  He  was  a  teacher  of  Varro  and  an 
Adherent  of  Quintus  Mettulus  Numidicus,  who  was 
exiled  in  100  B.  C.  Among  his  writings  are  De 
Proloquiis,  and  commentaries  on  the  Twelve  Tables 
and  the  Songs  of  Salii.  He  was  given  the  name 
Stilo  on  account  of  his  writings,  and,  his  father  hav¬ 
ing  been  a  praeco,,  the  name  Prceconinus  was  applied 
to  him.  See  Varro,  Vol.  XXIV,  pp.  100,  101. 

STIMPSON,  William,  an  American  zoolo¬ 
gist  and  author;  born  in  Roxbury,  Mass.,  February 
14,  1832.  He  was  educated  at  Harvard  and  later 
studied  under  Agassiz,  whom  he  accompanied 
upon  many  of  his  expeditions.  He  classified 
and  arranged  the  extensive  collections  made  by 
the  Agassiz  expedition  to  the  North  Pacific  in 
1852.  In  1869  he  was  appointed  curator  of  the 
Academy  of  Sciences  in  Chicago,  making  an  ex¬ 
tensive  and  valuable  zoological  collection,  which 
was  destroyed  in  the  great  Chicago  fire  of  1871. 
In  1872  he  became  connected  with  the  United 
States  Coast  Survey,  making  a  special  study  of 
deep  water  dredging,  but  died  the  same  year,  on 
May  16,  near  Baltimore,  Maryland.  He  wrote 
several  books  and  monographs  on  various  fauna, 
including  Crustacea  of  the  Pacific  Shores  of 
North  America  (1858),  and  Researches  upon  the 
Hydrobince  and  Allied  Forms  (1865).  w.m.c. 

STIMSON,  Frederick  Jesup,  an  American 
lawyer  and  author;  born  in  Dedham,  Mass.,  July 
20,  1855.  He  was  graduated  from  Harvard  in 
1876.  He  has  written  numerous  novels  under  the 
pseudonym  “  J.  S.  of  Dale,5’  among  them,  Guern- 
dale  (1882);  The  Crime  of  Henry  Vane  (1884); 
King  Noanett  (1896).  He  is  also  the  author  of 
law  books,  including  American  Statute-Lav: 
(1886);  Samson's  Law  Glossary  (1890);  Gov¬ 
ernment  by  Injunction  :  Labor  in  Its  Relation  to 
Law  (1894) ;  Handbook  to  the  Labor  Law  of  the 
United  States  (1895);  and  Uniform  State  Legis¬ 
lation  (1896). 

STIMULANTS.  See  Dietetics,  Vol.  VII, 
pp.  178,  et  seq;  and  Drunkenness,  Vol.  VII, 
pp.  416,  et  seq. 

STING-RAY.  See  Ray,  Vol.  XX,  p.  312. 

STINKHORN  FUNGI  ( Phallus  impudicus ) 
is  a  typical  example  of  these  fungi,  having  a 
globose  volva  or  egg-like  base,  a  cylindric  stem 
cellulose  and  slightly  conical  at  each  end;  the  pilus 

Ior  cap  is  coni-campanulate  and  the  surface  pitted 
after  deliquescence.  w.r.b. 

STINKSTONE.  See  Geology,  Vol.  X,  p.  207. 
STINKWOOD  ( Oreodaphne  californica )  is  a 
tree  of  the  laurel  family  ( Lauracea ).  It  is  also 
known  as  “spice-bush,”  “balm  of  heaven,” 
“caieput  tree,”  etc.  w.r.b. 

STIPPLE-ENGRAVING,  a  branch  of  en¬ 
graving  so  closely  allied  to  line-engraving  as  to 
sometimes  be  classed  with  it.  Stipple-engraving 
C**J*itts  of  producing  shade  effects  in  engravings 


by  means  of  dots  instead  of  lines.  Generally  there 
must  be  some  stipple-work  in  every  engraving. 

STJERNHJELM,  Georg.  See  Sweden, 
Vol.  XXII,  p.  792. 

STO  AT.  See  Ermine,  Vol.  VIII,  p.  465% 

STOCK,  Live,  in  the  United  States.  See 
Agriculture,  in  these  Supplements. 

STOCKBRIDGE,  Massachusetts,  an  attractive 
town  and  summer  residential  resort  of  Berkshire 
County,  on  the  Housatonic  River,  and  on  a  divi¬ 
sion  of  the  New  York,  New  Haven  and  Hartford 
railroad,  near  the  New  York  state  boundary,  133 
miles  west  of  Boston.  It  has  textile  factories, 
flour  and  lumber  mills.  From  1735  to  1788  it  was 
the  residence  of  a  tribe  of  Indians  who,  in  the 
latter  year,  removed  to  Oneida,  N . Y.  Population, 
1890,  2,132;  1900,  2,081.  C.L.S. 

STOCK-DOVE.  See  Dove,Vo1.VII,  p.  328. 

STOCKFISH.  See  Ling,  Vol.  XIV,  p.  675. 

STOCKMAR,  Christian  Friedrich,' a  German 
diplomat;  born  in  Coburg,  Aug.  22,  1787.  He 
studied  medicine,  and  was  appointed  physician  t-o 
Prince  Leopold  of  Coburg,  and  in  time  became  the 
Prince’s  most  influential  adv/ser.  He  rendered 
valuable  assistance  in  the  negotiations  which  made 
Leopold  King  of  Belgium.  In  1834  he  entered  the 
service  of  Prince  Albert  of  Coburg,  and  continued 
with  the  Prince  after  the  latter’s  marriage  with 
Queen  Victoria  of  England.  He  was  Coburg’s  rep¬ 
resentative  in  the  Diet  of  1848,  and  advocated  the 
King  of  Prussia’s  right  to  be  German  Emperor.  He 
died  in  Coburg,  July  9,  1863. 

STOCKS  AND  STOCK  CERTIFICATES.  See 
Stock  Exchange,  Vol.  XXII,  pp.  585,  586. 

STOCKTON,  a  city  and  a  capital  of  San  Joaquin 
County,  California;  is  well  laid  out,  having  public 
squares  and  paved  streets  traversed  by  electric  rail¬ 
roads,  and  lighted  by  electricity.  Besides  an  ex¬ 
cellent  school-system,  conducted  at  an  annual  ex¬ 
pense  of  over  $67,000,  there  are  in  Stockton  a  num¬ 
ber  of  private  schools,  a  normal  institute  and  a  busi¬ 
ness  college.  There  are  five  banks,  with  a  net  capital 
and  surplus  of  over  two  million  dollars.  The  popu¬ 
lation  1890,  14,424;  1900,  17,506. 

STOCKTON,  a  town  and  the  capital  of  Rooks 
County,  northern  Kansas,  on  the  south  fork  of  the 
Solomon  River,  40  miles  N.  of  Hays  City,  on  the 
Missouri  Pacific  railway.  Its  population  in  1890 
was  880  ;  in  1900  it  was  1,030. 

STOCKTON,  a  town  and  the  capital  of  Cedar 
County,  southwestern  Missouri,  3  miles  W.  of  the 
Sac  River  and  about  50  miles  N.W.  of  Spring- 
field.  It  is  the  center  of  a  region  producing  some 
copper,  lead  and  zinc,  and  had  a  population  in 
1890  of  508  and  in  1900  of  555.  f 

STOCKTON,  Francis  Richard,  an  Ameri¬ 
can  author;  born  in  Philadelphia,  Pa.,  April  5, 
1834.  He  was  educated  in  the  public  schools  and 
became  a  wood  engraver  and  illustrator.  In  1873 
he  was  made  assistant  editor  of  St.  Nicholas ,  re¬ 
signing  in  1880  to  devote  himself  to  novel  writing. 
His  books  include:  Rudder  Grange  (1879)  5  The 
Lady  or  the  Tiger  (1884)  ;  The  Late  Mrs.  Null 
(1886);  The  Christmas  Wreck  ( 1886);  The  Cast¬ 
ing  Away  of  Mrs.  Leeks  and  Mrs.  Aleshine 
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(1886);  The  Hundredth  Man  (1887);  The  Du- 

santes  (1888);  Amos  Kilbright  (1888);  The 

Great  War  Syndicate 
^1889)  ;  The  Stories  of 
Three  Burglars  (1889)  ; 
The  Merry  Chanter  (1890) ; 
The  House  of  Martha 
(1891);  The  Squirrel  Inn 
(1891);  The  Watchmaker's 
Wife  (1893.)  5  The  Adven¬ 
tures  of  Captain  Horn 
1895);  The  Great  Stone 
Sardis  ( 1897)  »  The  Girl 
at  Cobhurst  (1898),  and 
Afloat  and  Ashore  (1900). 
He  also  wrote  Ting- a- Li  tig 
Tales  (1870)  and  many  other  books  for  children. 
He  died  in  Washington,  D.  C.,  April  20,  1902. 


R.  STOCKTON. 


W.M.C. 


STOCKTON,  Richard,  jurist;  born  in  Prince¬ 
ton,  N.  J.,  Oct.  1,  1730;  was  graduated  at  the 
College  of  New  Jersey  (now  Princeton  Univer¬ 
sity)  in  1748;  was  admitted  to  the  bar  in  1754; 
began  practice  in  Princeton;  was  chosen  a  member 
of  the  Executive  Council  of  New  Jersey  in  1768, 
and  appointed  to  the  Supreme  Court  bench  in  1774. 
Two  years  later  he  was  elected  to  Congress,  and 
though  at  first  he  did  not  think  a  separation  from 
England  wise,  he  gave  his  support  to  the  Declara¬ 
tion  of  Independence  and  became  one  of  its  signers. 
Later  Congress  sent  him  on  a  mission  to  the  North¬ 
ern  army,  and  on  his  return  from  it  he  was  captured 
by  a  band  of  Tories  and  cruelly  treated.  He  died 
in  Princeton,  N.  J.,  Feb.  28,  1781.  g.j.h. 

STOCKTON,  Robert  Field,  an  American  na¬ 
val  officer,  grandson  of  the  preceding;  was  born  at 
Princeton,  N.  J.,  in  1796.  After  attending  the 
College  of  New  jersey  for  a  time,  he  entered  the 
navy,  receiving  his  commission  as  midshipman  in 
1811.  He  first  served  on  the  frigate  President , 
under  Commodore  Rodgers,  and  was  commissioned 
lieutenant  in  1814.  In  1821  he  was  sent  to  the 
coast  of  Africa,  where  he  negotiated  the  acquisi¬ 
tion  of  lands  near  Cape  Mesurado,  in  behalf  of  the 
American  Colonization  Society.  In  the  year 
1826,  being  placed  on  furlough,  he  returned  to 
Princeton,  New  Jersey,  and  became  engaged  in 
the  construction  of  the  Delaware  and  Raritan 
Canal.  It  was  through  his  efforts  that  the  first 
steam-propelled  warship,  the  Princeton ,  was  con¬ 
structed,  in  1844.  He  was  offered  the  post  of 
Secretary  of  the  Navy,  by  President  Tyler,  but 
declined  to  accept  it.  In  1849  he  resigned  his 
commission  in  the  navy,  and  from  1851  to  1853 
he  was  United  States  Senator  from  New  Jersey. 
He  died  at  Princeton,  New  Jersey,  October  7, 
18  66.  r.  w.c. 

STOCK-YARDS.  For  economical  system  in, 
see  Abattoirs,  in  these  Supplements. 

STODDARD,  Charles  Augustus,  an  Amer¬ 
ican  clergyman  and  author ;  born  in  Boston,  Mas¬ 
sachusetts,  May  28,  1838.  He  received  his  edu¬ 
cation  at  Williams  College,  at  the  University  of 
Edinburgh  and  at  the  Union  Theological  Semi¬ 
nary.  F^r  several  years  he  was  pastor  of  the 


Washington  Heights  Presbyterian  Church,  New 
York  city,  and  in  1869  became  editor  of  the  New 
York  Observer .  His  published  writings  include 
Across  Russia  from  the  Baltic  to  the  Danube 
(1891);  Spanish  Cities  (1892);  Beyond  the 
Rockies  (1894);  A  Spring  fourncy  in  California 
(1895).  W.M.C. 


STODDARD,  Charles  Warren,  author; 
born  in  Rochester,  N.  Y.,  Aug.  7,  1843;  was 
educated  at  the  University  of  California.  For  a 
time  he  was  an  actor,  but  turning  his  attention  to 
journalism  he  was  made  a  special  traveling  corre¬ 
spondent  of  the  San  Francisco  Chronicle.  He 
went  to  nearly  every  part  of  the  world,  and  spent 
five  years  in  the  South  Seas.  In  1885—87  he  was 
professor  of  English  literature  at  the  University  of 
Notre  Dame,  Ind.  After  traveling  again  in  Europe 
he  was  called  to  the  chair  of  English  literature  at 
the  Catholic  University  of  America,  Washington, 
D.  C.  His  publications  include  South  Sea  Idyls ; 
Marshallah ;  The  Lepers  of  Molokai;  In  the 
Footprints  of  the  Padres,  etc.  g.j.h. 

STODDARD,  Richard  Henry,  poet  ;  born 
in  Hingham,  Mass.,  July  2,  1825.  He  went  with 
his  mother  to  New  York 


city  in  1835,  and  was 
there  put  to  work  in  an 
iron  foundry.  He,  how¬ 
ever,  read  widely  during 
his  leisure  time  and  soon 
began  to  contribute  to 
magazines  and  newspa¬ 
pers,  his  writings  usually 
finding  ready  acceptance. 

In  1853,  through  the  in¬ 
fluence  of  Nathaniel 
Hawthorne,  he  was  given 
a  position  in  the  custom  house,  where  he  remained 
till  1870.  Four  years  later  he  accepted  the  office 
of  librarian  of  New  York  city,  and  in  1880  be¬ 
came  literary  reviewer  of  the  Mail  and  Express. 
He  edited  The  Last  Political  Writings  of  Gen¬ 
eral  Nathaniel  Lyon,  and  wrote  Lives  of  Hum¬ 
boldt,  Lincoln,  and  Washington  Irving.  His 
poetical  works  include  The  Castle  by  the  Sea ; 
The  Loves  and  Heroines  of  the  Poets;  The  King's 
Bell,  etc.  He  died  in  New  York,  May  12,  1903. 


R.  H.  STODDARD. 


G.J.H. 

STODDARD,  William  Osborn,  an  Amer¬ 
ican  author;  born  in  Homer,  N.  Y.,  Sept.  24, 
1835.  He  was  graduated  from  the  University  ol 
Rochester  in  1857  and  entered  journalism  in  Chi¬ 
cago.  He  served  as  a  volunteer  in  the  Civil  Wai 
for  a  short  time  and  from  1861  to  1864  was  private 
secretary  to  President  Lincoln.  He  was  after¬ 
ward  United  States  marshal  in  Arkansas.  He 
has  written  The  Heart  of  It  (1880)  ;  Saltillo 
Boys  (1882)  ;  Life  of  Abraham  Lincoln  (1884) ; 
The  Red  Bounty  ( 1887)  ;  Lives  of  the  Presidents 
(1888);  Table  Talks  of  Lincoln  (1892);  Sfuirt 
Ten  Eyck  (1893)  ■>  The  SwordmakeP s  Iyin  ( 1896)  ; 
With  the  Black  Prince  (1898)  ;  Lincoln  at  Work 
(1899),  and  Jack  Morgan  (1901),  and  many 
other  stories  of  adventure  for  boys.  w.M.c. 

STOKERS, Mechanical.  There  are  but  a  few  sue- 
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cessful  mechanical  stokers  in  use.  Many  manufactur¬ 
ing  concerns  still  fire  their  furnaces  by  hand,  and  the 
practice  is  universal  on  steamships.  The  Roney  me¬ 
chanical  stoker  is  one  of  those  most  used  for  supply¬ 
ing  the  coal  to  steam-boilers.  It  is  a  sort  of  stairway, 
which  forms  the  fire-grate  of  the  furnace.  The  coal 
is  let  into  a  hopper  at  the  head  of  the  stairway,  and 
is  gradually  worked  downward  while  it  burns  until 
at  the  foot  of  the  stairway;  the  remainder  is  shaken 
off  into  the  ash-pit.  This  stairway  has  an  incline  of 
about  thirty  degrees,  and  the  steps  are  formed  of 
grate-bars,  each  of  which  is  separately  hinged  and 
connected  to  a  rocker-bar.  This  bar  is  connected 
with  a  crank  that  gives  a  periodical  shake  to  the 
whole  set  of  bars,  about  seven  to  ten  times  a  minute. 
The  fire  is  thus  constantly  stirred,  and  the  quantity 
of  coal  entering  is  made  adjustable  both  by  the 
rapidity  of  the  shakes  and  the  amount  of  throw 
given  the  grate-bars.  These  bars  are  made  separate, 
so  that  any  one  deformed  by  the  heat  can  be  re¬ 
moved  without  disturbing  the  others,  and  the  two 
lower  ones,  which  give  out  the  fastest,  can  be  re¬ 
moved  without  even  stopping  to  cool  down  the 
furnace. 

The  Jones  under-feed  mechanical  stoker  is  also  in 
successful  use.  With  this  the  coal  is  fed  from  the 
hopper  into  a  horizontal  cylinder  called  a  steam- 
ram.  This  ram  has  a  piston  or  pusher  that  works 
the  coal  on  to  the  furnace-grate  with  a  stroke  that 
may  be  regulated  as  desired.  Any  size  or  quality  of 
coal  may  be  used.  The  mechanism  is  combined 
with  a  blast  arrangement  from  tuyere-pipes,  which 
aids  the  combustion.  The  whole  arrangement  is 
extremely  simple,  and  does  not  interfere  with  hand¬ 
firing,  if  that  be  desired.  q  h.  Cochrane. 

STOKES,  Sir  George  Gabriel,  a  British  phy¬ 
sician,  scientistand  author;  born  in Skreen,  County 
Sligo,  Ireland,  August  13,  1819.  He  was  edu¬ 
cated  at  schools  at  Dublin  and  Bristol,  and  at 
Pembrook  College,  Cambridge,  where  he  took 
his  degree  in  1841,  and  in  the  same  year  became 
fellow  of  his  college.  In  1849  he  was  elected 
Lucasian  professor  of  mathematics  in  Cambridge 
University.  He  became  a  member  of  the  Royal 
Society  in  1851  and  was  president  of  the  society 
from  1885  until  1888.  In  1889  he  was  created  a 
baronet.  He  died  in  London,  February  1,  1903. 

W.M.C. 

STOKES,  Whitley,  a  British  lawyer;  born  in 
Dublin,  1830;  was  the  son  of  Dr.  Wm.  Stokes, 
professor  of  medicine  in  Dublin  University.  He 
was  educated  at  Trinity  College,  Dublin,  and  prac¬ 
ticed  a  while  in  that  city.  He  went  to  India  in 
1862,  andactedas  administrator-general,  in  Madras, 
1863-64;  and  became  president  of  the  Indian  law 
commission,  1879.  He  then  draughted  the  crimi¬ 
nal  and  civil  codes.  Besides  legal  works,  he 
published  a  long  series  of  philological  and  folk¬ 
lore  books,  chiefly  dealing  with  Irish  and  Goidelic 
subjects.  He  has  resided  in  London  since  his  re¬ 
turn  from  India.  r.c.a. 

STOMACH.  See  -  Digestive  Organs,  Vol. 
VII,  pp.  194-196;  and  Diseases  of,  see  Vol. 
XXII,  pp.  603-604. 


STOMAPODA  or  STOMOPODA.  See  Crus¬ 


tacea,  Vol.  VI,  p.  582. 

STOMATA.  See  Botany, Vol.  IV,  pp.  79,80. 
STOMI ATIDyE .  See  Ichthyology,  Vol. 


XII,  p.  732. 

STONE.  See  Building,  Vol.  IV,  pp. 419-42 1 ; 
and  Building-Stones,  in  these  Supplements. 

STONE,  a  measure  of  weight  in  use  throughout 
the  northwest  and  central  countries  of  Europe,  but 
varying  much  in  different  places.  The  English  im¬ 
perial  standard  stone  is  a  weight  of  1 4  pounds  avoir¬ 
dupois,  but  there  are  stones  of  other  weights  for 
particular  commodities;  thus,  the  stone  of  butcher’s 
meat  or  fish  is  8  pounds,  of  cheese  16  pounds,  of 
hemp  32  pounds,  of  glass  5  pounds,  etc. 

STONE,  Charles  Pomeroy,  military  officer; 
born  in  Greenfield,  Mass.,  Sept.  30,  1824;  was 
graduated  at  the  United  States  Military  Academy 
in  1845;  resigned  in  1856;  and  was  commis¬ 
sioned  colonel  in  the  14th  Infantry,  in  May, 
1861.  On  May  17,  1861,  he  was  promoted 
brigadier-general  of  volunteers,  and  later  given 
command  of  a  corps  on  the  upper  Potomac.  A 
serious  blunder  occurred  here  in  October.  Stone 
was  ordered  to  make  a  feint  of  crossing  the 
river  at  Ball’s  Bluff.  Thinking  to  surprise  the 


enemy  he  sent  troops  across  in  the  night,  but  at 
dawn  they  were  attacked  and  driven  into  the 
river,  with  heavy  loss.  In  1862  he  was  impris¬ 
oned  in  New  York,  but  as  no  charge  was  made 
against  him  he  was  released  and  assigned  to  duty  in 
the  Department  of  the  Gulf ;  and  on  Sept.  13,  1864, 
resigned  his  commission.  Subsequently  he  was 
chief  of  staff  of  the  Egyptian  army  for  several 
years,  and  engineer-in-chief  of  the  construction  of 
the  pedestal  of  the  statue  of  “Liberty  Enlighten¬ 
ing  the  World”  in  New  York  harbor.  He  died 
in  New  York,  Jan.  27,  1887.  e.o.w. 

STONE,  Charles  W..  an  American  public  man; 
born  in  Groton,  Massachusetts,  June  29,  1843.  He 
graduated  at  Williams  College  in  1863;  was  admit¬ 
ted  to  the  bar  in  1867;  appointed  county  superin¬ 
tendent  of  schools  of  Warren  County,  Pennsylvania, 
in  1865;  a  member  of  the  Pennsylvania  house  of 
representatives  in  1870  and  1871;  a  member  of  the 
Pennsylvania  senate  in  1877  and  1878;  lieutenant- 
governor  of  that  state  from  1879  to  1883;  appointed 
secretary  of  the  commonwealth  in  1887;  elected  to 
Congress  as  a  Republican 
in  1890,  and  re-elected  in 
1892  and  1894. 

STONE,  Lucy,  re¬ 
former;  born  in  West 
Brookfield,  Mass., 

Aug.  13,  1818;  taught 
school,  and,  with  the 
money  thus  earned, 
went  to  Oberlin  Col¬ 
lege,  where  she  was 
graduated  in  1847.  In 
that  year  she  became 
lecturer  for  the  Massa¬ 
chusetts  Anti-Slavery 
Society,  and  also  frequently  spoke  on  women’s 
rights.  In  1851  mainly  through  her  efforts  the 
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first  National  Woman’s  Rights  Convention  was 
held  in  Worcester,  Mass.  In  1855,  under  an 
agreement  that  she  should  retain  her  maiden 
name,  she  married  Henry  B.  Blackwell,  of  Cin¬ 
cinnati.  O.  Later  her  property  in  New  Jersey 
was  sold  for  taxes  that  she  refused  to  pay,  and 
in  protest  she  wrote  a  paper  on  Taxation  with¬ 
out  Representation.  In  1870  she  became  con¬ 
nected  with  the  Woman's  Journal,  published  in 
Boston,  and  in  1872  was  made  its  chief  editor. 
She  died  in  Dorchester,  Mass.,  Oct.  18,  1893. 

E.O.W. 

STONE,  Marcus,  a  British  artist;  born  in  Lon¬ 
don,  July  4, 1840.  He  received  little  or  no  instruc¬ 
tion;  was  for  a  time  an  illustrator  of  magazines  and 
books.  His  first  exhibited  work  was  in  1858,  Rest. 
In  1863  he  painted  From  Waterloo  to  Paris ,  an  inci¬ 
dent  in  Napoleon’s  life.  Among  his  later  paintings 
are  A  Gambler's  Wife  (1885) ;  The  First  Love-Letter 
(1889);  Two's  Company ,  Three's  None  (1892);  and 
A  Honeymoon  (1893). 

STONE,  Melville  E.,  an  American  journalist, 
born  Aug.  22,  1848,  at  Hudson,  Illinois;  educated 
in  the  public  schools  of  Chicago ;  began  newspaper 
work  in  1871  as  reporter  on  the  old  Republican ; 
became  city  editor  of  the  Lnter-Ocean ,  and  manag¬ 
ing  editor  of  the  consolidated  Post  and  Mail.  He 
founded  the  Chicago  Daily  News ,  the  original 
one-cent  paper  of  the  city,  and  retiring  from  this 
in  1888,  took  part  in  organizing  the  Globe  Na¬ 
tional  Bank  of  Chicago.  In  1893  he  became  gen¬ 
eral  manager  of  The  Associated  Press. 

STONE,  Thomas,  lawyer;  born  in  Charles 
County,  Md.,  in  1743  ;  studied  law  and  for  several 
years  practiced  in  Frederick,  Md.  He  was  elected 
a  delegate  to  Congress  in  December,  1774,  and 
served  in  that  body  in  1775—78.  He  took  a  prom¬ 
inent  part  in  the  movement  for  the  severance  of 
the  colonies  from  England,  both  voting  for  and 
signing  the  Declaration  of  Independence.  He 
was  again  a  member  of  Congress  in  1783-84  and 
for  a  time  was  its  presiding  officer.  At  the  ex¬ 
piration  of  his  term  he  resumed  practice.  He  died 
in  Port  Tobasco,  Md.,  Oct.  5,  1787.  g.j.h. 

STONE  CUTTING  AND  DRESSING.  The 
dressing  or  leveling  of  the  surfaces  of  blocks  of 
stone  is  now  performed  largely  by  a  compressed- 
air  machine,  introduced  in  1894.  A  strongly  made 
swinging  arm  carries  a  reciprocating  piston  on 
which  the  dressing-tools  are  mounted,  and  directed 
over  the  surface  of  the  stone,  doing  the  work  about 
ten  times  as  fast  as  it  can  be  done  by  hand.  The 
rough-pointing  of  stone  is  done  with  long-pointed 
tools,  called  picks,  which  even  up  the  surface  so  that 
the  projections  do  not  vary  more  than  half  or  three 
fourths  of  an  Inch.  For  fine-pointing,  narrow  steel 
rods  are  used,  and  the  surface  reduced  to  a  better 
level;  but  if  a  perfect  surface  is  desired,  fine-pointing 
is  omitted.  The  crandall  is  a  tool  usually  composed 
of  ten  double-headed  steel  rods  a  quarter  of  an  inch 
thick,  clamped  together  so  that  it  presents  a  row  of 
teeth,  which  are  used  to  produce  a  fine  pointing. 
The  operation  is  called  crandalling,  and  a  stone  is 
said  to  be  cross-crandalled  when  the  tool  has  gone 
over  the  surface  a  second  tine  at  right  angles.  In 


axing  a  surface  a  double-ended  blunt  ax  is  used,  or 
for  tooth-axing  an  ax  with  serrated  face.  Axing 
produces  nearly  parallel  chisel-marks.  Tooth-axing 
is  done  as  a  process  preliminary  to  bush-hammering. 
The  bush-hammer  has  a  square  head,  covered  with 
pyramidal  points,  and  produces  a  finely  dotted  sur¬ 
face.  Sandstone  and  marble  are  usually  sawed,  and 
rubbed  with  other  stone  to  level  the  surface.  The 
polishing  of  stone  is  done  in  a  bed  with  a  rotating 
disk  covered  with  felt  and  charged  with  a  powder. 

C.  H.  Cochrane. 

STONE-FLY.  See  Insects,  Vol:  XIII,  p.  158. 

STONE-FRUITS.  See  Drupe ,  under  Botany, 
Vol.  IV,  p.  137- 

STONEHAM,  Massachusetts,  a  town  and 
summer  resort  of  Middlesex  County,  terminus  of 
the  Montreal  and  Stoneham  branch  of  the  Boston 
and  Maine  railroad,  10  miles  north  of  Boston,  and 
connected  by  electric  trolley  roads  with  all  im¬ 
portant  neighboring  towns.  It  has  long  been  a 
busy  leather  and  shoe  manufacturing  center,  and 
also  produces  chemicals,  dies,  paper  boxes,  and 
other  articles.  Population,  1890,  6,155;  1900, 

6,197.  C.L.S. 

STONEMAN,  George,  military  officer;  born 
in  Busti'N.  Y.,  Aug.  8,  1822;  was  graduated  at 
the  United  States  Military  Academy,  July  1,  1846; 
and  entered  the  army  as  a  brevet  2d  lieutenant  in 
the  1st  Dragoons.  In  the  regular  army  he  was 
promoted  2d  lieutenant,  July  12,  1847;  1st  lieu¬ 
tenant,  July  25,  1854;  captain  2d  Cavalry,  March 
3,  1855;  major  1st  Cavalry,  May  9,  1861  ;  lieuten¬ 
ant-colonel  3d  Cavalry,  March  30,  1864;  and  colo¬ 
nel  2 1st  Infantry,  July  28,  1866  ;  was  retired  Aug, 
16,  1871;  resigned  Sept.  15,  1882;  appointed 
colonel  of  infantry,  Feb.  9,  1891,  and  again  re¬ 
tired  Feb.  24,  following.  General  Stoneman  or¬ 
ganized  the  cavalry  of  the  Army  of  the  Potomac 
and  commanded  it  in  the  Peninsular  campaign  ; 
and  was  governor  of  California  in  1883-87.  He 
died  in  Buffalo,  N.  Y.,  Sept.  5,  1894.  g.j.h. 

STONL-PINE,  Swiss.  Se§  Pine,  Vol.  XIX, 
pp.  1 13,  1 14. 

STONE  RIVER,  Battle  of.  See  Murfrees¬ 
boro,  in  these  Supplements. 

STONEWORTS,  same  as  Characeas.  See  Veg¬ 
etable  Kingdom,  Vol.  XXIV,  p.  137. 

STONINGTON,  Connecticut,  a  town  of  New 
London  County,  with  a  seaport  borough  on  a 
rocky  promontory  projecting  into  the  eastern  end 
of  Long  Island  Sound,  opposite  Fisher’s  Island, 
and  with  a  safe  and  commodious  harbor  protected 
by  a  breakwater,  constructed  by  the  government 
at  a  cost  of  $50,000.  It  is  on  a  division  of  the 
New  York,  New  Haven  and  Hartford  railroad, 
12  miles  east  of  New  London,  and  has  daily 
steamer  communication  and  an  active  shipping 
and  coastwise  trade  with  New  York  and  other 
Sound  ports.  Formerly  a  busy  whale  and  seal¬ 
fishing  port,  in  1814  it  was  unsuccessfully  bom¬ 
barded  by  a  British  fleet.  It  has  hardware,  tin¬ 
ware,  and  silver  plating  factories.  Population, 
1900,  of  town,  8,540.  c.l.s. 

STONYHURST  COLLEGE,  a  Roman  Catholic 
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institution  for  the  education  of  young  men,  located 
in  Lancashire,  England,  4  miles  S.W.  of  Clitheroe. 
The  parent  of  this  institution  was  St.  Omer’s  Semi¬ 
nary,  France,  founded  in  1592.  There  it  flourished, 
but  Bourbon  oppression  compelled  its  removal  to 
Stonyhurst  in  1794.  Both  academic  and  collegiate 
instruction  are  given.  In  1895  there  were  about 
three  hundred  students  in  attendance,  with  thirty 
Instructors,  and  a  library  of  about  forty  thousand 
▼olumes. 

STONY  POINT,  New  York,  a  town  of 
Rockland  County,  on  the  west  bank  of  the  Hud¬ 
son  River,  42  miles  north  of  New  York  city,  on 
divisions  of  the  West  Shore  and  the  New  Jersey 
&  New  York  railroads.  It  takes  its  name  from 
the  high  rocky  promontory  at  the  head  of  Haver- 
straw  Bay,  on  which  was  a  fort  occupied  by  the 
British  in  1779  during  the  Revolutionary  War, 
and  which  wasstormed  and  taken  by  the  Americans 
under  Gen.  Wayne.  A  lighthouse  marks  the  site 
of  the  old  fort.  Population,  1900,4,161.  c.l.s. 
STOP.  See  Organ,  Vol.  XVII,  p.  852. 

STOPPAGE,  in  Transitu.  See  Sale,  Vol. 

XXI,  p.  218. 

STORAGE  BATTERIES.  See  Electricity, 
fi§  97  to  109,  in  these  Supplements. 

STORER,  David  Humphreys,  zoologist; 
born  in  Portland,  Me.,  March  26,  1804;  was 
graduated  at  Bowdoin  College  in  1822,  and  at 
Harvard  Medical  School  in  1825;  and  practiced 
medicine  in  Boston,  Mass.,  till  1888.  He  was 
an  enthusiastic  student  of  natural  sciences,  and 
was  one  of  the  founders  of  the  Boston  Society 
of  Natural  History.  He  published  History  of  the 
Fishes  of  Massachusetts;  Synopsis  of  the  Fishes 
of  North  America ;  and  Report  on  the  Ichthyology 
and  Herpetology  of  Massachusetts .  He  died  in 
Boston,  Mass.,  in  1891.  E.o.w. 

STORER,  Francis  Humphreys,  chemist; 
born  in  Boston,  Mass.,  March  2ps  1832;  was  as¬ 
sistant  to  Professor  Cooke  in  chemistry  in  the 
Lawrence  Scientific  School  in  1851-53;  chemist 
to  the  United  States  North  Pacific  Exploring  Ex¬ 
pedition  in  1853;  graduated  at  the  Scientific 
School  in  1855;  professor  of  general  and  indus¬ 
trial  chemistry  at  the  Massachusetts  Institute  of 
Technology  in  1865-70 ;  and  in  the  latter  year  be¬ 
came  professor  of  agricultural  chemistry  in  the 
Bussey  Institution  of  Harvard  University.  His 
publications  include  Manual  of  Inorganic  Chem¬ 
istry;  Manual  of  Qualitative  Chemistry  Anal¬ 
ysis;  Alloys  of  Copper  and  Zinc ,  etc.  g.j.h. 

STORER,  Horatio  Robinson,  an  American 
surgeon;  born  in  Boston,  Mass.,  Feb.  27,  1830* 
He  was  educated  at  the  Boston  Latin  School  and 
graduated  from  Harvard  in  1850.  He  studied 
medicine  in  the  Harvard  and  Tremont  Medical 
Schools  and  from  1853  to  1856  studied  in  Paris, 
London  and  Edinburgh.  He  was  a  professor  at 
Harvard  until  1865  and  at  the  Berkshire  Medical 
College  until  1870,  when  he  became  president  of 
the  medical  staff  of  the  Newport,  R.  I.,  Hospital. 

W.M.C. 

STOREY,  George  Adolphus,  a  British  artist ; 
born  in  London,  Jan.  7,  1834.  He  studied  under 


Dulong,  in  Paris.  He  first  exhibited  in  185*. 
Among  his  works  are  Royal  Challenge  (1865);  Love 
in  a  Maze  (1873);  Scandal  (1873);  The  Milliner's 
-#17/(1891);  and  Waiting  for  Her  Partner  (1893). 

STORM,  John  Frederick,  a  Norwegian  phi¬ 
lologist  ;  born  in  Lorn,  November  24,  1836.  He 
was  educated  at  the  University  of  Christiana, 
graduating  in  1858.  In  1873  was  appointed 
professor  of  philology  at  this  university.  He  has 
written  A  Practical  Course  in  English  (1862)  ; 
English  Philology  (1879),  an^  French  Dialogues 
(1887).  Professor  Storm  wrote  the  article  Ro¬ 
mance  Languages  in  this  Encyclopaedia. 


W.M.C. 

STORM  LAKE,  Iowa,  the  seat  of  Buena 
Vista  County,  a  town  on  Storm  Lake,  reached 
by  three  lines  of  railroads,  80  miles  northeast  of 
Sioux  City.  It  is  a  farming  and  exporting  trade 
center,  with  some  domestic  manufactures.  Popu¬ 
lation,  1890,  1,682;  1900,  2,169.  C.l.s. 

STORMS.  See  Meteorology,  Vol.  XVI,  pp. 
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STORRS,  Henry  Martyn,  clergyman;  born 
in  Ravenna,  O.,  in  1827;  was  graduated  at  Am¬ 
herst  College  in  1846  and  at  the  Andover  Theo¬ 
logical  Seminary  in  1851  ;  held  Congregational 
pastorates  in  Lawrence,  Mass.,  Cincinnati,  and 
Brooklyn  till  1872;  was  then  secretary  of  the 
American  Home  Mission  Society  for  ten  years; 
entered  the  ministry  of  the  Presbyterian  Church, 
as  pastor  of  the  Old  First  Church  of  Orange, 
N.  J.,  in  1882;  and  remained  in  that  charge  till 
his  death,  in  the  meantime  declining  several  flat¬ 
tering  preferments.  He  died  in  Orange,  N.J., 
Dec.  1,  1894.  g.j.h. 

STORRS,  Richard  Salter,  clergyman;  born 
in  Braintree,  Mass.,  Aug.  21,  1821;  was  the 
fourth  in  descent  in  a  line 
of  clergymen  and  the  third 
to  bear  the  same  name; 
was  graduated  at  Amherst 
College  in  1839,  and  at 
the  Andover  Theological 
Seminary  in  1845;  was  or¬ 
dained  pastor  of  the  Har- 
vard  Congregational 
Church  in  Brookline, 

Mass.,  Oct.  22,  1845;  and 
from  1846  till  his  death  he 
was  pastor  and  pastor 
emeritus  of  the  Church  of 
the  Pilgrims  in  Brooklyn,  N.  Y.  In  1848  Dr. 
Storrs,  Dr.  Leonard  Bacon,  and  Dr.  Joseph  P. 
Thompson  founded  the  Independent ,  and  Dr. 
Storrs  was  one  of  its  editors  till  1861.  He  was 
deeply  interested  in  everything  that  concerned  the 
city  of  Brooklyn ;  served  on  its  Park  Commission  ; 
was  president  of  the  American  Board  for  ten 
years;  was  an  accomplished  orator  and  a  forceful 
writer.  He  died  June  5,  1900.  g.j.h. 

STORY,  Emma  Hayden,  a  soprano  singei, 
widely  known  by  her  maiden  name,  Emma  Eames, 
was  born  in  Shanghai,  China,  in  1868,  during  .  stay 
there  of  her  parents,  who  were  from  Boston,  Massa¬ 
chusetts.  After  musical  instruction  in  Boston  she 
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went  to  Paris  in  1884,  and  studied  under  Madame 
Marchesi.  She  was  a  protdg^e  of  Gounod,  and  hav¬ 
ing  made  her  d6but  in  1888,  appeared  at  the  Grand 
Opera  House  in  1889,  as  Juliette  in  his  opera  Romdo 
et  Juliette.  Two  years  later  she  sang  in  New  York 
under  H.  E.  Abbey,  taking  the  role  of  Marguerite 
in  Gounod’s  Faust.  In  July,  1891,  she  married  in 
London,  Julian  Story,  an  artist,  and  son  of  William 
Wetmore  Story.  Her  husband  had  the  exceptional 
honor  of  having  his  picture  Le  Laboratoire  de  St. 
Lazare ,  exhibited  at  the  Paris  Salon  of  1896,  pur¬ 
chased  by  the  French  government. 

STORY,  William  Wetmore,  an  American 
sculptor  and  poet;  born  in  Salem,  Massachusetts, 
February  12,  1819.  He 
was  graduated  from 
Harvard  in  1838.  He 
then  studied  law,  was 
admitted  to  the  bar  and 
practiced  five  years.  In 
1846  he  went  to  Italy  to 
study  art  and  made  his 
home  in  Rome.  His 
sculptures  include  a 
statueof  Edward  Everett 
and  one  of  Prescott ; 
Cleopatra;  Semiramis; 
Judith  ;  Jerusalem  ; 
Medea ,  and  the  Sibyl.  He  also  made  busts  of 
Judge  Story,  Lowell,  and  Bryant.  He  published 
Nature  and  Art ,  a  poem  (1844)  ;  Poems  (1847)  ; 
Life  and  Letters  of  Joseph  Story  (1851)  ;  Poems 
(1856);  The  American  Question  (1862);  Roba 
di  Roma  (1862);  Proportions  of  the  Hu?nan 
Figure  (1866);  Graffiti  d' Italia  (1868);  A  Ro¬ 
man  Lawyer  in  Jerusalem  (1870);  Nero:  An 
Historical  Play  (1875)  ;  Stephania:  A  Tragedy 
(1875)  ;  Castle  St.  Angelo  and  the  Evil  Eye 
(1877)  i  Vallombrosa  (1881)  ;  He  and  She  (1883); 
Poems  (1 886) ;  Eiammetta  (1886) ;  Conversations  in 
a  Studio  (1890);  Excursions  in  Art  and  Letters 
(1891);  A  Poet' s  Portfolio  ( 1894).  He  died  in  Val¬ 
lombrosa,  near  Florence,  Italy,  Oct.  7,  1895.  W.M.C. 

STOUGHTON,  Massachusetts,  a  town  of 
Norfolk  County,  18  miles  south  of  Boston,  con¬ 
nected  by  steam  and  electric  railroads.  It  is  a 
great  shoe  manufacturing  center,  and  also  pro¬ 
duces  rubber,  hosiery  and  other  knit  goods. 
Population,  1890,  4,852  ;  1900,  5,442.  c.L.s. 

STOUGHTON,  Wisconsin,  a  city  of  Dane 
County,  on  the  Yahara  River,  and  on  the  Prairie 
du  Chien  division  of  the  Chicago,  Milwaukee  & 
St.  Paul  railway,  16  miles  southeast  of  Madison. 


WILLIAM  W.  STORY. 


It  is  a  farming,  stock,  grain  and  tobacco-raising 
region,  and  manufactures  flour,  lumber  products, 
agricultural  implements,  wagons  and  buggies. 
Population,  1890,  2,470;  1900,  3,431.  c.L.s. 

STOUGHTON,  John,  an  English  clergyman 
and  historian ;  born  in  Norwich,  November  18, 
1807.  He  was  educated  at  New  College,  Lon¬ 
don.  He  was  a  minister  at  the  Independent 
Chapel,  Windsor,  from  1832  to  1843,  and  at  the 
Independent  Chapel,  Kensington,  from  1843  to 
1875.  He  was  chairman  of  the  Congregational 
Union  in  1856.  He  wrote  Haunts  and  Homes  of 


Martin  Luther  (1875);  Our  English  Bible 
(1878)  ;  Progress  of  Divine  Revelation  (1878)  ; 
Historical  Theology  (1881)  ;  The  History  of  Re¬ 
ligion  in  England  (1884),  and  Spanish  Reform¬ 
ers  (1883).  He  died  in  London,  October  24, 
1897.  W.M.C. 

STOVES.  A  recent  novelty  in  the  way  of  a  stove 
designed  for  cooking-purposes  is  one  invented  by 
Edward  Atkinson,  LL.D.,  the  well-known  lecturer 
and  writer  on  dietetics,  which  is  named  the  Aladdin 
oven,  and  received  an  award  at  the  Columbian  Ex¬ 
position  for  “  a  cooking-apparatus  which  economizes 
heat  and  controls  its  operations  to  a  degree  net 
heretofore  possible  in  cooking,  thus  greatly  reducing 
the  cost  of  fuel  for  domestic  requirements.”  The 
principle  on  which  this  oven  is  constructed  is  that 
heat  may  be  boxed  up.  In  other  words,  the  heat 
generated  from  the  combustion  of  a  small  quantity 
of  liquid  or  gaseous  fuel  can  be  held  and  accumu 
lated  within  a  case,  box  or  oven,  of  which  the  outer 
walls  are  made  of  non-conducting  material.  If 
this  principle  is  tenable,  then  all  metallic  ovens 
must  be  condemned,  because  there  is  no  metal  that 
is  not  a  good  conductor  of  heat.  Suitable  materials 
for  constructing  heat-chambers  or  ovens  may  either 
be  wood,  properly  protected  against  ignition  on  the 
inside,  wood-pulp,  compounds  of  magnesia,  fossil- 
meal,  non-conducting  clays,  or  a  recent  form  of 
asbestos  paper  crimped  to  hold  entrapped  air.  In  the 
oven  under  consideration,  the  heat  is  put  into  an 
outer  oven  made  of  non-metallic  and  non-con¬ 
ducting  material — here  a  form  of  stiff  paper  made 
from  wood-pulp  combined  with  other  ingredients. 
Inside  is  a  food-receptacle,  nearly  as  large  as  the 
outer  oven,  made  of  sheet-metal.  The  heat,  supplied 
from  below  either  by  a  lamp  with  a  circular  wick,  by 
gas  burned  in  a  Bunsen  burner,  or  by  natural  gas, 
passes  around  the  thin  iron  wall  of  the  inner  oven, 
through  which  it  penetrates  in  even  measure.  This 
inner  oven,  provided  with  a  ventilator  for  use  in 
special  cases,  is  closed,  so  that  the  products  of  com¬ 
bustion  and  the  direct  drying  heat  of  the  lamp  can¬ 
not  enter  it.  By  means  of  movable  shelves  the  in¬ 
terior  may  be  divided  into  not  more  than  four  com¬ 
partments.  Under  the  control  of  this  oven,  the  heat 
developed  from  the  top  of  the  chimney  of  a  central  • 
duct  lamp,  with  a  round  wick  one  and  one  half 
inches  in  diameter,  during  eight  hours,  by  the  com¬ 
bustion  of  one  quart  of  oil,  suffices  to  cook  fifty  to 
sixty  pounds  of  food-material  in  three  charges. 
The  ratio  is  one  pound  of  oil,  or  a  fraction  over 
one  pint,  to  twenty  or  thirty  pounds  of  food,  accord¬ 
ing  to  its  kind.  As  compared  with  the  energy  de¬ 
veloped  by  coal,  one  pound  of  oil  applied  in  an 
automatic  oven  will  do  the  work  of  fifty  to  seventy 
pounds  of  coal  consumed  in  the  ordinary  stove  or 
range. 

The  tendency  in  recent  forms  of  stoves,  both  for 
purposes  of  cooking  and  heating,  is  in  the  general 
direction  of  economizing  fuel,  with  an  attempt  at  the 
same  time  to  add  to  the  attractive  character  of  the 
vehicle  employed.  For  both  these  reasons  there  has 
been  an  increase  in  the  output  of  gas,  gasoline  and 
oil-stoves,  as  opposed  to  those  burning  either  wood 
or  hard  or  soft  coal.  So-called  electric  stoves,  in 
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which  the  heat  is  concentrated  in  suitable  resistance- 
coils,  are  also  coming  into  considerable  use. 

C.  H.  Cochrane. 

STOWE,  Calvin  Ellis,  clergyman;  born  in 
Natick,  Mass,  April  26,  1802  ;  was  graduated  at 
Bowdoin  College  in  1824,  and  at  the  Andover 
Theological  Seminary  in  1828.  In  1831  he  be¬ 
came  professor  of  Latin  and  Greek  at  Dart¬ 
mouth  College;  was  professor  of  Biblical  literature 
at  Lane  Theological  Seminary  in  1833—50;  of 
natural  and  revealed  religion  at  Bowdoin  College 
in  1850—52  ;  and  of  sacred  literature  in  Andover 
Theological  Seminary  in  1852-64.  He  married 
Harriet  Elizabeth  Beecher,  in  1836,  who  became 
famous  as  the  author  of  Uncle  Toni's  Cabin. 
Professor  Stowe  published  Origin  and  History 
of  the  Books  of  the  Bible;  etc.  He  died  in  Hart¬ 
ford,  Conn.,  Aug.  22,  1886.  E.o.w. 

STOWE,  Harriet  Elizabeth,  author  of  Uncle 
Tom's  Ca<$z«,wife  of  preceding,  and  a  sister  of  Henry 
Ward  Beecher;  born  June 
14,  1812,  at  Litchfield, 
Conn. ;  married  Professor 
Stowe  in  1836,  in  Cincin¬ 
nati,  where  she  gained 
her  most  vivid  insight 
into  the  conditions  of 
slavery.  Her  first  book 
was  The  Mayflower ,  or 
Sketches  of  the  Descendants 
of  the  Pilgrims  (1849). 
In  1850  her  husband  be¬ 
gan  a  two-years’  profes- 

harriet  beecher  stowe.  Sorship  at  Bowdoin  Col¬ 
lege,  and  while  living  at  Brunswick,  Maine,  Mrs. 
Stowe  began  her  world-renowned  story  in  The  Na¬ 
tional  Era,  an  antislavery  weekly  paper  published 
in  Washington.  In  serial  form  it  attracted  atten¬ 
tion,  but  when,  in  1853,  it  appeared  as  Uncle  Tom's 
Cabin,  it  obtained  extraordinary  popularity,  and 
was  regarded  as  an  epoch-making  book.  The  po¬ 
litical  contest  over  slavery  in  the  United  States 
was  at  this  time  in  a  bitter  stage,  and  Uncle  Tom's 
Cabin  was  hailed  on  the  one  side  as  a  powerful  sup¬ 
port  to  the  antislavery  movement,  and  on  the  other 
as  a  seditious  attack  upon  the  domestic  institutions 
of  the  slave  states.  The  avowed  object  of  the  book 
was  to  show  with  temperance  and  fidelity  to.  the 
humanity  of  the  better  class  of  slaveholders  the  in¬ 
justice  of  the  slave  system. 

Its  incidents  Mrs.  Stowe  did  not  claim  to  be  the 
life-history  of  any  person,  but  their  actual  occur¬ 
rence  to  some  persons  she  undertook  to  justify  by 
A  Key  to  Uncle  Tom's  Cabin  (1853).  The  first 
book  his  been  dramatized  in  twenty  ways,  trans¬ 
lated  into  more  than  as  many  languages  (it  is  said 
even  into  Chinese  and  Japanese),  and  its  remarkable 
and  ccntinuous  sales  placed  it  long  ago  among  the 
phenomenal  things  of  the  book  trade. 

In  1853,  Mrs.  Stowe  visited  Great  Britain,  where 
she  was  received  with  marked  public  attention.  She 
commemorated  this  visit  in  Sunny  Memories  of  For¬ 
eign  Lands  (1854). 

Mrs.  Stowe  was  destined  again  to  make  a  tempo- 


trachey 

rary  though  unsavory  sensation,  this  time  over  the 
history  of  Lord  Byron.  In  1868  the  Countess 
Guiccioli  gave  to  the  world  My  Recollections  of  Lord 
Byron,  in  which  she  spoke  somewhat  scornfully  of 
Lady  Byron.  Mrs.  Stowe  came  to  the  rescue  in  the 
following  year,  with  The  True  Story  of  Lord  Byron's 
Life,  in  which  she  alleged  that  the  poet  had  sustained 
incestuous  relations  with  his  sister,  the  discovery  of 
which  led  to  his  wife’s  desertion  of  him.  A  storm  of 
criticism  followed,  accompanied  by  exhaustive  refu¬ 
tations  of  the  scandal.  Mrs.  Stowe  answered  them  all 
in  Lady  Byron  Vindicated,  re-affirming  her  first  posi¬ 
tion. 

Besides  the  foregoing  books,  Mrs.  Stowe  pub¬ 
lished  a  number  of  novels,  of  which  Dred,  a  Tale  of 
the  Great  Dismal  Swamp  (1856);  and  the  New  Eng¬ 
land  tales,  The  Minister's  Wooing  (1859),  The  Pearl 
of  Orr's  Island  (1862),  Oldtown  Folks  (1869),  and 
Poganoc  People  (1878),  are  the  best-known.  To  these 
there  should  be  added,  out  of  a  long  list,  Agnes  of 
Sorrento  (1862);  Oldtown  Fireside  Stories  (1872); 
Pink  and  White  Tyranny  (1871),  dealing  with  di¬ 
vorce;  My  Wife,  or  Harry  Henderson' s  History 
(1872);  Palmetto  Leaves  (1873),  concerned  with 
Florida  scenes,  where  the  authoress  passed  many 
winters  in  Duval  County;  and  Betty's  Bright  Idea 
(1876). 

Her  last  years  were  passed  at  Hartford,  Connecti¬ 
cut,  her  memory  gradually  failing  her,  and  there  she 
died,  July  1,  1896. 

STRABO,  Walafrid.  See  Walafrid  Strabo, 
Vol.  XXIV,  p.  341. 

STRACHEY,  Richard,  a  British  general;  born 
at  Sutton  Court,  Somersetshire,  July  24,  1817.  He 
entered  the  British  Army  in  1836;  saw  service  in  the 
Indian  engineer  corps;  in  1857  was  appointed 
under-secretary  in  the  public  works  department  of 
the  Indian  government,  and  also  secretary  of  the 
central  provinces.  He  was  advanced  until  he  at¬ 
tained  the  rank  of  lieutenant-general,  in  1875,  when 
he  was  retired  from  the  army.  While  in  India  he 
devised  the  irrigation  plans,  organized  the  railways 
and  founded  the  forest  system.  After  retirement  he 
was  sent  on  several  important  missions  for  the  gov¬ 
ernment,  and  in  1889  became  chairman  of  the  East 
Indian  Railroad  Company.  He  represented  the  In¬ 
dian  government  at  the  monetary  conference  in 
Brussels  in  1892,  and  was  appointed  a  member  of 
the  Indian  currency  committee.  In  recognition  of 
his  labors  in  the  interests  of  geography  he  was  in 
1884  appointed  a  delegate  to  the  meridian  confer¬ 
ence,  held  at  Washington. 

STRACHEYr,  William,  colonist;  left  Eng¬ 
land  for  Virginia,  with  Sir  Thomas  Gates  in  1609, 
but  the  vessel  being  wrecked  among  the  Bermu¬ 
das,  he  did  not  reach  his  destination  till  1610. 
He  was  the  first  secretary  of  the  colony,  serving 
in  1610-13.  Later  he  returned  to  England. 
He  was  the  author  of  Eawcs,  Divine,  Morall, 
and  Martiall;  Historie  of  Travaile  into  Vir¬ 
ginia  Brittania;  and  A  True  Repertory  of  the 
Wrack e  and  Redemption  of  Sir  Thomas  Gates 
upon  and  from  the  Islands  of  the  Bertnudas. 
The  last  work  was  afterward  published  in  Pur- 
chas’s  Pilgrim e.o.w. 
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STRAKOSCH. 


STRADIVARI,  Antonio.  See  Violin,  Vol. 
XXIV,  p.  263. 

STRAIGHT  UNIVERSITY,  a  co-educational 
institution  for  the  training  of  negroes.  It  was 
founded  in  1869  by  Seymour  Straight,  at  New  Or¬ 
leans,  Louisiana.  Academic,  normal  and  collegiate 
courses  are  given.  Manual  training  is  begun  in  the 
lower  grades  and  continued  until  graduation.  In 
1900  there  were  8  in  the  faculty,  50  students  in 
attendance,  and  a  library  of  about  2,500  volumes. 

STRAIN.  See  Strength  of  Materials,  Vol. 
XXII,  p.  624;  and  in  these  Supplements. 

STRAKOSCH,  Clara  Louise  (Kellogg),  an 
American  singer,  born  in  Sumterville,  South  Car¬ 
olina,  July  12,  1842.  She 
acquired  her  musical  edu¬ 
cation  in  New  York  City, 
and  in  1861  made  her 
first  public  appearance  as 
‘ 1  Gilda  ”  in  Rigolelto.  Her 
success  was  almost  imme¬ 
diate,  and  after  singing  in 
her  own  country  she  went 
in  1867  to  London,  where 
she  made  her  d6but  as 
“  Marguerite,”  winningin- 
stant  popularity.  The  fol¬ 
lowing  year  she  returned 
to  America,  and  afterward  appeared  in  many  Euro¬ 
pean  countries.  Her  voice  was  a  pure  soprano  of  a 
wide  range,  and  was  tuneful  to  the  highest  point  of 
perfection.  Among  the  operas  with  which  her 
name  is  most  identified  are  Faust ,  Crispino .  Tra- 
vaita,  Aida ,  and  Carmen.  In  1887  Miss  Kellogg 
became  the  wife  of  Mr.  Paul  Strakosch. 

STRATEGY.  See  War,  Vol.  XXIV,  pp. 
369-374;  and  Naval,  pp.  384-386. 

STRATFORD,  a  city  and  capital  of  Perth 
County,  western  Ontario;  population  1901,  9,959. 

STRATHCONA  AND  MOUNT  ROYAL,  Lord, 
Donald  Alexander  Smith,  G.  C.  M.  G.,  High 
Commissioner  for  Canada  in  London,  was  born  in 
Scotland  in  1820.  He  entered  at  an  early  age  the 
service,  in  Canada,  of  the  Hudson  Bay  Company, 
and  was  the  last  resident  governor  of  that  fur¬ 
trading  corporation.  Was  M.  P.  for  Selkirk,  Mani¬ 
toba,  in  Dominion  House  of  Commons,  and 
afterwards  represented  Montreal  West.  Was 
created  a  K.  C.  M.  G.  in  1886  and  a  G.  C.  M.  G. 
in  1896,  and  in  the  following  year  was  elevated 
to  the  British  peerage  for  his  distinguished  services 
and  many  philanthropies.  In  1898  he  gave  a 
million  dollars  to  the  Royal  Victoria  College  for 
Women,  in  connection  with  McGill  Univ.,  Mon¬ 
treal.  In  Jan.  1900,  he  equipped  at  his  own  ex¬ 
pense  and  presented  for  use  to  the  British  gov¬ 
ernment  a  corps  of  over  500  mounted  men  (known 
as  “  Strathcona’s  Horse”),  for  service  against  the 
Boers  in  South  Africa. 

STRATHROY,  a  town  of  Middlesex  District, 
western  Ontario,  on  the  Grand  Trunk  railroad. 
Population  1891,  3,316;  1901,  2,933. 

STRAUSS,  Johann,  the  younger,  an  Austrian 
music  composer;  known  as  the  “Waltz  King”; 
born  in  Vienna,  Oct.  25,  1825.  Notwithstanding 


the  opposition  of  his  father,  Johann  Strauss,  the 
father  of  the  waltz,  he  began  his  musical  studies 
early  in  life,  and  in  1844 
made  his  d£but  as  a  con¬ 
ductor;  and  the  success  of 
that  occasion  attended 
him  throughout  his  ca¬ 
reer.  He  combined  his 
own  and  his  father’s  or¬ 
chestras,  after  the  latter’s 
death,  and  toured  the  con¬ 
tinent  of  Europe.  But  it 
was  as  a  composer  that 
was  regarded  as  a  master. 

He  composed  his  first 
waltz,  Erster  Gedanke , 
when  but  six  years  old.  johann  strauss. 

From  that  time  until  1870  he  composed  over  400 
waltzes.  Then  he  retired  from  public  life  and 
devoted  himself  to  composing  operettas.  Of  hi* 
waltzes,  the  most  popular  is  An  der  Schonen  Blauen 
Donau .  His  operettas  include  Indigo  (1871);  Der 
Karneval  in  Rom  (1873)'  Der  Lustige  Krieg  ( The 
M erry  War)  ;  Jabuka  ( 1 894) ;  Gypsy  Baron ;  and  Der 
Fliedermaus [The Bat).  Diedin Vienna, June 3,1899. 

STREATOR,  Illinois,  a  city  and  important 
railway  junction  in  La  Salle  County,  on  the 
Vermilion  River,  and  the  converging  point  of 
divisions  of  the  Atchison,  Topeka  &  Santa  F6, 
the  Chicago  &  Alton,  the  Chicago,  Burlington  & 
Quincy,  the  Indiana,  Illinois  &  Iowa,  and  the 
Wabash  railroads,  100  miles  southwest  of  Chicago. 
Electric  street  railroads  also  connect  with  the 
neighboring  villages  and  towns  of  a  populous 
farming  and  coal-mining  region.  Valuable  de¬ 
posits  of  porcelain  and  other  clay  in  the  neighbor¬ 
hood  furnish  the  material  for  extensive  pottery, 
sewer  pipe  and  brick  works,  while  the  manufac¬ 
ture  of  glass  and  bottles  is  one  of  the  principal 
industries  of  the  city.  An  active  export  trade  is 
carried  on  in  these  products.  Streator  is  also  an 
educational  center  with  convents  and  several  good 
schools.  Population,  1890,  11,414;  1900,14,079. 

C.L.S. 

STREET-RAILWAYS.  See  Railroads, 
Railroads,  Electric,  and  Trolleys,  in  these 
Supplements. 

STREET-SWEEPERS.  The  common  form  of 
machine  in  use  for  sweeping  paved  streets  is  a 
vehicle  drawn  by  horses,  and  carrying  a  rotary 
broom  mounted  at  an  angle  of  about  45  degrees 
with  the  wheel-track.  By  means  of  gearing  to 
the  principal  axle,  the  broom  is  made  to  rotate  in 
the  opposite  direction  to  which  the  vehicle 
travels.  Fenders  are  provided  at  the  rear  and 
top  of  the  wheel  to  prevent  the  dust  from  being 
blown  about.  The  brooms  on  two-horse  machines 
have  a  length  of  eight  or  nine  feet,  and  are 
about  twenty-eight  inches  in  diameter  when  new. 
The  one-horse  machines  use  a  broom  about  six 
and  a  half  feet  in  length.  A  good  broom  will 
sweep  eight  hundred  miles  before  requiring  re¬ 
newal.  A  lever  is  placed  near  the  driver’s  foot 
so  that  he  can  raise  the  broom  over  obstructions 
that  would  interfere  with  its  work.  The  broom 
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may  be  set  for  either  light  or  heavy  sweeping. 
Smaller  machines  on  the  same  principle  are  made 
for  hand-sweeping,  as  in  parks,  about  depots  and 
public  buildings.  One  man  with  a  rotary  sweeper 
can  do  as  much  work  as  six  men  with  brooms. 
The  hand-sweeping  machines  are  usually  provided 
with  a  sprinkling-device  to  keep  down  the  dust. 
A  hand-machine  is  also  manufactured  for  sweep¬ 
ing  out  gutters.  This  broom  is  in  the  form  of  a 
Greek  cross,  and  rotates  on  an  upright  axis.  It 
is  mounted  in  the  center  of  a  tricycle  frame,  and 
is  so  adjustable  that  it  reaches  beyond  the  wheels 
into  the  farthest  corner  of  a  gutter,  and  throws 
the  dirt  into  a  line  about  fifteen  inches  from  the 
curb.  One  man  can  work  this  gutter-sweeper  at 
the  rate  of  about  two  and  a  half  miles  an  hour. 
Another  street-sweeping  machine  is  styled  the 
'  ‘  picker-up,  ’  ’  because  it  is  used  to  gather  up  into  a 
box  the  leavings  of  other  sweepers.  It  operates 
on  the  well-known  principle  of  the  carpet- 
sweeper,  and  is  pushed  along  the  so-called  wind¬ 
row  of  dirt  by  one-man  power. 

C.  H.  Cochrane. 

♦STRENGTH  OF  MATERIALS;  Modern 
Methods  of  Research.  The  prosecution  of  ex¬ 
perimental  researches  relating  to  strength  of  ma¬ 
terials  has  recently  come  to  constitute  one  of 
the  most  important  and  useful  departments  of 
experimental  science  in  the  technical  departments 
of  institutions  of  learning,  and  .in  governmental 
bureaus.  All  great  technical  schools,  and  the 
engineering  departments  of  all  governments,  are 
now  supplied  with  apparatus,  and  manned,  in  part, 
by  specialists  who  have  this  object  in  view. 

The  laboratories  of  the  Prussian  government,  in 
which  Wohler  and  Spangenberg  made  their  re¬ 
markable  investigations  of  the  effect  of  repeated 
stresses  and  strains,  and  that  at  Munich,  in  which 
Bauschinger  conducted  many  and  important  re¬ 
searches,  are  illustrations  of  foreign  practice; 
while  the  British  dockyards  and  arsenals,  and 
the  schools  of  science  at  Kensington  and  else¬ 
where,  furnish  similar  facilities  for  such  work. 
In  the  United  States,  the  government  possesses 
at  Watertown  Arsenal,  in  Massachusetts,  the 
largest  and  most  delicate  of  testing-machines, 
with  all  required  accessories,  and  has  there,  un¬ 
der  the  direction  of  its  purchaser,  the  “  United 
States  Board  appointed  to  test  iron,  steel  and 
other  metals,”  conducted  most  elaborate  and 
valuable  studies  of  the  metals  and  their  alloys.* 
Since  that  date  (1875-78),  and  the  disbandment 
of  that  board,  the  Ordnance  Bureau  of  the  army 
has  continued  similar  work,  with  fruitful  result. 
The  larger  technical  schools  of  the  United  States, 
as  well  as,  to  a  less  extent,  those  of  European 
countries,  are  supplied  with  apparatus  of  this 
kind,  both  for  use  in  instruction  and  for  research. 
Sibley  College,  Cornell  University,  possesses  many 
testing-machines,  ranging  in  power  from  15,000 
or  20,000  up  to  100,000,  to  200,000  and  to  300,- 
000  pounds,  including  the  large  “  Emery  testing 

•Reports  of  the  United  States  Board  testing  iron,  steel  and  other  metals; 
«dited  by  R.  H.  Thurston,  secretary  and  member  of  the  board.  Washington ; 
1678;  2  vols.  8vo. 

•Copyright,  1897.  by  The  Wemer  Company. 


machine”  of  the  Columbian  Exposition  at  Chi¬ 
cago,  1893.  The  same  institution,  in  its  College 
of  Civil  Engineering,  possesses  another  machine 
of  400,000  pounds  capacity.  The  Massachusetts 
Institute  of  Technology,  Columbia  College,  New 
York,  and  other  institutions,  also  employ  similar 
apparatus  in  experimental  engineering,  and  other 
laboratories  for  regular  use  in  investigation. 
The  outcome  of  their  work  includes  that  of  Lanza 
on  strength  of  timber,  that  of  Johnson  on  the 
timbers  of  the  United  States,  of  Smith  and 
Beardslee  on  tool-steels  and  on  irons,  of  Thur¬ 
ston  on  “  maximum  kalchoid  alloys  ”  and  on  the 
“  exaltation  of  the  elastic  limit  by  strain,”  and 
on  effects  of  time  and  of  orthogonal  stresses  and 
strains.  Mechanical  laboratories,  and  labora¬ 
tories  of  applied  mechanics,  in  all  countries  and 
in  all  great  engineering  colleges,  are  now  em¬ 
ployed  in  such  researches. 

The  apparatus  now  generally  used  in  this  work 
consists  of  various  forms  of  testing-machines  and 
measuring-instruments,  such  as  have  been  de¬ 
scribed  ;  and  the  power  and  delicacy  and  accuracy 
of  these  machines  and  apparatus  have  already  be¬ 
come  singularly  great.  Many  testing-machines 
are  now  furnished  with  systems  of  autographic 
registry,  based,  in  principle,  upon  that  of  Thurs¬ 
ton’s  autographic  machine  of  1871,  the  first  of  the 
class,  in  which  the  diagram  described  is  auto¬ 
matically  produced  in  the  course  of  the  operation 
of  testing,  and  of  which  diagram  the  co-ordinates 
are  resistances  and  extensions  or  other  distortions. 
Few  of  these  apparatus,  however,  can  be  relied 
upon  for  fine  measurements,  especially  within  the 
elastic  limit,  but  they  often  give  valuable  qualita¬ 
tive  indications  and  afford  useful  suggestions.  Of 
the  later  forms  of  testing-machines,  the  following 
may  be  taken  as  representative.  It  is  somewhat 
singular  that,  as  is  the  fact,  these  machines  should 
be  constructed  in  the  United  States,  on  the  whole, 
in  a  better  form  than  abroad,  and  at  less  cost, 
and  they  are  undoubtedly  more  generally  em¬ 
ployed  by  manufacturers,  and  especially  by  rail¬ 
ways;  the  latter  having  often  extensive  and  com¬ 
plete  laboratories  for  mechanical  and  scientific 
research.  In  this  direction,  the  Pennsylvania 
Railroad  Company  first  commenced  the  applica¬ 
tion  of  scientific  methods,  and  founded  the  most 
complete  laboratory  for  investigation ;  submitting 
all  its  materials  to  test,  under  contract,  and  in¬ 
vestigating  every  important  subject  with  a  view 
to  improvement  both  of  methods  and  of  ma¬ 
terials. 

The  methods  of  research  in  this  department  are 
coming  to  be  well  established ;  although  but  one 
compendium  of  such  methods  is  yet  published.* 
This  system  of  experimental  work  is  perhaps  most 
fully  illustrated  by  the  regular  schedule  of  work 
of  the  Department  of  Experimental  Engineering 
of  Sibley  College,  Cornell  University,  as  devel¬ 
oped  originally  at  the  Stevens  Institute  of  Tech¬ 
nology  from  1871  to  1885  by  Thurston,  and  later 
at  Cornell  University  by  the  same  investigator,  as 

*  Text-Book  of  Experimental  Engineering.  By  R.  C.  Carpenter,  Naw 
York;  1892;  1  vol.,  8vo. 
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director  of  Sibley  College,  and  aided  by  Carpen¬ 
ter,  in  charge  of  that  department  since  1890.* 

These  methods  consist,  in  general,  in  the  deter¬ 
mination  of  the  continuous  values  of  the  varying 
resistance,  extension,  elasticity  and  resilience  of 
the  material  investigated,  from  the  moment  of  ap¬ 
plication  of  stress,  through  all  the  changes  pro¬ 
duced  by  its  gradual  increase,  up  to,  and  espe¬ 
cially  at,  the  elastic  limit,  and  then  on  to  the  point 
of  final  rupture.  Frequently,  the  stress  is  re¬ 
lieved,  and  the  strain  reversed,  so  far  as  the  elas¬ 
ticity  of  the  piece  permits,  at  intervals  both  before 
and  after  the  original  elastic  limit  is  passed,  in 
order  to  ascertain  the  magnitude  and  limits  of  the 
new  limit  and  modulus  of  elasticity.  Where  prac¬ 
ticable,  autographic  records  are  secured,  and  a 
continuous  automatically-produced  curve  of  rela¬ 
tions  of  stress  and  strain — a  “stress-strain  dia¬ 
gram” —  is  thus  obtained  for  study  and  quanti¬ 
tative  investigation.  Where  such  a  diagram 
cannot  be  made  of  satisfactory  completeness  and 
accuracy,  the  investigator  plots  his  series  of  ob¬ 
servations,  and  thus  produces  a  similar  diagram. 
Such  diagrams,  first  employed  systematically  for 
such  purposes  by  Morin  and  Tresca,  are  now  uni¬ 
versally  applied  in  this  work.  It  is  only  by  their 
use  that  a  complete  history  of  the  deformation 
and  rupture  of  the  piece,  and  full  revelation  of  its 
properties,  can  be  secured.  Many  illustrations  of 
the  form  and  proportions  of  such  diagrams  are 
given  in  the  body  of  the  main  article. 

Standard  forms  and  proportions  of  test-piece 
are  obviously  essential  to  work  of  this  character, 
to  insure  intelligible  results.  The  forms  adopted 
in  the  system  here  followed  are  as  shown  in  the 

‘  Ibidem;  also  Thurston’s  Materials  of  Engineering;  Manual  of  St*  am 
Engine  and  Boiler  Trials,  etc. 


accompanying  figures.*  The  first  and  second  of 
these  forms  are  the  accepted  proportions  for  tests 
of  rolled  bars,  square  and  round,  as  found  in  the 
market;  the  third  is  adopted  for  samples  from 
plates  and  sheets,  and  the  fourth  is  the  standard 
in  form  and  proportions  of  a  test-piece  specially 
prepared  for  scientific  investigation.  The  fifth  is 
an  old,  and  now  discarded  shape  of  test-piece, 
formerly  in  use  in  all  departments  of  government 
work.  It  is  valueless  for  scientific  work,  as  it 
gives  no  measure  of  the  ductility  or  elasticity  of 
the  piece  from  which  can  be  deduced  correct 
values  of  its  moduli. 


Fig.  I. — SHAPES  FOR  TEST-PIECES. 


The  most  delicate  form  of  testing-machine,  and 
that  usually  regarded  as  best  for  fine  scientific 
work,  is  that  of  Emery,  already  referred  to  in  the 
main  article.  It  may  properly  be  here  more  fully 

♦Thurston’s  Materials  of  Engineering,  Vol.  II,  Fig.  79,  p.  389. 
Carpenter's  Experimental  Engineering ,  pp.  117,  118. 


Fig.  2. — 260,000-POUND  TESTING-MACHINE. — A.  H.  EMERY. 
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described.  The  illustration  (Fig.  2)  exhibits  the 
general  form  of  the  machine  employed  by  the 
United  States  government  at  the  Watertown  arse¬ 
nal,  and  still  more  perfectly  the  later  construction 
exhibited  at  the  Columbian  Exposition,  as  above 
referred  to,  and  now  forming  a  part  of  the  equip¬ 
ment  of  the  mechanical  laboratory  of  Cornell  Uni¬ 
versity.  The  marvelous  sensitiveness  and  accu¬ 
racy  of  this  machine  are  indicated  by  the  fact  that 
the  makers,  Messrs.  Sellers  and  Company,  of  Phila¬ 
delphia,  load  to  its  maximum  a  500,000-pound 
machine,  used  by  them  in  standardizing,  and  then 
find  that  the  addition  of  200  grains  causes  sensible 
movement  of  the  20,000  pounds  weight  of  inter- 
mediate^  indicating  mechanism,  and  shows  on  the 
needle,  which  is  thus  moved  0.02  inch.  In  the 
proof  of  the  United  States  arsenal  (Watertown) 
machine,  a  bar  of  iron  five  inches  in  diameter  was 
broken  by  a  load  of  722,800  pounds,  and  then  a 
horse-hair  0.007  inch  in  diameter  was  broken 


holder  is  secured  to  it.  The  draw-bar  is  enlarged 
in  the  middle,  and  against  each  of  the  shoulders 
thus  formed  is  secured  a  thin  annular  steel  plate 
(73)  these  plates  are  for  the  purpose  of  carrying 
and  centering  the  hydraulic  support,  which  is  made 
annular.  The  hydraulic  support  is  maintained  in 
fixed  relation  with  the  draw-bar  laterally,  while  it 
is  left  free  to  move  relatively  to  it  in  the  direc¬ 
tion  of  its  axis  through  the  small  distance  re¬ 
quired.  On  each  side  of  the  hydraulic  support, 
steel  collars  (71)  are  screwed  and  secured  to  the 
draw-bar;  these  collars  are  provided  in  the  periph¬ 
ery  with  a  series  of  ribs  (Fig.  3)  parallel  with  the 
axis  of  the  draw-bar.  The  ends  of  these  ribs  on 
the  two  beams  and  the  collars  are  accurately  faced 
at  right  angles  to  the  axis  of  the  draw-bar. 
Movement  of  the  draw-bar,  in  either  direction, 
carries  the  hydraulic  support  against  the  ends  of 
the  ribs  in  one  annular  beam;  brings  the  ends  of 
the  ribs  on  one  of  the  collars  on  the  bar  against 
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Fig.  3. — WEIGHING-HEAD. 


under  a  load  of  16  ounces,  and  after  stretching 
30  per  cent.  The  machine  is  sufficiently  well 
shown  as  a  whole  in  the  engraving.  The  details 
of  the  hydraulic  cushion  and  weighing-head  by 
which  pressures  are  received  and  transmitted 
without  friction,  the  fundamental  element  of  the 
construction,  are  shown  in  the  next  figure. 

The  indicator-needle  has  a  movement  at  its 
point  of  1%"  to  2ff,  and  this  is  not  less  than  300,- 
000  times  the  movement  of  the  piston  in  the 
weighing-head,  and  may,  on  large  machines,  be 
6,000,000  times  as  much.  The  transfer  of  fluid 
is  almost  imperceptible. 

The  weighing-head  (Fig.  3)  consists  of  two 
circular  or  annular  beams,  65  and  69,  firmly 
secured  together  by  bolts  placed  around  their 
periphery  and  by  the  straining-screws  which  pass 
through  both  beams  and  clamp  them  by  a  shoul¬ 
der  and  nut;  A  draw-bar  (70)  is  secured  in  the 
axis  of  these  beams  bv  two  thin  annular  steel 
plates  (72) ;  these  plates  hold  the  draw-bar  securely 
in  line  with  the  axis  of  the  machine,  while  permit¬ 
ting  a  free  motion  to  a  limited  extent  in  the 
direction  of  the  axis.  The  projecting  end  of  the 
draw-bar  is  provided  with  a  screw-thread  by 
which  the  compression  platform  or  the  tension- 


the  opposite  side  of  the  hydraulic  support,  and 
produces  pressure  on  the  contained  liquid  which 
is  transmitted  through  the  pipe  (63)  to  a  small 
hydraulic  chamber  in  the  scale. 

In  order  to  prevent  the  shock  of  recoil  from 
doing  injury  to  the  thin  brass  plates  in  the  hy¬ 
draulic  support,  the  abutting  piece  (64)  of  the 
support  which  rests  against  the  ribs  in  the  annu¬ 
lar  beam  (65)  when  strains  of  tension  are  applied 
is  made  larger  in  diameter  than  the  hydraulic 
support  proper,  and  is  divided  with  a  spiral  or 
screw-face  (66)  which  engages  with  a  correspond¬ 
ing  screw-face  formed  on  a  rotatable  ring  (67)  fit¬ 
ting  in  the  other  annular  beam  (69).  After  the  initial 
load  has  been  applied,  this  ring  is  rotated  by  the 
pinion-shaft  (68)  to  bring  the  screw- faces  in  con¬ 
tact  (see  Fig.  1),  and  the  abutting  piece  (64)  is 
thus  clamped  firmly  to  the  annular  beam  against 
which  it  rests.  When  the  specimen  breaks,  its 
first  blow  is  delivered  through  the  draw-bar  and 
ribbed  collar  to  this  abutting  piece  (64)  which 
transmits  it  through  the  ring  (67)  to  the  rear 
annular  beam  (69)  and  as  these  beams  (65  and  69) 
are  rigidly  united,  the  blow  is  absorbed  by  the 
total  mass  of  these  two  beams. 

The  weighing-head  is  returned  to  its  place  oa 
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the  bed  after  movement  due  to  recoil,  by  a  set  of 
spiral  springs  locked  up  in  boxes  secured  to  the 
bed.  The  annular  beams  constitute  one  built-up 
beam  to  resist  the  bending  due  to  the  pressure  on 
the  draw-bar  midway  between  the  straining- 
screws.  The  hydraulic  support  is  thus  inclosed 
in  a  rigid  mass  of  cast-iron,  and  effectually  pro¬ 
tected  against  injury  from  violence  or  from  being 
gummed  up  by  oil  from  the  straining-cylinder, 
and  the  frictionless  movement  of  this  support 
under  all  conditions  of  service  is  thus  insured. 


The  machine  employed  in  instruction  and  re¬ 
search  in  the  institution  above  referred  to,  when 
work  of  a  very  heavy  kind  is  to  be  done,  and 
when,  especially,  autographic  registry  is  desired, 
is  shown  in  great  detail  in  the  accompanying  illus¬ 
tration;  (Fig.  4.)  the  reference  numbers  permit¬ 
ting  the  tracing  of  all  its  parts  without  difficulty. 

The  lower  cross-head  is  secured  to  four  screws, 
and  stress  is  applied  by  nuts  rotated  on  the 
screws,  driven  by  toothed  wheels  and  pinions  in¬ 
closed  in  the  base  of  the  machine;  these  trains  of 


Fig.  4. — 300,000-P0UND  MACHINE.  (OLSEN.) 


I.  Entablature, 
a.  Columns. 

3.  Platform  supporting  columns. 

4.  Pivots. 

|.  Lower  moving  head. 

14.  Spur  wheel. 

16.  Idle  wheel. 

19.  Pinion. 

31.  Spur  wheel  on  sleeve  22. 

22.  Sleeve  on  driving-shaft. 

24.  Rock  shaft  operating  lever 

shifting  22. 

25.  Hand  lever  operating  24. 

36,  27.  Pulleys  rotating  driving-shaft. 
38,  29.  Friction  clutches  engaging  26 
with  driving-shaft. 

30.  Sleeve  operating  clutches. 

31.  Forked  lever  controlling  sleeve 

30. 

32.  Shaft. 

33.  Hand  lever  operating  30. 

34.  Grooved  wheel  on  driving- 

shaft. 

35.  Small  wheel  turning  34. 

36.  Arbor  to  35. 

37.  Chain. 

38.  Adjusting-screw. 


39.  Nut. 

40.  Tilting-bearing. 

41.  Band  wheel. 

42.  Endless  band. 

43.  Pulley  turning  with  pulley  27. 

44.  Helical  spring. 

45.  Support  for  44. 

46.  Fulcrum  of  lever  117. 

48.  Specimen  under  test. 

64.  Collars  or  clamps  for  caliper 

bearing. 

65.  Set-screws  in  64. 

66.  Detachable  cap  on  clamps  64. 

67.  Tenons  fitting  66. 

68.  Guiding-plates. 

69.  Screws  to  68. 

70.  Nuts  to  screws  69. 

71.  Washers  to  69. 

72.  Guiding-block. 

73.  Cam. 

73'.  Handle  of  cam. 

73".  Grooves  in  clamps  64. 

74.  Lever  moving  87. 

75.  Sliding-blocks. 

76.  Supporting  guide  to  75. 

77.  Set-screws  for  75. 

78.  Polygonal  prism  in  75. 


79.  Shaft  for  78. 

81.  Pins  for  holding  79. 

82,  83.  Calipers. 

85.  Arm  of  caliper. 

86.  Clamps. 

87,  88.  Upright  bars  or  rods. 

95.  Cord  operating  recording-cyl¬ 

inder. 

96.  Pulley. 

97.  Lever. 

98.  Fulcrum  to  97. 

99.  Pulley  or  sheave. 

100.  Drum  or  winding  barrel  of  103. 

101.  Link. 

102.  Recording-cylinder. 

103.  Pencil. 

104.  Screw. 

105.  Screws  shifting  106. 

106.  Poise  or  weight. 

hi.  Balancing  pivot  of  beam. 

1 1 7.  Force  multiplying  lever. 

118.  Weighing-beam. 

118'.  Slide  to  small  poise  on  118. 

119.  Link. 

144.  Endless  band  for  moving  poise. 

145.  Guiding-pulleys. 

146.  Grooved  wheel. 
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wheels  and  pinions  are  propelled  by  the  driving- 
pulleys.  Change  of  speed  is  accomplished  by 
changing  the  back  gears  by  a  lever  (25)  on  the 
front  of  the  machine. 

In  addition,  there  are  placed  on  the  driving- 
shaft  a  large  and  small  pulley,  either  of  which 
may,  by  a  friction-clutch,  be  alternately  engaged 
with  the  driving-shaft.  By  means  of  these  the  shaft 
can  be  turned  rapidly  for  the  purpose  of  quickly 
moving  the  cross-head  into  position  to  receive  the 
specimen,  or  with  less  speed  and  with  greater 
force  to  apply  stress  to  the  specimens.  Thus 
there  are  four  adjustments  of  speed  and  force  in 
applying  motion  to  the  cross-head.  There  are 
two  others  susceptible  of  fine  graduation  and  in¬ 
stant  control!  A  large  grooved  friction-wheel  (34) 
upon  the  end  of  the  driving-shaft,  may  at  will  be 
turned  by  a  small  wheel  (35)  upon  a  small  shaft 
in  constant  motion,  and  can  be  pressed  into  con¬ 
stant  engagement  and  released  by  the  hand  of  the 
operator,  by  means  of  a  nut  (39)  in  a  small  hand- 
wheel  controlling  a  screw  (38)  attached  to  the 
bearing  of  the  small  shaft,  so  that  the  operator 
can  feel  and  observe  the  strain  as  he  gradually 
applies  it. 

The  mechanism  used  for  weighing  the  strains 
consists  of  a  table  (3)  supported  on  levers,  with 
knife-edge  fulcrums.  Upon  this  table  the  entab¬ 
lature  containing  the  upper  cross-head  (1)  is  sup¬ 
ported  by  four  columns  (2). 

The  levers  for  supporting  the  table  and  upper 
cross-head  are  connected  by  an  intermediate  lever 
and  links  having  knife-edge  bearings  throughout, 
to  a  graduated  beam  (118),  upon  which  a 
poise  (106)  moves  outwardly  from  the  fulcrum, 
propelled  by  a  screw  (105),  supported  in  a  parallel 
position  on  the  beam  and  turned  by  means  of  an 
endless  cord  that  passes  to  the  screw-propelling 
wheel  in  a  vertical  plane  coincident  with  the 
balancing  knife-edge.  The  engagement  and  dis¬ 
engagement  of  the  screw-driving  wheel  with  the 
screw  are  controlled  by  an  electro-magnet  hav¬ 
ing  coils  in  circuit  with  electrodes,  one  of  which 
is  located  on  the  outer  end  of  the  beam  and  the 
other  above  it;  so  that  whenever  the  beam  rises 
the  circuit  is  closed,  and  the  poise  (106)  on  the 
beam  moved  farther  from  the  fulcrum.  Then,  as 
further  stress  is  applied,  if  the  beam  again  rises, 
the  poise  is  moved  still  farther  from  the  fulcrum, 
increasing  the  stress. 

The  mechanism  for  measuring  and  recording 
consists  of  a  pair  of  clamps  or  heads  (64),  secured 
by  pointed  set-screws  (65)  held  on  the  specimen 
at  definite  initial  distances,  and  calipers  (82  and 
83)  resting  upon  these  heads,  which,  by  means  of 
intervening  mechanism,  rotate  a  diagram-sheet¬ 
holding  cylinder  (102)  exactly  in  proportion  to 
the  difference  in  the  motion  of  the  clamps  on  the 
specimens,  and  a  pencil  (103)  resting  against  and 
marking  the  diagram-sheet,  traveling  in  the  direc¬ 
tion  of  the  axis  of  the  cylinder  in  exact  ratio  with 
the  motion  of  the  poise  upon  the  beam. 

The  pencil  is  moved  by  a  connected  nut  engaged 
In  the  threads  of  a  screw  (104)  turned  on  the 
screw  which  operates  the  poise  (106)  on  the 
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beam  (118),  so  that  the  line  marked  on  the  papei 
indicates  by  its  ordinates  the  stress  at  each  mo¬ 
ment,  and  by  the  abscissae  the  extent  of  elongation 
between  the  points  of  attachment  of  the  clamps. 

The  apparatus  for  adjusting  the  clamps  upon 
the  specimen  to  be  tested  consists  of  a  pair  of 
saddles  or  sliding  blocks  (75),  mounted  upon  a 
parallel-sided  bar  (76),  and  provided  with  seats  to 
receive  the  lower  sides  of  the  clamps  so  as  to 
gauge  them  as  to  distance  when  placing  the  speci¬ 
men  in  them.  In  conjunction  with  each  saddle 
there  is  a  set  of  rotatable  gauges  (78),  eccentric 
polygonal  prisms,  which,  by  being  turned  to  the 
proper  adjustment,  support  the  specimen  so  that 
the  head  center  lies  in  line  with  the  central 
axis  of  the  specimen. 

The  figure  5  represents  the  100,000-pound 
machine  employed  for  lighter  work  than  the  pre¬ 
ceding,  and  illustrates  the  elegant  design  char¬ 
acteristic  of  the  productions  of  makers  in  the 
United  States.  Its  autographic  registry  is  oper¬ 
ated  by  electrical  apparatus,  and  automatically 
produces  stress-strain  diagrams  which  give  records 
of  the  varying  resistances,  elongations,  resili¬ 
ences  and  elasticities  up  to  and  beyond  the  elas¬ 
tic  limit.  The  connections  are  usually  broken 
only  when  approaching  the  breaking-point,  and 
in  some  instances  the  final  rupture  may  be  safely 
exhibited. 

Directions  for  use  of  these  machines,  as  op¬ 
erated  in  the  laboratories  of  experimental  en¬ 
gineering,  are  the  following: 

Directions. 

See  that  all  bearings  are  in  place  and  everything  free 
and  clear. 

Balance  the  beam  at  zero. 

Adjust  the  position  of  the  traveling-head  to  suit  the 
length  of  specimen.  Place  the  specimen  in  the  head- 
slots,  and  secure  with  the  wedges,  keeping  everything 
central  and  the  wedges  equally  advanced.  Oil  the  backs 
of  the  wedges.  If  the  wedges  come  through  the  slot  too 
far,  place  liners  back  of  them  to  prevent  injury  to  the 
mouth  of  the  slot.  Allowance  must  be  made  for  the 
wedges  pulling  through  somewhat  when  the  pressure  is 
applied. 

Have  specimens  made  long  enough  to  extend  through 
the  whole  width  of  the  holders,  top  and  bottom.  If  a 
shorter  specimen  is  used,  the  wedges  spread  and  break  the 
holders. 

There  is  a  great  range  of  speed  for  testing:  use  the 
slowest  for  compression  (where  the  pressure  runs  up 
rapidly),  and  the  quick  for  pulling  out  long,  ductile  ma¬ 
terial  ;  and  the  quickest,  for  setting  the  head. 

Oil  all  working-parts  of  the  machine,  especially  the 
bearings  of  the  vertical  gear-shaft  in  the  main  box,  and 
the  steel  anti-friction  balls  at  the  thrust-bearing. 

The  back-gear  is  only  to  be  used  in  the  fast  gear,  when 
setting  the  head  to  suit  the  length  of  specimen,  and  is 
then  used  in  combination  with  the  other  quick  gear  to 
secure  speed  adjustment,  but  not  for  power. 

Note  that  the  friction-gear  must  only  be  used  in  com¬ 
bination  with  the  slow  back-gear,  and  the  quick  back- 
gear  is  only  to  be  used  for  quick’ adjustment. 

The  nuts  of  each  corner  of  the  table,  co/ering  the  gum 
recoil  cushions,  should  be  set  up  gently  by  hand,  just  so 
as  to  feel  the  table  without  weighing  on  the  beam  to  any 
extent.  When  balancing  the  beam  these  nuts  should  be 
loosened. 

Use  open  and  cross  belts  on  the  pulleys,  and  see  that 
the  belts  that  pull  the  head  down  run  on  the  pulley  that 
has  the  friction-wheel  attached.  The  pulley  should  rua 
at  about  150  to  200  revolutions. 
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The  standard  form  of  test-piece  for  general 
purposes,  and  as  used  in  these  machines,  is  shown, 
drawn  to  scale,  in  Fig.  6,  p.  2805.  The  propor¬ 
tions  are  those  proposed  by  a  committee  of  the 
American  Society  of  Mechanical  Engineers.* 
They  advise: 

Specimens  for  scientific  or  standard  tests  are 
to  be  prepared  with  the  greatest  care  and  accuracy, 
and  turned  according  to  the  following  dimensions 
as  nearly  as  possible.  The  tension  test-pieces 
are  to  have  different  diameters  according  to  the 


Fig.  6  shows  the  form  of  the  test-piece  re¬ 
commended  for  tension;  the  numbers  above  the 
figure  give  dimensions  in  millimeters,  those  below 
in  inches.  For  flat  test-pieces  the  shape  as  shown 
in  Fig.  7  is  recommended:  such  specimens  are 
to  be  cut  from  larger  pieces;  the  fillets  are  to  be 
accurately  milled,  and  the  shoulders  made  ample 
to  receive  and  hold  the  full  grip  of  the  shackles 
or  wedges. 

The  earliest  of  the  autographic  registering 
machines,  that  known  as  Thurston’s  Autographic 


Fig  5.— IOO.OOO-POUND  MACHINE.—  RIEHLE. 


original  thickness  of  the  material,  and  to  be,  when 
expressed  in  English  measures,  exactly  0.4,  0.6, 
0.8,  and  1.0  inch  in  diameter;  but  for  all  these 
different  diameters  the  angle  and  length  of  the 
coned  neck  is  to  remain  the  same.  This  neck  is 
a  cone,  not  a  fillet  connecting  the  shoulders  and 
body.  The  length  of  the  gauged  or  measured 
part  to  be  8  inches,  of  the  cylindrical  part  8.8 
inches.  The  length  of  the  coned  neck  to  be  2^ 
times  the  diameter,  increasing  in  diameter  from 
the  cylindrical  part  to  1%  times  the  cylindrical 
part.  The  shoulders  to  have  a  length  equal  to 
the  diameter,  and  to  be  connected  with  a  round 
fillet  to  a  head,  which  has  a  diameter  equal  to 
twice  that  of  the  cylinder,  and  a  length  at  least 
the  diameter. 
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Torsion  Machine,  is  shown  in  Fig.  8  on  page 
2805.* 

In  this  machine  the  power  is  applied  by  a  crank 
at  one  side,  tending  to  rotate  the  specimen,  the 
specimen  being  connected  at  the  opposite  end  to 
a  pendulum  with  a  heavy  weight. 

The  resistance  offered  by  the  pendulum  is  the 
measure  of  the  force  applied,  since  it  is  equal  to 
the  length  of  the  lever-arm  into  the  sine  of  the 
angle  of  inclination,  multiplied  by  the  constant 
weight.  A  pencil  is  carried  inv  the  axis  of  the 
pendulum  produced,  and  at  the  same  time  is 
moved  parallel  to  the  axis  of  the  test-piece  by  a 
guide  curved  in  proportion  to  the  sine  of  the 
angle  of  deviation  of  the  pendulum,  so  that  the 


*  Carpenter’s  Manual  of  Experimental  Engineering,  p.  95;  Tbut- 
tton’i  Materials  of  Engineering,  Vol.  II,  p.  381,  q.v. 
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pencil  moves  in  the  direction  of  the  axis  of  the 
specimen  an  amount  proportional  to  the  sine  of 
this  angle.  A  drum  carrying  a  sheet  of  paper  is 
moved  at  the  same  rate  as  the  end  of  the  speci¬ 
men  to  which  the  power  is  applied.  Now  if  the 
pencil  be  made  to  trace  a  line,  it  will  move  a 


any  form  of  automatic  mechanism  or  plotted 
from  the  records  derived  from  ordinary  work. 
Such  differences  as  may  be  apparent  are  usually 
due  solely  to  variations  in  the  reactive  magnitudes 
of  the  vertical  and  horizontal  scales.  The  char¬ 
acteristic- qualities  of  various  materials,  as  thus 


t-25-  -i-20^ - 50—  -*j< - -  — 280  millimetres  —  - — -  -L —  W - +  -20  >{+-85-v 


k-'i- 


-8- 


''-fillet  0.1  B. 

<  U.b-j-'- — 2—  -4**——  — — —  8.8-inches 

Fig.  6.— STANDARD  TEST-PIECE  IN  TENSION. 
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Fig.  7. — TEST-PIECE  FOR  FLAT  SPECIMENS. 


developed,  are  exhibited  in  the  adjacent  figure,  in 
which  only  these  characteristics,  and  not  precise 
measurements,  are  intended  to  be  shown.* 

As  drawn,  the  strain-diagram,  a  a' ,  is  such  as 
would  be  made  by  a  soft  metal  like  tin  or  lead; 
b  b'  represents  a  harder,  and  c  c'  a  still  harder 
and  stronger  metal,  as  zinc  and  rolled  copper.  If 
the  smallest  divisions  measure  the  per  cent  of 
extension  horizontally,  and  10,000  pounds  per 
square  inch  (703  kilogrammes  per  square  centi¬ 
meter)  vertically,  d  d' ,  would  fairly  represent  a 
hard  iron,  or  a  puddled  or  a  “mild”  steel;  while 
//'  and  g  g'  would  be  strain  diagrams  of  hard, 
and  of  very  hard  tool  steels,  respectively. 

The  points  marked  <r,  e'  e\  etc.,  are  the  so-called 
“  elastic  limits ,”  at  which  the  rate  of  distortion 
more  or  less  suddenly  changes,  and  the  elevation 
becomes  more  nearly  equal  to  the  permanent 
change  of  form,  and  at  these  points  the  resistance 
to  further  change  increases  much  more  slowly 
than  before.  This  change  of  rate  of  increase  in 
resistance  continues  until  a  maximum  is  reached, 
and,  passing  that  point,  the  piece  either  breaks, 
as  at /'  and  g' ,  or  yields  more  and  more  easily 
until  distortion  ceases,  or  until  fracture  takes 
place,  and  it  becomes  zero  at  the  base  line,  as 
at  X. 

Such  curves  have  been  called  by  the  author 
“  strain-diagrams.  ” 

Equations  of  Curves  of  Resistance  or 
Strain-Diagrams.  These  curves  are,  at  the 
start,  often  nearly  parabolic,  and  the  strain-dia¬ 
grams  of  cast  iron,  hy  /,  k,  having  their  origin  at 
o,  are  usually  capable  of  being  quite  accurately 
expressed  by  an  equation  of  the  parabolic  form,  as 

p=a-t~b-v 

in  which-^-  is  the  ratio  of  elongation  to  the  iength 

*  Carpenter,?.  140;  Thurston ;  p.  346.  For  more  complete  and  full- 
sized  diagrams  produced  autographically,  see  Thurston’s  Materials  of 
Engineering,  Vol.  II,  p.  533,  Fig.  g8. 


distance  around  the  drum  which  is  equal  to  the 
angle  of  torsion  (a)  expressed  in  degrees  of  n 
measure,  and  it  will  move  a  distance  parallel  to 
the  axis  of  the  test-piece  proportional  to  the 
moment  of  external  forces. 


Fig.  8. — Thurston’s  automatic  torsion  testing- 
machine. 

The  forms  assumed  by  the  stress-strain  diagram 
(Fig.  9.)  have  been  given  in  the  preceding  article, 
and  are  substantially  the  same,  whether  taken  by 
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of  the  piece,  and  P  the  load  per  unit  of  area. 
The  constants  may  be  taken  as: 


Material. 

A. 

B. 

British. 

Metric. 

British. 

Metric. 

Cast  steel  — 

14,000,000 

984,000 

3,000,000,000 

211,000,000 

Forged  iron  - 
Soft  “  stee’  r’ 

28,000,000 

1,758,000 

125,000,000 

8,800,000 

28,000,000 

1,758,000 

125,000,000 

8,800,000 

Tool  steels- - 
Brass  and 

30,000,000 

2,109,000 

1,000,000,000 

70,300,000 

bronze  - 

12,000,000 

8/I.1  000 

50,000,000 

3,500,000 

Copper - 

10,000,000 

,-0,000 

100,000,000 

7,000,000 

The  coefficient  A  is  the  modulus  or  coefficient 
of  elasticity. 

Such  expressions  as  that  above  given,  the  con¬ 
stants  being  determined,  for  each  case,  by  exper¬ 
iment,  may  be  made  to  represent  the  method  of 
variation  of  resistance  with  increasing  distortion 
with  every  method  of  strain.  The  equations,  there¬ 
fore,  the  relation  between  ordinate  and  abscissa 
being  algebraically  expressed,  may  be  made  to 

form  a  means  of  integrating  the  area  J'y  dx ,  and 

determining  its  magnitude. 

The  Series  of  Elastic  Limits.  If,  at  any  mo¬ 
ment,  the  stress-producing  distortion  is  relaxed, 
the  piece  recoils  and  continues  this  reversed  dis¬ 
tortion  until,  all  load  being  taken  off,  the  recoil 
ceases  and  the  piece  takes  its  “permanent  set.  ” 
This  change  is  shown  in  the  figure  at/'/#,  the 
gradual  reduction  of  load  and  coincident  partial 
restoration  of  shape  being  represented  by  a  suc¬ 
cession  of  points  forming  the  line  of  /*  each 
of  which  points  has  a  position  which  is  determined 
by  the  elastic  resistance  of  the  piece  as  now  altered 
by  the  strain  to  which  it  has  been  subjected.  The 
distance  O  /"  measures  the  permanent  set,  and 
the  distance  f"  /'  '  measures  the  recoil. 

The  piece  now  has  qualities  which  are  quite  dif¬ 
ferent  from  those  which  distinguished  it  origi¬ 
nally,  and  it  may  be  regarded  as  a  new  specimen 
and  as  quite  a  different  metal.  Its  strain-diagram 
now  has  its  origin  at /*,  and  the  piece  being  once 
more  strained,  its  behavior  will  be  represented  by 
the  curve  /'  f"  e^f,  a  curve  which  often  bears 
little  resemblance  to  the  original  diagram  O ,  /,  /'. 
The  new  diagram  shows  an  elastic  limit  of  ey ,  and 
very  much  higher  than  the  original  limit  eu.  Had 
this  experiment  been  performed  at  any  other  point 
along  the  line  of//',  the  same  result  would  have 
followed.  It  thus  becomes  evident  that  the  strain- 
diagram  is  a  curve  of  elastic  limits,  each  point 
being  at  once  representative  of  the  resistance  of 
the  piece  in  a  certain  condition  of  distortion  and 
of  its  elastic  limit  as  then  strained. 

The  ductile  non-ferrous  metals,  and  iron  and 
steel,  and  the  truly  elastic  substances,  have  this 
in  common— -that  the  effect  of  strain  is  to  pro¬ 
duce  a  change  in  the  mode  of  resistance  to  stress, 
which  results,  in  the  latter,  in  the  production  of 
a  new  and  elevated  elastic  limit,  and  in  the 
former,  in  the  introduction  of  such  a  limit  where 
lone  was  observable  before. 

It  becomes  necessary  to  distinguish  these  elas¬ 


tic  limits  in  describing  the  behavior  of  strained 
metals,  and,  as  will  be  seen  subsequently,  thfc 
elastic  limits  here  described  are,  under  some  con¬ 
ditions,  altered  by  strain,  and  we  thus  have  an¬ 
other  form  of  elastic  limit  to  be  defined  by  a 
special  term. 

In  this  work  the  original  elastic  limit  of  the 
piece  in  its  ordinary  state,  as  at  e  e'  e\  etc.,  will 
be  called  either  the  Original  or  the  Primitive  Elas¬ 
tic  Limit .  and  the  elastic  limit  corresponding  to 
any  point  in  the  strain-diagram  produced  by  grad¬ 
ual,  unintermitted  strain,  will  be  called  the  Nor¬ 
mal  Elastic  Limit  for  the  given  strain.  It  is  seen 
that  the  diagram  representing  this  kind  of  strain 
is  a  Curve  of  Normal  Elastic  Limits .* 

Experimental  investigations  in  the  mechanical 
laboratory  are  directed,  in  commercial  work,  to  the 
determination  of  the  qualities  of  the  materials  of 
engineering  and  construction,  and  in  compliance 
with  specifications  and  contracts,  which  usually 
demand  the  measurement  of  the  resistances  of  the 
material  as  tabulated  below: 


TESTS  FOR  CONTRACTS. 
Required  test  denoted  by  x. 


Material  Used  for 

Tension. 

Compression. 

Transverse. 

i 

1 

Impact. 

Welding. 

|  Bending. 

Hardening. 

Forging. 

1 

ca 

<1 

1 

Railroad — 

Rails 

X 

x 

x 

f  0  r-o  vl 

x 

x 

x 

x 

x 

Shaftinop 

x 

x 

x 

Building — 
Wrought-iron  - 

T  0 w  ctppl 

x 

X 

X 

X 

x 

X 

x 

x 

x 

X 

High  steel - 

Boiler — 

Wrought-iron 

x 

x 

x 

x 

x 

Plates 

x 

x 

x 

x 

jr 

Shape-iron - 

Rivet-rods - 

Low  steels  ---- 
Ship  Materials — 
Plates 

X 

x 

X 

X 

JT 

X 

x 

x 

x 

x 

x 

x 

x 

x 

x 

X 

x 

Wire  - 

x 

X* 

W  i  rp.rnnp 

x 

*t 

Cast-iron 

x 

x 

x 

Copper  and  soft 
metals _ ------ 

X 

x 

x 

Woods  - _  _ 

x 

x 

x 

Stones  _ 

x 

X 

The  singular  results  of  exposure  to  steady  loads 
exceeding  the  primitive  elastic  limit  of  the  ma¬ 
terial,  and  of  their  renewal  in  increasing  magni¬ 
tude,  is  seen  in  the  diagram,  Fig.  io,  produced 
in  work  carried  on  by  Thurston  for  the  United 
States  Board  testing  metals  (1878).  Numbers 
596,  599  are  brasses;  648-651,  inclusive,  common 
wrought-irons. 

The  co-ordinates  are  deflections  and  loads  pro¬ 
ducing  them.  The  full  portions  of  the  line  are 
those  traced  by  the  observer,  by  carefully  follow¬ 
ing  the  indications  of  the  machine;  the  dotted 

♦Ibidem. 

♦  Repeat  in  both  direction*—  alto  by  winding,  t  Longitudinal* 
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|>trts  indicate  those  portions  of  the  curves  which 
lie  between  the  points  at  which  the  special  studies 
in  minute  detail  were  made  for  the  purpose  of 
this  special  investigation.  In  each  case,  the  load 
is  applied,  in  amount  coincident  with  the  momen¬ 
tary  value  of  the  elastic  limit  of  the  already 
strained  piece.  It  is  left  until  yield  ceases;  when 
a  new  load,  equal  to  the  newly  produced  elastic 
limit,  is  applied,  with  similar  result.  In  every  case 
the  metal  yields  slowly,  and  to  a  limited  extent, 
when  the  bar  is  found  to  possess  a  new  and  ex¬ 
alted  limit  of  elasticity.  Under  a  load  equal  to 


become  stiffer,  and  even,  in  some  cases,  apparently 
stronger  for  the  rest  under  load.  The  two  classes 
behave  in  opposite  ways,  and  this  peculiar  differ¬ 
ence  makes  the  first  class  more,  and  the  second 
less,  safe  in  construction  than  would  otherwise 
be  the  fact.* 

The  fact  here  exhibited  has  this  result:  that 
it  is  not  safe  to  load  the  non-ferrous  metals  as 
heavily  as  the  irons  and  steels,  and  the  practical 
outcome  of  the  researches  of  which  these  facts 
are  one  product  is  that  an  apparent  factor  of 
safety  of  two  is  actually  a  factor  of  safety  of  one , 


Fig.  9- — STRESS-STRAIN  DIAGRAM. 


Fig.  IO. — VARIATION  OF  ELASTIC  LIMITS.  (THURSTON.) 


this  temporary,  elastic  limit,  a  new  yield  occurs, 
to  a  limit  higher  than  the  preceding,  and  a  new 
and  still  higher  pair  of  elastic  limits — the  one 
temporary  and  the  other  apparently  permanent — 
is  produced.  In  the  case  of  the  irons  and  steels, 
it  was  found  that  this  process  goes  on  indefinitely, 
up  to  the  breaking  load  of  the  bar;  while,  with 
the  bronzes  and  brasses,  a  point  is  promptly 
reached  at  which  steady  yielding  goes  on  until, 
finally,  fracture  takes  place. 

It  was  found  that,  in  the  case  of  the  irons  and 
the  steels,  the  strain  gave  rise  to  an  exaltation  of 
the  normal  series  of  elastic  limits ;  while  with  the 
non-ferrous  metals,  a  depression  occurs.  If  held 
strained,  the  latter  class  gradually  loses  power 
of  resistance,  and  will,  if  heavily  loaded,  finally 
break;  the  former  under  the  same  conditions, 
accommodate  themselves  to  the  distortion  and 


and  a  double  figure  should  be  employed  in  de¬ 
signing,  as  below,  f 


MAXIMUM  STRESSES  FOR  METALS. 


Material  Used. 

FACTOR 

OF 

SAFETY. 

MAXIMUM 

STRESS. 

Dead  Load. 

Live  I 

XDAD. 

[*- 
[  per 

sq.cm 

Dead 

Load. 

Live 

Load. 

Lbs.  per 
sq.  inch. 

Kgs.  per 
sq.  cm. 

Lbs.  per] 
sq.  in.  | 

Good  iron  (large)—— 

2 

4 

20,000 

1,406 

10,000 

703 

Copper,  cast - 

4 

8 

5,000 

352 

2,500 

176 

Copper,  forged - 

4 

8 

15,000 

1.055 

7,500 

528 

Copper,  wire - 

4 

8 

16,000 

1,125 

8,000 

563 

Gun-bronze,  cast - 

4 

8 

10,000 

703 

5,000 

352 

Brass,  yellow,  cast — 

4 

8 

5,000 

352 

2,500 

176 

Brass,  yellow,  rolled- 

4 

8 

10,000 

703 

5,000 

352 

Brass,  yellow,  wire-- 

4 

8 

12,000 

845 

6,000 

423 

Lead,  rolled - 

4 

8 

1,000 

70 

500 

35 

*M  ate  rials  of  Engineering,  Vol.  II,  p.  598. 

t  Ibidem,  p.  562. 
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INCREASE  OF  DEFLECTION  WITH  TIME  IN  TRANSVERSE  TESTS  OF  BARS  OF  METAL. 

RATE  OF  SET  OF  BARS.  1  INCH  SQUARE  22  INCHES,  BETWEEN  SUPPORTS. 

tfBSSS*  Robert  H.  Thurston. 


Fig. 

When  the  stresses  are  reversed,  as  in  connect¬ 
ing  and  piston  rods,  the  factor  of  safety  should  be 
doubled  and  the  maximum  stresses  reduced  at 
least  one-half. 

For  the  best  irons,  in  small  sections,  these  fig¬ 
ures  may  be  increased  somewhat,  and,  in  the 
steels,  the  primitive  elastic  limits  may  be  approxi¬ 
mated.  As  already  seen,  the  non-ferrous  metals 
should  not  be  loaded,  even  with  an  absolutely 
“dead”  load,  to  above  one-half  their  primitive 
apparent  limits  of  elasticity. 

Simple  stresses  may,  with  time,  produce  what 
were,  when  the  facts  were  discovered,  considered 
surprising  effects  in  destruction  of  materials;  ef¬ 
fects  differing,  both  in  degree  and  in  kind,  with 
different  materials.  Thus,  in  the  figures  n  and 
12,  we  have  the  effect  shown  of,  first,  holding  a 
bar  of  metal  at  a  constant  deflection,  observing 
its  variation  of  resistance  with  time;  secondly,  of 
loading  a  bar  with  a  constant  weight  and  observ¬ 
ing  its  change  of  deflection  with  time.  The  bars 
tested  are  of  iron,  of  brass  and  of  bronze,  pre¬ 
pared,  originally,  for  the  United  States  Board 
testing  metals  in  1876-78.* 

*  Transactions  American  Society  Civil  Engineers,  1876. 


II. 

It  is  seen  that  iron  behaves — as  does  also 
steel — radically  differently  from  the  alloys;  al¬ 
though  all  show  a  falling-off  of  elastic  effort  to 
regain  their  original  form  and  line.  On  releas¬ 
ing  the  bar  and  repeating  the  experiment,  it  is 
seen  that  the  iron  has  assumed  a  considerably 
higher  elastic  limit,  and  a  vastly  decreased  rate  ~ 
of  loss  of  resistance,  when  left  thus  strained.  The 
other  bars  show  this  effect,  but  in  much  less  de¬ 
gree.  Under  constant  load,  also,  deflection 
-steadily  increases,  in  the  case  of  the  alloys,  and 
rupture  in  the  end  takes  place,  though  the  load 
is  far  within  the  rupturing-loads  of  ordinary  tests, 
and  well  down  toward  the  primitive  elastic  limit. 
Under  constant  deflection  Bar  No  599  actually 
broke  at  a  load  of  91 1  pounds,  after  about  two 
hours’  stress  and  after  falling  off  from  a  maxi¬ 
mum  of  1,233  pounds.  No.  648  carried,  as  a 
maximum,  1,000  pounds;  its  second  loading  was 
1,600  pounds.  No.  655,  tin,  carried  100  pounds; 
No.  599  sustained  1,233;  Nos.  561  and  612,  re¬ 
spectively,  160  and  800  pounds.  The  latter 
finally  broke  under  a  load  less,  by  25  per  cent, 
than  the  maximum  previously  sustained. 

Referring  to  the  second  set,  No.  651  was  a  bar 
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DECREASE  OF  RESISTANCE  WITH  TIME  IN  TRANSVERSE  TESTS  OF  BARS  OF  METAL. 
RATE  OF  SET  OF  BARS,  i  INCH  SQUARE,  22  INCHES  BETWEEN  SUPPORTS. 


_  POUNDS, 
ttocreu*  of  LotA 


Robert  H.  Thurston. 


Fig. 

from  the  same  piece  with  No.  648.  Its  deflection 
rapidly  increased  for  six  minutes,  became  unob¬ 
servable  in  the  next  ten  minutes,  and  remained 
thus  for  344  minutes.  The  set  was  then  perma¬ 
nent  under  a  load  of  2,587  pounds.  It  broke 
when  tested  to  rupture,  later,  at  2,589  pounds, 
deflecting  4 .66  inches.  No.  479  carried  700 
pounds  in  its  first  trial,  1,000  in  its  second,  and 
broke  under  the  latter  after  1^  hours.  No.  479 
carried  700  pounds  and  1,000  with  similar  results. 
No.  504  Carried  no  pounds  21  hours.  No.  501 
sustained  160  pounds  2^4  days  and  broke.*  Thus 
certain  classes  of  metals,  as  ordinary  iron  and 
steel,  when  subjected  to  strain  and  distortion  by 
a  force  exceeding  the  resistance  of  the  material 
within  the  elastic  limit,  take  a  set  and  are  stiff¬ 
ened  by  that  act,  and  exhibit  an  exaltation  of  the 
elastic  limit.  It  was  also  shown  that  other 
classes,  like  tin  and  similarly  viscous  and  ductile 
materials,  exhibit  flow  and  a  depression  of  their 
limits  of  elasticity  when  similarly  treated.  It 
was  further  shown  that  the  former  class  when 

*  Transactions  of  the  American  Society  of  Civil  Engineers, 
CXXIII.  Note  on  the  Resistance  of  Materials  as  Affected  by  Flow,  and  by 
Rapidity  of  Distortion,  Vol.  V,  p.  199;  also  Van  Nostrand’s  Engineering 
Magazine,  September,  1876;  and  Engineering  (London) ,  Dec.  29,  1876. 


.  12 

subjected  to  loads,  even  approaching  their  ulti¬ 
mate  strength,  took  a  certain  set  and  remained 
apparently  indefinitely  without  further  distortion; 
while  the  second  class,  under  very  moderate  loads, 
frequently  exhibited  a  gradual  yielding,  a  progres¬ 
sive  distortion,  until  fracture  took  place,  some¬ 
times  under  stresses  which  were  but  a  fraction  of 
those  which  were  found  required  to  break  such 
metals  quickly,  and  when  time  was  not  allowed 
for  flow  to  occur.  It  was  noted  that  increase  of 
rapidity  of  distortion  and  fracture  produced  in¬ 
crease  of  resistance  in  the  latter,  or  “tin-class,” 
and  decrease  of  resisting  power  in  the  first,  or 
“iron-class,”  and  vice  versa. 

The  study  of  the  behavior  of  the  iron  and  steels 
at  and  near  the  elastic  limit  was  recognized  at  an 
early  date  as  one  of  the  most  important,  though 
difficult,  of  the  directions  of  research  to  be  under¬ 
taken  by  the  engineer  in  this  department.  Wohler’s 
work  in  1871  showed  that  repeated  loading 
would  invariably  break  the  piece,  though  under 
stresses  far  within  the  limit  of  rupture  under  sin¬ 
gle  stresses;  though  a  bar  thus  stressed,  if  under  a 
certain  limit,  fixed  for  each  material  and  quality, 
would  bear  repeated  loading  indefinitely.  Ac- 
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cepting  Bauschinger’s  definition  of  the  elastic 
limit  as  that  point  at  which  the  strain  ceases  to 
retain  a  constant  ratio  to  stress,  it  is  found  that 
this  limit,  once  supposed  constant,  is  a  variable 
quantity  and  may  be  raised  and  depressed  with 
alternation  of  load-stress  and  may  be  “exalted  ” 
by  strain.  Heavy  loading  in  tension,  for  exam¬ 
ple,  lowers  the  elastic  limit  in  compression,  and 
the  reverse  is  also  true.  The  limit  of  perma¬ 
nent  elastic  resistance  and  resilience  is  found  con¬ 
siderably  below  the  apparent  limit  of  the  metal 
as  it  comes  from  the  mill,  and  fracture  may  occur 
under  repeated  reversed  strains  under  loads  be¬ 
low  the  latter  and  approximating  the  former  of 
these  limits.  An  apparent  factor  of  safety  of  two 
is  really  a  factor  of  safety  of  perhaps  a  trifle  over 
one  in  such  cases.* 

By  such  apparatus  and  by  such  methods  as 
have  been  described,  it  has  been  found  that  iron 
and  steel,  once  overstrained,  carry  permanently 
a  record  of  that  fact,  and  of  the  maximum  stress, 
in  their  exalted  elastic  limits.  Every  strain 
raises  the  elastic  limit  of  the  material,  at  the  sec¬ 
tion  strained,  to  a  point  which  measures  that  load. 
A  structure  broken  down  by  overload,  at  any 
point,  carries  this  record  in  its  several  strained 
members,  and  in  some  cases  it  is  possible  to 
trace  the  cause  of  accident  and  the  magnitude  of 
the  loads  brought  upon  the  structure  thus  de¬ 
stroyed.  The  following  are  figures  representing 
such  a  case,  where  a  bridge  broke  down  under  a 
passing  train  with  resulting  loss  of  life  as  well  as 
of  property.  Samples  taken  from  points  near  to 
and  remote  from  the  break  gave,  on  test,  figures 
substantially  as  below:  * 

TESTS  OF  BRIDGE  IRON. 


Elastic 

Limit. 

Tenacity. 

Sample  No.  1 - 

16,500 

46,000 

Sample  No.  2 - - 

18,000 

48,000 

Sample  No.  3 - 

30,000 

48,000 

Sample  No.  4 - - 

22,500 

50,000 

Sample  No.  5 - 

25,000 

52,000 

Sample  No.  6 - 

27,500 

52,000 

Sample  No.  7 - 

28,000 

52,000 

Sample  No.  8--  - 

30,000 

52,000 

Sample  No.  9 - 

32,000 

53,000 

Sample  No.  10 - 

34.000 

53,000 

The  extension  ranged  from  ten  to  fifteen  per 
cent  in  the  overstrained  members,  showing  the 
higher  final  elastic  limits.  All  were  bridge-bolts, 
and  the  break  occurred  in  the  bottom  of  the 
thread,  at  the  end  of  the  .  bolt  most  strained, 
leaving  a  record  of  stresses  in  the  body  of  the 
rod,  constituting  a  statement  of  the  extent  of  the 
overload,  and  of  the  cause  of  the  disaster.  The 
lowest  figures  for  elastic  limits  were  given  by  rods 
most  remote  from  the  point  of  overloading. 

It  is  at  once  seen  that  the  ordinary  loads  on 
the  bridge  had  not  exceeded  about  sixteen  thou¬ 
sand  pounds  per  square  inch  on  the  main  rods; 
that  the  accident  resulted  from  a  load  which, 

*  Transactions  of  the  American  Society  of  Civil  Engineers,  Dec. 
6,  1876. 

*  Transactions  of  the  American  Society  of  Civil  Engineers,  1878: 
No.  CLViX. 
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while  rupturing  the  bars  most  strained  under  their 
nuts  and  locating  the  point  of  first  breaking, 
strained  those,  and  others  more  or  less  remote, 
to  the  amounts  read  off  in  the  table.  It  is  prob¬ 
able  that  a  similar  investigation  would  sometimes 
reveal  the  location  and  cause  of  incipient  rupture 
in  cases  of  boiler  explosion.* 

The  effects  of  orthogonal  strains  modifying  the 
primitive  elastic  limits  of  materials  are  ob¬ 
served  in  other  than  the  original  directions  of 
stress,  and  an  exaltation  of  the  primitive  limit  by 
tension  produces  similar  effects  in  transverse  and 
torsional  directions,  while  every  other  form  o/ 
stress  affects  the  original  limit  in  tension.  This  is 
beautifully  shown  by  the  illustrations  in  figure  13, 
p.  2811.  In  each  case  the  piece  was  subjected  to 
a  strain  beyond  the  primitive  elastic  limit,  one  bj 
tension,  one  by  transverse  loading,  one  by  torsion, 
one  by  compression.  The  effects  were  localized 
by  at  first  turning  down  the  test-piece  for  a  single- 
inch  at  its  middle.  Each  was  then  turned  down 
over  a  length  of  ten  inches,  and  all  were  finally 
tested  by  tension  and  left,  as  shown,  drawn  dowq 
considerably  but  not  broken.  In  every  case  the 
yielding  occurred  at  a  point  not  previously 
strained,  and  the  earlier  strain  was  located  by  the 
fact  that  the  metal  refused  to  yield  at  such 
strained  points,  and  they  were  left  larger  in  di¬ 
ameter  than  the  rest  of  the  body  of  the  test- 
piece. 

“Iron  and  steel  rods  broken  by  tension  were 
found  to  have  their  transverse  elastic  limits  ab¬ 
normally  elevated,  and  to  have  become  very  stiff 
and  of  comparatively  slight  ductility.”  Lateral 
compression,  as  by  cold-rolling,  produced  “great 
increase  of  strength  and  stiffness,  and  an  even 
more  considerable  exaltation  of  the  normal  elas¬ 
tic  limit.  Torsion  similarly  stiffened  wires  and 
rods  longitudinally,  and  test-pieces  longitudinally 
strained  became  stiffer  against  torsionally  and 
transversely  applied  stress.”  It  was  concluded 
that  “thus  orthogonal  strains  mutually  affect 
orthogonal  resistances  of  metals,  and  the  engineer 
is,  by  this  fact,  compelled  to  study  these  mutual 
influences  in  designing  structures  in  which  the 
stresses  approach,  or  may  exceed,  separately  or 
in  combination,  the  normal  primitive  elastic 
limit  of  his  material.” 

The  principle  thus  revealed,  and  which  is  likely 
to  prove  of  such  importance  to  the  engineer,  may 
be  enunciated  thus: 

If  a  metal  be  subjected  to  a  stress  of  any  given 
kind,  or  in  any  stated  “sense,”  sufficient  to  pro¬ 
duce  permanent  strain  and  set,  then  its  ultimate 
resistance  to  that,  or  to  any  other  kind  of  stress, 
will  be  sensibly  increased,  and  in  all  directions, 
whatever  the  line  of  action  of  the  deforming 
stress.* 

A  study  of  the  characteristics  of  the  various 
alloys  of  copper,  tin  and  zinc,  by  a  systematic 
process  of  exploration,  has  revealed  the  fact  that 
there  exists  a  series  of  these  “kalchoids,”  or  ter- 

*  Ibidem. 

*Transactions  of  the  American  Society  of  Civil  Engineers,  De¬ 
cember,  1876;  March,  1878;  April,  1880;  March,  1891.  Materials  of  En¬ 
gineering,  Vol.  II,  p.  1. 
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Fig.  13. — ORTHOGONAL  STRAINS,  EFFECTS  OF. 


nary  alloys,  which  have  maximum  strength,  and 
that  gradation  from  maximum  to  minimum  occurs 
in  all  directions;  and  further,  that  the  same  is 
true  of  the  binary  alloys  of  which  these  metals  are 
the  elements.  Thus,  in  figure  14,  an  equilateral 
triangle  is  formed,  and  on  this  plane  it  is  assumed 
that  each  apex,  as  indicated,  represents  one  hun¬ 
dred  per  cent  of  one  element  of  the  three ;  that  the 
distance  from  that  apex  to  the  opposite  base  meas¬ 
ures,  point  by  point,  proportions  in  the  alloy  sim¬ 
ilar  to  the  proportion  of  that  perpendicular  repre¬ 
sented  on  the  triangle  by  the  distance  of  that 
point  from  the  base.  Thus,  it  will  be  found,  on 


examination,  that  every  point  on  the  plane  stands 
for  a  certain  alloy,  of  which  the  proportions  are 
indicated  by  the  distance  of  that  point  from  the 
three  bases,  respectively.  All  possible  alloys  of 
three  elements  may  thus  be  represented,  and  no 
possible  alloy  can  fail  of  finding  its  representative 
point.* 

The  peak  seen  in  figure  14,  which  is  made  from 


*  Transactions  of  the  American  Association  for  the  Advancement 
,/  Science,  1881;  Journal  of  the  Franklin  Institute,  1883;  Trans. 
X.  S.  C.  E.,  1881.  Thurston’s  Materials  of  Engineering,  Vol.  Ill;  The 

Alloy*. 


the  model  thus  constructed  by  raising  a  perpen¬ 
dicular  to  the  triangular  base  proportional  to  the 
strength  of  the  composition  represented  by  the 
point  at  its  foot,  shows  the  location  and  the  ex¬ 
traordinary  strength  of  the  “maximum  metal. ” 
The  highest  points  in  the  nearer  edge  represent 
gun  and  speculum  metals,  and  the  maximum  kal- 
choid  may  be  compared  with  those  well-known 
compositions.  The  highest  point  in  the  farther 
edge,  concealed  by  the  peak,  is  Munz  metal,  the 
strongest  of  the  brasses,  which  is,  nevertheless, 
a  much  weaker  alloy  than  the  mixture,  copper 
57,  zinc  42  and  tin  i;  the  maximum,  and  the 
strongest  of  all  bronzes.  It  is  a  close-grained 
alloy,  of  rich  color,  fine  surface,  and  takes  a  good 
polish.  It  oxidizes  with  difficulty,  and  the  sur¬ 
face  then  takes  on  a  pleasant  shade  of  statuary 
bronze-green.  Testing  it,  it  was  found  to  have 
considerable  hardness,  but  moderate  ductility, 
though  tough  and  ductile  enough  for  most  pur¬ 
poses  ;  it  would  forge  if  handled  skillfully  and  care¬ 
fully,  and  not  too  long  or  too  highly  heated;  had 
immense  strength,  and  seemed  unusually  well 
adapted  for  general  use  as  a  working  quality  of 
bronze.  In  composition,  however,  it  is  seen  to 
be  a  brass,  with  a  small  dose  of  tin.  The  alloy 
made  as  representing  the  alloy  for  purposes  de¬ 
manding  toughness  as  well  as  strength,  contains 
less  tin  than  the  above  composition,  Cu  55,  Sn 
0-5,  Zn  44-5.  It  had  a  tenacity  of  68,900  pounds 
per  square  inch  (4,841  kilogrammes  per  square 
centimeter)  of  original  section,  and  92,136  pounds 
(6,477  kilogrammes)  on  fractured  area,  and  elon¬ 
gated  47  to  51  per  cent,  with  a  reduction  to  from 
0-69  to  o  73  per  cent  of  its  original  diameter. 
No  exaltation  of  the  normal  elastic  limit  was  ob¬ 
served  during  tests  made  for  the  purpose  of  meas¬ 
uring  it  if  noted.  This  alloy  was  wonderfully 
homogeneous,  two  tests  by  tension  giving  exactly 
the  same  figures,  68,900.  The  fractured  surface 
was  in  color  pinkish-yellow,  and  was  dotted  with 
minute  crystals  of  alloy  produced  by  cooling  too 
slowly.’  The  shavings  produced  by  the  turning- 
tool  were  curled  closely,  like  those  of  good  iron, 
and  were  tough  and  strong  This  alloy  and  the 
“Tobin  alloy,”  Cu  58’22,  Sn  2-30,  Zn  39*48,  are 
good  working-metals,  the  latter  being  capable  of 
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great  improvement  by  skillful  working,  either  hot 
or  cold,  and  thus  of  obtaining  a  tenacity  of  over 
ioo,ooo  pounds  per  square  inch  (7,311  kilogrammes 
per  square  centimeter) 

The  model  represented  in  figure  14  illustrates  a 
system  of  representation  of  results  of  researches, 
like  that  just  described,  that  may  have  many  valu¬ 
able  applications.  It  is  seen  that  the  edges  also 
give  the  variations  of  the  studied  characteristics  of 
alloys  of  two  metals;  and  any  similar  interdepen¬ 
dent  pair  or  triplet  of  values,  or  conditions,  may 
be  similarly  represented.  The  same  may  be  done 
by  a  '‘contour  map,”  as  shown  in  figure  15  above, 
in  which  we  have  that  of  the  topography  of  the 
model  in  figure  14.*  The  contour  lines  are  here 
lines  of  equal  strength,  and  these  may  be  laid 
down  either  from  the  original  observations  or 
from  the  model,  as  in  this  case. 

Researches,  such  as  have  been  described,  con¬ 
stitute  the  work,  in  large  part,  of  the  engineer¬ 
ing  laboratories  of  all  technical  schools  and  of 
the  public-works  departments  of  cities  and  gov¬ 
ernments,  and  especially  of  the  army  and  navy 
departments  in  their  ordnance  and  engineering 
bureaus.  Such  work  has  developed  marvelous 
qualities  in  the  metals  employed  in  construction, 
and  particularly  *•?.  ordnance.  The  United  States 
testing  department  at  the  Watertown  Arsenal, 
employing  the  Emery  testing-machine  here  illus- 

*  Reports  of  United  States  Board  testing  iron,  ♦cel.-  etc.;  Washington, 
1878-81.  The  Strongest  of  the  Bronzes;  R.  H.  Thurston.  Transac¬ 
tions  of  the  American  Society  of  Civil  Engineers,  i88x.  No.  CCXLV. 
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Applied  Loads. 


Total. 


Pounds. 

250 

1.250 

2,500 

5,000 

7.5oo 

10,000 

11,000 

11.250 

11.500 
n.750 
12,000 

12.250 

12.500 

12.750 
13,000 

13.250 

13.500 

13.750 
14,000 

14.250 

14.500 

14.750 
15,000 

15.250 

15.500 

15.750 
16,000 
24,650 


Per 

Square 

Inch. 


Pounds. 

1,000 

5,000 

10,000 

20,000 

30,000 

40,000 

44,000 

45,000 

46,000 

47,000 

48,000 

49,000 

50,000 

51,000 

52,000 

53,ooo 

54,000 

55,ooo 

56,000 

57,ooo 

58,000 

59,000 

60,000 

61,000 

62,000 

63,000 

64,000 

98,600 


M 

la 


Inch. 

O. 

.OOOO67 

.000300 

.000633 

.OOO967 

.OOI333 

.001400 

.001467 

•001533 

.001567 

.001600 

.001633 

.001667 

.001667 

.001700 

.001733 

.001767 

.001833 

.001900 

.001967 

.002000 

.002067 

.002233 

.002400 

.002933 

.004067 

.005533 

.051833 


egg 

in  0,3 
W  5  te 
UW  £ 


Inch. 

O. 

.OOOO67 

.OOO233 

.000333 

.OOO334 

.OOO366 

.OOO067 

.OOOO67 

.000066 

.OOOO34 

.OOOO33 

.OOOO33 

.OOOO34 

3. 

.000033 

.000033 

.000034 

.000066 

.OOOO67 

.OOOO67 

.000033 

.OOOO67 

.000166 

.OOOI67 

.OOO533 

.OOII34 

.OOI466 


u 


Inch. 


m  S 
U  X  fi 

Hi51  § 


Inch. 


Remark* 


Initial  Pa 


Eias.  limit. 


Ten.  str’th 


Reduction  jn  diameter  at  point  of  rupture . . 114 

Reduction  in  area  after  rupture,  per  cent  of  original  section .  36.4 

Character  of  broken  surface . granular,  60  per  cent ;  silky,  40  per  cent 

Elongation  of  inch  sections .  .  ".08*,  ".14.  n,  J 
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trated,  as  constructed  for  the  use  of  the  United 
States  Board  testing  metals,  and  which  was 
strangled  by  refusal  of  appropriations  before  it 
had  fairly  commenced  its  work,  is  doing  much 
work  of  this  kind.  Its  reports  are  issued  annu¬ 
ally  by  the  Ordnance  Bureau  of  the  War  Depart¬ 
ment.  As  an  illustration  of  the  method  of  work 
and  of  the  extraordinary  results  attained,  we 
give  the  record  of  a  sample  of  gun-steel  intended 
for  the  jacket  of  an  8-inch  B.  L.  rifle:  * 

Such  steels,  as  investigation  plainly  shows, 
have  not  endurance  at  all  proportioned  to  their 
strength  and  high  elastic  limits.  Thus,  it  is  found 
that  35,000  to  40,000  pounds  per  square  inch 
represents  the  limit  of  safe  loading  for  repeated 
stresses,  indefinitely  carried,  even  though  the 
elastic  limits  exceed  80,000  pounds.  Here  again, 
as  has  been  seen  elsewhere,  an  apparent  factor 
of  safety  of  one  half  is  really  a  factor  of  about 
one  for  repeated  loading.  R  H  Thurston. 

STREPSIPTERA.  See  Heteromera ,  under  In¬ 
sects,  Vol.  XIII,  p.  155. 

STREPTONURA.  See  Mollusca,  Vol. 
XVI,  p.  668. 

STRESSES.  See  Strength  of  Materials, 
Vol.  XXII,  pp.  623-625. 

STRICTURE,  a  contraction  of  a  tube,  duct  or 
orifice,  as  of  any  part  of  the  alimentary  canal 
or  urinary  passages.  Stricture  of  the  oesophagus 
may  result  from  inflammation,  the  action  of  caus¬ 
tics,  or  the  pressure  of  adjacent  tumors.  Or 
spasm  of  the  muscular  walls  of  the  oesophagus 
may  cause  stricture.  Stricture  of  the  intestines 
may  result  from  ulcerative  diseases,  or  from  a 
matting  together  of  the  bowel  from  tubercular  or 
other  forms  of  peritonitis.  Stricture  of  the 
urethra  is  common  in  persons  of  advanced  age, 
and  may  be  caused  at  any  time  by  traumatic 
injuries  or  inflammation  of  adjacent  tissues.  The 
muscular  tissue  surrounding  the  canal  may  spas¬ 
modically  contract  from  reflex  irritation  or  from 
the  presence  of  calculi  in  the  canal.  Urethral 
stricture  is  also  produced  by  the  contraction  of 
scars  following  an  injury,  or  by  long-continued 
inflammation  of  tissues  following  gonorrhoea.  The 
symptoms  of  urethral  stricture  are  more  or  less 
difficulty  in  passing  urine,  pain,  and  sometimes 
the  retention  of  urine.  When  the  stricture  is 
complete,  other  means  failing,  a  surgical  opera¬ 
tion  only  can  bring  relief.  The  causes  of  stric¬ 
ture  are  so  numerous  and  the  affection  itself  may 
be  so  complicated  that  no  form  of  treatment  can 
here  be  stated.  The  physician  or  surgeon  only 
can  be  relied  on. 

STRIGES.  See  Owl,  Vol.  XVIII,  pp,  92,  93. 

STRIKE.  See  Geology,  Vol.  X,  p.  264. 

STRIKES  and  LOCKOUTS.  See  United 
States,  in  these  Supplements. 

STROBILATION.  See  Hydrozoa,  Vol. 
XII,  p.  586. 

STROMBIDIUM.  See  Protozoa,  Vol.  XIX, 

p.  887. 
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STROMBOLI.  See  Lipari  Islands,  Vvm 
XIV,  p.  689. 

STRONG,  Augustus  Hopkins,  educator; 
born  in  Rochester,  N.  Y.,  Aug.  3,  1836;  was 
graduated  at  Yale  College  in  1857;  then  studied 
theology;  was  ordained  in  the  Baptist  Church; 
served  as  pastor  of  the  First  Baptist  Church  in 
Haverhill,  Mass.,  in  1861-65,  and  of  the  First 
Baptist  Church  in  Cleveland,  O.,  in  1865-72.  In 
the  latter  year  he  was  chosen  president  of 
Rochester  Theological  Seminary,  and  also  ap¬ 
pointed  to  its  chair  of  systematic  theology.  His 
publications  include  Systematic  Theology ;  Phi¬ 
losophy  and  Religion;  The  Great  Poets  and 
Their  Theology ;  Christ  in  Creation  and  Eth¬ 
ical  Monism  ;  etc.  e.o.w. 

STRONG,  James,  classicist;  born  in  New 
York,  Aug.  14,  1822;  was  graduated  at  Wesleyan 
University  in  1844;  taught  two  years  in  the  Troy 
Conference  Seminary;  removed  to  Flushing, 
Long  Island,  in  1847,  and  built  the  Flushing 
railroad,  of  which  he  became  president ;  was 
professor  of  theological  literature  in  Troy  Uni¬ 
versity  in  1858-61,  and  of  exegetical  theology  in 
Drew  Theological  Seminary  in  1868-94.  He 
received  the  degrees  of  S.  T.  D.  and  LL.  D. ;  but 
remained  a  layman.  He  was  a  member  of  the 
Anglo-American  committee  on  revision  of  the 
Old  Testament;  but  his  most  scholarly  work  is 
seen  in  Harmony  of  the  Gospels;  Lange’s  Com¬ 
mentaries;  and  McClintock  and  Strong’s  Cyclo- 
poedia  of  Biblical,  Theological ,  and  Ecclesiastical 
Literature.  He  died  Aug.  7,  1894.  g.j.ii. 

STROUDSBURG,  Pennsylvania,  the  seat  of 
Monroe  County,  a  borough  and  summer  resort  in 
the  Blue  Mountains,  3  miles  northwest  of  the 
Delaware  Water  Gap,  and  93  miles  northwest  of 
New  York  city,  on  the  Delaware,  Lackawanna 
and  Western,  the  New  York,  Susquehanna  and 
Western,  and  the  Delaware  Valley  railroads.  It 
is  the  seat  of  a  state  normal  school,  and  is  in  a 
productive  farming  region,  with  railroad  work¬ 
shops,  woolen,  silk  and  paper  mills,  and  glass  fac¬ 
tory.  Population,  1900,  3,450.  c.L.s. 

STRUMA.  See  Scrofula,  Vol.  XXI,  p.  580. 

STRUTHIONIDyE.  See  Ostrich,  Vol. 
XVIII,  p.  67. 

STRUTT,  John  William.  See  Rayleigh, 
Baron,  in  these  Supplements. 

STRUVE,  Otto  Wilhelm,  a  Russian  astron¬ 
omer;  born  in  Dorpat,  May  7»  1819.  Upon  the 
death  of  his  father  he  succeeded  him  as  director 
of  the  Pulkova  Observatory,  near  St.  Petersburg. 
He  was  the  presiding  officer  of  the  International 
Astrophotographic  Congress  at  Paris  in  1877.  In 
1890  he  resigned  the  directorship  at  Pulkova. 
He  discovered  over  500  binary  stars ;  determined 
the  parallax  of  numerous  stars;  observed  the  vari¬ 
ability  of  the  light  coming  from  the  nebula  of 
Orion  and  the  several  6tars  hidden  in  the  nebula. 

W.M.C. 

STRYCHNINE.  See  Poisons,  Vol.  XIX,  p.  290, 

STRYCHNOS.  See  Nux  Vomica,  Vol.  XVII, 
p.  706. 
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STUART,  Iowa,  a  city  of  Guthrie  County,  on 
the  Chicago,  Rock  Island  and  Pacific  railroad,  40 
miles  southwest  of  Des  Moines,  and  98  miles  east 
of  Omaha.  It  is  a  prairie  farming  center,  with 
an  export  trade  in  grain  and  other  agricultural 
produce,  and  manufactures  steam-engines  and  ma¬ 
chinery.  Population,  1900,  2,079.  c.l.s. 

STUART,  Arabella.  See  Stuart, Vol.  XXII, 
p.  642 

STUART,  James  Ewell  Brown,  military 
officer;  born  in  Patrick  County,  Va.,  Feb.  6, 
1833;  was  graduated  at 
the  United  States  Mili¬ 
tary  Academy  in  1854; 
commissioned  a  2d  lieu¬ 
tenant;  transferred  to 
the  1st  United  States 
Artillery  in  1855;  an^ 
when  that  regiment  was 
sent  to  Fort  Leaven¬ 
worth,  Kan.,  he  was 
there  made  quartermaster 
and  commissary.  He 
served  on  the  frontier 
till  1861,  when  he  joined 

GEN.  T.  E.  B.  STUART.  r*  c  j  .  J 

J  the  Confederate  army ; 

was  promoted  major-general,  July  25,  1862.  His 
gallantry  at  the  first  battle  of  Bull  Run,  where  he 
defeated  the  Federal  attacking  force,  did  much 
toward  gaining  the  victory.  He  made  many 
successful  cavalry  raids,  and  captured  much  valu¬ 
able  property;  but  his  most  conspicuous  service 
was  his  raid  on  Chambersburg,  Pa.,  which  he  en¬ 
tered  at  the  head  of  18,000  picked  cavalry.  He 
sturdily  opposed  Sheridan  on  the  latter’s  raid 
toward  Richmond  till  mortally  wounded.  He 
died  in  Richmond,  Virginia,  June  12,  1864. 

E.o.w. 


STUART,  Moses,  educator;  born  in  Wilton, 
Conn.,  March  26,  1780;  was  graduated  at  Yale 
College  in  1799;  and  was  admitted  to  the  bar  in 
1802.  He  then  took  a  theological  course  at  Yale, 
and  was  ordained  pastor  of  the  First  Congrega¬ 
tional  Church  in  New  Haven,  Conn.,  in  1806. 
Four  years  later  he  became  professor  of  sacred 
literature  at  Andover  Theological  Seminary, 
where  he  remained  till  1848,  when  ill  health 
compelled  him  to  retire.  Shortly  after  his  con¬ 
nection  with  the  seminary  he  published  a  Hebrew 
grammar,  which  for  about  sixty  years  was  the 
foundation  of  Hebrew  instruction  in  the  United 
States.  He  wrote  Grammar  of  the  Hebrew 
Latiguage,  with  Points ;  Grammar  of  the  New 
Testament  Dialect;  The  Apocalypse;  Ecclesiastes; 
etc.  He  died  in  Andover,  Mass.,  Jan.  4,  1852. 


E.O.W. 

STUART,  Ruth  McEnery,  an  American 
writer;  born  in  Avoyelles  Parish,  Louisiana,  May 
21, 1849;  daughter  of  James  McEnery.  She 
received  but  little  education,  owing  to  the  condi¬ 
tion  of  Southern  schools  immediately  after  the 
Civil  War;  in  1879  married  Alfred  O.  Stuart,  a 
planter  of  Arkansas.  Her  first  stories  appeared  in 
1888,  in  the  New  Princeton  Review  and  Harper's 
Magazine.  In  later  years  she  contributed  to  The 


Century  Magazine.  Her  stories  have  been  col¬ 
lected  in  bound  form  under  the  titles  A  Golden 
Wedding,  etc.  (1893);  Carlotta's  Intended  (1893); 
The  Story  of  Babette  (1894);  Sonny  (1896);  and 
Gabolinks,  in  collaboration  with  Albert  Bigelow 
Paine  (1896). 

STUB,  Ambrosius.  See  Denmark,  Vol.  VII, 
p.  79. 

STUBBS,  William,  an  English  prelate  and 
historian;  born  in  Knaresborough,  Yorkshire, 
June  21,  1825.  He  was  educated  at  Ripon 
Grammar  School  and  at  Christ  Church,  Oxford, 
and  in  1848  was  elected  fellow  of  Trinity  College. 
Ordained  in  the  same  year,  he  became  vicar  of 
Navestock,  in  Essex,  in  1850.  In  1862  he  be¬ 
came  librarian  to  the  Archiepiscopal  Library  at 
Lambeth.  Soon  after  he  began  his  great  series  of 
editions  of  mediaeval  chroniclers  for  the  Rolls 
collection.  These  editions  are  of  unique  value 
for  the  study  of  English  history.  Of  special  im¬ 
portance  is  the  great  cycle  of  editions  centering 
round  the  reign  of  Henry  II,  a  period  which  he 
has  particularly  made  his  own.  In  1864  and 
1865  came  two  volumes  of  Chronicles  and  Me¬ 
morials  of  Richard  I.  Next  followed  (in  1867) 
two  more  volumes  of  Chro?iicle  of  Henry  II  and 
Richard  I.  Between  1868  and  1871,  the  four 
volumes  of  Roger  Hovedon’s  Chronicle  of  the 
same  period  were  issued  with  introductions.  The 
Historical  Collections  of  Walter  of  Ceventry  fol¬ 
lowed  in  1872-73;  while  an  edition  of  the  His¬ 
torical  Works  of  Ralph  Diceto  in  1876  and  those 
of  Gervase  of  Canterbury  in  1879-80  worthily 
complete  the  series.  In  1874  fresh  ground  was 
opened  up  by  The  Memorials  of  St.  Dunstan. 
Later  on  came  the  Chronicles  and  Memorials  of 
Edward  I  and  Edward  II  (1882—83).  In  18 66 
he  was  appointed  regius  professor  of  modern  his¬ 
tory  at  Oxford,  and  held  it  during  eighteen  years. 
In  1870  he  published  Select  Charters  and  Other 
Illustrations  of  English  Constitutional  History 
from  the  Earliest  Period  to  the  Reign  of  Ed¬ 
ward  /,  which  prepared  the  way  for  his  greatest 
and  best  known  work,  The  Constitutional  History 
of  England  in  Its  Origin  and  Development  (1874- 
78).  In  1879  his  distinction  as  a  theologian  no 
less  than  an  historian  was  recognized  by  his  ap¬ 
pointment  to  a  canonry  at  St.  Paul’s,  while  in 
1884  he  was  consecrated  bishop  of  Chester.  A 
selection  from  his  public  lectures  between  the 
years  1867  and  1884  appeared  in  1886.  He  died 
in  London,  April  22,  1901.  w.M.c. 

STUCCO.  See  Building,  Vol.  IV,  pp.  452- 
454- 

STUNDISTS,  a  Russian  sect  which  has  been 
organized  since  1861,  when  the  promulgation  of 
the  Bible  was  ordered  by  Alexander  II.  It  is 
claimed  by  some  authorities  that  this  sect  had 
its  origin  in  1817,  in  the  Kherson  district,  among 
immigrants  from  Wurtemberg.  The  formation 
of  a  powerful  sect  deemed  worthy  of  persecution 
by  the  Russian  orthodox  priests  did  not  take 
place  until  1870.  Since  that  time  the  numbers 
have  constantly  increased,  until  it  is  estimated 
there  were  about  one  million  in  1895.  The  name 
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STURGEON  BAY  — 

Stundists  is  derived  from  their  custom  of  meet¬ 
ing  to  read  lessons  or  hours, — stunden.  There  is 
no  common  confession  of  faith,  and  the  Bible  is 
their  only  guide.  The  rulers,  known  as  elders, 
are  chosen  from  among  the  old  men  of  the  congre¬ 
gation.  Under  them  are  the  deacons,  younger 
men  upon  whom  devolve  the  active  clerical 
duties  of  the  congregation.  There  are  no  regu¬ 
lar  houses  of  worship,  but  meetings  are  held  in 
dwellings  and  public  halls.  They  believe  in  the 
right  of  free  thought,  submit  to  laws,  and  are  an 
Industrious  and  sober  people.  In  recent  years 
their  objection  to  the  too  rigid  enforcement  of 
the  agrarian  laws  has  been  the  pretext  of  govern¬ 
ment  persecution.  Alarmed  at  their  increase  in 
numbers  and  power,  the  Greek  Church  in  1893 
brought  about  the  proclamation  of  laws  which 
provide  that  the  children  of  Stundists  who  are 
under  16  are  to  be  placed  under  the  charge 
of  the  village  priests,  who  are  to  give  them 
instruction  in  the  orthodox  teachings.  All  Stun- 
dist  children  must  be  baptized  by  orthodox 
priests.  All  passports  issued  to  Stundists  must 
bear  the  word  Stundist,  for  the  information  of  the 
police.  Other  similar  conditions  are  imposed, 
which  are  intended  to  crush  out  this  growing  sect. 
See,  Russia,  Vol.  XXI,  p.  90. 

STURGEON  BAY,  Wisconsin,  the  seat  of 
Door  County,  a  city  on  the  north  shore  of  an  in¬ 
let  of  the  same  name,  on  the  east  side  of  Green 
Bay,  Lake  Michigan,  opposite  Oconto  on  the 
west  shore  of  Green  Bay,  but  45  miles  east  by 
the  Ahnapee  and  Western  railroad.  It  is  on  a 
heavily-timbered  peninsula  and  has  large  lumber, 
saw  and  planing  mills,  stone  quarries,  furniture 
factories,  canning  establishments,  foundry  and 
machine  shops,  the  products  of  which  supply  an 
extensive  export  and  shipping  trade.  Popula¬ 
tion,  1890,  2,195;  3>372-  C-L-S- 

STURGIS,  Michigan,  since  1890  a  city,  for¬ 
merly  a  village  of  St.  Joseph  County,  near  the 
Indiana  boundary,  and  a  junction  of  divisions  of 
the  Grand  Rapids  and  Indiana  and  the  Lake  Shore 
and  Michigan  Southern  railroads,  130  miles  east 
of  Chicago.  It  is  an  agricultural,  manufacturing 
and  exporting  center,  with  considerable  lumber 
industries,  furniture,  chair,  door,  sash,  and  shade 
factories,  foundry,  machine,  cutlery  and  hardware 
products.  Population,  1890,  2,489;  1900,  2,465. 

C.L.S. 

STURGIS,  Russell,  an  American  architect 
and  author;  born  in  Baltimore,  Maryland,  Octo¬ 
ber  16,  1836.  He  was  graduated  at  the  College 
of  the  City  of  New  York  in  1856,  and  studied 
architecture.  He  designed  Battell  Chapel,  Far- 
nam  Hall,  Durfee  Hall,  and  Lawrence  Hall,  of 
Yale  College,  and  the  Homoeopathic  Medical 
College  and  Flower  Hospital  in  New  York.  In 
1885  he  became  active  in  writing  and  lecturing  on 
art  subjects.  His  books  include  European  Archi¬ 
tecture  (1895)  ;  Annotated  Bibliography  of  Fine 
Art  (1897)  ;  Artist's  Way  of  Work  (1903).  He 
died  in  London,  Eng. ,  April  13,  1904.  w.m.c. 

STURM,  Johannes  von.  See  Education, 
Vol.  VII,  p.  584. 


SUBLIME  PORTE 

STUYVESANT,  Peter,  governor-general  ol 
the  Dutch  colony  of  New  Amsterdam  from  1647 
until  1664,  when  it  was  captured  by  the  Eng¬ 
lish.  He  was  born  in  Holland,  in  1602.  He 
became  governor-general  of  Curagoa  and  lost 
a  leg  in  an  attack  on  St.  Martin.  As  gov¬ 
ernor-general  of  New  Amsterdam  he  did  much 
for  the  material  benefit  of  the  colony. 
Toward  the  Indians  he  adopted  a  policy  of 
conciliation,  and  endeavored  to  improve  their 
condition.  In  1650  he  met  the  New  England 
commissioners  at  Hartford,  and  with  them  ar¬ 
ranged  a  line  of  partition  between  the  Dutch  and 
the  English  territories  which  had  been  hitherto 
in  dispute.  In  1655  he  took  possession  of  the 
Swedish  settlement  on  the  Delaware.  In  1664 
Charles  II,  King  of  England,  granted  to  his 
brother,  the  Duke  of  York  (afterward  James  II), 
all  the  territory  from  the  Connecticut  River  to 
the  Delaware,  and  four  English  warships  appeared 
in  New  York  Bay,  demanding  the  surrender  of 
the  City  of  New  Amsterdam.  The  municipal 
authorities,  seeing  no  hope  of  successful  defense, 
insisted  on  yielding  to  the  English,  and  on  Sept.  9, 
1664,  a  treaty  was  signed  in  Stuyvesant’s  farm¬ 
house,  called  the  “Bowerie,”  by  which  the  city 
was  surrendered  to  the  English,  who  called  it 
New  York.  Stuyvesant  lived  18  years  longer  on 
his  farm.  Hewas  buried  at  the  corner  of  Stuyvesant 
St.  and  Second  Ave.,  New  York  city.  He  died  in 
New  York  city,  i-»  1682.  See  New  York,  Vol. 
XVII,  p.  466.  Revised  by  R.  W.C. 

STYE  OR  HORDEOLUM.  See  Ophthai^ 
MOLOGY,  Vol.  XVII,  p.  808. 

STYLE,  Old  and  New.  See  Calendar, 
Vol.  IV,  p.  595. 

STYLITES.  See  Monachism,  Vol.  XVI, 726. 

STYRACACE^E  or  STYRACEA2,  a  family  of 
plants,  also  called  storaxworts  or  storax  family. 
It  is  a  group  of  gamepetalous  shrubs  having 
alternate  simple  leaves,  and  generally  white 
flowers  in  racemes  with  from  four  to  eight  petals 
somewhat  united  in  the  corolla.  It  has  seven 
genera,  found  in  all  parts  of  the  world,  the  more 
important  species  being  tropical.  The  snow-drop 
tree  (see  Arboriculture,  Vol.  II,  p.281)  is  one 
well-known  species.  From  the  Sty  rax  officinalis , 
liquid  amber  is  obtained.  See  Storax, Vol.  XXII, 
p.  605. 

SUBCARBIDE  THEORY  OF  STEEL.  See 
Iron  and  Steel,  in  these  Supplements. 

SUB-CONSCIOUS  STATES.  See  Psychol¬ 
ogy,  Vol.  XX,  p.  52. 

SUBERIC  ACID  C6H12(COOH)a,  a  dibasic  acid 
obtained  by  the  action  of  nitric  acid  on  cork  as 
well  as  on  some  other  substances  in  long  needles, 
melting  at  140°  and  distilling  at  300 °. 

SUBERINE.  See  Physiology  of  Plants, 
Vol.  XIX,  p.  50. 

SUBLIMATION.  See  Distillation,  Vol.  VII, 
p.  226. 

SUBLIME  PORTE,  the  name  applied  to  the 
Ottoman  or  Turkish  empire,  and  especially  to  the 
court  or  cabinet  of  ministers.  This  term  is 
derived  from  the  old  custom  of  holding  the  jus- 
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SUBMARINE  BOATS 


tice  courts  in  the  High  Gate  of  the  palace,  and 
from  that  extended  first  to  the  court  and  later  to 
the  whole  government. 

SUBMARINE  BOATS.  There  are  three  classes 
of  submarine  boats — those  arranged  for  propulsion 
by  hand-power,  those  using  steam-engines,  and 
those  which  use  electricity  as  a  motive  power. 
During  the  Civil  War  the  Confederates  built  one 
of  the  first  class,  which  was  designed  for  the 
destruction  of  the  vessels  of  a  blockading  squad¬ 
ron.  She  was  manned  by  eight  men,  who  were 
able  to  row  her  at  a  speed  of  a  little  more  than 
three  miles  an  hour.  She  was  christened  the  David , 
and  sank  with  the  wreck  of  the  first  vessel  she 
attacked.  In  1886  one  Nordenfeldt  built  a  subma¬ 
rine  boat  at  Stockholm,  which  was  propelled  by 
steam,  and  proved  manageable.  Later  boats  have 
usually  employed  electric  power  stored  in  accumu¬ 
lators, — a  form  which  is  now  considered  tne  most 
satisfactory  means  of  propulsion  for  such  craft. 
These  boats  are  built  almost  solely  for  torpedo 
warfare,  to  be  used  in  attacking  an  enemy’s  ves¬ 
sels  unawares.  They  are  all  very  slow  of  move¬ 
ment  when  entirely  submerged,  the  difference 
between  the  speed  on  the  surface  and  that  below 
being  about  as  three  to  one.  The  French  easily 
lead  in  these  constructions,  having  built  several 
notable  crafts.  In  1888,  Gustave  Z6d6,  of  the 
Mediterranean  Engineer  Corps,  with  the  assist¬ 
ance  of  Engineer  Romazzotti  and  Captain  Krebbs, 
designed  the  Gymnote ,  which  attained  considerable 
notoriety.  Her  dimensions  were,  length,  59  feet; 
diameter,  6  feet.  The  shell  is  cigar-shaped,  being 
formed  of  steel  plates  2]^  by  3  feet  in  size,  firmly 
riveted  together.  Six  tons  of  storage-battery 
accumulators  are  used  to  furnish  a  current  for  the 
electric  motor.  This  latter  was  specially  designed 
by  Captain  Krebbs,  and  develops  55  horse-power 
and  weighs  4,400  pounds.  The  propeller  is  four- 
bladed,  and  has  a  diameter  of  4  feet  10  inches. 
Two  upright  rudders  are  arranged  aft,  in  front  of 
the  propeller,  for  steering,  while  somewhat  similar 
horizontal  blades  are  provided  to  assist  immersion 
by  being  set  at  a  slight  angle,  when  the  force  of 
the  screw  will  cause  them  to  act  on  the  water  as 
inclined  planes.  There  is  an  outlook  or  conning- 
tower  for  the  steersman  and  several  manholes  in 
the  upper  surface.  Water-chambers  are  provided, 
into  which  water  may  be  pumped  to  bring  the 
craft  to  a  submersion  of  eight  yards,  the  raising 
being  accomplished  by  pumping  out  the  water 
again.  The  submerged  speed  is  given  at  five 
knots  an  hour.  The  lighting  is  accomplished  by 
means  of  incandescent  lamps,  furnished  with  a 
current  from  the  accumulators.  The  ventilation 
is  provided  for  by  means  of  tanks  of  compressed 
air.  This  boat  is  wholly  experimental,  being 
constructed  to  afford  greater  knowledge  as  to  the 
management  and  feasibility  of  such  craft.  The 
French  government  subsequently  built  two  smaller 
submarine  boats,  each  christened  Le  Goubet.  No. 
1  is  8  meters  long  1 %  meters  in  diameter.  She 
is  built  of  bronze  plate,  and  weighs  ten  tons.  Glass 
windows  are  provided  to  admit  light.  There  are 
accommodations  for  three  persons,  who  are  pro¬ 


vided  with  air  from  tanks  containing  air  com¬ 
pressed  to  eighty  atmospheres.  In  other  partic 
ulars  the  boat  resembles  the  Gymnote.  No.  2  is 
the  same  size  as  No.  1,  but  affords  more  space  for 
the  occupants.  The  construction  is  such  that  it 
may  be  taken  into  three  parts  for  transportation. 
Oars,  operated  by  one  man,  are  used  for  propul¬ 
sion,  but  accumulators  are  also  provided.  On  the 
inner  side  of  the  shell  are  bolts,  designed  to  be 
loosened  to  free  torpedoes.'  A  false  metal  keel  is 
provided,  which  may  be  loosened  and  dropped  by 
the  turn  of  a  handle,  thus  enabling  the  craft  to 
rise.  In  its  normal  position  one  small  conning- 
tower  is  just  above  the  surface,  presenting  a  mark 
so  small  as  to  be  very  difficult  of  observation  from 
an  opposing  vessel.  Another  boat,  named  the 
Zede,  has  been  built  for  the  French  government, 
and  was  successfully  maneuvered  at  a  depth  of 
sixty  feet.  It  is  normally  steered,  just  below  the 
surface,  by  means  of  a  periscope. 

The  Baker  submarine  boat,  tried  by  George  C. 
Baker  on  Lake  Michigan  in  May,  1892,  attracted 
widespread  attention.  Her  proportions  are  differ¬ 
ent  from  the  French  boats,  the  dimensions  being, 
length,  40  feet;  beam,  8  feet;  and  height,  13  feet. 
An  oak-planking  six  inches  thick  forms  the  shell. 
She  carries  a  steam-engine,  an  electric  motor  and 
storage-battery  cells,  the  plan  being  to  use  the 
steam-engine  when  navigating  the  surface,  and 
also  to  drive  the  motor  as  a  dynamo,  when  an 
opportunity  of  rest  is  taken  to  charge  the  cells 
of  the  battery.  This  arrangement  proved  satis¬ 
factory,  rendering  the  boat  free  from  the  nuisance 
of  being  helpless  when  at  a  distance  from  a  point 
where  the  accumulators  can  be  charged.  The 
smokestack  of  the  engine  may  be  withdrawn 
through  a  valve  when  the  vessel  is  to  be  sub¬ 
merged.  The  dynamo  is  then  reversed  for  use  as 
a  motor,  and  the  charged  batteries  supply  the 
current.  The  motor-dynamo  is  fifty  horse-power, 
and  the  battery  contains  232  cells.  Twin  pro¬ 
pellers  are  used,  each  being  two  feet  in  diameter, 
and  having  four  blades.  They  are  so  adjustable 
that  the  pilot  can  use  them  for  steering  the  boat 
in  any  direction,  up  or  down,  to  starboard  or  lai 
board.  One  wheel  alters  the  angle  of  these  pra 
pellers,  and  another  wheel  is  used  for  the  rudder. 
The  conning-tower  has  plate-glass  sides,  and  also 
serves  as  a  manhole.  The  surface  speed  of  this 
boat  is  about  nine  miles  an  hour. 

Another  American  submarine  boat,  the  Nautilus, 
was  tested  in  New  York  harbor  a  few  years  since. 
Her  chief  novelty  consisted  in  the  submersion  ap¬ 
paratus,  which  comprised  several  large  telescopic 
cylinders  set  in  the  sides  for  increasing  or  de¬ 
creasing  the  interior  air-space,  and  thus  raising  or 
sinking  the  craft.  The  United  States  navy  has 
lately  contracted  for  a  large  submarine  boat  for 
use  in  torpedo  warfare,  to  be  constructed  at  a 
cost  of  $150,000.  Her  displacement  will  be  138 
tons;  length,  80  feet;  diameter,  n  feet.  She 
will  be  designed  to  make  14  knots  awash,  and  to 
have  six  hours’  endurance  under  water. 

The  Peral,  named  after  the  designer,  and  built 
for  the  Spanish  navy  in  1888,  is  of  86  tons  displace- 
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lent,  with  a  length  of  72  feet  and  a  diameter  of 
feet.  Four  propeller-screws  are  provided, 
.wo  serving  to  drive  the  vessel  forward  by  means 
of  electric  motors,  to  which  they  are  indepen¬ 
dently  attached,  and  the  other  two  being  set  hori¬ 
zontally,  and  rotated  only  when  it  is  desired  to  in- 
-ease  or  reduce  the  submersion.  Water-com- 
irtments  are  also  used  to  assist  in  raising  or 
iwering  the  vessel  should  any  accident  happen  to 
:ie  propellers.  The  buoyancy  apparatus  is  ren¬ 
dered  automatic  by  a  device  for  regulating  the  im¬ 
mersion-screws.  A  curved  tube  of  elliptical  cross- 
section  is  extended  into  the  water,  and  is  so  ar¬ 
ranged  that  a  variation  of  pressure  caused  by 
difference  of  depth  in  the  water  deforms  the  tube 
and  operates  an  electrical  switch,  setting  the  im¬ 
mersion-screws  to  work  until  the  pressure  is 
brought  back  to  the  normal  point  at  which  the 
apparatus  was  set.  A  pendulum  device,  swing¬ 
ing  between  electric  contacts  serves  to  secure  a 
balance  of  the  craft  as  between  stem  and  stern, 
by  adjustment  of  the  driving-screws.  The  elec¬ 
tric  motor  is  supplied  with  a  current  from  a  bat¬ 
tery  carrying  613  Julien  cells. 

The  Waddington  torpedo-boat,  built  in  Eng¬ 
land  in  1888,  is  of  the  submarine  type,  37  feet 
long  and  6  feet  in  diameter.  The  eight  horse¬ 
power  electric  motor,  with  45  large  accumulator- 
cells,  is  sufficient  to  take  her  on  a  voyage  of 
150  miles,  at  a  slow  speed,  before  it  becomes  ne¬ 
cessary  to  recharge  the  batteries.  There  are  no 
less  than  four  devices  for  elevating  and  submer¬ 
ging  the  vessel,  any  one  of  which  will  accomplish 
the  object  should  the  others,  by  accident,  be  out 
of  order.  First,  there  are  side-planes,  which 
carry  the  vessel  down  or  up  with  the  aid  of  the 
propeller-screw.  Then  there  are  twin  vertical 
propellers,  mounted  in  large  tubes  passing  ver¬ 
tically  through  the  boat’s  hull.  Next,  water- 
tanks  are  provided,  so  that  pumping  in  or  out 
will  depress  or  elevate  the  craft.  Lastly,  there 
is  a  heavy  weight  hung  to  the  bottom,  which  may 
be  detached  by  turning  a  screw  from  the  inside, 
thus  allowing  the  vessel  to  rise.  Two  pairs  of 
rudders  are  used,  one  set  serving  for  lateral 
guidance,  and  the  other  set  being  operated  auto¬ 
matically  to  maintain  the  verticality  of  the  vessel. 
Three  torpedoes  are  carried,  one  for  use  as  a 
mine,  and  the  others  of  the  automobile  type. 

A  steel  submarine  boat  was  built  a  few  years 
ago,  at  Foce,  Italy,  for  examining  wrecks,  search¬ 
ing  for  pearl-oysters,  etc.  Her  shape  resembles 
that  of  the  Baker  boat,  being  28  feet  long,  7  feet 
beam  and  feet  high.  She  is  designed  to  de¬ 
scend  to  a  depth  of  300  feet  and  to  carry  divers, 
who  crawl  out  of  compartments  in  the  bottom. 
Motive  power,  electricity.  C.  H.  Cochrane. 

SUBPOENA.  See  Writ,  Vol.  XXIV,  p.  732. 

SUBROGATION.  See  Novation,  Vol.  XVII, 
p.  618. 

SUBSTITUTIONS,  Theory  of.  See  Alge¬ 
bra,  Vol.  I,  p.  487. 

SUBWAYS.  See  Underground  Railroads, 
in  these  Supplements. 

SUCCESSION,  a^egal  term  used  to  describe 
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the  transmission  of  a  dignity,  such  as  a  peerage, 
or  an  estate  real  or  personal.  See  Peerage. 
Vol.  XVIII,  pp.  468-479;  Primogeniture,  Vol. 
XIX,  pp.  752-756;  Remainder,  Vol.  XX,  pp. 
384,  385;  Succession  Duty,  Vol.  XXII,  p.  649; 
Will,  Vol.  XXIV, pp. 601-606 ;  and  Exemption 
Laws,  in  these  Supplements. 

SUCCINIC  ACID  (CaH4  (COOH)2),  a  dibasic  acid 
occurring  in  amber,  bituminous  coal,  the  juices 
of  unripe  fruits  of  many  plants,  and  the  secretions 
of  some  animals.  It  is  formed  in  the  fermentation 
of  sugar,  asparagin,  flesh,  etc.,  by  the  action  of 
nitric  acid  on  many  organic  substances,  and  in  a 
variety  of  other  ways.  It  occurs  in  small  quan¬ 
tity  in  bread.  It  forms  crystals  very  soluble  in 
water,  less  soluble  in  alcohol,  and  but  little  solu¬ 
ble  in  ether.  It  is  used  in  a  number  of  organic 
syntheses,  and  to  a  limited  extent  in  medicine. 

SUCCORY.  See  Chicory,  Vol.  V,  p.  534. 

SUCKER,  a  name  commonly  applied  to  fishes 
of  the  family  Catastomidce.  The  name  refers  to 
their  habit  of  sucking  up  mud,  from  which  they 
obtain  a  large  part  of  their  food.  The  mouth  is 
well  adapted  for  this  purpose.  The  family  con¬ 
sists  of  about  sixty  species,  of  which  two  are 
Asiatic  and  the  rest  North  American.  All  waters 
east  of  the  Rocky  Mountains  contain  species  of 
suckers.  The  buffalo-fishes  (Ictiobus),  the  red- 
horse  ( Moxostana )  and  the  suckers  proper  (Cat as  to¬ 
wns)  are  well  known  in  the  Mississippi  Valley.  The 
name  is  also  given  to  the  Discocephala  or  Echeneu 
didee ,  fishes  with  a  dorsal  sucking-disk  on  the  head, 
by  means  of  which  they  attach  to  larger  fishes 
and  other  objects.  The  Remora  is  an  example. 

SUCRE,  Antonio  Josri  de,  a  Bolivian  general 
(1793-1830).  See  Bolivia,  Vol.  IV,  pp.  15,  17. 

SUCTORIA  See  Protozoa,  Vol.  XIX,  890. 

SUDAN.  See  Soudan,  Vol.  XXII,  pp.  290- 
293 ;  and  Africa,  in  these  Supplements. 

SUDERMANN,  Hermann,  a  Prussian  novelist 
and  dramatist ;  born  Sept.  30,  1857,  at  Matziken, 
near  the  Russian  frontier.  Though  his  youth  was 
passed  in  narrow  circumstances  he  gained  a  gym¬ 
nasium  and  university  education,  and  then  settled 
in  Berlin  as  a  journalist.  His  paper  was  a  small 
weekly,  on  which  he  did  most  of  the  work,  among 
other  things  writing  short  stories  for  its  pages. 
He  broke  off  connection  with  the  paper,  because 
his  views  were  too  radical,  and  resolved  to  live  by 
literature,  which,  after  a  hard  pinch,  he  was  able 
to  do  comfortably.  His  first  novel  was  Im  Zwie- 
licht  (In  the  Twilight ),  which  was  followed  by  Frau 
Sorge  (English  version  Dame  Care),  by  a  number 
of  short  stories,  and  by  his  most  successful  novel 
Der  Katzensteg  (The  Cat's  Way).  These  publica¬ 
tions,  he  says,  preceded  1889.  His  greatest  suc¬ 
cess  came  through  his  plays,  of  which  Die  Ehre 
(Honor,  1890)  was  the  first.  His  Die  Heimath 
(1893),  translated  into  Italian  and  into  English, 
has  been  made  famous  by  Sarah  Bernhardt  in 
France,  and  by  Duse  in  Great  Britain  and  Amer¬ 
ica,  where  it  bears  the  title  of  its  principal  rble, 
Magda.  The  plot  moves  on  the  strain  of  relations 
between  an  old-fashioned  father  and  his  daugh¬ 
ter  touched  with  the  new  order  of  things.  Suder- 
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mann's  more  recent  plays  are  Die  Schmetterlings- 
schlacht  ( The  Battle  of  the  Butterflies ,  1891),  and 
Das  Gliickim  Winkel  ( Happiness  in  a  Corner,  1896). 

SUDETENGEBIRGE,  one  of  the  most  im¬ 
portant  mountain  ranges  of  Germany,  dividing 
Prussian  Silesia  and  Lausitz  from  Bohemia  and 
Moravia,  and  connecting  the  Carpathians  with  the 
mountains  of  Franconia.  The  range  is  rich  in 
minerals,  especially  in  the  metals,  iron,  lead,  cop¬ 
per,  zinc,  tin,  cobalt,  with  some  silver  and  gold. 
Schneekoppe  (Snowpeak),  in  the  Riesengebirge, 
5.265  feet  high,  is  the  highest  peak. 

SUEVI.  See  Germany,  Vol.  X,  pp.  426,  27. 

SUEZ,  Gulf  of.  See  Red  Sea,  Vol.  XX,  329. 

SUEZ  CANAL.  During  1900,  3,441  vessels,  of 
9, 738, 1 52  tons,  passed  through  the  canal.  Of 
these,  1,905,  of  7,389,237  tons,  were  British.  ^  Of 
other  nationalities,  Germany  had  325  vessels,  of  1,- 
194,106  tons;  France,  202,  of  807,995  tons;  Hol¬ 
land,  206,  of  532,272  tons;  Austria-Hungary,  78, 
■of  265,231  tons;  Italy,  71,  of  198,161  tons;  Russia, 
44,  of  218,514  tons;  Spain,  48,  of  199,695  tons; 
Japan,  36,  of  165,425  tons;  Norway,  48,  of  117,794 
tons;  and  the  United  States,  only  3.  of  6,627  tons. 
The  number  of  passengers  who  passed  through  in 
1906  was  394,253.  In  1906,  3,975  vessels  with  a 
tonnage  of  18,809,169  passed  through,  of  which 
2,336  were  British  and  587  German.  The  total  re¬ 
ceipts  in  1904  were $23, 200,000.  See  also  Canal, 
Vol.  IV,  pp.  697-99 ;  Africa,  in  these  Supplements. 

SUFFIELD,  a  town  in  Hartford  Co.,  Conn.,  15 
miles  N.  of  Hartford,  on  a  branch  of  the  New  York, 
New  Haven  and  Hartford  railroad;  has  6  churches, 
the  Connecticut  Literary  Institute  (Baptist),  a  bank, 
paper-mill  and  cigar  factories.  Pop.  1900,  3,521. 

SUFFOCATION.  See  Medical  Jurispru¬ 
dence,  Vol.  XV,  p.  791. 

SUFFOLK,  Virginia,  the  seat  of  Nansemond 
County,  a  town  on  the  east  bank  of  the  Nanse¬ 
mond  River,  entered  by  five  lines  of  railroads,  and 
having  freight  and  passenger  steamer  connections 
with  Atlantic  and  Gulf  Coast  lines.  It  is  the 
seat  of  Suffolk  Female  College,  Nansemond  Female 
Seminary,  a  military  academy  and  university 
school.  Lumbering,  fruit  packing,  oyster  packing 
and  lime  works  are  the  chief  of  several  farming 
and  manufacturing  industries.  Population,  1890, 

3-354;  1900- 3-S27-  C.L.S. 

SUFFRAGE.  See  Election  Laws,  in  these 
Supplements;  Ballot,  Vol.  Ill,  p.  249;  and 
Elections,  Vol.  VIII,  p.  4. 

SUFFRAGE,  Women.  See  Women,  in  these 
Supplements. 

SUFIS  or  SOOFEES.  See  Sunn.fes,  Vol. 
XXII,  p.  697. 

SUGAR.  SeeCHEMiSTRY,in  these  Supplements. 

SUGAR-BERRY.  See  Hack-berry,  Vol. 
XI,  p.  322.- 

SUGAR  CROP  IN  THE  UNITED  STATES. 
See  Agriculture,  and  Beet  Sugar,  in  these 
Supplements. 

SUGAR-MAKING  MACHINERY.  The  mech¬ 
anisms  used  in  the  manufacture  of  sugar  have 
undergone  important  changes  within  the  past 
15  years.  The  triple-effect  method  of  evapora¬ 


tion  has  come  into  general  use,  with  the  result 
that  sugar-mills  are  fewer,  but  much  more  exten- 
tensive  and  complete,  than  formerly.  The  cane  as 
brought  into  the  mill  is  loaded  upon  a  carrier., 
which  is  an  endless  traveling-conveyer,  formed 
of  wooden  slats  carried  on  chains.  This  carrier 
feeds  the  cane  to  a  cutter,  if  one  be  used,  other¬ 
wise  it  feeds  the  cane-mill  direct.  Cane-cuttere 
break  the  cane  into  pieces  of  six  inches  or  less  in 
length,  by  means  of  iron  rolls  bearing  steel  cor¬ 
rugations  on  the  surface,  which  are  so  contorted 
that  the  cane  cannot  get  through  in  long  pieces. 
About  sixty  per  cent  of  the  juice  is  expressed  in 
this  cutting  of  the  cane.  The  cane-mill  has  three 
large,  slightly  roughened  rolls,  set  about  half  an 
inch  apart,  between  which  the  cane  is  passed  once 
or  twice  until  the  remainder  of  the  juice  is 
thoroughly  expressed.  The  rolls  are  roughened, 
in  order  to  prevent  their  slipping  over  instead  of 
gripping  and  crushing  the  cane.  These  mills  are 
made  much  larger  and  heavier  than  formerly, 
the  upper  or  king  roller  being  made  36  and  some¬ 
times  38  inches  in  diameter.  The  lower  rollers 
are  known  respectively  as  the  cane-roller  and  the 
bagasse  roller. 

The  juice  from  the  cutter  and  the  mill  falls 
into  a  tank  below,  in  a  dirty  and  impure  condition, 
but  is  pumped  up  through  strainers  to  an  elevated 
tank,  from  which  it  is  allowed  to  flow  into  the 
defecators.  Here  lime  is  used  to  settle  the  im¬ 
purities,  and  steam  introduced  to  coagulate  the 
albumen,  while  the  purified  juice  is  drawn  off' from 
below,  minus  the  scum  and  settlings.  The  juice 
is  next  conveyed  to  the  triple-effect  vacuum-pans, 
to  evaporate  the  water,  which  constitutes  about 
seven  eighths  of  its  bulk  at  this  stage.  This  ap¬ 
paratus  consists  of  three  great  cylindrical  tanks, 
each  surmounted  with  a  pipe  of  large  diameter  for 
conveying  the  steam  to  the  next  pan,  or  in  the 
case  of  the  last  tank,  to  the  condenser.  The  tanks 
are  called  vacuum-pans,  because  they  take  the 
place  of  open  pans  formerly  used,  and  because 
they  are  closed  on  top,  and  a  vacuum  maintained 
in  the  pans  and  tubes  to  which  the  juice  is  ad¬ 
mitted.  The  greater  the  vacuum  maintained,  the 
less  is  the  temperature  required  to  boil  the  juice. 
It  is  found  best  to  maintain  only  a  slight  vacuum 
in  the  first  pan,  a  better  one  in  the  second,  and  a 
still  better  vacuum  in  the  last  pan.  Steam  is  in¬ 
troduced  about  the  tubes,  which  are  placed  upright 
in  the  lower  parts  of  the  pans,  and  furnishes  the 
heat  for  the  boiling,  and  as  the  second  and  third 
pans  use  increased  vacuums,  less  heat  is  required 
for  the  boiling,  hence  the  steam  is  carried  over 
from  the  first  pan,  and  though  somewhat  cooled, 
is  hot  enough  for  the  purpose.  This  system  of 
evaporation  has  been  tried  with  two  pans,  also 
with  four  or  more,  and  the  use  of  three  pans  has 
finally  been  decided  upon  as  producing  the  best 
effect.  Hence  the  name  triple  effect,  which  is 
given  to  the  whole  evaporating  apparatus.  An¬ 
other  type  has  been  manufactured  in  France,  in 
which  the  pans  are  horizontal,  and  the  steam  is 
run  through  tubes,  while  the  liquor  surrounds 
them.  It  is  a  cheaper  construction  than  that 
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described  above,  and  also  less  effective.  In  the 
most  recently  constructed  triple  effects  the  ar¬ 
rangement  of  the  tubes  in  the  pans  is  changed,  so 
as  to  pass  only  a  small  stream  of  liquor  through  a 
considerable  length  of  steam-heated  tube,  and  as 
far  as  possible  to  cause  this  liquor  to  form  a  thin 
film  over  the  inner  surface  of  the  tube. 

From  the  third  vacuum-pan  the  liquor,  which  is 
now  a  thick  syrup,  goes  to  a  condenser,  where  the 
best  possible  vacuum  is  maintained.  The  syrup 
»  then  clarified  by  boiling  and  skimming,  and 
passes  to  an  individual  vacuum-pan,  where  the 
final  evaporation  takes  place.  When  almost  dry, 
and  on  the  point  of  crystallization,  it  is  discharged 
from  a  large  valve  at  the  bottom,  being  then  a 
pasty  mass.  This  valve  is  designated  the  “  strike- 
Talve,”  and  the  operation  a  “strike. ”  The  paste 
run  into  cooling-cars  and  allowed  to  crystallize. 
It  next  goes  to  a  mixer  having  rotating  paddles, 
where  it  is  thoroughly  stirred  and  passed  on  to 
the  centrifugal  machines,  which  are  large  whirl¬ 
ing  baskets,  in  which  the  last  vestige  of  molasses 
is  got  rid  of  by  centrifugal  force,  while  the  bas¬ 
kets  retain  the  sugar.  The  centrifugal  machines 
have  upright  cylinders,  within  which  the  porous 
baskets  are  rotated  at  a  speed  of  about  one  thou¬ 
sand  turns  per  minute  for  three  or  four  minutes, 
when  all  the  moisture  is  removed.  The  machines 
are  commonly  set  several  in  a  row  and  connoted 
by  gearing. 

The  first  mechanism  used  in  the  refining  of 
sugar  is  a  cistern,,  in  which  the  sugar  is  dis¬ 
solved  in  hot  water.  From  the  cistern  it  is 
pumped  up  to  the  blow-up  pans,  where  it  under¬ 
goes  a  process  of  purification  by  settling  and 
skimming.  A  series  of  five  or  six  long  upright 
filters  of  animal  charcoal  and  bone-black  are 
next  used  to  whiten  the  product.  Centrifugal 
machines  are  again  used  to  throw  out  the  mois¬ 
ture,  after  which  the  sugar  emerges  in  a  fin¬ 
ished  condition. 

For  the  manufacture  of  loaf-sugar,  molds  are 
used,  and,  after  cooling,  a  gang  of  small  saws 
serves  to  cut  up  the  mass  into  lumps  of  proper 
size  for  the  table.  In  making  beet  sugar  the 
mechanisms  for  the  first  part  of  the  process  are 
necessarily  different  from  those  used  for  cane 
sugar.  A  slicing-machine  is  first  used,  then  a 
diffusing  apparatus,  that  stirs  the  slices  in  water 
to  separate  the  saccharine  matter  from  the  pulp. 
After  defecation  and  saturation  with  carbonic- 
acid  gas,  the  beet-juice  may  be  filtered  and 
evaporated  in  a  triple-effect  apparatus,  the  same 
as  cane-juice. 

Machines  for  the  manufacture  of  maple-sugar 
are  in  a  crude  state,  boiling  in  a  long  pan  or 
series  of  open  pans  being  the  customary  method. 
As  it  is  usually  made  on  a  small  scale,  there  is  lit¬ 
tle  inducement  to  introduce  improved  machinery 
for  its  manufacture.  C.  H.  Cochrane. 

SUGAR  OF  LEAD.  See  Lead,  Vol.  XIV,  378. 

SUGDEN,  Edward  B.,  chancellor.  See  St. 
Leonards,  Vol.  XXI,  p.  191. 

SUGGESTION,  Hypnotic.  See  Magnetism, 
VoL  XV,  pp.  281-284.  ! 
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SUHM,  Peter  Frederick,  a  Danish  his¬ 
torian;  born  in  Copenhagen,  October  28,  1728. 
He  was  educated  at  the  Copenhagen  University 
and  then  went  to  Norway,  where  he  remained  for 
15  years,  examining  historical  records  and  ar¬ 
chives.  His  writings  include  Origin  of  Northern 
Nations  (1757)  ;  The  Mythology  of  Northern  Pa¬ 
ganism  (l77°)  5  Critical  History  of  Denmark 
in  the  Time  of  the  Pagans  (1781);  History  of 
Denmark  (1782).  The  last  named  work  is  tne 
recognized  authority  on  Danish  history,  and  is 
the  basis  for  various  subsequent  histories.  His 
collected  works  appeared  in  16  volumes  in  1788. 
In  1796  he  gave  to  the  Royal  Library  of  Copen¬ 
hagen  his  valuable  library  of  100,000  volumes. 
He  died  in  Copenhagen,  Sept.  7,  1798.  w.m.C. 

SUIDyE.  See  Swine,Vo1.XXIL  pp.  811-813. 
SULAIMAN  or  SULIM  AN  MOUNTAINS. 
See  India,  Vol.  XII,  p.  770. 

SULAIMAN  SHAH.  See  Persia,  Vol. 
XVIII,  p.  650. 

SULEYMAN,  the  name  of  two  Ottoman  sul« 
tans.  See  Turkey,  Vol.  XXIII,  pp.  684-687. 

SULIDyE,  a  family  of  birds.  See  Gannet, 
Vol.  X,  p.  64. 

SULINA,  a  river.  See  Danube,  Vol.  VI,  pp-. 
721,  722. 

SULIOTES.  See  Bozzaris,  Vol.  IV,  p.  168. 

SULKIES.  See  Trotting  and  Pacing,  in 
these  Supplements. 

SULLIVAN,  Illinois,  the  seat  of  Moultrie 
County,  a  city  and  railway  junction  of  divisions 
of  the  Chicago  and  Eastern  Illinois,  the  Illinois 
Central,  and  the  Wabash  system,  105  miles  north¬ 
east  of  St.  Louis,  Mo.  It  is  in  a  mining,  farming 
and  cattle-raising  section,  and  has  some  allied  in¬ 
dustries.  Population,  1900,  2,399.  c.l.s. 

SULLIVAN,  Indiana,  the  seat  of  Sullivan 
County,  a  town  on  the  Illinois  Central  and  on 
the  Evansville  and  Terre  Haute  railroads,  2 7  miles 
south  of  Terre  Haute,  yaluable  coal  mines  are 
worked  in  the  surrounding  district,  which  is  also 
a  productive  farming  and  exporting  section,  cen¬ 
tering  at  Sullivan,  where  flour  and  saw  mills, 
brush  and  machine  factories  represent  the  manu¬ 
facturing  industries.  Population,  1890,  2,222; 
1900,  3,118.  C.L.S. 

SULLIVAN,  Sir  Arthur  Seymour,  an  English 
composer;  was  born  in  London,  May  13,  1842. 

His  father  was  professor 
at  Kneller  Hall,  the 
training-school  for  Brit¬ 
ish  military  bands.  He 
received  his  first  sys¬ 
tematic  instruction  in 
music  at  the  Chapel 
Royal,  St.  James’s,  and 
was  still  a  chorister, 
when,  at  the  age  of  14,  he 
gained  the  Mendelssohn 
scholarship.  After  two 
years’  study  under  Mr. 

SIR  ARTHUR  sullivan.  (afterward  Sir  Sterndale) 
Bennett,  and  Mr.  (afterward  Sir  John)  Goss,  he 
studied  at  Leipsic  for  three  years,  at  the  Conserve 
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torium.  On  his  return  to  England  in  1861,  he 
produced  his  music  to  Shakespeare’s  Tempest , 
which  was  performed  at  the  Crystal  Palace. 
He  also  wrote  the  incidental  music  for  other  plays 
of  Shakespeare,  including  The  Merry  Wives  of 
Windsor;  The  Merchant  of  Venice ;  Macbeth;  and 
Henry  VIII.  His  next  works  were  the  cantatas 
Kenilworth,  produced  at  the  Birmingham  Festival 
in  1864,  and  Marmion,  produced  at  the  London 
Philharmonic  in  1867.  These  were  followed  by  a 
number  of  works  before  he  wrote  the  light  operas 
that  gave  him  world-wide  reputation,  as  The 
Sorcerer;  H.  M.  S.  Pinafore;  The  Pirates  of  Pen¬ 
zance;  Patience;  Iolanthe;  Princess  Ida;  The  Mi¬ 
kado;  Ruddy  gore;  and  The  Gondoliers.  These  were 
written,  for  the  most  part,  to  librettos  furnished 
by  W.  S.  Gilbert  (q.v.,  in  these  Supplements).  In 
his  song- writing,  which  is  extensive,  his  popularity 
has  been  greater,  perhaps,  than  that  of  any  other 
English  composer.  He  was  also  musical  editor 
of  Church  Hymns,  for  which  he  composed  several 
of  the  best-known  tunes,  and  has  been  an  exten¬ 
sive  composer  of  oratorios  and  sacred  musical 
dramas.  The  best  of  these  are  The  Light 
of  the  World  (1873);  The  Prodigal  Son  (1868); 
The  Martyr  of  Antioch  (1880);  The  Golden  Legend 
1886);  In  Memoriam  (1866);  On  Shore  and  Sea 
1871);  and  the  festival  Te  Deum,  to  commemorate 
the  recovery  of  the  Prince  of  Wales  in  1872.  He 
was  knighted  at  Windsor  in  1883,  and  was  awarded 
the  Legion  of  Honor  of  France  in  1878,  when  act¬ 
ing  as  British  commissioner  for  music  at  the 
Paris  Exhibition.  From  1876  till  1881  Sir 
Arthur.  Sullivan  was  principal  of  the  National 
Training  School  (now  the  Royal  College)  of 
Music.  He  died  Nov.  22,  1900. 

SULLIVAN,  Barry,  an  English  actor;  born  in 
Birmingham,  England,  in  1824.  His  first  appear¬ 
ance  was  in  Cork,  in  1840.  He  met  with  success 
from  the  first,  and  made  tours  in  Great  Britain 
and  America;  visited  the  latter  country  twice,  in 
1857-60  and  1875-76.  In  1861-66  he  made  a  suc¬ 
cessful  trip  in  Australia,  where  he  played  1,000 
nights  in  Melbourne.  His  greatest  successes  were 
in  Shakespearean  characters,  his  first  great  hit 
being  as  Hamlet,  in  London,  in  1851.  Died  in 
Brighton,  England,  May  3,  1891. 

SULLIVAN,  James,  jurist;  born  in  Berwick, 
Me.,  April  22,  1744;  brother  of  Gen.  John 
Sullivan;  studied  law  with  his  brother;  was  a 
member  of  the  Provincial  Congress  of  Massachu¬ 
setts  in  1775;  became  a  judge  of  the  Superior 
Court  in  1776;  and  in  1779-80  was  a  member  of 
the  convention  which  framed  the  constitution  of 
the  State.  He  resigned  from  the  bench  and  re¬ 
turned  to  the  bar  in  1782;  was  elected  to  Con¬ 
gress  in  1783;  and  was  one  of  the  commissioners 
in  the  settlement  of  the  Western  lands  controversy 
between  Massachusetts  and  New  York.  In  1 790- 
1807  he  was  attorney-general  of  Massachusetts ;  in 
1796  was  appointed  agent  for  settling  the  bound¬ 
aries  between  the  United  States  and  the  British 
provinces;  and  in  1807  and  1808  was  elected  gov¬ 
ernor.  He  died  Dec.  10,  1808.  g.j.h. 

SULLIVAN,  John,  military  officer;  born  in 


Berwick,  Me.,  Feb.  17,  1740;  brother  of  James 
Sullivan,  jurist;  practised  law  in  Durham  prior  to 
the  Revolutionary  War;  was  a  member  of  the 
Provincial  Congress  of  Massachusetts  in  1774; 
appointed  a  brigadier-general  in  1775  and  pro¬ 
moted  major-general  in  1776;  commanded  the 
right  division  at  the  battles  of  Trenton,  Brandy¬ 
wine,  and  Germantown;  laid  siege  to  Newport, 
was  compelled  to  raise  it,  and  defeated  the  pur¬ 
suing  British;  commanded  a  successful  expedition 
against  the  Six  Nations  of  Indians;  and  resigned 
from  the  army,  Nov.  9,  1779.  He  was  a  delegate 
to  the  Continental  Congress  in  1780-81;  attorney- 
general  of  New  Hampshire  in  1782-86;  president 
of  the  State  in  1786-87;  presidential  elector  in 
1789;  and  in  the  latter  year  was  appointed  judge 
of  the  United  States  District  Court  of  New 
Hampshire.  He  died  Jan.  23,  1795.  G.J.H. 

SULLIVAN,  William  Kirby,  an  Irish  chemist 
and  scholar.  The  date  of  his  birth  is  not  re¬ 
corded,  but  his  birthplace  was  in  County  Cork, 
Ireland.  He  studied  in  Cork  and  later  in  Ger¬ 
many;  was  chosen  president  of  Cork  College, 
succeeding  Dr.  Kane.  Previous  to  his  appoint¬ 
ment  to  that  office  he  had  been  assistant  in  the 
Museum  of  Irish  Industry,  professor  of  chemistry 
in  Queen’s  College,  Cork,  and  professor  of 
chemistry  in  the  Irish  Catholic  University.  He 
was  a  leader  in  the  organization  of  scientific  so¬ 
cieties  in  Ireland ;  edited  the  Atlantis ,  and  was  a 
constant  contributor  to  current  literature.  He 
contributed  the  articles  on  Celtic  Literature 
Fenians;  Ireland;  and  Patrick,  Saint,  to  this 
Encyclopaedia.  Among  his  publications  is  Lec¬ 
tures  on  the  Manuscript  Materials  of  Irish  History . 
He  died  in  1890. 

SULLIVAN’S  ISLAND,  South  Carolina,  aft 
insular  section  of  Charleston  County,  extending 
northward  from  the  mouth  of  Charleston  harbor 
along  the  Atlantic  coast  to  Long  Island,  and  con¬ 
nected  with  the  mainland  by  the  Charleston 
Consolidated  railroad.  It  is  a  summer  resort  for 
bathing  and  boating,  with  many  handsome  resi¬ 
dences  and  hotels,  and  on  it  is  the  town  of 
Moultrieville,  population,  1901,  511,  and  Fort 
Moultrie  of  Civil  War  celebrity.  See  Moultrie, 
Fort,  Vol.  XXVIII,  p.  152.  c.l.s. 

SULLY,  James,  psychologist;  born  at  Bridge- 
water,  Somersetshire,  March  3,  1842,  and  was  ed¬ 
ucated  at  the  Independent  College,  Taunton,  the 
Regent’s  Park  College — one  of  the  affiliated  col¬ 
leges  of  the  University  of  London — and  at  Gbt- 
tingen.  He  began  his  literary  career  in  1871  as  a 
contributor  to  The  Saturday,  The  Fortnightly,  and 
The  Westminster  reviews.  His  work  has  been 
along  the  line  followed  by  modern  psychologists, 
that  is,  in  seeking  the  basic  source  of  all  psychic 
phenomena  in  the  material  background  of  the 
brain  and  nervous  system.  During  his  life  he 
has  served  as  Grote  professor  of  the  philosophy 
of  the  mind  and  logic  in  University  College,  Lon¬ 
don.  His  chief  works  are  Intuition:  Studies  in 
Psychology  and  ^Esthetics  (1874);  Illusions  (1883); 
Studies  in  Childhood  (1895);  Children's  Ways 
(1892),  etc.  He  wrote  the  articles  ^Esthetics, 
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Dreams,  and  Evolution,  for  this  Encyclopedia. 

R.C.  A. 

SULLY,  Thomas,  artist ;  born  in  Horncastle, 
Lincolnshire,  England,  June  8,  1783;  removed 
with  his  parents  to  Charleston,  S.  C.,  in  1792. 
In  1799—1806  he  was  associated  in  miniature 
painting  with  his  brother  Lawrence  in  Richmond, 
Va.;  in  1806-08,  he  lived  in  New  York  city;  and 
in  1810  settled  in  Philadelphia,  Pa.  He  visited 
England  a  second  time  in  1837,  and  painted  a 
full-length  portrait  of  Queen  Victoria  from  life  in 
1838.  He  exhibited  in  the  Royal  Academy  ten 
portraits  between  the  years  1820  and  1840.  His 
more  famous  portraits  include  Thomas  Jefferson; 
Commodore  Decatur;  Queen  Victoria;  George 
Frederick  Cooke;  Charles  Kemble;  Rembrandt 
Peale;  Lafayette;  Charles  Carroll;  General 
Jackson;  Dr.  Benjamin  Rush;  etc.  He  also 
painted  Washington  Crossing  the  Delaware. 
He  died  in  Philadelphia,  November  5,  1872. 

E.O.W. 

SULLY- PRUDHOMME,  Rene  Francois 
Armand,  French  poet;  born  in  Paris  in  1839. 
He  was,  at  one  time,  in  business,  at  another, 
working  under  a  notary.  Such  occupations  were 
hardly  to  his  taste,  and  when  only  twenty-six  he 
published  Stances  et  Primes,  in  which  sincerity 
and  precision  are  both  most  striking.  Then  came 
Les  Epreuves;  Croquis  Italiens;  Impressions  de 
Guerre;  Vaines  Tendresses ;  Le  Bonheur.  He 
published  a  very  beautiful  translation  of  Lucre¬ 
tius,  Book  I.  His  prose  works  include  De  V Ex¬ 
pression  dans  les  Beaux- Arts  and  a  work  on 
Pascal.  He  received  a  Nobel  prize.  Died  1907. 

SULPHOCYANIDES  or  THIOCYANATES. 
See  Prussic  Acid,  Vol.  XX,  p.  30. 

SULPHUR  COMPOUNDS.  See  Sulphur, 
Vol.  XXII,  pp.  669,  670. 

SULPHUREA,  a  compound  which,  when  com¬ 
bined  with  three  times  its  weight  of  chlorate  of 
potassium,  forms  an  explosive  more  powerful  and 
much  cleaner  than  gunpowder.  It  is  obtained 
principally  from  the  waste  products  of  gas-manu¬ 
facture.  It  is  a  sulpho-caTbonyl  diamide,  symbol 
CSN2H4.  It  is  obtained  by  heating  dry  ammonic 
sulphocyanate  slowly  to  170°,  keeping  at  that 
temperature  for  several  hours,  cooling  to  ioo°, 
dissolving  in  an  equal  weight  of  water  at  8o°, 
filtering  and  allowing  the  filtrate  to  crystallize. 
It  forms  small  prisms,  soluble  in  water  and 
alcohol,  insoluble  in  ether,  and  fuses  at  1490. 

SULPHURETTED  HYDROGEN.  See  Sul¬ 
phur,  Vol.  XXII,  p.  669. 

SULPHURIC  ACID  and  SULPHATES. 
See  Sulphur,  Vol.  XXII,  p.  669;  and  Chemis¬ 
try,  in  these  Supplements. 

SULPHURIC  ETHER.  See  Ether,  Vol. 
VIII,  p.  501. 

SULPHUR  SPRINGS,  a  city  and  the  capital 
of  Hopkins  County,  northeastern  Texas,  80  miles 
E.  N.E.  of  Dallas,  on  the  Sherman,  Shreveport  and 
Southern  and  St.  Louis  Southwestern  railroads. 
It  is  situated  in  a  region  abounding  in  mineral 
springs,  and  producing  cotton,  lumber  and  coal; 
contains  furniture  factories,  flour,  saw  and 
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planing  mills,  foundry  and  machine-shop,  wagon- 
shop,  oil-mill  and  cotton-compress,  and  is  th« 
seat  of  Central  College  (Methodist  Episcopal 
South).  Population  1900,  3,635. 

SULPICIA.  See  Tibullus,  Albius,  Vol. 
XXIII,  p.  371. 

SULPICIANS,  an  order  of  Roman  Catholic 
priests  whose  special  duty  is  the  caring  for  the 
theological  seminaries  of  the  church.  The  order 
was  founded  in  1642  by  Abbe  J.  J.  Olier,  in  Paris, 
at  the  Seminary  of  St.  Sulpice,  hence  the  name. 
During  the  life  of  the  founder  the  parent  chapter 
stood  alone,  but  after  his  death  it  sent  out  mis¬ 
sionaries  to  France  and  Canada,  who  founded 
chapters  in  these  countries.  This  was  in  the 
seventeenth  century.  In  1790  the  first  members 
of  the  order  visited  the  United  States  and  founded 
at  Baltimore  St.  Mary’s  Seminary.  In  1894  the 
members  of  the  order  had  charge  of  St.  Charles 
College,  Baltimore;  Brighton  Seminary,  Boston; 
and  St.  Mary’s  Seminary,  above  mentioned. 
The  theological  students  in  the  Catholic  Uni¬ 
versity  of  America  at  Washington  are  also  in 
charge  of  the  Sulpicians. 

SULTAN.  See  Turkey,  Vol  XXIII,  p.  696. 

SULU  or  JOLO  ISLANDS,  an  archipelago 
forming  a  southwestern  extension  of  the  Philip¬ 
pine  Islands,  between  Zamboanga  peninsula, 
Mindanao,  and  Cape  Unsang,  North  Borneo,  and 
having  the  Celebes  Sea  on  the  east,  and  the  Sulu 
or  Mindoro  Sea  on  the  west.  It  consists  of  the 
large  central  island  of  Sulu  or  Jolo,  the  northern 
Basilan  island,  Pangutarang,  Tapul  and  Tawi 
Tawi,  forming  nuclei  for  a  great  number  of 
smaller  islands.  Their  aggregate  area  is  over 
1,500  square  miles,  and  their  estimated  population 
r  100,000.  The  form  of  government  is  a  native 
sultanate  with  a  feudatory  nobility.  First  visited 
by  Spaniards  in  1578,  the  sultan  after  1876, 
acknowledged  a  nominal  protection  until  the 
Philippines  became  United  States  territory  in 
1898,  when  he  transferred  his  allegiance.  See 
Philippines,  Vol.  XVIII,  p.  766.  c.l.s. 

SUMAC  FAMILY,  the  family  Anacardiaceoe , 
known  as  the  cashew  family.  See  Leather,  XIV, 
p.  382;  and  Anacardiaceje,  in  these  Supple’s. 

SUMAROKOFI,  Aleksandr  Petrovich.  See 
Drama,  Vol.  VII,  pp.  383,  384. 

SUMIR  or  SUMER,  a  district.  See  Baby¬ 
lonia, Vol.  Ill,  p.  160.  For  language,  see  Ural- 
Altaic,  Vol.  XXIV,  p.  7. 

SUMMERS,  Henry  E.,  professor  of  zoblogy 
and  entomology  Iowa  State  Coll,  of  Agriculture 
and  Mechanic  Arts,  also  professor  of  human  physi¬ 
ology  and  vertebrate  anatomy  univ.  of  Illinois, 
born  in  1863  and  graduated  at  Cornell. 

SUMMERSIDE,  a  town  and  port  of  entry  in 
Prince  County,  southern  Prince  Edward  Island, 
40  miles  N.W.  of  Charlottetown,  on  Bedeque  Bay, 
and  on  the  Prince  Edward  Island  railroad.  It 
has  an  excellent  harbor,  steamers  running  daily 
during  the  summer  to  Nova  Scotia  and  New 
Brunswick.  Besides  doing  a  large  shipping  busi¬ 
ness  in  eggs,  potatoes,  sheep,  horses  and  oysters, 
ship-building  is  carried  on,  and  there  are  grist. 
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Saw  and  planing  mills  and  a  cabinet  factory. 
Population,  1891,  2,882;  1901,  2,875. 

SUMMERVILLE,  South  Carolina,  a  town  of 
Dorchester  County,  on  the  Charleston  and  Au¬ 
gusta  (Ga.)  division  of  the  Southern  railroad,  22 
miles  northwest  of  Charleston.  It  is  a  winter 
health  resort,  in  a  farming  and  lumbering  re¬ 
gion,  with  saw  mills,  carriage  and  wagon  facto¬ 
ries,  and  productions  of  tea,  fernoline  and  bricks. 
Population,  1890,  2,219;  I9°°5  2,420.  c.l.s. 

SUMMERSVILLE,  a  village  and  the  capital  of 
Nicholas  County,  south-central  West  Virginia, 
about  45  miles  E.  of  Charleston,  its  nearest  rail¬ 
road  point  being  Camden-on-Gauley,  Chesapeake 
and  Ohio  Railroad.  It  is  in  a  stock  and  lumber¬ 
ing  district,  coal  being  also  found  in  the  vicinity. 
The  village  has  one  newspaper  and  in  1900  a 
population  of  223,  that  of  the  district  being 
L452. 

SUMNER,  Edwin  Vose,  military  officer;  born 
in  Boston,  Mass.,  Jan.  30,  1797;  entered  the 
United  States  army ‘as  a  lieutenant  in  the  2d  In¬ 
fantry  in  1819;  was  promoted  captain  in  1833; 
major  in  1846;  lieutenant-colonel  in  1848;  colonel 
in  1855;  and  brigadier-general  in  1861.  During 
the  Mexican  War  he  won  distinction  by  leading 
the  famous  cavalry  charge  at  Cerro  Gordo  in 
April,  1847,  and  also  at  Molino  del  Rey,  where 
he  checked  an  assault  by  5,000  Mexican  lancers. 
When  Abraham  Lincoln  left  Springfield,  Ill.,  for 
Washington  in  February,  1861,  Sumner  was  in 
command  of  his  escort.  He  commanded  the  1st 
Corps  of  the  Army  of  the  Potomac  early  in  1862, 
and  during  the  siege  of  Yorktown  led  the  left 
wing  of  the  army ;  participated  in  all  the  engage¬ 
ments  on  the  Chickahominy  ;  became  a  major-gen¬ 
eral  of  volunteers  in  July,  1862  ;  and  was  ordered 
to  Missouri,  but  died  in  Syracuse,  N.  Y.,  while 
en  route,  March  21,  1863.  g.j.h. 

SUMNER,  William  Graham,  educator;  born 
in  Paterson,  N.  J.,  Oct.  30,  1840;  was  graduated 
at  Yale  College  in  1863;  and  afterward  studied 
at  the  Universities  of  Gottingen,  Germany,  and 
Oxford,  England;  and  was  a  tutor  at  Yale  in 
1866-69.  He  was  ordained  in  the  Protestant 
Episcopal  Church  and  held  pastorates  till  1872, 
when  he  became  professor  of  political  and  social 
sciences  at  Yale.  Among  his  works  are  A  His¬ 
tory  of  American  Currency  (1874)  ;  What  Social 
Classes  Hold  to  Each  Other  (1882);  Collected 
Essays  in  Political  and  Social  Sciences  (1883)  ; 
Lives  of  Andrew  Jackson,  of  Alexander  Hamil¬ 
ton,  and  of  Robert  Morris  (1891);  The  Financier 
and  Finances  of  the  Atnerican  Revolution  ( 1891 )  ; 
Robert  Morris  (1892)  ;  etc.  B.s. 

SUMTER,  a  city  and  the  capital  of  Sumter 
County,  east-central  South  Carolina,  on  the 
Charleston,  Sumter  and  Northern  and  Atlantic 
Coast  railroads,  about  45  miles  E.  of  Columbia. 
It  is  an  educational  center,  has  a  good  local  trade, 
is  in  the  center  of  a  farming,  tobacco  and  truck 
raising  region,  ships  cotton,  and  has  planing- 
mills,  sash  and  blind  and  cotton  factories.  The 
city  has  all  modern  improvements,  academies  for 
girls,  two  banks,  an  evening,  a  biweekly  and  three 


weekly  newspapers.  Population  1890,  3,865 
I9°°>  5»673. 

SUMTER,  Fort,  was  built  in  1845-55,  in  th 
form  of  a  truncated  pentagonal  pyramid  50  ft.  hig] 
on  an  artificial  island,  at  the  entrance  of  Charles 
ton  harbor,  South  Carolina,  2^/2  miles  from  Fort 
Moultrie  and  Pinckney,  on  each  side.  On  the  se 
cession  of  South  Carolina,  December,  i860,  Majo 
Anderson,  in  command  of  the  defenses  of  the  har 
bor,  was  called  upon  to  surrender  them  to  the  stab 
authorities.  Instead  of  doing  this,  he  abandone< 
the  other  forts  and  occupied  Fort  Sumter,  mount 
ing  52  guns  with  a  garrison  of  70  men.  This  wa: 
considered  an  act  of  war  by  the  Confederates  an( 
their  troops,  who,  under  command  of  Genera 
Beauregard,,  took  possession  of  Forts  Pinckney 
and  Moultrie  and  erected  additional  batteries 
While  the  surrender  of  the  fort  was  under  con 
sideration,  a  vessel  was  sent  from  New  York  foi 
its  relief.  On  its  appearance  off  the  harbor  it  wa< 
compelled  to  put  to  sea  and  the  attack  on  the  fori 
was  opened,  April  12,  1861,  and  it  surrendered  or 
the  following  day.  This  event  aroused  the  Nortl 
and  began  the  war  which  terminated  in  1865. 
During  the  siege  of  Charleston  in  1863,  this  fori 
was  battered  by  the  heaviest  artillery  until  its 
walls  were  completely  crushed  and  shattered. 
The  flag-staff  was  shot  away  fifty  times,  and 
thousands  of  tons  of  iron  projectiles  were 
mingled  with  the  dtbris  of  the  fort,  but  the 
garrison  still  held  out  amid  its  ruins,  and  held 
it  for  three  years  against  assault  and  bom¬ 
bardments,  until  the  operations  of  General  Sher¬ 
man  compelled  its  evacuation,  and  the  United 
States  flag  was  again  raised,  April  14,  1865,  an 
event  shortly  subsequent  to  the  evacuation  of 
Richmond  and  the  surrender  of  Lee  at  Appomat¬ 
tox. 

SUMTER,  Thomas,  military  officer;  born  in 
Virginia  in  1734.  His  sympathies  were  all  with 
the  colonies  prior  to  the  Revolutionary  War,  and 
when  that  struggle  began  he  entered  the  Conti¬ 
nental  army.  He  was  commissioned  lieutenant- 
colonel  of  the  2d  South  Carolina  regiment  of 
riflemen  in  1776,  and  later  was  promoted  briga¬ 
dier-general.  After  Charleston  surrendered  to 
the  English  in  May,  1780,  he  withdrew  to  North 
Carolina,  where  he  recruited  a  large  body  of 
troops.  He  defeated  a  British  force  on  the  Ca¬ 
tawba  River,  July  12,  1780,  and  on  Aug.  15,  of 
the  same  year,  he  captured  Lord  Cornwallis’s 
supply  train  and  its  convoy,  but  was  overtaken 
and  routed  by  Tarleton  on  Aug.  18,  while  en¬ 
camped  on  Fishing  Creek,  S.  C.  In  a  few  days| 
however,  he  recruited  another  force  with  which 
he  continually  harassed  the  enemy.  In  February! 
1781,  he  defeated  a  part  of  the  British  force  on  its 
way  toward  Camden,  S.  C.,  and  on  May  10,  of 
the  same  year,  he  captured  a  force  of  the  enemy  at 
Orangeburg,  S.  C.  He  was  a  member  of  Con¬ 
gress  in  1789-93,  and  United  States  Senator  in 
1801-10.  He  died  at  South  Mount,  S.  C.,  June 
1,  1832.  e.o.w.  I 

SUN,  Recent  Discoveries  in  the.  See  Astron¬ 
omy,  in  these  Supplements. 
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SUNBURY,  Pennsylvania,  the  seat  of  North¬ 
umberland  County,  a  borough  at  the  confluence 
of  the  North  and  West  branches  of  the  Susque¬ 
hanna  River,  near  the  Shamokin  dam  (2,783  feet 
long)  of  the  Pennsylvania  canal,  56  miles  north 
of  Harrisburg.  It  is  entered  by  five  divisional 
lines  of  three  railroad  systems,  and  is  in  a  busy 
coal-mining  and  lumbering  region,  with  varied 
manufacturing  industries,  including  saw,  planing, 
flour,  woolen,  and  silk  mills,  furniture,  table, 
casket,  organ,  and  hardware  factories.  Popula¬ 
tion,  1890,  5,930;  1900,  9,810.  C.L.S. 

SUNDANCE,  a  town  and  the  capital  of  Creek 
County,  northeastern  Wyoming,  about  40  miles  W. 
of  Deadwood,  its  nearest  railroad  point  being  Moor- 
craft,  on  the  Chicago,  Burlington  and  Quincy  rail¬ 
road.  It  is  in  the  center  of  a  mining  and  grazing 
region,  has  three  weekly  newspapers,  and  a  popula¬ 
tion  in  1890  of  515,  and  in  1900,  of  294. 

SUNDAY  SCHOOLS.  The  instruction  of  chil¬ 
dren  in  religion  has  been  a  custom  since  religions 
came  into  existence.  The  ancient  tribes  gave  their 
children  instruction  in  the  family  through  the 
patriarch.  Later,  the  Bible  records  that  instruction 
in  religious  teachings  was  given  both  old  and  young. 
It  was  realized  by  all  nations  that  the  preservation 
of  their  religion  must  be  accomplished  by  system¬ 
atic  training  of  the  young.  The  religious  leaders 
of  mediaeval  times  neglected  this  training.  Luther 
and  his  fellow-reformers  began  again  this  instruction, 
and  organized  a  movement  which  resulted  in  a  gen¬ 
eral  awakening.  But  such  schools  as  were  established 
by  Luther  in  Germany,  Knox  in  Scotland,  and  Rich¬ 
ard  Baxter  in  England,  were  irregular  in  their  pur¬ 
poses  and  results.  Oftentimes  the  entire  schools 
were  made  up  of  adults,  and  where  instruction  of 
children  was  attempted,  it  was  found  necessary  to 
teach  the  rudiments  of  reading,  etc.,  before  they 
could  comprehend  the  religious  teaching.  While 
these  isolated  attempts  were  of  great  benefit  in 
awakening  the  desire  for  knowledge,  yet,  because  of 
their  irregular  methods,  those  children  were  not 
reached  to  whom  the  instruction  would  have  done 
the  most  good.  Such  was  the  condition  of  affairs 
when,  in  1780,  Robert  Raikes  (q.v.,  Vol.  XX,  p.  229) 
conceived  the  idea  of  regularly  organized  schools  to 
be  held  on  Sundays  in  the  poorer  districts  in  Glou¬ 
cester,  England.  The  children  were,  for  the  most 
part,  employed  in  neighboring  factories  during  the 
week,  and  on  Sunday  spent  their  time  at  play  in  the 
dirt  and  filth  of  the  streets.  Raikes  secured  the 
services  of  four  teachers,  whom  he  paid  to  give 
lessons  during  the  whole  of  the  day.  The  children 
■were  invited  to  attend,  the  only  requirement  being 
'that  each  child  should  go  with  clean  hands  and  face. 
The  influence  of  these  schools  was  so  great  that 
Raikes  established  similar  ones  in  other  neighbor¬ 
hoods,  and  the  idea  was  taken  up  in  adjoining  cities. 
The  large  expense  of  hiring  teachers  soon  brought 
about  the  voluntary  teacher  plan  in  vogue  in  all  Sun¬ 
day  schools  of  to-day.  A  letter  of  Raikes’s,  published 
in  1784  in  the  Gentleman's  Magazine ,  in  which  he 
described  the  movement,  attracted  widespread  at¬ 
tention,  and  brought  about  the  beginning  of  the 
present  world-wide  Sunday  school  organizations. 


Rev.  Rowland  Hill  established  the  first  Sunday  school 
in  London,  in  1784.  By  1789  there  were  about  three 
hundred  thousand  scholars  in  Great  Britain.  In  the 
United  States  the  first  organized  movement  was  in 
1786,  by  the  Philadelphia  Society  for  the  Support  of 
Sunday  Schools.  Schools  were  also  started  in  other 
states — at  Boston  in  1791,  at  Asbury,  Virginia,  in 
1786,  in  New  York  in  1793,  etc.  In  1816  the  New 
York  Sunday  School  Union  was  formed,  and  in  1824 
the  American  Sunday  School  Union.  Each  denomi¬ 
nation  has  a  Sunday  school  organization  of  its  own, 
and  the  work  was  so  extensive  that  in  1905  there 
were  in  the  United  States,  140,519  Sunday  Schools, 
with  1,45 1,855  teachers  and  11,329,253  scholars. 
An  English  Sunday  School  Union  was  established 
in  1803.  In  1833  was  formed  the  Sunday  School 
Association,  an  organization  maintained  in  connec¬ 
tion  with  the  Unitarian  Church.  These  unions 
supply  the  subordinate  schools  with  literature  and 
necessary  stationery,  and  give  a  uniformity  to  les¬ 
sons  and  methods.  In  1898  there  was,  in  the 
whole  world,  a  total  of  246,658  schools,  2,378,921 
teachers,  and  22,540,392  scholars. 

These  were  apportioned  as  follows: 


Schools. 

Teachers. 

Scholars. 

Europe . . . 

81,267 

6,472 

4,246 

144,914 

ICO 

803,483 
18,  xxs. 

9,646,485 

2QT  •27'X 

Asia . 

Africa . 

8.455 

1,484,126 

7.000 

i6x,394 

11,625,784 

tco  non 

North  and  Cent.  America 
South  America 

Australasia  and  ocean  is¬ 
lands . 

9.372 

59.583 

663,770 

SUNDERBANS,  a  district  of  India.  See  Ganges, 
Vol.  X,  p.  62. 

SUNDEW.  See  Drosera,  under  Insectivo¬ 
rous  Plants,  Vol.  XIII,  p.  140. 

SUN-DOG  or  MOCK-SUNS.  See  Halo, 
Vol.  XI,  p.  356. 

SUNGARIA.  See  Dzungaria, Vol. VII, 508, 

SUNN  HEMP.  See  Hemp,  Vol.  XI,  p«  577. 

SUNSHINE -RECORDER,  an  instrument  for 
making  a  photographic  record  of  the  duration  and 
time  of  sunshine  at  the  place  where  it  is  exposed. 
That  in  use  by  the  United  States  Weather  Bureau 
has  a  cylinder  which  is  mounted  at  right  angles  to 
the  path  of  the  sun.  Plates  bearing  graduated  scales 
are  fixed  to  the  east  and  west  sides  of  the  cylinder. 
A  photographic  paper  being  placed  within  the  cyl¬ 
inder,  a  hole  made  in  each  of  the  plates  permits 
the  printing  of  streaks  whenever  the  sun  shines 
through.  The  plates  bear  31  graduations,  and  are 
shifted  one  notch  lower  each  day,  so  that  a  record 
for  the  whole  month  is  preserved  on  one  sheet  of 
paper.  An  inferior  form  of  sunshine-recorder  is 
made  with  a  spherical  lens,  whose  focus  is  so  placed 
as  to  scorch  a  track  on  a  curved  strip  of  paper. 

SUN-SPOTS.  See  Sun,  Vol.  XXII,  pp.  680-684. 

SUN-WORSHIP.  In  the  earliest  forms  of  re¬ 
ligious  worship  the  sun  held  a  prominent  position, 
especially  among  the  tribes  who  were  not  nomadic, 
and  whose  religions  were  upon  a  higher  scale  than 
those  of  the  wandering  tribes.  The  worship  of  fire 
in  all  its  forms  naturally  led  to  a  religion  of  which 
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the  sun  was  the  central  figure.  The  old  Aryan  tribes, 
the  ancient  Persians,  the  Brahmins  of  India,  and  the 
Pueblo  Indians  of  North  America,  especially  Mex¬ 
ico,  all  held  to  the  belief  that  the  sun  and  its  com¬ 
panion,  the  moon,  were  the  great  rulers  of  the  earth. 
In  Egypt,  sun-worship  was  carried  to  a  great  extent 
into  the  mythology  of  the  nation.  In  Mexico  the 
Spanish  conquerors  found  a  people  whose  largest 
temples  were  dedicated  to  the  sun,  and  whose  every 
acts  were  guided  by  the  priests  of  the  sun.  See  also 
Mythology,  Vol.  XVII,  pp.  163-165;  Egypt, 
Vol.  VII,  pp.  620,  621  ;  and  Mexico,  Vol.  XVI, 
pp.  219,  220. 

SUPEREROGATION,  Works  of,  a  class  of  good 
deeds,  the  performance  of  which  is  not  prescribed, 
and  according  to  the  Roman  Catholic  faith  not 
absolutely  necessary  to  the  eternal  salvation  of  the 
individual.  A  difference  is  made  by  Roman  Catho¬ 
lic  theologians  between  works  prescribed  and  works 
counseled.  Under  the  latter  are  classed  the  works 
of  supererogation.  It  is  held,  in  connection  with 
the  doctrine  of  purgatory,  that  supererogative  works 
lessen  the  time  of  the  soul  in  purgatory,  and  if  of 
sufficient  number  and  value,  may  relieve  the  soul 
of  that  duration.  Another  phase  of  this  doctrine 
is,  that  the  possession  of  credit  for  works  of  super¬ 
erogation  may  enable  the  individual  to  apply  his 
good  deeds  for  the  salvation  of  an  erring  brother. 

SUPERIOR,  Wisconsin,  the  seat  of  Douglas 
County,  a  city  and  important  railway  junction  at 
the  outlets  of  the  Nemadji  and  St.  Louis  rivers, 
in  the  southeastern  corner  of  Lake  Superior,  op¬ 
posite  and  seven  miles  south  of  Duluth,  Minnesota. 
It  is  entered  by  lines  of  four  great  railroad  sys¬ 
tems,  and  has  electric  street  railroads,  connect¬ 
ing  with  all  important  points  in  the  neighbor¬ 
hood.  The  city  is  well  built  and  among  notable 
institutions  includes  the  Superior  State  Normal 
School,  a  school  for  deaf  mutes,  and  St.  Mary’s, 
St.  Francis,  and  the  Women’s  Christian  Temper¬ 
ance  Union  hospitals.  With  one  of  the  finest 
harbor  accommodations  on  the  lake,  the  city  has  an 
extensive  shipping  trade,  passenger  and  freight 
steamers  connecting  with  Buffalo,  N.  Y.,  and 
all  great  lake  ports,  and  aggregating  one-fourth 
of  the  total  shipping  passing  annually  through 
the  Soo  canal.  The  exports  comprise  coal,  cop¬ 
per,  iron,  lumber  and  wheat  and  the  diversified 
products  of  numerous  manufacturing  establish¬ 
ments.  Population,  1890,  11,983;  1900,  31,091. 

C.L.S. 

SUPERIOR,  Lake.  See  St.  Lawrence,  Vol. 
XXI,  pp.  186,  187,  191. 

SUPERIOR  IRON  ORES,  Lake.  See  Iron 
and  Steel,  in  these  Supplements. 

SUPHIS.  See  Egypt,  Vol.  VII,  p.  635. 

SUPPURATION  or  PUS.  See  Pathology, 
Vol.  XVIII,  p.  410.  In  repair,  see  Surgery, 
Vol.  XXII,  p.  717. 

SUPREMACY  ACT.  See  England,  Vol. 
VIII,  p.  336. 

SUPREME  COURT  OF  THE  UNITED 
STATES,  The,  created  by  the  provisions  of  the 
constitution  of  1787,  which  provided,  in  article  III, 
section.  1,  that  “the  judicial  power  of  the  United 


States  shall  be  vested  in  one  supreme  court.”  T1 
final  court  of  appeal  in  America  is  regulated  as 
its  times  of  session  and  its  rules  of  procedure  1 
the  Judiciary  Act  of  1789.  Its  justices  hold  offi< 
during  good  behavior,  by  the  express  terms  of  tl 
constitution. 

Washington  appointed  John  Jay  as  the  first  chii 
justice,  and  the  court  began  its  sessions  in  179' 
For  a  dozen  years  it  had  little  business.  Its  first  in 
portant  decision  on  the  constitution  arose  in  th 
case  of  Chisholm  v.  Georgia.  In  1792,  Alexande 
Chisholm  of  South  Carolina,  brought  suit  again; 
the  state  of  Georgia  for  the  payment  of  a  prival 
claim.  His  counsel  argued  that  the  supreme  com 
had  jurisdiction  in  such  cases.  The  court  so  de 
cided,  found  judgment  for  the  plaintiff,  and  issue 
a  writ  of  enquiry,  which  was  inoperative,  as  th 
Georgia  legislature  passed  an  act  making  the  execu 
tion  of  such  a  writ  punishable  by  death.  John  Mai 
shall,  chief  justice  from  1801  to  1835,  first  mad 
the  court  a  great  power  in  the  government.  Th 
influence  of  his  decisions  in  strengthening  am 
nationalizing  the  government  cannot  be  overesti 
mated.  The  court  continued  to  be  composed  0 
Federalists  long  after  the  Federalists  lost  control  0 
Congress  and  the  executive.  At  first  it  consisted  o 
the  chief  justice  and  five  associate  justices.  A  sixtl 
was  added  in  1807,  two  more  in  1837,  and  a  nintl 
in  1863.  From  1836  to  1864,  under  Chief  Justio 
Taney,  the  court  was  Democratic,  and  more  in 
dined  to  the  support  of  state  rights.  In  the  1m 
portant  Dred  Scott  case  it  gave  a  decision  favorabh 
to  slavery.  During  the  war  the  supreme  cour 
was  made  Republican.  During  the  conflict  be 
tween  Congress  and  President  Johnson,  Congress 
to  prevent  him  from  appointing  any  judges,  enactec 
laws  which  reduced  the  number  of  associate  justice; 
to  seven.  In  1870  an  eighth  was  added,  by  reasor 
of  which  the  court  reversed  its  decision  in  the 
Legal  Tender  cases.  The  court  has  been,  through¬ 
out  its  history,  the  most  powerful  tribunal  of  this 
century. 

The  court  is  composed  of  a  chief  justice  anc 
eight  associate  justices,  appointed  by  the  Presideni 
of  the  United  States,  subject  to  the  approval  of  the 
United  States  Senate.  The  associate  judges  have 
precedence  according  to  the  dates  of  their  commis 
sions,  or  when  the  commissions  of  two  or  more  oi 
them  bear  the  same  date,  according  to  their  ages 
In  each  case  of  a  vacancy  in  the  office  of  chiei 
justice,  or  of  his  inability  to  perform  the  duties  and 
powers  of  his  office,  those  duties  shall  devolve  upon 
the  associate  justice  who  is  first  in  precedence  until 
such  disability  is  removed,  or  another  chief  justice 
is  appointed  and  duly  qualified. 

The  salary  of  the  chief  justice  is  $  10,500  per  an¬ 
num,  and  of  each  associate  justice  $10,000. 

The  chief  justices,  besides  their  duties  in  annual 
sessions  of  the  supreme  court  in  Washington,  have 
assigned  to  them  each  his  own  judicial  circuit,  these 
circuits  having  in  addition,  their  own  circuit 
judges. 

The  following  is  a  complete  list  of  the  justices  ol 
the  United  States  supreme  court,  the  names  of  the 
chief  justices  being  printed  in  italics: 
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"  1  1  .  : 

Name. 

Service. 

Term. 

Years. 

John  fay ,  New  York _  _ 

1789-1795 

1789-1791 

1789-1810 

1789-1798 

1789-1796 

1789- 1790 

1790- 1799 

1791- 1793 
1793-1806 

1795- 1795 

1796- 1811 
1796-1800 

1798- 1829 

1799- 1804 
1801-1835 

1804-1834 

6 

John  Rutledge,  South  Carolina _ 

2 

William  Cushing,  Massachusetts _ 

21 

0 

James  Wilson,  Pennsylvania _  . 

John  Blair,  Virginia _ u _ 

7 

1 

0 

Robert  H.  Harrison,  Maryland _ 

James  Iredell,  North  Carolina _ 

Thomas  Johnson,  Maryland _ _ 

V 

2 

William  Paterson,  New  Jersey _ 

John  Rutledge ,  South  Carolina _ - _ 

Samuel  Chase,  Maryland _ 

T  e 

Oliver  Ellsworth ,  Connecticut  _ _ 

5 

*ij 

Bushrod  Washington,  Virginia _ 

Alfred  Moore,  North  Carolina _ 

5 

34 

on 

John  Marshall  Virginia _ - _ 

William  Johnson,  South  Carolina _ 

Brockholst  Livingston,  New  York  ...  . 

1806-1823 

t  Qa^_t QoA 

17 

A  / 
19 
34 

oc 

Joseph  Story,  Massachusetts  --  _ 

I CO/  1020 

1811-1845 

1811-1836 

1823-1843 

1826-1828 

T  ROA— T QAt 

Gabriel  Duval,  Maryland _ 

Smith  Thompson,  New  York _  _ 

*0 

on 

Robert  Trimble,  Kentucky _ _ 

O 

John  McLean,  Ohio _ 

St 

32 

16 

32 

28 

5 

28 

15 

19 

Henry  Baldwin,  Pennsylvania _ 

1  Ozy—  lovJl 

1830-1844 

1835- 1867 

1836- 1864 

1836- 1841 

1837- 1865 
1837-1852 
1841-1860 
1845-1872 

1845- 1851 

1846- 1870 
1851-1857 
1853-1861 
1858-1881 

1861- 1881 

1862- 1890 

1862- 1877 

1863- 1897 

1864- 1873 
1870-1880 
1870-1892 
1872-1882 
1874-1888 

1877--— 

1880- 1887 

1881- 1889 

1881- 2902 

1882- 1893 
1888-1893 

1888-  _ 

1889-  — 

1890-  — 

1892- 1903 

1893- 1895 

1893 - 

1896 - 

1898 - 

1902  - 

1903  - 

1906 - 

Roper  /?.  Taney ,  Maryland _ 

Philip  P.  Barbour,  Virginia _ - _ 

John  Catron,  Tennessee _ _ 

John  McKinley,  Alabama _ 

Peter  V.  Daniel,  Virginia _ 

Samuel  Nelson,  New  York _ _ _ 

Levi  Woodbury,  New  Hampshire _ - _ 

A 

Robert  C.  Grier,  Pennsylvania _ 

\j 

Benjamin  R.  Curtis,  Massachusetts - 

John  A.  Campbell,  Alabama _ 

6 

8 

23 

Nathan  Clifford,  Maine _ 

Noah  H.  Swayne,  Ohio _ 

Samuel  F.  Miller,  Iowa _ 

28 

15 

34 

David  Davis,  Illinois _ _ _ 

Stephen  J.  Field,  California _ _ _ 

Salmon  P.  Chase ,  Ohio _ 

William  Stronp-,  Pennsylvania  _ _ 

9 

IO 

Joseph  P.  Bradley,  New  Jersey _ . _ 

OO 

Ward  Hunt,  New  York _ 

Si  St 

TO 

Morrison  R.  tVaite,  Ohio _ - _ _ _ 

X 

14 

John  M  Harlan,  Kentucky  _  . 

William  B.  Woods,  Georgia _ 

7 

8 
21 

II 

5 

Stanley  Matthews,  Ohio _ 

Horace  Gray,  Massachusetts _ _ _ 

Samuel  Blatchford,  New  York _ 

Lucius  Q.  C.  Lamar,  Mississippi _ _ _ 

Melville  IV.  Fuller,  Illinois _ _ _ 

David  J.  Brewer,  Kansas _ _ _ 

Henry  B.  Brown,  Michigan _ _ _ 

rrPnrffP  Qb  i’rQ  c  Tr*  Ppnncv1t7t>niQ  _ _ 

11 

vjcui  cu  on  11  doj  11.  j  1  cun 0  \  1  >  tuna  *  - 

H  nwpl  1  Tart  Qnn  T  pnnpccpp ......... 

1  i  VJ  VV  1 1 1  1  ULAoUIl  •  1  CllliCSoCC  -  --  --  --  --  --  -- 

TTH  uru  rrl  H  Wbifp  T  Ain' ciana  .  . 

2 

waiu  A-/,  vv  111  LCj  ijuuiaictiid. - —  -  —  -  • 

R lifnc  W  Pprkh m  Npw  Ynrlt _ 

XV  UI  UO  TV  .  X  CL-Alia  111  J  ll  t  W  1  U1  -  -  -  - 

To^pnh  MrTCpnna  P ali'fnrnifl _ _  - _ 

iucc|'ii  luvivc iiiio^  inti 

I)  |i  vpr  W  T-I  nl  m  pc  TVT  uccurbiicpffc  .  _  .  _  _  . 

vin  ci  vv  .  I1U1I11C3)  ividabatiuiscLlo  — - 

W i  1 1  i a m  R  Dav  Ohio------ _ - _ 

William  H.  Moody,  Massachusetts . 

-• 

SURFACER,  a  form  of  planer  for  surfacing 
wood,  usually  on  both  sides  at  a  single  operation. 
The  names  surface-planer  and  surface-planing  ma¬ 
chine  are  also  applied.  They  have  large  knives, 
like  those  of  a  plane,  and  cutter-heads  with  bits  for 
breaking  the  chips.  In  one  form,  made  by  the  H. 
B.  Smith  Machine  Company,  the  feeding-in  rolls 
have  a  weighted  equalizing-bar  for  giving  a  parallel 
lift  to  the  upper  rolls,  which  are  adjustable.  An¬ 


other  Smith  Machine  manufactured  for  wet  or  rough 
lumber  has  a  bed  that  is  raised  and  lowered  by 
power,  and  will  finish  stock  nine  inches  thick.  The 
Rogers  surfacer  takes  the  lumber  between  slotted 
cylinders  in  yoke-boxes.  The  lower  cylinder  is  ad¬ 
justable,  being  raised  and  lowered  by  corner-screws. 

SURF-BIRD  ( Aphriza  virgata ),  a  bird  related 
to  the  oyster-catchers,  found  on  the  Pacific  coast 
of  the  United  States.  It  was  so  named  because  it 
seeks  its  prey  near  the  surf. 

SURF-DUCK.  See  Scoter,  Vol.  XXI,  p.  492. 

SURGEONS’  TOOLS.  The  multiplicity  of  in¬ 
struments  used  in  modern  surgery  renders  it  im¬ 
practicable  to  refer  to  more  than  a  few  of  the  most 
important  here.  Junker’s  chloroform-inhaler, some¬ 
what  recently  introduced  in  America,  is  a  superior 
form,  having  a  cone-shaped  shield  for  the  mouth 
and  nose,  and  a  respiratory  valve  so  arranged  as  to 
be  under  the  control  of  the  anaesthetizer.  The  soft 
rubber  margins  adapt  the  shield  to  the  contour  of 
the  face,  and  a  rubber  inlet-tube  is  provided  for  ad¬ 
mitting  air  when  necessary.  The  mouthpiece  has  a 
tubular  connection  with  a  chloroform-bottle,  which 
is  made  of  leather  to  prevent  danger  of  breakage, 
and  being  graduated  in  ounces  and  drams,  a  glance 
shows  at  any  time  the  amount  inhaled  by  the  pa¬ 
tient.  A  double  bulb,  such  as  are  used  with  the 
best  atomizers,  serves  to  supply  the  chloroform 
through  the  tube  to  the  mouth-shield.  This  appa¬ 
ratus  wastes  no  chloroform,  admits  of  dilution  with 
air,  and  avoids  danger  of  oversupply  of  anaesthetics. 

A  jointed  instrument-rack,  introduced  from  Ger¬ 
many,  may  be  folded  up  in  a  case  for  transporta¬ 
tion,  and  when  laid  out  for  use  assumes  an  oblong 
shape,  presenting  notched  supports  for  the  instru¬ 
ments,  so  that  they  may  not  touch  each  other,  the 
table,  a  cloth,  or  the  like.  It  is  made  shallow,  so 
that  it  may  be  set  in  a  tray  containing  an  antiseptic 
solution  when  desired. 

Surgical  needles  are  made  in  all  shapes  from 
straight  to  full  curve.  For  using  them  a  great  va¬ 
riety  of  needle-holders  have  been  devised.  These 
usually  are  of  nipper-like  form,  though  some  of 
them  have  scissor-handles.  The  Truax  needle- 
holders  are  made  with  concave  faces,  so  as  to  bite 
the  needle  in  two  places,  avoiding  the  danger  of 
breaking  curved  needles.  Hagedorn’s  needle- 
holder  has  a  spring  and  ratchet  arrangement  for 
maintaining  the  grip  on  the  needle.  The  Goz  nee¬ 
dle-holder  has  a  bobbin  in  the  handle,  from  which 
the  thread  is  supplied. 

Wire-twisters  are  usually  made  with  a  small  S- 
piece  at  the  tip  for  catching  the  wire.  Wire-cutting 
scissors  are  made  with  straight  and  bent  handles, 
the  latter  for  cutting  at  a  right  angle. 

Drainage-tubes  are  mostly  made  of  soft  perforated 
rubber,  and  are  introduced  with  a  forceps  or  carrier. 
Schapp’s  hard-rubber  drainage-tube  is  made  spiral, 
so  that  it  is  firm  yet  elastic,  and  admits  drainage  at 
any  point. 

Antiseptic  trays  are  made  of  porcelain  and  glass, 
and  antiseptic  ligatures,  silk  and  catgut,  are  fur¬ 
nished  in  bottles,  mounted  on  reels,  covered  by  the 
solution.  Ligatures  are  also  put  up  in  double-box 
form,  securing  perfectly  antiseDtic  qualities. 
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Operating-tables  are  made  of  any  material  that  is 
easily  kept  clean  of  impurities,  marble  tops  being 
preferred  for  hospital  use. 

Among  amputating  and  general  operating  instru¬ 
ments,  forceps  and  scissors  are  conspicuous  by 
their  great  variety  of  form.  Artery-forceps  are 
usually  made  on  the  principle  of  a  pair  of  spring- 
tweezers,  or  with  scissor-handles,  the  gripping  end 
being  toothed  or  serrated.  Bone-holding  forceps 
are  made  on  the  nipper  principle,  as  are  also  gou¬ 
ging  forceps. 

Knives  for  the  large  cuts  in  amputation  are  made 
long  and  narrow,  while  cartilage-knives, finger-knives 
and  scalpels  have  short  blades.  Retractors,  for 
holding  back  soft  parts  during  an  operation,  are  of 
various  hooked  forms,  sometimes  flat,  but  often  with 
two  to  six  sharp  prongs.  Chisels  and  gouges  are 
usually  made  of  one  solid  piece  of  metal,  with  flat 
or  curved  blades.  Bone-spoons,  or  scoops,  for  re¬ 
moving  marrow,  are  made  in  the  form  of  rings  or 
cups  set  at  a  slight  angle  on  a  handle.  Saws  are 
made  similar  to  common  hand-saws,  but  of  neater 
patterns.  Truax  manufactures  a  patent  folding  asep¬ 
tic  saw,  which  has  a  frame  readily  taken  apart  for 
packing  in  a  case.  Subcutaneous  saws  are  made 
with  narrow  blades,  guarded  by  a  tube,  and  with 
handles  like  pistol-stocks. 

Numerous  small  instruments  are  mounted  in 
pocket-cases,  so  that  they  fold  up  into  a  handle,  like 
the  blades  of  a  common  pocket-knife.  Among 
these  are  many  forms  of  bistouries,  scalpels,  tena- 
tomes,  gum-lances,  finger-saws,  etc. 

The  Allen  surgical  pump  is  a  mechanism  of  va¬ 
ried  use.  Within  a  short  cylinder  is  introduced  one 
coil  of  a  rubber  tube.  An  interior  roller  and  cen¬ 
tral  crank  are  so  arranged  that  the  coil  of  the  tube 
may  be  compressed  by  turning  the  crank.  A  fluid 
or  liquid  in  the  tube  may  be  forced  either  way,  ac¬ 
cording  to  the  direction  in  which  the  crank  is  turned, 
so  that  the  apparatus  becomes  a  force-pump  or  a 
vacuum-pump  at  pleasure.  It  makes  an  effective 
stomach-pump,  and  may  be  used,  also,  as  a  universal 
syringe,  a  tamponing  or  plugging-instrument  for 
arresting  hemorrhage,  a  breast-pump,  a  cupping- 
pump,  a  douche  or  a  saliva-evacuator.  A  special 
_  instrument  is  manufactured  for  the  transfusion  of 
blood,  the  rubber  tube  being  passed  through  a  basin 
of  warm  water  to  maintain  the  temperature.  For 
this  purpose,  the  pump  has  the  advantage  that  the 
blood  may  be  transfused  at  the  same  rate  of  speed 
that  it  flows  in  the  veins,  and  being  absolutely 
free  from  contact  with  the  air,  there  is  no  danger  of 
coagulation.  This  pump  is  also  useful,  in  connec¬ 
tion  with  aspirating-trocars,  for  draining  the  fluid  in 
operations  for  dropsy,  or  the  like. 

Fracture-apparatus  include  splints  of  innumerable 
forms,  fracture-boxes  for  holding  the  limbs,  and 
permitting  dressing  of  a  wound  by  letting  down  a 
side,  sliding-rests,  suspension-appliances,  extension- 
apparatus,  etc. 

Special  instruments  in  great  variety  are  made  for 
the  treatment  of  the  ear,  the  eye,  the  nose,  hare-lip, 
mouth  and  throat,  urethra  and  bladder,  and  for  gyn¬ 
ecological  and  obstetrical  operations,  as  also  rectal 
and  veterinary  jurgery.  C.  H.  Cochrane. 


^SURGERY,  American.  The  wonderful  revolu¬ 
tion  and  progress  made  in  surgery  during  the  past 
ten  years  is  due  largely  to  the  comparative  perfec¬ 
tion  of  the  so-called  germ  theory;  and  a  paper  on 
surgery  is  not  complete  without  some  mention  of 
these  little  pests  in  the  cause  of  disease  and  the  in¬ 
fection  of  wounds. 

Bacteria  or  micro-organisms  or  microbes,  as  they 
are  called,  belong  to  the  very  lowest  order  of  the 
vegetable  kingdom.  They  get  their  name  from 
fiaxTTjplov,  a  rod,  which  some  of  them  resemble  as 
to  shape.  While  the  great  majority  are  at  times 
capable  of  motion,  many  forms  possess  no  move¬ 
ment  whatever. 

The  principal  forms  of  bacteria  are  the  micrococ¬ 
cus,  globular  in  form  (xoxx<>$,  a  berry),  bacillus, 
staff  shape  ( bacillus ,  a  little  rod),  and  the  spirillum 
or  spiral  shape. 

The  micrococci  are  sometimes  seen  in  the  stage 
of  division  when  developing  rapidly,  and  are  seer, 
to  arrange  themselves  in  pairs  and  are  called  dip- 
lococci;  when  arranged  in  rows,  streptococci 
( 'ffrpenros ,  a  chain);  when  bunched  together  in 
masses  like  grapes,  staphylococci  (<jt atpu^ij,  a  bunch 
of  grapes). 

These  forms  multiply  by  fission,  the  change  being 
more  readily  seen  in  the  cocci  than  in  the  bacilli, 
though  some  bacilli  and  a  few  spirillae  undergo 
germination,  spore  formation  taking  place  within 
the  cell  before  it  is  destroyed.  Bacteria  are  found 
everywhere,  even  in  healthy  living  tissues.  They 
grow  best  in  alkaline  or  neutral  media.  Under 
favorable  circumstances  one  bacillus  becomes  six¬ 
teen  millions  in  24  hours.  It  is  chiefly  in  dead 
organic  matter  that  they  multiply  most  prolifically, 
thus  causing  decomposition.  These  are  called 
saprophytic  or  saprogenic.  Others  grow  in  the 
living  body,  producing  disease,  and  are  known  as 
pathogenic.  Pyogenic  are  those  that  produce  pus. 

During  the  process  of  decomposition  very  power¬ 
ful  poisons,  called  ptomaines,  are  developed  (nrwpa, 
a  dead  body).  It  is  tne  action  of  these  micro¬ 
organisms  with  the  chemical  subf&tnces  they  pro¬ 
duce,  being  diffused  throughout  the  body,  that 
causes  the  condition  known  as  septic  intoxication 
and  septic  infection. 

The  temperature  best  suited  for  the  growth  of 
most  bacteria  is  from  86°  F.  to  104°  F.  The  pu¬ 
trefactive  organisms  prefer  a  temperature  of  about 
750  F.,  or  about  the  same  as  our  homes,  while,  the 
pathogenic  flourish  at  a  temperature  of  95  F.  to 
104°  F.  Freezing  seems  to  kill  few  of  these  organ¬ 
isms,  though  they  are  not  reproduced  at  this  tem¬ 
perature,  simply  lying  dormant  until  a  more  favor¬ 
able  temperature  is  found. 

Heat  is  more  effective,  and  especially  moist  heat, 
a  much  greater  temperature  being  required  if  the 
heat  is  dry.  Bacilli  containing  spores  must  be  sub¬ 
jected  to  a  heat  of  284°  F.  for  three  hours  before 
they  are  rendered  inert  and  incapable  of  further  re¬ 
production.  Boiling  water  destroys  all  kinds  of 
organisms  and  spores  in  a  few  minutes.  In  an 
Arnold  steam  sterilizer  any  of  the  cocci  will  be  de¬ 
stroyed  in  five  minutes.  Certain  drugs  also  destroy 
bacteria;  among  the  most  powerful  is  corrosive  sub* 

•Copyright,  1897,  by  The  Werner  Company, 
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limate,  a  solution  of  1:1000,  according  to  Koch, 
j  destroys  the  most  powerful  organisms  in  ten  min¬ 
utes.  Carbolic  acid  also  in  a  solution  of  1 130  kills 
all  mature  organisms  and  prevents  the  formation  of 
spores. 

We  do  not  usually  find  bacteria  in  healthy  tissue, 
but  occasionally  they  are  discovered  in  some  organ 
and  are  apparently  doing  no  harm.  They  are  found 
in  all  kinds  of  true  inflammation. 

The  bacteria  that  are  of  most  interest  to  the  sur¬ 
geon  are  those  that  produce  pus,  and  are  known  as 
pus  microbes.  They  consist  of  several  varieties,  but 
the  one  most  often  found  is  the  staphylococcus  pyo¬ 
genes  aureus.  It  is  a  very  hardy  organism,  and  boil¬ 
ing  or  steaming  for  several  minutes  is  required  for 
its  destruction.  It  prospers  at  the  ordinary  house 
temperature,  flourishing  at  the  temperature  of  the 
body.  It  gets  its  name  aureus  from  the  orange 
color  it  takes  on  in  certain  artificial  cultures. 

It  is  found  in  dirty  dish-water,  in  the  soil  and  air. 
Its  most  frequent  habitat  is  the  superficial  layer  of 
the  skin,  especially  of  the  moist  parts,  as  the  axilla, 
and  under  the  finger-nails.  The  mucous  membrane 
of  the  alimentary  canal  also  forms  good  soil  for  its 
production. 

Other  less  frequent  forms  of  the  pyogenic  cocci 
are  the  staphylococcus  pyogenes  albus  and  the  sta- 
1  phylococcus  pyogenes  citreus. 

Another  important  variety  of  pus  cocci  is  the 
streptococcus  pyogenes,  which  is  found  in  the  secre¬ 
tions  of  normal  nostrils,  vaginae  and  urethrae,  and 
also  in  the  saliva.  The  bacillus  pyocyaneus  is  an 
organism  found  in  blue  or  green  pus. 

The  pus-producing  cocci  are  found  in  all  acute  ab¬ 
scesses.  For  the  different  kinds,  the  reader  is  referred 
to  some  work  on  bacteriology.  Whether  these  bac¬ 
teria  produce  pus  or  not  depends  upon  their  number 
in  the  tissue  and  also  upon  the  state  of  the  tissue — 
an  injury  lowering  its  vitality.  The  entrance  of  a 
1  foreign  body  or  a  mechanical  irritation  cannot  pro¬ 
duce  pus  unless  there  are  also  present  bacteria. 

Some  of  the  bacteria  of  surgical  diseases  are  the 
streptococcus,  erysipelatis,  the  gonococcus,  the  teta¬ 
nus  bacillus,  the  tubercal  bacillus,  the  bacillus  of 
"malignant  oedema  and  the  bacillus  anthrax. 

Inflammation.  If  the  vessels  of  a  frog’s  foot  be 
observed  under  a  microscope,  the  web  having  been 
first  irritated,  the  capillaries  and  veins  are  seen  to 
;  Jilate,  and  during  the  active  beat  of  the  heart  the 
1  blood  flows  so  rapidly  as  to  make  it  impossible  to 
see  the  individual  blood  corpuscles.  During  the 
diastole  the  current  slows,  and  we  recognize  the  row 
of  red  blood  corpuscles  moving  rapidly  along,  in 
which  is  an  occasional  white  blood  corpuscle.  After 
a  little,  the  vessels  continuing  to  dilate,  the  current 
i  slows  and  the  vessels  are  filled  with  red  corpuscles; 
the  white  are  seen  to  roll  along  more  slowly  and  to 
stick  to  the  walls  of  the  vessel,  and  some  by  their 
amoeboid  movement  to  go  through  the  vessel-wall 
and  to  be  on  the  outside.  This  latter  is  spoken  of 
1  as  emigration  of  the  white  blood  corpuscles,  or  dia- 
pedesis.  The  fluid  of  the  blood  also  escapes  into 
,  the  tissues;  and  these  elements,  with  some  connective 
tissue-cells,  make  up  the  beginning  of  inflammation. 
These  products,  blood  corpuscles  and  serum,  appear  | 


as  a  yellowish,  greenish-white  substance,  which  re¬ 
sembles  the  so-called  buffy  coat  of  the  blood.  If 
the  source  of  irritation  is  removed  and  there  are  no 
germs  present,  or  are  destroyed,  these  products  are 
absorbed  and  the  tissue  is  as  it  was  before. 

'Repair.  When  a  wound  is  made  into  any  tissue, 
the  healing  takes  place  by  so-called  first  or  second 
intention.  If  the  wound  is  kept  perfectly  aseptic, 
that  is,  if  no  bacteria  have  been  allowed  gain  ac¬ 
cess  to  it,  we  see  very  little  change  during  the  pro¬ 
cess  of  repair,  provided  the  edges  have  been  kept 
approximated. 

If  the  wound  is  large  and  the  edges  are  not  ap¬ 
proximated,  there  will  be  seen  a  number  of  luco- 
cytes  at  the  end  of  24  hours.  As  the  process  of 
repair  continues,  the  number  of  the  cellular  ele¬ 
ments  increases.  As  the  cells  increase,  the  fibers  of 
the  old  tissue  become  less  perceptible,  and  many  of 
them  and  some  of  the  other  elements  which  have 
undergone  retrograde  change,  disappear,  and  the 
cells  are  soon  reinforced  by  a  new  granular  sub¬ 
stance  and  the  so-called  granulation  or  embryonic 
tissue  is  formed — which  is  healing  by  second  inten¬ 
tion.  The  cavity  of  the  wound  is  gradually  oblit¬ 
erated,  partly  by  the  growth  of  the  granulations, 
and  also  by  cicatricial  contraction.  On  the  margins 
is  seen  a  bluish  border,  which  is  the  proliferation  of 
the  epithelial  cells,  forming  new  integument. 

Ulceration.  An  ulcer  is  a  loss  of  substance  on  the 
surface  of  the  body,  and  really  represents  a  part  of 
an  abscess-wall,  the  opening  of  the  abscess  being 
almost  as  large  as  the  abscess  itself.  Ulcers  are 
caused  by  some  inflammation  or  injury  which  destroys 
the  protective  surface,  and  lays  bare  the  tissues  be¬ 
neath.  Over  its  surface  are  often  seen  small  eleva¬ 
tions,  called  granulations;  these  appear  to  be  com¬ 
posed  of  projecting  masses  of  blood-vessels  with 
newly  formed  tissue  around  them.  An  ulcer  is  the 
very  lowest  type  of  chronic  inflammation. 

The  great  progress  made  in  surgery  during  the 
past  ten  years  is  due,  to  a  very  large  extent,  to  our 
knowledge  of  wound-infection,  or,  in  other  words, 
to  our  acquaintance  with  bacteria.  When  a  surgeon 
is  now  called  to  see  a  wound,  his  first  effort,  after 
checking  hemorrhage,  is  to  make  it  absolutely  clean 
— that  is,  free  from  bacteria — which  is  spoken  of  as 
“  surgical  cleanliness.”  Not  only  must  he  make  the 
wound  clean,  but  he,  with  all  his  assistants,  his  in¬ 
struments,  and  everything  touched,  must  be  abso¬ 
lutely  free  from  germs. 

When  an  operation  is  done  for  a  disease,  this 
cleanliness  is  carried  out  to  a  nicety.  The  wonder¬ 
ful  success  in  abdominal  and  brain  surgery  is  due 
almost  absolutely  to  this  cause. 

The  preparation  for  an  operation,  as  of  the  abdo¬ 
men,  is  as  follows:  The  surgeon  and  his  assistants 
wear  muslin  trousers  and  blouse,  which,  with  all 
towels  to  be  used,  have  been  subjected  to  super¬ 
heated  steam;  the  nurses  should  wear  dresses  of 
some  wash  goods.  The  hands  are  washed  for  about 
twenty  minutes  with  hot  water,  nail-brush  and  soap; 
they  are  then  plunged  into  a  solution  of  perman¬ 
ganate  of  potash,  until  every  part  of  the  hands  and 
forearms  is  stained  a  deep  mahogany  red,  then 
into  a  saturated  solution  of  oxalic  acid;  the  acid  is 
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cashed  off  with  sterilized  water.  The  instruments 
are  boiled  in  a  one-per-cent  solution  of  carbonate  of 
soda  for  ten  minutes,  and  rinsed  in  a  i  :  20  solution 
of  carbolic  acid.  For  sponges,  small  mops  of  steril¬ 
ized  gauze  are  used.  Silk  or  silk-worm  gut  is  ster¬ 
ilized  by  steam,  or  a  1  : 20  solution  of  carbolic  acid. 
Sterilized  bichloride  or  iodoform  gauze  is  used  for 
dressing,  which  is  put  on  in  very  many  thicknesses, 
and  over-topped  by  sterilized  absorbent  cotton  in 
sheets. 

The  patient’s  abdomen  is  scrubbed  with  a  brush 
and  soap,  shaved  of  all  hair,  and  a  towel  wet  with  a 
solution  of  bichloride  of  mercury,  1  : 3000,  is  bound 
over.  At  the  time  of  the  operation  the  abdomen  is 
again  washed  and  saturated  with  alcohol  or  ether. 

Injuries.  Shock  is  the  result  on  the  general  sys¬ 
tem  or  the  primary  constitutional  effect  of  a  wound. 
Its  manifestations  are  through  the  nervous  system; 
therefore  the  nervous  are  more  susceptible  and  the 
phlegmatic  less  so.  During  shock  the  blood  leaves 
the  surface  for  the  large  internal  vessels,  causing  the 
pulse  to  become  small,  weak  and  rapid,  the  respira¬ 
tion  shallow  and  irregular,  the  surface  pale  and  cold; 
the  treatment  is  that  of  symptoms.  The  body  is 
rubbed  vigorously  and  heat  applied.  Some  heart 
tonic,  as  strychnia,  is  used  hypodermically,  and 
atropia  for  the  failing  respiration.  If  there  has 
been  loss  of  blood,  intra-venous  or  intra-cellular 
injection  of  normal  salt  solution  acts  promptly  and 
effectively. 

Fractures.  The  chief  factor  in  the  treatment  of 
fractures  is  the  different  methods  of  extension  and 
the  keeping  of  the  fragments  of  bone  in  correct 
apposition  after  the  fracture  has  been  reduced.  The 
extension  is  accomplished  by  one  of  the  numerous 
extension  devices,  as  Buck’s,  which  is  a  weight 
attached  to  the  limb  and  made  to  act  over  a  pulley. 
The  advance  in  the  treatment  of  fractures  is 
chiefly  in  compound  fractures,  where  antiseptics 
come  into  play.  Now,  a  limb  is  thoroughly  cleansed 
and  disinfected,  the  fracture  reduced,  and,  after  dress¬ 
ing  the  wound  as  an  ordinary  flesh-wound,  the  limb 
and  dressings  are  incased  in  a  plaster  cast. 

Wounds  of  joints  are  penetrating  and  non-pene¬ 
trating.  Formerly,  in  penetrating  wounds  of  the 
joints,  if  amputation  were  not  immediately  done, 
suppuration  followed  in  forty-eight  to  seventy-two 
hours,  and  the  loss  of  the  limb  or  the  death  of  the 
patient  was  the  result.  The  wound  is  cleansed, 
dressed  antiseptically,  and  the  limb  immobilized  by 
some  splint.  The  fate  of  an  individual  with  a  joint- 
wound  may  be  said  to  be  in  the  hands  of  the 
physician  who  sees  him  first. 

,  Dr.  Gebney  has  described  a  method  of  treating 
sprains  with  strips  of  adhesive  plaster,  run  in  two 
directions  or  more,  to  relieve  the  affected  parts. 
This  seems  to  be  superseding  the  older  method  of 
plaster-of-Paris  casts. 

Venereal  Diseases.  In  the  importance  attached 
to  the  venereal  diseases,  gonorrhoea  seems  to  be  fast 
usurping  the  place  of  syphilis.  Since  the  separa¬ 
tion  of  the  great  venereal  diseases,  the  greatest 
advance  has  been  made  in  the  discovery  of  the 
gonococcus  by  Neisser,  which  is  now  known  to  be 
the  cause  of  all  true  gonorrhoea.  It  has  always  been 


thought  that  gonorrhsea  was  a  disease  of  the  urethra, 
but  the  gonococcus  has  been  found,  not  only  in  the 
deep  structures  of  the  urethra,  but  also  in  the  valves 
of  the  heart,  causing  very  serious  valvular  trouble. 
A  man  who  has  had  gonorrhoea  as  seldom  entirely 
recovers  as  a  person  with  syphilis.  The  so-called 
strain  in  the  male  who  has  been  once  infected, 
developed  after  prolonged  sexual  intercourse,  or  a 
debauch,  is  nothing  more  or  less  than  the  germ  hav¬ 
ing  been  hidden  in  some  crypt  of  the  mucous  mem¬ 
brane  of  the  urethra,  being  liberated  by  the  above 
causes,  only  to  do  over  again  what  it  had  originally 
done. 

The  enormous  amount  of  abdominal  surgery  be¬ 
ing  done  all  over  the  country,  for  pelvic  pus  in  the 
female,  is  in  the  large  majority  of  cases  due  to  the 
gonococcus,  and  in  a  great  many  instances  the  fe¬ 
male  is  infected  after  the  male  had  thought  himself 
well. 

The  mucous  membrane  of  the  vagina  and  uterus 
are  first  affected,  in  the  female,  and  afterward  the 
Fallopian  tubes  and  ovaries,  causing  abscesses  of 
these  organs,  in  the  pus  of  which  is  found  the  gon¬ 
ococcus. 

The  treatment  in  the  male  consists  of  antiseptics 
internally,  and  injected  into  the  urethra.  In  the 
female  the  treatment  should  be  most  vigorous,  as 
soon  as  the  infection  is  discovered.  The  vagina  is 
scrubbed  in  all  its  folds,  with  a  1  :  1000  solution  of 
bichloride  of  mercury.  The  uterus  if  infected  is 
dilated  and  curetted,  washed  out  with  a  solution  of 
mercury  and  painted  with  tincture  of  iodine.  It  is 
then  packed  with  iodoform  gauze,  which  is  changed 
daily  until  the  patient  has  recovered. 

If  the  tubes  and  ovaries  are  affected,  and  do  not 
yield  to  the  above  treatment,  and  pus  is  formed,  an 
operation  for  the  removal  of  the  pus  must  be  done 
immediately.  This  is  done  by  opening  through  the 
vagina  or  rectum,  or  these  organs  have  to  be  re¬ 
moved  entirely,  sometimes  including  the  womb 
itself,  to  effect  a  cure  of  the  gonorrhoea. 

The  germ  of  syphilis  has  not  yetbeendiscovered, 
though  a  great  deal  of  work  has  been  done  in  that 
direction.  Lustgarten  has  described  an  S-shaped 
bacillus  that  is  found  in  syphilitic  ulcers,  but  it  has 
not  been  cultivated.  The  drugs  used  in  the  treat¬ 
ment  of  syphilis  remain  about  the  same,  viz. :  iodide 
of  potash  and  mercury.  In  the  vast  majority  of 
cases  syphilis  is  contracted  during  the  sexual  act, 
but  instances  are  very  numerous  where  the  person 
is  infected  during  the  act  of  kissing,  from  drinking- 
cups,  and  babies  from  nursing  a  syphilitic  nurse, 
and  from  many  other  modes  of  contact.  This  is 
termed  syphilis  of  innocents. 

Tumors.  Certain  enlargements  of  a  part  or 
organ,  new  growths,  with  no  tendency  to  a  spon¬ 
taneous  cure,  but  which  do  have  a  tendency  to  en¬ 
large  during  the  patient’s  lifetime,  except  in  a  tew 
instances,  are  surgically  known  as  tumors. 

They  originate  from  the  tissue  of  the  part  on 
which  they  are  situated,  and  very  nearly  resembie 
these  parts  or  organs  in  their  component  tissue  ele¬ 
ments.  Some  are  congenital,  but  the  most  are  de' 
veloped  after  birth,  usually  from  some  source  ot 
irritation,  as  a  constant  chemical  or  mechanical 
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agency  which  produces  an  undue  vascularity  of  the 
part — the  hot  stem  of  a  clay  pipe,  epithelioma  of 
the  lip;  a  rough,  jagged  tooth,  carcinoma  of  the 
tongue;  a  lacerated  cervix,  cancer  of  the  uterus. 

There  has  been  an  effort  to  find  the  cause  of  can¬ 
cer  to  be  of  bacteriological  origin,  but  nothing  defi¬ 
nite  has  been  proved. 

Usually,  tumors  are  divided  into  two  classes — be¬ 
nign  and  malignant.  A  benign  tumor  is  generally 
made  up  of  tissues  very  nearly  resembling  those 
from  which  it  originated.  Its  growth  is  usually 
slow  and  painless.  A  malignant  tumor  is  usually 
composed  of  tissue  widely  different  from  that  upon 
which  it  originated.  Its  growth  is  rapid  and  pain¬ 
ful.  Of  the  benign  class,  fibromata  or  myomata  of 
the  uterus  probably  cause  more  trouble,  and  are  now 
occupying  a  great  deal  of  attention  from  abdominal 
surgeons. 

For  a  complete  classification  of  tumors,  the  reader 
Is  referred  to  some  work  on  surgery,  as  Dennis’s  -Syr- 
tem  of  Surgery. 

At^  present  the  treatment  of  tumors  resolves  itself 
into  the  very  early  removal  of  all  the  tumor,  and  if 
it  is  malignant,  of  all  the  surrounding  tissue  that  is 
Infected;  though,  if  a  benign  tumor  is  giving  no  dis¬ 
comfort  from  its  locality,  or  is  not  dangerous  to  life, 
its  removal  is  not  so  imperative.  But  now,  when 
surgery  is  absolutely  painless  and  comparatively  free 
from  danger,  when  we  consider  the  disposition  to 
grow  it  is  best  to  remove  a  large  majority  of  these 
tumors. 

The  removal  of  a  malignant  growth  is  absolutely 
demanded  at  the  earliest  possible  moment,  before 
the  adjacent  lymphatics  have  become  involved.  If 
the  lymphatics  are  already  enlarged,  as  is  frequently 
the  case  in  cancer  of  the  breast,  those  of  the  axilla 
being  affected,  the  operation  is  not  complete  until 
all  these  are  removed. 

Operative  Surgery.  As  much  care  is  taken  in  the 
diagnosis  of  surgical  cases  and  the  time  to  operate, 
what  to  do  and  what  not  to  do,  as  in  the  operation 
itself.  No  matter  how  skillfully  the  operation  may 
be  done,  as  the  amputation  of  the  hand  if  part  of 
the  hand  might  have  been  saved,  the  surgery  is  bad. 
If  the  abdomen  should  be  opened  for  the  removal 
of  an  ovarian  tumor  and  the  patient  is  found  preg¬ 
nant,  the  surgeon  would  feel  that  he  had  not  been 
careful  in  his  surgery  and  would  accordingly  blame 
himself. 

In  the  whole  range  of  surgical  operations,  from 
the  most  trivial  to  those  of  extreme  gravity,  there  is 
more  or  less  danger;  even  the  giving  of  an  anaes¬ 
thetic  is  not  without  danger,  and  the  careful  surgeon 
examines  well  all  the  organs  that  might  influence 
'’he  result  of  the  operation.  An  anaesthetic  should 
never  be  administered  without  a  careful  examination 
,nf  the  kidneys  and  the  heart.  In  the  selection  of 
an  anaesthetic,  ether  is  used  when  there  may  be 
some  defect  in  the  heart,  forbidding  the  use  of 
chloroform.  Chloroform  is  considered  safer 
when  there  is  any  disease  of  the  kidneys  or  lungs. 
Ether  is  used  almost  altogether  by  surgeons  of  the 
North  and  chloroform  by  those  of  the  South,  each 
claiming  the  advantages  of  the  two  great  anaes¬ 
thetics.  At  present  the  mortality  in  the  exhibition 


of  chloroform  is  greater  than  that  of  ether;  when 
deaths  occur  from  chloroform,  it  is  plain  that  the 
person  administering  it  does  not  understand  his 
business.  The  probability  is  that  in  the  near  future 
there  will  be  professional  anaesthetists. 

As  a  local  anaesthetic  in  minor  cases,  cocaine  is 
very  largely  used,  though  this  is  not  altogether  with¬ 
out  danger,  as  death  has  been  known  to  follow  its 
hypodermic  use. 

The  greatest  danger  in  operating  after  hemor¬ 
rhage  is  infection  by  some  of  the  germs  previously 
mentioned,  or  by  a  germ  of  one  of  the  infectious 
diseases — as  diphtheria  or  puerperal  fever;  'so  that  a 
surgeon  attending  one  of  these  diseases  bathes  him¬ 
self  thoroughly  and  changes  all  of  his  clothes  before 
going  to  his  operating-room. 

Hemorrhage  occupies  a  very  important  place, 
especially  in  some  fields  of  operation,  as  in  the 
abdominal  cavity,  where  there  is  a  great  deal  of 
inflammatory  tissue;  but  with  the  improved  surgical 
technique  and  the  careful  tying  of  all  vessels,  and 
packing  oozing  surfaces  with  iodoform  gauze,  the 
mortality  from  this  cause  is  becoming  very  much 
less.  Some  loss  of  blood  attends  every  operation, 
but  the  care  of  the  surgeon  is  always  to  have  as  little 
hemorrhage  as  possible.  The  larger  the  amount  of 
blood  lost  the  greater  is  the  probability  of  shock,  and 
the  less  rapid  the  recovery  of  the  patient 

Dr.  Halstead,  of  Johns  Hopkins  Hospital,  has 
given  us  a  preparation  of  catgut,  called  gut-wool,  for 
stopping  hemorrhage  from  bone  by  packing  it  into  a 
bone-cavity. 

Shock  follows  every  operation  to  a  more  or  less 
degree.  The  treatment  is  first  preventive,  consist¬ 
ing  in  large  doses  of  strychnia,  attention  to  the  diet, 
and  hygiene.  The  mind  of  the  patient  should  be 
kept  free  from  anxiety.  The  surgeon  himself  should 
see  that  everything  is  in  readiness,  and  that  every 
instrument  likely  to  be  used  in  the  operation  is  ster¬ 
ilized.  During  the  operation  every  small  detail  is 
looked  after,  as  if  the  whole  success  depended  upon 
that  one  item.  The  shortest  time  possible  to  do  an 
operation  well  is  also  very  important.  The  shorter 
the  time  the  patient  is  under  the  anaesthetic  and 
exposed  upon  the  operating-table,  the  more  likely  is 
the  surgeon  to  meet  with  success.  Every  possible 
detail  is  studied.  Dr.  Kelly,  of  Baltimore,  has,  by 
an  improved  method,  removed  the  uterus  in  3.36 
minutes. 

Brain.  “Abandon  all  hope,  ye  who  enter  here,” 
has  been  said  of  surgery  of  the  brain  until  within 
the  last  ten  years.  Though  there  were  occasional 
recoveries  after  injury,  it  was  considered  rather  an 
accident.  The  perfection  of  the  localization  of  the 
brain-centers,  so  that  now  we  may  speak  of  the  parts 
of  the  brain  as  distinct  in  function  as  the  abdominal 
organs,  has  placed  brain-surgery  almost  on  a  level 
with  that  of  any  other  part  of  the  body.  This,  with 
antiseptic  details  of  the  strictest  kind — the  brain 
seeming  to  be  a  pabulum  upon  which  most  bacteria 
flourish — makes  success  possible  in  injuries  and  dis¬ 
eases  of  the  brain  where  operation  v:as  thought 
formerly  to  mean  death.  While  the  general  anat¬ 
omy  and  functions  of  the  brain  have  been  known  for 
a  long  while,  and  localization  of  function  for  over 
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twenty  years,  still  it  has  not  been  more  than  ten 
years  since  cerebral  surgery,  founded  upon  these 
facts,  has  made  its  most  rapid  progress. 

The  position  of  the  chief  fissures  and  convolu¬ 
tions  of  the  brain,  and  its  various  cortical  centers, 
have  of  late  assumed  the  greatest  importance  and 
have  been  laid  out  on  the  exterior  of  the  skull  with 
almost  absolute  precision. 

The  chief  fissures  are  the  fissure  of  Bichat,  the 
fissure  of  Orlando,  the  fissure  of  Sylvius,  and  the 
two  parietal  fissures.  The  location  of  these,  with 
the  various  centers,  can  be  mapped  out  from  the 
points  named  by  Bocca,  as  described  in  any  recent 
text-book  on  surgery. 

Technique.  The  technique  of  operations  upon 
the  cerebrum  is  as  follows:  The  head  is  entirely 
shaved,  as  this  frequently  discloses  a  scar  otherwise 
invisible.  It  is  then  well  scrubbed,  and  washed  with 
ether.  The  fissures  may  then  be  marked  out  with 
an  antiseptic  pencil.  The  operator  and  assistant 
should  be  doubly  careful  of  asepsis. 

After  the  skull  has  been  trephined  by  one  of  the 
methods  (viz.,  by  trephine  or  chisel),  if  any  doubt 
remains  as  to  the  diagnosis  the  dura  is  opened,  tak¬ 
ing  care  not  to  wound  any  of  the  vessels;  if  a  vessel 
is  wounded  it  is  tied  immediately  by  passing  a  liga¬ 
ture  beneath  it,  or,  if  it  is  small,  by  pressure  with 
sponge  or  gauze. 

On  opening  the  dura,  if  the  brain  bulges  into  the 
opening  it  denotes  a  pathological  addition  to  the 
intercranial  pressure,  due  to  a  tumor,  an  abscess  or 
internal  hydrocephalus.  If  any  brain-tissue  is  found 
abnormal,  it  should  be  thoroughly  removed,  avoid¬ 
ing  in  the  cutting  the  special  centers. 

While  the  brain  is  exposed  the  different  centers 
may  be  tried  with  electricity.  The  dura  is  then  su¬ 
tured  with  catgut.  The  bone  may  or  may  not  be  re¬ 
placed.  The  scalp  is  sutured  in  place,  and  dressed 
antiseptically.  If  necessary,  a  drainage-tube  may  be 
used. 

The  limit  of  surgical  procedure  is  constantly 
growing  larger.  The  finger  or  a  knife-handle  can  be 
introduced  beneath  the  dura,  and,  pressing  the  brain 
away  from  the  skull,  an  inch  or  more  can  be  seen 
beyond  the  opening.  The  brain  can  be  punctured 
almost  with  impunity,  especially  if  a  blunt  instru¬ 
ment  is  used,  taking  care,  of  course,  not  ‘o  puncture 
large  vessels. 

Pressure  of  the  brain,  due  to  hemorrhage,  a  tu¬ 
mor,  depressed  fracture  or  products  of  inflammation, 
is  treated  according  to  the  amount  of  pressure  and 
gravity  of  the  symptoms.  If  from  hemorrhage,  the 
clot  is  immediately  evacuated  and  the  vessel  tied.  If 
from  depressed  bone,  it  is  elevated  by  trephining. 
If  an  abscess  has  formed  or  serum  collected,  the 
surgeon  would  not  hesitate  to  operate. 

Fracture  of  the  skull,  per  se,  is  of  comparatively 
small  moment;  but  the  concurrent  injury  to  the 
brain  or  its  membranes  causes  the  all-absorbing 
symptoms. 

G^at  care  is  needed  in  the  diagnosis,  especially 
when  the  inner  table  is  fractured  with  very  little  or 
no  external  evidence.  There  are  two  sources  of 
danger  from  fractures:  the  immediate  is  injury  to  the 
brain  and  septic  inflammation;  the  later  is  epilepsy, 


insanity  and  continuous  headache.  The  treatment 
depends  upon  the  character  of  the  fracture.  If  it 
is  of  the  vault,  without  depression,  and  moderate 
cerebral  symptoms  and  they  are  growing  less,  the 
case  is  treated  expectantly;  but  if  any  serious  symp¬ 
toms  arise,  trephining  is  done  without  delay.  A 
punctured  wound  entering  the  brain  is  always  tre¬ 
phined. 

Fractures  of  the  base  may  come  from  an  exten¬ 
sion  of  a  vault  fracture  or  indirect  violence  through 
the  spinal  column.  Or  they  may  be  caused  by 
puncture  through  the  orbit,  the  nose  or  the  mouth. 
Umbrellas,  canes  and  small  splinters  penetrate  the 
orbit  and  nose,  while  pistol- balls  are  often  fired 
into  the  mouth  in  attempt  at  suicide.  The  prog¬ 
nosis  of  fracture  of  the  base  has  always  been  con¬ 
sidered  most  unfavorable.  The  sources  of  infection 
are  especially  many;  the  ear,  mouth,  nose  and  orbit 
are  all  more  or  less  inaccessible,  and  likely  to  be 
overlooked.  The  necessity  of  thorough  disinfection 
of  these  cavitities  when  communicating  with  the 
brain  has  been  recognized,  and  consequently  the 
mortality  of  fractures  of  the  base  has  become  very 
much  less. 

The  treatment  consists  in  making  as  aseptic  as 
possible  whatever  cavity  the  fracture  is  through,  and 
draining.  To  accomplish  this  it  may  be  necessary 
to  trephine  through  the  cavity.  In  gunshot  wounds 
of  the  skull  the  same  rule  of  thoroughly  cleansing 
and  making  aseptic  has  made  the  surgeon  abso¬ 
lutely  bold  in  his  procedures.  The  entire  tract  of 
the  ball  must  be  disinfected.  The  removal  of  the 
ball  has  always  been  one  of  the  greatest  difficulties. 
A  very  light  aluminum  probe  is  used,  so  that  if 
allowed  to  enter  by  its  own  weight  it  will  not  pro¬ 
duce  a  false  passage.  If  the  ball  is  more  accessible 
from  the  opposite  side  of  the  head,  a  counter-opening 
is  made  at  the  point  at  which  the  probe  would 
emerge  if  carried  on  through  the  head.  Dr.  Gird- 
ner  has  devised  an  instrument  to  locate  a  ball,  called 
the  telephonic  probe.  Formerly,  balls  in  the  brain, 
unless  very  superficial,  were  allowed  to  remain. 

To  cerebral  localization  belongs  the  success  in  oper¬ 
ation  for  abscess  of  the  brain.  The  abscess  is  located 
and  trephining  done.  As  over  fifty  per  cent  of  cerebral 
abscess  is  caused  by  suppurative  disease  of  the  ear, 
a  great  many  can  be  prevented  by  opening  the  mas¬ 
toid  cells  before  suppuration  has  reached  the  brain. 
Tumors  are  located  and  operated  upon  very  much 
the  same  as  abscesses;  though  a  tumor  is  sometimes 
too  large  to  be  removed. 

Trephining  for  epilepsy  of  the  traumatic  variety 
has  been  done  successfully,  and  when  the  lesion  is 
over  well-known  centers,  and  the  convulsion  is  lim¬ 
ited  to  muscles  corresponding  to  these  motor-centers, 
success  will  probably  crown  the  effort.  The  opera¬ 
tion  should  always  be  done  as  soon  after  the  injury 
as  possible.  Trephining  has  also  been  done  for 
Jacksonian  epilepsy  and  for  inveterate  headache  suc¬ 
cessfully. 

Trephining  for  arrested  development  deserves 
some  mention,  and  is  done  with  good  results  in  some 
cases. 

Abdominal.  The  immense  amount  of  abdominal 
surgery  being  done  shows  with  what  fearlessness 
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this  cavity  is  entered  now  for  every  conceivable  injury 
and  disease.  Here  again  the  most  rigid  cleanliness 
is  demanded.  In  every  wound  penetrating  any  of 
the  viscera,  laparotomy  is  done,  the  wound  found 
and  sutured.  In  the  case  of  gunshot  wounds,  the 
ball  having  passed  through  several  coils  of  intes¬ 
tines,  each  puncture  is  carefully  looked  for,  and  when 
found  is  closed;  and,  provided  the  patient  is  seen 
soon  enough,  and  shock  is  not  too  great,  the  sur¬ 
geon  has  every  cause  to  hope  for  the  recovery  of  his 
patient. 

In  diseases  of  the  gall,  bladder  and  duct,  the  in¬ 
testines  and  the  stomach,  the  advance  has  been  very 
great. 

In  cicatricial  stenosis  of  the  pylorus,  the  operation 
of  pyloroplasty,  or  creating  a  new  pylorus — devised 
by  Heineke,  and  later  by  Mikulicz — is  being  done 
with  great  success,  and  in  malignant  disease  of  the 
pylorus,  gastro-enterostomy,  establishing  an  opening 
between  the  intestine  and  the  stomach,  at  a  distance 
from  the  diseased  portion,  prolonging  the  life  of  the 
patient. 

Pylorectomy,  or  excision  of  the  pylorus  for  ma¬ 
lignant  disease,  has  for  its  object  the  same  as  the 
former,  except  that  the  diseased  portion  is  Re¬ 
moved. 

In  intestinal  obstruction,  the  use  of  decalcified 
bone-plates  of  Sen  and  the  catgut  rings  of  Abbe, 
in  the  anastimosis  of  the  parts  of  the  intestine  above 
and  below  the  obstruction,  has  added  many  suc¬ 
cesses  to  intestinal  surgery. 

The  Murphy  button  is  also  being  largely  used  i>r 
anastimosis.  The  button  is  in  two  parts,  which  fit 
together  with  a  spring  fastening;  each  part  is  sewed 
into  a  slit  made  in  the  upper  and  the  lower  part  of 
the  intestine,  and  then  sprung  into  place.  It  is  sup¬ 
posed  to  come  away  in  the  stool  as  soon  as  it  has 
cut  through  the  intestine.  The  gall-bladder  is  also 
anastimosed  with  the  intestine  in  the  same  way,  in 
biliary  obstruction. 

In  pelvic  surgery  the  tendency  of  the  times  is  to 
operate  only  when  the  organs  are  so  diseased  as  to 
preclude  the  possibility  of  a  cure  by  any  other 
means. 

Pyosalpinx,  ovarian  abscess,  or  any  abscess  of  the 
pelvis,  is  removed  either  by  laparotomy  or  through 
the  vagina.  A  large  number  of  surgeons  claim  that 
the  abscess,  with  the  uterus,  should  be  removed  per 
vaginam ,  thereby  leaving  no  source  of  infection 
which  is  liable  to  give  future  trouble.  The  principal 
causes  of  pelvic  pus  are  gonorrhoea  and  septic  in¬ 
fection  from  the  uterus  after  a  miscarriage.  If  the 
abscess  is  large  and  can  be  evacuated  through  the 
vagina,  this  is  done,  the  patient  usually  making  a 
good  recovery.  In  the  so-called  celiotomy  the  per 
cent,  of  mortality  should  not  be  more  than  three. 

There  are  those  who  say  that  every  fibroid  tumor 
of  the  uterus  should  be  removed,  and  others  who 
say  that  none  should  be  operated  upon.  A  safe 
rule  is,  that  when  a  fibroid  is  growing  rapidly,  is  so 
situated  as  to  cause  severe  pain  and  make  the  life  of 
the  individual  unbearable,  hysterectomy  should  be 
performed. 

The  old  operation  of  the  clamp,  by  which  the 
pedicle  was  clamped  outside  the  abdominal  wound, 


is  being  superseded  by  one  of  total  extirpation,  by 
which  only  the  vaginal  portion  of  the  cervix  is  left, 
as  described  by  Baer.  In  cancerous  disease  the 
whole  cervix  also  is  removed.  The  former  is  still 
adhered  to  by  Dr.  Joseph  Price,  of  Philadelphia. 

In  the  operations  upon  the  pelvis,  rapidity  and 
excellence  have  been  greatly  facilitated  by  the  Tren¬ 
delenburg  position,  or  elevation  of  the  hips  above 
the  shoulders,  allowing  the  intestines  to  gravitate 
toward  the  thorax. 

Appendicitis.  Inflammation  of  the  vermiform  ap¬ 
pendix  and  its  surgical  treatment  is  being  observed 
with  interest  by  all  the  world.  Its  etiology  is  pre¬ 
disposing  and  exciting.  The  appendix  in  our  prehis¬ 
toric  ancestors  was  probably  once  useful,  but  now, 
belonging  to  that  class  of  useless  tissue  having  a 
very  low  vitality  and  a  very  slight  pc,ver  of  resist¬ 
ance,  it  is  pre-eminently  susceptible  to  inflamma¬ 
tion.  The  exciting  causes  are  mechanical  and  bac¬ 
terial,  though  the  latter  is  nearly  always  associated 
with  the  former.  The  appendix  is  so  constructed 
that  if  the  ilium  or  the  caput  coli  is  distended  with 
gas  or  fecal  matter,  it  is  so  dragged  upon  as  to 
cause  interference  with  its  circulation,  when  it  is 
only  a  step  to  a  catarrhal  condition  and  the  usual 
appendiceal  abscess.  The  bacterium  most  often  found 
is  the  “  bacterium  coli  commune.”  It  is  nearly  always 
found  in  the  intestinal  tract,  but  seems  to  do  no 
harm  until  until  the  mucous  membrane  is  damaged. 
It  has  been  shown  by  experiment  that  a  condition 
of  constriction  favors  the  penetration  of  these  bac¬ 
teria. 

Another  class  of  cases  is  that  in  which  some  fecal 
concretions  or  foreign  bodies  get  into  the  appendix. 
This  was  once  thought  to  be  the  only  cause  of  ap¬ 
pendicitis,  but  it  is  now  proven  beyond  a  doubt 
that  not  more  than  four  per  cent,  is  due  to  this 
cause.  The  mucous  membrane  becomes  very  vas¬ 
cular  and  thickened,  and  as  the  opening  into  the 
intestine  is  very  small,  the  secretions  collect  and  be¬ 
come  muco-purulent,  and  in  time  ulcers  form.  If 
penetration  does  not  take  place,  a  localized  peri¬ 
tonitis  sets  in,  and  even  after  perforation  the  pus  is 
frequently  walled  off  by  the  loops  of  intestine;  but 
sometimes  the  peritoneal  infection  becomes  general 
in  a  few  days.  The  pain  is  usually  all  over  the  ab¬ 
domen  at  first,  but  after  a  few  hours  is  localized  in 
the  right  iliac  fossa;  a  little  later  there  is  a  point 
that  is  a  little  more  tender  than  any  other;  this  is 
called  McBurney’s  point,  and  is  situated  nearly  mid¬ 
way  between  the  anterior  superior  spine  and  the 
umbilicus,  which  indicates  the  base  of  the  appen¬ 
dix. 

Vomiting,  moderate  fever,  pulse  90  to  no,  with 
rigidity  of  the  rectus  muscle,  are  some  of  the  symp¬ 
toms.  As  long  as  the  disease  confines  itself  to  the 
appendix  there  is  usually  little  swelling  of  the  abdo¬ 
men,  but  again  the  swelling  increases  very  rapidly 
within  a  few  days.  Fluctuation  is  usually  absent. 

The  mortality  of  appendicitis,  with  its  attending 
surrounding  inflammations,  is  about  one  out  of  seven 
or  eight  cases.  If  general  peritonitis  sets  in,  the 
operation  must  not  be  delajed  a  minute  or  death 
will  quickly  intervene.  When  seen  in  its  incipiency 
a  saline  cathartic  should  be  administered,  also  a 
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warm-water  enema;  hot  fomentations  should  be  ap¬ 
plied  externally.  After  the  bowels  have  freely  moved, 
an  opiate  is  given.  Cathartics  are  contra-indicated 
afterward,  until  the  acute  symptoms  have  subsided. 
The  food  is  absolutely  nothing  but  liquid.  If  the 
inflammation  does  not  yield  to  the  above,  surgical 
means  must  be  resorted  to.  The  abdomen  is  opened 
over  the  site  of  the  appendix  in  the  direction  of  the 
muscle-fibers,  the  appendix  found,  ligated  with  an¬ 
tiseptic  silk  or  catgut,  and  removed.  If  an  abscess 
has  formed,  it  is  opened,  thoroughly  irrigated  and 
drained;  the  wound  is  dressed  antiseptically.  In 
recurrent  appendicitis  the  interval  is  recommended 
as  the  time  to  operate  in  all  cases  by  most  surgeons, 
but  certainly  a  large  number  of  patients  recover 
and  never  have  any  recurrence;  though  if  the  recur¬ 
rence  is  very  frequent,  operation  must  be  done. 

Kidneys.  Probably  the  greatest  triumph  of  sur¬ 
gical  skill  during  the  past  ten  years  is  the  catheteri¬ 
zation  of  the  ureters  by  Dr.  Kelly,  of  Baltimore. 
Through  a  urethral  speculum  a  light  is  thrown  into 
the  bladder  and  the  orifice  of  the  ureter  found,  a 
long,  flexible  catheter  is  introduced,  and  the  other 
ureter  is  likewise  catheterized.  The  urine  of  each 
is  caught  and  tested,  thereby  diagnosing  beyond  a 
doubt  the  diseased  kidney.  The  pelvis  of  the  kid¬ 
ney  is  irrigated  by  allowing  a  small  quantity  of  fluid 
to  enter  through  the  catheter,  thus  ultimately  curing 
a  pyonephrosis  that  would  have  continued  to  the 
end. 

In  all  these  operations  and  manipulations  the 
Istrictest  regard  is  had  to  antiseptic  detail,  and  to  this 
is  due  nearly  all  the  vast  progress  made  in  surgery 
daring  the  last  decade,  j  Thomas  Kelley>  Jr 

SURICATA.  See  Mammalia, Vol.XV, p.443. 

SURINAM  or  DUTCH  GUIANA.  See  Gui¬ 
ana,  Vol.  XI,  pp.  223-225. 

SURNAME.  See  Genealogy,  Vol.  X,  p. 
129;  and  Names,  Vol.  XVII,  p.  175. 

SURPLICE.  See  Vestments^  Vol.  XXIV, 
p.  211. 

♦SURVEY,  The  United  States  Geological, 
is  the  immediate  successor  of  three  pre-existing 
governmental  institutions  which  had  as  their  prin¬ 
cipal  object  the  making  of  topographic  and  geo¬ 
logic  surveys  in  the  United  States.  One  of  these, 
designated  the  Geographical  Surveys  West  of  the 
One-Hundredth  Meridian,  was  established  in  1869 
under  the  War  Department,  Lieutenant  (after¬ 
ward  Captain)  Geo.  M.  Wheeler,  Corps  of  Engi¬ 
neers,  being  in  charge.  The  other  organizations 
were  under  the  control  of  the  Department  of  the 
Interior,  and  were  designated  the  Geographical  and 
Geological  Survey  of  the  Territories,  under  Dr.  F. 
V.  Hayden,  authorized  by  law  in  1867,  and  the 
Geographical  and  Geological  Survey  of  the  Rocky 
Mountain  Region,  placed  by  Congress  in  1870  un¬ 
der  the  charge  of  Major  J.  W.  Powell.  The  govern¬ 
ment  had  also  done  more  or  less  geographic  and 
geologic  work  through  other  agencies,  notably  by 
the  geological  exploration  of  the  fortieth  parallel, 
under  the  direction  c  f  the  War  Department  and  the 
immediate  charge  of  Clarence  King;  but  these  sur¬ 
veys  had  all  completed  their  work  and  were  not  in 
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existence  at  the  time  the  United  States  Geological 
Survey  was  established. 

In  1878,  under  instructions  from  Congress,  the 
National  Academy  of  Sciences  instituted  an  inquiry 
as  to  the  best  and  most  economical  method  of  sur¬ 
veying  and  mapping  the  Territories  of  the  United 
States,  and  submitted  a  report  in  November  of  the 
same  year,  recommending  that  all  'government  sur¬ 
vey  operations  be  grouped  under  two  heads:  (i) 
Surveys  of  mensuration;  and  (2)  Surveys  of  geology 
and  economic  resources  of  the  soil.  With  this  re¬ 
port  before  it,  Congress  proceeded  to  consider  the 
question  of  the  organization  of  government  surveys, 
and  the  result  was  the  enactment  of  legislation 
abolishing  the  Wheeler,  Hayden  and  Powell  surveys, 
and  establishing  in  their  stead  the  United  States 
Geological  Survey.  This  action  was  in  conformity 
with  the  recommendation  of  the  National  Academy, 
though  beyond  this  the  recommendations  made  in 
the  report  of  that  body  were  not  adopted. 

The  act  establishing  the  United  States  Geological 
Survey  became  a  law  March  3,  1879. 

The  act  provides,  among  other  things:  “That  the 
director  and  members  of  the  Geological  Survey 
shall  have  no  personal  or  private  interests  in  the 
lands  or  mineral  wealth  of  the  region  under  survey, 
and  shall  execute  no  surveys  or  examinations  for 
private  parties  or  corporations.  .  .  .  And  all 

collections  of  rocks,  minerals,  fossils,  objects  of  natu¬ 
ral  history,  archaeology  and  ethnology,  .  .  . 

when  no  longer  needed  for  investigations  in  progress, 
shall  be  deposited  in  the  National  Museum.” 

The  results  of  the  work  of  the  Wheeler,  Hayden 
and  Powell  surveys,  the  existence  of  which  termi¬ 
nated  with  the  passage  of  this  act,  are  recorded  in 
publications  as  follows:  By  the  Wheeler  survey,  7 
concurrent  volumes  of  reports  and  a  supplementary 
volume,  together  with  a  number  of  geologic  and 
topographic  maps;  by  the  Hayden  survey,  1 2  quarto 
monographs,  12  annual  reports,  6  volumes  of  bul¬ 
letins,  so-called,  and  12  other  bulletins  and  reports 
on  entomologicand  other  subjects;  and  by  the  Pow¬ 
ell  survey,  9  quarto  reports,  besides  a  number  of  con¬ 
tributions  to  ethnologic  science. 

The  United  States  Geological  Survey  is  a  bureau 
of  the  Department  of  the  Interior,  and  under  the 
immediate  charge  of  a  director,  who  is  nominated 
by  the  President  and  confirmed  by  the  Senate.  The 
members  of  the  permanent  corps  are  appointed  by 
the  Secretary  of  the  Interior  upon  the  recommenda¬ 
tion  of  the  director;  and  appointments  are  based 
upon  merit  alone,  the  fitness  oi  applicants  being 
determined  by  competitive  examination  conducted 
under  the  civil-service  rules.  The  first  director  was 
Clarence  King,  who  resigned  in  1881  and  was  suc¬ 
ceeded  by  Major  J.  W.  Powell,  who  held  the  office 
until  1894,  when  he  in  turn  resigned  and  was  suc¬ 
ceeded  by  Charles  D.  Walcott. 

A  plan  of  operations  is  submitted  by  the  director 
to  the  Secretary  of  the  Interior  at  the  beginning  of 
each  fiscal  year,  and,  if  approved  by  him,  becomes 
the  order  for  the  year’s  work;  and  the  director  also 
makes  an  annual  report  of  operations. 

The  Survey  is  now  organized  into  branches  and 
divisions  as  follows: 
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Branch. 
Geologic — 


Topographic  - 


Publication  -- 


Administrative 


In  1882  Congress  extended  the  operations  of  the 
Survey  over  the  entire  United  States,  abandoning 
the  use  of  the  phrase  “national  domain.” 

The  primal  object  of  the  Survey  in  preparing  a 
topographic  map  is  to  provide  a  basis  for  a  geologic 
map.  But  owing  to  a  demand  throughout  the 
country  for  topographic  maps,  the  character  of  the 
work  done  in  the  topographic  branch  of  the  Survey 
has  been  materially  improved  since  the  work  was 
begun. 

The  methods  employed  are  the  same  in  all  areas 
with  respect  to  the  two  essential  divisions  of  work, 
viz.,  the  establishment  geodetically  of  points  of 
primary  control,  and  the  location  of  contours, 
streams,  culture,  etc.  Procedures  and  methods 
within  these  two  divisions  differ  in  detail,  but  geo¬ 
detically  located  points  of  control  are  in  all  cases 
obtained,  and  the  contours,  streams,  and  all  features 
shown  on  the  maps,  are  located  and  platted  in  hori¬ 
zontal  and  vertical  position.  To  avoid  duplication, 
the  Geological  Survey  uses  the  points  established  by 
the  coast  and  geodetic  survey,  the  lake  survey,  and 
the  Mississippi  River  commission,  whenever  they  are 
available. 

The  first  contoured  topographic  maps  of  the 
United  States  made  for  geologic  purposes  were  on 
the  scale  of  1  :  250,000  (four  miles  to  the  inch),  with 
contour  intervals  of  200  to  250  feet;  but  the  neces¬ 
sities  of  science  and  the  demands  of  the  public 
called  for  a  more  detailed  map,  and  the  scale  of 
1  :  125,000  (2  miles  to  the  inch)  was  adopted.  This 
was  again  enlarged  in  certain  regions  to  1  :  62,500 
(1  mile  to  the  inch).  The  topographic  maps  of  the 
Geological  Survey  are  now  being  made,  in  the 
rougher  mountain  region  and  thinly  populated 
areas,  on  the  1  :  125,000  scale;  with  contour  inter¬ 
vals  of  from  10  to  ico  feet,. and  in  the  more  valuable 
and  thickly  populated  areas,  on  the  1  : 62,500  scale, 
with  contour  intervals  of  from  5  to  100  feet.  Special 
maps  for  the  detailed  representation  of  areas  of  un¬ 
usual  mining  or  scientific  interest  are  occasionally 
made  on  still  larger  scales. 

The  standard  atlas  sheet  is  about  20x16  inches  in 
size.  Sheets  made  on  the  two-mile  scale  embrace 
an  area  of  between  900  and  1,000  square  miles, 
while  those  on  the  one-mile  scale  embrace  about  225 
square  miles. 

In  an  act  passed  in  June,  1896,  Congress  made 
provision  for  determining  levels  above  the  base- 
level  in  each  area  under  topographic  survey,  and  for 
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the  marking  of  these  levels  on  the  ground  by  means 
of  iron  or  stone  posts  or  permanent  bench-marks. 
Under  this  provision,  lines  of  spirit-levels  are  now 
run  throughout  the  areas  under  survey,  and  monu¬ 
ments,  sometimes  of  iron  and  sometimes  of  stone, 
according  to  circumstances,  each  capped  with  a 
brass  plate  bearing  a  record  of  the  elevation  and  an 
appropriate  legend,  are  established,  two  such  monu¬ 
ments  in  each  township  or  equivalent  area  in  the 
region  of  country  west  of  the  95th  meridian,  and 
at  least  one  in  each  such  area  in  the  region  east  of 
said  meridian.  Permanent  records  are  thus  left  on 
the  ground,  in  the  form  of  monuments,  to  show  the 
position  of  triangulation  points,  township  corners 
and  points  in  villages  and  cities,  and  their  true  ele¬ 
vation  above  sea-level;  and  the  topographic  surveys 
are  thus  connected  with  the  public-land  surveys. 

The  geologic  work  is  readily  classified  as  (1) 
special  investigations  and  (2)  areal  mapping.  As  a 
result  of  the  special  investigations  conducted  by  it, 
at  the  close  of  1895  the  Survey  had  published  25 
monographs  and  129  bulletins.  Numerous  collec¬ 
tions  of  rocks,  minerals  and  fossils  have  been  ac¬ 
cumulated  in  the  laboratories  and  storerooms  of  the 
Survey  and  in  the  National  Museum,  and  upon  these 
collections  are  based  the  correlations  which  are  con¬ 
stantly  being  made  in  the  course  of  the  areal  map¬ 
ping,  and  frequently  in  the  solution  of  problems 
arising  in  the  study  of  economic  questions. 

Under  the  authority  conferred  by  Congress  in 
1882,  a  large  corps  of  geologists  undertook  the  plan¬ 
ning  of  a  system  of  mapping  that  would  serve  for 
all  the  phases  of  geology  to  be  met  within  the 
United  States,  and  the  assembling  of  the  scattered 
results  of  the  work  that  had  been  done  by  the  earlier 
surveys.  The  problems  to  be  considered  had  to  be 
solved  before  the  areal  mapping  could  be  carried 
forward  intelligently  and  with  due  regard  for  sci¬ 
entific  accuracy.  This  work  was  pursued  for  ten 
years  before  the  first  folio  of  the  final  geologic  map 
was  published.  Most  of  the  larger  questions  affect¬ 
ing  the  classification  and  nomenclature  of  the  sedi¬ 
mentary  and  volcanic  rocks  were  satisfactorily  an¬ 
swered.  Great  progress  was  made  in  the  study  of 
the  altered  (metamorphic)  rocks  and  of  the  com¬ 
plex  of  crystalline  rocks  grouped  under  the  term 
“Archean.”  A  satisfactory  solution  of  the  lower 
Mesozoic  (Juratrias)  series  is  yet  to  be  reached;  and 
there  is  a  great  field  in  the  pre-Paleozoic  sedimentary 
and  crystalline  formations,  in  which  further  study 
will  bring  out  important  data  for  classification  and 
geologic  mapping;  but  the  areas  affected  are  rela¬ 
tively  small  within  the  United  States,  and  the  areal 
geologic  mapping  can  go  on  without  seriously  suf¬ 
fering  on  this  account.  The  representing  of  the 
geology  on  the  maps  is  by  means  of  a  color  scheme 
that  has  thus  far  met  the  demands  made  upon  it. 

The  areal  geologic  map  in  its  final  form  is  in¬ 
tended  to  place  before  the  geologist,  mining  engi¬ 
neer,  student,  and  all  persons  interested,  a  repre¬ 
sentation  of  the  topography  and  geology  of  the  area 
included  within  the  atlas  sheet.  The  areal  geolog'C 
map  represents  all  that  the  geologist  preparing  it 
knows  of  the  areal  distribution  of  the  rocks  occur¬ 
ring  within  its  limits,  so  far  as  the  scale  upon  which 
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it  is  made  will  permit  of  representation  of  the  data. 
Taken  in  connection  with  the  topographic- base,  it 
presents  the  geologic  distribution  of  the  various 
rocks  in  £  form  for  the  use  of  geologists  and  stu¬ 
dents,  but  it  does  not  appeal  so  directly  to  persons 
interested  in  the  mineral  resources  of  the  region  as 
seems  desirable.  To  meet  this  demand  a  second 
map  is  prepared,  upon  which  the  rocks  carrying 
minerals  of  economic  value  are  clearly  indicated  by 
distinct  colors,  the  import  of  which  is  shown  by  the 
colored  legend  on  the  margin.  Thus,  the  distribu¬ 
tion  of  the  coal  and  iron-bearing  rocks  of  the  Ap¬ 
palachians  in  Tennessee  and  other  states,  and  of  the 
gold-bearing  rocks  of  California  and  elsewhere,  is 
clearly  presented.  These  maps  refer  only  to  the 
areal  distribution  of  the  rocks.  What  is  known  of 
the  underground  geology  is  graphically  illustrated 
on  a  structure-section  sheet  and  a  sheet  of  columnar 
sections.  With  the  four  sheets  before  him,  the  geol¬ 
ogist,  mining  engineer,  land-owner,  or  other  inquirer 
has  in  view  in  graphic  form  a  summary  of  all  that 
the  geologist  who  prepared  it  can  tell  him  of  the 
area.  Accompanying  the  maps  are  explanatory 
texts  for  the  elucidation  of  their  features.  Maps, 
sections  and  text  together  constitute  a  folio  of  the 
geologic  atlas  of  the  United  States.  The  first  folio 
was  issued  in  1894. 

A  typical  illustration  of  the  economic  side  of  the 
geologic  work  of  the  Survey  is  to  be  found  in  the 
investigation  of  the  iron-ore  deposits  of  the  Lake 
Superior  region  (see  Iron  and  Steel,  in  these  Supple¬ 
ments),  the  results  of  which  include  the  determina¬ 
tion  of  (1)  the  geologic  position  and  geographic 
distribution  of  the  iron-bearing  formations,  and  (2) 
the  laws  which  control  the  occurrence  of  the  ore- 
deposits  within  the  formations. 

By  the  aid  of  the  areal  and  structural  maps  which 
have  been  and  will  be  prepared,  the  mining  engi¬ 
neer  may  avoid  unnecessary  expenditure  of  money 
in  exploration,  and  be  guided  in  the  development 
of  the  mineral  resources  of  the  region. 

Subsidiary  to  the  geologic  work  of  the  Survey  is 
the  work  in  palaeontology  and  in  chemistry.  Re¬ 
searches  in  these  branches  are  conducted  for  the 
purpose  of  aiding  the  geologist  in  the  solution  of 
problems  that  arise  from  time  to  time  in  the  course 
of  areal  mapping  and  of  special  geologic  investiga¬ 
tions. 

The  geologic  investigation  of  the  mineral  re¬ 
sources  was  given  an  impetus  by  the  inauguration 
of  surveys  of  the  Leadville  district  of  Colorado  and 
the  Eureka  and  Virginia  districts  of  Nevada.  Sur¬ 
veys  and  reports  then  followed  upon  the  quick¬ 
silver  deposits  and  the  gold-belt  of  California,  the 
copper  district  of  Lake  Superior,  the  iron-ore  dis¬ 
tricts  of  Wisconsin  and  Michigan,  the  phosphate 
deposits  of  Florida  and  the  coal-fields  of  the  Ap¬ 
palachians. 

Ten  volumes  cf  the  Mineral  Resources  of  the 
United  States  were  issued  as  a  distinct  publication  of 
the  Survey,  but  since  1894  the  statistical  data  have 
been  published  as  parts  of  the  annual  reports  of  the 
director. 

The  Survey  is  making  a  systematic  examination 
of  the  water-resources  of  the  United  States,  espe¬ 


cially  as  these  have  to  do  with  the  question  of  sup¬ 
plies  for  irrigation,  water-power,  and  domestic  use- 
The  investigation  consists  of  three  distinct  yet 
closely  related  branches  of  work.  The  first  com¬ 
prises  the  measurement  of  the  streams  and  determi¬ 
nation  of  the  surface  supplies  in  lakes  and  rivers. 
It  includes  the  examination  of  reservoir-sites,  espe¬ 
cially  upon  the  public  lands,  and  the  feasibility  of 
using  these  for  increasing  the  water-supply.  The 
second  class  of  investigations  is  the  examination  of 
underground  currents  and  artesian  wells.  It  is 
mainly  geologic  in  character,  as  distinguished  from 
the  engineering  surveys  first  mentioned.  The  third 
class  of  works  consists  in  the  preparation  of  short 
popular  reports  giving  the  results  of  the  measure¬ 
ment  of  the  streams  and  describing  the  methods  of 
utilizing  the  water-resources,  particularly  for  irri¬ 
gation. 

In  the  course  of  “  the  classification  of  public 
lands  and  the  examination  of  the  geological  struc¬ 
ture,  mineral  resources  and  products  of  the  national 
domain  ”  by  the  Survey,  the  fact  has  been  brought 
out  clearly  that  over  vast  areas  of  fertile  land  the 
only  “  mineral  ”  resource  is  water.  Owing  to  arid 
or  semi-arid  climatic  conditions  the  question  of 
water-supply  is  a  vital  one  for  a  very  considerable 
portion  of  the  United  States.  Water  is  the  founda¬ 
tion  of  land-values,  and  the  determination  of  the 
possibility  of  obtaining  a  sufficient  quantity  for  agri¬ 
cultural  purposes,  including  stock-raising,  either 
from  surface  streams,  from  underground  sources,  or 
by  storage,  has  an  importance  as  great  as,  if  not 
greater  than,  that  of  the  study  of  the  occurrence  of 
precious  metals. 

With  the  gradual  expansion  of  the  surveys  of  this 
organization,  phases  of  the  question  of  water-power 
arid  the  possibilities  of  its  development  are  of  especial 
importance  in  the  East.  The  problem  of  securing 
potable  waters  for  municipal  and  domestic  supply 
has  also  been  brought  forward  from  regions  where 
surface  sources  are  contaminated,  and  the  probabili¬ 
ties  of  obtaining  a  pure  supply  from  deep-seated 
rocks  can  be  determined  only  by  thorough  knowl¬ 
edge  of  the  geology  of  a  given  region. 

The  history  of  the  irrigation  branch  of  the  Sur¬ 
vey  dates  from  the  year  1888,  when  the  director  was 
called  upon  by  Congress  to  consider  the  irrigation 
subject,  a  resolution  being  passed  requiring  him  to 
make  an  examination  of  that  portion  of  the  arid  re¬ 
gion  of  the  United  States  where  agriculture  is  car¬ 
ried  on  by  means  of  irrigation,  as  to  the  natural  ad¬ 
vantages  for  the  storage  of  water  for  irrigation  pur¬ 
poses,  etc.  This  was  followed  in  October  of  the 
same  year  by  an  act  providing  for  investigating  the 
extent  to  which  the  arid  region  could  be  redeemed 
by  irrigation,  the  segregation  of  the  irrigable  lands 
in  such  arid  region,  and  the  selection  of  sites  for 
reservoirs  and  other  hydraulic  works;  and  providing 
further,  that  all  the  lands  thus  designated  or  selected 
for  sites  for  reservoirs  and  other  hydraulic  works,  and 
all  the  lands  made  susceptible  of  irrigation  by  such 
reservoirs,  etc.,  should  be  thereafter  reserved  from 
sale  as  the  property  of  the  United  States,  and  should 
not  be  subject  to  entry,  settlement  or  occupation. 
Work  was  begun  and  actively  prosecuted  under  the 


8t 


SURVIVAL  OF  THE  F  I  T  T  E  S  T  — S  U  T  R  O 


terms  of  this  act,  and  was  continued  under  a  similar 
act  passed  the  following  year;  but  in  August,  1890, 
the  law  of  October,  1888,  was  in  part  repealed  and 
the  appropriations  withdrawn.  That  portion  of  the 
law  which  affected  the  withdrawal  of  public  lands 
from  entry,  occupation  and  settlement  was  repealed, 
but  the  remaining  provisions  were  unaffected  by 
the  act  of  repeal,  and  there  is  still  on  the  statute- 
books  authority  for  making  an  examination  of  the 
arid  region,  for  ascertaining  the  capacity  of  the 
streams,  and  for  the  selection  of  sites  for  reservoirs, 
etc.  While  the  law  was  in  force  the  Survey  selected 
and  mapped  a  large  number  of  reservoir-sites, 
which  have  been  noted  on  the  records  of  the  Gen¬ 
eral  Land  Office,  and  are  now  reserved  from  entry 
or  settlement. 

Measurement  of  the  streams  of  the  arid  region, 
which  was  begun  under  the  acts  above  mentioned, 
was  not  abandoned  when  the  other  branch  of  hy¬ 
drographic  work  was  discontinued,  but  was  contin¬ 
ued  in  a  small  way,  without  specific  appropriations, 
until  August,  1894,  when  Congress  made  appropria¬ 
tion  for  its  further  prosecution,  and  also  provided 
for  an  extension  of  the  field  of  operations  of  the 
hydrographer,  in  the  following  act:  For  gauging 
the  streams  and  determining  the  water-supply  of 
the  United  States,  including  the  investigation  of 
underground  currents  and  artesian  wells  in  arid  and 
semi-arid  sections. 

The  work  was  expanded  under  the  larger  oppor¬ 
tunities  offered  by  increasingly  liberal  appropria¬ 
tions,  and  now  constitutes  an  important  branch  of 
the  Survey’s  work.  While  the  greater  part  of  the 
river-work  is  within  the  Rocky  Mountain  region 
and  to  the  westward,  on  streams  flowing  into  the 
Pacific,  and  in  the  region  of  the  Great  Plains,  the 
streams  of  the  Atlantic  seaboard  have  received  con¬ 
siderable  attention  since  1894,  as  has  also  the  gen¬ 
eral  hydrography  of  the  streams  of  New  England. 
The  geologic  field-work,  having  to  do  with  the  in¬ 
vestigation  of  undergroundwaters,  including  artesian 
conditions,  has  been  expanded  to  cover  typical  local¬ 
ities  in  various  regions.  WlLLIAM  r  Morsell. 

SURVIVAL  OF  THE  FITTEST.  See  Accli¬ 
matization,  Vol.  I,  p.  83;  and  Variation, VoL 
XXIV,  p.  87. 

SURVIVORSHIP.  As  a  legal  incident  of 
joint-tenancy,  see  Joint,  Vol.  XIII,  p.  741.  As 
regards  life-insurance,  see  Insurance,  Vol.  XIII, 
p.  175;  and  see  Presumption  of  Survivorship , 
under  Medical  Jurisprudence,  Vol.  XV,  p.  790; 
see  also  Exemption  Laws,  in  these  Supplements. 

SUSANVILLE,  a  town  and  the  capital  of  Lassen 
County,  northeastern  California,  no  miles  N.E.  of 
\Marysvilleandabout  25  miles  W.N.W.,  on  the  Nevada, 
California  and  Oregon  railroad,  on  Susan  River.  It 
is  situated  upon  a  slope  of  the  Sierra  Nevada,  at  an 
altitude  of  4,180  feet,  in  a  grain  and  fruit  raising 
district,  and  has  saw  and  planing  mills.  Popula¬ 
tion  iqoo,  4,511. 

SUSO  or  SEUSE,  Heinrich.  See  Germany, 

Vol.  X,  p.471. 

SUSPENSION  BRIDGES.  See  Bridges, 
Vol  IV,  pp.  269-273. 

Vol.  16 — 6 


SUSPENSOR,  a  peculiar  structure  which  appears 
in  seed-plants  in  connection  with  the  development 
of  the  embryo.  It  is  usually  a  chain 
of  cells,  often  called  the  pro-embryo; 
is  the  first  structure  produced  by  the 
segmenting  egg-cells,  and  usually 
its  terminal  cell  gives  rise  to  the 
embryo.  The  accompanying  figure 
represents  a  developing  embryo  in 
the  seed  of  Capsella ,  the  common 
shepherd’s  purse.  The  suspensor  (5) 
is  the  chain  of  six  cells,  at  the  end 
of  which  a  group  of  cells  ( E )  is  the 
beginning  of  the  embryo,  all  imbedded  in  the  f«od 
material,  or  endosperm  ( A ). 

SUSQUEHANNA,  Pennsylvania,  a  borough 
of  Susquehanna  County,  on  the  Susquehanna 
River,  and  on  two  divisions  of  the  Erie  railroad, 
23  miles  southeast  of  Binghampton.  Steamers 
connect  with  Lanesboro,  Oakland  and  neighboring 
points,  and  in  the  borough  are  several  chemical 
factories,  and  the  Erie  railroad  division  work¬ 
shops.  Population,  1900,  3,813.  c.l.s. 

SUSQUEHANNA  RIVER,  Pennsylvania, 
the  largest  river  in  the  state,  but  of  little  navigable 
importance  owing  to  its  shallowness,  is  formed  by 
the  junction,  near  Sunbury  in  Northumberland 
County,  of  two  main  branches,  the  Eastern  and 
Western,  respectively  250  and  200  miles  long. 
The  Eastern  branch  rises  in  Otsego  County,  New 
York,  and  the  Western  in  Cambria  County, 
central-southwestern  Pennsylvania.  As  a  single 
river,  the  Susquehanna  flows  south  for  40  miles  to 
the  confluence  of  the  western  Juniata  River  at 
Benvenue,  and  then  southeast  for  nomiles,  to  its 
outlet  in  Chesapeake  Bay  at  the  northeast  corner 
of  Maryland.  c.l.s. 

SUSU,  a  fish.  See  India,  Vol.  XII,  pp.  781-782. 

SUTLEJ.  See  Punjab,  Vol.  XX,  p.  112. 

SUTRA.  See  Sanskrit,  Vol.  XXI,  pp.  287- 
288,  290,  291,  292,  301-309. 

SUTRO,  Adolph  Heinrich  Joseph,  a  Ger- 
man-American  mining  engineer  and  philanthro¬ 
pist ;  born  in  Aix-la-Chapelle,  Prussia,  April  29, 
1830.  He  removed  to  New  York  in  1850,  and  in 
the  same  year  went  to  California.  Having  vis¬ 
ited  the  Comstock  silver  lode  in  Nevada,  he  de¬ 
vised  a  plan  to  drain  and  ventilate  the  mines,  and 
succeeded  in  constructing  what  is  known  as  the 
Sutro  tunnel,  at  a  cost  of  $6,000,000.  It  was  not 
a  complete  success,  but  Sutro  realized  sufficient 
money  from  the  enterprise  to  embark  in  the  real 
estate  business  in  San  Francisco,  where  he  soon 
became  a  millionaire.  He  made  numerous  gifts 
to  the  city,  and  in  1880  laid  out  Sutro  Heights 
Park  which  has  become  widely  known  to  tourists. 
Here  is  located  the  famous  Cliff  House.  He  also 
founded  the  Sutro  Library,  containing  about 
250,000  volumes.  In  1894  he  was  elected  mayor 
of  the  city  on  a  reform  ticket,  and  introduced 
many  municipal  reforms  during  his  term  of  office. 
He  died  in  San  Francisco,  August  8,  1898.  For 
a  detailed  description  of  the  Sutro  tunnel,  see  the 
article,  Nevada,  Vol.  XVII,  p.  377.  w.m.c. 
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SUTTER,  John  Augustus  (1803-1880).  See 
Sacramento,  Vol.  XXI,  p.  140. 

SUTTON,  Massachusetts,  a  town  of  Worcester 
County,  46  miles  west  by  south  of  Boston,  on  the 
Blackstone  River,  and  reached  from  Millbury 
station  on  the  New  York,  New  Haven  and  Hart¬ 
ford  railroad.  Granite  and  soapstone  quarries 
are  worked;  farming  is  actively  carried  on,  and 
the  town  has  old  established  cotton,  woolen,  and 
other  mills.  Population,  1900,  3,328.  c.L.s. 

SWAIM,  David  Gaskill,  an  American  sol¬ 
dier;  born  in  Salem,  Columbiana  County,  Ohio, 
December  22,  1834.  He  was  educated  in  the  pub¬ 
lic  schools  of  his  native  town,  studied  law,  and 
was  admitted  to  the  Ohio  bar  in  1858.  At  the 
outbreak  of  the  Civil  War  he  became  first  lieuten¬ 
ant  of  the  sixty-fifth  regiment,  Ohio  volunteers. 
In  1861  he  was  made  adjutant-general  of  his  bri¬ 
gade.  After  the  battle  of  Shiloh  he  was  promoted 
captain  and  was  appointed  assistant  adjutant-gen¬ 
eral  of  volunteers.  After  the  close  of  the  war  he 
re-entered  the  army,  was  for  some  years  on  im¬ 
portant  staff  duty,  and  in  1867  was  commissioned 
judge-advocate,  with  headquarters  at  Vicksburg. 
In  1869  he  was  made  judge-advocate  of  the  United 
States’army  with  the  rank  of  major.  In  December, 
1879,  President  Hayes  promoted  him  to  the  rank 
of  brigadier-general  and  appointed  him  judge- 
advocate-general  of  the  regular  army.  He  was 
retired  in  1887.  He  died  in  Washington,  District 
of  Columbia,  August  16,  1897*  w.m.c. 

SWALLOW,  Silas  C.,  an  American  clergy¬ 
man;  born  in  Plains,  Pennsylvania,  March  5, 
1839;  was  educated  at  Wyoming  Seminary, 
Kingston,  Pennsylvania,  became  active  in  politi¬ 
cal  life  and  published  an  exposure  of  political 
methods  in  Pennsylvania  in  1897,  for  which  he 
was  prosecuted  and  acquitted  ;  was  the  unsuc¬ 
cessful  Prohibition  candidate  for  State  treasurer 
of  Pennsylvania  in  1897  and  for  governor  in 
1898  and  1902  ;  and  was  the  prohibition  nominee 
for  President  of  the  United  States  in  1904.  He 
received  the  degree  of  D.D.  from  Taylor,  Uni¬ 
versity,  Fort  Wayne,  Indiana.  g.j.h. 

SWAMPSCOTT,  Massachusetts,  a  seaside 
town  and  summer  resort  of  Essex  County,  on 
Massachusetts  Bay,  between  Salem  and  Lynn, 
and  on  two  divisions  of  the  Boston  and  Maine 
railroad,  12  miles  northeast  of  Boston.  It  is  noted 
for  its  excellent  bathing  beaches.  Population, 
1890,3,198;  1900,4,548.  C.L.S. 

SWANTON,  Vermont,  a  town  of  Franklin 
County,  at  the  Falls  of  the  Missisquoi  River 
near  Lake  Champlain,  and  entered  by  three  rail¬ 
roads.  It  has  marble  quarries,  extensive  lime 
works,  tanneries,  gunpowder  and  other  factories, 
flour,  woolen  and  lumber  mills.  Population, 

1891,  3>23i->  i9°°>  3»745-  c.L.s. 

SWAYNE,  Noah  Haynes,  jurist;  born  in 
Culpeper  County,  Va.,  Dec.  7,  1804;  was  edu¬ 
cated  at  Waterford,  Va.,  and  pursued  the  study 
of  law  in  Warrenton,  being  admitted  to  the  bar 
at  the  age  of  nineteen.  In  1825  he  settled  in 
Coshocton,  O.,  where  he  later  began  practice. 


From  the  first  he  was  successful;  became  prose¬ 
cuting  attorney  for  his  county,  and  afterward  was 
a  member  of  the  legislature.  In  1831-41  he  was 
United  States  district  attorney  for  Ohio,  and 
while  serving  in  this  capacity  was  a  member  of 
several  commissions,  including  the  one  sent  to 
Washington  to  arrange  the  boundary  line  between 
Ohio  and  Michigan.  He  also  had  the  cases  of 
several  fugitive  slaves.  When,  in  1832,  he  mar¬ 
ried  Miss  Wager,  of  Virginia,  he  influenced  her 
to  free  her  slaves,  and  when  the  Republican  party 
was  formed  he  associated  himself  with  it.  He 
was  appointed  a  justice  of  the  United  States  Su¬ 
preme  Court  in  1862-81,  and  resigned  in  1881. 
He  died  in  New  York  city,  June  8,  1884. 

E.O.W. 

SWAZILAND.  See  Africa,  Vol.  XXV. 

SWEAT.  See  Nutrition,  Vol.  XVII,  p.  703, 

SWEATING-SYSTEM  is  a  term  now  employed 
for  the  most  part  to  subcontracting  for  the  output 
of  piece-goods.  About  1849  the  name  and  the  thing 
were  brought  to  public  notice  by  Charles  Kingsley 
in  Alton  Locke  and  other  writings,  but  in  a  way  to 
indicate  that  the  phrase  was  already  familiar  among 
sufferers  from  it.  Exactly  what  was  meant  by  the 
term  is  not  clear.  There  is  good  authority  for  the 
use  of  the  word  sweat  in  the  sense  of  arduous  labor, 
such  as  would  cause  one  to  sweat;  in  slang  use,  it 
means  to  fleece  or  cozen;  the  process  of  paring 
down  coins  and  remilling  them,  in  order  to  make  a 
light-weight  coin  do  full-weight  service,  is  known  as 
“sweating."  For  a  long  time  the  term,  as  applied 
to  industries,  was  used  without  definite  force,  and  in 
a  sense  covering  all  these  meanings.  Thus,  a  recent 
standard  dictionary  defines  the  verb  as  signifying  “to 
extort  money  or  labor  from ;  exact  hard  labor  from  at 
insufficient  wages,  or  extortionate  interest,  or  in  un¬ 
sanitary  conditions.”  Plenty  of  this  sort  of  sweat¬ 
ing  has  been  done  in  industrial  history,  but  it  disap¬ 
pears  under  the  advance  of  incorporations,  trades 
unions,  factory  inspections  and  legislation.  Sweat¬ 
ing  is  an  incident  of  unorganized  industrial  condi¬ 
tions.  With  the  progress  of  organization  this  type 
of  labor  becomes  more  definitely  connected  with 
subcontractors  for  piece-work. 

The  history  of  the  sweating-system  indicates  that 
it  is  a  survival  of  old  conditions,  and  is  passing  away. 
In  the  encroachments  of  order  upon  disorder,  or,  as 
the  scientists  would  say,  of  the  known  upon  the  un¬ 
known,  there  is  a  margin  of  work  not  yet  reduced  to 
system.  Before  the  days  of  power-machines  it  was 
customary  for  the  dealer  or  trader  to  give  out  his 
work  by  the  piece,  to  be  done  at  home.  Thus,  in 
the  infancy  of  the  power- loom,  the  dealer  in  fabrics 
gave  out  yarn  to  be  woven  at  home  into  cloth,  which 
was  paid  for  by  the  yard.  The  chain-maker  sup¬ 
plied  the  iron  rods  that  the  blacksmith  took  to  his 
forge  and  turned  into  links.  Domestic  piece-work 
was  the  common  method  of  manufacturing  produc¬ 
tion  in  the  first  half  of  the  nineteenth  century.  At 
thattimethe  factory  system  was  in  its  infancy;  labor 
unions  were  conspiracies  forbidden  by  law;  wages 
were  what  the  dealer  chose  to  give,  for  there  was  no 
effective  competition  that  did  not  rest  on  the  depre¬ 
ciation  of  wages;  days  of  labor  were  from  12  to  15 
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